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Fig.1 XRD pattern of ilmenite
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Fig.2 Gibbs free energy changes of possible chemical reactions

involved during the aluminothermic reduction of ilmenite



+ 1280

WA & RMRS TR

i 45 %

3 @RS

3.1 EEFIAENEE~MHFN

I VR I B OB s CO HEAT B B s H A
76960 C, JMEFE 2h 4T, 2~5 fFEi A
PORJFERDA BB A S 7= Tiv Fe M1 Si &K
XRF g Rk 1 ME 3 iom. G&~YWH I Si
K H R RGE SRR IR 1 Si0;.

M1 K& 3 i T UE Y, B A G SRR R
P3G N, & E =PRI o R, kI IR
WA, FEIR T M Fe WMIRE N, B
1005 ‘C UK &b A1 3 AR FE LA 0.24% 8 iift 5 5
W S AME T ERTE UK S A A 1 5 &4 5
KT 0.24%0F, TERUIRAEET, i &EEEETS
Al°, EEEMNMERERT FeTiOs & FeO M TiO, IE & .
1000 CHf, TiO, fEUK it A s £ v IS R FE O 5.91%,
Fe,03 49 0.18%, FeO WAfRIEHm, 7 6.0%%, 7k
FMMESRT, KR FeTiOs 5 4 8 4k A Fe,03, TiO,
A Fe,TiOs™, [A, 24 B i 48 & BARMRI, Uk &
I R AR TR R R B EAAEE TON TiI(V), )5
BET N AL, PiERBEEKT Fe(l)F AR
IR o T A8 R 2 PRI SR AL, AT R EEN
e, TERCER Al BARTIRL, A S A I JFE R 58
(IR Al, BRI Fe(HI) AT AI(NEGE Al JE -T2 Ml J L=
K, AR, BI Fe(lN) ik 5 it LR K. [
IS} 322 R AL, AR 960 CRY, Al Fl Fe,04 38 J7 2
N7 f 75 A 3 R RE L AR AT TiO, 38 J5 SN (1 75 45 M
HAe s, BUAHENREE T, HE Fe(l)F1 AL 45, H
NN AZER S RE. Rk, BEEEREn, 5475
PRkt & BB . B2 T Fe,05 fEUK A K 3h
VR IREAR /N, AN TiO, I 3.3%, A 34 J5 5]
HILJER, G484 Fe M &N Ti (1 2.8%, B, 7EUK
A KA Eh A R PR AGE TR FeTiOg, 1] LASZEL TilFe 255,

I JR RN PR B 2 ~5 I AR BGE R AR 15
G ST X AT B a5 R A 4 Fros. A

x1 EEFIBEAEILE 2-5 EREE=WF Ti. Fe
MSimaEsE
Table 1 Composition of alloy products obtained by alumino-
thermic reduction of ilmenite when the ratio of actual
Al dosage to theoretical Al dosage is 2~5 times
Content, /%
i Fe
1523 043 0.99 35.41
18.82 1.09 1.22 17.26
16.03 149 0.85 10.76
15.01 6.10 1.09 2.46

Dosage of reductant/times Ti:Fe/%

a b~ w N

N
o

w
o
T

2 3 4 5
Dosage of Reductant/times

[uny
o
T

Mass Ratio of Ti to Fe/%
N
o

o

3 WA Al AFEEEFHECT 0 Ti M Fe R E L
Fig.3 Relationship between the ratio of actual Al dosage to

theoretical Al dosage and the mass ratio of Ti to Fe

¢ AL T
© ALO,
v Al
1 * Na,ALF,,
= |2 times ¢
il . . 0., . Y
8 AL
2
2
3 times s
..GC_’. IR AN R
— 4
4 times
’ I3 9 o e e
- k2 .
5 times N

0 10 20 30 40 50 60 70 80 90
201(9

K4 BIEFEE 2 ~5 T HERGEERSY 5258
FEHI XRD [
Fig.4 XRD patterns of alloy products obtained by alumino-
thermic reduction of ilmenite when the ratio of actual

Al dosage to theoretical Al dosage is 2~5 times

4 ALVEH, PR EEYMEA AlTi. AlLOs. Al
XRD Bl F g2 AlTi, HBEEEFEFE I, Fig
(158 BB AR 55, UL = AlTi IR & SR AR 2
bEESAEE N, b HBEES, A
R BRI R R R 20 ORI e R T UK
H NasAlgFyy h I 2% I F T

N T BB ARGE R R A S IR T S DA K
A& ILE B K. B A, EEEmN
Hiti s (SEM) Flfigis (EDS) 4, iR wE 5
Fim. W S ATLAVEH, RE=YH 3 ZAAE 3 M
FIRIAHIX . [ 5a B X I A s FEEH 4 (68.65
at%) FlEk (28.08 at%), NG ®, @ E I
FOA EIR XRD 745 R, TN AL A FTE XN AlTi
FH o BURIE X3y Rk (R HL AR 5T . 18] Bb WX A
N AT K, X3 B N AlsFe (% 74.11 at%Al Al



%5 5

- 1281 -

K5 REA Al AR EEST & W SEM B

Fig.5 SEM images of alloy products obtained by aluminothermic reduction of ilmenite with different ratios of actual

Al dosage to theoretical Al dosage: (a) 2 times, (b) 3 times, (c) 4 times, and (d) 5 times
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Aluminothermic Reduction of Lunar Soil Simulant IImenite
in Cryolite Molten Salt Media

Shi Zhongning, Xie Kaiyu, Guan Pingping, Liu Aimin, Hu Xianwei, Gao Bingliang, Wang Zhaowen
(Northeastern University, Shenyang 110819, China)

Abstract: Focused on in-situ utilization of lunar resources, we studied the preparation of aluminum alloy by aluminothermic reduction of
ilmenite in molten cryolite media. The thermodynamics calculation shows that the standard Gibbs free energy change of aluminothermic
reduction of ilmenite is negative in the temperature range 0~1500 <C. The effects of reductant amount and reaction time on the
aluminothermic reduction of ilmenite in 47.14wt%NaF-42.86wt%AIlF;-10wt%%FeTiO3; at 960 <C were studied. The results obtained by
XRF, XRD, SEM and EDS analysis indicate that the products mainly contain Al, Ti, Fe, and a little Si, and the main phase of the product is
AlsTi. With the increase of reductant amount, the content of Ti in alloy products decreases, while the content of Fe in alloy products
increases. In addition, the content of AlsTi increases with the increase of reaction time. The highest content of Ti in the alloy obtained by
aluminothermic reaction at 960 <C for 2 h using three times reductant amount of theoretical amount is up to 18.82 wt%. Fe and Ti can be
separated in FeTiO; aluminothermic reduction using lower reductant amount and higher reduction time. The FeTiO3; aluminothermic
reduction reaction takes place between the dissolved Al atom and dissolved FeTiOj3 in the cryolite melt.

Key words: aluminothermic reduction; cryolite melts; ilmenite; in-situ lunar resource utilization
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