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Fig. 1 Antimony removal rate by Fe,O;@AC under different preparation conditions
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DU 3, FRAEMEXT L UL 2. BB 3 AT I, 7R YR R 19 20 AR 5615 B AEAE 412 em ™! F 682
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Fig. 2 SEM images of activated carbon and Fe,O;@AC
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Fig.3 FTIR spectra of iron oxide, activated carbon,
Fe,O,@AC and Fe,O,@AC after antimony adsorption
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Table 2 Comparison of FTIR characteristic peaks of each material

R —OH/em™! —OOH/—COOH/ecm™' —Fe—OH/cm™' —Fe—O—Fe/cm
BREMYHAR 1383 3333,3373 412,682 836
TR 1586 3438 — —
Fe,0,;@AC  1257,1319,1383,1586 3417 411, 679 879
Fe,0;@AC-Sb 1269, 1315, 1383, 1587 3382 420, 695 891
3) XRD 5 XPS 7 #r . R H X 247 41 Bl %3 XRD #{EIERIEE
i (XRD) Xt W% [ A R 140 1 R 255 #R AT R A, 4E Table 3 Comparison of XRD. characteristic peaks
Hn 3 M 4(a). Fe,O,@AC 1T 5 0 (FAE bR LR /()
T°26.66°, 35.06°, 39.12°, 46.22°, 56.06°, 61.2° BRSPS 2666, 35.06, 39.12, 46.22, 56.06, 61.2
Ab Y 5 8 E ALY K B AT B (7F 7 T 27.5°, A 27.5, 35.38. 39, 47.93. 56.46. 61.64

35.38°, 39°. 47.93°, 56.46°, 61.64°4b ) 1R

L, ERATEE SR 5N (220). (311). (400). (422). (S11)H1 (440) FZ5F, b0 FREEH (193707 2R &
AT A58 o Uk IR SR R T T S AR B Y R AR S A DL s R IR ek s, HE I T
WMz b, A, XRD Gk n 58 B 5 W06 i o/ S b, RIS 3% rb A8 5 iy e 728 IR 4 J0RE R 1
BN H B 4(a) TRV R A i, Fe,O,@AC 18k S AL P R4k 0 LUK 4804 0 B AR 1 4k S AL A R A e
B, XUl E A it B B T H A BCIR A B /N B URL RS, R T A Y oA TS A R
b, Rk FEFLBR T A K 1 T A 0 W BREASR . Fe,0,@AC W B R S 9 XRD KIS R & AR AR L,
HF R o6 5 Bk R A A AU 3 D 1) 6 O S ERZE 8k SR B ) TR Y AR LY Fe,O,@AC TR B Sb(V) J5 1)
XPS 2 A W& 4(b) Frms o AT WL, K E) 529 eV 4b 1Y 14 % B Fe,0,@AC R fA1ES TE, HH
Sb(V) E # Fe,0,@AC MW}

BRAEALYIE PES-Sb Sb3d,,
MmN A, A
BREARE TR
TEPE R
YA R
01020 30 40 50 60 70 80 90 5375 5350 5325  530.0 5275  525.0
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(a) XRDIIj (b) Fe,0,@AC I-SbityXPSH4iilA]

El 4 Fe,0,@AC. JEMx. KENXIA XRD. XPS E
Fig. 4 XRD patterns and XPS spectra of Fe,O,@AC, activated carbon, and iron oxide
2.3 Bl Fe,0,@AC 5 & ##} I fYR 05 BUR & H 2 0 B R R+t
B ER 2.1 1B AE ST H 48 9 Fe,O,@AC HI T /K P 7K P i3l 86 B 5 BREST , DA IR R B 86
MRS SROR, IF 506 ko 5 AR I R B 6 A8CR HEAT T LA
1) W BRE A REASE M Xk B3 B A0 R R M) o A S U AR AN W) IR RS SR B I T, Fe,O,@AC H13 18
T P 20 R A B3 20 A 800, o D 7K B Jo et B e MR O 38 g L, MR BF S ] Ry 720 min,  SEEGZE B ANIA 5
(@) iz o PR BE Y 25 BR S8 B 2 T W B 500 45 0 A9 385 Jn g 22 7 1 . Fe,0,@AC i 0.08 g L™
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Fig. 5 Influencing factors of antimony adsorption by Fe,O;@AC
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Fe,0,@AC X} 4 1) 25 BR AL 328 i 35 38 1% 14 ¢ o
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ZFE LM ERER (—OH. —COOH, —Fe—OH, —Fe—O—Fe), HiHAKMNEEELHE
J184,

3) W pH XFBREBFCR M SEM . 78 JFUK 86 i M 38 pg L', Fe,0,@AC #i 4 0.08 gL'
KU, BET AR pH & FRIBRBERCE . WA S(c) iR, 24 pH 1E 5~7 BEBREE SR el . X &
KR A 6] pH 86 2 A8 7 W0 HP B89 77 6 T 25 R0 W B 390 i 6 T R AT A E S TA) . A RS BT A
Fe,O,@AC 1 pHzpc K 6.5, W1 7 pH K T 7 i W BfF 551 3% 1w o7 W fof ,  HL#E pH K T 7 1 Sb(V) LU
H,SbO, Fll Sb(OH), JEAAFEAE, Fr LA 4 6k 3 101 5 6 25 17 75 8 B HE v AN R T 0 B B2 g o 1 24 24
5 pH B Il 2 5~7 W) . Fe,O;@AC 3 1f 1y £ L far ok 2 24 1IF B 7, 1 Sb(V) I B 4K 44 LA
H,SbO, I Sb(OH), JEZ& A7 1E (Sb(V) 78 pH>2.7 WPkr F#R 45 T fLfar ), BRIk, B4 3R 5 ok 1 78
pH &b 5~7 W e oy (9 B VR V8055 B A7 22 s s (W2 51, J9F DA G B I B 8O . 2 pHL E— 25
FEACE SVIF B I B OR JA TR . X T REZ B, pH 1Y F B T 520 Fe,0,@AC 2 1 2k A b 9
e TERE, (R BR e, YETRZ M Sb( V') (4 W B .

24 Mzt HE
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Fig. 6 Fitting curve of adsorption kinetics of antimony by Fe,O,@AC
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Table 4 - Results of parameter fitting of adsorption kinetic model
W 4k HE—H3h % HE_ B 1%
B - : - :
q/nge) q/(ngg™ K, R q/(ngg™) K, R
Fe,0,@AC 401.775 296.19 0.003 06 09531 434.783 1.73x10°° 0.997 4
Bangham /j TR
R A5
K, R k, c R
Fe,O5@AC 15.993 0.827 4 9.3 76.199 0.8133
JEP e TR
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B 2 RUAS IR N O B30, TR 2R R S RS o AR e DL R 45 R . 100 min 2Z i
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B PO . #E 200 min 5 W LB R HON 3, I KO B T R R R ARG, WG R R A i
2R, Fe gk B A



376 ok L B ¥ W EEAVE S

2.5 MRS

TEWZ BB~ 0.5 gL', 86 8 Wk B 30~500 pg L' &4 T EA7 25 IR M s2 56, IR
Langmuir fl Freundlich 2 R gEA 740G, AR 7 f13 5 frs . AT F H Langmuir BE5 (1§ &
RORTLE, PIERECR>0.99, FW Fe,0,@AC W46 A 512 [,

0.5 20 -

§ 05 s 10
-1.0 5tk
-15 1 1 ! ! ! J 0 1 i 1 ! ! ! J
-3.5 -3.0 -2.5 -2.0 -1.5 -1.0 0 500 1000 1500 2000 2500 3000
leC, e,
(a) Freundlich#&i %Y (b) Langmuirfii %Y

7 Fe,0,@AC X5 B IR B iR 2%
Fig. 7 Adsorption isotherms of antimony by Fe,O,@AC
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Table 5 Results of parameter fitting of adsorption isotherm model

Langmuir®:ii gk FreundlichZ: R £k
I B 5510 .
b Ima/ (g€ ) R K, n R
Fe,0,@AC 107.9 1.48 0.99 9.95 1.62 0.92
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Adsorption performance and mechanism of iron oxide/activated carbon on
Sb(V) in drinking water
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Abstract The iron oxide/activated carbon composites(Fe,0,@AC) were prepared by liquid-phase deposition,
and their preparation conditions were optimized by the single factor and orthogonal experiments. SEM, FTIR,
XRD, XPS were used to characterize the morphology and properties. The adsorption experiments were
conducted to investigate antimony removal effect by Fe,O,@AC adsorption-and the corresponding influencing
factors, and antimony removal mechanism was discussed in depth. The results showed that the optimal
preparation conditions were following: pure water:ethanol of 4:1, Fe*';Fe*" of 1:1, total iron concentration of
0.594 mol-L™" and the preparation solution pH of 1.88. Compared with other metal-based materials and activated
carbon, The ability of antimony removal by Fe,O,@AC adsorption increased significantly. When the
concentration of antimony in the raw water was 38 pg-L™' and Fe,0,@AC dosage was 0.08 g-L™", the removal
rate of antimony could reach 97% after adsorption equilibrium, and the remaining antimony concentration was
1.06 pg-L™', which met the requirements of National Drinking Water Sanitation Standards. Microscopic
characterization showed that the iron oxide particles were successfully loaded on the activated carbon and the
iron oxide crystals were structurally intact. The adsorption reaction conformed to the quasi-secondary kinetic
and Langmuir isotherm models, and the adsorption reaction was dominated by monolayer chemisorption. The
adsorption types were superposition of liquid film diffusion, intraparticle diffusion and mass diffusion forms.
The adsorption was co-precipitated and complexes were formed between dissolved antimony and solid phase
iron oxides, the functional groupsinvolved in the reaction were —OH,—COOH,—Fe—OH,—Fe—O—Fe.

Keywords iron oxides; activated carbon; adsorption; antimony removal



	1 材料与方法
	1.1 实验材料
	1.2 材料制备
	1.3 分析方法
	1.4 吸附实验

	2 结果与讨论
	2.1 Fe2O3@AC材料制备过程各因素对除锑效果的影响
	2.2 吸附材料的表征与分析
	2.3 自制Fe2O3@AC复合材料吸附除锑效果及其影响因素探讨
	2.4 吸附动力学
	2.5 吸附等温线
	2.6 吸附机理

	3 结论
	参考文献

