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Fig. 1. Schematic diagram of frictional ignition

apparatus.
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(a) BEEEFFAS; (D)1 s; ()3 s; (d)5 s

Fig. 2. In-situ observation of frictional process of Ti40: (a) Beginning of friction; (b) last for 1 s; (¢) 3s; (d) 5s

2.5 mm

B3 Tid0 ek beid R A ML
Fig. 3. In-situ observation of combustion process of Ti40: (a) Last for 0.5 s; (b) 1 s; (c) 7 s; (d) 10 s; (e) 12 s;
(f) 15 s; (g) 18 s; (h) 20 s.

(a) 0.5s; (b)

1s;(c) 7s;(d) 10s; (e) 12s; (f) 15s; (g) 18 s; (h) 20 s
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A1 CryO3 B A T BR, U6 BH =R B 2 18] 77 76 52
SRECAR EAEF, ARBL T IR A ALY < BALARY 5 <iE
JRFR ELAN FIAR 25 A M. R PR IR b, X R
B kSRR T 3d A& VA Cr 5 TiJE 7 3d Bl L e
TAEF A RKAEM SR KCERAEM, LR X 2p A
OG5 F S 3dAV, Cr & 11 H 7/ S B4R
H [28—30]

20 pm

El 4 Tid0 B4R E SEM JES  (a) 25%; (b) 500x%; (c) 1000

Fig. 4. SEM morphology of burning product surface of Ti40 alloy: (a) 25x; (b) 500x; (c) 1000x.

R Tid0 ARG MR IR HR EDS 70 #4524
Table 1. EDS analysis results of generated spherical particles on the burning product surface of Ti40 alloy.

_ 1(b) 4(c)
TCE/wt%
A# B# C# ¥IfE D# E# ¥
Ti 43.3 36.3 38.2 39.3 38.1 38.7 38.4
\% 11.5 9.7 10.7 10.6 11.8 11.6 11.7
Cr 1.9 1.7 3.2 2.3 4.4 4.0 4.2
0 43.3 52.4 47.8 47.8 45.7 45.7 45.7

E: O HHENSHE, TH.

K2 Tid0 AR FRICERBIR EDS /) Hr 4
Table 2. EDS analysis results of collected particles during combustion of Ti40 alloy.

TR py o HE B
/wt%
Ti 46.3 49.7 42.6 46.2
Vv 11.9 114 12.4 11.9
Cr 2.8 2.3 1.9 2.3
O 36.4 34.6 41.1 37.4
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A TiO,
0 V,05
0 Cry03

Intensity

10 2.0 3.0 4‘0 5‘0 6‘0 7‘0 80
20/(°)
K5 Tid0 &&pkEr=yRim XRD 5t

Fig. 5. XRD analysis of dense burning product surface
of Ti40 alloy.

A TiO,y
0 V505
0 Cry03

Intensity

10 20 30 40 50 60 70 80
260/(%)
6 Tid0 & &K E IR XRD 43
Fig. 6. XRD analysis of generated spherical particles
of Ti40 alloy.

3.3 MMRKE SRR~ IEE DT

Bl 728 Ti40 & &R B =P 1) SEM T3 &
EDS /3 #r X 3. ME 7T LLE H, 56 &34
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ANFESE I R, AN XS R 2008 335 pm. #%
X 45k (4 & & o0 3R A0 A AR M A gt — 2D e T 5
WO LURAE, Wl 8 Frow. AL, & &Rk sR
AR A], TR IX e R A T i R A4k, Ti
TESEZEM TR VICr &S EL FTHa%,
HE [X 1 K & W 26 V3 [ 73 R R R /D B AR
AL IR T 2 [ R AR 2 Rk, HLR & Cr Al LT 42356
Si [E TV BE AR AR, TS 8T, VA Cr oo
RO AT B ARSI FUK Y Ti, O R & &
EERMOLE S (b) ik FiR), VHICr iR &
BIEFFE; COXFERREOLE, V M Cr It
RERRK, SiTERTRILTAE.

HR A b R e 7= Wk T TOW AH 2R 50 K 4
TCEAATEE A, B TR, HE, FU M1 CO PYA X 15,43

AR R L IR X R R RRBE X, R
SHAK A 4050 pm, 200210 pm, 60—70 pm Al
18—21 um, & XIRH LI EIE %ﬂﬂnl@ 9 Fr

380 pm

300 pm TS 1

7 Tid0 A<Mk Y#IE SEM JES
Fig. 7. SEM morphology of burning product cross-
section of Ti40 alloy.

(a)
1.5
AW . [ I
12t )
—Tltamum
—— Vanadium
2 09r v —— Chromium
= —— Silicon
e 0.6 ' I‘ Oxygen
0.3 F
M
ok Www*m\iﬂ/\“w’ww AN ONAT AN N i,
1
0 50 100 150 200 250 300 350 400
h/pm
70 —m—Titanium (b)
b —e— Vanadium
60 f——n —A— Chromium
\. —v—Silicon
50 Oxygen
X 4dof o2
® a0l . T
N o— A
20 —
A
10 \.
\,\—\ A\
op 1 =¥ 9
! L L L L L L L2 L L
0 100 200 300 400 500
h/pm

B8  Tid0 &R MEim EDS 24K (a) &1
(W7 o X AsERTTI]); (b) S/NX A (817 & T
HE A TC 3P4 93

Fig. 8. EDS analysis results of burning product cross-
section of Ti40 alloy scanning line: (a) Along X co-
ordinate direction in Fig. 7; (b) scanning in micro-
region(element average distribution in every square
grid in Fig. 7).
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AN AT P DR I T e AN DR AR o
&, HA— & 07 mE, B4R R e R, G X
T E KRV [ AR A B T B A AR 4
18, A5V BB AR A7 AR — SRR A, AR
V-Cr-Ti & & #EDS 43 B, 3 F R A7 4 o
Ti & &g T AP TS &, HirhA—E

F T atm oo bR : -?-“ .

BEI 5000X w2 [N

(077 T R 005, K 0T 35
o 47 15 b BB AR BN, BEHLS 4 ) V 2 75 4
I, I T RS D AR K 5 B
X 2 ) ) PTG MR X % o ACHE T AL
BRI BV, CrfRALAL, LIRE R IL
.

K9 Tid0 & Sk i & KSR WO A SIS (a) TIEKX; (b) B (c) MrgtX Sk X

Fig. 9. Microstructure morphology of different zones in burning product for Ti40 alloy: (a) Transitional

zone; (b) heat-affected zone; (c) fusion zone and combustion zone.
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Jall b T, SRR R IR AR RIS N, BT A TiO, £E3
A FRI I A T BE RS RV B R 2R PR AR 3R 9
AR 850 °C I, AL IR i R L L AR K
TR, AU SRR P T OE AR K Bl TiO, 7E
R H IR T R OGNS BE N 315 kJ /mol, SEAE B-Ti i
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Microstructure characteristics of burning products of
Ti-V-Cr fireproof titanium alloy by frictional ignition®
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(Aviation Key Laboratory of Science and Technology on Advanced Titanium Alloys, Beijing Institute of Aeronautical Materials,
Beijing 100095, China)
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Abstract

Titanium fire in the aero-engine is a typical accident caused by ignition and burning of titanium alloy, which leads to
a huge damage. Some articles wrote it as “to turn pale at the mention of titanium”. Fireproof titanium alloy, a new type
of structural titanium alloy with fireproof function, has been developed to prevent titanium from fire hazard and to ensure
safe and reliable service of aero-engine. In view of the lack of clear understanding of the microscopic mechanisms found
currently for the structural functionality of fireproof titanium alloys, in this work, using frictional ignition technology
in oxygen-rich environment (friction oxygen concentration method), associated with in-situ observation, SEM, EDS and
XRD analyses, the microstructure characteristics of burning products of Ti-V-Cr fireproof titanium alloys are investigated
and the element distribution law associated with microscopic mechanism during combustion reaction process is disclosed.
Results show that Ti-V-Cr fireproof titanium alloys produce dazzling white light during combustion, with the typical
flame characteristics of metal combustion. The generated products after burning are mainly TiO2, V205 and Cr20s3
oxides, in the form of dispersive particles and dense continuous body. The dispersive particles are in regular spheric
shape, with a size of 10-50 pum; the dense continuous products after burning presents divisional feature. After the
combustion lasts 18 s, four distinct zones form from the alloy matrix to the combustion surface and they are in the
sequence of transitional zone, heat-affected zone fusion zone, and combustion zone, with sizes of 40-50, 200-210, 6070,
and 18-21 um respectively. Further, some small granular shaped bulges exist in the transitional zone, in some fixed
directions; in the heat-affected zone, a large number of V-based solid solution and some Ti-based solid solution form,
and the titanium containing V-based solid solution is much higher than the needle-like precipitation phase in the matrix.
In the fusion zone, there are some V-based solid solutions in most of Ti-based solid solution; while, the combustion
zone mainly contains the mixed oxides of Ti, V, and Cr. The V-based solid solution in the heat-affected zone reduces
the diffusion rate of titanium to the fusion zone, slowing the preferential reaction between titanium and oxygen in the
combustion zone; while the generated mixed oxides of TiO2, V205, Cr2Os3, etc. in the combustion zone and the solution
of oxygen in titanium in the fusion zone jointly prevent the diffusion of oxygen to the alloy matrix, thus the Ti-V-Cr

fireproof titanium alloys can have excellent fireproof functions.

Keywords: fireproof titanium alloy, burning products, microstructure, mechanism of titanium fire
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