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Recovery of zinc and regeneration of lixiviant from
Zn**-Ida’-H,0 system

DOU Ai-chun, YANG Tian-zu, WU Jiang-hua, ZHANG Du-chao, YANG Ji-xing, WANG An

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The recovery of Zn and the regeneration of lixiviant from the Zn*'-Ida* -H,O solution which is obtained by
low grade zinc oxide leached with iminodiacetic acid were investigated. Zn was precipitated as ZnO by adjusting the pH
value of the leaching solution with CaO, and the lixiviant was regenerated subsequently when the accumulated Ca was
removed as CaCO; by adding CO,. The optimal conditions for Zn precipitation are determined as follows: the Zn
precipitation temperature of 85 C, final pH of 10 and aging time of 60 min. And the optimal conditions for Ca
precipitation are as follows: the Ca precipitation temperature of 70 ‘C, final pH of 8 and flow rate of CO, gas of 0.2
L/min. The results show that when leaching liquor is treated under above optimal conditions, the precipitation of Zn is
93.37%, the precipitation of Ca is 97.88% and the leaching recovery of Zn is 78%. ZnO obtained from Zn precipitation
process contains 56.91% Zn and 3.40% Pb, while CaCO; obtained from Ca precipitation process has a purity more than
97%.
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FERT & B T RIS ) el . W LU AN,
W EERE AT TSR], — ki R B i — I
T-20 g/L,

AR FE B i [ B 9 7 58 2293
B DR B R E R EAREIEIHR
s VA RIA U E 4R . RPN R B 4R T
R AR GEAE, RIBRAZ XER R NG, H
PR RTIA R URREDR . R P T MACA
R RIGIR R RE 6.59% MR AL BERT, 12761
AR R A ER(L/S)4: 1 BEFEE A 300
r/min. BHINE 3 h, RRIEHE D 10 RULE, HE
B EERIE T 33 gL, BB s A 17
HEE . (REINE IR T 5 T i i i, IR
IgrEEE RS 7 PR IE R R R URE R
5> NH; 75 BHAR X A N THFE,  HIRUR0R
(MR A I NG BEAD R R R IR R T %
o BEEART AT B RSB 2R L2
TR Z ARG P204. Lix54. Cyanex923 Al
Cyanex272 &5, P204 A1) 32 B n) U@ A MU ok
i NH; EA B VAN, AR RFER S, HA
T TR B S A YR AE W RS B IN A7 AV 22 AN 5 o 1) 1)
s LA U IR B AR IS E B 18
SHRUSHEAE R W) B NEVR 2, B, A
AR R L 2R 2N . %
DO E R EAFERIR . Iy RDiE %€, H
HL TR T R MBI T 20 @/L B9 P SR B 0%
AN, BRUONEARGRRILIGE T2, WU R 1
BRI PR T T 20 g/L(— Mk 30~60 g/L), FTLLTH
FER FH OB ARG 55 R i R B I A AR S B4
BURAR S SCRARA M. R I T
SHE 18 g/L 1) NH3-(NH,),S0, MR IR HI AR
B, i F R EE 200 A/m? Al ER R G R PR A
[5)2.8 V, BAMATEEUSEE A, Poahis 1P iR,
HHBUSB R EREE R 15g/L, HRBCRIN A 86%, il
FHEHRIBUCRAUN 16.7%. WYEEFTTE WA R,
A3 FH AN ) e s o, e & e
CO5™ (B B 2820 e LU B R B e I LA,
iz T2 P EELL ZnS JEA AR, (Hik
FBEYTIE 7 G ME LA TR BE 2 s i b (R B ]
W, TR SR M BRI B R, TR DO A
K, KREVUERFMAEW R AR bR, R
AT AR T Ao

AAEH RV R LR RZ = f L
AR ALEE (STBHIR T 10%),  TA3 b 5 B
HAKT 15 g/L, FEDSCARAE,  H T 2B R I = 2

—. L% (Iminodiacetic acid, IDA)WMT#% ot . PRI,
VB ARRHAR PSP [T R 32 700 53 A 00 P v RBUHS i 1%
A28 Ak AR A A BT OB R S8 . A SCAE R LA
CaO M YTTEF MR BE 5 FFR il B D R, {85
PURH AR IR 0 LR [BDSCEE I BRI CO,
TRV T 2R AR PS8, iR
FAFLLFAE, AT T 8 IBOR .

1.1 &E#

SER TR I = R A, OB 2R R A
BRIRJE . Herh 95% ML /N T 150 pm, HEZHES AL
T SEEAALR O BT 1M 20 R 1A 2 W
R R RER AR, DU 7.72%, ARGRACAEEN
6.37%

F 1 AR AR AL gy
Table 1 Chemical composition of low grade zinc oxide ores
(mass fraction, %)
Zn Pb Cu Fe CaO MgO  SiO,
7.72 1.86 0.010 484 802 057 46.06

F2 ARSI AR AL
Table 2 Phase composition of Zn in low grade zinc oxide

ores (mass fraction, %)

ZnCO; ZnS

Other Zn Total Zn

5.93 1.35 0.44 7.72

1.2 I ZHE

K 1 Fisol Ida* -H,O A R AN B S A S AL Bl
DS i ST v i @ i N N A R (AT VA= K A
BERT IR s R PRI (DUER) s DR R WL
FCR AR DU G (T AR S R DR L
SR U TR ER AT HEH TR, R
T T AN e iR A YU T TR BT A CaCOs Bk i T
TEAFIH

1.3 XWRFRERAE
1.3.1 RIS

AN R HE . AR R AR A
BENSER AR, RIS TR R AR
BE AR TATAR R PR T R o B T R4
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Zinc oxide ores Leaching agent
Residue Leaching liquor
(Piling)
_CaO I Zn precipitating |
l }
Crude ZnO Solution after Zn precipitation
CO, | Ca precipitating |
[
Calcinating [~ CaCO; Solution after ICa precipitation

1 Ida® -H,O PR SRAE G A AL AU AL BE T 1 L 200

(Reclaimed lixiviant)

Fig.1 Flowsheet of processing low grade zinc oxide ore in Ida* -H,O system

WR: W E@/S) N 5:1. Bk I LRI S IR
([Ida* Jr)A 1.0 mol/L [ MARLSE 70°C W pH {H 8+
ST 4 he TERALSEISAT T, BKATFEALT Ca.
Mg. Si fIZ%Ji Fe Aos KEHE, fEAEGN6E Pb.
Cd. Cu. Ni W[F#bE4)E Zn N, R
FRAE 33D Zn(Ida),” B &5 1 T 0074

A S IAN AR, HA R £ B T AR S i AR
[FH2HH, SCEGAE 1000 mL BEb rPibAT, B AL A
200 g/ik, $& EROLAGAATR SR FTERL KA I,
14 345 B4 2 51 5 O 300 r/min. [EIWZN B, BE H]
DB OKYES, YRS K S UER A G .
1.3.2 DUFFSER

25 °C. [Ida* ]t A 1 mol/L i, R4 sl fig
TEAEE TR A, 228 Zn*'-1da* -COs* -H,0 1A &
[Zn*'Jr—pH Hh%k, 25 R 2 Fi7s. th T Ky(Zn(OH),)
>K(Zn0), #FEH ZnO YLiEsE T Zn(OH), HIL, A
I, B2 RS Zn(OH), [ 4. H[Zn* l—pH K
AL, pH>11 B, AR [ AH8 ZnO, P,
AL R A I pH AR L) ZnO B Dl 28R
fiX pH BT, R TIRA LKL ZnCO;, AR AT H, {1
SR RVERT R, R P A E Hida -1da®
HCO; -CO5™ JERLE MR &, /D W R 1 I A Mk LA
¥ pH A 7 LUF, A K&K pH EH% S 6
I, BT da” [k 5> B ZnCO; —[FIFTH,
DUEAMELLAY B, H CUAERR P AR B i R
. Pk, S8R pH 4T T ZnO PiTE L

4

Zio

1.1
\ —— ZnCO;
.\ ........... Zn,(OH),CO;-H,0

0.9 \ === Zns(OH)4(CO3),
—~ N Zn0O
T \\ 25°C
= 07r N [Ida>]y=1.0 mol/L
g .
N S
ttlcj 0.5 F === < S T

0.1 ’
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pH
2 Zn**-lda* -COy* -H,0 K & [Zn® J+—pH ik
Fig.2 Variation of [Zn*']; with pH in Zn*'-Ida* -CO5* -H,0

system
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F NaOH 1003 7175 58 AN A pHAE 254 N BUTREIG 20
IR TR RO S A DUEE pHe NaOH 1R JTVE 1
WA R pH [HVTEER, MBIWRIHE, Uit R
KA A 3 AN B BARERAEGR : Ko 4ll NaOH
[ ARSI — SR IR, R
IE PR AT WL e I, e Sk pH A, EP4 ZnO Uit
VEME S pH (H; 4842\ NaOH, #5{A R pH [HAH
AT, SR pH,  HONERITE SEA I pH H: B
Ji, MIAKE NaOH, A& pH {EH¥ LA w2 —E
HJG AR, AR RIS EE A, HE
WY %, kI pH, A ZnO PUTEIR # I
pH fH.
1.3.3  DUSsSEs

DU SRR RN A AR AR, — 5, AR
DUEF R PAL R KRS 5 7, RN 1da” (K35
PEs S5, R R pH I S5 UR A,
3T A 5 B AR PN YURE R WA — € i 5
(R KV COL TR R IR DTS, [ERE )4
FEHUEE 300 r/min, ]2 1) CO, UAIH, 1544
% pH R¥REMEE, W5, WHEE 7K,
VeK GBS It . B8 TR AR O DTS
ORI R R AR

Ca(lda)}”™ +CO,+H,0 = CaCO, | +2H" +2 Ida>~  (3)

RGEW, AVUASE R, KR T Ca(lda),” 1B
KBS Ida™, AR pH (M5 297 4 AFI,
=S LR,

1.4 A *

PO R A B EDTA 87k #T, G
WS B S 2% 5] ICP-AES 23 #T, [+t
R X 9O HT(XRF)

2 FHR51R

21 REEHIE

% 1.3.1 15 4 ) 2% SR P it 2 HRL, A BEA )
2000 g, HIFHR I 10.117 Lo B R T8 0 R A1 i
H3dE, W, 4Rk 3 prail. tHER 3 A,
BRI N 76.71%, BT EES 84U 11.707 g/L.

2.2 TEESRLG
DUEF AT S I FIRE A 200 mL 8 /IR, 4% 1.3.2
R TR AT 5L

®3 RUWTEELRSE

Table 3 Elemental composition of leaching liquor (mg-L ™)

Zn Ca Mg Fe Cu
11707 583.18 8.88 64.29 7.77
Ni Pb Cd Si

0.11 1427.08 141.93 69.67

2.2.1 REE. pH EXHIUEERCR B

I NaOH VRT3 I3 R pH EDTRE, 5%
TR EE T pH B UUEFBCR 560, N FRAE 30
min JE AL UE, BB TR S B IR R
DUPER . LI LE R WK 3 . B3 P T ihk
HE s VEAEANK A0 1.3.2 TR Bk i 3 B EL, ik
A pH AR A5 SZER N 2 TT A TRER I HIE 3
AL, SRR R TR, HBEEE T, Ul
BF pH EAIK . RS 5 A0 - E 227 BT 1, ZnO
5 FERARAR FE T 86K, MR BT S AR T ZnO It
W VEF A pH—HALEIE Zn*'-1da™ -H,0 Rt &
W ke e i BUEAE S, B4R Tday i R TR B %
Zn*'-1da” il O M0AS s B BUORER B T i s . — O
T, T AR B L P T T s Tday”
5 ' WA RIS, Zn’'-1da,” -COs™ -H,O MR R AT
VoA PR B L P T S T B, DUV B — i I HE VR
HRyEE, THEAS AR TRR R e 4 U7,
TR Tday® D75 BB T sk, i A
AW 1day 5 Zo® AR R pH {41
N, M TP 2 AT R A v A e AT RS
WA RYUERN , ZnO PLEEAHIGIY pH {41
NI TR AT REHE DGR R IR, IERRITRE
Wk 85 °C, YiEE pHAE N 10.
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«— 25"
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20

102 10.6 11.0 11.4 11.8 122 12.6
pH
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Fig.3 Effects of temperature and pH on precipitation of Zn

0 .
94 938

from leaching liquor
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Wil SE YRR A 85 °C v UUEF pH BN 10, 4353 H] . "— 7n0
[ 74 NaOH Fil CaO {35t ¥ pH {EUTRE, 521K | *— CaCo0,

I IR BOR e, 45 Rl 4 fioR. I 4 0]
UL, NaOH JUEE, Rt et He i e e i 5%
M, BRAGETE A 10 min ZEK 5 90 min, YIEERRYERFLE
87%/cAr; H CaO A1 M pH {22 10, JFArBiid
U8, HPURERICN 21.32%, FERFRAL I R LR %
FP T, EAE I R 60 min J5 HTRER AR FR
Fase, 3945 90%Lh o BT L, BRAL SN R]IE 60
min 5, CaO MPTEERCRBIEAL T NaOH 1. HUFRAL
60 min ITEREAT X FHEATH BT 5), % B
HEEE RN, BEDTUE 3 0h ZnO, H. CaO yikra
A CaCO; PIHH.

90
x
g 86f
G
°©
=
.S
g 82+
&
5
A~ 78+ = — NaOH
e— CaO
74 I I I
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Aging time/min

4 PRI DA URESOR 5
Fig.4 Effect of aging time on precipitation of Zn from
leaching liquor

X (2) T4, CaO PR OH HfEH Ca(OH), #&
fit, CaO H/K584 [ W5 E—E I [a], P, CaO i
BRITEE RS RN AN TR O R o S i
MR TR M4l A Ca(OH), /1T AR pH {HLL
SR BRI TR) PR 570, S0 4 R B, 43 HT 4l Ca(OH),
BRI A G AR R pH E I ARAR, ik
ANBYUEFT R pH AEE L B AT B 23 4l Ca(OH),
] A REPE AN T CaO 57K RN HT A2 i) Ca(OH) o 3
Ab, HIE 4 5T, BRI R E I, CaO YT
BRI T NaOH UUFE, Jat D] e 5 AR i 1 ey vk
Ca(OH), 7 ¥ i FUAT H Ik 4 mb W B 77 3 o 11935 4
BE, B CaO PUREIURAS 2 T I HEIK 5 7 Ca(OH),
MW BHER S TR AR P L7 Ca(OH), AR -
{H XRD 45 H#%H], CaO JiFrEE5YAH 0 CaCOs;,
URg AT T RN, — 7 TR Cos™
5 Ca(OH), X WA % CaCOy; Y3 —J7 2 HH T HFE i 7

(a) o o .-l

10 20 30 40 50 60 70 80
26/(°)

5 SAMERE XRD i
Fig.5 XRD patterns of crude ZnO: (a) Precipitated with CaO;
(b) Precipitated with NaOH

M, TS Ca(OH), 52 CO, IVITEL

NaOH LRI, Na' SAEPUE R PR, KA
FROT AL R CaO WU, WUREa ih AR
Y Ca® AL LT TR A CaCO; YTHEFR 2, IL B3R H I H
EMTH . 28 BT, IEPE CaO NYRER], FHH R
I BRAL IS TE] A 60 min.

A G VTR A EIRSEES . 1 000 mL
=W, fE 85 CHIH CaO AR pH N 10, %
N 60 min JEEEHGLIE. EEKTEMT ERREN
17.6 g, WHESHT, SRk 4 pral; Yk fadrhom2:
EF/KAME 1000 mL JRA) 5 HURE 73 AT, 45 R anse 5 B
Hl, DUBEIG R A IS S 00 o

Fa3 4 F0 5 4y DR RN 85.51% (% 1T E)
F190.07%FEHW 5. 3R 3~5 WA, PUREIR IR
PR ICETEER Cay Si AN ARREER TR, X
ULHEDUEE R A 428 Pb. Cu. Ni. Cd W] Rfi%E:
—[APtiE TR AT, b Pb AR BRI E
RN, MRS EE TP & B4R S
I R 5 S ML B B i IA 56.88% 4
4.42%. PUEFfGWHRER) Ca 1 CaO PUEFRTTIN;
Si 75 J5UR A 1 ARG AE UG R e HR 34,
ME— [ ke L RESE 40 M4l CaO "R IT %)t Si Fifi CaO
{140 J00 N T RS ek P A 10 N5

2.3 ISR

DU S SES B PUEE JF ) 100 mL/Ik, 4%
1.3.3 P Bk dEAT 5556
231 BN PSRRI

¥ CO, AARLAYIE 0.2 L/min 38— JE 7T
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Table 4 Elemental composition of crude ZnO (mass fraction, %)
Zn Ca (0] Pb Mg Fe Mn Si Cd Cu S
56.88 8.47 27.6 4.416 0.246 0.562 9 1.068 0.547 0.026 0.01 87 0.037 6
x5 VHEBRTHEECREE
Table 5 Elemental composition of solution after Zn precipitation (mg-L ™)
Zn Ca Mg Fe Cu Ni Pb Cd Si
1163 5053.10 5.42 0 431 0 483.10 50.62 581.63
Fo VHERTEELRGE
Table 6 Elemental composition of solution after Ca precipitation
Temperature/ Content/(mg'L™")
C - Zn Ca Mg Fe Cu Ni Pb cd Si
25 8.74 1162 4800.56 5.43 0 4.30 0 482.71 50.01 550.36
40 8.45 1159 448.27 6.70 0 4.00 0 499.75 51.00 72.01
55 8.21 1162 350.90 5.53 0 4.45 0 480.42 48.87 23.91
70 8.00 1 160 336.84 8.21 0 4.37 0 487.73 50.62 37.38

FESGMRH, iR & pH EMZRIR MG, T CO,
SRSE . MR, BT IE. BT IS
ORI, SRS R 6 ITH. T4 CO, UTAS
JE M TR ), I, Y% ed pH A
NASEE pH 80 1.3.1 H5FTik, SR IR
70 ‘C. pHH 8), &idfE FylaZ i pH i H X (4)1%
BHEE 70 CL pHAE 8 AT, RIS R U0
2 i pH A 0 [ 8 A8, MEYTS 5T HR % 70 CH
TR BT, AR pH A ORFFAE 8.

PH0 ) _ PK 70 )
pH7) PK (1

Aot K, AAH IR K IR 3 s AR A
G35 M6 nI WL, YUY R Ca R Si &
B, HAho RS EAR N BN, Ca &ALk
JELFSE TH R T ARG, TR CaC O IR T RR Bt i 255 TH v
IR/, SRR Sl A B v e 5 A o 58 5 by
o, XU ER AR U, 70 CRF, FPTTER
4 93.33%; AR pH EHFFK, YiEFLREh I RIHE
R K LA Si0, UiiE 55 CaCO; —[HHTH
LI R I, AU NS e N g . 25 CI
ERARHITE, RNVIEHE RS 1 h 4%
R B> B U (AR VR ) s 40 °CL 55 CYLAB Y,
JRMEE AT CaCOs 8535, /KUEMELARR 25, R 2 IR
ANHT CaCO; ditZ KK, AT 4 CaCO; Bt A5 TR

(4)

(2 e ke EIRSE YR, 70 "CUUESIN, CaCO; Ukl f#
JUEIER, WS TR, ROVIVE, 7EaRE [ o4
Ui, HE I CO, A TR BEIELE N ORER, LA
G P J5 IR AT 3R

gr LTk, EPEDUESELE N 70 'C, YiESZ A pH
H4 8.
232 UGS R 5

e PRSI 70 Cy YU T pHIE 8, %% T
CO, MR YU R 5, 45 R ILIE 6. thiEl 6
AL, AR DTS SR I, 380 CO, it
BN, EEYOTE RIS T B, AT RER A CO, Wi K,

100
X
3
O 95t
[
S}
= T - .
.S
k5|
Ag 90+
&

85 . . .

0.2 0.4 0.6 0.8 1.0

Gas flow rate of CO,/(L+min™")

6 URTLEO U BOR 5
Fig.6 Effect of gas flow rate on precipitation of Ca
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Table 7 Elemental composition of liquid phase
Content/(mg-L™")
Liquid
Zn Ca Mg Fe Cu Ni Pb Cd Si
Solution after Zn precipitation 0.776 4 893.08 5.84 0 4.84 0 482.04 49.16 769.44
Solution after Ca precipitation 0.623 103.76 0 0 4.12 0 275.12 41.36 100.16
The 2nd leaching liquor 12670  386.72 0.72 0 11.16 0 163.56  104.64 112.32

F8 [P HRICRE &

Table 8 Elemental composition of solid phase

Mass fraction/%

Solid
Zn Ca Mg Fe Cu Pb Cd Si (0] Mn Al Na S
Crude ZnO 5691 9.583 0.225 0.5012 0.0166 3.40 0.032 0.536 285 1.101 0.030 - 0.0794
ZnCO; 0.0383 4546 0.024 0.019 0.006 0.6607 0.008 - 43.2 - - 1.07  0.620

CO, (EWRW 5 B TR, Mok S3h Ca*'sg
AP Eha HHEE . Ak, 1 CO, RARUIEN 0.2
L/min N 'H.

24 BEREFERT

IV 1000 mL &2 % “PUBF—Uias— PRl 7 &
5 RRSES, FBEFE S R AR A [y
B JE AR OURE R W DTSR IR ) X
25 mL I 707, B0 25 mL [A28A0M0(2.2. 2.3+
2.1 WP ARUURE R DU A DA SR H R R A A
B, TS 4E RS 1 000 mL AR & &, 45151 F
T To PP AR Jhi i B (12 Hh i R AR 23 AT)
WA E AT TR R, RS TR S.

x TP ESEIOE In GTELVESIEEHT R,
KA S g5 RN, R DS T B2 T S AR
AT, FEOE IR RN, that, KERRR
B ARG R R n] BEMR B 23 Zn AR T Zn £ 5
Fefik. 2 8 ¥l W, AT Ca ik,
ARG T2 P o G i), BORRH S A B ks
WEE LA 408 Zn. Pb 4%, HIZEALEED Ca
AR ; IRIRES P DR Nay S, Hop
Na 1] i & AV PR TR s 17 S B S s TR A
EER IS &, ATRERE COL AT TS AR T 45
RIA TN b CO, tA AT RBE T4, il s 4
bt Se FTRRIRES nT H B IR Cao,
ERE A AR COp T TR W IS

7. 8 TE S A IR g REAYIG, ek
Bl vk S UURER N 93.37% (LAWK ), DA E N

97.88%, Friz L H 2 78%, FT i E AL B3 BF 56.91%
1 3.40%, WRIRESAEE KT 97%.

3 Zig

1) R EM4)E Cus Niv Pb. Cd AJEYTET
REFEINCARIAG; W5 DURFZE s pH fH OV FRAL I
(X CaO YIRERUR AT AT, AEmARDTRESAT
T, BRUTIER N 90.07%, FTF LA ER 5 EE 56.88%.
T 4.42%.

2) RS CO, YU BURAT G W, eSS
AT, BSUTIER N 93.4%.

3) PR AR R RIF, BN 78%.
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