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Abstract

In this study, nano zero-valent iron (nZVI) materials were prepared by liquid phase reduction
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method with arsenic (As) and antimony (Sb) as the target pollutants, and the effects of different
reaction conditions on the selective adsorption of arsenic and antimony by nZVI were investigated.
The experimental results showed that the removal rate of both arsenic and antimony in the solution
could reach 99.99% under the mechanical stirring condition when the dosage of nZVI was 2.0 g/L,
the concentration of arsenic and antimony was 10 mg/L, and the pH was 3. The results showed that
the nZVI could remove 99.99% of arsenic and antimony from the solution under the mechanical
stirring condition. Through XRD analysis, it was found that nZVI was oxidized during the reaction
process and formed co-precipitation with arsenic and antimony; in addition, the reaction between
As and Sb also produced precipitation, resulting in a decrease in the concentration of arsenic and
antimony in the solution. XPS analysis showed that the removal mechanism of nZVI mainly de-
pended on the combined effect of adsorption and reduction reactions. In addition, FEOOH on the
surface of nZVI can oxidize As (III) to As (V) and adsorb As (III) and As (V), which effectively removes
arsenic from aqueous solution, while the removal of Sb is mainly by adsorption. In summary, nZVI
material shows better effect in removing arsenic and antimony in arsenic-containing antimony so-
lution, and its removal mechanism is mainly the synergistic effect of adsorption and reduction re-
action, which has good application prospects.
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1. 5|15

THRIERE FIEFG A SR TER, | 2T BRI TIEE . BARIEEFET YKL, Kl
RAGEADE SRS, T AISSHEA TER 16k GigEN 4S5 Aml i oK, BHEH O4 )8
B, COSCNRREE I 3 BORIE ). R BRE I R K . RIS HEBGE NI, 5. KRR
Ko RERRAED DX TV X8, §5 5K PR G PR o . AN gh B Al AW ik, JFREE R
VIRETPE S, LB, RPN RESREIEANE, CREAE/EE. S5 rE
ghey, RMARETETE, AL PR, BRmRm T, R, WAL IIE RAE A EE, HE
AT RE 5] R JEAE[2] [3]o FRIER RS TS Je CL 5 2 ARk, 5 TLAE 20 Z0R0 24N [ 58 U6 FH 7K Hp g i
BBV T R I RRUE. 2006 4, RN T (TR K BAERRE) (GB 5749-2006), AR H K A
fif & &M 50 pg/L T AE] 10 pg/Lo AR R AR B Y e/ NR BEDN 6 pg/l, 3 i 1 Bl Brdr it .
i, FHFIER VS Y s SR IR AR o ) EE R

H AT, 5 FH PSR 5 BB A SR B o B 8 VR (N g e AN S8 35 B A 2025 BRi AN 6,
TR ST, 52 BRI S5 BRI [4] o VR AN FEAL S o VS 0 Ak 25 245 55 B A S B 2 B & 25 1
EXFRN I R BRBOR 2, HTREF= A 85V [5]. & FaC ik B | AR, HABESAR, B &k
[EEEBAKEA R WHEEA—F S @ KR, BERERR. @5 am. maEkeEr. 5
A RE SRR 6] B LAV PR T A S RIS R . MR SEAAR RIS A B i, e DS R S N
R7]. (R EHBTRIRFFR I, FEERTLE As. Sb 1R8] HUERFIRAL A AN B, BRUAZEAERCR 4L,
AT JLAFE SR X0 W B A BRI 5 3 AR T AE G0 KA B b () 49K 2241 % (Nanoscale Zero-Valent Iton, nZVI)
Fo GORFANEE —FIRAE A 1~100 nm IRANEL, HILJFERE 5, LR, Riff/h, i iz AT
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H A E 25t As. Sb A7 R KR BRE AR T — 52 HIWE TS, (B0 TRV 24 R38R T 1140326 438 12k IR B AL
il S 85 1 IS AT AT R — B2 o IR, nZVI AR B RLEAT T LR IEFE: (a) KA
WA SR % nZVI, B ACE AR S, BREK, IRIA nZVI SAERNE A LERIRE . (b) @it
XRD. SEM. XPS &L AETFBodt ST G MM RHEAT RAE 04T, AT nZVI XF As. Sb B o

2. M5 A%
2.1, SLHHRAF

NI AR (FeCly-6H,0) H R I AR R AL A1l A PR A Rl R L. AL A (NaBH,) I B [ 5 25 42
PIABRA A, fili(As) MG (Sh)bR TR U B [H 5 A i L2 it AR il bt . BB TR wR1E
orfrét.

2.2. MRIHIE

AHIEFER F BRI SR 46 nZVI [9]. 4 7150 R . FREL 4.84 g FeCls-6H,0 B T8 15 I se st
W, N, 100 mL 25 B Ok HL s A 5E 4 JE BN 500 mL [ =#iE, S EL 100 mL (KBRS ek Bk BeAR
Jo, KEEDER A — BN =R, AFEE N S AR RSP 1.36 g 1) NaBH4, 7T 100 mL 1)
BREAZE TR, BHUKIBEAMT, FRS SIS M = 80REH LL 10 mL/min [F3EFE N NaBH 3 1§
NaBH, i N se eI, KGR, FF8tsE 20 min, fRIFRMN B4 . &, S-S nZVI ik E T 5
OEN, HEEEEFRAELI G, BEWEDERAEIEE nZVI, JRINATET4E 48h
JEECH, 3] nZVI .

2.3. MRIRIE

K X SHEATEMX(XRD, Bruker X’Pert PRO MPD, 2 ) fEAR 44 NEESHE R 44, WEBESEHN
36 Kv 1 20 mA X} nzVI BT 41, FfETEEN 20 = 10°~80°, H3#H# N 5°, K ICDD % JE %
TEFAF IR AL TR X PR BT REE (XPS, Thermo scientific Nexsa, E[H), 7F Al-Ka 6 T 544K
R A AN S HEAT RAE . SRR T 5308 - BE%{(SEM, Thermo Scientific Apreo 2S, 3&[H)
MEE nZVI FIR TSR Z45 44 .

24, STI&

241 ¥MEXW

FREL 0.027 g /KA TFRAH, BT 50 mL kedf, A 30 mL & &7k 2 54k, RN 10 mL
THRRAETE, SEAR 1L, FCER As. Sb kAN 10 mo/L RHERIATR . Kbl BV ity B T 300
mL Bt , A% 0.2g. 0.4g. 0.6g. 0.8g. 1.0g I nZVI, ¥r5 1. 2. 3. 4. 5, fEHE%
PR BT HUMER RE . S id R TR 8 F A Wk 20 I E 5 min. 10 min. 15 min. 20 min. 30 min BUREE L,
EIEWR IR As. Sb I FEAS A R IRISOGINE -

2.4.2. YRRE RIS

FREL 0.27 g F/KI AR, BT 50 mL Bedk, A 30 mL & FRIEZ Eam, 58 1L, &
B Sh B E N 100 mg/L B E BRI . AE R EL 40 mL 1R B B 100 mo/L (S BRI, €
253 200 mL, AN 20 mL ARARER , AL B 5 2R BN 20 mo/L 1 S i . 1% ER 7 VAR E 10 mg/L.
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15 mo/L EEHEI, 5 nZVI RGO YR - W A i AR T

2.4.3. ¥1% pH {E3CLE

FEPYAS 250 mL AR 23 NN 200 mL J5t S FE %9 10 mo/L 1) & i, FEE A 1 mol/L 1
HCL. NaOH {1 pH 4 3+ 4.5, 7. 12. JIIA 0.4 g [f1 nZVI 7E 25°C. 250 rpm FHLISHE. 5051
7£ 5min. 10min. 15min. 20min. 30 min BUFE 10mL, RAEOHLE S 3min J5 FH— ket Xt ik ge i
P o A IRSACES I E TR Asy Sb IR

3. HR5ITR
3.1 $nE X IR HE R AR

1)~ K 1(0)5r BN nZVI 5o iR ER L BRI 5em . AW AT 20, 76 200 mL fifi, 6
WA 10 mg/L 5 T, nZVI I E 58 029 0.49. 0.69g. 0.8g Fl1.0g i, X MK 25 R
433N 83.90%. 99.10%. 91.20%-. 90.21%. 87.49%, i1 2 BRF 55BN 74.77%. 99.94%. 97.78%.
96.79%. 85.11%. MSZIGELERKE, EHINEMLT 0.4 g i, nZVI XFh. B2 5858 BE O & i3 in
M. {224 nZVI FIFnEH 0.4 9 BN2E 0.6 g I, R &M TR, X2 B TR EK nZVI FFA
RESE MR AR P AN, RIS nZVI 5 R R, BRI T nzvI TEPE g, e FROBOZIE, B
RIS P I E S B B 1. Uk, EEN nZVI $inE A R Tk Bl 2R UR .
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Figure 1. Effect of different dosage on the removal of arsenic (a) and antimony (b) by nZVI
E 1. FEEZMEXT nZVI K@), £ (0)AIFZNT

3.2. ¥ItaRE

2 N/RTFIRH(a) BH0)FILEIR ST nZVI AR B RCR 520 . B VP il BRI RITH &, nzVI
NoF e Fe BRSBTS WHAVATRRE B 10 mg/L JHZE 20 mg/L I, A2 i 99.99% % & 51.18%,
B BRZ H 99.99%% % 61.06%. X2&HTHRIME BN T, nZVI R BIESE S BE—E, nZVI
AN JE DL v TR P2 1125 BBt R 7 P P s 4 0 R BT 25 B4
3.3. #l%E pH &

3 Afi(a). BR(D)ETRVILE pH (EXT nZVI AR IR SR, VETRIHIEE pH AR AR B 751
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Figure 2. Effect of initial solution concentration on the removal of arsenic (a) and antimony (b) by nZVI
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Figure 3. Effect of initial pH of the solution on the removal of arsenic (a) and antimony (b) by nZVI
B 3. 7&RANIA pH EXF nZVI KFRHE(a). i (b)AIEN

Il A 2, 1f7 H6S Asy Sb 7ER PAELE NS A MR . ARSEEEEE T nZVI 1L pH 4 3.0~12.0
JEEI X Asy Sh B ZBRBCRAE & . nZVI #£ pH N 3. 4.5, 7. 12 WX 25 BR 253008 99.99%.
87.44%. 89.91%. 77.48%, X4hf1EBRZF4 7N 99.99%. 95.79%. 98.73%. 90.50%. {E pH=3 i}, nZVI
PR PRI IR 22 B O B i o X E BRI, IR pH A 3 B, IETRHPAAE R R HY, X2 H*
A LMRAE nZVI A R PE PSR B 20 VA i, (TR AR R ok, 38 ml B s i Ve b, Fm
RELEEH, 123 nZVI 5 AS. Sb B 7#fil, #EmkmE.

M4V pH v 4.5 B, XFFR S, BE 408, As FIFZENME NN, RN As(V)5 2 IE
P PR B 012 1) B8 AR TR 51 3 AT As(V) B, B4R pH EIZET THEN, 37 i i As(V) 5
B R TR EEACHE 7 D22 AR As(V) RO Z5BR: W T8RS, U pH KT 3 BF, Sb fEIR R 3 %
LLES T 2511 Sb(OH), JERAELE, W IZ N OH Bt i e 22 55 S (OH), 5 4+ W B 7712 10 £ W5 B
BLf, TSI 25525 R M. 4P pH BN 7 B, 30h A i A B8 5 8 8 g R 4 b R 1
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H, (e fm ke ST BTTE, MTTEE— D BRI As 1 Sb HOIKEE. KL pH O 7 I, nZVI Bk As
A Sh IIRCREE T pH oy 4.5 I IRBRACR . 43K pH By 12 1, WRBRFRIRR T ) F s KRS,
453 LAR B T TR A AFLE 1 Sb (OH), SAPkL 2 IH (R ik 03, S8 nzZVI X Sb 9 2 BRAUR FRE. 7
i, BTENERS As. S MMM, SRS OB T, T%E 7755 AN ATE AN Fe(1)4
&, IFEM BRI RRUTHE, e 90K BRI (R B AL R BT Asy Sb IRBRAECRY T F#.
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Figure 4. pH-Eh plots of arsenic (a) and antimony (b) at 25°C and 105 Pa
4. F#(a). $(b)7E 25°C. 105Pa T~AY pH-Eh &

3.4. FIE

] 5 52 nZVI FEALFE S R ER AT IS 1) SEM &, Hrb(a)y nzVI 2 BT SEM B, (b)A nZVI 4bHE
JE1 SEM B, @) E tH, nZVI RN, 32 S RNEEAE R A BRI S, BA RPN L
s HEIO)ATE W, AESMBERE, GOKTMRRMEE MR, HHIEPIRA ), B2 AR
5K, ULEH nZVI 5ER R B RN S IR SE S AR, 5. SRR T UTE, FIE nzvI Z 35
EiP=3i8)a 2 PR C Y VAN N

6 A nZVI WA, BRAMATIE M XRD #EE (L, () nzVI AbEEFT XRD FAE, (b)HN
nZVI 43 10 mo/L MEEIETR G XRD F1E, (C)N nZVI Ab3E 20 mg/L MERVERUG XRD FAE). i 6(a)

Figure 5. SEM images of nZV1 before (a) and after (b) reaction
5. REET(a) J&(b) nZVI &Y SEM
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A, nZVI A 20y 44.32°F1 46.86° 4L I Fel FHFAEIE, SRUIE AR il & 7 90Kk ek, 1M
24.48°, 33.44°, 36.38°. 60.62°F1 68.18° AL [IFFEIE V8 T Fex0s, KA nZVI 1EMI & EBEAI TR R
HEL T AT B 2L . & 6(b)A nZVI ARFE 200 mL BHERJTR B EE & 10mg/L (KK G nZVI ) XRD
SHTHE, FLAE 29.3°. 44.42°F1 67.88° A B T 5 FesShy AN B HFEIE, 35.58°AHIEL T AsS FIRFIEI,
£ 46.56°F1 60.38° AL L T FeoAs, IRHIEIE . 5 MHTHI nZVI XFEG, Fe,Os Fll Fef UG (H 3 FEAIK, 3%
B nZVI S W A3 T 10 7 sk Se B As AT Sb (EER. 18 6(c) N nZVI ALFE 200 mL il iR Bk
FE -4 20mg/L JE/K G nZVI ) XRD 4341, HAE 23.98°%F 5 Fe,O3, 7F 29.98°. 44.86°%F M FesShy, fE
46.38° % . AsShs, fE 60.38°4bXT N FeoAsy, AHELRBHTHI nZVI, Fe,Os Fl Fel UG5 A Fr K, TEAL
T FesAsy Fll FesShy, {HATSRLEAE Fe,Os, Ut BIVER BRI A 7250 5 Asy Sb BB RITTE . [HAFE RN
j&, {E 46.38°ALHIN 15 AsShs XTI, Ui BIREE AR As. Sb RGN, As. Sb fEEMR T
IS A FRIRERE I, EH R T RO .
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Figure 6. XRD spectra of nZV1 before and after adsorption of arsenic-antimony: (a) before reaction, (b) removal of 10 mg/L
arsenic-antimony solution and (c) removal of 20 mg/L arsenic-antimony solution

[E 6. nzVI IRFIFREE AT HY XRD 1EE: (a) REZAT. (b) KB 10 mo/L #kiA&A(c) FBR 20 mo/L fEE A&

HE 7(a). B 7(0)WHH, nzZVI ZMATEE R Fe. O. C ouRA, MG, #EHH Sb. Fe. O.
As TLRAR, VLRAYK NP JOR I 7R s, S REIE R T IRTEE. B 7(0). B 7(d) A
BHS N5 Bk R A, [RHT Fe HHIL T DY/ NI, 43R4 T 733.08eV. 720.3eV. 710.9eV. 707.2eV
Ak . 707.2 eV AbXt R FeO frude T AR BH S5k 1 OB RO TRT AR, 3 B RS 5 I oK A ks P S T i i e
JITRB. B 7(e) B 7(F)A nZVI BRI G IR RS 4l B . B R el DUE RS nzZ VI
HAL S A = A, BEEH nZVI TR BRI R RO AR T IR OB, 3 A T A R R
MR R L= T, B nZ VI =5 R i i W B e Sz Bk 86 1) 25 K%
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Figure 7. XPS analysis before and after nZV1 reaction
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3.5. RFEHE

I SRS B nZVIE 3T T RO, RIUR PG nZVI 5 As. Sb TERC T FRPTEE, [R5 G
VIR EETH S, As 5 Sb Z B2 BT R AsSbs UTTE, FERIR R AE nZVI . Jd@id XPS 404t K EL, nZVI
X As [ 2 BRPLE] 3 2R EALE R, BEAh, nZVI L) FeOOH B REK: As(IINEA N As(V), FHEET As(IT)
A As(V), RILZAR REES As RAZZ RN, fEIX LI M 3L FEFER R, nZVI SE8L T 5T As 1078 2026
T8, nZVI 32 B WP ) 7 SR S BRI 25

4, gEip

AW T LA B AR5 3, SR RARIE S0 & T 9K EM PR, 8 SLI0HR FUAN ) S B 2% A
X nZVI SRR AR P R BRI, SEIGEE R TENUIR PR T, nZVI EINE N 2.0 g/l Fif
BRREE R 10 mg/L pH 9 3 B, R ARER 1 L BREe 35 Tk 99.99% . BRVEIA R RIS JE IR L T R 4T
MRREE, HHEFMER, SERTRINMAPR BN PR ERR, HRRCREAE; FE, RIS, TR
F AL AR RIG5E,  AITT PR T BRER 1 I PR R0 . @i XRD 2041 nZVI ST S U AR AL, 1 B 4N
KENGMEIAAAE, (ALE R PO R R A A, B JE nZVI 5 As. SbTEk 7 3L0TiE, R As 5 Sb
Z A2 [ AR TS, TR AR I Asy Sb IR R BE; JEId XPS 43T &L, nZVI 3= B dE il i
BRI Ji7 5 B3 [ SE TG As B

S 3k
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