Vol. 45 No. 1(Sum. 205)
Feb. 2026

MkR 4

5545 HH 1 WCEES 205 #D
2 A Hydrometallurgy of China

WS 35 T 2E0R B A SR B 5

FaAM,ANAEK L, ZHF AR AR B RS

(T RHERAFRAR LR 101149;
2. Tk F AL T & W58 e . db 5T 101149)

FEE X MR B 1 TR T BR 2 B OE TSR B AR RV v N A B R N P SR U R A B I, B AR T
T 0 B JH o LR B L 7 B TR v B0 5 it VR 55 8 A M T AR s SR R s . 5 SRR TE R Y R
Fe R 1.3/1 B R B VW R 760 g/ L R W IR JE 60 °C SR B E] 120 min IR 5 C&M T . E
SR 94, 8%, IS WAL = SR A A B SAR e . X T8 T A RS BB 2% I P AR o0 R A0 i AR Ik, B
B 28 T kAR

K TRV 0 SR A4 12 15 40 5 RIS 8 20 45 0 5 B IR R

th B 4% 2. TF803. 21; TF821 EKFRIRAD : A XEHS:1009-2617(2026)01-0090-07

DOI:10. 13355/j. enki. sfyj. 2026.01. 013

B W B R XA 58 R 2 TR R A R
WMt R R R RS, Wtk
[T = I RS S i e ok 7 <00 B b 1Y
T T2 4 V7 VARt Y2 — Pl TR it v R ok % — Bl e DT T
foe R A +— 1 W2 [l VA 70 v B Wi CF AR IC ViR =k T
KO TR g e R R R P B R R
B pH Y895 & 5. 2~5. 4, IR W Al
Fe 85 44 5 . [ o e 5 R B30 o0 46 + 08 il £
WA R AL O, .SiO, \REO . Fe, Oy K fa i 4l Fn 4t 1)
PR . TR TR LR R AL E
B BRI P A R, LR £ S M C R A
eI PR 2 1 R 2 AR G L TR B L S5 R
LT .

BEXTBR 4% 8 0 R R R A e R 2 AR
ML E NS —20F58 . WA NaOH 2 i Bk 24
EH R, B HCL B R 1, Be S 3R A
(18 2 [T 2 3 5 B R T A5 6 D 3591 9 R
K ek A HCL B B 22 8 b i # + 1 B 2
SRR TR T PR 2 pH UL U R  BE S B4y
A SR = AAR T AR R AR T U TV W pHL,
DAL 3E T2 2 [0S0 o 6 R A 25, R 7= i Bl S
o TEBRER TR Z b ) B0 T i 5k i A R B 1047 43

5 B #1:2025-06-17; f&1T B #§ :2025-09-04

B A A SO A R TR B R B B P v
HE ST WAL L DTS IR g I ik
T A R 0T B TR B 5 55 B AR T B TR 0
SEAL MR R 50 B A2 Eh B AT U e R R
(4 AR5 i S BV TR R R Y e o R 0 Il R A
BRI AR A SR

R i TR - TR A LA R Ak i 00 B R TR R
w0 R AR R B A B 22 S L B R TR 2
195 TR 2 <z s ¥ 00 B B S LV V45 B SR R
3 1SRG v A 0 e R R TR R v R R AR
ARy s A G2 Rl A N e o S
JB . BEET BRI R L S NI B L S IR ] L v
HGE A R SR R A R AR L B E T R AE T
A LU B B AR B R Ak v el A O e R
G 1T iR A P A — Fof ] e R A HER TT %

1 K& 4y

1.1 R ER AT RIE&E

I B TR L0 B A B AR Aok B R A
SRR A A EEA LR 1, 1T
DL H o AL O, i i 20 808 42, 08 %, i/ B K
REO Jiig 73800 4. 7500 HA 858 09 B H 18 .

ESTE b A0l A PR Bl -ZR 48 BT A BI85 PR 1 58 2 8 3 056 BT 56 43 WX B B0 H (2023 NRE-LH-04)
F—EEE A LAEM(1994—) 55 W b, AR, 2 BEHF 5807 1) ARG 42 .



545 B 1)

iz ) XRD B & & 1 iR, XRD B3E s
EREE R & TPt Sl AN e e 1 e
(SNR) I 2 FEAK . 3X 322 T B 4= i o vh DL e
i, LA AN AR U 2% HAE AR K AR
BT s, 28 L6 Rl AT, B3 b i AT 6 06 5 4L
e Al [(Si, Fe), Os 1 COH), 19 45 R H
PDF £ 50-1625F1 AL, (SO,); « 17H, O W5 R
i PDF # 71-1797 VG, 3% B3 vh = 224 40 oh ik
FRTR AL KoK A R AR .

x1 BTFERIVHREENEELFAN
Table 1 Main chemical composition of purification slag

derived from ionic rare earth ore %

Al O3  SOs REO  SiO; CaO  Fey O3 F K, O

42.08 31.63 4.75 3.28 0.31 0.27 0.27 0.18

WO3 Cl MgO  TiO;  P20s NiO PbO  ZrO;

0.08 0.06 0.04 0.03 0.01 0.01 0.01 0.01
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Fig. 1 XRD pattern of purification slag derived from

ionic rare earth ore
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Fig. 2 Effects of various factors on leaching rate of aluminum
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Table 2 Main chemical composition of sulfuric acid

leaching solution purification slag and pH

os/(g+ L7H
pH
REO Al Fe NH{" SO?
0.97 3.65 19. 2 1.38 1.18 196
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Fig.3 Effect of molar ratio of ammonium to aluminum

on crystallization rate of aluminum
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Fig. 4 Effect of reaction temperature on crystallization

rate of aluminum
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Fig. 5 Effect of reaction time on crystallization

rate of aluminum
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Fig. 6 Effect of cooling crystallization temperature on

crystallization rate of aluminum
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Table 3 Effect of addition method of ammonium sulfate

on crystallization rate of aluminum
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Fig. 7 XRD patterns of ammonium alum crystal products at

different ammonium sulfate addition methods
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Extraction of Aluminum from Purification Slag of Typical Ionic-type Rare Earth Ore

WANG Guishuo'?,LIU Huiwu'?,LIANG Gengyu'?,LIU Zhongchen'?,
CHENG Hao"?*,ZHANG Tianpu®

(1. China Nuclear Mining Science and Technology Corporation , CNNC,Beijing 101149,China;
2. Beijing Research Institute of Chemical Engineering and Metallurgy ,CNNC, Beijing 101149,China)

Abstract; Aluminum ammonium reaction cooling crystallization technology was studied to extract
aluminum from purification slag of typical ion-type rare earth ore and prepare ammonium alum. The
effects of ammonium sulfate dosage, reaction temperature, reaction time, and cooling crystallization
temperature on the aluminum crystallization rate were investigated. The results show that under the
conditions of molar ratio of ammonium to aluminum of 1. 3/1, mass concentration of ammonium sulfate
solution of 760 g/ ,reaction temperature of 60 °C ,reaction time of 120 min,and cooling temperature of
5 °C,the aluminum crystallization rate is 94. 8% ,and the obtained ammonium alum product meets the
national standard. The process can effectively achieve the efficient extraction and recovery of aluminum
elements from the impurity slag,and has good economic benefits.

Key words: ionic-type rare earth ore; purification slag; leaching; aluminum; recovery; cooling crystallization;

ammonium alum
T P I T T T JE I P T T Thr DI DI DI JUE SIS JEE PR JEE DU DA UL AL A U JH JEE D DL JUE I T Jh D P Juw
(4226 89 11 )

Selective Extraction and Separation of Copper and Cobalt from Roasting-Leaching

Solution of Pyrite Concentrate

LIU Jiaxing',XU Wentao' ,ZHOU Zhenhua®,ZHANG Zhanfeng” , YANG Shuaifeng’,
YANG Xiuying”,LI Yupeng®, HAN Baisui'

(1. School of Minging Engineering ,University of Science and Technology Liaoning ,
Anshan 114051,China;
2. Baotong Mining Company Limited ,Chengde 067000,China)

Abstract ;: To address the difficulty of separating copper and cobalt coexisting in the leaching solution of low-grade
sulfide concentrates after roasting,a combined process of synergistic extraction-stripping-chemical precipitation
was investigated to recover copper and cobalt. The results show that using P204+P507 as the extractant achieves
copper extraction rate of 99. 31% under the conditions of original station pH = 3,V, : V,= 1 : 1,and reaction
time of 10 min. When N235 + C272 was used as the extractant at copper extract residue pH=4,V, : V,= 2: 1
and reaction time of 10 min,the cobalt extraction rate reaches 99. 63%. Using 0. 2 mol/L H, SO, as the stripping
agent results in stripping efficiencies of 99. 65% for copper and 98. 65% for cobalt. With NaOH and Na, CO; as
precipitants, Cu(OH), with a purity of 99. 90% and CoCO; with a purity of 99. 99% are obtained. The combined
separation process can achieve efficient separation of copper and cobalt and produce high-purity products,
providing a feasible technical approach for the comprehensive utilization of low-grade sulfur concentrate resources
and having certain significance in alleviating the shortage of copper and cobalt resources in China.
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