PCL | SATI O\I PROCESS Th| s invention relates to pol yneri cm@ﬂaui%b -nore
par larly this invention relates to polyneric materials conprisin

cro i nked particles which are capable of formng.sols; to*processes f or
t heir“preparation; and to conpositions;conprising them 05

According to one aspect of this invention there is provided a solution

pol ymerisation process for the preparation of a. pol ymeric material having a
wei ght average nol ecul ar wei ghvorhiexTs R0 pkees8, 000, 000 and conpri si ng
cross-1li nked articles_which are capable of tornming a sol in the reaction
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and (b) is of, the.sa or dragen hondi roup as. mat eri al
pr%u ced by tﬁ?ﬁ&r%]bqu g a f QXIS ) venpionh %%rgm 8 a?vu}e%e

nonitori BglmﬁWnpmmmmpmmmnesd farp@ieymga@amrepfaa padyimwsrigi n defi ned

i s obtaip e I on before

gel ation ?g ol%gakll%ggg Fhe el%h‘f ut F%%éep% ygn%r %Igg'{t Egﬁt F}?E%{e"%gbg?&% he i nvention
may be agOa0f,0P9 randf comnmtaing erescainisad ear‘@mlewéush gnegeapaidiecal ,
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pol ynerisation to which the present i nventi on may advant ageously be
apPlied i s cdti) orRUYASASINE P50PY FIOFE STRMCHRS 0 tﬂﬁl%aFHéaﬁ‘él?Wﬁg types of

monomer, inter aljmchais aSUSERPLIANIAE 4d@htCY bCsadnt i BRR (@)NGas and
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caléml /Z'above the solubility parameter of the material

produced by bulk pdlymerising the monomer or monomer mixture
15 : and (b) is of the same or adjacent hydrogen bonding group as
the material producéd by bulk polymerising the monomer or
monomef mixture; | _
(ii) monitoring the polymerisation until a polymeric material as
_ herein defined is obtalned and
20 (iii) terminating the polymerlsatlon before gelatlon is obtalned
The solution polymerisation process of the 1nvent;on may be
an addition, for ekample a cationic, anionic or free radical, “t"
polymerisatiqn or a condeﬁsation polymerisation.
A class of addition polymenisatién.to.which the present invention
25 may.advantageously be applied is cationic addition polymerisation to
which the following types of monomer, inter alia, are susceptible{
{a) cyclic and linear:mono— and poly~vinyl (thio)ethers,
including furfural and furfur yl alcohol;
(b) other compounds comprising at least one 3- or 4- membered _
30 oxa- or thia- substltuted rlng, for example mono- and poly-
| ' epoxides and lactones with a 4-membered ring;
(c) cyclic aliphatié'anhydrides, for example maleic'aﬁﬁydridés;

(d) aliphatic aldehydes; and



(b) other conpounds conprising at |east one 3- or 4- nmenbered 30

oxa-_or thia- substituted ring, for exanple nmono- and poly- epoxides and

| actjones with a 4-nmenbered ring; (c) cyclic aliphatic anhydrides, for

exWe mal ei ¢ anrhydrides; (d) aliphatic al dehydes; and -2 - (e

nono- and poly-vinyl aromatic hydrocarbons, .such as styrene, alkyl

styrenes, such as vinyl toluene, divinyl _béer]_zene and i ndene. M xtures of

such nonomers nay be used. 05 L I n accordance with a preferred aspect

of this invention th o] e - o) . ' o] pr.L.sabl e

cyclic (thio)ether. f/) " E“Fﬁclpo)agé hl;éii -Ygs@r@re%%ﬁﬁ%ﬁg??\{%%%g%ﬁsgr L%{FFSE .

t hi ogther. Suitabl e peYseResi&ipl stoyerdse g4l 83 stimgt stoduere.t B&vingdnul a: in

whi ch: 10 [ ebtdzeaB0add inddHeCh Mmay be the same or different, each

represent a hydrogen_atomor a substituted or_ unsulstituted hydro- carbyl

or hydrocar byl oxy gr SHFUTR8 Gie et SATMSISSMAYS PR tHE8d or unsubstit ut ed

met hyl ene, @3 hyl ene o akcdrdrmap\widhea gireBerreliSaspect of tRis riapesSient theg
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By "(thio)ether” is meant herein an ether or a thioether. Suitable

polymerisable cyclic (thio)ethers have the formula:

in which:

10 Rl, R2 and Rh; which may be'the same or different, each

represent a hydrogen atom or-a substituted or unsubstituted hydro-
carbyl or hydrocarbyloxy group; . '
R3 represents a substituted or unsubstituted methylene,
ethylene or 1,3-propylene group;
15. R5 represents a monpvalent polymerisable group;
Q represents an oxygen or a sulpur atom; and

X represents:’

: 0
—(CH2>aco>b<g)c<Y)d-
in which: _

Y represents én oxygen atom or a -NRﬁ-group wherein R6
20 represents any of the values which R1 may assume;

a is 0 or 1;

b is 0 or 1;

c is 1 or 2;

d is 0 or 1;
2s with'thé proviso that at least one of b or d is 1.

The groups Rl,_RZ'and R.4 may each represent a-substituted or
- unsubstituted hydrocarbyl or hydrocarbyloxy group: examples

include unsubstituted or halo-substituted Cl to C, alkyl, such as

4




Y represents an oxygen atomor a -NR6-group wherein R6 20, represents any
- 2of{ the values which [err] may assume; ais Oor 1; bis Oor 1; cis 1 ar
dis 0or 1; 25 with the proviso that at |east one ,of b or dis 1
fle.groups [err] and R may each represent a substituted or unsubstit ut et
ydrocar byl or hydrocar byl oxy groyp; exanpl es i ncl ude unsubstituted or
hal o-substituted C to 4 al kyl, Such ‘as - 3 - nethyl or ethyl; _
unsubst r .0 I raIkyI such
as phen h%&g?d%lgﬁégﬁ aﬁh@%%igﬁgqo%ug%% (;Ubsﬁ{%égge%o [eerr][i ﬁl ncrease in
the siz@r eralkid.gfeipas mhessk s bereyds erdnd PFh@palrsneso tIﬁet*heydroI ysabl e

.ester OéasféwbﬂQ{foJﬁﬂeQBe % ARk 18€ &JFY tRS group NGLeasRs the s3taki ity of t\hé
pol ymer. preferred, however, fromthe stand 0| nt of ease of

pr epar a'i”r‘\Slﬁa%‘i?d tathe BETIGL§abliengster; oF apdfe g tigh) Xpint &harady al |, of

[ @] aiwtreesdd thepmﬁserms afh;tdrp:gleneatomt fﬁ@rgféﬂtﬁdR&oﬁayexf ,epresent a
nono- o 0 t| - ed et hy up nsubst I tuted
et hyl enfe °8“r g%e S%T(’.) Pomf ease 0@ %’e“ﬁya amf av?gif’la% g‘i‘y\/a Ve. Preferred
such coampdeﬁels oage ee'tdhelr%ﬁer@hbt aiUe; Otfheﬁéi cellrsbdignd@refsemmaabove formul a

wher ei nyQ-HER 364! S TRO A 8lidotodi dpy do gy G X Ay, as

shown, r’eprésent any | e carboxylic acid ester car bonat e
est er oFu’f@f?a?’étYéeE%t@'P“Rur?é?f%ﬁ%blbra“aﬁn%f’rhsaétumd ethylene group;
10 that is, a dlhydro(thla)pyran derivative.

Preferred such compounds are ethers; that ie, those.ceﬁpounds
of the above formula wherein Q represents an oxygen atom, especially
dihydropyrans. |

X may; as shown, represent any hydrolysable carboxylic acid

15 ester, carbonate ester or oxalate ester function, or, an amide .
analogue. Preferably, however, Xffepresents —COOé—er —CHZOCO-.

Particularly preferred polymerisable cyclic ethers have the

formula:
,,\!L J<COOK5 or , L CH, O 0R;
NS 5 N O/<i§"

RS may suitably represent any group which can participate in

20 ‘cationic polymerisation; for example those derivable from monomers

(a) to (e) mentioned hereinbefore. Preferred examples are vinyl
‘(thio)ether and epoxy groups.

It is particularly preferred that R.5 represents a cyclic

vinyl (thio)ether, especially of the formula:
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anal ogue. Preferably, however, X represents -COO- or -CH OCO-. 2 :
Particularly préferred pol ymerisable cyclic ethers have the fornula: [err] l‘é
R5 r[ay suitably represent any group which can participate in 20 cati oni\¢
pol_y‘l?e’rl sation; <for ‘exanple those derivable from monomers (a) to (e)
menti oned herei nbefore. Preferred exanples are vinyl (thio)ether and epoxy
groups. It is particularly preferred that. R represents a cyclic 5 vinyl
(thio)ether, especially of the formula: -4- in which: [err]- and [err]
whi ch may be the jgapE At dlfferent represent any of the vaI ues which R1,
R2, R3 and R4 may. assune,; rep,resents the group -ZX - Q
repreuents an oxygen Ryr » SRyl phte 2R4Rs X'"’hr"“égr‘?é"é’eh‘[z h&nf/a“t?f °Ftﬁéf\§%ﬁ~d‘és whi ch
X may assune; amrdprese@prRgesf xha wdlngs evHienR Qng’ sngatd ® trﬂ,qv fésume ;
unsubsti tuted hydr oc:y Xl ene. Estgem al | y Z|9(r.ef | ynmerT'sabl e cycl iC

&3l

ethers are the 10 B SR i oa P $fnet by subj ecting one or a

m xture of @8 hydro- Mrmmbd&&wdewﬂeem@'ps@mwlmm| on by the Tischenko
reaction; they have txheréﬁremtas ah MR val &4 L 80 x[ Ry hssttfdi;Chadg@y be

the sane or different, represent
z represents a single bond or a substituted or unsubstituted

hydrocarbylene.
Especially preferred polyﬁeris;ble cyclic ethers are the
10 reaction-products formed by subjecting one or a mixture of dihydro-
pyran aldehydes to disproportionation by the Tischenko reaction;

they have the formula:

K/\l /\K

-“\o J<z<+. Y /JR

COOCH,

in which:
1', Rzi'and Rh,’ which may be the same or different, represent
15 any of the values which Rl, R2 and Rh respectively may assume. A
preferred such compound is acrolein tetramer (in which the Ri all
represent hydrogen atoms).
Polymeriséble cyclic ethers wherein X comprises a ~CO0- or
—CHéOCO— group may conveniently be prepared from the tetramer of
20 the corresponding unsaturated aldehyde produced by the Tischenko

reaction; namely:
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any of the values which [err] and [err] respectively may assune. A
@¢rred such cenpound is acrolein tetranmer (in which the’[err] all

esent hydrogen atons). Pol ynmerisable cyclic ethers wherein X conprises
COO- or -CH OCO- group may conveniently be prepared frdmthe tetraner*uﬁ
2 20 t he correspondi ng unsaturﬁted al dehyde produced by the Ti schenko ’
- reaction; nanely [err] cyclic ethers wherein X conprises a

- COO group | by, reactj on of. the t aner with an al cohol R CH
using a 5 t?g'%s’egi’gfﬁcf F @};{gtrlso%hecraetl5I)a §f’m%1’r11(§e?e%cfe‘6§)rigr88ﬁd‘iatyl Bas: [err]
Cyclic etepered WMyersiatidh cdinphe s:esrane-r[ eith] an grleopo Obeais@hg a prepared by

reactropraq‘]se;&eﬂtf%gﬁggr \%\gﬂa kgvgaeracgi&y err[?g&(éll c acid ester R'CCIJw _

which [err] represents a. roup using a

trans sterlémnatlon cat I nd reactlon condltlons [err] The respectlve
by- pr cts ¥% al s terified Rai Rerr] to gﬂy
corr gggondi ngk y4 [err §g' JfeL r espo ng rRe prepared
anal ogo hers ere also be

n
% conprises a Eﬁgi}
obt ai ned By n1|@t8§9dat|8% of the dimer of cor C”°

z

Cyclic ethers wherein X comprises a —QHZOCO— group may be
05 prepared by reaction of the tetramer with a lower alkyl carboxylic
acid ester R_COOR, in which R7 represents a lower alkyl group '

5 7
using a transesterification catalyst and reaction conditions:

| R;
Ra
/ x
( —> '+ Rgco0Rk, ™ (X CH oc<>n5 ' o Aun@

CI-' oCo

- The respective by-products may also be transesterified with

RSCOOR7 or RSOH to give, correspondingly:

Ry —Rs
_ / . Ra
R, ('/Kugzo CoRg

0 CooRs

1C The corresponding amides may be prepared analogously.

Cyclic ethers where'X comprises a -C0O0- group may also be
obtained by mild oxidation of the dimer of‘the corresponding
unsaturated aidehyde,.followed'by ésterification of the salt, for
example the silver sélt, | _

15 " Meta-carbonates and oxalates may be obtained, respectively,
by esterification and tfansesterification'

Rz R R 7———«
R / /3<R4. +RgoH +Cocty > Rz /3(‘34-
‘ ‘ CH,0Co0Rs

K‘(’ s ¢ R
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HoCocoo@,



unsat urated al dehyde foll owed by esterification of the salt, for exanple

t he sl_]ver salt. 15 Met a- car bonat es and oxal ates nmay be obt ai ned,
res;{g\c‘:’jtively, by esterification and transesterification: [err] -6- It
i S,, NOWever, to bBe stressed that acrolein tetramer is readily prepared fr

acrolein which is a conmercially available material; can readily be
purified; and has been found to be satisfactory in the practice of this
i nvention. 05 O her specific exaspl es of pol ynerisable cyclic
et hers include bis-(3,4-dihydropyran-2-ylnethyl) succinate, bis-(3,
4-di hydropyran - 2-ylTetiby|howevdmr epluehat@seed mhst(®r41d4myatmyrm2 yl)
adi , bis-(3, y Y. t

pate éa&']lflg, g£%%¥n% 1%*;. %Jtp%ﬁé%l L2 Rate, é:o[n {cllamﬂ atPilable

wherein: n represen east one; err IS a po yvaI ent

organi ¢ bri dgi ngageoiaa ; \Amaélhr%PéiéilYabﬂ yuéPeféédnotanéd?ﬂsaP?ﬁfafﬁ%q &odreoup si nce
these can interfgtesMickbf BR a@ r&aliab Vo¥ sh{sequvéraqonas will be explained

| ater, for the polynerisation, further cI ass .of additjion
pol yrer i sat®Pon to V\/rﬁ‘ik,‘ﬁrtgf?écbf’é’séﬁmﬂlﬁe?ﬁ PBW:EF%H Le e et RGED JLryudse
applied is free b|’1§d(33aLdﬂC§dk'6pﬁIanD-lﬂﬁem}&at Suie indts tabé-y(3t, He—dlb)ydrﬁlﬂﬁreﬁf

"the, nononers co nyl.i.de qh BUR L oner,
preferably a subgp?'{‘ E‘ﬁf) 0-8 Gg%a]tat?éabl(srrgf’ﬁ) gcry eaéls n%ipate
especi al ly a [ emib-(bafFdthyldrapkph- hﬂtlhadTyﬂDaaapatSpeC| c exarrp

CHo

|
o —H—0 . _
and ‘/(ij::jx\i
0" Ry 07
10 wherein:

n represents a number of at least ome; and R8 is a polyvalent
organic bridging group which desirably does not contain a basic
group since these can interfere with the acid catalysis required,
as will be explained later, for the polymerisation.

15 A further class of addition polymerisation to which the

| present inventibn may also advantageously be applied is free
radical addition polymerisation. Suitably the, or one of the,
monomers comprises a vinyl- or vinylidene group-—containing monomer,
preferably a substituted or unsubstituted (meth)acrylate ester,

20 especially é-Cl to 08 alkyl methacfjlate. Specific examples of
such monomers include methylacrylate, -ethyl acrylate, propyl

acrylate, butyl acrylate, methyl methacrylate, ethyl methacrylate,

(b



S nmononers include nmethylacrylate, ethyl acrylate, propyl acrylate,
b L acrylate, nethyl nethacrylate, ethyl nethacrylate, " -7-7 propyl

Bt Ngcryl ate, butyl nethacrylate, n-hexyl nethacrylate, ethyl hexyl
met\acrylate, lauryl methacrylate, ph enyl acrylate, isodecyl .nmethacryl a’(‘?“

2- et hoxyet hyl nethacryl ate, 2- n-_bgt oxy ethyl nethacryl ate,
~ 2-(2-ethoxyet hoxy) et hyl nethacryl ate, 05 2- phenoxyet hyl acryl ate and

2- phen0>{>¥smylmee@cf}9§§efé AhSey1 AU IPIATET S el Sni g 1REESENCE Of a bis-

or tris-vi ng or Vi néa derié gr oup-cont i ni ng” nononer *as cr.oss- | i nki ng
agent . ethyk heuyl et qi’?'él?'ﬁﬁ:-allﬁwl F‘%‘Fhaéiﬁﬁﬂee eenyhsassylataut ed or

hydr ocarRyhaey! aé@ﬁcaimet lz“-efwslm&aym@ 8ty 188 dbvih yloppnzene. | <
Preferabl however he cross-|.inking agent conprises a bis- or

tris- viergy? G'Ft@?crfyliﬁf'ené &’Gﬁbmﬁyﬁﬁf‘%?fyﬁieﬁ'@y]eg‘ﬁE’Pacrﬁéﬁ% cularly preferred

exanpl e2-prinogyé tigy 1basryIetd andy?-gienesiethy Dincphdets L hyd ensng ycol, the
~ bi s-net hacrnylrgte eﬁter of 1gath ‘I:éarg gll}llcsgl or, tri allgl ate
Cat i oni ESPTYESot STEFT SA61 BEFRSRS T s i HoC) s SE&S THYARF i‘ above may

al so be déneegmaﬁmltapulngnmnosed as Cfogshéinkingpageindes 'I;hmel i Bél| phi des ar e
partiul ar e, uer ek, for Q@f eaLﬁanéh@&qFEB{ Br {RaBBLARL TR Ld O

polyrrerlsalon for exa e Wt anonetal I'1 ¢~ ni wtable
nonoepo%FﬁFE%an@fdafeéalfWé %%Pér@-"é?ﬂdégnéﬁ}@h a%feétﬂhé}hle’nehmwdey propyl ene

oxiode arde RiFo¥bEeNKOXE A@sat IcRApPles a WEONBY ikei OX RS SHCH: P31 &Ll ENE
oxi de. PoI%epom des 1 nclude man cormerm al | y avai | abl e (cycl o)aliphatic

and ar oRRPYR BB BIB&iSFEET > PRERLILATY pEpfqrred examples being ‘the

bis-methacrylate ester of polyethylene glycol, the bis-methacrylate
ester of ethylene glycol or triallyl cyanurate. _
Cationically polymerisable monomers in classes (b) and (e)
15 above mey'also be free radical polymerised. Of these, epoxides
and episulphides are partiularly versatile, being also susceptible
. to anionic addition polymerisation, for example with organometallic
initiators. Suitable monoepoxides include the alkylene-oxides.
such as ethylene oxide, proﬁylene oxide and butylene oxides; the
20 aromatic oxides_such as styrene oxide. Polyepoxides include many
commercially_available (cyclo)aliphatic and aromatic polyepoxides,
such as:

o
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- 8- Anal ogous nono- and pol yepi sul phides nmay al so be used, especially

et hyl ene and propyl ene sul phides. There are many cl asses of condensation
pol mrl sation to which the present invention is applicable; for exanple,
cogden- 05 = satsion-pol ynerisations for the production of polyamn des,

pol yesters, polycarbonates, phenol -fornmal dehydes, urea-forml dehydes, urea-
mel am nes and pol yurethanes, particularly the latter. In the preparation of
pol yur et hanes according to the invention-ofe of the nonomers conprises a
pol yi socyanate, for exanple a diisocyanate 10 .. . such as a .
(cyclo)aliphatic, ar APPIAEREF 08P~ APGnBRHYEPHTHI8BLRM ERE 2180 PFtdexanyl es
include 2,4, andegperibdlyienkyidnk sanly prigiytend eGytpid)daki phati c dii socyanates
such as 1, 6- hexanet hy] ene di i socyanate, i g(pnk&%;lo;e.ogli i0 Qcyanat e

4, 4" - di cycl ohexyl netRahe 3F iREEyaRsce: %Ant Cyer onexyPene- -3 %hd°1, 4-

di i socyanat e; anwhimhakhelpaesent]l Snventiion decypnldteslesucfrragxample, conden-

4,4 -di phengr met ng&%ndbamgﬁm&sns Ro¥ &i3ablddRic BIAUBE Yo1G5RRR ] | Y1y BGters,
agents, particularly for polyurethanes and also for cationically

pol yneri sabl e speetsegrbenadns apherrl-EgEnaldelydesy) Wienstarmaidehydgfotdrsd-
conprising at | egstariRé€Qndr QIIREr&hahas NipAYt RulLAGE kM€ 1Ay 8&0ge iy athem such
as a hydroxy, 20 - carbox '

preferred for caPfRIFBHSS éﬁé}%lr{\?g%tg%?ense%g? rg%ﬁgr{)ﬁ%g%%ggggrggﬁ%h%ehggﬁie

| east three groupsnokeirshoapeidegda potlisaydhstre,cfobexyhplgr oubissodyanaps es

o PO oD g R RELBNEL) Sclhnal, LGl

| ess than 10, caPbraifae mrempldsoinebidap? & .aptpRab i tolpeny diisenyenates _

gl ycerol, eryt'1rk&§@io)Efﬁ}haﬁaﬂyhﬁiéad9hmates such as 1,6-hexamethylene diisocyanate,
isophorone diisocyanate, 4,4'-dicyclohexyl methane diisocyanate,
and cyclohexylene 1,2- and-l,4- diisocyanate; and araliphatic_
15 diisocyanates such as 4,4'-diphenylmethane diisocyanate.
A versatile group.of-cross—liﬁking agents, particularly for.
polyurethanes and also for cationically polymerisable épecies,
such as the cyclic (thio)ethers, are monomers comprising at least
‘three groups éontaining a reactive hydrogen atom such as a hydroxy,
20 carboxy, amino or mercapto group (amino not being preferred for
cationic polymerisation), for example those comprising at least
three groups which are hydroxyl, and/or carboxyl groupé. -
Examples include polycarboxylic acids, polyhydric phenols,
hydroxy acids and polyhydric alcohols, desirably those with less

- 25 than 18, preferably less than 10, carbon atoms; for example
aliphatic polyols such as glycerol, erythritol, pentaerythritol,

- ) sorbitol, dulcitol, inositol, 2-ethyl-2-hydroxy-methylpropane-
1,3-diol and 1,2,6—heganetriol; aromatic polyols such as 1,2,3-
trihydroxybenzene, 1,2,4—trihydroxybenzene,’1,3,5—trihydroxybenzene;

30 araliphatic polyols; hydroxy aliphatic, alicyclic and aromatic
carboxylic acids, including Krebs cycle acids, such as citric
acid, malic acid, tartaric acid, 2-hydroxy-3-methyl (D) succinic
acid, ascorbic acid, 2,3,—dihydroiybenzoiC'acid, 2,4 ,-dihydroxy- -
benzoic acid, 2,5-dihydroxybenzoic acid, 2,6~dihydroxybenzoic acid,
35 2,3,4-trihydroxybenzoic acid, 2,4,5-trihydroxybenzoic acid, 2,4,6-

trihydroxybenzoic acid and 3,4,5~trihydroxybenzoic acid. Mixtures



sorQitol, dulcitol, inositol, 2-ethyl-2-hydroxy-nethyl propane- 1, 3-diol ‘and
 hexanetriol; aromatic polyols such as 1,2,3- trihydroxybenzene,

tri hydroxybenzene, 1, 3,5-trihydroxybenzene; 30 araliphatic ;;;
ol s; hydroxy aliphatic, alicyclic and aromatic carboxXylicg acids, -
di ng Krebs cycle acids, such as citric acid, malic acid, tartaric

acid, 2-hydroxy-3-nethyl (D) suceiqi-c acid, ascorbic acid,

2, 3, -di hydroxybenzoi ¢ acid, 2,4, -di hydroxy- benzoic acid,

2, 5- di hydr qumhmﬂlacaqidsz @ldhymbom)émemgplh@dwydacﬁg and :
2,3, 4-trjoh b 4, 5-trihyd enzgic acid, 2,4,6- -
trihydr gfy%%%ixcﬂgéggfsang& %gec% % ap%x%/gyeﬁ'g?)l% JEFEPOXKAIG ur es -9-.0
pol ycar 6%§$ i @oArh¥dsic priephlsair FflEdlmen&this ydiipokyhydeiidsalabrb 120l yhydri c

al coyol srgayiddgrused.

phenol s, hydroxy acids and pol yhydric al cohols

Mo

Preferably the polycarboxylic acids, polyhydric

are linear. 05

Moner s corﬁ?r“f”g?‘f?g COURF 11 0% 0%0 cBINVAF ravga tuimet Fees thyelhodesgeat oms as

af or esaiademd @&’ efcaephtd,difof AaAyle AL-EBoRY YorSH ui.gd rpnQuers may be

hi 0 ethers epoxi des -or

utilised nSs %C|aI%¥ ag conmpnoners, W th cyclic(
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- car box yl.ic an

, 2- propéfe carbon atoms; for example oxalic, malonic
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and adlplc acids, 1 2-cyclohexanedlcarboxyllc,

di hydri c henols
det+P4bi /% hose with | ess

cl hexanedlcarboxyllc
éﬁmhgﬁyne |carboxyI|c aci ds,

cycl hex
pht hal>/| & e'l’?%ph‘f 947 yaﬁﬁ“teef"éﬁhtlﬁé? |f&’aacifﬁs P’-’Qlfezl?abw Heds oshgpheny! -

» Succinic, glutarlc,

1,3-cyclohexanedi-

carboxylic and 1,4- cyclohexanedlcarboxyllc acids, phthalic,

isophthalic and terephthalic acids, 4,4'-dihydroxyphenyl-2 »2-propane,

resorcinol, quinol and orsinol, lactic, 2-hydroxylsobutyr1c,

10-hydroxydecanoic, 12-hydroxyoctadecen01c, 12-hydroxy-cis-9-

octadecenoic, 2-hydroxycy¢lohexane-carboxyllc,

2-hydroxy-2-phenyl

(D) propionic, diphenylhydfoxyacetic, thydrokybenzoic, 3~hydroxy-

benzoic and 4-hydroxybenzoic acids, glycol, propanediols and

butanediols. Glycols are most suitable, especially the C_ to C

2 6’.

preferably 02 to C4 glycols. Mixtures of dicarboxylic.acids,

dihydric phenols, hydroxy acids and glycols may be used. Preferably

. the dicarboxylic acids, dihydric phenols, hydroxy acids and glycols

are llnear.

Cationic addition polymerisation in accordance with this

invention requires acid catalysis. Suitable Bronsted and Leﬁis

acids include strong mineral acids which are not redox. reagents

under the reaction conditioms such as hydrochloric and sulphuric

acid, tosylic a;id brosylic acid and the adduct of methanol and

boron trifluoride. Suitable Lewis acids include boron trlfluorLde

and its etherate, boron tribromide, aluminium trichloride, aluminium

tribromide, gallium trichloride, germanium tetr

tetrabromide, zinc chloride and-ferric chloride

achloride,; tin

» ferric chloride -

&



resorcinol, quinol and orsinol, lactic, 2-hydroxyisobutyric, .

10- hydr oxydecanoi ¢, 12-hydroxyoct adecenoi ¢, 12-hydroxy-cis-9- octadecenoi
2- hiydr.oxycycl ohexane, carboxylic, 2-hydroxy-2-phenyl 2Q (D) propionic,
diphenyl hydi oxyacetic, 2-hydroxybenzoic, 3-hydroxy- benzoic and

4- hydr oxybenzoi c acids, glycol, propanediols and butanediols. Gycols are

nost suitable, especially the Cto C 2 6' preferably [err] preferably
[err] to [err] glycols. Mxtures of dicarB®ylic acids, dihydric phenols,
hydroxy acids and glycols nay be used. Preferably 25 the di carboxylic

~acids, dihydri c tetisaairsfernedi oxBromcd @3 Zatrl 2§} yregiticwlesly ifrenrC. 0G4t fonhke
addition pol ymery,8afifn chd &QQPRQ@%&@_OW e LhiStibRVERkL AN rb Wit 881726k d
catal ysis. Suitable Bronsted and Lewis acids include strong mneral acids
which are not rew8i-reagents 30 under the reaction conditions such as
hydrochl oric and sul ghuhéCeadei 6 thespHodGe Bidndef pobpydeitbamai dhandridie afiduct
of net hanol and borgﬂttri'fl uoride., Sui tgbl e L vgtg f‘ecniedgx{ ecI ulgle% lt:)a ron
trifluoridé5and iiesTHIHEPSE ORISR T Br SnPRe =AY (ilen P e r P'CHIE6T ) de,
‘al um ni um tri br astiedehergah | themeétioc bf arumbley. geerapsi wighét tadhhoriodelityi n 35
tetrabrom de, zinc _chlaride andsd ergic LitlGes 84 HiG6adtli0tiddGsefur 140 -
bei ng preferred.lstgB%t&FO ont([') %% #frf?%ulggr_ yefronjpg. 04%t o 1%se uaséé on
‘the total weightthsf petformanest pbrihei Javensiomgisthosad|ip BR-3944093 PRt hecase
of the producti ofg 9k, #RLYyurethanes the, or one of 05 the di hydroxy
conpounds may be a pol yet hyl ene oxi de, prefer ablw¥l_ o,
10 It 'is the nature of the solvent, ich may.be a mixture of
one or more compounds (including latent solvents) the composition
of which may be varied, continuously or continually, as the poly-
merisation proceeds, which is a particularly critical feature of
this invention. The solvent may qualitatively be assigned to one

" 1% of three groups according to its hydrogen bonding capacity:

GROUP ' ' EXAMPLES

strongly hydrogen bonded alcohols, acids, amines, aldehydes

moderately hydrogen bonded ketones, esters, ethers,

poorly hydrogen bonded hydrocarbons, chlorinated and
nitrohydrocarbons, nitriles

from which the meaning of "same or adjacent hydrogen bondingl
group" will be apparent.
The solubility parameter (which is the square root of the
cohesive energy density) of a number of solvents is given'in
20 Table 1 below. In Table 2 solubility parameter ranges are given
for a number of bulk polymers. (Both from "Encyclopaedia of
Polymer Science and Technology" published by John Wiley & Sonms.)



e wherein the ratio of nunber. average weight to functlonallty is greater
gn -1000. The pol yurethanes so produced are useful in the perfOrnance of
¢ invention disclosed in GB. 2047093 and GB. 2047094. 10 i's tQ')
nature of the solvent, which may be a mixture of one or nore conpounds
- (including | atent solvents) t he conposition of which may be vari ed,
continuously or continually, as thﬁ poly neri sation proceeds, mhlch is a
particularly critical feature of this invention. The solvent may
qualitatively be assigned to oneslp g 1 Of three groups according to its

hydr ogen bondi ng capacity: GROUP— EXAMPLES strongly
hydr ogen bondedolvestsohol s, aci ds, anlnes,'aIdeﬁghéﬂ;ﬂﬁﬁﬂﬁaﬂxﬂﬁ_hydrogeQ~J
bonded kﬁ&g@&,h(ﬁgters et hers, poorly hydrogen bonded hydr ocar bons,

chl ori nated and nitrohydrocarbons, nitriles fromwhich the neaning of "sane

or adjac%H@ ﬁ§H¥ogen bondi ng group” w:l|l be apparent. The solubility

par amet er o-pehednei s the square root of the cohesive energy density) of a
nunber of solvents is given in 20 Tabl e 1 bel ow. I9 &@ble 2 solubility
par anet er raﬁges are given for a nunber of bulk polymers.” (Both from
"Encycl opaetiezaref Pol ymer Sci ence and Technol ogy” publ Vshed by John Wley &

Sons. ) cycldnexaddBLE | Solvents 8.2
Solublllty aranet er Hydrocarbons aliphatic

n~heptane 7.45
n-octane . ' ' 7.55
isoocfane - 6.85
n-nonane o : 7.65
n-decane | 7.75
n-tetradecane _ | 7.95
butadiene _ ' : | 6.7
isoprene _ - | 7.25

aromatic
benzene . ' _ 9.15
 toluene - 8.9

o-xylene ' ' 9;0_
m~xylene | 8.8
p-xylene _ : 8.75
ethylbenzene . 8.8
naphthalene 9.9
n-propylbenzene N _ 8.65
isopropylbenzene . o 8.86
mesitylene | | ' 8.8
p-cymene ' ' ' ' 9.85
styrene o o . 8.66

Perfluoro compounds

n-perfluorobutane 5.2
n-perfluoropentane : 5.5
n-perfiuorohexane 5.6
n-perfluorcheptane 5.7
n-perfluorononane ) ' 5.7
perfluorocyclobutane 5.7

perfluorocyclohexane 6.0



n- pent ane

7. 05 n- hexane
8. 2( n- hept ane
7. 55 T sooct ane
~7.65 n-decane
n-tetradecane
6.7 isoprene
benzene

8.9 o-xyl ene
8. 8, p-xyl ene

et hyt-benzene
9.9 n-propyl benze

Solvents.

Perfluoro compounds

LA >3

i sopropyl benzene perfluorobenzene

8.8 p-cynene

8. 66
5.2
n- pe
n- pe

Perfl uoro co

7.05 isopent ane

7.3 cycl ohexa
7.45 n-oct ane
6. 85 n-nonane
7.75

7. 95 but adi ene

-12 -

TABLE I (continuedg'

7.25 aromatic

15 t ol uene

9.0 mxyl ene

Soldbi¥bty parameter

8. 8 napht hal ene

8. 65

8.86 ne8ikyl ene

erflu rotoluen
H%ound% n-per?luorobutane

n-perfl uor opgI{ AR compounds

rfl uorohexane_ ) ]
rfl UOFOheptaﬁ%}phatlc chlorides

dichloromethane
chloroform )
carbon tetrachloride
ethyl chloride
1,1-dichloroethane
1,2-dichloroethane
1,1,1-trichloroethane
tetrachloroethane
iobutyl chloride
t-butyl chloride

unsaturated chlorides

cis-dichlotoethy;ene
trans—dichloroethylene
trichloroethylene
tetrachloroethylene
vinyl chloride
vinylidene chloride

chloroprene

aromatic compounds

chlorobenzene
bromobenzene
iodobenzene

o-bromotoluene

aliphatic bromides

me thyl bromide
bromoform
ethyl bromide

1,2-dibromoethane

5.
5.

6
7

9.8p, ptyrene
5.5

9.7
9.3
8.6
8.5
9.1
9.8
8.5

10.4
8.2
7.9

9.7
9.2
9.2
9.35
8.7
8.6
9.3

9.5
10.0
11.3

9.8

9.4 .

10.5

8.9
10.4



-per f |1 uor ononane 5.7

ei uor ocycl obut ane 57 )

e¥f ljuor ocycl ohexane 6.0 - 12 - TABL
(continued) Sol vents ' Sol ubi Lity parameter ,-

Pefrtl uoro conpounds perfl uorobenzene
8.1 perfluorotol uene 7.7 Hal ogen
conpounds al i phatic chlorides dlchloronethane
© 9.7 chloroform TABLE I (continued) 9. 3 carbon
tetrachl ori de - S]%_Bblt ){/} chlorlde
8.5 1, 1-di chiSei¥ertgane oubl Ly paramg o
1, 2-di chl grpet hap& rabromoethane 109. 8
1,1, 1-trichl ‘or oet hane _ -103.5
t et r achl of et R&REPTomopropane : Td. 4 iobutyl chloride
8.2 t- blal]_ybhéiﬁ’ilcOiddides ' 7.9 unsatur at ed
chlorides c d| c roet hyl ene . 9.9 9.7
trans- di cﬂ?% ]Idgne 9.2
trichlor oéimdoaa'ehane ERIL A
ée't?rachl orgﬁ);lh%% ' 99. 35 vinyl chl oride
' Hydroxyl compounds

water - 23.2

glycol ) 15.7

glycerol o ' - 16.5

cyclohexanol : _ 11.4

methanol ) 14.5

ethanol _ - 12.7

n-propanol : o 11.9

n-butanocl : 11.4

isobutyl alcohol : _ 10.7

n-amyl alcohol 10.9

n-hexanol 10.7

n-heptanol . 10.0

n—oétanol 10.3

Acidé

acetic acid : 12.6 -

n-butyric acid . 115

isovaleric acid _ _ 10.9

n-valeric acid _ 10.8

Esters )

methyl formate 10,7

ethyl formate 9.4

methyl acetate _ ' 9.6

ethyl acetate ) 9.1

n-propyl acetate ; 8.75



vi nyl i dene chl ori de

9.3 aromatic conpounds chl or obenzene
9. 5 br onobenzene i

11, 370- br onot ol uene

bron1des met hyl brom de

br onof or m

8.9 1, 2- dlbronDethane

TABLE | (continued) Sol vents
paranmeter 1,1,2, 2-tetrabronoet hane
1,2,3-tribronmopropane Solvents

i odi des met hyl
di i.odonet hane
9.4 Hydroxyl conpothdd mwepéenate
23. 2 phenol
15.7 glycerol
cycl ohexanol

I Odlé%propyl acetate

amyl formate
n-butyl acetate
ethyl_h—butyrate
amyl acetate
butyl propionate
ethyl isovalera;e
amyl propionate
n-butyl n-butyrate
isobutyl isobutyrate
isoamyl bdtyrate
-ethyl benzoate
diethyl carbonate
diethyl malonate
ethylene carbonate
diethyl phthalate

"~ vinyl acetate
methyl acrylate
ethyl acrylate
methyl methacrylate
ethyl methacrylate
n-butyl acrylate
n-butyl methaérylate
isobutyl methacrylate

Aldehydes
benzaldehyde

acetaldehyde
n~heptaldehyde

Ketones
acetone
methyl ethyl ketone
diethyl ketone
methyl n-propyl ketone

- 14 -

TABLE I (continued)

8.6 chl oroprene

10. 0 i odobenzen
9.8 aliphatic
' 9.4
10.5 ethyl brom de
10. 4 - 13 -
Sol ubility
10. 3

e

18oTubdlli phabrameter
' .9

11.8 ethyl i odide
| 8.9

143,565gl ycol
16,5
11.4 835

8.15
8.45
8.5
8.65
8.4
8.0
7.7
8.5
9.7
8.8

10.3

14.5
10.05
8.7
8.9
8.4.
8.7
8.4
8.9
8.2
7.9

10.8
9.8
9.7

10.0
9.3
8.8
8.7



t hanol 14. 5 et hanol

7 n-propanol : " 11.'9 n-but anol
4 isobutyl al cohol 10.7 n-anyl 4
cohol 10.9 n- hexanol
10. 7 n- hept anol : : : 10. 0 n-oct anol
10. 3 Acids acetic aci d - 15 - - 12. 6 _
n-butyric acid - 11.5 isovaleric acid
10.9 n-valeric acid . TABLE I (continued) ' 10. 8 Esters
met hyl formate - 10.7 ethyl formate
9.4 met hyI acefglvents Solublllty parage ket hyl
acetate peothyl n-butyl ketone 9.1 meépropyl acetate
8.75 47 TaABL conti nued) Sol vents ' ae
~ Sol ubi | i t¥e Yt AL ere °§‘gpropyl acetate 8.5
8.6 et hyl ndihgPi WaIHt ke tone _ - 8.45 8.9 anyl formate
8.65 n-bul ¥, acelaLe - 9.9  8.55
Ethers o
diethyl ether ' 7.4
diisopropyl ether : : - 7.0
: —dlchloroethyl ether 9.8
dloxane 10.0
tetrahydrofuran 9.9
Amines
di-n~butylamine _ 7.85
aniline | ' 10.8
pyridine 10.7
Amides
' formamide . : ' 17.8
acetamide : 16.7
“ dimethylformamide ' | 12.1
dimethylacetamide _ 11.1
Nitriles
acetonitrile . : 11.9
propionitrile : ' 10.7
n-butyronitrile 10.5
n-valeronitrile ' : 10.1
capronitrile _ _ 10.2
malonitrile 15.1
acrylonitrile 10.45
methacrylonitrile 9.1
Nitro compounds .
nitromethane . 12,6
nitroethane | . 11.1
l-nitropropane 10.2

2-nitropropane . _ 9.9



et hyl n-butyrate .
8.45 butyl propionate
i soyalerate .
8.4 n-butyl n-butyrate
i sobutyrate

8.5 ethyl benzoate

car bonat e

10. 3 et hyl ene carbonate

pht hal at e o
8.7 nmethyl acryl ate Solvents
acryl ate .

8.7 ethyl methacryPhrebenzene
acryl ate o-nitrotoluene

8.2 isobutyl net hagrwleah&iuvene
benzal dehyde ' '

*9. 8 n-hept al dehydgifur compounds
acet one ; —
ket one carbon disulfide

‘8.8 met hyl n-propyktisat agaptan
' ' dimethyl sulfide
diethyl sulfide

thiophene

dimethyl sulfone
diethyl sulfomne
dipropyl sulfone

dimethyl sulfoxide

8. 15

anyl acetate
8.5 ethyl

8. 65 anyl propionate

7.7 isoanyl bu
9

8.0 isobutyl
tyrate
. 7 di et hyl

-16- g3 di et hyl mal onate

. 14.5 di et hyl
TABLE I (contdnyad)\i ny| acetate
Solulff l9tetpavbmeter
8.4. nmethyl ngthacrylate
8.4 n-butyl
8.9 n-butyl mdPhacrylate
7. 90M dehydes
10. 8 acet al dehyde
9.7 Ketones
10.0 hyl et hyl
9. 3 di et hyl ketonenﬁb'g'
' 8. B.65
9.0
8.8
9.8
'14.6
12.5
11.3

13.4
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ni trobenzene

crylonitrile
o- ni t rot ol uene

~

(continued) Sol vents

11° 1 1-nitropropane

15.1 acrylonitrile
2-ni tropropane

met-ha
ni t rofret hane

capronitrile
par anet er

10.5 mni trotol uene
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an appropriate solvent for the performance of
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t e
t he

present invention may readily be selected by first bulk 'pol ymeri si ng
monomer mixture to a solid mass and then deter- mining the swellability

of portions of that nass in a nunber of 05 solvents. Those solvents

ich swell it in excess of 100 pph of polynmer will be suitable for the .

‘}de formance of the present_ipvention, provided that they do not contain

ctive groups which wll |nterfere with the polynerisation. To obtain
1-gh nol ecul ar wei ght cross-linked particles which are capable of form ng

sols in 10 the solvent, it is desirable to maintain a thernodynam cally
good solvent at all stages of the reaction. Specific solvents whose use in

t he

el
f il

polyireri sat ivpnwiof cyclfcthi @) ethers aml (mefhfacrykate esters has

W faund desirabfe comprise quer nore CIto G 8l kyl Zacetates,

pci & fy mePhyl L © M A5 Qcdtate and/ & ethyl facetate. In the case
he“pol yneri s@t on ofs epoxl despr epi sul phi dess osle or inor e hal ogenat ed
ons such as- net hyl ene chlroride and/or chlorof ormwere found very

. I'n the case of the polynerisation of polyisocyanates a m xture of
re swl phoxi descnich heone o nore ket ones,s 0é 20 chl oroform were
pdr very suwta:bl e ~+tc>| soan~ |~1rrpetrtant advant ages oé this invention that

pg)_lgy ri satlonlsy§tgmgogs ogotm require the presgnce,oas is generally
c@se Wit h_s «<NQ- gaugoys di fperLsion or aqueous girulisi on pol ynerisati ons,
i added stabiliser. 25 The pol ymerisation in accordance wth
b invéntion may be nonitored, particularly at |aboratory or pilot plant
e, by observing whether an aliquot of the reactant m xture spread onto
ass $lide™wtlI~fdtma Golerenf>film ProvidedtRat the solvent has been
ect ed i n t Be JraBinéd herzi Abekofe defi ned, the?ogrratl on 30 of coherent
10 (§ccurs deld Befbr& géla{u—bnr« hohCC
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VWhen a coherent filmis formed, or when other nonitoring suggests, the (:Zi;
polynerisation'is term nated before gelation. For polynerisations which
occur"at elevated tenperatures this may be achieved by cooling. :
Al ternatively, polymerisation quenching 35 agents may be added: base for
cationic addition pol ymerisation; -30- weak acids for anionic addition
pol yneri sation; and free radical traps sucl2 as al kyl ated phenolic or

gui nonoid inhibitors for free radical polynerisation. According to a
further aspect, this invention provides a 05 pol yneric material having
a wei ght average nol ecul ar weight fromb5, 000 to 20, 000,000 and conpri sing

cross-linked particles which are capabl e of fornlng a sol mhenever pr epar ed
B < 79}
by the process herejn degcri bdd< Nbre parfﬁcﬂlarlx, t h®s i nVenti &n provi des
. . ~3 (=)
a polyneric matedria h@v ng a«me4gﬁt aver e'nﬁﬁe ul ar=wei ght £rgm 57000 to
. 20, 000, 000 10 Conpr S|ngnpaftmcles ofn anhemow or oopolyner gf awn
. substituted or nsuastltJtedeénethyacrylape esteerocr 0se- | i nked by a Ist s- or
tris- vinyl or Vigy|lideng group-containing ester which are capable of
formng a sol [grE]|in a]solvent which (a) has a solubility parameter from
2.5 cal [err] begl@&vto 1{0 cal [err] above ®h&s® ubiPity E?ar%nﬁler Df the
mat erial 15 gr oduced by bul k %Ol ymen%lﬁgﬁha monBner & xTufe arﬁj (b)
is of the sane or “afij;@nt hydr &YeR bondi iy grcbiphas the maverdaks presuced
by bul k pol ynerilsing € fe[nonormer mi xture, ~espectabl y wherei m thercr 09s-
| i nki ng ester conﬁr ses {he bis-nethacrylate ester of polyethylene glycol,
t he bis-nethacrylgta este¢r of ethylene glycol or triallyl 20
cyanurate. This| Enyenti¢n al-so provides a,pglygeric ngterial having a
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i ght average nol ecul ar weight from 5,000 to 20,000,000 conpri si ng
oss-linked particles of a honb- or copolyner of a polynerlsable cyclig-.
‘B(’hio)ether whi ch are capable of formng a sol in a solvent which (a) [@uq
err] has a solubility paraneter from2.5 cal [err] bel ow to 1.0 cal [err].

25 above the solubility paraneter of the material produced by bul k
pol yneri sing the nononer or nonorfe3 i xt ure and (b) is of the sane or-
adj.acent hydrogen bondi ng group as the material produced by bul k

pol ymeri sing the nononmer or nononmer m xture, especially wherein the cyclic
(thio)ether conprises acrolein tetramer. This invention further provides

.30 ajpol yireri ceneterj al havi ngy a wet ght aver age ol eeular ~wei ght from
5,000 tp 20, 009,/000 eonpr issi ng cross: | i nked partecl es_of a~howo~ or
copol yner (f.@p epox|tdgl oft epi sul phijde whj ch are'capaﬁle oﬁ ﬁgrnlng a sol
in a so|vemt Whilch (g XRag: a solubilfty paraneteg from2.5 -cag\ [:err] [err]
below tp,1{0 call [err] above the solubility paranmeter of the nmaterial 35
produced by bul § pol ynerising the nonomer or nonomer mixture and (b) is of
t he sang D adj gcent shyelr egen bondi ng greup as -the na&erla& pgoduced by
bul k po ﬁhvr|5|rg t hel nﬂnaner ef norRONer o Xtures Thist - & 33 « invention
‘al so pr oyl (les %3 ¢l yrrem Ct m'i‘t eri a;l’ havn ng a wei ght javerage ngl €gulfar wei ght
from5, DGOt ¢, 000 OO@ conprising eross | i nked partlcles,\'_of‘:r a®hono- or
copolyneﬁiof a polylsocyanate ich are capable of fornlng a'sol"in a
sol vent ﬁbich (4) has a solubility paraneter from/[err]
[err] Op2 245 cal [err] belowto 1.0 cal [err] above the
sol ubi | | ty | par anyet er 209t he narbrlar‘proﬁhced byobulkopolyﬂerrspng t he
ononer | or | monoer S 2 = - 2 S - =
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m xture and (b) is of the same or adjacent hydrogen bonding group as the
mat eri al producéd by bul k pol ymerising the nononmer or nonomer m xture.
By sngctlng the solvent in accordance with this invention gelation, whic
ingprior art processes rapidly follows the formati on of the aforesaid
cross-linked, sol-formng particles, is delayed for a sufficient period to
enabl e the termnation to be effected in a gontrolled manner. The

sol -forming particles so produced have a very 15 smal | particle size
in the colloidal or sub-colloidal size range; that is an average primry
particle size no greater than 0.2 The reacted solutions so forned can

ei ther be used as sych, in concentrated qunl or the polyner can be ~
recovered. Recovery |canelde effecte@ by sol yent evaporation or mxing, .

ei ther by addition qr reyerse addifion, oW thoan excess_of a, -
non-solvent. A partlicytgrly desireple feature of the invention is tham t he
pol yner produced|by jaddi tfi on of ex€ess norEsolvent is typically a f1 owabl e
powder, general | bf fing particle size. Mreover, the polyner powder can
readily be rediss$djyed i the same or othersolvent selected in 25
accordance with 1r§§ invgntion. 21 is BelTeved:t hat™the pol yner partitles
are gl obul ar whep &1 8ol dtion and ft |sf?ound that tfey typiccahly o =
contribute littlé g %ﬁ% V|SCOS|$y<of the solutmon U@tl| @heirmsmol&emw
phase vol unme exceé@s & Crfitical fractiom of theswhol® which, in practi<e,
means that the polyrer sglution can be concentrated 30 to about 20%
and sonetinmes tojadqut 3(0% by weight and still be readily pourable. The
pol ymer powders ¢fgdtlhis ilnventiqg are useful asegindustrial andg © o
phar maceuti cal corpriessi dn noul dsng nmaterials. Fhey day bg used in o o
admi xture with ap adtive lsubst argely for°éxﬁnple, a phiarmeGedtigal, 357
bact eri ostat, vifusdide |nsectrﬁlﬁb hewHTC|dé“ IarV|C|e fhn§|C|d€ :2
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2 - al gaecide, nematocide, topical or dermatol ogi cal agent, antifoul ant
mari ne growt h prevention, enzyme, preservative, fluorescent or other

gment. The pol ymer powders of this invention are particularly useful g§49

“phar maceuti cal tableting excipients, especially as direct 05 . "
conpression tableting excipients.__This is particularly the case for

pol ymers prepared fromcyclic (fh?%féthers, such as acrolein tetraner. The
active substance may be incorporated by adm xing solid active substance,

for exanpl e pharmaceutical or pignment, for exanple before tableting or the
active substance may be added to a solution of the polyner, 10

*

copreci pitated Eheremﬁth and then tableted. ; Ih the |lattgr case the swoll-en
sol parfichespermt the active substance td pgnetrate the pol yner network.
The pol’ lers are al so ugefdl Ascaddi Ti vés fas bulk rubbers, sound
danpi ng ions, viscosity control addEtf@es. This:Envention al so
provi de reric material as herein deffnéd 15 whi ch is dissolved
in a so ijlch is different fromthe reaction solvent. This solvent may
conpris nore nmononers whigh may be peagctive,wth the polymeric '
mat eri al . Ibly, at |east gpegof:tlre nogoners i s g (feth)acrylate ester
styrene tyreme, vinyl cghlgride,or agry}onittitie., 20 Thi s
i nventi Qrovi des a surfa&excoatiing cdnpdsi tivVnsuth as an adhesive
pai nt, r lacquer, espétifal iy al kyl Tafd acryl fc based surface
coating conprise a polyneric material, which may conprise pignent
i ntrodu oresaid, especially one in a solvent which is different
fromth n solvent as aforesaid— Thie isavention farther. 25
-provide such: surface eoati ng eonposit+on; suchematerials
t ypi cal & 4 rediced dryi ng thmey generatell essoheatyand reduce
shri nka to 5@ noted that seyengi f tpe solvent nmpponers do not
i nterpo — —
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with the polymeric material of this invention they wll penetrate th

pol ymer net wor K and their resultant hormopol ymers will bind the poly rz
parll?les by entangl ement. The followi ng Exanples illustrate the inventj0

i n_each Exanple the solubility paraneter of the solvent is from2.5 cC n
3/2 belowto 1.0 cal [err] above the solqu#igy paraneter of the material
produced by bul k pol yneri sing the nononer nmononmer m xture. - EXAVPLE
1 35 _ 1.9241g (0.0086 nols) of acrolein tetramer were added to
0.5379g (0.0057 nols) of glycerol containing 2% by weight of Fe [err] -
33 - in a reaction vessel equipped with a nitrogen bleed and a drying 3
tube to excl ude ,noi sture 3.30cm of methyl acetate were added to form a

m xture which, inityalky} was not honmpgeneous. The m xture was cgntinyously
stirred and heatjed pn & hater baf hswher§upon it, 05 S becameghonogeneots
after about 15 rfi nut eshahd was permitteff to reflux. Aliquots of the w
reactant m xturd spread pnto a slide began to produce solid filnfaftef 70
m nutes fromt hg §e inni hg of reflux. The solution was then neutralised
with triethylamijne jpfter{ 73 ninth§ [erL] 10 opf rggction,ml.B x 10 nol s
of triethylam ng Ee ng required ¥ o thqéneutralisatkpn. The-conc%ntragion
of polymer in thesspldutipn was él' o by yeight.f]t Wes possi%le_tg ~
‘concentrate the |pgl yrge pol ution: adter weutral ksati en to abgut 28% byan
wei ght by distil|llgng= he] excess® 2 © ~ ~ ~ © ©
p
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15 met hyl acetate or by using a r ot ary evaporator. Polyner povvder was
obtained fromthe solution either by a film spreadi ng t echni que or by .
cipitating the polyner solution by gradual addition to an excess of w-

hexane. EXAVPLE 2 20 _ 1.9876g (.0.0089 m)l) of acrol ein-.tetraner Wer e,
éd d to 1.0703g (0.012 nol) of glycerol containing 2% by wei ght of FeC
eyr], in a reaction vessel equipped-as in Exanple 1. 4cm of nethyl acetate

were added to forma m xture which becane honbgeneous after ‘about 15

m nutes of stirring and heating. The m xture was 25 refluxed for one hour
then a further amount (1.91889g; 0.0086 nols) .of acrolein tetranmer was
added, along with 56 nol of nethylene chloride so that the rati o net hyl

acetatqg : Tet%/ ene chl ori de was appr oxi mat‘él y 7'3 93 by V‘BI unme and the
ratio gcrolei {etraper glycerol Jas 3 2—; The—l«r fl um—ng—'«was gonti nued
and aftjer 9O wt es©3¢  from commenci. ng refluxnng a fiv mmbegan to form
when thie sol ufal bn was spread on a gl ass sl ige. The nixt @ eswas neutral i sed
after 10@ i nutg¢s by adding triethylam ne. The concentration of polyner in
the soljuti pn wag 8. 3% by wei ght. The pol yner sol ution could be concentrated
to abou 524% 35 by~wei ght eitheé? by distiTlation®r using a r&ary
evapor ajt &r { 32 21 & gaeci de, *hienat oci de¥ topfcﬁ or °(‘.Ie mat ofbgi cal
agent, [afti f-g)l.ﬂ ant far &mri g ot h prevenil on,herzyne & ppeser Vat i ve,
fl uoresc@&t Hr° ¢t her pirgnent. Theé pol yner rpOV\decbs ~of this~invenation are
particujl & |y us¢ful as phar maceuti cal tableting excipients, especially as
di rect % ¢onpression tableting excipients. This is parti cularly the
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pol ymers prepared fromcyclic (thio)ethers, such as acrolein tetramer. The 3
active substance may be i ncor porated by adm xing solid active substance,

for @(Janpl e pharnmaceutical or pignent, for exanple before tableting or the
active substance .may be added to a sol ution of the polyner, 10

copreC| pitated therewith and then tableted. 1In the l-atter case the swollen
sol particles permt the active substance ? penetrate the polymer network.
The pol ymer powders are al so useful as addffi'ves for bul k rubbers, sound
danpi ng fornul ations, viscosity control additives. This invention al so
~provides a polynmeric material as herein defined 15 whi ch is dissol ved
in a solvent which is different fromthe reaction solvent. This solvent may
conpri se one or r¢g mogdmers which may be rea€tiye wth+“¥he polgneyiq
materi al . Desirably,| at§lieast one of the HononBrsiis a (ﬁ;eth)abr:ylaie“ester
styrene, alkyl s yreneN nyl hlo?de f Acrylgnikrile. 20 & & & LThis

i nvention al so pfovi des"’é surface coati ngaconpesidi on sueh ascamnadhesi ve
pai nt, varnish ol &3dcquer|, especially alkyl and acrylic based™surface™
coatings,  which ¢obyrise |a pol ymeric material, which may conprise pignent

i ntroduced as af -r%sai d, [espetially onesi® a sg)ol went whi eh i s~diéf er ent
fromthe reactiof sdl yent asoafor%§a| d=This |pveq=1t| on forthen 2% o <

. . !
provides a cured|sughgs@rif acel coaty ng gonposi tilon such lrrat el al s\l,r c;\
typically have a r@duge@l drying tije, gengrat e ~l ess heat ‘and r;equcg o
shrinkage. It is|t®|be ndted that even if the sol vent nonomers do not
i nterpolynerise W2H the |polyneric material of this invention they wll.
penetrate the polyagr netvvork and their resultant honopol ymers will bind
t he pol ynmer 30 & |partifcl es by é‘ht angt enent . ““THe fol | old ng Ex&fples
|IIustratethe|mvent|0sm Ln-«each-'Exa Igthe soﬁ‘ubllltyfparans'ﬁepof:the
solvent is from2.5 calrg i 3/-n beluow teo[err] ir 0:>ca| mo mab:bvea t-he
sol ubility parangter| of tlhe mat er ioal prg)duced by tbul k pokyner ksimgrt he
mononer or nmonomgr ni xt urle.
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EXAMPLE 1 35 . 1.9241g (0.0086 nols) of acrolein tetramer were
eded to 0.5379g (0.0057 nols) of gl ycerol containing 2% by weight of Fe
enr] - 33 - in a reaction vessel equipped with a nitrogen bleed and a

ing 3 tube to exclude noisture. 3.30cm of nethyl acet'ate were added%
forma mxture which, initially, was not honbgeneous. The m xture was
continuously stirred and heated gg .2 water bath whereupon it 05 becane
homogeneous after about 15 minutes and was permitted to reflux. Aliquots of
the react ant practicee spappbpeiate dotvdarde fveghn faxfprmdicecosol id filmafter

70 m trk‘rﬂ%gﬁwegg‘%nb,gn Eo%' %%aéﬂlyr %L'%Biﬁﬂ‘fg?oﬁﬁst%‘ul‘ﬁas then neutral i sed -

with [Ffam ™ ne a m nut’es reaction, 1.3 x- 10 nol s of
triet rplamnieingithg mrmmﬁr arfxtwre tthea rRodid Alass aandomherTdeteoncent rati on of

pol ym%{mmg tthe SQ145501 cyest %&é&x Yeigbt makk MRS H&ﬁ{% b,le to concentrate
mer solution after neutralisation to about 24% b %/ wei ght by .

d|°§t i Iﬁ°¥ﬁﬁ“"tshe Biosessolygnts ghieh swalbilyt do sixcpgs o K &PRRfary evaporat or.
Pol ynq;olp@&dernm obi rab e ceofr e1a tpbefmiau&é @F eid heesdnt a fl I m.spr eadi ng

t echni, uenor ge%é ati ng t&}bngo é/orﬁgls%l ution 334@% addition to
an exceds 1b"f°ni‘1 a??fé ey ™ T§858( 89“’ ) of acrolein
t et r amdill warter fibe @i tio theOﬂdJ&ge(ﬁa@i&x.rmTc) abftaty \hdeh aloleeulaai ni ng 2% by
W6|gr“we9£h€¥%rL§§ iLnked partlcles which are capable of forming sols in
-10  the solvent, it is desirable to maintain a thermodynamically good
solvent at all stages of the reaction. '
Specific solvents whose use in the polymerisation of cyclic
(thio)ethers and (meth)acrylate esters has been found.desirable
comprise one or more C1 to C4 alkyl acetates, especially mefhyl
15 acetate and/or ethyl acetate, In the case of the polymerisation
of epoxides or episulphides one or more halogenated hydrocarbons
such as methylene chloride and/or chloroform were found very
suitable; In the césé.of the polymerisation of polyisocyanates a
mixture of one or more sulphoxides with one or more ketones, or
20 chloroform, were found very suitable. | .
It is an important advaﬁtage of this invention that the
polymerisatibn system does not require the presence, as is
generally the case with non-aqueous dispersion or aqueous emulsion'
polymerisations, of an added'stabiliser.
25 The polymerisation in accordance with this invention may be .
monitored, 'particularly at laboratory or pilot plant scale, by
observing whether an aliquot of the reactant mixture spread onto a
. glass slide will form a coherent fiim. Provided that the solvent
has been selected in the manner hereinhefore defined, the formation
30  of coherent films occurs well before gelatioﬁ,
When a coherent film is formed, or when other monitoring
suggests, the polymerisatidh is terminated before gelation. For
polymerisations which occur at elevated temperatures this may be
achieved by cooling; Alterﬁatively, polymerisation quenching

35 agents may be added: base for catiomic addi;ion polymerisatioﬂ;



in a reaction vessel equipped as in Exanple 1. 4cmof nethyl acetate were
added .to forma ' m xture which becane honogeneous after about 15 m nutes of
stirging and heating. The m xture was 25 refl uxed for one hour then a
further ampunt (1.91889g; 0.0086 nols) of acrolein tetranmer was added,
along with 56 nol of nethylene chloride so that the ratio nmethyl acetate
nmet hyl ene chl ori de was approximately 7 - 93 by volune and the ratio
acrolein tetranmer glycerol was 3 2. Thgorefluxi ng was conti nued and

after 90 mnutes 30 _fram conmencing. refluxing a film be to farmwhen
‘the sol ution wage%of“éb‘{f g F EPRS aggjrt&@n pl‘fy}gm%ﬁ‘?ﬁaﬁf’%’_’mggcﬁgﬁf?afi%%‘éﬂl after
100 m nutes by athhsngudhr aetdiklydatedephdrivdic anc quinambidninbibigoky @ fred he

sol ution was 8. 3%. i . pol ymer sol ution coul d be concentrated to
about 24% 35 g?ﬁﬁ%%;%&ﬂ%?ﬁé@%j distillation or using a rotary ..~

evapor at or . - 34Accardipgreic polMidhemaspetit.aithirl lasenddoe ratexdidésn abxanpl e
1. Usi ng pgssent b alyhirid Gia 880HR1 PEARRAE I@éegﬁ@%b@f%uemoﬁea%y %E%nﬁ’“ﬂ'@m
acrolein tetramer . gl ycerol weight ratios 70 : 30, 72 : 28, 74 : 26 and 76
© 24 were al so Pré9PaFe$0 §PRO80 BYorgTRILS ing RPFS-1onked Ragticd® whishecul ar
wei ght's than t hgre3 capab1€0pp| fepRing) GOSHIC @flendvelNpriepanél Byath prdceddONérein

EXAMPLE 3 The pre czri‘rigég on_was ca%itlgd out _in fLV\‘/c,)-%.a es: éefs Mast.er batch
preparation: 10 ‘A Mers eee e BT iR %{‘cf‘a‘gé’ﬁa" c@ of ANYPE *aner
in ethyl acetateats@saphepined faighitsavdnage elpealzar a¢ight Hfomc 5{¥A0C tacdaj 000,000
acrol ein fetrangr CODOLYPELtiI08 dAL! QRS Gl SofolyRbl AEL sut¥lth bia or
unsubstituted (meth)acrylate ester cross-linked by a bis- or tris- vinyl
.of vinylidene group-cbntainiﬁg ester which are capable of forming a sol
in a solvent which (a) has a solubility parameter from 2.5 calz;ml”e’/2
below to 1.0 ca.lzml_:';/2 above the solubility parameter of the material
15 _ produced by bulk polymerising the monomer mixture and (b) is of the
same or adjacent hydrogen bonding group as the material produced by
bulk polymerising the monomer mikture, especially wherein the cross-
linking ester éomprises the bis~methacrylaté ester of poiyethylene
glycol, the bis-methacrylate ester of ethylene glycdl or tfiallyl
20 cyanurate. This invention also provides a polymeric material having a
weight average molecular weight from 5,000 to 20,000,000 comprising
cross-linked particles of a homo- or copolyﬁer of a polymerisable cyclic
(thio)ether which are capable of forming a sol in a solvent which (a)
has a solubility parameter from 2.5 ca.’f.zml"a/2 below to 1.0 calyz'rnl—s/2
25 above the solubility paraméter_of the material produced by bulk
polymerising the monomer or monomer mixture and (b) is of the same or
adjacent hydrogen bonding group as the-material produced by bulk
polymerising the monoﬁer or monomer mixture, especially wherein the cyclic
{(thio)ether comprises acrolein tetramer. This invention further provides
.30 a bolymeric matefiél'having a'weight average molecular weight from
5,000 to 20,000,000 comprising cross-linked particles of a homo- or
copolymer of an epoxide'or episulphide which are capable of forming a
sol in a solvent which (a) has a solubility parameter from 2.5 calzml_:?'/2
below to 1;0 calzml’-?'/2 above the solubility parameter of the material
35 pfoduced by bulk polymeriéing the monomer or monomer mixture and (b)

is of the same or adjacent hydrogen bonding group as the material

produced by bulk polymerising the monomer or monomer mixture. This



acid.in the naster batch was stoichionetric (2 nols of acrolein tetramer to
1I~qol of citric acid on the assunption that the three 15 .‘carboxylic
rQyps and one hydroxyl group in citric acid would _rea_ct).. 35. 0965¢g (0. 13] -
) of acrolein tetraner were added to 15.0506g citric acid.(0.0783 i
| 2), and the mxture was then added 3 to 450cm of ethyl acetate. The
m xture was next placed in a roungjhottomflask and 20 refluxed with
continuous stirring under -a nitrogen bl-eed. The re]‘I uxing and stirring was
st oppéBVHTtieR Heof PRayifiet Polymqnieviatkeriahdniirg dousightepoinpger which for med
only aoléum1ap! Raghe s 4RI 9ltoot 6569, ddd,Bbo Tk Pﬁﬂngﬂéxlo CONGRALration of
acrolein tetramer and citric acid was 10%_vv?v. 2 (?b) reparation of the
copol9ﬁ¥§¥°135 of a homo- or copolymer of a polyisocyanate which arepgapanleof

net hybenforabhgrd del wey & suldest twﬂi&lQQ%gl rluﬂs‘ at 5%\131.[@@_ 3 E%_x#?@tt EPtfr%ELgt c\:; eWi th
10cm gf . O, ~e3/2er.r]. so] ution i yl.ene chloride. The conte
%% hen gflsrcrag?j%gt /[r oo?é*f’%n‘_]i%ﬁa&ﬁﬁ&?"_‘ f t er2PRYentifuteL R Ha thineraretesecane .

cl oudyf affie masiindl driokdneet bglUmilikgp@Fmer Buiingt tion mm&oamno?érﬁle_ reaction
was t r o . di fri.effwlam ne after. one hour of stirring in
bot h E?)g%%g %?31 qgﬁg}é(jﬁfa%%n%g??e(# %%%ﬁg'é thgflr?ﬁ?él_g%melf’gcﬁf%f’ % iethyl am ne
t he nithe medeniedaneodrsed byl bully polyrenisingnethe grooendr atimmonas 3. 5% w/ v and
coul dpbengancentrated 35 to ‘about 10% w/ v using a rotary evaporator. -

10 ' 'By.se;ecfing the solvent in accordance with this invention
gelation,'which in prior art processes rapidly follows the formation
of the aforesaid cross;lihked, sol-forming particles; is delayed for
a suffiéieﬁt pe:iod'td_éhable the termination to be éffected in a

_ controlled mannér. Thq'sol-forming particles so produced have a Qery

15 small particle size in the'colloidal or sub-colloidal size range; that

is an average primary particle size no greater than 0.%f».

The reacted solutiqns so formed can either be used as such,
in concentraﬁed fbrm;.or'the polymef can be recovered. RecoVery can be
effected by solvent evaporafion or mixing, either by addition or

20 reverse addition,_with_én ekcess of a non-solvent: A particularly
désirable feature of Ehe invention is that_tHe polymer produced by
addition.of excess non-solvent is typically a flowable powder,
generally of fine particlé size. Morebver, the polymer powder can
readily be redissolved in the same or other,solvent selected in

25 accordance with this invention. It is believed that the polymer
particles are globulab_when'in solution and it is féund that fhey
typically contribute little to the viscosity of the soiution until
their swollen phase volume exceeds a critical_fraction of the whole

- which, in practice, means thaf the polymer solution can be concentréted
30 .to about 20%, and sometimes to about 30%, by wéight and still be readily.
pourable. . |
The polymer powders of this inventién are useful as industrial
and bharmaceutical compression meulding materials..'They méy be used
_in édmixfure with an active substénce; for example, a phafmaceutical,

35 bacteriostat, ‘'viruscide, insecticide, herbicide, larvicie, fungicide,



Pol yner powder was obtai-ned by precipitation by gradually adding the '
solution to an excess of hexane. EXAMPLE 4 Copol yners of acrolein-

tetg@er/m tric acid/glycerol of 05 different ratios were prepared. (a)
The fol | owi ng procedure was used for the preparation of copolyners wth
melght ratios of 78:11:11, 78:9:13, 78:7:15 and 78:2:20 of acrolein
tetranmer/citric acid/gl ycerol A simlar é)rocedure could be used for other
ratios. 10 1.17g of acrolein tetraner were added to 0.5g of
anhydrous citrislgeecddandefatogidgéy topiialcontdeirnaing ogsdly agmitghentifforl0t
[err] a reactio i d tybe 3
to excl ude noi s??ﬁr/ga?% %QHY&DF ﬁ wnag%r?atg }éi‘yl\’;\ng?:&%h?‘gﬁlggf ofﬁi%ggéen%% )%F u&rig
which, initiall 9thqm81mthorﬂ?ge?@6msf‘ peiéens of Uk swirveption gpatnantibersiaply

stirred and healgh@nad pwa}fﬁacebaiéalm@m«aw@ ekélaeﬁegre NGB R ULS adFd S
about half an hour and was permtted to ref After one hour of

refl uxi ngS.a fur eweesrsvs'gtslrle&eweépwenﬁt ré'ﬁé? ‘\ﬁeP%"fa}GHE‘if'lﬁ’oH%ﬁ g8f¢ \fioth

30cm net hyl enepstymers Cifrepaffekueff@t cPcifc a€KI)etRerisSt s@iiEhs tairbleinOtberamer.
conponents was j}hus g 8% After 30 mnutes.r fI u é%géafte% 'iiufﬁt econ
T

addi tion, the soMut h""v\éé‘b?"rﬁ“ﬁ% f"%?ﬁ’nﬁ’%g‘“"‘??f’é’r?B‘F P ofWELS ek ‘éﬁ Pé‘g‘%l"a"ce'
by addi ng a fewfak egamgife phamabgphidaher iﬁhgnemncmrt egdmpdA ma‘fot-életa;bd:é‘yim orn

ol s nlye deth Vs SERLUATEL BOVRE adiEd BPLAARHLNY P! B Bbrypledl 00 DY

addi ng excess héxane mers of acrolernte Teitric '
aci d/ gl yt@r ol \/\mnrepamt?é:eéfthﬁse‘i%?hgand?$h§r5 tabiefepdz8: Do the v@@ltéelpreepar'@‘{? by

using the followdqeRrQaegut@clds Pebndf A Uteld-hBELATR" tdpenacidrd 4 0. 41
gl ycerol containing
polymer network. The polymer powders are also useful as additives

for bulk rubbers, sound damping formulations, viscosity control additives.
This invention aLso provides a polymeric.material as herein defined
15 which is dissolved in a solvent which is different from the reaction
solvent. This solvent may comprise one or more monomers which may be
- reactive with the polymeric material. Desirably, at least one of the '
- monomers is a (meth)acrylate estef,styrene, alkyl styrene, vinyl
chloride or acrylonltrlle.
20 This invention also provides a surface coating com9051t10n such
as an adhesive paint, varnish or lacquer, especially alkyl end acrylic based
surface coatings, which comprise a polymeric material, which may comprise
pigment introduced as aforesaid, especially one in a solvent which is
‘different from the reaction solvent as aforesaid. This invention further
R 25 provides a cured such surface coating composition; such materials typically
have a reduced drying time, generate less heat and reduce shrinkage. It
is to be noted that even if the solvent monomers do not interpolymerise
with the pelymeric material of this invention they will penetrate the
polymer network and their resultant homopolymers will bind the polymer
30 _particles by entanglement.
The following Examples illustrate the invention,' in each Example

-3/2

the solubility parameter of the solvent is from 2.5 cal ml below to

1.0 cal éml -3/2 above the solublllty parameter of the material produced
by bulk polymerising the monomer or monomer mixture.
EXAMPLE 1
35 1.9241g (0.0086 mols) of acrolein tetramer were added to

0.5379g (0.0057 mols) of glycerol containing 2% by weight of FeCl3



2% by weight Fe [err] and 0.59g of anhydrous citric acid in a reaction 30
essel equipped with a nitrogen bleed and a drying tube to exclude -
isture. 50cm ethyl acetate were added to forma m xture which, -
tially, was not honogeneous. The m xture was continuously.stirred and
ated on a water bath whereupon it becane honpbgeneous after about 10

m nutes and was permtted to refPux. After 25 ninutes 35 of refluxing a
further 2.55&,of ‘acrol ei n.tetdra r _were addq_ﬂ, ‘?I'oqg - 36 - with 25cm
met hyteRe ST dPT dE St TUARRRS B 9t B FHCER M SPT A29sB3I4FPEB% i n net hyl ene
chl ortube. tdtexciledd owobdé tuxer olBi3Act etof amethyl cadeltatotvieee xideporrent s was t hus
.. 78% of . .t he {. ent, . ol.gei.n Liri l¢ ycerol . After
.10 m Enc'ur%ﬂeg élg(?:ﬁt?( ﬁﬁg&g’f Elgrﬁloag%f hv%‘sstel%:%trtfé a%é{et&lhgo'n t@g%%{rh%\?}u%’e was

fil myasr apmginuogHy sbinpedorndivhisatadenn e WRERH ibgER Whiereuron| &t hyl ami ne.

B9 Y NdcaReViiRbgdeousbifieReshdiyt PY eBhiidAbh@®RaRYpaddi b @¥cess hexane. By
usi ng the above procedure, copol yners -of acrolein tetraner/citric :

aci d/ & ¥Erol with a higher content of citric acid 10 than glycerol were
pr epar ed, ApiQvidad thatrehbeameaesaatysp@ddd témpas Aaveitegeh derric chloride
was added in th cond stage. EXAMBLE 5 2.24q of acrolein tetramer (0.01
nol ) %Wgui?). f"h‘(13 %ﬁmaan%.e % é“’.'f"ggr% IS SP ?obne-%gﬂn%ﬂ Ireg Bate were mxed
i n a Treastlwriouesselthen ;%egﬁr_alihed cont etrtirthylenind aficen|78i midweesaner in the

| utj . 22 e % Fhe g al: r t at a
? grrpe#f;? ﬁlr‘\g&g ’2%\53Cxafnod a ?fegr %gg{ ﬁneﬁﬁ}flea?gggtb%%hgg%ggf%digﬁtcms f or med.
Af t ertieonaptfiglégatgon. .

-~ The concentration of bolymer_in the solution was 8.2% by

weight. It was possible to concentrate the pdlymer solution after
neutralisation to about 24% by weight by distilling the excess
15  methyl acetate or by using a rotary evaporator.
.POIYmer powder was obtained from the solution either by a
film spreading techqiqﬁe or by precipitating the polymer solution
by. gradual gd@itioﬁ td an excess of hexane., _ .
: " EXAMPLE 2 | o
20 - _ 1.9876g. (0.0089 molj of acrolein tetramer were added to |
1.0703g (Q.OIZ mol) of glycerol containing 2% by .weight of FeCl3,
in a reaction vessel equipped as in Example 1. 4cm3 of methyl .
acétate were added io'form a mixture which became horogeneous _
affer sbout 15 minutes of stirring and heating. The mixture was
25 refluxed for one hour then a furthef amount.(1.9188ég; 0.0086 mols)
'of acrolein tetramer was added, along with 56 mol of methyléne
.chloride so that the fatio methyl acetate : methYléné.chloride was
approximatély 7 ¢+ 93 by volume and the ratio :acrolein tetramer :
glycerbl was 3 : 2, 'The'réfluxing was continued énd after 90 minutes
30 from commenéing reflﬁxing a fiim:bégan to form when the solution
was spread on a glass slide. The mixture was neutralised after
100 minutes by adding triethylamiﬁe.
The concentration of pdlymer in the solution was.8.3Z by
-ﬁeight. The polymer soiﬁtibn could be conéentrated to abouf 24%

35 ° by weight either hy distillation or using a rotary evaporator.




1.14cm (0.02 nol) of ethanol as added to term nate the polymerisa- tion. 20/
After .the addition of the alcohol, the nmixture was refluxed for a further lf%
15-pi nutes to produce a slightly turbid | ow viscosity solution. The

sol,ution, spread.on a glass mcroscope slide, produced a continuous solid

dry polynmeric film Polynmer powder was obtai.ned by addi ng excess al cohol or

25 hexane to the solution. EXAMPLES 6 TO 8 The nmaterials used in these

three Exanples were: (a) a cycloali phatT(?'zepoxy resin (Trade Mark CY179, 3M

Conmpany); (b) ep@a¥cldd,i Agnageide, F&ﬁaaiIrzadern{wbkagl%w%éaaméhtlﬁmlaﬁe)
the polyner, in_solutjon in neth acet at e, groduced ccorgiwg:to Exanpl e
5. The three coffffolidrit? GRMEtRF i% O e'tszﬂ pPEBBTTRONE b e@ﬁ?“tgf’{/'en in
the Tabl e bel ovbthandpignenﬁet Myé patgiat powdas's cvfitbis riatettiohf aren phiteicddsklyi n

an oven with forced ventj|ati T aEX UI% terlals re | de
yel low in col our Ef !}armac%&gf {'et ?eé%% l'E»Qe especially as J.recjél
6 (075 Qbmﬁﬁﬁﬁﬁion tableting ex01p1ents. This is particulatly the céﬁ& for 10

M cr opart ' cul at;?od.gfﬂ%y%g‘e%— ared from c6ycl:|.c (t%QO)etherg‘o such 4H)a&chedn tetr?merr.

70 products were coated as thin
on an al um ni urﬁ*@hé@'ﬁl"&nﬁu‘?ﬁé’?@ﬁ? G‘Ghdf’et énwperﬁ‘@au By popbring aplddf pellve substance,

scratch-resi st afr example pharmaceutical or pigment, for example before tableting or
‘ the active substance may be added to a solution of the polymer,

10 coprecipitated therewith and then tableted. In the latter case the
swollen sol particles permit the active substance to penetrate the
polymer network. " The polymer powders are alsq useful as additives -
for bulk rubbers, sound damping formulations, viscosity control additives.

This invention a}so'provides a polymeric material as herein defined
15 which iS dissolved in a solvent which is different from the reaction
solvent. This solvent may comprise one or more monomers which may be
_reactive with the polymeric material. Desirably, "at least one of the
'monomeré is a {meth)acrylate ester, styrene, alkyl styrene,vinyi
chloride or acrylonitrile. | '

20 | This inventioﬁ also provides a surface coéting composition such
?s an adhesive pairnt, varnish or lacquer, especially élkyl and acrylic based
surface coatings, which comprise a polymeric material, thch may comprise
pigment introduced as aforesaid, especially one in a solvent which is
different from the reactioﬁ solvent as aforesaid. This invention further

25 provides a cured such surface coating composition; such materials typically
have a reduced drying time, generate less heat and reduce shrinkage. It
is to be noted that-even_if the solvent monomers do not interpolymerise
with the polymeric material of this inventién they will penetrate the
polymer network and their resultant homopolymers will bind the polymer

30 particles by entanglement.

The following Examples illustrate the invention; in each Example

~3/2

the solubility parameter of the solvent 1s from 2.5 calé

below to
1.0 cal éml —3/2 above the solubility parameter of the material produced
by bulk polymerising.the monomer or monomer mixture.'
EXAMPLE 1
35 1.9241g (0.0086 mols) of acrolein tetramer were added to

0.5379g (0.0057 mols) of glycerol containing 2% by weight of FeCl3



| m after one passage under a U.V. lapp in a line travelling at 300 feet

m nute. 05 EXAMPLE 9 Di gl yci dyl et her ,of
phenol known as Epi kote (Trade Mark) 828 was used to prepare a ,u
crosslinked sol in nmethylene chloride solution. 3 T s

3 5cmJ[err] of BF [err]solution.-was added to a m xture of 100cm 30% 10
Epi kot e 828 sol ution and 750cm 3%f~ et hyl ene chI or| de. Polynerisa- tion
was effected at room.t ei era ure. under- a nlg7 m)sphere for 3 hours,
duri ig wieRttTheettd §9 ’mp. Wltfgcarﬂs“ﬁ&%%‘ 1t dnd SrAEVHiBC ur e v
fi | mdubs niongxafuder m@ tokewt 8s3 o SienBy it raab'taxedwew tadéd itet hyl am ne,
after hour.s. o me ou ol yners based on

. Epi k(ﬁftOIeTmSazglIXtUJe Ql?le ar %ralstaigi??g’ t%;g not’):ot\}oemoﬁ?e%)(%;eugursng HY&ri ng the
pol ymaslecattlloupltslmtfnr@ﬁd laodotgated & Bowater Hnth Iﬁemlpgnlm was prepared by
@EL' Utyle ggmﬁﬁ%ﬁggélneee; hawel Jbea.r.hssgmwegna&dowas Y POl Hl?” wi th nmethyl ene

| ori kote 828 solution was prepared in nethylene chloride. 20
At treftegr of the pol ynerisation, the polyner concentration was 6.5% w v.

However, Attiquess e@sateblrea&tenemimafé afpeedd1@nbdldil e BY¥gdiSictpy a rotary

evaporator wht | e a eating. - ossihle to a h| eve 16% pol yner
SOl UAFGNS AR CHE GLEPRG ELnRaofTom Bhe BOEDIRRS RAGREL s obt ai hed by

pr eciiet aﬂnummobwaaddteagnél&ralladces&m hexamelam;iremhglte/m VBI wiagtéuous

B 1! e aac I8, BOBVE0 PR’ of WhEBAbEATBL Yo 802502021 N 10 methyl ene

the neutralisation.

The concentration of polymer in the solution was 8.2% by
weigﬁt. It was.possible to'concentrate the polymer solution'after
neutralisation to about 24% hy weight'by distilling the excess

15 'methyl acetate or by using a rotary evaporator.

Polymer powder was obtained from the solutlon either by a-
film spreading technique or by prec;pltatlng the polymer solution
by gradual addition to an excess of hexane. |

" EXAMPLE 2
20 - 1.9876g (0.0089 mol) of acrolein tetramer were added to
1.0703g (0.012 mol) of glycefol oontaining 2% by weight of FeCl3,
in a reaction vessel equipped as in Example 1. 4cm3 of methyl
acetate were added to form a mixture which became homogeneous
after about 15 minutes of stirring and heating. The mixture was
25 refluxed for one hour then aafurther amount (1.91889g; '0;0086 mols)
' of aefolein tetramer was added, along with 56 mol of methYlene
.chloride so that the ratio methyl acetate : methylene chloride was
approximately 7 : 93 by volume and the ratio acrolein tetramer : - ;
glycerol was 3 : 2. The refluxing was continued and after 90 minutes | :
30 from commenc1ng refluxing a film began to form when the solutiomn

was spread on a glass slide., The mixture was neutralised after

100 minutes by adding triethylamine.
The concentration of polymer in the solution was 8.3% by

welght. The polymer solution could be concentrated to about 26%

5 P A

35 ° By weight either by distillation or using a rotary evaporator.



EXAMPLE 10 Pol yet hyl ene gl ycol 6000 (ex ICl) and trimethylol propane were
dri edunder vacuum for 1 hour at 70 [err]. Di phenyl nethane-4,
4'.-dji‘socyanate (MDI) was distilled under reduced pressure and 05 used
inqéﬁfately. Pol yet hyl ene gl ycol 6000 (I Qy) was placed in a 250cnB gl ass
flask equi pped with stirrer, nitrogen bl eed, condenser and Ca [err] drying
tube to exclude noisture with a m xture of_  di methyl sul phoxi de and net hyl

et hyl ketone in.a weight ratio of .1 1 (éﬁgf and 10 heated to 70 [err].

MDI (1.15 th - , ot S e i | ol
DI ( g) vas thenpadded fQldkowRd. oifdifld ”h&&té'gﬁ_d %’oﬂé ?E‘f—h% 0

propane (0.27g). The nirxture was next heated at 8 ] hours by
whi ch time no infra- Fetrg ssispahatly 4bR Gepe i Bispaidvat teshrbme, cerpodypys
detected and pol @y ased1etih Ofethakkf Or gBderdd wveight ratfiel yorer 3ppwadet 2#S

obt ai ned by slo aagdin e polymer solution to excess of cycl ohexane
or petrol et h'eer(%OI gg)a"%owdwgg ef‘iﬂtsf’rﬁﬁ"(?ﬁe‘;‘nd?gﬁﬁ ﬁ&p‘?sqmﬁrilé‘c?ﬁ Joven
at room t enpser at bade loddre mpbeywdar s@ igbtsretanotled3 r:e@dedpplyedt spetwwedtin a

stabl e 20 syst rri1$i an?_iéchgﬁglell akbydi Met hyl sul phoxi de/ net hyl i sobutyl
ketone or into water. The dispersion in water had the interesting
characteristic of being clear at room tEEAM®¥aBure but of nil ky appearance

at 100 [err]. The di gperzepdrdtIot!SREUWardied dull £KQRE sdageyAl Er as it can
provi de 25 veri( vi scous di spersions at roomtenperature which show a
q.

remar kabl e reductPonMpafteF sy preParatiodiat ed tenperature. EXAMPLE 11 3
3.89g of trijgllyl cyanwsake nsashadfdedtdic AOGCEhdfackbldiyl tebdahaerinl atwy1i n a

round bottom fl aggetg%g'tv%% {)pep%rgc?aftoirnxgsen?ﬂtéh%' preparation of citric acid '
acrolein tetramer copolymer, The ratio acrolein tetramer : citric
acid in the master batch was_stoichiometric (2 mols of acroiein
tetramer to 1 mol of citric acid on the assumption that the three
15 carboxylic groups and one hydroxyl group in citric acid would
| react). 35.0965g (0.1567 mols) of acrolein tetramer were.added to
15.0506g citric acid (0.0783-mbls), and the mixture was then added
to 450cm3 of ethyl acetate,
The mixture was next placed in a round-bettom flask and
20 refluxed with continuous stirring under a nitrogen bleed. The -
refluxing and stirring was stopped after half an hour to provide a
homogeneous prepolymer which formed only éilow molecular weight
tacky film. The notional concentration of acrolein tetramer and
citric acid was 10% w/v.
25. (b) Preparation of the copolymer: _
' 200cm$ of methylene chloride were added to 100cm3 of the

master batch together with 10cm3 of 0,3% FeCl, solution in methylene

chloride., The contents were then stirred at ioom temperature,
After 30 minutes the mixture became cloudy and a solid film-producing
30 solution was formed, The reaction was then terminated by adding
triethylamine after one hour of stirring in both stages (a) and
(b) combined. Soon after the addition of triefhylamine the mixture
becaﬁe very cloudy. ' '
The polymer concentration was 3.5% w/v and could be concentrated

35 to about 10% w/v using a rotary evaporator.




These were stirred together with 5.00cm ethyl acetate under a
nogen at nosphere for 20 mnutes followed by the addition of -Sm of 7% .-
| peroxide solution. Refluxing and stirring was continued under a ™~

was cool ed to roomtenperature. Polymer 35 powder was obtai ned by
‘precipitation by adding the polwyper- solution gradually to excess nethanol.
- 39 - The nolar ratio nethyl nethacrylate triallyl cyanurate was 64 : 1.
The pol ynerotghdtt powdeconge nbratnednbyase20fbtatiSomdpyt fndabbise procedur e,

h |‘ i ' 3d from5 | to 1: 4. 05
ExawpL B e L ' Blublon” 88U BRER"SE SRRREST X6 TU0TL 2 o' 01 % 6cim ot byl

met hacryl ate, 41.56cm ethyl ESAMREEVE ate and 15. 08 pol yet hyl ene gl ycol 600

di met hacryla}L61yudrs &099%1&hyétraﬁsi,%&ery@gcﬂ)ﬁgi%éiréloo?tand under a
ni trogen _atnosphere 3 for 20 mnputes. 2cm of 7% benzoyl peroxide solution

wdbe t Héhfemsnt rafdes) verRaANeBRF#y and stirring were next carried out in a
round hgyt amef fagbwidy dri@alurdgrddnasd®e ruP0de BrdPakrhOQRNoAt NMosphere for 5

hours. After 5 hours copolynerisatiaon, .jhe soluti D, cooled to room
tenperﬁ?%‘?‘lé’f“eﬁé'légpﬁlﬁﬁgrr%b?w ?#gﬂnlin ?%?xlt%urz ﬁ?hﬁ’%‘l stage was
r ubber y8: 2:P0eofroicavleiat totmmehiditme haeddyglyicerdh  AZeimiibyt hexyl acrylate
pol yet Byl &g 8! 4i2h 20% 8l LAY Alos. |
10 l.17g of acrolein tetramer were added to-O.Sg of énhydrous
citric acid and 0.5g glycerol containing 2% by weight of FeC13 in
a reaction vessel equipped with a nitrogen bleed and a4 drying tube
to exclude moisture. 20cm3.of ethyl acetate were added to form a
mixture which, initially, was not homogeneous. The mixture was
15 continuously stirred and heated on a water bath whereupon it
became homogeneous after about half -an hour and was permitted to
reflux. After one hour of refluxing a further 2.38g of acrolein
tetramer wefe added together with 30cm3 methylene chloride. The
ratio of acrolein tetramer to the other compénents was thus 78%.
20 After 30 minutes refluxing after the second addition, the solution
was film-forming. The solution was then neutralised by adding a
few drops of triethylaﬁine. The concentration of the polymer im
the solution was 97 w/v.: Polymer powder was obtained by precipi-
tation by adding excess hexane, _ _
25 (b) Copolymers of acrolein tetramer/citric acid/glycerol with
ratios of 78:13:9, 78:15:7 and 78:20:2 were prepared by using the
following procedure, : ‘ ' .
1.00g of acrolein tetramer was added to 0.41 glycerol containing
2% by weight FeCl3 and 0.59g of anhydrous citric acid iﬁ.? reaction
30 vessel equipped with a nitrogen bleed and a drying tube to exclude
moisture, 50cm3.ethyl acetate were added to form a mixture which,
initially, was not homdgeneous. The mixture was continuously-.
stirred and heated on a water hath whereupon it became homogeneous
after about 10 minutes and was permitted to reflux. After 25 minutes

35 of refluxing a further 2.55g of acrolein tetramer were added, along

ogen atnosphere for 5 hours. After 5 hours pol ynerisation.the rrixtur'é""'":

A0 AN ALY o mfaaial
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The concentration of the solution was about 10%wyv. It was.
possji bl e to concemtrate the solution to about 25%w v by evaporation of the.

O her copolynmers with different nolar ratios of components 20

coul d be prepared by using the above procedure, -although catal yst and
sol vent concentration may need to be altered, e.g. copolyner of nolar ratio
| nmethacrylate : 2-ethyl hexyl acrylate poly- ethylene glycol 600 .
dimethacrylate of 2 : 2 : 2 was prepared-u8¢mg 3 | cm of 7% benzoyl peroxide
solution. The pol yner sglution concen- 25 tratgon was about 7% wv. This
extra amount of Wohvaiem veeshribenes shkaride andof ef el Qud%ofietrici Hylorhee process.

EXAMPLE 13 Benzay uPEin0%h AR theferddeierbrli@e 2 $Ré Wakt 08 o a8RIBYH dERLARGY ybate
riallyl cyanurate (nmol ratio 64 1:) -i% e%h%\IF acetate and the 30
g8 nb

‘et hy

and t.

reaction m xt ur &hgasthedt FORPRRCRATIETS FhHF t

rs. The coneepitart/cotrief ad¢iggppdeyolr Adkedt ilONmirase QHfhyxitgi giter The
sol ution. was ad
precipitate Phe

5 hou

po] yner

40 -

tation i n net hanol

e secongs\%dﬁltgg% Xh?Y“:-{xQuEé’%'s” 1§%§E%IELI[1££'I NBhe ts%lu {Qtanm
t";S‘olyrrer 1Ch Was TiTtered an rie 0°gi ve a powder .

EXAVPLE L4 sisariprend@tradisqdepitlt adieiyignineratio of 20 1. At the
end of ‘the 5 hour Teaqhop pB%épd,agg@yﬁagJéaangg PRE1PEGRYES &Y adinBr S&BL

I'trat’ion an

eFEEPE PEsBFTHRAY f or

to

EXAVPLE 15 Benzdxaprr oRY cdisinasthedafeayet recedura copelgmerpofiyscrpdetmcryl at e,
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35

tetramer/citric acid/glycerol with a higher content of citric acid
than glycerol were.prepared, provided that the hecessafy adﬂitional
amount of ferric chloride was added in the second stage. ' '
| EXAMPLE 5 ' _
2.24g of acrolein tetramer (0.0l mol) and 10.0cm3 of a 0.1%
FeC]:3

The concentration of acrolein tetramer in the solution was 22 wt. Z.

solution in methyl acetate were mixed in a reaction vessel.

The mixture was then allowed to react at a temperature of 20°C and
after 65 minutes a turbid solution was formed. After 70 minutes -
1.14cm3 (0,02 mol) of ethanol as added to terminate the polymerisa-
tion. .

After the addition of the alcohoi, the mixture was refluxed
for a further 15 minutes to-ﬁroduce a slightly turbid low viscosity
solution, The solution, spread on a glass microscope slide, .
produéed a continuous solid dry polymeric f£ilm.

Polymer powder was obtained by adding excess alcohol or

_hexane to the solution.

EXAMPLES 6 TO 8

The materials used in these three Examples were:

(a) a cycloaliphatic epoxy resin (Trade Mark CY179, 3M Compény);
(b) epoxy curing agent FC503 (Trade Mark, 3M Company); h
(¢) the polymer, in solution in méthyl acetate, produced acéording
to Example 5. _ '

The three components were admixed, in the proportions by
weight given in the Table below, and the methyl acetate was evapo-
rated off in the dark in an oven with forced ventilation. The

resulting materials were golden yellow in colour.



-etﬂ hexyl acryl ate and pol yet hyl ene gI ycol 600 dnethacrylate (nmol ratio .

in ethyl acetate and the reaction nmixture was stirred’
C t|n ously under reflux in a nitrogen atnmosphere for 10 5 hours to give .
a pel r solution. The total polyner concentration in the ethyl acet at &"
was 10% by wei ght. EXAMPLE 16 1.3310g of triallyl cyanurate (ex BDH, used
wi thout further purification) ang, 6 85g of nethyl nethacrylate (nmolar ratio
1 : 12, 15 respectively) were mxed with 81.8cm of ethyl acetate (ex
_Fisons, -dried over MgSO4 and zgtid | ed before use) in a round bottom fl ask
equi pped with a njitrogen bleed and a drying jube to exclude noisture. The
sol ution s&x#RpleePywas purged with oxygen-frBe nitfogen3or 20 minutes. The
sol uti on wagsgfen heated and stirred with aloant!l 8020 1@umstirrer. \Wen
reflux conmenced 5 %g of ;8 7% by wei ght s 6ut| og, of b&pzoyl per oxi de, as
catal yst, PHCERPAYFIGIBES(ROIIBTe added. Heaflng wa% discontinued after 3
hours of reflixi ng when a polynmer filmwas @bserve@ to $&rmin the flask.
The polyner was precipitated as a fine whi L&.powﬂﬂ by_additi on of excess
diethyl 25 ether to the solution. 82% cqpyershghn Waggebt ai ned. EXAMPLE
17 2.8770g of triallyl cyanurate and 23.11g. of nethyl nmethacrylate 3 (nolar
ratio 1 20, respectively) were mxed witR280cm of €Thyl acetate
(initial MgENE-d6eNE ¢BtE alohdd LQ‘VQWnV)mnendnr&aelﬁﬁnaGm stegsentially as
described in anpl e -16. Aft&[ hoursko | uxi n!g a slight haze, but no
pol ymefnd j¥exf Mdo%é???/%dfa?h héord &8r< ﬁtlﬁfja “GPETSHEI nued and the
pol ynekini @Eipi toakeghsaagelamdet bed.Vn 1ananpl e Lbe Sidteddtmversi on was .
obt ai ngﬁ% %XAIVPLE 18 .35 3.6267g of triallyl cyanurate and 46.613g of
t .

rret hyI §ErRATalE |
EXAMPLE 9

Diglycidylether of hisphenol known as Epikote (Trade Mark)
828 was used to prepare a crosslinked sol in methylene chloride
solution. '

5cm3 of BF, solution was added to a mixture of 100cm3 30%

10  Epikote 828 solitlon and 750Cm3 of methylene chlor1de. Polymerisa-
tion was effected at room temperature under a nitrogen atmosphere
for 3 hours, during whlch tlme the solution bhecamé more viscous,
The mixture was fllmrformlng after 20 minutes and was neutrallsed
with triethylamine, after 3 hours of polymerisation.

15 Various polymers based on Epikote 828 were prepared using the
above procedure but altering the polymerisation time from 1 hour
to 5 hours. The BF3 solution was prepared by_dilutiﬁg BF3 methanol
solution to a 45% solution with methylene chloride. The Epikote 828
solution was prepared in methylene chloride.

20 At the end of the poiymerisation, the polymer concentration
was 6,5% w/v. However, it was possible to concentrate the solution

" by using a ro;ary eﬁaporator while avoiding heating. It was
ﬁossible to achieve 16% bolymer solution without affecting its
stability. Polymef powder was obtained by precipitation by adding

25 excess he#ane, slowly with continuous stirring. The polymer

powder could be readily dispersed again in mefhylene chloride.

ol
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41 --acetate in'a three-necked, round bottom flask equi pped with a
conderiser, drying tube, nitrogen bleed and a self-sealing rubber septum
The, sol ution so formed was purged with oxygen-free nitrogen for 20 m nutes.
The solution was then heated and stirred with a 05 mantle cumstirrer.
~When reflux conmenced, 5.0cnB of a 7% by wei ght sol ution of henzoyl

. peroxi de, as catalyst, in ethyl acetate #re added. Wile the reactant

m xture was polynmerising its polymer content was estinmated, at about every
30 minutes, by [err] syringing out 1. EXMPLEIN|quots of reactant m xture;
afcuraFel ydiohmi ggiMyéhgrrepea%dba@ stemn(r_ggbmlgl eid trdhiat hP LEWRirgheaid 100 C
al um ni um di sh; and gvaporating to ness by ng.in an oven at

For T30 M mut oo RS GHRRinas SHchi AP BHoURL REE o PH MR R oM % sot of
t%e_e such meas W edtisbsyaratAf (M@1) Swdsodistidied haded. Rdoeghotesfureadral yst was
adged and pol was continually neasured, as aforesaid, until
t e sol i dsjogont élﬁtxgg#mtmgg%\%g orating to dryness renmai ned unal teged in two
consecutive det er ni rRgilvethylenaiglyeels 600Me(10pk Hagaptdaces g Zlsmerglass
progress for 13 MOu Squipftal G Eifdel] NAlerogdd beidd, cSRhsOF apat@icst was
added and reflux maintained for, a t ot af rea(_:%lon tine 20 of 14_hour$, by
which time a cor¥Eeg JRPOrtoosx Bl e iatyre il thy 2 Phige fmddretdy Leglphoxide
??Ch-lJ ght b.p. 280 meth90 LhyvaGetbaxtin a weight ratio of 1 : 1 (50g) and .

3 (nolar ratio 1 64, respectively) were mxed with 525cm of ethyl - 6(\{

10 heated to 70°C. MDI (1.15g) was then added followed, after 5 minutes,
by trimethylol propane (0.27g). The mixture was next heated at
80 - 100%c for 5 hours by which time no infra-red isocyanate
absdrption band at 2275nm could be detectgd and polymer solution
had formed. |

15 Polymer powdef was obtaiﬁed_by slowly adding the polymer

'~ solution to an excess of cyclohexane or petrol ether (60/80)
l o followed by filtration and drying in a vacuum oven at room
S temperature. o
The powder so formed would readily redisperse to a stable

20 system in either 1 : 1 dimethylsulphoxide/methyl isobutyl ketone
or intb wafer.

The dispersion in water ha& the interesting charéctéristic of
being cleér at room temperature but of milky appearance at 100°c.
The dispersion is useful as a'thickener in water as it can provide
25 very viscoué dispersions at room temperature which show a rémérkable
reduction in viscosity at elevated temperature, '
- | - EXAMPLE 11
| ~ 3.89g of triallyl cyanurate was added to 105cm3 of methyl
methacrylate in a.round bottom flask heated‘iﬁ a heating mantle.

30 These were stirred togethér with S.OOcm3 ethyl acetate under a
nitrogen atﬁbsphere for 20 minutes followed by the additionm of Sml
of 7% benzoyl perbxide solution. Refluxing and étirring was
continued under a nitrogen atmosphere for 5 hours. After 5 hours
polymerisation the mixture was cooled to room temperature, Polymer

35 powder was obtained by precipitation by adding the polymer solution

gradually to excess methanol.



d&d dropwi se to the stirred reacted m xture until it becarre. hazy. This
ﬂ’f sol ution was then added dropwise to a |large excess of ‘petrol eum ether .

h-was mai ntained vigorously stirred. 25 The polyner precipitated as a . . -

f| e white powder which was filtered and dried overnight i'n vacuo. EXAVPEE
19 -2. 0257g of the polymer prepared in Exanple 18 were placed in a clean "
quickfit test tube to which 6.693g of nethyl acrylate (ex 30 BDH, distilled
under vacuum) were added. The tube was then securely stoppered and shaken
for 10 m nufhesmefareratid ahtiy100sthasktybatezi | tiekl¥] soasur8ceemsi fi ¢ Appar at us
Ltd,, i@etye! ald sedvlsomabsehuicicehtahab) waSzen tiator, was added

Shakl ng was_next con¥| nued a further 3 mnutes whereafter the mxture
was al | oned’sige3the §'t’%1‘f?dPF?ﬁ‘—‘déErFur°ttHéF mo LAY WALAGS (95 GPRABYBETE3. 206 W W

-sol uti Grrefprdper@plryb®rs : 1 to 42: -4.,Al i quots were then polynerised to forma
filmof 3 thou thickness bet %\Aﬁcl ear glass plates sealed by a rubber e
ga%sket by placing in U V. r or 12 hours. LE 20 05 '
2. 37609 of A hdxpateyvér2lpRepar edthyl hxcingeheld® ,wel SédnSsahyed in 7.488g of ¢

met hyl I B d ai ning 0.0063g of .
azobi si so Eggyra)cé)lﬁ?}n ??%@e@ﬁg ‘hiraéI-Jecgfeiyclé"ﬂ 9 \é éj‘t“% gtgryst allised from
absol uté®0ahc sitby) agstats waatai{lowqdwé%as@aﬂ 'smemtaimtseg#mamw\ase

pol ynerdesesl f@hufedlOUsc™ B AL LERINE! pekxide soBEST BEL kReFxampl e 19. A

very clear filmwth a snooth surface was forned which was
10 added, Refluxing and stirring were next carried out in a round

-

bottom flask in a heating mantle under a nitrogen atmosphere

B e

for 5 hours. _After 5 hdﬁrs'copblymerisétion, the solution waé
cooled to room température; The éopolymer fotmed from this mixture
at this stage was rubBery. The molar'ratid methyl methacrylate :
15 2-ethyl hexyl acrylate_: polyethylene glycol 600 dimethacrylate
was 2 : 2 : 1. The concentration of the solution was about 10% w/v.
. It was possible to concentrate the sblution to about 25Z w/v by
evaporation of the solvent. _ o s
| Other copolymers with different molar ratios of cdmpbﬁents |
20 could be prepared by using the above procedure, although catalyst
and solvent concenmtration may ﬁeed'to be altered, e.g. copolymer
of molar ratio methyl methacrylate : 2-ethylhexyl acrylate : poly~
ethylene glycol 600 dimethacrylate of 2 : 2 : 2 was prepared using
lcm3 of 7% benzoyl peroxide solution. The polymer solution concen-
25 tration was about 7%_w/v. This extra amount of solvent was neceésaty
to avoid gelation during the process.
.EXAMPLE 13
- Benzoyl peroxide was added to a solution of methyl methacrylate
and triallyl cyanﬁrate (mol ‘ratio 64 : 1) in ethyl acetate and the
30 reaction mixture was'refluxed under a nitrogen atmosphere with
stirring for 5 hours. The concentration of the poiymer solution
was 20%Z by weight. The polymer solﬁtion was added slowly, with
continuous stirring, to methanol to precipitate the polymer which

was flltered and dried to give a powder,



brittle on scratch but resistant, up to 40 passes, to the solvent action
an acetone-danped cloth. EXAMPLE 21 15 wo In essentially the sane
precedure as Exanpl e 20, 3.3530g of the polymer -of Exanple 18 were

di ssol ved in 6.552g of nethyl nethacrylate and pol yneri sed using 0.007g o
benzil as initiator. EXAMPLE 22 3.8660g of the polyner prepared in Exanple
18 were di spersed 20 in 6.468g of ethyl acrylate (ex BDH, distilled
under vacuum) in a test tube to which C. 6%0'29 of azobi sisobutyronitrile was
added. The tube was then shaken for M formng a 37.4% w w sol ution
of the polymer which was photopol yner 5 hours in the manner
~described i n Exanpl €Exa8ple?233 was repeated using a ratio of 20 : 1. AEXAWPREd 23

6. Qg of the polyl ) ed i L L sper ' i n
4 65g of othyl 3oy dropcRiCeq d b RSy Mo iRiofl SRR AP LY B BRI g
" Th® tube was t haatidngéporeshgnalhakEhirastqn apd dr@drg-sol ution (which was
~viscous but,still pourable) was obtai gediprEhs t ube was next treated 30

wi't h sonic & ergy to renpve air bubbl €S, entrapped during s a’l;i’n and t he

" gol ution was phot opdiePAEY, BEEP¥EF YB§ ﬁ‘i‘lﬁdst? A u’ﬁﬁﬁn‘éf?mﬁ_ PoERCrplate,

- Exanpl e 19. (" G2L&SEN1Thexylabhyiake Tdnd, poBRKE1ehEe" gl ycBURED" dinddhdftylate
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CTPENTALYN', " LYFRERREAS 2 ¢ £ 4 Sy e B o Cp e st eRe ke

" SARAN', " Vi NYL| FB8 , stiBEscont {nGARBINKAST TEENBOD! @ HENREEON tnos pIERXANEox
"SANTQLI TE 1@nd S" er@K'E& -Igiv@rg p[)fﬂﬁe'i't §5ﬁﬁigﬁnghWO|%§l )polyrhélr’3 concentration

.

in the éthyl acetate was 107 by weight,
. EXAMPLE 16
1.33IOg of triallyl cyénurate (ex BDH, used without further
purification) and 6.85g of methyl methacrylafe (molar ratio 1 : 12,
15 respectively) were mixed with 81.8cm3 of ethyl acetate (ex Fisons,
.dried. over MgSO4 and distilled before use) in a round bottom flask

equipped with a nitrogen bleed and a drying tube to exclude moisture.

e

The solution so formed was purged with oxygeﬁ;free nitrogen for
20 minutes. The solution was then heated and stirred with a mantle
20 cum stirrer. When'refiux commenced 5.0cm3 of a 77 by weight
solution of benzoyl peroxide, as catalyst, in'ethyl acetate were
added. Heating was discontinued after 3% hours of refluxing when
a polyﬁer film was observed to form in the flask. The polymer was
precipitated as a fine whife powder by addition of excess diethyl
25  ether to the solution. 82% conversion was obtained.
EXAMPLE 17
- ) 2.8770g of triallyl cyanurate and 23,1llg of methyi methacr&late
| (molar ratio 1 : 20, respectively) were mixed with 280cm3 of ethyl
acetate (initial monomer concentration 10% w/v), and reacted
30 essentially as described in Example 16, After 3% hours of refluxing
a slight haze, but no polymer film, was observed.in the flask.
Heating was discontinued and the polymer precipitated as described
in Example 16. 51% conversion was obtained. "
EXAMPLE 18
35 3.6267g of triallyl tyanurate and 46.613g of methyl methacrylate

(molar ratio 1 : 64, respectively) were mixed with 525cm3 of ethyl



A sol ution polynerisation process for the preparatlon of a ~
c material having a weight average nol ecul ar weight from5,000 to
00,/000 and conpri singcross-linked particles which are capable of - * 5
a sol in the reaction solvent, which process conprises: (i) '
ri sing one or nore nononers, the or at Ieast one of which is a
cross-linking agent, in a solvengfwhich (a) has a solubility parameter from
2.5 calm /belowto 1.0 cal [err] above the solubility paraneter of the
mat er i aéemeducadtmebuédkeaol youRRi Hdﬂtgmthmanmﬁpecbmmrmrrer m xture and

b) is of,the sane, or | n di p as he mat eri al
gréducgﬁndﬁﬁsﬁﬁ’l I a% gr?gﬁédbrr%%gner S&qnge O#Lm& WWREE: (i)
noni t osepigmt hér‘rpolsg'lm:tlpsaatq formedt was pgkgenbwiich rmb'een-tilrea&lhem&im defined is
optal gy gnﬂumteg L NLAIALLA0 RO Rl YRl Sl QPR OpG0G ali on 1S
obt ain rocess according erein the polynerisation is®
an Hddmentds et fﬁféﬂ%fat i Hen BefluA ‘Eﬁ“‘(ﬁ'éé%%d’aéc‘?ﬂmdl of a d%vai m 2 wherein the

pol ynec:éﬁg%ftl andtao@ SFabé Iy ﬂéi@kidé)nagoéa)t@ﬁétsaih Qfthyt acefaPE OCESS .
im3 wherein t or one of t noners conprises a

accordin ?S ,
pol yrreY’?‘g“aB chirile £ Fractant mieturg ‘ESOE%]ég"eéb%’d’lgdi"ﬁﬁ to-Claim4
wher ei ﬁonhtﬁqutﬁ-itleﬁt (vialai eéﬁ]tnheéd caﬁpdhoaeSemsroimlmmmmsralsmr 6. .A process

»

accordin wBer.ei n rrerl satlon | s_a fr radi cal addition
poI!yrre?’( S8 fm °"Jl'n1§cmr o%11§s accor ‘%‘ o " ETe ¥ cé’rr%&ﬁlthe or one of |
t hel® neeitgmdng Gempr |asid$na thiemygo ercmanyldnienee@lebﬁgﬂ @énmmmmng mononer. 8. ¢
A procgss ;acel dihgh 1@k aaomn? MBS RelfifgViddn Hen g@yibdodene .
gr oup- cont’ai ni ng nonomer conprises a substituted or unsubstituted

(net h) gex )}|0ap§ng§§er The percentage conversipn was then estimated from
a set of three such ‘measurements.
After 5% hours another 5. Ocm3 shot of catalyst was added and
|5 polymer content was contlnually measured, as aforesaid, until the
solids content after evaporating to dryness remained unaltered.in
two consecutive determinations. At this time the reaction had _ : T
been in progress for 13% hoﬁts; Thereafter a final 5.0qm3 shot of ' |
catalyst was added and reflux maintained for e.total reaction time
26  of 14% hours, b§ which time a conversion of 98.8% was estimated.
Petroleum ether (ex Koch-Light b.p. 80 - 100°C) was next.
added dropwise to the stirred reacted mixture until it hecame ;
- ﬁaz&. This hazy solution was then added dropwise to a large
excess of petroleum ether which was maintained vigorously stirred.
25 The polymer precipitated as a. fine white powder wh1ch was flltered
and dried overnight in vacuo. - . .
EXAMPLE 19 -
2.0257g of the polymer prepared in Example 18 were placed in
a clean quickfit test tube to which 6.692g of methyl acrylete (ex
3C BDH,. distilled under vacuum) were added. The tube was then securely
stoppered and shaken for 10 minutes after which 0.005g of benzil
(ex Fisons Scientific Apparatus Ltd., recrystallised from absolute
alcohol), as initiatof, was_added._-Shaking was ﬁext cont inued
for a furfher 3 minutes whereafter the mixture was allowed to
35 stand for a further 5 minutes fo-give a 23.2%:w/w_solution of the

polymer.,




9. A process according to Caim8 wherein the substituted or unsubstituted:

(meth)acrylate estef conprises a C to C alkyl nethacrylate. 10. A proces

asgorging to any of Claims 6 to 9 wherein a bis- or tris-vinyl or )

vi nyT 1 dene gr oup-cont ai ni ng nononer is present as a cross-|inking agent ~ -
.44 - 11. A process according to Caim10 wherein the cross-linking agent

conprlses a bis- or tris- vinyl or vinylidene group-containing ester. 12. A

process according to Caim 11l wherein the2ester conprises the

bi s-met hacryl at e esj.er of [ rylbgte 05

ester of ethylene g llgo?ts Q'gfé/%th %{ﬁ%rigmg‘llggg ® E% 4 5%&’2?@ ac%ordl ng to

any of dains Zthttgkr&smmmenntﬂm clgarogkassf pl‘éﬂ'es mgﬂréns acospher sgaskah

epoxi de or epi gyl B{gcq dx'ln u.\ RL8e %naﬁ&o&glmr;o Caim1l wherein the

pol ynmerisation s nsation po yrrerl sation. 10 15. A process

according to daim 14 \/\herel n the, or BYMPEE 3%he nonomers conprises a

pol yi socyganate. 16.2 '%79@@%@5ﬂléi@@l)fn@rnﬂrépﬁr@@)inotxﬁpiénE Zet® dliss&fuedm or

15 wherein a nonomner rising at | east three p ich are xyl
and-/or car boxy{ ér‘lﬁ?ﬁs eSS BRINASIY LSS -ilBR ‘g‘ 3 }gﬂﬁ % "‘fg

process accor dicdgtainiagyo.Wo6sg aifrmzab,lsﬁsmdyﬁommrﬂ& \(\/a:e rBalslamairh €héemicadat

conpri ses one Y e rocess
according to C &f"f‘nefg ﬁﬁcrrygtaq]tlﬁggstl(ﬂove S° B al‘s’%hsol& - lnlﬁﬁi)ér%e hal ogenat ed
hydr ocar bons. X3eaA splotiass sactoomed n@smpl&trlarmeﬂqum& muTSt fre thel vamer

tonpri segy 20 desclalﬂydx}.rwﬁarggl Oohng. or nore sul phoxides with one or nore
ketones.

A very clear fllmlwith a smooth surface was formed which was
brittle on-scratch but resistant, up to 40 passes, to the solvent

action of an acetone-damped cloth.

EXAMPLE 21
15 i In essentially the same procedure as Example 20, 3.3530g of
. ~ the polymer 6f Example 18 were dissolved in 6.552g of methyl
o methacrylate.and polymerised using'0.00?é of benzil as initiator.
EXAMPLE 22 _ |
3.8660g of the polymer prepared in Example lé were dispersed
20 in 6.468g of ethyl acrylate (ex BDH, distilled under vacuum) in a
| test tube to which 0.0502g of azobisiscbutyronitrile was added. The
tube was then shaken for 5 minutes forming a 37.4% w/w solution of the
polymer which was phptopolymerised for 5 hours in the manner.described
in Example 19. '
25 - EXAMPLE 23 _
6.0g of the poljmer prepared in Example 18 were diépersed, in stages,
in 4.62g of ethyl acrylate in a test tube to which 0.014g of benzil was
added. The tube was then vigorously shaken until a clear solution (which
wés viscous but still pourable) was obtained. The tube was next treéted
30 with sonic energy to remove air bubbles entfapped during shaking and the
solution was photopolymerised for. 16 hours in the manner described in
Example 19.
("GILSONITE", "PLIOLITE", "BAKELITE", "DUREZ", '"UITEL'", "MYLAR",
' WBEETLE", "LLFORNITE", "VERSAMID", "VERSALON", "NELIO", "PENTALYN", "LYTRON",
35 "STYRON", "LUSTREXY, “GEON“, "FORMVAR", "SARAN","VINYLITE", "ELVAX",
"CARBOWAX", "CONOCO", "HYPALON", "LEXAN", "SANTOLITE" and "QUICKFIT" are

registered Trade Marks.)



19. 21. A polymeric materi al
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3. A
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(ii) monitoring the polymerisation until polymeric material as

herein defined is obtained;

~and

(iii) terminating the polymerisation before gelation is obtained.

2. A process according to Claim 1 wherein the polymerisation is an -

addition polymerisation.

3. A process according to Claim 2 wherein the polymerisapion is a

cationic addition polymerisation. -

4, A process according toClaim 3 whérein the,

comprises a polymerisable cyclic (thio)ether.

5. A process according to Claim 4 wherein the cyclic (thio)ether

_comprises acrolein tetramer.

6. A process according to Claim 2 wherein the polymerisation is a

free radical addition polymerisation.

or one of the, monomers

7. A process according to Claim 6 wherein the, or ohe of the, monomers

comprises a vinyl or vinylidene group-containing monomer.

8. A process according to Claim 7 wherein the vinyl or vinylidene

group—containing monomer comprises a substituted or unsubstituted

(meth)acrylate ester.-

9. A process according to Claim 8 wherein the substituted or

| ymer

a sol
rr]

unsubstituted (meth)acrylate ester comprises a C., to C‘ alkyl methacrylate.

1 8

10. A process according to any of Claims 6 to 9 wherein a. bis- or

tris-vinyl or vinylidene group-containing monomer is present as a

cross-linking agent.

in



nononer or nononer mixture. 24. A polymeric materl aI according to Claim?23. .
wherein the cyclic (th| o) et her co tramer. 25. A polyneric:
"‘*‘\%,'ﬁ' havi ng a wei ght average no from 5, 000 to

20, 000, 000 conpri si ng cross-linked B mm mﬂmﬁrm or copolymer of a
epoxi.de or episul phide which are ca rorfing a sol in a solvent

whi ch (a)has a sol ubi ity parameter from2.5 cal[err] belowto 1.0 cal

[err] above the solubility parameter of thg, materi al’ produced by bul k

pol ynmeri sing the nonomer 20 - - or nmononmer m xture and (b) is of the sane

or adj acent hydiegemrbesrti agcanddng tesCidia h@twherein hediross-lipkibng legent
polynerising thgnmaeges b6 BN SHRL mshu g u%gh&nraogy rb&aﬁ%ﬁ@ dbter.

havi ng a wei ght average nol ecul ar vvelg rom 5, 000 to 000,
conpri sing crod3- |4 PREeFSFaPEFRddae do alaly 11 whEBRL the Q?GBBIWEN%?I’S ghe

pot yi socyanat ebm@lmnaémgaaaéater fo EQIjEtHQléheSQiyddl acHeOby£ e thkdrGhatas)
has asolublllty$arameter rom2.5 ca err] belowto 1.0 cal [err]

aove t H¥ sol ubFFst ¥ p%?l’&'r]rﬁ?%tgléﬁ?"]t RE Wﬁf“é}-’r CYRPHEYEed by bul k
pol yneri si ng t hs. npooesssOacdond@ng rtolmangt mfecmds(:b)toi 5 wheréire th@®robne

adj acent hydro%gn bond| no% grouopl f‘-‘fsetshe rragglré rprcig,l’y1 ngo - by bulk
pol ynmerising t r‘iomer NONBT i Xt VY %/merl'c mat eri al

according to adg. A pﬁaasmaQ@rtdonQG:ommwl wileuremrtbﬁ pRyperisatgoatis| east
t hree groups wh g&éhg%@éwgg%gmep{gt%ncar boxyl groups is present- as

Cross-1inki ng agent meric material according to any of Clains 20
to 27 whicch 3515. A psogess| 69%1%“&)6‘«%6%31'“294 wieg i ithe s ivgnomm OF dFhfy

materi al accor gbiher8 &dmpiriteda Py ibodiRinhe: N rraterl al according to Claim

29 which is a pharnmaceutical tabletin EXCI i ent . ._A phar maceut i cal
tabl eting exci pPerft pﬁ%%‘i:ﬁsdiaﬁ"g?rfibn@tﬁi adfis| 2 t& i eet1% Ohptessi on
exci pi ent. wherein a monomer comprising at least three groups which are

hydroxyl and/or carboxyl groups is present as éross-linking agent.
158 17. A process accbrding to any of Claims 4, 5 and 8 to 12 wherein
the solvent comprises one or more C to C alkyl acetates.
18. A process according to Claim 13 whereln the solvent comprlses
one or more halogenated hydrocarbons.
19. A process according to Claim 15 wherein the solvent comprises
' 20 a mixture of one or more sulphoxides with one or moré ketones. .
20._A polymeric material having a weight average molecular weight
from 5,000 to 20,000,000 and comprising cross-linked particles
which are capable of forming in sol whenéver prepared by the
process of any of Claims 1 to 19.
25 21. A polymeric ﬁaterial having a weight averége molecuLar weight
from S,OOOIto 20,000,000 comprising.particles of a homo- or copolymer
.of_a substituted or unsubstituted (meth)acrylate ester cross-linked
by a bis- or tris- vinyl or vinylidene group-containing ester
which are capable of forming a sol in a solvent whiﬂh(a) has a
30 - solubility parameter from 2.5 cal ml -3/2 below to 1. 0 caléml 3/2
. above the solubility of the material produced by bulk polymerising the
monomer mixture and (b) is of the same or adjacent hydrogen bonding group
" as the material produced by bulk polymerising the monomer mixture.
22. A polymeric material'acpording to Claim 21 wherein the cross-

35 ' linking ester comprises the bis-methacrylate ester of pblyethylene



or
according to Caim33 wherein at |east one of the ‘m)ri”orrers s a
(meth)acrylate ester. 35. A surfgge coating conposition which conprises a
pol ymeric -material according to any of Clainms 32 to 34. 10 36. A cured
pol yne&lxcodat € &Fsa@ébﬁwﬁgt% ESEAY ST e'@sdqenﬁ Bycpd B5triallyl

cyanurates.
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- 32. Apolyneric material accordi ngw_zo to 27 which
di ssolved in a solvent which is differént fromthe reaction -sol vent . 33 \

pol ymeric material according to Caim 32 mml“uma“wuwnt 05 is one i
nmore nononers reactive wth polyneric nma ymeric rrater’l'a'l' '

23. A polymeric material having a weight average molecular weight.
from 5,000 to 20,000,000 comprising cross-linked particles of a
homo- or copolymer of a polymerisable cyclic (thio)ether which are
capable of forming a sol in a solvent which (a) has a solubility
parameter from 2.5 cal’ml™> 2 below to 1.0 cal’n1~3/2 above the

solubility parameter of the material produced by bulk polymerising
. the the monomer or monomer mixture and (b) is of the same or adjacent

hydrogen bonding group as the material produced by bulk polymerising the e
monomer or monomer mixture.

24. A polymeric material according to Claim 23 wherein the cyclic

(thio)ether comprises acrolein tetramer.

25. A polymeric material having a weight average molecular weight

from 5,000 to 20,000,000 comprising cross-linked particles of a

homo-_ or copoljmer of an epoxide or episulphide which are capable

of forming a sol in a solvent- which.(a)has a'solubility parameter -

from 2.5 calzmi-s/ below to 1.0 caléml —3/2 above the solublllty
parametar of the material produced by bulk polymerising the monomer

or momomer mlxture and (b) is of the same or adjacent hydrogen bonding
group as the material produced by bulk polymerising the monomer or
monomer mixture.

26. A polymeric material having a weight average molecular weight

from 5,000 to 20,000,000 comprising cross-linked particles of a
homo- or'copolymer of a polyisocyanate which are capable of forming .

a sol in a solvent which (a) has a solubility parameter from 2.5 cal%ml—sl2

below to 1.0 calzml_s-/2 above the solubility parameter of the material '
"produced by bulk polymerising the monomer or ‘monomer mlxture and (b)

is of the same or adJacent hydrogen bonding group as the materlal produced ;
by bulk polymerising the monomer or monomer mixture.

27. A polymeric material accdrding tb aﬁy of Claims 23 to 26 whérein a
monomer comprising at least three groups which are hydroxyl andlqr

carboxyl.groups is present as cross-linking agent. _
-28. A polymeric material according to any of Claims 20 to-;27 which

is a floWable powder.’ | | '

29. A combfession moulding material according to Claim 28.

30. A moulding material according to Claim 29 which is a pharmaceutical
'tableting excipient.

31. A pharmaceuti;al tableting excipient according to Claim 30

which is a direct compression excipient. _ - : ’/(
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32, A polymeric material according to any of Claims 20 to 27 which
is dissolved in a solvent which is different from the reaction
solvent.

33. A polymeric material according to Claim 32 wherein the solvent
is one or more monomers reactive with polymeric material.

34. A polymeric material according to Claim 33 wherein at least
one of the monomers is a (meth)acrylate ester.

35. A surface coating composition which compriseé a polymeric
material according to any of Cléims 32 to 34,

36. A cured polymeric material according to any of Claims 32

to 35.




