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GRAFT COPOLYMER MADE THEREFROM

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to emulsion
processes for méking rubber latex, rubber latex made
therefrom, and graft copolymers made therefrom, and
more particularly relates to emulsion processes for
making diene rubber latex, diene rubber latex, and
graft copolymer made therefrom.

Description of the Related Art

Batch processes for making diene rubber latex
are known, see, for example, Fronzon, et al., U.S.
Patent 4,070,324, issued January 24, 1978, and
Miller, et al., U.S. Patent 3,563,946, issued
February 16, 1971, both of which are incorporated
he{ein by reference. Batch processes have generally
(éi had undesirable heat generation patterns with
heat generation peaking as latex viscosity is peaking
thereby creating peak heat removal demand from the
liquid phase when liquid phase heat removal is at its
most inefficient due to the high liquid viscosity.

{b) wutilized 1less than substantially all of the

vessel volume due in part to the liquid volume
shrinkage during the process, (c) required
undesirably long reaction times in order to control
heat removal from the exothermic reaction, and (d)
required high peak 1loads on the heat removal
equipment. Such processes also undesirably typically
provided somewhat broad rubber ©particle size



most i'nefficient due to the high liquid viscosity, (b) utilized |less than
substantially all of the 20 vessel volunme due in part to the liquid

vol une shrinkage during t he process, (c) requi red undesirably

| ong reaction tinmes in order to control heat renoval fromthe exothermc
reaction, and (d) required high peak | oads on the heat renoval 25

equi pnent. Such processes al so undesirably typically provided sonewhat
broad rubber particle size 2 distzibutions and provided high |evels
of very small particles (<500A). Consequently, there is a need to provide a
batch type emdisnmnil eien pandrgriovdidedn highc develts of (arySsmadthi bits

peak heat ¢ {1 | the nost efficient heat renoval period of
B e 4 LS00

t he process, ncreased vol une of the reactor vessel for the
final liquid |atex, Cdnyequentlies tineriendseaseeetieve| pxdvidie e bagbher for a
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5 exhibits peak heat generation during the most
efficient heat removal period of the process, (b)
utilizes an increased volume of the reactor vessel
for the final liquid latex, (c¢) produces an increased
level of diene rubber for a given vessel size, (d)
10 maintains a reduced latex viscosity throughout the
process and (e) minimizes the amount of unreacted
diene monomer in the vessel. There is also a need
for a batch type process that provides narrow
particle size distribution for use in making graft
15 copolymers. .
Summary of the Invention

The present invention provides a semi-batch
process for making diene rubber latex in a pressure
vessel. The process involves  (a) providing the
20 vessel with an initial 1liquid batch composiﬁicn
comprising water, emulsifier and diene monomer and
optionally inorganic and organic salts, (b) feeding
into the vessel a liquid feed composition comprising
diene monomer and initiator in which the initiator
25 may be dissolved in water. The rate of feed is such
that (a) the level of unreacted diene monomer is
minimized, (b) peak heat generation occurs early in
the process, (c) the process allows for increase
production over straight batch processes for a given
30 vessel size, and (d) the process maintains a reduced
latex viscosity throughout the process. A rubber
latex and graft copolymer made therefrom is also

provided. ' |
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process and (e) mnimzes the anmount -of unreacted di ene nononer in.the
vessel. There is also a need for a batch type process that provides narrow
particle size distribution for use in nmaking graft 15 copol ynmers. Sunmary
of the Invention-The present invention provides a sem -batch- process for
maki ng di ene rubber latex in a pressure vessel. The process involves (a)
provi ding the 20 vessel with an initial I|iquid batch conposition
conprising water, enul sifier and di ene 3rononer and optionally inorganic and
organic salts, (b) feeding into the vessel a I|qU|d feed conposition

conpri sing di ene nononmeBriefl Ded ‘ Wings i at or 25 may be
di ssol ved in water .p; [} rot¢gofs & @qe félca Eﬂ ho(df tdepkgreksof

unr eact ed di ene nonoﬁ% S n1n|n1ze ? eaE generati on occurs early
in the procesgcqaydime peotdss %ﬂemtféﬂvehéi@asénprb%cﬁ-%ﬁléé‘er

strai ght batch esses for a given 30 vessel size, and (d) the process
mai ntains a reduced |atex viscosity throughout the groc ubber

latex and Yraft copfciIMHRe ekl ?h%?%?‘ﬁ%ﬁ%?sdﬁ?’gbn%r Gi Bgﬁ process

according to the process of Figure 1 depicted at its

final stage:

Figure 3A is a schematic drawing of an initial
stage and a final stage of a comparative batch

10 process;

Figure 3B is a schematic drawing of the initial
stage and final stage according to the present
process as shown in Figures 1 and 2:

Figure 4A is a diagram of temperature profile

15 for the éomparative batch process of Figure 3A;

Figure 4B is a diagram of temperature profile
for the semi-batch process of Figure 3B.

Figure 5 is a profile of reactor volumes of the
batch process of Figure 3A and the semi-batch of

20 Figure 3B;

Figure 6 is a diagram of unreacted diene monomer
amounts in the batch process of Figure 3A and semi-
batch process of Figure 3B:

Figure 7 is a diagram of vessel pressures for

25 the batch of Figure 3A and semi-batch process of
Figure 3B;

Figure 8A is a diagram of reaction rates of the
batch proéess of Figure 3A and semi-batch process of
Figure 3B.

30 Figure 8B is a diagram of the viscosity levels
of the batch process of Figure 3A and the semi-batch
process of Figure 8B.

Detailed Description of the Invention

As shown in Figures 1, 2 and 3B, a semi-batch

35 process is provided for the production of a diene



3 Brlef Descr,i ption of the Eramnnas Figure 1 is a schematic drawing of a
process according to the present invention inits initial stage; 5

Figure 2 is a schematic -drawi ng of the process according to the process of
Figure 1 depicted at its final stage; Figure 3Ais a schematic draw ng of
an initial stage and a final stage of a conparative batch 10 process;
Figure 3B is a schematic drawing of the initial stage and final stage
according to the present process as shoan in Figures 1 and 2; Figure 4Ais
a diagram of tenperature profile 15 for the conparative bat ch process of
Figure 3A; Fi glail%edB Ss’naher-agramudnbetren'p]eammretproﬁghe fearuligieonseni - bat ch

pr.ocess of Fi gy FAGIE il S a2 BERLELEEO! vEERELOT (¥6) UES ff, the batch

process of F|gure 3A and e sem -
process involves (a) providing the wvessel (10) with

an initial liquid batch composition (11) sufficient

5 to occupy 40 to 80 percent of the volume of the

vessel as illustrated by initial liquid level (12),

(b) feeding a liquid feed composition (13) into the

vessel, and (c) reacting the diene monomer in the

vessel (10) during and after the feeding to produce

10 a final 1liquid composition (14) (see Figure 2)
containing rubber latex particles.

The initial liquid batch composition comprises

(a) water, (b) emulsifier and (c¢) diene monomer, and

may contain various additives' and comonomers.

15 Preferably the liquid batch composition also contains

(d) electrolytes, (e) reducing agents, (f) heavy

metal salts and (g) complexing agents. The initial

liquid batch composition is provided to the vessel

(10) at a level (12) sufficient to occupy 40 to 80

20 percent of the volume of the vessel, more preferably

from 50 to 70 percent thereof, and most preferably 50

to 60 percent thereof. The volume of the vessel (10)

is defined as the internal volume of the vessel

available for occupation by the 1liquid and vapor

25 containing diene reactant. This relatively low

initial liquid level allows for a maximization of

. efficient vapor space cooling; and when utilizing a

high activity initiator in the feed composition, the

reaction rate and heat generation rate can be at a

30 peak early in the process while the liquid level is

relatively low and while the efficient vapor cooling

space 1is maximized. The initial 1liquid batch

composition preferably contains from 10 to 30 mol

percent of the total moles of diene monomer used in

35 the process, more preferably from 15 to 25 mole



20 Figure 3B; Figure 6 is a diagramof unreacted di ene nononmer anmounts in
tthe batch process of Figure 3A and sem - batch process of Figure 3B; Figure
7 is a diagram of vessel pressures for 25 t he batch of Figure 3A and
sem - batch process of Figure 3B; Figure 8A is a diagram of reaction rates
of the batch process of Figure 3A and sem -batch process of Figure 3B. 30
Figure 8B is a diagramof the viscosity |levels of the batch process of -
Figure 3A and the sen -batch process of 5Figure 8B. Detail ed Description of
the Invention As shown in Figures 1, 2 and 3B, a sem -batch 35 process is
provided for tPereeREUEhRsROS: andi MRSt PreieEallEyhBhE0i @2 MSE | at ex

t hrough e”““'ﬁ@r?@hi“%h&%b‘fon Tﬁlsalwsféveel Mﬁsﬁ?ﬂltl(aio)dlene The
process invol ves rovi t he vessel
monomer allows or greater reac 1on rate control.
The feed composition (13) comprises (A) diene
) monomer and (B) initiator, and may optionally contain
other additives and comonomers. The feed composition
(13) will supply the remaining diene monomer to the
reaction vessel over a period of time and at a
- controlled rate to achieve a final liquid volume
10 (final level (16)) of at least 80 volume percent in
the reactor based on the total volume of the reactor
preferably at least 83 volume percent, and most
preferably 84 volume percent and a diene monomer
conversion of at least 80 mol percent, more
15 preferably at least 90 mol percent, and most
preferably 94 mol percent based on the total moles of
diene used in the process.‘
The entire reaction rate is enhanced by the
ability to use a high activity initiator in the
20 process by introducing the initiator with the feed
and maximizing the heat generation rate early in the
process. Preferably the reaction rate peaks during
the first two hours of the reaction when the vapor
space is greatest in the vessel thereby allowing for
25 the greatest level of vapor space cooling which is
generally more efficient than the 1liquid space
cooling.
The latex viscosity of the present invention
preferably is no greater than 200 centipoise (for
30 example, as measured by using Automation Products,
Inc. Model #CL-10 DV3 online viscometer), and more
preferably between 50 and 200 centipoise throughout
the reactor. In contrast, a simple batch reaction
can gdgenerate = latex viscosities exceeding 200
35 centipoise, for example, greater than 300 centipoise.



an initial liquid batch conposition (11) sufficient 5 to occupy 40 to 80
pgercent of the volune of the vessel as illustrated by initial liquid l'evel
(12), (b) feeding a liquid feed conposition (13) into the vessel, and (c)
reacting the diene nononer in the vessel (10) during and after the feeding
to produce 10 a final liquid conposition (14) (see Figure 2)
contai ning rubber latex particles. The initial liquid batch conposition
conprises (a) water, (b) ermulsifier andg(c) diene nononer, and nmay contain
various additives and conononers. 15 Preferably the I|qU|d bat ch
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provide peak loads in the middle of the reaction

process.

" The semi-batch process also has a reduced level

10 of unreacted diene monomer in the wvessel throughout
the process compared to batch processes thereby
providing a greater level of control over the
reaction, and the semi-batch process a;so allows for
reduced vessel pressure (pressure gauge (20}).

15 The rubber latex is a diene rubber latex.
Suitable diene monomers include butadiene and
isoprene and various comonomers may be present to
produce copolymers of butadiene with up to 50 percent
by weight (for example, up to 35 percent by weight)

20 of comonomers such as styrene, acrylonitrile,
methylmethacrylate or C;-Cs~alkylacrylate. The
polymers and copolymers are produced by agqueous
radical emulsion polymerisation and may optionally be
cross-linked with di or trivinyl or allyl monomers or

25 mixtures of such monomers or structures.

Comonomers may be present in the rubber at a
level of less than 50 percent by weight, preferably
less than 40 weight percent and most preferably less
than 20 weight percent based on the total weight of

30 the monomers. Most preferably no comonomer is used
due generally to the tendency of comonomer to reduce
the efficiency of the reflux cooling. Suitable
comonomers include vinyl aromatic monomers and vihyl
cyanide (unsaturated nitrile) monomers.
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substitute groups on the nuclear ring of the
monovinylidene aromatic monomer i.e. vinyl toluene,
vinylxylene, butylsty;ene. para-hydroxystyrene or
methoxystyrene or mixtures thereof. | The
monovinylidenearomatic monomers utilized are

generically described by the following formula:

X R H
R N
O \,
X X
X

wherein X is selected from the grbup consisting of
hydrogen, alkyl groups of 1 to 5 carbon atoms,
cycloalkyl, aryl, alkaryl, aralkyl, alkoxy, aryloxy,.
and halogens. R is selected from the group
consisting of hydrogen, alkyl groups of 1 to 5 carbon
atoms and halogens such as bromine and chlorine.
Examples of substituted vinyl aromatic compounds
include styrene, 4-methylstyrene, 3,5-diethylstyrene,
4-n-propylstyrene, a-methylstyrene, a-methyl
vinyltoluene, a-chlorostyrene, a-bromostyrene,
dichlorostyrene, dibromostyrene, tetrachlorostyrene,
mixtures thereof and the 1like.  The preferred
monovinylidene aromatic monomers used are styrene
and/or a-methylstyrene.

(final
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wherein R! may be selected from the same group set out
for R as previously defined. Examples of such
monomers include acrylonitrile, ethacrylonitrile,
methacrylonitrile, a-chloroacrylonitrile, and a-
bromoacrylonitrile. '

The preferred initiator is a high activity redox
initiator such as cumene hydroperoxide or other
hydroperoxides in combination with other compounds
such as reducing agents, heavy metal salts and
complexing agents. The initiator should be
sufficient to provide an initial reaction rate (for
example, at hour 2) of at least 10 percent of the
total diene of the reaction reacted per hour, and
preferably at least 15 percent, and more preferably

Pr oduct s.
ween 50
e batch

between 16 and 20 percent. Thermal initiators should

provide similar results if sufficient polymerization
rates can by obtained.

A semi-batch process for the production of a
diene based synthetic rubber latex through emulsion
polymerization in a pressure vessel, said process
comprising: (a) providing the vessel with an amount
of an initial liquid batch composition sufficient to
occupy from 40 volume percent to 80 volume percent of



can generate. |latex viscosities exceeding 200 35 centipoise, for
exanpl e, greater than 300 centi poi se. 6 Cenerally, increases in
viscosity result in decreases in cooling efficiency in the liquid phase.
The heat renoval denmand of the present sem - batch process allows for nore
evenly distributed 5 cooling load on the vessel cooling jacket (18) than
generally does a sinple batch reaction which can provide peak |loads in the
m ddl e of the reaction process. The send-batch process also has a reduced
| evel 10 of unreacted diene mononer in the vessel throughout the process

conpared to bdtth totdde¥odymehef esdidrRATR hFhergyaPsoViaiag shecont r ol
over the reactvég“selamttmansQﬁthan_cha969C§§§cél&f)zed g of 9b1duced
vessel pressure]%fressur%¥gauge é r ubber Ia&ex is a
di ene rubber P SRethfeh ﬁ%ﬁ%ﬂ%ﬂ@@|9ﬁHQRﬁaVE§F§&veﬁé gnd
i soprene and viaiiwikl QAGUAIATEbAPEBYthentensAising (i) water, (ii)
5 an emulsifier and (iii) a diene monomer, said diene

monomer being present at a level of from 10 to 30

percent by volume based on the total volume of diene-

monomer charged during the entire semi-batch process,

said initial liquid compbsition having a temperature

10 of between 120 to 155 °F (temperature gauge (22)) and
corresponding initial vabor pressure providing
cooling to said vessel during said continuous feeding
to cool said liquid and said vapor, (b) continuously
feeding a liquid feed composition to said vessel,

15 said liquid feed composition comprising (i) diene
monomer and (ii) an initiator, (c) providing cooling
to said vessel during said continuous feeding to cool

- said liquid and said vapor, (d) reacting said diene
monomer during and after said continuous feeding to

20 a final diene monomer conversion level of at least 80
mol percent based on the total moles of diene monomer
used in the reaction, said vessel having a liquid
volume level of at least 80 wvolume percent based on
the total volume of the vessel.

25 Preferably the entire reaction time 1is no
greater than 9 hours and preferably the final
reaction temperature is between 160°F and 180°F. The
rubber latex produced preferably has a number average

- particle size diameter of between 600 Angstroms and

30 1200 Angstroms, and has less than 10% by number of
particles having diameters of 1less than 500
Angstroms. The wviscosity of the reaction liquid is
preferably less than 200 centipoise throughout the
reactor. The feeding preferably occurs at a rate of

35 between 5 and 20 volume present per hour based on the



“ produce copol yners of butadiene with up to 50 percent by weight (for
éxanple, up to 35 percent by weight) 20 of conononers .such as
styrene, acrylonitrile, nethylmethacrylate or

Cerr]-Cerr]-al kyl acryl ate. The pol yners and copol ynmers are produced
by aqueous radi cal enul sion polynerisation and may optionally be
cross-linked with di or trivinyl or allyl nononers or 25 m xtures of such
nononmers or structures. Conononers naylbe present in the rubber at a |evel
of | ess than 50 percent by weight, preferably |less than 40 wei ght percent
and nost pref acalaly vodamet bant indiglal petcodnilikasddcompoeétional wei ght
of 30 t he t e cnggﬁggg | u enerally
to the tendenc(angékﬁﬁﬁggir g%érgggéén?hé%ef |eﬁg§§ogﬁfﬂegrg :
cool i ng. hﬁﬁﬁ(ﬁ(ﬁﬂﬂﬁﬂhﬂ#@ﬁlQﬁﬂtnﬁeNrﬂqesaronﬁrE§eﬁ§héﬁer§hand vi nyl

cyani de (unsatiy 3G onidelricbd) B2NeRB ﬁeﬁt of k@aeﬂew k@ﬁB@eﬁr Qgtic
nononmers (vinyl aromatic nononers) wh I ncl ude styrene,
5 vapor cooling (condensation of the dlene monomer and

optional comonomers). Mixing is preferably done
during the reaction by using a stirrer (24).

The flnal liquid batch composition may be

withdrawn from the vessel by actuation (opening) of

10 the valve (26), thereby providing a final product

flow stream (28). In Figure 1, the valve (26) is

closed and no product is flowing as stream (28),

whereas in Figure 2 the valve may be open for flow of

product as stream (28). As shown in Figure. 3B, a

15 comparative batch prdcess (30) is compared with an

' illustrative semi-batch process (32) of the present

invention. As shown in Figure 4A and Figure 4B, a

comparison batch process jacket temperature profile

(34) is compared to the present semi-batch process

- 20 jacket temperature profile (36). As shown in Figure

5, a comparison of reactor volume profiles is

provided for a comparative batch reaction and the

semi-batch reaction of the present process. As shown

in Figure 6, a comparison of the amounts of un-

25 reacted diene (BD) monomer in the reactor is compared

for a comparative batch reaction and the present

semi-batch reaction. Figure 7 provides a comparison

of vessel pressures for a comparative batch reaction

and the semi-batch reaction of the present invention.

30 Figures 8A and 8B provides a comparison of reaction

rates and latex viscosities between a comparative

batch process and the semi-batch process of the

present invention, and note the elimination of the

latex viscosity spike by the present process, and
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The preferredomposition (13), which may also be referred to as
feed stream (13), is added during the process, and
the final liquid volume (16) is relatively high as
shown in Figures 2 and 3B. A comparative batch

10 process is shown in Figure 3A, and a vessel (110),.
has pressure and temperature gauges (now shown), a
stirrer (not shown), a cooling jacket (118), an inlet
(not shown), and an outlet valve (126), and has a
relatively high initial liquid level (112) and a

15 relatively low final liquid volume (116). As set out
above the comparative batch process has a number of
problems and disadvantages solved by the present
semi-batch process. _ |

As shown in Figure 4A, the batch process has a

20 jacket temperature/time profile  (200),  (202)
(temperatures of the two jacket halves are shown and
essentially overlap) which shows a substantial
cooling load requirement in the middle of the process
(around the 6th hour in Figure 4A) and Figure 4A

25 shows the liquid reaction composition temperature
profile (204) of the batch process. As shown in
Figure 4B, the semi-batch process has a Jjacket
temperature time profile (100, 102) (temperatures of
the two Jjacket halves are shown and essentially

30 overlap) which shows a relatively moderate peak
cooling load compared to the batch process of Figure
4A, and Figure 4B shows the reaction 1liquid
composition temperature profile (104) from time 0
(initial liquid composition (11) temperature) to



nDnOV|nyI|dene aromati c nononers uséd are styrene and/or a-nethyl styrene.
Sui tabl e Vi nyl cyani de nonomer s I ncl ude acrylonitrile and
substituted vinyl cyanides such as nmethacrylonitrile. The acrylonitrile and
substituted acrylonitrile are described generically by the 5 follow ng
formula:  H R[err] wherein Rlerr] may be selected fromthe sanme
group set out for R as previously defined. Exanmpl es of such nononers
i nclude acrylonitrile ethacrylonitrilegznmethacrylonitrile,
a-chloroacrylonitrile, and a- 10 bronoacrylonitrile. The preferred
initiator i s arkugld aehevdtyourdthd Mitadl Aiguichcemposiedenhytidbper oxi de
-ot her hydroperoxides in conbination with other conpounds such as
redu0|ng agent nofEARP Hfet al salts and 15 conpl exi ng agents. The
initiator should A shbdmciient Figupe o\bi,dethe igunpaatattiseect banchate (for

process has a volume profile (206) which starts at a

5 relatively high level and decreases as the reaction
proceeds; and the semi-batch process has a volume
profile (106) which starts relatively 1low and’
gradually increases until feeding is completed and
then gradually decreases .as the process proceeds.

10 The final.Volume of product for a given vessel size
is substantially higher for the présent process over
the comparative process.

As shown in Figure 6, the amount of unreacted
diene monomer present in a given vessel volume is

15 substantially lower through the present semi-batch
process, compared to the comparative batch process.'
The unreacted butadiene (BD) monomer level in the
vessel of the semi-batch process is shown by semi-
batch monomer profile (108) and the comparative batch

20 process unreacted monomer level is shown by batch
monomer profile (208).

As shown in Figure 7, the reactor vessel
pressure is generally lower for the semi-batch
process than the batch process and as shown by a

25 comparison of batch process pressure profile (212)
and semi-batch pressure profile (112).

As shown in Figure 8A, the reaction rate of the
semi-batch is shown as reaction rate profile (114)
and the batch reaction rate is shown as reaction rate

30 profile (214). The present semi-batch process allows
for faster initial reaction rate than the comparative
batch process.

As shown in Figure 8B, the viscosity of the
liquid reaction composition in the semi-batch process

35 is generally substantially lower than the viscosity



exanpl e, at hour 2) of at |least 10 percent of the total diene of the
Feaction reacted per hour, and preferably at |east 15 percent, and nore
preferably 20 bet ween 16 and 20 percent. Thermal initiators should
provide simlar results if sufficient polynerization rates can by obtai ned.
A sem -batch process for the production of a diene based synthetic rubber

| at ex t hrough enul sion 25 pol ynmeri zation in a pressure vessel, said
process conprising: (a) providing the ¥8ssel with an armount of an initial

| i quid batch conposition sufficient to occupy from 40 vol unme percent to 80
vol ume per centirofthe cpmperatdive hafiameprscess d sessblusheredy Pyovi ding

(he vessel W itheAkdridd Bow ae RRARrl AP OPUOLLEP Bepene based on

the total volune e vesse said initi conp05|t|on conpri si ng

(i) water, (ii)l29) aaq &he Hatich VAREOSLLY) P&Qﬂ‘-llé-@e W#fdner, said diene

monorer bei ng preswneatala &m@ée@f of @iul&ita 3% PEERMe byiXglume based
on the total voluq? di e
5 salts of fatty acids, disproportionated rosin

acids or alkyl or arylalkyl sulfonates.
EX les

In the semi-batch process, some of the butadiene

monomer énd all of the cumene hydroperoxide (CHP)

10 initiator are held out of the initial batch charge
and fed during the course 'of the reaction. In other
words, the initial liquid batch composition was free
of initiator. The initiator is fed to the reaction
vessel via the liquid feed composition. The rate at

15 which these components are fed can be used to control
the rate of reaction.

Experimental work in the pilot plant verifies
potential advantages of a semi-batch polybutadiene
emulsion process. Seven to eight hour reactions have

20 been run in the pilot plant compared to 11 to 12 for
standard batch polybutadiene emulsion process.
Cgmpared to standard processes these reactions
demonstrate an improvement in heat load distribution
through a more constant heat generation rate and

25 improved heat transfer. The present semi-batch
process eliminates the viscosity spike typically
observed for standard polybutadiene batch emulsion
processes.: Also, the larger particle size possible
with the present semi;batch process lowers viscosity

30 and further improves heat transfer.

Several important heat transfer mechanisms have
been identified for the new semi-batch process via
pilot plant reactions and heat transfer modeling
efforts. Heat transfer through liquid contact with

35 the reactor jacket and baffles is the standard mode



monorrer charged during the entire seni-batch process, said initial liquid
conposition having a tenperature 10 of between 120 to 155 OF (tenperature
gauge (22)) and corresponding initial vapor pressure providing cooling to
said vessel during said continuous feeding to cool said |liquid and said
vapor, (b) continuously feeding a liquid feed conposition to said vessel,

15 said liquid feed conposition conprising (i) diene nononmer and (ii) an
initiator, (c) providing cooling to salé vessel during said continuous

f eedi ng to cool said liquid and sai d vapor, reacting said di ene nononer
during and af Pér R8A% EEMPYRbous HRWRYSE: tG?ﬂiuxeﬁ??%h 9di%¥%e FOnomer

conversi on |eb&ha§ieﬁb kapet 8@ %%ht@%&CQﬁkﬂﬁﬁﬁéjé&ldfﬁhéﬁéﬁlam@|eS of
di ene nononer

g he react.ion, said v sel aving a li vol une
level of at | BAIE18E PIRYfe SHerdenr Bised RO TSR 77 ¢ e
vessel . 25  the sBm&FbE&bhyprbh@ssentmmmtrﬁﬁﬁﬁstér toeeficbent® greater
than 9 ho%rs nd preferably.the final reac |on e | s _between
160[ err] F and fgoff?%]ll’ﬂ‘x fﬁé)l}&gbarq e gecfnn%? a%? IV%%% a nunber
aver age parti ¢hensi 1d quiidnetiackeit beioné.mngaommftgst roepresen3d al200
Angstroms, and;Qas £ e3Re! RABrSOEMBY c "YAPREa L transfer compared to
the batch process.
The semi-batch reaction desirably results in
10 lower reactor pressure‘and a lower level of unreacted
monomer. Therefore, it provides an increase degree
of flexibility in preventing run away reactions and
over pressurization of the reactor. Also, the
reaction rate and pressure decrease when the monomer
15 flow is stopped, thereby creating a tool which can be
used to stop the reaction quickly which is somethlng
the current batch processes generally do not have.
Initial 1liquid semi-batch composition was
11.563% butadiene, 86.719% water, 0.231% TDDM, 1.156%
20 TFA, 0.064% KUH, 0.231% TSPP, 0% CHP, 0.029% SFS,
0.006% FesO,, 0.002% Na,EDTA. Start volume for the
semi-~batch composition in the vessel was 50-60 volume
%, T~145°F, P=100-105 PS1G, conversion = 0%; and the

ending vessel conditions were as follows: liquid
25 volume 84%, T=160°F, P=35-45 PSIG, conversion = 94
mol %, butadiene level = 6% based on the total

butadiene used in the process, and total reaction
time was 8.5-9.5 hours.

In comparison, a single batch process using the

30 same ingredients exert a slower PPS initiator rather

than the CHP initiator and Redox components provides

an initial liquid volume of 90%, T=148°F, P=105-112

psig, conversion = 0 initially, butadiene = 100%

1

based on total butadiene used in the process, and the
35 final vessel conditions were 1liquid volume 75%,



particles having dianmeters of 1leSs than 500 Angstrons. The viscosity
of the reaction liquid is preferably |ess than 200 centi poi se throughout
the reactor. The feeding preferably occurs at a rate of 35 bet ween 5 and

20 vol une present per hour based on the 10 total volune of the initial
batch liquid conmposition, and preferably the feeding is conpleted during
the first 2 to 6 hours of the process. referably, the 20 to 60 percent of

t he heat -of reactlon reaned via 5 vapor cool ing (condensation of the

di ene nononer Qi r lehedne during
the-reaction by u5|ng |rrer 4) Qﬁ¥e44£8 %%jfdgﬁgich conposition
may be withdr aéh baaadtna Veosee:t gﬁ;aﬁ%&nﬁlﬁﬁﬁQobénﬁhg)RﬁOQR§SlQ9mavalve
(26), thereby V. f Wwaioducte | $dueem (28). In Figure 1, the
val ve (26) is %?%s%%égﬁﬁé%ot%@%du%€ Fs ?éog?%g as stream (28), whereas in

Figure 2 the valve may be open for flow of product as stream (28). As
shown in Figure. 3B, a



15 conparative batch process (30) is conpared with an illustrative

Semni -batch process (32) of the present invention. As shown in Figure 4A and
Figure 4B, a comparison batch process jacket tenperature profile (34) is
conpared to the present sem -batch process 20 jacket tenperature profile
(36). As shown in Figure 5, a conparison of reactor. volune profiles is
provi ded for a conparative batch reaction and the sem -batch reaction of

t he present process. As. shown inlﬁigure 6, a cgnpali son of the anopunts of
un- 25 reacted diene (BD) nonomer in the reagtbrsis conpared for a
conparative batch reaction and the present seni-Bafch reaction. Figure 7

provi des a conparison of| vessel pressures for %.anparative batch reaction
. . | .
and the sem -batch reactjon of the present invengi@n. 30 Figures 8A and
8B provi des a ¢npari%on| of reaction rates ands|%t8x viscosities between a
conpar ati ve batZhy gt ocesp,and.t Re sem, hatgh pﬁosegs of the present
invention, and &diestBe pligi nati gncofy the, | at&xgviscosity spi ke by the
present process farff # | N N 8N NN NM ng
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note the .better match of heat renoval and heat generation obtained by the
present process. As shown in Figures 1 and 3B, the initial liquid |evel
(12) of the vessel (10) of the sem -batch 5 process is i | ow

;
and the liquid feed conposition (13), which may also b ed to as
feed stream (13), is added during the process, and the fi g”’ll!@@"mﬂﬂl
(16) is relatively high as shown in Figures 2 and 3B. ‘A eo o K
10 process is shown in Figure 3A andl3 vessel (110), has pressure dnd* -
t enper at ure gauges (now shown), a stirprer gnot shown), a cooling jacket

(118), an inlet (not shown), and an oé-li-ﬁéil-val ve (126), and has a

relatively high.ini & ademi-<patki epebcédd?2)foandeite 1produektabnvelfy aow fi nal
liquid volunme (116) ... As set out abo he cg ratiye tc rocess has a
nunber of probl ens MEOG sgﬁgﬁt aéé@ég&%&gd 5§‘B$ﬁ1é pi@%gﬁt E%ﬁ?g%litch
process. As shown i emiilgioa 4p0lymer izdciopr bness gressurd vesgseket

tenperature/tine r.Qfd 0 . ). (tenperatures of the two jacket
hal ves are shown an%ag'gsg)%toicaelgléy@otl)n?errllggp " which shows a substantial

cooling | o&d requirdm@ent Previlddng ddiee usssede Wirdv ey amount of an
initial liquid batch composition sufficient
to occupy from 40 wvolume percent to 80
volume percent of the total volume of said
vessel thereby providing the vessel with an
i0 initial vapor space of 20 to 60 volume
percent based on the total volume of the
vessel, said initial 1liguid composition
comprising (i) water, (ii) an emulsifier
and (iii) a diene monomer, said diene
15 monomer being present at a level of from 10
to 30 mol percent based on the total mol of
diene monomer charged during the entiré
semi-batch process, said initial 1liquid
composition having a temperature of between
20 ' 120 to 155 °F and corresponding initial
vapor pressure providing cooling to said
vessel during said continuous feeding to
cool said liquid and said vapor,

(b) continuously feeding a liquid feed

25 composition to said vessel, said 1liquid
feed composition comprising (i) diene
monomer and (ii) an initiator,

(c) providing cooling to said vessel during
said continuous feeding to cool said liquid

30 and said vapor, '

(d) reacting said diene monomer during and
after said continuous feeding to a final
diene monomer conversion level of at least.
80 mol percent based on the total moles of



(around the 6th hour in Figure 4A) and Figure 4A 25 iggﬁghlgg/LFqﬁra///
reacti on conposition tenperature profile (204) of the proc \!ﬁf-
shown in Figure 4B, the sem -batch process has a jacket te ﬂ“\ A
profile (100, 102) (tenperatures of the two jacket hal v.e&mm amd
essentially 30 overlap) which shows a relatively no e ‘'peak
cooling |l oad conpared to the batch proggss of Figure 4A, and Figure 4B
shows the reaction liquid conposition nperature profile (104) fromtine O
(initial 44 quid conposi tq. ( enperature) t 12 around ti 9 hour
(the fi na:)'llg l'i qui d conpotsql%rﬁgn%e[rzgn%%gt &}‘e.tqﬁs EFht e FPgafe 5, the
conpar ative batch proceyesised davingne pricfuid (@Dé)e wheedlsbaras at a 5
relatively high level a Ch@aa ct.i pr.ac S t he
sem - bat ch process has ggﬁ%ﬁuﬁg g?gyﬁﬁeb??8%§%mkkgﬁds%§r?ggrEPES vely | ow
and gradual | y increases Vgdume Pdedhgg vessednpl et ed and

2. The process of Claim 1 wherein the entire
reaction time for the process is no greater than
9 hours.

3. The process of Claim 1 wherein the final

reaction temperature of the liquid is between
160°F and 180°F.

4. The process of Claim 1 wherein said process
produces a rubber latex having a number average
particle size diameter of between 600 Angstroms
and 1200 Angstroms.

5. The process of Claim 1 wherein the viscosity of
the reaction liquid is less than 200 centipoise
throughout the process.

6. The process of Claim 1 wherein said diene
monomer is butadiene. '
7. The process of Claim 1 wherein said feeding

occurs at a rate of between 5 and 20 volume %
per hour based on the total volume of the
initial batch liquid composition.

8. The process of Claim 1 wherein said feeding is
completed during the first 2'to 6 hours of said
process.

9. A semi-batch emulsion polymerization process for
producing a diene rubber latex, said process
comprising:

(a) providing a pressure vessel,
5 (b) providing an amount of an initial liquid
batch composition sufficient to occupy from
40 volume percent to 80 volume percent of
the total volume of the vessel, said
initial liquid batch composition comprising



! ' :
t hen gradually decreases as the process proceeds. 10 The final volunme of
product for a given vessel size is substantially higher for the pre

process over the conparative process. As shown in Figugﬁ ﬂ f
unreact ed di ene nononmer present in a given vessel volu ,l mm lﬂmﬂuﬂ
substantially | ower through the present sem -batch process, ¢ conpar e t he
- conparative batch process. The unreacted butadi ene (BD) nononer |level in

t he vessel of the sem -batch process is sifown by sem - batch nononer
profile (108) and the conparative batch 20 process unreacted nononer

| evel is shbn by batch nohbheemydsiifiier(:20831) AFIGRGNMPROFR ur @18t he
reactor vessel pressure is gepenghtyy] over for the sem -batch process than
t he batch process and as s&

own by a 25 conpari son of_ batch process .
pressure profile (212§ChndPERVAHag ch Hhessurlpkadki | el’(q_‘i’égl. &a%cibvm in
Figure 8A the reaction rateomposNeiseMiBRtEN 151 SHOWdifpdRained b at e
profile (114) and the batch reaction rate is_shown as reaction rate 30

profile (214). The presen?P®S¥#®Rphelh B?o&ééipalloms for faster initial
reaction ral® than thedronpefieihvéusly - feeding a liquid feed

composition into said vessel, said liquid
feed composition bomprising (i) diene
monomer and (ii)'initiator, said feeding
being at a rate such that the level of
20 unreacted diene monomer in the vessel is no
greater than 50 percent of the total diene
monomer used in the process.
10. A diene rubber latex made by the process of
Claim 1.



“batch process. As shown in Figure 8B, the viscosity of the liquid reaction .
conposition in the sem -batch process 35 I's generally substantially | ower
than the viscosity 13 in the conparative batch process, as illustrated
by the conparison of the sem -batch viscosity profile (120) and.the batch
viscosity profile (220). General classes of enulsifiers include alkali 5
netal salts of fatty acids, disproportionated rosin acids or alkyl or
aryl al kyl sul fonates. Exanmples In the zgm -batch process, sone of the

but adi ene nmononer and all of the cumene hydroperoxi de (CHP) 10 initiator
are hel d.out ofSEMIcBATCH; EMUBSION PRAFESS oFQR f MAKENG | PEENR RUBRER e of the
reaction. | n ofddEXRYBBER,LATEX MAPE| THEREBY 4t AND ¢ i CPRRLYMER MADE o

initiator. The THRREFROY, isaﬁég%£§¥t@% EReChHi oM yoss€l via the liquid feed
conposition. The rate at,% T C ese.conponentg are fed can be used to
contr ol A semi-batch process is provided for making a
diene rubber latex. The process involves (a)
providing an amount .of an initial 1liquid batch
5 composition (containing water, emulsifier and diene
monomer), sufficient to occupy from 50 to 80 volume
percent of a pressure reaction vessel based on the
total volume of the vessel, (b) feeding to the vessel
a liquid feed composition containing diene monomer
10 and initiator, (c) providing cooling to the vessel to
cool the liquid and vapor therein, and (d) reacting
the diene monomer to a final diene monomer conversion
level of at least 80 mol percent based bn the total
moles of diene monomer used in the reaction, and the
15 final liquid volume level in the vessel being at
least 80 volume percent based on the total volume of
the vessel. The process allows for a high initial
reaction rate which peaks early in the process when
efficient vapor phase cooling is maximized, and
20 maintains ' a low latex viscosity throughout the
process thereby providing efficient 1liquid phase
cooling during latex in the process. The present
process allows for higher levels of production over
batch utilizing the same vessel volume. A rubber
25 latex is-also provided having a narrow particle size
distribution, and a vinyl aromatic-diene rubber graft
copolymer is provided exhibiting certain advantageous
properties.

FIG. 1



the rate of reaction. Experinmental work in the pilot plant verifies
potential advantages of a sem -batch pol ybutadi ene enul si on process. Seven
to eight hour reactions have 20 been run in the pilot plant conpared to
11 to 12 for standard batch pol ybut adi ene enul si on process. Conpared to -
standard processes these reactions denonstrate an inprovenent in heat |oad
di stribution through a nore constant he eneration rate and 25 i npr oved
heat transfer. The present sem -bat'ch process elimnates the
viscosity spike typically observed for standard pol ybutadi ene batch
enul si on processes. Also, the larger particle size possible with the
present sem -batch process | owers viscosity 30 and further inproves heat
transfer. Several inportant heat transfer mechani sns have been identified
for the new sem -batch process via pilot plant reactions and heat transfer
nodeling efforts. Heat transfer through liquid contact with 35 t he
reactor jacket and baffles is the standard node

FIG. 1



14 of heat renoval. However, reflux cooling due to butadi ene vapor in
contact with the cold jacket and baffles plays an inportant role in heat
renoval for the sem -batch process. Heat transfer coefficients 5 for ref

| ux cooling are an order of magnitude higher than liquid jacket cooling

whi ch represents a significant inprovenent in heat transfer conpared to the
batch process. The sem -batch reaction Q£ﬁgrably results in 10 | ower
reactor pressure and a | ower |evel of unf®acted .nononmer. Therefore, it
provi des an increase degree of flexibility in preventing run away reactions
and over pressurization of the reactor. Al so, the reaction rate and
pressure decrease when the nononer 15 flow.is stopped, thereby creating a
tool which can be used to stop the reaction quickly which is sonething the
current batch processes generally do not have. Initial liquid sem-batch
conposition was 11.563% but adi ene, .86.719% water, 0.231% TDDM 1.156% 20
TFA, 0.064% KUH, 0.231% TSPP, 0% CHP, 0.029% SFS, 0.006% F[err]SJerr],

0. 002% Na2EDTA. Start volume for the sem -batch conposition in the vesse
was 50-60 vol une :

22 24

FIG. 2



% T-145[err]F, P=100-105 PSI G conversion = 0% and the endi ng vessel
conditions were as foll ows: liquid 25 vol ume 84% T=160[err]F, P=35-45
PSIG conversion = 94 nmol % butadiene |evel = 6% based on the total

but adi ene used in the process, and total reaction tinme was 8.5-9.5 hours.

I n conparison,” a single batch process using the 30 sanme ingredients exert
a slower PPS initiator rather than the CHP iniytiator and Redox conponents
provides an initial. |iquid vol wme1d2 90% TzlzéFerr] F, P=105-112 psig,
conversion = 0 initiall ne = 100% based on total butadiene used in
the process, and the 35/ °TLriat—vessel~1t@nditions were liquid dlygre
75% 15 T=160[err]F, OP:?SB-AE) PSI G Lonversion = 94% Q 9
based on total butadiere sused pf the‘ﬁrocess?(hg and reac

12 hours. \‘ °

\&
\i

&




[err] . 16 17 dains 1. A sem -batch process
for the production of a diene based synthetic rubber |atex through emul sion
pol ymeri zation in a pressure vessel, said process conprising: 5 (a)
providing the vessel with an anpbunt of an initial liquid batch conposition
sufficient to occupy from40 volunme percent to 80 vol une percent of the
total volunme of said vessel thereby providing the vessel with an 10

initial vapor space of 20 Ef 60 vol unme peté8nt based on the total volune of
the vessel, said initial qui d composition conprising (i) water, (ii) an
emul sifier and (iii) a digne nononer, said diene 15 ' nmononer
bei ng present at a |l evel o©from 10 to 30 nol percent based on the total
nol of diene nononer charg during the entire
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sem - bat ch pnocesé, said initial liquid conposition having a tenperature of

bet ween 20 120 to 155 OF and corresponding initial vapor
pressure providing cooling to said vessel during said continuous feeding to
cool said liquid and said vapor, (b) continuously f eedi ng a l'iquid
feed 25 ' conposition to said vessel, said liquid feed

conposition conprising (i) diene nononer agzs(ii) an initiator, (c)

provi ding cooling to said vessel during safd continuous feeding to cool
said liquid 30 and said vapor, (d) reacting said diene
nmononer during and after said continuous feeding to a final diene nononer
conversion |level of at |east 80 nol percent based on the total noles of

18 35 ' di ene nmononer used in the reaction, said vessel having a
liquid volune | evel of at '

N
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FIG. 5
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| east 80 vol une percent based on the total volume of the vessel. 2. The
‘process of Claim 1 wherein the entire reaction tine for the process is

no greater than 9 hours. 3. The process of Caim 1 wherein the
final reaction tenperature of the liquid is between 160[err]F and
180[err] F. 4. The process of Claim1 wherein said process produces a

rubber |atex having a nunber average parki§le si ze di aneter of between 600
Angstronms and 1200 Angstrons. 5. The pré ess of Claim1 wherein the
viscosity of the reaction liquid is I ess than 200 centi poi se t hroughout the

process. 6. The process of Caim 1 wherein said diene nononmer is
but adi ene. 7. The process of CQaim1l wherein said feeding occurs at a
rate of between 5 and 20 vol une % per hour based on the total volune of the
initial batch Iiquid conposition. 8. The process of Caim1 wherein said

feeding is conpleted during the first 2 to 6 hours of said

N
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FIG. 6
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probess: 9. A sem-batch enul si on pol ynerization process for producing a
di ene rubber | atex, said process conprising: (a) providing a pressure

vessel, 5 (b) providing an anmount of an initial liquid batch
conposition sufficient to occupy from40 vol une percent to 80 vol une
percent of the total volune of the vessel, said initial |iquid batch
conposi tion conpri sing 19 10 7/8 (i) emulsifier, (ii) diene
nononer, and (iii) water, (c) providing t he initial liquid bat ch
conposition with an initial tenperature of between 1200 to 1550F, 15

(d) continuously f eedi ng a l'iquid feed conposition into said

vessel, said liquid feed conposition conprising (i) diene nononer and (ii)
initiator, said feeding |

o
/
// o
o 7 -
Y] ///
1\ >
\\ '/ \‘ feo)
D /’ N
LA E =
1 o T ~
s
= %
o~ E
N <
_
\\‘ N
N
()
000
228882889882
-— v



being at a rate such that the level of 20

monomer in the vessel

unr eact ed di ene

IS no greater than 50 percent of the total diene

nonormer used in the process. 10. A diene rubber |atex nade by the process

of Caiml.
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