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Vinyl Polymerization. 287. Polymerization of 
Methyl Methacrylate initiated by the 
Polyacrylonitrile-Water-Cupric Ion System 

HOTtUG-SLY TLVG, MASAYOSHI IQ3OSHITA, 
and MIXORU LMOTO* 

Faculty of Engineering 
Osaka City University 
Sugimoto- cho. Sumiyoshi-Ax 
Osaka. Japan 

A a S T EZA C T 

Methyl methacrylate was found to be polymerized by the 
system polyacrylonitrile-water-cupric ion xtthout any 
added initiator. Addition of carbon tetrachloride to this 
system greatly increased the polymerization rate. 
XcrylonitriIe and styrene did not polymerize in this 
system. The kinetic behavior of polymerization was 
the same as the system consisting'of cellulose o r  nylon 
instead of polyacrylonitrile. When the flaky polyacrylo- 
nitrile was swelled o r  dissolved by the solvent DMF, the 
coniiersion and the degree of polymerization of the poly- 
methyl methacrylate formed decreased markedly. 
Commercial acrylic fiber also initiated polymerization 
but the activity was lower than with flaliq- polyacrylonitrile, 
even after steam treatment, because of the poor perme- 
ability of monomer into the fiber. 

Present address: Faculty of Engineering, Kansai University, 
Senriyama. Suih. Os&, Japan. 
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I N T R O D U C T I O N  

Much vork on the polymerization of methyl methacrylate the 
presence of added pol;rmers without any initiator has been reported 
in the past several  years  [ 11. The polymers to be added in these 
polymerization systems 'were found to be those vhich have a 
hydroxyl group available, such as  cellulose and starch, o r  an 
amide group, such as nylon and silk. Besides the added polymer, 
the system needs a slight amount of water and a t race amount oi 
some metal ions, esgecially cupric o r  ferric ion [ 21. Moreover, 
carbon tet+rachloride Sreatly promotes the polymerization, some- 
times increasing the rate tenfold [ 31. 

From the !cinetic behavior of polymerization the initiating 
species were believed to be metal ion c ~ m p l e x e s  coordinated 
by hydroxy o r  amide groups under the cocacalytic interference 
of water and monomer, either acrylic or  methacrylic esters.  
The ionic valence s ta tes  of the metal ions, however, did not 
change during polymerization. Thus the activity of these systems 
may be compared with the catalytic action of enzymes. 

From this standpoint other polymers having polar side groups 
which are able to coordinate with metal ions E a y  act as active 
supports for these polymerization systems. 

This paper reports on the utility of polpacrylonitrile a s  an 
active polymer in the system polymer-water-metal ion m d  on 
the kinetic behavior or' the polymerization or' methyl rnechacrylate 
initiated by the above system. The discussion is directed to other 
elementary reaction steps rather ti% initiation. T h e  fact that 
any low molecular veight model compounds of the added polymers 
could not actively initiate the polymerization suggests the pres- 
ence of an active species for initiation in polyrner matrices. On 
the other hand the increase or' solution viscosity by the addition 
of inert polymers could not by itself initiate the polymerization. 
This may show the importance of polymer effects in the initiation 
step, but the collaboration of a gel effect in the termination step 
must also be considered [ 41. Csresa and co-workers have al- 
ready reported on this problem in the polymerization of vauorized 
methyl methacrylate in the presence of acrylic fiber [ 31. This 
paper shows the possibility of gel-effected rapid polymerization 
of methyl methacrylate in zddition to imtiation in polymer 
matrices. 
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E X P E R I  M E ?u'T A L 

833 

M a t  e r i a l s  

Methyl methacrylate, carbon tetrachloride. DMF, and benzene 
were purified as described in a previous p p e r  [ 6 1. Polyacrylo- 
nitrile U';LS prepared by  the polymerization of acrylonitrile with 
azobisisobutyronitrile in DMF solution at  60'C and reprecipitated 
i r o n  Dh.IF,/methanol before use. 

P r o c e d u r e s  

Polycrylonitri le,  water, and monomer were pipetted into a 
glass tube uith a bulb in one end. The contents of the tube were 
frozen and evacuated three times and sealed under a pressure 
of Torr .  Carbon tetrzchloride was also pipetted into the 
glass tube. Cupric ion was previously adsorbed to polyacrylo- 
nitrile by dipping the polymer in cupric salt solution or  added 
directly into the glass tube as an aqueous solution. 

ir, a thermoscat. After a definite time the contents were poured 
into a large amount of methanol to precipitate the polymer 
misTures. The conversion was calculated from the weight 
iricrease of the polymer mixture minus the weight of added 
polyacrylonitrile. Polymethyl nethacrylate was extracted with 
boiling benzene. 

Polymerization uxs carried out shaking the tube in the dark 

R E S C L T S  ASD D I S C U S  S I O K  

B e h a v i o r  of P o l v m e r i z a t i o n  

A typical time- conversion curve f o r  the polvmerizacion of LIMA 
initiated by the system of PXV, carbon tetrachloride, water, and 
cupric ion is shown in Fig. 1. The heterogeneous polymerization 
system consisting of the MAW-carbon tetrachloride mixture, the 
water layer, and the PLY precipitate became turbid in f i rs t  hour, 
showing the progress of polymerization. The conversion of MhlA 
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Time (hr) 

FIG. 1. X typical time-conversion curve for the polymerization 
of ~EvIil in the presence of PAN. PAY, 0.2 g; ?rISW, 2 ml; CCL, 
0.2 mi; Rater, 10 ml; Cuz*, g; 85'C. 

to PMMA reached about 95% in 4 hr  a t  a polymerization temperature 
3f 85'. PMMA precipitated 3s a jelly mass  contaminated with P.W. 

N e c e s s i t y  of  CU'* a n d  t h e  X c c e ! e r a t i n g  E f f e c t  of 
C a r b o n  T e t r a c h l o r i d e  

Table L shows the polymerization results obtained under various 
conditions. The system needs the coexistence of Cu" to initiate 
:he polymerization of h13l.A effectively, and the presence of carbon 
tetrachloride highly accelerates the polymerization rate. As shown 
in a previous pa?er, the presence of a polymer matrix and water is 
also necessary [ 61. P-LV samples which mere dipped in cupric s t l t  
solution to adsorb Cu" ion showed a much higher activity than those 
to which cupric salt  was added as an aqueous solution. The actual 
concentration oi Cu'* adsorbed on P.43 could not be deternined 
because the amount was too omall to analyze by the usual method. 

E f f e c t  of t h e  - 1 m o u n t  o f  C a r b o n  T e t r a c h l o r i d e  

Figure 2 s h o w  the effect of the amount of carbon tetrachloride 
on the polymerization rate  a t  4 !v conversion. Addition of 0.2 ml 
of carbon tetrachloride caused about a twofold acceleration, but 
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I I t I 

0 Q !  0 2  0.3 0.4 (3 5 

amount of  CC!4 (nl) 

FIG. 2. Amount of CCI, v s  conversion. P.W, 0.2 8; MMA, 2 ml: 
water, 10 ml; dipped in Cu" solution, 85T,  4 hr. 

an amount over 0.2 nl had no cffect under these conditions. The 
relative amount of carbon tetrachloride to ?AV may be decreased 
in  work on a large scale. 

E f f e c t  of t h e  A m o u n t  of P A N  

As shown in Table 1, the presence of P.4ii is necessary to initiate 
polymerization. The conversion increases with the amount of P-tu 
(Fig. 3), suggescinq the presence of active s i tes  on PAV, and 0.3 g 
of PA2 is sufficient to obtain 100% conversion under these conditions. 
This corresponds to a weight increase of about 800% 

D e p e n d e n c e  o n  t h e  X m o u n t  o f  C u "  

Figure 4 shows the effect of the amount of Cu'+ added to the 
polymerization system. The most appropriate concentration of 
Cu"' lies between 10''' - lo - '  p, 10 ml oi water. The retardation 
of Dolymerization ac ccncencrations of Cu2+ higher than lo-' may 
be due to the presence oi i ree  Cu'* in the wacer layer o r  on the 
P.4N surface. These results coincide with those obtained with 
cellulose, nylon, and si lk  [ 3,  7, 81. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



vP;YL POLk?v~ERIZATION. 287 837 

P I N  ( g )  

FIG. 3. Amount of P.LX 'vs conversion. f-) CCl, present. 
i- - J  CCL absent. IMLLA, 2 ml; CC1+ 0.2 31; water, 10 ml: dipped 
in Cuz* solution: 85'C: 4 hr. 

A r n o u n t s  of X X A  a n d  W a t e r  

The weight of precipitated polymer rnivrure Licreases with the 
amount of 41X4 (Fig. 5 ) ,  but saturation is reached a t  1 ml of MM.4 
to 0.2 g ?-a'. This shows that only a small amount of monomer 
mats the PA?;, and that the excess part of monomer, which exists 
apart  from the PA!! precipitate, gradually penetrates the surface 
and diffuses on the inside of the P.m. 

The amount of water kas a characteristic effect on the polym- 
erizacion rate as shown Li Fig. 6. A very small amount of water 
shows an escellent catalytic ability. The excess part of water may 
separate the monomer from the PAK and reduce the diffusion of 
monomer to P-G surface, a d  thus the polymerization rate. 

h ' e g a t i v e  I o n s  

Besides Cu", Fe3* has catalytic activity in this polymerization 
system. Xegative ions of capric sal ts  have no effect on conversion, 
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IC-5 10-4 10-3 10-2 10-1 I 

++ t u  ( g l  

FIG. 4. Conversion vs amount of cupric ion. [-) CCL present.  
(- - 1  CCL absent'. P-IN, 0.2 g; MlLA, 2 ml; CCL, 0 .2  mi; water,  
10 ml: 85'C; 4 hr .  

- 
V 

I 
c 
a 
- 
0 

0.57 - 
0 5 6  - 

3 5 5  - 
0.50 I I t 8 I 

3 1 2 3 4 5 6  

WMA [ml :  

FlG. 5. Effect of amount of ?JJU on conversion. PXV, 0.2 g; 
CCL, 0.2 ml; xater, 10 ml; Cu2*, lo-' g; 85'C; 4 irr. 
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c u I , 
0 2  4 6 8 I0 

Amouni of Water ( m l l  

FIG. 6. Effect of amount of water. PAN, 0.2 g; & M A ,  2 ml; 
CC14, 0.2 ml; dipped in Cu'+ solution; 85.c; 4 hr. 

as shown in Table 2. The active s i tes  for initiation could be metal 
ion complexes coordinated partly with nitriIe grocps on the polymer 
side chain and partly with water. 

TABLE 2. Effect of Negative Ions 

Salta Conversion (%)b 

- 5,6, 4.7 

Cu(N03) 2 28,8, 26.0 

cusoq 27.1, 25.2 

CuBr a 28.0, 30.4 

CUClZ 29.8, 29.2 

Cupric salt which contains g of 
a 

Cu2* was added to the polymerization 
system. 

water 10 ml, 83', 4 hr. 
~ P , U  0.2 g, >ISM 3 ml. CCL 0.2 ml, 
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Adsorption of Cu" on PAN was confirmed by ESR measuremecc. 
Figure 7 shows ESR spectra of a P.LY sample before and after 
being dipped in cupric salt sohtion. 

FIG. 7.  ESR spectra of P-W sample. (- - )  Before and I-) 
a i ter  the adsorption of Cu". 

P o I y m e r i t a t i o n  i n  t h e  P r e s e n c e  of A c r y l i c  F i S e r  

Commercial acrylic fiber (P.LiY fiber)  also initiates activity, 
as shown in Table 3,  but the polymerization rate was smaller than 
that for P.LV f m e s .  This is because of the rigid fiber structure 
which prevents the penetration or' Cuz*, water, carbon tetrachloride, 
and monomer. When PAN fiber was treated with steam a t  150°C for 
10 min, and DXF !&as added to the system as solvent, the conversion 
was scmewhat improved. %%en P.LV fiber was reprecipitated from 
DMF solution as amoqhous  t'kkes, the .rate was, of course, much 
increased. 

P o l y m e r i z a t i o n  of B c r v l o n i t r i l e  a n d  S t y r e n e  

Table 4 shows the pol'jmerization results of acryfonitrile and 
styrene initiated by the system PAY, CU", water, and carbon 
tetrachloride. 
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TABLE 3.  Effect of Polymerizacion Condition 

?.4E fiber Water DhIF cu=*  Conversiona 
\g) (mil tml) (g, (&I 

0.2 10 lo-' 13.8, 15.6 

0.2 10 10" 21.4, 21.9 

0.2 

0.2 

2.0 

2.0 

2.0 

5.0 

10 -~  

10'~ 

22.1, 23.5 

22.5, 24.0 

0 .2  (B)' 2.0 5.0 

0 .2  (-4) 2.0 5.0 1 0 - ~  

ahIhL4 2.0 ml, carbon tetrachloride 0.2 ml, 85', 4 hr. 
" P L Y  fiber xas  reprecipimced f rom DMF solution with methanol. 
CP-LY fiber was treated wirn steam at 150' fsr 10 mi?. 

TABLE 4. Polymerization of Xcrpionitrile and Styrene 

a PAY CCL Water Cu2* DMF Conversion 
Monomer ig) imI) (ml)  (g) (ml)  (%) 

Xcrylonitrile 0.2 0.2 5 10" 10 10.7, 11.3 

0.3 0.2 2 8 11.2, 10.3 

0.4 0.4 2 5 11.8, 12.0 

Styrene 0.2 0.2 5 lo-' 10 9.6, 9.9 

0.3 0.2 2 a 5.2, 4.8 

0.4 0.4 2 10- 5 4.3, 3.2 

a Monomer 2 ml, 85', 4 hr. 
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E x t r a c t  i o n  of P o  I p m  e t h y l  11 e t h a c  r v l a  t e 

Extraction of the PA!!- PMhLA misiure with boiling benzene gave 
u? to 80% extracts based on P k I U .  The extracts were confirmed 
to be PMlL4 by elementary analysis (Table 5 ) .  The molecular 
weights oi the extracted PMLM reached to one million. When 
DMF was added to the systern as solvent, the molecular weight 
of the extracted PMMA significantly decreased according to the 
amount of DSIF. This  n;ay be attributed to the c h i n  t ransfer  
reaction caused by the D h F .  X decrease of the conversion by 
the addition of DMF can be understood by a S f u s i o n  controlled 
termiiiation in the polymer matrix. 
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