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FFMM Cu. Zn. Pb ZEEJRERIES BT T A SR HiTT
As FEBRIE IR th ] A ] I PR IR R 2R RS, S
Bl As 5SHMERIERIE, BRI
PR IR SRR AR i — 2 (1 B S

1.1 fARER

AW FE BT F AR E AR K (DT RTRR K W
THAREG R RS, MERIFRE 0.2 g 105 C R
F %2 i R E 2 JE 1K T R DU SR A HE A, N 6 mL
HNO; 1 1 mL HF #HATTHMC50, R 5 AS o &
SEEE, AIESGRNE 1 .

1 HEHEKD FESESE
Table 1 Main metal composition of copper smelting soot

(mass fraction, %)

As Cu Zn Pb Cd Sn Bi
5.74 242  21.87 23.69 278 0.97 2.66

1.2 SEI{LER R T

BT A28 F %N BSA124S-CW AURS % B 1R
F, JE AR R FHBRA R PM100 BYEREEHL,
M [E Retsch A#]; 524G 1HIGHE 1 FEEE, T M+
LI A PR AT, SHB-IIA 1Mk Z FHEA %,
g IS RS A R AR, HC-3518 i 550 pl,
A AAX IR B A R A F] ;. 101-2AB B HLHGE AT
BRAE, KRBT R AR A7 DZG-6050D %Y
HAETESE, BERELREARAR; ICE 3500
JEF RO, SEEFEER CATR A Avio 200 HL
B A S S TR R 8Ok % 4 (ICP-OES) , 3% [H
Perkin-Elmer /A #]; MULT1AB 2000 X 487
HEAL(XPS), ZE VG Al ; LS—609 R E 34T,
BRIGERFE LB AR A A XD-3 H3) X kK
AT HAC(XRD), A6 50 i A A3 A BR 5T 4E A A 5
FEI-Quanta 200 3 HLEi(SEM), faf% FEI A #A];
UPW-308 H4li/K#, bt RA A,

ARSI BT AR A B AE, YRR A E SR
THE IR 23 BT A A0 20 s S8 FH K R i) % (7 25 B 1K

1.3 SWrE*E

BREVS AR FREL— € P& LL AR K 5 NaOH
—HN 50 mL AEMEREGE S, Di—E i, 5
(AT BREETEAL TIAREE, WO AL S5 BORE S AR A7 DA

Pk — A H .

RS RHL 2 g WEAGSE MR, F IR B
N 25:1(mL/g), Vh— & LA [A]7E NaOH-Na,S 4 &
TEY, FIFHRZ NaOH RAHAEN myonMag=
0.5:1(2/g)s Mnaon:man=0.4:1(g/g)s N 58 K5 g,
RO 0.45 pm JEREEIE As L HADE S8 IR E

14 SHAEE

PR WSO 61 G E W Asy Cus Pb. Zn.
Cd & ; ULV 105 C R T 2218 55 R ER B B A
PES o 22 TR FAL B IR, PO AT 54X
T HTRAR AT BRI AR ARAL R B0 s SR 434 i 1 S e
(SEM) 7 #r BRL R [ SRR s 83 X S AT
(XRD)73 H7 BRBE 1l 5 PIARAL AR AL i X G20t
TREE(XPS) 7 Hr e 1 TC 2R AL 2 A B AL 22 T 2

2 SEWER5ITR

2.1 WMNRTHREBEMLESRELZRR
2.1.1  NaOH X} ig H s 2= i 5
TEFREENLIEHE N 600 r/min, 7t A [F NaOH F &
(Maom:Masn AN 0:1+ 0.05:1 0.1:1, 0.35:1. 0.5:1. 0.6:1)
STEREE 60 min JG MK H As. Cu. Zn. Pb. CdEZHZE
frszm, =M P NaOH & &N
Myaon:mag=0.5:1, FAB &AM L:S=25:1 (mL/g),
MNas:Mag=0.4:1, NI TE] 60 min, J@SE 55 C, #iiH
BE38 250 t/min, Z5HRME 1 R,
I 1 ATAL, KA Pb. Zn fEARTRIN NaOH %%
PR W, THBREEEKF As BHFRE
ik, 1N 32.85%; #IN NaOH BRERJ5 /K As 12 H%L

80 +

Leaching efficiency/%
N
(e}

0 01 02 03 04 05 06
Myaomias
1 NaOH 55 & L0 AN R 463 J8 2 HH 3 1K 5
Fig. 1 Effect of mass ratio of NaOH to ash on different
metals leaching efficiency
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REZERE, 2 myaonmas=0.05:1, As i H R
11.4%, Bfi% NaOH FHEMI4ES38 N, As 12 H 2K
THE 2 63.15% 71.94%. 78.52%- 78.54%( Mxaom:Mash
N 0.1:1. 0.35:1. 0.5:1. 0.6:1 i), [N, MK Cu.
Zn. Pb. Cd BEARWEM: L5 LR, 7EMEN R
HHER B FiALEE AT AR AL K As 5H 488 0% (Cu,
Zn. Pb. Cd)7r B, H—E&uEN, AsiZH
REEERE L NaOH F 2 IZWG o8, 256
JEAFIA, &k NaOH HHKRAEFR =LA
0.5:1,
2.1.2 AN[EIEREE IR [A] X} i H 28 1) f2 )
TERRBENLILE N 600 r/min, my,op:mag=0.5:1 26+
T, KA EEREER A](10 min. 30 min. 50 min. 60
min. 70 min)X} As J ARG &R BRI, Ha
L 2.

80
X
\>‘60_ /—_’J
Q
5 °— As
2 o— Cu
=
19040' Aa—7n
,E_ v—Pb
g 20! T
—

0- B—ﬁ
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B2 BRI )0 A ] g iR 22 (i
Fig. 2 Effect of milling time on different metals leaching
efficiency

B 2 wI%D, RAEINEREE R EAKH As 12 H 2L
N 56.01%, MZEREE AL EE (B PEAN 5 5K As
RHREERS, HBEBRER ARG, SekE
AR 60 min, As 12 HZFEATHEE 78.52%, Skt
INEREERT K As 12 AR ELIE R T 22.51%; 4810,
HBE— B KRBT [F], As 33 H AR AR AL,
I, 3 60 min JEREE TG EAERT R iR g5 R R
B UE 7 BR P T AL B (B A B REIR K T As 73 B IR H AL
R RAAE o
2.1.3  IR[AVFEHE NI HRCR B R

WEFLRIA, I ARG fb s B i g o 2
S8, FEEOR, PRAEMREEOR,  HERES B R
— B, WARIAN N, 35 T in SR
AH A EAE FHBY S B, SR T T AE maon:mag=0.5:1,

BREEIT (] 60 min 264 T, BREEHLFZHE (200 r/min. 400
r/min. 600 r/min)X} As M H A& &R HER P W, 245
RILE 3.

B 3 AT, As 12 HH B3R Bl A el 1) 3G I 3
LERBEHLEEH N 200 r/min B0 E] 600 t/min, As % H
R 61.9%TFEE 75.65%. X Al fE &K N EH UM
i FRH, s, B AT R EEEESEAE
PSR, BRI, SRS MRERIR, RBEPIRI L
RIMBEFAE, W, R~ EiRiedE 7 As S50
PEA BRI RN, [RTT As 352 H BRI

80
X
> 60+
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= Aa—7n
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Fig. 3 Effect of rotation speed on different metals leaching

efficiency

2.1.4 LB s AR AR

TR 5 B0 A o 3 B I 5 [ 5 (O T 4 (a))~ B HEHL
£, RRNTF AR 10 207 5 — Rt fpl Ik 15 71
HAWIF B RER S, Rk, R T RIS IR
TN EEAE A A 0 3K B Tk R w0 R 2K SR 73 B3P e
As 2B, W 4 505 fros. aTRURIL, A
T S5 MR RORE 43 B e U (L T 4(b)), (H5 A
CIERIALG, EREE S As IR HIRH 78.52% % &
70.22%( LI 5 F A K B), X2 PR K s 3 DA
e R EAAEAE, T LR T AR, BREEY)
) BRI ONASE R AR RURE £ 3 11 o B I PRI
FARTH K ST ISR 5 A S5 2 B A% T LR BRI,
HEIMEZ NaOH 55 As ¥4 4. Nk, dt—5
WA T ZEHN B As 12 R, BIxE T
FEGRAE A 5T T BR S T AL 22 5 HH ((50+5) min) B 00— &
) LR BE(10+5) min J5 0K As 32 HRSCR (L E S
H Q). 3 ERIAI, FETRACER S BN 2B A ] 445
JH IR R R AR (IR 260 78.92%), 1 H. AT LART 1k
BREE oL R R AT R (WL 5 H )
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Fig. 4 Particle dispersion before and after ethanol addition:

(a) Without ethanol; (b) Adding in initial; (c) Adding in end

Leaching efficiency/%

A B C
BEl5 CEHRINETG As 332 H R

Fig. 5 Effect of ethanol addition on arsenic leaching rate:
A—Without adding ethanol; B—Adding ethanol in initial; C—
Adding ethanol in end

22 ERETLEI R HRAER RIZRHERE R

IR As S5

B A J5 P TR B Ak B K e L SR A
Mnaor:Mah=0.5:1, EREENLFLE 600 r/min. EREERT (] 60
min(BE A 5 R BE FHAL BR(50+5) min JE I —E
B LB BE(10+5) min). FRIUETRALEE IR H 44—
B, KT EUBIRAL T BRES AR A 5 R B A 3K R 2K
As BRI, Q1B 6(a)in, AR HEINEREE I 1 K
i As IRHER 56.01%, TMES T N HLEHK As iR
H T 78.52%, 1T TG A1 T BR B THAL 28 2% 14
As 12 HRAUR 32.85%, 5 JFMHAAH LL K T 23.16%

B 6(b) R T AN R b3 518 H ik A A4
HOAs MR, ATRURIL, RV AN IS, BREE
BB ER AR E AT As BN 3.22%, &
TREREERIZ R E AT As B EE(1.61%), 1M
TEBIYEA S AR S BREE TRAL B 5, 12 AR R E AP As
TEACH 0.13%, HEEKMLEKT 5.61%. B
PR AL — R SR RS M A R, e
A0 T 3RS FR U F AT BB A A RN IR
o, TR B, 1 NaOH FIANA W] 2078 As 1)

RAT Y, I RERE R BRI IR Ry s AR e
A, (218 As 5 NaOH &5& A8 s nl ¥ g &
T H A JRAEBRNE A T A SR, e T HS As
Mg, MmEt—P et As RIE, ZTZNERK
TF LI ONE T AR 5 SRR TTHLE L
B DI IEX S A
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Leaching efficiency/%
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S5t Milling without NaOH

Residues leaching by
NaOH-Na,S
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As content, w/%
W

6 BRIES BN EREETRAL XA As ¥ R B
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Fig. 6 Effect of ball milling with addition of NaOH on
arsenic leaching efficiency(a) and As content in leaching
residues(b)

2.3 BT B TEKETLIEIR M As R HANIE
2.3.1  BREETIALIE A 5 AR VA A0 K 3R T TR S M A8 4L,
7 BTN N EK B T (R s 08 ) R A Jo o Bk
TRALEE 5 (MK SEM 15 I 7(a)al %0, TR 2K B i
ZYUR IR R, SRR 6N, MERR A 5
HH R B TIAL R 5 FORL R RS 2 ALOLE] 7(b)),
LB BB . F AT, BREE IR A v A A R
PEAE F 2 (R A Sh AR TH P AR R, T SO Rk 2 T
Uz U Ry A
23.2  EREETALER AT S AR EE 2 A7 ]
TERREE AR, BRANIT S G 2 [ (036 B 22 S vl
AR R 1, 15 12 WA EAE R, AR
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Fig. 7 Surface morphologies of particles before(a) and after(b)
ball milling

Himsha e, J/NIRUR SFE 0, %2 fE 8 s
53 %F b T R T AN R B S5 M ACRLEE 4y A Al BET L
RKIFN Sper ARLAE Lo REREERT, Digs Dsos Doo(Dio~
Dso~ Dog 53 MZRLAR /N T (BT ) B R (5 10%.
50%- 90%) S Dyyo(F8FIIRAE) 73 HIXT R 6.642
29.67+ 77.39 F136.77 um, TfERES J5RARIH BT/
Lok b R T AR 1 K (PR 385.22 A 665.19 m¥/kg),
SERFRY, BRI AR B A B R A8 AORLEE ek
ELRmABUE A, NG A 20, i i G
WK T As (IR R .
2.3.3  BREETIUAGCHEHT S S AR L5 AL

TR, BRI E Rt e, &%
RS, 17550 IR N AN R AT I [ — ] e B B 3 %
— BERF RS 7 b b AR, Sl SR 43 2 T PR

R 2 BRI IS A R AR AR K LR AR A
Table 2 Variation of particle size and specific surface area of

soot before and after ball milling

Grain D,y Dsy/ Dyy/ D,/ S2BET/_ 1
pm pm pm pm  (mokg )

Unmilled 6.642 29.671 77.390 36.770 385.220
Milled 3.815 16249 45.163 20.843 665.193

16 (@

12+

Grain size distribution rate/%

0
107! 10° 10! 10? 10°
Grain size/um

(b)
16 -

12

Grain size distribution rate/%

100'1 100 10! 10? 103
Grain size/um
B8 EBREE XA AR ME AR FE 7 A1 B
Fig. 8 Effect of ball milling on particle size distribution of
copper smelting soot: (a) Before ball milling; (b) After ball
milling

FHHTAAE N, a2, Rty
B A0S0 il — D R ER B e Ok B IR H )
HLER, SR X 52 AT 5 (XRD) X K B i i 18 A 0 A 21
BARAEBLIEAT 434, 40l 9 B . EREERT(ALIE 9(a))
TSR e, HAREAKMIAHZE S 2%, F B A
PbSO, HI PbS, 15> As FELL As,O5 Al NaAsO, )
AFAE, TERES 5 (WL 9(b)) AT i Ve i 5 W) . R %,
As 46N Na,HAsO; Al Na,HAsO,, H PbSO, HIfT 4t
W&, RN PbO, X W] BEEEREEE R T
BEOK i B 2 AR 1) S T IR AR AE T A A R A
Pb(OH), W15 fi#, KMt —S4m 7R HERT
Pb MIEMECR, RMNAW(D)~12)FiR. ZidfEdF]
H Cu. Zn. Pb & BEERMEFM T AR, 1M As
TERREE I FE H 22 5 NaOH J= B 26 A0 R ml i P 1k
FRER M4, ML T As HUEEMR S, RN,
BRI AR PR A 1) TR RE I TR R B R, 0 R A A R
Fer, fEMURRARUR/DN, PUERTIARIE R, R S PR A
Wz, AsEHEHE—PRE.
PbS0,4+2NaOH—>Pb(OH),+Na,SO, (1)
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Pb(OH),~2—~PbO+H,0 (2)  NasAsO,;+H,0—>Na,HAsO,+NaOH (7)
PbO+Na,S+H,0—>PbS | +2NaOH ) 234 ERESFUCHLITIS XPS A H
As,03+2NaOH—>2NaAsO0,+H,0 4) 10 Fros Bk EE AT A S K XPS 5. HIE 10
NaAsO,+NaOH—>Na,HAsO; (5)  FIHEN, BREERU, As FELL As,05. AsyOs 1 NaAsO, 17
As,05+6NaOH—>2Na;As0,+3H,0 ©6) FE(LE 10(a)); TEREE S, EALER As K, P
(a) =— PbSO, (b)

*— NaAsO, = — Na,HAsO;

4 — As,05 *— Na,HAsO,

v— PbS +— PbO

v— PbS

10 20 30 40 50 60 70 80
20/(°)

(B9 R XA MR AP0 AR AL RS ) B

10 20 30 40 50 60 70 80
20/(°)

Fig. 9 Effect of ball milling on phase composition of copper smelting soot

(a)
45.5 eV As,0547.65%

4471 eV
NaAsO, 30.58%

43.83 eV

(b)

As3d44.2 eV
NaAsO, 100%

40 42 44 46 48 40 42 44 46 48

Binding energy/eV

139.2 eV
PbSO, 81.44%

138.68 eV
PbS 18.56%

(d)
13830 eV
PbO 71.54%

137.20 eV
PbS 28.46%

135 136 137 138 139 140 141 142
Binding energy/eV

B 10 EREEFTSEREE 50K 48 XPS i 7 A

135 136 137 138 139 140 141
Binding energy/eV

Fig. 10 XPS spectra analysis of metals in soot before((a), (c)) and after((b), (d)) ball milling: (a), (b) As; (c), (d) Pb
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smelting soot NaOH
Ash with {
dlffereqt - 2
particle size
- High
temperature

High energy

e

Bali rhilling
B 11 BREE AL B LR

Fig. 11 Pretreatment mechanism diagram of ball milling

A NaAsO,(WLE 10(b)), H#t—FIUEBALENA NaOH
R CER B (1)1 A8 rh 2> (R adk nT VMR IR B 1 AR . E
TREA BT R 23R EE TACEE f5 PbSO, IRIAT ST 2K, ¥
ALY PbO, X EH XRD 45— (LA 10(c)
H(d))-
23.5 ERETALEIRM As B H AL

BRI N ER S PR EE T s A K R As 5E M
EIEEA S, Ky REEmE 11 PR, BARRE
R T R R AR R BB R — e R
&, BERSAEA TR, PR RSN R
FUER, WA R 2, Ay, R A s s
&, —EfEE RES T E-E RN 35 PbSO,
5 NaOH N AK Po(OH),, FHZ 73 #4 PbO, #B
43 PbO TEIR HiR R N 5 Na,S 1E A A A AL,
—ERERE ETiR S Pb MIEIORER ;s AL AR
A0 5T R P AL B S T A T IR T
BASZIL T AR R As 5 &8 1 R =

3 &g

1) Bt A 5 Hh R S T A B RT 56 A R VA R R 2K
B IERRPER M, RAETLIE T 28 myonmas=
0.5:1, BREENLIEE )y 600 r/min, EREEN 7] A 60 min(Bi,
PEAN BTN BREE TRAL FE(50+5) min 5B —E K &
BEHIT S (10£5) min), — €& LEERIIINT] B 1k BR B ik
T A A A R [4] 5

2) ToHENE A S5 I BR S B A B K 2 40 As

As,0; —NaAsO,—>Na,HAsO; (aq)
As,05 —Na;AsO,—>Na,HAsO, (aq)

-Y&*-%

Pb(OH), PbO

M2, TR R N AT 352 ) As 121
ZR(78.52%), HEREE FMAE B LA K SRR A A L 4 Sl 4
& 1 45.67%H1 22.51%; R HRREAEYIH As & &0
M 5.74%EAEZE 0.13%, AR IITEFEL K B IRALF]
A& AR

3) SEM FIRLAR 3 M 2 B« BRI 2 (R A M0k 2 1f
B, ERACRARN, EERIAE R, LA
frmdt%, MimaEth As i AL IR . XRD Hil XPS
FAER: I NaOH EREE As n]#:4kH Nay,HAsO;
Al Na,HAsOy, [RIF, JEMHAKH EIEE73 PbSO, Wl i
BREE e & R NAE A POs AN FEFIH Cus Pby Zn
o BAETINE AT N AR, TR T ZERRME 2%
PER 50 A BTV R 2R R, IR T S
& B IR B 2 B .
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Selective leaching of arsenic and valuable metals in
copper smelting soot strengthened by ball milling pretreatment

HU Zhong-qiu"?, QU Jun"2, GUO Li"? MA Wen-bo"?, HU Nan" 2, ZHAN Wei'%, DU Dong-yun'2

(1. Hubei Province Engineering Research Center for Control and Treatment of Heavy Metal Pollution,
College of Resources and Environmental Science, South-Central University for Nationalities, Wuhan 430074, China;
2. Key Laboratory of Catalysis Conversion and Energy Materials Chemistry,

Ministry of Education, South-Central University for Nationalities, Wuhan 430074, China)

Abstract: The high-efficiency separation of arsenic and valuable metals in copper smelting soot strengthened by the ball
milling pretreatment were investigated. The results show that the ball milling pretreatment alone can inhibit the leaching
of As in soot. Compared with the unmilled soot, the leaching efficiency is reduced from 56.01% to 32.85%. However, the
addition of NaOH can significantly increase the As leaching efficiency from 56.01% to 78.52%. The optimal process
parameters are as follows: the mass ratio of NaOH to ash (mnaon:masn) 0f 0.5:1, activation time of ball mill of 60 min
(after ball milling pretreatment for (50+5) min in alkaline medium, and then milling with ethanol in sequence), the
rotation speed of 600 r/min. Besides, Cu, Zn, Pb and Cd in the soot is basically not leached after treatment by this method,
and the As content in the leaching residual solid is reduced from 5.74% to 0.13%. The SEM and particle size analysis
show that ball milling can create defects on the surface of the particles, reduce the particle size of the soot, increase the
specific surface area of the reaction and promote the mass transfer of the interface. Therefore, the leaching efficiency of
As is dramatically enhanced. The results of XRD and XPS show that high temperature and high pressure are generated in
the specific area during the ball milling process, inducing the solid-solid reaction: the oxidation state of As,O; after
reacting with NaOH converges into soluble arsenate, finally. And decomposition of parts of PbSO, into PbO in a local
high temperature environment, which further enhances the efficient separation of As and valuable metals during the
leaching process. This study provides a theoretical basis for the harmlessness, and the resource utilization of
arsenic-containing materials is produced by copper smelting industry.

Key words: copper smelting soot; ball milling; chemical reaction; activation; interface mass transfer; selective leaching
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