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Fig. 1 XRD pattern of high-iron bauxite
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Fig.3 Schematic diagram of bauxite separation process for high iron bauxite
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Table 1 Gibbs free energy of reaction at different temperatures

Reaction A,Grog i/ AGoy ! AGSyy ! AGSy !
(kJ-mol ) (kJ-mol ") (kJ-mol (kJ-mol )
2H,0+2e=H,+20H" 172.154 188.428 219.998 244.111
40H =2H,0+0,+4e 129.973 73.412 —25.782 —97.996
3Fe(OH);—Fe;0,+4H,0 -121.931 —215.794 —400.889 ~1131.139
3Fe,05+H,0+2e—2Fe;0,+20H" 52.301 50.932 63.437 —45.227
Fe,0;+20H =2 FeO; +H,0 112.791 89.456 -22.117 —64.947
Fe’'+2 FeO; =Fe;0, —145.177 ~162.878 ~183.957 —226.571
Fe’'+20H —Fe(OH), 53.239 69.791 86.817 337.612
4Fe(OH),+0,+2H,0—4Fe(OH); —180.003 ~107.163 28.983 622.875
@ *lo)
N Fe3*

Fe,O; (or FeOOH)
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Fig. 4 Thermodynamic equilibrium of iron compounds in alkaline solution system under different temperatures: (a) 298 K;

(b)373K;(c) 513K;(d) 573 K
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Fig. 5 Ball stick model for conversion behavior of monosaccharides under alkaline conditions

[16]



H31BH 2 W

PUKK, S KEGEIE I S B RE RE  S BR A AT 465

(M‘ﬁﬁ+!ﬁb+@;——1‘i+6'§b

&l 6 JRTASEEEE G B )
Fig. 6 Atomic state hydrogen iron reduction theory ball

stick model!"®

3 FERMTE

3.1 BEMENEKRIE RN

PR TR, TR SRR R K PR R A
IRKEBIEEm . 4 T B sZma i, 230 LAl Fe,O54
m%%iWﬁEﬂ HBEAT T AR R F6) b sk

o TR XRD S3Hr 45 W 7 Fos .

B 7 B AN A OB BE 264 R Ab 34 FeyO5
HE e T st g R, AR B 450 70 g/L
1210 g/L, HSH R SL 90 45 AR AT M
B 7 Hpa] DLE Y 38 R S A Bk B 75 (R 5 2 300 °C
W R R RS T TR IR 240 °C, B I R
DX AE T B2 AN 4 J5ok) . AR SCiR[17-18], ib
JFA B R R E R T B R S . ki, 47
TR FE AT AR IR R R o FLIR, S5 A AN AR
A TR A W TE B MR VA R R 1A ) P i
(L1 4)mT DA R » v LR DA R 8 DR Yk T LA
A PR FesO4 AR R HLAL, 7K Fes04 2
SESPT Xk, AR T AR R

TR AR J5 SR AR R v R R 1 AR A it 2R
Kl 8 fim. HHIE 8 WA, TEARIARE XM T,
VERD ) AR RN, BRI R, ER B
R FE NP, AR TE BRI VA R VA R 3 K
M FE AR IIE )5 2 . DR T FF HEIE H— /KAl
HAHEWOHETZRIE. B9 R NIRRT EE
WHRM . AE 9 ATRLEH, ALO; A%
b I TR S TR T R, BRI R A
98% 747, CLIAE] H AT SR I ORI
RIS FEF LT A, SR VA R i = 5

(@) i = — Fe,04
e — Fe;0,
IR N R R I 2
NMJM1NJ jﬂ L., MLWJ 300°C
el L e e 280
e W 260 C
| L LJ 1 Pure Fe,04

10 20 30 40 50 60 70 80 90

20/(°)
(b) v— CaAlLSi 0,,(H,0),
*— Na, 3(Al 5551; 2504)(OH), 04(H,0)
M= Fe203 )
e — Fe;0,
4 — AIOOH

Tole s . 7

——_ AN AP _260°C
SR Y I B Y BNE 11
MWLWM%

4 200°C

A

oA TS A 180 C

10 20 30 40 50 60 70 80 90
20/(°)
B 7 RN K HGE 5 i Bk T (R
Fig. 7 Effect of temperature on hydrothermal reduction of
iron oxide(a) and high-iron bauxite(b)

100 | .
High-iron bauxite

80T

60

Ferric oxide

401

Ferric oxide reduction rate/%

20

0 180 200 220 240 260 280 300 320
Temperature/C

&8 R IE AR

Fig. 8 Effect of temperature on reduced iron oxide

PRI RO IR I s TR AR A I P R 5%
JUANEE, B8 9T LA, At ik 5
XS BT I LA R



466 hEA O RYR

2021 £ 2 H

180 200 220 240 260
Al,O; dissolution temperature/‘C

9 il BEXS AR A R R
Fig. 9  Effect of Al,O; dissolution temperature on
dissolution rate (1) of alumina

3.2 WUREXEERKRIT R AR
IR, B SR B R LER &1 FeO,
(V- B, HETTT 820 Fe(OH), « Fe(OH); « Fe*”
(PR B, T S M AR I T . S T I B
MR, B 2 TR T AR B ) AR A BV AR T R
Mo AR A R SR N AR R ATk
o 7£ Fe-OH-H,O & 2, £HEA ] LA B /K HA
AL AR AR R o X PRI ) T A A IR
70 °C, (HRER AR S, SERE ST
210 CI, BRI KRk it Rk 0, $5h
KB, MR TEFEEE 240 C N A KA In] LA
FEAL N AR IR R, K AR B 5 T e b ARl
gyl 1820720 g ] BAG R HEAT
FeOOH—>Fe,0; (11)

3FeOOH—> Fe;0, + %oz (12)

FAHHR R BTN, 78 NayO o~ 50~100 /L i
PEIFW, UGB TRIERIAE. MEHER T
Na,O WREERIE N, OH nf LUK FIEANE A
TN E. TERIEBORE R ERY, 56581
AR E DS T Fe(OH), FRENE . Hix
IR (13)FI(14) BT
Fe,05+20H +3H,0—> 2Fe(OH); (13)
Fe,05-H,0+20H +2H,0—> 2Fe(OH);, (14)

9 T I SR B RN BR AR B R A R AV i ) R
Wi, K F 4 NaOH ¥ A BE (NaOH/ALO3) X 74k
A AEAN [R5 B2 FHRAR 2 BV e B b AT 1 K.

IR [E] % € 9 60 min, $HEHEE Y 800 r/min, Z 4T
SN JE AR, AR 10 Fros.

M 10 R RAEH,  FEASITE Ry Ik SR ) 1
BUT, W NaO MIMRER S, FRE 1 Fh7
FRFERRR, M W B VR A R, Rk
T 458 T BN V5 A 11 25 LV A 5 b 2 S S A BN T R
KBL . BRIEEA Na,O WM, ERhH
Fe(OH), « FeO; P &8 Ik Bl sy o BB, VAW
W HLIE SR ) 51 55 Fe(OH), « FeO, IIE [,
M I PR E TR (10) 16 1 18 33E 4T, a3k # L N
Fe(OH); , [ifi J5 Fe(OH), 1 Fe(OH); J N 4 Ji
Fe;04, WL FFE AN RIM . AR 7E M R 2R
Wik T iR, BRI,

350 F +Na20, 150 g/L
——Na,0, 200 g/L
| —4—Na,0, 250 g/L
-v—Na,0/Al,05, 150 g/L
250 | —4+Na,0/Al,0;, 200 g/L
——Na,0/Al,05, 250 g/L

(O8]
(=
(=]

Hematite solubility/(mg-L™")
S
(e

50+

et el

50 100 150 200 250 300
Temperature/'C

10 FRERIFERR LR BV AR S Na,O ALY
KE

Fig. 10 Relationship between solubility of hematite in
alkaline solution and Na,O and temperature

TERPERE S, BT Fe® R AP R AT 38 4
PIfFAE, —Ye R ) Fe JRFop Al JE+H
o TE B TR P AR BT R (FercA)205, S 1E
(Fe i A)0s fitk it APTHUR Fe® ik 3 e KA I, 18
2B Fey 75Al0250;3

FRERA R BE SR B BE N 2%~3% o R G, ALO;
(IR I A Z 5 A AR AR R L & 2k
YRI5 o 2R IR B 200 C B & FE I K,
Fe75Al0 2505 ¥ i3t — DA R RERT™, RN, #H4Ef
BRI, A5 FR .
(Fei-+Al,),03-H,O0+xOH —>

(1-x)Fe,Os+2x AI(OH), (15)

SR R B VR R P T DA it S A B R i, B
A DMt A BRI SR . ek PR ™ A A LA A



H31BH 2 W

PUKK, S KEGEIE I S B RE RE  S BR A AT 467

TR R /NRIORL FesOg Tt SR BERIR, G R A
Uil DL, 0" Bk 2 R o ARG R (1 7E
AHENEA . FK BRI 08 SR AT BLKIE B2 RS
RHEZEE AL IR a5 %y s &
REZT, A RAR KA AT B I OR

3.3 HhiEIR B X R IE IR AT

T3 R e B R IR R v i B R — 2,
T8 AL R T B B AR R . B 11 R
N T8 58 FE X T e FMURS T Bk A R F) . ANIET 11 7]
CIE Y, BEE W SR R R, WAL R0, 3
BRI FREE K. T HERBHER], mln a5
JRBENERURL A1 7%, ELIX 1 7% 1) T8 AN B e
Yo e — LB RATED ) ORI I BB .
SRML I AR IG K, (HER R AP

WA RS A RAT 7 AN A (k8 5 B2 R B A
FIRIYIAE, i 12 PR . XiE— DRy, Wiksn
XPERREH A0 A B . LSRN 0.08 T

100 |
95+
90 |
85r
80

751

Magnetic separation rate/%

70

65

220 240 260 280 300
Temperature/'C
74

(b)
72+ 0.08T

70 1 0.12T
68 I 0.16T

64

&(Fep)/%

220 240 260 280 300
Temperature/C

B R 5 BE R A R LA RSk db o R 5

Fig. 11  Effect of magnetic separation strength on

magnetic separation rate(a) and Fe grade of concentrate(b)

B, FEYIRAT R LL B s —, R FesO4 AT
% 5 LRI BGOSR T ZE B (MgCO;5)
5K A (Ca(ALSipOg)) AT S IEE(IL K 12(2)). ARFTJE
A, BN ARG IR AN, Hrh, EEE
W iRE T = AR, Hes Mt fae, H
BH T 5 DA K ey TR IR, R DA AV v (38 40k
5 Mn B MgCOs; 1 i Mg, RGO 7. by
VIR Bk AR PR N BB, o R AR
710~740 “Cz[a]. JERIIES KA ST MR, W
THLDER, SREFEESMRE, EASLEPA
e, HT EHLEMNSMEERA —E M55
Ve, TESRRESAZAT T o B A s LR AL
WEERRET b, O, . RS TRERT P
BEE 120b). HE 120)AIFH, B L
WEERT . RERA AASARRERR Sh 5 7, F =
ST ERHEEY PESEDNT 2%, Hitid—
UL AR SCR AR I

= — Fe;0,
88— MgCO3
s — Ca(ALSi,0)

i\ .AH'M M - 0.16TJ
ool 22T

A A J A A A u 008 TA
10 20 30 40 50 60 70 8 90
20/(°)
(b) ] = — Fe;0,
s — Ca,Si0,
R 4 — (Mg,Fe,Ti)y(Si0,),(OH),
. v T, v— CaALSi 0,4(H,0),
Y 1 0.16T

it enr
MMMLMUU | 0.08T

10 20 30 40 50 60 70 80 90
26/(°)
12 BRGEKSH A H) XRD i

Fig. 12 XRD patterns of magnetic separation concentrate(a)

and tailings(b)



468 hEA O RYR

2021 £ 2 H

4 Z5ig

1) AT ERY, 1638 4 10 A IR IR AT 2%
PR, TEBE KA AT PLSEE Fe,Os [7] FesOy4 [
FEAN . P TR B R iR T CASE R R 1) P A R
AR AR ERAT (Vs R BE 7, 00T 2 i AR R AT 3 TR (1)
R

2) Fe,Os TEBRME KV W (4380 J5 il 72 43 S =
W B, FeyOs T MAALE Bk FE T 1 FeO;
FeO, fEW KB W A faw it — BN
Fe(OH), » #RJ5 54 WLk JFE 71 & B A il Fe?'
Fe(OH); » )& Fe*'(Fe(OH); )5 FeO; (Fe(OH), )
JERY Fe;040

3) Gl A R A A R A AR T AR TR R
BNV, AETRENTE W T ek A BRI R

REFERENCES

[1] PICKLES C A, LU T, CHAMBERS B, et al. A study of

reduction and magnetic separation of iron from high iron

bauxite ore[J]. Canadian Metallurgical Quarterly, 2012, 51(4):

424433,

[2] KHAITAN S, DZOMBAK D A, LOWRY G V. Chemistry of
the acid neutralization capacity of bauxite residue [J].
Environmental Engineering Science, 2009, 26(5): 873—881.

B] =BUAE 5k K, FEE, & RE&SRE LTRSS H
HARIUIR[I. &8 11, 2013(9): 100-103.

YUAN Zhi-tao, ZHANG Song, LI Li-xia, et al. Research
status on ferrous and aluminum separation of high-Fe bauxite
in China[J]. Metal Mine, 2013(9): 100—103.

[4] ZHANG Xiu-feng, TAN Xiu-min, ZHANG Li-zheng, et al.
Review of current research status on comprehensive
utilization technology of high iron bauxite in China[J]. China
Mining Magazine, 2011, 20(7): 110—-113.

[5] BHIMA R R, BESRA L, REDDY B R, et al. The effect of
pretreatment on magnetic separation of ferruginous minerals
in bauxite[J]. Magnetic and Electrical Separation, 1997, 8(2):
115-123.

[6] GRAFE M, POWER G, KLAUBER C. Bauxite residue
issues: III.  Alkalinity and associated

Hydrometallurgy, 2011, 108(1/2): 60—79.

[71 ZHU De-qing, CHUN Tie-jun, PAN Jian, et al. Recovery of

chemistry[J].

(8]

(9]

[10]

(1]

[12]

[13]

(14]

[15]

[16]

iron from high-iron red mud by reduction roasting with
adding sodium salt[J]. Journal of Iron and Steel Research,
2012, 19(8): 1-5.

SADLER L Y, VENKATARAMAN C. A process for
enhanced removal of iron from bauxite ores[J]. International
Journal of Mineral Processing, 1991, 31(3/4): 233—-246.
JAMIESON E, JONES A, COOLING D, et al. Magnetic
separation of red sand to produce value[J]. Minerals
Engineering, 2006, 19(15): 1603—1605.

LI Yi-ran, WANG Jun, WANG Xiao-jun, et al. Feasibility
study of iron mineral separation from red mud by high
gradient superconducting magnetic separation[J]. Physica C,
2011, 471: 91-96.

TiXot, £—%, ZFE, S KRERR IR A HTR ],
TR K2R, 2018, 41(4): 247-252.

WAN Xing-yuan, WANG Yi-yong, LI Feng-wen, et al, Hu
Han-ting. Hydrothermal preparation of spherical superfine
copper powder[J]. Journal of University of Science and
Technology Liaoning, 2018, 41(4): 247-252.

JiXTt, £—4E, B, 25 NaH,PO, Xt 4044 73 #L
PERIFEIAT]. #8956 4, 2018, 37(6): 501-505.

WAN Xing-yuan, WANG Yi-yong, NIU Hong-kun, et al.
Effect of NaH,PO, on dispersion of ultrafine copper
powder[J]. Hydrometallurgy of China, 2018, 37(6):
501-505.

AR, JER KR IR CuO ) & B AT 1Y) 5238 B A D).
Bl 3T REOREE, 2018,

NIU Hong-kun. Experimental study on preparation of
ultrafine Copper powder by hydrothermal reduction of CuO
from starch[D]. Anshan: University of Science and
Technology Liaoning, 2018.

A, EdE, T W, F m RS RER A
B o) B BRI Th R BT AT (0], A B GRIEHE ),
2017(7): 1-3, 15.

NIU Hong-kun, WANG Yi-yong, NIN Zhe, et al. Study on
separation of Fe(Ill) from jarosite slag by high pressure
hydrothermal reduction with cellulose[J]. Nonferrous
Metals(Extractive Metallurgy), 2017(7): 1-3, 15.

LI Xiao-bin, LIU Nan, QI Tian-gui. Conversion of ferric
oxide to magnetite by hydrothermal reduction in Bayer
digestion process[J]. Transactions of Nonferrous Metals
Society of China, 2015, 25(10): 3467-3474.

UPADHYAY L S B, KUMAR N. Green synthesis of copper
nanoparticle

using glucose and polyvinylpyrrolidone



H31BH 2 W

PUKK, S KEGEIE I S B RE RE  S BR A AT

469

[17]

(18]

(19]

(PVP)[J].
47(10): 1436-1440.

Inorganic and Nano-Metal Chemistry, 2017,

MURRAY J, KIRWAN L, LOAN M, et al. In-situ

synchrotron  diffraction study of the hydrothermal
transformation of goethite to hematite in sodium aluminate
solutions[J]. Hydrometallurgy, 2009, 95(3): 239-246.
BEVERSKOG B, PUIGDOMENECH I. Revised Pourbaix
diagrams for iron at 25-300 ‘C[J]. Corrosion Science, 1996,
38(12): 2121-2135.

TREMAINE P R, LEBLANC J C. The solubility of
magnetite and the hydrolysis and oxidation of Fe*™ in water

to 300 ‘C[J]. Journal of Solution Chemistry, 1980, 9(6):

[20]

(21]

415-442.

YANG Xian-wan, HE Ai-pin, YUAN Bao-zhou. Hand book
of thermodynamic data of high temperature aqueous
solution[M]. Beijing: Metallurgical Industry Press, 1983:
207-227.

B0, FHIENI, HEMN. REE LT NI 2 Yy La
BROT B HEORT]. R R (A ARERR), 2006, 37(2):
235-240.

LI Guang-hui, DONG Hai-gang, XIAO Chun-mei.
Mineralogy and separation of aluminum and iron from high
Journal  of  Central  South

ferrous  bauxite[J].

University(Science and Technology), 2006, 37(2): 235-240.

Transformation behavior of iron in process of dissolving high-iron
bauxite by hydrothermal method

HE Yong-fei, WANG Yi-yong, WAN Xing-yuan, NING Zhe

(School of Materials and Metallurgy, University of Science and Technology Liaoning, Anshan 114051, China)

Abstract: The starch is used as a reducing agent to simultaneously reduce the iron oxide during the hydrothermal
dissolution of the diaspore. The hydrothermal reduction behavior of iron oxide in alkaline solution were
investigated by the thermodynamic calculation and experiments, the thermodynamic calculations show that Fe,O4
can be converted to Fe;O, under appropriate redox conditions. Fe,O; will dissolve in an alkaline aqueous solution
to form FeQ;, and part of the FeO, moiety will be converted to Fe(OH), in an alkaline aqueous solution at
temperature higher than 373 K. The starch is degraded under alkaline hydrothermal conditions, releasing an
aldehyde group to form a strong reduction system and reducing Fe’™ to Fe*, and Fe'" further reacts with Fe’" to
form Fe;0,. The temperature and alkali concentration in this process have a great influence on the hydrothermal
reduction of Fe,O;. The experimental results show that, when the treatment temperature is 260 ‘C, the alkali
concentration is 210 g/L, the time is 60 min, the amount of lime and starch is 7% and 10% of dry ore, respectively,
and the magnetic separation strength is 0.08 T. The aluminum dissolution rate is 98.57%, the iron reduction rate is
98.41%, the magnetic separation rate is 97.0% or more, and the TFe grade is 73.5%.

Key words: diaspore; hematite; starch; magnetite; dissolution; reduction

Foundation item: Project(51674141) supported by the National Natural Science Foundation of China
Received date: 2019-07-04; Accepted date: 2019-11-29
Corresponding author: WANG Yi-yong; Tel: +86-13804926497; E-mail: wangyiyong@ustl.edu.cn

(44

)



