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ABSTRACT

The polymerization of dimethyl3yclosiloxanes mixture Is carried out using a
styrene-dlvinylbenzene copolymer with sulphonic groups catalyst (Monk CS
34C) . The conversion versus time function is studied at different
temperatures . It Is found that the reaction is first order towards monomer.
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INTRODUCTION

Kinetic studies of polymerization of dimethyl-
siloxanes have been performed by many
researchers, especially in the case of anionic
polymerization. Grubb and Osthoff [1] have shown
that the polymerization of octamethylcyclotetra-
siloxane with KOH is a first order reaction . Z.
Laita and coworker [2] have studied the anionic
polymerization of cyclodimethylsiloxanes using
LiOH, NaOH and KOH by viscosimetric
measurements and the same kinetics was obtained.

Only Van Waxer and Moedritzer [3] have
reported the analysis of reactants and products
obtained during polymerization of dimethy!-

siloxanes using N .M.R. These authors studied the
AIC13-catalyzed reaction ofdimethyldichlorosilane
with octametbylcyclotetrasiloxane in a 4:1 molar
ratio . The formation of large chains or large rings
was detected early in the reaction.

The kinetic data on polymerization of
cyclosiloxanes using I-12 SO 4 are contradictory.
Japanese investigators [4] reported that the
reaction is second order in monomer and, in the
concentration range 2.57 x 10-2 to 10.28 x 10' 2
rnol/L is first order in catalyst . The reaction is first
order in monomer, according to many authors [5,
6, 7, 8].
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Ishzuka and Aihara [9] achieved pioneering
studies on clay catalyzed siloxane rearrangements.
With H 2SO 4 treated white clay "terra alba", the
polymerization of [(CH3)2 S`1O]4 and [(CH 3 )3SiOSi
(CH 3 ) 3] mixture was made at 80°C and
modifications of the viscosity were obtained . The
equilibrium viscosity was found to be equivalent to
the sulphuric acid catalyzed polymerization.

A linear correlation between rate and clay
amount was established . With constant amounts of
[(CH 3 ) 2 SiO] 4 and [(CH 3) 3 SiOSi(CH 3 ) 3 ] no
modification of the equilibrium viscosity was noted
by changing catalyst concentration or reaction
temperature. A similar study was made by Simmler
[10] in the presence of sulphuric acid treated
Fuller's Earth as catalyst, via end group analysis.

Carmichael and Heffel [II] have determined
the distributions of cyclic and linear dimethyl-
siloxanes during the acid clay catalyzed reaction of
I(CH3) 2 SiO] 4 and [(CH 3) 3 SiOSi(CH 3) 3] at 80 °C.
The analysis of reactants and reaction products was
made by GLC. They found that the data corres-
ponded with Flory's statistical theory on the linear
species.

The reaction to obtain a, to - organopoly-
siloxane dials from linear or cyclic organopoly-
siloxane in the presence of adsorbant clay granules
[12] and of montmarillonit and water [13] has also
been studied . In the last case, it has been found
that water, existing in the reaction mixture,
influences the molecular weight of the reaction
product forming OH-end groups.

Adams and Charmichael [14] used as catalyst
a sulphuric acid treated adsorbant earth containing
15% free moisture and a sulphuric acid equivalent
of 16 mg KOHIg for the kinetic study of the
polymerization [(CH 3 ) 2SiO] 4 with [(CH 3 ) 3SiOSi
(CH 3 ) 3 ] and rearrangement of [(CH 3 ) 3Si[OSi
(CH3)2]5OSi(CH3)3] or [(CH 3)3Si [ OSi (CH 3)2]8
OSt(CH 3 )3] at 25 °C . Cyclic and linear reaction
products were analyzed by GLC.

Ion exchange resins, containing sulphonic
groups and having a specific volume more than
0.01 cm31g, were used by Wilczek and Chojnowski
[16] for cyclosiloxanes polymerization.

The relationship between the catalyst

(Wofatit) concentration, temperature and water
content in cationic polymerization of cyclosiloxanes
in the equilibration process, was studied.

EXPERIMENTAL

Materials

Dimethylcyclosiloxane mixture was obtained by
hydrolysis of dimethyldichlorosilane and distillation
of the oil phase with KOH. The composition of the
mixture was:
[(CH 3 ) 2SiO] 3 = 3 .20% ; [(CH3)2SiO] 4 = 77.19%;
[(CH3) 2SiO] 5 = 16.83% ; [(CH3) 2SiO] 6 = 2.70%.

The dimethylcyclosiloxanes passed through
columns with anhydrous CaCI 2 with a small flow
and kept in a tight vessel with anhydrous CaC1 2 .
The cyclosiloxanes had less than 0 .001% water.

Catalyst

Vionit CS-34C is an ion-exchanger (a styrene-
divinylbenzene copolymer with sulphonic groups).
Characteristics:

- granulation: 0.3 - 1.25 mm
- exchange capacity: 4.2 mvallg (meq/g)
- specific area: 35 m2/g
- moisture : 60% wt.
- porosity: 39 - 42%
- pore average diameter : 450 A
- delivery form: H*

The pearts were sifted and those having
diameters between 0 .4 and 0,65 pm were used.
After regeneration - exhaustion - regeneration, the
exchanger was washed with methanol and dried at
max. 110 °C to constant weight.

- chain transfer agent: water

Polymerization Reaction

The reaction was carried out in anhydrous
conditions in a three-neck flask fitted with a
mechanical stirrer, thermometer and reflux
condenser . The flask was thermostated.

We always started with 100 ml cyclosiloxane.
After the prescribed temperature was reached, we
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added 2 .5g Vionit CS-34C (dried to constant
weight) and 0 .4m1 water, Then, the stirring was
started (each time the same, although,
corresponding to [9], between 1000 and 10,000
rot/min, this does not influence the reaction
rate)and the polymerization were carried out at
three different temperatures: 50, 70, 80 °C.

For each case, at certain times, the degree of
transformations was determined. This was made by
filtering the catalyst, when the reaction is stopped.
From the filtrate, by vacuum distillation, the
unreacted cyclosiloxanes were separated and the
yield in polymer was then calculated.

Viscosimetric molecular weights were
determined using the relation [17] :

= 1 02_ 7 7 5 1 2 b ere:1 .19

My = Viscometric molecular weight
= Dynamic viscosity of the polymer (est .)
= k .t . where:

k = Viscometer constant
t = Time of polymer flowing through viscometer
capillary (s)

RESULTS AND DISCUSSION

Experimental data concerning the conversion,
monomer concentration and molecular weight of
the polymer at different temperatures and reaction
times are presented in Table 1.

Table I . Monomer conversion and polymer's molecular weight values versus temperature
and time

Cycc
SampleTemperature Time Polymer Molecular siloxxane units hi a k i0`

°C

	

s

	

%

	

weight

	

[moa] s

29 50 900 14.8 11 .40 0 .12 1 .33
28 50 1,800 25 .4 72,002 10 .04 0 .25 137
24 50 2,700 33 .3 75,630 8 .80 0.38 1 .40
26 50 4,500 51 .8 82,877 6 .49 0.68 1 .52
25 50 5,400 58.5 86,950 5.59 0.83 1 .54
27 50 7,200 65.9 90,335 4.30 1 .10 1 .52
30 50 9,000 75.0 336 1 .34 1 .49

7 70 900 27 .1 9.81 0.27 3 .00
6 70 1,800 43.8 65,672 7.57 0.53 2.94
5 70 2,700 56.8 67,067 5.81 0.79 2.94

23 70 3,600 65.5 70,321 4.64 1 .02 2 .83
20 70 4,500 74.4 77,920 3.45 1 .31 2 .92

1 70 5,400 80.1 79,103 2 .64 1 .58 2.93
2 70 7,200 87.5 81,523 1 .68 2 .03 2.83

15 80 600 26.1 46,376 9 .95 0.26 4.27
14 80 900 35 .8 51,065 8 .64 0.39 4 .41
13 80 1,800 57.0 54,012 5.72 0.80 4.43
17 80 2,700 71 .0 64,769 3 .90 1 .19 4.42
10 80 3,600 80.1 62,119 2.68 1 .57 4.36
11 80 4,500 86.0 65,195 1 .89 1 .92 4.26

8' 80 5,400 90 .0 66,482 1 .36 2 .24 4 .16
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P 5Ie

Kinetic curves conversion versus time are
shown in Figure 1.

In Figure 2, kinetic curves monomer

Fig.2 . Variation of cycloailasane units concentration
versus time (stsT=50°C;rT=70

	

oT=80°C)

concentration - reaction time are presented . The
present study was made for conversion values of
max . 10-80%, like in other papers [5, 18] . The
equilibrium was not reached in order to avoid the
complications due to consecutive and reverse
processes affecting the reaction course.

Table 2 . Rate constant values, analytical and graphical
calculated, versus temperature

Temperature k ' analytical s' k" graphical s-l

323.15 1 .46 x lo- 4 L47 x 1O~
343.15 2.91x10' 4 2.86x10
353.15 4.15 x 1O~ 423 x l0-4

k Analytical at T constant is determined as an average of all k

values calculated with the relationship:

k= -ma
t

	

c
for each c value.

•`k Graphical is determined as the slope of a wave ttbldt Mamma

In M - t dependence.

The kinetic processing of pair of values
monomer concentration - time by the differential
method lead to the conclusion that the reaction is
a first - order one.

Rate constants corresponding to the three
temperatures mentioned above were calculated by
the integration method and are presented in Table
2.

The concentrations (mollL) in Table 2 refer
to the ring's (CH 3) 2SiO units in the total reaction
volume . The reactivity has been considered the
same because each time we started from identical
composition mixtures and [(CH 3 ) 2SiO] d is in
majority.

Applying the graphical integral method
resulted in the curves depicted Figure 3, leading to
rate constant values in agreement with the
calculated ones.

In order to calculate the activation energy,
the Arhenius graph was plotted in Figure 4.

The activation energy value is 7 .76 Kcal/mol
and the pre-exponential factor, A = 26 s- 1 .

The kinetic characteristics would suggest a
mechanism similar to that of homogeneous
catalysis, the diffusion not being determinative for
the rate.

t•1lf(s}

2 3 4 5 8 7 8 9 10

Flg.l . Variation of linear polymer content verses time
T= 50mT s 70°C.; aT80°C)

to

0
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Fig .3 . Dependence of In (epic) versus time (co, c =
initial and at certain moment, respectively
concentration of cyc osiloxane units:

(mT=SUmT70°C;

	

=°C)

In this case, unlike the homogeneous
medium, -SO 3H groups are fixed on a solid support
and they cannot move freely in the monomer bulk.
Low dielectric constant (i.e. for [(CH3)aSiO]4, I]

	 2.9	 3 .0	 1/7. 10

In k

FIgA. Dependence of In k versus, VT (T = temperature
°K, k = global rate constant)

2 .4)does not permit the dissociation of -SO 3H
group and only the addition of water would help
the dissociation, according to the following
equation:

-S03H + H2O----SO! + H30
Complexes like those cited by Braun and

coworkers [16], might be formed :

0_
' O- I H1 0

+ /-S

	

O O .= S

\- O H H FOe
The access of the monomer to the catalyst's

active group is made by diffusion . Since from
Figure 1 the existence of an induction period
cannot be observed, it means that in this case; the
diffusion is not rate determinative.

The reaction order, n = 1 relative to
monomer, experimentally established, corresponds
to the proposed mechanisms [19] and to previous
reports [20] . These papers affirm tile dual
mechanism comprising the direct stepwise addition
of monomer to the growing chain,end in
competition with intra- and intermolecular
condensation reactions.

The fact that molecular weights pre; high
enough early in the reaction is an argument in
favor of the additive polymerization in the first
step, condensation occurring later.

According to Cypryk and Chojnowski [20], it
should be admitted that the participation of the
monomer molecules in the ring formation or in the
chain coupling is reasonable in the light of-some
previous kinetic results. The condensation requires
the simultaneous transfer of a proton to a weak
base .

Cyclosiloxanes are stronger bases ([(CH3) 2
SiO] 3 being the strongest) than the linear chains.

Thus, a proton is likely to be transferred to
the monomer, according to the following scheme:

The intermediate presence of a tert-
siloxonium ion in the condensation step would also
explain the monomer assistance . Such a monomer
stabilized silylenium ion could only exist as a
shirt-lived species that is not likely to survive more
than one act of the monomer addition. Thus, it
should be considered as an intermediate in the

-7.7
-7.8

- 7.9

-83
_82

76

	

IranL n Jowna) of Polymer Science and Txlawloge Vol 3, No I, January 1994



Kinetic study or the DimethylryclosiImrsaee Heterogeneous Polymerization
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monomer addition in the propagation but not as

	

from the kinetical point of view, from H 2SO 4 or
the chain carrier species . The chain formation

	

other protonic acids catalyzed.
requires many repeating activation - monomer

	

The proposed difference of the mechanism
addition - deactivation sequences [24] :

	

has been shown previously [19].

H 03 S-

	

I
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(

	

-- si
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I

	

+

	

I
	 Si

	

O- Si -

H
si - O'

Si

Taking into account only the reaction in
which monomer participates the polymerization
mechanism might be schematically represented as
bellow:

M+I

	

IM =	=[I][M]
IMx + M ---aPe
P n_I T + M	 ' pnx

	

vp = Icy [P"] [M]
Pi + M	 IM= + P vt = kt [P'~ [M]

M = monomer (cyclosiloxane) ; I = catalyst ; P = =
growing chain with one ending active group;
P = unactivated polymer ; v ; , v p , v, =
initiation, propagation, transfer rate,
respectively.

At the equilibrium, the cyclosiloxanes
formation rate is equal to their disappearance rate:

Vi = vt _ -

	

vp	 w [1V1]

The energy of activation and pre-exponential
factor values are in agreement with the literature
data [5].

CONCLUSIONS

The cyclosiloxanes polymerization in
heterogeneous system does not essentially differ,
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