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Adsorption of pentavalent vanadium by humic acid in water

LIU Meng'?, WANG Hua—jing', WANG Kun—peng’, YANG Jin—yan™

(1.College of Geography and Resources Science, Sichuan Normal University, Chengdu 610101, China:2. College of Architecture and Envi—
ronment, Sichuan University, Chengdu 610065, China)

Abstract: Vanadium(V) is released naturally and anthropogenically to the environment and becomes an important pollutant. This study is
conducted to examine adsorption characteristics of pentavalent V[V( 'V )] as NaVOs in water by humic acid under a series of initial V con—
centrations, humic acid concentrations, adsorption time, solution pH, temperature, ionic strength, and electrolyte type and concentrations.
Results showed that: (1) at 90.91 mg-L™"' V( V), the highest adsorption capacity of V was found at 1.09 g+ L™ of humic acid concentration;
(2) with increases of V( V) initial concentrations in solution, the adsorption rate gradually decreased, whereas the adsorption amount in—
creased and reached the maximum at 1 818.18 mg-L™" at 1.09 g+L™" of humic acid concentration. Adsorption isotherm of V by humic acid
could be well described by Langmuir model; (3 )increasing solution pH and temperature gradually reduced the adsorption amount of V by
humic acid, indicating that low temperature and low pH favored V adsorption by humic acid; (4) increasing electrolyte concentrations sup—
pressed the adsorption of V by humic acid; (35 )infrared spectrum and scanning electron microscopy showed that V complex was formed on
the surface and the inside of humic acid and that the stretching vibration of O—H or N-H, C-0 and C—H might also played role in V ad-
sorption. Therefore, appropriate amount of humic acid could be used to remove V in water under certain environmental conditions.
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1.1 EEZKFISRIE

JEAEER (HA) W T Sigma—Aldrich 23 7], EEICE
ALK 1, PRI H 53 Hr2E NaVO; Aiciil .
1.2 BRPHIRENNET E

VAR L A R B SR PR B R — S IR A 4366 B
S, ZOTIEIIRIN R BRZ R 0.5 mg- L, _EFRR 21.5
mg- L1 R SR %y 98.33%~101.25%
1.3 RR40iR B 5 & R B 1) 3 & 48 B IR B4R A 32
1.3.1 JEREFR M L A5 M S 56

3 B FREL 0,10,20,30,40 .50 .80 mg & #H iR F
50 mL ¥RLEDAE R, A 25 mL R EE A 100 mg- L
F B (LA NaVOs BB A ) #1 2.5 mL (1 0.005

® BERTELTRSE

Table 1 Elemental content of humic acid studied

B ST T 5 /%
C 41.25
0 22.20
Na 13.39
Si 7.50
Al 6.4
Ca 2.80

T« e Rt e PO RS2 e B P R A R LT

mol - L™ [Y) NaNO;""If fiff ST i , (0¥ W Hh I AR R 1Y
W B 4 0.00.0.36.0.73.1.09 ,1.45 .1.82.2.91 g+ L™, 4/l
WA E R 90.91 mg - L7, CAE IR R 7 2%, 7E 25
CTF LA 200 remin™ BEEFEHRY 24 h, 7E 5000 r+min™
FELL 5 min, 1 YE , FEEANAT UG/ B T g
WAL . AR 3 AN,
1.3.2 B WO B 1) 5 e S 3

PRI 30 mg JEAKIR T 50 mL MR, 45
FIA 25 mL ¥4 10.30.,50,100,200,300.,500,1000
150020003000 ,4000 500070008000 mg - L™ 1 £/l
VW, TR 0.005 mol + L™ NaNO; Hi i J3T 1 Wi 2.5
mL, (PRI 9.09.27.27 4546 9091,
181.82.272.73 4545590909 .136364.1818.18.2 727.27 .
3 636.36 .4 545.46 .6 363.64 .7 272.73 mg- L™, A AJE
IR AER, 76 25 CF LA 200 remin™ (3R 24
h, 7 5000 remin™ FE.0> 5 min, 3598, 24N AT 06
Oy HETEEE TN e LR B PR AT 3 UK
1.3.3 J52Jo7 Bisf (1] F4 52 M ST 55

FRHEL 30 mg JEFEER T 50 mL ¥R A
25 mL ¥k 100 mg- L (44 AN 2.5 mL (10.005
mol + L™ NaNO; HLfff B W, (LI IR B2 R 90.91
mg-L, 7E 25 CEEIRZ#H LA 200 remin™ (13
W, 4 10.30.60.150.,240.300.360.420
480,600,660 .720,960 1200 ,1440 min L , 7€ 5000
remin” [ ELL 5 min, 13§, AT GG
DE SR AL . B b IE SR 3K,
1.4 INEEZE X E EERR A0
1.4.1 pH {20 S5

FREX 30 mg JEAE R T 50 mL BUkF 2048 A
25 mL ¥ & 24 100 mg - L~ (8L AT 0.005 mol - L™
i NaNO; HLf# BT 2.5 mL, 43 %) 0.1 mol - L' HCI
#1°0.1 mol - L™ NaOH 35 ¥ M pH 2 (2.00+0.05)
(3.00+£0.05) . (4.00+£0.05) . (5.00+0.05) . (6.00+0.05) .
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K SPSS 16.0 A AT Bs ge it dr, Ml
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2 HBRENH
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47.58 mg- g™, W [t R4 O AN ZE 47.19% ; 4S5
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L R G T (1) BTN T AR 1) 3 T RRURI A Ak
T VAT A5 5 Ak S 308 T JES AR R VA R, P T R R T
S, R LI ST R AN BRI, TR A 22 1 S
R G B E HE, A5 ] R FH A JE3 e R 2% 1 ARk
> BT S 08D, DA B s Y
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Figure 1 Effects of humic acid concentrations on V adsorption

from solution
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i <27.27 mg- L 05, JERE R GH AL W B3R 422301 100% 5
Bifi 25 B TR VAR A T v AT R X L 8 W B 33
W T 0, W BN i R S 1R I A 2 A S L
W S <454.55 mg- L™ I, W i 15 A b s BV T
W BETE 454.55~1 818.18 mg- L I, W [ it 12t G218 44
hEaFA s P EE S 1 818.18 mg- L™ I, W Bt
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Figure 3 Effect of time on V adsorption by humic acid
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T EE AR W [ 50 ) 2 B A TG (3R 3) 45 R %R
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FENE SRR X B B 0 20y g 2 il A 5 00— ) gy 2
T B8 A -l SR A T A R X L 1 R B LA, S e
F W B 52.25 mg g™ 5 150 min B S BR A 50.74
mg- g™ BN ; 3 1 F AR W AE AW o i v
FEAR I R B ER A E AT R B E R 2
PR 55 B3 o) L A2 4 il g R A A 2 W o
BRI [ PR S IR 2 MR G R, FEH ARSI B A
PEE Z R SRS S
2.2 I 3R X S A A R B 4L Y 22 Ml
2.2.1 pH {ERYFEMA

JEMEFRANES TR , V5 T8, J2—Fh R B ", pH
(B 23 52 0 JE AR PR AE T VR TP A A B o VAR pHL BLTE 2~

R2 BEREMANERZMEER

Table 2 Isotherm models and their parameters for V adsorption by humic acid

I B4 AR Adsorption isotherm model J5#% Equation JiFEZ L Equation parameter
Langmuir %:0.005 9C+0.448 1 5=0.013 2 (0.=169.491 5 R=0.998 9
Freundlich 120.=0.309 11gC.+1.163 4 K:=14.568 0 n=3.2352 R’=0.827 4

xR 3 BEBEMINH NEZNEER
Table 3 Kinetic models and their parameters for V adsorption by humic acid

112 Kinetic model 75 Equation JFEZ 8L Equation parameter
W—g In(Q~Q.)=-0.001 9:+1.696 8 K,=0.001 9 0.=52179 R=0.161 4
Ei/i3 620.019 9:+0.070 6 K,=0.005 6 0.=50.251 3 R?=0.996 7
RUH AL I $,=0.068 1lg 1+1.531 1 a=33.970 4 $=0.032 4 R*=0.654 4
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Figure 4 Effect of pH on V adsorption by humic acid
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Na,SO, X WAl FL BT AEAERRT , S5 AN I e A o g A
XPAPLES T (R W BFEAH H A S 1 25 57 (P>0.05) , 4y
T AR BT S LA ST AL AR, SO fif BT B S

R 4 TNEIRMBRFESY T BERRXTH R B
Table 4 Adsorption of V by humic acid under different electrolytes

OR:Ee I ol
P on l]rl;iﬁ?/ Stzﬂr:({ﬁf iime%i;ion PPVEIE
JCHLfR T 48.734 4.825

NaNO; 51.721 3.108 0.353
Na,S0, 46.896 2.106 0.564
NaCl 39.774 0.689 0.011
Na,CO; 34.490 2.785 0.000
NaNO;+Na,CO, 39.315 5.739 0.008
NaNOs+Na,S0, 35.869 1735 0.001
NaNOs+NaCl 42.072 5.942 0.048

LR G B A VR B A7 S 2 1 25 57 (P<0.05 ), X AT figf
PRNAT S B 5908 2455 TR 4 A 8 7 im BT
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PR X B P R o St B 25 5
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Figure 5 Effect of temperature on V adsorption by humic acid
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Figure 6 Effect of ionic strength on V adsorption by humic acid
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Figure 7 SEM images of humic acid before and after V adsorption
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Figure 8 FTIR of humic acid before and after V adsorption
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