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Fig. 1 Coordination structures of cobalt with hydroxyoxime
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Fig.2 Outermost electron arrangement of Co’" under different hybridization methods

B MRS A, BOAE T A Co®
(IRC AL A G A R s . — 7T, Pl
F SRR T AR 2 BRI, e T A RS
BRLIIAMT spd® Zfb s BT, H AR 250
AN, BT A SR B dPsp® 24k
AT AT, F9RCALI SR TR
FB TS RO, S TR R DY AT AL Y sp®
Al B 727, PURCALIG sp® 24k 5B Y
B dPsp® ALBIECNRAE, TE—E & 5 T
HEAL,

WRIRZ AL 2 FE s, A4 3178 5] Co™f
1 Co™ TR R N TR 2 A 350 RS
277 X o KT Co™ i B A % 3R -
[Co(H,0)6]>, 5 e A3z fy S5 T () e SR e,
H A MAMIIE sp’d® 244k, xR LAk 7 R
ity Co®*ff) 4d BLIEA G RO B, 3 IF A it
PRI R, ERHAAL AN 1.8 V. TERMEA
b, YV pH<T7 B, VAT NH, S E, 8
M s HEAL, Co® M AR SAEMh 2L 4
pH=8 Itf, JiF BS A NH; B 2RI T, Co fiifl
F15 NH; BRI S W[Co(NH:)e ) %LE M ks
HHON 1.3X10°, 1872 5 AL R S
[Co(NH3)el>", AL J5 A2 1) 48 & W R s o BK
45X 107 P20 BRI G A JE R R
Wb NHy f7 6B, Co™ (B Az )7 3 A
[Co(NH3)s]*", 2 5HEAL MRS T s kN, 3
et 7 RN dsp® Zetk, IXFNAEAE T
Co®' 11 4d it WA —AMER AL T, 2 5 st
iz, BLlE Co* L HLAL N 0.17 VB, R,

Zetb 7 e TSR CoP B AL, BTEH
HUM AT A S ECADIRS . A6 5 A o] th A7 7
AN SRIE . AFA TR RIA R T Co™ S &L
Dz B b g5 sk 2 prontl.

R 2AFNARRT Co™ AWML K A6 J5 2

Table 2 Oxidation potential of Co*" and coordination and

hybridization mode of complex wunder different
coordinations
Media H,O NH;
Coordination mode  [Co(H,0)s]*  [Co(NH;)s]*"
Hybridization mode sp’d’ d’sp’

fE bk B R B 5T & Al |, HUTTON-
ASHKENNY ZUSIBE5t 7 Co” X LIX860 MI#LIT
g, I SRIG I S HEN, Co* fEA WM TR T
Co+LIX860, Z5W), %A & N U EC AL i~ 1h1 DY i
e, A5 5% TEHMARAL, {515 Co™ B
1k, (HIZZE RS Z AN EE 1 3 . NOMBONA %5
U258 10 A2 Ak R ST K /N 5 L S 57 46 W AN 24 Ty
X% PVEESET N Mextral 84H 545193 EY
HATIEIA R R A7 WEE 5 2041 618 7
Br, BHIEANAET Co B AN 029 V, 4
£ Mextral 84H 5 &4 I EEA Y0 4H s EC AL S5 /T 5T,
HEM Mextral84H 5 Co™ TR T /SECALI )\ {445
1, HZtbr RN dsp® Zetb. BLALERES
YITF i Co™ IRE BN Co™" s REAMTES 4d
HUBR R TR R ER, AW Co 1 3d. 4s
A 4p PUEEIA T 230RE, HAa gAML T sp’d’



31 B x W

RS, S BRI AR Ak S EAM T T R 5

F AN IR A 5 5, DA i 5 LUK Co M Mextral 84H
FRA IR, FERALKI AL,

HHIRE, A1 xR EHUA R b Co™
FAAT A — RIVSEIHE I, 3 Co® TEA AR T K
FA R BB IR AR o X Co? TE 5 AL LI
5 T A DUR AR TR TR B AR RS E A S 1 R
N, BT B RGERC A AL A A S5 F AL 2 B 4R
TAIRERINLAD, (HKZ 223 12 E TR 2
WIEHEFC, I ARAT A A A A B AR S R A
PR SRS V22 R AT RGWTTE, B SRS AR
TEREESVIIBCALRES . SRS A IREIEH
T — B W

2 ANBMNEREFERTHNFERR
SRR

N A RRSR D EO FR JE RE R ) EE A, [
W AR NS AR IS R R A TN T, Xt
FALINERIT 7 AT . — 7T, I A S VAR
HHIIN B A PR e B I AR, o8 T BB M AR el
285 ME DA RE N FR S 2EHGRI AT ek S FE AL
(K774 . MACKENZIE 222 H LIX84 M& 41+
BRI R RS, RIHEAN U Co™" B4tk
HIE R E 45 S e, DAASA el X LIX84 #
TRI . R0, ERER T 2Bl Eh R, &
I R R EAE R Co™", FF Rl — Fpk
REEGENE A, e, % E e
AHUAHBAT G e b2, XELLMARA Bfgd i 5
— 5T, A AR A R 5 NI, A
POl R 2 2R BGRI B4k . 1% 07 )2 H AT E N A
FHEVFN EETT N, IR R — LB B MR AT
R BWFRI, AHIRE T AR A Wi
BRI AR R, AR e R EUA RISt
B AR D RO, HE v R S ARG Al 11 4 5 1
FIRER R PY,

UTAESR, A MURR/F 5 Bl IR A B4 R AE 4 43 B9 4T
BN AR T Tz RE. — BN, #iEE
FEFAENA VARG, 5 F2 5 A BT T 5% T
DURC AL S5 A BRI, HF Co™ fBEAr 4 i R Ik #) iy
M, K TFWAERRES SE, TR T &KMES
) Co(HL), 2H,0, ZAEA PSRRI . {A UK
RPGINEIIRG, AV TZEEW K

T s TSGR, PR T AN,
P R PRI SR MRIE A HLRR I 22 57, A Ak
BT 73 A NURIR B2 5 25 4 R AN HLBRIR /#2 15
AR R, TP AR R AN, X A B AN
[, A HUBR T F 7 A B ol ) 75 AL A R LAt AN A
GEH

2.1 BHRER/ERWERR

A HR R/ P2 h Ak R 3 B0 A HUR R a-
Bk 2 A NRRB-ZFRER, HT o255 p-
FaNG 2 MAETE B R A R 2 57, (AR P Al A R
T Co™ A BN LEL A B AL A HLEE AR ]
2.1.1 HHRER a-F2 54 R

19 4 70 44X, FLETT %P7 8% Versatic
10/LIX63. P507/LIX63. FAEEIR/LIX63 + —hiliR
/LIX63 AR RATHE T R0 5T, 45 RR xS
T &R B TR A B Y RN, A
B R RS, B TG Z AN
IREHILEY), HiT LIX63 55 E fit H U 7
T AR AL 15 Bl A4S 5 IR 9 . JONES %5 Po1g j
Versatic 10/LIX63 R RAHE, S&—RZEE, 451
REBUCRAF AT IL R 96% LA | o 5 75 25 1OSR F 4 R ox
Versatic 10/LIX63 Mh&AK R T Co” fHALEUT Nitk4T
WHFT, 1FRZEEW &R & F ARG % T =
Heh 1:2:2, EEWMERITIREN Co(HL)(HA,),
(HA %~ Versatic 10). ZHU ZMUAF5E T Versatic
10/LIX63 & & NE B S5/, Hl & T 5Y
i, R XRD X @b TRAE, UFSLENAEED)
A Co(HL)y(HA,), I\ i {AZ5 ¥ . BARNARD 2+
K H Versatic 10 531 & R BAF(1-FHEA D
B2~ 2R 5 4 R P R A R AR, d i B K
MEVETHE, FHAEDGIMEE S TR EEEY)
Hb it B L RIRE N 1:2:2. 6)5, D’ALESSIO %
U1 2% 32 5 R U5 5 T BR AL AR P 4k R %
WG, BNl TR G f ik, R X 2R
I M T 2SRRI, Bk RPEELY
2T RN Cos(L-H)4(0,CCsH7),. FEZAAYTH,
L Co™ JE oM \TH AL 45 Ky, 2 5 EAL 1
N,O4r HEWA Co™ T TR AN 5, S 5RAL
(14 NOgo (HHH TREEWIILE MR S, BT LG
SEPRP ARG ER T2 0. iR Co™ AR
P RAERE S B LU R LI, (R IR FhE A7 7



6 hEA O RYR

2021 E x A

X, S SR IECAR N 5 I 5 A — 2 11
] S S W Y 31 = o I Y O T =1 T (T 2
WUAE TP~ T T, %2 s VU 8 0] 25 (R 45 ) o

76 _ IR ZEEAT N FINLELGT 2 5 -, CHENG
2=l MI7E R Versatic 10/LIX63 ZEHUA 2 ML 5
12 R T R BB R B, Versatic 10 F NN BE1S
PR BT LIX63 R« 2478 HUAH &k i 57 280 1]
976 hivf, Bi— LIX63 & & N4 R 22 %4 N 29%,
TP AR R T8 1 R 328 5] 99% LA b J8 I AEHL
M B SEIGHERT , £F Versatic 10/LIX63 Wr[E14E & 4,
S REBFIER T Co® -Versatic 10-LIX63 HIZE4A
Y, Versatic 10 fEAZEEGH], 17 LIX63 AWREE,
A2 5 Co™ lLhL, NimBA = Efit. CHE
WER B, B Versatic 10 X LIX63 2B A 4L N K
TR A BT HIERE , (Hl T LIX63 g5tifase
PEELZE, Tl N R, B ER R SRt F i,
AT RN R G R AL LA .
2.1.2 HHRER/L-FZIE5HhEEE R

AR ER/B-F2 15 W ZE AR 2500 4 LT A P A=
RAKRE . JOO ZWI%} Versatic 10/LIX84-1 14 2 (1)1
RVEREHHTII LRI, TERIERME T 58—k R AH
B, [\ LIX84-1 FH N Versatic 10 ANREHE =%k &
S E TIAEEURE /7« HUTTON-ASHKENNY 2501805} e
— LIX860 IR A HLIR/LIX860 14 RAHUMHT
FIE R, 58— LIX860 1K RAEL, Versatic 10
N3 B B AR B AR, X Eg L ]
TEFA R . 0Ja PR 7 4 HLER/Mextral84H 14
RUPFLT B ACE S O P2 s RE GRS, AT
FFW], Versatic 10/Mextral84H PrAEAA 554 J1F
KA RERNE, Versatic 10 ¥4 2 5 Mextral§4H Al
Co” MIFLAL, AT ARBEIHIEAL, AW 2 A4
KR4l 7 58— Mextral84H 14 & FECALIE I
FHE, BLEPI 5N Co(HL), 2HO(WEl 3 Fr

e

R ENURIR - Felm A A R AL, AL
RIS HEHA, HARU S IR 5L A
Rl A BGTR RARL, BRI TG DBl 0 2 )5
AEHUR R REAL i L

2.2 BN/ R hERR

A LB R/ F2 5 D R4 22 0666 2 B H AR 538 1) P
FIRON . HET, EEXF iz R 5K 2 LA HLBER
JLIX84 F17 HLBEIR/LIX860 E. ZHANG 7%
FH P204/LIX860 14 Z 5% B M1 v A 1 Bl B it A7 A5 HL
WHoe, SRR, H5R—BERIARMIL, KR
TENT pHso(FRENTEREELR Y 500 % B )~ i i
FERIK /N UG IE W RN 7 M #30 T 0.89 /> pH H
Bz, ELEGRERUR [ AR, 3 min P EPATLL
EFPHT . WANG 2458 H] Cyanex 301/LIX63 14
RV RIL, 124k SRR 13658 T & A E .

HUTTON-ASHKENNY 2:U"81gpsy 78—
LIX860. P204/LIX860. P507/LIX860. Cyanex
272/L1X860 Al Versatic 10/LIX860 & & T 4%}
LIX860 ML IE L, 45 RKH, FIRAYLIREEEH
i Co™ MR G RERUGRI R4k, B VRS (1 H LR X
BRI HIGI AR AT, SR R B MK O
P204>Cyanex 272=P507>Versatic10. JHil sz 4k
SHEM, A LIX860 FKHL Co™ i, MK T PURLAL
(T VOO S A . 24 P204 INNZEEEL
WHRJG, BT P204 BAWGRMECA W, TEiZ%%E
B EEAL, R T EREREEY. AaP
WEAL T ST WLIR IR IR AR TR X 24 I 50, B
FIR Co™ A HLAR S B R (R334 i, B8 — Mextral84H
P R R IR e 2R B L PRI, P204/Mextral84H
P507/Mextral84H. Cyanex 272/Mextral84H & &
B P S A 2R A B AT 15 BB K B — Mextral84H 4

[l 3 Versatic 10/Mextral 84H 14 52 T~ B A5 W AT BE 1) 7 (W) 45 1)
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Poisoning and inhibition of cobalt to hydroxyoxime extractant:
A review

DENG Jing-xian">**, WU Biao"**>*, SUN Qi"*“, WEN Jian-kang">**, LIU Xue"*>*

(1. National Engineering Laboratory of Biometallurgy, GRINM Group Co., Ltd., Beijing 101407, China;
2. GRINMAT Resources and Environment Tech. Co., Ltd, Beijing 101407, China;
3. General Research Institute for Nonferrous Metals, Beijing 100088, China;
4. GRIMAT Engineering Institute Co., Ltd., Beijing 101407, China)

Abstract: Hydroxime is one of the most widely used extractants in metallurgical industries, especially in the
separation of copper, nickel and cobalt. However, poisoning of the extractant caused by cobalt was observed during
cobalt extraction process, which severely restrict the application of hydroxyoxime extractant and the further growth
of cobalt extraction. This article introduces the development status of cobalt extraction with hydroxyoxime
extractants. The oxidation and poisoning behaviors and mechanisms of cobalt under hydroxyoxime extraction
system in detail were reviewed. Comparative analyzes of the chemical properties and behavior of cobalt in
ammonia and the hydroxyoxime organic solution were conducted, and the cause of poisoning of hydroxyoxime
extractants by cobalt was clarified. On this basis, the inhibition behaviors and mechanisms of the poisoning organic
carboxylic acid and phosphoric acid with the hydroxyoxime extraction system were emphasised, the reasons why
the poisoning was inhibited with phosphoric acid/hydroxyoxime synergistic extraction systems was analyzed. The
current problems and deficiencies of poisoning of hydroxyoxime extractants by cobalt and its inhibitions were
points out. Finally, the paper looks forward to the future directions and methods for in-depth research in this field,
which provides a theoretical basis and guidance for solving the problem of the poisoning of hydroxyoxime
extractants by cobalt.
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