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Research Progress of Iron-Based Nanomaterials for Heavy Metals Removal in Water
WANG Yandi, SHI Jun, DENG Huiping "
(College of Environmental Science and Engineering, Tongji University, Shanghai 200092, China)

Abstract With the rapid development of human society, heavy metals are discharged into water body, causing serious environmental
pollution. Iron-based nanomaterial is one of the most widely used nanomaterials in the field of environment. Because of its high
reactivity, good adsorption performance, easy separation and easy recovery, and environmentally friendly, it has attracted wide
attention in the separation/fixation of heavy metals in water. This paper mainly reviews the research progress of iron-based nanomaterial
in the remediation of heavy metal pollution in water. The preparation, classification and functionalization methods of iron-based
nanomaterial are summarized. The possible reaction mechanism of iron-based nanomaterial in the removal of heavy metal ions,
including physical adsorption, chemical adsorption, oxidation/reduction and precipitation are discussed. Several environmental factors
affecting the removal of heavy metal ions ( pH value, temperature, coexisting components) are analyzed. Finally, the development
prospect of iron-based nanomaterial in the field of heavy metal wastewater treatment is prospected.

Keywords heavy metal iron-based nanomaterial functionalization modification removal mechanism
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Tab. 1 Comparison of Preparation Methods of Iron-Based Nanoparticles by Top-Down Route
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Tab.2 Comparison of Preparation Methods of Iron-Based Nanoparticles by Down-Top Route
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Tab.3 Comparison of Removal Efficiency of Heavy Metals before and after Modification of Bare Iron-Based Nanomaterials
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E——We B3 H i RE , kJ/mol ;
R—SMAH %1, 1/ (mol - K) , HU 8.314
J/(mol-K) ;
T—# TR E K,
— BRI, bR TR A 2 i A R T iR R
W BRI BE (RS BUOT AR B ANt mEE AL AL
FETERE) y-Fe,0,(y-Fe,0,/SBA-15) 45K & &+ Kt
REEA 1049 m*/g B LR AL (HXT As™ i e K
W R 28 AR, AU 23,1 mg/g' ™ L T 95— TR 5%
1) Fe,0,@ SBA-15-NH, LN 173 m*/g, XF
Ph™" [l 758 Fik 243.9 m*/gt®
BRI 2 oK A L 3 T A AE R R g AT (A
-COOH ,-OH) , W Ffif 3k 7% vp v & A4 DLR B g2 AN [F]
pH 2 48 85 5 b b} 3R 1 BT T sl L i1k
B A A AT DA I L 5 |  E RE A AT DL B
TIE S (B E e, &8 85 7 S5 a0k R 1H 9 T
FolBHE FUn K* Na® Mg™ fl Ca™ v] LA & A B 158
Yo, BEJEE FRe S RN 2 ERERAS S,
I, WA RE R 1T RE A B P R AR AR R
JE T MR 2 18 b 25 % 0T, DT PR E T B Y R
F1191 ) Egodawatte %57 BF 5% & B Fe,0,-Si0, 44K
HAMBXT Cr™ (B2 52 36. 9 mg/ g, fiff FH & 2
DRe bt e WA A S 0 108.2 mg/g, X
BRI KA RE AT R, B R 1w A TR M E R, 2
SRR W B R B TR RE A RO Y
3.2 S| H/EE
BRIEAORIA RN T 4 W E AR R R 2 S E 4
JE PR IE R AR HL A G, Fe RIS UL 42 8 09 5 U
FL B HL 7 AN 35 4 s

R4 W ILEGJE BT hREHU R
Tab. 4 Standard Electrode Potentials of Common Heavy Metal lons

R | T 7 F R L B
4 AR () /v 4 JE HUAR (EY /Y
Cr,0% /Cr** 1.36 Ni**/Ni -0.24
Hg** /Hg 0.86 Fe®*/Fe -0. 44
U03"'U0, 0.41 cd**/cd’ -0. 40
Cu**/Cu 0.34 Zn**/Zn -0.76
Pb>*/Pb -0.13 Ba**/Ba -2.90

XFF G (Hg™ | Cu™ S5 A5 i LR L34 & Fe
(4R AR E LY R BRALE I8 K AL
MESEE TS FEN B EEA LT 2 Ffh, (1) Fe’
BRI 4 R 55 (2) AR 5T e Bk
FEYARAT R L B W B ) EE 4 Sl
B E 8 O RN Qiu SOV B SE T IS AT
AP R 3R nZVE X e B R BRLEE, Ce® 1Y
FBRBh S, O 1 2 BR R 0 LAY R 3 AN B
B, BB B S B R | B AR AR R R |
F T, BT LR L 2R A B iE nZVI 1Y
BRI BRH G Cr® SEAT 4B AR R, Li 2517 i
Y, A 1E L far RO AR B - B R 8 nZVI(nZVI/
Al-bent) F] LI #E nZVI Fl Fe* B K Y Se® i Jif
JHEAYE Se® . Se( V1) 5 nZVL/Al-bent J2 3 & FIFE
il TP Se-O i, R BIEA I AFELE LR Se®,
Se® FEI Ji ik A P g S8 A R

Ni**  Ph*" 45 B 1 hr o HE AR HL AV B /5 T Fe™ , 1]
DIA I (EBY A S0 3K 2 7 /N, R 1 R A 18
XFF Zn™ Ba™ SEARHE L R BIL T Fe 48, T
Pl i AR SR 22 B, — e o W B R vE 2%
Bio Liu 2507 B 6 P 0% 67309 nZVI & & 4K
(nZVI/AC) AW 2285 Ph* , P> i I B 7
nZVI/AC FIH , SR G 8% nZVI 80 JF A7 A2 1Y Fe™ i 5
S Pb°, 8 #F YL K Pb (OH), . PbO, PbCO, FI
[2PbCO,-Pb(OH), ],

FE— SRR IR RS R G BRiE SR AL, A A
WREE M RN LB, BN, A6 WA & AR R
nZV1 KA IF0 B 7 A s A AR [ X (10) ~
A (14) ],

Fe"+2H" +0,—Fe> +H1,0, (10)
Fe’*+H,0,—Fe* +-OH+OH" (11)
Fe’* +0,—Fe’ +0; (12)

Fe* +0,+2H"—Fe™ ++-OH+OH" (13)
Fe’+0,+2H"—Fe™ +H,0, (14)

TeHL As F1 Sb FE LU =M A FAIE AFAE T IR
Berp, As™/Sh I EB B A T As™ /S TERBR
As Fl Sh b FE W B 2% A A R R AR AL T RE TR
W%, Ramos %517 i i 4098 X SOt T g
eSS AS™ F As™ SN B nZVI 4T RAF , 25
R, A’ LA™ LA™ 400 B As B9 13.0%
11. 0% .76. 0% F1 35. 0% \51. 0% .14. 0%, X 7% W]
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it nZVI Kb B As TR S kAR R FE AL, Wei
S R BT R AT A AR e 5 3R nZ VT 3 i [ s
AL SE K Sh™ 1) LB, FeOOH M B AT 5
Sb™ B B P J2 LG 45 A 9 (Sb-0O-Fe) , [l B, nZVI
H1 O, A B - OH AR F 3 45 5% 420 fb 77 34
5T Sh’ B Ak, BN JE R R, ShT T E R
24.25% ,Sh™ 5 R 72.75%

LR TR H A 2 P IO R ) 3 1 0T AE 4 oK
WAk T E 4 T 5 1 W R SR o R A L
YERI . Liu 487 858 T HA AR b2 1w AL A 4 ¢
(33.38~470.36 m*/g) 17k nZVI X} As™ B2 BR G
o 5 nZVIHL, AW SRR nZVE R B
HE AsT S AL R R BRACR AR, R
KT nZVI 258 As™ R THE A K M, 1
2 a3 BT 3R BT, As™ B AL R S R 5 AR ok Y FEL
FRURE Ty R AR O, BRI, e o 2R 1) fE A2 1 i
TEVETTIET nZVI PRL, DIE—25 0058 As™ KB TT
A T R EREMEH, fEbbERm
(3 JE R (fre 7 BB AT, dn i 5L ) i fb i) (8252
HL IS, Gn e A O 7 1 AT ) e B R ) 4R Ak
RIS As B0 B A E K AP 0 52/ W BT
4 IMEFIMEZE
4.1 pH

IKIREE Y pH J& 5 4 i 15 YooK 18 55 1) SC st A
2, EAGE B KA R E g A 0 BT e AR
R 1T LAy, T HL 23 R A R A R R I
FREEFIE A, % pH A2 i W B 7] 2% 1 25 A /9 T+
b, 5 pH JUIA I R i 500 v 1 L e Y
VAR pH<ZHL 81 (pH,, ) B, W52 B 59) 2% TH1 47 1 L4
PR X5 S B B8 P F A 5 | ROX B 4 BH 2 11
HERF 524 pH>pH ,, I IR R 5 2 1w G Ly, I 5 | o
G MBI HE R S BB . Bilan, BR Pk A5 A AT
DI Cr™ Fl As™/As™ BB, (H 2530 Cu®  Zn*
I Ph> 454 8 BH B W pf 7

ANl pH R 4 a5 1B A A & 5 N,
filn, pH {6>6 B, Pb*  Cu™  Cd* £ 1EK TIE BT
S T G, 2. 0<pH H <5.0 By LR
J& HCrO, # H,Cr0,, B pH 3%, HCrO, %1k
& CrO;7 A1 Cr,07, pH {H>7 B}, CrO; & FE B
X AL SEHET K a-Fe, 0, MK %
Bk Pb™ i A8, pH A 28 A0 X6 W BHA 22 AT B 2252 )

M1 <pH 4 <3 I}, a-Fe,0, FE1H & 1k, H#
THI Y I LT 5 P 7 A= i e HE R VR 0 B A A
fi5;24 4 < pH {l <6 I, a-Fe,0, F 4 7 1, Fl
Pb** 22 ] K& AE L 51 W B N 7. 5% £ 5 #
97.5%; Wi & pH 4k £z Jm (pH {A >6), Pb* L)
Pb(OH), M 0 h T TE H R, s 1 B

B S5 RT AR i o 45 s SR AR A B, B An
M(OH), 5% M Fe ., (OH),, H" > iE 25 m M
5-COOH 5(-OH S5 K1 B REH M # & RIEF1F
PR nZVI AR ALY i, IR i 1% % £
HEXT 42 I R
4.2 BE

T X R o 3 R 1 5 i ) LA T 25 S AR
& TR SO A S (15) ~ 2
(16).

AG =— RTInK, (15)
AS = (AH - AG) /T (16)

Hp  AG——H il | g, kJ/mol ;
AH %57 kJ/mol 5
AS—H574% ]/ (mol - K) ;
K ——W BAEP- A %8
AG<0 R & JE B T W — 4 A &R,
B 5 3085 1 TR, AG B/ TR IR TR A e i
TEEAAT, AH>0 F W0 R R R A IRt B
U B T S A R, AS>0 R AR
BT R B RIS ) 43 TP A B ok (AR R
BAREHLER [ &1
Qu ZEL%N LT S-nZVI@ HPAC X} Ph>" 1y it 25
SR IR T T B R, U5 R LA R B 1 kA
MR (AH=33.49 kJ/mol) . WAL, iR T ] LA
PR BRI T B I, B0 4 4 kR R
LAY AT REME™ | Qiu 57 Fl A= M 7% 12 nZ VI
B G BEE TR M 283 K HmF] 312 K, BT
W G B W B M 56. 83 mg/g 1 AN F] 70. 17
mg/ g, %F Cr* AW BFF £ 38 i M 24. 58 mg/g F] 36. 82
mg/g, Wang 250 & i T 0 R 4T 4 KB I 2
nZVI T Cr® () 25 Bk T A 1R R A 52 ), &5 SR 5%
WY, B i FE AN 10 °C FHm 3] 40 C, KERACE N
64. 5% 4 E] T 98.2%,
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4.3 HERS

SN W Rk AR 1 ) — A B R R A T
AR RRA VY [ JEHERR (HA) FIs R ] | 48
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(PO} .COY SO F1NO3) ™',

KIRFE N — w5 Hir 4R & Fed
BRI L (4 T35 AL 557, DT 410 3 oA ek %o o 4
JE WA 5 55— T, RARA WL RE AT 4 8 25 145
B, MU 4 W BRAL 2= P BT, DTS i A R X 2 4
JaE IR B/ T R AN, ARG WL T RE 5 4ok
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KA AL B ROSH R0 Fe e M, 5 2500 1Y 3R 4 RN T
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A A BT AR, RN AR A A R R
PRI , KRR ML RTAS [ BR S 9 oK b1 k) 2 B o 4 )8
BT RRN A 225 T ARG BRSO

Liu %1% 25 % T sh 8 fin A 2 Lk 388
nZVI FHF bR O, B BILAER) HA (B 7 FE 75k
FEXT Cr® 1 5B A B & R, HA (A e ] T 48
KPR Cr 1 R Bk, I B A HIE I BEE HA R E
ARG AN, X — 25 R W] HA S35 G bRk 1
IR, Ca® Mg™ SOZ HI NOJXT Cr® (1 2555
WA W X FEER R T EATS Fe MR
F Cr, K100 PO, I T Cr* Bk, 32K h POY
k(R EPIE R EA RS AGRENNZES S,
SECr AP Z RIS B SR, SR pH
(Y52 R AF LU, A7 1) 50 28— R BH B8 X6 23 BRAICR
IS 2
5 BREERE

BRFEANOR AL HAT A L 2 1 R /55 s g 3 1
FEAL B T 4 5 Y U R B 5 K A AT
W B T T 5% o ABAFE AR R PRGN KA ) DL K B
KA H B A S S T Y B I S i — LB
B, B, PIEYURMEER Z RATREN A Y
R X SRR ERRSCE, M H BT HK R,
KRG 5B R A — e e, 5 HA TR
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B BA SR A IR . SR B 8K b A 2
TR Z 7= HE AN, TR0 A AR 22 X0 R3S
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AR CRR T ) 28 5, = IR . R, 72 R
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LEPh PERDRL ] £ 75 15 AN A Tl AR AR AR R
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