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1.1 XEXWENE

+ % (LA), Nacalai Tesque Inc, Kyoto, Japan.
3P (AC), S Hr el LRV T AM, 4k
2, M RRT AN EES &4 .CMC,
FHa AT HK/ZENRAER(ERL
80:20)R % 3 K, B T4, AEIKE & & hN
BAFEN 1.4 x10°, B ST 5" ¥ E R
FE(DS) .S S B4R (PPS), S+ éi, b g Z kA
I, aABKELRAL HERBR_FEREL
Ai (DMAEMA) , ILARF B ALA R, LM EREHS
¥ . HiM B ((NH,0H), - H,S0,) , st ol , ik
FIWJ FeCl,-6H,0, s H 4, I M L # A5 .
EWMMA. A, LBERR - 45X H
( Cellulase { Onozuka R-10)), Yakult Biochemicals Co
Ltd, Japan.

FTIR {X, Analect 24 F] Rex-65A %I, 4 #f R
4em™',KBr JE B ;'H-NMR {, Brucker 2> 7 DRX-
400 #, CD,COCD, R % #|, B4F TMS(d =0);GS-
MS 1%, VG ZAB-HS,FAB ¥, 3-F ¥ BEfE R 5 ;
CHN-O-Rapid 7. % 53 #7 {{, Heraeus £, 7] ; 721A B
HEASRREN, EEFE=2HUHFT ;GPC
% , Waters-244 B, Ultrahydrogel 1000 & H, H &
30 em, $74E Pullulan ( Aldrich Chemical Co} , ik 8k |
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#iik 0.6 mL/min, FFHE R 100 pL, B8R 30°C, K%
F3 0.1 mol/L NaNO, + 5% ( V/V)CH,OH H 7 1%
KW, 7 2 3T 6 B5 A 0 3K A Y vH 1Y ; TGA-51 A
A H7 {3, Dupont 2000, F 8 3 ¥ 10 K/min; & X
B, A2 0.57 mm, B 0.5 mol/L NaCl K
HW L MERE 25C.

1.2 &8

1.2.1 DALA M & R LA THF A %M, AC R
LA #BE/RE 1.1: 1 IMA =S F ,30CHHE R R
4-6h, AT LA FEEIRN 50% NaOH K W+
R, 7R KEBRBAET ZR(ALA)FER.
BEMATEMN ACF ALA BBH P, 0CHF K
Ri—%, Fl NaOH KB WP MG, 2BAKE. MA
LCERBRAME B OCEEZERL BIAREE
YR, BEALTKZEEN IR, EEEREERAN
Wik iR RS TR, BI85 K DALA.
1.2.2 CGAL A R # CMC 7K 78 9k £ B ¥
oo REEesERP, B85S, CRET,.MHE20-
30 min, Il A& B # 3] &£ W PPS K2 DMAEMA,
20 min/5 , W 11 AM 5 DALA B9 & % W (H,0/
DMFBAEM),EM S~-6h. AZHERTEH
PHEELBY R, ABHESR: (1)H R,.CMC,
AREFSHTERE AMEEYPAMULE AMS
CMC BB CCA A HIBBAEEE T K,
CMC3hIEM.CGAAShEBR PAMOhBR.R,
*REHRMB.HE R TS, K CMC.CCA X
PAM, BB R; ()% R RIHEEHTHEN
DALA 5 CMC i3 B Y CGL.AM 5 DALA 1)
LY AMDL UL % DALA 939 B ¥ PDALA 5 5l
BHEAKPEG:40, VIVIIBEBAS,
PDALA 4 h#5# ,AMDL 7 h %5/ R, S h W H 45
#,COL AFBM,7Th 4 H R, £E PDALA &
AMDL, ¥ R, 893 IEM Bk SRR 9 h BT L EE 8,
5% COL, HERER ST EBR ™Y R,; (3 R,
ERAESBELEPTK BT TR . EHAE R
CGAL,GPC B3 (B 1) %8 CCAL H A i
HEY.
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2.1 DALA P4
DALA B FTIR: C—C, 1643 em™'; =CH—,
3048 em”' 5 1020 em™';—CH,, 2924 em™',

1

2853 em ' ;—(CH,),— (n > 4), 723 cm ;

580 540

lg My,
Fig. 1 Gel permeation chromategraphy of CGAL

C—N—C, (F &), 1152 em ' {F); —CH,—N—,
2781 cm ™' .'H-NMR S+ A7 &5 R B 2 B 3% 1.MS 2
WP B R mie 435029 :264.238.226.110,55. 5T
EAFMECHANNSE(w%, ESAHRIH
W84 $i% 81.37(81.51) .13.33(13.21) 5 5.30
{5.28).
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Fig. 2 'H-NMR spectrum of DALA

Table 1 The assignment of * H-NMR signals for DALA

& 6.06 5.8 5.10 3.49 2.91 1.29 0.8

Assignment b a c e d f g
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EEZRECER2IFEHEDNT .

BAE G(%) = 20
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x 100
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BB ALK M(2) = T 0

Xd, W, W, W, & W, 050 CMC HEBILE
¥ .CGAL 5B {&(AM + DALAYE & (g) .

EERR E(%) = x 100

x 100
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Table 2 The graft parameters of the graft copolymerization under the different conditions

. Con of raw mater(g/dL) Con of {{mmol/L} T . Graft parameters( % )

° oS CMC AM DALA PPS  DMAEMA () F G E M
1 0.54 1.2 4 0.4 3 3 45 5.5 300 20 85
2 0.68 1.2 4 0.4 3 3 45 5.5 253 83 74
3 0.72 1.2 4 0.4 3 3 45 5.5 254 78 T
4 0.83 1.2 4 0.4 3 3 45 5.5 181 54 51
5 0.68 Q.3 4 0.4 3 3 45 5.5 631 63 58
6 0.68 0.8 4 0.4 3 3 45 5.5 338 68 63
7 0.68 2.0 4 0.4 3 3 45 5.5 153 81 7i
8 0.68 3.0 4 0.4 3 3 45 5.5 70 60 49
9 0.68 1.2 1 0.4 3 3 45 5.5 56 63 53
10 0.68 1.2 2 0.4 3 3 45 5.5 121 71 63
11 0.68 1.2 3 0.4 3 3 45 5.5 212 .5 77
12 0.68 1.2 6 0.4 3 3 45 5.5 229 52 43
13 0.68 1.2 4 0.15 3 3 45 5.5 241 ! 69
14 0.68 1.2 4 0.3 3 3 45 5.5 306 86 85
15 0.68 1.2 4 0.5 3 3 45 5.5 301 88 80
16 0.68 1.2 4 0.6 3 3 45 5.5 297 80 76
17 0.68 1.2 4 0.4 4] 3 45 5.5 0 o] 0
18 0.68 1.2 4 0.4 1 3 45 5.5 175 56 46
19 0.68 1.2 4 0.4 2 3 45 5.5 238 75 63
20 0.68 1.2 4 0.4 4 3 45 5.5 302 87 81
21 0.68 1.2 4 0.4 6 3 45 5.5 102 35 29
2 0.68 1.2 4 0.4 3 0 45 5.5 51 22 16
23 0.68 1.2 4 0.4 3 1 45 5.5 125 k1] 34
24 0.68 1.2 4 0.4 3 2 45 5.5 279 79 76
25 0.68 1.2 4 0.4 3 4 45 5.5 303 89 B4
26 0.68 1.2 4 0.4 3 6 45 5.5 188 57 52
27 0.68 1.2 4 0.4 3 3 30 5.5 85 30 24
28 0.68 1.2 4 0.4 3 3 40 5.5 233 65 63
29 0.68 1.2 4 0.4 3 3 50 5.5 288 86 B0
30 0.68 1.2 4 0.4 3 3 60 5.5 196 54 50
31 0.68 1.2 4 0.4 3 3 45 3.0 1] 0 0
32 0.68 1.2 4 0.4 3 3 45 4.0 171 48 45
33 0.68 1.2 4 0.4 3 3 45 6.0 283 87 82
34 0.68 1.2 4 0.4 3 3 45 7.0 243 69 65
as .68 1.2 4 0.4 3 3 45 8.0 190 65 52

Reacting tme:5 -6 h

#£2FW,(1)HE CMC P EHE (DS) I X
(No 1 ~4), K4 F4 £ 0] KR4 B8, B8
RuEME, FRESESH G.EMM BN BE,
HTRIEE CMC R KEME, DS HEESEMW
RN EEEREENARBERESERE. (2)Y
CMC R M R ARE N A TRAE RN, 8
BYE,C K 4EBYPRET E /MR, AM
M DALA AT MM REIELS HREILE
RMNAERRE, AT M /M No5~8 & No2).
CMCHES SN  RMAEKEZKEX AR
MEERENT REBZMHE, RN ILEE ), 5E
BESHMK A RMER. CMCHEE 1.2 ¢dL £
L. EMMEBREKXME, N ¢ WA .(3)AM L
B, G.EMM FAIBKMASHEM(No 9~ 12
B No2), W AMME N 4%8f,C.E MM 353k
Bl 253% .83% M 714% ; AMIRE KT 4% 0, B §

SrFE R LR F TFHE Bk 6 EAM
HE/N.(4)DALA REAE 0.15% ~0.6% LR R,
BRI EEE /N No 13 ~16 & No2) .7
B2 DALA ¥ Ji A X B I, 6 e b B B W 3 ) 59
F CMC 1 AM. (S)PPS/DMAEMA 3| R & £ 3| %
AM RS # s, DMAEMA AL 53 KRR M,
A gE AMNEADESD KBS FELET
B ) PAM, BJ) DMAEMA BH S X2 5 B4
BN FHNEFRSDHETE XA A H
ZEIRERHT CMCREREEREN KB TR
HAE MRS (No 17 ~ 26 B No 2).(6) PPS/
DMAEMA €Lk F5| Rk Z i R M G L REME, &
BB 5 Rkt , I LUREEE 45 ~
SOCZE, BT R EERE S T (No 27 ~ 30 K
No2) BREXHE, BEHEXKILRNEREKXTE
HRENEE, RENERSEMB /. (T)pH<5.5
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it , CMC ' B9—CH, CO0~ ¥ & i, —CH, COOH—H:
FRATE BFRHENAS AR CMC K
Ry AT R BB, K5 T o W 1 60 SR,
A AMBEENEHERE, U HHKahE
BRI ZRE BB Z 8/ (No 31 ~ 32) . pH
1 5.5-6.0 0, BN REAEIRHE, DALA B0 8 5
HIERMELE, ¥ 5—CH,C00™ ###HFM{EH
f§ DALA B #:38 CMC %4 R Bi, [f] At DALA By K
MR, EEMN DALAS SERERERN, KK
T ARIB RS ] (No 2 & No 33).pH (R

OH

M. AM MR NEREER ER B8R . 2588R
R AR, 5 BB S B/ (No 35) .
2.3 CGAL K FTIR & #7

CGAL ¥ FTIR (B 3). CMC ( ¥ 8%, 1068
em” ' ;—C0O0™ ,1592.1412 cm ™' ) ;—CONH, (3420,
3190, 1650, 1350 cm™' }; DALA (—(CH, ),—, 724
em ' ;—CH,, 2920 em™'. 2850 cm '; F R K A&,
2741 cm™ ' 1158 em™ ') . WU R Y CCAL &
B CMC.AM Hl DALA H R, K40

CH;OCHCOONa
Q0

_€$H4CH2 17 OH HO
CONH3
i
OH

1
1600.0
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Fig. 3 FTIR spectra of CGAL and CMC

2.4 CGAL WA 7
HITESNMEEMRE CGALP NKNER
Hw HeBEEMB AMNIER W, M
CMC 5 DALAME SR W, M W, 53k
W, =(1 - W, - W.)} x 100

Wy Ws

L0 =(F‘ n

2,14 A NBEFE,71 /265 5455 AM X
DALA W4 TR . IERNE3 K.

Table 3 The composition and molecular weight of CGAL

) 265 x 100

Sample Wy %) CMC/AM/DALA(%) M, x10°°
CGAL-1 15.00 20.9/74.9/4.2 4.3
CGAL-2 13.15 31.8/66.1/2.1 4.1
CGAL-3 14.25 23.6/70.8/5.6 7.4
CGAL4 12.48 34.6/62.5/2.9 8.5
CGAL-5 11.47 38.3/56.9/4.8 6.2
CGAL-6 13.65 26.3/67.6/6.1 5.8

The molecular weight of CGAL was determined by GPC

CHQ—CH
CONH2

(CH:)l yCH3

2.5 CGAL M#REN

2.5.1 CGAL BE#kp#ie# B4 %=8,CCAL
FERIHE KR 298 ~027C, ROy B 5w AH.
B RE298C, TENAAETREHHIH
SR AR QLTC, TENRBEIRBETM
Sy AR S40°C, AR B — L S8R
BEATFHED. XE20%EE.

100
0F
- 60F
&
Ez
T
2
20k
0100 200 300 400 500 600
T(C)
Fig. 4 TG diagram of CGAL-5
2.5.2 CGAL/KEBBMHBEHE # CGAL 7K

BRBENEEETF 10CTHE 2 X, BERE
BCHE ., MESBEHGEKERLERSEENTL

e RIS A IE E 4 BIRFERJS , CGAL-S 3

AR BEM 11.24 dL/g B/DF) 8.12 dL/g, K BE BRI
28% ;CMC TEHRSBE M 4.7 dL/g Bi/NE] 2.35 dL/g,
FEBERE AR 509 . B LT W, CCAL MM B EH
BT CMC 73, B¥3E 7 RA YRR RE.
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2.6 CGAL M4

- CGAL 4+ F & Hm , CMC 86 £ 31 A T HIXH

) PER PAM 25 & AM 5 DALA Wt R &

¥ CGAL-L LiH  HEDUET 4 R W6 FEAR 00 B ) 1038 BE R S )
2 F R4 F P B BRLK 5 4 7 LT 1 0 K
3 R 7. ARBUGHOBETEEA THNBEMET, B
o1 A S 1 0 LT B HE O 5 F 4 2 O S K B
oM YIS, CMC R BK St IS 3Rk T B, 51 R4 4

Vet — M5 CCAL HIM ERHMSE, BRE®. @i,
() CGAL B4 Y1 48 A 1 55 . 46 290300 17 T o WK I

BEHT B AL Rk B ERTEDEDRE
BmEEh FREEBRERIRRAREED N

Fig. 5 The biodegradability of the graft copolymers
The solutions of the graft copolymers containing 3 g/dL Cellulase

were maintained at 40 C , the reduced viscosities were measured at CMC > CGAL-2 > CGAL'I(E 5),11”5?‘&?&{15%
25C T .4 h B} ,CMC IR BEREQK 80% ;6 h B, CGAL-2 )
KRR 52% , 2 )5 W B SR 18 FE 11K ; 10 h B, CGAL-
1 K5 37% ,24 h B FERE{E 8% .
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SYNTHESIS AND CHARACTERIZATION OF THE GRAFT
COPOLYMERS OF CARBOXYMETHYLCELLULOSE WITH
ACRYLAMIDE AND DIALLYLLAURYLAMINE

ZHANG Jian, XIE Xuming
( Institute of Polymer Science and Engineering , Dep of Chemical Engineering , Tsinghua University , Beijing  100084)
ZHANG Liming, LI Zhuomei
( Institute of Polymer Science , College of Chemistry and Chemical Engineering, Zhongshan University, Guangshou  510275)
LI Jian, LUO Pingya
{ State Key Loboratory of Oill Gas Reservoir Geology and Exploitation, Southwest Petroleum Instisute , Nanchong 637001}

Abstract A novel hydrophobic comonomer diallyllaurylamine (DALA) has been prepared by tertiary amination of
laurylamine and allylchloride in THF, and a series of the hydrophobically-modified amphoteric cellulosic graft
copolymers( CGAL) of carboxymethylcellulose { CMC) with acrylamide (AM) and DALA have been synthesized
employing potassium persulfate and dimethylaminoethyl 2-methacrylate as initiators in the mixed solvent of distilled
water and DMF for the first time . DALA was characterized by means of FTIR,' H-NMR,MS and elemental analysis.
The graft copolymerizations were investigated as a function of degree of substitution and concentration of CMC,
concentration of AM,DALA and initiators , temperature and pH.CGAL was analyzed through FTIR.The composition
and molecular weight of CGAL were determined making use of colorimetric titration, elemental analysis and gel
permeation chromatography . Thermostability of CGAL and its aqueous solution was studied by thermogravimetry and
viscometry . It has been shown that CGAL is biodegradable.

Key words  Carboxymethylcellulose, Graft copolymer, Synthesis, Characterization, Hydrophobic modification,
Water-soluble



