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Preparation of Graphene Oxide Coated Magnetic Nano-Composites with Their
Simulated Adsorption of Methylene Blue

HU Zhongliang', CUI Houquan®, ZHU Yirong', LI Zhaohui’

(1. College of Materials and Advanced Manufacturing, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. College of Chemistry, Xiangtan University, Xiangtan Hunan 411105, China)

Abstract: A graphene oxide coated magnetic nano-composite has been prepared, accompanied by a characteristic
analysis of the compound material by X-ray diffraction, scanning / transmission electron microscopy, Fourier transform
infrared spectroscopy and vibrating sample magnetometer. The results show that the composite material is characterized
with a core-shell structure of Fe;O, core and graphene oxide shell, with the wrinkled graphene oxide in the composite
closely connected to magnetic nanoparticles, and Fe;O, monocrystal. The composite is prepared by an initial coating
of SiO, on the surface of spherical Fe;O, nanoparticles, followed by an addition of ~NH, group on the surface of the
coating, with a final a reaction of graphene oxide to obtain the composite with core-shell structure. A preliminary
simulation test is to be carried out of the adsorption properties of the composites, followed by an investigation of the
effects of solution pH, adsorption dose on adsorption capacity and adsorption isotherm using methylene blue as an
adsorbent. The results show that the composite material can be quickly separated under external magnetic field after
adsorption, making it an excellent adsorbent.
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ERR B INPR B K B4R =, AN, EAa)E
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et R, S5 LEEMRE . B . BRI
PV SRR b 28 R G AL, X AT A A A
fa R B T P A U HRTBR 22K s e i
HEA BTk Woiyenk . Bt . 250k,
AT B A B o, W B AT AR AR
BRERIR . A7 RIS YRR 5y TR A S, BhIA
SRR LY 7 B KA P

W B3 P SR ) 8 B 1 2 R0 b
LKL (18 I A 590 SR LA A v W B L [l
SERRRE FZS 5y AR SRR oS AR, A A
B YRR TRZER . FRRFLESH . RAFRI I
TR ARG JBE . U B Ak o B v 1) L R T AL
AL, BB TR E M 1 HLS A B Es
FAARBRAAE AR L, FERICRIL T RAFAW
BEHPERE . BEOKAY LR EAY, T ELRE S A A R A
FIVETE P72,y BRI AL A K Ak BRI R A} E 1
A AEA TR, A ARSI T A

A1 BRI IS MR K S ey LA R R
B A 1T, fy AR B A ML A1 B & (graphene
oxide, GO) MEHERI - Z) & H R 2R M FEALH
PERE, ELWRETS g n i LOATE R R 4y e 1Y xib
BRI T O REAL T S AR R R G BB U
DAL, Fe,O, HA S MREYE, Hiile T2 M,
M) ARIEES, ISR A RHE KR
REFESMINEES P ek sy, [, (Afk) f8kEd
Fe,0, FIBHFRG A S BB HERUE B 88254, I
FEWZ B3 R AR RS R A o

AR SCR A AR A 3 06 I Fe,O, R BTUK K, 7
Fe;0, 5| ACEKIER, Eidasiiikit, fEekiEmg
PEAAKLF 2000, A — 2R A B0, B R
ARSI E A B E SR, 1ZE AR HEER
A vl (4EAk ) A SRl IR R R0 A i, MRS e
YIJE RERS DU S TR A 5 o iR A bR 4 R B
A, DAY Yueh I FF L0 R B, o LR B A
AT TS B 9T

2 SREMEITTIE

21 MHEIEEE
1)SEsratGR AT EL, 757K @A 2 ( FeCly» 6H,0 )
¥ ¢ — B (polyethylene glycol, PEG) , 7 F &

40005 J5fE R VD £ 1 (tetraethyl orthosilicate,
TEOS ) ; 3- 2 N & = & H L k¢ ( 3-aminopropyl
triethoxysilane, APTES) ; 1-(3—- — H 4
N )-3- & 5 ik = W R IR # (1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride,
EDC) ; N-RHT =M% (n-hydroxysuccinimide,
NHS) ; =K Z R4 (NaAc * 3H,0) ; & —Ti%;
WeE K (REDECHN 28%) ;3 FINEE; WH L%

( methylene blue, MB) ; ¥ Atraiidin, WF L
T 258 AL~ tR A IR A v

2) AU X- FHERATHHMY (diffraction of X-rays,
XRD ) , D8 Advanced %, 1% [# Bruker 2\ 7] 4 ;7;
1 % ¥ 5% ( scanning electron microscope, SEM ) ,
JSM-6360LV !, HAHL TR ottl); BN a s

(transmission electron microscope, TEM ) , Tecnai
G2 F20 14, SE[E| FEI A w] A5 (d HL-2L AR
( Fourier transform infrared spectrometer, FTIR ) ,
Spectrum One %!, & [ PerkinElmer 2 & 4= 773 #k
3 ¥ W W5 3R 31 (vibrating sample magnetometer,

VSM ) , 7407, 3E[H Lakeshore 2\l 45,
22 rEmblE

1) Fe,O, il %o R 7K #43 il % Fe,0, 44 K
ki F. ¥ 1.35 g FeCl, » 6H,0 1 1.0 g 1 PEG /il A
A 40 mL £ T FHE AR, T 80 CRYIM A B
oA L 0.5 h, RENEIEE IR EEMA36 g
NaAc « 3H,0 Fl 5 mL 2518 /K, #$E(# NaAc 58 2%
fif)e A HEE A 100 mL AEENZE T, E 200 C
TR 8 h, ZJEEOAE, FHZAEBKUER 3K, &
JGTE 60 CF T4 6h, 133 Fe,0, 4KFiF

2) Fe,O, RIS, Ky 1 bl A A0 S0
A, 5 EAE Fe;0, RIMHEAT Si0, VIR R K41
AbFE, R B Stoker TEVTRL SiO, J2 1, ¥ 14 g
il 4514 Fe;O, A EA 5 mL WEUK LD, 1E
60 CAWHHEFE N 15 min &, A 4 mL TEOS,
ZIGUREE N 8 he SN I ZE K M S B
RGBS, SRIGTE 60 CF T/ 6 h, EIMIFEM N
Fe,0,@Si0,. FRI 1.0 g Fe,0,@Si0,, HIA 40 mL 7£/%
7K. 100 mL SEREEA 2 mL APTES (IRAHERH, K
RGBT, TERRHR20E AR 05 h,
FEARWE FIMBIFBERE RN 6 h 5, FZEIRKUESE, H
WIS, AREIRIFRRPR A Fe,0,@Si0,-NH,.

3) #reit Fe,0,@Si0,@GO Ml & . &%k,
42 18 Hummers 325 £ A4k A 58 U FREL 20 mg %A1k
A8, JrHUE 60 mL A LB Tk, IR 1 h,
2 pHAE I 2 Wi R 5.5, 153 GO VA
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% 10 mg EDC 1 8 mg NHS [RIHIIA GO %k H
Pidk 0.5 h AL 0.5 he e, 1 IR AR
A 20 mg Fe,0,@SiO,-NH,, # 7 0.5 h T 80 C
JIE 1 h, 153 E AP HZE K VR 3 Ik, 7E 60 CHY
FLZS T4 6 h, 183 Fe,0,@Si0,@GO, ZFE S H
e e R RGN A A BRIE AR
23 HSRME

K X SHERATH O RE S 25k . T A T4
Br, AR Cu-Kos R A B UEAE B4
KB S B TRl AL USSP R AR, R L
A N3 I = T R =0 N 5.7 o A X Vi 1)
BHGEF N 4 000~400 em™ ;R FHAIRSIFE SRR T X
P SR DA T A
2.4 WRBRTEE

Fe;0,@S10,@GO % Bf MB 32 52 56 78 25 C oF
7o ¥4 10 mg MWL 71N A 25 mL £ A1 MB B 1)
WA, F 200 r/min (95T 4R8N 12 h, 35 200 H}
A IR, PR W B R0 5 T A 1 . R T
pH {E XTI SR BE A SE MR, AR5 S MB ¥ T
pH {H i1 0.1 mol/L 1) NaOH &% # 0.1 mol/L ) HNO,
PR WERE bW R MB YR FE I UV-2550 43
JECHE T B (A=665 nm ) o W BRF i K2 W B A 4 EL
i =R/ W (1

qe:[(CO_ C.) V]/M,
EBRE (%) =[(C, - C.) /C,]x100%

Kb g WM B 5 Co C, 430 R W B S 43 D
AR sV ONTSTAART; M ORISR

3 ZRMITE

3.1 HEmRMIEERSHH
K1k A Ak 7 % Fe,0,. Fe,0,@Si0,@GO i
XRD [&li .,

intensity/(a. u.)
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20/(°)
B1 S{AL. Fe,0, % Fe,0,@Si0,@GO B XRD &
Fig. 1 XRD patterns of graphite oxide, Fe;O, and
Fe;,0,@Si0,@GO
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0629 ) fRiBE—2, KPR S ARSI T RN AR
F g, ULRATH 5 i Fe,0, EUA ML (0 S A gh by, i
X T Fe;0,@S810,@GO ¥, T Fe,O, &b/l
LW 3R L4l Fe,O, A B —28t

[ 2 4 Fe,0, . Fe,0,@Si0,@GO ) SEM/TEM A,
M 2a H AT F 5] FeyO, 44 AL F 40 B0k KL 4F, ik
KNI NI E], RidE KN K 200 nm, BIR,
KK G 45 8 Fey O, 9K T i KL, 31X A il
R REPES A MR AL T BRAR ) BTOK A R

& 2b iR Fe,0,@Si0,@GO ) SEM &, H[F&
FNEA Fe 0, GOKKLT BT AL S8l B B,
U T Fe;0, ¥ . GO 5eZ5#ME G- %L, TEM Bl (A
2¢) HIEMTHL B R Y Fe,0,@Si0,@GO MIAZ5EL5#
A 48O IR A5 A 1 A A B i Si0, J2 R b
KB TFAKRL 2R 18 o A< SCR 1 7E Fe,O, 13 SI0, )22,
FH#H APTES 5 SiO, FR1HI F/KFEHA O, M7
WEVEAN AR R8T ~NH, S0, SR 7EIBRIERT,
WAL NIE R T I b . Z5RRE I A kL
&l 2d J& Fe,0,@Si0,@GO 1 47 ¥ TEM [ Fl B AT
SR (PRI, AT LS 3] Fe,0, 5T
A 250, [RIFE 0.48 nm A AECAT AT Fe,O, 1Y (111)
AT, T EL AT S R S U B 2 A S B e, DB T

Fe,0, ZHMILA.
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d) Fe;,0,@Si0,@GO &4y 3 TEM [&l
& 2 Fe,0, #1 Fe,0,@Si0,@GO HJ SEM/TEM &
Fig. 2 SEM/TEM images of Fe;O, and
Fe,0,@Si0,@GO
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Fig.3 FTIR spectra of GO and Fe,0,@Si0,@GO
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1 740 em™ 14 S GO 1 ¥ 3 C=0 Ay filt 45 ¥z 3 0,
1 200~1 400 cm™" Wy C—OH 4 (19 25 th ¥R s g5 %
Fe,0,@Si0,@GO Ff fifr, 1210 em™ 1§ & C—N ## 1)
fhgadRahg, HuldfE 1 078 ecm™ 1§k Si—O—Si X Fk
gERENE, 583 cm™ N Fe,0, F Fe—O BEIZHIR
S ") 1630 em™ IR N—H AL 4R s
%t . GO #1 Fe,0,@SiO,@GO i FTIR %, ] & |
GO 13 445, 1 610 cm™ W31 2 1M HH B N—H 0, 1X
UL GO Hh kP i b2 S W R T A
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Fig. 4 Magnetization curve of Fe;0,@SiO,@GO
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Fig. 5 Adsorption of MB on Fe,0,@SiO,@GO as
function of solution pH
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45 F IE B faf MB &5 1 F1 H' 8] (4 35 4+ W2 Bf . 24 pH
EAAIRET, A HY, HT 2 o 4l W b 55
T M U B A B, F 3 Fe,0,@Si0,@GO X MB [
W TR . B pH (G N, H WREEREAR, M
SHEEL R H 5 R B SR, R 2 Y
MB #36 P S BfE . LA B4R Al LU Y, B SXT
MB W B AE R T, 2R T

16 25 T I B R AT A 5 MB e B 22 ) 1 56
Z (MB RRIHR R R B A 40 mg/L ) o K 6 1] & H,
40 BfE 59 2 A 2.5 mg B8 % 10 mg B}, MB EfE&R
MASE] 40% LT L3 K2 97% VL b, Z e ik
BRI, W BRF 25 BR AT 100%, X FHH MB W B
JF L 58 42 9 Fe,0,@Si0,@GO Wt T A SC [
TR AR AN, A S0 0 R AL 10 mg, %
FH LR 5 e P2 At 2 60 2 TR PR B A, e 5 MB
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Fig. 6 Effect of the adsorbent dosage on MB adsorption
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Fig. 7 Adsorption isotherm for MB on Fe;0,@Si0,@GO
M 7 Al E F, Fe,0, X MB 1Y W B JL T~
0, T1fi Fe;0,@SiO,@GO Fl GO F W fff h £k A AH I,

M C/NTF 3 mg L B, g, B C PRI, 1Y
C.RF3mgL ' I, ¢ B C @I, &M
ik MB ¥ JE I, Fe,0,@Si0,@GO il GO f£7E AL 1 £
W BEY 1, RERE AT MB, Bl C, R E RS
i, Fe;0,@Si0,@GO MW it mi K24 MB 5 1,
MR MB 70 7 AN RERIR I . 4 GO % MB
PR IR A S8 1R 24 12%, HLZ: GO W BfF MB 5 AR X A
Wb o8, AESERR N TR R o] B A KI5 g,
Ifii Fe;0,@Si0,@GO PRIH ) 143 2 1 g 5 42 v ik
GO MBI . 2 1 FH T AN [ PR R B 5515 MIB g i
BEFERE -

F 1 ETELERMTIXS MB R B EE Eb 32
Table 1 Comparison of MB adsorption capacities of various

magnetic adsorbents

TR RIS /

(mg-g)
Graphene/magnetite 43.82 [19]
Magnetic chitosan nanocomposites 20.408 [20]
rGO-Fe,0;-Fe;0, 72.8 [21]
Fe,0,@Si0,@GO 104.5 AHFIE

AHFFE & RE S X MBI B35 104.5 mg-g™,
[ HAB I B FIAR L, (28R Fe,0,@Si0,@GO HATRK
M PERE S8 10721, 2 R RIACKE i HAT R AR i %
SUAEHE e RATREYE, RENSTER W R AR, R
AR KA T AR 12 N

4 £t

1) il % i 1 Sk A 2505 LA Fe,O, B2, AL
VAR Y ik T R R b L ke R SR S R
Si0, JZ AR KL T R AHIE , Fe,O, IR A L5 o

2) K% pH {H3% )N, Fe;0,@SiO,@GO Xf MB )
TR, LR B T R R AR S
SN, BEERBR AR, KERERE I, Y
HHHESN 10 mg, WERH5RIRT MB fEBR B 97%,
HE— LI R o, RBREEIATRE .

3) AR BRFRINT MB U Rk 104.5 meg !, 7E
HMINTES T WM S RE DR SR 5 . WA I R
FW], AELE RIS R, TR KA B A
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