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Sulfinic Acid Derivatives as Accelerators in 
the Polymerization of Methyl Methacrylate 

G. hl. BRAUER and F. R. BURNS, National Bureau of 
Standards, Washington, D. C. 

INTRODUCTION 

The use of organic sulfinic acids to  promote rapid polymerization of 
methyl methacrylate and other vinyl monomers has been advocated for a 
number of reasons, one of which was to decrease the color of the polymeric 

This is a big advantage over the colored products that are 
usually formed when methyl methacrylate is polymerized with a benzoyl 
peroxide-amine system. Furthermore, sulfinic acid shows no induction 
period. The polymerization starts immediately, even when hydroquinone- 
stabilized monomer is used. The sulfinic acid does not oxidize the hydro- 
quinone inhibitor or react with any quinone present. In  the presence of 
air, sulfinic acids readily oxidize to  sulfonic acids and other oxidation prod- 
ucts which do not act as polymerization activators. This poor storage 
stability limits the use of these accelerators. 

Recently, Bredereck and Baderlo-I1 have synthesized derivatives of 
sulfinic acid, such as oxysulfones, a-aminosulfories, and sulfinic acid salts. 
Some of these compounds had good storage stability and were eficient ac- 
celerators for the polymerization of monomer-polymer mixtures at room 
tempera t~re . '~ - l~  In the present investigation, a more detailed study of 
the use of the amine salts of p-toluenesulfinic acid as possible accelerators in 
the polymerization of methyl methacrylate was undertaken. 

EXPERIMENTAL PROCEDURE AND RESULTS 

Synthesis 

The sodium salt of p-tolueliesulfinic acid (Eastman reagent grade) was 
converted to the acid. The free acid was dissolved in ether solution ac- 
cording to  the method suggested by Bredereck'O and an ether solution of a 
very slight excess of the respective amine was added. If a salt crystallized 
out, it was filtered off. Sometimes, on partial evaporation of the solution, 
an oily layer separated. This oil was removed and extracted with ether. 
If the material did not crystallize, the remaining solvent was removed a t  
room temperature at approximately 60 mm. pressure. The material was 
then heated to 60°C. a t  2 to  4 mm. pressure, cooled and stored a t  2 to 4OC. 
until crystallization occurred. The yield of impure solid or oil was nearly 
quantitative. 
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Solids were purified by repeated recrystallization, usually from ether to  
which small quantities of methanol had been added. Recrystallization was 
continued until a colorless crystalline material with a sharp melting point 
was obtained. Those compounds that had been reported in the literature 
were identified by their melting points. The composition of all other 
solids was determined by analysis for carbon, hydrogen, sulfur, or nitrogen. 
Considerable difficulty was encountered in purifying oily products, which 
had high boiling points, even in high vacuum. These compounds were 
tested for their accelerator efficiency without further purification. 

Table I gives the melting points obtained in this study and those found 
in the literature. Analyses of the crystalline compounds not previously re- 
ported are also given. It will be seen that most salts of tertiary amines are 
oils. Salts of most primary and many secondary aliphatic amines are 
solids. The p-toluenesulfinic acid salts of diisobutylamine, N-methyl- 
cyclohexylamine, N, N-diethylcy clohexylamine, and piperidine were un- 
stable in ether solution and the corresponding sulfonic acids crystallized on 
standing. On repeated recrystallization, the dicyclohexyl and dibenzyl- 
amines also oxidized to the sulfonic acid. 

Polymerization 

The effectiveness of these salts as accelerators of the peroxide-catalyzed 
polymerization of methyl methacrylate was determined. Monomer con- 
taining 2% benzoyl peroxide and 0.006% hydroquinone inhibitor was pre- 
pared and varying concentrations of sulfinic acids were added. The poly- 
merization reaction a t  37°C. was followed by means of an Ultra-Viscoson 
ultrasonic viscosity apparatus in the manner previously reported. l 4  

Results of the polymerization studies are given in Table I1 and Figure 1. 
The salts of the aromatic amines are the most efficient accelerators en- 
countered in this study. In the presence of N-methylaniline salt, a 1000 
c~ .g . / cm.~  value was reached in less than 12 minutes. In comparison, the 
time necessary to  reach 1000 cp.g./cm.3 for the commercially used benzoyl 
peroxide-di@-hydroxyethyl) -m-toluidine and benzoyl peroxide-dimethyl-p- 
toluidine systems as determined in a previous study were 21 and 36 minutes, 
respectively. Salts of naphthylamines showed a much reduced activity. 
The polymerization products of all aromatic amines were yellowish or red. 
It may be possible to  decrease somewhat the color of these products by 
careful purification of the raw materials and possibly by distillation of the 
amine salts in a molecular still. In agreement with Bredereck,'O it was 
found that the storage stability of the aromatic amines was much better 
than that of the free p-toluenesulfinic acid. The N-methylaniline salt 
showed no decrease in activity after storage for 5 months. The crystalline 
rn-toluidine salt showed a faint yellow color within 10 months. 

The oily 
tertiary amine salts were somewhat faster acting than the crystalline sec- 
ondary amines. Tri-n-hexylamine appeared to  be the best accelerator in 
this series. Increase in chain length of the hydrocarbon radical decreased 

Salts of aliphatic amines showed a much decreased activity. 
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the accelerating activity. 'The isomeric di-n-butyl and diisobutylamines 
had approximately the same accelerating efficiency. The di-sec-butylamine 
was a less effective accelerator. Amines of cyclic hydrocarbons such as di- 
cyclohexylamine are only slightly soluble in monomer and do not accelerate 
the polymerization appreciably. Salts of' heterocyclic amines show only 
slightly improved accelerating eficiency as compared to the aliphatic amine 
salts. 

Bredereck, in his paper,12 shows the high efficiency of a-oxy and a- 
amino sulfones. He reported that the latter compound is stable in air. 
Derivatives of p-toluenesulfinic acid were prepared according to his direc- 
tions.l0 Monomer containing 2% of the p-tolyl oxymethylsulfone or N- 
ethylbis (p-tolylsulfonemethy1)amine and 2% benzoyl peroxide polymerized 
rather slowly. After 1 hour, the solutions showed a viscosity of 6.5 and 24 
~p.g./cm.,~ respectively. 

Phosphinic acids have also been suggested as accelerators and their use 
has been patented by L0rit~ch.l~ The di-n-propylamine and methyl- 
aniline salts of phenylphosphinic acid were prepared by methods similar to 
those used for sulfinic acid salts. The salts are oily liquids. The di-n- 
propylamine salt gave an analysis of C = 59.1%, H = 9.2% (calculated 
values C = 59.2%, H = 9.0%). Neither phenylphosphinic acid nor its 
di-n-propylamine or methylaniline salts showed any appreciable effects on 

t . .  20 so 40 50 60 m 
5 H )  

TIME IN MINUTES 

Fig. 1. Polymerization of methyl methacrylate in the presence of p-toluene- 
sulfinic acid-amine salts at 37 "C. and 20/, benzoyl peroxide concentration. 
A = aniline salt: 1%. C = dimethyl-p-toluidine salt: 
2%. D = di-n-butylamine salt: 2%. E = di(p-hydroxyethy1)-rn-toluidine: 1 yo. 
F = p-toluenesulfinic acid: 2%. 

B = methylaniline salt: 1%. 
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the polymerizatioii rate. T!sc of a hydroperoxide such as iert-butyl hydro- 
peroxide instead of beirzoyl peroxide as suggestcd by Loritsch did irot de- 
crease the setting titnc. 

Hardening of Monomer-Polymer Jlixtures 

The setting time of monomer-polymer mixtures containing various 
amines, was determined by a modification of the A. S. T .  hi. penetration 
test for bituminous materials. l6 

One gram of ground polymer powder containing 1% benzoyl peroxide 
was mixed with 1 ml. of 0.006y0 hydroquinone-inhibited monomer con- 
taining the various amine salts. Additional peroxide, methanol, or hydro- 
gen peroxide were also added to the monomer. The mix was placed on a 
glass plate in a brass ring 0.5 cm. high and 1.1 cm. in diameter. Poly- 
ethylene, a glass plate and 100 g. weight were placed on top of the ring for 2.5 
minutes. The ring was then placed in a 37°C. air bath. A needle, at- 
tached to  the dial gage and under 100 g. load, was lowered into the center of 
the ring at 3 minutes from the start of mix and left for 5 seconds before a 
reading was taken. Readings were repeated every minute until the ma- 
terial could no longer be penetrated. 

It will be seen in Table I11 that mixtures containing the methylaniline 
salt as well as the AT-ethylbis(p-tolylsulfonemethy1)amine showed a very 
short setting time. The mixture hardened much slower when di-n-hexyl- 
amine salt was used as accelerator. Under the experimental condition, no 
appreciable decrease in setting time on addition of methanol or a trace of 
hydrogen peroxide as reported by BredereckI2 was observed. The prepara- 
tion of the polymer, particle size, and the exact monomer-polymer ratio 
that was employed are not given. In  the absence of more complete data, 
i t  is not possible to  explain these variations in setting time. Bredereck 
followed the course of the polymerization by the rise in temperature only. 
Thus, his results do not make i t  possible to  draw any conclusions concerning 
the physical properties of the polymeric products formed. 

In order to obtain information on the physical characteristics such as 
hardness and elastic properties of the polymerized materials, their indenta- 
tion and recovery were measured using the Rockwell superficial hardness 
tester.” Results of the indentation tests and per cent recovery are given 
in Table 111. Polymers prepared with the methylaniline salt of p-toluene- 
sulfiiiic acid showed low indentation values and high per ccnt recovery. 
These polymers have physical characteristics similar to those of materials 
polymerized with amine accelerators such as di@-hydroxyethy1)-rn-tolui- 
dine or dimethyl-p-toluidine. The salt of tri-n-hexylaniine sets much more 
slowly. Addition of methanol considerably decreased the setting time. 
The resulting polymer was too soft for most applications. N-Ethylbis(p- 
tolylsulfonemethyl)amine also produced a softer material. Indentation 
and hardness were improved somewhat by the addition of 16% methanol 
and a little hydrogen peroxide. Substituting tert-butyl hydroperoxide for a 
portion of the benzoyl peroxide catalyst brought about a slight improve- 
ment of physical properties. 
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Synopsis 

A study was made of the efficiency of amine salts of p-toluenesulfinic acid as acceler- 
ators in the polymerization of methyl methacrylate. These compounds are readily 
synthesized by addition of amine to  the ether solution of the sulfinic acid. Most of the 
salts are stable in air. Salts of secondary and tertiary aromatic amines, such as the 
methylaniline or dimethyl-p-toluidine salts, are very efficient accelerators in the benzoyl 
peroxide-initiated polymerization. However, colored products are formed. Aliphatic 
amine salts as well as the free acid give colorless polymers, but the setting time is in- 
creased considerably. Heterocyclic amines show reduced activity as polymerization 
accelerators. The setting times of monomer-polymer mixtures containing some of these 
accelerators have been determined. Physical properties of the polymers have been 
evaluated by measuring their resistance to  indentation and recovery. 

R‘ esum 

On a CtudiC l’efficacitk des sels d’amines d’acides para-tolu8ne-sulfiniques comme 
accCl6rateurs de polymCrisation du mE thacrylate de mCthyle. Ces composCs sont 
facilement synthCtisCs par addition de I’amine 1 la solution CthCrCe de I’acide sulfinique. 
La plupart des sels sont stables 1 l’air. Les sels d’amines aromatiques secondaires e t  
tertiaires, telles la mCthylaniline et la dimCthylaniline, sont des adlCrateurs trhs 
efficaces dans le cas des polymCrisations initiCes au peroxyde de benzoyle. Toutefois 
les produits finaux sont colorCs. Les sels d’amines aliphatiques de meme que les acides 
libres fournissent des polymhres incolores; le temps nCcessaire 1 la rCaction est toutefois 
considCrablement accru. Les amines hCtCrocycliques ne manifestent qu’une activite 
rCduite comme accClCrateur de polymCrisation. Les temps de prise de melanges mono- 
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mkre-polymhe conteriant certains de ces acc61Crateurs orit C t C  dCterminCs. 
priCtEs physiques des polymkres ont 6 th  i.v-alu&s en mesurant leur rCsistarice & I’usage. 

Zusammenfassung 

Es wurde eine Untersuchung der rn’irksamkeit von Aminsalzen von p-Toluolsulfinsaure 
als Beschleunigungsmitte1 in der Polymerisation vori Methylrnethacrylat ausgefuhrt. 
Diese Verbindungen werden leicht durch Zugabe yon Amin zu eiuer ltherischen Losung 
von Sulfinsaure synthetisiert. Salze 
von sekundlren und tertiiren aroniatischeri Amirien, wie Methylanilin- oder Dimethyl- 
p-Toluidin-Salze, sirid sehr wirksarne Beschleunigungsmittel in der durch -Benzoyl- 
peroxyd initiierten Polymerisation. Ks werden jedoch farbige Produkte gebildet. 
Aliphatische Aminsalze wie auch die freie Slure ergeben farblose Polymere, aber die 
Erstarrungszeit ist erheblich hoher. Heterocyclische Amine zeigen eine reduzierte 
Aktivitiit als Reschleunigungsmittel der Polymerisation. Die Erstarrungszeiten von 
Illonomer-Polymer-Gemischen, die einige dieser Beschleuriigungsniittel erhalten, 
n-urden hestimmt. I’hysikalische Eigenschaften der Polymere wurden durch Messung 
ihres Widerstandes yegen Kindriicken und Widerherstellrmg evaluiert. 

Les pro- 

Die rneisten Salze sind a n  der Luft bestandig. 
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