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Study on preparation and properties of Ni-Fe bimetallic nanoparticles

LIU Hongxia s HUANG Xiaoyu s LIANG Jianjun , HUANG Donghong
(School of Urban Construction and Environmental Engineering,

Chongqing University, Chongqing 400045, P. R. China)

Abstract: To prepare zero-valent iron with excellent adsorptive and reducible properties, activated carbon
was used in this experiment as a load, and modified with metal modification to obtain activated carbon-
supported Ni/Fe bimetallic particles by electro-deposition. Ni/Fe-AC BPs were characterized by FESEM,
EDS, and BET analyzer, and the Cr(V[) removal rate was used as the performance evaluation index. The
results of single factor preparation test showed that the optimum deposition solution ratio was ferric sulfate
400 g/L, nickel sulfate 80 g/L, boric acid 40 g/L. and manganese sulfate 60 g/L.. The optimum electro-
deposition conditions were current density 0. 45 A/em?, temperature 40 ‘C and electrodeposition
10 min. Under these conditions, the removal rate of hexavalent chromium was as high as 100%. FESEM,
EDS and XRD confirmed that the preparation of nickel-iron bimetallic particles was successful, and the
prepared materials were flocculent and uniformly dispersed. The comparison tests of BET and AC, Fe-AC,
Ni/Fe-AC BPs for chromium removal showed that the specific surface area of Ni/Fe-AC BPs was 47.6%
smaller than AC, but the removal rate of Cr (VI) was 100%, while the adsorption rate of AC was only
5.43%. Therefore, Ni/Fe-AC BPs have a good catalytic reduction performance.
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1.1 FEMNESHH

AR AL 1H IR K % B (HH-4, KA3005D) , i LR (JEOLJSM-7800F) , 37 & 4 3 Hifi ' 7 & T 8%
(FESEM,JEOL JSM-7800F , 4= HE{U #R B A7 BR 2 1) - X BF 26 A7 51U (XRD, D8 Quest, 3% [¥ 155 £ 5 -3 /K i
S FED  HFE T AR FLBR B 3 AT (BET QuadraSorb ST, 36 [ HERS AL #8 A FR 2 7DD .

FEMBHLRE R I Mk (200 HD, A 85, RV O, IR, 48k, £ K A B R W 2k (FeSO, -
TH, O, S /K B BRRER (NiSO, » 6H, 0) , — /K GBI A (MnSO, « H, )4, B IR #1853 Fr i
1.2 FMRAFHE Ni/Fe NEE TR &
1.2.1 &K 6%

P TR S VR o 1 R 43 A Ak R R T e F A e Sk R AN 55 TR TR, A B 2 T A Ak U2 Uk e
PEF BT, S PRk O AR SR B F AT SR A, BRI R

W 200 H 036 P Bk A L AE G 4550 /Y 2R U 9 £ 4 LM (PTFE, Jit & 43 48 40 %0) FIAE S H 5] B9 A7 28 4%
8+ 1 1 MyFTiE ILIR G5, FHINGE B SR £ 385, B TR P b S B i, 3845 0.35~0.45 mm JE /Y6 7
BEF o PR PRI TR RR T 2 0 M R 2 B 2 R FLLAR R S, 3K A% 0.9~1.1 mm JE Y 5L g P
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FAMrgext Cr(VD B R4 0 i 4 38 I 1, Cr (VD Z5BR R Al /E
Ni/Fe-AC BPs PEREPF f 48 A, A A6 L 85 25 08 B i 5 45 19 Ni/Fe-
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PSRV VR HETE R L AE S IR A R AT AR SR . SR B TR
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1.2.5 Ni/Fe-AC BPs MK B %

T HRFE AC.Fe-AC Hil Ni/Fe-AC BPs XXM ZBRBORIY . s dubiede ; @4l & 20 mm X
TE I BT 2R A e R il A5 vk B DL 3 i AT T ARIEI S 25 R AC Fe-AC Fl 30 mm X 1 mm; @1 P 5 H i

Ni/Fe-AC BPs X7 4% 2 BRASCR 13T Hi B BF 5 20 mm X 30 mmX 1 mm; D UL ;
1.3 RIEFE ONERTNRTS

AR 4 15 T i 46 ) Ni/Fe-AC BPs HE4T T LR 4 . 75 75 2025 ¥ I HERARKETEE
(610" Pa) & . R J 14.80 KV Jin sk iy 3 o £ b 7 W gy e 1 Schematic diagram of
(FESEM)J}_F/??%E% %ﬁﬁ‘*ﬁ X Ej HﬂLﬂ:E EDS {D"J Ni/Fc—AC BPs E’Jf[ﬁ? experimental electrodeposition device
Rl HEAT 90 22 5 B 102 5E B AT 5 L Cu B8 X B4R UL 76 40 kV i
JE.100 mA L4 F X} Ni/Fe-AC BPs #E 47 X 5F £k 47 5 55 8 40 85 DL AW B BET I He 26 g A5 R fL
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2.1 Ni/Fe-AC BPs #| &L

AH 2 SCHR[25-26 13 W], Ni/Fe-AC BPs il # i 3 %2 52 M X 38 24 DO C Lo A e ORR S e B IO AR 2%
8 LA AR 18] | F 3 25 B SO i R 32, Tl e 45 R 5 K — 2, A5 P Ni/Fe-AC BPs Xf Cr(VD) %
% B 45 55 . 4 Ni/Fe-AC BPs % 5447 #1504k
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Jo VR B, Cr (VDD 2B R %5 , Ni/Fe-AC BPs ) 222 i 3 AT BB & Fe’ , J& Bk Cr (VD) B9 A RS0y 5 0 R
(14 Jo 12 VA E AR AR X 7S M 4% 25 B RS W A5/ s 5 TN Min® ™ A 3 5 BH Al R Ak A bt L A SRR AR T R 25 A 2 T
UK A Re T, BB DR S e A h T 4 e — 8T,

25 o3 AT 38 R R Ak B R S TR 1) O e Ak R AR v KR LG T IRC DO RRR S A R T BT R Ni-Fe B
4 JE UORLPE RE 4R T L BB S B O Ak A 1 B L (REC I DT BUR A B0 R B Y FeSO, « THL, O it Wk K
400 g/L,ER5 iR IL R 0.2 I, BIR 40 /L, MnSO, « H,O FiE WA K 60 g/L.7E 30 C KB &M T ik 5 &
KIEMBREE . BT LA RIS & UL AL B, C, Dy A DTRUR AL . 76 I 25 7F T i il Ni/Fe-AC BPs X 7S #4519
EBRE AL 63.16%
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Fig. 2 The effect curves of factor A, B, C and D
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Fig. 3 Different influence factors on the removal rate of hexavalent chromium

TEHL LR L B2 0.25 A/em? , ETTARIRE O 30 C Z&AF T, #a il WL ULAR IS 8] 2 5,10,15,20,30 min,
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WS R0 R, BB P TR D, B W S TR T B Fe? T B RN AE B R T — A Fe? T BIZRE X, S EL AN K
Fe ki GUFR A2 B BRI, g8 K N 0K A DLAR, (15 IR 7 B UCRR I & 8 Fe R0 20 1 4 8 Ni ki £,
fifi Ni/Fe-AC BPs X 75 Hi % 19 25 B 58 A1K 5 24 4% F O 2% B 4 ), 2 s B J22 e A AT U™ o B 22 T i 22 .

TE B A L ORI E] 10 min, BL UL BE 0.45 A/em® £0FF L fH H DUAR AR KN 30,35.,40 °C L il %%
Ni/Fe-AC BPs, I 754088 25 BRGCR AT 00 . 5 AN 3Co) TR . Bl AL DT RUR EE A9 TH 0 . 7 0 5 A 25 Bk e
JEHE R RN AT Cr( VD KBRS —FF 0 B o TR X 7S O 6 1 5 BRS8N K, 4B 2 B2 R PR ] /g
J2 - AR T RRUROTRL B TH 55 R AT 8 I AT BA A W £, A R 348 O R A H 3 %% B L 4 TH e U B TR, N Ni-Fe 4
i R {H TR ) T 2 PR AR DT AR B Re e L AR Fe® ™ AR I, 3 BOSTRLR b Fe ™ vk i A, A1 i 45 B
e B 1 T RRAT A% 4 T JOURE 5 AT BT 0kt T B T ) 8 1 AT 88 4 T OB R e AN G, S R RN R, LR
5 e AN 0 B N R B T R B E 40 °C N SR F OB .

2.1.3  Ni/Fe-AC BPs # #8325 % 547

3% 1 AT, AC.Fe-AC Ml Ni/Fe-AC BPs X /N M 8 ) LB 2 5 B & £ XN 15 min B, AC, Fe-
AC Fll Ni/Fe-AC BPs BT XF R 7S #5579 25 BR R 43 51k 3.40%6,47.34 % ,85.76 % 3 )L 30 min Af . AC,Fe-AC
1 Ni/Fe-AC BPs JF X W /S 8% 19 £ BR300 5.43%,59.18%,100% . SR F . AC X 7S 4 4% 1 4y 21
W BfE 2 B A R IR B IS . OB E AT 30 min 2 BR R A AAT 5.43% , Ni/Fe-AC BPs X 75 #i 4% 19 25 B 2 2R
S E

x1 HEBEEHYT AC.Fe-AC.Ni/Fe-AC BPs Xf 75 ) 4% = B& 5L R

Table 1 Effect of AC, Fe-AC, Ni/Fe-AC BPs on removal of hexavalent chromium under the same conditions

FoR 15 min ZERF/ % 30 min ZERF/ %
AC 3.40 5.43
Fe-AC 47.34 59.18
Ni/Fe-AC BPs 85.76 100.00

A3 AT R T BE R a6 BT I M k2 H DB il 4 Fe-AC Il Ni/Fe-AC BPs JIF FH G 4 ¢ B B A s HE R
RANIER? ¥ ST Y @R R IR el 07 N = = A o DA 15 8 S T o (N I 5 N N i B A @ T
PR X 7S M i 25 BRSO 40 055 . 1T Ni/Fe-AC BPs R e fF . T g J& oM 7E Fe-AC A9 3L 7k 5 18 i 1L 4 )&
Ni kL, BEARZEAN Fe PR 5 75 A 4% 480 Ak 3 J5 5 Ry T 75 1 AL BE » DR 52 7 3 23R, A3 R004 o8 7S A0 4% 1 R B %
AL M Fe FURL 5 4@ Ni JURL AT 7E K20 W 8 U0 1 L, Fe H H 56 35 25 NiL A RT3 @ 0 X
P i R BRI .

2.2 Ni/Fe-AC BPs W 55 45 SR 451

TR I 48 B B, 7 B A DT RO I L FAE FEL R 5 B 0,45 A/em” IR 40 °C L LTI 10 min A9 & 1 HEL DT AR
A T #1731 Ni/Fe-AC BPs X 40 mg/L 9 Cr( VD) ZBRZTT &8 100% . A T #F— 25k B 4 J& 48 M A5 {4
0% P R P Tk 5 A F TR ) A T R A R Y R Rk X S R L A 3 0 X B A AR R T A I L4
Ja& UKL HEAT T LR ARG BB 1A e L R AR R AR 44T, AT A R A
2.2.1 FESEM % #5#7

K 4 s A T84 T #l %1 Ni/Fe-AC BPs 7E 500,2 000,10 000 £ T A4 i 45 & .
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Fig. 4 FESEM figure of Ni/Fe-AC BPs
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Fig. 5 EDS spectrum of Ni/Fe-AC BPs
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Kl 6 S XRD & & 81 53 87 1, H 16045 57 i 49
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2.2.4 BET & @ &4 4

bl 2% 1 AR 43 BT A0 A5 Fi T BRI S AR I B R
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Fig. 6 XRD spectrum of Ni/Fe-AC BPs
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IR 2 S B DT R 48 Ni/Fe-AC BPs 1 S A DT LW 90 B G BL b B R S 4% 400 /L, B IR 2
80 g/L, W& 10 g/L. Bl % 60 g/ L B A MU S A % B 0.45 A/em® , RUTARIR BE 40 °C, DL
10 min, M A& Tl 451 Ni/Fe-AC BPs Xf 40 mg/L M7 W8 7€ 20 min A9 LKBRETIEF] 100%

[ A St i A 0 AR T L A R TR 2% 1 I i 5 A 0L 4 J IR R AIE 45 SR 1R - Ni/Fe X4 i ok 5t L BRR
Y5 oA T b R WD EDS fit XRD R AEFR B R D) il % T Ni-Fe X4 J& W0k ; 10 BET H 2 i 14
BrFil AC.Ni/Fe-AC BPs X Cr( VD) ZBRACR X L4347 22 B, 6 1 7 1 2% Ni/Fe UKL JS L R AL T [%47.60 %
g5 L A B9 AC X Cr( VD £ 20 min, Z2BRRAL 5.43 % , W BHRCR#455 . 1 Ni/Fe-AC BPs % Cr( V)15 2%
43 A] ik 100 % , BB Ni/Fe-AC BPs BA B4 19 4 Ak b JE 1
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