uce
170010




UNION CARBIDE CORPORATION
PLASTICS DIVISION

-~

To: Mr. D. E. Richardson
Chemicals Division
Texas City, Texas

Dr, F. E. Bailey

Mr. J. F, Erdmann
Mr. J. C. Schlichter
Mr. R. N. Wheeler/

A copy of the article {
use of certain additives as HC]
epoxy compounds are noted as
you may be interested in a note
"PANTASOTE - Picked up from
sells surfactants to Pantasote.
(an epoxidized soybean oil) in th
particle more porous. This acc
G-62 seen at Pantasote some tir

FDD/Ir

270 Park Avenue, New York 10017

October 14, 1966

ski notes the

nerization;

is connection,

ence files.
salesman who
Haas G-62

154 to make the
ber of drums of




\

- o m e h s L P A i P

B r4p.2 ‘
5
INTERNAL CORRLESPONDINSE

PLASTICS DIVISIOR . RIVER ROAD, BOUND RROOK, NTW JFRSTY 05305
toNamey  XF'e Do I, Ilcharuson Pat Slebes 11, 196S

Divislen UL - Flaztics pivision

Location Toxas City, Te.as Odiginating Dapt. Roalications — L & O

Answaring lettesr date
Copyte  L¥e Fo L. Exlliy - EC Subiect Folymerizativn Proceseus

f e g LT
awlSES . T

- ichalwr’= GO
Yol T. AL beHelio = BB
e F. o, Ugntoir - MY
fesers, J.F, <ruazan
H.A. Ciikor - TC
Hr. %. 2. Joves - RY
¥r. ¥. H. Belnuipg - EG
Mro J. LG %1iliinoon - NY -
ur. N. L, Zutty = BB . d(”/)
: N &
2.4 W heln (wf i A4
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Polynerization of Vinyl Chloriue in the Pruesence of Acceptors
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natc 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 compasition of the

initiating systems: {=-0-2%, methylethylketone peroxide, 2—0-2%

methylethylketone peroxide + 0-1%, benzoyl peroxide, 3=0-2%, methyi-

ethylketone peroxide -~ (-2%, benzoyl peroxide; 4—0-2%, methylethyl-

ketone peroxide -+ 0-5%, benzoyl peroxide; 5—0-2% methylethylketone

peroxide + 0-8%, benzoyl peroxide; 6—0-2%, methylethylketone peroxide
-+ {-0% benzoyl peroxide,

On ingreasing the amount of benzoyl peroxide to
0-2-0-59%, 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 properties basically remain
without change, This discrepancy with the data in the
literature may be a result of the use of peroxides of
different grades or of different methods of hardening.

It is well known that the gal formation time may be
considerably reduced by adding a tertiary amine 10 an
initiator system consisting of a peroxide or hydro-
peroxide initiator and a cobalt hardener,

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

of hardening of PNA-ED-2 polycster resin when using
the following initiating systems:  isopropyibenzene
hydroperoxide—cobalt naphthenate; methylethylketone
peroxida—cobalt naphthenate. It was found that the
addition cven of small amounts of dicthylaniline (0:02%)
leads to a marked reduction in the gel formation time
(to 10 min). A further increase in the amcunt of co-
accelerator has little effect on the rate of gel formation
of PNA-ED-2 resin. The mechanical properiics remain
on the same leve] as when using systems wilh one
accelerator, while the degree of hardening is reduced in
many cascs. .

Since acceleration of gel formation is possible when
using systems with onc accelerator, the addiiion of a
co-accelerator is desirable only where the hirdening of
the resins has to be carried out at temperature below
20°C.

Conclusions

1. For the cold hardening of PNA-ED-2 resin the most
suilable are two-component systems based 2n methyi-
ethylketone and cyclohexanone peroxides with a cobalt
accelerator. '

2. Three-component systems (methylethylketone per-
oxide—benzoyl peroxide—cobalt naphihenate and cyclo~
hexanone peroxide—isopropylbenzene hydroperoxide—
cobalt naphthenate) have no advantages over iwo-
component systems.

3. The use of diethylaniline as a supplcmentary
accelerator in the systems isopropylbenzene hydro~
peroxide—cobalt naphthenate and methylethylketone
peroxide—cobalit naphthenate gives a marked reduction
in the gel formation time without changing the mechan-
ical properties.

Bibliography
1. Z. V. Mikhailova and P. Z. Li, Sovict Plast. No. I, 1964

(translation of Plast. Massy, No. 1, 1963), p. 13. .

1, W. Cywinski, Appl. Plast., 3, 2, 1960, p. 56 (si).

I. W, Cywinski, Reinf. Plasi., 4, 8, 1960, p. 8.

P. Z. Li ¢t al., Plast-Massy, No. 2, 1959, p, 19,

I. W. Cywinski and P. Stopp. Kunstst, Rundschan, 8, 12, 1961,

p. 593.
S. 1. Omel'chenko er al., Soviet Plast,, No, 2, 1963 (translaiion

of Plast. Massy, No, 2, 1964), p. 20.

LREE AN

Mass polymerisation of vinyl chloride in the presence
of acceptors of hydrogen chloride

V. L. Tomashchuk, 1. B, Kotlyar, A. M, Sharetskil and E, N. Zil'berman
Translated by R. ]. A. Hendry

HE 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 emulsion stabilisers,

and the stages of filtration of the suspension and drying
of the polymer, occurring 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
consequent local -overheating, and dehydrochlorination

of the polymer. Therefore the PVC 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 removal is greatly
impaired because of the virtual absence of a liquid
phase.

To improve the quality of the polymer, additives which
combine with hydrogen chioride®* are added to the
monomer. '
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s weesent authors studied the effect of certain
aldeves et eonerally as stabilisers of PVC (stearates
ol tead, harium, cadmium, calcium and also epoxy com-
pounds) on the poivmerisation of viny! ¢hloride in the
mass, and investigated certain properties of the polymer,

Experimental method

The vinyl chloride was polymerised in a horizontal
rotating cylindrical 10 1, reactor of Kh 18 N steel, Mixing
was efiected by means of a roller which rolled around the
cylinder wall as the reactor rotated,

To 100 parts (by weight) of the monomer 0-2 parts of
o,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 viny! chloride,

The amount of the additives was determined as

{ollows. An empirical method was used (with lead
stearate as an example) to determine the least amount of
the stabiliser (6:5 x 10-® mo! ph parts of the monomer)
which would ensure the highest yield of the polymerina
certain time, However, on investigation of the properties
of the PVC it was difficult to determine the very small
amount of meta! stearate remaining in the polymer
after several reprecipitations from a 1% solution in
cyclohexanone. It was therefore necessary to increase
the content of metal stearates to 65 x 10~ mol.

The Huggins constant (k) was calculated® from the
data obtained. The PVC was reprecipitated from 19
solution in cyclohexanone with cooled methanol.

The kinetics of the decomposition of a,0'-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 HCI acceptors are shown
in Fig. 1.

i

Degree of couversion, ¥,
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Fig. l=Xinetics of polymerisation of vinyl chloride In the moss at 50°C

in the presence of acceptors of HCI (initiator; u,u'ozobisisobutyronis

trile). HCI oceeptor; lwnone; 2—colcium stearate; 3—aliphotic

comumd ; 4—barium sweorete or cadmium stearate; $=7e¢:3 steargte;
é=ED-5 epoxy resin.
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It 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*”.# are effective stabilisers
of PVC. Fig. 1 shows that ED-5 resin has an inhibiting
effect on the polymerisation of vinyl chloride, which is

probably duc to the presence of phenolic residues in the |

ED-5. On the other hand the addition of an aliphzatic
epoxy compound (a product of the condensation of
epichlorohydrin and cthylene glycol) noticeably in-
creases the rate of polymerisation of viny! chloride,
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Fig. 2=Kinetics of polymerisation of viny! chloride in the moss at 50°C

{initiotor: louryl peroxide): |—without HC! acceptor; 2—in presence
of lead 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

viny!l chloride is appreciably increased in the presﬁ;‘,;,':;

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.

Degree of conversion, %%
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Time, h
Fig. 3=Kinetics of polymerisation of vinyl chloride in the mass at 50°C

{initiotor:  a,a’-azobisisobutyronitrile):
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 vinyl chloride in the presence of stabilising additives,
there is 2 suggestion of their accelerating etfect in tie
decomposition of the a.,a'-azobisisobutyronitrile. The
rate constant of decomposition of ¢,a’-azobisisobuty-
ronitrile in the presence of lead stearate was therefore

= determined (Table 1),
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I—in absence of HCl: 2= -
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Tare Losdows that the constant of the rate of de
compuosition does not increase in the presence of lead
stearate,

TABLE 1

Rate of breakdown of a, a’-azobisisobutyronitrile in
presence of lead stearate in tolucne

Amaunt of lead
stearate, mol per mol Temperature, *C k x 104 sec
of initiator
0 + 84 30
794 % 10 854410 36
774 x 10-* 83-8 2'8
7-74 x 102 84 31

The valucs of k given in the Table agree well with the
published data® obtaincd in a study of the decompo-
sition of a,a’-azobisisobutyronitrile without additives;
conscquently, the lead sicarate present in the poly-
merisation medium has no effect 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 ¢ that even a low degree of dechydro-
chlorination of the polymer further increases its sensitiv-
ity to various factors, particularly that of temperature.
Therefore 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 stabiiity and decompostion temperature of P_VC
produced in presence of lead stearate (0-59 % on weight of

polymer)
No. of | PVC pro- .
repres | duced in |PVC mixed| PVC with-
cipit- | Characteristics presence with a oul a
ation ! of a sta- | stabiliser | stabiliser
biliser
0 Dccomposition
temperature, *°C 170 171-5 125
Heat stability, min 10 12 1-5
Lead content, % 0-155 0-16 —_
167 . 165 144
1 Ditio 20 3-8 15
0-07 0-12 —
173 167-5 142
2 Ditto 17-5 40 16
. 0-04 0-033 —_
- 1665 164 140
3 Ditto 10-5 175 - 15
. Nil Nil —_
166 —_ -—
4 Ditto 10 _ —
Nil —_ -
166 — _—
5 Ditio 10 — -

“The PVC produced in the presence of lead stearate
and with subsequent complete removal of the latter by
means of repeated reprecipitation from cyclohexanone

retains its high decomposition temperature and heat

v

stability. At the same time PVC produced in the absence
of lead stcaraie but mixed with it in the mixer, after
reprecipitation under the same conditions joses tic high
heat stability of the mixture,

Thus Table 2 shows that PVC produced ini the presence
of an HCl acceptor acquires higher intrinsic heat stability,
The higher decomposition temperature of the PVC
mixed with the stzbiliser and then reprecipitated,
compared with the decomposition 1emperature of the
initial PVC, is probably due to partial wasting out of
low-molecular fractions of the polymer during re-
precipitation.

' TARLE 3
Intrinsic viscasity and Huzgnins® constunts of FVC
produced without additives, and with lead sicarate added
to polymerisation medium

Content of | Degrec of
No. of | lead stcarate | conversion | Intrinsic vise l Higgins®
experiment | in PVC, ¥, | of mono- | cosity, (0] | constam, k
mer, %
1 0 60 0855 | 062
2 0 60 056 0-61
3 0 70 08 | 035
4 1:48 60 i-12 | 0-32
5 0-785 85 1:06 ] 036
6 100 83 094 i 0-40

Table 3 gives the data on the intrinsic viscosity of
PVC produced without additives, and alsc with the
addition of lead stearate; also the calculated Huggins'
constants, indicating the relative branching of the
polymer®. It shows that PVC produced without HCl
acceptors has macromolecular structure with a consider-
ably higher degree of branching. At the same time
relatively greater linearity of the structure is obtained
even with a conversion adjusted to 83-85%, (experiments
5,6) when considerable overheating should occur in
places on account of poor heat transfer.

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

2, The introduction of stabilising additives in the
polymerisation of vinyl chioride in the mass insreases the
intrinsic stability of the polymer, and reduces the degree
of branching.
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