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Clarke, Modet & C°
COLOMBIA
SENORES SLPENNTENGENCIA OE INGUSTII Y COMERGIO
DIVISION DE NUEVAS CREACIONES Rad: 06-117732- -00002-0000

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO T3y nanaiti7aa Dep. 2020 NUECREACIONES

E . D. (2440 RESFUESTARER :
: ESTAREGUE  Pollon: 200

REF: EXPEDIENTE No. 08117732
FECHA DE LA SOLICITUD: NOVIEMBRE 21, 2006
SOLICITANTE: CHEVRON PHILIPPS CHEMICAL COMPANY, LP
TITULO: SISTEMA DE CATALIZADORES PARA PRODUCIR
POLIMEROS QUE TIENEN DISTRIBUCIONES DE AMPLIO PESO
MOLECULAR Y METODOS PARA LA FABRICACION DE LOS
MISMOS

ASUNTO: CONTESTACION A REQUERIMIENTO OFICIAL

DILIA RODRIGUEZ D°ALEMAN, en mi condicién de apoderada de la sociedad
solicitante, por el presente escrito doy respuesta a su auto notificado por
estado de Diciembre 11 de 2006, que vence Febrero 9 de 2007 y me
permito presentar los siguientes documentos:

¢ El documento de PODER otorgado a mi favor, junto con la prueba de
existencia y representacion legal del solicitante, debidamente
legalizados.

e Su ftraduccién oficial al Espafiol debidamente avalada por el
Ministerio de Relaciones Exteriores.

» El documento en el que consta la CESION del derecho a la patente
otorgado por los inventores al solicitante, debidamente legalizado.

o Su traduccion oficial al Espafiol debidamente avalada por el
Ministerio de Relaciones Exteriores.

Adicionalmente presento los siguientes documentos:
1.  Notificacion del reporte del examen preliminar Capitulo |
" 2. Notificacion de la transmisién del reporte de blisqueda
3. Opinién escrita
4. PCT Solicitud

Ruego a usted continuar con el presente tramite.
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TRADUCCION OFICIAL No. 08/542 de un docurmanto escrito en Ingiés, el cual para su identificacion se
sefla con el sello del fraductor al iempo con la presente. Esta fraduccidn ha sido preparada por Juan
Pablo Pledrahita Agullera, Traductor e Intérprete Oficial dabldamante reconocido de conformidad con al
Certificado de Idoneidad Profesional No. 0045 expedido por la Universidad Naclonal de Colombla, por ol
Mlnmmn_?1:e£ahdons Extariores y autorizado por al Ministerio del Interior y de Justicla, por resolucién
nimero 2003

{Se traduce un Poder, otorgado por la compafila CHEVRON PHILLIPS CHEMICAL CO LP., firmado por
Michael E. Lee, con fecha Octubre 16, 2008, certificado notarial y Apoatilla No. N-558217 , escritos en

Inglés.)
Clarke, Modet & Co.
COLOMBIA
(Direccién an espafiol)
PODER
Yo (nosotros) Michael E. Lee., representante legal de CHEVRON PHILLIPS

CHEMICAL CO LP, sociedad constituida y axistente bajo ias leyes de Delaware
y en actual cumplimiento de su objeto social, con domicilio en 10001 Sux Pines
Dr. The Woodlands, TX, por el presente por el presente confiero (conferimos)
poder espacial a favor de a DILIA MI}RIA RODRIGUEZ D'ALEMAN, identificada
con cédula de ciudadania No. 41.654.882 de Bogota y Tarjeta Profesional
20824 y CLAUDIA LUCIA CARO RAMIREZ, identificada con Tarjeta
Profesional 36448 y cédula de ciudadania No 40.017.374 de Tunja, con
domicilio an Bogotd, Colombia, para que actuando en su orden en nombre de
la otorgante la representen ante cualquier entidad, autoridad y/o persona, .
especialmente ante las del orden Administrativo, Contencioso Administrativo,

=Iribunales de Arbitramento y/o cualquier otro en lo referente a la

jcifar, tramitar, obtener y/o registrar cualesquiera de las modalidades de

‘ 'Industrial. tales como: Patentes de Invencién, Modelos de Utilidad;
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Diseflos Industriales, variedades vegetales, Marcas, Lemas, Nombres y
Ensefias Comerciales y Denominaciones de Origen; asi como sus
renovaciones, promogas, traspasos, cambios de nombre y/o domicilio,
contratos y licencias.
2) Solicitar, tramitar, obtener, y/o registrar derechos de autor, en cualquiera de
sus presentaciones asi como la proteccién de secretos industriales y know-
how.
3) Solicitar, tramitar, obtener y/o registrar registros sanitarios, permisos y/o
licencias de funcionamiento; asi como sus renovaciones o prorrogas, cesiones,
traspasos, cambios de nombre y/o domicilio, contratos y licencias.
4) Ejercer acciones de oposicion, observacién, reclamos, reivindicaciones,
reconsideracién, reposicion, apelacion, cancelacién- administrativa o judicial,
nulidad, proteccion al consumidor, concesion de licencias, proteccion de
secretos industriales y demds acciones y recursos relacionados con derachos
derivados de los asuntos arriba indicados y en contra de la competencia

desleal, acciones derivadas de la obtencion o explotacion de licencias,

acciones de indemnizacioén de perjuicios. También podran intervenir en juicios

para: conciliar, cancelar, f{ransigir, aceptar clausulas

06/542
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compromisorias, desistir, recibir y tomar posesion de la objeto de Iitigio y
renunciar o desistir derechos concedidos o en curso de concesién, admitir los
hechos del proceso.

7) Ratificar o no Ia agencia oficiosa.

8) Asi mismo facultamos a los mencionados apoderados para recibir
notificaciones y designar apoderados judiciales o extrajudiciales, sustituir el
presente poder y revocar las sustituciones qus hicieren.

Dado y firmado en (en blanco), hoy dia 16 de Octubre, 2006.

Por: (Firmado) Michael E. Lee

Asesor Legal Asistente - IP

CERTIFICADO NOTARIAL (Cuando el solicitante es una SOCIEDAD)
(Poderes otorgados en El Salvador, México, Estados Unidos de América y
Venezuela)

Expedido hoy dia 16 de Octubre, 2006, el suscrito Notario CERTIFICA que:

1). Michael E. Lee, (nombre de quien firma el poder), mayor de edad y

domiciliado en (ilegible) Texas, suscribid el anterior documento.

NE/542
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Pines Dr. The Woodlands, TX, est4d debidamente constituida, tiene actualmente

existencia legal y el fin para el cual se otorga este poder se encuentra dentro

de su objeto social.

5) EIl otorgante tiene en efecto la capacidad referida y su representacién es

legal y esta autorizado para otorgar este poder.

6) Fundamento las certificaciones 3), 4) y 5) en los documentos auténticos que
para tal fin me fueron axhibidos.

(Firmado) KIM GREGG, Notario Pablico

Nota: El Consulado de Colombia debe autenticar la firma del Notario Pblico. .

Para todos los demds palses el Sefior Cénsul de Colombia o ante quien se

otorgue, debe expedir una certificacién dejando constancia de: 1) la

existencia legal de la sociedad, 2) que cumple actualmente con su objeto

social, y 3) que la persona o personas que otorgan este poder estéin

facultadas para hacerio. El Cénsul también certificard que los tuvo a la

vista los documentos que prueban y acreditan tales circunstancias.

LEGALIZACION POR EL CONSUL DE COLOMBIA A O POR APOSTILLA

(Sello Notarial a tinta: KIM GREGG, Notario Publico, Estado de Texas, Mi

B} Vence Agosto 3, 2010)

(Sello Pre-impreso del Estado de Texas)

&l Estado de TWexas
fecretario be Estado 3,
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Ay
APOSTILLA
(Convencion de la Haya de Octubre 5 de 1961)
1. Pais: Estados Unidos de América
Este documento publico
2. Ha sido firmado por KIM GREGG
3. Obrando en calidad de Notario Pablico, Estado de Texas
4, Lleva el sello/estampilla de KIM GREGG, Notario Publico, Estado de
Texas, Comision vence 08-03-10
CERTIFICADA

En Austin, Texas 6. Hoy Noviembre 1, 2008
Por el Secratario de Estado de Texas

Certificado Nimero N-558217

{Sello) (Sello Pre-impreso del Estado de Texas)

10. (Finrma) Firmado

(Firmado) Roger Williams, Secretario de Estado

ST/clk

© ©® N O

ES TRADUCCION FIEL Y COMPLETA de la cual se deja copia en los archivos de esta oficina para su

e oy o Y

Bogats, Diclembre 11, 2005.
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The 5 f Wexus Z/

Secretary of State
APOSTILLE
(Convention de La Haye dun 5 Octobre 1961)

1, Country: United States of America

This public docament

2. has been signed by KIM GREGG

3. acting in the capacity of Notary Public, State of Texas

4. and bears the seal/stamp of KIM GREGG, Notary Public, State of Texas,

Commission Expires: 08-03-10

CERTIFIED

S. at Austin, Texas 6. on November 1, 2006

ry-the Secretary of State of Texas

te No. N-558217 _
10. Signatare:

Roger Williams
; sm!nw of State
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COLOMBIA

Carrera 11 N* 86-51 Pino 6 Bogosh Colombia Tel: (37 1) 6181038 -Fax: (57 1) 6350824-Email: nfo@elarkemodet com.co

PODER
Yo (omstras), alejo firmanta(s)

£0 ™i (musstro) eankctey de represantanie(s) legales &

o socieded orgenizads y existente de acuerdo con les leyes de

yen actual cumplimisnto da su objeto soclal, con domicilio ea

{dz ln) otorgamte le (in) Tepresousm amte
cuakpier entided, sutoridad yo persom, sspechaimenio ante ins del
anden Administystive, Contensicsn Administretive, Judicial, Tribunaley
do Atbiamenic wo cuakmisr ot e io refenis & lop migoientey

1) Sclictt, tamiter, Mﬁanﬁuﬂhﬂh#lﬂnﬂﬁhﬁh

R N3 DE MAIG dod
DEL M, INIERIOR T Uk IS

PFOWER OF ATTORNEY
ok somimied M\ hae| €. LEC

ieged rprmseceaive) of (* | 41 o A f’h”“os Ullwlnuﬂ ot

im onganimmtion existing under the Ures of &Mm ré.

and {n present execution of ity

1000\ SW¢

bmmmnornmmummmm
D'ALEMAN, Kentification card No, 41.654.852 of Bogotd, and tp. 20004
amnd CLAUDIA LUCIA CARO RAMIREZ, 1p. 36448, identification cand Moo
40.017.374 of Tunjn, residing in Bogoth, Colomiria, to act in the arder of their
mutﬁrdm&aq-ﬁy mmm«

mah;dmmThymlhnhﬂmumnhCIuL
Cammeroial, Crienfnal wOul.mellmu Trials; the actions for
mmmmmmmmwww
the prantor or againg him.
S)Tomhmmhhehcmﬂunamy

6) To the effoct of this mandute the sbovehamed proxy are enpowered to:
concilise, cancel, settls, pubmit ® arbitration, withdrsw and 1o receive and
Ihp-ﬁuofhlhmmw*ndmumhﬂ‘n
pumed or in mnt'mh;dnhdulﬂuruu .

T} To maify or not the officious ageney.
l)l(wa)hﬁymhlhen-mmdwwhpmhm ’
mnnhuudnd-yn;ulmdudmwulm substinsa
this Power of Azornay snd 1o revole such mstinsions.

Granted and sigoed ut

mas [ dmdeD'ﬂ,r o Z2gDb

Finoa / srigmbws

Michact E. Lee
Assistant General Counsel - [P

s B —The whod fend's, T
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CERTIFICADO NOTARIAL
ol seliciiants &3 SOCIEDAD)
(Podares omegados ex: Kl Sahvador, Estados Uskos, Mixkco y Vesaxyels)

Alos dias del mes do de
. ol Nowris qua suscribe DA FE de quec

(aorsbre de 1a persona quo firma el podes)
mayor de adad y doaicilisdo

famd de 3u pufio

y letm f documento que antecede.
mﬂuh)myunmdww
mﬂmnmh-
J E! otpegtnen b fvmmdo ol mefrido  documento en su carictar

bhmiwﬂﬂ

4. La citaca persorm furidica con scedeen

estd  [legalmenin
corstituids, que tiemn sctoalmense
migoncis Jegal ¥ que el scto pim ol cusl e ha owrgads esw
phdmﬂlbmhﬂmmnohnnﬂl
5. B! cworgente tiene efctivamesty Ik repretentaciin quo ostents, que
esta cu legitima ¥ queesti faculmdo par otovger este poder,
6. las snteriores certifieaciones de los pomos 3, 4 y 5, me constan porque
be nids s s vista los docoraersos amténticos.

Nomris Piblico

NOTA: A contimmeién de lo antevior, ol Cénsu! de Colambia debe
aenticar 1 firma del Notario Publica.

CERTIFICADO NOTARIAL (CI-h ol goliciantr o
INDIVIDUO)

:cl.'if.

:'l -:. .
l wh

- —
TS

,;{-_ firmd en pu presencin
B cenoce al otorganie y que este exth
Path} onsgamicatn.

2 Y L

ses o Bedor Céasul de Celambla 0 mate
23 ke gahedir mon certificacids dejando comstantis
I)lelnnint lega Ia saciesind, 1) de gue osta aforce actual-
mu*ﬂaﬂ,l}_ﬁnhmomq-w
o peder egtin facuitadps pars kacerio, dejando

coagtancin sxf mime de que trvo 8 a visia las prashas que ecresditen
tales circanstancins.

LEGALIZACION POR EL CONSUL DE COLOMBIA
0 POR APOSTILLA i
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ON OrIAL No., _u—l—ﬁ 1

NOTARIAL CERTIFICATE
{ Whea the applicunt s s CORPORATION)
(Powers of stiomey graited in: Bl s Menico, U.S.A_ and Venemunin)

e 1b  awye b~ . 200l

the udersigned Notry CERTIFIES tha:

. 14

! (parmy of the person who sigm the power of actornay)

i of ; and domiciled
in ‘ﬁ)ugl lhjg gt his kand om
the foregoing

1 The gnmtos i to bim persenally known and tha heishe kas Jgal copacity to

2 in his capachy

remicid Lo LP

PETpORSS.
S The guntor hay in fect the referred quaiity and thet hisher
representation is legal and thet heshs in ampowered 1o gmnt this power

NOTARIAL CERTIFICATE { Whes @n applamt & ao
INDIVIDUALS)

On this
the undevsigned Notary CERTIFIES that:

duy of

{omme of the person who signa the Power of Attoyney)

oflagel ageand domiciled st . o= '

sigeod in his presence’ the ' foregolng
document, um-ummwwmﬁWuu
cxpacity to exesute the document.  + ‘ v .

Nowry Public Y - .
mrmmuo.umc«-dm-h.ﬁ-umnruum
r«mmmumw«mmum
-un-.mmnnm.tnmm 3
nﬂuﬂlmnplrpmmmmm.l)lln
hnwﬂ“mﬂﬁhﬂﬁmmw
mbumamlmmmnnh\u_ummun

cirenmutances wers sxhibited to bhim. |

W
LEGALIZATION BY THE CDI.DMII,,AI[I__CD’I'BIJI. OR- BY —
APOSTILLE
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TRADUCCION OFICIAL No. 07/040 de un documento escrito en inglés, el cual para su identificacién se sella con al
sello del traductor al empo con la presente. Esta fraduccidn ha sido preparada por Juan Pablo Piadmahlta Agullera,
Traductor e Intérprete Oficlal debldaments reconocida por el Ministerio del Interlor y de Justicla, por resoluclén ndmero
718 de 2003 y autorizado por el Ministerio de relacionss Exteriorea de Colombla.

(Se traduce un documento de registro de cesién de (a solicitud de patente No. 10/820,550 a favor de la compafila
CHEVRON PHILLIPS CHEMICAL COMPANY, ants la Oficina de Patentes y Marcas de los Estados Unidos de América
y Apoatiila No. 07008421-12, eacritos en ingiés.)

A 7039672 ESTADOS UNIDOS DE AMERICA
A TODOS A QUIENES ESTOS PRESENTES LLEGAREN:
DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS
OFICINA DE PATENTES Y MARCAS DE LOS ESTADOS UNIDOS
Noviembre 17, 2008
POR EL PRESENTE CERTIFICO QUE ADJUNTA SE ENCUENTRA UNA
COPIA FIEL DE LOS ARCHIVOS DE ESTA OFICINA DE UN DOCUMENTO
REGISTRADO EL 9 de Julio, 2004.
Por autoridad del

- Por autorided del
Bajo la Secretaria de Comercio para Propiedad intelectual y el
Director de la Oficina de Patentes y Marcas de los Estados Unidos

(FIRMADO) H. L. JACKSON

!

AN

T

i) -
oo

- oty
SiTieate

Funcionario que Certifica
“—""Ei =41 0 DE OBLEA DE LA OFICINA DE PATENTES Y MARCAS DE LOS
~ % - DOS UNIDOS DE AMERICA)
-t
S
o ulario PTO-1595, (Rev 10/02)
Lh
" :. No. 0651-0027 (vence 6/30/2005)
§ o OIPE JC19, Julio 9, 2004, Oficina de Patentes y Marcas de los EE.UU.)
07-15-2004, Cdadigo de barras, 102791940
ol
RADUCCION OficiaL o ©7
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Departamento de Comercio de los Estados Unidos, Oficina de Patentes y

Marcas BExpedients 210481US00 (4081-05900)

CARATULA DEL FORMULARIO DE REGISTRO - SOLO PATENTES

Al Honorable Comisario de la Oficina de Patentes y Marcas de los EE.UU.:

Favor registrar los documentos adjuntos o sus copias.

1. Nombre de la(s) parte(s) que traspasa(n) / Fachas de suscripcion:

Max P. McDaniel 05/20/2004 7-8-04
Elizabeth A. Benham 05/24/2004
Steven J. Secora 05/20/2004
Michael D. Jensen 05/20/2004
Kathy S. Collins 05/14/2004
Se adjuntan nombres o partes que fraspasan adicionales? Si No
(en blanco) X

3y

e

2 Nombre y Direccién de la parte que recibe:

Nombre: _Chevron Phillips Chemical Company LP_

Direccién:__10001 Six Pines Drive

Ciudad:___The Woodlands Estado:_TX Cddigo Postal Zip 77380

Se adjuntan nombres o partes que traspasan adicionales ? Si No

(en blanco) X

ﬁ ¥ lase do Traspaso
L
g % Cesién (en blanco) Fusién

- blanco) | Contrato de Valores (en blanco) Cambio de Nombre

blanco) | Otra

e suscripcién: McDaniel (05/20/2004); Benham (05/24/2004); Secora

0 TRADUCCION OFCIALNo__ 107 /0 4 0
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(5/20/2004); Jensen (05/20/2004); Collins (6/14/2004); \
4, Solicitud No(s). 6 No(s) de Patente:

Si este documento se presenta junto con una nueva solicitud, la fecha de
suscripcion de la solicitud es: (en blanco)
A. No(s). de Solicitud(es) de Patente(s) 10/829,550 presentada Abril 22, 2004

B. (s). de Solicitud(es) de Patente(s) ( en blanco)

Hay niimeros adicionales adjuntos? (en blanco) [Si | x | No

5. Nombre y Direccibn de la parte a quien se le debe dirigir la
correspondencia concermients al documento:

Rodney B. Carroli

CONLEY ROSE P.C.

Granite Park Two

5700 Granite Parkway #330

Plano, Texas 75024

6. Numero total de solicitudes de patentes involucradas: (en blanco)

7. Total Derechos (37 CFR §3.41) $40.00

L Adjuntos

enBnco) | Autorizacion para cargo a cuenta de depdsito

enta de Depdsito Namero 50-1515

NO USE ESTE ESPACIO (en blanco)

{Firmado) _7-6-04

. p77020
, TRADUCCION ORCIAL Noy |
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Nombre del Firmante Firma Fecha \"37

Numero Total de pdéginas, incluyendo |la carédtula, los anexos y

documentos: 7

Envie por comeo los documentos a registrar con la informacion de la
carétula requerida a: Casilla Cesiones, Servicios de Registro, Comisario
de Patentes P.Q. Box 1450, Alexandria VA 22313-1450

(Sello: 07/12/2004 HDEMESS1 0000042 10828550

01 FC: 8021 40.00 OP)

PATENTE
RIEL: 015554 MARCO: 0427

Expediente No. 210481US00 (4081-05900)
(LOGO —CEVRON PHILLIPS)
CESION

POR CUANTO, Yo, entre los siguientes inventores, Max P. McDaniel, Elizabeth
A. Benham, Steven J. Secora, Michasel D. Jensen y Kathy S. Collins, soy uno
de los inventores de SISTEMAS DE CATALIZADORES QUE COMPRENDEN
WEATALIZADOR DE CROMO Y UN COCATALIZADOR DE METAL DEN -

- .'-.-.

GIRSIEYON CLOPENTADIENIL (la “Invencion®), y de la solicitud de patente

Jados Unidos que revela dicha invencién, No. de Serie 10/829,550,

4k ol 22 de Abril, 2004, también conocida por el expediente dela
umero 210481US00 (4081-05900); y

ANTO, CHEVRON PHILLIPS CHEMICAL COMPANY ("CPCHEM"),

-+

. - % _—
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sociedad constituida bajo las leyes del Estado de Delaware, desea adquirir la
totalidad de los derechos propiedad y participacién en y sobre dicha invencion,
en todo el mundo,, y la totalidad de los derechos, propiedad y participacion en,
sobre y bajo todos y cualesquiera Titulos de Patente de los Estados Unidos y

de los demés palses extranjeros alrededor del mundo;

AHORA EN CONSECUENCIA, por una buena y valiosa contraprestacion,
recibo de la cual se reconoce en la presente, por la presente vendo, cedo,
transfiero y traspaso a CPCHEM, Ila totalidad de los derechos propiedad y
participacion sobre dicha invencion airededor del mundo, y de la solicitud de
Titulo de Patente en los Estados Unidos, y todas y cualesquiera ofras
solicitudes de dicha invencidn, incluyendo las divisionales, de continuacién,
provisionales, no provisionales, comunes y solicitudes de reexpedicion, y todos
y cualesquiera Titulos de Patente en los Estados Unidos y en palses
extranjeros que sobre ella se otorguen, las mismas a ser tenidas y gozadas por
CPCHEM para su propio uso y beneficio, y para uso y beneficio de sus
sucesores, causahabientes y otros representantes legales, hasta la finalizacion

e o términos para los cuales se puedan otorgar dichos Titulos de

(il

los Estados Unidos o que se hayan otorgado o se hayan podido

pexpedir en paises extranjeros sobre ella, tan completamente como

=z

fpos hubieran sido tenido y gozados si esta cesidén no se hubiera

® autorizo y le solicito al Comisario de Patentes y Marcas

TRADUCCION OFICIAL No___[B2 & 8 %
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expedir todas y cualesquiera Tltulos de Patente de los Estados Unidos sobre
dicha invencion o que resulte de dicha solicitud y de todas las divisiones,
continuaciones, y reexpediciones de la misma, a CPCHEM, como cesionario de
la totalidad de mi participacioén, y por la presente convengo en que tengo el
pieno derecho de traspasar la totalidad de la participacién aquf cedida, y que
no he firmado ni firmaré acuerdo alguno que pueda estar en conflicto con la
presente.

Y ademas convengo y acuerdo que yo, en cualquier momento, a solicitud,
firmané y entregaré todos y cualesquiera documentos que sean necesarios o
convenientes para perfeccionar la titularidad de dicha Invencion y de dichos
Titulos de Patente que se puedan otorgar sobre ella, a favor de CPCHEM, sus
sucesores, causahabientes y otros representantes legales, y si CPCHEM, sus
sucesores, causahabientes y otros representantes legales desean presentar
cualesquiera solicitudes divisionales, o de continuacién o asegurar una

reexpedicion de tales Titulos de Patente, o de pressniar una exclusion de |a

misma, a solicitud, firmaré todos los documentos, haré los juramentos de ley y

Pagina 1
PATENTE
6 TRADUCCION OFICIAL No, gl < .Y

JUAN Fro 2 -o0 ASTA A uaia
TRADUCTOR E INTERPRETE ORCIAL

= 21 we WA 2003
C2L AUN, BIUDR Y OF SuSTICIA




RIEL: 015554 MARCO: 0428

Expediente No. 210481US (4081-05900)
(LOGO —CEVRON PHILLIPS)
Y ademas me comprometo y convengo que, en cualquier momento, a solicitud,

le comunicaré a CPCHEM, a sus sucesores, causahabientes y otros
representantes legales, todos ios hechos referentes a dicha Invencion y a dicho
Titulo de Patente o la historia de archivo de la misma, en la forma en que sea
conocida por nosotros, y daremos testimonio de la misma, en cualquier
interferencia o litigio cuando se solicite hacerio, sin contraprestacion adicional,
pero con cargo a dicho cesionario, a sus sucesores u otros representantes
legales.

FIRMADO en Bartlesville, Oklahoma, en la fecha escrita a continuacion, al

frente de mi firma.

Fecha: Mayo 20, 2004 (Firmado) Max P. McDaniel
Max P. McDaniel
ESTADO DE OKLAHOMA §

CONDADO DE WASHINGTON §

;, Ml, la autoridad suscrita, comparecié personaimente hoy dia MAX P.
PDPNIEL, a quien conozco, y quien $6 que es la persona cuyo nombre esté
en el instrumento anterior, y quien reconocié ante mi que fimé el
18 ara los fines y por la contraprestacion en él expresados.

BAJO MI FIRMA Y SELLO OFICIAL, hoy dia 20 de Mayo, 2004.

JUAN Ph:';-': relw At r .-U.'.:-l':_-
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[SELLO] (Firmado) Sherry G. Woods
Notario Pdblico, Estado de Oklahoma

Mi comision vence, 2-18-06

(Sello Notarial a tinta: Sherry G. Woods, Condado de Washington, Notario
Publico en y para el Estado de Oklahoma, Mi comisién vence, el 18 de Febrero,

2006)
02001756
16330.01/4081.05900 Pégina 2
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FIRMADO en Kingwood, Texas, en la fecha escrita a continuacion, al frente de
mi firma.
Fecha: Mayo 24, 2004 (Firmado) Elizabeth A. Benham

Elizabeth A. Benham

ESTADO TEXAS §
CONDADO DE HARRIS §

8 WARIUON LS., ATl
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[SELLO} (Firmado) Dennis Charles Farinetti %
Notario Pablico, Estado de Texas

Mi comision vence, Noviembre 18, 2006

(Sello Notarial a tinta: Dennis Charles Farinetti, Notario Publico Estado de

Texas, Comisién vence Noviembre 18, 2008)

16330.01/4081.05900 Pagina 3
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(LOGO —CEVRON PHILLIPS)
FIRMADO en Bartlesville, Oklahoma, en la fecha escrita a continuacién, al

frente de mi firma.

Fecha: Mayo 20, 2004 (Firmado) Steven J. Secora
ESTADO DE OKLAHOMA §

CONDADO DE WASHINGTON §

ANTE MI, la autoridad suscrita, compareci6 personalmente hoy dla Steven J.
Secora, a quien conozco, y quien s& que es la persona cuyo nombre ests
iiE n el instrumento anterior, y quien reconocié ante mi que firmé el
i E8ara los fines y por la contraprestacién en él expresados.

g O Mi FIRMA Y SELLO OFICIAL, hoy dfa 20 de Mayo, 2004,

-
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(Sello Notarial a tinta: Sherry G. Woods, Condado de Washington, Notario
Pablico en y para el Estado de Oklahoma, Mi comision venca, el 18 de Fabrero,

2006)
02001756
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FIRMADO en Bartlesville, Okilahoma, en la fecha escrita a continuacién, al
frente de mi fira.

Fecha: 05-20-04 (Firmado) Michael D. Jensen
Michael D. Jensen

ESTADO DE OKLAHOMA §
CONDADO DE WASHINGTON  §
ANTE M, la autoridad suscrita, comparecié personalments hoy dia Michael D.
Jensen, a quien conozco, y quien 88 que es {a persona cuyo nombre ests
suscrito en el instrumento anterior, y quien reconocié ante mi que fimé el
spara los fines y por la contraprestacién en él expresados.
RAJO MI FIRMA Y SELLO OFICIAL, hoy dia 20 de Mayo, 2004.
(Firmado) Sherry G. Woods

fublico, Estado de Oklahoma
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(Sello Notarial a tinta: Sherry G. Woods, Condado de Washington, Notario
Publico en y para el Estado de Oklahoma, Mi comisién vence, al 18 de Febrero,

2008)
02001756
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FIRMADO en Bartlesville, Oklahoma, en la fecha escrita a continuacién, al
frente de mi firma.
Fecha: Junio 14, 2004 (Firmado) Kathy S. Collins

Kathy S. Collins

ESTADO DE OKLAHOMA §

CONDADO DE WASHINGTON §

ANTE M, la autoridad suscrita, comparecié personaimente hoy dia Kathy S.
Collins, a quien conozco, y quien 88 que es !a persona cuyo nombre esté

el instrumento anterior, y quien reconocid ante mi que firmod el

§ gdra los fines y por la contraprestacién en él expresados.

O MI FIRMA Y SELLO OFICIAL, hoy dia 14 de Junio, 2004.
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(Sello Notarial a tinta: Sherry G. Woods, Condado de Washington, Notario
Puiblico en y para el Estado de Oklahoma, Mi comisién vence, el 18 de Febrero,

2006)
02001756
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APOSTILLA
(Convencion de la Haya de Octubre 5 de 1981)
1. Pals: Estados Unidos de América

Este documento publico
2 Ha sido firmado por H.L. JACKSON
3. Obrando en calidad de Funcionario que certifica
4 Lleva el sello/estampilla de Oficina de Patentes y Marcas

CERTIFICADA
5. En Washington D.C.

6. Hoy Ocho de Enero, 2007

7. Por el Funcionaernio Asistente de Autenticaciones, Departamenfo de
Estado de los Estados Unidos .

No.07009421-12 .o

SIS CION FIEL Y COMPLETA de la cual 38 deja copla en los archives de esta oficing para su ™

bn y a la cual me remito,
Af}ﬂur\t Mooz '

0 29, 2007.
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(Convention de La Haye du 5 octobre 1961)
1. Country: United States of America

This public document
2. has been signed by H. L. Jackson

3. acting in the capacity of Certifying Officer

TN A

4. bears the seal/stamp of Patent and Trademark Office

Certified

i 5. at Washington, D.C.
Ji

6. the eighth of January, 2007

7. by Assistant Authentication Officer, United States Department of State

8. No. 07009421-12

9. Seal/Stemp:
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THE UNITED STATES OFAMERICA

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

' ,?""-:‘.

November 17, 2006

THIS IS TO CERTIFY THAT ANNEXED IS A TRUE COPY FROM THE
RECORDS OF THIS OFFICE OF A DOCUMENT RECORDED ON
July 09, 2004

By Authority of the

Under Secretary of Commerce for Intellectual Property
and Director of the United States Patent-fhd Trademark Office

1 R

Certifying Officer
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1. Name of conveying Exscation Date 2. Nems and address of recaiving pariyliesk:
Max P. McDanjal tf 08/20/2004 Name: . Chevron Philics. Cheniesl Compmy LB ... ...
Elzabeth A. Banham O524/2004
Steven J. Secon ; 05/20/2004 intamal Addross:
Michasl D. Jengen 05/20/2004
Ksthy 8. Collina 08/14/2004
! Adcllional of You B No Strost Acdress: .. 10001 Six Pinaa D
3. Nawre of conveyance: Cliy: . TheWoodeodn ... St TX ... Zp: . 77300
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O Secwily Agmemant [J Change of Name

4Appununmm}wp-unm): o
If this document la being filsd togsther with a new appiication, the exacution dale of the spplicalion Is :

A- Patent Applicstion No.{s). B. Pulant No.(s). ).
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- Addiionsl numbers aftachad? [} Yaa B Mo
5. Nama and address of party v whom comespondence | 6. Total member of appicafion end palents ivoived:
concaming document should be mallad:
7 Totel fee (37 CFR 341} ....eccvuene. $4000 _
Rodney B. Ceroll
coramnc. (E Enciossd
Graniin a Authorized to be charged 1 deposit account
P e . #330 8. Deposkeccount number:  SO-1515

DO NOT USE THIS BPACE
9. Signatume.
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Docket. No. 210481US00 (4081-05300) \\{X

ASSIGNMENT

WHEREAS, |, among the following Inventors, Max P. McDanlgl, Ellzabeth A. Benham,
Stsven J. Secora, Michael D. Jensen and Kathy S. Oalllm. an inventor of CATALYST
SYSTEMS COMPRISING A CHROMIUM CATALYST AND A NON-TRANSITION METAL
CYCLOPENTADIENYL COCATALYST (the “Invention”), and an application for United States
Patent disciosing sald invention, Sarlal No. 10/829,550, filed April 22, 2004, also known as
company docket number 210481US00 (4081-05900); and

WHEREAS, CHEVRON PHILLIPS CHEMICAL COMPANY ("CPCHEM"), a corporation
created and exdsting under and by virtue of the laws of the State of Delaware, ls desirous of
acquiring the entire right, title and interest in and to the aforesald Invention throughout the warld,
and afl right, title and Interest n, to and under any and all Letters Patant of the United Stetes and
ail other countries throughout the world;

NOW, THEREFORE, for good and valuable consideration, the raceipt of which I8 heredy
acknowledged, | hereby sell, asaign, tranefer and set aver o CPCHEM, all right, titte and Interest
in and to the sald Invention throughout the worid, and sald application for U.S, Letters Patent, and
any and all other appiications for aald invention, including divisional, continuation, provisional, non-
provisional, regular, and reiesue appfications, and any and all Letters Patent of the United States
and foreign countries which may be gmnted therefor, the same to be held and enjoyed by
CPCHEM for its own use and benefit, and for the use and benefit of its successors, assigns, or
other legal representatives, to the end of the tem or terms for which said Letters Patent of the

! United States or foreign countries are or may be granted or reissued, as fully and entirely as the
same wolild have been heid and enjoyed If this assignment and sale had not besn made.

And | hereby authorize and request the Commissioner of Patents and Trademerka to
issus any and all Letters Patent of the United States on said imvention or resulting from sald
application and from any and all divisions, continuations, and relssues thereol, to CPCHEM, as
assignee of my entire Interest, and hereby covenant that | have the full right to convey the entire
interest herein assigned, and that | have not exacuied and will not executs any agreement in
conflict herewith.

And | further hereby covenant and agree that | will, at any time, upon request, axscuts and
delvar any and all papers that may be necessary or desirable to perfact the titie of sald Invention
and to such Lettsrs Patent as may be granted therefor, to CPCHEM, Its successors, agssigns, or
other legal represomtatives and that f CPCHEM, its successom, assigns or other legal
rapreseniatives shall desire o flle any dvisional or continuation appications or t secure a relssue
olmhLlﬂnqunt.orbﬂlaadbdalmerralﬂlghm | will upon request, sign all papers,
: FRs-paths and do all lawful acts requisite for the filing of such divislonal or

b icRtio waﬂmuppleaﬂonformwhpmcuwihemalmdhrhmng
wimnmmmmmpcnmunltmemduﬂm
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) !:’:?;m Docket. No. 210481US (4081-05900) \{%

And | do further covenant and agres that | will, at any time upon request, communicats o
CPCHEM, its successors, assigns or other legal representatives. such facts relating to sald
Invention and Letisrs Patent or the flle history thereaf as may be known to us, and teetify as to the
same in any Interference or other Rigation when requested so fo do, without further compensation
but at the expensa of said assignee, its successors, or other legal representativea.

ExecUTED at [3.0AH80 sl . Okishoma, on the dste indicated below,

opposite my signature.

ASSIGNOR: .

Date: M%MKEL_ I_EMLMHA.&-L__
Max P. McDanlel

THE STATE OF OKLAHOMA

g .
COUNTY OF WASHINGTON §
BEFORE ME, the undersigned authority, on this day personally appeared MAX P.

MCDANIEL, known to me to be the person whoss name is subscribed to the foreguing
instrument, and acknowiedged o me that he executed the same for the purposes and

coneideration therein expressed.
G}ﬁN UNDER MY HAND AND SEAL OF QFFICE, this the g‘i Q day of
, 2004.
SEAL) iﬂ%A‘Qﬂﬁ/
atary Pubic, of Okishoma
My Commission Expires: .
j.:l “-‘-—"'H-:a_' - 'E
' | |
dR0017 Sy
Page 2
PATENT

TRADUCCON OFICIAL No._ﬂ_f_‘_‘ & ?-
| JUAAN rARD Blod v WA A, -
! TRADCTOR E INTERMRETE CRlnL
B FId ol T 2o,

- T Tl - a T
-SRI L NS Kol B O TR ]

’ ' - ' REEL: 016664 FRAME: 0429’




Docket. No. 210;8108 (4081-05900) \qq%

EXECUTED at __JX. ugmgal , Texas, on the date Indicated below, opposits
my signature.
ASSIGNOR:
Date:_May 24, 2004 M /A &.«lm
A. Benham
THE STATE OF TEXAS §
]
COUNTY OF HARRIS §
* BEFORE ME, the undersigned authority, on this day personally appeared ELIZABETH

A. BENHAM, known to me to be the person whose name is subscribed to the foregoing
instrument, and acknowledged o me that he exacuted the sama for the purposes and
consideration therein exprassed.

GIVEN UNDER MY HAND AND SEAL OF OFFICE, this the __of ¢ day of

—Al’( , 2004.

[SEAL]

Notary Public, State of Texas

My Commiasion Expires:
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Docket. No. 210481US (4081-06900) ‘%/
EXECUTED at M_, Oidshoma, on the date indicated below,

opposite my signature.
ASSIGNOR:

Date: ‘q‘_;- }o, Joof-

Staven J.

THE STATE OF OKLAHOMA 8§
§
COUNTY OF WABHINGTON §

' BEFORE ME, the undersigned authority, on this day personally appeared STEVEN J.

SECORA, known to me to be the person whoss name Is subscribed to the foregoing
instrument, and acknowledged to me that he exscuted the same for the purposes and

consideration therein expressed.
alv?"ta:%? MY HAND AND SEAL OF OFFICE, i the RO cay of
[SEAL M@W
atary Public, of Okiahoma
My Commission Expires;
~-/€- ' W5,  SHERRY G.WOODS
e & S
g Swie of Okdshorna
| My commnisston expires Febi. 18, 2008
OR00/7Ss
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EXECUTED at ﬁa&&,g&.g__ Okiahoma, an the date indicated below,

opposite my signature,
ASSIGNOR:

Date: QS-IO-—OQ Mﬂlcﬂnl! h 9“‘!na
Michasei D. Jensen

THE STATE OF OKLAHOMA ¢

§
COUNTY OF WASHINGTON §

" BEFORE ME, the undersigned authority, on thia day personally appeared MICHAEL D.
JENGBEN, known to me to be the parson whose name Is subscribed to the foregoing mstrument,
'andadmovdodgadh me that he exacutsd the same for the purposes and consideration therein

Gl ﬁosn MY HAND AND SEAL OF OFFICE, tis the RO ey o
BEAL] : L/

Notary Public, Stite of Oklahoma

My Commisesion Expires: , “mm=s=
_ -d { muva.m
2oceztf & === |
™ My coimisaion wm
e -yl ......_._ &
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s . Chevron Docket. No. 210481US (4081-05900) ‘

Phillips
EXECUTED ot PzuHpgui/l€ . Okiahoma, on the date indiceted below,

opposite my sighaiure,
ASSIGNOR:
Date: %ua.l_lﬂ.’),m_‘f_
Kathy 8. s
THE STATE OF OKLAHOMA

§
§
COUNTY OF WASHING_TON §
" BEFORE ME, the undersigned authorily, on this day personally appearad KATHY S.

COLLINS, known to me to ba the person whose name is aubacribed to the foregoing
instrument, and acknowledged to me that he executed the seme for the purposes and

consideration therein axpreasad
Glt? UNDER MY HAND AND SEAL OF OFFICE, this the _LZ_ day of
2004.
[SEAL] ' <
Notary Public, of Oklahoma
My Commission Expires:
e Y -0/5/ :
: ! SHERRY Q.
G s
| N o |
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# TRADUCCION OFICIAL No. 07/039 'de un documento escrito en inglés, ol cusl pama su identificacion se sella con of
sello del traductor al iempo con la presente. Esta treduccién ha sido preparada por Juan Pabio Piedrahita Aguilera,
Traductor e Intérprete Oficial debldamente reconocido por el Minlsterio del Interior y de Justicla, por resolucién ndmero
718 de 2003 y autorizada por el Ministerio de relaciones Exderiores de Colombla.

{Ge traduce un documento de registro de ceslén de la sollciud de patente No. 10/828,842 a favor de la compafiia
CHEVRON PHILLIPS CHEMICAL COMPANY, ante la Oficina da Patentes y Marcas da loa Estados Unidos de América

y Apostiiia No. 07008421-11, escritos en inglés.)

A 1540297 ESTADOS UNIDOS DE AMERICA
A TODOS A QUIENES ESTOS PRESENTES LLEGAREN:
DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS

OFICINA DE PATENTES Y MARCAS DE LOS ESTADOS UNIDOS
Noviembre 8, 2008
POR EL PRESENTE CERTIFICO QUE ADJUNTA SE ENCUENTRA UNA
COPIA FIEL DE LOS ARCHIVOS DE ESTA OFICINA DE UN DOCUMENTO
REGISTRADO EL 9 de Jullo, 2004.
Por autoridad del

Por autoridad del
Bajo la Secrefarla de Comercio para Propiedad intelectual y el
Director de la Oficina de Patentes y Marcas de los Estados Unidos
(FIRMADO) T. LAWRENCE
Funcionario que Certifica

07-15-2004, Cadigo de barras, 102792015 7-9-04

Departamento de Comercio de los Estados Unidos, Oficina de Patentes y

YOUSHE 20 2 B3THL. A = vt T
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Marcas Expediente 210481US01 (4081-05901)

CARATULA DEL FORMULARIO DE REGISTRO - SOLO PATENTES

Al Honorable Comisario de la Oficina de Patentes y Marcas de los EE.UU.:

Favor registrar los documentos adjuntos o sus copias.

1. Nombre de la(s) parte{s) qgue traspasa(n) / Fechas de suscripcion:

Max P. McDaniel 05/20/2004
Elizabeth A. Benham 05/24/2004
Steven J. Secora 05/20/2004
Michael D. Jensen 05/20/2004
Kathy S. Collins 05/20/2004

(Sello OIPE JC19, Julio 9, 2004, Oficina de Patentes y Marcas de los EE.UU.)
Se adjuntan nombres o partes que traspasan adicionales? Si

No
(en blanco) X
2. Nombre y Direccién de la parte que recibe:
Nombre: _Ch Philli ical Co P
Direccién:__ 10001 Six Pines Drive
Ciudad:___The Woodlands Estado:_TX Cddigo Postal Zip 77380

Se adjuntan nombres o partes que traspasan adicionales ? Si No

o (el

(en blanco)

Clase de Traspaso

oy
— ]

»y oy
spwas

Cesion (en blanco) Fusion

"y
”m .3

blanco) | Contrato de Valores

(en blanco)

Cambio de Nombre

| Otra
de suscripcién: McDaniel (05/20/2004); Benham (05/24/2004); Secora
(5/20/2004); Jensen {(05/20/2004); Collins (05/20/2004);

blanco)

07/70%8
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4, Solicitud No(s). 6 No(s) de Patente:

Si este documento se presenta junto con una nueva solicitud, la fecha de
suscripcion de la solicitud es: (en blanco)
A. No(s). de Solicitud(es) de Patente(s) 10/829,842 presentada Abrll 22, 2004

B. (s). de Solicitud{es) de Patente(s) ( en blanco )

Hay nimeros adicionales adjuntos? (en blanco) |Si | x | No

5. Nombre y Direccion de la parte a quien se le debe dirigir la
correspondencia concemients al documento:

Rodney B. Carroll

CONLEY ROSE P.C.

Granite Park Two

5700 Granite Parkway #330

Plano, Texas 75024

6. Ndmero total de solicitudes de patentes involucradas: (en blanco)

7.  Total Derechos (37 CFR §3.41) $40.00

| Adjuntos

Autorizacién para cargo a cuenta de depésito

(Firmado) _7-6-04
Nombre del Firmante Firma Fecha
: p7 oMY
TRADUCCION OFICIAL No.
3 JUAN Prg . Pooad e T .A-L'IUH.ERA
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\5
Nomero Total de paginas, incluyendo la cardtula, los anexos y

documentos: 7

Envie por correo los documentos a registrar con la informacién de la
caratula requerida a: Casilla Cesiones, Servicios de Registro, Comisario
de Patentes P.0O. Box 1450, Alexandria VA 22313-1450

(Sello: 07/12/2004 HDEMESS1 0000061 10829842

01 FC: 8021 40.00 OP)

PATENTE
RIEL: 015554 MARCO: 0680

Expediente No. 210481US01 (4081-05901)

(LOGO —CEVRON PHILLIPS)
CESION

POR CUANTO, Yo, entre los siguientes inventores, Max P. McDaniel, Elizabeth
A. Benham, Steven J. Secora, Michael D. Jensen y Kathy S. Collins, soy uno
de los inventores de POLIMEROS QUE TIENEN DISTRIBUCIONES DE

Q. PESO MOLECULAR Y METODOS PARA PREPARAR LA
ION DE LOS MISMOS (la “Invenci6n®), y de la solicitud de patente

Higados Unidos que revela dicha invencién, No. de Serie 10/829,842,

sociedad constituida bajo las leyes del Estado de Delaware, desea adquirir la

TEducaon L LY 5, "

- e ——————
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totalidad de los derechos propiedad y participacién en y sobre dicha invencién, g
en todo el mundo,, y la totalidad de [os derechos, propiedad y participacion en, \
sobre y bajo todos y cualesquiera Titulos de Patente de los Estados Unidos y

de los demas paises extranjeros airededor del mundo;

AHORA EN CONSECUENCIA, por una buena y valiosa contraprestacion,
recibo de la cual se reconoce en la presente, por la presente vendo, cedo,
transfiero y traspaso a CPCHEM, la totalidad de los derechos propiedad y
participacion sobre dicha invencién alrededor del mundo, y de la solicitud de
Titulo de Patente en los Estados Unidos, y todas y cualesquiera ofras
solicitudes de dicha invencion, incluyendo las divisionales, de continuacién,
pravisionales, no provisionales, comunes y solicitudes de reexpedicién, y todos
y cualesquiera Titulos de Patente en los Estados Unidos y en paises
axiranjeros que sobre ella se otorguen, |as mismas a ser tenidas y gozadas por
CPCHEM para su propio uso y beneficio, y para uso y beneficio de sus
sucesores, causahabientes y otros representantes legales, hasta la finalizaciéon

ino o tdrminos para los cuales se puedan otorgar dichos Titulos de

5
ge )

DI¥YID
osl-“!_::::.

P en los Estados Unidos o que se hayan otorgado o se hayan podido

TSR R T

kB 0 reexpedir en palses extranjeros sobre ella, tan completamente como

IINIRL
A

4
354N
0023301

iolﬂ""

'_;'6'5

ismos hubieran sido tenido y gozados si esta cesién no se hubiera

sty —-—-l"_'::"!

e
,,,,,,,,

la presente autorizo y le solicito al Comisario de Patentes y Marcas

expedir todas y cualesquiera Titulos de Patente de los Estados Unidos sobre
73
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dicha invencién o que resulte de dicha solicitud y de todas las divisiones,
continuaciones, y reexpediciones de la misma, a CPCHEM, como cesionario de [gcb
la totalidad de mi participacion, y por la presente convengo en que tengo el
pleno derecho de traspasar [a totalidad de la participacion aqui cedida, y que
no he firmado ni firmaré acuerdo alguno que pueda estar en conflicto con la

presents.

Y ademés convengo y acuerdo que yo, en cualquier momento, a solicitud,
firmanré y entregaré todos y cualesquiera documentos que sean necesarios o
convenientes para perfeccionar la titularidad de dicha Invencion y de dichos
Titulos de Patente que se puedan otorgar sobre ella, a favor de CPCHEM, sus
sucesores, causahabientes y otros representantes legales, y si CPCHEM, sus
sucesores, causahabientes y otros representantes legales desean presentar
cualesquiera solicitudes divisionales, o de continuacidn o asegurar una
reexpediciéon de tales Titulos de Patente, 0 de presentar una exclusion de Ia

misma, a solicitud, firmaré todos los documentos, haré los juramentos de ley y

i Y
SE dicién y entrega de la misma, y para la presentacién de dicha exclusion,
-"-':.?o
:’:’3" ntraprestacion adicional pero con cargo a dicho cesionario, sus
832
:_'&'_ i pres u otros representantes legales.
2@ o
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BExpediente No. 210481US01 (4081-05801) ‘4‘
(LOGO —CEVRON PHILLIPS)
Y ademés me comprometo y convengo que, en cualquier momento, a solicitud,

le comunicaré a CPCHEM, a sus sucesores, causahabientes y otros
representantes legales, todos los hechos referentes a dicha Invent;ién y a dicho
Titulo de Patente o la historia de archivo de la misma, en ia forra en que sea
conocida por nosotros, y daremos testimonio de la misma, en cualquier
interferancia o litigio cuando se solicite hacerlo, sin contraprastacion adicional,
pero con cargo a dicho cesionario, a sus sucesores u otros representantes
legales.

FIRMADO en Bartiesville, Oklahoma, en la fecha escrita a continuacién, al

frente de mi firma.

Fecha: Mayo 20, 2004 (Firmado) Max P. McDanie|
Max P. McDanie!
ESTADO DE OKLAHOMA §

REARO DE WASHINGTON §

-' ? la autoridad suscrita, comparecié personalmente hoy dia MAX P.

L, a quien conozco, y quien $6 que es la persona cuyo nombre esti
#ten el instrumento anterior, y quien reconocié ante mi que fimo el
ara los fines y por la contraprestacion en él expresados.

BAJO MI FIRMA Y SELLO OFICIAL, hoy dia 20 de Mayo, 2004.
[SELLO] (Firmado) Sherry G. Woods

- \
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Notario Publico, Estado de Oklahoma ‘(00
Mi comisién vence, 2-18-06
(Sello Notarial a tinta: Sherry G. Woods, Condado de Washington, Notario

Publico en y para el Estado de Oklahoma, Mi comisién vence, el 18 de Febrero,

2006)
02001756
17941.01/4081.05901 Pégina 2
PATENTE
RIEL: 015554 MARCO: 0682
Expediente No. 210481US01 (4081-05901)
(LOGO —CEVRON PHILLIPS)
FIRMADO en Kingwood, Texas, en la fecha escrita a continuacién, al frente de
mi firma.
Fecha: Mayo 24, 2004 (Firmado) Elizabeth A. Benham
Elizabseth A. Banham
ESTADO TEXAS §
CONDADO DE HARRIS §

{. la autoridad suscrita, compareci6 personalmente hoy dia Elizabeth

™ gpﬂg M, a quien conozco, y quien &8 que es la persona cuyo nombre esta
[ Y

Jiara los fines y por la contraprestacion en é! expresados.

en el instrumento anterior, y quien reconocié ante mi que fimé el

AJO MI FIRMA Y SELLO OFICIAL, hoy dia 24 de Mayo, 2004
(Firmado) Dennis Charles Farinetti

|M)uLUONOHCMI.No,
8 JUAN PARLO frroy TS
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Notario Pciblico, Estado de Texas \b
Mi comisién vence, Noviembre 18, 2006

(Sello Notarial a tinta: Dennis Charles Farinetti, Notario Publico Estado de

Texas, Comision vence Noviembre 18, 2006)

17941.01/4081.05901 Pdgina 3
PATENTE

RIEL: 015554 MARCO: 0683

Expediente No. 210481US01 (4081-05901)

(LOGO —CEVRON PHILLIPS)

FIRMADO en Bartlesville, Okiahoma, en la fecha escrita a continuacién, al
frente de mi firma.

Fecha: Mayo 20, 2004 (Firmado) Steven J. Secora

ESTADO DE OKLAHOMA §

CONDADO DE WASHINGTON  §

ANTE MI, la autoridad suscrita, comparecid personalmente hoy dia Steven J.
Secora, a quien conozco, y quien 86 que es la persona cuyo nombre esta

suscrito en el instrumento anterior, y quien reconocié ante mi que fimd el
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Publico en y para el Estado de Oklahoma, Mi comisién vence, el 18 de Febrero, \IL-L

2006)
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PATENTE
RIEL: 015554 MARCO: 0684
Expedients No. 210481US01 (4081-05901)
(LOGO —CEVRON PHILLIPS)
FIRMADO en Bartlesville, Oklahoma, en 1a fecha escrita a continuacién, al
frente de mi firma.
Fecha: 05-20-04 (Firmado) Michael D. Jensen
Michael D. Jensen
ESTADO DE OKLAHOMA §

CONDADO DE WASHINGTON §

ANTE MI, la autoridad suscrita, comparecié personalmente hoy dia Michael D.
Jensen, a quien conozco, y quien 86 que es la persona cuyo nombre estd
suscrito en el instrumento anterior, y quien reconocié ante mi que fimé el

mismo para los fines y por la contraprestacién en él expresados.

o
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Publico en y para el Estado de Oklahoma, Mi comisién vence, el 18 de Febrero, \GD
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Expediente No. 210481US01 (4081-05901)
(LOGO —CEVRON PHILLIPS)

FIRMADO en Bartlesville, Oklahoma, en la facha escrita a continuacién, al

frente de mi firma.

Fecha: Mayo 20, 2004 (Firmado) Kathy S. Collins
Kathy S. Collins
ESTADO DE OKLAHOMA §

CONDADO DE WASHINGTON §

ANTE MI, la autoridad suscrita, comparecié personaimente hoy dia Kathy S.
Collins, a quien conozco, y quien 8é que es ia persona cuyo nombre estd

suscrito en el instrumento anterior, y quien reconocié ante mi que firmd el

3’%&\‘ FistaRE § s fines y por la contraprestacion en &l expresados.
SEE  LiH

%&E? 2 MI FIRMA Y SELLO OFICIAL, hoy dia 20 de Mayo, 2004.
z”-ﬂ. '.1. = i'-

. !";- kﬂ@}!’; nado) Sherry G. Woods

B Bto, Estado de Oklahoma

3
—'.':‘“‘& g .‘_ e ,2—18—(5
28k

SeANOtTal a tinta: Sherry G. Woods, Condado de Washington, Notario
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APOSTILLA

(Convencién de la Haya de Octubre 5 de 1961)

1. Pals: Estados Unidos de América
Este documento publico
2. Ha sido firmado por T. LAWRENCE
3. Obrando en calidad de Funcionario que certifica
4, Lleva el selio/estampilla de Oficina de Patentes y Marcas
CERTIFICADA

5. En Washington D.C.
6. Hoy Ocho de Enero, 2007

Funcionario Asistente de Autenticaciones, Departamento de
delosEslados Unidos

009421-11

2. FIELYGOMPLI':TA:I-I:uuludn]lwphenlosmmdeedloﬁampn ltlf

R lllmlmnmlln. 'Y
Bonou Enero 20, 2007.
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APOSTILLE
(Convention de La Haye du 5 octobre 1961)

1. Country: United States of America

This public document
2. has been signed by

T. Lawrence

3. acting in the capacity of Certifying Officer

4. bears the scal/stamp of Patent and Trademark Office

Certified

S. at Washington, D.C.

6. the eighth of January, 2007

7. by Assistant Authentication Officer, United States Department of State

8. No. 07009421-11

9. Seal/Stamp:

10. Signature:

Sonya N. Johnson
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

‘_Q;:Je,;_‘ November 09, 2006
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#E THIS IS TO CERTIFY THAT ANNEXED IS A TRUE COPY FROM THE

¥4 RECORDS OF THIS OFFICE OF A DOCUMENT RECORDED ON
JULY 9, 2004,

By Authority of the

Under Secretary of Commerce for Intellectual Property
and Director of the United States Patent and Trademark Office
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T. LAWRENCE
Certifying Officer
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ﬁl Docket. No. 210481US01 (4081-05901) b‘b

Billps

ASSIGNMENT-

WHEREAS, |, among the following inventors, Max P. McDanlel, Elizabeth A. Benham,
Steven J. Secora, Michael D. Jensen and Kathy S. Coflins, am an Inventor of POLYMERS
HAVING BROAD MOLECULAR WEIGHT DISTRIBUTIONS AND METHODS OF MAKING
THE SAME (the ‘invention”), and of an appfication for United States Patent disclosing said
invention, Serlal No. 10/828,842, flled April 22, 2004, als0 known as company docket number
210481US01 (4081-05801); and

WHEREAS, CHEVRON PHILLIPS CHEMICAL COMPANY ("CPCHEM), a corporation
created and existing under and by virtue of the laws of the State of Delaware, s desirous of
acquiring the entire right, tite and intarest in and to the aforesaid Invention throughout the worid,
and all right, titie and inteest in, to and under any and all Latters Patent of the Unlted States and
ak other countries throughout the world;

@ row, THEREFORE, for good and valuable consideration, the receipt of which is hereby
acknowledged, | hereby sell, assign, transfer and set over to CPCHEM, all right, tile and interest
in and to the said Invention throughout the world, and sald application for U.S. Letters Patent, and
any and all other applications for said invention, inciuding divisional, continuation, provisional, non-
provigional, regular, and relssue applications, and any and all Letters Patent of the United States
and foreign courntries which may be granted therefor, the same to be heid and enjoyed by
CPCHEM for Its own use and bendfit, and for the use and benefit of its successors, assigns, or
other legal representatives, to the end of the term or terms for which saki Letters Patent of the
United States or foreign countries are or may be granted or relesued, as fully and entirely as the
same would have baen heid and enjoyed If this assignment and sale had not been made.

And | hereby authorize and request the Commissioner of Patents and Trademarks o
lssue any and all Letters Patent of the United States on said invention or resulting from said
application and from any and all divisions, continuations, and relssues thereof, tv CPCHEM, as
assignee of my entire Interest, and hereby covenant that | have the full right to convey the entire
interest herein assigned, and that | have not exscuted and will not exacute any agreement in

And | further hereby covanant and agree that | will, at any time, upon request, execute and
'MranyandalpapemﬂntmybonmwwdulmﬂabpemmmotuldIernIon
nd to such Letters Patent as may be granted therefor, to CPCHEM, its succeseors, assigns, or
spresentatives and that if CPCHEM, its successors, assigns or other legal

1 flle any divisional or continuation appiications or to secure a reissue

ch application for reissue and the procuring thereof, and for the flling
rther compensation but at the expense of sald assignee, s

Page 1
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H'J
And | do further covenant and agres that | will, st any time upon request, communicats o
CPCHEM, its successors, assigns or other legal representatives, such facts relating to sald
invention and Latters Patent or the fle history thereof as may be known to us, and testify as to the

same in any interference or other iitigation when requestad so to do, without further compensation
but at the expanss of aaid assignee, iia successors, or other legal representatives.

EXECUTED at M_, Oxiahoms, on the date Indicated below,

Docket. No. 210481US01 (4081-06901) \k\

opposite my signature.

ASSIGNOR: _

Dute:-mééﬂ A0 2pe+ Moy 4 m6%£4
Max P. McDaniel

THE STATE OF OKLAHOMA § .- .

COUNTY OF WASHINGTON g

BEFORE ME, the undersigned suthority, on this day personally appesred MAX P.
MCDANIEL, known to me to be the person whose name is subscribed to the foregoing
instrument, and acknowledged to me that he executed the same for the purposes and

conaideration therein expressed.
IVEN UNDER MY HAND AND SEAL OF OFFICE, this the é Q day of
22 i%— , 2004,

SEAU M&W

Notery Public. State of Oklahoma

BIAS) SHERRY Q. WOODS
nd

|

Washingion Counly

@, - Nolary Public In and for

u N Strle of Okishome

My commission expires Feb. 18, 2008,
- '-l

H200173%
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EXECUTED at _K:.;g_..m_gl__, Taxas, on tha date indicated below, opposite

Dockst. No. 210481US01 (4081-05901) \‘XO

my signature.

ASSIGNOR:

Date: _Mauy 24 2004 M_
A. Benham

THE STATE OF TEXAS

COUNTY OF HARRIS

i nunun

* BEFORE ME, the underaig
A. BENHAM, known to me to be

authority, on this day personally appeared ELIZABETH
@ person whose name is subscribed to the foregoing

instrument, and acknowledged to me that he executed the same for the purposes end
consideration therein expressed.

GIVEN UNDER MY HAND AND SEAL OF OFFICE, this the _ 2%/  day of

, 2004,
[SEAL] .
Notary Public, State of
My Commiggion Expires:
Page 3

17041.014001.06901

PATENT
REEL: 0156564 FRAME: 06883.
“UASUILON OAGAL Na oYy
JUAN Fre o FiinAIA AGIELIA
TRADUSTOR E INTERRETE ORUAL
. B3 713 OF MAYO 2000

k]

- e e e — o TR ]



W

Docket. No. 210481U801 (4081-05901)

 phillips

EXECUTED at ;&mﬂu@_& Oklahoma, on the date indicated below,

opposite my signature.

ASSIGNOR:
Date: oy 10, Jond—
Steven J,

THE STATE OF OKLAHOMA §
§

COUNTY OF WASHINGTON §

" BEFORE ME, the undersigned authority, on this day personally appeared STEVEN J.
SECORA, known to me to be the person whose name le subscribed to the foregoing
instrument, and acknowiedged to me that he executed the same for the purposes and

consideration thersin axprassed.
UNDER MY HAND AND SEAL OF OFFICE, thia the _o?® __ day of

A
g¢6 2004.
[BEAL) ,MW
Notary Public of Oklahoma

z
3
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- Endorim ,
Docket. No. 210481US01 (4081-0590
Phillips
EXECUTED uﬁmm&l_. Oklahomia, on the date Indicated below,

apposite my signature.
ASSIGNOR:

Date: _0S— 20~ o 4 rm#‘dﬂuj D 24-4&'\

Michael D. Jensen

THE STATE OF OKLAHOMA g
COUNTY OF WASHINGTON §

' BEFORE ME, the undersigned authority, on this day personally appeared MICHAEL D.
JENSEN, known to me to be the person whoss name is subscribed to the foregoing instrumenn,
mdaﬁnoﬁedgdmmemﬂhemwhdmeumehrﬂmeandmﬂm

Gl UNDfR MY HAND AND SEAL OF OFFICE, this the gz day of

[SEAL ﬂ%&&mﬂ(
Notary Public, of Oklshoma

My Commission Expires:
zz -1 i SHERRY G. WOODS
H Washingion County
{ Notary Publia In and for
| Sisto of Oklshoma
H My sommissien enpires Feb. 18, 2004,

0200/75¢
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Phillips |
EXECUTED at ﬁ&M_, Oklahoma, on the date indicated below,

opposita my signature.
ASBIGNOR:

THE STATE OF OKLAHOMA §
§
COUNTY OF WASHINGTON §
* BEFORE ME, the undersigned authority, on this day personally appearsd KATHY S.

COLLINS, known to me to be the person whose name is subscribed to the foregaing
instrument, and acknowledged to me that he exacuted the same for the purposes and

consideration therain expressed.

G DER MY HAND AND SEAL OF OFFICE, this the ;2 0 day of
1 , !l%. , 2004,
(SEAL M&W
Notsary Public, of Oklahoma

My Commission Expires:

= E-0b

SHERRY Q. WOOD3

Noiary Publc in and for
? Ginle of Okinhorrm
sommimien aspie Fal. 18, 2008.
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PATENT COOPERATION TREATY || o f | [PCTu82005/006860

From the INTERNATIONAL BUREAU )‘ﬁ,{(

PCT To:
NOTIFICATION CONCERNING SROWN, Kimbery,
TRANSMITTAL OF COPY OF INTERNATIONAL L :
PRELIMINARY REPORT ON PATENTARILITY Chevron Philips Chemical CEIV
(CHAPTER I OF THE PATENT COOPERATION 10001 St Pines Driva. ED
TREBATY) ErA'rs-urrn?dI;"AMEHloUE
(BCT Rule 44bis. 1(c)) NOV 1 0 2006
Date of mailing (Jay/month/vear) -
02 November 2006 (02.11.2006) CPC- LEGAL DEpy.
's or agent’s file
oL T
IntMrasional-applicanion No, Imemational filing date (daymonthpear) '

PCTAUS2005/009689 24 March 2005 (24.03.2005)

Priority daie {dayimonth/year)
22 April 2004 (22.04.2004)

CHEVRON PHILLIPS CHEMICAL COMPANY LP et al

Treaty)

‘l'lnhmnmmmmlmdhmwwmmmmUMIMIhmw

The Imemational Burean of WIPO Authorized officer
34, chemin des Colombeties
1211 Geneva 20, Switzeriend

Faceimile No. +41 22 338 8270 o-mall: pD2@wipo.int

Nora Lindner

Porm PCT/1BA326 (Jamuary 2004)



PATENT COOPERATION TREATY . < |
PCT i

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chapier I of the Patent Cooperation Tresty)

(PCT Rule 44bis)
Applican’s or agant's fle reference FOR FURTHER ACTION Seo Item 4 below
210481PCT
Imtermational apphication No. Internetional filing date (dayimonthiyear) Priarity date (daymonth/penr)
PCT/US2005/000669 24 March 2005 (24.03.2005) 22 April 2004 (22.04.2004)

International Patent Classification (8th edition unless older edition indicated)
See relevant information in Form PCTASA/237

Applicant
CHEVRON PHILLIPS CHEMICAL COMPANY LP

1. Thisintemational preliminary report on patentabllity (Chapser I) is issved by the Intermational Burean on bebwlf of the
International Searching Authority ander Rule 44 bis.1(a).

R

This REPORT consists of a total of 10 sheetx, including this cover sheet.

In the sitached shoets, any refevence to the written apinion of the International Searching Authority should be read as a refirence
1o the international preliminary report on patentability (Chapier I) instead.

3. This report contains indications relating to the following items:

B4 Bexme.1 Basis of the report

[] BxNo.m Priccity

D4 BoaNom Non-establishment of opinion with regar to novslty, inventive sisp and industrial
applicability

d D4 Boxmo.v Lack of unity of irvention

B4 Boxro.v Reasoned statament ander Articke 35(2) with mgard to novelty, inventive sep or Indostrial
spplicability; citations and explanations supporting soch statement

[[] BoxNa. w1 Certain documents cltod

[] Boxo.vm Certain defocts in the international spplication

D4 Boxme. v Certain observations on the intemational application

4. The Intomational Buresn wil) commurnicats this report o designated Offices in accordance with Rules 44bis.3(c) and 93bis.1 but
not, except where the spplicant makes an express mgoest nder Article 23(2), bafoye the expination of 30 months from the priority

date (Rule 445s .2).
— P — s
Date of issusnce of this report
October 2008 (25.10.2008)
The International Bureau of WIPO Antharized officar
34, chemin des Colombettes .
1211 Geneva 20, Switzeriand Nora Lindner
Facsimile No. +41 2233882 70 e-mail: pi02  wipo.int

Farm PCT/IB/373 (January 2004)
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- PATENT COOPERATION TR AT\1 - "J{o
i : EATY e 3 1 JAN 2005 \
T EFNATIONAL SEARCHING ALTHORITY . ' WIPO_~ PCT ,ﬁ
PCT
' ' " WRITTEN OPINION OF THE
s60 form PGTASAR20 INTERNATIONAL SEARCHING AUTHORITY
’ (PCT Rule 43Ne.1)
Dule of maiing
fdapinonthimer) mmmowm
Appiicant’s or agent’s fia reference ACTION
see form PCTASAZ220 ﬁmﬁﬂu
PCTAIS2005/0006808 24.03.2005 22.042004 .

irdemational Prient Glasaffication (IPC) or both nationsl dassiioation and IPG
Co8F1000, COBF422

Applicant
CHEVRON PHILLIPS CHEMICAL COMPANY LP

1. This opinion containa indicetions relating 1 the following kems:

B BoxNo.| Bash ofthe opinion .

D BoxNo.ll  Prorty _ )

& BoxNo.ll  Non-sstablishment cf opinion with regard 1o navely, inventive step and induatrial applicablity
B Box No.IV Lack of unily of invention

B BoxNo.V  Rsasoned statwment under Rule 43bis.1{a)(}) with ngnmbm inventive stp or industrial
applcabliilty; citations and expianaiions supporting such statemant

0] BoxNo.V1  Cerinin documents clied
O Box No. Vil  Cartaln defecis in the intemational applcation
H Bax No. Vil Certain cbservations on the intemational applicaion

2. FURTHER ACTION

lfldnrnmdhrlnhmuhnal reliminary examination is made, this opinion witt usually be conskiered io be a
mhnophbnofﬂulnhrrubmanI InuryEnmhthulInrly(‘lP Ll-hlnnr , thia doss not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notiied the
imtsmational Bureau under Rule 66.1 bis(b) that written opinlons of this Intenational Searching Authority

will not be so considered.

if this opinion s, as provided above, mmH-ndbbanmnhnophbndhlPEA.h is invitnd to
submt to the IPEA a writien reply together, where appropriats, with amendments, before the explration of three
mﬂuﬁnmﬂr—dagmlhdFGmPGTMUhdmhuﬂubndIWMhmm
whichever exp

. For further options, see Form PCTABAR20,
3. Foriusther detalls, ase notes ¥ Form PCTABAR20.

Name and mafing adkress of the ISA: Auihortzed Officwr

D ==

Tl 48 50 £330 - O Ti: £23450 spm 4 .mﬂ' - Cj} |

Feut: +40 80 22309 - 4488 Telaghone No. +40 89 2300-0620

Form (PCTABAZSY) {Cover Sheet)-{January 2004)
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WRITTEN OPINION OF THE intemational application No.
INTERNATIONAL SEARCHING AUTHORITY o PCTAS2005008669

Box No.! Basils of the opinion

1. With regard 10 the language, this opinion has beén established on the basis of the intemational appiication in
the language In which i wes flled, uniess otherwise indicated under this Bem.

O This opinion hes been established on the basls of a transiation from the original language into the following

language , which Is the language of a translation fumished for the purposes of international search
(under Rulss 12.3 and 23.1()).

2. With regard to any nuciectide andior emino ackl sequence disclosed in the intemational application and
mmﬁmm.mhmnbnmmmmmmnm:

a. type of material:
O asequence listing
O table(s) related to the sequence liating
b. format of majerial:
O  in written format
O h computer readable form
¢. time of filingfumishing:
D contained in the intemational spplication as fled.
[ fied together wih the Internationa! application in compuier readsble form.
D fumished subsequently to this Authorlty for the purposes of search.

3. [0 In addition, in the case thatmore than one version or copy of a saquence listing andr table relating thereto

has been flled or fumished, the required statements that the Information in the or additional
coples s identical to that in the application as flled or does not go beyond the as flied, a8
appropriaie, were fumished. :

4, Additionsl comments:,

Form PCTABA/237 {Januaty 2004)
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WRITTEN OPINION OF THE Inlemllbnnl q:lplbatbn No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2005000660

. Box No. liI' Non-establishment of opinion with regard to novelly, Imn.nﬂve step and industrial
applicabiiity )

The

questions whether the claimed inventtion appears o be novel, to invoive an inventive atsp {to be non

. obvious), or to be industrially applicable have not been examined in regpect of:

O
B

the entire intemeational appiication,
claims Nos. 38-54,80-74,76

because:

O

O

the sakd international appiication, or the sald claims Nos. Intainmﬂohwlmwbjad etior which
does not require arr'inhtemaﬂonal :rralinlrmy eunmmlbn {ap':aﬂjr)- m

the description, claims or drawings mmmmmuow)omumm am 80
unclear that no meaningful cpinion could be formed (specly):

the claima, or said claims Nos. areaohdoq.nblymppoﬂadbyhocbaabﬂonhdmmunmuq:hbn
could be formed.

mlmmmmnmmmnwbrmmwmummmm
38-54,60-74,78

Mnmm:mrammmummdemmmmmmwmhm
C of the Administrative Instructions in that:

the written form O has not been fumished

O does not comply with the standard
the computer readsbleforn 1 has not been fumished

O does not comply with the standard

" the tables releted 1o the nuclaotide andbr amino acid sequence m&mmmmm.m

not comply with the technical requirements provided for in Annex of the Administrative Instructions.

See separate shest for further detalls

Form PCTASA/257 (January £004)
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WRITTEN OPINION OF THE intemational No..
INTERNATIONAL SEARCHING AUTHORITY PCT. USZOOSDOQ&GO

o BoxNo.IV' Lackofunityotinvention _ . .
1. @ In response to the Invitation (Form PCTASAZ06) to pay ackitional fees, the appiicant has:
B paid additionai fees. '
O paid additional fees under protest.

‘0  not paid additional fees.

2.0 Ththolllyioundthatmwmmdunwmmmﬂhmmmwmmwm
the applicant to pay additional foes.

3. This Authorfly considars that the requirement of unity of invention in accordance with Rule 13.1, 18.2ll'ld 133 s

O compilled with
& not complied with for the following reasons:
80 separate shost
4. Consequently, mmmmmummmammlmmmmmmm
O all parts.
& the parts relating 1o claims Nos. 1-34

Box No.V Reasoned statement under Rule 43bis.1{a){l) with regard to novelly, inventive step or
industrial applicabliity; chistions and explanstions tq:porﬂgL statement

1. Statement
Novelly (N) Yes: Ciaims ’
No: Claims  1-37555075
inventive step (IS) Yes: Claims '
No: Clsms  1-37.55-80.75
industrial applicabiity (1A) Yes: Claims  1-375550.75
Claime

2. cllllhnsmexphmbm
sob separate shest

Box No. Vill  Cerisin observations on the intemastional application

The following observationa on the olﬂndanrn,mwon.mddmwm the question whether the
claims are fully suppomd.bgnme dme_{whbn. ara made: oron "

. Form PCTiSA/237-(Janusry-2004)
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WRITTEN PINION OF THE international

INTERNATI NAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2005/009669
" R T  ——— e .

According to point IV below, only claims 1-347.55-59,‘(5 have been searched.
Therefore with regard to Rules 66.1(e) and 66.1 bls (a) PCT this wiitten opinlon will be
drafted according to the searched claims, namely 1-34 of the present application.

Re tem IV.
The separate Inventions or groups of inventions are:

Claims 1-34
A catalyst according to claim 1 and iis uge according to claim 10.
A method to prepare a supported catalyst according to claim 11.

A method of polymerizing an olefin with a chromium catalyst according to claim 25 and the
polymer obiained therewith.

Claims 35-37, 55-569, 75
A polymer composition according to claim 35, its use and article made therewith.

Claims 38-39, 55-59, 75 :
A polymer composltion according to clalm 38 lts use and arlicle made therewith.

Claims 40-41, 55-58, 75
A polymer composition according to clalm 40, its use and article made therewith.

Claims 42-54
_ A polymer composition according fo claim 42

Claims 60-64, 75, 76

A copolymer of ethylene and hexene according to claim 80, !is use and artlcle made
therewith.

' Ciglme 65-69, 75,76
A polymer according to claim 65, It use and articie made therewith.

Claims 70

A polymer & rdlng to claim 70.

Claims 71-72.75 78 . '

A polymer according o claim 71, iis use and articie made th rewith.

Form PCTASA/237 (Geparsis Ehest) (Ehest 1) (EPO-lanuary.2004)
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WRITTEN PINION OF THE ' internationa)
INTERNATIONAL SEARCHING : :
AUTHORITY (SEPARATE SHEET) PCT/US2005/009669
Claims 73-76

A polymer according to claim 73, its use and ariicle made therewith.

They are not so linked as to form a single general inventive concept (Flule 13.1 PCT) for
the following reasons:

The present application is directed to a chromlum based catalyst system using a speclflc
type of cocatalyst, namely a non-transition metal Cp compound (CpU and Cp2Mg are
exemplified).
This in order to prepare polyolefins and In particular copolymers of ethylene and hexene,
having a broad molecular weight distribution.
This aspect of the invention is clearly shown in the ciaims 1-34.
But in addition o the latter claims, the applicant filed a set of independent claims of
polymers or polymer composttions (not even restricted to polyolefin as It should be
according to the description), which are not related by a single inveniive concept.
As example, claim 386 discloses a HLMI range from 1 to 10 g/10min, whereas claim 60
discloses a HLMI range from 15 to 50 g/10min.
These polymers disclosed In these different claims alm to different applications and are
linked together simply by the fact that they are "polymers” (or "polymer compositions")
which is not an inventive concept as such.

—-Therefore-as the claims-35-76-are-not-clearly-inked.to the-specific polymerization process
using the specific chromium cetalyst system as disclosed In the description, the present
invention lacks non unity a priori according to the set of inventions disclosed above.

Remark

. Novellyandlnvenﬂvenessofaproductbyprooesscan beaclmaMedgadwhenthepmduct
as such cannot be characterized otherwise than by the process to prepare It.
On the other side the claimed products according to claims 34-76 have to be novel and
inventive as such, Independently from the process to prepare them.

Re tem V.
1. Reference is made to the following documents:

Form PCTAGARS? {Eeparuie Shast){Sheet 2){EPO-Junuary 2004)
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WRITTEN PINI NOFTHE intemnational applicetion No.
INTERNAT] NAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/US2005/009669

US-A-3 071 493

WO-A-96/23006

US-A-5 418 200

HEINEMANN, OLIVER ET AL: "Bis(indenyl) chromium Is a Dimer"
_OHGANOMETALLICS 15(26), 5462-5483 CODEN: ORGND7; ISSN: 0276-
7333, 1996, XP002335284

LIANG, YUANFENG ET AL: "Constrained Geometry Chromium Oatalysts for
Olefin Polymerization® ORGANOMETALLICS , 15(25), 5284-5288 CODEN:
ORGND?7; ISSN: 0278-7333, 1996, XP002335285

D6: US-A-2001/004663

D2: US-A-2002/013432

D3: US-A-2003/159648

RR82

&

2. The document D1 discloses a metal plating process using a bimetallic organometalfic
composition which, as in the examples XXill and XXIV comprises an aluminum{Cp)
part and a Cr(CO)3 part.

These compounds coresponds {o the ones as defined in the present chlms 1,2, 79,
11.12

Accordingly D1 is novelty destroying for the present claims 1,2, 7-9, 11.12 with regard
to Arlicle 33(2) PCT.

3. The present invention discloses a catalyst system comprising a chromlum catalyst
which Is contacted to a cocatalyst as disclosed in prasent claim 1.
According to the description presumably the cocatalyst, which 1s considered as very
reactive, will be combined to the chromium atom similarly to the preparation of a
Cr(Cp) compound. .
Therefore it I8 strongly assumed, uniees the applicant can bring the evidence of the
contrary, that the aim of present ciaim 1 and of the description Is In fact the
preparation, may be In slu, of a Cr(Cp) catalyst which Is already known from the prior
art, see D2-D4. In pariicular D2 discloses In the examples 2-5 such complexes of a
chromium atom linked to Cp's and to a non-transition metal (i.e. Lithium).
Therefore, Independently from the wording used by the applicant In its invention
"cocatalyst” the documents D2-D5 disciose catalyst systems identical to the ones
presently disciosed.
Therefore present claims 1-34 are not novel or do not Involve an inventive step over
D2-D5 with regard to Article 33{2 + 3) PCT.

Form PCTASARSY {Seperais Ghest) (Gheet 3) (EPO-January 2004)
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) appiication No
INTERNATI NAL SEARCHING

AUTHORITY (SEPARATE SHEET) . PCTAJS2005/009668

4. The document D6 discloses in example 9 a copolymer of ethylene and hexene
prepared with a chromium-based catalyst wherein both meit index Ml and HLMI are
within the scope of the ranges disclosed in present claims 35-37.

The molecular weight Mw is not explicitly mentioned, only the heterogonolty index,

.. the polydispersity which is rather high. '

The document D7 discloses In the examples 1,2,6 a oopolymer of ethylene and

hexene similarly to D8.

The document D8 discloses similar copolymers as in Ds and D7, in particular the

examples H-M wherein the Mw is above 600 000 and the HLMI is between 1 -and 10

g/10min. The mek index Is not mentioned, only the HLMI.

Since the ratio HLMI/MI (l.e. MFR = melt flow ratio)in D6 and D7 and the ratic Mw/Mn

(1.e. polydispersity) in DB are very high ltis strongly assumed that the Mw in D8, D7

and the Ml in D8 will be within the scope of present claims 35-37. Thig Is supported

by the sole Inventive example of the present application belng within the scope of

claims 35-37, namely run 16 of table S, which shows a high polydispersity together
" with a high MFR.

Accordingly unless the applicant can unambiguously demonstrate that D6-D8 are not

within the scope of the present claims 35-37, the examining divislon will consider D6-

D8 as novelty destroying of present claims 35-37, 55-59,75 with regard to Article

33(2) PCT.

- - moam - = e m - —— —— we .

1. In example 1, p.16,.13 there Is written ™rune 2 and 3 were run using different
amounts of the ....", this Is nat coirect.

Further on 1.17-18 the effect of the absence of hydrogen Is not demonstrated,
according to table 1.

2. Intable 2, runs 5 and 6 show a reduction of the PDI when hydrogen s Introduced
during the polymerization, this ie strange. Explanation I8 requested.
. Further, run 12 does not show any analysls of the polymer, deapltemefnetﬂ'latﬂmls
Is the sole run without the use of hydrogen....Why ?77?

3, Onpage 13 the Charpy measurement of energy ls mentioned at 0°C, but in table 7
this Is done at 23°C ....why 7777 What is the standard?

4. Oniable 7 the measurement of the ehear rate is somehow very high compared to the

Form PCTASA/Z3T (Esparmie Sheef) (Bhest 4) (EPO-Junuary 2004)
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prior art, nearly 5 imes higher. There must be an error somewhere. Also the
definition of this measurement is not clear for the skilied man to be reproduced

correctly.

5. Example 6 relates to figure 2, butin example 8 Mg(Cp)2 I8 used, contrary to what is
. disclosed In figure 2 (CpLl) ?7??

6. Intable 6, runs 10 and 11 show a rather bad Charpy performance, why ?77?
Further the Chamy energy should be expressed with J/m2 and not J/m lsn't it 7?7

7. According to the examples the chromium catalyst Is always supporied and with a
reduced oxidation state, so should It be mentioned in the claims as well, as the
applicant could not prove anything for his Invention for other chromium type
catalysts.....

8. Certaln claims (see claims 35,38,57 In particular) recite only a polymer or a polymer
composltion as such, together with different parameter like Mi of HLMI. Depending
of the type of polymer meant the Ml or HLMI method used will differ, for example In
temperature or load.
Accordingly as matter of clarity the applicant should draft his claims In order to define
clearly the method used to determine the characteristics i in relation to the type of
polymer covered by the sald claim.
‘n-all-cases-the:polymer composition of claim 35 should be reduced at least t0. a -~

polyolefin composition which is what was achleved in the description.

9. The uniis used in particular on page 23 and 25 sliould be In accordance with the
intemational unit system. i

Form PCTASA/2S7 (Seperais Shest){Shest 5){EFC-January 2004)
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From the INTERNATIONAL SEARCHING AUTHORITY PCT \J°§ %

Ta:

NOTIFICATION OF TRANSMITTAL OF
CHEVRON PHILLIPS CHEMICAL THE INTERNATIONAL SEARCH REPORT AND
COMPANY LP THE WRITTEN OPINION OF THE INTERNATIONAL
Attn. Brown, Kimberly L. SEARCHING AUTHORITY, OR THE DECLARATION
10001 Six Pines Drive
The Woodlands, Texas 77380
UNITED STATES OF AMERICA FEB -6 Fu[]ﬁ
(PCT Rule 44.1)

Dats of malling

(deyimonihyssl) 3070172006
Appiicant's or agent’s file reference
210481PCT FOR FURTHER ACTION See paragraphs 1 and 4 below
intemational application No. kmemational
PCT/UB2005/009669 24/03F2005

% ’
Applicant - A -
CHEVRON PHILLIPS CHEMICAL COMPANY LP DUE 4, 2,
1. E_] The appilcant is hereby notified that the intemational search report and the opinion of Searching
Autharity have been established and are transmitted herewith.

Flling of amendments and sixtement under Articls 19:
The appiicant is entiied, if he so wishes, mmmwmdmlmw(m Rule 46):

Whan? The time [imit for f amendments is normally two months from the daie of transmitial of the
Inlnrrnlbmlﬁur:l%om

Where? Direciyto the International Bureau of WIPQ, 34 chemin des Colombettes
. 1211 Genava 20, Switzariand, Fascimils No.: (41-22) 338.82.70

For more detelled Instructions, asea the notes on the accompanying shaet.

2 D Tha spplicant s hereby notifled that no Intamational search report will be sstablished and that the declarstion under
mwmmmmm-uumumumummmmnmm

3. D With regard to the profest againet payment of (an} addiional fae(s) under Rule 40.2, the applicant is notifled that:

D .“ru_l iogether with the decision thereon has been ranamitted to the intermational Bureau bgllhrwlhlhe
icant’s request to forward the texds of both the protest and the decislon thereon 1o the designated Offices

[[] modecision has been made yet on the protast; the applicant wil be notified s scon as & decision is made.

4. Rsminders
Mwmmmmamm date, the Imemational nﬂhldby
Iintemational Bureau. if the applicant wishes poatpone publication. a dm:ﬂhhnrrmnd

of the dmmmmmmummu nd In Rules B0bia 1 and 90his.3,
wﬂmﬂrﬂmﬂ mumlul praparations for international publication M respectiey.

mmeMmmMMMhmnmndhmnmmeh
Iinternational Bursau. The intemational Bureau will asnd a copy of such comments to il designated Offices urdess an
International preSiminary excamination report has besn or Is to be established. Thass comments woukd also be made avaliable to |
the public but not before the expiration of 30 montha from the priority date.

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for ntemational preliminary
axamination must be filed if the applicant wishes to posipone the entry Into the national phase until 30 months from the priority |
dats (In some Offices sven ; otherwise, the lcant must, within 20 months from the prority date, perform the prescribed
acts for entry into the national before those Offices.

in respect of cther designated Offices, the time limit of 30 months (or later) will apply everi I no demand is flled within 19

See the Annex to Form PCTAB/301 and, for detalls about the appicable time [imits, Offica by Office, see the PCT Applicant’s
Gudde, Volume I, National Cheptars and the WIPO Imtemet site.

Name and maliing address of the imtemnationsl Searching Authority | Authorired officer

— a8 European Patant Office, P.B. 5618 Patentiaan 2 .
NL-2280 HV Rijswik Corine Le Bolloch
Tel. (+a1-70)a40-ao40 Tx. 31 651 epo nl,
— S Fax: (+31-70) 340-3018

Form PCTASA/220 (January 2004} . {See notes on accompanying aheet)



NOTES TO FORM PCTASA/220 <b(a
Thess Notes are intended to give the bask: Instructians concerning the filing of amandments under article 18, The \ }ﬁ

Notos are based on the mequirements of the Patant Coaperation Treaty, the letions and the Administrative Instructions
urrhrﬂulTnuy |nmmmmnunmmuwm the latier are applicable. For more
detalied Information, sse aiso the PCT Appiicant’s Guide, a publication of WIPO,

in thesa Notea, "Article®, "Rule”, and "Section” refer 1o the provisions of the PCT, the PCT Regulations and the PCT
Administrative instructions, reapectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19
The appiicant hes, afiar having mummmmhmmuulm

Searching Authority, one opportunity to amand the claims of the intsmational k should howsver be smphesized
mmdmdhlmm(wmmw ) may be amended during the
Inllrnllhml prefiminary sxamination procediurs, there no nead to file amendments of the claims under Articls 10

a wmhmmum for the purposes of provisional protection or has anpther
m&uhwnhmlwwnﬂuﬂm. Furthermore, R should be emphesized that provislonal
umeﬂmhwﬁhblnmshuorlﬂm PCT Applicant’s Guide, Annenies B and B2).

The sttantion af the spplicant Is drawn to the lact that amendments o the claims under Articls 18 are not allowed where
the Imemational Sesrching Authority has declarad, under Article 17(2), that no intermetional search report would ba
established (eae ACT Applicant’s Gulde, Volume VA, paragreph 208).

What parts of the intermational applicstion may be smended?
Under Asticle 19, only the claims may ba amendead.
During the intemational phass, the clal aiso be amended (or futher amended) under Article 34 before
hmmmm% ThdmﬁhsnMMrum:iyhmm

ummmmmmdlmmulmmmnmummmma
ar, whera applicable, Article 41

When'? Within 2 months from the date of trensmitial of the intemeational search report ar 16 montha from the priordty
date, whichever time limit expires later. it should be notad, however, that the amendmerts will be considered
uMMWmHmHMnWWhIMMMMMWdM
h Pmumumdmwmulmm

Where not to file the amendments?

The amandments may only ba led with the intsrnational Bureau and not with the receiving Office or the
international Searching Authority (Rule 48.2).

Where a demand for Intemational preliminesy examination has been/s flied, see below.

How? Ehnbywulunummonﬂndﬂn:.hyﬂuomwnﬁtmﬁlmubymrﬂhhmd
one or more of the clalms as flad.

Ammmhmfw-ﬁﬁddhﬁmﬁﬂmoﬂmﬁdmmw
amandmenis, differs from the sheet originally filed.

All the clalms appearing on a replacement sheet must be numbered in Arsbic numerals. Where & clalm s
cancelied, no renumbering of the other claims is required. In all cases whers claims are renumbered, they must
be renumbered consacutively (Administrative instructions, Section 205(b)).

The amendments must be mads in the languags In which the inlemational application is to be published.

What documents must/may accompany the amendmeants?
Latter (Saction 205(b)):
The ameniments must be submitied with « letter.

The letter will not ba published with the intemetional application and the amended clalma. i should not be
confused with the "Siatement under Article 18(1)" (see below, under “Statement urder Article 18(1)7).

The lotier musat be in English or French, st the choice of the sppiicant. However, i the language of the
intermstional application ls English, the letter must be In English; i the langusge of the intarmnational application
is Franch, the lether must be In French.

Notss to Form PCT/SA220 (first sheet) {January 2004)




NOTES TO FORM PCT/NSA/220 (continued) . \%x

The letter must Indicate the differences between the claima as flled and the clalms as amended. it must, in
particular, inclicate, In connection with each claim appsaring In the International eppiication (it being understood
that identical indications conceming several claims may bs grouped) whether

() theclaim Is unchanged;

) theclaim ls cancelled;

(M) the claim Is newr;

(W} the ciaim repiacas one or more claims as filed;

{v) the claim ls the result of the division of a ciaim aa filed.

The following examples lllustrate the manner in which amendments must be explained in the
accompanying letter:

1. [Where originally there were 48 clalms and afier amendment of some claims there are 51]:
*Claima 1 1© 20, 31, 32, 34, 35, WhﬁWWmndddﬂmbuﬂmhmm
claims 30, aannduum.mdﬁ-absuﬁhd.

2. [Where originally there were 15 clalma and after amandment of ell clalms thera are 11]:
*Claims 1 to 15 replaced by amended claims 1 1o 11.°

8. Mng::nllyhnmﬂeﬂmﬂhmnﬂmﬂwﬂhmlmmmwhlﬂhg
"Claima 1 10 8 and 14 unchangad; claima 7 1o 13 cancefied; new clalms 15, 18 and 17 added.” or
"Clalma 7 to 13 cancefied; naw claims 15, 16 and 17 added; al other clalms unchangad.”

4. [Where various kinds of amendments are made}:
*Claima 1-10 : ciaims 11 to 13, 18 and 10 cancelied; claims 14, 15w1ewb‘m
cialm 14; clalm 17 hlnlnurl:hddlh-m.mnmlﬂ mﬁlm!ﬂu’dﬂ-ﬂ

"Statament under arlicle 19{1)" (Rule 48.4)

ameandments accompaniad explainl amandmenta incicating impact
mnﬂan;rﬂn:vsmhuhm m?mmwmuammmumﬂu

The statement wil be published with the intemational application and the amended claims.
it must be in the language in which the International spplication Is to be published.
It must be brief, not exceeding 500 words If in English or I transiated Into Engfish.

it should not be confused with and does nol repiace the letier indicaling the differences between the claims
as fliad and as amendead. it must be filed on a sepamts sheel and must be identified as such by a heading,
preferably by using the words "Staternant under Asticle 18{1)."

nmmmﬂnwmmmmhmwhmmm«hmum
contained In that report. Asferencs to mmu.wummnuhummm
report may be made only in connection with an amandment of that claim.

Conssquencs i a demand for ntemational preliminery sxaminstion has already besn flled

n.nmumdmmwmmm accompanying stetement, under Arficle 19, a domand for
intamational preim mmhuhhndmﬂyhmm the applicant must prefsrably, at the time of
llrmhamndnunl: and any statement ) with the imternational Bureau, slso file with the international

Emﬂmwwlmdmmmwdd steement} and, where required, a
transiation of such amendments for the before that .Tuonuluss.smmoz.z.m
sentence). For further Information, see the Notes to the demand form {PCTAPEAMO1).

H a demand for intamational examination is made, the written opinion of the iIntemational
m-lllsmln cases where the Intlemaiional Preliminary Examining did not act as
and whers It has notifiad the intemational Bureau under 68.1bis{b), be

MhhmﬁnhnthWMImm%HIMhm , the
am"rg:h.nlﬂ\mndmbdm mu?mtmﬁﬂmdmlhdm
mnsm«mumnmndzmmmmm whichever expires [ater (Rula 43bis.1(c)).

Conssguence with regard to transistion of the inlemational appiication for entry into the national phase

The appiicant'’s attention ls drawn o the fact that, upon entry into the national phase, a translation of the
claims as amended under Article 18 may have to be furnished to the designated/eleciad Offices, instead of, or
In adkltion o, the transiation of the claims aa flled.

cwmmﬁrmaenmmmumwm.mu PCT Applicant’s Guide,

Noiss to Form PCT/ISA/220 (second shest) {Jaruary 2004)




PATENT COOPERATION TREATY | \%JO

PCT

INTERNATIONAL SEARCH REPORT
(PCT Asticle 18 and Rules 43 and 44)
w“wﬁ'm FOR FUHTI_EI see Form PCTASA220
210481PCT ACTION -mll_l.whnw.msm.
intemational application No. international filing date (daymontvyear) (Earfiest) Priority Date {daymontivyear)
PCT/UB2005/009669 24/03/2005 22/04/2004
Appicant

CHEVRON PHILLIPS CHEMICAL CONMPANY LP

This Intemational Saarch Raport has baen prepared ulmmsﬂmm-uhmm the applicant
mwkﬁniAmhhﬁum:fmm ®

This intemational Search Report conslsts of & total of 7 shoats.
[X]  Rissiso accompanied by a copy of sach prior art document clted In this report.

1. Basis ol the report

a. With regard 10 the lenguags, the itemational search was casried oul on the basls of the Inlemational epplication In the
language in which it was flled, unises otherwise indicated under this itsm.

O mmumm“muwmhmmmmummmwnmmm
this Authorty (Rule 23.1(b)).

b. [] With regand to any nucieotide and/or amino acid sequence disclosed in the intemational application, sse-Box No. |.
2 [ Cortain cisims wers found unsearchable (See Boxll).

3. [X] Unityof invention is iaciing (see Box II).

4. With regand o the itie,
] the text Is approved as submitted by the appiicant.
E the text has been established by this Authority to read as follows:

CHROMIUM BABED POLYMERIZATION CATALYST, THE METHOD TO PREPARE IT AND POLYMERS
FREPARED THEREWITH

5. With regard 1o the abstract,
[X] thetextis approved as subminied by the appicant.

the text has been established, acco to Rule 38.2(b), by thia Authority as i appsars in Box No. IV. The
D mywlﬂnmmnmmmmmm:f‘mlnd hll!h:y-ﬂnrul search report, submit comments tn this Authorlty.

8. Whh regard to the drawinge,
a. the figure of the drawings to be published with the absiract is Figure No.
E] as suggestad by the applicant.
[C] . assslectad by this Authortty, bacause the applicant fallad to suggest a figure.
[] =sssiectad by this Authority, because this figure better characterizes the invention.
b. {X] noneof the figures is o be published with the abstract.

Form PCTASA/210 (firet sheet) {January 2004)



INTERNATIONAL SEARCH REPORT

intsrnartional Appiicstion No
PCT/US2005/009669

WA

A. CLABBIRCATION O

COBF10/00 — COBF4/22

Aczonding 1o imtemations] Patent Classification (IPC) or i both nationsd classificalion end IPC

saarched (cisssification system followed by classffication symbols)
cosF

Decumentation ssarchad other than minimum documeniation 1o the exdent that susch documants are inchuded in the Sakie searchad

EPO~-Internal, CHEM ABS Data

Electronik: dats base consuling casing the intametional ssarch (nama of dete base and, whare paciical, search terms upad)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

cladion or othar speciel renson {an spacifiad)
O document refening to an ol disclosurs, use, exhibition or

Catagory ® | Chation of document, with indication, whers appropriate, of the relevant pREEpES Relsvant i clalm No.
X US 3 071 493 A (WHALEY THOMAS P ET AL) 1-24
1 January 1963 (1963-01-01) v
the whole document
X WO 96/23006 A (CHEVRON CHEMICAL COMPANY) 1-34
1 August 1996 (1996-08-01) v
the whole document
X US 5 418 200 A (CARNEY ET AL) 1-34
23 May 1995 (1995-05-23) | .
the whole document
X HEINEMANN, OLIVER ET AL: "Bis(indenyl) 1-34
chromium Is a Dimer® :
ORGANOMETALLICS , 15(26), 5462-5463 CODEN:
ORGND7; ISSN: 0276-7333, 1996, XP002335284°
the whole document
-/—
m Further documants are isted in the coninuation of box C. E Patent family members are Beted in annmx. -
e S —" " e o it s et g e
O T s perbiiar relavarce | o s not gl 1o underetnd he pricipl of theory urladyng the
T g s or RS et e S ot Sy
R e b et e el e f e Y domamant ofparote ety g ek lten

i
1
5
:
E
i
H

other maxne
document published prior 10 the inlemationsl fling dade but hheat
.P wm""““’m“ - a° documint member of the seme patent lamily
Oata of the achul compietion of the intemational search Dot of maiing of the inemations! search report
18 January 2006 30 01. 2008
Nama and maling ackress of the IBA Authorasd o
Eurcpean Patent Otice, P.5. 5818 Patantinan 2
T%??#)VMT-.m 651 eponl,
Fax (+31=70) 340-2018 Balmer, J-P

Form PCTABARID {sscond shest) (lenusry 2004)

page 1 of 2




INTERNATIONAL SEARCH REPORT

examples H-M

International Applicalion No 0
PCT/US2005/009669 \(\
CJ{Confinuation) DOCUMENTS CONSIDERED TO BE RELEVANT
Camgory * | Ciiation of document, with indication, whare sppropeiats, of e relevant passages Ralavant o claim No.
X LIANG, YUANFENG ET AL: "Constrained / 1-34
Geometry Chromium Catalysts for Olefin
Polymerization® . ]
ORGANOMETALLICS , 15(25), 5284-5286 CODEN:
ORGND7; ISSN: 0276-7333, 1996, XP002335285
the whole document
X US 2001/004663 Al (BERGMEISTER JOSEPH J ET 35-37,
AL) 21 June 2001 (2001-06-21) 55-59,75
example 9
X US 2002/013432 Al (MCDANIEL MAX P ET AL) 35-37,
31 January 2002 (2002-01-31) 55-59,75
examples 1,2,6
X US 2003/199648 A1 (MCDANIEL MAX P ET AL) 35-37,
23 October 2003 (2003-10-23) 55-59,75

Forn PCTASA/210 (contimmiien of sscond shest} {Januery 2004)

page 2 of 2




INTERNATIONAL SEARCH REPORT

nformation faml we \
' On patart family members PCT/US2005/009669 - ‘\,
Patard document Publication Patent family Publication
clied In saarch report date member(s)} date
US 3071493 A 01-01-1963  NONE

WO 9623006 A 01-08-1996 AU 4860896 A 14-08-1996

US 5418200 A 23-05-1995 CA 2063090 Al 30-09-1992

_ MX 9201390 Al 01-10-1992 -

US 2001004663 Al  21-06-2001 AU 2031400 A 19-06-2000

CA 2349834 Al 08-06-2000

EP 1192188 Al 03-04-2002

W0 0032640 Al 08-06~2000

us 6201077 B1 13-03-2001

US 2002013432 Al  31-01-2002 AU 2923301 A 06-06-2001

CA 2390617 Al 17-05-2001

CN 1402738 A 12-03-2003

EP 1240208 Al 18-09-2002

HU 0203866 A2 28-04-2003

NO 20022250 A 09-07-2002

W0 0134661 Al 17-05-2001

US 2003199648 Al  23-10-2003 WO 2004076499 Al 10-09-2004

US 2003236366 Al 25-12-2003

. us 6525148 Bl 25-02-2003

Fosn PCTABA/Z10 (petent iamily arnex) (larawy E004)
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) intamational appiication No.
INTERNATIONAL SEARCH REPORT PCT/US2005/009669 %

—

BoxIl beervations where certain claims were found unsearchable {Continuation of lem 2 of first sheet)

mwmmmmmmhmuammmmnmhhMM

1. I:lclllmNol
mmmumumrmmmn_umwum.m

2, D ClaimsNos.:
- bacause relats 1o of the intamational that do not with the o such
be mm parul w by comply ! prescribed recuirements

8. [ ] coimance.:
because they are dependent ciaims and are not drafted in accordance with the second and third sentences of Rule 8.4{a).

Box Il Observations whare unity of Invention ls I-ekln-g {Continuation of ltem 3 of first sheet)

This imemational Searching Authority found multiple inventions in this intemartionad appiication, 8a follows:

see additional sheet

1. Aa all required addiions search fees were imely pald by the appiicent, this intemational Search Report covers of
searchable claims.

2. As all searchable claims could be ssarched without effort justifying an additions! fee, this Authority did not invits payment
[:]:ﬂ-wlﬂﬂhnlhn

a Aa olthe red additonal search feea the this iIntemational Search
[ | Aa ory sorma ofthe acuérad acconal searc e wees tesly pek by the appdoa, Flapor

1-37,55-59,75

Remark on Protest [:]'nuadammu-ununnn-uunnaumunnhdbymnanuu-r-puu-;
[:]hbpmhﬂaunmmmhﬂmnpumuidldﬂhnﬂllmmﬂnt

Form PCTASA/210 {continuation of first sheet (2)) (January 2004)
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Inemational Appiication No. PCT/US2005 109669

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-34

A catalyst according to claim 1 and 1ts use according to
claim 10.

A method to prepare a supported catalyst according to claim
11.

A method of polymerizing an olefin with a chromfum catalyst
according to claim 25 and the polymer obtained therewith.

2. claims: 35-37, 55-59, 75

A polymer composition according to clain 35, its use and
article made therewith.

3. claims: 38-39, B5-59, 75

A polymer composition according to claim 38 its use and
article made therewith.

4. claims: 40-41, 55-59, 75

A polymer composition according to claim 40, 1ts use and
_. article made therewith

5. claims: 42-54
A polymer composition according to claim 42

6. claims: 6064, 75, 76

A copolymer of ethylene and hexene according to claim 60,
1ts use and article made therewith.

7. claims: 65-69, 75,76

A polymer according to claim 65, 1ts use and article made
therewith.

8. claim: 70
A polymer according to claim 70.

9. claims: 71-72,75,76
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Intemational Application No. PCT/US2005 /009669
FURTHER INFORMATION CONTINUED FROM  PCTABA/ 210 '

A polymer according to claim 71, its use and article made
therewith.

10. claims: 73-76

A polymer according to claim 73, its use and article nide
therewith.




comM :gmufﬁnm THE RESULTS Appication Ne 7
OF THEP INTERNATIONAL SEARCH PCT/US2005/009669 \G\>

1.The presant communication Is an Annex 1o the Inviiation 1o pay addhional fees (Form PCT/ISA/2086). it shows the

results of the imtemnational search @stablished on the parts of the intemational appiication which relate % the invention
firet mentionad In claims Nos.:

2 s S8 Y LA AN §S 1R haBSE! 51008 oot % icn w be established sccording 1o Article 18 and Fuule 43.

3.1 the eppiicam does not pay any addiional ssarch fees, the iInformation appearing in this commumication will be
considerad as the msutt of the intemnational search and will be includad as such in the itemational search report.

4.1 the appiicant pays axkiitional fees, the memational ssarch report will contain both the informaiion appearing in this
mmw@:ﬂmummmuMmmrmduummumm

C. DOCUMENTS CONBIDERED TO BE RELEVANT
Category * | Chation of document, with indicaiion, where approprisia, of the rlovant paseages Relevant to claim No.

X US 3 071 493 A (WHALEY THOMAS P ET AL) 1-24
1 January 1963 (1963-01-01) .
the whole document
X WO 96/23006 A (CHEVRON CHEMICAL COMPANY) 1-34
1 August 1996 (1996-08-01)
the whole document
X US 5 418 200 A (CARNEY ET AL) 1-34
23 May 1995 (1995-05-23)
the whole document
) § HEINEMANN, OLIVER ET AL: "Bis(indenyl) 1-34
chromium Is a Dimer®
ORGANOMETALLICS , 15(26), 5462-5463 CODEN:
__ORGND7; ISSN: 0276-7333, 1996, XP002335284
the whole document ~— - -1 - -

X LIANG, YUANFENG ET AL: "Constrained 1-34
Geometry Chromium Catalysts for Olefin
Polymerization" :

ORGANOMETALLICS , 15(25), 5284-5286 CODEN:
ORGND7; ISSN: 0276-7333, 1996, XP002335285
the whole document

D Fusther documents are Bsted In the conlinuation of box C. D Patent family mammbors are Buted in snne
remm———— " e o st st B o U o
w ..-u..é"mm""""“‘ chad o iindhratand the principla ar theory ncarying the
'E' eariiar document but publishad on or afier 1he imamational *X* docurmant of pariculsr relsvance; the clalmad invantion
fling dale cannol be conaldared novel of cannat ba consiiered 1o
L L mﬂhm:nm hﬂdlﬂw ivoive an inventive stsp when the document ks taken alone
cliation or other special renson (as spacified) v mdmmm.rmhui:rnmnmmﬂ-
*0r documant refaTing 0 an oral discioeurs, uss, exhibition or document is combinad with ons or mom otver such gocuy—
othar maans manis, such combination baing obvicus 10 & parstn sidiled
*P* document published grior 1o the intemational filng date but nthe st
indar than the priorily dale claimed *&" document member of the same patant family

Farm PCTASA/208 (Armnax, fisst shest) (luly 1963: reprind January SD04)




intemational application No.
INVITATION TO PAY ADDITIONAL FEES PCT/US2005/009669 \(\lﬂ ,X

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

@nms: 1-34

A catalyst according to claim 1 and 1ts use according to
claim 10.

?lnethod to prepare a supported catalyst according to claim

A method of polymerizing an olefin with a chromium catalyst
according to claim 26 and the polymer obtained therewith.

laims: 35-37, 5559, 75

A polymer composition according to claim 35, 1ts use and
article made therewith.

3. claims: 38-39, 55-89, 75

A polymer composition according to claim 38 its use and
article made thereu1th

4. claims: 40—41. 55-59, 75 : -

A polymer composition according to claim 40, its use and
—article made therewith.

5. claims: 42-54
A polymer composition according to claim 42

6. claims: 60-64, 75, 76

A copolymer of ethylene and hexene according to claim 60,
its use and articie made therewith.

7. claims: 65-69, 75,76

A polymer according to claim 65, 1ts use and article made
therewith.

8. claim: 70
A polymer according to claim 70.

9. claims: 71-72,75,76

Form PCT/ISA206 (extra sheet) (July 1882; reprint January 2004) page 1 of 2



imsrmational apptication No.
INVITATION TO PAY ADDITIONAL FEES PCT/US2005/009669 \g

A polymer according to claim 71, its use and article made .
therewith.

10. claims: 73-76

A polymer according to claim 73, 1ts use and article made
therewith.

The present application is directed to a chromium based catalyst system
using a specfic type of cocatalyst, namely a non-transition metal Cp
compound (CpL{1 and Cp2Mg are exemplified).

This in order to prepare polyolefins and in particular copolymers of
ethylene and hexene, having a broad molecular weight distribution.

This aspect of the invention is clearly shown in the claims 1-34.

But in addition to the latter claims, the applicant filed a set of
independent claims of polymers or polymer compositions (not even
restricted to polyolefin as 1t should be according to the description),
which are not related by a single inventive concept.

As example, claim 36 discloses a HLMI range from 1 to 10 g/10min,
whereas clatim 60 discloses a HLMI range from 15 to 50 g/10min.

These polymers disclosed in these different claims aim to different
applications and are 1inked together simply by the fact that they are

'polym:rs' (or "polymer compositions”) which is not an inventive concept
as such.

Therefore as the claims 35-76 are not clearly linked to the specific
polymerization process using the specific chromium catalyst system as
disclosed 1n the description, the present invention lacks non unity a
priori according to the set of Inventions disclosed above.

Remark

Novelty and inventiveness of a product by process can be acknowledged
when the product as such cannot be characterized otherwise than by the
process to prepare 1t. -
On the other side the claimed products according to claims 34-76 have to
be novel and inventive as such, independently from the process to prepare
them.

Form PCTASAZ208 (exira sheet) {July 1852; reprint Janusry 2004) page 2 of 2
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Palant documaent Publication
ciad In search report date
US 3071493 A 01-01-1963  NONE
W0 9623006 A 01-08-1996 AU 4860896 A 14-08-1996
- WO 0623006 Al 01-08-1996
US 5418200 A 23-05-1995 AT 168700 T 15-08-1998
CA 2108860 Al 21-04-1994
DE 69319837 D1 27-08-1998
DE 69319837 T2 03-12-1998
EP 0595182 Al 04-05-1994
Us 5684100 A - 04-11-1997
i CA 2063090 Al 30-09-1992 -
MX 9201390 Al 01-10-1992
AT 153034 T 15-05-1997
DE 69219668 D1 19-06-1997
DE 69219668 T2 11-09-1997
_ EP 0509294 A2 21-10-1992
ES 2101765 T3 16-07-1997
JP 2759016 B2 28-05-1998
Jp 6145233 A 24-05-1994

Fom PCTASAZ08 (nelard femily srmed) (uly 1088; reprint Jenuary 2004)
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« The claims cannot be changed at this point in the procedure, the transmitted report is
not the intemational search report {see Art. 19 PCT).

« Any payment has to be made directly to this ISA, payments to other entities will not be
accepted.

¢ In case of a total of more than 2 Inventions found: when paying please specify
exactly which dalms should be searched.

+ An extension of the set time Hmit cannot be granted.

Payment by cheque:
+ The date to be considered as the date on which the payment is made Is the date

of receipt of the cheque at the EPO, provided that the cheque is met.

o Coples of cheques sent by fax or by post are not considered to be a valld payment.
o The fees shall be paid in euro, no equivalents in other currencies.

Payment or transfer to a bank account:

e The date to be considered as the date on which the payment is made Is the date

on which the amount of the payment or the transfer Is actually entered In a bank
account or Giro account held by the EPO.

« The fees shall be pald In euro, no equivalents in other currencies.

Payment by deposit acoount:

s The date to be considered as the date on which the payment Is made is the date

that the auﬁorisatlun to deduct fees from the deposit account is recelved at the
EPO.

Note: If you don't have a deposit account with the EPO yourself you might want to mnddausmg
the account of an associale as a safe and quick way of paying.

Payment by credit card:

= Payments by credit card are not possible.

Payments under protest according to Rule 40 PCT:

+ The protest will not be accepted without a payment of additional fees.
» The protest has to be accompanied by a technical reasoning.

03-08-2005 15:45
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Important informati n

Rule 40 PCT has been amended as of 1 Aprii 2005. For general information on the protest
procedure under the PCT please refer to O3 EPO 3/2005, pages 226/227.

1. As in the past the payment of any additional fee may be made under protest Le.
accompanled by a reasoned statement to the effect that the international
application complies with the requirement of unity of invention or that the amount
of the required additional fees Is excessive according to amended Rule 40.2(c) PCT.

2. Although no longer obligatory, prior to examination of the protest by the Board of
Appeal the EPO will subject the invitation to pay additional fees to. an’intemal
review which Is free of charge. The result of this review will be communicated to
the applicant.

3. The fee for examination of the protest {(Rule 40.2(e) PCT) Is payable within one
month of the date of the invitation to pay additional fees (Rule 40.1(li) PCT),
however, in order to allow the applicant to consider the result of the Intemal
review, the applicant may pay the protest fee within one month from the date of
notification of the result of the review.

4. Should the applicant wish to maintain his protest in light of the review he must pay
the protest fee within one month from the date of notification of the result of the
internal review, In which case the protest will be referred to the Board of Appeal.
Should the Board of Appeal find that the probest was entirely justified, the protest
fee shall be refunded.

5. In the event of the applicant already having paid the protest fee before notification
of the result of the review, the protest will be referred to the Board of Appeal
unless the result of the intemal review was that the protest was entirely justified
or the applicant Indicates within one month from the date of notification of the
result of the review that he does not wish to continue the protest, in both cases the
protest fee will be refunded.
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(54) OLEFIN POLYMERS, METHOD OF =7 ABSTRACT
MAKING, AND USE THEREOF
Inveators: , McDaniel, Bartlesvills, OK The proscat invention is directad o homo-polymers and
. Maal;]hm&ms:; . eqnlymdmn-l-:hﬁu.n.:ﬂnddmmndl
TX (US); Al R. Wolfe, Bartlesville, OK mwﬁdﬂwmwz
E)uxsha;.);dmuq’, mono-1-okfin having from 2 to sbout 20 carbon stoms por

In another espect of the pressnt invention, ethylane copoly-
mezs are employed o prodece PE:100 pipe. These copoly-
mers are formed by contacting ethrylene with at loast one
mono-1-olefin comonomer having from 2 to sbont 10 carbon
aloms per molecule in & resction zone under polymerization
conditions in the presence of a hydrocarbon diluent, a
catalyst system, and a cocatalyst. Additionally, the comono-
mers may be sslected from mono-1-glefins having 4 © 10
carbon atoms, such as, 1-hexeme, 1-bujene, 4-methyl-1-
peatesie, 1-octens, and l:decene. Further, thess ethylens
copolymens msy be cmployed to. prodnes FE-100 pipe
baving both small dismelors snd dismetors in excess of 42
inches sobstantially without sagging or other gravitational
deformation. Copolymers of elhylons and 1-hexsns are
Mmdwhﬁn_dbpdumwm
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OLEFIN POLYMERS, METHOD OF MAKING, AND
USE THEREOF

CROSS-REFERENCE TO RELATED
AFFLICATION :

[0001] This application is & contiouation-in-part of ¢o-
mu.us -patent application Ser. No. 05/640,868 filed
Ang.

FIELD OF THE INVENTION

sitions, methods for producing polyokfin compositions,
compositions,

BACKGROUND OF THE INVENTION

[0003] Presently, various resins are used io produce
- mumerous types and styles of pipe. For example, polyeth-
ylene resins have long boen used to produce high atiffness
pipe used in water, gas, and other fluid

-applica-,
tiom. Polyethylene pips clamsified as PE-100, MRS 10, or

ASTM D3350 typical cell clamsiflcation 345566C is espe-
premsure ratings. The higher pressure ratings are due in part
1o the pipe"s higher stiffness. To obtain & PE-100 classifl-
cation, PE-100 pipe is required  meet certrin standands
specifying stiffoess, resistance to chemrical attack, and
Mnh_,uwumdcﬂmm
cold tempersture saviromments or apphications. Further,
sach pipe must meot a deformation standard which is
determined under preasure at elovated temperatures.

[0004] Although certsin FE-100 classified pdyul:ykm
resing are commexrcially available, thase polyethylens resins

lnlbwm Rimoda] polysthylons resins ar.

made in reactor systems'igvolving two or mare reaction
mubybhﬁngﬂocmdﬂmﬂplym.um\-
tmately, despite the excellent toughness of these resins,
bmdﬂmhmhdmhbﬂmtﬂnm-hmd

1-12 inches. However, when forming largs dismeter and/or
thick-wallod pips, tho bimodal resins begin to .“sag” or
“slvmp™ s the newly formed pipe emerges from the extru-
gion die. Apparently, the still semi-molien does not
have sufficient melt strength during the short time before the
pipe cools and hardens o resist deformation due to gravi-
tational force, This phenomenon cansts an inconsistency in
hmwh:hmﬂlmhhwmdﬁembh
thicker and heavior than the wpper partion. A pipe manu-
facturer can compensaie Lo some degres by adjusting the die
to form gipe that is “out of round™ as it exits the die, so that
# snbeequently sags back inio 2 better balance. However,
such adjustments sre complicated, snd the degree to which
the pipe manufacturer can w for “ssg” in limited.
As 1 resolt, currently available PE-100 classified resins are
typically used only to produce small diameter pipe. Accord-

sy

Oct. 23, 2003 -

ingly, there is a need for & PE-100 clessified resin which can
I;;_;lghpd 10 produce both small and lage diameier
Ppeo

[0085] During tho procuction of bigh deasly olefo poly-

which be
SR L T

[o004] cnnuﬂy.mnm-l-nhhnd:-ﬂhyhn.m
polymerized with catalyst systemw employing transition
muhnd:-nnmm.nn-lhm,dlunlnn.uom

(P/AD) of the composition. The P/Al molar mtic can vary
from 0, o.g. alumina, 10 1 fir siolchiometric alumimm
(AIPOJ.AI;PIAImdn'mbnEl.luylunm

g .

and M. M Johneon; Journal of Catalysls, Vol 102, p.
(1986).

. [0008] Below a F/Al molar ratio of 0.3, the activity is

considered 100 Jow o be practical. Yet, caialyst systoms
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P/Al molar ratios produce polymers which desirably have
the broadest molecular weight distributions, and thus, the
highest ESCR and impect resistance values. Another disad-
vunpofmnmumddmmumhlummqﬂ:qhum
Iynmulhuﬂlympuluamm
such as 1-hexene, very poarly. In conventional processes,
1-hozeno can Kill the activity of chrominm/aluminophos-
phate catalyst systems. Tins, while conventional chromrium/
wmmmmﬂmhm
. ing very high density blow molding resioa, such catalyst
_lmlnw ot gained acceptance for the commercial

of lower density copolymers which are used to
produce film and pipe.

[0009] Despite existing catalyst sysioms, methods, and
resins, & noed exists for improved catalyst systems, methods,
MMhmmlmmllbnhm
of catalyst systems, methods, and resins that meet these
noods that the jnveation is primarily directed.

[0010] This invention also relates fo polyolefin composi-
hu..mewpmdmplyd:ﬂn mpuhml.lul
bp_hmplynhﬂn

pipe. Mmqnuﬂullylhﬁlnmﬁmnlﬂ.blbpm-
tion of PE-100 cisssification polyethylens pipo and the resin
uved to make that pipe.

[0011] This invention relates to the polymerization and

copolymerization of s mono-1-olefin, such as ethylsne, with
a higher :Ipln-ddln.l-l_-.wd: n?-lnnnu.

Thia inveation forther relates to
Mmmﬂmdw
tougimess, which can be processed into large diameter pipe
without the distortion camsed by the commonly chegrved
“sag” or “slumping” phenomenon during extrusion.

[0013] The present invention describes 2 now typs of
PE-100 polyethylene resin which does not exhibit this
slnmping behaviar, and which can, for the first tims, be used
bpdnuvu’yhmdlm”eﬂhmm The
invention slso describes the unique catalyst systom
that is used to procuce this polymer in & single reaction zone,
which means that the resin can be manufacturod mors
MMhmem

coxl-

SUMMARKY OF THE INVENTION

[0014] The prosent invention is directed to

mems and copelymers of mono-1-olefins, & method of mak-
ing such polymers, and vees of such polymess. Polymess of
hpuummhmdbymuhmom
mono-1-olefin baving from 2 o about 20 carbon stoms per
maolecule and at least one mono-1-olefin co-monomer hav-
ing from 2 to sbout 10 carbon stoms per molecule in a
reaction zone under polymerization conditions in the pres-
ence of & hydrocasbon dilnent, & catalyst system, and a
cnahlyll The catalyst system of the preseat imvention
comprises & chromium source on ao alvuminophosphate
support which has & phosphorous to slumiowm mole ratio of
Jess than about 0.3, Purther, the catalyst system is treatod
with less than about 7 weight parcent flucride based on the
weight of the support and is calcined. Cocatalyst are soloctnd
from trialkylboran llmmcnmpmndl.
alkylalminum

[oe15] hnuhrwdmepmlmuhyh
copalymers are employed to produce FE-100 pipe. Thase

AR

copolymers are formed by cooiacting ethylene with at leas:
ons mono-1-olefin comonomer having from 2 to about 10
carbon atoms per moleculs in & roaction zooe under poly-
merization conditions in the pressnce of a Ilyllnalbnn
diluent, & caialyst system, and » eocatalyst.

mmmyh-wﬁunml-ohﬂnhm4
blOu:hn:hu.ndul.l-lm.l-hhnw

MMSO.IPENTMMMMW
of greater than about 1000 hours, sod a branch profile of -
groator than about 1 branch/i000 carboms at 1 million
molecular weight. .

BRIEF DESCRIFTION OF THE DRAWINGS

{0816] The following is a brief dascription of the Figures.
[0017] FIG. 1 isa graph ilnstraling ‘the substantialiy
consiant short chain branch distribution scross the molecular

weight distribution of the FPE-100 copolymer
mﬂmmmﬂlhm“ﬁmnw

[oou] FIG. 2 s 2 grph fartber instrating the substan-

Example 19, mwummm-
considersbly different from that shown for Example 1.
[0019] FIG.3 is 2 graph showing typical rheology curves
at 190° C. of the inventive - copalymers as
chmuhd'byhnplnlnl.l’._ )

[0020] FIG. 4 is & gmph of polymer density (gicc) va.
weight porcent 1-hezens in the reactor

[0021] FIG. S is a graph of the relative activity of the
catelyst system (g/g/h) va. weight percent 1-hexene in the
Teacior.

[0022] FIG. 6 is a graph of showt chisin branch distribu- .
m(scnﬂmmlalhn)uflpdyml‘ﬁvnh .
Exsmple VII va. molocular weight (Log M). .

DETAILED DESCRIPTION OF THE
INVENTION

[0023] The present invention is difected to

mem and copolymes of moon-1-alefins, & method of nuk-
ing such polymers, axd wses of such polymers. Polymers of
the present invention are formed by contacting at least one -

' mono-1-olefin baving from 2 ® sbowt 20 carbon atoms per

molecule and at least one mono-1-olefin comonomer haviag
from 2 to sbout 10 carbon atoxs per moleculs In a reaction
2o nnder polymerization conditions in the presence of a
hydrocarbon diluent, a catalyat sysiem, and a cocatalyst. The
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calalyst systsm of the present invention comprises » chro-
migm somrce on an aluminophosphate support which bas 8
10 alumioum mole ratio of less than about 0.3.
Further, the catalyst sysiem is treated with Jess than about 7
weight percent finoride based on the weight of the support
and ¥ calcined. Cocatalyst are selected from trialkylboron
mpumh.mbuunmmmﬁ,dkyhlmmm
mmm

[0024] In another aspect of the presont inveation, ethrylone
qnhnmmmpbpdhpdnul’l!—lmm These
copolymers are formed by confacting ethylene with at lcast
one mono-1-clefln comonomer baving from 2 to sbout 10
wbulmwmkenbnlmmmduply-
merimation conditions in the presence of Ily&oulbon
diluent, s catalyst system, and a

mmyhdnﬂdﬁommm—l-ohﬂuhm4
o 10 carbon atorms, such ss, 1-hexene, 1-bulens, 4-methyl-
lmlmﬂlm&lﬁmﬁwdhyh
copolymers have a moleculer weight distribution (M,/M,)
greater then about 50 and a substantially comsiant branch
distribution profile at molecular weights groater han shout
1510* Furthor, these ethylens copolymers may be smployed
0 prodnce PE-100 pipe having both small dizmetsrs sod
diametsrs in axceas of 42 inches substantially without sag-
giog or other gravitationsl deformation. The othylane

of grester than sbout 1000 hours, and a branch profils of
geoster than about 1 branch/1000 carbons st 1 million

hmmlhynmmam

[on2s8) Mﬂmlhsd::hnn.ﬂlbmwm
0 2 curier for ope or more catalytic components. In

2 57
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accordance with the present invention, the suppart may
mmﬁﬂndmwhﬂmmwﬂh

catalytic activity. and scloctivity of polymerization reactions.
In sddition, other materials or components which do not
Myﬁﬁhummmmplymn
tion reaction of the present invention or are present to
produce some varelsted results or polymer propertios may
be present in the support as well.

[oa2¥] _Gextenally, the aluminophosphate support of the
present invention can be propared by any method known to
ons skilled in the art, such aa, for example, weo of & cogal.
Examples of prepanstions which may be employed in the
premnt invention are deacribed in U S. Pat. Nos. 4,364,842;
4444965, 4364855; 4,504,638; 4,364854; 4,444.964;
4 A44,962; 4 444 966; and 4,397,765, all of which are incor-
porisd bemin thedr entiroty by reference. When the alumi- -

-mn-mndbywﬂhm-w .

nophosphate
. can be produced by contacting an aluminnm
phosphoms

-mmd-bn.'lb“n
forming the solution of the alumimum and phospbores
compounds, the mixture can be warmed io a tsmpentore
sufficient io dissolve the compounds, for exampls, 1o at lomt
lhunMO'C.(lM'F.).Bmiuﬂhdhhiil;nnnhh
tonnunwlnlpll.m of (he alumino-
phosphate. By varying the amounts of sluminom and phos-
phorus added, the desired P/Al molar ratio can be achisved.
Alno, aloohalic.or other coganic solutions may be employed,
n:huhmmpk. hyd:olymglhmmmnhuhby

ALDO,. The alumina may be caleined in m
demmndumormmuma
may be conducted st temperaivres
buwmabmlw'c.hﬁutmc.lnmqnddlh .
prosent inventiop, the slumina is calcined before the phos-
ﬂnmum“MWCu
sbout 700° C,

[e03a] Ahmmphqﬁlhmhmll’lﬂm
ratio below about 0.7 are employed in the present invention.
Purther, slnminophosphate supports employed in the pressnt
invention may have a F/Al molar ratio below sbout 0.3, and
generally, the P/AL molar ratio is within s rangs from about
0.03 to about 0.28. In another sapect of the present ven-
tion, the P/Al molar ratio of the support
i within 2 mnge from sbout 0.05 to about 028 Yei, in
another aspect of the present invention, the P/Al molar mtio
of the aluminophosphate support is within a2 range from
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mom to shout 020. Still, in lmﬂn'upeuufu
presont invention, favorable catalyst system activity, resio
m:ﬂmmﬂumhmmll’lﬂ
mohrnhooflhulmnqﬂnphmmonwhnlnnp
from about 0.05 to about 0.15.

{en33] Although not required, the aluminophosphate can
be calcined as well prior 10 use or inclusion in the catalyst
mdhmm The aluminophosphate can
be calcined at 2 within & rangs from abont 200°
. C.(352" F) to about to about 900° C,, although temperatures
-nphMlM’C.(lﬂZ'F)mybcmﬂnpd.lnm
aspect of the present invention, the alnminophosphate can be
caleined st a lemperature within a rangs from about 400" C.
io sbout 800® C. (1472° F). Yet, in another aspoct of the
mmhuhuuﬂqhmmumu
ture within a range from sbout 550° C. to about
'MI'C.(:I.:DZ'F)ﬁtaln4hnm

[0034] The chromium component of the catalyst system

can be combined with the support companent in any mamer

huunmthmnﬂubywlhm-h:bdm

clromium (1) nitrate, snd mixtures thereof can be dis-
solved into agueous or alcohalic or other organic solvents.
" Onber chrominm compounds known in the art also can'be
employed. The chromiurs solution then is impregnated into
or outo the alonrinophosphate support and evaporated to
dryness. The chromium component of the catalyst system
comywises from sbout 0.1 to about 5 weight percent chro-
mivm based on the weight of the support. In another aspect
" of the present invention, the chromive component com-
wmmummswmmﬂu
weight of the support. Yet, in another sspect of the present
invention, the chromium component comprises about 0.8 to
about 1.5 weight percent chromivm based on the weight of
hmﬂmmmdbmm
the chrosnimn component sbout 1-to sbout 2.5
weight porceat chromium based on the weight of the sop-
port.

[o03s) Addinmllly.lhmdm;w-mpbydmh
catalyst sysiem of the present invention. Any organic or
inorganic fluoriding agent which can form a surface fiworide
with lmmhu-dmhm &lild:ln

((NIU.'HF
(Ma)-mmwwbmdm
and availability, amenonium bifluoride may be employed as

the fivoriding agent. The amount of flucride doposited into
ar onto the suppovt is gememlly within & range from about
03 to about 7 weight percant based an the weight of the
In another aspect of tho prosent invention, the

amount of finoride present in the catalyst system of the
mm-MMO'?bMHWM
based on the weight of the support. Yet, in another aspect of
the present invention, the amount of finoride pressat in the
system of the presont inveation is from about 1.3 to

about 3.5 weight percent basod cm the weight of the support.

{0036] Genenlly, the fluoriding sgeat can be added to the
support by forming & shurry of the support in a solution of the

(932° ) to about 700° C. (1292° ). Yet, in amother aspect
of tho pressnt invention, the calcination’ tempenature is
within & ﬁunlbulﬁﬂ'(‘.(lm'l'.)blbwlﬂ'-
C.(IM'F.).

[0038] The time period for comucting the calciiation of
the finoridired catalyst system is generally within & range
from about 1 mimte to shout 100 bows. In saother aspect
of the present inveation, calcination of the fnoridized cata-
lyst system is conducted from sbowt 1 hour 1 shout 30
hours. Yei, in another aspect of the present imvention,
calcination of the finoridized catalyst sysiem is conducted
from shout 3 houss 1o shount 10 hours. Under these calcina-
tion conditions; at lesst a substantial portion of my chro-
minm in a Jower valence atate is copveriod 10 a haxavalent
form,

[0039] Afwer calcination, the catslyst systemn optionally
can be cooled and subjected to at least a partial reduction of
hexavalemt ‘chroorium which may be present to a lower
valaice stalo. In one aspoect of the prosent imvention,
substantia] portion of the chrominm is in the divalont atate
(Cr(I)) after the reduction procoss.

[0040] Any compound capsbis of reducing chrominm{VT)
to a lower valence stat® may be¢ employed as & reducing
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ml’otulmph.mbmmn:Hnbmyhempbydu
the reducing agent due to its ready availability, ease of use,
safuty, and lack of bydrogen, which can produce maisture ss
a by-product. Reducing agents can be empioyed at tempers-
ummhnnnmﬁmbmliﬂ'(‘.(‘lﬂ'l’)mnhm
600° C. (1112° F). In another aspect of the present inven-
tion, the is within a range from sbout 200* C,
(Jﬂz'E)loMISM'C.(Dn‘F)Yﬂ.mmhﬂ'w
of the presont invention, ths tempersture is within & range
from sbout 300" C. (572° F) to sbout 400" C. (752" F.). The
" pastial pressare of the reducing gas in the reduction process
can be varied from sub-atmospheric pressures to relativaly
high pressures, but the simplest reducing process is to utilize
lﬂlﬂﬂhmdnmmuﬁtllmol’m:;
spheric pressure. Usually, a solution of about 1

- volume of earbon monoxide in an inert ambient, such as, for
- example, nitrogen and/or argon, can be used.

[0041] The reduction time can vary from a few minutes (o
several boum or more. The axtent of reduction can be
followed by visual inspection of the catalyst system colot
The calor of the initial -oxidizing gas sctivated catslyst
sysiem is ‘geoenlly orange, indicating the presence of
hulvnkudnmm 'l'hldnrotthldneduhlw
yaiem is typically biue, indicating that all, or substantially
ln.oflhmlillmhnldnmmh-hunldmadh
lower oxidation siaies, gaoerally to the divalent state.

[0042] Afier reduction, the catalyst system can be cooled
0 aboul room temperature, o.§., sbout 25° C. (77° F), in an
inert atmosphore,

reducing agent. After the flushing treatment, the catalyst
mnhﬂwﬁmmﬁﬁuﬂhnm
agent or an agent.

[0043] In order to achieve the desired resulmnt offocts on
the resin product, or polymser, it is beneficial for the catalyst
systsm ©© have relatively high pore volume. For example,
after calcination, the catalyst system |
volme of at lesst sbout 0.5 ccfg, as measured by nitrogen
sorption. In another espect of the preseat invemion, the pore
volume of the catalyst systom i of loast sbout 1.0 cofg. Yet,
in another aspect of the present invention, the pore volume
ofﬁaaulynly-munhlnd:mlzwlpmny.
the calslyst systsm after calcination should have a high
surfaco arca, as measured by the BET méthnd, usually
within a range of from sbout 150 m?/g to abont 1000 m*/g.
Tn another mspect of the present invention, the surface arsa
of the catalyst system is within a range from about 200 m*/g
to sbout 500 m*/g. Yel, in another aspect of the present
invention, the smrfacs area of the catalyst system is within a
range from sbout 250 m?/g to about 450 m/g.

[6044] Cocatalysss

[0845] As indicated above, a cocatalyat is employed with
hwmwmdhm

invention. Examples of cocatalysts usefil in the prosent
mhdllh.bulmwlbmhﬂb.mum
triakylboron compounds, ooe or more triarylhoron com-

polymerization.
comrpounds incinde those cootaining from 1 to sbout 12

such as argon or nitrogen, 10 flush out the

805%8

Sarbon atoms per alkyl group. Ancther sspect of the present
inveation trialkylboron compounds conlaining
from-about 2 to 5 carbon atoms per alkyl group. Trialkyl-
bummpumdlwhhhmybew:nlhpmm
rvention include, but are. not limited to, trimethylboranc,
triethylborane (TEB), tri-n-butyl borane, wibutylboranc,
tripropylbomne, l:llmbmnﬂ-ﬂmwf.

[0047] 'lhwhmmnlnbmhmphvdn

lmﬂﬂmhmmm
mwmummlmudb,
tripbenyiborene and tribenzylborans.

[0048] Exampics of suitable alkylalnmiosm compounds
inclade, but are not Emited to, those with the gemerul
formmle ()

Al X, , o
[0049] In formmula (T), X is & hydride, alkoxide, siloxans, or
balide; R'is a hydrocarbyl radical having from about 1 in 12
earbon stoms per radical group; and o is an integer from 1
03 mmwmu:mumd
h.hmﬁyhhﬂdnnm.myldmnmulhyh-

chloride (DEAC), diethylaluminum ethoxide
(DEALE). tributylalumiroem, - and combinations thereof. In
mwdhmmhmhhmm :

compounds employed are trimetirylalaminum,
tributylalominnm, and u:llinnnhlllnndm-
wmﬂkylﬂmmmﬂwhﬂmydn
be employed as cocalalysts in the prosent iovestion.
demwmmhmﬂn
meﬂlylnhmn.mmmwhhm
lnldmbmylﬂum

[oosa)] Alw.umudmmyahmmn

mimm,

mimum com-
puntmﬁddwﬁhnhwdbmﬂnmmm
suitable compounds incinde, but are
not kimited 1o, those with the geosnl formmla (0): -

BH0AIR, ‘w,

[0051] In formmis (If), the R groups can be the aame or
muﬂhhﬂnmﬂﬁmMINﬂm
mmlpullkyl

[0052) The total smount of boron and/or alvminum.
cocaialyst compound(s) used is genenlly within a range -
ummmlblhnllmmbywdnpulm
parts by weight of the calcined caialyst system fiod 1o the
polymérization rmactor. In & contiouons particls form pro-
ceas using a singls loop reacto, for example, it s convenient
to intraduce the cocatalyst as & sspamte siream -into the
roactor, cither contioncualy or in pulses, as a dilnts solution
in an inert hydrocarhon, for example 0.1 weight perceat in
isobutane. The concentration of the cocatalyst also can be
expreased in parts per million (ppm) based on the dilnent
used in the pol ymerization reactor. The concontration of the -
cocatalyst compound(s) useally is within a range between
about 0.1 ppm to about 20 ppm, based on the smount of
diluent charged or weight of the diluent. In one aspect, the
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concentrption of cocatalyst compound(s) is within s range
bétween abotit 0.5 ppm 10 sbout 15 ppm. In apothar aapect,
the concentration of cocatalyst compauad is within » rangs
betweon sbout 05 ppm 1© sbout 10 ppm. Yet, in another
aspect, the conceutration of cocatalyst compound is within
"2 rnge between bout 05 ppm to abowt 7 ppm. Stll, in
another aspect, the concentration of cocatalyst compound is
within & range between about 2 ppm to sbout 12 ppm.

[0053] Reactauts

.[0084] Wmaﬂhmmuuhmh
ueed to at lsast ooo mono-1-olefin containing
from about 2 o sbowt 20 carbon atoms per moleculs.
Suitable mono-1-clefios include, but are not Limied to,
cthylcos, propylens, 1-butene, 3-methyl-1-butene, 1-pen-
tono, 3-methyl-1-pentens, 4-mothyl-1-pentens, 1-hewens,

ired polymerization
pndulahmpdmdhylﬂnumylmtbﬂlb
employed a8 the mooomer. If the reaction product is »

copolymer, st Jamst one mono-1-olefin is polymerized with a
different mono-~1-clefin comonomer. In onae ‘sapect of the

present invention, the comonomer compriees from sbout 3
% shoot 10 carbon etoms per molecule. In another aspect of
; hmmhwmﬁmm
3 to sbont 8 carbon atoms per moleenle.

[o0ss] hnmmﬂhmmm
systems of the presant invention are

when employed 10 polymerize ethyleac with u of more
mono-1-olefin comonomers contxining from shout 2 to
-—ahout 20 carbon aloms per molecule. Suitable monn-1-olefin
comonomers include, but are not Emited o, 1-bukne, 3-me-
thyl-1-butens, 1-psnisns, 3-methyl-1-pentene, 4-methyl-1-

pentens, 1-hexwene, 3-othyl-1-boxens, 1-hepiens, 1-octene, .

1-nonene, 1-decxne, and mixtures thereaf.

Polymer product |
Wmhmwwl-hnuuh

[ﬂ!‘_l Gownﬂy,ammhdﬂmﬂnply-
merization reactor, or.Jeactor xone, in an amount within a
rmge from about 1 to about 20 weight percent based on the
weight of the monomer. In another espoct of the invention;
ﬂnmmm.ﬂbmhlﬂdmhlnmﬁm
about 7 to about 18 waight percent based on the weight of
the monomer. Yet, in another sspect of the invention, the
comonomer generally is present in the reaction zome within
a range from showt 10 to sbout 16 weight percant based on
the weight of ibs monomer. The amonnt of comonnmer may
be tailored to produce & copolymer beving the most desired
‘physical properties.

[0057) When sthrylene polymess are desired, the comono-
mer can bo added to the polymerization reactor, or reactnr
zome, in an amount within a range of from about 0.1 to about
20 waight porosut of the bydrocarbon dilnext in order o
produce & polymer heving the most desired phrysical prop-
enies. Alisrmatively, the comonomer can be added within ‘a
range from abaut 0.3 to about 10 weight perceat based on the
weight of the diluent. Yet, the comonomer present in the
reaction 2oue may be within a range from sbewut 0.7 to about
5.0 weight percent based on the weight of the diluent, By
varying the sthylens to comonomer ratio i the resctor, the
densily of the polymer can be controllsd. Alag, the ' molocu-
Jar weight of the polymer can be controllsd by various
means known in the art, such as, for example, acjusting the

W AT

tempersture, introducing or varying the amount of hydrogen
pressat, or varying the catalyst system compounds.

l[lll!l] Folymerization

[ooss] hmnmhmmmnymm
hnwnloomuhilhdmlhm.ndl-pphn.lnhmn.
ambi-reacwor, or shury polymerization conditions, 1o effoct
polymelmln A stirred reactor can be milived for a batch
mwﬂunmmhumdmmlnl
bq’manr.ud:ulnuhhupm or in a continoous

hqnmuwmmmhmm-bpl
below the tearperature at which a polymer swells or goss
mnhm&hnypdymunmmhm
casier 1o operate and maintsin than. other polymerization
procesacs, in that a polymer product produced by a slurry

. Jrocess can be recovered mmich more saaily. Such polymer-

ization tecimiques are well-kmown in the art and are dis- -
closed, for jnstance, in Norwood, US. Pai. No. 3,248,179,
wlﬁdmnmhdhhbynhmhmh.m
wchmniques which may be employed in the
present invention for the shirry process are thoss employing
a Joop reactor of the type disciosed in Norwood and thoss
utilizing s piurality of stimed reactors either in scrios,
peraliel, ar combinations theyeof wherein the reaction con-
ditions can be different in the difforent reactorn.
[0066] The slmry process genenlly is carred out in an
inert diluent (medium), such ss, for example, a paraffia,
cyclopandiin, and/or aromatic hydrocarbon. An inert diloent
which may bs employed in the pressnt invention is an allane
having Jess that sbowt 12 carbon atoeos par molecule, for
mﬂmmdmmm
diluents includs, but are oot limited to, propane, n-butane,
isobutane, o-pemane, 2-methylbutans (m). and
mixtures thereof. Iscbutane is an afficient
diluent dus to low cost and ease of use. Examples of the nee
of isobutans as a dilusut in slurry polymerisation processes
can be found in U.S. Fat. Nos. 4,421,341 4,501885; 4613, -
484; 4,737,280; and 5,597,892, all of which are incorporated
hdnmlhrmuybyuﬁm.'l‘l-hdnqn-m-
vide efficient polymerization of ethylemne, for szample, sth-
yicoe axxd a diffecont mono-1-alefin, such as an alphe-1-
olsfin, or propyleae.

[Nll..] mmdmpm&nmm
reaction xomm, is usnally within 2 ange from sbout 80° C. ©
about 110° C, (212° F.), although higher or Jower tempera-
tures can bo used. In anothar aspect of the present inveation,
the tampersture is within a rangs from sbout 90° C. (194° F)
to sbowt 107° C. (225" F). Yet, in amother sspect of the
prasant invention, the temperturs is within a from
about 95° C. (203° F)) to abount 105° C. (221° R).

[00£1] Pressures in the siurry process can vary from about
100 pais to sbout 1000 psia (0.76-7.6 MPa). In another
sapoct of the prosant invention, the pressures can very in a
range from abont 200 paia to about 700 pais. Yet, in another
aspect of the present mvention, the maction 200e is main-
tained at a pressure within a raoge from sbout 300 paia to
about 600 paia for optima] reactor operating parsmeten and
resuliant polymer product.

[0063] Tho catalyst system is kpt in suspension and is
contected with the monomer and comonome:(s) at & saffi-
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cisut 10 maintain the medium and st least & portion
of the monomer and comonomer(s) in the liquid phase. The
medium and temperature are thus sslocted so that the

lymuqolymlrnpmdludnnhdplmhulh
nusm’admlhnﬁ:m Catalyst system concentrations in the
reactor can be such that the catalyst system comtent ranges
froun sbout 0.0005 to about 1 weight percent based on the
weight of the reactor contents. During the production of
sthylons polymers, catalyst sysiem coscentratioos in the
. meactor can be such that the catalyst symem content ranges
" from about 0.0005 to abomt 0.05 weight percent based on the
wuight of the reactor contents.

[0965] Folymem produced in eccondance with the pressat
jovention can be bomopolymers of at lesst one mono-1-
olafin and copolymemn of mono-1-olcfine. For cxampls, such
polymers include copolymers of cthylens and ot loast oos
mono-1-olefin of 4-10 earbona, such as 1-bemsns, 1-buisos,
4-mathyl-1-peatene, 1-octene, and 1-decans. Parther, poly-
mers produced acconding to the prescot invention are much
modbpnc-dhnpdymummwu—

tiopa] polymerization processes. Additionally, the polymers
produced according . o the present invention can have
cxromely broad molecular weight ‘distribmtions and can
mmmnmmmm
cations.

[0066] mh'hhdmdtmdnﬂn.hﬂ)ofpdym

in accondance with the present
within a range of from about 2 g/10 minutes to about 20 g/10
minutes. Additionally, polymers produced in sccordance
with the present invention can bave 2 HLMI within a range
from aboxt 3 g/10 minvies 10 about 15 g/10 mimtes. Further,
the HIMI of the polymer product is within a rangs from
about § g/10 mimutes to sbout 10 g/10 mimtes. With respect
bﬂyhmmmbhmmhm
invention, the HIMT usually is within & rsage from about 0.1
#/10 minutes to sbout 20 g/10 minutes, Stil, e strylens

can have 2 HLMI within a rangs from sbout 1 g/10
minutes to ahowt 10 g/10 mimmtes. Even further, the HLMI
nflhuhyhnplympuhﬂnmﬂmnnmﬁwlhul
1.5 g/10 minutes to sbout 7 g/10 minutes.

mmmmhbmmh
mnrlhnd:ullﬂ.\'ﬂ.mlmﬁum
invention, the M_/M_ ratio for the inveative
mmmms&l.mmhrm
mubn.leJM.nmhthmumlplynn
greater than about 140 with an upper Limit of about 500. The

invention may be
mmo.mycnmo.mwrmnuplym
of the present invention may be produced having a demity
within a range from sbout 0.948 g/ee to about 0.952 gice.

[0068] Specifically, for ethylsne copolymers produced in
socordance with the present invention, usually the M_/M,

inveation usually is -

e

nm-alhﬂlbmﬂmﬂhyhmmm
present ipvention may bave s MM,

million molecular weight (MW).

[0871] The inventive palymsr also may be charscterined
wm.mm«maum—
lar weight nngs of gresier than ten million. The potymer
mm&mﬁn lhmosﬁmdnn
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chain branching as compared to conventional chromriom

derived polymers. Onoe measure of this charscieristic is the
zaro shosr melt viscosity, which is exirapolated from a the
rheology curve at 190° C. Sometimes called eta(0), the zero
shear viscosity can be obiained by fitling the Carrexu-
Yesuda equation to Lhe experimental viscosity derived at
190° C. as a function of ghear rae. See R. Byron Bird,
Robert C. Arosirong, and Ole Dynamics of Poly-
meric Liguids, Volime 1, Fiuid Mechanics, (John Wiley &
Soms, New York, 1987. Sometimes, during the extrosion of
various types of pipe, it is desirod fior the low shoar viscosity
not be 100 largs. Otherwise certain fnsion and other molding
can result. In this regand of the present
invention have an eta(0) of less than about 5x107 pa-sec. In
another sspoct of the present inveation, the polymers have
an eia{0) loss thin 2.5x107 pa-ssc. Yet, in another aspect of
- the present fnvenlion, the polymers have an cta(0) loss than
1.5x10 pa-sec. Still, in another aspect of the present inven-
tion, the polymers have an ota(0) kess than sbout 1x107
pa-uec,
[0074] Altematively, in othor applications, high melt vis-
cosities st low shoar nies sre desired. This is particularly
troe of large dismeter pipe applications where the pipe can

. . 7}5/9\’0/
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[0077] A further distingnishing featore of thess invenlive
polymers is that they can be extruded into pipe that meets the
rigorons standards of the PE-100, MRS 10, or ASTM D3350
typical cell classification 345S66C. This includes hoop
stress testing and rpid crack propagation, or $4, testing (sce
ISO/TC 138/5C 4 Purts 1 & 2 Dated Jan. 1, 2008).

[0078] The following examples are preseated to forther
illnsirate the invention and are oot to be constroed as unduly

tbe pirysical propexties of that resia, and it use to maks a
PE-100 clansified, largs dismeter pipe.

stantially all alumina afier calcination st about 600" C.,
having a pore volume of about 1.5 co/g and a surface sres .

of sbom 300 m®/g. In the prepanstion of a typical batch of -
catalyst, about 300 pounds (ibs) of Alumina A was calcined
byp-iqiuhwd:_lmuﬁmnlnmmmc.

m A counter-curret

[0083] High Joad melt index (HLMIT) was determined i
grams of polymer per 10 mimtes {g/10 min) in accordmce
with ASTM D1238, Condition 190/21.6, 1t 190® C, with a
21,600 gram wuight,

(0084] Melt Index (MI) was determined in grams of
polymer per kem minufes in accordance with ASTM D1238,
condition 190/2.16, st 190° C. with a 2,160 gram weight,
[088S] FENT slow crack growth resistance values were
ollni:)ﬂﬂ!b'C.(lTﬁ'F.)mdiuloAS’MﬁﬂI .
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[ooss] ‘Molocular weights and molecular weight distribu-
mmmﬁunmmwu:mm
chromatograph it Laboratories) with trichlio-
magﬂ)m:lﬂn,:mm&llwnhdl
ml/minwte at & tempenturs of sbout 145° C. BHT (2,6-di-

thrylphenol) at a concentration of 0.5 g/L. was:

used as » siabilizer in the TCB. An injection valume of 200
4L wes used with s nominsl polymer concentration of 1.5
W.D-dumﬁthlmplemnhﬂud'l'CBw
. carried ot by heating at about 150° C, for about 5 hours
with occasional, genile agitation, Subsoquently, the sample

hpmnhmnn'crnnppmmlymhm(m

m;h)mmltuuhndbmmc for sbout -

2 bours prior to injoction. The columms used were three
PLgol Mized A LS colamns (78300 mm) and were cali-
brated with a broad linear polyethylens siandard (Phillips
Maricx® BHB 5003) for which the molocnlar weight had
boen determined.

[ﬂ"] Mnluuh:“lhtdﬂhmldmlmﬂh
wﬂur.lunn

#L. Samplos were introduced blhemltbhmﬂl a
optical and ca volume temperatures
dm&mdﬂwuﬂmhﬁnlml‘cd
140£1° C., respectively. Perkin Elmer FTIR spectrophotom-
eter (PE 2000) equipped with a narrow band mercury
cadmium telluride (MCT) detector was used in these stadies.

molecules; and Domain Structure, ACS
Symposium Series 247, J. C. Randsll, Ed., American Cheeni-
cal Washington D.C., 1984. Methyl confent

20 AT
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[0890] A partial least squares (PLS) catibntion corve was
genenied using Pirovetto chemomstric safiware (Infome-
wrix) to correlste changes in the FTIR sbeorption spectra
with calculated or NMR measured valoos for metinyls/1000
tolal carboos for the 25 samples. The FTIR

spectrs used o thoe calibration model were made from
co-added spoctra collected across the whale sample. Only a
portion of the spectral region (2996 and 2836 cm™*) was
nsed in the calibration step in order to minjmize the affocts
of residual solvent absorption. Preprocessing of spectral data
included area normalization, taking the first dexivative af the
specira and mean centering all data. A three-componsat
calibration mode]l was calcnlstod and optimized wsing the
process of cross validation (RSQ=0.999, SEV=0.5). Outlicr

Synothatic Polymam. .
Jdeilqnﬂs:u.Nchutiﬂﬂ Therafore, in the
above equstion Vp is amigned 1 for chromivm eatalyzed
resins and O for Zeigler-Natia caialyzed rosins. Alwo, the
amumption is made that end group types (Le., methyl or
vinyl) remain fized throngh out the molecular weight dis-
tribation. Negative values for methylw1000 wotal carbons
that may result from over correction for mothyl chain ends
ot low branching levels are given valnes of zsro. Further

gqueached in & cold (room temperature) press.
mm diameter dizks were stamped out of the molded slshe for
with 0.1 wt % BHT dispersed in ecotons and then vacuum
dried before molding.

[0094] Small-strain cecillstory shear messnremnents were
performed on & Rheometrics Inc. RMS-800 or ARES rhe-
ometer using pamllel-plate geomsiry over an angular fre-
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wmummujmmuh
cacem was irimmed. A tolal of sbout 8 minuics elapsed
berwosn the time the sample was inserted betwoon the platss
and the time. the frequency sweep was started.

[o09S] Snmlmmlllymhmdnl-nghuh:
Wllﬁmmwhwmmm
usod for Jow viscosity samples fo maintain & measurable

. Smaller strain valnes were used for high viscosity
umpl-lomdovuhdh;m transducer and w0

: wwnunummmam-mpu.m

jnutrument sutomatically reduces the strain at high frequen-
ciea if pecossary W kecp from overloading the torque

Thesa data wers fit to the Carresu-Yasuds equation

w0 determine zero shear viscosity (r),), relaxation time (x),
and a, measure of the breadth of the relaxation time distri-
hmn(CY-n) Sos R. Byron Bird, Robert C. Armstrong, and
Ols Hasager, Dynamics of Polymeric Liguids, Vobeme 1,
Fhuid Mechanics, (Jobn Wiley & Sons, New York, 1987.

[9097] Pipe Extrusion

[0098) mmmhmmhpﬁuﬂ
by mekting, conveying polyethylone pellsts into a particular
wmammp).mmmm
dnmnmhum]hmmmpmm
sxtrusion incinding the following: )

[0099] Feedstock (Assumes Pigmented Pipe)

{0160] Feodstock can cither bo a polyeth-
- ylane resin of fi can bo a mixtare of natnral polyethylens and
. calde éobosairate (réfiEriad 1o & “Sall'ind Pepper biends™).
In North Americin, the most common feedsinck for pipe
extrosion ia “Salt and Pepper blends”. In Enrope and other
anas of the world, the most common feedstock for pipe
mhpﬁm;ﬂwﬂuﬁmm

[¢101] Fesdstock is rigidly contreilled to obtain ths proper
' WMW)NMMM—

[tllll] Bxtroder
[0203] The most common extruder systom for pips: pro-
duction s a single-scrow extruder.

[0104] The purpose of the extruder is to mok, convey sod
bomogenize the palysthylene pelists.

[0106] Die
dehuummhm

enous polyethylsns. polymer malt around a solid mandrel,
which forms it into an anmuisr shape.

[@106] Adjustments can be made at the dis exit © try ©
mhhmbm-;thw;hhmdlbm
[0109] Pipe Sixing

[e118) ha&hﬂnmbmﬂbmm
mmm;nﬂnmmpmhm

[0111] Thers are two methods for s acuyUm Or
p—nmmhymmuuuﬂm
equipment.
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[0112] Coolicg

[0113] The next sicps in the process are 1o cool the pipe
and “frecze in™ the desired dimensions.

[0114] Cooling is accomplished by the uso of soveml
waler tanks where the outside pipe is cither submerged or
walkz is spreyed on the pipe exterior.’

[0115] The pipe is cooled from the cutside surfaco to the
mside surface. The imterior wall and inside surfaces of the
pipe can siay very hot for & ‘long period of time, as poly-
¢ethylene is & poor conductor of beat.

[0117] The final sicps in the extrusicn process for pipe are
to print, and either coil or cui-to-longth the pipe.

Example 1

. [0118] Camlyst Activation

[0119]) The above-described catalyst was activated by cal-
cination in dry sir st 600° C. In a typical activation baich, .
abont 500 Ibs of the catalyst was added 1 commercial
activator consisting of s porous plate inside 42 inch diameter

inconel cylinder aboul 20 fiet in height. The catalyst rested

on the porous plate, through which dry air vas passed at tbe
aie of about 0.2 feevsecond (B/sec) in order 1o fuidise the
bed. The temperainre was raised W sbout 600° C.
over-a period of about 8-10 hours. Once at 600° C., the
sctivator was allowed 10 remain at that temperature, while
fluidieing, for sbout another 10 bours. The activaied calalyst
‘was thea eocled down to abont 300" C,, at which tempers-
tore the activated catalyst was removed from the activator.
During the lssi 2-3 bours of the cool-dowri period, the
fluidization sir was replaced by dry nitrogen. After removal
from the activaior, the catalyst was stored under nitrogen
an sir-tight container uctll its use in the polymerization
reacioe. .

[olﬂjhlym

[o121) mmwyl&nibdlbnw-dh
catalyzs ths copolymerization of ethylene wnd 1-beasns o
maie the novel polymems of the present invention. The
reactor system used was a’'24 inch diameter 3-logged loop
mactor containing about 27,000 gallons of polymer shurry.
The dilvent used was prépurifiod isobutans, and the reactor
contents wers contralled so that they wero typically about
Mbywndnnhdplynnld&ibymahqlﬂ

coatimmously to the reactor. The reactor temperatire was set
at about 101° C. Polymer and Hauid were removed continu-
ouly through flsshing, in which a small increment of the
reacior contonts waro vemed into a largs collaction tanke. The
polymer powder. The production rate was sbout 30,000 the
of polymer prodoced per hour. Ethylene was supplisd an
demand ® maintsin this mte and o dissolved ethylene
concentration in the dilnent of about 3 10 4 percent by weight
of the liquid reactor conteate. Hydrogan wes sepplied com-
tirnovely lo maintein a polymer bigh load meli index
(HLMI) of from 2.0 1o 1.5, which resulied in & reactor
conceniration of shoat 1.0 10 1.5 mole percent of the Liquid
comeonts. 1-Hexene comonomer was sopplisd oo demand in
ondar to maintxin ¢ polymer density of about 0.950, which
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resuited in a concentration of 0.4 to 1.0 percent by weight of
the reactor liquid contents. Triethylboron was conti

added to 1he resctor i maintuin a concomration of about 10
per million by weight of the reactor liquid contents.

¥

per pound of catalyst.
[0122] Afier the polyiner exited the reactor it was purged

nil:ognulbwiw'c.blbonlwc.hlbmlm.

with

hours o remove the Lat traces of hydrocarbon reaction
' mixture. It was then pelletized in a. commercial Wamner-
Pllsider ZSK continnous sxtrder with appropriate small
amount of antioxidamts. The final high load meh index was
about 2.3 and the final density was found to be about (L.950.

[0123]. A study was conducted of the inventive polymer of
Example 1 and four inlly available PE-100 bimodal
polyethylcne resins © compare various mopertics of the
respective resins. The resulss are reported below in Table 1.
compare varions
propexties of pipe formed from the inventive palymer of
Hmhlnﬂnm—ﬂ-@:dnhﬁm‘_pd i

ovality is 5%. The data in Tablo 2 show the inventive resin
0 fall within thoss rangos for both the 42° sad the 2* pipes.

Exmmples 2-19

[0126] Camalyst Preparation:
[0027] Several mms were made at a pilot plaat scale
ing the calalyst system of the pregent invention. The
mmdhﬂmhlmmhnm“lh
used in thess examplos, cxcept that the amount of pbospho-
rie acid added 1o the preparation was adjosied to vary the
P/Al molar ntio of the resultant catalyst. Other stejs were
ical. Catalyst ectivation was similardy carried out in a
idized bed in air ot about 600° C. in all cases. 1.5 lbs of

i

i oflhuﬁlyd_wdnnll!llhplym

G q%/
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catalyst was charged to a six-inch dizmeter cylinder with
distributor plate for fluidization. Dry air was used 1o fuidize
the catalyst as the tsmperature - .
This process reguired about cight hoars, and the was
allowed 1o remasin finidizing in dry air at shout C. for
about mother six hours. The catalyst was flushed wiih dey
nitrogen during cool-down and then stored under nitrogen
until ready fior uge.

i
i
¥
|
i
i
i

F

[0132] Rexin Testing )

[0133] Polymer moleculsr weights, branch profiies, aad
thoclogy were determined as describod sbove. Plpe was

m;awnmmhumumazsm

at 21 :

[9134] Discomsion of Resslts

[0135] Thbies 3 and 4 show the menlts of resin and pips
Wsting of 12 different axperimental msins made in the pilot
plapt from the inventive catalyst. As indicated in Thbles 3
and 4, cocatalyst type amd smount, reactor temperatars and
other reaction variahiss, and the catalynt P/Al molar ratio
were all varisd. The hoop strees festing is shown for three
ments nosded for PE-100 certificxtion. As reported in Tables
3 and 4, many cams viluss in considerahle excoms of the

- FE-100 quatification valnes were obtained. Some

Thables 3 and 4.

[0136] Thble S shows ancther serine of experimental romins
which were made from the same catalyst systom. In theso



US 2003/0199648 Al

runs the caialyst had & F/Al molar ratio of abouy 0.08 and
was activated at sbout 600° C. The reactor lemperaiure was
sbont 213" F., the'cocatatyst was TEB, and cibylens was
sdded to maintaiz 10 mol % in the reactor. 1-Hexens was
added 1o the reactor at about 0.8 1o 1 Iba/hr, and ethrylent at
about 22.5 Ibe/hr. Although thess resins were not extruded
into pips, physical properties were obtained, sod Teblo 5 is
presented to demonstrate the high CY-2 pammeters which
can rise from the catalyst system of the present invention. As
. mmcrammlymmmemd
broadih, or the bweatdhh of the relaxation time distribution.
Low CY-a indicans greater breadth. Conventiomal chro-
mium catalysis generally prodoce resins baving CY-s
betwoen 0.1 and 0.2, and occasionally CY-a values as high
as 022 are obtaipsd. However, as reparied in Tubles 3 and
5, and especially in Tuble 5, the catalyst system of the
- prescat invention yiclds extraordinarily high CYea values for
1 chromium calalyst. In general CY-a decroases »s the
moleculsr weight is raised and as the chromatographic
breadth (M_/M,) is broadened. This makes the CY-a values
in Tables 3, 4, and 5 all the more remarksble, because the
resine of the p mﬂmcmdnmnw

high weight.
bﬂuvadﬂmthsmufﬂ:mm;ﬂhﬂ
CY-s valnes that are superior to resios produced from
conventional cirominvm based catalysis. This scamingly
MMM;MWWM
combined with: extreme

rheological narrowness, i
mmd-mlhlthmmdwnddm_

naies were determined and examined for the inventive poly-
mnfhmﬂslnﬂl’hdnnmhﬂmm:
viscosity was plofted with respect to shear rate 1o produce
the respective curves. As indicsied in FIG. 3, cach inventive .
polymer has a high shear rate at low malt viscosity and, in
cowirasl, 2 Jow shoar mie at high msl viscoumily. As an
extradable polymer, it is desirsble fr the twhave s
h;hllmrmuluwnlhvim‘lyhbtbmof .

chain branching 1 an unprecedented extent. both dealrabls properties fior the production of PE-100 pipe
TABLE 1 '.
—Cecmechl Phe Popetion Por FE-IK Reoles. |
Inventive )
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MI, /10 min. (T a0 (T 007 oLy
HLMI, g/30 min. 71 21 10 n1 as
Duslty, ple= 1) aps are [T ] 0.9
Dumiity, gloc (ssinm) [ 1. -] . " -1+ 0650
calovinted} .
. Curban Black Contat, W % 24 o [ 4 22
Fhwology Data
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[e135]
) TABLE 2-continned
TABLE 2
Comymaercial Mps Extroaion Freaming Dats
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; . Runia of FEMOS Frommn
o Extresion Proputies Brauypls 1 —
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. Rosln of | — Pipe Sim "TMSDRL  2FSDAn
. . % OwRty (1) 054 s |
Mpe Butmier S as 48
PFrodection Rate, Dk 178 1m0 Estrudec LD 201 aa
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[0149]
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[014'!] In the following examples, data are included in tho
cxamples about catalyst system preparstion, polymerization
ennd:mn.uwﬂu!bmhmwlymmm
mmmﬂmm
pﬁ:ﬂdmﬂuldﬂ.mm@mﬂymm).
unless otherwise indicated.

[0144] Polymerization Frocomes

up to the

[0146] Polymerization runs were also carved out under
contineous particle form process conditions in a loop reactor
(ulnhwn-uhuymn-)bymldnmm

solid catalyst sysiem with ethylano snd some-

pitrogen purging and storage over 13x moleculwr sieve
nﬂlanWC(m‘F.)mmm'!hlmpn_lm

47) mmmﬂ.mmm
pei (4 MPa), and 2 that was varied from sbout
€5° C. (149" F)) to shout 110° C. (230" F) s indicated in the

below. Also, the reactor was operated 10 have »
residencs time of 1.25 bowm. The catalyst systems were
sdded through & 0.35 cc circulating ball-check fiseder. Cala-

5%
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lyst system concenirations in the reacior were within & range
of from about 0.001 to about 1 weight percent based on the
weight of the total reactor cantenty. Polymer was removed
from the reactor at the rate of about 25 lbs por hour and
recovencd in a flath chamber. A Volcan dryer was used to dry

the polymer under nitrogsn at sbout 60-80° C. (140-176" F).

[0148] such as tristhylalnminum (TEA) and
triethylboren (TEB) (obtained from Aleo Corporstion) were
alao used. These cocsialysts were obtsiped as one malar
solutions in hepiane, but were forther dilmied to 1 weight
percont. The cocaialysts were added 23 indicatad in & cm-
centration in a range of from about 1 10 about 30 parta per
million of the dilsent in the polymerizmation reactou(s)- To
prevent static buildup of the reactor, & small amount (less
then 5 ppm, by weight, of diluent) of & conumercial antistatic
agsnt sold as “Stadis 450" was uscally added.

Exampls 20

[0149) This cxample illustrutes the preparation of varions
- caialyst Examples.

sysioins used in the following
(0138} Chromivm/Aluminophosphate Catalyst Symens

[0151] Aluminophosphate catalyst sysiems were propared .
ﬁutmﬁnﬂdlm ahmimm pitmte
nooshydrate, ammoninm phosphate monobasic, and chro-
minm nitrate. A small amount of water was added, wsnally
about the same amount as the aluminom pitrate, and was
warmed o about 40° C. (104° F) 1o dimolve the mixtore.
The alumimum pitrate and aleminum phosphate moocbasic
were added in an amount nceded to yield the desired
Muwlhmmmhmn(!h\l).l’urmmph.h
schieve & phosphorvs to aluminum mole ratio (P/AI) of 0.2
in the final catalyst system, 0.2 moles of ammonium plog-
paw moncbasic were added for cach mole of alunrimum
nitrats Chrominm pitrats was added im an
amoont noeded to yield 1 weight peroent chromium on the
Mmhuumhummnpdm
vigorous stirring, concentrated ammonivm hydroxide ©
form a gel with a pH around 5-7. This gal was brokon up.and
slurried in water 10 which more ammoninm bydroxide was
added 10 adjust the pH to sbout 8-5. A this pH, the slurry
was beated to 60° C. (140°.F.)-80" C. (176" F.) for abomt 1
bour, where it was aged. The shury was then filred, washed
in about five times its volume in water, and fillered again.
This process wes repeated three times. The filtraw was given
a fina) wash in filscrod again, and dried st 110°
C. (230° F.) under half an stmosphere of vacom for 12
hours. The dried catalyst systern was then pushed through a
35 mesh acresn containing & 0.50 mm operming. .

[9152] Some calalyst systems also were treated with fluo-
ride by dissolving the desired amount of sammontum biflen-
ride in methanol. This solution was sjusted so that the
mllmgmpqnlldﬂulﬂmmﬂmblh

pownder then was dried again under balf an stmosphars of
vacsum at 110° C. (230" F)) for 12 bours.

[0153] Otber Catalyat Systerns

[0154) Other polymerization catalyst systorms wers used in
the following examples and were Joaded with about 1 weight
percont chromiom, unless otherwiss indicaied. 963 Mag- .
nzpore®, 965 Sylopore®, and 969 MS arv threo polymer-
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ization cpialyst sysisms that were used and are commercially
availabls from Davison Chemical Compary, a divisional of
W. R. Gmce & Co. 963 Magnepore®, a kigh porosity
silica-titania cxialyst system, was propared in sccordance
_with US. Pat. No. 3,887,454, the entirety of which is
incorporaied hercin by reforence. 963 Magnepore® ocon-
tained 2.5 weight percent titaninm, possessed & surface arca
dmmm'lgndlmwhmdlbmlnblbwl
25 cc/g. 965 Sylopore®, a lower porosity silica-titania
. catalyst system, was prepared in accordance with US. PaL.
* No. 4,981,83, ths entirety of which is incorporaied berein by
uf-m. 985 Sylopore® conteined 2.5 weight percent

titaninm, posscassd & surface area of sbout 380 m%/g, and a
pmwmdmosmms.-m-mu
catalyst system possessed a surface ares of about 300 m'/g
and a pore vobugie of 1.6 cofg- -

[0155] Activation of Catalyst Systems

[0156] On the bouch scale reactor, describod sbove, cata-
lyst aystems wate activaied by placing abont 10 grams of the
catalyst system in 3 1.75 inch quarte mba' fitted with a
wintered quarte disk st the bottom. Whils catzlyst systeme
were supported on (s disk, dry air was blown up through the
. disk af the linear rai¢ of about 1.6 to 1.8 standard cubic feot
pex bour. An electric furnace ayound the quartx tabe was then
turned on and the was incroased at the rate of
400" C. (752° F) per hour to the desired temperature, such
as, for example, 500° C. (1112° F.). The catalyst system was

by the catalyst systems in carbou moocxide at
mwcwr)hmzmmum
tion stop. The carbon monoxide can be vsed pure or diluted
wilk up © 90 percent nitrogen. Beach scale activations
mllyundpuuﬂunmnmd-hmﬂ_ih

ASTM D1505-68 end ASTM D1928, condition C. '.
[0161) High load melt indax (HLMIT) was detormined in
grnn of polymer per 10 mimtes (g/10 min) in aceordancs
mll:AS'lMDlt!.Ouﬁﬂnnlmm.ulﬂl'c.@ﬂ'l’)
with a 21,600 gram weight.

[0162] Mohlnh:(lﬂ)w-dll-undmmuf .

polymer per ten minutes in acoordance with ASTM D1238,

. condition 190/2, st 150° C. (374* F) with a 2,160 gram

weight.

[0163] Typical moleculsr weights and molecular weight
mmmnnmmcvu

al a conceniration of 1.0 g/1. was used as a
stabilizer in the TCB. An injection volome of 220 1. was used
with & polymer concentration of 1.4 mg/L (at room tem-
penbare). Dissolution of the sampls in stebilized TCB was
carriad out by beating st 160-170° C, (320-338° F.) for 4
hours with occasionsl, gexile agitation. The column was two
Watess HMW-GE coluoms am mm) and wero call-
brated with a broad linear polyetirylene standard (Phillips
Murtex® BHB 5003) for which the moleculsr weight had
beon detenmined. As & measure of volatile oligomeric com-
ponants, or amolo, the amount of material found in the range
of molecular weights from 100 to 1000 wer tisted.

[0164] A “Quantachrome Axtosvrh-6 Nitrogen Fove Sizs
Distribuition Instrument™ was msed 1o deternrine the surface
aroa and pore volume of the supports, This instrament was
scquired from the Quantachrome Corporation, Syoseet, N.Y.

[0165] Eovircnmeotal Stress Crack Resistance (ESCR,
hrs) was determined acconding to ASTM D163, Condition
A

(wuwc @76* F)lﬂldubASTM F141

[0167] mmmmm-.ma
the molecular weight distribution was obtained as follows.
For molecular weight determinations, a Polymer Laboran-
ries modal, 210 GPC equipped with two Siyragel HT 68
columns (Waters), was used. Resin samplos were dissnived
in trichlorobenzene (TCB) conteining 0.034 weight percent
butalatedbydroxytoinens (BHT) by beating the mixture for
1 hour at 155° C. (311° F) in & Bine M air convection oven.
Resin samples of sbout 1.8 mg/ml. were chromatographed at
1 ml/min using TCB as the mobils, at 2 sample injection
volnme of 500 ul.. The sampies wers introduced 1o a Perkin
Elmer Mode] 2000 FTIR equipped with
a narrow band cadmium felluride (MCT) detecinr
via a healed tranafer line and fiow coll (KBr windows, 1 nxm
optical path, and about 70 4L cell volmme). The smperstnres
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of the tranafer line snd flow cell were kept &t 143+/-1° C.

(2904/-1° F) and 140+/-1° C. (2844/-1° F.), respectively.

Background weore obtained on the polymer free,

solvent filled cell. All of the IR spectra were measured at 8
cm™? resolutions (16 scans).

[0168]) Chromatograms were generated using the oot
moan square {rms) absorbance over the 3000-2700 cm™
spectral region and molecular weight calculatioos were
made using & broad malecular weight FE standard. Spectra
" from individual time alices of the chromatogram were
subsequently analyzed fior co-monomer branch levels using
uwmmm

[uo] Naurow molecular weight distribution samples
of ahout 1.1 to about 1.3, solvent gradient fractions

of ethylene 1-butens, cthyleno 1-hoxene, cthylene 1-octene
copolymers, and polyethylene bamopolymers were used in
calibration and werification studies. Low molecular waight
alkanes were also used. The total methyl content of these
samples contained from about 1.4 to shont 83.3 metiryl
groups per 1000 total carbon molecnles. The contont
of the samples was calculated from M, (number average
molocular weight) or was measured pxing C-13 NMR spec-
troscopy. C-13 NMR spectra were obtained on 15 weight
percent samples in TCB using a 500 MHZ Varian Unity
at 125° C (257" F) as described in ). C.
Reodall and E. T. Heeish; NMR and Macromoleculss;
Seguence, Dynomic, and Domain Stracture, ACS Sympo-
sinm Series 247, 1. C. Rundall, Bd., American Chesmical

Society, Washingion D.C., 1964. Mlllﬂl:lllllllpulm'

carbon molecules by NMR was obiained by multiplying the
ratio of branching signals 1 total signal imensity by 1000.
[0176] A calibration curve was gencrated using Pirovetio
c::mmsulcuﬁwmumdmdlmmmm

spectn with calculsted or NMR méasured values
for mumber of methyl groups per 1000 carbon molecules for
ﬂnnmph.mdhummhmohlmdfmlh
wﬂmdm 1 and 2700 an™? 1 avoid the
solvent interforence in quantitative results for prediction of
the measured sample spoctrum. Preprocessing of the spectral
dmmhhdmﬂhqd’dlupinll.bnﬂmﬂm-
ticn, and normalivation. Forther of the spec-
uﬂﬁumnihduhn;hﬂuhnuwofhmnﬂ
mean all the data.-A four component calibration
model was calculatod and optimisnd weing the process of
crom validation (RSQ=0.999, SEV=0.7). The calibration
model was verified using 13 additiona] samples. The pre-
dicted vorsus actoal values for the validation duts showed
excellont comelation (RSQ=0.987) and exhibited a root
mmmofpdﬂ:numllo#—lumﬁyl
groups per 1000 total carbon malecnlos.

[0171] Short chain branching levels wern calculated by
mthyld:mmdmmm
of methyl chain onds wero calcolated using the equation
m_-qz-v_w,mw_-mmbudmm
chain ends per 1000 toial carbon molecules, C is & constant
equal to 14000, V_, is the sumber of vinyl terminated chain
exds (1 for chromium catalyzed resins), and M is the
moleculsr weight calculated for & particular slico of the
mhmllrwudldmiﬂﬂﬂ.

{0172] This cxample Diustrates the traditions! difficultics -
experienced

in the art in ming chromium /aluminophosphate
catalyst sysicmns. Table 6 compares the activity response of

ot 4T

tbe chromivm/aluminophosphate catalyst sysiems when the
phospbors 10 sluminum (F/AI) mole ratio and activation
hmmmvund.mdnmmmhhmnqhqhu

catalyst systems were obtained from s bench reactor oper-
muDS'C.(m'F)wnh4mMyllumﬂ'Eﬂ)ud
550 paig othylons.

Astiviry resposse of wzioms ehromiomslominophosphete catabyyt
systaxs (g poly cat/ir) 1o vasloos /AL moler stion and sctivaiion
- MmO

Cutalyst Sysian Activiy st Diffsant Activetion
—PNA

P/AL mminr mitlo urc 00" C. " C

T334
,§§§Ei.
S583ks
g30BENE

[0173] As shown in Teble 6, the highest- activity catalyst
systems were achioved with both high P/Al tolar ratios and
high activation tempersiures. Catalyst systems run al low
F/Al molar ratios and Jow activation ssmperatures gonerally
yiclded poor or unaccopiable activity. However, it is al these
bwﬂmmhrnmﬂhwﬁvmwm
the broadest molecular weoight distributions (MWD) are
found and thus mare desirable polymer propertios.

Exampls 21 -

[0174] This exampls compares the environmental stress
uﬂn-m(M)vdmdplymdmmdﬁm
MMMMMWuNm
systoms of varying P/Al molar ratios. The polymerns
(bomopolymemn) of this example were obtsined from a' 23

Joop reactor operating between about 93° C. (200° F)
© sbout 99° C, (210" F) with 0.5 to 1 ppm triethylboron.
The-catalyst systems wers activated at 600° C. (1112° F)
and thw polymers obisined hed melt index (MI) values of
0.15 o 035 g/10 minutex. As shown in Table 7, the highest
ESCR valuss are obtafned at Jow F/Al molar ratios.

TABLE 7
Environmantal Strems Coack Reslistance (ESCE) valem of palymen

RIAl

0 02 03 057 04 05 QS5 Q6 of ‘09
EBCY, (k) -

M0 »100 525 300 40 150 95 100 24 O

Exsmple 22

[0175] This example illustrates snother problem associ-
ated with chromium/aluminophosphate catalyst systems and
the responss to 1-boxene or other comonomers. Usually,
mﬂchmminmuldynm(dmmmﬂihn) .
incorporate 1-hoxens well (o casily producs ctiylene/l-
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bexene copolymers. The addition of 1-hexene in a0 amount
oqual to about 4 percent of the liqnid diluept is ueually
sufficient & cover the entire copolymer rngs, from deosities
of 0.970 g/cc to deneitica a5 Jow as 0.920 g/ee for some
_ catalyst sysicmi. As 1-hexenc is incorporated, the melt indox
potential of the catalyst system remains cssentially
unchanged due 1o the counter-balancing effect of an incroase
in melt index whan 1-hexene is added and a docrease in melt
i when the reactor temperature 8 Jowered 10 provent
swelling. -

sysions
though 1-hemens can be added in largs amounts, 1-bexune
unbeineupwudlmﬂ-ply_mqmlywyw,.h
a result, 1-hemene can have a poisoning effect on chrominm/
aluminophosphsto catalyst systems which can decrease cats-
lyst sysiem activity and cause the melt index 10 rise cxcos-
sively, ofien out of control. These effiects are demonstrated
in Thble 8, below, and FIGS. 4 end 5. Thiz data was
obtined. from the 23 gallon loop roactor under the condi-
tions described above, .

TABLE 8.
Effent of 1-hamme o8 chminm/alsminophophets catalysl wysieas

’ % Ralutive
Catalyt % Diloxat of Dessity of Activiy of
Systam Trhaxxes Falymar, gle= Cuinlyst Sysiean

. jre—r———

Al = 0.8
MAl =08
MAl = 04
PAl =08
MAl = 0.8
MAl =08
FAl = 09
P/Al = 0.9
MAl = 09
FMAl=03
MAl = 03
Al = 0.3
FAl = 0.4
P/Al = 04

b ek (Y]
ApBezBudnued

GEBEE GERREBBBEBALSEE
a8

T —

activated st & wﬂl@'l’.(ﬂy'.c.)lﬂ 1100* -
F. (554" C) s indicated, and run with O to sboot 2 ppm TEB
cocatalyst, as indicated in the table.

Finecde  Activetion

Lk Thopeates COminction Coomlys HLME Dwmly EXR M, M,
Bn Onibyem (mSK) (K (K (Cmeppe) (0mb) (o) (LS4MR) (000) (<100 ML
A CiAIO=01 1% 1OK'R No TEBQROS) 753 Q9505 10 — — —
B CUALNO=03 2%  1000°R No TEBQLX) 777 M9 187 00— o —
C CJAlFO,=02 2% 100°R * Ne TEB(L3) 414 Q904 >1066 — — —
D CUALFO,=02 2% LR N TERQS) 1082 09496 - = -
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OOMPARATTVE EXAMPLES C10-C18

[6182] Also shown in Table 9 are similar pipe resine made
under sinxlar conditions, but wsing conventional catalyst
systems. Notico that oxample C10, made from a Magnapore
l . In- Ill [} Il l l -III'I ll

much Jower than desired and the PENT ESCR value was -

cxcomively low compared to the ioventive sxamples
described sbove. Although cxample C10 did not employ &
tricthylboron cocatalyst, imown to broaden the molecular
weight distribution of chromium/silica-titania catalyst sys-
tems, exampies C11-C16 did employ » tristhylboron cocata-
lyst. Howover, even with the addition TEB, it can bo sden
from Tabls 9 that the FENT ESCR valve did improve, but
the results were siill infirior compared to the inventive
sxamples. Also, in examples C12, and C14-C16 it can bo
secn the bemefits that can be guined by using a Jower
activation temperature, in this cass 1000° F. instead of 1200°
F. Although examples C12, C14-C16 yicklod high densities,
ﬂnmmmmmmmbﬂn
inventive cxamploa,

[8183] Also, exampls C17 used a tricthylboron cocatalyst
with a lower porosity chromivm/silica-titania catalyst sys-
tom, but egain the FENT ESCR value was very low, even at
the excessively low HLMI of 3.9 g/10 minuies. Even when
a clromimn/silica catalyst systom was used instead of
chronrivm/silice-titania catalyst system as shown in example
18, the benefits were minimal. Although the PENT ESCR
valne for the chromivm/xilica catalyst system was greater
than the other chromium/slice-titenia catalyst systems, it
was still very low compared 1o the inventive exsmples.
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TABLE 9-continmed
EENT ESCR valoes (or ssleced nice mslen
Fimride Aciwtion .
lewvi Tempemiue OO mdoction” Cocstalyst HLMI Demslly BSCR M, . M
km Cabtium S (B (T0"F)  (Coneppm)’ (3710 min) (ploc) (254 MIw) (x1000) (>A000) M/M,
E CyALMO, =02 2% 1100° F. No TEBQT) A1 OS5 200 - - -—
¥ ‘QJALIO, = 02 % 1100* R Y — 437 Osam »156 — — —
. @ CUALIO, =02 2% 100" K. Yo - 268 O0S456 >2006. — —_ —_
H CdALFO, =02 21000 1100° F, Mo TEB (1) 48 . 0584 22000 e [ ] 104
I ' CgALFO,=02 2548 1100* & No TER (1) 40 [ X »>2000 on o ]
1 CyALFQ, =02 26408 1100° F, No TEB (1) 79 09512 0 T4 @O 105
- K CiALFO, =02 21.50% J100° R No TER (1) 53 05492 r ] [ 107
L CyALNO, =02 2154% 100" F. Neo THE (1) 62 0.9507 »2000 m 6500 108
M CyALFO, =02 1848 1100° & Ne THB (1) 79 0993 0 .M GO S
Cit 993 Magmparw —_— 10" F. Ne -_ 1031 09443 4 1M 118 Im
.C11 954 Magmepun - 1200° F. No TEBQOS) 1A ap4s 194 a9 108 1N
Cla 93Megmpon — 000° K. o TEB (312) 21 098 1 .
Cl3 963 Magmpon —_ 12 K Y TEB(S 152 0948 L]
C14 963 Magmpons -_— n00° R Na - mg 84 asm M 4 aw -
1S5 963 Magmpore — 1000° B Ne TEB 47 0954 M 34 £ o
C18 963 Magmpare -_— 000" F. No TEB () 43 oo m Sn ™Mo 7
ar P&d Sylopore —_ 100" F. No 'THE {1.75) 391 05406 2
ci8 o ME -_— 100" R No TEB(21%) 1137 O59 35 /4 nm 199
ClF CyAIFO, =03 -_ 1100° F. Y= THB (1) M 0B 17 28114 89 B9
€0 CyAIMO, =03 —_ 100" F. Yoo TEB (1) 1334 09W7 n
Cl CJATO, =06 - 1100° R ™ -_— 1335 o0dm M3 WA U3 148
€2 CyAFrO,=08 — 10 R, Y -_ 1157 Q9440 - 166 1S 95 1798
*Whaight rvenge moisculer weight (M), somber svengs molecuier weight (M), nxd polydispeniy (My/A,) wen determind by SBC method (sct
coopisd with FTIR).

COMPARATIVE EXAMPFLES C19-C22

[0184] Tbe low PENT ESCR valnes in examples C19-C22
show that pot soy chromimm/alnminophosphate catalyst
system can be used, only thoss describid in accordance with
this invention. In these exsmpies, chrominm/sluminophos-
phate catalyst systoms were made as described above, and
were run acconding 1o the same conditions veed in inventive
exanmples A-M,-but the P/Al molar mtio was varied, In
caamples C19 and C20, the P/Al molar ratio was mised o
0.3, anly alightly shove the 02 molsr iatic msed in examples
A-M. As shown in exampics C21 snd C22, the P/Al molar
ntio was incressed to 0.6, but again -this resulted in low
FENT ESCR valnes, even at the mnacceptable low density
oblained. As the data in Thble 9 demonstrate, the PENT
ESCR value suffered considerably when the P/Al molar ratio
was increased mmch above 0.2, However, lower lovels of
P/Al molar ratios also can be unaccepiable, since the catalyst
sysiem activity decroases snbatantially.

Exzmple 23

[0185]) This example ilinstrates the effiect of finoride on the
catalyst sysiems used in socordance with this invention. 1t is
geoenlly known that fluoride improves activity for catalyst
systems comiaining alumina, but its effects on density have
ot boea proviously known. In this example, chrominm/
aluminophosphato catalyst systcms woro mads ss described
above, but impregnated with different amounts of finoride.
Two F/A] molar rtios were chosen, ons high (P/AJ=0.6),
and omo low (P/Al=0.2) to illustrate finoriding effocts an
density. Catalyst systems were activated at 1200" F, (649°
C.) and polymess were produced in the 23 gallon loop
reacior zs described above using about 1 ppm triethyiboron
(TEB) cocalalyst The results are described in Table 10 -
below.
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TABLE 10
Efisct of finexids on polymer s indicaind by dessity of polymar st P/Al
. mois ptios of 0.2a0d 0.6 :

—tity of Polvmer

Porcant Finoride added PiAl =03 P/Al = 0.8
0.00% o9 0.5647
oM 05573 nk
0.61% 09585 09&25
LM% 09547 09608
2.01% 05338 0560
28% 053 sh

|
!

systems have ‘s fendency 1o be poi-
soned by 1-hexens comonomer which wonld ordinarily be
uvsed to Jower density.

. [0187] Howeve, as shown in Tablo 11 below, adding 800

much fnoride can be detrimental.
= TABLE 11

It of Flocrkds on sl avetem sctivity.

q—"h'l h—dpi,l-'l'h.- . Activiy
‘aF (g  obuimd (gpal) (i) (g polip cat))
0% 0.06 1.3 0.0 25
2.68% ondm? 1m9 s
A00% s . T a2 1903
400% a0esn 0 as s
A% 0.0608 m @S 1908
[0188] The data in Table 11 were obtained from polymes
made using the bench reactor with 8 ppm TEB cocatalyst,
under conditions described above.
phaie catalyst systems were made a8 described above at
P/A] molar ratio of 0.2 snd al an activation of

lavel would be in the general of abont 2 to
about 4 percent NH HE, (1.34-2.68% F) ar the equivalent
thereto of some other fiworile sowros
Exxmplo 24

v

Oct. 23,2003 .
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[0198] As the data in Thble 12 demousirate, trialkylboron
w-m:l,imm;haMm
ialkyisdioxyalumi

)
Examplo 25
[0191] This examplo illnstrates the molecular weight dis-
tribution of polymers produced io sccordance with this
iovention. To obinin this distribution, a chromiom/atamino-
phosphate catalyst system with a F/Al molar ratio of 0.2 apd
4 weight percent ammonium bifivoride was prepared by the
method described above and activated at 1100°F. (649° C). .
Tricthylboron was used as cocatalyst at 2.1 ppm. The
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resultant polymer was produced in the 23 gallon loop reactor
as deacribed above and had a HLMI of 6.75 g/10 mimuies
and 3 denmity of 0.948S p/cc. Almmh]luﬂhullylloﬂhl

[nm] Ordmnrilydnmnhlledumynmhnd
 comonomers imo the low molecular weight
puumotlludﬂrim:m This can be undesimble since
deairsble properties can be found in distributions containing
‘branching in the largest chains, since these can serve as tie
molecules betwosn crystallines. FIG. 6, as well as FIGS. 1
and 2, demonstraies that the catalyst systeum of this inven-
tion produce polymers where the branching tends to be
toward the high molecular weigix end, which is
where the superior FENT ESCR values can be found. Also,
FIG. 6, as well » FIGS. 1 and 2, demonsirates the
extremaly broad molecular weight distribution of polymens
produced in accordance with this invention. The weigit
svernge molecular weight was 759,000 while the
munber average molocular weight (M,) was 4310, giving a
polydispemity breadth (M_/M,) of 176.3, ss determined by
SEC-FTIR Branch Determination method,

., [0193] Although the invention has been doscribed in detall
. for the purpose of ilustration, it is understood that sach
datxil is solely for that puypose, and variatioos can be made
tharein by thosc akilled in the art without departing form the
spirit and scope of the invention which is defined by the
following claims.
‘What is claimed is: S

L A composition comprising a FE-100 copolymer of
eothylene and 1-bexene having an average molecular weight
groster than st least sbout 300,000 g/mol and a substantially
constant brunch distribution profile at molecvlsr weights
greater than about 1x10°,

2. The composition acconding to claim 1, whersin the
awnge molecular weight is greater than at least sbomt

350,000 g/mol.
3. The composition acconding o cleim 1, wherein the
mmﬁnﬁﬂhmﬁnnhﬂw

4. Ths composition acconding i claim 1, wherain the

aversge molecular wwight is greater than at least abount
450,000 g/mol.

lmmmhdml whaervin the
branch distrioution profils is between

substantially constent
molscular weights of sbout 1x10* 10 about 1x10”.

O'ct.ﬁ,zm_

6. A PE-100 pipe compriaing the composition according
o clxim 1.

TAmlhddmhnglPﬂplm”amm
ing the composition to claim 1 in & molen stale
through & die to form the PE-100 pips and cooling the pips.

8. A composition comprising & PB-100 copolymer of
ethylene and 1-hexone having an Eia(0J) greater than abont
1x10" pa-soc and a substantially constant branch distribution
profils at molecular weights greater than sbout 1x10°,

9. 'lhmhmuwuﬂubdml.mm
Bh(ﬂ)mthuubmiulﬂ'm

10. The mumgmu
Eﬂﬂ)mﬂmnhmlulﬂ'm

11. The u:nd:ubdlha.wbdnlhl
Eta(0) greater than about 2x10” pa-sec.

12, 'l'hnmmmtqbdnml.whnhb
branch distribution peofile i constant between
woleculsr weights of about 1x10* 10 shout 110",

13. A PE-100 pipe comprising the composition according
to clxim 8.

14. A method of makiog a E-ll:l) |I|u compyising
extruding the 0 claim 8 in a molien
niaie throngh a dis to form thi FB-100 pipe and cooling the

pipe.
15. A comprising a PB-100 copolymer of
and 1-hexone baving sn Eia{0) lees than sboul
5x10 pa-socand a ially constant biunch distribution
profile at molecular weighty grester than about 1x10°,

16."The composition w claim 15, wherein the
mmmmﬂﬁ?m

17. Te © claim 15, wherein the
Bia(0) greater than sbout 1.5x¢10" pa-sec.

18. The composition sccording © claim 15, wherein the
En@)yuulhnubmlxlo'm

19. The sccording io claim 15, wherein the
branch distribution profile is constant botweco
moloculsr weights of about 1x10* o sbont 1x10".

nAmmehmﬂnm
to clsim 15.

1. Amdnddmﬂulm-m#mu"
extruding the composition scconding 1o claim 15 in & molten
mm-ummummmumqm
pipe.
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sories 1,")1’

. 7

. — . 13 Temp. of sbstrate 650'0.
Restlts ————eeee. Duzk grey, dull couting. Nllnnotm_;ﬂ-.
Example VI Compound tenip, —-—— 175° c.
yiiin oyciopentadienyl iron RemaMty o . Crey, mwnhm
carbonyl).
Tomp., of substreis . 250° C. - Ezampls XV
Nature of snbeinits — Dlam- o w0 — . (CHO:PHMA(CO)]s (&
wm_ 1”. (o] wuw
2 hoars. Temp. of mbatrats . 250° C.
e p—— “"'";"’“"“"' Narm of mbetrats — Glas.
Compovad ———— (CENFHMU(COM, (3 1 mm-— 1%° G
) m“""waﬂw"","'m Remals T Dut grey metall conting
Temp. of substrals . 300° Exonpls XV1
dem-_ Glans .
mm__ ”'0. . ﬂ) manganess peniscerbon-
lﬂﬂl S — mmeuﬂn'. Temp. of mbstrate — 250° C.
‘Nature of sobetrats . Fron,
MI -t * Pressurs . 0.1 mm,
Compomnd e — (QH.)M(OO)J(W- Onﬂwmdhw---- 95' G
n'blnylnbl- n-nn P — Gnymlll:m
Temp. -of substrats .— 430° C. %0 Example XVI
Nature of mbetrats oA;nmhm. Compound «cvnmmee. (CiHy)yS0MR(CO), {triphony!
FPresgure — 0.4 MM, tih manganese pentacarbon-
S . ot s — 4
Ronlts — . Groy costing. dem_ Steel. -
Exampls XT — 0.1 mm.
Compomnd ——— . (CyHy)s%uMn(CO)s (triphenyl -,,,,"""""""m — G
— :ln manganese puntecsrbon- 49 paguiy ——— Mwmm
:m — 325t C Ezompls XVII
P — oo, Compound eeee—. (CH,)oPH[Mn(CO)y)y (d&-
Compound temp. ~— — :25' C - ) o m:ﬂulhdl:?-nnm-
% T Biackmetalic coating. m:m-'— 400" C.
Exomple X1 - 'm"'_ &ml p—y
Componnd ————— (CE)M(CO)PICH): 0 %mm_.. me.
tetracarbonyl tripheny! phos- Rewlly . Durk grey metalllc costing.
Temp. of substrats . ‘400" C. e Esample XIX
Nature of mbstrate _— Glass. s Compond oo (CyHy)AMO(C0);  (dletiyt
Prewure ——— . ‘,“"!"g"""" «llicon n;ﬂbblhlm penta-
THIO ——eemmeme 3gom . .Temp. of subsirate ... 375° C.
Reslts - Groy metallio coating. Nature d:_:“:__ m
. Exampls XTI ® Conmpoumd temp. . 188° G
Compound e (G!.)MFO(CD). (dimeth- Tiow — 2 houps,
yitin cyclopentadienyl frondl-  Rewlts . __.___ Grey mokllic coating.
carbonyl).
Tamp. of subsirate . 400-410* C. e Example XX
Naturs of whetrnts —. Gt Compound . ___ [(CHy)sAUICH(CO); (ble-(d-
WM____ ;w C methyl alumimen) chrominm
nmni':'.'.._:___ Dark groy metallic costing. o 1oMP- of sbstrats . 350° C.
Nature of sbstrate .. HMM
Exampls XIV Presure ——— .. 0.1 mm.
Compontd e - (C!-l.).SnCyFb(CO); (dimeth- Compomd temp. ... 145° C.
Itin cyclopetadienyl ron di- Time ... 34 houma

ﬂlbmrl) 78 Remults —— . ———— Light groy motallic coating, .
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Exampls XX1 . Kxemple XXVIII
..... { ) (CD) Compound -remeeae— oo(co)mcoy {cobalt tit-
Compound CsH, y:e‘Hi O (dhﬂm y | .
Temp. of substrats — 500° C. ® Tamp. of mbetnits —_ 4S°.C.
N;mdnl:lnh_cnmlﬁ. . dem_ﬁrmhh
i BFE B
T e %hum. Thme 1A hours,
Remults - Groy meteilic coating, - 10 Resulfy ... Grey metallic
Compound . — . (CeHly)3Sn(Celly) Mn(CO) Compound — - "[CO{CONIFACOY,  (his-co-
(triphenyl tin pheyi maz- 15 ety oyt ir tatr-
\ Munm_-mm'-'c. dicarbanyl). Temp. of sobetrsts . 475° C. -
e _o.ml . Nmam_mm
g S —— S m . »
w"m'“_—_ 138° C. m_ ;&B&t
Rewits - ammnk.m_ﬂu """" ~——-—— Light grey metallic.
XXl Evample IXX
Evample | COMPOUB —mreee e : [V(CONINI(COYy (vamidinin
Compound .o (CiHp)eAICYCH(CO)s (diethyl ¥ hexsesrbonyl’ nickel tricer-
slamivom  cyclopentadienyl E -y
chremiom tricarbomyl). Temp. of sobstrats ___ 510° C. '
‘Temp. of rubetrais .. 295" C. Nmum_sunuq
Nlhn of sabatrate .. Steed alloy: - ————ie (.3 ML
— - lll.jlo_ma. I'Onpnmﬂm_”'c
—————— 3 hour. . ll-ulu — mmnﬂnmr. B
nanln e Light grey motallic coating. Example XXX
Exsmple XXIV 8 Compomnd — .- (C.'ﬂ.)‘lln(_tﬂ)mcoh
Camponnd - AI[CYCr(00);];- (aluminum . !(vmqum md’h"
i - ehro- diesrbonyl).-
Temp. of substrate . 375° C. > 0 xup. of mbstrats . 425" C.
deubﬁlh-'_-glumhn. . chm_?::
Proar® e . - IOMEL- ™
Comgoand temp. . 98* C. L e """"-—‘};“,f&
Rosulty oo oo Dark grey-conting, [ ———
Rrampie XXV ) o Ecanple XXXIL.
Compound . (CHy)gAl(CHy)y%n  (timathyl o {%t < w:tpm
. 3 'lolpannm trimathyltin). . . mpthyl” mm-m
dem:# 5 Tomp, of mbstrte-.. 473 & o
—— mm. .  Nsture of mbetratn ... Steel .
ﬂﬁ:mdm—- ig' C. - Pressure _..T_.__-tll,llbl.ma.' T
Réwols o Groy metallc contng. o p— 44 bours,
Esample XXVI' Romlty - Groy conting.
Exarkpls XXXI0-
Compornd (C.H.).B(Cuﬂu)-ﬂn (disthyl ; -
tripentyl tin). Compound oo (CgH,y(CHy),)Co
Temp. of substrate . 420° c. 80 (CO)CyFe(CO),
Nature of subetrats . Nickal slioy, . . (ciiiiiéme cobeli monocarbon-
Pressure’ e e e '1"21093.' ' n en.lu;und-nr iron- &1
‘l‘il'nl-_:-..___- 12 hours. Temp. of mubstrats .. 350° C,
Results e e quhh:kmmllhm 5 Nlﬁlﬂulm-‘.allllm
&-.:::H. zgl(rm)ﬂ - Coepound tomp. . ;os?a
Temp, of m_—-—— 495* C. ’ (W G ¢
Natare of subatrats g’lln. 0 Exampls XXXIV
Pressore .. . mm, - Compomnd oo - [CyPe f
Compound tem. o 85° C. qm‘fg:ﬁ
Time —... - 2% boun. ] bonyl nickel tricarboiyt).

Resplts .o Grey hilack mstallic coating. 78 Temp, of smbstrate ... 375° C.
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11 12 ]
dem_w Example XI1
Compound tomp. ——— %0° C. - O T
Time Joboum. e Temp. of substrate — 200° C.
Rewults ————-— Darkigrey costing. & Naturo of berats — Glim wool
Exempls XXXV Premmre mm.
Compound e [MeCYCHCORIGNICO), (bl Compoumd temp. — 110° C
methyl cycdopontadiemyl chro 1308 e 1 hour.
" miom triearbomyl nlokal trh 3p pomeiy ~———— Drll meltc,
. carbomryl). ——— i
Tomp. of sobitrate .. 425° C. Exampls XLIT
'!P‘t-nd — 0Smm - -buu).uu(ﬂhl e
Compound top. ——— 150 C. 1§ Temp. of sibstratn — 300° C. e
Time hours, . . Nature of snbeirals . ...
—_— CO)Mn(CO); (meth- ——— —
Compound - ey’ el % Rewits ________ Powder—chromiom hockds or
monocarbonyl mangan Method e, Ulltrusonie,
pentnoarbonyl).
Temp. of subsirate . 480° C. As discossed heminbefore the bimetallic organo-
Natzxe of mbetrate . Sieal. gs -metallis plating agents of this invention can be repre-
Pressure — Ol mm. . sented by the gemeral formnla - -
wm_— ;.2!'(‘. um'
Ramtty - Light groy mctallc contiog o soose L I DB, IV B V-5, VLB, VT8 oot VIl
] Ezample XXXV 30 of the perlodic chart of ths elcments and the metals tn
PO, e i n.mcu.m snt- :imuéu:'ﬂdmmm?m&'
mony). menty xud the metaly xing and cadminm; R represents a
Temp. of substrais . 290" C, 3y monovalent anion; I is an integer equal to the walenes
nmotm_gr. dilil;:rhnhhn'q:’lllunﬂnnhﬂdl
Pressare : mat rontals dealgnated incinds Hitdum, sofium,
Compound temp, . 103° C. potassinm, robidhon, casiom, franchom of groop I-A.
Thne ——— 3 houre. Within this group lithium b the expecially fwcforred
Resully e Metallic grey coating. 4p metal becanss of the desirable high tomperstze chamac-
] Exampls XXXVII teristics lithiom jmparts when alloyed with certaln metals.
The symbol M further degignaies the metals berylliom,
- (m(uhh&l‘l&m) groap I-A; scandiom, indiom, Isntherem, sctinduom (in-
Nma'ftm-;a'_ Corais. gl-!.ﬂ:ﬂnn.ﬂmlﬂ:hhhm, )m. 5
— &5 1 . within IvV-B;
gy o J— L Y % venadiom, niobiom, tantalum within groop V-B; chro-
‘Compoond e, e 95° C.° - -minm, molybdepm, toogsten within groop Vi-B; man-
Tine. 3 hours. ganess, techmetiom, rhentom within group VI-B; and
Romlly ——ccoe—e Mutallle groy coxting. fron, rothentum, osmium, cobsl, rhodiom, iridiom,
goum I-B and II-B, M desigoates the metaly sllver,
Conpond —e . (CHWTI(CyH,),Bl (ﬂﬂ;vl upp.hrld.mq'ﬂmnudn::y nd:n-
Tewp. of swheinte . 95°C.- - fan of e abore mctas, fheir twe Would be el
dem_fl;- g for thoss instances where thair unixue alloying propeties
Compoond e, w115 C. 'l‘houm‘l'hdnhmdbmﬂtm
. Tiow 6hourn. I-A and thme incindss boron, alomivom, thallipm, in-
Rowlts - Grey metallic ooating. diom end gallirm. Of thess atominum js most prefaced
. . Exemple XL go became of its wide evallability and use In pisting tech-
[ Ses Y. S—— (wmmﬂds (dieth- Mwmnh.w#m
bis-dimethy] telizxide).  an vnsntbetitnied hydrocarbon growp, hydrocatbon
Temp. of mbstrate ... 453" C, groume genenilly comtain between sbout 1 and 20 carbon
Nature of subsizate .. Ceramic. gg toma each, A preferred clam of bimenllic organome-
Pressure .—-OJEIII- tallic plating agent of this lnvention contuioe ss one of
Compound temip. v gﬂd C the R groups at least one cyclopentadieny] grong. By a
Thme — boura. cyclopeantadieny] group is mesn} groups contalning ihe
Rosults . Groy black. mmmmhhmm
mu-mmmﬂ:mumm h"mnﬂ::umﬂumﬂhﬂ#mﬂs
s peosimately hi:""""'h’m" The Of more hydrocarbon radicels snch as the methyloyclo-
compound is heatod decomposition threshold triethyl-
thareafier the' ultrasonlc geoerator i milized to effect  indamyl, tadieny), and reisted groups.



and the lke, . acetate, lthinm triethylboron ocianoats,
giating agents of this embodiment of this ipvention com- sulfate, nltrate, nitrite, sulfite, phosphate, phosphite, axeo-
peine mmmmmm nafn, or chioraie! tetrasthylboron, potsssiom
scandinm tetrasthylbaron, tetralsopropyiboron, ti- 15 tetrasthylalunyunm, totrasthylboron, magnesiom

dinn totraphenyiboron, copper tetrabenxyiboron, titantom cynaate, potassiom -tristhylboron sulfats, and the Hke, It
tetranaphthylboron, »n Is to be andersiood- that the kydmcarbon portions. of the

groups,

dioctadecyfboran, octyltrioctedecylbarcn; mo-  the Iower alkyl gronpe having op to and-incindiog about

trifinarkis, § carbon utoom slice thess are quite subiahis in the proc-
or trilodide; iron tricthylboren hydride, cobalt 30 8 and result in more stable and neeful products.
bovon hydride; niekel tungsten tri- Typical examples of plating agents which can be nged
sthylethoxybioron, tin trioctyfboron octanoats, copper tri- in ‘eccordance the present embodiment of this. frven-
sthylboron cyanide, titaniom triphenyiboron cymmids, va- tion wherein at loast oms of s hydrocarbon . groom &
nadiom irjethylborem cyanste and thiocymnate; chromlum & cyclopentadianyl. groop are: Hihinm boron tetrakis-
triethyl 1 amide, molybdemom tristhylboron mercap- 35 (cyclopentadianide), lifhiom almmimun tetrakia(cyclo-
tide, iron triethylboron sxide, cobalt ace- ), Hthivm slumirom tetrekis(methylcyclo.
tats, nickal triethylbaron octancats, tin tristhylboron phe-  pentadienido), lithiwn. galitmn teirakis(cyclopontadion-
polate; chromjom tristhylboron sniiate, nitrhe, ide), Hthiom. indiom: - stiryicyclopentadienide),
sulfite, phosphate, phosphite, srsonate; or chlorate, snd lithim boron 8, lithinm bo-
tha like; also compommds whereln group 40 ron iris(cyclopentadieniin) - kydride, Lithinm slvmisum
1M-A clements, xine, or cadminm are substitnted for cyclopeptadionide) hydride, lithium aluminm: cyclo-
baron as, far exampls, tin tetrasthylal chromium de tristhyl, lithinm sluminnm. bis(cyclopents-

zinc, mangsmese ietracthyiahominom, . ; .
gweferabie that the first metal, M, Yo tin, chromiom, cop- 48 dinm alominum trifinorids, sodinm alo-
per, vanadiom, manganese, jron, cobulf, nickal, or tin- - mimum cyclopentadienide disthyl chioride, sodinm:alo-
inm, and the aecood metal, M’, bo shuminnrh of boros minom.- oyclopentadienids. ethyl dichloride, sodiom. aln-
with all of the chamical groupe sttached to the latter being minum ecyclopentadionide ethyl. dibromids; sodiein aln-
hydrocarbon Javing up to about 8 carbon atomw, mimem cyclopentadienide othyl diftunrids, sodinm -atomi-

dacylboron, lithium- tetreelcosylboron, lithinm: tstravinyl-  dienide, cestamn baron cesiom aln-
boron, lithiom tetre-2-buterylboron, lithiom - tetre-2-bu- 68 minom beryllinm bis(boron cyclo-
- i u-m-hmlﬁm.ﬁﬁmi-hnz-_ :m;:m).hg&mmmm

- lenido ethyl), beryliom bis(alumimem cyclopentadienids
ll:uu.ulhinmmbmdhylhurm lithimn ethyhtribotyls m-}m bis(boren  tetraphenyl M';'
boron, ctbyldibutyleadmiym, lithinm ethylirice-  magnesiom bis(aluminum tetremethyl cyciopenindienide),
tylboron, litblum efh lithiom .ethyl  magnesium bis(aluminom tricyclopentadienids chioride),
thm(mplunylﬂhyll)bm Hllilllm ethy] - elldlm I:(l;('m cyclopentadienide trichloride) ﬂlﬂ'llljl;
boron, lithiom lithinm disthy}- 75 bis(boron g

ENEDOCKE: IS 30T14EMA1 >



R ] R

16
(gallium tetracyclopentadienide), barinm bis(indfom tet-  bomyl, bis(disthylalominm) pentacarbonyl,
), dinc bis(boron bis(dipropylalmminnm )molybdennm pentecarbanyl, bis
onm, : (boron cydo- g ) peniacarbonyl,  bis(dletinyl-
pentadienids trihydride), mereury bis(aluminum cyclo-  alominum)tupgsten pentacarbongl, bis(dilaobutylatomi-
pentadienide Y. bia(alumimam ¢pelo-  onm)tompsien pentacarbonyl, his(dilscanylaluniznm)
peniadienids trichloride), and mercury bis(galiom trtrs-  tzmgeien pentecarbonyl, dimethyllead nichal tricarbonyl,
cyclopetadionide), In addition (o the compounds dinthyllead ni tricarbonyl, dipropyliead nilckel
similar compounds can be made containing other cyclo- 19 bonyl, discbutyllead trieachonyl,
: Sroups ing the nickel tricarbomyl, dimethylgermeniom nickel triearbonyl,
hexyl, tolyl, xylyl, and othar alkyl and aryl derivatives af jum nickel tricarbonyl,
ombodimant of bimetallic carbonyl, diptopyigermaninm pickal 4
plating agents i reproseated by the genersl formuls 15 methylsllicen nickel kicarbonyl, diethylsilicon nicke] trl-
DR M®][M®(CO),], HEWI! dipropylsiicon nickel tricarbonyl,
whersin R represents any alkyl or cycloalkyl grovp. 390~  ethyitin nickal tricarbonyd, disthyltin smicke? tricarbonyl,

groups which are bonded 1o the motal M aro methyl, g9 ponyl, dibopropyltin nickel tricarbonyl,
etiryl, propyl, butyl, pentyl, bexyl, heptyl, ootyl, nonyl, okl tricarbomyl, bis
decyl, undecyl, dodecyl, snd the Eks. Tho cycloakyl  (dimethylalnminum)nickal tricarbony?, bis(disthylalom)-
groupe which may bo banded to the metal mey also b0y )picke] tricarbonyl, bis(dipropylaluminnm
nhuh:!-gzlm mwﬂ?hzlw carbonyl, bis(dibutylaleminam)nicke] tricarbomyl, bis(di-
examplo cycloalkyl group which bonded oy fuobutytalombmum )nickel tricarbanyl, bis(dl-2-ethyfhexyl-
to the metal, and etlyl cyclobexans i & typical canple llﬂﬂllﬂl)llﬂﬂ)ﬂhﬁlﬂl.ﬁﬂlm
of a substiinted cycioalkyl group. A forther embodiment of tha
The metal M™ jn tho sbove fornmils may be- &0y g pissing sgents of this invention Ia represented by the
mN-AMLunqﬂmmmﬂﬂhg genenal formmia .
Eesoin sereamty . difftreat messd which may bo =" B MWR'MON(CO),],
Jected from the groups IV-B, VB, VI-B, VII-B whersin L repreecats anmy electron donating mofety
VIII of the periodic chart of the alements, Fisher Scien-  bopdad 1o the metal M®, Typloal of the clectron do-
tiio Company, 1955. Thus, typical examples of the nating moleties which are bonded 1o said matal arv or-
metsl Teprestmied by M® are 33 gauo groups sich ss mlkyl, aryl, cycloalky), alkaryl, sad
hafninm, vansdinm, testahmn, chrominm, molybdesmm,  the lks. Another electron donating malety which may
fongsten, manganese, technetivm, {ron, theninm, ruthen-  bo bonded to the metsl M) is bydrogen. Thm, typical -
mm&m%“ﬂhﬁ cxtmples of R In the above formnla sre methyl, ethyl,
Typical exampics of the compounds of the sbove for- 40 undecyl, dodecyl, and ths Hke. Some examples of cyeio-
pmilp ave: dicthyfiead iron tetracarbony!, dibutyllead jron  alkyl grouge which are sigms bonded to the mstal e
tetracarbanyl, methylethyliead iron tetrecsrbonyl, &3  cyclohaxans and cyclopentane. These cycloalkyl groups
cthylbexylgermaniom iron istracarbonyl, dimethyl  may elw be substituted cycloalkyls. The metal MW
gurmanium fron tetracsrbomyl, disthylgermaniom iron  may bo any metal such s zine, eadmivm, mercary, bacyl-
tetracarbonyl, dipropylgermaniom mbammmmmm
tetracarbonyl, diethylsilicon iron tetracarbomyl, dimethl-  phosphorus, arsenic, antimony, and bismuth, R’ is an
ilicon iron tetracarhonyl, di itin iron tetracarbonyl,  mmsatorsted erganie grovp pl bonded to the motal MG,
disthyltin iron tetracarbomyl, hexyjdecyitin irom tetrs- '{I:ln.mhlennphdmmrmz
bonyl, dimethylal - " Thones. cycioal) 2
disthylalmnioum manganess pentacarbonyl, Ike. Typical cxampisy of the mssiureied organo grOURS
shhmbmm mengzoese aro cyclopentadiens, phenyl, butadiens, cyelohaxadiane,
manganese pentacarbonyl, bis(dimethyl)alumingm chre-  mefhylcyclopentadions, tolnens, xylene, cumans, and the
mivm pentacarbenyl,  bis{disthyl) chiomivm lka. M can be any metal found In the grovps IV-B,
pentacerbonyl, bis(di Jalnminum chrominm pen- gz V--B, VI-B, VII-B and VIII of the periodic chart of ele-
acarbonyl, bis(dilsobutyl)alumimom chromium pents- mepts which incinds titanium, wvanadiom, chromium,
dmnlmm_mnltmyl.di- molybdenum, ongaten, mangsness, technetiom, rheninm,
heptyllead pentacarbonyl, diethyllead chwo-  iron, ruthenfum, cswivm, cobalt, iridium, nickel, pal-
ml.'m' ’ dlethyl mmmmm %ﬂn mﬁ
chrombomn-pentacarbonyl, ]
mm&:ﬂm“‘um

‘miom chromium  to ths fovmula sbove are cyclopentadienyl
pentecarbonyl, dimethylsflicon chrominm pentscarbonyl,  fron diearbonyl, triphenyltin cyelspemtadieny! mnickel
hom pentacarbonyt, dincaylslicon. chromiam peo-  icarbonyl, tiphenyltin cyclopemadienyl molybdem
mdnuﬂmpnm;yl.m pents- triphenyitin phenyl cobalt monocarbomyl,
dlisobutyitin peatacarbonyl, bis(dl- butadisne cobalt dicarbonyl, triphenyitin phenyl menga-
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the above formula are: diéthyl boron trimetiyl sificate,
dethyl boron tristhyl sllicate, diethyl boron trimethyl
silicats, ahuminush bydride trimethyl silicate, Emathyl
mwmwdﬁmw
nmwmwmm

i
E
;
b
E
s
i

iri-n-propyllsad manganess dicarbonyl, gallium trimethyl silicate, dipropyl gallium tripentyl oili-
trixytyl germaniom fron cate, dimethyl indiom triethyl silicate, diathyl indiom tri-
trixyly! germapium cyclopentadienyl nickel monocarbanyl, 1ounahq.mhmmma-
tricar- methyl thalliom tricthyl sllicate, dimethyl thallhrm ol-
bamyl, trixylyl germaniom cyclopentadionyl malybdenom methyl silicate, dipropyl thallium trimathyl eflicats, &i-
tricarhonyl, permaniom butadieas manganese iri- MM&WMMI:!MM
carbonyl, trixylyl germanium phenyl cobalt manocerbanyl, 15 diethyl boren mmw boron trk:
trixylyl germaniom butadiens cobelt dicarbanyl, butyl germanlum, Gimethyl Goron irimetiyltin, dithyl
' phenyl mangnase dimethyllead boron tributyitla, dipropyl boron tripropyltin, diethyl
iron diestbanyl, dimetbyllead bis-  boron trinthyllsed, dimethyl boron nisthyl diethyflead, 8k
cyclopentadienyl tricarbonyl, dimethyllead bis- 20 ermanm, alumirinm, methylethylpropyl
cyclopentadienyl molybdenum dibutyl alomioum trimethyl germaniom, &-
manganass dimetyllead bis-  iscbatyl tributyl germantum, diathy] algniiomm
cobalt dicarboxyl, dimethyllead manganess  Aluminum dpropyl sthyltin, diiscamy! aliminum tributyl-
dtatyl garmanium iron 5 tin, dicthy] alominum trfsthyfiesd, dimethyl aluinbmom tri-
dicarbomyl, diboty] germaniom bis-cyclopemtadienyl nickel alominmm methyl diethyllead, diiso-
chromiom onyl, dibutyl bis-cyclopeota-  Jead, dimethyl gallinm trimethyl i, dipropyl
fungsten tricarbonyl, dibutyl germanium bis-methyl  Sallitm trimethyl germumiom, dimdecy] gilliom tripropyl
cyclopentadieny! molybdenom tricarbonyl, dibutyl ger- 30 Sermanium, yl gallium trimethyltin, dipropyt galll-
menium bis-2-ethy] butadiane di.  um tripropyltin, diisoamyl galfinm tributyltin,
butyl germanium bis-phenyl cobalt monocarbenyl, dibutyl dipropyl pllium tricthyllead, -
bis-butadiens cobalt dicarbonyl, dibutyl ger-  methyl galliom dimetiyl indhuriy tri-
manimn bis-pheny! msnganess dicarbonyl, beryliium b~  Methyl germanium, dibutyl indlum trimetiryl
cobalt dicarbonyl, - dimetlry] tasitilum triethiylicad, tants-
dearbonyl, trig-cyclopemtacienyl chromivm trf-  1om methylfiethyliead, 2nd the like.
carbamyl, aluminum . tris-cyclopentadisnyl Another embodiment of the bimstaliic org
tricarbonyl, alnminem tris-mechryl cyclopentadienyl tang- 40 Pliting agents of this fuvedtivn i regifestnted by tis
bonyl, phenyl ellicon ‘iron dicarbemyl,

foromila

RAMCIR MY,
whereln R repremmts sn electron domating moisty which 58
may be an afkyl, cycloalkyl- group or hydrogen, The
organo groups senenally coniain np %0 about 20 oarbon
atoms, Thus, typical examples of an alkyl groop In the

?
§
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i
2
1
i

:
E
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i5e

!
|
1
a
d
5
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i
E
a

eample of an alkyl mbstinted %5

M'Mlmmlnlmdﬁ'mﬂnmwu‘n-“

, whils M* b

2 metal selacted fram the grovp consisting of sclaniom,

telluriom, silicom, germaniom, tin, lead, and the ke,
Typical exympley of compounds which correspand to 75

%
i
Ez
]
]
E
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[(CO) MW, [MM(CO),]
_in which M() gnd M® reprastnt diffétent thetaly from
the tramitictia] metal series of the perfodic chari of the
elements, Fisher Scientific Campany, 1955, Thus, typieal
camples af the motals representad-in the above formmia

metals ars bonded by fres eloctrdns; oach’ metal having
Jem than tlie"silequate minber of carboniy! groups ah each
to matlafy the electronic stracture: Tlins,.the above for-
mnls doss not Tepremmt s mere miviure of sietal
mmhbunuml'ﬁulpmﬁhl‘mm
sacH matal oontning-carbonyl groupe-bonded to It resped-

Typical exaotpley of ccpininstillic cainpounds which
Sanese bonyl, vanadium

tetracerbony], bid(cobalt tetraceibony])iron tetracaiboiiyl,
bis(manganese penticarbonyl)iran tetracarbonyl, vind-
diom 1 iron tetracerboriyl, bis(cobalt tetrs-

tricarbemyl, bia(cobakt  tety onyl)chromiom  pea-
tacarbonyl; bis(manganess pratacarbonyl) chromium pen-
tacarbonyl, vanadinm bexacarbonyl chromium pentacarb-
onyl, bis(cobelt tetracarboityl)iiolybdenm® peiitacaiti-
onyl, bis(manganess pentacarbonyl)molybdefnm pen-
tackrbanyl, vanadiim - molybdénurh petn-
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tacarbomyl, bis(cobalt istracerbonyl)tungsten pentacath-  mbon, titaxd-
onyl, bis(msngances penincarbonyl)tungsten pentacarb-  um, sircomhum, mmmhmngmm
gl.":-dhnmuummﬂ Typical acxnmpios of the campounds regreseated by e
above formula are:

Auﬂnmﬁnmhdmgndbpmntiwmﬁnnh 8 biseyclopentadieny] ron dicarbomyl)nickel tricarboryl,
:mwmwww bis(cyciopentadienyl iron dicarbony]) chrominm pentacar-
R'M®(CO), R M®™(CO), bis(cyclopentadiany! kron dicarbonyl)molybdermmn penta-

wherein B’ and R repwesent vosatursied argano groupe .
contalning mp to abont 25 carbon atoms. 'muq.“ bis(cyclopentadieny] fron dicarbomy!)tongstmn pentacar-

amples of these groups sremes, cycloalkanes, alkadi- : . .

u:l"ﬂnﬂl. In each instance, R’ bis(cyclopentadianyl chvamiom, tricarbenyl)nickel tricar-
of the organo groups which are bonded to the metals are ,, bis(cyclopmiadieny! chramjmn tricarbonyl)fron tetra-
butadiens, 2-mothy benrens, curbany],
MMMMLW bis(cycloponindienyl molybdesm tricarbonyl)nicksl tri-
tyclopeniadiroyl grovgs  bis(cyclopentadienyl tongsten tricerbonyl)nickel tricar-
bis(cyclopentadienyl molybdenum tricarbonyi)iron tetra-
trangitions! metals The tramitional mewmls inclnds Hl(mlfnhﬁ-v!muhw)hmm

tiandgm, dirconfum, hefwiom, vanadiom, niobinm, bomy ]
antalym, chrominm, molybdennm, fuagrten, ungamess, o bi3(methyicyclopentadienyl chrominm tricarbonyl)nicksl

techoetiom, rhenhum, rothenimm, iron, osntum, cobalt, iarbamd,

mmm?d? o by the bis(cthyicyclopentadienyl molybdeoum tricxrbomyl)iron
m" mm mam' mnpnﬂ‘ uuugﬂ“ bis(cyclopantadieny} nickel monocarbomyl)iron tatracar-
M"mmw“m'm 3 pig(cyclopntadiany] nickal monocarbony!)chromiom

‘bengene manganess dicarbonyl cyelopentadiens chromium w;:wmmwmmnm

pentadiens molybdenmm tricarbonyl, manganess bomyl,
mw'quwmm“ carbomryl, : .

[ )

botadiens cobalt dicarbonyl methyl iron  Syclopsaiadienyl iron dicarbonyl mangmess peutacar-

diene tron dicarbonyl, comens cobalt monocsrbonyl cyclo- ., um hexacarbonyl,
fron mesitylens cobalt monocer-  ethylcyclopentadienyl tungsten tricarbomyl mangamess
1oms cobalt monncarbomy] cyclopentadiens nickel mono-  bis(butadiene tricarbonyl)iron tetracarbonyl,

taining up 10 about 23 carban atoms. m.;n.:v‘tm and the Mia, .
st eyclopentadianyl gronps, substitmied A forther embodiment of the pwwesnt invention Iy the
cyclopentadionyl groups, sryl groups, elkyl substituted €8 bimotallic crganometallic plating
aryl groups, and the Like, Typical examples of the vo- the formuls agunis ropressuted by

BNBDOCID: <UB____307T1483A1_L»
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cumene, peeudocument, naphthalene, cyclopentans, cyclo- tachniqus Is  solid such a3 chramjum tris(alnminom tetrs-
hexane, and the like. M® in the formila sbove can be oihyl). One of the sdvantages of employing snch padk
sny mety] sich as boron, alemimmn, gallhmn, ndivm, and metalizing technique is that very uniform plating tempera-
thallium, whils M® is a matal or metalloid representing  inres can be achieved becanss of the solid matarizia em-
phosphoras, arsenic, antimony, and bismuth, 8 poyed in this type of process. Pack metaliving involves

Typical examples of compounds represented by the packing the subsirsts’to be plsted into a metal or glam
e W MMH!&;%H;MNMN;
a
wmmm -nlnpduinmﬂh'munll:ﬂta-ld.m
unwm . mpu-dulormadnrmillhﬂtm&amhﬂm
"M!:'mi triphenyl arseni, conditions. Thua, the reaction vessel conttaing the object
triethyl tricomens arsmic, to bo plated surrounded by the solid plating agent, the
tricomens arsegic, sumaining space of the reaction vemss] being Giled with
""W’l“mm,lm_ the aforessid insrt filler. The reaction container is thare-
t!ilﬂl!llllllllllllllll num tripropy] antimany, 15 after placed in an indoction heating furnace sud the tem-
telisoamyt trimethy] arvenic, compoaition tsmperatore of the plating agent.  The Inl-
“Ml Illmll tributy] entimeny, lowing exaxple {ingtrateg this. technique more folly.
wpmlimmlm Componad Cr(AIB,), (chrominm
triphocy! indium triscamy] arssuls, ';:,1,'1“""""" tutra-
trimathyl indinm trimetiryl sotimony, Temp, of subwtrate . 400° C.
wmmn.mm“,- gs Natmre of mbetrats .. M4 sivel
mmﬂ?ﬁmm ) Compaund T 01 ma.
trieciry! thalljm trietky] by el e d— m;m""
trimethy] thallium trimethyl arvenic, 30 Method mmﬁu
trighenyl hallhum tripheny! arcakes In addition to, the thermal and ultrasonic techniques
trimethy] thalliura trimethyl antimany, discussed othar methods far
triothyl thallinm tristhyl antimony, . of the bimetallic Plating ngents of the in-
triphenyl thallirm trimethy] antimeay, 2 stant iovention can also be employed. These
trimethyl trimethyl blaath, odlnmp_-od-rwn@udﬂwmd
triphenyl thallium tributyl bisnnth, 'vlnhtln.nldhﬂm.- mmm-ud:lqmnni
mmm “"hm.mmmﬁmmmnu“’dﬁm'ﬁ

soty ol vwion o s oy i £ ity spsi o e it Syl
h -
docampoeition temperaturs of the CrpDEls o - e wod

i
:
:
!
|
|
|

!
E
E
|
i

M)Wnoﬂlhuﬁnlb:: h&;&ynﬁn&nmﬂhwm
700° C. ue , & prefiarred exists result in deposition an upoh alloy mate-
each lnt.'mmm"ml. Glunhmnehul’rlum:ud.ouu
At thess temporatures axcegtinally brighter, better adher-  Tefractoriessuciyas alumina, graphite, and thie like: plastics
I“B Illnhr::lhy employed herein is meant *a-mix- ﬁlil:bu! ..(“"mﬂ such mﬁim
] s “~

m,dhoummMM(wm“m.m
guch as—Te, P) which- hgve a mamilic appearance Other himetallic organomstallic plating agents can be
whchmehhc.(l)A:a:}lullrmhtnnpiﬂnmﬁul- cwnnb:dinpnh?.whu pors) 1o -simi-

homogeneous; - . . 4 colloidal mixtare, micro- . alloy plating on the snbatrete piated. Thus, when
o ,...Hl:kh'lwmo--“mmmmm th i
tionary, 3rd edition { 1944), McGraw-Hill Book Co., Inc., ethylring, tianiom tristhylrine, potassinm Tharon
page 34, chioride, sodiom indiom

In sorre- cases move mniform can be obtained Hnm bis(boron cyclopeniadienide stromtinm
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- pmuza cormponding meials mﬂuﬂudi‘mﬂd M®™ in sccordance
scxibed abovs, of the tipon
mhq&nztythnmtmw“ whh the following mbulsted relationships:
the substrate plated.
The decomposition techniguesof this invention can be =) wa3 w=)
varied 2o that, in some Instances, substrates can be plated g
with ane or both of the metaly from the bimetallic M sy metal lmving oo odd | refia=d | xe)aml| z=is=)
mmotallis compound whils comcorrently thero- agmint of £ orblinl slsetnoms,
from metal powdsra. By such techmiques it is pogsibla 10 Mt bs o il mevm| r=lLa=d| Dl sel| xeis=1
produce two usefnl materialy from one plating agent, Le., it oF € It Sherets;
(e plaied article of manafecre and the comcurrently 19
mmmwmwm mtlﬁ) in g0 integer from 1 io 3, Inclusive, in accordance
b 4 N
metallle compounds according to the processes of this in- with the equation
vention have many spplications in the metallorgical and G~m—N
R o e Dl i ol e 2 3 =
m:m.;umm.ﬁhh platios n Githe of the next Tare gae
. e ZLIV of the metal MOY; i I an joteger fromn 1 t0 2 and s 1
Ahigh performancey steel atroraft m%:u:u:nuhszqu mnlh‘:th:
stroctnrl] -]
mumh.mnmmmpmm n- a0 oven number of d orbital slogtronss N ix the stomie
vided with meam for high frequency indnetion heating mumber of the metal M®,
and gas inlet and outlet mesns. Lihiom alominom tebre- 2. A process for plating a subsitate
cyclopemtadienide i3 placed In a standard vaporizstion the object to be plated o a tesperainre above the deo-
chamber provided with heating mexms, sald vaporization g of the bimetallic
chamber being commpcted fhrough en omtlst port to the and said bimetaltic compound with
combustion chamber infet mesns. The member euid heated abject, said bi
::mdm;moﬁ.:huhmb!ﬂ'c.m pound being further defined as having ths fornmia
sysism s evacnated. lithiuvm aluminmm tetre-
2 heated 1o a temperwture (about 150° 30 RMER'M@(CO),],
C.) where i pomesses vapar pressure of up to about 10 wherein
mm. The lithinm sinminom tetracyclopentadienids wa- (l‘)ltll“’hlnﬁﬂma?v:m
groups II-A, -8, III-A, H
m;ﬂﬁ?ﬁhmhlmw @) MO 34 ol
stractural member decomposing and forming a wall ad- 3 SoDSiting of the groups IV-B, V-B, VI-5, VII-Baud

wriace of the styoctural member. In sich a mgzmer the
structural member s costed with & high performance cor-
rosion resistant Lithirm-alominoom alloy coxting having
high tenafle atrength for spplicstion to the sxtrems ro-
quirenents of modern age alreaft. The compomnds
above may be nsed to plats substrates-such as ceramics in
arder to obiata semi-conductors of great valos in the elec-
troulcs industyy, .

Having thny deacribed the process of this Invention, #t s

[ReM V], [MOW(CO),y],

wherein
(1) M® i a meta] selected from ths group consfsting
of the group IV-A metals and alominom;

3) l'hnnhelrmdnﬂunnlwmm&
sroups conslsting of hydrocsrbon and hydrogen;
(4%01‘immmdmmmhiuwh

(2) M® 3 a &iferent metal selocted from the groups 63 whersin

comisting of groupe IV-B, V-B, VI-B, VII-B and
VIIL

(3) R Iz an cloctron donaiing molety individually
salected from the group consisting of hydrocarbon
and hydrogen;

(4) w iz sn Ininger having & velus of from 1 to 3, In-
chasive;

(5) x 408 £ ar integery having & vakue from 1 to 2
and from 1 to 3, respectivaly, x and 1 being dependent

BNANOIT «lS  IOYIAEAL ] »

(1) M® s a metal
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UNITED STATES PATENT OFFICE

CERTIFICATE OF CORRECTION

Patent No. 3,071,493 January 1, 1963

Thomas P, Whaley et al.

It 12 hereby cartified that error appesrs in the ahowa?mmﬂgmud-pnt— i
. et requiring caorrection and that the said Letters Patent should read as |
l
i

odmnnﬁfﬂtnlow. . . .

olumn 4, line 41, strike out "V-B,", first occurrence;
columm 5, line 48, for "(1957)" read -- (1947) --; column 13,
line 68, after "tetracyclohexylaluminum™ insert a comma; ——
line 70, strike out "boron, lithium tetrabutadienylboron;
lithiom ethyltributyl-" and insert instead --'lithium tetra-
‘naphthylboron, lithium tetracyclohexenylboron, lithium tetra-
butadienylboron; lithium ethyltributyl- --; columm 25, line 14,

after "V-B,” insert -- VI-B, =-; column 26, line 15, -for "X (1)"
roead -- (15'—-, _ :

Siqned and _sealed this 3rd day of Septenﬁor 1963.

(SEAL)  __

Attost:

ERNEST W. SWIDER ~ DAVID L. LADD

" ing Office (kuunhﬁwuurcflhﬂuul

BNSDOCID: <U8,______ SOT14630 | »



! XP-002335285 T

1 6284 ] Organomaetailics 1988, 15, 52845288 "l}\’b
Constrained Geometry Chromium Catalysts for Olefin
Polymerization :
YunnfmgLimg,GiunP.HA.Yap,Am:%d L. Rheingold, and

o m#mm%l"!‘

Received September 9, 1956*

7
Stavane, J. Geomstry andl Other Bingls Sits
mm Puolyolefin Amh&h‘m @4 c.z.nu:.um Flewoilssn A b=poToA, ¢
ﬁ_n.lllul‘h#'ld::gn-u - ; ;l&#ﬁ).:-ﬂ?:.ﬁ-m.r-mw.l-l_
Elpevier: Amsterdam, 1 FT= o (6) Theopold, K. EL Aoc. Chene. Rus. 1008, £9, 283
McDanlal, M. P, Ads, Cokel, 23, 47. A Mayer, J. M. Multipls Bondsy:

mn
P Wihy:
1800,5,807. P.J.; Cotter, W.D; " Breskthart, M; LAJ Cham. 1
w.r.;m.n.a.au;h-ﬁ.-".a.[:.“man&gnin 118, mmm-n:.a:i.'n.;u-.nl.n.; I.an.t:'i.

80376-7355(94)00774-1 CCC: $12.00 1998 American Chamical Bocisty

&




ligand. Such interactions—ai
impartant in chromium eatalysis?

cemaful. However, when the reaction of 4 with propene
st roam temparsture was momitored by 'H NMR,
complete conversion to 2-msthyl-1-pentens was ob-
parved over the course of several hours (the praduct was
identifisd by 'H and 3C NMR). While “constrained
goametry” chromium catalysts can spparently bind and
insert o-clefing, the latiar do not compete aeffoctively
mmhmﬂmm-mw
by p-hydrogen

the synthesis (Ls. & compound . ":ll’:
fragmeniation has besn notad In 4 , and Jow lovals of
contamisants would be hard to detect in paranagnatic Cr esmpleses.

EMEDOCI: «XP______ gasnemsA_| >
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tyl-1-octene, but also 8 mixture of isomeric intarnal
hexsney. ‘Thus 4 eatalyzes the isomerisation of olafing
as wall. Finally, both the dimerigation and isomeriza-
tion were acceleratad by the addition of hydrogen (a.g.
300 Torr Hy). On the basis of thass cheervations, we
suggest that the actual catalyst may be the hydride
Cp*BINR)CrH],, small quantities of which may be
formed by f-slimination from (Cp*SINR)CrCHyCHRCH,-
SiMag, ie. the product of insertion of en olefin in the
chromium—carbon bond of 4. Indesd, prolonged expo-
sure of 4 to Hy yislded SiMs, and at lsest ona new, and
as yet unidentified, paramagnetic compound. Efforts
to characterise this species fully are under way.

The eatalytic regiospecific head-to-tail dimerisation
of olefins may have applications in organic synthesis 12
uﬂnhmhﬁlmlmbtd’luhlt-hbﬁnh
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highly disparate rates of chain growth for sthylene and
o-olafine.® Qur results militate againat a steric origin
of this selectivity; the relevant eleciranic factors may
insertion step. That chromium is capabile of copolym-
erization is damonstrated by the Phillips catalyst (in-
organic CoSiO2)? Homogensous complazes roare closely
relstad to its active site are resscnable synthetic targets
in our quest for novel chromium eatalywts.

(19) Whils, P. A.; Calslwese, J.; Theopold, K. H. Orgunometaliics,
= press.
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flupporting Information Avallables Tables giving a
sammary of the exystal strocture determinstion, positional and
thermal parametars, and bond distances and angles of 4 mmd
taxt providing synthesss and spectrancopic data for all com-
plaxes (10 pages). Ordering infhrmation s given en any
current masthend peage.
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Bis(indenyl)chromium Is a Dimer

2

Oliver Heinemann, Peter W. Jolly,* Carl Kriiger, and Glenn P. J. Verhovnik!

Max-Planch-Institut fiir Eohlenforschung, 45468 Milheim an der Rukr, Germany

Recsived October 34, 1996°

Summary: The reduction of chromium(Iil) chioride with
sodium indeny! leads initially 2o chromium (II) chlorids,
whick then gives the dimeric

compounds (indenylyCraCl
mmawmemmhm
o contain groups. 3 is catalytically activs
for the polymerization of ethylens and the Rydrogenation
of siyrene to ethylbenmne. .

‘Cr formed the subject of & short, sharp polamic conoarn-
ing the honding sitoation;3 however, the eopound was
not actually isclatad until 1978, when scientists at the
Union Carhide Corp. reportad its preperation by the
reduction of CrCl with 3 equiv of sodivm indeny¥® and
pateotad its use, supported on silica, as & catalyst for
the polymerisation of sthylana.® 'Woe have had occasion
to repeat the preparziion and repart hare the true

stracture
Inttial experiments indiested that the reaction of Cr-
(THFCl; with 1 equiv of sodium indenyl resulis solely
in the reduction of the chromium mit to CrCly. Further
reaction with sodium indenyl cecurs iIn & stopwise
manper: initislly a brown compound is farmed whosa
ic data indicate the hrmation of (indenylyCry-

spociss
having the composition (indenyl)¢Cry (3) (Schems 1).
Trestment of CrCls with 1 equiv of sodium indenyl

gave (indenyl)yCryCi (1) an black crystals' in
yieki; mp 186 *C. Trextment of CrCly with 3 equiv
sodium indenyl in the same manner as described
erystals in 50%
yiald, which
obtained in 67% yield by reacting 1 with 1 equiv of
sodigm indanyl.
Tha molecular structores of both 1 and § have besn
determined by diffraction analysie

BNSDOCID: «XP____SS3ENAA_ | >

reparted earlier? The 8C NMR spectra® suggest that
the structures of 1 and 8 in sclution and in the crystal
are similar: for example, the chservation of two sigoals
far C8/CH confirms the

Mechanistieally intersating is the chesrvation that a
tolueme sclution of (indenyi)Cry (1) is an active single-
camponent catalyst for the polymerization of ethylene
into linear polyethylene with a crystallinity of 77% at
roum tempersture; in conirast, both of the related

N Tl v PRy Wi
vosmskt T SHE Do Lafgan s o 2 1113 eard, OO0

w 0.73 ¢ &A™, Selected bond distuness (A) and
it B gl oy Loy Ly iy oy i
02 = L4110, C1-CO = l.m‘;:u-cu = 1.38809), C13—C14 =
136305 g—a—ml-l sexi, m1—:::-1—::-_- 1143, né-m-liln
ma,-lh.lg_y.cn—cltgs“'-m:n .-' W
g, Riak 8, Bl ¥ U7 v Rkt

BC NMAR mpeciron of 1 (THY-ds, 20 K} 4 S8.80/83.55 (CL/CD),
W%MIITD-MM‘. 148.30/48.

i

Gl G HM syt of 8 (THFd, 300 K3 8 $1.0 (Ch NCID
167 Ha), 108.33 %ﬂﬂ-

JICJO = 168 Ha), 126.63—180.60
1075310211
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Sabhems 1
Cr(THF),(),
Na-indexyl
mdeayl’, NaCl

firmly bondad. Styrens can ba hydrogenated into eth-
yibenasne at room temperature and 40 bar of hydrogan
in the presence of a solution of 3 in tolusns. )

Bupporting Informution Availabies Talies giving orys-
tal data and detafls of tha datn eollaction, bond distances and
angiss, atomie cosnlinates, and thermal peremsters far 1 and
3 (15 pages). Ordering information is given an =ny current
masthesd pags. :

OMPS0BSOM
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31N A9 Krwe o 502/117X  Disclosed is a catalyst system for the homopolymerizs-
o e o e i s o
4009 7/1978 Masmoto et al 502/109 X Group 6b metal o

. Thypdracarbyl compound
SW/117 i which the metal hes s oxidation stats of 43, sid
mmrx Cronp 6b metal compoond being supported oa an inor-

440419 171984 Mchunid et sl
4530914 7/1985 Ewm exal

4959217 7/1950 Strickles .

4975403 12/1990 Bwen . ganic sspport. The catalyst system may also coutsin &
5,169,813 1271992 Duawking s  Gromp 2 or Gronp 3 metal alkyl compound.

5,165,816 1371992 Dawkism /152

5,165,917 1271992 Dewkis
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1 .
sbmilar o those described in aforementioned U8, Pat.
CYCLOPENTADIENYL GROUP €8 METAL No. 4,530,914,
o-OLEFIN POLYMERIZATION CATALYSTS AND U.S. Pat. No. 4,975,403, issaed Dec. 4, 1990 to Ewen,
FROCESS FOR POLYMERIZING o-OLEFING discloses a catalyst system for me in the polymeriaation
5 of olefine. The caialysi system inciudes st losst two
This spplication s a contination-in-part of applics-  diffexent chiral, sterco-rigid metallooens caialysts of the
Ba

3/418,200 ) -

tion Ser. No. 841,673, filed Feb. 24, 1992, which formuola R*(Cs(R (where Mo is 2 Group 4b,
continnstion-in-pert of spplication Ser. No. 677,725, % or 6b metal and (Cs(R'))) i a cyclopeatadienyl or
filed Mar. 29, 1951, now both shandoned. mwwmu-m
FIELD OF THE INVENTION cnh"rmmmmm.m-

‘The present invention relates to catalyst systems for  lished Apr. 13, 1990, diaciosss a process for
izing alphs-olefins and processes for polymeriz- using a compoaite catalyst made up of a
ing alpha-clefins msing such catalysts. u#mﬂrﬁwﬂdwl“ﬁ
BACKGROUND OF THE INVENTION fiad by a trialkyialnmingm, sad an slkyislosinom elk-

chromocene chromipg 20 ™ compound and water.
%ﬂ.mﬁﬂm.wh It bas now been dscovered that when
Britiah Patent No. 1,293,063 to US P No i Gromp 6 menl composnds, in which
4,015,099, immed Mar. 29, 1977 to Karol, describes the the Grovp & metal fs in sn oxidation state of + 3, aro
we of bs(ndmmyl)- snd an sapported on inorganic metal axide or Inorganic metal

on activated inorganic oxide 2 Phcsphute supparts, high productivity
mpports sa catalysts for the polymerizstion of ymexivation catalysts are produced, and that the ue of
Recently, new synthetic methods have been do- ' SO-Cialyst impwoves the productivity of meny of
scribed for Cr+3 these
w&hmﬂm&m 30 SUMMARY OF THE INVENTION
[ ] .

tion Catalysts”, Theopold, Acc. Chem. Rex. (1990), 23, “.ﬂmmﬁmm-hu
263 entitlod Chemistry: A Ne- d""“"“ """’"":"“ ey or i~y

Oxidetion State” and Thomes et al, [ Amer.

Chemm. Soc. 113 (1991), p. 893 et seq. discloss that cer- “m‘“wmmwﬂlﬂ;

. 35 tadlenyl Group 6 metal hydrocarbyl compound
&thmg which the metal hes sn cxidation state of 43, sakl

ak
e iy Ihmm.: Group 6b metal composnd being supported on sa fnor-

ever, these homogeneom Cr (I cata- i support. .
Iysts have scveral defic I_ﬂw Jude low paly. ¢ ‘There is also provided in accordance with the present

:M.-ﬂmndunnu and : of alpha-olcfins baving 3-8 car-
fince they are homogoneous catalyss, they are nnit- :;umo:ouu - in
ahio for gas phase olafin which the metal bhas an axidstion stxto of 43, mid

are derivatives of a transition metal of 59 copolymerization of alphs-clefins having carhon
Group 4b, 5b, and 6b metals of the Feziodic Table. They ® stooms comprising polymerizing said nlplt’*ﬁn. or
e descxibed by the formwles  copolymerizing two or more alphe-olefiss in the pres-

. . system cyclopextadienyl
where 'm) # 8 cyclopentadienyl or subsiitsted  Group 6b metal kydfocarbyl compound in which the,
oyclopenindienyl, each R’ is hydrogen or  kydrocarbyl 35 metal ey sn oxidation state of 43, mid group 6 metal
radical, R” is an alkylans radicsl, a dialkyl germanimn  composnd being sspported on an inorganic support.
or silicon or en alkyl phosphine or amine radical bridg- ‘The present invention slso provides a process for the
?m@:&m%Qllwmkli homapolymesisstion or copolymerization, of alpha-ale-

& Gronp ortbmetal, saOoxrl, p » OF fins comprhing polymeriving sid ar
when pe(, sl mibé whmeb landmbs S whensis @ lymeriring mamw.u:?mq:
Q

US Pat. No. 4935217, jssoed Jul 3, 1990 to anﬂme:dmwﬁﬂnlﬂlh

clefins where the polymeriestion is conducted in the  being supported on an inoeganic support, snd s Gronp
presence of hydrogen, and a caislyst system is end @& 2 or 3 metal alkyl

which conteive siominozane and at least two matallo- In the above catalyst sysiems snd processes, chro-
cenes, each having different olefin polymerisation ter-  mium is a preferred Group 6b metal, sllics, alomisnm
mination rate constants. The metaliocenes disciosedare phosphate and aluming alwmiumm phosphate are pro-
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| . 5,418,200 ) L@

ferred supporm, and alominoxpnes and trislkylalumi.  improved esse of processing, better melt behavior, and
num compounds are preferred Group 2 or 3Imetalalkyl  other desirable properties such sy impact resistance and
ae

DETAILED DESCRIFTION OF PREFERRED vty o owr - peeliyinaken.

EMBODIMENTS resistant when made from polymer with a high MWD.

‘The present invention provides catalyst systems for  The polymers made in accordance with this invention

mhﬁnpﬂynumh(uﬂuhmdym ming alomina aluminum phosphate supported catalysts

or copolymerization) of including ethyl-  possess high moleculsr weight and a more sarTow

u.mhu. 1-butese, 1-hexene and 4-methyl-1-pen- 10 mmmmhmm-m

tion molding. Typically, the MWD for polymers made

nummumumw with ahonins alnminum phosphate supposted catalysts
the productivity of many cyciopentadienyl Group 6 is less tham 3.

ﬂmm-mmwhu- Thnﬂhlyumd'hp_lm“—

%

size and highly desirable morphology (Le., snbstsutially 25 ss s alphe-olefin Exzamples of
spherical) that is suitable for gas phase polymerizations. cyclopentadienyl inclnde pentamethyicy-
The catalysts of the present imvention allow the oee of methyicyclopentadienyl,
hydrogen during polymetizstion of polyethylens to and L, =
reduce the molecnlar welght pnd to broaden the molec-  welles where the substituent forms a multi-
ular weight distribution. In addition, the catalyst sys- 30 cyclic ring with the Examples of
tesg of this invention produce polyethylene with a  these fnclnde indeny] and
varisty of moleculsr weight distribntions, dependingon~  ringe. For the sake of simplicity, the abbreviation “Cp”
the sepport used. will be used herein to refer to unsnbatituted

A clectyon (SEM) was pro-  dienyl, sud the abbreviation “Cp*” will be used 10 refer
duced at X10.maguification of a palyethylene sample 35 to Cp* in a preferred

polymerisation

invention using Cp*Cr(CHy)x(THF) on a silioa sopport. mm&mmm-m'-
'l'h-qhhdpuﬁhdnﬂnl-w-n(dnul 45 to oue cyclopentadienyl group, at lesst one hydrocarbyl
1o in diameter) then the homogensous polymerization mhﬂdm&mlmhuﬂhﬂn.th

mq:mmmwﬁembd carbyl radicals Incinde, Hmited to, methyl,
of this invention velng on s Al- 50 ethyl, propyl, butyl, smyl, isoamyl, hexyl, neopentyl,
203:2AIFQ4 support. The particles were quite uoiform  isobutyl, heptyl, octyl, noayl, decyl, cetyl, phenyl, ben-
in size, and spherical in matore. Again, the  zyl and other shmilar groups. Additionally, arganosilyl
particle sive snd spherical nstore of thepolymer makes groups, " sch a8  wimethyhllyl methyl ie,

BNBDOGID: <US_______ S418200A1_L>
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lysts with high sctivity and stability. . inorganic metal phosphates include sleminum phos-
ﬁﬂl;lnﬂs_dh@wp:::d:pqmﬁm phate, zirconium pho magnesiom-Containing
pounds having the following general formmlm: smmpwﬂmm
G phosphates are preferred. Suitahle sllica sapports in-
s D e e 0 md
EP1 of weeful

Bce @& ore the following: Alomine shumimen phosphstes with
HCSR M)l A~ ] @ 10 aluminmm to phosphores mtios of about 51 to 1:1 as

disclosed in US. Put. Nos. 4,000,311 snd 4,219,444;
wherein M is a Group 6 metal such as chrominm, magnesis-alumine-slominum phosphatos ss desorfbed fn
molybdenywm smd tongstes: UE. Pat. No. 4,210,560 xinc cxide-cadminom oxide-

mwiﬁwﬂmﬂr“wmﬂ-ﬁ;ﬂm
l'hnuinm . :‘B:Pn.ﬂn.mm;ﬂhmm

- b L] ¥

combinations thereof); . magnesiam
amlor2,belor2 where s +b=3; | Gemeriiod in ~Tranttion Mstls and Orgaresmenilic 2
Li_ltm‘hhhﬂliunmaimm Ylmllldullcb’lwl mlﬂn'h-ﬂm

- and Metathesls - (1988,

T Ty P S .
Exzamples of compounds having Formula (T) above 30 n a

mww“ G By Y, mhu:uuhumum-u:

Cp*Cr(CHa)x(Pyr), Cp*Cr(TMSM)(Pyr),

Cp*Cr(TMSM)s, wmmm” Proparty Broad Range Prafacrad

ot m'a'cmumnmmrm im0 bt

N.!;-dlnsﬂvlllli;wl‘.ﬂil.uﬂruq!hhdw: E = ‘tﬁm

meric  Groop metal - compound the pores are macropores. It b also desicable that the
cp'ummm?dra(mmh e pum: 45 YPPort be substantially mubydrous before the Group 6
dimeric compoend, and a prefierred cationic compomnd metal compowvnd is deposited on it. Thom, it is deshsble
is [Cp"CrCHY(THF )]+ [BPh~. Especially prefecred ™ Calcine the support prior to deposition of the Group

compounds are Cp*Cr(CH)a(Pyr), Cp*Cr{CH)a(3,5 & metal

Latiine) mnd CprOr{CHA(PMesPt). The smpported cxtalysts of this lavestion are readlly
In the chaolce of Group 6b metal compound Is prepared bl

based o the thermal dmw-ﬂh” sxple, # solution of the Grosp 6 metal compoond in

ease of preparation. Of the Group 6b metsl compounds aromatic or cycioaliphatic hydroosrboms, or

vaeful in this imvention, organochromium com- cthers such ss diethyl ether or tetralrydrofiran can be

pounsds sre preferred. stirred with the support until the Group b metal oomn-

Theopold, Z Am. Chem. Soc. (158%), 110, 5502 enti- 55 Pound is adsorbed on or rescted with the suppart. The
tled “Cationic Chromiom (II) Alkyls as Olefin Foly-  amount of Grosp 6b metsl compound relative to the
merivstion Catalysts®, Theopold, dcc. Chem Rex  amount of support will vary depending
(1990), 23, 263 entitied “Organochrominn () Chemis-  Bpon sach factors es the particle size of the suppost, ins
try: A Neglected Ozidation State™, and Thomasetal, f  pore size and surface ares, the aolubllity of the Giroup
Amer. Chem. Soc, 113 (1991), p. 893 et seq. (all of which 60 6b metal compound in the solvent employed, and the
are incorporated herein by reference) describe synthe-  &mount of Group 6b metal compound which is to be
wes nefinl in making some of the Group 6b metal com-  deposited on the support. However, in genensl the
pounds of this invention Similar procedueres can be  amount of Group 6b metal compound ueed s adjusted
used to make relsted compounds. 80 that the fina]l metal content (calculsted as the ele-

In the catalyst systerms of the present invention, the ¢5 ment), relative to the support, is in the mage of fram
Group 6b metal compoend & deposited on an inorgamic about 0.01 10 about 10 weight percent. In most cases,
support. Suitable inorganic metal oxide supports in-  the most desirahle level i in the range of about 0.1 to
cinde allica, slumins, silics-alumina mixteres, thoris, about 5 weight percent.

A%
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It has been found that the activity of many of the  psig. As a general rule, & presyure of shout 20 1o shout

supported Group 6b metal compounds of this invention 800 peig s
-mmmmmwn When the catalyst is used in & slurry-type process, an
with a co-catalyst. The co-catulysts meeful  inert solvent mediom is weed. The solvent should be coe
in the practice of the present invention are Group 2end 5 whioh s inert to all other componenty snd prodocts of
Group 3 metal alkyls. As used herein, the term “Group  the reaction system, and be stable at the resction condi-
2 end Group 3 metal alkyls™ refers to compomnds con-  tions being vsed. It s not neceasary, however, that the
taining a metal from Group 2 or Gronp 3 of the Periodic  inext arganic solvent mediam alao serve &3 & solvent for
Tabie (such as Mg, Za, B, or A to which isbonded st the polymer produced. The inert crganic solvents

dialky] magnesinm, dialky] ziac, and purified kerosens snd the Hke), sturated
aluminom aficyls. Suitable aluminum afkyls incinde trisl- hydrocarbons (such ss cyclohexane, cy-
kylhlnmizoms (such ss trimethylalnmisum, triethyiain-

mbxam, adie and 13 tne and the like), sronmtic (such as ben-
Trialkytslomimms with alkyl groups of four carbonsor ~ 20¢, toluenc, xylens and the Hke), snd chiorinated
greater are preferred. Other aluminmm alkyls useful in  Iydrocarbons (sach as tetrachloroeth-
the practice of the present invention incinde alkylaiumi-  yiene, o-dichlorobemzene and the Hkx). Particolarly
nom alkoxides (such s diethylahovinem ethoxide and solvents are cyolohezane, pentmne, isopen-
ethylalsminum diethoxide), and alkylalvminmm halides 20 tne, hemmne and

(sach ss diethylaluminem chioride, diethyhalomingm _ When the catalyst is used in a gas phase process, it is

smpended in & finklized bed with, e.g., ethylene. Tem-

o, e e e e o v i s S
dibromide, ethyl aluminnm diiodide, ethyl aluminum 20 that to-maintsin acceptable fividization of the cata-
diffucide, and etiry] alumbnnm sesquichloride). 25 lyst particles snd resuitant polymer particles. Further
ituble alomi are ? descriptions of soch a fividized bed may be found in

Other those mwhﬁmﬂmm Britsh Putent No. 1,253,063, to Karspinks, which is

feobutyl and the kike) prefersbly with more than two EXAMPLES
carbon adosms, more prefambly with 3-3 carbon atons, EXAMPLE 1
and n js an integer, prefeorably from 1 to shout 20. Most
preferably, R |s en isobutyl group. Mixtures of linear SUFPORTS
and cyclic sliminozanes txy alto be uséd. Exsmmples of Silica sap were from W. R. Grace &
sluminozanes usefal in this Invention inclxis, but are  Co., snd incinded Davison 952 and Davison 953 silices.
not Emited to, ethy] aluminozane, isobuty] sluminoxane,  These silicas have the following properties:
and methyl alumincanne, hmh (also known as
described in 'Aim:'m‘o Propesty Duvieon 922
and * Polyhedron 9, p. Swrface ara M0 o, :-“I]
429 (1990), which s incorporated by referenoe herein i rridperr B gt
its entirety. diamciar
The preferred Gronp 2 and Group 3 metal alkyls sre 43
the alnminoxsnes and the trialkylahnminems,

When Grop Group 3 metal alkry's Other ailica supports were purchased from Crosfield
Mhlﬂiﬂ!lz:l‘lhlbsmﬁn;‘ Catalyats. These incloded EP-10, EP-11 snd EP-12
compound mole ratio of from sbout 1:1 to about 1000:1.  ™PPrts. Some properties of the EP-10 sopport are:
The preferred mole ratio is from sbout 10:1 to about s

— ——=&

200:1. ] Praperty Croafiskd BP-10
le_uﬂynmdlhemm:-yh e—m—— 0 o
wsed in elther alurty or gas phase polymerization pro- Pore volume 130 em’/g
mmummhmﬁm Men particls 08 miyom

meglvaticn resction s conducted by contacting the ss
mdmpwhhsuﬂyﬂemd’ﬂnm

the polymerimation resction. If desired, an organic sol- & Co. The slumina alumintm phosphate supports used

vent may be uaed as & dilent sud to facilitate materials  in the fullowing exsmples were prepared by the proce-
handiing. The polymerization reaction is carried out st 60 dure of Example 1 in U.S. Pat. No. 4,080,311, issned
temperatures of from sbhout X C. or less up to about ~ Mar. 21, 1978 10 Kehl, which patent is incorporated by
200" C. or more, depending t0 & great extent on the mmmmunmmm
operating pressure, the pressure of the eatire monomer  matio of 1:2.

ﬂnm the tempersture n?ﬁhl:: s CATALYST I’IIEPARATIONS

30" C. to about 125" C. The pressure can be any pressure In the preparation of the following catalysty, all mos-
sufficient to initiate the polymerization of the monomer mmmmmmm

EMBDOCID: «<US_______ B418200A1_|»



9 5/418,200 1
oughly dried over Na/bexzophenone or calclom hy- wmc'uumwm.mm

dride and disilled prior 1o e, . was stopped by venting the pressure. The polymer pro-
. acetome. The polymer was then dried under vacuam.
[Co*Cr(CHakh 5 The remits of this polymerkeation are indicated in Run
The organochrostinn compound [CP*Cr (CHy);;, | Tables Tend IL
was prepared by the procedure described in Theopald, COMPARATIVE EXAMPLE B
Acc. Chem. Res,, 23 (1990), p. 264. POL AN
BXAMPLE 3 10 UNSUPPORTED CATALYST AND A
SUPPORTED [Cp*Cr(CH:3:h CO-CATALYST .

The organochrominm compound [Cp*Cr(CHakh de'wwA.mlm
m;ﬂxlo—’mb}md[-dmidh pested, ezcept that 71 molsr equivalents of isobutyl
Exanple 2, was dissclved in 10 ml of peatane, giving 5 5 A[@none (IBAO) was sdded to the reaction veml
dark brown solntion to which was added Davison 952 PO 0 pressurization with etiryicne. The results of this
silica (1.00 g). The remiting mixtere was stirred for 15 polymerizstion sre indicated in Roa 2 in Tables I and IL

minxtes, giving a dark brown solid and a clesr saperna- EXAMPLE 7
tant. The resaiting solid catalyst was washed with
tane, and dried 0 & free-flowing powier. P o .  ETHYLENE POLYMERIZATION -
) EXAMPLE 4 FPolymexizstion roms were conducted in 1 or 2 Heer
antociave reactors onder particls form (slwrry) condl-
SUFPORTED Cp*Cr(CH3)x(THF) tions ming between 300 sud 500 ml heptane as diloent,

Cp*Cr(CHahh
of 25 0290 p). Rup times of 0.5 t0 1.0 hoor were oormally
;::-l ﬂllhy:mnmndﬁtdhu " Ror . s 7o, 0.100 g of the
Wmmgﬂ:' catalyst pwepared in Example 4 (Cp*Cr(CH)ATHF)
port wes added all st once to this solution, sad the adsorbed on ALO>-2AIPOY) was charged to a one-Eter

Polyiobutylsleminoxane
yieiding parple catalyst solution, prepared by slow hydrolysia of

m"mamm:j:; mium with L0 equivalents of B0 s in Exsmple 3 of
the purpie soid wes washed tmice with 0mI Gl THF 2, 0, N0 e porned by reirencs
vad dried gnder vacusm to & fiee flowing powder. o n) was added to the stirred resctor a2 co-catalyst
EXAMPLE 5 The reactor tempersture and pressove were adjosted to

(Cp*CrCHyY(THF ) +H{BPhy]~ 85" C. end 550 psi (with ethylens), respectively. The

Thin was prepared by the method de- ir. 0s

mnm:mxm Chem. Soc, 113 o rypidly cooling the reactor and venting the pressare.

- 500. Preperation No. 13, method Bwas wsed ™ The polymer produced washed with opropancl
to prepere compound nomber 14 in that paper, Le, ﬂm-ﬂtﬂ:ﬁmﬁy‘:ﬂﬂ:’!d

[Cp* G CHY(THF)}* [Bpi]—. white, granoiar solid. The results of this
EXAMPLE é T potymociuation. roos shmilar 1o thet descrbied shove
by ] )
SUFFORTED [Cp*CrCHY(THF ]HBPhy- “mwdﬂ.huﬂlﬂlnﬂ_eﬂﬁ-
+{EPh]~ (0075 g 1.1x10—4  shown in Tables I, I, snd V below. Anslytical duts for
mole) was dimcived in 30 mi of THF and treated allat  the in these rans is shown in
once with 100 g of AI203-2A1POy. The miz- Tsbies II, IV and VI below. All moleculer weights in
ture was stirred for 135 minutes remiting in & dark bine 50 these tables were determined by gel permation clro-
- solid and a clesr The solid wes washed  mmtography.
with THF, and dried to a free-flowing powder. i EXAMPLE 8
COMPARATIVE EXAMPLE A GAS PHASE POLYMERIZATION
ETHYLENE POLYMERIZATION USING AN % procedure of Exsamgle 7 ia repested
UNSUPPORTED CATALYST dhn:lmllwdduﬂn-:uhd m-m
90.]1 micromoles of + =~  described above, except that heptans is not added 1 the

temperature
Fischer-Porter bottle, and pressured to 50 psig with _ adjosted to 85° C. and 530 pal (with ethylens), respec-
mmmﬂ'mdndnﬂ'c.hﬁhu @ tively. A white, granuisr polymer is produced.
Initinlly, the ethylene apiske was rapid, but this rato

TABLRE I
POL' TA
Bom Sopporn® el Cr  Co-mtalynt Cally, i Temp. “C.  Actvity® Activieyd
] Y- 0 ] 7 [T7] 0
1 mom 01 IBAD* i 2 n )
3  Duvimn 953 Stics 23 IBAD T o 7] &40 ”
4 Davion 912 88ica s = %0 | ] 0 1]

BNGDOCID: B~ S4TERG0A1 T >



11 12
TABLE I-contirmed
POLYMERIZATION DATA FOR
R Sepport® ool Cr Co-catalyrt  ALCr? CaFi, paig  Tump. °C.  Activiy”  ActivityS
5 Duaviwa ¥ S 0 IBAO el m 0 @400 o
¢ Devison 951 Sca 770 IBAOD m M ] 50,600 M6
7 Duvio 9% Hica M0 ANCHs  THI %0 o 170 0
8§  AROLIAINOg 150 [BAO ) o 300 816
“Poumvicinad of 400° C. for 48 hows.
polymn/y C/hr
L-—i-—-a---m—m-qa-u
Jroiymuciossion perfoemad for two howrs.
%3 polymes/y .
TABLRE I 13 TABLR IV
ANALYTICAL DATA FOR POLYETHYLENEA ANALYTICAL DATA FOR FOLYETHYLENES
Mo Demity MwtXx
T :- Partioke b x Rm Soppor TaC gho -} MWD
-4 Dismetex, D W DeviceiRilm 1384 094 "N M2
Rm Swporf- 'C  goc  Migus 0-) uwp T 0 SR IRees  o0g O 52
r - oy - - T ] [T 2 DevbmSNiNa M) - . m n4
S Devioa 1N8 — (] m us 13 Devhoa®58Em I3 09 m MA
) M AlOLIAINOy 1 - ;s 26
Silics 15 AlOLIAIRO, 7 - £ ] 243
¢ Devieom 1319 052 w 1% s 215 W AROAIFG 1§ QW7 UD 274
”m 17 AROLIAIPG 1m0 oM 17 41
Siion W AlOpIAIPOs D] 0826 LIM 541
1 :ﬁ- 1383 -_ -_ ns n Auicierd of €O C. B 43 hemen,
u
Silics
8 ARO; 1m0 0837 - "y 44
TABLE V
PFOLYMERIZATION DATA FOR SUPFORTED [Cp"Criialy
Run Supporn® puel O Cocst ALCr Ciie puig Temp. °C. Asiviy? Activity’
19 Duvison 912 Slics %7 - 0 5% -8 1530 164
- 0 Devbom938ics . . MS__  — 0 . M . &S, u®o. ID
21 ALO32AIROs 913 - 0 2% ) 1500 n
Caiclanl x 400" C. Gr 48 homn, -
Siole suis. .
zm
2AIFOy TABLE VI
Aecuiclond & &7 C for 48 bomn. ANALYTICAL DATA FOR
ot e hamgasesns cxmiom I CHCh FOLYETHYLENES PREPARED
Meam
Pardals
Ta Dasbty Disseter,. Mo~
Rwm Swpon” °C. g/es  Misow X 0} MWD
¥ Devieem IR} — 910 7™ 218
m -
Silkea
TABLE Il
_POLYMFRIZATION DATA FOR SUPPORTED CpiCridey (THF)
Rem Sepport mmol Cr Cocatslyt AlCr! ChiMy, iy Tomp. °C. Activity™  Activiy?
9 Duavios 932 Sioa “M - 0 35 0 0 ]
0 Deviem 951 SHica 40 EAOD" %l 2 20 15,200 164
11 Davims 922 S 460 [BAD? el %0 " 3,000 356
12 Devius 939 Eia 40 [BAD 1 3% s 51,0 531
13  Davies 935 Siica ::.: BAO ﬂoal -= m m’
“ —-—
15 Mm mse IBAO axl 3% ™ Mo led
16 ALD)IAIFOy 184 IBAD Sl F™ ™) mom 31
17T  ALD)IAIFDy 184 IBAD Fo Y] % @ a0 1
18 ALD)IAIFOy 184 IBAD Y % s MO0 B’m
Prevsicined s 40V C. for 45 homas.
-.""".u...a"“ Cofir.
MAD « athybleuminemms.
TV e e——
A pelywmas/y camiyst/br.

ENSDOCID: «US______B418800A1_>



13 5,418,200 "

ABLE Vl-continned It s boportant to aote thet this compound B thes-
ALI-YTIXILMTAM mally tmetsbie snd decomposes ot room tempersture
POLYRTHYLENES PREPARED libersting totramethrylsfisne.
Mesn L BXAMPLE 10
. Partiole SUPPORTED Cp*Cs(TMSM):
Rxn Support” TE gic  Miomss x#’ MWD Cp*Cr(TMSM); (0.075 g) was dimalved in 10 ml of
D Deviom 106 — - (7] " pentane. ALOs2ATPO4(1.00 g) was added of] st once in
” jo themtirred solution resulting in the formetion of & perple
e 10 solid and clesr superstant after 13 mizstes. The solid
=<3 = - = = wascallected, washed twice with pentane, and dried in
kcingd m 4T C. for & bouny vacuo to a free-flowing powder.
"Denseabend by GIC.

13
m“umuﬂanl Itlu--dtnpdymuhahlnabynl;nﬂm
™ it "

thermally labile homoganeons cxtalyst. below, and smalytical data for the polysthylenss

- hm:--’--hnnwmuﬂ duced are indiceted in Tble VIII below. ~
tam of thils levention. “8 TABLE VI
Rume 4-8 show the need for & co-catalyst when using POLYMERIZATION DATA

RN R

this catiosle Cr+3 compound. The aluminozane co-

mﬂuwmmﬂnm Tl gl &0 AMCR i‘:’ Activiy® Activiy’
mmmmm’ m'mn B N o 0% 2 D
(MWD =Mo/M) erecbtained withhacatalystaystem 3¢ J6 Bao o1 o B aom X
of the preseat invention (see Table IT). The activity of ¥ 16 IMAD 21 © ® IO 400
this catalyst system was highest when the support was : :: IBAD ::: ) : : 240,000 2
Wmm"“”u B KD = 5 B e M
Looking st Tebles IIT and IV, & co-catalyst appears N DA B B R oM
hmw&hhmuﬂhlﬁm N K BAD B W W 7w M
Mhmmﬂﬂmth' g : % g l: : m :
the shonineoane wi Ionger groups (sobutyl
va. ethryl) gives higher activition. Also, tho Daviscn 935 0 3¢ 14 Two =4 m ¥ ""'_"2 e

whtich hes a substantially smafler sverage particle
ih'hﬂm:hmh‘umm 'iw-ld—-l-qrc.hnh-l.

{compare Rums 10 and 11 with Runs 12 and 13). '-—-gn-f.uu.
Table III also shows that the catalyst systems of this __ ;TA0 i hetesiolemumms.
eaceptionally well over the tempers- 4% ey st i, .
tare range of 65°-85" C. Tiapennad 0 5 polyman/y

Looking at Tables V and VI, the catslyst system of B remimiion purbrmad & 530 gl toesd prames fathylem plos iovimges).
this nvention based on [Cp*Cr(CHaah dimer ks also

mﬁnuﬂmm-ﬁwym TABLE ViIi
high molecolar weights and broad (kigh) MWD, 50 ANALYTICAL DATA FOR
EXAMPLE 9 POLYETHYLENES PREPARED WITH
—SUFFOKTED Co*Cr{TMMY; =
Cp*Cr(TMEM); Rl ToC M EL' MwPx 107 MWD
1318 g of CrC(THF)) was placed in ¢ 100 ml n 0 0 L 2m
Schleak flsck skong with s sirring ber sndabout 3060~ X% M4 0 ¢ W Ly
ml of THEF. 0.500 g of Cp*Li was added to the resnlting 2% mi - — o1 an
shory producing o bine solution (fCp*CrChh). This 2] T, 7 J— - =™ Y|
m-r-dh-ullnlirhlthulhulnun u s 0 ] - -
TS i f i @ ® s 3w m i3
solution chenged from bive to porple. g :':.: : lg :.l 3
The THF wms then removed by rotosvaparstion and -} 1ma 21 127 ey a7
the resulting solid was dimocived in pentsne yielding & M 140  Egh Nk [ ] 1030

red brown solution which was filtered to remove LICL. gg "Mek bulm (ASTM D-138, Conitdon 5)
‘The pentane was removed by rotoevaporation snd the 'llnh-__h--:h—mm_-n
solid was sedisstivid W1 & minpimom amount of pentane  Snapen ddwieied ot €00 € for 43 hows b ol ra.
and crystallived st —30° C. Yiald 50-60%.




5,418,2@
15 c..mx.ll:.‘.u Chem Soc.
EXAMPLE 12 m 9127 meu:ﬂmwsm
Cp*Cr(Pxyl)z{THF) mnol) was added alowly to s shurry of 1.00 g (2.67

wddm“lﬂdl@q—gﬁgmm)h) 5 Hnnﬂlﬂnwmdhzmrylﬂum;
Mmmmw.mmmm 2.0 nonol) was added resulting in the deposition of a
solstion was stirred for two hours. Slow addition of light bine solid. Stirring was continved for 1 hour after
tion. Solvent was subsecuently removed under vacuum 10 green=brown solution was stirred an additional 0.5 br
t0 yield a aticky purpie residne. Pentane (200 ml) was and then taken to dryness under vacuom. The dark sobid
added and stirred overnight The pentane solution "8 cstracted into penimne, filtered to remove metal
slowly became green-brown during this time. The pen-  1aiides, and taken dryness. The remaiuing solid was

tane solution was filtered to remove metal balides, oon- _ FOSXEACtE into pentane, filtered, and the solvent was -
centoated to ca. 75 ml and stoved at —40° C. overnight 13 reduced uatil microcrystals appeared. The dark brown

uhnnw.lqnu—dﬂ'ﬂ.wuidﬂmhn;nlh
e e e e ot s vao,  depositon of black crystala. The crystals were callected

affording 680 mg (29%) of dark brown materisl and dried under vacuum.
COMPARATIVE EXAMPLE 13 2 EXAMPLE 16
HOMOGENEOUS POLYMERIZATION WITH Cp*Cr(BeyD)xPyr)
Cp*Cr(Bxyla(THF) 'lhmd-md-hﬂ'uqieﬂu-

Seventy-five miligrams of Cp*Cr(CH.PhL(YHF) 0Pt that two equivalents of benrylmagnesium bromide
walled glass vemel which was stizched to a purified Iﬂﬂm.ﬂ“mmmmw
cthylens sopply. Bthrylene was sdded to S0 pai st ca. 200 10 CnsHuNCr: C77.65 H7.64; N3.12 Found:
C. A mild axctherm eosued with the genermion of 070  &77405; H,7.48; N.2.50.

§ of beige polymer after ane hour. The caialyst was EXAMPLE 17
ementislly imactive sfter one hour as evidenced by the 3p
lack of sthylens wptake. Cp*Cr(TMSM)x(Pyr)
EXAMPLE 14 ;&mﬂmm-hmHu—
NTHF) was sapported on AOy2Al-  thinm solution were added in place of methyllithiom. -
PO¢ (which had been dehrydrated at 400° C. for 48 35 Lomg, biack needles formed after cooling to, —40° C.
hours) snd osed to polymerize cthyleoe mting the proce-  overnight. These were collected snd dried to yiekl 1.30
dure described in Example 11. The resulisof thesepoly- g (55%) of pore material Amel Cale for
merization rons sre indicated in Tables IX end X below. WG&G‘I H.!.GI;N.S.I'I Fouod: C,
G236 H, 94& N, 284,
TARLEIX
%w
R pmcl Cr  Co-catlym Gy (o) Temy CC) Astivity!!  Activity's
» T IBAD %1 250 ] 444000 00
3 12 RAD %1 5% w 234,000 o
na 1 IAD 1 % 0 230,000 1900
»» 12 IBAD as:1 % w 61,000 00
] 1 IAOD 1 00 » 2346000 1990
a 1. 7 0 o L T [ - L
F"""" polymezfy Crb.
i peviprmed with Srgonsthylcas mistary (290 pal/200 pub
M g et camiyer por fzesple 13,
t— ADyIANC, dhhpiemanl s 400" C. for 48 houes.

TABLE X
ARALYTICAL DATA FOR POLYETHYLENES 3
——FREPARED WITH CprCr{Byll(THF)

Rem Tw C  Deusity M, Xx 10~} MWD

» 1337 oms |.=§ ;g
: ":‘ —_ ns 1 @ - 18
ekt by GFC. CP*Cr(CHY)DMATF)
“0uts for hamgueses puiymristior of wmepprtnd cabyst par Summple 13. This componnd was prepared as desctibed in Bxam-
ple 13 except that 105 equivalenis of N, N-dime-
RXAMPFLE 15 thiylamimopyridine (DMAP) were added instead of pyr-
. 65 idine. Large, dark wown crystals were collected and
Cp*Cx(CHa)(Pyr) dried under vacoum (710 mg, 78% yield). Anal Calc.
mmdw- the gemeral  (Fomad) for CigHyN2Cr: C, 6722 (6665 H, 920



ORI -l

EXAMPLE 19 :mﬂdwm
was pwepared as described in Exam- %
ple 15 exoopt thet 1.0 equivalent of » 1.0M solution of SUPPORTED COMPLEXES
in the THF was added in Cp*Cr(CH)x(Pyr), Cp*Cr(Bzyl)(Pyr),
phud‘lilhhm Dak Cp*Co(TMEM:(Pyr), Cp*CrMex(DMAP),

pentamethycyolopentadismide.
wrows microcrystals were cbixined in 6796 ovemll mmmwmmm

yield (483 mg). Anal. Calc. (Found) for CueiaiN2Cr:C, | | PMegPh), Cp*CrMey(3,-Lutidine), and CpCrbles(-
62.43 (52127 H, 7.88 (7.87) N, 10,40 (10.42). Pyr) were individually supported on dehydmted (400"
EXAMPLE 20 C.) sapports as in Example 10 to give catalysts with ca

1.0 wt % chromium. The sapporis used are listed in the

Cp*Cr(CH ) (PMexPh) following tables.
T o Vot ot b B 1 EXAMPLE 25

P 19 mmmi:-‘dw ‘The sspporied catalysts of Exsmple 24 were esch in
]"wmmmﬁmw turn used to0 polymerize ethylene by a similar
all yleld (530 mg). Anal. Calc. for o that described in Example 11. The results of these
C, 6758 (67.14); H, 9.07 (1.96); N, 0.0 (.12) MMIDM!IIIIIMI-
BXAMPLE 21 MM#MMW

raphy. The colooms were Polymer Late Inc. PLgel 20

This satarial was prepared sccording to Bxample 20— wm Mived-a colummns. The solvent wsed was 1,2.4-tri-

that 1.0 of sodiom 3
=F hph-::m cyclopentadienide © chigrobensene st & temperatere of 150° C.

TABLE XI

Rom # E pmol & Co-cnt % Tewp'C NCHO P Amivhy”  Activiy/

a
. _“_"mm E: IBAD" }: : Iﬂl} ] g €000 6X0

4  ANOyIAIPOg 84 THAD M 2 F ] ") 4000 2%
M AIFO, 4 A M ) %0 0 lASLOD - 0N
4% AROg 44 IRAD M ] ] 0 LEMon 17390
a7 Ay WS mAD » ®n 0 ] 47,00 TR
4 AINO, WS DIa0 B ® [ ¢ 487,000 e
® ANO, Wl IBAD B ] s v $13,000 580
0N AN MY IBAD B 0 167 n 365000 0
1 Ay WS BAD B " F ) 2 AW 0
2 AFQ XS a0 ¥ " 00 [] &5 ™0
55 AIND, nm DAD » ® F ) 0 »L111 o0
M B 167 IDAD 18 »n %0 0 410000 42
s HAGE 137 IBAD ¥ ] 50 ] 4000 5
% ERME WS WAO B ] ] o 10250 0
7 E WS IDIAD B ®n 2% 0 355,556 0
5 BN 103 D B n k- ] 0 01,558 a0
» ERMM K0S IAD » ] % Q man M0
@ Bh N L] IBAD B L] 2% 0 prrbre] 3480

ﬂ“-wchnhn-_——ﬂ“ .

#-- pelymar/y Cr/lx.

'“‘1 -
u—n--m-_ﬂungegun—"_"':weha-
=|-llrc._-u-lrchu-.

s g palyenyy cumlyw/br.
EXAMPLE 22
Cp*Cx(CHy) (3, 3-Lutidine) -
P {amin B ke 15 ot 3 ms“ TABLE XII
equivalents of 3,5-{otidine were added in place of pyri- M%‘ﬁw
:Mmﬁ(’lﬂuﬁ)mm Cpr*Cridapw) CATALYSTS OF TAJLE X
diried. Rm Dussicy
EXAMPLE 23 F TaT MF DM g/cce Me*X 0~} MWD
& & Vv o [ 05 3 FT-]
CpCxr(CHaa(pyr) o 138 0 0 as3is »m 2%
o doched iy Eumple bve o 5 3 4§ 4m  m  in
that 1.0 equivalent of sodiom s % 1% - = a90s e FTt)
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ABLE comtimned oyl chrominm hydrocarbyl compoond in which the
T X1t dnuﬂmhlnmmd+3.ﬂdm
_ ANALYTICAL DATA FOR FOLYETHYLENGS compound being ted on an § ic sapport.
—QorCrMey(pyr) CATALYSTS OF TABLEX 1Th=ﬂwm°fdmlmihmo-
Bon Domsicy 5 carbyl is sigms bonded to the chrominm.
# Ta'C MM HLMI* g/ Mw'x W-) MWD 3. The catalyst system of claim 1 wherein the chro-
& 1390 0 a a7 0 [T nﬁnmpmdl-ﬂnhmh.
4 - 0 346 - 30 &0l
» - 0 Ml -_ ™ 5 CCalR (L) o
i o™k amm  w mw
2. - o oo 2 Towes - oo
4 BT1 0 o  osm 956 a3 R 0d* [A]~ am
:‘i g.: 2 2 ona g ’7‘.’» whereln (Cs(RY) b a or substituted
- = cyclopentadicnyl
7 1IN - = 0 m 3% 13 cyelopentadienyl .
2 B3 - - 09w ™ in "  ring;
P 18T = - " T R’ & at each independent occurrence hydrogen, a
@0 1389 — - a4 oo 1351 hydrocerby] radical heving 1-20 carbon atoms, or
==mmnu—-hn n qml'mmuﬂuhmmqm
Mak Incden (ASTM D120, Comiiion rings; ;
Dewraduad by GPC. 2 X is a hydrocarbyl radical having 1-20 carbon atoms;
awm] or 2, b=l ox 2 where p4-bm3;
TABLE X1
. PFOLYMERIZATION DATA CHROMTUM
Rea# Ssppon® Cr Compound mumwmhtww
6l
o ALOLIAINGy Cp*Cr(Raya(Pyey l:-: IBAD : g g TH,000 g
ALD32AINO: CprCr(anyln(Pny ml1 IBAD 0 C. ] 0 000 0
6  AbOLIAING: CrCr (TR Py 18 IBAD M %0 0 T,000 ™
@ AOzIAIFOs Cp Cr(TMEM)(PyrY M0 IBAD 2 0 TR0 &0
66  AhOyIAIFO, CrCr{CHDMAPS [ T IBAO u 5% » 317000 M5
61 AIPOg CrCrCI(DMAPS 103 IBAD » ] » 1,90 a0
@ AIMOy CpCr{CH)DMAFS 0y IRAD » F ™) X0 -
@ AIFQy CprCr{CHAPMn P 1l IBAD N N B LIS 1310
0  AlFOy CpCr(CH PPy Y] IBAD 0 0 0 MA000 ]
T ARO CpCr(CHpy().3-ushilng) 24 IBAD n ) ® 00 3460
T AP CpCr(CH (P Ph) 103 BAD - 3% ) 434000 =
T AROg CpCr{CRI(DMAP) 08 IBAD n 230 ® Qe - MW
M AIFOy CpCr{CHIDMAT) us IBAD n n0 0 3400 (-]
7 AUL2AINGY CpCr(Clislalpyr) 19 IRAO » 50 0 194000 0
“Dalrpioned under dry argen u 4 C. for 3 I
NBAD e lscbmtyslumiscsmme, scle ratio ALCr
Frummrs In- ol
Sommieg Co/lr,
- hamyh; Pyr -
= wrimadkphliybatingd
= N.N-dmathytunincpyridine
w dimptieylphunyiphouphing
Sxpenni w § polymm/y el
TABLE XIV .
ANALYTICAL DATA FOR ce=1 or 2 with the proviso that when cr=2 then X is

alky};
Linﬁhwmldmm

Rm ‘C M® HLM Dembyghe Mwex 10-) Mwp 0 .  stabllizing Rgand;
Q@ 15 0 O oS 101 20 ma=1 to 2 inchnive; and
A — — 0520 144 LR A B e snion. .
: ::’:.: : : :.= 1.2': m 4.'Ih=hly¢mddlhlwludnﬁednu-
2 ::: - = g :.','. ”nﬂmw formmila:
0 IS — — - e 14
71T IS - - 09313 36 % S. The catalyst system of claim 4 whevein (Cs(R")s) is
s - - 08001 m et pentamethyicyclopentadienyl.
RS- - W= bt 3% @ 6 The catalyst system of claim 4 wherein X is se-
% 12 0 O 05294 o an lected from the group consisting of methyl, benxy! and
gl faxing (ASTM D-133, Condiiem B). trimethylsilyimetiryl, and L contnins oxygen or nitro-
iigh loed malt indyx (ASTM D-1138, Comfiiicn F).

7. The catalyst system of cipim 4 wherein L is tetra-
What b claimed i 6 hydroforan, pyridine, NN-dimethyleminopyridine,

1 A catalys: system for the bomopolymerizstion or  dimethyiphenyiphosphine, or 3, 5-Intidne.
copolymerization of alphs-olefins having 2-8 carbon 8. The catalyst sysiem of claim 3 wherein the chro-
stoms, said catalyst system comprising a cyclopentadie-  mium compound bas the formula:

ONGDOCI: «US______ S41EI00A1_)_>
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uyl chromiom hydrocarbyl compound in which the
KCaRIMCX, chromimn has an oxidation stare of -3, said chrominm
9. The catalyst system of claim 8 wherein (C5(R)s) is uu.a.u:;':mm' lﬁ;l::npmnd. '
Pl The oeaiyes aystem of clem § wherein X i so. ° 25 The Sutalyst system of cim 35 wherela the y-

i drocarbyl is sigma bonded o the chromtiom,
wl'llhlllhl mll! consisting of methy), benzy! and 27. The catulyst system of claim 28 wherein the chro-

Tt T, T
e e gl -~
SO RICEX L] A~ .Cp*Cx(BayDx(THF) or

hnmmmdmnmmm s Cp*Cr(CHa)aPyr)
14. The catslyst system of clsim 12 wherein X s Cp*Cr(Bxyl)x(Pyr)
selected from methyl, benzyl and Cp*Cr(CH)ADMAP)
15. The catalyst system of claim 12 wherein L con- Co*Cr(CHy)2(PMesPh)
tains oxygen or nitrogen. Cp*Cr(CH1)o(3,-utidine)
16 The catalyst system of clsim 15 whereln L s ®  CpCr(CHY):(Pyr)

17. The catalyst aysiem of claim 3 whersin the chro- __ the sopport is silica or slumine alumimnm
minm compound is selected from 3 ond the alkylshuminmm compound i an slxminczane o
a irialkylsluminom compovnd.
[Cp*Cr(CH:h 28. The catalyst sysiem of cisim 27 wherein the sp-
[Cp*Cr(THF)2CH, | +-{BPhy] - pu’t.-.l;-_-mm e
Cp*Cr(Bayl)(THF) caialyst system of clsim 28 wherein the chro-
Cp*Cr(TMSM)2 » han
mizm compound has the formola:
Cp*C(TMSMp(Pyr) (CalR )oY
Cp*Gr(Boylx(Pyr)
Cp*Cr(CHy)x(DMAF) 2 HOAR MWL, Dor
Cp*Cr(CH)a(PMacPh) — -
Cp*Cr(CHa)x(3, Hutidine) HCH RO LI [AL~ _ am
Wuum whereln (Cs(R')) s & cyclopentadicay! or substituted
cyclopentadienyl ring;
where Cp* THF s 0 R’k st each indepeadent occorvence hydrogen, a

phosphine, and Cp s vnsubstituted cyclopentadienyl. X s a hydrocmrbyl racfics! having 1-20 carbon atoms:
Il.‘rbnhb?mdﬁnl'hdnh-p-ﬁ aw] or 2, bm1 or 2 where a+-bm3; -

port i an inorpmic metal oxide or inorgenic metsl cw] or 2 with the proviso that when cwl then X & -
phosphate. ;

alkyl;
19. The catalyst systemn of cisim 18 wherein the sap- L & at esch independent ocoxrrence a sigma donor

i stabilixing Hgand;
siica, silice-alumina, alumingmn phosphate, xitcontom ¥ mw! to 2 inclusive; and
phasphate, and slomine alemizum phosphate. A s an snion,
nmmh:umdehhﬂm&nm umm:n:dﬁmsmum
port iy selected ollica, alominum phosphate miom compound formula:
slumins aluminom phospheie. .
2L The catalyst system of cleim 30 wherein the sop- 33 (CaRMCrXaL

. port s slomina shminem

phosplute.
22 The catalyst system of claim 17 wherein the sp- 3L The catalyst system of clsim 30 wheren (Cs(R)s)
port is solecied from the group copsisting of slumine, s pentamethyicyclopeniadienyl
sifica, sllics-alomina, aluminam phosphate, zirocmivm 32 The catalyst system of claim 30 wharein X &

alumine alamisem phosphste. 33. The caialyst system of claim 30 wherein L &
ummmdmnmum mlmlldhnn. pyridine, N,N-mnml-

port s almmine alomimom phosphate. dine, dimethyiphenyiphosphine, or
ﬂ.Auﬂy:mhﬁehmolymhﬁnur ummlmmddlhnwlnuhdm-

copolymesizxtion of slpba-olefins having 2-8 carbon ~ mian compovnd has the formmia:

atoms, ssid catalyst system comprising a cyclopentadie-

5
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_ [CaRMC Xl silica, siica-aluming, almminum phosphate, sirconium
phosphate, and alumina aluminem phosphate.
5. The catalyst system of claim 34 wherein (Cs(R)1) 46, The catalyst system of cisim 45 wherein the sap-
ia pentamethyicyclopentadienyl. post ls selected from silica, almminmm phosphate and
36 The catslyat system of claim 3 wherein X is 5 alumina slomimmn phosphate.
deudﬁmﬂnmcuﬂln;dﬂhyl.lnﬂyl 47. The catalyst syitem of clgin 46 wherein the sup-
snd trimethylsilyimethyl. port is alpmina alrminum phosphate.
37. The catalyst system of claim 34 wherein c=2. 4L The catalyst system of claim 25 wherein the
3% The catalyat system of claim 29 wherein the chro- o&wzuﬂw-’mﬂﬁﬁmnnm
minm
compound has the formnla: m‘mm o - e
KCaRMICXLal+ A~ aluminum compound is selected from the grovp consist-

ing of trialkylaluminum
_ 3. The catalyst system of clsim 38 wherein (Cs(R)s) slkouides, alkylaluminnm halides and aluminoxancs.

40. The catalyst system of ciaim 38 whereln X b mmlum«m
41.1'!:5‘:&1:“«!’;.“1.“ n SL The catalyst system of claim 25 wherein the chro-
txine Oxygen o nitrogen. miwn compound s selected from

ﬂmmmdMHMLu I
MMMMN.I:&?; [Cp*C(THFRCHy] +[BPh-
thylaminopyridine, dimethylphenyliphosphine, crammm
Ttidine,

43. The catalyst system of claim 29 wherein the chro- 4 m(m

mivm componnd i selected from Cp*Cr(TMEM)(Py1)

Cp*Cr(CH(THF) Cp*Cr(Bzyl)2(Pyr)

[CprCr(CHh Cp*Cr(CHI)A(DMAP)

[Cp*Cr(THF)2CHa} + [BPha] - » Cp*Cr(CH1)x(PhMesPh) )

Cp*Cr{Bayl)(THF) Cp*Cr(CHa)a(3,S-intidine -

Cp*Cr(TMSM) CpCr(CH2{Pyr)

Cp*Cr(CH):xPyr) CpCr(CHa)y(PMieaPL)

Cp*Cr(TMEM)x(Py) ) CpCr(CH3)(DMAF)

Cp*C(CHa{DMAP) L] mmhmmummd

Cp*Cr(CHY)(PMieaPh) alomive, silics, silics-alumine, ahuuinem phosphate,

Wmmm Muumz:mmmﬁ

CpCr(CHyo(PMarPt) alkylelaminum cotipound.

CpCr(CHY)(DMAP) _ 4 52 The catalyst system of clsim 51 whersin the mp-
port Is selocted from silica, aleminum phosphate and
alumina stomsinom

where Cp* b pentamethyicyclopentadienyl, THF & .

 tetrahydrofiras, P is pheayl, Beylis beazyl, TMSM ia I,:::'m“""m'”‘“““““""*““"'
trimethylailylmethyl, Pyr is pyrfbding, DMAP s NN- 5 * 54 The catalyst system of claim 81 wherein the afkyl-
dimethylaminopyridine, PMePh is dimethylphenyl- aluminmm compound is selected from the groap consist-
phosphine, and Cp is unsubstituted cyclopentadicayl ing of trhlkylaluminum compounds, alkylaiominom
44. The catalyst system of claim 25 wherein the sup-  glkoxides, alkylaluminmn halides and alominaxanes.
mhnwuﬂﬁhumnﬂ” ummq?dmumu-nm-
m&m o - the sp- nlulimm compovad is an sluminoxane or trialkylalom-
port js sclected from the group consisting of slumina, L

BMNBDOCID: <UB__.____B41800A1_ >
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CYCLOPENTADIENYL GROUP 6B METAL-ALKALU METAL ALPHA-OLEFIN
POLYMERIZATION CATALYSTS AND THEIR USE IN POLYMERIZATION PROCESSES

EIELD OF THE INVENTION

‘The present invention relstes to catalyst systems for polymerizing alpha-olefins and procosses
for polymesizing alpha-olefins using such catalysts.

ouqd..auu—

10 - ' BACKGROUND OF THE INVENTION

11 |

12  Chrominm based catalysts are used in the commescial polymerization of small alpha-olefins

13 snch as cthylene and propylene. Ono such catalyat is prepared by depositing chromooene

14 (bis(cyclopentadienyl) chromivm ()) on an inorganic metal oxide support, s disciosed in -
1S British Patent No. 1,253,063 t'oxanpnh. U.S. Patent No. 4,015,059, issued March 29,

16 1977 to Karol, describes the use of bis(indenyl) - bis(fluorenyl) - chromium (I) compounds

17 supported on activated inorpanic oxide supports as caalysts for the polymerization of

18 ethylme.

.20 Recently, new synthetic methods have been described for prepering Cr*? organomotallic

21 compounds. Theopold, I, Am. Chem, Soc. (1988), 110, 5902 eatitled “Cationic Chromium
2 (III) Alkyls as Olefin Polymerization Catalysts,® Theopold, Acc. Chem. Res, (1990), 23, 263

ENBDOCID: eWO______ GBZNIDEA1_| »
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eatitled *Organochromium (II) Chemistry: A Neglected Oxidation State® and Thomas et al.,
L_Am. Chem, Soc., (1991), 113, p- 893 et seq. disclose that certxin
pentamethylcyclopentadieny! chromiom (M) alkyls can be prepered, and that they can be
used for making polyethylene bomogeneously in CH,Cl,. However, these homogenous Cr
mm.mmmmhmdwwm,mmﬁm.
Mﬁmﬂy,ﬁm&thmsuﬂyﬂ.&eymunnﬂuﬂiﬁuwﬁhndﬁn

polymerization.

U.S. Patent No. 4,530,914, issued July 23, l9l§loﬂwul¢ll..mlanly¢|yl;n
for the polymerization of alpha-olefins which comprites two or more metallocenss, each .
having different propagation and termination rato constants, and alnminoxsne. The
metallocenes are cyclopentadieny] derivatives of a transition metal of Group 4b, 5b, and 6b
metals of the Periodic Table. They are described by the formniss (C,R’ ), R”(CsR' )MeQ;,
and R*(GR',),MeQ" where (GR',) is a cyclopentadienyl or substituted cyclopentadienyl,
uchk'hhydmgmmahydmu:bylnmn'ismdkylmnﬁadiﬂkylmminm
or silicon or an alkyl phosphine or amine radical bridging two (C,R’,) rings, Q is a
hydrocarbon radical, MR is a Group 4b, 5b, or b metal, sisOor 1, pis 0, 1, or 2; when
p=0.s=0;mis4wh=n_s_island.miﬁwhen_siso.

U.S. Patent No. 4,939,217, issued July 3, 1990 to Stricklen, also discloses a process for

polymerizing olefins where the polymerization is conducted in the presence of hydrogen, and
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-3-
a catalyst system is used which contains aluminoxane and at least two metaliocenes, each
are similar 10 those described in aforementioned U.S. Patent No. 4,530,914.

U.S. Patent No. 4,975,403, issed December 4, 1990 to Bwen, discloses a catalyst system
for use in the polymecization of clefins. The catalyst system incindes at least two different
chiral, stereo-rigid metallocene caralysts of the formulas R*(Cy(R")),MeQ, (where Ms is a
Group 4b, 5b, or 6b metal and (C4(R")) is a cyclopentadienyl or substituted cyclopentadienyl
ring) and an alomimom compound.

— Canadian Patent Application No. 2,000,567, published April 13, 1990, discloses a process
- for producing polyethylens using & composits catalyst made up of & solid catalyst component

typified by a selected chromium compound, a modified aluminum compound typified by &
trialkylakurimum, and an alkylalominnm aikoxide compound. The chromium compound may
be chromium oxide, and the modified aluminum compound may be the reaction prodact of an
organcaluminum compound and water.

Buropean Patent Application 0,509,294 A2, published on October 21, 1992, relates 10 2
cyclopentadicayl Group 6b metal hydsocarbyl compound in which the metal bas an oxidation
state of +3 and which compound is supported on an inorganic support as & catalyst for the
homopolymerization or copolymerization of alpha-olefins baviog from 2 to 8 carbon atoms.

BMEDOCID: «WOQ._______ SESI00M1_|_»
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4
The catalyst system can also countain a Group 2 or Group 3 metal-alkyl compound such as an
aluminum trialkyl. )

SUMMARY QF THE INVENTION -

mwmmmm,mumamqﬁﬁm
homopolymerization of alphs-olefins, having from 2 1o 8 carbon atoms, said catalyst system
comprising & Group 6b metal-alkali motal compound wherein sid Group 6 metal isa
cyclopentadienyl Group 6b metal triafikaryl complex amion in which the Group 6b metal has
an oxidation state +3 and wherein said complex anion is balanced by an alkali metal cation
selected from Lithium, sodium, potassium and cesivn and wherein said alkali meeal cation is,
optionally, coordinately linked o & nestral hydrocarby! based ligand containing a

heteroatom selected from oxygen, nitrogen, pbosphorus and sulphu, said Groap 6b metal-
dhhmﬂlleompmndba_ngmppomdonmmmcm y

There is also provided in accordance with the present invention, a catalyst gystem as
described above which contains in addition a Group 2 or Group 3 metal-alkyl compound.

In the above catalyst systems and processes, chromium is a preferred Group 6b metal; siliea,

" aluminum phosphate and alumina aluminum phosphate are preferred supports, and

aluminoxanes and trialkylaluminum compounds are preferred Group 2 or 3 metal-alkyl

" compounds.



WO 96/23006 PCT/US9601224

'Tho present invention prpvides catalyst systems for usc in the homopolymesization of alphs-
olefins, including ethylene, propylene, 1-butene, 1-bexene, 4-methyl-I-pentens, and 1-octene.

It bas quite surprisingly boen found that, even though the productivity of maity -—
cyclopentadienyl Group 6b metal hydrocarbyl compounds is quite low when employod as
catalysts in the homogeneous polymerization of alpha-olefins, when these compounds are
supparted on an inorganic metal oxide or inorganic phosphats solid support, their -

10  productvity increases dramatically, especially when co-catalysts are used. While the catalyst

I systems of the present invention can be used to polymerize a variety of alpha-clefins, they

12 are especially useful in the polymerization of ethylens. These catalysts produce polyethylens
I3 inhighyield. When the supports have a proper morphology, the resulting polymers have a
Q4 highly desirable morphology, i.c., substantially spherical which is especially uacful for gas

15  phase polymerization. The camlysts of the present inveation are unusoally scasitive 1 the

16  use of hydrogen during polymerization of polyethylene to reduce the molecular weight. In

17 m,ummmdmmmwyemﬁwnmd

18 molecular weight distributions, depending on the support used.

19

20 Mﬂhfm&eaﬂnmdhmﬁv&ﬂmmmmaﬂnmd
21 polymer per gram of chromium metal per hour ("g/g Cr/hr*), preferably greater than 30,000
2 g/g Cr/tr, and more preferably greater than 200,000 g/g Cr/hr.

BNEDOCID: «WO,_____ SRSS008A1_L>
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The term molecular weight distribution ("MWD®), as used herein, is the weight averago
molecular weight ("M, ") divided by the number sverage molecular welght ("M, "), Le.,
M,/M,. The polymers produced in accordance with the present invention using silica
supported catalysts bave a MWD greater than 8, preferably greater than 9, and mom
preferably greater than 12. These polymers, which have broad MWDs, have improved ease
of processing, better melt behavior, and other desirable properties such as impact resistance
and environmental stress crack resistance. Large blow molded products have superior
Processability when made with broad MWD polymers. Additioally, film is mors puncture
resistant when made from polymers with a high molecular weight and broad MWD. The
polymers made in accordance with this invention using aluminum phosphate supported
catalysts possess high molecular weight snd cither & narrow or broad MWD depending upoa
the pre-heating conditions for the aluminum phosphate. Additionally, the MWD can be
modified by the presence of hydrogen or a co-monomer.

The catalyst systems of the present invention comprise at least one cyclopentadienyl Group
6 metal-alkali metal compoimd wherein said Group 6 mel is a cyclopentadicayl Group 6b
metal trialkary! complex anion in which the Group 6b metal has an oxidation state of +3 and
wherein said complex anion is balanced by an alkall metal cation selected from lithinm,
sodium, potessium and cesium, and which is catalytically active when deposited on an

" inorganic metal oxide or inorganic metal phosphate support. Optionally, the alkali metal

cation it coordinately linked to a neutral hydrocarbyl based ligand containing a heteroatom
selected from oxygen, nitrogen, phosphorus and sulphmr.
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As used berein, the term “cyclopentadienyl® refes to unsubstituted cyclopentadienyl as well
as substituted derivatives of cyclopentadienyl in which the cyclopeatadienyl ring contains one

or more substitaents which do not intecfiere with the Group 6b metal compound’s sbility 0
function as an alpha-olefin polymerization catalyst. Examples of substituted cyclopentadienryl

include pentamethylcyclopentadisnyi, methyicyclopentadienyl, t-butylcyclopentadienyl, and
pentaphenyicyclopentadienyl, as well as compounds where the substituent forms a multi-
cyclic ting with the cyclopestadicnyl ring. Examples of thess multi-cyclic rings include
indenyl and fluorenyl rings. For the sake of simplicity, the abbreviation *Cp* will be used
herein to refer 10 unsubstituted cyclopentadienyl, and the abbreviation *Cp** will be used to
refer 0 pentamethyicyclopentadienyl. Cp* is a preferred cyclopentadienyl group as it
stabilizes the organometallic compound of this invention. -
The Group 6b metal compounds useful in the present invention include compounds wherein
the metal is chromium, molybdeoum or tungsten. Compounds in which the metal is
chromium are preferred. The Group 6b metal atom in the compound has an oxidation state
of +3.

These Group 6b methyl compounds bave, in addition to one cyclopentadienyl group, at least
one alksryl group bonded to the metal atom. Bxemplary alkaryl madicals include, but are not

" limited to, beazyl, 3-methyl beazyl and 3, S-dimethyl bearyl, and other similar groups.

Additionally, silicon can be incorporated into such group as phenyl silyl, and the like. If

" more than one alkaryl group is bonded to the metal atom, they can be independent or linked.

EMBDOCAD: «WO______ OBNI0OBA1 L »
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The alkaryl group is sigma bonded to the Group 6b metal.

The Group 6b metal, cyclopentadienyl-alkaryl groups form a complex anion which is
balanced in charge by an alkali metal cation selected from the group consisting of lithium,

Examples of the Group 6b metal compounds useful in this invention include, but are not-
limited to, compounds having the following general formula:

[A]* - [Ql. (CR)IMX)Y

wherein M is a Group 6b metal such as chrominm, molybdenum snd tngsten:
(Cs(R")s) is a cyclopentadienyl or substituted cyclopentadienyl ring;

R’ is at each independent accurrence hydrogen, a hydrocarbyl radical having 1-20 carbon

atoms, or adjacent R’ groups may together form one or more rings;

X is an alkaryl radical having 7-20 carbon atoms;

a=] or 2, b=1, 2 or 3 where a+bm=4; A is a-cation selected from the group consisting of
lithium, sodium, potassium and cesium; Q is at each independent occurrence a neutral



WO 96723006 rcrmmnu f'l?‘

. o
hydrocarby! besed ligand containing & heterotom selectsd from the group conslsting of |
oxygen, nitrogen, phosphorus and sulfler and coordinately linked o the alkal metal cation
andcis0, 1, 2 or 3. Preferably the Group 6b motal compounds useful in this inveation
have the genera! formula: |

xl —_—
[A1*-{QL [(C/R)) - Cr - c%:mn.r -
y

b -

wherein Cr is chromium; (Cs(R'),) Is a cyclopentadienyl or substituted cyclopentadienyl ring;
R’ at each independent occurrence is hydrogen, a hydrocarbyl nadical having from 1-20
carbon atoms, or adjacent R’ groups may together form one ar more rings; x‘uﬂ.y'uuthe

pua - - [,
(7] { ] e

14  same or different and are selected from hydrogen or hydrocarbyl radicals having from 1-6

15 - carbon atoms; pheayl” is phenyl or a substituted phenyl ring where the substituents at each

‘ independent occurrence can be hydrogen or a hydrocarbyl radical having from 1-6 carbon

17 atoms; A is an alkali metal cation selected from lithium, sodium, potassiom or cesium; Q is
18  at each independent occusence a neutral hydrocarbyl based ligand containing & heteroasom
19 selected from the group consisting of axygen, nitrogen, phosphorus and sulphur and

20 coordinately linked to the alkali metal cation; and ¢ is 0 to 3 inclusive.

22  As used herein, term "hydrocarbyl® refers to the alkyl, alkenyl, aryl, aralkyl and alkaryl

2 radicals and the like. Exemplary hydrocarbyl radicals include, but are not limited to,

24 metl;yl. etl;yl, propyl, butyl, amyl, iscamyl, hexyl, neopentyl, isobutyl, heptyl, octyl, noayl,
25  decyl, cetyl, phenyl, benzyl and other similar groups. Additionally, organosilyl-groups, such

ENBDOCTD: <WO______OB3I00BA1_) >
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as trimethylsilyl methyl, ie., (CHy),SiCH, , and the like can be used. If mare than one
hydrocarbyl group is bonded to the metal atom, they can be indepeadent or linked, i.o., they
can form a 3, 4-, 5-, 6-, ar 7-membered metallocycle. Preferably, the hydrocarbyl group s
sigma boaded to the Group 6b metal. '

In part, the choice of Group 6b metal compound is based on the thermal stability of the
compound and itz case of preparation. Of the Group 6b compounds useful in this invention,
the organochromium compounds are preferred.

Theopold, L. Am. Chem. Sac. (1988), 110, 5902 eatitied "Cationic Chromium () Alkyls as .
Olcfin Polymerization Catalysts,” Thoopold, Acg. Chem, Res. (1990), 23, 263 eatitled-
-W—&mcmw:anwmm,-mwan.m
Chem. Soc,, 113 (1991), p. 893 et seq. (all of which are incorporated herein by reference)
describe syntheses useful in making some of the Group 6b metal compounds where the
Group 6b metal is in the +3 oxidation stits. Anyone with ordinary siill in the art, knowing
the above references and reading the working examples below, would know bow to prepare
the Group 6b metal-aliali metal compound(s) which when deposited on a support form the
catalysts of this invention. For example, beazyl lithium can be used — as shown in Example
2 below — to make a compound catalyst precursor of this invention.

In the catalyst systems of the present inveation, the Group 6b metal compound is deposited
on an inorganic support. Suitable inorganic metal oxide supports include silica, alumina
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1 silicx-alumine mixtures, thoris, zirconis, magnosinm oxide aud shuiiar oxides. Suitable
2 inorganic metal phosphates includo alminum phowpbats, ziroosium phosphate, magneskm-
3 coonining alumina phosphats, silica alnminum phosphats, silics alumina-aluminam

C 4 phosphate, and aluming aluminum phosphate. Silicas, aluminum phosphates and alumine
‘. aluminum phosphates are preforred. mmwmmmm.m
6 955, Crosfield EP-10 and Crosfield EP17MS. - Further cxamplos of useful supports are the
7  following: alumine alominum phosphates with aluminem to phosphorus ratios of about 5:1
§ 1o 1:1 as disclosed in the U.S. Patents Nos. 4,080,311 and 4,219,444; magnesia-alumina-
9  alumimm phosphates as described in U.S. Pateat No. 4,210,560; zinc oxido-cadmium cxide-
10 MhdmimmMMMummhuU.S.PmNmﬂm,m;ud-
1l the calcium, barium, and/or strontiom axide-4humine-alumimun phosphates described i U.S.
12 Patents Nos. 4,382,877 and 4,382,878, The acidity of thess supparts can be adjustod by
13 judicious inclusion of basic metals such as alkali and alkaline carth metals (Ca, Be, Mg, K,
' Li) to counteract excessive acidity. Other useful supports include maguesium halides,

15 particularly maguesium chloride, such as those described in “Transition Metals and

16 Organomenllics as Catalysts for Olefin Polymerization” (1988, Springer-Veriag) edited by
17  W.Kaminsky and H. Sinn and *Transition Metal Catalyzed Polymerizations-Ziegler-Natta
18 and Metthesis Polymerizations® (1988, Cambridge Univeasity Press) edited by R. Quirk.

19 -

20  ‘The sppons useful in this invention should have a bigh surface ares. In general, thess

21 supports should have the characteristics Hsted in the following table:

BNSDOCTD: 4WO______ DEFIO0EAY | »
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1 Loty Bmad Range. Preferred Range:
Surface 25-600 m?/g 100-370 m'/g
Fore volume 0.25-4 cm’/g 0.7-3 cm¥/g

Mean particls 30-200 microns 60-140 microns
diamegar .

N A VA W N

Preferably, the pore size distribution is broad, with a significant percentage of the pores in
the macropore mange (> 500 Angstroms). Preferably, at least S50% of the pores are
9 macropores, It is also desirable that the support be substantially ankydrous before the Group

10 6b metal compound is deposited on it. Thus, it is desirable to ‘calcine the support prior to
11 deposition of the Group 6b metal compound. |

12

13 The supported catalysts of this invention are readily prepared by techniques well known in
14 the art. For example, a solution of the Group 6b metal alkali metal compound in aliphatic,
13 aromatic or cycloaliphatic hydrocarbons, or ethers such as diethyl ether or tetrahydrofuran
16 can be stirred with the support until the Group 6b metal alkali metal compound is adsorbed
17 on or reacted with the support. The amount of Group 6b metal aliali metal compound

18 relative to the amount of support will vary considerably depending upon such factors as the
19 particle size of the support, its pore size and surface arca, the solubility of the Group 6b
20 metal compound in the solvent employed, and the amount of Group 6b metal compound
21 which is to be deposited on the support. However, in general the amouat of Group 6b metal
2 MMWuMi;Mjwwmmmﬂmmlm(MWnu
px) elanem).:ﬂlﬁvetothewppon,isinlhenngeoffmabouto.mmabwtlﬂy_eight

BNSDOCK: «WD__  SASI00BA1 | >
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percent. In most cases, the most desirable level is in the moge of about 0.1 to about §

weight percent.

Preferably the supported Groop 6b metal compounds of this inveation are employed in
conjunction with a co-catalyst in arder to obtain incroased activity. Tho co-catalysts usefil in
the practics of the prescat invention aro Group 2 &nd Group 3 metal alkyls, As used hersin,
the teom "Group 2 and Group 3 metal alkyls® refees t0 compounds containing a meta! from
Group 2 or Group 3 of the Perodic Tabls (sach as Mg, Za, B, o Al) to which is bonded at
least one alkyl group, prefomhly & C; to C, alkyl group. Suitable Group 2 and Group 3
metal alkyls include dialkyl magnesinm, dislkyl zinc, trialkyiboranes, and aluminum alkyls.
Suitable aluminum alkyls inchude trialkylaluminms (such as trimethylalunrinom,
tricthylaluminum, trfisobutylaluminem and trioctylaluminem). Trlalkylalumirams with alkyl
groups of four carbons or greater are profirred. Other aluminum alkyls useful in the
mdbmmmﬂnﬁa&yﬂmmmﬂhudmm
ethoxide and ethylaluminum diethoxide), and alkylahmuinum halides (such as
diethylahminum chloride, dinthylainmimm bromide, diethylaluminum lodide,
dicthylahminum fivoride, cthyl alumizm dichloride, ethyl alzmizum dibromide, etkyl
alominum dilodide, edryl aluminum difinorids, and ethyl alumimm sesquichloride).

mmmmhmmm,ﬁhdhgmwbyum
formula (R-Al-0), for the cyclic form and R(R-Al-0),.-AlIR,; for the linear form. In these
formulas, R is, at each independont occurrence, an alkyl group (such as methyl, butyl,

ENFDOCID: WO_____SEEIN0RAT | >
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1 isobutyl and the ke) preforably with more than two carbon stoms, more preferably with 3-5
carbon atoms, and n is an integer, prefombly from 1 to about 20. Most preferably, R is an
_ isobutyl group, Mixtures of linear and cyclic aluminoxanes may also be used. Examples of .

W W

alominoranes useful in this invention incinde, but are not limited to, ethyl alminoxane,
isobuty! ahrminoxane, and methy! aluminoxane. Aluminoxanes (also known as
'ﬂm‘)nhbhforunhdﬁsﬁwmﬂmmdmﬁbedhhm.

7 “Almoxanes: Synthesis, Suucq:m. Complexes and Reactions,* WS?. p. 429
8  (1990), which is incorporated by reference herein in its entirety.

S W a

10  The preferred Group 2 and Group 3 metal alkyls are the alnminoxanes and the

11  trialkylalvminums. '

12

13  When used, the Group 2 and Group 3 metal alkyls are used in a Group 2 or 3 metal alkyl to
14 Gmpﬂ:mﬁloumpmnﬂmolemioofﬁmmi:lwaml.ooo:l. The preferred
15  mole mtio is from about 10:1 to about 200:1.

17 The catalyst systems of the present invention may be used in either solution, shurry or gas
18 phase polymerization processes. Aﬂenhecnnlymhlvebemfom_ed,mepolymulnﬁm
19 tucﬁwismuuedbyoo;uﬁngthemmerchuzewhhlmlyﬁcmdth
20 . catalyst at a temperature and at a pressure sufficient to initiate the polymerization reaction.
21 If desired, an organic solvent may be used as a diluent and to facilitate materials handling.

2 The polymerization reaction is carried out at temperatures of from about 30°C or less up to

e W L] anmnnRAl | »
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1 about 200°C or more, depending 10 & great extent on the operating pressure, the pressure of
the entire monomer charge, the particniar catalyst being used, and its concemtration.
Freferably, the tempezatare is from sbout 30°C o about 125°C. The pressure can be any
pressuse sufficient to initists the polymerization of the monomer cherge, and can be from
atmospheric up (o about 1,000 paig. As a general rule, & pressure of about 20 o about 800
ﬁ.nmu. c-

B s W N

8 When the catalyst is used in a slurry-typo process, an inert dilnent medium is used. ‘l‘ln

9 diluent should be one which is inext to all other components and products of the reaction

10 system, and be stable at the reaction conditions being used. It is not necessary, however,

11 that the inert organic diluent medium also serve as a solvent for the polymer produced. The

12 "~ inent organic dilvents which may be used incinde saturated aliphatic hydrocarbons (such as

13 hexane, heptane, pentane, isobutane, isopentane, isooctane, purified kerosene and the hke), _

saturated cycloaliphatic hydmcarbons (such as cyclohexane, cyclopentane,

15 dimethylcyclopentane, methylcyclopentans and the like), aromatic hydrocarbons (such as

16 M.M.WMMMMJ.MWM(ﬁHM.
- 17 md:lmuuhylue.WMthﬁh). Particularly preferred dilnents are

18 cyclohexane, pentane, isopentane, isobutane, hextno and heptane.

19 |

20 When the catalyst is used in a gas phbase process, it is suspended in a flvidized bod with,

21 e.g., ethylene. Temperature,’ pressure and ethylene flow rates are adjusted so as to maintain

22 acceptable fluidization of the camalyst particies and resultant polymer particles. Further

BNEDOCHY «WO.__ SOI0DAA1_|_»
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descriptions of such a fluidized bed may be found in British Patent No. 1,253,063, to

Karapinks, which is incorporated by reference herein.

The following cxamples are inteaded to further illustrate the present invention:

EXAMPLE 1
SUPPORTS

The AIPO, support was purchased from Graco-Davison. The silica support was an EP-10
purchased from Crosfield Catalysts. Some properties of the EP-10 support are:

~Dpeny Croafield BEP-10
T Sufsccars 320 m¥g
Pore volume 1.80 em’/g - .
Mean particle 105 microns
diameter
CATALYST FREPARATIONS

In the preparation of the following catalysts, all manipulations were performed under argon
using glove box or Schlenk techniques. All solvents were thoroughly dried over
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Na/benzophenone or calciom hydride and distilled prior to use.

aato(llT) was formed by reacting
CICI(THF), (1.845 g, 4.92 mmol) with Cp'Li (0.700 g, 4.92 mmol)in the THF overnight.
The THF was then removed In vacuo and the solid residue redissolved in 30 m! of tolusne.
To this solution 28.4 ml (3.00 eq.) of BryILi (0.52 M in Bt,0) was added dropwise. Within
10  minntes the color of the solution changed to bright purple. After stirring for 45 miontes the
11 solvent was evaporated under vacuum. The residual solid was extracted with toloene.

12  Crysallization from & mixture of pentans and toluens at ~40°C gave purple crystals of

13 Li*[Cp'Cr(Bxyl),] in 63% yield.

w oo hl.“& L' L I ]

IS  X-nay diffraction indicates that the most umsual feature of the structure is the position of the
16  lithhum ssom, which is sequesterod by the benzyl groups and thereby forced into closs

17  proximity to the transition metal (Cr-Li:2.54A%). ‘The lithim atom is bonded equally to all
18 three benzyl groups in an allylic fashion.

i9

21

BNEDOCTY «WO.____SEEI008A1_)>
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mj
SUPPORTED [L1]* [Cp'Cr(Bzyl),)

The organochromium compound [Li]* [Cp'Cr(BzyD,J" (0.042 g, 7.81 x 10° male), prepared
as described in Exampls 2, was dissolved in 20 ml of benzene, giving a purpis solution to
which was added 0.5 g of the AIPO,. The resmiting mixture was stirred for § nximutes,
giving a purple colored solid and a clear supernatant. '!‘Ilelunlmlnlldanlynm
washed with benzene and pentans, and dried to a free-flowing powder.

EXAMPLE 4
[Li(TMEDA),] [Cp’Cr(Bzyl),]

The catalyst for this example was prepared as follows:

Stir CrCl,(THF), (1.501 g, 3.98 mmol) and Cp'Li (0.568 g, 4.00 mmol) together in 50 mi of
THF for one hour. 6.0 ml (3.00 eq.) of BzyIMgCl (2.05 M in THF, 12.30 mmol) was
added dropwise to this biue solution. 1.4-dicxane (3 ml) was added after an boar nd the
aoluumwuﬂlowedtomforuaddmomlhour Tlnpluplenll.l&llmﬁhﬂadlﬂlS
mlof'lMEDAaddadmn. ‘This solution was allowed to stir for an additional hour. After
mmngaﬂwhﬂuﬂumduemummdymhalurmddmd..&udemz.wg

(85 %).
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1 EXAMPILE S

2 SUPPORTED [LTMEDA)]* [Cp°Cr(BzyD,I

4  Bis(tetrametiylethylenediamine) lithinm (x*-pentamethylcyclopentadienyl) tris(boazyl)

5 - chromate () (0.086 g, 11.2 x 10° mals) was dissolved in 20 ml of berzens and treated all
at once with 0.5 g of Crosfield EP-10 silica. The resulting mixtures was stirred-for 1S

7  minutes resulting in a very dark purple colored solid and a clear supematant. The solid was

8  washed with benzene and pentane, and dried 1o a free-flowing powder.

10 COMPARATIVE EXAMPLE A
11 ETHYLENE POLYMERIZATION USING AN UNSUPPORTED CATALYST

G

0.112 mmol of the catalyst from Examplc 2 above were dissolved in 50 ml of haptane in a
‘ 250 ml Fisher-Forter bottle, and pressured to 50 psig with ethylens. The reactor was stirred
1S  at 25°C for 2.6 hours. Initially, the ethylene uptake was rapid, but this rate decreased
16 rapidly over the first half hour. The reaction was stopped by venting the pressure. The
17  polymer produced was washed with isopropancl and then with acetone. The polymer was
18 then dried under vacoum. The results of this polymerization are indicated in Run 1 in Table
19  Ibelow.

21

BNBDOCID: <WO_______ GB29008A 11>
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COMPARATIVE EXAMPLE B
ETHYLENB-BUTENB-1 COPOLYMERIZATION USING AN UNSUFPORTEHD
CATALYST

a-

CmpuﬁvohmpbAqumq:!Omldhmlh?ﬂnldbmm
added to the reactor which was stirred for 4 hours. The results are shown as Run 2 in Table

I below.

EXAMPLE 6
ETHYLENE POLYMERIZATION USING A SUPPORTED CATALYST

Polymerization runs were conducted in two-liter autoclave reactors under particle form
(slurry) conditions using 300 ml heptane as diluent, and & weighed amount of catalyst
(typically 0.050 t0 0.250 g). Run times of 0.5 to 1.0 hour were normally employed. For
example, in & typical run, 0.050 g of the catalyst prepared in Example 3, Le., |
(Li)*(Cp°Cr(Bzyl),” adsorbed on AIPO,, was charged to a two-liter stirred autoclave along
with 300 ml of heptane and 0.3 ml of a 1.0 M heptane solution of isobutylalumincxane
purchased from AKZO. The reactor temperature and pressure were adjusted to 80°C and
Zmpliz(withahylme).lupaqiv;alyequin_nnn6whaeapuﬁll.pmofzolﬁgof
hydrogen was used. The ethylene was supplied on demand from s pressurized reservoir.
After 1.0 bour, the reaction was stopped by deactivating the stirrer and venting the pressure.
The polymer produced was washed with isopropanol and acetone, and dried under vacoum to
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yield 140 g of white, granular solid. The resilts of these polymerizations are indicated in
Rans 3, 4, 5, and 6 in Table I balow.

It is to be noted that the AIPO, support used In Roas 3, 4, 5, and 6 was heat treated st =~
temperature of 600°C (Run 3) for 16 hours or at 400°C for 16 hours for Runs 4, 5 and 6.

In addition in Run §, 30 ml of butene-1 were added to the reactor to determine if a co-
polymesization product could be obtained.

Referring to Table I, it can bs seen that the polymerization using the homogensous chromium
compound has extremely low activity (Runs 1 and 2).

In contrast, Runs 3 and 4 show an approximately 5,000-fold improvement in activity using a
supported catalyst system of this inveation.

i———

A comparison of Rums 2 and § shows that while some butene-1 was co-polymerized with
ethylene using the unsupported catalyst, no butene was incorporated, surprisingly, into the
product using the supported catalyx systems of this inveativn. Tt also sppears the butene is 3
moleculsr weight control agent and has an effect on MWD.

Additionally, higher molecular weight products are obtained with the catalyat system of the
present ihvention compared to products obtained using an unsupported catalyst in a

BNSDOCTY: <WO______ BIKIN0BAT_|»
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homogenoous type polymerization reaction. Compare the results in Run 1 in Tuble I below
(2 homogeneous operation) where the malecular weight of the prodact was 171,100 e the
mmmsmnyu:mmmwmynmdﬁmuﬁuwm
the molecular weight of the prodact is 1,408,000,

A comparison of Runs 3 and 6 shows the sensitivity of the catalysts of this invention o
hydrogen. The molecular weight goes from 1,408,000 (Run 3) without hydrogen to 166,500
(Run 6) with & partial pressure of hydrogen of 20 psig. '

‘The procedure of Example 6 was repeated except using the supported catalyst of Example §
above. The results are shown in Table IT below.

Refuﬁngwmnbebw.i;mbemMSanmm.Le..ML 8.ln'd9. In
each run the silica support was dehydrated at a temperature of 600°C for 16 hours. In each
case, a co-catalyst (IBAO) was used and ia Run 8, 20 psig of hydrogen was employed. In
Rnn9.40mlofhm—lmaddedmde&mineifco—polymel:inﬁonwouldmr.

Referring to Table II, it is again scen that the catalyst systems of this invention appear to be
unsuitable for the co-polymerization of ethylene with other alpha-olefing (compare Runs 7
and 9). In Rua 9, 0 % SCB (Side Chain Branching) was observed when butene was added to

the reactor.
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SR rcrumeome V.

1 A comparison of Runs 7 and 8 shows that the catalyst systoms of this invention are

2 pﬁnhﬂymiﬁnwunmdwwmmwmd&l
product. Thus, in Run 7, (without the presence of hydrogen), the molscular weight of the
mmm.zoo. whereas with a partial pressure of hydrogen (Run 8) the molecolar
weight of the product was 116,300, '

The applicant’s invention is not to be limited by the examples shown above, but oaly by the
clxims get forth below. B

© o v Bu s
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TABLE 1

POLYMERIZATION DATA FOR Li* [Cp"Cr(BzyD),J

28%

s MOL Ceo- CH, Co- Temp,
RUN | Support® Cr Catalyst | AICY” | pig | Memomer ] °C Activity’ | Aectivity’ mMw MWD' | scp*
l None 128 None 50 0 23 49 034 171,100 954 o
2 None 128 None 50 24 ml 25 5 056 20,440 s 1237
Clm
3 AlPO, IBAO 13 200 [} 80 301,000 2800 1,408,000 261
4 AIPO, IBAO 29 200 0 80 397,436 3720 e o
5 AlPO, IBAO 29 200 30m 80 188,034 1760 742,900 1929
Cle=
6 AIPO, 9 1BAO 29 180 0 0 a88,462 2700 166,500 10.36 (]
* Precalcined at 400°C for Runs 4, S and 6 and 600°C for Rua 3
* Mole Ratio 'T
* g Polymer per g Cr per hour
§ Polymer pee g catalyst per bour

MW = Weight Aversge Molecular Weight

SCB = Ethyl Side Chain Branching/1000C

Malhliters of Butene-1
IBAO = |

sobutylalngunoxans
1 20 pelg of hydrogen also employed

| MWD m M, + M, = Weight Average Molecular Weight + Number Averags Molecular Weight

S00CT96 OM.

-'z-
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TABLE O
POLYMERIZATION DATA FOR [LTMEDA)]* [Cr'Cr(Bzyl),]

239_

nmm'amcgmnceﬁiuécr?mwwwmxr
1 éP-lo 112 IBAC 29 200 0 [} 20 137,362 1600 “‘o.” 14.84 [ ]
] EP-10 12 RAO 29 180 0 0 0 46,360 540 "Go.ﬂ " 0
9 EP-10 12 1BAO 29 200 0 ﬂc". f %0 42,583 496 3”:“ 14.88 ]

Precaleined at 600°C for Rung 7, 8 sndd 9
Mole Ratlo

g Polymer per g Cr per hour

§ Polymer per g eatalyst per hour

MW = Waight Average Molecalar Weight

MWD = M, + M, = Weight Average Molecular Weight + Number Averngs Molecular Weight

SCB = Ethyl Side Chain Branching/1000C
Mitfiliters of Butene-}
IBAO = Isobutylaiuminoxane
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PROPOSHD CLAIMS FOR CASE T-5105:

I

A catalyst system for the homopolymerization of alpba-olefins having from 2-8 carbon
m,ﬂuﬂwqmm-m&m@w

" wharein said Group 6b metal is & cyclopentadieny! Growp 6b metal trialkaryl complex

anion in which the Group 6b metal has an oxidation state +3 and wherein ssid
complex anion is balanced by an alkali metal cation selocted from lithium, sodhum,
potassium and cesium and wherein said aliali metal cation s, optionally, coordinately
mmamhmmmmmam;mmm'
oxygen, nitrogen, phosphorus and sulphur, said Group Gb-alkali metal compound
being supported on an inorganic suppart. ' '

A catalyst system for the homopolymerization of aipha-clefing baving from 2-8 carbon
atoms, said catalyst system comprising a Group 6b metal-alkali metal compound
wherein said Group 6b metal is a cyclopentadienyl Group 6b metal trialkaryl complex
anion in which the Group 6b metal has an oxidation stats +3 and wherein sid
mple;mionishnhmdbymﬂhﬁmeulaﬁmsdmdﬁﬁ:.liﬁum.mm,
poﬂssiumandcaiumnidGmpr—nlhﬁmﬂlmpmndheinngm

The catalyst system of claim 2 wherein the Group 6b metal is chromium.

The catalyst system of claim 1 wherein the Group 6b alkali metal compound has the
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wherein M is 2 Group 6b metal such as chrominm, molybdennm and tungsten;
(C5(R"),) 1s 2 cyclopentadienyl or substimted cyciopentadionyl ring; R’ is at éath
independent occurronce hydrogen, a hydrocarbyl madical having from 1-20 carbon
stoms, or adjacent R’ groups may together form one or more rings; X is an alkaryl
ndinlhnvingﬁnm%!ﬂmbmm;nhlcz:bl'snhquﬁm 1-3
inclusive; and a+b is 4; A is an alkali meotal cation selected from lithiom, sodiom,
potassinm or cesium; Q is at each occurrence a neutral hydrocarbyl based ligand
containing a heteroatom selected from the group consisting of oxygen, nitrogen,
phosphorus and suipiur and coordinately linked 1o the alkali metal cation and ¢ is 0-3
—  inclusive.

S.  The canlyst system of claim 4 wherein M is chromium; C(R"); is
pentamethyicyclopentadienyl and ¢ is zevo.

6. The catalyst system of claim 5§ wherain A is lithium and X is beazyl

7. The canlyst system of claim 2 wherein tho support is an inorganic metal oxide or

8.  The canlyst system of claim 7 wherein the support is selected from the group

BNEDOCIO: «WO,_____ BEODSAT ) »
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consisting of silica and aluminum phosphate.

A canalyst system for the homopolymerization of alphe-olefins having from 2-8 carbon
atoms, said catalyst systess comprising a Group 6b metal-alkali metal compound
wherein said Group 6b metal is a cyclopentadienyl Group 6b metal trialkary! complex
anion in which the Group 6b metal has an oxidation state +3 and wherein sid
complex anion is balanced by an alkali metal cation selected from lithium, sodivm,
potassivm and cesium and wherein said aliali meal cation is coordinately linked to a
neutral bydrocarbyl based ligand containing a heteroatom selected from oxygen,
nitrogen, phosphorus and sulphur, said Group 6b-alkali metal compound being
supported on an inorganic support.

'f‘heculynsymofchlm9whuﬁn6m6bmenlischmium.

The canalyst system of claim 4 wherein ¢ is 1, 2, or 3.

The catalyst system of chim 11 wherein C4(R’), is pentamethyicyclopentadienyl
and M is chromium.

The canalyst system of claim 12 wherein A is lithium and X is benzyl.

The catalyst system of claim 10 wherein the support is an inorganic metal oxide
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15. The caralyst system of claim 14 wherein the suppont is selected from silica and
' alomimum phosplate.

16. A camlyst system for the homopolymerization of alpha-clefins having from 2-8
carbon atoms, said catalyst system comprising a Group 6b metal-alkati metal
mpmdwhﬂainnidﬂﬁupﬁbmﬂlhlmm&ml
trialkaryl complex anion in which the Group Gb metal bas an cxidation state +3
and wherein said-complex anicn is batancod by an alkali metal cation salected
from lithium, sodium and ceshun and whersin sid alkali metal cation i,
optiowally, coordinately Hinked 0 a noutral hydocarbyl based lignd contining a
mmrmmmmmm.amm
mewgw@mmm.m.mmp
2 or 3 metal alkyl compound.

17. A catalyst system for the homopolymerization of alpha-olefuns baving from 2-8

" carbon atoms, said catalyst system comprising 8 Group 6b metal-alkali metal
compound wherein 1aid Group 6b metal is a cyclopentadieay] Group 6b metal
trialkaryl complex anion in which the Group 6b metal has an oxidation state +3
and wherein said complex anion is balanced by an alkali metal cation selected
from lithium, sodium and cesium said Group 6b-alkali metal compound being

BNEDOCK: WO SON300BA1_|_»
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21.

-30-
supported on an inorganic support, and a Group 2 or 3 metal alkyl compound,

The camalyst system of claim 17 wherein the Group 6b metal is chromium.

The catalyst system of claim 16 wherein the Group 6b allali metal compound has
the-formula: C-

[A)* - [QL [(Cs®)IMXT
wherein M is a Group 6b metal such as chromium molybdesum and tungsten;
(C4(R")y) 1s a cyclopentadieny] or substituted cyclopentadiany] ring; R' is at each
independent occurrence hydrogen, a hydrocarbyl radical having from 1-20 caxbon
atoms, or adjacent R’ groups may together form one or more rings; X is an aliaryl
mdical having from 7-20 carbon atoms; ais 1 or 2; bis 1, 2, or 3; and a+b is 4; A
nnmmmmmm.m.mummhu
each independent occurrence a neutral hydrocarbyl based ligand containing a "
mmmrmmgmpmmdummm;m'
sulphur and coordinately linked to the alkali metal cation; and ¢ is 0-3 inclusive.
The catalyst system of claim 19 wherein M is chromium; Cs(R'), is
peatametbylcyclopentadienyl and ¢ is zefo.

The catalyst system of claim 20 wherein A is lithium and X is benzyl.
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27.
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31-
A catalyst system for the homopolymerization of alphs-olefins having from 2-8
carbon atoms, said catalyst system comprising a Group 6b metal-aliali metal
muwudnnumdmnmmm'&m
trialicaryl complex amion in which the Group 6b metal has an oxidation state +3
and wherein said complex anioa is balanced by an alkali metal cation selected
from lithinm, sodium, potassium and cesium and wherein said alkali metal cation
is coordinately linked to a neutral hydrocarbyl based ligand containinga
heteroatom selected from oxygen, nitrogen, phospharus and sulphur, said Group
6b-aliali metal compound being supported on an inorganic support, and a Group
2 or 3 metal alkyi compound.

mmwsymdchhﬂwhuﬁnmeﬁmpﬂ:whm -
The catalyst system of claim 23 whereinc is 1, 2 or 3.

The catalyst system of claim 24 whersin M is chrominm; C,R’), is
pentamethylcyciopentadieny] and c is 2.

The catalyst system of claim 25 wherein A is Lithium; X is benzyl and the support
is selected from silica and aluminum phosphbate,

The catalyst system of claim 16 wherein the Group 2 metal alkyl compound is an

DECATRRAT | »
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alkyl aluminum compound.,
28. The catalyst system of claim 27 wherein the alkyl aluminum compound is selected

29.

3l.

ﬁmtbmmﬁﬁngduﬂkyhhmimmpaﬂ.ll_kylm
alkoxides, alkyl alominum halides and aluminoxanes,

The catalyst system of claim l1wln:dnm0m2mmlalkylmpomdilm
alkyl aluminum compound.

The catilyst system of claim 29 wherein the alkyl aluminum compound is an
aluminoxane or trialkylaluminum compound.

Theuulyusyuemotfchhn4whueinthe6mup6b—nlhlimuﬂcompoundm
the formula:
xl

|
[A]* - [QL[(Cs(R')J-Cr—(f-PhﬂlYl'hT

—il—

wherein Cr is chromium; (Cs(R")s) is a cyclopentadieny] or substituted

cyclopentadienyl ring; R" at each independent occurrence is hydrogen,-a hydrocarbyl
radical having from 1-20 carbon atoms, or adjacent R’ groups may together form one
or more rings; x' and y' are the same or different and are selected from hydrogen or

hydrocarbyl radicals having from 1-6 carbon atoms; phenyl’ is pheayl or a



32.

33.

4.

36.

37.

-33-
mmﬁphylmwmmmumm“mb

hy&ogumahﬂmﬁylndialhmﬁml-ﬁmmAhnM
metal cation selected from lithiom, sodism, potassiom or cesinm; Q is at each
Mm.mm@mmmam
selectad from the group consisting of dxygen, nitrogen, phosphorus and salpbur and
coordinately linked to the alkali metal cation; and ¢ is 0-3 incinsive. |

The catalyst system of claim 31 wherein C5(R"); is pentamethylcyclopagtadienryl

and ¢ is zero,

The catalyst system of claim 32 wherein x' and y' are hydrogen and phenyl” is
phenyl. - '

The catalyst system of claim 33 wherein A is lithium.

The catalyst system of claim 34 whezein the support is an inorganic metal oxide
or an inorganic metal phosphate. '

The camlyst system of claim 35 wherein the suppont is selocted from silica and
aluminum phosphate. '

The catalyst system of claim 36 wherein C4(R"), is pentamethylcyclopentadienyl

BNBOOCK: «WO___ SEEN0BA1_I >
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andcisl, 2, or 3.

38, The catalyst system of claim 37 wharein x* and y* are hydrogen; pheayl" is
-pheayl; A is lithivm and wherein the sapport is an inorganic metal oxide or an -
inorganic metal phosphate.

39. 'The catalyst system of claim 38 wherein the support is selocted from silica and
aluminpm phosphate,

40. The canlyst system of claim 31 which contains in addition a group 2 or 3 mesal

_alkyl compound.

4l. The catalyst system of claim 40 wherein C4(R'), is pentamethylcyclopentadienyl

m:lcisn;m.

42, The catalyst system of claim 41 whueinx'andy'mhydiogu:phmyl'h |
pheayl; A is lithium and wherein the support is an inorganic metal oxide or an

inorganic metal phosphate.

- 43. The catalyst system of claim 42 wherein the suppon is selected from silica and

sluminum phosphate.



41.

PCT/USS601224 | 2 ?

. -5-
The catalyst system of claim 41 wherein the Group 2 or 3 metal alkyl compound
is an alkyl aluminum compound,

. The catalyst system of claim 44 wherein the alkyl ahuminnm compound is an

alnmincoane or trialkylalominem compound.

A process for the polymerization of alphs-olefing having from 2-8 carbon atoms

III [] I I- ﬂlll Iﬂ I -I - I- Il
conditions in the contact presence of a catalyst systom acconding to any of claims
1to 45. -

A process according to claim 46 wherein the alpha-olefin is ethylene.

ENBOOCI: WO Sasmooeit_f_»
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POLYMERIZATION CATALYST AND FROCESS

BACKGROUND OF THE INVENTION

[0081] This invention relates to modificd supported chro-
[0002] It further ralatcs to & method of making ethylege
polymars and copolymers.

(0083] Supported chrominm axide catalyst systems have
becn weed for many yoars in the polymerization of olafins.
Eihylene can be polymecized by contacting the maoomer
with a aflics-supported chromium oxide catalyst systems,
the reaction being carried out in an inert Hquid & tempers-
tures below 110" C. for producing solid polymer snepended
in the Mguid or at emperatures sbove 110° C. fior solution

izstion. The properties of the resulting polymer
depend upon & mmber of factors, inchuding the type of
catalyst sysiem employed and its activation lemperature, the
rosction pressure, snd the reaction temperatare. It i goner-

ally known that titanium can be added.to the supported -

clyominm oxide caialyst systems 10 produce a polymer
baving an increased melt index and a broader molecular
weight distribution. It is also genenally known that centain
substances called promotess or adjuvanis can be used in
combination with chrominm oxide catalyst systems to
modify the propertios of the polymer.

_ [0004] The use of chrominm catalyst systems with cortain
. mMyn.Mnbhu?p

[e00S] MMM:EIMMM
resin is the swell propertios of the resin. Two kinds of swell

il-nl*hlmbmlhllndothrm&-
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[6006] Diameter, or dis, swell mfies ®© bow much »

pariaon flarcs out as it is extruded from the die. For example,

.mmw.m&duu)m

diameter ¢an yield a parison tobe of 1.5 inches in dismoster;

the dic sweull is said 1o be 50%. Die swell is siguificant
because mokds usually are designed fior & certain amount of
flare; 100 mmch die swell can interfere with molding of »
bortle handle. A high degree of weight swell Gfien catmes
high die swell became of the maxrow dis gep. Unformmkely,
& naTow gap also increases the resistance o flow.

‘l‘lnl,undlmm.lphnﬂwﬁldlhmdly
‘processable also should exbibit low dis swell

[0007] Attempts bave been mads to obtain sthrylene poly-
(MWD) and consequent improrred: eovironmentsl stress
crack registsnce imparted by argascborad promotems and
litanis-containing catalyst systoms. Ons of the most provs-
fent problema associated with such sttenpte is an incresse of
the amount of swell extsibited bry the rosin as it axit the dis.
Swall can be docreased by raising the activation tempersinre
of the catalyst system, however, this also can roduce: the
polymer ESCR. Swell also can be decrossed by lowering the
malt index (M), bul this gensrally males the rosin more
difficult to process, as meagured by output rate and melt
fracture. Swell aleo can bo decreased by adding more
chromiom 10 the caialyst system, but this tends to impert a
dirty color to the fina] polymer prodect. Thes, it has boen
difficult to produce a resin that maintaine good wwell and
processing characteristics, high ESCR, sad & low volatiles

SUMMARY OF THE INVENTION
£0808] 1t is an object of this invention % provide s process

by which high density ethylens polymess and copolymers
mhmﬁmﬂhmnhﬂmuﬂ_m

e propared in high yield.

[0009). It is a further objoct of the iovention 1o mimimize
the prodnction of oligomers and low. molecular weight

[o910] Iluth:ﬂ-obpudh-mvuhmbm
hmdduwﬂlulwuﬂﬂmllmbylh
msin during molding.

[0011] It is a further object of this invention o provide a
bhwmdﬂquymwﬁdlm—ﬂinhbhw
malding macirine.

[Illl!] Inmdmnwiﬂ:mmd.thlwm-

nmqunm'nhm

hhp—udmmm mm ‘
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DETAILED DESCRIPTION OF THE
INVENTION

[0013] The silica containing substrates, or supports, used
in the invention catelyst systems are silica o7 silics-slumine
gola Such gels conventionally are propared by mixing an
acid such s sulfuric ackl with an aqueows solvtion of an
allali motal silicste such a8 sodinm silicat o produce an
aquoous gel, or bydrogel. The silicate prefirably is added to
the acid, and the reaction mixtre is sirongly agitated. The

" mizing temperature can renge from sbout 1° C. to about 43°

C. The resalting hydrogel is approximately 3 to about 12
weight percent SiO, and has a'pH in & moge of about 3 o
about 9. The hydrogel is aged at & temperuture of about 18°
C. 10 98° C. for a suilable time, gonerally more than ono

" bowur. Silica gels often have a minor portion, generatly not

cxecoeding 20 weight percent, of alnmina or other metal
oxtides, an the sopport of the iovention inclndes compaosite
and like substances.

[6014] As used in this disclosare, the wrm “support™ refiers
to & carrier for another catalytic component. However, by no
means, is & support nocessarily an inert mawerial; it is
possible that 3 support ¢sa contribute 1o catalytic activity
and selectivity. '

[6015] The bydrogel then is washed with water and either
an ammomimn salt solotion or a dilute acid to redocs the
alkali metal conmnt of the hydrogel 10 less than about 0.1
weight porcont. The snunanium salt solution is preferably
one such e ammoniom pitrate or an ammoninm salt of an
m:ﬂwh:hwln-mubqumnhnm

[e0146] Water in the bydrogel .can be removed by any
conventional method, such s, foo example, by spry drying,
vacnum oven drying, or air oven.drying i temperatures
above 100" C. i ibe lrydrogel is dried by heating, it is not
pocessary o add an agent to the gel 1o prevent shrinkags of
the pomrs.

[6017] The support must comprise titsmiam. Titanation of
the silics can be effocted vaing & varicty of methods’ The
titanated catalyst systemns rust comprise no mare than sbout
3 weight porcont Hianinm, based on the weight of the
catalyst systom (not inclading the evganoboron component),
after cacining. All or part of the titanium can be supplied by
coprecipiiation of silics snd titania. Io the coprecipitation
method, a Hitsnium compound, mnch as, for exampls, a
titandom halide, nitrate, sulfate, oxalate, or alkyl titapate, cap
bo incorporated with the acid or the silicate in an amount
such that the amowit of tinniom present s tinninm dioxide
in the final calcined catalyst system is leas than sbout 3
weight percent. The' amount of titaninm i the calcined
catalyst system genenully will be sbout 0.5 weight percont to
about 3.0 wuight percent, preferably within a rangs of about
0.5 1 sbout 2.6 weight percent. Most proferably, the amount
of titapinm in the catalyst system suppoxt-is witlin a range
of 08 © 1.5 weight percent. The coprocipitation of titagia
with silica is disclosed in US. Pat. No. 3,887,494, the
disclosure of wiich is bereby incorporated by reference.

[0018] Titapation of the catalyst systsm support alterma-
tively can be effected by imprognation of the hydrogel or

'b°\
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ponent’ of the catalyst system. For example, an aqueous
salution of 3 hydrolysis-resistant titanivm compovnd can b
mpundmlilnllydtqchlﬂdmdbymnl
tochnicues.

[e01%] ﬂmninofﬂnﬂhmdnunhm
plished by adding a titanjum compound to the silica xerogel,
usually with heat 10 vaporite the solvent and canse tilaninm
o bo doposited on the support.

[0820] Pusticularly advantageous catalyst systemns usefol
in this inveation are aflica-titsniss cyoated by twice aging, as
diaclosed in U.S. Put. No. 4,981,831, the disclosure of which
1 beveby inocorporated by reference.

{9021] Ths cixomivm component of the catalyst system
comprises about 05% to aboul 4% weight percemt chro-
minm, preforably sbout 0.8 0 sbowt 2.0 weight percent,
based on the waight of the calcined catalyst system and most .

preferably between 0.8 and 1.5% weight percont. The chio-  *
minm componeat can be coprecipitated with the silica or the
sllica-tilanis or added by mems of an nonaqoeotus solotion
of a chromium compound such a3 tertiary butyl chromate 1o
the xerogel, bul preferably it is introdeced by incorporating
an aquecus solution of s water soluble chrominm compound
jnto the hydrogel afier washing the hydrogel to remove
chrominm acotate, chromivm nitte, chrominm sulfate,
chromium trioxide, ammonivm chromate or any other chro-
minm camponnd which can be cogverted 1o chrominm oxide
by calcination with at loast pact of the chrominm being
coaveried o the bexavalent state. As.used herein, the term
“chromium oxide”, as usod 10 deacribe the chrominm com-
pouond present in the catalyst system afier calcining, incindes
fixed surface chromates formed by the reaction of chyomium
oxide andsilice, as discussed in Hogan, J. Poly. Scl. A-1, 8,
2637-2652 (1970). The chromimn compound csi. be
employed in any amovnt 50 as W0 provido the desired weight
percent chrominm in the final catalyst system. .

[0022] Tho catalyst system can be activated by calcining at
& tamperature within the renge of sbout 530° C. to about

650" C. in a dry stmosphere containing oxygen, esnally dry -~

air, for & time of sbout 10 mioutes %o 20 bours or longer.
Activation can follow titanation of the catalyst system in the
activator, ss described shove, by baating the fluidived cats-
lyst system sample ¢o about 3 16* C., substimting dry air for
the temperatnre to at loast about 400° C., and calcining the
Suidized catalyst syster at this elovated temporature forsny
approprisio activation time. Following activation, the cata-
lyuqmmbe-mdhldly.mmmm-mﬂ

[oaz3] Qﬂumdﬁhm&m:oqml
reduction step using carbon monoxide or other reducing
treatments. In fact, such reduction treatments can be detri-
ments] to this invention because they can namow the
molecular weight distribution and lowor the density of the

- resin beyond that which is desirabls for blow malding.

[0424] The resnlisnl chromiom on silica-titania catalyst -
systom musi be of a certain porosity. The pore volume of the
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resultant catalyst system preferably is within & rangs of
abomt 0.6 to sbout 1.4 milliliters per gram and prefarably
within a mnge of about 0.7 to about 1.3 milliliters per gpram.
Most prefierably, for best catalyst systom activity snd most
imyroved polymer product properties, the pore volume of
the catalyst system is within s mnge of 0.8 10 1. 1 milliliters

per gram. Higher pore volumes tond o give higher swell in
llnnﬁ.udhwmwlumuhﬁoylbauﬁvilyoﬂh
catalyst sysiom.

[IﬂS] 'lbmlmuuullhnanlyllymmh
within a range of about 100 m*/gram to about 500 m?/gram,
preferably within a range of sbowt 200 m*/gram to about 400
m?/gram. Mast preforably, the surface area of the catalyst
lmhhﬂamylmmuhﬂmh-
ax palymer processing properties is within 4 rangs of 300
n’mn-tonn'm

[0026] The resuitant pore diameter is important bocaues it

can affect the amount of swell in the resin. As wsed bere, the -

pore diameter is calculated by the equation: Pore diametars

4(Pore Vohume)(Surface Ares). The pore diameter mmat be

from about 50 angstroms (A) to abont 150 A, prefersbly

-rmw£ﬂ14o&nummlyumm
and 120

[on27] mmwumm
the silics-titania chrownium oxide catalyst systems of the
jovention can be sxpressed ss BR,, wherein sach R is
- sslacted indspendently from hydrogen, alkyl, cycloalky] and
aryl, at Joast cue R in each compound being & hydrocaibon
radical baving from 1 10 12 carbon atoms, with the total
unhdwhnlmnmwmuﬂhww—

pounds sch as diborans which can form an

organobaron
in-sitn, on contact with the olefln monome(s),

componnd
hmmmpuﬂymphud
hmtdllmnm’hhllﬂy

[0828] The amount of boron compound used is generally
within a rangs of sbout 0.1 to about 10 weight percent, based
on the weight of the calcined catalysi system fod to the
polymerization resctor. In a continmous particle form pro-
cems wiing & loop reactos, for example, il is conveniont to
introdnes the organoboron compound as 8 scpanto stream
into the reactor, sither continuously or in pulses, s’ dilute
solution in an inert hydrocarbon, e.g., 0.1 weight percont in
isobutene. The concentration of the organnboron compound
wﬂnhw:npmptmﬂlm(m)hﬂuﬁl

process vsing & Joop reacior. Preferably it should be from 03
ppen 1o 1.5 ppm, and most preferably it should be from 08
pr 10 1.3 ppen, Higher levels of the boron compound can
greosmuie more volatile components, and lower amounts do
oot give sfficiently high ESCR.

P A0
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Reaclants

[0029]) Polymers produced in accordance with the process
of this invention are bomopolymers of ethylons and copoly-
mezs of ethylens and bigher alpha-olsfin comonomens. Pref-
erably, the ethylene concentrstion in the polymerization-
reacior is within & range of from abont 2 weight percent to
about 20 weight perceat, based on the total Bquid content of
the reactor. Most preferably, the ethrylens concentration in
the polymesization reactor i within a range of from sbout 4
1o about 15 weight percent. Mossured 1o another manmer,

,cihylene concentratinn in the polymerization reactor flash

pnwﬁnnwdhﬂnzwwum
12 weight percant. Most preferubly, the ethylsns concentra-
tion in the polymcrization reactor flash gas is within a moge
of from sbout 3.0 about 8 weight parcent. Ethylene con-
ceniration in the resctor can significantly affiect the molecu-
lar weigit of the resuliant polymer and aleo catalyst syssem -

[o038) Alpha-clefin comonomess uwsed- in the present
jovention must bo sclected from the growp consistiog of
1-butens, 1-hexene, and mixtures theveof in order o prodnce
a copolymer with desirable properties as well a5 case of neo -
in a loop/slnmry polymerixation maction procass. The most
preferred comonomer is 1-hexens to prodece & copolymer
with the bost product propecties. If & comonomer is pressat
during polymerizalion, the comonomer concentration fn the
polymerization reactor is within 2 range of from about 0.1 o
abomt 10 weight percent. Most prefershly, comonomsr is
present within a range of sbout 02 to about 2 weight
percont, :

Polymecisation P

- [eas1) hlymhmdﬂ-ohhmu(l)nﬂh
loop/shurry

curied out under polymerimation conditions
wherein the temperature is bept below the temperatars at
wall known in the art and are disclosed, for instance, i
Norwood, U.S. FaL. No. 3,248,179, the disclosure of which
is berein incorporated by reference. A light dileept, loop
polymerization process is much mors prefisrved than a stirred
tank reactor becanse a stired tank camot coniain isobmans,
M-mbmﬁud&mnﬁr
high deasity polyethylens polymer prodnct grades. A loop
reactor also has an advantage in that isnbutsne dilnent can be
sity of soparating polymer product from solvent. Addition-
ally, the greater boat transfpr mxrface of a loop mackor offors
omch more versatility for plant operation, and ofien less
polymer swelling during polymeriztion.

[0032] Polymerization reaction tempersture in the reactor,
wmumﬁubhm-c&luﬂ
s dopendsut on the type of catalyst system employed.
Polymerismation moaction temperstums musi be
within & rangs of about 200° K to sbout 230° F. (93" C. o
110° C.), preferably within a range of sbowt 210° F., 1o about
225° F. (99* C. 10 107° C.). Most pyeferably, the reaction
zono {s within a range of 210" F. to 220" F. (99"
C. to 104* C). Too high of & reactor imppsrature can
produce a polymer with too low of a molecular weight; or
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oven 1o 4 fouled reacior. Too low of & reactor temperatere

can make the polymerization process inoperable becauss a
lower reactor teroperature can be difficolt 10 maintain dus to
the szothermic polymerization reaction, flashing off reactor
diluent can be difficali, end can produce & polymer with a

Products
- [0083] Polymess produced in accordance with this inven-

(HLMI) usnally is within a range of about 5 g/10 mins to
about 25 g/10 mine, preferably within a range of about §
$/10 mins 10 about 20 g/10 minstes. Most preferably, the

HIMI of the polymer product is within a ange of 10 g/10 -

mins 1 16 g/10 mins. The HIMI/MI ratio of polymemns
produced in accordince with this invention is relstively igh
ldmﬂylwhhnnnqnoflbmtlwhlbmtm

preferably within a mange of sbout 140 10 about 230; most
_ mmm:-m-whhnlmdlﬂh

[mq These polymers slso heve a broad nﬂmhr
weight distribotion s evidemeed by M_/M,. Usually the
M_/M, ntio is within a rnge of about 15 to about 30,
within & range of sbout 15 0 sbout 26. host
" preforably the M/M, ratio is within a range of 18 1 23,
These polymers alno have a very narrow density range,
usually within & range of sbout 0.950 g/cc to about 0.960
. Preferably the density is within & renge of about 0.952
g/ce to sbout 0.958 g/ce and most prefirsbly the donsity is
mlllnnrwufmymbo.ﬂs'lﬁ:. :

[0085) Folymers produced in accondagee with this inven-

i1

(8836] Polymems of this inveotion also have excelent
procesging charsctevistics, as indicated by a high shear rate
at the onset of malt fractnre. The shoar rate at cnsot of malt
. fracture is at loast about 2000 sec_,, preferably greater than
sbout 2100 ssc™, and most preferably groater than 2200
woc™", Polymars of this invention alao bave high output rates

380%, preforably ieas than about 350%, and most prefersbly
lams than 330%.

2R
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[0038] Polymers of this invention aleo are characterized as
baving a low volatile contont, or smoke coment. This means
that they should contain loss thap 2% of their weight
weight. Prefambly, these polymens comprise loss than about
1.6 weight % below 1000 MW, and most prefersbly thees
polymers comprise less than 1.4% matarial below 1000 in
than sbout 0.7% xylens solubies, prafiarably loss than sbout
0.65%, and most preferably lem than 0.5 % xyleos solubles.
[0039] The fallowing examples are provided to further
amsist & pormon skilled in the art with understanting ‘the
invention. The particular reactants, conditions, and other
varizhles aro intended to be geoenlly illostrative of thess
mventions and are not meant to be constrasd to the undaly
limiting the reasonsble scope of the frvention.

. EXAMPLE
[0040) Catalym systams usad for the production of the

inveative rosine, Runs 17-22, was a low porosity Crjsilice- -

titania commercially available from WR. Gace Company
as 965 Sylopore®. It contained 2.5 weight percent titsniem
o8 tiunia and originally 1.0 weight poroent chwosminm,
Sylopore® has s pore volume of shout 1.0 ce/g and & sxface
arca of vsually sbout 380 m?/g. Sipecific mossaroments may -
be shown in the Tables that foflow. In some Rung, both
foventive Rugs and cootrol Runs, extna chvominm was
added through impregnation of a 0.5% methanol solution of
dnunimnimn.n:ﬂnhdhlb'hbh.

[o041] Gnimlmmn:bﬁmumlohﬂyp-
of commercikl catalyst systenm commercially availsble
from WR. Grace. The catalysl 969 MS (sometimes also
referred 10 a8 1%Cr on Grade 952 gilics), weed for Runs -
1-10, had » powe volnms of shout 1.6 cofg and & surface area
around 300 o’y

[o042) muwnﬂmlmmﬁm
WR. Gmace, having the properties listed in the Thbles.
[0043] Ruos 12-14, were mads by o catalyst system
described as chrominm on HPVEA sitica. ‘This ailica ajso
was made by WR. Grace anxd had a serface aroa of abont 580
m2/g and a pore volume of sbom 2.2 civg.

[0044] Another silica smpport usod in Ruos 15 and 16,

labeled HPV, had & pare volnme of 2.5 oy and .2 swriace
arsa of 300 /g,

[0045] Some polymers, or resins, wore mads from 564
Magnapore®, Runs 23-34, and 963 | Rums
35-48, and which contzined 1.0, 2.0 or 3.0 weight peroent
chrominm on a high porosity silics-titania and either 2.5 or
5.0 weight percent titaninm, as indiceted. 964

has a pore volumes of 2.3 cc/g snd & surface area of 540 m/g.
mwu-mwmdudgua
surface area of 520 m*/g.

[0046] The catalyst system used in Runs 49-61 was similer
to 963 Magnapore®, but had cnly ome (1) weight perceat
titanis in the support.

[0047] Another catalyst system was used in Runs 62-64
and was propared by W.R. Gracse by depositing alumino-
phosphats (F/Al moler ratio of 0.6) into the pores of ailica.
This material had 2 pore volums of 1.3 oo/ md a muface
area of 250 m?fg.
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[e048] E:hybmpnlymnmpqmdumgﬁ-un-
lyst systoms in & contimsous particle form process (aho
known as a.slury loop process) by contacting a catalyst
sysiam with a othylens and 1-hexenc. The medinm (dilnent)
and temperature thus were sslocted such that the copolymer
was produced as solid particles and fs recovered in that form.
Ethrylene that had been dried over activaied alumina was
used as the monomer

. [0049] The reacior wes & liquid full 152 cm diameler pipe
loop having a volume of 23 gallons (87 liters). Liquid
iscbuians, degassed by fractionation and dried over alunina,
was usod as the dilneqt, and Gocasionally some hydrogen
was added to regulate the molecular weight of the polymer
product. The reactor pressure was about 3.8 MPa (about 580
psi). The reactor iemperature was varied over the range of
180° F. to 230" F. (82° C. 10 110° C.), as indiicated in the
Tables below. The reactor was operaked to have a residence
time of 1.25 bours. Catalyst systemn was sdded through a
0.35 cc circnlating ball-check feoder. At steady siate condi-
tions, the sobutane feed rate wes about 45 liters per hou, the
¢thylene feed rate was sbowt 30 Tha/hr, and the 1-hexene faed
rate was varied o control the density of the palymer product.,
Catalyst systam concentrations in the reactor can be such
that the catalyst systam content ranges from 0.001 fo about
1 weight percent, basad on (he weight of the reactor eon-
tents. Polymer was removed from the roactor af a rate of
about 25 Ibs per hour snd recovered in a flesh chamber A
Valcan dryer was used o dry the polymer under nitrogen at
nbu:lﬁﬂ'c‘.mlhulllw'c

[0050] - WMMnﬂﬂM
boron (TEB) sometimes wero added, as indicated in the
Table below. To provent static buildup in the reactor, & small
amount (<5 ppm of dilueat) of s commercial antistatic agent
sold a8 Stadis 450 was vsnally added.

[0851] Deasity (g/ml)x ASTM D 1505-68 and ASTM D
1928, Condition C. Determined on a compression mokded
sample, cooled at sbout 15 C. per minute, and conditioned
a1 roam tempersture for about 40 hous.

[0052] High Load Mokt Index 0 min) ASTM
mmnw.:mcm.n.m
goam weight.

[lll!!] Molecular Weight Distribution M_/M,: Moleculsr

and molecular waight distributions wene obtained
using & Waters 150 CV gel permeation chromatograph with
trichlorobenzene (TCB) as the solvent, with a flow rate of 1
mL/minuie af a empersture of 140 C. BHT (2,6-di-tert-
butyl4-methylphenol) ot a concentration of 1.0 gl was
usod a8 a stabilizer in the TCB. An injection volume of 220
L was vsed with & nominal polymer concentration of 0.3 g/l
(at room texmyperaturo). Dissolution of the sample in stabi-
lizod TCB was carried out by heating at 160-170 C. for 20
‘Watkers HT-&E columns (7.8x300 mm). The columns were
calibrated with & broad linsar polyethylene standard (Phil-
lips Marlex® BHB 5008) for which the molscular weight
had besn determined. As a measure of volatile oligomeric
components, or smoke, the amount of material found in the
range of molecnlar weights from 100 to 1000 are listed in the
tabic balow.

g
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[6054] Xylons solubles (%) ASTM D5494-94, A mea-
surement of the amount of low molecular weight oligomers
and thms, of the potential of the resin o smoke during
processing. .

[0055] A "CQuantachrome Aniosorb-6 Nitrogen Pore Size
Distribution Instrument” was wed 1o determined the sucface
area anxd pare volume of the seppoxts. This instrement was
acquired from the Quantachrome Corporation, Syomsset, N.Y.

[003§] Polymer resins obtained by this invention are use-
ful for blow molding spplications. In theso examples blow
mokding evalnations were conducted by blowing & one
gallon (105.04+0.5 gm) bottls on & Unlloy 2016 single bead
blow molding machine using a 2.5 inch diameter die, 20
blow time, 0,10 soocnd blow delay, 0.75 second pre-blow
delzy and & 45° F. mold tempersturs. A reciprocsting screw
spoed of 45 rpm was used, providing parison extrosion at
shoar rates greater than 10,000/ec™ through the dis. :
[0057] Three messurements of polymer processsbility
during blow molding were determined in the following three
teata:

[0058] 1-Mimute Output. Deacribes the speed at which one
part of the blow malding operation was accomplished. For
this test, the extruder on the blow molding machine was sct
at 45.7pm and it was allowed to extrude resin for one full
mizmts at the same dis gap used 1o make the desired bottles.,
After 1 mionke, the test was stopped and extruded polymer
was weighed 10 determins the 1-mioute output valne. This
value provides sa indication of the rate of extrusion of the
polymer during the blow molding opsmtion.

{0055] Processing Rating: A subjective rating given by the
machine operator based on thelr wnbissed observations
during the test. Bach resin was given a rating of from 1
5, with 5 being the worts and 1 being the best. The operator

undudll:hl‘lﬂulnhdp—m.mmeyda
time, pinch-off, and difficvitics trimnring.

[006U] Shear Ratc at Mok Fracture. Tlnuntdmll
fracture of each resin was evalusied cn the same Uniloy
madlmudmhrwhummbymﬂndn
gap aod extroding the resin. Sheoar raie was increased
sisadily by increasing the screw ypro. Oneet of melt fractere
was the rpm at which the parison showed visible signs of
mohﬁnr.hu.n:lluuhlklhnwuadw
rippled sorface.

[0061] Percent Weight Swelk: Measures the amount’ the
molien resin expands inmmedistely as the resin exits the dis.
Percent weight swell is a measure of the "memory” of
polymer chains as ths chains seek to relax and reform the
criginal polymer shaps. Weight swell is imporiant becanse it
measures how tighily the die gap xmat be adjusted 10 provide
a constant bottle weight. if a resin has high weight swell, the
die gap required will be tighter 0 make the proper part
mh-mhuh-n-wﬂlhmnihwhm
swall is defined as the ratio of the dis gap to the final bottle
wall thickoess.

[0062] Diameter Swell (Dic Swell): The ratio of the pari-
son diameler to the dis diameter.
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Example 1

in sccondance with the sbove procedures. Infonmation shouy

[0063] A total of 64 polymers wore produced for this tem
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TABLE 2
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[0067] Ry studying the deta in Tables 1-3,-it can be seen
that ESCR is improved by high levels of TEB and Ti, which
unfortunatkely also yiekds high volatiles or smoke. Swell is
decreased by lowsring the HLMI, which also makes pro-
cessing more difficult, as indicated by lower values from the

nhmum:ms“n-mmw.

increasing the activation temperature, but this also burts
ESCR. Notice ‘also that the output test drops significantly if
TEB s omitted, and the ESCR drops significantly if Ti is
omitted. However, if TEB rises too much volatiles became
* 3 problam. Finally, notice alao that swell bocomes 00 high
if the pore diameter increases much.

[e066] Tims the many omvumbhmuhnly
wwmmmdmmm

[Ilﬂ] While this inveation has'besa described in detadl
for the purposs of illostration, it is ot to- be construed a8
kimited thereby but is intended 10 cover all changes and
mmmmmmm

That which i claimed ix: .
IANWW-MMMWM'
conditions in an sobutans dilnent st s

slury polymerization
wmperature of from about 200° F. o 230° F.
" a) sthylons monomer;

b)nla.lml-ohlnwhwm;mm
w© eight carbon sioms per molecule;

c)nuulynmmdmuﬂnnmIdma
silice-titania support, wherein said sppport compeises
from mummsmwm
based oun the woight on the support, whorsin maid
Mﬂqﬂmhlmmmﬁmﬂb
about 150 angairams, and said catalyst system has been
activated ai o lempersture within a moge of about
1000° F. to about 1200" F. (sbout 538° C 10 about 649°
Cx

#) about 0.1 io about 2.0 mg/kg, based on the veactor
dilnent, of & trialkylboron componnd; and

2. A process according to claim lmﬁdm

mhnlundﬁulbmmdmku.
1-butene, 1-peatsps, l-hewens, 1-octsne, and mixtumes

3. A process according 10 claim 2 whervin said comono-
mer is 1-bexene,

tAmmﬁI‘hdlmlwh-unnﬂm

Is within & range of sbout 210° F. 0 220° F.,

S.ApncudeMbcllmlm-ﬂmmd
the sllica-titania enpport is coprecipitawd with the silice.

I.pruualhlbehmlwhulhnﬂm
mnnpdtmnndwhuunn-ﬂmaanI
mmmmmu-ﬁmuu
an alialine pH.

T Apu_mimsmdmlmldlw
boron cocatalyst is pressnt in the reactor in an amount within
a rangs of 0.3 © 1.3 mg/ky of diluent.

Jan. 31, 2002

8. A composilion comprising ethylons and & 1-hexene,
wherein sald copolymer has a high lnad melt index (FILMI)
within a rangs of about 5 to shout 25/g10 minutes, & deaity
within s range of shaut 0.95 to 0.96 gice, a shoar respons
(HLMIMI) is within a range of abont 140 o sbout 230, a
weight swell of less then shout 350%, and & dic swell within -
2 range of about 30% tn about 40%, an ESCR (Condition A)
of greater than sbout 400 bours, & M_/M, of beiween sbout
15 and sbout 26, the ommet of melt fractere of groater thn
sbout 2200 sec-1, snd 1-minuts outpet kst valse of greaser
Ml!llmwm:yhnhbhdbh

0.65%, and lass than 2.0% material of modocular waight loss
than 1000. .

!Amupﬂmnmnﬂnlb&namthmy
is within the raoge of 0.952 to 0.958 gicc.

19. A compusition according © claim’ 9 M-un said
Wmm-m.mdmuumo
micmies,

11. A compesition acconding o claim 9 wharein said sbear
response (HLMI/MI) is within a range of 160 1o 200.

lz.Aunpu-un prepared firoeth & polymerization pro-

comprising contacting undsr shirry polymerization con-

mr. nn&l;.mmmunwdnum
L) .

1) cthylene monomer;
b) 1-hexene;

c)anuhMmMqun
silice-titania sappost, wherodn sald sopport comprises
from sbout 0.5 to about 3 ‘nﬂl percent titaniwm,
based on the weight on the sspport, whersin said
ca bhes a average pors dismeter from 70 to
abonit 120 sngstroma, and said catalyst systemn has been
activated at a within a rangs of sbout
gl).':)‘l? nmwr(mwc.nmw

d) sbout 03 to about 1.5 mp/ky. beeedl .on the resctor
dﬂn-u.dluillkybmemu_ﬂ;d

€) recovering an ethylene/mono-l-olefin copolymer, and,
wherein ssid bas & kigh load malt index
(HLMI) within a rangs of sbout 5. 10 sbout 25 g10
minutes, a density within a range of stiost 0.95 to 0.96
g/ce, & shoar rasponso s wilhin a range of
about 140 to sbout 230, a weight swell of less than
about 350%, and a-dic sweil within a range of abont
30% to sbout 40%, an ESCR {Condition A) of greater
than sbout 400 bours, s M_/M,, of betwesn ebout 15
and about 26, the cmest of melt fracture of greater than
about 2200 ssc-1, and 1-priants output test valve of
mmwmnmmdﬁhd
Inss than 0.65%, and less than 2.0% material of molecu-
lar weight loss than 1000.
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PROCESS THAT FRODUCES POLYMERS

FIELD OF THE INVENTION

[lllll] This invention is related to the flsld of processes

that polymerizs ethylene, or that polymerize othylens and at.
Joast one other olefin, 1o produce a polymer.

BACKGROUND OF THE INVENTION

. {0002] Thers are many processes that polymerize etiryl-
im.onhnplymahylﬂnudm-mmm
polymer. Thare are sho many mamfactrring
that use these types of polymers to producs veedil
jtems. One of thess manufacturing procésses is callad blow

" polymer that bss a high environmental stress crack resis-
tance (ESCR) wnd that is useful for blow molding applica-
tions.

the inventors provide this invention so

SUMMARY OF THE INVENTION
{0006] It is an nbject of this invention io provide s process
to cthylens, or cthylene and ai Jeast one other

casantially of”, of “conaists of ") stirylane, or
polymerixing llllllhllﬂllﬂ.*ﬁll.h
produce a polymes,

[e005] W:M-Mhlm

morization zone,

[0010] mﬂﬂm.mmn
catalyst and 3 cocaialyst, end
[o011] whmudmﬂy:mp-mﬂn
support, and
wheiein the amount of mid chrominm on aeid
suppoxt is from about 0.5 to 5 weight percent, and
[m]' whersin said support comyrises silica, in major
part, and
[0014] wherein the amount of titaninm in eid support is
mmmasnmmwumpmum
the weight of ssid support, and
Mlﬁdmhnurﬁnmﬁnnnm
400 1o sbout 800 sguare meters per gram, and

o0
<

[0916] wherein said support has s pore vobims from abowt
18 1 sbout 4 cabic cantimetars per gram, eud

- [0817] wherein said catalyst has been activated at & tem-

perature in the range of sbout 600° F. hﬁmnm'lf.m
the pressace of an oxidizing amivient, and

[ﬂll]whudn-ﬂmlynunm_ wm--
pound.

[om] In accondance with' fids invention a polymer com-
prising the following propartiog: & denslty from sbout-0.94
DM&%IMHMMMMSmM
45 g/10 min., a shoar ratio (kigh Joad melt index/melt indes)
from about 150 0 shout 400, & hetarogencity index from
about 15 1o sbout 55, an BSCR condition A grester than
about 1000 bours, and ESCR Condition B greater than sbout
200 hous, a normalized die swell from ‘sbout 0.8 o sbout
1.1, a weight swell from about 300 to sbowt 500 percent, and
mmdﬂ&ﬂnmmmmu"

[o020] Tl-lﬂoﬁ-dqaavmhmmw

* with the following.

[0021] The tarms “comprise™, “tompriess” and “compris-
ing” are opsn-anded md do not anclnde the presence of
mmdm-.wmmunmm

" mentioned i this specification.

[0022] The phrases “consists of" apd “cousisting of” arv

closed ended and do excinde the presance of other steps,
cloments, or maierials that are not mentionad in
this specification, howewes, they do oot exclude impurition
mﬂymﬁdwﬂhbmmmu

[0023] The phrases “consists essentially of” and “consist-
ing sssentially of” do not excinde the premnes of other
steps, clements, or maierials that are pot specifically men-
tioned in this specification, as along ss such sieps, elaments,
or materials, do not affect the basic and novel characteriatics
of the invention, additiopally, they do not excladd impurities
normally sssociated with the elements and materialy used.

[0024] The previous tenms and are intended for
ummnﬂadu&mm&U&

the sbove terms and phrsos are 1o be epplied as
they aro comstried by US. cowrs snd the US. Patsnt

DETAILED DESCRIPTION OF THE
INVENTION

[0025] This polymerization can be carried oot in any
mamer known in the art such as gas phass, solntion or shory
polymerization conditions, A stirred mector can be wtilived .
for a baich process, or the' reaction can be caried out
coutinnowaly in a loop reacinr.

[oaas] mmuwmm
unm.lthpﬁndmwhplynnnunnml

alnrry polymerization
conditions. Carrently, the preforred diloont for alurcy poly-
merization is sobutane,
[0027] Loop reactors are known fn the ast, ece, for
exampls, US. Pai. Noa. 3,248,179; 4,424,341; 4,501,855;
and 4,613,484; the entire diaclomnres of which are hereby
incorporsted by reference. Especially profiorred procosses
are disclosed in U S. Pai. Nos. 4,589,957; 4,737,280 5,597,
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i':?’a,',d 55_1_5_.21:& %_gﬁnd‘n::lmmofwhi:hmlh

'[0028] A proferved palymerization techmicgs is that which
. hnfnudhulpuﬁdlm;lhqmm
the tompenture i below the wemperature at which
teciriques are well known in the art and are disclosed, fior
exmmple, in Norwood, U.S. Pat. No. 3,248,179, the disclo-
. sure of which is bereby incofparsted by referencs. .

thereof wherein the reaction conditions are different in the
[0030] The diluent, before it caters the reacior, coupisey
iscbutane. Additicmally, bafore the dilusat entors the resctor,
the majority of said dilusat is isobutane, It is prefirred when

most prefrrably 80-100 weight percent isobutans based on
fhe weight of the diluent befors it enters the reactor.

ion comprises
in the fiorm of chrominm oxide on a suppost. The

the resin produced tends to be too low. When the amomt of
titamivom is greater than abomi 10 weight percont, the catulyet

becomes thermally unstsble and procemsbility of the resin

pooduced teads to be undesirsblo.

- Jun. 21,.2%
aqur

.....when said support has a surfacs area from 450 to 650

motons per gragi. Surface areis below sboud 400 m?/g tend
to have less activity, leas ESCR, and oo Hifie die swell,
whils surface arsas above showt 50D m™/g prodaces poly-
mors that have & dic swell that is w0 kigh, an amount of Joog
chain branching ibat is too Jow, sod possibly, 8 meli index
that is 00 low. . .
[0036] The mpport should have a pore vohime from sbout
18 © sbomt 4 cubic contimsters per gram. }t s more
peofomed when the suppont ks & pore volume from ‘sbowt
1.9 1o sbont 3 cm¥/g, atd it is most when ssid support bes
2 pore volume from 2 1o 2.7 cm®/gram. Pore volumes below
sbout 1.8 cn®/g produce polymer with low ESCR, while
pore volumes above about 4 con®/g are difficult to handle in
ial G - OEE
[0637] Msthots of producing thess types of catalysts aro

known in the art. Ses for example, U.S. Pat. Nos. 3,900,457;
- 40BLA07; 4,392,990; 4,405,501; 4,735,931; 4,981.831; the

[0038] Tho catalyst shoukd be activaiod in the prosence of

an oxidizing ambient (sometime refrred to as “atmo-
spbore™) at & \amperature greater than shout 600° F. to about
1100° F. It is even more preforred when the Semperature is
from about 700° F. to loss than 1100° F,, and it fs owea inore
prefocrod whein the temperature s from about 900° R o
abont 1050° F,, and it is most prefierved when the tenspers-
ture is from about 900" F. to about 1050° F. At teny

below sbost 600° F. the activity of the catalyst is mduced

advemsely - yr ‘the phynical properties of the polymer are

adversely
affected. At emperatures sbove about 1100° R thore is & lom
of BSCR in the polymer. Camrontly, the prefierred axidizing
ambient is air. This activation is curied out for a time perlod
of sbout 1 migutes to sbont 50 hours. This allows a portion
of the chrominm in a lower valsnos siate to be conversed 10
» hexavalent state. .

[0035] The ethrylane used should be polymerisation grade
sthylam. The other olefina that cun be weed are alphs-clefing
having from 4 to 12 embon atoom. Cuirently, 1-butens,
1-hexens, an 1-octone wre (hs most preferred olefins. -

[0040] The cstalyst must be wsed in the presencs of &
cocatalyst thet is an organoboscn compound. Orgenoboron

as used in thos invention, have the following
[0041] In this foxmmla (X) is & hydmcarbyl having
1-20 carbon atome.

from
Carrenily, it i prefermed when (X) is
alkyl having from 1 to 10 carbon stoms. Howewve, it is most
preforred wheg (X) is sclscied from the group conslating of
methyl, ethy, propyl, butyl, and isobutyl.

[0042] Ezamples of snch compownds are as fallows:
[0043] wimethyboron; - '
" [0844]  tristhylboros;
[0045)  tripropylbaron;
[9046]  tributylborom; and
[0047] triisobutyiboron.
[0048] Currently, tristhylboron is prefarred.
[0049] The amount of orgaooboron composnd
tixis invention is from sbout 1 to about 15 parts per millicn

Huwein .
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by weight, based on the weight of the diluent before ii enters
the reactor. Howeves, it is preferred when the amount is from
sbout 1 to about 10, and it is most prefierved when the
amount is from 2 to 4 parts per million.

[0050] The polymer produced peeds 1o have the following
propertios in order 10 be a polymer that is good for blow
molding spplications.

[lII!l] The density noeds o be from abonl 0.94 10 0.96

grams per cubic centimetor. However, it is prefared whea
uu-nyhﬁonmo.gsym’monym’nu-
momw when the ‘density i from 0.953 gem”® to
ommmmkwlnmm
ASTM D1505.

[m] The high load melt index needs to be from about 5

- to about 45 grams per ten minutes. Howsver, i is prefared
when the high load melt index is from sbowt § g/10 min to
about 35 g/10 min. and it is even more prefirred when the
high load melt index is from 10 g/10 min. i 25 g/10 min.
mmwmmummmm
ASTM D 120, .

[0053] The shoar ratio nesds io be from sbout
150 to about 400. However, it is preferrod when the shear
ratio is from showt 170 to about 350 and it is even more
preferred wien the shear ratio is from 180-320.

{0054] The hetcrogensity index (Mw/Mn) needs to be
" from about 15 to'sbout 55. Howevez, it is prefienred when the
beterogeneity index is from 20 10 50 and it is oven more
. when the heterogeaeity index is from 25 10 45, and
it is most prefarred when the Hetorogsaeity index is from 30
o 40. The lwisrogeneily index was dotermined by gel
pormestion chvomatagraphy.

[o0ss] mm;m«u-m-m
than 1000 hourn. The ESCR Condition B of the polymer is
greater than 200 hours, prefersbly greater than 300 bours.
These ESCR's are measured according to ASTM D1693,
Conditions A and B. Additionally, the polymer shonld have
a botile ESCR greater than 700 hours =8 measure in accor-
dance with the examples below.

[00S6] The die swall is an indication of how much the
molhen polymer tends % fiare out ss it is extruded from the
dis. The normalized dis swell should be betwoen sbont 0.8
and sbout 1.1, about 0.9 and shost 1.05, and most
prefiersbly, from 0.95 to 1.05. Normalized die swell outside
this range kuh ] pntll:llh molding. High die swell

can cause & fafiure to il the mokl

[0057] Weight swell is & measure of bow much memory
the polymer retains as it is extmded. A 300 weight percent
swell indicates that the final botils wall thickness is thros
times the dic gup distance. If the polymer has u character-
istically high weight swell, it requires « smaller die gap to
mhmmmu-mmm
polmﬂowudﬂl-mndmnoum'lhwdn
swell should be between sbout 300 and about 500 weight
MMMMMMHSWM
ullmﬂpﬁnliy,ﬁunﬂln@n;hml.

[mu] mmuﬂmmumm |
2000 sec™

* sizte exchsion

(g/c) on a compression mokded mample,

mHnlS'C per hour, and conditioned fior 40 bours at
in accordance with ASTM D1505 and

Asrummmc.

[0062] High load melt index (HLMI, g/10 mins) was
delermined in accordance with ASTM D1238 at 190° C.
with a 21.,600-grem weight. _

[0063) Mol index (MI, g/10 mins) was detcrmined in
sccordancs with ASTM D1238 ot 190° C. with & 2,160 gnm

[0864] Exvirommentsl Stress Crack Resistance (ESCR, .
rmmu according to ASTM D1693, Conditions

[0065] The Heterogsueity index was determined usiog

chromatography (SEC) analyses that were
prefovmed at 140° C. on & Water, model 150 GPC with o
mfractive index detector. A solution copcenintion of 0.28
nuhmmlm'IIwa
roasonsble elution thnes.

[006£] hlyumd:hmdhyﬁhvuﬁnmu--
ful for blow molding
molding evaluations were conducied by blowing a onc
alkm(lnS.M.Sgn)hulhmlUnilnymﬁqhhd

blow molding machine using a 2.5 foch dismeter die, 20
degroo diverging die, 32% accomulator position, 8.5 second
blow time, 0.10 second blow delay, 0.75 second pro-blow
delay and a 45 degres ® F. mold temporature. A rociprocating
acrew speed of 45 rpm was med, providing parison axtre-
sion at shear rates greater than 10,000/ec through the die.

[0057] Percent weight swell messures the amount the
molien resin expands immediataly as it exits the die. Il is a
measure of the “memory” of the polymer chains as they seck
10 relax and thus reform the polymer shapeo. Waight swell is
an importagt parmmneter as it detarmines how tight the dio |
gap mmst be adjusted tn provide a coostant bottle weight. If
a resin has high weight swell, the dis gap required will be
tighter.to make the proper part weight. In so doing, it will
require higher stress o push the resin tirough the dic than
a lower wright swell resin. Weight swoll is defined as the
nitio of the final botfle wall thicknes © the dio gap.

[0068]) Ancther moasurement of swell i dic swell or
diameter swall. This ia the ratio of the parison diameter o
mummmmmnndmm

called pormalised dic swell. The normalized die swell for |
other resing is reported as & matio of the measred die swall
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quum«tmumssmmm
'was blown on the same machine as a control run during at
about the same time.

[0069] Bottle stress crack resistance was tested using ten
105 gram coo gallon bottles made as described above on a
Uniloy 2016 machine. The bottles were filled with a 10%
Orvus-K detergent solvtion, capped, and placed in & 140
degres * F. bot room. Botfle failures wers noled each day,

and a 50% moan failure thne was calculatod for each set.

.[0078] Extruder-capillary dic melt fracture results were
obtained mxing s 1 inch Killion single acrew extruder (KL-
100) fitted with a barriar scrow. Capillary dies were stached
10 the end of the extroder with an adaptor. The adaptor wes
fitted with a Dynisco pressure transducer (model TPT432A)
with a measurement mage of 05000 psi, which was located
just upstream of the eniry 1o the capillary die. A two-pisce

dic was used The fist section consisted of a
detachable orifice (entry sngle 50 degrees and zero land
Jength) with an entry diameter of 1 inch and a exit dismeter
of 0.15 inches. The second section consisted of o capillary
with a 0.150 inch dismeter and 225 inch land length
{(L/D=15).

" [0071] A typical experinxmt would consist of extrading a

polymer over & range of flow s (screw RPM) waing
cxiruder, sdspior, and die tcmperatore seitings of 170" C.
Uaing the capillary die (described earlicr) fitted to the arifice
dio, the prossure in the adapier, fow mte at various RPM
were notod along with the RPM st which the onset of melt

mmmmamdnmmmx
m-ﬂlﬂmﬂ.lﬂm“mw

regulats the molocular weight of the prodnct. The reactor
was operated 50 have a residence time of 1.25 hours. The
reacior fomparaiure was varisd over a rnge of 957 C. to
107* C., depending on ﬂnpnhmlumull the
pressare was four Mpa (580 pai). Al stcady state conditions
the. isobutane food ratc was about 46 lLiters por bour, the
ethylens ficed rato was sbout 30 be/lw, and the 1-bexenoe food
rato was varied 0 control the density of the polymer product.
Polymer was removed from the reactor at the rate of about

[0074] BEthylono that had been dried over slumina was
usod as the monomer. Isobutane that had been degassed by

0 4t
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fractionation and dried over alwmina was weed as the diinem.
Triethylboron or tristhylalumrinmm wes also sometimes wscd

. s a cocainlyst as indicated in the tables below.

[9075] A commerchlly svailsble chrominm catalyst sys-
tem was purchasad from the W. R. Gracs . This
dlmmuﬂwmwhmmﬁulyl.
It had » chromium conéent of abost 1 weighi porcent besed
ontbwudnofﬂud:unhmuulyltmulbms

[0e79) hmﬂumﬂ-ﬁnﬂﬂlw
lnﬂbhdrmhmunlylmmwuﬁmn-
W. R. Graco Coyporation.

[oose] mmmmunﬂ“h
name of 965 Sylopore. This chrominm catalyst was troated
with titanium during activation as described cartier

[0081] In compentive cxample 3 a cwominm catalyst
sysiom was obtxined from the W. R. Grace Corporation by
spray drying a silics-titanis-clorenis bydrogel. This cio-
mmuhlyluyln'-alhllll'lhluﬂm

In 4 avail-
mmwmmuw

[0084] In comparative exampls 6 & commercislly avail- .

" abis chromivm catalyst system was purchasad from the W.

R. Grace Corporation. This clxominm catalyst system ws
the 963 Magnapore catalyst. Exira chromium was added to
the catalyst. This was accomplished by inywegnating the
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calalyst 1o inciplent wetness or somewhat less, with &
methanol solution of chromium (TIT) nitrete containing 0.5 g
C/100 mbs.. -

f0s85] In compantive czsmpla 7 and 8 & dmnilun
euﬂyulmw-cbundﬁunuw R. Grace Coxpo-

prades. Extra chrominm was added to the catalyst. This wes
accomplished by impregnating the catalyet to incipient wet-
ness or soxnowhat keen, with 8 methano] solution of civo-
mium (1)) nitrate coataining 0.5 g Cr/100 mis.

[0086] In compaerative examples 10 to 14 & commercially
svailsble chromium catalyst system was purchased from the
W. R. Gmeo Corporation. This chromium catalyst system
was sold under the name 954 Magnapore, In examples 10,
‘11, Mls.mdmmmvnuﬁhdlnlbuulyn.'l'h

TABLE ONE
EXAMIMLE
NUMBERS 1 1 3 4
TROCEES CONDITIONS
Suriaca o of s a8 L~ 23
Cutalynt (")
Fory Voiome 2 211 i 126
of Camlynt
a’ly)
Waight Percmt [ 5 5 s
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That which is claimed ix
L. A process comprizing polymerizing cthylens, or poly-
merizing ethrylens and at Joast one other olefin, o produce a
polymer, .
wherein said polymerixing is conducted in & polymeriza-
tdon xo0s, and -
wherein said polymerizing is conducted using a catalyst
and & cocatalyst, and

Tlﬁdmmmmlnml.

Mlbmdl.lﬂdnmhmmlddmh
from shont 0.5 to 5 weight ‘percent, and

whersin said support comprises silics, in major part, and

wherein the amount of titasium in said support is greater
ihan aboat 3.5 1o abont 10 weight percent based oa the
weight of said snpport, and

wharwin said sepport has & surface area from about 400 to
about 80D aquare melem per gram, and

whammin asid support bas a pore valume from sbout 1.8 to
sbout 4 cubic centimeters per gram, and

wherein sxid catalym has been activated a1 & lemperature
in the mnge of about 600° F. 10 sbout 1100° F. in the
presence of sa oxidizing ambisnt, and

Jun. 21, 2001

. whersin said cocatalyst is asi

wmbm!nmlll.
2. A process acconding to claim 1 wherein said polymer-
ixing-is conducted under shury polymerzation conditiona.
3. A process acconding to cisim 2 wherein seid polymer-
ixing is condacted at a temperxture from about 195° F. 10
sbout 25" F -
4. A process acoording 1o claim 3 wherein said polymer-
%;i_mnlmﬁummﬁlhnhm

pais.

§. A process according to claim 4 whersin said amount of
said chromism on said sepport is in the moge of about 1 o
about 4 weight percont.
6. A process acconding to.clxim 5 whersin sald amound of
said titaninm on sxid support i in the range of about 4 ko
sboat 8 parcent.
7. A process scconding 1o cluim 6 whersin said support has
& surface arca from shout 425 © sbout 700 equare meten per

gom. .
8. A process acconding to claim 7 wherein said sopport has

_ 2 pore volume from sboul 1.9 to about 3 cw’/g,

9. A process acconding 1o claim 7 whemin said calalyst is
activited in the presepce of an oxidizing mnbient at a
isntpersture from about 700° F. to less than 1100° B
19. A palymer produced in ecoordance with claim 1.
11. A polymer produced in acoondance with cladm 9.

* 2 0
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"WRITTEN OPINION OF THE Intenational appiication No.
_ INTERNATIONAL SEARCHING AUTHORITY PCTAS2005009669

Box No.| Basis of the opinion

1. With regard fo the language, this opinion has besn established on the basis of the intemational application in
the language in which It was filed, uniess otherwise indicated under this kem.

0 This opinion has been established on the basis of a translation from the original language into the following
language ., which is the language of a translation fumished for the purposes of intemational search
(under Rules 12.3 and 23.1(b)).

2. With regard 1o any nucleotide andior amino acks sequence disciosed in the International application and
necessary o the claimed invention, this opinion has been established on the basis of:

a. type of material:
O asequence listing
O table(s) related to the sequence listing -

b. format of material:
O in written format
O in computer readable form

¢. time of fillngfumishing:
O contained in the intemational application as filed.

__[0 _filed together with the intemational application In computer readable form.
O fumished subsequently to thia Authority for the purposes of search.
3. O In addition, in the case that more than one version or copy of a saquence listing andir table relating thereto
has been filed or fumished, the required statements that the information in the subsequent or additional

coples is identical to that in the application as filed or does notgobeyondmeamlhaﬂonashbd.u
appropriate, were furnished.

Form PCTASA/237 (January 2004)
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"WRITTEN OPINION OF THE interational application No.
INTERNATIONAL SEARCHING AUTHORITY ' PCTAIS2005009669

Box No. lil_ Non-establishment of opinion with regard to novelty, inventive step and industrigl
spplicablity

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non
obvious), or to be industrially applicable have not besn examined In respect of:

0
=

the entire international application,
claims Nos. 38-54,60-74,78

because:

O

(m

the sald international application, or the said claims Nos.  relate to the following subject matter which
does not recuiire an international preliminary axamination (apecify):

the description, claims or drawings (indicate particuiar elements below) or said clalms Nos are 8o ",
unclear that no meaningful opinion could be formed (specily).

the claime, or said claims Nos. are sa inadequately supported by the description that no meaningiul opumorl
ocoukd be formed.

no Intemational search report has been established for the whole application or for said claims Nos.
38-54,60-74,76

the nuclectide andbr amino acid sequence listing does not comply with me atnndnrd provided for in Annex
C of the Administrative Instructions In that:

the written form O has not been fumished _
'O does not comply with the standard
the computer readable form L1 hnnotbeonh:mlshed.
O  doea not comply with the standard

the tables related to the nuclectide andbr amino acld sequence listing, if In computer readable form only, do
not comply with the technical requiremerts pravided for in Annex C-bis of the Administrative Instructions.

See separate sheet for further detafls

Form PCTISA/ 237 (January 2004)
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"WRITTEN OPINION OF THE . Intemnational application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAIS2005/009669

_ Box No. N Lack of unity of Invention

1. B in response to the invitation (Form PCTASAZ206) to pay additional fees, the applicant has:
B paid additional fees.
0O peld additional fees under protest.
O not paid additional fees.
2. O This Authority found that the requirement of unily of invention Is not ¢ nmplled with and chose notln invite
the applicant to pay additional fees.
3. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1, 13.2and 13.3 s

O complied with
B not complied with for the following réasons:
800 soparate sheet
4. Consequently, this report has been established in respect of the following parts of the intemational application:
O all parts. .
& the parts relating to claims Nos. 1-34

Box No.V Reasoned statement under Rule 43bis.1(a)(l) with regard to novelty, inventive step or
Induetrial applicabliity; citations and explanations supporting such statement

1. Statement
Novelty (N) Yes: Claime
No: Claims 1-37,55-59,75
Inventive step (IS) Yes: Claims
No: Claims 1-87,55-58,75
Industrial applicability (IA) Yes: Claims 1-37,65-50,75

No: Claims

2. Citations and explanations
soo soparate sheet

Box No. Vil Certaln observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate shoet

Form PCTASA/237 (January 2004)
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WRITTEN PINION OF THE Intemational appiication No.
INTERNATI NAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/US2005/009669
Re tem Iil.

According to point IV below, only claims 1-347,55-59,75 have been searched.
Therefore with regard to Rules 66.1(e) and 66.1 bis (a) PCT this written opinion will be
drafted according to the searched claims, namely 1-34 of the present application.

Re Rem IV.
The separate inventions or groups of inventions are:

Claims 1-34
A catalyst according to claim 1 and its use according to claim 10.
A method to prepare a supported catalyst according to claim 11.

A method of polymerizing an olefin with a chromium catalyst according to claim 25 and the
polymer obtained therewith.

Claims 35-37, 55-59, 75
A polymer composition according to claim 35, its use and article made therewith.

Claims 38-39, 55-59, 75
A polymer composition according to claim 38 its use and article made therewith.

Claims 40-41, 55-59, 75
A polymer composition according to claim 40, lts use and article made therewith.

Claims 42-54
A polymer composition according to claim 42

Claims 60-64, 75, 76
A copolymer of ethylene and hexene according to claim 80, Its use and article made
therewith.

Clalms 65-69, 75,76
A polymer according to claim 65, its use and article made therewith. .

Claims 70

A polymer according to claim 70.

Claims 71-72,75,76

A polymer according to claim 71, its use and article made therewith.

Form PCTASA/237 (Separaie Sheat) (Sheat 1) (EPO-January 2004)



'513’2;@6

WRITTEN PINION OF THE Internations] application No.
INTERNATI NAL SEARCHING X
AUTHORITY (SEPARATE SHEET) PCT/AUS2005/009669
Claims ;13-76

A polymer according to claim 73, its use and article made therewith.

They are not so linked as to form a single general inventive concept (Rule 13,1 PCT) for
the following reasons:

The present application Is directed to a chromium based catalyst system using a specific
type of cocatalyst, namely a non-transition metal Cp compound (CpLi and Cp2Mg are
exemplified).

This in order to prepare polyolefins and in particular copolymers of ethylene and hexene,
having a broad molecular weight distribution.

This aspect of the invention is clearly shown in the claims 1-34.

But In addition to the latter claims, the applicant filed a set of independent claims of
polymers or polymer compositions (not even restricted to polyolefin as it should be
according to the description), which are not related by a single. inventive concept.

As example, claim 36 discloses a HLMI range from 1 to 10 g/10min, whereas claim 60
discloses a HLMI range from 15 to 50 g/10min.

These polymers disclosed in these different claims aim to different applications and are
linked together simply by the fact that they are "polymers” (or "polymer compositions")
which Is not an Inventive concept as such.

Therefore as the claims 35-76 are not clearly linked to the specific polymerization process
using the specific chromium catalyst system as disclosed in the description, the present
invention lacks non unity a priori according to the set of inventions disclosed above.

Remark

Novelty and inventiveness of a product by process can be acknowladged when the product
as such cannot be characterized otherwise than by the process to prepare it.

On the other side the claimed products according to claims 34-76 have to be novel and
inventive as such, independently from the process to prepare them.

Re item V.
1. Reference is made to the following documents:

Form PCTASA/237 (Separaty Shaet) (Sheet 2) (EPO-January 2004)
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WRITTEN OPINION OF THE international application No.
INTERNATI NAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/US2005/009669

US-A-3 071 493

WO-A-96/23006

US-A-5 418 200

HEINEMANN, OLIVER ET AL: "Bis(indenyl) chromium Is a Dimer"

ORGANOMETALLICS , 15(26), 5462-5463 CODEN: ORGND7; ISSN: 0276-

7333, 1996, XP002335284 .

' D5: LIANG, YUANFENG ET AL: "Constrained Geometry Chromium Catalysts for
Olefin Polynierization® ORGANOMETALLICS , 15(25), 5284-52868 CODEN:
ORGND?7; ISSN: 0276-7333, 1996, XP002335285
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2. The document D1 discloses a metal plating process using a bimetallic organometalfic
composition which, as in the examples XXIIl and XXIV comprises an aluminum(Cp)
part and a Cr{CO)3 part.

These compounds corresponds to the ones as defined in the present claims 1,2, 7-9,
11.12.

— —Accordingly-D1-is novelty-destroying forthe-present-claims-1,2, 7-9;-1 1.12 with regard
to Article 33(2) PCT. '

3. The present invention discloses a catalyst system comprising a chromium catalyst
which is contacted to a cocatalyst as disclosed in present claim 1.
According to the description presumably the cocatalyst, which is considered as very
reactive, will be combined to the chromium atom similarly to the preparation of a
Cr(Cp) compound. ' -
Therefore it is strongly assumed, unless the applicant can bring the evidence of the
contrary, that the aim of present claim 1 and of the description is in fact the
preparation, may be in situ, of a Cr(Cp) catalyst which is already known from the prior
art, see D2-DA4. In particular D2 discloses in the examples 2-5 such complexes of a
chromium atom linked to Cp's and to a non-transition metal (I.e. Lithium),
Therefore, independently from the wording used by the applicant In its invention
"cocatalyst® the documents D2-D5 disclose catalyst systems identical to the ones
presently disclosed.
Therefore present claims 1-34 are not novel or do not involve an inventive step over
D2-D5 with regard to Article 33(2 + 3) PCT.
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4, The document D8 discloses in example 9 a copolymer of ethylene and hexene
prepared with a chromium-based catalyst wherein both melt index Ml and HLMI are
within the scope of the ranges disclosed in present claims 35-37.

The molecular weight Mw is not explicitly mentioned, only the heterogenelty index,
i.e. the polydispersity which Is rather high. _
The document D7 discloses in the examples 1,2,6 a copolymer of ethylene and
hexene similarly to D8.
The document D8 discloses similar copolymers as in D8 and D7, in partlcular the
examples H-M wherein the Mw is above 600 000 and the HLMI is balwaen 1 and 10
g/10min. The melt index is not mentioned, only the HLMI.
Since the ratio HLMI/MI (i.e. MFR = mett flow ratio)in D6 and D7 and the ratioc Mw/Mn
(i.e. polydispersity) in DB are very high itis strongly assumed that the Mw in DG, D7
and the Ml in D8 will be within the scope of present claims 35-37. This Is supported -
by the sole inventive example of the present application being within the scope of
claims 35-37, namely run 16 of table 3, which shows a high polydispersity together
with a high MFR.
Accordingly unless the applicant can unambiguously demonstrate that D6-D8 are not
within the scope of the present claims 35-37, the examining divislon will consider D6-
- D8-as novelly destroying of -present -claims 35-37, 55-59,75 with-regard-to Article
33(2) PCT.

Re Item VI

1. In example 1, p.16,..13 thera is written ""runs 2 and 3 were run using different
amounts of the ....", this is not correct.
Further on I.17-18 the effect of the absence of hydrogen is not demonstrated,
according to table 1.

2. Intable 2, runs 5 and 6 show a reduction of the PDI when hydrogen is introduced
during the polymerization, this Is strange. Explanation is requested.
Further, run 12 does not show any analysis of the polymer, despite the fact that this
is the sole run without the use of hydrogen....Why 7???

3. On page 13 the Charpy measurement of energy is mentioned at 0°C, but In table 7
this is done at 23°C .....why 777? What Is the standard?

4, Ontable 7 the measurement of the shear rate is somehow very high compared to the
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prior art, nearly 5 times higher. There must be an error somewhere. Also the
definition of this measurement is not clear for the skilled man to be reproduced
correctly.

5. Example 6 relates to figure 2, but in example 6 Mg(Cp)z is used contrary to what is
disclosed in figure 2 (CpLi) ????

6. Intable 6, runs 10 and 11 show a rather bad Charpy performance, why 7??
Further the Charpy energy should be expressed with J/m2 and not J/m isn't it 777

7. According to the examples the chromlum catalyst is always supported and with a
reduced oxidation state, s0 should it be mentloned in the claims as well, as the
applicant could not prove anything for his Invention for other chromium type

8. Certain claims (see claims 35,36,57 in particular) recite only a polymer or a polymer
composition as such, together with different parameter like Ml of HLMI. Depending
of the type of polymer meant the Ml or HLMI method used will d:ﬂer, for example in

". ~~temperature or-load:- - .- - om—- -
Accordingly as matter of clarity the appl'cant should draft his claims in order to define
clearly the method used to determine the characteristics in relation to the type of
polymer covered by the said claim:

In all cases the polymer composition of clalm 35 should be reduced at least to a
polyolefin composition which is what was achieved in the description.

9. The units used in particular on page 23 an& 25 should be in accordance with the
international unit system.
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