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Low-oxidized powdered poly(vinyl chloride) (concentration of hydroperoxi-
dic groups was 1.9x 102 mol O, kg™ PVC) was used as a heterogeneous
initiator for the synthesis of high-molecular polystyrene or poly(methyl
methacrylate) in emulsion. The influence of combination of four types of
activator and two types of emulsifier on amount of the arising polymer was
investigated. o

As for homopolymerization of styrene, the best results were achieved with
an activator of the FeSO,—Chelaton III type or activator consisting of
FeSO,—triethylenetetramine in combination with a nonionic emulsifier. The
FeSO,—triethylenetetramine activator is not suited for homopolymerization of
methyl methacrylate in the presence of ionic as well as nonionic emulsifier.

The influence of concentration of emulsifier and initiator on the course of
polymerization of styrene was also investigated.

Cna6ooKuC/IeHHbIH TOPOLIKOOGPa3HbIA MOMMBUHUIXIIOPHN (KOHLEHTpALKs
rugponepekucHbX rpynn 1,9:1072 Mons O, xr™' [IBX) 6bin ucnons3oBaH
B Ka4yeCcTBe reTepOreHHOro WHHMIMAaTOpa CHHTE3a BhICOKOMOJIEKYJIIPHOTO MO-
JIMCTHPOJIa WM MOJIMMETHIIMETAKpIIaTa B 3MyNibcHu. MccieoBaHo BIUsSHHE
COYeTaHWH YeThIpEX THIOB aKTHBATOPA U ABYX THIIOB 3MYJILraTOPa Ha KOJH-
4ecTBO 0Opa3ylolierocs noxIuMepa. _

XoTs nonuMepH3alys MPOBOAKNIACH aHAJIOTHYHBIM METOJIOM KaK IPH HC-
NOJIb30BaHHH OKUCJIEHHOIO W30TaKTHYECKOro MOJMMPONUIIEHA, 3TH ABa BHJA
FeTEpOreHHOro MHMLIMATOpa OKa3bIBAalOT JOBOJNLHO Pa3iiMYHOE BIHMSHHE Ha
3MYJLCHOHHYIO MONTMMEPH3aIHIO.

B cnyyae romonoiMMepu3alMH CTHpOJa JIy4dilMe pe3yiabTaThl ObLIH [OC-
TUTHYTBI € akTHBaropoM xenatHoro tinma FeSO,—Xenarton III wmm
FeSO,—TpuaTuneHTETpaMiH B COYETAHUH C HEMOHOTEHHBIM 3MYJILIATOPOM ;
TNpY rOMONOJIMMEPHU3aLIMH MEeTHIIMeTaKpwiaTa akTuBaTop FeSO,—rpuatunex-
TETPaMHH He TIOAXOAHUT HH B Cliyyae HOHHOTO, HH HEHOHHOTO 3MYJIbraTOpOB.

IIpn ykasaHHOH monMMepH3alMM CTHpoia ObLIO HMCCIENOBAHO BIIMSIHHE
KOHLIEHTPALMK 3MYJIbraTopa ¥ MHULMATOPA TaKXKe Ha XOJ NMOJTHMEPH3ALHH.
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It has been found in preceding studies [1—3] that the hydroperoxide of
powdered isotactic polypropylene may be used as a heterogeneous initiator of
organic character for emulsion polymerization of vinyl monomers. Provided the
components of the polymerization system are conveniently selected, only
homopolymer is formed in the emulsion and no bonding of polystyrene to oxidized
polypropylene appears [4].

In addition to the aqueous and oily phase the heterogeneous initiator represents
further solid phase in the emulsion polymerization system, which brings about
certain peculiarities affecting not only the course of polymerization but also the
properties of the arising polymer. For example, it was found that the heterogene-
ously initiated emulsion polymerization of styrene obeys the mechanism of living
polymerization and prepared polystyrene has extremely high molecular weight
which grows with increasing conversion [5].

Following the preceding results, the possibility of using further type of
heterogeneous initiator, i.e. oxidized powdered poly(vinyl chloride), for the
emulsion polymerization of styrene and methyl methacrylate was investigated in
this study.

Experimental
Chemicals

Poly(vinyl chloride) (PVC), type S-PVC-V-701, powdered, product of CHZWP, Novaky.
It contained 60 mass % of particles with 0.063 mm diameter.

Styrene — shaken with 10 mass % sodium hydroxide solution, dried, two times distilled
under reduced pressure in inert atmosphere.

Methyl methacrylate — after the first vacuum distillation prepolymerized and further
vacuum distilled in nitrogen atmosphere.

Triethylenetetramine (TETA) — characteristics are given in paper [1]; an aqueous
solution of 6.0 X 10?mol dm™ concentration was used.

Chelaton III (EDTA) — disodium salt of ethylenediaminetetraacetic acid and pentahy-
drate of iron(Il) sulfate, anal. grade chemicals, were used as aqueous solutions of
4.0 X 1072 mol dm™ concentration.

Emulsifiers — anionic Mersol H and nonionic Slovasol 2430 the characteristics of which
are given in papers [1, 2] were used as 0.145 M aqueous solutions.

Solvents — toluene and methanol were anal. grade.

Nitrogen — (high purity) was deprived of the rest of oxygen [2] and used as an inert gas.

Working procedures

The polymerization was performed in ampoules as described earlier [1, 2]. The initiation
centres on the powdered poly(vinyl chloride) were generated by fluid oxidation during
30 min at laboratory temperature and atmospheric pressure. Oxygen contained ozone in

224 Chem. zvesti 36 (2) 223—230 (1982)



OXIDIZED POLY(VINYL CHLORIDE)

12 mg dm™ concentration and its rate of flow was 0.18 m*> min~'. The content of active
oxygen (peroxidic groups) determined iodometrically with KI in glacial acetic acid was
1.9x10>mol O, kg* PVC.

The following components of the polymerization system were successively dosed in inert

atmosphere into the ampoules containing constant quantity of the oxidized PVC (0.4 g)
deprived of trace oxygen: activator—triethylenetetramine (3.3 X 10>moldm™) or
FeSO,—EDTA in mole ratio 1:1 (2.2 X 10>mol dm™) (other concentration of activator is
given in Table 1), emulsifier—anionic Mersol H or nonionic Slovasol 2430 (2.4 X
%X 107>—8.8 X 1072 mol dm~*), and monomer—styrene (1.44 mol dm~) or methyl metha-
crylate (1.65 mol dm™);concentrations are given in mol dm™of emulsion. The polymeriza-
tion was carried out at 30°C. When the polymerization was_finished, the emulsion was
separated from the solid phase by filtration through a sintered glass (S,) and precipitated
with methanol. The conversion of monomer was expressed in mass % with respect to the
initial mass of monomer. The rate of polymerization was expressed in mol dm~s™' with
respect to the volume of emulsion. When the percentage of the modified poly(vinyl chloride)
was estimated, the solid phase on the sintered glass (S,) was washed with water and acetone,
extracted with benzene at 60°C, and washed again with acetone. The mass percentage of the
polymer bonded to poly(vinyl chloride) was calculated with respect to the dosed mass of
monomer.

The viscometric measurements serving for characterization of the relative molecular
weights of polystyrene and poly(methyl methacrylate) were carried out in a Ubbelohde
diluting viscometer in toluene at 25°C. The flow-time of pure solvent was greater than 100 s
and for this reason kinetic energy correction was not applied. The limiting viscosity number
[n] was determined from the relationship (1 — ,)/n,¢ = f(c), where 7 and 7, are solution
and/or solvent flowing times (in s), respectively and c is the concentration of solution (in
/100 cm®). The equations 7] = 1 X 10™* M*" or [g] = 7.1 X 10~ M"™ [6] were used for
the calculation of the relative molecular weight of -polystyrene and poly(methyl metha-
crylate).

Results and discussion

The possibility of using oxidized powdered poly(vinyl chloride) as a heterogene-
ous initiator of emulsion polymerization of styrene and methyl methacrylate was
tried in several polymerization systems. Simultaneously, the influence of different
combinations of initiator with activators, ie. FeSO,, TETA, EDTA, FeSO,—
—TETA, and FeSO,—EDTA (in the presence of ionic or nonionic emulsifier), on
the yield of produced polymer was investigated. The results of these polymeriza-
tions are presented in Table 1. They include the values of the viscometrically
determined relative molecular weights of the homopolymers of styrene and methyl
methacrylate as well as the amount of polystyrene and poly(methyl methacrylate)
bonded to PVC (in polymerizations No. 6 and 12 the composition of system was
intentionally chosen to be favourable for the formation of grafted copolymer [7]).
Like in the modification of polypropylene, better yields were achieved in the
modification of PVC with MMA than with styrene which should be due to chemical
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Table 1

Results of the polymerization of styrene and methyl methacrylate initiated by oxidized
poly(vinyl chloride) at 30°C

Conversion after2h ‘ Conversion after2 h
S M M e S
) . ¢/mol dm-> Homo-  Grafted PSt c¢/moldm™  Homo- Grafted PMMA
- polymer PVC _polymer PVC

1 — — — — T T 0.0 0.0 — * 0.3 0.0 —

2 — — 33 — 45 0.0 7.3 0.2 0.0 —

3 2.2 — — — 24 79.0 21.1 12.9 771 4.5 20.0

4 — 2.2 — — 0.1 0.0 — 0.3 0.0 —

5 2.2 2.2 — — l 1.44 62.1 2.0 12.2 1.65 69.9 2.8 14.8

6 2.2 — 1.6. — 0.8 50.9 4.6 22.5 43.8 19.6 18.1

7 — —_ — — 0.0 0.0 — 0.3 0.0 —

8 — — 33 T — 4.0 0.0 10.5 0.3 0.0 —

9 2.2 — — 2.4 — 47.0 43 18.5 62.8 15.6 19.9
10 — 2.2 — l — 0.3 0.0 — 0.2 0.0 —
11 2.2 2.2 — — 43.8 1.2 13.7 73.7 4.2 9.0
12 2.2 — 1.6 0.8 — v 2.6 9.6 9.8 v 0.6 69.1 —

(z861) 0£2—€TT (2) 9 Hs9az ‘way)

E, — Mersol H, E, — Slovasol 2430, St — styrene, PSt — polystyrene, MMA — methyl methacrylate, PMMA — poly(methyl methacrylate).
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character of the monomer [8]. In contrast to polypropylene, if poly(vinyl chloride)
is subjected to grafting, the result may be influenced also by polar character of the
chlorine bonded to the polymer chain.

If the oxidized PVC was used as a heterogeneous initiator of homopo-
lymerization, it appeared that, in contrast to the oxidized powdered polypropylene,
the polymerization proceeded only in the presence of activator. Anyway, a polymer
with high molecular weight was formed. Triethylenetetramine which activates
homopolymerization according to preceding experience [1] preserves this property
with reference to PVC only in the polymerization of styrene (Table 1). Even in this
case, the activation effect of TETA is, however, relatively small in comparison with
the effect of the FeSO,—EDTA or FeSO,—TETA chelates (in the presence of
nonionic emulsifier) or with the effect of metallic component alone (in the presence
of both types of emulsifiers). The advantage of using the one-component activator
TETA for the polymerization of styrene consisted in the fact that only
homopolymer was formed in a system with ionic as well as nonionic emulsifier and
no grafting of poly(vinyl chloride) occurred. In order to influence positively the
yield of polystyrene in the presence of the one-component activator TETA, the
influence of concentration of both emulsifiers used on the percentage of arising
polystyrene was investigated. Though the increasing concentration of emulsifier, to
a certain extent, positively influenced the increase in conversion of styrene, as
stated in preceding papers [1,9], it was not possible in this case after 2 h
polymerization to obtain a higher conversion than about 25% (Fig. 1).

conv./“/o
20
15
10
Fig. 1. Dependence of conversion (%) on 5
concentration of Slovasol 2430 (1) and
Mersol H (2), for the polymerization of
styrene initiated by oxidized PVC (1.9 x 0 | ! | 1 L
107 mol O; kg™' PVC). 1.6 3.2 4.8 6.4 8.0 9.6
Activation by TETA (3.3 X 10>mol dm™), G 102/,“0[ am™3
30°C. E

Chem. zvesti 36 (2) 223—230 (1982) 227



V. CHRASTOVA, D. MIKULASOVA, P. CITOVICKY

On the basis of the values listed in Table 1 it follows that, from the view-point of
the yield of polystyrene as well as poly(methyl methacrylate), it is most convenient
to use the system containing FeSO,—EDTA type of activator with an ionic and
especially nonionic emulsifier. This system produces relatively small amounts of the
grafted copolymer (the presented results were obtained after 2 h reaction) which
have no significant influence on the kinetics of homopolymerization (polymeriza-
tion proceeds a few minutes) and may be neglected. The conversion curves for the
polymerization of styrene in a system initiated by the oxidized PVC with the
FeSO,—EDTA activator in the presence of ionic and nonionic emulsifier are given
in Fig. 2. The rates of polymerization achieved with nonionic emulsifier were
greater than the rates with Mersol H.

conv. /%o L 4 l | .
q
50 [ ~
“w =
30 -1
2
20 - ] Fig. 2. Dependence of conversion (%) on
time, for the polymerization of styrene
o, at 30°C in the system containing oxidized
el 7 PVC (1.9%107 mol O, kg' PVC),
FeSO.—EDTA (mole ratio 1:1) and two
0 1 1 L 1 I types of emulsifiers (4.8 X 10"*mol dm™).
o 1 20 30 40 t/min 1. Slovasol 2430; 2. Mersol H.

Furthermore, we investigated the influence of concentration of the heterogene-
ous initiator on the rate of styrene polymerization in the presence of the
FeSO,—EDTA activator and Slovasol 2430. The concentration of the heterogene-
ous initiator was changed by altering the weight of the PVC oxidized to a constant
degree. The kinetic relationships of styrene polymerization at varying concentra-
tion of initiator are represented in Fig. 3. Since the conversion curves were not
linear, the rate of polymerization was determined from the relationship between
logarithm of the numerical value of conversion (%) and polymerization time
according to the procedure described in [3]. The determined reaction order with
respect to the. concentration of heterogeneous initiator is equal to 0.8. It is
somewhat lower than the value 1.05 found for the emulsion polymerization of
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conv. /% J !

20 ~

Fig. 3. Conversion curves of the polymeri-
zation of styrene at 30°C in the system 10 -
containing FeSO,—EDTA (mole ratio
1:1), Slovasol 2430 (4.8 X 107> mol dm™),
and increasing amounts of oxidized PVC
(1.9x107*mol O, kg™ PVC) expressed in

grams. 0

1.01g;2.02g;3.04g;4.06¢g.

]
20 t/min

styrene initiated by the oxidized polypropylene with the activator TETA when the
concentration of peroxidic groups was changed by varying weight of the
heterogeneous initiator [3]. The lower value of the reaction order determined in
this work may be, to a certain extent, influenced by the type of the used initiator
that was the peroxide of oxidized PVC as well as by the type of the used activator

2.2 T T T T conv. /%
S 2.0 25
a
A7
o
X 18
4 P
o
Té 1.6 - 15
N\ ’
=}
T 14 w0
©
E
2
8 1.2 45
1.0 0
0 5 10 15 t/min

Fig. 4. Content of residual peroxides of PVC and conversion (%) as a function of time for the
polymerization of styrene in the system containing oxidized PVC, FeSO,—EDTA (mole ratio
1:1), Slovasol 2430 (4.8 x 10~ mol dm™) at 30°C.

-
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that was the FeSO,—EDTA chelate. It was shown that the decomposition of the
peroxide of poly(vinyl chloride) proceeded more rapidly in the presence of
FeSO,—EDTA activator (during the first 10 min of polymerization) (Fig. 4) than
in the presence of the activator TETA (30 min [3]). It may be assumed that the
efficiency of initiation should be very low owing to a fast decomposition of the
peroxide bonded to the surface of PVC by the effect of such efficient activator as
the FeSO,—EDTA chelate. Thus only few primary radicals can take part in growth
reactions. This effect may manifest itself in the course of the investigated
polymerization in the region of low conversions, i.e. in the first stage when the
number. of the polymer—monomer particles is not yet stationary.

Besides the powdered oxidized polypropylene and polyethylene [10], the
powdered oxidized PVC, as an organic type of heterogeneous initiator, offers
further opportunity of using this kind of initiation for radical polymerization. The
high-molecular polystyrene or poly(methyl methacrylate) may be prepared in the
presence of oxidized poly(vinyl chloride) in the investigated emulsion polymeriza-
tion system if the specific features of thus initiated polymerization are respected.
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