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Fig. 1 XRD pattern(a), field emission scanning electron microscope (FESEM)(b), energy dispersive spectrometer (EDS)(c) and

particle size distribution(d) of Fe,O; raw material
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LRI A PR 2 7 4277 s I RS9 o 7~ Ak
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2% Per Pro MPD A w4 77); g G HURX (BI-200SM,
Z£[# Brookhaven A& EF%). X=pV/4.36

®1 Fe,O5 URTR T
Table 1 Elemental analysis of ferric oxide raw (mass

fraction, %)

C O Fe

0.44 29.75 69.81

1.3 S5k

AW FARYE 2 B AL 2 F SR BB 5 IR
LN 3R 2 iR, 1ZBREALE 80~200 g/L 2 ],
DRV ER Y RIS R B o S A%, TR0 R FH AR ISR P B B A T
Fe,0; MR H 3N 1150 78, HEBRILALR K 5em,  [Fmf
Tt FEAE SR P 3 L P S BT pHL B P A8 A A o Bkt
B 25 BRI 8OR

®2 HRAIRIGIR Y B
Table 2  Analysis of copper-smelting waste acid components
Acidity/(gL™)  p(F)(gL™)
80-200 6—-12 <7

Ash/(gL™)  p(As)(gL™)

20—45

1) 5 KPR X Fe 04 15 H Ak 5

Iy WERREE N 80 120, 150, 180 g/L iR
FERE, 4 4.36 g Fe,05 5 100 mL 5FERIE A - 7E 25, 45
F165 C 43 BIHEAT 720 min [ 85256, IR E R
#9200 r/min, SN HE I E IR pH SRR o
RG22 BRI 5 1 Fe,05 75 101-1 BUH
PG R ) TR CELRE 55 °C, IFIR) 24 h)Ja A
FIF 37 kS A4 7 A B (FESEM)HEAT [ AR R 11 T2
AT

2) Fe, 05 % 15 1 Hh At b 34

PR ALV B 5 10 mg/L 175, 5 0.1 ¢g
Fe,0; 7£ 65 C T M 60 min, 1HIRE %56 H# N 200
r/min. NG5SR pH, FEH 2.5 mol/L A&
AR IR T pH & 4~5 J5, £ 0.45 pm JEREITIE,
13 b3 VR e e AN AR R

TEIR R ST FR R AL 2R (R H R)X R BBk IEIR
HE SN Fe,0; i AILLE, AT RRN:

X=p-VI4.36 (1)
KA XN ZEGR ), %; p R
HREIREE, mg/Ls VAR B, L.

2 FR5R

2.1 BESEMEXMN=SH %2 HIEN

I HASZIGHTFEAE 25 A1 65 ‘C N AR TS R AN
Fe,0; XM, {EARIKEE 0.98 g/L & 24.5 g/L 5RH,
Fe,0; I2 AR IEAHAE, £ 24.5 g/L X 600 min
J& Fe,O5 KR HHAE 1.03%, {Hi] LG b5 R E
Mg hn, RHBIRERE . WK 2 fis, SCE R SE
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25 CI4RSE SRR LR 180 g/L, JIRHEIKRAEE
FAEM 2. 1E 65 C NBEA& [ NI T e, ¥
HERIR R N, AT LA, BREER, Fe,Os
(R H R e o (R B A VAR R BRI FE I I, &S
TFHY HCREAC, et TR, S30180 /L M1
150 g/L V5 BV I B B e 132 BRI FE A ZE 55/« B
K3 ATLLE Y, 76 25 CH65 CF, I5RIEWT Fe,0,
g RGEREES . (EEIR 25 CT, NEBKRER
15X Fe,O5 IR SN H . TEIREE A 80~150 g/L
VO N, AR S, WPk, X
MEE T2 53| Fe,05 MIEM R, A 495RERIKFE
N2 180 /L I, IV kIR BE % 22 150 g/L I 1/2
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TR Ak S L A EB, 33 Fe,O5 AREFFEHR .
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Fig. 2 Comparison of leaching iron with copper-smelting

waste acid and sulfuric acid
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Fig. 3 Changes of iron dissolution in waste acid solution with

different acidities at 25 ‘C(a) and 65 C(b)
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Fig.4 Change of pH of waste acid solution at 25 ‘C(a) and
65 “C(b)
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Fig. 5 Field emission scanning electron microscope (FESEM)

image of Fe,O; after reaction for 720 min
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Fig. 6 Fitting of diffusion in solid phase layer at different

temperatures in period of 10—60 min
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Fig. 7 Fitting of chemical reaction control at different

temperatures in period of 60—720 min

®3 OAFHRE TSR & H

Table 3 £ values of waste acid at different temperatures

Temperature/'C Time/min k
10—60 0.02000
25
60-720 5.24%107°
10—60 0.02350
45
60—720 2.70X107*
10—60n 0.02960
65

60-720 0.00040
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Table 4 Apparent activation energy £, and frequency factor

Time/min E,/(kJ-mol™) ko/S™!
10-60 8.1663 0.5323
60-720 43.0429 2188.343

g LATR, TR AE, 18 25~65 CYaFEA,
Fe,0; TEV5 IR H 3R tH R MAE 10~60 min 32 [ 4HZH
BRI R, MR MTERE Y 8.1663 kI/mol, I
XL LLA s 7E 60~720 min 52402 e ik
G, RMNEMELGEN 43.0429 kI/mol, HP
Fe,05 1EV5 IR W IR 1 3l ) Y Ry«

£ 10~60 min 4,

142(1- X)=3(1- X)*" = 0.5323exp(%)t (7)
£ 60~720 min N,

1-(1-x)"% = 218.343exp(%)t ®)

23 ZFHZHSIISER PR IERR

TR BNE TS TR P AR E R 2 5 e, AR TAERR
LT Fe,O3 XS ERH A AL FRAE L . FHI 9 W LA H,
FER NG TR pH & 4~5 I, &BRE TisiT
Fe, O3 XHE AT — 2 ) R BRECR . BEERRE T,
TP 22 R RCR R T, foim AT IR 95%. X A& PR g i v 1
FRBEXE N, VWP RRIREEREIN, TCE pH A 4~5 I,
BB TR BA, W5 RR . 54k,
TEBLEAE TR, Eh As™ R Fe¥" & AR Ak 2 S N AE R
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B K 10 B, B R BRI A R ER 3
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Fig. 9 Arsenic removal efficiency in waste acid with different

acidities
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Fig. 10 Iron recovery efficiency in waste acid with different

acidities
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1) Fe,0; fEVGERHIIR tHEL, MiREEH 65 °C, Tkt
#4200 r/min, B2 JE N 180 g/L, 12 L A] 24 600 min
i, FABELF IR HACR, HIisEVEW pH H G
B, 2R TR Fe,05 IR HIAE .

2) Fe,0; 1515 1R H 1 S N 2 0] LA FH SR A S v
AERHIR, 10~60min 15 RIE H Fe,05 i 1252 [ AH )=
il e R, MR MG L RE N 8.1663 kJ/mol,
1M 60~720 min 5244 5% ) Sk Bl ELA B 2, [ ik
WAL AE A 43.0429 kJ/mol.

3) Fe, 05 1] LA T A0 By % A g, ik 15 pH
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F 4~5, MEERERNTHE, RERHOBREZ, i
AR RGBRGT, PR IO RCR sy, BRI AR
AIE 95%.
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Leaching behavior and leaching Kinetics of
ferric oxide in copper-smelting waste acid

GAO Yi-qiang, ZHAO Yi-ping, ZHANG Li-xiang, HUANG Jian-hong, TIAN Sen-lin

(Faculty of Environmental Science and Engineering, Kunming University of Science and Technology,

Kunming 650500, China)

Abstract: By studying the leaching of ferric oxide in copper-smelting waste acid at different temperatures, the leaching
performance of different-acidity waste acids in 720 min and the pH value of the reaction process were investigated, and
the kinetics during the reaction and the treatment effect on arsenic in waste acid were discussed. The results show that
there is no significant change in the pH of the solution in the whole reaction of 720 min. The leaching reaction of ferric
oxide in the copper-smelting waste acid can be described by the unreacted shrinking core model. For the reaction of ferric
oxide leaching in the period of 10—60 min, the process is controlled by the diffusion in the solid phase layer, the apparent
activation energy is 8.1633 kJ/mol, and the chemical reaction is obviously when the rate-controlling step in the period of
60—720 min, the apparent activation energy is 43.0429 kJ/mol. At the same time, the arsenic treatment efficiency with
ferric oxide in the copper-smelting waste acid can reach 90% at 65 °C, and thus has an effective arsenic removal effect.

Key words: ferric oxide; copper-smelting waste acid; arsenic; leaching kinetics
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