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Abstract　 A series o f ampho teric cellulosic g raf t copo lymer s, containing anionic car-

boxymethy l and ca tionic quaterna ry ammonium g roups, w ere prepar ed by the g raft copo lymer-

ization of carboxymethy lcellulose ( CM C) with dimethyldiallylammonium chlo ride ( DMDAAC)

using po tassium permanganate /sulphuric acid initia tion system under differ ent conditions. Major

facto rs affecting the po lymeriza tion r eaction, such a s the deg ree of substitution ( DS) o f CM C,

the amount o f DMDAAC, acid concentration and th e amount o f initiato r , we re studied, and the

mechanism for g raf ting of DM DAAC onto CMC using the KM nO4 /H2 SO4 redox system w as elu-

cida ted.
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Ampho teric po lymers have unique physicochemica l cha racteristics owing to the pres-

ence of bo th anionic and cationic g roups
[1 ] . Thei r applications have been repo rted as oil-

field additiv es
[2 ] , f locculants

[3 ] , polymeric ca talysts
[4 ] , a nd carriers to pro long the action o f

drug s
[ 5]
, membranes

[6 ]
, a nd so on. Usually, th ese po lymers are made of synthetic polyelec-

trolytes. Due to environmental i ssues, g rowing effor ts have been fo rwa rd in developing

modified natural po lymers w ith amphoteric ions, which may guarantee biodeg radabili ty
[ 7] .

In this w o rk, a series o f ampho teric cellulosic g raf t copo lymers, containing anionic car-

boxymethyl and cationic qua terna ry ammonium g roups, w ere prepa red by the g raf t copo ly-

meriza tion of ca rboxymethylcel lulo se ( CMC ) wi th dimethy ldially lammonium chloride

( DMDAAC) using potassium permangana te / sulphuric acid ini tiation system under dif fer-

ent condi tions.

1　 Experimental

1. 1　Materials

CMCs wi th dif ferent deg ree of substi tution ( DS, the number of ca rboxymethyl g roups

in one g lucopyranose unit ) w ere purchased from Guang zhou Hongguang Chemical Facto-

ry , thei r DS w as determined by conductometric ti tration
[ 8] . DMDAAC was supplied by

Guang zhou Fine Chemical Indust ry Company. Potassium permanganate and sulphuric acid
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were o f labo ra to ry g rade.

1. 2　 Graft copolymerization procedure

The graf t po lymerization reaction w as carried out as fo llow s: The CMC sample t rea t-

ed wi th KM nO4 solution was int roduced into a reaction f lask, to w hich a solution consisting

o f a speci fic concentration o f H2 SO4 and DMDAAC was placed. The reaction mix ture w as

kepted in 100 mL and w as sti rred fo r 4 h a t 60℃ under nit rog en. Af ter the copo lymeriza-

tion, the g raf t copo lymers was separated with ethyl a lcohol and dried at 40℃ under v acu-

um.

1. 3　 Characterization by grafting parameters and IR spectroscopy

The g raf t copolymers w ere characterized by the fo llowing parameters ( g raf ting per-

centag e,YG ; graf ting efficiency, EG ):

YG=
m ( g raf t product ) - m ( CMC)

m ( CMC)
× 100%

EG=
m ( g raf t product ) - m ( CMC)

m ( DMDAAC)
× 100%

The IR spect ra o f the ung raf ted CMC and the g raf t copolymer w ere run on RFX-65

Spect ropho tometer using KBr pellets in range o f 400～ 4 000 cm- 1.

2　 Results and discussion

2. 1　 Mechanism fo r g raf ting

KMnO4 /H2 SO4 redox system w as used a s the ini tia to r due mainly to it s high selectivi-

ty and ef fectiveness. The self-polymeriza tion of DMDAAC under the conditions similar to

the g raft copolymeriza tion has been ca rried out and no homopolymer w as found.

When CMC sample is t reated w ith KM nO4 solution, i t turns into ei ther brow n o r da rk

brow nish colour. This co lour is due to the deposition of M nO2 . The amount o f M nO2 de-

pends on the concentra tion o f KMnO4 solution used.

As suggested by Hebeish et al
[ 9]
, KM nO4 /H2 SO4 redox sy stem may crea te f ree radicals

as follows:

Mn(Ⅳ )+ H2 SO4 Mn(Ⅲ )+ H
+
+ HSO4· ( 1)

Mn(Ⅳ )+ H2O Mn(Ⅲ )+ H
+
+ HO· ( 2)

HSO4· + H2O H2 SO4+ HO· ( 3)

Once the radical , HSO4· , o r the hydro xy l radical, HO· , at tacks CMC, fo rming a

cellulo sic macro-radical. The lat ter may also be formed according to the fo llowing reac-

tion:

CMC-OH+ Mn(Ⅳ ) Mn(Ⅲ )+ H
+ + CMC-O· ( 4)

CMC-OH+ Mn(Ⅲ ) Mn(Ⅱ )+ H
+ + CMC-O· ( 5)

In presence of DMDAAC the system w ill yield cellulosic g raf t copo lymer as show n by

following equa tions:

CMC— O· + N+

CH2

CHCH2

CH2

CH CH2

CH3 CH3

N+

CH2

CHCM C— O— CH2 CH— CH2  

C
|
|

H2

CH3 CH3

( 6)
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N+

CH2

CHCM C— O— CH2 CH— CH2  

C
|
|

H2

CH3 CH3
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CH2

CHn CH2

CH2

CH CH2

CH3 CH3

cellulosic g ra ft copolyme r ( 7)

Fig. 1　 IR spect ra of CM C sample and

CMC-g-DM DAAC copo lymer

The presence o f CMC-g-DMDAAC

copolymer in above reactions has been veri-

fied by IR spect ra show n in Fig . 1. Compa red

w ith the spect rum of CMC sample ( Fig . 1A,

DS= 0. 73 ) , the spect rum o f the CMC-g-

DMDAAC copolymer ( Fig. 1B, DS= 0. 73,

YG= 113. 3% , EG = 46. 4% ) show s not only

the cha racreristic bands o f cellulosic sub-

st ra te at 1 618 and 3 444 cm- 1 [10 ] , but also

the characteristic bands of C- N group at

1 323 cm- 1 and 953 cm- 1 [ 11 ] .

2. 2　 Factors af fecting polymerization

　　 ( 1) Effect o f DS o f CMC.　 Fig . 2 show s the ef fect o f DS o f CMC on the g raf t copo ly-

meriza tion o f CMC with DMDAAC. It is seen that bo th the YG and EG increase significant-

ly w ith increaseing of DS from 0. 44～ 0. 73 then decrease signi ficant ly w ith DS up to 0. 86.

It seems that the introduction o f - CH2 COOHgroups in the cellulose mo lecules causes tw o

opposi te effects:

(a ) opening up the cellulose structure thereby enhancing the dif fusion and adsorption

o f bo th monomer and ini tiator, resul ting in increase of YG and EG up;

( b) blocking some of the hydro xy l g roups along the cellulose chains, resulting in de-

crease YG and EG . It i s likely tha t effect ( a) predominates up to a DS of 0. 73, and af ter tha t

ef fect ( b) becomes much mo re pronounced.

Fig. 2　 Effect o f DS of CM C on g ra fting

m ( CM C)= 3. 00 g; m ( DMDAAC)= 7. 32 g;

m ( KMnO 4)= 0. 34 g; c( H2 SO4 )= 1. 8 mol /L,

6. 0 m L; V ( reaction medium )= 100 m L

Fig . 3　 Effect o f DMDAAC amount on g raf ting

m ( CM C)= 3. 00 g( DS= 0. 73) ; m ( KMnO 4)= 0. 34 g;

c( H2 SO4 )= 1. 8 mol /L, 3. 0 m L;

V ( reaction medium)= 100 m L　　YG　 EG

( 2) Effect of DMDAAC amount.　 Fig. 3 show s the effect of DMDAAC amount on

the g raf t copolymerization of CMC with DMDAAC. Obv iously, the YG increases g reat ly

37第 2期　　　　　　　　　张黎明等: 两性纤维素接枝共聚物的合成研究



by increasing the amount of DMDAAC, and the opposi te ho lds t rue for th e YG . Enhance-

ment in YG at high DMDAAC concentration could be associa ted wi th g reater av ai lability o f

monomer molecules in the vicini ty o f CMC mo lecules as w ell a s in the polymerization medi-

um, w hich would favour g rea ter oppo rtuni ty for DMDAAC to react wi th CMC via g raf t-

ing . On the other hand, the decrease in EG may be due to higher ra tes of thermal decompo-

si tion o f DMDAAC into al lyl chloride wi th very low reactivi ty
[12 ]
:

( C H2 CH CH2 ) 2N+ ( CH3 ) 2Cl-
Δ

CH2 CH CH2 N

CH3

CH3 + CH2 CH CH2 Cl

Hence, besides enhancing the g raf ting , increasing DMDAAC concentra tion increases

the probabili ty o f allyl chlo ride fo rmation.

( 3) Ef fect of KM nO4 amount.　 Fig. 4 rev eals the ef fect of KM nO4 amount on the

g raf t copolymerization of CMC with DMDAAC. It is noticed that increasing the amount o f

ini tiator f rom 0. 17～ 0. 26 g causes an increase in YG and EG , and further increase to 0. 34 g

causes a decrease in YG and EG . This behavior may be interpreted as the comprehensive re-

sul t of tw o competing reactions, i. e. The ef fect of M n(Ⅳ ) o n the generation o f activ e si tes

on the CMC macromolecules and the oxidativ e termination o f the g rowing chains. In addi-

tion, the decrease of the YG and EG may also be a tt ributed to a low er dif fution ra te of DM-

DAAC from the aqueous phase to th e CMC phase ow ing to the excess amount o f MnO2 de-

posi ted.

Fig. 4　 Effec t o f KMnO4 amount on g raf ting

m ( CMC)= 3. 00 g ( DS= 0. 73)

;m ( DMDAAC)= 7. 32 g; c( H2 SO4 )= 1. 8 mol /L,

6. 0m L; V ( reaction medium)= 100 mL

Fig. 5　 Effect o f H2 SO4 amount on g rafting

m ( CM C)= 3. 00 g ( DS= 0. 73) ;

m ( DMDAAC)= 7. 32 g; m ( KMnO 4)= 0. 34 g;

V ( reaction medium)= 100 m L

( 4) Ef fect of acid amount.　 Fig . 5 show s the effect of H2 SO4 amount on the g raf t

copolymeriza tion o f CMC with DMDAAC. It is evident in Fig. 5, that the YG and EG in-

creases wi th increasing the acid amount , reaching a maximum , and then falling at higher

concentra tion. The increase in the YG and EG may be a t tributed to that sui table acid con-

centration w ould be fav orable to the above reaction equations ( 1) , ( 5)～ ( 7) . The fa ll in

the YP and EG a t higher acid concentration could be at tributed to the fo llow ing reasons:

(a ) Th e side reactions such as

MnO2+ 2H
+

Mn(Ⅱ )+ H2O+ [O ]

increases a t higher acid concentration. Thus, besides consuming some M nO2 ( required for

production of ini tiating species) , this leads to constant production of inhibi ting oxygen
[ 13]
.

( b) The ini tiating species may be destroy ed by side reactions, fo r instance, reaction o f
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the acid radicals wi th Mn(Ⅲ ) .
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两性纤维素接枝共聚物的合成研究

张黎明 　谭业邦　 尹向春　 李卓美

摘　要　采用 KMnO4 / H2 SO4氧化还原引发体系 ,首次将羧甲基纤维素 ( CMC)与二甲基二烯丙基氯化

铵 ( DMDAAC) 进行接枝聚合 , 制备了一系列分子中同时含有阴离子羧甲基和阳离子季铵基团的两性纤

维素接枝共聚物 . 研究了 CMC取代度、 DMDAAC加量、 KMnO4用量和 H2 SO4浓度对接枝共聚的影响 ,

并对其聚合反应机理作了探讨 .

关键词　两性纤维素接枝共聚物 , 羧甲基纤维素 , 二甲基二烯丙基氯化铵 , 接枝聚合
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