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Abstract: A Fe@GE composite was synthesized by using glucose as carbon source, NH,Cl as foaming
agent, iron nanoparticles as catalyst to promote the graphitization of glucose. The resulting Fe@GE
composite exhibited high degree of graphitization with less defects, which was confirmed by UV-vis and
Raman spectroscopy. Subseguently, Fe@GE composite combined with nano-Cu through low-temperature
hydrothermal method to produce a three-dimensiona (3D) FeE@GE-Cu composite. The 3D FeE@GE-Cu
composite was testified by TEM and FESEM. In addition, the Fe@GE-Cu composite was stable under
ambient state according to the analysis results of XRD, FTIR and ICP. The catalytic reduction activity of the
prepared composite was tested by the reaction of 49 mL K,Cr,O; solution (200 mg/L). After adding 1 mL
(mass fraction 88%) HCOOH and 10 mg Fe@GE-Cuy¢s catalyst, Cr(VI) was completely reduced within 9
minutes, indicating that the composite Fe@GE-Cu g5 had high catalytic activity in the reduction of Cr(VI)
and could effectively solve the problem of heavy metal pollution.
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iy B, T SR AR B AR IRA L A
iR, AR, DIRVISEAYREARAR,; Hibik,
AR, MM ARIE AR EEERE, AR,
R T WR, AR, BN RE YR
AT KEW, AR, WMFEIZATAHRAFR; N
KEZGAME, AR, BT &R TAHRAF; =
KGR, AR, LIRS A RAF; KL
i AR, AR, RN KRFHME TABRA R ; 2K .
FELREY, AR, EZEREARIARAR,; L5
Tk, Al
12 #l&

121 &ZREMNGEH (RGO) #4944

DL A 88 R sk, SR Hummers 15 il 2 40 4k
G (GO ), ¥—ERM GO MM /a2 h, #H
T T 380 95% 2 s fi 8 AT IR B 3 12 1o 4
i, EEIMTECL FIiRJR 12 h, flEIHETE 31Kk,
PR T 60 C N EZ T 48 h, T N T
FEE = H 300 °C (FHEH R 0.5 C/min)#UA i 1 h,
W, Frich RGO,

1.2.2 Fe@GE # %) %

FREX 4.00 g FeCl3-6H,0. 3.00 g #Zi#. 3.009
NH,Cl s5riRG, JFE TS T Ema N,
AHH, DL 3 °C/min B THE % 900 °C, fRif 3h,
REEZRG, WAHEAIRE O Fe@GE B &M K,

R TAEFX e, ARSCRECEIRFEIRE %, AR
& JE AL HI13 B BHRIE S MCF,
1.2.3 Fe@GE-Cu # %) &

FRrHL 0.05 g Fe@GE & & # £ A 21264 80 mL
CEE-K (RBEE R 12 1) Wi 28, Fm i
A 0.35g( 1.45 mmol )Cu(NO3),-3H,0, &) i fi $f 2 h;
F 6 mol/L NHz-H,O JH47 IR & pH=10, 5] s fi
$£ 30 min; A 1 mL 5% 80%MY K A K%
B IRA WA RV M HER T 95 °CR 8 h;
RN SER R, WHIEE, ik, PERIEVE, 7 60
CEZMMP T 120 )5, THEFES, &M, HH
Fric sl Fe@GE-Cuges ( & A M B 4 i 1 73 0K
65% ). >k F A #7724l % T Fe@GE- Cuggs
Fe@GE-Cupgs . FE@GE-Cup s . FE@GE-Cugss
Fe@GE-Cug s
1.3 R IR

T, FREC49 mL Jl sk EE A 200 mg/L H
B TR AV (25 B K BC I )T 1200 mL BedfR
FEFETMA 1 mL BT 5340k 88%i1 H IR /K
WL UV-vis 3 0B TR I 6 B2 [ Cr(VI) Y48
HMR A F 350 nm Ak ) BN 10 mg 4 fL
Fe@GE-Cuges (HEALTFI S EKFREP B IL R 1
1), £ 1. 3min B4 AW 2 mL, ZJ5, k&3
min B 1 DA, mEBEDE, MO E, A
AR TRET PR AE 2 (7 IR I AN ) ke 3 o % R
IR, ZefilbrEm 4 ) 8 Cr(VI)Aid R .
A AS [A] 4  BE AAL 70) 43 B R gRAE, R
P In(polp)=kt (po: FEFRTREPACLA KA, mglL;
po: t I ZIEEEPRAP T R B, mo/L; k. BRASH AL,
mint; 7 KSEFE, min) 3 k.

14 RIES5FZE

i IS 2T AMGIE (FTIR) . SR M Nicolet 370
YAl B AR e 21 Ah S 3% {X (32 B Thermo  Fisher
Scientific 5 A1) ATk i E REHT, KBr JEF#ilEE,
575 Bl &y 400~4000 cm™,

bt (Raman): R InVia B4 & G E{Y
(P[] Renishaw A#] ) WEH2E0E, HOEHEK
514 nm, 3475 [l 300~3000 cm ™,

X FF£Aiii ( XRD ): >R H D/max 2000 PC X 4
LRATHHMYC H A Rigaku 22 ] )i#Ef7 XRD i, Cu Ka
Fek, 21=0.15418 nm, FIH7E [l 26=5°~70°,

2 Hh-A] WL SOERE (UV-vis): R UV-2700
UL AR-1] WL 66 BT ( H AR Shimadzon 4w ) X
TR S AN HEA TAGIN , 00 3 R >R 200~800 nm,

BEHHEE (TEM ): R JEM-2100 %435 5 Hi 1
B ( HARHFAF) WAL IES, insk i s
200 kV .
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YR SR (FESEM ): SRA] S-900 ¥k SRIG4iH .
SR T BB HA HITACHI AR ) Hrke i,
JE R 4KV,

JEF IO (1ICP): 2R NovAA300 A5+ |
WA HE HR Bl TE 3 3 R AT | rGo
2 HR5E N

|
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FE 270 nm &bA 1 ASXE R F 05 I I C=C AFEL
g, X 5E T RGO (e B A, A%
B A B sp? 244k HLEAT fa 3L B As # 1Y
A, T MCF B T RISING S Fe 1Tk, &
FOLABAREIA R CHRIEALEAE 240 nm AL ),
L sp® ZRAE BRI 750> F Fe@GE FEfh . DL 45 %
W, 7E 900 °CHBeke T nl #At i i 4 AR Ak ™= i Fe@GE,
2.1.2 Raman 2 #r

& 2 & Fe@GE Il MCF fyhr & 6% K, HK 2
ALUL, RES N4 )& Fe BYME S MCF 1Y D IE 21 G I
=, B 900 °CF H BB i A i Al NHL.Cl TR &
WARAS AT BHER B A 4 2, I H L 2D AN 5
Uil MCF 28 % . SR, TEMA FeCls-6H,0
BReG, M Fe@GE WP 2k R, A%
i) 2D W ( SURShPLZ WURE ), H PgEvwsylk 68
em™, RWHH T ABAMBREEY SN LZA8
I N Fe@GE B In/Is ( D W G A58 1 )
{0 1T LA R R BB, DL sp? 241kl C
AU RIS 2, LU T Fe@GE AEHEA A

Alnm

K1 RGO. FE@GE. MCF #f iy 4e4h-nl Lg%
Fig. 1 UV-visabsorption spectra of RGO, Fe@GE and MCF
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Fig. 2 Raman spectra of Fe@GE and MCF composites

2.1.3 TEM #= FESEM 4#7

&l 3aky Fe@GE 1 #} 1437 5 HL B [ /T LA
g is, R TR CAEE) OB SR
Fe MR 4RAR =223 DRGSR, BRIRI AR KN R

K3 (a) Fe@GE Iy TEM [&l; (b)Fe@GE-Cuges #4141 TEM [&]; (c) Fe@GE-Cuyg es I FESEM [4]
Fig. 3 Typical TEM images of Fe@GE (a) and Fe@GE-Cuy g5 (b); FESEM image of Fe@GE-Cuy g5(C)
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FeCl-6H,0 Fl NH,Cl 345 430 W Jf 214 2 B AT AE
YIR10 o NH4Cl 32 353 i 7= A= 1) NHg A1 HCL AU A
RAEWHBEZR AR, HaEd AR LR Fe
HIMEACIE R, (A AR IR AR AR B (900 °C ) R Ak
WA BT A A i, T Fe@GE M}, Fifi
& Cum AW [l e Fe@GE i, TE/KA YL
JRF, AR Cu 4Kk T, i1 Fe@GE-Cu &
G R
2.1.4 XRD 5 #r

&l 4k Fe@GE il Fe@GE-Cuggs i) XRD &,
Pl 20=26°4h J2 1o 4% i BE 7 S A A it e
7£ 900 CHEEE T . &4 )8 Fe MIfiEfk, &N A
BALFEEE R o AN, 75 20=44.8°, 65.0°4t , Fe@GE
BT ST SRR B (JCPDS:06-0690 ) 584 —%K,
VA A B T 707 b R 10 Feo 7E 20=43.3°.50.4° . 74.1°
it , Fe@GE-Cu #&LR9fiT 4 S5 R 7 (JCPDS:
04-0836 ) 54 —F, ULHIAM T & Cu, H
Hfrghgis s, £ Cu i iR e,
1D *Cu
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Fig. 4 XRD patterns of Fe@GE and Fe@GE-Cug g5

2.1.5 FTIR #= ICP 4 #7

Kl 5 N Fe@GE F1 Fe@GE-Cug gs #1 K UL 7MY
W, mE A, 3440 et Ab S O—H 45 IR 3%
Weig , 2931 emi ™t Ab ol C—H Y 4 4R 3¢, 1068 em™
Ibl C—O WIHIFE 3%, Fe@GE 7F 1646 cm™ 4h
B C=0 4k shM ik 4 59Kk E AR a B s
1635 cmi Ak, UEIALNKAR R 1 3 3 Fe@GE i
AN, fETEA Fe f1 Cu ARt R & ¥ Fe—O
Hl Cu—O AYHRIEIE ( Fe—O 45k shidf T 582 Fl
640 cm ™ &b , Cu—O H 45 4% 36457 F 525 F1 609 cm ™
RRDSE ) ek P A FeOs. FesO4. CuO
8¢ CuO 45 2% Jit i A 7E o

AR, SR R F I 436G B 1% Fe@GE-Cug g5
i Fe Al Cu -7 TIE, 10 mg FE@GE-Cuges
i Fe fll Cu ) JiT 4314 1.901, 6.482 mg, WA

S B o i A RO 16.17%.
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Fig. 5 FTIR spectra of Fe@GE and Fe@GE-Cug g5

2.2 {ELFEE Cr(VI)EY 1AL izt
221 TH%EEK

SR, FETASNNENERT, R NE
BT Fe@GE-Cupes. AIIAMREFH R, 75
W5 B4 R B A A B sF (] A 22 K i R B S i AR
&, B IR JE ) T, Fe@GE-Cug s I A AEXT Cr(VI)
PR FAE R . AR RIFER SR, A
IMAE SR FE@GE-Cuges. HMMA 1 mL JFif
5350 88% 1) H R /K F WL, Cr(VI)7E 1 min B3 3 A<
BENFEE, Cr(VI)HEE RA 15.92%f1 kb, 156 5
4l (1) F R X Cr(VI) A8 JE 52 I AN K
2.2.2 = Fe@GE-Cuggs 1448 & Cr(VI)a M4t

HH NN, 350 nm Ab S A IR T O, R
Cr(VD)#ise a8 J51H9 5] 6 S Fe@GE-Cug es i L1k
B Cr(VD) SR E . i 6 BT 0L, Cr(VI)#k A8 4k AR
HL,AE 1.3.6 min i}, Cr(VI)Z3 B4 5 T 52.13%.
80.69%. 98.73%, fE 9 min i, Cr(VI)E A ik
i, OB AT LG i £ O AR REKCE, Ui
Cr(VDAR 8 T8 R 7850 18 I

2.0 —— O min

0 T I
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Alnm

K16 Fe@GE-Cuggsid )it Cr(VI)i UV-vis ik
Fig. 6 UV-vis spectral evolution with time during the

reduction of Cr( VI ) in the presence of
Fe@GE-Cug g5 catalyst

KT EH Cr(VD)EZHHAFE A Cr(IIl), A CHE
SV AR g in T3 &Y NaOH %, &P



1490 -

# tm 4L T FINE CHEMICALS

%35 %

N AR ek, BT Cr(OH)s, il
TEAE Cr(II0),

[FRE DL R ik ), He 40 L Cu-4A #LFH
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ATUESR, BEHE Cu SHEAIEA, SN R S
BLSCHE NG WIS, 7E Cu i 4340 65%
kEF AL (048 min™), XM N &HRL, §
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BTG PR O B P, AR T AR R N BT 5
M Fe@GE & fad K, )23 plke fi A A I /Y
TEPEYIR Cu R FUR A s b, DT 55 T A )
NERTEERLS, BRI T AL fEILRE JT . BTLL, Cu
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Fig. 7 Rate constant for the reduction of Cr(VI) over
different content of copper catalysts
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Fe@GE-Cu myfifbPEne, Z5REW, b h 5E
BRRE Ry 11, 28T Cu RS ECH

65%, JNE Ny 25 °C, i JE5R 9 HARAT, 9 min
ASCBUKAH Cr(VD)RRER, Wb ik T & s
T5 e, B EBUR Po. Pt NPs %5 5t G 8 fiE 1L
M, TR JFAL B Cr(VI)E K1 ) .
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