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Title: PROCESS FOR POLYMERI ZI NG ACRYLONI TRI LE
Technical Field This invention relates to a process
.for polynmerizing acrylonitrile. More particularly, this
i nvention relates to a process for naking pol yners of
acrylonitrile, and copol yners and nul ti conponent copol ynmers conpri sed of
acrylonitrile and at | east one other polynerizable conononer. 5

Background of-the Invention -1- It is known to

pol ymeri ze acrylonitrile usi ng radical and anionic reactions.
These reactio re ' r

preci sely con[ﬁ 1 i ng p%ﬁgﬁégﬁﬁfﬁmiﬁgﬁﬂéﬁﬁﬂ%ﬂq he pol yner
product are not available. 10 It woul d be advant ageous
to provide a polynerization process wherein precise control of
mol ecul ar wei ght and the achi everrent MLMLM pol ydi spersity
coul d be obtained. Such focess co | el d rs t hat

exhi bit highly uniform ﬁHSFWHUJP é?ﬂ;?é? EQB’J“?TFF'?%@CMH"'WGHEM

of well definqgoRobiriRUldryS thidGhidrifon SRS ta%/emc%%s%ﬁmﬁﬁng&gﬁg?iq ﬁg 15

the present invention. _
| nventi on acrylonitrile, and copolymersharad hﬂmmpbnéﬂl abdpslyhiers convsessd 6Pr

pol ymerizing acrylonitrile, nprisin (A) formng a

pol yrer i zabl e asryipnitalecang at deasy oalﬁgﬂlwmmlvmeﬂza le comonomghoner, sol vent
and agnetal catalyst; (B) cont acéd ol Venlld h an 20

initiator, said initiator being p consisting of

sul fonyl hal il Rsknd\@h @B g RBH£é hbﬁwemﬁﬂésﬁsiﬁgﬁﬂcal and anionic
hal opropionitriles in the form of nonoadduct s derived from

sul fonyl hal i deactigns.ad hﬁsgmewﬁm@ amdmmmm smcontrolled andd¢echridués dar

bstituted sul f d t
2eryl lfn?i?i | e Preistly GRabeliRgnpalvAIRRsTERG e TIRIeHAr eeiaht @ tha polymer

hal i des, I riles, substltuted hal opropionitriles in
the form of ngr%%%lc u%ﬁswm'%‘é derived from sul fonyl halides and

acryfionitrile, or nonoadtiwahdd theradvatitégenus to provide a polymerization process
wherein precise control of molecular weight and the achievement of a narrow
polydispersity could be obtained. Such a process could yield polymers that
exhibit highly uniform and reproducible properties based on the achievement
of well defined polymeric structures. These advantages are achieved with

15 the present invention.

Summ io

This invention relates to a process for polymerizing acrylonitrile,
comprising: (A) forming a polymerizable mixture comprising acrylonitrile
monomer, solvent and a metal catalyst; (B) contacting said mixture with an
20 initiator, said initiator being selected from the group consisting of sulfonyl
halides, halopropionitriles, substituted halopropionitriles in the form of
monoadducts derived from sulfonyl halides and acrylonitrile, monoadducts
derived from substituted sulfonyl halides and monomers other than
acrylonitrile; or polymers containing end groups derived from sulfony! halides,
25 halopropionitriles, substituted halopropionitriles in the form of monoadducts

derived from sulfonyl halides and acrylonitrile, or monoadducts derived from



- 2- ' substituted sul fonyl halides and nononers other than

acrylonitrile; and (O pol yneri zing said acrylonitrile nonomer
to forma polynmer conprised of acrylonitrile. In one enbodi nent,
the polynerizable mxture in step (A further conprises at | east
one pol ynerizabl e conononer other than 5 acrylonitrile, and the

pol ymer formed during step (C) is a copol yner conpri sed of
acrylonitrile and said at |east one other .polynerizabl e

cononormer . Description of the Preferred

Enbodi nent s SUbeg"th sulfonyl halides A8 riBRGHRFs bB%r 'h%npéérV{H?ﬁf'r ﬁ&??'j(‘aal é?)one,

accordance with I nventlve process can be acrylonitr

or acryl oni tr ipotymeriziagbsaidt acnylonitrile monomarrtto foren & polynsempobiipeisedadt e
conononers ot her than acrylonitrile. The . other polynerizable
cononomer can 3GEYIgRNIRs ndRePne erekediment; dhe grolymerizable mixiig ey stepnbh) i s

copol yneri zabl L.t h A L EL ._nc|
acrylonitril efggﬂeba‘f‘% S|,E8§C%J§'/| '%?%S,W°AX&‘%§§%%, %g% oa%e{je%t,he\'}i T‘Pﬁn
esterg, 15  acrylomitfild, @hdetie polymber aforaRY durifyl stép AMISis o WopoRimer
hal ogen contai ni ng mononers, ionic nononers, acid containing
nmononer s, bas&ompfisgachiafy acrylonitrile antbraai@r 8t least ians ather npalymerizable t wo
or nore thereqf. The copol yners produced by the inventive
process can b&BMUPC-andom or al ternatin copol yners, bl ock
copolyners, graft copol ynepeschibtibh ! df thle W férpe 5 di . They can
have a conononer content of up
enbodi nent up to about dhenwhendmernnithat nisopelyendromidintacgord aned amith 7the
nol e (6; and in one, enbodi nent u tagﬁgbo_ut 50 mole % and.i.n one

me

enbodPrent up MYPREDSUBroLssTAan By agrdonitrilshglosgrp Sdiacevienithle b epbination
mole % They Gg htb‘?'nesélf A8 pdivlen2anI8" cdthBREMEFs o'tﬁ]?rofﬁpanegq}gﬂ:lnr{fﬁﬂé: THE 25
pol yner produced by the 1 nventive process s an acrylonitri onopol yrer.

The acryl oni t oither golyvatizalls dormaonsktiet ainabk yanys wistiorhet @8 combination of
acrylonitriles. The alkyl groups typically contain from1l to about 20

car bon monorgeethat imeopelymerizablgouitimastylanitide spenemen Theswinchades,
and in one

acrylonitrile derivatives, acrylates, methacrylates, acrylamides, viny! esters,
15 vinyl ethers, vinyl amides, vinyl ketones, styrenes, halogen containing
monomers, ionic monomers, acid containing monomers, base containing
monomers, olefins, and mixtures of two or more thereof. The copolymers

produced by the inventive process can be either random or alternating
copolymers, block copolymers, graft copolymers, or multiblock copolymers.

20 They can have a comonomer content of up to about 99 mole %, and in one
embodiment up to about 90 mole %, and in one embodiment up to about 75

mole %, and in one embodiment up to about 50 mole %, and in one
embodiment up to about 25 mole %, and in one embodiment up to about 1

mole %. They can be straight chained or branched. In one embodiment, the

25 polymer produced by the inventive process is an acrylonitrile homopolymer.
The acrylonitrile derivatives include the alkyl substituted
acrylonitriles. The alkyl groups typically contain from 1 to about 20 carbon

atoms, and in one embodiment 1 to about 10 carbon atoms, and in one



- 3- enbodi mrent 1 to about 5 carbon atons. Exanpl es include
et hacrylonitrile and ethacrylonitrile.

The acryl ates include al kyl, aryl and cyclic acrylates such as

nmet hyl acrylate, ethyl acrylate, phenyl acrylate, butyl acrylate,

2-ethyl hexyl 5 acryl ate, isobornyl acrylate and functional
derivatives of these acrylates such as 2-hydroxy ethyl acryl ate,
2-chloro ethyl acrylate, and the |like. Thege conmpounds typically
contain from1l to about 12 carbon atons, and in one enbodi nent 1
to about 8 caghfibdineRE 1 fabbilt Sebdon Sromsl EkBplaCintlietmethacrylonitriléd! €
preferred. 10 The nethacrylates include (Jerr] to
about ([err] anRydthacrwonitnild. cyclic met hacryl at es such as net hyl

net hacryl ate, ethyl nethacryl ate, hutyl t hacryl at e,
et vl hewyt et hacr vi athe Seiaes Jaciide sk @rvi spBguals derviatés such as

th | ate, ' L AL _ 2-
yar oxyot hyl | Pty #EtiAc et A Bbhytate) KRanl abRRE, BRIIACYIR 22 ctliiMeRpl O
15 5 coapopates isobpiney dcyylateanad furictional dedvathes oflthees 'depylatdsosdich and

I n one enpbodi ment 1 to about 8 carbon atons. Methyl nethacrylate
i s preferred. a 2-hydroxy ethyl acrylate, 2-qijere @thylaasrylate; apduthe like.y| Eheste

i i vati i - . i d.al kyl _and |
ori var oo, | RPN songain from 1, abbit P2 daBlT Aoplt pedTA e
N, N-di met hyl  apibddiiierle ] @Nabdes chitton dttend.i MdthgPasryfatt HHdUEyE Gcrylate

vinyl acetate, vinyl propionate, vinyl butyrate, and the like, with vinyl
acetate are prefegiedg preferred. The vinyl ethers include vinyl ethers

bat y G nyl Cether. and ¢ fbemethaoryates include &'t Ao Gra lkel i ansb ¥ty
am des havi ngpdethacAf SuER' B "MRHATE MdthbEAIAS, ethyl methacH/R¥L, butyl
ke. ﬁ e nesmcue\y fé’

pyrrolidone, and the |i The vi nyl to d I nyl ket Ones
havi ng 1 to abwathaérytate)o2-ethyglhexyinatethiaorylatehypheny | methaorglatduisdborayl
ket one, and the |iKke. The styrenes |nclude styrene,

i ndene, and sOMthaeiatg. angrfunetional derivatives; b thasennethassylates suehasa2-
hydroxyethyl methacrylate, 2-chloroethyl methacrylate, and the like. These

15 compounds typically contain from 1 to about 12 carbon atoms, and in one

embodiment 1 to about 8 carbon atoms. Methyl methacrylate is preferred.

The acrylamides include acrylamide and its derivatives including

the N-substituted alkyl and aryl derivatives thereof. These include N-methyl

acrylamide, N,N-dimethyl acrylamide, and the like. The vinyl esters include

20 vinyl acetate, vinyl propionate, vinyl butyrate, and the like, with vinyl acetate

being preferred. The vinyl ethers include vinyl ethers having 1 to about 8

carbon atoms including ethylvinyl ether, butylvinyl ether, and the like. The

vinyl amides include vinyl amides having 1 to about 8 carbon atoms including

vinyl pyrrolidone, and the like. The vinyl ketones include vinyl ketones

25 having 1 to about 8 carbon atoms including ethylvinyl ketone, butylvinyl
ketone, and the like.

The styrenes include styrene, indene, and substituted styrenes

represented by the formula



- 4- [err] . 5
wherein each of A) B, C, D, E and F is independently sel ected from
hydrogen, Cerr] to about CJerr] alkyl or al koxy groups (especially nethyl

or met hoxy groups,) hal ogroups (especially chloro), thio, cyano,
carboxylic acid 10 or ester, or fluorinated alkyl groups of 1 to
about 4 carbon atons. “The hal ogen-cont ai ni ng
nmononer s include vinyl chloride, vinyl -4- bronide, vinyl fluoride,
vinyl i dene chloride, vinylidene brom de, vinylidene fluoride,

hal ogen substituted propyl ene nononers, C?f-—ftlllﬂe like, with vinyl _

brom de and vinylidene chloride being pretrerred. The ionic nononers include
15 sodi um vinyl sulfonate, sodiuum styrene sulfonate, sodium

met hal | yl sul fonate, saodiu rylate, sodium nmethacryl ate, and
the like, with sodium Vi FonaBe, sodium styrene sul fonate
and sodi um net hal l yl sul fonate pbei ng preferred.

The aci d contai ni ng nononers incl rc—aCi d, nethacrylic 20 _
acid, dvinyl sulfonic acid, itaconic acijd, and the like, with itaconic acid
and vinyl sulfonic acid being preferred. The base containing
nmononer s i ncl ude vinyl pyridine, N-am no ethyl acrylam de,

N-am no propyl acrylam de, N am noet hyl acrylate, N-am noet hyl
met hacryl at e, velereimeedchkef AheB,0IGGfDPSE and F is indépendeitly SeRic?8@, from
but adi ene, Cerr] to about err] straight chained and branched 25

al pha- ol ef i ns hydiegen.a&: ta RhositeC, @lioyypemikongroupe  (espedially Iresthy! or

koo w1 ot MREY WouBET baRGdues (e3Eaiy chiclShahi <VaBR, ERGoKIIG acid
- but qige, or ester, br flifRidted hiky? gréMss oPql a6 G £'dafBon atoms.

The halogen-containing monomers include vinyl chloride, vinyl

bromide, vinyl fluoride, vinylidene chloride, vinylidene bromide, vinylidene
fluoride, halogen substituted propylene monomers, and the like, with vinyl
bromide and vinylidene chloride being preferred. The ionic monomers include
15 sodium vinyl sulfonate, sodium styrene sulfonate, sodium methallyl
sulfonate, sodium acrylate, sodium methacrylate, and the like, with sodium
vinyl sulfonate, sodium styrene sulfonate and sodium methallyl sulfonate
being preferred.
The acid containing monomers include acrylic acid, methacrylic
20 acid, vinyl sulfonic acid, itaconic acid, and the like, with itaconic acid and
vinyl sulfonic acid being preferred. The base containing monomers include
vinyl pyridine, N-amino ethyl acrylamide, N-amino propyl acrylamide, N-
aminoethyl acrylate, N-aminoethyl methacrylate, and the like. The olefins
include isoprene, butadiene, C, to about C, straight chained and branched
25 alpha-olefins such as ethylene, propylene, butylene, isobutylene,
diisobutylene, 4-methyl pentene-1, 1-butene, 1-hexene, 1-octene, and the
like, with ethylene, propylene and isobutylene 4-methyl pentene-1, 1-butene,

1-hexene, 1-octene, being preferred.



- 5- The choi ce of conononer or conbination of
conononer s depends on the properties that are desired for the
resul ting copol ymer or mul ti conponent copol ynmer product. The
sel ection of such conmononer(s) is within the skill of the art.
For instance, copolyners and nmulticonponent 5 copol yners can be
made with acrylonitrile, nmethacrylonitrile, and styrene and/ or
i ndene that are characterized by rel ativel-g-hi gh heat distortion and
glass transition tenperatures. Milticonponent copolyners derived from

acrylonitrile, methacryl iy tdHdic ItdcdbioPohidreBe cﬂﬁﬁﬁfn%hb% BV f8RGmers

flexibility. Mul t 1 conponent copol yners derived from
acrylonitrile depentlamryltbenpropemmhatmre desiredcforl thtecresaititigocopolymer or
nmet hacryl ates are characteri ze&%él ance

f

properties. Mitic Pﬁlﬂﬁﬂ?ﬁ&ﬁppe Hcﬁe&hpr gl o ngfa%l#%h eemeppmer(s) is
h | .
met hacryl oni t ijfin H?égkﬁlo&‘ Eﬁampqﬁ%ﬁc gé/ﬁglggi/dé? %r I lﬁ&?mponent

cont ai ni Nng nononers are usua racterize

Mul ti Gonponentcopobmhgre:tan ds maaib tvithmaeg/igmierile} mdthacrpbhiagley |aﬁal $tyréSe
and 15 hal ogen cont ai ni ng nononers generally have good fl ane
resi st ance and/or indepgsthat tase icharacterized by relatively high heat distartionl ancht

can be any mat sol.vent f.ar the copol ymer
or nulti corrpor?iéés 8&8%?3'5‘%&}8{9%&@“%%”9“ copolyﬁmeir%%ﬁ%vegeﬁ'oa/
process. ThesgcrylehHfR, %ethabrylcﬂ’ﬁtrﬂe Bhariyékﬁ.ﬂ?leﬂbfﬁ’édé?all%a\?é)good dlex1b|I|ty
fornyl hexanmet hyl eneimne, N-nitrosopiperidine, Tmalelc anhyd

chl oronal ei ¢ Mulyl&pnumnesmcopolymeraldpdlvedéromcmwlnmﬂgfdneﬂtacrwnmtaleomd:

anhydqri de, y-butyrol act dloxan p- di oxanedi one, ethyl ene oxal ate,
ot hyiBhe car ba?aY'atespﬁeﬁi}aremﬂa%qrM 6% ao Zhaxacislizem by, SnOARAeH, processing

pyri done, )pqibﬁag ;hqumg#mﬁansm[sa&rymé}aold%mm oAt BXlyiditiRm de

N- et hyl - [ er r methacpdbhittifeor ivase deontaining monom@rﬁoaﬁﬂlmcaﬁy&oxyl group
a- cyanoacet am de, N- net hyl acet am de, di et hyl acet am de,
di net hyl acet &eNgRInNAVANONgMass hyrmvﬁeﬁ!gvadmaamt@azed by good colorability.

N S et 836 Y e Mg TR B o g

15 halogen containing monomers generally have good flame resistance
characteristics.

The solvent can be any material that is a solvent for the

polymer, copolymer or multicomponent copolymer product made by the

inventive process. These include o-, m-, or p-phenylene diamine, N-

20 formylhexamethyleneimine, = N-nitrosopiperidine, maleic  anhydride,

chloromaleic anhydride, succinic anhydride, acetic anhydride, citraconic

anhydride, y-butyrolactone, dioxanone, p-dioxanedione, ethylene oxalate,

ethylene carbonate, propylene carbonate, 2-oxazolidone, 1-methyl-2-

pyridone, 1,5-dimethyl-2-pyrrolidone, e-caprolactam, dimethyl formamide

25 (DMF), diméthylthioformamide, N-methyl-B-cyanoethylformamide,

cyanoaceticacid, o-cyanoacetamide, N-methylacetamide, N,N-

diethylacetamide, dimethyl acetamide (DMA), dimethylmethokyacetamide,

N,N-dimethyl-o,o,a-trifluoroacetamide, N,N-dimethylpropionamide, N,N,N’,

N’ -tetramethyloxamide, hydroxyacetonitrile, water, mixtures of water with



- 6- protic and aprotic organic solvents, supercritical fluids,
chl oroacetonitrile, chl oroacetonitril e/ water,
[err]-hydroxypropionitrile, malonitrile, fumaronitrile,

succionitrile, adiponitrile, bis(2-cyanoethyl)ether,

bi s(2-cyanoet hyl )sul fi de, bi s(4- cyanobutyl ) sul f one,
1,3,3,5-tetracyanopent ane, nitromethane/water 5 (94:6),
1,1,1-trichloro-3-nitro-2-propane, tri(2-cganoethyl)nitronethane, 3-

, 4-ni trophenol , nethyl ene dithiocyanate, trinmethylene dithiocyanate,

di net hyl ene s [ : e 4 | desqdi . e,
cthyl oyl PIPTS &R BPRRID orddiie SRR PaRSer Rl #iq) Rbiostotik e

(et hyl sul f one)chlatoaeétonitridveater,t -hydrekiptopidwisrile] traalonitrilelr femacdnitrile,
nitric 10 .acid, p-phenol sulfonic acid concentrated agueous
lithium chl osuggionitrile, adiponitgiis, ckig{2-syanoethybsthers ibis(2-eyanaethyl)sulfide,

concentrated 0 ' [ t ongent rat ed agueous
sodi um t hi ocy%ﬁ%‘? e acn?r?gjgkl?%%%' 1'3'3'5'_"833‘?&%@%5&83 c in&ﬁ??ﬁ%@ﬂﬁ&%gf

nol t el quat er RRAYB)ANTTINT LACRRYS-3-[Hifd-2propane, tri(2-cyanodtARfrofitHhheNS.
and m xtures of two or nore thereof. A preferred solvent 15 S

et hyl ene car bofzniyophenol, methylene dithiocyariate, ntrimethylené y dithiacydreatany
netal catalyst,that is capable aof ent eri into a redox reaction
with the initmeMyene SHEPXiE (PIMSO), tetramethiviene sulfoxide, dlipethid selfonsy
Ni, Fe, Co, S r,é@w k r m xtyre of
two or nore t %rrlgof",‘ W 'g %u&ﬁ%éi ?g‘yé}spg&?g{wjyﬁgm e'rs?'é%'.‘e'l i tla}glgnsoni‘ 2Bl
enbodi nent, t ethyddulforss), idimetiwdr pisesphife, adiethyl ysteosphite, gulfuritnécidy ritrig -
The petal , which is initially in salt form(e.g., halide,
espedPal |y chidgid.g@-phenol sulfonic agidni gencentratede aamestiat dthivpy . ghlorideysed
I n conbinatio ' r | : g LRY | a L.eh
conpl exes ther&r?ﬁ: gﬁ?rggﬁn%ﬁ@s&osf e %'Flagﬁlkt @&Pcefn%dﬁa Fﬁgéﬁ#f%l}'%ham

material incl pdechloritepi syhcshtigtedn iRousalsodhimt RRickYanatd)e cdhcentrated
derivatives including those that are disubstituted with al kyl groups,

carboxyl i ¢ es@gregus gplsiumythincwanatesmolten| quatemary @mmienjun sangf theit o
cbout 20, car b8 BRBhe! g WEfEBE 5 oPRBHE i B Whest e S
15 is ethylene carbonate.
The metal catalyst can be any metal catalyst that is capable of
entering into a redox reaction with the initiator. The metals that are useful
include Cu, Pd, Ni, Fe, Co, Sm, Zr, Mo, Pt, Re, Mn, W Ru and Rh, or a
mixture of two or more thereof, with Cu being especially preferred. In one
20 embodiment, the catalyst is comprised of a mixture of Cu (l) and Cu {ll). The
metal, which is initially in salt form (e.g., halide, especially chloride or
bromide, cyanide, acetate, etc.), is used in combination with an organic
ligand forming material which complexes the metal. Examples of the organic
ligand forming material include 2,2’-bipyridine and derivatives thereof, the
25 derivatives including those that are disubstituted with alkyl groups,
carboxylic ester groups, cyano groups or fluorinated alkyl groups of 1 to
about 20 carbon atoms, and in one embodiment about 1 to about 10 carbon

atoms. Examples include the 4,4'-dialkyl- 2,2’ bypyridines such as 4,4'-



-7- di met hyl -2, 2' - bypyri di ne, 4,4'-dinonyl-2,2"-bypyridine, and
the like, as well as 4,4'-dicarboxylic ester -2,2 'bypyridines.
The initiator is a sulfonyl halide, hal opropionitrile, substituted

hal opropionitrile in the formof a nonoadduct derived froma sul fonyl

halide 5 and acrylonitrile, or a nonoadduct derived froma
substituted sul fonyl halide and a nononer other than
acrylonitrile. The sulfonyl halides includg.the sul f onyl

chl ori des and brom des. The sul fonyl halides include substituted and

unsubst it ut ed oty 5OBbytilhied e - RoAIR 203 B\ SIRGIAY PAENRE s well

aliphatic ydr oc on’ sul f ony ogenat ed sul fony
hal i des, and asl4,dedicarBoxylic estercﬁrﬂ’bypyrlglrtesl fonyl hali des The
substituted aryl sulfonyl halides include th lilglq or al kox
substituted aryl sul f onylheniitiates is W'@W'th?é‘dﬁi k‘?|°9§ﬂﬂ'°&! ysubstitute

substituents dv.hav i e .

enbodi ment 1 {hémgggé O}aitg?ecg’rt})‘o 19’(!1'?"0 ‘I"‘%‘g"&%‘ﬁ‘%ge"% fr %gplfgplyl halide

hydr ogar bon sanbicir|lonftiie) &y srPnbrddGe &éfl\ﬁd@ﬁ?btrﬁ@@ubétlﬁftémsﬂﬁ‘oﬁ?l ﬁSlidH i ne
atons, and the aliphatic portion typically contains 1 to about

20 car bon and a mogomes othed than @ceylentttlsi. ndie guifenyl HwlidesOnchudeothe

atons. Exanpl | syl e are usef ul

i ncl ude: ort h8u'f°ﬂ’é|t‘§“°r6qeﬁ3§?%h ﬁ;‘% The surhymyl ﬁﬁ'é‘gfzse' p'at.‘?l subsjituted and de:
ortho-, neta Z54he o
nmeta- or par augﬁ?gﬁﬁggggﬁéuggﬁ?ony e%’#‘é)@g#ated anﬁor]onhalé‘éblr%i%&jghp Réie!
par a-fl uoro bdalydemrmrbohfmntdnwHiatid'esl,ehahrgelnated sﬂtfanybhahdaesa a'midermlhﬁe!sane
sul f Byl chloride; orth nmet a- gara carboxylic ester benzene sulfonyl

chl o and cPREainingsu mwﬁ&esef A SuRstided ardsulfonyhhalideshipgludesthson

d
U rony SR sl ltstutod driE SRSRITaIe 2 WhERlh tho okl Shl ko, o
25 sulstibstituemsb i tlgicalclhade Jukd usdutc B0 rdafill&an Tanm®neapddis torid1at

Is in the form of a substituted halopropionitrile is an adduct
formed by theemhedimantol tmyabout 10 carbosy atemsabolhe halegenatadsaliphatic

vl ges, 0 £ PSR kB e FaCimisoty semor SR BT SRgq B oHRSAg ©
acryhgni tril eatémsD andotHd aflighale partidh aypRaAY cohtinsaNYVtoPhbblie 28 e4fson
atoms, and in one embodiment 1 to about 10 carbon atoms. Examples of

the arylsulfonyl halides that are useful include: ortho-, meta- or para-methyl

benzene sulfonyl chloride; ortho-, meta- or para-methoxy benzene sulfonyl

chloride; ortho-, meta- or para-chloro benzene sulfony! chloride; ortho-, meta-

20 or para-fluoro benzene sulfonyl chioride; ortho-, meta- or para-bromo benzene
sulfonyl chloride; ortho-, meta- or para-carboxylic ester benzene sulfonyl

chloride; and the like. Examples of the halogenated aliphatic hydrocarbon

sulfonyl halides include trichloromethylsulfonyl chloride,
trifluoromethylsulfonyi chloride, and the like. Examples of the halogenated

25 sulfonyl halides include sulfuryi chloride. The monoadduct that is in the form

of a substituted halopropionitrile is an adduct formed by the reaction of any

of the above-mentioned sulfonyl halides with acrylonitrile monomer. The

monoadduct derived from a substituted sulfonyl halide and a monomer other

than acrylonitrile is an adduct formed by the reaction of any of the above-



- 8- menti oned sul fonyl halides with any of the above-nentioned

pol yneri zabl e - conononers other than acrylonitrile. Exenplary
adduct s include the nonoadducts fornmed by the reaction of any of.
t he above-nentioned sul f onyl halides with acrylonitrile,

styrene, methyl nethacrylate, nethyl butyrate, 5 vi nyl acetate,

ethylene, and the like. In one enbodinent, the initiator is a
pol ymer contai ning end groups derived fronogany of the foregoing sul fonyl
hal i des, hal opropionitriles, substituted hal opropionitriles in the form of

monoadduct s desémbshdd eS|l aYlesWBith Gy 8 the byl @Rhdrtdrid folyRRIpARIICE S

derived from substituted sul fony nononmer s ot he
acrylonitril ecofmrormerd ethér sthah acpdopitele. t oOExémplarguatidectd dgicluge an

b ttached i I | ene I de. . In the practice
ofe ? heagr 2seh§“$€ﬂm%£%f‘frﬁée é{’ Jhe Feactionpf any of the aboyg-mentioned %Oléﬂonybd
out in soluti . | O, S| ' I I.n

phase or mnul t?\%f'gggﬁgggs&%%ﬁ?’egﬁgﬁﬁ%eh{ﬁtﬁglsﬁheéﬁlg%&lazcﬁbg%%%ﬁ&tw@tﬁ' 5
(e. 9.5 as | owvirsylGacktats, ithylhes 4R tABTIGD R bAe [EnBodinfiRlthe idiflafaldta 20

at nospheres). In one enbodj ment, the concentration of the solvent is
rel atively | omolysoek cpotaining erd igsepsideriped tfraynl any of sbie £otegping sulfohyl

present inventi can _be practiced as, a.sem conti nuqus. Qr continuous

Pt ocess. 20- haiies, Ralsprpishitrics,; Siafigiey [ BAGpRRIHes! & BRoREM of
pol yneri.zabl e gsButienRtd dérived from sulfortyi hafid¥s and¥eryIBhi iIe?Bf ?Adfﬁ)tadlﬁh@ts
m xed with the solvent. The nononer content (acrylonitrile
nononer and pdeyivedi fadihe substitutedr §alfonyll haligesi and monomers tothiee athign

about 50%to aboyt 90% by wei ght, and in one enbodi nent about
5596 10" about S9RITHE: N MME GRGURAR PERSTE 1 MIER URh A GroupscEar
sol vent cont egg étg%%%%sg%@gbhé%ﬁg o‘%)d)é‘t 50% by wei ght, and in one

enbodi nent about y wei ght of the polynerizable _
reaction mixture. In the practice of theTpfeseal VineehtaR! the' paRimérizdtion ur e

is placed in a reaction vessel . The reaction vessel is purged
with an inert PEREessdsEaArried aut ingyplution, emulsion, suspension or in bulk, as a single
phase or multiple phases. Pressure can be atmospheric, subatmospheric
15 (e.g., as low as 0.1 mm Hg) or superatmospheric (e.g., about 1 to about 20
atmospheres). In one embodiment, the concentration of the solvent is
relatively low. Bulk polymerizations are particularly advantageous. The
present invention can be practiced as a semicontinuous or continuous
process.

20 Initially, the acrylonitrile monomer, polymerizable comonomer(s)
(if any), and metal catalyst are mixed with the solvent. The monomer
content (acrylonitrilte monomer and polymerizable comonomer(s), if any) is
typically about 50% to about 90% by weight, and in one embodiment about
55% to about 80% by weight of the polymerizable reaction mixture. The
25 solvent content is from about 10% to about 50% by weight, and in one
embodiment about 20% to about 45% by weight of the polymerizable

reaction mixture.
The polymerizable reaction mixture is placed in a reaction

vessel. The reaction vessel is purged with an inert gas, such as nitrogen,



-9- argon, and the like. In one enbodi nent, the inert gas purge

is continued t hroughout the pol ynerization reaction. The
pol ymeri zabl e reaction m xture is heated to a tenperature in the
range of about 40[err]C to about 120[err]C, and in one

enbodi nrent about 50[err]C to about 100[err]C. The tenperature of the 5

pol ynmeri zation reaction is maintained in this range throughout the process.
The initiator is added to the polynerizabl.g.reaction mxture to

start the polymerization reaction. The initiator is typically added to the

L on react | on. itiator is |
beginning . crodR: 8nd e ep 2 on @ rBBRimett b et ot BERaells, Eomued ca

be det er m ned thyoughout the pohaaerizdtion adction! Fheapdlymerizabietssctioh mbeure
initiator that is required is . det ernined by the nolecul ar wei ght
of the pol yners hgated to ademperature ifcthe range of abguteArGdo abiet 1:2Q € .0and he
nol ar concent ratjaon 3 ° oncentration, of the
initiator det e"?%n%e%ﬁg)? %%ﬁfép éﬂ%‘g@vgﬂ;&l ghmljts 1t eC' The f@mperagtg’ree%f ©

pol ymg i zat i oipodymetigati® véddtith ROnAtbinedTihi thislRfiigRetHRbudRout the process.
polymerization nultiplied by the nol ecul ar weight of the nononers

deternmines the nol ecul arTthlrgﬁatomfis pdgepdpyﬂmrpolymerizable reaction mixture to | In
s oritical andattning papimefeaort readian. e et HRICAN added doothe
Sl tancoustye g oy s 504 shdle ol ibn,  The nietor i added at the beginning

pol ymer i zat i ortormatritain theslesired polymieszation mateynwhidhe edn dssndaterntiped by

o 1 nuous HoaaRIHIED in RBoYEIty e, ARIGHT I Gatte WTRIGH thet o redtared 15

eryl oni tri | o SEENREA0N the BIESRE, WERHCOP Mo Bonrer IEC R Ugkired, to e

pol yneri zi ng prepaved. Thearaiot ofrehe imsolar concentrati@e d MohynivH tadtie hedlaf han
about 10% by wei ght, and in one enbodi nent not greater than
about 7% by wePggentratigni af dhe ipitinter ndaterminedataeempleatanconversion is théout

5% by wei ght t&%%?ge 08s tg&yﬁuoetrﬁlati%ﬁi %I{"t tt?ef rtegﬁlt%ogl ypr’r(ﬁ\r/rinzeir.ng Jﬂ'uxst lﬂeeg'ree of

15 polymerization multiplied by the molecular weight of the monomers
determines the molecular weight of the polymer.

In one embodiment, the molar ratio of initiator to metal catalyst
is critical and this ratio is from about 1:10 to about 10:1, and in one
embodiment about 1:1 to about 1:0.3.

20 Simultaneously, after, or preferably immediately after the
polymerization reaction has -been initiated, monomer feed containing
acrylonitrile monomer and polymerizable comonomer (if any) is incrementally
or continuously added to the polymerization reaction mixture in the reaction
vessel. The combined weight of the unreacted acrylonitrile monomer and

25 unreacted comonomer (if any), in the polymerizing mixture, at any time, is
generally not greater than about 10% by weight, and in one embodiment not
greater than about 7% by weight, and in one embodiment not greater than

about 5% by weight based on the total weight of the polymerizing mixture.



-10- The nolar ratio of the acrylonitrile nononer

to conmononer(s), if any, in the nmonomer feed is fixed and
constant throughout the pol ymeri zati on process resulting in a
honogeneous pol yner, copol yner or mul ti conponent copol ymer. The
pol ymer conposition is essentially the 5 same as the conposition of
t he nononer feed. The polynerizing mxture is
continuously or intermttently -f|yi tated by any known nethod,
such as stirring, shaking, and the Iike. Preferably, the ]
olynmerizing mxture is Y, t e
Iroea%:/t lon i sgcont | nued unti Wré;'hoz Ieoz?]érﬁlggltglreolénggggnder o ci%monomer(%

desired extentif ggneimal the fnnorlbﬁ’mufeewo/ist fixelt 0ahdO ¢¥netante thfcughodtdthe
in one enbodi nent from about 70% to about 95% conver si on.
The pol yneri zRalynerizalion processsresyiing sy admineaeneausipolymar, copolymer or

and S yothyionbtic SoRIRRL o TEE  péfylfer 19GHoBARA is Sekerdiy' thg

the c@cl usi oapie thh@@oYﬁ@délﬁaﬁ 0P thB §AGAOMNRr F8&d.PO! yer
product is separated fromthe reaction nmedi um using known techniques.

These incl ude precipitatThe polymgrizing swixtunet é5 dondimueushagrl attermitteray

| ati , et Al dvant age of on rrbod nment of_th|5|nvent|on|sthat
the pol ymer | z 28TBHO% 5 60Y Kowhomeshodic Suh s SUEInG! abakiBgy anghitim lik

concent r at i on FbferabYehe pANnb kiR rABRFPRASHHRRS) BgitSERAT 2L N0 | ne

pol ymer fromthe reaction |umaere at | y sinple ss costly than
with the techni ques used henrdaicuopns contintied until polymerization has procedd& to
nurrbﬁ:9 aver age, no| ecul ar wei copol ymers

and A ti conpdhedesizem sxisnt, ge'@?"@ﬁ\ﬁé@d” @PWF\@Q%\F@I@WEW conversipmoasits
Lyptcal LY, a5 g o et B rbal el RS AARE 100,
20,000 to about 200, 000 Th@pomezatmw mdcynhqelétbppaawcéémi%mhg an
1.01 to about (2.5, and in one enbodi ment about 1.1 to about 1.
inhibitor, such as diethyl hydroxylamine, 4-methoxylphenol, and the like, and
discontinuing the monomer feed.
15 At the conclusion of the polymerization reaction the polymer
product is separated from the reaction medium using known techniques.
These include precipitation using non-solvents, freeze coagulation, salt
coagulation, etc. An advantage of one embodiment of this invention is that
the polymerization process can be conducted with a relatively low
20 concen_tration of solvent, and thus the process steps for separating the
polymer from the reaction medium are relatively simple and less costly than
with the techniques used in the prior art.
The number average molecular weight, Mn, of the polymers,
copolymers and multicomponent'copolymers produced by the inventive
25 process typically ranges from about 200 to about 6 million, and in one
embodiment about 2,000 to about 1 million, and in one embodiment about

20,000 to about 200,000. The Mw/Mn ratio typically ranges from about
1.01 to about 2.5, and in one embodiment about 1.1 to about 1.3. An



advant age of the inventive process is that the nol ecul ar wei ght and the
MV Mh rati o can be precisely controll ed. The

pol ymer, copol ymer or nulticonponent copol ynmer made by t he

i nventive process may be further processed by spinning, nmolding, 5
extruding, and the like. Lubricants, dyes, |eaching agents, plasticizers,
pseudopl astici zers, pignents, delustering agents, stabilizers, static

agents, antioxidants, reinforciiqg agents, fillers, and the IiKke,
may be conbined with t he polyner. These polyners may be utilized
i n nunerous aggyh eOBf tﬁgq K S
s pipos. tubﬁ?édl g Qv%rr\'g[nllec pégcessa§ {lﬂa't f:lh%enfb?eédlgre ﬁ?gﬁp%ﬂh the
The poI YIers, Mwﬁﬂlnmecamberprbcllselvrm'mmed:opol yrrers pr oduced
by the inventive process prOV|de the particul ar _advant age of being

useful in applications thePrq w\?rlr@nﬂ'\gnegaémmqrepo copolaner magedayant
such Y. Rr,oduc ent. _contain cap
| i ners, sensi t | Vaiﬁ¥8§ﬁ9e a&%cgb%b@? gngg 1t[§'r ?ﬁ;oén&g é%y gah'm%ﬁ'ar éBPEﬂ?gb

fragr gnce/ f | aeRtruditicsNanh@rtheTlike. Lubricants, @Q@kr %écﬂﬂ'\@%ﬁerﬁé SbRisticPsers,
tenperature properties of these polyners allows for use in a

vari ety of appBE@d@PbﬁﬁClﬂﬁrﬁ. ngmntmdielﬂ$1Iermgaﬂﬁi’vrﬁs‘astahllmrs.cntauncbgents,

el ectrical applij:catiaops. ntrolled clarity vi stalllnlt

i 76 BhiEgkeRE, reirBotcita pus. Bibtarans e iR dey Bedermbinad it

| mproved hardm@?o er. These BERRrk $RayP Be lWifizéd Whﬁﬂﬁrﬁu@%ﬁ@ﬁ@&n&rﬁ%%ﬁjse
in maki ng sol vent resistant equi pment parts” and housi ngs
enhanced cr ysaalfor niseyasafibers, isheets,i films, pipes, tubingshaholded drtichsshiatidethen t h

thes polynerf are highly beneficial and nake possi bl e the
fabri@ation of i bers and films with superior performance.

Whi le not wishing to berhaupd)iedsn iy I\éljn%zré %_ntaem onyﬁ’gﬂ bnt ga%)o%ﬁfme

initiator used with the inv e pro crea
an peaduced Isypeite irvehtiediprategs mhivﬁie thnparticulat tativantayy 69 bbmb
chai n pol ynerization process. The role of the catalyst is to

activate the Upekul in appligations ‘ih'@é Feqiiee high gas barrier and @@N&Mtrﬁﬁﬁtmteﬁl{gh of
1o @0 RS S ) L TREERIGS, S S0t Lo e sopve
15 substance protection and vital ingredient or fragrance/flavor retention. The
controlled heat distortion temperature properties of these polymers allows
for use in a variety of applications including “hot fill’ and sterilization and
electrical applications. Controlled clarity via crystallinity and crystal size
control provide these polymers with added receptivity. Improved hardness
20 exhibited by these polymers enables their use.in. making solvent resistant
equipment parts and housings. The enhanced crystallinity and orientation
that can be achieved with these polymers are highly beneficial and make
possible the fabrication of fibers and films with superior performance.
While not wishing to be bound by theory, it is believed that the
25 initiator used with the inventive process (e.g., sulfonyl halide) creates an
active species (radicals) which can initiate a controlled chain polymerization
process. The role of the catalyst is to activate the initiator (i.e., decrease the
activation energy of initiation and therefore the temperature at which it will

initiate). Conventional radical polymerizations are accompanied by



-12- term nati on and chain transfer reactions and therefore the

mol ecul ar wei ght the pol ydi spersity and the structure of the
pol ymer end groups can not be controlled. Wth the present
i nvention, on the other hand, the specific conbi nati on of

initiator and catal yst enpl oyed therein overcones these 5

problenms. In the first step of the initiation, the catal yst reduces the
radi cal initiator (e.g., sulfomg. halide is reduced to a

sul fonyl radical) via a redox process and as a result the

catal yst beco 1| AT . onyl
radi cal ) can (ra’fiE tﬁﬂg?rati?g;{@ %ﬂ?ﬁ t?ﬁ?f&nﬁ%ggg@ﬁ% %hgth e?ﬁf?{ﬁ Bhn(al mqﬁcf‘celﬁ’ar Wﬁ&ﬂt’
monomer) or r dhetpolydispetsityoandithe dtasitateyof the pobanecend grobps aaridtige 10
radical initiator.(e.g.,, sulfonyl halide). This is a reversible process.
Thi's CO'BFQJB*@ES With, the peesant ipvertipRg oanthe ethen handg thedsregitic

takes place n . | I 0i.14 at 1,0 se of the Qcess
but al so duri ﬁ‘lg""?ﬁg‘gﬂ%p%‘éé’t"?'%”d%a n&_tgmt p%éié’%afi ﬂheggﬁr (§¥8rsc§):mq§.ﬁbese
creat & a revereblehss.t B thefitdtutep Fhiedhitiationg the _catalet reduRied thetragital
reaction provides a rapid exchange between the active 5

propagati ng r daitiedes (evai.cavlfemyldralidenisortidusad  toaasulforuh redicall méhya Iredox
trati th t i de. t ] t ed ' [ . Und

Chese ci rounn Ecets and8e FHisull3he eaeaii bearmos St 5HE refioed Wiiator ne

monomer (propggg.i ﬁuﬂ)‘oﬁl%&i@%méﬁ &t%ﬁﬂ%aﬁbﬁviﬂf‘iﬁé Wndﬁ@%%ﬁ!,%ﬁylonitrile

termnation) and thus suppress the conventional i1rreversi t'erni nat1 on

and 20 mghamer) parrehot witl dbesexidizéke catalysteta sagemarate the ssteeting
reactions are_ .. ... elimnated, the polyperization process becones
contn§ 1ed andadical iigator le.g., SUIF°“VMW§9§)5 Iﬂﬁ% I8 9 revergiblp) PyeRessz atlis

process. The f4 ' L\ .. ) ri :
process requi eréé%s%gg\r']%\feﬁ'at il;bgﬂ%aﬁm %ﬁ[{ﬂli g%’?'ggg{’ Porﬁdgr?%p tﬁ%ﬁ%ééﬁ ndt only
same tinme an iduringattheninitéatidr phagé ot hhe procedscbut Blvd diind the Pyapa@ation

reaction. 25 The second requirement is the absence of irreversible
termnation aidtasRafithe process. This greates o eauarsiblestermiaation eaetion. This

oo’ o) WY Foalfbfnbyightca. rapi, excnahgh BetygH0. b (5eb00
concdil r at i on ppbpadeting rearals2Whi¢hein Bhéi ethBodinterits @rk Nht drdleix@emely low
Is faster than propagati on and quantitative, the resulting polyner has one
concentration and the dormant halide terminated growing chains. Under
these circumstances, the propagating radicals react predominantly with the
monomer (propagation) and terminate with the catalyst (reversible
termination) and thus suppress the conventional irreversible termination and
20 chain transfer processes. When these conventional side reactions are
eliminated, the polymerization process becomes controlled and therefore
behaves like a living polymerization process. The first requirement of a living
polymerization process requires a quantitative initiation reaction and at the
same time an initiation reaction which is faster than the propagation reaction.
25 The second requirement is the absence of irreversible termination and chain
transfer reactions. Under these conditions, the molecular weight of the
polymer can be designed in advance since it is determined by the ratio

between the concentration of the monomer and the initiator. Since initiation

is faster than propagation and quantitative, the resulting polymer has one



- 13- chain end derived fromthe radical part of the initiator
and one chain end derived fromthe halide group of the
initiator. If the radical initiator has two, three or nore
hal i de groups (e.g., sulfonyl halide groups) the polynmer growh

can be in two, three or nore directions and as a result star polyners,

block 5 copol yners, graft copolyners, branched and hyperbranched
pol ymers and copol ymers can be_ffrned. The chain end of the
pol yner derived fromthe hal i de group can be utilized for the

Lo provi de bl ST SABABRYATSd thb Yaakiel Bare of the mitiatorahd B bngh"oNE

pol ymer chai n deniveddromethelHalidletdroup adithalinitiatdr. df thé eaditaltinRiatér Kagthwe, 10
used for other reactions including block copolynerizations.
The fol | owi ng tBxeaer ere halide groupsdeidr spiiepydalidegroupsisthendlymer growth

the invention. ess . othgrwse indicated. in the follow ng exanpl es, as

wel cart € T o vk im0t Gediiang Fofh 5 sl 1P rdlinRes: Sk q

percerg ages arg@dpdlymers, graft coplyiidrs, BtanchB8BRHEhypEbranéhdd pdRFH&=Sand

Cel sius, and all pressures are 1°5 at nospheri c.

Exanple 1 copolymers can be formed.THiée chainvendgof theg pdiyemeérsderived fronothe ed
ively intq a 25 - Schl.enk .t ube equi pped with magnetic

ctirrer and sRidRArade cag by uilzed Tor the nttiation 8F agsksond BOVBIOZAYGR MAth and

2 m of acryl Qpyirtd ,(ﬁgl}{? ; ‘(,ﬁg are

heated to 8%[3??@%‘?}% ad (randé t??'ﬁg'ﬁ@%“‘&rﬁ;& p%ﬁém%sx?{]?%a‘?%gag%ﬁo g

stirred for 5 Thenpelynser ofnainrent dérivéd frobm ahepadigabpattrof the( Bitidtor £an be
i nj ect ed. -~ The molar ratio of ANto BPN is 560/1. Oxygen is
remov& usi ng usgdrfor othekreactions including bieckirapalymeezations pol yneri zati on

' I ed t at 60 ! . nerd.zat.i on
mxture 15 Al uted wth B cwine $3iries are provised b buRBbsdEgifktcdth
pol yner is preahéehvertRmh. buniididtlefwigt indicaRid) an ehe POIbWIING ex@mples as well

tetrahydrofuran (THF) in the Schlenk tube. The precipitate is filtered and
dried to yi el @sithgoughauti the specificatiphand elainas,.(apprts Eind pencentagesnariesby 2%

R RN RV R W RISTATI LY ¥
15 atmospheric.
Example 1

The following ingredients are introduced successively into a 25

ml Schlenk tube equipped with magnetic stirrer and septum: 3.4 mg of CuBr,

8 mg of 2,2'-bipyridine, and 2 ml of acrylonitrile (AN). 2 ml of ethylene

20 carbonate (EC) are heated to 80°C and added to the mixture. The mixture

is stirred for 5 min after which 4 ml of 2-bromopropionitrile (BPN) is injected.

The molar ratio of AN to BPN is 560/l. Oxygen is removed using four freeze-

pump-thaw cycles. The polymerization is carried out at 60°C for 61 hours.

The polymerization mixture is diluted with 2 ml of dimethyl formamide

25 (DMF). The polymer is precipitated by adding 5 ml of methanol and 5 ml of

tetrahydrofuran (THF) in the Schilenk tube. The precipitate is filtered and

dried to yield 1 g of white polyacrylonitrile (PAN). The conversion is 62%.

The M, is 30,000 and the M,,/M, is 1.17 (by GPC in DMF at 40°C and using
polyethylene glycol (PEG) standards).



-14- Exampl e 2

The pol yneri zation of Exanple 1 is repeated except that the

initiator is 2-chloropropionitrile (CPN) rather than BPN. The amounts of
materials used are as follows: 11 ng of CuCl, 34 ng of 2,2 -bipyridine, 2

m 5 of AN, 1 ml of EC and 20 [err]|l of 2-chloropropionitrile
(CPN). The nolar ratio of ANto CPNis 130/1. After 2 hours at
100[err]C the conversion is 56% -14yield = 0.90 g). The Merr] is
6,000 and Merr]/Merr] is 1.15 (by GPC in DV at 40[err]C|ang
usi ng PEG st andards). Exanpl e

10 ° : The pol yneri zat i%‘r?%l'%ﬁgpl e 1 is repeated except that
t he i ni tiat oFhe polymedifation o Examplel T myépemé@rdx@@pf MRSCihe
rat her. than BPN, and the catalyst is CuCl/2, 2" -bipyridine

rather than Cipitiefonis @ WPFW’@E'OWée (CPN) rather Hﬁ"htBPr'\bt i bhefameunts oBSC

The pol yirer 1 s A0 REReIS e o ar WS, 1 o PuCl-3k mo B 2/2-6ib0ieind, 2/ i
pol ymg i zat i Opft APl of ECBéHH bbeul Wsﬂcﬁlb@bpfaﬁnaﬁntﬂét(wmf eTNS &L ?a°t|o

i ndi cated bel ow. The results are as follo MBSC/
Exanpl e cuof AN to TRNs [160/1. Bftere2 shomms @) 10M°C the ¢duvdnsion is 56%

- 500 11 20
A Vigiellt = 0.9056° The M, is 6,088 and MM, is 1.1B38% GPC in DRIE 38
3-C 1/ 94 10200 1.27
55 1/4(?‘? and usu%gg@’EG standards). e 7360 1 o

. .Example 3
10 The polymerization Example 1 is repeated except that the

initiator is p-methoxybenzene suifony! chloride (MBSC) rather than BPN, and
the catalyst is CuCl/2,2'-bipyridine rather than CuBr/2,2'-bipyridine. The
molar ratio of AN to MBSC is 100/1. The molar ratio of CuCl to 2,2'-
bypyridine is 1/2. The polymerization is carried out for 20 hours. fhe
15 polymerization temperature and the MBSC/CuCl molar ratio are varied as

indicated below. The results are as follows:

MBSC/
Example CuCl T{°C) Conversion (%) Mn Mw/M
3-A 1/0.8 100 86 6500 2.11
20 3-B 1/0.8 80 71 7800 1.40
3-C 1/0.4 100 04 10200 1.27
3-D 1/0.4 80 76 7300 1.45

Example 4
The polymerization of Example 1 is repeated except that a

25 comonomer is polymerized with the AN, and MBSC is used as the initiator
rather than BPN. The comonomer is MA {methacrylate), S (styrene), MMA
(methyl methacrylate), or MAN (methacrylonitrile), as indicated below. The
molar ratio of AN to comonomer is 10.1/0.7. The molar ratio of CuBr to 2,2'-

bipyridine (bpy) is 0.5/1. The molar ratio of AN/MBSC/CuBr/bpy is



Exanpl e 4 The pol ynerization of Exanple 1 is

repeat ed except that a 25 conononer is polynerized with the AN, and
MBSC is used as the initiator rather than BPN. The conononer is
MA (et hacrylate), S (styrene), MVA (met hyl nethacryl ate), or
MAN (nethacrylonitrile), as indicated below The nmol ar ratio of

AN to conononer is 10.1/0.7. The nolar ratio of CuBr to 2,2'-
bi pyridine (bpy) is 0.5/1. The nolar ratiqgf AN MBSC/ CuBr/bpy is

- 15- 100/ 1/0.5/1. The polynerization is carried out for 16
hours at 100[ g, : . I , o

Beampl o I SHQBIR. The polyendtidt I eBirégrSut R Peljgurg at 100°C. The
4- A Mpesults are as follows: 94 6710 1.38 5
4-B S 92 5030 1.43

4-C MVA 96 7440 1.31

4-D 91 . 1100 1.24

Wi le the inv@rl hasf}fﬂ'@ﬂsmé%fplainedglQr"‘flﬁ%sfna\(lf‘%i'l tod Mn1

prefesred enbadi ments, ig is to be undersggpod that varggags nodi f{%%ti ons 10
thereof will lscone appangAt to those skibked in the agdqoupon repging the
speci ficationaDhereforaegaNt is to be undetstood that tiheoi nventi.oq

di scl osed herein is intended to cover such nodifications as fall
wi thin the scope of the appended cl ai ns.

While the invention has been explained in relation to its

preferred embodiments, it is to be understood that various modifications

10 thereof will become apparent to those skilled in the art upon reading the
specification. Therefore, it is to be understood that the invention disclosed

herein is intended to cover such modifications as fall within the scope of the

appended claims.



- 16- Cl ai nms

1. A process for polynerizing acrylonitrile, conprising:

(A) formng —a——potynerizabl e m xture conprising acrylonitriler
monomer, s ' mw catalyst; 5 (B)
contacti ngm mw‘m“lm h an initiator, said initiator being
sel ected ftem thetgrbup consisting of sul fonyl halide,

hal opropionitrile, substituted hal opropionig-rile in the formof a

nonoadduct derived froma sul fonyl halide and acrylonitrile, a
nonoadduct derived from a subgjgiidt ed sul fonyl halide and a
nmononmer ot her than acrylonitrile; or 10 polynmers containing end
groups derived from sulfonyl halides, hal opropi onitriles,

substituted hal opropionitriles in the form of npnoadducts, o
derived from sul fonyl hal-i ded® &Fecess: far palymerizgingmacrianitsiies earapesings ed
from substituted hfo I de rS: er n. .
acrylonitrile; TA) q%l’mﬂ?gl g s"‘?&'e“ggﬂgﬁgﬂﬁpﬁ% géﬁt}@nsmg

acryl oni tril e agpylontkrild monenmera sbfvent and a nistal 68talyappri sed of _
acrylonitrile. The process of claim 1 wherein

2.
sai d Pol yneri zabl e (Bhi xtapndacting tagid (myxture tWith soninitiates, aaid
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3. The process of claim2 wherein said pol ynerizable cononormner
i s an acryl oniderived founia aulfory! halidel and: acrplenitriiey b anenoaddydtaderiled from

i nyl ter, vi t her, vjinyl i de, yinyl ketone, styrene, hal ogen
Contsi mne '8 Sliostitutgd suftdhin Rilg %‘chﬂré??"%[@f"ﬁf%ﬁﬁ't $han dsrvioninis: Ohase
t aipni ol gf4d n ] X : or, ret .
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is selected fihatopgropiopiteiles, sabstitited haldpropiohittilescinythet formedhilonoadducts
acrylate, nethyl nethacrylate nethacrylonitrile, vinyl acetate, styrene,
et hyl ene, prog¢rivad frons sislopybhalides and agrylonittiener monoadductsderivedtirome.

substituted sulfonyl halides and monomers other than acrylonitrile;
(C) polymerizing said acrylonitrile monomer to form a

16 polymer comprised of acrylonitrile.

2, The process of claim 1 wherein said polymerizable
mixture in step {A) further comprises at least one polymerizable comonomer
other than acrylonitrile, and the polymer formed in step (C) is a copolymer
comprised of acrylonitrile and at least one other polymerizable comonomer.

20 3. The process of claim 2 wherein said polymerizable
comonomer is an acrylonitrile derivative, acrylate, methacrylate, acrylamide,
vinyl ester, vinyl ether, vinyl amide, vinyl ketone, styrene, halogen containing
monomer, ionic monomer, acid containing monomer, base containing
monomer, olefin or mixture of two or more thereof.

25 4, The process of claim 2 wherein said polymerizable
comonomer is selected from the group consisting of methyl acrylate, ethyl
acrylate, methyl methacrylate, methacrylonitrile, vinyl acetate, styrene,
ethylene, propylene, isobutylene, 4-methyl pentene-1, 1-butene, 1-hexene,

1-octene, and mixtures of two or more thereof.



1 -octene, and mi xtures of two or nore thereof. _ _
-17 process of claim1 wherein said
[

sol vent Hmﬂl mmmu IIlLl" I“I 51" romTht(:ahe group consisting of o-, m, or
p- phenyl e | " f or myl hexanet hyl enei m ne,

N-nit rosopl* pecri di ne, mal ei ¢ anhydri de, chl oromal ei c

anhydri de, succinic anhydride, acetic anhydride, citraconic 5

anhydride, y-butyrolactone, dioxanone, p-d{pxanedione, ethylene oxalate,

et hyl ene carbonate, propylene carbonate, 2-oxazolidone, 1-nethyl- 2]: -
ri done, 1,5-dinethyl- yr e [ : dl i e

%NF), di met hyl t hi of g dgi,’é ?’%ﬁsﬁeﬁ%lﬂfr %g@ﬁ%%?%?%&%n%eg%@@

cyanoacet i cacifiom the cyroupacimsistiig of o, M)y lorc ptptérigene  didminelON-

di et hyl acetam de, di nethyl acetam de (DVA), di methyl met hoxyacetamn de,

N, N- di met hyl - FoEmylhexamethyleneiming, de, Nipittoappiperding: opi 8 dfe,armqurMe_, i

N -tetranethy . e C nikril ter ) Xt ures. ter Wt

protic and apréo*ﬁé'?né%gg’n%ﬂ§§ﬁ§§h§@?°ﬁ%eﬂ’ﬁ‘ﬁd\ﬁ%8a|a"ﬂ? i EEf‘Vg"‘?e' citraconic

chl or @acet oni tdriHyalride, y-butyrolactbhe)’ @R&aheAs! pLdisk#Rédibne, ethylene oxalate,

[err]-hydroxypropionitrile, malonitrile, fumaronitrile, 15

succi oni t ri | e ethyleneniqarbpaatey propyeneoeatyonatehel-oxazolidone, 1-methyl-2-

bi s( 2- t | fide, . i s(4- obutyl ) sul f one, )
b1 S 2-cyanoet I ! % cimetibacayrlRtih Y 25ralhdtahs il iy formamide
1,1, 1-trichl or(MENI t I Ogign \SforianideCyangg h%’ﬁﬁ?@ﬁ?h%éﬂ"ﬁ“&‘de'

3-,4-nitrophenol, nethylene dithiocyanate, trinethyl .
di met hyl ene suyamoadeti¢aisO) , etyameadethmide,sul f Nxndthylacetantidé, sul NpNe,

. 2-hydr oxyet hyl hyl sul f one,

2? hyl1éhe- 1, gt @%ﬁhﬁg%gfﬁ? évfgi?'gﬁthi'! §%¢%é;& _Agf@ﬂetbagag%%?x??cgtamwyé
hi , I g Ll i $_E e . Ay 10 . . QNi d,
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zi nc chl ori de N'ceeirametiafiofamitie; hydlrekyttetoritrile, water, mbREFENbP Wadter with
concentrat ed aqueous sodi um thi ocyanate, concentrated 25 aqueous

cal ci um t hi oc\PARHE eanchaptatic grganie malventsmsuperardical fluidsl ehlerqacetonitrile,
aqueous sol uti

" The" pr oc stiospCRforel SRRy cio eV elRiGntriE: Belopitiie, fumaronitrte,

car bamat e. succionitrile, adiponitrile, bis{2-cyanoethyl)ether, bis(2-cyanoethyl)sulfide,

bis{4-cyanobutyl)sulfone, 1,3,3,5-tetracyanopentane, nitromethane/water
(94:6), 1,1,1-trichloro-3-nitro-2-propane, tri(2-cyanoethyl)nitromethane,
3-,4-nitrophenol, methylene dithiocyanate, trimethylene dithiocyanate,
dimethylene suifoxide {(DMSO), tetramethylene sulfoxide, d_imethyl sulfone,
20 ethyl methyl sulfone, 2-hydroxyethyl methyl sulfone, ethylene-1,2-bis-
(ethylsulfone), dimethyl phosphite, diethyl phosphite, sulfuric acid, nitric
acid, p-phenol sulfonic acid, concentrated aquéous lithium chloride,
concentrated aqueous zinc chloride, concentrated aqueous aluminum
perchlorate, concentrated aqueous sodium thiocyanate, concentrated
25 aqueous calcium thiocyanate, molten quaternary ammonium salts and their

aqueous solutions, and mixtures of two or more thereof.

6. The process of claim 1 wherein said solvent is ethylene
carbonate.
7. The process of claim 1 wherein said metal catalyst is
30 comprised of Cu, Pd, Ni, Fe, Ru, Rh, Co, Sm, Zr, Mo, Re, Mn, W or a mixture

of two or more thereof.



7. The process of claim1l wherein said netal catalyst is 30
conprised o ECilIJIlHEﬁE‘H“I Fe, Ru, Rh, Co, Sm Zr, Mo, Re, Mh, Wor a mxture
M s * 8

o il

The process of claim.1 wherein said

nmet al cat al ysLt S copper conplexed with 2,2'-bypyridine or a
derivative thereof. 9. The process of claim 1
wherein said initiator is 2- br proprionitrile,

2-chl oropropionitrile, a nonoadduct derived froma 5 sul f onyl

chi ori de-and acryl oni t1ig.e. org@RpagEiche LRl S dwhipdh i able Welihyst jo.

sul fonyl chloride and a nononer an acrylonrtrile, an ar

hal i de, a subsioppet ednfpglgxed Witlo2y2’'-bypyritine drimbedeatiiethertbofihat i c
hydr ocar bon sul fonyl halide, or a nonhal ogenated aliphatic
hydrocar bon sul fonyl hal9-de. The process of claim 1 whergin sajthdnjfiatoesis af

LI e, " BBt ot Rrompairts, 'L UFLBHRER doril R <
chl or igde. sulfonyl chloride and acrylonitrile, a monoadduct derived from a substituted
sulfonyl chloride and a monomer other than acrylonitrile, an aryl sulfonyl
halide, a substituted aryl sulfonyl halide, a halogenated aliphatic hydrocarbon

sulfonyl halide, or a nonhalogenated aliphatic hydrocarbon sulfonyl halide.
10. The process of claim 1 wherein said initiator is
10 trichloromethyl sulfonyl chloride, trifluoromethyl sulfonyl chloride or sulfuryl

chloride.



