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1 W&, SPECI FI CATI ON A PROCESS FOR MAKI NG A HI GH NI TRI LE MULTI POLYMERGS coby..
. PREPARED FROM ACRYLONI TRI LE AND OLEFI NI CALLY UNSATURATED MONOVERS '
BACKGROUND OF THE | NVENTI ON RELATED APPLI CATI ON This patent application is
a continuation-in-part to patent application entitled "A PROCESS FOR MAKI NG
‘A PCLYMER OF ACRYLONI TRI LE, METHACRYLONI TRI LE AND OLEFI NI CALLY UNSATURATED
MONOVERS", USSN 08/ 150, 515 and filed on Novenber 10, 1993. It is understood
that the term multipol ynmer herein includes copolyners, terpolyners and
mul ti pol ymers throughout the specification. 2 Field of the Invention The
present invention relates to a honogeneous acrylonitrile olefinically
unsaturated multi pol ymer and a process to nmake the sane. This mnul ti pol yner
has nol ecul arly uni f orm nononmer. sequences t hroughout the nultipolymer, has
a high nitrile polymer caontent and is nelit processable. Mre specifically,
the invention relates to a nmononer starved process for producing an
acrylonitrile olefinically unsat LR r in which the
pol ymeri zation rate exceeds or eﬁiﬁ% gﬁﬁ:&ﬁéﬁﬁé n rate of the
mul ti mononers of acrylonitrile nononers and ol efinically unsaturated
nonomner (s) .

A PROCESS FOR MAKING A HIGH NITRILE MULTIPOLYMER PREPARED
- FROM ACRYLONITRILE AND OLEFINICALLY UNSATURATED
MONOMERS

BACKGROUND OF THE INVENTION

RELATED APPLICATION

This patent application is a continuation-in-part to patent application
entitled "A PROCESS FOR MAKING A POLYMER OIF ACRYLONITRILE,
METHACRYLONITRILE AND OLEFINICALLY UNSATURATED MONOMERS",
USSN 08/150,515 and filed on November 10’; 1993. It is understood that the
term multipolymer herein includes copolymefs, terpolymers and rhultipolymers

throughout the specification.
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Description of the Prior Art Acrylic polymers are high nitrile polyners
which are desirable in the production of fibrous textiles, filns, nolded
obj ects, packaging applications and the like. High nitrile polyners have
excel l ent physical, thermal and nechani cal properties such as barrier
properties, chemcal resistance, rigidity, heat resistance, UV resistance,
noi sture retention and bacteria resistance. 3 However, acrylic polyners
and rul tipol ynmers having | ong repeating sequences of acrylonitrile nononer
units are known to degrade when heated and processed by commercial nethods.
The | ong sequences of nitrile units make the acrylic high nitrile polyners
non- processabl e wi t hout the use of solvent. Thernoplastic nitrile barrier
pol ymer resins are known in the art and have been described in US Patent
Nos. 3,426,102 and 3,586, 737. These nitrile polyners are known to have
desirabl e.barrier properties and chem cal resistance. However, these
thernopl astic nitrile polyners whj I rocessable are difficult to
process. U.S. Patent No. 5,106,QZEhﬁqggﬁggggyﬁpﬁﬁ%rnnplastic nitrile

pol ymer. However, the process to produce the nitrile polymer is based on
tracki ng the pol yner conversion and adding the reactants in the sane anount
as they are renoved and converted to polyner. This process nust nmake proper
adj ust ment's i nTha gfesend ifivéntion refated L6 ddiemogeficows byrFohnitzile @lefnicatlys .

It is desirable to produce thernoplastic high nitrile nultipolyners by a
unsaturated multipolymer _ar_ld.a process to ma.ke.the same. This multipolymer
has molecularly uniform monomer sequences throughout the multipolymer,
has a high nitrile polymer content and is melt processable. More specifically,
the invention relates to a monomer starved process for producing an
acrylonitrile oleﬁnicélly unsaturated multipolymer in which the polymerization

rate exceeds or equals the addition rate of the multimonomers of acrylonitrile

monomers and olefinically unsaturated monoméi‘(s).

Description of the Prior Art

Acrylic polymers are high nitrile polymers which are desirable in the
production of fibrous textiles, films, molded objects, packaging applications
and the like. High nitrile polymers have exc;ellent physical, thermal and
mechanical properties such as barrier properties, chemical resistance, rigidity,

heat resistance, UV resistance, moisture retention and bacteria resistance.



process in which the nitrile nonomer units are unifornly sequenced

. throughout the chain. It is advantageous to produce a honbgeneous
acrylonitrile olefinically unsaturated nultipolynmer with inproved

t hernopl astic properties and a high nitrile content which nultipolynmers are
melt processable in the absence of a solvent. It is an object of the
invention to make a nitrile polymer chain with uniformy sequenced and
short sequences of the nitrile nononmer in a process that has a fixed
nononer feed ratio. 4 Summary of the Invention The present invention
provi des a new nelt-processable nulji YNer conprisi t % to about
90% pol ymer FOREVEEY ﬁgﬁ'gﬁcﬁ‘?ﬁy BnerR @“Qtoﬁﬁﬁh\éﬁ%ﬁrsggﬁﬂn%ﬁ%ltiﬁéﬁé ed

ol efinically unsaturated nononmer which is nmelt- processabl e and contains
rel at i seqyences of acxjilenitiile manorér noitsasesknownHe degradgovhenrheaigdn. The
present invention provides a new and an inproved process for producing an

acryl ol prote8bed Iy EthinerdRa dhethivded The 1omp sydReéntes of hitpilewats her mal

stability, excellent nechanical and excellent physical properties. The

process L] ;7] l.ani £ 1] NGHRL mor e
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acrylonitrile nononer and the olefinically unsaturated nononer(s) is set to
be ‘equdPIveBtor | ess than the rate of polynerization to maintain a monomer
starved process. Further, the weight of unreacted acrylonitrile nonomer and
unreact ed ofTifermoplastic nirile baatiert polymer r¢sinsi arenkwoyndat tdre artaand5% of -

t he wei ght of :

have been described in US Patent Nos. 3,426,102 and 3,586,737. These nitrile

polymers are known to have desirable barrier properties and chemical
resistance. However, these thermoplastic nitrile polymers while melt
processable are difficult to process.

U.S. Patent No. 5,106,925 discloses a thermoplastic nitrile polymer.
However, the process to produce the nitrile polymer is based on tracking the
polymer conversion and adding the reactants in the same amounf as they are
removed and converted to polymer. This process must make proper
adjustments in rates and quantitie_:s throughout the polymerization process.

It is desirable to produce thermoplastic high nitrile multipolymers by a
process in which the nitrile monomer units are uniformly sequenced
throughout the chain. It is advantageous to produce a homogeneous
acrylonitrile olefinically unsaturated multipolymer with improved thermoplastic
properties and a high nitrile content which multipolymers are melt processable
in the absence of a solvent. It is an object of the invention to make a nitrile
polymer chain with uniformly sequenced and short sequences of the nitrile

monomer in a process that has a fixed monomer feed ratio.




the polynerizing m xture. Further, the nolar ratio of acrylonitrile nononer
and olefinically unsaturated nononmer(s) is fixed and constant for the

mul ti nronomer feed throughout the polynerization process and the

mul tipol ymer product ratio is simlar to the nultinononer feed ratio. 5
The present invention provides in particular, a process for polynerizing an
acrylonitrile nononer and one or nore olefinically unsaturated nononers to
make an acrylonitrile ol efinically4unsaturated nultipolymer, said process
conprising the steps of: heating an initial multinonomer m xture conprising
acrylonitrile nonomer and one or nore ol efinically unsaturated nononer,
under an inert atnosphere, in the tenperature range of about 30C to about
120[err] C, adding an initiator to the initial nultinononmer mixture to start
a polynerization reaction; adding a nultinmnoner feed m xture conpri sing
acrylonitrile nmononer and ol efinically unsaturated nononer(s) to the

pol yneri zati on m xture wherein the multi nononmer feed m xture contai ns about

50% by wei ght to about 95% by m?hwbrmgi[ﬁﬁéﬂtfoﬂmnoner and about 5% by
ol et ni cal

wei ght to about 50% by wei ght y unsaturat ed nononer(s), wherein
the nul ti nononer feed m xture has a fixed and constant nolar ratio of
acrylonitrile nonomer to olefinically unsaturated nononer(s), wherein the

rate of addition of the nultinmonomer feed mxture is |less than or equal to
the rate of The present invention provides a new melt-processable multipolymer

comprising about 50% to about 90% polymerized acrylonitrile and about 10%
to about 50% polymerized olefinically unsaturated monomer which is melt-
processable and contains relatively uniform distribution of monomers in the
multipolymer chain,

The present invention provides a new and an improved process for
producing an acrylonitrile olefinically unsaturated multipolymer with improved
thermal stability, excellent mechanical and excellent physical properties. The
process comprises polymerizing an acrylonitrile monomer and one or more
olefinically unsaturated monomers in which the rate of addition of the
actylonitﬁle monomer and the olefinically unsaturated monomer(s) is set to be
equal to or less than the rate of polyrherization to maintain a monomer starved
process. Further, the weight of upreacted acrylonitrile monomer and unreacted
olefinically unsaturated monomer(s) is not greater than 15% of the weight of
the polymerizing mixture. Further, the molar ratio of acrylonitrile monomer
and olefinicaily unsaturated monomer(s) is fixed and constant for the
multimonomer feed throughout the polymerization process and the

multipolymer product ratio is similar to the multimonomer feed ratio.



pol yneri zation resulting in a honbgeneous acrylonitrile olefinically
unsaturated mnul tipol ymer product; wherein the acrylonitrile olefinically
unsaturated nultipol ymer produced is about 50% by wei ght to about 95% by
wei ght pol ynmerized acrylonitrile nononmer and about 5% by wei ght to about
50% by wei ght pol yneri zed olefinigally unsat urated nononer(s) and wherein
said nultipolyner is thernmally stable and nelt processable w'thout the use
of sol vents. 6 The process of the present invention produces a

t her mopl asti ¢ honogeneous acrylonitrile olefinically unsaturated

mul tipolymer [p which short sequen f Lt aoL t
sequences of %‘JrE’lSﬂ?WiSEEE ARVERROR BF 3?@%5%%@%’5 E{’ﬁ?%‘%%?ﬁﬁ%éf@% 5&%%
random y throughout the polynerized chain resulting in a therpally stable
mel t pr ocesacuylenitile mManomer aRk 9ne A FAREIOlchRIGA Ye\m§?¥1§§te&ﬂﬁ€° omers
acrylonitrile olefinically unsaturated nmultipolymer is nmelt processable in
t he absenceanake 2l serylonitrilé elefinically ynsgturated muitipelyniery isaid process
products. Detail ed Description of the Invention The present invention

rel ates (c@rapHSiMPANEsDs ¢l t processable high nitrile nultipolymer
prepared from polynerizing an acrylonitrile nonomer and one- or nore

o T A0t RS oy

stable, nelt processable nultipolyner fromacrylonitrile nmonoper and
ol ef i ni capppomer and one or more olefinically unsaturated monomer, under an inert

-

atmosphere, in the temperature range of about 30°C to about 120°C;

adding an initiator to the initial multimonomer mixture to
start a polymerization reaction;

adding a multimonomer feed mixture comprising
acrylonitrile monomer and olefinically unsaturated monomer{s} to the
polymerization mixture wherein the multimonomer feed mixture
contains about 50% by weight to about 95% by weight acrylonitrile
monomer and about 5% by weight to about 50% by weight olefinically
unsaturated monomer(s), wherein the multﬁnonqmef feed mixture has
a fixed and constant molar ratio of acrylon_itrilé monomer to
olefinically unsaturated monomer(s), wherein the rate of addition of
the multimonomer feed mixture is less than or equal to the rate of
polymerization resulting in a homogeneous acrylonitrile olefinically
unsaturated multipolymer product; wherein the acrylonitrile

~olefinically unsaturated muitipolymer produced is about 50% by

weight to about 95% by weight polymerized acrylonitrile monomer and
about 5% by weight to about 50% by weight polymerized olefinically
unsaturated monomer(s) and wherein said multipolymer is thermally

stable and melt processable without the use of solvents.



unsat urated nononer(s) is acconplished by controlling the rate of addition
of the acrylonitrile nononer and the ol efinically unsaturated nononer(s)
relative to the rate of polynerization. The process of the invention is a
nononer starved process in which the polynerization reaction rate exceeds
or equals the nultinmononer feed m xture addition rate. The | ow
concentration of the 7 unre&cted nultinononers during the polynerization
step generates a nonomer starved condition which prevents | ong sequences of
acrylonitrile nonomer in the multipolymer. The nultipol ynmer contains short

sequences of polynerized ol efinjcally. unsaturated l.nt er di sper sed
bet ween shofhe §§W§WP$§F9W‘1€Z‘£{?%@F ‘%ﬁﬁsﬁp?wc%ﬁ%‘? for exanple,
AN- AN- X- AN- AN- X- X- AN- X - X (AN=acrylonitrile unit_and X=ol efinjcall '
insat Unategenrbu acaylopitrilg olefinisaly Unsesasaiad mISpalymer dn RIS FAGT o
thernopl astic acrylonitrile olefinically unsaturated nultipolynmer in the

absencseqierscdsveihdcrylormtrilet monbrestdintd shortf seguenges pf olafinitaldy nonomer and
the ol efinically unsaturated nononmer(s) is continuous throughout the

pol yneghgatuited ¥86hbR1r(s] BPe iRicpdispetécd fdnddialyitiroughoatthef eed m xture
of acrylonitrile nmononer and ol efinically unsaturated nononer(s) is

consta 1 te t uces a
honogeﬁé%gg%%ér%gg#é%@mg %%&n%ﬁ%??%aﬁgﬁa%?ﬁﬁ%%t i pol yner
simlar to the nmolar. ratio of fhe ingomn | ti npn [ d m,xture. The
't | pERRso e Tk iRrrgveth chAtaBiRten aThe acrRBTTH i cahy
substantially simlar to the nultipolynmer material nmade at the end of the
pr oces unsatarated mudtipolymerdsimplipronessable imthe ahsenep ot selvent oF

plasticizing agent to produce high nitrile products. |

Detailed Description of the Invention

The present invention relates o a horhogeneous, melt processable high
nitrile multipolymer prepared from polymerizing an acrylonitrile monomer and
one- or more olcﬁnicglly unsatﬁrated monomers and the process to produce the
multipolymer.

The new and improved process for producing a thermally stable, melt
processable multipolymer frofn acrylonitrile monomer and olefinically
unsaturated monomer(s) is accomplished by controlling the rate of addition of
the acrylonitrile monomer and the olefinically unsaturated moriomcr(s) relative
to the rate of polymerization. Tﬁe process of the invention is a monomer
starved process in which the polymerization rcacfion rate exceeds or equals the

multimogomcr feed mixture addition rate. The low concentration of the




sequencing of the multipolymers, resulting in a honbgeneous mnul ti pol yner
product. The thernoplastic high nitrile nultipolynmer that is produced by

t he process of the instant ‘invention conprises about 50%to about 95%
preferably about 65%to about 90% and nost preferably about 70%to about
90% of pol ymeri zed acrylonitrile nmononer, and about 5% to about 50%
preferably about 10%to about 35% and nost preferably about 10%to about
30% of polymnerized ol efinically upsaturated nononer(s). The olefinically
unsat urat ed nononer enployed in the present invention is one or nore of any
olefinically unsaturated nonomer with a C=C doubl e bond pol yneri zable with
an acrylonitrile nononer. The olefinically unsaturated nononer enployed in

t he mul t iyfRastsd Multimienomerdduzing tiyl polynieniratiarasiep ganarates aguonemey in
a copolyner or a conbination of polynerizable nononers resulting in a

t er pol yn%rt,aj:{ﬁdac itioRPOWRIE Pr%t@ h&hg Be§athdesd dEadyidiiedle Rivabiter in

general ly es but is not limted 1o acryl ates, nethacryl ates,
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not limted to CJerr] to CJerr] alkyl, aryl and.cyclic acrylates such as

et hyl | aqpolymesized: aarylonitslemenopyaipr examypla; AN-ANEANAN %06 ANGX X

I sobornyl acrylate, 2-ethyl hexyl acrylate and functional derivatives of the

acryl at eqANsgerpfondtrile i weid'X=oRdni¢lFunsatitatéd eilit)| aowingfer Al t he
processability of the high nitrile thermoplastic acrylonitrile olefinically
unsaturated multipolymer in the absence of soivcnt.

The rate of addition of the acrylonitrile monomer and the olefinically
unsaturated. monommer(s) is continuous throughout the polymerization reaction.
The molar ratio of the multimonomer feed mixture of acrylonitrile monomer and
olefinically unsaturated monomer(s) is constant and fixed throughout the
process. The process produces a homogeneous composition of a thermoplastic
high nitrile multipolymer similar to the molar ratio of the incoming'
multimonomer feed mixture. The multipolymer material made in the early part
of the process is substantially similar to the multipolymer material madé at the
end of the process, meaning there is no major shift either in composition or
sequencing of the multipolymers, resulting in a hOngeneous multipolymer
product. _
'The thermoplastic high nitrile multipolymer that is produced by the

process of the instant invention comprises about 50% to about 95%, preferably

about 65% to about 90% and most preferably about 70% to about 90% of



| i ke. The preferred acrylates are nethyl acrylate and ethyl acrylate. The
net hacryl ates include but are not limted to CCerr] to (Jerr] alkyl, aryl
and cyclic nethacryl ates such as methyl nethacrylate, ethyl nethacrylate,
phenyl nethacrylate, butyl nethacrylate, isobornyl nethacryl ate,

2- et hyl hexyl met hacryl ate and functional derivatives of the

nmet hacryl ates such as 2- hydroxyat hyl nethacryl ate, 2-chloroethyl

nmet hacryl ate and the like. The preferred nmethacrylate i s nethyl

nmet hacryl ate. The acryl am des and net hacryl am des and each of their
N-substituted al kyl" and aryl derivatives include but are not limted to
acryl am gelymetizat apiydoniteile Moredrhyt, and gbaut $46 toabgudi SAS6h pirefierablyani de
and the like. The vinyl esters include but are not limted to vinyl

acet at e, aMbily 1085 W iWOULB 5% d1d vt preferabhflabbat 1088 to Abour3ywrofed vi nyl
ester is vinyl acetate. The vinyl ethers include but are not limted to Cl

to C8 vi gém gﬁgt | 614 13§ utyl vi nyI ether and the

i ke. gXiﬁ{;ﬁ%éo es F%?X% u%ﬂ g%(emno u ted to vinyl pyrrolidone and
the I|ke The n nes includ ut are not to err]
vyl ket onesThgdieaaiefifnet Hwtéema&mmww%n&& ﬁfgemahr i
The styrenes include but are not limted to nethylstyrenes, yrene,
i ndene, s ongaFnsone of apyfalefinically unsdturated monomer with a C=C double

‘ol
Gy

bond polymerizable with an acrylonitrile monomer. The olefinically
unsaturated monomer employed in the multimonomer mixture can be a single
polymerizable monomer resulting in a copolymer or a combination of
polymerizable monomers resulting in a terpolymer or a multipolymer.

The olefinically unsaturated monomer generally includes but is not
limited to acrylates, methacrylates, acrylamide and its derivatives,
methacrylamide and its derivatives, vinyl esters, vinyl ethers, vinyl amides,
vinyl ketones, styrenes, halogen containing monomers, ionic monomers, acid
containing monomers, base containing monomers, olefins and the like.

The acrylates include but are not limited to C1 to C15-alkyl, aryl and
cyclic acrylates sﬁch as methyl acrylate, ethyl acrylate, phenyl acrylate, butyl
acrylate and isobornyl at:ry-iate, 2-ethylhexyl acrylate and functional derivatives
of the acrylates such as 2;hydroxyethyl acrylate, 2-chloroethyl acrylate and the
like. The preferred acrylates are methyl acrylate and ethyl acrylate.

The mett.xacrylates include but are not limited to C; to C12 alkyl, aryl
and cyclic methacrylates such as methyl methacrylate, ethyl methacrylate,

phenyl methatrylate, butyl methacrylate, isobornyl methacrylate, 2-ethylhexyl



10 wherein each of A, B, C, and D is independently selected from hydrogen
(H and (Jerr] to (Jerr] alkyl groups, substituted styrenes,

mul ti ply-substituted styrenes and the |ike. The hal ogen contai ni ng nononers
i nclude but are not limted to vinyl chloride, vinyl bromde, vinyl
fluoride, vinylidene chloride, vinylidene brom de, vinylidene fluoride,

hal ogen substituted propyl ene gnnoners and the |like. The preferred hal ogen
cont ai ni ng nmononers are vinyl bBrom de and vinylidene chloride. The ionic
nononers include but are not limted to sodiumvinyl sulfonate, sodium
styrene sul fonate, sodiumnethallyl sulfonate, sodiumacrylate, sodium

met hackehik 41¢ thhk@ondl G iRl dIdhi GREthatRIones such @sspdi um vi nyl

sul fonate, sodium styrene sul fonate and sodi um net hal |yl sul fonate. The

acid cpphkalni Wale {3 e acid,
met hacﬁ%ﬁxyg@ﬁﬁl%@%{&%% g'ﬁ&@ﬁ%&’&?ﬂ eg&g%cr#}:ﬁg% {'% 9’?‘%%? rfs'ﬁeul fonic acid
and the |jke. The preferred acid coptai ni ng nononers are itaconic acid,
styren@"’s‘J?EW@n‘-in@t <Flari%mds\m§w?§%ﬁtﬂéﬁ ¥cid. The base contai ni ng nonomers
i nclude but are not limted to vinyl pyridine, 2-am noethyl-Nacrylam de,
3- am nopr opThe mciylapides and mtmmﬁas ans gach of theis N-sybskjnted
net hacryl ate and the |ike.

alkyl and aryl derivatives include but are not limited to acrylamide,

methacrylamide, N-methyl acrylamide; N, N-dimethyl acrylamide and the like.

The vinyl esters include but are not limited to .vinyl acetate, vinyl
propionate, viny! butyrate and the like. The preferred vinyl ester is vinyl
acetate.

The vinyl ethers include but are not limited to Cj to Cg vinyl ethers such
as ethyl vinyl ether, butyl vinyl ether and the like.

The vinyl amides include but are not limited to vinyl pyrrolidone and the
like. |

The vinyl ketones include but are not limited to C; to Cg vinyl ketones
such as ethyl vinyl ketone, butyl vinyl ketone and the like.

The styrenes include but are not limited to metl_lylstyrenes, styrene,

indene, a styrene of the formula:

CA=CH ,




The ol efins include but are not limted to isoprene, butadiene, Cerr] to
Clerr] straight chained and branched al pha-ol efins such as propyl ene,

et hyl ene, isobutyl ene; diisobutylene, 1-butene and the like. The preferred
ol efins are isobutylene, ethylene and propyl ene. The olefinically
unsat ur at ed nononer does not include nitrile nononers such as

met hacrylonitrile. The acrylonitile olefinically unsaturated multi pol yner
does not contain nmethacrylonitrile. The choice of olefinically unsaturated
mononmer or conbi nati on of nononers depends on the properties desired to
impart to the resulting high nitrile nultipolynmer and its end use. For

i nst ance,hepak%%ﬂ éf AJ BT D i indeprhaantly iskkctadlirohy hydeogenl{K) anddene

results 1n a nitrile multipolymer and its end products wth inproved

heat di gt oftjion,te r L Is?ﬁ%? y Zi ng
monorer £10° G&%ggﬁ‘ﬁ% s&?%@‘s‘%ﬁ‘u%@i éeé\%}?hrr%irt%'gs t e{tgft%t;ﬁ 11 ?ilte;/é %d t he
high nitri he‘smjl ti polymer and its end products. Polynerizing nononers of
acryl ontR¢ #ike- and acryl ates and/ or nethacryl ates-inproves the
processability of the high nitrile nultipolymer and its_end products.

Pol yner i zi ngTheihplegen spRiaiging monomersgashide b AFe Rt HeRdee 12 ViR or
hydr oxyl- group contai ni ng nononers with an acrylonitrile nononmer provides
usef ul dhioride,ednyhbodmidd) vinyl Aweride) vinglidéne ghloride, vimylidene hyomidg,
nitrile multipolymer. Polynerizing nononmers of acrylonitrile and a hal ogen

| ‘fnﬂ’{‘i ?:O grr%w?igag{] ga{)o;ggghit&s{dtamlgﬁéﬁﬁéﬁ@ aforfdmeFeant dtherlilke.i The
preferred halogen containing monomers are vinyl bromide and vinylidene
chloride.

The ionic monomers include but are not limited to sodium vinyl
sulionate, sodium styrene sulfonate, sodium methallyl sulfonate, sodium
acrylate, sodium methacrylate and the li.ke. The preferred ionic monomers are
sodium vinyl sulfonate, sodium styrene sulfonate and sodium methallyl
sulfonate,

The acid containing monomers include but are not limited to acrylic acid,
methacrylic acid, vinyl éulfonic acid, itaconic acid, styrene sulfonic acid and the
like. The preferred acid containing monomers are itaconic acid, styrene
sulfonic acid and vinyl sulfonic acid.

The base containing monomers include but are hot limited to vinyl

- pyridine, 2-a.minoethy1—N—a§rylamide, 3-aminopropyl-N-acrylamide, 2-

aminoethyl acrylate, 2-aminoethyl methacrylate and the like,



In the practice of the present invention the polynerization process is
carried out as an enulsion, a solution, a suspension or in continuous
“addition bulk. Preferably, the polynerization process is carried out as an
enul sion or a suspension. The present invention can be practiced as a
sem batch or continuous process. The process of the present invention is
not carried out as a batch proggss which batch process is defined herein as
a process in which all the reactants are charged initially to the reaction
vessel prior to.the initiation of polynerization. Initially, acrylonitrile
nmononer and ol efinically unsaturated nonomer(s) are contacted in an aqueous
medi um at  hsiblefink%nkiudebgbiare aohlimited 5¢4sopreneghutadienteCpdoals
pol ymeéri zation reaction media. The initial multinmonomer m xture contains
about @%%2& CHRIIAEA ah@l BRAIEh DY phY-oTelial isuetr a4 propylehe, eehylers, and about
- 5% by weight to about 50% by weight ol efinically unsaturated nonomner(s).
The a nedi ' it ab. fRidCareds an
enul si Tl gﬁ%lgﬁg’ §ﬁ§§§%‘g§'§gﬂ%ﬁ%§“¢ﬁgd§§ 13 g%:%a??g%gﬁf t dglmre uses le e known
to those ,skilled in the art. A pgolecular weight nodifier my be added to
t he i niSCPRYIene: elyfiene And RRQRYAERS, the range of about 0% by weight to
about 5% by wei ght, preferably about 0.1% by weight to 4% by wei ght and
nost pr ef er'Bhe plefinically unmatyrated gnenomern dogs rokinglude pitrileomanemers a|
mul ti mononer m xture. 13 The initial multinononmer mxture is placed into
a reacgién asemethacrylonitrile. The acrylonitrile olefinically unsaturated

multipolymer does not contain methacrylonitrile.

The choice of olefinically unsaturated monomer or combination of
monomers depends on the px;(:perties desired to impart to the resulting high
nitrile multipolymer and its end use. For instance, polymerizing monomers of
acrylonitrile and styrene and/or indene results in a high nitrile multipolymer
and its end products with improved heat distortion temperature and glass

- transition temperature. Polymerizing monomers of acrylonitrile and
isobutylene improves the flexibility of the high nitrile multipolymer and its end
products. Polymerizing monomers of acrylonitrile and acrylates and/or
methacrylates improves the processability of the high nitrile multipolymer and
itsend pr;)ducts. Polymerizing acid-containing monomers, base containing
monomers and/or hydroxyl group containing monomers with an acrylonitrile
monomer provides useful dye éites which enhance the colorability of the
resulting high nitrile multipolymer. Polymerizing monomers of acrylonitrile and
a halogen containing monomer increases the flame resistance of the high nitrile

multipolymer and its end products.



cont ai ni ng aqueous nedi um The reaction vessel wth the aqueous nediumis

. purged with an inert gas, such as nitrogen, argon and the |ike. Preferably,
but optionally, the inert gas purge is continued throughout the

pol yneri zation reaction. The initial nultinononer mxture is then heated to
a tenperature in the range of about 30C to about-120[err]C, preferably
about 40C to about 100[err]C qp nost preferably about 50[err]C to about
80[err]C. The tenperature of t'he polynerization reaction is maintained

t hroughout the process in the range of about 30C to about 120[err]C,
preferably about 40[err]C to about 100[err]C and nost preferably about

50[err] C t ¢, 3ieWiraBAELbF life pAlsdritiihb@ien ithe péliatletisation preeessiis nitial
mul ti mononer m Xture to start the polynerization reaction. The initiator is

added GeN2HMrvad dn'difinlsiiifc 8ol ta Cabbegdibil ofthWintirthaldHliaRihy

0
wei ght L ononer m Xture.” After the polynerization reaction

comrences, | ti mononer, feed mi xture of .acrvloniftri

ol of i K | relrEa R R P rEIREIFEr e Biece o i FIRTUELP DY Ba aeepTEn B

pol ynmeri zation reaction in the reaction vessel. The c’_ggoi ned wei ght of the
unr eacRsPeRsion.of hemreseRbinyeationran e gracieed pER $§ 4‘91?‘191'5 at ur at ed
nmononer (s) present in the polynerizing mxture, at any tine, is not greater
t han adomtimidis pyocussgThe pradess alfithe presentdaventivhda notwarriedwutyaswei ght ,
and nost preferably not greater than about 5% by wei ght of the polynerizing

[nOX; U@ batch bfodds® Which BRRABrocess i dbfihed hepin' 4 aprobess ibWitl allei ght
the reactants are charged initially to the reaction vessel prior to the initiation of
polymerization.

Initiaily, acrylonitrile monomer and olefinically unsaturated monomer(s}
are contacted in an aqueous medium at about 0.1% by weight to about 15% by
weight of the total polymerization reaction media. The 'initiallmultimonomer
mixture contains about 50% by weight to about 95% by weight acrylonitrile
monomer and about 5% by weight to about 50% by weight olefinically
unsaturated mqnomer(s).

The aqueous medium contains water and a suitable surfactant such as
an emulsifier or a dispersing agent. The surfactants and their uses are known
" to those skilled in the art.

A molecular weight modifier may bcl added to the initial multimonomer
mixture in the range of about 0% by weight to about 5% by weight, preferably
about 0.1% by weight to 4% by weight and most preferably about 0.1% by

weight to about 3% by weight of the total multimonomer mixture,



95% by wei ght acrylonitrile nononmer, and 5% by wei ght to about 50% by
~weight olefinically unsaturated nmononer(s). The nolar ratio of the
acrylonitrile nononmer and the ol efinically unsaturated nononmer(s) in the
mul ti mononer feed m xture, is fixed and constant throughout the

pol ymeri zati on process resulting in a honogeneous nultipolynmer. The feed
nolar ratio of the-acrylonitrile nononmer to olefinically unsaturated
nononmer depends on the desired sxrylonitrile, olefinically unsaturated

mul ti pol ynmer conposition. The. multipolynmer conpositionis simlar to the
conposition of the multinononmer feed m xture. A nolecular weight nodifier
is optional ly- added to the pol ynerization m xture. Preferabl a nol ecul ar
wei ght nodi fThe inigabmultirongmer mixige ifaleced IR aTeacHrR Ve nol ecul ar
wei ght nodifier is added continuously or ‘increnentally to'the

pol yner ¢carstainingrqteoss meddinr e/ reactionndsscLwith thei aauequsamediimiis added
continuously to the polynerization m xture. The nol ecul ar wei ght nodifier
is pr ef@ﬁ?éécbfwmlﬁ@xd iherttds, Bath B hitfigeal argmr andrthediliea Prefetably,cbue of
about 0% by wei ght to about 5% by wei ght, preferably about 0.1% by wei ght

. Sohpdily g st gt et it

by weig oner m xture. e nol ecular wei ght nodifier

i ncl udes but is,not limted.to rcapt . o) s or
any ot REFeRHRTBE it afisnPn Rt AhAs is Xl Rrteq 18 o AR B
Mercaptans are the preferred nol ecul wei ght. _nodi fier and i.ncl o
nmono- netR&FARgR of #Qg‘t‘f- 36&1‘19 @ggpt r@pg{a‘(p??ﬁé"@ly agﬁ‘?b‘it X &ott?sab"uttuf@ $of . The
mer capt ans include but are not limted to C(::[err] to CJerr] alkyl

and most preferably about 50°C to about 80°C. The temperature of the

polymerization reagtion is maintained throughout the process in the range of
about 30°C to ai)out 120°C, preferably about 40°C to about 100°C and most
preferably about 50°C to about 80°C.

An initiator is é.dded to the heated initial multimonomer mixture to start
the polymerization reaction. The initiator is added generally in the range of
about 0.01% by weight to aboﬁt 5% by weight of the total multimonomer
-mixture.

After the polymerization reaction commences, a multimonomer feed
mixture of acxéylon’itrile monomer and olefinically unsaturated monomer(s) is
continuoﬁsly added to the polymerization reaction in the reaction vessel. The
combined weight of the unreacted acrylonitrile monomer and unreacted
olefinically unsaturated monomer(s] present in the polymerizing mixture, at any
time, is not greater than about 15% by weight, pi‘efer#bly not greater than

about 10% by weight, and most preferably not greater than about 5% by weight

of the polymerizing mixture.



mer capt ans whet her strai ght chai ned, branched, substituted or
unsubstituted, d-linonene di mercaptan, dipentene dinercaptan and the |ike.
The preferred nmercaptans are the (Jerr] to (Jerr] al kyl mercaptans whet her
strai ght chai ned, branched, substituted or unsubstituted, for exanple

. t-dodecyl nercaptan and n-octyl nercaptan. The nol ecul ar wei ght nodifier

i can be enployed singularly or imaconbination. The nol ecul ar wei ght nodifier
can be the same or a different nol ecular weight nodifier as is enployed
with the initial nultinononer m xture. The nol ecul ar wei ght nodifier

controls the nol ecul ar wei ght of the polyngrized a lonitriJe olefjpically
unsat ur at ed The mytimomemendesd pyixtunesordaing ARt 5‘15&61\/&’3@" gt 1P a$ﬂlég

mol ecul ar wei ght nodifier useful in the present invention produces an
acryl ond3% by weigkt boiviehityile aseiamet, echdhS% by oveight tarboutSA%H B¥ul ar
wei ght in the range of about 15,000 nol ecul ar wei ght to about 500, 000

mol ecul Gpighiti GibtinichR uRtdtudhfdd hfondddads)! Viiealdlar raticof thghergonitrilen,
continuouslty or iIncrénentally, to the polymerization m xture as a separate

stream {n%rgleo];ng%rgg*ﬁ’tﬁehaggﬁ%%@%%%tﬁrﬁﬁﬁ%oﬁﬁﬁiérﬁ] GH thi- mbi@mioiome or 1S

added a 0 fmain ynertzation rate, which rate can be
e genclest PxtTEn S Rar ansk consant BrtsnahayciBe v reraRiol RRREsR nei ght of
the total nultinmononmer m xture. 16 The initiator._is any free radical
i ni tiat oesultiogrin @ homegensous maliipolymera The fred malar atio of ha udes but is
not limted to azo conpounds, peroxides,
acrylonitrile monomer to olefinically unsaturated monomer deperids on the
desired aérylonitrﬂe, olefinically unsaturated multipolymer composition. The .
multipolymer composition is similar to the composition of the multimonomer
feed mixture.
A molecular weight modifier is optionally aadd.ed to the polymerization
mixture. Preferably, a molecular weight modiﬁef is employed in the
polymerization mixture. The molécular weight modifier is added continuously
or incrementally to the polymerization mixture. Preferably, the molecular
weight modifier is added continuously to the polymerization mixture. The
molecular weight modifier is preferably added to the polymerization reaction
media in the range of about 0% by weight to at;out 5% by weight, preferably
about 0.1% by weight to about 4% by weight, and most preferably about 0.1% |
by weight to about 3% by weight of the total muli_:imopomer mixture.
The nj.olecular weight modifier includes but is not limited to mercaptans,
alcohols, halogen compounds or any other chain transfer agent known to those

skilled in the art. Mercaptans are the preferred molecular weight modifier and

include mono-mercaptans, multifunctional mercaptans or combinations



hydr oper oxi des, al kyl peroxides, peroxydi carbonates, peroxyesters, dialkyl
peroxi des, persul fates, perphosphates, and the |like. Persulfates are the
preferred initiators. The initiator can be.enployed singularly or in

conmbi nation. The initiator can be the same or a different initiator as is
enpl oyed to start the polynerization reaction. The polynerization m xture
Is continuously or intermttently I tated by any known nethod, such as
stirring, shaking and the-like. Préferably, the polynerization mxture is
continuously agitated. The reaction is continued until polynerization has
proceeded to the desired extent, generally from about 40%to about 99%

conver si onyadidoPr ¢hemblcapthngirdode itdartenailnited 580ty Eng alkyl The
pol ymeri zati.on reaction is stopped by cooling; adding an inhibitor; such as

diethyl Ny b AHEntn dPLARRMIIGhA ihahRfcl] Sebstituitsaar umdutatitied,

nmul ti nononer m Xxture; an inhibitors and their use are

known to thase skilled in the art. Lt Ws. ' r _
skilled i ndrREmoRiEne, EE“F?:B&JM‘{}PSH*?%%‘E’I‘%%?{% ﬁé%éﬁ%ﬁ)fe&é eHied

mul ti pol ymer nmay be further npdifie t he additi.on, of | ubri.cant. dyes,
Teach! ng’ AGTEEPIZRRErt Hhs Ganto baa At meresigap Re shpenifed, 0.
agents, stahilizers, static control agents, antioxidants, reinforcing:
agent s suclbranched; substifuted jor unsubstituted, fonesampliotrdeAseylmereaninnand

17 possessing the ability to function in such a manner can be used as | ong

as it does moctyhanercaptan e (v motecaiideweight modifier can dresemplayedssingylarny
"t her mal

or in combination. The molecular weight modifier can be the same or a
different molecular weight modifier as is employed with the initial
multimonomer mixture.

The molecular‘weight modifier controls the molecular weight of the
polymerized acrylonitrile olefinically unsaturated multipolymer chain by
terminating the growing chain. The molecular weight modifier useful in the
present invention produces an acrylonitrile, olefinically unsaturated |
.multipolymcr with a molecular weight in the range of abouf 15,000 molecular
w_eight to about 500.900 molecular weight.

The i;litiator is added typically as a single solution, §ontinuously or
incrementally, to the polymerization mixture as a separate stream. Prefera.bly,
the initiator is added conﬁnuously. The initiator is added at a rate to maintain
the polymerizaﬁon rate, which rate can be determined by those skilled in the
art. The concentration of the initiator is generally in thé range of abc;ut 0.01%

by weight to about 5% by weight of the total multimonomer mixture.



stability of the high nitrile multipolynmer. At the conclusion of the

pol yneri zation reaction the acrylonitrile olefinically unsaturated

mul ti polynmer is isolated as a solid, slurry or a |latex. Any known techni que
may be used to isolate the acrylonitrile olefinically unsaturated

mul ti pol yner such as crunb coagul ation, spraying the solution of the

mul tipolynmer into a heated and/ or evacuated chanber to renove the water
vapors, stripping, filtration, centrifugation and the |ike. The
acrylonitrile olefinically unstt ur at ed mul ti pol ynmer produced by the process
of the instant invention is a high nitrile thernoplastic nultipolyner

contai ning polynerized acrylonitrile nononer and ol efinically unsaturated

mononer (s). ks RURE | §28a@P WHowaDY Biostedlatied i theairt. 95% by
wei ght pol yTrr%_ér]lﬁ\zlg%hgclrey ni t?l e and about 5% by wei ght to about 50% by

wei ght,.Jol, rized.olefinically..unsatdrase (S mul ti pol ynmer
pr oducTR?'éxﬁEmﬁ gies PH t‘shgeyf' 8“C otlrdr’p%& %’ﬁg&gﬁ%&’s}eq ugl-r?cgshg of the

mul tipol ymer produced s suhstantially the same th t rocess. The
acryl oﬁYéF‘m%’gﬁld&Fi ﬁﬂggw,ﬁ %%twmcﬁ@% ’%&’%l}%?%éﬁéﬁyy st abl e,
melt processable wi thout the addition of any sol vent{s and hgnogeneous. The
nul t i porIeTidedrrarguliptess @mpbm?%@%?‘f’dé‘q-u?ﬁ%‘ﬂ e aES R by spi nning,
mol di ng, extruding and the |ike wthout the use of solvents. The :
acryl opreferted inidatons.c Theyinitiator can tbecemployed singularlyardaseambination.en
thermal , physical and nechani cal properties, can be readily oriented and
I s honmgerinitiator canttlie safiydpcediffetermndnitiztor asds eniployed toscartthani ts.
Further, the acrylonitrile olefinically unsaturated multipolynmer may be

utili Z%@lymeriza.tion reaction.

The polymerization mixture is continuou_sly or intermittently agitated by
any known method, such as stirring, shaking and the like. Preferably, the
polymerization mixtu're is continuously agitated.

The reaction is continued until polymerization he:s proceeded to the
desired extent, generally from about 40% to about 99% conversion and
preferably from about 70% to about 95% conversion. |

The polymerization réaction is stopped by cooling; adding an inhibitor;
such as diethyl hydroxylamine, 4-m'ethoxyphenol and the like; discontinuing
the multimonomer feed mixture; and the like. The inhibitors and their use are
known to those skilled in the art.

It will be readily apparent'to one skilled in the art that the acrylonitrilé
olefinically unsaturated multipolymer may be furthér modified by the addition
of lui)ﬁpants, dyes, leaching agcnts,' plasticizers, pseudoplasticizers, pigmeﬁts,
delustering agenté. stabilizers, static control agents, antioxidants, reinforcing

agents such as fillers and the like. It is understood that any additive




I n numerous applications such as for use as fibers, sheets, films, pipes,
tubi ngs, nolded articles and the |ike. SPECI FI C EMBODI MENT The fol |l ow ng
exanpl es denonstrate the process and advantages of the present invention.
Equi prent A 1 or 2 liter circulating hot water jacketed reactor was

equi pped with a reflux condenser, a thernocouple/controller, a paddle for
agitation, which paddle was set at about 230 rpmto about 250 rpm an argon
purge tube (continuous), a nononer feed m xture punp and an ammoni um

persul fate initiator feed punp. Gohponents The overall polynerization
components for the exanples were as follows: Exanple 1 Conponent

Gans (gm Water 1260. O Rhof ac RE-610

12.6 Acrylonitrile (Al 342.3 [err rene(lVB)
77.7 n- @pggsewp,gat@[eagplhty to function in such a manpengan qgi:flgfﬂ SRt

1.3 Total: 1702. 3

does not have a deleterious effect on the melt characteristics and thermal
stability of the high nitrile multipolymer. |

At the conclusion of the polymerization reaction the acrylohitrile
olefinically unsaturated multipolymer is isolated as a solid, slurry or a latex.
Any known technique may be used to isolate the acrylonitrile olefinically
unsaturated multibolymer such as crumb coagulation, spraying the solution of
the multipolymer into a heated and/or evacuated chamber to remove the water
vapors, stripping, filtration, ccntrifugaﬁon and the like.

The acrylonitrile olefinically unsaturated multipolymer produced by the
process of the instant invention is a high nitrile thermoplastic multipolymer
containing polymerized acrylonitrile monomer and olefinically unsaturated
monomer(s). The multipolymer comprises about 50% by weight to about 95%
by weight polymerized acrylonitrile and about 5% by weight to about 50% by
weight polymerized olefinically unsa.turatc,d monomer{s). The multipolymer
product is homogenéous in that the composition and sequencing of the
multipolymer produced is substantially the same throughout thé process.

The .acrylonitrilc olefinica]ly unsaturated multipolymer is thermally
stable, melt processable without the addition of any solvents and
homogcneous._ The multipolymer of the present invention may be further
processed by spinning, molding, extruding and the like without the use of
solvents. The acrylonitrile olefinically unsaturated multipolymer possesses

excellent thermal, physical and mechanical properties, can be readily oriented



Exarrpl e 2 Conponent G ans (gm Water

1320. 0 Rhofac RE-610 _ 17.6 Acrylonitrile (AN)

378.4 Methyl Acrylate (M) ' 30.8 Methyl Methacryl ate (MVA)
30.8 n-Cctyl Mercaptan 8.8 Ammoni um Persul fate

2.8 Total: : 1789. 2 Exanpl e 3 Conponent

Gans (gm Water - 18 1320. 0 Rhofac RE-610

17.6 Acrylonitrile (AN) 338.8 Methyl Methacryl ate (MVA)
101.2 n-Cctyl Mercaptan 8.8 Ammoni um Persul fate

2.8 Total: - 1789. 2 Exanpl e 4 Conponent

Grams (grghd/fd ﬁémogenous thh short sequences of polymérifd RitfiefronBsaouniss
active) 45.7 Acrylonitrile (AN 340.0

g/ﬁt f21yl ACF(\YxltﬁL.E tﬁu@crylommle olefinically urR8ttratePadierkiolMhes &idyaBe utilized

in numerous applications such as for use as fibers, sheets, films, pipes,

tubings, molded articles and the like.

SPECIFIC EMBODIMENT

The following examples demonstrate the process and advantages of the

present invention.

Equipment

A 1 or 2 liter circulating hot water jacketed reactor was
equipped with a reflux condenser, a thermocouple/controller, a paddle
for agitation, which paddle was set at about 230-rpm to about 250
rpm, an argon purge tube (continuous), a monomer feed mixture
pump and an ammonium persulfate initiator feed pump.

Components

The overall polymenzatlon components for the examples were as

follows:

Example 1

Component ' | _ Grams [gm)
Water : 1260.0
Rhofac RE-610 12.6
Acrylonitrile {AN) ' 342.3
a-Methyl styrene (MS) 77.7 -
n-Octyl Mercaptan " 8.4
Ammonium Persulfate 13

Total: : 1702.3



. 1657.7

Ammoni um Per sul fate

20 Exanpl e 5 Conponent
1200. 0 Rhofax RE-6 10

344.0 Styrene (ST)

9.0 Ammoni um Persul fate

1623. 5 Exanpl e 6 Conponent-

750. 0 Dowfax 8390 (35% active)
212.5 Vinyl Acetate (VA

7.0 Armmoni g’ éate
1016. 1 Exa onent

19

0.8 Total:
Gans (gm Water
12.0 Acrylonitrile (AN)
56.0 n-Cctyl Mercaptan
2.5 Total:
Ganms (gm Water
7.5 Acrylonitrile (AN)
37.5 n-Dodecyl Mercaptan
1.6 Total:

‘Grans (gm
Component Grams {gm]
Water 1320.0
Rhofac RE-610 17.6
Acrylonitrile (AN} 378.4
Methyl Acrylate (MA) -:30.8
Methyl Methacrylate (MMA) 30.8
n-Octyl Mercaptan 8.8
Ammonium Persulfate 2.8
Total: 1789.2
Example 3
Component Grams (gm)
Water 1320.0
Rhofac RE-610 *17.6
Acrylonitrile (AN) 338.8
Methyl Methacrylate (MMA) 101.2
n-Octyl Mercaptan 8.8
Ammonium Persulfate 2.8
Total: 1789.2
Example 4 |
Component Grams (gm) |
Water 1200.0
Dowfax 8390 {35% active) 45.7
Acrylonitrile {AN) 340.0
Methyl Acrylate (MA) 60.0
n-Dodecyl Mercaptan 11.2
Ammonium Persulfate 0.8

Total: . -

1657.7



Wat er 1200. 0 Rhofax RE-610

12.0 Acrylonitrile 340. 0 Methyl Methacryl ate ( MVA)
30.0 Vinyl Acetate (VA 30.0 n-Cctyl Mercaptan
8.0 Ammoni um Persul fate ' 2.5 Total
. 1622.5 The Rhofac RE-610 is avail abl e gpom Rhone- Poul enc. Dowfax is
avai |l abl e from Dow Cheni cal Co. 21 Procedure: The reactor was

pre-charged with water and the surfactant which had been pre-dissol ved at
about 50[err]Cwith stirring at about 230-250 rpm (see Table I). The
reactor was KegiffhreOsabout 70[err] C with continuous argon purging. The
initial nonomer. c g€ (see Table Il1) was added to the reactor. Ammoni um

persul fate i @6: @% g{e ﬁs added to the react Oéﬁé'rﬁn g %]i ate the
pol yneri zat i , ' e (see Table I11)
cont ai ni ng pt an was continuously punped into ?;??’ geactor at a

constant, fix %1 |%§-r tio of acrylonitrile m)n& 'L"AN') to the

ol efinically ¢ fat noner ("X') (see Table }glé)z Si mul t aneously, the
anmoni um per ACHAOBITHE ((ANr was punped into the S%Cgor (See
50

Styrene (ST) .
n-Octyl Mercaptan 0
Ammonium Persulfate 25
Total: | 1623.5
Example 6

Component Gm
Watér ) 750.0
Dowfax 8390 (35% active) 7.5
Acrylonitrile (AN} - 212.5
Vinyl Acetate (VA) 37.5
n-Dodecyl Mercaptan 7.0
Ammonium Persulfate 1.6
Total: | - 1016.1
Example 7

Comg' onent Grams !g{ m)
Water 1200.0
Rhofax RE-610 12.0
Acrylonitrile '340.0
Methyl Methacrylate (MMA) 30.0
Vinyl Acetate (VA) 30.0
n-Octyl Mercaptan - 8.0
Ammonium Persulfate 2.5

Total - 1622.5

The Rhofac RE-610 is available from Rhone-Poulenc. Dowfax is

available from Dow Chemical Co.



Table V). Both the nultinmononmer feed m xture streamand the initiator
_streamwere fed into the reactor as separate streans. Total polynerization
reaction tine was about 4 to about 6 hours. After-the polynerization
reaction was conpleted the resulting multipolymer enulsion was filtered.

t hrough a piece of pre-weighed cheesecloth to collect and separate any
coagul um from nul ti polyner. The coagul @n was bundled in a cheesecl oth and
rinsed with warmtap water. The cheesecl oth was dried overnight at about
60[err] C. Then the dried cheesecl ot h/ coagul um was wei ghed. The coagul um was
about nil to about 3% by weight nultinononers. The | atexes were then
coagul ated in about 1% al um num sul fate aqueous sol ution at about 22
75[err]C to 8Hrecedurati t h continuous stirring. The washed and filtered

mul ti pol ymer crunb was dried for about 3 to about 24 hours on a vacuum
filtered funnel. The nultipolymer was then dried in a fluidized bed dryer
at about 55[err]C for about 3 hours. The acrylonitrile, olefinically

unsat urat ed nul ti pqihereactes wesepreachasgedow{tBorateatsingd thexgurfaciantrABLE |

Aqueous Precharge Exanple Wat er Rhofac RE-blu (gm Dowf ax
?ggg 1 whici%ﬁﬁd been pre-dissolvedat about 50°C witld stirring at about 1220

230-250 rpm (see Table I). The reactor was heated to about 70°C with
continuous argon purging. The initial monomer charge (see Table II)
was added to the reactor. Ammonium persulfate initiator was added
to the reactor to initiate the polymerization reaction.

The multimonomer feed mixture (see Taple III) containing
me;captan was continuously pumped into the reactor ai a constant,
fixed weight ratio of acrylonitrile monomer (“AN”} to the oleﬁnicaily
uns_aturaied monomer (“X”) (see Table VI}. Simultaneously, the
ammonium persulfate initiator was pumped into the reactor {See
Table IV).. Both the multimonomer feed mixture stream and the |
initiator. stream were fed into the .reactor as separate streams. Total
golymerization reaction time was about 4 to a?obut 6 hours.

After the polymerization reaction was completed the resulting
multipolymer emulsion was filtered through a piece of pre-weighed
cheesecloth to collect and separate any coagulum from multipolymer.
The coagulum was bundled in a cheesecloth and rinsed with warm tap
water. The cheesecloth was dried overnight at about 60°C. Then the
dried (%hecsccloth /coagulum was weighed. Tﬁe coagulum was about
nil to about 3% by weight multimonomers. The latexes were then

coagulated in about 1% aluminum sulfate aqueous solution at about



3 1220 17.6 04 1100

: 0 45.7 5 _ 1100 12.0 06
677.5 0 20.0 7 1100 12.0
0 23 TABLE Il I NITIAL MONOVER CHARGE (gnm) Exanple Mer capt an
Acrylonitrile Oefinically O efigically Initiator Mononer
Unsaturated Unsaturated Ammoni um Vbononer Monormer persul fate (grr)
X-1 X-2 1 2.1 gm n-octyl 21.0 21. OMS
0.71 nerc ° 7 3. 1 I\/A .
1.45 ner cgg??r:to\'z%ss ¢ w%c&ﬁlﬂuog{&%;tlmné ’lg'xe Washgd%rk%ﬁutered ;
1.45 merca
0. 42 dod eg@pﬁmﬂcﬁggbqr ﬁnsmb w%.s @ngg faﬁ]apout% to a@gu@ 24 P‘{Aursgq-a 0 |
1.32 octyl '

vacuum filtered funnel. The multipolymer was then dried in a
fluidized bed dryer at about 55°C for about 3 hours. The acrylonitrile,

olefinically unsaturated multipolymer was then analyzed (See Table V

and VI).
|
TABLE I !
Aqueous Precharge
Example Water Rhofac RE-blu (gm) Dowfax 8390
1 1160 12.6 0
2 1220 17.6 0
3 1220 17.6 : )
9 1100 0 45.7
S 1100 12.0 0
6 677.5 0 20.0
7 1100 - 12.0 . 0



r?ercapt an 6 1.8 gm n- 13.8 11.3 VA 0

0. 53 dodecyl nercaptan 7 2.0 gm n-octyl 34.0 , 3.0 MA 3.0
VA 1. 33 nercaptan TABLE Il MJULTI MONOVER FEED M XTURE Exanpl e
Mer capt an* AN Mononer X err] X err] Total (gm
(gm Monomner Mononmer  Pol ynmerm zation (gm (gm (hrs.)
1 6.3 321.3 5p6.7 M5 0 6 2
6.6 336.6 29.7 MVA  29.7 MA 6 3 6.6
297 99.0 MVA .0 6 4 8.4 306
54 MA 0 4 5 TABLE/'B 306 54 ST
0 . 6 6 5.3 199 26.2 VA 0 .
5 7 6.0 306INITIAL MONOMERBHARGEAgM) VA 6 * n-octyl
mer capt anE)Y%?p]@'Tpllﬁéﬁ%gptiaﬂ exampcAfonitrile?, Olefiricatynd  7Olefinidattie C e yitiater capt an
was enpl oyed 'in exanples 4 and pMonomer24 Tgakstutated\qubnssturated i dmmorfierad
M xture Monomer Monomer persulfate (gm)
‘ X-1 X-2
1 2.1 gm n-octyl - 21.0 21.0MS 0 0.71
mercaptan
2 2.2 gm n-octyl 37.8 3.1 MMA 31MA 1.45
mercaptan
3 2.2 gm n-octyl 41.8 2.2 MMA 0 1.45
mercaptan .
4 2.8 gmn- 34.0 6.0 MA 0 0.42
dodecyl! '
mercaptan
5 224 gmn- 38.0 28T 0 1.32
octyl
mercaptan
6 1.8gmn- 13.8 11.3 VA 0 0.53
dodecyl '
mercaptan
7 2.0 gm n-octyl 34.0 3.0MA 3.0 MA 1.33
mercaptan
TABLE I .
) MULTIMONOMER FEED MIXTURE
Example Mercaptan* AN Monomer X, X2 Total
’ (gm)- (gm) Monomer  Monomer Polymermization
' (gm) (gm) (hrs.)
1 6.3 3213 56.7 MS 0 6
2 6.6 336.6 20.7 MMA 29.7 MA 6
3 6.6 297 99.0 MMA. 0 6
4 8.4 306 54 MA 0 4
5 6.76 306 54 ST o 6
6 - 8.3 199 26,2 VA 0 5
7 6

6.0 306 27.0vA 27.0 MA

* n-octyl mercaptan was employed in examples 1, 2, 3, 5, and 7.
n-dodeceyl mercaptan was employed in examples 4 and 6.



Exanpl e Ammoni um Per sul.fate Wat er 1(\g),rlnso (gms) 1

. 0.63 100 2 100 3
1.31 100 4 ' 0. 38 100 5
1.2 100 6 1.1 61 7
1.31 100 TESTI NG Mol ecul ar Weight: The nol ecul ar wei ght

(MN of a nultipolynmer was detergm ned by CGel Perneation Chromatography
(GPC) in dinmethyl formam de solvent and calibrated with pol ystyrene
standards. This is a known standard nethod. The results are presented in
Table V. dass Transition Tenperature: The glass transition tenperature
(Tg) was obtained by differenti @bkdanhni ng calorinmetry (DSC). A DuPont 1090
i nstrument was used ovagueotsinitiatbriFeed Migturer om room tenperature to
240[err]C at a heating rate of about 5C/ m nute under an atnosphere of

ni trogen TheExasples are pAasadhifiniPerdaltare V. Waber\[ghshal ysi s:

(gms)
1 0.63 . 100
2 1.31 100
3 1.31 100
4 0.38 ' 100
5 1.2 100
6 1.1 61
7 1.31 . 100
TESTING:

Molecular Weight:

The molecular weight (MW) of a multipolymer was determined by Gel
Permeation Chromatography (GPC) in dimethyl formamide solvent and
calibrated with polystyrene standards. This is a known standard method. The

results are presented in Table V.

Glass Transition Temperature:

The glass transition temperature (Tg) was obtained by differential
scanning calorimetry (DSC). A DuPont 1090 instrument was used over a
temperature range from room temperature to 240°C at é.’ heating rate of about

5°C/minute under an atmosphere of nitrogen The results are presented in

Table V,



Sampl es for NVMR Anal ysis were prepared using DMSO D6 as sol vent.
Canpositions were determ ned using 1H spectra and sequence distributions
were determned using [err]C spectra. [err]H spectra were obtained using a
Varian Gem ni 300 Spectronmeter at 300 MHz and/or a Varian VXR-400
Spectroneter at 400 MHz. [err] C spectra were obtained using a Varian Gem ni
300 Spectroneter at 75.5 MHz and/ @5 aVari an VXR-400 Spectroneter at 100.7
MHz. The nunerical data is presented in Table VI. Brabender Pl asticorder:
The Brabender plasticorder, available fromC W Brabender Instrunents Inc.,
Sout h Hackensack, New Jersey, i-s a |ow shear nelt m xi ng devi ce that

nmeasur es tW&&P&%‘iﬁheter-grans, mg) required tonelt stir a nolten

pol ymer. The test determ nes whether a polynmer may be nelted-and processed
enpl oyi ng standard thernopl astic equi pnment. The Brabender anal yses were run
at about 200[err]C with torque readings taken at about 5 minute intervals
to about 30 ni iSsrapleshor NMRB! smalysisasenecpreparshusingsgMAtP6 @sselventunct i on
of time, tenperature, and physical abrading. The nunerical data is

present ed ¢6mg%§itﬁ)ﬁé were d6teladihed idheg }Mespddys andlseBuenee digtsitmtions e
Tlerr] ([err]C) Molecular Brabender Br abender Br abender Wei ght

gggﬁgfr e wertPd&idemined usig 43¢ dfbctrdl IR splraweldobtiifed udiiiba Vardsh
Gemini 300 Spectrometer at 300 MHz and/or a Varian VXR-400 Spectrometer
at 400 MHz. 13C spectra were obtained using a Varian Gemini 300

Spectrometer at 75.5 MHz and/or a Varian VXR-400 Spectrometer at 100.7

MHz. The numerical data is presented in Table VI.
Brabender Plasticorder:

The Brabender plasticorder, available from C.W. Brabender Instruments
Inc., South Hackensack, New Jerécy, is a low shear melt mixing device that
measures the torque (meter-grams, m-gj required to melt stir a molten polymer.
The test determines whether a polymer may be melted and processed employing
standard thermoplastic equipment. The Brabender analysps were run at about
200°C with torque readings taken at about 5 minute intervals to about 30
minutes. This method measures polymer degradation as a function of time,

temperature, and physical abrading. The numerical data is presented in Table

V.



10 m nutes 20 m nutes 30 mnutes i1: - ---103 50, 000 420

420 429 2 81 46, 000 653 641 641 3
83 43, 000 298 286 : 298 4 77 62, 000
939 996 1115 5 93 43,000 529 (220[err]Q
550(220[err] © 732(220[err] O %6 90 59, 000 900 1329
1836 7 86 48, 000 1026 957 992 Tabl e VI
Pol ymer Chemical Properties by 13C:NMR Copposition Exanple Monomer
Mononer Pol yner Conposi t rmblev Char: ge Ratio (9 Analysis (% 1
AN/ N8B 81/19 Polymitt PHyskiss Propaities AN MV MA
85/7.5/7.5 83.2/11.2/5.6 3 AN MVA 75/ 25
68. 5/ 31. Behmple  Tq (°C)V Mblecular  Brab88dérS  Brabend@5. 7/ BraBesder
AN/ ST 85/ 1% Wei§Ht 8/ 15Tarqae TorqueAN VA Torque 85/ 15
84.6/15.4 7 AN/ VBV xlﬁ” - ,,3510@3/ Tmigm, 20PCA/ T, 2D0¥CBnoner
Sequence Exanpl e 20%inute®\AX 30 rvitds
12.9 43.44 43. {03 8. 3 00048 3 4§§ 5 BBA 428BA CCA428 ACA XAX
AAX AAA ) 1 § 814 000 .9 582 8417 14. 844 82.5
3. 43,000 298 286 298
4 77 62,000 939 996 11156
5 a3 43,000 529(220°C) 550(220°C) 732(220°C)
6 80 59,000 900 1329 1836 °
7 86 48,000 1026 957 992
Table VI
Polymer Chemical Properties
by 13C NMR
Composition
Example Monomer Monomer Polymer
Composition Charge Ratio (%) Analysis (%)
1 AN/MS 81/19 76.4/23.6
2 AN/MMA/MA 85/7.5/7.5 83.2/11.2/5.6
3 AN/MMA 75725 -68.5/31.5
4 AN/MA | 85/15 85.7/14.3
s AN/ST 85/15 84.8/15.2
6 AN/VA 85/15 . 84.6/15.4
7 AN/MA/VA 85/7. 5/7 5 87.4/7.7/4.9
: Monomcr Sequence ;.-
Example XXX - XXA AXA XaX  AAX AAA
1 129 $434 437 82 483 435
BBA ° ABA CCA ACA  "XAX AAX AAA
2 18,7 813 7.9 92.1 2.7 . 148 82.5
3 o = .1_20 8 792 0 31.3 68.7
4 7.5 .,24.6 67.9 4.0 19.6 76.5
5 16.0 ;. 59.9 240 -5 13.1 85.5
6 * S * ~:3.1 20.2 76.7
7 ¥ * 29 18.3 78.8

A = acrylonitrile

B = methyl methaciylate
C = Methyl acrylate
X=olefinically unsaturated monomer

* = Not measurable by 13C NMR




2z

XXX XXA AXA XAX  AAX AAA 3 0 20. 8 79. 2
31.3 68.7 4 7.5 24. 6 67.9 4.0 19.6 76.5 5
16.0 59.9 24.0 1.5 13.1 85.5 6 ' * *

3.1 20. 2 76.7 7 * * * 2.9 18.3 78.8
A = acrylonitrile B = nethyl nethacrylate C = Methyl acryl ate

X=ol efinically unsaturated nononer_* = Not neasurable by [err] C NWVR 27
Results: A very uniform and honng%%eous acrylonitrile olefinically .
unsaturated nul ti pol yner was produced by the process described herein. The
final conversion to nultipolynmer was about 90% based on total

mul ti nononmers.” The wei ght average nol ecul ar wei ght of the multipol yner
exanples were in the range of about 43,000 to about 62,000. The Brabender
torque data for the exanples in the range of about 420 m gmto about 1026
mgmat ten mnutes and about 429 mgmto about 1329 m gmat thirty

m nutes. This denonstrates that the nultipolyner is easily nelt processed
and is thResaltsy stable. The Brabender torque data is shown in Tables V.

*

A very uniform and homo‘geneous acrylonitrile olefinically unsaturated
multipolymer was prodﬁced by the process described herein. The final
conversion to multipoiymer,was about 90% based on total multimonomers.

The weight average moiecular weight of the multipolymer examples were
in the range of about 43,000 to about 62,000,

The Brabender torque data for the examples in the range of about 420 m-
gm to about 1026 m-gm at ten minutes and about 429 m-gm to about 1329 m-
ém at thirty minutes. This demonstrates that the multipolymér is easily melt
processed and is thermally stable. The Brabender torque data is shown in
Tables V.

NMR data demonstraied that the sequencing of the multipolymer was
interdispersed and had a high degree of randomness as shown in Table VI.
Further, the polymer a.riaiysis demonstrates that the multipolymer product
ratio is similar to the multimonomer feed ratio.

P;rom the above description a.nd Mples of the inQention thbse skilled in
the art will perceive improvement, changes and modification in the invention.
Such imp'rovement_s, changes and modifications within the skill.of the art aré

intended to be covered by the appended claims.



NMVR dat a denonstrated that the sequencing of the nultipolynmer was
interj_iﬂg%iw@d—ﬁ hi gh degree of randommess as shown in Table VI.
"Further, the polynmer anal ysis denonstrates that the multipol ymer product
rati o | ' “) “m‘n‘ mul ti mononer feed ratio. Fromthe above description
and exmnmm‘ m ention those skilled in the art will perceive

i nproverrent, thahgds and nodification in the invention. Such inprovenents,
changes and nodifications within the skill of the art are intended to be

covered by the appended cl ai ns. 28 Clainms 1. A process for polynerizing
an acrylonitrile nmonomer and one or nore ol efinically unsaturated nononers
to make an acrylonitrile ol efinically unsaturated mﬁ—%@l ynmer, said
process conprising the steps of: heating an initial rmulti-nonomer m xture
conpri sing acr xlytokckss e palpnreriziag dnoacrytonitiile gnenemer iand P)e QR IBOTH at ed
nmononer, under an inert atnosphere, in the range of about 30[err]C to about
120[ er rglgfmﬁgﬂg%@ﬁuiraw& AloRort érst foemiake tarphcryloritrilerdlefinicallyt ure to start
a polynerizatidon reaction; adding a nultinmnoner feed m xture conpri sing

[y | g _ h
ool yrer s AT BRMpBNng, Sl piBLigk SHIRBHMILE £ SRR ) ontai ms_abour
50% b i ght t bout 95% b i aht | oni gLl 5% b
Y e O O SR e PRSI AL BoRERE stiyloRbit 5% DY

monomer and one or more olefinically unsaturated monomer, under an inert

atmosphere, in the range of about 30°C to about 120°C;

adding an initiator to the initial multimonomer mixture to start a
polymerization reaction;

adding a multimonomer feed mixture comprising
acrylonitrile monomer and olefinically unsaturated monomer(s) to the
polymerization mixture wherein the multimon'omer feed mixture
contains about 50% by weight to about 95% by weight acrylonitrile
monomer and about 5% by weight to about 50% by weight olefinically
unsaturated monomer(s), wherein the multimonomer feed mixture has
a fixed and constant molar ratio of acrylonitrile monomer to
olefinically unsaturated monomer(s); and wherein the rate of addition
of the multimonomer feed mixture is less than or equal to the rate of
polymerization;

resulting in a homogeneous acrylonitrile olefinically unsaturated

multipolymer product; wherein the acrylonitrile olefinically
unsaturated multipolymer produced is about 50% by weight to about



unsaturated nononer(s), wherein the nultinmononmer feed m xture has a fixed
and constant nolar ratio of acrylonitrile nmononmer to olefinically

unsat maumwmm"jl and wherein the rate of addition of the

mul ti nidd X Lf Y ' re is less than or equal to the rate of -

pol yneri zation; "redulting in a-honpgeneous acrylonitrile olefinically
unsaturated multi pol ymer product; wherein the acrylonitrile olefinically
unsaturated nmul ti pol ymer produced is about 50% by wei ght to about 29 95%

by wei ght pol ynerj zed, acrvl oniLLhl a, ~B WA tt o about 50%
by wei g?l?‘yﬁ)BY\Dl'Yfég“EBSlﬁ%%{%er# %éﬂ‘é‘ﬂ&‘ﬁ%g?’ BSE gt eg rrt)noﬁ?rr)‘/érb ?e‘gn wher ei n sai d
nul tipo | 5050 @B tWhmmomhﬁcmrmﬁsmmwthout the use of
sol vent gggggu#ﬁglg?gceslsgho claim1 wherein a o] ecul ar weight nodifier is
added t endrtaneni andiwharein ssidomsitipolymerds thermally stableand Rt f eed mi xture

or to both mxtures in the rangteq(if atbout 0% by wei ght to about 5% by
wei ght processablawithowsibedtse bR End i s sel ected fromthe group

consi sting of nercaptans, alcohols, hal ogen conpounds and conbi nati ons
thereof. 3. The process of claim2 wherein the nercaptan is selected from
t he group consisting of t dec

-d I rcaptan, n-octvl e , d-1inonene
di mer capt an #ndTRGREPSESS; a%ﬁr‘g F‘TC“ZI.% W&ee&l%gégl&{r@%g{i%nl wherein the

InitiatQr -li%e844% e initial multimonomer mixture, to the multimonomer

feed mixture or to both mixtures in the range of about 0% by weight to
about 5% by weight of total multimonomer mixture and is selected
from the group consisting of mercaptans, alcohols, halogen

compounds and combinations thereof.

3. The process of claim 2 wherein the mercaptan is selected -
from the group consisting of t-dodecyl mercaptan, n-octyl mercaptan,

d-limonene dimercaptan and combinations thereof.

4. The process of claim 1 wherein the initiator is added
continuously or as an aliquot to the polymerization reaction media in
the range of 0.01% by weight to about 5% by weight of total
multimonomer mixture and is sclected from the group consisting of
azo compounds, peroxides, hydroperoxides, aikyl peroxides,
peroxydicarbonates, peroxyesters, dialkyl peroxides, persulfates,

perphosphates and combinations thereof.

5. The process of claim 1 wherein the combined weight of
unreacted acrylonitrile monomer and unreacted olefinically
unsaturated monomer present in the polymerizing mixture, at any

time, is not greater than about 15% by weight of the polymerizing_



continuously or as an aliquot to the polyneri z%i n the
range of 0.01% by wei ght to about 5% by weight of total nu rer

m xture and is selected fromthe group consisti gﬂ,ﬂmjﬂﬂ g,

per oxi des, hydroperoxi des, al kyl peroxides, per . ngyy'r
peroxyesters, dial kyl peroxides, persulfates, perphbsphat’®es san f

conbi nations thereof. 5. The process of claim1l wherein the conbi ned wei ght
of unreacted acrylonitrile nononer 3hd unreacted olefinically unsaturated

mononer present in.the..polyaeri.zi ' is &rrfdtVolit @8.ark S not greater
t han abouf¥E4F$HE e l?ero%g‘[%ﬁée&p%g:?erﬁ:g%ﬁbs 30 mi xture and further

wher ei n sapd,REACES SohfHER! 4 istdpetibioasonin eontinuons aiditiont bukk. a
suspensi on or I n continuous addition bulk. 6. The process of claiml
wherein the olefinically unsaturated nononmer is selected fromthe group

consi sting of acrylates, nethacrylates, acrylamdes,..netha | des,

acryl am dg der ibvaThe@rocass n&g&a;%hhwr&m it%%do?%fg?,cé'w ﬁwsa@w%@ vi nyl

et hers, vinyl am des, vinyl, ketopes . t ai ni ng nononers,
i oni ¢ non ng"iei&sc?ex#giéﬁ???gﬂﬁoqué, gtsue‘gé%on a lrﬁéﬁg’ nmononers, ol efins
and_combi HakhpleyidieePakryldmides, ReBtaGgIdhidds)iatrlamideclerivatives,

ol efinically unsaturated“nononer is selected fromthe group consi sting of
met hyl acrpettigc jde derivhtives, vinyhgsters) viayt gtlwars, vinylamidesy at e,
styrene, a-nethy L ' L :

vinyl ketones, styrenes, halogen containing monomers, 1onic

monomers, acid containing monomers, base containing monomers,

olefins and combinations thereof,

7. The process of claim 6 wherein the olefinically unsaturated
monomer is selected from the group consisting of methyl acrylate,
ethyl acrylate, methyl methacrylate, vinyl acetate, styrene, a-methyl
styrene, indene, vinyl bromide, vinylidene chloride, sodium vinyl
sulfonate, sodium styrene sulfonate, sodium methallyl sulfonate,
itaconic acid, styrene sulfonic .acid, vinyl sulfonic acid, iscbutyiene,
ethylene, propylene and combinations thereof, and further wherein
the olefinically unsaturated monomer e¢xcludes a methacxylonitril'e

monomer.

8. A melt-processable homogeneous multipolymer comprising
about 50% to about 95% polymerized acrylonitrile and about 5% to
about 50%. po}ymerized olefinically unsaturated multipolymer which is
melt-processable and contains relatively uniform distribution of

monomers in the multipolymer chain.



styrene, indene, vinyl brom de, vinylidene chloride, sodiumvinyl

sul fonate, sodium styrene sul fonate, sodi um net halFtyt—sutfonate—itaconic
‘acid, styrene sulfonic acid, vinyl sulfonic acid, i ehe,
oropyl ene and conbi nations thereof, and furt her Meﬁm,mmgmumlﬂmally
unsat urat ed nononer excludes a nethacrylonitrile nonomar. S wA"s = &

nel t - processabl e honbgeneous mul ti pol ynmer conprising about 50% to about 95%
pol yrmeri zed acrylonitrile and about 5% to about 50% polynerized
olefinically unsaturated nultipol yner which is nelt-processable and
contains relatively uni form-di stri bdti on of mononers in the nmultipolyner
chai n. 31 9. THeemultipolynieyrofrclaim 8 velisreid thecreivipnitdleand theitril e and

the olefinically unsaturated nononmer are interdisperse andonm y t hroughout
t he pol yM@@Y&H&%‘qrﬁ%W%ﬁtﬂﬁd@gﬂ&fs%&ﬁffg?#‘f?’ﬁwe nonomer and

ol efinic t Ml :ﬂﬂm i hllefcdd\6F dBviohitiRb! e
melt - pro?élééshg*bzﬁhtg‘ﬁ%e egﬁg@@ﬁ&ﬁﬁ:ﬁ%%&%ﬂ}%\%i gh IS rrétza%? prlocessabl e in the
absence efhoserner ahdwlefrhizally tinziatgraaed momomewraresultiag in Bhe nul ti pol yner of

claim8 wherein the olefinically unsaturated nongner. is se]gcted fromthe
group cofbBesnaily stablg pelt-precessablnhempeeneais ‘}‘Hm,wi‘rﬁ‘ghacr yl ani des,

acryl am qe (Gt bY8Ld4aB1e PPN ot Sofbeht ¥R bladfizil Wenf ke S Vi Nyl

et hers,
water.

10. The multipolymer of claim 8 wherein the olefinically
unsaturated monomer is selected from the group consisting of
acrylates, methacrylates, acylamides, methacrylamides, acrylamide
derivatives, methacrylamide derivatives, vinyl esters, vinyl ethers,
vinylamides, vinyl ketones, stryrenes, halogen containing monomers,
ionic monomers, acid containing monomers, base containing |

monomers, olefins and combinations thereof.

11. The multipolymer of claim 10 wherein the acrylates are selected from
the group consisting of Cj to C_12 alkyl, aryl and cyclic acrylates, their
functional derivatives and combinations thereof; and wherein the methacrylates
are selected from the group consisting of C3 t§ Ci2 alkyl, aryl and cyclic
methacrylates, their functional derivatives and combinations thereof; and
wherein the acrylazni;ies and methacrylamides aré selected from the group
consisting of acrylamide, N-substituted a.llc&l and aryl derivatives,
methacrylamide, N-methyl acrylamide, N, N-dimethy! acrylamide and
combinations thereof; and whcrc-in-thle vinyl esters are selected from the group

consisting of vinyl acetate, vinyl propionate, vinyl butyrate and combinations



vi nyl am des, vinyl ketones, stryrenes, hal ogen containing nononmers, ionic
nononmer s, acid contai ning nononers, base containing nononers, otefins and
conbi nations thereof. 11. The multipol ymer of cl ai o ;
acrylates are selected fromthe group consisting ommnm!mr"mgm. al kyl ,
aryl and cyclic acrylates, their functional derivati*ves and £onol nati ons
thereof; and wherein the nethacrylates are selected fromthe group
consisting of CJerr] to CJerr] alkyl, aryl and cyclic nethacrylates, their
functional derivatives and combi nafj ons thereof; and wherein the

acryl am des and net hacryl am des are selected fromthe group consisti nlg of
acryl ani gReredfsaha vticrent tiad kirlyl athierarare selacted fiope she SEORREGOPSHHRREO! 2
N-net hyl acrylam de, N, N-dinethyl acrylam de and conbi nations thereof; and
wherei n ey oybing? keidrspeda shefliattled, oyl dingh ethar andsombingtionsvi ny|
acet at e, nyl “propi onate, vinyl butyrate and conbi nati ons 32 thereof;

and wher gj i d hongthe Toasistingdf a
derr] t%%%ﬁ#é%%fﬁgﬁﬁé?g?{et yild%\%'}ﬂ?{slsae?ﬁ&ér, but yl gﬂ& et her g;?ld

mbi nat i th f: d wh t L0y le 2] et
G oup comSPEk PYFoRRo0S haRRPBiraRS Hishipn, A IR RLE (REWEBIRACE RIS
Lo G er r[saesioR TR GHEETONPH AN ok Cughee SR KIPRED Sk Rerond
conbi nati ons thereof; and wherein the styrenes are selected fromthe group

consi st i rouwl vimylketong easkcombinatians thegeofs and wheraln dhgSYHRESATRUI a

[err]

selected from the group consisting of methylstyrene, styrene, indene, a styrene

of the formula

wherein each of A, B, C, and D is independently selected from
hydrogen (H) and Cj to Cq alkyl group, substituted styren_es,
multiply-substituted styrenes and combinations thereof; and wherein
the halogen containing monomers are selected from the group
consisting of vinyl chloride, vinyl bromide, vinyl fluoride, vinylidene
chloride, vinylidene bromide, _vinylidene fluoride, halogen substituted
propylene monomers and combinations thereof; and wherein the ionic
monomers are selected from the group consisting of sodium vinyl
sulfonate, sodium styrene sulfonate, sodium methally] sulfonate,
sodium acrylate, sodium methacrylate and combinations thereof; and
wherein the acid containing monomers are selected from the group

consisting of acrylic acid, methacrylic acid, vinyl sulfonic acid,

o



wherein each of A, B, C and Dis independently Setected—fram hydrogen (H
and Cferr] to (Jerr] al kyl group, substituted stm '

mul ti ply-substituted styrenes and conbi nations t M, ’w?, in the

hal ogen contai ni ng nononers are selected fromthe gk g of vinyl
chloride, vinyl bromde, vinyl fluoride, vinylidene chlori des, Vi nyl i dene
brom de, vinylidene fluoride, halogen substituted propyl ene nononers and
conbi nati ons thereof; and wherein_the ionic nononers are selected fromthe
group consi sting of sodi um vinyl ddl fonate, sodi um styrene sul fonat e,

sodi um nef hal |y i | | a8 wisGdiritherbasmcryl at e and

conbi nat ilganc;%ntl%%@S%a;%ﬁvﬁgggbﬁqiﬁgﬁb%&cont ai ning nongnerg are sel ected
from t he @tningnababinegs afe seleytddirani the gEMEPRSIPUBESI YW nyl sul fonic
aci d, 33 itaconic acid and conbi nations thereof;  and 4. the base

wher el

cont ai ni npymdiner2raminecthyl-dtaerylamins. . ramjReRPRYST ‘|a§f3flﬁ§ﬁ8$' Vi nyl
pyri di ne, 2-am poethyl - cryl.am de.. 3-am - kippisde, 2-
am noet hy%?%ﬂf@?@ggh%#%?ﬂﬁﬁ%?ﬁ%{ﬁgtgBérlq conbi nati ons t hereof;
and wher ey, LG c?%@?eiﬁr?xesﬁéﬁﬁéﬁﬂefsékﬁtd&ﬁoﬁi thpgmupscansisgngf i sopr ene,
but adi ene, .(ﬁ_er'r to (Jerr] straight chained,an b(ri%gcheﬁ 3' pha- ol ef i ns,
pr opy| eneof isopyermcbutasiont, 2 i Cadstr [“?‘Iaé‘h@ Lanc QFERERE® and conbi nati ons
thereof. 12 The mul ti pol ynmer of claim 10 V\herelé‘{). tlpnelgacr%/l tes are sel ected

“ﬁy F? 2

from the gimhasolefing, Propyene. alvigne. dsoytyiens, e, phenyl

acryl ate, bll_).llf!éxgt and combinations thereof.

12 The multipolymer of claim 10 wherein the acrylates are selected from
the group consisting of methyl acrylate, ethyl acrylate, phenyl acrylate, butyl
acrylate, isc.>bomyl acrylate, 2-hydroxy ethyl acrylate, 2-chloroethyl acrylate, 2-
-ethylhexyl acrylate and combinations thcreof;!'axid wherein the methacrylates
are selected from the gfoup consisting of methyl methacrylate, ethyl |
methacrylate, phenyl methacrylate, butyl methacrylate, isobornyl methacrylate,
2-hydroxyethyl methacrylate, 2-chloroethyl methacrylate, 2-ethylhexyl

methacrylate and combinations thereof,



°

acryl ate, isobornyl acrylate, 2-hydroxy ethyl acrylate, 2-chloroethyl

acryl ate, 2- ‘ethyl hexyl acryl ate and corbinations thereof; and wherein the
met hacryl ates are selected fromthe group consisting of nethyl

nmet hacryl ate, ethyl nethacrylate, phenyl nethacryl ate, butyl methacrylate,
I sobornyl methacryl ate, 2-hydroxyethyl nmethacrylate, 2-chl oroethyl

net hacryl ate, 2-ethyl hexyl nethacryl ate &@ad conbi-nati ons thereof.

ABSTRACT

A PROCESS FOR MAKING A HIGH NITRILE MULTIPOLYMER PREPARED
FROM ACRYLONITRILE AND OLEFINICALLY UNSATURATED MONOMERS

A homogeneous, high nitrile melt processable acrylonitrile olefinically
unsaturated multipolymex" and a process for making the multipolymer,
comprising polymerizing a mixture of acrylonitrile monomer and one or more
oleﬁnically unsaturaied monomers, in which the rate of addition of the
multimonomer mixture is set by the rate of polymerization so that the
concentration of unreacted acrylonitrile monomers and unreacted olefinically
unsaturated monomer(s) is low and the polymerization process is in a monomer

starved condition.

~ B-108%ua.



