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Comparison of As Removal Performance by Graphene/Iron-Based Material

Chaomuerlege , FENG Liu, HUO Yan-xia

( Environmental Science and Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: FTIR and XRD showed that three hybid materials which were M-RGO, H-RGO and N-RGO were successfully made from
graphene oxide with magnetite, hematite and zero-valence iron respectively. The arsenic removal performance, such as adsorption
kinetics, adsorption isotherm, appropriate pH range and resistance to co-existing ions were studied and compared. Results showed that
the adsorption of arsenic on three materials fit pseudo-second-order kinetics, and the adsorption isotherm was consistent with the
Langmuir model, while the order of adsorption capacities was: N-RGO > M-RGO > H-RGO. Three materials had better adsorptions of
As(IIl') under the condition of weak acid to neutral, the M-RGO and H-RGO materials were less influenced by the pH, and their pH
ranges for adsorbing As( Il ) were wider than that of N-RGO material. In these three materials, N-RGO was least affected by co-

existing ions, H-RGO was the second, and M-RGO was most affected.

Key words : graphene ; magnetite; hematite ; zero-valence-iron; arsenic removal

T —FP R AR B Y SR A R B A, 4 55 [ 9
Jpgda il e (CDC) A E BB 9 WF 58 MLAA (TARC)
ERE—FKEuEm . R T AL (WHO) ¥ b
B R KRR e s i A Ts e 2 — L R, Xk
PR LB RO R 22 2 vz O, BT, ZRBRK
R T ik R A R TREEDTIE /R . B L
AR AT Ik Ho i B PR B b B %
[ 7 WA N TG N o =R S DS S BT
AR P A R Y S s AR B L R
FHURZ R A ) B L2 A A A 3 1Y 45
BRES T IE AES  HAE SRR, 2Rk
YitE s Soh G e, K &8 St Rl
W H A A — 2 2R b AR i H P AR e

A1 SR M T AR AT S 2 R R A JE B
R AR AR R SRR R IR AL, A
T AR R R L R T AR AR A b £ Rk AL
¥). Zhang %5 FlAA BRI R S AR B MR
BRI K il % BOZ M R E R 9 pH (H (4 ~9)

T, R R0 Mk BE A 20 pge LR F] 0.5
pe-L7". Vimlesh 257 Bl T 41 845 113k Fe,0, 1
B, K IHAE NS J 5K 99, 9% LA Ly 6 ke
FEZEL pg- L' AH E T BT B ) A1 B0 1 3
M RRSEM BRI TRIFSY , AR DA FEAH [F) S5 40 XA TR
B A BRI AR BRAPE BBV 725 & LU 5T

R T RIS A B0 R T R I A B
TP AR A S, ASBIF 5 3 3k A SCRR R, O T
JIZ ARG B R R 3 R A R k. Rk
B RO R R IR f 3R F
A aRd L A A SR UG R ET (M-RGO) | £
SR T BRI (N-RGO) FLAT 8547 17 20 M 4k (N-
RGO) X 3 Fpo A p0kL, 2552 T W 8l 77 h 2 5 g e

WFEEHE: 2013-01-07; f&ITHHEA: 2013-03-11
E£WmA: %%lﬁjlﬁ?ﬁ M S AR E 5 b e SRR AR BRI 55
PRI
EH RN SRR (1987 ~ ), Lo, B 8F 98 A, RS 10 R
I R R 4 S5, E-mail ; hualei901 @ 126. com
# JH I R, E-mail : fengliu-buct@ vip. sina. com



3928 AN 5%

SRR, IR pH AR AN LA 5 1 8 W B RCR 1 52 i
SEITHIPEAT T2 LA, LI ON f1 S 0 T B Bk AR B
BATRR R BRI A R 8 S 2B St 2%

1 #BE5HE

1.1 LKk

ARG W K 2 A A ARk S AR WY R
BRLRZE | WRIA . B . ARG, LBk
R R ArHra, b b T A=,

ARSI iF Hummers 35 i 45 A 4k A S804 , 18
1L PR IR A BRI RO A B . LR
BEOARTIRER , A AR LsE s | Rk
TR 36 JE 3L 2 A B0 T 3R e Ak 0 (M-
RGO) . A BT NFA (H-RGO) Flf7 5245 71 2%
FE M (N-RGO).

1.2 LRIk
1.2.1 mgEE

R AR A 5 G A7 150 552 35 %4, 346 52 FH I A
TR EHC BV B2 100 mg-L ™" B9 = H B 3  Hy 4 fl
IKBE. TR A Y 7 i AL s BN A A R
3wl AFS-3000 BGHE JFF 256G B TR I 2.
1.2.2  WEBEsh g e

I3 HIEL0. 1 g M-RGO, H-RGO , N-RGO 4 i
A 100 mL,100 mg-L "B As( D) EF W . pH {EH
ZIEY TR K 100 remin = E IR g8 IR
O, e 1.2, 4.6, 8,10, 12, 24 h J5HUR:
(1803 ZHPATEEE ), I s VR b Ak 3 | a3 g
B .

1.2.3 IR AR

43 5IHL0. 1 ¢ M-RGO . H-RGO . N-RGO #+ kit
AW EE 0.5, 1, 2.5, 10, 20, 30, 50, 100
mg-L""A9 100 mL As( D) %7 (3 41FAT585)
pH H A Z3E 24,100 r-min ~'¥%3% 24 h J5 5.0, 0 F
TR R 15 B
1.2.4 Rk AR

1 mol-L~" ) HCI #1 NaOH ¥ pH {H# = 3,
4.5.6,7.8. 9, pH EX} 3 FlkHRHERw M bE
AR

H NaNO, . NaNO, , Na,SO, . Na,PO, Fl Na,CO,
AT B W A 100 mg-L™' B9 K TR WB B T
(NO; . NO; . SO:™ ., PO}~ ., COY ) sk, F- SR
VT R B2 R 100 mg - L~ AL AE B FIR B VAW,
435 B 100mL B A %W, JH 1 mol-L™" Y HCL I
NaOH H4 pH (B Tl 385 {8, 380 Ao 7 245 0 o 512 5

Moo 34 %
FEFEAE B XT3 AR ER B FE %) 52 1.
W B e A (1) 5
Q. =V(e; —c.)/m (1)

K, Q, EWME mg-g ™" ¢, ¢, SPAHRRIIRFI
RSP S R R mg - L5 VIR R IR IR, L,
m BRI, o
1.3 MRS RED

JH7#E [ Bruker 23 & i TENSOR27 A 57 i 725
LT AN GO A L 2% 1T E R A 45 4 64T 0 A, DU
A R KBr FE R, I EGHE FEl 400 ~4 000 em ™',
R4 em ™ FAREIREL32 IK.

FH% [ Bruker 23 7 ) DSADVANCE %Y X-ff 2k
TS AT A AR T AR 23 AT, I 254 Cu B,
B E 40 KV, L 30 mA, F3TE I 10° ~80°.

2 ZER5iTie

2.1 BRI AE

1 N84 RGO, M-RGO, H-RGO, N-RGO
(LT AT IR M al DL 4 Fl b4 RE 75 3 434
em ™ A AT A B TERA (W LR O—H A
PRI ; 7E1 630 em AL T JE FC =ChRY MK
WS BR RGO 4h,M-RGO ., H-RGO F1 N-RGO #1 %}
YI7E 560 cm ' BT S BRI USRI, S Fe—O A9 HFAE
U RIBRIL A B IIE I T =AY,

—\ NRGO A
N — ‘“' \
e \Y\J
H-RGO I
__—\/_V,_ ﬁ,—_,\f,_,_\S(:(}tm Fe-O
\ /\‘
O\G i
& M-RGO \
—\ v |
\// "'-.||
A
Mo
RGO N
4!
560 cm™' Fe-O
L 1 1 1 1 1 L
4000 3500 3000 2500 2000 1500 1 000 500
e ¥/em™

1 RGO, M-RGO, H-RGO #1 N-RGO #F R 5p3ttk
Fig. 1 FTIR of RGO, M-RGO, H-RGO and N-RGO materials
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Fig. 2 XRD of RGO, M-RGO, H-RGO and N-RGO materials

2.2.1 WHEBh oLk
FRAR (1) IR 2RI 2 & Q, FIFR] ¢ 1y
KA ML, 53] M-RGO, H-RGO #1 N-RGO #1 ¥}
MR B 2, iRl 3 BeoR. S FHE— s Rl [ A
F(2) JHHE AR [ A2 (3) ] R 05 B 32 4 0 4
PTG 5 R 4 IR UESHOLER 1.
d(Q - Q.)/de =k (Q-0.) (2)
d(Q - Q.)/dt = k,(Q - Q.)* (3)
Kk, RGN R, by, UG
HOREEG O R o B2 mg g~ Q. R FAT
W B mg'g_'
40

35k

Tw
g-" 25 —a— M-RGO
£ —a—H-RGO
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20 g

15 _‘//

'"’J 1 1 1 1 1 1
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th
B3 M-RGO. H-RGO, N-RGO #7#}I5 Bt % 22 gh £

Fig. 3 Adsorption kinetics of M-RGO, H-RGO and N-RGO materials

R1 WHERERSEH

Table 1  Parameters of adsorption kinetics model

E—R B HL

RS

7‘%*"’ kl/h_l Q(,/mg'g_] R? kz/mg'(L'h)_l Q‘./mg'g'l R?
M-RGO 0.0516 30.9 0.746 8 0.028 7 34.9 0.999 6
H-RGO 0. 069 6 29.9 0.7385 0.032 1 30.4 0.9935
N-RGO 0.0579 38.4 0.9386 0.0256 39.1 0.999 3

MIE 3 3 itk R B AR Y Bl ) 25k
JB < 8% 50 25 Sk I B 1] g 388 RT3 K i 8 e R o ek 3
B 12 h BEAIR BT, 3R 1 B AR 4 %
U 2 sl 2 Ry R — S Ry R RS
S AR 3 ARG As (I BB 2l g sk 7 A
KRR >0.99, Uil 3 Fbr kbt As () i 22 BRoe: i
YR, GO ELSERAE T RN Y A R
P R R RAORE N B AR T B 50 B 0 B ik

TR HERE B A2 W B S  e AR 2
2.2.2 WHAEIRLR

FAR () T2 H 7 6% 25 5 Q, A
WAL ¢, MG FR L, 15 5) M-RGO . H-RGO FI N-
RGO #4 BL 1Y W Bif 55 i 2, &1 5 Fros. 4 5
Langmuir| A2 (4) JEAIA] Freundlich[ 2330 (5) 14
RIS B R HEA TS S5 R WK 6 s, U5 5%k
W3 2.

x2 BWEHEREERSH

Table 2 Adsorption isotherm model parameters

o - Langmuir *iﬁﬁﬂ Freundlich #5575
Q,/mg-g b/Lemg ™! R? k n R?
M-RGO 71.9 0.024 0.9954 1. 68 0.87 0.9789
H-RGO 46.3 0.017 0.9860 0. 06 1. 06 0.9657
N-RGO 85.5 0.031 0.998 8 2.75 0. 80 0.976 3
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Fig. 5 Adsorption isotherm of M-RGO, H-RGO
and N-RGO materials
4
(a) Langmuirfi I
3 -
_0.2 1 1 1 1 1
0 4 8 12 16 20 24 28 & 9l
t/h =
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Fig. 4 Pseudo-first and pseudo-second-order adsorption
kinetics of M-RGO ,H-RGO and N-RGO materials
5
Q. = Quube./(1 +be,) (4)
Q. = ke” (5)
Kb, Q. I FMW IR mg-g™"; o, MK E
mg-L7"; Q. AR KIBESTIEWM Emg-g™'; b N
Langmuir W fff % %0 L-mg™"; k, n N & & N g
Freundlich %
T HeEE 3 AR X As () R W2 B 25 o, X6 L
PEAT SRR BRI, 25 2R AP 5 i, 3 Tl e i
R BB A I ) S50 B 8 T8, 3538 — L
SEVRHE IR B B - 6. 1 Freundlich 1 2 a0 115 4 s
Langmuir #5086 W S SR8 HEA 74004, 25 L 2 ne
FE 6 i, 3 Fibr R A 45 KB INFF 4 Langmuir 6 M-RGO, H-RGO # N-RGO #H I Mt 5 sk
BRI (R 7 0.98), Ui B As(T) 1 £ Bk R FAE M- Langmuir, Freunlich &) &
RGO . H-RGO %n N-RGO %Ejﬂ:’/ﬁf , ﬁ‘jﬁ%%% w Fig. 6 Langmuir, Freunlich model adsorption isotherm
of M-RGO, H-RGO and N-RGOmaterials
Bf. AHFIZEATT 3 Fkr R N-RGO 4 REXS i Y
B A K (85.5 mgeg™'), ik A M-RGO # R 2.2.3  WRFHEZmIA R

(71.9 mg-g™"), H-RGO #4 4k W B 24 R F 22 (46. 3
mg-g "), ULWIFEARTR] AR B 2544 7, N-RGO #4FHig
i AT Bk R As (D).

pH {EXTAs (1) BIFF7EIE 50— RIS, A
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H,AsO; JESAEAE, 2 pH iy 13 F1 14 i 43 5] LA
HAsO2™ 1 AsO* ™ JE B FELE!. pH { %t M-RGO,
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s, B AR B . M-RGO #1BHE pH
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