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Removal of Fe** from iron rich and high acidity
sulfuric acid leaching liquid by extraction of N235

ZHANG Kui-fang, LIU Zhi-qiang, CAO Hong-yang, QIU Xian-yang

(Guangdong Province Key Laboratory of Rare Earth Development and Application,
Guangzhou Research Institute of Non-ferrous Metals, Guangzhou 510650, China)

Abstract: The extraction of Fe** by N235 was studied based on the technology gap on the removal of Fe*" from iron rich
and high acidity sulfuric acid leaching liquid by extraction. The effects of H,O, dosage, feed initial pH, extractant
concentration, extractant composition and extraction time on the extraction, and the effects of H,SO,4 concentration and
tripping time on the stripping were investigated. The cross current extraction process was designed and the isotherms of
stripping were plotted, and the conditions of extractant transformation were researched. The results show that, when 30%
(mass fraction) H,O, dosage is 3.85 times of theoretical one, Fe?* can be oxidized into Fe** totally, and with 30% (volume
fraction) N235 and10% (volume fraction) TBP in sulphonated kerosene as extractant, the extraction rate of Fe** from the
solution with initial pH of 0.11 reaches 96.67% in four-stage cross current extraction with O/A ratio of 1:1 (volume ratio
of oil phase to aqueous phase) at 25°C for 2 min, and the loss rate of Cu?", Co®", Ni*" are 3.04%, 1.39%, 3.84%,
respectively. The Fe®™ in loaded organic can be stripped into Fe,(SO,); with purity of 98.87% using 0.3 mol/L H,SO,
solution and the stripping rate reaches 99.12% in two-stage counter current stripping with O/A ratio of 1:1 (volume ratio
of oil phase to aqueous phase) at 25 ‘C for 6 min. After stripping, the acid in loaded organic phase can be neutralized
using Na,CO;. The organic phase returns to extraction circularly.
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JLR B AR < 1) BRIk R =, —MnT =ik 25~50
g/L, 1AM & @R EEAR AR, AATERRE, A
SIBICEA R 2) BRI B =, Ui R R
0.6~4.0 mol/L(pH<<0.3).
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Table 1 Chemical components of feed solution (gL ")

Fer Fe** Fe?* cu* Co*" NiZ*

28.3 23.77 4.53 4.15 0.23 4.43

2) LA 125 mL AW 2F, 250
mL FLR 5 2k, SXL-70 AU KRS (LA
G AN HE A PR A 7] A ™), XSP B USRS & 45 55
F i K 84 (Thermo Electron Corporation, USA).

12 EWAHZE

1) RHE TP . S — @ ARURRE, AT 5 14
R 30% Hy0,, HEFEST), JEICE 4 h, FHEASTRER
PR F R, AR E,:

2+

aﬁ—%%%?um% (1)
Xrpe [Fe TN ERNE T FeIRIE, o/L; [Fe*'l, I
G Fe Wk, /Ly V N ERREAARL, mL; V,
HEAF AR, mL.
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o R, AR S T LI A PR P R L R
ez 4 Aq , O o0 = F T A IR B E A o
B e IR, IR SARICR Eye

_ [Me]yVa)

E, =1-+—alal »100% ()
: [Me]olvol

X [Melgy WERMBTHEFIRE, g/L; [Mely Ak
W TIRIE, g/L: Va AARBAR, mL: Vo A
IO RERBARRL, mL.

4) A . Se I E AR B AR T
125 mL (500, P AT SRR 5 A L
A, IO KA 2 W0 2, BT ERK S IR 4%
TSR, AR S0 T SR R Ak R R e
P ek m, WO 2 = F AR R E A O)
BT FERT ORI EE, I R AR E;:

1 [Melp Ve

[Me]g, Vo,
A [Melo I RAWE T ETIRE, g/L; [Melg
HANAHFE IR, g/Ls Vo WRFEBRAE, mL;
Voo AN A HAHAR, mL.

5) KA G JE 1R A XSP ML B A 55 1
Y% & 5 (Thermo electron corporation, USA)JIE,
A HUAH (1) <6l 25— AR AR T AH Y. B8 P 3 B 22 0
PAFE); KA Fe® 5 R 3B R A s 1

L= x100% 3)

2 HEREHE
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R R s N SRR U 24 ~(6) BT 7 s
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XFe*t +
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(R5NH), SO, + 2HSO; — 2R;NH-HSO, +S0>™  (6)

AR S NS E A (T BT«
[(RSNH)y]Fe(OH)z(SO4)(3+x—z)/2]x +xeH" —

XFe** +@s03{ +x2H,0 +%(R3NH)ZSO4

(7

22 EHRER5IHE

221 H,O, SR Fe B At 15
BRI 1 iz, B 100 mL BRE, 5050

A 0. 0.5, 1.0, 1.5 F12.0 mL 30% H,0,(5t 2 %),

PR35 50 Jo JHCE 4 h, PR R e v s o B

i, WA . H0, RS Fe? AL IR0

Kl 1R

100+ » .

80

601

40F

Fe?* oxidation rate/%

20+

0 0.5 1.0 1.5 2.0
Dosage of H,0,/mL
Bl 1 HO, HHEX R Fe? SR LR 52
Fig. 1 Effect of H,0, dosage on Fe*" oxidation rate of feed

H1F N235 A 2RI Fe' A AT Fe™',
B AR BR R AR, W I H,0, J5 20K Fe? AL
B Fe*', MR N 2Fe? +H,0,+2H =2Fe* +2H,0,
SEAEN 100 mL ¥ P K Fe? T 1 FE 30%H,0, 1)
FHEHN 026 mL. ME 1 ATELEH, B H0, AR
#an, Fe* AR R BT, EMAEN 1.0 mL,
Fe’ A A R ZIT 100%, 4 BEAF 100 mL BREFT T 1) 30%
H,0, F#4 1.0 mL, MHEERK 3.85 5. ALk
JE W pH=0.11, FICEM W 2 iR,

R2 AMNSERRBI Sy

Table 2 Chemical components of oxidized solution (g'L™")

Fer Fe** Fe? Cu** Co* NiZ*

28.0 28.0 0 4.11 0.23 4.38

222 FREWIMG pH KARBGIIR N Fe® ZERUR 1R
1]

A JERRBL LY e 2 FTdl. HIRER IR A A A ik
BT EREAIAG pHe AHAHZLSAT : 2 20%- 30%.
40%(TRFA 2> BON235+10%(1R R 73 B0 TBP+igi Ak Kt
PERHUEAT: KA EE O/A 24 1:1 AEHURHE] 4 10 min.
RO SE N 25 CRE, F0 T BRI pH KA BGHIR BEXT
Fe ' RO, 41K 2 FioR.
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Fig. 2 Effect of initial pH and extractant concentration on

extraction rate

M 2 FTRAEH, BEE RN pH PR, %
DR B BIHE NS X EEEER: B
REES N S R (S) AT A0, SRR ) Fet St LU IR )
B35 Re (R IR b T A S W) Ja e RN WA . 7
Witk pH BmMr B, B pH R, AAITR@) A
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i, SRR, FDCR TR, it &
pH 0N 0.9~1.2 2 [0, [A]I, Bl AR 5,
FROR S b, AU AERGIREE R 40%0), AL
FERGHA, o0 AH R FURS B R PP 8, 255 5 Bk AR
AR BN 30%. Ak, 76 S50 H 2 52 RN Ta] |
REEU 2 e A 4 1 I % pH=0.95 N235 /AR 3%
5 30%.

223 FEHUGRILLENT Fe A HUR 1 5400

BRE R 3 2 B, JFT pH=0.95. A HLAH
1 30%(AF HON23S, T TBP A4 4 5093 7l A
0%+ 5% 10%- 15%F1 20%, FikeRIE) 0k it .
FEREEUAAT 2y 3 S KA L O/A 1:1, ZEEXRIE] 10
min, FHUEAE 25 CH, BRI T Fe' AL
I, S R 3 FZ 3 R

M 3 iTLLE Y, BT TBP H = 134,
FERORE S BAHE NS, RS E0N 10%A i
KA, (AR AR, FEHCRYERAE 32%~40%
Z 0] ARG ARSI A PR Fe
IR E(28.0 /L), 1M 30% N235 [RAHUL A28 F AN
N 12.6 g/L" W 3 WTLLEH, AR BoA = HIE

2 3 TBP AR Hoek 7 AH I 18] (115

Table 3 Effect of TBP volume fraction on split-phase time

Volume fraction of TBP/% 0 5 10 15 20
12(triphase) 8 3 3 3

Split-phase time/min

45

40

35

Extraction rate of Fe**/%

30

1

0 5 10 15 20
Volume fraction of TBP/%

3 AEHUH TBP AR HO Fe¥ LU 1 54 i

Fig. 3 Effect of extractant volume fraction on extraction rate
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WIRIERN, BTG =AM FFURBY B TBP IRINAE
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2.2.4  FEHUREINT Fe® ALHUE (1) 50

BHE R e 2 Figll. IR pH=0.95. A HLAH
HEUR: 30%(AF BON235+10%(14AF7 4> $0) TBP+
AR e AEASIUAR AT 23l kAR LG O/A 121 6
IOLEE 25 °C« AU TR] 535028 1. 24 41 6. 8 1 10 min
i, WA R Fe AEHUR KRN, S0t 45 fan
Kl 4 PR,

B 4 FTLLE Y, N235 2 HUk 1 I 7] 5 4
% H 2 min BAT,
2.2.5 BV LA AL I S5

BT RREYIAS pH BARACY 0.11 H Fe’ iRk
30%N235 REUL IR 2 5 AL, AR g
AN 32%~40%, K AT 7 CEAT 2L, R B
T I AR BRI N235 2 18 19 25 M 5 ik 2k
Ho KM 4 3250 mL 53U AT DY 2t A5 s
5, BB E s Ps. BB gk 2 Pk,
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pH=0.11. HHH: 30%N235(1&F 5 %0)+10% TBP({4
B . AEAEISRAT A R AR AR B
i O/A=1:1, ZEHURA] N 2 min, AERE A 25 C,
H AT 25 RNk 4 s

) //—’/*h'
=
S 30F
i
=
2
o 20
i
=
84
10+
0 2 4 6 8 10

Extraction time/min
4 ZFEHUR AN FeX U ¥

Fig. 4 Effect of extractant time on extraction rate

M 4 WA, 25 DUZRAS IR AR BRI AR TICR
H 96.96%, Cu*'. Co*' I NiF HARPAI, kL
S 5K 3.04% 1.39%F1 3.84%.

23 REAFEWHE

B DY Z AR AL UG 1 57 B8 HLAHSE 414 mL
T E 5 Fe 6.558.Cu” 0.030.Co” 0.0007 F1 Ni** 0.041
g/Lo AR S 2 J B (7) R U RS A T S A5
23,1 BRERVIIRBERT Fe' S A% A 1) [ AR 5

BB WA A AR DY 8t A e 78 e ofil 6 1) £
WHVAM, F & 6.558 g/L, /KMANBMBRIEM, WK
FES3 4 04 204 30, 40, 50 F1 60 g/L. 7FA4A:
3 AAAREE O/A 1:1 R AR 25 °C L R AEWS ] 10 min
IS AF S BRI FE X Fe" I ARSI 5, &5 SR 4K
6 7o TRIRIE AR SO pH K2R 5 Fro)

M 6 F 5 il A H, 24 HSO, 3JE /N T 30 g/L
I, B HoSOLWRFEMIEIN, AL MGHEIE A, 1A

Organic phase  Organic phase

Organic phase

VPRI pH AR SR TE I3/ s 2 HoSOL B2 K T30 /L
J&, Fe ' RA RN TLE, Fe'' RAERL YR
95%LA L, BEIPAG pH /NT 0.72: iR 2K A
RFINE, Fe' RAEHAN 22.01%, OV pH 4 1.83,
e 0.3 mol/L FRIBR BRVSHLAE Ay S A5 7] o AR S AL
JRHE(5) S S A TR (7)) S A R i ) oAy
AL SN, 1T SN TR R A VR B R
RISV pH {f, I SEE R, #ESEbr R AR,
HFEE PP pH £E 0.8 LU R, A HUAHT ) Fe’ s AR
LF A AR K

232 RAENFIAINT Fe’ AL A5

BUEAT A A AL DY 2 5 JE A EC st ot v 146 1) £
WAV, Fe &N 6.558 g/L, KM NI RE,
WREH 0.3 mol/L. RASAT R ML O/A=1:1,
RAWRE 25 °C, AR50 1. 20 4. 6. 8 Al
10 min. WFSTR AR A% Fe®' e 2 (1 55, 45
Bl 7 Bise

HE 7 W, BEE AR RIEE K, Fe¥' A%
WK, 2 min LU, Fe'' AL 90%LL F; [F]If ¢
6 min I}, JAF| P17,

233 RAHTEER S 2]

BUAEAT LA A AL DY 2 5 JE A EC s ot v 1 46 1) £
WAHVAH, F & 6.558 g/L. KMNBBRIEW, W
PEoh 30 g/Lo AW R : JRAWESE 25 °C, RAER
] 6 min. It ARA ELika il T R 2Ty S i 2%
5 8 Frm. 8 8 A B A % s AH LG O/A 43l
A 12, 1:1. 2:1 1 5:1.

M HR TR AR R B, 2:1]) McCable-Thiele K, 4%
WEAHLL O/A=1:1 $i1ELk, Lol A E ML, 25
FunE 8 fran. MIE 8 AT LUE Y, i e g Ek 2 )
WA, A HU T Fe W 4% 2 mg/L,
B Fe’' R A HIA ) 99% LA 1, sefpAzr=rf, wl i id 1
T BRI B B SCR A LU A 2k 4R
2.3.4 BP0 i AR

3 S0 Wl AU PR G0 R RS, SR
BUAR: AR DY St A5 U A% b il 46 1 7 28 A LAH

Organic phase

| Adjusting Adjusting
H=0.95 H=0.95 ——
Feed solution —>-| First stage |—>|Sccond stagc]' P {Third stagej P Fourth stage Raffinate
pH=0.11 pH=0.92 pH=1.67 pH=2.18 pH=2.32
¥

Loaded organic phase

5 DU BN S IE

Fig. 5 Schematic diagram of four-stage cross current extraction
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R4 FERWISY & Fe’t 6.558 g/L, /KAH: 30 g/L iR, MAREAT
Table 4 Components in raffinate RAIRIE 25 °C, ZEES[A] 6 min, O/A=1:1(50 mL:50
Ion  Concentration in raffinate/(g'L ") Extraction rate/% mL), B As HEATIE, ARSI IR 6 s,
Fe'* 1.05 96.96 M 6 HufLUEH, S PgusinRAE, Fe''il
Cu?* 4.92 3.04 JRFEZ N 99.12%, FHENZESE 98.87% KT MR BRI -
Co™" 0.28 1.39
Ni?* 5.20 3.84 10
L
* Volume of raffinate is 81 mL. E
= 8
3
=
H5 TR pH 5 2 ol
Table 5 Effect of H,SO, concentration on equilibrium pH é
H,SO0, concentration /(g-L™") Equilibrium pH g 4
0 1.83 g
3 2
20 1.11 =
2
30 0.72 =
40 0.62 0 1 2 3 4 5 6 7
50 0.53 Iron concentration in organic phase/(g-L™")
60 0.36 8 Fe3+fi§ \I’@Ifﬁ‘cﬁ%‘lgé
Fig. 8 Isotherm stripping curves of iron
100
%0 RO ASHEREEBM S
E\“ Table 6 Components in stripping liquor of row As
N
[S9
5 60F Concentration in
o Ion o 4 Stripping rate/%
5 stripping liquor/(g-L )
2 a0
& Fe'* 6.526 99.12
s 207 cu* 0.033 -
. Co™ 0.0008 -

0 OI.] 012 0t3 0,|4 O.IS 0|.6
H,SO, concentration/(g-L™") Niz" 0.041 —

Bl 6 BRRTBIR X Fe' AR I 5

Fig. 6 Effect of H,SO, concentration on stripping rate of Fe**

Volume of strip liquor is 49.8 mL.

100 2.4 ZEEFIFER

MR LA HT, A S0 v P R I A B 1
< 90r AU ST S RE I Kt HLSO,, T2 ANZE b 3 P
% IRIFEINBE, b &3 AU T4 pH R,
s 80T HECAE RS AR R AL, e 3ok R A B
gl ERE R, KEEHN, R NaCOs
& R, BARUIRIR: W HUHSKIAALE 1:1 R4,
g ol PRI NN Na,COs 2/KH pH 4 7.0~8.0, HE >
¥ L RS BB N, SRR, %2 T

500 5 -+ - ; e SAPESL, HAMLRSE Rk 7 .
Stripping time/min M T T LAE H, ZEBUGR 2R R A b RS 3R 1]
B 7 A DX Fe® AR S TEIREIT, AHA35% 6 MU, R

Fig. 7 Effect of stripping time on stripping rate of Fe** BHHEATFE
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Table 7 Results of extraction experiment

Concentration in

Ion 4 Extraction rate/%
raffinate/(g'L )
Fe** 0.88 97.45
Cu** 478 5.36
Co®* 0.28 0.93
NiZ* 5.29 1.72
3 it

1) N235 0] 75 5 Bk i M S At B v v rh I R AR I
Brek, RIS A Cu®t. Co™t. Nit FEAA
L,

2) ANAHALER 30% (TR 73 Z)N235+10% (741
S EOTBPHEALLE M, FAHEE O/A=1:1, AEEUE(A] 2
min, 23 PYZERARI pH=0.11. & Fe'" 28.0 g/L ]
U IR PRI R, Fe¥ ZKBUE N 96.96%, Cu?',
Co™" . NiZ'HRE 350 3.04%. 1.39%F1 3.84%.

3) H 30 g/L B, F&AHLE O/A=1:1. KA
) 6 min, £ WYL R RAE, F' RAEXN
99.12%, f3HI411E 98.87% MM MR B IA W . R 2Kk 5 15
PR NI, KA Na,CO, hRH T, A
HUAR RT3 B o
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