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(57) ABSTRACT 

An object of this invention is to provide a method for the 
production of a porous material by polymerizing a water-
in -oil type high internal phase emulsion in a briefer time 
than a conventional technique without impairing the stability 
of the emulsion. The object of this invention can be accom-
plished by a method for the production of a porous material 
comprising a step of polymerizing a water-in-oil type high 
internal phase emulsion containing a polymerization 
initiator, wherein the polymerization initiator is a redox type 
initiator combining a water-soluble oxidizing agent and a 
reducing agent, the reducing agent is preparatorily added to 
form the emulsion, and thereafter the water-soluble oxidiz-
ing agent is added to the emulsion to polymerize the added 
emulsion. 

4 Claims, No Drawings 
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A method for production of porous cross-linked polymer 
material which comprises separately adding an oxidizing 
agent and a reducing agent of a redox type initiator has been 
disclosed in JP-A-10-36,411. This method as disclosed 
therein comprises, in the polymerization of an HIPE with a 
redox type initiator, preparing in advance an HIPE with a 
water-soluble oxidizing agent added thereto, adding an 
aqueous solution of a reducing agent to the mixture and 
thereafter polymerizing the resultant HIPE mixture. This 
method is mainly targeted at obtaining a porous cross-linked 
polymer material having a decreased volume contraction 
ratio of the HIPE before and after the polymerization and 
excelling in physical properties. The present inventors have 
found that the method can also serve effectively as means for 
stably forming an HIPE and polymerizing the HIPE in a 
brief time as aimed at by the present invention. After further 
continuing the study in detail, they have found that this 
method has problems yet to he solved. Specifically, it has 
been ascertained to the inventors that while no serious 
problems arise when an HIPE having added sodium persul-
fate (as a water-soluble oxidizing agent) is emulsified at 
room temperature as disclosed in JP-A-10-36,411 or when 
the temperature exceeding the normal room temperature 
remains within the approximate bounds of 40° C., a possi-
bility that the HIPE would partially be polymerized and the 
state of emulsification would become ununiform during the 
course of emulsification arises when the emulsification 
temperature is high. In contrast, the method for production 
of this invention is capable of infallibly retaining the sta-
bility of the HIPE because it comprises forming an HIPE by 
adding a reducing agent having no ability to initiate the 
polymerization and subsequently adding an oxidizing agent 
to the HIPE. The present inventors have further found that 
when the emulsification is effected after the addition of a 
reducing agent, the reducing agent can manifest effects of 
reducing and removing dissolved oxygen liable to retard the 
polymerization and effects of smoothly initiating the poly-
merization as well. They have perfected this invention based 
on this knowledge. 

To be specific, an object of this invention can be accom-
plished by a method for the production of a porous material 
comprising a step of polymerizing a water-in-oil type high 
internal phase emulsion containing a polymerization 
initiator, wherein the polymerization initiator is a redox type 
initiator combining a water-soluble oxidizing agent and a 
reducing agent, the reducing agent is preparatorily added to 
form the emulsion, and thereafter the water-soluble oxidiz-
ing agent is added to the emulsion to polymerize the added 
emulsion. 

Since this invention uses a redox type initiator combining 
a water-soluble oxidizing agent and a reducing agent, and 
comprises preparing in advance an HIPE containing the 
reducing agent and thereafter effecting the polymerization of 
the HIPE by adding the water-soluble oxidizing agent to the 
HIPE, it permits the polymerization to be completed in such 
a brief time as falling within one hour without impairing the 
emulsion stability during the formation of the HIPE. It may 
be rated as an unusually effective technique for the produc-
tion of a porous material particularly by continuous poly-
merization. 

The above and other objects, features and advantages of 
the present invention will become clear from the following 
description of the preferred embodiments. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT(S) 

This invention relates to a method for the production of a 
porous material comprising a step of polymerizing an HIPE 

4 
in the presence of a polymerization initiator, wherein a redox 
type initiator comprising a water-soluble oxidizing agent 
and a reducing agent in combination is used as the poly-
merization initiator, the reducing agent is added prior to the 

5 preparation of HIPE, and the water-soluble oxidizing agent 
is added to the HIPE prior to the polymerization thereof. 

The component steps of the method of this invention for 
the production of a porous material will be described below 
sequentially in the order of their occurrence. 

10 

[I] Raw Material (HIPE) 
(1) Composition of HIPE 

The components of the HIPE which can be used in the 
method for the production of a porous material contemplated 

is by this invention does not need to be particularly discrimi-
nated. It may be properly selected among compositions 
heretofore known in the art to suit the purpose for which the 
product is intended to he used. The composition of the HIPE 
is only required specifically to contain as essential cornpo-

20 nents (a) a polymerizing monomer component containing at 
least one polymerizing unsaturated group in the molecular 
unit thereof, (b) a surfactant, (c) water, and (d) a redox type 
initiator using a water-soluble oxidizing agent and a reduc-
ing agent in combination. It may optionally contain (e) a salt 

25 and (1) another additive as arbitrary components as well. 
(a) Polymerizing Monomer Component 
The polymerizing monomer component which constitutes 

the HIPE mentioned above is a compound having at least 
one polymerizing unsaturated group in the molecular unit 

30 thereof. Though it does not need to be particularly restricted 
so long as it can form a water-in-oil type high internal phase 
emulsion and be polymerized in the emulsion, the polymer-
izing monomer component may preferably contain both 
(a-i) a polymerizing monomer having one polymerizing 

35 unsaturated group in the molecular unit thereof and (a-2) a 
cross-linking monomer having at least two polymerizing 
unsaturated groups in the molecular unit thereof. 

(a-i) Polymerizing Monomer Having at Last One Poly-
merizing Unsaturated Group in the Molecular Unit Thereof 

40 Though this polymerizing monomer does not need to be 
particularly limited, it may properly contain at least partly a 
(meth)acrylic ester, preferably not less than 20% by mass of 
a (meth)acrylic ester, and particularly preferably not less 
than 35% by mass of a (meth)acrylic ester. As the polymer-

45 izing monomer having one polymerizing unsaturated group 
in the molecular unit thereof, a polymerizing monomer 
containing a (meth)acrylic ester may desirably he used 
because the ester permits the production of a porous material 
excelling in flexibility and toughness. 

so As typical examples of the polymerizing monomer of 
(a-i) mentioned above, allylene monomers such as styrene; 
monoalkylene allylene monomers such as ethyl styrene, 
alpha -methyl styrene, vinyl toluene, and ethyl vinyl ben-
zene; (meth)acrylic esters such as methyl (meth)acrylate, 

55 ethyl (meth)acrylate, butyl (meth)acrylate, isobutyl (meth) 
acrylate, isodecyl (meth)acrylate, 2-ethylhexyl (meth) 
acrylate, lauryl (meth)acrylate, stearyl (meth)acrylate, 
cyclohexyl (meth)acrylate, and benzyl (meth)acrylate; 
chlorine-containing monomers such as vinyl chloride, 

60 vinylidene chloride, and chloromethyl styrene; acrylonitrile 
compounds such as acrylonitrile and methacrylonitrile; and 

vinyl acetate, vinyl propionate, N-octadecyl acrylamide, 
ethylene, propylene, and butene may be cited. These poly-
merizing monomers may be used either singly or in the form 

65 of a mixture of two or more members. 
The content of the polymerizing monomer of (a-i) men-

honed above is preferably in the range of 10 to 99.9% by 
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sulfonic acid formalin condensate, sodium laureate, trietha-
nol amine oleate, and triethanol amine apiate; polyoxyalkyl 
ether sulfuric esters; sulfuric esters of polyoxyethylene 
carboxylic ester and polyoxyethylene phenyl ether sulfuric 
esters; succinic acid dialkyl ester sulfonates; and polyoxy 
ethylene alkyl aryl sulfates may be cited. An HIPE may be 
prepared by using an anionic surfactant in combination with 
a cationic surfactant. 

Incidentally, the combined use of a nonionic surfactant 
and a cationic surfactant may possibly result in improving 
the stability of the HIPE. 

The content of the surfactant mentioned above may be 
preferably in the range of 1 to 30 parts by mass, more 
preferably 3 to 15 parts by mass, based on 100 parts by mass 
of the total mass of the monomer component of (a) men-
tioned above. If the content of the surfactant is less than 1 
part by mass, the shortage would be at a disadvantage in 
possibly impairing the stability of the high dispersibility of 
the HIPE and preventing the surf actant from sufficiently 
manifesting the operation and function inherent therein. 
Conversely, if the content of the surfactant exceeds 30 parts 
by mass, the excess would be at a disadvantage in possibly 
rendering the produced porous material excessively brittle 
and disrupting the expected proportionate addition to the 
effects of the surfactant. 

(c) Water 
As the water which is an essential component for the 

construction of the HIPE mentioned above, in addition to 
purified water and deionized water, waste water to be 
obtained in the production of the porous material may be 
used either in its unmodified form or after it has been given 
a prescribed treatment with a view to promoting the reuse of 
the waste water. 

The content of the water mentioned above may be prop-
erly selected to suit the purpose f or which the porous 
material containing open cells aimed at is used (for example, 
a water absorbent material, an oil absorbent material, a 
soundproof material, and a filter). It may be decided, for 
example, so that the HIPE eventually produced will assume 
an expected water phase/oil phase (W/O) ratio which will be 
specifically described herein below. 

(d) Polymerization Initiator 
The polymerization initiator which is an essential com-

ponent for the construction of the HIPE mentioned above is 
a redox initiator which combines a water-soluble oxidizing 
agent and a reducing agent. Optionally, it may he used in 
combination with another polymerization initiator. 

The water-soluble oxidizing agent does not need to be 
particularly limited but water-soluble oxidizing agents 
which have been heretofore used for the polymerization of 
HIPE may he used. As typical examples of the water-soluble 
oxidizing agent, persulfates such as potassium persulfate, 
sodium persulfate, and ammonium persulfate; and peroxides 
such as hydrogen peroxide, potassium peracetate, sodium 
peraceta te, potassium percarhonate, sodium percarhonate, 
and t-hutyl hydroxyperoxide may he cited. 

The amount of the water-soluble oxidizing agent men-
tioned above to be used may be preferably in the range of 
0.05 to 15% by mass, more preferably 1.0 to 10% by mass, 
based on the total amount of the monomer component of (a) 
mentioned above. If the amount of the water-soluble oxi-
dizing agent to be used is less than 0.05% by mass, the 
shortage would be at a disadvantage in suffering unaltered 
monomer components to increase unduly and consequently 
suffering the produced porous material to have an unduly 
large residual monomer content. Conversely, if the amount 
of the water-soluble oxidizing agent to be used exceeds 15% 

8 
by mass, the excess would be at a disadvantage in rendering 
the polymerization difficult to control and degrading the 
mechanical properties of the produced porous material. 

Further, the reducing agent does not need to be particu-
5 larly limited and may be either an oil-soluble or water-

soluble reducing agent. As typical examples of the reducing 
agent mentioned above, water-soluble reducing agents such 
as sodium hydrogen sulfite, potassium hydrogen sulfite, 
sodium thiosulfate, potassium thiosulfate, L-ascorbic acid, 

10 erythorbic acid, ferrous salts, formaldehyde sodium 
sulfoxylate, glucose, dextrose, triethanol amine, and dietha-
nol amine; and oil -soluble reducing agents such as dimethyl 
aniline, diethyl aniline, dimethyl orthotoluidine, cobalt 
naphthenate, cobalt octanate, zirconium naphthenate, lead 

15 naphthenate, and zinc naphthenate may be cited. 
The amount of the reducing agent mentioned above to be 

used may be preferably in the range of 0.05 to 15% by mass, 
more preferably 1.0 to 1017b by mass, based on the total 
amount of the monomer component of (a) mentioned above. 

20 If the amount of the reducing agent to be used is less than 
0.05% by mass, the shortage would be at a disadvantage in 
suffering unaltered monomer components to increase unduly 
and consequently suffering the produced porous material to 
have an unduly large residual monomer content. Conversely, 

25 if the amount of the reducing agent to be used exceeds 15% 
by mass, the excess would be at a disadvantage in rendering 
the polymerization difficult to control and degrading the 
mechanical properties of the produced porous material. 

The ratio (mass ratio) of the amounts of the water-soluble 
30 oxidizing agent and the reducing agent to be used, i.e., the 

ratio of the water-soluble oxidizing agent to the reducing 
agent, maybe in the range of 1/0.01 to 1/10, preferably 
1/0.05 to 1/2. If the ratio (mass ratio) of the amounts of the 
water-soluble oxidizing agent and the reducing agent to be 

35 used, i.e., the ratio of the water-soluble oxidizing agent to 
the reducing agent, falls outside the range of 1/0.01 to 1/10, 
the deviation would be at a disadvantage in degrading the 
efficiency of initiating the polymerization. 

These redox initiators may be used either singly or in the 
40 form of a mixture of two or more members. 

The redox initiator which combines a water-soluble oxi-
dizing agent and a reducing agent as mentioned above, when 
necessary, may be used in combination with an oil-soluble 
oxidizing agent. As typical examples of the oil-soluble 

45 oxidizing agent, such peroxides as cumene hydroperoxide, 
t-butylhydroperoxide, di-t-butyl peroxide, diisopropyl ben-
zene hydroperoxide, p-menthane hydroperoxide, 1,1,3,3-
tetramethylbutyl hydroperoxide, 2,5-dimethylhexane-2,5-
dthydroperoxide, benzoyl peroxide, and methylethyl ketone 

so peroxide may be cited. 
(e) Salts 
The salt which is one of the arbitrary components for the 

construction of the IIIPE mentioned above may be option-
ally used for the purpose of improving the stability of the 

ss HIPE. 
As typical examples of the salt, water-soluble salts includ-

ing halogenides, sulfates, and nitrates of alkali metals and 
alkaline earth metals such as calcium chloride, sodium 
sulfate, sodium chloride, and magnesium sulfate may be 

60 cited. These salts may be used either singly or in the form of 
a mixture of two or more members. The salt may be 
preferably added to the water phase. Among other salts cited 
above, a polyvalent metal salt may be used advantageously 
from the viewpoint of the stability of the HIPE during the 

65 polymerization. 
The amount of the salt to be used may be such that the 

concentration of the salt dissolved in water would fall in the 
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This Invention relates to polymerization proc- Another object of the invention is to furnish 
esses and more particularly to the polymerization an improved process for continuous or repetitive 
and fractionation of resulting polymers in a con- polymerization in a selective solvent. 
tinuous or a repetitive type process. A further object comprises the provision of an 

In polymerization reactions, particularly those improved process for fractionating polymeric 
effected by the opening of a carbon unsaturated compositions. 
bond, the chemical law of mass action does not Other objects and advantages of the invention 
control the molecular weight distribution or the will be apparent from the following disclosures 
yield of polymer product. On the contrary, mo- and the attached drawing In which: 
lecular weight distribution, 1. e., the relative io Figure I Illustrates two typical basic curves 
amounts of polymer molecules within given mc- showing variation in solubility and molecular 
lecular weight ranges, Is determined by the rela- weight distribution in a polymeric composition. 
tionship between the rate of activation of the Figure II is a diagrammatic flow sheet of a 
monomer (I. e., activation of the molecular unit multi-stage process utilizing a solvent and step-
being polymerized) to start chain formation, the 15 wise addition of an anti -solvent to vary solvent 
rate of chain growth or propagation, and the rate power in successive polymerization stages. 
of chain termination. Thus, the differential cils- Figure III diagrammatically illustrates a pros-
tribution curve for a given polymer may approxi- ess in which both solvent power and solvent ratio 
mate that of an ordinary probability function, are varied in successive polymerization zones. 
although other shapes are known in which the 20 Figure IV shows a process In which solvent 
symmetry of the normal probability curve Is de- power temperature and pressure are varied in a 
cidedli modified. (See, for example, Mark and polymerization process utilizing a volatile anti-
Raff, High Polymeric Reactions, volume fl], pp. solvent. 

i 

54, 55�) Figure V Illustrates a process In whlb pre-
Linear polymer mixtures have been separated j liminary polymerization is followed by alteration 

into different molecular weight fractions by of solvent power and fractionation of the po!y-
means of a selective solvent. Such selective sd- flier. 
vents are known and are characterized by the Figure VI is a flow diagram ,f a p:oess u.ihz-
fact that they possess a relatively high solvent ing the combination of a selective solvent, o 
power for a given type polymer of lower molec- 30 gether with an auxiliary non - selective solvent, t 
ular weight on the one hand, and a relatively low effect fractionation, or polymerization and frac 
or even negligible solvent power for the same type tionation, of polymers according to molecu ar 
polymer of a higher molecular weight, on the weight. 
other hand. That is to say, such a selective sol- A study of polymerization reactions in a selec.. 
vent will selectively dissolve lower molecular j tive solvent reveals the phenomena illustrated in 
weight portions of a polymer mixture or, con- Figure I of the drawing. Referral to this figure 
versely, can be made to selectively precipitate discloses a typical solubility curve, I, wherein 
higher molecular weight portions of a dissolved average molecular weight of a linear polymer Is 
polymer mixture. This selective precipitation plotted against per cent polymer miscible with a 
may be effected by decreasing the solvent power 40 selective solvent. As will be observed, low molecu-
of the selective solvent after the polymer has lar weight polymers are completely miscible with 
been dissolved therein. A preferred method of the solvent up to a given point and the solubility 
reducing solvent power is by adding an anti- drops substantially to zero as molecular weight is 
solvent for the polymer, said anti-solvent being further Increased. 
miscible with the selective solvent. Another 45 Curve 2 of Figure I Is a typical differential die-
method of decreasing solvent power Comprises tributlon curve In which molecular weight of poly-
cooling the selective solvent. In some respects it flier Is plotted against the relative amount thereof 
is desirable to form a selective solvent of prede- which Is formed In a. polymerization reactiom 
termined solvent power by combining a suitable The molecular weight distribution here exernpli-
solvent and anti-solvent miscible with the solvent 50 fled arises, as previously noted, from the three 
In the range of proportions to be utilized, rate functions of monomer activation, chain 

An object of the present Invention is to provide growth, and chain termination. 
a process of polymerization in a selective solvent When polymerization is effected in a selective 
which affords good control and relatively sharp solvent, a polymer chain tends to precipitate as 
fractionation of resulting polymer products. 55 it reaches a molecular weight above the solubility 
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Where the unmodified solvent phase favors the 
formation of a product having a molecular weight 
higher than is preferred In a particular case. 

The precipitated polymer product, after re-
peated fractionation as above described, collects 
In the bottom of reactor 2, from which it may be 
removed through Hue 14 and suitably purified by 
separation from entrained solvent, anti-solvent 
and monomer. Components recovered from this 
purification may be returned to the system. 

In the meantime, selective solvent, together 
with diisolved monomer and low and inter-
mediate molecular weight polymers, continues to 
progress to the top of reactor 2. This reaction 
mixture and added anti-solvent then flow by way 
of line 8 through mixer 4 to the second poly-
merization and fractionation stage. The solution 
from mixer 4 is introduced into the bottom of 
second stage reactor 5 and flows upwardly there-
through. Further polymerization desirably is ef-
fected in this second stage of the process to form 
additional low and intermedaite molecular weight 
products. 

The intermediate molecular weight polymer Is 
precipitated and fractionated In reactor 5, as 
polymerization progresses, and Introduction of 
an anti-solvent through valve controlled line IS 
into the top of said reactor determines the lower 
molecular weight limit of polymer precipitated. 
The action of this anti-solvent and the repeated 
precipitation and solution of polymer is similar 
to that described in the first stage of the process. 
Likewise, anti-solvent may be added to mixer 4 
by means of valve controlled line IT to Initially 
lower the solvent power of the selective solvent 
in the second stage of the process. The total 
amount of the anti-solvent introduced in the sec-
ond stage of the process preferably Is controlled 
so that the intermediate molecular weight poly-
mer Is precipitated to the point where concentra-
tion thereof in the solvent will not exceed Its 
solubility limit upon return of the reaction mix-
ture to reactor 2. In other words, the amount of 
Intermediate polymer precipitated in reactor 5 
preferably should equal the amount formed in 
both reactors 2 and 5 in order to prevent a build-
up in concentration of the polymer and eventual 
precipitation In reactor 2 which would otherwise 
occur upon continuous recycle of reaction mix-
ture from unit 5 to unit 2. This last precaution 
becomes unnecessary when the depolyrnerlzatlon 
feature of the process is utilized, since residual 
dissolved polymer is thereby removed. 

Lower molecular weight polymers, in many 
cases, are completely miscible with the selective 
solvent and will reach an equilibrium point by 
reason of further polymerization on recycle. In 
any event the completely miscible polymers do 
not precipitate and can be removed, if desired, 
by depolymerization or other suitable methods. 

Precipitated polymer of intermediate molecu-
lar weight collects in the bottom of second stage 
reactor 5 and is removed through line IS. Sepa-
ration from entrained reaction mixture may be 
effected in any suitable manner. 
Low molecular weight polymer, solvent and 

anti-solvent finally flow from the top of reactor 
5 through line S to separator I where anti-solvent 
Is at least partially removed and recycled through 
lines (I and 15 to reactors 2 and 5. Preferably, 
the anti-solvent originally is selected so that it 
will be more volatile than the selective solvent 
and may be separated by a simple vaporization 
step. The anti-solvent may contain some mono-
mer, depending upon the completeness of poly-

n 

merlzatlon and upon the relative Volatility of 
these two components. 

The remaining reaction mixture may be re-
cycled from separator 7 to the first polymeriza-

o 

tion stage by way of outlet line 8, valve controlled 
return 9, and recycle line 10. This recycle reac-
tion mixture preferably receives fresh catalyst 
feed prior to blending with the monomer feed as 
here illustrated in the drawing. 

10 Due to the fact that the selective solvent ulti-
mately may be contaminated with various reac-
tion residues, the reaction mixture from separator 
7 and outlet line 8 may be subjected to a purifi-
cation treatment intermittently or a part of the 

i mixture may be treated continuously, as desired. 
As here shown, the reaction mixture to be puri-
fied is by-passed from outlet line 8 to separator 
19 and the selective solvent volatilized from high-
er boiling residues. Such residues may comprise, 

o for example, low polymers, catalyst decomposi-
tion products and the like. The vaporized solvent 
from separator 19 is condensed and returned to 
the system by way of line ISa. Likewise, fresh 
solvent may be introduced through solvent In. 

25 let 25. 
Provision Is made in the process of Figure II 

for depolymerizing low molecular weight polymer 
by passing residue from separator tO by way of 
line 21 to depolymerlzer 22. The low polymers 

30 may be depolymerized by suitable known meth-
ods. For example, polystyrene can be depoly-
merized by heat and distillation. The monomer 
formed In depolymerlzer 22 is separated and may 
be returned as feed through line 23. Catalyst 

35 residues, tars and the like from dŁpolynterizer 22 
may be discarded through line 24. 

The process exemplified In Figure U affords 
close control of the type and molecular weight 
of polymer obtained. In reactor 2, for example, 

40 the polymer will have a relatively narrow molecu-
lar weight range as determined by difference In 
solubility In the solvent composition admitted to 
the bottom of the reactor, as an upper limiting 
factor, and solubility In the solvent diluted with 

45, anti-solvent in the top of the reactor, as a lower 
limiting factor. Likewise, the intermediate poly-
mer separated in reactor 5 will be of a molecular 
weight range determined by differences in solu-
bility In the modified solvent from the top of 

.o 

first stage reactor 2 on the one hand, and the total 
dilution of the solvent In second stage reactor 5, 
on the other hand. Continuous and relatively 
uniform operation is possible, since proper con-
trol of solvent and anti-solvent ratios In unit 5 

3.3 prevents the build-up in concentration of Inter-
mediate or low polymers which might otherwise 
occur and cause gradual precipitation thereof on 
recycle to the first stage of polymerization. 

Illustrated in Figure 
in 

Is a second process uti-
(10 Using a system in which ratio of solvent to poly-

mer, as well as solvent power, is altered to effect 
and control polymerization and fractionation. 
In this example, an anti-solvent less volatile than 
the solvent Is utilIed and thereby permits selec-

65 tive removal of the solvent and alteration of sol-
vent ratio by recycle thereof to different stages. 
As here shown, there is provided a multi-stage 
continuous process wherein polymerization and 
p3lymer fractionation are effected in a first re-

70 actor 52 and a second fractionator 56. Anti-sol-
vent Is introduced in each of these zones to effect 
fractionation In a desired manner, and solvent 
ratio is varied by introduction of additional se-
lective solvent into the feed of second fraction-

75 ator 55. 
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� MorG specifically, reference to Figure III will 
reveal that solvent, catalyst and monomer are fed 
through mixer 10 to the first polymerization and 
fractionating unit 52 where polymerizatiOn occurs 
as the solvent’ and Its dissolved components flow 
upwardly through the reactor. A mixture of 
lower, Intermediate and higher molecular weight 
polymers is formed, and selective precipitation of 
the higher polymers Is effected by reducing the 
solvent power of the selective solvent In the Upper 
portion of this first polymerization zone. As here 
Indicated, solvent power is controlled by introduc-
tion of an anti-solvent through valve controlled 
line 66. Admission of the anti-solvent to the 
solution at this point effects a fractional precipi-
tation of the polymer followed by solution and 
repeated precipitation of borderline polymers, as 
described in connection with the corresponding 
stage of the process of Figure XL 

The precipitated polymer product is collected 
In the bottom of reactor 52 and removed through 
line 58. The polymer may be suitably purified 
by a separation from entrained solvent and other 
impurities. 

As the selective solvent, together with dissolved 
polymers, progresses upwardly through reactor 52, 
It Is blended with anti-solvent added through line 
56. as previously Indicated. This blended solu-
tion flows from the top of reactor 52 by way of 
line 53, mixer 54, to the second stage fractionator 
15. Additional solvent is admitted to the bottom 
of this second fractionator through line Ii and 
mixer 14. Anti-solvent Is introduced through 
valve controlled line 51 at the top of the frac-
tionator, as In previous instances. Addition of 
solvent to the bottom of fractionator 55 tends to 
promote the formation of at least some polymer 
having a molecular weight overlapping the lower 
molecular weight range of the higher polymer 
precipitated In the first stage 52. However, time 
Intervals and conditions may be controlled so that 
no material polymerization occurs In fractionator 
IS, in which event the principal function of the 
added selective solvent is to produce a more dilute 
solution and thereby effect a sharper fractiona-
tion of polymer by the addition of anti-solvent 
through line ’51. (Dilute solutions have been 
found to yield sharper fractionation.) 

Thus, by controlled addition of anti-solvent to 
reactor 52 through line 56, a relatively high 
molecular weight polymer fraction may be sepa-
rated and removed through line 58, and by fur-
ther addition of solvent to the bottom of second 
stage fractionator 55 and of anti-solvent near the 
top thereof, lower average molecular weight poly-
mers may be fractionated and recovered through 
line 64. The feature of promoting additional 
higher molecular weight polymer In the second 
stage unit 55 Is advantageous where a somewhat 
broader molecular weight range is desired in the 
polymer obtained from this stage of the process. 
Again, however, anti-solvent addition in fraction-
ator 55 preferably should be sufficient to. reduce 
the concentration of those polymers which are 
only partially miscible with the selective solvent, 
to a point where precipitation thereof will not 
occur In Initial reactor 52 when and if the reaction 
mix Is recycled. 

The solvent, anti-solvent. and any dissolved 
materials pass from fractionator 55 through line 
50 to separator unit 60 where the more volatile 
solvent is vaporized, condensed, and recycled to 
initial feed and to second stage mixer 54. Anti-
solvent and other less volatile residues flow from 
separator 60 through line I  to a second sepa-
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rating unit 62 where anti-solvent Is vaporized afld 
recycled to the reaction and fractionation uniti. 
The remaining less volatile material Is removed 
from separator $2 through line $3, and In suit-
able cases may be returned to feed or depolymer-
ized, as described In connection with the process 
of Figure XL Although, as here shown, the sol-
vent and anti-solvent are completely separated 
and purified before recycle, It Is possible, when 
desired, to split the effluent from second stage 
fractionator 51 and purify only a portion thereof 
In the manner shown while returning the re-
mainder to Initial feed at mixer 50 or to second 
stage feed through mixer 14. 

Figure IV of the drawing illustrates a multi-
stage continuous process wherein a pressure dif-
ferential Is maintained between two stages and 
wherein a temperature differential likewise may 
be effected. In this type of process it Is preferred 
to utilize an anti-solvent sufficiently volatile to 
create a superatmospheric pressure under the 
temperature conditions existing In at least one 
of the stages of the process. Controlled release 
of the anti-solvent pressure and the resulting 
vaporization thereof are then utilized to main-
tain a relatively lower temperature In the process 
stage to which the cooled reaction mixture Is 
recycled. 

As Indicated In the drawing, monomer and cat-
alyst feed are Introduced Into a recycled solvent 
and reaction mixture by way of mixer SI. Fresh 
solvent likewise may be Introduced at this point, 
as desired. The recycled solvent and reaction 
mixture, together with fresh monomer and cata-
lyst feed, flow from mixer 85 to the bottom of a 
first stage reactor and fractionator 11. Poly-
merization occurs as the solvent and Its dissolved 
components flow upwardly through this reaction 
unit and a mixture of polymers of different 
molecular weights Is formed. Selective precipita-
tion of higher molecular weight polymers is 
effected by controlling the solvent power of the 
selective solvent In this first polymerization zone. 
As here shown, solvent power Is reduced In the 
top of unit 75 by Introduction of an anti-solvent 
through valve controlled line 5$. Admission of 
anti-solvent to the solution at this point effects 
a fractional precipitatIonof the higher polymers 
formed in this reaction stage. The precipitated 
polymer then flows down the tower and is re-
dissolved and reprecipitated to obtain fine frac-
tionation, as previously Indicated. 

The fact that the reaction mixture has been 
cooled, In a manner to be subsequently described, 
maintains the average temperature of reactor 71 
below that which would otherwise exist. This 
temperature effect may be utilized to direct the 
polymerization reaction. For example, In various 
acid catalyzed polymerizations, reduced tempera-
ture Increases molecular weight, and In peroxide 
catalyzed reactions, reduced temperature may 
also Increase the average molecular weight of the 
polymer formed, but usually substantially de-
creases the polymerization rate. In other words, 
It will generally be found that reduction In tem-
perature In the first stage may be used with 
greater advantage to control primarily reaction 
rate In peroxide catalysis on the one hand, and 
molecular weight of polymer In acid type catal-
ysis on the other hand. However, these two 
temperature dependent variables are not ordi-
narily completely separable. 

� The precipitated and fractionated polymer 
product of reactor 75 collects In the bottom there-
of and may be removed as Indicated at 51 In 
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the drawing. In the meantime, selective solvent, 
together witb dissolved lower molecular weight 
polymers, progress to the top of first stage reac-
tor 15 and this reaction mixture, together with 
added anti-solvent, then flows by way of line 75, 
pump 11, and line 7$, through mixer 15 to the 
second polymerization and fractionation stage 
which is maintained under a higher pressure than 
that of the first reactor 15. The solution from 
mixer 78 Is Introduced into the bottom of reactor 
80 and flows upwardly therethrougb. Further 
Polymerization desirably is effected In this stage 
of the process to form additional lower and In-
termediate molecular weight polymers. Addi-
tional monomer and catalyst accordingly may be 
fed to reactor 50 through mixer 71 In order to 
obtain greater versatility in the relative yields 
of polymer produced In this second unit. Thus, 
a larger amount of the Intermediate or lower 
polymer, or both, may be obtained In unit 00 
by feeding additional monomer and catalyst 
thereto without unbalancing the system, since 
controlled addition of anti-solvent to reactor 80 
will reduce the concentration of the intermediate 
and lower polymers to a point where precipita-
tion or contamination of the higher polymer with 
the lower polymer need not occur In reactor 10. 

It should be noted that a portion of effluent 
form pump 77 may be bypassed through valve 
controlled line U to a suitable separating system 
$0 where purification and removal of catalyst 
residues, etc., may be effected either periodically 
or continuously, as desired, and the solvent and 
anti-solvent and reaction components returned 
to the system through valve controlled line 90. 
This is desirable where the solvent becomes con-
taminated with non-volatile catalyst residues, 
tars and the like. 

The reaction mixture from the top of second 
stage fractionator 90 passes through line SI and 
pressure reducing valve 52 to vaporizer unit 83 
where anti-solvent Is vaporized as a result of the 
reduced pressure. This pressure simultaneously 
reduces the temperature and anti-solvent con-
tent of the recycle mixture. Relatively large 
amounts of anti-solvent may be vaporized to re-
move heat by self-refrigeration and maintain a 
temperature differential between the two reac-
tors. The residual recycle mixture from vaporizer 
53 Is returned through line 84 and mixer 55 to 
reactor 18, as previously described. Anti-solvent 
from vaporizer 53 is re-introduced Into reactors 
15 and 80 through valve controlled lines $8 and 
CI, respectively. Suitable devices for compress-
big, condensing and recirculating anti-solvent 
and solvent will, of course, be provided. 

When polymerization is slow or its initiation 
Is delayed by a substantial Induction period, a 
preliminary reactor may be provided with ad-
vantage. Likewise, where the anti -solvent tends 
to Inhibit activation of the monomer and Initla-
t;on of polymerization, the provision of a pre-
liminary reactor will be found useful. This fea-
ture of the invention Is illustrated in the flow 
sheet of Figure V. 

In the process of Figure V. monomer and 
catalyst, together with recycle solvent, are fed 
through mixer IOU to a preliminary reactor 101 
where initial polymerization or activation of the 
monomer is effected. The reaction mixture from 
preliminary reaction unit 101 flows through 
mixer 102 to a first fractionator 103. A series 
of polymer fractionations is effected In this first 
fractionator by admission of anti-solvent at a 
plurality of points along the path of the solvent 

10 
as it flows upwardly ther’ethrough. Solvent and 
dissolved reaction mixture, together with added 
anti-solvent, then pass from the first fractionator 
103 through line 104 to a second fractionator 
105 where further plural fractionation of dis-
solved lower polymer is likewise obtained. Sol-
vent and residual materials retained In solution, 
together with anti-solvent, then flow from the 
top of this second fractionator through line 100 

10 to a separator 107, 
[n this system, solvent and anti-solvent have 

been selected so that the monomer Is the most 
volatile component. This permits removal of any 
unpolymerized monomer by vaporization In sop-

15 arator 107 and recycle of the vaporized monomer 
With or without condensation to Initial feed mixer 
100. Preferably, the anti-solvent Is selected so 
that It Is the next most volatile portion of the 
reaction mixture, and this component is accord -

20 ingly separated by passing the unvaporized mix-
ture from unit 101 through line (OS to a second 
separator 109 where anti-solvent is obtained as 
overhead, condensed and recycled through line 
110 to the desired points in reactors 103. 105, etc. 

25 The residual less volatile components of the re-
action mixture now flow from the anti-solvent 
separator 109 through line Ill and may pass 
either directly to feed by valve controlled line 
((2 or be entirely or partially by-passed through 

So line ((8 to separator Ill where solvent may be 
vaporized and returned either to feed or to the 
bottom of reactor 108 by way of line 120. This 
system has a number of advantages In that It Is 
only necessary to vaporize residual monomer and 

ss 

anti-solvent for recycle purposes. Since the sol-
vent is usually the larger component of the sys-
tem, continuous vaporization and recycle thereof 
requires an increased expenditure of heat which 
may raise the over-all cost of operation. 

40 Another feature of the process of Figure V 
Involves the introduction of reaction mixture 
from preliminary reactor 101 and mixer 102. into 
the first stage fractionator (03 at a point where 
the anti-solvent content of the solvent from 

4 mixer 102 most nearly approaches the anti-sol-
vent content of the solvent In reactor 103. Thus, 
anti-solvent content In reactor 103 Increases 
progressively up the tower as anti-solvent is re-
peatedly admitted along the line of flow of the 

60 solvent, and the reaction mixture is introduced 
In that zone of reactor 103 where an equivalent 
concentration of anti-solvent is to be found. 
Where additional solvent is added through line 
120 to the bottom of the fractionator, this point 

wi of equivalent anti-solvent concentration will be 
above the bottom of the fractionator, as indicated 
In Figure V, and somewhere in the zone of anti-
solvent addition. Also, by providing preliminary 
reactor (UI and subsequently introducing anti-

60 solvent through valve controlled line (IS Into 
mixer 102, preliminary formation of a higher 
polymer may be promoted. At the same time, 
a further improvement In fractionation may be 
obtained by adding anti-solvent at a plurality 

05 of points in fractionators 103 and 105, to in-
crease the number of extractions and precipita-
tions and effect a sharper separation of polymers. 

In the flow sheets and descriptions of this 
specification, no attempt has been made to set 

70 forth features such as valves, pumps, condensers, 
fractionating distillation columns, heat exchang-
ers, and the like, which are utilized in an In-
dustrial plant. Likewise, the systems have been 
described on the assumption that the specific 

TO gravity of the polymer Is greater than that of 

541 



fl 

Sept. 131 1949. W. E. ELWELL. ETA!. 

POLYMERIZATION PROCESS 

Filed June 19 1946 

L4 

0) j 

cc 

CD 

(4J 0 
tj 

JO.L"/NOIJ.Vb’.d 
ONV &0JOV3d 

o C, 

U 

Lu IO.LVNOLL VI 

01W b’O.L7V3a’ 

2,482,056 

5 Sheets�Sheet 2 

t INVENTORS 
LLJ WILL/AM E EL flfL L 

4ZVAH 



Sept. 13, 1949. W. E. ELWELL Er AL. 2,482,056 
POLYMERIZATION PROCESS 

Filed June 19 1945 S Sheets�Sheet 3 

ZHV.WTORS 

WIZ L/4/’1 t ELWEZL 
4LY4H Z. SNOW 

LI 47TOA’NY 



SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO 
DIRECCIÔN DE NUEVAS CREACIONES 

2020 
Bogota, D.C., 02 de febrero de 2011 

Abogado 
EMILIO FERRERO 

ASUNTO Radicaciôn 07 81353 
TrÆmite 011 
Evento 378 
Actuaciôn 519 
Oficio O4o23 Folios 13 

Patente de lnvención 

Via PCT (fase nacional) Cap.l 

No. Solicitud Internacional PCT/EP2006/000687 

Fecha de Presentaciôn Internacional 26/enero/2006 

Como resultado del Examen de Fondo realizado, con fundamento en el ArtIculo 45 
de la Decision 486 de la ComisiOn de la Comunidad Andina, se comunica: 

1. Documentos estudiados 

DescripciOn: 

Reivindicaciones: 

Dibujos: 

Oposiciones: 

Respuesta del solicitante: 

Prioridad: 

2. AnÆlisis do la Prioridad 

Folios 30 a 46 

Folios 48 a 50 

Folios 51 a 54 

No se presentaron. 

como se radicO inicialmente. 

como se radicO inicialmente 

como se radicO inicialmente 

10 2005 005 987.2 de febrero 09 de 2005 

Se acepta la reivindicaciOn de Prioridad porque: 

Esta solicitud fue presentada dentro del plazo establecido (Art. 9 D 486). 
Y su contenido tØcnico corresponde con el de la prioridad reivindicada. 

3. Objeto do la invención 

Titulo de la solicitud: "Proceso para la polimerizaciOn de monOmeros que contienen 
vinilo" 
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El problema planteado en esta solicitud es proveer un proceso de polimerizaciOn de 
monómeros que contienen vinilo disminuyendo la utilización de solventes de alta 
pureza y utilizando de nuevo (recirculando) parte de la mezcla de reacciOn, tambiØn 
busca proveer un aparato para Ilevar a cabo dicho proceso de polimerizaciOn. 

Para resolver este problema tØcnico la solicitud en estudio proporciona un proceso 
de polimerización de monOmeros que contienen vinilo, especialmente haluros de 
vinilo monomØricos, que se polimerizan en una mezcla de reacciôn, al menos se 
separa un prod ucto de polimerizaciOn de la mezcla de reacciôn, luego  la mezcla de 
reacciôn se purifica y se utiliza de nuevo, requiriendo menos solvente fresco de alta 
pureza por tonelada de polimero prod ucido y consecuentemente generando menos; 
ademÆs se proporciona un aparato que permite que el proceso de acuerdo con la 
invenciôn sea Ilevado a cabo. 

Clasificaciôn lnternacional de Patentes (CIP): C08F 002/001 

4. De la Solicitud de Patente 

Titulo 

El tItulo no corresponde con el objeto de la solicitud porque faltarla incluir lo 
correspondiente al aparato para Ilevar a cabo el proceso, que tambiØn busca 
reivindicarse y aparece en el objeto de la invenciôn, por lo cual se sugiere al 
Solicitante hacer la corrección necesaria. 

Reivindicaciones (Art. 30 D 486, Art. 22 PCT) 

Para dar mayor claridad se sugiere al Solicitante realizar lo siguiente: 

- Hacer dependientes de la reivindicaciôn 1 las reivindicaciones 4, 6, 7, 8, 9, 10, 11 y 
13; y 

- Hacer dependientes de la reivindicaciôn 13 las reivindicaciones 15, 16 y 17. 

Descripción (Art 28 D 486) 

Se solicita hacer la conversion de Unidades (folio 34, renglon 08 y folio 35, renglôn 
27) al Sistema Internacional. 

Se requiere al Solicitante hacer las aclaraciones necesarias. 

S. Determinación del Estado de la TØcnica 

El Estado de la TØcnica se determinO con base en la: 

Fecha de PresentaciOn de la Solicitud de Prioridad: febrero 09 de 2005 

V se encontraron los siguientes documentos que anticipan el objeto de esta solicitud: 

Item Documento TItulo FechadePubUcaciÔn 
Dl US6395793 Method for production of porous material 28/ma yo/2002 
D2 US2482056 Polymerization process 13/septiembre/1 949 

Dl divulga (pagina 1, resumen) un mØtodo para la prod ucción de un material poroso 
por polimerizaciôn en emulsiOn. 

D2 divulga (pagina 7, pÆrrafo 2, renglones 15 -20) un proceso de polimerizaciOn y 
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fraccionamiento de pollmeros resultantes en un proceso tipo continuo 0 repetitivo. 

6. AnÆlisis de Patentabilidad (Art 14 D486) 

Novedad (Art 16 D486) 

La reivindicaciôn I se refiere a un proceso de polimerización de monómeros que 
contienen vinilo en una mezcla de reacción, donde se separa al menos un producto 
de la mezcla y luego se purifica (filtra) dicha mezcla para utilizarla de nuevo en el 
proceso. 

Comparacion de las caracterlsticas tØcnicas esenciales, con las del estado de Pa tØcnica: 

Caracteristicas esenciales Dl D2 
Proceso de polimerizaciôn de monômeros de vinilo 
- Separar (at menos) un producto (polimero) de la Sl Si mezcla de reacción 
- Purificar (filtrar) y reutilizar Pa mezcla SI SI 

Las caracteristicas tØcnicas esenciales de Ia reivindicaciôn 1 se yen anticipadas en 
los documentos del estado de la tØcnica, Dl y D2, en los cuÆles se revela un 
proceso de polimerizaciôn para monOmeros de vinilo donde el polimero es separado 
de la mezcla de reacción (Dl: columna 4/Imnea 50-65; D2: columna 5/11nea 66�
columna 6/I1nea 25) y la mezcla de reacción es purificada y reutilizada (Dl: columna 
7/lmnea 25-33; D2: columna 8/I1nea 7-14), por lo tanto dicha reivindicaciôn no se 
considera nueva. 

Novedad (Art 16 D486) 

La reivindicaciôn  13 se refiere a un aparato para Ilevar a cabo el proceso de 
polimerizaciOn de acuerdo a la reivindicaciOn 1, la Ilnea de produccion presenta un 
reactor conectado a un aparato de separaciôn de productos de polimerizaciôn de la 
mezcla de reacciôn, el aparato de separacion luego se conecta a un aparato de 
purificaciôn de mezcla y dicho aparato se conecta nuevamente al reactor inicial. 

ComparaciOn de las caracteristicas tØcnicas esenciales, con las del estado de la tØcnica: 

Caracteristicas esenciales D2 
Aparato para Ilevar a cabo proceso de polimerización 

reactor 
separador de productos de polimerización 
purificador de mezcla 

SI 

Las caracterIsticas tØcnicas esenciales de la reivindicaciôn 13 se yen anticipadas en 
el documento del estado de la tØcnica, D2, el cuÆl da a conocer un aparato para 
Ilevar a cabo el proceso de polimerizaciôn descrito anteriormente (D2: figuras 2 y 3), 
por to tanto dicha reivindhcaciOn no se considera nueva. 

7. Conclusion 

Los requisitos de Patentabilidad de la presente solicitud estÆn afectados asI: 

Item Documento Reivindicaciones afectadas Requisito que afecta 
Dl US6395793 1-12  Novedad 
D2 US2482056 1-18 Novedad 
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En cumplimiento del aruculo 45 de la Decision 486 de la Comisiôn de Ia Comunidad 
Andina, se le indica que debe dar respuesta dentro del tØrmino de 60 dIas contados 
a partir de la fecha de notificaciOn de la presente comunicaciOn. En caso de no dar 
respuesta al presente requerimiento, 0 si a pesar de la respuesta subsistieran los 
impedimentos para la concesiOn, se denegara la patente. 

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del 
capitulo quinto del tItulo primero de la Circular Unica N° 10 de 2001. 

JOSE LUIS SALAZAR LOPEZ 
Director de Nuevas Creaciones (E) 

rN 
El anterior requerimiento fue notificado por fijaciOn en lista, de fecha 

r1L4MAR, 2O1 

CONCEPTO TECNICO EXAMINADOR TCNICO 
No. 393 COdigo No. 2020101 
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