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present invention generally relates to a nmethod of
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[0005] The abimy to make copolymers of acrylic monomers and IB type monomers is
desired in the art. For example, many patents express the potential for us!ng IB-
containing polymers in coating compositions. U.S. Patent No. 6,114,489 to Vicari et al.
discloses a coating composition that includes a functional acrylic resin binder; a co- )
reactant capable of reacting with the functionality of the acyylic binder' a degasser' anda
hyperbranched polyester flow and leveling agent. [Bis sugges}ed as a potential co- :



hyper branched pol yester flow and | eveling agent. IB Is
suggested as a potential co -2- nononmer for use in the
acrylic binder as part of a long list of nononers.

U S. Patent No. 5,552,487 to Clark at al discloses
powder coating conpositions that include a copolyner.
having a reactive functionalityg.and a suitable
crosslinking agent capable of reaction with the
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[0007] As one skilled in the art of polymer chemistry can’ appreaate when Fy is near zero
and r, has a value of 10 or more, monomer 2 s reactive toward both monomers and
monomer 1 is reactive toward nelther monomer. In other words, it is extremely difficult to -
" prepare copolymers having significant amounts of both monomers. It is not surprising

then that few examples can be found of coating compositions that include isobutylene-

~ type monomer-containing copolymers, because the monomers do not tend to
copolymerize.



copol ynerize. -3- [0008] A few exanples of acrylic
ester or acryldnitrile copol yners nade by.

copol yrmeri zing with nononmers such as propyl ene,
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{0013] Copolymer compositions that contain Lewis acids and/or transition metals
intermingled with the copolymer can have a number of drawbacks when used A
oor_nmercially. Some Lewis acids and transition metals are toxic and have adverse
envirorimental effects if they are leached from the copolymer and enter the environment. ' '



intermngled with the copol ynmer can have a nunber of

dr awback' s when used comercially. Sonme Lew s adds

and transition netals are toxic and have adverse
environnental effects if they are | eached fromthe

copol ynmer and enter the environnment. -4- In coating
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] 0017) The present invention is directed to a
continuous nethod of making a copolynmer conposition. .
contai ning residues of at |east one ol efinit .nononer -
conprising the steps of (a) providing at |east one
pressurized stirred tank reactor (STR) having at

| east one inlet and at |east one.outlet (b) feeding
one or nore nononer conpositions to an STIR by way of
at least one of the Inlets, wherein at |east one
mononer conposition conprises_gne or nbre NONONErs |
having the follow ng structure (1): (z) CH=C 'R2.
where Rl Is |inear orsmmpﬁiﬂetmvm'rm]kyl and
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by way of one or
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[0013]

DETAILED DESCRIPTION OF THE INVENTION
[0015] Various numerical ranges are disclosed In this patent application. Because these
ranges are continuous, they include every value between the minimumm and maximum
values. Unless expressly indicated otherwise, the various numerical ranges specified in
this application are approximations. J
[0020] As used herein, the tem “copolymer composition” ls meant o include 2
synthasized copolymer as well as residues from initiators, catalysts, and other elements



Such residues and other elenents considered as part of
t he copol ynmer conposition are typically m xed or
co-mngled with the copol ymer such that they tend to
remain with the copolyner when it is transferred

bet ween vessels or between solvent or dispersion
‘nedia. (00211 As used herein,gthe term"substantially
free" is neant to Indicate tha a material is present
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& H%’?%%‘éﬂ @mr)ngl £ W tifn&l%&?ﬂg 'rtlefe\étraﬁ‘ Hedshy of'a gRER honomer’s

acceptor. non
| polypenizableoethyiehically unseissaehBRUPRAPORIYE VaNE for g diates that 2
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stirred tank re T, r bohBsition
AP o AP T o bt a ROt Plkiro Fpoffifr binflstion
containing residues of at least one olefinic monomer comprising the steps of: _
(a) providing at ieast one pressurized stirred tank reactor (STR) having at
least one Inlet and at least one outlet; ' ' : '



-7- (b) feeding one or nore nononer conpositions to an
STR by way of at |east one of the inlets, wherein at

| east one nmononmer conposition conprises one or nore
nononers having the follow ng structure (1) R (1)
CH2 =C R2 where R is linear or branched C, to C4

al kyl and R2 is selected fron+ﬁethy| linear, cyclic
or branched' C, to C20 al kyl,” al kenyl, aryl, alkaryl

and ang Ky feediity orﬂic or'Hidre %dﬁéﬁepﬁmﬁﬁéﬁioﬁ! to érli‘ STRA viYef at least
or nore functl on?';\ ug m%@g eedi n one or .nore

i9Re(of thednfelsoypere rtatgﬁs‘-t o 9n EPmpriResgne or more
Héroniths hd\ing hedblfbiving dtakbuf@ {1t al ning the liquid |evel

in the STR such that there is substantjally no air or

vapor space in the STR (e) maintai n/?'ng t he nononer
conpositions In (b) andithe i@Hiiat®r conpositions ..
in (c) in the STR for a residence ti sufficient to
ef fect conversion of the monomérs to® copol-yner

GEHEROR! fs1iRBar &Wanché@ o) ﬁi éEQl'i\fl ghd ﬁ"z %é‘t?&:ﬁr&fﬁﬁ'iethyi. linear, cyclic

conposi tion

@rBERrhechE: @fé/av Ryl ?EQMtaFY'n%'E?M a5, af@’ﬁé i Mibichgan optionally

| 3“.“?‘?3%‘*5‘?6’.@%3 T LS, or enol (| Sobut il ene-

monont$ y Ql%ﬁ’é%"r? H'@fa&ff%o""@@@ms tPﬁh"aﬁ-Bﬁ rwaX( 0? one or
Qfﬁ}@dfﬂﬁel'me@f the present invenhtion, the group R2 of |

th t . .
funct fnal MRl r“CEqsrilasef'ﬁrb%metﬁiﬂd%L?ceﬁﬁﬁe@%g?%’%w%nﬂa"v o ai

@ vaEp8psce inad8XR| i ¢ add, hydroxy, am de, ‘oxazoline,

S ORGE BGRL homBAh R T Bl Fr compsions

an o in tha SARJot & cesidemcs ditne suffitieoits effect canversich ef the monomers to a
%B‘E&ﬂjg b Sl ¢ esent |nvent| on, at l|-east one

03| fon in (b) Includes one or nore

monomifd's s d seharaingthe conslymer compesitian by wayefithe patiet. -
E[?ﬁ §n Qﬁﬁﬁ&wqé Rflote é?e‘s%tlweﬁhéril g@ monom&"@ str@i'ure (I) is

ereln sel ecte from-N
u:(is@)mﬂm diispputyteng; dipentere; éfap&rpbﬁsqbpbdﬁfﬁ-tvpe

"Immg{e@%ngmﬁgr@qh&eoﬁo Cz, alkyl and l'i near or
branched to C20 al ﬁgl ol; R4 is sel etgt ed
1

O H, :
;;W\'ﬂefmc@a% eshagiment ohihe presept iaventigy %ﬂmup."ﬁ@? thefponomer of
letractaleqy) ifeluded dRé®r Aldw functional groups selected from the group consisting of

epoxy, carboxylic acid, hydroxy, amide, oxazoline, acgtoaoetate |Spcyan_ate. carbamate,
amine, amine salt, quaternized amine, thiol, methyiol,_methylol ether, and sulfonium salt.
ioozs] In a further embodiment of the present in#ention. at least'one mondmer
composition in (b) includes one or more monomers selected from acrylonitrile and acrylic
monomers described by structure (Ill): : ' :

CHz =——CH
(III) - =0 .

Y .

" wherein Y Is selected from ~NR?;, -O-R?-0-C(=0)-NR?; and -OR% R is selected from H,
linear or branched C; to Cx alkyl and linear or branched Cy to Cx alkylol; R'is seléctgd
from H, poly(éthyfene oxide), poly({propylene oxide), linear or branched C4 to Cxo alkyl,
alkylol, aryl, alkaryl and aralkyl, inear or branched C, to Cz fluoroalkyl, fluoroaryl and
flucroaralkyl, a siloxane, a polysiloxane, an alkyl siioxane, an ethoxylated trimethylsilyl



al kylol, aryl, alkaryl and araikyl, linear or branched
C, to C20fl uoroal kyl, fluoroaryl and fluoroaral kyl, 6
sil oxane, a polysiioxane, an al kyl sil okene, an

et hoxyl ated trinethyisilyl -8- siloxane and a

propoxyl ated trinethylsiiyl siloxane; and R6 Is a

di val ent |inear or branched é%_to C20 al kyl 1inking
group. Optionally, RO and/or R4 can incl.ude one or
nore functi onal n. addi t

029
siyane aathe pmpmwé%ﬂrt@geﬁv'swvh%'mﬂ% ﬁmg A @PB’E'B“‘#I"EHF or branched

f& i3'eL\Hi§i Adidng grbm?l Offsnaly, R 8Adbr Rhear itiélgde onér rgbredimctional
one orf nore selected from epoxy, carboxylic acid, ‘ .

'IQIR!’P&xy am de, oxazoline, acetoacetate, Isocyanate,

Q@ZﬂaH‘ﬁérﬁadcﬂﬁBrﬁEem%Hzﬁént?dll'ltfahpreﬁmtrﬁélﬁtioﬁ?ﬂheéy%m in structure {1} .
er s

: | ol [
s alTErsLapRiinRR BT of B bt mOBRoSRART BRoT, parboxyli
i Siydeoig, SRR BXazBRiE) acdtbdcetaté, sddyandte,datttkesate, amengramine salt,

rmr e o'ﬁﬁ,é? H‘ﬁ'PJ megq?ygﬂ Ciﬁ"g@@‘sfr{qe{‘ :ieﬂdesglﬁﬁéi ﬁﬁ%‘teﬂm another

Sbtrybbmmt ofithe pl'esehﬁavaxtlamdat igaglonepyonatereompogigaini(b) includes

i b B T i 5041 oS iy sy
"“mmdsmBWEﬂYMei vyl etiiers and stnipyridioey | at e,

z?(lﬁ{!)? Ltllar @r@&?& @E@Corf 8 g%f\éénﬁ?rg%% Fﬁﬁhgﬁénﬂr%ﬁb&moﬂs can
uncwgmpe oamow gk the nmrnmergﬁeéﬁﬁwcfém famewyba@ylate hydroxypropyl

' |
e agtahrﬂéﬁgl;éycﬂlé@ réﬂ%}l BYvREE butyPhorARRY lsobutyl acrylate,

d n
%b%mﬁc@eate T Yiernasio PE iR YT SO e iR,

Q'Wéﬁwdc%tetilét Q{'Ihﬁﬁlatémﬁubkﬁﬁleﬂw&ﬁdﬁhmm from
pres ent ‘ne

s re ed, suc e or
: .fiﬂﬂ%lt !m?'tegwysse"moa'm%%eé#'swai* cPper composition
Geduftin e théipyesavt inathod i reaetbd enehl melromparme finctional groups are

SRR S R AP el A s Ot o

itiectdpolymeh USuitatle funttidniahgroems that canbexycorparalediytb the copolymer

W o B S Bt LRG0, e
. mveioacetath Ispcyanatet tarbamatenarning] amine salb nuaf’arruze;slmmlam thigh,
Hidio [rﬁgﬁgnhétneragn&mw? t, Of the invention, the

|
at or Ion I nc eS. 'a thermal free radical

|{0ﬂ331 nan erah@ldlmsnt @fitae Inyensien. the Intiatesr comppsitieninclydes a thermal

idb inktRedrE oﬁ)ﬁ&%ﬂ& 3Hb 6Anore solvahisl atg'sufiatle ’ﬂfénﬂéﬁfée radical
in t pr esent Sui t abl-e t her mal reer?@dlc

' .imﬁfatweﬁaa bg uspg§ m thaeresent maihed nBtiablethegral frge

- GRIMRUBH Sire AGQ eR@iripalifd, Gzo cOAPGUNMS dsarsuifate
m xt ures ther of ' 0 % Any sui tabl e per oxi de
EEPpBNS: and

at e pol ynerizati on can be used
|[#o33f ARy tsuimu aaxidé\&ompmddltmttcanmmmymenzaubecan be used in

' ﬁl}“dt abl E‘ IO [ OXI 38"“‘ oun%@ttﬁg . sel %%%@% can be
ezl Ffroﬁﬁlimghsperﬁﬂidé, mdmyt gfthydﬂ@tounlpéﬂsddedx benzayhperoxides, di--
gag&g%gﬁ&s %l—{: arrn% peD es, 3{ curhyl %'elaoc p«%«%b&%ﬁdes. demnoyl
peroxide, lauroyl peroxide, peroxydacarbonates, peroxyesters, dialkyl peroxides,
hydroperoxides, and peroxyketals.

[0034] Any suitable azo compound that can initiate polymenzation can be used in the
‘nvention. As non-limiting examples, the azo compounds can be selected from 4-4'-



per oxi de, | auroyl peroxide, peroxydi carbonates,

per oxyesters, dial kyl peroxides, hydroperoxides, and
per oxyketal s. (00341 Any suitable azo conpound that
can Initiate polynerization can be used in the
Invention. As non-limting exanples, the azo conpounds
can be selected from4-4' -9-_@zobi s(4-cyanoyaleric
aci d), - azobi scycl ohexanecarbonitrile, 2-2'-

-%@“@f&%@é&‘&%@r Fisgoysaysoexensosbpnlile 2.2 o

. Azobisisghutyrosirits, m-}a;plma@yrnethylprpploggmid| ne) dihydrochloride, 2-2'-

RO pORARAR) 2 o5l Gropionioh a2 dxdbisaty

zimethﬂzajemsFtﬂehéta’ryznbw(v@emnrymba,?eazWISIqammbea(ﬂw de],

T ne{cﬁ&@}?i ﬁf G t pf&ﬁﬂg&-&&h@ﬁent&m?ca&oﬁoﬁbﬁé%ﬁm N'-

.@meth!dmﬂﬁ@pw@midmewp? opabie(R-anmidipenropansd dingdrochlorde, 2,2
me@xm&he@wﬁ&@mgnﬁhmm a%h‘ibﬁtf@ and 2+(carbamoylazo)-

di hydrochl orl de and car banmoyt azo) -
isobHlyranitdlsi t ril e. [0035] An enbodi ment of the-

' l[!MSP %?&bﬁcﬂg\;ﬁé\ﬂn\éwktﬂeﬂn\?nﬁn %Ismrrg? ﬁ'h; m&nemamqbﬂ yeﬁ?ﬁlﬁeﬁicts a
usi

GradBin oy Mg GRAVATr being ReuIBGAtser i T AcRaTinG g the present
mmnﬁm Nh teqemm@ht ¥ss&blymo) mmbfmeeﬂea tanks 12 2andAnd, Which contain

| C ont al nMnNno OSI L1 a

Atorhet SHhAodhiond A AFEerad A S 1 e ispiagh biBRE 47 3R s
u\bspehllwee@dmtch temahip pulinps A cind 8 8 respeeiivelyy which cah belvompnter
%Snt&?h eén eu%B&?aﬁagh cﬁ‘qhe lbOelﬁlGn SR HEEtQBksoéﬂ tc{blﬁfaén a volatile

| nven s can contain VO .
rmmorrer a rwndmtmg mpﬂg bdnampbetvbee.mgldubgmasynawb for gxample, by

I%Epl?ihg ﬁﬁféﬁbﬁ %F’ancttﬂér n?éﬁ‘ §0 HEY thethdtokid? %ﬁ‘gé fé?:gfg‘a f?dwd The .

ert gas, MoNoNer . can '
anonpmgpslpamseom Fﬁﬁﬂfﬁé’ﬁs ﬂ%?ﬁacﬂ"'rhﬁﬁ“ﬂ% @Staa'?ﬂﬂs'"&iﬂnga%mp*e by

basdimtnbs tﬁ?oﬁgﬂ an &fife MB@r 45, nmmwwm &an BY computer controlied
paSSI ng them through'an in-line mxer 15. Punps 14 and

e conmputer controlled feed punps. [0036] An
I [ouss] Ahvitiater SedaschibeatineVia quthﬂ forinditiirtlad MRiEtoBsoiventasdlution, is

BB 1 /oRG eV, SR RSB B g A2 i

\bbicoimpoi@n coiliegnpinéLexithy undds Big 18,Ldnd22 lead toi angprimomieed line

2k b o0 ot Tk bRl IR IR 2l P S pertfi ocatea e

\tﬁa lower portipmaefrSIR 26.| Asah auema’nvetdmboﬁmm theling faom elimp 22 can

P 7 W ki ) s

bothu have beemfedrto &di Re26 dnﬁnragltzodkmt oftha inyeulion. Inleti28empties into a
B3NS’ ﬁiﬁn if @Pﬁﬁ %g& %8 ho{t&n Mird Imﬂﬁ%'@ﬁés b bbﬁ@m one tenth of the

'nven intd ttomportio

y@lnﬁle@é&?g 267 d-lmvpbrwlem& @m Ingidst heipe Bt egendsinia STR26 to a
ﬁhfl tﬁﬁﬁ[ﬂi‘o\ﬁ&eé Qﬁlgedf%é‘%n%eégﬁd matd?@\ﬁﬁ%g[ level ‘iH S§TR28. Further,

at exteends 1nto

t hight ofthe H!ﬁ@iOlifﬂ%tszse?ﬂﬂrq’a asiustable. Whemalat I%ﬁ'@nomers are used,
iplinbk 34,015 afd 20816 fyBitSly High SERw pumpslr t her ,

{0037] In an embodiment of the invention, the monomers from feed tanks 12 and 16 are
mixed with the initiator composition from feed tank 20 prior to being fed to STR 26. .
Further fo this embodiment, the monomer compositions and the initiator compositions can
be mixed using a static mixer (not shown). | |



the height of the pipe in inlet 28 can be adjustable.

When vol atil e nmononers are used, punps 14, 18, and 22

are typically high pressure punps. [0037] In an

enbodi nent of the invention, the nononmers fromfeed

tanks 12 and 16 are mxed with the Initiator

conposition fromfeed tank 20 prior to being fed to

STR 26. Further to this enbodi nent, the nonomner

conposi tions and the initiator.g¢popositions can be

m xed using a static m xer (not shown). -10- 10038]

STI R{op3s} STR2p hbhmbm‘of beingwressudzed and typically dhclues zmbeswvith turbine

ana SRR I Bl i oM papficthpdi oo

o o PERSA T8 813 (R BHATE Biing 57 B EPTHasts b 5T 3¢ DRPERIZS g e
of t metussfiie:vesctints, e BpalicatioPeairith Beptivhat dvd It I epplectin sbma

LSRG oty s i O f ot Bl 0y, ST

and | reac
| n ofisiwe xiubmngmmamwaemmzﬁmwo S5TR

STR 26'can bﬁjahﬂhaaéi"hh%b'aﬁdl&ﬂobﬂn@ tah@ciif K€ ifernal coils for
e 34 exits STR 26 at outI et -10. STR 26

Di schgatg. ¥
can B} PEIGPURER® ng and/ or cool i ng pur poses
and - tMA9has usadiersinnthb e ihydrallinelly ful aefem tp thoms/sifvations where 100%

cool ighfie RUALAE SAfe STRBHEInAGu RFhEE 1B stardtBfly i Br vapor spacs In
hydr ically fur referstothose situations where

ul
100%6\’3dF3‘ft‘Ffe vol ume of the STIR contains |iquid and
Mor-e [Msuls'uhs\tcauﬂelcasm 26 canetieran voluragp it il proeidd the dedied throughput

bt S & g 16 KR ipe TR Sl 1R M MO uiiRco

resi dx@ﬁc I qertaia sihuatigns ahipesd & ier, mwmm&"&w ingither cases at .
STI Ricaét TharsHin sane ditgstivhs & idast s litere s othér SitcRIhat feast 10 fiters, and In

t t
1o BP iy iR 1d s e, el R 67398 o pd 835 oo,
si t uSPT® ARSESLP 2R8 fitars, Injother eases wp tsﬂﬁ%ﬁe@ i geme Yivstions up to 100
I eaSIiteﬂsOmtdﬂtl@ smaa@ad \550 iRk @hd ﬁa'pbiﬁ@ﬁlér%ﬁﬁaﬂaﬁs G0 [ithR. The

11 el g g?%h@@@i*g@g?%m ST RS o5 o e Bl 2 of e

"casesalugsrauteﬂ':'aemlalters in sonme S|tuat| ons up to 100

i t egdpan)i b#eb&faﬁﬁk%cbﬁk%e&ﬂ %ﬂcﬁpﬁ%{lﬁe 36

particu ar s| tuati ons _@Pto 30I|ters vol une
h

STR ¥53ted An glachsrpp int 34- nypically 2Pt ppshinls maintaings i erierdo keep all
bet wetthe etryipomints Indhe reattordsa ligold stael above. [0041) The .

P coTHe ik rABRERE R B RRAD ] RSN Al i

Typi Egrpapent insaliquidsiate; ysually & PrEssurR me peingrigrapergtyre of al
keep cahﬂ:ogggg is diéx e t&@isg@mb&uﬂa i %ag%afgv? 26T ;ireawedn the
or o STRET bF prieEa T 17 Pa Tatbel e pre st gt 21 1 forF¥faso
liqu P%i) andingthencasas ttyeast 2}37&95‘5131?6 (409@siy Albe teqiressing Inthe STR
Legfgéﬁ%%p% ] aé X 10:@8'(13 b&n&?}agaé & togst?ng Ibhﬁa (800 p), n
STR A Bog o ék)awsfén coTmBEPRs up fy L1 0" Pa 600
caseps}t 'm'eemissm'e HISTR Zﬁjslirﬁ!md (b3 ¥® rating for the reactor, The pressure in STR
26 can be any valus or range between any set of values recitad above.
[0043] The temperature in STR 26 is maintained at a temperature where the boﬂmg
temperature of afl components, at the uperqhng pressure, [z greater than the oparating”
temperature in STR 26. The temperature in STR 26 ¢an be at least50°C, in.some cases

at least 100°C, and in other cases af laast 150°C, Also, the temperaturs in STR 26 can



psi), and In other cases at least 2.76 x 100 Pa (400
psl) Also, the pressure in the STIR can be to up to
6.89 x 10.Pa (1,000 psi), in sonme cases up to 5.52 x
100 Pa (800 psi), in other cases up to 4.83 x 106 Pa
(7D0 psi), and in sone situations up to 4.14 x 106 Pa
(600 psi). The pressure in.9fR 26 is limted by the
rating for the reactor. The pressure in STIR 26 can

557 BAAL5 y EAIRSIE 2D b SePl PAFE o oo

slnatmnalmetd 200°Ca TreripmperatureinBikR 26 tive vérg ibhsedjon the monomers

f h ti
LG, o S mpie R oL g s LT RS e i o pressure
ratingSaTitie RGctof.hEhe lenuneranrerireST'!ﬁ 28'551; Obg gngmalge_oatangﬁ betweean any
e L1 t t , t
LB e 7 5o the temperature in STR - 26"
[0044] -Aslused dhergin, te 800 Tesidencadinge” refessto dine- amrega)pbrfddmf time that.
16 8RS futsfork od S rodtie) PR Foachld A rpeitadftomn, re
rrésenbiprib@SAR. bei ng- used, the desired nol ecul ar weight .
@fes] Yol B3l RhgRRAL TR B0t SRS Evo § R dbhos tmo
1 R0t leash d anipde.ip §@ma gysespdieagt S inutess in 'é‘b?'t gages at least 10

' ﬁh@t\é@ in Egl%%}tueﬁﬁnb‘ §ﬂ§aél%%|ﬂjte§ %dtlﬁbiﬁbr éaﬁ%h&%ﬁﬂ%ast 20
me" refers to average peri od time

' 'f"ﬁléteﬁ-oﬁlf’ﬁ*e% fe?f"i’ﬁ'PP HE"Sr'%S 78 C@m‘i’ér‘lprte 3&%‘1'{% i" M“e cases up to
8 #iird, il 6eE ebea ip wm heWe} iR dofne sRiatidhs up id 8 KBNS, Inbtfidieituations

B3 S i e 7 TR BT 535 irgB % v

Haeeds bn thevhondmers used; teemolesudsr wdightelasired,; the conversionidesired, and

i Bplogb3/25n SR 25 oo S Sy riep G FouRirbi St product
" @PolymenintSER 26\tarobe ame/ailmordmgeewtm any <8t bRvahdesoeadited above:
{&?ﬁg Hh"e%oﬁvéﬁsigé?gtr > M&eﬂ@ GRS Gt bP moﬁorﬂ%fté c?bcf')gners) in

I cases I'n sone situations
$IR26 can vambamd ani the desitdproasss parametara epplayad anﬁ the

FBlefA R WO, Wb BRRbsucent 8% 8RR .ﬁéﬂ&ase;

ase noners use ﬁ cul a
unesagled ra@mmem can b repyed laterdn thaarpeass, Taﬁ gonyengion in STR26

caR BREK RlaYf 50 nn §J&.Bc2£es am%sf@m Clﬁ B&\%r &asa?. a@iea&ia@m . m gome

nononer-s and fi nal ro uct- cop I N ca
shyatiops atleast 65% agd 'fb%thWe%'Haw a§ l@ﬁ%ﬁ% aﬁla!ég*efiééu%we‘gh‘
© pRRRWEsf copfigdRt bJJée ORAReY Bt Iw@@;ht of m@’aomérb emphysi CAlso, the

PR S 38 B bP B T SRR CeE Jp SRR obercasosup

1@ U@%om%wﬁtuaMs upita B6%! mrdusetrlsuaatbﬂ@ kip ¢o105%, swd ipiparticular

sitont iEo BORBARMeR e BEPlohComie T ot st e 8T ST the el

weight efmiondrhers@mpleyed] The bonvefidn i G TRo26 cdrebenany! s or range
. .50% in so st 55% in other cases. at
qegigéep a@%ﬁée&g??ﬁ%ter ons at | east 65% and in

© . [at4FEdn an embbdmmt aftthé ingsrition 74fedr distlearping dhke copolymer composlt:on

! S 200FE SG0 Bl SORRLNGT s SRR 0 &1 adcBhd s TR Hhow)..

The second STR, when used, increases the overall residence time of the reactants to
provide a higher conversion of monomers to copolymer. The conversion in the secor_ld o
STR can be up to 100%, in some cases up to 98.9%, in other cases up to 99%, in some

situations up to 96%, in other_ situations -up to 95%, and in parﬁcu!a'r situations up to 90%



conversion In STR 26 can be up to 100% In sone

cases'up to 99.9% in other cases up to 99% in sone
situations up to 96% in other situations up to 95%

and in particular .situations up to 90% cal cul ated as

t he wei ght percent of copol yner based on the total

wei ght of nononers enpl oyed. The conversion in STIR 26
can be any val ue or range between any set of val ues
recited above. [0047] Ln an enbodi nent of the

i nvention, after discharging th%_,copol ymer composi t| on
from STR 26, the copol yner conposition is

opt i Qs E@ﬂxe%igﬁt pPeRGRIY copblyfef Beabd SAMYBial weighi Ghonomers
second STIR Pa\ggen used, Increases the overall

resi MUEFAMESPPIot (he reactants to provide a hi gher

conv ¢etd8jo m enfembodioent o mednvenﬂm.l aftedischirpieg tercopaigiep pompesition

t he mﬁh%ﬂ&a@ﬁsﬁﬁdm

to 93'%5@5@% otﬁer ca&ga up to 99% i ot

si t u&lPHs Tomthirg SEB.owhen Hsesh PSS e PTE Rsiggyiop §mg stfe reactants
and lt@prﬂﬂﬂé & ﬁighareometsmtdf MbGonkts o @oRiHiner, 1 the walersidndt the third

oo oRTRBn e g RETEDRn B SRS u %o 6 e Pt Bp ko, in some
enboxsitmlnus upfto SR, in HVEn%MJdIWS o h@ﬁ%darydh partigulsy Sifugtions up to 90%

COPOcyfEiEted Q5B Selghfbroshl o bidyfmer B8H Bn thSdtal welght of monomers

copollﬁ%ﬁrs c%osmlon is eptionally fed to a third
STR The third STIR, when used, increases

t he @mwaﬁonr@m 2z BeeacionTaixiufe tha\ includesdheinventive: eepolymer
Pr oVicg@ip@sitbh Hp8b gmﬁsﬂﬁﬁw&amm&%ﬁ%%w

Sorre POMEEH RO BEgign GOt G =g s ook Jo

3 g(r);e wnantamumrm'qurmen 8 6éfond BTR tivka thisd S'ua?ramsed , i@ copolymer

cal%uuﬁnlp édtﬂ'as h{é wel %@@?ggﬁﬁﬁ‘ Q%%gg?ﬁé‘}megggéSTR ‘

t he ﬁaﬁP&ﬁwﬁMﬂgﬂ%\s 5!?6‘? tenk 35 maptgingd fmma‘

E g049&asﬁ?m:$|1 R‘n?@cas&s &tquet 1501C, ﬁhdhwﬂﬂrﬁd&ﬁmllm 160%C5 Also, ﬂash
e i,n ive Sjti o

unr o AR R RiBE A e GRS 5b bl b, PbirB dges g w0 2307, I

pol y regher gases up tor 88, .iwrrreﬁt@aﬁms tm}ea%q G. in ptherrikations yupg 190°C,

g:aﬂ%ﬁ&g{se olﬁrél STR ahdﬁgstaﬁ? thgl1 ST r ﬁqg?ﬁlﬁhslsde’oenmned

copo P on ey FRimest %Wﬁ%‘aﬂﬂ"ﬁﬁ’ ?@%mr%‘fmn

t he Smmamﬁhrﬁlash tark 88 i behr VIR or rangepetyieen aiy)sel ofyajues recited

fl ashptank 38. Flash tank 38 is maintained at .a
tenperature of fromat * | east 140C in sone ca

| eas 8l The vaguum mainiined in sk tagk 33 ‘ﬂd@%@'ﬂefé’@&eds o lgf‘ommmsm
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[0051) The volume of flash tank 38 typically depends on the volume of STR 26. The
volume of flash tank 38 can be greater than the volume of STR 26, in some cases et least
twice the volume of STR 26, in other cases at{east three times tha volume of STR 26,

and in some situations at laast four timas the volume of STR 26. Alsp, the volume of



above [0050) The vacuum mai ntained in flash tank 38 Is
determ ned based on the conposition of the reaction
m xture and the tenperature In flash tank 38. The
vacuum I n flash tank 38 can be at |least 4.0 x 10
(30), in sone cases at least 6.7 x 109 (50) and In

ot her cases at least 1.3 x 10 Pa (100 mm Hg), Al so,
the vacuum mai ntained in flash tank 38 can be up to
4.0 x 10 (300), In song cases up to 3.3 x 10" (250),
and in other cases up to 2.7 x-f#§- (200 nmHg). The
vacuumin flash tank 38 can be any val ue or range .’
bet wissh tankBasen bebp tovig times theaolimne of SHRO2E: in sPme cases yn #a 8 times
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are dgistisigeiing a2 uying maop@niedy, hloinaikdprovidesaopolumasst. Thus, the
ono Sebh SRR & bRl ASHIE o 473 o) o e
 usi nivendien.the kguistievel ia andbine dischamedate Temdiash ek 38 cgptrplied using a
o as  ynedeAw ﬁflsﬂye mmwutﬁhééﬁiels €42 Hefdhi of 48 g (10 MFRLH fank 38,

an e I.nen vent1..0n (OAY

i o8] VB e ot FRAIPE. et HscharGi Bk Bfnghmer compostion
consfmmmﬁﬁ'ltaﬂlp%& the gepolymer hemprsiionie mided with 8 selvesth Indhig b)

Or Ag/mh Rﬁnsdmﬂpﬁﬁﬁﬁﬂg rhfffrel B Yehsitrpiga Ut \M pump 48,

renob‘ﬁbbeﬂ’%mn o OSI tf{!ﬁog@mﬁs&@nﬁ%r%gugl gumpMand

usi nig @mtwmmpewﬁm lndlhlm mhelaﬂsaﬁezpmm thkefinabproduct soiutisreardd/or

1 "acisbdion AR KR cop OBy ltch , FUSNRAPEAE o il o o

| | un%FkF@%?"CVQHUE'ﬁ%P"P%S'@E scharge rate fromflash tank
38 i [056)Nh efbtherdmbsdingntar theliidvertion ke Gipolphaompesitiofiy transtered

cell e

tan khﬁﬁﬂ%ﬁ%ﬂg ?ahn‘e ﬁ%gé!&?r%@%&%g?ﬁ Eb "NV ea’{dl on, §»f}:ipe 5,

af t eby eppsesiatelyidirectingeaiveoiflo| (pmum delipion rppassius 58 1s in fiuld contact
with WFE 56 and maintzins a vacuum in WFE 56 and removes volatlle fiquids from the

copolymer composiiion, discharging them from the process as a fiquid. The vacuum In
WFE 56 Is at least 267 (2), In some cases &t lsast 3.4 X 10° (25), and in other cases at
Jeast 6.7 x 10° (50 mm Hg). Also, the vacuum in WEE 56 can be up to 6.6 X 10° (500), in
some cases up to 2.7 x 10° (250), and in other cases up to 1.3 x 10* (100 mm Hg). The
vacuum In WFE 56 can be any vaiue or rangs between any set of values recited above.
The vacuum an WFE 56 is maintained by vacuum apparatus 58 {which ¢an be a vacuum
distillation apparatus).



fromflash tank 38, the copol yner conposition I's m xed
with a solvent In this enbodinent, a solvent In
solvent tank 50 Is transferred to transfer pipe 46 via
punp 48, just before in-line mxer 47. The copol yner
conposition Is transferred using punp 44 and |s m xed
with solvent in in-line mxer 47 after which the final
product solution and/or di-4persi on of the present
copol ymer conpositi-on in a solvent exits the process
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t
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shifhidaCkfSlaRless, Lumtmammamaegamle@ wmstenmgblde, and
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at any indicated level or can range between any valties recited above.
[0062] In a particular embodiment, the monomer of structure (1) is present at a molar
excess over the other monomers |n the monomer compositions in (b). As used herein,
the term "molar excess” refers to the amount of a monomer included in a monomer
composition over and above the amount that is desired in the resulting copolymer. As a

non-limiting example, if monomer A s desired at 25 mole % of a copolymer and is _



conpositions and processing conditions. As
non-limting exanples, the Individual itens of

equi pnent, piping, punps, etc., can be made from
Hastel | oy, Monel, *al um num carbon, ceram cs, chrone,
K- Monel , M50, plastics, 302 Stainless, 304 Stainless,
316 Stainless, 316L Stainlegs, 420 Stainless, 440

St ai nl ess, tungsten carbi de, and conbinations thereof
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unsaturated acceptor monomers. As such, the monomers are converted fo altemnating
. copolymers by way of the process steps described above. Further to this embodiment,
. the monomers of structure (I) can have a group R?, \nfh_ich includes one or more functional



encour agi ng efficiency and hi gher conversion. [0064] |
n a n enbodi nent of the invention, one or nore of the
nmononer conpositions in (b) Includes other

et hyl eni cal |y unsaturated nononers of genera
structure (I1V): R Ro (IV) RU>=~ R o were R', R 2,
and R14 are independently selected fromthe group
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pregﬁe fhat thesegments containing alterating residues from monomers ing to
. structure (1) and acceptor monomers make.up a least 30 weight percent, in some cases
at least 40 welght percent, and in other cases at least 50 weight percent of the"resulting
copolymer. Also, the segments containing alternating residues from monomers according
fo structure (I) and acceptor monomers can make up 100 weight peroent in some cases
up to 85 weight percent, in other cases up to,90 welight percent, in some situat:ons upto -
80 weight percent, in other situations up to 75 weight percent, and in particular situations

up to 70 weight percent of the resulting copolymer. The ségments containing alternating



or nore nononers selected fromstyrene, substituted
styrenes, nethyl styrene, substituted nethyl

styrenes, vinyl ethers, and vinyl pyridine. [0067] In
an enbodi ment of the invention, the process Includes
further reacting the resulting copolynmer conposition,
after the polynerization progess is substantially
conpl ete, such that one or nore functional groups' are

i ncorporated into the copolymer. In a particular
residyesiirer monomess AerREding loatrugiup (han plgr mppemers can make up .
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sulfonium salt. ; A ' )
[0073] For example, a copolymer of the present method comprising methyl acrylate will-

contain carbomethoxy groups. The carbomethoxy groups can be hydrolyzed to carboxyl



copol ymer conpositions will not suffer the drawbacks
i nherent In those that contain transition netals or
Lewi s adds. [0070] In another enbodi ment of the
i nvention, the resulting copolyner has a nol ecul ar
wei ght of at |east 250, in many cases at |east 500,
typically at |east 1,000, anq in some cases at |east
2 000 The present copolyner nay have a. nol ecul ar
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[m'nt Isecyanate-functional copolymers can also be produced. Copolymers of the
present method, which contain 2 or more hydroxy! groups, can be treated with a
dilsocyanate such as isophoronediisocyanate to produce isocyanate-functional polymers.



reacted wth a carbonate such as propyl ene carbonate
to produce the correspondi ng urethane functiona

copol ymer. These transformations can be carried out to
convert all of the carbonethoxy groups or can be
carried out in part, |eaving sonme of the carbonet hoxy
groups intact. [0074] Epoxy groups can be Introduced
into the copolynmer of the present nmethod directly by
using glycidyl acrylate in the copol yner preparation
or indirectly by functional growmg.-transformation. One
exanpl e of an Indirect method is to oxidize residual’
unsat Brimary eminedunctitrel cpplpnemaieseribad phove, tn bephrsoerialeg taproduce
per ac|sfoanad nmsioRaipxyaceti ¢ add. Alternatlvely one
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gl yci ps?&g 076] The above-descri bed
hydroxyc1 ncgl onaﬁ}coﬂ ymsrs can be further reacted
to formother copolyners. For exanple, a copolyner
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Fol | sy Dphgm Fire, ﬁ-ggggk e eed heaﬁen% controlled
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am nggddifd i onal acrylate, such as -

[0083] The reactor was a 1.9 % 10? ¢ {5-gallon) stainless steel pressure vessel (Pressure
‘Products Industries, Inc., Waminster, PA) equipped with a full jacket and an intemal coll.
The vesss| hed a pressure rating of 1.38 x 107 Pa (2000 psi) and was equipped with &



di met hyl am noet hyl acryl ate, followed by protonation
of the amno groups with an acid. Amne salts can
al'so be. Introduced byreacting a glyddyl functiona
copolymer with amonia or an active

hydr ogen- cont ai ni ng am ne foll owed by protonatlon wth
-acid. Quaternary am ne functional groups or ternary
sul foni um groups can be Introduced into the copol yner
by treating an epoxy functional copolyner of the
present nmethod with a tertlar% am ne or sulfide,
respectiyeiy. In the presence f a protic acid. [0079)

I ebmetenvesetgr LR haUe spPpes A%*ﬁﬁ‘%“%

W I,;gﬁgr ek p,{eysurisdmmm othe interaal Pl
var { |ags? a&lnﬁ wmmabmmhm :smldirlaedl S’d'led
ess ot e

@ddnit
Pglrﬂmmgé@%m;ﬁmm J@?‘fﬁ'@%@*‘ﬁg’ h‘&gg ﬁn OH) ;l;t
.Ls@.}g prasgatasn vs(ﬂnpméfam wagelpiy -a
2orig i s 'E?%f’ AR T e oLt m"@o?"”f Alaishdi
pr eh;elh& vamvmﬂ"@rpfm@ﬁ" égd{"ﬁfﬁ?ge E»ngsﬂd 3 were s
agi @a& Gk‘h¥9§§ﬂhr&malsmﬂessehhlyesqtmp¢é®lﬂf\/fﬁ"t‘§:&’ma“d :j:g
0 g{egam hédtiedg/coo
In:; %% Ere's%aeu dﬁs\jﬁsre ed trhewaelrh}a;}éﬁmtoggha
theltmaetmpﬂﬁ@ﬂ%ﬂaﬂﬂﬁfé‘rﬂ‘ n‘gﬁf’%@égﬁ I’%hrag
( PuLSibReHeA difasntial pramimwusw renferdauid

10 Pa K P-irmmnmdar
. con?F'Bé?dgﬁ’"ﬁas)v 5%% he ?1? ﬁg@??%ﬁé 8% the vacuum
pumﬁallmlowe)y-'ﬂﬁé\ss%diﬂ signal trom -

the J.gad ﬂﬁ%ése%dtﬁﬂsfémknatérﬁﬂaﬂie de“"TaYﬁPC‘EE‘%S an

LPG L¥pe Sl gisqisb Mbtari5A3quare fl])

700 l“‘églﬁ%“"éﬁ A FifrfdBaro.8 sqaes E;[s

R i ks m

. Pu 'Tﬁhe%sryt lepaﬁnnaavépamhmad & il qums@a%@d was capable .
0

contr | ed b)ﬁquua EH’“‘B‘? ,[dgkﬁ Eystay@a eacuum pump.
resf ss in V\BI g t s 0
cel I'the ptmeeydtemnhe vt ind izporgn Depugh S TALS pud iaag Pump
§> 5-OI |E§MW eﬁﬁﬂ&h?ﬁc)qesmmdﬁhawbéﬁw d d‘f“
ro cts n ies Sfmer ampedap edhilled ba

: #%ﬁ?%l nt em?bcm 'Iehgu?/essel :

o had tmkprfassullne silifificadien-1. 38 x 10' Pa (200D si) and
was RS Borbritd bf e TeEH t81ilis et FiraparsgiFootainipg ')SP&B@W“’E" In

turb ne |ta or bl ades. The Jacket was heat ed/ cool ed
usi n§e ‘E\al’% %ting pressurized water system The
Internal coil was used for cooling wvadh well water or
heating wwth steam The |eads entered the bottom of
the reactor and exited .AjtLij.jAp he rea. $or was
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t he i nternal
t he contents.

f ul

| vacuum and 3.4 x |

was j acketed and had steam wat er

heat i ng/ cool i ng.
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pressure higher than the boiling point of
Pressure was supplied by the vapor
pressure of the conponents and the feed punps.
The flash tank was a stainless stee

100841

el capabl e of

o5 Pa (50 psi) pressure.

e for

It

It was equi pped with an agitator and

sji'stem capable of pulling full vacuum through a
condenser. A differential presdlure call was used to
monitor liquid | evel. Palynmer was punped fromthis.
vessel using a Viking Jacket Gear Punp (ViKi ng Punp, .
Ind., Cedar Falls, 1owa)]|Bespime
pol|¥eed TankThi s punp al so tmjntained the v
on [the vessel and lsgbatylefi®ired natler| al Eg
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unl.t_._lhﬁ_Mm:_\AL punped to alchilledl helt aker
forl Eeethlansd and salidification. 1D0867 ThE ‘contents of
the_i_eed_l_a_n_kéﬂﬂﬂﬁpﬁw&. ed conthini n? oAt 3‘21 al st as :
. Lo B0k ey
45 . S e e |
r . R AN T s I
Zgg G E%;‘” VO T80 0T 162
5 KT Tty T e LR
0.314°81 CO . 42740 TOrY| " aees ! af o ahmi N oot i I ko
3%”"523‘589"5@,1@,&.&(%,4% b 1.6890 ([1. 4301 [ Feed raf e
reqctor (g/mn 539 712 [1]57) 80 [I.77] 8p2 [1.7
Jmi} Molecdigr Weight _ -
' - M, | 3004 31338 2781 3441
M, 1517 1593 1446 16589
M/ M, 1 198 1.87_ 1.92 2.02
M. 5332 5588 5004 6151

- [0087] The compositions in faed 1anks 1, 2, and 3 fed at the indicatsd rates and
commingled in a feed line just prior to addltion to the 1.9 x 10° cc (E-Qaitun) stirred tank

~ reactor (STR) pressurized to 3.45 x 10° (500 psl) with pulse feader pumps and equipped
with a thermocouple. The reactor was maintained st the indicaled temperature and
pressure, and oncs the STR was hydraulically full, the compositions from feed tanks 1, 2,
:and 3 had the Indicated residence tme In the STR based on the flow rate exiting the STR.
[0088] The reaction mixture from the STR was fed to a flash tank, which had a volume of
3.8 X 10° oo (10 gallons) and was maintained at a pressure of 2 x 10° Pa (180 mm Hg)
and a temperature of 345°C. The liquid recovenad from & vacuum distilistion apparatus
ounngcted 1o the flash tank contained no detectabie isobutylene, The polymer



Feed Tank 3 di-t-amero)dde Feed rate to reactor
(g/mn 28.6 36.1 42.6 32.2 bJmn [0.0631- 0.084 0.094
0.071 agndflions in Reactor Residence tinme nmn 25 18
16 162 Tenperature C 200 205 210 200 Pressure (Pa
(psi]) 34x 1 3.45x10 3.45 x-1-O 10 3.45 x 10 r5001

[ 5001 500 00 Conversion wt %93 93 93 93 Ml ecul ar
Wi ht M 3004 3133 2781 3441 1517 1593 1446 1699
INNJ M 1.98 1.97 1.92.2.02 5332 5588 5004 6151

[0087] The conpositions In feedzpanks 1, 2, and 3 fed
at the Indicated rates and comm ngl ed In a feed tine

j ust gHTRORiiongecmerRd mm@aahn@w@gtawwdm 155l gpiidgnYhe resulting
St I r @fpolrméihad kRompsdition SFERIW. B iesbatyishe, @4 wi.th Hydrsaypropliacrylste,
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connected tofTRE TTasnh tank CONt al [cEkamiplede] )
i sobutyl ene. [ The polfeweTank?- conpgsttion recovered
fromthe flagh_tank tomityeneed 100 Wt % resinjsolids.
The resul ting cE;psﬂuMhnhﬁ’a[mﬂbonpo&Bzxw h 4. BZ1 T 9o
i sobutyl ene. [27_wt % hydr oxypropyl dayl 1 andr®o
Wwt. % butyl abry/Fasdremio meor(g/min)c | ~M~9e,c,w_a.:_§é1.gbt
was det erm ng on GORG)
usi ng. pol ysi \
The follown
copol ynmers of
and i sabutyi €T

oy
AN WaYaYe) 1
H. A\ I\JUU

-at-tom—df

e Tyt—geTyT at e pryFETgdd
e uslrrig thne tnod

ead Tank 3 ) .
di—t~amﬂ peroxide {g/inin) 0.9 0.95 .
Methyl isobutyl ketone (a/min) 1.5 -
- Condiiions in Reactor
Residence time (min) 25 25 _
-_Temperature (*C) 185 176
Pressure (Pa [psi]) 345X 15‘""':?"‘45?1‘5"'
i [500]) [500]
Conversion (wi. %) 90 1.5
Molecular Weight o
) M., . 5076 4226
hn 1916 2034
Mo My 2.65 2.08
M. 8893 6746

[0090) For Example 6, the resulting copolymer had & composition of 41 mole %
Isobulylene and 58 mole % t-butyl acrylate by NMR analysis. Molecular weight was
daterminad by GPC using polystyrens standards,



of the present invention. The process was run at |ab
scal e using a 600cc reactor equi pped as described In
the previous exanples. The contents of the feed tanks
were prepared containing materials as described in
the following table. ' Exanple 5 Exanple 6 Feed Tank
1 Isob e Pressure in tank (Pa jpsi]) 4.82 x 10 4.B2 x
1 0 Feedrate to reactor (gfmn) 7.9 6.2 Feed a 2
Met hyla ate In 10. Acrylic adg mn 6.4 t49utyf
Scrylats min 17.8 Feed Tank 3 gi- f - am peroxide /fin

0. 3}’%8%‘ Methyl Isob ketone /mn 1.5 Condit s r

Re cgl'ti me mn 25 26 Tenperature C 185 175

Pressure (Pa [psi]) 3.45 x 1 3.45 x 10 15001 500

Conver siyon w . % I}{,Egcg i

M 1916 2034 Mch@'ﬁIEur‘ougs 969%1 6 1009 gr?n

Foreoptaiing residyes ofet lw@éam?f@%wwm ghe stop ,

conposi tion of 4§yotgmmqummummembmr@m)
i.at Mol ecul ar wei ght was

de?’@Y‘ﬁ? ﬁ@?%?n égﬁ%ﬁ%?’ﬁ?‘ﬁ’?ﬁne standards. -23- WE

CLAIM 1. A conti(thoudegsingnnesr fore manargy campesiang feen STR by

co e'ﬁé?%!f L4 104ht oY RS i M‘l@l%inc\t:ﬂ fshisinedhorl AP borfpsiton comprises

ni C nononer conprisin e st f
one of mote Monomers hanv?ng the fo owlng strucf%.Pm (I?

() ‘ CH='=<.
' . i

whereln R' iz linear or branched G, to G, alkyl and R? fs seiscted from the group
consisting of methyi, linear, cyclic or branched Cy to Cx alkyl, alkenyl, aryl, alkary! and
atalky, any of which can optionally Include one or more functional groups and wherein the
monomers of structura (I} do not exceed 60 mole % of the monomer composition;
(©) feeding one or more Initiator compositions to the STR by
way of one or more of the Inlets;
"(d)  maintaining the liquid level In the STR such that there Is
substanﬁany no alr or vapor space In the reactor; '
| (e) mealintaining the monomer composrhons in (b) and the
lnltiator compositions In () In the 8TR for a residence time sufficient fo effect conversion -
. of at least 75 mole % of the monomiers of structure (f); and

: " discharging the mpo!ymar oompostﬂon by way of the autlet;
wherein the monomers and Initiators are Introduced to the STR at essentially the same
rate as the copolyrer is withdrawn from the $TR and any unreacted monomers of
structure (1) are removed from the copolymer and used as part of at least cne of the
monomers cormpositions In (b). |

2. The method of claim 1, whereln at least one monomer compastion in (b)
compHses one or more monomers selected from the group consisting of styrene,
substituted styrenss, methyl styrens, substituted methyl styrenes, vinyl ethers and vinyl
pyridine,



(a).

. prov~di ngat - | east enapr essdri aed- st| wr edt ankFaaet or { SI

"R) having at least one inlet and at |east one outl et

(b) feeding one or nore nonomer conpositions to an STR
by way of at |east one of the inlets, wherein at

| east one nonomer conposition conprises one or nore
nmononers having the following structure (1): RL (1)

CEa <;L2 wherein Wis |lineats2d+ branched Cl1 to 4

alkyl and Ra Is selected fromthe group consisting of
met hyl , 31 i ndap methpd pf deirg 1, wieminatdasstensiponemes compogiton in (b)
al Itﬁewhsigls a’ieydtr,mcﬁ% }ﬁaﬁdﬂherﬁéﬁlhcteaﬁ? m%quﬁsm@ bicdanyoR agsse and
optiopa inclu e.or > functional groups an

wh %m?ﬁawﬁw%ﬁsﬁ%$§5%%“Egaﬁgture (1) do not exceed

60 nol e % of the nononer cof¥$Hon; (c) feeding one

or nore Initiator conqgiifions to\he STIR by way of
one or nmore of the Inl'éfs; (d) miftaPning the Iiquid

| evel in the STIR such that thenf I's . substantially no
air or vapor space In the recta;” (e) nmintaining the

moAbRTsin Yois aplectEd frasm the roup oynsisling of HR’HPHR-OaE(EP)-NR’,, and -OR';
C OIR3 @5delebt8d from thel drdup! dindidtiflg &F HYlideF ordbrarRRdIE N6 ExlaikiFand linsar

of of A 51 G e f Bt P 4% e oyl 5t Pl gylone
t h@xideppdirepylanewypide) knisarorbranchey Cofo Ghalkdaiiylot aryl, alkaryl and

| %faggrﬁuﬁﬁﬁomm%cﬁt@&gﬁg&gkn@%@% hiddarit 8didiEne. a

th t t th |
' o POVERIPSaD TDLHPERe. e ripetis sipede AR o pepeYatsd
of trirsetinsihy slioxaie; R° & malivalentineat of braschtd &, indaodiyhibding grbup; and

coroanr P b S 354 e Rt gl S 1 wher i n

at | east one monomer conposition in (b) conprises one
or nor ed.nondive rethee biddimd, wivetsin thi moasmeraf stausthtes(l) isg@ieated

st ' .l g ;
Ut bbbl bR ke WiBpuliEhd, tpartind, Bffenc) apd
py MegvRRthersgly- 3. The nethod of claim 1, wherein at

| east one nmononmer conposition in (b) conprises one or

Tont triee. dameisd biahcthleliiod GRUR RF S pfordr & cobdure

st (eciudes ope pr more funclianal gssups galcied\framhe group consisting of epoxy,
carboxylic acid, hydroxy, amids, oxazoline, acetoacatate, isocyanate, carbamate, amine,
amine sall, quaternized amine, thiol, methylol, methylol ether, and sulfonium salt,

B. The method of claim 3, wherein Y includes at least one functional group of
one or more selected from the group consisting of epoxy, carboxylic acid, hydroxy, amide,
oxazoline, acetoacetate, isocyanatse, carbamate, amine, amine salt, quaternized amins,
thiol, methylol, methylo! ether, and sulfonium sait. '

7. The method of claim 1, wherein the resulting copolymer composition is
reacted such that one or more functional groups ars incorporated into the copolymer.

&  Themethod of claim 7, wherain the functional groups incorporated into the
_capolymer are one or more selected from the group consisting of epoxy, carbexylic acid,

*



/1 wherein Y is select6d fromthe group consisting of
-NW2.-OFe-O-C(-70)-NV2. and -ON R3 is selected from
the group consisting of H, linear or branched Gto C e
al kyl and linear or branched C, to Ce, alkylol; R is
sel ected fromthe group consisting of H, polyethylene
oxi de). pol ypropyl ene oxide), linear or-branched C to
C20 al kyl, alkylol; aryl, alkaryl and aral kyl, |inear
or branched C, to Cmfl,uaroal kylpe fluoroaryl ‘and
fluoroarai kyl, a sil oxane, & yS| oxane, an al kyl

sli oxa% i B%ﬂ t Sudiok Jokyeh e Y dartitiia ) afife, aithedsalt,

M ke ey %@%w%vf@%e Btk ano

Wand/ or R4 opti onal l'y include one or nore functi onal

groups. 4.g, Them@hm& Sciafih iwherein HERATISbFcompBsiiBAOMPhises a
of struc rg%%ﬂ %‘l el ected fromthe group

consi r'?% ﬂh‘\% ‘ene, dl sobutyl ene, dipentene,

i soprenol. and m xtures thereof. 5. The nethod of

claim1, Waereime BRI Bahafeiltths thaRRPHEY ra@al inftiator is sslaciad
one. or nore_ functional :

t I d
261 oo Fih Bty ey a?wﬁmmﬁn@@%mm&%%%&mm
car bommam mhwﬁdh%wfam de,

oxazol ins, ' acatoacetate, isocyanate, carbamate, am ne,
amnesaltqua em zed Loe,.thiol, nethylol, nethylol

et her, and 'sul %Wﬁlﬁ?%%:qafm %9‘%%%%@%&@?%1%‘1 e of more
wher eFtlected fraai thel proumconsistingtof tyfeogku perpiids Aiethykeihypkalgne peroxides,
one OberEEﬁ @ﬁclié!cﬂ%rfyf Wrﬁ@ agmmpa%ssrw &ﬁ-o:ddes diacyt

epoxy,. car lic, aci drox am de l'ine.
acet oR¥BF Jg"\"’ Pﬂé’ﬂ%ﬁ’ cﬁ‘g’m peoXyesters, dialkyl

sal t, Pm@myﬂwem@vﬂweand penegietalsret hyI ol , net hyl ol
et her and sulfonlumsalt. 7. The .nethod or claim1,

V\/nerelnth resul ti S|t|on

reacted su' i‘é? mﬁ'ﬁg" FP;?‘;B?{(EE% I°°@P%‘E?E§ ORf @F more

i ncor p@k@addrum the proupreonsistral cﬁnﬁ‘ramﬁs(mmcdi 1el-ai m

Zo \g'rﬁiuﬁirs o E&Sfmwhhﬂﬂéﬂz—ﬁéﬂﬁﬁﬁuﬂnﬂﬁ&ﬁtﬁﬁ r A% agobidpd-0 t he
oo N e ieS S S S Sy 3. 22-

am de pzcbis@mianivﬂe) &é'eangis(éﬂ-airuﬂlﬂvsbwpﬁﬂdt 2-2-azohit{valeroaitrile), 2,2
-ani negzep pribnafikiBra Batitdiols acid),

th I |t }
cl ai MJ aﬁﬂ%ﬁ'&-ﬁ %yf"luﬁfﬁ? FR AR 'ggm%@ a
t her ndihyckochlariden 8i2tadobls N MﬂMenm@obumnwm) ldthgidrodhicdige,and 2-

9, WheaRbRo)ids)isbisiikr ee radical "Initiator Is
sel'ected fromthe group consisting of a peroxide

éonpound an azo conpound, a persuffate conpound, and
m xt ur es tiRer ethe mathod dieizinmt whetinginy of the nnn@nermans contain

: Re P BHeoF iR ﬁ%ﬁ%ﬁ&%ﬁ%&@d £6m TR FoupT8hRTLE f?athyl

e e ReTEs e 20 e oo
acrylate, lsobutyl acrylate, isobomy] acrylate, dimethylaminoethyl acrylate, acrylamide,
chiorotriuoroethylane, glycidyl acrytats, 2-ethylhexyl acrylate and n-butoxy methy! ‘
acrylamide.

14.  The method of claim 1, wherein after discharging the copotymer
compostiion in {f), the.copolymer composition is fed o a flash tank.



benzoyl peroxides, dl-t-butyl peroxides, di-t-anyl

per oxi des, dicurnyt peroxides, diacyl peroxides,
"decanoyl peroxide, |auroy) peroxide, :
per oxydi car bonat es, peroxyesters, dlalkyl peroxides,
hydr oper oxi des, and peroxyketals. 12 The net hod of
claim 10, wherein the azo conpound |Is one or

noresel ected train the group consisting of

4-4' -azobi s(4-cyanovaleric agg), 1-1

azobi scydohexanecarbonltrile, 2 Z' -azobSsobutyronl M e,
2 Z azobls(2 nethylproplonanrldine) di hydnxt hi odde,

2@bi SR mg )Onbfeln/ iteacted foromer of structure (1) is

azo l's 0 |om

L@;@éﬁ’agl B ﬁ:&ﬁupqurpg)cgmposlﬂun by applying a vacuum
2 fbthaﬂ:sbltaﬂcvaterol\ltrl le), 2,2'-
azobl s(2- et hyl - N- ( 2- hydrnTyethyI)proplonan1de]
4,4'-azobisghFcyanopentanolc alﬁh :
2, 2' - aZ¥bi s (The Nethad pilair 14 waprelpiha sapahimericamaposition Is discharged
2, fomsielakisfank.ant dl noprupane) dl hydrochi orl de,
2,2' -azobi s(N, N -di met hyl enei sobut yr am di ne)
dlhydrachlorlde and 2-
(car bariByi aZhg tEthes ofcjain #iwhersin shegdischarging thetsappiner
¢l edmpobitionA&S), ThdcapBlymé coinbd tﬁﬁ&@ﬂﬁd VAR BREGEALI ONS
contain one or nnre of t nononers sel ected fromthe
group conS|st|ng of droxyath | acryl ate,
hydr oxyi§r opyM im A% wieielp thesiecovere upactengnomenof
et Wd@mmﬂﬁ)ﬂfissmﬁbﬂon oftd nibridivfer conspREidnyik (bRCT yI at a,
| sobonyl acryl ate, dimethylam noethyl acrylate,
acrylam de, chlorotritluoroathyiene, glycidyt
acryl-at®; 2The methrdsfaim i whee %W@'ﬂﬁlﬂeﬂmmm@)ﬁ
acfranh Sirlees 3 4ix hddre. net hod of claim 1, wherein after
di scharging the copol ynmer conposition-in (f),
t he- copol ynmer conposition is fed to a flash tank. -26--
15. [ The&%net Mhrimsthod pleiaim 1.avhemindheunreacted owoerners rbwcire (1)

of reﬁﬁ:ﬁrbtpﬁ-dtﬁ e Cdpolymier SklBEPI! dart of ot 128 Bf 1§6lmbhcaRart he
C | ymer conp05|t|on by appl yi ng a vacuum
t s R
‘ank.. 16. The net hod of claim 14,
mhereln t he copolyner conposition |Is discharged from

the flaah t Fnkmethdd of Difin TRINBRE Mifing lsapplied by MQS‘TR'H{]SEJ

after di'scharging the copolyner conmposition In (f

t he copol yner conposition I's mxed with a solvent 18.
. The met®od dhe BRI TIEIM hivbesinnotrnikng is eepiied i de)-

: unreacted monomer of  stiucture (1) conprises a

ot hod 31 o APBOP R PRRk ' Bk b éécmrivw%ﬁas'ﬂmﬂ

STeRhpaulsd) is fromb5 nminutes to six hours. . The
met hod of claim 1, wherein the unreacted nnnoners of

structuye ( V%%f on1th co oI used_as

part of at F‘gg‘gg ﬁ% %H’bﬁ grrﬁ {5 Jpan d‘f""ﬂad ata

( bressure above me Vapor pressure of any monomer in any of the monomear composltions
in (). '

25. The method of claim 1, wherein the pressure in the STR Is from 2.07 x 10°
to 6.87 x 10° Pa (300 to 4,000 psj),



21. The nethod of claim 1, wherein mring Is applied

by the STIRin (e). 22. The nethod of claiml,

wherein no nbdng is applied in (a). 23. The nethod of

claim11l, wherein a back pressure control valve Is

positioned on the outlet 24. The nethod of claim1,

wherein the pressure In the STRIs maintained at a

pressure above the vapor pressure of any nononer in

any of the nononmer conpositions in (b). 25. The

met hod of claim 1, wherein the f#fessure in the STIR s

from2.07 x 10 to 6.87 x 10 Pa (300 to 1 OOO psi ),

_27- 26, Fne TBP MEHOYE! o B HE FEnemer REmpRSHGHRIR ®)and the

C ONp O ittatew nempositifs)in (ehere fdudo theHTRI batwav oﬁﬁgimressmaanmps n

(c) are fed to the STR by way of high pressure punps.

27. The nethod_of claim1 V\herel n the nononmer

conposi ti offs i N9 Mpthadef cai 1. wherein %y BrencresnsErRPesignRin (4} and the

(c) aintiatdr xeppositonalin (charb eibeg pfierdo bengd facteFAESTRE. The

met hod of claim1, wherein the Inlets enpty into a

bottom portion_of the STR 29 The net hod of claim 27,

wher ei n t e no{BRPRhed SR W’ﬂ‘ﬁ‘[‘ﬁs%'ﬁﬂ@mpm’m“

i niti $ed@TRConpositions In (c) are mxed using a static

m xer. 30. The nethod of claim1, wherein the ‘

terrperatureln he reactor is nmajntained at a .

t enper at ur® of The mRRGEF daim 35 adereintne mpremaE capResitons in (b) and the

cl ai mintiatonbxenpesitiorsfin &) ard ndad asigy astatdreixaropol yer

conmposition In (f) the copol ymer conposition I's fed

to a second STR. . The nmethod of claim 31, wherein

t he copol yifer EB‘MS‘B@'P‘!?‘FWW% whetpin; the iamopmbins b i eacter s

to a tiaintaihe® &R RRgemiuscdi Aogsd=C Bapedx om 33. The

met hod of claim 31, wherein the copol ynmer conposition

I's discharged _fromthe second STR to a flash tank.

34. The hod T8 me¥ad phelabm Tyyhersin gfter dischaging thaaopolymer

conposerhpasiion & {Hitecddpaigne compesiioh Bded BiarsdodndBTRO a

flash tank. 35. The method of claim1, wherein after

di scharging the copo conposition in (f),

poyr ner o‘%posfrf‘?"@ﬂ P%ﬁﬁban%“aawnﬁ'aemwﬁwmoaﬁsfedﬁvm

36. Tine serinh GTR a third STR 3hd diddnerged theightmCc opol yer

conposition |Is discharged fromthe wipe film

evaporator_to a flaker to provi de the copol yrer '

Corrpos| ti o?ﬁ | n%Mﬁ'?ﬁdﬁ[ﬂZ%‘L Wheremthecupoiyrner uomposiﬂonlsdlscharged .
from the second STR o a flash tank.

.34, The method of claim 32, wherein the copolymer composition is discharged
from tha third STR to a fiash tank.

35.  The method of claim 1, wherein after discharging the copolymer
compaosition in (f), the copolymer composition is fed to a wipe film evaporator,

3.  The method of claim 35, whersin the copolymer composition is discharged
from the wipe film evaporator to & flaker to provide tha copolymer composition In dry form,



37. The nethod of claim 1, wherein the nononer
conpositions in (b) conprise greater than 50 nole %
bled on the total nunber of noles of nononer In the
nononmer conpositions of the nmononers of structure
(i). 38. The nmethod of claim37, wherein the anmount of
the nmononers in structure (1) do not exceed 55 note
% 39. The nethod of claim1, wherein one or nore of

t he nononer conpositions In (b) include one or nore
residues derived fromother ethylenically unsaturated
nmononers of general structur€84V): Rss R32 (1V)

Ry~Ri + wherein R', R72and R 4 are independe h .
sel ect egt, f r ghe instod vicdgim & ovhersin mﬁgmaqaqu’cu@%!ﬂws in (b) comprise

traigh oof lesaf inowpmel (e monomer
stral %&ﬁ?g%% F\é@%%ﬁﬁ% toRf nubnb es

ar?Te? straight or_.branched -aucenyl or
al kympostions of thegnanemes WWs. unsaturated strai ght

or branched al kenyl of 2 to 6 carbon atons

substituted '-EQ“EI &7, witersifthe @bl af the tnpnomers in structure
yl 1@% phenyl; "7

het er oc R73 is selected fromthe
gr diipo ourxtesd SAGOE%H, Cr-C. al kyl, COOK",wherein R 5
is selected fromthe group consisting of H an alcati.

netal, a C 1o L Brein@hd 61 iFdFE of 1A Momumyer pompositions
o B s o et O 186 o

o o’ < o e i enat

et h'xtl"{%eﬂ! E?Lfé*fnﬂ%ﬁ'm‘w nononers are one or nore .

sel ec mthe group consisfing ;g nethaaylic
mononers and. al lylic rmnomsrs.>=< : ‘
| (Iv) . ”

wherein R, R"?and R* are independently selected from the group consisting of H, CFs,
straight or branched alkyl of 1 to 20 carbon aloms, aryl, unsaturated stralght or branched |
alkenyi or alkynyl of 2 to 10 carbon aloms, unsaturated straight or bn?nch_ed akenyl of 2
to 6 carbon atoms substitutad with a halogen, C5-Cs cycloalkyl, haterocyciyl and phenyl,
R™ is selected from the group consisting of H, Cy-Cy By, COOR™ wherein R*is
selected from the group oonslsting of H, an akali metal, a Gy 10 Ce akyl grpup. glycidyl
and anyl, which can optionally include one of more functional groups.

' 40. ‘The rhethbd of claim 38, wherein the other ethylenically unsaturated

MONOIMETs Bre One or more selected from tha group consisting of methacrylic monomers

and aliylic monomers,



