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[Sb(W)IIITESAEAEN, Sb(V) T EAEAE T B A W B AR C N s Gk AR R Sh(V) Bk,
o, FEAEMEE R AEAER ST K 2 4248 T8, TCHARGURG ORI fE AR, W nZVIL W
g, I AR S Ay Sh(V)P Y. Sb 1T EH 4R (FesOy)s WEAREN 25 (y-Fe,03),  HT 3 R 47 AW b
AN AFE SRR (WEE A R BRI, Sb R VERI 5 T mlUe, FESRBIATUR AR 2 B2, B
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R & Cu(In) 19 W BB KR 3R TP, W
[Si;;MggO30(OH)4(OH,),-8H,0], F&—Fh RIR I 4K
BRE L, BAEEMEN, EFE. 5 TR,
FER AR, A 92 BT IR BRAA BRI KA )
Sz EERARIPY . BRI, AT AR K A o
BED, WIREA YLK R, Wi fe
K. S5EWHUR. B2, R T 2P,
HZF LA G e, SR LX)
Cr(VI). As(III)/As(V)~ Sb(V)Z5:[H & 1 H & Jm &I
ANEE o I AT AT R O BRI A Ut AR T
TWHEARYERE, BRI FE ok i A g kb )\ T
WA 42 8 P B A FIFE L B 4, AT $2
SRFH 1 10 EL R TR R FLAR AR

A TAE LA A (Sep) AR, B Skl g b A gk
TR AL, R H AT K bb 2% A A IR A HE i e A
(Acid-Sep); PR LA Acid-Sep NTEAMEL, RHM
T VA ] 300 15 ) 6 TR Ak BRI A S ARG K B
EHHER(Acid-Sep-Fe;0,), FHRAWFFT pH . Hfih
IFA] Sb(V)IAIEIRE . i & TS5 R E X 5 &8
PRIR B Sb(V)IRIFZ , [ B & AR Sb(V) I 34,
ZBEpL .

1.1 KK S5EN

AT E T2 [ Sigma-Aldrich 24 7], A
W Mg RS2 0N 13%; FoAh BT RIS K& =&
8k (FeCls-6H,0)  PU7K A &AL 2k (FeCly-4H,0)
s . (C,Hg0,) To7/K L1 (C,HsOH) . S A AL BN
(NaOH). HEEHFR4AT(K[Sb(OH))) Y N o Hrdd, &
THEZAEIMEZAFERA R LKA EET
K o S A AIT FH PRI A 27 S B 5 (T 1 DL ST 44
AR\ WBFY-201 &), fthDi# )y 800 W, T
VE$A )y 2.45%10° Hz.
1.2 RXEFIE
1.2.1 WEARRAE HEER 100mL WKEN
1.2mol/L (1IR3 #110%)Th B I F] 250 mL K4k
o ARG R 1.0 g HHEA I Bk R, 7E 60 C
FAF BRI 12 ho 58 B P kAT B0
i LB TRV pH EZE 7, BETARAE, A .
1.2.2  MRACIIEGHA FORGURRIE A8 R 1
#%  FREL 1.0mmol (0.27 g)ffI/N/K & =G ALk A
0.5 mmol (0.1 g)#I VY 7K A S A 72k ik ik 75 v A T
$H 20mL Z FERIBER ;s FREL 0.25 g FRAL R
WAMNREA S, EESEL, AN 3R

BRI A; FREL 0.16 g (4 mmol) A A AL SNvA i T
3mL ZEEFKF, RIGER B, BIAWR A #13)
100 mL RS, AR B FHFamiis . KR
JEGENRICE T i 2% v, 75 80% ¥ T (i v o)
640 W) &AM SN 20 mine SN 58 5 F K 2.8
HEATHREE 3 K, T A ALE 60 C B2 5640 FHET,
WHEE . M. FREUITHI& KL 0.10 ¢ & HNOs 57
B IE € R E] 250 mL A8, @i R 525 5
AR5 T R 5% (ICP-AES, optima 7300 DV,
PerkinElmer, 3&[E)lE K+ Fe (& &, HEER
A MBI Fey04 A, 23l e Al & = Ak ik
W Fe;O4 MR /340N 27.8%.

1.3 EEHHMKRST Sh(V) Y IR B

1 K[Sb(OH)e]¥ T £ B T/KALE & Sb(V)HI
I £ (600.0 mg/L). {5 FH B FA R 21 S50 By 75 L1
B[ Sh(V)WIUGIR B REmm S g 4b, 3@ H N 60.0mg/L],
T Sb [ HERAIR FE A A ICP-AES W& . fE 417
1) Sb(V)I B 5236, FEH 50 mL K FEH 60.0 mg/L
(1) Sb(V)¥E I T 100 mL FEAR H, 780 N W Bt 5512 717,
{4 F HC1 A1 NaOH &R 5 Sb(V)¥# i #1 46 pH 1E
ZJEIMA 50mg MR, 7E 25 CH 44 180 1r/min
MIRIRF RS R, RN E, Bl g
W B R S5 i B, SR JE R AR BL 10 000 t/min
B0 10min, a0 TR _LiE o
i 0.22 pm FLAA IR 38 . R Sb IR B ok
ff F ICP-AES #4701 5E, SR EAKT 0.1 mg/L,
P B A 5 AT RS A (ICP-MS,  Plasma
Quad3, VGElemental, J¢[E)i47 % . H < pH {H.
Fefuist ). OB RIRI AR SOOVRIWIIRIREE . 75
BIF(Ca®'s Fe*'. Mg, SO . JETHIREN)N Sb(V)
W BRI, YR AR BRI 7L . BT A I SLR
AT T 2K, SCREUPIE.

1.4 DA%

FIFH SU8220 2437 5 4514 HiL ¥ 2. f 8% (SEM,
Hitachi, HA)WEE AEMEIIIESRE, H8H R
WEACEDS) M RS« TeER MRS & EAT T,
I3 B A 0.02~30.00kV . S Smart Lab 9 kW 7Y
X SFHERATHM(XRD, Rigaku, HA)HiAHEHIYIH
R, KA IEREE R, WHAREEA SR, e
N 5°~90°, FHIEIHEZE AN 10 (°)/min. 1 ASAP2460
R L R A (BET, Micromeritics, 3% &)%) H
bR AR A LAR AT I, <R 200 °C, B
SIFTEN 6 ho SKRA 410 RUPRBNFE G55 1 (Lake
Shore, 3% E)MARBEAT [F12k, 4> BT ATREAL 58
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5, BLC 1s BS54 RE(284.80 e V) A bR IEAT 17 RS .

2 EREH®

2.1 BRAEEER GEHNKEGT S EMIRRRIE
B1 2 i A A (Sep) s FRAGER G I A7
(Acid-Sep) FHT& 4b BRI A A B KWL R B2 &8
& (Acid-Sep-Fe;04)[1) SEM 5. ME 1 1T I, Sep
RRTEIE PR ERIRIESR, 8RB 1a F
K 1b). BERE AT 45 B (1 2a) BniEE A 54 Sis O,
Mg JG 2% (Cu R H T 431 36 U0 W i R (R A )
Acid-Sep FT#33R1F =4 40K R A 7 AL ) i 3R
E(E 1c AT 1d), I HLAEWE /3 Hr4s B 2b)BoR =

(a) Sep at low magnification

e Mg LRESHEK, AEH SifMoix, K
TR SR ) Mg SR H, IR A Si0,.
Acid-Sep TEL IS A E IR AR N G, AW
K&, Acid-Sep-Fe;04 BEARTESN AR K A B AR,
IR B EEIMR (B 1e)o 21T, w52 SEM M v
7R Acid-Sep—Fes0,4 2 [ 73 #IUCE K5 144K Rk
(Bl 10); HHaeE o RER=WHER T Si Ao
TCESL, RME T Fe 7tz (B 2¢), #HEM Fe;O4 4 1t
#2| Acid-Sep MIFR T, 4% H R AL H I8 A T 20l
K Fe;04 H A0 1K

%} Sep. Acid-Sep 1 Acid-Sep—Fe;0, #E1T44H
SRR, Sep EIUIFIE A MU LERIJCPDS 13-0595)
(K 3); Acid-Sep [ XRD i 2o, A7 S AYHRAE
U 5SE A, SRUHAEMMTEE, bR

(c) Acid-Sep at low magnification

1 um
| —

(e) Acid-Sep—Fe;0, at low magnification

(d) Acid-Sep at high magnification

200 nm
[

(f) Acid-Sep—Fe;0, at high magnification

Bl 1 Sep. Acid-Sep 1 Acid-Sep—Fe;0, ] SEM H& Fi
Fig. 1 SEM images of sepiolite (Sep), acid treated sepiolite (Acid-Sep) and Acid-Sep—Fe;0,4
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(c) Acid-Sep—Fe;04

2 Sep. Acid-Sep Al Acid-Sep—Fe;0, (K fEE:
Fig. 2 EDS spectra of Sep, Acid-Sep and Acid-Sep—Fe;0,

ZEVIBRIR, O—Mg J\Hi A Mg #5843 1P,
AL AR SiO,; Acid-Sep—FesO4 21 [ b Fr 3k
BHIPAE 35.5°, 43.3°F1 62.8° ML I T Fes0,4
(JCPDS 85-1436) [ fL RUKFAE U, F H A S I A &
RIATENE, RV A Fe;04 1. FesO4 HIFF
{0 B Ak T R P TR R RN, AR
Scherrer A TTH, Fe;O4 R A 3.6nm, 1%
155 BT TE 11 38 5 s i B S 1) % PR T A i A

\ Acid—SekaezOJ
N R

Fe:O, (JCFDS 85-1436)

1 " 1 L 1 " 1 L 1
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200(°)

3 Sep. Acid-Sep 1 Acid-Sep—Fe;0, ] XRD i
Fig. 3 XRD patterns of Sep, Acid-Sep and Acid-Sep—Fe;0,

Acid-Sep-Fe;04 FIE TN H—ARSFIR LMK 4a
Fas, ONIVEIR PSR 2, AR HA H3 A5 ]
RO L] Acid-Sep—Fe;04 BAHNFLEEH . Acid-
Sep—Fe;0, I ELE TR FLZAR 53 51N 269.0 m*/g FlI
0.96 cm’/g, METAES SiO, ML R A FIFLAM
(377.3m%/g, 0.96cm’/g)*Y, HiT Fe;0, 718k T-IE 5
SiO, 1M, Acid-Sep—Fe;04 I HLR IAFIFLAFR A
BB, HeAh, Acid-Sep—FesOy 2830 H B I (R REE,
WRREAL SR E N 10.4emu/g (1 emu/g=1 A-m%/kg)
(K 4b), HRYECRR[36-371RIE, ZHIAL5RT E DLER
R e SRS & Acid-Sep-Fes04 [
B . MR, DA NS R RL, B R
Aab 3R AR VA ) B IR R Th ) & B R AR
FEL R T AR . KB B R A FLA A
T B AN 5 G B, R G A R T
WM G 8, e k5 .

2.2 EEHAIT Sb(V)IR Y 200 FEl =

pH BN A 2 5 e W B A Ak o 6 4 o8 PR A1)
HERE, B, fERMSLEE ek R pH
ELRT Sb(V)R B 1152 1], pHL A T 7 3 BBl A 2~9, Sh(V)
YIEFRREIWRE N 60mg/L, SMTE 6h. MK Sa
AT LA B, Acid-Sep AT Acid-Sep—Fe;O,4 Wit 71 7E pH
1B 2~6 (PTG AT Sb(V) 2 BRRR Y Bl WA 4R pH
TH 3G R R, A 93.6%I1) 2% 54 3R BEK E 56.2%,
£ pH 1 6~9 Yo N EEALRFF T . SEEMEHE
e, Acid-Sep 7£) 72 ) pH 1 2~5 Z [AJE AR ErFa
S, BRI 50%/ 45, M pH {H 5~7 B4
K] 40.6%, Ub/EIRFFfEE. DL ESeinst RN,
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(b) Magnetic hysteresis loop

M is the magretic moment; 1 emu/g=1 A-m*/kg.

Bl 4 Acid-Sep—Fe;0, 1] Ny W B B <5 2 A 171 2
Fig. 4 N, adsorption—desorption isotherm and hysteresis loop
of Acid-Sep—Fe;04

Acid-Sep 7£) 72 1) pH BTG ] A %F Sb(V) (R Bt 4 RF
TERCARRE BIIRES, SRIMAE e 5, 268
x5 Sb(V) I B B AT, I B AT 4% pH E
SRR, N FesO4 RENS W25 $2T15F Sb(V) WK Bt
M. SOVEREHECARE, FELL Sb(OH)s
FRAEAE T KRR IR pH 40T
R LA, AR T R B B, BRI
SAEBRXT Sb(V) AWK B = 2 B T 77 1 L Aif 1
B 7510 55 47 7 REART FR) (V) FRY B 1 1 22 ) i i FEL I
FIF=E T, A, FERRME 1 T Acid-Sep—Fe;04
H Fe;04 B MR 42 Fe¥', Fe'' 5 Sh(V)RAESK &
VEH SEUL AR Sb(V) 25 B BE S 1958 .

E pH {4 3, Sb(V)FREWKE N 60 mg/L & 1F
N, ARIwtTE T IR E 10 30, 50, 70 mg FH
90 mg i, Acid-Sep—Fe;04 F1 Acid-Sep Xf Sb(V)HIHK
PR, R sb Fros. B 5b AW, RE
Acid-Sep WIELRTHIFAIL =T Acid-Sep—Fe;O4, FAT

fE = F A A M E &M T, Acid-Sep-FesO4 X
Sb(V) I B % B 2 5 T Acid-Sep, %P Fe;0, [ it
WAL T H ORI SOV RS . 354
BT3B PRI E M 10 mg B4 1%] 50 mg,
T Sh(V)IM BRI T s 1 5 Bl 2 R B 55
et — P hns 90mg I, Acid-Sep—Fe;04 Fl
Acid-Sep %f Sb(V)FIWR B ZAH X T 48, Bk b
TR FEAT/AN o W B 77 2 T PR W B S s AR 26 T 119 Y e
B SO s b 3 in,  F HEVIGEM B, W)
B FRIFIIR PR B 1F) Sh(V)IRFE I ZE (BB, Rk, W)
B E A 10mg BIME] 50mg B, WP 7T
Sb(V) I 2= bR Ze i v, b5 B A S B4R &R
Sh(V)IR BEIFIBEAG, RBft Ze 3 AR 2% ol 1B Ol R I
i 50 1% Wk 5 < I 5 VB 90 52 m XD 4 o o 4
NI LAl Okt e)/1i=n: /N = X Vi =14 |
WP R R bl B G. [RIk, MR E B E,
9 BRI PR BT R FE O 1.0 g/L (B 50 mL VAR &
TNEIN 50 mg MR B R EAT I B85

7E pH fH 4 3, Sb(V)Fi &K E N 60 mg/L, W
AR EIREAN 1.0gL &4, WA KR53
(0~360 min) 5L 5 & 7~ (Bl 5¢), Acid-Sep-Fe;04 Xif
Sb(V) I B s SRR, [z 82 10 min J& 5% Sb(V) I
B2 RIIL B 56%, MJETR 2GS T, ek
[F] 240 min 5 FEAE 21 1(81.4%), FPRIUE N H
W BRSPS A 6 h AR I BRI ], P8 Sd L
7 Acid-Sep-Fe;04+ Acid-Sep. Sep 14K Fe;04 7
ANTH) Sh(V)HIUEAFE N 5T Sh(V) IR Bt & o St 45 5
7R, Acid-Sep—Fe;O4 X} Sb(V) I B 25 & m T AR 4
T Fes04 RN M2 T Acid-Sep 1 Sep. fE
HHFE F =2 R Acid-Sep—Fe;04. 492K Fes044
Acid-Sep- Sep X Sb(V) 11 5 KMt 28 5 37l 8 92.3
79.2. 42.3 mg/g M 35.6 mg/g. Fe;04 #3E 5 SiO, 7
BWE, W T FesO4 W #tE, Mg T
Acid-Sep—Fe;04 X} Sb(V) 1M i 25 &

N TR TR S TR R Acid-Sep—
Fe;O, WP SV, 3% FH & LA A 25 F-(SO4™)
P F(Ca® . Mg™" Fe’ ) LUK J& 5 BR A 1 s
KRR mEAEE T, B 6 NILFEFIREN
0.5mmol/L, Sb(V)¥I4HF=EIREAN 60mg/L, 4
pH H N 3 %M T Acid-Sep-Fe;04 Fll Acid-Sep *f
Sb(V) I B o Sz 48 7R, S04~ Ca” il Mg™
X} Acid-Sep—Fe;04 A1 Acid-Sep Wt Sb(V)FI2 %
/o BRI, Fe [RAFAE B i 2 2 HEW B U5 Sh(V)
[ BRR, Acid-Sep X Sb(V)IITF 2 H 45.8%
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Fig. 5 Effects of solution pH values, adsorbent dosage, reaction time and initial mass concentration of Sb(V) on the adsorption

process

| N Acid-Sep—Fe;0,
I Acid-Sep

Removal rate/%

Blank Ca> Mg» Fe** SO

HA-Na is sodium humate.

HA-Na

K6 A T4 Acid-Sep-Fe;0,4 Fll Acid-Sep Wi I Sb(V)H
Al
Fig. 6 Effect of coexisting ions on the adsorption of
Acid-Sep-Fe;0,4 and Acid-Sep to Sb (V)
T2 86.5%, WM EHIRTFZ) 40.9%; Acid-Sep—
Fe;04 Xt Sb(V) M It &t 82.3%F 1 %] 93.4%. Ji§
FER BN AR R AN T Acid-Sep—Fe;O4 E A MK
it Sh(V) IR B 5 , W B 2R B 245 6.6% « Fe™ X Sb(V)

(Y 5 2 R A Y AT e T Fe® K= A IR T
VEVIRT SO((V)EAWEA, FE Acid-Sep-Fe;04
A Acid-Sep XF Sb(V)[{IZ B A 54+,
23 Mz hZEE

W B 21y 3 2% 2 00E 2R 8L FH HR R B SR T A R
MBS EAHEER, RAM—%0)].
TN 1R (2) 1% Acid-Sep—Fe;0, W Sb(V)
AT I

In(q, —q)=Inq, -kt (1)
t 1 t
— =t — )
qe k2qe2 qe

O t NIRRT 8] (min); o D 5 07 P47 B (18 W%
H(mg/g)s N t X & (mg/g)s ki AL —
G 1 H B (min "y, ko NN TGN S K
(g'mg-min ).
)AL RWE 7 Fion, MESHILE 1,
GEAE T IR 1 ATLUE H, 2 Fhah ) AR A P
B, MBI — R 8h ) AER(R=0.985), =%
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1.2+ 7L
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® ol 3t
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(a) Pseudo-first-order kinetic model
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100 150 200 250 300 350 400
t/min

0 50

(b) Pseudo-second-order kinetic model

0. is the amount of Sb(V) sorbed on the sorbent at equilibrium; g is amount of Sb(V) sorbed on the sorbent at any time.

7 Acid-Sep-Fe;04 %F Sb(V)HK b ) 7 2455 7Y
Fig. 7 Adsorption kinetic models of Acid-Sep—Fe;04 to Sb(V)

R 1 Acid-Sep-Fe;0, Rt Sh(V)RI—EFN— KN h=
BREMESH

Table 1 Pseudo-first-order and pseudo-second-order fitting

parameters of Acid-Sep—Fe;0, for Sb(V) adsorption

Pseudo-second-order
Q/(mgg!) R
50.607 0.997

Pseudo-first-order

k/min g/(mg-g™") R ko/(g'mg'min")

0.003 3.608 0.985 0.001

ki, k» is adsorption rate constant; R is correlation coefficient.

B 1T (RP=0.997T) L & FE S 4, R W Ak ot
Sb(V)) IR Bt 3ot 78 32 B gk 2 B
24 WEMIERLZ

FIH Langmuir 1 Freundlich 24 W% frHgi (- 31,
X Acid-Sep—Fe;O4 W F Sb(V)HIEHE AT S, A
AR A 8 fur, WEZSHINE 2. Langmuir %5
TR B RS 28 PE DL A 1 R {EM 0.983, Freundlich 4

100 -
80
T 60
&0
g
2 40+
20 7 e Adsorption data
Langmuir
° Freundlich
0 C 1 1 1 1 1 1 1

0 5 10 15 20 25 30 35
c/(mg' L)

C. is the concentration of Sb at equilibrium.

B8  Acid-Sep-Fe;04 XF Sb(V)WK P i i LRAR AL &
Fig. 8 Thermodynamic models of Acid-Sep—Fe;04 to Sb(V)
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Table 2 Fitting parameters of thermodynamic models of
Acid-Sep—Fe;0, to Sb(V)

Langmuir Freundlich
Ow/(mg-g")  Ki/(L'mg™) R Ke/(mg'g") n R
105.160 3.215 0.983 38.592 0.405  0.841

Om is maximum monolayer capacity of adsorbate; K, is Langmuir isotherm
constant; K is Freundlich isotherm constant which indicates the capacity; n
is Freundlich isotherm constant which indicates the intensity of the

adsorption.
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Fig. 9 SEM and EDS mapping analysis results of Acid-Sep—Fe;0, after the adsorption of Sb(V)
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Fig. 10  XPS spectra of Acid-Sep—Fe;0, after the adsorption of Sb(V)
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Enhanced Sb(V) Adsorption by Acid-Sepiolite Supported Magnetite Nanocomposite Powder

YU Shenghui, ZHANG Yuanzhao, WANG Yan, FENG Xinyi, GUO Junkang
(School of Environmental Science and Engineering, Shaanxi University of Science & Technology, Xi'an 710021, China)

Extended Abstract

Introduction Antimony mainly exists in the oxidation states of Sb(II) and Sb(V), where Sb(V) is the predominant species and
exists as Sb(OH)s in oxidic environments. The environmental contamination of Sb has received much attention due to the toxicity
and adverse effect on the hematic, gastrointestinal, and respiratory systems of human-beings. Treatment of antimony-contaminated
water is a prominent topic. Adsorption is considered as one of the most attractive and practical approaches for Sb remediation in
aqueous media because of its operation simplicity, cost-effectiveness, high efficiency, and less sludge production. Magnetite (Fe;Oy)
as one of the most promising magnetic materials is extensively investigated. However, some previous studies showed that the removal
capacity and reactivity for pollutants of the iron-based magnetic nanoparticles are size dependent. A high surface free energy results
in a greater aggregation for nanoparticles. The formation of aggregates can decrease the surface area of the magnetic nanoparticles,
thereby restricting the treatment performance for contaminants. Recent technologies are developed using some porous materials as
mechanical supports to enhance the dispersibility of magnetic nanoparticles. Herein, acid-treatment sepiolite was prepared as support
materials, and acid-sepiolite supported magnetite nanocomposite powder was obtained for Sb(V) adsorption. In addition, the effects of
initial pH value, reaction time, initial mass concentration of Sb(V), adsorbent dosage, and coexisting ions (SO427, Ca®", Mg2+, Fe**,
and humic acid) on the adsorption of Sb(V) were also investigated.

Methods For acid-treatment of sepiolite, all chemical reagents used were of analytical grade. Acid-treatment sepiolite was firstly
prepared, i.e., 1.0 g of sepiolite was added into 100 mL of 1.2 mol/L HCI solution and reacted at 60 ‘C. After 12 h of stirring, the
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suspension was centrifuged, and washed with deionized water until the pH value was 7.0. Finally, the precipitate was collected and
dried at 50 C.

For preparation of acid-sepiolite supported magnetite nanocomposite powder, the acid-sepiolite supported magnetite
nanocomposite powder was prepared by a microwave-assisted reflux method. In the synthesis process, 1 mmol (0.27 g) of FeCl;-6H,0
and 0.5 mmol (0.10 g) of FeCl,-4H,0 were dissolved in 20 mL of ethylene glycol, and then 0.25 g of acid-treatment of sepiolite was
dispersed in the solution under ultrasonication to form solution A. Afterwards, 0.16 g (4 mmol) of NaOH was dissolved in 3 mL of
deionized water to form solution B. Solution B was introduced into solution A in a 100 mL round-bottomed flask. Subsequently, the
round-bottomed flask with the reactants was equipped on the microwave reactor, and irradiated for 20 min at 80% of the full power
(640 W). After cooling to room temperature, the precipitates were collected and washed with alcohol for several times, and finally
dried in a vacuum oven at 60 ‘C for overnight.

A stock solution containing Sb(V) (600.0 mg/L) was prepared via dissolving K[Sb(OH)s] with deionized water, and a series of
solutions used were prepared via diluting the stock to the desired concentrations-actual concentrations measured by inductive coupled
plasma—atomic emission spectroscopy (ICP—AES). In a typical adsorption run, 50 mg of adsorbent was added into 50 mL of solution
containing 60.0 mg/L Sb(V) with constantly stirred at 180 r/min at 25 “C. The initial pH of the solution was adjusted with HCI and/or
NaOH solutions before the addition of adsorbent. The effect of pH value, contact time, adsorbent dosage, and initial concentration of
Sb, coexisting anions (Ca*, Fe**, Mg, SO,*, and humic acid) on the Sb adsorption were investigated in the same procedures. After
adsorption, the residual level of Sb in solution was determined by ICP-AES.

Results and discussion After the microwave irradiation, the prepared Acid-Sep—Fe;O4 composite powder maintains a nanorod-like
structure of sepiolite, and massive magnetite nanoparticles appear on the surface of the powder. The corresponding energy dispersive
X-ray spectroscopy and X-ray diffraction patterns indicate the preparation of Acid-Sep—Fe;O4 composite powder. The BET surface
area and total pore volume of the composite powder are 269.00 m*/g and 0.96 cm®/g, respectively. Moreover, the magnetic saturation
of the powder is 10.4 emu/g. The obtained composite powder has high surface area and good magnetic nature, which are beneficial
for Sb(V) adsorption and adsorbent recovery.

The Sb(V) adsorption by nanocomposite powder is dependent on the pH value with the maximum adsorption under acidic
conditions and decreases with the increase of pH value. The adsorption percentage of Sb(V) increases with the increase of adsorbent
dosage, and over 85% of Sb(V) is removed at the adsorbent dosage of 50 mg/50 mL. The prepared powder has a great adsorption rate
to Sb(V) due to its high specific surface area. 81.4% of Sb(V) is adsorbed after 240 min of agitation. Moreover, the maximum removal
capacity of the powder toward Sb(V) is 92.3 mg/g, which is greater than that of the nanoscale magnetite (79.2 mg/g), acid-treatment
sepiolite (42.3 mg/g), and raw sepiolite (35.6 mg/g). The results indicate that the adsorption capacity of magnetite toward Sb(V) is
enhanced after the support of acid-treatment sepiolite. The presence of SO,>", Ca?*, Mg®’, and humic acid has a negligible effect on
the adsorption of Sb(V), while the Sb(V) sorption process is enhanced with the addition of Fe*', due to the formation of Fe
precipitates. The adsorption behavior of nanocomposite powder toward Sb(V) fits the pseudo-second-order kinetic model and the
Langmuir model. The XPS analysis reveal that the adsorption of composite powder toward Sb(V) mainly occurs via electrostatic
interaction followed by chemical reactions.

Conclusions Acid-treatment sepiolite supported Fe;O4 nanocomposite powder was prepared via acid-treatment of sepiolite and
microwave-assisted reflux method with a natural nanorod-like sepiolite. The prepared composite powder exhibited a superior
adsorption capacity toward Sb(V) with the maximum adsorption capacity of 92.3 mg/g, which was greater than that of the
unsupported Fe;O4 nanoparticles (i.e., 79.2 mg/g), acid-treatment sepiolite (i.e., 42.3 mg/g), and raw sepiolite (i.e., 35.6 mg/g). The
adsorption behavior of Sb(V) followed the pseudo-second-order kinetic model and Langmuir model. The Sb(V) adsorption by
magnetic nanocomposites mainly occurred via electrostatic interaction followed by chemical reactions. The prepared acid-treatment
sepiolite supported Fe;O4 nanocomposite powder could be used as an ideal adsorbent for Sb(V) due to the facile fabrication, efficient
adsorption performance and easy magnetic separation.

Keywords sepiolite; acid-treatment; magnetite; composite powder; antimony(V); adsorption
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