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Solicitud do registro de patente do invención 

denominada "Adición do Iniciadores OrqÆnicos Durante 

la Calda de Presión en la Polimerización de Monómeros 

do Cloruro do Vinilo" 

Solicitante: Akzo Nobel N.V. 

Yo Dario CÆrdenas Navas, identificado como aparece al pie de mi firma y 
obrando en ml condiciOn de apoderado de la sociedad Akzo Nobel N.V., 

solicitante de la patente en referenda, a continuaciOn cloy respuesta al Oficlo No. 

7128, mediante el cual se presenta el Concepto TØcnico No. 1658, que fue 

notificado por fijaciOn en lista el 26 de Junio de 2.009. 

1. En cuanto a las obieciones do Novedad 

Con el fin de superar las objeciones presentadas por parte del seæor 

Examinador respecto a la novedad de la presente invención, consignadas 

en el numeral 5.1 del citado Oficio No. 7128, se ha realizado un anÆlisis 

mÆs detallado de la presente solicitud, asi como tambiØn de las 

enseæanzas del documento citado como referenda. Por lo cual, a 

continuaciôn 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. 

I.I. Referencia citada 
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De la simple lectura del concepto tØcnico No. 1658, es posible determinar 

que el seæor Examinador cita (as enseæanzas del documento WO 00117245 
(Dl) para desvirtuar (a novedad de (a presente invención. 

El documento WO 00117245 (Dl) divulga un proceso para la polimerización 

del cloruro de vinhlo en donde por to menos parte del perÆxido se dosifica a 

la mezcla de polimerizaciôn a la temperatura de la reacciôn, caracterizado 

porque esencialmente todo el perôxido organico usado en el proceso de (a 

polimenzación tiene una vida media a partir de 0.05 horas a 1.0 horas a (a 
temperatura de polimerización (ver el resumen y la reivindicaciôn 1). Segün 
la pÆgina 4, lineas 9-20, por lo menos el 10% pIp, y prefenblemente 20-

40% pIp, del peróxido orgÆnico estÆ presente durante (a fase del 

calentamiento de (a reacciôn (es decir, mientras se va elevando (a 

temperatura), y e( resto del perôxido orgÆnico se agrega a partir del tiempo 

en el que (a temperatura de (a reacción estØ en el valor deseado (ver 

pÆgina 3, Ilneas 13-17 de Dl citadas por ese Despacho). 

En este punto, vale (a pena (lamar la atenciôn al hecho de que Si bien es 

cierto que el documento citado por el seæor Examinador se desarrolla en el 

mismo campo industrial de la presente invención, como es el campo de los 

procesos para (a fabncación de resinas de cloruro de vinhlo (PVC). Sin 

embargo, tamblØn resulta evidente que las enseæanzas de este documento 

NO son suficientes para desvirtuar (a novedad del proceso objeto de la 

presente invención, toda vez que el proceso revelado en Dl, presenta 

caracteristicas tØcnicas operativas diferentes a (as del proceso ahora 

reivindicado, que no se hubieran podido derivar de las enseæanzas del 

documento Dl, como me permito exponerlo a continuaciôn. 

1.2. Arumentos que realzan Pa Novedad de (a presente solicitud 

De (a Iectura del concepto tØcnico es claro que el seæor Examinador intenta 

desvirtuar la novedad del proceso de (a presente invenciôn al aflrmar (a 

siguiente: 

7.. .1 
No obstante, en Dl se divulga un proceso para poilmerizar uno o mÆs 

monómeros por medio de uno o mÆs peróxidos orgÆnicos (iniciadores 
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organicos) quo se dositican a ía mezcla do polimerizaciOn a la temperatura 

do reacción. El proceso do acuerdo con este invento Os adecuado para 
polimerizar mezclas de monOmeros quo contengan cloruro do vinhlo 

monómero (VCM) (Pâg!na 2, lineas 5, 6, 40-43). 

1...) 
En Dl tambión se explica quo "Cuando la mezcla de pollmenzación 
alcanza ía temperatura de polimerizaciOn, ci resto del peróxido puede 

dosificarse a la mezcla para con trolar ci ritmo de polimerización" (PØgina 3, 

Imneas 22-23) es decir que se dosifica cuando la presión estÆ cayendo. 

En Dl so divuiga que los iniciadores tienen una vida media do menos de 

1,0 hora, por ejemplo, 0,05 a I hora (PÆgina 9, Reivindicación 1). 

Es importante mencionar quo al encontrarse afectada la novedad de la 

Reivindicación independiente 1, Ia cual encierra el objeto do patentabilidad; 

sus correspondientes reivindicaciones dependiontes, estarlan seæalando 

� caracteristicas particulares do un proceso quo no es novedoso, por 

consiguiente carecen de novedad. 

En conclusion, ci proceso do Ia solicitud no es Nuevo y por tanto no 

cumplirla con e!requisito del atiUlculo 16 do la DecisiOn 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 comuesto do baio Punto de ebullición (punto 

de ebullición: -13.9°C) y es solamente liquido cuando esta a altas 

Spresiones. Por to tanto, cuando estÆ 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 presiôn en 

el reactor es constante e igual a la presión de vapor del cloruro de 

vinilo a esa temperatura. 

En conexión OOfl lo anterior, y teniendo en cuenta 10 que se explica en la 

enciclopedia del PVC, vol. 1, 1976 (P. 77, II. 16-24, y P. 83, II. 5-8), y en los 

documentos US 5.739.222 (columna. 1, ii. 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 reacción de polimerizaciôn, el cual es 
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alcanzado an un punto de la reacción an el cual el cloruro de vinilo no estÆ 

mÆs disponible como monómero liquido libre. El (inico monómero liquido 

remanente se absorbe an el polimero de PVC formado. 

Consecuentemente, la cantidad de cloruro de vinilo an fase gaseosa 

comienza a disminuir y, por 10 tanto, la presiôn an el reactor comienza a 

caer. Esta calda de presión ocurre cuando la reacciôn estÆ muv 

cercana a su terminación,  por lo general, cuando cerca del 70 % on 

peso del monómero de cloruro de vinilo se han convertido an PVC. 

En resumen, mientras haya cloruro de vinilo liquido libre, sigue estando la 
presión del reactor  an un valor constante. Solamente cuando no hay 
monômero liquido libre remanente (lo cual se presenta al final del proceso 
de polimenzación)  la presiOn an el reactor cae. Esta caracteristica as 

inherente a los procesos de la polimenzación de cloruro de vinilo y tambiØn 

as comUnmente conocida por una persona con conocimientos medios an la 
materia. De hecho, durante el proceso completo de polimerizacion, se 
consume el cloruro de vinilo. Sin embargo, debido al equilibrio liquido/gas, 
la presión sigue siendo constante durante un tiempo y solamente comienza 
a caer cuando no hay mÆs de cuatquier monômero liquido fibre disponible 
an la mezcla de reacción. Es decir, evidentemente, al final de la reacciôn. 

Por lo tanto, as claro qua el documento Dl NO enseæa la dosificación del 
iniciador cuando la presión estÆ cayendo. Pues el aparte citado por el seæor 
Examinador tan solo indica la adiciona del resto del iniciador cuando se 
alcanza la temperatura de polimerización,  as decir, cuando se alcanza el 

is 

equilibrio an el reactor (temperatura de polimenzacion estable), pero no se 

puede afirmar qua indica la adiciôn de iniciador cuando la presión del 

reactor cae. Dicha apreciación frente a to realmente conocido an el estado 

del arte y a Jo qua verdaderamente enseæa el documento Dl, as una 

interpretaciôn del texto mencionado, lo cual no as vÆlido para objetar la 

novedad de una invenciôn (ver pÆgina 66, quinto pârrafo del "Manual para 

el Examen de Solicitudes de Patentes de Jnvención  an las Oficinas de 

Propiedad Industrial de los Paises de la Comunidad Andina") 

4, 
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En vista de lo anterior, es claro que las consideraciones hechas por parte 

del seæor Examinador en el concepto tØcnico citado, para objetar la 

novedad del proceso reclamado son equivocadas, toda vez que como 

fÆcilmente se puede notar de una simple lectura de la descripciôn y las 

reivindicaciones del documento Dl, especialmente, de las enseæanzas 

contenidas en los ejemplos presentados, se limita dicha invenciOn a 
enseflar un proceso de pohmerizacion, en el cual (0 realmente esencial es 

gue todos y cada uno de los Rer6xidos -quo puedan ser emIeados 
cumDlan con el reguisito de toner una vida media on el intervalo 

especifico de 0.05 a 1.0 hora, pero no se ocupa on ninauno de sus 

apartes, de la adiciôn de una Darte del iniciador o de un segundo 

iniciador durante la caida de la presión del reactor. 

En conexiôn con lo anterior, me permito (lamar la atenciôn de ese despacho 
al hecho de que solamente en el Ejemplo Comparativo F, el documento WO 
00/17245 (DI) muestra el uso de dos iniciadores y la adición de un primer 

iniciador en la primera parte de la reacción de la polimerizacion y de un 

iniciador adicional cuando se alcanza la temperatura de reacciôn deseada. 

En dicho ejemplo comparativo F, 0.05% p/p de Trigonoxfi EHP fue 

agregado al principio de la reacción y 0.01% pIp de Trigonoxfi 187 fue 

dosificado a la reacciôn 2.5 horas despuØs del comienzo del calentamiento, 
en airededor de I hora. La adición de peróxido  on este ejemplo 

comparativo fue terminada va antes de que la presión del reactor 

comenzara a caer. Por lo tanto, ninguna de las enseæanzas del 

documento WO 00/17245 divulga o revela exactamente el mismo proceso 

de (a presente invención y mucho menos se enseæa ni en forma expilcita ni 

intrInseca (a adición de iniciador durante (a caida de presión. 

En este punto, respetuosamente se llama la atención de ese Despacho al 

hecho de que no es ni habitual, ni mucho menos aceptado en la prÆctica de 

patentes desvirtuar la novedad de una solicitud, a partir de la interpretación 

de una información tØcnica, lo cual requerirla de armar a pedazos la 

invención. Lo realmente aceptado es que se objete (a novedad cuando en 

un mismo documento del estado del arte, se revelen todas y cada una de 

las caracteristicas y condiciones especificas de la invención an  

cuestión, lo cual no ocurre en el presente caso. 

5 
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En vista de lo anterior, es completamente claro que el proceso de Dl, 

presenta diferencias tØcnicas relevantes, con respecto al proceso de la 

presente invenciôn, toda vez, que de acuerdo al alcance dado por la 

reivindicación I, 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 Dl, donde no se adiciona una. parte del 

iniciador 0 un segundo iniciador cuando cae la presiôn del reactor. 

A este respecto, atentamente dirUo la atenciôn de ese Despacho a la 

lectura de algunos pÆrrafos del profesor Breuer, quien es un estudioso de 
mUltiples temas en el Æmbito 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) on la agregación de alguna nueva etapa;... d) on tratar 

materiales en si conocidos on forma tambiØn conocida en si, Pero pue 
no habia sido usada Para el tratamiento de esos materiales.....En 

forma general, puede decirse que el nuevo procedimiento puede 

caracterizarse como invenciôn: a) on la manera de operar; b) por los 

materiales que son operados, y c) por ambas cosas a la vez. En todos 

los casos - y como ocurre respecto de todas las demÆs invenciones - 

la pauta acerca de si existe o no invenciôn nos la darÆ el 

resultado.....El procedimiento quimico puede producir un nuevo 

resultado y ser, por consiguiente, patentable: ...(c) cuando mediante 

una o màs reacciones practicadas on forma conocida, se tratan 

productos que nunca habian sido empleados para obtener el resultado 

perseguido." los del estado de la tØcnica"1 (Resaltado fuera de texto). 

En el presente caso, el modo de operar mediante las etapas del proceso de 

polimerizaciôn de la  presente invención y especialmente mediante la 

adición de una parte del iniciador o de un segundo iniciador durante la 

calda de la presión en el reactor (es decir, hacia el final de la reacciOn) que 

"Breuer, C.M. Tratado de Patentes de Invención. Volumen I. Abeledo-Perrot Editores. Buenos Aires. 
Argentina. 1957. pÆglnas 158 y 161. 
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permiten mejorar la eficiencia y eficacia del proceso, asi como tamblØn se 

Ilegan a obtener productos (resinas de PVC) con caracteristicas mejoradas, 
esto es, el resultado. Por lo tanto, es evidente que el proceso de 
polimerización con adiciôn de iniciadores durante la calda de presión de la 
presente invenciôn tambiØn es novedoso, toda vez que permiten Ilegar a Un 

resultado nuevo y mejorado. 

En conexión con la anterior argumentaciOn presentada, atentamente me 
permito dingir la atención do ese Despacho a lo que se establece con 

respecto a la evaluaciôn de la novedad de una invenciôn, en dos apartes 

del "Manual para el Examen de Solicitudes do Patentes de lnvenciOn en las 

Oficinas de Propiedad Industrial do los Palses do la Comunidad Andina" (en 

adelante Manual de Patentes), el cuat resulta ütil para demostrar en forma 

contundente que la presente invenciôn, se ajusta cabalmente a la 

Normativa Andina en lo referente al requisito de novedad quo deben 

cumplir todas y cada una de las invenciones para poder gozar del privilegio 
de patente solicitado. En el acÆpite 9.4, del citado Manual de Patentes, se 

establece: 

"Para determinar Ia novedad do Ia invención, se debe compro bar si 

existen anticipaciones del estado do la tØcnica gue contenoan 

explicitamente todas las caracteristicas tØcnicas esenciales de Ia 

invención. El examen de novedad so efectUa comparando elemento por 

elemento de la invencion tal como estÆ dofinido POT las roivindicaciones con 

S 
tØ los del ostado do Ia cnica"2 (Resaltado fuera de texto). 

Y en otro acapite del mismo Manual de Patentes, so afirma lo siguiente: "Si 

todas las caracterIsticas tôcnicas do Ia reivindicación independiente se 

encuentran descntas en un mismo antecedente y ademÆs so encuentran 

intimamente relacionadas, el objeto do dicha reivindicación carece do 

novedad. Si una caracteristica. auneue sea banal, no se encuentra 

contenida on el antecedente,, la reivindicación es nueva. ’ (resaltado 

fuera de texto). 

2 COMUNIDAD ANDINA, Secretarla General, Manual pare el Examen de Solicitudes de Patentes de lnvención  on las 
Oficinas de Propiedad Industrial de los Palses de la Comunidad Andina", 2a Ediciôn, Quito, Ecuador. Jun10 de 2004, 
pagina 65. 
Op. Cit. Pagina 66. 
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De acuerdo con las diferencias tØcnicas mencionadas anteriormente y 

teniendo en cuenta las enseæanzas del los apartes citados del Manual de 

Patentes, es claro que en el anÆlisis de novedad reahzado en el presente 

caso, se cita un documento (Dl) en cuyo contenido NO Sc enseæan en 

forma expilcita todas y cada una de las caracteristicas tØcnicas 

esenciales del proceso de polimerización ahora reclamado; en 

particular, ningUn aparte del texto que describe ci proceso del documento 

Dl, enseæa o anticipa la condición especifica de que se deba hacer la 

adiciOn de parte del iniciador o de un segundo iniciador cuando la presión 

del sistema cae, es decir, hacia el final de la reacción. 

En consecuencia, al Ilevar a cabo el examen de novedad frente a las 
enseæanzas del documento Dl, 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 tecnológico de la presente invenciôn, no constituye una 
anticiaciôn relevante de la materia reivindicada, como ya se ha 

demostrado. Por lo tanto, es evidente que las ensenanzas del documento 
citado Dl, NO resultan lo suficientemente relevantes como para 
desvirtuar Ia NOVEDAD de Ia presente invención. 

2. Arumentos adicionales aue demuestran Ia patentabilidad de la 
invención. 

Como un indiclo que resulta relevante para la evaluaciôn de patentabilidad 

Sque se estâ Ilevando a cabo sobre la materia objeto de la solicitud de 
patente Colombiana No. 04-056.932, atentamente me permito liamar la 

atención de ese despacho al hecho de que las correspondientes solicitudes 

de patentes que reclaman exactamente la misma materia objeto de la 

solicitud en cuestiôn y que fueron presentadas ante las oficinas de Marcas 

y Patentes de Europa (EPO), Australia y Taiwan han sido concedidas como 

patentes bajo los nUmeros EP 1456257 BI, AU2002361137 y TW270553, 

de las cuales me permito anexar una copia informal. 

Sobre este particular, me permito Ilamar la atención del seæor Examinador 

al hecho de que la concesión de patente para la misma materia objeto de la 

3 
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solicitud colombiana, por parte de las Oficinas de Europa (EPO), Australia y 

Taiwan, constituye un fuerte indiclo que permite demostrar que el proceso 

de polimerizaciôn de la presente solicitud si cumple con los requisitos 

tØcnicos y legales necesarios para gozar del pnvilegio de patente solicitado, 

y los cuales al igual que en la Normativa vigente en Colombia (Decision 

486) corresponden a los requisitos de novedad, nivel inventivo y aplicaciOn 

industrial requeridos. 

Ahora bien, frente al hecho de la concesiôn de las tres patentes citadas 

anteriormente, podrIan surgir algunos interrogantes, como los siguientes: 

� ,Por quØ tres oficinas diferentes conceden una patente para la 
misma materia objeto de la solicitud Colombiana No. 04-
056.932?, y 

� 6Por quØ la concesión 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 la legislacion 

Andina, para poder establecer si se ciæen a los mismos principios legales y 

tØcnicos para la evaluaciOn de la patentabilidad. En el presente caso, la 

comparacion se realizarÆ con la Iegislacion Europea, la cual guarda una 

estrecha relaciOn con la Normativa Colombiana en 10 referente a los 
is requisitos de patentabilidad, especificamente en la novedad, tal y como se 

mostrarÆ a continuaciOn. 

En conexiOn 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 Convención Europea 
I (Decision 486) 4 de Patentes (EPC)5 

4www.emercatoria.edu.coIPAGINAS/volurnen3/DacumentosOl/DECISION%204$6.doc 
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Ej 

REQUISITOS 
DE 
PATENTABILI-
DAD 

Art 14.- Los Palses 
Miembros 
otorgaran patentes 
para las 
invenciones, sean 
de producto o de 
procedimiento, en 
todos los campos 
de la tecnologia, 
siempre que sean 
nuevas, tengan 
nivel anventivo V 
sean susceptibles 
de aplicación 
industrial. 

Articulo 16.-

Una invenciôn se 
considerarÆ nueva 
cuando no estÆ 
comprendida en el 
estado de la 
tØcnica. 

El estado de la 
tØcnica 
comprenderÆ todo 
lo que haya sido 
accesible al pUblico 
por uris descripción 

ArL52 
Invenciones 
Patentables 
(1) Las patentes 
europeas serÆn 
concedidas para 
cuakiuier invención, 
en todos los cam pos 
de la tecnologIa. con 
la condición de clue 
sean nuevas. 
involucren Un nivel 
inventivo V sean 
suscetibles de 
aplicación industrial. 
(2) Las siguientes en 
particular no serân 
consideradas como 
invenciones dentro del 
significado del 
parÆgrafo 1: 
(a) descubrimientos, 

teorias cientIficas y 
mØtodos matemÆticos; 
(b) creaciones 

estØticas; 
(C) esquemas, reglas 

y mØtodos para 
realizar actos 
mentales, jugar juegos 
o hacer negocios, y 
programas para 
computadores; 
(d) presentaciones de 

información. 
Art. 54 

1) Una invenciôn se 
considerara nueva Si 
esta no forma parte del 
estado de la tØcnica. 

(2) El estado de la 
tØcnica comprenderÆ 
todo Ia que haya sido 
accesible al pUblico 
por una descripciOn 
escrita u oral, 
utilización, 
comercialización o 

5hUp://documents.eio.orpIproiectsJbabyIonheponet.nsfIO!E4F84O9R2A99862EC125736B00374CEC/$File/EPC 13th editi 
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escrita u oral, cualquier otro medio 
utdizaciOn, antes de la fecha de 
comercialización o presentacion de la 
cualquier otro solicitud de patente 
medio antes de la Europea. 
fecha de 
presentación de la 
solicitud de patente 
o, en su caso, de la 
prioridad 
reconocida. 

Al hacer una simple comparación de cada uno de los requisitos exigidos 

por la Iegis!acion Colombiana y la Europea, se puede ver que son los 

mismos requisitos tanto legales como tØcnicos, 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, 

Stengan nivel inventivo y sean susceptibles de aplicaciOn industrial, y 10 

comparamos con el ArtIculo 52 de la ConvenciOn Europea de Patentes 

(EPC), encontramos que son exactamente los mismos requisitos tØcnicos 

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 
idØntica, que la invenciOn sea novedosa frente a lo conocido en el estado 
del arte, especificamente frente a lo revelado en el documento Dl, el cual 
tambiØn 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 matena objeto de la solicitud 

Colombiana en cuestiOn, no es necesarlo 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 tØcnicos y bajo los mismos 

requisitos legales que son aplicados por los expertos Colombianos de ese 

Despacho, han podido encontrar que el proceso de polimenzaciOn 

reclamado en las reivindicaciones I a 5, reUne los suficientes elementos 

tØcnicos que le brindan novedad, altura inventiva y aplicación industrial, 

por Jo que esta invenciOn representa un avance en el estado actual de la 

tØcnica. 
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En vista del resultado de la comparaciôn anterior, resulta fÆcil entender 
porque la concesiôn 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 matena objeto de la 
presente invención, que no deberla 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 (itil 

herramienta en la evaluación de la patentabitidad de una solicitud. En 
particular, esta apreciación no corresponde a una simple aseveración 

hecha por el solicitante, sino que es una consideración que tiene su 
justificaciôn 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 prÆctica reconocida y aceptada por el Articulo 

46 de la Decision 486, el cual en algunos de sus apartes establece Ia 
siguiente: 

’Articulo 46.- La oficina nacional comłetente podrØ reauerir el inforrne do 

oxoortos o do oraanismos cientIficos o tecno!Oicos quo se consideren 

idóneos, para  quo omitan opinion sabre Ia patentabilidad de Ia invenciOn. 

Asimismo, cuando 10 estime conveniente. Dodr6 reauerir informos do otras 

oficinas do DroDiedad industriaL 

..J 
a) copia do Ia solicitud extranjera; 

b) copia do los resultados do exÆmenes do novodad o do patontabilidad 

efectuados respecto a esa solicitud extranjera; 

c) copia de Ia patente u otro tItulo do pmtección quo so hubiese concedido 

con base en esa solicitud extranjera; 

d) copia de cualquier resolución o faio por el cual se hubiese rechazado o 

donegado Ia solicitud extranjera; o, 

e) copia do cualquier reso!uciOn o faio por el cual so hubiese anulado o 

invalidado la patente u otro tItulo do protecciOn concedido con base en la 

solicitud extranjora. 

La oficina nacional competente Dodrâ reconocer los resultados de los 

oxâmenes referidos on el literal b) coma suficientes łara acreditar el 
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cumpllm!ento de las condiciones de patentabilidad de Ia invenciOn. (..j". 
(Subrayado fuera de texto). 

El citado artIculo 46, claramente le da la facultad a los Examinadores 

tØcnicos y legales de las oficinas de patentes de los palses miembros de la 

CAN (de la cual Colombia hace parte) a considerar como elementos 

importantes para determinar la patentabilidad de una invenciôn, las 

opiniones y los resultados de la examinaciOn realizada por parte de los 

funcionanos 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 cuestión, haya sido 

concedida tanto par parte de las Oficinas de Australia, Taiwan y la EPO, no 

obliga a la concesión de dicha patente por parte de otra oficina, 

especificamente, por parte de la Oficina de Nuevas Creaciones de la SIC, 

pero Ia cierto es que desde el gunto de vista tØcnico, dicha concesiOn si 

constituve un fuerte indicio que resulta mÆs ciue razonable de aue la 

materia objeto de la solicitud en cuestiôn. Posee  efectivamente los 

suficiente elementos novedosos e inventivos necesarios Dara aozar 

del privilegio de łatente solicitado, Ia cual puede y debe ser tenido en 

cuenta de acuerdo con la misma legislación Andina (Decision 486), la cual 

coma ya se mencionO permite que se reconozcan los resultados de 

exÆmenes hechos en otros palses y/o los titulos obtenidos en otros palses 

para la concesiôn de una patente, tal y como claramente se aprecia en el 

citado articulo 46 de la Decision 486. 

Por lo tanto, no se estÆ solicitando a ese Despacho que se desconozcan 

los resultados del examen realizado en Colombia, sino simplemente que se 

incluya coma indicio de patentabilidad el hecho de que ya se han 

concedido tItulos de patente para la misma materia objeto en otros palses, 

corroborando toda la argumentaciOn tØcnica y legal que se ha aportado en 

el presente caso para demostrar la patentabilidad del proceso de 

polimerizaciOn de las reivindicaciones I a 5 de la presente solicitud de 

patente. 

3. CONCLUSION 

12 
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Los argumentos expuestos a to largo del presente escrito, ponen de 
manifiesto de una manera clara y contundente, que el objeto de la presente 
invenciôn es el de proveer un proceso de polimerizaciôn de monômero de 
cloruro de vinilo (VCM) con el tiso eficiente de la capacidad de enfriamiento, 
en el cual se Ileva a cabo la dosfficaciOn de una parte del iniciador o de un 
Segundo iniciador cuando la presión del reactor comienza a caer. 

Mientras que el estado del arte representado POT el documento citado WO 
00/17245 (Dl) ni aborda este problema, ni ensena o al menos sugiere la 
misma soluciOn propuesta POT el solicitante. Por to tanto, las 
reivindicaciones I a 5 de la presente solicitud de patente Colombiana 
resultan tanto NOVEDOSAS como INVENTIVAS sobre to revelado en WO 
00/17245, como claramente lo evidencia la concesión de patente para la 
misma materia objeto en otros palses. 

4. Anexos 

� Copia informal de las patentes EP 1456257 BI y AU2002361137. 

� Copia informal de la Enciclopedia del PVC, vol. 1, 1976 (Pag. 77, II. 16-24, 

y Pag. 83, II. 5-8); y de los documentos US 5.739.222 y US 4.015.065. 

5. Por to tanto, me permito solicitar a ese Despacho, se sirva lievar 

nuevamente a cabo el estudlo de patentabilidad de la presente solicitud a la 

luz de los argumentos aqul presentados, para conceder el privilegio de 

patente solicitado para el proceso de polimenzacion de monômeros de 

cloruro de vinilo reivindicado. 

Dario CÆrdenas Navasj%ti 

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 one is vinyl chloride monomer (VCM). 

5 100021 As is known to a person skilled In the art, such a process can be performed in many different ways. 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-

10 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 4,015,065 describes a process wherein a polymerization initiator is added at the pressure drop to the 

15 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] It is an object of the present invention to provide an improved process which overcomes the disadvantages of 

20 the prior art processes. More specifically, it is intended to provide a process 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 due to the depletion of the vinyl chloride monomer, with the proviso that the polymer formed is not 

25 subject to radio frequency dielectric heating in the presence of additional organic initiator. 
(0007] During VCM polymerizations, the pressure initially is proportional to the temperature 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 starts to drop below the pressure 

30 otherwise observed at that temperature. Alter and/or during the pressure drop there still is VCM present in the gas phase, 
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 

35 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 said initiator before that moment, as it may lead 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 

40 yield is improved. 
[0009] By the term "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 tern-

45 perature. 
(0010] The initiators can be any kind of organic peroxide suitable for use In the polymerization process, such as 
peroxydicarbonates and acetyl-cyclohexylsulfonyl-peroxide. Hence, the additional initiator can be the same as ordifferent 
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 half-life of from 0.0001 to 1 hour at the polymerization temperature. Even 
more 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 half-life of from 0.0001 to 0.05 hour at the polymerization temperature. 
[0011] Preferred examples of organic peroxides used in the process of the invention are 1,1 ,3,3-tetramethylbutytperoxy 
methoxy acetate, tert-butylperoxy methoxy acetate, terL-amylperoxy methoxy acetate, tart.-butylperoxy ethoxy acetate, 
diisobutanoyl peroxide (Trigonoxi 187), hexanoyl pivaloyl peroxide, 2-ethyl-butanoyl-isononanoyl peroxide, isobutanoyl-

55 lauroyl peroxide, isobutanoyl-isononanoyl peroxide, bis(tert-butylperoxy)oxalate, cycfododecyl-tert. butylperoxy oxalate, 
2,2-bis-2-ethylhexanoyiperoxy-4-rnethyipentane. 2,2-bis-2-ethylbutanoyiperoxy-4-methylpentane,2,2-bis(2,2-dimethyl-
propanoylperoxy)-4-methylpentane,1-(2-ethyihexanoylperoxy)-1 ,3-dimethylbutyl-1-peroxyplvalate (Trigonoxfi 267) or 
2,4,4-trlmethylpentyl-2-peroxyneodecanoate (Trigonoxfi 423), tert-amyl peroxyneodecanoate (Trigonoxfi 123), tert-
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butyl peroxyneodecanoate (Trigono 23), benzene (m,p)di(2-isopropyl-2-peroxyneodecanoate), 2-methyl-4-hydrox-
ypentane-2-peroxyneodecanoate, cz-cumyl peroxyneodecanoate (Trlgonoxfi 99), and peroxydicarbonates such as di-
sec-butylperoxydicarbonate (Trigonoxfi SBP), di(4-tert-butylcyclohexyl) peroxydicarbonate (Perkadoxfi 16) and dl(2-
ethylhexyl) peroxydicarbonate (Trigonoxfi EHP). 

5 (00121 Other organic peroxides having a half-life ranging from 0.0001 to 1 hour 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 monochlorobenzene, as is well-known in the art (see for instance the brochure "initiators for 
high polymers" with code 10013921001 available from Akzo Nobel). 
[0013] The initiator according to the invention can be a redox initiation system. In such a case the reducing agent, the 

10 oxidizing agent, 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. 
[0014] The amount of initiator (or initiators) to be used in a process according to the invention after the start of the 

15 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% 
w/w, and an upper limit of 0.3% w/w of additional initiator, preferably of 0.2% w/w, most preferably, 0.05% w/w, 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 

20 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 
necessarily required, that such solvents do not adversely affect the thermal stability of the initiator dissolved therein, as 

25 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 itself or of a solution of 
the initiator, preferably in said suitable solvents. Preferably, the dispersion is an aqueous 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% wlw, and 
at most 75% w/w, more preferably at most 60% wlw, even more preferably at most 50% w/w, more preferably still 25% 

30 w/w, 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 small residual amount 

35 of the Initiator will remain In the polymer formed. In order to reduce the residual amount even more, it is 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 case 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. 

40 (0017] During the first part of the polymerization reaction any conventional initiating system can be used. Herein, the 
initiator can be added intermittently 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 relatively slow initiator 
having a half-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. 

45 (0018] Typically, one 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 least 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 

. 50 may also be envisaged that the two PVAs have a different degree of hydrolysis. Although said PVAs are the preferred 
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 more 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 

55 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 from the initiator 

Ict 
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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. 

5 (0020] Preferably, the addition of the initiator, of the optional colloid and the optional surfactant, either during the 
constant pressure time or after and/or during the pressure drop, can be effected at any suitable 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 techniques can be used. If water Is added in the course of the 

10 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 line 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 homogeneous mixing of the initiator, protective colloid, and/or surfactant in the reaction mixture. If the reactor 

15 further comprises a reflux condenser, it is contemplated to add these compounds to the reaction mixture via the reflux 
condenser. 
(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% wlw of VCM, preferably at least 10 %wlw, more preferably at least 20 %wlw, and most preferably 

20 at least 50 %w/w of VCM, based on the weight of all monomer. comonomers that can be used are of the conventional 
type and include vinylidene chloride, vinyl acetate, ethylene, 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 is known in the art, the polymerization temperature of such 
processes to a large extent determines the molecular weight of the resulting resin. 

25 (0022] The polymerization process can be conducted as amass process wherein the reaction mixture is predominantly 
monomer, or as a more preferred suspension process wherein the reaction mixture typically Is a suspension of monomer 
in water, or as an emulsion 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-fouling agent(s), and pH-buffer(s), can be present. Depending on 

30 the type 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. It is preferred that the resulting resin contains less than 50 ppm of residual initiator, more preferably 

35 less than 40 ppm, and most preferably less than 25 ppm of initiator, immediately after drying for 1 hour at 60CC and 
screening, since such resins exhibit excellent heat stability as measured with a Metrastam PSD260 testing oven in 
accordance with ISO 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 

40 and before the resin has dried. 
(0024] Examples to demonstrate the unexpected effect of the addition of fast peroxides during the pressure drop in 
PVC suspension polymerization: 

Experimental 
45 

(0025] In a standard suspension polymerization experiment, a temperature controlled 1-10e stainless steel BUchi 
reactor provided with one baffle, a three-bladed stirrer, a pressure transducer, a VCM feed line, and a nitrogen purge 
line was charged with 425g demineralized water, Alcotex B72 (1000 ppm on VCM) in a 5% wlw solution in demineralized 
water, and was pressurized to 15 barg, using nitrogen. If no teaks are observed, the reactor is evacuated and pressurized 

. 50 with nitrogen up to 5 barg three times to flush out virtually all air. Next, the reactor was evacuated and charged with 250 
g VCM ex Akzo Nobel Salt & Basics, followed by heating up of the reactor to the polymerization temperature in 30-60 

mm. 

(0026] The conventional peroxide, such as Trigonoxfi 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 mm. 

55 (0021] During the pressure drop period of the polymerization a fast initiator with a half-life at the polymerization tem-
perature of less than 0.1 hr. Is added 0 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% w/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 20-250C, evacuated, and freed ofvirtuallyall remaining VCM. The polymerwas obtained afterfiltratlon, washing, 
and drying (at 60°C for 1 hour using a fluidized bed). 

5 Example I 

(0029] The initiators used (Tx EHP (75% wlw) dissolved in Isododecane (251/16 wlw) and Tx 187(0.3% w/w aqueous 
emulsion)), the amount dosed, the dosing procedure, and the polymerization results are presented in Table 1. 
100301 After reaching the polymerization temperature the mentioned amount of Tx EHP (calculated on VCM) in isod-

10 odecane is added in a period of 1-5 minutes. 

15 

20 

25 

Table 1: The results of VCM suspension polymerization with di(2-ethylhexyl) peroxydicarbonate (Tx EHP) at 57°C 
without (Comparison example) and with (Example 1) adding of diisobutanoyl 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 
drop 

80 ppm Tx 187 during 30 minutes None 

Constant pressure time 182 min 180 mm 

Pressure drop rate 7 bar/hr 4 bar/hr 

Polymerization time until the reactor 
pressure has dropped 3.5 barg 

210 minutes 230 minutes 

PVC yield j 91% 87% 

[0031] From Table lit is deduced that the process of Example I clearly has a significantly higher pressure drop rate 
30 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 

35 
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 

40 the presence of additional organic initiator. 

2. A process according to claim I 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. 

45 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 surlactant 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. 

as Patentansprüche 

1. Ver(ahren. bei dam eln odor mehrere Initiatoren verwendet warden, urn sin Gemisch, das sin oder mehrere Mono-
mere enthält, von denen  sines sin Vinylchiorid-Monomer 1st, zu polymerisieren. wobei wenigetens sin Tell der 
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Initiatoren bel der Reaktlonstemperatur zu dem Polymerlsationsgemisch gegeben wird, wenn der Druck im Poly-
merisationsreaktor aufgrund des Verbrauchs des Vinyichlorid-Monomers abfªllt, mit der Mal&gabe, dass des gebil-
date Polymer keinerdielektrischen Erwârmung mitRadiowellon in Gegenwart von zusàtzlichem organischem Initiator 
ausgeselzt wird. 

2. Verfahren gemAB Anspruch 1, wobel der nach Beginn des Druckabfalls und/oder während des Druckabfalls hinzu-
gefUgte Initiator bei der Polymensationstemperatur sine Halbwertszeit von 0.0001 Stunden bis I Stunde hat. 

3. Verfahren gernAM Anspruch 2, wobel der nach und/oder wShrend des Druckabfalls hinzugefUgte zusªl2liche orga-
10 nische Initiator bel der Polymerisationstemperatur ama Halbwertszeit von 0,0001 Stunden bis 0,05 Stunden hat 

4. Verfahren gemill einem der Anspruche I bis 3, wobel wenlgstens sin Tell der Initlatoren nach Beglnn des Druck-
abfalls und/oder wâhrend des Druckabfalls portionsweise und/oder kontinuierlich hinzugefugt wird. 

15 S. Verfahren gemâL elnem der AnsprUche I bis 4, wobel dann, wenn der Druck Im Polymerisationsreaktor aufgrund 
des Verbrauchs des Vinyichiorid-Monomers abfallt, such ein Tensid hmnzugefUgt wird, urn die Bildung von Schaum 
zu reduzieren. 

20 Revendlcatlons 

1. ProcØdØ dons lequel Ufl cu plusieurs amorceurs sont utilisØs pour polymØnserun mØlange contenant un ou plusleurs 
monomŁres, l’un d’eux Øtant un monomŁre de chiorure do vinyle, dons lequel au mains une partie des amorceurs 
eat ajoutØe au mØlange de polymØrisatlon 

a Is temperature do reaction quand Is pression dons is rØacteur do 
25 polymØrlsation chute, du fait de l’Øpuisementdu monomŁre do chiorure de vinyls, 

a 

condition qua Is polymere fom’iØ 
no soft pas soumis a un chauffage diOtectrique 

a radiofrØquence an presence dun amorceur organique additionnel. 

2. ProcØdØ salon Is revendication 1, dons lequel l’amorceurajoutØaprŁs Is dØbut de Is chute do pression et/ou pendant 
Is chute do presslon a une demi-vie comprise entre 0,0001 heure at I heure ;b Ia temperature de polymerisation. 

. 30 

3. ProcØdØ salon Is revendication 2, dons lequel ramorceur organique additionnet, ajoute aprØs etlou pendant Is chute 
de presslon, a une demi-vie comprise entre 0,0001 heure at 0,05 hours 

a Is temperature de polymØrisation. 

4. ProcØdo salon I’une quelconque des revendications 1 
a 3, dons lequel au moms une portia des amorceurs est 

35 ajoutØe par Intermittence etlou an continu aprØs Is debut de Is chute do pression et/ou pendant Is chute do presslon. 

S. ProcØdØ salon rune quelconque des revendications 
i a 4, dons lequel un tensloactif eat Øgalement ajoutØ quand 

Is pression dons Is rØacteur do polyrnØnsation chute, du fait de l’Cpulsement du monomers do chiorure de vinyls 
afin de rØduire Pa formation do mousse. 

40 

45 

.50 

55 
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ahCflenITQ lie - to which the pmte of the ieec*x Is droIIpi. Abe, the 
resatorapeoe4ns ,iatd I, I$OdIt 

� 
By the tonn Wier the atoit of lip pmmm drop endlor during the pressure drW 

5 isIneent lie Ins during which 
tie PNsuwe in to pcIsnreatbe meor drops, 

tockidlig the 30 unkies P mlsI aft 20 mka*m mom pi1JiIy 10 n*II$es, and 
fl’poet p,.I,LIy 5 n*s. b b Vie pmreuie drop I. auc dieepred. Moat 
pls1k. the ad Of IIIUæW WS piers ellen the beconiee tower 

thui the preisus 1ut wo ofsd eurMthe suns knvemkffa 
10 

The iill Ius can be any kind of owsuc pendde m1a for us. in the 

poIsnedzilon proomk such as Ps *ubcnatas and acat$qdohui4 

sn4peraidds l4snos  topj bijInorcan be the suns s. or lltoreil 

from the biIab(e) used hi lie poIsnued1.1 before the pressure cknp. Mo,. 

15 pwiiu,ud aiiIonsI hirs
 

as is& I IN such as orguilo paddes hpiØig 

a hWLllb ci born 0.0001 to I hoer at the pattmi.riVon Ieuperali,a Eusn moss 
peft,  i passskes hffft . hOft rwiç  kon 0.0001 to 05 hoi, at the 
pdymrecn ieniperae 

Moat jiI5rud are esWmely toat peroi4das basing a - 

hatf-We ci tom 0.0001 to 0.05 how atlis pdymsdzedon Isa.edias 

20 Profaned ensyiples of c,gedc peroilds. used m tie process of the tousalon us 
1,13,31atruneIltutyevoy mww acatato, kat-buIyieroxy meihoxy 
acehe bimL-uxyiees m.lioi scatate, yessty elioxy aos 

dVeobuIenoI peroidde P*WWW Ill), huuno,l plvio,I p.ssdd., 2edI-

tonc-honanano - 106 iobno44surny1 pemxtoe, 
toobat.c1-

25 hononsnot pessdde bierekbseroq) oxalate, cdododetert 
butysroxy oiss., 2.24Ie enoyienety-4-methylpcatane. 2,2-bfo-2-

mediyesnej-(2-ethiSiSiflOamXy)-1,3dlfl1edl)Ib(*4-1-pSiSi(yplViiS 

(rrlgonoxs 287) or 2.4, ethyIpen1i-2-pesox)1Ieo4eceno* (1Ma 

30 423), test.unl perusyneod.canoate (rngcno,m 123), WNW psiwty, 

neodecanoale (rdnoi 23), benzene (m,p)24scpmpl.2.pu,6
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neodeseno), 2pasdecanoat ODOR* 
� 

eiieodecanoats (TrigorMO l, aid pepm4i5cmdawles such as d1sec 

� 

bideiasdcaiboiedi (T4,osui NP), dK4*vWxObjdMxO par’ 
csibona (Pedad 1 4liyliexy pseat bon (Tron* 

Other oaiic woOn Ise I h0ft rai tom 0.0001 to I how at the 
pcIime,koiiutas car%bo lIed. Whedusra puvÆIS eibale aid 

� has the reqihsd hdMm sen be detem*ied by conveithonal thermal 
deconiosan skmAn In mcnodarcbane, as is welkncan In lie art (see for 

10 toice the biochite fra for hi pclymem’ alth code 10013021001 
owftbftnAkmNob* 

� The ktr accwlI to lie frnasaai be a redoic toll sn. fri such a. 
one to reduokig agent. the q qpK or both can be dosed toaccual.. 

15 vM the isasin. Foreuth mmi, the hm.4b cilia redox system hue 
hMM as momissd when al_oniIs oils system are preusit Honaie, 
in itew ci to fact that redse auie typc* ccntªi henvy metals .ndlor 
imcteeied reducfri upsnb. lie t$Lof the pseast livendon peefendity er 

. 

nctaithmdoxL L 

__ 
The semunt of  Now (or kJl.I.4 to be used in a proceas socodnO to to 

� kwerionaleres,Wtoilspseu, drop aridordstogthepussis. drop te 

� - wIl*i lie re ceeweræm* d fri palyenuialon proceseas. Typically, l 
rare hue a lower tol of 0.001% by uetal (% WWJ of uddilonal kilIIr aid 

25 more prethly Of 0.005% OW. wd an LWw tel of 0.3% iiw of adcNwW 
iiior, p, are ly of 02% ift morn pciichly, 0.00% WW. based as to 

uel*cilflMmonamerhwed. 

The adonal  -M Is ic udded to on moXr in the puss torn or, pr.toc in 

� 30 thu fomi cia mile achhlOn or (such as a elsesellon or 

One or mom sohurse molbe seed to dbb to lor Prithrly. such 
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BOKWO M euly runod dtAig lie dops where the pobner b wodud tip 

IlertheponeIinp.iiioohoIeorthsyawciaidanatur, 
that I b m.them - a mellue Mi lie liii polymer, as lithe case 
of edysnb that .e dieMed r’..’s for the liii main. Fitihennore, I mol be 

6 idvwiteoiie. bt li not 
"-i�cu 

IsqtEd, SM such eois du not 
aivurnely aftd to liumwh vkft of ft lilUelor dlrecliai 

tomb cmi be 
W ed by mnmlyft the hU SMure of the 111i13C In lid 

easea M 
somrnple ci audi a echisat Is’ oliudec I I If on Wliiorperion hi Md* then 
the dlepeislon can be at ihisr Ps frior lteeW or of  edition of the hilflior, 

10 probrably In aid suftle*obiuis. PrelesEhIy, the dpecaIon Is an aqueous 

dpeIeIolL PI*. the h*MiriMded nowicanSis cli beat 0.1% 
, mace p.J...LW 0.5% vft SM mcml prelembly 2% Ww. 

mel 

at most 75% 

fl at moat 10% *, mmci more pieleiab at mod 50% iclsi 

morn pmaUy elI 25% mlm, - mod 15% MK The morn dhb 
16 hiir eohoce or i...J1iii inm  rapid Mac of the humor and to 

pomectlian nftte, mOth - li� mx oftot use of the lr, wIl*a 
Ishiocasdb1heSMse1iat.reused. 

The addhlon ihsr ft SM of lie psiemie drop midlor during the promn &cp - 
� 20 prolondAyhitheaddhlon ol fog l.l.. haft s hWM of his this I how i 

the po#ymerMon honheratcI,.,sm, u relatively emil reeldual wnoca* of the 

l’ilhidr wil remain lithe polycnstlimwd. In order Mi reduce the rsldui .noia* 

� evenmo,,.Jtoadd_ti. jtmvhigatwI.eolhua 
� thai 0.05 haiti to pdiPlSM.uIUflp5l*tSL Henever, a el con 

25 iso beemployad. In OW WIflbep.euIdb add $ seuserwhich Is 

lie Mi nei*e or dechoy the aictcji llor Ii m .dieequud slop Mi such 

an liii that tie cesatuel anatlicihi. kdllisr lithe pdyinsr hi Ai4e It 

Is iso a,mod to add a anaveicor when SM snWar siikujdy fast 

pemises we uset 
3° 

El 
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Durbig the st of the poniiatlon reai*0 aiy onrver,ad Weft 
uatsm con be used. Hells. Ihe k011ator can be added kIumlbully or 
ccnhlwot* to the p chi sdeadonflibdds at Os polqne, bon n lsnigumhxs. N 
of the bir can be added to to reactor at once In Not otis portIon. In such 

a I horxls 
.ed. lbs ’ 11 1 may *0 be aied at at least 2, a*Ilily at least 4, more 
pretootblyat least 10, mid most f..1IJy at Ie2O mornerdd. 

T1y, con or move 1,z! oili’e ondeids are used In on polymertzatkin 
10 proem of the lnvenlon  Exinaft of suitable pr culk*M are proteedve 

..L.t&1, siath as paly4iti4 *0lds VA&), idildi may, for .irençle, be 
(p.0*g) sapolded pcly*r$ snefto with a degree of hØmIyuis of at least 
40%, mote pr*lab at list 80% mid most p,d.i at least 82%, mid a. 
duie of lils of at mcstiC%, snore 1Aª,.l,W at moat 86%, mid most 

15 Fr*..bly at most 80%. It tr omv* two PYAS are employed, both PYM 
may have a eitni.r degree dhyØvlili.  It may also be envisaged that Ow two 
PVM have a dlllsrai* dss of )tly&s. ?aioegh sold PVA em the 
pmrred pmlev9 unbid, far pr"saes =*Wft to the itiwwon, I I also - 
poselle to iwo llw lfft 1 pralecOve ocbold, such as celsdeek, 

20 er-enIOIe palsnem, ob4aitOle amulsi*ig agents or ier-eokle 
emtdetfylag aget. liii also om,isdb employ a onlithitistlon of too or mote 
d the ab  promotive o4o Via amwandtpeofcoboIdIhatIlo be 

used I woi4aiorm end conve*M. Op&uelj, such ocbokis are also added 
after to start of the pressure &q moW durkV the pressure thp. V used stIr 

so Os *0cI the provasedrV aridlsrolcg the pemsiss drop, Owy con be added 
together wWi or aoour, bran Ii. itr etidi is added in scowdonce adh 
the fraveatton. 

Hon,ver, in a; uiii,.d a upl.ul. om or more mitwuls we edited aftv 
so the startdthepmasure drop mWkrduIngthe pressure drop. bead Itsuclia 

foehion, Uwy can be added i n g 14 a elui or 5u from the  111 1rwhich I 
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added In accoiddice wM lie kwoa The 0*11cc of such awVU was 
*uW lb be vay hoW eftine I *ivass the (exa,rn) biraft of loan in the 
pmcons. Exunçes ci�- MdocOft are poyvn)I aoftm wib a degme of 

of less lien 60% sod lotr*ad 5m inducers (dci,esnum), as 
5 garusady laii ID a person cied in the at Ribrow. the ui added 

IDgsth.r edli the 4al k 

Pr, the .1 .1. of lie I M Ior. of the ,Li,..I odw sod the 
eixIDciw* aiher diatg the 4 gmeonie ne or oiler 

aadlor dialog lie 
10 prawn**, con be .dsd ci tidle enfty poftdID the mar. Such so 

achy pehd 
mw 

bepodbrotbdWarebmefturbo clue mson nddum 
as deabed. The adduce c4liNecrac.mds con be IW..UY ID lie MIe 
hadvithad achy pcb* or the? am be P". ad ow the reuchirtwough 

Om achy pal, or a coichha of soch techniques an be used. If 

16 added In the come of the paa,k.Ln precom for on  10 aaiipene 
IN to cieWs cilia ie a ID the pobqnevlon reeduan I con 
be .dvsoIDqeous 10 use lie 1celwoul eduich 161 vmW le added ID also add 
the k6r wider lie 1p&coi gmIer1e colcid sodlor wuf.t It le also - 
euwleuged thof the ie.chx &I1iban iI  pl*ig and a 

phoalily 

of achy 

20 pchiteloccied hidlloracipodbu an ftpeiuMyeIthesaIdmsofor, soeste 
eneure betlei foeler and main homogeneous nthilg cilia kilftior 

collold, andfor s&r(acford in the reectkm mlstum lithe  mid, r fwthsraouçdsss a 
relhix condeneor, it Is corompbW ID arid these ccnçouxls ID the ,au 

ifi4Les via the reftar condernor. 

25 

The pesoses a000ldeug ID Vie hiuciution is iLeded ID pOleuiUi monaisor 
nidures oavpdÆug *i4 d$e wiasoner (VCM  RGWAIV the proosus 

acccrdWU ID the bunion k lie pcInsn 0 moilusuur jltes 
oonlpl1 othw$%VANofvm pcobly0 lsNt 10 %, mars pihly 

30 ci best 2O%,vi mad pciioaet50%ciVCMWdCflliS 

wUht of ci monomer. Coinonomem that can be used are 0th. donwiiaM 
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We WW kdB sns u, -. aopto, aery1mrm, PRVVJM 
aa1osft stenu, ad (mIyt More of leat 80% MW of 
the macmel(s) b pdjqn.sd b macto up of VCM. while to to meut 
pensd ioce ha mcwa ’--’ .sesm* I\K?.L As to knoesi to Ia 

6 elL the 00I)flhU,cfl 1fl11*iv of such pmeeeses to u bee ait 
datonntoss

 
thowlecaderwethlefte macitog mule. 

Tia polymedbalm pcuass ca be ucnthsd a a men pocesavmle me 
maSon edithie k pmdc,IIb.l* aceanar, arms maci jsiad uiiprn*b, 

10 pncese Wiemle the rueA W %’plc* to a aiiiutac1 of 0flOuu6I to 
adur, or As an ecacilon or n oaireMcn process diweln the moneuw 
typludy to ecalSod ii . to ViNe �es Sec ueuid adceawU lime to 
beuesd. Flory Il 111henswinerkpmwtintmanofsseestonle 
wabr, the ueud _Ia aathaca), wthb*i pI4bIuu(s) 

15 air. am be pmaact Depanft an lie tipe of poWer da.Æed, audi of to 
ofiove-menbonect ,iuss inup be fl Fae ad. The auceu &oaiI, to Ii. 
kanbon h..pJyad threem to eciupenalon pmoaee 

to ,umig (na)polymer (or reeki) ii he ansired up as 

� t me Iwellan, ftc eaniipto, wi be ecLmittod to the ian ck wet a.u*lg 
OW ft  raw oxMm  60 ppm of  

lnllbaor, more probably leSs Sal 40 ppm, and mud pud..biy teas tiwe 25 pen 
� of Wilekx, tovnedlly after *ft to, I heir at 80C end sawelig, ekicu audi 

a resins ethibl acceilent hunt SWft as macwed wi, a W P80 
tedkig man in accoidence alit IftO 182.2 (1Y80E) The kiçmicud lad adir 

� be the main h dicolod when ecteSSod to m5cuug 
stops, eg., to ben duped ecildes. Hence Vio proo. can Q6niaI.e an 
almeond pm.sa sbp to which same kiVator to mued. P a&t, setS 

so process step to tairen slier the polymeclzation rsi iwe Solelad aid bib 

thereukihasditet 
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E...,,h.to 1, m 1 -1 In Ii.ul,.lJ 
area of the adtlon of fed pe.o4dee 

duing the pm..uii dup In PVC ulpsn.l pcI)tnuo,t 

5 E 

Inc *0died ie_IlipOl.I eS*inenl. a ei.v01la coi*cled 1-
lii ess *eI 811th ma*plied ieh one b01IIe s thre.bsd slim, a 

esesc koneducar, a ed ft and a iimi9.fl pip be nec thawed 
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The older, one-atop bulk polymerization produces absorbent particles with a 
wide distribution of particle Sizes. The bulk densities Of both the bulk-polymerised 
resins are on the low side. This Is because the particles are eBaenUaUfluffy.’ 
There has been only a email earnest of polyvinyl chloride rosin produced by the 
are-step bulk process. It Is not generally considered to be an attractive method 

Lof polymerizing vinyl chloride 

B. Suspension polymerization 

-; In this process, which has been the backbone of the industry for many years, do 
vinyl chloride monomer, which is a liquid wader eiio3ent pressure, has an oil-
soluble, free-radical ca tnlvedlnitamltheoilphasels suspended In 
water as small droplets In which the polymerization takes place. For this to be 
accomplished, it In necessary to have a suspending aent, or a protective colloid, 

. 

or coma type of surfactant that will allow the beads to be formed and to remain 
stable. The nyntemS of doing thin are indeed varied and in general represent 
processes peculiar to each specific ninuitacturar. in fact. many manufacturers 
regard this as their " secret process. 

PThe equipment used for this type of process Is an agitated, glans-lined. pres-
sure vessel of the Pfandler type. Many reactors have agitators at continuułly 
variable speed. More modern Installations are tending toward stainless steel 
reactors with the more conventional flat-binds, or turbine-type Impellers. Be-
cause producing polyvinyl nktoride polymers has become a vary competitive 
business and the conversion coats are extremely Important, it Is generally found 
that these reactors are large. Reactors of Loss than 1000 gel are uneconomical; 

S the general size found is somewhere between 3000 arid 4000 gal, although some AR 

J. manufacturers have reactors 55 large as 6000 gal. The reactors are cooled by 
� : circulating water through a jacket. The Jackets are sometimes open at the top 

and thu excess cooling waler overflows and in either discharged or recirculated. 

Since the cleanliness of the reactor Is extremely Important requuntly It Is 
necessary to enter the reactor and manually clean the walla), most mandautwWrers 
shy away from using coils that would give them a means of obtaining greater heat 

a taner areas. The amount of water and Lbs cooling surface area control the 
C cycle time beaauae the exothermic reaction roust be cooled to maintain the 

� requisite constant tculperethra. If polymerization Is too rapid, the heat Involved 
V  cannot be removed rapidly enough and a runaway reaction will result. Norpially, 

� 

the pressure In the antuclaves used for making polyvinyl chloride will be In the r 

- V V -ordered ]LBO-psig to pnrhapalIO.psIg. -The temperature of the reaction, of 
course, controls the pressures that will be experienced. Wider variations are 

V

 

possible for those mactore In which copolymers are made beesVuaa then the bite- -: a 
ecce of the oomcpomer Is reflected In the pressure that develops. 

A typical sequence of reaction events In melting polyvinyl chloride Is as follows: 

Water Is flint charged to a clean reactor end suspending agent may he dusted on 
the surface or afidpd as a solution. Catalyst is added next and the reactor seated 
ned evacuated to remove oxygen introduced Into the 6y*tefli from the ingredients � 

charged or from the air apace. Under Ideal condltlon, the vessel is evacuated 
to the vapor pressure of the water. This reduces the oxygen concentratIon so that 

_i 

�V�VV 

TVVV. 

* 

���1 
�1 
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It does not retard the polymerization or Introduce an Induction or delay time. 
is After this. the monomer to Introduced. Some suopondiog agents can be ngliatcd 
terizeli 

I’. 
� and the reactor warmed to the reaction temperature Immediately, but others may 

require a period of agitation to achieve a suspension equilibrium before beating Is 
begun. 

had 
With some suspending systems (end for special purposes such Be particle size 

I control), the monomer Is added to cold water and the whole reactor brought up to 
reaction temperature. In other cacao, the monomer Is added to warm water and 
the reactor brought up to temperature. UsIng warm water when possible helps to 

-. reduce the cycle time. The reactor to brought to the desired temperature by 
the passing warm water, or water and steam, through the jacket. The polymerization 

oil- ...to ezothormia and requires cooling to coatrol the reaction. The cooling water 
a may go thrgh a reactor jacket once or It maybe recycled �dependIng on the type 
be of control system. After the reaction is started, It Is maintained at a constant 

[laid, temperature for most of the reaction cynic. 
da 

� 

M the monomer Is eorzaemad, a point is reached at which the monomer Ia no 
longer available as a free monomer and represents Only monomer absorbed Lute 

,are the solid phase (concentrated phase). It has been indicated previously that based 
� on the Flory-liuggins constant, the volume fraction at polymer In the separated 

ran- phase is of the order 0.8. On a weight basis, there Is approximately 70% of the 
sly �. concentrated phase present no polymer aud 30% as monomer. Thus, when the 

conversion reaches shout 70%, there Is no free monomer available; and since the 
Be- . . �. monomer is absorbed In the polymer, Its partial pressure is reduced. The 

reactor then begins to show a decline In pressure. it In usual to allow the pressure 
aced 

� 

to drop to shout 20-70 pafg, depending an reaction temperature, at which point the 
eel, reaction is tormiwded by cooling and pumping aU the unreacted monomer. The 
no slurry that results is frequently pumped to a stripping tank under vacuum, and the 
by temperature of the water Is raised to a relatively high temperature (something on 
op 

. 

I. � the order of 120-1750F) to flush off residual amountsof monomer and other 
volatiles. In some eases, the reactor may also be used as the stripper. The 

Is 
slurry Is pumped to a holding tank (at atmospheric pressure). where it may be 
blended with other iota. It Is then pumped to a centrifuge, where the hulk of the 
Water Is separated, and the semidry mnMtal eventually goes to some two of 

heat  rotary drier. The dried product that leaves the rotary drier Is usually pushed 
10 over a screen to remove coarse inSterlale. In some 05555, and for Special 

purposes, the dry pàwder may be sent to a pulverizer or mloroatomlzar and Its 
31v5d y. particle size somewhat reduced. Normally. this Is not necessary with suapenOlpa 
tally:�--. 

�. 

resins because It Is expensive and generally the requisite particle elzO can be 

tre As "a  be gleaned from this sequence of events, there are a great many van-
latin- shies that most be carefully controlled. Some of these are 

ollows. 
Temperature and temperature control 

.. 
. Catalyst - typo and concentration 

° 

ealed 
 Water-to-monomer ratio 

nuts 
Water quality 

:Saspending agents and soatactuote (type and concentration) 
ited Agitator eped, schedule, and type 
oo that 
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cooling rate 
Beguletora 
Shortstops 
Venting techniques 

� 

Bemoviag bulk unreacted monomer (recovering) 
Stripping 

Drying 
Sieving 

FGrinding 

: 

in special cases, there may he other variables of equal importance, bat these 
are the was that an generally encountered. 

The temperature of the reaction and Its precise maintenance ore eseentlat for 
cotroWng the molecular weight or relative viscosity of the resultant product. in 
most commercial operations, this temperature Is cotzolled within a degree 
Fahrenheit. A wide variety of control equipment and control loops are used In the 

� indusIy. The syelum has to be euffIoletlyflcxthlo that it can be used to beat the 
reaction to the polymerization tempeinttne, and also control the temperature by 
cooling after polymerization starts. 

A common system Is to have a pump circulate water through a jacket and a 
control valve of the pneumatic type to Introduce warm water or cold water, depend-

lug on the requirement of the reactor, to the circulating system. Some systems 
anticipate demand by having controllera that measure obanges In the reactor 
temperature and changes In the jacket outlet water. A well-organized system will 
be designed In such a way as to Indicate the amount of heat being released and 
carried away by the cooling system. ThIs Is directly related to rate of polymeriza-
tion and allows observing progress of a reaction. 

it occasionally happens that towards the and of the reaction, a sudden Increase 

In reaction rate is encountered. This to referred to as it "heat kick." Generally 
this has been labeled the Tromrnsdnrif effect; but In view of  discussion of the 

Ikinetics of vinyl chloride polymerization, this Is questionable. We have already 

� 

seen haw the polymer separates from the monomer and becomes insoluble, and 

how because of this separation the termination rate. in markedly reduced, it 

therefore seems that this effect (if it takes place at all) would have to occur 

early in the reaction. A possible explanation for this eetoacceleratlon that gen-
erally ocoara near the and of the reaction may be the following. As the degree of 
convºªªi  W&MMff monomer Is In-

euff1clnt tp provide adequate thermal conductivity In the concentrated polymerizing 

phase. Because of poor heat transfer from the inside of the particle to the ens-

pending water, the inside becomes bolter; this beat tends to increase the polymer-

Ization rate In the center of the particle, resulting in a further increase In tamp-

erature, which In turn results In autoanonteretlen. in any case, heat kinks are 

very frequently seecolated with overpressures, and if they are not conirolicd, it 

� 

Is possible that the reaction can "ruti away." This Is more likely In reactione 

that are being pushed for short cycles. reactions that have a low water-to-

monomer ratio, or reactors with Inadequate cooling. 

[U 
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- if such conditions exist end the reactor gate out of control, it may be eseesavy 
to vent off some of the monomer. If this can he done safely, the reactor is cooled 
became of the latent beat Of vaporization of the monomer. If this in not sufficient 
to control the reaction, then a shortstop of some sort Is added to terminate the 
polymerization abruptly. One of the tpaterials frequently need for this purpose Is 
a email abiount of atyreno. The styrene radicals that are formed are more stable 
than vinyl chloride radicals and do not tend to initiate polymerization of additional 
Vinyl chloride monomer, end the reaction to essentially terminated. 

The amount and nature of catalyst is of prime Importance in vinyl polymeriza-
tions. We have Sean how the ftinetlea are affected by the level of the catalyst and 
also bow different catalysis have different bait-lives or different rates of deconipo-

but these Dillon. The temperature of polymerization Is determined by the molecular weight 
to be produced, and for the higher temperatures (that Is, the lower molecular 
weights), It is very common to fled learoyl peroxide used. White this peroxide will 

antisl for also work at the lower temperatures, It tends to produce longer cycles. Becaflap 
product. In vinyl chloride has limited heat stability, attempts are made to keep the enpoemom as 
degree measured by the product of time and tazimpereture during polymerization to as low 
o used in the a value as possible. Therefore, if CatalySts can be found that are more reactive, 

to beat the :: tile cycle time can be ehortened, provided that the cooling system Is ongable of 
merature by handling the beat generated. Reference to the List of bait-lives shows that there 

are many catalysts that are more active than lnuroyl peroxide. Some of them In 
current use are caproyl peroxide. azohisbutpromdtrlle. dliaopropyi perozydlourbon-eat and a 
ate, di-2-ettylhexyl peroxydicarbonate, acetyl oyolobexuna suifonyl peroxide, and ’ 

:z cr-balolauroyl peroxide. A system known as the ’EBllIS cyatem was recently 
Lie Systems . 

suggestedreactor. This produces diethyl pernxydicsrbonnte by the reaction of ethyl 

I system will obioroformnte with hydrogen peroxide. This reaction takes place In the reactor. 

seed and A prime consideration in the choice of a catalyst to the ease and safety of bandilag 

of polymerize- the particularperoxides or gao compounds. Generally speaking, moat of these 
peroxides, such as the dtlsopropyl peroxydicarhonate or t-butyl peroxypivalnie, 
teed to he somewhat unstable and must be stored under refrigeration. While it is 

fee increase wise to store all peroxides coder refrigeration, some less activity rapidly If stored 
" Generally . at temperatures above 0°F. For such catalysts, proper venting procedures are 
salon of the required so that the pee that are generated do not cause a pressure explosion. 
ave aLready -. Sensitive peroxides are supplied with an inert carrier at a Law enough coeeefration 
duble, and to prevent detonation. We shall inter consider the possibilities of catalysts 
cad. It effecting flkeyee in a resin and their effect on reactor cleanliness. 
occur 

in that gen- Rapidly reacting catalysts are more sensitive to the temperature of the water 

.he degree of need in preparing the batch and should be charged In cool water. 

mier is In- The quality of the water used Is very Important. Normally, deionized water is 
d. -Polymerizing - . -.. --.....need and ettempte are toalc to keep this water of prime quality. If the water ha 
to the one- too much ionic material present, it will affect the particle size or the particle 
the polymer-  size distribution, or oven the reaction kinetics. Another variable that must b 

we in tamp-  caretully controlled Is the water-to-monomer ratio. Mast of the materials pro-
kicks are . duced we produced with a ratio of water to monomer somewhere between 1.3 and 

eatrolled, it 2.0. In some cases, itieneoeasary to. go even beyond theadlizeits. Lior 
reactions example, a particle is being made that has a high degree of porosity, a large 
mr-to-

 
waterta-momioinar ratio is Imperative. Tim particle size In related to the water-

- to-monomer ratio, and some suspending systems are more sensitive to this ratio 

F 
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than others. Bulk density of the resultant powdered TaBle Is also related to the 4’ 

water-tn-monomer ratio 
- In a compler manner, depending on the suspending - Vise 

pyatem. Besides serving to disperse the polymer and monomer particles, the land 

k. water is a good thermal stabilizing system. It provides a material with a high VIEW: 
apeafflo heat, and In requiring a lot of heat to cbBnge Its temperature, thereby at- scat 

IT elate the cont-ol systems. Small water-to-monomer retina make rcadtor control of lit 
more difficult because there is a larger fraction generating exothermic boat of 
polymerization and a smaller fraction of water to absorb thii beat. 

The suspending system in the heart of the process and probably has had more out   

4 intensive research than any other phase of the polymerization process. Initially, sore  
pearl-type particles were made by using a solid dispersed throughout the water. .-.. this 
This material accumulated at the monomer-water Interface and prevented partlelea -: Used 
from eoaleaOitg. Materials such U magnesium hydroxide were Used for this use 
purpose. While this type of suspending system Is satisfactory for curtain liquid . peru 

monomers, it does net give the kind of control that is essential for commercial ol alien 
polyvinyl chloride; and it has long since lapsed into obsolescence. The present The   
favorites are hydrophilic large molecules such at niethylceliulote. methylcollulote at hr 

. with condensed propylene oxIde, ethyl cellulose, polyvinyl alcohol, polyvinyl fishe 
alcohol acetate copolynmre, hydronyrnathylcellulose, hydraxyethylcelluloe. been 

gelatin, maleic-styrone copolymers, and almost any polymeric material that can 0.29 
be modified to acquire some hydruphilig nature. Likewise, almost all of the esefu 
common tuifOetants have been Investigated at one time or another. Frequently. 

4 systems using both a aatpeeiing agent(protective enfold) and a surfcotent are Ga 

used for special purposes. The surfactants have a tendency to produce more : 
porous particles.muffle .. 

The patent literature Is replete with numerous specific systems �all of which, 
’ 

it Is claimed, have special effects In producing polyvinyl chloride polymers. been 

V 
94 One system [80] Is hazed on the use of a bisphenl "A" diglycidyl other eon- seams 

NITdoused with polyothylene glycol aaenunpandjngagent. This ls alleged to give a perpo 
product that aniforumly absorbs plasticizer at room temperature, and the use of rome 
polyvinyl, alcohol and carboxysnethylcelluloae Is alleged to give a product that POrn 
nnffôrnily don not absorb plasticizer. Another patent discloses the use of ethyl t- panic 
hydrozyethylonlluloae 1311 along with e-balolauroyl peroxIde with an almost 2:1 onq a 
water-tn-monomer ratio 

and polymerization in the range of 5-35°C. ThIn material.beeaw 
In supposed to produce a polyvinyl chloride having an average particle size of one- water 
half a millimeter and a very high viscosity. Yield In tuld to be 75.6%. Systems range 
based an double suspending agents for both polyvinyl chloride honmopotymnezo nail that w 
copolymers have been based on onpotymnern of vinyl acetate and alkyl alcoholü  used 

of ethylene oxide. This Ia alleged to produce to PM 
a low-fisheye-conlcnt dry powder for eatrealcin (381. Methylcallulose, hymirozy- betlof 
methylcellulose, and ethylcolluiose have been used an suspending agents ($9], freque 
producing low-fisheye reelzie at good dry-blend time and excellent clarity. 

High-viscosity resins have been produced with polyvinyl alcohol as the suspend- effect 

lug agent and o-chlorocsproyl peroxide dissolved in benzene as Lbs catalyst. - 
PolymonlzLIcme were made t -20° C to 40° C end high-viecoutty products with 
Improved thermal resistance, improved softening point, and resistance to advent 

Be 
were obtained. Extremely high water-to-monomer ratios were used with this 

. 

Americ 
SySt OM (40k and undoubtedly some method was required to keep the water from 

freezing at the lower temperature. - * 
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A ranulnr polyvinyl chloride has been made naleg methylcoltulose with a high 
viscositty and the reaction product 01 sodIum cellulose glycolata ether of ungelatin-
ized starch, along with Spans’ and ’IWesn’ miii petutaerythrltot monooleata 1413. 
Very porous particles of uniform size are said to result from the use of vinyl 

� acetate and aflyl alcohol copolymers. along with polyethylene glycol condensates 

rot of nonyt pbauol. Venting Is also required in this process (423. 

Copolymers of vinyl methyl ether and zeslelo acid have been used as suspending 
agents, along with various amounts 01 methanol to eonLLO1 the particle size. With-

0 �: out methanol, the system produced a resin, 18% of whleh was retained by a 40-mach 
screen. When methanol was added is the extent of 0.1 part par 10001 monomer, 

7. thin amount wee reduced to 2.4%; and when 0.15 part per 100 of mnnpmar was 

Idea U. the amount retained on a 40-mesh screen was reduced to 0.2% 1433. The 
use of mothylcellulosa and 0.07 part of utoaryl alcohol, along with a caproyl 
peroxide In a system containing 1.5 parts of water per part of monomer and 
allowed to react at We for 16 hr. produced a mole that was very Law in flabayes. 
The cams formula used without the ettaryl alcohol, or with vinyl alcohol or gelatin 

*load dr both Instead of the stearyl alcohol, produced approximately eight times as many 
- fiebeyss (443.. Methythythezypropylcetlelose and other hydropbilic colloids have 

been reported to produce resins with good dry-bleed Limes and porosittee of 
_ 0.29 ml per gram. It was also reported that methyl glucosudo dulam’ates were 

useful for this application (45). 

Gelatin used at a pit such as to reulova It fur from the iuoelectrlu paint and 
combined with cold-charging is said to produce a tow-flaheye resin. A apecific 
example would be the use of an alkali-refined gelatin at a pH or 2.7 to 8.2 made 
sufficiently acid with phosphoric acid and a system based on cold-charging (463. 

It Is obvious from these references that all aorta of suspending system have 
been Investigated and are being investigated. Generally speaking gelatin and 
some form Of Iiietbylcellulose are probably the most used materials for this 

a purpose In the United States, with modifications of polyvinyl alcohol as a close 
runner-up. Surlaotaate re fgequetly added when it is desired to produce very 
porous liartl’elae; and hydrozyethylcehnlnse is preferred when a dense, nonporous 

A particle tsdesired. Ae has been shown, the PIT of the yatem has aneffect. If 

1 one approaches the isolectrlc point, the protective colloid in associated and may 

anal become lean effective as a protective colloid. It is not uncommon to buffer the 

no- water phase of the polymerization to anil that wilt control the particle eisa In the 
range desired. No doubt, as time goes on, other additives will gain pcpnlsrity 
that will control particle size by seine as yet undisclosed mechanism. 

wed  Along with a proper euapcilng system, it is necessary to tailor the agitation 
Ce bEiidTne the type of particle desired. Specific comments for the agItation meat 
9- be to the system involved; but it to wall estoblished that high speaft will 

� J frequently favor agglomeration of free-formed Particles, and Insufficient agitation 
(particularly  In the early phase of the reaction) will produce the same general 
effect by allowing coalescence of particles Thu, there is an opilazuim BPBSd 

5flcgietered trsdenmrks of emulsifiers and wetting agents produced by I. C.1. 

� . 
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This speed. It hen been alleged, may change as the conversion changes; and in 
same sophisticated operations, an agitation schedule will be tied to the conversion 
no that different rules of agitation will be used at different times. The loading in 
the reactor will certainly change the effectiveness of the agitation; and probably 
even more important Is the presence, or absence, of baffles In the reaction vessel. 
PfamJ1or-tpe agitators are used frequently and have a tendency to pat the entire 
Contents of the reactor In a swirling motion. The presence at baffles breaks up 
this vortozllke motion and produces a better distribution of particles that vary In 
density as the conversion progresses. The agitation is also important in QOAtrQU›
Ing tile beat transfer from the small floating particles to the contlanous-water 
phase. Itts the water phase that carries lieatto the Wall of the reactor. where it is 
eventually transferred to the cooling water. Without proper control of agitation, 
hot spata sad beat kicks can develop when The process in run with a short cycle. 
On the otherbaai, if the material is being allowed to react slowly and avery long 
cycle time is tolerated, agitation will be less Important in heat transfer. 

Controlling heat in the reactor and selecting heating or cooling modes are 
function of the jacket and circulating system. In efficient reactors, the circulat-
ing system Is designed to produce a goad heat transfer between the metal of the 
reactor and the water ’in the jacket. This requires a high water velocity In the 
jacket -generally achieved by using a circulation pomp. For polymorleatton to 
b a started, steam or hot water is admitted to the Inlet of the circulation pump to 
raise the tenapuratuxe of the reactor. So the reactor can be cooled, cold water 
is admitted to the pump. The amount of tempering water admitted can be con-
trolled by a valve, and an ovori law valve downstream keeps the amount of water in 
the circulating system constant. This type of control can keep the temperature in 
the reuctor wIthin +1°F. Because of the explosive eabire of the vinyl chloride 
monomer, most control systems have to be made with explosion-proof components. 
It ban been easiest for the producers of equipment to devise control systems based 
on expanding bellows, temperature-sensing elements, and pneumatlo controllers 
and valve positloners. But those controls tend to drift and it is essential that the 
controller be tandard1zed periodically to maintain the proper temperature. The 
most reliable systems by far are those based on thermocouples. Untortuinately, 
the apparatus associated with them Is usually oletronie, and certain states re-
quire that It be kept ma separate pressurized room so that there Is no possibility 
of explosive monomer entering this room. Installing thermocouple equipment 
would therefore contribute to Increasing the original capital investment of the 
plant. However, the gains inade are more than offset by the drift-free, consistent, 
accurate recording and controlling of temperature that can be achieved with this 
system. Since the flow of water through the jacket of the reactor Is kept constant 
by the circulating pump. rscodtug the inlet and cutlet temperatures can be an 
effective way of calculating the beat that the reaction has liberated; and since the 
amount of heat liberated is directly related to the pounds of monomer that have 
been converted to polymer, the conversion can be readily followed. hecrmtly, 
laboratory equipment has been described that uses an analog computer In a system 
of this nature to determine extent at reaction and to automatically plot the con-
version [471. This sumac type of equipment can readily be applied to the thermo-
couple outlets from sensing elements placed strategically In the reactor system. 

The agitation demands for particle size control may sometimes be different 
from heat transfer requirements. A Belgian patent [48] describes using a reflux 
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condenser to remove beat from the vessel by taking advantage of the Went tent of 
vaporization of the monomer. Condensing vapors have on excellent heat transfer 
coefficient; taking advantage of this can to some degree allow uhàoadng the agitation 
speeds needed for particle size control. 

After the reaction has reached approximately 70% conversion, the pressure in 
the vessel begins to chop. This corresponds to the point at which all of the free 
monomer particles have disappeared, and the only particles remaining are those 
that represent the precipitated phase of polymer with absorbed ninnolnar. At this 
paint, Industrial practices begin to diverge. Some producers will add a short-
stopping agent to terminate polymerization; others will allow reaction for a period 
until the pressure drape to pertiaps 30 or 40 peig. At this point, the reaction is 
considered completed. Some manufacturers add anttoxldante to protect the resin 
during Its subsequent processing, while others 1491 find It desirable to have such 
protection during the entire processing. At any rate, the next stop Is to remove 
the unrsacted monomer. U the product is to be used as a dry-blend resin (that is, 
a resin with large amrnmb of porosity), the porosity can be anhieved by rapidly 
removing the occluded monomer in the particles. This ceases an expansion of the 
particle and makes it pu.ify, One method of achieving this in to rapidly transfer the 
contents of the reactor Into an evwivated stripping vessel. As the fluids are forced 
into the stripping vessel, there is a rapid and sudden expansion. It has been 
pointed out that surfactants are sometimes useful In achieving this type of porous 
particle, but the combination of surfactants atid a sudden vent produces a still more 
porous particle. 

For those particles where porosity is net important, the stripping can be ac’ 
complisbed more slowly, and even in the same vesseL The decision to use a 
separate stripping vessel vs stripping In the reactor depends on the type of plant 
that has been designed and whether or not such bottlenecks can he tolerated. The 
monomer is removed using a schedule of increasing vacuum and temperature. In 
order to reduce the residual monomer to values acceptable to Ogfih, high tem-
peratures (up to 1004I) and high vamuun (frequently greater than 27 In. of vacuum) 
arc required. The tone Is generally as long as possible without degrading the 
resin. Stringent residual monomer requirements may compromise the quality of 
the resin somewhat, particularly with respect to heat stability. After stripping the 
material iBtranaferred to one of sererol holding tanks which serve as a supply 
source for a Continuous centrifuge. During the centrlilzging operation, most of the 
water is removed and a damp. solid, white powdery material, containing some-
thing of the order of 25% water, Is passed to the drier. in the case of blotter resins 
(that In, resins with large porosity), the water content will be somewhat higher. 
This poses an added strain on the drying facilities. 

The driers normally wind are rotary driers vary mach like a sugar granulator. 
The resin is admitted to this drier along with hnatair, the air and resin concurrently 
passing through the drier, which Is usually Installed at an incline varying from 10 
to 25 dqgracs depending on the rate at which It is deemed necessary for the resin 
to pass. through the drier. Usually, these driers have fingorlike projections that 

tonal to bold the resin and drop it through the gas space. The filtered air admitted 
With the resin Is usually heated to 150-2100F. As the reaft d1cs, or as the 

water Is taken up by the sir, the sir temperature Is reduced and the exit air may 

be as low as 140-160°F. The resin to readily dried because honiopolyanara of 
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vinyl chloride tent to be hydrophobic. Water Is elimirmied rather rapidly, and 
the dried product may Tim volatifeC on the order of lees than 1% (usually shout 
0.3-0.4%). 

s 

After drying, it is customary to pass the material to a screen to remove the 
large particles. muse particles are Bometimee agglomerates that have formed 
during the drying, or crusted material that bee become dislodged from the drier 
wall or other parts of the equipment. Current practice In the United States is to 
use a 20- to 60-mesh screen for We so-called scalping operation. Some producers 
tend toward fine particles; others favor the larger particles. 

c 

From the screening operation, the resin may go to a bagging unit and be pack-
aged In 60-lb fiber bags; bat Since vinyl resins are being used in such large 
quantities, a growing tendency for bulk shipments has developed  and the resin, 
after screening, Is generally blown Into a Silo, from which it can be removed for 
shipping as a bulk shipment in a truck or a railroad powder car. It has reached 
the point where It Is difficult to pane a freight yard without seeing at least one at 
these care on the siding somewhere. 

It has been pointed out ptsvloBly, that the molecular weight, which is usually 
naasurecl as a relative viscosity, depends on the temperature of the reaction. 

To achieve low molecular weights, high temperatures must be used. The tamp-. 
orature during processing and the time exposed to this temperature contribute to 
the kest history o! the polymer. Exposure to a high temperature or exposure for 
a long period detracts from the resin’s beat stability. It has therefore become 
common practice In producing low-molecular-weight aintertaiB to use a chain 
transfer agent that Is more powerful than the monomer. An Indicated previously, 

� this will reduce the molecular weight cc the resin. Therefore, one can process 

W at a temperature considerably lower than what would be required to produce a 
low-viscosity or low-molecular-weight polymer. Chlorinated compounds are 
frequently used an a transfer agent - carbon tetrachloride and tricblorouthylene 
ore the most common. The tatter Is used frequently because slightly larger 
amounts can be tolerated and weighing thus becomes an easier operation. Recently, 
augenol was proposed for this purpose (661. Small concentrations of this material 
of tees than one-hall part per 100 at monomer can reduce the molecular weight by 
approximately one-third. 

The attributes of the resin that must generally be controlled by these processes 
In addition to the molecular weight are bulk density. particle size and particle 
else distrthutiou, porosity, fishnyofi. heat stability, color, clarity, viscosity, 

contamination, and ability of the powder to flow freely. 

it was previously pointed out that bulk density depends on tho water-to--monomer 
ratio, as well as on particle size and particle size distribution. Fluffy, porous 

that lean dense. In fact, if one Is particles will generally produce products are 
msldug a very fluky, porous powder (such as "blotter" resin), one must have 
enough water In the reactor so that there will be water left after the particles 
take In the large quantity of water they are capable of holding. 

In other chapters, methods at characterizing the particle size by screen 
described. the aaa1yth are A plot ci comelative particle size on normal probabil-

lty paper will dleoloae wbther the distribution is bilnedaL If this undesirable 
Situation exists, It may be traced to sudden changes in agitation or to conditions 
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tar rapidly, and that caused the initiation at a cocorici family of particles. The presence of aol)-
% 

(usually about atantlnl quantities of thins (material passing a 200-mash ecreon) can eanac dii-
ftcultiee In the air-conveying systems and these fines may also teed in segregate 

fl to remove the in the storage afloc or In the powder can or trucks. 
Chat have formed Methods of determining pore volumes by porosimators, plasticizer absorption, 
d from the drier and an an are also described: for plant control, hoverer, a quick and useful value 
flited Slates in to to the compacted bulk density. This can readily be obtained by measuring the 
n� Some producers volume of a known weight of resin after it bas been compacted to minimize value 

with a vibrator. The amount of plasticizer that the resin can absorb can be milan-
unit and be panic- fated from this value mare reproducibly than it can be measured. This toot can 
such large - also be caclul In detecting troubles due to static electric charges on the particles, 
and the resin, A low bulk daiielty can be increased If a email amount of graphite or ainnionken 
3 be removed for hydroxide is added to the resin when static charges are the canoe. Accumulations 

It has reached of static charges In the plant air-conveying system can cause dangerous electrical 
get least one of SparkS and ebonite. 

We have frequently riferred to [Isbayes, which are smell pnxticIaa that do not 
rhich in usually readily fBe, thus remaining as discrete, galIlbe particles - Oven after the resin 
the reantim to processed by extrusion, calendaring, and so on. Although tlheyee may occur 
ad. The tamp- daring any at the polymerization steps, cleanliness is Important in their control, 
re contribute to because polymer partiolee adhering to the wall act an nuclei for ftuheyee. Eligh-
or exposure for pressure hydraulic home operating in the 1000 to 20D0 psi range have been found 
efore become helpful In removing such parliulea, but it to often necessary to enter the resent 
flOe a CbSII to clean it mechanically. 

eted previously, Some Itdtiatere have a tendency to produce more fisheyes than others. The 
e can process choice of the auapendbig system also Is Important in controlling this quality of 

- produce a the resin. 

P tene 
 are 

The control of the ream molecular weight, an measured by relative viscosity 
itly larger or other dUIIIe solution viscosity, Is of prime importance in determining end rise 
ration. iteceutly theree The viscosity of the resin, atom or plasticizer, to directly 
Of ;hle Material related to molecular weight, which Is controlled by proper selection of polymeriza-

cular weight by Lion, temperature and the level of chain transfer agent. 

Neat stability tests are described elsewhere they evaluate one of the most Irn-
these processes . portent twain properties. Poor heat stability can result from overheating the 
Lod particle resin, beat kicks, or too high a drier temperature. 

viscosity, 
. The color and the clarity of the fused resin are also Important qualities, Poor 

clarity can result from choosing a euspeadiug aged that Is not soluble In the molten 
er-to-monomer resin and shows up as a bane. Poor color, like poor beat stability, may reflect 
utfy, porous -. :.. the initiator used or the addition R(Inhibitors or anttozldantB, 

nt, if one Is  lastly, foreign contamination should be kept at a minimum. This cantamina-
must have Lion can come from any part of Lbs procenu. It might be flecks of scale from the 
particles :. reactor, charred particles from the drier, or duet and grit picked up by the air-

conveying system; In any case, all foreign matter should be kept to a very mini-
screen main. A simple method of determining the amount of contamination to to canoe 
rMal ,.. a given quantity of the rcahi to flow as a thin layer from a vibrator arid observe 
odeefrablo - -. .. the number of off-color particles for a specific weight of resin. Normally, good 

conditions . - -, processing techniques and good housekeeping can keep contamination within 
acceptable bouod. 
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(57] ABSTRACT 

A vinyl chloride polymer Is prepared through sutpenslon 
polymerization of a vinyl chloride monomer In the presence 
of a polyiredzatlon InItttw in a reaor. mc meeter is 
charged with up to % of the overall umomer charge to 
lnhhft polymerization. Polymerization Is caiziad out under 
a certain saniraled vapor pressure of P1 kgf/cin2 at a preset 
polynwzbaticn temperature. When the Internal pressure of 
the imetor dam mi to £2 kggm2. the remainder of the 
overall monomer charge Is continuously fed to the reactor so 
as to maintain the Internal pressure within the range of 
P1-AP)whordnP=Pl-P2iangesfroinO1 to2.Okgfkm2. 

A vinyl chloride polymer having a high degree of polymer-
Izadon Is efficiently produced while alleviating the load of 
heat removal. 
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PROCESS FOR PREPARING VINYL 
CHLORIDE POLYMER UNDER 

SEcwin 

VAPOR PRESSURE 

BACKGROUND OF THE INVENTION 
L 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 toad of heat 
removal. 

2. Prior Art 
Suspension polymerization of vinyl chloride monomers Is 

generally effected batchwfse. A polymerizing reactor or 
polymerizer equipped with a Jacket for passing a cooling 
medium Is charged with water, a suspending agent, a poly-
inerlzatlon initiator, a vinyl chloride monomer, and other 
additives. With stirring, the mixture charged in the reactor Is 
heated to a preset polymerization temperature 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 bypassing cooling water through the jacket 
such that the mixture charged in the reactor may be main-
talnedat the preset temperature. At a point of time when free 
vinyl chloride monomer Is disappearing from the charged 
mixture as the yield increases, the vinyl chloride monomer 
in gas phase starts decreasing and the internal pressure of the 
reactor starts declining. Polymerization reaction Is tennl-
nated when a predetermined internal 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 tempemnan of 63° C. but 
reaches about 2.000 at a preset polymerization temperature 
of 43° C. 

Accordingly, vinyl chloride 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 mi-
tiator added must be increased in order to shorten the 
polymerization time. The Increased amount of a polymer-
ization Initiator. In turn. causes the polymerization 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. H is then 
difficult to shorten the polymerization time. The cooling 
capacity can be increased to provide for heal removal. Even 
in such a case. if the amount of a polymerization ln1tltnr Is 
further increased in order to shorten the polymerization time. 
then the resulting polymer will have a lower degree of 
polymerization. Then the polymerization temperature must 
be set lower. resulting In a lower polymerization rate. This 
combined with the Increased cooling toad 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 pails molded from the resulting 
polymer have a poor color hue. 

One known solution to the problem is to add a crosslink-
lag agent to a charge mixture to be polymerized. Although 
the resulting polymer has an apparently Increased degree of 

polymerization. Its mechanical properties such as tensile 
elongation and tensile strength are not as high as those of a 
genuine polymer having an Identical degree of polymeriza-
tion. 

It is therefore desired to have a process of preparing a 
polymer having a 111gb degree of polymerization without 
excessively lowering the preset polymerization temperature 
as in the prior art More speciilcally, if the current preset 
Polymerization temperature can be Increased for the purpose 

10 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 

’5 passed through the jacket can be Increased so that the load 
Of a water cooling madrire may be reduced, resulting In a 
cost reduction. 

Also In connection with the Polymerization of vinyl 
chloride monomers, a polymerization Initiator is selected 

20 from those commonly used at a certain polymerization 
temperature. If a target yield and polymerization time are 
green, the necessary amount of that initiator Is automatically 
deteamlarA 

25 
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 
cfrcusnstanccà, it has been a common practice to select a 
more active polymerization inftiatnr and Increase the amount 

30 
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 
but of parts molded from the polymer. The increased 
amount of Initiatnr, in turn, causes the polymerization mac. 

33 
tion to generate 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 the capacity of a water cooling machine. 
Increasing the capacity of a cooling nlat4tlne leads to an 

40 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 Increascd cool-

45 
lag toad Is caught in a vicious circle. 

For solving the problem. It Is effective to snake uniform 
the pastern of removal of polymerization heat, that is. to 
establish a uniform polymerization rate. In Japanese Patent 
Application Kokel (JP-A) Nos. 14670/1971.149407/1981. 

so and 105709/1993. 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-

35  rising triangle to a rectangle to Increase an average 
reaction rare throughout the process. Since this reduction of 
the amount of Initiator required Is Insufficient, these is a need 
for a further reduction. 

Therefore, a primary object of the invention is to provide 
Go a process for preparing a vinyl chloride polymer having a 

high degree of polymerization at a high productivity while 
reducing the load of beat removal. 

Another object of the Invention is to provide a process for 
preparing a vinyl chloride polymer having a high degree of 

65 polymerization and Improved colorability upon molding ata 
high productivity while signlltcantly reducing the necessary 
amount of Initiator and the Load of heat removal. 
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SUMMARY OF THE INVENTION 

In conjunction with ordinary batchwlsepolymerlzad.on of 
a vinyl chloride monomer, there occurs a well-known phe-
nomenon that at a point of time when frcc vinyl chloride 
monomer Is disappearing from the charge mixture as the 
yield increases and the rate of polymerization reaction 
gradually increases. the vinyl chloride monomer In gas 
phase starts decreasing and the internal pressure of the 
reactor starts declining. and the rate of polymerization 
reaction reaches maximum at this point of pressure decline 
or some time later and thereafter experiences a sodden drop. 
When the rate of polymerization reaction reaches niairiwnm 
or nearly maxinuim at the start of decline of the reader 
Internal pressure or some time later, the vinyl chloride 
monomer Is added In an additional amount 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 enough to ensure the maximum rate of polymerization 
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 Inerease the ratio of the 
additional 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 
produce& 

Therefore, the present invention provides a process for 
preparing a vinyl chloride polymer by suspension polymer-
ization of a vinyl chloride monomer In a reactor wherein at 
the Instant when the internal pressure of the reactor starts 
declining in a later stage of polynlefi7atlnn reaction aox1-
mainly on arrival at maximum of the rate of polymerization 
reaction or some time later, an additional amount of the vinyl 
chloxidenionomer Is added whereby a nearly maximum rate 
of polymerization reaction Is maintained for a relatively long 
period of time, thereby obtaining a polymer having a higher 
degree of polymerization. More specifically, the reader is 
first charged with up to IVS of the overall monomer charge. 
and the remaining at least … of the overall monomer diarge 
is fed to the reactor after the Internal pressure of the reader 
has darted declining. 

We have also found that bettr results are obtained by 
charging the reactr with up to % of the overall monomer 
charge and carrying out polymerization under a certain 
saturated vapor pressure of P1 kgf/cm2 at a preset polynter-
Ization teinperatrire. When the Internal pressure of the reac-
tor declines to £2 kgf/cm2 the remainder of the overall 
monomer charge is continuously fed to the reactor so as to 

maintain the Internal pressure within the range of (Pl�M’) 
WhereinAP=Pl�P2 ranges from 0.1 to 2-0 kgflcm3, prefer-
ably 0.1 to 1.0 kgulcrn2. 

We have further found that better results are obtained 
when a polymerization Initiator having a temperature of 30° 
to65°C. at which its half life inaO.l mol/lbenzene solution 
Is 10 hours is used in an amount of 0.01 100.3% by weight 
based on the weight of the overall monomer charge. The 
polymerization initiator used herein is preferably a 1.1.2.2-
teiraineihylpropylperoxy ester of the following general for-
mula. 

rr’ ; r 

(1) 

cn,�c--c�o�o�c�c�as 
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wherein R1. R2 and R3 are Independently selected from 
normal alkyl groups having 11o9 carbon atoms. When 
suspension polymerization of a vinyl chloride monomer Is 
carried out In the presence of a 1,1.2.2-

10 tetramethylpropylperoxy cstcr of formula (1) as the poly-
merization Initiator, the vinyl chloride monomer In gas 
phase stalls decreasing and the Internal pressure of the 
reactor starts declining at a point of time when free vinyl 
chloride monorneris disappearing from the charged mixture. 

15 The me of polymerization reaction rapidly increases from a 
point of time about 10 to 20 minutes before the start of 
decline of the Internal pressure and a maximum rate of 
Polymerization reaction is reached when the Internal pres-
sure declines a We (a decline of about 2 kgfkm2 though it 

20 somewhat varies with polymerization conditions). 
Thereafter, the rate of polymerization reaction is 

signifi-

cantly slowed down. This outstanding gel effect Is not found 
with conventional Initiators. Based on this discovery. we 
carried out production of a vinyl chloride polymer. 

25 When the rate of polymerization reaction reaches niaxi-
mum or nearly maxmnmm due to the outstanding 

gel effect. 
the vinyl chloride monomer Is added In an additional amount 
corresponding to the consumption of the vinyl chloride 
monamer at that rate of polymerization reaction so that the 

30 Internal pressure of the reactor Is n?talmjthuri substantially at 
or In proximity to a level enough to ensure the maximum 
rate of polymerization reaction. Then polymerization reac-
tion proceeds in such a state that this nearly maximum rate 
of poIymariatloa reaction 

may 

be maintained for a rein-
33 LIvely long period of time. This procedure permits the 

Initiator to be quite effectively used and advantageously 
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 

40 charged monomer to such an extent that the additional 
monomer Is at feast one fifth of the overall monomer drmge 
as previously mentioned, then a vinyl chloride polymer 
having a high degree of polymerization can be produced. 
Based on these facts, we have found that when It is desired 

45 to produce a polymer having the same degree of polymer-
ization as prior art ones. the polymerization temperature can 
be set higher, the load of removal of polymerization reaction 
heat can be allevlatcd. and the rats of polymerization reac-
tion can be Increased. All these factors lead to a favorable 

So cycle In contrast to the prior art. Since the necessary amount 
of polymerization Initiator Is significantly reduced, the 
amount of uadecoznposcd Initiator carried on the resulting 
polymer Is reduced, which ensures that pans molded from 
the polymer are improved in color hue. 

53 Thus we have found that If a 1.1,2,2-
ttmmethyIpxopy1pezozy ester of formula (1) Is used in a 
reactor for the suspension polymerization of a vinyl chloride 
monomer as the polyieeri7atloa Initiator In a significantly 
smaller amount than conventional initiators, and if an addi-

so tional amount of the vinyl chloride monomer Is added at the 
instant when the Internal pressure of the reactor starts 
declining In a later stage of polymerization reaction approxi-
mainly on arrival at maximum of the rate of polymerization 
reaction or some time later, such that the Internal pressure of 

65 the reactor may fall In the effective range, then a nearly 
maximum rate of polymerization reaction can be maintained 
for a relatively long period of time, resulting ins polymer 

53 
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having a higher degree of polymeriralioc. This Is ensured 
when the reactor is first charged with up to % of the overall 
monomer charge. and the remaining at least Vs of the overall 
monomer charge is additionally fed In the later stage. 

DETAILED DESCRII’FION OF THE 
INVENTION 

Broadly stated, a process for preparing a vinyl chloride 
polymer by suspension polymerization of a vinyl cidoride 
monomer in the presence of a polymerization Initiator in a 
reactor is contemplated herein. According to the feature of 
the invention, the reactor Is charged with up to iS of the 
overall monomer charge to Initiate polymwizHon. After the 
Internal pressure of the reactor has started declining, the 
remainder of the overall monomer charge Is fed to the 
reactor to continue polymerization. 

Suspension Polymerization of a vinyl chloride monomer 
may be carried out in a conventional menr. Usually, a 
reactor equipped with a jacket through which a heating or 
cooling medium can be passed for healing or cooling the 
reactor Is charged with water. a suspending agea a vinyl 
chloride monomer, and a polyijierlzalion Initiator. Polymer-
ization Is then initiated. 

The vinyl chloride monomer used herein encompasses 
vinyl chloride alone and a mixture of a major proportiom 
typically more than 50% by weight, preferably more than 
70% by weight of vinyl chloride and a minor proportion of 
another monomer copolymerizable therewith. Examples of 
the monomer cupolyinerizab!e with vinyl chloride Include 
alpha-oleflus such as ethylene, propylene, 1-butane. 
1-pentene. 1-hexene. 1-heptene. i-octane. 1-nonene, 
1-decene. 1-undecene. 1-dodecene, 1-tridecene. and 
1-tefradacene; vinyl esters such as vinyl acetate; vinyl ethers 
such as lawyl vinyl ether and isoburyl vinyl ether, znelelc 
acid and mualelc anhydride; and vinylidene chloride, alone or 
in admixture of two or more. 

The initial amount of the vinyl chloride monomer charged 
Is up to four fifths, preferably up to two thirds of the overall 
monomer charge, which Is an Initial amount of monomer 
added first plus an additional amount of monomer added 
later. If the initial charge of the vinyl chloride monomer 
loaded exceeds iS of the overall monomer charge. then the 
additional amount of monomer added later Is reduced to less 
than Vs of the overall monomer charge. Then the length of 
time when a nearly maximum rate of polymnathatlon can be 
maintained is reduced and the degree of polymerization 
cannot be fully Inorease& failing to achieve the objects of 
the invention. If the Initial charge of the vinyl chloride 
monomer Is zoo small., then the absolute quantity of poly-
merization reaction at the point of time when the additional 
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 i/to, especially at least ’Is of 
the overall monomer charge. 

The suspending agent used for suspension polyn’lzatlon 
according to the Invention may be selected from those 
conventionally used in polymerization of vinyl chloride 
monomers, for example, cellulose derivatives such as 
methyl cellulose, hydroxycthyl cellulose. hydroxypropyl 
cellulose, and hydroxypropylmethyl cellulose, water or oil-
soluble partially saponified polyvinyl alcohoL and water-
soluble polymers such as acrylic acid polymers and gelatin. 
They may be used alone or In admixture of two or more. In 
combination with the suspending agent. there can be used 
any of nonionic emulsifiers such as sorbitan mnonolaurale. 
sorbitan trilaurate. glycerin tristearaza. and ethylene oxide-

propylene oxide block copolymers; and anionic cmulsiflers 
such as polyoxycthylene sorbitan monolaurate, polyoxyeth-
ylenc glycerin oleare, and sodium lauryl sulfate. The sus-
pending agent Is preferably added in an amount of about 

, 0.00i part by weight per lOo parts by weight ofthe 
overall vinyl chloride monomer charge. 

Useful polymerization inftizfr.is are those which are effec-
tive In the temperature tinge of 300 to 70° C which is an 
ordinary polymerization tamperanire range of vinyl chloride 

10 monomers. that is, polymerization initiators having a tern-
peranireof30°to65°C  al which Its half life lnaO.1 mci/i 
benzene solution Is 10 hours. These polymerization lnIlia 
toes may be used alone while a mixture of two or more 
polymerization Initiators having different 10-hour half-life 

Is temperatures may be used for the purpose of providing a 
constant no of polymerization reaction until the internal 
pressure of the reactor starts declining lizamples of the 
polymerization initiator Include dlacyl organic peroxides 
such as isobutynjlperoxlde (10-hour half-life temperature 
32.5° C). 3.5.5-trlmethy1hexanoylperoxlde (39.50 C). and 
lauroylperoxlde (62,0° C.); peloxyestcr organic peroxides 
such as cumylperoxyneodecanuate (36.3° C.). ted-
butylperoxyplvalate (55.0° C.). tart-
butylp crony neoheptanoate (49.70 C.). tert-

23 
butylperoxyncodecanoate (46.5° C.). and 
1-hexylperoxyneodecanoare (44.7° C.); peroxydicarbonate 
organic peroxides such as diallylperoxydicarbonate 
(38.87C). dl-sec-butylperoxydlcazbonatc (45.0° C.), and 
di-2-ethylhexylporoxydicarbonaie (43.5° C.); and azo corn-

30 pounds such as 2.2’-azat,islsobutyronitrlle (65.00 C.) and 
2.2’-azabls-2.4-dlmethylvaleronludxc (51.0- C.). 

Preferred polymerization Initiators are 1.1.2.2-
tctmmethylpropylperoxy esters of the following general 
formula! 

35 
flI () 

UI, Cli., R3 

40 wherein R’. R2 and It3  which may be the same or different, 
are independently selected from normal alkyl groups having 
ito 9 carbon atoms. 

Prefeffed examples of the ester of foimula (1) which can 
be used herein include 1.1.2.2-

45 telramelhylpmpylperoxyneodecauoate (10-hour half-life 
temperature in 0.1 rnoYl benzene solution: 39.0° C.). 1.1.2. 
2-zeanmuethylprcpylperoxypivalate (45.7° C). and 1.1,22-
teuamethylpropylperoxynethepranoate (40.6° C.). 

The polymerization Initiator Is preferably added to the 
so Polymerization system in an amount of 0.01 to 0.3% by 

weight. more preferably 0.03 to 0.2% by weight of the 
overall charge of vinyl chloride monomer. With less than 
0.01% of the polymerization initiator there is a likelihood 
that the system falls to sustain activity enough for polymer. 

55 italian 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 additional amount of the vinyl chloride 
monomer in the vicinity of the maximum rate of polymer-

6D Izailon reaction, and the polymerization time is prolonged. 
With mere than 0.3% of the polymerization Initiator, the rate 
of polymerization reaction would become so high that the 
resultant large amount of heat of polymerization cannot be 
fully removed before the maximum raze of polymerization 

65 reaction Is reached. Inducing runaway reaction. 
It Is understood that the preferred polymerization initiator 

Is  I.1.2.2-tctramczhylprcpylperoxyestcr compound of for-

51 
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nuda (1) as mentioned above. It may be used alone or In 
combination with at least one of other polymerization lid-
haters having a 10-hour half-life temperature In 0.1 mull 
beazene solution of 30° to 600 C. In the letter case, the 
1.L22-tettamethylpropylperoxyester compound of formula 
(1) is desirably Used in an amount of at least . especially 
at least ‰ of the total amount of polymerization initiators. If 
the amount of 1.1.22telrainethylpropylproxyester com-
pound of formula (1) used Is less than 16 of the total amount 
of polymerization Initiators, then there would not occur the 
outstanding gel effect Inherent to that compound that the ate 
of polymerization reaction experiences a rapid leap nearly 
when the Internal pressure of the reactor starts declining. 
Ibis Is against the feature of the Invention that polymuiza-
lion Is continued with a smaller amount of initiator and at a 
high rate of polymerization reaction while adding an addi-
tloiral amount of the vinyl chloride monomer, 

Often the entire amount of the polymerization tnftln?nr Is 
added at the initial stage although a portion of the polymer-
ization initiator may be continuously or lntarmnlffently added 
during polymerization. Slow the point of time when an 
additional amount of the vinyl chloride monomer Is added Is 
critical in the polymerIzatIon process of the invention and It 
Is desirable to shorten the length of time passed until the 
internal pressure of the reactor stalls declining. it is recom-
mended to use the polymerization Initiator in an amount of 
at least 0.04%. especially at least 0.06% by weight of the 
initial monomer charge. 

The polymerization Initiator may be added to the reaction 
system in any desired manner. for example. by pimping. 

As is conventional. any of optional polymerization 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. orosslinking agent, filler, and polymer 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 medium 
(typically hot water) through the jacket. thereby initiating 
polymerization. Once she charge mixture reaches the preset 
Polymerization temperature, heat of polymerization Is 
removed by passing a cooling medium through the jacket. 
thereby maintaining the preset polymerization temperature. 
The preset polymerization temperature may be properly 
selected although a temperature In the range of 300 to 700 C. 
especially 350 to 63°C. Is preferred from the standpoints of 
a rate of reaction and a degree of polymerization. 

While polymerization proceeds In this way, the yield 
Increases and the rate of reaction gradually Increases. At a 
point of time when free vinyl ddorldc monomer Is disap-
pearing from the charge mixture, the vinyl chloride mono-
mer in gas phase starts decreasing and the internal pressure 
of the reactor starts rapidly dropping. The rate of polymer-
ization reaction rapidly rises from about 10 1020 minutes 
before the Internal pressure of the reactor starts rapidly 
dropping. and peaks at a point of time when the internal 
pressure declines a little (a decline of about 2 kgf/cm2 
though It somewhat varies with polymerization conditions). 

Where the l.l.22-teiramcthylpropylperoxyester com-
pound of formula (1) is used as a polymerization Initiator. Its 
unique gel effect drives a rapid rise of the rate of polymer-
ization reaction so that the peak late of polymerization 
reaction reaches 1.3 times, sometimes 2 or mare times the 
rate before the rise 

At the point of time when the internal pressure of the 
reactor has declined a little at or in the vicinity of the peak 
rate of polymerIzatIon reaction, the remainder of the overall 

monomer charge which has not been fed Initially, more 
specifically at least 1/s. especially at least ’S of the overall 
monomer charge Is continuously added to the reaction 
system to continue polymerization. 

5 It Is now assumed that the reaction system has a certain 
saturated vapor pressure P1 kgf/cm2 at the initial preset 
polymerization temperature, that i& the reactor has a certain 
internal pressure P1 kgf/cm2 before the internal pressure 
starts declining, and that the reactor has an internal pressure 

10 P2 kgf/cm2 alter the Internal pressure has started declining. 
and /rPed’1�F2. Supply of an additional amount of the 
monomer to the reactor Is preferably started and continued 
so as to maintain the internal pressure within the range of 

(P1�bP) wherein 0.1 kgf/cm2nibP2.0kgf/cm2. preferably 
is 0.1 kgUcm6P1.0 kgf/cm2. By maintaining AP within 

this range. the rate of polymerization reaction can be main-
tained maximum or nearly maximum thetcaften If AP Is 
outside the range. the rate of polymerization reaction would 
be lower during supply of the additional vinyl chloride 

so monomer and ma result, the polymerization thne would be 
prolonged, falling to obtain a polymer having a high degree 
of polyrmaization. Therefore, by maintaining APwlthIn this 
range, a vinyl chloride polymer having a high degree of 
polymerization can be produced at high productivity and 

25 with the reduced load of heat removal from the reaction 
system. In order to precisely adjust a degree 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 

so that the rate of monomer feed is equal to the rate of polymer 
formation can be maintained. 

The vinyl ddodde inoaonmr may be supplied to the 
reactor by various techniques. for example, by pumping or 
by bearing a container of the monomer to create a pressure 

35 difference enough to forcibly admit the monomer to the 
tendon Any desired technique may be used Insofar as It Is 
capable of precise stable supply of the monomen 

After the remainder of the overall monomer charge Is 
completely fed to the reactor, polymerization Is terminated 

40 In accordance 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 reducing the load of had removal. When 

45 a 1.1.2.24etiamcthylprqrylperoxyesirz compound of for-
mula (1) Is used as the polymerization Initiator, a vinyl 
chloride polymer having a high degree of polymerIzation 
and Improved colorability upon molding can be produced at 
a high productivity while reducing the necessary amount of 

50 initiator and the load of heat removal. 

Examples of the present invention is described below by 

35 
way of Illustration and not by way of limitation. 

Example 1 

The reactor used for suspension polymerization of vinyl 
chloride monomer (VCM) was a stainless steel reactor 

o 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°Cmcn2kgofanaqueous  solution containing l8 grams 
(0.06% by weight based on the overall vinyl chloride 

as monomer charge) of water-soluble partially saponified poly-
vinyl alcohol and 12 grams (0.04% by weight based on the 
overall vinyl chloride monomer Charge) of water-soluble 
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cellulose ether and 100 grams of a mixture of water and 
niethanol (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 
reactor and stirred. By passing warm water through the 
Jacket. the reactor contents were heated WOO C.The reactor 
Interior was evacuated to a vacuum of 120 mmHg. With 
sthzlng, the reactor was charged with 14.0 kg of vinyl 
dilodde monomer (VCM) at room temperature (19° C) to 
form a mixture. The charge mixture was heated to 30° C. by 
warm water through the jacket Thereafter, with the mixture 
being sllned, 38.57 grams of an isoparaffin solution con-
mining 27.0 grams (0.09% by weight based on the overall 
vinyl chloride monomer charge) of dl-2-
ethylhexylperoxydicarbonate as the polymerization initiator 
was pumped into the reactor to initiate polymerization. Al 
the saute time, the charge mixture was heated by wmsn water 
through the jacket to a preset polymerization temperature of 
54° C,  within 30 minuies. 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 kgUcmt for 
a long while and thereafter, started rapidly declining. When 
the internal pressure reached 7.4 kg0cm2 (146 minutes after 
the stall of polymerization). the supply of the vinyl chloride 
monomer (VCM) Into the reactor was restarted. The vinyl 
chloride monomer was continuously pumped tomaintain the 
internal pressure at 7.4 kgf/cmm. The flow sate of the vinyl 
chloride monomer was measured by a mass flow melermn 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 monomer was Interrupted. 
When the internal pressure of the reactor dropped to 53 
kVtnn2 (26 minutes after the interruption of monomer 
supply). 43 grams of bispbenol-A was admitted to stop 
Polymerization. 

After the polynierizalion reaction was stopped, the umve-
acted monomer was recovered from the reactor and the 
resulting polymer slurry 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 2 
A vinyl chloride polymer was prepared by the mine 

procedure as In Example 1 except that the initial charge of 
’1CM was 10 Jig, the polymerization Initiator used was 
0.095% by weight based on the overall VCM charge of 
di-2-ethylbcxylperoxydlcazbonate. the preset polymeriza-
tion temperature was 54.5° C... 20 kg of the VCM was 
continuously pumped to maintain the Internal pressure at 7.5 
kgf/cm3. and polymerization was stopped when the internal 
pressure dropped to 5.6 kgflcm2. 

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 
0.05% by weight based on the overall VCM charge of 
di-2-cthylhexylperoxydlcarbonate and 0.05% by weight 
based on the overall vinyl chloride monomer charge of 
tezt-butylparoxyester. the preset polymerization temperature 
was 53°  C. 10 kg of the VCM was continuously pumped to 
maintain the internal pressure at 7.2 kgflcmm. and polymer-
ization was stopped when the internal pressure dropped to 
53 kgf/cm2 

10 
Comparative Example I 

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 
dl-2-cthylhexylperoxydlcarbonate. the preset polymeriza-
tion temperature was 50.5° C. no additional VCM was fed 
after the Internal pressure of the reactor started declining, 
and polymerization was stopped when the internal pressure 

10 dropped to 4.9 kgf/cmm 

Comparative Example 2 

A vinyl chloride polymer was prepared by the same 
is procedure as in Example 1 except that the Initial charge of 

VCM was 26 kg. the polymerization Initiator used was 
0.122% by weight based on the overall VCM charge of 
di-2-ethythexylparoxydicarbonate. the preset polymeriza-
tion temperature was 51° C. 4  k of the VCM was con-

201 tinnously pumped to maintain the Internal pressure at 7.0 
kgf/cm2. and polymerization was stopped when the internal 
pressure dropped to 5.0 kgf.lcmm. 

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-
e1bylbexylperozydicarbonate. 0.037% by weight based on 

so the overall VCM charge of dlaliyl mualcale as a crossllnking 
agent was added at the same time as the polymerization 
initiator, the preset polymerization temperature was 54° C., 
and polymerization was stopped when the internal pressure 
dropped to 5.5 kgficm2 

35 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. 

40 Degree of Polymerization 

It was measured according to itS K672L 

Tensile Test 
45 Tensile strength and elongation were measured by a 

tensile test according to JS 0005. Using the tensile tenet. 
Strograph manufactured by Toyo Seiki K.K.. a No. 2 
dumbbell shaped specimen having a distance between gage 
marks of 25mm and a width of 6 m was tested at a pulling 

50 speed of 200 mm/rain. An average of five measurements was 
reported-

TheopThe specimen was prepared by blending 100 parts by 
weight of the vinyl chloride polymer with 45 parts by weight 
of dioctyl plflbalate. S parts by weight of Iribaslc had 

55 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 S in1nm, and a gage of 

ni 0.8 mm. The pressing conditions Included a 50-t press, a 
temperature of 170° C. a pressure of 110 kgflcma. a 
preheating time of 5 minutes. and a pressing time of 3 

minutes. 

In Examples 1-3 and Comparative Examples 1-3, the 
65 lowest temperature of water passed through the jacket 

during polymerization was recorded to determine the load of 
heat removal. 
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El E2 E3 Cal (2 CID 

Pc1ymmizun I posfle (C.) 340 543 334) 503 514) 344) 

- 28W IMP 28W REP IM 
Aanmt (%) 04)90 0093 0.045 OlE) 0.122 0.092 
Type- 

- END - - 
Avx=- 

- 0.0 - - - 
Csliaklag sgml (%) - - - - - 04)37 
hnuitsi cbnge of VCM (kg) 14 10 20 30 26 30 
A&liihnasl claije of VCM (kg) 16 20 10 0 4 0 
VCMszçp1yze(kgffgm)  74 73 7.2 

- 70 - Seas 
of VCM eçply (nSa.) 146 117 136 

- 280 - 
Tims of VCM napply (mm.) 109 143 90 

- 20 - 
Pusune I wim tUrn (miii.) 26 24 33 38 34 35 
1bt1 Wbmdzafim an(nSa.) 281 286 281 283 284 283 
Fha1iemsiesmae(kacw°) 5.3 3.6 33 40 54) 33 
YirId (%) 46.0 85.9 86.1 86.2 46.2 860 
Lowest jacket WMPUQBM (’C.) 49.2 49.8 484 43.8 46.1 49.6 
Degtneofpolyirnæzalhnn 1300 1310 M EEIO 1310 1300 
Tensile test 

hiincihe slrcttgth (kgfhn3i5) 1.63 1.66 141 1.63 1.64 123 
lbnSOe elrngsiku (%) 388 310 391 375 382 345 

01MM di.2 ethyli rylpeinrydiesebmals (lOban ball-life teziostere in at anhllbenzow .o!nSm 43.5’ C.) 
BNTh tet-bmylpernxy o&esrn.te (463° C.) 

It Is evident fromTablc 1 that as compared with the prior 
art, the polymers prepared by the process of the Invention 
yjjthjg an identical polymerization time had ahigh degree of 
polyntstrlraflon although the amount of initiator used is 
reduced. The productivity Is increased and the preset poly-
mon temperature can be higher. As a result. the load 
for beat removal Is alleviated. The results of the tensile test 
on the inventive polymers are Superior to those of the 
polymer whose degree of polymeTiuion was Increased by 
the use of a orosslinking agent (Comparative Example 3). 

Example 4 

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 sthrer. 

The reactor was charged with 60 kg of deionized water at 
22° C. Then 2 kg of an aqueous solution containing 18 grams 
(0.06% by weight based on the overall vinyl chloride 
monomer charge) of water-soluble partially saponified poly-
vinyl alcohol 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 on the overall vinyl chloride 
monomer charge) of oil-soluble partially saponified polyvi-
nyl alcohol as suspending agents were admitted Into the 
reactor and stirred. By passing warm water through the 
jacket. the reactor contents were heated to 400 CThe reactor 
interior was evacuated to a vacuum of 120 mmHg. With 
stirring, the reactor was charged with 13.0 kg of vinyl 
chloride monomer (VCM) at mom temperature to form a 
mixture. The charge mixture was heated to 40° C by warm 
water through the jacket. Thereafter. 13.7 grams of an 
isoparathn solution containing 9.6 grams (0.032% by weight 
based on the overall vinyl chloride monomer charge) of 
1.1.2i-tmethy1pcpy4eroxyneode°noate  as the poly-
merization 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 poly-

12 

merizatlon temperature of 540 C. within 30 mInutes. 
Thereafter, coolant water was passed through the jacket to 

so remove heat of polynieelzation so that the preset temperature 
was maintained. The Internal pressure of the reactor 
remained constant at 7-9 kgt/an2 for a long while and 
thereafter, darted rapidly declining. When the internal pres-
sure reached 7.4 kgUcin2 (121 minutes after the start of 

35 polymerization). the supply of the vinyl chloride monomer 
(VCM) into the reader was restarted. The vinyl chloride 
monomer was continuously pumped to maintain the Internal 
pressure at 7.4 kgf/cm2 The flow rate of VCM was mea-
sured by a mass flow meter (model D006S.-IW200 by 
Chiba Oval K.K.) in the piping. When the flow rate accu-
mulation 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 
kgUcm2 (36 minutes after the iuiwupthut of monomer 

45 supply). 4.5 grains of blsphenol-A was admitted to stop 
polymerization. 

After the polymerization reaction was stopped, the unre-
acted monomer was recovered from the reader and the 
resulting polymer slurry was taken out of the reactor. 

o dewahxenJ. and dried. The wcght of the polymer was 
measured to calculate Its yield based on the overall vinyl 
chloride monomer charge. Example 5 

ss 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 Initiator used was 

0.037% by weight based on the overall VCM charge of 

1.1.2.2-tetramethylpropylperoxypivalatc. the preset poly-
60 merlzatlon temperature was 60°  C. 20 kg of the VCM was 

continuously pumped to maintain the internal pressure at 8.2 
kgU&. and polymerization was stopped when the Internal 
pressure dropped to 63 kocze. 

65 Comparative Example 4 A vinyl chloride polymer was prepared by the same 

procedure as In Example 4 except that the initial charge of 
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VCM was 30 kg. the polymerization Initiator used was 
0.027% by weight based on the overall VCM 

Degree of Polymerizallon 
charge of 

n-botylperoxyneodecanoate (equimolar to the 1.1.22- 
telmmethylprcpylperoxyneodecanoate In Example 4). no 
additional VCM was supplied after the internal pressure of It Was measured according to iTS K6721. 
the reactor started declining, and polymerization was 
stopped when the Internal pressure dropped to 6.7 kgf7cin2. 

Comparative Example S Initial Coloring Test 
A vinyl chloride polymer was prepared by the same 

procedure as in Comparative Example 4 except that the 10 
polymerization Initiator Used was 0.039% by weight based 
on the overall VCM charge of di-2 - With 100 parts by weight of a vinyl chloride polymer 
ethylhcxylperoxydlcarbonate (eqnlmolar to the 1,122. 
Lezramethylpropylperoxodccanoam 

were blended 1 part by weight of tin laurate, 0.5 part by 
weight of a cadmium stabilizer, and 50 by in Example 4). and pasts weight of 

polymerization was stopped when the Internal pressure dioctyl jOhlbabac The blend was milled In a twin roll mill at 
hopped to 6.0 kgflcsn2. "160° C. for 5 minutes and teamed Into a sheet of 0.8 rum 

Comparative Example 6 thIck. The sheet was cat Into sections which were stacked 
A vinyl chloride polymer was prepared by the Sam 

one on top of the other. The stack was placed in a mold of 
procedure as in Comparative Example 4 except that the 

4x4xLS cm where It was heat compression molded at 160° 
 based polymerization Initiator used was 0.032% by weight2D 

C. and 65-70 kgf/cm2 to fame a sample. By analyzing the 
sample using a photoelectric calorimeter (manufactured by on the overall VCM charge of 1.1.2.2-

tetmmethylpropylperoxyneodecanoate. and polymerization Nikon Denshoku Koyo KL). a lightness Index L and 
was stopped when the internal pressure dropped to 5.5 values of a and bin Hunter’s color difference equation we= 
kgVc,n2. detennlned as prescribed in AS Z8730 (1980). 

Comparative Example 7 25 
A vinyl chloride polymer was prepared by the same The samples were rated in four classes of excellent (Exc.). 

procedure as in Comparative Example 4 except that the good, fain and poor. 

TABLE 2 

£4 CPA CES CE6 CEI ES 

SPmoizalii ipe (’C.) 541) 34.0 54.0 541) 54.0 60.0 

fIND END ENP TMND END tMPV 
At (%) 
Typo- 

0.032 0.021 0.039 0.032 0.038 0.037 

Auzaug (V.) 
- - - CND - - - - - 

0.030 - 
Inithi cbne of VCM (kg) 13 30 30 30 30 10 
Aithml obap of VCM (kg) 17 0 0 0 0 20 
VCM aipply r (kgUcm2) 7.4 - - - - 8.2 
Sun of VCM aipply (Mb) 113 - - - - 93 
Iof VCM .içply(uth.) 120 - - - 115 
Piemee d1opb, Itor (mb.) 
11 1I4U5TiZlbl1 tise (Mb) 

32 70 70 23 45 24 
267 585 469 420 269 232 

Foal banal (kajcm2) 33 4.7 6.0 53 53 6.5 
86.0 81.1 84.1 86.0 860 86.1 

1310 WO 1140 USD 1150 1030 
Ir,ithl co1mir 

1. 
avulu. 

71.2 70A 68.7 70.7 70.1 70.8 
-1.5 -1.2 -1.3 -1.2 -1.2 -1.4 

bvha 
Rating

 104 10.8 13.3 103 11.8 10.9 
I= 

& Poor 
sm Good Eze. 

WfterJD EMC" ylpumy oa (10400r laIf.11fr UMPMRUM in 0.1 moIll bml2eIa 
uobiun 39.0’ C.) 

(45.7’C.) 
RNTh 

un-haymu 000drcaxm (463’ C.) EIW -2hyU zyozy&i.heao 
(433’ C.) QID cunylpes,zyirodocanste (36.6’ C.) 

polymerization initiators 
used were 0.058% by weight 

based H Is evident 
from Table 2 thaI as compared 

with the prior on 
the 

overall VCM charge of tczt-butyIperoxyneodecoite art, the process of the Invention permits a polymer to be 
and 0.03% by weight based on the overall VCM charge of produced 

within a short 

time of polymerization 
reaction with 

cumylporoxyneodecanoate. 
and polymerization was stopped a significantly 

small amount of initiator used. The polymer 
when the internal pressure dropped to 5.5 kgf/cm2. Is Improved in colorability upon molding and has a high The vinyl chloride polymers obtained In Examples 4-5 degree of polymotration. The load of" removal is and Comparative Examples 4-7 were determined for a 65 degree of polymerization 

and initial coloring. The resuks are Japanese Patent Application Nos. 192431/1995 and 
shown 

in Table 2. 282604/1995 are Incorporated herein by reference. 
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Although some preferred embodiments have been 
described. many niodjficslions 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 chloride polymer by 

suspension polymerizallom of a vinyl chloride monomer In 
the presence of a polymerization initiator in a reader. 
comprising the steps of: 

charging the reactor with %* 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 reader has 
started declining, thereby continuing polymerization. 

and wherein the polymerization Is carried out under a 
certain saturated vapor pressure of P1 kg0cm2 at a 
Preset polymerization temperature. 

when the Internal pressure of the reactor declines to P2 
kgf/c&. the remainder of the overall monomer charge 

[I 

16 
Is continuously fed to the reactor so as to maintain the 
Internal pressure within the range of (PI�AP) wherein 
APL--PI�P2 ranges from 0.1 to 2.0 kgl/cm2. 

2. The process of claIm 1 wherein a polymerization 
5 initiator having a temperature of3o°to65°Cat which its 

half life ina0.ljnoUl benzene solutionis lO hours isused 
in an amount of 0.01 to 0.3% by weight based on the weight 
of the overall mcnonrez charge. 

3. The process of claim 2 Wherein the Polymerization 
to initiator is a 1.12.2-tetramethylpiopylperoxy ester of the 

following general formula 

RI
 

(1) 

15 
cH,l__i_0_o_c_c_r 

en, en, a’ 

wherein R1. R’ and R’ are Independently selected from 
nonnal alkyl groups havIng 1 to 9 carbon atoms. 
4.The process of claim 1 wherein tlp=P1�P2 ranges from 

0.1 to 1.0 kgUcm2. 

5c( 
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quency dielectric heating in the presence of added 
polymerization initiator. 
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TREATMENT OF VINYL HALIDE POLYMERS 

The present invention relates 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 recovery 
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 discoveries have 
linked vinyl chloride monomer with the rare cancer 
anglo sarcoma of the liver and with other medical prob-
lems. It is thus highly desirable to reduce the level of 
residual vinyl halide monomer in vinyl halide polymers 
to the lowest possible value. 

U.S. Pat No. 3,434,220 discloses a process for drying 
polymers 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 
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-
mar produced by the polymerisation of monomeric 
material consisting of vinyl halide and 0 to 30%, by 
weight of total monomeric material, of comonomeis 
copolymerisable with vinyl halide. Examples of copo-
lymerisable dionomers are ethylene, propylene, vinyl 
acetate, vinyl (aerate, vinyl stearate and vinylidene 
chloride. 

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

The vinyl halide polymer to be subjected to radio 
frequency dielectric healing is normally a vinyl halide 
polymer with residual monomer absorbed during 
polymerisation. Typically the quantity of monomer will 
not exceed 3% (30,000 ppm.) by weight of polymer, 
although larger amounts may be present. 

The polymer 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 vinyl chloride polymer, containing resid-
ual monomer, in the form of beads recovered from 
suspension polymerisation. 

The process may, for example, be applied to poly-
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-
mer/polymer mixtures produced by any of these. pro-
cesses. rocesses. 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 

Polymers recovered from an aqueous dispersion before 
drying will often have up to 20% water present, based 
on weight of dry polymer. Any amount of water may be 
handled by the process of the present invention how-
ever. For example inicrosuspensions which are corn-
manly spray dried may instead he 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 
tO batch or continuous fashion. To avoid overheating it is 

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

IS The exposure time maybe for periods of 0.1 seconds 
or less up to 100 minutes, but preferably lies in the 
range I second to 40 minutes, more particularly I to 
30, for example 1 second to 10 minutes. limes in ex-
cmof 1 minute, preferably in excess of of 2 minutes a 

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-
tune in the range l0°to 120°CAt  higher temperatures 
the polymer tends to be degraded. 

The radio frequency dielectric heating employed in 
the process of the present invention is well-known to 
those skilled in the art of electric healing. Dielectric 
heating is a method of beating poor electrical conduc-

30 tors 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 
so 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 

40 150 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 

45 radiation of stray electromagnetic radiation is in-
creased. 

Microwave heating is a special case of radio fre-
quency dielectric heating. In microwave heating the 
required alternating voltage is provided by the electri-
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 
ovens is well understood by those skilled in the micro-
wave heating art. 

Any microwave frequency can be employed, e.g. in 
60 the mange 600 to 50,000 MHz and suitably in the range 

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-
65 ated with exposure times and applied power so that 

there are less than 50 ppm monomer in the treated 
polymer, preferably less than 25 ppm and most prefer-
ably to less than 0.5 ppm. 
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� ft ii believed that dielectric beating acts selectivàly 
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 theadvantage of selectively heating absorbCd 
monomer *’side 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 
is 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 509% 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 polymerization 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 his preferred that 
Ty 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 polymerization has 
ended, e.g. by adding the initiator to the polymerization 
reactor. The polymer may instead be recovered from 
the polymerization 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 pro-
pared by emulsion polymerisation, but to polymer pre-
pared 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 catalysis as well as 
to polymer prepared using monomer-soluble catalys% 
e.g. by suspension, microsuspension or bulk polymeri-
sation. 

Where the initiator is added after polymerisation has 
ended the quantity added may for example he 0.01% to 
1%, preferably 0.02% to 0.2%, based on weight of any 
polymer. Preferably the minimum quantity of initiator 
pre5Łnt at the beginning of the radio frequency dielec-
trictrØatnient isO. 1% for suspension polymer and 0.2% 
for emulsion polymer based on Weight of dry polymer. 

It may even be advantageous to add additional ma-
namer-soluble initiator dissolved in vinyl halide to the 
recovered polymer. The amount of vinyl halide em-

ployed to introduce the additional initiator should be 
kept as small as pOssible. 

The added initiator may be a conventional vinyl ha-
lide polymerization initiator. Examples of suitable mid-

5 atOm are ammonium pemuiphate, caprylyl peroxide, 
fauroyl peroxide, benzoyl peroxide, dicyclohexyl per-
oxy dicarbonate and am bis isobulyronitrile. 

A preferred initiator for use in the process of the 
present invention is also azo his diisobutyrontrile 

10 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 persuiphate initiators. 

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

EXAMPLE I 
A conventional polyvinyl chloride suspension homo-

polymer was prepared using lauroyl peroxide as the 
20 initiator and methyl cellulose as the suspending agent. 

A 200g sample of the polymer was slurried with 
200m1 of a 0.27b solution of ammonium persulphate for 
10 minutes. The polymer was centrifuged. The mois-
ture content of the centrifuged resin was 18.3% wt/wt 

25 and the monomer content was 1.2% wt/wt. A bog 
sample of this centrifuged 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. 

30 
TEST A 

This is a Comparative Example in which no initiator 
was added. A lOOg sample of the polymer used in Ex-
ample I had a monomer content of about 1% and mois-

35 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 I. The final moisture content 
was 8% by weight and the monomer content was 80 

40 ppm. 

� EXAMPLE 2 
A batch low frequency dielectric heating oven oper-

ated at a frequency of 27 MHz and provided with an 
45 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 polymerization was washed with a 0.25% by weight 

50 
solution of ammonium 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.e. 10% by weight of water). 

The vinyl chloride content of the polymer before the 
35 radio frequency treatment was 7000 ppm. 

A sample of SOg of the wet polymer was placed be-
tween the electrodes in the oven and subjected to radio 
frequency dielectric heating for 3 minutes at a power of 
about 10 kW. The final vinyl chloride monomer con-
tent of the polymer was 531 ppm. and the total solids 
content of the treated material was about 99% by 
weight 

� EXAMPLE 3 
65 An experiment was carried out as in Example I ex-

cept that the radio frequency dielectric beating was 
continued for l minutes. The final vinyl chloride 
monomer content was 1480 ppm. 
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TEST B 

This is a Comparative Example not according to the 
invention. 

An experiment was carried out as in Example 3 ex-
cept that the polymer was washed with water only in-
stead of ammonium persuiphate solution. The heating 
was for 1‰ minutes as in Example 3. The final vinyl 
chloride monomer content of the polymer was 3400 
PPM 

EXAMPLE 4 

A 200g sample of wet suspension PVC homepolymer 
slurry was treated with 200m1 of a 0.2% wt/wt solution 
of azobisbutyronitrile in ethanol for 10 minutes, and 
was then centrifuged. 
The polymer had a moisture content of 16.1% wtlwt 

and a monomer content of 3,040 ppm. 
A lOOg sample of the polymer was irradiated at 2,450 

MHz for 10 minutes to give a final moisture content of 
1.1% wt/wt and a final vinyl chloride monomer content 
of less than 3 ppm. (Mow the Limit of detection). 

We claim: 
1. A process for treating vinyl halide polymer con-

taining residual vinyl halide produced by the polymeri-
zation of monomeric material consisting of vinyl halide 
and 0 to 30% by weight of total monomeric material of 
comonomers copolymerizablc with vinyl halide which 
comprises subjecting said polymer to radio frequency 
dielectric heating in the presence of added free radical 
polymerization initiator. 

2. A process according to claim 1 wherein the vinyl 
halide polymer is polyvinyl chloride, the vinyl halide it 
contains is vinyl chloride, and the polymer is produced 
from a monomeric material consisting of vinyl chloride 
and from 0 to 20% by weight of total monomeric mate-
nal of comonomer copolymerisable with vinyl chloride. 

3. A process according to claim I wherein the 
amount of residual vinyl halide monomer does not 
exceed 3% by weight of the polymer. 

4. A process according to claim I whereinthe poly. 
nier contains up to 20% by water based on weight of 
dry polymer. 

S. A process according to claim I wherein the poly-
5 mer is subjected to radio frequency dielectric heating 

for a time in the range 0.1 second to 100 minutes. 
6. A process according to claim 5 wherein the poly-

mer is subjected to radio frequency dielectric heating 
for a time in the range I second to 40 minutes. 

JO 7. A process according to claim 6 wherein the poly-
mer is subjected to radio frequency dielectric heating 
for a time of at least one minute. 

8. A process according to claim 6 wherein the poly-
mar is subjected to radio frequency dielectric heating 

is for a time sufficient to raise the temperature of the 
polymer to a temperature in the range 700 to 1200 C. 

9. A process according to claim 1 wherein the poly-
mer is subjected to low frequency dielectric heating 
between electrodes 

20 10. A process according to claim 9 wherein the fre-
quency used isinthe range 1 to 150 MHz. 

11. A proem according to claim 1 wherein the poly-
trier is subjected to microwave radiation. 

12. A process according to claim 11 wherein the 
25 microwave radiation is at a frequency of 600 to 50,000 

hm 
13. A process according to claim 12 wherein the 

frequency is in the range 900 to 30,000 MHz. 
� 14. A process according to claim 1 wherein initiator 

30 is brought into contact with the polymer after 
polymerisation is ended. 

IS. A process according to claim 14 wherein from 
0.01% to 1% by weight of initiator, based on weight of 
dry polymer is added to the polymer after polymerisa-

35 lion has ended. 
16 The process according to claim 1 wherein the 

minimum quantity of initiator present at the beginning 
of the radio frequency dielectric heating of suspension 
polymer is 0.1% by weight of dry polymer. 

40 17. A process according to claim 2 wherein the poly-
mer subjected to radio frequency dielectric heating is 
vinyl chloride polymer in the form of beads recovered 
from suspension polymerization and containing resid-
ual monomer. 

45 S * * S * 
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