55 28 A3 3 ) PEEREREFIR 2018 4E3 A
Volume 28 Number 3 The Chinese Journal of Nonferrous Metals March 2018

DOI: 10.19476/j.ysxb.1004.0609.2018.03.23

FeSO-H,0 1K & K TRERH L3R K
Tia Sk YR TITA

BHEL, R, AREI, FHXM, £ R, TEB, HEL FRE

(R T RE e SR LR, B 650093)

8 . PSR TRS RS, AR IR S AN KIS DL BT, AT Sk B
PRI, R RS AR 2 i SO SE I P R I B R R 2 — . FRER 8 i 2 DU R R
SO IRIAS ] SR B LA R il s PRk S5 A a7 A, S kU B ) B AE I & . FeSO,-H0 1R & Fe(ID ALK
POK AR FRERAT DU S FE W ASAS BRI AR AT SR W 58 5 i AR A BRI AR T RN AL ) SR R 25, T
B WASS RN A R e A 22, AR T H M AR A8 . ERPIAGBRIRIR B . K S SIS TR) S 8 I e e 12
SR Fe(IDEAAKAE, WART WIS RPN 17 ARG A48, TR By Bl 2 A0 ) s ot i kv
FERIUG Fe* W% 30 g/l NaySO, % 0.15 mol/L. WIHARRIKSE 1.6 X107 mol/L. /¥ 200 C. %4 JE 400 kPa.
SN TE] 180 miny FEHEFEH 500 t/min FIRALEARSECT, Fe(ID)FE A K ATKMRE AR PTBE FEH ITEE ) 95%,
PR WA YA AN JU, bk, UM S 24 M4 66.6%. 0.92%A1 0.033%(JF &5 $0).
KRR DUk Fe(ID)AL/KME: WAL, K07 mos: Ksée

MERS: 1004-0609(2018)-03-0628-09 PESES: TFSI3 SCEAARERRD: A
KHILLK, GiACERRD P& B R F 2R 2FeS04+0.50,+2H,0=Fe,05+2H,S0, (1)

*il‘ o %&%@ﬁ’r’tﬁ%w* Iz//%ﬁ}li uﬁb@i%%ﬁﬁx&ﬁ% ﬁ &@I&(l)j}:% EE Fe(ll)/fvfltﬂgu Fe(lll)ﬂ(ﬁﬁlﬁ]gﬁﬁ
A, B B R BRA I EBEALSGR 1 (0 Gk
TRBERD R R by R AT v TR BB B v FRLR AR A 20

PR P Rk B TR, Rk et 2T eS0at0504HS05Fex (SO, H,0 2)
HORPEERNWE RTES A, 0 NS BREL . B Fey(S04)3+3H,0=Fe,03+3H,504 3)
ARG 15 VR 0 A VS Fe(IID) KA 740 162

SV TR AR B tH S S 2 R IS (RIS F IR FeyOsr AUk
J, AHAE BV S 2 B AR B S Fh R e & S F KA 5 K R R Rk
1 ANV N FAE,  HIE AR b AR

e A P PR SR R R el b B A [ (SOt AILO=2Fe(OH)SO, H,0+HLS0, “)
Th, T 258 S 1SR AR VA AR R FE T A R N B M, skt R
RGP RS R (55%~65%), TEAEMAIE ) S

TERRF= S, AKTRHRE DR, A oy (S04).+2H,0=2FcOHSO LSO, )

i ST SR . - |
TR E R VI pH b 2.0~45, R ST Na' s K NH g 8 5 FAEAE I R ek

(180200 C). 4UR(1.2-2.0 MP)RBRIEAIF R, M

Wb Fe(IDEALAKMEG LLRERE B RTHE, W MaSO4+3Fey(S0,)s+12H,0=

(g rava/ i 2MFes(SO.),(OH)s+6H,SO4(M=K, Na, NH;)  (6)
Fe(IDHI ALK LA Va2 i A Bk — SR ARk ek

EEWA: ERARREIES R (51474117, 51664038, 51364022, 51564030): = MAHHE TRAHFFURESTE R LIIR H (ZD2014003)
ks HER: 2016-12-21; &iTHH3: 2017-04-05
WIEMESH: 20, #P, - #ib: 0871-65188819; E-mail: licunxiong@126.com



28 455 3 )

AL, S FeSO4-Hy0 TR K MR Y8k S WAL BRI AN 2247 629

e i, EeFoeaat™ ", %) K AR
PR AR B A A KV, SEEL T AR
R IEAIH o T %R b — RS 2%~4%
(R BELAS T A by Rk B R A R Al Bt AL S H

RN R R R AR S R B
3R BB SO AN T Bt LA R Bk, i
HAf I 50% mfm LWL 2 X7 £ . DUTRIZAC
UG R I fE— @ 4 F ) 135~185 “C I
JEHN, BB s N A R

2MFC3(SO4)2(OH)6:3F6203+M2804+3H20+3H2804
(M=K, Na, NH,) (7)

S bt AN SR E LN /R TINAE & L S PN S
L PN S (P 7R i i R e R I S AT Wit/
Beitt o PRI, ASCAEFWIIT T FeSO,-H0 AR FR A Fe(I)
AN TR AR SR ERAT TR S B A A B AR — B AL
(MIFAAT g, AT SRAARAR 35 2 1) v R RV

1 321§

1.1 SEIREH

ARSI v T L R V. Ak ey kPR P Y R A FH 0 #r 4k
B K% 2 W42k (FeSO 4 7TH,0) Al i B2 9 (Na, SO,) 4% — 5
TR SR R VA VR T e AR R Rk a3 AT 4l
A K (Fe,05) 0 Fe(ID) MK KA AR ERAT TR 48 AE,
F ok TAVAR S

1.2 XWAHZE

KHI 2.0L-GSH T = e 588 )l N 45 4%, # 1.5 L 1Y
i P IV v A TN N, 5 s 38 PAY - MR B e A i o
mfl, EE RS WA 2~3 min,
HE 2 AR AR TUR TR I, Rl ST R BOE i 5
TERBEFE IR LR 2 AE 500 r/min, A IR
3R 0.4 MPa, [AIINFFARTEIN o SN R i 4 =5
BIRERE AN IR, FRPOEEAT A S, BIlIA
SN ) JE PG A HL . BT S o 25 R 3R
FRUEHANIEA ; IR M B IAAT SRR T, BUSS
VEARTR 2B 17K (80 C)VEIEWE 4 3, P& oA
SRR 5 I RE AL AS U 2347 o

h 788 Fe(ID)SA A K IR g AR B TR 2% A 4T
PR YU A KOsy WARZSERA 7] ARkl e
AR AR, AT SR P A Sk R G AT 5
TR RE WA BRI L | IR S AP AR R IR . AR
PR EIR R LIS, VO VI DUEkAT

W IAG Fe* M 30 g/L. Na,SO, WJE 0.15 mol/L.
IR 200°C . WILARRIRIKE 1.6X107* mol/L. /K
400 kPa. JZ VI IE] 180 min. HEEEHLHE 500 r/min, 7E
HEAT B PR 35 S N o 2 452 DR 3R AR A A LA S R38O0 %
WU -

1.3 oSS

I3 R X AT SH(D/max—2200) F14 HL T
WAMBI(VEGA 3 SBH). 5 /R UKL EE A (ZEN3690)
FALL A6 A (Bruker Tensor27)% #843 [E] 44 ¥ 4 v 1)
YIRS TSR B RETERRAE RS 50 AT S 1 W8 B 7
TR ST o TR ARERAT AR T R B
ARG IC R B AT TR I, DABEAT BRI v
R OCFE M 8T, R RE) T H I bR kA
n=[1=p2V2/(p1V1)] X 100% (8)

Kb WERERE, %; p WUTBRATHCH R B TR,
g/Ls py NUUBRG MBS FIREE, g/Ls Vi HUUERHET

2 FR51TE

2.1 REGRERIS NN

AT S BRI DR ) DMV AR P R R 25
7t 170~200 °CIRULEEVEH A RIFTT T S Sl BE XS Fe(ID)
EaN 0 VI IR IR TINTRT SUN IR RE NI TR w7/ b |
FACEEA S DU R S KOS i A, S 25
FomlnrE 1. K2, £ 1. E3AK 4 PR,

100

—=—170 C
——180 °C
——190 C

o5k ——200 C

Eﬁéfé;;::;;zzﬂz

85 L 1 1 1 1 1
30 60 90 120 150 180

Time/min

Iron precipitated ratio/%

1 PR BN TR Z I 5
Fig. 1 Effect of reaction temperature on amount of iron
precipitated ratio (Experiment condition: Fe** 30 g/L, H,SO,

1.6 X 10 mol/L, Na,SO, 0.15 mol/L, 180 min)
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Fig. 2 XRD patterns of precipitates at different temperatures
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Table 1 Effect of temperature on iron, sulfur and sodium

content in precipitate

Mass fraction/%
Temperature/ C
Fe S Na
170 46.0 7.8 2.08
180 50.7 53 1.34
190 53.6 4.1 0.88
200 66.6 0.92 0.033
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Fig. 3 Size distribution of hematite precipitates obtained at

170, 190 and 200 C
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Fig. 4 SEM images of hematite precipitates produced at
170 C (a) and 200 C (b)
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Fig. 5 Effect of initial sulfuric acid concentration on rate of

0.20

iron precipitated (Experiment condition: Fe? 30 g/L, Na,SO,
0.15 mol/L, 200 °C, 180 min)
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Fig. 6 XRD patterns of precipitates obtained at different

initial sulfuric acid concentrations
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Table 2 Content of Fe, S, and Na in hematite precipitate

obtained at different initial sulfuric acid concentration

Initial sulfuric acid Mass fraction/%

concentration/(mol-L™") Fe S Na
0 65.8 1.43 0.074
0.05 52.2 4.2 1.5
0.1 47.6 7.5 2.14
0.15 44.7 8.2 2.62
0.2 41.2 9.1 3.35
96
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Fig. 7 Effect of reaction time on rate of iron precipitated
(Experiment condition: Fe?* 30 g/L, HySO,41.6 X 10™* mol/L,
Na,SO4 0.15 mol/L, 200 C)
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Fig. 8 XRD patterns of precipitates obtained at different

reaction time
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Fig. 9 FT-IR spectra of hematite precipitates obtained at 1, 2
and3 h
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Fig. 10 Effects of hematite seed addition on iron precipitated
at 180 °C (Experiment condition: Fe** 30 g/L, H,SO,4 1.6 X10™*

mol/L, Na,SO, 0.15 mol/L, 180 min)
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Table 3 Content of Fe, S, and Na in hematite precipitate

obtained at different concentrations of hematite seed at 180 ‘C

Concentration of Mass fraction/%

hematite seed/(g-L™") Fe S Na
0 60.87 5.87 1.7
5 64.18 2.16 0.13
10 65.8 1.78 0.095
15 65.7 1.43 0.074
20 65.7 1.41 0.073
30 65.6 1.49 0.078

N, ISR A R . T LR ER 3 T, R
FE 0 #KF 10 g/L R AR ikl rh & B
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Fig. 12 SEM image and EDS
maps showing element distribution
of precipitates obtained at 170 C:
(a) SEM image; (b) Fe; (c) S; (d)
Na; (e) O



634 hEA SR R

2018 43 A

R4 AFRELEA N AR S TS
Table 4 Sulphur distribution in precipitated solid at different

temperature or time

S content, w/%

Temperature/’C  Time/min As As chemisorption
jarosite of SO, ions
170 49 2.1
180 4 1.8
190 2.8 1.6
200 0 0.9
30 0.13 1.39
60 0.3 1.1
90 0.19 1.15
120 0 1.2
150 0 1.05
180 0 0.98

ARSI H 2y 6 NS 1] 4 180 min. 170~200 °C
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BT TR, SR M%E 4 s, 4681, £47]
A, OV 170 CHFm AR 200 CHE, gk e
BAUBERAETERITE 1 4.9% 2R R 0, LL SO2 A
AL B AR B 5 i R 2.1 %212 PR 0.9%.
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3) EHIUG Fe*' WIE 30 g/L. Na,SO, WJ¥ 0.15
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0.92%71 0.033%.
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Hydrothermal hematite precipitation and conversion behavior of
metastable iron phase in FeSO4-H,0 system

LI Cun-xiong, WEI Chang, DENG Zhi-gan, LI Xing-bin, FAN Gang, WANG Yi-zhao, YI Shuo-wen, LI Min-ting

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

Abstract: Because of high iron content, hematite precipitate is a potential marketable byproduct as a material in the steel
making, cement and pigment industries. While, sulfur content is a key factor which affects the hematite quality and its
utilization as a resource. The residual sulfur in hematite precipitate is attributed to the part existing as metastable jarosite,
irreversible absorption of SO4* ions and basic ferric sulfate, and jarosite appears to be the main sulfate-contaminating
phase. The results shows that temperature is the key factor which affects the formation and conversion of metastable
jarosite. Therefore, jarosite becomes thermodynamically unstable and to converses into hematite with increasing
temperature. It is advantage for metastable jarosite conversion and obtaining high quality hematite precipitate with higher
iron content and lower sulfur content by decreasing initial sulfuric acid concentration, prolonging retention time and
addition of seed. High quality hematite precipitate with Fe, S and Na content of 66.6%, 0.92% and 0.033%, respectively,
and with iron precipitation ratio of 95% are obtained under the condition as follows: initial solution containing 30 g/L
ferrous ion, 0.15 mol/L sodium sulphate and 1.6 X 10~* mol/L initial acid, temperature of 200 ‘C, oxygen partial pressure
of 400 kPa, reaction time of 180 min and agitation speed of 500 r/min.

Key words: hematite precipitation; ferrous ion oxydrolysis; metastable conversion; hematitie; sulfur content;

hydrothermal metallurgy
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