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la Caida de Presiéon en la Polimerizaciéon de Monémeros
de Cloruro de Vinilo”
Solicitante: Akzo Nobel N.V.

Yo Dario Cardenas Navas, identificado como aparece al pie de mi firma y
obrando en mi condicion de apoderado de la sociedad Akzo Nobel N:V.,
solicitante de la patente en referencia, a continuacién doy respuesta al Oficio No.
7128, mediante el cual se presenta el Concepto Técnico No. 1658, que fue
notificado por fijacion en lista el 26 de Junio de 2.009.

1. En_cuanto a las objeciones de Novedad

Con el fin de superar las objeciones presentadas pbr parte del sefior
Examinador respecto a la novedad de la presente invencion, consignadas

. en el numeral 5.1 del citado Oficio No. 7128, se ha realizado un analisis
mas detallado de la presente solicitud, asi como también de las
ensefianzas del documento citado como referencia. Por lo cual, a
continuaciéon me permito exponer los hechos y argumentos que demuestran
la novedad que reviste el proceso de obtencion de resinas de PVC,
reivindicado en la presente solicitud.

1.1._Referencia citada
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De la simple lectura del concepto técnico No. 1658, es posible determinar
que el sefior Examinador cita las ensefianzas del documento WO 00/17245
(D1) para desvirtuar la novedad de la presente invencion.

El documento WO 00/17245 (D1) divulga un proceso para la polimerizacién
del cloruro de vinilo en donde por lo menos parte del peroxido se dosifica a
la mezcla de polimerizacion a la temperatura de la reaccion, caracterizado
porque esencialmente todo el perdxido orgéanico usado en el proceso de fa
polimerizacion tiene una vida media a partir de 0.05 horas a 1.0 horas a la
temperatura de polimerizacion (ver el resumen y la reivindicacion 1). Segun
la pagina 4, lineas 9-20, por lo menos el 10% p/p, y preferiblemente 20-
40% p/p, del peroxido organico estd presente durante la fase del
calentamiento de la reaccion (es decir, mientras se va elevando la
temperatura), y el resto del perdxido organico se agrega a partir del tiempo
en el que la temperatura de la reaccién esta en el valor deseado (ver
pagina 3, lineas 13-17 de D1 citadas por ese Despacho).

En este punto, vale la pena llamar la atencién al hecho de que si bien es
cierto que el documento citado por el sefior Examinador se desarrolla en el
mismo campo industrial de la presente invencion, como es el campo de los
procesos para la fabricacion de resinas de cloruro de vinilo (PVC). Sin
embargo, también resulta evidente que las ensefanzas de este documento
NO son suficientes para desvirtuar la novedad del proceso objeto de la
presente invencion, toda vez que el proceso revelado en D1, presenta
caracteristicas técnicas operativas diferentes a las del proceso ahora
reivindicado, que no se hubieran podido derivar de las ensefanzas del
documento D1, como me permito exponerio a continuacion.

1.2. Argumentos que realzan la Novedad de la presente solicitud

De la lectura del concepto técnico es claro que el sefior Examinador intenta
desvirtuar la novedad del proceso de la presente invencion al afirmar lo
siguiente:

T-]

No obstante, en D1 se divulga un proceso para polimerizar uno o mas
monémeros por medio de uno o mas perbxidos organicos (iniciadores
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organicos) que se dosifican a la mezcla de polimerizacién a la temperatura
de reaccion. El proceso de acuerdo con este invento es adecuado para
polimenizar mezclas de monémeros que contengan cloruro de vinilo
mondémero (VCM) (Pagina 2, lineas 5, 6, 40-43).

[.-]

En D1 también se explica que “Cuando la mezcla de polimerizacién
alcanza la temperatura de polimerizacion, el resto del peréxido puede
dosificarse a la mezcla para controlar el ritmo de polimerizacién” (Pégina 3,
lineas 22-23) es decir que se dosifica cuando la presion esta cayendo.

En D1 se divulga que los iniciadores tienen una vida media de menos de
1,0 hora, por ejemplo, 0,05 a 1 hora (Pégina 9, Reivindicacién 1).

Es importante mencionar que al encontrarse afectada la novedad de la
Reivindicacién independiente 1, la cual encierra el objeto de patentabilidad;
sus correspondientes reivindicaciones dependientes, estarian sefialando
caracteristicas particulares de un proceso que no es novedoso, por
consiguiente carecen de novedad.

En conclusion, el proceso de la solicitud no es Nuevo y por tanto no
cumpliria con el requisito del articulo 16 de la Decisién 486.".

Sobre este particular, en primer lugar respetuosamente me permito
manifestar a ese Despacho que se deben aclarar algunos aspectos del
proceso reivindicado, tales como:

El cloruro de vinilo es un compuesto de bajo punto de ebullicién (punto
de ebullicion: -13.9°C) y es solamente liquido cuando esta a altas

presiones. Por lo tanto, cuando esta en un recipiente de tapa cerrada, se
presenta un equilibrio entre el cloruro de vinilo de la fase liquida y la fase

gaseosa. Esto significa que, a una temperatura constante, la presién en
el reactor es constante e iqual a la presion de vapor del cloruro de
vinilo a esa temperatura.

En conexién con lo anterior, y teniendo en cuenta lo que se explica en la
enciclopedia del PVC, vol. 1, 1976 (P. 77, ll. 16-24, y P. 83, Il. 5-8), y en los
documentos US 5.739.222 (columna. 1, ll. 25-33), y US 4.015.065
(columna. 3, II. 27-33), de los cuales se anexa una copia simple; sobre el
consumo de cloruro de vinilo en una reaccién de polimerizacion, el cual es



Expediente No. 04-056-932

alcanzado en un punto de la reaccién en el cual el cloruro de vinilo no esta
mas disponible como monémero liquido libre. El inico monémero liquido
remanente se absorbe en el polimero de PVC formado.
Consecuentemente, la cantidad de cloruro de vinilo en fase gaseosa
comienza a disminuir y, por lo tanto, la presion en el reactor comienza a

caer. Esta caida de presién ocurre cuando la reaccién estd muy
cercana a su terminacion, por lo general. cuando cerca del 70 % en
peso del monémero de cloruro de vinilo se han convertido en PVC.

En resumen, mientras haya cloruro de vinilo liquido libre, sigue estando la
presion del reactor en un valor constante. Solamente cuando no hay
monoémero liquido libre remanente (lo cual se presenta al final del proceso
de polimerizacion) la presién en el reactor cae. Esta caracteristica es
inherente a los procesos de la polimerizacion de cloruro de vinilo y también
es comunmente conocida por una persona con conocimientos medios en la
materia. De hecho, durante el proceso completo de polimerizacién, se
consume el cloruro de vinilo. Sin embargo, debido al equilibrio liquido/gas,
la presion sigue siendo constante durante un tiempo y solamente comienza
a caer cuando no hay mas de cualquier monémero liquido libre disponible
en la mezcla de reaccion. Es decir, evidentemente, al final de la reaccion.

Por lo tanto, es claro que el documento D1 NO ensefia la dosificacién del
iniciador cuando la presion esta cayendo. Pues el aparte citado por el sefior
Examinador tan solo indica la adiciona del resto del iniciador cuando se
alcanza la temperatura de polimerizacion, es decir, cuando se alcanza el
equilibrio en el reactor (temperatura de polimerizacién estable), pero no se
puede afirmar que indica la adiciéon de iniciador cuando la presion del
reactor cae. Dicha apreciacion frente a lo reaimente conocido en el estado
del arte y a lo que verdaderamente ensefia el documento D1, es una
interpretacion del texto mencionado, lo cual no es valido para objetar la
novedad de una invencion (ver pagina 66, quinto parrafo del “Manual para
el Examen de Solicitudes de Patentes de Invencion en las Oficinas de
Propiedad Industrial de los Paises de la Comunidad Andina”)

995
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En vista de lo anterior, es claro que las consideraciones hechas por parte
del sefior Examinador en el concepto técnico citado, para objetar la
novedad del proceso reclamado son equivocadas, toda vez que como
faciimente se puede notar de una simple lectura de la descripcion y las
reivindicaciones del documento D1, especialmente, de las ensefanzas
contenidas en los ejemplos presentados, se limita dicha invencién a
ensefiar un proceso de polimerizacion, en el cual lo reaimente esencial es

gue todos y cada uno de los peréxidos que puedan ser empleados
cumplan_con el requisito de tener una vida media en el intervalo
especifico de 0.05 a 1.0 hora, pero no se ocupa en ninquno de sus
apartes, de la adicién de una parte del iniciador o de un sequndo
iniciador durante la caida de la presion del reactor.

En conexién con lo anterior, me permito lamar la atencién de ese despacho
al hecho de que solamente en el Ejemplo Comparativo F, el documento WO
00/17245 (D1) muestra el uso de dos iniciadores y la adicién de un primer
iniciador en la primera parte de la reaccion de la polimerizacién y de un
iniciador adicional cuando se alcanza la temperatura de reaccién deseada.
En dicho ejemplo comparativo F, 0.05% p/p de Trigonox® EHP fue
agregado al principio de la reacciéon y 0.01% p/p de Trigonox® 187 fue
dosificado a la reaccion 2.5 horas después del comienzo del calentamiento,
en alrededor de 1 hora. La adicion de peréxido en este ejemplo
comparativo fue terminada ya antes de que la presion del reactor
comenzara a caer. Por lo tanto, ninguna de las ensefanzas del
documento WO 00/17245 divulga o revela exactamente el mismo proceso
de la presente invencién y mucho menos se ensefa ni en forma explicita ni
intrinseca la adicion de iniciador durante la caida de presion.

En este punto, respetuosamente se llama la atencion de ese Despacho al
hecho de que no es ni habitual, ni mucho menos aceptado en la practica de
patentes desvirtuar la novedad de una solicitud, a partir de la interpretacion
de una informacién técnica, lo cual requeriria de armar a pedazos la
invencioén. Lo realmente aceptado es que se objete la novedad cuando en
un mismo documento del estado del arte, se revelen todas y cada una de
las caracteristicas y condiciones especificas de la invencion en
cuestion, lo cual no ocurre en el presente caso.



Expediente No. 04-056-932

En vista de lo anterior, es completamente claro que el proceso de D1,
presenta diferencias técnicas relevantes, con respecto al proceso de la
presente invencion, toda vez, que de acuerdo al alcance dado por la
reivindicacion 1, el proceso ahora reclamado incluye una forma de operar
diferente a la forma de operar ya conocida en el estado del arte,
especificamente lo revelado en D1, donde no se adiciona una parte del
iniciador o un segundo iniciador cuando cae la presién del reactor.

A este respecto, atentamente dirijo la atencién de ese Despacho a la
lectura de algunos parrafos del profesor Breuer, quien es un estudioso de
multiples temas en el ambito de las patentes. Pues bien, en cuanto a la
novedad de los procesos o procedimientos, el profesor Breuer establece
entre otras cosas, lo siguiente:

“La novedad de los procedimientos, es decir, el invento, puede
consistir: a) en la agregaciéon de alguna nueva etapa;... d) en tratar
materiales en si conocidos en forma también conocida en si, pero que
no _habia sido usada para el tratamiento de esos materiales.....En
forma general, puede decirse que el nuevo procedimiento puede
caracterizarse como invencion: a) en la manera de operar; b) por los
materiales que son operados, y ¢) por ambas cosas a la vez. En todos
los casos — y como ocurre respecto de todas las demas invenciones -
la pauta acerca de si existe o no invencion nos la dara el
resultado.....El procedimiento quimico puede producir un nuevo
resultado y ser, por consiguiente, patentable: ...(c) cuando mediante
una o mas reacciones practicadas en forma conocida, se tratan
productos que nunca habian sido empleados para obtener el resultado
perseguido.” los del estado de la técnica” ! (Resaltado fuera de texto).

En el presente caso, el modo de operar mediante las etapas del proceso de
polimerizacion de la presente invencion y especialmente mediante la
adicion de una parte del iniciador o de un segundo iniciador durante la
caida de la presion en el reactor (es decir, hacia el final de la reaccién) que

1

“Breuer, C.M. Tratado de Patentes de Invencion. Volumen I. Abeledo-Perrot Editores. Buenos Aires.
Argentina. 1957. pdginas 158 y 161.
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permiten mejorar la eficiencia y eficacia del proceso, asi como también se
llegan a obtener productos (resinas de PVC) con caracteristicas mejoradas,
esto es, el resultado. Por lo tanto, es evidente que el proceso de
polimerizacién con adicion de iniciadores durante la caida de presion de la
presente invencién también es novedoso, toda vez que permiten llegar a un
resultado nuevo y mejorado.

En conexién con la anterior argumentacion presentada, atentamente me
permito dirigir la atencién de ese Despacho a lo que se establece con
respecto a la evaluacion de la novedad de una invencién, en dos apartes
del “Manual para el Examen de Solicitudes de Patentes de Invencion en las
Oficinas de Propiedad Industrial de los Paises de la Comunidad Andina” (en
adelante Manual de Patentes), el cual resuita util para demostrar en forma
contundente que la presente invencion, se ajusta cabalmente a la
Normativa Andina en lo referente al requisito de novedad que deben
cumplir todas y cada una de las invenciones para poder gozar del privilegio
de patente solicitado. En el acapite 9.4, del citado Manual de Patentes, se
establece:

"Para determinar la novedad de la invencién, se_ debe comprobar si
existen anlicipaciones del estado de la técnica gque _contengan
explicitamente todas las caracteristicas técnicas esenciales de la
invencion. El examen de novedad se efectua comparando elemento por
elemento de la invencién tal como esta definido por las reivindicaciones con
los del estado de la técnica”? (Resaltado fuera de texto).

Y en otro acapite del mismo Manual de Patentes, se afirma lo siguiente: “Si
todas las caracteristicas técnicas de la reivindicacion independiente se
encuentran descritas en un mismo antecedente y ademas se encuentran
intimamente relacionadas, el objeto de dicha reivindicacion carece de
novedad. Si _una caracteristica, aunque sea banal, no se encuentra
contenida_en el antecedente, la reivindicacién es nueva.” (resaltado

fuera de texto).

COMUNIDAD ANDINA, Secretaria General, “Manual para el Examen de Selicitudes de Patentes de Invencién en las
Oficinas de Propiedad Industrial de los Paises de la Comunidad Andina”, 2° Edicién, Quito, Ecuador, Junio de 2004,
péagina 65.

Op. Cit. Pagina 66.
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De acuerdo con las diferencias técnicas mencionadas anteriormente y
teniendo en cuenta las ensefianzas del los apartes citados del Manual de
Patentes, es claro que en el analisis de novedad realizado en el presente
caso, se cita un documento (D1) en cuyo contenido NO se ensefian en

forma_explicita todas y cada una de las caracteristicas téchicas

esenciales del proceso de polimerizacion ahora reclamado; en
particular, ningin aparte del texto que describe el proceso del documento

D1, ensefia o anticipa la condicién especifica de que se deba hacer la
adicion de parte del iniciador o de un segundo iniciador cuando la presion
del sistema cae, es decir, hacia el final de la reaccion.

En consecuencia, al llevar a cabo el examen de novedad frente a las
ensefianzas del documento D1, teniendo en cuenta las recomendaciones
hechas por parte de las oficinas de patentes de los paises miembros de la
CAN, se encuentra que a pesar de que el documento citado se desarrolla
en el mismo campo tecnolégico de la presente invencion, no constituye una
anticipacion_relevante de la materia reivindicada, como ya se ha
demostrado. Por lo tanto, es evidente que las ensefianzas del documento
citado D1, NO resultan lo suficientemente relevantes como para
desvirtuar la NOVEDAD de la presente invencion.

Argumentos adicionales que demuestran la_patentabilidad de la

invencion.

Como un indicio que resulta relevante para la evaluacién de patentabilidad
que se esta llevando a cabo sobre la materia objeto de la solicitud de
patente Colombiana No. 04-056.932, atentamente me permito llamar la
atencion de ese despacho al hecho de que las correspondientes solicitudes
de patentes que reclaman exactamente la misma materia objeto de la
solicitud en cuestién y que fueron presentadas ante las oficinas de Marcas
y Patentes de Europa (EPO), Australia y Taiwan han sido concedidas como
patentes bajo los nimeros EP 1456257 B1, AU2002361137 y TW270553,
de las cuales me permito anexar una copia informal.

Sobre este particular, me permito llamar la atencién del sefior Examinador
al hecho de que la concesién de patente para la misma materia objeto de la

25
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solicitud colombiana, por parte de las Oficinas de Europa (EPO), Australia y
Taiwan, constituye un fuerte indicio que permite demostrar que el proceso
de polimerizacion de la presente solicitud si cumple con los requisitos
técnicos y legales necesarios para gozar del privilegio de patente solicitado,
y los cuales al igual que en la Normativa vigente en Colombia (Decisién
486) corresponden a los requisitos de novedad, nivel inventivo y aplicacién
industrial requeridos.

Ahora bien, frente al hecho de la concesion de las tres patentes citadas
anteriormente, podrian surgir algunos interrogantes, como los siguientes:

e ¢(Por qué tres oficinas diferentes conceden una patente para la
misma materia objeto de la solicitud Colombiana No. 04-
056.932?, y

e ¢ Por qué la concesion de dichas patentes debe ser considerada
como un fuerte indicio de patentabilidad de dicha materia objeto,
por parte de otra oficina de patentes, especificamente por parte
de la Oficina de Nuevas Creaciones de la SIC?.

Para dar respuesta a estos dos interrogantes, se debe recurrir
inevitablemente a la legislacion vigente en materia de'patentes, en cada
uno de los paises que ya han concedido dichas patentes, y a Ia legislacién
Andina, para poder establecer si se cifien a los mismos principios legales y
técnicos para la evaluacién de la patentabilidad. En el presente caso, la
comparacion se realizara con la legislacién Europea, la cual guarda una
estrecha relacion con la Normativa Colombiana en lo referente a los
requisitos de patentabilidad, especificamente en la novedad, tal y como se
mostrara a continuacion.

En conexién con lo anterior, se presentan en las columnas dos y tres del
siguiente cuadro comparativo, los articulos propios de cada una de dichas

legislaciones, referentes a los requisitos de patentabilidad exigidos.

Cuadro Comparativo:

Normativa Andina Cdnvenéigﬁ Europeam _'
b (Decision 486)° de Patentes (EPC)®

* www.emercatoria.edu.co/PAGINAS/volumen3/Documentos01/DECISION%:20486.doc
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REQUISITOS Art 14.- Los Paises | Art. 52
DE Miembros Invenciones
PATENTABILI- otorgaran patentes | Patentables
DAD para las (1) Las patentes
invenciones, sean europeas seran
de producto o de concedidas para
procedimiento, en cualquier invencién,
todos los campos en todos los campos
de la tecnologia, de la tecnologia, con
| siempre gue sean ! la condiciéon de que
nuevas, tengan 1 sean nuevas,
nivel inventivo y involucren un nivel
sean susceptibles | inventivo y sean
de aplicacién susceptibles de
industrial. aplicacion industrial.
| (2) Las siguientes en
| particular no seran
consideradas como .
invenciones dentro del :
significado del '
paragrafo 1:

(a) descubrimientos,
teorias cientificas y _=
métodos matematicos;

(b) creaciones

| estéticas;

(c) esquemas, reglas
y metodos para
realizar actos ;
mentales, jugar juegos |
o hacer negocios, y
programas para
computadores; :

(d) presentaciones de

| informacién.
NO VEDAD Articulo 16.- Art. 54

Una invencion se
considerara nueva
cuando no esta
comprendida en el
estado de la
técnica.

El estado de la
técnica
comprendera todo
lo que haya sido

accesible al pablico

por una descripcion

1) Una invencién se
considerara nueva si
esta no forma parte del
estado de la técnica.

(2) El estado de la

| técnica comprendera
| todo lo que haya sido
| accesible al publico

por una descripcion
escrita u oral,
utilizacién,
comercializaciéon o

’httg:l/documents.ego.orglgroiectggabylon/egonet.nsf/O/E4F840932A99862FC125736300374CECI§FileIEPC 13th_editi

on.pdf

o5
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escrita u oral, | cualquier otro medio
utilizacion, antes de la fecha de
comercializaciéon o | presentacion de la
cualquier otro solicitud de patente
medio antes de la Europea.

fecha de
presentacion de la
solicitud de patente
0, en su caso, de la
| prioridad

| reconocida.

Al hacer una simple comparacion de cada uno de los requisitos exigidos
por la legislacion Colombiana y la Europea, se puede ver que son los
mismos requisitos tanto legales como técnicos, pues por ejemplo, si
tomamos el articulo 14 de la Decision 486, el cual establece que se
otorgaran patentes a las invenciones, siempre y cuando sean novedosas,
tengan nivel inventivo y sean susceptibles de aplicacién industrial, y lo
comparamos con el Articulo 52 de la Convencion Europea de Patentes
(EPC), encontramos que son exactamente los mismos requisitos técnicos
y legales los exigidos en Europa y Colombia, lo mismo ocurre con el
articulo 16 de la D486 y el articulo 54 de la EPC, que exigen en forma
idéntica, que la invencion sea novedosa frente a lo conocido en el estado
del arte, especificamente frente a lo revelado en el documento D1, el cual
también hace parte de los documentos citados por el examinador Europeo.

Entonces, para entender porque tres diferentes oficinas de patentes
conceden este privilegio para la misma materia objeto de la solicitud
Colombiana en cuestién, no es necesario sino comprender que esto se
debe a que la materia objeto de la solicitud Colombiana, resulta
completamente NOVEDOSA, INVENTIVA y con aplicacion industrial, pues
expertos con los mismos conocimientos técnicos y bajo los mismos
requisitos legales que son aplicados por los expertos Colombianos de ese
Despacho, han podido encontrar que el proceso de polimerizacion
reclamado en las reivindicaciones 1 a 5, retne los suficientes elementos
técnicos que le brindan novedad, altura inventiva y aplicacién industrial,
por lo que esta invencién representa un avance en el estado actual de la
técnica.

4
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En vista del resultado de la comparaciéon anterior, resulta facil entender
porque la concesion de dichas patentes por parte de la EPO, la Oficina
Australiana y la Oficina de Patentes de Taiwan, debe ser considerada
como un fuerte indicio de patentabilidad de la materia objeto de la
presente invencién, que no deberia ser desestimado o pasado por alto por
parte de la Oficina de Nuevas Creaciones de la SIC, toda vez que, los
conceptos de otras oficinas pueden ser empleados como una muy atil
herramienta en la evaluacién de la patentabilidad de una solicitud. En
particular, esta apreciacion no corresponde a una simple aseveracion
hecha por el solicitante, sino que es una consideraciéon que tiene su
justificacion en la misma normativa Andina vigente en materia de patentes
en Colombia.

En efecto, el empleo de documentos y estudios provenientes de otras
oficinas de patentes, es una practica reconocida y aceptada por el Articulo
46 de la Decision 486, el cual en algunos de sus apartes establece lo
siguiente:

“Articulo 46.- La oficina nacional competente podra requerir el informe _de

expertos o de organismos cientificos o _tecnoldgicos que se consideren

idoneos, para que emitan opinién sobre la patentabilidad de la invencién.
Asimismo, cuando lo estime conveniente, podré requerir informes de olras

oficinas de propiedad inqustrial.
[.]

a) copia de la solicitud extranjera;

b) copia de los resultados de examenes de novedad o de patentabilidad
efectuados respecto a esa solicitud extranjera;

¢) copia de la patente u otro titulo de proteccién que se hubiese concedido
con base en esa solicitud extranjera;

d) copia de cualquier resolucion o fallo por el cual se hubiese rechazado o
denegado la solicitud extranjera; o,

e) copia de cualquier resolucion o fallo por el cual se hubiese anulado o
invalidado la patente u otro titulo de proteccién concedido con base en la
solicitud extranjera.

La oficina_nacional _competente podra reconocer los resultados de_los
examenes_referidos en el literal_b) como suficientes para acreditar el




Expediente No. 04-056-932

cumplimiento de las condiciones de patentabilidad de la_invencién. [...J".
(Subrayado fuera de texto).

El citado articulo 46, claramente le da la facultad a los Examinadores
técnicos y legales de las oficinas de patentes de los paises miembros de la
CAN (de la cual Colombia hace parte) a considerar como elementos
importantes para determinar la patentabilidad de una invencién, las
opiniones y los resultados de la examinacion realizada por parte de los
funcionarios de otras oficinas de patentes.

Ahora bien, el solicitante claramente entiende que el hecho de que la
misma materia objeto de la solicitud Colombiana en cuestion, haya sido
concedida tanto por parte de las Oficinas de Australia, Taiwan y la EPO, no
obliga a la concesion de dicha patente por parte de otra oficina,
especificamente, por parte de la Oficina de Nuevas Creaciones de la SIC,

-

pero lo cierto es que desde el punto de vista técnico, dicha_concesion si
constituye un fuerte indicio gque resulta mas gue razonable de que la
materia objeto de la solicitud en_cuestién, posee efectivamente los
suficiente elementos novedosos e inventivos necesarios para gozar

del privilegio de patente solicitado, lo cual puede y debe ser tenido en
cuenta de acuerdo con la misma legislacion Andina (Decision 486), la cual

como ya se menciond permite que se reconozcan los resultados de
examenes hechos en otros paises y/o los titulos obtenidos en otros paises
para la concesion de una patente, tal y como claramente se aprecia en el
citado articulo 46 de la Decision 486.

Por lo tanto, no se esta solicitando a ese Despacho que se desconozcan
los resultados del examen realizado en Colombia, sino simplemente que se
incluya como indicio de patentabilidad el hecho de que ya se han
concedido titulos de patente para la misma materia objeto en otros paises,
corroborando toda la argumentacion técnica y legal que se ha aportado en
el presente caso para demostrar la patentabilidad del proceso de
polimerizacion de las reivindicaciones 1 a 5 de la presente solicitud de
patente.

CONCLUSION

a6t

76%
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Los argumentos expuestos a lo largo del presente escrito, ponen de
manifiesto de una manera clara y contundente, que el objeto de la presente
invencion es el de proveer un proceso de polimerizacion de monémero de
cloruro de vinilo (VCM) con el uso eficiente de la capacidad de enfriamiento,
en el cual se lleva a cabo la dosificacién de una parte del iniciador o de un
segundo iniciador cuando la presién del reactor comienza a caer.

Mientras que el estado del arte representado por el documento citado WO
00/17245 (D1) ni aborda este problema, ni ensefia o al menos sugiere la
misma solucion propuesta por el solicitante. Por lo tanto, las
reivindicaciones 1 a 5 de la presente solicitud de patente Colombiana
resultan tanto NOVEDOSAS como INVENTIVAS sobre lo revelado en WO
00/17245, como claramente lo evidencia la concesién de patente para la
misma materia objeto en otros paises.

4, Anexos

e Copia informal de las patentes EP 1456257 B1 y AU2002361137.
» Copia informal de la Enciclopedia del PVC, vol. 1, 1976 (Pag. 77, Il. 16-24,
y Pag. 83, ll. 5-8); y de los documentos US 5.739.222 y US 4.015.065.

5. Por lo tanto, me permito solicitar a ese Despacho, se sirva llevar
nuevamente a cabo el estudio de patentabilidad de la presente solicitud a la
luz de los argumentos aqui presentados, para conceder el privilegio de
patente solicitado para el proceso de polimerizacion de mondémeros de
cloruro de vinilo reivindicado.

Atentamente,

/

Dario Cardenas Navas i
c.c. 17.066.629 de Bogota
t.p. 1.250

P-263
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Description

[0001] The present invention relates to a process wherein one or more initiators are used to polymerize a mixture
containing one or more monomers of which ane is vinyl chloride menomer (VCM).

[0002] Asisknown o a person skilled in the art, such a process can be performed in many differentways. It is generally
desired to shorten the total polymerization time. This can be achieved by shortening the period of constant pressure in
the polymerization reactor, or by reducing the time required to complete the polymerization reaction after the pressure
in the reactor starts to drop. An example of a process where the time of pressure drop is reduced is US 5,908,905,
wherein a process is described which is completed at a higher temperature than a preset temperature for the polymer-
ization. However, such a temperature increase may result in discolouration of the polymer. Above all, it has the disad-
vantage of influencing the molecular weight of the polymers formed.

[0003] US 5,739,222 describes another process, wherein when the Internal pressure of the reactor declines, further
monomer is fed to the reactor. This procedure will significantly affect the physical properties of the polymer particles.
{0004] US 4,015,085 describes a process wherein a polymerization Initiator is added at the pressure drop to the
polymer formed, while subjecting the polymer to radio frequency dielectric heating, With this process, the aim is to
remove or partially remove the abundantly present vinyl halide monomer from the vinyl halide polymer. The use of radio
frequency dielectric heating is less desired, since it is energy intensive and affects the properties, such as thermal stability
and colour, of the polymer produced.

[0005] Itis an object of the present invention to provide an improved protess which overcomes the disadvantages of
the prior art processes. More specifically, it is intended to provide a pracess wherein the overall polymerization time is
reduced by a reduction of the pressure drop time.

[0006] The process of the present invention is a process as described in the opening paragraph, and wherein one or
more initiators are added to a polymerization mixture at the reaction temperature when the pressure in the polymerization
reactor is dropping duse to the depletion of the vinyl chioride monomer, with the proviso that the polymer formed is not
subject to radio frequency dielectric heating in the presence of additional organic initiator.

(0007] During VCM polymerizations, the pressure initially is proportional to the temparature of the reaction mixture.
This is because the pressure in the polymerization reactor is predominantly determined by the vapour pressure of the
VCM in the polymerization mixture. Towards the end of the polymerization reaction, the VCM is depleted. At a certain
moment no liquid VCM phase is present any longer and the pressure in the reactor staris to drop below the pressure
otherwise observed at that temperature. After and/or during the pressure drop there still is VCM present in the gas phass,
but typically more and _ more is being adsorbed in the water and polymer phase of the reaction mixture. At that time
the polymerization rate conventionally decreases and the cooling capacity of the reactor is not optimally used.

[0008] The inventors have now identified these problems and found that the available cooling capacity of the reactor
can be used more efficiently if the polymerization rate is enhanced by the addition of one or more initiators after the
initial pressure drop and/or during the pressure drop. Preferably, the initiator is added at or after the moment at which
the pressure drops in the reactor. it is less preferred to add sald initiator before that moment, as it may lsad to an
undesirable runaway reaction, which is generally accompanied by an undesirable and dangerous increase in pressure,
Apart from more efficient use of the cooling capacity, the total polymerization time is reduced due to a higher pressure
drop rate, thereby shortening the period in which the pressure of the reactor is dropping. Also, the reactor space-time
yield is improved.

[0009] By theterm "after the start of the pressure drop and/or during the pressure drop® is meant the time during which
the pressure in the polymerization reactor drops, including the 30 minutes, preferably 20 minutes, more preferably 10
minutes, and most preferably 5 minutes, before the pressure drop is actually observed. Most preferably, the addition of
initiator takes place when the pressure becomes lower than the pressure that was observed earlier at the same tem-
perature.

[0010] The initiators can be any kind of organic peroxide suitable for use in the polymerization process, such as
peroxydicarbonates and acetyl-cyclohexylsuifonyl-peroxide. Hence, the additional initiator can be the same as or different
from the initiator(s) used in the polymerization before the pressure drop. More preferred additional initiators are fast
initiators such as organic peroxides having a haif-life of from 0.0001 to 1 hour at the polymerization temperature. Even
maore preferred are peroxides having a half-life ranging from 0.0001 to 0.5 hour at the polymerization temperature. Most
preferred are extremely fast peroxides having a halfife of from 0.0001 to 0.05 hour at the polymerization temperature.
[0011) Preferred examples of organic peroxides usedin the process of the invention are 1,1,3,3-tetramathylbutylperoxy
methoxy acetate, tert.-butylperoxy methoxy acetate, tert.-amyiperoxy methoxy acetate, tert.-butylperoxy ethoxy acetate,
diisobutanoyl peroxide (Trigonox® 187), hexanoyl pivaloyl peroxide, 2-ethyl-butanoyl-isononanoyl peroxide, isobutanoyi-
lauroyl peroxide, isobutanoyl-isononanoyl peroxide, bis(tert-butylperoxy) oxalate, cyclododecyl-tert. butylperoxy oxalate,
2,2-bis-2-gthylhexanoylperoxy-4-methylpentane, 2,2-bis-2-ethylbutanoyiperoxy-4-methylpentane,2,2-bis(2,2-dimethyi-
propanoylperoxy)-4-methylpentane, 1-(2-ethylhexanoylperoxy)-1,3-dimethylbutyl-1-peroxypivalate (Trigonox® 267) or
2,4,4-trimethylpantyl-2-peroxynecdecanoate (Trigonox® 423), tert-amyl peroxyneodecanoate (Trigonox® 123), tert-
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butyl peroxyneodecanoate (Trigonox® 23), benzene (m,p)di(2-isopropyl-2-peroxynecdecanoate), 2-methyl-4-hydrox-
ypentane-2-peroxyneodecanoate, a-cumyl peroxyneodecanoate (Trigonox® 99), and peroxydicarbonates such as di-
sec-butylperoxydicarbonate (Trigonox® SBP), di(4-tert-butylcyclohexyl) peroxydicarbonate (Perkadox® 16) and di(2-
ethylhexyl) peroxydicarbonate (Trigonox® EHP).

[0012] Other organic peroxides having a half-life ranging from 0.0001 to 1 tiour at the polymerization temperature can
also be used. Whether a peroxide is suitable and has the required half-life can be determined by conventional thermal
decomposition studies in monochlorabenzens, as is well-known in the ant (see for instance the brochure "nitiators for
high polymers® with code 10013921001 available from Akzo Nobs!).

[0013] The initiator according to the invention can be a redox initiation system. In such a case the reducing agent, the
oxidizing agemt, or both can be dosed in accordance with the invention. For such redox systems, the half-life of the redox
system is the half-life as measured when all components of the system are present. However, in view of the fact that
redox systems typically contain heavy metals and/or undesired reducing agents, the initiators of the present invention
preferably are not such redox initiation systems.

{6014] The amount of initiator (or initiators) to be used in a process according to the invention after the start of the
pressure drop and/or during the pressure drop is within the range conventionally used in polymerization processes.
Typically, this range has a lower limit of 0.001 % by weight (% w/w) of additional initiator and more preferably of 0.005%
wiw, and an upper limit of 0.3% wi/w of additional initiator, preferably of 0.2% wiw; most preferably, 0.05% wiw, based
on the weight of VCM monomer, is used.

[0015] The additional initiator is added to the reactor in the pure form or, preferably, in the form of a dilute solution or
dispersion (such as a suspension or emulsion). One or more suitable solvents can be used to dilute the initiator. Preferably,
such solvents are easily removed during the steps where the polymer is worked up after the polymerization process,
such as alcohols, or they are of such a nature that it is acceptable to leave them as a residue in the final polymer, as in
the case of solvents that are desired plasticizers for the final resin. Furthermore, it can be advantageous, but is not
necassarily required, that such solvents do not adversely affect the thermal stability of the initiator dissolved therein, as
can be verified by analyzing the half-life temperature of the initiator in said solvent, An example of such a solvent is
isododecane. If an initiator dispersion is added, then the dispersion can be of either the initiator itse!f or of a solution of
the initiator, preferably in said suitable solvents. Preferably, the dispersion is an agueous dispersion. Preferably, the
initiator is added in a concentration of at least 0.1% w/w, more preferably 0.5% w/w, and most preferably 2% wiw, and
at most 75% w/w, mare preferably at most 60% wiw, even more preferably at most 50% w/w, more preferably still 25%
wiw, and most preferably 15% w/w. The more dilute initiator solutions or dispersions ensure rapid mixing of the initiator
and the polymerization mixture, which leads to a more efficient use of the initiator, which is important for the fast initiators
that are used.

[0016] The addition after the start of the pressure drop and/or during the pressure drop preferably is the addition of
fast initiators having a half-life of less than 1 hour at the polymerization temperature, as a relatively smali residual amount
of the initiator will remain in the polymer formed. In order to reduce the residual amount even more, itis preferred to add
extremely fast peroxides having a half-life of less than 0.05 hour at the polymerization temperature. However, a slower
initiator can also be employed. In that cass it can be preferred to add a scavenger which is able to neutralize or destroy
the residual initiator in any subsequent step to such an extent that the residual amount of the initiator in the polymer is
acceptable. It is also contemplated to add a scavenger when fast and/or extremely fast peroxides are used.

[0017) During the first part of the polymerization reaction any conventional initiating system can be used. Herein, the
initiator can be added intermiitently or continuously to the polymerization mixture at the polymerization temperature. All
of the initiator can be added to the reactor at once in just one portion. In such case, preferably a retatively slow initiator
having a haif-life of more than 1 hour is used. The initiator may also be added at at least 2, preferably at least 4, more
preferably at least 10, and most preferably at least 20 moments.

[0018] Typically, cne or more protective colloids are used in the polymerization process of the invention, Examples
of suitable protective colloids are protective colloids such as polyvinyl alcohols (PVAs), which may, for example, be
(partially) saponified polyvinyl acetates with a degree of hydrolysis of at lsast 40%, more preferably at least 60%, and
most preferably at least 62%, and a degree of hydrolysis of at most 90%, more preferably at most 85%, and most
preferably at most 80%. If for example two PVAs are employed, both PVAs may have a similar degree of hydrolysis. it
may also be envisaged that the two PVAs have a different degree of hydrolysis. Although said PVAs are the prefetred
protective colloids for processes according to the invention, it is also possible to use other conventional protective colloids,
such as cellulosics, water-soluble polymers, oil-soluble emulsifying agents or water-soluble emulsifying agents. It is also
envisaged to employ a combination of two or mare of the above protective colloids. The amount and type of colloid that
is to be used is well-known and conventional. Optionally, such colloids are also added after the start of the pressure
drop and/or during the pressure drop. if used after the start of the pressure drop and/or during the pressure drop, they
can be added together with or separately from the initiator which is added in accordance with the invention.

{0019] However, in a preferred embodiment, one or more surfactants are added after the start of the pressure drop
and/or during the pressure drop. if used in such a fashion, they can be added together with or separately fram the initiator
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which is added in accordance with the invention. The addition of such surfactants was found to be very helpful, since it
reduces the (excessive) formation of foam in the process. Examples of suitable surfactants are polyvinyl acetates with
a degree of hydrolysis of less than 60% and conventional foam reducers (defoamers), as generally known to a person
skilled in the art. Preferably, the surfactant is added together with the additional initiator,

[0020] Preferably, the addition of the initiator, of the optional calloid and the optional surfactant, either during the
constant pressure time or after and/or during the pressure drop, can be effected at any suitabls entry point to the reactor.
Such an entry point may be positioned below or above the surface of the reaction mixture, as desired. The addition of
these compounds can be separately to the reactor via individual entry points, or they can be pre-mixed and enter the
reactor through one entry port, or a combination of such technigques can be used. If water is added in the course of the
polymerization process, for example to compensate for the shrinkage of the reactor content due to the polymerization
reaction, it can be advantageous to use the (ine through which this water is added to also add the initiator and/or the
optional protective colloid and/or surfactant. It is also envisaged that the reactor comprises dedicated piping and a
plurality of entry points located in different positions on the periphery of the said reactor, so as to ensure better, faster,
and more homaogeneous mixing of the initiator, protective colloid, and/or surfactant in the reaction mixture. If the reactor
further comprises a reflux condensor, it is contemplated to add these compounds to the reaction mixture via the reflux
condensor.

[0021] The process according to the invention is directed to polymerizing monomer mixtures comprising vinyl chloride
monomer (VCM). Preferably, the process according to the invention involves the polymerization of monomer mixtures
comprising at least 5% w/w of VCM, preferably at least 10 %wi/w, more preferably at least 20 %wiw, and most preferably
at least 50 %wi/w of VCM, based on the weight of all monomer. Comonomers that can be used are of the conventional
typa and include vinylidene chloride, vinyl acetate, sthylene, propylene, acrylonitrile, styrene, and {meth)acrylates. More
preferably, at least 80% w/w of the monomer(s) being polymerized is made up of VCM, while in the most preferred
process the monomer consists essentially of VCM. As s known in the art, the polymerization temperature of such
processes to a large extent determines the molecular weight of the resulting resin.

[0022] The polymerization process can be conducted 2s a mass process wherein the reaction mixture is predominantly
monomer, or as a fmore preferred suspension pracess wherein the reaction mixture typically is a suspension of monomer
in water, or as an emulslon or micro-emulsion process wherein the monomer typically is emulsified in water. In these
processes the usual additives will have to be used. For example, if the monomer is present in the form of a suspension
in .. water, the usual additives like surfactant(s), anti-fouting agent(s), and pH-buffer(s), can be present. Depending on
the typs of polymer desired, each of the above-mentioned processes may be preferred. The process according to the
invention is especially suited for use in suspension processes.

[0023] After the polymerization, the resulting (co)polymer (or resin) will be worked up as is usual in the art. Polymers
obtained by a suspension polymerization according to the invention, for example, will be submitted to the usual drying
and screening steps. itis preferred that the resulting resin contains less than 50 ppm of residual initiator, more preferably
less than 40 ppm, and most preferably less than 25 ppm of initiator, immediately after drying for 1 hour at 60°C and
screening, since such resins exhibit excellent heat stability as measured with a Metrastat® PSD260 testing oven in
accordance with 1SO 182-2 (1990E). The improved heat stability proved that the resin hardly discoloured when submitted
to melt-processing steps, e.g., to form shaped articles. Hence the process can comprise an additional process step in
which excess initiator is decomposed. Preferably, said process step is taken after the polymerization reaction has finished
and before the resin has dried.

[0024] Examples to demonstrate the unexpscted effect of the addition of fast peroxides during the pressure drop in
PVC suspension polymerization:

Experimental

[0025] 1In a standard suspension polymerization experiment, a temperature controlled 1-litre stainless steel Biichi
reactor provided with one baffle, a three-bladed stirrer, a pressure transducer, a VCM feed line, and a nitrogen purge
line was charged with 425 g demineralized water, Alcotex B72 (1000 ppm on VCM) in a 5% w/w solution in demineralized
water, and was pressurized to 15 barg, using nitrogen. Ifno leaks are observed, the reactor is evacuated and pressurized
with nitrogen up to § barg three times to flush aut virtually all air. Next, the reactor was evacuated and charged with 250
g VCM ex Akzo Nobe! Salt & Basics, followed by heating up of the reactor to the polymerization temperature in 30-60 min.
[06026] The conventional peroxide, such as Trigonox® EHP (Tx EHP), used to initiate the polymerization is added via
a hot-start procedure. The hot-start procedure means that the peroxide is added to the reactor at the polymerization
temperature in a very short period, i.e. 1-5 min.

[0027]) During the pressure drop pericd of the polymerization a fast initiator with a half-life at the polymerization tem-
perature of less than 0.1 hr. is added o the reactor until the pressure in the reactor has dropped 3.5 bar. For adding of
the (additional) fast initiator, a relatively low-concentration (about 1% wi/w) emulsion is used. In the comparative example
the addition of the (additional) fast initiator was omitted.
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[0028] After reaching the said pressure drop of 3.5 bar the peroxide dosing was stopped and then the reactor was
cooled to 20-25°C, evacuated, and freed of virtually aliremaining VCM. The polymer was obtained after filtration, washing,
and drying (at 60°C for 1 hour using a fluidized bed).

Example 1

{0029] The initiators used (Tx EHP (75% w/w) dissolved in isododecane (25% w/w) and Tx 187 [0.3% w/w aqueous
emulsion]), the amount dosed, the dosing procedure, and the polymerization results are presented in Table 1.

[0030] Afier reaching the polymerization temperature the mentioned amount of Tx EHP (calculated on VCM) in isod-
odecane is added in a period of 1-5 minutes.

Table 1: The results of VCM suspension polymerization with di{2-sthythexyl) peroxydicarbonate (Tx EHP) at §7°C
without (Comparison example) and with (Example 1) adding of dilsobutanoy! peroxide (Tx 187) during the pressure

drop

Example 1 Comparison example
Hot-start peroxide and quantity 800 ppm Tx EHP 800 ppm Tx EHP
Adding peroxide during pressure 80 ppm Tx 187 during 30 minutes None
drop
Constant pressure time 182 min 180 min
Pressure drop rate 7 bar/hr 4 bar/hr
Polymerization time until the reactor | 210 minutes 230 minutes
pressure has dropped 3.5 barg
PVC yield 91% 87%

{0031] From Table 1 it is deduced that the process of Example 1 clearly has a significantly higher pressure drop rate
compared to the conventional process of the comparison example. This higher drop rate leads to a shorter polymerization
time. The higher pressure drop rate clearly makes for better usage of the cooling capacity of the reactor.

Claims

1. Process wherein one or more initiators are used to polymerize a mixture containing one or more monomers of which
one is vinyl chloride monomer, wherein at least part of the initiators is added to the polymerization mixture at the
reaction temperature when the pressure in the polymerization reactor is dropping due to the depletion of the vinyl
chloride monomer, with the proviso that the polymer formed is not subject to radio frequency dielectric heating in
the presence of additional organic initiator.

2. A process according to claim 1 wherein the initiator added after the start of the pressure drop and/or during the
pressure drop has a half-life of from 0.0001 hour to 1 hour at the polymerization temperature.

3. A process according to claim 2 wherein the additional organic initiator added after and/or during the pressure drop
has a half-life of from 0.0001 hour to 0.05 hour at the polymerization temperature.

4. A process according to any one of claims 1-3 wherein at least part of the initiators is added intermittently and/or
continuously after the start of the pressure drop and/or during the pressure drop.

5. A process according to any one of claims 1-4 wherein a surfactant is also added when the pressure in the polym-
erization reactor is dropping due to the depletion of the vinyl chloride monomer to reduce the formation of foam.

Patentanspriiche

1. Veriahren, bei dem ein oder mehrere Initiatoren verwendet werden, um ein Gemisch, das ein oder mehrere Mono-
mere enthilt, von denen eines ein Vinylchlorid-Monomer ist, zu polymerisieren, wobei wenigstens ein Teil der
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Initiatoren bei der Reaktionstemperatur zu dem Polymerisationsgemisch gegeben wird, wenn der Druck im Poly-
merisationsreaktor aufgrund des Verbrauchs des Vinyichlorid-Monomers abféllt, mit der MaBgabe, dass das gebil-
dete Polymer keiner dielektrischen Erwarmung mit Radiowellen in Gegenwart von zusétzlichem organischem Initiator
ausgesetzt wird.

Verfahren gemaf Anspruch 1, wobei der nach Beginn des Druckabfails und/oder wahrend des Druckabfalls hinzu-
gefigte Initiator bei der Polymerisationstemperatur eine Halbweriszeit von 0,0001 Stunden bis 1 Stunde hat.

Verfahren gem&B Anspruch 2, wobei der nach und/oder wahrend des Druckabfalls hinzugefiigte zusétzliche orga-
nische Initiator bei der Polymerisationstemperatur eine Halbwertszeit von 0,0001 Stunden bis 0,05 Stunden hat.

Verfahren gem&R einem der Anspriiche 1 bis 3, wobei wenigstens ein Teil der Initiatoren nach Beginn des Druck-
abfalls und/oder wahrend des Druckabfalls portionsweise und/oder kontinuierlich hinzugefiigt wird.

Verfahren gem3B einem der Anspriiche 1 bis 4, wobei dann, wenn der Druck im Polymerisationsreaktor aufgrund
des Verbrauchs des Vinylchlorid-Monomers abfiiit, auch ein Tensid hinzugefiigt wird, um die Bildung von Schaum
2u reduzieren.

Revendications

1.

Procéde dans lequel un ou plusieurs amorceurs sont utilisés pour polymériser un mélange contenant un ou plusieurs
monoméres, 'un d’eux étant un monomére de chlorure de vinyle, dans lequel au moins une partie des amorceurs
est ajoutée au mélange de polymérisation & ia température de réaction quand la pression dans le réacteur de
polymérisation chute, du fait de 'épuisement du monomére de chlorure de vinyle, & condition que le polymére formé
ne soit pas soumis a un chauffage diélectrique a radiofréquence en présence d'un amorceur organique additionnel.

Procédé selon la revendication 1, dans lequel amorceur ajouté aprés le début de la chute de pression et/ou pendant
la chute de pression a une demi-vie comprise entre 0,0001 heure et 1 heure  la température de polymérisation.

Procédé selon la revendication 2, dans leque! 'amorceur organique additionne!, ajouté aprés et/ou pendant la chute
de pression, a une demi-vie comprise entre 0,0001 heure et 0,05 heure  la température de polymérisation.

Procédé selon 'une quelconque des revendications 1 & 3, dans lequel au moins une partie des amorceurs est
ajoutée par intermittence et/ou en continu aprés le début de la chute de pression et/ou pendant la chute de pression.

Procédé selon Fune quelconque des revendications 1 a 4, dans lequel un tensioactif est également ajouté quand
la pression dans le réacteur de polymérisation chute, du fait de Pépuisement du monomaére de chlorure de vinyle
afin de réduire la formation de mousse.
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ADDITION OF ORGAMIC INTIATORS DURING THE PRESSURE DROP IN

The prasent invention seisles 10 & pincess wheesin ane oF Mo iniiators are used
10 polymerize & mivine conteiaing one or mare manomers of which one is vinyl
chioride monomer (VCM).

As is known 10 & parson skilled i She aet, such a process can be performed in
many diflerent waye. i is genesallydesimd 1 shorien the total polymerizalion
Sime. This can be achiavad by shosening the period of conslant pressuss in the
polymavization reackr, or by mducing he ime required 10 complate the
polymarization resction afler the prelae in the macikr slaris o drop. An
euamples of & process whers the time of pressure drop i reduced s US
5,008,005, whereins & process is desaribed which is comploted ot @ higher
temperabze than a preset iempesshee for the polymerization. However, such @
femperaiure inorence may reauk i diacaloursiion of the polymer. Above of, & hes
nmumumw«rmmm

US 8,739,222 describes anctir pioosss, whersin when the inkemal presswrs of
he reecior decines, further mannewer is fad 1o the racior. This procedune wil
significantly affoct the physiost priperiien of the polymer panicies.

US 4,015,085 desaribes & procses whomin & polymerization inlliator is added at
the prewsurs drop 1o the polymer Rewind, whils subjecing the polymer o radio
frequancy dicleciric healing. With fkds process, the aim s 10 remove or partially
remove the sbundanty prossit vimyl haide monomer from the viny! helide
palymer. The use of radio frequancy dislectric hesting is less dasired, since it is
energy intensive and aflects the mnpertios, such a8 themal stabily and oolour,
of the polymer produced.

The prosent iwention provides an iwproved process which overcomes the
disndvantages of the prior art procassas. More specificall, & is
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intonded 10 provide & process whaveln The overall polymerization fme is reduced
wamuummh

in one embodimant the pessant Ewention grovides & process whereln one of mare
iniliatons are uned 1 polymedtos & mixkse containing one o more Mohomens of
which ono is viayl chioeide monomer, whersin ot lesst part of the inltislors is
added 0 the polymevieslion whdwe ai the reaction mpersiure when the
prosaue in v polymavizadion Asiior is dropping due (o the dapielion of the viny!
chioride monomaer, wilh the provies Shat the polymer formd is not subjoct o radio
frmquuncy dislectric healing in the presence of sddiionsl organic inlistor.

The process of the presont iveniion s 8 process as desasibad in the opening
paragraph, and whessin one or sore inllisiors are added 1 a polymerizaion
mbdwe at the macion mpamium whan e essun i the polymerization
reacior is dropping due fo the depltion of the vinyl chioride monomer, with the
provieo that the polymer formed Is st subject 1o radio frequency dielactric heating
in the prasence of addiions! cepanic inliialer.

Dusing VCM polymesieglions, ®e pressure iniially is proporionsl 0 the
fampemhwe of the meclion midus. This is beosues the prosewe in the
polymarization reackr is predominantly deleemined by the vepour pressurs of the
VCM in the polymerization sbae. Towasds the end of the polymerization
reaciion, the VCM is deplaled. AL & cartsin moment no liquid VCM phase is
present any longer and the prstawe in the macior stivis fo drop below the
preasure olfvrwine cbavived af thet brvperahon. Afler andlor during the prossure
drop there ol is VCM pragent in the ges phase, but typically mom and more s
being adaobid in the weler and polymer phase of the raaction mixture. At that
fime the polymerization rale comaiiisnslly decreates and the cooling capatily of
the reacior is not optimelly used.
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shortening the pariod in which the pressure of the reacior fs dropping. Also, the
reactor space-me yiekl is improved.

By the term "after the start of the pressure drop and/or during the preasure drop®
is meant the time during which e preseure in the polymerization reactor: drops,
including the 30 minutes, praferably 20 minules, more praforably 10 minutes, and
most preferably 5 minules, belors the pressure drop is actuslly obeerved. Most
proferably, the addiion of infietor ke PISCS When the preasure becomes lower
than the pressure thet was obeervad earliar at the same femperaiure.

The intiatrs can be any kind of arganic peroxide suilsble for use in the
polymerization process, such as percxydicarbonales and acetyl-cyclohexyl-
sullonyl-peraxide. Henos, the addilionsl Inkiator can be the same as or diffarent
from the intialor(s) used in the polymerization before the pressure drop. Mors
preferred addional inliisdors ane fast intistors such as organic peraxddes heving
@ hat-lle of from 0.0001 o 1 hour at the polymerization temparature. Even more
profurred wm peroxides having a hali-lie mnging from 0.0001 to 0.5 hour at the
Mwwmmmumma:
haif-ife of from 0.0001 o 0.05 howr at the polymerization temperaiure.

Preferred examples of organic percsides used in the process of the invention are
1,1,3, 3 tramothybutyiperoxy  methoxy acetade, text-bulylperoxy methoxy
acotate, fert-amylperoxy methosy acetale, tart-butyiparoxy ethaxy scstale,
diisobutanoyl peroxdde (Trigonow® 187), hexanoyl pivaloyl peraxide, 2-ethyl-
butenoyt-sononancyl peraxile, iscbutsnoyHeuroyl peroxide, isobutencyl-
isononancyl  peroxide,  bisleckbutylperoxy)  oxalats,  cyclododecyl-tert.
butylperoxy coalate, 2,2-bis-2-ethyihexanoyiperoxy-4-methyipentane, 2,2-bis-2-
sthylbutanoyiperoxy-4-methyipentane,2,2-bis(2 2-dimethyipropanoyiperoxy)-4-
methylpentans, 1-{2-ethylhexanoyiparoxy)-1,3-dimsthyibutyl-1-peroxypivalele
(Trigonox® 287) or 2.4.4-timethyipentyl-2-peroyneodacancats (Trigonow®
423), tertamyl percxynecdacsnoate (Trigonad® 123). tert-butyl peroxy-
necdecancate  (Trigonox®  23), benzene  (m.p)i(2-leopropyl-2-percacy-

29
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noodecancein), 2-mebhyl-4-hydroxypeniane-2-peraxyneodecancale,  a-cumyl
parcyneodecanoale (Trigonowl 90, and peroxydicarbonstes such as di-sse-
butyiperoxydicahonsie  (Trigonow® SBP),  di(4-mnt-Dulylcyciohayl)  paroxy-
dicarbonaly (Perkadow® 16) and-dit2-athyihexyl) percxydicarbonels (Trigono®
EHP).

Olher ceganic percaddes having & heli-ile ranging from 0.0001 1o 1 hour at the
polymerizaiion tmparature o il be Lsed, Whether a peroiide Is sultable and
has the requiad halfo aafé be detsrmined by conventional thermal
decomposition studies in monochiorobenazne, as is welHnown In the art (ese for
instance the brochure "Inlistors for high polymers™ with code 10013821001
avaliable from Al Nobel).

The intistor accarding 10 tha inveniio-oan be a redax inliaton systam. In such a .
cane the reducing agent, the onldizing sgent, or both can be dosed in accordance
with the invention, For such redkx wystems, the hall-Bie of the redox sysiem ks the
hali-ife as maasurad when aff cormpanenis of e sysiem ars presant. However,
in view of tha fact that redox systems typically contain heavy metals andior
undeaired reducing agens, tha inNiskss of the present invention preferubly are .
ok such redox infaion systerme. )

The amount of inllialor (or inktisloes) & be used in @ process according o he
invention afler the stast of the prossure drop andior during the pressure drop is

within the renge conventionally vsed i polymarizaion processes. Typically, this

range hes a lower Emk of 0.001% by weight (% ww) of addiional inifiator and
more preferably of 0.005% wiw, and an upper imit of 0.3% wiw of addiionsal
iniator, proferably of 0.2% wiw; most preferably, 0.05% wiw, based on the
waight of VCM moncmer, is used.

The additional inliator is added 1 the reacior in tha pum form or, predembly, in
the form of a diute saiution oF dispension (ouch s & suspermion or amulsion).
One or more sulthie solverts oastdi used 1o dikas the inftiator. Preferably, such

e
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solvenis are easlly removed duing the sieps where the polymer is worked up
afler the polymerization procesa, such as alcohols, or they are of such a nature
that & is acceptable 1o leave them s & reaidue in the final polymer, e in the case
of salvents that are desired plastictaers for tha finel reein. Furthermore, & can be
sdvantageous, but is not nacesmrlly required, that such solvenis do not
adversely affact the thermal stabilly of he initisior diesoived thersin, ss oan be
verifiod by analyzing the hall-tle temperature of the inlistor In said solvent. An
exampie of such a solvent is isododecns. If an intistor dispersion is added, then
the dispartion can be of eliher T inliator tack or of a sokition of the iniistor,
proferably in saki sullahle solvenis. Preforably, the disparsion is an aquaous
diepersion. Predorably, the iiliptor i added in a concentraion of at least 0.1%
W, more preforably 0.5% whe, #nd most prefarably 2% wiw, and at most 75%
i, more proferably at most B0% wiw, aven more preferably at most 50% wiw,
more prefersbly st 25% wiw, and most preferably 15% wiw. The mors dilide
inkislor soluions or dispersions snewre rapid mbdng of the iniator and the
polymarization mbdure, which Jass 1o & more efficient use of the iniiator, which
is important for tha fast inkininrs thet are usad. ’

The addkion after te stat of the pressure drop andior during the pressure drop

preferably is the addition of fast inlistors having a hait-ife of lees than 1 hour at
the polymarizaion femperature, as a relatively small residual amount of the
initiator will remain in the polymer Saemed. In order to reducs the residual amount
even more, it is praferred to scd eiemely fast peroxides having a hali-e of less
than 0.05 howr st the polymerkmiion temperaiure. Howeve?, & slower inliator can
a0 be employed. In it ceee & can be prefeved 10 add @ scavenger which ks
able to newtralizs or destroy the residusl initiakr in any subsequent step o such
an extent that the residual amount of the Intiator In the palymer is sccaptable. it
thbﬂ\lmeMMM
peroxides ate used.
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During the frst part of the polymartsation reaction any conventional inltisting
eyslem can bo ussd Hereln, the initiastor can be added iermitienty or
continucsly 1o the polymerization:mixum at the polymerization temperature. AR
of the Wilisdor cen be added 1o the reaclor at once in just ane portion. In such
oasa, pwefacably a relelively slow iWlialor having a half-ife of more than 1 haur is
used. The inlistor may aino be sdded at at least 2, preferably at least 4, more
peaderably at jeast 10, and most peeferably at least 20 moments.

Typicaly, one or more prolecive colloids are used in the polymertzsition
process of the invaniion. Examphis of sultable prolective coliokls are protactive
colloids such as polyvinyi sloohols (PVAs), which may, for mxample, be
(pastially) saponified polyvinyl aceteles with a degres of hydrolysia of at least
AD%, more preferably at least 80%, and most preferably et least 62%, and a
degree of hydrolysis of at most 90%, more prefersbly st most 86%, and rmost
preferably st most 80%. if for esmple two PVAs are employed, both PVAS
may have a simiar degree of Mafrolyels. it may also be envisagad that the two
PVAs have a diflerant dagree of hydrolysis. Alihough ssid PVAs ase the
preferted protective collolds for rocoses acoonding to the invenlion, i is also _
posthle © use oher convesionsl protective collokls, auch as celliosics,
water-acluble polymers, ocli-eckuble emulsifying agenis or wator-soluble
amulsitying agents. It is aleo envisaged o employ a combination of two or mare
of the above protaciive colloids. The amount and type af collokd that is 1o be
mummwm.mm»mm
after the start of the preasure drop andlor during the pressure drop. If used afler
the start of the pressre dop andion dufing the pressuse drop, they con be added
together with or scparsisly from the inliiator which is added in acoordunce with
the invention.

Hm.hamm“cmmunmw
the start of the pressure drop andior during the pressure drop. If uead in such @
fashion, they can be added togeiher wilh or separately from the inlislor which is
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added in accordance with the rwention. The addiion of such sufactenis was
found 1o be very heipful, since & reduoes the (axcassive) formetion of foem in the
process. Exampies of sultable surfactenis are polyvinyl acslutes with a degres of
hydrolysis of leas then 50% and corventional faam naducers (defoamers), ss
genarally inown to a parson alilled in the art. Preferably, the surfuctant is added
together with the addiorsl inliator.

Prafarably, the addiion of T inlislor, of the opiional coliold and the optional
surfactant, either during the constant pressurs ime or afler andior during the
presmae drop, can bo affaciod st anyauitebls enkry point to the reactor. Such sn
enby point may be poaliioned bali or above the surfacs of the reaction mibdure,
86 dosired. The addition of thase compounds can be saparaisly o the reacior via
individuai eniry polnts, or they éen be pre-mined and enter the rescior vough .
one entry port, or a combinalion of stch techniques can be wsed. If waler s
added in the course of the polymerizelion procses, for exampls to companssle
for the shrinkage of the reacior conlent due to the polymartsiion maction, R con
ba advantagacus 10 use the inefhrough which this waker is addad 10 also add
the inltislor and/or the optional protective colioid andior surfactart. it ls also _
ervisaged that the reacior comprises dedicated plping and & plumilly of enlry
points locetad in difierent positions on he periphery of the said reacior, o as 0
ansure betier, foster, and moee homogeansous mbdng of the inltiator, protective
coflold, and/or suriactant in the reaction mixture. i the reactor further comprises a
reflix condensor, it is confempiated 1o add thess compounds o the reaction
mixture via the reflux condensor.

The process according 1o the invention i direcied %o polymerizing monomes
midures comprising vinyl chioride monomer (VCM). Prefermbly, the proonss
according fo the invention ivokes e polymevizaion of MoNCmer Mixiures
comprizing at lnast 5% ww of VCM, preliarably st lasst 10 %wiw, more prafersbly
ot loast 20 %wAv, snd most preferably at least 50 %wiw of VCM, based on the
weight of alf monomer. Comonomers that can be usad are of the convantional

-10-
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type and inchide vinyldens chioride, vinyl acststs, elhylene, propyiens,
acrylonlitle, slyrens, end (methlacryielue. Mora prefecably, at lemst 80% whw of
the monomeris) being polymertasd is made up of VCM, while in the most
mmuwwmdmnhhwmhh
at e polymerization temparalum of such processss o @ kuge exdent
mumwdumm B

mmmumbam-ammmu
reacion mbdure is pradorminantly Monomer, or a8 8 more prafermed suspension
procsss whersin the reacion sskdiss typically is « suspension of monomer in
waler, or as an emulsion or micro-emuision procsss whorein the monomer
Mbwhuﬁ.hl—lmhm additivas will have fo

be used. For example, if the monomar Is present in the form of a suspension In . .

waleor, the usual addiives Sk sfactani(s), ni-ioulng agentis), pi-buler(s),

ek, can be pressnt. Depanding on the type of polymer desirad, sach of the

above-mentioned processes mey be preferred. The procses according fo the
invention ks especially sullad for ue In suspension procesess. ‘

Aun-rnu»pnnanunn-u:u'n-u-uli!:€=nmpnhunar(arnuunouultunvuntu-n.qpa-
is usual in the art. Palymens obisined by a suspansion polymerization according
0 the invention, for example, wil bo submiitied 10 the usual drying and saresning
steps. it preforred thet the resulting resin contains lees than 50 ppen of reskdusl
iniator, more prefarably less than 40 ppm, and most prefrsbly less than 25 ppm
of initietor, immedialely aftet drying for 1 hotr at 80°C and screering, since such

reaing exhibit excelient heat stabilty as measired with a Melraslel® PSD200

testing oven in accordance with ISD 182-2 (1990E). The improved heet stebilty
proved that the resin hardly discoloured. when submitied %0 meli-processing
shaps, og., o form shaped aiticles. Henco the proosss can comgrise an
additional process siep In which excoss infiiator is decomposed. Prefersbly, seld
mwhmmummmmmm
{he renin has dried.

.;"1f
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Examples to demonstraie the unsupected effect of the addition of fast pevoxides
chying the pressume drop in PVC suspension polymertzation:

Expedimentsd

in a standard suspension polymartzalion experiment, a mpershisw controlied 1-
lire stainioss 3806l HOchi rescior providad with one baffie, a three-binded stimer, a
pressure franaducer, a VGM fead ine, and a nirogen purge ine was chamed
with 425 g demineraiized waler, Alcolex B72 (1000 pprm on VCM) in a 5% wiw
solution In demineralized walar, and was pressurized 0 15 barg, using nitrogen.
¥ no leaks are obsarved, the reacior is evacuated and pressurizad with nitrogen
up 10 § barg theee fimes o flush out virtually afl ak. Next, the mector was
evacusiad and charged with 250 g VCM ax Akzo Nobel Sait & Basics, followed
by heafing up of the reackor 1 the polymerization temperature in 30-60 min,

The convantional percdde, such s Trigonon® EHP (Tx EHP), used 1o iniiste the
polymerization Is sdded via a hot-etart procedure. The hot-start procedure meana
that the percdde i acided 10 the reackor &t the polymerizetion mperatise in a
very short period, 1.e. 1-5 min. -
During the preesure drop periad of the polymertzation @ fast inkisior with & halk-
Ffe at the polymerization tampersire of leas than 0.1 hr. is added o the reactor
urtik the pressre in the reador has droppad 3.5 ber. For adding of the
(additional) fast initiator, a relalively low-concentralion (about 1% Ww) amulsion
is used. In the comparaiive example the sddition of the (additional) fast inlistor
was omitied.

After reaching the sakd pressure drop of 3.6 bar the percxdde dosing was stopped
snd then the reackor was coolad fo 20.25°C, evecusted, and freed of virtually off
ramaining VCM. The polymar wias obisined ater fliraion, washing, and drying (at
60°C for 1 hour using a fluidized bed).
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Expmple 1 _

The initintors used (Tx EHP (75% wiw) dissoivad In isododecans (25% wiw) and
Tx 187 [0.3% wiv aquacus emulsion]), the amount dosed, the dosing procedure,
and the polymarization results are presented in Table 1.

Alar reaching the polymerization tempersture the mentioned amount of Tx EHP
(caloulated on VCM) in isododecans is added in a pariod of 1-5 minulaa,

Table 1: The resutts of VCM suspansion polymerization with di(2-athylhexyl)
peroxydicarbonate (Tx EHP) at 57°C without (Comperison exampie) snd with
(Exmmple 1) adding of diisobutanoyl peraxide (Tx 187) during the pressure drop
Example 1 Comparieon example
Hotetart 800 ppm TX EHP 800 ppm TXERP |
percodds and quantity
Adding peroside 80 ppm Tx 167 duning 30 | None
during pressure drop minutes

 Conelant preasure time | 182 min 180 min

[ Pressure drop rale 7 basht 4 bartw
Polymertzation ine | 210 minuies 230 mifuiee A
until the reacior

pressure has dropped

3.5 barg

 PVC yiald oi% %

From Table 1 R is deduced that the process of Example 1 cealy hes a
significandly higher pressure drop rate compared to the conventional process of
the comparison exmmpie. This higher drop rae leads 10 @ shorter polymeriamlion
time. The higher pressure drop rate Clearly makes for betier usage of the codling
capacily of the reector.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

3,

2002361137 24 Dec 2007 e

1. Procoss whowin ane or miowe inlielors ave used o polymesize & mixiure
conisining one of Move saaRemMens of which one is vinyl chioride monomer,
wherein at leset past of the diislors is added 10 tha polymerization mbdure
o o resclion tempembusy when the preseuse in the polymerization
vencior is deopping dus 15 the deplstion of the vinyl chiodde monomer, with
the proviso thet the pelyemer fommed s nol subject fo radio Srequency
dislockric hoating in the prbenos of addionel orgenic inislor, -

e

X,

10

2. Aprocess scoording © <yl 1 whirein the inkistor added sher he start of
$w pressure drop andlor.duing e prossure drop hes & hall-lle of fom
0.0001 hour 10 9 hour st he piolyivizalion lempersiure.

15 3 AmmhdﬁiMhmmM
m*mm”mmm-mdmm
hour 10 0.06 hour at v pelpinertasiion tempersiuse,

4. Ammn-ﬁmqmwmummdu
20 inilistors is sdded inkemilinly and/or continuously afler the siart of the
mmmmnmm

§. AmMan\mqldﬁnHMaMhm

wmwm;nummmbmmu

25 the depletion of the vinyl dhieride monomer 10 reduce the formeion of
foam,

6. A procoss whavein one or mare inllialors ar uswd (o polymesies a mikkwe
containing one or mow monomers of which one is vinyl chioride monomes,
30 substaniially a5 herin described with reference 10 fhe example.
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The older, onc—step bulk polymerization produces absorbent particles with a
wide distribution of particle sizes. The bulk densitiss of both the bulk-polymerized
resins ara on the low side. This 18 koceoae the particles aro essentially flofly.’
Thoxo base been only 2 small amomt of polyvinyl chloride rosin produned by the
one-step bulk process. It is not generally considered to bo an attrective method
of polymerizing vinyl ‘chlorida,

B. Suopencion Polymerization

In this process, which has been the backhone of the indnstry for many years, the
vinyl chloride monomer, which is a Hquid snder sufficiont pressure, hae an ofl-
soluble, free-radieal caialyat dissolved in it and the ofl phase is suspended in

water as small droplets in which the polymerization takes place. For thig to be

.acoomplished, it 18 necessary to have » susponding sgent, or a protective colloid,

or some type of surfactant that will allow €2o beads to be formed and to remein
stable. The sysiems of doing this are indeed varied gud in general repressnt
procasses peculiar {0 ench opecific mensfacturer, In fact, many manufacturers
regerd this as thelr "ssoret process.

The equipment ased for this type of process 1s an agitatad, glass-lned, pres-
aure vessel of the Piaudler type, Many resstors hava agitaters of continusasly
variable speed, More modern installations sre tending toward stainless steel
redctors with the more conventional flat-blede, or torbine-type impsllers. Be-
eausd produsing polyvinyl ebleride polymars has become a very petitive
bnalness and the conversion coste are extremely fmportant, it 19 gonerally found
that these reactors are large, Reactors of lass then 1000 gal are mecopomieal;
the gonerel slze found is sumewhore between 3000 and 4000 gal, elthough some
manufactarers have reactors as large as 6000 gal, The reactors are cooled by
circulating water through a jacket, The jackets are sometimes open at the top
ard tho excess cooling wator overflows and is either discharged or recircalated.

Since the cleanliness of the Tesctor 15 axivemely important Ereguently 1t io

" mecessary to enter the reactor and manually olean the wells), most manufscturers

ehy sway from using coils that wounld give thera a means of ehfaining prenter hast
frangfer areas. Ths amomnt of water and the cooling surface area eonivol the
oycle time beceuss the exsthermio reacHon must be cooled to maintain the
requisite constant temperature, X polymerization is too rapid, the heat involved
cemost be removed rapidly encugh and & runaway resotion will result. Normelly,
the pressure in the aotoplaves oeed for maldog palyvingl chloride will be In the

~orxder of 130.paig to perheps 180.psig. -The temperature of the reaction, of

courge, cantrols the preasores that will he experfenced. Wider varietions are
possible for those reuctors in which ¢opolymers ara made hesausie then B Influ-
erce of the comonomsr is reflected in the pressare thet develops,

A typionl sequence of Teaction events fn making polyvinyl chloride 16 as follows:
Water {8 firat charged to 2 clean reactor apd suepending agent may he dusted an
tho surfage or added a6 a solukion, Catalyst is edded next and the resctor sanled
and evacunted to Temove otygen introduced into e system from the ingredionts
charged or from the air space. Under ldeal conditions, the vessel is evacuated
to the vapor pressure of the water. This reduces the axygen concentration so that

O MM O W pvm o
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3. POLYVINYL CELORIDE: POLYMERIZATION AND MANUFACTURE 77

it dess not retard the polymerization or intraduce an induction or deley tme,
After this, tho monomer is introduced. Some suspording egents can be agitated
and the resctor warmed to the reactjon temporature immediataly, but ofhors may
require a pericd of agitation to achicve a suspension equilivrium before heating 18
begun.

Wwith some suspending systems (and for special purposes such as partlale size
conptrol), tho xaonomer is added to cold water and the whole reactor brought up to
reaction temperatuxe, In other ceses, the monowmar is added to warm water and
the reactor brought gp to temperature, Using wArm water when possibie helps to
reduce the cycle time, The resctor 18 brought to the desired temperature by
passing warm water, or water and steam, through the jacket, The polymerization
{6 exntherrio agd requires gooling to control] the reaction. The cooling water
may go through a Teaator Jacket once or it may be recyeled — depending on the type
of control system, After the reaction is slavied, it is maintaloed st a constant
temparature for most of the resgidon oyole,

As the monomer is consumes, a point 15 reached at which the mopomer {8 no
longer evailable as a free monomer and represents only monpomer absorbed into
the solid phass (concentrated phage). It has been indicated previously that based
on the Flory-Huggine x; constant, the volume fraction of polymer in the separated
phase is of the order 0.6. On a walght hasis, there is approximately 70% of the
concontrated phose present as polymer aud 30% rs monamer. Thos, when the
conversion reaches about 70%, there is no fres monomer svallable; and since the
monomer 18 absorked in the polymer, its partial pressure 18 veduced. The
reactor then begins to show a decline In pressure. It 1s ususl to ellow the pressure
to drap to about 20-70 puig, depouding on reastion tomperature, &t which point the
reaction 18 terminated by cooling and purping off the mreected monomer, Tha
slurry that results is freguently pumped to & siripping tonk wder vecuum, and the
temperaiure of the water is ralsed to a relatively high temperature (somethitx on
the order of 120-175°F) to flash off residual amounts of moromer and othor
volatiles, In some cases, the rezotor may alzo be used as the stripper. The
slurxy is punped t6 a holding tank (2t atmoapkeric pressure), where it may be
blended with other lota, It is then pumped to a contrifuge, where tho bulk of the
water 18 sepavated, and tho semidry material evantually goes to some type of
rotary drier, The dricd product that leaves the rotary drler is usuzlly passed
aver a sorecn to remove coarge mAaterials, In some cases, and for speolal
purposes, the dry piwder may be aent to a pulverizer or micreatomizey and its
particle mize epmewhat veduced, Normally, this is not pecesusry with snspension
resins because it 15 expensive and genarally the requisite pariicle size can be
obtained by formelation or process changes,

As can be gleaned from this seqoence of events, thors are & great many vari-
ables that must by carefolly controlled, Some of these are

Temperatuxe and tomperature control

Catalyst — typo and concentratiom

Water-to-monomer ratio

Water quality

Snepending ageuts and soxfactants (type and concentyation)
Agitator speed, eohednle, mnd type
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Venting techniques

Removing balk unreacted monomer (Tocovering)
Strippivg

Foam®

Dewatering

Drying

Sisving

Grindipg

n apacial ¢ases, there may be other variables of equal importance, but these
ars the anes that are generally encountored.

The temperature of the renction and its prestse maintennuce are essential for
controlling the molesnlar welght or ralefive viscosity of the resultant product. In
most commereial operations, this temperature 1o controlled within 2 degree
Fahrenhsit. 4 wide variety of coutrol equipment ard control losps are nsed in the
industry. The system has to be sufficiently flexible that it can be used to heat the
renotion to the pnlymerization temporature, aud also confrol the tamporatire by
oooling after polymerization starts,

A common system {8 t0 have a pump oireulate water through  jackel ard &
control valve of the prneumatic type to introduce warm water or cold water, depond-
ing on the raquiremsnt of the reastor, to the circuletiny system, Some systems
antcipate domend by having controllers that messare changes in the reagtor
tomparators and changes In the jackat outlet water. A well-organized syatem will
be designed in such a way es to indicate the amount of hent being Teleased and
oerried away by the cooling syatem. This is diractly related to rate of polymeriza-
tian and allows observing progress of a reaction.

It oeoastonally happens that towerds the emi of the reastion, 8 sudden increass
in renction rate 15 epcountered, This f8 referred to as a "heat kick. " Generally
this bas been Inbeled the Trommadorff effect; but in view of the discussion of the
Idneties of vingl chloride polymerization, this is questionsble. We have aiready
sesn how the polymer separates from the monpmer and becomes insoluble, and
how bacause of this separation the termination rate 15 markedly reduced, B
tharefore scems that this effect (I£ it takes place at all) would have to ccour
esrly in the Teaction, A possible explanation for this sntoacceleration that gen-
exally ocours near the end of the reaction mey be the following. As the degree of
conversics FFaARas, @ pomt is Yonched ot whioli theamount-of monumer is i~
sufficient to provide sdeguste thermal conductivity in the concentrated polymerizing
phass. Because of poor heat transfer from the iuside of the partiole to the sus-

pending weter, thoe inside beaomes hottsr; this heat tepds to insranse the palymer-
ization rate in the centor of the particls, resulting in a farther ineresss in temp-
eraturs, which in turn results in autoncceleration. In any esse, heat kicke ars
very frequently assosiated with overprassures, aud if they ave not controlled, it
is pessiblo that the reection can “"rud sway," This is more Ukely in reactions
that ere beingy pushed for chort oyeles, reactions that have a low water-to-
‘monamey ratlo, or resctora with jnadeguate cooling,
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¥ such conditions exist aud the resctor gois ont of control, it may ba necessary
to vent off some of the monomer, I thia ofm be done esfely, the reaotor is coolod
becruse of the latent heat of vaporization of the monamer, X this 1s not sufficient
to control the reaction, then e shortetop of some sort 1s added to terminate the
polymerizgtion abruptly. One of the materials frequontly used for this purpose s
a gmall aimount of styrens. Tho styrane radicals thet are formed are more stable
than vinyl chlorido radicals apd do not teud to Inftiate polymerization of additipnal
vinyl chléride monomer, and the reaction is easentially torminated.

. 'The smount and nature of catalyst io of prime fimporiance in vinyl polymeriza-
tions. We have geen how the trinetics are affeoterd by the level of the catelyat and
also how different cetalysts have differant half-lives or different retes of decorpo-
sitdon, The temperatnre of polymerization 18 detormined by the moleculsr wolght
to be produced, arvd for the higher temperatures (that 1s, the lower molecalar
wolghts), it is very common to fird lauroyl peroxide used. While fhis peroxide will
algo werk st the lower tamperatares, it tenda to produce longer oyeles. Becanap
vinyl chleride has lmited hest stabllity, attempts ars made to keep the exposure as
mezsored by the product of time and texbpecature daring polymerization to as low

a valuo as possible, Therefore, if catalysts oan be fourd thef are more reactive,
the cycls timse can bo shortened, provided that the cooling system is egpsble of
handling the heat genorated, Referenmes to the Het of half-lives shows that thore
are many catalysts thet are more aotive then lauroyl pevoxide, Some of them in
current uss are caproyl peroxide, azobishutyronitrile, ditsopropyl perezydicarbon-
ate, di-2-ethylhexyl peroxydicarbonate, acetyl oyolohexnne suifonyl peroxide, snd
a-halokmroyl peroxide. A system kmown as the PERMIS gystem was receuntly
sugposted. This produces dethyl peroxydicarbonate by the resction of ethyl
chloroformate with hydrogen peruxide, ‘This reaction takes placa in the reactor,

A prime conslderation n the choles of a ostelyst is the ense pud sofety of handling
the particular peroxides or azo compounds, Gensrally spesking, moat of these
peroxides, such as the diisaprepyl peroxydicarbonate or t-butyl psroxypivalste,
tend to be somewhat unstable and must bs stored under refrigeration. Whils it is
wise to atore all peroxides under rafrigeration, eoms lose ectivity rapidly if stored
at temperatures ahiove 0°F. For such eatalysta, proper venting proceduves are
roquired so that the pases that are gennmted do not causp a pressure explosion.
Sansitive peroxides are snpplied with av inert carrier at a low enough conteptration
to prevent detonatien. We shall later conslder the possaibilities of catalysta
effecting Hsheyes in a rosin avd thelr ¢ffect on reactor cleanliness,

Rapidly reasting catalysts are more asnsitive to the temperature of the watdr
used in prepering the batch and ghonld bo cherged in cool water,

‘The quality of the water vsed 18 very important, Normelly, deionized wator 1o

- used apd attempts dre mdde to keap s water of prime qualtty. IT the wator has

too much fonis materinl present, it will affect tho perticle size or the particle
sizo distribution, or even tho reaction kinetics, Another variable that must be
carefolly controlled 1a the wator-to-monomer ratio, Mast af the materisls pro-
duced are preduced with 2 mtlo of water to monsmer somewhere betwean 1,3 and
2.0. In some it is vy to go even boyond these Limita, ¥, for
ezample, a particle is being made that has o high degree of porvsity, o large
water=-ta-monmmer ratio ic imperative. The particle size 18 related to the water—
to-momomer ratlo, gnd some cuspenditgy systems are moro sensitive to this yatio
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than othors, Bulk density of the resultant powdered resie 15 also Telated to the
water-tp-monpmer ratio — in e complex munper, depending on the sBuspending
gystem, Bosidss gerving to diaporae the polymer snd monomer pariieles, the
water 18 a good thermel stabllizing systam. It provides & meterial with a high
epeotfic heat, and in reguiring a lot of keat to chuuge its temporature, theveby as-
giats the control systems. Small watar-to-monomer ratios make readtor confrol
more difficult bepause there is a larger fraotion gensrating exothermic heat of
polymerization and a emaller fraction of water to ahsorb this heat.

The suspending Bystem 38 the heart of the process aud probably has hed more
intensive research then any othor phase of the pnlymerization process. Initially,
peeri-type parileles wers made by using a solid dispersed ¢thronghout the water,
This materinl accumnlated at the monomer-woter intexface and prevented particles
from coplescing, WMateriele auch as magresivm hydroxide were used for this
purpose. While this type of suspentding system 1s satisfactory for certuin qoid
monomars, 1t does not give the kind of control that 16 essentisl for commeraial
polyvinyl chloride; and it bas long aince lapsed into cbaslescence, The present
favorites are hydrophilic large molecules such as methyleallulose, methyleslluloss
with condensed propylens oxide, ethyl eellulese, polyvinyl alcohol, polyvinyl
alooho! acetate eopolymers, hydroxymethyleellulose, hydroxyethylcellulosa,
gelatin, maleic-styrene copolymers, and elmost any polymerie material that can
be modified to ecquire nams hydrophilic nature. YLikewise, almost all of the
common surfastants have been investigated at one time or enother. Fregquently,
eystema using both e suspending agent (pretective colloid) and a surfaotant are
used for special parposes, The swxfaotants have a tendency to produce more

poraas partioleés.
The patent Hioraturs is replete with munerons specifie systams — all of which,
it 18 olaimed, have special effects in produciog polyvinyl chloxide polymers.

One system [86] is hased on the are of a bisphenol "A" diglycidyl other con-
densed with polyothylene glycol 65 a sugpanding egent. This is alleged togive a
product thet uniformly absorbs plasticizer at roum tempereturs, and the use of
polyvinyl, elechol and ecarboxymothylcellnloss 15 alleged to give a produot that
uniformly does oot absorb plasticizer, Another patent disclores the use of ethyl
hydroxyethylealinloge [37] along with a~halolauroyl peroside with an almost 2:1

water-to-monomer ratio and polymerization in the range of 5~-35°C. Thie materisl

15 supposed to prodoes 2 polyvinyl chloride heving en average particle size of one~
half e millimeter and a very high viscosity. Yield is snld to be 75.5%. Systems
based on double suspending agenta for bath polyvinyl chloride homopolymera and
copolymers kave been baged on copolymers of vinyl acetate apd alkyl aleohols aged
plong with alky) phenol condensates of ethylens oxide. ‘This is alleged to produce
‘a low-tishoye: tent dry powder for extrusion [38). Methylcelluloss, hydroxy-
methyleslinlose, and othylesllulose have besn used as guspending sgents [39],

produsing low-fishéye resius of geod dry-blend time and excollent clarity.

High-viscosity resins have been prodnced with polyvinyl alochol as the suspend-
ing sgent and a-chlorocaproy] peroxide diseolved in benzene as the catalyst,
Polymerizations were made at -25° € to 40° C and high-viscosity groducts with
tmproved thexrmal resistance, improved eoftening point, and resistance to solvent
were obtained. Estremely bigh watar-to-monomor ratios were negd with this
system [40], end unidoubtadly some method was required to keep the water from
freczing at the lower temperature,
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3. POLYVINYL CHLORIDE: FOLYMERIZATION AND MANUFACTURE 81

A granular polyvinyl chloride has been mede wing methylesllnlose with a high
viscosity and the reaction product of scdium esllulose glyeolats ether of ungelatin-
ized atarch, along with Spans* and Tweans* and pantaorythritol mounooleats [41].
Very porous particles of uniform size are eaid to Teselt from the nse of vinyl
acetate and allyl sleohol eopolymers, along with polyethylens glycol condensates
of nonyl phenol. Venting is also requirved in this process [42].

Copolymers of vinyl methy] ether and malels acid have been used as suspending
agents, along with various emounts of mothanol to aontrol the particle size. With-
out methenol, the syntem produced a resin, 18% of which was retained by & 40-mesh
gsocresn. When methanol wea added to the extent of 0.1 part per 100 of monomer,
this amount wus reduced ¢ 3,4%; and when 0,15 part per 100 of monomsy wWas
used, the amount reteined on a 40-mssh screen was reduced to 9,29 {43]). The
nge of mothyleolinlose and 0,07 part of stoaryl slechol, along with a caproyl
poroxide in & system coptalning 1,5 parts of water per pavt of monomer and
allowed to reast at 66°C for 16 br, produced e resin that wag very low in fisheyes.
The same formula used withomt the stearyl aleshol, or with vinyl ploohol or gelatin
6r both {uetesd of the stearyl alcoknl, prodaced epproxirastely elght imes rs maay
fisheyes [44]. Methylhydroxypropylcalivloge and other hydrophilic collofds have
besn reported to produce resing with good dry-blend times and porositien of
0.28 ml par gram. It was algo reported that methyl glucoside dilaurates were
aseful for this spplication [45].

Gelatin used at 2 pH auch as to remove it far from the isesleatric peint and
aoxbined with cold-obarging s said to produce e low—flsheye resin. A gpacific
example would be the uss of an alkal-refined gelatin at & pH of 2.7 to 3.2 mada
sufficiently ecld with phosphovie acid and p system based on cold-chasming [46].

I is obvious from these references thet all sorts of snspending systems have
bean investigated and arc being investizated, Genarally spesking, gelstin and
gome form of methylealiulage ave prohsbly the most uead materiala for this
purpage in the United Stutes, with modifications of polyvinyl aloohel as a alose
Tinner-up. Surfactants are frequently edded when it is desired to produce very
porous partibles; and hydruxyethylcellnlose i preferred when a donse, nomporous
partiocle {5 desired. As has boen shawn, the pH of the system has an effeat, If
one approaches the isoglectrio point, the protective colloid is asgocisted and may
besome less effective as 8 protective collofd, It is not uncommon to bufter the
water phese of the polymerization to a pH that will control the pavticle size in the
range dosired. No doubt, Bs time goas on, other additives will gain popularity
that will control particle alze by some aa yot undisclosed meohaniam,

with a proper susparding system, it is teccssary to tallor the egitation
{0 pm produoa ‘he type of particle desired. Specitic comments for the sgitation mast
bs tied {o the system lpvolved; but it is wall established that high speeds will
fraguently favor agglomeration of fres-formed portisles, and ineufficient sgitation
(prrtioularly in the eerly phass of the reaction) will produne the ssmse general
effect by allowing coalescence of particles. Thus, thers is an optiznam speed.

*Regiatered tradormarks of emulsifiers and wetting agents produced by 1. C.1
Amoriea, Ina,

Ab
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This speed, it hns been alleged, may chaoge as the eonversion chimges; and in
acme sophigticated opevations, an agitation echedule will be tied to the conversion
80 that different rafes of agitation will be nsed at different imes. Tho loading in
the reactor will certainly change the effectivencss of the agitntion; and probably
even mors importunt is the presengs, or absence, of baffles in the reaction vessel,
Pfaudier-type agitetors are nsed frequently and have a tendenoy to put the entire
contente of the reactor in ¢ swirling motion. The preseuce of bafflen bresks up
this vortexlike motion and produces a bettor distribotion of partioles that vary in
density as the conversion progressea. The sgitation is also fmportant in coptroll-
tng o best trancfer from the smell floating partioles to the contintous-water
phase. It 15 tho waler phase thet carries heat to tho well of the reactor, where it in
eventually transforred to the cooling water. Withent proper control of agitation,
kot spots aud heat kicks can devalop when the procesp 18 run with a short cyole,

Cn the ather-haad, if the material 18 heing allowed to renct slowly and a very long
cycle time is tolerated, sgitation will be less important in heat transter.

Controlling heat in the reactor and selecting heating or cooling medes axe
funotions of the jacket axd girculating syste. In effiolent reactors, the olrculat-
ing ayatem is designed to produce & goad heat tranafer butween the metal of the
resotor and the water in the jacket, This requires a high water volocity in the
jackot — generally achlaved by using 8 civculation pump. For polymerieation to
bo started, stearn or hot water is admitted to the inlet of the cireolatlon pump to
raise the temporature of the repctor. So the resctor can be cooled, cold wator
is admitted to the pump, The emomnt of tempering water admitted can be con-
trotled by & valve, and an overflow valye downstranm keeps the amount of water In
the ciroulating system oonstant, ThiB type of conirol can keep the temperature in
the reactor within +1°F. Bacause of to explosive natire of the vinyl chloride
mongmer, most control systems have to be made with explesion-proof compomenta,
It hag been eastest for the producers of equigmant to devise eoutrol aystams based
on expanding bellows, temperature-gensing alements, and pneumatio controllers
and valve positioners, Bat these eontrols tend to drift and it is easential that the
oontroller be standavdized periodisally to maintain the proper tamperature. The
most relisble systems by far axe those based on thermoconples., Urfortunstely,
the apparatuy assooiated with thew 18 asually elegtronio, and certain atates vo—
quire that )t ba kept in a separate pressurized room a0 thet there is no poseibility
of explosive monomer entering this room. Instslling thevmoeconple egoipment
would therefore contribmis to increasing the originel capital investment of the
plant. However, the gains made are morve than uffset by the drift-fres, consistent,
aceurate recording and confrolling of temporaturs that aan be achieved with thia
eystem,. Since the flow of witer thraogh the jacket of the ctor 12 kapt tant
by the circulating pump, racovding the inlet and ontlef tamperatures can be an

- -effective way of calculating tho heat that the reaction has berated; and sinae the

amonnt of heat Wherated is directly rolated to the pounds of mounomer thot have
baen converted (o polymer, the conversion can be readily followed., Raceutly,
Ishoratory cquipment hes beon deagribed that vees an analog comprter in a system
of thie nature to detormine oxtent of reaction and to automatically plot the con-
verafon [47]. This same type of equipmsnt can readily be applied to the thermo- .
couple antists from sensing elements placed sirategleally in the reactor system,

The ggitation demsnds for partiole size control may sometimes be diticrent
from hest transfer requirementa, A Bsiginy patent [48] desoxibes wsing a reflux
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oondenser to remove heat from the vesesl by taking adventage of the latent hesat of
vaporization of tho monomer. Cowdensjng vapors have an excellent heat transfer
cosfficient; taldng advantage of thip can to some depree allow choosing the agitation
specds ceeded for partcle size eontrol.

Aftor the reaction has reached apprasimetely 70% conversion, the pressure in
tho vessel bagins to drop., Thia corresponds to the point at which all of the free
monomer particles have disappeered, and the only periioles romaining ave those
that Trepresent the precipitated phase of polymer with absorbed monomer, At s
puint, industrial practices hegln to diverge. Some preducers will add a short—
stopping agent to terminste polymerization; others will allow reaction for a period
unt) the pressure drops to parhaps 30 or 40 prlg, AL this point, the veaction is
congidered completed. Some manufacturers add entioxidants to protect the resin
during its gubsequent processing, while ofhors [49] find it desirable to have such
protgotion during tho entive processing. At any rate, the pext step 18 lo remove
the unveagted monomer. ¥ the produst io to be used as a dry-blend repin (that is,
a resin with large amomtis of poresity), the porosity can be ashieved by rapidly
removing the occluded mongmer in the particles. Thie canaes en expmmsion of the
partiole and makes it puffy: Ono methed of achieving this ie to xapldly transfer the
cantents of the reactor Into gn evacnsted stripping vessel, Ase the fluds are forced
into the stripping veseel, thers 1s a rapid aml sudden expaneion. It has been
pointed ont that surfactants are saumetimes usefal in achieving this type of porous
partiale, bat the combination of surfactants and a sudden vent produces a stll more
porcus particle.

For thoge particles whore porosity 1s not tmportamt, the stripping can be ac-
complishad moze slowly, and even in the same vesgel, The decisionto use a
separate stripping vessel vs stripping fn the reactor depeuds on the type of plant
that has been designed and whether or not such bottlenecks can bo tolerated. The
ronomér is Yemoved using a schednle of inoveasing vacuum and temperature. In
order t6 reduce the residual monomer to valnes accaptable to OSHA, high tem-
peratures (up to 190°F) and kigh vacmum (frequently greater than 27 in. of vecunm)
axe roguired. Tho time s generally s long as possible without degrading the
regsin. Stringent residual monsmer ragquirements may compromise the quality of
the resin somewhat, particnlarly with respect to heat stebility. After stripping the
material 16 transfarred to one of geveral holding tanks which aexve ag a supply
source for a continuons centeifuge. During the cenirifuging operation, most of the
water 18 removed ond a damp, solid, white powdery material, contsining ssme-
thing of the oxdar of 25% wator, is passed io the drier, Inthe caio of blotter veatns
(that is, resins with large porosity), the water conteut will be somewhat bigher.

- ‘This peses an added strafo on the drying factlitles.

The driers normally veed ate rotary driers very much like a sugar grammlator.
Tha resin s admitied o this drier slong with heatair, the eir and yesin cousurrently
passing through the drier, which ia usually installed at an incline varying from 10
to 25 degyees depanding on the rate at which it 18 deemed nacessary for the resin
to pase. through the driar. Usunlly, these driors have flugerlike projestions that
tend to hold the rewin apd drop it through the gas apace. The filtared air admitked
with the resin ia asually heated to 160~210°F, As the wooin dries, or 28 the
water I8 takien up by the alr, thﬂmhmpentmisreﬂncedanﬂtheedtakmy
ba a8 lmw a8 140160°F. The resin is readily dried becavee homopolymers of
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viuyl chloride tend to be bydrophobie., Water is eliminated rathor rapldly, aod
the dried product may have volattles on the order of less fhan 1% (usually sbout
0.3-0.4%).

Aftor dryiog, it is customaxy to paes the material to 2 acreer to remove the
lexge particles. These particles are sometimes agglomerates fhot have foxrmed
duriog the drying, or crusted material that hee become dislodged from the drier
wall or othor parts of the equipment, Current practice fn the United States is to
use & 20- {o 60-megh screon for this so~called sealping operation. Some producers
tend toward fine perticles; othere favor the larger particles,

From the scregning opsration, the rosin may go to & baggiug exdt and be pack-
aged in 60-1b fiber bags; but sinee vinyl resing are baing used in soch large
quantities, a growing tendency for bulk shipmenés has developed aud the resin,
after screening, is generally blown into & eilp; from which it ¢an be Temoved for
shipping a5 a bulk shipment in a truck or a raflroad powder cax. I hes reached
tho point where it {s diffisult to pass & freight yaxd without seeing at least one af
these cuxs on the eiding somewhere,

It has been pointed ont previcnsly that the moleculer weight, which is usnally
measured a5 a reletive viscosity, depends on tho temperaturs of the reaction,
To achisve low molecular weighta, lilgh temperataras must be used, The temp-
erature during processing and the me egposed to this temperatare contribate to
the heat history of the polymer, Exposare to a high temperature or esposura for
a long period detracts frowm the resin's beat stability, It has therefore become
common practice in producing low-molecular-woight materinls to use a chain
transfer agent that is more powerfal than the monomer. As indicsted previously,
this will redace the molecular weight of the resin. Therafors, ons can process
at a temperature considerably lowsr then what would be required to preduce 8
low~viscosity or low-molecular-weight polymer. Chlorinated compomds are
frequently used as a transfor agent — carbon tetrachioride and trichlorosthylene
are the most common, The latter 18 used frequently becanse slighily larger
amounts ¢an be tolerated and weighing thus becomes an easler operation, Recently,
eugensl was proposed for this pmwpese [60]. Small concentrations of this material
of less than ane-half part psr 100 of monomer can veduce the molecular weight by
approximately one-~third. '

The attributes of the resin that munst generally bs controlled by these processss
in sddition to the moleculny weight ave bulk density, particle size snd partiele
glze distribution, porosity, fisheyes, heat stability, color, clarity, viscnsi.ty.
contemination, and ability of the powder to flow freely.

.1t was previously pointed out that bulk density depends on tho water-to-maramer
ratio, as wall as on particle size and partiole size distefbution. Fluffy, porous
partinles will genamily prodncs products that aye leas denss. In fact, if ane is
meldng a vory flufty, porans powder (such as “blotter” resin), one must have
omygh water in the reactor 8o thet there will e water left aftor the particles
take in the lerge quantity of watnr they are capeble of holding,

In othor chapters, methods of characterizing the particle size by screen

analysis ave desoribed, A plot of the comolative particle size an normel probabil-

ity paper will disclose whether the distribation is bimodel. R this undesirable
sftuation exists, 1t may be traced to sudden changes in agitstion or to conditiona
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that caused the initiation of e sccond family of pariioles. The presence of gub-
stantis! quantities of fines (msterial passing a 200~mesh asercen) ean cause dif-
fienlties in the air~gonveying systems and those fines may also tomd to ecgregate
in the storage gilas or in the powder esra or trucka,

Mathods of detormining pore volumes by porosimsters, plastioizar shaoxption,
and so on are aleo described; for plant control, however, a guick snd useful value
1s the compacted bulk density. This can readily ba obtained by measuring the
volume of a known waight of resin efter it has been compacted to minimma valae
with & vibrator, The amount of plasticizer that the resin ean absorb can be oalen-
[ated fram thig valge more reproducibly than it can be measured, This teat aan
also be ngeful in detecting troubles dus to static electric charges on the particles,
A low bulk density can be increaged if g small axmount of graphite or ammopiiym
bydroxide is added to the resin when static charges axe the cause. Acewnulations
of statio charges in the plant air-conveying System cap cause dengerous electrionl
oparks and shonks,

We have freguently referred to fisheyes, which sve smsll particles that do not
readily fuge, thus remaining a5 discrete, gel-like particles — even after the vesin
is processed by extrusion, celendsying, and so on, Although fisheyes may occor
during any of fhe polymorization steps, oleanliness is important in thelr control,
because polymar partlcles adhering to the wall aet se naclet for fisheyas, High-
préssure hydraulie boses operating in the 1000 to 20D) ps} range bave bason fonnd
helpful in removing such particles, but it 18 often neceasary to enter the vessel
to olean it mechanically.

Some initiators have a tendency to produce mors fisheyes then othora. The
cholce of the suspending systom also is important in aontrolling this quality of
the resin,

The control of the resin molacular weight, as measured by ralative viecasity
or other diiute solution viscopity, 18 of prime impertance iu determining end ase
of the resin. The melt vigcosity of the resin, alons or with plasticizer, is directly
rolated to mealecular weight, which is controlied by proper seleotion of polymeriza-
tion temporature and fhe lovel of chain transfer sgent, '

Heat stability tesis are desoribed elsewhore; they evaluate one of the most im-~
portent resin properties. Poor heat atability can result from overheating the
resin, teat Kicks, or too high a drier tamperature.

The color and the olarity of the fused xesin are aleo important qualities, Poor
clarity ean resnlt from choosing a suspending agent that is not saluble n the molten
resin and shows up 86 s haze. Poor color, like poor heat stahility, may refiect
tha initiator used or the addition of inhibiters er antioxidants,

Iastly, foreign cantemination should be kept st & mintmum. This contaming-
tion can come from fny paxt of the process. It might be flecks of scale from the
reactor, charred parileles from the dvier, or dust and grit picked up by the air~
conveying system; in eny case, all foreign mattar should be kept to a very mini-
mum. A simplo method of determining the amount of contamination is to csnse

8 givan quantity of the resin to flow es 2 thin leyer from a vibrator and abgerve

the nomber of off-color partieles for a apecific weight of resin. Normally, good
processing techutques and good honsekeeping can kesp contemination within
aceepisble bomids,
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657 ABSTRACY

A vinyl chloride polymer is prepared through suspension
polymerization of a vinyl chloride monomer in the presence
of a polymerization initiator in a reactor. The reactar is
charged with up to ¥ of the ovexall monomer charge to
initiate polymerization. Polymesization is carried out under
@ certain saturated vapor pressure of P1 kgf/em? at a preset
polymerization When the Interoal pressure of
the reactor declines to P2 kgf/am?, the remainder of the
overall monomer charge is contiruously fed to the reactor so
23 to maintain the inteynal pressure within the range of
(P1--AP) wherein AP=P1-F2 ranges from 0.1 to 2.0 kef/cm?.
A vinyl chloride polymer having a high degree of polymer-
ization is efficiently produced while alleviating the 1oad of
heat removal,

4 Chaims, No Drawings

Apr. 14, 1998
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1

PROCESS FOR PREPARING VINYL
CHLORIDE POLYMER UNDER SPECIFIED
VAPOR PRESSURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a process for preparing a vinyl
chloride polymer by suspension polymerization and more
particularly. to a process for preparing a vinyl chloride
polymer in high yields while reducing the load of heat
removal,

2, Prior Art

Suspension polymerization of vinyl chloride monomess is
generally effected batchwise. A polymerizing reactor or
polymerizer equipped with a jacket for passing a cooling
medium is charged with water, a suspending agent, a poly-
merization initiator, a vinyl chloride mogomer. and other
additives. With stirring, the mixture charged in the reactor is
heated to a preset polymerization temperatare by passing
heating water through the jacket around the reactor. Since
the polymerization reaction of vinyl chloride monomers is
exothermic. polymerization then proceeds while the reaction
heat is removed by passing cooling water through the jacket
such that the mixture charged in the reactor may be main-
tained at the preset temperature. At a point of time when free
vinyl chioride monomex is disappearing from the charged
mixtuye as the yield increases, the viny] chlaride snonomer
in gas phase starts decreasing and the internal pressure of the
reactor starts declining, Polymerization reaction is termi-
nated when a predetermined intexnal pressure is reached.

Generally speaking. in the polymerization of vinyl chlo-
ride monomers. the degree of polymerization of a polymer
is governed by a preset polymerization temperature, Thus
the preset polymerization temperature is automatically
determined in accordance with a target degree of polymer-
ization. If the preset polymerization temperature is low. the
resulting polymer would have a higher degree of polymer-
ization. For example. the degree of polymerization is about
800 at a preset polymerization temperature of 63° C. but
reaches about 2.000 at a preset polymerization tenperature
of 43° C.

Accordingly. vinyl chleride polymers having a high
degree of polymerization will be obtained if the polymer-
ization temperature is set low. This in turn requires a longer
polymerization time. The amount of a polymerization ini-
tiator added must be increased in order to shosten the
polymerization time. The increased amount of a polymer-
ization ipitiator, in turn, causes the polymezization reaction
to .generate more heat. To remove the reaction heat, the
temperature of cooling water must be set lower. sometimes
surpassing the capacity of a water cooling machine. It is then
difficult to shorten the polymerization time. The cooling
capacity can be increased to provide for heat removal. Even
in such a case. if the amount of a polymerization initiator is
further increased in order to shavten the polymeyization time,
then the resulting polymer will have a lower degree of
polymerization. Then the polymerization temperature must
be set lower. resulting in a Iower polymerization rate. This
combined with the increased cooling load is disadvanta-
geous. The series of steps are caught in a vicious circle. The
increased amount of polymerization initiator gives rise to the
additional problem that parts molded from the resulting
polymer have a poor color hue.

One known solution to the problem is to add a crosslink-
ing agent to a charge mixture to be polymerized. Although
the resulting polymer has an apparently increased degree of
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polymerization, its mechanical properties such as tensile
elongation and tensile strength are pot as high as those of a
gemuine polymer having an identical degree of polymeriza-
tion,

It is therefare desired to have a process of preparing a
polymer having a high degrec of polymerization without
excessively lowering the preset polymerization temperature
as in the prior art. More specifically, if the current preset
polymetization tsmperature can be increased for the purpose
of producing a polymer having a desired degree of
polymerization, then the rate of polymerization reaction is
increased, permitting the polymerization time to be short-
ened and the amount of polymerization initiator to be
reduced. Additionally, the temperature of cooling water to be
passed through the jacket can be increased so that the load
of & water cooling machine may be reduced. resnlting in a
cost seduction.

Also in connection with the polymerization of vinyl
chloride monomers. a polymerization initiator is selected
from those commonly used at a cemain polymerization
temperature, If a target yield and polymerization time are
given, the neeessary amount of that initiator is antomatically
determined.

In order to prepare vinyl chloride polymers at a high
productivity. it is increasingly demanded to complete the
polymerization process within a short time. Under such
circumstances, it has been a common practice to select a
moxe active polymerization initiator and increase the amount
thereof. As the amount of initiator used is increased. the
resulting polymer has a more amount of undecomposed
initiator carried thereon, which is detrimental to the color
hue of parts molded from the polymer. The increased
amouant of initiator, in turn. causes the polymerization reac-
tion to gemerate more heat per unit time. To remove the
reaction heat, the temperature of cooling water passed
through the jacket around the reactor must be lower. some-
times surpassing ¢he capacity of a water cooling machine,
Increasing the capacity of a coaling machine leads to an
increased cost. In addition, the increased amount of initiator
results in a polymer having a lower degree of polymeriza-
tion. To increase a degree of polymerization, the polymer-
ization temperature must be set lower, resulting in a lower
polymerization rate. This combined with the increased cool-
ing toad is caught in a viclous circle.

For solving the problem. it is cffective to make uniform
the pattern of removal of polymerization heat. that is. to
establish a uniform polymerization rate, In Japanese Patent
Application Kokai (JP-A) Nos. 14670/1971. 149407/1981.
and 105705/1993. for example. it was proposed to combine
two or more initiators having different activities. This
approach is successful in reducing the amount of initiator
required to complete polymerization within an identical time
because the reaction rate pattern is converted from a right-
ward rising triangle to a rectangle to incressc an average
reaction rate throughout the process. Since this reduction of
the amount of initiator required Is insufficient. there is a need
far a further reduction.

Therefore. a primary object of the invention is to provide
a process for preparing a vinyl chloride polymer having a
high degree of polymerization at a high productivity while
reducing the load of heat removal,

Ancther object of the invention is to provide a process for
prcparing a vinyl chloride polymer having a high degree of
polymerization and improved eolorability upon molding at a
high productivity while significantly reducing the necessary
amount of initiator and the load of heat removal.
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SUMMARY OF THE INVENTION

In conjunction with ordinary batchwise polymerization of
a vinyl chloride monomes. there occurs a well-known phe-
nomenon that at a poiat of time when free viayl chloride
monomer is disappearing from the charge mixture as the
yield increases and the rate of polymrrization reaction
gradually increases. the vinyl chloride monomer in gas
phase starts deceasing and the internal presswre of the
reactoy starts declining. and the rate of polymerization
reaction reaches maximum at this point of pressure decline
of some time later and dhereafter experiences a sudden drop.
‘When the rate of polymerization reaction reachres maximum
wnwlymximnmatmemofdecuneoflhem

internal pressure or some time later, the vinyl chloride
monomer is added in an additional amonut corresponding to
the consumption of the vinyl chloride monomer at that rate
of polymerization reaction so that the internal pressure of the
reactor is maintained substantially at or in proximity to a
level erough to cnsure the maximum mte of polymetization
reaction, Then polymerization reaction proceeds in such a
state that this nearly maximum rate of polymerization reac-
tion may be maintained for a relatively long period of time,
This is very advantageous for increased productivity. Also.
surprisingly. if the amount of the vinyl chloride monomer
added in this state Is increased to increase the ratio of the
additiopal monomer to the initially charged monomer to
such an extent that the additional monomer is at least one
fifth of the overall monomer charge, then a vinyl chloride
polymer having a high degree of polymerization can be
prodaced.

Therefore. the present invention provides a process for
peeparing a vinyl chloride polymer by suspension polymer-
ization of a vinyl chloride monamer ip a reactor wherein at
the instant when the internal pressure of the reactor starts
declining in a Iater stage of polymerization feaction approxi-
mately on agrival at maximum of the rate of polymexization
reaction or some time later, an additional amount of the visyl
chloride monomer is added whereby a nearly maximurn rate
of polymerization reaction is maintained for a relatively long
period of time, thereby oMaining a polymer having a higher
degree of polymerization. More specifically. the reactor is
first charged with up to %5 of the overall monomer charge,
and the remaining at least ¥ of the ovezell monomer charge
is fed to the reactor after the interpal pressure of the reactor
has started declining.

We have also found that better results are obtained by
charging the reactor with up to %3 of the overall monomer
charge and camrying out polymerization under a certain
saturated vapor pressure of P1 kgf/em?® at a preset polymer-
ization temperature, Whentheim:malpresmofﬂlemc
tor declines to P2 kgf/em?, the remainder of the overall
monomer charge is continuously fed to the reactor 50 as to
maimmnﬂtelnmalpresmmminmemgeof(l’l-m
wherein AP=P1-F2 ranges from Q.1 to 2.0 kgffom®, prefer-
ably 0.1 to 1.0 kgf/am®,

We have further found that better results are obtained
when a polymerization initiator having a temperarure of 30°
to 65° C. at which its half life in a 0.1 mol/l benzene solution
is 10 hours is used in an amount of 0.01 to 0.3% by weight
based on the weight of the overall monomer charge. The
polymerization initiator used herein is preferably a 1.1.2.2-
tetmnﬂhylpmpylperoxy ester of the following general for-
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wherein RY, R? and R? are independently selected from
narmal alkyl groups having 1 to 9 carbon atoms. When
suspension polymc:lmﬁonof a vinyl chloride monomer is
carried out in the presence of a 1,1.2.2-
tetramethylpropylperoxy ester of formula (1) as lhe poly-
merization initiator, the vinyl chloride monomer in gas
phase starts decreasing and the internal pressure of the
reactoy starts declining at a point of time when free vinyl
chloride monomer is disappearing from the charged mixture.
The rate of 1 reaction rapidly increases from a
point of time abont 10 to 20 minutes before the start of
decline of the Intarnal pressure and a maximwm rate of
polymerization reaction is reached when the internal pres-
sure declines a little (a declioe of about 2 keffem? though it
somewhat varics with polymerization conditions).
Thereafter, the rate of polymerization reaction is signifi-
cantly slowed down. This outstanding gel effect is pot found
with conventional initiators. Based on this discovery. we
camxied out production of a vinyl chloride polymer.

‘When the ratc of polymerization reaction reaches maxi-
mum or nearly maximum doe to the cutstanding gel effect.
the vinyl chloride monomer is added in an addjtional amount
carresponding to the consumption of the vinyl chloride
monomer at that rate of polymerization reaction so that the
internal pressure of the reactor is maintained substantially at
or {n proximity to a lgvel enough to ensure the maximum
rate of polymerization reaction. Then polymerization reac-
tion proceeds in such a state that this nearly maximum rate
of polymerization reaction may be maintained for a rela-
tively long period of time. This procedure permits the
initistor to be quite cffectively uscd and advantagcously
increases productivity. Also, if the amount of the vinyl
chloride monomer added in the later stage is increased to
increase the ratio of the additional monomer to the initially
charged modomer to such an extent that the additional
monamer is at least one fifth of the overall mopomer charge
as previously mentioned. then a vinyl chloride polymer
haviog a high degree of polymezization can be produced.
Based on these facts, we have found that when it is dasired
to produce a polymer having the same degree of polymer-
ization as prior art oncs. the polymerization temperature can
be set higher, the load of removal of polymerization reaction
heat can be alleviated, and the rat¢ of polymerization reac-
tion cap be increased. ANl these factors lead to a favorahle
cycle in contrast to the prior art. Since the necessary amonnt
of polymerization initiator is significantly reduced, the
amonnt of undecomposed initiator carried on the resulting
polymer is reduced, which ensures that parts molded from
the polymer are improved in eolor hue.

Thus we have found that if a 1.1.2,2-
tetamethylpropylperoxy ester of formula (1) is used in a
reactor for the suspension polymerization of a vinyl chloride
monomer as the polymerization initiator in a significantly
smaller amoynt than conventional initiators, and if an addi-
tional amount of the viny] chloride monomer is added at the
instant when the internal pressure of the reactor starts
declining in a later stage of polymerization reaction approxi-
mately on arrival at maximum of the rate of polymerization
reaction of some time Iater, such that the internal pressure of
the reactor may fall in the effective range. then a ncarly
maximum rate of palymerization reaction can be maintained
for a relatively long period of time, resulting in a polymer
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having a higher degree of polymerization. This is ensured
when the reactor is first charged with up to 4 of the overafl
monomer charge, and the remaining at least ¥s of the ovezall
monomer chaxge is additionally fed in the later stage,

DETAILED DESCRIPTION OF THE
INVENTION

Broadly stated, a process for preparing a vinyl chicride
polymer by suspension polymexization of a vinyl chlocide
monomer in the presence of a polymerization initiator in a
reactor is contemplated herein. According to the feature of
the invention, the reactor s charged with up to 45 of the
overall monomer charge to initiate polymerization. After the
internal pressure of the reactor has started declining, the
remainder of the overall monomer charge is fed to the
freactor to continue polymesization. :

Suspension polymerization of a vity) chloride monomsr
may be carried out in a conventional manner. Usually. a
reactor equipped with a jacket through which a heating of
cooling medium can be passed for heating or cooling the
reactor is charged with water, a suspending agent, a vinyl
chloride monomer, and a polymerization ipitiator. Polymer-
ization is then jnitiated.

The vinyl chloride monomer used herein encompasses
vinyl chleride alone and a mixture of a major proportion,
typically more than 50% by weight, preferably mose than
70% by weight of vinyl chloride and a miner proportion of
another monomer copolymerizable therewith, Examples of
the monomer copolymerizable with vinyl chioride include
alpha-olefins such as ethylene. propylene, 1-butene,
l-pentene, 1-hexene. 1-heptene. 1-octene. l-nonene,
l-decene. 1-undecene, l-dodecene. 1-tridecene, and
1-tetradecens: vinyl esters such as vinyl acetate; vinyl ethers
such as lauryl vinyl ether and isobutyl vinyl ether; maleie
acid and maleic anhydride; and vinylidene chloside, alone or
in admixture of two or more.

The initial amount of the vinyl chloride mopomes
is up to four fifths, preferably up to two thirds of the overall
monomer charge. which is an initlal amount of monomer
added first plus an additional amount of monomer added
later. If the initial charge of the vinyl chloride monomer
loaded exceeds ¥ of the overall monomer charge, then the
additional amount of monomer added later is reduced to less
than ¥ of the overall monamer charge. Then the length of
time when a nearly maximum rate of polymerization can be
maintained is reduced and the degree of polymerization
cannot be fully increased. failing to achieve the objects of
the invention. If the initial charge of the vinyl chloside
monomer is too small. then the absolute quantity of poly-
merization reaction at the point of time when the addjtional
monomer is fed is reduced, which is detrimental to produc-
tivity. For this reason. the initial charge of the vinyl chloride
monomer is preferably at least Yo, espedially at Jeast ¥ of
the overall monomer charge. ’

‘The suspending agent used for suspension polymerization
according to the invention may be selected from those
copventionally used in polymerization of vinyl chloride
monomers, for example, cellulose derivatives such as
methyl cellulose. hydroxycthyl cellulose, hydroxypropyl
cellulose. and hydroxypropylmethyl cellolose, water or oil-
soluble partially saponified polyvinyl alcohol. and water-
soluble polymers such as acxylic acid polymers aod gelatin.
They may be used alone or in admixtuse of two or mare. In
combination with the suspending agent. there can be used
any of monionic emulsifiers such as sorbitan monolaurate.
sorbitan trilaurate. glycerin tristearate, and cthylenc oxide-
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propylenz oxide block copolymers and anionic emulsifiers
such as polyoxyethylene sorbitan monolaurate, polyoxyeth-
ylene glycerin oleate, and sodium lauryl sulfate. The sus-
pending agent is preferably added in an amount of about
002 to 02 part by welght per 100 parts by weight of the
overall viny} chloride monomer charge.

Useful polymerization initiators are those which are effec-
tive in the temperature range of 30° to 70° C. which is an
ordinary polymerization temperature range of vinyl chloride
mogomers. that is, polymerization initiators having a tem-
pevature of 30° to 65° C, at which its half life in a 0.1 molA
benzene solution is 10 hours. These polymerization initia-
tors may be used alone while a mixture of two or more
polymerization initiators having different 10-hour hatf.life
temperabires may be used for the purpose of providing a
constant rate of polymerization reaction until the internal
pressure of the reactor starts declining. Examples of the
polymerization initiator include diacyl organic peroxides
such as isobutyrylperoxide (10-hour half.life temperature
325° C). 35.5-trimethylhexanoyiperoxide (59.5° C.), and
lawroyiperoxide (62.0° C.); peroxyester arganic peroxides
such as comylperoxynecdecanoate (36.5° C.). tert-
butylperoxypivalate (55.0° C.). tert-
butylperoxyneoheptanoate (49.7° C.). tert-
butylperoxyncodecanoate (46.5° C.). and
t-hexylperoxyneodecancate (44.7° C.); peroxydicarbonate
organic peroxides such as diallylperoxydicarbonate
(38.87C). di-sec-butylperoxydicarbonate (45.0° C.). and
di-2-ethyThexylperoxydicarbonate (43.5° C.); and azo com-
pounds such as 2.2-azobisisobutyronitrile (65.0° C.) and
2.2-azobis-2 4-dimethyivaleronityile (51.0° C.).

Preferred polymerization initiators are 1.1.2.2-
tetramethylpropylperoxy esters of the following general
formula:

pE gy @
ca:—(l:—f—o-o-c-c—l'v
CH; CHy R

wherein R', R? and R®, which may be the same or different,
are independently selected from noxmal alkyl groups having
1 t0 9 catbon atams.

Preferred examples of the ester of formula (1) which can
be used herein include 1.1.2.2-
tetramethylpropylperoxyneodecanoate (10-hour half-life
temperatire in 0.1 mol/] benzene sofution: 39.0° C.), 1.1.2,
2-tetramethylpropylperoxypivalate (45.7° C.), and 1.1.2.2-
tetramethylpropylperoxynecheptanoate (40.6° C.).

The polymerization initiator is prefeyably added to the
polymerization system ip an amount of 0.01 to 0.3% by
weight. mare preferably 0.03 to 0.2% by weight of the
overall charge of vinyl chloside monomer. With less than
0.01% of the pofymerization initiator, there is a likelihood
that the system fails to sustain activity enough for polymer-
jzation reaction to proceed. polymerization reaction peaks
before the internal pressure of the reactor starts declining,
polymerization reaction declines thereafter. there is no
chance to add an additiopal amount of the vinyl chloride
monomer in the vicinity of the maximum rate of polymer-
ization reaction, and the polymerization time is prolonged.
With more than 0.3% of the polymerization initiator, the rate
of polymerization seaction would become so high that the
resultant large amnunt of heat of polymerization cannot be
fally removed before the maxitoum rate of polymerization
reaction is reached. inducing runaway reaction.

It is understood that the preferred polymerization initiator
is a 1,1.22-tetramethylpropylperoxyester compound of fox-

Y
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mula (1) as mentioned above. It may be used alone or in
combination with at least onc of other polymerization ini-
tiatars having a 10-hour half-life tcmperature in 0.1 moll
bepzene solution of 30° to 60° C. In the latter case, the
1,12 2-tetramethylpropylperoxyester compound of farmula
(1) is desirably Used in an amount of at lcast ', especially
at least %3 of the total amount of polymerization initiators. If
the amount of 1.122- [proxyester com-
pound of formula (1) used is less than Y of the total amount
of polymerization initiatars, then there would not oocur the
wlsmmﬁnggeleﬁeainhaemtomatmmpoundmmem
of polymerization reaction experfences a rapid Ieap nearly
when the interpal pressure of the reactor starts declining.
‘This is against the featime of the invention that polymeriza-
tion is continued with a smafler amount of initiator and at a
high rate of polymerization reaction while adding an addi-
tional amount of the vinyl chloride monomer,

_Often the entire amount of the polymerization initiator is
added at the initial stage although a partion of the polymer-
ization initiator may be continuously or intermittently added
during polymerization. Since the point of time when an
additional amount of the vinyl chloride inonomer is added is
eritical in the polymerization process of the invention and it
is desirable to shorten the length of time passed wuntil the
internal pressure of the reactor starts declining, it is recom-
mended to use the polymexization initiator in an amount of
at least 0.04%. especially at least 0.06% by weight of the
initial monomer charge.

The polymerization initintor may be added to the reaction
system in any desired manner, for example. by pomping,

As is conventiopal, any of optiona) palymerization aids
commonly used in the polymerization of vinyl chloride
monomers including a polymerization regulator, chain trans-
fer agent. pH adjusting agent. gelation adjusting agent.
anti-static agent. crosslinking ageot, filler, and pofymer scale
inhibitor may be added if necessary.

After the reactor is charged with the reactants, the charge
mixture in the reactor is heated by passing a heating medinm
(typically hot water) through the jacket. thereby initiating
polymerization. Oace the charge mixhme reaches the preset
polymerization temperature. heat of polymerization is
removed by passing a cooling medium through the jacket.
thereby maintaining the preset polymerization c:mpmmme
The preset polymerization temperatire may be propexly
sclected although a temperature in the range of 30° to 70° C..
especially 35° to 65° C. is preferred from the standpoints of
a rate of rcaction and a degree of polymerization,

While polymexization proceeds in this way, the yield
increases and the rate of reaction gradually increases. At a
point of time when free vinyl chloride monomer is disap-
pearing from the charge mixtare. the vinyl chlatide mono-
ey in gas phase starts decreasing and the internal pressure
of the reactor starts rapidly dropping. The rate of
ization reaction rapidly rises from about 10 to 20 minutes
before the internal pressure of the reactor starts rapidly
dropping. andpcaksatapointofﬁmewhenthcimmal
pressure declines a Litfle (a decline of about 2 kgffem®
though it somewhat varies with polymerization conditions),

Where the 1.1.2.2-tetramethylpropylperoxyester com-
pound of formula (1) is used as a polymerization initiator, its
unique gel cffect drives a rapid rise of the rate of polymer-
ization meaction so that the peak mate of polymeyization
reaction reaches 1.5 times. sometimes 2 ar more times the
rate before the rise.

At the point of time when the internal pressure of the
reactor has declined a litle at or in the vicinity of the peak
rate of polymerization reaction. the remainder of the overall
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monomer charge which has not been fed initially, more
specifically at least Y. especially at least ‘4 of the overall
monomer charge is comtinuously added to the reaction
system to continue polymerization.

It is now assumed that the reaction system has a certain
saturated vapor pressure P1 kgf/em?® at the initial preset
polymerization temperature, that is. the reactor has a certain
interoal pressure Pl kegffcm® before the intemal pressure
smtsdmhning.mdlhmthemmbasanimamlpressme
P2 kgf/cm?® after the internal pressure has started declining,
and AP=PI-P2 Sﬂmllycfanaddmmalamoumofme
monomer to the reactor is preferably started and continued
soastomlnminthenﬂunalmmwithnmemgeof
(P1-AP) whereln 0.1 kgf/om®EAPS2.0 kgf/em?, preferably
0.1 keflem*SAPS1.0 kgffem®. By maintaining AP within
this range. the rate of polymerization reaction can be main-
tained maximem or oearly maximum thereafter. If AP is
outside the range. the rate of polymerization reaction would
be lower during supply of the additional vinyl chloride
monomer and as a result, the polymerization time would be
prolonged, failing to obtain a pelymer having a high degree
of polymexization. Therefore, by maintainiag AP within this
range, a vinyl chloride polymer having a high degree of
polyinedzation can be produced at high productivity and
with the reduced load of heat removal from the reaction
system, In order to precisely adjust a degres of polymeriza-
tion and a polymerization time, it is further preferable that
a constant value of AP within the above-defined range be
maintained. By maintaining AP constant, the relationship
that the rate of monomer feed is equal to the rate of polymer
formation can be maintained.

The vinyl chloride monomer may be supplied to the
reactor by various techniques. for example, by pumping or
by heating a container of the monomer to create a pressure
difference enough to forcibly admit the monomer to the
reactor, Any desired technique may be used insofar as it Is
capable of precise stable supply of the monomer.

After the remainder of the overall monomer charge is
completely fed to the reactor. polymerization is terminated
in aceardance with a conventional polymerization tech-
nique.

The process of the invention can produce a vinyl chloride
polymer having a high degree of polymerization at a high
productivity while redncing the load of heat removal. Where
a 1.122-tetramethylpropylperoxyester compound of for-
mula (1) is used as the polymerization initiator. a vinyl
chlaride polymer having a high degree of polymerization
and improved colorability apon molding can be produced at
a high productivity while reducing the necessary amouns of
initiator and the load of heat removal

EXAMFLE

Examples of the present ipvention is described below by
way of illustration and not by way of limitation,

Exarnple 1

The reactor used for suspension polymerization of vinyl
chloride monomer (VCM) was a stainless steel reactor
having an interior volume of 100 liters equipped with a
jacket, baffle, and stirrer.

The reactor was charged with 60 kg of deionized water at
22° C.Then 2 kg of an aqpeous solution containing 18 grams
(0.06% by weight based on the overall vinyl chloride
monomer charge) of water-soluble partially saponified poly-
viny] aleshol and 12 grams (0.04% by weight based on the
overall vinyl chloride monomer charge) of watex-soluble
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cellulose ether and 100 grams of a mixture of water and
methago] (in a weight ratio of 1:1) containing 12 grams
0.04% by weight based on the overall vinyl chloride
monomer charge) of oil-soluble partially saponified polyvi-
nyl alcohol as suspending agents were admitted into the
resctor and stirred. By passing warm water through the
Jjacket. the reactor contents were heated to 30° C, The reactor
interior was evacuated to a vacuum of 120 mmHg. With
stiming, the reactor was charged with 14.0 kg of vinyl
chloride monomer (VCM) at room temperatare (19° C.) to
form a mixture. The chasge mixture was heated to 30° C. by
warm water through the jacket, Thereafter, with the mixture
being stired. 38.57 grams of an isoparaffin sofution con-
taining 27.0 grams (0.09% by weight based on the overall
vinyl chloride monomer charge) of di-2-
ethylhexylperoxydicarbonate as the polymerization initiator
was pumped into the reactor to initiate polymerization. At
the same time, the charge mixture was heated by warm water
through the jacket to a preset polymerization temperatare of
54° C. within 30 minutes. Thereafter, coolant water was
passed through the jacket to remove heat of polymerization
so that the preset temperature was maintained. The internal
pressure of the reactor remained constant at 7.9 keffem? for
a long while and thereafter. started rapidly declining. When
the internal pressure reached 7.4 kgf/em? (146 minates after
the start of polymerization), the supply of the vinyl chloride
monomer (VCM) into the reactor was restarted. The vinyl
chloride monomer was continuously pumped to maintain the
internal pressure at 7.4 kef/cm?, The flow rate of the vinyl
chloride monomer was measured by a mass flow meter in the
piping. When the flow rate accumulation reached 16.0 kg
(109 minutes after the restart of monomer supply). the
supply of the vinyl chloride moonomer was

Whea the internal pressure of the reactor dropped to 5.5
kgl/em® (26 minutes after the inteuption of monomer
supply). 4.5 grams of bisphenol-A was admitted to stop
polymerization.

After the polymerization reaction was stopped. the unre-
acted monomer was recovered from the reactor and the
resulting polymer shnyy was taken out of the reactor,
dewatered. and dried. The weight of the polymer was
measured to calculate its yield based on the overall vinyl
chlaride monomer charge.

Example 2

A vinyl chloride polymer was prepared by the same
procedure as in Example 1 except that ¢he initial charge of
YCM was 10 kp. the polymerization initiator used was
0.095% by weight based on the overall VCM charge of
di-2-ethylhexylperoxydicarbonate, the preset polymeriza-
tion temperabwe was 54.5° C.. 20 kg of the VCM was
continoously pumped to maintain the internal pressure at 7.5
kef/om®. and polymervization was stopped when the internal
pressure dropped to 5.6 kgffem®,

Example 3

A vinyl chloride polymer was prepared by the same
procedure as in Example 1 except that the initial charge of
VCM was 20 kg, the polymerization initiators used were
0.045% by weight based on the overall VCM charge of
di-2-cthylhexylperoxydicarbonate and (0.05% by weight
based on the overall vinyl chloride monomer charge of
tert-butylperoxyester. the preset polymerization temperature
was 53° C.. 10 kg of the VCM was continuously purcped to
maititain the internal pressure at 7.2 kgf/om?, and polymer-
ization was stopped when the interpal pressure dropped to
5.3 kgf/em?®.
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Comparative Example 1

A vinyl chloride polymer was prepared by the same
procedure as in Example 1 except that the initial charge of
VCM was 30 kg, the polymerization initiator used was
0.12% by weight based on the overall VCM charge of
di-2-cthylhexylperoxydicarbonate, the preset polymeriza-
tion temperature was 50.5° C., no additional VCM was fed
after the intemal pressure of the reactor started declining,
amd polymerization was stopped when the internal pressure
dropped to 4.9 kgfiem?®,

Comparative Example 2

A vinyl chloride polymer was prepared by the same
procedure as ip Example 1 except that the initial charge of
VCM was 26 kg. the pol n initiator used was
0.122% by weight based on the overall VCM charge of
di-2-ethylhexylperoxydicarbonate, the preset polymeriza-
tion temperature was 51° C.. 4 kg of the VCM was con-
tinnously purnped to maintain the internal pressure at 7.0
kgf/cm?, and polymerization was stopped when the internal
pressure dropped to 5.0 kef/cm?,

Comparative Example 3

A vinyl chloride polymer was prepared by the same
procedure as in Comparative Example 1 except that the
polymerization initiator used was 0.092% by weight based
on the overall VCM charge of di-2-
ethylhexylperoxydicarbonate, 0.037% by weight based on
the overall VCM charge of diallyl malcate as a i
agent was added at the same time as the polymerization
ini;iauf. the presct polymerization ::ml'r'amre was 54° C.,
and polymerization was stopped when the internal pressure
dropped to 5.5 kpfiem?®,

The vinyl chloride polymers obtained in Examples 1-3
and Comparative Examples 1-3 were measured for a degree
of polymerization and tensile properties. The results are
shown in Table 1.

Degree of Polymerization
It was measured aconrdiog to JIS K6721.

Tensile Test

Tensile strength and elongation were measured by a
tensile test accarding to JIS C300S. Using the tensile tester,
Strograph manufactured by Toyo Seiki KK.. a No, 2
dambhell-shaped specimen having a distance between gage
marks of 25 mm and a width of 6 mm was tested at a pulling
speed of 200 mm/min. An average of five measurements was
reparted.

The specimen was prepared by blending 100 parts by
welght of the vinyl chloride polymer with 45 parts by weight
of dioctyl 5 parts by weight of tribasic lead
sulfate, 2 parts by weight of dibasic lead phosphite, 10 parts
by weight of calcined clay, and 0.5 part by weight of
high-melting paraffin, followed by rolling and pressing, The
rolling conditions included a 6-inch roll, a milling tempera-
ture of 165° C.. a milling time of 5 minutes. and a gage of
0.8 mm. The pressing conditions included a 50-t press. a
temperatwre of 170° C.. a pressure of 110 keffem?, a
preheating time of 5 minutes. and a pressing time of 3
mintites.

In Examples 1-3 and Comparative Examples 1-3. the
lowest temperature of water passed through the jacket
during polymerization was recorded to determine the load of
heat removal.

6
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TABLE 1

Bt B2 B CE1 cr2 0B
Polymerization temperature (°C.) 540 545 330 0L} 310 $40
Type* EHP EHP EHP EHP EqP EHP
Amount (%) 0.0%0 0093 0045 010 012 0092
Type* - - BND - - -
Amount (%) — - 04050 - — -
Crosslinking sgeut (%) —_ -~ - -_— ~ 0037
Initial charge of VCM (kg) 14 10 20 30 26 30
Additiora) charge of VOM (kg) 16 2 10 0 4 0
VM supply pressure (kgtlem?) 74 75 72 — 10 -—
Start of VCM spply (min.) 146 1n7 156 — 230 —_—
Time of VCM supply (min.) 109 143 90 — 0 -—
Pressrre dropping time (min.) 26 2 as 38 4 35
Total polymerization time (min.) 31 x4 21 283 24 243
Final internal presgure (kgf/ 58 5.6 53 49 30 55
Yield (%) 860 859 86.1 862 86.4 860
Lowest jacket terrperaturs (°C.) 492 L1 ] 434 438 46.1 496
Degree of polymerization 120 1310 1300 1300 1310 1300
‘Tensile test
Tensile strength (kgfimm?) 163 166 161 1.63 1.64 125
Tensile elongation (%) 388 380 » 3715 382 345

SEHP: di-2-ethylhexylperosydicasbonate (10-bour balf-life wemperature in 0.1 mol/) benzene solution: 43.5° C.)

BND: tert-butylperoxyneodecancats (46.5° C.)

1t is evident from Table 1 that as compared with the prior
art, the polymers prepared by the process of the invention
withln an identical polymerization time had a high degree of
polymexization although the amount of initiator used is
reduced. The productivity is increased and the preset poly-
merization temperature can be higher, As a result. the load
for heat removal is alleviated. The results of the tensile test
on the inventive polymers arc superior to those of the
polymer whose degree of polymerization was increased by
the use of a crosslinking agent (Comparative Example 3).

Example 4

The reactor used for suspension polymerization of vinyl
chloride monomer (VCM) was a stainless steel reactor
having an interfor volume of 100 liters equipped with a
jacket, baffle. and stimrer.

The reactor was charged with 60 kg of deionized water at
22° C. Then 2 kg of an anueous solution containing 18 grams
(0.06% by weight based op the overall vinyl chloride
monomer charge) of watexr-soluble partially saponified paly-
vinyl alcohiol and 12 grams (0.04% by weight based on the
overall vinyl chloride monomer charge) of water-soluble
cellulose ether and 100. grams of a mixture of water and
methanol (in a weight ratio of 1:1) containing 12 grams
(0.04% by weight based op the overall vinyl chlaride
monomer charge) of oil-soluble partially saponificd polyvi-
oyl alcohol as suspending agents were admitted into the
reactor and stitred. By passing warm water through the
jacket, the reactor contents were heated to 40° C. Thereactor
interior was cvacuated to a vacium of 120 mmHg. With
stiming. the reactor was charged with 13.0 kg of vinyl
chloride monomer (VCM) at room temperature to form a

mixture, The charge mixtore was heated to 40° C. by warm 60

water through the jacket. Thercafter, 13.7 grams of an
isoparaffin solution containing 9.6 grams (0.032% by weight
based on the overall vinyl chloride monomer charge) of
1.1.2.2-tetramethylpropylperoxyneodecanoate as the poly-

merization initiator was pumped into the reacter to initiate 65

polymerization. At the same time. the charge mixture was
heated by war water through the jacket to a preset poly-
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merization temperature of $4° C. within 30 minutes.
Thereafter. coolant water was passed through the jacket to
remove heat of polymerization so that the presct temperature
was majntained, The internal pressure of the reactor
remained copstant &t 7.9 kef/cm? for a long while and
thereafter, started rapidly declining, When the internal pres-
sure reached 7.4 kgfiem? (121 minutes after the start of
polymerization), the supply of the vinyl chloride moromer
(VCM) into the reactor was restarted. The vinyl ¢hloride
monomer was contimuously purmped to maintain the internal
pressure at 7.4 kgfiem?. The fiow rate of VCM was mes-
sured by a mass flow meter (model DOOG6S-HY-200 by
Chiba Oval KK.) in the piping. When the flow rate accu-
roulation reached 17.0 kg (110 minutes after the restart of
monomer supply). the supply of VCM was interrupted.
When the internal pressure of the reactor dropped to 5.5
kgf/om?® (36 minutes after the interuption of monomer
supply). 4.5 grams of bisphenol-A was admitted to stop
pol jzation,

After the polymerization reaction was stopped. the unre-
acted monomer was recovered from the reactor and the
resulting polymer slumry was taken out of the reactor,
dewatered, and dried. The weight of the polymer was
measured to calculate its yield based on the overall vinyl
chloride monomer charge.

Example 5

A vinyl chloride polymer was prepared by the same
procedure as in Example 4 except that the initial charge of
VCM was 10 kg. the polymerization initistor used was
0.037% by weight based on the overall VCM charge of
1.L.2.2-tetramethylpropylperoxypivalate, the preset poly-
merization temperature was 60° C.. 20 kg of the VCM was
contingously pumped to maintain the internal pressure at 8.2
kgf/em®, and polymaization was stopped when the internal
pressure dropped to 6.5 kgf/em®.

Comparative Example 4

A viny) chloride polymer was prepared by the same
procedure as in Example 4 except that the initial charge of

3oM
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VCM was 30 kg. the polymerization initiator used was
0.027% by weight based on the overall VCM charge of
tent-butylperoxyncodecanoate (equimolar to the 1.1.22-
tetramethylpropylperoxyneodecanoate in Example 4), no
additional VCM was
the reactor started declining, and polymerization was
stopped when the internal pressure dsopped to 6.7 kgt/em?.

Comparative Example §

A vinyl chloride polymer was prepared by the same
mocedure as in Comparative
polymerization initiator used was 0.039% by weight based
ob the overall VCM charge of di-2-
ethylhexylperoxydicarbonate (equimolar to the 1,12.2.
teramethylpropylperoxyneodecancate in Example 4), and
polymerization was stopped when the internal pressure

dropped to 6.0 kef/em?. 15

Comparative Example 6
A vinyl chlotide polymer was prepared by the same
procedure as in Comparative Example 4 except that the

polymerization initiator used was 0.032% by weight based n

on the overall VCM charge of 1.1.2.2-
tetramethylpropylperoxynsodecaneate, and polymerization

. was stopped when the internal pressure dropped to 5.5

Comparative Example 7 2

kgf/cm®,

A vinyl chloride polymer was prepared by the same
procedure as in Comparative Example 4 except that the

supplicd after the inteynal pressure of 5

Example 4 cxcept that the 5o

14
Degree of Polymerization

It was measured according to JIS K6721,

Initial Coloring Test

With 100 parts by weight of a vinyl chloside polymer
were blended 1 part by weight of tin laurate, (0.5 part by
weight of a cadminm stabilizer, and S0 parts by weight of
dioctyl phthalate. The blend was milled in a twin roll mill at
160° C. for 5 mimtes and formed into a sheet of 0.8 rom
thick. The sheet was cut into sections which were stacked
one on top of the other. The stack was placed in a mold of
4x4x1.5 cm where it was heat compression molded at 160°
C. and 65-70 kgf/cm® to form a sample. By analyzing the
sample using a photoclectric calorimetes (manufactured by
Nihon Denshokn Kogyo K.K), a lightness index L and
values of a and b in Hunter’s color difference equation were
determined as prescribed in JIS Z8730 (1980).

The samples werc rated in four classes of excellent (Exc.),
good, fair, and poor.

TABLE 2

E4 CEA CES CE6 CE? BS
Polymerization temperatire (°C.) 540 390 330 540 540 0.0
Initiator
Type* TMND BND EHP TMND BND TMPV
Amoumit (%) 0032 [1 X7 0.039 0032 0058 0037
Type* — — - — CND —
Amount (%) — —_ — -_ 0.030 —
Initial charge of VCM (ig) 13 0 3D k1] 30 10
Additiona] chargs of VCM (kg) 17 0 0 0 0 20
VCM supply prexeate (kgtiem®) 74 — -— -_ - 4.2
Start of VCM supply (min.) 118 — - — -_— 93
Time of VCM supply 120 - —_ — - ns
Pressure dropping time (min ) n ™ 70 3 45 24
Total polymerization time (min.) 25 585 469 20 269 232
Final tmernal pressore (kgfern?) 35 67 6.0 55 53 6.5
Yield (%) 850 811 84.1 860 86.0 86.1
Degres of polymetization 1310 1150 1140 1150 1150 1030
Initia coloring
L n2 N6 637 70.7 701 70.8
o value -13 -1.2 =13 -12 -1.2 ~-1.4
b vale 106 108 133 109 11.8 109
Rating Esc, Exc, Pocr Exe. Good Exe.

*TMND: 1,1,2 2vetramethylpropyiperayneodecanonte (10-hour Lalf.Jife temperature m 0.1 molfl benzene

sohuticm: 39.0° C.)
TMPV:

¢ L1.2.2-tetranwthylpropylperoxypivalate (45.7° C.)
BND: test-butylperoxynendecenoats (46.5° C.)
EHP; &-2-ethylhexylperoxydicnrbomue (43.5° C.)
CND: cumylperoxymeodecanonte (36.6° C.)

polymerization initiators used were 0.058% by weight based
on the ovexall VCM charge of tent-butylperoxyneodecanoate

and 0.03% by weight based on the overall VCM charge of

cumylperoxyneodecanoate. and polymerization was stopped
when the internal pressure dropped to 5.5 kgf/cm®.

The vinyl chlaride polymers obtained in Examples 4-5

and Comparative Examples 4-7 were dectermined for a 68

degree of polymerization and initial coloring. The results are
shown in Table 2.

It is evident from Tahle 2 that as compared with the prior
art, the process of the invention permits a polymer to be
produced within a short time of polymerization reaction with
a significantly small amount of initiator used. The polymer
is improved in colorability upon molding and has a high
degree of polymerization. The load of heat removal is
reduced.

Japanese Patent Application Nos. 19243171995 and
282604/1995 are incorporated herein by reference.
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Although some preferred embodiments have been
descyibed, many modifications and variations may be made
thereto in the light of the above teachings. It is therefore to
be understood that within the scope of the appended claims,
the invention may be practiced otherwise than as specifically
described,

We claim:

1. A process for preparing a vinyl chlaride polymer by
suspension polymerization of a vinyl chloride monomer in
the presence of a polymerization initiator in a reactor.
comprising the steps of:

charging the reactor with %10 to > of the overall monomer

charge.

initiating polymerization. and

feeding the remainder of the overall monomer charge to

the reactor after the internal pressure of the reactor has
started declining, thereby continuing polymerization.

and wherein the polymerization is camled out under a

certain saturated vapor pressure of P1 kgf/em? at a g

preset polymerization temperature,
when the intcrnal of the reactor declines to P2
kgf/cm?, the remainder of the overall monomer charge

15

16
is continuonsly fed to the reactor so as to maintain the
internal pressure within the range of (P1-AF) wherein
AP=P1-P2 ranges from 0.1 to 2.0 kgf/em®.

2, The process of claim 1 wherein a polymerization
initiator having a tempezature of 30° to 65° C. at which its
half life in a 0.1 moV/l benzene solution is 10 hours is used
in an amount of 0.0 to 0.3% by weight based on the weight
of the overall monomer charge.

3, The process of claim 2 wherein the polymerization
initlator is a 1.1.22-tetramethylpropylperoxy ester of the
following general formula:

CHy CH o l't‘ (1))
CB;--Ii.‘——(i.’—O—O—C-—C—?‘
CHy CH B3

wherein R, R? and R? arc independently sclected from
normal alkyl groups having 1 to 9 cartbon atoms.

4. The process of claim 1 wherein Ap=P1-P2 ranges from
0.1 to 1.0 kgf/em®.
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Polymers recovered from an aqueous dispersion before
TREATMENT OF VINYL HALIDE POLYMERS drying will often have up to g%% water present, based

The present invention refates to a process for the
treatment of polymers, and more specifically to a pro-
cess for the removal or partial removal of vinyl halide
monomer from vinyl halide polymers. ‘

Vinyl halide polymers in general contain absorbed
monomer., The monomer is removed during récovery
of the polymer but it is difficult to produce monomer-
free polymer. Moreover, unless special precautions are
taken the monomer removed during recovery can pre-
sent environmental hazards. Recent discoverics have
linked vinmyl chloride monomer with the rare cancer

angio sarcoma of the liver and with other medical prob- 15

lems. It is thus highly desirable to reduce the level of
residual vinyl halide monomer in vinyl halide polymers
to the lowest passible value. : '

U.S. Pat. No. 3,434,220 discloses a process for drying

lymers containing water or a polar diluent by sub-
jecting the polymer to microwave radiation. In this
specification residual material, such as water, in the
polymer is removed by evaporation.

According to the present invention the process for

treating a vinyl halide polymer containing residual vinyl 25

halide monomer comprises subjecting the polymer to
radio frequency dielectric heating in the presence of
added free radical polymerisation initiator.

The vinyl halide polymer may be a vinyl halide poly-

material consisting of vinyl halide and 0 to 30%, by
weight of total monomeric material, of comonomers
copolymerisable with vinyl halide. Examples of copo-
lymerisable monomers are ethylene, propylene, vinyl

acetate, vinyl laurate, vinyl stearate and vinylidene 35

chloride. K

The process of the present invention is particularly
.applicable to vinyl chloride polymer produced from a
monomeric material consisting of vinyl chloride and

from 0 to 20%, by weight of total monomeric material, 40

.of a comonomer copolymerisable with vinyl chloride.
Thus, for example, the process is applicable to vinyl
chloride homopolymers containing residnal vinyl chlor-
ide. '

The vinyl halide polymer to be subjected to radio 45

frequency dielectric heating is normally a vinyl halide
polymer with residual monomer absorbed durin
polymerisation. Typically the quantity of monomer
not exceed 3% (30,000 ppm.%eby weight of polymer,
although larger amounts may be present.
Th:'g:olymer may be subjected to radio frequency
dielectric heating directly after polymerisation or at a
. subsequent stage In its processing. Polymerisation takes
place commonly in bulk, in" aqueous suspension or
microsuspension or in aqueous emulsion. The process
of the present invention is particularly suited for the
treatment of viny! chloride polymer, containing resid-
ual monomer, in the form of beads recovered from
suspension polymerisation.

on weight of dry polymer. Any amount of water may be
handled by the process of the present invention how-
ever. For example microsuspensions which are com-
monly spray dried may instead be treated directly by
the process of the present invention to remove both
water and residual monomer.

Exposure to dielectric heating may be carried out in

10 batch or continuous fashion, To avoid overheating it

preferable to carry out the exposure continuously ei-
ther by passing the polymer through the treatment area
in alayer (e.g. of polymer beads supported on a belt) or
to blow polymer particles through the treatment area.

‘The exposure time may be for periods of 0.1 seconds
or less up to 100 minutes, but preferably lies in the
range 1 second to 40 minutes, more particularly 1 to
30, for example 1 second to 10 minutes. Times i ex-
cess of 1 minute, preferably in excess of 2 minutes are

20 often desirable. The exposure time is preferably chosen

in relation to the power applied to the polymer to en-
sure that the polymer being treated reaches a tempera-
ture in the range 70° to 120° C. At higher temperatures
the polymer tends to be degraded. ;
The radio frequency diefectric heating employed in
the process of the present invention is well-known to
those skilled in the art of electric heating. Dielectric
heating is a method of heating poor electrical conduc-

mer produced by the polymerisation of monomeric 30 1075 bY subjecting them to an alternating voltage. The

electrical power transferred to the material as heat is a
function of frequency, the potential across the material
and the dielectric properties of the material. In low
frequency dielectric heating the material to be heated
is placed between electrodes across which an alternat-
ing voltage is applied. The voltage applied is controlled
50 as not to exceed the breakdown voltage of the mate-
rial to be heated. The frequencies used for low fre-
quency dielectric heating are typically in the range 1 to
150 MHz, for example 20 to 100 MHz. Although
higher frequencies can be used in dielectric heating
between electrodes the electrodes need to be smaller to
avoid high capacitance between the electrodes leading
to excessive damping of the alternating voltage, and
radiation of stray electromagnetic radiation is in-

Microwave heating is a special case of radio fre-
quency dielectric heating. In microwave heating the
required alternating voltage is provided by the electri-

5o cal component of microwave electromagnetic radiation

to which the material to be treated is subjected within
an enclosure of conducting material, The material to be
treated may be placed inside a resonant cavity in which
a standing microwave field is produced or in a wave

55 guide along which microwave electromagnetic radia-

tion is passed. The design and operation of microwave
overns is well understood by those skilled in the micro-
wave heating art.

Any microwave frequency can be_emﬁloyed. eg. in

The process may, for example, be applied to poly- 60 the range 600 to 50,000 MHz and suitably in the range

mers made by emulsion/suspension process, for exam-
ple, as described in United Kingdom patent specifica-
tion Nos. 1,309,582, 1,341,386 and 1,351,461.

The present invention is capable of treating mono-

900 to 30,000 MHz It should be noted that there are

. legal limitations on the use of microwaves of certain

wavelengths in.many countries throughout the world.
Suitably the process of the present invention is oper-

-mer/polymer mixtures produced by any of these pro- 65 ated with exposure times and applied power so that

cesses. As the present method is capable of removing
.water as well as residual monomer it is not necessary to
dry aqueous dispersion polymers before treatment.

there are less than S0 ppm monomer in thé treated
polymer, preferably less than 25 ppm and most prefer-
ably to less than 0.5 ppm.

3@‘8
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‘It is believed that dielectric heating acts selectively
on polar molecules' and thus for example acts more
strongly on monomers such as vinyl chloride and water
than on polyvinyl chloride. Thus as a heating process it
has the advantage of sclectively heating absorbed
monomer inside polymer particles without the need for
the heat to transfer to the particle as in a normal heat-
Ing process. '

- When polymer is prepared from the monomer-it is
necessary to introduce an initiator to enable the
polymerisation to commence. This initial quantity of
initiator required to start polymerisation is not the
added initiator required by the process of the present
invention. The added initiator is initiator added to poly-
mer and thus is added at a stage at which at least some
polymerisation has already taken place. If the initiator
added during polymerisation, the initiator and or the
time: -between starting the polymerisation and addition
of-the initiator is preferably such that a substantial
amount of the initiator (e.g. greater than 50% by
weight of the amount added remains at the end of
polymerisation. Any initiator added during polymerisa-
tion is preferably added after at least 50% conversion
of monomer to polymer has taken place, more prefer-
ably after 60 to 75% by weight of the monomer has
been converted to polymer. Thus it may be convenient
to add the added initiator at the “pressure drop™. The
pressure drop is the drop in pressure within the reactor
which takes place when the reaction is nearing comple-
tion; i.e. active polymerisation has ceased and in the
case of vinyl chloride polymerisation usually takes
place when about 70% by weight of the vinyl chloride
has -been converted to polymer. The initiator added
during polymerisation is preferably of the same type as
that used to start polymerization. Thus for suspension
and microsuspension polymerization it is preferred that
any added initiator is monomer soluble while for emul-
sion polymerisation it is preferred that any added initia-
tor is water-soluble,

; Alternatively the added initiator may be brought into
contact with the polymer after polymerisation has
ended, e.g. by adding the initiator to the polymerisation
reactor. The polymer may instead be recovered from
the polymerisation reactor before the added initiator is
brought into contact with the polymer.

The added initiator, when added after polymerisation
has ended need not be of the same type as that used in
the polymerisation. Thus a water-soluble initiator may
be added in aqueous solution not only to polymer pre-
pared by emulsion polymerisation, but to polymer pre-
pated by bulk, suspension or microsuspension
polymerisation using monomer-soluble catalysts. Simi-
larly monomer-soluble initiator dissolved in an organic
solvent may be added to polymer prepared by emulsion
polymerisation using water-soluble catalysts as well as
to polymer prepared using monomer-soluble catalysts,
e.g. by suspension, microsuspension or bulk polymeri-
sation,

Where the initiator is added after polymerisation has
ended the quantity added may for example be 0.01% to
1%, preferably 0.02% to 0.2%, based on weight of any
polymer, Preferably the minimum quantity of initiator
presént 4t the beginning of the radio frequency dielec-
tric treatment is 0.1% for suspension polymer and 0.2%
for emulsion polymer based on weight of dry polymer.
" It thay even be advantageous to add additional mo-
nomer-soluble Initiator dissolved in vinyl halide to the
recovered polymer. The amount of vinyl halide em-

20
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ployed to introduce the additional initiator should be
kept as small as possible, ‘ : .

_The added initiator may be a conventional vinyl ha-.

lide polymerisation initiator. Examples of suitable initi-
ators are ammonium persulphate, caprylyl peroxide,
lauroyl peroxide, benzoyl peroxide, dicyclohexyl per-
oxy dicarbonate and azo bis iscbutyronitrile.

A preferred initiator for use in the process of the
present invention is also bis diischutyronitrile
which can be used as an aqueous solution but does not
have a deleterious effect on electrical properties of the
final polymer in the same way as persulphate initiators.

The invention will now be illustrated by reference to
the following Examples. .. .

EXAMPLE 1

A conventional polyviny! chloride suspension homo-
polymer was prepared using lauroyl peroxide as the
initiator and methyl cellulose as the suspending agent.

A 200g sample of the polymer was slurried with
200ml of a 0.2% solution of ammonium persulphate for
10 minutes. The polymer was centrifuged. The mois-
ture content of the centrifuged resin was 18.3% wt/wt
and the monomer content was 1.2% wt/wt. A 100g
sample of this centvifuged polymer was irradiated in a
microwave oven at a frequency of 2450 MHz for 10
minutes. The final moisture content was 2.5% wt/wt
and the monomer content was 14 ppm.

-TEST A )

This is a Comparative Example in which no initiator
vas added. A 100g sample of the polymer used in Ex-
ample 1 had a monomer content of about 1% and mois-
ture content of 16% by weight. The resin was not
treated with initiator. The resin was irradiated in a
microwave oven at a frequency of 2450 MHz for 10
minutes as in Example 1. The final moisture content
was 8% by weight and the monomer content was 80
ppm- . .

EXAMPLE 2 -

A batch low frequency dielectric heating oven oper-
ated at a frequency of 27 MHz and provided with an
A.C. generator with a maximum power of 3 kW was
used in this experiment. A sample of PVC homopoly-
mer resin in the form of beads recovered from suspen-
sion polymerisation was washed with a 0.25% by weight
solution of asmonium persulphate. The water from the
solution was drained off to give a product with a total
solids content of 90% by weight based on the total
weight of sample, (i.c. 10% by weight of water).

The vinyl chloride content of the polymer before the:
redio frequency treatment was 7000 ppm.

A sample of 50g of the wet polymer was placed be-
tween the electrodes in the oven and subjected to radio
frequency dielectric heating for 3 minuites at a power of
about 10 kW. The final vinyl chloride monomer con-

6o tent of the polymer was 531 ppm. and the total solids

és

content of the treated material was about 99% by
weight, :
. EXAMPLE 3
An experiment was carried out a3 in Example 1 ex-
cept that the radio frequency dielectric heating was
continued for 1% minutes. The final vinyl chloride
monomer content was 1480 ppm.
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4. A process according to claim | wherein the poly-
TESTB &u;rc:;mmsuptozo%bywaterbasedonwei t of
This is a Comparative Example not according to the polymer.
hvenﬁfn? ¢ en g to §. A process according to claim 1 wherein the poly-

. . . § mer is subjected to radio frequency dielectric heating
An experiment was carried out as in Example 3 ex- for a time in the range 0.1 second to 100 minutes.

cept that the polymer was washed with water only in- 6. A process accordin i i -
. " ! g to claim 5 wherein the poly
stead of ammonium persulphate solution. The heating  mer is subjected to radio frequency dielectric heating
was for 1% minutes as in Example 3. The final vinyl  for a time in the range 1 second to 40 minutes.

‘chloride monomer content of the polymer was 3400 10 7. A process according to claim 6 wherein the poly-

ppm. mer is subjected to radio frequency dielectric heating
for a time of at least one minute.

EXAMPLE 4 &{Aprogemaecordin.gtoclaimﬁw.herein.the poly-

A 200g sample of wet suspension PVC homopolymer _, TeT is Subjected to radio frequency dielectric heating

shurry was treated with 200ml of a 0.2% wjw solution ™% oy & 0 SN e e o

was then centrifuged. mer is subjected to low frequency diclectric heating
The polymer had a moisture content of 16.1% wt/wt  between electrodes.
and a monomer content of 3,040 ppm. 20 10. A process according to claim 9 wherein the fre-

A 100g sample of the polymer was irradiated at 2,450  quency used is in the range 1 to 150 MHz.
MHz for 10 minutes to give a final moisture contentof 11 A process according to cliim 1 whorein the poly-
1.1% wt/wt and a final vinyl chloride monomer content 27,18 Subjected to microwave radiation. =
. . 12. A process according to claim 11 wherein the
of“l,esthan3ppm.(belowthe[i|m0fdetm). 25 microwave radiation is at a frequency of 600 to 50,000
e claim: : MHz

1. A process for treating viny! halide polymer con- 13. A process according to claim 12 wherein the
taining residual vinyl halide produced by the polymeri-  frequency is in the range 900 to'30,000 W’z_ .
zation of monomeric material consisting of vinyl halide - 14. A process according to claim 1 wherein initiator
and 0 to 30% by weight of total monomeric material of 30 ':o"’m“sht,ol:‘“g:‘tgﬂ with the polymer after
COMAROMERS c.opo.lymel:wable with vinyl hahde which 18. A process acmrd.ing to claim 14 wherein from
comprises subjecting said polymer to radio frequency 019, 19 19 by weight of initiator, based on weight of
dxelectnc hn?ntm_g.n.i the presence of added free radical dry polymer is added to the polymer after polymerisa-
polymerization initiator. 35 tion has ended.

2, A process according to claim 1 wherein the vinyl I&Thepmmpordingmclaimlmwhereinthe
halide polymer is polyvinyl chloride, the vinyl halide it ~ minimum quantity of initiator present at the beginning
contains is vinyl chloride, and the polymer is produced ~ of the radio frequency dielectric heating of suspension
from a monomeric material consisting of vinyl chloride __ Polymer is 0.1% by weight of dry polymer.

: . 40 1. A process according to claim 2 wherein the poly-
and from 0 to 20% by weight of total monomeric mate- : . e !
. ot . mer subjected to radio frequency dielectric heating is
'ﬁ;"f f comonormer W?"“;?"“’_“‘hl“"ﬁ °“!°“:’; vinyl chloride polymer in the form of beads recovered
. A process according to claim 1 wherein from suspension polymerization and containing resid-
amount of residual vinyl halide monomer does not  ual monomer. poym
exceed 3% by weight of the polymer. 45 L
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