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Vanadate removal from alkaline sodium chromate solution by
adding lime
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Abstract: The removal of vanadium from the alkaline sodium chromate solution with addition of lime was investigated
based on the calculation of reaction Gibbs free energy and equilibrium solubility, and the removal rule of vanadate, as
well as the structure of vanadate, was also studied by experiments. The thermodynamic calculation indicates that VO;
CO;™, SO,*, VO, and CrO,* can sequentially be precipitated by formation of compound containing calcium at
298-373 K. Meanwhile, the mutual transformation occurs between calcium salts. Ca3(VO,), and CaCrO, can react with
CO;%", and CaCrO, can convert to Cas(VO,), in the existence of VO,*". In addition, the formation of CaCOs, CaCrOy,,
CaSO,nH,0 as well as Ca;(VO,),. Ca,V,0, may account for the excess lime in the removal of vanadium. The structural
studies with IR spectra on the pure vanadate solution indicate that some VO,>~ convert to V,0,*" at pH decreasing from
about 13 to 9. Experiment results show that increasing the solution pH value and the n(CaO)/n(V,0s) or adding active
lime slurry can improve the removal rate of vanadium, but the presence of CO;”” is unfavorable to the vanadate removal.
The vanadate removal rate can reach 85% and the vanadium residue can be reduced by 88% with 3 times the amount of
the theoretical lime required at pH of 10.

Key words: sodium chromate solution; lime; vanadate removal; Gibbs free energy; equilibrium solubility

EETH: W4 RHEE KL 107 1) (2009F11009)
kS EE: 2010-12-09; 1&ITHHA: 2011-05-19
BISIEE: MR, @IEE%, fd. b 0731-88830453; E-mail: gszhou@csu.edu.cn



521 &5 12 )

BRI, S5 RREREN R WP AT AR 3163

TR ERARE, ME AR~ ER 35%
A bo BT, SEH TCART AR B A R K J&
PR RATEREFEES TSN, &80 Hay 9
A AE BTV PR LR AN, 7R RVENR Y IR R T B K 1R
B — O HE NI T, A R IR AN B v (B
Na,Cr,0,2H,0 i1, L) 300 g/L)HHLIKE(LL V05
TYIEE] 1 g/l EHABRP, # 2B ™ miE R E
Ak, TR ISR R A A P RE L F B L LTRSS I
AR, R BRI B Bk TEA A R A e L R
T

T 2 B I 7 2 B A . A
REE . PUIRIESSE . ZENG BRI 598 M 3 1748
Hetd g D314 A BEORIR R P AR I T AL,
V,0s 4EEETE 99% LA by SR AHGH BRI S
AHUHI (i D2EHPA/TBPM., LIX 635, PRIMENE 81R
A ALAMINE 336! 745 th (6 47 25t s Wb 43 8 &
B, BT AT MR A SR RS U TG P T IR P R (B 5
PEBOAEZR T, HA TR % (pH A 6~8) K8 I
R EER TRV, PV A B IR
HMFBAE I GBI R, I b, oM
FEAEELR F AV 22 DU VR O A& 2 -4 ) 2 B
FORBEAT THRFT, RGEAEWME V-H,O ARG, A
CaO. CaClL, FFUTIERRLIIBIATTE, H CaClL H CI
5 Cr,0," RMMANGEIIA . H AT, CaO JUigikpril 2
BERAETYEE N, HEZERER: ) EHT
SRBRPEI (pH > 12), PRI AE P (pH o 7)H inwf
PEBE @ pH, FKHEH 2 IR 2) A KA E
KOEEBETELLE, B n(Ca0)/n(V,05)>30)071%, #
HR, SRR 2 (>20%), HIREE 8™,
BEXT BRI R, R e R R R PR A Y P LR AR 5
TG R R RTINS, AT L2 B
A BN B A B IR A S A R AR

1.1 SRIGJR#Y

FAERIREN . FEUAN . TOKER IR BN (P Bk LA
AWAF]D: AR ESR R T ) A4l
B R WAL AR FAT R A 7])s B R (7 FH T LA A6 L
AN RA A Rl AR B R 5134 4 2 pr 4k,
KA LB T Ko

1.2 XBTE

LR R R 2 4 B T P 0 AR B Y PR B

WA JE B AR BRI, AHIE T R R B R A 38 LA
Na,Cr,0,2H,0 1, #LL V,05 1), MA—Em= [
NaVO;2H,0 FITE /K BRAH S5 AU Colk b A4 i %
PR ANV

S D B TEAN IR RN — 5 B A (T
A S ZE 850 CHERE 2.5 hall A KL, FFmA—
SEMFACH pH ERERBRENEW, %EHFBIN DY-8
R B GER I O Hl, #R A
£1 °C, WEFRFH )T RV 30 min J5 AN
B, . JERME. EREAHT RS R ED
2B KBS 3R, 4105 CHET. FREURE I
MR gLE H S &

1.3 A%

S VR0 ] A B B B A AR BOG BEYE O
M HCE AN AT WA e e T, B s IR AR E
77), K pH/MmV Meter( L HUEAES ) A7) 2 3
VR pH AH, ANA) pH A N BAAAE S 2K e B 20 4h
HEALNICOLET 6700 FT-IR, 3% [ Nicolet 23 7] 4 7)
AT RE, WEMNYWMHA K H X &AW
(DMAX-RA, HARBEEEN T AP M -

2 HRE5HMH

2.1 RMARRANRDFEDHR
211 BRBLIERE AT fE R AR Ak 27 N
KRR T2, Tl AR = v o BR A ol 1 i
R, UK IR B 5(260~330g/L), 1 H&
FRIREN(Z) 20 g/L)~ WF EH8(Z 10 ¢/L). HLEREN(<1
/L) KB BRAN (> 40 g/L)5EY)5. 7E pH>8 I, FXIRHN
W FZELL Cro,” TEAAFETE, DRI R AL IR A D e v
BRALIT, AN RES £, s RN TR 1
g
2,12 BRI o
IR BRI BR AL R KB T RN, R
I35 A T B R AG )T R A

AGY = AGog — (T —298)AS5; +
T & T Ac?
j AcPdT =T j -y 1)
298 298 T

X AGos 298 K N RN 54T T E HfE; ASsg A
298K FRMHAE: Acy MAERAAZE,

2 5 [N 55 R 2 B0 AT O SCRRT
RERARF M, MEa® 725 RNK AG,



3164

o €5

2011 4F 12 H

I, ¢ LAE 298 K A 7 2 Iierg i eg ] AR

JEHHT RS KB ARARD), Hoeh 5 J A 0 S 415
29| M F atitae
298

z° |T
P(D]y08

=0
=dr y ﬂT S298(i)(absolute)

)

s

)

ap By 0 THABE FBETHOMAHG 78|

298 K Al T 2 [8) i B AP 3MH 5 §2®98(i)(absolute)
i B FAE 298 K bR UELE ST

H TR (D~ 298~373 K K AGP —T K&
KEE D, FHFLBIF RN AGY —T KER, WE 1 52

F7s o

R BRPUERR AR SN K S 5 A 7 B i REAR AL S RS IR R 2R

Table 1 Possible chemical reactions in removal of vanadium and corresponding  AG.> —7 relationships

Reaction No. Chemical reaction equation AGP —T relationship
T
M CrO,” +CaO(s) +H,0 == CaCrO, |+20H" AGY = —20569.04 —7.537 +55.02T In S5
T
@) 2/3V0,* +CaOytH,0 == 1/3Cay(VO,) , | +20H AGY = 2289026 — 44 40T +3.837 In 55
3) CO;T+Ca0(s)+H,0 = CaCO; | +20H" AGP = -108995.26 +121.13T —135.57T In 227;
) 2VO; +Ca0(s)+H,0 = Ca(VOs ),| +20H" AGY = -23133131+499.76T — 447257 In 2%
©) SO, +Ca0(s)+H,0 = CaSO,|+20H" AGY = -57333.14+2395T +22.07T In 22—8
(6) CaCrO,+CO;> = CaCO; | +CrO* AGY = -8842622+12867T —190.597 In QTE
T
) 1/3Ca3(VO,) ,+CO3* == CaCO;|+2/3V0O,*” AGP = -86105.01+165.54T —139.40T In 755
®) Ca(VO;),+C0Oy* = 2VO, +CaCOs| AGY =122336.04 -378.62T +311687 In 2%
T
©) 3CaCrO+2V0,> = Ca3(VO,),|+3CrO,* AGP =-563059 -116.62T —149.11T In T
10 —a——
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Fig.1 Relationship between Gibbs free energy and Fig.2 Relationship between Gibbs free energy and

temperature of reactions (1)—(5) shown in Table 1

temperature of reactions (6)—(9) shown in Table 1
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Table 2  Solubility product of insoluble substances and
minimal calcium concentration required for formation of

calcium salts at 25 C

Compound Ky [Ca* ]in/(mol-L )
CaCrO, 71%x107* 4.07X107*
CaCO, 2.8X107° 297X10°8

Ca(OH), 5.5X107° 5.50%X10°
CaS0,-0.5H,0 40X107* 1.14X107°
CaS0,2H,0 1.68X107* 477X10°*
Ca(VO;),:4H,0 3.70X107° 0.306 8

Ca,V,0,-2.5H,0 2.05X107° 3.86X 1072
Cay(VO,),-8.5H,0 2.62%X1071 6.0X107

Note: Na,Cr,0;-2H,0: 260 g/L; Na,SOy4: 50 g/L; V,0s: 1 g/L;
Na,COs: 10 g/L; pH=10
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091, >y o (E 4k % R FEF) 9.76 B, 856 cm™ ! AR
T R, TMAE 929 em™ Ab B —BTRRAEME, £ Seb e
U, %UERH pH {H ) FARCKE 4k S8 ) T e B B B (4
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cm™ IR V,0, 7 VO, Rl VO, X FrRE)1%; 686
cm ' AbUERE pH {H B 4k S 1) SEAR IR B B
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Fig.3 IR spectra of pure NaVO; at different pH values (V,Os:
50 g/L): 1—pH=13.53; 2—pH=11.10; 3—pH=9.76;, 4—pH=
7.56, 5—pH=3.80
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Table 3 Effect of solution pH value on vanadium removal

rate

Initial pH value of V,Osconcentration of Vanadium removal

sodium chromate filtrate/(gL ™) rate/%
13.26 0.028 94.86
10.81 0.036 93.39
9.03 0.058 89.36
7.60 0.149 72.66
6.05 0.435 20.18

Reaction temperature 80 ‘C; duration time 30 min; n(CaO)/

n(V,05)=18; Na,Cr,0,2H,0: 300 g/L; V,0s: 0.540 g/L.

345 AR AR IRAN VWL pH tH 13.26 [£ %2 6.05,
BRI B 94.86% %% 20.18%, Ut BB IS5 7]
TAAETORERP, BIEAE pH o 9 ME L T B
I 90%. X F B KO TEB A, 4132
PL VO K V.0, B FAEAE, 5 T A BRI T
Cas(VOy), Al Ca,V,0, ULTE, PIULA TEREL. % EA™
SEBRE L, AT TR pH AE A 10 HEAT BRI
223 n(CaO)/n(V,0s) R BB R 5%

Bl R T TR A T P AR A A i N K
A, ARSCAEF BT T A I S BRI
e, HSREE R 4 o,

& 4 14, 2 n(Ca0)/n(V,05)=18 I, ¥+
PSR BERE 0042 /L, FEA L AT DU L 4% b Az
Bk MR, AL IR h RN AL R B A R
Ca;(VO,), 1 6 fEHR &, XL Dok 254 s K
B, BRUE R 78%.

R4 n(CaO)n(V,05)Xt ERHUCR K52
Table 4 Effect of n(CaO)/n(V,0s) on vanadium removal rate

V,0s concentration of Vanadium removal

n(Ca0)/n(V,05) filtrate/(g L") rate/%
3 0.490 9.26
6 0436 19.26
12 0.096 8222
18 0.042 9222

Reaction temperature 80 °C; 30 min; pH=10; Na,Cr,0,2H,0:
300 g/L; V,0s: 0.540 g/L.
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Fig.4 Effect of solution pH value and method of adding

calcium oxide on vanadium removal rate: (a) pH=10, adding

lime slurry; (b) pH=8, adding lime slurry; (¢) pH=10, adding

lime powder
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Fig.5 Effect of CO,*" concentration on vanadium removal
rate (Reaction temperature 80 C, duration time 30 min,
n(Ca0)/n(V,05)=18, pH=10.00, Na,Cr,0,2H,O: 300 g/L;

Na,SO,4: 100 g/L; V,05: 0.50 g/L)
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Fig.6 XRD patterns of solution reaction residue: (a) Sodium
chromate solution (Na,Cr,0O,2H,0: 300 g/L, p(Na,CO3)<<5
g/L), (b) Pure NaVOs; solution (V,0s: 1 g/L), (¢) Sodium
chromate solution containing vanadium (Na,Cr,O,2H,0O: 300

g/L, V,0s: 1 g/, Na,COs: 1.41 g/1)
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