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@ R o Table 1 Raw materials of experiment
o
g -850f P
2 Material Manufacture Particle size/ Purity/%
3 -900t pm
S ol 7 Titanium Kemiou Chemical _ -
g 950 dioxide  Reagent Co., Ltd, China 0.2-05 =985
$ -1000 - i in Bi i
S 000 Vanad'lc Macklin Bloche_mlcal <10 =99
& 1050} pentoxide Co., Ltd, China
- Macklin Biochemical
=
-1100} ~C ‘ ‘ ‘ e Aluminium Co.. Ltd, China <50 =99
750 900 1050 1200 1350 1500 1650 ) Kemiou Chemical
>
Temperature/K Magnesium Reagent Co., Ltd, China <200 =99
NG E S T €T Calciym ~_Sinopharm Chemical 4, =99

Fig.1 Oxygen potential diagram of substances with different

oxygen contents
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T 1985 4E H A% K. Ono 4RI H , fE#H G T B-Ti
FIE AR RS 1 SR R 5 R 1R % U R B CaH,
XTIE JE R R A AR R, A e AR S R
AR AR B, g 7B G BT IO, B 3 T 72 5 ) B
Wi, T.H. OkabeP"7E4S #k 5k iy Kt 42 T PRP
(perform reduction process)i%. N T KA Haiyan
Zheng®VsE RS T AE PRP L&, {8 FACKE I L5
4 TiO, X =Py sg ), 45 R B Al KT 99% (1 4
JE ERTT A i T I B . A fRi A SESS R, Baogiang Xu
S 2p A H CaCl fE NS INFHIER 7E T Ca(g)-CaCl,-Tio,
RS2 B R R, FEHEAT T 1 kg PR 50 (1) JHOK S2 56
B 2877 ) A A ik 1) 0.38961 %73

R4 Lijing Yan™, . W. Won!™ | H. H. Nersisyan'®
SN TiO, A Mgy JEURBL B & SE 1 7 UREAT S
B3 7 SRS RS R, BT AN S ATL B EA
Je S A B AR S PR R Z IR N IR R, RS A X T
Bt g S g iR B B AR T R A AT IR A
M AT o PRP A A ek J5 1) PRP 3254 28 {8 H 2%
FARSRARAR, 17 HLAF KR EERs s 38 R AT IR 5% 4k
B, PG RAFE AL, A @EE X Tio,-Mg.
Ti0,-V,05-Mg- TiO,-Al-Mg-. TiO,-Al-V,05-Mg 4 %
R, 2 GO IR JFIEES I & TiAI4V & 4
R AR B B S e L R IT I OE .

1 % W

SIS AT RN R 1 BT . SERR R AL ER R
FAAAM ZHUAE 120 CHEE NHET 24 h, DMETBR %
— ST P 1) 44 5 DA B K Y o

B EE (R 2 Fion) ARG, R RIRGT
AIRIEEAT IR A AbFE . REER AT ORI S R AT

Reagent Co., Ltd, China
Hydrochloric ~ Sinopharm chemical

acid Reagent Co., Ltd, China
Magnesium  Sinopharm Chemical

oxide Reagent Co., Ltd, China

Agueous 35.00

75~380 =99

B BN . RS EHER EREZ (1 mol/L)
Rt 25 h, RETEKME, RGEETTREPHA.

YIRS R AR AR X S 2R AT 5 A (XRD, Bruke,
D8, Germany); W 35k il R I H - 45 4 2 T B
(SEM/EDS, SU8010, Hitachi, Japan); =%k % F
SR A (Mastersizer, 2000, UK): 488 & 46 W% B 4
BEA M1 (LECO, 8360NH, U.S.A)).
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2.1 HBAEHE

i/ HSCO.5 THEFHTYIAH A il . HE 4R W) ot (1 &=
4 TiO, 1.88 kmol, V,0s 0.0393 kmol, Al 0.222 kmol,
Mg 3.96 kmol. I1H T FHUHSEERNX R
(1473~2473 K), @l 2 frox. HIE 2a ATLUE HFEAE
BEMTE AR F Ti & &R Tio & &7 &
f B 2b BT LU AP ) 2 B A YA Mg, TiO,,
MgTiO3 Fl MgAI,O,, FLABATTI E 5 8 B 45 i FE 1) T s
MFt . &8 VA Ti Mgk, BEER
R FER R VIS BT VO & BT & Al
TEAR R b A LA NI ) 5 0% 45 & A Bk AlLOs, )i
T A 52 1) MgALLO,, el LARI Ti JE MK TiIAl L& .
i 2b AT &0 23R AR T 2000 KB & A 2010 & AR
BI/hF 1 mol. k2 Ui7E 2000 K LLF B TiO & FR il

R2 AMEYHRMBRSEE

Table 2 Contents of raw material for four products (g)

Product TiO; V,0s Al Mg
1# 25 - - 15.3
2# 25 - 1 15.3
3# 25 1.2 - 16.2

4% 25 1.2 1 16.2
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Kl 3a AR BERT = AR, B 3b ARG
JG FER I AR 53 AT, 3¢ I 3b 1 )R BOR B . dE T
P 3a AT AR e A0 P24 £ A MgO (# 00-043-1002),
TiO (# 00-008-0117) A1 Ti,O (# 01-073-1116). #h & ¥k
BRI MgO B2l 3b Fior . BLEANG Tio, i85 A
Ti WIPREI AR Tio MR . B 3c NERIEE =9
A0 AT Y Ti,O(#01-073-1116)% HH AT 5 16 11 J=) #1 Jit
K. @i K 3c ifmik R FAH Al AV I E FIFFE
21 Ti,O(#01-073-1116) 1 9 +H & 171 /= A FE R F% , X
YL AL RV G R S EE RN Ti,0 0 6 8% 24 b i ik
o B8 B AR o 3N Ti,0(#01-073-1116) [ &t 14 2 59 47 o
WiEER 3 s Al AV R SIEK 40T K
Ti,O(#01-073- 1116) 4 AH AT 5F U 1) 58 4k FH 5 5 B A1 o
R A T S e B AR R R O R4 AL, R Al
TV J0 2 [ 3 N Ti,0 1 & A FLIE BT A R 48
o X4 NRBEF =PRI 8. R 4 0] R
WE=m O 8N 1451%~15.6%, Mg S & A
0.79%~2.8%.
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Fig.2 Phase equilibrium amount of the system at different

temperatures
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Fig.3 Phase analysis of the products before pickling (a) and after
pickling (b), partial enlarged view of Fig.3b (c)

#3 BARFYHREFSY
Table 3 Crystallography parameters of the products after
pickling

Product 26/(9 FWHM/(9 Intensity/cps a=b/nm c/nm

1# 39.78 0.1386 20927 0.295911 0.483594
2# 39.95 0.1824 17460 0.29584 0.478714
3# 39.77 0.1596 17506 0.295885 0.482697
4# 39.86 0.2052 12380 0.29559  0.47713

x4 BMARFYOHIRS S
Table 4 Composition of the products after pickling (/%)

Product Ti Al \Y Mg 0}
1# Bal. - - 0.79 14.51
2# Bal. 4.40 - 1.86 14.69
3# Bal. - 3.62 1.13 15.36
44 Bal. 4.68 3.47 2.80 15.60
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Fig.4 Curves of combustion temperature-time of the system (a)
and particle size distribution of the products after
pickling (b)

x5 BRILEFMREREE
Table 5 Characteristic values of particle size for the products

after pickling (pm)

Product 1# 2# 3# 4#
D1o 8.247 6.283 12.44 6.442
Dso 35.78 36.57 41.46 38.31
Dgo 75.15 71.15 83.68 83.08
Dpaa 39.6 38.35 45.35 42.57

b HH I U T 55 3 IR H SR D A — A I R T A Sl A 1
WARIRL:, BAERLIL S8 5 W B 5 R BBk 2
) () 30D o 3 RO 2 TR 5 1) DR DR R I B AR A AR
KRR HE LB R KL T/ Mg IR 3D
BT 4E S 10, DR TR SR R H THO, 23 Rk A= 3 5 R g 45
1TH. GRFE— X A & R N2 H Mg IR 3 ET
fil R B, A e KA Z Mg 5 Tio, B, 78B40
JIERT Mg 2 NJERHISERR 2, X Tio, Bk
P IY BR R B RDIR S, AR AR 2 kA, R
JSE T HE PR A A8 e B R R R A P R 2 (1]
KRGS, WTLRRZ RN “IBIR-Beds” 0. Rk
Ja W= IS0 B Sb s o SR — X & A
IO AL TR Al R IR, I8 IR AR 3 B X 3
I TiO, WUkL 2 [H] 22 e R ARSI R, AR5 B R AEE R
SNE 3 TR SR R AR B gk — D AR HE T be 4l I M I
HEAT, FTRARRZ RN “ R4 -1k Ji-hedd ” Bk, MRk
JE W= S an I Ba B s .

6 N VEE I EDS REitk oy 4t B, Wil %
6 I HTEE RIS B 5 RS 2 5 nT DAHEIRT
Ry f5 Mg IMAA7E 0. XTI Ba b A il B X311
REVG 0 BT 45 ST 50 Mg TG B AE = T IR o0 A e AN 5
1, H Mg MAFIELER O S RMTHE. BT =ms
ik ERRR VeSS, Rk Mg AN TT RE DB 5 MgO 1 TE X
fP7fE. B 5b H1 C Al D XEKMREIE AT g Rmrkn Al
TCR BN Ti B G FRIEARE R RS &
b, X3k D HE S ERT X C 3 ZR M EER
s R . B 5c H E T F X IR BEIG AT 45 SRR
B E XIRIE A T MgTiO; £-4¥(Ti, Mg 1 O (1 i 7 kb
LI 1:1:3). & 5d B G A1 H X I BE 2 b 45 AT
MG XA MgAl,O; 24 B (Al, Mg 1 O [ )5 T b %3k
2:1:3), H XA Al-V & & E R Fitbidd SEM 4
4 EDS Zr#ralifiE & Mg EEYA MgALO; Al
MgTiOs, St — 3.
2.5 $HmEAR

Bl 6 AANRIRE N EAMS 48 Ca MK (1)~(3)
A B i Ae . & 6 AT RIAE BT ISR E S



2896 * WA SRR TR

%5 51 45

K5 4#/W)ER UG )G I SEM JE 33
Fig.5 SEM morphologies of product 4# after pickling

%6 5 AR E XA EDS 4 SR
Table 6 EDS results of the different zones for the product 4#
in Fig.5 (at%)

Zone Ti Al V Mg 0O
A 54.96 251 1.3 1.14 40.09
B 65.5 1.47 1.12 - 31.92
C 45.73 10.79 - 2.57 40.91
D 50.16 3.34 0.98 1.03 44.49
E 24.24 1.01 - 23.28 51.46
F 45.8 3.2 1.98 2.47 46.55
G - 28.14 - 15.16 56.03
H 73.14 26.86 - -

Bl P 3K 6 i 8 1 5 A 0 R RES /N T 0. FHIE] 2b AT DL
A YR H A UE, IR KT 2000 K B R 54
e AR, — HiR BT 2000 K, AT & 206
SN . B da AT RNEE RN E B IR R PRI 4y
F£1 2000 K, b= Prh & H S G4, X2
#H %ﬁ#%tﬁ%iﬂ%%ﬂﬁ%iﬁ%ﬂ@ﬁ .

%MgAI TiO,+Ca= MgO+CaO+ 2 Al (1)
%MngO +Ca= MgO+ T|+CaO (2)
1 . 1_.

3 Mg, TiO, +Ca=MgO+ETl+CaO (3)

I P R B T, A LI R RE ) B SR
Ca E 3k SRR, — J5 i Ay LLE — 25 B AR AR A Bk i Ak
PRES R, SR U E S TR R, B
=) Mg &, 1 4779, AEJE Ca

AG®/kJ mol?

Fig.6
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Phase analysis of products reduced for different time
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Table 7 Composition analysis of products reduced for

different reduction time (w/%)

Reduction time/h Ti Al \Y Mg Ca
1 91.8036 3.11 3.77 0.06 0
15 90.7205 4.77 3.84 0.05 0.22
2.5 90.7255 5.06 3.96 - -
3.5 89.7466 6.20 3.64 0.01 0.16
5 90.8987 4.86 3.77 - 0.1
BEATRE— D A e B 7 O 1173 K IR JE IR R R

BAFE B R a1 XRD K. wTLLE 7
VIR A 0 ) v A B EAT T A, KRB AL ALV
[ RN Ti (6 A% R R 2. 38 7 S IR B8 I S
P~y M, #E 1173 K B JR IR T %36 3.5 h
J AR B L R AR B S A I R R A 0.24% 1
0.01%, &H| 1 Pl AR A

3 & it

1) BEFA B S REd R TR R R beli 2 £ 2000 K
A, WS H & Mg B 5L K.

2) SlREEME &R UG =YY 2 7 10 5
R A S AR AN [R], A PG “ Tile 45 10 J5- e 45
A IR JR-pegt” 2 it

3) R Al (R AF7E 2 i Ui 2 IR R I T B
i, 1M V.05 M7 75 2042338 B &R MR be il FE 1 T &1 o
BT A B2 iE Rk Ti,O A & 1) = A
W .

4) Ca FAURPEIE JFAE BRI A& B 1 R I i ik — 28
FEAR T P29 I Mg & & &9 1 Mg Ait O 4
5124 0.01%F1 0.24%.
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Mechanism of Magnesiothermic Self-Propagation During Preparation of Ti6Al4V Alloy
Powder by Multistage Deep Reduction

Yan Jisen'?, Dou Zhihe *?, Zhang Ting’an **
(1. School of Metallurgy, Northeastern University, Shenyang 110819, China)
(2. Key Laboratory for Ecological Metallurgy of Multimetallic Mineral, Ministry of Education, Northeastern University,
Shenyang 110819, China)

Abstract: The Ti6Al4V alloy powder has been successfully prepared by the multi-stage deep reduction method. The mechanism of the
magnesium thermal self-propagating reaction in the process was explored. The products were characterized by XRD, SEM, ICP and laser
particle size analyzer. The results show that Al and V elements will enter the Ti matrix as a solid solution, causing the diffraction peaks to
shift to high angles. The two reaction modes of “pre-sintering-reduction-sintering” and “reduction-sintering” are the main reasons for the
difference in product morphology. The volume average size D43 of self-propagating products is positively correlated with the combustion
temperature of the system. The remaining Mg mainly exists in the form of complexes such as MgTiO3; and MgAI,O4. These ternary
composite oxides can be decomposed by metal calcium in the deep reduction stage, and finally the Mg and O in the product can be reduced
to 0.01wt% and 0.24wt%, respectively.
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