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T 1- Process for the aqueous sus NCETE S HERISON oG .

vi nyl chloride with the use of di al kyl ﬁ gg EJ car QHaves {4 fhged. at-i.
and process for the manuf act ur ejld Dt lI"ﬂt §Q°pf;yd|[@bggyh ..........
per oxydi car bonat e. The present i[udédt t £ 1 08piHe@CESS.

of a soI utlon

manufacture of a solution of diall_gxl
peroxydicarbonate.

The present invention relates to a process for
the agqueous suspension polymerization of vinyl
chloride with the use of dialkyl peroxydicarbonates.
It relates more particularly to such a process in
which dialkyl peroxydicarbonates with short alkyl
chains are used in the form of a solution. The inven-
tion also relates to a process for the manufacture of
a solution of dialkyl peroxydicarbonate with short
alkyl chains.

It is known to make use of dialkyl peroxy-
dicarbonates for initiating the aqueous suspension
polymerization of wvinyl chloride. Dialkyl peroxy-
dicarbonates with short alkyl chains, such as diethyl
and diisopropyl peroxydicarbonates, constitute
initiators that are particularly appreciated because
of their high activity at the usual temperatures of

. polymerization of v_inyl chloride. However, they have

the disadvantage of being unstable, with the result
that their stoi‘gge in the pure state presents very
serious hazards.

. With a view to overcoming this disadvantage it
has already been proposed to manufacture these peroxy-
dicarbonates in the polymerization reactor ("in
situ"), £for example by reacting alkyl haloformate
dissolved in vinyl chloride with a peroxy compound
such as hydrogen peroxide, dissolved in alkaline
water. This process for "in situ" manufacture of the
initiator does not allow an automation of the
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“di carbonates with short al kyl chains, such as diethyl and diisopropyl

per oxydi car bonat es, constitute 15 initiators that are particularly
appreci at ed because of their high activity at the usual tenperatures
of pol yneri zation of vinyl chloride.. However, they have t he

di sadvant age of being unstable, with thg tesult that their storage in
the pure state presents very 20 serious hazards. Wth a viewto
overcom ng this disadvantage it has al ready been proposed to

manuf acture t hese peroxy- di carbonates in the polynerization

reactor ("ininitiatotu"feed ortoexthpl epdlymentzationl kydadtzdnd or it e 25
Lol ve? o LS Lk ARSI oy ofGLciEA o0
manuf act ure oton¢erning the tquantities IhHiindtiatem asiuaidy dmtab-t he
-2 ehld&d eNfed Nakk | HINRESIE AASh PO laHE T 07! pRodnbtitn
5 efficiency (need to precede each polymerization cycle
with the "in situ” synthesis of the initiator).

It has also been proposed to prepare the quantity
of dialkyl peroxydicarbonate which is precisely
needed, outside the polymerization reactor ("ex situ")

10 and immediately before the polymerization.

This preparation is performed by reacting' an
alkyl haloformate with a peroxy compound in the
presence of water and of a water-immiscible volatile

N solvent which preferably has a boiling temperature

15 lower than 100°C, such as pentane or hexane. The

initiator solution thus obtained is then introduced in

toto (organic phase and aqueous phase) into the

polymerization reactor which is subsequently charged

with a view to the polymerization (British Patent 1

20 484 675 in the name of Soclvay & Cie). This process

allows the initiator feed to the reactors to be

automated but still makes it necessary to produce the

sufficient precise guantity of initiator immediately

before the polymerization. Besides, it does not allow

25 (either) a delayed introduction of the dialkyl peroxy-

dicarbonates, a technique that is advantageous, for

example, in order to improve the polymerization

kinetics. In addition, just like the abovementioned

process for "in situ" manufacture, it produces wvinyl

30 chloride polymers which, after conversion, result in
finished articles containing many "fisheyes".

The aim of the present invention is to provide a
process for the agueous suspension polymerization of
vinyl chloride with the use of dialkyl

a ' This Sheet Has Been Replaced
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Wi th"the "in situ" synthesis of the initiator). It has al so been

proposed to prepare the quantity of di al kyl peroxydi carbonate which is
preci sely needed, 5 outside the polynerization reactor ("ex situ") and

i medi ately before the polynerization. This preparation is
performed by reacting an al kyl halogotmate with a peroxy conpound in

t he presence of wat er and of a water-imm scible volatile solvent which
10 preferably has a boiling tenperature | ower than 100[err]C, such as
pent ane or hexane. The initiator solution thus obtained is then

i nlt roduced i %éﬁéﬁy&ﬂéﬂﬁﬁbﬁﬁﬁé@sﬁiandshorta&m!t Scaaa&ezjwh_riu tdtfes ]
pol ynmeri zati on reacjfo I C IS supseqguen charged wt a viewto the
pol yneri zat i o‘h°559x£‘f'gf|'¥\‘{]ia§‘l¥ B e 1%%’&&%?%&' ﬁnﬁaeﬁiﬁél"&f‘%@e\ﬁxy & Ce).
Thi s process Btl al®ot ladnisni to appovidedano imparovent iprccess E£orbakaut omat ed

but still makes_it _necessary produce uf ficlent ‘egl quantity
of initiator *mgﬁﬁe%‘féé %gf or egt he %8F'§/1tr$'gﬁézat i o&n:‘.'r Bescli)%gg?%ﬁt does
not all ofv 20 pexexydicarbodastesecwhich ahetpamtidulamplyli sulyedpdioaxy-

di car bonat es uge 1£2CPRLIHGuebl8! shppatliiBhagesyReriOation BEAWE I 0 Of der

toirrprovethef i/rrerlza 0 I neti cs. Ition, just e the
abovenent i one@bhlorideocess for "in situ" manufacture, it produces vinyl 25

chloride polynmers whi ¢his ahd’ tHEVEivéion 'e6ldtesNto a Pridicemy
articles contai ning many "fisheyes". British,Paten plication 2
022 104 and Fr@hchihe aé‘&?@ﬁ? /ﬂvi’;ﬁsfe&ﬁii% E°§¥§e§§§aﬁ'§ﬁﬁ' prde¥ses for
t he ilaqueatislotbenwith prhe Masezatf odialikyl nperokiydiicdebonates
with short alkyl chaing, characterized in that the
dialkyl peroxydicarbonate i1is used in the form of a
solution in a dialkyl alkanedicarboxylate which is
liquid and insoluble in water.

15 The solution of dialkyl peroxydicarbonate with
short alkyl chains which is used according to the
process of the present invention consists essentially
of dialkyl peroxydicarbonate and of solvent (dialkyl
alkanedicarboxylate). It is therefore free from other

20 polymerization ingredients such as, for example,
monomer.

Dialkyl alkanedicarboxylate (hereinafter referred
to briefly as "ester") which is liquid and insoluble
in water is intended to demote the esters which are

25 liquid and insoluble in water in normal conditioms,
that is to say at ambient temperature and at atmos-
prheric pressure. Insoluble in water is intended more
particularly to mean a solubility in water at ambient
temperature which is lower than 0.5 g/l. The solubi-

30 lity in water of the esters used as solvent for the
peroxydicarbonate in the process of the invention
preferably does not exceed 0.3 g/l. "

The esters which are liquid and insoluble in
water and used in the process of the invention



‘30 the use of dial kyl perokydi carbonates wth short al kyl chains in

the presence of respectively a plasticizer or a di acid higher al cohol
ester. The processes descri bed in these docunents do however not all ow
to solve the problems |inked with the dial kyl peroxydi carbonate 35
Instability during storage, the automatad-initiator feed to the

pol yneri zation reactors and the del ayed

- 3- i ntroduction in the polynerization reactor of these

initiators. The United States Patent 3 950 375 relates to

conti nuous preereraldy thaveanubatliimg ofteppexrativzes|

by cent i { ugi agpalies BAHFOUR1ERA G hppredfdSty higher &l

Patent 3 377 373 descri es ‘a contl nuous grocess
a dii sopropyl In mogkreryaschkReynare Bégherok

Siper mmﬁaiar bonat es

d St at es
rranuf acture of

2R 48P06n tetrachl oride. 10

The ai mof the preggnivaynvenekalpiest 8£Pegted® &hat can be applied
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there may be mentioned the liquid and water-insoluble
esters as defined above which are derived from C;-C,
alkanedicarboxylic acids and £from C,-C;; alkanols
(linear or branched saturated aliphatic alcohol.s) .
Examples of these that may be mentioned are diethyl
and dibutyl butanedicarboxylates (succinates),
diethyl, dipropyl, dibutyl, diisobutyl and diethyl-
hexyl hexanedicarboxylates (adipates), diethyl and
dibutyl octanedicarboxylates (suberates) and dibutyl,
diethylbutyl and diethylhexyl decanedicarboxylates
{(sebacates). .

Esters which are well-suited for carrying out the
process of the invention are the alkanedicarboxylates
derived from C,~-C; alkanedicarboxylic acids and from
Cs~Cip alkanols. Esters which are very particularly
preferred are chosen £from hexanedicarboxylates
(adipates) derived from adipic acid and from C¢-C
alkancls. An ester which 1is very particularly
preferred in the process of the invention is diethyl-
hexyl adipate. _

The concent¥ation of dialkyl peroxydicarbonai:e in
the solutions wused in the polymerization process
according to the invention is generally from approxi-
mately 15 to 40 % by weight. The use of dilute peroxy-
dicarbonate solutions in the polymerization, for
examplée of solutions containing approximately 10 % by
weight (or 1less) of dialkyl peroxydicarbonate,
introduces the risk of resulting in vinyl chloride
polymers whose glass transition temperature, and hence
heat resistance, is reduced. In general, approximately

\
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'p'r ocess for the aqueous suspension pol ymerization of vi nyl chl ori de

wth t he use of di al kyl per oxydi carbonates with short al kyl
chai ns whi ch does not exhibit any of the abovenentioned di sadvant ages.
It 15 also ains to provide an inproved process for the

manuf acture of a solution of dial kyl permpxydicarbonates . which are
particularly suited for use in the agueous suspensi on pol yneri zati on of
vi nyl chl ori de. To this end, the invention relates to a process
20 for the aqueous suspension polynerization of vinyl chl ori de

with the use 40 & biykweightolgdnotrénneededbéetause shooncentwatidmi ns,
characterized hn,.that, t i xydicar | d Ly the form
that "dlg gfé%cfkaxﬁ‘ﬂ e QSEQ @h% Q%\%h%.déﬁ GEY the .

of a solution’ina alkang I car boxyl ate 'S rquid
and 25 insol Measuremgnterwhen the reaptoxnsolsit fed witdh dAndtiator.

per oxydi car boggldl Weldhits ardYHtaAded Wit NsoMhtdhd SiaiSah @k cerdi ng to

t he process _of _.the present |nvention conS|st§ essentially of
di al kyl Sper oSNl BRECFYAifaTrbopate,coprentratirpy Lo fron appro-
al kanedi car boximately 25t tos 3B ehorRilghta from ot her pol ymeri zati on

ared ents, SUCh i sl da Tk et TEE gt capopates B! L o
is liquid andshost akyli ch8inswkhat arei nseddinl the ¢uoilymertiwatbdmrs whi ch
are liquid  pro3add N3ELYRLERL" ¥6! ¥nd " 13V cEO oY OBS: LGfedS 1O
10 without risk at low temperature (below 10°C) and this
may be done for many hours without appreciable loss of
activity. They can consequently be prepared in advance
in a sufficient quantity to feed a number of
polymerization reactors or else to feed a number of
15 polymerization cycles in the same reactor.

For the purpose of the present invention, dialkyl
peroxydicarbonates with short alkyl chains are
intended to denote the peroxydicarbonates in which the
alkyl radicals contain 2 or 3 carbon atoms and

20 represent ethyl, propyl or isopropyl radicals, more
particularly the ethyl and isopropyl radicals. A
peroxydicarbonate which is very particularly preferred
is diethyl peroxydicarbonate.

According to a particulariy preferred embodiment

25 of the process ®f the invention a diethyl or diiso-
propyl peroxydicarbonate is hence used in the form of
a solution in a hexanedicarboxylate (adipate) derived
from adipic ‘acid and from a Cs-Cj alkanol.

It is to be understood that, besides the dialkyl

30 peroxydicarbonates with short alkyl chains, other
conventional initiators may be used conjointly in the
polymerization process of the invention. As examples
of such other initiators there may be mentioned
dilauroyl and dibenzoyl peroxides, azo compounds or



w4- " say at anbient tenperature and at atnosphe | nsol ubl e in water

Is intended nore particularly to nean a solubility in water at anbient
tenperature which is | ower than 0.5 g/l. The solubility in water of the
5 esters used as solvent for the peroxydi carbonate in the process of
the invention preferably does not exceed 0.3 g/l. The esters

which are liquid and insoluble in water & = and used in the process of the
i nvention generally have 10 boiling tenperatures (in normal conditions)
whi ch are appreci ably higher than 100[err]C. In nost cases they are

applied LAY menedtsRIPatAt e (A EanloAg: S orHBRE G
esters as deflsmhammaduﬂhpammﬂc&rbdnm C[tmvre]rtﬁ[ee.rés]s, it is
B oo it RS 0BRSS (W ene
exclus;ve use of dialkyl peroxydicarbonates with short
5 alkyl chains. In contrast to the other abovementioned
peroxides, these have the advantage that their
residues or excesses that may be ©present in
polymerization mixture at the end of the
polymerization cycle (and that could affect the
10 thermal stability of the wvinyl chloride polymers
| resulting from the process) are easily destroyed
simply by alkalifying the mixture at the end of the
polymerization cycle.
It is also to be understood that the dialkyl
15 peroxydicarbonates in organic solution can be
introduced, wholly or partially, after the beginning
of the polymerization (with a delay). The delayed use
of a portion of the dialkyl peroxydicarbonate with
short alkyl chains is advantageous in order to improve
20 the polymerization kinetics or else in order to
produce resins with a low K value (which are produced
at elevated temperature) exhibiting a good' heat
stability. The total quantity of initiator used
generally ranges £from approximately 0.15 to 0.9%0, and
25 still more pargicularly from approximately 0.20 to
0.35 parts per thousand by weight approximately
relative to the monomer(s) used.
Apart from the particular feature of the use of
a dialkyl peroxydicarbonate with short alkyl chains (C,
30 or C;) in the form of a solution in an ester, the
general polymerization conditions are those usually
used for the noncontinuous polymerization of wvinyl
chloride in aqueous suspension.
For the purpose of the present invention vinyl
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,these that may be nentioned are di ethyl and dibutyl .
but anedi car boxyl ates (succinates), diethyl, dipropyl, 20 dibutyl,
di i sobutyl and di et hyl hexyl hexanedi car boxy- |.at es (adi pates),
and di butyl octanedi carboxy- | at es (suberates) and dibutyl,

di

di et hyl butyl and di et hyl - hexyl decanedi carboxyl ates (sebacates).
Esters which are well-suited for carryi ﬁg"out the 25 process of the
i nvention are the al kanedi car boxyl at es derived fromdCerr]-Cerr]
al kanedi car boxylic acids and from Clerr]-Clerr] alkanols. Esters which

are very parti

hexanedi carb o?@#é?%ég po 1%’%‘?%%% é’g%n d%$ iri\?%%a?c?%%\e‘g% i. %%ro%zr:ec ibéJ t&h F lﬂ‘ei' om

Clerr]-d err]héfiopalimevizationestef wwidyl s ahlomixie i cw@md | y ibeeferred

[n the proceSgoglybhget ae&'&ﬁoaahﬁ gLBERYLREYYbnddbR3Y° unsaturated The

uti-ons used in

concentration er oxydi car bonate |

et hyl

t he pol yneri Zsenemeps obbas gasobe polymeriged kyicai xardAcpdn Hontgeneral |y

from appg oxi nekShy1dS® 8 cbRvéAtYoRi1VBbfiBhomébe BEEvAhydi lH1®ride
per oxydi car bonat e sol utions, for exanple of sol utions._ containj
appr oxi - that can be used in the process of the invention and
which may be mentioned are olefins, halogenated
olefins, wvinyl ethers, vinyl esters such as, for
example, vinyl acetate, and acrylic esters, nitriles

10 and amides. The comonomers are used in quantities
which do not exceed 50 mol%, in most cases 35 mol%, of
the mixture of comonomers used for the
copolymerization. The ©process according to the
invention is highly suited for the homopolymerization

15 of vinyl chloride. _

Aqueous suspension polymerization is intended to
mean the polymerization with the use of ocil-scluble
initiators, in this case especially dialkyl peroxy-
dicarbonates with short alkyl chains, in the presence

20 of dispersing agents such as, for example, water-
soluble cellulose ethers, partially saponified
polyvinyl acetates (also called polyvinyl alcohols)
and mixtures theréof. Surface-active agents can also
be used at the same time as the dispersing agents. The

25 quantity of dispersing agent used generally varies
between 0.7 and 2.0 parts per thousand by weight
relative to the monomer(s).

The polymerization temperature is usually between
approximately 40 and 80°C. .

30 At the end of polymerization the vinyl chloride
polymers produced according to the process of the
invention are isolated in a conventional manner from
their polymerization medium, generally after having
been subjected to a purification from residual

ng
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.4-() % by wei ght is not exceeded because a concentration that is too

hi gh reduces the accuracy of the measur enment when the reactor is fed
with initiator. Good results are obtained with solutions in which the
5 di al kyl peroxydi carbonate concentration is from appro- xi mtely 25
to 35 % by wei ght. The sol utions of dial kyl peroxydicarbonates

W th short al kyl chains that are us®d in the pol ynerization

process according to the invention may be stored 10 without risk at |ow
tenperature (belom110[err](3 and this may be done for many hours

wi t hout appreciabl e IP%s activity. They can consequently be

prepared in afRFRRRe in a sufficient quantity to feed a nunber of
pol ymeri zation reacthes polﬁeziza)tiend proueber of 1Ehe pbhyenrtisati on

cycles in the eaet o I nt

i nventi on, slilr@'g &g oxy i%%r Bongglees %tc%%zﬁor%e al kiP EE %E are

i ntended to ddm)t ant hdmomﬁnd‘ar Bonatbe i nemMpdncﬁbélity alfkytheadl cal s
contain or é’méo hyl r I propyl
radi cal s% 2’ part| u ar? zQﬁe eﬁﬁfﬁan %o r%leo &ggdldc?;ll Eﬁe

per oxydi car bo@a"-taé'-m &P#@W%ﬁ?##%ﬁ?aﬂ‘ytﬁﬁe@%&f a splugierhy|
peroxydi car boriai ean ester aé‘esﬁaﬂhgg t® THEI ingentilon Paeksr radt

embodi ment 25 iftica trl(%rcegéfectt rEi:u—:-! ”53 %ggizagig}nh)i:inetidésl Sgr
the general properties (such as the K value, density

10 and particle size) of the vinyl chloride polymers
produced. In addition, when melt-processed, the latter
provide shaped articles exhibiting a much smaller
number of fisheyes.

The present invention also relates to an improved

15 process for the two-stage manufacture of a solution of
dialkyl peroxydicarbonate with short alkyl chains
capable of being employed in (and particularly suited
for) the aqueous suspension polymerization' of wvinyl
chloride. '

20 Accoxrding to this process, in a first stage, a
dialkyl peroxydicarbonate with short alkyl chains (as
defined above) is manufactured by reacting appropriate
quantities of alkyl haloformate with an inorganic
peroxide in water in the presence of an inorganic salt

25 in sufficient giiantity to increase the demsity of the
aqueous reaction medium and, in a second stage, the
dialkyl peroxydicarbonate manufactured is isolated by
extraction by means of a water-insoluble solvent, to
produce a solution of dialkyl peroxydicarbonate in

30 this solvent. |

The inorganic salt is advantageously used in a
sufficient quantity to bring the density' of the
agueous reaction medium to a value of at least 1.05
and still more particularly to a value of at least



pr-'opyl per oxydi carbonate is hence used in the form of a solution in a

hexanedi car boxyl ate (adi pate) derived from adipic acid and froma
Cerr]-Cerr] alkanol. It is to be understood that, besides the
di al kyl 30 peroxydi carbonates with short alkyl chains, other _
conventional initiators may be used conjointly in the ~ polynerization
process of the invention. As exanples - 9 -of such other initiators there
may be nentioned di l auroyl and di benzoyl peroxides, azo conpounds or
- 6- such other initiators there may be nmentioned dil aur oyl and
di benzoyl peroxides, azo conpounds or dial kyl per oxydi carbonates with

long al kyl chdi-dd- sBurthermoreyi chtyliseapRydpriabensdte. adapd t bhkess, it

is preferred RJuantiity td@tditmdnd ym&@s'mhexfétﬁbé@'ﬂow é!écégﬁ use
of di al kyl I dic bonat es wi,th short al kyl chain rast to
the ot her abofgﬁ% pEuzRtion rRosentratigne efe theantqueousat their

resi dues or exeastdon l‘mﬁdzum. may be present in polynerization m xture at
the end %f The nature of the salt used in the stage of the
manufacture of the dialkyl peroxydicarbonate is not
particularly critical. In principle any inorganic salt
that does not interfere with the reaction of formation
of the dialkyl peroxydicarbonate, and which does not

10 precipitate in the reaction conditions, is suitable.
For example halides may be mentioned as nonlimiting
examples of such salts, and in particular alkali and
alkaline-earth metal chlorides. Alkali metal chlorides
are preferably employed. According to a particularly

i5 advantageous embodiment, sodium chloride is employed.

The fact of carrying out the manufacture of the
peroxydicarbonate in a densified aqueous medium
results in the end in improving the efficiency of the
isolation of the dialkyl peroxydicarbonate in

20 solution. _

The essential particular feature of the first
stage is the use of an inorganic salt in sufficient
quantity to increase the density of the aqueous
reaction phase. .

25 In most cafSes the reaction temperature is at a
value situated between -10°C and +10°C. The manufac-
ture of the peroxydicarbonate is generally complete
after a few minutes' reaction; the reaction period
generally does not exceed 10_minutes and in most cases

30 5 minutes.

The alkyl haloformate is in most cases and advan-
tageously a chloroformate. The inorganic perokide is
in most cases calcium or sodium peroxide or else

aqueous hydrogen peroxide. In this latter case it is



110 the poly

merization cycle (and that could affect the t her mal
stability of the vinyl chloride polyners resulting fromthe process)
are easily destroyed sinply by alkalifying the mxture at the end
of the pol ymeri zation cycle. 15 It is also to be understood
t hat the dial kyl per oxydi carbonates_ in organi c solution can be
i ntroduced, wholly or partially, after }%e'beginning of t he
pol'ymerization (with a delay). The del ayed use of a ~ portion of the
di al kyl peroxydi carbonate with short 20 al kyl chalnslls advantage?us in
order to inpr | jon_kinetics or else in order to
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as inorganic salt for demnsifying the aqueous phase. In
this case the saline aqueous phase subsequently
recovered (after isolation of the dialkyl peroxydi-
carbonate solution by extraction) can, without
disadvantage, be recycled (optionally after dilution)
to the manufacture of a new quantity of dialkyl
peroxydicarbonate solution.

This procedure has the twin advantage of substan-
tially reducing the usage of inorganic salt for
densifying the aqueous phase and of reducing, or even
eliminating, the environmental problems related to the
removal of the saline aqueous phase after the
manufacture of the dialkyl peroxydicarbonate.

The nature of the water-insoluble solvent
employed in the second stage for the extraction of the
dialkyl peroxydicarbonate is not particularly
critical. A watdr-insoluble solvent is intended to
denote a solvent which is insoluble in water at
ambient temperature and atmospheric pressure and, more
particularly, a solvent whose solubility in water in
these conditions is lower than 0.5 g/l and still more
particularly lower than 0.3 g/l.

By way of nonlimiting examples of solvents that
can be employed for the extraction of the dialkyl
peroxydicarbonate there may be mentioned the water-
insocluble organic compounds chosen from the usual

both the



T hormopol yneri zation of vinyl chloride and its

copol yneri zation with other ethylenically unsaturated nononers that can
be pol ynerized by a radical route. Exanpl es of conventional conononers
of vinyl chloride 5 that can be used in the process of the invention and
whi ch may be nentioned are ol efins, hal ogenated ol efins, vi nyl ethers,
vinyl esters such as, for exanple, vin@l - acetate, and acrylic esters,
nitriles and am des. The conononers are used in quantities which do not
exceed 10 50 mol% in nost cases 35 nmol % of the m xture of conononer s

used. The process according_to the_invention ]s highly_suited for the
honopol yner | RSt 285 syl £or  polymipyl Chlorlgiquegﬁéléﬂéﬁgﬁgi on
pol yneri zat i exanples epfleguth sblvents wWhddioind¥erbe ahenbivhed hke use of

di car bonat os SIS eF  SaPR e e TeCaPRoRR et duidlec (BrkY' BERERL i g
agents such as dbetbyldhpkyl pathaladlesil,e alkyl epoxycarboxylates
5 (like octyl epoxystearate), epoxidized oils (like
epoxidized soyé. oil) or the dialkyl alkanedicarbo-
xylates the definition of which is given above in the
context of the description of the dialkyl peroxydi-
carbonate solutions used in the aqueous suspension
10 polymerization of vinyl chloride.
It is particularly advantageous to choose a
solvent which furthermore has a relatlve density lower
than 1 and preferably lower than 0.95.
Solvents that are particularly preferred are
15 chosen from dialkyl alkanedicarboxylates derived from
C4-C3 alkanedicarboxylic acids and from C¢-C,, alkanols.
Solvents that are very particularly preferred are
chosen from the hexanedicarboxylates (adipates)
derived from adipic acid and from C¢-C,, alkanols.
20 Excellent results are obtained with diethylhexyl
adipate (boiling temperature at atmospheric pressure:
214°C, solubility in water at ambient temperature:
< 0.2 g/l, density:-0.922).
The quantity of solvent employed for the extrac-
25 tion is not critical. It is obvious that it will
depend especially on the degree of solubility of the
dialkyl peroxydicarbonate in the solvent chosen. This
guantity will advantageously be such that the £inal
concentration of the dialkyl ©peroxydicarbonate
30 solution is from approximately 15 to approximately 40
% by weight and still more particularly from 25 to
35 % by weight. '
The second stage of manufacture of the dialkyl
peroxydicarbonate solutions, namely the isoclation by



.cel lul ose et hers, partially saponified polyvinyl 20 acetates (also

cal l ed pol yvinyl al cohols) and m xtures thereof. Surface-active agents
can al so be used at the sane tinme as the dispersing agents. The
quantity of di spersi ng agent used generally varies between 0.7 and

2.0 parts per thousand by weight relative to the 25 nononer(s).

The pol ynerization tenperature is usual}% bet ween approxi mately 40 and
80[err]C At the end of polynerization the vinyl chloride

pol ymers produced according to the process of the inven- 30 tion are

I solated in a_cpnveptignal ner their ol rization_nedi um

general |y af t%ﬁ‘gﬁ?ﬁp%anbe%ﬁ%esﬁ%%ﬁ tpoerzfiﬁﬁfit# 1% 1 MM esi dual

mononer (s). factured Thetbel fiestzstage, pisqessfaimedicin mmntknmwmal | ows -

an aut omation,of %Bﬁ BEEE%QE heffer.t results in an 35 inprovement in the
?y ofPYh O

repr oduci bi | i e” polynmerization cycles. Furthernore, t he
use of the di Sheypxtraction solvent is advantageously added.to

5 the aqueous reaction mixture after the reaction of
manufacture of the dialkyl peroxydicarbonate is
finished, the phases are allowed to settle out and the
supernatant organic phase 1is separated £from the
aqueous reaction phase in order to collect a pure

10 peroxydicarbonate solution.

' It is imperative to add the extraction solvent to
the aqueous reaction mixture only after the end of the
reaction of formation of the peroxydicarbonate. It has
been found, in fact, that when the solvent is present

15 from the beginning of the reaction, its presence has
the effect of slowing the reaction down and of
affecting the ©purity of the peroxydicarbonate
solutions £finally produced. In practice, therefore,
the addition of the solvent will take place at the

20 earliest approximately 5 minutes after the beginning
of the reaction.

According to a very particularly preferred and
advantageous embodiment, a solution of dialkyl peroxy-
dicarbonate with short alkyl chains (such as diethyl,

25 dipropyl or diisdpropyl) containing from 15 to 40 % by
weight of dialkyl peroxydicarbonate is manufactured by
using, in the first stage of the process of manu-
facture, sodium chloride as inorganic salt in order to
increase the density of the aqueous phase and, in the

30 second stage, of C4-C,-alkanol adipates, in particular
diethylhexyl adipate, as extraction solvent for
producing a solution of dialkyl peroxydicarboﬁate.

The process of manufacture of dialkyl peroxy-
dicarbonate solutions according to the invention
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The pol ynerization process of the invention

omation of the reactor feed. It results I n an i nprovenent

ucibility of the 5 pol ymeri zati on cycles. Furthernore,
di al kyl peroxydi carbonates in the formof a solution
significantly affect

t he

ation kinetics or tﬁelaeﬁeral properties (such as the K

y 10 and particle size) of the vinyl chloride polyners

addi tion, when nelt-processed, the latter provi de shaped

BV, MERAL s, W nle S8 Fepipe, ia

The

la‘tm:tage} of:i.ra Sdight | yiedds. Theisel kpblptdongdi canbobete with -

g?c% WY Ghn %E”gaﬁ | @y ethdd! %QQ% p%‘.ﬂs‘ cukgrly

Ay aqueous suspe on po merizati o
PrOble%chr denpaisa Hin qo ©S.in a first st age a

E%E%ggggggte wi th short al kyl chains (as defi ned_above)
e y reactin propriate t|t|e f al
Fﬁﬁ%?ig whic F&%yﬁyﬁtiﬁék h@° Eiégﬁce of an

hal of ormate with ant®
ttrite ltrhesufinﬁﬂhmuam‘ttyrémwsrease the deq&ebusof t he

suspension homopolymerization of vinyl chloride with
the use of diethyl peroxydicarbonate in solution
containing approximately 30 % by weight in diethyl-
hexyl adipate. The .]';eroxydicarbonate is manufactured
from ethyl chloroformate, hydrogen peroxide and sodium
hydroxide, before being extracted with diethylhexyl

adipate.
Preparation of the golution of diethyl

peroxydicarbonate. .
Into a 1000-1 stirred reactor cooled below 10°C

are introduced 622 kg of an aqueous solution of sodium
chloride containing 180 g/kg (that is 510 kg of
demineralized water and 112 kg of NaCl), precooled to
5°C. 20.4 kg of ethyl chloroformate and 8.5 kg of
aqueous solution of hydrogen peroxide containing
350 g/kg are then -introduced successively into the
stirred aqueous solution, and finally, very slowly,
36.1 1 of aqgieous solution of sodium hydroxide
containing 200 g/kg, so as to maintain the temperature
below 10°C. The density of the aqueous reaction
mixture rises to 1.11. 10 minutes after the end of the
introduction of the NaOE solution 34.5 kg of diethyl-
hexyl adipate are introduced, precooled to 5°C. After
the reaction mixture has been kept stirred for 15
minutes while being cooled to 5°C, the stifring is
stopped. The aqueous phase (dense phase) is then
separated off after settling out and the organic phase



. aqueous reaction mediumand, in a second stage, the di al kyl

per oxydi car bonate manufactured is isolated by extraction by neans of a
wat er -i nsol ubl e solvent, to produce a sol ution of dialkyl

_per oxydi carbonate in 30 this sol vent. The inorganic salt is
advant ageously used in a sufficient quantity to bring the density
of the aqueous reaction nmedi um tol4 value of at |east 1.05 and
still nmore particularly to a value of at |east

- 9- 1.10. Furthernore, it is appropriate to adapt the

gquantity of inorganic salt_so that it .does not exceed the salt

saturation cof@ent¥eROVEEeE- ( ndbgquARiution of, Aigrhyly; perosy-
The nature of dikarbonatesed diethglhesyt afiphte whichnbsugEhas Uproof the

dial kyl perox&%icce%r l%.Osn‘fjlsti:eo:t:i't.asd L 5°c with a view to its subsequent
use. Its diethyl peroxydicarbonate content (determined
5 by analysis) is 287 g/kg. -

Vinyl chloride polymerization.

Into a reactor with a capacity of 3.9 m’, equipped
with a stirrer and a jacket, are introduced at ambient
temperature and with stirring (50 rev/min) 1869 kg of

10 demineralized water, 0.801 kg of polyvinyl alcohol
(degree of hydrolysis 72 mol%) and 0.534 kg of
polyvinyl alcohol (degree of hydrolysis 55 mol%), and
1.793 kg of the initiator solution prepared as above
(that is 0.515 kg of diethyl peroxydicarbonate). The

15 reactor is closed, the stirring is stopped and the
reactor is placed wunder partial vacuum (60 mm Hg
absolute), which is maintained for 5 minutes. The
stirrer is restarted (110 rev/min) and 1335 kg of
vinyl chloride are then introduced. The mixture is

20 heated to 53°C, after which cold water is circulated
through the jacket. The instant when the
polymerization mixture reachés 53°C is coasidered to
be the beginning of the polymerization (time = t).
After 6 h of running (counted from t;) the pressure in

25 the reactor has dropped by 1.5 kg/cm®. The
polymerization is stopped by successively performing
an introduction of 0.35 kg of ammonia, the degassing
of the unconverted vinyl chloride and cooling. The
polyvinyl chloride produced is isolated £rom the

30 agqueous suspension in conventional manner. 1118 kg of
PVC are collected, the K value of which (at 20°C in
cyclohexanone at a concentration of 5 g/l1) is 71.0.

The table below summarizes the properties evalu-
ated on the PVC produced: K value (at 20°C in cyclo-



*particularly critical. In principle any jnorganic salt t hat does not
interfere with the reaction of formation of the dial kyl

per oxydi car bonate, and whi ch does not 10 precipitate in the reaction
conditions, is suitable. ' For exanpl e halides nay be nentioned as
nonlimting exanpl es of such saltfg and in particular alkali and

al kaline-earth netal chlorides. Al kali netal chlorides are preferably
enpl oyed. According to a particularly 15 advant ageous enbodi nent, sodi um
chloride is enployed. The fact of carrying out the manufacture
of the PRéRENGheAr BNad e ¢oncetrationd caﬂuesau&_;/fmqi urapparenrﬁesul ts in

the end in i rov eff|C|e t isol | th di al kyl
per oxydi car b 5'@9 AB% ps°(ﬁ°lﬁ E% iKlgs°rpti<"'rf’h8 é‘&ﬁq a"1h ﬁt icular
feature of t hphthaiate) : Pstr&delies sime uditstfibmtionr gadic ﬁslaiatllm

sufficient Y, ' é%g__%ﬁgh% egus
reaction phas"éhe &t OE%igﬁst ‘casés the reac |3%Q%e%pgr§#uragqs at a
val ue siBuat eeivatuated omOpefiilm gxtrudedretartimg wibbi acmixture ure of

the peroxydi Cggbpp@isat-Es %‘f%@iéﬂt C&f@'ﬁ Gnd 40 Hadrs B A JEHAI-ES'

reaction; the reactlon period general ly does™not exceed 10 m nutes and
in nost caseshe®yl BbhEhalpge. The al kyl- hal oformate is in -nost
cases and advmgm]_e 2tgg@§akgtaveml orofornate The inorganic peroxide is
I n nost cases cal cl,um or SOdI ero e or eI agueoys ry(Hogen
peroxide. In this Xtté?"’%as% ar son, viny +

10 polymerization wa.s reproduced in the_ same conditiomns
' as in Example 1, except that the appropriate quantity
of diethyl peroxydicarbonate was first synthesized in
situ in the polymerization reactor by reacting, at
ambient temperature and with stirring, 0.734 kg of
15 ethyl chloroformate and 0.109 kg of hydrogen peroxide
in the presence of the total gquantity of water
(alkalified by addition of 0.284 kg of sodium
hydroxide) and of the total quantity of polyvinyl
alcohols intended for the polymerization (cf. Example
20 1: i.e. 1860 kg of water and, in all, 1.335 kg of
polyvinyl alcohols). At the end of "in situ” synthesis
of the initiator the reactor is closed, the stirring
is stopped and the, reactor is placed under partial
vacuum (60 mm Hg absolute) for 5 minutes and 1335 kg
25 of wvinyl chloride are introduced with stirring
(110 rev/min). The heating and the polymerization are
subsequently carried out as in Example 1. After 5 h
51 min the pressure in the reactor has dropped by
1.5 kg/cm’ and the polymerization is stopped. 1092 kg
30 of PVC are collected, the K value of which (measured
in the same conditions) is 71.3.
The table below also summarizes the properties
evaluated on the PVC produced according to comparative
Example 2.



- 10 - appropriate, in addition, to introduce a base, such as

cal ci um hydroxi de or sodi um hydroxide, into the agueous reaction

medi um It is particularly advantageous to use alkyl 5

chl oroformate with sodi um peroxi de or el se hydrogen peroxide in the
presence of sodi um hydroxi de as base (which |l eads to the formation of
sodi um chl ori de as bypr oduct), snd$ furthernore, to use sodi um

chl ori de as inorganic salt for densifying the aqueous phase. In 10
this case the saline aqueous phase subsequently recovered

Sxtraction)  can,  THehotes SknpBEEEEATLE she meB il Mt A ERE) |
after dilutiorable ittoappearandibalt utbeofusenef qdaethy} aopedozxrkyl 15
per oxydi car bo%.tcpari:(udéttieon'in solution of diethylhexyl adipate
(according to the invention) has no significant effect
5 on the polymerization kinetics or on the general
properties of the PVC produced. In addition, the f£ilm
extruded by starting from the PVC produced according
to the invention (Example 1) bas a significantly
reduced number of fisheyes by comparison with a £ilm
10 extruded by starting from PVC produced with the use of
diethyl peroxydicarbonate produced "in situ" (compa-
rative Example 2).



wThi s' procedure has the twi n advantage of substan- tially reducing the
usage of inorganic salt for densi fyi ng the aqueous phase and of
reduci ng, or even elimnating, the environnmental problens related to
t he 20 removal of the saline aqueous phase after the

manuf acture of the dial kyl peroxydicarbog? The nature of the
wat er -i nsol ubl e sol vent enpl oyed in he second stage for the
extraction of the di al kyl peroxydi carbonate is not particularly
25 critical. A water-insoluble solvent is intended to denote a
solvent which is insoluble in water at gapyeanbient tenperature and
at nospheric pressure and. nopre oaftTEUTarLMAAabsolvent whose
~solubility in i ?ese conditions is lower jhan (.5,9/1 and
still nore 30 Aq%ar .%En%??%é ower than 0.3 g/l. i Hy may of

nonllmtlng eX-\wnl ac..of nnlxnni-ngfllai- ~marn. b ol aviad flar  t

Mmoo Ul SUT VOITTU O CTrraAT WI[ L A A>3 T’Jl Uyt,u TPROIT C rl\,

extraction of 1f'mbthnlmdymerizmmyphmd)prlmmnhbresnmq He w1 oped t he
wat er - i ngol ubl e organi ¢ conpounds chosen fronjthe usugl _

K value 71.0 71.3

AD, kg/l | 0.484 | 0.486

Porosity, % 33.3 32.5

Particle size distribution, g/kg

> 250 um
177-250 gm 5:‘ 7:
125-177 ym 461 507
88-125 um 422 369
63-88 ym 54 46
45-63 um ) .
< 45 um 0 0

’ Number of fisheyes, pts/dm’ : 8 44




. p] asticizers for polyvinyl chloride. Nonlimting exanpl es of such

sol vents which may be nentioned are esters of aromatic pol ycarboxylic
acids (like dibutyl or diethyl hexyl phthal ates), alkyl

epoxycar boxyl ates 5 (l'i ke octyl epoxystearate), epoxidized oils
(like epoxi di zed soya oil) or tthgialkyl al kanedi car bo-

xyl ates the definition of whichis giVv above in the context of the
description of the dial kyl peroxydi- carbonate solutions used in the
aqueous suspension 10 pol ynmeri zati on of vinyl chloride. It is

particul arly advantageous to choose sol vent which furthernore has a.
relative density | ower than 1 %Ip‘nr%ferabl y | ower than 0.95.
Solvents that are particularly preferred are 15 chosen from di al kyl

al kanedi car boxy! at es pdgpieked I ¢@k theer 1] aEL%Ui:]s al kanedieraniaxyl ic

acids and fromJerr|-Cerr] al kanol s. Sol'vents_ that aire very
particularly B‘P%Y’E?ﬁ:ﬁa ien of iy chlemidencwikbyFRe| d-!sﬁ'?)oﬂfl at es

(adi pat esl)I dialeylv zfd:@raiasaﬂccnaafesi withf rsms:ﬁi[ eéI]}:yﬂ@:lHa]i o, kanol s.
(b0| | i nggt erGrB%P%’E%S’ izﬁan&pﬁﬁt q’pﬁ(‘j&jg#? et qRats,) P?lt tey in
water at anbiwesédt éapehat podymerizatidn? iy | thelefsrhyof0ad92dlution
The quantity pf 30§89y iRl diUalicf e Ghich 18 1iquid and
insoluble in water.
2. Process for the aqueous suspension

10 polymerization of vinyl chloride according to Claim 1,
characterized in that the dialkyl alkanedicarboxylate
is chosen from the liquid esters derived from C,-C,
alkanedicarboxylic acids and from C,-C,, alkanols.

3. . Process for the | agqueous suspension

15 polymerization of vinyl chloride according to Claim 2,
characterized in that the dialkyl alkanedicarboxylate
is chosen from hexanedicarboxylates (adipates) derived
from adipic acid and from C4-C,p, alkanols.

4, Process for the agqueous suspension

20 polymerization of vinyl chloride according to Claim 1,
characterized in that the concentration of dialkyl
peroxydicarbonate in the solution is from approxi-
mately 15 to 40 % by weight.

5. Process ~ for the agueous suspension

25 polymerization of vinyl chloride according to Claims 1
to 4, characterized in that diethyl or diisopropyl
peroxydicarbonate is used in the form of a solution in
a hexanedicarboxylate (adipate) derived from adipic
acid and from a C¢-C, alkanol. '

30 6. Process for the agueous suspension
polymerization of vinyl chloride according to Claims 1
to 5, characterized in that the polymerization is
initiated with the exclusive use of dialkyl peroxydi-
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not critical. It is obvious that it wll . depend

especially on the degree of solubility of the di al kyl
per oxydi carbonate in the sol vent chosen. This quantity wl|
advant ageously be such that the final concentration of the

40 % by
wei ght .

wei ght and still nore particularly from25 to 35
The second stage of manufacture of the dial kyl

per oxydi carbonate sol utions, nanely the isolation by

- 12 -
advant ageous

enbodi nent, a solutiop of dial kyl peroxy- di.carbonate with
short al kyl chains (ERIPSRS d?%?h;fr[f]‘,e mn“gagﬁltdﬁ% o @ eOIMd R ot

carbofatesdwith ghdr¢ealkRAl dnadlmy.l y preferred and

di al kyl
peroxydi carbonate 30 solution is fromgpproximtely 15 to approxi mately

% by

cont ai nirng fratalkylo gérdxpiitarbogateofwitial lshorter aXikgl cartiwg e i S

Shazasididin o oibak| i ohn il Pty B HEIRG case

manuf act ur ed
manuf act ur e,
5

10

peroxydicarbonate with short alkyl chains is manu-
factured by reacting, in water, appropriate quantities
of alkyl haloformate with an inorganic peroxide in the
presence of an inorganic salt in sufficient quantity
to increase the density of the aqueous reaction
mixture and, in a second stage, the dialkyl peroxy-

 dicarbonate manufactured is isolated by extraction by

15

20

25

30

means of a water-insoluble solvent in order to produce
a solution of dialkyl peroxydicarbonate in this
solvent. ‘

8. Process for the manufacture of a solution of
dialkyl peroxydicarbonate with short alkyl chains
according to Claim 7, characterized in that the
inorganic salt is used in a quéntity which is
sufficient to bring the density of the agqueous
reaction medium to a value of at least 1.05.

9. Process for the manufacture of a solution of
dialkyl peroxydicarbonate with short alkyl chains
according to Claims .7 and 8, characterized in that the
inorganic salt is sodium chloride.

10. Process for the manufacture of a solution of
dialkyl peroxydicarbonate with short . alkyl chains
acdording to Claim 7, characterized in that the water-
insoluble’ solvent is chosen from the usual plasti-
cizers for polyvinyl chloride.

11. Process for the manufacture of a solution of
dialkyl peroxydicarbonate with short alkyl chains
according to Claim 10, characterized in that the
water-insoluble solvent is chosen from dialkyl alkane-
dicarboxylates derived £rom C,-C; alkanedicarboxylic

This Sheet Has Been Reilaced

It

Wl




‘the ‘density of the agueous phase and, in the second stage, of
Cerr]-Cerr]-al kanol adipates, in particular diethyl- 10 hexyl adipate,

as extraction solvent for producing a sol ution of dialkyl

per oxydi car bonat e. The invention also relates to a process for

t he manuf acture of a solution of diagyl peroxydicarbonate in which
the alkyl radicals contain 2 or 3 carbon atoms 15 according to which,

in a first stage a dialkyl per oxydi carbonate in which the al kyl
radi cal s contain 2 or 3 carbon atons is manufactured by reacting, in
wat er, apHEds dwed Oehedih | ¢ -5, aflkakbells. haI of ormat e WI t h an

i norgani c peroxyde in_the ence .of an | ani c salt Ln sufficient
‘quantity to i mf¥ease FRECH ﬁs%ﬁf(ﬁh?rﬁﬁn“ aghHeEsu® réhc??%ﬁ 1Rt &fe and,

in a second stapflkyhe pero:@@ida&bmwydvm bahvirt Madkiydct chadniss

i sol ated by - ext t| bl e sql.vent chosen
fromthe Wgtera?ﬁ ﬁb? ﬁ%bun%%a % enf??‘E %’5 Q-Itﬁ‘et

pl astici Zers hmatgtﬂsmaamﬂblﬁncn¢l&¢ntn bsdechosentofpcmdubexansdégtion of
di al kyl pefoxyéuﬁ,gg{ﬁws' fadaipatlhf BNGs from adipid hscﬂaogﬁ @ of

manuf act ure of I carbonate sol uti accor
the inventiorfxzem E)r%svpabe§ MI -ons that are pure and stable in storage

in high yields. These solutions can be conveyed w t hout danger and do
not give rise to problens of deposits in condui ts. Exanple 1 35
The exanple which follows is intended to illus-
b
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nvention. It relates to the 'aqueous
provi des solutions.that are pure and stable in

in-high yields. These solutions can be conveyed w t hout danger

not give rise

to probl ens of deposits in conduits. 5 Exanple

The exanpl e which follows is intendegdgk@gibipus- trate the inve

It relates to
chloride with
contai ning ap

peroxydi carbonate is manufactured fron1e hyl chlorofornate

per oxi de and
di et hyl hexyl

t he aqueous - suspensron nonopol yneri zation of vin
t he use of diethyl peroxydicarbonate in solution
proximately 30 % by weight in diethyl- hexyl adip

o

Ruocess for, the & qUEoUg £ ROlymerJ 2

viflyDaéRloride with the use of dialkyl pero;z

dicarbonatesg in solution and rocess for the

manufacture of a solution of dialkyl peroxy-

dicarbonate. -

-The dialkyl peroxydicarbonates with short alkyl
chains, preferably diethyl and diisopropyl peroxy-
dicarbonates, are used for the aqueous suspension
polymerization of wvinyl chloride, in the form of a
solution in a dialkyl alkanédicarboxylate which is
liquid and insoluble in water. The pfeferred solvents
are hexanedicarboxylates (adipates) derived £from
adipic acid and f£rom C,-C,, alkanols. The peroxydicar-
bonate concentration of the said solutions is
generally 15-40 % by weight. The process according to
the invention produces wvinyl chloride polymers of
improved quality resulting in shaped articles
exhibiting markedly fewer fisheyes.

The invention also relates to a two-stage process
for the manufacture of a solution of dialkyl peroxy-
dicarbonates with short alkyl chains which is
particularly suited for the agqueocus suspension
polymerization 0of wvinyl chloride. According to this
process an inogbanic salt 1s used in the stage of
manufacture of the peroxydicarbonate (first stage) and
the latter is subsequently isolated by extraction by
means of a water-insoluble solvent (second stage).

No figure.
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15 Preparation of the solution  of di et hyl

per oxydi car bonat e. Into al ﬂl ” n tor cool ed bel ow
10[err]C are introduced 622 kg O]E, Il ﬂﬂu“ﬂm IMIIFI on of sodium
chl oride corntaining 180 g/rkg(that is 510°gtof*20* *dem perali-z

and 112 kg smé’eﬂ{ , ed to 5[err]C 20. 4 kg Ofies IBPEET HA
chl oroformat bl ASBe I B © aqueous 3@l otion of hydnogen REPld&GlEBe

cont ai ning - re then introduced successi vel
stirred aque and finally, very slowy, 25 36.1 1 of
aqueous sol ut | on SOdI um hydroxi dgyat containing 200 g/kg, so as to
mai ntai n the terrperature bel ow 10?97'1-?1% The density of the
aqueous reaction m xture rises to 1.11. 10 mnutes after the end of
the i nt roduct iBPAAST hEORatRes ATHIVIF 3TUSPRPSPRdPOLRFIeriz@tiarexy|
adi pate are Intdfoduciag-,l perteehiad twidherdHL. uétet eéf dlaimr ;ﬁp-
m xture has bet(a] stlésregn % g & TA‘(}%}; beln cgole to
5[err]C, the stPFATRPIRT sFBpFRd thfn@ 2 FOBRRETpRaS) |
t hen separnateatcdd  aftons setdHamgtani msdl tihe dﬂ-gasml ¢hghasdalkyl
peroxydicarbonate is used in the form of a solution
consisting essentially of the dialkyl
peroxydicarbonate and of a dialkyl alkanedicarboxylate
which is liqﬁid and insoluble in water.

10 2. Process for the aqueous suspension polymerization
of vinyl chloride according to Claim 1, characterized
in that the comonomers quantity possibly used with
vinyl chloride does not exceed 50 mol% of the mixture
of all comonomers.

15 3. Process for the agqueous suspension polymerization
of vinyl chloride according to Claim 1, characterized
in that the dialkyl alkanedicarboxylate is chosen from
the liquid esters derived from C:i—-Cio
alkanedicarboxylic acids and from C2-Ciz alkanols.

20 4. Process for the agqueous suspension polymerization
of vinyl chloride according to Claim 3, characterized
in that the dialkyl alkanedicarboxylate is chosen from
hexanedicarboxylates (adipates) derived from adipic
acid and from Ce-Cio 2alkanols.

25 5. Process for the agqueous suspension polymerization
of vinyl chloride according to Claim 1, characterized
in that the concentration of dialkyl peroxydicarbonate
in the solution is from 15 to 40 % by weight.

6. Process for the aqueous suspension polymerization

30 of +wvinyl chloride according to Claims 1 to 5,
characterized in that diethyl or diisopropyl peroxy-
dicarbonate is used in the form of a solution in a
hexanedicarboxylate ({(adipate) derived from adipic acid
and from a Cs-Cio alkanol..

35 7. Process for the aqueous suspension polymerization

of wvinyl chloride according to Claims 1 to 6,



S 14 - is recovered. The solution of diethyl |deroxy-

P ot || ]

B _ ;
per oxydi car bonat ermned *5¢ By Anafysis) i S\'H?:BBF@ER@A@ BEEN
Vinyl chloride E’HI“HM‘L Into a reactor |with RERIAGEBI ty o
3.9 nerr], eqw

a stirreratdl a j acket, arle—tmtToOdUCed at
anbi ent ~ tenperature and Wlth stirring (50 rev/mn) 1869 kg of 10
dem neralized water, 0.801 kg of polyvinyl alcohol (degree of
hydrol ysis 72 ngha@:agherozéem.lng dfat the md];ywﬁqr;a‘]zaaiimhois(dﬂg.rﬁ%tea

hydr ol ysis 55 3 ilfg thgh ut| pr.epar ed
ag aboze n%%:ﬁ%t s?ggly Wltfg t?]f% I e Big'r oxyg i’ga%fﬁ”‘ﬁ %ﬂ?
reactor is clos#®, thghs't;h?@lf@ﬂ sradigprdes Cmm:atﬂli’e2 or 3rgacbon asopkaced
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alkyl radicals contain 2 or carbon atoms is manu-

factured by reacting, in water, appropriate quantities
10 of alkyl haloformate with an inorganic peroxide in the
presence of an inorganic salt added in sufficient -
quantity to increase the density of the aqueous reaction
mixture and, in a second stage, the dialkyl peroxy-
dicarbonate manufactured is isolated by extraction by
15 means of a water-insoluble solvent in order to produce a
solution of dialkyl peroxydicarbonate in this solvent.
9. Process for the manufacture of a solution of
dialkyl peroxydicarbonate in which the alkyl radicals
contain 2 or 3 carbon atoms according to Claim 8,
20 characterized in that the inorganic salt is used in a
quantity which is sufficient to bring the density of the
agueous reaction medium to a value of at least 1.05.
10. Process for the manufacture of a solution of
dialkyl peroxydicarbonate in which the alkyl radicals
25 contain 2 or 3 carbon atoms according to Claims 8 and 9,
characterized in that the inorganic salt is sodium
chloride.
11. Process for the manufacture of a solution of
dialkyl peroxydicarbonate in which the alkyl radicals
30 contain 2 or 3 carbon atoms according to Claim 8,
characterized in that the water-insoluble solvent is
chosen from the water-insoluble organic compounds chosen
from the usual plasticizers for polyvinyl chloride.
12. Process for the manufacture of a solution of
35 dialkyl peroxydicarbonate in which the alkyl radicals
contain 2 or 3 carbon atoms according to Claim 11,
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dialkyl peroxydicarbonate in which the alkyl radicals
contain 2 or 3 carbon atoms according to Claim 12,
characterized in that the water-insoluble solvent is
chosen from hexanedicarboxylates (adipates) derived from
adipic acid and from a Ce-Cic alkanol.

14. Process for the manufacture of a solution of

dialkyl peroxydicarbonate in which the alkyl radicals °

contain 2 or 3 carbon atoms, characterized in that, in a
first stage, a dialkyl peroxydicarbonate in which the
alkyl ©radicals contain 2 or 3 carbon atoms is
manufactured by reacting, in water, appropriate
quantities of alkyl haloformate with an inorganic
peroxyde in the presence of an inorganic salt in
sufficient quantity to increase the density of the
aqueous reaction mixture and, in a second stage, the
dialkyl peroxydicarbonate manufactured is isolated by
extraction by means of a water-insoluble solvent, chosen
from the water-insoluble organic compounds chosen from
the usual plasticizers for polyvinyl chloride, in order
to produce a solution of dialkyl peroxydicarbonate in
this solvent. '
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roduced according to conparative
P sudﬁJas pegggne or hexane. The initiator solution thus

obtained is then introduced in toto (organic phase and
aqueous phase) into the polymerization reactor which is
subsequently charged with a view to the polymerization
15 (British Patent 1 484 675 in the name of Solvay & Cie).
This process allows the initiator fEed_to the reactors
to be automated but still makes it necessary to produce
the sufficient precise quantity of initiator immediately
before the polymerization. Besides, it does not allow
20 (either) a delayed introduction of the dialkyl peroxy-
dicarbonates, a technique that is advantageous, for
example, in order to improve the polymerization
" kineties. In ﬁdditibh, just 1like the abovementioned
process for "in situ" manufacture, it produces vinyl
25 - chloride polymers whibh, after conversion, result in
finished articles containing many "fisheyes".
British Patent Application 2 022 104 and French
Patent Application 2 352 839 mention processes for the
aqueous suspension poiymerization of vinyl chloride with
30 the use of dialkyl peroxydicarbonates with short alkyl
chains in the presence of respectively a plasticizer or
a diacid higher alcohol ester. The processes described
in these documents do however not allow to solve the‘
problems linked with the dialkyl peroxydicarbonate
35 instability during storage, the automated initiator feed
to the polymeri;ation reactors and the delayed.REPLACENE%HTSHEET

2 4 JUL 1998




Exanpl.e. 2. _ - 16 - . From
t he .conpari son of the results shown-in the table it appeg A

use of  diethyl peroxy- di carbonate in solution of diethy,
(according to the invention) has no si gn%aficant effect 5 o]
pol yneri zation kinetics or on the genefaF ~ properties/of
produced. In addition, the film extruded by starting fr
produced accordi ng to the invention (Exanple-1) has a g{gm~
reduced nunbednsrofluchipnsihythe rpalkymerizetiom Haaabor0of &k
starting from;RYe;pigduced with the use of di et hyl % oxydI
produced "in situ” cogoa— rative Exangl e 2). s
e United States Patent 3 950 375 relates to a

continuous process for the manufacture of pure dialkyl

5 peroxydicarbonates by centrifuging the aqueous reaction
phase. '

The United States Patent 3 377 373 describes a
continuous process for the manufacture of a diisopropyl
peroxydicarbonate solution in carbon tetrachloride.

10 The aim of the present invention is to provide a
process for the aqueous suspension polymerization of
vinyl chloride with the use of dialkyl
peroxydicarbonates with short alkyl chains which does
not exhibit any of the abovementioned disadvantages. It

15 alsc aims to provide an improved process for the
manufacture of a solution of dialkyl peroxydicarbonates
which are .particularly suited for use in the agqueous
suspension polymerization of vinyl chloride.

To this end, the invention relates to a process

20 for the aqueous suspension polymerization of vinyl
chloride with the use of dialkyl peroxydicarbonates with
short alkyl chains, characterized in that the dialkyl
peroxydicarbonate is used in the form of a solution in a
dialkyl alkanedicarboxylate which is 1liquid and

25 inscluble in water.

The solution of dialkyl peroxydicarbonate with
short alkyl chains which 1is wused according to the
process of the present invention consists essentially of
dialkyl peroxydicarbonate and of solvent (dialkyl

30 alkanedicarboxylate). It is therefore free from other

polymerization ingredients such as, for example,
monomer .

Dialkyl alkanedicarboxylate (hereinafter referred
to briefly as "ester") which is liquid and insoluble in
35 water is intended to denote the esters which are liquid

and insocluble in water in normal conditions, that is to
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say at ambient temperature and at atmosphesxi
Insoluble in water is intended more particularly to mean
a solubility in water at ambient temperature which is
lower than 0.5 g/l. The solubility in water of the
esters used as solvent for the peroxydicarbonate in the
process of the invention preferably does not exceed
0.3 g/1.

The esters which are liquid and insoluble in water
and used in the process of the invention generally have
boiling temperatures (in normal conditions) which are

appreciably higher than 100°C. In most cases they are
higher than 150°C.

By way of examples of esters that can be applied
there may be mentioned the liquid and water-insoluble
esters as defined above which are derived from C4—Cio
alkanedicarboxylic acids and from Cz2-Ci2 alkanols (linear
or branched saturated aliphatic alcohols). Examples of
these that may be mentioned are diethyl and dibutyl
butanedicarboxylates (succinates), diethyl, dipropyl,
dibutyl, diisobutyl and diethylhexyl hexanedicarboxy-
lates (adipates), diethyl and dibutyl octanedicarboxy-
lates (suberates) and dibutyl, diethylbutyl and diethyl-
hexyl 'decanediééfboxylates (sebacai:és) . N o

Esters which are well-suited for carrying out the
process of the invention are the alkanedicarboxylates
derived from C¢~Ce alkanedicarboxylic acids and from
Cs—Ci0o alkanols. Esters which are very particularly
preferred are chosen from hexanedicarboxylates
(adipates) derived from adipic acid and from Ce—Cio
alkanols. An ester which is very particularly preferred
in the process of the invention is diethylhexyl adipate.

The concentration of dialkyl peroxydicarbonate in
the solutions used in the polymerization process accord-
ing to the invention is generally from approximately 15
to 40 % by weight. The use of dilute peroxydicarbonate
solutions, for example of solutions containing approxi-
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radi cal s cont @nmd 2 dsbenzoyl peroxides, azo compounds or dialkyl
peroxydicarbonates with 1long alkyl chains, such as
dicetyl peroxy'dicarbonate. Nevertheless, it is preferred

5 to initiate the polymerization exclusively with the use
of dialkyl peroxydicarbonates with short alkyl chains.
In contrast to the other abovementioned peroxides, these
have the advantage that their residues or excesses that
may be present in polymerization mixture at the end of

10 the polymerization cycle (and that could affect the
thermal stability of the vinyl chloride polymers
resulting from the process) are easily destroyed simply
by alkalifying the mixture at the end of the
polymerization cycle.

15 It is also to be understood that the dialkyl
peroxydicarbonates in organic solution can be
introduced‘, wholly or partially, after the beginning of
the polymerization (with a delay). The delayed use of a
portion of the dialkyl peroxydicarbonate with short

20 alkyl chains is advantageous in order to improve the
polymerization kinetics or else in order to produce
resins with a low K wvalue (which are produced at
elevated temperature) exhibiting a good heat stability.
The total quantity of initiator used generally ranges

25 from approximately 0.15 to 0.90, and still more
particularly from approximately 0.20 to 0.35 parts per
thousand by weight approximately relative to the
monomer (s) used.

Apart from the particular feature of the use of a

30 dialkyl peroxydicarbonate with short alkyl chains (Cz or
C3) in the form of a solution in an ester, the general
polymerization conditions are those usually used for the
noncontinuous polymerization of vinyl chloride in
aqueous suspension.

35 For the purpose of the present invention wvinyl
chloride polymerization is intended to denote both the
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5 3 carbon atons, characterized in that the dialkyl
per,oxydi carbonate is used in the formof a solution
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25 5. Proce or t € aqueolis suspensron meri zat vi nyl
chl ori de acc@eRtRte0 andi FCry éﬁar%ﬁ%ﬁ:zé@-trlles aRdt ideise The

concentratlorb&ﬁorc&ﬂﬂfylaﬁsraéédl G ﬁt:l.es whih! B8 $RitiléREeds from
15 to 40, % by_we Proce for us sus enS|on
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char act er i zedcomoridmérsliwsdy) The dprocgu®ddchrding -to the imvemtiwmwate is
used in the fJ‘.)sE mh?.fghiysoét![] 'tl:eoc{' fgr the homopolymerization of wvinyl
chloride.
Aqueous suspension polymerization is intended to
15 mean the polymerization with the use of oil-soluble
initiators, in this case especially dialkyl peroxy-
dicarbonates with short alkyl chains, in the presence of
dispersing agents such as, for example, water-soluble
cellulose ethers, partially saponified polyvinyl
20 acetates (also called polyvinyl alcohols) and mixtures
thereof. Surface-active agents can also be used at the
same time as the dispersing agents. The quantity of
dispersing agent used generally varies between 0.7 and
2.0 parts per thousand by weight relative to the
25 monomer(s).
The polymerization temperature is usually between
approximately 40 and 80°C.

At the end of polymerization the wvinyl chloride

polymers produced according to the process of the inven-

30 tion are isolated in a conventional manner from their

polymerization medium, generally after having been
subjected to a purification from residual monomer(s).

The polymerization procesé of the invention allows

an automation of the reactor feed. It results in an

35 improvement in the reproducibility of the polymerization

cycles. Furthermore, the use of the dialkyl
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using, in the first stage of the process of manufacture,
sodium chloride as inorganic salt in order to increase
the density of the aqueous phase and, in the second
stage, of C¢-Cio-alkanol adipates, in particular diethyl-
hexyl adipate, as extraction solvent for producing a
solution of dialkyl peroxydicarbonate.

The invention also relates to a process for the
manufacture of a solution of dialkyl peroxydicarbonate
in which the alkyl radicals contain 2 or 3 carbon atoms
according to which, in a first stage a dialkyl
peroxydicarbonate in which the alkyl radicals contain 2
or 3 carbdn atoms is manufactured by reacting, in water,
appropriate quantities of alkyl haloformate with an
inorganic peroxyde in the presence of an inorganic salt
in sufficient quantity to increase the density of the
aqueous reaction mixture and, in a second stage, the
dialkyl peroxydicarbonate manufactured is isolated by
extraction by means of a water-insoluble solvent, chosen
from the water-insoluble organic compounds chosen from
the usual plasticizers for polyvinyl chloride, in order
to produce a solution of dialkyl peroxydicarbonate in
this solvent.

The process of manufacture of dialkyl peroxy-
dicarbonate solutions according to the invention
provides solutions that are pure and stable in storage,
in high yields. These solutions can be conveyed without
danger and do not give rise to problems of deposits in
conduits. '

Example 1

The example which follows is intended to illus-

trate the invention. It relates to the aqueous
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10 2.

of vinyl chloride according to Claim 1,

1s YIiquid and insoluble in water.

Process for the aqueous suspension polymerization

characterized

in that the comonomers quantity possibly used with

vinyl chloride does not exceed 50 mol% of the mixture

of all comonomers.

15 3.

of vinyl chloride according to Claim 1,

Process for the aqueous suspension polymerization

characterized

in that the dialkyl alkanedicarboxylate is chosen from

the liquid

esters

derived from - Cs—C1o

alkanedicarboxylic acids and from C.-Ci: alkanols.

20 4.

of wvinyl chloride according to Claim 3,

Process for the aqueous suspension polymerization

characterized

in that the dialkyl alkanedicarboxylate is chosen from

hexanedicarboxylates

(adipates)

derived from adipic

acid and from Ce¢—-Cio alkanols.

25 5.

of wvinyl chloride according to Claim 1,

Process for the aqueous suspension polymerization

characterized

in that the concentration of dialkyl peroxydicarbonate

in the solution is from 15 to 40 % by weight.

6.

30 of wvinyl chloride

according to

Process for the aqueous suspension polymerization

Claims 1 to 5,

characterized in that diethyl or diisopro§y1 peroxy-

dicarbonate is used in the form of a solution in a

hexanedicarboxylate (adipate) derived from adipic acid

and from a C¢-Cio alkanol.

35 7.

of wvinyl chloride

e 5

o
gﬁ.‘_-.'_‘;;_

according

Process for the aqueous suspension polymerization

to Claims 1 to 6,
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contain 2 or 3 carbon atoms, characterized in that, in a
first stage, a dialkyl peroxydicarbonate in which the
alkyl radicals contain 2 or 3 carbon atoms is manu-

Jain'2 or 3 carbon ﬂﬂlﬂlﬂﬂﬂiﬂlﬁﬂgﬂﬂﬂl
éf‘hEthngﬂ EE "t r - nsol ubl o sal vent nosen

=patles) detdved from adi pic acid and from
10 14. § Process for the manufacture of a

factured by reacting, in water, appropriate quantities
10 of alkyl haloformate with an inorganic peroxide in the
presence of an inorganic salt added in sufficient
quantity to increase the density of the aqueous reaction
mixture and, in a second stage, the dialkyl peroxy-
dicarbonate manufactured is isolated by extraction by
15 means of a water-insoluble solvent in order to produce a
solution of dialkyl peroxydicarbonate in this solvent.
9. Process for the manufacture of a solution of
dialkyl peroxydicarbonate. in which the alkyl radicals
contain 2 or 3 carbon atoms according to Claim '8,
20 characterized in that the inorganic salt is used in a -
quantity which is sufficient to bring the density of the
aqueous reaction medium to a value of at least 1.05.
10. Process for the manufacture of a solution of
dialkyl peroxydicarbonate in which the alkyl radicals
25 contain 2 or 3 carbon atoms according to Claims 8. and 9,
characterized in that the inorganic salt is sodium
chloride. |
11. Process for the manufacture of a solution of
dialkyl peroxydicarbonate in which the alkyl radicals
30 contain 2 or 3 carbon atoms according to Claim 8,
characterized in that the water-insoluble solvent is
chosen from the water-insoluble organic compounds chosen
from the usual plasticizers for polyvinyl chloride.
12. Process for the manufacture of a solution of
35 dialkyl peroxydicarbonate in which the alkyl radicals

contain 2 or 3 carbon atoms according to Claim 11,



20 _di al kyl peroxydi carbonate manufactured is isolated by extraction by

means of a water-insoluble solvent, chosen fromthe water-insoluble
or gani ¢ conpounds chosen from t he usual plasticizers for polyvinyl
chl oride, in order to produce a solution of dial kylll“ﬂ'”"'ﬂ)lnlﬂﬂulﬂm te
in 25 this solvent.
: * [ L M H *
. -20- .

characterized in that the water-insoluble solvent jis
chosen from dialkyl alkanedicarboxylates derived from
Cs—Cs alkanedicarboxylic acids and from Ce-Cic alkanols.
13. Process for the manufacture of a solution of
5 dialkyl peroxydicarbonate in which the alkyl radicals
contain 2 or 3 carbon atoms acéording to Claim 12,
characterized in that the water-insoluble solvent is
chosen from hexanedicarboxylates (adipates) derived from
adipic acid and from a Ce-Cic alkanol.
i0 14. Process for the manufacture of a solution of
dialkyl peroxydicarbonate in which the alkyl radicals
contain 2 or 3 cafbon atoms, characterized in that, in a
first stage, a dialkyl peroxydidarbonate in which the
alkyl radicals contain 2 or 3 carbon atoms is
15 manufactured by reacting, in water, appropriate
quantities of alkyl haloformate with an inorganic
peroxyde in the presence of an inorganic salt in
sufficient quantity to increase the density of the
aqueous reaction mixture and, in a second stage, the
20 dialkyl peroxydicarbonate manufactured is isolated by
extraction by means of a water-insoluble solvent, chosen
from the water-insoluble organic compounds chosen from
the usual plasticizers for polyvinyl chloride, in order
to produce a solution of dialkyl peroxydicarbonate in
25 this solvent.
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