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OB R A-N1923-ATRINA R, DFTCmBRIER P O A AT, TIN5 2B e
BRACHU B AR (RSB o SRR BRPESHSInA E A TR, AT R RIS 3L, BRI R
T 0.1 mol/L (1) NaOH ¥, SR e LASCBUEL . AR KA B AL B8 BACIO B S A IR R . BRI

WILABRE « WIUASUHS IR . REIBURT EE R A HURIR B 45 5

MR K. B pH {HTE 10~13 Z RN, P8 B/E 5

BRB 4 A F] 89 Al 60, 298 K I, HHUAX BB MA BN 5.855 g/L. AEAEAHA AT LIS 0.5
mol/L (MR AN IR BEVE R AEEE, SREH 1.5 mol/L IS IRAN I S A4,  IRZE 5 A WIAH AT FAE IR AT H
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HPESES: TF841.3 MEkARSRS: A

TR DY 1 B A 1 DX 26580 B A 7 TR R ik
W8, AR AR R IRt AR A (s e 3
S B e U ARk, DUGREON 9
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o AL, XFEMAEEIE KOH W4 023 il s
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WP 2R AT B TR PR RE AT, 3 R i FH K
A AT, HHARE R R A, RS R At
AR o W FIAEIOE AT 3 BRI &
K Gy S A 7= S5 AT s R Ak 2 a0 7
P AR, B ESIAEIO B R AR IR R
BT ERRIREER, L. 3Ll VO©'. VO,
1 CrO> . Cr,O7 I RAFAE T30, 7T LU g
PEBH B B AL IBGR M rh B PR A DA B 1 B X
AR, SR BRI U0 SRifa, AERkTE
ZAF MU LR & B A Tt =%
LU A . O AT HIE K 2 SR F = R AR IO A It
TR, RS T RERA pH B/ T 10, S
Bk P 384 ks S UK JCVEAR . RITCEY 26 F 5T
T Aliquat336 MBI AP A UR S . Ha, BT
PURS R A SR NN, TEVESE I A 5y 5
LUCAS Z"I5f57 7 Adogend64 MATHEIAL RS BE T Bt
75 B PR PRSI, PUES I LA ATIAR 4 T
TSI B

FIRKUR AR e N pHL {ELAE 5~7 Z IR 75
BUES TR AT oy B ARLAR . WS, A% mT LUs T
WAL R REVERC I, ST RS I 2o = .
R — ELIE0 T PR B S AR A s AP e R PR AR
FRSUH R, PR B B R N .
M5, I ERVEA B AR 513 B A il B2
TR R A LR, GV BRI AR ) A 3
XSG, D6 Z0IH I TR B K ke AR H R A R
X FEUEA TR, BESA . ZHAO S50t
T B FIAA[A336][NOs 5L N1923 BRI AL >
B AR (U, TR IC IR B MR 2y B L
BRI, Y pH=9 I, #l. #1905 8 R ER K EAY
35. RWHAEWW pH M2, . B R
BBl R 4 pH=11 I, . &L LIES B
RPPPEAAE PR L B IBLA IR, K
WO, LI AR IR, LR (K2 B R 2,
TETE T I F T A BG4 R A3 AR A 15 2 11
SREEE RN o

ARG AL A B LER AT T 2 A Y, DA IR 44
AP LER A E T 5HRIR LA B LR, L
A B LRI I AR A . DRI, M v e 1
Ty, GRS AR IR RN 73 B U S T R . i R
TR, AR AT TS R AL B, SRS A
FARRAL G A S 5 LR DR O A TR S AR I, R
TERRBRIESAE N, AR A AU . BN RE
Fihh, WFFCE RN, A S R K TS I —
ERIANURIREL, Wil AR, Min] LAEw

W pH (KT 12 4 R RO 2 B B, 3
Oy B AR 70 VL.

N T R FCEA IRBA AE FRA A ISR I 2R h 2R
BRI B A, A SCHE 58 T 940 IR AR
VETAABRSE « I P AU AT AA A L5 b S AT BLAT Hh 2
PGHAR ER RACAT IEAS IOy B AR R, R0 T
AU 0 S B DL B 38 WA K S 267 i TR
N T3 R R AE PRSI BRRHRLI EER, ASCHEE AT T
g5 HE I R AT AR R 2R R E AR IR0 B LA T R
HGE AT A . FERCHERL b, SR T — ol NSRBI
WA AL B BRI LR

1 e

1.1 R S5

FHGR N1923 & b e A TAT B 2w A2
(P22 4l 8L 93%) . S A FEE . NaVO; Al Na,CrO,
hy 1R 24 4R PR 7 A B m) A2 P2 (43 B 4lE) . NaAlO,
h VB TR A7 FRA 7 2E = (a3 BT 4l . A RN Ny
[ 25 G b 25T IR A F AR = (e B gl . Hopthik 2%
TR B 2 b T A 35 R 3 W o

PRI — 2 S AL B BRI SR, 20
F&ERAR I R 50 mmol/L A% 55T -

50 g fAME N1923 55 332 mL ¥ JE 4 0.53 mol/L
) HNO; J8 A (—NH, 5 NOy B /R LE R 1:1.1), LT
ik 1 h 5, i FAAH. ARG 258 KR
BL b AH 227 i KA D R i, 43 B0 A S 1947 i (LA
A-N1923 £7R).

12 KWHZE

IR, 4% FRE R, TRA GRS
BRI I — 2 N S A RN A R, AR
FH/K M RE 2 7545 20 mL, Fc il S 560 F KRB (B e
PRULH, #L. . BIES S mmol/L). HHLAH
K A-N1923 55t — @ B AARAR L T e il i B
JErh S o RRER B TR AR S A LA —
SEAHLLAE 25 “C I TE IR IR #4530 min(Z)) ) 275
KR, 12 min Z 5 A MUEIL BP47) o A E A0 5
Afa, WORHZERBA I 5 BRI,

BRI pH R pH211 FREE VIRl &, AR
T 0 B R T R EORE B AR R  OR B Ok 1
(ICP-OES)KA4rHT. &6 AEA A AR (E),
S LD B R AP TR LU R A AT V5

=Mx100% (1)
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(MOU/L); Vor V1 43 B BHBRIRE AW A A(mL) s Dy
H1 Dy 23 WA B BT Mel A1 Me2 EA4T HUHTF R 43
fiott.
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2.1 BABWIRERNSMN

WA I, AKHRNA RS IR A Rl ] LA %
PR IAA RS A-N1923 FEHUMAR R IHLER ILAEAT A, 5K
VAR I 200 88 o SEIGIIEST T T A0 BRI FE X R 1k
RGBS AL 4% ERIRmT, 453w 1 PR,
BHET pH A 11, HHUAHALECE 18%A-1923+82%

e ©
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Fig. 1 Effects of sodium tartrate concentration on extraction

and separation of V, Cr and Al: (a) Extraction rate; (b)

Separation factor

PRI 80, AIAHEE A/O 2 20.

HH I 1) AT, A D AN EE A TR, B
BILT NG, BRI N 53%. Mi&
T A R IR B AN TS 0, RS ARG T LAH
(AR AR AT %, AR AR A WL R AL
R T B WA R FE RS INE 0.1 mol/L i, 1
RIS 550 0 90%H 91%, {HER [HAL R CL%
K% 16%. WA FREATERRE S N 25 i B8 HH P A R AR
FHE T, eSS RN, Wi HVO0,> L AlO; .
CrO” Se P R To T AR A-N1923 [
i frfie 71t CrOo> 15, HI5 T HVO 1 AlO, 1.
R, A BRARIGEUAR CrO > T g2 N LA, AT
FAAR THSIARCR . I 1(b) TN, BEAE A IR AN
FERI3E N, HLASFVILES (02 3 RE e, AR5
R T A DRI A (A FE PRI A PR AR 5 X SR AR R4
RS, SR BRI B R BB, 4
TRV P AT B AR AR P I BT I, WA FR AR A AR
BRGNS G R TR M B A NG N, %I EAL
WD, MBI 1 7 B R BN . (H
JT, AR I i, AU A LR
WA AT BRAR TR, BURES AR R, A
M E - FERER IR o B R B AK. FL/AR . E/48 110
B KA B A B0 BIAE 5 mmol/L F1 10 mmol/L W5 47 1R 4H
I FIEEl BAR, 76 A-N1923-HE AU R,
T Tk T e PO A RN T DA RS (AR, ST
PEA LS B A 2800

22 BRHIIATRE RIS

VORI 5 (0K L 3 e A AR 0 7 1 R 5 )t 2
M A-N1923 AEOUARL. #% . BRI ANEERNE. —J7
I, A-N1923 /&R H B & 7 ALz 5. 55,
WP INEER B S S SRS AR B—TJ7, %
T B (WA T 25 25 B VOB 9 A [ i e AR A
b, T EEI A-N1923 3 55 Fh 25 7 AT AE )« A,
A3 BRI TR 5 A-N1923 AHLZ: B4 4%
B ATATREE A FI S, B R
ST 0.01 mol/L WA AN, ANAHA KA 18%A-
N1923+82% i, AHUAHLL A/O i 20, 5% T
WILATREEXRA . B A5, &5 Rl 2 Fos.

HIE 2(a) I, BEAE WA AR EE G, 4.
B BRIV A FE AT . Ui T 0.01
mol/L NaOH K, FUAER AR A ORFFAE 93% LA Lo
R A48 I B %8 0.1 mol/L NaOH I, HLFIAR )
REUCRAUEAT R (0050 0 80%A1 88%). HE— LN
VW 2 0.7 mol/L NaOH,  HHLFIAR ALK 43 il B&
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Fig. 2 Effects of initial NaOH concentration on extraction

0

and separation of V, Cr and Al: (a) Extraction rate;

(b) Separation factor

KA 6% 5%, {HE, & 1A A Vo f 11 1
kA BRI B IR E i 4 0.1 mol/L
NaOH I, &I IERHA 15%.

B 200) T 51, BB BB AR RS n, R/
B IR 73 2 SR B G i 5 BEAIS, 7 NaOH ¥4 0.001
mol/L INHE B KAl 153, BUAR I B R BB S
W) G B T B 0 S RS B 0 S BRI i A, A

== W SN ST A S i

Table 1 Chemical composition analysis of sample solutions

NaOH #KJZ 4 0.01 mol/L Iik#| & K 76. T
A-N1923 ZEHUL. & FRIIALEE N e A8 4,
it OH th &S 5ARUR N, 5 HVO, + CrOs
AlOy SEG AR oy 7 o A VIR 38 n, b
OH & 1 I EA W H I . [RItk, OH 3& 4+ AU
ST IR AR, SR, B, EAREICEA
WA o F T A-N1923 6 OH 2 HLAE 1/ T HVO, >
HALO, (¥, {HEET CrO~ 11, MUk, OH MREERIHE N
XS AR ISR THURIER I . (HE, 24 NaOH ¥
FERT 0.1 mol/L i, i 1K) OH X AL A1) 431 (1) 5%
Grie ) WG R . Pk, YA T 0.1 mol/L NaOH
I, AR ARSI N AT,
JEXKF 0.1 mol/L NaOH i, ¥ (1) HVO,> #5541k
N VO, KRN R, A-N1923 431X
VO 4 & Re I B9 T HVO, 1, K, BEm
TS PF R AR IR LU AR

2.3 HIEAEASEIRE LAY

AL . LR BT S A AR A 3 1
BN R, BURVES IR IR R, 3l )
1 A A ARRE R 0 0.01 mol/L IR A7 IR AW,
KA WA 18%A-N1923+82% K, 7 A< HUAH
b A/O by 20 (45 PF FRET SRS, 255K 3 fiow.

W 3@FTR, MRS IR LA 5:1 R 3:1
i, BURER AR IR HEIT 100%. BRARUES IR ELE,
PURVERIN AR ORI M N R MR IRIE L 1:5 1,
BURES I ZE GRS 5 RS 89.39%F1 88.44%. 44 (1)
IR B A LR TR B2 LU (R B AR I T A . L%
WRIELE R 125 1, BRMATCR T2 1.8%. HRAEHLI
IR WA TS, B A IR A7 AT TE A AL
WP W pH AR A, i pH
AHIAIE,  BEAE IR BE BTG, PU% 2R A TR
(1) HV, 07" S A FEBAR I HVO,” o fEARSIK 4
PER, UK EELL KT 3:1 I, BLAERHR Ik T
KT 15.56 mmol/L, HUKtLL HV,0, I RAFHE T3

Sample Concentration ratio Concentration of Concentration of Concentration of pH value of
No. of Vto Cr V/(mmol-L ™) Cr/(mmol'Lfl) Al/(mmol- L™ solution
1 5:1 25.93 4.68 4.58 12
2 3:1 15.56 4.68 4.56 12
3 1:1 5.5 5.25 4.58 12
4 1:3 5.19 14.03 4.79 12
5 1:5 5.19 23.28 4.65 12
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Fig. 3 Effects of initial concentration ratio of V to Cr on

extraction and separation of V, Cr and Al: (a) Extraction

percentages; (b) Separation factors

W o 2 AU IR LEN T 301 15, HLI L HVO,>
MR TP . BT HV,0,7 (8 8 faf 2 7 L
HVO,” K1/, AR e/ i fop 5 P J5UE, A-N1923 56t i
A FE/NI HV,0," IARICRE J S8, TR, U
WEELRT 3:1 1, ALIAERCR R RS IR E LT
3:1 IFARRCER . H1F HV,0, 5 A-N1923 (A4
NTHVOL 1, Bk, MIFREERHL, L HV,0.
I ARAFAE T, SLRTas & A IGR o 202N
T HVO,/ . IXFHRMLS AlO, « CrO” RN A7 AR
A MG TR 2 WHE s VS IR BE LU &1 T,
R IER (1) AR AT N 358 o

P 3(b) AT, Bl AL I LE I B, 4L/ D
B/ IR 00 8 R B AL AR a3 SERRK, RS
PRI, AR IR AT 1, 0 B R BUF B A
MRHEZ A0, ARV LR RIS, AL LU H Aoy
W) HV,0, I RAAAE Tt . i, 5%
(1 H gy 2 8 2 S LRI R, TR, ARECRUR AL A IR
WO RETE LR, o0 B BB IR K . B HLER K

JEBE IR AN W B AR, R B W A D I H iy 5 T )
HVO,>, SUES I fir 25 B 22 S Wik, DR 53
ABAWT R, FEPURIR I LSS T 101 A B /M
PSS LEAREERRARIN AR I IR P AN B
m, RN MR A TRCA B LU, A
AU B FEAR PRAT A B A AU . BRI, AT
HURXS B I ASIRCRE J T 1 B, Mo 3 BURL S 7 B AR
HOLAWTHE I

24 ZEEFIRE IS0

i) pH {E R 12 FIEHL. B IR 0.01
mol/L WA RN, RHAAFABGIK MG HAH, 75
FWAHLE A/O 4 20 BISAT FREATA IS, 45 R
Kl 4 PR,

HE 4(a)rl 51, fESEE AT N, BEEAHUAH T
A-N1923 S FE AW I,  AURES AR IR S AN I 1
BN, 2 A-N1923 WREEILE] 18%IN, FUFIER AR
53 MENE 95%F1 99%. HE— D3N A-N1923 3B, Bl
FUR AR LT AN R AR 6 1) A % I B

100(a)

80

El%

40+

20

12 14 16 18 20
Extractant concentration/%

100 5000
" 4000
3000
5 60 g
< 2000 S
40
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4 HHAHF A-N1923 IR XL B BRAEIA B I 2
Fig. 4

Effects of extractant A-N1923 concentration on
extraction and separation of V, Cr and Al: (a) Extraction rate;

(b) Separation factor
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A-N1923 MR EEIRE IR AN RE R3S 0, 4 A-N1923
WL A 20%0, A% AR IBCRAR 19%. W& 4(b)
FioR, UESRVER/ES 1) 35 R B0 A-N1923 K
P, 24 A-N1923 WA 20%HF, 4/4%
HIUER/E4 1R 73 B8 2R 28007 9155 1) 88 A1 4176.

ARG A-N1923 WL F 14%I0F, AR AT
HUAR A R B (2 51k 5.25 g/L A1 0.404 g/L)fgii 1
TR AR U7 B (90 31k 5.855 g/L A1 0.422 g/L). IR,
B WU P A 50 1R 45 A A7 s PR AR BT (i, 4%
W JLFABERENAT WA MAEIGR] A-N1923 K% &1
14%I, 9T BRAAN R JL -3 A N AL 1 i
I, AU R BIMAN, SO AR B e A N HL
FH o B AN TP 2GR BE AN, AHCA AL
AR VAN AL S AW 0, AT 2 B A LR
ORI ESTS YIS

2.5 ZEEUHE LRSI

) pH {H24 12 &L B B h s n 0.01
mol/L WA RN, AHAHAA 18%A-N1923+82%KH
M SCEAIAR L A/O 43930k 5:15 10:14 20:1 30:1+
40:1. 50:1, SEEZ WA 5 P,

HHIE 5 wlE Y, B A< DUM LL(A/O) B N, LA
ANV A IR BRI, AR LSS T 20 1, 41
AN IR EEIE R 4.723 g/L. MAHUHIEL(A/O)
KT 20 LUJG, AR HUAH R 58 () 386 ekt i A8 45 2%
1%, MADUH LL(A/O)ET 50 I, A MU ik
FEILF 5.855 /L. XTI, HATAHUART A
JEGER A 1.252 g/, HEEIAIEL(A/O)Y KT 5 LA
Joi s BEAEA HUAH R 9 G . AU LE(A/O)
T 50 B, BRAEAHURTIIREE NFEZR 0.121 g/L.
BRAEA HURE T R 8 BEAT LE (R AR fh a3 S R AR AL, 24
WA LL(A/O)YEET 5 I, BEAE AT HUAH R R4 S5 0 3 i
KAH 0.422 g/L. 4AIUH EL(A/O)B N E] 50 I, #54E
HHAR RS NS 0.235 g/L.

Bl B BETEA U 0 9R RE BEAR LU IR AR 1k A
A PLHSE T =3 DU A TR AR 5 A U A-N1923 456
RENMNZESE . AR LR 5 I, Bl B Al piAE
NP B AU L (A/O) AN WS T, A< )
A-N1923 [R5 AT OB TN . B BRI A AR T
SEA . BRI, WP HVO, . AlO, . CrO,”
Xt A-N1923 7% (A7 2 1F 56 SR L . th T HVO,>
5 A-N1923 [45i&neiom, Bk, 4 A-N1923 £
AT, KM E HVO, UL A-N1923 Hil
CrO 7 M AENAT NI, AT 0 MU S IR AN
Wike%. BT S AN S & Re ) SR, L

AATHUR BRI BE A IR AR, A R AR A<
RS RS9 L0, s A% . Mk, B
AU LE(A/O) AN G T, 19 A IR MR I i A
MBAIEAATHU, 3 BURAEATHUR P R AN T
BEA

2.6 RERZFEIGBEMRIR

£ A-N1923 AEUEFEP, 4. 4. AR ER
A-N1923 J1¥] NO5 A ANAHUAH, HAI KL
FH B - As e b TR S A B R RARUR R S Aok

Concentration of V in
organic phase/(g-L™)
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Fig. 5 Isotherm extraction curves: (a) V; (b) Cr; (c) Al
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AT DASR FH I8 2R 52 AR R B v -5 0 28 LA 2 e
FIH NOs ¥ 87 A HIAH o AN ER OAE T Ko AR 40
FRENAEE R 0.01 mol/L. ¥ pH fHoh 12 ZEHUHLE
(A/O) ) 20 HHUFHZHACH 18%A-N1923+82% K 1]
ZAF NREATRI S, A B IA YA . AR5
SR FAS R B2 BB R B, AEAH LB (A/O) 4 10 (1)
ZAF IR EIR A BT A, e g Rkl 6
Fi7R o

HHEE 6 T4, 2 NaNO; %l IR KT 1 mol/L
N, S PRAE N K. M NaNO; Wl MK E =T
1 mol/L B, LS H A T4, Ib4h, NaNO; /A
GAA PR LS8 NO* R S 28 WA 1)
HVO,” Al AlO, , XIE4F5 A-N1923 AU AR )it
FErf HVO il AlO,” BURH LI NOs M. [

100

A
1Al
80

60

El%

40

20

0.5 1 1.5
NaNOj; concentration/(mol-L™")

Bl 6 MRS AR
Fig. 6 Effect of NaNOj; concentration on extraction rate of V

and Al from loaded organic phases

I, RH NaNOs & B A NG, AHUHREE 1S L
.

R P AR M REXT T AR T 2 5 R 2,
S SEREAN ] A-N1923 (1R AEPERE, Seae gl A an
7 Fi7R

HIE 7 nIEH, 20l 5 IRIAERIMER G, A
FRIL B8 FR AR A AT B, n] AR
FADEAERE R A

AR BTS2 R, BT — Rl AR
WAL, B BT S, W8 fin. %L
IR SRR A R A A B L B AR
BARMWAREKR, YU B, FBOH A Re
TFEEAR R

100

BV ECr Al

80

60

E/%

40

20

2 3 4 5
Recycling number

5 1 S R X

Fig. 7 Process performance of regenerated extractant for 5

cycles of extraction and stripping

Primary amine N1923  Feed containg V, Cr and Al(pH>12) Sodium tartrate

!

| Acidification I——| Extraction i

0.5 mol/L NaNOj solution Loaded organic phase(V,Al)

Raffinate(Cr)

i

0.5 mol/L NaNO; solution Loaded organic phase(V) Raffinate(Al)

Stripping

Raffinate(V)

Organic phase

B8 BRMEWEP AN B B BT E AR

Fig. 8 Schematic process flow-sheet for extraction and separation of V from Cr and Al in alkaline solution
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1) 76 A-N1923 S AL 5 g o id & R0 A
PRl v LAAT AR B B ALAE, RIMEZERREE KT 0.1
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Separation of V and Cr from alkaline aqueous solutions using
acidified primary amine A-N1923-sodium tartrate system

SUN Pan"?3, HUANG Kun"2, LIU Hui-zhou" 2

(1. Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190, China;
2. Key Laboratory of Green Process and Engineering, Chinese Academy of Sciences, Beijing 100190, China;
3. Graduate of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A novel liquid-liquid solvent extraction approach was studied by using acidified primary amine A-N1923-
sodium tartrate system to separate V and Cr in strongly alkaline aqueous solution. The distribute behavior of Al during
the process of extraction and separation of V and Cr was also investigated. The experimental results reveal that
co-extraction of V and Cr can be avoided if previously adding sodium tartrate into the aqueous solutions. An effective
separation of V and Al from Cr can be achieved even when NaOH concentration is above 0.1 mol/L. The concentrations
of sodium tartrate, initial aqueous alkalinity, initial metal ion concentration ratios of V to Cr, extraction phase volume
ratio of A/O and the concentration of extractant, acidified primary amine N1923, have significant influence on the
separation of V, Cr and Al. When aqueous pH value is between 10 and 13, the separation factors of V/Al and V/Cr can
reach 89 and 60, respectively. The extraction loading capacity of V in organic phase can reach 5.855 g/L at 298 K. After
extraction, Al can be stripped selectively from the loaded organic phase by 0.5 mol/L sodium nitrate solution, and then, V
can be stripped by 1.5 mol/L sodium nitrate solution. The organic phase could be re-used after stripping of V and Al. The
present work provides a new strategy to extract and separate V and Cr from the strongly alkaline leaching solution
produced by sub-molten salt method for treating the high chromium vanadium-titanium magnetite ores from Panzhihua in
China.
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