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being distilled. As a result, Yoshida et al. teéach that_ such nononers can
be from both -an economic and a product quality standpoint.

Various approaches have been developed to reduce or
eliminate-the_fdrmation of such gel deposits.

.The problem of gel deposits formed during addition
polymerizations seems related to the type of polymers being
made. The monomers used have different degrees of polarity,
different boiling points and different tendencies to self-
polymerize; for example, when they condense on interior
surfaces of a reactor. _

For example, U.S. Pat. No. 3,988,213 to Yoshida et al.
addresses the problem of gel deposit formation during the
distillation of vinyl compounds such as hydroxyethyl
acrylate, acrylic acid and glycidyl methacrylate. Yoshida et
al. teach that these monomers have a much greater tendency
to self-condense than other éommonly used monomers such as
styrene, wvinyl acetate, esters. of unsaturated carboxylic
acids such as methyl acrylate and methyl methacrylate, and
vinyl chloride. 1In addition to the use of a polymerization
inhibitor, Yoshida et al. suggest the use of a specific type
of distillation tower that is heated. The inner walls of
the tower are maintained at a temperature sufficient to
prevent condensation of the vapor being distilled.. As a
result, Yoshida et al. teach that such monomers can be



-2- distilled with less formation of polyners fromthe nonomers being
distilled. Such polyners becone gel deposits that tend to foul the
distillation tower and nay contam nate the desired distilled nononer
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when to higher and hlgher molecular weight polymers that
ultimately become insoluble gels. Gel formation is much
less of a probleﬁ when addition polymers are made via a
batch or semi-batch polymerization process because the
polymer is emptied from the reactor upon completion of the
polymerization. This'provides an opportunity to clean the
reactor and associated processing equipment such as
condensers, piping and evaporators prior to charging the
next batch.

For example, U.S. Pat. No. 3,764,384 to Berni, assigned
to GAF Corpoiation, teaches a method for removing polyvinyl
halide residues from processing equipmént. Berni uses a
solvent cleaning technique based upon contacting such
residues with N-methyl-2-pyrrolidone ("NMP") to loosen,
suspend or dissolve the residues and permit them to be
flushed out of the‘polymer processing equipment.
International Specialty Products of Wayne, N.J. sells a line
of GAF® chemical cleaning solvents containing NMP under the
trademark ShipShape® Resin Cleaner for removing resin
deposits such as those from acrylic polymers.

However, gel formation is a much greater problem when
polymerization processing equipment such a continuous
stirred tank reactor ("CSTR") or a tube reactor is used to
continuously produce an addition polymer. Examples of the



pol yneri zati on processing equi pmrent such a continuous stirred tank reactor
("CSTR') or a tube reactor is used to continuously produce an addition

pol yrmer. Exanpl es of the -3- production of polymers in such equi pnent

can be seen froman examination of U S. Pat. _Nos. 4,414,370 to Hami el ec et
al.; 4,529,787 to Schm dt et al.; and 4,546,160 to Brand et al. These
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Another problem we have observed occurs when different
types of addition polymers are sequentially made in the same
continuous processing equipment. For economic reasons, one
production CSTR is sometimes used to produce a variety of
addition polymers. We have observed that when acrylic acid-
containing addition polymers are made in a CSTR followed by
a production run of a hydroxy-functional addition polymer
containing hydroxyethyl methacrylate, gel deposit formation
in the CSTR is accelerated as evidenced by gel particles in
the latter polymer. Without wishing to be bound by theory,
it is-thought that the acrylic acid-functional addition
polymer is leaving adsorbed polymeric deposits in the
reactor processing equipment that serve to increase the
formation of gel :deposits. These deposits appear to exist
even though the internal reactor surfaces tend to be
visually clean to the naked eye.

Prior art attempts to reduce reactor foullng in
continuous polymerization processes have, among other
things, focused on the type of solvent used during the
polymerization. Efforts addressed at solving this problem
for rather specific combinations of monomers have failed to
appreciate the problems associated with the production of



Prior art attenpts to reduce reactor fouling in continuous polynerization
processes have, anong other things, focused on the type of sol vent used
duri*ng the polynerization. Efforts addressed at solving this problemfor
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Rgnoners contaigg@g f%?@-@%%%@é&'b%&%§p§re¥e§re%§t' No. 5,057,593 to

rshall et al. "t eachesS~a conti1 nuous process to copolynerize ethyl ene and

car bon U.S. Pat. No. 4,351,931 to Armitage teaches the
continuous manufacture of random copolymers of ethylene and
acrylic acid or methacrylic acid having up to about 10
weight percent of the acid monomers. The solvent systems
useful for the Armitage process are those previously used
for polyethylene manufacture such as benzene, chlorobenzene
or tertiary—butanoi. Armitage also teaches that
polymerization can be conducted in the substantial absence
of added solvents except for the amount needed to dissolve
the initiator. Nothing is suggested concerning the
production of addition polymers containing ethylenically
unsaturated monomers containing free hydroxyl groups.

U.S. Pat. No. 5,057,593 to Marshall et al. teaches a
continuous process to copolymerize ethylene and carbon
monoxide. Optionmally, certain other comonomers may be
included such as éipha—beta unsaturated carboxylic acids,
esters of such acids, anhydrides of such carboxylic acids
and vinyl esters of saturated aliphatic acids. Acetone is
used to maintain a single phase'in the reactor. The acetone
is introduced concurrently with the reactant monomers to
sighificantly reduce or eliminate reactor fouling. Column
1, lines 41-51 teach that if comonomers with reactivities
substantially equal to ethylene are used, such as vinyl
acetate, gel particles normally will not be produced. They
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is conducted in the presence of from about 2% to about 25%
methanol as a solvent, based on the total amount of material
flowing through the reactor. This solvent maintains the
reactant monomers and the polymer being formed in a single
phase which is said to reduce or eliminate reactor fouling.
Other solvents may:be included such as benzene or tertiary-
butanol as long as such solvents do not prevent the methanol
from reducing or eliminating reactor fouling. Nothing is
taught concerning the use of hydroxy-functional
ethylenically unsaturated monomers.

U.S. Pat. No. 4,135,245 to Massoubre relates to
organolithium-initiated anionic polymerization of
unsaturated monomers such as conjugated dienes with vinyl
aromatic compounds, but does,discuss the problems associated
with gel formation in continuous polymerization processes.

U.S. Pat. No. 4,301,263 to Muenster et al. teaches the
production of low molecular weight water soluble polymers of
acrylic acid or methacrylic aci&. Such monomers are
polymerized at 120°C to 200°C under at least 2 bars of
pressure in the presence of a free radical initiator and a
solvent that is either isopropanol or a mixture of
isopropanol and water where the mixture contains at least
40% by weight of isopropanol. The polymers may contain up



et hyl eni cal ly unsaturated nononmers. U. S. Pat. No. 4,135,245 to Massoubre
relates to organolithiuminitiated anionic polynerization of unsaturated
nononers such as conjugated dienes with vinyl aromatic conpounds, but
does, di scuss the problens associated with gelLgformation in continuous

pol ymeri zati on processes. U. S. Pat. No. 4,301,266 to Mienster et al.
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t hat for the polymers such as benzene cannot be used. The
monomer concentration is cited as a limiting factor on how
much diester contaminant can be present before an insoluble
gel will be formed. Fully soluble'polymers having molecular
weights ranging from several hundred to several millions can
be produced. Table 4 and the accompanying text teaches that
coefficients of swelling above about 2 are useful in
preparing the hydroxylated polymers of Chromecek et al. That
appears to preclude the use of acetone (coefficient of
swelling = 1.58) because "solvents having swelling
coefficients smaller than 2 cause the partial formation of
insoluble polymers even under the conditions most favorable
to the preparation of soluble polymers...." column 8, lines
48-50. As will be seen belowv, acetone was a preferred
solvent for use in the process of the present invention.

The prior art lacks a solution to the problems
associated with gel formation during the preparation of
addition polymers from hydroxy—fhnctional ethylenically
unsaturated monomers using a continuous polymerization
process. Particularly absent from the prior art is a
solution to the gel deposit formation that occurs when the
production of such hydroxy-functional polymers is preceded
by the preparation of addition polymers containing free
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DI SCLOSURE OF THermNWENTI Of gel particles and deposits during the
continuous production of such polymers.

SUMMARY DISCLOSURE OF THE INVENTION
One object of the present invention is to greatly

reduce gel formation during the continuous free radical
addition polymerization of monomers which include hydroxy-
functional ethylenically unsaturated monomers. Another:
object is to reduce gel formation when a polymer containing
such monomers is made following the production of a free
radical addition polymer containing free carboxyl groups
such as those derived from acrylic acid or methacrylic acid.
Still another object is to improve the economy and
productivity of continuous production equipment such as CSTR
equipment by reducing the number of times such equipment
must be shut down for cleaning over a given period of time.
Yet another object of the present invention is to provide a
process which provideé'a high quality addition polymer
containing hydroxy-functional efhylenically unsaturated
monomers with minimal contamination by gel particles.

In a preferred embodiment of the present invention, the
object of the invention is to provide a continuous free
radical addition polymer production process using a solvent
system which will not only (a) act to reduce the formation
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These and other objects of the present invention are
provided by a process for the continuous production, with
reduced gel formation, of free radical addition polymers
from ethylenically unsaturated monomers containing at least
one free hydroxyl group such as esters of acrylic acid or
methacrylic acid céntaining at least one free hydroxyl
group, more preferably from about 0.1% to about 50% by -
weight of such monomers, from about 0 to about 5% by weight
of an alpha-beta unsaturated carboxylic acid having from
about 3 to about 8 carbon atoms per molecule, and the
remainder of the monomers being free radical addition
copolymerizable compounds which are compatible with the
other monomers used to form the polymer. The process
comprises continuously condugting the free radical addition
polymerization in a reactor at a temperature of from about
150°C to about 310°C under superatmospheric pressure in the
presence of one solvent or a mixture of two or more
solvents. The solvent or the volume average of the total
solvent mixture (if more than one solvent is used) has an
overall calculated root mean square value of the hydrogen
bonding and polar contributions of each solvent's solubility
parameters ("RMSV") that falls in the range of from about 6
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esters of acrylic acid or nethacrylic acid containing at | east one free
hydr oxyl group, nore preferably from about 0.1%to about 50% by wei ght of
such nmononers, teoabaheutl5) aadahost f»%elfyer\abilg»htfr@in aboaltpfa-teetls.

unsat ur at ed car boxyl I,d. havi ng bou t bqu rbQn atqnms per
nol ecul e, and the reéédngépnggiyhetkﬁ %ﬁggﬂﬁe§°?§%¢§% Eﬁﬁﬁaﬁim?éja
copolynerizablesodnpounmganmehlaréoca&paawbleuﬁﬁdniﬁné ooet iddrgnanrslarsed
to formthe pol YRR -ohA8 tRLASESE ‘E%HIBE'r%%%r%O%‘d”%%%'sﬁr%%‘é%y %%rom < ree

radi cal addition polynerization in a reactor at a_ tenperature out
[err] to about FeRrApCtngbe PoayMerisasien argr sschy hat apy gdsdidece of one

solvent or a ”‘ébHH@n@Et@“@fO&aﬁ@&emiﬁkﬁQ@t%oMEB%e@QbEe%heohdﬂaméﬁ§l#ﬂa
average of the t sol yvent .m xtu nor e n one Sgb@ﬁ used) has

an overal | calcﬁPiV@HtFogeréQH Q&uép e§&PEeS ﬁ@shfér °ﬁg and
pol ar contributequspméneadbcambﬁeabosesmhebsbmtycpabinmhermo@bﬁMBVﬁpadtants

falls in the rag%gtgkag %%‘ﬁQ%#E 80 moge e%%%HE 1ﬁPr%ngrg%%EaBﬁ a?bﬁ%ast

fromabout 7 to i ona t he “Ssol ent or den
sol vent n1xture5pnm9é?apeﬁ§¢@tsuﬁﬂﬁcm@ﬁﬁ perierrbly  uigedepsE @QHNQAQHB of

tenperature andpBiessbl,eokeithd ¥5e¢eh® &ondeeiucengelOrvimaitaahn @A &uensuch
that any |iquid, condensate %f vapor m xture conposed of the nononers and

sol vents form ngRbRTHAEePPEEaSESFaces of the reactor equi pnent | ocat ed
above the surface of Ophtonaddyer butaptraferabdyt, aanEree lraadicadl imitdator is

per cent. more PyELSLARLY xo2hiLeast G0SHRLAPRECRIL, 20d.ISL REChEtaly.

| east 90 nol e percen vent to reduce ¢ matton on-Suc
polymerlzatlon of the monomers.

In a more preferred embodiment, the interior of the
continuous reactor and its associated polymer processing
equipment that has contact with the reactants during the
polymerization process is thoroughly cleaned to remove any
gel particles and deposits from previous polymerization runs
before the polymerization process is started. Preferably,
the cleaning procedure uses one or more solvents and one of
the solvents used is NMP.

Thus, in one more preferred embodiment, the process of
the present invention involves the continuous polymerization
of a free radical initiated polymer using monomers
comprising from about 0.1 to about 50% by weight, more
preferably from about 5% to about 30% by weight, based on
the total amount :0f monomers,used, of a monomer containing
free hydroxyl groups such as 2-hydroxyethyl methacrylate
("HEMA") . Optionally, up to about 5% by weight of a monomer
containing free carboxyl groups such as acrylic acid or
methacrylic acid is included as bart of the monomer
reactants. The remainder of the monomer charge is selected
from copolymerizable monomers such as styrene, alpha-methyl
styrene, methyl methacrylate, butyl acrylate, ethyl
acrylate, and 2-ethylhexyl acrylate. The polymerization is



interior surfaces. Optionally, but preferably, a free radical initiator is
I ncl uded to provide a source of free radicals to induce polynerization of
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the conditions being used to conduct the polymerization such
that any liquid condensate of vapor mixture forming on
interior surfaces of the reactor equipment located above the
surface of the monomer reactants is calculated to contain at
least 60, and most preferably at least 90, mole percent of
the solvent to reduce gel formation on such interior
surfaces. Exampleé of such solvents are acetone, methanol,
isopropanol, tertiary-butanol, or a 50:50 weight ratio of
diethylene glycol monoethyl ether and isopropanol at a
temperature of 190°C and a pressﬁre of 196 pounds per square
inch gauge ("psig") (1.35 megaPascals gauge--"mPg") or a
50:50 weight ratio of NMP and isopropanol. The use of one
or more solvents meeting both the RMSV criteria and the
volatility criteria gives the optimum level of reduced gel
formation, particularly when.further combined with the
preferred step of Ehoroughly cleaning the interior of the
continuous processing equipment, preferably using a solvent
which includes NMP. :

BEST MODE OF CARRYING OUT THE INVENTION
The free radical addition polymers used in the process

of the present invention are well known to those of ordinary
skill in the art.



reactants. The solvent or solvent m xture used is fromabout 5% to 40%
nore preferably from10%to 25% by weight, based on the total weight of

t he "sol vent and nononers. The solvent (or total volune fraction of the
solvent mxture) has an RMBV in the range of_fyom about 7 to about 13. The
solvent (or solvent m xture) has sufficient volatility under the conditions
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The free radi cale&harivddtfol GrBySroxyPutyl RELYLEtEss Zohyarexyadark
i nvention are waklthkaew afre,! B dabxghéixyar \cikillalt e, n d-hsdaioxyhexylhe
process of the ﬁ;g ent igégqtieg_is a @ ipg%%& to fr§%¢J§ I cal addition
pol yners which BESdEES Ui gdéﬂif?ﬁ i F GFEAEREred monomer s
containing at | egslohexaneedmethpnoiombadakyylate, gymlphexamnessmethanol
oY ok ESPULREERtAt IR S A ae BT, AR ME O
more hydroxy gr 8égshylengalasiodd moppmephasrylate, 3-chloro-2-hydroxypropyl
acrylate, and 3-chloro-2-hydroxypropyl methacrylate. Other
examples of acrylate and methacrylate monomers containing
free alkyl-bonded hydroxyl groups include
2-hydroxy-3-phenoxypropyl acrylate,
2-hydroxy-3-phenoxypropyl methacrylate,
2—hydroxymethYl-5-horbornene acrylate, 2-hydroxymethyl-5-
norbornene methacrylate, pentaerythritol monoacrylate, -
pentaerythritol monomethacrylate, trimethylolpropane
monoacrylate, and trimethylolpropane monomethacrylate.
Other ethylenically unsaturated monomers containing free
hydroxyl groups may also be useful in the present invention.
Preferably, such monomers comprise from about 0.1% to about
50%, more preferably from about 5% to about 30%, and most
preferably from about 10% to.20%, by weight of the addition
polymer based on the total weight of the monomers being
polymerized. Preferably, the monomers are HEMA,
2-hydroxyethyl acrylafe, 2-hydroxypropyl acrylate,
2-hydroxypropyl methacrylate, 2¥hydroxybutyl acrylate, and
2-hydroxybutyl methacrylate.
Optionally, but less preferably, an alpha-beta
ethylenically unsaturated monomer having from about 3 to 8
carbon atoms per molecule which further contains a free
carboxyl group is included in an amount of up to about 5%,



of such nononers are 2-hydroxyethyl acrylate, 2-hydroxyethyl nethacryl ate,
2- hydr oxypropyl acrylate, 2-hydroxypropyl nethacrylate, 2-hydroxybutyl
acryl ate, 2-hydroxybutyl nethacrylate, 6-hydroxyhexyl acryl ate,

6- hydr oxyhexyl nethacrylate, 5,6-di hydroxyhexyj_acrylate,
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of unsaturated monomers which are copolymerizable as well as
compatible with the free hydroxyl-group containing monomers
and, if present, the free carboxyl-group containing
monomers. Such monomers include esters of acrylic acid and
methacrylic acid with alcohols containing from 1 to 20
carbon atoms such as alkanol esters such as methyl acrylate,
methyl methacrylaté, ethyl acrylate, ethyl methacrylate, n-
propyl acrylate, n-propyl methacrylate, isopropyl
methacrylate, n-butyl acrylate, n-butyl methacrylate,
isobutyl methacrylate, tert-butyl methacrylate, n-amyl
acrylate, 2-ethylbutyl methacrylate, n-hexyl acrylate,
cyclohexyl methacrylate, n-hexyl methacrylate, 2-ethylhexyl
acrylate, n-decyl acrylate, lauryl acrylate, dodecyl
methacrylate; and aromatic esters such as phenyl acrylate
and 2-phenylethyl acrylate. More preferred ester monomers
are methyl methacfylate, ethyl acrylate, n-butyl acrylate,
and 2-ethylhexyl acrylate. |

Alcohol ethers sdéh as 2-methoxybutyl methacrylate,
3-methoxybutyl methacrylate and b—phenoxyethyl acrylate may
also be useful in the present invention.
Other monomers which may find-use'in the present

invention are acrylic acid derivatives such as
acrylonitrile, methyl-alpha-chloroacrylate, methyl



such monomers include acrylic acid, methacrylic acid, naleic anhydride, .
fumaric acid and itaconic acid with acrylic acid and nethacrylic acid being
nost- preferred if such free carboxyl group-containing nononers are to be
used. At tinmes, the inclusion of free carboxyi3group-containing nononer s
may be desirable froma product application standpoint. However, the
presence of such groups tends to increase the |ikelihood of gel particle
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contain significant amounts of gel particles.

Thus, the additional monomers may comprise from about
50% up to about 99.9% by weight of the total amount of
monomers, and more preferably from about 60% to about 95% by
weight, and most preferably from about 80% to 90% by weight
of the total monomers used to form addition polymers by use
of the process of the present invention. More preferably,
the additional monomers used are styrene, alpha-methyl -
styrene, methyl methacrylate, butyl acrylate, butyl
methacrylate, ethyl acrylate, and 2-ethylhexyl acrylaté.

Further information concerning the types of polymers
which can be made according to the method of the present
invention can be found in U.S. Pat. Nos. 4,414,370 to
Hamielec et al.; 4,529,787 to Schmidt et al; and 4,546,160
to Brand et al. noted above., These patents also provide
information concerhing the type of continuous processing ’
equipment which can be used 'as well as the processing
conditions that are useful.

For example, the continuoué.polymerization of the above
monomers can be conducted in a pressurized CSTR of the type
illustrated in the '370 Patent at a reaction temperature of
from about 150°C to about 310°C and more preferably at a
temperature of from about 170°C to 270°C, and most
preferably from about 170°C to 240°C. The polymerization in



2-cyanoacryl ate, N-ethylacrylam de, and N, N-di ethylacrylamde. Still other
nononmers whi ch nmay be useful in the present invention include ethylenically
unsat urated nononers which are not based on acrylic acid or nethacrylic
acid as long as they are conpatible with the_ fﬁee hydr oxyl groups and ot her
groups present in the polynmer. Exanples of such nononers include styrene,

al pha-net hyl styrene, vinyl acetate, vinyl toluene, vinyl pyridine, vinyl
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[err] to [err]. The, polynerizatigon in
initiation is relied upon to produce free radicals to

conduct polymerizations according to the present invention
using the process described in the '370 Patent to Hamielec
et al. While thermal initiation can be used,
polymerizations according to the present invention are more
preferably conducted using the process described in the: '787
Patent to Schmidt et al. or the '160 Patent to Brand et al.
using at least about 0.05% and no more than about 4%, and
more preferably from about 0.5% to about 1% by weight, based
on the total weight of the monomers added, of a well known
free radical initiator selected from organic peroxides,
aliphatic azo compounds, organic hydroperoxides and the like
having suitable decompositiop rates at the reaction
temperatures to be used.

The type of solvent used in the continuous
polymerization process of the present invention constitutes
the invention. Generally, the.ahount of solvent to be used
is from about 5% to 40%, more preferably from about 10% to
25%, by weight based on the total weight of the solvent and
monomers. While higher amounts of solvent can be used, the

foregoing lower amounts are used for economic considerations



-14- the CSTR i s conducted under superatnospheric pressure. The actual
tenperature and pressure used will vary in a way known to those of ordinary
skil-l in the art dependi ng upon the tenperatures to be used as well as the
conposi tion and nol ecul ar wei ght of the polynps_to be nmade in addition to

t he sol vent considerations which will be discussed below Preferably,
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to itself. The vapor from the monomer reactants and solvents
.may condense there because those surfaces tend to be cooler
than the contents of the reactor itself.

We have found that even with the use of the solvent
system we describe, it is desirable to insulate and to even
heat the piping or other surfaces which are exposed to vapor
from the monomer reactants and solvents. This includes
vapor entry and return lines to and from evaporator
equipment used to separate the polymer from the reactants
which are connected to, but somewhat removed from the
reactor. This avoids the formation of gel particles and
deposits in lines or surfaces exposed to such vapor, see the
discussion on heating in the '213 Patent to Yoshida et al.
noted above.

In a more preferred embpdiment of the present
invention, the internal surfaces of the reactor and its
associated equipment that contact the reactant monomers and
their vapor are preferably thoroughly cleaned using
conventional cleaning procedureé-and agents prior to
starting polymerizations using the process of the present
invention. The objective is to remove any deposits of gel
and polymers from previous polymerizations which may tend to
act as "seeds" for the further production of gel particles
and deposits. We have found that such cleaning is
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the formation of gel particles and depgsits in lines or surfaces expgsed to

such vapor, seeff ehéflod§6’t9§§’i SR NP dt %) | ARE hROLaY scentERPUtEONBshf da et
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the internal surf f. the reactor.,and j associ.at ed .equi pment_ t hat

contact the reagpg%?iﬁ%ﬁghbgftgﬁgn the %Mgvsandsgel partfﬁié% d%s wéil as
gel deposits on reactor surfaces in contact with the

reactant monomers) observed in free radical addition
polymers made by continuous polymerization where the
polymers were made from monomers containing free hydroxyl
groups. The RMSV can be calculated for a single solvent as
follows:

RMSV =4[, +5 ,°

For a mixture of two or more solvents, the RMSV value
for the mixture ("RMSV,") is the summation of the volume
fraction of RMSV for each solvent in the mixture. For a
mixture of "n" solvents, RMSV, can be calculated as follows:

RMSV,, = > v, RMSY,

n=1

v, = volume fraction of species n in the
mixture
RMSV, = RMSV of species n



their vapor are preferably thoroughly cleaned using conventional cleaning
procedures and agents prior to starting polynerizations using the process
of the present invention. The objective is to renove any deposits of gel

and polyners from previ ous polymerizations which nmay tend to act as "seeds"
for the further production of gel particles and deposits. W have found
that such cleaning is -16- particularly advantageous when previ ous
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be cal cul at ed apoipmébmbelﬁgrmhdeherEhus such solvents would neither be

"compatible" with the polymer being made nor useful in the
process of the present invention. We have found that the
RMSV should be in the range of from about 6 to about 15, and
most preferably from about 7 to about 13. We have found that
for polymers containing HEMA, a solvent with an RMSV of
about 8.5 gave the least amount of gel particles and
deposits below the surface of the monomer reactants in a
CSTR. One or more such solvents could be used in the
process of the present invention.

Such solvents may already have sufficient volatility to
achieve the second objective of also reducing the formation
of gel deposits in the areas above the liquid reactant
surface in the reactor and associated piping and equipment.
After extensive studies, we have found that the second
objective may be achieved by taking into consideration the
nature of the condensed vapor ("condensate") which is likely
to form on interior surfaces of the reactor above the liquid
level of the reactants. We have found that gel depos1t
formation on interior surfaces of the reactor can be
significantly reduced by using solvents that are
sufficiently volatile that the calculated solveﬁt content of
such condensate will constitute at least 50 mole percent of
the total condensate, and more preferably, at least 60 mole
percent of the condensate, and most preferably, at least 90
mole percent of the condensate. By keeping the mole



[err] vol une fraction of species n in the mxture [err] = RVBV of
species n -17- The RMBV (and [err]) was found to correlate with the
anount. of gel deposits found beneath the surface of the |iquid reactant
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nature of the|BoH8%A8Ed vapor (“condensate”). whilc %IS i kBl v _tlo ®rGn dn
interior surfp@eduenethe reactor above the liquifd Devel| ol the read? ants.
W have found|pkapylehedgl9eoll monomethyl ether| 1.8 3 3.5
acetate (PMA)
2-Ethyl-1-hexanol 1.6 5.8 6.0
1-Octanol 1.6 5.8 6.0
Tripropylene glycol methyl ether 2 5.7 6.0
Acetone 5.1 3.4 6.1
Methyl iso-butyl carbinol 1.6 6 6.2
Diethyleneglycol butyl ether 3.4 5.2 6.2
Propylene glycol 2.1 6 6.4
t-butyl ether
Ethyl 3-ethoxypropionate 4.5 4.6 6.4
Ethylene glycol monobutyl ether 2.5 6 6.5
Ethylene glycol monomethyl ether 4.8 4.4 6.5
acetate
2-Ethylhexyl acetate 2.9 5.9 6.6
Diacetone alcohol 4 5.3 6.6
Ethylene glycol 2- ethylhexyl 1.8 6.5 6.7 |
ether .
Cyclohexanol ” 2 6.6 6.9
2-Ethyl-1-butanol 2.1 6.6 6.9
N-Methyl-2-Pyrrolidone (NMP) 6 3.5 6.9
Dipropylene glycol butyl ether 3.9 5.8 7.0
2-Methyl-1-butanol : 2.3 6.7 7.1
1-Pentanol 2.2 6.8 7.1
Diethylene glycol butyl ether 2.8 6.7 7.3
acetate (DB Acetate)
Diethylene glycol monomethyl 3.8 6.2 7.3
ether
Propylene glycol monobutyl ether 3.3 6.5 7.3




formati on on interior surfaces of the reactor can be significantly reduced
by using solvents that are sufficiently volatile that the cal cul ated

sol vent content of such condensate wil |
condensat e,

of the total

t he condensat e,
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and nore preferably?
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| east 50 nol e percent
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criteria as IaﬁgréétPﬁ@ §8ﬁV8PttK€195hMﬁﬁnPra0tloné 8f |su@h sql vehts reet
the [err] critglyaolTrh8hBethgdl egher) [drr]
%e{r] RVBV n- FE¥HEf€ene glycol hexyl ether ~ | 02.4 0.2 & | I
ol uene gy 07 T 27 P o7 co
nononet hyl etﬁgﬁc ?QF§HOl 3 —b—aeetatd (%ﬁ%&—é#%ify! 1.r"V""gI
1.6 5.8 |CeEtpARve.pifghol : o1zl &
6.0 Tripropyl pRB®BPYcol methyl et her 2 3:3 | 7e30]|Acet-che
5.1 3.4 test1Bivbahyl i so-butyl car binol 2.8 74146 76 9
6.2 Di et hyl enpgkypebphlenk gliheol 3.4 5223 7662 |Propyd enje
gl ycol _|Ethylene glyco®. diacebate =~ O 7 E'W e IeT BTy |
ﬁbﬁggﬁﬁyprOplu Tpropylgng glygol methyl gt U'éhgihilfgznf .
yl eth NIRVE: VeV Nlas atal Yo t her
4.8 4.4 n-BupaBol .ot ate 2-Ffhyl hexyl acetdte?+8 1.7 8259
5.9 6. 6 pracbtusré aleshel 347 7543] 8.3%. ¢
iso-Butanol 2.8 7.8 8.3
Diethylene glycol monoethyl ether 3.1 7.7 8.3
acetate
Ethylene glycol monoethyl ether 4.5 7 8.3
Diethylene glycol monopropyl 2.6 8 8.4
ether
iso-Propanol (IPA) 3 8 8.5
Tetraethylene glycol 2.8 8.2 8.7
Ethylene glycol propyl ether 3.9 7.8 8.7
n-Propanol 3.3 8.5 9.1
Ethylene glycol methyl ether 4.5 8 9.2
Propylene glycol propyl ether 4.6 8- 9.2
(PM), '
Tetrahydrofurfuryl alcohol 5 7.8 9.3
Acetonitrile 8.8 3 9.3
2-Phenoxyethanol 5.1 7.8 9.3
Dimethyl sulfoxide 8 5 9.4
Hexylene glycol 4.1 8.7 9.6
Allyl Alcohol . 5.3 8.2 9.8
2-Pyrrolidinone 8.5 5.5 10.1
Ethanol 4.3 9.5 10.4
‘Triethylene glycol 6.1 9.1 11.0
Methanol 6 10.9 12.0

We have found that the optimum solvent volatility can

be determined using well known chemical engineering

calculation methods making use of Raoult's Law and the

Antoine Equation to obtain the molar percentage of solvent

in the condensate ("MPSC").

The reactor headspace and other



Et hyl ene gl ycol 2-ethyl hexyl 1.8 6.5 6.7 ether

Cycl ohexanol 2 6.6 6.9 2-Ethyl -1-butanol
2.1° 6.6 6.9 N Methyl-2-Pyrrolidone (NWP) 6 3.5

6.9 Di propyl ene glycol butyl ether . 3;% _ 5.8 7.0

2- Met hyl - 1- but anol 8 7 7.1 1-Pentanol

2.2 6.8 7.1 Diethylene glycol bﬁtyl ether 2.8 6.7

7.3 acetate (EE?£§€1@ﬁ§)oE*EhBYkéﬁétgfYQthﬁﬁéﬂﬂEhhéke heated vap8r frbém2
7.3 ether Propy].ene 19-

Benzyl Al cohol the rgaxgants 28 uéX&v plls p€e§ent 1g7g2verned gy3two—
1- Met hoxy- 2- but pinase vapor liquid equil2iBria €h8re the7pdrPibpghing heypwekn

9PV S0 e aidts 3, B pheRofbol AoBE Skl ephan)

4.2 6.2 ene 7.5
gl ycol rnonoet hyfouch‘em)lgEeqyateh@ngl ycol hexyl ether 2.4 7.2
7.6 sec-But anol 2.8 7.1 7.6 tert-Anyl
al cohol w/ Phenol
2.9 7.3 7.9 tert- ButanoIP; y,jl’ XD} (785 (13 8 7.4
7.9 Tripropyl ene glycol 2.3 7.6 7.9 Ethylene
gl ycol diacetate 5.1 6.3 8.1 Dipropyl ene glycol nethyl
et her 2.6 7.7 whegejl n- But anol 2.8
7.7 8.2 Furfuryl al cghel partial pressure 6f7specﬂé§-z 8.3
| so- But anol 2.8 3.8 . ethglene gl ycol
nonoet hyl et her 3.1 n7 VaRen mol%le? a ]éa%?h?/ﬁl e?'n% %}I’?/%Jo? nonoet hyI
et her 4.5 7 P =8.3 Dittttgl gmeesgyrc®l nonopr opyl
8 8.4 X = liquid mole fraction of species i

p;®(T) = pure component vapor pressure of species i

at temperature T

Then the only other equations needed to complete the
calculation are those indicating that the sum of the mole
fractions of each of the n components must add up to 1 and
the sum of the partial pressures of each of the » components
must equal the totél pressure: o

ipi=P zn:xi=1 iyi=1 (2)

i=1 i=1 i=l1

and the equation for the vapor pressure as a function of
temperature. This is given by the well-known Antoine

Equation:
B
log(p'*®)Y= A - 3
g(pi™) T C (3)
where )
4, B C = literature-reported vapor pressure

constants' for each component
T = temperature (°C)



et her I so- Propanol (I PA) 3 8 8.5

Tet raet hyl ene gl ycol 2.8 8.2 8.7 Ethylene glycol
propyl ether 3.9 7.8 8.7 n-Propano

3.3 8.5 9.1 Ethyl ene glycol nethyl Q%?ﬁj 4.5 8

9.2 Propyl ene gl ycol propyl ether 4. 8 9.2 (PM

Tet rahydr of urfuryl al cohol 5 7.8 9.3 Acetonitrile

8.8 3 19. 3 Zulknerenyehhd’Okan be found 1n the Harfldbbok of 8

gl 303 met hyl SUIC‘ %)élld%ry & Physics, §RE Pressg é:l&ve%an& ZWGI ¥ on
5.3 8.2 pagés2 5RPi0-al.i5é4i ndnd&ange’s Handbook of Chenistry, 9.4%h Ed.,
10. 1 Et hanol 4.3 9.5 10.4 Triethyl ene

gl ycol McGraw—Hlll6_fnc.,9}f92. 11. 0 Met hano
6 10.9 12.0 W have found that the optinmum solvent volatility can be

determ ned using wel rpkpgan hehehaak %@tﬁ%erﬂe%t@ﬁl C e Iv%dfetﬂso%%lri@véw
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reactants and sglvent present is (ned S r-1iqu
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be descri bed byonkechol kewiumg &hait tdbat [tdaﬂ ]llmdep[r@rs;e] composigdan ak;) is

pressure of SPeghganl 8ol dofisthnt.  04EPEENTRLRLAC NN RptRATiRh [0 the

= total pressure [err] Iiquid nole fraction of species |
vapor by using equation (1) .coupled with the Ant01ne
Equation (3) for the vapor pressure of each component as a
function of temperature. It was noted that most liquid
phase activity coefficients for the preferred monomers and
solvents used in the present invention are close to a value
of 1. Therefore, it was found that use of the simpler
Raoult's Law gave good correlation (within about 5% error)
between what was expected by calculations and what was
observed experimentally.

Thus, at a giﬁen reaction temperature 7, one computes
the pure component vapor pressure for each component using
equation (4). The partial pressure of each species i in the
vapor phase is given by

P =xp/* (4)

One can compute the total pressure expected in the
reactor by summing all of the calculated partial pressures
using equation (3). The vapor phase composition is then
simply computed as ’

pi.

}’i=? (35)

Generally, the top of the metal head of a typical CSTR
is known to be much lower in temperature than the monomer
reactants below it. Since the reactor head typically has a



[err] = pure conponent vapor pressure of species [err] at tenperature T
Then the only other equations needed to conplete the cal culation are those
i ndicating that the sumof the nole fractions of each of the n conmponents
must add up to 1 and the sum of the partlal_Hi ssures of each of the n
conponents mnmust equal the total pressure: [er :f and the equation for the
vapor pressure as a function of tenperature This is given by the
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Thus, one can assune _t hat the |iquid phase conposition [err] is known
and const ant . Cﬁéuééﬁ°@§nﬂ§ﬂé ﬁheaEBNﬁOS|t|on of the vapor by using

equation (1) coupl edTwet Bainaecémbauaelsauawe% (f3)mHOItot|be “pRAL dakdss witkth
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evaporator. It is possible for such vapor to condense in

pipes if the pipe walls are not heated above the dew point
("dp") of the vapor (the temperature at which the first drop
of wvapor condenses from a multicomponent vapor mixture). To
avoid problems with gel formation in this area, such lines
are preferably insulated and heated a sufficient amount to
prevent such condensation from occurring in such lines.
Depending upon the conditions to be used, one solvent
may not be sufficient to achieve both objectives.
Calculations and experimentally observed results for several
solvents such as diethylene glycol monoethyl ether, PM -
" Acetate, isopropanocl, toluene, hexane, acetone, tertiary-
butanol, and combinations of solvents such as 50:50
NMP:isopropanol are given in the Examples.

INDUSTRIAL APPLICABILITY
The process is carried out in a conventional manner of

the same type that is used for CSTR and other continuous
polymerization processes. This can include tube reactors
provided that the residence ‘time for the monomers in the
reactor section is sufficient to produce the desired
polymer. )

The polymers obtained from the process of the present
invention are particularly useful as coating compositions
when crosslinking agents such as melamine-formaldehyde or
polyisocyanate curing agents are included to form a cured
film. They‘can also be used as domponents for powder
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In the experimental Runs described in this Example, a
three gallon (11.4 liter) capacity, vertical stirred tank
reactor was used that was heated or cooled with o0il wvia a
reactor jacket. The reactor was heated to and maintained at
a reaction temperature of 375°F (190.6°C). This reactor was
of the same type described in U.S. Pat. No. 4,414,370 to
Hamielec et al.

The reactor was thereafter filled to 50% of its volume
with a reaction mixture. The reaction mixture was metered in
from a feed tank at a constant delivery rate.

Polymerization was immediately initiated as the reaction
mixture was introduced into the reactor. The contents of
the tank reactor were continuously stirred. After the tank
reactor was filled to 50% of its volume capacity, an outlet
port was opened and the reaction mixture was continuously
withdrawn. - Simultaneously, fresh reaction mixture was added
to maintain the 50% volume fillage level in the reactor
tank. For this purpose, the feed rate was maintained at
0.53 pound (0.24 kilog}ams) per minute per gallon of reactor
volume to achieve a residence time of the reaction mixture
in the reactor tank of 15 minutes.

To test the effect of the presence of HEMA on startup,
the HEMA was left out of the reaction mixture being fed to
the reactor until the reactor level and the temperature was
steady (typically about one-half hour after the reaction
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in US Pat. hbinél@&fh§79n£8acted monomers and by-products, were
evaporated and a polymer product was recovered. No recovery
or recycling of unreacted monomers was done in this Example
or in Examples 2-3 or 5.

Prior to eadh of the Runs listed in Table II, the
reactor was cleaned by charging the reactor with 12 to 15
pounds (5.4 to 6.8 kilograms) of diethylene glycol monoethyl
ether and heating it to 300°-350°F (149°-177°C). The heated
solvent was then drained from the reactor and the reactor
was then filled liquid full with diethylene glycol monoethyl
ether solvent (about 24 pounds (10.9 kilograms) of solvent)
and agitated. The solvent in the reactor was drained over a
10 minute period. The reactor was then manually scrubbed by
abrading the interior surfaces with plastic mesh scrubbing
pads of the type used to clean household pots and pans
without significantly scratching metal surfaces. After
cleaning, the interior reactor surfaces were visually clean
to the naked eye. ;

Each Run lasted a total of 6.5 hours of continuous
production time before the CSTR }as shut down, opened and
inspected for deposits of gel. The amount of gel deposits
observed on the reactor surfaces (a) below the liquid
surface of the reaction mixture ("BLS") and (b) above the
liquid surface on the reactor headspace surfaces ("Head
Gel") was visually rated on a scale of 1 to 10 with a rating
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1 | Carbitol® | OH 7 1 7.5 12.9
solvent
2 |PMA OH 3 3 . 38.9
3 |Toluene [OH . 3 7 ] 65.2
4 | Hexane OH 4 5 0 83.7
5 |Acetone OH 2 - 2 . 92
6 | t-Butanol | OH 2 2 . 89.1
7 | IPA Acid 1 1 . 93.7

Carbitol® solvent

PMA

IPA =

= Propylene glycol monomethyl ether acetate

Isopropanoi_

-

Diethylene glycol monoethyl ether

The results for Runs 1=7 in Table II show the effect of
the volatility of the solvent on. the formation of gel

deposits in the reactor headspacde above the reaction mixture

in the reactor tank.

Where the mole percent of solvent in

the condensed liquid phase (which is composed of the

condensed solvent and monomers from the reaction mixture)

exceeds about 50 mole percent, no gel deposits were observed

after 6.5 hours of continuous processing.

Significant gel
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Example 2

Gel deposit formation occurs both below the surface of
the liquid reactant mixture as well as above the surface of
the reactant mixture on the headspace surfaces. The Runs in
this Example illustrate the effect on gel formation in both
areas exerted by (a) the type of solvents used, (b) the
nature of the polymer previously made in the CSTR equipment
and (c) the procedure used to clean the CSTR equipment when
a polYmer containing both free acid-functional carboxyl
groups and free hydroxyl groups is produced. Such polymers
tend to produce a larger amount of gel deposits than acrylic
polymers which are free of free carboxyl groups. The same
CSTR equipment used in Example 1 was used in this Example.
In these Runs, the feed rate was maintained at 0.667 pound
(0.30 kilograms) per minute per gallon of reactor volume to
achieve an average residence time of the reaction mixture in
the reactor tank of 12 minutes. Unlike Example 1, the HEMA
was present in the reaction mixture from the start of each
Run. Heated oil was circulated through the reactor jacket
in the CSTR to maintain a constant reaction temperature of
385°F (196°C). As in Example 1, each Run lasted 6.5 hours.
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2-hydroxyethyl methacrylate, 18.652 parts of the solvent
described for each run in Table III below, and 0.436 parts
of di-tertiary-butyl peroxide.

The "Prior Run" column in Table III has the same
meaning as for Example 1.

The "Cleaning" column shows the cleaning treatment used
prior to the start of polymerization. "Carb" means the
cleaning process used in Example 1.

"NMP" involved an additional measure of cleaning after
the "Carb" cleaning was used: Thus, after the "Carb"
cleaning was performed, the reactor was heated to 300°F.
The reactor was filled liquid full with NMP, agitated for
one hour at 300°F (148.9°C) and then drained. The reactor

was then used for a polymerization Run.
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The results in Table III show that one or more solvents

which possess both good solubility characteristics for the

polymer being made as measured by their RMSV and sufficient

volatility are needed to achieve the objective of reducing

the formation of gel deposits and gel particles in the

polymer during the continuous production of free radical

addition polymers from unsaturated monomers which include at

least one ethylenically unsaturated monomer containing at
least one free hydroxyl group.

While some gel formation may

occur with time fegardless of the solvents used, the present

invention provides a process for significantly reducing the

formation of such gel deposits and particles.

Of all of the Runs, Run 6 using a 50:50 mixture of

isopropanol and NMP as the solvent mixture was the best at

reducing gel deposit formation below and above the surface
of the reactant mixture in the CSTR for the acrylic polymer
containing both free carboxyl and hydroxyl groups being

made.
polymers tend to develop gel deposits faster than acrylic

Excelient results were obtained even though such



Acid"): 11.211 parts of styrene, 49.975 parts of nmethyl nethacryl ate,
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of cleaning the CSTR in the case where the previous polymer
made was an acrylic polymer containing free carboxyl groups.
In spite of the use of IPA which meets both the solvency and
volatility criteria, significant amounts of gel deposits
were observed both above and below the liquid reactant level
in the CSTR for Run 3. Cleaning the CSTR according to the
NMP procedure for Run 4 gave very good results.

Run 5 only used a standard (Carb) cleaning procedure,
but the polymer produced did not contain any free carboxy
groups and the previous acrylic polymer made did not contain
any free carboxyl groups. Run 5 resulted in much less gel
deposit formation than comparative Run 3. Thus the
cleaning, the type of polymer produced and the type of
polymer previously made in the CSTR had an effect on gel
deposit formation. '

Run 7 using cyclohexanol is a comparative Run since the
liquid phase mole % solvent was less than 50 mole percent
and this was reflected by the rating of 5 for gel deposits
found in the headspace of the CSTR.

Run 8 using methanol as the sole solvent had ratings of
2" for both areas of the CSTR inspected which was
considered to be a gooﬁ rating.

Generally,_the-Runs'exhibiting a BLS Gel and Head Gel
rating of about 5 or more such as Runs 1-3 and 7 were less
desirable in terms of reducing the amount of gel deposits
and gel particles in the polymer produced. Runs 4-6 and 8
exhibiting ratings of 2 or less produced much less gel
deposits than those such as Runs 1-3 and 7. Thus the
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Cl eani ng t he CSiRremtibening to the NVP procedure for Run 4 gave very good
results. .

Example 3

This Example used polymers containing relatively high
levels of HEMA (Run 1) or a combination of a higher level of
HEMA (than was used in the previous Examples) plus acrylic
acid to provide free carboxyl groups (Run 2).

The reaction mixture used in Run 1 was as follows:
11.93 parts of styrene, 28.66 parts of methyl methacrylate,
7.16 parts of butyl acrylate, 31.82 parts of 2-hydroxyethyl
methacrylate, 10 parts of IPA, 10 parts of NMP, and 0.43
parts of di-tertiary-butyl peroxide.

. The reaction mixture used in Run 2 was as follows:
11.93 parts of styrene, 36.61 parts of methyl methacrylate,
3.97 parts of glacial acrylic acid, 7.16 parts of butyl
acrylate, 19.9 parts of 2—h§droxyethyl methacrylate, 10
parts of IPA, 10 partélof NMP, and 0.43 parts of di-
tertiary-butyl peroxide. )

Each Run was made in the same manner using the same
equipment as described in Example 2 above (HEMA was present
in the reaction mixture from the beginning of the Run) with
the exception that the NMP cleaning procedure used in this
Example ("NMP1") additionally involved more thoroughly



Run 5 only used a standard (Carb) cl eaning procedure, but the pol yner
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CSTR had an effect on gel deposit formation. Run 7 using cycl ohexanol is a
conpar ati ve Runcieandnghéhlel GEEd aghdad lovise %I'shd \t@aatct\cas wass £illllad Ghired e

percent and t hi I e¢ b e f I p und in
t he headspace o%u\ﬁﬁéség%)ﬁ %%58%&2;%9 %étlﬁg’ﬁ’% q‘% rgﬁso%l éﬁ'{gtﬂ-ﬁ?
ratings of "2" fechbétihmeatbgs NMP unetGSTReﬁnngtm@@ wmnﬁ1nhm9ughnnhﬁHWREto
be a good rati ngph; GRNGLA kbt tak&esB@nsmhIEbutﬂm 7@&@% .@8lcyand aliead: @lat

rating of about 5 or more such as Runs 1-3 and 7 were less desirable Jn

terms of reduci H§St ﬁ@mgﬁfﬁﬁﬁfi'oﬂ:h&elre&@%’é" f”§sar$d-ld@|d WAty AMPs gty 300 F

pol Wr prOdilceq14§UI9304h6a@l1ﬁa&e@X|IbEI i hgalll@t Ilragfa ahed @rrﬁlle%ahprwﬁg%b
much | ess ge Qsits_than.t such as Runs us -
obj ecti ves of tﬁg %&@ﬁ? tﬁﬁeﬁ@ﬁowagrg 2En 895@tﬁfa%%5 o é’sahﬁﬁu

t hat nmeet both rhessdlmblMB@VE(RMBW)lécotandasamdtmha walcamin iotfy 2dr iinehes
The Runs made i K esSen I{ fe p f gl to
make without th ?ormaFﬁ %)n%t E)dgﬁo}snle S nggldt rlé'gg%cg(zgf tﬁ'el Sg
car boxyl groupsoanMPeW§§I§ﬁ§¢ thréﬂahtﬁbﬁ M@T&ﬁ@rpmg ﬁ@@r@?ﬂde@ﬁﬁmﬁs

tends to form sgghtagl dQ'IB.QSWTFE a_afé Rakh ¢o@eldn teOBlsorEoys gor,@tdegt,i on
equi pnent. The prese t seful iinre rna I on of ge

nventiqn is uciny t
deposits and gel par @s% vgﬁvﬁﬁd§ S5 GER UhSe © % 6?% It
represents -an inprovenent in gel formation reduction over mhat mould
normal |y be obtained if nore conventional gglyents such as PVA (see Runs 1
and 2) are

Run| Solvent | Prior |Clean-| Head | BLS | RMSV Liquid
Run ing Gel Phase
Mole %
) Solvent
1 IPA:NMP Acid NMP1 4 1 7.8 86
50:50 '
2 IPA:NMP Acid NMP1 4 1 7.8 86
50:50

Excellent reduction in gel deposit formation below the
reactant mixture liquid surface was observed for both Runs.

The gel deposits observed in the CSTR headspace were
given a "4" rating because the small amount of deposits
observed in the Headspace had a relatively high molecular
weight, but were sblvent soluble and not solvent insoluble
gel deposits. Thus, the raéing was not given because there
were a lot of gel deposits that would merit a "4" rating.
This rating was given because if was thought that in a
longer duration run, significant gel deposits may be
observed. In any event, given the polymers produced, the
results observed were still believed to represent a
significant improvement over the use of solvents which would



used in place of those form ng a part of the present invention. Exanple 3
Thi s Exanpl e used polyners containing relatively high levels of HEMA (Run
1) or a conbination of a higher |level of HEMA (than was used in the

previ ous Exanples) plus acrylic acid to provifge free carboxyl groups (Run
2). The reaction mxture used in Run 1 was as follows: 11.93 parts of
styrene, 28.66 parts of nethyl nethacrylate, 7.16 parts of butyl acrylate,
31.82 parts of RebymeexyehbyRMSWt hadr Yigued pAapar mslef 3| BALvéAtperitedfia

NMP, and 0. 43 paft f di- ti.ary-butyl peroxide. The reaction m xture
used in Run 2 mgg gggfggﬁg%g? i%?é?ggsﬁfs of styrene, 36.61 parts of nethyl
net hacryl ate, 3.97 parts of -glacial acrylic acid, 7.16 parts of butyl
acrylate, 19.9 parts of 2-hydroxyethyl neﬁggﬁ%yéa%e, 10 parts of IPA 10

parts of NWP, and 0.43 parts of di- tertiary-butyl peroxide. Each Run was
made in the sanme manner using the sane equi pnent as described in Exanple 2

above (HEMA was presgﬁtthmstngampaéylewOnuxtnbarfaaﬁatmenbeenamhaau@fth%
Run) with the excegtlo that _t he_ NWMP cl. ?ﬁB& Egﬂure sed

Exampl e (" NVPL- JSERGPRRSnARI 8 TRESFGCR NS 1885457 PoARERE)  ne
WFE as fol |l ows: cihecmég¢tGSTRasffthéedyphrdessu¢bedsuneExamp§emﬂthsﬁng

gallons (11.4 1|} and ime the NVMP in the reactor was sent
t hrough t he VFE#%ﬁéﬁépQBoNNgs as ?Z§EE£ﬂdter t hat was congleted t he
o

reactor was filled whf WEP é@nﬁérip Bip] reagkest wareoboBhhbnpylakad endn

drai ned. Duringoiiisatke®e, hthee¥FEoagoalspoagi (abedsPopege bPUEé rbﬁﬁ@e the
raised to [err] an 533.4 mll

d vac of 21 inches
ooy a6 RPPeBELsbY,Or) Bel FoRnafipnnin Ehhee: hipBghArRInarabehs Bigh
t he condensi ng systeﬂheThEeHEEngaprbbeduceoheddtmn[Eheke Runs was as

follows: The reactor jacket was heated to 350°-400°F
(176.7°-204.4°C) and the reactor was filled approximately
80% full using about 60 pounds (27.2 kilograms) of Carbitol®
solvent which was then agitated for 15 minutes. Ten pounds
(4.5 kilograms) of that solvent was sent overhead to the WFE
(jacket heated to 450°F (232.2°C), 21 inches (533.4
millimeters) of mercury vacuum) to clean the WFE condenser
system. The WFE was then cooled to 375°F (190.6°C) and the
vacuum on the WFE was released to atmospheric pressure.: The
rest of the Carbitol® solvent was fed from the reactor to
the WFE and pumped out from there. The reactor was then
heated to 350°F (176.7°C), filled liquid full with about 75
pounds (34 kilograms) of NMP and agitated for one hour.

This solvent was then fed to the WFE (jacket heated to 350°F
(176.7°C), no vacuum) and pumped out from there. The
reactor system was then flushed with about 20 pounds (9.1
kilograms) of IPA by feedlng the IPA through the reactor and
then to the WEFE.

Run 1 had HEMA in the reaction mixture from the start.
In Run 2, the HEMA was not included in the reaction mixture
until the reactor level and temperature became steady.

In these Runs, the WFE wés used to recover unreacted
monomers through its condenser. A substantial amount of the
monomers recovered were then recycled back into the CSTR
along with fresh monomers and solvent during the Run to



Table IV gives the results of each 6.5 hour Run. Table 1V Run  Sol vent

Prior Clean- Head BLS RMSV Liquid Run I ng Ge
Phase Mole %1 [|PA'NW Acid NW1 4 1 7.8 86 50:50 2
| PA-NVP Acid NVP1 4 1 7.8 _3486 50:50 Excel | ent reduction

in gel deposit formation below the reactant mxture liquid surface was
observed for both Runs. The gel deposits observed in the CSTR headspace
were given a "4dhatntapg bheansactbensmbktuasoint thé dspRsatsaobsastadti n

t he headspace h Y I.g ul ar wei ght, but were sol vent
sol ubl e and notgg ven#ﬁ%ﬁsgPung Ph §§%05|ts Thus, the rating was not

gi ven because there Waeeagthal oeagéordépeglmsxthae W6ueahnEesd plug”
rating. This raféaf?ﬁ@a HbMSfl gSCQHéesbivé‘HE)thHHhint ﬁaﬁ iNw@s! Q8986110ws:
dur ation run, g I cant eposit é served I'n ané event, given
the polyners prbliuéddparhe PESEFYEeB%se?v dPagEe ofi piPharmed Mltétyrener
represent a SIgmwf®¢ rt§p6QVQaﬁn91omethabgyU§3epf1$oszepa§tshbﬁhbu@ynd

-32- t t th d_phas %

25 ot meet e UL anfc{ g phesg ol hslluent GELLELARLe "
continuous Runspaets ofdEPAp andabg2rpartstofl datt¢tbigaytbutyB7perbkide)
capaci ty) CSTvﬁﬁﬁ?tPée&yPStgeéﬁé'H&ﬁnh&1§é&”§£e 165§'§8uh§9pﬁép§60' as a

sol vent. The ines in this reactor were | NSu and ol |l -j acket
heated to [err]kibogramet PRE BEBYESi Perygallga| of orpacken VAluResEo| i nes

during each Runacﬂh@vélsaﬂéagdeﬁeeeaume dseehéNréhgseoMUsx¥@se asnf ghbows:

The reactor Jacgggcggg ggﬂeof 82 giﬂ&tes The reaction temperature was
190°C. The fresh feed formulation is dependent upon the
feed rate and the composition of the monomer mixture in the
material being recycled. In Run 1, the fresh feed formula
was 20.85 parts of styrene, 2.35 parts of alpha-methyl
styrene, 40.28 parts of methyl methacrylate, 13.13 parts of
butyl acrylate, 192.82 parts of 2-hydroxyethyl methacrylate,
3.2 parts of IPA, and 0.36 parts of di-tertiary-butyl
peroxide.

The actual reactor feed mixture (fresh feed plus
recycled monomers and solvent) used in Run 2 was as follows:
11.63 parts of styrene, 1.57.parts of glacial acrylic acid,
51.89 parts of methyl methacrylate, 7.05 parts of butyl
acrylate, 7.92 parts of 2-hydroxyethyl methacrylate, 19.5
parts of IPA, and 0.44 parts of di-tertiary-butyl peroxide.
The feed rate was maintained at 0.667 pounds (0.30
kilograms) per minute per gallon of reactor volume to
achieve a residence time of {he reaction mixture in the
reactor tank of 12 minutes. The reaction temperature was
196°C. In Run 1, the fresh feed formula was 17.07 parts of
styrene, 1.91 parts of glacial acryllc acid, 58.60 parts of
methyl methacrylate, 8.98 parts of butyl acrylate, 9.63
parts of 2-hydroxyethyl methacrylate, 3.15 parts of IPA, and
0.65 parts of di-tertiary-butyl peroxide.



[err] and the reactor was filled approximately 80% full using about 60
pounds (27.2 kilograns) of [err] solvent which was then agitated for 15

m nutes. Ten pounds (4.5 kilograns) of that solvent was sent overhead to
the WFE (j acket heated to [err] [err], 21 |n§£fs (533.4 mllineters) of
mercury vacuun) to clean the WFE condenser S em The WFE was then cool ed
to [err] and the vacuum on the WFE was rel eased to atnospheric pressure.

The rest of the [errapdleveniyives teed fre@miitlRe oreaakdr 480 e WohRtaMhous
punped out from.there. The reactor was then heated to [err] [err], filled
liquid full witRY8bout 75 pounds (34 kilogranms) of NVP and agltated for one
hour. This solvent was then fed to the WFE (j acket heated to [err] [err],

no vacuum) and punped out fromthere. The isﬁitog system was t hen f1 ushed
wi th about 20 pounds (9.1 kil ograns) of eding the I PA through the
reactor and then to the WFE. Run 1 had HENﬁ in the reaction m xture from
the start. In 4, LEVA 1 d ip rea m Kt ure
until the reacqunlefggﬁgnd teﬁ%@fﬁ?;r%&%& aﬁgss é§%§Y ﬁéﬁggg Runs, the
WFE was used tp redover unread¢t &monofeds [t hrough its forkkaser.| A
substanti al anpunt jof the nongnmers re¢covergd were then fegpgeed bpck into
the CSTR al ong|with fresh non¢ners and sol vifent dpri ng thiﬁﬁun to - 33-

mai ntain the reactijon-mxturelin thelCSTR at a chnstant YRIE | bn duri ng
the Run. The agtwal| Trmctor fé¢edid x{fure (flregh [eedspl us grcycl ed nononers
and sol vent) upeqg 1 n I wa$_as JolTows: [14,73[pars pi1 i,yrene 2.9
parts of al pha “pttgﬂ Syrene- Ag}dﬂ? naégs-oigna % atel 11.62
parts of butyl acrylate, 16.33 parts of 2- hydr oxyet hyl nethacrylate 17.1

parts of |1PA and 0. ggg%t §u§fs gg %Ofn&xcfir XoR#%% 189&%&@ onTlEEaBe%ﬂos%t

was mai ntai ned at O. ounds ogra on o
react or vol ume Egamples 1-3, but gave very good results in terms of keeping

the amount of gel deposit formation to a minimum. Although
Examples 1-3 used Runs lasting 6.5 hours instead of the much
longer duration Runs used in this Example, the amount of gel
deposits observed after 6.5 hours were found to correlate
reasonably well with what was observed after longer
continuous polymerization Runs. Thus solvents which gave
gel deposit ratings of about 2 or less were found to be most
preferred. ’

Example 5

This Example used a combination of solvents where one
of the solvents had a relatively high boiling point. As a
result, 25% solvent was used instead .of the 15% solvent
level used in Exdmple 1 to get the liquid phase mole percent
of solvent up to 85%. The equipment and procedure followed
were the same as described for Example 1 above. The
reaction temperature used was 375°F (190.6°C) and the
residence time in the reactor was 15 minutes.

The reaction mixture used in Run 1 was as follows 14.2
parts of styrene, 29.2 parts of methyl methacrylate, 2.24
parts of alpha-methyl styrene, 14.2 parts of butyl acrylate,
14.94 parts of 2-hydroxyethyl methacrylate, 12.5 parts of



achieve a residence tinme of the reaction mixture in the reactor tank of 12
m nutes. The reaction tenperature was [err]. The fresh feed fornulation is
dependent upon the feed rate and the conposition of the nonomer mxture in
the material being recycled. In Run 1, the frgsh feed fornmula was 20. 85
parts of styrene, 2.35 parts of al pha-nethyl styrene, 40.28 parts of nethyl
net hacryl ate, 13.13 parts of butyl acrylate, 19.82 parts of 2-hydroxyethyl
met hacryl ate, 3Carparpd®osolPantand2053papsst Lol PA; - aedt Da2@- paryls of di-
peroxi de. The agggg&ag9aghg&lfEggoghﬁgure (fresh feed plus recycled
nmononers and sol vent) used in n 2 was as follows: 11.63 parts of styrene,
1.57 parts of glaci aFaRépyVicga¥ea, the. Bespatesost thet byP E@PﬁaBPFIéte
7.05 parts of butyl acrylate, 7.92 parts of 2-hydroxyethyl methacrylate,
19.5 parts of IPA, and 0.44 parts of di-tei,rtb| ry> utyl peroxide. The feed
rate was nmaintained at 0.667 pounds (0.30 lﬁbr ) per minute per gallon
of reactor volune to achleve a residence tine of the reaction mxture in

th t t f ¢
1,et Lgafcrggh ?deﬂ flor rru#% was ff[%% Jarfgghor }éltg)g/?g egLLgf%Q%ﬁgartgro%q% dam gl

acrylic acid, p8.6Q parts of peRwa petingryl £i&l 8. 98 parts of| bEhpse
acrylate, 9.63| partls of 2-hydfoxyethyl nethgcrylate, 3.15 partsg qioldA 4dnd
0.65 parts of Hi-tgrtiary-butyl perokide. -34- TablelV giveg the resulfts
of each 48 houb_continuous Ruh Tahle V Rinl Salveht Brior HeS8lveps

RVBV  Liquid Run |cde8itol® |Acid |carbPhgse Mbl¢ % Sql verg 1 BBA

Aci d 2 2 8.5 93{7 2 I1PA Aci ¢ 2 2 8.5
93 7 solvent:

IPA 50:50

The good results obtained were of the same order as
those observed for the single solvent methanol in Run 8 of
Example 2. '



These Runs were much |onger in duration than those in Exanples 1-3, but
gave very good results in terns of keeping the anount of gel deposit
fornmition to a m nimum Al though Exanples 1-3 used Runs lasting 6.5 hours

i nstead of the nmuch | onger duration Runs use én this Exanple, the anount
of gel deposits observed after 6.5 hours were Tound to correlate reasonably
well with what was observed after |onger continuous pol ynerization Runs.
Thus sol vents wrhelt gamehg@b @Qpﬁaﬂﬁsratings of about 2 or |ess were found

to be nost preferred 5 Th | 3 e used a conbi 8€tlon of Sq! l.vent s
v 5%

a
where one of the sol&éntsgﬁgﬁogePgl 1050MEn § LSRRy Jré’SuIt
25% sol vent masrede@edngﬁéadommathen15%ﬁsﬁkeenmahaweﬂ asigd tiionEpaipexs t o

get the |iquid phone Mg Aerethobn3ole/ GRLOHP (h0183% 2T"9 <l RNt and

procedure foll owed were sane as descr for ove. The
reaction tenper&ﬁﬁﬂéeuééélﬁdsUPéﬁﬁPr&ﬁ§dtW@nP@§¢d§ﬁ@§aﬂP#@9'ﬁttH@aﬁﬁaéﬁﬂﬁ

was 15 minutes. frae h&%@ﬂhg%nﬂb&t%&@r%%Qd g&oﬁun krwaﬁa@%uEObIQwSab$d% 5%
parts of styren nmet hacr

t Iat s of
P bha- et byl <t BYeRELORS 5 af a1Bhabheyr Mosptutsteds cartpimidcopoid
2- hydr oxyet hyl mavhagrfk@meabbﬁtSBpabtaboht 8 <arbopheatpmsopeeanmolEtfie,

parts of | PA, a?ﬂdogﬂé Qe Hér ot Eg eh@p%ﬁg%%yéeﬁﬁéoé de rB%H'%iV' gives

the results of our Priior ean-
Head BLS RwsvaddgﬁqendCR@@lymerﬁgableeépmpounds which are pempatiile with

Solvent 1 [errihACo#herCaiohomers uséd to Zorm €h@ poldRetQ! ¥BRireinPARRD: 50

process comprises continuously conducting the free radical
addition polymerization in a reactor containing the monomer
reactants at a temperature of from about 150°C to about
310°C under superatmospheric pressure in the presence of one
solvent or a mixture of two or more solvents (a) wherein the
solvent or the volume average of the total solvent mixture
has an overall calculated root mean square value of the
calculated hydrogen bonding and polar contributions of each
solvent's solubility parameters that falls in the range of
from about 6 to about 15, and (b) where all solvents present
taken together have sufficient wvolatility under the
conditions of temperature and pressure being used to conduct
“the polymerization such that any liquid condensate of a
vapor mixture composed of the monomers and solvents forming
on interior surfaces of the reactor equipment located above
the monomer reactants contains at least 50 mole percent of
the solvent to reduce gel formation on such interior
surfaces. ' s

2. The process of Claim 1 which further includes the
first step of cleaning the reactor and any associated piping
and equipment connected to the reactor to remove any
deposits of polymer or gel priof to beginning the continuous
polymerization step..

3. The process of Claim 2 wherein the cleaning step
is done using a solvent which includes N-methyl-2-
pyrrolidone. | '

e —
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The good results obtained were of the sane order as those observed for the
singl e solvent nethanol in Run 8 of Exanple 2. -36- That which we claim
is: 1. A process for the continuous production, with reduced gel
formation, of free radical addition polyners. J.om unsat ur at ed nononers

whi ch include at | east one ethylenically unsdaturated nononer containing at
| east one free al kyl -bonded hydroxyl group, from about 0 to about 5% by

wei ght of an al pha-bata umsat pracedscatbeinlinC laehereavi hael baduakows 3 to
about 8 carbon a%Bng Ber l.ecul e ang t.he remai nder of, the nqner s bei ng
free radi cal ad3rtYSRESROYmErE2LEEE 88nﬁ8&ﬁ@?rWE98ﬁa&Pén€bgga =515 \RB%h
t he ot her nononérseubgdroaylogmoube igolfywmr abofadr 8i.A%t ke pboadsS0&ommyr i ses

continuously 9°QQ§§BEn9b5Q%dfBﬁetBQdES%Blaggﬁthnothxggﬁbé tFQ%s%%ga nd
reactor containi ng-thé WONOMer reactants at a-tenperature of Fiom apodt
[err] to about FEBPrFogtdaeasugaratrfoIphiei éspfaosupbout Th&opddsence of one

sol vent or a m xturesQf tWﬁeObrEEégsSQEVemhim(@)wWEQéthth@ee%ﬁbﬁéﬂﬁc%ﬂlEhe
vol une average of the totg;mgglvent m X as . a rall alcu%gted r Qot

tyure h overa
mean square val HBSBEUFRESCaFORPEEEd CRYERBERID AEARRGSEnaNBoEERe Ydroxyl
contributions ogreaphisoletectedsdrohi kheygpraupmebasistiay bl hydrbxiyhalkyl

range of froma u ngd. lvents _present taken
t oget her have sg?#&%?&%@ gg a@V%?P§§u%éggltﬁg%ggﬁg&?F§%§ oPnié%BéPgt&Pe and
pressure bei ng ad&ilenecaneupt heNdngofyamr 2zE&0i 6ncagbhnt Biomsn{ol whdich the

condensate of apyapekyTgrbupeisogreaefleq, the nononers and sol vents form ng
on interior surfaces 0Of "the reactor equignent | ocat ed ,above t he nongner

reactants contains af‘l eashesBIREPESpELC ﬁ?iﬂf5tW@e§SPVeﬁPetB°#¥Hﬁ6éz@§ﬁ°n
formation on suib tbhauceedsutf aceempdraturbeopr geemsabbubl A70°t Wi ebout
Lf;fggr includeg hog TLER! s8168n2  <ShE205Y LRe1682E! 3he?Rd180K+2339¢ ALY

from the group consisting of isopropanol, methanol, and
tertiary-butanol, and the liquid condensate contains at
least 60 mole percent of the solvent.

7. The process of Claim 5 wherein the alpha-beta
unsaturated carboxylic acid is selected from the group
consisting of acrylic acid and methacrylic acid.

8. The process of Claim 5 wherein the remainder of
the monomers are selected from the group consisting of -
esters of acrylic acid or methacrylic acid with alcohols
containing from 1 to 20 carbon atoms, styrene and alpha¥
methyl styrene.

9. The process of Claim 5 wherein the remainder of
the monomers are selected from the group consisting of
esters of acrylic acid or methacrylic acid with alcohols
containing. from 1 to 20 carbeon atoms, styrene and alpha-
methyl styrene and wherein the alpha-beta unsaturated
carboxylic acid is present and is selected from the group
consisting of acrylic acid and methacrylic acid

10. The process of Claim 1 wherein the overall
calculated root mean square value is in the range of from
about 7 to about 13.

11. The process of Claim 10 wherein the the solvent is
at least one solvent selected from the group consisting of
isopropanol, methanol, and tertiary-butanol.

A



and equi pnment connected to the reactor to renove any deposits of polyner or

gel prior to beginning the continuous polynerization step. 3. The process
of (taim2 wherein the cleaning step is done using a solvent which includes
N-net hyl - 2- pyrrolidone. -37- 4.  The pragess of Caim1 wherein the

amount of ethylenically unsaturated nononer cohtaining at |east one free
hydr oxyl group is from about 0.1%to about 50% by wei ght, based on the

tgt alt \;veltgh$L 30f nonomer,s [hes @Hoce’d biFe 01a@m @%e&@i@f Qh‘éﬁ's‘éﬁve%tf HQMat
abou 0

The pro S of aimAa mher I, N the et hyl eni cal
unsat ur at ed mngﬁérstCSHtealsﬁiﬁﬁnit SE §§Feﬁln5":PF“e %ﬁ”&iﬁctl <%(.Qiiact ed
fromthe group deeprepanglqf dvetoney alefthlanadr )aln@t mrmidﬂwahuwamoaj kyl
met hacryl at es cont ai ing a I ” I t Qns
to which the hydr oxyrigr oug@”les la%/)t %%% %fogaaqﬁ‘Th reé%eméls 0 %og_a,rtg’% \ﬁ%er ein
t he pol ynmeri zat mdxtugec ofdadt de¢ast Zwoespdvaniise @ft fhegiptalong: ofersnich o

about [err], thgo3QleyeR! vedmR istdectkd ¢3oh @R %Q%M%nho%%h%%E%% fgfom t he
group consi sting of 1soprqgpanol, nethanol, and tértiary-butanol and the

i qui d condensaf@OPERPANRL raRCEEREE 6B eFbAE TYsPaEANCdr Medhagajesn
The process of feghyls 2wpgireiolideaeal pha- beta unsaturated carboxyllc acid

Is selected fromthe.,grou conS|st|ng f .acr, ci.d met hacryl.ic aC|d
8. The process of Claqﬁ15 P& the © % ﬁga&ée N efﬁ%nn%R§ g 5%&

sel ected from t mdxguaep oforsi deiasy @Woe§péwsnas,aemyﬂB@S&cw@eopfhEﬂhanryI|c
acid with al cohg av@ar&fsauo@la 5638t ol0 £20n° BROBAY BorSl KRG 33d Al pha-

met hyl styrene. 9. ess of Claimb remai nder
noNomers are sePé@Pé@PlaP@l% rt H‘@eé}PHGp Egx$iisrynpusanedy e rethangdy ymdc Na'C| d

or nethacrylic aeitdyw-Rhpyireehadsne.

15. The process of Claim 8 wherein the solvent is a
mixture of at least two solvents, at least one of such
solvents being selected from the group consisting of
isopropanol, acetone, tertiary-butanol, methanol and N-
methyl-2-pyrrolidone. .

16. The process of Claim 15 which further includes the
first step of cleaning the reactor and any associated plplng
and equipment connected to the reactor to remove any
deposits of polymer or gel prior to beginning the continuous
polymerization step.

17. The process of Claim 9 wherein the solvent is a
mixture of at least two solvents, at least one of such
solvents being selected from the group consisting of
isopropanol,. acetone, tertiary-butanol, methanol and N-
methyl-2-pyrrolidone.

18. The process of Claim 17 which further includes the
first step of ¢leaning the reactor and any associated piping
and equipment connected to the reactor to remove any
deposits of polymer or gel prior to beginning the continuous
polymerization step. )

19. The process of Claim 8 wherein the overall
calculated root mean square value is in the range of from
about 7 to about 13 and the liquid condensate contains at
least 60 mole percent of the solvent.
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containing from1 to 20 carbon atons, styrene and al pha- nethyl styrene and
wherei n the al pha-beta unsaturated carboxylic acid is present and is

sel ected fromthe group consisting of acrylic acid and nethacrylic acid 10.
The process of Claim1l wherein the overall(ggéunaled root nean square
value is in the range of fromabout 7 to about 13. 11. The process of Caim
10 wherein the the solvent is at | east one solvent selected fromthe group
consi sting of isopropanol rheepiracelss afdclaim vy wheraiol the lidfiridl2. The
process of Claiml wherein the salvent .i t oheast .0 | vent | ect
fromthe group 8859?9?9%& 89“%?&6 o%&n&ﬁ?sgcgpoﬁ%}enggﬁgﬁgﬁ gﬁa%%e Sa%%ent'
tertiary-butanol. 1321Fhe Tineopeosess GfalChaimidemwdieretime thel warerald a

mxture of at |eagbyhyReSOVER! eadl slf@st 9B2uel i3UGH RV INErom
sel ected fromthe group conS|st|n%ngf I sopropanql , acet one,

tertiary- but anoPPoREt Hake RPN ek Ehe. Jhavdd gondentatersontadass tof
Claim?2 mhereinlbagtsgby@@ug exc@inkt wfe tbk ablheast. two solvents, at | east

one of such sol vents heing,selected fram.the grqup,caonsisting,af_ .
i sopropanol, acet one24rer P&r?gﬁﬁﬁgﬁoP% Eé?ﬁgn%ﬁ gﬁﬁrﬁ}n th¥ 13quid
met hyl - 2- pyrrol cdadensdte Toatpriosess dkaGltaiddh Sodlecpercenite ofolthentsdlsremt.

mixture of at |east buo sqhieRlBocal L3ARha0Re 18 vhUTEIROLYRNLY I

sel ected fromthe _group consiSting of isopropanol, acetone,

tertiary-but anoFalpElpied raed NeapeSHRRre. ¥edMsl iford the rERgeodc dFembf

Caim 15 which hybulter iteckudes 1Beahd $heSU8RUAH Condikinda tleh@onAdiny aand

any associ ated hgi%g %nd uipnenttco n% t ed ﬁo the reactor to renove any

deposi ts of polg £%o r PoFF8 b@%i Pn§°tH&ont i nuous pol yreri zati on
step. 17. The proces24of Chai proceser eifnCllhéms@3veherieinathe liquid

condensate contains at least 90 mole percent of the solvent.

25. The process of Claim 16 wherein the overall
calculated root mean square value is in the range of from
about 7 to about 13 and the liquid condensate contains at
least 60 mole percent of the solvent. '

26. The process of Claim 25 wherein the liquid
condensate contains at least 90 mole percent of the solvent.

27. The process of Claim 17 wherein the overall
calculated root mean square value is in the range of from
about 7 to about 13 and the liquid condensate contains at
least 60 mole percent of the solvent.

28. The process of Claim 27 wherein the liquid
condensate contains at least 90 mole percent of the solvent. .

29. The process of Claim 18 wherein the overall
calculated root mean square value is in the range of from
about 7 to about-13 and the liquid condensate contains at
least 60 mole percent of the solvent.

30. The process of Claim 29 wherein the liquid
condensate contains at least 90 mole percent of the solvent.
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nﬁxture of at least two solvents, at |east one of such solvents b TﬁgSSHEETHASi
sel ected fromthe group .consisting of isopropanol, acetone, . REPLACED

tertiary-butanol, nethanol ‘and N nethyl -2-pyrrolidone. 18. The process of
Caim 17 which further includes the first step of cleaning the reactor and
any associ ated pi pi ng and equi pment connected to the reactor_to renove any
deposits of polynmer or gel prior to beginning the continuous polynerization

step. 19. The process of CI@Jﬂgssmnmcm'@gt@ggohggéhbsg?gpulated'ropt nmean
square value is in the rangei:of fromabout 7 to about and the liquid

condensate contains at | east 60 nole percent of the sol vent. -39- 20.

The process of ' | | | gui d condensate contains at |east 90
mol e percent of gbﬁﬁﬁﬁa\‘}g&%@&ﬁ% REUCER Ly GRNTEMRE r EY PROVELATED al |
cal cul ated root nean square val ue ix00ITIOW PoIngeeERE from about 7 to -about

13 and the |iquid condensate contains at |east 60 nole percent of the
sol vent. 22. The process of Claim21 wherein the |iquid condensate contains

at least 90 mole pegopaboabst e S0kifiled Fhr Hife idHORALs GAdIdSion,

; EFECP g?
wherein the overall cal cul ated root nean square val ue he range of
from about 7 t&ikhogedegedngel hEornafian c ofidirss cadbiiak Rdditianst 60

nol e percent OPoﬂ.pﬁe;?Q' ¥eBh. eElyldMEcdV1GF Qs At ukd tddnwshoter £ dordteinirgi d
condensate contaips_at Ieas% 90 |, e %rcent of the scﬂéLrn 25. TIh
process of O affm 1+62RhePBPniFfAg BYLFoAL GHRUR AU bt ?b%%%%‘rly al ue
I's in the rangmeehatrgimakoufrdmt ababol th3 zbuht 6% byyweighmdehisane
25 wher oi p t ho APHAT Ao data a8 SRS L as ot S AR
sol vent. 27. The petbaszydicCrgith 1anditheirendindazref |the monomers used .
are free radical addition copolymerizable compounds such as
styrene, methyl methacrylate and butyl acrylate. The free
radical addition polymerization is conducted at from about
150°C to about 310°C under superatmospheric pressure in the
presence of one or more solvents. The solvent or the volume
average of the solvent mixture has an overall calculated
root mean square value of the hydrogen bonding and polar
contributions of each solvent's solubility parameters in the
range of from about 6 to about 15. The solvent or solyegts
in total have sufficient volatility under the conditions
being used to conduct the polymerization such that any
liquid condensate of vapor mixture forming on interior
surfaces of the reactor equipment located above the surface
of the monomer reactants contains at least 50 mole pe;cent
of the. solvent to reduce gel formation on such interior
surfaces. The process permits the continuous polymerization
of the polymers over extended periods of time with reduced
formation of gel particles -and gel deposits.
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cal cul at ed-root -.nean square vatue is in the range of from abo
13 and the |iquid condensate contains at |east 60 nole percenfl BEPHAREMENT SHEET
solvent. 28. The process of Caim27 wherein the |iquid condefjsate rth,mﬂsm
at least 90 nole percent of the solvent. 29. The process of C1 APHE 1 GRS NN
wherein the overall calculated root nean square value_is in ““‘Tﬁ?—m*"_":
from about 7 to about 13 and the |iquid condensate cdherlasement Shegst (2143/96)

mol e percent of the solvent. 30. The process of Caim29 wherein the liquid
condensate contains at |east 90 nol e perABSTRACThe sol vent.
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‘CONTINUOUS PRODUCTION OF REDUCED GEL CONTENT HYDROXYLATED
ADDITION POLYMERS

A Process is disclosed for the continuous production, with reduced gel
formation, of free radical addition polymers from ethylenically unsaturated monomers
containing at least one free hydroxyl group such as 2-hydroxyethyl methacrylate, from
about 0 to about 5% by weight of an alpha-beta unsaturated carboxylic acid such as
acrylic acid or methacrylic acid, and the remainder of the monomers used are free
radical addition copolymerizable compounds such as styrene, methyl methacrylate and
butyl acrylate. The process permits the continuous polymerization of the polymers
over extended periods of time with reduced formation of gel particles and gel deposits.
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