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Abstract

Copper smelting flue dust contains high levels of arsenic and various valuable metals, which limits
its safe disposal and resource utilization. In this study, the effects of mechanochemical treatment
and co-grinding with iron oxides on the leaching behaviors of Zn, Cu, Cd, Pb, and As under different
pH conditions were investigated, and the underlying mechanism was explored through Visual MINTEQ
simulation and characterization analysis. The results showed that co-grinding with Fe203 promoted
or did not inhibit the leaching of Zn, Cu, Cd, and Pb under weakly acidic to acidic conditions, while
significantly suppressing the leaching of As, thereby achieving selective leaching of valuable metals
and arsenic stabilization. Thermodynamic simulation indicated that metal elements in the co-ground
system remained in forms favorable for leaching at pH 3~5, whereas arsenic mainly existed in ferric
arsenate-related forms. SEM, XRD, and XPS results further demonstrated that arsenate interacted
with iron oxides during the co-grinding process, leading to the formation of Fe-As-O related structures
or iron-arsenate-like species. This method achieves the synergistic regulation of valuable metal leach-
ing and arsenic fixation under relatively mild conditions, showing the potential advantage of a sim-
plified process.
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1. 5|8

fif & — M A S E AR SR A A 5 Je e R . VAR R T, A DR AR R S N
SAHFEAECR AT E A, AR A o SR R S A SR R 1] RIS, S hw £ 2E Pby Zn.
Cu. CdZEGM&E, BAERENTIREUNME. Kk, Qe 7e BAR RS RS ) R i SeEE 0 4 ek
I, CBCNEE A A B SR AR A ) OB ) . AT, R R A R A S R R A A B
BALFG I AVERRIESE . KRR R R R R SE A A 20 B, (RAETERERE A BRBE 1 far K55
W E[2]-[6]; AWk A SR OB A, AHSZ B FPIEPE L SN 2% A R0 A3 SRR 1), TR FE AT T Ik
[7]; MVERRAR R &N EEGRTTR )2, (EEEAFERER. S5 Eh & REREES BA L
SR R YL 1) I 8]-[10].  [RItk, FFR —FhAEBS /IR &M N MW 1 4812 S ke e (L sy
PEA E R . MU A s R AT R ATk L R BRI SR A AR R R v R S S
PE, ST 2 i PR TR R AR AR TR R R R 11]-[14]. FET b, ARSCIRH WM
A5 T [ PRI, G0 I R B Rk S A A 3 B A28 e S 2 v S e AR B AL 15]-[18],
FEERE Zny Cu. Cd F1 Pb 12 HIEIRDH] As KRR AL, ASCER Fe,0s. FesO4 Fl y-FeyOs 1
RNFLEER], R HCEFE MY« BREEIE AR AL B I AR 7EA[R] pH 254 & Zn. Cu. Cd. Pb #l As IR HAT A,
454 Visual MINTEQ 540 J2 SEM. XRD+ XPS RAE BT HAE ML, LA H v M A A o if 1) A5 1
Pl B A AN 4 I B R R AR AR R AR S 5%
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2. SCIEERSy
2.1. HERTFERALE

AHIEFE P26 B SR AR A i BB G 4 58 9 R T v MR AL T B R R Gt A DRI RE AR 5
Bk, SRR a2 200 HARETT 2> R AT IR 085, BEJR BT 45°C I EIR S B IS ST
1 20 h, UABEERIELRE K, A TRPEAETEAE T AR A & o FEAR AT LB TT 5. MR TR e
IIHT R B AR SRR A . 4 1 A T SRS I ARTE MR 4 P ik S A R T R B L. B A
RY, ZMARESH(Pb). FE(Zn). M(Co)SFEmiMEE)R, FHAEAA D ERHI(Co) 5N, A 53 1Bk
ZIRENHME . ST RSB (As) SRR H AR E T, AR R E A RET As [
FaE L SEMERITEK Pby Zn. Cu. Cd HIR HARFIESE I J € 1 ik # v 7r B TE

Table 1. The contents of the main metals in copper smelting soot

F 1 ERFEEPEEERESE

Cu% Pb% Zn% As% Cd% Co% Ni%

1.93 24.00 21.70 4.46 2.16 0.0014 0.0038

2.2. TR KBRS AL BRI &

TEAT R ERENL(QM-QX-0.4L) |, KA A BEBRAC LUK ER(10 nm):H13K(5 nm):/MK(3 nm) = 1:3:6 A LLHGI
ISR B GEVEAT iR P S o BREE AR 4% RIS g MEZR TN BRESHE 4 3R EE GE AN IR BE AL
[, BB 300 t/min, BREE 2 h JEHUH & JREEIEAR 4% FREL 5 g MDA 3 g BRA L AI(Fer 051
Fe304 Al p-Fe,O3) T ERES G, W R B HENEREHL [ 2, 58 % 9 300 t/min, BREE 2h JHUH & H .

2.3. pH E75iR 08

PR 5 g TALER S FEAR N 100 mL SRMHETZ I, NN 45 mL —J0OKGRIE FLEL 10:1, A
R R A o B L) JE AR EE R 1, BONFRIR R LA 180 r/min #E4T 48 h 2 H, RHTFEFEREINA 0.1
mol/L FIRSER AN 0.1 mol/L FIESAAANLER: pH 1HE . iASIRHG, BRI s 20, F 0.45 um JEMR
T UEECH WG R A 1ICP-OES M &+ As. Cu. Cdv Zn K& Pb & &,

3. BER5VHE

KH 48 h F &R HARIE T LB T AR E AP (Fea0s+ FesO4 Al p-Fer O3) 51 iR Zn. Cu.
Cd.Pb Fl As TEA[A] pH 264F T (pH = 3~12)i% R FE 15200 . Fr 159% HH BN % o R I 2R E R 8 mg/kg,
Bl 1kg fHK T 5 T R & & .

3.1. Fe:0;  EXHAA KB L MR L FE BT KRR LRI

HIPEL 1 A, BRAEAE . BREBAE R I FerOs JLERMA R h & & R JC R AR 14T J9 Bl pH A2 fL B0 H B 2. 7%
F U K AN FexOs B BRI F R R 1R 25 1 B Jm iR A ) A [ AL B B 2 R AR A . 12k
X Zn, JFUHA AR 2 R 7 RURHE: FERRTESR T (pH = 3~5) MR IR LA RIS E , 1R
BRUK, TERZ S AWM R RS T Zn JUPANR H . 300 r/min Z5AF TR ER A
Arf Zn PHRHHERE L7 B, BRVESRAF MIRHRE s TR A, RUIVUBGE IR T Zn EERVEIAS
R EE ). 5 EIRFE AL, FeOs JLESMAZRH Zn MR AT ATERME S AF T I RSB It
FAF MR R B I T AR AR B 4, HLRE pH TSR PRI T M TR E . IX 3R Fe,Os 1Y
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BUBCA 3]s Cd XU Wi AR X A58, (B IS AT 40 As AERRTE & T I 32 BIHLA A 0 22 e ik, iW]
HUBGE 3G 58 1 5 B AR ROSEVE . E FeOs SRR, Cu 55 Cd (¥R MR FEAERR IS4 AF NI AT
FSREREFE A o As BOIR HAE SRR o 7R B B A, LR ME 2% 1 R AR HE R IR T SR ER B A Ay, R B FeoOs
A REIE I A Ak R S R T 48 A T A T RSB As B E AT I S AU A0 B SR e A
Mo XT Po, JEEARSEREEADRR &S E “U” B, RIESRRR 5ommmatcfr MR B R, et
SEAF TR BT Po IR HEEMIEN . TFE FeoOs SR F T, Pb IR 2R B4R S, JUHAERRME
A NIR MR EEIIN, UL FeO5 X Pb IR B AT B HIEHER HAUR -
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Figure 1. Leaching concentrations of Zn, Cu, Cd, Pb, and As from Fe:O3 co-milled smelting dust
& 1. Fe:0s ZEEALH Zn, Cu, Cd. Pb #l As FIRHIKE

3.2. Fe;04 L EX AR GKBALE ML FE BT RR IR

HPE 2 AT, 7E FesOs JLEE 64 R, M4 Zn. Cu. Cd. Pb F1 As FI32 AT NEE pH 2846 2 8 H B
AR ERAE . 5 R K PSR ER BEMH A A B, FesOu BB NFE—EFEE EIRAE T % 0 K IR H 50 A
LA, RIMHEVIMIE LS SRED T FRR e LR W E RN 158, ST Zn, FRARIRHEHERE “—”
BURHIE, FERRPEZ% AT (pH =3~5) T2 IR BRI /N, 175 R PERR I 2% 1 N AR H o BREE S, Zn 7
FRPEZ M MR B 0E, LA S N 2L “L” A% . M FesO4 JEEEK R, Zn (32 H Hh 28 B iA
B 1%, fE pH =3 MHRFFR ENR hE, HEZE & TEREBMA: b pH Fanful & TPz, Ui
Fe;O4 MAFERG 58 T HUMGE AT Zn W EEER] . 5T Cu, AR HIZE R “L” &Y, fERMERIF
TR EE R, B pH JHEIREEK. BREEXT Cu FERRMEZA TR —EMHIER, MTE FesO4 25 %
R, Cu FIERHIRBEERR MR R A TSI RIEEBER . Cd MR AT NFEIRE R “L” BYRHIE. 5500
AL, EREXT Cd R . M7E FesO4 SLEER R, Cd TERRTE AT T IR H IR BRI AL T
BREEFES, HBE pH FFEnful FEA%, 76k R 5k R T RAE, A8 Fe;O4 X Cd 7R EA —E 1)
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FRBR B E R S T 0 AR R AR E R . TITE FesOq SLEE MR Rh, As 7E pH=3 A F AR H
EURART RIRERERE b, BRI RS, JFRE pH Th R POE AR, R FesOs A7 20H1 53 1 HUBGELRT As
VR o 855 BRI e ) 5 B 5 242 BRI R SR R WU AH Rk, P AHENI FesOa AEIL RIS
FEHON As $2 1t T RUE LB A

-%- Raw soot -A- Milled soot -@- Fe304 Co-milled soot

8k
Tk 1
~

600k

~ 500k 1

o 4

§J400k %22:
E 300k E i
4:q:'_: 200k ‘é 3k 4
§ 100k 1 ‘é?t
(&) 0 (&)

0

2 4 6 8 10 12 2 4 6 8 10 12
pH pH

Figure 2. Leaching concentrations of Zn, Cu, Cd, Pb, and As from Fe3O4 co-milled smelting dust
2. FesO4 2R R Zn, Cu, Cd. Pb F As BRHKE

3.3. y-Fe;0; FEFHAIG BIE S rh 8 R L F SR T F R H A AIRZ M

B 3 \%0, 7E p-Fe,O5 JLEE A4, 2R Zn. Cu. Cd. Pb Ml As AR AT A A 52 218 BB %,
ARITEEXS y-FeoOs MR EEAFEZE . MERE, y-FeOs £ €M EHISS AU 405 R 13
BORAL, FESE Zn f As. H 28, XT Zn, JEMRARIRHEIE R “—7 B, fERRPESM N IR HIREAEXS
FasE, FEHIE RV SRAE T REANR N BREBJS, Zn ERVEFM TR VIR, T y-FeOs JLBEAR R
W, Zn 7E pH = 3 &M MR BIREE T EM A, (FACTERE A, U8 p-Fe,Oz X0 1 HLBK /1% Zn )
WEAER, SRR LB S IIRENLEIAE . YT Cu, MR “L” B, BREIERTE R
TXHA—EMHIER . p-FeO3 IBE G, Cu fEMRIRFFAE T IR IR BEAL T H =K, BRYE pH X [R] 0
BREENE S, (HBE pH FHifol R, 28 St 54 N TAE IR . Ui y-FeOs JLEEXT Cu FER T
WEF IR RGN . Cd MR IEFRER “L” BRHE. 9-Fe,0s LB G, TEMRMESMET Cd 1)
12 R 5 BB R A AR I B A, B pH Ty PRI A, AE TR VDL R EEARLERIK . Sk E,
P BE 5 U P ML EE R S ARRL, AR BRI . Pb BIR AT MR A A FEREE i 2 “U” 8. p-FeO5 3%
BEJa, G2 L7 B, BRI TR IR RS K B B4, UEH p-Fe 03 %) Pb IR 1 ¢
R T As, AR L7 B2, BREEERYEZM T BEREHIRH . p-Fe03 3B 5, As 7E pH
=3 %M PR R AR T BRERE M, B pH Fmn@ul BR%, BRI 2 N, UiE p-Fe,O5 X As B
LU R B 5 B E RE ST, AR FesOs F1 FeO3 AHI
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Figure 3. Leaching concentrations of Zn, Cu, Cd, Pb, and As from y-Fe2O3 co-milled smelting dust
[& 3. y-Fe03 LR & Zn, Cu. Cd. Pb #0 As BORHIKE

SREMT =M AR R T A, = F 0 As RILHELFFHIRCR, MiHX Zn, Cu. Cd #1 Pb
R A P . MEGFIRA S ER & BRI TT 5 18, 8 Fe,05 HARIE ™ Hirds Ak, fils T2
JRFAEIL S, He As A BUFREAE T, BARFEAHITCER (A Cu. CA) IR M 2% A FE HEBCR I L T FesOa,
EHFHAETEMH TR S ERG, HRIFEHNAK, FrodBavkir i, e o1 B AT

2, WG TREHE R . Uk, fEFRBAERCR 5L TR T, EFFE FeOs IR 1 HEA SChr
LRSS -
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Figure 4. Saturation indices of sparingly soluble phases of Pb, Cd, Cu, and Zn in ball-milled smelter dust and arsenic speciation
in the leachate

Bl 4. BREEMELEF Zny Cuy Cdy Pb HIMEFMERIEMIER LR B RS As B ERZS

DOI: 10.12677/amc.2026.142013 112 MRMEZERTHT


https://doi.org/10.12677/amc.2026.142013

REHA, FH

R ERAL P BB A Visual MINTEQ, X EREEMH A 5 S8 AL SRILBE I AR R BEAT 13K T 72855 L
5, RGIGE T Zn. Cu. Cd 5 Pb AN pH 261 T i1 “UTHE - R A2 5 3 00 3 S04l [ AR 2
L HAACHEE, IR T As 755 pH 26 1F T BRSBTS DA HRBAEI R AL 4 51& 5.
R4 Visual MINTEQ THHESE R, %< @iz A RS (SDRE pH S0 H 9] 8 /7> XAFE. — M5,
ST < 0 FRMIE W% B A AL T AMATIRES, [ ARAE AT . sk BT LA RS A7 AE; SI=0 5 ST>0 U]
REEFEIEANBGS AN, AR FR B TE B IR THEBLUTTE IR 1229850 71, T AT RE R AR IR H VR o F ¥ A

B
10 10
Zn 6 Cd
5 4 5
5 3 5 ol
—
gl ARAET :, 2 o JO—— a0
§ Jo A 5 § 407
2 o _o-0 =) 55 (N
s _a<0-0 o s _O
% N /0’0-—o / I ‘E % _, _O
» o n-d ~0-2n0 (Zincite) n 2 » 10 D/E/ O/O -g-g:(somz
A = ~O-2Zn(OH) N =0
104 /I:l/ LA-2 nz(OH;ZSQ 4 -O-Cu(OH), A /o/ -A-Cd3(As04)2
o -/A-CuFe,0, 154 O
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12
pH pH pH
0.08
5
e :&\g 0.07{ 9 As
- O—g—O—mg=m=0fm  B—% 1
N 0 =—o—8-g: —ﬁ\n ~ 0.06
3 A"é/ Soen | Soos
b= / o Eooa B FeAsO,2H,0
S-10 /A = 0 H,AsO,
g 20.03 © H,AsO;
S -15 /A 13 2053
® PAN -0-Pbso, o - - - Experiment data
3 20 o Pb(OH), © 0.02 1
-A-PbCo, 0.014
25 o] -QO-PbCl, ’ °
o 000] =-5-0-2-0-0-0-0-0-0
2 4 6 8 10 12 2 4 6 8 10 12

pH pH

Figure 5. The saturation index of the insoluble phases of Pb, Cd, Cu and Zn in the Fe2O3 co-milled soot and the species of As
in the leachates

5. Fex03 ZEEMEA A Zn, Cuv Cd. Pb BIMEAMIMEAYEFNIER RIRE &R As IRERS

M 4 w50, T Zn, BRYEZEILHYELSE R (pH=3~7), ZnSO4. ZnO 5 Zn(OH), ] ST B 44y i,
VL FRVEEE AR ) Zn B G R FFA RS IR IR Bl B pH JHe, =% SI %2 Byhe, Ha
ZnSOs AR TR A 35, FEBPEX (R (JUH pH > 9)iZ B H Ay ORI JE7E i pH I 251K, R0
PN Zn SZHIRR B sk A A/ A E A AR ST i AR PR ), AT PR IR AR s M S, ZnO 5
Zn(OH), 7E 7 pH I A R BLH 5 0 2 Ak f) o X S 89% R DL S 92003 B — 30, UiIImIREE . 4
P RE B A IR 5K Zn FEEAFAETEAS . Cu BIBEAHSER RN “ B8 pH 14 KTl AN RS )ik
TR BN . CuO A Cu(OH), [ ST TERR M2 AF F 3 v i 3 i, (% pH 3 LAd i S ik v/ A S iiiE
O Cu B H s pH B H P K S5081X (2 pH 7~9) ), PisE ST IZHEIT 0 5% 1EAA, % H CuO Al Cu(OH),
DUTE BAH QA AR B R 7 22 T REMESG N, @ T N T Cu 12 & R BREUA MRS Cu 2B MM B, Xt
5 pH #5525 Cu (IR HRILLE B — 8. 4T Cd, Cdy(OH)6SO4 11 ST MIRER 21 T AIARAR 748 ik
TR, AR A A SR T S B AN AN L MR (86 S s CA(OH), 5 CAOHCI [ ST B pH i i A&
AR, HAE MR s 0. 1245 RUH: MR H B Cd B Al ELL Cda(OH)SO4n Cd(OH), Fl
CAOHCI IR SAFAE, WAE pH T e, BaUBiEREL . S B & G AR A R R4, AT
HOR R Cd IR EERRAK . RFEFE A EZRE “ 537 pH” A8, R Cd R HIF R BERE pH 5 L 47 H
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0, [ pH gk2lTtm, H SIIZED NI NME, UWHTERRMESRME T, PbSOs X} Pb ¥ H & A — & MR
BRI A A, TRRPERREE T PbSOL X TR T P UIEVEHIWES, Pb W REH: i Hetb FAHKLR R, 5
ZAHXE, Pb(OH)>v Pb3;0,SO4 S Pba(OH)SO4 17 SI B pH 238 ki,  FH7E Hb 1 31 55 5% X 18] 4 A1 A it o
(EB 4> MZRAE pH = 9~11 A FIIEAE), RAGLMESME T P 5 5 10 ik S A A i Ui R 6 1 i 42 R AR Dl
2 s % T As AETEAS, B4 R S (mol/L)FE pH A AL R 78 SRR IR (pH = 3) vk i 2 2 &
WS 1E pH = 4 PP T BEIFAE S 5 pH YEHIZ5E T 00 AR 42 5 Sie 30 i 2 afk— B, i WIK
pH %1F F UL H3AsOs N E, B pH FHEiZ#ia H,AsO; & HAsO> #4k, X5V FHER 1K R 11355 235 71k
AR &

FRAE ] 5 Visual MINTEQ MiHH &5, &8 R 7 (0 A Fs £(SDRE pH 3 i 52 30 H 5 05\
1 “ HIBMRAS M FE AL A" R, R T SR G N JE R R 24 T 0 8 S T IR A
B R AR o A b, BRI 2% A (pH = 3~6) 2 B WIAR AT AN AN Ay 3, if £ Hh P 2 ik [X 18] (pH
=7~ 12)ZFE AN FE AN Kb AR B A B B S AT, R TSR IR AR KB JT . Zn
A&, ZnO(zincite)5 Zn(OH), 1) SI B pH JF s B4k b7t 78 Ak R il it 2 114 58 e v Fn B 28 5yt iy
M, ULEARESE pH BTJF, Zn 52 B EAM M ENDIUE RS RS AL, BN R 2R
Zny(OH),SO4 TEAK pH 2514 F 1 ST 8¢ Bl pH 3 K 2 IFFET mtadh, $ORTEIAFE SO, &1 F, Zn i
“CORAHRER R YT IERE S v REAETE BRI pH VS N 2 5 IR IR Zn. &G F WSS, ATHEWT Zn
TER VR B SZ DTTE R I Ah, 38 T BE I8 I Bk A PR TH 24 /2L DTS PRARVE W P oA 2 Zn & B, i i1
ANTR] [ AH AR AL RAT A 2 A AR X VR R (9 358 o AHTE 8 i pH A 3R I HE B SR ek v ), (EFE RV S5 N e T re
TN 2 S 2L Fe XJ Zn JLP AL G Cu fhREI HWAEHII R TS CuO 5 Cu(OH), 1) SI
B pH Fhm i B, FFE P R A FRE IR XA, R ELBILBE S Cu R8s pH R
5y KA SR S A DT B DU, WS ARA Cu MR SItFR, B 5 — 2 S BB e
FECALI Cu [EAH(HZRTE & pH 2 B B4 FRBAR AN A0 — 2%) o HH 70 P B 2 Byl 45 )
M, ROIILEER R Cu 19 BA AR E A7 B AT REH Cu(OH), Al CuO KEAH&IH; ERMAL N, BH
BRERARMIAE B, HABFIEE ST ERRMEA R 0, (RIX LA i A A, Kt Cu 7E(€ pH FKAREA
R IR B . KT Cd, SEESEHIAR K ST RE pH JLF 2838 ETE, 3 FLE At w12
BHRE 0, VEAEILERILEE 5 Cd A MRASTE = pH B 5 A s A, (EERMEKRRBHES . THEA
AR ER AN R 7E pH TH i BT RN, R W) Cd 1 2 AT RE S 2 B CA(OH), BUigih 2%
DUE(BA S Fe(OH); FLyiie) L FIKE), HIEMRMEZAF N UIEMRASIEIE. Pb RRVIRI N ZHHTES, (H
TESLEE AN, P Bl AH DI X (R BE A T R B . FRPE SR IF T PbSOs — 28R IR EhHH 2 Ab T4 vl
RS ROS IR, B pH '~ Pb FINZ IS B A R GE S, (EARE T H e RV IS A VAR 10 & b
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Figure 6. SEM images of copper smelting soot before and after Fe2Os co-grinding
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Figure 7. XRD images of copper smelting soot before and after Fe2O3 co-grinding
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Figure 8. XPS spectra of As and Fe in copper smelting flue dust before and after co-grinding with Fe2Os
& 8. Fe:Os L ERIFHRIAHIELE As 5 Fe XPS i&[E

DOI: 10.12677/amc.2026.142013 116 MRMEZERTHT


https://doi.org/10.12677/amc.2026.142013

3.6. FIMDEHHKEERET ZEEFA

AR FEEH NI 15 FeoOy 3 5 1 45 77 v R B A A (1 B R4F4E o BL SR 0 f (scorodite,
FeAsOy-2H,0)i: AR (4 Grk SR i T 25[22], 3% AT Bt o ] 1 A v, A i 2 e g
M R I I3 ) 2 i [ e B 42— (H L SE IR i e AR AR O RR 14 2% A+ Fe/As T tb il AL F2
CAKSE /2 B8, SR RO T BN AR S B[R], DR T 2R oA . AHELZ R, AR
T3 AR Sk il 58 A e RO PR EAT VA DUR, T A I8 I LA ) A PR IR A v e 5 R SR B A
ER, ESHREMRMESAM FEM Zn, Cu. Cd A1 Pb MR SEIR H, FRMH] As =, i€ 7704
JE IR S JEA [ E BT E AR SRR S S, %R RN AR . A EEEAN S
AN KB ERUTE R E A E s P RIS, UHIEG5R R ser” M <Yk ” 11
o AT AHTFN) SEM. XRD Al XPS 2554, A LA\ Jy 3L B i A B e - 72 [ - [/ - i A2 Fe-
As-O PRI A R, AN SRR 52 T2 DL T i 45 Ao 47

SRIM, ARTTVEMRIRER T EEWE . B0, A SREERIER T YR Fe-As-O #%
2o A (ERST /N S =E Tl S B = N W 7/ S S N (R R T A B e S T TS D S
HAERaEVE . ZAAT 9 SR e Ve T TCLP. K20 A AL S2 Bt — 2B B0E . ok, RA
FFAE N B RIRE s 2, PR e MR TRRIE F I R O R AU S A 7 71 AR TE
MR 7 TS HAR S, AR BOR R oW AN R AR AL SR/ IR #h 3 A7 DL A e B IR R, A7)
BRI

KL, ZRERE, REAERRALL TI0E EfRoE iR BORBZ R, AR IE T 185 OB ™ i
(IR S 2 R T UE 5 AR ) T AN 8 5 iR R A AE T RE B8 TE BB AN 264 T A 0 & 8 1R th S
FOHNR R A R R B, A JUIAE T [ A =47 1) s AR AR A AR v PEE R 5 A X PR
XU AR 7 2 B A S — P LA L FH T 1 100 T it J2 58 P R A SR, T R A ) B A ) T i ) R By
AR E AR

4. &g

AHTFEEEARTE T WU B A TR A M0 2 rh ik S A e T 3R HRFVE S, F EUAIT S T
JEAHZE < AU e A (B A 22) AN LR S AR M D 3R BB R R Bk BB R B R 42) T Zinw Cus Cd P
A As fEAE pH R R, WIE T HURC AR FT TG 084 i S R s SRR R TR 22 S 4,
A Visual MINTEQ VAL T ANF] pH T AEE VI IAL K SR B P ik ) 12 2R A3, B EL5R
IR 1) WU S B AL RN I LB ) T AE AN 2 2 fe b A v SR 42 o <& DT 3R (Zn Cus Cd
A Pb)TE SR BERMESFAT T (pH = 3~6) AR RIS, W] As EIZSFAF FRGRH, ATTSEIl 7R
EE SGRRVER A B A T DU e R T R IR R B 4, MBIERRUER L, B3 T &EoR 5k
FEEITH . 2) Visual MINTEQ B RERH], S A, AMUMEME S X & moa M3t
VA T 3 A7 < R JC R AE pH =3~5 W AT R EIR M I 2R 534k, JLERARERR LR AF MR T
HH BRI B DU R B SR TR A A7 AE , R IINUIO 1 Il Re 8 42 mh 25 B A B A D i R 2k 6 45 40 AN T 41
HAERRVEARAT T BV o 3) FeOs SR XTI AR AR AR R B S R AL B R A b 254 S AL PR R A 1 W
k. SEM iR, LB R RIEESUR LA, R BUE ROR B4R 450, B S Md A AP AR
JRT TR A . XRD B SR, 5 R AR AR LE, R AR A R U BT RRAE , e T g ferric
arsenate KIS B RTINS B, RUIERPIZRL T & Fe-As I XPS JpHr ik — DR HIRE fh it £ 2 LA
As(VIEAFAE, TR EZE DL Fe(MRASAAAE, & MIAF UM IRIRS Fe MR ES G Fe-O-As
Kt LRSI RILFRY], HEL R R L S A A R AR, R B IR R R . 4) 25

DOI: 10.12677/amc.2026.142013 117 MRMEZERTHT


https://doi.org/10.12677/amc.2026.142013

REHA, FH

A7 2R W 5 4% 8 R AEEIRERR R L, 2 T ZERIRAMZ M N LI T A &Rk R
S AR E A P RISOR, B TR (A S AT e AL S, (E LR P M KRR e MR il — 2Bt I

A TSI T B A T B AR [ A AT s e 3R 3 BR 0 T H B, A 2R SRR O K

IR A A AR E [ AL, JF G SRR 5 <2 (Fe-As)5E “IRKABIME” SIgH L2 5 % 21 2
HEELIR 5 SEI LA .

E&WE

o

— —
w N
[ i

—
N

(5]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[ 2K AR R G . v O 2 v i 4 5E 1 23 B AROUE R LA . 52104290

308k

ZRIR A JERE R R R 25 A R AT FE[D]: (AL 240018 50, BRI VLR K2, 2022.

S, M KE IR S [D]: [ 2408 ). P P BB K2, 2020.

BHER, SkEh, XUAEHS, 2 HvRE AR A R T AR S R (0], E IR SEA R A, 2021, 39(1): 106-109.
Tobh, EEA B T2 TR R4, 2022, 51(2): 76-81.

Abdul, F., Rahman, M.L., Setiyorini, Y., Setyowati, V.A. and Pintowantoro, S. (2024) Direct Smelting Process of Copper
Carbonate Ore Using SiO2 as Fluxing Agent in Electric Arc Furnace. Canadian Metallurgical Quarterly, 63, 226-234.
https://doi.org/10.1080/00084433.2023.2183451

Addis, A., Angelini, I. and Artioli, G. (2017) Late Bronze Age Copper Smelting in the Southeastern Alps: How Stand-
ardized Was the Smelting Process? Evidence from Transacqua and Segonzano, Trentino, Italy. Archaeological and An-
thropological Sciences, 9, 985-999. https://doi.org/10.1007/s12520-016-0462-5

Teth, NG, S3ETE, A% MIEURIHERAS ] T E AR FR, 2017, 27(2): 356-362.
Xu, Z., L1, Q. and Nie, H. (2010) Pressure Leaching Technique of Smelter Dust with High-Copper and High-Arsenic.
Transactions of Nonferrous Metals Society of China, 20, s176-s181. https://doi.org/10.1016/s1003-6326(10)60035-0

Mirazimi, M., Fan, J. and Liu, W. (2021) Kinetics of Arsenic and Sulfur Release from Amorphous Arsenic Trisulfide.
Hydrometallurgy, 200, Article 105555. https://doi.org/10.1016/j.hydromet.2021.105555

Pantuzzo, F.L. and Ciminelli, V.S.T. (2010) Arsenic Association and Stability in Long-Term Disposed Arsenic Residues.
Water Research, 44, 5631-5640. https://doi.org/10.1016/j.watres.2010.07.011

Rivera-Nuilez, Z., Meliker, J.R., Meeker, J.D., Slotnick, M.J. and Nriagu, J.O. (2012) Urinary Arsenic Species, Toenail
Arsenic, and Arsenic Intake Estimates in a Michigan Population with Low Levels of Arsenic in Drinking Water. Journal
of Exposure Science & Environmental Epidemiology, 22, 182-190. https://doi.org/10.1038/jes.2011.27

Wedel, W.R., Muirhead, D.E., Arnold, L.L., Dodmane, P.R., Lele, S.M., Maness-Harris, L., et al. (2013) Urothelial Cell
Intracytoplasmic Inclusions after Treatment of Promyelocytic Leukemia with Arsenic Trioxide. Toxicological Sciences,
134, 271-275. https://doi.org/10.1093/toxsci/kft120

Wei, B.G., Ye, B.X., Yu, J.P., et al. (2017) Blood Pressure Associated with Arsenic Methylation and Arsenic Metabolism
Caused by Chronic Exposure to Arsenic in Tube Well Water. Biomedical and Environmental Sciences, 30, 333-336.
Wu, D., Zhao, T., Ye, B., Liang, X., Chen, H., Nie, Q., et al. (2022) Arsenic Precipitation in Heavily Arsenic-Doped
Czochralski Silicon. Physica Status Solidi (RRL)—Rapid Research Letters, 17, 33-36.
https://doi.org/10.1002/pssr.202200403

Yamauchi, H. and Takata, A. (2021) Arsenic Metabolism Differs between Child and Adult Patients during Acute Arsenic
Poisoning. Toxicology and Applied Pharmacology, 410, Article 115352. https://doi.org/10.1016/j.taap.2020.115352

Yao, M., Zeng, Q., Luo, P, Sun, B., Liang, B., Wei, S., et al. (2021) Assessing the Risk of Coal-Burning Arsenic-Induced
Liver Damage: A Population-Based Study on Hair Arsenic and Cumulative Arsenic. Environmental Science and Pollu-
tion Research, 28, 50489-50499. https://doi.org/10.1007/s11356-021-14273-y

Miao, M.A., Huang, Y., Guo, Y., ef al. (2015) Determination of Speciation in White ash and Acid Leaching Arsenic
Removal Technique. Chinese Journal of Applied Chemistry, 32, 1208-1214.

Han, Y., Kim, S., Jang, J. and Ji, S. (2022) Arsenic Removal Characteristics of Natural Mn-Fe Binary Coating on Waste
Filter Sand from a Water Treatment Facility. Environmental Science and Pollution Research, 29,2136-2145.
https://doi.org/10.1007/s11356-021-15580-0

Ouyang, L., Wang, M., Zhu, L., Tang, H. and Shuai, Q. (2023) In Situ Speciation Analysis and Kinetic Study of Arsenic

DOI: 10.12677/amc.2026.142013 118 MRMEZERTHT


https://doi.org/10.12677/amc.2026.142013
https://doi.org/10.1080/00084433.2023.2183451
https://doi.org/10.1007/s12520-016-0462-5
https://doi.org/10.1016/s1003-6326(10)60035-0
https://doi.org/10.1016/j.hydromet.2021.105555
https://doi.org/10.1016/j.watres.2010.07.011
https://doi.org/10.1038/jes.2011.27
https://doi.org/10.1093/toxsci/kft120
https://doi.org/10.1002/pssr.202200403
https://doi.org/10.1016/j.taap.2020.115352
https://doi.org/10.1007/s11356-021-14273-y
https://doi.org/10.1007/s11356-021-15580-0

REHA, FH

Adsorption on Ferrihydrite with Surface-Enhanced Raman Spectroscopy. Nano Research, 16, 3046-3054.
https://doi.org/10.1007/s12274-022-4975-1

[20] Xie, X., Lu, C.,, Xu, R, Yang, X., Yan, L. and Su, C. (2022) Arsenic Removal by Manganese-Doped Mesoporous Iron
Oxides from Groundwater: Performance and Mechanism. Science of The Total Environment, 806, Article 150615.
https://doi.org/10.1016/j.scitotenv.2021.150615

[21] Shinoda, K., Tanno, T., Nakata, Y. and Suzuki, S. (2023) Characterization of the Incorporation and Adsorption of Arse-
nate and Phosphate Ions into Iron Oxides in Aqueous Solutions. Materials Transactions, 64, 307-317.
https://doi.org/10.2320/matertrans.mt-m2022104

[22] Su,R.,Ma, X, Yin, X., Zhao, X., Yan, Z., Lin, J., et al. (2021) Arsenic Removal from Hydrometallurgical Waste Sulfuric
Acid via Scorodite Formation Using Siderite (FeCOs). Chemical Engineering Journal, 424, Article 130552.
https://doi.org/10.1016/j.cej.2021.130552

DOI: 10.12677/amc.2026.142013 119 MRMEZERTHT


https://doi.org/10.12677/amc.2026.142013
https://doi.org/10.1007/s12274-022-4975-1
https://doi.org/10.1016/j.scitotenv.2021.150615
https://doi.org/10.2320/matertrans.mt-m2022104
https://doi.org/10.1016/j.cej.2021.130552

	机械力与铁氧化物共同作用对烟灰中砷浸出特性工艺研究
	摘  要
	关键词
	Process Study on the Effect of the Combined Action of Mechanochemical Treatment and Iron Oxides on the Arsenic Leaching Behavior of Smelting Flue Dust
	Abstract
	Keywords
	1. 引言
	2. 实验部分
	2.1. 样品来源及处理
	2.2. 球磨烟尘及铁氧化物共磨烟尘的制备
	2.3. pH静态浸出实验

	3. 结果与讨论
	3.1. Fe2O3共磨对铜冶炼烟尘中砷及共存金属元素浸出特性的影响
	3.2. Fe3O4共磨对铜冶炼烟尘中砷及共存金属元素浸出特性的影响
	3.3. γ-Fe2O3共磨对铜冶炼烟尘中砷及共存金属元素浸出特性的影响
	3.4. Fe2O3共磨烟尘中砷及共存金属元素浸出的Visual MINTEQ热力学模拟
	3.5. Fe2O3共磨对烟尘浸出表征的影响
	3.5.1. Fe2O3共磨前后铜冶炼烟尘的形貌
	3.5.2. Fe2O3共磨前后铜冶炼烟尘的XRD谱图
	3.5.3. Fe2O3共磨前后铜冶炼烟尘的XPS谱图

	3.6. 机械力氧化铁湿法浸出工艺综合利用

	4. 结论
	基金项目
	参考文献

