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 E CRASGEER Hummers il &5 2 AL A 8245 (GO) , AP e 28 bt AE 38— i AR e (SMZ)
itk e Y SE MR E (SMR) FIRET 40, A5 T A0 A S50 W SR Re 1k 1 R A ST i AR 4 2T 406335 ( FT-IR ) RT3
FL5E (SEM) X JIr il & 1 Ak A BRI E AT RAE . 558 T VTR pHL (B . WRBRFEHIRT | 0 e e B3 o) e f A S0 s VR o 1
R SZ I, 388 58 T 5 30 3 4 FR S 4 4 LR B RE AT T 05, S5 SR 30, IR P RN BRIk 4 14 ) F 484k
A BN SMZ A SMR YW FHF, 4 pH =1 BT BRI fedd s 401 A B30 X5 SMZ Fil SMR 1 B P46t Bisf [ 43 531) S
100 F1 120 min , e KW B 254000 138. 50 F11 96. 06 mg/g; W T A Y45 & e — 2 sh f12E s, 3 e e B
A FELMEZER R 32, 5 Langmuir S8R 7 R B0 A B AT, S BRI 1R 0 & £ 0 B MR Tk B SMZ
H1 SMR (B FE 4088, ARG T ALAr 25 2R

KR LG R, B s, N P SRR, I BRI
1 5| 5

UEAER B A B N ARG R B & & MK =g ad fevh ) sl bk AR e R L TEoKk, T
A ALAE AT PR ko 20 S AN 2 Ah B B A - B RUK R R R R gk R T i i R A
BT HAT, KRR YU R T EA AW S A SRR AE IR 2 R Z 1L
AR A i R 590 25 Bk K P BB AR 2R — AR X T B i s A A B v, R & AR A R R R
HAE TV R AR HL5 TS0, 10 - PR BARARR | R BRERICSRE e 4y Wi B 550 ek e 2

AR BE L R AR AT BRI (GO) AUE A A1 8B M 10 sp” BB 2R 45, i Hik BoA =
B E IR, Al e MEAER . SRS S A 0 SO AN R A i e PR R B Y
TR BRFFR0 A 2 A0 30 5, Yang 26 B 5E T Ak A BB X I SR A W B R RE B K IR B R
714 mg/g; Wu 25" 58 1 B A9 Hummers J7 325 2 B4 A B4, I T EBRESBE T Cu®, SR
AEON117.5 me/g, VR THRADKRE RIGHS ; Ghadim 55" BFSY 1 S80I A1 BN XoF DU 3R 28 14 W B
KW Z5 38 323 me/g. RN, I FH Al A 2507 WK B a8 4 53 BS R eSS b 2B 28 iR v oK L

AAFFE R FH G () Hummers 35 ] 5 2000 A 850, A0 5% HC X0 Tk il HH e s ( SMIZ ) RS frig FH i s e
(SMR) F W fFA RE , I — 20 25 28 T S8 Ak A 250 0 S B i KA i Y SMZ T SMR 19 & 4 7 B PR R
AW 5T 45 5 R B A A BRI TR R4 B AU AL BE DL R B A A e IR IR B R L T R S %

2 SLIGES

2.1 U&HF5iEH

NEXUS-670 {837 AR 2T SR 6 ( 25 Nicolet 23] ) ;3 H 37 TM-1000 &5 =043 U B% ( H 7
FEARAFD) 5 TU-1810 AT WL A6 B v (bt b il FAES A PR A D) 5 HI-3 F5RE i btas (VL5
ST A YRR PE S RGNS ) 5 DF-101S SR MR 3 Pas (L T TS RS A )
PHSJ4F & i8R pH 11 (m s E RS A BRA ] ) 5 SC-3612 IKi# B 0L (L BT BH P ERN AU A
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FRASHE]) 3 CRGIT (R A R B O AL (g A iR A BRA D) 5 HT-211B BbaCUfE IR B2 IR (4351 3k 7
FLIBANERT ) 5 SHZ-D () R KA B2 F8 (R DYUER R A IRAF) .

T g P S (SMIZ, 4013 =99. 0% ) | Tfiftie FF LM E (SMR, 4l =99. 0% ) , W I ARk A 9 )4
ABRAT, 7 F 250 XA T L3R 1 A8k (aira, REERHME =R A R A ) ;5 KMnO, |
NaNO, . H,0, ¥y [ FE 2545 A1k 5 45 FR 2 7] ; NaOH |, HC1, H,S0, ¥y [ -Fife Tik5w, i
SR FEIR UL S Y5 o Hr 4t
F1 BEMSEPUER T4 5 B

Table 1 ~ Molecular structure and physical and chemical properties of sulfonamide antibiotics

e T AR e ok ok
Sulfonamides antibiotic Molecular structure Relative molecular mass oW a1 a.2
O— 0
ILC’—<J\ A/
e N 253.3 0.89 1.85 5.60
Sulfamethoxazole (SMZ) H : : : :

NH,

Sulfamerazine (SMR ) HiC

Ly

H: o a1 {

bbb \,\1)\ /\“/\@ 264.3 0.14 2.06 6.90
NH,

2.2 SABHEMEES

K FHECHE ) Hummers V5§ 8 4800 A0 8800  BARTRAEQNS . B 12 mL ¥k H,S0, 2 = HRH, vkitih
BHZEACLIT ,MA 0.5 g 188K H10.25 g NaNO,, W 1 h JFZRIEINA 2.5 ¢ KMnO, ; 4k&E) )% 2 h
S5 P BN T 38°C  EHE LN 5 h, SR 25 mL £ B TK 7 85°C FHEHER M 0.5 h, il A 70 mL
EBEF KPR, FFMA 20 mL 30% (V/V) H,0,, < 15 min J5 /A 20 mL 10% (V/V) HCl, 5%
A A BRI ETEW . 500 v/min T B0 3 min, U ZETRFRIFIA 5% HC1,10000 r/min #5.0> 10 min,
WA DTTE , JH 5% HCL B0403E 3 0, R B K BE 2R M, 78 60°C T T,
2.3 SUAEHHRIE

K KBr JE A1 B T A9 M A7 88935 5 KBr LAFE LG 12150 TR &, BIFBS i TR, A~ iR 46
LA E | BN 500 ~4000 em™, FHAH LB B B AL A BRI TESUASRAE
2.4 TRBSRIE

PRIGE A AL A7 5B, A 50 mL 80 mg/L i) SMZ F1 SMR I H , 15 W FfFF-4 )5 , 10000 r/min %
05 min, FIHHKZ0.45 wm fALUE RIS SN B RETTAE 270 nm 54 A0 5 W B v bt
AERWREE B E I E 3 U O AR W BRI FS VA W Tk B A Ak AT A B A

0 _(€, -c)V (1)

Horbr o Q WIS - H 5 GO 11 - 1487 1 R 5 4 (mg/g ) (Tl 43 980 v VB IR 278 k5 2 SO B R 75¢ 2 0 LAY
Y5 € R A TR (mg/L) 5 €, AW BT AR 3R BRI (me/L) 5 VR
RIWWAIEIA(L) 5 m BESR GO BRI (g) o

3 ERTHR

3.1 SUABHEMOILIES

SEALATRBIR ILLAMDERE IR 1 BT 7%, 3432 em ™ ARSI R R B REA (—OH)  (ARIESR Zh
Wl s 1725 em™ AR 4E AT BRI 2 DGR 0L L BRIETPAY =0 M4EIR3N; 1630 em™ h C=C #k3h
Wi ; 1407 em™ BYIEIDJE T45HH C—H $R30; 1240 em™ HIREIE (C—0—C) HIFRAE M i i ;
1110 em™ 4 C—O [MZRIRS g flE 1 AT, B Ay B A7 e B L AR 25 5 S B BE A
3.2 SHAENREBREST

A B RR BRI E 2 PR A B R RS B R B, BN Z 245, R
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15 BLAF I A BRI T 418 100,
3.3 AT pH {EX 1L B UR B i At O B0 “
S B, GO FEARR pH BRI KERCF R AR
RGNS TESRRA BRI T, GO W5 FIIRYL £ O
Vs EFPPEAME T, GO AU RAHIRE, B 4
RS0 mL WG N 80 mg/L 1Y SMZ Fl SMR 2 "
W, PSR  pH E (1 ~ 13) , %% GO Xf SMZ #il
SMR TRHHERER B, M3 FR, pH =T I s 550 3000 3500 3000 150 1000 50
WA BB, 24 pH 1 713 DL 7—1 284k} 1 Wavenumber (em™)

BE AR AN I, PIARTAE AR pH =1 IF, IR B A R .

R B Sr 1A pH f e i o e AN lz/ilg.ll ﬂlj:lfe%fiiffi:?;:ied (FT-IR) spectrum of
[FE S IR . WK pH<pK, I BB FHATRE o ene oxide (GO)

ZIEHAT; pK,, < W pH<pK, , I, JI7 i 1E HL 4
s VR pH>pK, , I BT 1 ) TP RS A . 1E5R
TRt 2 T B RE F5 GO 3R HIEAA A8 U S ik
AR, AR IE L BB I 7015 GO Rl
FL P 5 SR R P 22 T ) F R EL AR P AT Ik TR A 2
TR B W pH A3 0, R AR AR T,
DRI R A 25 o AN W sl /b, 25 pH =7 IR Bl fe /N, 4
pH>7 I, GO 14 B B R R Ay, g 92 SUILARIRHR R

LA e 4 ,%Eﬁﬁ‘:jj’fi GO F B4y ,X{Xi Fig.2  Scanning electron microscopy ( SEM) images of
KT R, FIIHE GO Wis kR sy
SIS T5 GO Z I8 B /KAE RN, s mik 4% 100

P AEBUKHI I A R A P e §

ST AP KT GO N 2 <

ORI pH th 713 IR U A R S Y

W, B—Jv i, fEME pH H41FF, GO Xt SMZ fiy 70F

LR AT XE SMR MR A KR sMz By 2|

SMEFKL(1gK, =0.89) B T SMR(1gK,, =0.14) 3 £

7 Sy A WA IR E] GO I W2 4 6 s 10 12 14
3.4 W% B B ) X B AL R 0 R B I AR B B2 I nitial pH

T PUERMPIRWE N 80 mg/L, pH=1 3 Wyhh pH 6k 41k 7 56 46 W B 6% e o1 35 o
i, E AL AT B X SMZ FI SMR AW B B IS [R] 28 4k (SMZ2) IVt e Y HEmgs e (SMR ) (9 540
TP 4 JF75 7E 10 min AWERHHORE e 2 J5 B Fig. 3 Effect of initial pH value on adsorption of
AN, A ALAT A% SMZ FI SMR (1) % fi 7 i isf sulfamethoxazole (SMZ) and sulfamerazine (SMR) by
14351 100 55 120 min, GO

I — RN — G 8 A TR N6} S50 AR AT 1 W B S A T 8l T3 44U B T, i — s g 2 A Al
(2) 5 R J12ER (3) k=R .

In(Q, - Q) =- kit +InQ, (2)

R )
L, Q NP2 (mg/g) 3 Q NAT B2 25 (me/g) 5 ¢ AIRLBFIHE] (min) 5 &, A1k, 53
S R — RN UE — R 3 ) AR W B R R A (g/ (mg » min) ) o 3R 2 81 T A R HE—ZURNIE — 94 5)
FI2F R SRS HE TEA TR G I 45 38, HE 0 ) ) 2# ARG SMZ A SMR 119 52 560 B0 40075 19 A 6 R 8K
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(r*) 4352k 0.9998 F10.9995 , B i & T-HE—23h 1y _ 10p

SERORIEG 2 E(<0.90) , Bl GO % SMZ 1 SMR (14 % ool e

W R BEAT A g sl T2 T R RME sl iesit S S0l - ) SMR
A B 7AW M S Q, ) 27 102, 04 F ~f ol

82.97 mg/g, & PR M 45 /AE Q. .., 779K g

101.39 F179. 47 mg/, i 1 = G 5y 7 254 780 14 05 ] 401

B H T SR A el 5 — 8l A ; 20

BUAH L, W sl J1 AR ALTE S 4lid GO W SMZ % 20 40 60 80 100 120 140
F SMR 12l Tyt 72, B GO X P AT A 2 (1 Contact time (min)

I BB
NN - Pl 4 S Dy A T F S Ay e B i e Y 2 e R f
3.5 BERMARENELTBERMEEN o000

M Fig.4 Effect of contact time on adsorption of SMZ and
FE T AR EE (25°C, 35°C R 45°C) T, WM swr by co

M) 435124 100 #1120 min, pH =1 B}, GO Xf SMZ FI

SMR WM 25 AL (&1 5) o 24 SMZ 1 SMR 0T 4R M B R 80 me/L, WRLEE H 25°C F+ 2 45°C 1T, GO X

SMZ FI1 SMR £ W2 ff 25543 51 B 90. 39 F1179.02 mg/g 1 % 96. 86 F1 88. 45 mg/g, F W FH 5 IR A #) T

GO X SMZ H1 SMR (W B, W B ash A8 A W st A8 Bl 2 00 h v B P P v, R o 2 R R

#2 W-YHHE IS

Table 2 Parameters of pseudo-first-order and pseudo-second-order kinetic models

W—H s 115 )72 Pseudo-first-order model W H s J1% )72 Pseudo-second-order model

Q (mg/g) ky r Q.(mg/g) ky r
SMZ 39.17 0. 0406 0.8951 102.04 0.0101 0.9998
SMR 35.41 -0.0364 0. 8805 81.97 0.0026 0.9995

1001 1001 ¢

80| g0l

Adsorption capacity Q. (mg/g)
o
3
T

Adsorption capacity (. (mg/g)
N
=

—o—25C
—&—35C
40_ 40‘ —a—45C
20 I I I I | | | | | 20 | I I | | | I I |
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
Initial concentation(mg/L) Initial concentation(mg/L)

5 WU EE T AR A A S WA PR e R R (A T e FE R IE (B ) 52T
Fig.5 Effect of initial concentration on adsorption of SMZ (A) and SMR (B) by GO
KM Langmuir 5 Freundlich W 45 MRS AU A0 A7 S50 W2 R P s e S o A 3R 80 i AT B0 65, 466
L5423, Langmuir W FH 25 7R AR (4) F1 Freundlich WY S8 EAR R (5) W .
C C 1

e e

Ze +

Qe Qm QmKL

InQ. =InkK; + LlnC‘, (5)
n

A, Q, MIBEFI AR (me/g) 3 K M K 5358 Langmuir ~F#f 2 %0 (L/mg) #1 Freundlich - 2 %k
(mg'™"" « L""/g); n K Freundlich 250 % %0, MR 3 A%, Langmuir B RLLA A A C R () KT
Freundlich #58Y fAH 5 22 5% A Langmuir TR GRS T A AR GO IR i P b A= 25 10 W o ot . I
TR AR ) VR o R 2 3R T 34 ) 3R 1T A IR, R B S LA R J2 TR SXHES B DAFE GO TR FfF SMZ 5 SMR

(4)
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%3 Langmuir Al Freundlich W [} IR AR IS4
Table 3 Adsorption isotherm constants for SMZ Fl1 SMR adsorption onto GO

Langmuir 0F% [ 4 Y A 78 Freundlich M B 45 i A5 7
Temperature Langmuir isotherm constant Freundlich isotherm constant

(K) Q,.(mg/g) K (1/mg) r’ (mg" 1/an LY/ g) r

298 125.47 0.0720 0.9869 18. 5009 2.2580 0.9672
SMZ 308 127.22 0.0556 0.9939 17.2272 2.2605 0.9521

318 138.50 0.0410 0.9732 10.9789 1.7778 0.9571

298 84.89 0.2676 0.9996 42.0080 6.0107 0.9107
SMR 308 88.03 0.2660 0.999%4 42.7265 5.7947 0.8787

318 96.06 0.2302 0.9990 33.7800 3.8155 0.8733

3 v BT R BT o S S Y RS R E R GO XF SMZ 1 SMR # Freundlich 253
2 n (HIRF 1,360 GO 78 SMZ 1 SMR LYW BRHZA R . GO XF SMZ 1 SMR 7E Langmuir F8T
R KB 25 B3 1R 138,50 196. 06 me/ g, M TGS | BRAIKAT S | AR 24 SEWEBiE R AL
3.6  EBR/AKFEFR S A BT R4 E A WA ERE

TR B F R AKFE S 328 0. 45 um SACFLUE RS AT 8 0 5 S G /K AE TP i) SMZ R SMR i, FH
PSS K A A K K REEC ) 3 FP R R 3 (30,60 #1190 mg/L) () SMZ 5 SMR &, fEEIE T,
pH=1, WEFFE] 120 min, WA S8 GO X SMZ 1 SMR AW it 285, 455 E 0], GO Xf 3 Nk
(R K K RE B SMZ T BfF 25 43 591 Sk 42,12, 59. 99 F180.31 mg/g, W& T 76 F ok K il Wi Jff 75 &
(44.20, 65.76 F187.55 mg/g), GO XF 3 A~k BE b /K K BE Y SMR W ik 25 1 4351 o~ 37. 41, 56. 97 F
75.38 mg/ g, AR T7E 1 Kok A Az FF 2554 (39. 18, 63. 10 F1181.99 mg/g ), W] GO ] F T34 K £
H1 SMZ il SMR A4 B 5315

4 % i¢

FALAT B (GO) RERS A BT SMZ F1 SMR, GO XF SMZ W Fff 1 fEf T SMR, pH=1,GO0 Ji &
20 mg, WIHRHUEE N 80 mg/L, BN ] 73551 7E 100 5 120 min I, GO % SMZ F1 SMR. 1 f5e KW b 25 73
54 138.50 mg/g Fl1 96. 06 mg/g., W& WL 2l 1 24 S 75 5 — 905l 7 2 A0 | 45 R W o ot 2 ] 1)
Langmuir BAMDG o ABESE 25 00 S A0 A 5200 AT VR R A2 BBOREH T T SMZ Fi SMR 1Y 8 543 25 55 4 B i
sty AL B E | A Ay 2 BRERA AR T K H i B 2T e 0 8 R 3 5
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Study on Adsorption of Two Sulfonamide Antibiotics
by Graphene Oxide

WANG Dong-Wei' , SONG Yan-Xi*'?, YE Xiao-Fan', QIAN Guo', WANG Shu-Yi', CHENG Zhen'
'( State Environmental Protection Engineering Center for Pollution Treatment and Control in Textile Industry
School of Environmental Science and Technology, Donghua University, Shanghai 201620, China)

*( State Key Laboratory of Molecular Engineering of Polymers, Fudan University, Shanghai 200433, China)

Abstract Graphene oxide ( GO) was prepared by modified Hummers method with graphite as raw materials
and used as adsorbent for sulfamethoxazole ( SMZ) and sulfamerazine (SMR) in aqueous solutions. The
graphene oxide was characterized by fourier transform infrared ( FT-IR) spectroscopy and scanning electron
microscopy (SEM). The effects of pH value, adsorption time, initial concentration and temperature on the
adsorption property of GO to two sulfonamide antibiotics were investigated and combined with the physical and
chemical properties of two kinds of antibiotics. The result showed the maximum adsorption capacity were
138.50 mg/g and 96.06 mg/g at pH=1, adsorbent dosage of 20 mg, 45°C, adsorption time of 100 min and
120 min for SMZ and SMR, respectively. The adsorption data of SMZ and SMR fitted well with the Pseudo-
second-order kinetics model and the Langmuir isotherm model. The adsorption properties of GO were evaluated
with lake water and tap water as real samples and good results were obtained. GO could be used as enrichment
and separation materials for sample pretreatment and removing pollutant in wastewater.

Keywords Graphene oxide; Sulfamethoxazole; Sulfamerazine; Adsorption performance
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