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Abstract

A method is presented for selecting a polyvinybhla as a stabilizing agent for suspension
polymerization without carrying out the polymeripat reaction. This method is
demonstrated for polymerization of water- insoluatel water-soluble monomers. Here the
stability of the non-reacting suspension is useg@reaict the stability of the same system,
when it is reacting.
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Introduction

In suspension polymerization a liquid monomer aniature of monomers is dispersed as
droplets in another liquid, usually water, by medhbal agitation. To prevent the coalescence
of droplets during reaction, suspension agentadded to the system[1].

Polyvinyl alcohols are widely used as protectingrdg in suspension polymerization[2].
In this case, the suspension stability is a fumctd polyvinyl alcohol molecular weight,
concentration, degree of hydrolysis and distributi@f hydroxyl groups in the
macromolecules[3-6]. These factors also influenke interfacial tension between the
agueous phase and monomer or monomers. Usuallyeasiog the concentration and
molecular weight of polyvinyl alcohol leads to sfealdroplets.

Water-insoluble and partially water-soluble monosnean be polymerized by suspension
polymerization[7]. In the co polymerization of waiasoluble with partially water-soluble
monomers, the droplet monomer concentration is @k by the distribution coefficient
between bulk phases of the more soluble water apethis coefficient is, in turn, modified
by the presence of the suspension agent.
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Polyvinyl alcohol is used as viscosity increasiggra in agueous systems and nomenclature
associated with rheology and the preparation amdgovation of preparation containing
viscosity-increasing agents [14]. New polymerizati@chniques for the synthesis of high
molecular weight hydrophilic polymers were desalibd5]. The synthesis of Acrylate
adhesives by suspension emulsion and solution plgation process using various co
polymers Styrene and evaluation of there propoggdication in transdermal patches[16].
Methyl methacrelate- Sulphopropyl methacrelate @lymper nanoparticles were prepared by
free radical polymerization while varying the contration of initiator and monomer and co
polymer composition[17]. From suspension-polymetipmly (methylmethacrelate), - drug
released from the system is demonstrated usingOtkgrenolol hydrochloride[18]. The
possible effects of material related properties likolecular mass and particle related
properties like shape, size, specific surface, dehpolymer like polyvinyl chloride used in
suspension polymerization[8,19].

The selection of a suspension agent for a givectirgasystem is a time consuming trial and
error process. Usually it is necessary to carrytlo@ifpolymerization reaction to the test of the
effectiveness and efficiency of the suspension ay¥e developed a procedure for choosing
a suitable suspension agent without actually doieg polymerization. In this method the

stability of the non-reacting suspension is usepréalict the stability of the same suspension
when it is reacting. For water insoluble monomarshsas styrene, methyl methacrylate,
results showed that, if the time for coalescencabaiut 80% of the monomer phase after it
was dispersed in water by agitation for less thamin and more than 60 min, the particles
in the reacting system coalesce or agglomerate.edeny if the time of coalescence of the
non-reacting suspension is moderate (10-60 mirgpesusion polymerization is successfully
achieved and individual beads are obtained.

In this work, we showed that, this method could éxtended to the suspension
polymerization of more water-soluble monomers ab agto the co polymerization of water
insoluble and water-soluble monomers.

Materials and Methods

Styrene, Methyl methacrylate and Acrylonitrile weparified by distillation at reduced

pressure. Polyvinyl alcohols were obtained fronesiific polymer products.

Polyvinyl alcohol solutions were prepared by mixithgg appropriate amount of polyvinyl

alcohol in double distilled water, stirring at 8C until they become transparent. Then
solutions were filtered and used freshly.

Interfacial tensions were measured af6{B]. Stability of the non-reacting suspensions was
monitored in a 50-ml cylindrical glass reactor. the method, 10 ml of monomer, 0.5%
hydroquinone and 30 ml of polyvinyl alcohol soluti@t 60°C were mixed at constant
agitation of 350 rpm for 3 min. Agitation was thetopped and recorded the time for
coalescence. This procedure was repeated severs ind the average values are reported.
Polymerization was carried out in a 1-L glass reaat 60°C under nitrogen with constant
agitation of 350 rpm. The volume ratio of mononeeagueous phase was 1:3.

Results

Interfacial tensions between the different monomeysd and 0.15 wt% polyvinyl alcohol
aqueous solution for polyvinyl alcohol with variousolecular weights and degree of
hydrolysis are reported in the Table 1.
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Table 1: Comparison of interfacial tensions betweethe different monomers

Polyvinyl alcohol Styrene Methyl Acrylonitrile
methacrylate
88-10 6.02 2.94 1.41
88-108 15.04 10.16 5.03
98-78 47.27 32.43 13.18

Interfacial tension decreases as the solubilitthefmonomer in the aqueous phase increases.
Also, interfacial tension diminishes as both molacweight and degree of hydrolysis of the
polyvinyl alcohol decreases.

The stability times of the non reacting suspensioade with the different monomers or their
mixtures using several polyvinyl alcohols (0.15 %) as suspension agents are shown in
Table 2 and Table 3.

Table 2: Stability times for non-reacting suspensios of mixtures of Styrene and Methyl
Methacrelate in 0.15 wt% polyvinyl alcohol aqueousolutions

Polyvinyl Styrene and Methyl methacrelate (vol. %)
alcohol
0/100 25/75 50/50 75/25 100/0
88-108 29.76 30.80 31.56 35.82 43.75
98-21 0.75 0.80 0.98 1.68 1.48
98-78 0.07 0.09 1.46 2.86 1.54

Table 3: Stability times for non-reacting suspensios of mixtures of Styrene and

Acrylonitrile in 0.15 wt% polyvinyl alcohol aqueous solutions

Polyvinyl Styrene and Acrylonitrile (vol. %)
alcohol
0/100 25/75 50/50 75/25 100/0

88-10 ) 6.00 11.74 9085 )
88-25 00 4.00 9.68 11.05 00
88-97 4.30 4.40 4.80 13.26 23.45
88-108 11.87 12.20 12.76 16.32 43.75
98-21 0.45 0.05 0.05 0.09 0.11
98-78 0.03 0.03 0.05 0.12 1.62

Analysis of the data demonstrates three types udder for the single monomer:

() Polyvinyl alcohol of high degree of hydrolysis (@) regardless of their molecular
weight, do not stabilize the suspension. The suspercoalesces in less than 02 min after
stopping the agitation.
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(i) Polyvinyl alcohols of lower degree of hydrolysis8#8) and low molecular weight
(<70,000) yield very stable suspensions. Even &fehours, the suspensions have not
coalesced appreciably.
(iiPolyvinyl alcohol of lower degree of hydrolysi(88%) and high molecular weight
(>70,000) produce moderately stable suspensionsserbuspensions coalesce after 04 to
60 min.
On the other hand, for the suspensions made witkuneis of monomers, only two behaviors
are observed:

(a)Polyvinyl alcohols of higher degree of hydrolysisgardless of their molecular weight,
do not stabilize the suspension.

(b) Polyvinyl alcohols of lower degree of hydrolysisgardless of their molecular
weight, yield moderately stable suspensions.

Table 4, 5 and 6 contain a summary of the resultsuspension polymerization of Styrene,
Methyl methacrelate, Acrylonitrile using polyvinglcohol of the three groups identified
above.

Table 4: Results of suspension Homo polymerizatioof Styrene in 0.15wt% polyvinyl
alcohol aqueous solution

Polyvinyl alcohol System Stability Product
88-10 Unstable — Agglomerated Lump
88-108 Stable Beads
98-78 Unstable — Shapeless Bulk
Coalesced

Table 5: Results of suspension Homo polymerizationf Methyl methacrelate in 0.15

wt% polyvinyl alcohol aqueous solution

Polyvinyl alcohol System Stability Product
88-10 Unstable — Agglomerated Lump
88-108 Stable Beads
98-78 Unstable — Shapeless Bulk
Coalesced

Table 6: Results of suspension Homo polymerizatioof Acrylonitrile in 0.15wt%

polyvinyl alcohol agueous solution

Polyvinyl alcohol System Stability Product
88-10 Unstable — Agglomerated Lump
88-108 Stable Beads
98-78 Unstable — Shapeless Bulk
Coalesced

Scholar Research Library




Basavaraj K. Nanjwadeet al Der Pharmacia Lettre 2010: 2 (1) 245-252

Analysis of the data demonstrates three typeslmdivaer can be distinguished:

(i) With polyvinyl alcohol’s higher degree of hydrolgs{(>96%), the suspended particles
coalesce during the reaction. As the solubilitytileé monomer in the aqueous phase
increases, the product goes from a shapeless bilkpr to polymer lumps. These lumps
are formed by very small particles.

(i) With polyvinyl alcohol’'s lower degree of hydrolysi®@8%) and lower molecular
weight polyvinyl alcohol, agglomeration of partisleccurs at the final stages of the
reaction yielding big polymer lumps. These lumpssist of very tiny particles, which can
be easily separated by rubbing them. Particleaseer to disjoin from the lumps in the
sequence of Acrylonitrile > Methyl methacrelate tyr8ne as in the case of solubility of
monomer in water increases.

(iiwith polyvinyl alcohol’s lower degree of hydigsis (88%) and higher molecular
weight, reactions are completed without any probldme products in all cases are
isolated beads, which can be easily separatedliogtibn. Bead size decreases as the
aqueous solubility of the monomer increases.

Table 7: Stability of suspension co polymerizatiof 75/25 by volume Styrene/Methyl
methacrelate mixture using 0.15wt% of different poyvinyl alcohol’s in water

Polyvinyl alcohol System Stability Product
88-10 Stable Small Lumps
88-96 Stable Beads
88-108 Stable Beads
98-21 Unstable — Shapeless Bulk Polymer
Coalesced

Table 8: Stability of suspension co-polymerizatioof 75/25 by volume Styrene / Acrylo -
nitrile mixture using 0.15wt% of different polyviny | alcohol’s in water

Polyvinyl alcohol System Stability Product

88-10 Stable Small Lumps

88-25 Stable Small Lumps

88-97 Stable Beads

98-21 Unstable — Shapeless Bulk Polymer
Coalesced

98-78 Unstable — Shapeless Bulk Polymer
Coalesced

When suspension polymerization is carried out witktures of monomers, only two types
of behavior are observed:

(a)With polyvinyl alcohol’s higher degree of hydrolgs{>97%), regardless of molecular
weight, particle agglomeration occurs and the fpralduct is a shapeless bulk polymer.

(b) With polyvinyl alcohol's lower degree of hydrolys{88%), regardless of molecular
weight, all the reaction are carried out withouglagheration. In all the cases, polymer
beads are obtained which can be isolated by fotnaiThe beads produced using the lower
molecular weight of polyvinyl alcohols are formeg the agglomeration of very fine
particles (table 7 and 8).

249
Scholar Research Library



Basavaraj K. Nanjwadeet al Der Pharmacia Lettre 2010: 2 (1) 245-252

Discussion and Conclusion

Suspension polymerization is an important indulstpi@cess for producing polymers of
relatively high purity. Polyvinyl alcohols have lmase widely used as suspension stabilizers.
Their behavior as protective colloids is influenceat only by molecular weight and degree
of hydrolysis, but also by stereochemistry, degrebranching and distribution of hydroxyl
and acetate groups. The latter factor appears patieularly important since the industrially
used acid hydrolysis process is essentially ranah@king control of block length impossible.
Hence, a method for selecting the best polyvinydolabl's for a given suspension
polymerization, without performing time consumitiggal and error polymerization reactions,
is very desirable.

Here we proposed a method for selecting a polyviaidohol for the suspension
polymerization of highly water-insoluble monomeltere we demonstrate that this method
can also be used for the suspension polymerizafionore water-soluble monomers as well
as for the co polymerization of water-insoluble amore water-soluble monomers.

The stability of the non-reacting and reacting smspons examined here depend on
polyvinyl alcohol's molecular weight and degree loydrolysis. The 88% hydrolyzed
polyvinyl alcohol’s yield stable non-reacting suspien where as the highly hydrolyzed
polyvinyl alcohol’'s a produced unstable systemmafg on Table Il and IIl. This difference
can be accounted for in terms of the differencesuiriace activity exhibit by the polyvinyl
alcohols as a function of degree of hydrolysis. Tlghly hydrolyzed polyvinyl alcohols are
too hydrophilic and, hence, they do not adsorbngfisoenough at monomer—water interfaces
to form a coherent film, which will inhibit drop atescence. By contrast, moderately
hydrolyzed polyvinyl alcohols are more surfaceaeind adsorb more strongly at interfaces.
This is clear from the values of interfacial temsreported in Table 1.

For single monomers, 88% hydrolyzed, low molecularght polyvinyl alcohols yield much
more stable suspensions than their high molecutaghw counterparts. One explanation is
that low molecular weight species are more surfaceve per weight than the higher
molecular weight ones (Table 1) and, hence, theypmone to adsorb stronger. Another
possibility is that the surface activity of the lhignolecular weight polyvinyl alcohol’s is
affected more by the hydroxyl and acetate distiiimst (because of the randomness of the
acid hydrolysis reaction) than that of low molecweight species. On the other hand, Glass
et al[10] showed that low molecular weight (88% OpBlyvinyl alcohols are better
stabilizers than the high molecular weight onesyTattributed this to an aging phenomenon,
which is related to the formation of a rigid filmi #ne liquid-liquid interface. This aging
phenomenon apparently diminishes with increasinglecutar weight and degree of
hydrolysis.

With mixtures of monomers, however, both low andhhimolecular weight (88% OH)

polyvinyl alcohols give moderately stable dispensidhis result is probably related to the
distribution of the more water-soluble monomer agndlk phases and interface. In fact,
some molecules of the more water-soluble monomerligely to stay at the interface,

disrupting the adsorbed polyvinyl alcohol’'s film damltering its rigidity and coherence.
Evidently, the low molecular weight polyvinyl aladls film is affected more than the high
molecular weight one by the intrusion of the smadinomeric species.
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Regardless of the mechanism of stabilization of iba-reacting suspension by polyvinyl
alcohols, the criterion is followed here as well.h&d the non-reacting suspension is
moderately stabilized by the protective colloide tleacting suspension is stable and yield
polymer beads which can be separated by filtratidowever, if the stability times of the
non-reacting suspension are either too small otdng, the reacting suspension coalesces or
flocculated (Table 2 and 7). When the non-reactsugpension is unstable the system
coalesce during the reaction yielding shapelesynpai bulk; when the non-reacting
suspension is extremely stable, the system agglimeluring reaction yielding polymers
lumps consisting of very tiny particles. In mosses, simply rubbing them with the hands
can easily separate particles in these lumps.

Another observation is that polymer bead size @des@e as the solubility of the monomer in
the aqueous phases increases. Evidently, thiseigebult of the lower interfacial tension
exhibited by the more water-soluble monomers. ElarSize and particle size distributions
are controlled by the ratio of shearing forces apiltary forces[11-12]. In the experiment
performed here, agitation rate, propeller type,ngetoy and viscosity of the agueous phases
where held constant. Hence, particle size andgbarsize distribution should decrease as the
interfacial tension between continuous and dispplsese decreases, in agreement with our
results.

In general, our results suggest that high molecutaght (>70,000) and partially hydrolyzed
(88%) polyvinyl alcohol are the best suspensiom#syd.ow molecular weight and partially
hydrolyzed (88%) polyvinyl alcohol can also be ussdsuspension agents but bead size and
reaction stability are more difficult to control.

In spite of the complexity of the stabilization pleenena, stability time measurements of
non-reacting suspension appear to be a valuabldaoselecting the best protective colloid
for a given suspension polymerization. This mettsodseful for selecting not only the type
of polyvinyl alcohol but its optimum concentratias well[13] . The results showed that the
method is applicable to the suspension Homo angbatpmerization of monomers with
different aqueous solubility’s.
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