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Abstract

Good control of the solution pH and temperature is required to recover vanadium from the water leaching solution of
vanadium ore after sodium roasting. However, such adjustments could lead to aluminum-vanadium and sodium-vanadium
co-precipitation, which greatly affects the efficiency of vanadium recovery. In this study, a process that can increase the
efficiency of vanadium recovery as ammonium metavanadate [NH,VOs;] and ammonium polyvanadate [(NH4),V¢O;4-H2O]
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was investigated by examining the characteristics of vanadium-containing aqueous solutions during precipitation. The
aluminum content of vanadium-containing water leaching solutions has a great effect on the loss of vanadium when the pH of
the aqueous solution is adjusted to 9. Therefore, a process to minimize aluminum leaching is also required. In this study, ~99%
or more of vanadium present in vanadium-containing aqueous solutions was precipitated and recovered as NH4;VO; by adding 3
equivalents of ammonium chloride relative to the vanadium content at pH 9 and room temperature. (NH4)2V¢O16-H,O was
precipitated from the aluminum—vanadium coprecipitates generated during the pH-adjustment of the aqueous solutions to 9 by
dissolving the coprecipitate in the solutions at pH 2.5 and controlling their sodium content to 2,000 mg/L or less.
Approximately, 98% or more of the available (NH4),V¢0:6-HO could be precipitated and recovered from a solution with a
vanadium content of 2,200 mg/L and a sodium content of 1,875 mg/L at pH 2.5 by adding approximately 3 equivalents of
ammonium chloride relative to the vanadium content at 95°C or higher. The overall process could precipitate and recover,
approximately 91% or more of the total vanadium in the water leaching solution as NH4;VO; and (NH4)>V0,4-H,O.

Key words : ammonium metavanadate, ammonium polyvanadate, ammonium chloride, precipitation, recovery yield of vanadium
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Table 1. Chemical composition of leaching solution of salt-
roasted vanadate ore

Element A% Al Si P Na
Concentration(mg/L) | 17,000| 9,603 | 151.1 | 786.5 25,900
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Fig. 2. Eh-pH diagram of Al with solution pH at 9,600
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Table 2. Composition of V, Al and Na ions with pH of

solution
pH of solution|  V(mg/L) Al(mg/L) Na(mg/L)
13 17,000 9,603 25,900
9 10,518 6.6 18,419
2 17,000 9,565 25,900

Table 3. Composition of vanadium in solution for each step

Concentration of V| Recovery yield of
at each step(mg/L) V(%)
Solution at pH 13 17,000 -
Solution at pH 9 10,518 -
Filtrate of AMV 209 46.09
Solution at pH 2 17,000 -
Filtrate at pH 2, 90°C 14,805 14.65
Filtrate of APV 120 84.65
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Fig. 3. XRD patterns of precipitate at solution pH 2, 90°C.
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Na 700 mg/L

Na 5000 mg/L
| +NH,Cl 6egq

Na 1000 mg/L
- 3 +NH,Cl 3eq

Na 2000 mg/L

§§ +NH,Cl 3eq

Na 50000 mg/L

~ +NH,Cl 6eq

Na 10000 mg/L
~ +NH,Cl 6eq

Fig. 8. Configuration of vanadate solution with ammonium chloride at solution pH 2.5, 90°C.
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Yo

No precipitate
= Add 3eq of NH,Cl

pH 2.5,V 1500 mg/L, Na 2000 mg/L

No precipitate
= Add 3eq of NH,C1

Start APV
precipitation
(at 10 min)

Progress APV Complete APV
precipitation precipitation
(at 40 min) (at 60 min)

Start APV Progress APV Complete APV
precipitation precipitation precipitation
(at 30 min) (at 90 min) (at 150 min)

Fig. 9. Development of ammnoium polyvanadate precipitation with sodium content.
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Table 4. Composition of leaching solution from VTM salt
roasted

Element \'% Al Si P Na

Concentration(mg/L) {19,110 1,404 | 47 985 23,380

Table 5. Recovery yield of vanadium on each step from
leaching solution

Vanadium | Vol V mass
balance

mgl) | @ | o

Process stage

Leaching solution 19,000 0.2 100.0
Controlling solution pH at 9 16,659 0.194 | 85.05
V-Al coprecipitate - - 14.95
Precipitation of AMV 47 0.194 84.81

Table 6. Composition of solution from Al-V co-precipitate

at solution pH 2(200 mL)
Composition v Al Na
Content(mg/L) 2,261 1,238 1,875

Table 5] YEFH RACt.
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U BF tiH] oF 84.81%9] HRE-S At wr Bt
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AN 71HA & AZL}. Table 62 o]2]5t T4 AH
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mg/L, 02 1,200 mg/L 121 A2 9F 1,800
mg/Lo|3ict.
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3G A7hotd AEEETHd ol EZF IHEC
o, o]uff HiLHE HHEL2 98% o|4Jo]

ol2|gt AR R e, vhted Aulld AREe] A2 =3
Z S AX 2 $HE 8Ho2RE £8A pH 9
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—
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Diluted Ammonium
sulfuric acid Sulfuric acid chloride
vanadium- Aqueous solution . : ti .
t ana uml ti of vanadium ” Vanadlum-fl\lymlnum s°"(‘ '°2 of vanoadlum Ammoniumpolyvanadate
containing solution (pH 9, Room Temp.) co-precipitate pH=2.5, 90°C)
Ammonium
chloride

[Ammoniummetavanadate

Fig. 10. Overall processes diagram for recovery of vanadium from vanadium containg leaching solution.
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