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NITRILE 1 o 15 BACKGROUND OF THE I NVENTION Rel ated 3 MAY 2003
Application gmwm Mm@ﬁﬁ 20 'this patent application is a

continuation-1n- atent application entitled "Stabilizers for High
Nitrite Multipol yRee2”  USSN 08/ 494,833 and Cled on June 26, 1995, which is
a continuation-inpart of patent application entitled "Stabilizers for 2 s
Acrylonitrile/ Methacrylonitrile Miltipolynmers”, USSN 08 j 171487 and fil ed
on Decenber 21, 1993. Field of the I-n¥ention The present invention rel ates
to a stabilizer conposition for high nitrite nultipolynmers, in particular
an acrykonitrile oletinically t hol ynmer and the |ike and a
nmet hod for stabilizing the higﬁﬁﬁ?%$??g§ﬁb tl%% ynmer. More particularly,
the invention relates to the stabilization of an acrylonitrile olefinically
unsaturated 3 5 nultipolyner and the |ike against thermal degradation, nelt
processi ng conditions and heat discoloration by the inclusion of naleic
acid and its derivatives) SHABEISERmIFER HIAGH NI THRILE ic 3 0 M",Y aG=3 -
2 anhydrides, nal eam des and i tBIUETTPOIMNMERS eates and its salts into the
nitrite multipolymer. It is understood that the term nul ti pol ymer includes

t
copol yners, te d nul ti nrononer polyner's throughout this
specification.mmm, WHMWHW on of the Prior Art Nitrite polyners have
excel l ent physical, thermal and to mechanical properties such as barrier

properi'es, chemi c&P%"esi stance, rigidity, heat resistance, W resistance,
noi stu retention and bacteria resistance. Acrylic polyners are high

nitrite polyners that are desirable in the production of fibrous textiles,
films, nol ded objects, p&Eﬂé5EHﬁQBBﬂQﬁEEﬂﬂégéﬁﬁﬁﬂuiﬂaﬂlike. 15 However,
acrylic polyners and other high nitrite multipolyners having | ong repeating
sequences of the sane nitrite mRebated Applicationparticul ar an acrylonitrile
nono unit, are known to degrade when heated and processed by conmerci al
met hods. The | ong sequences of nitrite nmonomer units nake the 2 o acrylic

pol ymer s non- pr ocd$daipasent applicating isse cohtinuatiorrin-pacaabpatdrs pol ymer
degrades a ; L Sd : : i I further
icaYfon Ehtitled stagﬁl?i&sqepggﬁgﬁkrﬁa %umﬁ%ﬁ%ﬁg@]\‘

beconmes yel I 0w, orange, .red and eventua ck as It JAN
acryl oni trﬁ%ﬁ%ﬁ?ﬁi%@lfve@%wn&t%% Pi M%M}He‘rsq§°§1§fma§é‘?%'§€d in USSN

U8/ 387, 303 peirt bof Ipeden tapplicasionf @itifibd tStabiizdrgifoNi trite Ml tipol ymer

Prepared Fr.om Acr.yl.onhtril e and .Q.ef]nical Unsat "L AN
ey o o ey R M R B MM EPelmgP &2 U5 E Pr) T AT d50, 51 5
entitled "Aled ovePDecembartkl ny9a@3Pol ymer of Acrylonitrile,

Met hacrylonitrile and Oefinically 30 Mfi~Y ?2.003 - 3 Unsaturated
Mononmer s and a mul ti pol ynmer of
acrylonitrile/methacryionitrile/olefinically unsaturated nononer is

di scl osed in USSN 08/ 149, 880 et y s for Making an
AcrylonitriIe/N@thacronnitriIzﬂ%gﬁgﬁgﬁ%ﬁpﬁkﬁﬁg§5
acrylonitrile/nmethacrylonitrile nultipolyners are thermally processed

wi t hout the use of solvents to yield acrylic fibers. However, the

mul tipol ymers are subject to thermal degradation al beit not as severely as
the ccotfrerci al acTieiRresepéinye iaR relatgsrtaopstabilieericompesisigny faxr pol ymer

resins are.known in the . art and have been descri bed i Uni, t St at es
Pat ent Noshi ,rwel,el@zﬁt@?gﬁé?vwna%r%%@é,ag“zg.crbﬂﬁ@é*a%ﬁi qlefinic yners are
known to have desirable barrier-properties and chenical.resistance.
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difficult h?
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ﬂ?g[}a;&ﬁ Ir ioitﬂaeulttﬁﬁﬂﬁﬁierddﬁ&%erlﬁéé R8aitie tAeFRRAMRRhdLN®N, thegosi ty of the

processing conditions and heat discoloration by the inclusion of

maleic acid and its derivatives, salts of maleic acid, maleic




2 onmultipolynmer. It has been discovered that malefic acid acid its "
derivatives their and its salts, malefic anhydrides, mal eam des and:”] El(a‘ y‘303
and their naleates and .r salts greatly reduce thernmal degradation, thernmal
di scol oration and decrease the viscosity when added to a Hi gh ni trite 25
mul tipolynmer, in particular an acrylonitrile ol efi ni cal | y unsat ur at ed

mul ti pol ymer . U S Pat. No. 3,954,913 entitled "Stabilized Nitrite

Pol yners” %M}lérﬁiefe}hm@ﬁm@eﬁﬁnﬁ A9 3B éﬁh%aleﬂ”t@érgﬁﬁi kg spedbhigd gh

Nitrite Resin$ and Methods for Producing the Sant" both assigned to 'I  hc
3 0 M4Y - the Stardatdtipblymerorppaihdeéiséd®d thadithe tele mim?nﬁnerre
particular a Barex polynmer which is a 7S:25 acrylonitril e/ net acryl ate
pol yner comtaliuniasgcdSély mersYeefpalpnadrasdodrenu timonpenenpolythergat ent s

di sclose that the nitz~ile polymer can be stabilized against 5 thernal

di scol or at itbrowghaet thisnspierificationes of malefic acid, in particular
nono-esters of certain organic pol ycarboxylic acids. !t has been reported
by Fase¥forschung and Textiltechnik, Volunme 21, No. 3 ( 1970), that malefic
acid and sone of its derivatives are useful inhibitors against ther mal
discoloration of a nitrite polymer. Further, 1 o it states that "the
conplete indifference of the_malefic a ters for the stabilization of
nitrite polymers. U.S. Patenpeﬁﬁ“pﬁlo@zdéhe? Gi¢AHses that mal ei ni des and
derivatives thereof are thermal and anti-discoloration agents for
acrylonitrile polymers and copol yrrers The article and the patents do not

di scl ose nor SUQQW&IEQF? ex%f e @gﬁﬁﬁéﬁt gﬁgglégﬂdtﬂéé gpéhﬁatl ves,

mal efic acid and 1tS°'S rralelc msﬂeam es and t~r esalts

and fnfdeah?a}rﬁmlt gﬁé’fé&ﬁléié?&ﬂ% ?Qﬁ%ﬁf ggog&t&&eréf?éms&gradat' on and

mai nt énance of ne essabi ity o itrite polymer. It is

advant ageopssikthi @JU§SdiRe Héﬁrﬁé@.ﬁstﬂﬁ%adﬁl rosiseatled, Moldieranl

di scoloration of high nitrite nultipol yners by the stabi | i zer conmposi tion
of the presetehtion anti vacteTieredistindez eAceylip poitnens beddrigh mietite vi scosity
and prevents further increases of viscosity of the high nitrite

mul ti pol ynpolywnersithakehtre desirabde iy .thEyroderctidrhef siterbiiitestilesynposi ti on of
the present invention reduces crosslinking 25 and nol ecul ar wei ght build-up
of the hi gfilmst meldechobjepts,ypackagingpphdations eassihgylikaddi tional |y,

col or devel opnent_of the nitrite rnultipolyner dur_ing thermal processing

i s retldrded. 3 Homwrpagudmpo ﬂne&%ﬁlr(glﬂkﬁr high P%@i@‘i‘atl on A stabilizer
conposition for a high nitrile nultipolymer conpris naleflcald and its
derivati veglulﬁm%xmrﬁ&%flagdongsre@&at@g SCAREEGT gﬁ?‘? gRMfenitHE cani des

dth | t d t t h Th I f th
S abi |1 zer SESHATBET LUl i BarRF S % AR Tl Btcr SRIEE ner ma

ead to i nipgMEET HERfAAR IR FERLLAan bRy BRRRRERE, i Dol Yher . S0

The pr esen{ndn ﬁ@t e F&ﬁ%&s‘éﬁu%ﬂcés%‘?'m&%l h%o‘%ﬁgp'ifrﬁté‘ﬁq:ﬁ{@ﬁhé

processabl e nitri I'th pol'ymer said multipolynmer being in adm xture

with gt a&tx@l&etso@m%shbhogsrmabﬁe REtHB efige askbifandoivientder i vati ves,
maieic acid and 1t$ salts, malefic anhydride, naleam des and their salts,

mal eat es apécdinsed thé@ioﬁﬁrrmdieg&aqemwrm e0Bs intrensdhg aatk wbevei n t he
stabilizer conposition reduces thermal degradation, reduces the rate of

i ncrease ol508C!t Theaosyliy polyrmeg fuhtérdretbeqnmesgsllogl,andnlgedue@mdlerrral

di scoloration of the high nitrite nultipolyner. The process of the present
i nventi on gvathuedly bladkeasal Hygtadestabl e nitrite nultipolyner, in
particular a thermally stable ac tyl onitrile olefinically unsaturated

mul ti pol yner. TheAtlr%rfmlwfléQ absifni ﬁﬂHYﬂtIéﬁ&ﬁyﬂrﬁt?ﬁbmﬂﬁth{ﬁW@”elsf urt her

pr ocessed by spinning into fibers, injection nolding, extrusion blow extr

uni on,2%ol oq}ﬁ?%ﬁﬁﬁdng‘ Nﬂ@ﬁ&% 30235CBE€1§F1I ‘&Y PPRsess fﬁrl Making @Bighvent i on
ptri Esﬁ_ﬂﬁwﬂsﬁﬁy hepyinch et TR AeRgPeriftE el ChgRniad 1y 3 o
ni'oh i tr PRsaliERsd Blrrmdi | L%Cr@ ars?’f‘f’eﬁ“gﬁ*%rf%lé’?&tf%%af”s' Icélrrggtltglee
wWth the &ééél&%@%#&i&%@%ﬁer A tuOg?s (?%rISCQHH%Ft“AOPrJ)@éssaﬂﬂ“ tion into

t he high ni is not limted to nmalefic acid
and its deMaY@ﬁF“PﬁblﬁHLPUl 9\@91&“@@@ 'I\Hétt&ﬁr?%mﬁﬁl@ﬁh@ Gnnlehdg,

mal eani des and their “salts, and naleates and their salts. The pre erred
stabilizer conposition s rnaleates arid their salts. The salts of malefic
acid include but are not limted to the to salts found in Uraup Il A and
[11B of the Periodic Table of Elenents, salts of organic bases such as

am nes, and the Iike Useful anines include, but are not Iimted to,

M




and aryl am nes containing C- through Cps. Cal ci um and nmagnesi um arf_ tHﬁY 2003
preferred salts. The salts can be used alone or in 15 conbi nati on. IQe '
mal eates include but are not limted to esters of malefic acid of the
formula: 2 0 1-~C==_-CHIl | CG=CC=0O1 i OR OR 25 wherein each Ris

i ndependently sel ected from hydrogen (H), C4 to Og al kyl group, aryl

group, al kyl substituted C~ to C24 aryl group and conbi nations the: eof.
Exenpl ary esters of rr~aleic acid are alkyl 3 o half esters of nalefic

acid, diesters of malefic acid, cetyl gt?l elah&r gf cetyl rnal eatP, octyl

mal eat e, HinsssuyhtethMeremergurpd FdPBdtROYE T Quryl nmi eate, butyl

mal eate, di-butyl ngleate, hexadegcyl = BRAROmer isiexadecyl
mal eat e, ACB{IRPIHELyM aé:ﬁY'é’,mg‘?‘f%-oé%fch%ggwyynﬁgfggéttg,@ phenyl iy eat e,

di - phenyl nmleate, trj v e d5l PRtMakieg atecy!

mal eat e, @FSCHB?%@éBWé%EICéé{gggﬁﬁﬁégw (ﬁe.ﬂ%‘\zdcpr eferred ma%eat es ate

| auryl mal eat 4L e 3 milee. ate, and hexadecyl
LY Edeﬂliéie%ﬁ#al} ea %L%mt?ude, u -

mal eat e. es I nc t are not limted to, the salts

f ound écnb gggfg,réi{ﬁczli’ﬁeﬂlidéymmtﬂﬁi Reilithsblgnieais| @reothagmeadyit s, salts of

or gani such as amnesS and the Like. Useful am nes include, but are
not |ini tg)q bessdd wWith@uy the esenciasolyentsl to yieldaagrydidfiPer®d and aryl ani nes
cont ai ni n 8 t?wough Cs. The preferred salts are.ca ci%a] gigod %ﬁg um
The sal t s ggReber, usrdmailtipelymers aroraibjact th theFRahHCEIR{FEO e, but
are not limted to, malefic acid nonoam de, of the formula HO CU- C=C-CO- NH R
and mal ef irptoas detéraly asi the commerdial AGTAIGRIRAT ®YPNEICO NH- R wherein R is

i ndependently selected from hydrogen (H, ,C4 to - Vien G624 tREY!
group, al kyl subéﬁhﬁméﬁla@thBlm%é’ﬂgfd?q}wgnﬁ%égrsrb%alﬁlons t hereof. The

mal eam des i ncl ude nono-al kyl .am.des, . of. j i haahk ndes of
mal ef LO a@d,mmvﬁrmerhﬁl’ﬁéﬁ’é‘%ﬁfh pgﬁegla §§%€§CS %{i{égﬂoﬁg?y é?‘ibgggbgf

mal efic acid and the i lar ' t ¥hotd gRRage)

di - cet 3. ~13,586Ea RNnd O{@p%ﬁ%%&”ﬁﬁﬂ%ﬁ maﬂée%% l§(dié(,) | auryl

mal eam de, _di-|l auryl nal eam de. I H@xjn i i stéirrdeut Howeegatih else
hexadecyl mléﬁﬁ#’dé%ﬂ RE% e%:%/ é'l’ﬁm}aii(%aam geéé]]’%%é? hyl hex?}l mai egn‘i de,

di - 2-et hy Lﬁ}e%?ﬁgs‘%&n?}ﬂﬁl% @?Wer v1Aé easitdsroctisspbinyie aiffiearit die)

tridecyl r mal eam de, octadecyl nual eazni de,
di - oct adec {-oéél%l earriide and the like. The salts of the nal el mdes
i ncl ude, are not limted to, the salts found in Gouh Il|A anqd |11B of

The Perd odi ¢’ rabl g @fadvahi@geousto ralie tige thormad degradatiog 3dor gani c

bases "such as ~unines, an,| the |ike. Useful ar-nines includ but.Sare not
linmted toprafdiBermacaistatoratiosr of high aikgjle BHYTRGIYMHTEnes  Tont i ni ng
C, through” C-a. The preferred salts are %ﬁlgm,u. axlgg ma% esium The salts
can be used meal tmaecadily melpiasgss ik ac (LG QLI g‘hposi tion can be

used alone or in conbination. The stapilizer .co L Qohe used
with ot her vadwittiratesl mlﬁlmgymeésﬁl?‘iit grike B‘?WE?‘&%&@ 8% r%%%tg, ’
fillers, dyes, delustrants and e like ! RenPEPR MitAse desired
to to i npathermal h’éSWIQﬁaﬂPP@If‘iIaI‘?ﬁf?ﬁ)%ggﬁ%%ﬁ&%ﬁg&s%abi [ zgr conposi ti on
of the present invention is effective at |ow concentrations. The stabilizer
conmpos? @ i oANPEIREEICE 0 t he hi gh nitrite nmultipolyner in the range of about

0.1%to about 10% LAt i Vit 3RAMc dododind dsoderigativesnd nust
15 preferably abodf%@\.’s\ga/%]%dé%!oos{e%&qby wel ght of thenditrite nmultipolymer.

The stabilizer ..o | {98 Hales dntleansideschraddt nagltberdtided to a
nitrite wl%‘%bﬁ%ygn%?g’aﬁag&%%%}’#tg l'i'quid, an emulsion ) or a solution.
The stabilizay éi'.gg%ﬁitt ed&ﬁl@i grégtlpredact theverali degraslation t isreRdl v added
to the high SEE e mul't | pol ymer subsequent to the pol yneri zation rleacti on.
For exanpl qﬁsgﬁ,gﬁrgt{ro%bﬁhhz@écr@awQh'etw’ismsiass“dmre@ﬁlldﬁdé' P ARE R UGmy be
added to the high nitrite nultipolymer enulsion |at e_x%ﬁr sus%)ensiton slurry
prior %8 theuispoiien, of pahdcuidit apaoppimitiileold HHCagE HA S YA gﬁiep and
subsequent processing. 25 The stabilizer conposition, as a powder, a
licluid, a solltpiobyrneor an enul sion may be added by dry blending with the

i sol ated nul tipol yner strands _or_ powder and it e i : be
pel l eti zed and/ or ¥Ux®r GaédNPnﬁogsf‘?r@ér:%?“gﬁlgéit Jsgetoarb?;ﬁ)?%%rmgrﬁ?pgg%g?Q ~1AY

2003 - 9 Exenplary high nityj | t0. 00l wer & Abld High Mk Eilgol ymer
cornpri si ngaaf [dcﬁ'-yll)%‘hi%?'i ‘Jliet{ér{%())gg%lrlaglrji gﬂéﬁé@&gﬁ/ ﬁ%?te)kf)l efi ni cal | y

unsat ur at ed_nononer h g Ligetnt G phedueghandmpheproclssabl e
acrylonitri R@Sbrf%f“flﬁi %:%ﬁ‘?ggﬁggﬁﬂ%{gtae %ul tipoiyrrier. 5 The olefinically
unsat urated nononer enployed is any ol efinically unsaturated nononmer with a
C=C doubl e bond pol ynerizable with an acrylonitrile nononer.




The ol e~r~ically unsaturated nononmer includes but is not limted to

acrylates and their derivatives, nmethacrylates and their so derivativad MAY 200

acrylam de and its derivatives, nethacrylam de and its derivatives, vinyl
esters, vinyl ethers, vinyl am des, vinyl ketones, styrene and its
derivatives, hal ogen containing nononers, ionic nononers, acid containing
nononer s, base contai ning nononers, olefins and the like. The olefinically
unsat urat ed nononmer can be 15 one er4 nore nononers from one or nore groups
of the olefinically unsaturated nononers. Thus, there can be nore than one

The ncr vt ar SR CH CRBATL AL TR RE Bl hOr S B BEFUIR 450 T
and cyclic @gfﬁ)ﬁg RRERvRRHTRL 8Y5: 26T ‘gg&aitﬁw)@g?ﬁwhg@g@henyl

acrylate, buty rylate, 1sobornyl acry e and 2 acrylate and
functional slgyhyat éoeining B, %de%t(ﬁsaﬁ@@st@'inéﬂidifd?ﬁ}b@h%k. agiy| ate,
2-chl oroethyl acrylate and the |ike. The preferred acrylates are nethyl
acryl at e arnghtetihyldisciogtahet tRemitiike pelyiaer yhat bs stabilizde dgdinate not
lirnited to C1 to C 12 alkyl, aryl and cyclic nethacryl ates such as net hyl
met hacr gl atthersidiydisceloratioyl by eprphinrddrivatines of natlejc botd,linnet hacryl at e,
i sobornyl nethacrylate and 2-ethyl hexyl nethacrylate and functional

deri vat i veatiauier meenawmsiers ef cextain @s'ganiglapémabwyhc gids: ' [nham3 -
zo nethacrylate, 2-chloroethyl nethacrylate and the |ike. The preferred
met hacr y| atRearsTrepRiitag b : g Hnd hexpiltachnike Vodumeily &0.i ncl ude

5 subst 1 Lurel @y thahsnlefe S ABak TS This SESRHVGH & hbReT i ted Lo
T
iy 19 BAERIRES a S PHERREC thftorklile, o O BLE 1R ABLRE o &
Vimy am e e R At Ry e TR TR ke the

like. The \§ig¥losk§tBAEnAREMIdEs Bd AsAvaAtivel itHer&st 4 Merfalandi ny!

ket ones such as ethyl vinyl ketone, butyl vinyl ketone and the like. The

styrenes i ngitidisevlbr@tieén tperts Tot ¢ mnstmregm médeagdatspelyatersene of
the formula 20 CA=C | -i ~ V\rahgeerei n eac?’of A B, g and D i?i?nc}j'gf)endently

sel ect ed f rMire aptdelegand {h ptdn€s dotwoiCdistlégd noraygdest theanpt of
nmet hyl styrenes, 25 substituted styrenes, multiply-substituted s~yrenes and

the |ikx®. ma3aleit apikan@ols derivativiise rhalaigacid emdhitsi sajtsyomedeics i ncl ude
but are not linmted to vinyl chloritweirvinyl brom de) vinwndiwmoride,

vi nyl i dene aairstiides, malgamideeaptoni galtsyiand melgates apd de sahtd Ben
substi tut ed, propyl ene oners and the.like.,K The preferred hal ogen

cont ai ni ng thﬁ&ﬁ@‘i’é’ﬁ’é’“a? HWWW?J gF%‘Fﬁ 1o and MATIERBNERIVMEY. " The ionic

nonomer s i ncl ude .,.ar r#' o{] Lim,ted.to sodi umvinyl sulfonate, sodium
styrene sLIWBﬁS?%a, Uiil&iloﬁrfﬁ Qitﬂ}fz %‘ﬂ}' at Ieu s\(;ldi ﬁm agryl ate, sodi Iulr:1

th | at d j T L ORI , . i i nyl
Tl fongt e Sodi umE sy pAFEn RO & SCdCe A kBRI st BRoRORIT V™
aci d cont ai,qi 0G| =" rohinG:acd d,
me!t hac?@l i gﬂggl?lﬁ?ér@ﬁ%ﬂd%%ggﬁ 1&?1'1(:,3{1 ggg}#@%?%, Bgttgge%tébgu onic acid

and the |ikgmdhgtphehetiEfrésdril §RBhRIIH. NTHEDNAMRE S PESMIPRFQHAC aci d,
styrene sulfonic acid and vinyl sulfonic

reduces melt viscosity and prevents further increases of viscosity of

RRHQIROLSGEGIE THMN

the high nitrile multipolymer during melt processing. Further, the

stabilizer composition of the present invention reduces crosslinking
25 and molecular weight build-up of the high nitrile multipolymer

during melt processing. Additionally, color development of the nitrile

multipolymer during thermal processing is retarded.
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15 acid. The base contai ning nononers include but are not limted to vinyl
pyridine, 2-am noethyl-N-acry-Iam de, 3-am nopropyl-Nacryl am de, 3 0 MAY 2003
2-am noet hyl acrylate, 2-am noethyl nethacrylate and the like. 20 The

ol efins include but are not limted to isoprene, butadiene, C2 to Cg

strai ght chain and branched al pha-ol efins such as propyl ene, ethyl ene,

i sobutyl ene, diisobutylene, 1-buteneo and the |ike. The preferred ol efins
are isobutyl ene, ethylene and propyl ene. Exanples of a high nitrite

mul ti pol ymer include but are Swinm2ant ofitlietintentdonylonitrile olefinicaliy
unsaturated nulti polynmer, acrylonitrile/ methacrylonitrile/olefinically
unsaturated multipolynmer, acrylonitrile/nmethacrylonitrile nultipolynmer and
the like. The preferred high nitrite nultipolynmer is an acrylonitrile

ol efini cal | y unsatustaldtizenconmsisjiien for ashigh nityile roodtipolyneExenpl ary
met hods to nake acrylonitrile olefinically unsaturated nultjpolyner are
descri bed CAMBEREPInaieic soul and;its derivativesc BaaleiopCidhRNAgta SAilleh Nitrile

Mul ti | Pr, d F A | i il nd Q efini |1 U d
Nonomar&? | TRAcE BRRSs G A AR et SRSy ARG BAdaEs 83 daser i bed

i TISPN 5,106, 9 itl P ti .of Melt-Pr sabl

ner vl ont ¢ hERers e Mhecntiusion SR Slatlusts Eitndeifb8a " 8ebs0 entit1 e
rory Bt ol SO enti t
aor o1 ooees it et ABoRREr XAARES theABPLBARIJAARN! hisdnbRRRNIT AN &0
descri bed hﬁbl@%i‘éﬁ@/ei%}% rowtEAhldBEs h R ®¥dch Qadili N9 a Pol ymer of

Acrylonitrile, Methacr itrile and Uefinically Unsaturated Mononers."
All four appiraeedbiditg adEirfGeheedmer vibeositpodeanéd rultipoRpaey, and

i ncorporated herein. The nitrite multipolyner can be prepared by any known
15 netiwd such asTae mraseat dnyemtionirneldates, toaa soapersition comprisingtd nuous
addi tion bul k process. The pol ynerization process is generally carried out
as an aqueoust grotessablerhighspidrite omulpippdyserisaidmudtipebmoer deimg

mul ti mononmer feed m xture of an acrylonitrile nononer and an olefinically
unsat ur at eth admirsure avith & atghilizencomposition comprising maleic eaid |y a

nmol ecul ar weight nodifier; and a free radical initjator at a tenperature in
the range 8Rdaibsderivativies, maicic acidhand ts saks) analgis apdydsiderl ecul ar

e Lo RS Se l graledeHBS HogsyRbTY S0y 0 1 o
nononer, 80% 25 b .vvei.ht t p ahou S%p weil ght. ol efini ca{j.l%/l.u sat ur at ed
monomas + ConbipgYiohS, e CaRARg herdhtbe Slailet o Rnt iR d
ant 1 pot yRas I8l effdioiahtediledy thd fe' Aiirense OF R AT, VT om ©

about 40% 9 ooy %n@[ﬁb ARTHE5 Bl ly from
about 70% grg%ﬁe%% ggﬁ%%rsé?gn. edl%%& ni t ré‘tﬁg%rarzl? tldptti)tfrskgr&ﬁgeneral |y
cont ai ns SHf/grpylimngﬂﬂhlﬁgoggﬁglt_ 95% by wei ght pol ynmerized acrylonitrile and
about 5ro by weight to about 50% by wei ght polynerized olefinically

unsaturated 5 nonPABIprofkss be tEePredehOthwintidie prelyidesixz themnallgact i on the
acrylonitrile olefinically unsaturated multipolynmer is isolated as a

sl urry,o orstablatrdakriledmulkipolymeecimpgodcukyr dHehasmehilyostabdt at e t he
acrylonitrile olefinically unsaturated nmultipolynmer such as crunb to

coagul at i ocacrydenityile@lefinicadyun nsatuwrhted enultipolyotgmeThethermadbat ed and/ or
evacuat ed chanber to renove the water vapors, stripping, filtration

cent ri f ugastiadie artrilenmultipelymee mayhenithee pracessssl Dynspinaing i ed

t her mal de?gadation,_reduced t hermal . di scol orati on ang exhibk}ed | ess nelt
~ 5 vi scosiP§TS, i edion MmOKiingcericHBiAhP RN eprarsier; RP%tegKlinge to the
presence of the stabilizer conposition in the high nitrite multipolymer.
The hi gh n??gﬂfﬁ:H€¢1ipolyner with the stabilizer conposition may be
proceised into a wwde variety of useful articles by thermal 2 o nelt

spi nni“ly, extrusion in the absence of solvent and in the absence of water,

i njection nolding, cale I 1.0k of 41 il.Ling, nolding, draw ng,
bl owi ng and the |ike. Tﬂgg%%ggg?g?ﬁgﬂgpgﬁﬁﬁyggplréghggs t her ma

degradati on, discoloration) cross-linking and nelt viscosity increase of
the nitrite multipolynmer products during the 25 thernoprocessing of the

nitrite multipol ymRe presénPiRrektionh 2088es 1 SPEAUife EMBRERMINT S fdhe

foll owi ng exanpl es denonstrate the process and 5 advantages of the present
i nvention. hidi hitpdkymattiPogpacgtinopadtouilamamnt adlonitrile olefinically




A 50 gallon circulating hot water jacketed stainless steel reactor S

equi pped with a reflux condenser, thernocouple/controller, a turbi MAY 2003
agitator, nitrogen gas inlet line, vacuumline, and two nononmer feed stream
punps. The two 15 . nononer feed m xtures were netered, as separate single

sol utions, by constant feed punps. Procedure 2 o The reactor was initially
charged with about 293 | bs. of dirsii-lled water, about 2.75 | bs. of Rhofac

RE- 610, about 0.85 | bs. of N-octyl nercaptan, about 7.04 |bs. of

acrylonitril e nmononer d I . ; it & i€ Mononer . The
react or M%%Bﬁap{ﬁ?&@ﬂwqqﬁ&#t r%%)qgig% rgﬁgl(ﬁ(iegﬁé@%hﬁ%%ﬁ%g E A ter

tenper at Urr@tr%léggﬁﬁg%%@ieg)%ﬁ}tﬁg&w SAHRRRE PESIMD S%id ik Romphtible

initiator Vazo of water and about 0.25 |bs. of Rhofac

RE- 610 was,pdded @AM mdftihdiphesepar ate nononer feed streams. The first

nononer feeggwas conposed of about 70.4 | bs. of acrylonitrile and about
29.6 I bs. of net e yaniikéd tempusified oo dddétiondntorthathigh nidride MAY zoos -
15 wun~formrate over a period of about 270 m nutes. 'The second nononer
feed wes prutipslyhaer ildndesite ishhohlimised 40 malaipacidgsrbitsat about
0.0222 I bs/mn. for about the first 90 m nutes, at about 0.0356.|bs/mn.

f r om aboutdetvativespooaleigacid paodeids Sedts, imalaig aalth}'éiarﬂ%?’em&'f‘e@ni‘i%ﬁ bs./mn.
for about 180 to about 270 m nutes. During the urse pf the L.on,
about 1. 1@ndtheir selgstand m&a&@%ﬁnﬂa@%g&@ﬂsatcrpg%c%ff%e(ﬂisﬁ%ﬁi%%gnd at
about 180 mnutes, At the end oé bge r%[aﬁcti on (about 270 m nutes) the
reacti on $®mBasiionsmedeaes ardd0tS#btoner by vacuum stri pping at about
60C for about three hours.. The.l atex. ' um sol ution
at about 81C to &ﬁ%?%geféﬂaf%éﬁé‘ﬁ‘&ﬁﬁﬁ%ﬁ?&%@?w&%ﬁt%@%d dried.
The result S.a Course b I, t ; | gnat ed

pol ymeP A.Sav’l\'ﬁsefqm(fi“bgl'v)r’f{eé ﬁ&%g\r,rﬁplt)gé?{ ﬂgér:] P%{ R&i%ﬂﬁ?{b&ﬁ?ﬂ{%égnéi&%yl onitrile
and 46% w ANCT IR i ; e Wek@htU Rifull Athige8. Pre
aration ofs%ﬁ)%f%§%§%ﬁ+€?}}{?§%@éﬂgg’o§ﬂw§ﬁ2§te nonoesters were prepared
by react | ng el buPLAL ndkaithiteto®, Pridiarg] setudandamd eftiarnalipyl | de
under anhydrous ‘conditions. For exanple, nonolauryl naleate was prepared by
reacting abputrdl gmifies tenthidiagr@l titmegiolCe. Calcdamaant)magnesimout 5. 27
mol es of malefit anhydride. The al cohol, was nelted in about a 2 s 50C air
oven, wei giiedbheapeefpptedesaltst Tlee paltk epadbglusssl alane er ik eact or whi ch had
been preheated to about 50C. The crushed mal efi c anhydri de was added to the
mel t edsal cegmbireetdosti rring was started. The reactor was fitted with a 3"
4-bl aded Teflon paddle rotating at about 350 ypm .The reactor s open to
the atnosphere Thomalvatoogiclude but argnesimiigdy GRIETS P?f%%@e\’lﬁth a

dryi ng tube containing anhydrous CaS04. Heat was supplied to the reactor by
ci rcul at i rRcideafdhe for8mlat her nostatically controlled bath, through the

j acket. After about 25 minutes the tenperature of the reaction m xture was
increased to 5 about 60C. The appearance of the reactants changed froma
slurryto a hazy |iquigcte==(dmally, a clear colorless liquid. After

anot her hour the tenperature s i ncreased to about 70C. Thirty m nutes

| at er the tenperatur S raiézeg to about 80C, where it remained for the
bal ance of the 6 hou gt al reaction tinme. The liquid product was Zo poured
directly fromthe reactdor, without cooling, into a series of shallow trays,
w here the |iquid was PRowed?Ro cool and solidi fy. The product was broken
up ancksbottl ed. About 1516.6g product was ' obtained resulting in about a
99.43% recovery. NWR anal ysis of the product showed the product consisted

f about 94, 2% monol auryl, 15 . nl eate, 3. 7%di | | eate, about
1. 00 mal of WhcaeEaG Misteperiign Al splCrd i, st YU TS on
Procedure: 20 P Blendi,n Fi nel v, di vi,ded. stabid zee. ded with
ol yrer  posasi ey &rguer rotk et Pt ShERUBIARIG) FEOAL R G e
stabilizer tgcaﬁogg&sré?cgﬁs gfé{é’%cf. 'E&i%n?]’p EsRPE JreRklctc beid «pewdry] i s added

to 25 abouf" gn yner wder was bl ended on a roll-mll

for 3 our 8. el Qe BELAcRIALRG (REs (RS Bl haRiooess] egybvadleate,ati- 3 0 NAY
?0~3 -m Latex endi ng:

cetyl maleate, octyl maleate, di-octyl maleate, lauryl maleate, di-

lauryl maieate, butyl maleate, di-butyl maleate, hexadecyl maleate,




An aqueous enul sion of the stabilizer is mxed with the 5 polyner, | atex and
the two are co-coagulated to yield an intimately m xed stabili zelalé)dﬂ%'Ymiﬂ%
crunb. A stabilizer enul sion was prepared by heating a m xture of about 10
gns lauryl mal eate and about 2 gns of Dowfax 2A (enul sifier manufactured by
Dow Chem Co.) to about 60C until homogeneous. To the m xture was added
about 88 1o gns. of about 60C water gradually with stirring. The pH of the
m xture was then adjusted to 6 by the addition of a i um hydr oxi de

yi el di ng ali-bexadecgdsnajeater Qnethydb ey lomaledgn A1-Aie L aiey} F‘%%Fggﬁm si on
can be added in the desired ampunt to the

| t i th
needed IeMGnﬂmﬁeméimwﬁ@e%&B@ﬂgg}(%g'leagg%ﬁ%c?ri—cf%{ra: IeE\I_%(raabe(r?der
| asti d i | h It mixi i 1 the t
(i gy 1 caioaie, o6LaT® g0 Iadenbl-OEHEY il cBtg AP nE RS Ee | 1E  Pha e
orabenser VO LUTRL e S REHENAEe Moy gyt oot T

processdbility of Barex resins as a

qual i tg cont 9%99@?;%5"%#%‘% el y determ ne whether a polynmer can be

mel t ed~25 rmal thernopl astic equi prent. Brabender

anal yses were runpat sahQusr R0 ktiichedeusut eselinogdimitedrtaatthabout 5
mnute intervals to about 30 m nutes. This nethod neasures pol yner

degradat i O%J?C% fGuh At GEGUPTIA ianwl B mfehetReriodiarRatyryefi Blgmedicadi ng. 3
0 MRY 200 l'or: About 1 gramof nultipolymer sample with stabilizer is 5
wi t hdr awn §glegnof beg@nrbbases satheas aminesand the dikegal/sCHH JIBBS i nut es.

Each sanple is dissolved in dinethylforman de ( to ke.a 5. 0% by
wei ght sol igidlade] but lzere DAt liddtdd o)l RELMATYS §c€%%rﬁ§é$§9rtg%rx ﬂ'@‘yar dner

Col or Standards for Liquid 1953 Series, nade by Gardngr L t , Inc.,
Bet heada, Ahdydrghdmities @miaining Sy dhaangs (Sk#‘r [ﬁ‘ﬁ@?ﬁ%&%(??’%tgs%egl or on a

scale of 1 to 18, wherein 1 descrjbes.a colorless,| iqui d 18 describes a
beer bott|eahiwmqandmagnf;tausfﬂab?‘hﬁzs@ﬂtség%nLo?a?t‘i‘%‘?w‘? a@ﬁ%i@ﬂl ~ Pol ymer A

Dry bl ends were prepared from Polymer A and various malefic 2 o acid
deri vat i veeombinatons, (by wei ght) |evel . These bl ends were subjected to

Brabender plastication and toraque S t s mafeelto, 3pafeiatacdout 35
rpm . The torquel Gdﬂpf?dnlcgesggﬁﬁ@gtghﬁggne ttaitl a negos’ure of el t

i ity, 25, ‘ teh - @FRFS (. R ¥ zeiB - 19
Tabroo1 Yommedinid P thE jobMuR ifQ-GLALEC-BANE-R dhd pialolt ash

i n. Poh~ LA (bl 194 PC ' ' Sctend Mief i

oy ari oo diaaik BT Sk R e O O e e

mal eat e833§%§§%&%@@%#;;gamoﬁﬁ'rg@ir@ééﬁj(ﬂ‘}?@ﬂaml akyl ge@up32490254815

Phenyl mal The above results denonstrate that the
addi ti on o%r(g‘?ﬁég%higdgﬁguﬁgmm QR airpl graup and combinations

acrylonitr thacrylonitrile multipolymer reduces the injtial .CEE| t
Vi sCosity @Rérddf! artss maleagtidestin2ludeimomeralkel amlidesobERIEIHECIGsor
instance, lauryl maleate and cetyl maleate in th‘i ni iri |.e. mul td' pég‘l_yrrer show
essenti al | iinakyl antidesyfimealeaseid nmamnorarg@mides 8 maleipgtid- Sgoc. The
above conparison of stabilizers denopstrate_that the
unexpezt edlayylanidas efimaleiseasig %‘i‘%tgéélkCZSE%‘?gh%llaﬁy fn%%?éﬁrrlger Mono
Mal eat e Ester Eval uation:  Pol yner of. t he C hition as
Pol ymer A legtyl maleamide, di-cet\grl maleamide, oc%ﬁ”%af%'}{‘ﬁ%, G1BER/I

maleamide, lauryl maleamide, di-lauryl maleamide, butyl maleamide,

di-butyl maleamide, hexadecyl maleamide, di-hexadecyl maieamide,

2-ethylhexyl maieamide, di-2-ethylhexy! maleamide, phenyl

25 maleamide, di-phenyl maleamide, tridecyl maleamide, di-tridecyl
maleamide, octadecyl maleamide, di-octadecyl maleamide and the
like.

The salts of the maleimides include, but are not limited to,

the salts found in Group Il1A and IlIB of The Periodic Table of




3 0 having a nol ecul ar wei ght of 69,000 was dry bl ended with vari:pgsm% 03
mal eat e nono esters and subjected to Brabender plastication at about J&
and about 35 rpm Dry blends were prepared fromthe pol yner B and vari ous
mal efic acid derivatives at the 2% (by weight) level. These bl ends were 35
subj ected to Brabender plastication and torque neasurenents at ~ 0 MnY
2003 - 20 about 200C at about 35-rm The torque required to nasticate the
nmelt) a measure of nmelt viscosity, is reported in nmeter-grans (mgn). TABLE
|15 Tor queglémedith) s2Q9GPaTpheiCpARES isticANd® afthihed) aMidnNt139 liken. Pol ymer
B1883227225402- Et hyl hexyl nal eat 966124317801 o Nonyl

mal eat e1570z27BaRTDes ) hchomd s ab el 846 hdd Irn#dtaie; YWrimary, secondary,

mal eat e731806951Hexadecyl nal eat e752793995Cct adecy! nml eat €8271069184215
Phenyl mal eattelr3caiky? azabstddenmyhesreon tpinang Gl Batoed6C1a. 7 TAE32 The above
results denonstrate that nono nal eates effectively reduce initial nelt

vi scosi ty phrefereedhsaltsi angocalcitinnendagagnesiugn. t Hee saltsican el usgbl ymer
during nmelt_ processing. Exanple 3 A dry polymer conprising about 85%

acryl orfi t r plang aNin geEbmatieRs. 15% net hyl acryl ate (MA) and dry stabilizer

were intimtely ed op.aroll ml].for ahout 2 hqurs at.room tenperature.
The torque requi p)@ et%aﬁﬁﬁqrc%@ppﬁ@%%?qée HESQLFﬁBHSfOWé}t vi scosity was
reported i

ot i m de CORIRRSRR” bt SuftBliash tofhoRBR EdRauSo B SR G ke < are

cryl oni ¢ r PSR subh e BRI dertss plpfety, ARG IO
inti mat el ygphykeafts ankliolte ijelﬁiefpi&ﬁdﬁ‘ﬁglﬁn ?hé‘%‘r‘bﬁex?ﬁerge aegireargerat ur e. The

torque required to nasticate the nelt, a neastre o t viscosity was

reportied i inpRretc héMghmhigfle e tiR)ipmereasur enents were made, and the 4
o results are set forth in Table I1T. 3 ar~uY Zaa - zI Exanple 5 A dry

pol ymer conpri si nghakedbilfercodapysieivil of tige pabserit itdeentioat iyl net hacryl ate
(MVA) and about 7% nethyl acrylate and dry stabilizer were intimtely m xed
on a roll effédctivont ddbwuworicdmpations. Mimrstabijigemtompositientisrafided equi r ed
to masticate the nelt, a nmeasure of nelt viscosity was reported in

met er - gr ai tstiienhggh rdttike oulltipolymeninhivet rangs of abdwt Oahth thaboadul ts are
set forth in Table lo Ill. Exanple 6 15 A dry pol ymer conprising about 75%
acryl oni t r 1% byrdvelghtt prefarablhgbout Ond%e (0 abeudifodiryd snast | i zer were
intimately mxed on a roll mll for about 2 hqurs_ at roomtenperature. The
t or qué-5r eqRTierRRlY Rt Ba% thabarf 8% Dynwaighteolothe Bl scosity was
reported in nmeter-grams (mgm and col or neasurenents were nmade, 2 o and

t he resul trgugflgo “forth in Table Il11. Exanple 7 A pol ymer conprising

bout 85% l onktril bout . 15% et I db

Conti nuous fead ot StERTRPs2etbadhoblin STttt 84 Sl SpBY 0 Vler”
Dr t abil ] : g At | ] ically.
The tor queFa5d 193, ATRE e AR T, BORdeR, & TRRAUY o ERHISRALAL U5 s
reported i g AEHANCArELSEAbIIBRS ChRFNiBoesetHB e scHtankendrsis3 0 are set

forth in Table Il and denonstrate Lowered final torque values and inproved
final 2@ol ofypically @dtietb AOHI hZﬂtril@_m-LEtiEb@rh@‘ subseqhienttoltheCO 07 tn (D
(D(D~-~Q1 ~"~t L _OOOUJOCU. MMr- h M~ ~t McO MM~ M

~ N M M N p@y@hétization rehcfon. FlorNxinhpldythe Gt@blizer dOmposition, as
an emulsion in water, may be added to the high nitrile multipolymer
emulsion latex or suspension slurry prior to the isolation of the
multipolymer, i.e. the coagulation step and subsequent processing.
25 The stabilizer composition, as a powder, a liquid, a solution, or an
emulsicn may be added by dry blending with the isolated
multipolymer strands or powder and the resulting blends can be

pelletized and/or extruded into {ibers, sheets or other shapes.
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Exemplary high nitrile multipolymers are a nitrile
multipolymer comprising an acrylonitrile monomer and one or more
olefinically unsaturated monomers that are polymerized to produce a
melt processable acrylonitrile olefinically unsaturated multipolymer.

5 The olefinically unsaturated monomer employed is any olefinically
unsaturated monomer with a C=C double bond polymerizable with
an acrylonitrile monomer.

The olefinically unsaturated monomer includes but is not
limited to acrylates and their derivatives, methacrylates and their

10 derivatives, acrylamide and its derivatives, methacrylamide and its
derivatives, vinyl esters, vinyl ethers, vinyl amides, vinyl ketones,
styrene and its derivatives, halogen containing monomers, ionic
monomers, acid containing monomers, base containing monomers,
olefins and the like. The olefinically unsaturated monomer can be

15 one or more monomers from one or more groups of the olefinically
unsaturated monomers. Thus, there can be more than one
olefinically unsaturated monomer polymerized with the acrylontrile
monomer.

The acrylates include but are not limited to C1 to Cy2 alkyl,

20 aryl and cyclic acrylates such as methyl acrylate, ethyl acrylate,
phenyl acrylate, butyl acrylate, isobornyl acrylate and 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.

25 The methacrylales include but are not limited to C1 to C12
alkyl, aryl and cyclic methacrylates such as methyl methacrylate,
ethyl methacrylate, phenyl methacrylate, butyl methacrylate,
isobornyl methacrylate and 2-ethylhexyl methacrylate and functional

derivatives of the methacrylates such as 2-hydroxyethyl
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methacrylate is methyl methacrylate. The methacrylate derivatives
include methacrylonitrile.

The acrylamides and methacrylamides and each of their N-

8]

substituted alkyl and aryl derivatives include but are not limited to
acrylamide, methacrylamides, N-methyl acrylamide, N, N-dimethyl
acrylamide and the like.
The vinyl esters include but are not limited to vinyl acetate,
, propionate, butyrate and the like. The preferred vinyl ester is vinyl
10 acetate.
The vinyl ethers include but are not limited to Cy 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.
15 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 styrene, indene

and a styrene of the formula

20
CA=CI-b

wherein each of A, B, C, and D is independently selected from
hydrogen (H) and C; to C4 alkyl group for example methylstyrenes,

25 substituted styrenes, multiply-substituted slyrenes and the like.




U~ a- 3 0 MAY 2003 3 U NAY 2003 - 24 The above results denDEFgr@éga?DB
that the inclusion of the stabilizer into the nitrile multipolynme r |9 i
reduces viscosity of the nitrile nultipolyner during nelt processing.

Furt her, the above table denonstrates that the color is better with the
inclusion of the stabilizer into the nitrile multipolymer. Additionally,
Exanpl e 3 conpares the stabilizer“l%hryl mal eate to phenyl nal eimde. The

data denonstrates that the laury] naleate is une(ﬁﬁactbedl X{és)%t%er in col or
and initial melt TBedqudogeRORSANHBEIRERPINGS KiGtHEs DYt expect ed t hat

the lauryl maleate iis a betfer stabilizer far hj gbh, nit.oit. | tipol yner
than the phHenyed favényh ‘Hél.orlﬂ%aﬁﬁl?ﬁlef)me’dvelglé’?lﬂﬁhqg%&a\hgglggg%l es of the

i nvention those, ski.ll in.the art wl.l j ' s i fges and
15 modi 11 cabiamdc HruRBenf e Bl Ahia ARE FEloffuc MARKERPI Bsuetie
modi fi cati ons w thin i t a i benametiged by the
appended cPE?H%VT.enC %obﬁwﬂ% dgécép%.wghféﬁ%fglg}tﬁggg?ﬁgg% conpri sig;]g a

mel t - pr ce;sogﬁ%&ep% %erviﬁgf %f‘o d haal vir®tideslenchlonidedm xture with a
stabilizer osition, sald stabilizer Conposition conprising a di-ester

of muefic acid spheabatt MAMmBes dicluelccousbse my lohitbd trsgdiuni -1 auryl
di - butyl, di-hexadecyl, di-2-ethyl, di-phenyl, and di-tridecyl naleate; and
wher ei n Sabﬁqﬁtsgmdﬁé&r, seapesstyrene rsedforeste; sodimin oeghadlst i on, decreases
melt viscosity during thermal processing and reduces thernal digcoloration
of the hi gulfohiite esodiniri prrytate, sadivanooepasenilate aBApthelikg dne

nmel t-processable high nitrite multipolymer bejng Ij@n adm xture V{A }.h &

st abi | i zer prefapoad tomic, meaioinetsadid $e@diurasHpEL SHHERALLeNPPTURSH W est er
or half ester of malefic acid wherein said di-ester or half ester further
cont ai G asméﬁoaiatsamtsedllfmdﬁﬁﬂh%uﬂrﬂéﬂgo’%%i sting of a Group Il1B netal,

beryllium bariu and strontium and wherein i L ition
reduces ther mal dé§iCaRili GNARRIBEDONOTHETS ‘Qﬁ@?&gﬁ"?@gg%ﬁoﬁg{?ﬁ%%

processi ng and_ reduces thernal di.scol or.afi f,Lhe by Rifehte

mul ti pol ynm8cryhc aﬂl‘go‘i?ﬁég??g"gﬁ? %‘E}ﬁpy f%lﬁ%dlg&rrl%l ?é‘gf (:l){(:aecg;shalt Ided%*l gh nitrite
mul ti pol ynmer bei ng jh _adnm xt it htd C hhizg@Aingwherein t he
stabilizer S&ﬁ%}fsg‘ﬂi%ﬂlq §c1g0%§itgg&ﬂ6€$ g‘hg?él?g%gedﬁ&mfi c ac% of the
formula: 1-1C - >le 5 nic%ad g«f}% eNs 1 886HicoAciB and ividgbsnlienid y

sel ected ffﬁﬂpg%gtaéjcd%%qIE%CIgz’ro p glrerhalﬁG to C24 aryl gr oup and

conbi n gi ora%i%hereof; and wherein said stabilizer conposition reduces

t her maf~ degradati on, decreases nelt viscosity during thermal processing and
reduces thermal diggohgs@kbatuiging Meonbgiersiihclude buttagsonghiimited oy MAY
2003 26 4. A conposition conprising a nelt-processable high nitrite

mul ti pol ymesinyehysidie a2iintinoethyl-Nraargaatide, deamtivepsePyl-bh, sai d
stabilizer conposition conprising a mal eam de se| ected fromthe oup

consi sti ng afrytahide, BHamainothybacosatd, Jrareinacdiyl metacryiale aik,

di -octyl mal eam de, |auryl mal eam de, di-Ilauryl mal eam de, butyl nmal eam de,
di - butyl nehednkele, hexadecyl nml eani de, di-hexadecyl nal eanide,

d
él -efoﬂglaglex?/rlal eaﬁ%&‘}éj&qugﬁic‘?ﬁaééﬁﬁx%& nat ﬁ%tgg&?ﬁgﬁg&%r’n: Sg,m g%& adecyl
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monomer and an olefinically unsaturated monomer; a surfactant or

20 suspending aid; optionally a molecular weight modifier; and a free
radical initiator at a temperature in the range of about 40°C to 120°C
in the substantial absence of molecular oxygen. The acrylonitrile
olefinically unsaturated multimonomer feed mixture contains about
95% by weight to about 20% by weight acrylonitrile monomer, 80%

25 by weight to about 5% by weight olefinically unsaturated monomer.
The polymerization process is carried out by continuous or

incrernental addition of each of the reactants.

The reaction is continued until polymerization has procceded

to the desired extent, generally from about 40% to about 99%
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10 coagulation, spraying the solution of the multipolymer into a heated
and/or evacuated chamber to remove the water vapors, stripping,
filtration, centrifugation and the like.

The high nitrile multipolymer has reduced thermal
degradation, reduced thermal discoloration and exhibited less melt

15 viscosity increase in subsequent thermal processing steps due to the
presence of the stabilizer composition in the high nitrile
multipolymer.

The high nitrile multipolymer with the stabilizer composition
may be processed into a wide variety of useful articles by thermal

20 melt spinning, extrusion in the absence of solvent and in the absence
of water, injection molding, calendering, vacuum forming, milling,
molding, drawing, blowing and the like. The use of the stabilizer
reduces thermal degradation, discoloration, cross-linking and melt

viscosity increase of the nitrile multipolymer products during the

25 thermoprocessing of the nitrile multipolymer.
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Equipment
10
A 50 gallon circulating hot water jacketed stainless steel
reactor was equipped with a reflux condenser,
thermocouple/controller, a turbine agitator, nitrogen gas inlet line,
vacuum line, and two monomer feed stream pumps. The two
15 monomer feed mixtures were metered, as separate single solutions,

by constant feed pumps.

Procedure

20 The reactor was initially charged with about 293 Ibs. of
distilled water, about 2.75 lbs. of Rhofac RE-610, about 0.85 Ibs. of
N-octyl mercaptan, about 7.04 lbs. of acrylonitrile monomer and
about 2.96 Ibs. of methacrylonitrile monomer. The reactor was then
purged with nitrogen and heated to about 60°C. After temperature

25  was obtained, a slurry containing 0.47 lbs. of the initiator Vazo 52,
about two lbs. of water and about 0.25 Ibs. of Rhofac RE-610 was
added along with two separate monomer feed streams. The first
monomer feed was composed of about 70.4 Ibs. of acrylonitrile and

about 29.6 Ibs. of methacrylonitrile and fed to the reactor at a
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60°C for about three hours. The latex was then coagulated with
alum solution at about 81°C to about 85°C and washed with water at
ahout 75°C, and dried. The result was a course, free flowing, white
polymer powder, designated polymer A. The multipolymer
15 composition of A was 54%(wt.) acrylonitrile and 46%(wt.)

methacrylonitrile with a molecular weight of 143,000.

Preparation of Mono Esters of Maleic Acid

20 Maleate monoesters were prepared by reacting equal molar
quantities of an alcohol and maleic anhydride under anhydrous
conditions. For example, monolauryl maleate was prepared by
reacting about 5.27 moles of lauryl alcohol (1-dodecanol), with about
5.27 moles of maleic anhydride. The alcohol was melted in about a

55  50°C air oven, weighed, and poured into a jacketed glass 2 liter
reactor which had been preheated to about 50°C. The crushed
maleic anhydride was added to the melted alcohol and stirring was
started. The reactor was fitted with a 3" 4-bladed Teflon paddle

rotating at about 350 rpm. The reactor was open to the atmosphere
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thermostatically controlled bath, through the jacket. After about 25
minutes the temperature of the reaction mixture was increased to
5 about 60 C. The appearance of the reactants changed from a slurry
to a hazy liquid to, finally, a clear colorless liquid. After another hour
the temperature was increased to about 70°C. Thirty minutes later
the temperature was raised to about 80°C, where it remained for the
balance of the 6 hour total reaction time. The liquid product was
10 poured directly from the reactor, without cooling, into a series of
shallow trays, where the liquid was allowed to cool and solidify. The
product was broken up and bottled. About 1516.6g product was
- obtained resulting in about a 99.43% recovery. NMR analysis of the
product showed the product consisted of about 94.2% monolauryl

15 maleate, about 3.7% dilauryl maleate, about 1.0% maleic acid, and

about 1.1% lauryl alcohol.

Stabilizer Addition Procedure:

20 Powder Blending:

Finely divided stabilizer is dry blended with polymer powder
by any effective mixer. For example, about 1.04 gms. of the stabilizer
that has been ground in a mortar and pestle to a powder is added to

25 about 50.96 gms of polymer. This powder was blended on a roll-mill

for 3 hours before being subjected to melt processing evaluation.
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Latex Blending:

An aqueous emulsion of the stabilizer is mixed with the
5 polymer latex and the two are co-coagulated to yield an intimately
mixed stabilizer/polymer crumb. A stabilizer emulsion was prepared
by heating a mixture of about 10 gms lauryl maleate and about 2
gms of Dowfax 2A (emulsifier manufactured by Dow Chem. Co.) to
about 60°C until homogeneous. To the mixture was added about 88
10 gms. of about 60°C water gradually with stirring. The pH of the
mixture was then adjusted to 6 by the addition of ammonium
hydroxide yielding a low viscosity, translucent emulsion. This
stabilizer emulsion can be added in the desired amount to the
polymer latex to achieve the needed level.
15

Testing Procedure:

Brabender Plasticorder:

The Brabender plasticorder is a low shear melt mixing device
50 that measures the torque (m-gms) required to melt stir a molten
polymer and is manufactured by the Brabender Instrument Co.,
S. Hackensack, NJ. The Brabender Plasticorder is routinely used to
judge the melt processability of Barex® resins as a quality control
measure. It can easily determine whether a polymer can be melted
25 and processed on normal thermoplastic equipment. Brabender
analyses 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.
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Torque (m-gmj), 200°C

5 Sample Composition 10 min, 20 min, 30 min,
Polymer A (blank) 2632 2739 3494
Maleic acid 2611 2842 3058
Maleic anhydride 2243 2446 2536

10 Cetyl maleate 828 782 748
Lauryl maleate 833 773 839
Di-2-ethylhexyl maleate 1271 1493 1782
Maleimide 2163 2420 2548

15 Phenyl maleimide 2207 2295 2278

The above results demonstrate that the addition of the
stabilizer composition in the acrylonitrile/methacrylonitrile
multipolymer reduces the initial melt viscosity and retards its growth

20 during the melt processing. For instance, lauryl maleate and cetyl
maleate in the nitrile multipolymer show essentially no viscosity
increase in about 30 minutes at about 200°C. The above comparison
of stabilizers demonstrate that the maleates are unexpectedly better

than the maleimides.
25

Example 2: Polymer B, Mono Maleate Ester Evaluation:

Polymer B of the same AN/MAN composition as Polymer A but
30 having a molecular weight of 69,000 was dry blended with various
maleate mono esters and subjected to Brabender plastication at
about 200°C and about 35 rpm.
Dry blends were prepared from the polymer B and various
maleic acid derivatives at the 2% (by weight) level. These blends were

35 subjected to Brabender plastication and torque measurements at
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melt, a measure of melt viscosity, is reported in meter-grams (m-gm).

TABLE I
5
Torque (m-gm), 200°C
Sample Composition 10 min. 20 min. 30 min.
Polymer B 1883 2272 2540
2-Ethylhexyl maleate 966 1243 1780
10 Nonyl maleate 1570 2327 3125
Decyl maleate 1046 1349 2343
Lauryl maleate 731 806 951
Hexadecyl maleate 752 793 995
Octadecyl maleate 827 1069 1842
15 Phenyl maleate 1362 1777 2125
Dodecyl mercaptan maleate 1362 1777 2132

The above results demonstrate that mono maleates
effectively reduce initial melt viscosity and retard viscosity increases

20 of the nitrile multipolymer during melt processing.

Example 3

A dry polymer comprising about 85% acrylonitrile (AN) and
25 about 15% methyl acrylate (MA) and dry stabilizer were intimately
mixed on a roll mill for about 2 hours at room temperature. The
torque required to masticate the melt, a measure of melt viscosity
was reported in meter-grams (m-gm), color measurements were made
and a maleimide stabilizer was compared to the maleates, and the
30 results are set forth in Table III.

Example 4

35 A dry polymer comprising about 85% acrylonitrile and about
15% ethyl acrylate (EA) and dry stabilizer were intimately mixed on a
roll mill for about 2 hours at room temperature. The torque required
to masticate the melt, a measure of melt viscosity was reported in
meter-grams (m-gm) and color measurements were made, and the

40 results are set forth in Table Il
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Example 5

A dry polymer comprising about 85% acrylonitrile, about 7%
5 methyl methacrylate (MMA) and about 7% methyl acrylate and dry
stabilizer were intimately mixed on a roll mill for about 2 hours at
room temperature. The torque required to masticate the melt, a
measure of melt viscosity was reported in meter-grams (m-gm) and
color measurements were made, and the results are set forth in Table

10 I
Example 6
15 A dry polymer comprising about 75% acrylonitrile and about

25% methyl methacrylate and dry stabilizer were intimately mixed on

a roll mill for about 2 hours at room temperature. The torque

required to masticate the melt, a measure of melt viscosity was

reported in meter-grams (m-gm) and color measurements were made,
20 and the results are set forth in Table III.

Example 7

A polymer comprising about 85% acrylonitrile and about
25 15% methyl acrylate was prepared by a continuous feed emulsion
process and recovered as described for polymer A. Dry stabilizer was
added to the polymer and intimately mixed mechanically. The torque
required to masticate the melt, a measure of melt viscosity was
reported in m-gm and color measurements were made. The results
30 are set forth in Table III and demonstrate lowered final torque values
and improved final color.
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The above results demonstrate that the inclusion of the
stabilizer into the nitrile multipolymer greatly reduces viscosity of the
nitrile multipolymer during melt processing. Further, the above table

5 demonstrates that the color is better with the inclusion of the
stabilizer into the nitrile multipolymer.

Additionally, Example 3 compares the stabilizer lauryl
maleate to phenyl maleimide. The data demonstrates that the lauryl
maleate is unexpectedly better in color and initial melt torque than

10 the phenyl maleimide. It is unexpected that the lauryl maleate is a
better stabilizer for a high nitrile multipolymer than the phenyl
maleimide.

From the above description and examples of the invention
those skilled in the art will perceive improvements, changes and

15 modifications in the invention. Such improvements, changes and
modifications within the skill of the art are intended to be covered by

the appended claims.
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CLAIMS

1. A composition comprising a melt-processable high nitrile multipolymer
being in admixture with a stabilizer composition, said stabilizer composition comprising
a di-ester of maleic acid selected from the group consisting of di-octyl, di-lauryl, di-butyl,
di-hexadecyl, di-2-ethyl, di-phenyl, and di-tridecyl maleate; and wherein said stabilizer
composition reduces thermal degradation, decreases melt viscosity during thermal

processing and reduces thermal discoloration of the high nitrile multipolymer.

2. A composition comprising a melt-processable high nitrile multipolymer
being in admixture with a stabilizer composition, said stabilizer composition comprising
a di-ester or half ester of maleic acid wherein said di-ester or half ester further contains
a metal selected from the group consisting of a Group 1lIB metal, beryllium, barium, and
strontium; and wherein said stabilizer composition reduces thermal degradation,
decreases melt viscosity during thermal processing and reduces thermal discoloration

of the high nitrile multipolymer.

3. A composition comprising a melt-processable high nitrile multipolymer
being in admixture with a stabilizer composition, wherein the stabilizer composition is
comprised of a di-ester of maleic acid of the formula:

HCl:CH
O— C=0
L b

wherein each of R is independently selected from a C, to C4s alkyl group or a C; to C,,
aryl group and combinations thereof; and wherein said stabilizer composition reduces
thermal degradation, decreases melt viscosity during thermal processing and reduces

thermal discoloration of the high nitrile multipolymer.
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4. A composition comprising a melt-processable high nitrile multipolymer
being in admixture with a stabilizer composition, said stabilizer composition
comprising a maleamide selected from the group consisting of cetyl maleamide,
di-cetyl maleamide, octyl maleamide, di-octyl maleamide, lauryl maleamide,
di-lauryl maleamide, butyl maleamide, di-butyl maleamide, hexadecy!
maleamide, di-hexadecyl maleamide, 2-ethylhexyl maleamide, di-2-éthylhexyl
maleamide, phenyl maleamide, di-phenyl maleamide, tridecyl maleamide,
di-tridecyl malearnide, .octadecyl maleamide, and di-octadecyl maleamide; and
wherein said stabilizer composition reduces thermal degradation, decreases meit
viscasity during thermal processing and reduces thermal discoloration of the high

nitrile multipolymer.

5. A composition comprising a melt-processable high nitrile multipolymer
being in admixture with a stabilizer composition, said stabilizer composition
comprising a substance selected from the group consisting of calcium lauryl
maleate, strontium lauryl maleate, calcium tridecyl maleate, C,, amine maleate
salt, and combinations thereof; and wherein said stabilizer composition reduces
thermal degradation, decreases melt viscosity during thermal processing and

reduces thermal discoloration of the high nitrile multipolymer.

6. The. composition of any of claims 1-5 , wherein said acrylonitrile
olefinically unsaturated multipolymer comprises polymerized acrylonitrile
monomer and one or more olefinically unsaturated monomers and wherein said
olefinically unsaturated monomer is selected from the group consisting of
methacrylonitrile, methyl acrylate, butyl acrylate, ethyl acrylate, methyl
methacrylate, butyl methacrylate, vinyl acetate, styrene and its methyl
derivatives, viny! chloride, vinyl bromide, vinylidene bromide, vinylidene fluoride,
sodium vinyl sulfonate, sodium methally! sulforiate, sodium styrene sulfonate,
acrylic acid, methacrylic acid, vinyl sulforuc acid, itaconic acid, ethylene,

propylene, isobutylene and combinations thereof.
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" #39%&' () * tacryfonitrile monomer-and one or more olefinically unsaturated monomer, a
surfactant or suspending aid, a molecular weight modifier, a free-radical initiator,
at a temperature in the range of 40°C to 120°C, in the su_bstantial absence of
molecular oxygen; and subsequently adding a stabilizer cémposition of any of
claims 1-5 to the multipolymer and wherein said stabilizer composition is added
to the high nitrile multipolymer in the range of 0.1% to 10% by weight of the high
nitrile multipolymer.

9. The process of claim 8 wherein said stabilizer composition is added to
the high nitrile multipolymer in the range of 0.2% to 5% by weight of the high
nitrife multipolymer.




