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Abstract: In this paper the Ti-Al inclusions in ultra-pure ferritic stainless steel were studied.The Ti-Al
inclusions in steel were observed by two-dimensional metallographic method and three-dimensional anhy—
drous electrolysis. Tungsten filament and field emission scanning electron microscope were used to obser—
vethe morphology and its elemental composition was analyzed by an energy spectrometer.The results show
that various forms of alumina inclusions are formed in the ultra-pure ferritic stainless steel after Al deoxi-—
dation.These deoxidation products will affect the subsequent Ti alloying and form a Ti-Al composite with
excessive local titanium content.The equilibrium curve of TiN inclusions and the Ti-Al equilibrium curve
in ultrapure ferritic stainless steel were obtained by classical thermodynamic calculations.The calculations
showed that the formation of TiN should be in an unfavorable state at the experimental temperature and el-
emental content but due to the local enrichment of Ti and N elements TiN formed during the deoxidation
product indicating or solidification.
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Fig.2  Alumina inclusions
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1 6 ( ) AG"=302 200-107. 8T * (2)
Table 1 Flen.lent contents of eacl.l point indicated logK =logf . +logf \ +log %Ti %N (3)
in Figure 6 ( atom fraction) % (
Ti Al 0
a 12.92 40.22 46.86 100 2) (1~3) 3.4
b 7.96 33.64 58.40 100 TiN ( 7o
c 19.65 35.02 45.33 100
d 30.92 20.47 48.61 100 2 ( )
Table 2 Chemical compositions of ultra-pure ferritic
stainless steel in this study( mass fraction) %
3 C Si Mn Al Ti Cr 0] N
0.0057 0.10 0.18 0.018 0.08 20.73 0.0248 0.000 14
7
O.N
o Ti
3.1 TiN
° 7
TiN 50 °C
TiN(s)= Ti + N (1) o
3 1873 K Ho
Table 3 First interaction parameters at 1 873 K in this study
, J
L
C Si Mn Al 0 Cr Ni N
Ti -0.165 -0.025 6 -0.043 0.026 -1.62 0.024 -1.23 -1.23
Al 0.091 0.056 -0.004 0.043 -1.98 0.012 -0.029 0.033
N 0.13 0.049 1 -0.02 0.017 - -0.06 0.012 0
0 0.421 -0.066 -0.021 -1.17 -0.17 -0.052 0.006
4 1873 K ®
Table 4 Second interaction parameters employed 0.08
at 1 873 K in this study 0.07F
1923 K
' j 0.06F f
' Cr Al O 0.05F
Ti 0 0 -0.355 g o4k
-
Al 0 0 0 = 003k
N 0.000 6 0 0
0 0.000 6 -0.01 0 002§
0.01F
4 0.00 . L . )
3.2 TiAl 0.0 0.0 0.0 0.0 0.0 0.0
2 Al +3 0 =Al04(s) (4) w(Ti)/%
AG°=393.87-1 225 000 J/mol (5)

7 TiN
logK'=2lgf, =3lgf,+2lg %Al +3lg %0 (6) Fig.7 TiN Equilibrium curve in steel at
ALTiO|(s)=2 Al +Ti +5 O (7) different temperatures
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AG°=1 435 000-400. 5T J/mol (8)
logK =2lgf,,+lgf;, +5lgf, +2lg %Al +lg %Ti + .
5lg %0 (9)
2 Ti +3 O =Ti,04(s) (10) .
AG"=-845 928+248. 6T J/mol (11)
logK = 2lgfy +3lgf.+2lg %Ti +3lg %0  (12) o
3 Ti +5 0 =Ti,04(s) (13) 4
AG’=-1 392 344+407. 7T J/mol (14)
logK =3lgf;,+5lgf, +3lg %Ti +5lg %0 (15)
(4~15)
1873 K Ti-Al
( 8) - 1)
1
Ti.00
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Fig.8 Ti-Al equilibrium curve in steel under
different oxygen contents
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