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Figure 1 FT-IR spectra (a) of the prepared hydrogels (BC/PVA, BC/PVA/APT, BC/PVA/GO, BC/PVA/GO/APT)
and (b) of their initial components; (c) schematic of formation hydrogen bond between the BC, PVA, GO and APT
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Figure 2 X-ray diffraction patterns of the prepared hydrogels (BC/PVA/GO/APT, BC/PVA/GO,
BC/PVA/APT and BC/PVA) and their initial components (BC, PVA, APT and GO)
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Figure 3 SEM for prepared hydrogels BC/PVA (a) and BC/PVA/GO/APT (b).

(The inset is the EDS spectrums, scale bar is 5 um). N, adsorption/desorption isotherms of the

prepared hydrogels BC/PVA (¢) and BC/PVA/GO/APT (d). (The inset is the corresponding pore size distributions)
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Figure 4 Thermal characteristics and swelling ratio of the prepared hydrogels BC/PVA/GO/APT,
BC/PVA/GO, BC/PVA/APT and BC/PVA based (a) TG, (b) DSC, in distilled water and 1% NaCl

solution (¢) and the effect of pH on the swelling ratio of the prepared hydrogels
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Figure 5 Adsorption kinetic of CR onto the prepared hydrogels at 30°C (a), 40°C (b) and 50°C;

the corresponding kinetic plots of Pseudo-first-order (d-f) and pseudo-second-order (h-j)

models for the adsorption of CR at 30, 40 and 50°C

JF AR FEMZEN ox AHEAEH .. B, BC/PVA/GO (W I 6E 7 bl pH (B A9 3% i B4, %+ F BC/
PVA/APT #1 BC/PVA/GO/APT,APT & S H AT L0 2.5, AN By pH £230 APT 197 £ L far
B 4 IE FLfap , K BERE A CR Z A A SR B s s IR 51 o B pH AR S Bt 1 S B 5 il i) /1 28 04 )25 1Y)
B o BT REW S MgOH Bl F A A-Z R4 59, 24 pH A 5] 9 BF, Mg® ' JE i (MgOH), Il iE
S BOUK B A U B RE T BRAIR . T 6 (b SR, CR VA0 1 VR X6 /K I W B RE T 2 . Bl CR
VSV ) 4 Wk BE N 50mg/ L 34 fin #] 250mg/L, /K &k & BC/PVA/GO/APT,BC/PVA/GO,BC/PVA/
APT F1 BC/PVA 1 W Bt 7% &t 43 %l )N 46. 42mg/g. 45. 82mg/g. 45. 68mg/g Fl 46.53mg/g 34 i #|
204. 71mg/g.190. 45mg/g.196. 28mg/g Fl 181. 53mg/g, X F a3 it & PR A7 Bf 2 B0 A1 1 40 1R vk I 1 A7
FETE Z2 WG PR A5, OF BB 8 1 5 MB 00 16 e BE B AE B . BB Ak 2 CR 40 b e B 45 e B s 2 B I
B AL B o A0 s A A R B W BEE IR B 5 e K BRI L K EE S BC/PVA/GO/APT R
T AW BERE T X VAT GO Fit APT (5] A4 A T 55 22 (0 2 K B AT AR 1 1 /K B8 e % CR O B B 1 1Y
Pt [ 6(e) R A R TR FT IS KB E BC/PVA Hil BC/PVA/GO/APT (& F . & 6(d) @Ry
SETERE I P R K BERE AT 150mg /L Y CR ¥ W0 B RS 9 B R DR Hh] DLV A8 b 0L 5% 31 BC/PV A/
GO/APT WL} 5 i i BH S AR 75 5 5 B

2.6.3  FRAE W B R AN ACEA 9 W RE 7 L 38 B R G AT A A R . R R AT 4R o RO B R
IRAS . PRt figp W R T A X 5 TR R ) A s i R AR R SR ARl 6 Ce) BT R L ik 3 IR S -
W BREATE A I i 45 1 7K B e BC/PV A/ GO/ APT {15 8K U457 5 e 19 W B 25 . b A 5 3B /K 8 Jie (BC/
PVA/GO.BC/PVA/APT FI BC/PVA) ML . K #E i BC/PVA/GO/APT 7R Hy K4 vl &2 ff F A
FaE k., Wik KEERE BC/PVA/GO/APT ] FIERA 2 JER A w5 % B W fF 55

2.6. 4 WP A5 U 4 T Al 3R T ey 5 W A SRR B A P O A O B s R R A R A 7 43 e 7 YRORE R
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Figure 6 The effect of pH (a) and initial concentration (b) on the CR adsorption ability of the prepared hydrogels;
preparation of hydrogels before drying and after drying image (c¢); the images of 150mg/L. CR solution before and after
adsorption by the prepared different hydrogels (d) and the reusability of the prepared hydrogels for CR adsorption (e)

(i1 AH =22 18] 43 A T 25 W B 38 21 S i AR S . R, 6 BT Freundlich, Temin Al Langmuir #& #1000
Hy AT .

LogQ. =logKr + 1/nlogC, (4a)
Q. =RT/br(logK ; + logC,) (4b)
C./Q. =C./Quux +1/K Quix (4¢)

K. C. (mg/L) Q. (mg/g) 73 5l & W BE - i J5 CR 35 ¥ (4 e B 70 -F 4 e B 45 45 Ke ((mg/g) (L/
mg) ") Ml 1/n J& 545 4 8 WL B 98 B2 AH < 19 Freundlich # 0 R 2 S MH [ 8. 314]/(mol « KD ], K ¢
(L/@) B VA 45 & W8 0 (J/moD) 5 A 5% 5 Qe (mg/g) JE L Z e KRB 3 A8 05 Ko (L/ ) 2l id 7
BRI S S5 A0S X A Langmuir %%, Langmuir S8R 8 AY () — > T TR 2 8 3 T & MW HUE
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Table 1 Kinetic parameters of the pseudo-first-order and pseudo-second-order kinetic models for

CR adsorption of the prepared composite hydrogels

Qeoxp/ WE— 2 3h 71 % W — 9 gh 12
A KB
(mg/g) R? Qe.cl (mg/g) ki (min~1) R? Qe.cal (mg/g) ky(g/(gemin~ 1))

30°C
BC/PVA/GO/APT 173. 2694 0.9970 176. 3430 0.0458 0. 5293 176. 8760 2.27X10°1
BC/PVA/GO 156. 8662 0.9958 152. 7185 0. 0450 0.5944 159. 3673 2.88 X101
BC/PVA/APT 164. 8274 0.9832 159. 5576 0.0503 0. 6815 168. 4197 2.69x10¢
BC/PVA 134. 2569 0.9922 137.1053 0.0481 0.7167 133. 7701 6.35X 104

40°C
BC/PVA/GO/APT 156. 2286 0.9909 154. 6977 0. 0509 0.7622 156. 6718 3.66X10*
BC/PVA/GO 134. 1664 0.9708 136.5702 0.0453 0.8073 135. 0382 4.35X10 ¢
BC/PVA/APT 146. 0714 0.9905 150. 6001 0.0418 0.7819 145. 8364 3.94X10*
BC/PVA 119. 9827 0.9849 125. 0292 0. 0449 0.8011 119. 9357 5.84X 101

50°C
BC/PVA/GO/APT 146. 2309 0.9921 143. 4340 0.0348 0. 6557 147.5301 2.06 X110
BC/PVA/GO 121. 4055 0. 9980 121. 3622 0.0325 0. 8330 119. 9200 2.91X10¢
BC/PVA/APT 124. 6023 0.9917 124. 3468 0.0362 0.7229 123. 4603 3.04X10°4
BC/PVA 95. 6 0.9937 99.1184 0.0329 0.9328 94. 0492 4.72X104

IRF B (RO SEA A H )y BT -
R, =1/1+K,C, 4d)

K Co(mg/g) 2 CRIFWII WA WL s R, 2 5 WM B A R R bR . AR 0<<R <1, WM Fif A ) R .
=1, R MEWRE s R, =1, RFIWEFE s R, =0, W BHE A RT3 A9 . N3k 2 FTR , AP BR W B 250mg/g A foil
K&k BC/PVA/GO/APT .BC/PVA/GO.BC/PVA/APT 1 BC/PVA B R, {H4r %4 0.1036.,0. 0797,
0. 0881 A1 0. 0742, 3k F WM B 2 A Ay . Temkin AR A G E R* =0. 96 , 2 B B i 7 Wi B o 2 i
EHEEHY!, Freundlich A R? & T Temkin 1 Langmuir (4 R? {H , [8 itk Freundlich 45 5 4% 1 fiE
S5 PR A AR O B R . A Freundlich 40 1/n<<0. 6., 33X 22 W B 25 5 64T

x2 CRERMESEAKER ENUSRHERSH

Table 2 Adsorption isotherm fitting parameters for the adsorption of CR on the prepared composite hydrogels

B A KGR BC/PVA/GO/APT BC/PVA/GO BC/PVA/APT BC/PVA

Langmuir model

Quax(mg/g) 301. 6548 218.5548 254. 1735 205.7963
K (L/mg) 0. 0346 0.0462 0. 0414 0. 0499
R? 0.9784 0.9913 0.9768 0. 9709

Freundlich model

Kr(mg/g) (L/mg)V/n 21.2168 23.7289 19. 8219 25.9676
1/n 0.5676 0. 4665 0.5622 0.4351
R? 0.9993 0.9999 0.9992 0.9993

Temkin model

B (J/moD 44.1532 56. 7432 45. 3034 61.5191
Kr(L/g 0. 4877 0.5621 0. 4377 0. 6901
R? 0. 9747 0.9919 0.9733 0. 9685
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2.6.5 ATHWFFIREX WM SR Zm, Z2 T HM N FESR AR K, FriiE S A0 8 HEEAGY) .
Y& (AH ) AR (ASO B 284k, L B F .

K,=Q./C. (5a)
AG® =—RTlogK, (5b)
logKk, =AS°/R —AH°/RT (5¢)

XL C(mg/1D M Q. (mg/ ) 73 5 & W BiE A J5 CR O W 04 e B2 R F- i 0 B 2 s RO UM W 8L
[8.314]/(mol«K) J5 T (K) 2 Xt BE . THF ARG RIS 803 3. i AH 32 B0 B A o i A
F T AR AS® 3 B IR R S50 R 50 0 CR I 9 2 ) ST Ak B BE LR AR . B AG® R 20 R
FIv 51 A2 B AR 498 2 B % RS ) B S BRI D20 B BB 4 0 PR A DN B RS R G SR A TR N . X
— G RAFGINT A e, AN B IR E N 303K BEINF] 323K, AG® H R 1 B ) A Y B AR
A, 3 F IR FAR (0 I BT IR B SE DR L O LA M R T X SR B L W M Bl 0 2 A AT A R 2

®3 CREBRMEEAKERLNNEHRNFESH

Table 3 Thermodynamic fitting parameters of the prepared composite hydrogels for CR adsorption process

AG° (k]/mol) AHY ASO
A KB R?
303k 313k 323k (kJ/mol) (kJ/moD)
BC/PVA/GO/APT —4710. 7089 —3312. 5764 —2687. 9807 —35498. 9602 —101. 9595 0.9976
BC/PVA/GO —3254. 0398 —1853. 5814 —1168. 2535 —34988. 3728 —105. 0502 0.9947
BC/PVA/APT —3893. 0680 —2594. 2438 —1349. 6473 —42453. 9936 —127. 2287 0. 9999
BC/PVA —1799. 5611 —1054. 7035 —236.5796 —32571. 4175 —101. 2256 0. 9892
3 ik

A 3 R B R RS PR i 4 T A K BRIE BC/PVA/GO/APT., % & £ 7K Bk AT A 22 B WIS
ZLYLHE(204. T1mg/g) . FTIR Al XRD (437 8], BC.PVA GO #l APT Z [a]JE i 1 &0 LA K s A 5
fER . SEM.BET.TG 1 DSC (45 58228 ,GO 1 APT [5] ARG T /K EER R e 2 H R R 48 5 T
TRBE I AR E PR . W B Bl g 2 R W B A O 2 3 T, W B S R A ME — K Eh ) B (R? > 0. 98) Al
Freundlich(R*>>0. 99) S ALY . #8245 B o o W B ot B 02 1 1 OB ) A D B . 7K B e X CR
(4 2% BR BE 1 32 00 b Wk B p L RITIER B2 14 52 ey JFC O BEE AL o) 2 B R PR . e Ab L A I K B 28 3 IR iR
W -1 B 2R )5 A B AP CR £BRfE . Ik, B A /KEEE BC/PVA/GO/APT 4 3 F1E BR 1 Y
b 7K A B A B AR AR B AR B I BRE R
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Studies on Preparation of Enhanced Bacterial Cellulose/Polyvinyl
Alcohol Hydrogels

JIAO Cai-zhen', DING Ling’, CHEN Xin', ZHANG Ji'" **
(1.College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730070, China;
2.Bioactive Products Engineering Research Center for Gansu Distinctive Plants, Northwest Normal

University, Lanzhou 730070, China)

Abstract: Bacterial cellulose-based hydrogels are considered to have potential applications in wastewater treatment
owing to their loose porous and environmental friendliness. In this research, we utillize the graphene oxide and the
attapulgite to enhance the adsorption performance of bacterial cellulose/polyvinyl alcohol composite hydrogel, and have
tested it with the dye congo red (CR) as an example. The FTIR, XRD, SEM, BET and TG-DSC analysis results indicate
that after the enhanced hydrogel has better hydrophilicity, larger specific surface area and good thermal stability. In the
adsorption tests, we find the adsorption exhibited a pseudo-first-order kinetics and Freundich isothermal. The enhanced
hydrogel has a better swelling property and thus higher adsorption capacity, especially under acidic conditions. In addition,
the prepared hydrogels show reusability for the efficient removal of CR. Consequently. our hydrogels are expected to be
used as adsorbents in acid dye wastewater treatment.

Key words: Bacterial cellulose; Polyinyl alcohol; Graphite oxide; Attapulgite; Adsorption; Congo red
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