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ARSI B LR A Tk 4 A e, SR X 2R
FIEIE WA LA 22 By, S5 R 1 prgl. i
T 1AL As,Os IE & 99.32%, A4l /b X Asi
TR . K -CKBRER B (/BT 4l, FeSO,7H,0,
TR RN AL 22 8RR A BR A =] A )T AR R
FIBREREA(I BT 4L, NaySOy, KIEETTIE N A 27177 il 1
A R R A7) B AS [F)R E 5 Na PRkl
98%(Jifi 2 73 45, BT T RF AL TR ) 2 7= ) B R o 1
T pHs AN T A

F1 HEL R R
Table 1 Chemical composition of arsenic pentoxide (mass

fraction, %)

As,05 Fe,0; CaO ZnO Sb,0;
99.32 0.197 0.112 0.113 0.103
Na,O Cr,04 NiO CuO
0.100 0.027 0.017 0.011

1.2 LWRESHE

TE SR o 42 TR A A B8 7 L e 1) v 2k 75 Vs
LA IR 5INASRIR BE BN RS 7, T pH JE
REIL BE 2L VREEEN, HHEARIFFANT
WRARELAZENE, FNHERESMTI; Bk
JOL P R, B0k R SR B S R AR R
FEEFEE . BE BN A 55 b m#, LA SR
HORH KA B, e A 2 s R AT o B )
WA T AT Hoe & & &, X440 3 5 1 AR A T Ve i
B L0y LA AT VA B R T i B T i o, R s
% TC RS R, YRR 101 T B G X T HRAE M
B S5 20 #r e 2H A

13 SN 5ItE

KHABEKEHE X LR GIE(E S Axios
Max) %} BRRFHEAT A5 53 0 AT o SR XS St R AT
X (A5 Empyrean) TR ATV A B BT o SR
BAT 2 T B (B S VEGA3 GM)XF [T k471
ISR« RFLLANETEA (P S Tensor 27)5%F YT fif
BT 7 T ARG R AT . BT IS DU

IR AT Ol E AR R TR
IRGIESSHIRZ I
1 =0=(pV2/ pV)]*100% €]

e g AU ERPTERE, %: oy NUTHHG B i
BERIWRIE, /L py NATAGVE B Rl Bk 1R
g/ls Von Vi 3R DTS WA R BRI a6 T 4
%/D\’ LO

14 SRR
KGR As(V) 5 Fe(I) &R AEILTTTE A R
BT RN TN
2FeSO,4+1/20,+6H,0+As,05—=
2FeAsO,2H,0(s)+2H,S0, ®)

RQ)H Fe(IDHA%EA. Fe(lD)5 As(V)ILUTiEM
FANEE T

2FeS04+1/20,+H,S0,=~Fe,(S0,4);+H,0 3)
Fey(SO,4);+7H,0+As,05=—=2FeAsO,-2H,0(s)+3H,S0,
(4)
Q)BT FI 2 O, IR MR FeSO, 4 i ik
e
02(2)=0:(1) (%)
FeSO,4-H,0(s)=FeS0O,(a)+H,0 (6)

IKIGAETT, RRH Fe(Il)2> Mgk ik v ALk

A, #5r Fe(IlD)2x /K iy b o8 RN i U Rk -
3Fey(SO4)5+14H,0=2(H;0)Fe;(SO4)2(OH)e(s)+5H,S 04
(7
Fey(SO4)5+2H,0=2Fe(OH)SO04(s)+H,S0, (8)

ARPAAAE Na'ltf, — %M T2 Fe(lll) M
A T AR S AN R A -
NaZSO4(a)+3Fez(SO4)3(a)+12HzO:

2NaFey(SO4)(OH)g(s)+6HS O, 9)

TR ER (FeAsO,) THANERIL(NaFe;(SO4)2(OH)s) 1)
PRAEAE B AT T B R AN 1 Frs. B AT,
FEK Bt 22 BT WAL S TR 2k (Fe AsO4) A sk
WL(NaFe3(SO4),(OH)e) A s N HIHE AT, ELIR FE b vy e
AT RS LR, BT 200 C
BRI AN B 5 A R

milm N AR A AR 3 M. RAEHA
(FeAsO42H,0) KGR (FeAsO40.75H,0) Ik
R BRI Bk (Fe[(AsO4); «(SO4)(OH),]-wH,0)*, F
Fl Material Studio #XfF5%f SR A A WOKEMIREL. 25
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Fig.1 Standard Gibbs free energy variation of main reactions
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Fig. 2 Final energy convergence of each phase contains iron
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2.1 #8E Na“TRE RIS

TEAR RWTEETREE 10 g/L. WIGABkEREE /R I 1.5,
¥IUE pH o~ 1. JRNIEFE 160 °C HEHEEE# 500 r/min.
S TE] 3 hy 0 E 0.6 MPa U264, WF9T T 9144
Na ¥ B o} 520 URE P AH 28 A DU R 5o 3R &
AR S ERTTE R A, A R 3
A4 FizR.

FH ] 3 W], Na FRAEAE S LR BE AR KU A7)
AL BRI o 46 Na IR E N 0~0.5 g/L 1,
DURE B DA AN, R R e R ik
AR, FRRUA RFIERT SRR WIhE Na WK
WEINE S g/L W, LA BRRAE AT S 6 PR K080 ek
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R TR, AT 260~347 LI B E, BEEN]
B Na VR EE IS8 I, S (1 520 VIR o5,
TERT AIOKE IR S ek 3, S AME
WA AR BR R 1R B -

HE 4 A, WIGE Na" WREE3G N, wT LA &3z
YT S PR B, 5 XRD Z5 W), HI4h Na'
W 0.5 g/L FHE % 10 g/L I, YiEkZE i 66.7%T1 =
£ 93.3%, ¥ Fe & 24.55%FF % 28.44%; 45
G 2, UE R AN AE R, SR Na &5
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o— FeAs0,+0.75H,0 & — Fe(OH)SO,

” 0g/L
0.5g/L
1 &K . g

o0 5 g/L
W

-
F R

[¢) K o0
o o

10g/L

L L [
10 20
20/(%)

*— FeAsO,-2H,0
o— FeAsQ,+0.75H,0
*— NaFe;(SO,),(OH)s

40

(%]
(=)

. 0.5g/L

o) % °

o o e

o 5 g/L

o X% o ©

o
0 10g/L
26 28 30 32 34
20/(°)

B3 ARG Na" WK EGTRHE XRD 1
Fig. 3 Whole(a) and local(b) XRD patterns of arsenic-

precipitates obtained initial sodium ion concentration
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B4 B4R Na W BEFUTIE B % o 3R & B L UTIE R IR0
Fig. 4 Influence of initial Na" concentration on content of

each element and removal rate

M 0.024%F 1 25 1.62%, S 7 & M 1.13%FF 5 52 4.53%.
DURE o A R BN R 2, S EUA R FelAs
JEE IR BEORGE PRAR, bR 7 Ik AR Y, b
(1) Fe(Il) & ik i MaFIRAS, #E— 0t T WARAS 3
BNVERBLRT 7K B R R A BSOS B R IEAT

FIF Maud 20 M it 14 2385 46 15 281 5 L A4S R 1
MO s XRD HEAE € oA, H AR 5 pow,
HWE a5 % o R Lhrkl BB & . 4tk
Na W EH 0.5 g/L 1% 10 g/L i, JURHE 3 el ek
LR 0.51%3E F T2 34.16%, SZ06 M 89.64%
PR 7.02%. YOKAMFERIEYIIE NaWREER 0.5,
5 F 10 g/L B, HAEPURE RS ES BN 0%;.
46.47%H1 58.62% . HHULHEWT, BENERILAI K G AR
BRIAE R, 4 T KBERAT T As(V)5 Fe(IlDILpiie
TERCR A IS, WO B 2800 R A v v S
T TNV ER IR K B R AR 1 A2 B o

N EIE PURHE 7 e 2 B AN ER AL B B Ui R 2k 11
TR, XA Na WREE 0 5 A1 10 g/L TR
AT GG T, HERWE 6 fix. oMk

Bl 5 HJ4h Na' W BEXH TR A7) AH 2H B s
Fig. 5 Effect of initial sodium ion concentration on phase

composition in arsenic-precipitates
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Fig. 6 FT-IR spectra of arsenic-precipitates obtained at

different initial sodium ion concentration
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Wik %, SRV Na' WKIE N 10 gL 1, SO; E5h
W AL UG BE S 5 T )46 Na WM 0 g/L 5 5 g/L BT i
SO; BB E>],

WANFRIHIUE Na B R IR TRA 3E1T SEM AR AR
o, HeER o nlE 7 f8 fan. HIE 7 vk, ¥
4 Na WREERMRET, LU B BRI 30
R, MU ARG RS, B A
LI I PR SR F IR S A 0 B IEE Na'ik
FERIREIN, B0 BORRE SR . H ] 8 WK, U
kAR K/ INBE 2 k0 s W16 Na ¥ EE N 0.5.5 FiT 10 g/L

I, #RIAES BN 27.09 pm. 18.96 pum A1 10.93 pm.
LI Na W EEIE R 10 g/L i, JORHEE DLEOR R N
T, T TEARBI I HOR N e, 2390
X HEAT SEM-EDS rif=sr#r, HAERwnE 9 figk 2
Fime fEm a IZRABNBRL AL, %] Na AT
S, HAZsSAL Fev S. O MOATHIGHE; A b
G BT R HE T JBORE AL - TC Na T4, S 47
BPIE IR WL, T As S EWEK . iHHE
FeAsO40.75H,0 5 NaFe;(SO,),(OH)s & 6 & S &= 1
FRAE, AT HERTZORA 0N A B AN s TR

7 AIFEBILE Na WEE T UL ) SEM &

Fig. 7 SEM images of arsenic-precipitates at different initial sodium ion concentrations: (a), (d) 0.5 g/L; (b), (e) 5 g/L; (¢), (f) 10

g/L
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Fig. 8 Change of particle size of arsenic-precipitates with different initial sodium ion concentration
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Fig. 9 SEM-EDS images of precipitates produces at initial sodium ion concentrations of 10 g/L: (a), (b) SEM image of arsenic

precipitate; (c) Energy spectrum of point a; (d) Energy spectrum of point b

#2 SEM-EDS miflc R4
Table 2 Element mass fraction of SEM-EDS points-scan

Mass fraction/%
Point
(@) S Fe Na As
a 47.64 11.47 29.73 4.13 3.59
b 42.54 0.74 23.78 0 27.65

WP RIEDEH B UOK SRS, IR

b il R Rk I

2.2 #% pH M EFRRSHKEMNE TN
VoL ERIR TR Sl S C O A S Eo Y/ L ]

SO, SRR RYIARNIREE 10 g/L WIRREmHEE /R Hr

1.5+ MVIRFE 160 °C\ HidEFE# 500 r/min. SR [H]

3h. E5HE 0.6 MPa. HJ4fi Na'¥kEE 5 /L, WF5E 7]
46 pH X RGBS DURE % e R &
A SATTE F MR R . LA Ao il i 10
A 11 FRo

H I 10 A1 11 "] %0, )46 pH 43708 0.5 1.5 ),
DUREYI A F B DR Z A AT, HITIOKE IRk
(FeAsO,4-0.75H,0) %, 1% 2 i T IR7K & Rk (1) #4
IR E XA R, BRI iy el G 2 3 BUR
KB R Bk ) R A A, BE TR 2R YA
(FeAsO42H,0) EL XK & R B HH (FeAsO4-0.75H,0)
FEEMLEL . V46 pH H1 0.5 FHE & 1.5 i, BREERF
fiG, 7K 7RI e e Xk, St
AR S Y- BRI & BN 5% TS 2 17%, HilE
W Fe. As BT SR, DURRRRET R,

s
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530 55 5 W
e — FeAsO,-2H,0  *— NaFe;(SO,),(OH),
o— FeAs0,-0.75H,0 »— Fe(OH)SO,
A
*
A *
pH=0.5
° ? 1o pH=1
OO %
x
pH=1.5
*
10 20 30 40 50

26/(°)
E 10 AFEYILE pH FUTEIE R XRD i
Fig. 10 XRD patterns of precipitates at different initial pH
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—e—As

100

95
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Removal rate/%
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11 ¥J4R pH B XD <58 5 & DL UTE R 2R
Fig. 11 Effect of initial pH value on metal content(a) and

removal rate(b) in precipitates

DURREE pH B RIS AT T, X SRR R W
on—pH B PR B (K 44 0 2 A5 8 X3 & 2, Ty
pH AEFRHLTE 2 (¥ AsO} 15 Fe' S A IR R TTE

AT YRS FIHEAT o HCAE R TP AEAE Na'lif, N
AR AR 2 S BRI DA S OK A R Bk Y 2
NS HFEARAI4E pH {H-

2.3 & ATE) XS AR S SR AE B e T 22

TEAR RVIGE TR E 10 g/L. WIGAERAEE /K LAy
1.5:1. #I46 pH A 1. RAIREE 160 C . $iiFEELE 500
r/min, %473 0.6 MPa. #J46 Na ¥ 5 g/L, W55 T
RIS ) 5L AT U AR 2L PO % TG 3R
B B SR TE FE s R . FEE S i an B
12 A1 13 fizse

FHEE 12 F013 01 A1, RSN 1 h i, JiAdg
VIAH R 2 b R 1) S A A o 24 S SIS TE] ZE K %2 3 h
Je, UURNEDIM R LRAA . VOKEMERE N E. 3%
VRBUNIRITR G B B T gk SR e, It
TV v PRK A i R Bk ) A I T ) L R AL,
GOMEZ 2Pt e th = m, 1EKMEMT, RAL
AT LA OK A R R ER AR e A, T OK & B ER R AN AR
Sy, B AR R UE WAL
B Na &8 FAHE, R\ TVRSTHRIYAEIZ
wrghn, M SB8EST Fe &8 ETF, As SR,
DUERRH 69.64%TF 2 91.33%. 4K R HPTELE Na'
I, SR TR R A TN LA B K B R
BRIV B R NG A0 NI T, MO R A TG B 2
Ak, SLBALE LR IT

24 REGEENTRRZSEHKMIEGEET M
TEAR ZAITETRE 10 g/L WILABKAIEE IR 1.5,
WIUE pH N 1. $Hit#EH5E 500 t/min. M) 3 he 4

e— FeAsO,-2H,0  * — NaFe;(SO,),(OH),
o— FeAs0,+0.75H,0 & — Fe(OH)SO,
1h
5 7 & @ 3h
OO *
*
5h
*
10 20 30 40 50
26/(°)

12 AN[E R )R TR ) XRD
Fig. 12 XRD patterns of precipitates at different reaction time
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Fig. 13 Effect of reaction time on metal content(a) and

removal rate(b) in precipitates

43 JE 0.6 MPa. J4h Na' K JE 5 g/L, WHF0T N
X R A A PUHEYIR AR DU & TR SR
JAERTTE R RS A . AR & 14 #1015
B o

SEE B 14 A0S vTA, YR SR FEIR R 140 CHY,
DURE AR I B AR D, AR DS i R AP
RBATGAAAET B B SR FE A BT =,
FANERIL S BN R, 180 CH AN & B
ik 19.2%, SEQUHE T Fe &8 ETFAE, iR
72.96% T+ % 95.22%; HIEELE 160 CHY, Jififi
FEUE IR B RPERER, kLTt i FE )G H A ) 5L
BAEAY, TS AT S VAR BRSO BE 1
Fri e ARSI AR S E R . BET R, &
ZH1 Fe(TTDik AN BT+, 34K T SAVERILI A
SREXE, SEUHE T Na &Rk LA,
MR RAEAE Na'if, il puih oo RS s ek

WLBL R IR G R B ) & RO 24 PR S IR E I
iRt B, R, EPWARSTRIMEL, R
BRI

e — FeAsO,-2H,0 * — NaFe;(S0,),(OH),
o— FeAsO,4+0.75H,0 2 — Fe(OH)SO,
x *
140 C
A 9 =
9 ? & o 160 C
o0 1 *
° * o
1 ° © 180 °C
o #
10 20 30 40 50
20/(°)

Bl 14 SR SHRRE FUUINA ) XRD i

Fig. 14 XRD patterns of precipitates at different temperatures
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Fig. 15 Effect of temperatures on metal content(a) and

removal rate(b) in precipitates
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1) EERK R AU AR, AN 11
715, SHERCIRZ A, NSl B R gk
IKE TR ST XAFAE T U S, 44)4E Na W
0.5 g/L i, fil. BRUTIER 518 95.5% 72.38%,
DR 1) 3 B O B 20 R T i Bl U R
Ry MWIHE Na W INE 5 o/L M UL B, fil. kT
TERD BT 96%- 85%, VIR NUOK A MRS
TN N 32 A Tl R 220 R R R 2k TR A
Y. B Na WREERIABI S, DURE ekl S
POKE BRSO3 AE 2.2 %, 02 B
FEIZHTE R, B4R H 27.09 pm WD ZE 10.93 pm.

2) EAWHFLSERTEE A, ZonlshlA ZIME pH
9 0.5+ RMEFECA 1 hy RBEEEN 140 ‘CHRIZMAET,
A R SRR R BR R T B, IR
FEK R NI A 5 b fa A] SRE K G R Rk 1) S A
AL

3) AR RYIETIREE 10 g/L. WIUEHmEE K b
1.5 W46 pH A 1. R[] 1 he R 160 C.
B HEHLH 500 r/min. 50 E 0.6 MPa. #J46 Na" K 5
g/L MIFFFLAAE T, KIS A DU R R e 26
3R 94.96%. 69.64%; YUINEF, RAA S ESET
90%, FEENERDL. BNBRER R & RART 10%, HG
UOKETRREAE R, A Asy Feu Na &850l
N 29.25%. 25.6%F1 0.14%.
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Effects of sodium ions on hydrothermal scorodite precipitation
process and conversion behavior of metastable iron phase

ZHANG Peng, LI Cun-xiong, WEI Chang, CHU Ming, ZHANG Jun

(Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology,
Kunming 650093, China)

Abstract: The effects of sodium ion and other macro-technical parameters on the phase composition, target element
content, morphology, precipitation rate of arsenic and ferric in precipitation and the phase transition behavior of
metastable ferric, such as Na-jarosite, basic ferric sulfate and ferric arsenate sub-hydrate (FeAsO, 0.75H,0) in
arsenic-containing solution during scorodite precipitation, were studied. The results show that the presence of Na in the
system has a significant effect on the arsenic fixation process of hydrothermal scorodite precipitation, when the initial
concentration of Na* is 5 g/L, scorodite and ferric arsenate sub-hydrate as the main components and partial metastable
Na-jarosite are formed. With the increase of initial Na' concentration, the SO;~ vibration absorption peak in the
precipitation is enhanced, and the formation of scorodite is gradually inhibited. When the concentration of Na reaches 10
g/L, the main phase of the precipitate is ferric arsenate sub-hydrate and Na-jarosite. At this time, the precipitation rates of
As and Fe are 98.2% and 93.3%, respectively. The contents of Na and S in precipitate are as high as 1.7% and 4.6%,
respectively. The formation of metastable Na-jarosite phase can be inhibited by properly reducing initial pH, reaction
time and reaction temperature, which is conducive to obtaining scorodite precipitate with high purity. At the same time,
the conversion of ferric arsenate sub-hydrate to scorodite can be realized by prolonging the reaction time.

Key words: hydrothermal method; scorodite; sodium ion; Na-jarosite; ferric arsenate sub-hydrate
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