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Table 1  Composition of arsenic alkaline residue (mass

fraction, %)

Na O As S Sb P Si
40.46 30.28 1250 4.60 2.95 247 2.39

Fe Al Ca Se K Cl
1.24 0.86 0.84 0.60 0.31 0.30

v — NaSb(OH),

o o — Na3AsO,

v + — NaHCO;
% v — Na,CO;
* — CaSiO,

10 20 30 40 50 60 70 80
20/(°)

1 B ) XRD 1
Fig. 1 XRD pattern of arsenic alkali residue
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Table 2 Laboratory reagents

Na;AsO4+ NaSb(OH)s+ Na,COs;. NaHCO; X CaSiOs
& A —LERTHEA RN, (45 E RREIE R YR 4
MV AR = S e A DG SCHRIEAT A, B ik B
Na;AsO; % Na;SbO; 24751,

1.2 KI5

ASEES BT A SR A S 5 R AT Al (AR),  HLk
IR 2 o o R RRIIE 73 A b B4 2 I VR A R
PA-E/KBRIR WA N BRIR, B 7808 30%1) Ho0, ¥
ORI R ] e i AR AR, I HoSO, (18.4
mol/L)5 NaOH (1 mol/L)¥# 7 pH &

1.3 iR

TR ()92 . FREL 500 g MRAE E T 3 L =
FRE T, DR L 4:1. 32 HIERE 85 C A M [H]
45 min IR, FRIMA S R H0, AT
B MR, AHEREE, JSIEERYIS pH E
N 13.0 BRI A BRUTIE IR R 4 —F,
W CO, i, ZIRHE pH N 8.0 MR, ik,
[EUSCAT HE 1) 3 € [ 4R NaHCO; o 181 JEVR NI H,S 0,
AT pH R LTI MINNE pH N 1.5, FE — B,
I JEAT B VA .

RBALGKE R, B30 mL EIREE®R, %R
— SR EE SR LU IR ] FeSO, AR, & H,O, VAR
1k Fe(11), BB A 5], AT HERINYILE pH
B, SR ZIRA TR K A N 28 T4 e iR
TN S he RIVEEHR G, AEIERE, S, HrE
FHA LB TR 3 IR, T 60 CHZTE 24 h J5ilt
AT HaE o

14 SH58RN
K2 EI 48K BR 5300DV B HJERE & 45 55 1
PRI I 5 1 A (ICP-OES) 70 #r & v W h o = I 4L
S 25 RGN 3 o, VR PR 0 SRR 16.5 g/Ls
FI ICP RAEIEM T As IR, FARME &
I 1A S0 A 4 (D) THRRE A R D 20

Chemical reagent Chemical formula Specification Manufacturer
Hydrogen peroxide (30%) H,0, AR Sinopharm Chemical Reagent Co., Ltd
Concentrated sulfuric acid H,SO, AR Sinopharm Chemical Reagent Co., Ltd
Ferrous sulfate heptahydrate FeSO, 7H,0 AR Sinopharm Chemical Reagent Co., Ltd
Sodium hydroxide NaOH AR Sinopharm Chemical Reagent Co., Ltd
Glycerol triacetate CH;COOH AR Sinopharm Chemical Reagent Co., Ltd
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Table 3 Composition of elements in arsenic-rich solution

Element Concentration in leaching solution/(g-L™")

Na 55.00
As 16.50

P 3.10

0.79

Cd 0.43

Se 0.20

Ca 0.01

n=[1-(py xV3)/(p x¥)]x100% e

X RoRUUZE: p 5 p, 73 MR RNAII6E B
LGSR G As REIREE: Vi 5 1V, 28 5IR AR
JSIAITG6 5 B . 2 oA i v T R AR

KA HA JEOL A& JISM—6360LV F 4 Hi %
(SEM)F H AFf 2% Rigaku D/max-TTRIII %4 X 5 2647 5
AC(XRD) 73 #r [ A () 2 T 30 DL AR 2 s 6 1
H14:3% /K2R Diamond T HE /3T (TG/DTA)TEA S
SR AT A A X 20 B R A ASIS Ultra
DLD % XPS fg iU FEAR4E X 2R IR (AL K, hv=1486.7
eV) ATl &

1.5 RESFMMR

BRHBENRSE 1992 4F3€ FARBE Ry /WA
f’] {Method 1311: Toxicity Characteristic Leaching
Procedure) (TCLP)?": 1) A} CH;COOH Al NaOH(1
mol/L) ¥ ¥ UL e 2= B T /K B #1000 mL pH A
(4.95+0.05)FIZ W 2) KOt TREEN R AL
A BT 30 mL R M, A 20:1 IR H
s 3) KR OIHME THERRG R, T(23+2) C L
(110+10) /min FJ#RZ M2 KT % 18 h; 4) H0.45 um
FLBR I SERE AT 4> 255 5) F ICP-OES & JEK
e As IR .

2 FHR5R

2.1 RBEAX R0
2.1.1  WIG pH (AR5

£ Fe/As FE /R L (n(Fe)/n(As)) N 1.0 T8~ 150 C
MIZAET, BEWIME pH EXUUER . B AH 4
RIS, i 2~4 Fis. 2 WTH, BEE
Itk pH EIEA, VIR EAE BT, RS
With pH EHA R T FIRER T As & &E. £ 1.0~1.5

() pH VG, YU TFE T 19.86%: 1 pH fH A
1.5 1% 2.5, YihRE 83.12%THE 87.15%, X
4.03%. FHUCUEIA, 4 pH [EHEUKE, &7 & pH {E
HHRTFRE VR, BFE 1.5 5, pHEX TR
EALEN TS
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Fig. 2 Effect of initial pH value on arsenic precipitation rate
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2.5 B, MLl IR A P S,
ST o — A I JCE TR BB W e AL o L&
A AR PARAS RS, pH ERMRI, TG E o fi
RPN R B oA R B pH E
1, RAGKITERIERIZE RS . f£APT, pH

pH=2.5

pH=2.0

___.LJ_LI_M_A“LLIAA BooArirdonn
l l II pH=1.8
I I II pH=1.5

“Iu ,lll N TN pH=1.2

| I II pH=1.0
Scorodite (JCPDS 70-0263)
|t|u ,|1 et st vttt e

100 20 30 40 50 60 70 80
20/(°)

3 AW pH LA T AT P/ XRD %
Fig. 3 XRD patterns of precipitates obtained at different

initial pH values
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pH {EAE 1.0~1.2 I, 7Rk O LB\ A LS,
(EIEA A 24— B0 BREAR R KK pH BN 1.5 1,
B ORTRL SR AR AR TG« REAR T IK 20 pm J\ T A 5
Btk pH EAKSIEM, AL T8\, =
A PR IR B 22NV R A pH ETTE 2.0, FF
BB A RITEAR 25 3 AR 2

LAEWFTERET, HIgh pH EAE R 2T L

B4 ARG pH & 1F FHTH SEM &

e HEAEH . pH EE — 2 a B, 7EASZI &0
T, RNARBETE R A, DR AE R SO
FERPERIVIGE pH fH. MICSCRRIRIE, 45MEm. R
BRI R A AR g, a5 BV pH
EXFUTRRAE 25 55 BE B3RS R M, 7R i Y
pH=1.5 B NEH -
2.1.2  FelAs BE/R LIS

{#FF pH (N 1.5, IEFE N 150 C, ¥RFT Fe/As JEE
IREESHAT AT s, 45 R 5~7 Fion. HE
STTHL, 24 Fe/As BEJR LBV, BT F¥ & i

(a3)

Fig. 4 SEM images of precipitates at different initial pH: (al), (a2), (a3) pH=1.0; (bl), (b2), (b3) pH=1.2; (c1), (c2),(c3) pH=L1.5;

(d1), (d2), (d3) pH=L.8; (e1), (e2), (¢3) pH=2.0
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100 et ~ n(Fe)n(As)4.0
80 | >

§ ]Jl“ NIEE n(Fe)/n(As)=2.0

g or I l “ e ngFe)/n(As)=1.5

=l Lo i st

g | I l W n(JFe)/n(As)=0.5
of I I Scorodite (JCPDS 70-0263)
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Bl 5 Fe/As BE/R LLXH LA (1) 20

Fig. 5 Effect of Fe/As molar ratio on arsenic

B 7 KR Fe/As BE/K R T 40 SEM (2

&6

AN[F] Fe/As EEIR EG TR HT ) XRD 1

Fig. 6 XRD patterns of precipitates obtained at different
Fe/As molar ratios

precipitation rate

Fig. 7 SEM images of precipitates at different Fe/As molar ratios: (al), (a2), (a3) n(Fe)/n(As)=0.5; (b1), (b2), (b3) n(Fe)/n(As)=1.0;

(c1), (c2), (c3) n(Fe)/n(As)=1.5; (d1), (d2), (d3)

n(Fe)/n(As)=2.0; (e1), (e2), (€3) n(Fe)/n(As)=3.0
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A, SEPUEATES, RILTUHRE(C. Fe/As EE
/REGHT 0.5 3% 1.0, PUAFAEHY % 83.12%. XRD (I
Kl 6)F1 SEM AR (LI 7)o, IS AT A9 R 45 & P v s
HA AT ) SR A . dRERB RIS &
% Fe/As BE/R LN 3.0, JUMHRAAIIE, RA L
i LB TR 5 FE I TSR, TSz B\ AR
AHMTEIR . 24 Fe/As BEIREL N 4.0 B, PUiHRIE S
89.25%, ULIFHT HHAM 25 AR RE IR, DIEEIRES A
F, VR B REER 5 T R B R P 7R 55 LE TG E TR I
i, Mifi—E R Bie T UTahEe, ARG T A
MREHERKD 2, g2/l ErHT, Fe/lAs EE/RLLIE
1.0 BORIEH
2.1.3 IR

FEXIUE pH M 1.5, Fe/As BE/RELN 1.0 AL
F, RITBRFEXI AT A R s W] 8~10 . HHIE 8

100
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Precipitation rate/%
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Temperature/C
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Fig. 8 Effect of reaction temperature on arsenic precipitation

rate

175°C
l 150 °C

135°C

105 °C
I | Scorodite (JCPDS 70-0263)

10 20 30 40 50 60 70 80
20/(°)

B9 AR RN T Y XRD i
Fig. 9 XRD patterns of precipitates at different reaction

temperatures

AL, MR 105 CTHE A 150 'C, JUisARZETg
K GEETHRZE 175 C, PUHRNEARAA, [FH,
M XRD (UL 9)F1 SEM AR (LI 10yt r] LLE H,
—ERR TSR AR T I A b B s TR ST (1)
JNTHIAR SL 2 dib A, 3X W] BE A B T PR A il E I 5L
A RGBS I Rt 5 T Az 4 ™
MRS AR 175 CrE, RAA MRS AR S A
U, [FERDRAR RN . SR A UL BT, RONIRE
% 150 CRONEH .

22 TG o#f

SRR 2% T AT R ZCA AT TG (LA
11), w1325 2 50 F 45 MR E KRKRMER. 1
DTA B g3, 210.34 CAA W BRI AS, T
537.57 CHRABUNITREVE . 210.34 CHIRHAS E
BZHT FeAsO,2H,0 ik 2458k, TG iz
FEAE— A0, HARROE (1R BE VS P 52 BT R,
Y IZMT A IR AP 45 2P DTG ik i
T 2 WK O A1 B KB N 687.83 pug/min. HI TG
mhmr s, RAEAMRKER 174%, X—HEHT
HIBM 15.6%. %W FE4E 95 BERRE S50 Al 45
BN, TREAE T AERE M A, A S S5 RN
e E B B AR, BIBEIS FE AN e A I R R
Bk

2.3 XPS ##f

F XPS HRESOMHE R AT e R 0, RAH
1) XPS Ak W& 12(a)fs, FlBIMEETTRE
C. O. As fll Fe. FIH] XPS PEAK41 #f4%} As. Fe.
O JCE M) XPS YIS HHE AT /5, /i % e R AE
FERAH NS, As 3d IEEICLE 12(b)H4, mIAERE]
As 3d [Z5 G REN 45.515 eV, FBARE S b i 32 2 DA
As(VIFERIEER, Fe 2py, il Fe 2ps, MG AL B
T H SR PR T e R N AR Fe 2p 1 EI(L
B 12(c)H, 7E 711.525 eV il 725.085 eV 4b 437 H B
T Fe 2p3n fl Fe 2pip NEE G REME S, HHAGREZ 2
N 13.56 eV, RIAA Fe(lIDIIAAAEP, O 1s B (L
Bl 12(d) B A PN, SRR A AR AR
FARFE 4. 1E 530.933 eV ATEAEMIETT Rt 5 RA A
ZERIH I AsO FEHIA G 7E 532.292 eV AMAFLE I
RS H0 BP0,

24 BHSMHSH
1R ARSI AT R AL S MR R EE, & As
& HH R AR T [ e 63 R 40 46 9 B v R 5 AR HH IRk



F30E5 1 dK M, S BRI AR E A AL TR RS A A [ 209

e ™ " G & Jaika
10 AN SRR BE T Hr i) SEM &
Fig. 10 SEM images of precipitates at different reaction temperatures: (al), (a2), (a3) 105 C; (bl), (b2), (b3) 135 C; (cl), (c2), (c3)
150 °C; (d1), (d2), (d3) 175 C

G Joo 1800 REBRAEL(S me/L), T i 2 B T 52 s i 700
16 40 RIEVIHE pH {4 E T FT SLA P4 s e
LIS o |Ne WEAPUR. pHALA 1020 TN, PO
£, | o ESORETME, HERHKESIET S melL,
e DET2 st S0t pH 0 15 B, BRI SLAT ik
20 |2 shHEE ARETIA 20 wn, R VKRG (0.08

12 P mg/L). 113 5 A4, Fe/As BEAKELAE 0.5-3.0 Ji[H A

1 @ 2 R BT 5 me/L. 1172 6 7 WL, L ML 105 °C
200 400 600 800 1000 THE 150 °C, B T h 3.65 mg/L 4% 0.08 mg/L,

Temperature/C

JPESS A=) 2y ; &7 H VAR
AR SRIEL T6-DTA-DTG iy ) PSRRI TIURA R IS, 3
Fig. 11 TG-DTA-DTG curves of scorodite obtained under ARG IR . (HIREET R 2 175 CHY, il
optimization conditions BB ST R 3G K.
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(a) O1ls (b) As3d
45.515eV
Fe2p 47.124eV
Cls
|
As 3d
1 1 1 1 1 1 1 1 1 1
1200 1000 800 600 400 200 0 50 48 46 44 42 40 38
Binding energy/eV Binding energy/eV
() Fe2p d Ols
711.525eV
725.085eV 2 Vel
532.292eV
1 1 1 1 1 1 1 1 1 1
740 730 720 710 700 540 536 532 528 524
Binding energy/eV Binding energy/eV

12 RALSAE T A R R A XPS Jailk A
Fig. 12

DA S5 SSR T, WRINII4G pH . Fe/As BE/R L
TS LR BERT LA P R R B s, B
FRLRLAR R, =2 EE MR/ . 24 pH N 1.5+ Fe/As
FEEIRLEN 1.0 K FEN 150 CF, Frfs =2 R H
FEPEACE 0.08 mg/L, Tt B S ACA IR H B PE 57 il (1)
45 5 BETE S B BURL /N IR DG, B\ TR B (1)
R IORE B2 b R e P e, BET 2 2 A K .

T4 AP pH AL T Prfs A KR 5k
Table 4 Leaching toxicity of scorodite obtained at different

=5

Fe/As molar ratios

XPS spectra of scorodite obtained under optimization conditions: (a) Full spectrum; (b) As 3d; (c) Fe 2p; (d) O 1s

AN Fe/As BEIR LLARAE N FT R R 200 1)IR H 2 1E
Table 5 Leaching toxicity of scorodite obtained at different

Fe/As mole ration

p(As)/(mg'L™")

0.5 434
1.0 0.08
1.5 0.85
2.0 0.92
3.0 1.58

initial pH values

F 6 NSRS TS R A R R
Table 6 Leaching toxicity of scorodite obtained at different

pH p(As)/(mg:L™)
1.0 1.53
1.2 1.06
1.5 0.08
1.8 0.18
2.0 0.23

reaction temperatures

Temperature/C p(As)/(mg-L ™"
105 3.65
135 2.57
150 0.08
175 3.58
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1) A5 R T e ks (1 e LR 280 1) 2 5K
8, FHET SR SHEIT RN . &0
AT, WIUE pH A Fe/As BE/R L KB XS AT A i) T
A R RN . MI4R pH BRI BRI il R 2
W& pH (EMIIEIN, BB ) RS g . &
B INIUE E A T T g i B R R
NI & 0k R N I AR K OR . E— B RTA
P 15 S il B T IR S SRR R A e R A

2) 7E pH 1 M 1.5, Fe/As BE/REL A 1.0 KRN
150 CHMRASFAE T, DRSS 83.12%, HrihifR
B AR TSR BN B 2 0\ A TR, Rk A f
£ 20 um, AsRHIKEAN 0.08 mg/L, 1KTIRH B
FRAE(S mg/L), W42 fff o
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Stabilization of arsenic from arsenic alkali residue by
forming crystalline scorodite

ZHANG Nan', FANG Zi-wei', LONG hua®, ZHENG Ya-jie?, ZHANG Shou-chun'

(1. School of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China;
2. School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: Arsenic alkali residue contains highly toxic soluble arsenic compounds, if not properly disposed, easy to cause
water pollution and biological poisoning. The purpose of this study was to convert arsenic from arsenic alkali residue into
large-sized crystalline scorodite for safe storage. The effects of initial pH, Fe/As molar ratio and reaction temperature on
the As precipitation rate and formation of scorodite, as well as on the leaching toxicity of the precipitates were
investigated. The results show that, under the conditions of initial pH of 1.0-2.0, Fe/As molar ratio of 0.5-3.0 and
reaction temperature of 105—175 °C, the As precipitation rate can reach more than 80%, and the As leaching
concentration of the obtained scorodite is less than 5 mg/L. Well crystallized octahedral scorodite with particles size up to
20 um can be obtained under the optimal conditions of initial pH of 1.5, Fe/As molar ratio of 1.0 and 150 ‘C, and the As
leaching concentration is as low as 0.08 mg/L, suggesting the crystalline scorodite has sufficient stability and is suitable
for arsenic stabilization and long-term storage.

Key words: arsenic alkali residue; arsenic; scorodite; As precipitation rate; leaching toxicity

Foundation item: Project(2017SK2254) supported by the Hunan Province Key Research and Development Project of
China
Received date: 2018-12-26; Accepted date: 2019-05-20
Corresponding author: ZHANG Shou-chun; Tel: +86-15274801744; E-mail: zhang_shch@sina.cn
(Wi MFHE)



