
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Grafting Vinyl Monomers onto Nylon 6 Fiber. III. Graft Copolymerization
of Vinyl Monomers onto Nylon 6 Fiber in Water Medium in the Presence
of Fructose
A. K. Mukherjeea; H. R. Goela

a Department of Textile Technology, Indian Institute of Technology, New Delhi, Delhi, India

To cite this Article Mukherjee, A. K. and Goel, H. R.(1983) 'Grafting Vinyl Monomers onto Nylon 6 Fiber. III. Graft
Copolymerization of Vinyl Monomers onto Nylon 6 Fiber in Water Medium in the Presence of Fructose', Journal of
Macromolecular Science, Part A, 19: 8, 1177 — 1188
To link to this Article: DOI: 10.1080/00222338308081093
URL: http://dx.doi.org/10.1080/00222338308081093

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222338308081093
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SCL-CHEM., A19( 8&9), pp. 1177-1188 (1983) 

Grafting Vinyl Monomers onto Nylon 6 Fiber. 
111. Graft Copolymerization of Vinyl Monomers 
onto Nylon 6 Fiber in Water Medium in the 
Presence of Fructose 

A. K. MUKHERJEE and H. R. GOEL 

Department of Textile Technology 
Indian Institute of Technology, Delhi 
New Delhi 110016, India 

A B S T R A C T  

Nylon 6 fiber was grafted with various vinyl monomers e.g., 
methyl methacrylate (MMA), ethyl methacrylate (EMA), and 
n-butyl methacrylate (n-BMA), in water in the presence of 
fructose using a carbon arc  lamp as the source of photoirradiation 
at 7OoC and a liquor ratio of 1:26. The effects of various param- 
eters,  e.g., monomer concentration, time of grafting, and fructose 
concentration on grafting reactions, were studied individually for 
each monomer. The graft yield is greatly enhanced by increas- 
ing the monomer concentration and the time of grafting. However, 
the optimum fructose concentration is required for maximum 
grafting efficiency. The accelerating action of photopolymeriza- 
tion by fructose was attributed to the sensitizing action of fructose 
involving an energy transfer. 
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1178 MUKHERJEE AND GOEL 

I N T R O D U C T I O N  

Ogiwara et al. [ 11 have shown that photopolymerization by UV light 
of various vinyl monomers (for example, methyl methacrylate (MMA), 
ethyl methacrylate (EMA), n-butyl methacrylate (n-BMA), styrene, 
acrylamide) can be accelerated by using various saccharides. They 
proposed a mechanism employing the saccharide as an energy trans- 
fer agent. 

In the present study three different acrylic monomers (e.g., MMA, 
EMA, and n-BMA) were grafted onto nylon 6 fiber in the presence of a 
water-fructose medium. 

E X P E R I M E N T A L  

Nylon 6 fiber, acetone, MMA, and fructose a re  the same as men- 
tioned in our previous paper [2]. EMA and n-BMA, as supplied by 
BDH Laboratories, Bombay, India, were washed with 5% sodium 
hydroxide solution in a separating funnel to remove the inhibitor. 
They were then washed repeatedly with water, dried over calcium 
chloride, and distilled under vacuum. Double-distilled water was 
used. The grafting technique using a photoirradiation source was 
the same as used previously [3] ,  

R E S U L T S  AND DISCUSSION 

Preliminary experiments of grafting using water as the medium 
in the presence of various saccharides (e.g., glucose, sucrose, and 
fructose) have been attempted. It was found that satisfactory grafting 
takes place with fructose and hence this saccharide only waa used. 
Earlier [2] it was shown that grafting of the vinyl monomers under 
consideration onto nylon 6 fiber did not take place in water medium 
in the absence of fructose. In the present paper the effects of various 
parameters (monomer concentration, time of grating, fructose con- 
centration, etc.) on grafting have been investigated. 

E f f e c t  of M o n o m e r  C o n c e n t r a t i o n  o n  G r a f t i n g  

Nylon 8 fiber was grafted using a fructose concentration of 10 mmol/ 
L and a liquor ratio 1:26 in water medium at 70°C for 90 min using a 
carbon arc lamp as the W source for four different monomer concen- 
trations. The results are presented in Figs. 1, 2, and 3 for MMA, EMA, 
and n-BMA, respectively. 

From the results it can be seen that with an increase in the mono- 
mer concentration both the total polymer yield (% TPY) and the graft 
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FIG, 1. Effect of monomer concentration on grafting of MMA onto 
nylon 6 fiber in water medium in the presence of fructose. Nylon 6 
fiber, lg; liquor ratio, 1:26; 70 C; time 90 min, fructose concentra- 
tion, 10 mmol/L: total polymer yield ( k  TYP) ( o ); graft add-on (% 
GAO) ( A ); grafting efficiency (GE) ( ). 

add-on (% GAO) increase continuously whereas GE reaches a maximum 
(79.4 and 87 in the cases of MMA and EMA respectively) and then 
falls. For  n-BMA monomer, however, the k GAO as well as GE in- 
creases constantly and linearly a8 the monomer concentration in- 
creases whereas the '% TPY practically remains constant. This indi- 
cates that with increase in monomer concentration grafting reaction 
is favored compared to homopolymer formation. 

Several workers [4-61 have found a similar effect on '% graft add- 
on by an increase of monomer concentration. Other systems are  
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FIG. 2. Effect on monomer concentration on grafting of EMA onto 
nylon 6 fiber in water medium in the presence of fructose. Nylon 6 
fiber, 1 g; liquor ratio, 1:26; time, 90 min, 70°C; fructose concentra- 
tion, 10 mmol/L. 

known where either grafting efficiency is good only at low monomer 
concentration [7] or decreases with an increase in monomer concen- 
tration [8]. 

E f f e c t  of F r u c t o s e  C o n c e n t r a t i o n  o n  G r a f t i n g  

Nylon 6 fiber was grafted with the monomers MMA, EMA, and n- 
BMA using a liquor ratio of 1:26 in water medium at 70°C for 90 min, 
varying the fructose concentratfon from 5 mmol to 2 0  mmol/L. The 
results are  presented in Figs. 4, 5, and 6 for  MMA, EMA, and n-BMA, 
respectively. It was shown earlier that in the absence of fructose no 
grafting takes place when using all three monomers. However, as the 
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FIG. 3. Effect on monomer concentration on grafting of n-BMA 
onto nylon 6 fiber in water medium in the presence of fructose. Nylon 
fiber, 1 g; liquor ratio, 1:26; time, 90 min; 70°C; fructose concentra- 
tion, 10 mmol/L. 

fructose concentration increases, both the % TPY and % GAO increase 
up to 10 mmol/L of fructose and then falls using MMA monomer. The 
GE is also highest at this concentration. For EMA, however, the % 
TPY practically remains constant but % GAO and GE increase, reach 
a maximum (for 10 mmol concentration of fructose), and then fall. An 
optimum level of '% GAO and GE is a general phenomenon [9]. In the 
case of n-BMA with an increase of fructose concentration, the grafting 
efficiency increases linearly but '% GAO increases up to a fructose con- 
centration of 15 mmol/L and then falls. % TPY also varies similar to 
that of % GAO. The optimum fructose concentration of fructose in this 
reaction seems to be 15 mmol/L. 
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FIG. 4. Effect of fructose concentration on grafting of MMA onto 
nylon 6 fiber in water medium. Nylon 6 fiber, 1 g; liquor ratio, 1:26; 
time, 90 min; 70°C; monomer concentration, 9.39 mmol/g nylon. 

Several workers [4, 10, 111 have found that there is always an opti- 

An ESR study [ 11 for the photopolymerization of MMA in water con- 

mum concentration of the initiator at which maximum grafting effi- 
ciency is achieved. 

taining saccharide with a high-pressure Hg lamp in a hard glass tube 
did not show any radical formation of fructose, thus indicating that no 
photodecomposition of fructose takes place. In the same study, no 
change in reducing power of the saccharide was observed and hence 
the acceleration of photopolymerization of MMA in that system for 
fructose was attributed to the sensitizing action of fructose involving 
an energy transfer. 

In the present work no ESR study was done but the reducing power 
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FIG. 5. Effect of fructose concentration on grafting of EMA onto 
nylon 6 fiber in water medium. Nylon 6 fiber, 1 g; liquor ratio, 1:26; 
time, 90 min; 70°C; monomer concentration, 9.1 mmol/g nylon. 

of fructose treated with a photo-source for  6 h was measured and 
found to be unchanged. This indicates that in the present system 
fructose acts only as an agent for energy transfer and does not 
undergo initiation at  the glucosidic bond. 

E f f e c t  of T i m e  o n  G r a f t i n g  

Nylon 6 was grafted a t  70°C using a liquor ratio of 1:26 and mono- 
mer concentrations of MMA, EMA, and n-BMA of 9.39, 9.1, and 8.95 
mmol/g nylon, respectively. The time was varied from 60 to 180 min. 
The results are  presented in Figs. 7, 8, and 9. From the results it 
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FIG. 6. Effect of fructose concentration on grafting of n-BMA 
onto nylon 6 fiber in water medium. Nylon 6 fiber, 1 g; monomer 
concentration, 8.95 mmol/g nylon; time 90 min; liquor ratio, 1:26; 
70°C. 

can be seen that % TPY does not change much in the case of MMA 
grafting. However, at 120 min there is an increase in 8 GAO, ap- 
parently due to a decrease in % homopolymerization. Consequently, 
grafting efficiency also increases in this range. The high conver- 
sion appears to affect the reaction adversely. Because the high 
amount of grafting has already taken place, further polymerization 
(hence % TPY) does not increase. A chain transfer reaction involv- 
ing the homopolymer in one hand and the nylon fiber on the other 
can take place. If this happens, then % GAO increases, Sb TPY de- 
creases, and, as a consequence, grafting efficiency increases. 
Chain transfer reactions involving polymers are  well known and 
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FIG. 7. Effect of time on grafting of MMA onto nylon 6 fiber in 
water medium in the presence of fructose. Nylon 6 fiber, 1 g; liquor 
ratio, 1:26; 70°C; monomer concentration, 9.39 mmol/L; fructose 
concentration, 10 mmol/L. 
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MMA is no exception [ 121. In the case of EMA grafting, however, 8 
GAO and % TPY increase up to 120 min and thereafter they decrease. 
GE at this point becomes practically constant. A s  a large amount of 
grafting has already taken place, further polymerization and hence % 
TPY does not increase. These results are similar to those obtained 
in the case of MMA grafting, and it appears that a similar phenome- 
non might also be operating here. For n-BMA grafting it is also seen 
that 8 GAO and 8 TPY increase with an increase in time. The GE, 
however, increases, reaches a maximum (69.4), and falls. The re- 
sults obtained here seem to be similar to those obtained with MMA 
and EMA grafting under similar conditions. 
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FIG. 8. Effect of time on grafting EMA onto nylon 6 fiber in water 
medium in the presence of fructose. Nylon 6 fiber, 1 g; liquor ratio, 
1:26; fructose concentration, 10 mmol/L; monomer concentration, .9.1 
mmol/g nylon; 70°C. 
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FIG. 9. Effect of time on grafting of n-BMA onto nylon 6 fiber in 
water medium in the presence of fructose. Nylon 6 fiber, 1 g; mono- 
mer concentration, 8.95 mmol/g nylon; liquor ratio 1:26; 70°C; fruc- 
tose concentration, 10 mmol/L. 
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