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Table 1 The experimental factors and level ranges of Box-Behnken

surface

designment

Symbols Factors Low level ( =1) High level ( +1)
A MBA (mg/mL) 0.5 1.5
B APS (mg/mL) 2 4
C BCW (wt% ) 0 0.1

1.5 SRk A A R 7K 14 & B9 K
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SR = (W, -W,)/W, (1)

(1) SR (swelling ratio) $5 i J2 Y I 1Y W K
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7 M 3 A AT RHESR 5 UL 3 18 .
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Fig. 1 TEM micrographs of different magnification for
BCW prepared by hydrolysis of BC with 50% ( V/V)
H,80,at 50 C for 48 h

a) 0% BCW
b) 0.05% BCW
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Fig. 2 FTIR spectra of super-absorbent resins without
BCW (a) and with BCW (b)
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FI K A% F B Box-Behnken B i1 52 46 $ i £ 17 2
JC A 43 B, 45 2 2 65 08 XY ok m] I A5 A
Y =328.11 —93.25 x A +62.25 x B +29.25 x

C -107.25 x AB - 20.25 x AC - 11.36 x C’

2.3.2 JiEmgHr

J7 2243 §1 (analysis of variance, ANOVA) , j&
WF5E B8 (3R ) 5 RS B (S22 50 ) A B G
F B b BTy vk 2 — |, 7E S 50 B0 i Ak 3 i
e — R AR R S A R ST A vk

ST 250 B S R PR I A R UL 3.

Table 2 The designment of response surface analysis

Sample A: MBA B: APS C: BCW SR (g/g)
1 0 -1 -1 210
2 1 0 1 250
3 1 -1 0 270
4 -1 0 1 461
5 0 0 337
6 0 1 1 388
7 -1 1 0 600
8 0 0 0 320
9 0 0 0 325
10 0 -1 1 285
11 -1 0 -1 360
12 1 0 183
13 -1 -1 0 258
14 0 0 0 333
15 0 1 -1 350
16 1 0 -1 230
17 0 0 0 327

i AL AR Y F A6 169. 75, 5 P {H/N T
0. 0001 , % W sH A5 750 6 A% P B¢ i3 oy 1) T BE A /)
F0.01% , FATIA K P {E/NT 0.05 Y H 5 P X
SERASZ R 3 0. DR T AR 2 A SR HRRD
TR A SSRGS AR A 5
R 5 R R 52 B A AR 2 B 3 0. Bk S (E R
IS RS TR A TN {5 52 6 i 00 A5 K 40 22 1) Y 2 S
R SRR R 5 ), X 2 (E %R TEE R A, B
T R T 25 0 A R Y 2R 3 B A A 2 Y IE S R
L I8 A B A N U — A B L

WL E] 3 1] 0 A B K ahe o AR L o0 A A —
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Fig. 3 Normal plot of residuals

2.3.3 L 0 A
Kl 4 & 1 Box-Behnken % 1 A 3k 15 ) Wi [
T, £ P AT 18 B0 MBA Xt A fig 14 W 7K 35 36 5 i)



1186 [ Vi ¥ % iz 2013 4
Table 3  Analysis of variance (ANOVA) in swelling
Source Sum of squares DF Mean square F-Value P-ValueProb > F Significance”
Model 1.565 x10° 9 17391. 98 169. 75 <0.0001 ®
A-MBA 69564. 50 1 69564. 50 678. 96 <0.0001 *
B-APS 31000. 50 1 31000. 50 302.57 <0.0001 *
C-BCW 6844. 50 1 6844. 50 66. 80 <0.0001 *
AB 46010. 25 1 46010. 25 449.07 <0.0001 *
AC 1640. 25 1 1640. 25 16.01 0. 0052 *
BC 342.25 1 342.25 3.34 0.1103
A? 281. 39 1 281.39 2.75 0.1414
B’ 327.92 1 327.92 3.20 0.1167
c? 540. 02 1 540. 02 5.27 0. 0553
Residual 717.20 7 102. 46
Lose of fit 538.00 3 179.33 4.00 0. 1068
Pure error 179.20 4 44. 80
Cor total 1.572 x10° 16

* The source is significance with a P-value less than 0. 05.

R W BT 25 50 T RS T LR BLAS BRI F
{E 2 678. 96, 4 Hb F HoAth P 28 2 5 = 199 A, AR
A& 9 50 1T DL A A8 Bk ) A A D 1 1
T, 51 R e B 4K A Y AR bk e ¢
VA EE AR T

4,000
A
3.500
3000

1.000™

-
AMBA 12507 Aooi

a 1.50072 000 B:APS

Swelling ratio (g

b

Fig. 4 Response surfaces obtained from Box-Behnken
designment of (a) with factors of MBA and APS and
(b) with factors of MBA and BCW
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P A B B i 3 A WK AT DL I B 1% i3
HEAR B P EB. 3150 43 B W R &R g BCW
LG R R A AT e 25 5% e B i %) G008 1) 4%
2R IR I LR 5 R AT LLTE AR IS R R P
TP 77 KAk R TR, A R 7 A% 5 It L B R A 4
[T B[ N G Wl 1 1 A S S [ St = R
30 AT DL v W K VA AR 19 0 K G 5. i T SEM
AT B BRI, (i 758 SEM & F vowfie L X %€ 3]
BCW ByAEAE. INIEL 5 rhml DUWEEE B0 A 5 53 4%
5 0.05% [ BCW RIVAJ L 35 4038 B g 1) ) L &5
4, 3% AT B8 K Oy BCW 7E A4 IR 1R & th 22 DL 4

b 10 um

Fig. 5
without BCW (a) and with BCW (b)

SEM  micrographs of swollen resins



9 3 BOTE S - 2 2T 4 3R R (TR PR - T TBE G ) O v W K P Tl 1187

KA Y 0 AT, B T H A B/ 1 SO0 R B
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LRI i A 3R o S B 55 44 i A AR FH DG R I 2 4
FAEPENL R K EAFTER.
2.5 AWK IERERTR
2.5. 1 PR b 200N o Xof W K A 3R B i)

H 1 6l A1, BCW (1 3% a] DL = 0 7K A%
JIES B 0L RV 7K A5 83X — 5 THD AT BB ER T 4 K R
21T R 5RO (0 SR K MRS A, T DLW 51K 4y ik
AR TR, 55— 7 T 98 K 45 4k % A6 i vh ik
AR B A2 A 1E 5 k2% 22 65 MBA A TR] 1Y)
&, BCW 2 21 55 52 B 50 19 4E FH , {4544 i 75 WK
i 1 o R v 3R B R A ) 22 0 R AT i
15 43 B B T 1 A8 B FH X 8 7 B2 ik 3 R 1 HL A
AEXT 3¢ 55, DR G 3 Ah BE RE AT DL IR IR TR £ B
M:[IXZ.
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400

350

0 002 004 006 008 010
BCW (wi%)

Fig. 6 Swelling ratio of super-absorbent resins with various

BCW contents
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DRI A s e ) A T AT 4 2R ok S 2 B
T T KR 2R R 2 A TR R
2.5.2  WRR M K Bh 1 2T
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(A= BEER 7K ) e W K el 2. DA i £k 1
PRF IR B B (FE 8 F Ky 600 s 2

B7,0.9 wt% NaCl IR 1750 s ZHi) W /K
R, Z 5 M4 T 722, i B i W K 422 30 1
FL TS TE K B 7K 38 J A B AR K A ds 4 oK
0B R i R 54 A v 1 - 8 W KA S, X ] —
FURZR T, A2 75 8 0 40 K & 250 5% - i 12 7K B[]
JC & 5L . AR TR 25 8 F K th AR JiE 900 s BV Af
KBNS M B AE AR R K /T 22 2500 s
fiE 35 B i, BLAE AR 2R AR K rf ) S il K A% R
T/NTFAERE R R. XA g B 51 AR FH
BT AEM BB R & rh ™ Az — i el far B A A 45
K3 4 vy B e far 9 5 AT =2 ) A e HE S AR
A 55 , (AR R 47 5K 58 7 i 55 . e A1 B2 - ik
JEE ) 2 v Ao A5 A5 A0 R 1A R N 8 5 AT WA A rh
(19 5 735 15 TR IR AT, AT S i) g K ek g 020

a

600 - o——0 o o
o
500t /
L0
o
S 400 o
k= g—0~0 o o
= 300} o
£ yd
£ 200t o
0]
100 + —0- Without BCW
—Oo— With BCW
0 . . . ! ! L L ! !
0 200 400 600 800 100012001400160018002000
Time (s)
80
k o
70+ o/O/ o
ED 60 F O/
of)
S S50r
% /D/D\D—’D
§° 401 o /‘:‘
% 30+ o
B
20+
10 —O0—Without BCW
0 —O0—With BCW
0 500 1000 1500 2000 2500 3000 3500 4000
Time (s)

Fig. 7 Swelling kinetic curves of super-absorbent resins with
and without BCW in distilled water (a) and 0.9 wt% NaCl

solution (b)
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BACTERIAL CELLULOSE WHISKER/POLY (ACRYLIC ACID-co-ACRYLAMIDE )
SUPER-ABSORBENT COMPOSITE RESINS

Yang Huang, Dong-ping Sun
(School of Chemical Engineering, Nan Jing University of Science and Technology, Nanjing 210094 )

Abstract Bacterial cellulose whisker ( BCW ) with certain aspect ratio was fabricated by the method of
sulphuric acid hydrolysis. It exhibits outstanding monodispersion morphology as shown in the TEM
micrographs. The super-absorbent composite resins were prepared by graft copolymers of acrylic acid (AA)/
acrylamide (AM) and the hydrated bacterial cellulose whiskers (BCW ). The dose of crosslinking agent, free
radical initiator,and BCW content was optimized according to Box-Behnken central composite with three factors
and three levels response surface methodology. Furthermore, a regression model containing the three factors
mentioned above, was constructed where swelling ratio was regarded as the function and the factors as the
variables. Swelling behaviors indicated that the resin containing only 0. 05 wt% BCW showed the highest water
swelling ratio (SR) of 600 g+g ™', and also with a good performance in certain saline solution. SEM images
showed that the addition of BCW into the resin matrix increased the average-dimension of pores,making it as a
porous resin,which illustrated the reason why it may hold more water. FTIR spectroscopy showed that BCW
indeed existed in the network of poly(acrylic acid-co-acrylamide) matrix.

Keywords  Super-absorbent resin, Response surface methodology, Bacterial cellulose whiskers, Water

absorbency



