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Attached ioi your relference 15 as article eniitieu ".aszs
Poly:.erization of Vinyl Chlorice i the Presonce of Accepiors
wf Hydrogen Chlorluw! roa Soviet Plastics of Jute lu... Tawy
coduluce that the indrouduction of Z01 accupiars inTo Thw
#eacidun Ledlun will acceleratys polywerization. Also tiw
auuition ol stabilizing acaltives in the reaciicnm will increasc
the staviliily and reduce aeygrse of Lranching

This way be of valuu in cur pon=sulvent pracesSs or contoplates
Fechiney-St., Gobain Process. Could oury interaittent nruul-*“
on thae thorwal stability of suspuension resias be related to UCL
in the wonower?

Ucc
040814




nate indicate that the addition of 0¢1% banzoyl peroxide
gives a slight increase in the time of gel formation.
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Fig. 6=Dependence of the gel formation time on the composition of the
intiaing systems:  1=—0-2%, methylethylketone peroxide; 2=0-2%/
methylethylketone peraxide + 0-1%, benzoyl peromde 3=0-2%, methyls
etnylketane peroxide — 0-2%4 benzoy! peromde 4—0-2%, methylethyl-
ketone peroxide — 0-59, benZoy! peroxide; 5--0-2% methylethylketone
peraxide - 0-8%, benzoyl peroxide; 6~—0-2%, methylethylketone peroxide
-+ 1-0%, benzoyl peraxide.

On increasing the amount of benzoyl peroxide to
0-2-0-5% we obscrve a reduction in the gel formation
time, but a further increase to 0-8-1% gives an increase
in this time (Fig. 6). The degree of hardening in this
case cither remains at the same level or increases some-
what;  the mechanical propertics basically remain
without change. This discrepancy with the data in the
literature may be a result of the use of paroxides of
different gradss or of different methods of hardening.

It is well known that the gal formation time may be
considerably reduced by adding a tertiary amine to an
initiator system consisting of a peroxide or hydro-
peroxidz initiator and a cobalt hardener.

We investigated the influence of the co-accelerator
diethylaniline on the gel formation time and the degree

Mass polymerisation of vinyl chloride in th

of hardening of PNA-ED-2 polyester resin wion using
the .ollown.b initiating  sysicinis:  lsopropy.ocnzens
hydroperoxide—cobalt naphthenaie; mictnyicinyikeione
peroxid:~—cobait naphtihenate. Ii was foura ihat the
addition even of small amounts of dicinylaniing {(G:62 %)
leads to & marked reduction in the gel formation ilme
(to 10 min). A further increase in the anicunt of ¢o-
accclerator has little effect on the rate of gel formation
of PNA-ED-2 resin.  The mechanicai properies remain
on the same level as when using systems with one
accelerator, while the degree of hardening i§ reduced in
many cascs. .

Since acceieration of gel formation is possibie when
using sysiems with one acc»lcrmor, ihe addition of a
co-accelerator is desirable only wiere tac hardening of
the resins has 1o be carried out at temperature beow
20°C.

Concluvions

1. For the cold hardening of PINA-ED-2 resin the miost
suitable are two-component systems based on metiyi-
ethylkctone and cycloliexanone peroxides with a covait
accelerator,

2. Three-component systems (mc:hykﬂxyh.ctonc ner-
oxide—benzoyl peroxide—cobalt napiticnate and cyclo-
hexanone peroxndc—lsopropylbcnz..ne hydropsroxide—
cobalt naphthenate) have no advaniages over iwo-
component systems.

. The use of diethylaniline as a supplementary
accelerator in the systems isopropylbenzene hydros
peroxide—cobalt naphthenate and methylcthylketone
peroxide—cobalt naphthenate gives a marked reduction
in the gel formation time without changing the mechan-
ical properties.
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of acceptors of nydrogen chloride

Y. I. Tomashchuk, I, B. Kotlyar, A. M. Sharetskii and E. N. Zil'berman
. Translated by R. J. A. Hendry

FTYHE production of PVC by polymerisation of vinyl
- chloride in the mass is of interest because of the
brevity of the process. There is no need for an aqueous
dispersion medium, emulsifiers or cmulsion stabilisers,
and the stages of filtration of the suspension and drying
of the polymer, ogcurring in the usual emulsion and
suspension methods will also be obviated.

The major obstacle preventing the widespread indus-
trial use of this method arises out of difficulties in
uniform removal of the polymerisation heat with
conscquent local overheating, and dehydrochlorination

of the polymer. Therefore the PYC produced by poly-
merisation of vinyl chloride in the mass usually has low
heat-resistance, a wide molecular weight distribution and
probably a more branched structure. When the degree
of conversion exceeds 60-65 % the quality of the polymer
is reduced still further}, and the heat rcmoval is greatly
impaired because of the virtual absence of a hqmd
phase.

To improve the guality of the polvmer, additives which
combine with aydrogen ciioride® are added o the
monomer. '
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authors studied the effect of certain
Sovovas mead renaeally as stubilsers of PVC (stearates
& e, bariumy, vadnuum, ealeium and 250 epoxy coms
mounds) on e molvmerisaiion of viny! chioride in the
mass, and investigazed certain propertics of the polymer.
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Experimental metiod

The vinyl chloride was polymerised in a horizontal
rotating cy.indrical 10 L reactor of Kh 18 N steel, Mixing
was ellected by means of i roiler which rolled around the
cyiinder wall us the reactor rotated.

To 100 parts (by weight) of the monomer 02 parts of
u,0'-azobisisobutyronitrile were taken (or 0-25 parts of
lauryl peroxide), and also 6-5 x 10-* mol of the metal
stearates (or 0-625 g of an epoxy compound). The
reagents were added to the reactor immediately before
the vinyl chloride.

The amount of the additives was determined as
follows, An empirical method was used (with lead
stearate as an example) to determine the least amount of
the stabiliser (65 x 10-% mol ph parts of the monomer)
which would ensure the highest yield of the polymer in a
certain time, However, on investigation of the properties
of the PVC it was diflicult to determine the very small
amount of metal stearate remaining in the polymer
after several reprecipitations from a 1% solution in
:yclohexanone, It was therefore necessary to increase
he content of metal stearates to 6:5 x 10 mol,

The Huggins constant (ki) was calculated® from the
data obtained, The PVC was reprecipitated from 1%
solution in cyclohexanone with cooled methanol,

The kinetics of the decomposition of a,a’-azobisiso-
butyronitrile in the presence of lead stearate were
determined in toluene by the amount of nitrogen evol-
ved®% The rate of polymerisation of vinyl chloride in
the presence of HCl was determined in ampoules, the
polymer formed being weighed a certain time after the
ampoules had been opened.

Discussion of results

The kinetics of the polymerisation of vinyl chloride
in the mass in the presence of HC! acceptors are shown
in Fig. 1.

§ 8 3 .8

Duegree of conversion, ¥,

s

¢ 3 §F 9 1 15 18
Time, I

Fig. lwKinetics of polymerisation of vinyl chloride in the moss at 50°C
in the presence of acceptors of HC! (initiator: a,a’azobisisobutyroni=

trile). HC! acceptor: |~none; 2-—calcium stearate; J—ah‘ghatic eR0xy
camgound ; 4=—barium stearate or cadmium stearate: eod stearote;
6——ED-5 epoxy resin, ) )
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Tt will be seen that the rate of polymerisation of vinyl
chloride increases in the presence of certain additives,
but not to the same extent in each case,

Certain epoxy compounds®h™* are effective stabilisers
of PYC. Fiz. 1 shows that ED-5 resin s an inhibiting
eflect on the polymerisation of vinyl chloride, whic is
probably duc to the presence of phenolic residues in the |
ED-5. On the other hand the addition of an aliphatic
enoxy compound (2 product of the condensation of
cpichlorohydrin and ethylene glycol) noticeably in-
creases the rate of polymerisztion of viny! chloride.

2
3

50}

26}

Degree of conversion, %,

2 5 N
Time, h
Fig. 2—Kinetics of polymerisation of vinyl chloride in the moss at 50°C

(initiator: louryl peroxide): |—without HCI acceptor; 2—in presence
of leod stearate,

Fig. 2 shows the kinetics of the polymerisation of
vinyl chloride in the mass with lauryl peroxide as
initiator, In this case also the rate of polymerisatior.f
vinyl chloride is appreciably increased in the presé; S
of lead stearate,

The increase in the rate of polymerisation of vinyl
chloride may be due to the combination of the HCI,
which is probably capable of inhibiting polymerisation.

100 ~
~ 8
8 hF 4
£ &
H .
..; 40
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q D' 1 L] ! ]
J & 3 125
Time,

Fig, 3=Kinetics of polymerisation of vinyl chioride in the moss oz 50°C
(initiotor: a.u'-0zobisisobutyronitrile):  l—in absence of HCI; 2= .
in presence of HCI (0-8%, on weight of monomer).

To verify this a study was made of the rate of poly.
merisation of vinyl chloride in the presence of HCI.
Fig. 3 shows that the rate is noticeably reduced by the
presence of 0-8%, of HCI on the weight of the monomer,
Moreover in view of the increased rate of polymerisation
of viny! chloride in the presence of stabilising additives,
there is a suggestion of their accelerating etfect in the
decomposition of the a,a’-azobisisobutyronitrile. The
rate constant of decomposition of a,a’-azobisisobuty-
ronitrile in the presence of lead stearate was therefore
determined (Table 1),

' uce
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Lt o W bl tae eoistant of the raie c‘)_f de-
COMIPOLLON WS NOL inerease in the presence of lead
slearate.

Tt\aLE : - * * .
Rate of hresncown of a, u'-aml.i.s.awbutyronnnlc in
areseace of lead stearate in tolucae

Amoant of lead ! .
stearate, mal per mol © Temperature, °C

'

k % 104, sect

of uunator i ;

0 ) 84 | 30
7.74 » 10 84-10 36
7-7% x W0 i 83+8 2-8
774 x 10* | 8 | 3

The values of K siven in the Table agree well with the
publishied data® obtained in a study of the decompo-
sition of «.u’-azobisisobutyronitrile without additives;
consequently, the lead sicarate present in the poly-
merisation medium has no cifect on the rate of de-
composition of the initiator. )

The combination of the hydrogen chloride evolved
during polymerisation of vinyl chloride may affect not
only the rate of the reaction but also the properties of
the polymer.

It was shown in 4 that cven a low degree of dehydro-
chlorination of the polymer further increases its sensitiv=
ity to various factors, particularly that of temperature.
Tharefore the suppression of dehydrochlorination in the
polymerisation of vinyl chloride should improve the
heat stability of the polymer, which is confirmed by
Table 2.

TABLE 2

Heat stability and decompostion temperature of PVC
praduced in presence of lead stearate (0-59 74 on weight of

polymer)
,of ! I'PVC pro
ﬁ;u{ duccgrin PVC mixed| PVC with
cipite + Characteristics presence with a out a
ation ! of a sta- | stabilizer | st
| biliser
0 : Decomposition
i tcmpcr;?::\m. *'C . 170 17145 125
i m stability, .}'nn 18 158 l% 16 15
| conten . . —_—
i "4 e 165 144
1! Ditto 20 38 1§
i 0-07 0-12 —
! 173 1675 | 142
2 Ditto 175 40 1-
! Q-04 0033 —_
i - 1665 164 140
3 | Ditto 10:5 1-75 - 1-5
f . Nil Nil —
i 166 e —
4 Dito 10 - —_
5 Nil - —
| 166 -_ —
s | Ditto 10 — -

The PVC produced in the presence of lead stearate
and with subsequent complete removal of the latter by
means of repeated reprecipitation from c¢yclohexanone
retains its high decomposition temperature and heat

stubiity. At the same time PVC prouuced in the ubsence
of iead stearaie oul mined wiin tin e miner, afier
reprecipiialion under (he suimie CONuLIONS Loses the high
hieat stabilily of the mixiure,

Thus Tabie 2 shows ihai PVC procuced in the nresence
of an HCi accepior acquires iguer intrinsic eat saaghiny.
The higher decomposiuon temperuiure of the PVC
mixed with the stabiliser and tiea repreciniiated,
compared with the decomposiuon temiperaiure of the
initial PVC, is probably duc to pariial wasting out of
low-moiccular fractions of the poiymer during re-
precipitation,

i TATLE
Tnirinsic viseesity aLa i 1%
praduced wiikout aduilives
to polymics

-

siaily 0F TVC
wsisaraic agded
TaCuamdidy

das

Content of | Degree of ; '
No. of | lead stearate | conversion’ Intrinsic viss - Huggins®
experiment | in PVC, %, i of mono- | cosity, (n) - constaut, k

comer, %o .

110 .60 . G85S 062

2 0 ) 60 i 0oh 061

3 Q i 70 i G083 0:55

4 148 | 60 12 0-32

5 0788 | 85 ) 106 . 036

6 1-00 . 83 ) QY i 0-4Q

Table 3 gives the data on the intrinsic viscosity of
PVC produced without additives, and alsc with the
addition of lead stearatc; also the calculated Hugginy
constants, indicating thc rclutive branghing of the
polymer®. It shows that PVC produced without HCI
aceeptors has macromolecular structure with a consider-
ably higher degree of branching. Ar the same ime
relatively greater linearity of the structure is obtained
even with a conversion adjusted to 83-85 % (experiments
3,6) when considerable overheating should occur in
places on account of poor heat transfer,

Conclusions
1. In view of the inhibiting action of HC! on the poly-
merisation of vinyl chloride, the introduction of HCI
acceptors into the reaction medium accelerates the
polymerisation.

2. The introduction of stabilising additives in the
polymerisation of vinyl chlorida in the mass increases the
intrinsic stability of the polymer, and reduces the degres
of branching.
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