2127835 POLYMERI SATI ON PROCESS This invention relates to the preparation of

stabl e dispersions or latices in aqueous media of poly- ners derived from

et hyl eni cal |y unsaturated nononers,_npre particularly to aprocess of

prepari ng such dis- 5 per si-ons whi ch avoi ds the use géliini'sabl e species
r.'

as pol ynftysation initiator, as enulsifier for the nono ﬂ&ggtabiliser
for the gollyner disperse phase, and which results in the production of a - :‘5
di spgr si /in which the stabilisation of the di sperse phase is whol ly g
stertc 10 in character. A special feature of the process is the use of a

redox polynerisation initiator system based on hydrogen peroxide, from
whi ch a nunber of advantages follow including the accessibility of aqueous

di spersions of certain pol V%Mﬂﬁéw(ﬁnﬁﬂgw se readily be 15
produced. The so-call ed aqu€ sation of ethylenically

unsaturated nmononers is a very well known process. It is sonmewhat
m sl eadi ngly named i nasriiltds dgvenittilougle iate stk tife ipreparatien Wi ch is

to be poly- 20 rised exists initially as droplets emylsified_in the
aqueous nedi um tearrlf) oy‘ielas,ep %5136(10&'& fF 135 iy ous Mmegipy ofaReLYp| ace

not within thasersirdetioied Hriomidthyldnieallye tisatRdiat®d monbhiees,a
significant concentration of dissolved nononer_ is naintained_throughout the
process, 25 WORRY RARSHIARIY tR anhiProcsss) QS peepsaing. sushi §isrng

therein. gor tﬂéﬁsi&@%iéﬂ"%ﬁﬁ@%ﬁﬁe use B ionisable species as

polymerisation initiator, as emulsifier for the monomer
or as stabiliser for the polymer disperse phase, and
which results in the production of a dispersion in which
the stabilisation of the disperse phase is wholly steric

1o in character. A special feature of the process is the
use of a redox polymerisation initiator system based on
hydrogen peroxide, from which a number of advantages
ﬁollow including the accessibility of aqueous dispersions
of certain polymers which cannot otherwise readily be

15 produced.’ |

The so-called aqhéous emulsion ?olymerisation

of ethylenically unsaturated monomers is a very well
known process. It is somewhat misleadingly ﬁamed inasmuch
as, although the bulk of the monomer which is to be poly-

20 merised exists initially as droplets emulsified in the
aqueous medium employed, the actual polymerisation
initially takes place not within. those droplets but within
the aqueous medium, in whicﬁ a significant concentration
of dissolved monomer is maintained throughout the process,

25 and subsequently within the polymer particles forming

therein. For this reason, the technique is not



dpplicabl e to monomers which have a negligible solubility in water. Arising
fromthis, the process calls for the presence, firstly, of a surfactzas

di ssol ved in the aqueous nedi um whereby the enul sified droplets of
fonomer are stabilised whilst in-effect €onstituting a reservoir f Ni C
nmononer in solution in the aqueous nediumis repl eni shed as pol yneriSati on
proceeds; secondly, it requires the presence of a free-radical type L
poﬁé;'risation i ni appildcabhechoi monokebscwhichhzave® a negjigidd enmdilwpility
ord&F to bring abo ri ion o e.di sso oner._Lather t of
the enul sified mat g’%‘l gﬁk&g? h%gg'ﬁg rrérélgs%%ir'r%? yéq%%ég;é%%ﬁicsaa se%rgg gt%nds
for both of these pwesences. fihstlycof arsurfmotanty disssblyedsdin aheant s
such, ani oni ¢ substances as 15, sodi dadecyl benzene hqnat e, _sodi um

i octy T sul pho- - sucRREPUE- RS WRRERPY ERS i tarFed Aralete5e

sul phonated fatty mbnefieksarangdtabiDOse@pwhibét oin idkfddt Gonstdtating! bl e
per - conpounds, such as ammoni_um persul phate or potassi um persul phate. In
the resulting 20 Te8PEPRiki SRem YRLChRoRQIpen 18 $9kitian (R thes ggnegus
phase are stabilisgdg3ami 18t »&bPeALEhEE Calk Fbd Diné¥ i RN D Priddaeay ;t he
presence on their surfaces of electrically charged species derived from

t hese ioni sabl e susegendtys ahdreduines;therpresence NfH (fnee-wadikal

di sperse phase 25 LS hets e £a6 | [4Sts cert

external infl uencegy?g gﬁrﬂgﬁe%lﬁéeaﬁ%g%e%%%s rrayw%%liu%]r tey.ét(él'é%?iei %h €hd
particul ar byOsheardfiecussmejumheinnorder dewtbming fahmity pellymeriesasioby

freeze-tham/Condltbgnghgrdggsgtbggan Egmer rather than of the emulsified

material. It has become cﬁstomary to use ionisable
coﬁpounds for both of these functions. Thus there are
commonly used as surfactants such anionig substances as
15 sodium dodecylbenzenesulphonate, sodium dioctylsulpho-
succinate and the alkali metal or ammonium salts of
sulphonated fatty alcohols, and as polymerisation -
initiators water-soluble per-compounds, such as ammonium
persulphate or potassium persulphate. In the resulting
20 dispersions, the polymer particles of the disperse phase
are stabilised against gross flocculation or aggregation
by the_présénce on their surfaces of electrically
charged species derived from these ionisable surfactants
and/or initiators. This stability of the'disperse phase
25 is, however, rather readily disturbed by certain
external_influenceslﬁo which the.dispérsions may be .
subjected, in particular by shear forces, by the intro-
‘duction of polyvalent ions, by freeze-thaw conditions

or by pH changes.



-3- It has already been proposed, in British Patent Specification No.'
15, 196, 247, to prepare aqueous di spersions of synthetic polyners-in which
the polymer particles are stabilised against- gross flocculation by 5 a =
di fferent, steric mechani sm na_ﬁmely by means of, "the presence in the

| on of an anphi pathlc pol yneric stabiliser which has the ability to

\ und each particle a prot ectlve barrier of polynmer chains which are
d by the aquequs nediu t hi's procedyre t he presence W '
t he pol yner partlg:tI g‘ Hﬁﬁ?@dbﬁ?@c%& POFESy & PF&%"& conventional ionic
surfact apdtést Spedticdtion NANIAY65 247, P lkec pe epariehagaleus- ment i oned
specif- ication upon the desirability of avoiding the use of ionic :

i ni tiat cdkspeRSioRRQF t#ﬁ‘%’(ﬁ Pﬂ}é’ﬁ‘% dn yhichsthe pelymESENi um

persul p t '%?%ﬁfi hifa8 st RO agyal so

preV|oug$&F%eeﬁggé§§?| I'n BrItISh PaFSE? S§g§|FEEQE§°B

prdEess &oliffexent. sﬁtg}'!an WMamﬁl&sb&um mﬁnshsr 20 in

wat er S of a bl ock

copol yn&ééﬁs’g%?sﬁgg@hs adbfﬁ | ser i gﬁ%%o%@?%?gt%gﬁegg?%\%ggol ymeric

bl ocks ositaﬁnbismevhasclh)hksamhe iabididyt te dblrev arsuhx&deephobl c, the

hydrophlllc bl ocks servi rOV|de°% 3b|||s rrier around-
n®

the pol BfR® ?l%l%‘s"t vea A e dBEEi § ﬁgﬁ cﬁgiﬁgd speci es by
the use gfe lssDrateed By Gt idonsd mlm.avsydeﬁisbpkobaaﬁgel S no

reference to the de5|rab|I|t of us -non lonic initiators and the
i Qi at oFRe RRRFSIRR o The rié]éféﬂec"a tigdegd@Lacharaed gREELS8f the ionic
type. derived from a conventional ionic surfactant is avoided,

but no emphasis is plaéed'in'the abo?e-mentiohed'specif-'
ication upon the de51rab111ty of avo;dlng the use of
jonic initiators and indeed the use of such materlals
15 as ammonium persulphate or pota551um persulphate is .
proposed. ' S ,
‘There has also prev1ously been descrlbed, in
British Patent Specxflcatlon No. 1, 544 335, a process
for polymerising an ethylenlcally unsaturated monomer
'20 in water in the presence of a catalyst and also in the
presence of a block copolymer dlsper51on stablllser
which contains at least two polymerlc blocks of which
one is hydrophilic and the other is hydrophoblc. the
hydrophilic blocks serv1ng to provide a stablllslng
25 ' barrier around the polymer particles. Here agaln the
' introduction of charged specles by the use of a conven-
tional surfactant is av01ded, but there 1s no reference
to the des1rabllity of uSLng non-lonlc 1n1t1ators and
the initiators described as being suitable include a

30 number of the ionic type.

cation 1,544,335, a |



5
-4- In our British Applications Nos. 8214675 and 8312212 (Publi shed
Specification,.No. 2120261A) we describe an enul sion polynerisation proceg

fQqr maki ng wholly non-charged, sterically stabilised aqueous dis- 5 __
persions or |atices of synthetic addition polymers in which there are Ugge A
wat er - sol ubl e, nononer-insol ubl e non-ioni sabl e azo pol ynerisation R
initiators. W have now found that there -afle~advant ages in repl aci ng the
azogipitiator in such a process by a redox- type polynerls- 10 ation
i nitiator system conpri sing dr.ag er.0 atlo rbic
acid. According to the pres °uﬁv§ﬁf‘€’c)?lh><4¥’epﬁélcat1§PSV|8%d Qzﬁ%é{}ng%%gat i on
process in which at $3h&1DdPublhighedi Spedif inaddonr Noed2 hdddmbk), Weavi ng a

solubility 15  in y@d&fide ahh%mﬁﬁggsn Op&%,éen%ét%nwsta&s@%:gIxﬁélkriag
rise to a polynmer whichis insoluble in r. and

g I N wat
is subjected in that"RHYe OB PW‘@‘?VS%‘E‘?W%H% ﬁ&ngf\iﬁi?éea
redox-type pol y5 nerpexsicrs Dmlﬂaanoessqﬁtsynth@mpC|addgtthrmqﬂymepsromlde -

20 - in conbinationyyid thace’ Bire @sédl. wa(éar-%oq%xsntwmeml iRk e
surfactant and (c) arﬁggecursor conpound. cont ai n- ecule (i) a

pol yner chai n whi ch 1oni5ARLE & °V\%‘?]g\fﬂerdfsa§t"°Peg§ft£®Wr$T feehgyey at
| east 1000, and is pesw Sound thhe thetdapyddvantphasein arsplHring (thie) aao

unsat urated groupin t ner s
bei ng pol yier 1 ssd. BTy oLl ﬁﬁ%‘é‘a”%#%@a Ao feF Lok PEPBE pAyndRat
pol yneri sed by'®he ;ﬂ%‘é@sé"&ﬂ'—lﬁ 8r| FYHAN SPMPYdEdAg, hY@¥°‘£€<’hrﬁﬁré’méér }Pl c
nonomers such as nmetdyibimaitiaar wieh eascorbic acid.

According to the present 1nventlon there is

provided a pdlymerisation process in which at least one
. ethylenically unsaturated monomer , having a solubility

15 in water in the range 0.08% - 8% by weight but giving
rise to a polymer which is insoluble in water, is
emulsified in water and is subjected in that state to
polymerisation in the presence of (a) a redox-type poly-
merisation initiator System comprising hydrogen peroxide

20 in combination with ascorbic acid, (b) a conventional
non-ionic surfactant and (c) a precursor compound contain-
ing in the molecule (i) a polymer chain which has a '
molecular weight of at least 400, preferably at least
1000, and is per se solublé in the agueous phase, and

25 (ii) an unsaturated grouping which 1s copolymerisable with
the monomer or monomers being polymerised.

Ethylenically unsaturated monomers which maf be
polymerised by the process of the invention include, for
example , acrylic monomers such as methyl methacrylaﬁe,

30 ethyl methacrylate, butyl methacrylate , methoxypropyl meth-
acrylate, cyclohekxyl methacrylate, benzyl-methacrylate, |
hydroxyethyl acrylateg;hydfoxyethyl methacrylate ,” hydroxy-
isopropyl methacrylate, benzyl acrylate, dimethylamino- '



30 et hyl rret hacryl ate, butyl nmethacryl ate, nmethoxypropyl meth- acrylate,
eycl ohexyl nethacryl ate, benzyl-nethacryl ate, hydroxyethyl acrylate.,
hydr gxyet hyl nethacrylate, hydroxy- isopropyl nethacrylate, benzyl

acryl. di et hyl am no- =% 4yl nethacryt ate, ethyl acrylate, butyl
- acryi hydroxybutyl acrylate, N-butoxynethyl methacrylam de,
N- but thyI acrylamde, acrylonitrile, acrylic acid and methacrylic Fa
.acid, a’dé acét'ﬂyq. Acr lwdﬁﬁﬁl Wcyi1at)omers such as Mg

Vi nyI acetafe Vi ny‘? propi onat €, styrene vinyl” toluéne, tert-butyl styrene,
met hoxys‘hxydmnalbl&md- \donylabe,i (ﬂﬂh&ltm%!ﬂgml\mlnyﬂdmnoners such as

I hi b h
Y eaqui r e SR T Acr Y, Ot e Sl AR ST 0 e used

toget herandtdtethr&crylmmzm snadife iroo rrondydr ideni rinttacpnip— ortion of a

2 oyl RN k4G el merie R A A R SR LP ARG be

pol ymer i siedp fortdt e ! Sst‘g&ene ,omﬂw. t&mwaouwnﬂuﬁyqrstgteﬁedur e. As
expl ained in nore detail bel ow, the process I_;aés the particular advantage of
facilit AEHRPRURF Xfﬁ:ﬂ%eﬁ’%dat‘”'dﬁ’lofpyr%ﬂhﬁ RdSIEFAELni ng si gni fi cant

‘proport Imgypfm nfdrs: Ssﬁib‘!i tal s/ & i I0 BN 1S a@ﬁ Fivny19¥enacryl at e,

gl yci dyl met hacr | at e or v-net hacr | oxy. opyI t i met hoxysil ane. The
m)norrer schlﬁlb'ieiﬁ)olﬁ/]rﬂe W%eé'cﬁ i ixedc pinimum

func ﬂﬁa y [ T 8RC wher eby t he
par i cl eécs ]he resul ti ng aqueous %ysper#ll on ?%ngll %ta of crosslinked

together w1th one or more of such monomers a minor prop-
ortlon of a monomer hav1ng an 1ns1gn1f1cant -solubility
'ln water, for example: 2-ethy1hexyl acrylate or. stearyl
methacrylate, which would not be polymerisable on its
15 own by the aqueous emulsion procedure. As explained in
more detail below, the process has the particular
' advantage of facllltatlng the polymerzsatron of mohomer
:mzxtures contaznlng s;gnlflcant proportlons of water-
sensitive monomers such as glycidyl acrylate, glycidyl
20 methacrylate or y-methacryloxypropyltrimethoxysilane.
The monomers to be polymerised may also include
monomers which are polyfunctional with respect to the
polymerlsatlon reactlon, whereby the partlcles in the
resulting aqueous dxspersxon w111 con51st of crosslinked
25  polymer. Sultable polyfunctlonal monomers include, for
| example, allyl methacrylate, ethylene glycol dimeth-
~acrylate, hexanediol dzacrylate, trxmethylolpropane
triacrylate and dlvznylbenzene.
Although the process of the 1nventlon may be |
30 performed satlsfactorlly with any of the monomers listed

above, or any combination of them, we have found that

L]



25 pol ymer. Suitabl e polyfunctional nononmers include, for exanple, allyl
net hacryl ate, ethylene glycol dinmeth- acrylate, hexanediol diacrylate,
trimethyl ol propane triacrylate and divinyl benzene. Although the proces

the invention may be 30 performed satisfactorily with any of the no S
| i sted above, or any conbi nation of them .-we have found that -6- t
resulting latices are of finer particle sige.when the polyner or copol yner
obtained. has a relatively |ow environnental glass transition tenperature
(Tg')w Thus it is preferred that the polymer or copolymer should have 5 a
Tg of not nore than the] eeshTribytldaticdsnaeet o6nfisenopattivliecdize when '

production of disperg |o§§ng%e§u§ é§§1 gﬁkﬁérgkgﬁgéélﬁgg;éﬁ é% quiyoiow

hi gher Tg can readil err e Size
greater. The anount §nt‘.{§§8“i“ﬁ“‘é% ﬂaﬁ%ﬁa@mthenhmmﬁm {Tgper BREBeltind
t'he ascorbic acid nmag b&éfeﬂ:‘é@Maétﬂ@fedlpagyhérsdﬁfbcﬁgﬁﬂtﬁéi sholine have

particul ate nononer I n r ] ~MD a el whi. ¢h |
sought to attalrgrz an% qﬁe : 6 tFgaé%?’rrerfﬁtsaa i‘o e5|ére a?#é‘oﬂ érogen
peroxi de is typlcalﬂyméﬁﬁﬂoyedthﬁlRﬂ?dﬂﬂﬁ;ﬁn 0§ dlsmﬁranna @f093¢@tB°Eym56$n/

‘wei ght of the rmnorrmSEerggoﬁ@Idmdl T Eheh@éﬁéfbrq? &ﬁi (ie'aallypbéaﬂﬁd/e,
enpl oyed in an anount .of. from 0. 01 5% Db 0 nononer; the
amount taken is SU|F56I§h3b5rE&ﬁ§hﬁ fléauﬁﬁn¥3¥e+$k?¥¥zﬂﬁe ef6 the ampunt
of hydrogen peroxide, 20 but it may range froma substantial excess (say
33% over that amount to asphé tiddums 33%0int Bé G¥BLEYs denthBehydrogen
10 peroxide and the ascorbic acid may vary widely
according to such factors as the particulate monomers
being polymerised , the molecular weight which it is
sought to attain and the rate of polymerisation de51red
The hydrogen peroxide is typically employed in an amount
15 of from 0.003% to 6:0% by weight of the monomer being
polymerised. The ascorbic acid is typically employed
in an amount of from 0.01% to 7.5% by weight of the
monomer; the amount taken is suitably approximately
equimolar in relation to the amount of hydrogen peroxide,
- 20 but it may range from a substantlal excess (say 33%) over
that amount to as little as 25% of that amount , in the
latter case particularly when the higher proportions of
hydrogen peroxide to monomer are employed. Optimum
amounts of these two materials.may always readily be




| atter case particularly when the higher proportions of hydrogen peroxide
to nononer are enployed. Optinum anounts of these two materials may al ways
' readjly be -7- determ ned for individualvpolynerisation systens by .
&jpl e experinent. In addition tg the initiator’ system the poly-

sation process of the i nvert i’orT requires the presence 5 of a
yound containing in the nolecule a polymer chain of m ni mum nol ecul ar’:_
wei ght 400 which is per se soluble in the agueous phase and a o
copoLyrredetesabnedurﬁgat andivddyadupodyretiisatiom@ystems byl i eved to
function iep or_the-production-in situ of 10 a graft
copolyne? i&h® e he_steric stabilisation of the polyner particles
produced. It is mnsedaatednthofthbeiaﬁtxpmbyneysahm nthempailgnt of this
copol yner, ng derived fro e precursor mer_ ch |n whi ch i s soluble
S the aHEEOEEIRASBEORFaR: Ges thes BBV EDERaR, FaRULE S ATE BF SsaiE a0l yimor

par §i cl eggwheeehpolinacevhsaiaing’ ibhenkakoleculepaeyoliadr hiagarrier is -

anchored to the particl-e through the nedi um of the other pol chai n
conponen?foWlPh@“@oﬁ@#?ﬁﬂ#armﬁFéﬁhts4SPaPPéGhtéstPé_fLESF°@@£&Ghent and
whi ch hagnaehéngqﬁgghsagﬁbgbtgnﬁog the polymer 20 . jpaghiclees by virtue of

Its having a simlar nononmer conposition to the partlcres t enselves For
the preciisable unsagyrased snaungslusbé5|nomneuaqUe@uge@hagednay be

e iy OBt R By SOLURLGBELy 8L, COU! papBbkalbh 1 Gllecye e
10 a graft copolymer whzch effects the steric stablllsatzon
of the polymer partzcles produced It 1s postulated that
the one polgmer chain component of this copolymer, being
derived from_the precursor polymer chain which is soluble
in the aqueous phase, provides a steric barrier around
15 the polymer particles. whereby flocculatlon of the latter
is prevented; this barrzer is anchored to the partzcle
through the medium of the other polymer_chaln.component
of the copolymer, which is grafted.tolthe first component
" and whlch has an inherent affinity for the polymer
20 partlcles by virtue of its having a similar monomer
- composition to the particles themselves.

For the precursor, the polymer chain soluble in
the aqueous phase may be derived from any water-soluble
polymer, but specially suitable are the polyethylene

25 glycols and their monoalkyl ethers in which the alkyl
group contains from 1 to 4 carbon atoms, poly(ethylene
oxide) - poly (propylene oxide) copolymers containing at
least 40% of ethylene oxide and the monoalkyl ethers of
such copolyners, polyvinyl pyrrolidone, polyacrylamide,

30 polymethacrylamide and polyvinyl alcohol. Other water-
soluble polymers from which the polymer chain in question

nay be derived include poly(ethyleneimine), poly(N-acetyl-



gftoup contains from1l to 4 carbeon atons, poly(ethylene oxide)-

pol y( propyl ene oxi de) copolyners containing at |east 40% of ethyl ene oxide
and the nonoal kyl ethers of such copol yners, polyvinyl pyrrolidone, ) *3
pdl yacryl ami de, 30 pol ynmet hacryl am d& §nd pol yvi nyl al cohol . O her [ -
wat er - sol ubl e pol yners from which the polynmer chain in question may be
derived include poly(ethyleneimne), poly(N acetyl - -B et hyl enei m ne)

and.T he correspondmm@ymepﬁapn@nyladdrthe gprvesnnudhggrmﬁgenpaqnxtudgnnv-

the?éof and poly h dro cryl anm The
nDIecuIar wei ght ofkfﬁg %@ghﬁ %Y%éspP§F§¥§BFyE€¥r§?£'léﬁ?? 100 , and
particul arly pref epodg N-{ﬁyd&@kybhhymwLnﬁnEShgleméhmyxﬁﬁnyﬂémi & The
glycols, or their nmononethyl ethers, nol ecul ar wei

in.the r
2000- 4000. Neverthé!°é§§“1FF V§l§b§st§| Ehtla SB@PQPE“thS pretacak) Yﬁ%e

invention using. “ﬂhéhsiphbbbe RAkY pRrt§Balas19f ppREESEHEAr Wei ght
consi derably bel ow t hese preferred | evel s, down to a m nimum val ue of 400,

whi ch cannot be done in the anal ogous process of Applications Nos. 8214675
and 8312212 referred to above; this differ- ence nay be attributable to the
fact that, where azo 10 ~initiators are used, generally higher

pol ynerisation te ire }

75-80 C. At such tenperatures, the ability of relatively




L

short water-sol uble polynmer chains to provide steric stabilising barriers
is inpaired; this is not the case 15 at the |ower tenperatures which are
aracteristic of the present process. The unsaturated grouping which is
) Yequired to be present in tghe precursor nolecul e may conveniently be .
ided by esterifying such a glycol or ether with 20 a copol yneri sabl e
unsaturated acid, such as nmethacrylic acid, itaconic acid or maleic acid;y.,

| . h.a.precursor_is_t t bacrylic acid est. f the = &N/
 mononet eI SHITABEFCRR She BRIYStratens) BiFa s ncoerthebbo.

Esterifi qanopiethyll Rehek¥Gobs @blechaart heignt. iAB¥héerdige effected by an
ester-interchange reaction with-a lower . alkyl ester of the unsaturated
acid, forrQo@ wienerEhmesset REcip RPESiRLeckRaPPSERYEtHR® gl ycol or its

et her may, ke deagiednd GRvantichiRbengCldeeblabidtie! 861 54aem! € net hacrylyl
chloride, in the presence of a 30. Aydrogen chl ori de acceptor. Yet again,
 the yl ycohadns of avlecuiay weighicconsifercably helowt tkes@sat ur at ed -

10 0.0 e : o -y aturated
1, 2 0, LS R AL o gl e
gr oup- t ercarmate thepdonei Apl pher analogone proceBsi bEshpBSpicaticas i on No.

L 095, S15balt i ens Bl Bilagy Bagl Ao Yohy8L B SRl A S, P curSors
Appl i cat ienizeNmay? bl @dGAibtables tbo thay faytr enat|, nghérgoass - sol ubl e
polyal kyleie rsdl 90 Lhea0a2ak sl 1§ RELntt Doy Rlel S ELAPN2 ©
temperatures are required, e.g. temperatures in the range
75-80°C. At such temperatures, the ability of relatively
short water-soluble polyﬁer chains to provide steric
stabilising barriers is'impaired: this is not the case
15 at the lower temperatures which are characteristic of
the present process.
The unsaturated grouping which is also required
to be present in the precursor molecule may conveniently
be provided by esterifying such a glycol or ether with
20 a copolymeriéable_unSaturated acid, such as methacrylic
acid, itaconic acid or maleic acid; an example of such a
precursor is the methacrylic acid ester of the monomethyl
ether of polyethylene glycol of molecular weight 2000.
Esterification of the glycol, or ether thereof, may be
25 effected by an ester-interchange reaction with a lower
alkyl ester of the unsaturated acid, for example with
methyl methacrylate; alternatively the glycol or its
ether may be reacted with a suitable acid chloride, for
example methacrylyl chloride, in the presence of a
30 hydrogen chloride acceptor. Yet agaih, the glycol or

its ether méy be reacted directly with the unsaturated



10 anhydride and then reacting the resulting half-ester with an epoxy
conmpound contai ni'ng a pol ymeri sabl e doubl e bond. For exanple, t he monoet hyl
ether of a polyethylene glycol is reacted with succinic anhydride and '
product then condensed with glycidyl nethacrylate to give a 15 pre or
contai-ning a termnal vinyl grouping. As pxplained in the published o
Application referred to, this nmethod of making a precursor is convenient
because it avoi ds the necessity of renoving any by-products or excess

reagents, which coubdiant8r&eve ¥hé hedber SURSSALAN 2D anhydtd daf tbNeorm a
precursor, that arises with nost of the ot her net hods di scussed above.

Anot her suitabl e prbadfsestes.ehepnewitalyle RRRsMLRATFMAY bet pbtasned

pol yet hyl ene gl ycol b q§gﬁ% -
sodi um derivative OPytEEQ%gﬁg Xhéﬁﬁgéégﬂ %%6%§ﬂ3h ﬁ?éggdp?ky ene&ng ?l
The precursor nmay cédbaen(eﬁe Boit ish eSpeéciif brat iom Net.ulato9®, §dad pwaghi n

the molecul e, The PLORRLA, O nalnd e, PLESU" SALe IR WhUAR L eRlHSH: Lonay

t he pol yneri saf’i on & I 'n-per rocess o
i nvention, wll varyetobsaﬁneéxbpntheapxmneﬂu;ptdeﬁdnahaﬂ%mmcuharpdbipeheé

pol yrer which is bej dyc er Si iC
desired that the rebﬁg{:gﬁg g?gf)%e %%f’s%%ﬂ“g“r{i epzacﬁlltogtﬁé E‘Ftnﬁﬁ] @o say”
proportion in any iBgi ¥edd8ingasevstér + S5TUD Ve t;eaim)q;lhyxesgrzpbel or its
experinment. Typical roggrt- I-ons of recursor are in the rang 5 - 20%

and nore 5 especlapPglylosthey with @igilis adRhnkicwGaE °F¥1ﬁ8 be
polyner[sed. 10 anhydride and then reacting the resulting half-ester

with an epoxy compound containing a polymerisable double
bond. For example, the monoethyl ether of a polyethylene
glycol is reacted with succinic anhydride and the product
then condensed with glycidyl methacrylate to give a
15 precursor containing a terminal vinyl grouping.:As
explained in the published Application referred to, this
method of making a precursor is convenient because it
avoids the necessity of removing any by-products or
excess reagents, which could interfere with the subsequent
20 .use of the precursor, thaé arises with most of the other
methods discussed above. Another suitable precursor is
the monomethyl monovinylbenzyl ether of polyethylene
glycol, obtained bj reacting vinylbenzyl chloride with
the sodium derivative of the monomethyl ether of poly-
25 ethylene glycol.
The precursor may contain one, or'more than one,
unsaturated grouping in the molecule.
_ The proportion of the precursor compound which
is added to the polymerisation mixture, in performing
30 the process of the invention, will vary to some extent
according to the perticular disperse polymer which is

being produced and the disperse particle size which it is



The first step in carrying out the process of the invention is the
enul sification of the nmononmer or nononers to be polynerised, in the agueous
phagg, of the 10 pol ynerisation m xture which will normally contain not - ,
onI' ter but also the conventional surfactant and the precursor from

$b’t he stabiliser is to be derived. The surfactant is, as herei nabove
def{ned of the non- ionic type in order to accord with the obj ect of the

15  ‘invention of produci ng & ﬂdlyner dispersion totally free fron1|on|&; g
or charged speci es. Exarrpl es of suitabl e non-ionic surfactants include the '
et hyl ene §X|de ondens tes of _al ké henol s, e. t.he condegsate of 1 nol of
ndhyl phen8PSHhF EH: Fesulid PEn8 i RPERIQRY hage . bypg| |y avallable

as "Level ghe E’ﬁﬂﬁ)uxmrpﬁdpmm:llemc 1acadyesn®rvmuaiolqaeehy:hene gl ycol, nol.

400 (co Vi &V, I h a "Ethylan" are
Reglste?WSE% %% R£:§§%d§35§ %Egpgﬁné%?go%ﬁgaf g%?aﬁ ggg% w || depend
upon the par®iefl RFeSHiROFeALS LRohBReFANTI® b THﬂQ§Hf?§€ BAEEt he fineness.
of tlse enukpeofaliy c3+10% defi thd, wasghe! of asontgmt whechf isctency of the 5
particuIaP sgg%ﬁmg The optimum proportion can readi'ly be established by
experi nmen nornally lie in the range 0.5%to 10% by wei ght of the
nononer taken. [|rThearfiyistgssep dRecprvybag @it tthe paoerssodf 10 it is

possi bl e tRel Mhiv@EEh tifie tHeOkRULE ENEa oGy tHe meaem&%fo be -
polymeri sed, LRLO 1hE Q04005 TSl 8T efl SNSRus Bh3sTRYe Coyeni ently be
' 10 __polymerlsatlon mixture which will normally contaln not
'only water but also the convent10na1 surfactant and che
precursor from wh1ch the stablllser is to be derlved
The surfactant 1s, as hereinabove defined, of the non-
jonic type in order to accord with'the'object of the.
15 invention of producing a polymer dispersion totally free
from ionic or charged species. Examples of suitable
non-ionic surfactants include the ethylene oxide
condensates of . alkylphenols, e. g.'the conaensate of 1 mol
of nonylphenol with 20 mols of ethylene oxide (commerc-
20 - ially available as "Levelan" P208) or the oleic acld
ester of polyethylene glycpl, mol.wt. 400 (commercially
" available as "Ethylan" A4) ("Levelan" and "Ethylan" are
Registered Trade Marks). -




ds a "one-shot" procedure. As already indicated, this nononer becones
emul sified in the agueous nedi um and provides a reservoir from which
mononer is gradually drawn as pol ynerisation proceeds until all of it
Been converted to disperse polyner. An alternative, and preferred, _
procedure is to add initially to the aqueous nedium part of the nononer
only, this being emulsified and al | owed 4 d&pal yneri se to form a di spersion
of ,fine "seed" polyner particles, after which the remainder of 10 t he
nononer is added either gradually or portion-wise, with resulting growh of
the particles. This may be referred to as a "seed and feed"” process; its

chief advantage is that it epablfsudetdereneoshtehcint NEsdprdingl @_eEéK@ of
t he pol yner di spersion to . 'be achjeve is also then possible to

d. 15 It
vary the conpositi ofP9? thE RRREHEH 3 MPROFREL OF STPRCREES -5 &S f er ent
nononmer or m xture emuisidiedsamdythre Hoeeesat of heh&egmulsimp whitheisf eed”
stage from that addedd:gbel, 48 boBL SATpEhARe bBelbindiple itheoan be

arranged that the Iatex;polgner particles have a " ayeregV structure,
consi sting of @ cor @3t iSREARDIHNEACTARHoINE BRELREM FEPRAT thAe C8Br r oundi ng
shel |'s of different readitdgi bé osstdbslri shednpycexpgriment pndutsiwdllohofmally

pol yfuncti onal nonorgt, i Lt fee Vies o ' ai ned
having a 25 crosrsilqien[%'gd{:{:}%re£H éd%a'r?%ogtgeﬁalgh%}’fw%?éé#o%fgrtgggfnpﬁﬁ@%

pol yner. Alternativé®kenthe outer shell only can be arranged to carry
functional groups, such as hydéaveying ouROXhdepgoeeds oflahevdaveneion,
monomers beariflg suqh §LOPRZs ;e IR BALLICERSNNSTL '9¥ W' RondNt oM i S

or monomers to be polymerised into the aqueous medium

all at once; this may conveniently be described




30: introduced into the reaction mixture along with the nono- mer or

mogepers, the hydrogen peroxide and the ascorbic acid being dissol ved
segg}ﬂtely in small quantities of water and then added sinmultaneously to.

daction mxture. In the case of a "one-shat" procedure, the whole of
~the initiator systemrequired may be introduced all at once. Were a "seed
and feed" procedure is 5 enployed it is preferred to add the initiator,
in portions-corresponding to theg 13dd|t|ons of the nonomer(s). There may “¢
al so be present in the. polynerlsatlon m xture a water-sol ubl e chain
transfer agent. Exanples of suitable agents are nercaptoethanol and

t hi ogl ycoldd @ ¥@ne-snétt. pddediliad .n Alst anséaayag@@icamed peanised in an anount

of fromO. 1@6to 2°oof e f t he chain
transfer ag@ﬁp 5ég°m%gu$§$%§ﬂ%g%ﬁgﬁggﬁgg qulbgit$;§3 glsperse pol ymer-
and ultlrnnnﬂv}dﬁé pedeservdix pfirsso whiich GPHPWQErlﬁaBEadﬂ&éiY n the disperse

phase, 15 drawnhds bBE{;ﬁéﬁiéwcité}? ag QﬁﬂlCAEl sdZe+t hasgeneral, the
pol y tion ﬁrocess is carri out ow%ng it 0 eratlongl procedures
Do’ Sl oS CRBVEEERS nen YAPS oo BILYPEH vRdce

configureupnafprwbdghpameedu#é issttabladghedit balhye ‘eontdhsa aquéeus
pol YIer | SideQnf bake aAdibifdhatict WALY KBAYE boidd\afyliehlgd 10 the art.

The’ process naé e pe var|ou nper at ures, epen Ing on the
parti cul arMpoAdheres taRRhmer iss §9 8FVn§r¢§%RPr§¥R9 & €L88 ar initiator
syst em enpisepdd pollyhée pai‘t&d]fesppla)flﬁietl ehichntiiesteneinddr of As indicated-

abovfy L EHECRBABAEY £5 CRRA ik gBRkuREL b Wi d b wilg SO vatal e
with reésulting growth of the particles. This may be

referred_to as a "seed and feed" process; its chief
advantage is that it enables better control of the _
particle size of the polymer dispersion'to be achieved.

15 It is also then possible to vary the composition of the
monomer feed, that is to say, a different monomer or
mixture of monomers may be added at the beginning of the
"feed" stage from that added later in the same stage. In
this way, it can beé arranged that the latex polymer

20 particles have a "layered" structure, consisting of a

' core of one monomer composition and one or more
surrounding shells of different composition. For example,
by the inclusion of a polyfunctional monomer in the
initial feed only, a particle may be obtained having a

25 crosslinked core and an outer shell of non-crosslinked
polymer. Alternatively, the outer shell only can be
arranged to carry functional groups, such as hydroxyl or
epoxide groups, derived from monomers bearing such groups.

The redox polymerisation -1nitiator system is

30 introduced into the reaction mixture along with the mono-
mer or monomers , the hydrogen peroxide and the ascorbic |
acid being dissolved separately in small quantities




Ceases to be effecti,vely solvated by the aqueous phase. It is, homever,éggp‘
feature of the use in the process of a redox-type initiator systemthat

pol ymeri sation can 30 in general be cangjed out at significantly Iowerﬁ'
t*enper- atures than those required in aqueous emul sion polyner- isations
enpl oyi ng an azo-type initiator. In nost cases, the tenperature will not

need to exceed 50[erg]C, Ste Q Lbi lity-of using .
rel.@_i vely | ow pol MA&E (ﬂrﬂa 3%? gﬁﬂ’% é&ﬁiéﬁe&“ﬁﬂ %8 gb?eﬁ%@?’f%ﬁh
t he™feacti on mi xt ungisfurey Irothe zase WEt & i"ahe-shetpr peosedafe} hthe

I nvention has the fuyrther surpr|5|ng advant age that it enabl es ﬂﬁgﬁﬁﬁh%ﬁ%

di spersions to be & o5 A dmd t3atog, SYPhems TERYIERSBRE RA

reactive groups ancqErl %ﬁ"'%i@ﬂ | m&e@arade@eaa aadn¢eew®t groseastéi ¥€" and
are in practlce pol ynmeri sabl e 10 y the standard aqueous_ enul sion

pol yner i sat i or® tecHﬂﬂk&ﬂiﬁd'u§Fnd5p§F§@FEH&§etPnPﬁﬂthSninbhF§t9§ iRry i nor
constit- uents of d&lttllioq'& W&Ee‘%&%ﬁﬁlﬁﬁn%@eﬁ:ﬁe hfid?.@gSﬁg B;h;efhéarnoﬁ)&ner (s).

pol ymeri sed successt In this exanple, it
found that it is not pOSSIEm@r@0m90|?1395be presest hp the pobmﬂew:batlon

o s TRnOTS RIS SR MG SpbR Bl Yol O fes
persi on produced oomﬁwsuuq;bﬂundgenterprepmer&bpseéthandltandsthioglycolllc
(polyrett oat1 9 20 e Lol Mot WoRbE! a2 b uBEH 15168 emorat
copol yrrerl Sing a NyPionlioN1Y €oC 2 difnithe weightobromyaibhlEt. "Phé &Lt €
(Chem Abs., 95 (1)) i Ridin tlanater agent ia Lo fogulnte the molecular
weight of the disperse polymer and ultimately to reduce
the proportion of finer particles in the disperse.phase,
15 thus increasing the average particle size. |
| In general, the polymerisation process is
carried out following the operational procedurés and
- employing the equipment (e.g. reaction vessel and stirrer
configuration) which are well established in the emulsion
20 polymerisation field and which are well known to those
skilled in the art. The prbcess may be performed at
various temperatures, depending on the particular monomer
or monomers being polymefisea, the pafticular initiator
system employed and the rate of polymerisation desired.
25 As indicated above, the temperature chosen should not be
so high that the solvatable component of the stabiliser
ceases to be effectively solvated by the aqueous phase.
- . It is, however, a feature of the use in the process of a
redox-type initiator system that the polymerisation can
30 in general be carried out at'significantly 1owér temper -
atures than those required in aqueous emulsion polymer-

‘isations employing an azo-type initiator. In most cases,



deﬁicuIty i n copolymerising by the present process'25 - honomer m Xt ures
(hNai ni ng 25% or even 50% by weight of glycidyl. nethacrylate. .
Aver - sensitive" reactive nononmers which can thus be successfully s

peyneri sed in substantial propqrtions include glycidyl acrylate, glycidyl
met hacryl ate and -y-nethacryl ox sropyltrinethoxy-.30- silane. As an
~alternative to the use of the last- nmentioned of these three reactive .-,

. mononers, "siliconised" - - addition polymer |latices may readily be prepanéd
. by the ptheetenperatarebyilichoti ngednte hexceedn80°Ci xt ur e bei ng

pol ymeri sed a hydrqgxyl group-heafjng nononer., such as_ hydroxyi sopropyl
net hacryl at e and f%gépﬂgnﬁnBFSQeghég BOSSIPIILEY, QL H8ANF Rt et r aet hyl

si | i cat erellativeliyelowepolymet i Batien hyetigeyat @t o) Nsoupléd aritle ,
pol ymerisation, resulting jn:.the attachpent of silicon-containing group-

ings to he AEEPRSe AEPBCERE. TeRAGETOR MBI PETYE RF APXIRRYF ons of the
present pakeedial,htdeobrsbésdf of abHe 1fnventidis G NEnd Ofuin& of a
precipitate from:  the tetra- ethzl'5|llcate does not occur to any

si gni fi canepeiedng. advangagei thatolt henablesageeces ¢iepersionaitude in
choice o 10§ c h {4 rig ilisiag gantity, the
process f(l):]p ntg%eH%?gsgﬁségi-’hgplsﬁegn?%%%%%%h%fvﬁ%éﬁ;/%%g process of
Appl i cat contalins reg2td@&sguaup8i3aad laref noxmally megatded ammonl y

sCcesst gl b d AR RELLN?! gha JEE IR SESGELLD Sor JRRLBISAL 0L 1) ¢
avao abl ®y 2he standard agudousi éhulsiohepolyimerisafeiot tdchniguwd, on is
that the Ry Ber3bithatd 1Rik2hEioh M1 %ety ninor constit-
uents 6f miktures with other monomers, if indeed they
can be.polyméfiséd_spccessfully in this way at all. Thus,
 for exémpie,'it is found that it is not possible'to.poly-
15 merise by_tﬁ§ §tandér§_techniques_monomer mixtures
conﬁéining mére than 5 - 6% by weight of glycidyl meth-
aérylété ﬁithouf thickening or flocculation of the_ais-
persion produced qccurring. Undéi.very specialised
.conditions.(polymerisation.at 0 - 5°C using ultra-violet--
20 activated ini£iatiqn by an-azo amidine hydrochloride),
Okobu succééded_in.copolymerising a monomer mixture
containing 13.5% of glycidyl methacrylate (Chem.Abs., 95
(14), 116276K). 1In contrast, we have encountered no
difficulty inzcopolymerising by the present process
25  monomer miktu:gé?qontaining 25%, or even 50%, by weight
-of glycidyl methacrylate. "Water-sensitive" reactive
monomérs which Eéh thus be éuccessfully polymerised in
'substantial proportions include glycidyl acrylate..
s glycidyl meﬁhac#y}até,andﬂy-methac:yloxypropyltrimethoxy—
30 silané. As:ap:alte;native to the use of the last-

mentioned of these three reactive monomers, “"siliconised"



stabi | i sed by steric.nmeans, can if desired be floccul ated and separ at ed'

fromthe agueous ‘phase by the sinple expedient of heating the |atex to /A
tenperature at which 25 t he wat er-sol ubl e pol ymer chains cease to exg
their stabilising effect. For exanple, whtee-the water-sol uble chains are
derived from a net-hoxypol yet hyl ene gl ycol of nol ecul ar wei ght 2000,
floccul ation of the disperse poly- ner occurs on heating to 92C or above.

AL gchain 30 ehaceidh wE1ghir Olablles My Gdddiay b BrephrbloBy! EHE-

erature is 60-70 C. . 17 At tenperatures bel'ow the Critical occulation
val ue, the | ati cesPEpeaRtcRregess Y rinending ddas $her mosomeremisgture

indefinite periods I ﬂr@%{ es | \

addi ti on of polyva g%?élﬁls' ﬂ%?a%r%g%ze- g%&ﬁgﬁ#&%@g QP#QEPFV\BFSQ
‘adversely affect t&® hydiboxyisopfophhmathaatylatec@ndatfieedingTha tagetlf&er
are val uabl e gs the, basi.s. of ter-horne agueous. .coating conpositions for
whi ch a hi gh egrggl%? #%%%R‘%‘bﬂef éeteraaoeﬂﬁgfyg RAdicakeE. tﬁsﬂég{&ﬁﬁ!ﬁ?““
account need not beifld the tlagdroxfl tdrmoype shdihe ftheOBolyet €salohp ot her

constit- uents of the composjti-qn, such_as pignents. The invention is
i lustrated but noYe?‘i"fﬁ’t o) ﬁ?‘% ?‘b”r?%ﬁ& B RHldson-roRkri ARG EPERY s

are by weight. Theifgs WethépEBindP ind RRSLMNET Undeli ehkCHatfidRlar
determ nation of particle size and distribution by neans of the "Nanosizer"

(Regi stered Trade %RRddticns ok Yhnmpnesantarasess t hydookysbs cbul and

Ehﬁg;gm CS 16M { eghinddipud 56 U drmdl i) o Wi /dUiRAtatd 2EEmSXPRESSELRY WO
ethyl silicate does not occur to any significant extent.

_ In addition to the édvantages of greater
latitude in éhoice of monomer composition and of the
steric stabilising entity, the process of the present

15 invention has the virtue over the procesé of Applications
Nos. 8214675 and 8312212 of requiring only a commonly
accessible initiator and activator. The water-soluble,
monomer ~insoluble azo initiatqrs'referred to in the said
appligation are not as yet widely available. -

20 - A still further advantage of the invention is
that the polymer obtained in latex form, being wholly
stabilised by steric means, can if desired be flocculated
and separated from the aqueous phase by the simple
expedient of heating the latex to a temperature at which

25 the water-soluble polymer chains cease to exert their
stabilising effect. For example, where the water-soluble

- chains are derived from a methoxypolyethylene glycol of
molecular weight 2000, flocculation of the disperse poly-
mer occurs on heating to 92°C or above. At a chain

30 molecular weight of 600, the critical flocculation temp-

erature is 60-70°C.

Q)

N
}



e.g. 3:361; the first nunber is a neasure of the degree 20, of
. pol ydi spersity of the latex particles on an arbitrary scale fromO.

ponodi sperse) to 10, and the second nunber is the average size of the
rtj€l es in nanoneters. E LES In all the follow ng Exanpl es,
rynetisation was carried outVht a tenperature of 50 Cin a "culture _

vessel." (i.e. a reaction vessel having a flat bottom and vertical sides).-.

equi pped mnth means for maintaining a 5  nitrogen atnosphere, a refluxs

condenser ‘and a . sbtrtempetaburﬁerbeh@waﬁh@uﬂrxS&gﬂlrﬁ%nqthﬂﬁ;@@s of

Podi n BRLHEF" B TAKIERE ofialiia i MG Dol Sl T, o the

- vortex stahledfby ihdefiniterpericode 4 tlmaqmﬂ)mxe edetd on mi xt ure;

hydrogen ni.tiator_.and I vat or . wer e. se ratel dlssolved in -
wat er Q?ﬁ tﬁ&u# éa%%ﬁ%dlaigﬁﬁtTé?}g}?ﬁw?%é%gﬁﬂ’ y di rection
I NSO thersmeze&tnaw @maftﬁbhg, valh cbﬁemiéh (ﬁdmsaplatﬁﬂhqwrrps 15

The Exanpl es al | 'seed-: eed” procedure. ‘EXAMPLE 1 20
Thi s Exgﬁﬁlﬁt??FﬁiF¥ sghﬁﬁgﬁ Febabri; * o¥35?¢%ﬂe Lﬁﬂkﬁﬁﬁﬁ)copolyner
of met hylenphllashrbaas, thet Bhsfs  of vt @nthovml Gotesy QudtinRt hacryl ate,

having Tg (gl-ass transition tenperature) of 15[err]C Initial "charge 25
Deni ner aprpeditbens for which a hlghg@ggree of ﬁ?ﬁﬂﬂ%ﬂ#ﬁﬂ?-of nonyl phenol

wi th freedom is available; for example, ‘account need not be
10 taken of the pfesenCe’df'iOnic matefiai'in oﬁhér constit-.
uents ofvthe'chpositioh. such aélPiéments.'
| ' The invention is illustrated but not limited
by the following Examples.iln which percentages are by
weight. The polymer latlces obtained were subjected to
15 .. determination of particle slze and dlstrlbutlon by means
of the "Nanosizer" (Reglstered Trade Mark), an 1nstrument
marketed in_the’ﬁiK. by'Cdulte:-Eleétfpni¢s_Limi£éd. The
results of this determination are expressed by two numbers,
e.g. 3:361; the first number is a méasuré of the degree
20 of polydispersity of the 1étex'particles'on an arbitrary
scale from'o'(monodiSPérse)’to iO,.and the second ﬁumber

is the average size of the particles in'nanomegers.



20 nol s ethyl ene oxi de * 2.2 g Methacrylic ester of
nonoet hyl et her -of polyethylene glycol nol.wt. 2000 +

2.2 g * hereinafter referred to as 'Surfactant A" + hereinafter ref

to as 'Precursor A\ - "Seed" nononmers Methyl nethacryl ate

9.6 g Butyl acrylate 8.3 g "Seed" initiator 5
‘[ Hydr ogen peroxi de, 20 vols. \@ 048 g [Water

2.0°. g Ascorbic acid - 0.02 g Water

2.0~ g First "feed" charge 10  EXAMPLES Methyl methacrylaté

69. 8 g Butyl acrylate 60. 8 g Hydroxyi sopropyl
met hacryl ate . 16.8 18 EleEﬂﬁéﬂﬁlL%WLng Examples, polymerisati®n 0
Precursor A First "feed"” initiator

~ Hydr ogen perOX|dewa?0°95F%ed out at ?)?E?Per tPVEt@f S0°C in a "culture

. 11.0 . g [Ascorbiesgeild (i.e. a reaction vesse10h951ngga[ﬁ¥§@”bottom and
+11.0 - g 20 Second "feed" charge Methyl methacrylate

17. 2 g Butyl a¥Pyracal sides) equipped withjmeans for pgafinainimgr epy!
ﬁEthany|ateS nifrBgen #tmosphere, a reflux condenser and a stirrer of

either the anchor type,.having blades of polytetrafluoro-
ethylene, or the stainless steel turbine type. Monomers,
fed in either by metering pumps or from burettes, were
directed into the vortex created by the stirrer in the

10 aqueous reaction mixture: hydrbgen peroxide initiator
and activator were separately diésolved in water and the
solutions added at mutually corresponding rates by
direction into the same vortex, pféfe:ably with the aid

of peristaltic pumps.

15 The Examples all illustrate a "seed-and-feed"
procedure. '
EXAMPLE 1
20 This Example illustrates the preparation of a

latex of 48/42/10 copolymer of methyl methacrylate, butyl
acrylate and hydroxyisopropyl methacrylate, having Tg
(glass transition temperature) of 15°C.

Initial charge

25 Demineralised water S 200 g

Condensate of nonylphenol with
20 mols ethylene oxide * 2.2 g

Methacrylic ester of monoethyl
ether of polyethylene glycol _
mol.wt. 2000 + 2.2 g

* hereinafter referred to as 'Surfactant A'

+ hereinafter referred to as 'Precursor A'



Surfactant A o . 1.4 g 25 Second "feed" initiator
dr ogen peroxide, 20 vols. 0.024 g [Water ' 1.0
Ascorbic acid 0.01 g Water '
g Final initiator " %bke" Hydr ogen peroxi de, 20 vols.

1. 0 g Ascorbic acid

~0 g5 Water - 1.0 g The
initial aqueous charge was heated to 50 C under nitrogen and the "seed" )
nnnonerééggggfgggfggggﬁd with stirring. The "seed"” initiator solutions were
t hen adeeES 2BEfne seed-stage latex had forned, the first 10
“feed" charge and_jnitiator_ were_introduced graduall ver a period of 3
hours. The secondMeF 8&"”@ﬁ§?§§yéﬁg initiators were ¥h€ in over a
period of 1 hour; guitpdl kkrylBeel nitiator "spike" masaaﬂded @nd after 20
m nutes' further heating, the reaction m xture was cool ed. 15
The resuldaed® lidli®Xatdkter rennval of about I g of coagulum gave a resul t
on "Nan6§rf§r*'§75ﬁrﬁarion of -0 : 169. I't had a solids content of 48.5% and
t hg nononer conv S t nount s of ifdser. precursor
and surfactant uge B?wg §%)§%35 ggrgé%gct- 0?62? ased on the
nmononer s taken. fatgmwount s of initiator and actlvat%rQ on ¢ he sane basi s,
were 0.006% and | vely. The | atex had negl Lgible -
el ect rophoretic . %?éi%i% ?Eih <9, and on heatlng tde err?(:it under went

' Water 2.0 g

Pirst "feed" charge

10 Methyl methacrylate o 69.8 'g
Butyl acrylate . B |  60,8 :g
Hydroxyisopropyl methaérflate.' 16;8 g
Surfactant A ' | 5.9. g
Precursor A | 8.8 g

15  First "feed" initiator
Hydrogen peroxide, 20 vols. | 0.12 g
{%ater ’ 11.0 g
Ascorbic acid -_ : _ 0.05 g
{Water . 1l.0 g

20 Second "feed" charge _ '_ ”__

Methyl methacrylate - : 17.2 g
Butyl acrylate | .14.2_ g
Hydroxylsopropyl methacrylate 3.6 g
Surfactant A o _ .1.4 g
25 Second “"feed" initiator '_ a :_ 5
| Hydrogen petoxiaé; 20 vols. .- 0.024 g
{;ater _ . o : 1.0 g
Ascorbic acida . . .. 0.0l g
{Water' ... . Lo g



material and that’ the node of stabilis- ation of the polyner particles is
steric. EXAWPLE 2 This Exanple shows the preparation of a latex of the s
copolyner as in Exanple 1, but using a Io@hc>30 level of the emulsifier -
and slightly lower |evels of hydrogen peroxide and ascorbic acid activator.
The procedure of Exanple 1 was repeated using the same quantities of
mat gri al s, except eaiﬂaﬂInnﬂtxaﬁbﬁeedhlkewtlator Hydr ogen peroxi de, 20 vols.

frocculation, Both these observations indicate the 25 absence of ionicgiéi

0. 024 5 Wat e 1.0

Ascorbig aci d Hydrogen Bepexidg.\@Peyols. 0.02¢ g
1.0 g First "feed" char gewlftleltyl nethacryl ate - 1898 g 9
10 Butyl acrylate ' 60. 8 g

Hydr oxyi sopr opyl nethacrylatgscorblclgcgd - g Surfactant A 0.0

1.48 g Precursor A 8.8 g Second "feed" cﬁ%rge
15 5 ethyl nethackHptere 17.2 g ButldOacryg ate
14. 2 g Hydroxyi sopropyl nethacryl ate g Surfactant A

The I at 5x obtai ned cont ai ned "BotpLg 5481, Q@@ga{g %ﬁ‘l”;?gasae? Tt t.ap%
renoved, "Nanosi zenhderamitrogen and the "seed" monomer charge was added

with stirring. The "seed" initiator solutions were then
addéd; after a fine seed-stage latex had formed, the first

10 "feed" charge and initiator were introduced gradually over

' a period of 3 hours. The second "feed" charge and

initiators were then fed in over a period of 1 hour:
finally, the initiator "spike" was added and, after 20
minutes' further heating, the reaction mixture was cooled.

15 The resulting latex, after removal of about lg
of coagulum, gave a result on "Nanosizer" examination of
O : 169. It had a solids content of 48.5% and the monomer
conversion was 98%. The total amounts of stabiliser
precursor and su:factant used were 5.5% and 4.7% respect-

20 ively based on the monomers taken. The amounts of initiator
and activator, on the same basis, were 0.006% and 0.05%
respectively. The latex had negligible electrophoretic
mobility at pH <9, and on heating to 92°C it underwent
flocculation. Both these observations indicate the

25 absence of iénic material and that the mode of stabilis-

ation of the polymer particles is steric..
EXAMPLE 2
This Example shows the preparation of a latex
of the same copolymer as in Example 1, but using a lower

30 level of the emulsifier and slightly lower levels of

hydrogen peroxide and ascorbic acid activator.



ination of the latex gave a result of 2:175. The solids:-content was 45%
-and t he nononmer conversion 92% The total anounts of stabiliser precursor
d surfactant were 5.5% 25 and 2.0%respectively, based on total ,
noner, and the total -anounts pf initiator and activator were 0.005% and
0. O4%respect|vel y, on the sane basis. EXAMPLE 3 This Exanple illustrates
the Qreparatlon of a 30 | atex of the sane copol yner as |n Exanpl es 1 .and

2, 'but using a st r *gmé The N
procedure of Exanple ﬁleésgé‘gfoga?@fwt t he sarre%r#at erl aI S IMmthe sare
quantiti the samepguahtitiés oftmatexialscsixgepnt ashEaldowest-hyl et her of

- poly- ethyl eng gl Olt nol . wt. 2000 was replaced by an equal 5 anount of
t he net haé-ﬁ-?-&i—e—%iﬁ%?—%f— t he nononet hyl et her of polyethylene glycol,

nmol . wt. 500 and t hgydtbdent pérckidge20weralsl t er ed aso‘miﬂlbvv@ - "Seed".

initiator FWdrogen gerOX|de 20 vol s.

og 10
Ascﬁrbi c acid 0.4 g V\ater g

5.0 g Fi rst "f egfcotbiéi @&pd Hydrogen peroxide, 209,@1s. ¢ 12.0
g {\Water . _ 8.0 g 15 Ascor bi c
acid - Water - - - 1.0 g t\Water 1.0 g
19.0 . Pir6EOonfacheelhatghtiator. {Hydrogen peroxide, 20 vols.
>0 _ ‘Methyl methacrylate 50 SQf% g

10 - Butyl acrylate ° ' ' 60.8 g
Hydroxyisopropyl methacrylate 16.8 g
Surfactant' A ' o '1;48 g
Precursor A - o ' 8.8 g

- Second "feed" charge '

15 - : Methyl methacrylate ' 17.2 g
Butyl acrylate -~ - 14.2 g
‘Bydroxyisopropyl methacrylate ' 3.6 g
Surfactant A S 0.35 g

No final'initiator "spike” was used in this case.
20 _ . The latex obtained contained about 4g of
- coagulum. After this had been removed, “Nanbsizer“'exam—_
ination of-fhe latex gave a result of 2:175. .The solids
"content was 45% and the'monbmer_conVersion'QZ%.'Thé total
‘amounts of stabiliser érecursor and surfactant were 5.5%
25 and 2.0% respectively; based on total monomef; and the -

‘total amounts of initiator and activator were 0.005% and
'0.04% respectively, on the same basis.
EXAMPIE 3

_ This. Example illustrates the preparat:l.on of a
30 __latex of the same copolymer as 1n Examples 1 and 2, but

using a stabiliser precursor of lower molecular weight.



20 Ascorbic acid : 0.4 g {Water
10.0 g No findl initiator "spike" was used in this case. The resulti
| atex, after separation of a very snmall agmunt of coagulum gave on >/
"Nanosi zer" exami nation 25 aresult of72 T 131. .The solids content Was~
44. 7% and the nonomer conversion 94.8% The anounts of stabiliser precursor
and surfactant were in total 5.5%and_ 4. 7% respectively, and of initiator

and activator 0.6% and 0.9% FRepBESFeENTe ShBXATRLE |} Was aeRARted with
mondifers 30 - takehe ski8 htE¥iAtEceH! ehe e NEAL ide TRklrt that
EXAMPLE 4 This Exanple illustrates the preparation of a stable 51ex of a
copol ymrer containiggeamgﬂbgcamiiale@t@powfithﬁcwonpmeﬁhxiieﬁhérnmdb@edy-viz.

St to, et no” hEERend, ghvegt gt TS0 a1

200 g Surfact ammosnt of the methacrylic ester &F the gnohidmethyl ether
ﬁ;?ﬁ;{; f 3 Ir af\e of polyethy leni Oglyco ]g. EERZ%AW%C r e?%ﬂ%%n%rnitlygs:gy
8 g "Seed" inithargesldere altered as Hyswes:peroxide, 20 vols.
j:g g Ascor bi c aﬁéged" initiator _ 0.4 g-vatEr
Hydrogen peroxide, 20 vols. 4.8 g
10 Ascorbic acid . 0.4 g
{;ater _ ' : : : 5.0 g
Firs£ "feed" initiator |
Hydrogen peroxidé. 20 vols. _ 12.0. g
{;ater 8.0 g
15 Ascorbic acid _ | l.o g
{Water ' 19.0 g
Second "feed" initiator _ |
Hydrogen peroxide, 20 vols. 5.0 g
{Water ' | 5.0 g
20 Ascorbic acid i ' 0.4 g
{;ater 10.0 g

No final initiator “spike" was used in this case.
_ The resulting latex, after sepafation of a very
small amount of coaguluﬁ, gavecni"ﬁanosizer“ examination
25 a result of 2 : 131. The solids content was 44.7% and
the monomer conversion 94.8%. The amounts of stabiliser
precursor and surfactant were in total 5.5% and 4.7%
respectively, and of initiator and activator 0.6% and
0.9% respectively, based in all cases on the monomers
30 taken. The latex flocculated on heating to 72-77°c.

{



First "feed" charge Methyl nethacryl ate . 48 g 20

Butyl acrylate 65 g Aycidyl nethacryl ate

. g Surfactant A . - 6 g Precursor A

}. g First "feed" initiator éﬁ% . Hydrogen peroxi de, 20 vols.
17 g (Ascorbic acid 1 g . Water :
12 g Second "feed" charge Methyl nethacryl ate A0
g Butyl acrylate - .~ - __ .. __ 13 g Aycidyl nmethacryl ate
7 g5 . ' _ SurfgéaggégAi s - S 1.2 g
Second--"feed" initiator Hydrogen_peroxide, 20 vols. . 5 g
(Water Thlg_Examp;e_zllustrateg_the Pﬁe?QEQEﬁ?PC°%C?d
0.4 ggldpie 1atex of a"ébBblymer containing a substantial 9 g

The product was a latex of Copolynmer of the Conposition nethyl : _
met hacr proportion ofcpy"neaciye dppnaperRacy¥Zat 812aidv] methayvi ng a Tg of
5[err]Ca- hQlgeSePar - ation of a very small anount of coagulum this I|atex
15 gave*a result of 1 : 163 on "Nanosizer" determ nation. The solids

cort ent was 46. 7%rhedprbecedurencf Examplei dnwds. Sépedoed) wsingt s of
stabiliigr %53 ursor, surfactant, initiator and activator were 5.6% 4.75%
0. 65% arrd*€o: éP@&ﬁ@bF EBYS°based on total nonomer. ‘

Initial charge

Deionised water = ' 200 g
Surfactant A ' 2.2 g
1o ' - Precursor A - S 2.2 g

“Seed" monomers -

- Methyl methacrylate 10 g
Butyl acrylate _ 8 g

"Seed" initiator

15 _ | Hydrogen peroxide, 20 vols. o 4.8 g

Ascorbic acid : 0.4 g
Water S - 4.0 g

| First "feed" charge

. Methyl methacrylate " ' 48 g
20 . - . Butyl acrylate ' | 65 g
| Glycidyl methacrylate | 38 g
Surfactant A " 6 g
Precursor A g

: First "feed" initiator
25 : Hydrogen peroxide, 20 vols. = 12 - g
Ascorbic acid 1 'g
"{;ater o S 12 g



20 ' EXAMPLE 5 This is a repetition of Exanple 4 on.
a |larger scale and u3|ng a different surfactant in the "feed" charges. --**q
procedure of Exanple 1 was repeated, u5|n9 25 the foll ow ng charges: ‘

| hitial charge Deioni sed water - 1000 g Surfacta

11 g Precursor A 11 g 30 "Seed" nonomers
Met hyl met hacryl ate S . 50 g. Butyl acrylate
40 ;J_g " Seed" §SEEE§L0§EEQAL5§EES$eroxide 100 vol s. 4.8 g
(Ascorbic acid 2. g {\Water :
5.0 g5 First "feed" ch&FQbYL@m¢GMa¢E¥¥E&§yIate : 10 240
g Butyl acrylate %@g g A ycidyl netha Ryl ate
190 g Aeic acid ester o? %ol?%?%y ene 10 glébol' g
nol .wt. 400 * GRPcidyl methawmrtybate A g
145 g * hereinafter refegr tp._as,Surfactant B First "feed' |t|ator'
"(Hydrogen per 0xi de, 100. voléuggacghnguﬁz g 15 ' {9@?
18 g {Ascorbi gegohd "feed" initiator S) g
| {%ydrogen peroxide, 20 vols. ' 5 g
Water g
{Ascorbic acid - ' I 0.4 g
10 Water ' R 9 g

The product was a latex of copdlYmer of the
composition methyl methacryiate/butyl écrylate/glycidyl
methacrylate 34/43/23, having a Tqg o£-5°C. After separ-
ation of a very small amount of cocagulum, this latex

15 gave a result of 1 : 163 on "Nanosizer" determination.
The solids content was 46.7% and the monomer conversion
95.5%. Total amounts of stabiliser precursor, surfactant,
initiétor and activator were 5.6%, 4.75%, 0.65% and 0.9%

respectively, based on total monomer.

20 : EXAMPLE S

This is a repefition of Example 4 on a larger
scale and using a different surfactant in the "feed"
charges. |

The procedure of Example 1 was repéated, using

25 the following charges:-

- Initial charge
Deionised water 1000 g
Surfactant A - | 11 g
Precursor A ' | 11 g

30 "Seed" monomers
Methyllmethacrylate o ' - 50 g.

Butyl acrylate 40 g



hyl met hacryl ate 50 g 20 But ylI

Yl ate 65 - g Gycidyl nethacryl ate
3 ‘ g Surfactant B f% : 6 g Second "feed"
intiator {ydrogen peroxi de, lgb ol s 5 g 25
{Wat er 10 g (Ascorbic acid L -
2 . . el nieiat S 13 ' g The resultlngﬁq
| atex c =t ts' which were reaned by fiItratlon "Nanosi zer"

The t ot
acti vat

nononer .

Is gedu
unchang
. injitiat
peroxid
2.0
2.0

10

15

20

25

30

25 g Second . feed" charge

exam nation of 30 the filtere ave a resul f : 162. The
sol i ds content an&hﬂ¥ﬁﬁiﬁﬂ'ﬂﬁﬁ9f§aﬁ hsﬁb 8@6and 95. 6 68 regpectlvely
al anmount g AfectiAli ldci@ precursor, surfactant, ppptiat

and

or were 536% 4.75% 1.6% and 1. 4@6respect|vely, based on t ot al

EXAVPLE (#fag-er In this Exanple, the PeQel

» Exanpl e 4 was repeated, ‘except. that the
o Cher OeS MRG0 10 Sesl (1 Lighor pyarogen
g Ascor bi c Batiyd acrylate 0. 004 385{waterg '
g Glycidyl methacrylate = - 190 g

Oleic acid ester of polyethylene:
glycol mol.wt. 400 * 30 g
Precursor A e 45 g
_ _ * herelnafter referred to as Surfactant.B
Pirst “feed" initiator
a Hydrogen peroxide, 100 vols. 12 g
{Wate:_ L R 18 g
Ascorbic acid -
{Water - B 25 g
Second "feed" chafge : o
Methyl methacfylate " 50 | g
Butyl acrylate . 65 g
Glycidyl methacrylnte _ 35 g
Surfactant B | o - 6 g
Second “"feed" initiator - |
Hydrogen peroxide, 100 vols. 5 g
Water o 10 g
Ascorbic acid _ 2 g
{Water _ . 13 g

of initiator
AP G al Exanpl es 4 and 5; the copol ymer conposition is

The resulting latex contained some 'bits' which

were removed by filtration. "Nanosizer" examination of

the filtered material gave a result of 2 : 162. The solids -

content and monomer conversion were 48% and 95.6%



15 First "feed" initiator {Hydrogen peroxide, 20 vols. 0.12?£g§3

{Water ) 20 g {Ascorbic acid o
0.01 g Water , 20 g 20 Second "feed"

i hitiator {Hydrogen peroxide, 20 vols. ﬁLé 0.048 . g Water s
2.0 g Ascorbic racid 0.004 g Water N
2.0 f g 25  After renoval of a very small anount of coagulun1 t he

resglting latex g 110 S X t

=solgﬁe cont ent megygaﬁgé; c# #h? ééan&egngnQ%7 @6 li Fgg ? E?Iggr’
precursor and Surfﬁﬁfacﬁfﬁn&,eviﬁhs:wo& taind %ﬁvatornwEx'&rrﬁLG%,44amd’45 but-
the 30 |n|t|atgg.%£ é%) Ievels re, 0. 006% and 009%
respectively, bas EEb? gnEfgﬁﬁFemQHBWErthe
‘inclusion of a chain- transfer agent |n the pol ynerisation m xture. 5

The procedure of Exanple 4 was repeat egixagpp3@ple for the follow ng
alterations to sone of the charges:- "S€e€d™ rnitiator {Hydrogen peroxide,

20 vol s.

5 Hi's Example, the level Ps0 9
10 Ascorblc amlkwg s Example e leve 05 6n1t1at?r |
10.0 g First " fmucqﬁnasgs:qmamd witha Expmples 4 and 5; the comBymer
9 composition is unchanged.

The procedure of.Examplé 4 was repeated, except

that the initiator éharges were altered as follows:-

10 YSeed” initiator
Hydrogen peroxide, 20 vols. . 0.048 g
Water 2.0 g
Ascorbic acid 0.004 g
Water ' 2.0 g
15 First “feed" initiator
H&drogen peroxide, 20 wvols. 0.12 g
Water _ 20 g
Ascorbic acid : 0.01 g
Water 20 g
20 Second "feed" initiator
Hydrogen peroxide, 20 vols. : 0.048 g
Water 2.0 g
Ascorbic acid 0.004 g
Water o 2.0 g
i 25 After removal of a very small amount of coagulum, the

resulting latex gave a result of 1 : 171 on "Nanosizer"
examination. The solids content wee_41.2% and monomer
conversion 87.8%. The stabiliser'precursor and surfact-
ant levels were the same as in Examples 4 énd S, but the

30 -initiator and activator levels were 0.006% and 0.009%



Butyl acrylate 65 g 15 . + Gycidyl
mqthacrylate 38 g Surfactant A
SR g Precursor A ' 9 g Ethyl

¥ br ono- 2- met hyl propi onat e irq.BB_ g First "feed" initiator 20

drogen peroxi de, 20 vols. 12 g {vater
g Ascorbic acid : 5 g Water oy
15 Qeﬁ%@ﬂ%ivéﬁ98dbaﬁgar3ﬁ:gétal monomer. Methyl nethacrylate -/
10 . g Butyl acrylate 13 g dycidyl
met hacryl ate g Surfactant A
1.2 g Ethyl 2-brono-2- netBﬁhﬂEéELﬁnate ~0.17 g. Second "feed"
“initiator Hydrogen peroxide, 20 vols. 5.0 g {\Water

5.0 g Ascorbic Tbis$ Example shows the inclusiof of g chain- .
{Wat er The resulting |atex
containe&r§n55F§ 298Pt éﬂbﬁﬂ? 8?1¥8§5ﬁ?ﬂﬁf°%TTg¥tgﬁiarat|on fromthis, the
| at & gave a resul ghef pioceaﬁﬁeOOf"Bhﬂﬁpléell"wﬁaﬂéﬁ@ét@db gt ex had
solid content 42@6 noner conversion was 93% .10 The initiator
Snd act | FeoheoFRLionsRe BLBSTREAGRE. E0, PoRRCoE| Cae chaRERRF D1 1ot ol
-nmononer: the stabiliser precursor and surfactant |evels were the sane as in

Exanpl e 4Seed" initiator

Hyéfoéen pér6xide, 20 vols. | 4.8 g
Water o | 5.0 g
10 Ascorbic acid _ - 2.0 g
' Water : L 10.0 g
First “"feed" charge
Methyl methacrylate 48 g
Butyl acrylate T -1 g
15 Glycidyl methacrylate 38 g
Surfactant A o . g
Precursor A g
Ethyl 2-bromo-z-methylproplonate’ 0.83 g
First "feed" initiator
20 Hydrogen peroxide. 20 vols. 12 g
Water o S 15 g
Ascorbic acid a .5 g
Water . B - 15 g
Second "feed" charge y
25 Methyl methacrylate _ | 1w g
' c Butyl acrylate I 113 g
Glyc1dy1 methacrylate _ 7 g
Surfactant A : 1.2 g
Ethyl 2-bromo-z-methylproplonate ' 0.17 g



EXAVPLE 8 15 : B Thi s Exanple il lustrates the |ncorporat|on into

the | atex polyner of a different "reactive" nononer fromthat shown in ‘1@
Exanpl es 4-7. The procedure of Exanple 1 was repeated, using the follow Agi®
charges:- 20 Initial charge Deionisedeg?en 200

g Surfactant A : . g Precursor A

2.2 g "Seed" nononers 25 : Met hyl nethacryl ate _
9.6 ., g Butyl acry%g% " € 3 ed 8.3 . g "Seed" initiator
Hyd?ﬁgen per oxi de, bpd ?eed lnlt;at°r4.8 g Ascorbic acid

0.4 30 Wat - :

First 9feed" char ge N@thyl ?ﬁﬁ%???a?erOX1de' 20 vols. 80 é But?g
acryl ate Wat&p g [err]-Methacryl oxypropy.ari-gb

met hoxysi | ane 8 - g Surfactant A

6.72 g Precursor A - '{hscorblc acid = 9.24 g First "feedo. g

I nitiator Hydrogen peroxide} 20 vols 12 g 10 '

Wat er 5 ter 8 g {Ascorbic acid 10-0 g

1 g Water 19

The resulting latex contained a veryg%mall amount of
coagulum; after separation from this, the latex gave a
result of 1 : 164 on "Nanosizer" examination. The latex
had solid content 42% and the monomer conversion was 93%.
10 The initiator and activator levels were O.65% and 4.5%
respectively, based on total monomer: the stabiliser
precursor and surfactant levels were the same as in

Example 4.
EXAMPLE 8

15 This Example illustrates the incorporation into
the latex'polymer of a different "reactive" monomer from

that shown in Examples 4-7.
The procedure of Example 1 was repeated uszng

the following charges:-

20 Initial charge

Deionised water 200 g
Surfactant A ' ' 2.2 g
Precursor A B 2.2 g

"Seed" monomers

- 25 Methyl methacrylate 9.6 g .
Butyl actylate - 8.3 g

"Seed" initiator

Hydrogen peroxide, 20 vols. - 4.8 g
{hscorbic acid 0.4 g

30 Water 5.0 g



i

Second "feed" charge Methyl nethacryl ate . 15. g 15

tyl acrylate 15 g y- Met hacryl oxypropyl tri-.
Qfg%éhoxysilane 3.0 g Surfactant A .
6 g Second "feed" |n|t|ator93m Hydr ogen peroxi de, 20 vols.
5 g {water : 10 g {Ascorbic acid
0.4 g Water . 10. g The resulting |atex

contalne@iabauwfggdofchaag el um 25 after renoval of the latter, the

| atex gave a result of 1 : 159 on "Nanosizer" examination. The sol i ds
content was 47. 8%)gg@hyhemgenaagglaeaver5|on 97.9% Theot ot alganounts of
stabiliser precursor and surfactant were 5.2% and 4. 7@6respect|vely and
the total anounts BMt¥hi AFEYLRESO and activator 0.5 and D. 8%
respectively, all hamg¢ngRryio gyl eppooners. The | atex polymer had t-he
comgosi tion nethyl et hageyha %MLM acrylate/[err] naghacry oxypropyl
trimet hoxysil ane 48/47/5. EXA . This Exanple illustrates
t he production of §ur§ﬁskapbl9ner haV|ng a crossllnked Qxﬁ%a*ghrough t he
inclusion of a po'¥%3@ﬁ&h8Pah mononer in the initial "fged, charge,

together w t-h an ou carrying functional groups derived froma

'reactiv r RL gnt in the second "feed" charge. The procedure
of Exanp&é—%gwaggggpeépéé-—ggr _ | .

{hydrogen peroxzde, 20 vols. ) 12 g
10 -  {water ' - g
_ Ascgrblc acid _ 1 g
Water _ , 19 g
Second_ "feed" charge
Methyl methacrylate 15 g
is - Butyl acrylate : e : 15 g
. y-Methacryloxypropyl tri- _
methoxysilane _ . 3.0 g
Surfactant A N 1.26 g
'Secoﬁd "feed" initiator
20 Hydrogen peroxide, 20 vols. S 5 g
Water . . 10 g
Ascorbic acid 0.4 g
| Water ' o 10 g .
The resulting latex contained about lg of coagulum;
25 after removal of the latter, the latex gave a result of

1 : 159 on "Nanosizer" exéﬁihétioﬁ. The solids content
was 47.8% and the monomer conver31on 97. 9%. The total

- amounts of stabiliser precursor and surfactant weré 5.2%
and 4.7% respectively, ‘and éhe-tqtal amounts of initiator

30 . and activator 0.59% and 0.8% respectively; all based on



the foll owi ng’ charges - Initial char ge Dei oni sed wat er _ "\
200 g 15 Surfactant A 2.2 s

Precursor A 2.2 g "Seed" nonomers thhyl

mét hacryl at e 9.6 ¢ yl acrylate i
8.3 g 20 "Seed" initiator {Hydrogen peroxide, 20 vols. _

0.024 g water 1.0 g Ascorbic aC|d

0.01 . g Water the total monomers. The latex7€3%§hergh¥§ he Fddmbosititsh
charge Met hyl nethacryl ate Butyl acryltate
71.7 g Alyl WXl,ulamthacrylate/butyl acrylaﬁem-mgtmﬂmmro@yl
5.9 g 30 598heA 8.8 ¢
First "feed" initiator ﬁ@&?@g&% %Sr3§(3%( 20 vol s. 0.12 g{(vater
10.0 = g Ascorbic acid .05 g b Wat er
10.0 g Second "feed" charge Mt hyl n%%%%%%%+gte ] I 10 g
Butyl acryl at . 15 . c'd nmet hac at e

10 g 10 5 _ SurFa&Paﬁ¥amPle 119u§1¥5 e the proé&&prnQ?f a

latex polymer having a crosslinked core, through the
inclusion of a polyfunctional monomer in the initial
"feed" charge, together with an outer shell carrying
functional groups derived from a "reactive" monomer
10 present in the second "feed" charge.
The procedure of Example 1 was repeated, using

the following charges:-

Initial charge

Deionised water | 200 g
15 | Surfactant A = ' 2.2 g
Precursor A 2.2 g'

"Seed" monomers

Methyl methacrylate. ' h 9.6 g

 Butyl acrylate 8.3 g
20 rSeed" initiator |
Hydrogen peroxide, 20 vols. 0.024 g
-{;ater' _ 1.0 g
Ascorbic acid ' | 0.0l g
{Water | 1.0 g

25 First "feed" charge

* Methyl methacrylate | 71,7 g
Butyl acrylate ' ' 71.7 g

Allyl methacrylate . '_ 4.0 g

~ Surfactant A : 5.9 g

30 _ _?recursor A _ - 8.8 g



Second 'feed" initiator ydrogen peroxide, 20 vols. , -0.048 g {water
2.0 g (Ascorbic acid : 0.02 g 15 Wat er

‘ g The resulting | atex polynmer had the overall conposition nethyl P
Qpnacryl at e/ butyl acrylate/allﬁi methacryl ate/ glycidyl nethacrylate

46/ 47/ 2/5 and it had a Tg of 1 TNanosi zer" exam nation of the |atex,

after renoval of 20 about 2g of coagulum gave a result of 1 : 194. Fhe
solids content, and nonome| conver5|on were 46. 5% and 98% respectively. The
total a _ e- cursor, surfactant, initiator and
activator taken \;ﬁ:&ég M@&OO&%@;&O 05%resmaq_t2| vgly, all ‘based
on 25  the tot nmononer.” EXAMPLE 10 This Exanple illustrates the use of
a different pol yf tednal nDnoner fromthat shown i A0=Ranpige 9; in this

case al so the pol AL o f%F ﬁaobtalned had a "core- 30qg ell”
ure o

structure. proce Exanpl e 9 was repeated, exce for.
al tBration of cer‘@ntﬁnf the charges as follows:- Fimsio "fged" charge
Met hyl - nmet hacryl ate - : 71.5 g5 But yl
acryl at eSecond "feed" charge 71.5 g 1:.6- Hexanedi ol diacryl ate
4.0 g Surfactant A o : 5 9 g Precursor A
8.8 g First "feeéthyDinmétHadrylate ' 10 g

Butyl acrylate . 15 g

Glycidyl methacrylate o 10 g

1o . Surfactant A ' o 1.4 g

Second "feed" initiator

Hydrogen peroxide, 20 vols. _ 0.048 g
Water o _ - 10.0 g
Ascorbic acid ' : 0.02 g
15 lwater - : 10.0 g

The'resulting latex polymer had the overall composition
methyl methacrylaté/butyl acrylate/allyl methacrylate/
glycidyl methacrylate 46/47/2/5 and it had a Tg of 1s5°¢.
"Nanosizer" examination of the latex, after removal of
20 about 2g of coagulum, gave a result of 1 : 194. The
 solids content.ané monomer conversion were 46.5% and
98% respectively. The total amounts of stabiliser pre-
cursor, surfactant, initiator and activator taken were
5.5%, 4.7%, 0.006% and 0.05% respectlvely. all based on

25  the’ total monomer. -
EXAMPLE 10

'This Example illustrates the use of a different
polyfunctional monomer from that shown in Example 9:; in
'this case also the polymer particle obtained had a "core-
30 shell" structure. '



10 Hydr ogen peroxide, 20 vols. " 0.144 g Water
12 g fAscorbic acid 0. 06 g {Water _-

12 g The resulting latex contained only a very small anount of 15
cbagulum after this had been separated,_tfe latex gave on "Nanosi zer"
exam nation a result of 1 : 218. The solids content was 44.60% and t he
nononmer conversion 91% The anmounts of surfactant precursor, surfactant,

ini {Tator and activator use r tigl as | Q5
Exanple 9. The | atex pol'ynedfx\ﬁaér%%%%%%lo %et%%sn%tehgg%ﬁdét eeftﬁﬁf’ﬁ
acryl at e/ hexanedi ofodi attetatidml of i cisrtaimi ot reHentchataies)/ As5 faldows:kad a
Tg of 15[err]C. EXAMPLE 11 This Exanpl e shows an anal ogous procedure to 25
that of Exanple 9, ribste"féedpacharcde shell is caused to- carry hydroxyl and
car boxyl groups instead of epoxide groups. The procedure of Exanple 1 was

repeated, using the foll ow nge€iil dRsthacrylddd i al charge Deionisqgsmateg

200° g Surfactant A 0.9 g Precursor A
0.5 g5 "Beed" nonomers FEERYyIaGRHIAES vl at e o ~ 713594 g9
Butyl acrylate 1:6-Hexanediol® dlac23A%td Nitiator {Hygrggen g
per oxi de, 20 vols. 0.024 ¢
Surfactant A 5.9 g
Precursor A : 8.8 g

First “"feed" initiator

10 Hydrogen peroxide, 20 vols. : 0.144 g
| Water o | . 12 g
{éscorbic acid ~0.06 g

Water : 12 g

The resulting latex contained only a very smail amount of

15 coagulum; after this had been separated, the latex gave
on "Nanosizer" examination a resﬁlt of 1 : 218. The
solids content was 44.6% and the monomer conversion 91%.
The amounts of surfactant precursor, surfactant, initiator
and activator used were substahtially the same as in

20 Example 9. The latex polymer has the composition methyl
methacrylate/butyl acrylate/hexanediol diacrylate/glycidyl
methacrylate 46/47/2/5 and it had a Tg of 15°C.

EXAMPLE 11

) This Example shows an analogous procedure to
25 that of Example 9, where the particle shell is caused to
carry hydroxyl and carboxyl groups instead of epoxide
groups. _ |
The procedure of'Example 1 was repeated, using

the following charges:-



10 Vat er ' - | 1:0 - g {Ascorbic

aci'd _ 0.01 g {\water

\ g First "feed" charge Mt hyl nethacrylate 3.9 g .

But yl acryla&qxg - 33.9 g Allyl
hacryl at e ‘2.16 g Surfactant A
2.7 g Precursor A 4.5 g First "feed" e
initiato {Fwdrogen perOX|de 20 vol s. 0.12 g
{vat er ig;;;g;_ghe;gg 10.0 g Ascorbic acid
0.05 g {vater ; } = S '10.0 % Second "feed" charge
25 I\/E‘??Fa?ﬂj;ﬁ?‘?: "ﬁtﬁf 97g g Hydroxyet hyl
acrylate - " Ssurfactghtd 0 Butyl. acrylate - 13. 97
g Surfactant A 0.9 g Second "?éed" initiator
Hydr ogen per oxi de, PReeursar A . 0.048 g {Water©0.5 g
1.0 g {Ascorbic acid -0.02 g {Water
1.05 'Seed| mopomensdr "spike" {Fwdrogen perOX|de 20 vol s.
0.024 g {water 1.0 g {Ascorbic acid
'0.01 g 10 Methyl mﬂﬁhacrylate _ _ 1.94 g 1.0 g
' Butyl acrylate 2.10 g

"Seed“ initiator

Hydrogen peroxlde, 20 vols. _ 0.024 g
10 Water ' 1.0 g
Ascorbic acid 0.01 g
Water _ _ . 1.0 g
First "feed" charge
| '_. Méthyl methacrylate L 31.9 g
15 Butyl acrylate . 33.9 ¢
' Allyl methacrylate 2.16 g
Surfactant A o R 2.7 ¢
Precursor A o 4.5 g
" First "feed" initiator:

20 _ ' Hydrogén perbxide. 20 véls.' | 0.12 g
. Water ' | 10,0 g
Ascorbic acid - 0.05 g
Water o - - 10.0 g

~ Second "feed" charge |
25 | Methacrylic acid ' 2.97 g
Hydroxyethyl acrylate N 4.24 g
Butyl acrylate S o 13.97 g
Surfactant A . 0.9 g



Second initiator . "splke" {Hydr ogen peroxi de, 20 vols. 0.12
(Wat er ' 1.5 g Ascorbic acid

0.05 g 15 {Wat er - 1.5
s&cond initiator "spike" in this case mas<§gged to the polynerisation
m Xture about 30 nminutes after the first ' ke" and heating at 50C was
continued for a further.2 hours. 20 The resulting | atex was

free from C‘%ﬂéﬁﬂ %ﬁa Ig%g.om zer" result of 1 : 175. The
soI s content was Ahitia onverS|on 93 9% The total
anounts of stabiliser precur n rfa re 5.4% an %
respectively, and the total ar? %r'r;()%r?f?&t]'?gl ni PP~ and acti v(gt%f 0.916%
and 0.11% respectively, all {(batet on total _nononers. The | atex ppJgner dad

t he conposition. methyl nethacrylate/butyl acrylate/allyl methacryl ate/
met hacrylic aci d/ hydroxyet hi\amﬂgi&t @cidb/ 54/ 2/ 3/ 5. EXAMPLE @ ZoZ hi

SR

Exanpl e shows the productiog of a "siliconised" |atex polyner through t
use of tetra- ®thyl silicat €Xconjunction with a hydroxyl grotqR 5 9

cont ai ni ng nononer .pik¥: AR @fséganfpl e 1 was repeated, using the
foll-ow ng charges - Tnitral charge Toni sed water 200

g 10 : Sur f act an{}!@drogen peroxlide,‘ 20 vols. 2 2 9 0.024 g
Water _ 1-.0 | g
Ascorbic acid _ 0.01 | g
10 {Water _ S 1.0 g
Second initiator “"spike"
{Hydrogen peroxide, 20 vols. 0.12 g
Water 1.5 g
Ascorbic acid _. 0.05 g
15 {Water | _ 1.5 g
The second initiator "spike" in. this case was added to
Ehe pdlymerisation mixture about 30 minutes after the
first "spike" and heating at 50°C was continued for a
further 2% hours.
20 The resulting latex was almost free from
coagulum and gave a "Nanosizer" résult of 1 : 175. The
solids content was 29.3% and the monomer conversion 93.9%.
The total amounts of stabiiiser precursor.  and surfactant
_ used were 5.4% and 4.8% respectively, and the total
. 25 amounts of initiator and activator 0.016% and 0.11%"

respectively, all based on total monomers. The latex
polymer had the composition methyl methacrylate/butyl
acrylate/allyl methacrylate/ methacrylic acid/hydroxyethyl
acrylate 36/54/2/3/5.



Precursor A | 2.2 g "Seed" nononers Aet hyl

;hacrylate. 9.6 g Butyl acrylate _
g 15 "Seed" initiator Hydrogen peroxide, 20 vols.. 4.8 g .

orblc aci d , 0.4 g Water

0 g First."feed" charge 20 20 Met hyl nethacryl ate

69. 8 g Butyl acrylate 60. 8 Fwdroxylsopropyl -

nmet hacryl ate 16.8 g Tetraethfl silicate : 7.5 g o

Surfactant C * . EXAMPLE g 25 ' - Precursor A

8.8 g First "feed" i nitiator FWdrogen perOX|de 20 vol s. - 12.0 g

Water This Example shows gtlge prg:dxmm ®fad d .

1.0 g 3 " 9.0 g~

Sur f act an 3 con %dcon%gnsa?%l%weﬂoﬁ§ °¥ﬁa %ﬁ?:ﬁflﬂﬁ 12 proportlons of

ethyleneebh?ﬂeslllc&keond "éenﬂﬁnchbmgewﬁkhtgﬂhydﬂdmwdryha&e

17 L _acryla 14. 2 g Hydr oxyi sopropyl

acrngPgXLnlng monoge% g5 ' ‘Tet r aet hyl silicate

2 5 g SurfactantThe procedure of Example 1 wasl repeated;caadngf eed”

n r
| ItIatoth following charges =

In1t1a1 _charge

Deionised water 200 g
10 o Surfactant A o 2.2 g
 Precursor A 2.2 g

"Seed" monomers

Methyl methacrylate. : 9.6 g

Butyl acrylate _ 8.3 g
15 "Seed" initiator .
Hydrogen peroxide, 20 vols. ._ - 4.8 g
Ascorbic acid | 0.4 g
Water - o 5.0 g
First “feed" charge :' o |
20 " Methyl methacrylate 1 69.8 g
Butyl acrylate 60.8 g
Hydroxyisopropyl methacfyiete 16.8 g
Tetraethyl silicate | 7.5_ g'
Surfactant ¢ * o 5.9 Q
25 - precursor A B 8.8 .g
First "feed" initiator ' o B E
Hydrogen peroxide, 20 vols. 12.0 g
water ‘ 8.0 g
Ascorbic acid - 1.0 g
30 - Water S © 19.0 "gi

* Surfactant C is the condensate of nonylphenol wzth

30 molar proportlons of ethylene oxide.



Hydr ogen peroxide, 20 vols. 5.0 g \Water

5.0 " -g 10 _ Ascorbic acid 0.4 _
Wat er 1%!.0 g The resulting | atex @
cobntai ned a very small anount of coagulu whi ch was renoved by filtra !
The filtered material gave, on "Nanosizer" exam nation, 15 the result o
*1:164. The total anounts of stabiliser precursor, surfactant, initiator

‘and; activat or usedSegerdn Peed™ dmrge 75% and 1.05% respectively, based on
totall nononmer. The conpositi the.l a ol ymer in terns of e
starting materials was 46/ 3&?%7%{5]' r%eﬁ:ﬁxﬁctr%a%_e 20 acryl at e/ bui‘?fz g
acryl at e/ hydr oxyi sopropyl n@Bdadr deatydl/atieet r aet hyl silicate. 114.2 Ag

pol yneri sation process in vvg:{c‘# at | east Oﬁ'g etﬂ | eni cal | y unsaturat ed
nmonomer, having a sol ubi | i t Y9 RESCREPY e MR é@rﬁ:léﬁ%- 8% by ¥&fght9d but
giving rise t® a pol yner whiTdtdaethidolgillieake water, is emulsifigdsin g
‘water and is subjected in that state to polynerisation in the presence ©of
(a) a redox-type pol yneri satfwfastantaCor system conprising hydrogeh ¢
peroxi de in conbi rgddsHa WdePsayikiiatasl d, (b) a conventional non-ionic
surfactant and (c) a precursor conmpound containing in the nolecule (i) a.
pol ymer chai n whi ch has a nilvsoggen pergiidel 20 vedst 400, and i%.Qer ge

-soluble in the agqueous phasg.«pd (ii) an unsaturated grouping 'c&‘n IS

copol yneri sable with the nononer or nononers being polynerised. Z2o° R

‘process as cd@ined in cl ai mABcorbdceaerithe nonomer 0.4 g
' Water : 10.0 g

‘The resulting latex contained a verj small

amount of doagulum, which was removed by filtration.

The filtered material gave, on "Nanosizer" examination,
15 the resultl1:164.- The total amounts of stabiliser

pPrecursor, surfactant, initiator and activator used were

5.2%, 4.5%, 0.75% and 1.05% respectively, based on total

monomer. The composition of the latex polymer in terms

of the starting materials was 46/39/10/5 methyl meth-
20 acrylate/butyl acrylate/hydroxyisopropyl methacrylate/

tetraethylsilicate.




-

bei ng polynerised is such that the resulting polyner has-a gtass transition
pAerature of not nore than 60[err]C 3. A process as clained in claim
q;h_ckain12, wherein the hydrogen peroxide is enployed in an anmount of 2
piif)0. 003% to 6. 0% by wei ght, and the ascorbic acid in an anmpunt of from
% LO 7. 5% by wei ght, based on the anmount of nononer being pol yneri sed.
4. A process as clained in angﬂfne of clainmse 1 to 3, wherein the pol yrer
chain of the precursor conpound Which is soluble inthe agueous phase hésﬁh
nol ecul ar 'wei ght of at |east 1000. 5. A process as clained in-claim4,
wherein the nglyder chain is der-ived froma polyethylene glycol, or a
nmonoal kyl— et her thereof, in which the alkyl group-contains from1 to 4
carbon atons. 6. A process as clained in claim5, wherein the polyner

cpaimfis fkw@dmykﬁfm@gtacﬁobyS@éggeggsgﬁgggbt Qé$§tn@m@nethyl et her fheregf,
of nol ecul ar i ght_.i.n the_range 2000- R ¢ racess as clainme
in clain1Gghwﬁzéééq?lﬁﬁeuBF%&?ﬁé&ﬁéiﬂﬂﬂﬁﬂﬁﬂf,P§Yfﬂg ﬁefé&éh%%é%? acid ester of
t he nononetthyatshdn shepoagge h§tefe yldicbly, webght buoDirir A process.
as clai n'Edrité_’é Wfao?%lﬁgﬁggh{@h iio%/ql;%ol%‘iételiﬂfﬁQﬁe?Wf@Ct“an'; "E enpl oyed
in a proportion rrom 0, 5%t o0.10% by wei .0 e nononer to be

pol yneri se"'t‘f.mjgs.lfciedAlBr ¥REeE 2npd dsdisr%@%ﬁggnflnoﬁéaﬁfsﬁ%ﬁ 1 to 8,

wher ei n t o lymerisadi cooipotinel pregenesedif i(A)aapregoxtiyme of from 0.5%to
'20960f'tr“b&%?ﬂﬂ?isﬁ%ion initiator system comprising hydrogen

peroxide in combination with ascorbic acid, (b) a

t
1

conventional non-ionic surfactant and (c) a precursor
compound containing-ih the molecule (i) a polymer chain
which has a molecular weight of at least 400, and is
per se soluble in the aqueous phase;'ana (ii) an |
‘unsaturated grouping which is copolymerisable with the
monomer or monomers being polymerised. '

2. . _A.prbcess.as claimed in claim 1, wherein the monomer
being polymerised is such that the resulting polymef
has a glass transition temperature of not more than 60°C.

3. A process as_dlaimed in claim 1 or claim 2, wherein the
hydrogen'perokidg_is employed in_ah amount of from 0.003%
to 6.0% by'weight, and the ascorbic acid in an amount of
from 0.01% Lo 7.5% by weight, based on the amount of
.monomer being polymerised.

4. A process as claimed in any one of claims 1 to 3,
wherein the polymer chain of the precursér compound
which is soluble in the aqueous phase has a molecular
weight of at least 1000. ' _

5. A process as cléimed in claim 4, wherein the polymer
chain is derived from a polYethylene glycol, or a
monoalkyl ether thereof,'in which the alle groﬁp
contains from 1 to 4 carbon atoms. -

6. A process as claimed in claim 5, wherein the polymer
chain is derived’frqm a polyethylene glycol, or'a
monomethyl ether thereof , of molecular weight in the ”

range 2000-4000.
—_—

0



rmonomer bei ng pol yneri sed. 10. A process as clained in any one of clains
1to 9, wherein there is present, in an anmount of fromO.1%to 2% by wei ght
of the nononer taken, a water-soluble chain transfer agent. 11. A prOCﬁféiz?
ds claimed in any one of clains 1.to 10, wherein the nmononers to be
pol ynmeri sed include a reactive nononmer selected fromglycidyl acrylate, 5
gl ycidyl methacryl ate and y-nethacryl oxypeapyl - trinmethoxysilane. 12. A
_prgggss according to claim1l substantiar1?$as her ei nbef ore described, wth
“refefence to the foregoing Exanples. 13. A sterically stabilised queous

(dispersion of pol ymer bt alneds b & P3502133nCh 2 ek d fh AN PR8cREsSLA ™

compound is the methacrylic acid ester of the monomethyl

_ ether of polyethylene glycol, mol.wt. 2000.

8. A process as claimed in any one of claims 1 to 7,
wherein the surfactant is employed in a proportion of
from 0.5% to 10% by weight of the monomer to be
polymerised.

9. A process as claimed in any one of claims 1 to 8,
wherein the precursor compound is present in a
proportion of from 0.5% to 20% of the weight of
monomer being polymerised.

10. A process as claimed in any one of claims 1 to 9,
wherein there is present, in an amount of from 0.1%
to 2% by weight of the monomer taken, a water-soluble
chain transfer agent.

11. A process as claimed in any one of claims 1 to 10,
wherein the monomers to be polymerised include a
reactive monomer selected from glycidyl acrylate,
glycidyl methacrylate and y-methacryloxypropyl-
trimethoxysilane. '

12. A process according to claim 1 substantially as
hereinbefore described, with reference to the
foregoing Examples.

13. A sterically stabilised queous dispersion of polymer
obtained by a process as claimed in any one of claims
1 to 12.

* c L L] S *



