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A review of the adsorptive removal of antimony from
water by various adsorbents
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Abstract: In recent years, antimony pollution in water has drawn more and more attention. Studies on
theantimony removal have been increasing year by year. Due to its high efficiency, economy, and ease of
operation, adsorption technology is considered to be one of the most promising and practical water
treatment methods. In this review, we summarized the application of various adsorbents, such as activated
carbon, activated alumina, silicate minerals, iron (hydr) oxide and composite materials, for antimony
removal. The main removal mechanism of antimony on these adsorbents of these adsorbents were
introduced. Furthermore, the reaction conditions and corresponding maximum capacity of antimony
removal in the literature were compared. Combining previous studies in this field, the future research
needswere put forward. This study aims to provide a theoretical reference for the treatment of antimony
pollution.
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Table 1 Summary of themaximum removal capacity of various types of adsorbent towards antimony and

the corresponding reaction conditions

N Fe A kA
‘ o — RKEBRER, 5%
I B 5] By PILRHE/ i/ =R o S X
i pH HRET REE/C H#H/rpm (mgeg ) 3CHk
(mg+L 1 (gL D g [ TH]/ h
21.2 g/L As
A Sbiot 440 3.3-33.3  RIER %" 45,6 g/L Cu 35-55 190 30 92.0 [24]
160 g/L HgS():l
A Sh(V) 5.0~74.9 1 1.3 P & 20 PS4 6 9.0 [62]
LA Sh(V) 2~37 0.3 5.0 = ¥ 25 160 24 118.3
AlIOOH Sh(V) 6~30 0.3 5.0 P X 25 160 36 28.29 [26]
Bl AR Sh(V) 6~30 0.3 5.0 £ X 25 160 36 42.07
LLEa ShllD-acetate  1218~6088 50 AL f LR 120 ERi3 4 99.7 [30]
‘ Sh(ID)-tartrate 0,02 0. 56
fiiE 1+ 0.05~4 25 6.0 % 5~40 PN 24 [31]
Sh(V) MCa(NO;)z 0.5
o 0. 02
A Sh(V) 0.05~3 25 6.0 Fi 5~40  FERK 24 0.13 [32]
M Ca(NO;)
i Sh(Ilh 10~400 4 6.0 b T 20 120 1.5 35.2 [33]
e Sh(Ih 0.24~15.5 4.0 0.1 M KCIO, 48 7.67
) 0.5 & 25 125 [52]
GEOER 4D Sh(V) 0. 24~22. 4 3.0 0,01 M KCIO, 168 16.6
Sh(IID) 1.2~36.5 0.2 MKCl 53.4
ke 0.4 4.0~9.0 20 110 24
Sh(V) 1.2~121.8 0.01 MKCIO, 24.3
Sh(IID 1.2~36.5 ) 0.2 MKCl 34.1
LyEE R 0.4  4.0~9.0 7 20 110 24
Sh(V) 1.2~121.8 0. 01 MKCIO, 29.2 [35]
Sh(TID) 1.2~36.5 0.2 MKCI 31.4
DA 0.4  4.0~9.0 T 20 110 24
Sh(V) 1.2~121.8 0. 01 MKCIO, 34.1
ERS R Sh(V) 1.2~121.8 0.4  4.0~9.0 7 0. 01 MKCLO, 20 110 24 23.4
) 1.2~121.8 0.4  4.0~9.0 % 0.01 MKCIO, 20 110 24 114
IKEE AR Sh(V)
1~10 0.01 MNaNO; 129.93
129.93
0.01 M NaNO; [37]
N 1~10 7.99
kIR Sh(1h 0. 05 4.0 % 0.01 M NaNOj 25 200 24
0.1~3
1 mg/L As(IlD
, 0-100
TRERH 11 ek
) Sh( I -tartrate 1~20 0.1 1.0 2 mM NaNOs 25 160 36 36.7
YRR O
or La I3 )2
0-100 [41]
ﬁﬂk Fes()q
Sh(ID)-tartrate 1~20 0.1 4.0 S mM NaNOs 25 160 36 19.9
AR IURL
or Ca(NO;3)»
Ay E
] Sh(V) 1. 01~30. 44 100 4.0 % 0,01 M KCIO, 25 150 48 0.13 [40]
P
nZVEi A )
Sh([l)-tartrate ~ 20~220 1 10. 2 % ¥ 25 PR 3 ~172 [48]
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i pH HiEF R/ oC H#/rpm (mgeg 1) 3CHk
(mg+ L1 (gL Hop MFiE]/ b
HORFEM Sh(V) 5~80 1 4.0 i P 25 400 3 ~19
SRR [43]
Sh(V) 5~80 1 4.0 i X 25 400 3 39.8
EEZIE
HA TR brE LA R ShCD -tartrate  100~800 5 5.0 i o 25 300 0.33 108.8 [53]
Fe-Cu-Al
Sh(V) 5~60 0.2 7.0 7w 0.01 M NaNO3 25 170 24 169.1 [56]
PREA)
- Sh( Ml)-tartrate 111.7
o MnO; JKEF4E 10~500 0.5 6.0 i X 20 240 24 [57]
Sh(V) 89. 99
RWh— 0 Sh(Ih R34 1.5 5.0 Fi T 20 KR 0.5 158.2 [63]
7r0, B Sh( Il -tartrate 70. 83
10~500 1 7.0 & ¥ 25 240 12 [64]
TRAN A2 4 Sh(V) 57.17
B Sb([ll)-tartrate 1~10 0.4 11.0 & x 30 200 4 8.06 [65]
S BRI
) N Sh(V) 0~60 0.3 7.0 £ T 25 150 24 245. 2 [66]
WK E AR R
FeOOH Sh( Il -tartrate 24. 35~243.5 3.0 = 0.01 M KNO;3 20 30 24 101. 05
0. 000 4
MnO;, Sb([ll)-tartrate 24. 35~243.5 3.0 i 0.01 M KNO; 20 30 24 98. 62 [67]
0,000 4
Sb([ll)-tartrate 24, 35~243.5 3.0 7 0.01 M KNO; 214, 28
0.01 M KNO;y
0.25 mM Cd? " 124,18
B 0.01 M KNO; 160. 71
Fe-Mn ZJt4 /b Sh(V) 12.2~243.5  0.000 4 5.0 P 20 30 24 [61]
0.25 mM Cd**+
0.01 M KNO; 244.72
0.5 mM Cdz+
ShC I B
Sh(Il)-tartrate ~ 50~600 A 5.0 7w & 25 200 0.75 32.4
AW [68]
RENTRE AWM ShCID-tartrate  50~600 4 5.0 v T 25 200 0.75 11.1
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TSR AR B IR AR B R AR O N 25 5% il i i) %
ShCTT ) Féy W B {H R Sh V) B W B £ 1 5k 25 i 311
il X ATREE H T XA B A TR SR
W B s 57 o I A B T S T 2% A ol R T L L DA
HEm T Rz ) 2 1O H e I B R AT Sh(OHD &
FRHE T T B8 0 2 B 25 2R
2.3 HH(S)E LD
FARFEAETN T A BRI (RO Ak o2 &
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R LT R ERA L B K A A B 25 Bk
B9 ShCID FT ShCV) & B 1) W i85 g Bk TF86 19
WA EW pH E DL AL R, Sh(V) #E
R R S5 A T T 25 2 B W B S (V) 1 I Ff B pH
{ELAY T 73 B S A5 0 461 5 Sb LT ) A 187 I 20 5 ) 7 6
) pH YU Bl AR R R e . AR T oAbk 9, Bk
W RIK A BRE LY X 86 I W I 7 g i . Ah,
SEH TR Feb ' KA p i S AR ek
PR T YR T 7 i Ak AL AR ) I R B b 1
ABCILER 1), Shan S5 76 B G0 K 00K 2 17 7 55
IR il 28 T — i T8 R A R e i R R
BT W BRHBREE 4V P 1 e K R R B T
DUUERIVER 8 T J5 100 20 5 2o B, 45 SR e B, L
W78 SR TR RE 2 T Rl Fes O, 40 K UKL A 19 435
39k 36.7.19. 7 mg/g.

TR A A R 1) (R0 SR A I B 25 Bk
1YL R AR R B AL, B RS AR
IR R AR SR 7 A Fe ID AT Fe( D S 585
KA HE BRI (20 AR, 68 A 9 28 mi e
o, AT o W AR OTE VR TR B . (H— ROk U, &
P BRI T 9 TR A, R U R 4 25 B B AL
B, W, 5IA T —SBAM AR LA, LI
SR BRI TGP 18 3 A PR B A AR, L
SISV FH A I 55 1 3 I AR 9% TR A R 1 IS ok
SRIL A IR SOV Bk fE. 1 1 st gk
L, SR A B HETH T F M4k Bk Sb(V)
) SR SRR 2 R 2 . AN 55 B 37 B A A
£,2 h NATASEA 2B Sh(V) , 7EA IS5 037 4%
PR B AR BR 2 h X Sh (V) |1 Iz B AR 3]
60% ., Guo ZEMF] H Ak 7 (NaClO, KMnO,
5 Ho O B ORI FHHOR BN R L PR 4R 2
FIRLRE WIS TRIFHCR . BT LR Ok ZE
PRI B6 10 71k A 2 E W T 9K RF M Bk
(nZVD EBRK BT, Zhao N FIFH R LM
FEFSOE Y nZ VI K228k ShCID A1 Sh(V) , High i
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WA AR T AR U A T IR 25
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was dete
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_7_,x;3"v° ...... {7 MO .é
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B 1 SBHHEUTMNERER Sh(V)H
Fig. 1 Sb(V) immobilization by zero-valent iron

with weak magnetic field
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Wi 1ag FH 110 102 A 70 5 A o R A 4k D AT 2
CE0 F AP B30 09 DL A T30 A A A A0 1 T
TR . Bh TR AL A A AR DY T
Fe W s FH LT H A R R 590 14 22 2 W R 3 R TR AN
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ST 14 RO B DAL A 52 o ) P A L ey 3 ARk
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B TR BN AR s YL ) A s B Bk K Ak B 45
B R  EEXT BRI bR . B BT B A AR
T 3P — BRI SRS B RE A T, SR T
BRI REME PR . Fan 88750 ) R e — T 100 125 ) 4%
T HRIEACIR A WL RRE 5] I Sz B2 78 50 32 1 T R 55
TEXT ShCHD (4 KBRS 506 Hh 2 BT AR 4 1) W B P B
20 min & 5] H W BT (108, 8 mg/g) . BT W [
FIF MBI T BRI 98 T H 5 ShClD Wy 2R AT,
A6 R o 1) 8 T A 1 95 A A7 A5 ol DR o L AT
KN R PR £ R, Yang 25090 Fe, O, FI4A AL
A7 S50 B BAE A D 2% I A T — ol U R 7
WF9E 1 7 RIS 256 L Al R SR 19 I 7K Hh o AR ) 3ot
Y W B A B, 25 R R B, —OH.—C = O0,—C—
O,—Si—0,—C=C il Fe—0 % F e F B 1F1E
fif SHCTI ) A W BRFBE R PEAR o7 . 2 1) — 2 7Y
AL 35 20X 86 1 AL A Bk . Wang S50 il & T
— T R R A W B A L Bk 9 K Bk, X
ShCIID Y fe R W BfE 25 58 233. 6 mg/g. AT ALK
B30T LLAE pH B R 3. 0~10. 0 2Z [6) & ¥ W B 1
FH I HK A5 A7 7 ) R R AR L7 72 AR AR e i 4R
XoF 8 14 R 5 G 5 i T Pl T T AR R 6 1 AR 1) 454
ARABLE L B R AR 2 X Sh B9 W BfF A7 — 52 AR 41 il 7
Wang 2575 FI AL UTIE 19 )7 15l & T FeCu—Al
Z&RYUKE ALY, HAT LUAE 24 b PN Ik 2 0% B
7, W2 B2 B v Ak 169, 1 mg/ g, JTH5 HY WL BE ) 2
FYFRIETT LUFN Sh(V) & Az 38 4 ) 7, (75 Sh (V)
FeBk. Luo ZEF BHFFE K L, o-MnO, 44K £F 4k %t
SbCID FT ShCOV) (8 W BT Ay 3 aak 4 2% W B 52 30, e
FIFH 25 B R BB IESE ShCID A Sh(V) HR Al DL 7E
(110) T BB U7 F0OBLEAT BiC & 90 91 & 3 Sh (I I
FAE o-MnO, 9K EF 4R 1 5 . 2 itk — 25 bk
BRI Sb(V) . =R R Tk M sl R
A DT 44 R 0 W2 B i A5 B 4 T, Du
LEODME KDL o AL O, FIUREL B 28 78 3R 25 A B
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S F FeSO, F1 KMnO, Pk 3: 1Ry Ho il il 4 T
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Fig. 2 Comparison of the maximum removal capacity of

4 types of adsorbent towards antimony
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