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Adsorption-desorption characteristics of vanadium on paddy soils
from the V-containing stone coal smelting area

JIANG Zhichao XIAO Xiyuan™" GUO Zhaohui ZHU Huiwen LIANG Fang
(School of Metallurgy and Environment, Central South University, Changsha, 410083, China)

Abstract: Adsorption-desorption characteristics of vanadium (V) on paddy soils collected from the
vicinity of V-containing stone coal smelting area, were studied by batch experiments under conditions
of different pH values, temperatures and initial V concentrations in solution. The results showed that
the adsorption isotherms of V on two paddy soils were well described by both Langmuir and
Freundlich equation, and the adsorption kinetic fitted well with Elovich equation and double constant
equation. The adsorption and desorption amount of V on paddy soils increased with the increase of
temperature, initial V concentration, and the decrease of pH value, respectively. The maximum
adsorption amount of V on soil was 2813 mg - kg™, with low V content (140 mg-kg™' ), and
2038 mg-kg ™' on soil with high V content (650 mg-kg™"). The V desorption amount on paddy soils
increased with increasing V desorption amount, and the adsorption rate was in the range of 10.7%—
29.3%. The relationship between adsorption and desorption amount of V could be described by power
function equation.Since V adsorbed by paddy soil can be easily released in acid condition and high
temperature, attention should be paid to the potential mobilization risk of exogenous V entering into
paddy soils from the V-containing stone coal smelting area in south China.

Keywords : vanadium-containing stone coal smelting area, paddy soil, vanadium, adsorption,

desorption.
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Table 1  Soil basic physico-chemical properties

o E[FEFS E[FTFN B I/ %
vy HIR cBc WeEBY Y ;{fﬁ y g&ﬂﬁ ’
- p -1 -1 -1 -1 1— 0.05—
(mg-kg™! -k (cmol+kg™) (mg-k (mg-kg™") _ N
gokg ™) (gkg™) g ) (mgkg™) g-kg (mgke ) (megrke™) 005 mm 001 gy <0001 mm
s 140 5.49 26.9 5.27 2081 289 157 229 52.47 3.15 15.22
2 650 4.52 274 6.16 2955 468 189 487 56.01 7.84 14.56

1.2 3B R B - e S B s i

K HH 0.01 mol - L™ NaNO, /F 2 32 35 A 0T L 8 3R 0 & $LIA W (LA NH, VO JEZUMA) |, R HNO, 5%
NaOH AT pH , BETTASIR] pH B 5 BE T4 4f AL B 25 1 ARG - XoF L %) 2 o e W 1 S 560« 8 VB
WHEy 80 mg- L™ TR 30 °C pH (HMKUCH 3.5.7.9 115 iR 80 mg- L™ \pH {H2 7 il BEAK
UM 20,25 30,35 .40 °C 5 IRE A 30 °C,pH EA 7 IF B BEK YK 20 .80 ,140 200,260,320 mg-L™".

SEIB BRI R ARG T 1 AE 2.0000 ¢ T 100 mL B0 A IR 40 mL & 9UR G, 718
RAKBIEZ #H LA 200 remin™' #27% 24 h,4800 r-min™' B0 5 min, 70 55 1SRRI 9% 5 AE _E R Bt
FHEF A 40 mL 0.01 mol-L™" NaNO, AW, e B F1E 25 5 F1 3450 J5 76 200 remin™ FHIRIRY 24 h,
4800 remin”' B0 5 min, 4325 IR 43 S0 R BEE AN g O S T YR LR B 25 U T R W A
i
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Baird A H] ) | 7E.

BCE A F R B A RS R Excel 2007 ,Origin 8.0 #F5¢ i, i 35 A6 2K FH SPSS 15.0 %%
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Fig.1 Vanadium adsorption isotherms on paddy soils

32 LA SR, A AR DX KRS X B T B A5 TR 4R £ & Langmuir 77 B2l Freundlich 7772,
PIA IR F B K (P<0.01) . L4 B2 BT A, Freundlich J7 FEXf 3 ST A HLI A 45 IR 2R D04 B 0,
Langmuir J7 F2 B A4 S2 AU SR W MHRRAE. A #5222 B | Freundlich /72 1/n (H T AE R 38X} 8
G JE B T WS FH A S5 R 18 bR, 1/ (B ALK, Fon X 1 4 i B 7 A0 W BHVE L O R 2
o 1/n ERTE L, 55 ST AR W RE v T 13 S2 MR i Langmuir J5 #2315, 30 °C F -3 S1 f1 S2
XPERL ) e R B £ (g, ) 439004 2813 mg kg™ 11 2038 mg-kg ™.
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Table 2 Parameters of V adsorption isotherm equations on paddy soils
Langmuir 72 : C/q=C/q,,+1/(q, k) Freundlich 72 : lgg=lgkp+(1/n)-1gC

+I% 1 3
¢/ (mg-kg™) ky/(1077) R? 1/n ky R?
S1 2813 9.7 0.978 ** 0.506 128.92 0.990 **
S2 2038 1.61 0.983 ** 0.423 167.47 0.958 *~

TE: qu WKW, n ke AR+« 2R P<0.01.

IR 5 50 g 2 i R T, - AFE X B ) R B 2 — A PR R B 3k L 4 b TR Ik 817 A O o 1)
80% LA 1,24 h J FEAR K BB (P 2) , SAOCHF ST B 45 S — 2 - 458 ST AU R R AR 1 h N
RIS 1 b SRR 2RI  12—24 h Y AU R R IR AR 5% S2 UL R AE 1 h RIS,
1 h JE 38 R 3 A % 3 18 A AR T s 1] P S2 A9 BHL G R 23R A K, 8 38 WO RFSP- 885 s T ) i 4

N 3 AIE H Elovich J5 FEFTXUR $05 F5 1] 45 -3 FH I il 148 - 330 06H 0 0 W 6 30 g 25 B, 4005
K IKOT-(P<0.01) X A, 04 W B2 — A2 24 0 S N B, P Be A 2 W i L A A 0k
2. Elovich A2 a {HR/INS B T 0 B R A Btz ) B - 48 S2 19 o [ER T S1, BB T 40w I
Bff R 1R 2 BB o8 45 SR AR AT

F3  HOTPR BT RS S8

Table 3 Parameters of V adsorption kinetic equations on paddy soils
Elovich J7 & q,=a+blnt KU RO TR Ing, =a+blnt

14
a b R? a b R?
S1 640.2 77.43 0.918** 6.46 0.100 0.916 "
S2 701.2 46.99 0.908 ** 6.56 0.059 0.890 **

TE: q K 2R M (mg-ke™) , ¢ IS (h) | a b WIRTISAL; « + 378 P<0.01.
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Fig.2 The adsorption kinetics of V on paddy soils Fig.3 Relationship between desorption and

adsorption amount of V on paddy soils
Y+ e PRI B <800 meg - kg™ IR, 18 ST S2 A BPLAFE I A2 AR 24 5 Bt 2 1 e AP 10 R B 1
(800—1400 mg-kg™") , T35 S2 A4 A W B 25 v T ST 98B0 A e W et 5 % B 10 6 R R AT O R A
L, AT G R B 8, BLE R0 5128 0.997 F110.977(P<0.01).
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FEAE  pH (g 6—8 B Bl EBAEAEER A V,03 1 V,0% ; pH (54 8—12 B HLLLIE PR IR Fi 1L B =X
(H,VO, fit HVO ) fAAE > Rk I pH (EEIEHT, U F E B B FIRE T IR,
OH ™ BERAIR , DT T - 492 BB B 14 3 e 250N, 3B B AR A5 SR 3 4 V4 R pHL (BT, L
SLABR B I X AEAE B OH R BEHE K X AL 0 5 S W B 48 O I Ah AR & pH (RS, 1P &G+
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Fig.4 Effect of pH and temperature on adsorption of V on paddy soils
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Fig.5 Effect of pH and temperature on desorption of V on paddy soils



9 1 F R P SR AL DX RORE b 178 R B e AR ALE 1727

2.4 AN[RVELS i 1 B R A R R L
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PRHAR BB B I, XML 75, B B A nT RE TR 22, BRI UL, SV P B & s B AIR s, ST S2 %)
BRI R e A 25 AN (R Bt A VR 7 S R 3G, ST X B A TR B St ) S B . B TR A (B 1) 4
S2 AR BB R, KR PUT REC B L PR B, BRI, A VB e A 38 5 DA AR & PRI Ry = i e i
Yok AL, T AR S 56 v I T 94 A U 551 NOS 2 SHLARY D ek R By 2 AR B 112 B A 2 PR R B, B
TR AT REPERG K, AT A XU #5 5
3 g

(1) A BEFRBLIX KRG XL B S5 IR 26 2445 & Langmuir J5 2 H1 Freundlich J7 2 , 38X LY B¢
R et T 35 %)) 2813 mg-kg ™. Elovich J7 # FIRUE B0 B REH - b i - 988 i 2 i 2 0 3 .

(2) - S W BT St A I o Bl pH (L o T R AT Bt 3L RN B s Yk B 1 5 i 388 n. - S 4L 1Y
fif M I AE RN ST RS, S R i S R PR BOC R AH R S5 T AR 2 IR L R B v T & i
48 v AL B - AR B B T AR TR R T A R DX e 22 R TR T AR A g, MR E A
55 Ty W B ARt AT 25 2 B A A, 1 A P T T T IR (LA DG .
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