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SUPERINTENDENCIA DE INDUSTRIA 'Y COME teprincia: 2620 SIVISION ) BEWS CRECIPES

CIUDAD )
Ref. : No. de Radicacién : 01017435
Trédmite : Patente 002
Evento : Registro 001
Actuaciéon :  Contestacién Requerimiento._
Patente: ARAGONITO PRECIPITADO Y UN PROCESO
PARA PRODUCIRLO

MAURICIO JARAMILLO C, abogado en ejercicio, portador de la cédula de ciudadania
nimero 80’421,942 de Usaquén, y de la Taretn Profesional No. 74,555 del Consejo
Superior de la Judicatura, actuando cn mi caricter de apoderado de la sociedad 3P
TECHNOLOGIES LTD, por medio del presente escrito contesto el requerimiento que me
fue notificado a través del Listado de fecha 10 de Mayo de 2001, y que consta en el Auto
No. 1396 expedido por esa Superintendencia.

Por medio de este requerimiento se solicita :

Debe allegar el poder otorgado al abogado que aparece en la solicitud como
apoderado, con el lleno de los requisitos exigidos en el Cédigo de Procedimiento
Civil. Adicionalmente, deberd presentar ¢! documento que acredita la existencia y
representacion legal de la sociedad solicitante.

Dcbe indicarse el lugar de constitucién de la sociedad solicitante.

Debe allegar copia del documento en que consta la cesién del derecho a la patente
otorgado por el inventor al solicitante o su causante.

Al respecto me permito informarle que adjunto a este memorial encontrara :

Pader debidamente otorgado al Doctor MAURICIO JARAMILLO C, abogado en
cjercicio, portador de la cédula de ciudadania nimero 80°421,942 de Usaquén, y de
la Tarjeta Profesional No. 74.555 del Consejo Superior de la Judicature, identificada
con C.C. de No. 51'854.274 de Bogotd y con Tarjeta Profesional No. 56,190, asi
como a otros abogados de la firma GOMEZ PINZON & ASOCIADOS.

Copia certificada del ministro consejero encarpado de las funciones consulares de
Colombia en [srael donde consta que ha tenido a la vista los documentos sobre la
existencia de la sociedad 3P TECHNOLOGIES LTD, con registro No, 51-
192411-0. con domicilio en Nesher, Israel, y que la citada empresa cjerce
actualmente su objeto social conforme a la leyes de Israel.

CARRERA " No, 73-24 PISO 3 TELS.(571) 310 70 35/50 68 FAX (571) M0 66 46/57 A.A, 037629
E-MAIL: GOMFZ-PINZON@compuncrve com
SANTA FE DE BOGOTA. D.C.-COLOMBIA

Radicarion & 01017435 02000002 Folios: 222
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¢ La sociedad solicitante se encuentra constituida en Nesher, Israel: calle Hata’asia
No. 8.

o Documento de cesion firmado por ISAAC YANIV como inventor a la sociedad 3P
TECHNOLOGIES LTD.

Adicionalmente anexamos,

2 cuadernillos que consisten en las solicitudes radicadas en Estados Unidos de Ameérica,
con ¢l fin de reivindicacién de prioridades, los cuales se especifican a continuacién:

e Solicitud No. : 09/519,749
Radicada : 6 de Marzo de 2000

e Solicitud No. : 09/778,920
Radicada : 8 de Febrero de 2001

Dcbido a que en la solicitud colombiana se unieron los conceptos de las solicitudes antes
mencionadas, se anexa a este documento:

e Nucvo resumen del invento, piginas No, 12a 17
e Nuevas pdginas 18, 40,63,66,67,70 de la descripcion detallada del invento
e Nuecvo capitulo reivindicatorio, pdginas 94 a 109.

Lo anterior. debido a que se realizaron cambios en la solicitud de registro en Colombia con
¢l fin que quedara en consonancia con las prioridades antes mencionadas.

NOTIFICACIONES

Para efecto de las notificaciones que*por disposicion del articulo 50 del Decreto 02 de 1984
debe hacer su despacho, informo que mi representado y el suscrito recibiremos las
notificaciones en la secretaria de su despacho o en mi oficina de abogados, situada en la
carrera 9 # 73-24 de Bogota D.C., teléfonos 3107055 y 3105066, y fax 3106646.

Cordialmente,

MAURICIO JARA
C.C. 80°421,942 de Usaquén
T.P No. 74,555 del C.5.]

Adjunto : lo anunciado.
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AUTHENTICATION OF SIGNATURE

I the undersigned, Dan Orr, Notary at Haifa, Isracl hereby certify that
on 19.3.2001 there appeared before me at my office Dr. Isaac Yaniv who
is known to me personally, on behalf of the company 3P Technologies Ltd
and on his own behalf ,and signed of his own free will the attached

document marked "A" (the document overleaf).

In witness whereof I hereby authenticate the signature of the said
Signee by my own signature and seal this 19.3.2001.
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APOSTILLE : *
(Convention de 1a Haye du 5§ Octobre 1961)

1. STATE OF ISRAEL WYY YIS .1
This public document m 1oy oD
2.Has been signed by TIoMmY.2
Advocate TV 4 /ﬁ' L2
3.acting in capacity of Notary 2 yoon .3
4.bears the seal/stamp of the above Notary >N Yyon v homnn /omnn nn e .4
Certified nly
5.at the Ministry of Justice, Jerusalem DT DYOIVDN TWDA .S

6.by an official appointed by the Minister P b Drosvnn W T MDY B TP Yy L6
of Justice under the Notaries 1976 v -0
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POWER WITH ASSIGNMENT - Patents
PODER CON CESION - Patentes

Isaac Y__gnnr

sl
'
'.

The undersipned 7/ abaypo frmuante(s) (1)

ceading st ! domciliadols) ¢a 75 Yaginton Street, Haifa 34762 Israel 0

|
declare(s) that by Lheso prasents grani / declaraln) por In presenic olorgar a0~ UNION ANDINA DE PATENTES S.A.C. (Ltdd

. :

. !
specal powlnpplyfulnddmhlmwl_om-d-hlﬂsdlwwmuﬁuywuhofm
¥ sutoridades mmpwmmt- ASOR .7 i "

Laliery P-umr-!l'nenlldllnwulb ()
PRECIPITATED Al ARAGONITE AND A PROCESS FOR PRODUCING T

10 b 153ued 10 the name of / cuyo Ll debers extenderse & nombre &2 (2}, 3P- Tmm Lid.

reslding at 7 domiciliado en P.O. Box 155, Nesher 36802 Ismmel |

tn wham assignment has been made of all rights and utle to the sud invention in the wervitory of /3 quiea ha concedido Lodoa derechos de
12 expresads invencion pam el tesmitorio do Colombia

the consideration for the sald assigument being the sum of / medunts el precio ¢
receipl whersol 13 hereby acknowledged./ que declara haber recibido.
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JTices and authontuts, soch a8 peuuond, declaraloons. amendmants, Appeals,
azywer oppotiiions, pay offbeal fees, chagges asd m getral maks any paymeaty
ihas may Be requred by law sad 1o recover same of DecessNTy: recerve iny Tmd
of decuments und scsurvies and e the corvespasdieg receipls; shanden,
callect ang ia pratasl, aflecy ol accassary scisoss for e proper execistsoa of th
tommunce The wcarseys are cxpressely apthonied (o fik aad prosceue 3 ’
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No. 1114 1 '50

A

I the undersigned, Dan Omr, Notary at Haifa, Israel hereby certify that
on 10.4.2001 there appeared before me at my office Dr. Isaac Yaniv who
is known to me personally, and signed of his own free will the attached
document marked "A" (the document overleaf).

AUTHENTICATION OF SIGNATURE

In witness whereof I hereby authenticate the signature of the said
Signee by my own signature and seal this 10.4.2001.

signature
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APOSTILLE
(Convention de 1a Haye du 5 Octobre 1961)

1. STATE OF ISRAEL M1 YD .1

This public document T MY TOoD

2 Has been signed by ™Mo .2

Advocate TV g //* =
3.acting in capacity of Notary ™o T yoon .2
4 bears the seal/stamp of the above Notary YN w700 5w nomnn /7 omnn nk Ne .6
Certified Tom

5.at the Ministry of Justice, Jerusalem DT OWsYDN TR ¢

6.by an official appointed by the Minister  PW 8 O'avmn W ™D MWV D ™ by ¢
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POWER OF ATTORNEY

Be it known that
3P.TECHNOLOGIES LTD.

of P.O.Box 155, Nesher 36602, Israel.
do hereby grant to :

Eurocia Angulo Rabanal and / or
Mauricio:Jaramillo-Campuzano and/or
Patricia Arrazols Bustillo and/or

Paula Samper Salazar and / or
José Luis Suarez Parra

full and sufficient power of attorney so that
each person, individually, may apply before

the appropriate national offices and authorities, ~~

for the application and issuance of patents,
precautelatory  patents, registration of
trademarks and service marks, registration of
industrial designs and  utility models,
commercial names, commercial slogans,
collective marks, sanitary registrations,
sanitary licenses, Internet Domain Names and
protection of industrial secrets or know-how as
well as any other element of Industrial
Property and Copyright recognized by the
legislation of the Republic of Colombia,
being empowered to take all necessary steps
before the said authorities for the objects
stated above, including, without limiting to,
filing petitions, making declarations, paying
taxes, paying administrative fees, ordering the
publications and notices as required by law,
receiving letter patents, titles and cerlificates,
filing observations or oppositions (o
applications filed by third parties, apply for
cancellation or nullity of Industrial Property
rights in the name of third parties, to withdraw
such actions and celebrate transactions, to
answer oppositions, observations, cancellation
and nullity actions filed and celebrate

tennnnstinnnl acsranranin fn sanunant eannedal

Lo B o T 2PN W ] /XP

. indistintmnr.nte spoder,

Conste que

3P. TECHNOLOGIES LTD.

domiciliado en P.O.Box 155, Nesher 36602,
Israel.

por el presente otorga a :

Eurocia Angulo Rabanal y /o
Mauricio Jnraml[}o G-mnﬁm e
Patricia Arrazola uﬁ‘ i tmtﬂ"n-

Paula Samper Sali A
José Luis Suarez \

# b ]

para solicitar, g‘ Hon .
las oficinas y *Hutoridades «na

corresponda, la obtmc:én de patentes de
invencién, registros de marcas, registros de
disefios industriales y modelos de utilidad,
nombres comerciales, lemas comerciales,
marcas colectivas, registros sanitarios,
licencias  sanitarias de funcionamiento
nombres de dominio de Intemet y la
proteccion de secretos industriales, y, en
general, cualquier elemento de Propiedad
Industrial y Derechos de Aultor reconocido por
la legislacién de la Repiiblica de Colombia,
faculténdoles de manera expresa para dar ante
dichas autoridades todos los pasos necesarios
incluyendo, sin limitacién, el preparar y
presentar solicitudes, hacer declaraciones,
pagar tasas, contribuciones e impuestos,
ordenar las publicaciones de ley, recabar los
titulos o certificados, formular observaciones a
solicitudes de registro presentadas por
terceros, deducir oposiciones, interponer
recursos de cancelaciéon y nulidad de Derechos
de Propiedad Industrial de propicdad de
terceros, desistirse de los mismos y celcbrar
convenios transaccionales, incluyendo el



transactional agreements, to request recordal
of licenses, assignments, mergers, changes of
name and, in general any agreement which
will modify the records of a particular
registration, to accept assignments of
Industrial Property elements that third parties
perform on our behalf, sign for such purposes
the appropriate agreements, including
arbitration clauses, to apply for amendments
on the description of goods and services
included in pending applications, registered
marks on the time of renewal of the particular
registration, including, as a consequence of an
agreement with a third party, the extension or
limitation of goods or services, to prepare and
file actions for violation of the law of unfair
competition and of infringements of Industrial
Property rights and Copyrights, including
legislation of the Advertising Legislation and
Consumer Protection before the appropriate
authorities, with all sufficient powers required
for the appropriate action, including the
request of inspections, to appoint and accept
appointment of examiners, to conduct
preparatory proceeding, offer evidence, to
answer infringements, unfair competition
actions and actions for violation of Advertising
Legislation filed by third parties against our
company, with full power to represent in the
whole administrative procedure, to defend
petitions for cancellation of registrations and
declare the voidness of administrative
resolutions. They are also empowered to
appeal, request reconsideration of resolutions
and request the voidness of resolutions, to
request declarations, prove working, withdraw
applications. They are also empowered to file
civil and constitutional actions, including court
actions seeking reversal of administrative
resolutions, and to defend actions initiated
against our company, with all such powers as
may be required including to make
arrangements, submit to arbitrators, request
declarations and testimonies, to desist, to
collect to collect and to appeal, to file actions
against the Criminal Courts, to appeal and
celebrate transaction agreements.

3 P Yarhnn I'\}/

1%%
arbitraje, contestar oposiciones, observaciones,
nulidades y cancelaciones formuladas por
terceros y celebrar con estos convenios
transaccionales, solicitar la inscripcién de
licencias, transferencias, cambios de nombre,
fusiones y, en general, de todo acto
modificatorio de registro, aceptar
transferencias que terceros hagan en favor del
poderdante, suscribiendo, para tal efecto, los
contratos correspondientes, incluyendo
cldusulas de sometimiento a arbitraje, solicitar
modificaciones a la descripcién de productos o
servicios a registros de marca de producto o
de servicio, incluyendo la de extension y la de
limitacién durante el trdmite de registro,
expedido éste o al momento de su renovacion,
interponer acciones por violacion de las
normas de represion de la competencia desleal,
de infraccidn de derechos de Propiedad
Industrial y Derechos de Autor, denuncias por
violacién de normas de Publicidad Comercial
y Proteccién al Consumidor ante cualquier
organismo competente, con todas las
facultades requeridas para el trdmite
00rrcspondiente, incluyendo la de solicitar
inspecciones, nombrar y aceptar el
nombmmento de pfntos conqqclr diligencias

prepara rucbas,
contestar ; unclas de
compe csicy) de v:olaclpmd'é :Normas
de Publi B m 209k Brofeccion al
Consumi talsidas; pop tercerb‘s!conua el

poderdant€;: i '_ Wiblg. durdnité, todo el
pmedlmm'“ﬂﬂﬁm':mﬁi judicial
correspon IR Y acciones  de
cancelacién de registro y nulidades de
resoluciones administrativas. Quedan
igualmente facultados para® interponer todo
tipo de recursos impugnativos, incluyendo
reconsideraciones, apelaciones y nulidades,
solicitar declaraciones testimoniales, probar
explotaciones, formular  desistimientos,
interponer reclamos. Asimismo, quedan
facultados para interponer acciones judiciales
y contencioso administrativas de nulidad de
resoluciones  administrativas, y pem
representarnos como demandados en acciones



‘This document expressly ratifies all
applications, acts or petitions that the above-
mentioned persons have conducted in our
name regarding any Industrial Property matter
and/or Copyright which has been conducted
before the issuance and signature of this
document. The agents will also have the right
to substitute these powers completely or
partially in other attorneys of the law firm

-------------------------------------------------------

and to revoke such substitutions.

Given and
on.. lC...APRIL. ...

® e

--------------------------------------------------

Mg

civiles y constitucionales de toda indole,
incluyendo la defensa en acciones de nulidad
de resoluciones administrativas interpuestas
por terceros, incluyendo las facultades de
transaccién, sometimiento a arbitraje, solicitar
declaraciones y confesiones, desistirse
percibir; interponer o formular denuncias ante
la Jurisdiccién Penal por delitos contra Ia
Propiedad Industrial y 1a Propiedad Intelectual
respecto de actos de infraccidn cometidos por
terceros en contra de derechos de la
poderdante, con facultades para comparecer en
el proceso como parte civil, con facultades
para interponer recursos y de celebrar acuerdos
transaccionales.

Por el presente documento ratifico lo actuado
por los apoderados arriba mencionados a
nombre de la sociedad antes de la fecha de
otorgamiento del presente poder, y desde
ahora declaro vélido y bueno todo cuanto los
apoderados hicieren en nuestro beneficio.

Este poder comprende la facultad de rshﬁcar o
confirmar, en nuestro nombre
como la facultad de recibi

...:-.:...‘..':'.r...‘.:'::‘.‘!’f"-. L .‘19:' ................
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CONSULADO DE COLOMBIA

EL SUSCRITO MINISTRO CONSEJERO ENCARGADO DE LAS
FUNCIONES CONSULARES DE COLOMBIA EN ISRAEL

CERTIFICA

- Que ha tenido a la vista los documentos sobre la existencia de 3 P
TECHNOLOGIES LTD., con Registro No. 51-192411-0 de la
Oficina d¢ Registro Israeli de Compaiifas de fecha 22 de Agosto
de 1999 , con domicilio en la calle Hata’asia No 8, Nesher, Israel, y
que la citada Empresa ejerce actualmente su objeto social
conforme a las leyes del Estado de Israel.

- Que el doctor ITZHAK YANIV en su calidad de Presidente es
representante legal de la Compafifa y como tal estd autorizado
para firmar el documento que antecede.

- ElI Cénsul no asume responsabilidad alguna por el contenido del
documento.

- La presente Certificacién se otorga a solicitud de la parte

”j 29 MAY 2um i, fq
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RESUMEN DEL INVENTO

Sorpresivamente se ha hallado de acuerdo con el invento actual, el carbonato de
calcio precipitado particular, y particularmente carbonato de calcio de aragonito
precipitado particular , que es caracterizado por su alta blancura, alto (ndice
refractor efectivo, densidad baja en grandes cantidades (aparentemente ( suelto )
densidad mayor (L.B.D.) y densidad mayor captada (T.B:D.) y especialmente por
su gravedad especifica escasa (inferior a los 2,5 g/cm’), puede ser producido, y
que los objetivos anteriormente mencionados del invento actual pueden ser
logrados, por un proceso que comprende reacciones de una mezcla de hidroxido
de calcio acuosa con un gas seleccionado del dibxido de carbono y un gas que lo
contenga, en donde loa pardmetros del proceso, incluyendo por ejemplo, por lo
menos un agente activo preseleccionado, modos de operacién, concentraciones
de operacion de materias primas, temperaturas de operacidn, orden de operacion,
PH y velocidades de mezcla de alto corte, son estrictamente controlados de tal
forma que el producto deseado sea obtenido. En una especifica incorporacion, el
lanzamiento del producto ocurre durante este proceso.

En consecuencia, el presente invento, proporciona un incorporacioén particular, un
proceso para la produccibn de carbonato de calcio aragonito precipitado
particularmente y el particular carbonato de calcio aragonito precipitado asl
producido, cuyo proceso comprende una reaccidn de mezcla de hidréxido de
calcio acuosa con un gas seleccionado del grupo consistente de diéxido de
carbono y un gas que lo contiene, donde los pardmetros de dichos procesos por lo
menos incluyen un agente activo preseleccionado, un modo de operacién,
concentraciones de operaciones de materia prima, temperatura de operacion,
velocidad de la mezcladora en la operacidén y operaciones PH , tales, por lo
menos uno de los siguientes criterios (a), (b) y (c) cumplen:

(a) la gravedad especifica del producto después del secado por 12 horas a
120°C es < 2,5 glem® y la gravedad especifica de este producto seco
después del encendido por 8 horas a 500°C es < 2,5 glem®.

(b) la densidad mayor aparente (sueito) del producto después del secado por 12
horas a 120°C es <0,50 g/cm’.

12
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(c)la densidad mayor captada (T.B.D.) del producto después del secado por 12
horas a 120°C es<0,70g/cm’.

Preferiblemente el producto cumple por lo menos con unos de los siguientes
criterios:
(a) Este tiene una gravedad especifica <2,3 g/cm® después del secado a 120°C,

y una gravedad especifica <2,3 g/cm® después del encendido por 8 horas a
500°C del producto fundido.

(b) Este tiene un L.B.D. <0,45 g/cm® después del secado a 120 °C por 12 horas.
(c) Estetiene un T.B.D. <0,60g/cm® después del secado a 120°C por 12 horas.

Mucho mas preferiblemente, el productosatisface por lo menos con uno de [0S
siguientes criterios:

(a) Tiene una gravedad especifica <2.1g/cm3 despues del secado a 120° C, y
una gravedad especifica de < 2.1g/cm3 despues del encendido por 8 horas a
500° C del producto thus-fried.

(b) Este tiene un L.B.D. <0.40 g/icm3, después del secado a 120° C por 12 horas.

(c) Este tiene un T.B.D. <0.55 g/lem3, después del secado a 120* C por 12 horas.

Mas alla de la incorporacién del invento, existe un proceso proporcionado para la
produccién del carbonato de calcio de aragonito precipitado particutar, y el
particular carbonato de cailcio aragonito particular asl producido, cuyo proceso
comprende la reaccién de una mezcla de hidréxido de calcio acuosa con un gas
seleccionado del grupo consistente de di6xido de carbono y un gas que lo
contiene, donde lo parametros de dichos procesos incluyen por lo menos un
agente activo preseleccionado, modo de operacién, concentraciones de
operaciones de materias primas, fernperaturas de operacidn, operacién de
velocidad de la mezcladora y operaciones PH, donde por lo menos dicho agente
sea seleccionado del 4cido nonanoico, 4cido decanoico, acido undecanoico, dcido
dodecanoico, acido tetra decanoico, écido octadecanoico y acido undecilenico,
cuyas sales carboxylato, cuyos écidos anhidridos, cuyos ésteres, cuyos halidos
acilos y sus quetonas.

13
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El proceso del invento para producir una aragonita precipitada particular de
acuerdo con el invento, es en forma adicional preferiblemente caracterizado por lo
menos uno, y preferiblemente todos, de las siguientes caracteristicas: (a) el
agente activo involucra por lo menos uno de los miembros seleccionados del
grupo consistentes en &cidos carboxllicos de formula RCOOH, donde el grupo
orgénico R (los cuales podrian ser por ejemplo un grupo alfatico saturado o no
saturado, tales como el grupo hidrocarbono que podria ser sustituido o no
sustituido) contiene de 7-20 atomos de carbono, y sus sales carboxilatos,
ésteres, anhidridos, halidos acilos, y sus guetonas (b) méas especificamente, el
agente activo comprende por lo menos un miembro seleccionado del grupo
consistente de acidos carboxilicos de formula CaHaniCOOH, donde nes 8-17, y
sus sales carboxilatos, ésteres, anhidridos, hélidos acilos y sus quetonas; (c)
también, el agente activo comprende por [o menos un miembro seleccionado del
grupo consistente de acidos carboxilicos de férmula C,Hz1COOH, donde n es 8-
17, y sus sales carboxilatos, ésteres, anhidridos, halidos acilos, y sus quetonas;
(d) mas especificamente, el agente activo comprende por lo menos un miembro
seleccionado del grupo consistente de 4&cidos carboxllicos de fédrmmula
CHa{CH2)yCOOH, donde n es 7-16, y sus sales carboxilatos, ésteres, anhidridos,
hélidos acilos y sus quetonas de férmula CHa{CHz),1C=C=0; (e) la concentracién
del agente activo se encuentra dentro del orden de entre 0,2 wt.% y 10 wi.%,
calculado como RCOOH y basado en el paso del carbonato de calcio; (f) la mezcla
contiene hidréxido de calcio en una concentraciéon dentro del orden del 3 al 30
wt.%, mas preferiblemente de 4 a 20 wt.%; (g) el producto es producido en un pH
entre 8 y 11, preferiblemente entre 9 y 10; (h) el proceso se efecttia en una
temperatura del orden entre los 60°C, preferiblemente entre los 80°C, vy la
temperatura de ebullicion de la combinacion de la reaccién; (i) el proceso se
realiza ya sea en un modo de operacién semi-continua (intermitente), modo de
operacién, o mas preferiblemente de forma continua;. (j) el proceso se realiza bajo
una combinacién de alto corte por ejemplo con un mezclador que involucra una
armazdén/rotor 0 un rotor tGnicamente, la velocidad periférica del motor (punta)
sera de preferentemente de por los menos 5 m/seg. Dentro de una incorporacién
especifica, ol proceso se realiza en un modo continuo de operacién bajo
combinacion de alto corte combinando con un velocidad periférica del mezclador
(punta) que involucra un rotor/ armazdn o un rotor dnicamente, en una
temperatura del orden entre S0°C y la temperatura de ebullicién de la combinacién

del agente activo — preferiblemente presente en una cantidad del orden entre 0,2%
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y 10wt% estimado sobre el peso del carbonato de calcio — que es aeleccionado de
los &cidos carboxllicos y sus sales de calcio, y la mezcla contiene hidréxido de
calcio en una concentracién en el orden del 5 a 15 wt.%, el agente activo es
preferentemente premezclado con la mezcla del hidréxido de calcio previa a la
reaccién del diéxido de carbono.

El invento actual también proporciona una novedosa sustancia quimica — que
resulta por supuesto asequible con el proceso actual, un aragonito precipitado
particular, que tiene una gravedad especifica de <2,5 g/cm® (preferiblemente <2,3
g/cm®, mas preferentemente <2,0 g/cm®, incluso més preferentemente <1,5 g/em®)
después de secado en 120°C, y una gravedad especifica <2,5 g/em®
(preferiblemente <2,3 g/em®, incluso més preferentemente <2,1 g/cm®) después
del encendido por 8 hr en 500°C. En una incorporacion especifica, el producto
tiene una gravedad especifica de 2,3 g/cm® después de secado en 120°C, y una
gravedad especifica de <2,3 g/cm® después del encendido por 8 hr en 500°C y
en otra incorporacion especifica, el producto tiene una gravedad especifica de
<2,1 g/cm® después de secado en 120°C, y una gravedad especifica de <2,1
g/cm® después del encendido durante 8 hr en 500°C.

Un producto asi de tipico podria ser caracterizado en por |o menos una de las
siguientes caracteristicas: contiene las mencionadas sales de calcio de &cido
carboxflico en una cantidad entre 02 y 10 w.%, estimado como
CHs(CH2),COOH y en base al peso del carbonato de calcio; este tiene una
gravedad especifica de <22 g/em®, preferiblemente de <20 g/lem®, més
preferiblemente de <1,8 g/cm®, e incluso mds preferiblemente de <1,5 g/em™ un
producto previamente secado en 120°C por 12 hr tiene una pérdida en el secado
de 300°C durante 8 hr de alrededor de <10% wt %, en base al peso del carbonato
de calcio; un producto previamente secado en 120°C durante 12 hr tiene un
encendido de 500°C durante 8 hr de alrededor de <10% wt.%, en base al peso
del carbonato de calcio; después del secado en 120°C durante 12 hr, y/o secado
durante 8 hr en 300°C, y/o de combustible por 8 hr en 500°C, esto tiene una
gravedad especifica de < 2,5 g/cm™, después del secado en 120°C durante 12 hr,
y/o secado durante 8 hr en 300°C, y/o combustible durante 8 hr a 500°C. El
producto es ademas caracterizado por su densidad baja en grandes cantidades y
en particular una aparente densidad en cantidades (suelto) debajo del 0,50

15
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(preferiblemente <0,45, més preferible <0,40) g/em® y una densidad de cantidad
mayor captada debejo de 0,70(preferiblemente <0,60, mas preferible <0,55) glem®.

En otro aspecto, el presente invento provee un araganito precipitado particular que
contiene por lo menos una sal célcica de acidos carboxilicos seleccionados de la
férmula general: C,H241COOH, en donde n = 8-17, en una cantidad entre 0,2 y
10 wt. %, estimada como CnHawiCOOH y en base al peso del carbonato de calcio,
y que tiene (A) una gravedad especifica de <2,5 glc:wm3 después de secado
durante 12 hr a 120°C, y/o (B) una gravedad especifica de <2,5 gicm® después
del encendido durante 8 hr a 500°C del producto secado, preferentemente en (A).

En otro aspecto, el invento actual proporciona un aragonito precipitado particular
que contiene por lo menos una sal céicica de acidos carboxllicos seleccionados de
la formula general: CHs(CH2),COOH, en donde n = 7-16, en una cantidad entre
0,2 y 10 wt.%, estimado como CHs(CH2),COOH y en base al peso del carbonato
de calcio, y que tiene (A) una gravedad especifica de <2,5 g/cm” después del
secado durante 12 hr a 120°C, y/o (B) una gravedad especifica de <2,5 gicm®
después del encendido durante 8 hr a 500C del producto secado,
preferantemente en (A).

En aln otro aspecto, el invento actual proporciona un aragonito precipitado
particular que contiene por lo menos una sal céicica de Acidos carboxilicos
seleccionada de acido nonanoico, dcido decanoico, acido undecanoico, acido
dodecanoico, acido tetradecanoico, dcido octadecanoico y acido undeciclénico en
una cantidad entre 0,2 y 10 wt.% estimado como CHs(CH2)"COOH y en base al
peso del carbonato de calcio, y que tiene (A) una gravedad especifica de <2,5
g/cm® después de secado durante 12 hr a 120°C, y/o (B) una gravedad especifica
de <2,5 g/lcm® después del encendido durante 8 hr @ 500°C del producto secado,
preferantemente en (A).

El producto del invento actual puede ser utilizado como un constructor, un material
antibloque, un encapsulante, un absorbente, un material de engrosamiento, un
protector del sol, un relleno, un extensor y en forma particular como un pigmento
para el detergente, productos farmacéuticos, agroquimicos, pldsticos, adhesivos,
imprenta, cobertura (pintura), papel, jebe, filtracidn, productos de higiene y
muchas ofras industrias. De ahi que, de acuerdo con aspectos adicionales del
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invento actual se proporciona una composicién de cobertura, una composicion de
papel, una composicién pldstica, una composicién de jebe, una compasicidn
absorbente, una composicibn de detergente en polvo, una composicidn
farmacéutica, una composicién agroquimica, una composicion de sabor, una
compasicién de fragancia y una composicién de protector del sol, cada una
involucra un aragonito precipitado particular de acuerdo con el invento. Para dicho
propésito, tales composiciones podrian involucrar, por ejemplo aragonito
precipitado particular sustancialmente seco, o aragonito precipitado particular en
dispersion acuosa.

El PCC del presente invento puede ser utilizado en la mayoria de los productos
(consumidor) que el arte previo del carbonato de calcio particular es usado (y
posiblemente en todos ellos). Sin embargo, el PCC del invento actual mostrara
sus ventajas y propiedades Unicas cuando estos productos (consumidor) sean
producidos y/o sean utilizados bajo condiciones que exploten su naturaleza porosa
como un absorbente para liquidos (por ejemplo en polvos o detergentes en polvo,
en productos farmacéuticos, agroquimicos y en varios productos domésticos como
alimentos y formulas de alimentacién. También, como un agente encapsulante
para sabores y fragancias, productos farmacéuticos y agroquimicos) y/o un agente
antibloque (e.g en polvos o detergentes en polvo, en productos farmacéuticos
agroquimicos y en productos domésticos como alimentos y formulas de
alimentacién) como un componente “light” (liviano) para reducir la densidad de
peso de los productos (por ejemplo, cuando es utilizado como relleno yfo
constructor en polvos o detergentes en polvo), como material engrosante (por
ejemplo, en gomas, sellantes, adhesivos, coberturas(pinturas), y en papel), como
relleno, como un extensor y, particularmente, como un pigmento (por ejempio en
férmulas de protectores solares, plasticos, adhesivos, imprenta (tintas), coberturas
(pinturas), papel (especiaimente férmulas para papel de cobertura, y
particularmente para productos de papel de alto brillo), jebe, filtracién y muchos
otros).

DESCRIPCION BREVE DE LAS FIGURAS.

La Figura 1 muestra una hoja esquematica para la produccion de carbonato de

calcio precipitado particular de acuerdo al arte previo.
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La Figura 2 muestra una hoja esquemdtica para la produccién de aragonito
precipitado particular de acuerdo con una incorporacion del invento actual.

La Figura 3 muestra una seccidn esquemdtica vertical, una celda de
reaccién/flotacién para la produccion de aragonito precipitado particular de
acuerdo con una incorporacion del invento actual.

La Figura 4 muestra un dibujo SEM de un aragonito precipitado particular
sustancialmente puro de acuerdo con una incorporacién del invento actual.

La Figura 5 muestra un espectro XRD de un aragonito precipitado particular
sustancialmente puro de acuerdo con una incorporacion del invento actual.

La Figura 6 muestra un dibujo SEM de ARP-76, un aragonito precipitado particular
sustanciaimente puro de acuerdo con una incorporacion del invento actual.

La Figura 7 muestra un espectro XRD de ARP 76, un aragonito precipitado
particular sustancialmente puro de acuerdo con una incorporacién del invento
actual.

La Figura 8 muestra un dibujo SEM ARP-70, una combinacién de ~50% de un
aragonito precipitado particular y ~50% de calcita precipitada particular, de
acuerdo con una incorporacién del invento actual.

La Figura 9 muestra un especiro XRD de ARP-70, una combinacién de ~50% de
aragonito precipitado particular y ~50% de calcita precipitada particular de acuerdo
con una incorporacion del invento actual.

DESCRIPCION DETALLADA DEL INVENTO.

En el proceso del invento actual, una mezcla de hidrxido de calcio en agua y gas
de diéxido de carbono o didxido de carbono que contiene gas es reaccionado
junto en la presencia del agente activo bajo las condiciones astringentes de
proceso, para generar un aragonito precipitado particular que tenga propiedades
unicas.

El producto del invento actual se caracteriza por bajo costo de produccién y por
sus propiedades fisicas unicas (alta blancura, indice refractor de alta efectividad
(<2,5g/cm’)) al menos una de y preferentemente todos de bajo L.B.D.
(<0,50g/em®), bajo T.B.D. (<0,70g/cm®) y gravedad especifica baja (<2,5g/cm?), y
por sus aexcelentes propiedades quimicas (hidrofobicidad y acidos débiles), lo que

se vuelve particularmente adecuado con un absorbente de liquidos, un material
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cuando se analiza el producto del invento actual, y seguir las instrucciones de
como hacerlo (ver en el Ejemplo 14 y especialmente en el Ejemplo 14 (E)). Estas
medidas revelan mejor las propiedades deseadas de los productos novedosos del
invento actual y del procaso del invento actual y dan una imagen cercana de cémo
estas particulas PCC estin orientadas a mejorar los productos finales
(consumidor), debido a su unica propiedad - “porosidad”.

Densidad del Peso {L B.D. y/o T.B.D.)

Se puede hacer otra observacion en base a informacién experimental recolectada
hasta el momento, que la densidad del peso (L.B.D. y/o T.B.D.) de los productos
del invento actual tienen valores profundaments inferiores (L.B.D. < 0,50 g/cm” e
incluso <0,40 g/em® y/o T.B.D. < 0,70 g/em® e incluso <0,60 g/em?), que aquellos
de productos similares de! arte previo (que usualmente tienen L.B.D. >0,5 glem®y
T.B.D. >0,7 g/cm’). De ahli que, podriamos utilizar estos criterios de altemativa, es
decir L.B.D. y/o T.B.D., para indicar si un producto se encuentra dentro del
dominio del invento actual. Un procedimientoc modelo de como realizar estas
pruebas se detallard en el Ejemplo 14, partes (F) Y {G) respectivamente.

En forma general, los productos PCC particulares, previamente secados a 120°C
durante doce horas, que son de SSA (Area de Superficie Especifica) (BET) < 15
m?/g perteneceré al dominio del invento actual por ejempio en las incorporaciones
unidas a la densidad del peso y/o consideraciones S.G., si tienen un L.B.D. de
menos de 0,55 g/cm® y/o un T.B.D. de menos de 0,70 g/cm’ y de otra forma
cumplir con las definiciones mencionadas en estas reivindicaciones. Los productos
de SSA més altos en general no serén evaluados para L.B.D. y/o T.B.D., pero s6lo
para la prueba S.G., como se instruyd en el ejemplo 14 (E).

El invento actual describird ahora en mayor detalle por medio de ejemplo, que son
presentadas para fines de ilustracion solamente y no son interpretadas
restrictivamente.
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2. La muestra seca fue calcinada por8 horas a 500°C. La pérdida sobre el
encendido (L.O.1.) se determind después.

3. El S:G del polvo calcinado fue medido de la forma anterior.

4. La densidad del polvo suelto (B.D.} del polvo secofue medido utilizando una
balanza y un cilindro graduado (c.f.) el procedimiento exacto en el
EJEMPLO 14 (F). Los resultados los siguientes:

Prueba [ Cddigo de | Dosis L.O.l. SG1T BD.T
# Muestra 9%{wt) %(wt) glcm® | Suelto
500°CAs glem®
19 | Natural - 0,18 2,70 0,75
CaCOs
20 | BM-37 1* 2,58 2,60 0,38
21 c™ NA 2,02 2.71 0,55
22 | AR-81 0.5 1,32 213 0,23
23 | AR-83 1 1,44 2,03 0,22
24 |AR-118 2 2,07 2,01 0,18
25 | AR-119 G 5,25 1,93 0,19
26 |AR-135 1 1,44 2,01 0,24
27 |AR-120 2A 2,37 1,91 0,18

* - La muestra fue tomada del modo grupal de operacién en - EJEMPLO 3.

** - PCC Comercial- Aragonito; de Specialty Minerals Inc. (SMI); Opacarb® A40.
ww . 5g of AR-119 fueron disueltos en una solucién de HC! al 10%. No se detecto,
ni s extrajo ningin éacido, como se esperaba de dichas moléculas cuando ellas
fueron sometidas al calor durante 8 horas a 500°C.

A - 50ppm de écido fosférico fueron utilizados adicionalmente al acido
decanoico.

A+ . El Aragonito se convierte en calcitaa T > 400°C.

T _ Un polvo seco despuéds del secado por 12 horas a 120°C y en adelante un

calentamiento de 8 horas a 500°C.
N.A. — No disponible.

(D) Determinacion de la Gravedad Especifica (S.G.) — por un Picnémetro a Gas
El polvo CaCOs3 (dsp=3.5 micrones) de Polychrom, lsrael - "Girulite-8" y AR-118, un
producto del invento actual, fueron evaluados en un AccPyc 1330 ex Micromeritics
— USA Los resultados se muestran en el Cuadro 15a como sigue:
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CUADRO 15B - LOS RESULTADOS DEL EJEMPLO 14 (F)

Prueba | Cédigo de | Agente Activo [ COz | Dosis L.B.D. LBDY
# Muestra (%) | (Wm%) 120°C | 500°C
(glem) | (glom)
28 Natural - - - 0,65 0.75 -
CaCOs ) .
29 - GCcCc-8" |- - - 0,65 0.56
30 GCC-8” |A. Decanoico |[NA. [20 0,64 0.56
31 PCC® NA. NA |[NA 0,71 0.55
32 PCC* A Decanoico [NA  [20 0,70 0.53
33 oM-95" |- - - 0,66 0,49
34 UPCCF N.A. NA |[NA 0,50 0,37
35 AR-81 A Decanoico | 100.0 | 0.5 0,31 0,23
36 AR-83 A Decanoico | 100.0 | 1 0,30 0,22
37 AR-118 | A Decanoico | 100.0 |2 0,25 0,18
38 AR-119 A Decanocico | 100.0 | 5™ 0,29 0,19
39 AR-135 A Decanoico | 1000 |1 0,31 0,24
40 AR-120 | A Decanoico | 100.0 | 2™ 0,23 0,18
41 ARP-35 | A Decanoico |26.0 |1.5 0,33 0,18
42 ARP-36 A. Decanoico |260 |20 0,33 0,20
43 ARP-61 | A Decanoico | 100.0 [2.0 0,38 0,25
44 ARP-62-1 | A Decanoico | 100.0 [ 3.0 0,31 0,28
45 ARP-51 [ A. Laurico 260 [15 0,31 0,17
46 ARP-65 | A. Laurico 500 |1.5 0,38 0,21
47 ARP-7 A Undecilenic |500 [1.5 0,38 0,18
0
48 ARP-77 | A Miristico |500 |15 0,37 0,18
49 ARP-70’ |A Stedrico |500 [1.5 0,37 0,19
50 ARP-71 | A Isostedrico | 500 |1.5 0,69 0,53
51 ARP-72 | A Oleico 500 [15 0,92 0,53
52 ARP83 |A Palmitico [500 [1.5 0,86 0,54

- 5g de AR-119 fueron disusltos en una solucion de HCI al 10%. El &cido no
decanoico podria ser detectado o extraido, como se espera de dichas moléculas
cuando son sujetas a calentamiento duante 8 horas a 500°C.
v+ _ 50ppm de écido foscorico fueron utilizados ademas del dcido decanoico.

! "Girulite-8" polvo de CaCO3 d50=3.5 micrones) ex Polychrom — Israel.
2_ "Girulite-8" polvo de CaCO3 (d50=3.5 micrones) ex Polychrom - Israel, que fue

revastido usando el 2 wt% n-acido decanoico.

3_ PCC Comercial- Aragonito (SSA = 12 m?/g); de Specialty Minerals Inc. (SMi);
Opacarb® A40.
4. PCC Comercial- Aragonito; de Specialty Minerals Inc. (SMI); Opacarb® A40,
que fue revestido utilizando el 2 wt% de acido n-decanoico.
S . 50ppm of 4cido fosférico fueron utilizados ademés del écido decanoico.
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S _E| espectro XRD y el SEM son presentados en la Fig. 6 y Fig. 7,
respectivamente.

? _El espectro XRD y el SEM de ARP-70 son presentados en la Fig. 8 y Fig. 9,
respectivamente.

8 _El L.B.D. del poder caicinado fue determinado de manera similar.

MAcido estearico ultrafino comercial revestido - UFT 95 GCC calcita natural (95
wid% pasa tamafio 2u) ex Omya-Pluess-Staufer - Suiza.

B - Cacido estedrico ultrafino comercial (SSA = 19 m?g) revestido - Ultraflex
calcita PCC ex SMI - USA.

N.A. - No Disponible.

Los resultados en los Cuadros 13 y 15b representan los productos del invento
actual si ellos tienen un L.B.D. <0,50 g/lcm®. Sin embargo, estos resultados
cuentan, si el SSA (BET) de las muestras especificas en la prueba son <15 m?/g
y ellas son revestidas por los agentes activos respectivos que fueron usados (a fin
de minimizar las variaciones de las interacciones de superficie). Aquellas muestras
que no cumpien con este requisito, tan solo pueden ser evaluadas de acuerdo al
EJEMPLO 14(E).

Conclusion: el producto (y proceso) en cuestién pertenecera al intento actual, si
esto pasa ya sea la prueba (es decir L.B.D. <0,50 g/cm®) de la prueba T.B.D. (es
decir T.B.D. < 0,70 g/cc®). En caso que el producto fallare en aprobar ambas
pruebas (T.B.D. & L.B.D.),sus valores S.G. (de acuerdo al EJEMPLO 14 (E))
determinara si este el producto (el proceso) de acuerdo a una incorporacién del
invento actual.

Se puede observar que cambios draméticos L.B.D. ocurran cuando el producto del
presente invento sean sujetos a tratamientos de alta temperatura a 300°C (ver
Cuadro 14) y especiaimente a 500°C (ver Cuadro 15), que se deben
probablemente a colapsos térmicos de la estructura "porosa” de estas particulas.

(G) Determinacién de la Densidad de Peso Perforado (T.B.D.) de un producto

secado a_120°C
Un modelo secado (a 120°C durante doce horas) fue desaglomerado suavemente
utilizando un mortero/pistadera y colado a través de un pantalla de 0,6 mm. El
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Conclusién: el producto (y el proceso) en cuestion pertenecera al invento actual, si
oste aprueba ya sea la prueba (es decir T.B.D. <0,70 g/cm’) o ia prueba L.B.D.
(es decir L.B.D. < 0,50 g/cc®). En caso que el producto fallase en pasar ambas
pruebas (T.B.D. & L.B.D.),sus valores S.G. (de acuerdo al EJEMPLO 14 (E))
determinarén si el producto (el proceso) de una incorporacién del invento actual.

(H)Determinacién de la Gravedad Especifica (S.G.) en los Aceites de Productos

Secados en 120°C
La gravedad especifica de varias particulas de carbonato de calcio, como se

describen en el Ejemplo 14 (A). Los resultados indican que los valores bajos S.G.
no son debido al aceite elevado que fue usado, pero es bastante comun a muchos
liquidos similares. En casos en que los valores S.G. son cercanos a 2,5 glem®, el
écido oleico bien definido {(de pureza > 97%) puede ser utilizadopara resolver
cualquier disputa, en cualquier caso, las instrucciones en el EJEMPLO 14(A) y el
EJEMPLO 14 (E), aun prevaleceran.

Los puntos especificos del proceso — modo continuo de operacion:
1.Velocidad de Rotor = 2500 rpm (Didmetro de Rotor = 8,5 cm)

2. pH = 9,510,2

3.  Temperatura = 85°C+3

4.Indice de fluido de di6xido de carbono = 2 m’/hr.

5.Mezcla acuosa de hidréxido de calcio (de Shfeya) -10 wt.% = ~ 50-70 L.P.H.
(para mantener el valor prefijado pH).

6.Concentracion de agente activo = 4cido decanocico; 0 - 2 wt.% en base a
CaCOs.

7.Volumen de reactor=30 |. (Didmetro=8,7cm).

Los resultados son como siguen:

CUADRQ 15D - LOS RESULTADOS DE EJEMPLQ 14 (H):

Prueba [Cédigo | Agente Dosis |CO2 |Liquido™ [S.G7
# de Activo (wt%) | (%) . | glem®
Muestra 120°C
70 GCcCc8' |- - - Sylvatal 263
208
71 PCC® - - N.A. | Sylvatal 2.56
208
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REIVINDICACIONES

1. Un proceso para producir carbonato de caicio aragonito precipitado particular,
que comprende una mezcla acuosa de hidroxido de calcio con un gas
seleccionado del grupo que consiste de un didxido de carbono y un gas que lo
contiene, en donde los pardmetros del mencionado proceso, incluyendo por lo
menos un agente activo preseleccionado, modo de operacién, concentraciones de
operacion de materias primas, temperatura de operacion, velocidad de mezclador
de operacién y pH de operacidn, son tales que por lo menos uno de los siguientes
criterios (a), (b) y (c) son satisfechos:

(a) la gravedad especifica del producto después del secado durante 12 hr a
120°C es <2,5 g/cm’ y la gravedad especifica de este producto seco después del
encendido durante 8 hr a 500°C es <2,5 g/lem®,

(b) la aparente (suelta) densidad de peso (L.B.D.) del producto después de
secado por 12 hr a 120°C es <0,50 g/cm®,

(c) la densidad perforada del peso (T.B.D.) del producto después de secado
durante 12 hra 120°C es <0,70 glem®.

2. Un proceso de acuerdo a la Reivindicacién 1, CARACTERIZADO PORQUE
por lo menos un agente activo as seleccionado del grupo consistente en &cidos
carboxllicos de formula RCOOH, en donde R es un grupo orgénico que contiene
de 7-20 de atomos de carbono, sus sales carboxilatos, sus anhidridos acidos, sus
éteras, sus halidos Acidos y sus quetonas.

3. Un proceso de acuerdo a la Reivindicacién 2, CARACTERIZADO PORQUE
por lo menos un agente activo es seleccionado del grupo consistente en écidos
carboxilicos de formula CHax:1COOH, en donde n es 8-17, sus sales carboxilatos,
sus anhidridos acidos, sus ésteres, sus hdlidos acilos y sus quetonas de la
formula ChHan+1C=C=0, en donde n e@s 7-16.

4. Un proceso de acuerdo a la Reivindicacion 2, CARACTERIZADO POR las
siguientes caracteristicas:
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(@) por lo menos un agente activo mencionado que es seleccionado del grupo
consistente en &cido carboxilicos de férmula CHy{CHz), COOH, en donde n es 7-
16, sus sales carboxilatos, sus anhidridos acidos, sus ésteres, sus halidos acilos y
sus quatonas de la férmula CHs{CH.), C=C=0, en donde n es 6-15;

(b) la concentracibn mencionada de por lo menos un agente activo se
encuentra dentro del orden entre el 0,2 wi% y 10 wt%, calculados como acido(s)
carboxilico(s) y en base al peso del carbonato de calcio;

(c¢) la mezcla mencionada contiene hidréxido de calcio en una concentracion
dentro del orden del 3 wi% a 30 wt.%;

(d) pH mencionado se encuentra dentro del orden de 8 al 11;

(e) la temperatura mencionada se encuentra en el orden entre los 60°C y la
temperatura de ebullicién de la mezcla de reaccion;

i) forma de operacién mencionada es seleccionada de un modo continuo y
semi-continuo (intermitente);

() velocidad mencionada periférica del mezclador (velocidad-punta) se
encuentra por encima de los 5 m/s.;

(h) por lo menos un agente activo es afiadido de manera seleccionada desde la
introduccién al reactor de carbonacién y premezclando con la mezcla mencionada
de hidrdxido de calcio previo a la reaccién con el gas mencionado.

5. Un proceso de acuerdo a la Raeivindicacion 4, CARACTERIZADO
adicionalmente de por lo menos una de las siguientes caracteristicas:

(@) por lo menos un agente activo mencionado sea seleccionado del grupo

consistente de acidos carboxllicos de férmula CHa{(CH2), COOH, en donde nes 7-
12, y las sales de calcio del mismo;
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(b) concentracién mencionada de por lo menos un agente activo se encuentra
dentro del orden entre 0,3 wt.% y 5 wt.%, calculado como Acido carboxilico(s) con
base al peso del carbonato de calcio;

(c) mezcla mencionada que contiene hidréxido de calcio dentro del orden de 4
wi%h a 20 wt.%;

(d) pH mencionado se encuentra dentro del rango de 9 a 10,

(e) temperatura mencionada se encuentra dentro del orden entre 80°C y la
temperatura de ebullicidon de la combinacién de la reaccion;

)] modo de operacién mencionado es un modo continuo de opara_cién.

6. Un proceso de acuerdo a la Reivindicacién 5, CARACTERIZADO POR Ilo
menos por una de las siguientes caracteristicas, es decir:

(a) el agente activo mencionado es seleccionado del grupo que consiste en
acido nonanoico, acido decanoico, &cido undecanoico y las sales de calcio del
mismo, '

(b) concentracibn mencionada de por lo menos un agente activo que se
encuentra dentro del orden entre 0.4 wi% y 3 wt.%, calculado como &cido
carboxilico y con base al peso del carbonato de calcio,

(c) la temperatura mencionada se encuentra dentro del orden entre 90°C y la
temperatura de ebullicion de la combinacién, y

(d) la mezcla mencionada contiene hidrdxido de calcio en una concentracién
dentro de) orden entre 5 wi% a 15 wt.%.

7.  Un proceso de acuerdo a la Reivindicacion 6, CARACTERIZADO ademas de
por lo menos una de las caracteristicas siguientes, as decir:

(@) un agente activo mencionado es seleccionado del grupo consistente de

acido decanoico y las sales de calcio del mismo,
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(b) concentracién mencionada de por lo menos un agente activo se encuentra
dentro del orden entre 0,4 wt.% y 3 wt.%. calculado como &cido carboxilico y en
base al peso del carbonato de calcio.

(c) la temperatura mencionada se encuentra dentro del orden entre 90°C y la
temperatura de ebullicion de la combinacién de la reaccién, y

(d) la mezcla mencionada contiene hidréxido de calcio en una concentracion
dentro del orden de 5 wt% a 15 wt.%.

8. Un proceso de acuerdo a la Reivindicacién 2, CARACTERIZADO ademés
por las siguientes caracteristicas:

(a) por lo menos un agente activo mencionado es seleccionado del grupo
consistente en dcido carboxllicos de férmula C,Ha+1COCH , en donde n es 8-17,
sus sales carboxilatos, sus anhidridos acidos, sus éteres, sus halidos acidos y sus
quetonas de la férmula C,H2,1C=C=0, en donde n es 7-16;

(b) la concentracidn mencionada de por lo menos un agente activo se
encuentra dentro del orden entre 0,2 wi% y 10 wit% calculado como &cido(s)
carboxilicos y en base al peso de carbonato de calcio;

(c) la mezcla mencionada contiene hidréxido de calcio en una concentracién
dentro del orden de entre 3 wt% a 30 wi%;

(d) pH mencionado se encuentra dentro del ordende 8 a 11;

(e) temperatura mencionada se encuentra dentro del orden entre 60°C y la
temperatura de ebullicibn de la combinacién de la reaccion;

()] modo de operacién mencionado es seleccionado de un modo de operacion
continuo y un semi - continuo (intermitente);

(g) velocidad mencionada periférica del mezclador (velocidad-punta) se
encuentra por encima de 5 m/s;
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(h) por lo menos un agente activo mencionado es afladido en una forma
seleccionada de la introduccion al reactor de carbonacion y premezclando con
mezcla de hidréxido de calcio previa a la reaccién con el mencionado gas.

9. Un proceso de acuerdo a la Reivindicacion 8, CARACTERIZADO ademés
por lo menos una de las siguientes caracteristicas, es decir:

(a) agente activo mencionado es seleccionado del grupo consistente en acido
undecilenico y las sales del calcio del mismo,

(b) la concentracién mencionada de por lo menos un agente activo
mencionado se encuentra dentro del orden entre 0.4 wt.% y 3 wy.%, caiculado
como &cido carboxilico y con base al peso del carbonato de calcio,

(c) temperatura mencionada se encuentra en el orden entre el BO°C y la
temperatura de ebullicion de la mezcla de la reaccion,

(d) el pH mencionado se encuentra dentro del ordende 9 a 10, y

(e) la mezcla mencionada contiene hidroxido de calcio en una concentracion
dentro del orden del 5 wt% a 15 wt%.

10.  Un proceso de acuerdo a la Reivindicacién 1, CARACTERIZADO P RQUE
el proceso es conducido como un proceso de flotacién en una celda de flotacion.

11. Un aragonito precipitado particular obtenido segun el procedimiento de la
reivindicaciéon 1, CARACTERIZADO PORQUE contiene por lo menos una sal de
calcio de acidos carboxilicos seleccionados de aquellos de la formula general
CnHzn+1COOH y ChH2n4COOCH, en donde n es 8-17, en una cantidad entre 0,2
wi% y 10 wt%, calculado como acido(s) carboxilicos y con base al peso del
carbonato de calcio.

12. Un aragonito precipitado de particulas de acuerdo a la reivindicacién 11,
CARACTERIZADO PORQUE contiene por lo menos una sal de calcio de 4cidos
carboxilicos seleccionados de aquelios de la férmula general: CHy{CH2)oCOOH,
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en donde n = 7-16, en una cantidad entre 0,2 wit% y 10 wt%, calculados como
dcidos carboxilicos y con base al peso del carbonato de calcio.

13. Un aragonito precipitado particular, CARACTERIZADO POR lo menos del
siguiente criterio (a), (b) y (c):

(a) tiene una gravedad especifica <2,5 g/cm® después del secado a 120 °C,y
una gravedad especifica <2,5 g/cm® después del encendido durante 8 hr a 500°C
de producto seco;

(b) tiene un L.B.D. <0,50 g/cm® después de secado a 120°C durante 12 hr;

(c) tiene un T.B.D. <0,70 g/cm™, después de secado a 120°C durante 12 hr.

14.  Un aragonito precipitado particular de acuerdo a la Reivindicacién 13,
CARACTERIZADO POR lo menos uno de los siguientes criterios (&), (b) y (c):

(a) tiene una gravedad especifica <2,3 g/cm® después del ‘'secado a 120 °Cc.y
una gravedad especifica <2,3 g/cm® después del encendido durante 8 hr a 500°C
de producto seco;

(b) tiene un L.B.D. <0,45 g/cm® después de secado a 120°C durante 12 hr;
(c) tiene un T.B.D. <0,60 g/cm®, después de secado a 120°C durante 12 hr.

15. Un aragonito precipitado particular de acuerdo a la Reivindicacion 13,
CARACTERIZADO POR lo menos uno de los siguientes criterios (a), (b) y (c):

(a) tiene una gravedad especifica <2,1 g/cm® después del secado a 120°C, y
una gravedad especifica <2,1 g/cm® después del encendido durante 8 hr a 500°C
de producto seco,

(b) tiene un L.B.D. <0,40 g/cm’ después de secado a 120°C durante 12 hr

(c) tiene un T.B.D. <0,55 g/cm®, después de secado a 120°C durante 12 hr.
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16. Un aragonito precipitado particular CARACTERIZADO PORQUE tiene una
gravedad especifica <2,3 g/cm® después del secado a 120 °C, y una gravedad
especifica <2,3 g/cm® después del encendido durante 8 hr a 500°C de producto
8eco.

17. Un aragonito precipitado particular CARACTERIZADO PORQUE tiene una
gravedad especifica <1,5 g/cm® después del secado a 120 °C, y una gravedad
especifica <2,3 g/cm® después del encendido durante 8 hr a 500°C de producto
8eco.

18. Un aragonito precipitado particular CARACTERIZADO PORQUE tiene una
gravedad especifica de <1,5 g/cm” después del secado a 120 °C, y una gravedad
especifica <2,1 g/cm® después del encendido durante 8 hr a 500°C de producto
86C0.

18. Un aragonito precipitado particular de acuerdo a ‘la Reivindicacién 13,
CARACTERIZADO PORQUE contiene por lo menos una sal de calcio de acidos
carbox(licos seleccionados de la férmula general CyHa+/COOH y CaHan1COOH,
en donde n es 8-17, en una cantidad entre 0,2 wt% y 10 wit%, calculado como
écido carboxilico(s) y con base al peso del carbonato de calcio.

20. Un aragonito precipitado particular de acuerdo a la Reivindicacion 13,
CARACTERIZADO PORQUE contiene por lo menos una sal de caicio de acidos
carboxilicos seleccionados de la férmula general CyH,COOH, en donde n es 7-
16, en una cantidad entre 0,2 wt% y 10 wt3%, calculado como acido carboxilico(s)
y con base al peso del carbonato de calcio.

21. Un aragonito precipitado particular de acuerdo a la Reivindicacion 13,
CARACTERIZADO PORQUE contiene por lo menos una sal de calcio de acidos
carboxilicos seleccionados de 4cido nonaoico, #&cido decanoico, écido
undecanoico, &cido tetradecanoico, 4cido octadecanoico y écido undacilenico, en
una cantidad entre 0,2 wi% y 10 wt%, calculado como écido carboxilico(s) y con
base al peso del carbonato de calcio.

22. Un procaso de acuerdo a la Reivindicacién 1, CARACTERIZADO PORQUE

la gravedad especifica mencionada después del secado es <2,3 glem’ la
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mencionada gravedad especifica después del encendido es <2,3 g/fcm®, L.B.D.
mencionado es <0,45 g/cm®y el mencionado T.B.D. es <0,60 g/cm”.

23. Un proceso de acuerdo a la Reivindicacién 1, CARACTERIZADO PORQUE
la gravedad especifica mencionada después del secado es <2,1 g/em®, la
mencionada gravedad especlfica después del encendido es <2,1 g/lem®, L.B.D.
mencionado es <0,40 g/cm’ y el mencionado T.B.D. es <0,55 g/cm®

24. Un aragonito precipitado particular sustancialmente purc de acuerdo a la
Reivindicacion 11, CARACTERIZADO PORQUE la pureza cristalografica
(aragonito/(aragonito + calcita)) es por lo menos del 95%.

25. Un aragonito precipitado particular de acuerdo a la Reivindicaciéon 11,
CARACTERIZADO PORQUE la pureza cristalogréfica (aragonito/(aragonito +
calcita)) al 90%.

26. Un aragonito precipitado particular de acuerdo a la Reivindicacién 11,
CARACTERIZADO PORQUE la pureza cristalogréfica (aragonito/(aragonito +
calcita)) < 90%.

27. Un aragonito precipitado particular de acuerdo a la Reivindicacién 11,
CARACTERIZADO PORQUE ia pureza cristalografica (aragonito/(aragonito +
calcita)) > 75%.

28. Un aragonito precipitado particular de acuerdo a la Reivindicacién 11,
CARACTERIZADO PORQUE la pureza cristalografica (aragonito/(aragonito +
calcita)) > 50%.

29. Un aragonito precipitado particular sustanciaimente puro de acuerdo a la
Reivindicacion 13, CARACTERIZADO PORQUE la pureza cristalografica
(aragonito/(aragonito + calcita)) de por [0 menos el 95%.

30. Un aragonito precipitado particular de acuerdo a la Reivindicacién 13,
CARACTERIZADO PORQUE la pureza cristalogréfica (aragonito/(aragonito +
calcita)) de por lo menos 90%.
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31. Un aragonito precipitado particular de acuerdo a la Reivindicacién 13,
CARACTERIZADO PORQUE la pureza cristalogréfica (aragonito/(aragonito +
calcita)) < 90%.

32. Un aragonito precipitado particular de acuerdo a la Reivindicacién 13,
CARACTERIZADO PORQUE la pureza cristalogréfica (aragonito/(aragonito +
calcita)) > 75%.

33. Un aragonito precipitado particular de acuerdo a la reivindicaciéon 13,
CARACTERIZADO PORQUE es de pureza cristalogréfica (aragonito/(aragonito +
calcita)) > 50%.

34. Un proceso para producir carbonato de calcio precipitado particular,
CARACTERIZADO PORQUE comprende la reaccién de una mezcla acuosa de
hidréxido de calcio con un gas seleccionado del grupo que consiste en diéxido de
carbono y gas que lo contenga, en donde los pardmetros del mencionado proceso,
incluyendo por lo menos un agente activo preseleccionado, modo de operacion,
concentraciones de operacién de materias primas, temperatura de operacion,
velocidad de operacién de mezclador pH de operacién, en donde por lo menos un
agente activo es seleccionado del grupo consistente en acidos nonanoico, acido
decanoico, dcido tetradecanoico, 4cido octadecanoico y &cido undecilenico, sus
sales carboxilatos, sus acidos anhidridos, sus ésteres, sus hélidos acilos y sus
quetonas.

35. Un proceso de acuerdo a la Reivindicacion 34, CARACTERIZADO
PORQUE ademas comprende:

(a) concentracibn mencionada de por lo menos un agente activo dentro del
orden entre 0,2 wt% y 10 wt% calculado como écidos carboxilicos en base al peso
de! carbonato de calcio;

{b) mezcla mencionada que contiene hidrdxido de calcio dentro del orden del 3
wt% al 30 wi%;

(d) el mencionado pH se encuenira dentro del ordende 8 a 11;
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(e) la temperatura mencionada en el orden entre 60°C y la temperatura de
ebullicién de la combinacion de la reaccién;

(H el mencionado modo de operacidn es seleccionado de un proceso continuo
y semi-continuo (intermitente).

(90 velocidad periférica del mezclador mencionada (velocidad-punta) por
encima del los 5 m/s;

(h) por lo menos un agente activo mencionado se afiade en una forma
seleccionada desde la intraduccién al reactor de carbonacién y premezclando con
mezcla de hidréxido de calcio pravio a la reaccién del gas mencionado.

36. Un proceso de acuerdo a la Reivindicacion 35, CARACTERIZADO
PORQUE ademéds por io menos de una de las siguientes caracteristicas:

(a) por lo menos un agente activo mencionado es seleccionado del grupo que
consiste en &cido nonanoico, acido decanoico, dcido undecanoico, é&cido
dodecanoico, dcido tetradecanoico, dcido ocatadecanoico, y acido undecilenico, y
las sales de calcio de ias mismas;

(b) la concentracibn mencionada de por lo menos un agente activo se
encuentra dentro del orden entre 0,3 wi% y 5 wit%, calculada como acidos
carboxilicos y en base al peso del carbonato de calcio;

(c) mezcla mencionada de hidréxido de calcio en una concentracion dentro del
orden de 4 wt% a 20 wt%,

(d) pH mencionado se encuentra dentro del orden de 9 a 10;

(e) la temperatura mencionada se encuentra en el orden entre B0°C y la
temperatura de ebullicion de la combinacién de la reaccién;

)] el modo mencionado de operacidn es un proceso continuo de operacion.

37. Un proceso de acuerdo a la Reivindicacién 35, CARACTERIZADO PORQUE
ademas por lo menos una de las siguientes caracteristicas, es decir:
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(a) el agente activo mencionado es seleccionado del grupo consistente de
dcido nonanoico, acido decanoico, dcido undecanoico, &cido undecilenico y las
sales de calcio del mismo,

(b) la concentracion mencionada de por lo menos un agente activo se
encuentra dentro del orden entre 0.4 wi% y 3 wi%, calculado como écido
carboxilico y con base al peso del carbonato de calcio,

() la mencionada temperatura se encuentra en el orden entre el 90°C y la
temperatura de ebullicién de la combinacion de la reaccién,

(d) la mezcla mencionada contiene hidréxido de calcio en una concentracion
dentro del orden del 5 wt% a 15 wt%.

38. Un proceso de acuerdo a la Reivindicacion 37, CARACTERIZADO PORQUE
ademas por lo menos por una de las siguientes caracteristicas, es decir:

(a) agente activo mencionado es seleccionado del grupo que consiste en acido
decanoico, acido undecilenico y las sales de calcio del mismo,

(b) Ila mencionada concentracién de por lo menos un agente activo se
encuentra dentro del orden entre 0,4 wt% y 3 wit%, calculado como &cido
carboxilico y con base al peso del carbonato de calcio,

(c) la mencionada temperatura se encuentra dentro del orden entre 90°Cy la
temperattra de ebullicién de la combinacién de reaccion,

(d) la mezcla mencionada contiene hidrdxido de calcio en una concentracion
dentro del orden del S5wt% a 15 wt%.

39. Un proceso de acuerdo a la Reivindicacién 34, CARACTERIZADO PORQUE
es conducido como un proceso de flotacion en una celda de flotacion.

40. Un aragonito precipitado particular sustanciaimente puro de acuerdo a la
Reivindicacion 34, CARACTERIZADO PORQUE la pureza cristalogréfica
(aragonito/(aragonito + calcita)) de por o menos 95%.
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41. Un aragonito precipitado particular de acuerdo a la Reivindicacién 34,
CARACTERIZADO PORQUE la pureza cristalografica (aragonito/(aragonito +
calcita)) por lo menos 90%.

42 Un aragonito precipitado particular de acuerdo a la Reivindicacién 34,
CARACTERIZADO PORQUE la pureza cristalogréfica (aragonito/(aragonito +
caicita)) >75%.

43. Un aragonito precipitado particular de acuerdo a la Reivindicacion 34,
CARACTERIZADO PORQUE la pureza cristalogrdfica (aragonito/{aragonito +
calcita)) >50%.

44. Un aragonito precipitado particular de acuerdo a la Reivindicacién 34,
CARACTERIZADO PORQUE la pureza cristalogrifica (aragonito/(aragonito +
calcita)) > 40%.

45. Una composicién de revestimiento CARACTERIZADA PORQUE comprende
un aragonito particular precipitado tal como se define en cualquiera de las
Reivindicaciones 11 al 21,24 al 33 y 40 a 44.

46. Una composicidn de ravestimiento de acuerdo a la Reivindicacién 45,
CARACTERIZADA PORQUE comprende aragonito precipitado particular
sustancialmente seco.

47. Una composicion de revestimiento de acuerdo a la reivindicacion 45,
CARACTERIZADA PORQUE comprende aragonito precipitado particular en
dispersion acuosa.

48. Una composicion de papel CARACTERIZADA PORQUE comprende un
aragonito precipitado particular tal como se define en cualquiera de las
Reivindicaciones de 11 al 21, 24 al 33 y 40 a 44.

49. Una composicibn de papel de acuerdo a la Reivindicacién 48,
CARACTERIZADA PORQUE comprende sustanciaimente aragonito precipitado
particular seco.
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50. Un aragonito precipitado particular de acuerdo a la Reivindicacién 40,
CARACTERIZADO PORQUE comprende aragonito precipitado particular en
dispersién acuosa.

51. Una composicién plastica CARACTERIZADA PORQUE comprende un
aragonito precipitado particular tal como se define en cualquiera de las
Reivindicaciones 11 al 21, 24 al 33 y 40 a 44,

52. Una composicibn plastica de acuerdo a la reivindicacion 51,
CARACTERIZADA PORQUE comprende aragonito precipitado particular
sustancialmente seco.

§3. Una composicion de caucho CARACTERIZADA PORQUE comprende un
aragonito precipitado particular como se define en cualquier reivindicacién de 11 a
21,24a33y40a 44

54. Una composicibn de caucho de acuerdo a la Reivindicacién 53,
CARACTERIZADA PORQUE comprende aragonito precipitado particular
sustanciaimente seco.

55. Una composicién absorbente CARACTERIZADA PORQUE comprenden un
aragonito precipitado particular tal como se define en cualquiera de las
Reivindicaciones de 11 a 21, 24 a 33y 40 a 44.

56. Una composicidbn absorbente de acuerdo a la Reivindicacion 55,
CARACTERIZADA PORQUE comprende aragonito precipitado particular
sustancialmente seco.

57. Una composicién de detergente en polvo CARACTERIZADA PORQUE
comprende aragonito precipitado particular tal como se define en cualquier de las
Reivindicaciones 11 a21,24 a33y 40a 44.

58. Una composicién de detergente en polvo de acuerdo a la Reivindicacion 57,
CARACTERIZADA PORQUE comprende aragonito precipitado particular
sustancialmente seco.
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59. Una composicién farmacéutica CARACTERIZADA PORQUE comprende un
aragonito precipitado particular tal como se define en cualquiera de las
Reivindicaciones 11 a21,24 a33y 40 a 44.

60. Una composicion farmacéutica de acuerdo a la Reivindicacién 59,
CARACTERIZADA PORQUE comprende aragonito precipitado particular
sustancialmente seco.

61. Una composicién farmacéutica de acuerdo & la Reivindicacién 59,
CARACTERIZADA PORQUE comprende aragonito precipitado particular en
dispersion acuosa.

62. Una composicién agroquimica CARACTERIZADA PORQUE comprende un
aragonito precipitado particular tal como se define en cualquiera de las
Reivindicaciones 11 a21,24a33 y40 a 44.

63. Una composicién agroquimica de acuerdo a la Reivindicacién 62,
CARACTERIZADA PORQUE comprende aragonito precipitado particular
sustancialmente seco. .

64. Una composicion agroquimica de acuerdo a la Reivindicacibn 62,
CARACTERIZADA PORQUE comprende aragonito precipitado en dispersion
acuosa.

65. Una composicién quimica CARACTERIZADA PORQUE comprende un
aragonito precipitado particular tal como se define en cualquier de las
Reivindicaciones 11 a 21,24 a33y 40 a 44.

66. Una composicibn de sabor de acuerdc a la Reivindicacidn 65,
CARACTERIZADA PORQUE comprende aragonito precipitado particular
sustancialmente seco.

67. Una composicion de sabor de acuerdo la Reivindicacién 65,
CARACTERIZADA PORQUE comprende aragonito precipitado particuiar en
dispersion acuosa.
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68. Una composicién de fragancia CARACTERIZADA PORQUE comprende un
aragonito precipitado particular tal como se defini6 en alguna de las
Reivindicaciones 11 a21,24a33y 40a44.

69. Una fragancia de composicién de acuerdo a la Reivindicacion 68,
CARACTERIZADA PORQUE comprende aragonito precipitado particular
susiancialmente seco.

70. Una fragancia de composicion de acuerdo a la Reivindicacion 68,
CARACTERIZADA PORQUE comprende aragonito precipitado particular en
dispersién acuosa.

71. Una composicion alimenticia CARACTERIZADA PORQUE comprende
aragonito precipitado particular tal como se define en alguna de las
Reivindicaciones 11a21,24 a 33y 40 a 44.

72. Una composicion alimenticia de acuerdo a la Reivindicacién 71,
CARACTERIZADA PORQUE comprende aragonito precipitado particular
sustancialmente seco.

73. Una composicion alimenticia de acuerdo a la reivindicacion 71,
CARACTERIZADA PORQUE comprende aragonito precipitado particular en
dispersién acuosa.

74. Una composicién alimenticia CARACTERIZADA PORQUE comprende un
aragonito precipitado particular tal como se define en cualquiera de las
Reivindicaciones 11 a 21, 24 a 33 y 40 a 44.

75. Una composicion alimenticia de acuerdo a la reivindicacion 74,
CARACTERIZADO PORQUE comprende aragonito precipitado particular
sustancialmente seco.

76. Una composicién alimenticia de acuerdo a la reivindicacion 74,
CARACTERIZADO PORQUE comprende aragonito precipitado particular en
dispersién acuosa.
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77. Una composicién de pantalla solar CARACTERIZADA PORQUE comprende
un aragonito precipitado particular como se define en las Reivindicaciones 11 a
21,24a33y40a 44

78. Una composicién de pantalla solar de acuerdo a la Reivindicaciéon 77,
CARACTERIZADA PORQUE comprende aragonito precipitado particular
sustancialmente seco.

79. Una composicién de pantalla solar de acuerdo a la Reivindicacién 77,
CARACTERIZADA PORQUE comprende aragonito precipitedo particular en
dispersién adecuada.

80. Una composicion conductiva del polvo CARACTERIZADA PORQUE
comprende un aragonito precipitado particular tal como se define en alguna de las
Reivindicaciones 11 a21,24 a33y 40 a 44,

81. Una composicién conductiva de poder de acuerdo a la Reivindicacién 80,

CARACTERIZADO PORQUE comprende aragonito precipitado particular
sustancialmente seco.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of

YANIV Atty. Ref.: 2111-20
Serial No. Unknown Group:
Filed: February 8, 2001 Examiner:
For. PRECIPITATED ARAGONITE AND A PROCESS FOR
PRODUCING IT e e e e e e e e
February 8, 2001
Aassistant Commissioner for Patents

Washington, DC 20231
Sir:
PRELIMINARY AMENDMENT

Prior to calculation of the filing fee and In order to place the above identified
application in better condition for examination, please amend the specification and
claims as follows:
IN THE SPECIFICATION

Page 1, after the title and before "FIELD AND BACKGROUND OF THE
INVENTION" insert the following:

— This is a continuation-in-part of application Serial No. 09/519,749, filed
March 8, 2000, now pending, the antire conlent of which is hereby incorporated by
referance in this application. —.
IN THE CLAIMS
28. A particulate precipitated aragonie according to claim 19, which Is characterized
by at least one of the following faatures:
() it contains at lsast one calSum salt.of.sarboxylic acids selected from those of the
general formulae C,Hax.iCOOH -and Ci.Ha,«COOH, where n 1s 8-17, in an amount

between 0.2 and 10 wt.%, calculated as carboxylic acid(s) and based on the weight of
calcium carbonate;
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(i) it has an XRD spectrum substantially in accordance with Figure 5 of the attached
drawings.

31. A particulate precipitated aragonite acconding to claim 11, of crystallographic
purity (aragonite/(aragonite + caicite}) at least 80%.

32. A particulaie precipitated amagonite according to claim 11, of cryatallographic
purity (aragonite/(aragonite + calcite)) <80%.
33. A process according to claim 1, wherein said specific gravity ia determined
substantially as described In Example 14 (F).

34. A particulate precipitated aragonite according to claim 11, wherein said specific
gravity is determined substantially as described in Example 14 (F).

35. A coating composition which comprises a particulate precipitated aragonite as
defined In claim 11.

38. A paper composition which comprises a particulate precipitated aragonite as
defined in claim 11.

41, A plastica composition which comprises a particulate precipitated aragonite as
defined In claim 11.

43. A rubber composition which comprtises a particulate precipitated aragonite as
defined In claim 11. "~

45. An adsorbent composition which comprises a particulate precipitated aragonite -- ...
as defined in claim 11.
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47. A powder detergent composition which comprises a particulate precipltated
aragonite as defined in claim 11.

49. A phammaceutical composition which comprises a particulate precipitated
aragonite as defined in claim 11.

52, An agrochemical composition which comprises a particulate precipitated
aragonite as defined in claim 11.

5§5. A flavor composition which comprises a particulate precipitated aragonite as
defined in clalm 11.

58. A fragrance composition which comprisee a particulate precipitated aragonite as
defined in claim 11.

81. A food composition which comprises a particulate precipitated aragonite as
defined In claim 11.

64. A feed composition which comprises a particulate precipitated aragonite as
defined in claim 11.

67. A sunscreen composition which comprises a particulate precipitated aragoniie as
defined in claim 11.

70. A conductive powder composition which comprises a particulate precipitated
aragonite as defined in claim 11. '
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REMARKS
Attached hereto is a marked-up version of the changes made to the claims by the

current amendment. The attached page is captioned "Version with markings to show
changes mede.”

The above amendments are made to place the claims in a more traditional

format.
Respectfully submitied, -
NIXON & V, ERHYE P.C.
- ™~
By: %f@w S o,
Larry S. Nixon
. No. 25,640
LSN:Imy

1100 North Glabe Road, 8th Floor
Arfington, VA 22201-4714
Telephone: (703) 816-4000
Facsimile: (703) 816-4100
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VERSION W| KINGS TO SHOW CHANGES MADE

28. A particulate precipitated aragonite according to {any one of claims 19 to 27)
clalm 18, which is characterized by at least one of the following features:

()] it contains at lsast one calcium salt of carboxyilc acids selected from those of the
general formulas C\Han1COOH and C,Hxn{COOH, where n is 8-17, in an amount
between 0.2 and 10 wt.%, calculated as carboxylic acid(s) and based on the welght of
calcium carbonate;

() it has an XRD spectrum substantially in accordance with Figure 5 of the attached
drawings. '

31. A pariiculate precipitated aragonite according to [any one of claims 11 to 27]
claim 11, of crystallographic purity (aragonite/{(aragonite + caicite)) at least 90%.

32. A particulate precipitated aragonite according to [any one of claims 11 to 27]
clalm 11, of crystallographic purity (aragonite/(aragonite + calcite)) <90%.

33. A process according to [any one of claims 1 to 10] claim 1, wherein sald specific
gravity is determined substantially as described In Example 14 (F).

34. A particulate precipitated aragonite according to [any one of claims 11 to 27]
claim 11, wherein said specific gravity is determined aubstantially as described in
Example 14 (F).

35. A coating composition which comprises a particulate precipitated aragonite as
defined in [any one of claims 11 to 27] claim 11.

38. A paper composition which comprises a particulate precipitated aragonite as
defined In (any one of claims 11 to 27] claim 11.
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41. A plastics compesition which comprises a particulate precipitated aragonite as
defined in [any one of claims 11 to 27] glaim 11. '

43. A rubber composltion which comprises a particulate precipitated aragonite as
defined in [any one of claims 11 to 27] claim 11.

45. An adsorbent composition which comprises a particulate precipltated aragonite
as defined in [any one of claims 11 {0 27) claim 11.

47. A powder detergent composition which comprises a particulate pmo{atnd
aragonite as defined in [any one of claims 11 to 27] claim 11.

48. A phammaceutical composition which comprises a particulate precipitated
aragonite as deflned in [any one of claims 11 to 27] claim 11.

52. An agrochemical composition which comprises a particulate precipitated
aragonite as defined in [any one of claims 11 to 27] claim 11.

55. A flavor composition which comprises a particulate precipitated aragonite as
defined In [any one of claims 11 to 27] clalm 11.

58. A fragrance composition which comprises a particulate precipitated aragonite as
defined in fany one of claims 11 to 27] claim 11.

61. A food composition which comprises a particulate precipitated aragonite as
defined in {any one of claims 11 to 27] claim 11.

64. A feed composition which comprises a pariculate precipitated aragonite as
defined in [any one of claims 11 to 27] clalm 11.
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B87. A sunscreen composition which comprises a particulate precipitated aragonite as
defined in [any cne of claims 11 to 27] claim 11.

70. A conductive powder composition which comprises a particulate precipitated
aragonite as dafined In [any one of claims 11 to 27] claim 11.
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PRECIPITATED ARAGONITE AND A PROCESS FOR PRODUCING IT
FIELD AND BACKGROUND OF THE INVENTION

The present invention relates to a novel form of particulate precipltated calcium
carbonate, and particularly to a novel form of particulate precipitated aragonite, and to a
nove| process for producing it.

Various routes are known for the production of calclum carbonate, which finds use
as a thickening material, as a filler, as an extender, and most of all as a pigment, in a
variety of industries such as pharmaceuticals, agrochemicals, plastics, adhesives, printing,
coating (paint), paper, rubber and in filtration. For such purposes, there may be usad
ground calcium carbonate (GCC) or precipitaied calcium carbonate (PCC). PCC in general
possesses advantages over GCC, In that it is economical to produce and its precise
composition, or purity, can be more strictly controlled.

The most frequently used chemical process for producing PCC is based on the
carbonation of aqueous suspensions of calcium hydroxide (also known as “milk of lime® or
"slaked lime") with carbon dioxide gas, or with a carbon dioxide containing gas. This
process gives rise to relatively pure precipitated calcium carbonate and is a preferred
process, because there are no serious problems of contamination of the product with
undesired salts, and moreover it can be controlled in order to adjust the properties of the
final product. Thus, the process Is based essentially on four stages: firstly, calcination of
raw limeslone to produce calcium axide or “gquicklime” and carbon dioxide gas or a carbon
dioxide containing gas; secondly, "slaking® of the quicklime with water to produce an
aqueous suspension of calclum hydroxide; thirdly, carbonation of the calclurm hydroxide
with carbon dioxdde gas or a carbon dioxide contalning gas; and finally, downstream
operations such as dewatering, drying, deaggiomeration, grinding, surface treatment,
surface coating, mixing with other minerals (e.g. titanium dioxide, talc, kaofin, GCC, PCC
- including aragonite PCC) and dyeing, which allow optimization of the properiies of the
precipitated calcium carbonate particles in order to be adapisd to their intended uses.

Calcium carbonate can be precipitated from aqueous calcium hydroxide sluries or
solutions in three different crystaliographic forms (polymorphs): the vatarite form which Is
thermodynamically unstable, the aragonite form which is metastable under normal amblent
conditions of temperature and pressure, and the calcite form which is the most stable and
the most abundant in nature. These forms of calclum carbonate can be prepared by
carbonation of slaked lime by suitable variations of the procass conditions.
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The calcite form is easy to produce on industrial scales, as precipitated calcium
carbonate particies. It exists in several different shapas, of which the most common are the
rhombohedral shape and the scalenchedral shape.

Aragonite forms crystals having a length/width ratio (hereinafter - “aspect ratio”) in
the range beiween >1:1 and 100:1 of which a typical aspect ratio is 10, in which case the
aragonite forms long, thin needles. Therafore, aragonite having a high aspect ratio may be
denoted hereinafter - “acicular aragonite” or “needle-shaped aragonite®. The production of
aragonite is a slow process and is very difficult to control on an industrial scale.

PCC particles are used as thickening materials, fillers, extenders and, most of all,
as inexpensive pigments. The latter use implies that a particularly desirable property of this
material is its light scattering charactaristics, in order ta be able to Impart opacity and
brightness to the products containing It. Such charactaristics are optimized, when the
pigment particias are very effectively dispersed and are apart by an average distance In te
range between 0.2um and 0.4pm in thelr final products, and their size distribution is in the
range between 0.2um and 0.4um, namely, in the range of half a wavelength of the visible
light. That-means that either the production of the PCC should be adjusted to produce small
particies In order to avoid expensive downstream particle size reduction operations and to
cope with the expensive problems of dewatering and drying the product, or, altematively,
the process should be adjusted to produce large particles, and subsequently effect the
downstream dewatering and grinding operations. In both cases, the production costs of
precipitated calcium carbonate of pigment grades may be doubled or tripled just because
of these unavoidable downstream steps.

High light scattering pigments currently avallabie to the above-mentioned industries
include titenium diaxide particles, which are very effective to scatter the light due to their
relatively high refractive Index (2.76; for the rutile form) and their meticulously controlied
particle size distribution of which median Is in the range between 0.2um and 0.4um.
However, this product ls of a high specific gravity (~4.0g/cm®), of a high surface area due
to its small particles, and most of all, s quite expensive. Fine kaolin particies are also being
used as pigments, but this product, which has a much lower refractive index (1.56), Is of
limited whiteness and is still relatively expensive. Particulate calcium carbonate is the ideal
least expensive pigment and could replace much more of the titanlum dioxide and kaolin
pigments in thelr respective present applications, If it could be prepared In a form having
improved light scattering properties.

Calclum carhonate pigments are produced in part by grinding coarse natural rocks
and in part by pracipitation processes. Of the precipitatad calcium carbonate particles, a

2
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particulate pracipitated aragonite is considered to be the most effective light scattering
calcium carbonate pigment, of which refractive indices are 1.530, 1.681 and 1.685,
depending on its crystailographic surfaces, its specific gravity is above 2.5g/cm®, and is the
most sultable for same applications. However, its production rate is characteristically very
slow and lts production conditions are very difficult to control, Industrially.

While the majority of referances, cited hereinafier, relate to the technology for
producing & particulate precipitated aragonite, some of the references are included in order
to better present the state of the art for the production of PCC more generally, including the
downstream operations, which may be common to all these processes and aleo to the
present invention.

1. U.S. Patent No. 2,081,112 (N. Statham et al.) daacribea a process for producing
preciphtated calcium carbonate by carbonating milk of ime with carbon dioxide containing
gas, whera the temperature in the gas absorber Is maintained at 50-60°C, preferably
around 55°C. It is recognized that the more violent the agitation in the gas absorber, the
finer will be the product; the aim being to create a fine mist of calcium hydroxide slurry,
2. U.S. Patent No. 2,964,382 (Q. E. Hall, Jr.) describes production of precipitated
calcium carbonate by various chemical routes, In which calclum lons are contacted with
carbonate ions in a precipitation zone, the process Including also carbonation of milk of
lime with carbon dioxide gas. A high shear stator/rotor agitator is used to provide
turbulence by rotating at a peripheral speed of at least 1180 feet per minute (589 cm per
second) in the precipitation zone. Also, this patent teaches that it Is desirable o operate the
process at pH values of at least 8.5 and that at temperatures above 60°C, needle-shaped
precipitated aragonits particles are formed, which however produce an adverse fiow
property effect.

3. U.S. Patent No. 3,320,026 (W. F. Waldeck) describes the production of various
forms of precipitated calcium carbonate.

4. GB Patent No. 841,900 (assigned to Kaiser Aluminium & Chemical corporation)
describes the production of precipitated aragonite particles, for use as a filter ald, by

. reacting continuously sodium carbonate solution and aqueous caicium hydroxide slurry at

temperatures higher than 60°C in a multistage system. The product and the solution are
withdrawn at the third stage from the bottom of the reactor, the product is then separated
from the solution and part of the ctystals are recycled to the various stages of the process
as seads for further precipitation of the precipitated aragonite particles.

5. U.S. Patent No. 3,669,620 (M. C. Bennett et al.) describes a continuous process for
the production of a particulate precipitated aragonite by carbonating aqueous calcium

3
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hydroxide slurry in sucrose solutions. However, due to the cost of the sucrose, the solution
had to be recycled and detrimental materials had to be removed by anion exchangs resin.
The preferred temperature range was between 80°C and 90°C; the pH values were in the
range between 7 and 9; and the concentration of the calcium hydroxide was quite low - in
the range between one-half and one-twentisth molar.

6. U.S. Patent No. 4,018,877 (R. D. A. Woode) describes carbonation of calcium
hydroxide slurry, wherein a complexing agent for Ca** is added to the suspension In the
gas absorber, after the calcium carbonate primary nucleation stage and before completion
of the carbonation step, the complexing agent being e.g. citric acid, ethylenediamine
tetraacetic acid (EDTA), aminotriacetic acid, aminodiacetic acid or a hydroxy polycarboxylic
acid. Optionally, long-chain fatty acids or their salts can be added, preferably, after the final
carbonation stage.

7. U.S. Patent No. 4,157,379 (J. Arika et al.) describes the production of a chaiin-
structured precipitated calcium carbonate by the carbonation of calcium hydroxide
suspended in water in the presence of chelafing agents, such as afiphatic carboxylic acids,
and water-soluble metal salis.

8. U.S. Patent No. 4,244,933 (H. Shibazakl et al.) describes a multi-stage production
process for producing a particulate precipitated aragonite, using aqueous calcium
hydroxide slurry and carbon dioxide gas or a carbon dioxide containing gas, in the
presence of phosphoric acids and water-soluble salts thereol.
9. U.S. Patent No. 4,420,341(T. H. Ferrigno) describes inorganic fillers {including
calcium carbonate) surface modified with carbaxylic acids, antioxidants and high-bolling
non-reactive liquid agents.

10.  JP Patent Publication No. 632680815 (H. Shibata et al.) describes the production of
a particulate precipitated aragonite, by reacting carbon dioxide gas with an aqueous
calcium hydroxide slurry in presence of phosphoric acid, a phosphoric acid compound, a
barium compound and a strontium compound. _ .
11.  JP Patent No. 1261225 (H. Shibata et al.) describes seatting carbon dioxide'gas

- with an aqueous calcium hydroxide slurry, in ordgst'o produce a’particulate precipitated

aragonite, which is stated to have In'lprwad pmparﬁoscp'gnmd with particulate
precipitatad calcite. _ S

12. U.S. Patent No. 4,824,654 (Y. Ota et al.) describes a process for producing
precipitated needle-shaped (5-100 um) particulate precipltated aragoenite, In which a
relatively dilute aqueous calcium hydroxide solution (0.04-0.17 wt.%) and carbon dioxide
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gas or a carbon dioxide-containing gas are reacted together at a temperature of not less
than 60°C, in a cantinuous or seml-continuous (intermittent) manner.

13. U.S. Patent No. 5,043,017 {(J. D. Passaratti) describes a process for producing acid-
stabliized precipltated calcium carbonate particies.

14, U.S. Patent No. 5,164,172 (H. Katayama et al.) desciibes & process for praducing
a particulate precipitated aragonite, in which a mixiure of aqueous calcium hydroxide siurry,
aragoniie calcium carbonate particles and a water-soluble phosphoric acid compound are
premixed prior to the addition of carbon dioxide gas.

15. U.S. Patent No. 5,342,600 (. S. Blealdey et al.) describe a process of producing
particulate precipitated caicium carbonate, in which aqueous calcium hydroxide slurries of
varying concentrations are reacted with carbon dioxide-containing gas under a controlled
mbdng speed. It Is recommended therein to prepare the aqueous calclum hydroxide
suspension under high shear mbdng and subsequently to lower the energy and shear
agitation in the reaction mixture in which the precipitated calcium carbonate particles are
formed.

16. U.S. Patont No. 5,378,343 (P. M. Fouche) describes a process for producing various
forms of particulate PCC. In the case of aragonite, a mixture of quite dilute aqueous
calcium hydraxdda solution and a water-soluble source of specific anions (e.g. ammonium
nitrate) are premixed prior to addition of CO; gas.

17. U.S. Patent No. 5,380,381 (R. A. Gill) describes inter alia calcium carbonate
particies coated with C12-C22 fatty acids salts.

18. U.S. Patent No. 5,583,480 (K-T. Wu) describas a process for producing ackd-
resistant calcium carbonate particles for making neutral to weakly acld paper.
18. U.S. Patent No. 5,833,747 (|. S. Bleakley et al.) describes a process for producing
a parliculate precipitated aragonite, in which an aqueous calcium hydroxide slurry (148g
Ca(OH). per liter of suspension) Is reacted with carbon dicvdde gas at an exceptionally siow
rate of 0.00268 moiles per minute par mole of Ca(OH)2 in a batch operation.

20. WO 9852870 (B. Jackson et al.) describes a‘multl-stage commaercial process for
producing a particulate precipitated aragonits, using coarse-grained precipitated aragonite
particles as a seeding material. Though the proceas is claimed to be Industrlally appllcable

it is quite slow and thus of Vety limited economical value. d

21. U.S. Patent No. 5,846,500 (J. W. Bunger et al.) describes a process for producing
a particulate precipitated aragonite, in which an aqueous calcium hydroxide solution Is
reacted with COq gas in a plug-flow reaction system.
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22. U.S. Patent No. 5,846,382 (A. von Raven) deacribes a process for producing
inorganic fillers and pigments, including particulate calcium carbonate, of improved
whiteness, brighiness and chromaticity.

23. U.S. Patent No. 5,861,209 (W. J. Haskins el al.) describes a process for producing

a particulate precipitated aragonits, for printing, in which an aqueous calcium hydroxide
slunry Is firat mixed with pracipitated aragonite particles for seeding and then it Is reacted
quite slowly with carbon dioxide gas in a batch oparation. After dewatering the product to
a caks contalning about 70% sollds, it is mixed with a typical dispersant, e.g. sodium
polyacrylate, and it is further dispersed. This patent discloses the use of mixtures of a
particulate pracipitated aragonite, with TiO; and other inorganic fillers, pigments and flame
retardants. -

24. U.S. Patent No. 5,939,038 (A. L. Porter et al.) describes a process for producing a
particulate precipltated aragonite, in which aqueocus mixturea of organic comphnds and
acids (e.g. sthanolamine and HCI) are used to disscive impure CaO and to form a calcium
hydroxide mixture, which is then reacted with carbon dioxide gas to yield various forms of
PCC, depending on the temperature. Controlling the temperature of the carbonation at
about 95°C leads to aragonite.

25. U.S. Patent No. 6,022,517 and U.S. Patent No. 6,071,338 (G. H. Feirchild et al.)
describe a process for producing mixiures of precipitated acicular caicite and acicular
aragonite particles in the ratio of 75:25 to 25:75, by reacting carbon dioxdde gas or a carbon
dioxide contalning gas and aqueous calcium hydroxide In the presence of a water soluble
aluminum compound, by controlling the epecific conductivity in a range > 4.0 and up to
about 7.0, miliSiemens/cm, at a reaction temperature of from 25-80°C.

28, Pigment Handbook (Vol. IHil; Edited by T. C. Patton; John Wilay & Sons, New York
(1973)) describes the properties, the production processes and various uses of aragonite
calcium carbonate pigment (c.f. Vol. |; Pages 118-128), as well as those of other pigments
that compete In the same market like titanium dioxide, kaolin, GCC, etc. The discussion
conceming the influence of the film porosity on the hiding power or opacity of a coating film
{c. 1. Vol. lll; Pages 203-217 and especially on Page 212) may help In understanding some
aspects of the present invention.

are incorporated herein by reference. It Is apparent from the state of the art that known
processes for the industn'gl production of substantially pure particulate precipitated
aragonite (>90 parts aragonite: <10 parts calcite), by reacting aqueous calcium hydroxide

1938

The entire contents of the above-cited literatura, Including patents and-publications; "~ "



FOBO2D" D26E8L,.50

slumies with carbon dioxide gas or a carbon dioxide containing gas, exhibit serious
drawbacks that affect the quality and cost of the final product, as follows:

A. Some of the processes for producing particulate precipitated aragonite are
conductad in aqueous solutions of extremely low concentralions of calcium hydroxide. In
some cases it is specified that clear solutions, which contain less than 1 wt.% calcium
hydroxide, should be used.

B. Inthose processas for producing particulate precipitated aragonite, which allow use
of aqueous calcium hydroxide slurries, the production rates.are very slow and difficult to
control.

C. Toincrease somewhat the rates of production in processas of A and B, the prior art
recommends seeding with previously produced aragonite particles. However, this
complicates the production processes, especially those oparated continuously, and which
are otherwise of great commercial potential.

D. Dewatsring of particulate precipitated calcium carbonate, and particularly particulate
precipitated aragonite, obtained according to the known art gives rise to relatively wet fiker
cakes of which the water contant is not below 30% and which may thus require a very
expensive subsaquent drying step.

E. Particulate precipitated calcium carbonate, and particularly particulate precipitated
aragonite, of the prior art requires extensive grinding operations to optimize its particle stze
distribution (PSD) In order to meet the effective PSD in the range between 0.2um and
0.4um, mentioned above. Moraover, the grinding operation tends to contaminate the
product, due to attrition of the grinding media, unless very expensive materials of
construction are used for this purpose.

F.  Tha known particulats precipltated calcium carbonate, and particularly particulate
precipitated aragonite, is of limited whiteness, mainly due to the high residual impuritias in
the CaCO/Ca0 feedstock, which it Is quite difficult to remove thoroughty, on the Industrial
scale. Also, the low whiteness of the product is a limiting factor in choosing the suitable
sources of its raw materials (CaCQOy/Ca0).

G. Particulate precipitated calcium carbonate, and particularly particulate precipitated
aragomte. ﬁww requires one or more post-manufacturing lreatment stap(s), in order

1o ensure 1hat the particle surtace is hydrophobic, by coating with suitable long-chain
" carboxylic acids and esters and/or other materials such as silicon greases, e.g. for efficient

dispersal in hydrophobic media such as rubber or plastics, and/or to ensure resistance to
acidic environments for use e.g. in the paper industry and in the coating industry.
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H. Efforls in the prior art to increasa the elfective refractive index ol particulate
precipitated calclum carbonate, and particularly of particulate precipitated aragonite, has
not so far succeeded in making this material a serious competitor to titanium dioxide.

Accordingly, it is an object of the present invention to overcome all or most of the
problems encountered in the prior art, as mentioned in paragraphs A-H, above.

it is an object of the present invention to provide particulate precipitated calcium
carbonate, and parficularly particulate precipitated aragonite, as stated in the preceding
paragraphs, by a process which is more efficient and less expensive, than those available
in the prior art,

Itis yet a further object of the present invention 1o effect such a more efficient and
less expensive process as stated in the preceding paragraph, using sources of
CaCO04y/Ca0, which are presently not suitable raw materials for use as e.g. fillers, extenders
and pigments, and for other applications, in ail of which uses require pigments of high
opftical properties and high performance, whereby production costs are lowered.

Still another object of the present Invention is to provide a particulate precipitated
calcium carbonate, and particularly particulate precipitated aragonite, of a superior quallty
as stated above, in which the produced particles are treated /n siiu with a hydrophoblc
agent in order to avold an extra downstream step and to fine-tune their properties to meet
the requirements of consumer products like detergents and cleaning producis, especially
in the powder forms, toothpastes, sunscreen lotions, pharmaceuticals, agrochemicals,
rubber, plastics, coatings (especially durable paints in acidic environments), inks and paper
industries (especially paper production in weakly acidic media), an effect of sald in situ
treatment being lowering of production costs.

Still another object of the present invention is to carry out the above-stated more
efficient and lass expensive process, in a manner which gives rise 1o filter cakes which are
relatively dry, e.g. with no more than about 20 wt.% water, right after the dewatering stage,
and thus additionally lowering production costs.

Another object of the Invention is to sffect the above-stated more efficient and less
expensive process, in such a manner that the particulate precipltated caicium carbonate,
and particularly particulale pracipitated aragonite, does not require, for most applications,
any downstream grinding operations, except for the regular mixing systems which are in
any event usually installed in the industries mentioned above, and thus additionally
lowering production costs.
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Most of all, it is a particular object of the present invention to provide a particulate
precipitated caleium carbonate, and particularly a particulate precipitated aragonits, of a better
quality than that obtained In the prior art, and especially having a higher whiteness, a lower
specific gravity and a higher effective refractive index.

Other objects of the invention will appear from the description, which follows.
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SUMMARY OF THE INVENTION

It has baen surprisingly found In accordance with the present invention particulate
precipitated calelum carbonate, and particularly particulate precipitated aragonite caicium
carbonate, which Is characterized by its high whiteness, high effective refractive index, and
especially by lis fow spacific gravity (below 2.5 g/cm®), can be produced, and that the
above-mentioned objects of the present invention can be achieved, by a process which .
comprises reacting an aqueous calcium hydroxide slurry with a gas selected from carbon
dioxide and a gas containing it, wherein the parameters of the process, including e.g. at
least one preselected active agent, modes of operation, operating concentrations of raw
materials, operating temperatures, operating pH range and high shear mixing speeds, are
strictly controlied such that the deslred product is obtained. In a particular-embodiment,
flotation of the product occurs during such process. ~

The process of the Invention for producing a particulate pracipitated aragonite in
accordance with the invention, Is preferably further characterized by at least one, and
preferably all, of the following features: (a) the active agent comprises at least one member
selected from the group consisting of carboxylic acids of formula RCOOH, where the organic
group R (which may be e.g. a saturated or unsaturated aliphatic group, such as a hydrocarbon
group which may be substituted or unsubstituted) contains 8-20 carbon atoms, and their
carboxylate saits, esters, anhydrides, acyl halides, and their ketenes (b) more specifically, the
active agent comprises at least one member selected from the group consisting of carbaxylic
aclds of formula C,Hz,,;COOH, where n is 8-16, and their carboxylate salts, esters,
anhydrides, acyl halides, and their ketenes; {c) a!so, the active agent comprises at least one
member saelected from the group consisting of carboxylic acids of formula Cy,Hen.1COOH,
where n is 8-18, and their carboxylate salts, esters, anhydrides, acyl halldes, and their
ketenes; (d) more specifically, the active agent comprises at least ons member selected from
the group conasisting of carboxylic acids of formula CHy(CHx),yCOOH, where n is 7-18, and
their carboxylate saits, esters, anhydrides, acyl halides, and their ketenes of formula
CHy({CHa)n1C=C=0; (o) the concentration of the active agent Is within the range of between
0.2 wt% and 10 wi.%, calciilated as RCOOH and based on the weight of calcium carbonats;
(f) the slurry contalns calcium hydroxide in a concentration within the range of from 3 to 30
wit.%, more preferably 4 to 20 wt.%; (g) the product is produced at a pH between 8 and 11,
preferably between 9 and 10; (h) the process is effected at a temperature in the range
betwsen 60°C, dasirably between 80°C, and the bolling temparature of the reaction mixture;
() the process Is effected elther In a semi-continuous (intermittent) mode of operation, or more
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preferably in a continuous manner;.(j) the process is effected under high shear mixing e.g.
with a mixer comprising a rotoi/stator or a rotor only, the mixer peripheral (tip) speed being
prafarably at least 5§ m/sec. In a particular embodiment, this process is effected in a
continuous mode of operation under high shear mixing with a mixer comprising a rotor/stator
or & rotor only, at a temperature in the range between 80°C and the bolling temperature of the
reaction mixture, the aclive agent - preferably present in an amount In the range between
0.2% and 10 wt.%, calculated on the weight of calclum carbonate - being selected trom the
carboxylic acids and thelr caiclum salts, and the slury contains calcium hydroxide in a
concentration within the range of from 5 o 15 wt%, the active agent being desirably premixed
with the calclum hydroxide slunty prior to reaction with carbon dioxide.

The present invention also provides as a novel chemical substance - which is of course
obtainable In accordancs with the presant process, a particulate precipitated amgonite, which
has a specific gravity of <25 g/cm® (preferably <2.3 g/cm®, more preferably <2.0 g/cm®, even
more preferably <1.5 g/om® after drying at 120°C, and a specific gravity <2.5 g/cm®
(prefarably <2.3 g/cm®, even more prefarably <2.1 g/cm®) after ignition for eight hours at
500°C. In a particular embodiment, the product has a specific gravity of <2.3 g/cm® after
drying at 120°C, and a specific gravity <2.3 g/om® after ignition for eight hours at 500°C and
In another particular embodiment, the product has a specific gravity of <2.1 g/em® after drying
at 120°C, and a specific gravity <2.1 g/cm® after ignition for eight hours at 500°C.

A typleal such product may be further characterized by at least one of the following
foatures: it contains sald carboxylic acld caiclum salt(s) in an amount between 0.2 and 10
wt.%, calculated as CHs(CH;),COOH and based on the weight of calcium carbonats; it has
a specific gravity <2.2 g/cm®, preferably <2.0 g/cm®, more preferably <1.8 g/cm®, and even
more preferably <1.5 g/cm®; a product previously dried at 120°C for 12 hours has a loss
an drying at 300°C for 8 hours of about <10% wt.%, basad on the weight of calclum
carbonate; a product previously dried at 120°C for 12 hours has a loss on ignition at 500°C

_ for 8 hours of about <10% wt.%, based on the weight of calcium carbonate; after drying at

S for 12 houra, and/or drying for 8 hours at 300°C, and/or firing for 8 hours at 500°C,

it still has a specific gravity < 2.5 g/em® after drying at 120°C for 12 hours, and/or drying
for 8 hours at 300°C, and/or firing for 8 hours at 500°C, t has also a preferabia typica)
foose bulk density wall below 0.5 g/cm®.

In another aspect, the present invention provides a particulate precipitaled aragonite
which contains at least one calclum salt of carboxylic acids selected from those of the
general formula: CyHanCOOH, where n = 8-17, in an amount between 0.2 and 10 wt.%,
calculated as CpHantyCOOH and based on the weight of calcium carbonate, and which has

11
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(A) a specific gravity <2.5 g/cm® after drying for 12 hours at 120°C, and/or (B) a specific
gravity <2.5 g/cm?® after ignition for eight hours at 500°C of the product dried, preferably,
in (A).

In still another aspect, the present invention provides a particulate precipitated
aragonite which contains at least one calcium salt of carboxylic acids selected from those
of the general formula: CHs(CHz)Z.COOH, where n = 7-16, In an amount betwean 0.2 and
10 wt.%, calculated as CHa(CH2)ZCOOH and based on the weight of caicium carbonate,
and which has (A) a specific gravily <2.5 g/cm® after drying for 12 hours at 120°C, and/or
(B) a spacific gravity <2.5 g/cm?® after Ignition for eight hours at 500°C of the product drled,
preferably, in (A).

in still another aspect, the present Invention provides a particulate precipitated
aragonite which contains at least one calcium sakt of carboxylic acids selected from
nonanoic acid, decanoic acid, undecancic acid and undecylenic acld in an amnount between
0.2 and 10 wt.%, caiculated as CHs(CHz)ZCOOH and based on the weight of caiclum
carbonate, and which has (A) a specific gravity <2.5 g/em® after drying for 12 hours at
120°C, and/or (B) a specific gravity <2.5 gfom? after Ignition for eight hours at 500°C of the
product dried, prefarably, in (A).

The product of the present invention can be used as a builder, an anticaking
material, an encapsulant, an adsorbent, a thickening material, a sunscreen, a flller, an
axiender and particularly as a pigment for the detergent, pharmaceuticals, agrochemicals,
plastics, adhesives, printing, coating (paint), paper, rubber, filtration, toiletries and many
other industries. Thus, In accordance with further aspects of the present invention, there
are provided a coating composition, a paper composition, a plastics composition, a rubber
composition, an adsorbent composition, a powder detergent composition, a pharmaceuticat
composition, an agrochemical composition, a flavor composition, a fragrance compasition,
a food composition, a feaed composition, and a sunscreen composition, each of which
comprises a particulate precipitated aragonite in accordance with the invention. For this
purpose, such compositions may comprise, for axample, substantially -dry ﬁadbuﬁh
precipitated aragonite, or particulate precipitated aragonite in aqueous dispersion.

_ The PCC of the present invention can be used in most of the (consumer) products
that the prior art particulate caiclum carbonate Is being used (and quite probably In all of
them). However, the PCC of the present invention will manifest its advantages and unique
properties when these (consumer) products are to be produced and/or be used under
conditions that exploit its porous nature as an adsorbent for liquids (e. g. in powders or

12
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detergent powders, in pharmaceuticals, In agrochemicals and in various househoid
products like food and feed formulations. Also, as an encapsulating agent for flavors and
fragrances, pharmaceuticals and agrochemicals), and/or an anticaking agent (e. g. in
powders or detergent powders, in pharmaceuticals, agrochemicals, food, and feed
formulations), as a *fight” component to reduce the bulk density of products {e. g. when it
is used as a filler and/or a bullder in powders or detergent powders), as a thickening
maisrial (e. g. in glues, sealants, adhesives, coatings (paints), and in paper), as filler, as
an exiender and, particularly, as a pigment (6. g. in sunscreen formulations, plastics,
adhesives, printing (inks), coatings (paints), paper {especially formulations for coating
paper, and particularly for high gloss paper products), rubber, filtration, and many others).

-
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BRIEF DESCRIPTION F THE DRAWINGS

Figure 1 shows a schematic flow sheet for production of particulate precipitated
calcium carbonate according to the prior art.

Figure 2 shows a schematic flow sheet for production of a particulate precipitated
aragonite, in accordance with an embodiment of the present invention.

Figure 3 shows In schematic vertical section, a reactor/ffiotation cell for producing a
particulate precipitated aragonite, in accordance with an embodiment of the present
invention.

Figure 4 shows a SEM picture of a substantially pure particulate precipitated
aragonite, in accordance with an embodiment of the present Invention.

Figure 5 shows an XRD spectrum of a substantially pure particulate precipitated
aragonite, in accordance with an embodiment of the prasent Invention,

™~ Figure 6 shows a SEM picture of, ARP-76, a substantially pure particulate
precipitated aragonite, In accordance with an embodiment of the present invention.

Figure 7 shows an XRD spectrum of, ARP-76, a substantially pure particulate
precipltated aragonite, in accordance with an embodiment of the prasent invention.

Figure 8 shows a SEM picture of, ARP-70, a mbdure of ~50% particulate
precipitated aragonite and ~50% particulate precipitated calcite, In accordance with an
embodiment of the present invention.

Figure 9 shows an XRD spectrum of, ARP-70, a mixture of ~50% particulate
precipltated aragonite and ~50% particulate precipitated calcite, in accordance with an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

In the process of the present invention, a sluny of calcium hydroxide in water and
carbon dloxide gas or a carbon dioxkie contalning gas Is reacted together in the presence
of the active agent under stringent process conditions, to generats a particulate precipitated
aragonite having unique properties.

The product of the present invention is characterized by Its low production cost and
by its unique physical properties (high whiteneas, high effective refractive index and low
specific gravity (<2.5g/cm3)) and by its excellent chemical properties (hydrophobicity and
resistance to weak acids), which make it particularly sultable as an adsorbent for liquids,
an anticaking material, a thickening material, a bullder, a filler, an extender and most of all
as a pigment for the printing, coating (painf), paper, rubber, plastics, filtration, adhesives,
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sealants, pharmaceuticals, agrochemicals, lood, feed, detergenis and many other
industries. '

As stated above, Fig. 1 shows a flow sheet for production of particulate precipitated
calcium carbonate according to the prior art. By contrast, in order to define the most
suitable conditions to operate the carbonation stage of the prasent invention, a detalled
deacription of parameters for the present process Is given below. These also includé some
detalis of how to operate the upetream and downstream stages of the carbonation stage,
as thease may affect the final ouicome (c. f. Figs. 2 and 3).

in Figure 1, which Is a schematic representation of a prior art procedure for meking a
precipitated calclum carbonate, quickiime (CaQ) and water, which react together giving slaked
fime, are fed to reactor 20 via respective conduits 1 and 2, and optional additives such as
aragonite calcium carbonate particles for seaeding, phosphoric aciids and salts, aluminum sals,
oxides and hydroxide (other than CaQ/Ca(OH)s), chelating agents, dispersants, and surface
active agents, may also be added at this stage via conduit 3. The initial product “milk of lime®
(calcium hydroxide) is fed via filter or hydrocyclone 4 (large salld particies being removed at
12) Into carbonator 22, to which there is also fed gaseous carbon dloxide (or a gas containing
it} via conduit 5 and the aforementioned optional additives via conduit 6. The reaction product
including any contaminants exits carbonator 22 as an underfiow via conduit 7 and/or an
overflow via conduit 8, to further operations (at site 24) such as dewatering, grinding and
coating; for such further operations there may be added optionally via conduit 8, e.g.
dispersants, surface actlve agents, greases, sllicon greases, long-chain carboxylic acids and
thelr saits and esters, organic and inorganic pigments, powder metals, coal, carbon black or
activated carbon, and/or dyeing agents. The filtrate and water vapors exit the system via
conduit(s) 10, while the final product (which may be wet or dry and optionally post-treated)
exits via conduit 11.

In Figure 2, which is a schematic representation of a procedure for making a particulate
precipitated aragonite in accordance with the present invention, quicklime (CaO) and water
which react together giving slaked lime are fed to reactor 30 via respective conduits 1 and 2,
and the present active agent (and optionally also additives such as phosphoric acids and
salts, chelating agents, dispersants, and surface active agents) may be added at this stage
via conduit 13. The initial product "mitk of lime* (calcium hydroxide) together with active agent
if added to 30 (and optional additives) Is fed via filter or hydrocycione 14 (large solid particies
being removed at 12) into carbonator 32, to which there is also fed gaseous carbon dioxide
(or a gas containing it) via conduit 5 and the active agent (and possibly the aforementioned
optionat additives) via conduit 16. it will be appreciated that the active agent may be added
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either to reactor 30 or to carbonator 32, or to both. Contaminants and liquid exit carbonator
32 as an underflow via conduit 7, whereas - owing to the fact that an embodiment of the
present process includes simultaneous flotation - the desired product exits as an overflow via
conduit 18, to further operations (at site 34) such as dewatering, grinding and coating; for such
further operations there may be added optionaliy via condult 18, e.g. dispersants, surface
active agents, greases, sllicon greases, long-chain carbaxylic acids and thelr salts (including
if desired those within the definition of the present active agents) and esters, organic and
inorganic pigments, powder metals, coal, carbon black or activated carbon, and/or dyeing
agents. The filtrate and waler vapors exit the system via conduit(g) 10, while the final product

(which may be wet or dry and optionally post-treated) exits via condult 11.

Slaking of quicklime

Though this operation is well known in the prior art, it is worthwhile to choose a
preferred mode of operation, which is bast, adepted to the process of the presant invention.
Thus, fresh slaked lime Is preferably prepared in a continuous mode of aperation, which
enables operation of the downstream carbonation stage using low inventories and
exploiling to its maximum the energy that Is Bberated in the reaction between the water and
the CaO, before this precious anergy is lost to the surroundings. The present invention
desirably makes use of this energy to effect the atep of carbonation of the aqueous calcium
hydroxdde siunty at relatively high temperatures, more preferably without cooling or heating,
or in other words, without adding or subtracting energy, and thus ulilizing only the energy
liberated by the carbonation reaction together with the energy produced by a powerful
midng system. Once again, use of fresh and still warm milk of lime Is preferably an
important factor In the success of the carbonation stage and this s more preferably
effected, as mentioned above, in a continuous mode of operation, the tamperature of the
slaked lime being preferably maintained at about the temperature of the carbonation stage.
However, in the altemative, a batch mode of operation may also be used for process of the
present invention or the CaO can be Introduced directly into the carbonator, as is
demonstrated in the prior art.

ixing of quicidime
In some prior art patents it is recommenied to use high shear mixers to slake the
CaO with water. The process the present invention is quite tolerant to the kind of mixing,
as long as the slaking reaction is complete and the maximum energy is liberated. Mixers
that comprise rotor/statlor mbdng systems and mixers that comprise rotors only are sultable.

16
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Pufication of slaked lime prior to carbonation

There are numerous methods of purifying slaked lime before its uiilizalion in the
carbonation stage. Filtration by filters to remove large insoluble particles and/or separation
of these particles by hydrocyciones are two efficient methods for this purpose. Usually,
particles of greater diameter than 40 um (up to 70 um) are removed prior to the carbonation
stage and the coarse particles can then be discarded or used in the construction industry,
for example. The fine slurry is then ready for carbonation in the subsequent downstream
stage. Naturally, feeding CaO directly into the carbonator, as mentioned above, does not
allow to make use of such purification methods.

Sources of CaCOy/Ca: -

Many sources of CaC0Oy/CaO are too oomaming\led o be used to produce, by
known methods, a particulate precipitated aragoniie for the printing, (Inks), coating (paint),
paper, rubber, plastics, fitration, adhesives and ssalants, pharmaceuticals, housshold and
personal care and other Industries, and their main use is, as very inexpensive materials,
in the construction industry. On the cther hand, the present invention may allow utilizing
many of these "Impure®” CaCOs/Ca0 sources and tuming them into a particulate
precipltated aragonite, of filler, extender and pigment grades. The present invention, as is
manifested in the carbonation stage, is superior over any state of the art technology in
salvaging CaCOjy mines and tuming them to profitable use, without changing greatly the
state of the art methods for preparing the slaked lime.

Use of Additives

The state of the art technology for slaking quickiime includes adding a variety of
additives Into the milk of lime prior to the carbonation stage. According to the present
invention, one of the preferred modes of operation Is to add the active agent into the milk
of lime piior to the carbonation reaction. Those skilled in the art of producing precipitated
calclum carbonate riist carefully check that the other additives, if any are present in the
milk of lime, do not interfere with the abllity of the active agent to enhance formation of the
particulate precipitated aragonite and to causae its flotation in the carbonation reactor. For
instance, the use of 1 wt.% (based on the calcium carbonate) of phthalic ackd or trimelitic
acid with about 1 wt.% (based on the calcium carbonate) one of the most potent active
agents of the present invention, n-decancic acid, cause the formation of mostly the
particulate calcite polymorph in the carbonation stage, under the specific conditions that
are described In the experimental section, Instead of obtaining mostly the aragonite
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polymoarph. In other cases, the additivas may cause the formation of mixtures of various

“concentrations of particulate pracipitated calcite and aragonite, instead of quite pure

particulate precipitated aragonite calcium carbonats.

The Reacti tion 2

This operation is well known In the prior art. However, as this stage is the essence
of the present invention, it is worthwhile to choose the mode of oparation that suits it best.
For example, although the use of aragoniie particies for seeding Is a recommended
procedure in the prior art, it seems at the present time that this practice Is unliksly to have
any particular utiiity In the process of the present invention, since use of the active agent
enables all desired objaectives to be achleved.

As the mast important functions of the active agent in the present invention are to
catalyze the production of particulate precipitated aragonite, of improved physical and
chemical proparties and to cause Its flotation In the carbonation reactor, all necessary
measures should be taken in order to maximize these functions.

N the Acti t an tigl

While the scope of the present Inventlon Is not to be regarded as limited by any
theory, nevertheless, it may be likely that the calcium salts of the carboxylic acids of the
general formula RCOOH (of which more specific chemical structures have been mentioned
already in greater details hareinbefore) operate In practice as the functioning active agent
In the present process. It should not be ruled out, however, that for example, cther
derivatives of such acida within the scope of the invention may participate in eimilar activity.

The above-mentioned calcium salts of the relevant acids may be used as raw
materials in the present Invention. However, other compounds, which undergo chemical
transformations to form the active agant under the process condlitions, also serve this
purpose as raw materials in the production of the desired particulate precipitated aragonite.

In a particular embodiment of the invention, which will serve here as an example,
the active agent Is selected from carboxylic aclds of the genera) formula: CHs(CHz}ZCOOH,
where n = 7-18, and Including mixtures thereof. All these acids can be quite easlly
introduced into any of the production facilities. Pumping of these aclds when their
temperatura Is held above thelr melting points (e.g. >60°C) seems to be a very useful
method to deliver the acids into the suitable production units. Under such conditions, these
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thermally stable acids are immadiately converted into their respective calcium salts when
they are mixed with the hot aqueous calcium hydroxide slurry or with the hot carbonation
mixture at pH>7. As water s the only by-product of the reaction between the caicium
hydroxide and the respective carboxylic acids, the use of these acids, as raw materiala in
the process of the present invention, seems to have no hamful side effect.

The respective acid anhydrides of the general formula: (CHa(CH2)2C0O)20, including
mixtures thereof, where n = 7-16, are as good a source for the active agent, as the
corresponding acids. However, the anhydrides are much less safe to handie and they are
much more expensive than the respective acids.

The carboxylate salts of the acids of the general formula: CHs(CHg)sCOOH,
Including mbxtures thereof, where n = 7-16, can serve as raw materials in the process of
the present Invention, e.g. where the cations are.gelected from Na®*, K*, NH,*, Li*, Mg™*
and especially Ca**, but, generally, the use of these salts does not appear to have any
advantage over the free acids. On the contrary, the salts are usually more axpensive, they
are not as easy to handle on an industrial scale as the respective ackis and, axcept the
Ca™* salts, all the other salts add cations that, so far as is presently known, are not required
in the present process. The Mg*™* salls present a special case, as they leads lo the
formation of hydromagnesiie and thereby to a dramalic rise of the surface area of the
product, to its contamination and to a large increase in the water content in the wet filter
cake. Therefore, in the process of the present Invention only limited concentrations of this
cation are allowed, i.8. < 1 wt.%, based on the calclum hydroxide (thls Emitation is removed
It it is desired to exploit the process of the present invention o produce hydromagnesite or
mbdures of hydromagnesite and PCC of the present invention. On the contrary, then Mg**
can also be introduced as other Mg salts or, preferably, as MgO/Mg(OH)a).

Esters of the following general formula: CHa(CH;)sCOOR', where n = 7-16 and R’
is an esterification radical such as alkyl, 8.g. CHy, CzHs, CsHy, etc., are also suitable
candidates for the active agent in the present invention. However, in order for these
oompounds 1o generate e.g. the corresponding calcium salts, they have to undergo a basic
hydrolysns which may preferably be done by premixing them in the hot and basic aquoous
calcium hydroxide slury, in which they are hydrolyzed and thus converted to the respective
Ca"™ salts. However, the use of these esters in the process of the present invention
appears to be inferior to the use of the respsctive acids, for reasons, which will be self-
evident to the skilled person.
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Chemically equivalent to the other preferred active agents specifically mentioned
above, are ketenes of the general formula: CHy{(CHa),-1C=C=0, wherin n = 7-16, and
including mixures thereof, behave In a similar manner and entall similar drawbacks, as for
the acid anhydrides, as mentioned above.

Therefore, the acids of the general formula: CHy(CH2)ZCOOH, whereln n = 7-16,
including mixtures thereof, are the presently preferred source for the active agent to be
used in the process of the present invention. More specifically, decanoic acid (whereln n=8)
is prasently one of the most potent and preferred acids, as It ieads to products of the
present invention of which the conlent of the aragonite Isomorph is the highest, under
comparable conditions. Lauric acld (wherein n=10), myristic adt_:l {(whersin n=12) or even
stearic acid (wherain n=16), relatively abundant and less expensive raw materials, may be
preferred in some other cases, In which the maximum content of the aragonite ismorph In
the product Is not ciitical or in cases In which controlled concentrations of the calcite
isomorph in the product of the present invention may eéven be desirable.

It seams that the process of the present Invention Is quite more general than it was
thought originally. it was also found out that undecylenic (or 10-undecenoic) acid
(CH=CH(CH2);COOH) Is also a very potent active agent in the process of the presant
invention and others will, probably, be sorted out in the fulure, using the conditions of the
novel process of the present invention and the simple and straight-forward methodology
of how to determine which compound (carboxyilic acld) Is an active agent.

The Reactor/Carhonator/Flotation Cell

As already mentioned above, the carbonation stage can be conducted in any well-
stirred reactor according to the prior art. However, due to the fact that the active agent is
a unique material that can enhance the formation of the particulate precipitated aragonite
of the prasent invention, in the reaction between aqueous calcium hydroxide slurries and
carbon dioxide gas or a carbon dioxide contalning gas, and aiso due to the fact that the
active agent can cause this product to float, the presently preferred carbonators to be used
in the process of the prasant invention are flotation cells.

These cells may be operated somewhat differently from the regular carbonators and
the regular fiotation cells, as both functions (carbonation and flotation) take place in the
same production unit of the particulate precipitated aragonite, of the present invention. The
exact set-up of thase flotation cells can vary, as this will depend on, for exampils, the
praferences of the skilled designer, the precise nature of the desired product, the quality
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of the aqueous calclum hydroxide slurries, etc. For example, a flotation cell like that
depicted in Fig. 3, containing stator/rolor or rotor only S..is suitable for carrying out the
inventive process, and of which the main features are as follows:

A.  The stream of slaked lime (14) is preferably introduced near the inner circumference
of the reactor and above the stirring blades.

B.  The stream (5) of carbon dioxide gas or carbon dioxide containing gas is preferably
introduced through suitable spargers at a point below the slirring blades, but still not too
close to the bottom of the cell, to avold excessive mixing near the outlet stream (7) of the
contaminants and liquid.

C. The wet product and the gas are preferably discharged from the top (18) of the call.
The customary skimmer for skimming the product out of the flotation cell, and
hydrocyciones for efficient product/gas ;aparaﬁon. are not shown in Fig. 3.

carbon dioxide gas or a carbon dioxide containing gas is the most sultable mode of
operation for the present invention, especially because of the huge potsntial market for the
produced particulaie precipitated calcium carbonate, and particularly particulate
precipitated aragonite.

Semi-continuous (intermittent) operations may also be used. However, as may be
understood from the desirability of operating the process at its utmost efficlency, e.g. as a
fiotation operation, it Is unlikely that an intermittent mode of operation can compete
economically with the continuous mode of operation.

A "real" batch mode of operation, in which the milk of lime and the active agent are
mixed together and carbon dioxide gas or a carbon dioxide contalning gas Is introduced to
precipitate the desired product untll the reaction mixture tums neutral (at about pH~7),

] appears not to be viable, probably because the active agent s not efficient in catalyzing the

formation of desired product, at the high initlal pH characteristic of the batch mode of
operation in this case, and/or because the active agent is adsorbed onto the surface of the
first formed crystals of particulate precipitated calcium carbonate, where it is then "buried”
under the subsequent PCC. In such circumstancas, the active agent is very quickly
depleted from the reaction zone, and the process of the invention, as such, is likely to
become inoperable.
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Temperature of the Carbonation

The prior art teaches producing a particulate precipitated aragonits, at a
temperature range between 60°C and the bolling temperature of the reaction mixture, at
amblent pressure, and the presaent process is preferably conducted similarly, because
lower temperaturas favor the formation of calcite.

On the other hand, operating the procass at a temperature as close as possible fo
the bolling point of the reaction mixture is presently particularly preferred, since these
conditions give a product of relativaly lower water content in the wet filter cake, which is a
great advantage in many applications of the product.

While the present process may be operated at higher temperatures and pressures
(since the active agent Is stable under such conditions), this kind of operation s associated
with sesjous technological problems that may adversely affect the whole economics of the
process.

Concentration of Ca

The prior art method for producing a particulate precipitated aragonite, may be
classified Into three principle modes of operation. The first mode is cperated at very low
concentrations of the calcium hydroxide in watsr, and in some cases a clear solution of <1
wt.% calcium hydroxide Is used. In the second mode, there are used aqueous calcium
hydrodde slurmies and active agents to induce the formation of the desired particulate
precipitated aragonite, albeit, at very low production rates. In the third mode, particulate
precipitated aragonite ls used for seeding, in order to Improve production rates.

The present invention requires relatively high concentrations in the aqueous calcium
hydroxide slurries and the production rates are very fast. Actually, at the range of very low
concentrations of <2 wt.% (based on the calcium hydraxdde) the present procasas may not
“ignite® right away and under these circumstances no desirable “porous” product of the
present Invention Is obtained, but rather, only precipitated caicite calcium carbonate
pm: ;r mbdures of mainly such particles.

The present invention can use quite dense aqueous calcium hydroxde slurries of
up to about 30 wt.% calclum hydroxide, but such dense slurries are very viscous and are
very difficult to handle. Therefore, the preferred range of concentrations of the aqueous
calcium hydroxide slurries, according to the present invention, are in the sange between 4%
and 20 wi.%, and more preferably between 5% and 15 wt.% calcium hydroxide. In these
ranges, the viscosity of the reaction mbdure pemits smooth operation, while the energy
maintained already In the feed of aqueous calcium hydroxide slurry (as discussad above),
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plus the energy liberated by the carbonation reaction, as well as the energy liberated by the
mixing system, are sufficient to maintain the desired reaction temperaturs without any
external heating or cooling.

Conl tion of Active Agent i ation Ste,

To simpilify the caiculations of how much active agent is needed in the process and
how much of it may be included in the product of the present invention, we prefer to use
the weights of the respective acids, since the carboxylate moieties differ from their
respective acids by laess than 1%. Therefore, in cases that suitable ketenes, esters,
carboxylate salts, acid anhydrides and/or acyl halides are being used, the equivalent welght
of the respective acid should be calculated, uniess otherwise Indicated. Moreover, as we
are presently aware of differences among the activities of the acids of the general formula
8. g. CHs(CHo),COOH, whereln fi~= 7-18, including mbdures thereof, thelr individual
contribution to the total weight of the active agent should be calculated arithmetically,
namely by adding the welght of each individual acid, as if these are of the same chamical
entity. This concept is important for understanding this invention and particulardy the claims,
unambiguously. The difference batween the molecular weights of the respective acids
(~1£30%) is not a great problem, because a person skilled In the ast will in any event check
carafully what is the exact amount of the relevant carboxylic acids that is necessary to
operate the process in a manner, which is not sensltive 1o even larger variations of the
concentrations of the active agent, namely, of >130 wt.%, based on CaCOs. Moreover,
when using decanolc acld as the presantly preferred active agent, the present itvention will
not even be subject to the above-mentioned Inaccuracy.

To determine the concentration range of the active egent In the present Invention,
it is important to be awars of the various functions of this agent in the production process
and the effects that it produces in the fina! product.

The prior art describeé many additives that assist in producing particulate

precipitated aragonite, but none of these additives {s comparable to the present active
agent, under the selected process parameters, for the following two major reasons:
1. The active agent leads to a dramatic reduction of the specific gravity of the
particulate product and allowe use of the flotation method to separate the "light® particulate
precipitated aragonite, from the "heavy" contaminants {containing aluminosiiicates and
heavy metal salts, carbonates and oxides). These “heavy" particles sink down to the
bottom of the carbonator/fiotation cell and are discharged from the production unit without
reaching the downstroam filter, and
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2.  The optical properties of the particulate precipitated product are altered and its
effective refractive index is increased dramatically.

Thus, according to one of the preferred modes of operation, the pure product of the
present invention, on the flotation embodiment, is being carried to the top of the
reactor/carbonator/fictation cell, by the small bubbles that adhere to the tiny precipltated
particles, and this relatively pure product Is discharged from the top of the
carbonator/flotation cell prior to any downstream operation. Thus, in this embodiment, the
present process entails an Intrinsic, bulltin, extra purification operation, prior to the
downstream dewatering operation, which Is not so common in the prior art.

This unique property of the active agent to cause the flotation of the “light"
particulate pracipitated calcium carbonate, is also a reason why this embodiment of the
present invention is superior over any of the prior art production technologies in exploiting
highly contaminated sources of CaCOy/Ca0, which have hitherto been unsuitable as raw
materials for production of a particulate precipitated calcium carbonate, and particularly
particulate precipitated aragonite, of flller, extender and pigment quality grades. Such
sources can now be utllized succeesfully, using this noval technology of the present
invention.

Since the aqueous calcium hydraxide slurry is usually quite contaminated and the
impurities are liable to affect petformance of the active agent, the threshold (minlmum)
concentration of the active agent will vary, but Is within the competance of a skilled person
to determine, under any parficular set of circumstances. Moreover, the threshold
concentration will also vary with the kind of active carboxylic acids that will be used. In any
case, kt Is dasirable to avoki this threshold concentration at the carbonation stage, as this
is a point of Instabillty and would invoive unnecessary risk to the desired objective. When
considering use of a new feedstock of CaCO,/CaO, laboratory experiments will reveal the
minimum concentration of the active agent, which Is necessary to start the production of
the desirable particulate precipitated calclum carbonats, and particularly particuiate
precipitated aragonite, without any faults (vis-a-vis the pertinent CaCOy/CaO feedstock).
This value Is expected to be in most cases above 0.2 wt.%, preferably within the range
0.4% to 3 wt.%, based on the calcium carbonats.

It is very important to note that this threshold concentration, discussed above, for
catalyzing the production of particulate precipitated aragonite, of the present invention
{~0.2% wL.%, based on CaCO,) is substantially above the threshold concentration that is
required to cause the flotation of this product In aqueous solutions (~0.02% wt.%, based
on CaCO4) and that by operating in the concentration range merely for a "proper” fiotation
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process, nothing that is disclosed in the present invention really happens. Actually, the
optimal physical and chemical properties of the particulate precipitated aragonite calcium
carbonate, of the present invention are altained at above 100 fold of this concentration (~2-
3 wt.%, based on CaCOs).

Other factors may indicate use of even higher concentrations of the active agent in
the production process of the present invention. FFor instance, coating the surface of the
particulate precipitated aragonite, with a predetermined rather thick layer of the active
agent, in situ, in a carbonatorffiotation cell, may require quite high concentrations of this
material, which may exceed 5%, 10% and even 15 wt.%, based on CaCOs, in order to
produca good surface coated hydrophobic and acid resistant particulate preciplitated
aragonite (e.g. for Mr batches). Naturally, at such high active agent concentrations, the
cost component of the coating should then be compared to the alternative possibilities of
downstream coating, whith are also available in the prior art, as well as In the present
invention (c.1. figa. 1 and 2, respectively). Another serious reason to avoid operating the
process at too fow concentrations, Is the fact that the chemical and physical properties of
the product, and especially Its optical properties and specific gravity, which are quite
Interdependent, are dramatically affected by the concentration of the active agent.

In between the upper limit and the threshold limit of the concentration of the active
agent in the process of the present invention, the optimum concentration should also be
detenmined by one sidlied in this art, elther vis-a-vis the quality of tha CaCOy/Ca0, or
whenever the properties of the product are to be changed. The active agent Is not an
aexpensive material, but still it may throw an economical burden on the total cost of the final
product due to the fact that even quite pure particulate precipitated aragonite is a relatively
inexpansive material.

Intultively, the concentration of 10 wi.%, based on the calcium carbonate, seems
to be an economical upper limit of the active agent, while 0.2 wt.%, wt; based on the
CaCO,, seems to be its threshold (minimum) concentration.

on D in the tion Ste

Use of carbon dioxide gas or a carbon dioxide containing gas is well known in the
prior art methods for producing precipitated calcium carbonate particles. The process of
the present invention is similar in this respect to the prior art processes that operate with
substantially pure carbon dioxide gas as well as with mixtures of carbon dioxide with up to
about 92 v inert gases (e.g. air). At lower concentrations of the carbon dioxide in the feed
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gas (<B wt.%), however, the efficiency of the process may be too low, mainly, dus to the
cooling effect of the excessive gas.

In order to understand how to control the process of the prasent invention, It is
worthwhile to deacribe the major effects that are obsarved at the two limits, nametly, when
using “rich® feed gas of about 100% carbon dicxida on the one hand and using “lean” feed
gas of about 8 v¥% carbon dioxide on the other hand. it was found that “rich™ carbon dicxdde
gas feed leads to a PCC, of the present Invention, that gives riee to products of much
higher gloss than thosa that are produced from the PCC, of the present invention, that are
produced with a “lean” carbon dioxde feed under similar production conditions. Namely, the
gloss of the final (consumer) products can easily be fine-tuned by just choosing the right
COyfineit gas (alr) ratio. This fact may be explolted, especially, in using the product of the
present Invention In formulations that are intended to be usad e. g. In the coating industry,
which requires quite often low gloss products and in the paper industry for coating paper
and obtaining a desirable product of high gloss.

Another phenomsnon that is cbserved when using “lean” feed gas is that it leads to
a PCC, of the present Invention, of lower apecific gravity and of higher hiding power,
compared to a PCC, of the presant invention, that is produced with "rich" feed gas under
gimllar conditions. That, in tum, allows to include carboxyfic acids within the patent range,
which otherwise could not meet the constrains that were set up to determine which
carbaxylic acid Is within the borders of this invention and can be used as an active agent
to produce the product of the present invention. For Instance, under the conditions of the
screening test (Example 1; that Is described herelnafter), Lauric acid could not be
considered active agents (ita product was considered “Calcite” as its crystallographic purity
(aragonite/(aragonlite+calciia)) was only 20%-25% and its specific gravity (In tall oil; after
drying it at 120°C for twelve hours) was only 2.54 g/cm®. When using a "lean” feed gas of
26% COa (by volume) the specific gravity of the product decrease dramatically to 1.78
g/cm’. Therefore, based on the too high specific gravity values that were obtained for laurfc
acid, for palmitic acid and for stearic acid, the myristic acid was not considered, at that time,
1o be a viable candidate to catalyze the process of the present invention and ,thus, due to
the time constrains, it was not tested and not included In Table 1. The use of very “lean”
gas feed allows to sort out and use much more carboxylic acids (lauric acid, myristic acid
and even stearic acid) to serve as the active agents of the process of the present invention,
using the simple and stralght forward mathods that were developed herain
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Additives in the Process:

The procass of the present invention -Is quite salf-sufficiant and requires only the
active agent in suitable quantities, as discussed above. The active agent can be Introduced
preferably already premixed with the aqueous calcium hydroxide slurry, or alteratively (or
additionally) it can be introduced directly into the carbonator. The active agent can also be
used downstream the carbonation stage, but that, naturally, has no effect on the production
of the particulate precipitated calcium carbonate, and particularly the particulate
precipitated aragonite, in the carbonator.

It appears that the active agent has a surprising affinity to the aragonite, which Is
uniikely to be adversely affected by the presence of other additives. Consequently,
addttives like phospheric acids and water soluble salts thereof, can be used In the present
Invention to modify the product properties by Increaaing the aspect ratio of the thus formed
acicular crystals; polyacrylatss, polyacrylamides and some short-chain carbaxylic ackds can
be used to modify the rheology of the product mixtures and allow operation at higher
calkcium hydroxide concentrations and, consequently, at higher throughputs; chelating
agenis can be usaed to convert heavy metals into water-soluble species and once again
Isad to super-pure products; metal powders and carbon black may be introduced to obtain
electrically conductive powders; soluble aluminum salts may affect the shape of the calcite
particles; and magnesium salts or preferably MgO/Mg(OH): may lead to hydromagnesite.
The prior art is infeated with examples of additives that are used to achieve improved
particulate calcium carbonate products. These additives and many others may, potentially,
be used In the product (process) of the present Invention.

It is nevertheless prudent to check carefully the effect that well known additives of
the pidor art may have on the action of the active agent, but in most cases the active agent
wili be the dominant catalyst tor the purpose of the present invention and, therefore, such
additives can usually be introduced at various stages of the process, as Is customary In the
prior art (c.f. Figs. 1 and 2).

The Mixing System

The need for high shear mbdng In this process is well known in the relevant art. The
mixers may be a mtorlstatbr type or a rotor only type. Usually, the latter one is used to
produce relatively larger product particies, while the rotor/stator type leads to much higher
attrition of the acicular crystals. On the other hand, the rotor/stator type may allow a more
efficient dispersion of the gas bubbles, thereby improving the quality of the product. The
skilied operator will utilize the preferred mixing system for working or anhancing the present
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process. The type of mixers and the rotor speed should be optimized according to the
desired carbonation performance and the desired product characteristics.

The lower {imit of the rotor speed (hereinafter - "Tip Speed™ or "Peripheral Speed”)
is known in the prior art. A requirement of a minimum tip apeed of about 5 m/sec,, to effect
the formation of desired product is not unusual in this arnt.

The upper limit of the rotor speed is determined by mixer technology, cost of the
specific mixsr, the nature of the desired product and the energy that is to be used. For
instances, the higher the rotor speed, the lower may be the reaction time (in a continuous
process, the reaction time is termed HUT (Hold Up Time) and It is calculated as follows:
HUT = V (the carbonator volume) / F (the discharge rate of the product mixture out of the
carbonator)). This in tum may lead to small particles. A skilled parson in this art will know
how to optimiza the kind of mixers and rotor speeds above the minimal peripheral speed,
which is preferably 5§ m/sec.

As already mentioned above, the carbonation step is preferably conducted in a
continuous mode of opsration. n such a case, “reaction duration” is hardly relevant, but we
can calculate the HUT (Hold Up Tims), which Hles essentially within the range betwseen 5
minutes and 180 minutes. At below the lower limit of the HUT the yields may be too low
and the PSD (Particle Size Distribution) of the product may be too small, while at the upper
limit of the HUT the process throughput may be too low, the ylelds may be excellent and
the PSD may be too small, bacause of excessive atirition of the product in the flotation cell.
Once agaln, the skilled person will be able to determine by experiment, sultable working
parametsrs vis-a-vis the desired product propertiea and to optimiza its quality and cost.

[he ravity and the Loose Bulk

Calcium Carbonate of the Present invention

The specific gravity of the PCC of the present invention is measured for. the -
following three major reasone: {a) to distinguish the product of the present invention from-

the products of the prior art; (b) to distinguish the process of the present invention from the
processes of the prior art; and (c) to control and optimize the process and the product of
the present invention. More specifically, the specific gravity of the product of the present
invention, after igniting it at 500°C for eight hours, as ia deacribad in Example 14
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hereinafter, is the most decisive and accurate criterion to determine that the relevant
product has a spacific gravity of <2.5 g/cm® (preferably <2.3 g/om® and more preferably
<2.1 g/cm®) and, therefors, it is indeed the product of the present invention. Therefore, aiso
the process that produced such a product is the process of the present invention. The total
elimination of the carboxylates from the PCC particies after such a thermal treatment (N.D.
i. 8. <1ppm; as measured by GC-MS analyses), cicumvents the problam of adhering gas
bubbles onto the surface of the measured PCC sampies, and thus the specific gravity
values for products of the prior art (caicite, as well as, aragonlie) are always >2.5 g/cm®
(even >2.85 g/cm®), while the products of the present invention are characterized, by
definition as such, by their spacific gravity values <2.5 g/cm? (preferably <2.3 g/cm® and
even more preferably <2.1 glem®).

However, the PCC anolea are usually belng used in practice without any such a
drastic ignition treatment (at 500°C for 8 hours) and In most cases the PCC parlicles are
even not being dried, but rather dispersed in water, after the dewatering step, using known
dispersants to obtain stable dispersions (slurries of >50 wi%). Therefore, the PCC particles
of the prior art may be coated with carboxylates, and therefore, they may be surrounded
by gas (usually air) bubbles that lead to a seemingly "reduced” specific gravity, of which
value Is substantially below 2.5 g/cm®. However, this erroneous shtuation last onfy unti)
these PCC particles are subjected to high shear forces (e. g. in the processes of making
coatings, inks and paper) that causes the separation of these gas bubbles, unless they are
“hikiden" deep below the surface of the PCC particles, and that is the basis of the present
invention. Therefore, any suggestion that ie made hersin to measure the specific gravity
of the PCC particles, after drying them at 120°C for 12 hours only, is Just to get the notion
that Indeed the respective product may be of suitable properties and be further ignited at
about 500°C for the time thet is necessary to remove all the organic moleties, before
further specific gravity tests are conducted. A person skilied In the art may choose other
conditions to perform this task, but then he should maks sure that the organic compounds
are no longsr infonto the tested PCC particles.

Contrary to what was thought before, that the "pores” in the PCC particles of the
present Invention are closed, we know now that these “pores” are semipermeable (or
selectivaly permeable) to liquids and gases. Any attempt to use the regular gas phase
pycnometer measurements to determine the specific gravity of commercial PCC particles,
as well as the PCC of the present invention, will lead to values above 2.5 g/lcm®,
irrespactive of the kind and source of these calclum carbonata products or the kind of
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treatment that these samples received prior to the specific gravity analyses (c. f. Example
14 (D}). Namely, using such a practice would have resulted in totally overlooking the
present Invention. However, conducting specific gravity analyses of the PCC particles of
the present invention (after treatment at 500°C for eight hours) in liquids like water, oleic
acid (>97%), cold pressed edible olive oil, refined edible aunflower oil, refined adible com
oll, refined edible saybeans oll, refined canola oll, and tall oil, leads to values <2.5 g/cm®
(preferably <2.3 g/cm® and more preferably <2.1 g/cm®). Similar measurements of the
specific gravity of commercially available GCC (calcite) and PCC (calcite and aragonits)
gave always rise to values that were >2.5 g/om”® (even >2.6 g/om® and even >2.7 g/em®).
When the measurements of the specific gravity were conducted in water, the specific
gravity of the products of the present invention were <2.5 g/cm®, but however, when a small
amount of sodium dioctylaulfosuccinate (2%) was added to the slurry, the specific gravity
of the PCC particles increased quite fast and ended up at values >2.7 g/cm® (such a
phenomenon could not be observed In the case of the prior at GCC or PCC products).
Thia phenomenon of penetration of liquids Into the "pores” of the product of the preeent
invention has a lot of benefits, but when this happens on preparing the usual stable siurries
of PCC (of >50 wt%) by mixing the PCC, water and a suitable dispersants, it results in a
very thick, high viscose mass. At the preparation stage, PCC slurries made of a product of
the prior art look, superficially, quite similar to those that are made of the product of the
prasent invention, but this superficial appearance may mislead. For instance, measuring
the specific gravity (S.G.) of the PCC particles of the prior art will result in values that are
> 25 g/em®, while the S.G. of the PCC particles of the present invention will be
considerably lower values. Moreover, the addition of a wetting agent, like the sodium
dioctylsulfosuccinate, to these siurries will reveal a much more dramatic behavior. Namely,
such siumries of the PCC particles of the prior art may not be affected much, but the slurries
made of the PCC parliclaa of the present Invention will tum into a dense and thick high-
viscose mass and the S.G. valuee of the particles therein will Increase to > 2.7 g/em®, due
to the penetration of the aqueous phase into the PCC particles.

Due to the fact that the “pores” in the products of the present invention are not
closed to gases and to some liquids, it Is important to avold the customary gas pycnometar
spacific gravity (S. G.) measurements when analyzing the product of the present invention,
and rather follow the exact instructions of how to do It (¢. f. in Example 14 and espacially
in Example 14 (F)). These measurements reveal bast the desired properties of the novel
praducts of the present invention and of the process of the present invention and give a
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close picture of how these PCC particles are going to improve the final (consumer)
products, due to their unique property — “"porosity”.

Another observation can be made, based on the experimental data that was
collected thus far, that the loose bulk density (L.B.D.) of the products of the present
invention have remarkably lower values (<0.5 g/cm® and even <0.4 g/om®), than those of
similar products of the prior art (usually > 0.5 g/cm®). Therefore, we may also use this
phenomenon {o serve as an additional criterion to Indicate whether a product of such low
L.B.D. is in the domain of the present invention. The exact procedure of how to perform this
test will be detalled in Example 14 (G). Generally, particulate PCC products, previously
dried at 120°C for twelve hours, that are of SSA (Specific Surface Area) (BET) < 13 m?/g
will belong to the domain of the present invention if they have a L.B.D. of less than 0.4
g/om?, provided that they are W by e.g. decanolc acld, dodacanoic acid, myristic acid,
undecylenic acid, stearic acid and alike carboxylic acids that are used as the active agent
in the particular case, as instructed in Example 14 (G). Products of higher SSA will not be
tested according to this L.B.D. test, but rather by only the S.G. test, as instructed In
Example 14 (F).

The present invention will now be described in more detail by way of Examples, which

are presented for illustration purposes only and are not be construed restrictively.
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Experimental: X

Raw Materials;
A. Al raw materials were purchased from Aldrich, unless otherwise
specified.
B. Ethyl decanoats was prepared by reacting decanoyt chioride with ethanol
In the presence of triethylamine at about 50°C. After about 3 hours the product
was washed with water to remove water-soluble residues and it was then dried
at about 50°C under a vacuum of about 30 mm/Hg.
C. Sodium decanoate was prepared by thoroughly mixing decancic acid
with 2% aqueous NaOH at about 70°C until the pH passed 10.
D. Potassium decancate was prepared by thoroughly mbdng decanolc acld
with 2% agueous KOH at about 70°C untlf the pH passed 10.
5th. CaO(1) - of Arad, lsrasl. '
6th. CaO(2) - of Shfeya, Israel.
G. Commercial PCC - Aragonite; of Specialty Minerals Inc. (SMI);
Opacarb® A40.
H.  CO; - Cylinders of 100 % purs compressed gas of Mifalay Hamzan Lid.,
Halfa.
L Tall Oll (Syivatal 20S) of Arizona Chemical, USA.
J Ultrafine stearic acld coated GCC — Omya UFT 95 ex Omya-Pluess-
Staufer - Switretland.
K A commaercial ultrafine stearic acid coated - Ultrafleax PCC ex SMI -
USA,
L A commercial ultrafine taic ~ Ultratalc 609 ex SMI - USA.
M. Isostearic Acid - Emersol 875 ax Henkel - Germany.
N.  The Paint Constituents:
Nopco NDW of Henkel
Cellosize QP 15000 (hydroxy ethyl celluloss) of Union Carbide
Disperse One (45% N.V.) of Tambour, Israsl
Synperonic NP10 of ICI
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TiO» (Kronos 2160) of Kronos (Howevar, similar TiO; pigments, like Tioxide R-
TC90 and Tioxide TR92, of which their Dgy= 220 nm + 20 nm may serve equally
well)

Synthetic sodium aluminum silicate (p820) of Degussa

Kaolin clay (Dgo = 3.1 micron) of Engelhard

CaCO, powder (dso=3.5 microns) of Polychrom, Israel - "Girulite-8"

Taic (Dso = 12.3 micron) of Lusenac Val Chisone

Copolymer vinyl acetate acrylate emulsion (§5% N.V.) of Cerafon, [srael

Butyl diglycol acetate of Unlon Carbide

Kathon LXE of Rohm & Haas

Ammonia (25%) of Frutarom, Israel

Antioxidant (frganox-B225 aex Ciba Specialty Chemicals - Switzerland)
Lubricant (Wax PE §20 ex Hoechst-Celanese - USA)

Polypropylene copolymer (Capllene-TR50 ex Carmel Olefins - Israel).

Instruments and Accessories:

pH metar/controller; Janco; Model 3671; Madse in China.

pH electrode; Hanna Industries; type HI 1131B (Glass Probe).
Thermometer; Jenco Model 3671; Made in China.

Peristaltic pump; Watson-Mariow; Model 505u (variable speed).
Agitator; ka; Model RW-20 {variable spead).

Dissolver; Hsiangtal; Model HD-550; Mada in Taiwan
Ultra-turrax® T50; Ika; rotor d = 3.8 cm; stator d = 4 cm.

Disk type rotor of d = 12 cm.

Disk type rotorofd = 8 cm.

Saw-blade type rotor of d = 9 cm.

Saw-blade type rotor of d = 4.8 cm.

Hydrocyclone 2™°; Mozely; P = 50 psl; vortex finder = 11 mm; spigot = 6.4

© O NOD AN
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Vacuum pump; Vacuumbrand GmbH; Model MD 4C.

Buchner + filter cloth with 8-10um pores.

156. XRD (X - Rays Diffractometer); Siemens D-500 for the crystaliographic
phasas.

-l
>
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16. SEM (Scanning Electron Microscope); Jeol 5400 for the shapes of the
particles.

17.  Colorimeter; Hunteriab D25-PC2 for whiteness measurements.

18. Colorimeter; ACS instrument {(Appliad Color Systems).

19. Ultrasonic bath (10 [); Selecta, Spain - "ULTRASONS".

20. Ultrasonic cleaners (baths) of limited power (<100 Amp.Volt.} e.9. P-
08890-01/06 ex Cole Parmer — USA,

21. Analytical Balance; Shekel Lid., Israel.

22. HPLC Analyzer; Waters HPLC Analyzer (Detector 486 + Autosampler
717 + Pump 510 + millenium Software).

23.. HPLC Column; Phenomenex C18(250 mm x 4.3 mm; Sum Particle size).
24, AccPyc 1330 ex Micromeritics — USA.

25. Glossmeter (Minigloss 101N ex Sheen instruments — England).

28. Reflectometer (Ref. 310 Sheen-Opac ex Sheen Instruments — England).
27. Twin-screw compounder {L/D = 24 ax Dr. Collin — Germany).

28. Injection machine (25 t ex Dr. Boy — Germany).

29. Screen-shaker (Rotap Model RX-29-10 ax W.S. Tyler Inc. — USA).

830. GC-MS for trace analysis - of HP Model 5890/5971

PREPA ON |- U jum e Slupries;

The aqueous calcium hydroxide alurry was prepared in the laboratory in
a batch mode of operation as follows: 40 kg of tap water were Introduced Into a
50 I. stainless steel 316 reactor that was equipped with a steam heated jacket, a
thermomater and with the Haiangtal Dissolver with a rotor of d = 12 em. The
Dissolver was operated at 200 rpm, 4 kg of CaO {Shfeya) were added to the
reactor during less than 10 minutes and the sluny was allowed to stir for 10-80
minutes. At that time the temperature rose to above 60°C and when it reached
ita maximal temperature at 80-90°C, the mixtura was ready for its purification
prior to the carbonation stage, as follows:

S r ke

a The slurry passed a stainless steel 316 screen to remove particies of d >
2 mm, and
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b. The filtered sluny passed a hydrocycions to remove particles of d > 50

Notes:

At this point the warm agueous calcium hydroxide slurry was ready for its
use in the carbonation stage and its temperature was malintained at a preset
value by heating the siuiry in the above reactor In order to control the
temperature in the carbonator.

The potentlal active agent(s) and any cptional additives could be blended
into the warm siurry at e preset concentration before the purification steps a.
and b or thersafter.

This~hatch mode of operation is used only in the laboratory tests. The
production plant ls intended to be operated under a continuous mode of
operation, as is discussed herein.

PRE TION || - lon of Aque ium lurrigs:

PREPARATION | was repeated using CaO of Arad, a substantially purer
raw material than that of Shfeya (the respective whitenesses are >95% and
~88%).

EXAMPLE 1 - Screening Test for the Potential Active Agents:
Possible active agents were Investigated by producing particulate

precipitaled calcium carbonate according to the following procedure:

2 kg tap water were added to a 3.2 I. stainless steel 316 reactor (of inner
diameter d = 15 cm and length - 18 cm), equipped with a steam heated jacket,
a pH electrode, a thermometer and the Hslangtal Dissolver with a saw-blade
rotor of d = 4.8 em (c.f. Fig 3). The Dissolver was opearated at a preset speed
and carbon dioxide gas or a carbon dioxide contalning gas and the aqueous
calcium hydroxide slurry of PREPARATION |, containing already the active

agent, were fed simultaneously into the reactor, while maintaining the pH, the .

temperature and the production rate at preset values. The product was
collected at the top of the reactor, and the impurities were discharged from the
bottom of the reactor (naturally, the product exited from the bottom of the
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reactor when the experimental aclive agent did not lead to a particulate
precipitated aragonite and to its fiotation).

The firat 10 L. of resutting siurry were discarded. The residual slurmy was
collected and it was filtered through a filter-cloth on the Buchner using a
vacuum pump to dewater the product. The filter cake was dried for 12 hours at
120°C and the crystallographic morphologies and the shapas of the crystals of
the precipitated calclte and/or aragonite calcium carbonate particles were
detarmined using XRD and SEM analyses, respectively. The results are shown
In the Table 1, below.

Rotor Speed = 4000 rpm ('I1pSpoed 10mlsoc)

pH=9.5.

Temperature = 85°C.

Carbon dfoxide flow rate = 180 L.P.H. (litera/hour).

Aqueous calcium hydroxide shurry (of Shieya) -10% (wt) = ~ 6 L.P.H. (to
maintain the preset pH value).

8. Potential active agent concentration = 1 wt.%, based on CaCOs.

L A
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Table 1- the results of EXAMPLE 1

ACH

14 I's

Test Active Agent Number of Product
# Carbons (Isomorph)
1 Propionic acid 3 Calcite
2 Lactic acid 3 Calcite
3 Pyruvic acid 3 Calcite
4 Acrylic acid 3 Calcite
5 Methoxyacstic acld. 3 Calcite
6 Methacrylic acld. 4 Celcite
7 Butanoic acid 4 Calcite
8 Pentanoic acid 5 Caicite
9 Hexanoic acid 8 Calcite
10 Heptanoic acid 7 Calcite
11 Oclanoic acld 8 Calclte
12 Phthalic acid 8 Calcite
13 Terephthalic acid 8 Calcite
14 2-Ethylhexanoic acid 8 Calcite
15 Nonanoic acid 8 Aragonite
18 Nonanoic acid * ) Aragonite
17 Azelaic acid 8 Calcite
18 Trimelitic acid 8 Calcite
19 Decanoic acid 10 Aragonite
20 Decanoic acid * 10 Aragonite
21 Sodium decanoate 10 Aragonite
22 Potasslum decanoate 10 Aragonite
23 Ethyl decanoate 12 Aragonite
24 Dacanoyl chloride 10 Aragonite
25 Decanolc acid anhydride 20 Aragonite
28 Undecanolc acld 11 Aragonfte
27 Undecanoic acid* 11 Aragonite
| 28 4-Butylbenzoic acid 11 Calcite
29 Dodecanoic acid™™ 12 Calcite
30 Palmitic acid 16 Calcke
31 Stearic acld 18 Calcite
32 Oleic acid 18 Calcite
33 MgCls - Calcite
34 AlCly - Calcite
35 Cq2H2sCgHySOgH (LABSA) 18 Calcite

Was pumped continuously and directly into the carbonator.

~ *r-~-This experiment led to mostly calcite (of a crystallographic purity
(aragonite/{aragonite+calcite)) ~20%-25%) and to a specific gravity (S. G.)=2.54
g/cm3 (measured according to Example 14A), which is outside the limits of the
present invention (S. G. < 2.5 g/cm3). However, the use of CO2 contalning gas
(26% by volume CO2 and 74% by volume Alr) and 1.5% dodecanoic acid In an
" experiment similar to that described in Example 10, led to a product of mastly
aragonite (of a crystallographic purity (aragonite : (aragonite + calcite)) >50%)
and to a specific gravity (S. G.)=1.78 g/cm3 (measured according to Example

14A).
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EXAMPLE 1 was mpeclsd except that in ali the experiments 1% (wt;
based on the calcium carbonate) decanoic acid was premixed in the aqueous
calcium hydroxide slumy feed and in each experiment an additional
experimental active agent was added to study its effect on the activity of the
decanolc acid. The results are shown in Table 2, below.

F!otorSpeed 4000 rpm ('npSpeed 10 mluc.)

pH=9.5.

Temperature = 85°C,

Carbon dioxide fiow rate = 180 L.P.H. (liters/hour).

Aqueous calclum hydroxdde slurry (of Shfeya) -10% (wi) = ~ 6 L.P.H. {to
malntain the preset pH valua).

6. Active agents concentrations = 1 wt.% decanoic acld + 1 wt.% potential
active agent based on CaCOs;.

o PN
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Table 2- the rasults of EXAMPLE 2

Test Active Agent Number of Product
# _ Carbons {Isomorph)
1 Proplonic acid 3 Aragonite
2 Lactic acid 3 Aragonite
3 Pyruvic acid 3 Aragonite
4 Acrylic acid 3 Aragonite
5 Methoxyacetic ackd 3 Aragonite
8 Methacrytic acld 4 Aragonite
7 Butanoic ackd 4 Aragonite
8 Pentanoic acid 5 Aragonite
9 Hexanoic acid 8 Aragonite
10 Heptanolc acid 7 Aragonite
11 Octanoic acid 8 Aragonite
12 Phthalic acid 8 Calcite
13 2-Ethylhexanoic acid 8 Aragonite |
14 Nonanoic acid 8 Aragonite
15 Azelaic ackd 9 Aragonite |
16 Trimelitic acld 9 Calcite
17 Decanoic acld 10 Aragonite
18 Undecanoic acid 11 Aragonite
18 4-8utylBenzolc acid 11 Aragonite
20 _Dodecanolc acid 12 Aragonlte
21 Palmitic acid 186 Aragonite
2 Stearic acld 18 Aragonite
23 Oleic acid 18 Aragonite
24 _MgCh - Aragonite
25 AlCly - Aragonite |
26 CizHuCeFSOH (LABSA) 8 Aragonite

SAICH Viode O UDEIatorn

A baich mode of operation, of which parameters were as ciose as

possible to those of EXAMPLE 1, was attempted. Only particulate precipitated
calcite of rhombohedral shape was obtained. No particulaie precipitated
aragoniie could be abtalned when using decanoic acid or any other active agent
that was mentionad as being effactivea in EXAMPLE 1. The experiment was
conducted as follows: ]

The active agents were Investigated by producing precipitated calcium
carbonate particles according to the following procedure: )

2 kg aqueous calclum hydroxide slurry, containing already the respective
active agent (c.f. EXAMPLE |) wera added to the 3.2 |. stainiess steel 316
reactor of EXAMPLE 1. The Dissolver was operated at 4000 rpm, the
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temperature was maintained at 85°C and the production rate was determined
by controlling the feed rate of the carbon dioxide gas. The carbonation was
stopped after about 20-30 minutes, when the pH reached 7. The product
mbdure was then removed from the reactor through its bottom outlet.

The resulting sluny was filtered through a filter cioth on the Buchner

using a vacuum pump to dewater the product. The filter cake was dried for 12
hours at 120°C and the crystallographic morphologies and the shapes of the
crystals of the precipilated calcite particles were determined using XRD and
SEM analyses, respectively. As mentionad above, no precipitated aragonite
particles were obtained.

a ok 0N

o

The 8 - baich of ton:

Rotor Speed = 4000 mppm {#p Speed ~ 10m/sec.).
pH=~14>7.

Temperatura = 85°C.

Carbon dioxide flow rate = 180 L.P.H. (lters/hour).

Aqueous calcium hydroxide slurry (of Shfeya) -10% (wi} = 2 kg.
Potential active agent concentration = 1 wt.%, based on CaCOQOa.

PLE4-P dies - the Eff 8 z
Similar experiments to EXAMPLE 1 were conducted using decanoic acid

only. The results are as follows:

B T I N g

N8 procass se " -ll_' - 000 Of ODSIRANON:
Rotor Speed = 4800 rpm (Tip Speed ~ 12 m/sec.).
pH=8.5.

Temperature = variable.
Carbon dioxide flow rate = 180 LP.H. (liters/hour).

Aqueous calcium hydroxide slurry (of Shfeya) -10 wt.% = -_6 L.P.H. (to maintainthep

Active agent concantration = decanolc acid; 0.5 wt.%, based on CaCOs.
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Table 3- the results of EXAMPLE 4
Test Temperature Mineralogical Phase

# ° XRD

1 87 Aragonite

2 80 Aragonite

3 70 Aragonite

4 60 Aragonlte

5 50 Calcite

- etric Stu -

Similar experiments to EXAMPLE 1 were conducted using decanoic acid
only. The resuits are as follows:

[OCoEs 8 ta - in tion;
Rotor Speed = 4800 rpm (TIp Speed ~ 12 m/sec.).
pH = variable.

Temperature = 87°C.

Carbon dioxide flow rate = 180 L.P.H. (liters/hour)

Aqueous calcium hydroxdde slurry (of Shfeya) -10 wt.% = ~ 6 LLP.H. (to
maintain the preset pH value).

5. Active agent concentration = decanolc ackd; 0.5 wt.% based on CaCOsy.

L e

Table 4- the results of EXAMPLE 5
Tost pH Mineralogical Phase

# XRD

1 10 Aragonite

2 9.5 Aragonite

3 9 Aragonite

4 8.5 Aragonite

5 8.0 Calcite

8 7.0 Calcite

only. The results are as follows:
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The process sat points - continuous mode of operation:

Rotor Speed = 4800 rpm (Tip Speed ~ 12 m/sec.).

pH =9.5.

Temperature = 87°C.

Carbon dioxide flow rate = 160 LP.H. (liters/hour).

. Aqueous calcium hydraxide slurry (of Shieya) -10% (wf) = ~ 6 L.P.H. {to
maintain the preset pH value).

6. Active agent concentration = decanoic acid; variable wt.%; based on
CaCOs.

S
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Table 5- the results of EXAMPLE 6
" Tost Dacanok: acid Mineralogical Phase

$ -~ % (wi) XRD
1 1.0 Aragoniie
2 05 Aragonite .
3 0.3 Aragontte + Caldlie®
4 0.2 _Aragonite + Calcite®
5 0.1 Calcite

* - A crystallographic purity {aragonite/{aragonite + calcite)) <90%.

Note; Though the present invention I8 especially aimed at oblalning
substantially pure particulate precipitated aragonite caiclum carbonate of
crystallographic purlly (aragonite phase/(aragonite phase + cakite phase))
290% and even >85%, there are still applications that can utilize mbdures of
these Isomorphs where such crystallographic purity I8 <90%, and such mixures
are within the scope of the present invention. [n such cases the boundary
conditions of the present invention (c. . Tests #3 and #4, above) may still be
used.

LE 7 - Para tudles ~ i0 OH

Simillar experiments to EXAMPLE 1 were conducted using decanolc acid

only. The results are as follows:

8 oints - tinuous 8 of ration:
Rotor Speed = 4800 rpm (Tip Speed ~ 12m/sec.).
pH=9.5.

Temperature = 87°C .
Carbon dioxide flow rate = 180 L.P.H. (fiters/hour)

@ N
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5.  Aqueous calcium hydroxide slurry (of Shieya) -variable wt.% = - variable

L_P.H. (to maintain the preset pH value).

6. Active agent concentration = dacanoic acid; 0.5 wt.% based on CaCOs.

Table 6- the results of EXAMPLE 7
Test Sollds in Mineralogical Phase
# Slaked Lime XRD
% (wt)
1 8 Aragonits
2 4 Aragonite
3 3 Aragonite + Calcite"
4 2 Aragonite + Galcite*
5 1 Calcite

* - A crystallographic purity (aragonite : {(aragonite + calcite)) <60% and c.f. the

above note at the end of Example 8.

EXAMPLE

r Speed

Simiiar experiments to EXAMPLE 1 were conducted using decanoic acid
only. The results are as follows:

1.

2. pH=9.5.

3. Temperature = 87°C.
4.

5.

malntain the preset pH value).

Rotor Spesd = variable rpm (Tlp Speed ~ vnﬁable)

Carbon dicxide flow rate = 1680 L.P.H (litera/hour).
Aqueous caicium hydroxide slurry (of Shfeya) -10 wi.% = ~ 8 LP.H. (io

6. Achvaagantconconlmﬂon deuanolcaoldﬂﬁm%basedonCnOO;.
Table 7- the results of EXAMPLE 8

Test Rotor Speed Tlp Speed Mineralogical Phase
# pm m/sec. XRD
1 10000 25 Aragonite
2 [ 4800 12 Aragonite
3 2000 5 Aragonite + Calcite"
4 1000 2.5 Calcite

* - A crystallographic purity (aragonite : (aragonite + calcite)) <90% and c.f. the

above note at the end of Example 6.
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EXAMPLE 9 - Parametric les - Pffect of the C te (F.H.

Similar experiments to EXAMPLE 1 were conducted using decanoic acid

only. The results are as follows:

N

The process set points - continuous mode of operation;

Rotor Spaed = 4800 pm (Tip Speed ~ 12 m/sec.).

pH =9.5.

Temperature = 87°C .

Carbon dioxide flow rale = variable L.P.H. {fitere/hour)

Aqueous calcium hydroxdde slurry (of Shfeya) -variable wt.% = —~ variable

LP.H. (o mamhln the preset pH value).

Acﬂvo agent concentration = decancic acid; 0.5 wt.% based on CaCQ;.

~
Table 8- the results of EXAMPLE 9

Test CO; Flow Rate Mineralogical Phase
# _LP.H. XRD
1 240 Aragonite
2 180 Aragonite
3 120 Aragonlte

- Parametric jos - Effect of the Air Batio;

Similar experiments to EXAMPLE 1 were conducted using decanoic acid

only. The resuits are as foliows:

Rotor Spoed 4800 rpm (Tip Spaod ~12 mfuc.)

1.

2. pH=95.

3. Temperature =87°C.

4. Carbon dicxide flow rate = 180 L.P.H. (iteramour). '

5. Aquecus calclum hydroxide slurty (of Shfeya) -10% (wt) = ~ 6 LP.H. (to
maintain the preset pH \'r-a-lue).

6.  Active agent concentration = decanoic acid; 0.5 wt.%; based on CaCQs.
7. Air = variable.

Table 9- the results of EXAMPLE 10

L Test |  AIr/CO, | Mineralogical Phase |

44



FTORO020" 0368LL60

# _XRD

1 0 Aragonite

2 033 Aragonite

3 0.68 Aragonite
PL - of tont ilter

Similar experiments to EXAMPLE 1 were conducted using decanoic acid
only. The content of CaCO; in the wet filter cake was determined after drying 12
hours at 120°C. Relatively pure (aragonite phase/(aragonite phase + calcite
phase)) 285% and dry precipitated acicular aragonite calclum carbonate
particies were obtalned. The reaults are as follows:

e - S ,"ne ||Ll-.' - l‘llJlI_

! i OUS MOGH Of Of
1. Rotor Speed = 4800 rpm (Tip Speed ~ 12 m/sec.).
2. pH=9.5.
3. Tempemture =90°C.
4, Carbon dioxide fiow rate = 180 L.P.H. (liters/hour).
5.  Agueous calcium hydroxide slurmry (of Shieya) -10 wt.% = ~ 6 L.P.H. (to
maintain the preset pH value).
6. Active agent concentration = decanoic acid; 0.7; 1.0; 2.0 wt.%; based on
CaCOs.
Table 10- the results of EXAMPLE 11
Test Dosage Product CaCO; Crystaliographic

# % (wt) (Isomorph) % (wi)* Purity**

1 0.7 ite >80 295%

2 1.0 Ite >80 285%

3 2.0 Aragonite >80 295%

=% (wt) CaCOs = 100 x wt. of dry filter cake / wt. of wet filter cake
** - As determined by the XRD analyses (for Test #2 - c.f. Figs. 4 and 5)
Note: ;
By choosing relatively standard conditions for the present process, It Is
possible to reduce the water content in the wet filter cake below 20 wt.%.

LE 12 -~ The the Active on asalstivity to

Similar experiments to EXAMPLE 1 were conducted using decanoic acid
only, the resistivity of the dry samples to acidic aqueous soiutions baing
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determined as follows. A 5 |. solution of HCI In water at pH=3.5 was prepared
for all the following experiments, so as to assure equal starting experimental
conditions. 100 ml of this HCI solution were poured Into a 100 ml graduated
cylinder, 5 g of precipitated CaCO, particles were added and the pH was
measured after 20 minutes. Evolution of CO» was observed visually, as was the
behavior of the commercial sample #C, the calcite #BM-37, and it was found
that the aragonite samples of the present invention (#12-3, #12-4, #12-5) were
markedly different. it Is worthwhile to note that sample #12-5 produced few
bubbles that did not detach from the swrface of the precipitated aragonlite
particles. The results are as follows:
' Rotor Spedd.= 5200 rpm (Tip Spead ~ 13 m/sec.).

pH=8.5.

Temperature = 90°C.

Carbon dioxide flow rate = 180 L.P.H. (iters/hour).
. Aqueous calcium hydroxide slurry (of Shfeya) -10 wt.% = ~ 6 L.P.H. (to
maintain the preset pH value).
5. Active agent concentration = decanolc acld; 0.7%; 1.0 %; 2% wit.%

AW p

basad on CaCOs;.
Table 11- the results of EXAMPLE 12 .
Test Sample | Active agent Product pH after 20 Note
# # (wt.%) (lsomorph) | mins.
1 c* Unknown Aragonite >8 Violent
Evolution of CO; |
2 BM-37** 1.0 Calcite >5 Evolution of CO; |
3 12-3 0.7 Aragonite <4 Slight Evolution
of CO;
4 124 1.0 Aragonite <4 Slight Evolution
- .= of C
5 12-5 2,0 Aragonite <4 No Evolution of

* - Commercial PCC - Aragonits; of Speclalty Minerals Inc. (Sh-ll)‘: Opacarb® A40
** -This sample was taken from the batch mode of operation in EXAMPLE 3

Note:

By choosing relatively standard conditions for the present process, it is
possible to increase the resistance of the product towards acids by using quite
low concentrations of the active agent and obtaln excellent product for the
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paper indusiry of which processes are acidic and for the coating industry for
durable paints for acidic environments.

EXAMPLE 1 and EXAMPLE 3 were conducted using the aqueous
" calcium hydroxide slurries of PREPARATION | and of PREPARATION i for
comparison. The whitenesses of the products are compared.
The results are as follows:

Rotor Speed = 4000 rpm (Tip Speed ~ 10mlsac)
pH =9.5.

Temperature = 85°C.

Carbon dioxide flow rate = 180 L.P.H. (liters/hour)

oo h

(to maintain the preset pH value).

6. Active agent concentration = decanolc acid; 1 wt.% based on CaCO,.
rocess set - tion;

Rotor Speed = 4000 rpm (Tlp Speed ~ 10 m/sec.).

pH=~14>7,

Temporature = 85°C.

Carbon dioxide flow rate = 180 L.P.H. (liters/hour).

Aqueous calcium hydroxide slurry (of Arad/Shieya) - 10 wt% = 2 kg.

Active agent concentration = decanoic acid 1 wt.% based on CaCOs.

Table 12 - the results of EXAMPLE 13

oo rppP o

Aqueous calcium hydroxdde slunry {of Arad/Shfeya) -10 wt.% = ~ 6 L.P.H.

CaO of Arad (whiteness = >95%) CaO of Shfeya (whitenass = ~88%)
Continuous Baich Continuous _Batch
AR-83A BM37A AR-83 BM37
Araffonite Ca Calcite Ca ite Ca Calcite Ca
Whiteness=08-8% | Whitenass=97-8% | Whiteness=97-9% | Whiteness=82-5%
Notes; raem

1. When the raw material (CaQ) is relatively pure, the whiteness of the
products (AR-83A and BM37A) Is not (and should not be) much differant,
However, when the CaO is relatively impure, the whiteness of the precipitated
aragonite particles (AR-83) Is dramatically higher than the comrresponding calcite
(BM37), due to the unique effect of the process of the prasent invention.
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2. The whiteness of the precipitated particulate aragonite obtained
according to the pragent process attains top quality, independently of the
calcium hydroxide source.

EXAMPLE 14 — Effect of the Active /Pro on the S Gra
.G.) of Preci Partic i

EXAMPLE 1 was repeated using the aqueous calcium hydroxide slurry of
PREPARATION |, except that the concentration of decanolc acid was gradually
increased.

1. The wetfiter caks of the CaCO; sample was dried for 12 hours at 120°C
to remove all free water.
2. A weighed quantity of the dry CaCOs sample (Wc) + a weighed quantity
of tall oil (Wo) (Density of 0.93 g/em®) were introduced into a 1 I. glass baaker,
3. The mixture was stimed with the Hasiangtal HD-550 Dissolver for 10
minutes, at 4000 rpm (using a saw-blade rotor of d = 4.8 cm).
4, The slurry was poured into a 250 mi graduated glass setiling column and
was sonicated gently in an ultrasound bath for 20 minutes, until all the visible
trappad bubbles were relsased from the surface of the PCC peasticles. in order
not to destroy the structure of the “porous® product of the present invention
while sonlcating It, thereby leading to higher S.G. values, the use of ultrasonic
cleaners (baths) of limited power (<100 Amp.Voit.) e.g. P-08890-01/06 ex Cole
Parmer — USA, is recommended.
5. The setiling column was then evaluated at 20-22°C for:
(a) the volume of the slumry - V
(b) the total net waight of the slumy - W

Based on the above measurements, the following was calculated:

(1)  from the equation: D = WA g/em®, the density of the slunry;

(2) from the equation

1/0 = Wc{Wo + We))/S.G. + [Wo{Wo+Wc))/0.93,
the S.G. of the CaCO3 sample was calculated.
6.  The looss bulk density (B.D.) of the dry powder was measured using a
balance and a graduated cylinder.
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) set points - i tion:
Rotor Speed = 4000 rpm (Tip Speed ~ 10 m/sec.)
pH = 8.5,
Temperature = 85°C.
Carbon diaxide flow rate = 180 L.P.H. (lters/hour).
Aqueous calcium hydroxide slurry (of Shfeya) -10 wt.% = ~ 8 L.P.H. {lo
maintain the preset PH value).
6. Active agent concentration = decanolc acid; 0.5; 1; 2; 5; 2; 1 wt.% based

L O B

* -The sample was taken from the batch mode of operation in - EXAMPLE 3.
** - Commearcial PCC - Aragonite; of Specialty Minerals Inc. (SMI); Opacarb®
A40.

++* - 5g of AR-119 were dissolved in a 10% HCI solution. The decanoic acid was
extraclad with 1,2-dichloroethane. HPLC analysis using a C18 colunin revealed
4.93% (wt; basad on the calcium carbonats) of this acld in the sample.

A - 50ppm of phosphoric acki were used In addition to the decanoic acid to
increase the aspect ratio of the acicular aragonite.

T - A dry powder after drying for 12 hours at 120°C.

BM — The relatively low L.B.D. of this product should nat be compared to the
other L.B.D. of Tests=3-8, as BM-37 I8 a calcite form, while the others are

acicular aragonite form.
N.A. - Not avallable.

1.

Notes:

The determination of a specific gravity (S.G.) of particulate precipitated

aragonite calclum carbonate of the present invention, in a range below 2.5
g/om?® (after drying at 120°C for twelve hours as described above, as well as
after ignition of the dried material at 500°C for eight hours) is actuaily an
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on CaCQs.
The results are as follows:
Table 13 - the results of EXAMPLE 14 (A)
Test | Sample |  Active agent Dosage | Mineralogical | S.G.T | Loose
# | Code (Wt.%) Phase glem® { B.D.7
XRD glom®
1 | Natural - - Calcite 263 | 0.5
Ca
2 | BM-37* | decanoic acid 1 Calclte 254 | 0.37°"
3 c N.A. N.A. Aragonite 256 | 054
4 | AR-81 decanoic acid 0.5 Aragonite 2.02 0.31
5 AR-83 decanoic acid 1 Aragonite 1.80 030
6 | AR-118 | decanoic acid 2 Aragonite 1.75 | 0.25
7 | AR-118 | decanoic acid s Aragonite 167 | 029
8 | AR-135 | nonanoic acid 1 Aragonite 1.88 0.31
9 | AR-120 | decanolc acid 27 Aragonite | 1.72 | 0.23

-
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important and decisive test to consider If the technology that was used is under
the domaln of the prasent invention.

2. Only the inclusion of gas (probably, as tiny bubbles or "blisters™) in
closed pores can account for the dramatic reduction of the S.G. of particulate
precipitated aragonite calcium carbonate of the present invention. The L.O.D.
and the L.O.l. in the latter tests (c. f. (B) and (C), respectively) do not leave
many logica!l choices to account for this phenomenon. Also, this is in
accordance with the facts I. that the product of the present invention Is obtained
under flotation conditions, and iL that the high hiding power of the paints, In
which the pariiculaie precipliated aragonite calclum carbonate of the present
invention was used, are probably due to the high effective refractive index of
this product of the present invention, which Is much higher than that expected of
similar products that are produced according to the prior art (¢ f. data collected
in EXAMPLE 15 and the comparison made to paint formulations that were
basad on raw materials of the prior art). -

"3. The Idea of using porous particles, to increase their effective refractive indax

in coatings, is not new. For instance, Rohm & Haas produces a series of such
products, e. g. Ropaque® OP96 and Ropaque® OP3000. However, these
particles are of an organic polymeric nature of which cost and adaptation to the
environment is not o be compared with precipitated calcium carbonate

particles.

(B) of the Specifi S.G) In T | of a Producl
Calcined at

1.  The wet filter cake of the CaCOs sample was dried for 12 hours at 120°C
to ramove all the free water.

2.  The weighed dry sample was heated for 8 hours at 300°C. The loss on
drying (L.O.D.) was then determined.

3. The S.G. of the heatad powder was measured as above (c. f. (A)).

4, The loose bulk density (B.D.) of the dry powder was measured using a

balance and a graduated cylinder.
The results are as follows:
Table 14- the resuits of EXAMPLE 14 (B)
Tast Sample Active Dosage LO.D. SG.T Loose
# Code agent (wt.%) wt.% g/om’ B.D.1
300°C g/em®
10 Natural - - 0.10 2.63 0.651
CaCO3
11 BM-37* decancic 1 2.21 2.64 0372
acid
12 c* NA. NA. 1.3 2.63 0.54
13 AR-81 decanoic 05 0.83 2.19 0.255
acid
14 AR-83 decanoic 1 0.89 2.11 0.265
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rogoant o=

acid

15

AR-118 decanoic 2 2.32 203 0.200

acid

16

AR-119 decanoic 5 5.73 2.01 0.200

acid

17

AR-135 nonanoic 1 0.95 212 0.238

18

AR-120 decanolic 2A 2.27 2.02 0.235

acid

* - The sample was taken from the batch mode of operation in-EXAMPLE 3.

** - Commerclal PCC - Aragonite; of Specialty Minerals inc. (SMI); Opacarb®
A40.

A - 50ppm of phosphoric acid were used in addition to the decancic acid.

1 - A dry powder after heating for 8 hours at 300°C.

N.A. - Not available.

(C) rmipati S ravi Tall Oil of uct
Calined at 500°C
1.  The wet fiter cake of the CaCO, sample was dried for 12 hours at 120°C
to remove all the free water.
2.  The dry sample was calcined for 8 hours at 500°C. The loss on ignition
(L.O.l.) was then dstermined.
3. The S.G. of the calcined powder was measured as above.

4 The loocsa bulk density (B.D.) of the dry powder was measured

using a balance and a graduated cylinder.

The results are as follows:
Table 15 -~ the results of EXAMPLE 14 (C)
Test Sample Dosage LO.. S§.G.T | Loose
# Code %(wt) %(wt) glem® | B.D.T
500°Cm glem®
19 Natural - 0.18 2.70 0.75
CaCO,
20 BM-37 1* 2.58 2.60 0.38
21___|._C- N.A. 2.02 2.71 0.55
22 - | AR81 05 | 132 213 0.23
23 AR-83 1 1.44 203 | 022
24 AR-118 2 2.07 2.01 0.18
25 AR-119 5 5.25 1.93 0.19
26 | AR135 1 1.44 2.01 0.24
27 AR-120 2N 2.37 1.91 0.18

* - The sample was taken from the batch mode of operation in -EXAMPLE 3.
= - Commerclal PCC - Aragonite; of Specialty Minerals Inc. (SMI); Opacarb®
A40,
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*** - 5g of AR-119 were dissolved in a 10% HCI solution. No decanoic acid
could be extracted or detected, as is of such molecules when they are
subjected to heating for B hours at 500“C.

A - 50ppm of phosphoric acid were used in addftion to the decanolc acid.

M - Aragonite is converted into calcite at T > 400°C.

T- Table 13 - the results of EXAMPLE 14 (A)hours at 500°C.

N.A. - Not available.
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(D) Detsnmination of the Specific Gravity (S.G.) - by a Gas Pycnometet
CaCOy powder (dso=3.5 microns) of Polychrom, Israel - “Girullte-8" and AR-118, a
product of the present invention, were tested in a AccPyc 1330 ex Micromeritics —
USA. The results are given in Table 15a, as follows:

Table 15a - the results of EXAMPLE 14 (D):

Sample Test # 8. G. Average S. G.
Code (g/cm®) (g/em?)

2.7544
2.7548
2.7547 2.7538
2.7529
2.7523

G-8

2.9070
2.8918
2.8932 2.8903"
2.8848
2.8750

AR-118

& WO N =0 b O N -

* - This experiment demonstrates that: ([) the product of the present invention is
permaable to air (especially under vacuum and preasure) and (li) the product of
the present invention would not have been discovered had this routine technique
used to determine the S. G. of the products of the present invention and even
those skilled in the art could overiook the whole phenomenon of “porous™ PCC,
which Is the basis of this Invantion,

It seems that the practice described In EXAMPLE 14 (A) and 14 {C) of
determining the specific gravity (S. G.) of the PCC of the present invention in tall
oll, Is quite tadious and It may lead to mistakes, especially due to the adhering
bubbles to hydrophobic surfaces of the PCC particles, and also as a result of
using excessive sonication energies, which may cause the penetration of the
tall oil into the “pores” in the product of the present Invention. Therefore, it is
racommended to use a simple and more accurate test to distinguish between a
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product {process) of the present invention and a product (process) of the prior
art. The test is based on the fact that the product of the presant ar, after
calcining it at 500°C for eight hours, looses the hydrophobic compounds, but
the “pores” that have been created in the PCC particles during the process of
the present invention, do (can) not disappear. Once the hydrophobic nature of
the particles have been “eliminated”, pure water can easily wet the surface of
thase particles, and even to penetrats somewhat into “pores” that are close to
the surface. For this test, a skilled person In the art doas not need any
sonication, but rather a gentie mbdng for 5 mins. of the slunry of pure water (e.g.
HPLC grade) and the calcined PCC at 500°C for eight hours, uaing a laboratory
magn'alc stimer. Beyond that the steps of such an analysis are very similar to
ihose described in EXAMPLE 14 (A) — steps 1-5, as follows:
1.  The wet filter cake of the CaCO; sample should be calcined for eight
hours at 500°C to remove all water and organic molecules (the sample can be
dried firat at 120°C for twelve hours. However, this option may be considered a
G.M.P., but it is not all mandatory).
2. A weighed quantity of the calcined CaCO; sample (Wc) (at about
ambient temperature) + a weighed quantity of pure water (Ww) (of a density
that Is practically 1.0 g/cm® are introduced into a 1 L glass pycnometer (a
100ml, 250 ml or 500m! pycnometers can also be used, depending on the
accuracy of the lab. balance).
3. The mixture is stimed with a laboratory magnetic stirer for exactly 5
minutes.
4. The magnet Is "fished-out”; and more pure water s added o fill the
pycnometer to the desire volume.
5.  The pycnometer bottle is then evaluated at 21°C+1°C for:
(@) the volume of the sluny -V
(b) the total net weight of the sturry - W

Based on the above measurements, the jollowing was calculated:

(1) from the equation: D = W/V g/cm®, the densily of the slurry;

(2) from the equation

1/D = (Wc{Ww + We)l/S.G. + Ww(Ww+Wc))/1.0,
the S.G. of the CaCO; sample was calculated.
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The resuits are as follows:
Table 15b - the results of EXAMPLE 14 (E)
Test Sample Active agent CO: Dosage S.G.
# Code (%) (Wi%%) 500°C
in Water
(g/em’)
28 Natural - - - 2.7
CaCO3
29 GCC-8' - - - 2.73
30 GCC-8* Decanoic A. N.A. 2.0 2.63
31 PCC” N.A. N.A. NA. 2.75
32 PCC* Decanole A, N.A. 2.0 2.69
33 OM-85™ - - - 2.83
34 UPCC® N.A. NA. N.A. 2.83
35 BM-37 Decanoic A. 100.0 i* 2.87
36 AR-81 Decanoic A. 100.0 0.5 2.41
| 37 AR-83 Decanoic A. 100.0 1 2.33
38 AR-118 Decanolc A. 100.0 2 2.21
39 |AR-119 Decanoic A. 100.0 _e" 2.16
40 AR-135 Decanoic A. 100.0 1 2.35
41 AR-120 Decanoic A. 100.0 2 2.19
42 ARP-35 Decanoic A. 26.0 1.5 2.26
|43 ARP-36 Decanoic A. 28.0 20 2.02
44 ARP-61 Decanoic A. 100.0 2.0 1.98
45 ARP-82-1 Decanoic A. 100.0 3.0 2.01
48 ARP-51 Lauric A. 26.0 1.5 2.15
47 ARP-65 Lauric A. 50.0 1.5 2.30
48 ARP-76 Undecylenic A. 50.0 1.5 224
49 ARP-77 Myristic A. 50.0 1.5 2.38
50 | ARP-70 Stearic A. 50.0 1.5 2.18
51 ARP-71 Isostearic A. 50.0 15 2.63
52 ARP-72 Olelc A. 50.0 1.5 2.70
53 ARP-83 Paimitic A. 50.0 15 2.61
* - The sample was taken from the batch mode of operation in -EXAMPLE 3 is
quite pure caicite)

«* - 5g of AR-119 were dissolved In a 10% HCI solution. No dacanoic acld could
be extracted or detected, as is expected of such molecules when they aro
subjected to heating for 8 hours at 500°C.

=+ . 50ppm of phosphoric acid were used in addition to the decanoic acid.

! *Girullte-8* CaCO3 powder (d50=3.5 microns) ex Polychrom — Israel.

% *Glrulite-8" CaCO3 powder (d50=3.5 microns) ex Polychrom - Israel, which
was coated using 2 wi% n-decanoic acid.

3 — Commercial PCC - Aragonits; of Specialty Minerals Inc. (SMi); Opacarb®
A40.

4 — Commercial PCC - Aragonite; of Specialty Minerals Inc. (SMI); Opacarb®
A40, which was coated using 2 wt% n-decanoic acid.

§ _ 50ppm of phosphoric acid were used in addition to the decanolc acid.
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ACommercial ultrafine stearic acid coated - UFT 95 GCC natural cakite (95
wi% pass 2y size) ex Omya-Pluess-Staufer - Switzerland.

8 - Commerdial ultrafine stearic acid coated - Ultraflex PCC calcite ex SMI -
USA.

N.A. - Not Avallable.

Final mination of the Specliic Gravi G. a Product
Calcined at 500°C

In most practical instances the use of EXAMPLE 14 (A) and EXAMPLE 14
(C) or the use of only EXAMPLE 14 (E) to determine the specific gravity of the
PCC products, may not cause any disputa and a person skilled In the art can
observe quite aasily that the product of the present invention Is quite different from
the pmduci\of the prior art, by just observing the considerabile differences betwesn
the loose bulk density (L.B.D.,) of the aragonite particles of the present invention
compared to those of the amgonite particies of the prior art. (Table 13, 14, and
15). However, when the specific gravity (S. G.) of the PCC particles, in question,
Is quite close to 2.5 g/cm®, the accuracy of the analytical method may bs of prime
importance. As it seems now, the determination of the specific gravity of the PCC
particles that were calcined first is quite accurate, and that this procedure
according EXAMPLE 14 (E) is also quite simpler and faster. Therefore, the
determination of the S.G. values should be conducted as follows:

{a) The specific gravity (S.G.) determination should be conducted according to.
EXAMPLE 14 (A) and EXAMPLE 14 (C), and separately, according to ii.
EXAMPLE 14 (E), (independently of the results In L).

{b) The lowest of the S.G. results obtained for a certain product In (a), according to
EXAMPLE 14 (C) and according to EXAMPLE 14 (E), Independently, will
determine whether the product (and the process) ia in the domain of the prosent
invention (namely, S.G. <2.5 g/em?).

(G) Detsmipation 8 Bulk Densi D. P Dried
120%

The L.B.D. of a dry sample (at 120°C for twelve hours) was determined,
separately and independently of the S.G. analyses, according to the ASTM
D1895, as follows. A sample Is de-agglomerated gently in a mortar/pestie and
sieved through a 0.6 mm screen. The fine powder that passes the screen ls
introduced into a 250 ml plastic graduate cylinder, which is then mounted on a

screen-shaker (Rotap Modal RX-29-10 ex W.S. Tyler Inc. — USA), the
apparatus being then operated for exactly 5 minutes. This test s repeated three
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times for each sample, the reported L.B.D. being the average of these tests.
The results are reported already in Table 13 (above) and in Table 15c as
follows:

Table 15c¢ - the results of EXAMPLE 14 (G)

Test Sample Active CO; | Dosage LB.D.- L.B.D.
# Code agent (%) | (wi%%) 120°C 500°C
C
54 Natural - - . 0.65 0.75
CaCOy
55 GCCE' - - - 0.65 0.56
56 GCC-& DecanoicA. | N.A. 20 0.84 0.56
57 PCC’ NA. N.A. NA. 0.71 0.55
58 PCC* Decanolc A N.A. 2.0 0.70 0.53
59 OM-95" - - - 0.66 0.49
80 | UPCCY NA. NA. NA. 0.50 0.37
81 BM-37 DecancicA. | 1000 | 1° 037™_ | _0.38
62 AR-81 DecanoicA. | 1000 [ 0.5 0.31 0.23
63 |[AR-83 DecanoicA. | 100.0 1 0.30 0.22
64 AR-118 Decanolc A. 100.0 2 0.25 0.18
85 AR-118  |DecanoicA. { 1000 [ 5* 0.28 0.19
66 AR-135 [ DecanoicA. | 100.0 1 0.31 0.24
67 AR-120 | DecamoicA. | 1000 | 2" 0.23 0.18
68 ARP-35 | DecanolcA. | 26.0 1.5 0.33 0.18__
69 ARP-36 | DecanoicA. | 26.0 2.0 0.33 0.20
70 |ARP-61__ [DecanoicA. | 1000 | 2.0 0.38 0.25
71 ARP-62-1 |DecancicA. | 1000 | 3.0 0.31 0.28
72 ARP-51 | LauricA. 26.0 1.5 0.31 0.17
73 ARP-65 | Lauric A. 50.0 1.5 0.38 0.21
74 |ARP-76° |Undecylenic | 500 | 1.5 0.38 0.18
A

75 _ [ARP-77 | Myristic A. 50.0 1.5 0.37 0.18
76 ARP-70' | Stearic A. 50.0 1.5 0.37 0.19
77 ARP-71 _ [lisostearicA. | 50.0 1.5 0.68 0.53
78 ARP-72 | Oleic A. [ 500 1.5 0.70 0.53
79 ARP-83 | Paimitic A. 50.0 15 086 | 054
* - The sample was taken from the batch mode of operation in - EXAMPLE 3 is
qulta pure calcite)

- 5g of AR-119 were dissolved jn.a 10% HCI solution. No decanoic acid could
be extracted or detected, as is expected of such molecules when they are
subjected to heating for 8 hours at
w* - 50ppm nfphosphorlcaddworeusedinaddlhontohodocamncamd
h 'Glmllto-a CaCO3 powder (d50-=3.5 microns) ex Polychrom — Israel,

2 _. *Ginulite-8" CaCO3 powder (d50=3.5 microne) ex Polychrom - israel, which
was coated using 2 wt% n-decanoic acid,
— Commercial PCC - Aragonite; of Specialty Minerals Inc. (SMl); Opacarb®
A40.
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4 — Comunercial PCC - Aragontte; of Specialty Minerals Inc. (SMI); Opacarb®
A40, which was coated using 2 wit% n-decanoic acid.

5 - 50ppm of phosphoric acid were used in addition to the decanoic acid.

® .The XRD spectrum and SEM of ARP-78 are presented in Fig.6 and Fig. 7,

;aspechvaly.
-The ?(RD spectrum and SEM of ARP-70 are presented in Fig.8 and Fig. 8,

respectively.

MCommercial ultrafine stearic acid coated - UFT 95 GCC natural calcite (95
wi% pass 2 size) ex Omya-Pluess-Staufer - Switzerland.

8 = Commercial ultrafine stearic acid coated - Ultraflex PCC calcite ex SMI -
USA.

BM _ The product of the batch mode operation is & calcite PCC.

N.A. - Not Available.

Jhe results In Tables 13 and in Table 15¢c represent the products of the
present Invention if they have a LB.D. <0.4 g/cm®. However, those results
count, If tho-6SA (BET) of the specific samples In test are <13 m%g. Those
samples that do not meet this requirement, can only be tested according to
EXAMPLE 14 (F).

Note; :
it is worthwhile to observe the dramatic L.B.D, changes that occur when
the products of the present invention are subjected to high temperatura

. traatment (at 300°C and especially at 500°C), which Is probably due to the

thermal collapse of the "porous” structure of these particles.

(H) jnation aS ; ils of Prod Dded at

120°¢
The specific gravity of various calcium carbonate particles was measured

In various olls, aa described in Example 14 (A). The results indicate that the low
S.G. values is not due to the tall oll that we used, but it Is rather common fo
many similar liquids. In cases at which the S.G. values are close to 2.5 g/om®,
the well-defined olelc acid (of purity > 97%) can be used to rasoive any dispute,
and in any cass, the instructions in EXAMPLE 14 (F) and EXAMPLE 14 (G), still
prevail.

@ process set points - continuous mode of operation:
Rotor Speed = 2500 rpm (Rotor Diameter = 8.5 cm)
pH =9.5+0.2
Temperature = 35°C:|:3
Carbon dioxide flow rate = 2 m*hr.
. Aqueous calcium hydroxide slurry (of Shfeya) -10 wt.% = ~ 50-70 L.P.H.
(to maintain the preset pH value).

o

o woP o
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8.  Active agent concentration = decanoic acid; 0 - 2 wt.% based on CaCOs.
7. Reactor Volume=30 |. (Diameter=8.7cm).
The results are:
Table 15d - the results of EXAMPLE 14 (H):

Tost Sample Active Dosaga [ CO: LUquid®™ | S.G)
# Code Agent wi%) | (%) in g/om®
Pycnometer | 120°C
80 GCC-8' - - - Syivatal 208 | 263
81 PCC’ - - N.A. | Sylvatal20S | 2.56
82 G Decanoic A. 2.0 - Sylvatal 20S | 2.23
83 PCC"® Decanoic A. 2.0 N.A. | Syivatal20S| 2.31
84 AR-116° | DecanoicA. | 2.0 | 100.0 | Sylvatai20S| 1.7
85 AR-11 DecancicA. | 20 | 1000 | Sylvatal 175
208
86 AR-118° | DecanoicA. [ 2.0 100.0 Olelc 1.79
— (>97%)
87 ARP-29 | Decanoic A. 0.7 26.0 | Sylvatal 208 1.88
88 ARP-31_| DacanoicA. | 1.0 [ 26.0 |Syivatal20S| 1.65
89 ARP-35 | Decanoic A. 1.5 26.0 | Sylvatal 20S 1.57
80 ARP-35 | Decanoic A. 15 26.0 Oleic 164
(>87%)
91 ARP-35 | Decanoic A. 15 26.0 Olelc 1.62
{(>87%)
92 ARP-35 | Decanolc A. 1.5 26.0 Canola Ol 1.68
93 ARP-35 | Decanoic A. 15 28.0 | Soybean Ol 1.680
04 ARP-35 | Decanoic A. 15 26.0 Sungfmr 1.58
|
95 ARP-35 | Decanoic A 1.5 26.0 Com Ol 1.81
96 ARP-35 | Decanoic A. 1.5 26.0 Mazola Oil 1.59
97 ARP-35 | Decanolc A. 1.5 26.0 Olive Oil 1.63
98 ARP-38 | Decanoic A. 2.0 26.0 | Syivatal 20S 1.34
99 ARP-36 | Decanoic A. 2.0 26.0 Sylvatal- 135
20S
100 ARP-36 | Decanoic A. 20 26.0 Oleic 1.38
_ (>97%)
101 | ARP-37 | DecanoicA. | 2.0 | 15.0 |Sylvati20S | 128
102 ARP-51 Lauric A. 1.5 26.0 | Sylvatal 20S 1.78
103 ARP-61 | Decanoic A. 20 100.0 - -
104 ARP-62-1 | Decanoic A 3.0 100.0 - -
105 ARP-65 Lauric A. 1.5 50. |Syivatal20S | 2.04
108 ARP-70 Stearic A. 15 50 |Syvatal20S| 2.36
108 | ARP-71_| isostearicA. | 1.5 50 | Sylvatal 208 | 2.71
108 ARP-72 Oleic A. 15 50 Sylvalal 20S | 258
110 | ARP-78 | Undecylenic | 1.5 50 |Syvalai20S| 2.02
A.
111 ARP-77 Myristic A. 1.5 50 Syivatal 20S | 2.15
112 ARP-77/1 | Palmitic A. 1.5 50 tal 20S | 2.81

39
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| _113 | ARP-78 | LincleicA. | 1.5 | 50 |Sylvatal20S] 259 |

" - *Gieulite-8" CaCOS3 powder (d50=3.5 microns) ex Polychrom — Israel.
2 _ "Girulite-8" CaCOS3 powder (d50=3.5 microns) ex Polychrom - Israel, which
was coated using 2 wt% n-decanoic acid.

3_. Commercial PCC - Aragonite; of Specialty Minerals Inc. (SMI); Opacarb® A40.

* — Commercial PCC - Aragonite; of Specialty Minerals Inc. (SMI); Opacarb®
A40, which was coated ueing 2 wi% n-decanoic acid.

€~ AR-118, a product of the present invention, mentioned already in EXAMPLE
14 (A), above.

¢ The specific gravity of the liquids were as follows: Olelc A.=0.887 g/cm®; Tall
Oil (Sylvatal 20S ex Arizona Chemical - USA)=0.830 g/em®; Refined Canola ON
{ex Milumor — lsrasl)=0.910 g/cm®; Refined Com Qil (ax Milumor — Israel)=0.910
g/om®; Refined Com Oil (Mazola ex Bestfoods — USA)=0.915 g/cm®; Refined

Soybean Olf (ax Milumor ~ israel)=0.920 g/cm®; Refined Sunfiower Oil (ex Milumor

~ Israsl)=0.918 g/cm®; Cold Pressed ofive Ol (ex Shamen Industries —
Israel)=0.893 g/om®

7 The S.G. analyses were conducted at 21°C+1°C.,

N.A. - Not avallable

- tion of Whi - les Inc.

The procedure for the preparation of this paint was obtained from
Hercules Inc.; Cellulose & Protein Products D.; Wilmington, DE 19899 (USA).
The procedure followed quite closely the Celanase Resins Formulation No. EP-
48-222 for the production of this Extarior While Paint (Vinyl Acetate & Acrylate).
(A) redle sed for the 5 Paint and thelr on
Ioliows;

Tap water.

Nopco NDW defoamer. _

Cellosize QP 15000 thickaner (hydroxy ethyl cellulcsae).
Disperse One (45% N.V.) (dispersant).

Synperonic NP10 surfact; wetting agent.

Kronas 2180 TIO; pigment.

Synthetic sodium aluminum silicate (p820) (spacer).
Kaolin clay (Dss = 3.1 micron)(spacer).

CaCO; (spacer) - A GCC product of Polichrom Ltd., Israel.
Talc (Dsg=12.3 micron)(spacer).

b b
- O
. h

PCC - Aragonite of the present invention (samples used contained >80%
CaCOj, in the wet cake products before their diying; no diminution operation

P
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took place pror to this use. Namely, the PCC - Aragonite used is not

necessarily yet optimized for its purpose). '
12. Copolymer vinyl acetate acrylate (65% N.V.) (amuilsion).

13.  Buiyl diglycol acetats solvent (coalescent agent).
14. Kathon LXE preservative.

15. 25% Ammonia (base).

16. Tap water.

Tap water (1), defoamer (2) and thickener (3) were added to a plastic
container (d=20 cm; h=30 cm) equipped with a disk (d=8 cm) attached to a
Dissolver (Homo Dispers Model HD-560 (0.76 HP) of Hslangtal Machinery
Industry Co. Ltid.; Talwan). The mixture was stirred at 500 rpm for 5 minutes,
after which the dispersant (4) and the wetting agent (5) were added, and stirring
was continued at 500 rpm for additional 5 minutes. At this point the stirring
speed was increased to 1500 rpm and the respeciive ingredients for the
respective formulations 1- 10 were added consecutively, each ingredient over a
5 minute period, according to the order in the above list of reagents (6 - 18).

The physical properties of the above painis were measured, including the
most important property - the hiding power (%) of 90 um layers of paint were
determined with an ACS instrument (Applied Color Systems) and the resuite are
givan In the following Tables 19 and 20:

Lo . - . ‘.-__rg-'?.-
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Table 19 - the results of EXAMPLE 15

Exterior White Paint - Hercules Inc.

Evaluation of the 52% PVC Paints Based on the Precipitated Aragonite Calcium
Carbonate Particles of the Present Invention (PCC - Aragonite)

Table 20 - the results of EXAMPLE 15

62

Raw Material 1 | 2 | 8 | 4 | 5 | e
% (W)
Tap Water 25.0 25.0 25.0 25.0 25.0 25.0
| Defoamer 0.1 0.1 0.1 0.1 0.1 0.1
Thickener{15K) 0.3 0.3 0.3 03 0.3 03
Dispersant (45%) 0.8 0.8 0.8 0.8 0.9 0.9
Wetting Agent 0.35 0.35 0.35 0.35 0.35 0.35
T10;; Kronos, 14.0 9.0 8.0 9.0 8.0 8.4
Sllicate 3.7 3.7 3.7 3.7 40 \| 39
CaCO3-GCC  ~] 7.0 - - - - = -
Kaalin Clay 6.5 6.5 6.5 6.5 10.7 6.8
| Talc 6.3 - - - - -
PCC-Aragonite* - 17.75 17.75 17.75 13.00 17.75
Copolymer (55%) 24.5 25.5 25.5 25.5 25.4 25.4
Coaslescent Agent 0.1 0.1 0.1 0.1 0.1 0.1
Preservative 0.5 0.5 0.5 0.5 0.5 0.5
Ammonia 0.3 0.3 0.3 0.3 0.3 0.3
Tap Water 10.45 10.0 10.0 10.0 10.36 10.2
Total 100. 100. 100. 100. 100. 100.
The Characteristics of the Paint
Sollds (%) 50.98 50.98 50.98 50.98 | 50.67 50.82
P.V.C. (%) 51.77 51.32 51.32 51.32 51.51 51.55
Hiding Power (%) 94.0 84.4 94.9 95.5 85.1 84.9
Viscosity (K.U.) 82.0 82.0 93.2 88.0 100.0 88.0
| Hogman 4.5 55 5.5 5.0 4.0 4.5
Bulk Density 1317 1.259 1.257 1.248 1.226 1.221
Saving of TIO2 (%) - 35.7 35.7 35.7 35.7 40.0
Waelght Saving (%) - 4.4 4.6 5.2 6.8 7.3
Formulation Pigment* Sample Active Active Agent
- - No. Code . Agent % (wi)
1 Reference Paint - T .- -
2 PCC - Aragonite AR-81 Decanolc 0.5
3 PCC - Aragonite AR-83 Decanolc 1.0
4 PCC - Aragonite AR-118 Decanoic 2.0
5 PCC - Aragonite AR-119 Decanoic 5.0
6 PCC - Aragonite AR-118 Decanoic 2.0
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Exterlor White Paint - Hercules inc.

Evaluation of the 52% PVC Paints Based on the Precipitated Aragonite Calclum
Carbonate Particles of the Present Invention (PCC - Aragonite)

Raw Material 1 7 | 8 9 10 |
% (W)
Tap Water 25.0 25.0 25.0 25.0 25.0
Defoamer 0.1 0.1 0.1 0.1 0.1
Thickener({15K) 0.3 0.3 0.3 0.3 0.3
Dispersant (45%) 0.9 0.9 0.9 0.8 0.9
Woetting Agent 0.35 0.35 0.35 0.35 0.35
T10;; Kronos 14.0 7.0 7.0 8.3 12.0
Sliicate 3.7 4.8 42 42 3.7
CaCO; - GCC 7.0 - - - -
Kaolin Clay 8.5 7.1 12.5 13.1 8.5
Talc 8.3 - - - -
PCC-Aragonite” - 17.75 13.0 13.0 15.3*
Copolymaer (55%) 24.5 25.5 26.0 28.0 24.5
Coaleacent Agent 0.1 0.1 0.1 0.1 0.1
Praservative 05 0.5 0.5 0.5 0.5
Ammonia 0.3 0.3 0.3 0.3 0.3
Tap Water 10.45 10.3 9.75 9.85 10.45
Total 100. 100. 100. 100. 100.
The Characteristics of the Paint
Solids (%) 50.98 50.08 50.98 50.98 50.98
P.V.C. (%) 51.77 51.32 51.32 51.32 51.91
Hiding Power (%) 94.0 84.2 94.3 94.0 92.7
Viacostly (K.U.) 92.0 96.8 98.8 98.0 90.2
| Hogman 45 4.5 4.5 4.5 4.5
Bulk Dansity 1.317 1.179 1.159 1.224 1.300
L Saving of TIO; (%) - 50.0 50.0 55.0 14.3
Weight Saving (%) - 10.5 12.0 7.0 1.3
Formulation Pigment® Sample Active Active Agent
No. Code Agent % {wt)
1 Reference Paint - - -
7 PCC - Aragonite AR-118 Dscanoic 2.0
8 PCC - Aragonite AR-119 Deacanoic 5.0
9 PCC - Aragonite AR-119 Decanoic 5.0
10 PCC - Aragonite c N.A. N.A.

* . Commercial PCC - Aragonite; of Specialty Minerals Inc. (SMI); Opacarb®

A40.
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® rediants of the 32% PVC Paint ir function are

Tap water.

Nopco NDW defoamer.

Cellosize QP 15000 thickener (hydroxy ethyl cellulose).
Disparse One (45% N.V.) (dispersant).

Synperonic NP10 surfactant, wetting agent.

Kronos 2160 TiOz2pigment. 7.

Synthetic Na-Al sllicate {(p820) (spacer).

Kaolin clay (Dso = 3.1 micron)(spacer)

CaCOs (spacer) - a GCC product of Polichrom Lid., Israel

. Talc (Ds=12.3 micron)(spacer)

11. PCC - aragbnite of the present invention (samples used contained >80%
CaCQO; in the wet cake products before their drying; no diminution operation
took piace prior to this use. However, the PCC - aragonite used is not
necessarily yet optimized for its purpose).

12. Propylene glycol (solvent).

13. Copolymer vinyl acetate acrylate (55% N.V.) (emulsion).

14, Butyl diglycol acetate solvant (coaleacent agent).

15. Kathon LXE preservative.

16. 25% Ammonia (base).

17. Tap water.

O NGO RON

Y
o

Tap water (1), defoamear (2) and thickener (3) were added to a plastic
container {(d=20 cm; h=30 cm) equipped with a disk (d=8 cm) attached to a
Dissolver {Homo Dispars Modsl HD-550 (0.75 HP) of Halangtal Machinery
Industry Co. Lid.; Taiwan). The mixture was stired at 500 rpm for 5 minutes,
after which the dispersant (4) and the wetting agent (5) were added, and stirring
was continued at 500 rpm for additional 5 minutes. At this point the stiring
speed was increased to 1500 rpm and the respective ingredients for the
respective formulations 1- 10 were added consecutively, each ingredient over a
5 minute period, according to the order in the above list of reagents (6 - 15).

The physical properties of the above paints were measured, including the
most imporiant property - the hiding power (%) of 80 um layers of paint were

2d1¥
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determinad with an ACS Instrument (Applied Color Systems) and the resulls are
given In the following Table 21:

s
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Table 21 - the results of EXAMPLE 15

Exterior White Paint - Hercules Inc.

Evaluation of the 32% PVC Palints Based on the Precipitated Aragonite Calcium
Carbonale Particles of the Preasnt Invention (PCC - Aragonite)

Raw Material 1M1 | 12 | 138 | 14 | 15 16
% (W)

Tap Watsr 17.8 17.8 17.8 17.8 17.8 178

Defoamer 0.15 0.15 0.15 0.156 0.15 0.15

Thickener{15K) 0.22 0.22 0.22 0.22 022 0.22

Dispersant (45%) 0.60 0.60 0.60 0.60 0.60 0.60

Waetting Agent 0.34 0.34 0.34 0.34 0.34 0.34

| TiO,; Kronos . 22.5 200 20.0 19.0 18.0 19.0
Silicate 2.25 225 2.25 2.25 225 -
CaCO3 - GCC ~5.0 - - - - -

{ PCC-Aragonlte* - 7.5 75 8.5 9.25 13.0
Propylene Giycol 2.70 2.70 2.70 2.70 2.70 2.70
Caopolymer (55%) 37.45 37.45 37.45 37.45 38.0 33.4
Coalescent Agent 0.18 0.18 0.18 0.18 0.18 0.18
Preservative 0.45 0.45 0.45 0.45 0.45 0.45
Ammonia 0.30 0.30 0.30 0.30 0.30 0.30
Tap Water 10.06 10.06 10.06 10.06 9.78 11.86
Tolal 100. 100. 100. 100. 100. 100.

The Characteristics of the Paint
| Solids (%) 50.35 50,35 50.35 50.35 50.35 50.37
P.V.C. (%) 32.59 32.64 32.64 32.63 32.64 38.73
Hiding Power (%) 81.0 91.4 914 91.0 90.8 91.0
Viscosity (K.U.) 8§7.2 88.0 97.4 §6.2 87.8 80.2
Hegman 5.5 55 5.5 5.5 5.0 5.5
Bulk Density 1.18 1.128 1.127 1.108 1.005 1.073
Saving of TIO, (%) - 11.1 11.1 15.5 20.0 15.5
Waelght Saving (%) - 4.4 45 8.0 14.8 8.8
Formulation Pigment* Sample Active Active Agent
No. Code Agent % (wt)
11 Reference Paint .l .- -
12.- .« PCC - Aragonite AR-118 Decanoic 20
13 " PCG - Aragonite AR-119 Decanoic 5.0
14 PCC - Aragonite AR-119 Decanolc 5.0
15 PCC - Aragonite AR-119 Dacanolc 5.0
16 PCC - Aragonite AR-118 Decanolc 20

w3 &
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Notes;

1.  The pariiculate precipitated aragonite calclum carbonate of the present
invantion (PCC-Aragonite) can be used to produce paints without a substantal
prior size reduction, except that effected by the mixing system of the production
of the paint, which is anyway being used in this art to thoroughly disperse the
pigments in the various formulations.

2. Though the particulate precipitated aragonite calcium carbonate of the
present Invention (PCC-Aragonite) is not yet optimized for its use in the
production of paints and though the formulations used are by no means
optimized, still this product is able to substitute over 50% of the expensive
titanium oxde pigment without any deterioration of the resuiting paint, as It
manifested by the hiding power measured.

3. As the coatings (paints) ars being soki and used by volume, and not by
weight, the additional saving resulting from using the particulate precipitated
aragonite calcium carbonate of the present invention (PCC-Aragonite) can
surpass 10% on all the constituents of the coating, including the titanium oxide.
4. For simplicity in formuiating the above mentioned paints, dry sampies of
The particulate precipitated aragonite calkium carbonate of the present
invention (PCC-Aragonite), were used. However, wet filter cakes that contain
even more water than 20% wt.%, basaed on wat CaCO, cake, can be used,
provided that this water is being taken in account. However, on an industrial
scale, dry PCC-Aragonite will be rarely used, due to the economy of using the
wet product

©) i od al mulations ntalni ous
GCCIPCC

The experimental of EXAMPLE 15 (A) was repeated, except that the palnt
compositions contained only one selected PCC/GCC pigment (>50 wi%) at a
time and the minimum required ingredients that were necessary to prepare
these basic modified paint formulations. A standard (STD) interior paint
formulation was used as a general reference.

The paint compositions are as follows:

Table 22 - STD vs. Modified paint formutation of EXAMPLE 15 (C)

67



Raw Material STD Modified
Water 28.25 28.87
| Defoamer 0.30 0.38
Thickener 0.20 0.09
Dispersant 0.40 0.00
Wetting Agent 0.30 0.00
TiOp 7.5 0.00
Silicate 3.5 0.00
Talc 13.0 0.00
G.C.C. 34.0 0.00
AR-pigment 0.00 57.28
| Propylene glycol 1.00 0.56
Copolymer — 50% solids 11.40 12.72
Biocide 0.15 0.10
Total — 100.0 100.0
% Solids in paint 63.7 64.3

~
The physical and optical properties of the pigments used and the paint obtained
are reported as follows:
Table 23 — the pigments properties in EXAMPLE 15 (C)

Paint | Pigment Active Dos CO2 |SSA PSD*
Code Agent (wt3%)® | (vo( | (BET) n
(m%g) | Deo Dao
STD | - - - - - - -

1_[PCC'__ |- - - | 120 2.0 0.8

2 _1Gec |- . - 4.0 5.0 2.1
3 ARP-29 | Decanoic A. 0.7 26.0 5.7 449 1.98
4 | ARP-31 | Decanoic A. 1.0 26.0 8.2 3.54 1.68
5 | ARP-34 | Decanaic A. 1.5 100 { 11.1 2.68 1.27
6 | ARP-35 | Decanoic A. 15 260| 115 3.0 1.85
7 ARP-38 | Decanoic A. 2.0 260! 154 2.51 0.73
8 |ARP-37 [ Decanoic A. 2.0 15.0| 10.9 2.20 0.83
9 ARP-51  Lauric A. 1.5 26.0 4.14 2.39
10 | ARP-81 | Decanoic A. 2.0 100 | 156.5 1.8 0.68

11 | APR-85 | Lauric A. 1.5 50.0 8.2 54 3.1
12 | ARP-70 | Stearic A. 1.5 50.0 4.3 5.3 1.6
13 | ARP-71 [ Isostearic 1.5 50.0 1.8 8.3 5.9
1714 | ARP-72 | Oleic A. 1.5 50.0 3.7 10.9 8.5
15 | ARP-78 | Undecylenic 1.5 500 ]| 131 2.7 1.5
A.
16 | ARP-77 | Myristic A. 1.5 |50.0 5.2 3.8 2.3
17 | ARP-83 | Palmitic A. 1.5 50.0

T _Commercial stable PCC Slurry of Aragonite (Opacarb® A40 ax SMI — USA).
Calculation of the S. G of the aragonite particles in a 69.6% commercial slurnry
resulted in 2.83 g/cm®. Naturally, this slury was used to produce the paint

above

2. CaCOa3 (spacer) - a GCC (Calcits ex Polichrom Ltd. — israel).

68
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3 — Calculated as the acid form, based on the CaCO3.
* — The PCC of the present invention has not undergone any size reduction prior
to its use, excapt the size reduction that may happen during regular operations.

Table 24 — the paint properties in EXAMPLE 15 (C)

Paint | Pigment Active Dosag,o CO: | S.G." Paint
Code | Code Agent [ (wt%)" | (va&( 5v3°°° Gloss® | Hiding® |
ater Power
STD |- - - = - 2.1 83.7
1_|PCC - - - 269" | 319 88.0
2 _|eCCt |- - - 2.62 2.2 80.9
3| ARP-29_| DecanoicA. | 0.7 28.0 | 2.32 3.0 92.6
4__| ARP-31 | DecanoicA. | 1.0 26.0 | 2.29 3.8 96.5
5 | ARP-34 | DecanokcA. | 1.5 100 | 2.38 75 96.3
6_ | ARP-35_| DecanoicA. | 1.5 260 | 2.26 4.0 99.6
7__|ARP-36 | DecanclcA. | 2.0 26.0 | 2.02 6.5 BB.1
8 |ARP-37 | DecanolcA. | 2.0 15.0 | 1.90 5.2 99.5
9 |ARP-51 | LaudcA. 1.5 260 | 2.15 43 94.8
10| ARP-61_| DecanoicA. {2.0 .| 100 | 1.98 11.5 98.3
11_| APR-65_| Lauric A. 1.5 60.0 | 2.95 4.0 93.7
12_| ARP-70_| StearicA. [ 1.5 500 | 2.18 2.8 94.1
13| ARP-71 | Isostearic__| 1.5 500 | 2.63 1.8 70.0
14_|ARP-72_| Oleic A. 15 500 | 2.70 1.9 74.9
15 [ARP-76 |Undecylenic | 1.5 50.0 | 2.38 47 96.8
A
16_| ARP-77 | MytisticA. [ 1.5 50.0 | 2.38 3.5 85.1
17_| ARP-83 | PaimiticA. |15 50.0 2.0 79.3

" - Commerclal PCC a stable slurry of Aragonite (Opacarb® A40 ex SMI —

USA).

2. CaCO3 (spacer) - a GCC (Calclte ex Polichrom Lid. ~ Israsl).
3 - Calkculated as the acld form, based on the CaCO3.
‘ - Measured according to Exampie 14 (E) In pure water, after calcining at 500°C
for eight hours.
$ — Measured at 60° with a Glossmeter (Minigioss 10tN ex Sheen Instruments —
England).
¢ — The hiding power of a 80 layer was measured with a reflectometer (Rsf. 310
Sheen-Opac ex Sheen Instruments — England).
7 - This compound, for example, can be brominated and thus serves also as a
flame retardant.

W6 &



Notes:

1. The gloss increases as the v% of the CO; in the feed gas increases.
The gloss increases as the wit% of the active agent increases.
The gloss Increases as the specific gravity (S.G.) of the PCC decreases.
Thesea facts are parﬂcularly important in controlling the PCC of the present

" invention, and more specifically, in formulating high-gloss paper coatings on the

one hand and it Is particularly important in formulating low-gloss palnts on the
other hand.
2. Thaopamymcreasosaslhowt%oﬂhoachvoagonthcmasos.
The opacity Increases as the V% of the air in the feed gas increases.
The opacity increases as the specific gravity (S.G.) of the PCC decreases.
n-Decanoic acid aeems to axhibit, thus far, the best performance, however,
the optimal w% seems to be in the range between 1.5 wi% to 3 wi% for thie
purpose of forming products of high hiding power.

The composition of the various formulations was as follows: 40% Filler, 0.3%
antioxidant (rganox B225 ex Ciba Speclalty Chemicals - Switzerland), 0.5%
lubricant (Wax PE 520 ex Hoechst-Celanase - USA) and 59.2% polypropylene
copolymer (Capilene-TR50 ex Carmel Olefins - Israel).

(A) Preparation e Particula nit

Three samples of particulate precipitated aragonite of the present invention
were used and three of the top qualily commercial samples were used for
comparison. The preparation parameters of the amgonite samples and their
properties are given In Table 25, as follows:

RotorSpeod = 4000 rpm ('l‘pSpeed 10 m/sec.)

pH=9.5.

Temperature = 90°C.

Carbon dioxide flow rate = 180 L.P.H. (iters/hour):*

Aqueous calcium hydroxide slurry (of Shieya) -10 wi.% = ~ 6 LP.H. (lo

1.
2,
3.
4.
5.

maintain the preset pH value).
6. Active agent concentration = decanoilc acld; 0.5; 1; 2 wt.% based on

CaCOs.

24
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Table 25 - the results of EXAMPLE 16{A)

Aragonite SSA

# | Sample | Active agent | (wt.%) | Amgonite+Calcite | D' | B8** { (BET)
Code XRD p | (%) | mig

1 | AR-213 | DecancicAcid | 0.5 _93-96% 592] 958 | 36
2 | AR-214 | Decanoic Acid | 1.0 93-96% 438} 983 | 6.4
3 | AR-215 | Decanoic Acid 2.0 96-98% 1.56] 98.2 | 12.8

- 50ppm of phosphoric acid were used in addition to the decanoic acid to
increase the aspect ratio of the acicular aragonite.

** . Brightness.

1 — The PCC of the present invention has not undergone any size reduction
prior to its use, except the size reduction that may happen during regular

operations.

zompounding of the Plastic (Polvpropylene )
The formulations were processed in a co-rotating twin-ecrew
compaunder (L/D = 24 ex Dr. Collin — Germany). The compounding conditions
are given in Table 26, as follows:
Table 26 - the compounding conditions of EXAMPLE 16(B)

.."ILZ l_:l.‘_li

* Filler Melt Screws Pressure Torque
Temp. Speed

°c) (rpm) (bar) (N.m)
1 AR-215 203 200 165 4215
2 AR-214 203 200 1545 4012
3 AR-213 202 200 1685 4312
4 oM-95" 201 175 305 6312
5 UPCC® 203 174 3015 6013
8 UTALC® 202 195 1712 4912

“_ Commercial ultrafine stearic acid coated - UFT 95 GCC natural caicite (85
wi% pass 21 size) ex Omya-Pluess-Staufer - Switzerland.
® _ Commercia) ultrafine stearic acid coated - Ultraflex PCC calclte ex SMI -

USA.
€ .. Commercial ultrafine talc — Ultrataic 608 ex SMI - USA.

Note:
The results of the compounding atep, in Table 16b, indicate that the PCC of the
present invention is superior over the commercial products of the top qualities
and top prices in the market.

(C) Iniection of the Plastic (Polypropylena Copolvimer) Formulations

71
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The resulting granules were fed to an injection machine (25 t ex Dr. Boy
— Gemmany). Specimens of 127x12.7x3.2 mm we produced. The injection
conditions are given in Table 27 as follows:

Table 27 - the compounding conditions of EXAMPLE 18¢

# Filler Temp. Injection injection Injection
Speed Pressure Pressure
(°c) (cm®/sec.) (bar) (bar)
1 AR215 [ 170-180 68 250 250
2 AR-214 | 170-180 68 250 250
3 - AR-213 | 170-180 66 250 300
4 +OM-85% [ 170-180 66 250 300
5 UPCC® | 170-180 68 400 400
8 UTALC® | 170-180 66 400 400

A= "a commercial ultrafine stearic acid coated GCC ex Omya-Pluess-Staufer -
Switzerdand.

8= a commercial ultrafine stearic acid coated - Ultraflex PCC ax SMI - USA.

©- a commercial ultrafine talc — Ultratalc 609 ex SMI - USA.

Note:
Only OM-95 behaves qulte close to the PCC of the present invantion (AR-213,
Ar-214 and AR-215) In the injection compartment. The relatively (very)
expensive talc is unable to compete with AR-213, Ar-214 and AR-215.

(D)  The Mechenical Tegts
The resulting specimens were conditioned at 25°C under 50% RH for at
least 72 hrs. before testing them.
Two test were performed as follows:
Flexure testing (3 point) was conducted according to ASTM D-780.
impact testing — [zod notched was conducted according to ASTM D-256.

The results are given in table 28, as follows:
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Table 28 - the results of the mechanical tests of EXAMPLE 16d

# Filler Flex. impact
Modulus

(Mpa) (J/m)
0 - 793 538
1 AR-215 1680360 225421.7
2 AR-214 1872490 281118.7
3 AR-213 1735431 3974145
4 OM-85" 1107+20 1924204
5 UPCC® 1006+13 5116.4
6 UTALC® - 1749154 15115.3

*~ Capilane -~ TRS0 as reportad by its producer.

A= a commercial ulirafine stearic acld coated GCC ex Omya-Pluess-Staufer -
Switzeriand.

5= a commerclal ultrafine stearic acid coated - Ultraflex PCC ex SMI - USA.

€= a commercial ultrafine taic — Ultratalc 809 ex SM! - USA,

Notes:
1. Fillers are ususily added to the polypropyiene (PP) formulations to increase

their flexural modulus. In the proper loading range, the higher the concentration of
the filler, the higher is the flaxural modulus. Howaver, as the concentration of the
filler increases, the lzod impact characteristics are decreased dramatically.
Namely, the final loading of the filler In the polymer is the result of optimizing both
characteristics of the final (consumer) products. Under the same experimental
conditions, the particulate precipltated calcium carbonate of the present invention
(AR-213, Ar-214 and AR-215) are by far superior over commercial products of the
highest quailty in the market.

2. The overall properties of the PCC of the present invention are suparior over the
commercial products of top qualities In the market, as it may leads to faster
operations and to better (consumer) products,

EXAMPLE 17 — Ad the of the ent

The PCC/GCC particles of the prior art can adsorb limited quanities cf-
liquids and In all casea that will take place quite fast onto their surtace.

The PCC of the pressnt invention exhibits & varted behavior, depending on
the environment at which these particles are located.

.
-]
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The results that were obtained by using the gas pycmmehr to determine
the specific gravity (S.G.) of the product of the present invention (c. f. EXAMPLE
14 (D)) do not indicate at all that these particies contain some kind of "poras” or
“bubbles® or “blisters” to any extend. However, the following resulls will
demonstrate that this view Is entirely wrong.

The process set points - continuous mode of operation;

Rotor Speed = 1200 rpm (Rotor Dlameter = 10 cm)

pH =9.5:0.2

Temperature = 85°C+2

Carbon dioxide flow rate = 2.5 m¥hr.

Aqueous calclum hydroxide slurry (of Shfeya) -10 wt.% = ~ 80 - 100
P.H. (to maintain the preset pH valus).

CO; (v3) In the feed gas=30%

Active agent concentration = decanoic acld; 1.5 wt.% based on CaCQOs.

Reactor Volume=50 |. (Dlameter=30 cm).

The product (of the prasent invention) — ARP-73

©® O NI OAODND A

The wet cake of ARP-73, which was obtained after dewatering of the product,
was mixad with about 2 wt% dispersant (resulting In calculated ~1:1 dry weight
ratio; Dispaex N-40 (~45 wt% sollds) ex Allled Colloids — GB) and waterina 10 L.

" (d=80 cm) tank that was equipped with laboratory dissolver (DVH-020-18/6; 2.5

HP ex a Dantco Inc. - USA; rotor diameter=10 cm) for 60 mins. At 1200 rpm.
The resulting slurries axhibit the following characteristics:
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Table 29 — the results of EXAMPLE 17 (B)

Sample Solids S.G. of Slurry S.G. of Sollds
Code in Slurry (gfem™* ARP-73
(wt%)! After After (g/cm™’
Praparation’ 7 Days®
ARP-73-1 60.2 1.47 1.47 2.13
ARP-73-2 68.3 1.61 1.61 2.20
ARP-73-3 63.0 1.55 1.68 2.30
‘I- Was measured and/or calculated immediately after the preparation of the
slurry.

2 . Was measured and calculated....

3. The addition of 2 wt% sodium dioctyisulfosuccinate (75% in ethanol; ex Cytac
— USA) - a potant wetting agent - to thq watar at the end of the preparation
stage (+ a short stirng thereafter ), led to the formation of a very dense and
viscose mass after 7 days (most of the water have been absorbed by the PCC
of the present inventionl), which could not be stimed. This mass was
disintegrated by adding more of the wetting agent and stirring the mass. The
S.G. was then measured and calculated to be 2,79 g/em®. Such behavior is
unprecedented in the prior art of PCC/GCC products.

4.The low S.G. values are also observed in the paint compositions containing
the products of the present Invention, which gives rise to an additional
advantage, as was explained already in EXAMPLE 15.

(C) Dispe 3 PCCF - g Prose: ention in Orga -

Attempts to obtaln stable slurrias of the PCC of the prasent invention in
organic solvents such as alcohols (e.g. ethanol, isopropanol), ketones (e.g.
acetone, methyl ethyl ketone), esters (e.g. methyl acetate, ethyl acetats),
aromatic solvents (e.g. ioluene, xylene, chiorobenzene, o-dichlorobenzene),
and many others, result In the formation of mbxtures in which the specific gravity
(S.G.) of the PCC particles is >2.5 g/em? (usually, water and oils (e.g. those that
are mentioned as liquids in Example 14), permeate very slowly during very long
petiods and in some cases It Is impractical to measure thelr permeation rates).
More polar solvants such as ethylene glycol penetrate more slowly into the PCC
of the present invention, and eventually the S.G. values reach the ultimate value
that characterizes calcite, and especially aragonits, calcium carbonate (namely,
~2.7 - 2.9 g/em®, depending on the specific crystallographic purity of the tested
products), Naturally, the increase of the S.G. is dependent on many factors
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such as prassure, temperature, viscosity, surface tension, purity, and naturally
the quality of the PCC product of the present invention.

it is worthwhile noting that the unique propertiea of the original PCC
particles of the present invention are fully restored once the organic solvent is
evaporated to drynaess, and this product can be used In the same application or
another one as the original sample. More specifically, after the removal of e.g.
acelone, toluene, or ethy! acetate, all the properties of a used sample e. g. of
AR-120, matched the original sample.

The phenomenon described in this EXAMPLE 17 leads to the conclusion
that the PCC of the present invention can readily be used as an adsorbent for
liquids (solvent), as a camier (encapsulant) for liquids and solids (by dissolving
them In a sultable solvent; allowing the solution to penetrate Into the “pores" of
the PCC; and removing the solvent by e.g. evapomtion or dissolution of the
solvent in another solvent that reduces the solubility of the substrate. The PCC
of the present invention can encapsulate many compounds, Including e.g.
phamaceuticals (medicines), agrochemicals, flavors, fragrances and sunscreen
agents (this PCC itself Is particularly suitable for protecting the human skin,
once s particles are fine-tuned for thal purpose. Due to the embedded “pores®
in the PCC of the present invention, this task of fine-tuning the PSD to meet the
requirements to protect from incoming light at 300-400 my, Is expected to be
much less expensive than of e. g. the TiOz, which Is usad for this purpose quite
often). Therefore, the PCC of the present invention offers two functions in one
malerial, namely, encapsulation and efficient light dispersion). Moreover, the
“porous” nature of this PCC mekes it a preferable candidate to serve as a filler,
a bulldar anc/or an anticaking agent in e. g. powder dstargents, etc.

To summarize, the PCC of the present Invention can serve In any
capacity that calcium carbonate particles of the prior art serve, and additionally

. if poasesses many advantages due to its “porous” nature.

(C) The "porous” Nature of calin icles of the
for Ei ours.

By merely coating the surfaces of GCC/PCC paiticles of the prior art with
@.9. n-dacanoic acid, their S.G. Is reduced due to adhering bubbles (¢.f. EXAMPLE
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14 (H), Tasts #82 and #83). However, the performance such prior art products iss
infarior to the products of the present invention. In particular, their fundamental
characteristica are revealed once they are calcined at 500°C for eight hours to
remove all organic compounds, when the calcinations product has an S.G. >2.5
g/lem®, (c.f. EXAMPLE 14(E), Tests #30 and #32), whereas the products of the
present invention always remain “light” and "porous” (S.G. <2.5 g/cm®). To further
demonstrate this, we compared various calcined prior art products with products of
the present invention. The kinetics of increasing the specific gravity of the calcined
samples in ethylene glycol and in water were conducted as follows: the selected
samplas were calcined at 500°C for eight hours and were introduced into excess
of liquid (c. f. EXAMPLE 14 (E))ﬁ'ho S.G. reaults ware recorded at 5 mins, 24 hrs.
and 48 hrs, aftar midng with the respéctive liquids. Tha results are given in Table
30, as follows:
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Table 30 - the results of EXAMPLE 17 (C)

Sample $.G. in Ethylens glycol
Code g/em?®

5 mins. 24 hrs. 48hrs
GCC-8' >2.7 >2.7 >2.7
GCC-8° >2.7 >2.7 >2.7
PCC" >2.7 >2.7 >2.7
PCC' 2.7 >2.7 >2.7
ARP-35° 2.25 235 2.38
ARP-36° 2.13 222 227
ARP-82-1% 217 224 2.30

Sample S.G. In Water
Code g/lem®

5 mins. 24 hra. 48hrs
GCC-8' >2.7 >2.7 >2.7
GCC-8? >2.7 >2.7 >2.7
PCC” »2.7 >2.7 >2.7
pcC* >2.7 >2.7 >2.7
[ARP-35%% 2.25 249 2.54
ARP-36%8 2.36 240 246
ARP-62-1° 2.01 2.29 2.31

! 'Glrullte-a CaCO3 powdar (d50=3.5 microns) ex Polychrom — Israel.
- "Girulite-8" CaCO3 powder (d50=3.5 microns) ax Polychrom - israsl, which
waa coated using 2 wi% n-decanoic acid.
— Commerclal PCC - Aragonhs; of Speclalty Minerals Inc. (SMI); Opacarb®
MO
— Commercial PCC - Aragonite; of Specialty Minerals Inc. (SMI)' Opacarb®
MD whld1wusooahdusln92wl%n-docnmlcad
—'lhelr production is described already (c. . EXAMPLE 14 (E))
- 2 wt% sodium dioctylsulfosuccinate were added to the water. e

. ; -

Notes:

1. Determination of the S.G. of the calcinad PCC of the present invention in water

seems to be a simple, fast, and quite accurate method to distinguish between the
products of the of the present invention, and therefors, the process of the present
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invention, and the product of the prior art, and therefore, the process of the prior
art (also, c. . EXAMPLE 14 (F)).

2. The "porous’ product of the present Invention may absorb considerable
quantities of solvents (>50% of its welight).

3. The existence of “pores® in the PCC of the present invention has been
established by direct and indirect evidence. However, it i3 not of much
consaquence if we are still not too accurate In depicting the exact properties that
are responsible for the effects that were encountared.

While the invention has been described with respect to a limited number

of embodiments, it will be appreciaied that many variations, modifications and
other applications of the invention may bé'made.
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CLAIMS

1. A process for producing a particulate precipitated aragonite caicium
carbonate, which comprises reacting an aqueous calcium hydroxide slurty with a
gas selected from the group consisting of carbon dioxide and a gas contalning i,
wherein the parameters of sald process, inciuding at least one preselected active
agent, mode of operation, operating concentrations of raw materfals, cperating
temperature, operating mixer speed and operating pH, am such that (A) the
specific gravity of the product after drying for 12 hours at 120°C Is <2.5 g/cm®;
and (B) the specific gravity of this dry product after ignition for eight hours at
500°C Is <2.5 g/om®.

2. A process according to claim 1, in which said at least one active agent is
selected from the group conslsting of carboxylic acids of formula RCOCH, where
R is an organic group contalning 7-20 carbon atoms, their carboxylate salts, their
acid anhydrides, their esters, their acyl halides and their ketenes.

3. A process according to claim 2, in which sald at least one active agent is
selected from the group consisting of carboxylic acids of formula CpHan+GOOH,
where n is 8-17, thelr carboxylate salts, their acld anhydrides, their esters, their
acyl halides and their ketenes of the formula C,Hzn.1C=C=0, where n is 7-16.

4. A process according to claim 2, which is further characterized by the
foliowing features:
(a) eaid at least one active agent Is selacted from the group conslsting of
carboxylic acids of formula CHs(CH2).COOH, where n is 7-18, their carboxylate
safts, thelr acid anhydrides, thelr esters, thelr acyl halldes and thelr ketenes of the
formula CHa(CHg),C=C=0, where n is 6-15;

_) sald concentration of the at Ioast one active agent Is within the range
bemodw“&h wt % and 10 wt.%, calculatad as carboxylic acid(s) and based on the

‘walght of calcium carbonate;

{c) said slurry contains calcium hydroxide In a concentration within the range of
from 3 to 30 wt.%;
(d) said pH is within the range of from 8 to 11;
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{8) said temperature is in the range between 60°C and the bolling temperature
of the reaction mixture;

(D said mode of operation is selected from A confinuous and a semi-
continuous (intenmittent) mode of operation;

(9) said mixer peripheral speed (ip-epeed) is above 5 m/sec.;

(h) sald at least one active agent Is added in a manner selected from
introduction into the carbonation reactor and premixing with said calcium
hydraxdde slurry prior to reaction with said gas.

5. A process according to claim 4, which Is further characterized by at least
one of the following features:

(a) said at least one active agent-ls selected from the group consisting of
carboxylic acids of fomula CH3(CH,),COOH, where n is 7-18, and the calcium
salts thereof;

(b) sald concentration of the at least one active agent Is within the range
between 0.3 wit.% and 5 wt.%, calculated as carboxylic acki(s) and based on the
welght of calcium carbonate;

{c) said slunry contains calkium hydroxide in a concentration within the range of
from 4 to 20 wt.%;

(d) said pHis within the range of from 8 to 10;

(e) said temperature ia in the range between 80°C and the boiling temperature
of the reaction mixture;

N sald mode of operation is a continuous mode of operation.

6. A process according to claim 5, which Is further characterized by at lsast
one of the following features, namely:

(a) sald active agent Is salected from the group consisting of decanolc acid and
the calcium salts thereof,

(b) said concentration of said at least one active agent is within the range
between 0.4 wt.% and 3 wt.%, calculated as carboxylic acid and based on the
weight of calcium carbonate,

(c)  said temperature is in the range between 90°C and the bolling temperature
of the reaction mixture, and

81
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(d) said slunry contains calclum hydroxide in a concentration within the range
of from 5 to 15 wt.%.

7. A proceas according to claim 2, which Is further characterized by at least
feature {a) of the following features:

(a) said al least one active agent is selected from the group consisting of
carboxylic acids of formula GyHan.¢COOH, where n is 8-17, their carboxylate salts,
their acid anhydrides, thelr esters, their acyl halides and thelr ketenss of the
formula CrHen1C=C=0, whera n Is 7-16;

(b) said conceniration of the at least one active agent is within the range
between 0.2 wt.% and 10 wt.%, calculated as carboxylic acid(s) and based on the
weight of caicium carbonate;

{c) sald slurry contains calcium hydraxide in a concentration within the range of
from 3 to 30 wt.%;

(d) said pH is within the range of from 8 to 11;

(e) said temperature Is In the ranga between 60°C and the boiling temperature
of the reaction mixture;

()] said mode of operation is selecied from a continuous and & seml-
continuous (Intermittent) mode of operation;

(g) said mixer peripheral speed (tip-speed) is above 5 m/sec.;

(h) sald at least one active agent is added in a manner selacted from
introduction into the carbonation reactor and premixing with sald calcium
hydroxide slurry prior to reaction with sald gas.
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8. A process according to claim 7, which is further characterized by at least
one of the following features, namely:
(a) said active agent is selected from the group consisting of undecylenic acid
and the calcium salts thereof,
(b) said concentration of said at least one active agent Is within the range
between 0.4 wt% and 3 wiL%, calculated as carboxylic acid and based on the
weight of calclum carbonate,
(c)  said temperature s in the range between 90°C and the bolling temperature
of the reaction mixture, and
(d) said slurry contalns calcium hydroxide in a concentration within the renge
of from 5 to 15 wt.%.

~
9. A process according to claim 1, which Is conducted as a flotation process
in a flotation cell.

10. A process according to claim 9, and substantially as hereinbefore
described with reference to Figure 3 of the attached drawings.

11. A particulate precipitated aragonite produced by the process of claim 1.

12. A particulate procipitated aragonite according to claim 11, which Is
characterized by at least one of the following features:

()] it contains at least one calcium salt of carboxylic acids selected from those
of the general foomulae CyHzy1COOH and C,Han«COOH, whare n is 8-17, in an
amount between 0.2 and 10 wt.%, calculated as carboxyfic acld(s) and based on
the weight of calcium carbonate;

(i) it has an XRD spectrum--substantially in accordance with Figure § of the
attached drawings. -""-""“*'%.-.: ~

-
" . o
- oyt

13. A particulate precipitated araganite acoording to claim 12, which contains at
least one calcium salt of carboxylic acids selected from those of the general
formula: CHy(CHa),COOH, where n = 7-18, in an amount between 0.2 and 10
wt%, calculated as carboxylic acid(s) and based on the weight of calcium
carbonate.
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14. A particulate precipitated aragonite according to claim 11, having a specific
gravity <2.3 g/om” after drying at 120°C for twelve hours, and a specific gravity
<2.3 g/em’ after ignition for eight hours at 500°C.

15. A particulate precipitated aragonite acconding to claim 14, having a specific
gravity <2.0 g/cm” after drying at 120°C for twelve hours.

16. A particulate precipitated aragonite acconding to claim 15, having a specific
gravity <1.8 g/cm? after drying at 120°C for twelve hours.

17. A particulate precipitated aragonite acconding to claim 16, having a specific
gravity <1.5 g/cm®after drying at 120°C for tweive hours.

18. A particulate precipitated aragonite accoriing to claim 11, having a specific
gravity <2.1 g/om® after drying at 120°C for twelve hours, and a spacific gravity
<2.1 g/em® after ignition for eight hours at 500°C.

19. A particulate precipitated aragonite which has (A) a specific gravily <2.5
g/cm® after drying for 12 hours at 120°C, and (B) a specific gravity <2.5 g/em® after
Ignition for eight hours at 500°C of the product dried In (A).

20. A particulate precipitated aragonite which has (A) a specific gravity <2.3
g/cm?® after drying at 120 °C, and (B) a specific gravity <2.8 g/cm? after ignition for
eight hours at 500°C of the product drled In (A).

21. A particulate phecipitated aragonite which has a specific gravity <2.1 g/cm®
after drying at 120°C for twelve hours, and a specific gravity <2.1 g/em® after
ignition for eight hours at 500°C.

22. A pariiculate precipitated aragonite which has (A) a speciflc gravity <1.8
g/cm? after drying at 120 °C, and (B) a specific gravity <2.3 g/cm® after ignition for
eight hours at 500°C of the product dred in (A).
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23. A particulate precipitated aragonite which has {A) a specific gravity <1.5
g/em?® after drying at 120 °C, and (B) a specific gravity <2.3 g/cm® after ignition for
eight hours at 500°C of the product drled in (A).

24. A particulate precipitated aragonite which has (A) a specific gravity <1.5
g/om® aftaer drying at 120 °C, and (B) a specific gravity <2.1 g/cm® after ignition for
elght hours at 500°C of the product dried in (A).

25. A pariiculate precipitated aragonite which has a specific gravity <2.5 g/em®
after ignition for elght hours at 500°C.

[l .ﬂ
26. A particulate precipitated aragonite which has a specific gravity <2.3 g/lem®
after ignition for eight hours at 500°C.

27. A particulate pracipltate::l aragonite which has a spacific gravity <2.1
g/cm® after ignition for eight hours at 500°C.

28. A particulate precipitated aragonite according to any one of claims 18 to 27,
which is characterized by at least one of the following features:

) it contains at least one caicium salt of carboxylic acids selected from those
of the general formulae CyHan,1COOH and CyHan+COOH, where n Is 8-17, in an
amount between 0.2 and 10 wi.%, calculated as carboxylic acid(s) and based on
the weight of calclum carbonate;

(i) it has an XRD spectrum substantially in accordance with Figure 5 of the
attached drawings.

29, A particulate precipitated aragonite according to claim 28, which contains at
least one calcium salt of carboxylic acids selected from those of the general
formula: CHs(CHp)sCOOH, where n = 7-16, in an amount between 0.2 and 10
wt.%, calculated as carboxylic acid(s) and based on the weight of calcium
carbonate.

30. A particulate precipitated aragonite according claim 28, which containg at
least one calcium salt of carboxylic acids selected from those of the general
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formula: ChHae1COOH, where n is 8-17, in an amount between 0.2 and 10 wt.%,
calculated as C,HCOOH and based on the weight of calcium carbonate.

31. A particulate precipitated aragonite according to any one of claims 11 to 27,
of crystallographic purity (aragonite/(aragonite + caicite)) at least 90%.

32. A particulate precipitated aragonite according to any one of claims 11 to 27,
of crystaliographic purily (aragonite/{aragonlte + calcite)) <80%.

33. A process eccording to any one of claims 1 to 10, wherein sald specific
gravity is detsrmined sutgmnﬁnllysdmbedhEmnpr ".

34. A particulate precipitated aragonite according to any one of claims 11 to 27,
wherein said specific gravity is determined substantially as described in Example
14 (F).

35. A coating composition which comprises a particulate precipitated aragonite
ag defined in any one of claims 11 to 27.

36. A coating composition according to claim 35, which comprises substantially
dry patrticulate precipitatad araganite.

37. A coating composition according to claim 35, which comprises pautlwlate
precipitated aragonite in aqueous dispersion.

38. A paper composlition which comprises a particulate precipitated aragonite

_ag defined In any one of claims 11 to 27. T

38. A paper compoaltion according to claim 38, which comprises substantially
dry particulate precipitated aragonite.

40. A paper composition according to claim 38, which comprises parsticulate
precipitated aragonite in aqueous disparsion.
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41. A plastics compoasition which comprises a particulate precipitated aragonite
as defined in any one of claims 11 to 27.

42. A plastics composition according to claim 41, which comprises substantially
dry particulate precipitated aragonite.

43, A rubber composition which comprises a particulate precipltated aragonite
as defined In any ane of claims 11 to 27.

44. A rubber composition according to claim 43, which comprises substantially
dry particulate precipitated aragonite.

™
45. An adsorbent composiion which comprises a particulate precipitated
aragonite as defined in any one of claims 11 to 27.

46. An adsorbent composition according to cialm 45, which comprises
substantially dry particulate precipitated aragonite.

47. A powder detergent compasition which comprises a particulate precipitated
aragonite as defined in any one of claims 11 to 27.

48. A powder detergent composition according to claim 47, which comprises
substantially dry particulate precipitated aragonite.

49. A phammaceutical composition which comprises a pasticulate precipitated

.aragonite as defined In any one of claims 11 to 27.

80. A phamaceutical composltion according to claim 48, which comprises
substantially dry particulate precipitated aragonite.

51. A phamaceutical composition according to claim 48, which comprises
particulate precipitated aragonite in aqueous disparsion.
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§2. An agrochemical composition which comprises a particulate precipitated
aragonite as defined in any one of claims 11 to 27.

53. An egrochemical composition according to claim 52, which comprises
substantiaily dry particulate precipitated aragonite,

54. An agrochemical composition according to claim 52, which comprises
particulate precipitated aragonits In aqueous disperalon.

55. A flavor composition which comprises a particulate pracipitated aragonite
as defined in any one of claims 11 to 27.

56. A flavor composition according to claim 55, which comprises substantially
dry particulate precipltated aragonite.

57. A flavor composition according to claim 55, which comprises particulate
precipitated aragonite in aqueous dispersion. :

58. A fragrance composition which comprises a particulate precipitated
aragonite as defined in any one of claims 11 to 27,

59. A fragrance composition according to clalm 58, which comprises
substantially dry particulate precipitated aragonite.

680. A fragrance composition according to clalm 58, which comprises particulate
precipitated aragonite in aqueous dispersion.

61. A food composition which comprises a particulate ﬁmdplinlad aragonite as
defined in any one of claims 11 to 27,

62. A food composition according to claim 61, which comprises substantially
dry particulate precipitated aragonite.

L33
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63. A food composition according to-claim 61, which comprises particulate
precipitated aragonite in aqueous dispersion,

64. A feed composition which comprises a particulate precipitated aragonite as
defined In any one of claims 11 to 27. '

85. A feed composition according to claim 64, which comprises substantially
dry particulate precipitated aragonite.

66. A feed composition according to claim 64, which comprises particulate

precipitated aragcnite in aqueous dispersion. )
“~

87. A sunscreen composition which comprises a particulate precipitated

aragonite as defined In any one of claima 11 to 27.

68. A sunscreen composition according to claim 67, which comprises
substantially dry particulate precipltated aragonite.

68. A sunscreen composition according to claim 67, which comprises
particulate precipitated aragonite In aqueous dispersion.

70. A conductive powder composiion which comprises a particulate
precipltated aragonite as defined in any one of claims 11 to 27.

71. A conductive powder composition according to claim 70, which comprises
substantially dry particulate precipitated aragonite.

72. A particulate precipitated aragonite, which after drying it for. 12 hours al
120°C, has a Loose Bulk Density {L.B.D.) <0.4 g/cm®.

73. A pariculate precipitated aragonite according to claim 72, wherein sald
L.8.D. is determined substantially as desacribed in Example 14 {G).
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ABSTRACT

Disclosed is a novel fonn of particulate precipitated amagonite, a novel process for
producing It and compositions contalning it.
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SEM Picture of ARP-76, which contains ~97% Aragoni
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XRD spectrum of ARP-76, which contains ~97% Aragonite
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SEM Picture of ARP-70 (50% aragonite + 50% Calcite)
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XRD spectrum of ARP-70, which contains ~50% Aragonite
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PROCESS FOR PRODUCING IT
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Washington, DC 20231
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PRELIMINARY AMENDMENT

In order to place the above-identified application in better condition for

examination, please amend the application as follows:

IN THE CLAIMS
Claim 11, line 1, delete "any of claims 7 to 10," and insert —claim 7—.
Claim 12, line 1, delete “any of claims 7 to 10," and insert ~claim 7—.
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Claim 16, line 1, delete "or claim 14",

Claim 17, line 1, delete "or claim 14",
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PRECIPITATED ARAGONITE AND A PROCESS FOR PRODUCING IT
FIELD AND BACKGROUND OF THE INVENTION

The present invention relatas to a novel form of precipitated aragonite and
to a novel process for producing it.

Various routes are known for the production of calcium carbonate, which
finds use as a thickening matscial, as a filler, 23 an exiendsr, and mostofalas a
pigment, in a varely of industries such as pharmacsuticels, plastics, adhasives,
printing, coaling (paint), paper, rubber and in filiration. For such purposes, there
may be used ground calcium carbonate (GCC) or precipitatad calcium carbonate
(PCC). PCC in general possasses advantages over GCC, in that It is economicsal to
producs and its precise composition, or purily, can be more strictly controlled.

The most frequently used chemical process for producing PCC Is based on
the carbonation of aqueocus suspensions of calcium hydroxide (also known as
“milk of ime” or “slaked {ima™) with carbon dioxide gas, or with a carben dioxide
containing ges. This process gives rise (o relatively pure precipitated calclum
carbonate and is a prefared process, because thare are no serious problems of
contamination of the product with undesited salts, and moreover it can be
controlled [n order to adjust the properties of the final product. Thus, the procass is
based essentially on four steges: firatly, calcinetion of rew limestone to produce
calclum oxdde or “quickliims™ wnd carbon dikedde gas or @ carbon doxide
contalning gas; secondly, “slaking” of the quickiime with water to produce an
aqueous suspansion of calcium hydroxide: thirdly, carbonation of the calcium
hydroxdde with carben dioxioe gas or a carbon dicxide cuntsining gas; and finally,
downstream operations sucl; as dewstsring, drying, duaggiomeration, grinding,
surface freatment, surface coating, mbdng with cther minerals (e.g. ftitanium
dioxide, taic, kaclin, GCC, PCC ~ Incuding aragonite PCC) and dysing, which
allow optimization of the properties of the precipitated calcium carbonate particles
in order to be adapiad to their intended uses.

Celcium carbonate can be precipitated from aqueous calcium hydroxide
shrries or solutions in three differant crystallographic forms (polymorphs): the
vaterite form which is thermodynamically unstabls, the aragonite form which is
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metastable under normal ambient condftions of temperature and pressure, and the
calcita form which is the most stable and the mast abundant in nature. These
forma of calcium carbonate can be prepared by carbonation of slaked time by
suitable variations of the process condttions.

The calcta form is easy to produce on Indusirial acales, as pracipitated
calcium carbonate particles. It exdsts in several different shapes, of which the most
common are the chombohedral shape and the scalenchedral shape.

Aragonite forms crystals having 8 length/width ratio (hereinafter - “aspect
ratio”) in the range betwean >1:1 and 100;1 of which a typical aspect ratio is 10, in
which case the aragonite forma long, thin needies. Therefore, aragonite having a
high aspect ratic may bs denoted hereinefter - “acicular aragonite™ or
“nesdlie-shaped aragonite®. The production of aragonite is a slow praocass and is
very difficult to control on an industrial scale.

PCC particles are used as thickening materials, fillors, extsnders and, most
of all, as inexpensive pigments. The latter use implies that a particularly desirable
property of this material is = light scattering characterisfics, in order fo ba able
impart opacity and brightness to the praducts containing b Such characteristica
are optimized, when the pigment particles are very effectively dispersed and are
apart by an average distance in the rangs betwesn 0.2um and 0.4um in their final
products, and their &ize distribution is In the range betwesn 0.2um and O.4um,
namely, in the range of haif a wavelength of the visible fight. That means that either
the production of the PCC shouid be adjustad to produce small particies in order to
avoid expensive downstream particle stxe reduction opergtions end to cope with
the axpensive praoblems of dewatering and drying the product, or, altematively, the
procass should be adjusted to produce |large particies, and subsequently effect the
downstream dewatsring and grinding operations. In both cases, the production
costs of precipitatsd caliclum carbonate of pigment grades may be doubled or
tripled just because of thess unavoidable downstiream steps.

High light scattering pigments currently avallable to the above-mentioned
industries Include titanium dioxide perticlas, which are vory effective to scatier the
fight due to their relatively high refractive index (2.76; for the sutile form) and their
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meticulously controllad particle size distribution of which median Is in the range
betwean 0.2um and 0.4um. However, this product is of a high specific gravity
{~4.0g/lcm®), of a high surface urea dus to Its small partices, and most of all, is
quite expensive. Fine kaolin particles are also being used as pigments, but this
product has a much lower refractive index (1.58), is of limited whiteness and is still
relatively expensive. Particulate calclum carbonate is the ikleal least expensive
pigment and could replace much more of the titanium dicdde and kaolin pigments
in their respective present appiications, If it could be prepared in a form having
improved light scattering properties.

Calcium carbonate pigments are produced in part by grinding coarse natural
rocks and in part by precipitalion processes. Of the pracipitated calclum carbonate
particies, a particulate precipitated aragonite Is considered to be the most effective
fight scattering calcium carbonate pigment, of which refractive indices are 1.530,
1.681 and 1.685, depending on Iis crystaliographic sutfaces, its specific gravity is
above 2.5g/cm® and is the most suitable for same applications. However, its
production rate is characteristically very slow and its production conditions are very
difficult to conftrol, industrially.

While the majority of referencas, cited hereinafter, relate to the tachnology
for producing a particulate precipitated sragonfts, some of the references we
Included in order fo betiar prosent the stale of the an for the production of PCC
mare generally, including the downstraam operatians, which may be common to all
these processes and also to the present invention. )

1. U.S. Patent No. 2,081,112 (N. Statham et al) describes a process for
producing precipitated calcium carbonate by carbonating milk of ime with carbon
dioxide containing gas, where the temperature in the gas absorber is maintained at
50-50°C, preferably eround 55°C. It is recognized that the more viclent the
agitation in the gas absorber, the finer will be the product; the aim being to create a
fine mist of calchum hydroxide shuty.

2 US. Patet No. 29864382 (G. E Hal, Jr.) descibes production of
precipitated calcium carbonate by various chamical routes, In which calcium ions
are contacted with carbonate ions in @ precipitation zone, the process including
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also carbonation of milk of lihe with carbon dicdde ges. A high shear statorfrotor
agitator is used to provide turbulence by rolating at a peripharal speed of et lsast
1160 fest per minute (589 cm per second) in the precipitation 2one. Also, this
patent tsachas that it is desirable to operats the process at pH values of at least
8.5 and thet at tamperatures above 60°C, needie-shaped precipitated aragonite
particles e formed, which however produce an adverse flow property effect
3.  U.S. Patent No, 3,320,026 (W. F. Waldeck) describes the production of
various forme of precipitated calclum carbonata.

4, GB Patent No. 941,900 {assigned to Kaiser Aluminkem & Chemical
corporation) describes the pmduction of precipitated aragonite particles, for use as
a fiter aid, by reacling continuously sodium cerbonate solution and aqueous
calcium hydraxide siurry at temperatures higher than 60°C In a multistage system.
The product and the solution are withdrawn at the third stage fom the bottom of
the reactor, the product is then separated from the solution and part of the crystals
are recycled to the vatious stages of the process as seeds for further precipitation
of the precipitated aragonite particles.

5. U.S. Patent No. 4,018,877 (M. C. Bennelt ot al) deacribes a conlinuous
process for the production of a particulste precGpitatad araganite by carboneting
aqueous calcium hydradda shurry in sucrese solutions. Howevar, due to the cost of
the sucrose, the solution had to be recycled and detrimental materials had to be
removed by anion exchange resin. The preferred temperature range was between
609C and 90°C; the pH values were in the range between 7 and 9; and the
conceniretion of the calcium hydroxdde was quite low - in the range between
one-half and one-twentieth molar,

6. U.S. Petent No 4,018,877 (R. D. A Wooda) describes carbonation of
calcum hydroxide slurry, wherein a complexing agent for Ca*™ is added to the
suspension in the gas absorber, after the caldum carbonate primary nucieation
stage and before completion of the carbonation step, the complexing agent being
e.g. dtic acid, ethylenediamine tetraacetic acid (EDTA), sminotriacetic acid,
aminodiecetic acld or a hydraxy polfycarboxyfic acid Optionally, lang-chain faftty
acids or their salts can be added, preferably, afier the final carbonation stage.
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7.  U.S. Patent No. 4,157,379 (J. Arlka et al) describes the production of a
chain-struchaed precipitated caldum carbonate by the carbonation of calclum
hydroxide suspended in water in the presence of chelating agents, such as
eliphatic carboxylic acids, and water-soluble metel salts.

8. U.S. Patent No. 4,157,379 (H. Shibazaki et al.) describes a muiti-stage
production procass for producing a particuiate precipitated aragonite, using
aqueous calcium hydroxide sty and carbon dicodde gas or a carbon dioxide
comtaining gas, in the presence of phosphoric acids and watar-soluble ssits
theraol.

9. US. Patent No. 4,420,341(T. H. Feringo) describes inorgenic filers
(including calcium carbonate) surface modified with carbaylic acids, entioxidants
and high-bailing non-reactive liquid agents.

10. JP Patent Publication No. 63260815 (H. Shibata et al) describes the
production of a parficulate precipitated eragonite, by reacting carbon dioxide gas
with an aqueous calcium hydraxide shury in presence of phosphoric acid, &
phosphoric acld compound, a barium compound and a strontium compound.

11. JP Patert No. 1261225 (H. Shibata et ai.) doscribes reaciing carbon
dioxide gas with an aqueous calcium hydroxide slurry, In order to prodhice a
particulate precipitated eragonite, which Is stated to have improved properties
compared with particulate precipitatad calcite,

12. U.S. Patent No. 4,824,654 (Y. Ota et al.) describes a process for producing
precipitated nesdie-shaped (5-100 um) particulate precipitated sragonite, in which
a rajetivaly diiute aqueous calcium hydraxida solution (0.04-0.17 wt. %) and carbon
dicwdde gas or & carbon dicdde-containing ges are rescted together &t a
temporazre of not less than 60°C, in a confinuous or semi-continucus
(Intermittent) manner.[That can ba sald about the entire relevant prior arf}

13. U.S. Patent No. 5,043,017 (J. D. Passamaili) describes a process for
producing acid-stabliized precipiated calclum carbonate particles.

14, U.S. Patent No, 5,164,172 (H. Katayama et al.) desaibes a process for
producing a particuieta precipitated aragonits, in which a mixture of aqueous
calcium hydroxide slurry, aragonite calcium carbonate particles and a

2

%’1"




OO0v0ED" 6hLia6TS60

6

water-soluble phospharic ackd compound sre premixsd prior to the addition of
carbon dioxide gas.

1S. US. Patent No. 5,342,600 (i. S. Bleakley et al.) describe a process of
producing particulate precipitatad calcium carbonate, in which aqueous calcium
hydroxide aslurries of varying concentraions are reacled with carbon
dioxide-containing gas under a controlled mixing speed. It is mcommended thersin
to prepare the agueous calclum hydroxide suspension under high shear mixing
and subsequently o lawer the energy and shear agitation in the reaction mixture in
which the precipitated calclum carbonate particles are formed.

16. U.S. Patent No. 5,376,343 (P. M. Fouchse) describes & process for
producing varicus forms of particulate PCC. In the case of aragonite, a mixture of
quite dilute aqueous calcium hydroxide solution and a watsr-soluble source of
specific anions (8.g. ammonium nitrate) are premixed prior to addition of CO,gas.
17. U.S. Patent No. 5,380,361 (R. A. GHl) describes infer afig calchum carbonate
particlas coatad with C12-C22 falty acids saite,

18. U.S. Patent No, 5,593,489 (K-T, Wu) describes a process for producing
scid-resistant caldium carbanate particles for making neutral to weakly acid paper.
19. U.S. Patent No, 5,833,747 (. S. Bleakiey ot al.) describes a procass for
producing a particulate precipitated aragonite, in which an aqueous calcum
hydroxide slurry (148g Ca(OH)z per liter of suspension) Is reacted with carbon
dioxide gas at an exceptionally siow rate of 0.0028 moles par minute per moie of
Ca(OH)z in a batch operation.

20. WO 9852870 (B. Jeckson et al.) descrides a multi-stage commercial
process for producing a particulate precipitated aragonits, using coarse-grained
precipitaied aragonite pariiclas as a sseding material. Though the process is
claimed to be industrially applicable, it is quite slow und thus of very limited
economical valus,

21. U.S. Patent No. 5,833,747 (J. W. Bunger et al.) describes a process for
producing a particulate precipitated eragonite, in which an aqueous calcium
hydroxde solution Is raacted with CO2 ges In a plug-flow reaction system.

Zg?’f}
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22. US. Patent No. 5,846,382 (A. von Raven) deacribes a process for
producing inorganic fillers and pigments, including particulate calclum carbonate,
of improved whiteness, brightness and chromaticity.

23. U.S. Patent No. 5,861,209 (W. J. Haskins et al.) describes a process for
producing a particulate precipitated aragonite, for printing, in which an aqueous
calcium hydredde sturry is first mived with precipitated aragonite particles for
seeding and then it Is reacted quite slowly with carbon dicadde gas in & bateh
operation. Aftar dewatering the product to a cake containing about 70% solids, it is
mixed with a typical dispersant, e.g. sodium polyacrylate, and It is further
dispersed. This patent discloses the use of mbdures of a particulate precipitated
aragonite, with Yi0, and other inorganic fillers, pigments and flame retardants.
24. U.S. Patent No. 5,939,038 (A. L Porter et al.) describes a process for
producing a particulate precipitated aragonite, in which agueous mbxtures of
organic compounds and acids (8.g. ethanclamine and HCI) are used to dissolve
impure Ca0 and to form a calcium hydroxide mixiure, which is then reacted with
carbon diaxide gas to yield various forms of PCC, depending on the tempereture.
Controling the temperature of the carbonation et about 25°C leads to aragonite.
25. U.S. Patent No. 6,022,517 (G. H. Falrchild et al) deseribes & process for
producing mixtures of precipitated acicuder calcite and acicader aragonite particles
in the ratio of 75:25 to 25:75, by reacting carbon diaxide gas or a carbon dicxde
contalning gas and aqueous calcum hydroxdde in the presence of a watsr soluble
aluminum compound, by controfling the specific conductivity in a range > 4.0 and
up to about 7.0, milliSiemens/cm, et @ reaction temperature of from 25-60°C.

26. Pigment Handbook (Vol. Hil; Edited by T. C. Patton; John Wiley & Sons,
New York (1973)) describes the properties, the production processes and varicus
uses of aragonite calcium carbonate pigment (caf. Vol. |; Pages 119-126), as well
es those of other pigments thal compste in the same market like fenium dicxdde,
kaolin, GCC, stc. The discussion concaming the influanca of the film porosity on
the hiding power or opacity of a coating film (c. . Vol. Ili; Pages 203-217 end
especially on Page 212) may help in understanding some aspects of the present
Invention.

3
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The entire contents of the above-cited Merature, including patents and
patant publications, are incorporated herein by reference. It is apparent from the
state of the art that known procasses for the industrial production of substantially
pure particulate precipitated aragonite (>90 parts aragonite: <10 paris caicite), by
reacting aquecus calcium hydroxide slurries with carbon dioxide gas or a carbon
dioxide contalning gas, exhibit serious drawbacks that affect the quality and cost of
the final product, as follows:

A Some of the processes are conduciad in aqueous solutions of extramaly low
concenirations of calcium hydroxide. in some cases It Is specifiad that clear
solutions, which contain (ess than 1 wi% caldum hydroxide, should be used.
8. In those procasses which allow use of aqueous calclum hydroxide slumies,
the production rates are very siow and difficuit to control,

C. To increase somewhat the rates of production In processes of A and B, the
prior art recommends seeding with previously producsed aragonite particles.
However, this complicates the production processes, especially those operated
continuously, and which are otherwise of great commercial potential.

D. Dewstering of particulate precipitated aragonits obiained according to the
known art gives rise to relatively wet filter cakes of which the water content is not
balow 30% and which may thus require a very expensive subsequent drying step.
E. Particuiate precipitated aragonite of the prior art requires exiensive grinding
operations to optimize its particle siz= distribution (PSD) in order to mest the
effective PSD in the range betwesn 0.2um and O.4um, mentoned above.
Morsover, the grinding operetion tends to contaminate tha product, due to attrition
of the grinding redl(a, unless very expensive materiale of construction are used for
this purpose.

F.  The lnown particulate precipiiatad sragonite Is of imited whiteness, mainly
due to the high residual impuritles in the CaCQy/Ca0 fsadstock, which It is quite
difficult to remova thoroughly, on the industrial scale. Also, the low whlteness of the
product is a limRing factor in choosing the suitabie sources of its raw materials
{CaCOyCal).

'mogr
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G. Particulate precipitiied aragonite frequently fequires one or more
post-manufacturing treatmant step(s), in order to ensure that the parficle surface is
hydrophoble, by coating with suitable long-chain carboxyfic acids and/or other
materials such as sillcon greases, e.g. for afficient dispersal in hydrophaobic media
such as rubber or plestics, and/or to ensure resistance to acidic environments for
use 6.9. in the paper industry and in the coating Industry.

H.  Efforts in the prior art to increase the effective refractive Index of particulate
precipitated aragonite has not sa far succeaded in making this matarfal a serious
competitor to titanlum dioxdde.

Accordingly, it Is an object of the present invention to cvercome ell or mast
of the problems encountered in the prior art, as mantionad In paragraphs A-H,
above.

X is an object of the present invention to provide particulate precipliated
aragonite, as stated in the precading paragraph, by a process which is more
efficient and less expensive, than thase available In the prior art,

It is yot a further cblect of tha prassnt invention o effect such & more
sfficlent and less expensive procass as stated in the preceding paragraph, using
sources of CaCOy/Ca0, which are presently not suitable raw materials for use as
a.g. filers, axtenders and pigments, and for other applications, in all of which uses
require pigments of high optical properties and high performance, whereby
production costs are lowered.

St another object of the presant invention is to provide a particulate
precipitated aragonite of a superior quality as stated above, In which the produced
puﬂdesmmdh'sﬂuwimahmwnbicagemquwbavoidmm
downstream step and to fine-une their properties to meet the requirements of the
rubber, plastics, coatings (especlally durable paints in acidic environments), inks
and paper industries (especially paper production in weakly acldic media), an
effect of seid in situ treatment being lowering of production costs,

Still another object of the present invention is to carry out the above-stated
‘more efficient and less expensive process, in a manner which gives rise to filter

291
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cakes which are relatively dry, e.g. with no more than sbout 20 wi.% water, right
sfter the dewatering stage, and thus additianally lowaring production costs.

Ancther object of the invention is to effect the abave-stated more efficient
and less expensive process, In such a manner that the produced particuiate
precipitated aragonite doas not require, for most applications, any downstream
grinding operations, except for the reguiar mixing systema which are in any avent
usually installed in the industries mentionad above, and thus edditionally lowering
production costs,

Most of all, It is a particular chject of the present invention to provide a
paiticulate precipitated aragonite of a better quality than that obtained in the prior art,
and especially having a higher whiteness, a lowsr specific gravity and a higher
effective refractive index

Other objects of the invention will appear from the description which foliows.
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SUMMARY OF THE INVENTION

It has beasn surprisingly found in accordance with the present invention, that
an Industrially viable particulate precipitatad aragonite calcium carbonate, which is
charactarized by its high whiteness, high effective refractive index, and especially
by tis fow specific gravity (helow 2.5 g/am®), can be produced, end that the
above-mentioned abjects of the present invention can be achlavad, by a process
which comprises reacting an aqueous calclum hydraxide shusty with a gas selected
from carbon dioxide and a gas containing t, wherein the parameters of the
pracess, including e.g &t lsast ona praselected active agent, mades of operation,
operating concentrations of rew materials, operating temperatures, operating pH
range and high shear mixing speeds, are stricly controlled such that the desired
product is obtained. In a particular embodiment, fictation of the product occurs
duwring such process. .

The process of the invention for producing @ particulate precipitated aragonite
in accordance with the invention, is préferably further characterized by at least one,
and preferably all, of the following features: (a) the aclive agent comprises at least
one member selected from the group consising of carboxylic acids of formula
CHy(CH2),COOH, where n is 7-8, and thelr carboxylate galts, esters, anhydrides, and
acyl halides, and ketenes of formula CHy(CHy)n1C=C=0; (b} the concentration of the
active agent Is within the range of between 0.2 wi% and 10 wvt %, caiculated as
CHx(CH2)h,COOH and basad on the weight of calcum carbonate; (c) the siurry
comntains calcium hydroxide In a concentration within the range of from 3 to 30 wt.%,
mone preferably 4 o 20 wt.%; (d} the product is produced at a pH betwesn 8 and 11,
preferably batwaen 9 and 10; (e) the process is effected at a temperature in the range
between 60°C, desirebly between 83°C, and the boiling temperature of the reaction
mixture; (f) the procsaa is effected either in a semi-continuoua (infermittent) mode of
operation, or mora praferably in a continuous manner;.(g) the process is effected
under high shear mixing e.g. with a mixer comprising a rotor/stator or & rotor only, the
mixer peripheral (tip) speed being preferably at least 5 m/sec. In a particular
embodiment, this process is effected In a continuous mode of operation under high

Zﬂﬁz’w
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shear mixing with @ mixer comprising s rotor/stetor or, a rotor only, st a temperature
in the range between 50°C and the boiling temperature of the reaction mixture, the
active agent - preferably present In an amourt in the range between 0.2% and 10
wt.%, calculsted on the weight of calcdum carbonate - being selected from the
carboxylic acids and their calcium salts, and the slurry contains calcium hydraxdde in
a concantration within the range of from 5 to 15 wt.%, the active agent being desirably
premixed with the calcium hydroxdde siurry prior to reaction with carbon dioxide.

The present invention also provides as a novel chemical substance - which is of
course obtainable in accordance with the present procsas, a particasate precipitated
aragonite, which has & specific gravity of <2.5 g/an® (preferably <2.3 g/cm’, more
preferably <2.0 g/em®, even more prefarably <1.8 gfcm’) after drying at 120°C, anda
specific gravity <2.5 g/cm® after ignition for eight hours at 500°C. In a particular
embodiment, the product hes a specific gravity of <2.3 g/cm® after drying at 120°C,
and e specific gravity <2.3 g/am® after ignition for eight hours at 500°C.

.A typical such product may be further characterized by at least one of the
following features: 1t contains said carbaxylats calcium sali(s) in an amount
between 0.2 and 10 wt.%, calculated as CHy(CHz)}uCOOH end based on the weight
of calcium carbonate; it has a specific gravity <2.2 g/am®, preferably <2.0 glom®,
more praferably <1.8 g/cm®; @ product previously dried at 120°C for 12 hours has a
loss on drying et 300°C for 8 hours of <10% wi.%, based on the wsight of calcium
carbonats; a product previously dried at 120°C for 12 hours has a loss on ignition
at 500°C for 8 hours of <10% wiL%, based on the weight of calcium carbonats;
after drying at 120°C for 12 hours, and/or drying for 8 hours at 300°C, end/or firing
for 8 hours at 500°C, it stiff has a specific gravity < 2.5 g/cm®,

The product of the present invention can be used as a thickening material, a
filler, an extender and particularly as a pigment for the pharmacelticals, plastics,
adhesives, printing, coating (peint), paper, nubber, filtretion, and many other
Industrigs.

729

¢ =

N4



O0S9S0E0" 6hL6TSHD

13

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schemalic flow sheet for production of particuiate
precipitated calcium carbonate according to the prior art.

Figure 2 shows a schematic flow sheet for production of a particulste
precipitatad aragonite, In accordance with an embodiment of the present invention.

Figure 3 shows in schematic verfical section, a reactorffiotation ceit for
praducing e particulate procipitated aragonite, In accordance with an embodiment
of the present invention.

Figure 4 shows a SEM piclure of a parliculals precipitated aragonits, in
accordance with an embodiment of the present invention.

Figure 5 shows an XRD spactrum of a particulate precipitated aragonite, in
accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
in the process of the pressnt Invention, & shutry of calcium hydroxide in
water and carbon dioxide gas or a carbon dioxide contsining gas are reacted
together in the presence of the active agent under siingent process conditions, to
generate a particulate precipitated aragonite having unique properties.

The product of the prasant invention is chamacterized by its low production
cost and by its unique physical properties (high whiteness, high effeciive refractive
index and low specific gravity (<2.5a/em®)) and by Its excalient chemical properties
(hydrophobicity and resistance ta weak aclds), which make it particularly suitable
as a thickening material, a filler, an ecdender and most of all as a pigment for the
printing, costing (paint), peper, rubber. plastics, fltration, adhesives,
pharmaceuticals and other industries.

As stated above, Fig. 1 shows @ flow sheet for production of particulate
precipitatad calcium cerbonate according to the prior art. By contrast, In order to
define the most suitable conditions to openate the carbonation stage of tha present
invention, a detailed description of parametars for the present process is given
below. Thase also include some detalls of how to operate the upsiream and

st
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downstream stages of the™carbonation ategs, thése may affect the final
outcome (c. f, Figs. 2 and 3).

In Figure 1, which Is a schematic representation of a prior art procedure for
making a precipitated calcium carbonate, quicidime (Cs0) and water which react
together giving siaked lime are fed to reactor 20 via respective conduits 1 and 2, and
optional addiives such as- aragonite calcium carbonate particles for seeding,
phosphoric acids and seits, chalating agents, dispersants, and surface active agents,
may also be added at tns stage vis conduit 3. The initlal product “milk of ime™
{calcium hydroxide) is fed via fiiter or hydrocyclons 4 (large solid partides being
removed at 12) into carbonator 22, to which thers [s also fed gaseous carbon diaxdde
(or a gas containing it} via condult S and tha aforementioned optional additives via
condult 8. The reaction product incuding any cordaminants exits carbonator 22 as an
underfiow via condult 7 and/or an overflow via conduit 8, to firther operations (at site
24) such as dewatering, grinding and coating; for such further operations there may
be added optionally via conduit 9, e.g. dispersarts, surfece active agents, greasas,
silicon greases, fong-chaln carboxylic acids and their salts, Inorganic pigments, and/or
dysing agents. The filirate and water vapors exit the system via conduit(s) 10, while
the final product (which may be wet or dry and optionafly post-reated) exits via
conduit 11.

in Figure 2, which is a schematic representation of & procadure for making a
particulate precipitated aragonie in accordance with the present invention, quicklime
(Ca0) and water which react togsther giving slaked lims are fed to reactor 30 via
roespective conduits 1 and 2, and the present aclive agent {and optionally aiso
additives such as phosphoric acids and saits, cheliating agents, dispersants, and
surface active agents) may be added at this stage via conduit 13. The Initial product
“milk of ime™ (calclum hydroxide) together with active agent if added to 30 (and
optional additives) is fed via filter or hydrocyclone 14 (large solid partices being
removed at 12) into carbonetor 32, to which thare is aiso fed gaseous carbon dloxide
(or a gus containing it) via conduit § and the aclive agert (and possibly the
aforementioned optional additives) via condult 16. It will be appreciated that the active
. agent may be added either to reactor 30 or to carbonator 32, or io both.

DﬂéﬂEnghiﬁ,Sﬁu
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Contaminants and liquid exit carbonator 32 as an underflow via conduit 7, whereas -
owing fo the fact that an embodiment of the present procass includes simultaneous
fiotation - the desired product exits 83 an overflow via condult 18, to further operations
(at site 34) auch as dewatering, grinding and coating: for such further operations there
may be added optionaily via conduit 19, e.g. dispersants, surface aclive agents,
greasas, sllicon greasas, long-chain carboxylic acdds and thelr salts (including if
desired those within the definition of the present aclive agents), inorganic plgments,
and/or dysing agents. The filirate and water vapors exit the system via conduit(s) 10,
while the final product (which may be wet or dry and optionally post-ireatad) exits via
conduit 11,
Slakdng of quicidime

Though this operation is well known In the pror art, Rt is worthwhile to
choose a preferred mods of operation which is best adapted to the procass of the
present invention. Thus, fresh slaked lime Is preferably prepared in a continuous
mode of operation, which snables operation of the downstream cerbonation stage
using low inventories and exploiting to its maximum the energy that is liberated in
the raaction between the water and the CaQ, before this precious snergy is lost to
the surmoundings. The prasent invention desirably makes use of this energy to
effect the step of carbonation of the aqueous calcium hydraxide siurry at relafively
high temperatures, more preferably without cooling or heating, or In cther words,
without adding or subtracting energy, and thus utilizing only the energy iberated by
the cabonation reaction together with the energy produced by a powerful mbdng
system. Once again, use of fresh and still warm milk of Ime is preferably an
important factor In the succass of the carbonation stage and this is more preferably
effacted, as mentioned above, in a continuous mode of operation, the temperature
of the slaked lime being preferably maintalned at somewhat below the temperature
of the carbonation stage. Howaver. In the aiternative, a baich mode of operation
may aiso be used for process of the present invention.
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Mixing of quiciime

in some prior art patents it s recommended to use high shear mixers to
siake the CaD with water. The process of the presant invantion Ia quite tolerant to
the kind of mixing, as long as the slaking reaction is complete and the maximum
energy is fibarated. Mixers that comprise rotor/stator mixing systams and mixers
that comprise rotors only are suitable.

a carbonati

There are numerous methods of purifying slaked lime before its utilizetion in
the carbonation stage. Fiiters to remove [arge insoluble particles and/or separation
of these particies by hydrocyclones are two efficient methods for this purpose.
Ususlly, paricies of greater dismeter than 40 um (up to 70 um) are removed prior
to the carbonation stage and the coarse particies can then be discarded or used in
the construction Industry, for exampla. The fine slurry is then ready for carbonation
in the subsequent downstream stage.

Sources of CaCO,/CaQ;

Many sources of CaCOy/Ca0 are too comaminated to be used to produce
by known methads, a particulate precipitated aragonite for the printing, coating
(paint), paper, rubber, plastics, fitration, gius, pharmacy and other industries and
their main use is, as very inexpensive matarfals, in the construcion industry. On
the other hand, the present invention may allow utllzing many of these “Impure”
CaC0y/Ca0 sources end tuming them Into a particulate precipitated aragonite, of
filler, extender and pigment grades. The present invention, es is manifestsd in the
carbonation stage, is superior over any state of the art technology in selvaging
CaC0; mines and tumning them to profitable uss, without changing greatly the state
of the art methods for preparing the siaked Iime.

Use of Additives

The state of the art technology for siaking quicklime includes edding a
variety of additives into the milk of lime prior to the carbonation stage. According to

%
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the present mvention, one of the preferred modes of operation is to add the active
agent into tha milk of lime prior to the carbonation reaction. Those skilled in the art
of producing precipitated calcium carbonate must carefully check that the other
additives, If any are present in the milk of ime, do not interfere with the ability of
the active agent to enhance formation of particulate precipitated aragonite and to
cause its Totation In the carbonation reactor. For instance, the use of 1 wt%
(based on the calcium carbonate) of phthallc acid or rimelitic acid with about 1
wt.% (based on the calcium carbonate) of the active agent, cause the formation of
particuiate calcite in the carbonation stage, instead of aragonits. In other cases,
the additives may cause the formation of mbdures of particdete precipitated calcite
and araganite.

This operation s well known in the prior art. However, as this stage is the
essence of the presant invention, it (s worthwhile to choose the mode of operation
that sults It best, For sxample, although the use of eragonite particles for seeding
is & recommended procedura in the priar art, it seems at the present ime that this
practice is unilkely to have any perticular utiiity in the process of the present
invention, since use of the aclive agent snebles sl desired objectivas to be
achieved.

As the most important functions of the acﬂvoaaerﬂhﬂnp&esminvenﬁm
are to catalyze the production of particailate precipitated aragonite, to cause Rs
flotation in the carbonation reactor and to improve the physical and chemical
properties of the resulting product, ail necessary measures shouid be taken in
order to maximize thess functions.

While the scope of the present invention Is net to be regarded as limited by
any theory, nevertheless It may be Fkely that the calcium salts of the carbaxylic
aclds of the general formula: CH3(CHa),COOH, where n =7, 8, and 9 (or mixtures
thereof), operate in practice as the functioning active agent in tha present process.
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ft should not be nded out, however, that for example, ather derivatives of such
acids within the scope of the invention may participats in similar activity.

The above-mentioned calcium salts of the relevant acids may be used as
raw materials in the present invention. However, other compounds, which undergo
chemical transformations lo form the active agent under the process conditions,
also serve this purpose as  raw materlals in the production of the desied
particulate precipitated eragonite.

In a particular embodiment of the Invention, the active agent Is selected
from carboxyfic acids of the general formula: CHy({CHa),COOH, wheren=7, 8, or
9, and including mbdures thereof, All three acida can be quite easily infroduced into
any of the production faciliies, Pumping of these acids when their temperature is
hald abova their melting points (e.g. >60°C) seems to be a very useful method to
deliver ths acids into the suitable production units. Under such conditions, these

" thermally stable acids are immediately converted into thelr respective calcium salts

when they are mixed with the hot aquecus caicium hydroxide shurry or with the hot
carbonation mixture at pH>7. As water is the only by-product of the reaction
batween the caicium hydroxide and the respeciiva acids, the use of these acids, as
raw materials in the process of the present invention, sesms to have no harmful
side effect.

The respeciive acid anhydrides of the genaral formula: (CHx{CH,),C0)%0,
including mixtures thereof, where n = 7, 8, and 9, are as good a source for the
active agent, as the corresponding ackis. Howevar, the anhydrides are much less
safe to handle and they are much more expensive than the respective acids.

The carbexylate salts of the acids of the general formula: CHy(CHa)nCOOH,
including mixtures thereof, where n =7, 8, and 9, can sefve as raw materials in the
procass of the present invention, ¢.g. where the cations are selected from Na®, K°,
NH,', Li*, Mg™ and sspecially Ca"’, but, genarally, the use of thass salls does not
appear to have any advantage over the free acids. On the contrary, the salts are
more expensive, they are not as easy 1o hande on an Industriel scale as the
respactive acids and, except the Ca™ salts, all the other salts add cations that, so

3
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far as is presently known, i not required in the preserit process. The Mg~ salts
present a special case, as they leads to the formation of hyd'omagr{asite and
thereby to a dramatic rise ofmcswfaoeareaofﬂaeproduct. to'lseontamnation
and to a large increase in the weler content in lhowet‘iltercake Therefore, in the
procass of the present invention only limited concentrations of this cation are
desired, i.e. <3 wi.%, baséd on the caicium hydroxide. .

Esters of the following general formula: CH{CHRCOOR, where n = 7, 8,

" and © and R is an esterification radical such as afkyl, e.g. CHb, CaHs, CiHy, etc,

are also suitable candidates for the active agent in the present invention..However,
in order for these compounds to generate e.g. the_correspo'\ding calcium salts,

they have 1o undergo a basic hydrolysis, which may, proferably be done by -

premixing them in the hot and basic aquecus calcium hydroxide siuy.:in which
they are hydrolyzed and thus converted to the respective Ca” salts. However, the
use of these esters in the process of the invenlion appears to be inferior to the use
of the respaciive acids, or reasons which wil be self-evident to the skilled person.

Chemically equivalent to the olher preferred active agents specificaily
mentioned above, are ketenes of the general formula: CHi(CHa)p{C=C=0,
whereinn =7, 8, and 9, and including mixtures thereof, behave in a similar manrier
and entail similar drawbacks, as for the acid anhydrides, as menticned above.

Tharefore, the acids of the general formuta: CHy(CHy}nCOOH, wherein n =
7, 8 and 9, including mixtures thereof, are the presently preferred source for the .

active agent to be used in'the process of the presert invention. More specifically,
decanoic acid (wherein 1i=8) is:the presently preferred acid, sinca i is the least
expensive in this series of active carboxyhc acids and it :s located at the mldd!e of
the range of these active acids havlng n=7, 8and 9.

The Reactor/Carbanatar/Flotation Call

‘As already mentioned above, tne carbonation stage can be eonductecl in-

any well-slifrred reactor according to the prior art. However, due to the fact that the

3
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active agent Is a unique materfal that can enhance the formation of particulate
precipltated aragonite, in the reaction between agueous calcium hydroxide sluries
and carbon dioxide gas or a carbon dioxide containing gas, and also due to the
fact that the active agent can calise this product o flast, the presently praferred
carbonators to be used In the process of the present invention are flotation calls.
These cells may bes operaled somewhat differently from the regular
carhonators and the regular flotation cells, as both functions (carbonation and
fiotation) take place in the same production unit for particulate precipitated
aragonite of the present invention. The exact set-up of thesa flotation celis can
vary, as this will depend on, for example, the preferences of the sidiied designaer,
the precise nature of the desired product, the quality of the adqueous calcium
hydroxide sisties, etc. For example, a flotation cell like that depicted in Flg, 3,
comaining stator/fotor or rotor only S, is suitable for camying out the Inventive
procass, and of which the main features are as folows:
A The stream of slaked fime (14) is prefersbly introduced near the inner
circumfarence of the reactor and above the stiring blades.
B The stream (5) of carbon dioxide gas or carbon dioxide comalning gas is
preferably introducad through suiteble apargers at a point below the stiring blades,
but =till not too close to the bottom of the cell, to avold excassive mixing near the
outist stream (7) of the contaminants and liquid.
C.  The wet product and the gas are preferahly discharged from the top (18) of
the cel). The customary skimmer for skimming the product out of the fiotation cell,
and hydrocydones for efficlent product/gas separation, are not shown in Fig. 3.

Continuous reaction/carbonation of the aqueous calctum hydroxide slurry
with carbon dioxide gas or a carbon dioxide containing gas Is the most suijtable
mode of operation for the presant invention, especially becauss of the huge
potential markst for the produced particulate precipitated sragonita,

Seml-continucus (intermittent) operations may also ba used. However, as
may be understood from the desirability of operating the process at its utmost
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officiency, e.g. as a flotation operatien, It is unlikely that an intermittent mode of
operation can compete economically with the continuous moda of oparation,

A "real” batch mode of operation, in which the milk of ime and the active
agent are miced together and carbon dicxide gas or a carbon dicxide containing
gas is introduced to precipitate the desired product until the reaction mixture tums
neutral (at about pi~7), appears not ta be viable, probably because the aclive
agent is not efficent in catalyzing the formation of particulate precipitated
aragonfte, at the high initial pH characteristic of the batch mode of operetion in this
case, andior because the active agent |s adsorbed onio the swrface of the first
formed crystals of particulate preciphated aragonite, where it ts then "buried™ under
the subsaquent precipitated calcium carbonate. In such drcumstances, the active
agent is very quickly depleted from the reaction mbdure, and the process of the
invention, as such, is likaly to become inoperable.

RIDONENON S

The prior art tea producing @ particuiate precipitated aregonite, at a
temperature range between 60°C end the bofing lemperature of the reaction
mixture, al ambient pressure, and the present process is preferably conducted
simllerly, because lower temperatures favar the formation of caicite.

On the other hand, operating the process at a lamperstura as close as
possibla to the bolling point of the reaction mixture is presenfly particularly
prafarsd, since these conditions give a product of relatively lowar water content in
the wet filter cake, which is a great advantage In many applicetions of the product.

While the prasent procass may be operated at higher temperatures and
preasures (sincs the active agent Is stable under such conditions), this kind of
operalion is assodated with serious technological problems that may adversely
affect the whols economics of the procasa.

The prior art method for producing a perticulste precipitated aragonite, may
be classified into three principle modes of cperation. The first mode is operated at
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very low concentrations of the calcium hydroxide In water, and In some cases a
clear salution of <1 wt.% calcium hydrodde is used. In the second madae, there are
used aquecus calcium hydraxide siutries and active agents to induce the formation
of the desired perticulate precipitated aragonite, albeit, st very low production
rates. In the third mode. particulate precipitated aragonite la used for seeding, in
order to improve production rates.

The present invention requires relatively high concentrations in the aqueous
caicm hydroxdde slurries and the production rates are very fast. Actually, at the
range of very low concentrations of <3 wt.% (based on the caicium hydroxide) the
prasent procass may not Tignite” right away and under these circumstances, only
precipitated calcits calcium carbonate pacticles may ba oblained.

The present invention can use quite dense aquecus calcium hydroxide
slurries of up to about 30 wi.% caicium hydroxide, but such dense siurries are very
viscous and amm very difficuit to handle. Therefore, the preferred range of
concentrations of the aqueous caldum hydroxde siurries, according to tha presant
invention, are in the range belween 4% and 20 wt. %, and more preferably between
5% and 15 wt.% caicium hydrodde. In thess ranges, the viecosity of the reaction
mixiure permits smooth operation, white the energy maintained already in the feed
of aqueous calcium hydroxide slunry (as discussed sbove), plus the energy
liberated by the carbonation reaction, as well as the energy libersted by the mbdng
system, are sufficient to maintain the desired reaction temperature without any
exdomal haafing or cooling.

DACSITAUON OFf Active AGSNT IN NS L AnONSNoT uep

To simplity the calculations of how much active sgant is needed in the
process and how much of it may be Included in tha product of the present
invention, we prefer to use the weights of the respective scids, since the
carbaxylate moieties differ from their respective acids by less than 1%. Thersfora,
in cases thet suitable ketanes, esters, carboxylats salts, acld anhydrides and/or
ecyl halides are being used, the equivalent weight of the reapective acid should be
calculated, unless otherwise indicated. Moreover, as we are presently not aware of
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differences among the acliviles of the acids of the general formula
CHs(CHZ),COOH, wharein n = 7, 8, and 9, including mbduras thereof, their
individual confribution 1o the total weight of the active agent shouid be calculated
srithmatically, namely by adding the welght of sach individual acid, as if thase are
of the same chemical entity. This concept Is important for understanding this
Invention and particularly the cleims, unambiguously. The difference batween the
molecuiar weights of the respective acids (~+10%) is not a great problem, because
a person skilled in the art will in any event opersate the process in a mannsr which
is not senaitive to even larger variations of the concentrations of the active agert,
namely, of >£10 wt.%, based on CaCOs. Mareover, when using decanoic acid as
the presently prefarred active agent, the present Invention will not even be subject
to the above-mentionad inaccuracy.

To determine the concentration range of the active agent In the present
invantion, It (s Imporiant to be aware of the varlous functions of this agent In the
production process and the sffects thet it produces in the final product.

The prior art describes many additives that assist in producing particulate
precipitated aragonite, but none of these additives Is comparatie to the present
active agent for the following two major reasons:

1. The active agent leads to a dramatic reduction of the specific gravity of the
particuiate product and aliows use of ths flotation method to separate the “light”
particlate precipitated aragonite, from the "hsavy” comtaminanty (contasining
aluminosilicates and heavy metal saits, carbonates and axddas). These “heavy”
particdes sink down to the bottom of the carbonatorfotation cell and are
discharged from the production unit without reaching the downstream fliter, and

2.  The optical properties of the particulate pracipitated aragonite product are
altered and Its effactive refractive index Is increased dramatically.

Thus, the pure product of the present invention, on the flotation
embodiment, is being carried to the top of the reactoricarbonatorMotation cell, by
the amall bubbles thet adhere to the tiny precipitated aragonite particles, and this
refatively pure pruduct is discharged from the top of the carbonatar/flotatian call
prior to any downstream operation. Thus, in this embodimant, the present process
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entails an infrinsic, builkin, Sxira puffication operation, prior to the downstream
dewatering operation, which is not so common in the prior art.

This unique property of the active agant to cause the flotation of the "ight
particuiats precipitated aragonite, is also & reason why this smbodiment of the
present invention is superior over any of the prior art production technologies in
explolting highly contaminated sources of CaC0y/CaQ, which have hitherto been
unsultable as raw materials for production of a particulate precipitated aragonite,
of filer, extender and pigment quallly grades. Such sources can now be utilized
successfully, using this novel technology of the present invention.

Since the aqueous calcium hydnodde slurry is usually quite contaminated
and the impurities are liable to affect periormance of the active agent, the thrashold
(minimum) cancentration of the active agent will vary, but is within the competence
of a skilled person to determine, under any particular set of circumatances, |n any
case, it is desirable to avoid this threshold concentration at the carbonation stage,
as this is 2 poirt of Instabliity and would involve unnecessary risk to the desired
objective. When considering use of a nsw feedsinck of CaCO45/Ca0, faboratory
axperiments will reveal the minimum concantretion of the aclive agent, which is
nacessary to start the production of particulate precipitated aragonite, without any
faults (vis-a-vis the pertinent CaCO»/Ca0 fesdstnck). This value Is expecied o be
in most cases above 0.2 wt,%, preferably within tha range 0.4% to 3 wt %, based
on the calclum carbonate.

it is very important to nots that this threshold concentration, discussed
sbove, for catalyzing the production of particiiate precipitated aragonite of the
present invention (~0.2% wt.%, based on CaCQO,) Is substantially above the
threshold concentration that is required to cause the fiotation of this product In
aguecus schutions (~0.02% wt %, based on CaCQj) and that by operating in the
concentration range merely for @ “proper” flotation process, nothing that is
disciosed In the present invention really happens, Actually, the optimal physical
and chemical proparties of the particulate precipitatad aragonite caldum carbonate
of the present invention are attained at above 100 fold of this concentration {(~2-3
wt %, based on CaCOs).

" OOSDEQ" 6hLBTS6e0
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Other factors mey indicate uge of evan higher concentrations of the active
agent in the produciion process of the present invention. For instance, costing the
surface of the particulate precipitated aragonite, with a predatermnined rather thick
layer of the sctive agent, in situ, in a carbonatorMotalion cell, may require quite
high concentrations of this material, which may exceed 5%, 10% and even 15
wt.%, basad on CaCGOy, in order to produce good surface coated hydrophobic and
acid reslstant particuiste preciplisted aragenite (e.g. for master batchas). Naturally,
&t such high active agent concentrations, the cost componert of the coating should
then be compared (o the alternative possibilities of downstream coating, which are
aiso available in the priar art, as well as in the prasent Invention (c.f. figs. 1 and 2,
respeciively). Another serious reason to avold operating the process at 100 low
conceitrations, is the fact that the chemical and physical properiies of the product,
and especially its optical properties and spadific gravity (which may well be
interdependent), are dramatically affectad by the concentration of the active agent.

In betweean the upper limit and the threshoid Imit of the concentration of the
active agent in the process of tha present invention, the oplimum concentration
should also be determined by ane skifled in this art, sither vis-a-vis the quallty of
the CaC0»/Ca0, or whenever the properties of the product are to be changed. The
aclive agent Is not an expensive material, but still it may throw an economiceal
burden on the iotal cost of the final product due to the fact that particulate
precipitated aragenite is a relatively inaxpensive material.

intuitively, the concentration of 10 wt.%, based on the calckum carbonats,
seems to be an economical upper limit of the active agent, while 0.2 wt.%, wi;
based on the CaCO,, ssems to be Ity threshald (minimum) concentration.

Carbon Dicxide in the Carbonation St

Use of carbon dicxide gas or a carbon dioxide containing gas is well known
in the prior art methods for producing precipitated calcium carbonate particles. The
proceas of tha present invention is similar in this respect to the prior art processes
that operate with substantially pure carbon dioxide gas as well as with mixtures of
carbon dioxide with up to about 90 wt% Inert gases (e.g. air). At lower

4o
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concentrations of the carbon dioxide in the gas (<10 wt.%), howaver, the efiicilency
of the process may be too low.

Addiives in the Procass;

The pracass of the present nvention is quite saif-sufficient and requires only
the acliva agant In suitable quantities, as discussed above. The active agent can
be introduced preferably siready prembeed with the aqueous calclum hydroxdde
slurry, or altematively (or addionally) &t can be introduced direclly into the
carbonator. The aclive agant can also be used downsiream the carbonation stage,
but that, neturally, has no effect on the production of particulate precipitated
aragonfte in the carbonator.

It appears that the active agent has a surprising affinity to the aragonite
which is unlikely to be adversely affectad by the presence of other addiives,
Conssquently, additives like phosphoric acids and waber sojuble saits thereof, can
be used in the presant invention to modify the product praperties by increasing the
aspect ratio of the thus formed acicular cystals; polyscrylstes and some
short-chain carboxylic acids can be used to modify the rheology of the product
mixiures and allow operation st higher calcium hydraxide concenirations and,
consequently, at higher throughputs; and chelating agents can be used to convert
haavy metals into water-soluble species and once again lead to super-pure
particulate precipitated aragonite.

Rt is neverthalass prudent to check carefully the effect that well known
additives of the prior art may have on the action of the active agent, but In most
cases the active agent will be the dominant cataiyst for the purpose of the present
invention and, therefore, suchaddiﬂvumusmﬂgbohﬂuduadalvmhua
stages of the process, as Is customary in the prior art (c.f. Figs. 2 and 3).

The Mixing Syst

The need for high shaar mbdng in this pracess is well known In the relevant
srt The mixers mey be a rotar/gtator type or a rotor only type. Usually, the latter
ane is used to producs relatively larger product particles, whila the rotor/stator type
lsads to much higher atiriion of tha aclcular crystals. On the other hand, the
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rotor/stator type mey allow a more efficient dispersion of the gas bubbles, thereby
improving the quality of the product. The skilled operator will uthze the preferrad
mixing system for working or enhancing the present process. ‘The type of mixers
and the rotor speed should bs optimized according to the desired carbonation
performance and the desired produ._tct characteristics.

The lower [imit of the rotor epeed (hereinafter - "Tip Speed” or "Peripheral
Speed™) is known in the prior art. A requirement of a minimum tip speed of about
Smisec., to effect tha formation of desired product is not unusual in this art.

The upper limit of the rotor speed is determined by mixer technology, cost of
the specific mixer, the nature of tha dasired praduct and the energy that is to be
used. For instance, the higher the rotor speed, the lower may be the reaction time
(in a continuous procass, the reaction time is termed HUT (Hold Up Time) and it is
calculated as follows; HUT = V (the carbonator volume) / F (the discharge rate of
the product mixture out of the carbonator)). This [n tumn may lead to small particles.
A skilled parson In this art will know how to optimiza the kind of mixers and rotor
speeds above the minimal paripheral speed, which Is preferably Smv/sec

As alreedy mentioned above, the carbonation step Is preferably conducted
in a continuous modse of cperation. In such a case, “reaction duration” is hardly
relevant, but we can calculate the HUT (Hold Up Time), which fes sssentially
within the renge between 5 minutes and 180 minutss. At below the lower Emlt of
the HUT the ylelds may be too low and the PSD (Particla Size Distribution) of the
product may be tao small, whils at the upper limit of the HUT the yisids may be
excallent, but tha PSD may also be too small, bacause of excessiva attrition of the
product in the flatation celi Once again, the skilled person will be able to determine
by experiment sulteble working parsmeters vis-a-vis the desired product
properties and to optimize its quality and cost.

The present invention will now be described in more detadl by way of
Examples, which are presented for fustration purposes only and are not be
construed restrictively.




. W

Exverimental:

Baw Matedals:
A. Al raw materials were purchased from Aldrich, unless otherwise specified.
8. Ethyl decanoate was prepared by reacling decanoyl chloride with sthanol in
the presence of biethylamine at about 50°C. After about 3 hours the product was
washed with water to remove water-goluble residues and it was then dried at about
50°C undsr a vacuum of abott 30 mm/Hg.
C. Sodium decancate was prepared by thoroughly mbdng decanoic acld with
2% aqueous NaOR at about 70°C urtil the pH passed 10.
“D. Potassium decancate was prepared by thoroughly mixing decanoic acid
with 2% aqueous KOH at abaut 70°C until the pH passsd 10.
CaO(1) - of Arad, {srael. F. Ca0(2)- of Shieya, israel.
Commercial PCC - Aragonite; of Spachalty Minemals inc. (SMI); Opacarb®

CO2 - Cylinders of 100 % pure compressed gas of Mifalay Hamzan Ltd., Halfa.
The Paint Constituents:

Nopco NDW of Henkel

Callosize QP 15000 (hydroxy sthyl ceflulase) of Union Carbide

Dispersa Ona (45% N.V.) of Tambur, israsl

Synperonic NP10 of ICI

TIO; (Kronos 2160) of Kronos (However, aimiler TiO; pigments, likke Tioxide R-TCS0
and Tioxide TRI2, of which thelr Dsy= 220 nm +£20 nm may serve equally weil)
Synthetic sodium aluminum silicate (p820) of Degussa

Kaclin day (Deo = 3.1 micron) of Engelhard

CaCO; powder (dsp=3.5 microns) of Polychrom, lsreel - "Girulite-8"

Talc (Dgo = 12.3 micron) of Lusanac Val Chisone

Copolymer vinyl acetate acryfate emuision (55% N.V.) of Cerafon, isreel

Butyl diglycol acetate of Unilon Carblde

Kathon LXE of Rohm & Haas

() Ammonia (25%) of Frutarom, lsral

E
G.
A40,
H.

L
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' Instruments and Accessories;

pH meter/controfler; Jenco; Model 3871; Made in China.

pH electrode; Hanna Industries; type Hl 1131B (Glass Probs).
Thermometer; Jenco Madal 3671; Made in China.

Peristaltic pump; Watson-Mariow; Model 505u {variable speed).
Agitater; fica; Model RW-20 (varfable spead),

Dissclver; Hsiangtal; Model HD-550; Made in Taiwan
Uhra-turrex® T50; lka; rotor d = 3.8 cm; stator d = 4 cm.

Disk typs rotor of d = 12 cm,

Disktyperotorofd= 8cm

Sawblade type rotor afd =9 em.

Saw-blade type retorof d=4.8cm.

Hydrocyclone 2°°; Mozely: P = 50 pal; vortex finder = 11 mmy; spigot = 6.4

Vacuum pump; Vacuurnbrand GmbH; Model MD 4C.
Buchner + fiiter cloth with 8-10um pores.
XRD (X - Rays Diffractomater); Siemens D-500 for the crystaillographic

phases.

16.

SEM (Scanning Electron Microscope); Jeol 5400 for the shapes of the

particies.

17.
18.
19,
20.
21,

Colorimeter; Hunteriab D25-PC2 for whiteness measuremants.

Colorimetar; ACS instrument (Applied Color Systems).

Ultrasontic bath (10 ); Selecta, Spain - "ULTRASONS".

Analytical Balance; Shekel Lid., lerael.

HPLC Analyzer; Waters HPLC Analyzer (Detector 486 + Autosampler 717 +

Pump 510 + millenium Softwere).

22,

HPLC Column; Phenomenex C18{250 mm x 4.3 mm; Sum Partidle sizs).

2
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Thaawoousniuunhydmddesmmprepamdmmhbommma
batch mods of operation as follows: 40 kg of tap water were infrockiced into a 501
stainiass stael 316 reactor that was equipped with & steam heatsd jacket, a
thermometer and with the Hsiangta] Dissolver with a rotor of d = 12 cm. The
Dissolvar was operated at 200 rpm, 4 kg of Ca0Q (Shfeya) were added to the
raactor during less than 10 minutes and the siuty was allowed to stir for 10-80
minutes. Al that time the temperature rose to above 50°C and when It reached its
maximal temperature at 80-90°C, the midure waa ready for its purification prior to
the carbonation stage, as follows:

a The slury passed a stainless steel 316 scraen to remove particles of d > 2
mm, and
b. The filtered slurry pasaed a hydrocyclone to remaove particles of d > 50 pm.

Notes:

At this point the warm aqueous calcdum hydraxide sitry was ready for its
use In the carbonation stage and its tamperature was maintained at & preset value
by heating the elurry in the above reactor [n arder to control the temperature in the
carbonetor.

The potentiel active agent(s) and any optional additives could be blanded
into the warm shary at & prasat concantration before the purification steps a. and b.

or thereatter.
This batch mode of operation Is used only in the laboratory tests. The

production plart is intandad to bs aperated under 2 continuous mode of operation,
as Is discussed hereln.

PREPARATION | was repeated using CaO of Arad, a substantially purer
raw material than thet of Shfeya (the respective whitenesses are >85% and ~88%).




Poulblo active agents were investigated by produung perticulate
pracipltatad calcium carbonate according to the following procedure:

2 kg lap water were added to a 3.2 | stainless steel 318 reactor (of inner
diameter d = 15 ¢cm and length ~ 18 cm), equipped with a steam heated jacket, a
pH electrode, a thermometer and the Hslangtal Dissolver with a saw-blade rotor of
d = 4.8 an (c.f. Fig 3). The Dissolver was operated at a preset speed and carbon
diexide gas or a carbon dioxide containing gas and tha aquscus calclum hydroxide
slury of PREPARATION |, contsining already the aclive agent, were fed
simultaneously into the reactor, while maintaining the pH, the temperature and the
production rate at presst values, The product was collected at the top of the
reacior, and the impurites were discharged from the boitom of the reactor
{naturally, the product exited from the bottom of the reactor when the experimental
active agent did not lead to a particulate precipitated aragonite and to its fiotation),

The first 10 | of resulting slurry were discarded, The resldual slurry was
collected and it was filtered through a filter-cioth on the Buchner using 2 vacuum
pump to dewater the product. The filter cake was dried for 12 hours at 120°C and
the crystallographic morphologles and the shapes of the crystals of the precipitated
caicite and/or sragonite calcium carbonate particles wers determined using XRD
and SEM analysas, respectively. The results ara shown In the Tabls 1, below.

OO090EQ" 6hLi6TSE0

RotorSpaod=4000rpm(1'pSpoed-10mfm)

pH=9.5.

Temperature = 85°C,

Carbon dioxide flow rate = 180 L.P.H. (Titera/hour).

Aquecus calcium hydrodde sturry (of Shfeya) -10% (wi) = ~ 6 L.P.H. (o
mlntnlnﬂ'loprauipH value).

6. Potential active agent concentration = 1 wt %, based on CaCOs.

h e w N~
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Table 1- tha results of EXAMPLE 1
Test Active Agent Number of Product

# Carbons (tsomorph)

1 Propionic acid 3 Caicite

2 — Lacticacid 3 Calcite

3 ! Pyruvic acid 3 Calcite

4 i lic acid _3 Caicite __
. S | Methoxyacetic acd 3 _ Calcite
e T Mathacryiic acid. A . Gaicte

7 i Butanoic acld 4 Calcite

8 | Pentanoic acid 5 Calcite

) Hexenoic acid 6 Calcits |

10 Heptanoic acid 7 Calcite

11 Octancic acid _ 8 Calcite

12 Phthallc acid 8 Calcite

13 Yerephthalic acid 8 Calicite

14 2-Fthylhexanoic acid 8 Cakcite

15 Nonancic acld [ Acagonite |

16 Nonanoit acid * 9 Aragonite

17 Azelaic acid 9 Calcite

18 Trimelitic acid g Calcita

18 Decanojc acid 10 Aragonite

20 Decanoic ecid * 10 Aragonite

21 Sodium decanoate 10 ite

22 Potassium decancats 10 Aragonite

23 Ethyt decancate 12 Aragonite |

24 Decanoyl chioride 10 Aragonlts |

25 Decarioic acid anhydride 20 Aragonite _

26 Undecanoic acd 11 Arsponite |

27 Undecanoic acid” 11 Aregonite |

28 4-Butylbenzoic acid 11 Calcite

29 Dodecanoic acid 12 Calcite

30 Paimitic acld 16 Caicite

AN Stearic acid 18 Calcite

32 Oleic acid 18 Caidite

33 MaCh - Ceicite

7 AICh - Calcite

35 CioHhsCaHSOaH (LABSA) 18 _Calcte

* - Was pumped continuously and directly into the carbonator.

EXAMPLE

1 was repeated, except

BST IOr TeNe

B
LAY { SLURIT N

that in

all the experiments 1% (wt; based
on the calcium carbonate) decancic acid was premixed in the aqueous calcium
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hydraxide siury fead end in sach experiment an additional experimental active
agent was added 1o study its effect on the activity of the decancic acid. The results

are shown in Table 2, below.

1.  Rotor Speed = 4000 rpm (Tip Speed ~ 10 m/sec.)

2. pH=95. 3.  Temperatre = 85°C,

4.  Carbon dioxide fiow rate = 180 L.P.H. (fiters/hour).
§.  Aqueous calcium hydraxide siurry (of Shfeya) -10% (wt) = ~ 6 L.P.H. (to

maintain the presst pH value).
6. Active agents concenirations = 1 wi.% decanokc acid + 1 wt% potentiel
active agent based on CaCOs.
Table 2- the results of EXAMPLE 2
by Ao P Carbone._| lomorohy
»
I Prapionic acid 3 Aragonite
2 Lactle acld 3 Aragonite
3 Pyruvic acid 3 Aragonite
4 Actylc acid 3 Aragonita
5 Methaxyacatic acld 3 Aragorite
6 Methacrylic acid 4 Aragonite
7 Butanoic acld 4 Aragonite
8 Pentancic acid 5 Aragonite |
8 Hexanolc acid 6_ Aregonite
10 Heptanolc add 7 Aregonite
11 Octanoic acid 8 Aragonite
12 Phthalic acid 8 Caicite
13 2-Ethylhexanoic acid 8 Aragonite |
14 Nonanolcdadd ] Aragonlte
15 Azslalc acid L) Aragonite
16 Trimelitic acid ~ 9 Caiclte
17 Decanolc acid 10 Aragopite |
18 Undecanolc acid 11 Aragonite
19 j 4-ButyiBenzolc acld 11 Aragonite
20 Dodecanoic acd 12 Aragonite
21 ¢ Palmitic acid 16 Aragonite
22 Stearicacd 18 Aragonite
23 Oteic aad 18 Aragonits _ _
24 MgCl - Aregonite
25 AlClH _ - Aragonite
2 CHzCy LSO (LABSA) 18 Acagonite

3/5
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EXAMPLE 3 - A Batch Mode of Operstion:

A batch mode of operation, of which parameters were as close as possible
to those of EXAMPLE 1, was attempted. Only particulate precipitated calcite of
rhombohedral shape was obiainad. No particulate precipitated aragonite could be
obtained when using decanoclc acid or any other aclive agent that was mentioned
8s being effective in EXAMPLE 1. The experiment was conducted as follows:

The active agents were investigated by producing precipiteted calcium
carbonate particles according to the following procedure;

2 kg aqueocus calcium hydroxide siurry, containing already the respective
activa agant {c.f. EXAMPLE |) were added to the 3.2 | stainless steal 316 reactor of
EXAMPLE 1. The Dissclver was operated at 4000 rpm, the temperature was
maintained at 85°C and the production rate was determined by confroliing the feed
rate of the carbon dioxide gas. The carbonelion wes stopped after ebout 20-30
minutes, when the pH reachad 7. The product mibdure was then removed from the
reactor through its bottom outlet.

The reaulting siurty waz filtered through & filter clofft on the Buchner using a
vacuum pump to dewater the product The filter cake was dried for 12 hours at
120°C and the crystallographic morphologies and the shapes of the crystals of the
precipitated caicite paficles were determined using XRD and SEM analyses,
respectively. As mentioned above, no precipliated aragonite particles were
obtained.

N6 process sef points - HEtch] MOde o] operation
Rator Speed = 4000 rpm (Tip Spesd ~ 10m/sec.).
pH=~14>7.
Temperature = 85°C.

Carbon dioxide flow rate = 180 LP.H. (liters/hour).
Aqueous calclum hydroxide slurry (of Shieya) -10% (wt) = 2 kg.
Patential active agent concentration = 1 wt.%, based on CaCOy.

P I NEFTI C
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RotorSpoed=4000rpm ('I'lpSpud

- 12 mfsec.).

1.
2. pH =8.5.
3.  Temperature = variable.
4 Carbon dioxide flow rate = 180 LP.H. (fters/hour).
5. Aguecus calcium hydroxide siurty (of Shfeya) <10 wt.% = ~ 6 LP.H. (o
malintain the preeet pH valus).
6. Active egent concentration = decanolc acid; 0.5 wt.%, based on CaCOs.
Table 3- the resuits of EXAMPLE 4
Test Tempe Mineralogical Phase
# rature XRD
°c
1 87 Aragonite
2_ B0 Aragionits
3 70 Aragonits
4 80 I
S 50 Calcite
- ic a8 -

Similsr experiments to EXAMPLE 1 wera conducied using decancic acid

only. The results are as follows:

2w PN

RomrSpeed=4800mn (TIPSPad 12mlaec.)
pH = variable.

Temparsture = 87°C.
Carbon dicxide flow rate = 180 LP.H. (fters/hour)

31 g’ﬁ
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5.  Aqueous calcium hydroxide shumry (of Shieya) :10 wt% = - 6 LP.H. (1o
maintain tha praset pH value).
5.  Active agent concentration = decanoic acid: 0.5 wt.% based on CaCOs.

Table 4- the results of EXAMPLE 5
Test pH Mineralogical Phase

Simllar experiments to EXAMPLE 1 were conducted using decanolc acid
anly. The results are as follows:

RotorSpeed 4800rpm(T‘pSpoed 12rnfse=)

1.
2 pH=95, 3.  Temperstre = 87°C.
4.  Carbon diaxide flow rate = 180 LP.H. (fters/hour).
S. Aqueous calcium hydroxide shury (of Shieya) -10% (wt) = ~ 6 LP.H. (o
maintain the preset pH valua),
8. Aclive agent concantration = decanolc acid, variable wi%; based on
CaCO;.
Table 5- the results of EXAMPLE &
Test Decanolc acid Mineralogical Phase
# % (wit) XRD
1 1.0 Aragonite
2 0.5 Aragonite
3 0.3 Aragonits + Calciie™
4 0.2 Aragonite + Calcite®
5 0.1 Calcite

* . A crystallographic purity (aragonita/{aragonite + calcite)) <90%.
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Nots:

Though the present inventian (s aspacially aimed at obtaining substantially
pure particulate precipitated aragonfte calcium carbonate of crystallographic purity
(aragonite phase/(aragonite phass + calcite phase)) 2790% and sven >85%, there
are still applications that can utifiza mixtures of these Isomorphs where such
crystallographic purity is <80%, and such mbdures are within the scope of the
present invention. In such cases tha boundary conditions of the prasent invention
(c. f. Tests #3 and #4, above) may still bs used

Similer experiments to EXAMPLE 1 wera conducted using decancic acid
only. The results ere &s follows:

Rntor Spood 4800 rpm (Tip Speed ~ 12mlac..)

pH = 9.5,

Temperatura = 87°C .

Carbon dicodde flow r= 180 LP.H. (fiters/hour)

Aquaous csicdium hydroxide slurry (of Shieya) -variebls wt.% = ~ variable
l..P H. (to maintain the preset pH value).

6. Active agent concentration = decanolc acid; 0.5 wt.% based on CaC0;.

I S U

Table 6- the resutts of EXAMPLE 7

" Test Sohds In ~— Mineraiogical Phase

2 Slakad Lime XRD
% (wt)

1 8 Aragonite
2 4 nite
3 3 Aragonite + Calcite”
4 2 Aragonite + Calclte®
5 1 Calcite

* - A grystaliographic purity (aragonits : (aragonite + caicite)) <30% and cf. the
above note at tha end of Example 6.
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only. The resuits are as follows:

Rotor Speed va'iable rom (Tlp Speod vaﬁahle)

pH=9.5.

Temperature = 87°C.

Carbon dicxide flow rate = 180 LP.H (liters/hour).

Aquecus calcium hydroxide slurry (of Shieya) -10 wt% =» ~ 8 L.P.H. {to
maintain the preset pH value).

6. Active agent concentration = decancic acld; 0.5 wt.% basad on CaCQ,.

N

Table 7- the results of EXAMPLE 8

Test Rotor Speed Tip Speed Mineraiogicel Phase
" pm m/sec, XRD
1 10000 2 Aragorite
2 4800 12 ite
3 2000 5 Aragonfte + Calche®_ _
4 1000 25 Calcite

- A cystallographic purity (aragonite : (aragonite + calcite)) <90% and cf. the
above note at the and of Exampla 6.

Simllar experiments to EXAMPLE 1 were conducted using decanoic acid
only. The recuits are as follows:

Rotor sPud-d.BOOrpm mpSpeed- 12 mlsac.)

pH=0.5,

Termperature = 87°C .

Carbon dioxide flow rate = variable LP.H, (liters/hour)

Aqueous calcum hydroxide slunry (of Shfeya) -varlable wt.% = ~ variable
LP.H. (to maintain the preset pH valus).

U O
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8.  Active agent concanjration = decanoic acid; 0.5 u.% based on CaCO,.

Tahle 8- the results of EXAMPLE 9
I Test CO; Flow Rate “Mineralogical Phase
# LP.K. XRD
1 240 Aregonite
2 180 Aragonlts
3 120 Aragonite

only. The resuilts are as follows:

8 s ints - nuous ion;
Rotor Speed = 4800 rpm (Tip Speed ~ 12 m/sec.).
pH = 9.5.
Temperatura = 87°C.

Carbon dioxida flow rate = 180 L.P.H. (iters/hour).

. Aquecus calcium hydroxide slunry {of Shieya) -10% (wt) = ~ 6 LP.H. (o
maintain the preset pH value).

6. Active agent concentration = decanocic acid; 0.5 wt.%; based on CaCO,.

[# Air = variable,

I I I VR

Table 9- the reaults of EXAMPLE 10

Test AlriCO, Mineralogical Phase
# XRD
1 0 Aragonite
2 0.33 Aragonite
3 0.68 Aragonhe

only. Tha contant of CaCO; in the wet filter cake was determined after drying 12
hours at 120°C. Relatively pure (eragonite phase/(aragonite phase + calclte
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phase)) 285% and dry precipitated acicular aregonite calcium carbonate particles
were obtained. The results are as foliows:
s ints - conti s mode of
Rotor Spesd = 4800 rpm (Tip Speed ~ 12 m/sec.).
pH=495.
Temperature = 80°C.
Carbon dioxide flow rate = 180 L.P.H. (fiters/hour).
Aqueous calcium hydraxide siurry (of Shieya) -10 wi% = ~ 68 LP.H. (to
maintain the prasat pH value).
6. Active agent conceniration = dacanoic add; 0.7; 1.0; 20 wt.%; based on
CaCOs

-l
v

™AW

Table 10- the results of EXAMPLE 11
Test Dosage Product CaCO; ‘Crystallographic
# % (wt) {Isomorph) % (wt)* Purity™
1 0.7 Aragonite >80 —295%
2 1.0 Aragonite >80 295%
3 2.0 Aragonite >80 2056%

* . 9% (wt) CaCOy = 100 x wt. of dry filter cake / wt. of wet filter cake
* . As determined by the XRD analyses (for Test#2 - c.f. Figs. 4 and 5)

Note;
By choosing refatively standard conditions for tha present process, it is
possible to reduce the water content in the wet filter cake below 20 wt.%.

E 12 - The Effect of the Active agent on the Resistivity to Acids:
Similar experiments to EXAMPLE 1 were conducted using decanclc add
only, the resistivity of the dry samples to acldic aqueous solutions being
determined as follows. A 5 | solution of HC! in water at pH=3.5 was prepared for all
the following experiments, so as o assure equal starting experimental conditions.
100 m! of this HC! solution were poured into a 100 ml graduated cylinder, 5 g of
precipitated CaCO; particies ware added and the pH was measured sfter 20

AT
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minutes, Evolution of CO; was observed visually, as was the behavior of the
commercial sample #C, the calcite #8M-37, and it was found thet the aragonite
samples of the presant invention (#12-3, #12-4, #12-5) were markadly different. It
is worthwhile to nots that sample #12-5 produced few bubbles that did not detach
from the surface of the precipitated aragonite particles, The resuits ara as follows:

he process set paints - confinuous mode of aperation:

1.

2 pH=85. 3.  Temperature = 50°C,

3 Carbon dicdde fiow rate = 180 L.P.H. (liters/hour).

4  Agueous calclum hydroxide siumry (of Shfeya) -10 wt% = ~ 8 L.P.H. (to
maintain the preset pM value).

5. Active agent concentration = decanoic acid; 0.7%; 1.0 %; 2% wt.% based
on CaCOs.

Table 11- the results of EXAMPLE 12

-
-;7:5 5

Test Sample |Activesgent, Product | pH after 20 Note
# LA {wt.%) (lsomorph) | mins, -
1 c Unknown Aragonite >8 Violent
Evolution of CO;
2 BM-37** 1.0 Calcite >5 Evolution of CO; ¢
3 123 ! 0.7 Aragonite <4 Slight Evolution
ofC
4 12-4 1.0 Aragonite <4 Slight Evolution
_ _ of COz
5 125 2.0 Aragonite <4 No Evolulion af
_£0;

* . Commercial PCC - Aragonite; of Spedialty Minerals Inc. (SM1); Opacarb® A40
* - This sample was takan from the batch mode of operation in EXAMPLE 3

Note:

By choosing relatively standard conditions for the presant process, it is
possible to increass the resistance of the product towards acids by using quite low
concantrations of the acive agent and obtain exceilent product for the paper
industry of which processes are acidic and for the coating industry for durable
paints for acidic environments.




EXAMPLE 1 and EXAMPLE 3 were conducted using the aqueous calchem
hydroxide siurries of PREPARATION | and of PREPARATION i for comparisan.
The whilenesses of the products are compared.

mmnmufdlon:

RotorSpendadooorpm('HPSpud ‘IOmkac..)

pH=58.5.

Temperature = 85°C,

Carbon diaxide flow rate = 180 L.P.H. (litera’hour)

Aqueous calcium hydraxide siurry (of Arad/Shfeya) -10 wt.% =~ 6 LP.H. (o
mantalnmepnsatpl-lvahe)

6. Acﬂveﬂontaoncemramﬂ= doundcaddﬂut%bnedmcwol.

oA WwN

Ronanpeed 4000 rpm (Tlp Spoed 10 rn!ue.)

pH=~14>7. 3.  Temperature = 85°C.

Carbon diaxide flow rate = 180 LUP.H. (liters/hour).

Aquenus calclum hydroxide shurry (of Arad/Shfeya) - 10wt % =2 kg.
Active agent concentration = decanoic scid 1 wt- % based on CaCO,.

O090ED0" 6heBTSAHED
Ot AN =

Teble 12- the results of EXAMPLE 13
[_Ca0 of Arad (whiteness = >35%) Ca0 of Shfeya (whiteness = ~88%]
Continuous Batch Continuous Batch
AR-83A BM37A AR-83 BM37
Aragonite CaCO;, Calcite CaCOy Aragonite CaCOs Caicite CaCOy
| Whiteness=08-9% | Whitenass=g7-8% } Whiteness=97-9% | Whitenesa=982-5%

Notes;
1. When the raw material (CaO) is relatively pure, the whiteness of the
products (AR-83A and BM3TA) is not (and should not be) much different, However,
when the Ca0 is relatively impure, the whitensss of the precipiiated aragonite
partices (AR-83) Is dramatically higher than the corresponding calcite (BM37), due
to the unique effect of the process of the present invention.

o
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2 The whiteness of the precipitatad particulate arﬁgonltl obtained according
to the presant process aftains top quality, independantly of the CaO source.

= - bl - -
orecipltated particulgts calciym carbonate:

EXAMPLE 1 was repsated using the aqueous calcium hydraxide siurry of
PREPARATION |, axcept that the concentration of decanoic acld was gradually
increased,
Determination of the Specific Gravit of 8 Product Dried st 120
1.  The wet fiker cake of the CaCOs sampie was dried for 12 hours at 120°C to
remove all free water.
r A welghed quantity of the dry CaCO, sample (We) + a weighed quanfity of
tall olf (Wo) (Density of 0.93 g/cm®) were introduced into a 1 { glass beaker.
3. Ths mixiure was stimed with the Hasiangtal HD-550 Dissolver for 10
minutes, at 4000 rpm (using a saw-biade rotor of d = 4.8 cm).
4, The slurry was poured into a 250 ml graduated giass seltiing column and
was sonicated tn an ultrasound bath for 20 minutes, until all the trapped bubbles
were released.
5.  The settiing column was then evaluated at 20-22°C for:
(a) the volume of the slurry -V
(b)  the total net weight of the shary -W

Based on the above measurements, the following was calculated:
(1) from the equation: D = W/V g/am®, the density of the skurry;
(2) from the equation

1/D = [We(Wo + Wc))/S.G. + [Wo(Wo+Wc)J0.93,
the S.G. of the CaCO, sample was calculsted.
6. The loose bulk density (B.D,) of the dry powder was measured using e
balance and a gradusted cylinder.

2029
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Rotanpoed 4000rpm(11p$peed 10 misec.)

1.
2 pH=95 3.  Temperature = 85°C,
4, Carbon dioxide flow rate = 180 LP.H. (lters/howr).
§  Aqueous calcium hydradde shary (of Shfsya) <10 wt% = ~ 6 L.P.H. (o
maintain the preset pH valus).
6 Active agent concentration = decanoic add; 0.5; 1; 2: 5: 2; 1 wt.% based on
CaCOa.
The resuits are as follows
Table 13- the results of EXAMPLE 14 (A)
Test [ Sample | Active agent Dosage | Minerelogical | S.G.' | Loose
# | Code (WL%) Phase giem® | B.0.!
XRD 3
1 Natural - - I Calcite 263 065
CaCoO, ]
2 BM-37* decancie acid 1 Calcite 2.54 0.37
3 | _c~ NA NA Aragonite 256 | 054
4 | AR-81 decanoic acid 0.5 Aragonite | 202 | 0.31
§ | ARS3 decanolc add 1 Aragonits 190 | 0.30 ,
| 6 _| AR-118 | decanoic acki 2 |__Aragonite 175 | 025
7 | AR-119 | decenoic adid 5= Aragonts | 167 | 0.29
8 | AR-135 | nonanoic acd 3 Aragonite 1.88 | 031
9 _| AR-120 | decanoic add 2* Aregonite | 1.72 ) 0.23

- The sample was taken from the batch mode of operation in - EXAMPLE 3.

- Commercial PCC - Aragonite; of Specialty Minerals Inc. (SM); Opacarb® A40.
v - S5g of AR-119 were dissolved [n a 10% HCI sclution. The decanoic acid was
extracted with 1,2-dichioroethans, HPLC analysis using a C18 column revealsd
4.93% (wt; based on the calcium carbonate) of this acid in the sample.

A -SOppmofpholphorlcaddwareuudln addition to the decanoic acld to
nmse the aspect ratio of the acicular arag
t . A dry pawder after drying for 12 hours at 1zn°c N.A. - Not avallable.

Notes,

1.  The dstermination of a specific gravity (S.G.) of perticulate precipitated
aragonits calcium carbonate of the present invention, in a renge below 2.5 g/em®
(after drying at 120°C for twelve hours as described ebove, as well as after ignition
of the drisd material at S00°C for eight hours) is actually a most imporiant and
most daclsive test to consider if the technology that was usad is under the domein
of the preseant invention.

2 Only the inclusion of gas (probably, as tiny bubbles or “bllsters"} in closed
pores can account for the dramatic reduction of the S.G. of particulate precipitated
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aragonite calclum carbonate of the present Invention. The L.O.D. and the LO.I. in
the latter tests (c. f. (B) and (C), respaciively) do not leave many logical choices to
account for this phenomenon. Aiso, this is in accordance with the facts i. thet the
product of the present invention is abtained under flotalion condlfions, and @. that
the high hiding power of the paints, in which the particulate precipitated amagonite
calcium carbonats of the prasent invention weas used, are probably due ta the high
effective refractive index of this product of the present invention, which is much
mgher than that expacted of similar products that are produced according to the
prior art (¢, . data collected in EXAMPLE 15 and the comparison made to paint
formulations that ware based on raw materials of the prior art).

3. Tha idaa of using porous parficles, to increase their effective refractive index in
coatings, is not new. For instance, Rohm & Haas procuces a series of such
products, e. g. Ropaque® OP98 and Ropaque® OP3000. However, thess
particles are of an organic polymeric nature of which cost and adaptation to the
environment Is not to be compared with precipitated calcium carbonate particles.

00 nc

(8) d at 300
20°C to

1
remove all tha free water.
2.  The weighed dry sample was heated for 8 hours at 300°C. The loss on
drying (L.O.D.) was then determined.
a. The S.G. of the heated powder was measured as above (c. 1. (A)).
4 The loose bulk density (B.D.) of the dry pawder was meesured using a
balance and a graduatad cylinder.

The resuits are as follows;

32?

3

o8
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Test | Sample Active Dosage LO.D. |8S. G.T " Coose
# Cade agent (Wt %) w%  ; g/lem B.D.t
a00°%c )
10 Natural - - 0.10 263 0.851
CaCOy
11 BM-37* decanoic 1 2.21 2.64 0.372
acid
12 c* NA N.A. 1.3 283 | 054
13 AR-81 dacancdic 5 0.83 2.19  0.255
acid
14 AR-83 decanaic 1 0.89 21 0.285
acid .
15 AR-118 decanoic 2 232 2.03 0.200
acld
16 AR-118 | decancic 5 5.73 2.01 0.200
acid
17 AR-135 nohanoic 1 0.95 212 0.238
acld .
18 AR-120 decanale 28 227 202 0.235
acid

703
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¢ - Tho sample was taken from the batch mode of operation in-EXAMPLE 3.
- Commarclal PCC - Aragonite; of Specialty Minerals Inc. (SMI); Opacarb® A40.
-SOppm of phosphoric acid were used In -ddtbontotha decanoic acid.
1. A dry powder after heating for 8 hours at 300°C.
N.A. - Not aveilable.

1. Thn\lntﬁltercakaufﬂleCaCOaamplemdnodforﬁhommﬂo"cm
remove all the fres water.

2.  The dry sample was caidined for 8 hours at 500°C. The loss on ignition
(L-O.1.) was then detsrmined.

3.  TheS.G. of the calcined powder was measurad as above.

4. The loose bulk density (B.D.) of the &y powder was measured using a
balance and a graduated cylinder.

The cesults are as follows;
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Table 15- the results of EXAMPLE 14 (C)

Test Sample Dosege Lot S.G. Loose

# Code %{wt) % glem® | BD.t

[ AR :

19 Natural - 0.18 270 0.75

CaCOs _

20 _BM-37 1* 2.58 260 0.38

21 c~ NA 2.02 2.7 0.55
22 AR-81 0.5 1.32 213 023
23| ARSB3 1 1.44 2.03 022
[ 24 AR-118 2 2.07 201 _| 018

25 AR-119 g 525 183 [ 018

28 AR-135 1 T 1.44 2.01__ ]| 0.24

a7 AR-120 P 237 191 [ 0.18

-Tho sample was taken from the batch mode ufoperaﬂonn-EXAMPLE 3.

- Commercial PCC - Aragonite; of Specialty Minerale Inc. (SMI); Opacarb® A4D.

"'-SgofAR-ﬁsmredssowedm::w%HCIaduﬂon. No decanoic acld could
be exiracted or detected, as is expacied of such molecules when they are

subjected to hesting for 8 hours at 500°C.

hours at S00°C.
N.A. - Not available.

UDBDED!hiﬁ’SEU

A . 50ppm of phosphoric acid were used in addition to the decanclc acid.
AA . Aragonite is converted into calcite at T > 400°C.
t Adlypcmderaihrdryingfurﬂhomnt120°0mdﬂmaﬂerhsaungfora




- i Paint - Hercules

The procedure for the preparation of this paint was cbtained from Hercules

Inc.; Cellulose & Protein Producis D.; Wilmington, DE 15899 (USA). The
procedure followed quite closely the Calanese Resins Formulation No. EP-48-222
for the production of this Extarior White Paint (Vinyl Acetete & Acryiate).

Tap water.

Nopco NDW defoamer.

Cellosize QP 15000 thickener (hydroxy athyl celiulose).

Disperse One (45% N.V.) (dispersant).

Synperonic NP10 surfactant; wetting agent.

Kronos 2180 TiO, pigment.

Synthetic sodium aluminum sificate (p820) (spacer)

Kaolln clay (Ds = 3.1 micron)(spacer)

CaCO0s(spacer) - A GCC product of Polichrom Lid., lsrael

Talc (D2=12.3 micron)(spacer)

PCC - Arzgonite of the presant frvention (samples used conteined >80%
CaCoOj in the wet cake products before their drying: ne diminution operation
took place prior to this use, Nemely, the PCC - Aragonite used is not
necassarily yet optimized for ite purposs).

12. Copolymer vinyl acetate acrylate (55% N.V.) (emulsion)

13. Butyl diglycol acetate solvent (coalescent agent)

14. Kathon LXE preservative.

15. 25% Ammonia (base),

16. Tap water.

Tap water (1), defoamar (2) and thickener (3) were added to a plastic
container {d=20 cm; h=30 cm) equipped with a disk (d=8 cm) attached to a
Dissolver (Homo Dispers Mcdal HD-550 (0.75 HP) of Hslangtal Machinery Indusiry
Co. Ltd.; Talwan). The mbaure was stimed at 500 rpm for S minutes, after which the
dispersant (4) and the wetting agent (5) were added, and stining was continued et

Lol e B O O

GO90ED" 6hs TSHO
=0

] |



UDEUEB“.E'I'IIETSEID

49

500 rpm for additionat 5 mifiutes. At this point the stiming speed was Increased to
1500 rpm and the respective ingredients for the respective formulations 1- 10 were
added consecutively, each ingredient cver a 5 minute period, according to the
order in the sbove list of reagents (6 ~ 16).

The physical proparties of the above painis were measured, including the
most (mportant property - the hiding power (%) of 90 umllayan of peint were
determined with an ACS instrument (Applied Color Systems) and the resuits ere
given In the foflowing Tables 16 and 17:
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Table 16 - the resuits of EXAMPLE 15
" Exterior White Paint - Hercules Inc,
Evaluation of the 52% PVC Paints Basad on the Pracipitated Aragonite Calcium
Carbonate Particles of the Present Invention (PCC - Aragonits)

331

1 | 2 | 3 | 4 | 6 | s
| Baw Natadial ) —
Tap Water 250 250 250 250 250 25.0
Defoamer 0.1 0.1 0.1 0.1 0.1 6.1
Thickenen(15K) 0.3 0.3 0.3 03 0.3 0.3
Dispersant (45%) 0.9 0.9 0.9 0.9 0.8 0.9
0.35 0.35 035 | 035 0.36 0.35
TiOx Kronos 140 6.0 9.0 8.0 9.0 84
Sllicate 37 3.7 37 3.7 4.0 38
| CaC0, - GCC 7.0 - - - -1 -
Kaalln Clay 8.5 65 85 a5 10.7 68
_Tglc 83 L - - - -
PCC-Aragonite® - 17.75 17.15 17.75 13,00 17.75
| Copolymer (55%) 245 255 25.5 256 254 25.4
Coalescant Agent 0.1 0.1 0.1 0.1 0.1 0.1
Preservative 0.5 o5 | 05 05 | 05 05
Ammonia 0.3 03 0.3 0.3 03 0.3
Tap Water 1045 | 100 10.0 10.0 10.35 102 |
Total 100, 100, 100. 100. 100, 100.
L The Charactaristics of the Paint ___
Sollds (%) 5098 | ‘5098 | 5088 50,98 50.87 50.82
PV.C. (%) 577 | 5182 | bia2 | 5132 51.51 61.55
Hiding Power (%) 4.0 94.4 849 955 B5.1 84.9
Viscostty (K.U.) 920 20 | ®32 88.0 100.0 88.0
Hegman 4.5 55 55 50 4.0 45
‘L'Buk_wg_un’i . 1.317 1259 1.257 1248 128 | 1.21
of TIO; (%) - 357 | 367 357 | 387 40,0
Weight Saving (%) - 44 4.8 52 6.0 7.3
Formulation Pigment” Sample Active Agent Aclive Agent
No. Cods % (wi)
1 Refarence Paint - - -
2 PCC - Aragonite AR-81 Decancio acid 05
3 PCC - Aragonite AR-83 Dacandlc acid 1.0
4 PCC - Aragonite AR-118 Decancic add 2.0
5 PCC - Aragonits AR-119 Decanoic add 5.0
8 PCC - Aragonite AR-118 Decancio add 20
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Table 17 - the results of EXAMPLE 15
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Exterfor White Palnt - Hercules Inc.

Evaluation of the 52% PVC Paints Based on the Precipitated Amgonite Calciumn
Carbonate Particies of the Present Invention (PCC - Aragonite)

1 | 7 1 8 ] 9 | 10 |
% (w)
Tap Water 250 | 250 25.0 25.0 250
Defoamer 0.1 0.1 0.1 0.1 0.1
Thickener{15K) 0.3 03 03 0.3 0.3
Dispersant (45%) 08 | 0¢ 0.9 0.9 08
Wetting Agent 0.35 035 0.35 0.25 0.35
'ﬁ&' Kronos 140 7.0 7.0 4.3 E.Of
Siicate 3.7 48 42 42 3.7
CaCOs - GCC 7.0 - - - -
Kaolin Clay 8.5 71 126 131 6.5
| Talc 6.3 - - - -
PCC-Aragonite* . 7.75 130 130 | 153
Copolymer (55%) 245 253 280 5.0 24.5
| Conlescant Agent 0.1 0.1 0.1 01 0.1
Preservative 0.5 0.5 0.5 05 05
Ammonia 03 | o3 0.3 03 03
| Tap Water 10.45 103 9.75 9.85 10.45
Total 100. 100. 100. 100. 100.
. __The Charucteristics of the Paint o
Solids g%) 5038 50.98 50.98 iSO.BB 50.98
P.V.C. (%) 51.77 5122 51.22 5132 b1.01
Hiding Powar (%) 540 B4.2 94.3 84.0 8.7
Viscoslty (CU.) 92.0 26.0 988 68.0 802
 Hagmen 45 4.5 45 45 45
Butk Density (g/em™) | 1.317 1178 | . 1.159 1.224 1.300
Saving of Ti0; (%) - 50 | 500 5.0 143
WaightSaving (%) | - 105 12.0 7.0 1.3
Formulation Pigment* Sampia Active Agant Aclive Agent
No. Code % (wi)
1 Reference Paint - - -
7 PCC - Aragonlia AR-118 Decanclo acld 2D
] PCC - Aragonite AR-118 Decanole acid 5.0
-] PCC - Aragonite AR-119 Decanole acd 8.0
10 PCC - Araganite c™ NA. N.A.

» . Commercial PCC - Aragonite; of Specialty Minerals inc. (SMI); Opacarb® A40.
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1 Tap water. 2.  Nopco NDW defoamer.

3. Cellosize QP 15000 thicksnsr (hydraxy elhyl cellulose).

4, Disperse One (45% N.V.) (disparsant).

5. Synperonic NP10 surfactant; wefting agent.

6. Kronos 2150 TiOzplgment. 7. Synthatic Na-Al siicate (p820) (spacer).

a Kaolin clay (Dss = 3.1 micron){spacer)

9 CaCO4 (spacer) - a GCC product of Polichrom Ltd., israsl

10. Talc (De=12.3 micron){spacer)

11. PCC -~ aragonite of the present invention (samples used contained >80%
CaCOj in the wet cake products before their drying; no diminution operation tock
piace prior to this use. However, the PCC - aragonite used ias not necessarly yet
optimized for its purpose).

12. Propylens giycol (soivent).

13. Copolymar vinyl acetats acrylate (55% N.V.) (emulsion).

14,  Butyl diglycol acetate solvent (coglescant agent).

15. Kathon LXE preservative. 16. 25% Ammonia (base). 17. Tap water.

Tap water (1), defoamer (2) and thickener (3) were added {0 a plastic
container {d=20 cm; h=30 cm) equipped with a disk (=8 ¢m) attached to a
Dissolver (Homo Dispers Model HD-550 (0.75 HP) of Halangtal Machinery Industry
Ca, 1td.; Talwan). The mbdure was stimed at 500 rpm for 5 minutes, after which the
dispersant (4) and the wetting agent (5) were added, and stimring was continued at
500 rpm for addiional 3 minutes, At this point the stirring spsed was increased 1o
1500 rpm and the respective ingredients for the respactive formulations 1- 10 were
added conssanively, each ingredient over a 5 minute periad, according to the
order In the above list of reagents (6 - 15). |

The physical propertjes of the ebove paints were measured, including the .
most important property - the hiding power (%) of 80 um layers of paint were
determined with an ACS Instrument (Appiled Color Systems) and the results ara
glven in the following Table 18:
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Table 18 - the rasuits of EXAMPLE 15
Exterior White Paint - Hercules Inc,

53

Evaluation of the 32% PVC Paints Based on the Precipitated Aragonite Calcium
Carbonats Particles of the Present invention (PCC - Aragonite)

1 | 12 13 | 4 | 18 [ 16
| Raw Material o
Tap Water 178 178 178 i7.8 178 178
[Defoamer 0.15 0.15 0.15 a16 015 0.15
1 0.2 0.2 02 0.22 022 0.2
Disperaant (45%) 0.00 0.80 0.80 0.80 0.80 0.60
Wettl 0.24 0.54 0.34 0.34 0.34 0.34
T102; Kronos 225 | 200 20.0 18.0 18.0 19.0
Sllicate 225 225 225 225 225 -
CaCO3 - GCC ~ 5.0 - - - - -1
PCC-Aragonite® - 7.5 75 | 85 9.25 13.0 |
Propylene Giycol 2.70 20 | 200 2.70 270 | 270
Copolymer (55%) | 374S 37.45 3745 | 3745 38.0 334
Coalescent Agent 018_| o©.18 0.18 0.18 0.18 0.18
Presarvative 0.45 0.45 0.45 0.45 045 0.45
Ammonia 0.30 0.30 030 | 0.0 0.30 0.30
Tap Water 10.08 10.08 10.08 1008 | 9.7 11.86
Total 100. 100. 100. 100. 100. 100.
The Characteristics of the Paint ]
Solids (%) 50,35 50.36 50.35 60.35 50.35 5037
P.V.C. (%) 32.58 32.04 32684 3283 32.04 38.75
Hiding Power (%) 91.0 914 914 91.0 80.8 91.0
Viscasity (KU.) 872 88.0 974 982 878 902
 Hegman 5.5 5.5 55 85 50 _ 5.5
Bulk Densiy (g/cm® | 1.8 1.128 1427 1.109 1,005 1.073
[ Saving of TIO, (%) - 113 11.1 155 20.0 155 |
[Weight Saving (%) | - 44 45 8.0 14.8 a8
Formulation Pigment Sampls  Activa Agent Active Agent
Na. Code % (WO
1 Reference Paint - - -
12 PCC - Aragonite AR-118 Decancic acld 20
13 PCC - Aragonita AR-118 Dacanmo add 50
14 PCC - Aragonite AR-118 Decancio acld 5.0
15 PCC - Aragonite AR-119 Decanoin acld 8.0
16 PCC - Aragonits AR-118 Decanclc acid 20

AEO ™
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Notes: -
1. The particujate precipitated aragonits calclum carbonate of the presant
invention (PCC-Aragonite) can be used to produca painty witholt a substantial
prior size raduction, axcept that effsctad by the mixing system of the production of
the peint, which is anyway being used in this art to thoroughly disperse the
pigments in the varfous formulations.

2. Though the particulate precipitated aragonite caicium carbonsate of the
present invention (PCC-Aragonite) is not yst oplimized for its use In the production
of paints and though the formulations used are by no maans optimized, st this
product Is able to substitute aver 50% of the expensive ttanium odde pigment
without any deterioration of the resuiting paint, as it manifested by the hiding power
measurad.

3. As the coatings (paints) are being sold and used by volume, end not by
weight, the additional saving resulting from using the particulste precipitated
aragonite calcium carbonate of the present invention (PCC-Aragonite) can surpess
10% on all the constituents of the coating, including the titanlum cxide,

4. For simplicity in formulating the above mentioned paints, dry samplaes of The
particulate precipitated aregonits calcium carbonate of the present invention
(PCC-Aragonite), wers used. However, wet filter cakes that contain even more
water than 20% wi.%, basad on wet CaCOjy cake, can be used, provided that this
water Is being taken I account. However, on an Industrial scale, dry
PCC-Aragonite will be rarely used, due'to the economy of using the wet product.

While the invention has been described with respect to a limited number of
embodiments, it will be appreciated that many variations, modifications and other
applications aof the invention may be made.

I8

9% &
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CLAIMS

1. A process for producing a parficuiate precipitated aragonite calcium carbonate,
which comprises reecting an aqueous calcium hydraodde siurry with & gas selected
from the group cansisting of carbon dloxide and a gas containing it, wherein the
parametars of said process, including at least ane presalected active agent, made of
operation, operating concantrations of raw materials, operating temperature,
operating mixer spaed and operating pH, are auch that (A) the specific gravily of the
product after drying for 12 haurs at 120°C is <2.5 g/lem®.and (B) the specific gravity
of this dry product after ignition for eight hours at 500°C is <2.5 glem®,

2 A process according to claim 1, which is further characterized by the following
features: ]

(a) sald at least one aclive agent is selectad from the group consisting of
carbaxylic acide of formula CHs{CHz),COOH, where n is 7-8, their carboxylate saits,
thelr acid anhydrides, their estars, thelr acyl halldes and ketenes of the formula
CHy{CHg)y.1C=C=0, where n Is 7-9;

(b) said concantration of the at least one active agent s within the rangs betwesan
0.2 wt.% and 10 wt.%, calculated as CHs(CHz)yCOOH and based on the weight of
caldum carbonate;

{c) said slurry contains calcium hydroodde in a8 concendration within the range of
from 3 to 30 wt.%;

{d) said pH Is within the range of from 8 to 11;

(e) said temperature is in the range between 60°C and the boiling temperature of
the reaction mbdure;

()  sald mode of operation is selected from a continuous and a semi-continuous
(intermittant) mode of operation;

(@) waid micer peripheral speed (tip-spsed) Is above 5 misec;

(h) said at least one active agent is added in a manner selected from introduction
into the carbonation reactor and premixing with said calcium hydroxdde siurry prior to
reaction with said gas.
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3 A process according to claim 2, which Is further characterized by at least ane
of the following features:

(a) said at least one active sgent is selecied from the group consisting of
carboxylic acids of formula CHa(CHa)aCOOH, where n is 7-8, and the calclum salls
thereof,

(b) sald concentration of the at jeast ane active agent is within the range between
0.3 wt.% and 5 wi. %, caiculated as the CHay(CHz),COOH and based on the weight of
{c) said slurry contains caldum hydroxide In a concentration within the range of
from 4 to 20 wt. %,

(d) said pH is within the range of from 9 to 10;

(e) said temperature is in the range betwaen 80°C and the boliing temperature of
the reaction mbdure;

(0  sald mode of operation is a continuous mode of operafion.

4. A process according to claim 3, which is further charactarized by at lsast one
of the following faatures, namely:

sald active agent is salected from the group consisting of decancic acid and
the caldum salts thereof,

said conceniration of said at least ans active agent is within the range
between 0.4 wi.% and 3 wt.%, calcuisted as the CH3{CHz),COOH and based on the
walght of calclum carbonate,

said tomperahure !s In the rangs between 90°C and the boiling tamperature of
the reaciion mixture, and

sald siurry contains  calcium hydradde in a concentration within the range of
from 5to 15wt %.

s. A procsss according to claim 1, which is conducted as a flotation pracess in a
fiotation cell.
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8. A process according to claim 5, and substantially as hu'inbei'u'e described
with reference to Figure 3 of the attached drewings.

7. A particulete precipitated aragonite produced by the process of clsim 1, which
is charactsrized by at ieast one of tha following feattres:

()] it conteins at least one ceicium aalt of carboxylic acids selected from thase of
the general formula: CHy(CHa)hCOOH, where n = 7, 8, and 5, In an amount batwsen

0.2 and 10 wi.%, calculated as CHy(CHa),COOH and based an the weight of calcium

carbonste;
(i) it has an XRD specirum substantially in accordance with Figure 5 of the ettached

drawings.

B. A perticulate precipitated aragonite according 1o claim 7, having a aspecific
gravity <2.3 g/om? afler drying at 120°C for tweive hours, and a specific gravity <2.3
glom® after ignition for eight hours st S00°C.

8, A perticulate precipitated eragonite according to daim 7, having a specific
gravity <2.0 g/cm® after drying at 120°C for twalve hours.

10. A particuiate precipitated sragonits according to claim 7, having a specific
gravity <1.8 g/cm®, after drying at 120°C for twelve hours.

OOSDED" 6hi6TS O

11. A perticulate precipitated aragonite according to any of csims 7 to 10, of
crystaliographic purtty (aragonite/{(aragonite + calcite)) et least 50%.

12. A particuiate precipitated aragonite according 1o any of claims 7 to 10, of
crystaliographic purity (araganite/{sragonite + calclie)) <80%.

13. A particulate precipitated arwgonite which has (A) a specific gravity <2.5 g/cmy®

after drying for 12 hours at 120°C, and (B) a specific gravity <2.5 g/cm® after ignition
for sight hours at S500°C of the product drisd in (A).

e —
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14. A particulate precipitated aragonite according 1o ciaim 13, which s further
cheracterized by st least one of the following feetursa:

(0] it contains at feast one caiclum salt of carbaxylic acids selectad from thase of
the general formula: CHy({CHa).COOH, whera n = 7, 8, and 9, in an amount between
0.2 and 10 wi.%, csiculsted as CHy{CH2)»COOH and based on the weight of calcium

carbonate;
(i) it ms an XRD spechum substantially in accordence with Figure 5 of the

sttached drawings.

15. A particulate pracipitated aragonite according to claim 13 or claim 14, having
(A) @ specific gravity <2.3 giem® after drying at 120 °C, and (B) a spacific gravity <2.3
g/cm® after Ignition for eight hours at S00°C of the product dried in [A).

18. A pariculate precipiteted aragonile according to ciaim 13 or claim 14, having &
specific gravity <2.0 g/cm® after drying at 120°C for tweive hours.

17. A particulate precipitated aragonite according to cliaim 13 or claim 14, having @
specific gravily <1.8 g/cm®, after drying &t 120°C for twelve hours.

18 A particulste pracipitated sragonite sccording o defm 13 or claim 14, of
crystallographic purlty (aragonite/{aragonile + caicite)) at least 50%.

18. A pearticulate precipitated aragonite eccording to claim 13 or clalm 14, of
crystaliographic purity (aragonite/(aragonite + calcite)) <90%

. ABSTRACT
Disclosed is a novel form of parliculate pracipitatsd sragonite calcium
carbonate and a novel process for producing it
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2do. EXAMEN DE FORMA PATENTE DE INVENCION

Follo 38—
Radicacidn no Q419435
Concepto Tacnico no _123 Clasiicacién Intemacional de Patentes_C.OL F 4-/18

Practicado el examen de acuerdo a lo establecido en el Art 38 de la Decisién 486 se detsrmind que
esta solicitud de Patente de Inveneién:

Slbl NO[] Contiene un resumen de la invencitn (Art.26-e).
SI NO[]  Contiene el titulo 0 nombre de la invencin (At 27-d).
NO[]  Contiene la descripcion de la invencion (Art26-b).
] NO[] NOESAPLCABLE[ ] Confiene los dibujos necesarios para comprender la invencion

- (At 26-d)
' E\] NO[ ]}  Contiene una o més reivindicaciones. (Art.26-c).

SIf] NO[] ﬁOSAPLIcABLE[ ] Han sido desamollados los productos y/o procedimientos a partir
demummn&ﬂuuodesmmdmbsdedvadudabsqmwﬂqmdehﬂalses
Miembros es pais de ¢ . (At 26- h).

SI[f] NO[] NO ES APLICABLE [ \]Los productos yio procedimiantos han sido obtenidos o
desarallados a partir de los conocimientos tradiclonales de las comunidades indigenas,

afroamericanas, o locales de los paises miambros, de acusrdo a lo establecido en la
Decision 391 y sus modificaciones y reglamentaciones vigentes.(Art. 26-),

SHJ—NO[- Lainvencidn se refiere a un producto relativo a un matsrial blolégico. (Art 26-J).

\ir\\]‘ NO[ ] Laprioridad coincide con la materia reivindicada
NO[] CUMPLELOSREQUISITOS TECNICOS

OBSERVACIONES Y OTROS: SI[§ NO
~ * DO 36 TADRA &) weubn. ul %ﬁ'ﬁ“"é’%"&."‘c‘é’mm & Peslayo

o CEL PLASO Ngcioiind0 &) e FOLIO Y6
-aebGEP'm LOEVD keSO TOLIOD ISR A 1653,
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EUMNIDOR L™ 164 4 162 QX RBrPiaBL b FOLICS 30,433, b‘l.ﬂlq"h'l.
20904 O 1A DeScuPLLOD IWICLAL
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Carrera 13 No. 27-00 Plsos 5, 7y 10
Conmutador: 382 0840
" Fax 38212695
E:mat:info@sic.gov.co
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Apoderado

REFERENCIA: Radicacién No. 01-17435

Trémite 002
Evento 001
Actuacion 4186
Oficio No. 1126
Folios 001

Teniendo en cuenta que ‘la solicitud de privilegio de patente que se tramita bajo el
expediente indicado en la referencia, reline los requisitosé de forma establecidos en los
articulos 26 y 27 de la Decision 486 de la Comisién de la Comunidad Andina, y en las
demas disposiciones vigentes sobre la materia, se envia el extracto de la solicitud a la
Oficina de Comunicaciones para efecto de su publicacién en la Gaceta de Propiedad
Industrial, conforme lo establece el articulo 40 de la misma Decisién.

No obstants io anterior, no se tendra en cuenta la prioridad reivindicada No. 08/519,749
del 8 de marzo de 2000, ya que no presentd la documentacion dentro del plazo aclarado
en el folio 148.
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Dado en Bogota DC, a Jos BT R
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