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Fig.2 Schematic diagrams of sampling: (a) stator sample before
combustion, (b) stator sample after combustion, and

(c) analysis section
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Fig.3 Macromorphologies of combustion products: (a, a’) critical ignition and (b, b’) sustained combustion
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Fig.4 XRD patterns of burning products
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Fig.6 Morphologies of each zone of the critical ignition microstructure: (a) CO, (b) FU, (c) HA, and (d) TR
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Fig.5 Critical ignition microstructure
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Table 1 EDS analysis results of P1~P6 positions in combustion Table 2 EDS analysis results of P7~P12 positions in fusion
zone (CO) in Fig.6a (w/%) zone (FU) in Fig.6b (w/%)
Position  Ti Al Sn 2Zr Mo O Si Position  Ti Al Sn Zr Mo 0
P1 60.2 i i i i 398 i P7 29.1 5.8 2.9 344 3.2 24.5
P8 30.2 5.6 2.3 34.3 2.2 254
P2 58.4 - - - - 41.6 -
P3 526 ) ) 47 19 377 31 P9 81.1 0.5 0.2 1.4 0.4 16.5
P4 55.2 - R 45 - 399 04 P10 81.2 15 0.6 15 0.7 14.5
P5 87.3 05 - - - 103 19 P11 68.9 12.7 5.1 2.0 5.9 5.0
P6 848 08 - - - 124 20 P12 68.9 122 48 2.4 5.6 5.6
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Fig.7 SEM image (a) and TEM bright field image (b) of the fusion zone (FU)
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Fig.8 Selected area electron diffraction patterns of the fusion zone (FU) @ (a), @ (b), ® (c), @ (d), and & (e) in Fig.7b

3 NI T KH LR IAGE I X (HA) 1) EDS 43 #r 25
B, AEH o AHTE AR P 52 m OB K K B 28 A 4 fil,
TR g A, ARTEHOY . S o ik
Ti & AR LR =, Al/Sn/Mo R B AT X JEAR (1S,
FfE B FH Al/SnIMo 5 B, 1X 5B X TR 4 A
ML R —8, #EmX EEN o Ti BEE, BEL
0%~6.7%H] O, Zr 4 HL )5 &t X ¥ [ 7% 44, Al/Sn/Mo
T BB X R X B MR E AR
222 YRR

1E A0%SEIKFE T, RRELRBEIRMS 1Y R be 21
DL 9. MBRGEFR I BIEK & & 2R T 40 4 AN IXIR:
BRIGEIX . JEEEIX . Aggm X AL X, SI6RE Ky
XAFAEM A 3 IR e 4 215 X SR L 10. CO [X
RIZHLRBEX, HXTIE R E KHSESU%, #5
AL B BRIE X =9 E BT s FU DX AR RS U fg etk

FABTH, SR ) v R [ A SN X HA X
W SR FIARTE SR R I K K B AR B il G
WX s TR X LU0 2 4L, 10 b X 808 FE O
AR G, REEX . %X EDS Bisr i 45 R
* 4~% 6,

*3 6c S NE X (HA)PL3~P15 I E EDS S &R
Table 3 EDS analysis results of P13~P15 positions in
heat-affected zone (HA) in Fig.6¢ (/%)

Position Ti Al Sn zr Mo (0]

P13 91.9 3.8 1.2 2.2 0.9 0

P14 86.7 2.6 1.0 2.4 0.6 6.7

P15 86.5 3.6 1.2 2.7 0.9 51
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Fig.9 Microstructure of sustained combustion
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Fig.10 Morphologies of each zone of the sustained combustion microstructure: (a) CO, (b) FU, (c) HA, and (d) TR
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Table 4 EDS analysis results of P16 and P17 positions in
combustion zone (CO) in Fig.10a (w/%)

Position Ti Al Sn Zr Mo (0]
P16 51.7 6.0 - 4.4 - 37.9
P17 54.8 6.6 - 3.4 - 35.3

MW X (R 6) A D E A ERHORE
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Table 5 EDS analysis results of P18~P25 positions in fusion
zone (FU) in Fig.10b (/%)

Position Ti Al Sn Zr Mo (0]
P18 3.3 51.9 - - - 44.8
P19 3.8 47.8 - 3.0 - 45.3

P20 29.1 5.3 2.8 40.1 2.9 19.9
P21 25.6 4.9 2.5 42.4 3.1 21.6

P22 66.5 12.5 8.0 2.0 51 6.0
P23 73.2 7.2 2.9 3.0 1.8 11.9
P24 79.6 0.4 - 1.2 - 18.8
P25 82.4 0.5 - 1.2 - 15.9
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Table 6 EDS analysis results of P26~P28 positions in 2MHETFIRTEE o # ([201]a FI[211]a) -
heat-affected zone (HA) in Fig.10c (/%)

Zone Ti Al Sn Zr Mo (0]

P26 81.4 2.6 14 2.0 0.7 11.8
p27 78.9 4.3 1.6 2.7 1.2 11.3
P28 53.4 7.3 2.9 13.6 3.1 19.8
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Fig.12 Calibration diagrams of selected area electron diffraction patterns of the fusion zone (FU) @(a), @(b), ®(c), @(d), ©(e),
and ®(f) in Fig.11
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Fig.15 Bright field image of the transition (TR) zone
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Fig.16 Calibration diagram of selected area electron diffraction
patterns of the transition zone (TR) @ (a) and @ (b)
in Fig.15
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Fig.17 EDS element line scannings of critical ignition

microstructure
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Fig.18 Micro area of critical ignition microstructure
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Table 7 EDS analysis results of micro area in critical ignition

microstructure in Fig.18 (w/%)

Area Ti Al Sn  Zr Mo 0] Si Zone
P29 742 13 14 12 0 209 10 Cco
P30 820 55 20 39 17 49 0 FU
P31 814 58 24 38 18 44 04 FU
P32 838 6.1 21 37 17 26 0 FU
P33 838 6.0 21 39 15 27 0 FU
P34 832 6.0 20 40 25 23 0 FU
P35 851 57 18 36 11 2.7 0 FU
P36 851 60 19 40 19 11 0 HA
P37 86.0 59 19 44 13 06 0 HA
P38 854 63 24 37 24 0 0 HA
P39 858 6.2 24 41 16 0 0 TR
P40 856 6.1 24 39 20 0 0 TR
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Fig.19 EDS analysis results of micro area in critical ignition
microstructure: (a) Ti, (b) O, and (c) Al/Sn/Zr/Mo
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Combustion Microstructure Characteristics and Formation Mechanism of Near a Type
High Temperature Titanium Alloy Under Oxygen Enriched Conditions

Sui Nan, Mi Guangbao, Cao Jingxia, Huang Xu, Cao Chunxiao
(Aviation Key Laboratory of Science and Technology on Advanced Titanium Alloys, AECC Beijing Institute of Aeronautical Materials,
Beijing 100095, China)

Abstract: TA19 titanium alloy was ignited by friction oxygen concentration method, and two ignition damage samples after critical
ignition and sustained combustion under oxygen enriched conditions were obtained. The phase composition, microstructure characteristics
and its formation mechanism of TA19 titanium alloy combustion products were studied by SEM, EDS and XRD. The results show that the
critical ignition products of TA19 titanium alloy mainly include TiO, TizO, rutile type and anatase type TiO», and the initial combustion
temperature is about 500 <C. While the sustained combustion products of TA19 titanium alloy mainly include TiO, rutile type TiO,.
According to the tetragonal structure ZrO, formed in the fusion zone, it is found that the continuous combustion temperature is above
1170 <C. Four distinct zones are formed from the combustion surface to the alloy matrix, combustion zone, fusion zone, heat-affected zone
and transition zone. During critical ignition, Zr solid solution rich in O, «-Ti solid solution rich in O and g phase rich in Al/Sn/Mo are
formed in the fusion zone; A large amount of «-Ti solid solution rich in O and a small amount of # phase rich in Al/Sn/Mo are formed in the
heat-affected zone. During sustained combustion, Al solid solution rich in O, Zr solid solution rich in O, a-Ti solid solution rich in O and g
phase rich in Al/Sn/Mo are formed in the fusion zone; A large amount of a-Ti solid solution rich in O and a small amount of g phase rich in
O and Zr are formed in the heat affected zone, and finally they form a dense layered structure that prevents the inward diffusion of O and
outward diffusion of Ti. In the combustion process of TA19 titanium alloy, the element Zr first diffuses into the interface of the fusion zone,
followed by Al. This is different from the case that Al first diffuses to the interface of the fusion zone during the combustion of TA15
titanium alloy. The reason may be that the Zr content in TA19 titanium alloy is twice higher than that in TA15 titanium alloy, and the
activity of Zr is higher. The main combustion mechanism of near « type titanium alloy is the formation of O-rich solid solution. From the
perspective of microstructure, higher equiaxed phase content is conducive to the dissolution of oxygen; from the point of view of alloy
composition, proper control of the content of Ti, Al and Zr is beneficial to obtain dense O-rich solid solution.

Key words: near « type titanium alloy; burning microstructure; alloying elements; combustion mechanism
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