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Table 1 Classification of common extractants
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E AMEPLAELE 1956 £k D& TFLh, RERE
60 AR IF LR PR T FE0O, 3= BT FUI A AL Y
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PN T WA ABGLR . AR b, AT
FEXT pH MR R LR w1, FH P204 HEAT 2 U
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Fe IR AL R RE S AR, BT LAAR T R 1 AR T Ak
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XF Fe(11) 22U RE )1 55, mwH)d K2 L Fe (11D
TERAEAE, LRGP L2t , ik h T
PERPE AL AR BUR R 2 B2, RS BB M
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e R Fe CID D ol & ml LLA O 3 725 11 56 48
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A REEPVSY T K13 F AR, &5k
A5, ERIFNR A AR ARG 10% P204+5%
TBP+85% fitfL ity ALk (O/A) 1:1. & HEE
180 °C HIUH/KAH pH AH 2.3+ K [1] 10 min 145
P REIL 6 HAEL, PAHUA 98.1%. ZidiXIKEK
B % B P204 AU AL VO e Bk, 1o HLx
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XIBRER AT AR B IE BRI S 2y B AT T
WEFC . A I A0 Febes A3 ML 0 AE B 4% 1:4 1T
W FRE 5, AE pHAEVEH 1.0~7.0. FE K& T
K RO P204 A5 HAR FTEL B R R 4 ik
90% Fl1 80%. 1H [ A5 ~1- 17 pH 1B A il & 1 F &1 s
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TR T R B SR AR ) T2, il S IR
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Hi AT S R R P VR TR A EORT 43 B, LI R
[A] e K 2] 96.4%, P E M 3.56 g/L $¢ i 3
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Iy 5o I HLAZ FH M RVRR R0 s A A — el R
RS, AT LR 124 R BRI A A

Ma 5 H] 15% P204 5 2% TBP 415 N & H
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Fe (ID WA E W D520 8 vV (IV) M
Fe (I , 7£ pHAH M 122 44 F, M O/A LN
121 BRI A I S M B, Fe (D BIAHL
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10min 40 FRFEL, & 4 %00 k%,
Fe (IID M A FE N 98.7%. & Fe (IID Jq,
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T 13.7 ¢/L 94l VOSO, %, I HAEH T —FEr T
2, ¥ Fe AID )5k Fe (D , FiFH P204/TBP
AWV AV, HHER YV V) Bk T 2T
45 T2, {E HCI-NaCl tAA . 2% Fe(III)
(A HLAH AT DL A 2t [ &5 76 B A WL G4
R, ¥ pH T3] 2.40, M Fe(IIT) ZHUK 58
AFIHV AV) .

Chen %6 ¥4 P204 % T, UL TBP /EN
MR, AE pH AE Y 0.8 P204 WKRFE N 20%. AL
IF1E] 10 min. ¥R 30~40 'C. O/A K 1:3 54
T, AU AR 53908 99.4% Fll 4.2%. )5
£ 20% H,SO0, ¥ % . O/A=5:1. 20 min X A% i}
. 40 CRA®RBELMET, P RFERN
99.6%, HRIMIRAFRNA 5.4%., M, 0
RN 85.5%. 1% 1 & SEMUR S AL 5 HLEKRE R ™
k. B BRI, RIS T AR T2
TRV G

Li SR G AE I M RE 7, 5% TBP AE RN
MO, 10% P204 1 A A HUF, W) 4h pH {H A
248 M4 Nk i K 40 h, 6 2035 i A BUR 5,
XFEr 5.78 g/L V,05 F1 10.86 /L j 8k (F ¥ i AT 4%
L, BLHAHCE L 97%. £ O/A=5:1 MWL T,
M 1.5 mol/L H,SO, AT = iyt R %, w5
5.34 g/L V,05 F1 1.0 g/L Fe [ 11 8 WA 58 4 K
¥, 13514 26.3 g/L V,05 F1 0.72 /L Fe [#) &
Wi, B pH A3 AT P204 ¥R EE F 3, LR
B E SR

Liu Z5CY 32 ] ELM L2 A KR 12 423 v [
WCBL, 75 5% W FE SPAN 80(Zk 7K Ll B H i Jig s 1
g, FLALFD 10% 3K E P204. 10% A7 i iR i
TR L CFLBA SR LD 1:4 41T,
30 20 B N I B — AN B BEARL 0 AR R AT LLIA 2
87.5%, KINKEA P204 ¥Rk 5 Tt = # Bl 2 AR08 211
A, RBUHCR SR s, JF HAEREA R T,
2 pH {H/N T 2.5 B, P204 %F V (IV) FIAHUE R
TV (V) o e, mT Fe 58k
52 & 1E R, Fe X240 I 5w e K. Fe? Al
APTRHZHLA /N T Fe®'s BE. . AR
BULT-BA M, R Fe (IID MV (V)
PASIZEL R AF I 0 25
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TA .
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DL EE BRI (P58 ) s TS R 3R

4 # b

(D I 2R, i 2 R 22 1e
W2 T HBUR 2 MK I T RE LA R 25 7 ZE AT (48
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S0 2% T IR REAT 73 B AR IR ) AT I O 45 i
JEEN R IAT R &, ENEditE L se iIPEAE
AL A I TP I e o )iz . TR A
T, RENEAEARH RARAIIAEE N 13 BB AR

2 Lk :

(1] & W% DA b S L BR K 55t D). kR 4,
1999(4):1-10.

QI M J. Status and prospects of vanadium extraction from
quarry coal[J]. Hydrometallurgy, 1999(4):1-10.

[2] R. K. Biswas, M. G. K. Mondal. Kinetics of VO,,
extraction by D2EHPA[J]. Hydrometallurgy, 2003, 69(1):117-
133.

[3] 1R IERE, BN Ju, 28K, 45, S HUL S0 P L Il e it s e
REJEEELT]. A 7=286FIH, 2020(3):8-13.

XU Z Z,LIANG J L, LI H, et al. Research status and prospects


https://doi.org/10.13355/j.cnki.sfyj.1999.04.001
https://doi.org/10.13355/j.cnki.sfyj.1999.04.001
https://doi.org/10.3969/j.issn.1000-6532.2020.03.002

.680

s o3l

2023 4F

of vanadium recovery in vanadium containing wastes[J].
Multipurpose Utilization of Mineral Resources, 2020(3):8-13.
[4] B A A 3 BT A A AL T2 ST [D]. Kb
HF K, 2008.

BING J. Process study for the extraction of vanadium
pentoxide from quarry coal [D]. Changsha: Central South
University (CSU), 2008.

[5] WAEREE. A RAL G SR T ZmTT D). B W: BY
BTOR%, 2006.

HU J F. Research on a new process for vanadium extraction
from spent vanadium catalysts [D]. Kunming: Kunming
University of science and techlonogy, 2006.

[6] WEI C, DENG Z G, et al. Selective solvent extraction of
vanadium over iron from a stone coal/black shale acid leach
solution by D2EHPA/TBP[J]. Hydrometallurgy, 2011.

[7] AR i E S, AR RSP R L 24
£ [3]. 2R CRESAAR, 2010, 14(8): 673-678.

YU D Q, SHI Z L. Vanadium extraction process conditions for
dilute acid leaching of coal fly ash slag by secondary roasting
[J]. Journal of Process Engineering, 2010, (8)14: 673-678.

[8] AR f, s, 47 307, MR T 20 sEat e (1], AbJy
BLEK, 2013(Z1):26-29

QI J, HUANG R Y, SHI L X. Advances in extractive processes
for vanadium extraction[J]. Vanadium and Titanium North,
2013(Z1):26-29.

[9]1 ZENG L, LI Q, XIAO L. Extraction of vanadium from the
leach solution of stone coal using ion exchange resin[J].
Hydrometallurgy, 2009, 97(3-4):194-197.

[10] ¥ th, 4 B, 7K —f. CL-P204 A 3bohth At #5354
(IR PERERIE ST (0], AT (L) (YRR AR D), 2017(1):45-48.
ZHENG R W, BAO S X, ZHANG Y M. Study on the
adsorption properties of CL-P204 extractive resin on vanadium
in solution[J]. Non-Ferrous Metals(Extractive Metallurgy),
2017(1):45-48.

[11] ZENG L, CHENG C Y. A literature review of the
recovery of molybdenum and vanadium from spent
hydrodesulphurisation  catalysts: Part I:
processes[J]. Hydrometallurgy, 2009, 98:10-20.
[12] LI X B, LI Z G, et al. Solvent extraction of vanadium from
a stone coal acidic leach solution using D2EHPA/TBP:
Continuous testing[J]. Hydrometallurgy, 2015, 154:45-46.

[13] EIEA8. HIMRE M ATHE T S LA AL — AR IR AT 5T
TP SEER[T]. dEIR 42, 2002, 21(4):175-183.

LU Z L. Experimental study and industrial practice for the

Metallurgical

extraction of vanadium pentoxide from petrified coal using the
acid method[J]. Hydrometallurgy, 2002, 21(4):175-183.

[14] B, R 2. P204 2B MR 44 & th AR PEREWT 9 0]
Wi t1 42, 2007(3):367-370.

HU J F, ZHU Y. Performance study of vanadium in P204
extracted sulfuric acid system[J]. Rare Metal, 2007(3):367-370.
[15] Tavakoli M R, Dreisinger D B. Separation of vanadium

from iron by solvent extraction using acidic and neutral
organophosporus
141:17-23.

[16] LI W, ZHANG Y, LIU T, et al. Comparison of ion

exchange and solvent extraction in recovering vanadium from

extractants[J]. Hydrometallurgy, 2014,

sulfuric acid leach solutions of stone coal [J]. Hydrometallurgy,
2013, 131-132.

[17] Navarro, R, Guzman, J, Saucedo I, et al. Vanadium
recovery from oil fly ash by leaching, precipitation and solvent
extraction process[J]. Waste Management, 2007, 27(3):425-
438.

[18] XU, N7 4 B2 R A B 4 T AR ol % i 4 V,04 56
b5 [D]. RHE: KA, 2014,

LIU F. Basic research on the extraction of vanadium from
vanadium-containing acid leachate and short-flow preparation
of high purity V,O5 [D]. Tianjin: Tianjin University, 2014.

[19] 4. S5 A A AR UL LA 5 [D]. 5 iR}
BRAE, 2014,

WANG F. Study on the mechanism of vanadium extraction
from fluoride-strengthened quartz coal [D]. Wuhan: Wuhan
University of Science and Technology, 2014.

[20] BERE A, IS SN IR BV P AU RS T AT [D]. B
Wi: BWIHLT K%, 2008.

XUE L H. Pilot study on the extraction of vanadium from acid
leach solution of vanadium-containing steel slags [D].
Kunming: Kunming University of Science and Technology,
2008.

[21] B, i E A, 2B A U R VR B TR A G R
sk R S ] 07 55 A A, 2020(1):10-15.

HU Y B, YE G H, ZUO Q. Research progress and prospect of
vanadium extractant for acid leach solution of stone coal
ore[J]. Multipurpose
Resources, 2020(1):10-15.

[22] 5KAG4E, 7K1, T4, W FUAIBGE AL & SR T 5T B
IO MRS R 8244, 2013, 12(3):189-196.

ZHANG J H, ZHANG L, ZHANG W. Current status of

research on the purification of vanadium-containing solutions

vanadium Utilization of Mineral

by solvent extraction method[J]. Journal of Materials and
Metallurgy, 2013, 12(3):189-196.

[23] DENG Z, WEI C, LI M, et al. Technology of extracting
vanadium and removing iron from stone-coal oxygen pressure
acid-leaching solution[J]. Chinese Journal of Rare Metals,
2009, 33(2):290-296.

[24] WA, v B, U204 REHOE S LR B rh S UL
FIESE (0], VAT R AL T, 2007, 24(6):20-23.

CAO Y H, GAO Z G, LIU H Z. Extraction of vanadium from
acidic leachates containing vanadium by extraction method[J].
Henan Chemical, 2007, 24(6):20-23.

[25] LI W, ZHANG Y M, HUANG J. Comparison of ion
exchange and solvent extraction in recovering vanadium from
sulfuric acid leach solutions of stone coal[J]. Hydrometallurgy,


https://doi.org/10.3969/j.issn.1000-6532.2020.03.002
https://doi.org/10.1016/j.hydromet.2009.03.005
https://doi.org/10.1016/j.hydromet.2009.03.012
https://doi.org/10.3969/j.issn.1009-2617.2002.04.002
https://doi.org/10.3969/j.issn.1009-2617.2002.04.002
https://doi.org/10.3969/j.issn.0258-7076.2007.03.018
https://doi.org/10.3969/j.issn.0258-7076.2007.03.018
https://doi.org/10.1016/j.hydromet.2013.10.008
https://doi.org/10.1016/j.wasman.2006.02.002
https://doi.org/10.3969/j.issn.1000-6532.2020.01.002
https://doi.org/10.3969/j.issn.1000-6532.2020.01.002
https://doi.org/10.3969/j.issn.1000-6532.2020.01.002
https://doi.org/10.14186/j.cnki.1671-6620.2013.03.014
https://doi.org/10.14186/j.cnki.1671-6620.2013.03.014
https://doi.org/10.14186/j.cnki.1671-6620.2013.03.014
https://doi.org/10.3969/j.issn.1003-3467.2007.06.007
https://doi.org/10.3969/j.issn.1003-3467.2007.06.007

3

2023 4F 6 H AR

P204 AR ALE 5 A IR 5 KR AL H

e 60 o

2013(131/132):1-7.

[26] AMESH P, SUNEESH A S, VENKATESAN K A, et al.
Preparation and ion exchange studies of cesium and strontium
on sodium iron titanate [J].
Technology, 2020, 238(1).

[27] THI Hong Nguyen, LEE Man Seung. Recovery of
molybdenum and vanadium with high purity from sulfuric acid

Separation and Purification

leach solution of spent hydrodesulfurization catalysts by ion
exchanged[J]. Hydrometallurgy, 2014(147/148):142-148.

(28] H1 21 MR St AL A BT o S L AL — L B
5 [D]. EW]: BHIP TR, 2019.

HU Y B. Research on the extraction of vanadium pentoxide
from low-grade sphalerite vanadium ore [D]. Kunming:
Kunming University of Science and Techlonogy, 2019.

[29] B RAR, E s, FliE . FRIEAT HUBEAEIBOGRDO K (K 2K
WFFE (9], 144k T, 2019(12):9-12.

LV TR, WANG L Y, ZHOU H T. Extraction of gallium by
acidic organophosphorus extractants[J]. Shandong Chemical
Industry, 2019(12):9-12.

[30] Amesh P, Suneesh A S, Venkatesan K A, et al. Preparation
and Ion exchange studies of cesium and strontium on sodium
iron titanate[J]. Separation and Purification Technology, 2019,
238(1):63-93.

[31] Kumari A, Panda R, Lee J Y, et al. Extraction of rare earth
metals(REMs) from chloride medium by organo-metallic
complexationusing D2EHPA[J]. Separation and Purification
Technology, 2019, 227(15):56-80.

[32] ZLKE. A BLBEIS A IR 45 K-V BE 0 3R 38 UL R Rl T
JU[R]. E R BARRA R G 45 R . B W] BB TR,
2015: 10-20.

WEI C. Structure-property relationship of organophosphorus
extractants and basic research on vanadium extraction [R].
National Natural Science Foundation of China Final Report.
Kunming: Kunming university of science and technology.
2015: 10-20.

[33] thasm, %, RIEF}, 4. DIBK-P204 45 R AU
(K332 ST L] M 420, 2013, 37(2):266-271.

XU Z G, WANG L J, WU Y K, et al. Thermodynamic study of
extracted hafnium zirconium in DIBK-P204 system[J]. Rare
Metal, 2013, 37(2):266-271.

[34] R%E, FRARRE, . S SRA IR R I 7R A B
IR [1]. #2518 42, 2011, 30(4): 293-297.

ZHU J, GUO J K, MA J. Pilot study on the solvent extraction
of vanadium from vanadylitic coal acid leach solution [J].
Hydrometallurgy, 011, 30(4): 293-297.

[35] BRI BH, 22388, AT W b A UL AR S 305 (0.
124 THE, 2010, 38(10):146-149.

CHEN X Y, LAN X Z. Experimental study on the extraction of
vanadium from lignite leach solution[J]. Chemical Engineering,
2010, 38(10):146-149.

[36] YE G, HU Y, TONG X, et al. Extraction of vanadium

from direct acid leaching solution of clay vanadium ore using
solvent extraction with N235[J].
177:27-33.

[37] B, VAR AR MR < rp i R FH R R (D] v [ B 5
ZEa I, 2007, 25(10):14015-15.

QIAN Q. Advances in solvent extraction for hydrometallurgical

Hydrometallurgy, 2018,

applications[J]. Comprehensive Ultilization of Resources in
China, 2007, 25(10):14015-15.

[38] Z=i 55, NI, AT/NE. NS GUE B 2B 5T
RO HE4E, 2011(1):100-104.

LI SY, XIE G, YU X H. Current status of the extraction of
vanadium from vanadium-containing leachates[J]. Non-Ferrous
Metals, 2011(1):100-104.

[39] BM, Zo47 0L, R AL, 5. 7R E 13 B A BE R B
R B LG R [T]. 795, 2009(3):37-43.

WEL C, LI C X, LI M T. Integrated utilization of vanadium
leaching and leach residue from quarry coal in pressure
fields[J]. Mining and Metallurgy, 2009(3):37-43.

[40] MR 3C, B4R, & HE, &5 NGURI T VA SR BT A
BB L2 (3] Wikifi 42, 2011(1):33-36.

YANG S W, CAO Y H, GAO Z G. New process for the wet
extraction of vanadium vanadium
concentrates[J]. Hydrometallurgy, 2011(1):33-36.

[41] T4, B, 5kiE2, 55 P204 R A R H V(IV),
Fe(IT) 153 B PERERIT ST LT]. ARERAER, 2017, 38(2):23-29.
FENG X R, LV G Z, ZHANG T A. Separation performance of
V(V), Fe(Ill) in P204 extracted sulfuric acid system[J]. Steel,
Vanadium and Titanium, 2017, 38(2):23-29.

[42] 4%, R T IR IBCHT L 25T [ D). Kb
WIF KA, 2011

CAO J. New extraction process of vanadium pentoxide from

pentoxide  from

petrocoal [D]. Changsha: Hunan University, 2011.

[43] Seyed Mohammad Razavi, ALI Haghtalab, ALI Reza
Khanchi. Thermodynamic modeling of the solvent extraction
equilibrium for the recovery of vanadium (V) from acidic
sulfate solutions using Di-(2-ethylhexyl) phosphoric acid[J].
Fluid Phase Equilibria, 2018, 474(25):20-31.

[44] SHI Q H, ZHANG Y M, HUANG J, et al. Synergistic
solvent extraction of vanadium from leaching solution of stone
coal using D2EHPA and PC88A[J]. Separation and Purification
Technology, 2017, 181:1-7.

[45] HU G P, CHEN D S, WANG L N, et al. Extraction of
vanadium from chloride solution with high concentration of
iron by solvent extraction using D2EHPA[J]. Separation and
Purification Technology, 2014, 125(7):59-65.

[46] Mehdi Noori, Fereshteh Rashchi, Ataollah Babakhani, et
al. Selective recovery and separation of nickel and vanadium in
sulfate media using mixtures of D2EHPA and Cyanex 272[J].
Separation and Purification Technology, 2014, 136(5):265-273.

(T#% 77 M)


https://doi.org/10.3969/j.issn.1008-021X.2019.12.006
https://doi.org/10.3969/j.issn.1008-021X.2019.12.006
https://doi.org/10.3969/j.issn.1008-021X.2019.12.006
https://doi.org/10.3969/j.issn.0258-7076.2013.02.015
https://doi.org/10.3969/j.issn.0258-7076.2013.02.015
https://doi.org/10.3969/j.issn.0258-7076.2013.02.015
https://doi.org/10.3969/j.issn.1005-9954.2010.10.032
https://doi.org/10.3969/j.issn.1005-9954.2010.10.032
https://doi.org/10.1016/j.hydromet.2018.02.004
https://doi.org/10.3969/j.issn.1008-9500.2007.10.012
https://doi.org/10.3969/j.issn.1008-9500.2007.10.012
https://doi.org/10.3969/j.issn.1008-9500.2007.10.012
https://doi.org/10.3969/j.issn.1008-9500.2007.10.012
https://doi.org/10.3969/j.issn.1005-7854.2009.03.009
https://doi.org/10.3969/j.issn.1005-7854.2009.03.009
https://doi.org/10.3969/j.issn.1009-2617.2011.01.009
https://doi.org/10.3969/j.issn.1009-2617.2011.01.009
https://doi.org/10.7513/j.issn.1004-7638.2017.02.004
https://doi.org/10.7513/j.issn.1004-7638.2017.02.004
https://doi.org/10.7513/j.issn.1004-7638.2017.02.004
https://doi.org/10.1016/j.seppur.2017.03.010
https://doi.org/10.1016/j.seppur.2017.03.010

3

2023 £ 6 H IXANF: BRART BRGNP RIS MR « 77 .

(1.Wuhan Transportation Vocational College, Wuhan, Hubei, China; 2.Wuhan City College Urban
Construction Department, Wuhan, Hubei, China)

Abstract: This is a paper in the field of ceramics and composites. Ultra-lean iron ore was processed, and the
ultra-lean iron ore with a good gradation was used as aggregate to prepare a new type of autoclaved aerated
concrete block. Furthermore, the effects of different aggregate content, water-cement ratio and autoclave
time on the performance and microstructure of autoclaved aerated concrete were studied. The results showed
that with the increase of water-cement ratio, lime content, aggregate replacement rate and autoclave time, the
compressive strength of concrete showed a trend of first increasing and then decreasing. When the
replacement rate of ultra-lean iron ore aggregate was 40%, the amount of fly ash was 10%, the amount of
lime was 18%, the amount of cement was 60%, the water-cement ratio was 0.45 and the autoclave time was
Sh,the performance of concrete was at its best. At the same time, the incorporation of ultra-lean iron ore had
a great impact on the generation of new phases, the concrete itself and the pore structure.

Keywords: Ultra-lean iron ore; Ceramics and composites.; Water-cement ratio; Lime content; Aggregate

replacement rate; Pore structure
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Current Status and Development Trend of Vanadium Extraction
by P204 Extraction

Hu Yujie, Ye Guohua, Tang Yue, Tao Yuanyuan
(Faculty of Land Resource Engineering, Kunming University of Science and Technology, Kunming,
Yunnan, China)

Abstract: This is a paper in the field of metallurgical engineering. Organophosphorus class extractant
D2EHPA (P204) is very widely used in vanadium extraction. Firstly, the form of vanadium present in the
leach solution affects the effect of extraction, V(IV) is mainly stable in solution in the form of VO** in a
strongly acidic solution; when the pH value gradually increases, V(V) mostly exists in the form of H,V,,0,4"
and HV,,0,4". Secondly, based on the research of organophosphorus extractant P204 in recent years, this
paper analyzes the conformational relationship of organophosphorus extractant P204 and finds that the
spatial site resistance effect is equally important as a secondary factor compared with the type of phosphoryl
adjacent groups, based on the hydrogen bonding effect, the extractant molecules will produce dimers or even
multimers between them, thus changing the structure and properties of the extractant molecules. Finally, the
progress of the development and application of P204 extractive vanadium and the outlook on the future of
the related fields are presented, pointing out the future research directions of P204 extractive agents.
Keywords: Metallurgical engineering; Vanadium extraction; P204; Solvent extraction; Applications and
advances
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