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Synopsis 

The effects of solvent mixed with monomer on benzophenone-sensitized photografting of 
methyl methacrylate on polymer films were investigated in vapor phase at  60°C. The grafting on 
nylon 6 film was promoted by adding a pertinent quantity of solvent, such as phenol, rn-cresol, 
benzyl alcohol, and formic acid, to the monomer. The similar effects accelerating the grafting on 
polyester film were observed for solvent, such as rn-cresol, phenol, o-chlorophenol, and nitroben- 
zene. Such an accelerating function of the solvents is supposed to originate in the swelling of the 
film substrates due to solvents. On the other hand, solvents such as n-decane, decalin, and 
p-xylene retarded the grafting on low-density polyethylene and polypropylene films. The differ- 
ences in the solvent effects by the types of film substrates are discussed in terms of photoinduced 
radicals on the substrates containing solvents. 

INTRODUCTION 

In previous papers1. ' the authors investigated vapor phase photografting of 
vinyl monomers on various types of polymer films. The grafting on polyeth- 
ylene (PE) and polypropylene (PP) films took place easily to yield a high 
percent grafting when methyl methacrylate (MMA) was used as the monomers. 
However, activities of nylon 6 (NY) and polyester (PET) films toward the 
grafting of MMA were very low. In this paper the effects of solvent added to 
monomer on the vapor phase photografting of MMA were investigated in 
order to enhance the graft copolymerizability of the latter films. 

Solvent effects3-12 in liquid phase grafting have been widely examined, but 
a few2.13 have been reported on the effects in vapor phase grafting. The 
authors' investigated the effects of mixed solvent on the photografting of 
acrylic acid (AA) on polymer films, in which a mixture of AA and solvent was 
supplied in vapor phase. The grafting was largely promoted by adding a 
pertinent quantity of water among the solvents to AA. This paper deals with 
the effects of solvents other than water. 

EXPERIMENTAL 

Samples 

Low-density PE, PP, NY, and PET, 30 pm thick, were used as film samples. 
Sensitizers, benzophenone (BP), anthraquinone (AQ), and benzoyl peroxide 
(BPO), were of all reagent grades and used without further purification. The 
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film samples were immersed in acetone or chloroform solution containing 0.1 
wt % sensitizer and 0.3 wt  % poly(viny1 acetate) (Sw = 100,000) and dried to 
prepare sensitizer-coated films. 

MMA, AA, styrene, and acrylonitrile were purified by distillation. Solvents 
were of all reagent grades and used without further purification. 

Vapor Phase Photografting 

Vapor phase photografting was carried out using a Pyrex glass tube.' The 
film sample (54 X 8 mm) fixed on a sample holder was kept at  the center part 
of the tube and 2 mL of MMA or solution of 2 mL of MMA and a known 
volume of solvent was placed a t  the bottom part. The pressure of the system, 
after several freeze-thaw cycles, was adjusted to 1 mm Hg. Irradiation with a 
high-pressure mercury lamp (400 W) was carried out a t  60°C for 60 min using 
a Riko rotary photochemical reactor RH400-10W, around which Pyrex glass 
tubes were rotated. Polymerized film was extracted with suitable solvents to 
remove homopolymers. Percent grafting was taken as the percentage of weight 
increase of the original film. 

Adsorption of Solvent on Film Sample 

The film sample (A-g) fixed on a sample holder was kept at  the center part 
of the Pyrex glass tube described above and 1 ml of solvent was placed at  the 
bottom part. The pressure of the system was adjusted to 1 mm Hg, and then 
the glass tube was kept at  60°C for 60 min without photoirradiation. After the 
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Fig. 1. Effect of solvents on photografting of MMA on NY film sensitized with BP. Concentra- 

tion of BP 0.1 wt 8; quantity of MMA 2 mL; irradiation 60"C, 60 min. (0 )  Benzyl alcohol; 
(a) phenol; (0) rn-cresol. 



VAPOR PHASE PHOTOGRAFTING OF MMA 719 

treatment an excess of solvent on the film surface was wiped by filter paper 
and followed by weighing the treated film (B-g). Amount of solvent adsorbed 
on the film sample was indicated as a weight increase, which is defined as 
follows: 

B - A  
A 

weight increase ( W )  = ___ x 100 

Measurement of ESR Spectrum 

The quartz glass tube (5 mm internal diameter) containing the film sample 
was flushed with nitrogen gas and irradiated a t  - 196°C for 30 min with light 
of h > 220 nm. The light source was a Toshiba high-pressure mercury lamp 
H400-P (400 W) and the distance between the light source and the sample was 
set at 10 cm. ESR spectra were recorded with x-band and 100-kcps field 
modulation a t  - 196°C with a JEOL JES-ME-X. 

RESULTS 
The effects of various solvents on vapor phase photografting on MMA on 

NY film are shown in Figure 1. The abscissa in the figure represents the 
quantity of solvent added to the 2 mL of MMA. The percent grafting in the 
system without solvent was about 10%. When the solvents such as phenol, 
rn-cresol, and benzyl alcohol, which are known as a swelling reagent for NY, 
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Solvent added ( m l )  
Fig. 2. Effect of solvent mixture on photografting of MMA on NY film sensitized with BP. 

Concentration of BP 0.1 wt 56; quantity of MMA 2 mL; irradiation 60°C, 60 min. (0) Benzyl 
alcohol; (0) phenol; (0) benzyl alcohol-phenol (1:l v/v) mixture. 
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Fig. 3. Effect of benzyl alcohol on photografting on NY film. (a) Concentration of smsitizer 
0.1 wt %; quantity of MMA 2 mL; irradiation 60°C, 60 min. (0) BP, (a) AQ, (0) BPO. 
(b) Concentration of BP 0.1 wt S, quantity of monomer 2 mL, irradiation 60°C, 60 min. 
(0) Styrene; (a) acrylonitrile; (0) acrylic acid. 

were added to MMA, the percent graftings increased with increasing the 
quantity of the solvent, but they decreased gradually after passing a maxi- 
mum value. Thus, i t  is clear that a pertinent quantity of solvent, such as 
phenol, m-cresol, and benzyl alcohol, mixed with MMA has a function to 
improve the activity of NY film toward the grafting. A part of the film was 
lost during the grafting due to dissolution in the system, to which 1.5 mL 
phenol or m-cresol was added, but such phenomenon was not observed for 
benzyl alcohol. The grafting was carried out using a solvent mixture of phenol 
and benzyl alcohol with a volume ratio of 1:l in order to protect the 
dissolution of film due to solvent, and the result is shown in Figure 2. The use 
of the solvent mixture resulted in higher percent grafting than those of each 
solvent alone, showing no dissolving phenomenon of film. 

The type of sensitizer and nature of monomer were examined using benzyl 
alcohol, and the results are presented in Figure 3. The effects of benzyl alcohol 
to accelerate the grafting were commonly observed for each sensitizer. The 
percent grafting decreased in the order BP > BPO > AQ. On the other hand, 
the solvent effects were also recorded for styrene, AA, and acrylonitrile besides 
MMA. Styrene was a special case where an extremely high improvement of 
the polymerizability is achieved. Thus, benzyl alcohol exhibited a function to 
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Fig. 4. Effect of various acids on photografting of MMA on NY film sensitized with BP. 
Concentration of BP 0.1 w t  %; quantity of MMA 2 mL; irradiation 6 0 T ,  60 min. (0) 40% Formic 
acid; (a) 40% acetic acid; (@) 40% propionic acid; (0) 5% hydrochloric acid. 

50 0 

0 

0 0 . 5  1.0 1.5 2 .0 -  

Solvent added ( m l )  
Fig. 5. Effect of solvents on photografting of MMA on PET film sensitized with BP. 

Concentration of BP 0.1 wt %, quantity of MMA 2 mL; irradiation 60"C, 60 min. (0)  rn-Cresol; 
(0) phenol; (a) nitrobenzene; (0) o-chlorophenol. 
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Fig. 6. Effect of solvents on photografting of MMA on polyolefin films sensitized with BP. 

Concentration of BP 0.1 wt %; quantity of MMA 2 mL; irradiation 6 0 T ,  60 min. (a) PE film: (0)  

decatin; (a) p-xylene; (0) n-decane; (0) benzyl alcohol. (b) PP film: (0) decalin; (0 )  n-decane; 
(0) benzyl alcohol. 

promote vapor phase photografting irrespective of the type of sensitizer and 
nature of monomer. 

The effects of organic and inorganic acids as a solvent for NY were studied, 
and the results are shown in Figure 4. Each acid was used as its aqueous 
solution. The function accelerating the grafting was observed for hydrochloric 
acid additional to organic acids. The function of formic acid was remarkable 
among the solvents, giving about 400% grafting in the 2-mL-added system. It 
has been observed in radiation- and UV-induced g r a f t i n g ~ ' ~ - ~ ~  on cellulose and 
polyolefins in liquid phase that acids accelerate the polymerization and formic 
acid16 sensitizes the photografting. The marked enhancement of photografting 
by formic acid in this study may also be ascribed to the sensitization effect of 
formic acid besides swelling function of NY substrate by acids described later. 

Figure 5 shows the solvent effects on photografting of MMA on PET film. 
The percent grafting in the system without solvent was about 5%. The percent 
grafting was risen by adding m-cresol, phenol, o-chlorophenol, and nitroben- 
zene to the polymerization system, indicating a function of the solvents to 
accelerate the grafting. However, the percent grafting was lower than that of 
NY film. 

Figure 6 presents the solvent effects on photografting on polyolefin films. 
The grafting on PE and PP films took place easily, resulting in about 600% 
grafting in the system without solvent. The percent graftings of PE and PP 
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Fig. 7. Relationship between percent grafting and weight increase of solvent. (0)  NY film: (1) 
benzyl alcohol-phenol (1:l) mixture; (2) rn-cresol; (3) 40% formic acid; (4) 40% acetic acid; (5) 20% 
formic acid; (6) 40% propionic acid; (7) 5% hydrochloric acid; (8) benzyl alcohol; (9) phenol. (0) 
PET film: (10) rn-cresol; (11) phenol; (12) o-chlorophenol; (13) nitrobenzene. 

decreased with increasing the quantity of solvent added when n-decane and 
p-xylene, which are known as a swelling reagent for PE and PP, were mixed 
with MMA. Benzyl alcohol effective for NY film was found not to have the 
effects for polyolefins. Thus, the effects of solvent on vapor phase photograft- 
ing differ by the kind of film substrates, where the accelerating effects are 
indicated for NY and PET, while the retarding effects for polyolefins. 

DISCUSSION 

Vapor phase photografting of MMA on NY and PET films was sharply 
facilitated by adding a pertinent quantity of solvent for each substrate to 
monomer (Figs. 1, 3, and 4). These solvents are phenol, m-cresol, benzyl 
alcohol, o-chlorophenol, and nitrobenzene, which are supplied together with 
monomer to film sample in vapor phase. Various solvent gases were exposed a t  
60°C for 60 min to NY and PET films, and the amount of solvent adsorbed on 
the film was measured, which is represented as weight increase. Figure 7 
shows relationship between the weight increase and percent grafting of MMA 
recorded in the system, to which 1 mL solvent is added. Higher percent 
grafting was indicated for the sample with higher amount of solvent adsorbed 
in common with NY and PET films. This fact suggests that the solvents 
contribute to swelling of the film substrates, resulting in the accelerated 
grafting. 

Vapor phase photografting on polyolefin films was suppressed by adding 
solvent, n-decane and p-xylene, to monomer (Fig. 6). Namely, the solvent 
effects observed for NY and PET are not indicated for the solvents, though 
they have swelling function for polyolefin substrates. The effect of solvent on 
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Fig. 8. ESR spectra of NY and PET films irradiated with light of A > 220 nm at - 196°C for 
30 min. (a) NY film: (-) untreated film; (---) film treated with 20% formic acid; (----) film 
treated with 40% formic acid. (b) PE film: (-) untreated film; (---) film treated with n-decane. 

photoinduced radicals on NY and PE was investigated. The film samples were 
immersed in solvent at 60°C for 60 min to prepare a solvent-containing film 
sample. ESR spectra of irradiated samples are shown in Figure 8. Higher 
spectrum intensity was given for NY treated with an aqueous solution of 
formic acid with higher concentration, indicating the accelerated radical 
formation on NY substrate due to formic acid. The swelling of NY substrate 
due to formic acid is supposed to be a factor leading to the facilitated radical 
formation on the substrate and the advantageous grafting. The authors 
observed in previous papers23* 24 that swelling treatment for fibrous polymers, 
poly($nyl alcohol), NY, PET, and cellulose, promotes the formation of their 
radicals by photoirradiation, resulting in an effective initiation of liquid phase 
photografting. 

On the other hand, the spectrum intensity of the irradiated PE was largely 
decreased by treating i t  with n-decane. Namely, the treatment of PE with 
n-decane led to the retarded radical formation on PE. The solvent effect is 
supposed to be reflected on the vapor phase grafting, resulting in the de- 
creased percent grafting in the n-decane-added system, However, it is not 
clear how the solvent affects to the PE substrate followed by depressing the 
photoinduced radicals. 
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Based on the above investigations, it  is confirmed that the use of a mixture 
of monomer and solvent having a swelling function for polymer substrates is a 
useful method to enhance their abilities to initiate vapor phase photografting. 
This is true for the grafting on NY and PET films. However, the method is 
not always available for polyolefin films, suggesting a complexity of the 
solvent effects on the grafting. 
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