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Study on extraction and separation technology of calcium and other impurities
in copper-containing solution
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Abstract: At present, the solvent extraction method, which is the most widely used and highly mature purification
separation method in industry, still faces problems such as low extraction rate, low separation coefficient between
copper and impurities, long extraction equilibrium time, and difficulty in reverse extraction in the separation of
calcium and other impurities in copper leaching solution. Therefore, this article proposed to apply a synergistic
extraction system composed of tributyl phosphate (TBP, T) and (2-ethylhexyl) phosphate mono-2-ethylhexyl ester
(P507, HP) to the extraction and separation of calcium and zinc in acidic solutions containing copper. The effect of
factors such as extraction system composition, extraction time, extraction temperature, extraction ratio (¥,/V,), and
chloride ion concentration on the extraction rate of calcium and zinc was studied. The results indicated that the
synergistic extraction system could selectively extract calcium and zinc simultaneously and significantly improve

the extraction separation coefficient of copper and calcium and zinc compared with a single extraction agent. Under
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the conditions of a total concentration of 1.5 mol/L TBP-P507 in the synergistic extraction system, a TBP molar

ratio of 0.4, extraction time of 5 min, extraction temperature of 30 °C, V,/V,=2/1, and a total chloride ion

concentration of 4 mol/L in the aqueous phase, the extraction rates of calcium and zinc were 94.69 and 85.20 while

the copper extraction rate was only 2.56%. At this time, the separation coefficients of calcium copper and zinc

copper were 680.47 and 219.46, respectively. The slope method research results indicated that the composition of

the calcium zinc extraction complex might be {M<2[T]*2[P],} (Where M represents Ca and Zn).

Keywords: extraction separation of calcium and zinc; TBP; P507; extraction process optimization; composition of

extracted complex

AT AR AL 52 2 v e B s A LR L 2
KRR R T2, Hag A ol b e b 25 3 A 45
BPERVBR AR T . 3K B2 5 5y 70 7= b 28 11 ol A P i 7%
A ESTT LR S-S EN ] L i X G s
O IEH AT, 30 T 540 7= i — A 25 i A o
o CYEG RERVR AR T AR B — e R
PR TR e Ga S vh v o o o AN S 1 W N N4
REAEIEG I &5 () -, (R b, FRASA 4% 0 4 7= i A 6
SHETE T IR B 2% 5 R R e Ak, G LR A TR
PEGS WP EE ES I BR 220 R TR ME , — B2 [ A R
PR 4 T 2AMEEMF T W, B = 5 AL A
W2 /> IR v 4 2 RO S B AR AR T
AR BR T BN R R R 4 T2 R N Y O B
— U AT, B R R A R R AR AR R
(2B, Tl bRy FH e G A v e Ak e 8
e RSB e N ES L PN S O P A g - - B 2 1
WS BFAEZR TR AE BB, LA TBP 204\ P507 454
RFERGAM T KBS TAE B T — & AL

W O 5 T R F P507-Cyanex272 T 4K £
I EEL A A A VB R U B B S OT R KM
pH=4.5 A HLAH AL F 50%  AEEH H v, /7,=2.5:1,
A O A LA B0 30% AL BT B 35 °C IR A A ]
5 min,Cyanex272 /i [t 60% 2518, 4 VBE S A HUR
I3 5K 64.28% . 15.77% 1 16.24% , 1% K 22 % 45 il 4%
BOR AL, sk B S5 T FH P204  P507 A HL 43
BN TR T B AR VB Y DL P204 S AR BGRI R
Fe" ZEBUR A 94.29% , Ca* ZEBUR K 5.07% 5 24 LA P507
JFEFRIE, Fer 2 BUR 1] 5K 99.67%, Ca> ZE HUR
1.95%, LRk R BAR BRI R AT b SC IS 4o (1
BEHEORAG o 2% RO S0 VRI 2 2512 R FH T R A
BRR T WG RREE K TP RS 1) T 24k i 5%
e, T 260475 790 3 CREG AR 8 Tl ) 7 R B BE 591, LA
P507 A A BGR (AU ECH 50%) , FERT 4G RHE pH A
3~4 A HLAH AL R 30% AR L (V/V) R 101,
ZEHCIEE] 3 min S EIRABSAF T, Ca¥ 10— A HL
HE IR 70% LA b (AR AU 5 2 A HUAH R T R

b, T2 WK, ZEBCRMAL, H B — 2B — ik H
REAE IS B —FhoC R .

] P A2 35 0 5% TBP Sy 25 B AV W v 46
WU eg Zo oAl 7 H A IO 8285 120 3145 T 301y
Iy ERCR R I RNRIE A T HA S WAk, Bk
FE A% ST BE A 25 I, (BAT SR A7 16 B AR IO I 1% (e
FEFEBURAL N 80% A A7) FE OF- i B+ ] < (40 min
DL L) AF IR, BB AFY SR I PSO7 S8 T i R
VWA BE RS R PR AR U L 4 B B AR
BRI IR 5 90% LA b {F 2 0 % 50 B4R 5 8 1 A 8K
DB, BRI M5640 R AU, B R M
PR A 53 L YR T A B0 el oA A R A T i
B RS SCIE BRI AT A B R O B R G B
4 080, {H 2 A BPE K, T B Lid 4 PR, T8O
TERRICK,

g5 L rad , A A BT 2R K 5 07 B 240 iz
WOV PR A A A 2 TS T 4 B AR TSR AT
FEREBORAR Hi 55 2% 0T 43 85 72 BI% L 28 BT i B ]
KA TR ME A ) 8, T AR A M, AR SO
TBP-P507 W [] 2 B d4 5 0 FH T 2 4 i M s i
B 58 R Ay B AR AR U B T IR R AR
BRILXEG AR LB UEA TR A5 5, AT iz b I
AR Z2 T8 18 068 4 S BE 2R B ek
Bt ARS %

1 SEIGERSY

1.1 BHBRKBER KA E H

AIBGR) CA LA ) B BC 1 < B Se B a2 A2 BT G EE
IR LG 33 TR S O A TR B AN (] 4 o )
LE A7 (%) TBP-P507 ZE HUAR & o FRE— 22 i1 5t 19 P507
FITBP, LA AL VR B 7], 7 7% 2 AH N 28 PR 45
O, IR 8 AR R A, SR AT AT
=

S SR A BC ) (K AR < AR ST 0 s ORR R 2
ABEAUL 4 112 W) il 1 P FAR T (A 5 1R BE 24 40 g/L, %



850 Reskkttyh L2

2024 4F 12 A

BITFWREZ 1 g/L, 855 TIRIEL 0.5 /L) , R AR
IR AC SRS . FRIC100 g 1k 2 g @ AkdF 14 g
ARG 43 ) B TR, i A /i i R R (5 2 43 5L
R 37%) B I BT KT A AR S T
BAFAFEO L) A LB FRER, AT
WpH M 0.5, LA EI s RO, 5 .
1.2 KA E

SEHGTE 100 mL A A ZEF AR b AT, 4 —
TE EE IR Ay B LB TBP 5 P507 B il il — 2 W BE IR &
FWGR, I 5 o — e S R R K AT A, 3361 A
Fb o —E{E K 100 mL A ZE T A4 TR B TR
AR SR VR T IR RE F R W I A B
[F1] , A% BRS04 o I 3 B 3 min, 20T, F9 2K AT A 7
HAMAH.
1.3 SthAE

ASCH T 1R 7K A 4 R B 1 v B 4R FH o Jg%
A G B TR R SR (35 (BRI ICP-OES) #4741

1a[@), ——D(Cu) 60
‘ e —+—D(Ca)

12F \ +D(Zn) § 150
' X oA 738 KB

1o+ +%¥%ﬁ]%%§\§&(ﬁz) 140

0.8

Q
0.6
120

0.4r

0.2 1
of 70

i 1 " 1 " "
0 0.2 0.4 0.6 08 1.0
x(TBP)

130

B 7 B o 4 80 vk SR P 22 W 519

S, FEIAMRL L (D) IR (£) R I 1 R
(B) AR (1)—30 (3) 577881

1 = ATHUAH 52 B T e (0
KA 42 B T 0TI

A B B B T
E= x100% 2
[y =T =
5 ABTFRIRLE )
T BRI

2 #FR5i1TiR

2.1 ZFEBUEZRARTE G55 2B BE RO RN

A Wt i PR () A BBOGRI v B2 AN W] TBP JE 7R
Eb 14 B[R] A A R 55 K AR A T 20 °C AR IR K IR
By PR AC I3 min, ARG R A E ZEIOR LG V)
201, K AR GBS R B 2 mol/L, 5 R anfAl 1
2 7R o

o ®

0 0.2 0.4 0.6 0.8 1.0
x(TBP)

El1 C(TBP)+C(P507)= 0.15 mol/L i, TBP EE/R S} £ LL X4 §5 . $2 53 B £ REROR2A : (a) DFAB; (b) E
Fig.1 Effect of TBP molar fraction on the separation performance of copper, calcium, and zinc at
C(TBP)+C(P507)=0.15 mol/L: (a) D and 8;(b) E
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separation performance of copper, calcium and zinc
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extraction separation performance of copper, calcium and zinc
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Fig.7 Effect of the concentration of chloride ion on the

extraction distribution ratio of calcium and zinc
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