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CHEMISTRY
A. A. Berlin, L. V. Stupen, B. I. Fedoseeva, and D. M. Yanovskii

STUDY OF GRAFT COPOLYMERIZATION
OF VINYL CHLORIDE WITH DERIVATIVES
OF THE METHACRYLIC SERIES
(Presented by Academician N. N. Semenov, April 3, 1958)

When a monomer is polymerized in the presence of polymeric substances, the
latter are acted upon by radicals of the growing chains or of the initiator. In
this case, as a result of chain transfer, active centers may arise on the macro-
molecules, capable of initiating polymerization of the monomer with the forma-
tion of high-molecular compounds of branched or three-dimensional structure.
If the chemical nature of the side branches and of the main chain is different,
graft copolymers are formed, combining the properties of the polymers taken
into the reaction.

The synthesis of graft copolymers through the interaction of polymers with
monomers was developed and acquired technical significance in 1946–1947 (1,2).
In later works, methods of graft copolymerization are described that are based
on the use of ionizing radiation and on the interaction of functional groups of
macromolecules with monomeric or polymeric substances (3−6).
Below are given experimental data on the synthesis and study of graft copoly-
mers obtained by polymerization of vinyl chloride in a latex of a copolymer
of butyl methacrylate and methacrylic acid (BMA), as well as graft copoly-
mers formed during polymerization of a mixture of butyl methacrylate and
methacrylic acid in a polyvinyl chloride (PVC) latex.

Table 1

Polymer Cl, % [𝜂] 𝐾′ 𝑓
Grafted VC on BMA (1 : 2) 21,7 0,820 0,441 0,668
Control PVC 56,0 0,402 0,331 —
Control BMA-5 — 0,90 0,159 —
Mechanical mixture PVC + BMA-5 (1 : 2) 18,8 0,69 0,165 —

The polymerization of vinyl chloride in BMA latex was carried out in an auto-
clave in the presence of ammonium persulfate at a temperature of 45–60° and
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Figure 1 and Figure 2

Figure 1: Figure 1 and Figure 2

at various ratios of the reagents. CCl4 and CHJ3 were used as regulators. The
copolymers obtained were reprecipitated three times with methyl alcohol from a
solution in cyclohexanone, extracted with acetone to free them from unreacted
BMA, and dried to constant weight. In the copolymers, bound chlorine, the
degree of interaction of the monomer with the polymer 𝑓 , the characteristic vis-
cosity, and the Huggins constant 𝐾′ were determined. To prove the formation
of a graft copolymer, turbidimetric titration (7) of its solution was carried out.

Analogous determinations were made for BMA, PVC, and the mechanical mix-
ture of these polymers.

As is seen from Table 1, the Huggins constants of the graft copolymers are higher
than those of the control linear polymers, which indicates branching that has
arisen owing to the formation of side chains. The Huggins constants

the intrinsic viscosity of PVC mixtures with BMK lie between the values of the
constants for the individual polymers and are quantities close to additive ones.

The coefficient of interaction of the monomer with the polymer, 𝑓 , shows that
more than 60% of the monomer enters into reaction with the polymer.

For turbidimetric titration, solutions of the polymers in dioxane or in a mixture
of dimethylformamide with acetone (𝐶 = 0.005%) were placed in a T-shaped cu-
vette and titrated with a mixture of isopropyl alcohol—water (3 : 1) or methanol
—water (19 : 1), with automatic delivery of the precipitant at a constant rate
of 3.33 ml/min. To measure turbidity, the optical system of an FNK-51 neph-
elometer and an EPP-09 recording potentiometer were used.

Fig. 1. Turbidimetric titration of polymer solutions in a mixture of dimethyl-
formamide and acetone with methyl alcohol containing 5% water:
1 —graft copolymer of vinyl chloride (38.4%) on BMK-5 (61.6%);
2 —mechanical mixture of PVC (33.2%) + BMK-5 (66.8%).

Fig. 2. Thermomechanical properties of the graft copolymer BMK—PVC
in comparison with a mixture of polymers and individual ingredients of the
mixture.
1 —copolymer of BMK (95 wt. parts) and methacrylic acid (5 wt. parts),
2 —polyvinyl chloride (PVC),
3 —mixture BMK + PVC (1 : 1),
4 —graft copolymer BMK—PVC (1 : 1).

As can be seen from Fig. 1, when titrating the mixture of polymers, separate
precipitation is observed, whereas the precipitation curve of the sample obtained
by polymerization of vinyl chloride in BMK latex indicates the presence of a
graft copolymer.
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A study of the influence of the monomer—polymer ratio, the polymerization
regulator, and temperature on the yield and properties of the graft copolymers
showed that increasing the amount of vinyl chloride in the mixture of compo-
nents leads to an increase in the utilization coefficient 𝑓 and in the yield of graft
copolymer (see Table 2).

Table 2

Initial
ratio
VC :
BMK
by
weight

Analysis
of

copoly-
mers

before
ex-

trac-
tion:

Cl, %

Analysis
of

copoly-
mers

before
ex-

trac-
tion:
𝜂ud

Analysis
of

copoly-
mers
after
ex-

trac-
tion:

copolym.,
%

Analysis
of

copoly-
mers
after
ex-

trac-
tion:

Cl, %

Analysis
of

copoly-
mers
after
ex-

trac-
tion:
𝜂ud

Analysis
of

copoly-
mers
after
ex-

trac-
tion:

𝑓

Analysis
of

copoly-
mers
after
ex-

trac-
tion:

𝑇𝑔

Analysis
of

copoly-
mers
after
ex-

trac-
tion:

𝑇𝑓

1 : 1 23.4 0.70 71.0 26.2 1.16 0.650 50 190
2 : 1 34.5 0.57 74.1 35.3 0.92 0.705 75 170
4 : 1 39.8 0.63 82.0 41.2 0.67 0.753 80 155
1 :
1*

23.9 0.45 52.8 28.4 — 0.455 58 160

4 :
1*

44.8 0.31 46.7 48.7 0.37 0.315 63 140

PVC 56.0 0.25 — — — — 70 140
BMK — 0.40 — — — — 40 —
PVC
+
BMK**

27.5 0.40 55.9 46.5 0.43 — 57 135

* Obtained in the presence of CCl4 (10 wt. % of the monomer).
** Mechanical mixture PVC + BMK-5 = 1 : 1.

The addition of a regulator (CCl4, CHI3) sharply reduces the yield of graft
copolymer, evidently by inactivating part of the macroradicals.

Studies of thermomechanical properties on V. A. Kargin’s apparatus show that
graft copolymers, in contrast to mixtures of homopolymers of the same com-
position, pass into the viscous-flow state at a considerably higher temperature
(𝑇𝑓 = 190 instead of 135∘) and differ little in the value of 𝑇𝑔 (see Fig. 2).

Changing the ratio VC : BMA in the graft copolymer from 1 : 1 to 4 : 1 sharply
raises 𝑇𝑔 (from 50 to 80∘) and lowers 𝑇𝑓 (from 190 to 155∘).

Along with the study of graft copolymers with a BMA backbone and PVC side
chains, copolymers with the reverse order of grafting were synthesized.
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Fig. 3 and Fig. 4 graphs

Figure 2: Fig. 3 and Fig. 4 graphs

For this purpose, a mixture of butyl methacrylate (95 parts by weight) and
methacrylic acid (5 parts by weight) was added to a polyvinyl chloride latex; the
PVC : BMA ratio was 1.12. After four hours of emulsification of the monomers in
the PVC latex at 60∘, an initiator (0.5%(NH4)2S2O8) was introduced and poly-
merization was carried out to practically complete conversion of the monomers.
The product obtained was purified and studied in the same way as the graft
copolymers BMA—PVC.

In the case of grafting BMA onto PVC, the content of bound chlorine increases
by a factor of 7–8 in the fraction passing into solution during 50-hour extraction
with acetone or with the azeotropic mixture chloroform (47%)—acetone (30%)—
methanol (23%).

Fig. 3. Turbidimetric titration of polymer solutions in dioxane with a mixture
of isopropyl alcohol and water.
1 —graft copolymer PVC—BMA, 2 —PVC, 3 —graft copolymer BMA—PVC, 4
—BMA

Fig. 4. Thermomechanical properties of graft copolymers of BMA and PVC
with the direct and reverse order of grafting.
1 —grafting BMA onto PVC (1 : 1), 2 —grafting PVC onto BMA (1 : 1)

This increase in solubility is apparently due to the formation, on the macro-
molecules of the low-molecular-weight PVC fraction, of more readily solvated
BMA side chains.

Figure 3 gives the titration curves of solutions of the“direct”(BMA—PVC) and
“reverse”(PVC—BMA) graft copolymers.

The points of incipient precipitation of the“direct”and“reverse”graft copoly-
mers are very close and lie between the points of incipient precipitation of the
homopolymers.

Figure 4 indicates a sharp difference in the thermomechanical properties of
copolymers with the direct and reverse order of grafting at practically the same
component ratio and value of 𝑓 . When BMA is grafted onto PVC, products are
obtained with a higher 𝑇𝑔 and a lower 𝑇𝑓 than in the case of the reverse order
of grafting. Thus, comparison of the data on the thermomechanical properties
of “direct”and “reverse”graft copolymers leads

to the conclusion that, other conditions being equal, the nature of the main
chain has the strongest effect on the glass-transition temperature, whereas the
side branches, which form the spatial structure, are reflected primarily in the
temperature interval of viscous flow.

An increase in the length of the side chains intensifies their effect on the 𝑇𝑔 of
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the copolymer (see Table 2), since in this case the flexibility of the main chain
depends to a greater extent on the flexibility and intermolecular interaction of
the side branches.

It should also be noted that the character of the thermomechanical curves of the
graft copolymers differs from analogous curves for mixtures of homopolymers
by the presence of two plateaus (cf. the curves in Figs. 2 and 4).

The graft copolymers BMK—PVC are of considerable practical interest, since
they combine the high adhesion and light resistance characteristic of BMK with
the increased resistance to abrasion, water, benzene, and oils, the chemical
resistance, and the nonflammability of polyvinyl chloride.
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