WD 98/ 18835 _ - - PCT/ EP97/ 05919 PROCESS
TO MAKE I N T OSI TI ONS COVPRI SI NG POLYVI NYL ALCOHOL- ANT -
5 41 ntroduM-#Wesent invention relates to a process t%’mﬁ% eﬁg g:-age
stable and | ow viscous aqueous suspensions conprising thermally labile
organi ¢ conpounds, at |east one polyvinyl alcohol, and at | east one
ndn-ionic 10 surfactant, to suspensions that can be obtained by this
process, and to the use of these suspensions in polynerization processes.
Background of PROGESSTOMAKE MITHTORCOMPORTIRINSTOMPRIGING nown as
safe fornmulations tor thermally l'abile organi c conpounds such as organic
per oxi des and POLYVINYL ALGOHOEBANMDISURFAGTANT are known for their ease
of handling, allow ng automation of the polynerization processes in which
they are used as a 20 source of free radicals. US 4,039,475 and US
4,092,470 describe the preparation and use, in the polynerization of vinyl
chl oride nononer, of initiator suspensions which contain a conbination of
two non-iongc gpddictibg’S-. Vviz. one with an HLB 25 val ue not higher than
12.5 and one wth an B value not |lower than 12.5. The HLB val ue of the
exenplified enulsifier conbinations is below 14.0. Alternatively, one
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PCT/ EP97/ 05919 compounds, at least one polyvinyl alcohol, and at least one non-ionic

10 surfactant, to suspensions that can be obtained by this process, and to the

use of these suspensions in polymerization processes.

Background of the invention
15 - | |
- Water-based suspensions Lére well-known as safe form'ulations for
thermally labile organic compounds such as organic peroxides and azo-
initiators. Such formulations are known for their ease of handling, allowing
automation of the polymerization processes in which they are used as a
20 source of free radicals. | | | |

US 4,039,475 and US 4,092,470 describe the preparation and use, in the
polymerization of vinyl chloride monomer, of initiator suspensions which
contain a combination of two non-ionic emulsifiers., viz. one with an HLB

25 value not higher than 12.5 and one with an HLB value not lower than 12.5.
- The HLB value of the exemplified emulsifier combinations is below 14.0.
Alternatively, one non-ionic emulsifier with an HLB value not higher than

12.5 is combined with one anionic emulsifier. The suspensions are
prepared by vigorously mixing and homogenizing the components. GB-B-

30 2068 009 elaborates on this concept and prescribes the use of specific



2 et hoxyl ated non- i oni ¢ enuI5|f|ers with an HLB val ue above 15 in

conbi nati on with a non-ethoxyl ated non-ionic enulsifier with an HB value
bel ow 9. 5WOA8%&r the early introduction and acceptance BETERAULS919
suspensi ons was hi ndered by production problens, their physical

instability, nostly resulting in the forgmtion of a solid cake at the
bottom and a watery |layer on top of the container, their effect on the

pol ymer_.pr.oduct.i.on process, and/or their adverse effect on the properties
of the polymer made with them particularly 10 in polynerization processes

where vinyl chloride nononer is use For exa \e@ at| n‘?
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wi t hout that thowrgperties of poly vinyl chloride 15 produced therewith
wer e adversely influenced. EP-A-0 106 627 and EP-A-0 517 290 discl ose a
nmelt-process in which-a solid peroxi de consecutively is sl urried in water,
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initiators during Storage an pr oposes 't

phenoli.c a0 i cii polgirerizaticheprocesses wmiae viAgl shiopidesimondnedr is used. For
peroxydi car bonat es. However, such antioxidants are known to interfere with

the free radi cexample; mhen fermmlatingl bisi4-terbutwicysichexyd peroxydicarbonate in

the way according to the prlor art, we were not able to make a suspension
- that was storage stable, had'the desired particle size distribution and an
acceptable viscosity, withoug. that the properties of poly vinyl chioride

15" produced therewith were adversely infiuenced. |

P

EP-A-0 106 627 and EP-A-0 517 290 disclose a melt-process in which a

solid pei‘oxide consecutively is slurried in water, melted, emulsified in the
water, and solidified, to give a stable suspension of finely divided peroxide

20 particﬁles. In the pfocess a variety of emulsifiers and protective colloids may
be used. Allegedly, this process alleviates some of the problems of the
earlier suspensions. However, only specific initiators, i.e. ones that allow
~melting without excessive decomposition, can be formulated in this way.
Also, even if excessive decomposition does not occur, safety

25 considerations may be in. the way of employing this process. In order to
reduce decomposition of the initiators du_ring storage and handling,

US 4,552,682 proposes to add phenolic antioxidants to chemically stabilize
suspensions of peroxydicarbonates. However, such antioxidants are known

to interfere with the free radicals formed in the polymerization process in



WD 98/ 18835 PCT/ EP97/ 05919 3 whi ch
t he suspensjo used and, therefore, are typically not a

Hence, the ‘Ugg’ilagsghenol i c anti oxi dants cannot relieve the d%%g)loﬁlgn
probl ens that are encountered in the process of EP-A-0 106 627 and EP-A-0
517 290. 5 Thus, there has been an ongoi ngg search for a process to nmake

i mhr oved peroxi de suspensions by neans of conventional mlling of the solid
peroxide in the presence of water. The main focus has been on inproving the
physical stability of the various suspensions and/or finding a solution to
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of aromatic di acyl peroxides, teaches the use of nagnesi um al um ni um
silicate in condecumposition problems thatiarerenabunteréed iry thet proicess of ER-AL0 d06.

JP-A-61127701 conbin nQn-j.oni ¢ surfactant, a colloidal protective
agent, and a p(ﬁ%ﬁﬂé}’%ﬁ'@%ﬂﬁgbé-l kali metal salt. JP-A- 01095102

di scl oses agconbi nati on of PVA, gelatin or cellulose derivatives with a
specific coggl ymer of carbon nonoxi de and (meth)acrylate containing anionic

or cationic gropmss, thBréhasdeer bh Ongeihgssareih foracproteddto peakesirmsroved

pol ysi | oxanes or a water-sol uble copolyner of a Clerr]-Clerr] [err]-olefin
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10 production problems. As a result, specific ingredients and formulations

have been propésed in various documents. EP-A-0 263 619 discloses the

use of specific crystalline cellulose. US 4,692,427, pertaining to

suspensions of aromatic diacyl peroxides, teaches the use of magnesium

aluminium silicate in combination with an alkali metal carboxymethyl

- 158 cel!ulosé. JP-A-61127701 'éOmbines a non-ionic surfactant, a colloidal

protective agent, and a polyphbsphoric’ acid alkali metal sait. JP-A-

01095102 discloses a combination of PVA, gelatin or cellulose derivatives

with a specific copolymer of carbon monoxide and (meth)acrylate

containing anionic or cationic groups. EP-A-0 492 712 discloses the use of

20 polyether polysiloxanes or a water-soluble copolymer of a C4-C,, c-olefin

and a specific o,f-unsaturated dicarboxylic acid éster in order to enable the

production of finely divided peroxide dispersions. However, since the

ingredients of the suspensions are not fuly compatible with the

polymerization process in which the suspensions are eventually used,

25 these formulations also are generally not acceptable.

Therefore, the main disadvantage of the described suspensions of
thermally labile organic compounds is that they suffer from production
problems, do not fulfill storage stability requirements and/or are not



Therefore, the main di sadvantage of the described suspensions of thermally
| abi | e organi c conpounds is that they suffer from productian probl do .
not fulfi I'I“@’W%ng stability requirenments and/ or are not P%@Q’ﬁ%g%
PCT/ EP97/ 05919 4 universally applicable in polynmerization processes. Mre
specifically, it is observed that sone stfprage stabl e peroxi de suspensions
can be produced according to the prior art, but when they are used in vinyl
chl oride (co)polynerization, one or nore properties of the resulting
polymer is not 5 acceptable. In respect of applicability in vinyl chloride
(co)polynerization processes. it _is,noted that current.initiat -
suspensi ons ha\}@"éﬁ\gj@& erﬁﬁ?l? H'é %Y'P 1Fa¢ﬂﬂ bﬁ?ﬁ%&%,& wei%‘;fﬁ?@gy' it is
porosity, the ejfashidd fHat BbfiE Storsse Qfaﬁlé'ﬁeﬂﬁlidéﬁﬁs?é&ioﬁé‘éah% plodicey e

| evel . Further, these Initiator suspensions typically suffer from other

di sadvant ages, aocording toi dive vpriarogirt, i but witenc theyikaret luseddirf fvinyll chibdde
handl e, or in sone cases the suspensions cannot be mlled.to reduce th
particle size dfO naelization, (%‘ﬁp%m?reﬂ?rpeﬁﬁ@ﬁ ﬁﬂlﬁ resyling. palymes is not
concentratitgn i&c@h%ﬂleto reduce the viscosity and/or the mlling 15

probl ems of fen Ts hot acceptable from an econom ¢ point of view.
Accordingly, there still is a need for inproved peroxi de suspensions and an
i mproved process to nake them Mre specifically, there is a need for

i nproved, chenilbdesgectof applicakility|ip vinvhshleridedrplpsilymernzation prosesses, it is
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concentration of the thermally Ilabile ofganic conpound with an acceptable
vi scosi ty, 10 t hand the fish eye level. Further, these initiator suspensions typically suffer

from other disadvantages, such as 'high viscosities, which make them

difficult to handle, or in some cases the suspensions cannot be milled to

reduce the particle size of the organic compound. A reduction of the

peroxide concentration in order to reduce the v_iscosity_ and/or the milling
15 problems often is not acceptéble from an economic poinf of view.

Accordingly, there still is a need for improved peroxide suspensions and an

improved process to make them. More specifically, there is a need for

improved, chemically and physically stable, compositions'of thermally labile

20 organic compounds which are generally applicable in polymerization

processes, particularly in the polymerization process of vinyl chioride

monomer. The improved compositions are to combine a high concentration

of the thermally labile organic compound with an acceptable viscosity, with

the thermally labile organic compound having a small average particle size,

25 and are not to affect the properties of the polymer produced therewith.

| These and other objects of the. present invention will be apparent from the
summary and the detailed description which follow.



the thermally | abile organic conpound having a small average particle size,
25 and ar affect the properties of the polynmer prod i th. -
These and &ﬁg*u%sgfect s of the present invention will be appgﬁgﬁrgﬁgm he
summary and the detail ed description which follow WO 98/ 18835

PCT/ EP97/ 05919 5 Sunmary of the inventiorgAfter -many years of intensive

redearch and devel opment in the field of suspensions and enul sions of
thermally | abil e organic conmpounds, we 5 have now found conpositions that

fulfill all or nost of the above-identified requirenments and which can be
produced by rregs of cggﬁgniignﬁl mlling techniques. The present invention
relates, in a a 0 a process to 10 prepare an aqueous
suspensi on conpri sing: - from5 to 60% by wei ght of the total

formul ati on of one or nore solid thermally | abile organic compounds, -
0. 5-10% by wei #fteromanizeyaars aof intemsivertresearch and developmeptlig\theyfield of

S5 oM th the DdysPeRSIBRa-Sn alnvisians, of AhEENaly I3HIR SrORRIR EBPOHIR MR
15 with the p _ t ! e 0 i's
ormit ot ooB o HEvE NGOG Lompositioriso R raifh 8 S1ngst of ihe AbokBlidentified

14.5 to 20.0, ybguieements asdiwhichhean de prodoceddly mebnadidf conveatiomal anillimg.ind
is mlled in 20 water. The present invention, in a second enbodi nent,

rel ates to suspeehnigues.of bi s(4-tert-butyl cycl ohexyl) peroxydicarbonate,
di nyristyl peroxydicarbonate

The present invention relates, in a first embodiment, to a process to
10 prepare an aqueous suspension comprising: | _

- from 5 to 60% by weight of the total formulation of one or more solid

- thermally labile organic éompounds_.

- . "0.5-10% by weight of the total formulation of one or more polyvinyl

alcohols héving an average degree of hydrolysis from 60 to less than 80%,
15 with the proviso that no polyvi'nyl alcohol with a degree of hydrolysis of less
: than 55% is employed | _

- 005 to 1% by weight of th'e total formulation of one or more

emulsifiers having an average HLB value from 14.5 to 20.0,'

wherein at least one solid thermally labile organic compound is milled in
20 water. |

The present invention, in a second embodiment, relates to suspensions of
bis(4-tert-butylcyclohexyl) peroxydicarbonate, dimyristyl peroxydicarbonate
and/or lauric peracid that are obtainable by said process.

25
In a further embodiment, the invention relates to a process for the
polymerization of vinyl chloride alone or in admixture with up to 40 weight
percent of ohe or more ethylenically unsaturated monomers

copolymerizable therewith, oligomers or (co)polymers "of the



and/or lauric peracid that are obt ai nabl e by said process. 25 :1n a further

enbodi nent, the invention relates to a process for the poly | ' of
vi nyl chl oMOASNEBne or in admi xture with up to 40 wei ght pgﬁ@ﬁ@ﬁone or

nore et hyl enically unsaturated nononers copol ynerizable therewth,
oligoners or (co)polyners of the ®BO 98/ 18835

PCT/ EP97/ 05919 6 af orenenti oned nononers, and m xtures of one or nore of
t he mononers, oligoners, and (co)polymers, characterized in that a

peroxi dic polynerization initiator and/or chain transfer agent is used in

the formof an ueous suspension as _set. forth_above. 5 Thege and ot her
hopects wi | | - bROTHEEHGQRRE Monmsnersaand hodues ff S8 6 mBre of Btk FRANERFISw g
exanpl es. 10 8‘3&* d dgsfriedy t heaH 3l COfrHtNga t idhe I St
aspect of the pr ese%'?’i nvent i(gé pgwﬁﬁ%rg‘és?nga%r@@%?geﬁﬁt oﬂ%rtep%r gp%'ggledg%s
suspensi ons of polgmenizhtion liritiatoe andéorrehain trapsferdgdn istused irpthenfofmorof an
honogeni zi ng the solid peroxide in an _aqueous nmedium 15 preferably

conpri si ng oned@WeqHs suspension as sehfasth-abev® col | oi ds or one or nore

enul sifier More preferably, the aqueous nedi um conpri ses one or nore
particul ar protective colloids and one or nore emulsifiers. The term

“thermal | y | abThese andnothef a8pesiziwill Bé disctissed inhindre RIRtaif incfiid followdlsd | nes
conmpounds that will formfree radicals upon thermal deconposition. This 20

cl ass of conpodestriptiop@anshexavplesgani c peroxi des, azo-initiators, CC
Initiators, NO conpounds, and peroxycarboxylic acids. Preferred

10 Detailed description of the invention

Acbording to the first aspect of the present invention a process is provided

to prepare aqueous suspensions of thermally labile organic compounds by

- milling and/or homogenizing the solid peroxide in an aqueous medium

- 15  preferably 6omprising one of' more particular protective colloids or one or
more emulsifiers. More preferably, the aqueous medium comprises one or

more particular protéctive co'lloids'and one or more emulsifiers. The term
‘thermally labile organic compourid,” as used in this specification, defines
compounds that will form free radicals upon thermal decomposition. This

20 class of compounds encompasses organic peroxides, azo-initiators, C-C
initiators, NO-compounds, and peroxycarboxylic acids. Preferred
compounds for use in the present invention are organic peroxides and azo-

initiators. More preferred are organic peroxides.

- 25 More particularly, preferred organic peroxides for use in the present
invention are diacyl peroxides, peracids, and peroxydicarbonates. More
preferred are peroxides selected from dicyclohexyl peroxydicarbonate,
bis(4-tert-butylcyclohexyl) peroxydicarbonate, dimyriétyl peroxydicarbonate,
dicetyl peroxydicarbonate, didecyl peroxydicarbonate, didecanoyl peroxide,



- conpounds for use in the present invention are organic peroxides and azo-

I nitiat orswd\wﬁaigr eferred are-organi c peroxides. 25 -Mre .%Mﬁ(#“gﬁby,
preferred organi ¢ peroxides for use in the present invention are diacyl

per oxi des, peracids, and peroxydi carbonates. Mre preferred are peroxides
sel ected from di cycl ohexyl peroxydi carboifate, bis(4-tert-butylcyclohexyl)
per oxydi carbonate, dinyristyl peroxydicarbonate, dicetyl peroxydi carbonate,
di decyl peroxydi carbonate, didecanoyl peroxide, WO 98/ 18835

PCT/ EP97/ 05919 7 dil auroyl peroxide, lauric peracid, and m xtures thereof.

More pref erredyiphirbl) férexitieS MUt ﬁ&%gﬂ. ér?'LoGﬁﬁzth%st tﬂﬁ%?f' MGtePprfired still T

per oxydi car bonat e, gli myristyl peroxydi ¢arbonate, an l'auric peracid. The

lerSE prefer lr) edalfy g&slpeglsnn':s)nﬁ bis(4-tert¥bgb/layttllo'ohe)wi)cberﬁxydicarbnriaiie,eﬂimmtyls .
I s(4-tert-butyl cycl ohexy 5 peroxydi carbonate, This particul ar peroxide
shows an unacci@xydicaihinatey andlemjauric ; peracis e ThReMORL| pErfelsd CIBARE be

processed or f ' V.So Al | ' H for
processed or " b e ebRipl b e TS HAORerEBUGKSEIISN, Lo,
the peroxi dg i pefxytrRatbsiERESTRISd paitiéliar Spéiokids asRows s aff cligddceptabiem a
safety 10 point of view The anmount of thermally |abile organic conpounds
to be used in thesmal clanompasitiork ¢atenh avhefu ¢oeited ansk reanooet e progessed ori n

h f 5z 60%.0Dby wmeight, based ight, of th '
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present in a concentratio o by wei ght. "At concentratio ess

t han 5% by wei petoxideiscmilleddiorhogesiged tirm theosolitk state sisgpreferted from arshfety
concentratjons -
10 point of view.

- The amount of thermally labile organic compounds to be used in the

. process to make the aqueous suspension usually falls in the range of 5-

60% by weight, based on the weight of the suépension. Preferably, 20-50%

15 by weight of the compourid=' is present. Most preferred are concentrated

| ~ suspensions where the thermally labile organic compound is present in a

concentration of 35-50% by weight. At concentrations of less than 5% by

weight the cost of transportation becomes prohibitive and at concentrations

_ ab_ove 60% by weight the products cannot be handied easily and may even
20  be unsafe.

The storage stability of the suspension made in the process according to
the invention, preferably is greater then 2 months, more preferably more
than 3 months.
25

The Brookfield viscosity of the suspension that is made in the process
according to the invention, preferably is between 750 to 5000 mPa.s, more
preferably between 750 and 3750 mPa.s. More preferébly still, such a
Brookfield viscosity is combined with an Erichsen viscosity from 50 to 250



above 60% by wei ght the products cannot be handl ed easily and nmay even 20
be unsafe. The storage stability of the suspension nmade in the process
accordi ng t WO 8883 Ry ent i on, preferably is greater then 2 nonP&L’ 219
preferably nore than 3 nonths. 25 The Brookfield viscosity of the
suspension that is made in the process acgording to the invention, -
preferably is between 750 to 5000 nPa.s, nore preferably between 750 and
3750 nPa.s. More preferably still, such a Brookfield-viscosity is conbined
with an Erichsen viscosity fromb50 to 250 WO 98/ 18835
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suspension is prefer very sm In order to obtaln a esired
properties of both the suspension and the polynmers prepared in processes
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organic compound has a particle size distribution with a dgy within the range

10  of 0.1-15 um. The most preferred suspensions are characterized by a dgg
below 10 pm.

in the process according to the invention, use is made of an aqueous
medium in which the thermally labile organic compound is dispersed. This

16 -aqueous medium preferablyé'bomprises from 0.5 to 20% by weight of at
least one specific polyvinyl al'coh_ol as the protective colloid (based on the
total weight of the suspension). More preferably, the colloid makes up 1 to
10% by weight, most preferably from 1 to 5% by weight, of the total
formulation. ' |

20
More particularly, the specific polyvinyl alcohols (PVAs) that can be used in
the compositions according to the invention are saponified polyvinyl
acetates with a degree of hydrolysis of between 60 and 80%. Preferabiy,
the degree of hydrolysis of the PVA is from 62 to 78%. If more than one

25 PVA is used, the indicated degree of hydrolysis is generally the weight
averaged degree of hydrolysis of the products used, with the proviso that
all PVA must have a degree of hydrolysis greater than 55%. Although the
PVAs may be combined with other known colloids, it is preferred to use the
referenced PVAs exclusively. |



total weight of the suspension). Mre preferably, the colloid makes up 1 to

10% by wei %%ﬁ%gg preferably from1l to 5% by wei ght, of thgctlﬂ,%l,gl,,?savAs)
re ol's

formul ati on. particularly, the specific polyvinyl alcoh

t hat can be used in the conpositions according to the invention are

saponi fied polyvinyl acetates with a degr®e of hydrolysis of between 60 and
80% Preferably, the degree of hydrolysis of the PVAis from62-to 78% |f
nore than one 25 PVA is used, the indicated degree of hydrolysis is
generally the wei ght averaged degree of hydrolysis of the products used,
with the proviso that all PVA nust have a degree of- hydrolysis greater than
55% Al t hough the PVAs may be conbined with other known colloids, it is

preferred to uShe emulsifierscosed! irPthe corpositiors that canVbe Hoda68é according
PCT/ EP97/ 05919 9 The enulsifiers used in the congositions that can be

produced accor dpthetRresaat giventian arg eharasterized by dheirthkB value peingifora B

hydr ophi | 1 c- 11 o 1o @oE0 e, HE il B Ifibdie) Srfle liorhiigioonite,
time savi ngsguiyiance, e48! destiised 58! “Thel Ril.‘lés MIB-sy5fRn b3 tﬁhéaéa\mjgfrquri]déé to

| ndustries Inc., 1963. For blends of enmulsifiers the HLB v.al ue i's
wei ght aver age emtsifier selastionh publishied by tAtlasPChemicall industriesdnti, c4963niRan an

an HLB val ue 1 tpidsobemyisiasisineditRulle e Weloht averace Bl Bvaiderafibe
ethoxyl ates andermarentd Frefefotil) BrulifcesPiith ¥ HLES VRIS Tiot PSP 191200,
range. Less pr adrerussdi. More preferred are emulsifiers with an HLB value from 16.9 to
10  20.0. More preferred still aré emulsifiers with an HLB value frofn 17.8 to
- 20.0. Most preferred are fatty alcohol ethoxyiates and fatty ester
ethoxylates with an HLB value in the indicated range. Less preferred
-emulsifiers are the ethoxylated sorbitan esters since they often lead to
: p_toblems in respect of the 'Storagé stability of the suspension. Typically, the
.15 . emulsifiers are used in a coﬁcentraﬁon less than 1% by weight of the total
formulation. Preferred are emulsifier concentrations from 0.05 to 0.8 % by

‘weight of the total formulation.

In the process according to the invention, the aqueous medium may further
20 cbmpfise one or more thickeners in a concén,t_ration up to 2% by weight of
the total formulation. Preferably, the thickener makes up less than 1% by
weight of the suspension._Non—Iimiting examples of thickeners useful in the

formulation are xanthane gum, Arabic gum, and alginates.

25 Further, other standard. additives, including pH-adjusting agents such as
calcium oxide or phosphate buffers, sequestering agents,' and, if desired,
biocides, e.g. fungicides, can be used. The concentration of these additives
will depend on the desired effect and the other ingredients in the
suspension. Given the information presented here, the skilled man will



enul sifiers are the ethoxylated sorbitan esters since they often lead to
probl ens in_respect of the storage stability of the suspension. Typically,
the 15 enu‘r"-QPP’E%‘Pé are used in a concentration | ess than 1% B@‘HP of
the total fornulation. Preferred are enulsifier concentrations fromO0.05 to
0.8 % by weight of the total fornulation.4gn the process according to the

I nvention, the aqueous nedium nmay further 20 - conpri se one or nore

t hi ckeners in a concentration up to 2% by weight of the total formnulation.

Preferably, the thickener nakes up | ess than 1% by wei ght of the

suspension. Non-limting exanples of thickeners useful .in the fornulation
r e xant hane GURVE A BIEbISHNY SEBCHNG AhRrGRTate scONERNIRUPS (3t HbE BORIRNALG
addi tives, i ncl~,¥@.b' nﬁ?ﬁnatﬂ'b ' h as cal ci um oxi de or phosphate
buffers, seques| rP%g agentg&g%g?ﬁﬁﬁfggﬁégd, bi oci des, e.g. fungicides,
can be used. The concentration of these additives will depend on the

desired effect and the other ingredients in the suspension. Gven the
i nformation pr &Mlesf dbenivgeedients listed| above praferably ag st xfstte aqueous

PCT/ EP97/ 05019 _10,.hav . pr.ebl em.i.pn sel L Bg appropriate concentrati pns
of 'the | na 9i aaailRy R HRich 168 sRt BeRhafit RbiE, FERNEKarRbSuid ¥ fibefked
ingredi ents |'i Haigev0thePof hidraPbY thé Sngiddiertts mag asaew%&fdr%ﬂbwfhén
which the solid thermally | abile organic .conpound i's di spersed. However, _
one or nore of dispersioprsiep ofithe thermallydabile erghnic abmpountde Inlithatecasiepiit ist ep
of the thermall abil.e organi c conpound, In . that case, .it,is preferred to
make a suspensi%ﬁ#e\ﬁepﬁod"ﬂﬁ%«jﬁe?"slpﬁ& lonawith @:}“98%@\% sired ‘Eﬁ"’feﬁ@faﬁ'ﬁé Iy

| abil e organic tﬁgnmgmgpﬂlﬁmc gaﬁié %ﬁ%@?ﬁﬁf%iw 0 thah! é\ﬁ%dﬂeﬂya

concentrated solutron o erequired 1n
10 diluted with a concentrated solution of the required ingredient.

~The  temperature of the = aqueous medium prior to - the
milling/homogenization step is preferably below the lowest recommended
storage temperature - of.'the solid thermally labile organic: compound(s)
15 - being dispersed. More preferé;bly, the processing temperature is between 0
and 15°C. Most preferred is a temperature between 0 and 5°C. Lower
temperaturés are not very economical and may call for the use of
undesired anti-freeze agents, while higher temperatures can result in

undesired decomposition of the initiator.

20 |

The primary advantage of the present invention is that it provides a process
to make chemically and physically stable, low viscous, concentrated
suspensions of a thermally labile organic compound with a small 'average
particle size and a good particle size distribution, which can be used in vinyl
25 chloride polymerizations without affecting the electrical properties of the
polymer. Preferred suspensions of said thermally labile organic compound
mainly contain one or more PVAs as the protective colloid and minor
quantities of one or more non-ionic emulsifiers. Therefore, the suspénsions

of the present invention do not adversely affect polymerization processes



The tenperature of the aqueous nedium prior to .the :
m |1 ng/ honpaadhédki on step is preferably bel ow the | owest r.g,&q,%;g?}g{gqm;
und(’s

storage tenperature of the solid thermally |abile organic conpo
bei ng di spersed. Mre preferably, the processing tenperature is between O
and 15[err]C. Most preferred is a tenperatidre between O and 5[err]C. Lower
tenperatures are not very economical and may call for the use of undesired
anti-freeze agents, while higher tenperatures can result in undesired
deconposition of the initiator. 20 The primary advantage of the present

: . : : o ! . v a o y
Is'[]\z;glnfal C)Ino:/vsvit ggé)u%ﬁy Egﬁzﬁent ra?fegmsélcjg%?r‘fg‘lggns oﬁ@grhgﬁkh?‘?yqﬁz\a@?e@rgééni C
conpound wi t h asuspensionsecaiy achuallyiimpeove propertiesisgole dsithe tishl eéyesievel and

di stribution, which can be used in vinyl 25 chloride polynerizations

wi t hout af fectiihg tmerphalegy i et the oisskitast palymes. Jdenesr ithqar Suspeasions
suspensi ons of ' er, | .Or | C 0 mai_n contain ane or -
m)rg PVAs as th%%?gﬁ'gctt%%cdrggébteéﬁ%o re%ﬁ&% &5€,01 R ymer%i]'@'_‘
non-ionic emll sinftiatds whithr aleCsfficidritCeasiy BE handls aid hQ@eHFaiﬂéﬁabl@VéﬁédtO”
do not adversely affect polynerization processes WO 98/ 1883 _

PCT/ EP97/ 05919 an the pelymenmrpduced aithithem.esul t ant pol yvi nyl chl ori de

(PVC). These suspensions can actually inprove properties such as the fish
eye level and the norphol ogy of the resultant polyner. Hence, the :

oy Domr | oact o, TS ONEP BSerd e g g R, e e, o
a favourabl e eflabilé ongahite cpmipound j& stitreddintd tan ageebus medium comprising
' 10 emulsifier(s) and protective colloid(s) to form a mixture; this mixture
preferably is then milied to form a coarse suspension, after which,
preferably, the compound is more finely divided by further milling or
homogenization.' If and when a thickener, pH stabilizer or other ingredient is
used in the formulation, it may be added at any point in the production
- 15 process. Preferably, such ‘an ingredient is added in the form of a

concentrated solution. |

The mixing step only requii'es the use of a stirrer of any conventional type.
For the step to form the coarse suspension typically use is made of a high

20 shear mixer, for instance a colloid mill, high-shear rotor-stator mixers, high-
speed pump, etc.. Milling the coarse dispersion to further reduce the
particle size of the thermally labile organic compound can be done by any
equipment that is able to induce still higher shear forces, or by impact mills.
Examples of such suitable equipment include, high-frequency and

25 ultrasohic oscillators, perl mills, roller mills, and homogenizers. Given that
concentrated suspensions with partially saponified polyviny! acetaté were
typically found to form a thick paste during milling, it is surprising and
unexpected that such a milling process can be carried out in a convenient
way on the concentrated suspensions of the present invention. .-



- The process involves, preferably, a first mixing step in which the

thermally |l abile organic conmpound is stirred into an aqueou i
conpri si ng 9M8AI si f i er(s) and protective colloid(s) to fi’Fw&re;
this mxture preferably is then mlled to forma coarse suspension, after
‘whi ch, preferably, the conpound is nore fpnely divided by further nmilling
or honogeni zation. If and when a thickener, pH stabilizer or other
ingredient is used in the formulation, it may be added at any point in the
production 15 process. Preferably, such an ingredient is added in the
form of a concentrated solution. The m xing step only requires the use of
a stirrer of- any conventional type. For the step to formthe coarse

suspensi on tprnglﬁ_eg.ﬁHa %rﬁﬁo&%%t,%e%@émw&n%@gﬁsrssug'gggéionwf big@iifce 2

colloid miIl, hi ear rotor-stator m xers, punp, etc..

M1ling the cobuidcydichexydi peraxydicarbdreate; alimnyeistyhepgraxydichrbonate afid/ohe

thermal ly | abil e organi.c. conpound can be dopne bé any er&_ui pnent that |s able
aeevermernyion

to induce stil lausicgperacihthat arg, ehtginable by the, edapracessoMastich

porl ‘11 5.5 oPFapmRfard Stspshiigns ARG AR ERclonkiod BRI GEhe. o
suspensi ons W UntiPabW, dhkge suspehtiond coUlid \idtybe gsrotaésd Wittt Yehibstdntial
found to forma thick paste during mlling, it is surprising and unexpected
that such a mi decomppsitions Gncanmeltingarproeessjuor i withouto v eancentrated, dawr he

CT] EPo7] 05010VRsoNs, SHatads, sAlin RRRORION WD SRGL RATTe, sife (g formed

suspensi ons of gk tgels Witho(® HidE 'SUERH Hgﬂs'] eReticdY!
per oxydi car bong?‘ie'mf%g/ or F)ai?r'li Cc per g%]gﬁﬂr%ttléggr e ocbgtsgi nabl ebaogﬁe G
above- nent 1@medopd_nctétity, of\thet polymer produced being adversely influenced.

"The present invention also relates o a polymerization process where at
- least one of the above-described suspensions is used as (one of) the
polymerization initiator(s) and/or chain transfer agent(s) in the
15 'polymsrization of vinyl chioride alone or in admixture with up to 40 weight
| percent of one or moi’e ethylenically unsaturated - monomers
“copolymerizable therewith, oligomers and (co)polymers of the
aforementioned monomers, and mixtures of two or more of these
monomers, oligomers, and polymers. The use of these Suspensions is

20 further detailed below.

The polymerizable monomers for the present polymerization process
include vinyl halides, particularly vinyl chloride, and ethylenically
unsaturated monomers having at least one terminal unsaturated group.
25 Examples of such ethylenically unsaturated monomers include esters of
acrylis acid such as methyl acrylate, ethyl acrylate, butyl acrylate, octyl
acrylate, cyanoethyl acrylate, and the like, esters of methacrylic acid such
as methyl methacrylate, butyl methacrylate, and the like, styrene and
styrene derivatives including a-methylstyrene, vinyl toluene, chlorostyrene



5 preferred are suspensions of bis(4-tert-butyl cyc: ghexyl %3 _
er oxydi car ' Until now, these suspensions cou not be
per oxy Wolvahi8ss &e?ﬁ;gg-@&gl,

wi thout substantial deconposition (in a nelting process) or _
concentrated, |ow viscous, storage stable suspension with small particle
size being forned (mlling process), or wi8hout the properties, such as
nDthoIogy or electrical 10 conductivity, of the polyner produced being
adversely influenced. The present invention also relates to a

pol yneri zati on process where at | east one of the above-descri bed

suspensions is e e p Niddl i iah i ti:ator nd

cha!on transferéigtggtrﬁ s’?@naeﬂ%ﬁ'q‘@% ?g?‘geng#@atb%@%eg ! v‘l"ﬁ\% é%% q&m’gllone
or in.adm xt ur enaphthalepe; @tel) aneli dirblefins daciudirig, det At liMited clo) WRAdIRAR! Y
unsat urat ed nononers copol yneri zable therewith, oligoners and (co) pol ymer s

of the af or enerlSPRAGRG, MAtRepFane, aand rihﬁtﬂhees?@ﬂhqth%f sthylenically url_sab.ggted
[ T . syuspensions is
forther detai  dHopamsiF kel ABihGse ot Siditiy it BIRE &t *Iho b osent

pol ymeri zat igon process include vinyl halides, particularly vinyl chloride,
and ethyl enical ly unsaturated mononmers having at |east one term nal
unsat ur at ed gr dnpaddition, aligomperssand pelyniers mhade fionalong emmore bfities aboverrer s

i ncl ude esters .qf rylic acid such as nethyl acrylate, ethyl acrylate,
butyl acryl ate,'ggeﬁfﬁalm%?ré, meyﬁ%mywea&wﬁw othgf Menemers Holyweers s

of methacrylic bIoINETS i : : ‘%}ﬂ% y an
the |ike, styreﬂ?@nd st_y'ﬁ?ﬂg%ﬁgﬁgﬁ'g@sg"%%@ﬁ&’Q%g%%r%f %yb@#@!e%f)ﬂyl
t ol uene, chl or dwtoyoremore of Uie pdlyiGdtable materials can be used. In all cases there
PCT/ EP97/ 05919 13 and the |like, acrylonitrile, ethyl vinyl benzene, vinyl
acetate, vildyl will be at least 60% of vinyl chioride monomer, oligomer or polymer in the

. polymerizable mixture.

‘Generally, a polymerizable compbsitibn comprises 0.01-6.0% by weight of
one or more thermally labile organic compounds (initiators), based on the
- 15 polymerizable monomers, and when polymerizing vinyl chloride alone,
' preferably 0.01-0.3% by weight of the initiator, based on the monomer. If
one or more of the initiators are in the form of a composition according to
the invention, the amount of the composition is to be chosen such that the
indicated amount of pure initiator is supplied. When peracid suspensions
20 according to the invention are used as an initiator, a chain transfer agent or
as a combined initiator and chain transfer agent in a vinyl chloride
polymerization process, such suspensions may aiso be combined with the
aforesaid initiator suspensions. Chain transfer agents are typically
employed in a concentration of between 0.001 and 10.0% by weight of
25 pure chain transfer agent, based on the polymerizable materials.
Preferably, from 0.01 to 1% by weight of these chain transfer agents is
used.



napht hal ene, etc., and di-olefins including, but not linmted to, butadiene,
| soprene, chloroprene, and the |ike, and other ethylenically_unsaturated
nmononers kiR hose of ordi nary skill in the art. 5 1In aBETEPYPSOL9

ol i goners and pol yners made fromone or nore of the above- identified:-
nononers nay al so be reacted with other nggoners, polynmers or oligoners in
the present polynerization process. O course, mxtures of two or nore of
t he pol ynerizable materials can be used. In all cases there 10 wll be at
| east 60% of vinyl chloride nonomer, oligoner or polyner in the

ol ynerizabl e m xtur.e. nerally, ol yneri zabl e comnposition conprises
Do, Dot by wih SN AIVANtRSR oF Hié REFSert BIDERSS dbL Ih (AMTRRGERHRD of
initiators), . I j : .
ol yreri o1 g vivin cafitide tiat the usEeot SO P pisent ivantion leads
initiator, basad greatdrcfiexibilitiein thé potymerizationeprdcasseitself. tN6te0 partisuRariy)

the formof a conposition according to the invention, the anmount of the
conposi tion i s whemthe pirsent solid peraxidercompasiians @aceatsling to the state of the

R o U e e e O M S S,
beas” o SRR MIHE LR nEretd At e cigree) RO R
suspensi ons. CHlemperatune fierordgeta aveitcadygiseagffgctsnplicly ed inoremsed fish eye
ransfer agent 1eYRSeanaRe FBPREIER 2R he-tseultadt BAVEIS: HoMeNBT o (e PiosRSe. o1
L%T}(épt93¥ ) g’gig%gtof%et Or38NE iV ehtioh?8RE PohARBALStId intfi&dr may BE 384 %S The
- 10 - vinyl chloride monomer after it is heated to the polymerization temperature
or may even be doséd stepwise or gradually during the polymerization
reaction. These features provide greafer ﬂexibility in the polymerization
. 'proce'ss'as well as a means of gaining better control over the process and
the products of the process. -
The polymerization process of the present invention ty'picélly is a
su'spehsion polymerization process in which an aqueous dispersion of vinyl
chloride mdnomer and the polymerization initiator are heated to cause
polymerization of the monomer as a resuit of free rad'ical decomposition of
20 the polymérization initiator. However, the suspensions obtainable by the
process according to the im)ention can aiso be used in a so-called “mass
polymerization™ process. The polymerization conditions employed are the
conventional conditions for vinyl chloride monomer polymerization. For a
detailed description of the process conditions, as well as the types of
25 monomers which can be polymerized by this method, reference may be

“made to US 3,825,509, which is incorporated herewith by reference.



14 A significant advantage of the present process for the pol ymeri zation of
vi nyl chl ogj,de. .l hat the use of suspensions of the present

| eads to grr‘g(g?sedsiﬁ exibility in the polynerization process i Fé@ﬁm%?% _
particul arly, when the present solid peroxide conpositions according to the
state of the 5 art are used in vinyl chl¢gide polynerization, the peroxide
conposition nust be added to the polynmer before the m xture is brought to

t he pol ynerization tenperature in order to avoid adverse effects, such as
i ncreased fish eye levels, on the properties of the resultant polyner.

Ho , Inth f . ent invention, t.he p meLizatlon
it ator may DURAEERN BoblraSBiRR BnceB Bbwaler Havaine Blattht 1od tat: e
to the pol ymeriofa)sa38Rs /509 @ that iflis WoY nfév:éasbﬁl a8d Hechyrédients to the
gradual |y during the polynerization reaction. These features provide
greater fl exi bipolymerizatiane reatctpndni the bodergnﬁﬁnateragismrsal?ls ?olmrﬁzatibn 15

I ni ng- better, I he process t he, products of the process.
The pol'yner i v afiBAtas, 308s sy, BORPwaEn IVAle, dbisl sAMYSRanal mefdplooy s
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pol ynmeri zati on encotripasses orsactions avhereuthie afater,ethe dﬁﬁpbﬁingeég _
20 the polynerization initiator. However, the suspensions obtainable by

the process acdePRPMErs @renadded dat then reaetos and meaiggdtq the, deylmgrizgtlon
he: convent | ondeparatuRe BEP fo e S, ¢ibe o rzplisy infiber 1n sucho,
a detail ed desgehgidriy tifé PAlgmBH2ARSS IRMALL i HRidelS alteat ofide! gﬁaagéay opf

25 nononers which can be polynerized by this nmethod, referencé& nay be nade
to US 3, 823050%tepwiserduring thecpglymerizatiore prodass. by r ef er ence.

Previously, it was considered disadvantageous to add a solid
polymerization initiator at the: reaction temperature, since the fish eye level
would then increase to unacceptable levels. In the examples which follow it
15  is demonstrated that the pre‘éent suspensions do not significantly increase
. the fish eye level. Furthermore, dosing at reaction temperature may allow a -
better control of the polymerization rate in the polymerization process.

The polymerization process according to the invention resuilts in polymers

20 which exhibit deéirable properties, including better eléctrical properties,

' lower fish eye levels, and, in some insiances, improved polymer
morphology, such as porosity.

The following examples are provided to further illustrate the present

25 invention and are not to be interpreted as limiting the invention in any way.
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The present_ pol rization process, however, may differ sli. EH@X’?; t hat -
of US 3,82&“2 that it is not necessary to add the ingrg ' éﬂsgggthe ,
pol ynmeri zation reactor in the order of water, dispersant, polynerization
initiator, and, finally, nmononer. While t4g s conventional nethodology is 5
within the scope of the present invention, the present invention also
enconpasses reactions where the water, the dispersing agent, and the
nononers are added to the reactor and heated to the polynerization
tenperature prior to the introduction of the polynerization initiator. In
such reactions I rization initiator is added all at once, gradually
or 10 stepw se during the polynerization process. Previously, it was

consi dered di sadvant ageous to add a solid polynerization initiator at the
reaction tenpemnaterials: si nce the fish eye Il evel would then increase to
unacceptable levels. In the exanples which followit 15 is denonstrated
that the presenfhesfolpwing BWAswerneassed: gni ficantly increase the fish eye

| | . , ' ' | b
cg\rllte r ol Flcjntt ﬁ;%ﬂ@ Wg’ﬁﬁe@%&ﬁ%@%@%ﬁyﬁﬁs (r)\cl)vcgss.et El'ﬁ:a

| . . . ! ! I 20
pol yer | zal | on (GUEARIBIGIZY ik Mipboh Cihseh IR BORHdrelysi) POl Yer

whi ch exhi bi t properties, better €lecfrical properties,
| ower fish eye Raywol® VAB/240 ex Waaker (approxc?7% hydrolysis)pol yner nor phol ogy,

the present 25 CORRRIIBHP G ax NEPoR GG ARMDE: b3 BIVSTaS) mi i ng the
s Etp'g‘;/“ 05919 Medfdk® 72.5' REfcP@pprox. 72.5% hydrolysis) .
' 10 Ethapol® 66 ex CIRS (approx. 66% hydrolysis, microemulsion)
Polyvic® SP808 ex 3V (approx. 65% hydrolysis)
Unitika® UMR10M ex Unitika Chemical (approx. 65% hydrolysis) -
-Alcotex® 552P ex Harco (approx. 55.5% hydrolysis)
Gohsenol® LLO2 ex Nippon Qthei (approx. 48% hydrolysis)

" The following non-ionic emulsifiers were used:
Berol® 08 ex Berol Nobel (HLB = 18.7)
Igepal® CO897ex GAF (HLB = 17.8)

-Brij® 35 ex ICI (HLB = 16.9) -

20 Brij®58 ex ICl (HLB = 15.7) _
Cedepal® E710 ex Domtar (HLB = 14.4)
Elfapur® T110 ex Akzo Nobel (HLB = 13.5)

The thickener employed was a xahthane gum, Rhodigel® 23, supplied by
25 Rhone Poulenc.

Bis(4-tert-butylcyclohexyl) peroxydicarbonate (Perkadox® 16), dicetyl
peroxydicarbonate (Liladox® 90P) and dimyristyl peroxydicarbonate
(Perkadox® 26) were supplied by Akzo Nobel and used as an initiator.



16 Experinental Mterials: The follow ng PVAs were used: 5 PoI yvi ol [err]
MD5/ 190 ex Wacker (approx. 82.5% hydrolysis) Gohsenol[err] e on
Gohsei (apm’gfs’l % hydr ol ysis) Polyviol[err] V03/240 ex V\ac Fib"g?g’o
77% hydrol ysis) Gohsenol [err] KPO8 ex N ppon Gohsei (approx. 73%

hydrol ysis)- Al cotex[err] 72.5 ex Harco (approx. 72.5% hydrolysis) 10

Et hapol [err] 66 ex CIRS (approx. 66% hydrol ysis, m croenul sion):

Pol yvic[err] SP808 ex 3V (approx. 65% hydrolysi s) Unitika[err] UVRLOM ex
Uniti ka Chem cal (approx. 65% hydrol ysis) Al cotex[err] 552P ex Harco

hyarol ysi o) 15 Vil Wk s HolgRABRAGan, Skddan s B, AP Rfiah Sels™BBrterg “cc

ex Berol Nobel cals 1ot réagent Rrade! Thedd B8hiDountls Whldused Avithout fuithép eX
ICl (HLB = 16.9) 20 Brij[err]58 ex 1C (HLB = 15.7) Cedepal [err] E710 ex

Dont ar (HLB = Jpurificatibf.apur[err] T110 ex Akzo Nobel (HLB = 13.5) The
t hi ckener enpl oyed was a xant hane gum Rhodigel[err] 23, supplied by 25
Rhone Poul enc. Bis(4-tert-butyl cycl ohexyl) peroxydicarbonate (Perkadox[err]

16), dicety Peb g%}rbonate (Liladox[err] 90P) and dinyristyl
per oxydi car onat ? erkadox[ err] 26) were supplied by Akzo Nobel and used

as an initiator1, Suspensions were prepared by mixing the thermally labile organic

compound in the aqueous phase containing the other ingredients in the
proper ratio, wfth a turbine-type stirrer, at 10°C. Subsequently, the mixture
was first dispersed with an Ultra-Turrax® rotor-stator dissolver for 5

10 minutes at 700 W stirring energy per kg of mixture, ‘to form coarse
suspensions and next milled with a 500 ml Drais® Perl Mili PM1. The perl
mill was filled with 1-2 mm glass beads for 80% by volume. The coarse -
suspensions were milled at a rate of 400 mi/min at a temperature of 10°C
maximum, preferably 5°C. Finally, the suspenéions were deaerated.

15 . |
2. The suspensions were characterized in terms of viscosity,_particle size
(distributibn), and physical stability on aging (separation). The viscosity was
determined with an Erichsen® Viscometer, type 332-1 and a Brookfield®
LVT viscometer at 12 rpm, spindle 3. The particle size (distribution) was

20- determined by light scattering techniques using a Malvern® Particle Sizer
M3. Separation of the suspensions was determined visually by storing in
500 ml HDPE jars. '

3. The polymerization reactions- were carried out in a one-litre Biichi

25 stainless steel autoclave with stirrer and baffle. The reactor was filled with
aqueous protective colloid solution in which the phosphate buffer was
dissolved. Depending on the tests to be performed (see below), one of the
followmg methods was used:
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VCM was of meri zation grade, while all other materials were s rd
chenical s Vé’é@%t grade. These conpounds were used Wthongﬁgp‘iIﬁS@?Da

purlflcatlon Procedures: 1. Suspensions were prepared by m xing the
thermal |y Iablle organi ¢ conpound in theqgqueous phase containing the other
Ingredients in the proper ratio, with a turbine-type-stirrer, at 10[err]C
Subsequently, the m xture was first dispersed with an U tra-Turrax[err]
rotor-stator dissolver for 5 10 mnutes at 700 W stirring energy per kg

Draislorr]) Perd i | R eaRensiD Gape trrnalidebis praac FomPobBa R eaded i oo
for 80% by vol HH"amJﬁﬁt bzgté ﬁ’g@?dﬁdi@ Hf‘sre% ltl'\@‘ih@‘l Idrﬂee Iofﬁ}[y

m/mn at a tenperature maxi mum pre erab er

t he suspensi on%’hweacﬁeams%ed evicuatedrand flushed withnsitrogen fouetimesawbitleed i n
ternms of viscosity, particle size &&strl bution), and physical stability on

agi ng (separ at S#Ang. Hiter,additiangf VifeMe the Haixtyger wasn eatedh i@ feastion
Vi t LVT t t 12
spindle 3. %hﬁféia&?’%ﬁfsa@?zf’??&*?b RSN was 20 “deter m ned by I ght

scattering techniques using a Malvern Particle Si'zer M3. Separation of the
suspensi ons was determned visually by storing in 500 ml HDPE jars. 3. The
pol yreri zat i on&%acﬂ‘hgn@aﬁpl’ewaar evaciated and glushedlw'ttln dnitsagen feer times

stai nl ess steel utoclave irrer and baffle. The, react r was filled

W t h aqueous p}" Ecﬁ"&'@ T | Waso X \M\l%th regR meﬁ pee lﬁJ"Pf g?ewas
di ssol ved. DePg%&Et’Gﬂ ﬂ&tﬁ%%"a@%e%t&& iPe28 ThihidE o 53:5° D5 ablequsiilyOthd he

foIIovm ng neth was use
10 suspension of the thermally labile organic compound was added in an

amount of 0.07% pure peroxide, based on the vinyl chloride monomer, by
means of an appropriate syringe through a septum.

For both methods the reactor was cooled after 6 hours of polymerization

15 time and excess vinyl chlor'id"e“' monomer was vented. The polyvinyl chloride

- was filtered, washed, dried overnight at 50°C, weighed, and analyzed. The

conversion of the vinyl chioride monomer was determined by gravimetric
analysis. -

20 4. The DOP porosity and the volume resistivity of the PVC were determined
by analyzing material from method 3.1, in accordance with DIN 53417
(centrifuge method) and ASTM D257-66 (22°C, 46% R.H.), respectively.
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suspensi on_of thermal ly | abile organic conpound was add ' unt
of .0.07% pWI%’B?J‘E&?Xi de, based on the vinyl chloride nononeri%ﬁ@g?’g%@ or ,

was then evacuated and flushed with nitrogen four tinmes while stirring.
After addition of the VCM the mixture w49 heated to reaction 5
tenperature (53.5C) in 60 mnutes. 3.2 The reactor was evacuated and
flushed with nitrogen four tinmes while stirring. Then VCM was m xed in at
roomtenperature and the reaction m xture was heated, in 25 mnutes, to

o e oo S P B T UYL B0 Myt

conpound was noun re perox he ~vi nyl

chl ori de nonongralyZed itecstiveptional waps oRPVC abtained &y mbttaB. 2 septum  For
bot h met hods the reactor ‘was cool ed after 6 hours o golyrrerl zation 15

time and excesEhafisl eyetieveliwas delesmined iasaccondante with the methadiofchl ori de

The. conver si orOorSume-KuiBisi@HE ppH 19Bhone: 56225, Fiofraitn, B5 Wieric: i o
lysis. 11 i N BT el i rtive; PVC

agfeyzgts er%’one V%Iy'g?r?%zﬁgeﬁée{%%f ?'gnlﬁ ﬁf&r'%vrhﬂ}?ret o&d e?%izﬁléil h: dnérglélgg}%%g%g W th

DI N 53417 ( cendetefminedwitihadboulter GAINeR iMultisiZed),[and the bulk deRsity was
respectively. WO 98/ 18835 . . '
PCT/ EP97/ 0591 9datermined in a conventional way by means of an Erichsen DIN cup

243/11.8.
10 Example 1

A suspension was prepared containing 2% by weight of Alcotex 72.5
. (approx. hydr. 72.5%), 0.3% by weight of Igepal CO897 (HLB 17.8), 0.15%
by weight' of xanthane guni, 0.05% by weight of Ca0O, 40% by weight of
16 Perkadox 16, the remainder b‘eing' demineralized water.

The suspension showed excellent physical and chemical stability during |
more than 3 months of storage and had the following properties:
- dso (um) -5 |
20  dgp (um) o 12
Erichsen viscosity (mPa*s) 140
Brookfield viscosity (mPa-s) 1530

-~



5. The fish eye level, particle size (distribution), and bul k density were
anal yzed in conventlonal ways- on PVC obtai ned by nethod 3.2. The flSh eye .
level was WOIBAMSAed in accordance with the method of 0. LefEOHE .
Kunststoffe, 50(4) 1960, pp. 227-234. Preferably, the fish eye 5 Ievel IS
as | ow as possible. The polyvinyl chlorigig nmean particle size was
determned with a Coulter Counter[err] (multisizer), -and the bulk density
was determined in a conventional way by neans of an Erichsen DI N cup

243/ 11.8. 10 Exanple 1 A suspension was prepared cont ai ni ng 2@6by wei ght

of Alcotex 72 0.3% b of. (I)897 (HLB
17.8), 0.15% @%@‘E}S‘aﬁnwgpégms Q‘ﬁ/%H? pepsignad the I?é'llﬂw'Bﬂq{'ﬁ #59 by

wei ght of 15 w. the remai nger bei ng demnineralized wat er. The
suspensi on shovved exce phyS| cal and chem cal stability during nore

t han 3 nont hsvmlreﬁlstl\ﬂm(mmb had t he4¢10™ owi ng properties: dlerr] ([err]m
5 20 d[err]o (@Berr] 12 Erichsen viscosity (nPa.s) 140
Brookfiel d vi dt .s) 1530 ¥ 98/18835

el 1 o 1 90

14..10[ err] flsm_meuéﬁsw.ml .- 0> average particle size ([err]m
160 '

Example 2 .. -
10 | |
Example 1 was repeated, except that Po_lyViol VO03/240 (approx. hydr. 78%)
was substituted for the Alcotex 72.5 and 0.4% of Berol 08 (HLB 18.7) was
used instead of the 0.3% Igepal CO897. The suspension had the foliowing

properties: : .

15  d50 (um) Y a8
d90 (um) | | 105
Erichsen viscosity (mPas®s) 160

Brookfield viscosity (mPaes) 4950.

The suspensions were storage stable for at least 3 months.
20 |

Example 3

A suspension was prepared containing 2% by weight of Unitika UMR10m

25 (approx. hydr. 65%), 0.3% by weight of Berol 08 (HLB 18.7), 0.15% by
weight xanthane gum, 0.05% by weight Ca0, 40% by weight of Perkadox |
16, the remainder being demineralized water.



bul k density (’g;m [erf]) 0.40 Exanple 2 10 Exanple 1 was repeat ed,

except tha gkl VO3/ 240 (approx. hydr. 78% was substituted for the
N EHteriiioty 5o,

Al gotex 72. 4% of Berol 08 (HLB 18..7) was used i nst eal] _
| gepal C0897. The suspension had the follow ng properties: 15 d50 ([err]m
4.8 d90 ([err]m 10.5 Ixqi chsen viscosity (nPa.s) 160,
Brookfield viscosity (nPa.s) 4950. The suspensi ons” were storage stable

for at. least 3 nonths. 20 Exanple 3 A suspension was prepared containing 2%
by wei ght of Unitika UVRLOmM 25 (approx. hydr. 65%, 0.3% by wei ght of

e, 3 B o e IR Y i

98/ 18835 more than 6 months of storage an ) 919 21 The
suspensi on showed excel | ent physica ancfj Eﬁgg%g?lloﬁgipﬁﬁéﬁ@%i ng nore

than 6 nont hs ddy (p)rage and had the féllowi ng properties: dlerr] ([err]m
4 dlerr] ([err 9 5 Erichsen viscosity (nPa.s) 130

m -
Brookfiel d vi s&msﬂ’-w (nmPa. s) 1800
5 Erichsen viscosity (mPass) 130

Brookfield viscosity (mPass) 1800

The PVC produced 'using this suspension had the following properties:

10  DOP porosity (%) 24
vol.resistivity (Qcm) 12410%
fisheyes (m?) 25
- average particle size (um) 1 85 .

 bulk density (geml™) 0.40

15 x "

Example 4

A suspension was prepared containing 1.5% by weight of Polyvic SP808

20 (approx. hydr. 65%), 0.6% by weight of Brij 35 (HLB 16.9), 0.15% by weight
xanthane gum, 0.05% by weight CaO, 40% by weight of Perkadox 16, the
remainder being demineralized water.

'The suspension had the following properties:
25 Erichsen viscosity (mPass) 170
Brookfield viscosity (mPass) 4120
The product was storageé stable for at least 3 months.



The PVC produced using this suspension had the follow ng properties: 10

DOP porosit P 24 vol .resistivity ([efr]cm 12,10l err] fish
eyes (n{err‘??gﬁssss 25 average particle size ([err]m ﬁM’”
density (g.mJ[err]) 0.40 15 Exanple 4 A suspension was prepared

containing 1.5% by wei ght of Polyvic SP8g8 20 (approx. hydr. 65%, 0.6% by
wei ght of Brij 35 (HLB 16.9), 0.15% by wei ght xanthane gum 0.05% by wei ght
CaQ, 40% by wei ght of Perkadox 16, the remainder being dem neralized water.
The suspension had the followi ng properties: 25 Eri chsen viscosity

(mPa.s) 170 Brookfield |sco? Ay (mPa.s) 4120 The.product was storage
stabl e for at Qealm_\@é&am&_e WO 98/ 18835

PCT/ EP97/ 05919 22 Conparative Exanple A Exanple 1 was repeated, except that
this time the suspension consisted of 1.5% by wei ght of Gohsenol KP0O8

(approx. hydr. Exaftiple 8. Wadrdpeatsd wicept tiiat thivtiarthe efision’edhsisted Gt  of
CaO, 40.0% by wei ght of Perkadox 16, and 58.25% by vveag{gwt of water, with

the fol | owing &% bysveightotGobseroldiPOR {apprpxi bydn. Oc1ﬁ%| mawe;gmmm e
gtj;'r P ? l( [ezs§ } E?ant?\av\gegkusm 06 Ogtyoﬁegvelaﬁtd mh égot Qﬁ) 6‘%' t|>)9 We? to errkta'dg;st 16
and 58.25% by weight of water, with the following resuits.

The suspension was physncally and chemlcally stable durmg less than 8
_ weeks of storage and had the followmg properties:
10 dgo (um) .. 8
dgo (M) 19
Erichsen viscosity (mPass) 220 .
Brookfield viscosity (mPa-s) 3600

15 The PVC produced usmg thls suspensnon had the followmg properties:

- DOP porosity (%) 22
vol.resistivity (Qcm) - 15-10™
fisheyes (m?) > 5,000

average particle size (um) 145
20 bulk density (gemf™") 0.40



dierr] ([err]m | 19 Erichsen viscosity (nPa.s) 220

Brookfield y (mPa.s) 3600 15 The PVC produced usin
suspensi on‘%ﬁg&fbﬁg foll owi ng properties: DOP porosity (% %&Hﬁwﬂ’?l,

vol .resistivity ([err]cm) 15.10[err] fish eyes (nferr]) > 5,000
average particle size ([err]m 145 20 pylk density (g.m[err]) 0. 40
WO 98/ 18835 "PCT/ EP97/ 05919 23 .

Conpar ative Exanple B Exanple 1 was repeated, except that Al cotex 552P
(average hydrolysis 55.5% but with a substantial anmount of material with a
degree of hydrqlysis | ow,5599 was substituted-for the Alcotex 72.5 and
the I gepal CO8 J I8 h Berol 08 (HLB 18.7). The resulting
suspensi on was very thixotropic and showed unaccept abl e storage and
handl i ng properties. 10 Conparative exanples C and D Exanple 3 was

repeat ed, excefxatiplé 1 wasSespéated, wxceptthatcAliotex lssmeamiragé HydrolySis
14. 4) and El faEur T110 (HLB 13.5) in Exanples C and respectlvel

Bot h suspen5| oR8.5f hutwith amt&bﬁtar!tlabammwow@a@al ‘y'th @dﬂﬁﬂfﬁ‘&tq @b{ﬁﬁl e E

Capprox. " nyr . BaGu) B8 s, SRRl Bir e PP s Bl T Toha %07

was replaced with Berol 08 (HLB 18.7).
- The resulting suspension was very thixotropic and showed unacceptable
storage and handling properties. |

10 .
Comparative examples C and D

Example 3 was repeated, except that the Berol 08 was replaced with
| Cedepal E710 (HLB 14.4) and Elfapur T110 (HLB 13.5) in Examples C and
15 D, respectively. Both suspenéions were too thick to be handled easily.

Comparative Example E

20 Example 3 was repeated, except that 1% by weight of Gohsenol LL02
(approx. hydr. 48%) and 1% by weight of Polyviol M05/190 (apbrox. hydr.
82.5%) were substituted for the 2% by weight of Unitika UMR10m.

The resulting suspension was not storage stable. After two weeks it was
too thick to be handled easily.

25



82.5% were substituted for the 2% by weight of Unitika UVRIOm The
resul ting suspénsi on was not storage stable. After two weeks it was to
thick to bSVRAWWRY easily. 25 = WD 98/ 18835 PCTIEPITI05919 _
PCT/ EP97/ 05919 24 Conparative Exanple F Exanple 1 was repeated, except that
Gohsenol KH20 (approx. hydr. 80% was subgtituted for the Al cotex 72.5.

Thi s suspension was too thick to be 5 processable. No representative

sanpl e was attai nable. Conparative Exanple G Exanple 3 was repeated, except
t hat Et hapol 66 (approx. hydr. 66% was 10 substituted for the Unitika
UVRIOm The Ethapol is a_m xture of PVAs with |ow (46% and high (>76%
degr ees of hyd%wwﬁlmfgﬁensi on was too thick to be handl ed easily.
Exanpl es 5-6 15 The experinment of Exanple 1 was repeated, except that the

| gepal C0897 was replaced with another non-ionic enmulsifier, as indicated
in the fol | ow Egaimph ¢ waerspeated, é‘)l@éptm‘atGohédnBI ;(l-ﬁro (abpm ‘hyﬁﬁ 80%)

Brookfield enul sifier value- 59&0 17&
120 1986 sgibstituted Ririthe tex 72.5. Thls sugggnsnon was tooﬂbwk tg(beThe

products wefe StorL3gshi! R 2presentative sample was attainable.

16. 9

Comparative Example G

Example 3 was repeated, except that Ethapol 66 (approx. hydr. 66%) was
10  substituted for the Unitika UMR10m. The Ethapol is a mixture of PVAs with

low (46%) and high (>76%) degrees of hydrolysis.

This suspension was too thick to be handled easily.

Examples 5-6

15 . S | .

. The experiment of Example 1 was repeated, except that the lgepal CO897
was replaced with another non-ionic emulsifier, as indicated in the following
table.
| Example | Non-ionic  HLB  Erichsen visc. | Brookfield

emulsifier  value (mPars) (mPa-s)
Brij 35 16.9 120 1350
6 Brij 68 15.7 160 1820
20

The products were storage stable.



WO 98/ 18835 PCT/ EP97/ 05919 25
Exanple 7 sion was prepared according to procedure 1.. US| % by -
wej, ght of é@%ﬁ% 26, 2.0% by wei ght of Alcotex 72.5, 0.3%¥W5%?Ig§??90f _
Berol 5 08, 0:17% by wei ght of xanthane gum and 57.53% by wei ght of

water. The suspension showed excellent phgsical and chem cal stability

during nore than 3 nonths of storage and had the followi ng properties:

dierr] ([err]m .. 8.6 10 d[err] ([err]m 20.0
Eri chsen viscosity (nPa.s) 90 Brookfield viscosity (nPa.s) 1920 Exanple 8

15 A suspensi og was Er?epar ed according to procedure .1, using 44.44% by
wei ght of Lil (equi valent to 40% by wei ght of dicetyl .
per oxydi car bonate), 2.0% by wei ght of Unitika UVR 10M 0.7% by wei ght of
Berol 08, 0.15% by wei ght of xanthane gum 0.08% by wei ght of sodi um 20

di carbonat e, apduspehsitniwas\prapredacedidirig tol procedupens usings40%dsy weight
physi cal and chemi cal stability during nore than 3 nonths of storage, and

had the fol | owphBepkasioxi26, 2s0%dpeweight péAlgatgx 72.5, 0.3% by weight of Bayol d[ er r ]
\(“[ g(r:glsn y ( a9§9 O.i!gg/b by wleglgl% o'%rfa%?ﬁgﬁ'e ﬁ'u%c %?\'dt% é&%%i }Neigﬁl:i o'%rv?a lé];'.' eld

The suspension showed excellent physical and chemical stability during
more than 3 months of storage and had the following properties: '
dso (L) o 8.6 | |
10  dgo (um) o 20.0
Erichsen viscosity (mPa-s) 80
Brookfield viscosity (mPa-s) 1920

Example 8
15 o
A suspension was prep'ared acéording to procedure 1, using 44.44% by
weight of Liladox® 90P (equivalent to 40% by weight of dicetyl
- peroxydicarbonate), 2.0% by weight of Unitika UMR 10M, 0.7% by weight
of Berol 08, 0.15% by weight of xanthane gum, 0.08% by weight of sodium_

20 dicarbonate, and 52.63% by weight of water.

The suspension showed good physical and chemical stability during more
than 3 months of storage, and had the following properties:
dgo (M) ' 5.3
25  dgy (um) 19.9
Erichsen viscosity (mPass) 75
Brookfield viscosity (mPa-s) 1630



26 Clains 1. A process to prepare an agueous suspensi on conpri sing: -I'
35 to 60% Db ] of the total formulation of one or nore 5 sol i
thernmal |y %%ﬁg gani ¢ conpounds, - 0.5-10% by wei ght RCHRRITOSNY

formul ation of one or nmore polyvinyl alcohols having an average degree of

hydrolysis from 60 to | ess than 80% witlkst he proviso-that—nopotyvinyl
al cohol with a degree of hydrolysis of |éss than SEI%é

et RO 8 103
- 0.05 to 1% by weight of the total fornulation
emul sifiers having an average HLB value from14.5 t¢ H M t at | east
one solid the | abi | e organic conmpound is mll 2. A

ropal | .
process accoro&&é]ﬂéo claiml, wherein at |east one solid thernally |abile
organi ¢ conpound is milled in an aqueous medi um which nedi um conprises at
| east one of said polyvinyl alcohols or at |east one of said enulsifiers.

20 3. A protess Aqrocessih pn@p&k@bﬁ\éﬂﬁo&sdﬂ&h@idh édifiphisingmal |y labile
organi ¢ conpound is selected fromdiacyl peroxides, peracids,

per oxydi car bonat es,- and frPRt 8r tas 60fe hyoweight of theptatak formulationliofprien ocl ai m
3, wherein

the therpally l.ahile anjc 25 -, conpound is -
di cycl o_hexﬁ per ox%r%éf)h@ﬁl?@ﬁw?g’@q@mg CRMPAUBFEI ohexyl )
per oxydi carbonate, di Wrbg-ifb%oﬁg%éiatﬁa%pﬂi@tt&at 1 l¥{i&$rd?x¥ne.od' more
peroxydi carbonate, didecyl peroxyditcarbonate, di decanoyl peroxide,
di | auroyl per oxi de, palyvinyLaicohplsrkaniing aoraverage degeee@bf hydrolysisirom 60 té hese
compounds. less than 80%, with the proviso that no polyvinyl alcohol with a
degree of hydrolysis of less than 55% is employed
10 - 0.05 to 1% by weight of the total formulation of one or more
emulsifiers having an average HLB value from 14.5 to 20.0,
wherein at least one solid thermally labile organic' compound is

milled in water.

15 2. A process according t6 claim 1, wherein at least one solid thermally
labile organic compound is milled in an aqueoué medium, which -
medium comprises at least one of said polyvinyl alcohols or at least
one of said eniulsiﬂers.

20 3. A process according to claim 1 or 2, wherein the thermally labile
organic compound is selected from diacyl peroxides, peracids,
peroxydicarbonates, and mixtures thereof.

4, A process according to claim 3, wherein the thermally labile organic

25 compbund is dicyclohexyl peroxydicarbonate,  bis(4-tert-
butylcyclohexyl) peroxydicarbor;ate. dimyristyl peroxydicarbonate,
dicetylperoxy  peroxydicarbonate, didecyl peroxydicarbonate,

. didecanoyl peroxide, dilauroyl peroxide, or lauric peracid, or a

mixture of two or more of these compounds.

I
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WD 98/ 18835 PCT/ EP97/ 05919 27 5.
A process " d] to any one of clains 1-4, wherein the particle size

di Et ributi gﬁf%}ﬂb#g t her mﬁl l'y labile organic conpound in thePET/EET705919
suspension has a d[err] of |ess than 20[err]m 5 6. A process according
to'claims5, wherein the particle size diggribution of the thernally labile
organi ¢ conpound in the suspension has a d[err] of less than 15[err]m 10
7. A process according to any one of the preceding clains, wherein the
degree of hydrolysis of the polyvinyl alcohol is from62 to 78% 8. A
process according to any one of the preceding clains, wherein the

enmul sifier has an average HLB value from 16.9 to 20.0. 15 9. A process

9
according to y O | | L4t _ t of
he ther mal |y Tabi s FAPany sBEBERl B9 iy i drISafild' 14 s he Parfide
concentration of t rsfzedistibution of tehtHerirally1abild orgafitecampsiintlin theindine
concentration of the emulsifier is fromO0.05 to 20 0. 8% by wei ght,
al | based on the tdusPensiaghiasa dghef lessthant2Qum. 10. A process accordi ng
to any one.of the preceding clains, wherein the final suspension further
conpri ses Q t hi ckener in a concentration up to 2% by weight of the total

cl ai M. whor eich. heFIOeTS S SO BRI B o3 vt e baltRfe B @ptrbtion

claims, wherein the suspension

addi tives sel ect ed dfrtherthermalfyiabile prggrictcompeanc i the SGSpEIRIGE had20dg,
bi oci des. _
of less than 15um.

10 7. A process according to any one of the preceding claims, wherein the
degree of hydrolysis of the polyvinyl alcohol is from 62 to 78%.

8. A process according to.any one of the preceding claims, wherein the -
| emulsiﬂér has an .average HLB value from 16.9 to.20.0.
15 | "' o - |
9. A process according td any one of the preceding claims wherein the

‘concentration of the thermally labile organic compound is from 35 to

45% by weight; the concentration of the polyvinyl a!cohdl is from 1 to

5% by Weight, and the concentration of the emulsifier is from 0.05 to
20 0.8% by weight, all based on the total weight of the formulation.

10. A process according to any one of the preceding claims, wherein the
final suspension further comprises a thickener in a concentration up
to 2% by weight of the total formulation.

25

11. A process according to any one of the preceding claims, wherein the

final suspension further comprises one or more additives selected

from pH-adjusting agents, sequestering agents, and biocides.

* c L M H] *



28 ACD 2555 R 12. A process according to any one of

t he precedi nﬁ cl ai ms wherein the process involves a
| east one
t enper at ure of 0 15[err]C preferably 0-5[err]C 13.

m xi ng step and at

32t ep during which the tenperature is cont rRBFTER705919

A suspension of

bi s(4-tert-butyl cycl ohexyl) peroxydicarb te, dinyristyl
per oxydi carbonate, lauric peracid, or a mxture thereof, obtainable by a

process according to any one of clains 1-12. 10 14.

A suspensi on

according to claim 13 conprising bis(4-tert- butylcyclohexyl)
peroxydi carbonate as, the sole thermal|ly |abile organic conpound. 15.

pol yneri zati on e oc@sE"%@F &crording to any enesf thg;nteee@ngplamewtwemm

10,25 TN o i S

characterized in thaghie théummr%uﬁéeigsbﬁﬁtrbliewsﬁféféﬁﬂ()y F: abie% htebY

the process as defined in any one of clains 1-
process according t ®elWATG5, characterized in that

A pol rization
an aqueous suspen3|on
peroxydicarbonate as

is used corr$r| sing just bis(4-tert- butylcycl ohexyl)

t he ther nal

10

15

20

y |l abile organic conpound.

13.

14,

15.

16.

A suspension of bls(4-tert-butylcyclohexy!) peroxydicarbonate,
dlmyr_lstyl peroxydicarbonate, lauric peracid, or a mixture thereof,
obtainable by a process according to any one of claims 1-12.

‘A suspension according to claim 13 comprisirig ‘bis(4-tert-
- butylcyclohexyl) peroxydicarbonate as the sole thermally labile
- organic compound.

A polymerization process wherein vinyl chloride, optionally together

with up to 40% by weight of ethylenically unsaturated comonomers,

- iIs - polymerized using one or more thermally labile organic

compounds, characterized in that an aqueous suspension is used
that is obtainable by the process as defined in any one of claims 1-
12.

A polymerization process according to claim 15, characterized in
that an aqueous suspension is used comprising just bis(4-tert-
butyicyclohexyl) peroxydicarbonate as the thermally labile organic

compound. . I
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