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                    Yoshito IKADA, Fumitaka HORII, and Ichiro SAKURADA* 

                                      Received February 26, 1974 

             The radiation graft copolymerization of styrene or methyl methacrylate (MMA) onto poly(vinyl 
          alcohol) films was carried out in the presence of swelling agents such as methanol and water. Basing 

          on the variation of conversion, weight increase, and molecular weight of the polymer formed, effects of 
          the swelling agents on the grafting were discussed. In addition the investigation was extended to the 

          grafting systems containing a small amount of chain transfer agents. It was found that methanol has 
          several effects on the heterogeneous grafting other than to accelerate the diffusion of monomers into the 
          substrate matrix. In the grafting of styrene methanol caused an appreciable gel effect, while it behaved 

         as a simple diluent in the grafting of MMA. The chain transfer agents reduced the yield as well as the 
          length of the polymer molecules formed in the film, the chain transfer constant being in agreement with 

          that in the conventional catalytic homopolymerization. The number of grafted branches was not 
          affected by the presence of the chain transfer agent. 

                                INTRODUCTION 

          Most of the radiation graft copolymerizations which proceed heterogeneously in a 
       substrate matrix are performed with the use of solventsl> (often named swelling agent). 

      It is generally believed that they accelerate the diffusion of a monomer into the substrate 
       matrix and hence increase the grafting extent. Surely this is the strongest reason why 

      solvents are used for grafting. However, it should be also noted that they can affect 

       grafting as a diluent of the monomer, a chain transfer agent and either a good solvent or 
       non-solvent of growing polymer chains. This variety of the solvent effects may make 

      the-kinetic study of the grafting much difficult. 
          The polymer adopted as a substrate in the present work is poly(vinyl alcohol) (PVAL), 

      a typical hydrophilic polymer, and the monomers are methyl methacrylate (MMA) and 

       styrene. The added solvent is mainly methanol. This is known to be a very effective swell-
       ing agent to promote the grafting not only onto PVAL,2`4> but also cellulose,5-11> nylon, 

12--15) poly(ethylene terephthalate)15,16> and other polymers.l3,17-2o> 

          To study the solvent effects, the amount and the molecular weight of polymers 
       formed in the polymer matrix must be determined. It was previously found that the 

      separated branch of the true graft copolymer and the homopolymer formed in the 

       polymer matrix have the same molecular weight.16,21,22) Therefore, it is not necessary 
       to distinguish between the grafted branch polymer and the non-grafted homopolymer, 

       unless the chemical structure of the graft copolymer or the number of the true graft 
       branches has to be determined. Therefore, a large amount of the homopolymer 

          * A„ kii4a, * W-pIl: Department of Polymer Chemistry, Faculty of Engineering, Kyoto 
             University, Kyoto. 
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produced during the  . grafting in the matrix was not separated from the true graft 
copolymer in the present work unless otherwise mentioned, and the conversion of 
monomer or the weight increase was used as a measure of polymerization extent instead 

of the percent graft. Since chain transfer agents are known to behave peculiarly in 

the heterogeneous polymerizations,23,24) the effects were also discussed in some detail. 

                           EXPERIMENTAL 

1. Graft Copolymerization 

   The graft copolymerizations onto PVAL films were carried out with both a mutual 

irradiation and a preirradiation method. In the latter grafting, dry films of 0.05-mm 

thickness were irradiated in the presence of air at room temperature with gamma-rays from 

a 60Co source. The irradiated films were transferred into an ampoule, and then a 

sufficient amount of monomer-swelling agent mixture, in some cases containing a small 

amount of a chain transfer agent, was added to the ampoule to immerse the films. After 
the ampoule was degassed by freezing and thawing and sealed, the graft copolymerization 

was carried out under incessant rotation of the sealed ampoule in a water bath kept at 

50°C unless otherwise mentioned. 

   The mutual irradiation grafting was carried out in the fashion similar to the pre-

irradiation grafting except that dry or water-swollen films were irradiated simultaneously 
with the monomer solution in a degassed ampoule with gamma-rays. 

2. Conventional Polymerization 

   Catalytic polymerization of styrene was carried out at 50°C in methanol solution in 

the presence of carbon tetrachloride (CC14) (styrene : methanol=40 : 60 by volume) by 

using a, a'-azobisisobutyronitrile (AIBN) as an initiator. 

3. Removal of Homopolymers 

   The whole reaction products were placed in plenty of benzene at room temperature 

and the homopolymer formed in the outer solution and adsorbed on the surface of the 

films was removed. The weight increase was calculated from the weight difference of the 
original films and the reaction product. When the chain transfer agent was present in 

the monomer mixture, the reaction products were at first soaked in water to prevent the 

eventual cross-linking of PVAL by CC14 or trichloroethylene (TCE).21,22) 

   In case to determine the number of truely grafted branches, the polystyrene homo-

polymer and the unreacted PVAL were alternately extracted with benzene and water-
n-propanol (75 : 25) mixture at 80 and 95°C, respectively. The alternate extraction was 
continued till the amount of the polymers extracted decreased to a relatively low extent. 

Then the PVAL part in the residue was completely acetylated and further extraction was 

repeated for the polystyrene homopolymer with hot cyclohexane and for the poly(vinyl 

acetate) homopolymer with hot methanol to assure the complete isolation of the graft 

copolymer. The residue was re-dissolved in benzene or dioxane and precipitated into 
n-hexane or water. This procedure was repeated several times. The acetylation reduced 

the extraction time to a considerable degree. When no more polymer was extracted with 

each solvent, the final residue was regarded as pure graft copolymer. 
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4. Determination of Molecular Weights and Chemical Compositions 

   The molecular weights of the homopolymers were estimated from the limiting vis-
cosity numbers [n] in benzene with the use of the equations, 

h]=1.13x10-6M' 0.73 (polystyrene, 25°C)25) 
H=8.69 x 10-5 Mv0.76(PM MA, 300C)26) 

Osmotic pressure measurements were carried out with a High-Speed Membrane Osmo-
meter (Hewlett Packard Co., 502-type) in toluene at 30°C for the mother PVAL, the 
isolated graft copolymer and the grafted branch polymer, after the hydroxyl groups in each 

polymer were completely acetylated in acetic anhydride-pyridine (1 : 2) mixture. The 
grafted branch was separated from the backbone by cleaving 1,2-glycol bonds in the hydro-
lyzed graft copolymer with sodium metaperiodate in dimethylformamide. The chemical 
composition of the graft copolymers was determined from the alkali-consumption at the 
hydrolysis of the acetylated graft copolymers in benzene-methanol (20 : 1) mixture with 

N/4 methanolic NaOH. More detailed procedures of the characterization were described 
in the previous papers.21,22) 

                      RESULTS AND DISCUSSION 

1. Effects of Swelling Agents 

   Figures 1 and 2 show the influences of methanol on the graftings of styrene and 
Figs. 3, 4, and 5 on the grafting of MMA, respectively. 
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          Fig. 1. Effect of methanol on the weight increase and My of the polystyrene 

              homopolymer at the mutual grafting of styrene onto dry PVAI, films: 
             radiation dose=2.5 x 105 rad; temp.=55°C; (0) weight increase; (®) My 

              of the polystyrene homopolymer formed in the interior of the films: (^) 
./1Z, of the polystyrene homopolymer formed in the outer solution. 
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            Fig. 2. Effect of methanol on the conversion of monomer at the mutual 

               grafting of styrene onto dry PVAL films: radiation dose=2.5 x 105 rad; 
temp.=55°C; (0) total conversion; (Li) conversion in the outer solution: 
(®) conversion in the interior of the films. 
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        Fig. 3. Effect of methanol on the weight increase and My of PMMA homopolymer 

           at the mutual grafting of MMA onto water-swollen PVAL films (DS=0.66): 
           radiation dose=2.4 X 105 rad; (0) weight increase; (0) Mv of PMMA homo-

           polymer formed in the interior of the films. 

The grafting of styrene was carried out by the mutual irradiation method onto dry PVAL 
films at 55°C. The dose rate and the total dose are 6.0 X 103 rad/hr and 2.5 x 105 rad, 
respectively. The mutual grafting of MMA was carried out onto dry or water-swollen 
films with a dose of 9.OX 104 rad except for the film of DS=0.66 (2.4x 105 rad). The 
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            Fig. 4. Effect of methanol on My of PMMA homopolymer formed in the 

                interior of the films at the mutual grafting of MMA onto water-swollen 
               PVAL films: radiation dose=9.0x 104rad except for DS-0.66 (2.4x 

105rad); (0) DS=0; (A) DS=0.66; (I) DS=1.2; (0) DS=2.3. 
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            Fig. 5. Effect of methanol on the weight increase at the mutual grafting 

               of MMA onto highly water-swollen PVAL films (DS=2.3): radiation 
dose ==. X 104 rad. 

degree of swelling (DS), defined as gram water contained in one gram PVAL film, varied 

from 0 to 2.3. As can be seen, methanol actually promoted the graftings in both cases, 

unless the DS of the films was high. However, comparison of Fig. 1 with Fig. 3 reveals 

clearly that there is a difference between styrene and MMA in the variation of the mole-

cular weight as well as the weight increase with the methanol content. This indicates that 

the swelling agents have some effects other than to accelerate the diffusion of the monomers 

into the substrate matrix. As this penetration effect of solvents is a well-known fact, we 
will discuss other effects and clarify whether the weight increase is due mainly to the 

increase in the number or the length of the polymer chains formed. 
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   1.1. Gel Effect. The steep rise in the weight increase owing to the presence of 
methanol is frequently ascribed to the so-called gel  effect.6,7,9,1113'18,19) If this effect 
is actually predominant, the molecular weight of the polymer formed should be increased 
in proportion to the weight increase. This case is just seen in Fig. 1, where the results of 
the grafting of styrene in the presence of methanol are given. It is clear that the poly-
styrene homopolymer formed in the films has the highest molecular weight at the 
same methanol content where the weight increase becomes a maximum. Therefore, the 
steep rise in the weight increase around the methanol content of 75% is concluded to be 

principally due to the gel effect. 
   It is interesting to point out that the methanol content where the polystyrene homo-

polymer had the highest molecular weight is somewhat different between the homo-
polymer formed in the films and that in the outer solution of the films. One of the plausible 
reasons is that the methanol concentration in the films is different from that in the outer 
solution. However, even if it is true, the concentration difference seems not to be so large 
as that in the grafting of styrene onto polyethylene19'20>or cellulose acetate.10) On the 
other hand, the difference in molecular weight of the polystyrene homopolymers formed 
in each location might be also taken into account, since the precipitation of polystyrene 
depends not only on the methanol content but also on the molecular weight. 

   Another remarkable feature seen in Fig. 1 is that the molecular weight of the poly-
styrene homopolymer formed in the films is about twice larger than that formed in the outer 
solution. This result may be explained in terms of the matrix effect originating from 
the polymer substrate in which the mobility of polymer chains is strongly reduced. 
Since the gel effect is substantially caused by the decrease in the rate of the collision of 
mutual propagating polymer chains mainly because of high viscosity of the medium, the 
matrix effect can be regarded as a sort of the gel effect. Methanol may cause the propa-

gating polystyrene chains to coil up, leading to the burying of the radicals, while the 
substrate matrix decreases the mobility of the propagating polymer chains through the 

gel-like property. 
   1.2. Diluent Effect. As can be seen in Fig. 4, the molecular weights of PMMA 

homopolymers formed in the PVAL films were decreased steadily with the increasing me-
thanol content, in contrast with the grafting of styrene. Huang7) also observed in a rayon— 
styrene grafting the monotonous decrease of the molecular weight of polystyrene branch 
with the increasing content of acetone, which is a non-solvent for polystyrene. 

   The reason of the different influence of the methanol content on the molecular weight 
change in the MMA and styrene graftings is not clear, but it seems probable that methanol 
coagulates polystyrene much stronger than PMMA, giving rise to the significant gel effect 
in the grafting of styrene. Anyhow, the above results suggest that the role of swelling 
agents in the heterogeneous grafting is not simple and should be discussed by taking various 
factors into consideration. 

   Two factors may be important for explaining the result that the molecular weight 
of the homopolymer was monotonously decreased with the methanol content. One is 
the dilution of the monomer with methanol and the other is the radical transfer to methanol. 
In the mutual grafting the indirect effect due to the methanol radicals formed directly 
by irradiation should be further taken into consideration similarly to the radiation-induced 
homopolymerization.27) As a result of the indirect effect the rate of initiation Ri becomes 
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a complicated function of the concentration of the swelling agent. However, in the 
case of MMA-methanol mixture Ri may be regarded as independent of the concentration 
to a first approximation, since the G-value for radical formation is nearly the same for 
MMA (Gx=27.5) and for methanol (Gx=24.0).28) On the contrary, it is known27) that 
the transfer of excited energy takes place between styrene and methanol, resulting in the 

pronounced increase in the polymerization rate. The small maxima of the conversion 
in the outer solution and the total conversion observed at the methanol content of 20% 

(Fig. 2) may be explained in terms of this indirect effect. Here the conversions in the 
outer solution and in the interior of the films are defined as the fractions of the monomer 

polymerized in each location to the initial total monomer amount and the total conversion 
is the sum of them. 

   If the diluent and chain transfer effects are assumed to be the chief factors influencing 
the number-average degree of polymerization of the PMMA homopolymer, P,,, it is given 
by      

1----=CM+Cs[S] +-------kJ/2 R11'2(1) 
P„ [M]hp [M] 

where [S] and [M] are the concentrations of solvent and monomer in the film, CM and Cs 
the chain transfer constants to monomer and solvent, kt and kp the rate constants of 
termination and propagation, respectively. If [M] and [S] are assumed to be proportional 
to those of the outer solution [M'] (=k'[M]) and [S'](=k"[S]), the following equation is 

obtained 

   1 _ psMo,M k" psMo,M ktv2Riv2 Mo,M].  Pn=CMpMMo, s••k'• Cs+(pMMos• kCs+hpPM                                                                      \ • k' 
v' 

                                            (2) 

where v' is the volume fraction of the monomer in the outer solution, Mo,M and Mo,s 
the molecular weights of monomer and solvent, and pm and ps the densities of monomer 
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                                     // 
0.5 - ~'-
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         0 111 _.        0123 4 5 

                                 1 /v' 
           Fig. 6. Plots of 1/P„ versus 1/v' according to Eq. (2): (0) DS=0; (A) 

DS=0.66; (®) DS=1.2; (0) DS=2.3. 
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and solvent  (g/m1), respectively. In this equation the concentration is expressed by 
mole/ml.Therefore, the value of Cm—(psMo,M/pMMo,^) • (k"/k')Cs can be determined 
as the intercept of a plot of 1/Pn against 1/v'. The plot is shown in Fig. 6, where it is 
seen that the intercepts are 1.0 x 10-5 regardless of the DS of the film. As Cm is 1..0 X 
10-5 according to the literature,29) Cs is found to be zero. It is, therefore, concluded that 

the decrease in the length of the homopolymer molecule is attributed to the dilution effect 
of methanol. 

    Consequently the change of the weight increase seen in Fig. 3 should be explained 
in terms of the penetrating effect of methanol. The resulting increase in the number of 
branches with the methanol content was already pointed out in the previous paper.3) 
The monotonous decrease in the weight increase with the methanol content (Fig. 5) 
maybe due to deswelling of water-swollen films by methanol which is a poorer 
swelling agent than water for PVAL. 

2. Chain Transfer Agent Effect 

    As is demonstrated above and in other works,7'11,16,19,30) the polymer chains formed 

during the heterogeneous graftings have an extremely long length compared with those 
of the backbone polymer. Actually the polymer chain appears to be able to grow almost 
to the upper limiting length that is determined by Cm, the radical chain transfer constant 
to monomer. This is probably due to the matrix effect of the substrate polymer hindering 
the mutual collision of the growing chain ends. 

    One of the features of heterogeneous polymerizations is known to be the decrease 
in the total conversion of monomer with the increasing concentration of a chain transfer 
agent, even if it is not a degradative one.23,24) We found a similar result also in a 

heterogeneous grafting.31) Figure 7 shows the result of the preirradiation grafting of 
styrene onto PVAL in the presence of CC14, a strong chain transfer agent for styrene.                   
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          Fig. 7. Effect of CC14 on the total conversion of monomer at the preirradiation 
             grafting of styrene onto dry PVAL films: methanol/styrene=60/40; (0) 

[CC14]/[styrene]=0; (A) [CC14]/[styrene]=0.01; (^) [CC14]/[styrene]=0.05; 
(0) [CC14]/[styrene]=0.10. 
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                of styrene: AIBN= 1.0 x 10-2 mole/I; methanol/styrene=60/40; (0) [CC14/ 
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                 Fig. 9. Effect of chain transfer agents on the total conversion at the mutual 

graftings: (0) PVAL-MMA-TCE system, methanol/MMA =60/40, ra-
                    diation dose= 9.Ox104rad, and DS=2.3; (0)PVAL-styrene-CC14sys-

                    tem, methanol/styrene=80/20, radiation dose =1.44 x 105 rad, and DS= 
                       0.66. 

    The dry PVAL films were preirradiated to a dose of 1.0 x 106 rad at a dose rate of 8.4 x 
104 rad/hr and then immersed in styrene-methanol (40 : 60) mixture containing CC14 for 

    grafting. As' is observed in Fig. 8, this agent did not cause any reduction of the con-
    version in the catalytic solution polymerization of styrene with the use of 1.0 x 10-2 mole/1 

    AIBN. As is seen in Fig. 9, the similar results were observed also in the mutual graftings 

of styrene and M1VMA, where CC14 and TCE were used as chain transfer agents. 
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   2.1. Change of the Number of Branches by Chain Transfer Agent. In 
the study of the effects of chain transfer agents on the graftings, it is important first of all 
to know whether the added chain transfer agent deactivates the initiating sites for the 

 grafting on the substrate polymer. For this purpose, the mutual grafting of styrene onto 
PVAL films was carried out in the presence of a small amount of CC14 and the chemical 
structure of the graft copolymer formed was determined after complete removal of the 

polystyrene homopolymer and the unreacted PVAL. The grafting results are tabulated 
in Table I together with the reaction conditions. 

          Table I. Mutual Grafting of Styrene onto Water-Swollen PVAL Films (DS= 
             0.66) in the Presence of CC14: Dose Rate=1.0 x 104 rad/hr, Radiation 

Dose =4.6 x 105 rad, and Temp.-50°C. 

                M3S M4S M8S M10S 

     Wt. of PVAL film (g) 34.13°> 20.07a> 23.371'> 14.64a> 
  Styrene(ml) 234 119 119 120 
  Methanol(ml) 940 476 476 478 

[CC14]/[Styrene] (mole ratio) 0.13 0.05 0.05 0.025 

   Total cony. of monomer (%) 69 1009389 
     Wt. of true graft copolymer (g) 2.976 3.523 2.124 3.323 

      Styrene content of the graft 
         copolymer (wt. %)53.3 63.5 67.7 67.6 

    True percent graft°> (°/) 4.6 11.16.215.3 
    True grafting efficiencyd) (%) 1.1 2.2 1.5 2.0 

     Wt. frac. of reacted PVAL0.041 0.064 0.029 0.073 

    G-value for branch formation 1.0 1.3 1.0 1.2 

     a) Mn=5.89 x 104. b) an= 3.40 x 104. 
     c) (Wt. of the true graft branch/wt. of mother polymer) x 100. 

     d) (Wt. of the true graft branch/wt. of total polymer formed) x 100. 

Table II summarizes the data of characterization. 

              Table II. Chemical Structures of PVAL-Styrene Graft Copolymers 

     VAC cont.M n x 10-5Number of of------------------------------------------------------ 
branchesu>   acetylatedMs    Samplein a graftgraftAcetylatedBackbone) Brancha) SeparatedMBo°> 

copolymergraftPVACPS branchcopolymer 
     (wt%)copolymermolecule 

o  

   M3S63.13.54 2.23 1.31 1.04 1.261.94 
   M4S53.03.90 2.07 1.83 1.88 0.971.80 
   M8S48.22.89 1.39 1.50 1.41 1.062.09 

M1OS 48.46.03 2.92 3.11 2.71 1.152.54 

     a) Calculated from the composition and Mn of graft copolymer. 
    b) Mn of backbone PVAC. c) Mn of mother PVAC. 

From these results one can calculate the G-value for branch formation, defined as the 

number of branches formed per 100 eV radiation energy. (Detailed discussion on the 

chemical structure such as Ms/Ms,o was given elsewhere.321) It was found from the 

calculation that the G-values do not scatter virtually from the average value of 1.0 in the 
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range of [CC14]/[styrene] from 0.025 to 0.13. Thus an important conclusion is obtained 
that the chain transfer agent does not affect the number of branches. On the contrary, 
Hayakawa et a1.33) and Huang~) reported that the number of branches increased with 
addition of CC14 in the graftings of styrene onto cellulose acetate and rayon, respectively. 
In these cases it is, however, questionable whether the polystyrene homopolymer formed 
within the fibers was completely removed. 

   2.2. Chain Transfer Constant in the Grafting. In Fig. 10, 1/Pv was plotted 
against the initial concentration ratio of CC14 to styrene to estimate the chain transfer 
constant Cs. 
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              0 0.025 0.05 0.075 0.10 

(CC14) / (Styrenel 
          Fig. 10. Effect of CC14 on P, of polystyrene homopolymers formed at various 

polymerizations: (0) catalytic polymerization (AIBN=1.0 x 10-2 mole/11: 
(e) preirradiation grafting; (0) mutual grafting. 

The Cs values calculated from the slopes of the straight lines are 6.0 x 10-3 for the mutual 

irradiation grafting, 7.5 X 10-3 for the preirradiation grafting, and 6.7 x 10-3 for the 

conventional polymerization with AIBN. Also in the graftings of MMA onto PVAL34) 

and styrene onto cellulose acetate,33) the two values of Cs obtained from the grafting and 
the catalytic polymerization were in good agreement with each other. These results 

suggest that the concentration ratio of the chain transfer agent to the monomer in the 

vicinity of the growing chain ends in the film is nearly equal to that for the growing chains 

at the conventional polymerization and in addition the rate constants of polymerization 

(kp) and of chain transfer (ktr) in the heterogeneous grafting are the same as in the cat-
alytic polymerization. 

   2.3. Decrease in the Total Conversion. The above experiments denote that 

the chain transfer agent neither deactivates the primary radicals on the substrate polymers, 

nor behaves abnormally, at least, with respect to the change of the polymer chain length. 
However, it decreases greatly not only the percent graft,35) but also the total conversion 

of monomer, as shown in Figs. 7 and 9. To gain a deep insight on the mechanism, we 
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            Fig. 11. Effect of CC14 on the conversion of monomer in the interior of 

               the film and in the outer solution at the preirradiation grafting of 
              styrene onto PVAL films: methanol/styrene=60/40; (0, .) [CC14]/ 

[styrene]=0; ((Q, A) [CC14]/[styrenel=0.01; (0, 0) [CC141/[styrene] 
             =0.05; (0, II) [CC14]/[styrene]=0.10. 
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            Fig. 12. Effect of TCE on the conversion of monomer in the interior of 
               the films and in the outer solution at the mutual grafting of MMA onto 

             PVAL films: methanol/MMA=60/40; (0) in the film; (0) in the 
                  outer colution. 

measured the weight of the homopolymer formed in the interior of the film and in the 

outer solution as well as the molecular weight of both polymers. The yield of the homo-

polymer, expressed here as conversion, is given in Figs. 11 and 12 and Table III. It 
is seen in each case that the conversion in the film is decreased with the increasing 
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             Table III. Effect of CC14 on the Mutual Grafting of Styrene onto Water-Swollen 
                PVAL Films (DS=0.66): Methanol/Styrene=80/20, Radiation Dose=1.44x 

105 rad, and Temp.=50°C. 

S75 S76 S77 S78 S79 

[CC14]/[Styrene] (mole ratio) 0 0.025 0.050 0.075 0.10 
Cony. in the outer solution (%) 14.6 15.1 11.2 7.3 8.0 

Conm in the interior of the PVAL films 40 .8 7.7 4.5 2.5 2.0 (°%) 

      Total conversion(%) 55.4 22.8 15.7 9.8 10.0 

My of polystyrene homopolymer (105) 51.0 7.07 3.12 2.24 2.24 

        Number of polystyrene molecules formed 1.05 1.42 1.86 1.42 1.17          in PVAL filmsa)(107) 

         a) (Wt. of the homopolymer formed in the films/Mv of the homopolymer) x Avogadro's number. 

    concentration of the chain transfer agent, whereas that in the outer solution changed 

   rather insignificantly. The indirect effect due to CC14 can be neglected, because the 

    similar decrease in the polymer yield is observed also in the heterogeneous preirradiation 

    grafting. It is noteworthy that, as is seen in Table III, the number of the polymer 
   molecules formed in the film seems to remain constant regardless of the CC14 

   concentration within the experimental error. It follows that the CC14 radicals 

   produced as a result of radical transfer from the growing chain disappear rapidly from 
   the substrate matrix. Referring to the fact that the yield of the homopolymer in the 

    outer solution is constant or rather decreased with the chain transfer agent concentration, 

   it seems probable that the radicals from the chain transfer agents disappear in the 

   film as a result of their recombination. 

                                CONCLUSION 

    1) The presence of methanol in a monomer enhances the diffusion of the monomer 
   into the substrate film, resulting in an increase of the number of polymer chains formed 

   in the film. 
   2) The monomer diffusion into the film is more largely enhanced by water than by 

   methanol whose affinity for PVAL is much lower than water. 
   3) Grafting of styrene in methanol gives rise to the gel effect in the methanol content 

   near 75% to a considerable extent. As a result the length of polymer chains becomes 
   very long and hence the weight increase is increased in proportion to the chain length. 
   4) In contrast with the grafting of styrene, methanol in the grafting of MMA does not 

   cause any gel effect, but acts merely as a simple diluent. The chain length is decreased 
   with methanol content as predicted from the normal polymerization kinetics. 

   5) The total conversion as well as the percent graft are decreased significantly when the 
   heterogeneous graftings of styrene and MMA are carried out in the presence of CC14 

   and TCE, though they are not degradative chain transfer agents in the conventional 
   catalytic polymerizations. This may be a reflection of the heterogeneous polymerization 

   process by which the graftings proceed. 
   6) The chain transfer constant to CC14 calculated from the variation of the molecular 
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weight of the polystyrene homopolymer formed in the film is in good agreement with that 
found in the conventional homopolymerization. 

7) The characterization of the graft copolymers freed from the homopolymers exhibits 

that the number of truely grafted branches is neither increased nor decreased by the 

presence of CC14. 
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