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Novel technique for recovery of copper and
arsenic from arsenic-containing waste acid

ZHENG Ya-jie, ZHANG Sheng-hua, GONG Chang

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: A novel technique for recovery of copper and arsenic from arsenic-containing waste acid discharged from
copper smelter was proposed, and the process was composed of neutralization and purification—precipitation of
arsenic—washing—leaching—evaporative crystallization—dissolution. Arsenic trioxide and cupric sulfate were obtained
and resource of waste acid was accomplished. The results show that the acidity of the waste acid decreases and a certain
amount of impurities is removed when the pH value of the system is neutralized to 2 by lime milk. Copper arsenite
precipitates with arsenic precipitation efficiency of 97.81% when cupric sulfate is added into the neutralized solution. At
the same time, the molar ratio of Cu and As is controlled at 1.5:1 and pH value of system is adjusted to 8 by sodium
hydroxide. The contents of copper and arsenic in the precipitate of copper arsenite are increased by washing. 10% sulfuric
acid was adopted to treat copper arsenite by leaching at liquid-solid ratio of 5:1, and then, a mixture of arsenic trioxide
and cupric sulfate is obtained after the leachate is evaporated and crystallized. Finally, through dissolution and filtration
of the solid mixture, cupric sulfate remains in the residual solution while arsenic trioxide meeting the product standard of
Y S/T-99-1997As,0;-3 is collected in the filter cake.
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Table 1 Main chemical compositions of waste acid solution

(gL)
As Ca Cu Fe Sb Zn
4.515 0.144 5.088 0.435 0.054 1.242
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Fig. 1 Flow chart of recovery and preparation of arsenic trioxide from arsenic-containing waste acid
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Fig. 2 Effect of pH on removal rate of arsenic and other metal

ions

FHE N 10.69 g ZEHTIEINE 20.42 g HHIE 2 W41, As
N HA < 2 1 2 BB pH AE T mr i i, pH
M 1 THEE] 6 B, As (2Bl 1.02%3%8 b5
49.73%, Cu [FJZFRZEM 0.08%38 N2 44.45%.
IMANEEAAS IR, SR Fe''s Sb. Zn™'
BEREEDEE, Fe' SBPTL Zn® LR pH
I, B pH TR, 3SR Cu®
AsO, KA S A gt I AR A T E , pH (T 15
B2, HARIGBOR . A 1 9 D v R AR 452K
IEEA pH H A 2, BERF, As. Cu. Fe. Sb il Zn [
FBER RN 3.24%-1.30%+7.95%- 15.20%F11 0.97%.

2.2 As BYTUE
2.2.1 Cu fl As BEJRELXT Asy Cu JLEE R

R 500 mL(pH=2, 43I 2), IIAFT
GRS, HESLWEY AR pHEE 8, fitfkk
I 1 h, % Cu Ml As IEE/REEX] Asy Cu YLIEHT]
R, a3,

HHE% 3 041, Cu. As [FEE/REEXT Asy Cu UUTTHE
HEMWAK, 2 Cus As FIFE/RIEM 1.4:1 B3 2:1
i, As FIVTHER LN 97.7%, 1 Cu Fl Fe Yl ik 2
99.79%LL ., Sby Zn HIUTIERLE 90%LL o 24 T ¥k
DB A, JE B Cus As FOEE/RELIR 1.5:1.

F2 PRI
Table 2 Main chemical compositions of neutralized solution
(gL)

As Cu Fe Sb Zn

3.944 4.576 0.249 0.056 1.182

£3 CuflAs [MEE/RLEXT Asy Cu [ K150
Table 3 Effect of molar ratio of Cu to As on recovery rates of

arsenic and copper

Recovery rate/%
n(Cu):n(As)
As Cu Fe Sb Zn
1.4:1 97.75 99.89 99.85 91.21  90.90
1.5:1 97.81  99.85 99.79 91.56  90.47
2:1 97.72 9993 99.87 9257 91.13

222 pHAEXF As. Cu ULTERMI T

HH R 500 mL, 3% Cu Al As [REE/REE R 1.5:1
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Fig. 3 Effect of pH on precipitation rates of arsenic, copper

and other coexisting metal ions

& 3 W41, As. Cu. Fe. Sb M Zn fyTiE Xk
pH EF =M, 24 pH M 4 FHE3] 10 B, As ()
DUER M T1.72%34 N %] 98.96%, Cu MIVLIEFR M
94.73%38 N3 99.99%; 4 pH {EM 8 Tt 10 B, As
A1 Cu BIPTIE A MG T 1.15%F1 0.14%, JiTE 21
g, WOEE pH A 8, MR, As Bl Cu MIVLHE R
4 97.81%K1 99.85%.
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Cus(AsO3), = 3Cu*" +2As03 (5)
Cu(AsO,), Cu®* +2As0, (6)
H* + AsO} = H;AsO, (7)
H" + AsO, == HAsO, (8)
3H' + AsO)” = H;AsO; )
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R S50 FrAS A B 45, AT TSR S50 i % M A
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H X 5Ot lih & oo £ 5 Bk 4 .

K 4 AT5N, I AR As &4 10.1%,
Cu 5584 13.93%, Cu. As E/RILHN 1.6:1. 5 Cu il
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16.04%H1 11.94%, KT H) Cu Fl As 48R 53 Ui
HE AR

F 4 R 5 ICR Sy
Table 4 Main chemical compositions of copper arsenite

(mass fraction, %)

Cu As O Na S F Al Fe

1393 10.1 269 16.04 11.94 4.64 1.04 0.748

Mg Zn Si Ca Cd Cl Bi Sb

0.69 2.551 0.393 0327 0.25 0.314 0.235 0.0436

2.3 BRI IRBR 2L

VAR B AT 2% 0T, BEAT R BRI 25T
I 50 g WAHERA, TN pH{E N 2 BT ERIS W, $Hk
0.5 ho MWL 54 2:10 3:1. 4:1 F1 6:1 I}, Na
(K22 B3890 0K 30.21%- 35.56%- 40.95%F1 41.63%,
Na 2% R B A Lo R D0 b in, - S e v [ B Ay
4:1,

I 50 g WA, 2 oy 4:1 A 200 mL
RV, PEFEVER 0.5 he pHAE MBI 1. 24 3. 4
170, As RN 8.89%. 0.74%- 0.48%- 0.45%
F10.43%, Na L5535l 41.78% 40.95%- 35.69%
34.81%AH1 34.58%. M PEBR, MV AR A VA K,
W H YRR pHAE N 20

FESI0 PTG B4 PE, T 500 g EAHPRET HEAT Bk
GRBR AP SES, P o AR B T, H X
PN E ORI, 4R 5 .

RS VRS AR & TR
Table 5 Main chemical compositions of copper arsenite after

washing (mass fraction, %)

Cu As (6] Na Zn F Al Fe

30.34 20.88 256 458 465 62 1.65 1.13

Mg S Si Ca Cd Cl Bi Sb

1.26 1.5 0.7 033 048 024 028 0.07

LLie 4 F05 aT A, Pk feh, AR
KPR, TR )R, WAHRREIF ) Na, S & &%
fik, Na F 5 16.04%% % 4.58%, S & 11.94%
B2 1.5%; Cu &M 13.93%42 %) 30.34%, As 75
M 10.1%$2 =121 20.88%.
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Fig. 4 Effect of L/S on leaching rate of copper arsenite

R 6 AFNKE LA MR B8
Table 6 Leaching liquid ingredients obtained at different L/S
(gL)
L/S As Ca Cu Na Zn
3:1 23.75 0.79 54.75 5.01 13.86
4:1 26.37 0.44 57.33 4.28 13.45
5:1 35.14 0.58 60.40 4.620 9.76
6:1 31.20 0.48 49.91 4.17 7.87
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Fig. 5 Effect of concentration of H,SO, on leaching rate of

copper arsenite

Ve ST R R B P T IR » VR I 2 PSR
VAR AR PR AT, S B SR

CU3(ASO3)2+3H2 SO4:3CUSO4+2H3ASO3 (10)
Cu(AsO,),+H,SO,~CuSO,+2HAsO, (11)
CU3(ASO4)2+3H2 SO4:3CUSO4+2H3ASO4 (12)

WA ER A L R, B AR R B3 0, As
M Cu (R 2T . I, 38 H R E ol 501
B, BRERIKEE N 15%.

25 =|hTmEE
251 PRI VR4 SR BRI A AL A

T I 2 H0 U AR R T AR S s s o k. 7 B
B, IREWWEMN 26,66 g/L, HE—2 il 40
As(IIT) 2 18.492 g/L, As(V)A 8.168 g/L. RO
PN SO, IR, & As(V) &Rk AsAl)ia, W
T R T ETRE, Hoesr e 8 1), XRD 73 #r
S5 R 6 Jror, LIS ISR 3R 9 Al

RT BRGNS
Table 7 Main chemical compositions of evaporated and
crystallized liquid (g/L)

As Ca Cu Na Zn

26.66 0.70 49.88 4.90 8.67

R8 KAGYED T E I
Table 8 Main chemical compositions of grey precipitating

solid (mass fraction, %)

O Si S Fe Cu Zn As Sb  Bi

24.3 0.707 0.069 0.015 0.0526 0.004 74.10 0.379 0.362

&9 IBBIY
Table 9 Main chemical compositions of filtrate (g/L)

As Ca Cu Na /n H2$O4
18.00 0.852 54.38 5.02 9.96 61.84
] L ASZO3

- .
10 20 30 40 50 60 70 80
20/(°)

B 6 &R )n g XRD i
Fig. 6 XRD pattern of filter residue after reduction

& 8 AIA, iR AL A R B T
98.9%, £y YS/T-99-1997A8,05-2 57 fihkrvfe. Hil&l
6 WK, YN AT AR 9 BTN, RV
I Asy Cu, AIIR[PIGIHEANHL.

252 RS E A A

FEUCEL A AN TRV BR BRI P L3R 9 200 mL, 7E B HE
IREFZERE 50 mL, AWEIZEE, g, gk
T psy, Fraes R 10 frl.

2 SN[ R X & e iy, L4
7 s, 8 B AN RN BEFIGR BRIR B T =44k —
RS T S

HHIEL 7 WTA, UBIER R IR FE A 61.48. 98,
185 g/L I}, Z8 R 4 i i As R4 5= 25050 4 93.77%-
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Table 10 Main chemical compositions of evaporated and crystallized filtrate
Concentration of initial Concentration of crystallized Concentration/(g'L ")
H,S04/(gL ™) H,804/(gL ) As Ca Cu Na Zn it
61.48 245.92 9.75 0.375 20.08 25.86 40.93 23
98 392 9.71 0.797 21.91 27.48 24.23 21
185 740 9.93 0.782 17.77 25.73 0.71 19
100 L P AR IRIKSE N 61.48 g/L #E)N%) 185 ¢/L ¥, Zn. Na
= : — (RIS G225 N 52.76%. 40.75% T %] 99.33%.
= . 51.31%, Cu fIS5EPAMAT LTt Bt (EARL
§ 80+ " — As S =5 A, 3 B A AR IR IR LI FE N 61.48
£ 0l Za gL, LI, Cu [5G 5% N 95.75%.
s ol TN UK 61.48 g/L I, 25K 4 ) F Bk
& Sytnge 11 FA. SLBEJRIEC T IR IRy 245.92
s sop / g/l AT R BRI,
40
40 80 120 160 200 R FERE YRS R
Concentration of H,SO,/(g-L™) Table 11 Main chemical compositions of evaporated and

7 TRIRIKEEXS As 45 M7= 2 (1) 52
Fig. 7 Effect of concentration of H,SO, on crystallization rate

of arsenic

Concentration of As,O5/(g-L™")

o3 S8

117 260 441 660 957 1343
Concentration of H,SO,/(g-L™")
8  ANFFITELRE T AsyOs 75 RV T i AL B it £ 24
Fig. 8 Solubility curves of As,O; in sulfuric acid solution at

various temperatures[24]

94.33%. 94.77%. MK 8 T HTLIE H, =AM mifE
T RV v PRI A B B B R AL LU S S % B TR
WEEIG N, =4k R RE AR 800 g/L /ida ik
Fl—AMRARE. W2, MBERIKEKT 800 g/L
P 1 5 N = I P 3¢ 9 2 91 e it Lo A )
B PEAR, SR g R S K 8 ngi R —3. 1,

crystallized product (mass fraction, %)

Na Ca Cu /n As
0.77 0.31 19.57 1.97 6.34

11 AT5N, &5 5P Cus As Hil Zn,
TERR R T 28 4 i, AT CAHEIT 25 8 =400 by it
A OB R B - TP ) As(IT) 32 22 P H3AsO;
MIFEAAEAE, T R P

3H" + AsO3 —=As(OH);<«—>As> +30H (13)
HASOz+H20\=H3ASO3 (14)
2H3ASO3 é A5203l +3H20 (15)

T = i S KB, KRG £
BRICRTA I, 0] L = A A AR R M5
WU 12 Fra), WL 4:1 BT 0074 XRD 25 R
9 7R

M 12 BT, As IR TR ARt 2 B R ] LL 3
B, VEE LR 4:1 BF, As. Cu. Ca F Zn W%
SIEE] 16.19% 99.99%. 97.99%F1 99.98%. K T
R A R T, R R Y 401, PR
S S B ROA TR R A, KR (] — B b R
DUUER, A2 AFEIEIRAIE . 9 mrAnL, e =
b e SRS TR, WL 4:1 P i
W= RN 96.84%, TAEI T YS/T-99-1997
As,05 %14 95%M As,O05-3 577 ik o
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Table 12 Effect of L/S on dissolution rate of water soluble

impurities
Dissolution rate/%
L/S
As Ca Cu Zn
1:1 5.48 49.06 50.97 73.06
2:1 9.84 63.80 99.81 99.58
3:1 14.32 74.08 99.83 91.50
4:1 16.19 97.99 99.99 99.98
3 *— As,)0;

N

10 20 30 40 50 60 70 80
20/(°)

9  AsO; 1) XRD ik
Fig. 9 XRD pattern of As,O;

3 Zig

1) LS Ay 1800 5ok}, disd v AR s —ii—uk
BRBR A — R v h— 28 R 45 i — Wl ) & 13 B A
YS/T-99-1997As,05-3 5 7 i brdfE (1) =28 Ak —fift, SEIR
SR AL, T 20T, HERERE.

2) SR Cu M As B YA IBIGE B T2
A SHVE IR Ca(OH), AR 2% 1IE B pH {EA 2,
As. Cu. Fe. Sb #l Pb ] £FRZE 73514 3.24%. 1.30%-
7.95%- 15.20%K1 0.97%; As TSN Cu Al As
MIEE/REEN 1.5:1, pH {EA 8, UL, As UTIEHEN
97.81%, Cu JLHEHRN 99.85%; W AHFERET LA,
TEE BRI pH Jy 2, WEILG 4:1, FEPRAME Rk
GV AHERE 30 min, Na #H HH 16.04%4% % 4.58%, S
THEH 11.94%% % 1.5%, As SHEH 10.1%TF 5
20.88%, Cu it 13.93%Ft 12 30.34%, BNHEAL
M T AR A RE s R H M A R AT P v th
KA A 15%RIRIEH, W EE R 5:1, As Fl Cu [
RN TR 98.39%F1 99.14%; 5 HIM 78 K 46 ikl

& AT, ZERET AR R 401, TEE IR
WBRTRIE H 61.48 g/L, As [FEE K 93.77%; H
KV B B A F — A A TR S PR I = A A
fif, &R L 41, 15 B = A Al L
96.84%.

3) UL T ZEE IR ) Cu Al As il % =44
A, As LRICREIL R 94.23%, Cu IESCRIA S
98.55%, 19EIM =44k —AilE T YS/T-99-1997 brifErh
Asy05-3 brifk, R ERHIAS BRI H o
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