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BCH A, I EEEE 250 /min, K 34%4E
EACANIE O pH, 7E pH=2. 3. 4. 5. 6. 7. 8.
9. 10 M T, REHHEE, BFESUE, IR
FEOU, Ay MriiaR e R S pH (HI K R .

2) RASEAAS ., FALEE . BRI TR AR R4
BN MT )RS G, 4B 3.17 /L & As(V )W,
4 FEE FE 250 r/min, SR 34% S AL BN TR
% pH, £ pH=4. 5. 6. 7. 8. 9. 10 %, &
N FESG, BUOREIEIE, JEMARAEAR, 3BT e
RES pH WX R, F3EH pH N, % b
LEL I, RAEATRAAE 500 mg/L. 1g/L & 10
g/L & As(V)IEM, RBEHES, BFEduE,
TRAEAFI
1.1.2 )@ EhMp T 2 1f 52 i

KRR Rk« AL 55 A1 FLKBR BR AR (5 9 23 Hr 4k
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A

KRRk « S0 R LK B BR AR (X3 S 40 B 48
BEJEATE 3.17 g/L & As(V)IBEW, R 34%4
AN O pH, TEEE pHH T, RNHEFEE
IRERE g, JEVRARAZ R

SR FH B BN LK BB AR (35 R A i ) IR & )i
AR 3.17 g/L % As(V )RR, FERA 34% A AN
WO pH, 7EEE pHAE N, RNHHEE, B
g, ERARAT AR .
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Wt R & & £ B 5E(SEM, FEIQuanta 200)
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Table 1 Possible reactions and equilibrium constants in

solution
No. Reaction formula K(298.15 K)
D H;AsO, ==H,AsO, +H" 1X1072%
() H,AsO, ==HAsO; +H" 1107
3) HAsO} == AsO} +H" 1x10"?
) CuOH" = Cu*" +OH" 1x107°
(5) Cu(OH),(aq) =—=Cu*"+20H" X107
(6) Cu(OH); = Cu”"+30H" 1x107"7°
©) Cu(OH)2"— Cu*"+40H" 1X107'%
®) Cuy(AsO,), ==3Cu*"+2 AsO3" 110"
Q) CuHAsO, = Cu’'+ HAsO2" 1x107
1) soimon aaor X107
(11) CaOH' = Ca>" +OH~ 1x10*"7
(12) Ca(OH),(aq) = Ca’>*+20H" 1x10°%%
(13) Ca(OH); =— Ca’'+30H" 1X107°%
(14) Ca(OH)2” == Ca’'+40H 1 X107 "%
(15) Cay(AsO,), == 3Ca’"+2 AsO}" 1x10 "7
(16) CaHAsO, H,0=—=Ca’+ HAsO} +H,0 1x10*”
(17) 52:3(f3s i“s)é(? o 1X 10787
(18) Fe**+H,0 == Fe(OH)* +H" 1x107>"°
(19) Fe’*+2H,0 ==Fe(OH), +2H" 1x107°%7
(20)  Fe''+3H,0 =Fe(OH);(aq)+3H"  1X10°%
1) Fe''+4H,0 ==Fe(OH), +4H" 1X10%
(22) FeAsO, ==TFe’ '+ AsO}~ 1X 10721
FeAsO,2H,0 —

(23) P 4 A‘; 03;2 H,0 11024
(24) ZnOH'=— Zn*+OH" 1X107%%
(25) Zn(OH),(aq) = Zn*"+20H" 1X107'%°
(26) Zn(OH); == Zn""+30H" 1X072%
(27) Zn(OH)?™ ==Zn""+40H" 1X107*2
(28)  Zny(AsO,), ==3Zn""+2 AsO}" 1X102"
(29) ZnHAsO, == Zn’'+ HAsO2" 1X10°%
(30) A 1X 10753

5Zn*'+2 HAsO?™ +2 AsO}”
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UiE B RS [ As]p SR [Culr 20 il 2 (B DHAN(32):
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(32)
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Ca3(AsO4),~ CaHAsO,4-H,0. Cas(AsOy4);0H JTiEHT
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Cas(AsOy4);OH B MEFEIA B/, PURIER IS B 5K
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Fig. 1
298.15K

lg[As]t—pH diagrams of Cu-As(V)-H,O(a), Ca-As(V)-H,O(b), Fe-As(V)-H,0(c), Zn-As(V)-H,O(d) system at
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FeAsO4-2H,0-ZnsHy(AsOy4)4-H,0 % 1g[As]r—pH K,
WK 2 fiowe.

K 2 7750, 44<pH<4.7 W, RN&ERERT
B AKX, 3 pH>5 B, BRPERAERSE
ZnsHy(AsOyu), UTVE: TAE 5<pH<I11 JaFE KN, 77
1E Cuz(AsOy),~ Cas(AsO4);0H 2 FeAsO4-2H,0 ¥t
s HLBEE pH AR IN, AHERES L. AR L TR A A
PR AR 6 B A DB TG K, VU [As]e AW,
2 pH> 11 B, Cuz(AsO4) & FeAsO,-2H,0 F AV fi#
WA [As]r 30

3 #R57He

ARAE RS SR AR BRI, TE M T AR S DT
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Fig. 3 Trend of residual element concentration with pH: (a) Treat by iron salt; (b) Treat by copper salt; (c) Treat by zinc salt;

(d) Treat by calcium salt
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—sE Hggmtt 2,

gha LIRS RAIE, S R N A& B pH
ST EE I A B %, HBE%E pH It
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SR R TR O R RE A 10 S S BB A AR X
As(V)IRFEERISEN B % . KEEE pH T
P E M+ 5 1547 SEM K& XRD Aill, Wi#3

SEM 14 W1F 4 Fizn, XRD #EWE S fis.

HE 4 v LUEH, RAZ. 8. B, #Ehgl
Qb BB Tl R K B AR UCIE VD A AN RN ) 22 T AA, SR T
FRS, TR R R, k. ka3 TR viie v i
RMGEE, FERNRBR, XEHB TR
R P RRBOR BB, TR A B ab
AU MIE IO S, ABATIA Vi 25 /NRORL G PR
TERIRL I

HHE S AT LAE Y, SRR 3R SR 28 5 it /K
FrA3 Ut VAT i 32 B To e B, AR AU HY
BIE L YA R FH R R B g A B 5 e R 7K BT A
TP AT SV R T e 2Y 0, (HUTIE P Re i il
tH Cus(AsO4)(OH)ys K FHAEE SR A 85 2R A AL FR N
B3 U0 UE ) i S5 0eg g i B 6 3 5, (RSO R A
Zn(OH), fil Cas(AsO4);(OH). H1 XRD ¥ 7] 41, &k
i B Ab PR PR K TS DU 45 PR 22 k. BEdh
b B K BT S DTIE D 45 B o 0 TS U e v ik
ITLLAMS GG, HaE RaE 6 s,

MIE 6 HATEF], 3069 cm™ ' AbfRIIE Jy K 4> T
RIS AL T R (O E R Bh U, F 1529 cm ™!

4 AFEEERS S As(V)EKFRIUED I SEM 4
Fig. 4 SEM images of precipitates obtained by treating As('V )-containing wastewater with different metal salts: (a) Treated

by iron salt; (b) Treated by copper salt; (c) Treated by zinc salt; (d) Treated by calcium salt
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Fig. 5 XRD pattern of precipitates obtained from treating As(V )-containing wastewater with different metal salts:

(a) Treated by iron salt; (b) Treated by copper salt; (c) Treated by zinc salt; (d) Treated by calcium salt
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Fig. 6 FT-IR spectra of precipitate obtained by treating
As(V)-containing wastewater with different metal salts:
(a) Treated by iron salt; (b) Treated by copper salt; (c) Treated
by zinc salt; (d) Treated by calcium salt
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3.2.1 EH pH EMHE

KA, 2k . B EAEAI 317 gL &
As(V)IEW, 78 4<pH<10 BUFEMHT. WA -5
TCR IR IR pH ML aE 7 Fis.

HE 7 /&, 78 4<pH<10 JaFE K, B pH
IR, WS IR IR R, X2l TFE
Wb zn®. Cu*t. Ca¥'. Fe*'5 As(V)HIREA iR
EVTIE, BEE pH N, WP T AR AR AR
ik, HRA IR, Ao S fhmhEg ik
YT ILTTIE . W As VR EERE pH 3G KT
/N, 24 pH=9 I}, I As FR IR N 0.39 mg/L,
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Fig. 7 Variation trend of residual concentration of main
elements in filtrate with pH

WRPEETE (5K S A HERPRUE) (GB 8978—1996)3
W, TEBPESHET, S& B SCER iy,
R AR T 99%. XA #h A PR E i R /K B 15T
VEERET SEM f XRD Al YiiE¥E SEM {5 il
8 Fiar, VIEVA XRD &4 & 9 fiak.

HE 8 ATLVE W, &J8hE &4 )5 sl
VEN) 5 B AL 3 TS UE YA LU RLAR B R, K
L E2IABNEOR, HRMBONPHE, NERK
Z NZ AR I E I AE KR | . 454 XRD 1] LA
B, EAIGEE R KE, BT UUEY AT
S U R, G e PR AT, DOTE A R AR R A
Ca,Zn(AsO4):2H,0 «  CasFe;(AsO4)4(OH)s 3H,0
Ca3(AsO4)22H,0. HILTT AT, &Rttt
VE SR L FAE 45 2R
3.2.2  WIUh As(V IR BEXTH & h T R (s

TEHLL 43 HT BT 43 S5 A DU A o2 2 LE AN AR 1) 2%

8 HAEMAIE As(V)EKFFITEYIR SEM &
Fig. 8 SEM image of precipitates obtained by treating
As('V)-containing wastewater with compound salt
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Fig. 9 XRD pattern of precipitates obtained from

As(V)-containing wastewater with compound salt

4 (w(Ca):w(As)=5:3 « w(Cu):w(As)=3:2. w(Zn):
w(As)=5:4. w(Fe):w(As)=1:1), ZFRFEWILE As(V)
WFEIRK, 16 pH=9 Wit JE, HUFEAHT, BEWHE
TICRIREWE R 2 Fis.

R 2 ITLAEH, 3% N 2 i pH=9 I,
AR EE S As(V)IE/K, VEWPIRE As WREETRT
PABE#) 0.5 mg/L LA'R, AbFE 500 mg/L & As(V)E
IKEF, W As FREEWRE N 5.42 mg/L, AT
UG AR R, SR 2 A 3R A B i i FE A As(V) IR K,
A A A B S5 AR AR HET

3.3 AEEEERFPIEXT I RRSS SR A 520

AT ATHISEIG R, 1E pH=9 i, WIEEAFEY)
4 As(V)IREER/K, AHERCRBELF, AN pH
BT, @ SN K S A SRS, 42 3.17
g/L & As(V)IE/K, FEEINEJE S0 i A
I, JERH S TR BIR IR 3 R

HE 3 ALES, HEkih, S EaE
AbFE 3.17 g/L & As JBK, RAEEAE AT pH=9,
A S As BREEUEE N 2.07 mg/L; FekEh. £5
R E A AT, B E As BREEIREN
2.38 mg/L; kR AR EE 5 A 5 AL EE 3.17 g/L Ef
K, BiAfE As TR B E A 192.96 mg/L, H
UERT RIS . . BRI — R AR, (H
FERX AR K, 455 1 ATAL, 7R pH=9
I, RRERAES Eh VAR S AL BN, (H AR AR 5
RUTHE QAR 10 HIEmT Ca® 4 As(V)IY
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LA WHENREER, ERNmRSHEEEEMN TR IS TR As 5%&8EE
PERPOT, Whsebr T RE AR, tHH RS RNACR, M B ERh As Bk B K.
Pt fi o S VOl 6 2 A G AL B S R K, AR XTI BEIT XRD K, W75 XRD 3 4
Ja K As FREHIRERE 2 0.5 mg/L LR, X2 10 fss

2 B A AL R B IR

Table 2 Residual concentration of each component in the solution after arsenic removal

Initial arsenic Residual component concentration/(mg-L ") Arsenic removal
concentration/(g-Lfl) Ca Cu Fe Zn As rate/%
0.52 242.50 0.03 0.01 0.10 5.42 98.957
0.99 606.80 0.08 0.02 0.60 0.06 99.994
3.17 434.84 0.05 0.08 0.08 0.33 99.989
10.0 411.10 1.88 0.01 1.15 0.31 99.997

R3O BREA R B IR

Table 3 Residual concentration of each component in the solution after arsenic removal (mg/L)

Residual component concentration/(mg-L™") Arsenic removal
Type of metal salt
Ca Cu Fe Zn As rate/%
Fe+Ca+Cu+Zn 434 0.14 0.027 0.15 0.38 99.99
Fe+Cat+Cu 813 0.79 0.71 - 2.07 99.93
Fe+CatZn 1319 - 9.99 1.28 2.38 99.92
Fe+Cu - 0.52 2.19 - 192.96 93.91
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(b)

N MWW IR TH
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d f
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Fig. 10 XRD pattern of precipitates
U@Mm obtained from treating As( V )-containing
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Application of dissolution theory of arsenate in treatment of
arsenic-containing wastewater

XU Lei', ZHENG Ya-jie', PENG Ying-lin’, LONG Hua', HE Han-bing'

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. School of Chemistry and Environmental Engineering, Hunan City University, Yiyang 413000, China)

Abstract: According to the thermodynamic data, lg c—pH diagrams of Ca-As( V )-H,0, Cu-As(V )-H,O,
Zn-As(V)-H,0, Fe-As(V)-H,O system were established. Using these as theoretical guide, the single metal salt
and compound salt were used to treat As(V )-containing wastewater. The results show that the optimum pH value
for arsenic precipitation of each metal salt is basically consistent with the theoretical analysis results when the salts
of calcium, iron, copper and zinc were separately used to treat 3.17 g/L of As(V)-containing wastewater. Using
compound salts to treat arsenic-containing wastewater, the suitable pH=9 for arsenic precipitation, under this
conditions, when treating As('V)-containing wastewater with an initial concentration of 1-10 g/L, As residual
concentration in filtrate is within the scope of “Integrated Wastewater Discharge Standard” (GB 8978—1996).
Changing the types of metal salts to treat As(V)-containing wastewater, calcium salt has the greatest influence
on arsenic removal rate at pH=9.

Key words: arsenic-containing wastewater; arsenate; solubility product; solution; pH value
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