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Synopsis 

The effect. of wavelength region of ultraviolet. light. was examined 011 the nnserisitized 
photo-induced graft, copolymerization of methyl methacrylate onto cellulose. When 
the quartz t,ube system was compared to the glass tube system, t.here was no induction 
period of copolymerization, the rate of reaction was a litt,le larger, the homopolymeriza- 
tion of met,hyl methacrylate was increased causing interference wit,h graft copolymeriza- 
tion, and the depolymerization of grafts and the scission reaction of cellulose chains 
occurred easily. The number of graft.s was hardly improved by varying the react,ion 
conditions, and the copolymers obtained generally exhibited low per cent grafting and 
contained grafts with lower degree of polymerization. 

INTRODUCTION 

In  a previous paper' we have reported on photo-induced graft copoly- 
merization of methyl methacrylate (RIMA) onto cellulose using glass 
tubes as a reaction vessel. Since ultraviolet light (UV) of wavelength 
below approximately 300 mp is hardly transmitted when hard glass tubes 
are used12J an induction period of copolymerization, a relatively slow 
rate of reaction, and grafts with higher molecular weight were observed 
as the characteristics of copolymerization. Of course, the use of sensi- 
tizer had some effects on the reaction, but the high activity of graft 
copolymerization was not attained. Similar effects were observed when 
ceric i ~ n ~ ~ ~  and hydrogen peroxide6 were used with UV irradiation. It is 
well known that UV of lower wavelength has a strong breaking energy 
and participates in the deterioration of high polymeric substances. In  
the same manner, i t  is thought to have some effcct 0 1 1  photo-induced 
graft copolymerization. In  the unsensitized photo-induced graft co- 
polymerization of styrene onto nylon 6, Ishibashi arid Tamaki3 reported 
on the effcct of UV wavelength on the graft copolymerization. 

In  the present paper, the graft copolymerization of l\iAiA onto cellu- 
lose in quartz tubcs was examined in the absence of photosensitizer while 
special attention was paid to the initiation reaction, and the results were 
compared with those for a glass tube system in the previous paper' in 
order to  clarify the cffcct of wavelength on the initiation behavior. 
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EXPERIMENTAL 

Graft Copolymerization 
Graft copolymerization ivas carried out a t  40°C for a given time under 

iiitrogeii by irradiating the reaction tubes containing a given amount of 
cellulose, a commercial dissolving pulp, 2.5 ml of JIJIA,  and 40 ml of 
distilled water with ultraviolet light,. As reaction vessels, quartz tubes 
and hard glass t.ubes approximately 1 mm thick \\.ere used. I t  is well 
linown that glass limits the transmission of light beloa approximately 300 
mp, while quart,z ext'ends the ivavelength region to  appl'oximately 200 
mp.23 As UV light source, a Toshiba mercury lamp for photochemical 
use (H-4001') was used, and the irradiation was carried out, on the system 
in a reaction vessel at a distance of approximately 11 cm from t,he light 
source. After being wished with water, the polymerization products 
were extracted with acetone to  remove the homopolymer. The per cent 
grafting, the per cent homopolymer, arid the number of grafts were cdcu- 
lated as described in the previous papers.' 3.' 

Grafted copolymer was treated with 72% sulfuric acid, and the poly- 
(JIMA) of the grafts was isolated. Weight-average molecular weight of 
grafts was determined from the viscosity of the acetone solut,ion at '15OC.B 

Degree of Polymerization (DP) of Cellulose 
After the systems of graft copolymerization conditions in which 

monomer \\-as absent \\--ere replaced by nitrogen, irradiation with UV was 
carried out a t  40°C for a given duration. The irradiated cellulose sample 
\\.as washed with water, dried, and a sample for the measuremcnt of DP 
was obtained. Weight.-average DI' of sample was determined from the 
viscosity of cupiiethyleiiediamirie solution at. 'L5°C.g 

RESULTS AND DISCUSSION 

Graft Copolymerization in Quartz Tubes 

The resuks of graft copolymerization on various amounts of cellulose 
using quartz tubes are shown in F'igure 1. The formation of grafted 
polymers generally iricreased up to ii reaction time of approximately 40 
min, at which time the highest values were obtained. In  some systems, 
the values rather decreased aft.er that  time period. It was definitely ob- 
served that in the initial stage of reaction, the amount of grafted polymers 
formed increased with increase in the amount of cellulose. These results 
seem to indicate that cellulose participates directly in the initiation of 
graft copolymcrizat,ion ; similar fat(!t,s were also observed for the glass tube 
system of the previous paper.' Ho~vcvcr, at.tcntion should 1)c paid to the 
induction period, which is almost :iI)srnt, in 1 h c .  c.opolytncrization, and to  
t lie pccu1i:ir rc:ict.iori time tl(~pctidencc of (.lit i'ormdion of gr:Lftt:d 1)oly- 
mers. The homopolymeriz:itioIi of J l J lA \v:is dso rwdily iiiitiiited even 
in the absence of cellulose, alid a remat-li:iblc amount of homopolymer 
t*esulted. 
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Vig. 1. Graft, copolymerizatioii i i i  the systein usiiig yriarti: tube. Aiiior1111 of c ~ c ~ l l ~ i l ~ ~ w  
(g): (A) 0; (0) 0.2.;; (a) 0.50; ((3) 0.75; (0 )  1.00. Te~npei~atrire, 40'C;  : t . . 1 . ) , 1 i11  

or moiiomer, 2.3 ml; total volume of system, 4'2.3 ml. 

As for the relationship between the average molecular \\eights (!I' 1. ''1 1 

and homopolymers formed in the present systems, it was o h : .  I - : 
average molecular weights of grafts \\-ere geiierally 1:irger t L i  . '\;  :: 8 , ; '  

liomopolymers and more easily affected by the reaction tim.. . I 

1;igure 2. Moreover, there was a definite tendency to oatL:.iil , 

average molecular weight for both polymers with incresswi . I-, + I  . L t . :  

cellulose used in the system. However, it was: observed thsr,t I-iic. , \,-(,I. ,e 
molecular weight of grafts was inversely proportioiial to thi: m i u  .itit of 
cellulose' when glass tubes were used. Therefore, :t deliiiitv cuii'uri;ht 
exists between the different vessels in the relation between the uniount of 
cellulose to molecular weight of grafts. 

&'or the reaction in quartz tubes, i t  should be taken iiito consiclci-at :on, 
from the relations in  Figure 1, that ultraviolet light ~vorks somenh:it, t80 
depolymerize the poly (MMA) being formed in the reaction 
as to  introduce grafts, arid as a result the average molecular weight of the 
grafts is lowered. This influence is apparently well demonstrated :is the 
reaction time dependence of the average molecular weight for each systcm 
in E'igure 2 .  This type of depolymerization by UV was observed for 
polystyrene by Ishibashi and Tamali? and for poly ( ) I  MA) by Fox and 
I'rice.l0 On the other hand, the reason why the molecular weight of 
grafts or homopolymers increases with the increased timount, of cellulose 
in the system could be oxp1:iiiied by :i dccrc:ist:d t,ei.minnt,ion re:tct,iori, 
which is iiiverscly pi~oport,ion:~I to  the :tmoutit, of ct~llulose i 1 1  the pitsetit, 
system. This effect might be assumed to iiicreasc as the polymerization 
proceeds more inside the cellulose fibers; namely, it seems to  indicate that, 
in the quartz tube systcm? the shorter wavelength component of UV acts 
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Fig. 2. Changes in average molecular weights of grafts and homopolymers with time. 
Homopoly- 

TI M E (min) 

Amount of cellulose (g): 
mer-(U) 0; (A) 0 .25;  (A) 0.50; (A) 0.75. 

grafts-(0) 0.25; (0)  0.50; (a) 0.75; (0)  1.00. 

more inside the cellulose fibers and that radicals are formed at this site. 
It is thought that the termination reaction of propagating radicals is apt 
to be suppressed because of their limited mobility. The difference in 
wavelength region is considered as the sole cause of the different tendency 
in the previous paper.' In the previous paper it was also observed that 
the formation of grafts was almost confined to the surface of the fibers 
in the glass tube systems. Probably, the difference in wavelength has 
an effect on the location of the grafting sites, yielding complicated results. 

Comparison with Graft Copolymerization in Glass Tubes 
In  order to clarify the character of the initiation system in which UV 

irradiation was carried out employing quartz tubes, comparisons with 
results in glass tubes were undertaken. Part of the data is quoted from 
the previous paper,' and the same copolymerization conditions are se- 
lected for both systems except for the vessels used. 

Figure 3 shows comparisons of per cent grafting and per cent homo- 
polymer formed. The copolymerization reaction in glass tubes was ac- 
companied by an induction period and proceeded gradually to attain ap- 
proximately 12070 of the per cent grafting. The reaction in quartz tubes 
attained approximately 40% of the per cent grafting after a shorter 
period, a value considerably lower than that in glass tubes. This is at- 
tributed to a higher activity of homopolymerization of MMA in quartz 
tubes, even in the absence of cellulose. On the contrary, no formation of 



UV-INDUCED GRAFTING ONTO CELLULOSE 

I 

I -+ 
z z  
w w  
0 0  

w w  
a a  
a n  

0- 

I Gloss 

I 2 3 4 

2771 

T I M E  ( h r )  

Fig. 3. Comparison of per cent grafting and per cent homopolymer. Amount of cellu- 
lose, 0.50 g; amount of monomer, 2.5 ml; total volume of system, 42.5 ml; temperature, 
40OC: (0), (0)  per cent grafting; (A), (A) per cent homopolymer. 
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Fig. 4 .  Changes in average molecular weight of grafts with time: (A) in the absence 
of cellulose sample. Polymerization conditions same as those in Fig. 3. 
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Fig. 5. C h a n p  in number of grafts in copolymers with time. Polymerization condi- 
tions same tu t h  in F 3 .  3. 
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Fig. 6. Chsligw.in degree oP polymerization of cellulove with time. Amount of cellu- 
lose, 0.N g; total volume of system, 42.5 ml; reaction temperature, 40OC; nitrogen 
atmosphere. 

homopolymer w u  observed in glass tubes even af?er 4 hr of reaction under 
the same conditions. However, the formation of a fair amount of homo- 
polymer could not be avoided in the systems containing cellulose with 
either glass or quartz vessel. 

The relationships between the average molecular weight of grafts and 
the reaction time of both systems are compared in Figure 4. The average 
molecular weight decreased with the reaction time for either system. 
However, u remarkable difference wtls observed between the systems. 
Namely, in glass tubes, the average molecular weight did not decrease to 
less than half of the initial value even after several hours, whereas in 
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quartz tubes it did decrease to less than half within 1 hr. This difference 
probably has a rcmarkable effect on the properties of grafted cellulose. 

The number of grafts is compared for both systems in Figure 5. Al- 
though the rate of formation of grafts was different in each system, 
almost the same number of grafts was ultimately obtained for both sys- 
tems. Accordingly, it is concluded that a substantial difference in the 
number of grafts is not found between the systems. However, as men- 
tioned above, a remarkable difference was noticed in the average molecu- 
lar weight between the two systems. It is also very interesting that there 
was no ultimately significant difference in the number of grafts between 
both systems, even though the quartz tube system resulted in grafts of 
shorter length within a shorter period of time as compared to the glass 
tube system. 

As it is known that DP of cellulose is generally lowered by UV irradia- 
tion,ll-** the changes in average DP of cellulose in both systems are com- 
pared in Figure 6. As expected, the effect of wavelength of UV is evident ; 
namely, the decrease in average DP of cellulose was larger for the quartz 
tube system than for the glass tube system, as in the case of grafts. 

Thus, when quartz tubes were used, the reactive lower wavelength 
region of UV acted to contribute to the homopolymerization of MMA and 
to the hindrance of copolymerization, including the depolymerization of 
grafts and the scission reaction of cellulose chains, whereas it did not effect 
any improvement in the number of grafts. In the glass tube system, on 
the contrary, this hindering action was fairly suppressed. 

Similar differences in polymerization behavior due to reaction tubes 
have been reported by Ishibashi and Tamaki.s It is believed that we 
encountered almost the same characteristics of the UV wavelength region 
in the irradiation of cellulosic materials. 

The authors wish to acknowledge the contribution of Mr. Toshiro Yamashita for 
the experimental work. 
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