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B ORM—FEE RIS TR R T IR B A A SR BEIR T T K B AL L e A W T A

I (BSA) FERME(CS) BB AR (DNA) 5 48 A B0 (GO) JHiR, B 4 2T8 KBRS , B Ja o T1%
BN AR/ A A SR AR B R R BE R 7 AR GO A T AN A AT A2 TR I 1 2H 2
G 5 T HL A 27 R TVl S B PN S T 1) = 4k 2 LB i S R TR R T R R R . 4T
AMCTEUERA T AE 4 5 00 ORI 5 3838 T BRI 45 vh . SR 5 K62 52 G I FH 1 PH S 7 el %) W, e e 512 5
T XA Wy 55 53 T/ 48 A B0 5 G BRI K B 8 1 Ak A AR Ay e B 205 SR Tl st o BT 88 7 T o 73 1k
ST —RE MWL B RE . BT T W BRERSFa] , A0 df i B, pL {1058 Ko 6 g T A2k AR R ), - 55 T 5 A ) i TR
FF AR T GO-BSA ,GO-CS Fll GO-DNA ¥ e X 37 FH 3L 15 (MB ) W B 1) 3 7 24 e B 2 R =X 22 B 3l
UG R T A B E A B MB & & s S # R Langmuir SRR, X5 MB 4> F 2
BAYF R, W BRI S LB, R AR N L

KGR RUILTTRG, WA T, B, R, ki

AT 80 (GO) MR — Rl BT TR %A, H
AR HEER BN ARk 5 R RER, & — PP A
P e O B R0, I EL AT LA el 5 ) A i o 22 Ao
ez Al & (HOR el |k o S A T
RIS UL, 0 BH S 5 GRS A 1 BR A S B 1 H
RO ME LSRG Y. TSR A SRR K o O
SRR 0o B, D A A R Y
S ML [ E AR B R AR S T s AN el
6T H A2 Al AT A SR A AT S K X PR3 i
R TS g AR IS R R A A 820 5 R
RO RSB AW AT IR LUK A
T il w3 I A A A SRR BRE IR A FR AR T AT A £ 25
M AEKSETT A T AT 4 fioh 14 L 3 T AR K AR
TEEE RN, D B AN AR A, AR
ATEBIGAPAE R TR LR B8 R iR LA B 4
HEPE AR A W 2 B S B AL A BRI R A R
ARAGENZ AN PRI — i TS Al A
KB Sy il 7, xR, ELRE RS BRIAEE TS )
RIS RS FRUARAT Tl B FH A 1L

AW oy TAELE A R R 2 0GB BRI
F G SR SRR R H AR AR B A ] g AT

MNELA 7 SR 1 200 7% 81 20 At A = 4 L2 41
MERE. Z 2V A ARG K, Y& 01 B
SR A ROR S AR B 2 ST X e A
O T2 A B AT 5 1) £ D RE A Bk 2
MERIOE B AR A 2R FRATGE S 9T T AR
MIKSCHR R, Z R E A" DNAM
S W i 43 T DL A A sl S s G T sk
AT B AL S5 R, 2 S K A s
T A A A BB RO BB R P T
T 1 590 B 5 F AR A5 20 S K DL 2 AR ME S5 1
YT Z AR KR T H5 40 A
FUIAR AR, Rk T A A SR 14 A W T
BB W1 BRI S R Y A T A e s R
87 A I Al S e , P T LA = A RAR G A, B
ZAL BRI AR G M R BT
SN B A DNA Y TE MDA
W) 5 48 A A SRR EAT 1 AR R A = Yk
B8, FLBEI AT A A BRI A W B B, SO
IR T R AR AR A O HLRE AN o
FRRE AT G TC T AW 4 T A B
ST BRI g — P REAIE S5 9 397 R B 590, 675
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1.1 EFEiLH

% i 41 2% ( Graphite, Sigma-Aldrich) ; HEP: i
FXUEE DNA (XT84 5 x 10°, Yuki Fine
Chemical Co. (Tokyo, Japan). ) ; H#EH (BSA, #H
X4rFE R 6.5 x 10*, Sigma Chemical Co. ) 5¢
FHE(CCS, 4T R 2.5 x 107, BaThz T 5
FBRAT) 2w (MB) 3R (MV) 1k
B (PbCL) Al R 5% (Cd (NO,),) A4 5 (Cu
(Cl),) , (Brdr TIRFIARRAF]).
1.2 ShAaEHENHEE

SAAAT BN (GO) Ayl &R FH LB A1 38
JEURE B J5 B Hummers J7 36170 78 vKK 1 v 3
BOUF (BB, I 150 mL AR BRIR , B HE T
A5 ¢ FBBHI3.75 o GSFREN, T4 IR 18
A 20 g FERIRAT (KMnO, ) , SerEvkok s iR & 1
FE2 h EERR FHiHE 3 KOARE, Z1EmA
500 mL 1Y X B K IR GRS, A 15 mL 3
UK (30 wt% ) 38 J5a% BA (A S8 AL, A A S 5
WO, FEENA L L 10% (%) HCL 53, 98O
Bk 2 A A B8 0 TP R, LA 258 T K VR bR
FIHP R N4 B . R KR B A Ak
AV BRIV RO 25 B FKGENT 1 A AR K5k A 1k
FIFR.
1.3 £¥UESF/ SUABEESRKNA&

PRI 4 ¢ AR (BSA) T 20 mL i £ 51
AR BERE 12 h BT A5 5 i ECk 20% (5
200 mg/mL [ BSA ¥ SRS TERA 4 g WRIE
h'S mg/ml W AAT B8 (GO) Ve 4 V1) B 35 )i
FOIILA 0. 3 mL 1) BSA ¥, HHE 2 min DUE BEE
J. B JE Wi E 12 h, i 44 oA GO-BSA, i J& K /K B
TR .

FREL 0. 4 g 55 B HH (CS) F1 DNA 43 5% T 20
mL A2 B FoK o, BEFE 12 h B AT 43550 i 45 5
IBCH 2% BEEE N 20 mg/mL B CS I DNA %
W R, 3 R 4 ¢ BN 5 mg/mL B4
A1 305 (GO) WA W M BB A 0.4 mL 1Y
CS M 1 mL 9 DNA ¥, $5FE 2 min DUE AL
BEMC. JeJE #RE 12 h, 20 3lar 44 4 GO-CS Fil GO-
DNA , fJm B K BE IS R 155 .

PR 5 mg/mL (19 5 A0 A 250 B0 kAT
R TBAE S LR

1.4 £¥EfTF/ SUAEHEFERNERILER
e

B AR 4 2T 6 (FTIR ) Y63 1 2048 651X
( Nicolet 560, America) 3K 5. i F J1 & il 5%
(AFM) EIG A FH 3 45 4 5 8 3088 (SPM) R 48
(Bruker, USA) 135, #£ i 1Y) = 48 A58 1 5 & 51
45 i T 5 W% ( FE-SEM, FEI Sirion-200, USA)
A5, & e ke 2% 1 ALK - Brunauer-Emmett-
Teller ( BET) %0 W B J 32 I . = 48 B¢ e ) 7K
IYEUAR R ozeta HEL AT 98 K R BE 43 BT AX
( Zetasizer ZS90, Malvern Instruments Ltd, UK) Jill
. WSO RO Bl FH 28 41 AT 3L (UV -
1750, Shimadzu Co. , Ltd, Japan) .
1.5 AYefF/ SHAERESRKMKITE
Ab3E
1.5.1  PHEF Yk psegm

¥ GO . GO-BSA .GO-CS ,GO-DNA #EE (4% 1
mg, TH) LA E] 20 mL ¥ 4 100 wmol/L Y
MB /KR, IR T T8 3R . 2R 5 FEAS ]
[ ) B X MB35 VR 2R AT BURE | 4R A0l 6
A3 5I7E 631 nm AR 02 HR G , R4 LA
AR HAS [ B[R] A5 A VR B (A IR B ()

q = (cg=¢)V/m (1)

K, e Bl e, 43 3R ok F AR WP (mg - L")
FRIA0 L e BEE R 22 3k 1] 0 i 3 380 1 4 10 dip 2R Uk
B,V RIRIARFR (L) ,m B TR BB (o).
e P~ A6 2 56 i i) e W B it 245 51
1.5.2 W03 e ot W A %) 5 i

¥ 1mg 9 GO.GO-BSA . GO-CS . GO-DNA #E
i () IAE] 20 mL ¥ JE 53514 50,100,150,
1200 pmol/L MB ¥, 2 I T #4718 k3%
Wz EFI 58 A0 A M BE I e WA o A8 G i vk
JE.
1.5.3  pH XF W B A4 52

TE HC1 F1 NaOH 3 95 FECHIH pH 2 3 .5,
9 .11 [ 100 wmol/L MB ¥ ¥, W B i 21 - )5
FE IR S A SRR AR R B BT ANt
A0 PR R 8 YA ST )
1.5.4  PHESFURL iU T 5255

PEHOHF 100 pumol /T MB 5 13 21 W - 45 fei
FRE A T A O S, SRR AT 2 W BRI 5
WEHEATINK , SR 5 40 i A E] pH R 2 By ER IR I
WATC/K ZEd P2 min R EAS. 24 h J5
FHEAM G RE T 5 7 0Ok B, 9K J5 FEO8R P Y
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VAR ) A ) B B R R A WROR L, e AT
3K, HEIR g 4. R (R,) I F 230t
C

R, = % x 100% (2)

K, n W RRRBE RN W ) MB YR n, TR
B S50 R 6T MBI B . LR R R
3 UKL B S5 2
1.5.5  SEREPEM Y SL 5

J T WAy T B A B A IR
A B BT, AT T35 T A AN ) F i AN [) 3%
fif B B YLk A S 9 b TP A T, B4
FE(MV) WIERLL(CR, i) & FH] B(RhB,
pH 29 7.0 By PES>1) XU A(BPA,AEES¥)
AR (p-NP, AEBS ). SH{TH XS MB 44k
e o6 5 3 — 35, 43 0 B A b i A # 20 mlL 100
wmol/L A4 PR (pH =7.0) e 2 IR T 18 5
PR 48 h Ik B0 B, B 58 Ao e e T
FE R TE .

2 #RE5iTiR

2.1 BRIy

W o B A A BRI EE I 2 B A A A
TS ROR AR ) s 3 I W R SR U &
GHERE, N NR G RGN, A 8806 )= A
fen o TR o U YOAEAE ) - SRR AT = 4
F2H 256 3 W8 57 BV 2 2 i 2 1 T AR R
W, A=W i AR R SRR A8 (e 3 A Ak A
I EERE T . X T4 7 FL Y DNA (BSA, H T3
T o R AR R R R R B A RN — LB g K KR
VAT, DR ot 0B A K A 2 2 R B AT T
M IEFLAY CS T2 2 A A8 AT L5 20 b i 5 |
A B R B S e B AR R 5] O A
HE(CS i R R ) & FZE B AL ). X
il 25 5 530 GO-CS HA B IR 1 3CBK 7, X o S 35
JE ()l At R T CS VIR (8 mg) L BSA
(60 mg) FIl DNA (20 mg) />3 Z A JEA.
2.2 E¥SHF/ EUAEHERKIRIE

B 1 (a) MY &5 T B SR I EEIE 0B
RN BH 25 —F sk W B ) s B R Qi 1 (b) B

TN, F B A B R i Y B BB B ok, AR oy
T/ A BRI 1L AN B IE B S BEIR
b, sl g A A S I T R A B i B vk 18 1
(c) R BRI = B LTI AFM
EIE, 7 — L4 48 1 A A S 0 B2 T R
297 0. 83 nm, Ky UE T A A0 A7 8506 19 B2 4
SEG. W oy AR A RS 8 0 S Y
flaAe ) - IR DL R I EAE R A R B A A
SR )= SR EA — e Bl 1(e) |
L(E) AL (g) R T RO EE R i N IO 2544 1)
A L B RIS, 2B SRR B R B ) — 4
Z AL L8 Z54 , FLAR S FEIFE JLCK B L H ok Z
(], FLUBE Fh 3E RN SR 1 SR A A B0 T e 2 AR
WA oy TS A BIE R R A EAER A
R ZFLINAR 5 A B AL T Py BEACHK 5. SEM B4
ok & B S i A 1 v s R A A SRR T A
RIS, R & o T8 A A B0 a2
RIS AT ) B I R S 1 FL B R LA
B39 HGE 2o, 306 T AR K AR D T 4 0
HE B RFEZENEH. X TS ke, ik 1(d) B
IR B B B A B R R
S5, IE AR R B S ) SRR E B FLITA) . B
1yt R AR ] BET AW 5 ik 47 1 9T,
45 0L R T A B BE I Y LR TH BN 50 m®/g A2
4,60 LR ALK 53 m* /g, 1] GO-BSA A%
46 m*/g, ATRESTR AR BSA B EZH K.

BAEER LA GG R AE (FTIR ) i — 2
INT AW 7/ S e e 4 20 i o). Ak
WL AN EREERIINE 2 fiR, B R Y 2 H I3
FEl#£ 900 %] 1500 cm ™' Y22 8], 4% C—O (v (C—
0),1060 cm™) ,C—0—C (v (C—0—C), 1250
em ™) .C—OH (v (C—OH) , 1365 em ") , A LR
R AR FH A C=0(v(C=0),1720 cm ") ",
MAE Ay PG, T BSA \DNA Al CS 431
Pk i Bt —NH— R i 45 R 301, 1 1640 em ™" 401
T B A BTG hN L T GO-DNA F1 GO-CS 43 FH iy
BEER (C—OH) 3L 1060 em ~' 4b By W4 (R 14 A,
C—O0—C 1 C—N MY griRZNIEAE 1240 cm ™' 38
T 2T AT X 3k BEAF AR G (1) S0 AT T DAIA A= 9
o TR T R e B R e AR

Table 1 Zeta potentials for GO sponge and GO-biopolymer gels *

Samples GO sponge

GO-BSA GO-CS GO-DNA

Zeta potential in D. I. water (mV) -38.2+2.5

-25.4+1.2

-28.9+0.9 -37.8+2.5

# The tests were carried out in D. 1. water.
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Fig. 1 (a) Approach for constructing the 3D GO-biopolymers gels; (b) Photograph of GO concentrated solution (left) and GO-

biopolymer gels; (c¢) AFM images for GO on freshly cleaved mica; FE-SEM images of the lyophilized GO sponge (d), GO-BSA
gel (e), GO-CS gel (f) and GO-DNA gel (g)

Transmittance (%)

1240
1640, 1060

4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm ™)

Fig. 2 FTIR spectra for GO, GO-BSA, GO-CS and GO-DNA
gels

2 1 53 5)J& GO ,GO-BSA .GO-DNA F1 GO-CS
LB RIS zeta HLOME. 1 P8GR
3 YN S S S5 5RO bR e 2 FE R
F0. 1 mg/mL. A Ak 880 A fe i i S L7, i
A B TR A SRR T A W i o TR

o, ATEUEA — & AR, 1Ak, v LUE 1 GO-
DNA f4 i B S {f L GO-BSA Hil GO-CS B, X J2
K24 DNA 23 F-55E4 (1) 5 B fnf e 22, 1 BSA B AF
B, CS 7 1E HE il 40 fk o B 0 2 T ) 70 Pl o o
/D[R] At S O B 5 A 4 GO-DNA.
2.3 AYIESF/AEHERX MB £5H4Y
JB By R B

H 1R L 2% T RRURT O 3 AL B, mT LA
AW oy A A SR I EE RO Yk T B R
o P B S 3 A e o SR A A BRI AR
MB 1) 1 B S 565, 45 1 2 R 8 f EF 10 25 k1% 5 A
M A& 3 (a) AR, B 3 (b) SR BEE X MB 45
W B8 B 22 I R 5CH . 45 S R BEI 6T MB
(R BB AE 1000 min LA PA 52 B I 25 16 K 1
1M 1000 min PAJS W RRFE F 38 K 208 | 32 BT
B Aot e 2 1) T 5 M T B R 6T MIB 14 % o
1E 6 KJ5 58 415 3|14 , GO-BSA ,GO-CS #l GO-
DNA Xf MB 4P W B £ (g, ) 2051 Ol 434 675
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701 mg/g. 5 ULIERT , MFRFA AL A B0 X MB (1) °F
Ha W B 709 me/g, AR E L AE Y /R
PR B0 52 5 e T W A R, L2 LA A 2%
PE R AT [N R K 5 . A BRI A
LR EL AL B 1Y zeta HLOSEAE, T LAWK BT 6 )
Sl AR o F B A BRI BT AR HE R
ZHERTIEZE ) BH B R 6 90 R R o AR 22
I B 2 e FL I 5 R S A 4 T 2 . T
HBE R AT LU Y, GO-DNA X MB ) 1 Jh 33 %
FI i 4 Fb GO-CS Al GO-BSA K, X J& i F
GO-DNA 1 zeta £ HL07 Hb 53 AN R A= 90 1 437 410
B A R S AT L 3 g B B SR
N BN R ST 3 = (| PR SR g R e WA
P Bt AT RIZUEFE , W i B2 7 12 b S5 BT
K B

800

700 o GO-BSA ;
600 L 4 GO-Cs ; ¢

S ol

500 |
400 | LS T 5 i
300 85 4
200 "t
100 | 'ag

0F w

-100

Adsorption capacity (mg/g)

0 1000 2000 3000 4000
Time (min)

800+ b
700
600
500
400
300}
200}
100}

GO

B GO-BSA
I GO-CS
il GO-DNA

Adsorption amount (mg/g)

MB MV CR RhB  BPA  pNP

Fig. 3 (a) Time-dependent adsorbed amount per unit mass of

MB; (b) adsorption data of GO and GO gele at equilibrium

BEA, p TS A Ay S8 0 e J= R A 1 97
ey {5 A= 0y ve 1 A A A B M BB B X P 5 1~ ekt
HATRE W M BE 0. O 1 ik — 20 i HL ik
FEM BT, AT BT A [] R iy A R 8 A 2 4
AL A 73 a0 1 % T 2R 4T W B 3, 552
BB R N IZE S BER NIZRZL (CR, fH) B9

R 4R T 100 mg/g % £+ B(RhB,pH 24 7.0
B R4 F) 200 60 mg/g XL A ( BPA, JEE
F) YR 80 mg/g, XFHFEN (p-NP, JEE ) LT
60 mg/g. W FFHAG 25 S mT DL S A Y A
T/ A BRI T B 2 7 G kL MB 11 W B
AR =5, TS At 4y 5 %) W B S AR 5 IR, 156 B 3X
TR IR BH 2 G4 AA Boim 1y 3 £ B 62 7, 1R
At XoF B 25— A AR B 4 ot AT — Y I B e
7.
2.4 HGAR FE Xt R Bff A 54 i

AW o/ B A AT B I B S X AN [R) 490 i e
JE MBI B h 2 o3 22 w7 4, 20 h6
el N 50,100, 150,200 pwmol/L i, GO-DNA %}
MB A W FfF 43 51 368. 22, 721. 30, 1098. 98,
1199. 17 mg/ g, Ui BH BE IS 1) W B 22 il 25 400 U ok
%) S8 I 3 I 3 2 B Ok v B vk BE AT DA
MB 439 10k A 24 i 53 1/ S A 58 0 e
JBE AR AL 2.
2.5 pH EXIIR A0

MB 43F 9% A= 9 5 43 1/ B A A 580 B s W
B PRI S H I 5 | R - A R A X P [ A
FH T pH B SR 25 5 | R ¥ 15 2% T8 F ey 43 A A
H i 9 JBE T 728 A, DA T 6 % Bt A o b 3 2 k.
5 S pH (E-5 W2 B R & pH {EHHY
T, A=W s o1 BA A R R A AR A A B X
UL W B R o 25 B, JF BAE Y 4y
T/ BRI B BN BRI pH BUSE. 7
pH {EARAGHS, H ¥ B AR B v , H Y 570 IE HL Y
MB 73 FIE a4 W B G &, H 8 bk SR T 1Y 72
FEFRFALTE B—OH, * LA, Wi 5 250 s HE w1
FH A MB 43422 fioh 21 052 i 5] £ ] P AR I
2 pH fETF & 5, H v BE /0N, 72 3k B B 08 A%
—O " KL R TS IEM ,HY 5 MB 1
) S P U 55, JUT AT B o 8 3 1 -
2.6 EYIESF/ESUAEHER MB i
MRz Bft

R B SI2 36 2 AE pH = 2 0 R R VA VB FN 2 T
VSR EA T AN R il R UK ) i T SR T B 4
WRTER 2 T, GO IR & BV W P 5 — Ik
X MB BN R530 RA 49. 77% F150. 46% . 9%
1M GO-DNA TEERIR | LWV W h X MB35 — K
ff W R 5 I8 94.59% , 98.67% 5 GO-CS 43 il
98.23% , 97.67% ; GO-BSA M| & 95.49% ,
97.09% . 3X 3 FlvAE W) i 53/ E AL A 28 0 BE I 1Y)
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1000} < 100 ol 800F
= * 150 umol/L 700 -
ERR 4200 umol/L ®
E W 600}
z : £
S 600t T 2 £ 500}
=y i
§ 400 + I:é‘ ¢ ! ;?;“400-
2 L R 5300
2 200p g e £ 200} —GO
Z i Z —— GO-BSA
a f GO-BSA < 100} ——GO-CS
e ; : : : + GO-DNA
0 1000 2000 3000 4000 0 . . . . . . . " .
Time (min) 2 3 4 5 6 7 8 9 10 11 12
pH
1000+ * 50 wmol/L i - )
o * 100 pmol/L Fig. 5 Effect of pH values on the adsorption of MB for
g go0l 4 10 ﬁg{g{j{ i GO, GO-DNA, GO-CS and GO-BSA gels
2 i i The pH values for MB are 3, 5, 7, 9 and 11, respectively.
£ 600} L1 ;&
N L Y *® YT A RERASE 10 [ 5 7 SR A R B I I
§ f‘. e e e . W o B A A SRR B 4 HIAE pH =2 1R
172} ] - 8 Ve N VRN T N LN ) —1 1 =]
2200 e R VA YRR L T VR HHEA T 2 A0 R AR S ST 365 (R (1 1
4 N N ‘ M2 3 SR
kb & 99 2, 36 FLTE L 10 1, BRI FH S S0 e 2 A 0.
O e 3000400 JFE IR TR VA TR 2 VAL, T 25 S A L5 51
: W A o F AR . S5 SRR A& oy
oo e B F Pt T AR AR RS, D B =
S sool 230wl g5 ¢ FUAT B T AL B A
z R p 2.7 WMEHNEHRE
S 600 B B 2 A re~a — ft 7l ) RLEY
g 5t T R T RGBSR B TR Y
= e W — A1) H-
YT e e SR R R B LR P 3 R S 3l 2 A
: T - ‘ ». A=y » — ALY
00l 4,4 HEATHE, B T4 B — S8 1% )5 72 ( pseudo-
b S . . o = w )
< oke § GO-DNA first-order equation ), —. 2% 8l J1 2% J5 #£ ( pseudo-
0 1000 2000 3000 4000 second-order equation ) Al ki F N ¥ L H &
Time (min) (intraparticle diffusion equation) , Xf N 7 FEAN T .
I L (=]
Fig. 4 Effect of initial concentrations of MB on the 2.7.1 ﬁ&Zijj%j:T*I

adsorption capacities for GO-BSA (a), GO-CS (b) and GO-
DNA (c¢)

SR I LF- B F) 100% , KK T A8k A 2
5 T 207 PO A TR 3. 245 TR 3 Y X SR o VR I 2% et
PR UEE M, AL a S mi s EiE A
VR BEFAL. Sk T 6 TIE e i R B el AR e, A= v

In(q, - ¢q,) =1Ing, - Kt (3)

K, g, & MB 7 ¢ B 20 B W2 B B (mg/g) | g, A
A B (me/g) 5 k, — 2Bl J124 T R B

TR T A X S 8 & 3 v TR, GO-

BSA .GO-CS .GO-DNA X} MB 1Y W fi 4004 — 2 5h

F12E T A S R B () 4351k 0.913.,0. 977 ,

0. 963 , P A Bt £ (g, ) B ERI A 43 310 409. 73

Table 2 The desorption ratios of the adsorbed MB in HCI aqueous solutions and ethanol solutions ( EtOH)

Repeated times 1 | I 1 I 1
GO-biopolymer gels HCI HCI HCl1 EtOH EtOH EtOH
GO 35.45% 10.23% 4.09% 41.23% 8.34% 0.89%
GO-BSA 61.22% 23.17% 11.11% 81.58% 11.23% 4.28%
GO-CS 59.84% 24. 64% 13.73% 80. 11% 16.22% 1.33%
GO-DNA 61.18% 23.13% 10.27% 85.01% 12.41% 1.26%
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608. 02 ,621. 11 mg/g, X S5 Hi R W] — 5 1 5

BRI B SEBRE R A RAE W&

Table 3 The parameters of pseudo-first-order model and pseudo-second-order model for the adsorption of MB by the GO-biopolymer gels

Pseudo-first-order

Pseudo-second-order

GO-biopolymer gels

Qe (exp) (ME/2) e (ca) (Mg/2) r k, (g/mg+-min) e (cat) (M) ?
GO-BSA 504. 06 409. 73 0.913 5.83x10°° 416. 67 0. 988
GO-CS 705. 20 608. 02 0.977 3.32x10°° 588.24 0. 958
GO-DNA 721. 30 621.11 0.963 2.02%x10°° 714.29 0. 966
2.7.2 ZHh i (mg/g), q 098 LUNHT TR,
AN U (4) IR A XVERI TS 315% 4 Pk Y 8BS
9, Kyq. q. B R E Ay T A AT BRI I B ¢

Kk, R BN I R E AL q, g, B SN
HI A,

SiEU /NS ARG R R I E =y IR N S g N
ky F1 g WM, NFR 3 ] AH R4 () B4z
0.99, BEWIZE R 5 0 ah 12 kw4 JF A
P IR B A BB AE (g, ) S SRR H B T
JITLAAE s -/ S A AT S0 BE 6T MIB ) 1
TG s Sl
2.7.3 BF N BT

q, = K,t"? + C (5)
ke R T N HORE AL B 8, € 2 S A

T, UL FYZBERS Tk 7 N8 A i 21y
N3 3 DA, B IR P RO 2 I — s o i
RS MR () K2/l 1 0.99,%
X MB (0 W B =I5 38 A P T BB A, 3 B
ARTR] AR AR 238 T K 7 W 3o 2 1) AN [l 4 A 7
S BN K ALBRY B, B E AR H A B A 2
TR BOERL TN YR, MB 43 Tk AR T NS AL
B 5 EH R, BB RN (K, < k) 55
=B BN 5 AR ER o T RO AR T
W6 320 T 2 810 . DT Ak R T 300 e R O 3 R s il
TR LB Y B, 1 S0 kT N L

Table 4 The parameters of intraparticle diffusion model for the adsorption of MB by the GO-biopolymer gels

GO-biopolymer . Step | Step 1l Step I
C(mg/g)
gels ky (mg/g-min'?) r? ky (mg/g-min'"?) r,? ky (mg/g-min'"?) ry?
GO-BSA -11.07 9.38 0.993 6.17 0.992 2.57 0.931
GO-CS 9.78 9.92 0.988 8. 10 0.983 5.29 0. 987
GO-DNA —-48.98 15.23 0. 989 13.22 0. 991 5. 65 0. 984
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Table 5 The parameters of Langmuir and Freundlich isotherms for the adsorption of MB by the GO-biopolymer gels

' Langmuir Freundlich
CO-blopeymer gels ) ko (L/mg) n? " ke (V) e
GO-BSA 714.29 0. 39 0. 987 5.29 5.78 0. 988
GO-CS 1250 0.73 0.996 3.36 6.27 0. 988
GO-DNA 1111.12 1.8 0. 999 3.38 6.37 0.961
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Fig. 6 (a) Langmuir adsorption isotherm of MB onto GO-
biopolymer gels and (b) Freundlich adsorption isotherm of

MB onto GO-biopolymer gels
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Adsorption of Cationic Dyes by Biopolymers Mediated Graphene Oxide Gels

Bei Lei, Ai He, Chong Cheng, Shu-dong Sun”
( College of Polymer Science and Engineering, State Key Laboratory of Polymer Materials Engineering ,
Sichuan University, Chengdu 610065 )

Abstract A facile method was provided by using biopolymers to mediate and synthesize 3D graphene oxide
(GO) based gels. Bovine serum albumin ( BSA ) , chitosan ( CS) and deoxyribonucleic acid ( DNA) were
chosen as bio-polymeric cross-linking agents to approach the gelation,and the gels were freeze-dried to obtain
GO/biopolymer gels. The chemical and physical properties of the GO/biopolymer gels were tested by scanning
electron microscope ( SEM) , atomic force microscopy ( AFM) and zeta potential measurements. The results
indicate that these obtained gels have well-defined and interconnected 3D porous network , which allows the
adsorbate molecules to diffuse easily into the absorbent. Fourier transform infrared ( FTIR) spectra confirmed
that these biopolymers have been immobilized into the GO gels successfully. Then,the hybrid gels were used
for the removal of cationic dyes from waste water. Adsorption experiments showed that the GO-biopolymer gels
had good adsorption ability for the cationic dyes; meanwhile,the hybrid gels also presented certain amount of
adsorption capability for anionic and nonionic toxic molecules. The influence of contacting time, initial
concentration and pH value on the adsorption capacities of the prepared GO-biopolymer gels was also studied,
and the desorption ratios were also investigated. The GO-biopolymer gels displayed an adsorption capacity as
high as 1100 mg/g for MB dye. Furthermore , the adsorption kinetics and adsorption isotherm of MB on the GO-
BSA,GO-CS and GO-DNA gels were studied and discussed in detail. As a result, the experimental data of MB
adsorption turned out that it fitted well with the pseudo-second-order kinetic model and the Langmuir isotherm
which indicated that the adsorption process was well-regulated monolayer adsorption. Besides, the initial
adsorption process was pore diffusion while the later adsorption process was intraparticle diffusion.
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