415
2025 42 H

2 SR
Sustainable Mining and Metallurgy

Vol. 41 No. 1
Feb. 2025

LI PS4SR AL R I

EEAE, TR, FRiE4
(P EEETRERARAI, K 100038)

[ E] VRS GUR WO Fa s & B R 4. 19% , 9 5 0 A DU 4 0 R A 40 U8 | 78 AT — UOHL 28035
T RE B B 4 B RN 2500 B (R 25 A R T B AR AL AL AR A X LR UG 5T, G 25 SRR, IR BB
YUEE A —0. 045 mm [ 85% , P IF Lk 245550 il B 8 Z-200 1T & 2545 200 o/t FABEIH 50 g/t PRALRT I B AR
ST B R A BB R T B, A —UOM B | SR AR TR M R AR fhfk
TERBN YGRS Y A B 5T BOR kA — OHLBE IO/ % s R — B —
Hik A & R B o BB, ORI IR B E AR, 7E—BEEE AN - 0.074 mm (5
60% , BN - 0. 045 mm 5 85% #%AF T, MiAb)E T LA ARSI 507 33. 02% , MR 94. 32% 5 HR

[ORSER] A, Rk, 2U500W0 R B gn s
[ PB4 ZES] TD923; X758 [ XHiRERL] A
DOI;10. 19610/j. enki. cn10 — 1873/tf.2025.01. 013

0 55

i — ol A R BEUR, ) IZ N T A
S, T R 2 e A LA AL A B b T T A A
@2 B TR T AR R Y e, R R T
SREFEENEIN . H 2002 47 Hp [y T 5 fi R 31 2
I oA, T 5 3 9 3 0 = 20k A P L S Se it
2019 A [E] i 5 11 2 1 o A BRH S i 53. 6%
H ] B A S o T SR Y 3%, F AR AN BE
YA N T B ey NV U T A S NS R 2t LI
BAFINEE G T EFRR RS J T 206G
BRI E R

SRR R =1, BHARR 1 o s, —
feosi= e 2 2.2 VIR IR R R
BREERER WEVERR ALY R B ALY REER R R Bk
0" AR RIS A AR T
AR IR T2 ik e A -, 3

[WAEEH] 2024 - 08 -30

[MEERA] FEE(1991—) 5 0Tl B, AR
PR TR, 2 i S B AR,

(51T FIEDE AT S, FREHR. LU 78 S0 o
B AR MITE [ J]. 2R E0716 ,2025,41(1) .77 - 81.

YAN Guohui,HE Rongquan, GUO Jinming. Experiment study
on optimization of beneficiation process of copper slag in Shanxi

[ J]. Sustainable Mining and Metallurgy,2025,41(1) ;77 —81.

[ XEHE] 2097 -2423(2025)01 - 0077 - 05

W B AR 2 S A S 7 SRR PR i ]
Weit R < RS B, MR i e e e
O BEATRESE , TSR REE & Bk W), R R T
AR TORS KU R B

VG RIE A Ry B A AR S R T Y
AT R IE FIURE JBE 4 RN 58 591 436 B AT 22 5C T Z A 3
W, A AR S R R AT TR, R
R Th Y T DOV B AR AT BT A AL
AN G G A . LA RBFER I,
B v T T AR ORGSR 5 i v 2 N Lk
Z 5 BRI R RS N B B 2 222 0 v Si0, 1Y &
TR AR SI0, B il 16 MR B R BOR
TR SiO, 5 RIS SEE BEX H v MRt i e I R
A s, R TR R AT AL TR
RS, RECK 1080 ~ 1 140 °C , 7¢ WL X [a) 4 Jok:
BRI MR R Pl Al AR X (]

FH T 3T S AR <5 B M AR R S T R L, B R
WA —UBTIRRA R IT 25 ], i) 2 A 2
BRI R AT [DCR T T B TR T s LR A
JEORIEYT, ARSCEE RS L VU AR 1 R AT AN ] B i
T AR, e T 2R 3R it
B i

1 5

1.1 R ER
PSR R R R T S8R WA L MR Ei R 2k



.78 . = =

OF&T Wl

TRV R, BAR T2 0 B SR WA Tt I e - e
BPVCRER — BEURI P8 9 — FE A s — s s B 40 — R
AR R . AIEBP NI E AS SR A
H—ZR BN O, 77 A WA A R i B %
BRI, B4 B 259% LA b B WMk T B4R 1m0 Ik
ARG RS SR BR REHEA 6 m® 22
AL, FARVRH) 8 h, K220 40 h 5 ik il
R GHEAE

BRI R AR 2 B o BT A5 SR UL 1 WA g B
GELOLEED M3, ML 2 M3 nl ey £ %
SHMERRAT (SR (BRI T AR (k)
kAT ) - EERREERAT A A R A o B
A B RR A A T B AR ST

R1 SAEHFERUERDSNER

WA Cu Fe S S0, As  Pb Zn Hfl

GE/% 4.19 47.50 1.61 24.30 0.01 1.20 1.30 19.89

K2 MABETEIESRTORESE
T
(T8

Hi/% 0.491  0.334  0.036  0.026  0.049

DY W BT BT 2R

R3 MABGERETERATYRESSE
. N o OPERREAEE EPESENRE
W KA A b
WAwY)  RERRT A RO RO FaE
15.772 5.935  0.730

S/ %  42.245  32.942

1.2 R HE

MR A JFUBHE BT 456 2w [ N A T 20,
A 130 R FH — VR T 66 AL 32 3 6 7 A 1 A S T 4
& 2T B 2 R I B 5T, TR AR AT B A B A 40
JERZGHG R 50T, PR EES T2 AR
XF BT

JE R IR I 45 2 1] XMB — 240 x 90 HEJE Bk %
ML, 17 3 56 3% 45 16 A XFD3 1T &Y, XFDO. 75 1T A |
XFDO. 5 [T 7Y Bl v e ML, 7 25 X6 BT USRI T
FLH 2 7.-200 , BT AT

2 ZER5HE

2.1 By AERE

VS 44 2 5 Ml ) 115 A 1 3 [ AT 3R 1 o 2 A
RZ— HGHRIE I NIEG Y, S i AR
FOBE S RGP AH b 22 T 3R, S BUHDRL 5 4 1
Yy RN AR S a4 LA R BE S AR

LAY Pk i R IR R ) v s Ak
AT YIS R O s B e, E AT B R T R IR o
T PEME MERS 255 HIR BRI R O T S
W S PR A B, SR R R I 3 R By
BEG Bk TR, 20 MmEe) A
FESCER R G — B HLE 2 - 0.074 mm Y
75% AP 1T , PUE TR E T RS 2 - 0. 045 mm
i7 85% A " BEIR I,

— BB A BRI O s R A 1 B A
GERULER A, R AT BEE BT A, R
W LB TR AIG A T ISR 2 et 5 I R AR A A 5
MR E A E] - 0. 045 mm 4 85. 4% B}, FAE A
WCRIR B, Jo SE RS 20 B4R 5, RS A (D%
FEAR, HBLX R B0, AT BE S N R BE & S 0 40 B 1Y)
PEwE AR R T AR AT S i B | TR Rk
A Y RS B IR e 2 i A SRS

\J \4

B1 EyFEFHRRREE
R4 B EHLBRER

L gt

T HE74.200
2-200,200
AT, 50

JEGANEE( 45 wm) /% HTREET AL/ % RS RN %
80. 1 15.19 73.37
85.4 14.11 73.85
90. 3 13.08 73. 68

2.2 BHUFIAZERE

K — BB i AR A T A OGR F ile BE
YNEEE N —0.045 mm 5 85% , 26 £ WS s fin L
B2y 2-200 = 1: 1, -GG E i &t oy ik 5
At RETANE 2 R RIS RIS,

; ) B -45 um 585%

B2 HEHAEFHRERER
I 5 n] A, Bt i AG P o B e, SRS A7 i £
G ARG, DR A 5 i 5 2 S G ek it
400 g/t B HARG A7 ol A2 it A WACRI P 2 g i R A1
PG ISR T /D, B TSR R

EFE S AT S

T HE25:2-200
1:1
FARE.S0




2025 4E2 A% 1

L PG 54 R PR e A O AR B T

FlE D ATRAL SRIEE .79 -

RV R T v LA S RN R G AR AR T S A
[T RS A o 57 T v, TSR 8 s > 4 iR
SEARZEIE KT, KA ) S o3 3 AR AR e
Yy ACKE &, DTS SOCHORS 5 & 67 R AR i [l 0l
FAREN
=5 HUFAEEGRRER
MR /g HRET R L % MRS R %

T R4 100 + Z-200 100 16. 46 70. 17
T2 150 + Z-200 150 15.16 72.35
T R Z4 200 + Z-200 200 14.25 73.83
THEH2Y 250 + Z-200 250 12.94 73. 89

2.3 FHUCFIES L i Ie

R I PR IS < PR AT A A 3K 380 4 [l i o
FOKE B it A 19 B A, 7E B A 40 - 0. 045 mm
85% HAGH & M 400 o/t BISIF T, 2T
FLHEZYR 7-200 AYBC ELXT VAT FE AR A R, R 40 45
W6, HF6 [, 75 T HH 25200 ¢/t + Z-200
200 g/t FIZME T RSB PR fe i, Z-200 H4
—EREWAE, 2 Z-200 FIEECR T 2GRN
BT ARG RMCRE T A IR = 2%
Hahn SRALEAR ;24 Z-200 FRANEE/N T B
KT A HIBGAAMICRE 13058 | [RBTG5
REARR i L T

6 AABKFZERRER
S gt HRT B % AR R %

THRH25 100 + Z-200 300 13. 41 70. 15
T HAEZY 200 + Z-200 200 14. 45 73. 64
T 24 300 + Z-200 100 16.73 71. 66

L BRSSO X g R H R
LR BT - 0.045 mm (5 85% B M BLEER AR,
PR TR 25 7R H 2 -200 AT FE 5 2545 200 g/t, Fir
FSEiHT 50 g/t P24 700 il B, G 326 41 228 SR FH AR ) 1) 245
FUHIEE AR T2 AR AT X kL
2.4 REXEIRKE

] v M LT O e AT R RE AR S I R
FAR YRR S AR o AR e TR B2 A
W5 HRAR Y BB R, — R B B 0 B Bt
Ve T 2R, — BB e - T PR TR | H R AR,
Fr AT R A e B R R

ARA XTI I B R A T WA T T
XTLCAH 5, 00 45 18 S PS40 B h - 0. 045 mm (&

85% , FH-JB% o 06 99 245 390 1 3 oM T L H 2 150 g/, b
B 30 g/t, TR — N FL AR, Bp PR kR
A BB R AT BRI, BRI — Ik
N G i vy i /10 5 1 B R/ =3 | /1Y
TR TR BIPRE VE A BEE E E
1T BRI BOF A —UOM B  IROR L
WHE T — B M — K E®ET 5 H iR
Wb RS UORE B L R B T IR [ R AR
b, R AL AR B E 5 & 6 B, ik
IRZE RS WA 7, LA AR A B B R 2 m e AR
WAL, AL TR TR B AR AR EE T TR 2
P S A AT RDISCR

AR —prg () B4 60%

T H:#24,200
7-200,200 a4
FATEIH.50
PediEe |
f ) B -45 pn 585%
i3
\ 2
—UHLE T 2,100
FATEHL20
‘ rd
W
VRSN
" TR 2,50
e AT, 10
fi TR FH
=R AE
A\

E3 EHNIZREE

HIZ% 7 w0, DAL SRR AR WL R ) SRR 67
(LR ISR IS A /N B R, R EE SRR , L
TR SR A IR Y R S A R AR AR
B, X FR o I A SOR B 4R e 2 A
TGO b SRR O 5 AL R R B GR
o FEOX T AL L R IEA R, S EUR A
IR, DU R ARG — A Ik —AS
AR A PR (Bl PR SRR PR N TR A e A



- 80 -

& % A B =L R

ESFIL I OAY-S

BER—74 pm 560%

H 3 8 A, B H WA kL B 35 B4 A AR
0. 002 ~0. 020 mm, A] UL351 2 76 B A 59 4 57 ) hr

THH 2,200
o RERARER BN, XHE R R 0t
o v i AT MLA U, 25 SR &l 5 fros, S Af
(O 45 um i85 UL W A B S R A S LA E AR R A TE 5K
PR A R A HE— 2B B AR R A 5 M S
| ;géﬁf‘éﬁ,loo M,
ABE,20 - .
e ‘“g. ) R‘v: o PP .
[P e - ~ ¢ y
= —UCEIE | Taga2.50 ¥ ) ,‘;f‘.c o, o % ‘“?,“\“'
vy HABE. 10 o Tes WD “% x‘,, .
s T b o Qg _
ek Y -~ . * rb g '\.
v l v A% - ‘2%‘%{" ‘ .';5: - " ¢
. v “‘ ("r\‘;‘ut i t,‘ ‘l'f:!‘ ;:I ‘_‘.:
¥ Ry ] ‘@
B I 'J R e
H4 SRUTZRRE v ;\z‘, " ,:‘a.f‘_ﬁ.
. . N . ’ ) < a7l I
Ml BV 43 e P O o P — S L B A e VR STIN
SO T A PR K T S B 4 R K witets o G
55 MBS W kRO
7 EMREGAATRAR SR A
‘ ARG B
XM TR AR FER/ % Wi/ % IR/ % mHAL B
PIEERS ARG 1LTr 3k 988 Bs fLURRRE AT R
" PIHES S R 88.23 0.275 6.2 TN
WL >
TR e amy 1582 24.6 94. 46 3 ZHie
MBS 6 4R 84.18  0.271  5.54 1) LG 347 B 8 0 & SR WO R, 400
S S LRSS 12,23 33.02 94.32 B EBEAMOCE R, B S RN 4.19% ,
- S s RS 87.77 0.241 4.98 G 47.50% . HTE R TP A SR IR R T
VIBESS 6 4T 1155 32747 93.97 HEAT (RIS, 5 M [ A 1) =5 2 IR 2R 2 v v v 5 4
FIGES 6 42" 88.45 0.25 5.68

WY ATRLIE 53 AT AN 34, AURL R AT 5 40 0T P e uk: [l
e,

XA T 0 ) R AR ot v Al ) (458
A BT A RS TR R R
SRS TR T S AT ) SR S A B A L

AT T AR LR 8,

®8 MURBEY hSMY MK ESHER

2) i H AL AR AL AL T2 AR XS LA oY &
A — BB IR A S - 0. 074 mm 5 60% , — B
BEB B IA F] - 0. 045 mm (5 85% BY ST, R
A T AR, BRI E— B Mg —
WA I R 4 R [ n A A s R

Kot BATRLE 4 ) % El@EH&,%@Z}Xbﬁ%%ﬂ%ﬁ%%ﬁﬂ%ﬂ“%m 33.02% , Inl
R A% P % 94. 32% (3545 .
+19 1.27 .

-19 +13.5 9.13 10. 4 [%}%Iﬁk]

“13.5+9.6 2151 3191 1] ZRi, A8 WIERB, 25 WA I o A 4 R B R
-9.6+6.8 22.65 34.56 MBFFEERE[T]. 7R ,2009,18(1) .44 - 48.
~6.8+4.8 18.67 73.23 (2] FARWE, YW, 250, 45 ST O 7 v 10 b [ 4R
—4.8+3.4 11.58 84.81 At fEmpoT (1], #EiEEN2,2016,38(5) :939 -
-3.4+2.4 7.91 92.72 947.
-2.4+1.75 4.42 97. 14

(3] T T MR v i BUIR S H R S R LT ] A



2025 4E2 A% 1

L PG 54 R PR e A O AR B T

FlE D ATRAL SRIEE - 81

(4]

(5]

(6]

[7]

(8]

[9]

J& (YRR ,1994(6) 32 -35,43. [10]  AUEEE. SR o W) -2 R e L PR SRS [ D). K&
P, B4 BT, A R TP IR 4 R HOR T R 2014,

HIWFFEHEIEL ) ]. 9716 ,2009,18(3) 144 —48. (11] I, WA, TR M, 45, WA a8 254 1l a
LA 258 BRa b i i 2L B e IRAE R A [ ], S]], &JRAE GG 4 TR ,2014,42(6) :50 - 56.
T EA 6 43 ,2009,37(3) :57 - 60. [12]  ORAL,ZUURE =008, 2. Hd i e i A4 7 T 2 Rt 1k
BRI, REAR, S UL, S5, v Ak B R O3 BT B LR [J]. 8518 ,2023,39(6) ;62 - 67.

FMABTZ)]. PEAGH4,2012,41(1) :56 -60. [13]  HIWE SREREE  IMAREL, 45, BR b i R 4R it ot 5 5
GORAI B,JANA R K,PREMCHAND. Characteristics and BRVERE[T]. Bl B4R , 2006, (12) ;17 —19,30.
utilisation of copper slag-A review[ ]J]. Resources, Con- [14] FRimdE. Ay ER T RS ()]. ARG 64
servation and Recycling,2003,39(4) :299 -313. J&,2001(9) :53 - 58.

ALTER H. The composition and environmental hazard of [15] WM, Bk sk EG 25, LAl 09 T 20 W24 5%
copper slags in the context of the Basel convention[J]. [J]. P 5 R H ,2015(1) .63 -66.

Resources, Conservation and Recycling, 2005, 43 (4) . [16] BELAZE. P E R g LRI A
353 -360. 48 (W HE43) ,2012(6) :16 — 19,24,

WANG X,GEYSEN D, TINOCO S V P, et al. Characteri- [17] RS WE T ZHTE[ )] Bl (e )m , 1998
sation of copper slag in view of metal recovery[ J]. Trans- (2):14-19.

actions of the Institutions of Mining and MEtallurgy: Sec- (18] K AL, AREA™, sk, 5. i vi v ids e 4 i L 7Y

tion C,2015,124(2) .83 - 87.

PAHTT]. R EG L TR, 2021 (4) .6 - 8.

Experiment Study on Optimization of Beneficiation
Process of Copper Slag in Shanxi

YAN Guohui, HE Rongquan, GUO Jinming
( China ENFT Engineering Corporation, Beijing 100038, China)

Abstract: The copper content of copper smelting slag in an oxygen-enriched bottom blowing copper smel-
ting slag in Shanxi is 4. 19% . In order to better recover the copper metal in the smelting slag, an roug-
hing test was carried out to determine the optimal grinding fineness and reagent system. Under the condi-
tions, a comparative test study of the conventional process and the optimized process was carried out. The
experimental results show that the final grinding fineness is — 0. 045 mm accounting for 85% , and the
rapid flotation reagent system is Z-200 and butyl xanthate each 200 g/t, pine oil 50 g/t. The convention-
al process before optimization is to carry out two-stage flotation after the rapid flotation tailings enter the
two-stage grinding, including one roughing, three scavengings, and the scavenging concentrate is re-
turned to the previous operation in sequence. The optimized process flow is that the fast flotation tailings
enter the second-stage grinding and then carry out the second-stage flotation, including one roughing, two
cleanings and two scavengings, the first tailings and the first scavenging tailings are combined into the
middle ore and returned to the middle ore for regrinding, the second cleaning and the second scavenging
order are returned to the last operation. Under the condition that the first-stage grinding fineness is —
0. 074 mm accounting for 60% and the second-stage grinding fineness is — 0. 045 mm accounting for
85% , the optimized process can obtain the index of copper concentrate grade of 33. 02% and the recov-
ery rate of 94.32%.

Key words: copper slag; flotation; pharmaceutical regime; grinding fineness



