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The possibility of using synthetic inorganic materials Potasit, Calsit,
y-Alumina and metal oxides ZnO, MgO, NiO, CuO, AlLQO,, TiO,, PbO, as
heterogeneous initiators for the homopolymerization of styrene or methyl
methacrylate in an emulsion polymerization system, containing a nonionic type
of emulsifier and triethylenetetramine as activator, was studied.

It was found that it is possible to use Potasit and Calsit, contrary to
y-Alumina, for the mentioned purpose, particularly after their contact with
oxygen containing ozone, whereby the duration of the contact, as well as the
concentration of the used activator, influence the yield of the polymer.

From the studied metal oxides as heterogeneous initiators of polymerization
only aluminium oxide and titanic oxide were not suitable, and with these the
polymerization at the given conditions did not take place with any monomer.
The treatment of the metal oxides by preserving them in an oxygen atmosphere
enriched with ozone did not influence the polymerization rate.

It was found that polymerization of methyl methacrylate does not proceed in
the dark in the presence of zinc oxide and magnesium oxide, which indicates
that zinc and magnesium oxide behave as photosensibilizers.

Bruta u3yyeHa BO3MOXHOCTD HCIIOJIb30BaHMs CHHTE THYECKMX HEOpraHudec-
kux MaTepuanoB IToracura, Kanbcura, Y- AJyMHHa H OKCHIOB MeTa/ioB ZnO,
MgO, NiO, CuO, ALOQ,, TiO,, PbO, B kayecTBe reTeporeHHbIX HHUIHATOPOB
TOMOTEHHO! MOJIMMEpH3aliMH CTHPOJIA WIH METHIMETaKPHIIATa B 3MYJILCHOH-
HO¥ MOJTMMEPHU3ALTHOHHON CHCTEME, collepKalle IMyJIbraTop HEHOHHOTO THIA
# TPHUITWIEHTETPAMHH B KaYeCTBE aKTHBaTOpa.

Bouto o6Hapyxeno, uto Ioracur u KajabCHT B OT/IHYHE OT Y-AJyMHHA
MOXHO MCIOJIb30BaTh I/ JaHHOW 1LieJH, 0COGEHHO IMOCJIe KOHTaKTa C KHC-
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JIODOAOM, CONEpalMM O30H, NMPHYEM BpPEMA KOHTAaKTa M KOHLIEHTpaUMs
aKTHBaTOpa BIMAIOT Ha BBIXOJ MOJIMMEpaA.

W3 wuccnegoBaHHBIX OKCHAOB METAJUNIOB B KayecTBE TIeTEPOr€HHOIo
KaTaJM3aTopa HE NPHUrOAECH TOJBKO OKCHA aJIOMMHMS M OKCHJ THTaHa,
B Cllydyae KOTOpPBIX ITOJIMMEpH3aUMs HE MpOTeKaja HH y OJHOro MOHOMEpa.
O6paboTka OKCHEOB META/NIOB aTMOC(HEPHBIM KHCIOPOAOM, CONEPXaLKM
030H, HE MMeJIa BJIMSHMSA Ha CKOPOCTb MOJHMEPH3aLHUH.

Bbulio HaiieHO, YTO MOJHMMEPH3aLMs METHWIMETaKpWiaTa B MPHUCYTCTBHU
OKCHJIa LIMHKA M OKCHMJIa MarHusl B TEMHOTE HE NMPOTEKAET, YTO CBHAETEIb-
CTBYET O [EHWCTBMM OKCHIa LMHKA H OKCHAAa MarHusg Kak (OTOCEH-
CHOHMIIH3ATOPOB.

The emulsion polymerization is generally initiated by an initiator soluble in
aqueous phase. Hitherto mainly hydroperoxide of powdered isotactic poly-
propylene was used for the emulsion polymerization of styrene [1—3]. Inorganic
materials, as far as they were used in a polymerization system (it was mostly
a nonaqueous system), were combined with normal initiators or with radiation
initiation. From the inorganic materials synthetic zeolites [4—6] and oxides of
various metals [7—11] were mostly used. They act here either directly as initiators
of polymerization, or it is a polymerization initiated in the usual manner, but in the
presence of inorganic materials.

The polymerization of styrene on zeolite in a nonaqueous medium was studied
by Barson, Knight, and Robb [5]. The authors considered cationic polymerization
initiated by traces of adsorbed water.

The influence of inorganic materials on the polymerization of vinyl monomers
was also studied in such polymerization systems, which contained an initiator, or
radiation was used for the initiation. Among the authors, who published such
papers are before all Moustafa and Mansour and coworkers [9—11]. They studied
the polymerization of vinyl monomers and the grafting of cellulose by vinyl
monomers in the presence of sodium-calcium glass and NaHSOs as polymerization
initiator.

The possibility of polymerization of methyl methacrylate adsorbed on zeolite is
quoted by Le Bail and Zemb [4], who used y-radiation for the initiation of
polymerization at —53 up to +57 °C.

Fukano and Kageyama [6, 12] studied the radiation initiated polymerization of
styrene and methyl methacrylate, adsorbed on various inorganic materials and that
on silica gel, white carbon blacks, anhydride of silicic acid, zeolite, and activated
aluminium oxide. Gel permeation chromatography and electron microscopy used
by the authors enabled to differ two different mechanisms, which take place
simultaneously during the polymerization.
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Unlike the published papers dealing with the polymerization in nonaqueous
systems, in this paper was studied the initiation effect of inorganic material on the
homopolymerization of styrene and methyl methacrylate, or in an emulsion
polymerization system in the presence of a convenient activator of polymerization.

Experimental
Chemicals
Solid surfaces

a) Potasit and Calsit as synthetic zeolites and y-Alumina were used in the form of little
spheres with a specific surface (a/m? g™'): 13.0, 17.8, 311.4. They were also modified by
means of the fluid method in a stream of oxygen containing ozone (12 mgdm™) at
laboratory temperature. b) Pulverized oxides of metals, anal. grade purity: ZnO, MgO,
CuO, NiO, Fe,0;, ALO,, PbO,, TiO,.

Activators

These were used in the form of aqueous solutions stored under inert atmosphere: a)
triethylenetetramine (TETA); b) Chelaton III, anal. grade, disodium salt of
ethylenediaminetetraacetic acid (EDTA); c) FeSO,-7H,0, aqueous solution acidified by
H,SO, to pH=>5.

Emulsifier

Nonionic one — Slovasol 2430, a commercial product of CHZWP, Noviky, added as
aqueous solution. It was boiled in an inert atmosphere under reflux for 1 h before using.

Monomers

Styrene — after removing the stabilizer and drying with CaCl, it was distilled twice in
nitrogen atmosphere ; methyl methacrylate after distillation and prepolymerization was once
more distilled under inert atmosphere. The inert atmosphere was of the type of glow
nitrogen, which was purified on a catalyst composed of 55 % MnO,, 40 % MgO, and
5 % Cr,0, at laboratory temperature.

Polymerization procedure

The polymerization was carried out in glass ampoules with volume of approximately
20 cm’. Black ampoules were used for the polymerization without access of light. In the
ampoules with the weighed inorganic material, the working inert atmosphere was reached by
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means of vacuum and nitrogen. The liquid components of the polymerization system were
charged under inert atmosphere as follows : activator, emulsifier, water, and monomer. The
polymerization system of one ampoule consisted of 0.4—0.8 g of solid phase of inorganic
material, 3 cm® of organic phase (monomer), and 15 cm’ of aqueous phase, in which the
activator and emulsifier were dissolved. After sealing, the content of the ampoule was
homogenized by shaking and the ampoule was inserted into a rotating frame (60 r.p.m.),
placed in a bath temperated at 30 °C.

After completion of the polymerization the ampoule was opened and the content was
treated by the following procedure: ’

— in the case when synthetic zeolites and y-Alumina were used as initiators, the content
of the ampoule was quantitatively poured through a sintered glass filter S,, where the little
spheres of the inorganic material were captured and the polymer was precipitated from the
emulsion by methanol;

— when metal oxides in powdered form were used as initiators, the content of the
ampoule was poured into a centrifuge cell. The metal oxides were separated from the
emulsifier on the centrifuge Janetzki, type T 24, after centrifuging for 5 min at 83 r.p.s. To
obtain the polymer quantitatively, the oxide, which remained in the cell, was rinsed with
water, once again centrifuged and the separated residues of the emulsion were added to the
first portion. The polymer was precipitated with methanol from the emulsion, obtained in
this way;

— when metal oxides were used, their neutralization was tested in methanol acidified
with hydrochloric acid (a 10-fold mole excess of HCI). This procedure could be used only in
the case of ZnO, MgO, and CuO.

The precipitated polymer after 24 h staying was filtered off with a sintered glass filter S,.
The captured polymer was several times washed with water and finally with methanol. After
drying to a constant mass, the conversion was expressed in mass percent according to the
mass of the added monomer.

Results and discussion

Some synthetic inorganic materials as zeolites (Potasit, Calsit) and y-Alumina
were investigated for the emulsion polymerization of styrene at 30 °C. This effect
was positively influenced in the case of zeolites by keeping them in oxygen
atmosphere containing ozone (similarly as when using pulverized polypropylene as
heterogeneous initiator [2]), as well as by the use of an activator in the polymeriza-
tion system (for instance TETA). Without using the mentioned activator, which
itself is not capable to act as initiator, the polymerization does not take place. The
polymerization results are given in Table 1.

As can be seen from Table 1, neither the size of the specific surface nor the kind
of the material used had a significant influence on the conversion of the monomer ;
the values of the conversion were relatively small.

With regard to the fact that with Potasit activated by oxygen, relatively the best
results were achieved, it was investigated, if by using this kind of Potasit, the yield
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Table 1

Rate of the emulsion polymerization of styrene v by using various types of inorganic materials at 30 °C*

v/(conv. %) h™!

Inorganic Specific Inorganic material
material area
2 -1 :
(type) a/m*g actlvatgc(i) I?n);noxygen nonactivated
Potasit 13.0 7.5 3.7
Calsit 17.8 6.3 3.7
y-Alumina 3114 — 2.4

a) The system with 0.8 g of inorganic material contained a TETA concentration 3.3 X 10™* mol dmz;
and an emulsifier concentration 2.3 X 1072 mol dmg,..

of polymerization was not influenced by the concentration of the activator or by the
time of its activation in oxygen atmosphere. The mentioned effects are charac-
terized by dependences illustrated in Fig. 1. It is evident from Fig. 1 that over
a certain concentration of TETA (3 X 107> mol dm..) the polymerization rate does
not change. It was shown that by increasing the retention time of Potasit in oxygen
atmosphere the polymerization rate has, in the whole studied range, increased
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Fig. 1. Influence of the TETA concentration (curve 1) and of the time of contact of Potasit with oxygen
(curve 2) on the polymerization rate of styrene v at 30 °C.
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(curve 2). In both cases the positive influence of the studied factors on the
polymerization rate of styrene is evident. The stabilization of the influence of the
change of the TETA concentration on the polymerization rate (curve 1) can be in
connection with the limiting factor, which is the number of the initiation centres on
the solid phase. From the tendency of dependence characterized by curve 2, it is
possible to come to a similar conclusion, when the limiting factor is the TETA
concentration.

Besides the investigation of the influence of synthetic zeolites and y-Alumina on
the polymerization rate, attention was also paid to pulverized metal oxides
insoluble in water and suitable from the view-point of their chemical properties as
heterogeneous initiators in the studied polymerization system. The influence of the
following oxides was studied: CuO, NiO, ZnO, MgO, Fe,0,, ALLO;, PbO,, TiO..
The results obtained from the polymerization of styrene at 30 °C are summarized in
Table 2.

Table 2

Rate of the emulsion polymerization of styrene in the presence of various metal oxides as heterogeneous
initiators at 30 °C*

v/(conv. %) h™!

Activator -
type Oxide type
ZnO CuO MgO NiO Fe,O, AlLO,; PbO, TiO,
FeSO,—EDTA 4.0 0.9 0 0 0 0 3.7 0
TETA 20.0 0 12.3 0 0 0 1.8 0

a) The system with 0.4 g of metal oxide contained a TETA concentration 1.6 X 10~* mol dm_}, or
FeSO.—EDTA concentration (1.1x107>moldm;)) and an emulsifier concentration (2.7 X
1072 mol dmz2).

All oxides were used without any treatment, because it has been found that
storage of the metal oxides in oxygen atmosphere, enriched by ozone, has no
influence on the polymerization rate.

Among the metal oxides zinc oxide in combination with TETA was chosen for
the study of the course of styrene polymerization. The polymerization was carried
out according to the procedure mentioned in Experimental. Four various ZnO
concentrations were used in the polymerization system. The concentration of the
other components of the polymerization system, as well as the phase ratio, was the
same as in experiments with various types of metal oxides (Table 2). The
determined dependences of conversion in percent as a function of the polymeriza-
tion time are illustrated in Fig. 2. The conversion curve of the styrene polymeriza-
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tion initiated by Potasit at the same TETA concentration, is also given for
comparison.

conversion/ %

0 40 80 120

time of polymerization/min

Fig. 2. Influence of the time on styrene polymerization in light at 30 °C, initiated with various types of
heterogeneous initiators with mass concentration (o/g dm™).
1. Zinc oxide 5.55; 2. zinc oxide 11.1; 3. zinc oxide 22.2; 4. zinc oxide 44.4 ; 5. Potasit contacted with
' oxygen 44.4.

Though the used ZnO had only a slightly smaller specific area (4 m* g') than
Potasit, the course of conversion is partly different, particularly in the presence of
an induction period in the case of ZnO. While in the case of Potasit the conversion
curve goes out from the origin of the coordinates, in the case of ZnO there appears
an induction period on the conversion curve, which is the shorter, the higher the
concentration of ZnO. This fact can be connected with the different initiation
character, when this type of heterogeneous initiator is used.

It is well known from the literature [13, 14] that ZnO behaves as a photosen-
sibilizer sensitive to u.v. and visible light. The authors of the mentioned papers
assume that in consequence of the action of light on the surface of ZnO the ionic
radical O3 is formed. In this way the crystal of ZnO loses electrons; the ionic
radicals Oz or the oxygen molecule will be able on the site of the electron
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deficiency to pull off either the hydrogen
0O: +H,0 - HO; +OH (A)

or the electron from the organic molecule. In both cases the result is the initiation
of the chain reaction.

For this reason the possibility of using ZnO and other chemically similar metal
oxides as heterogeneous photosensibilizers was verified on the emulsion polymeri-
zation of methyl methacrylate at the same composition of the polymerization
system as in the case of styrene polymerization. If the results were positive in
daylight, the individual experiments were repeated in black ampoules. The
obtained results are summarized in Table 3. From these it is evident that methyl

Table 3

Polymerization rate of methyl methacrylate in the presence of various metal oxides as heterogeneous
initiators at 30 °C*

v/(conv. %) h™'

Activator Oxide
type type . Without access
Daylight of light
FeSO,—EDTA CuO 48.5 53.2
NiO 42.0 35.3
ZnO 10.5 1.3
Fe.O, 50.0 67.4
TETA CuO 100.0 80.0
ZnO 21.6 0
MgO 4.3 0

a) The concentrations of the compounds are the same as in Table 2.

methacrylate is also in this case a faster polymerizing monomer than styrene (Table
2), with the exception of the MgO—TETA combination, by the use of which the
styrene polymerization was faster. Among the metal oxides used in the polymeriza-
tion system only zinc oxide and magnesium oxide manifest themselves as photosen-
sibilizers ; without access of light polymerization does not take place at all, or a very
low conversion, in comparison with the polymerization by the action of light, was
reached.
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