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ABSTRACT

/137

The nitridation kinetics of titanium powder were studied by isothermal and non-isothermal (dynamic)
methods in high purity nitrogen under | atm pressure. For the comparison with nitridation, the oxidation
kinetics of titanium powder were also studied in dry oxygen at 1 atm pressure. An automatic recording
electrobalance was used to measure the weight gain as a function of time and temperature. For the reac-
tion with nitrogen, the nitride was formed at over 700°C. The reaction with nitrogen followed the parabol-
ic rate law, and the activation energy was calculated to be 31 kcal/mol in the isothermal method (above
900C). The non-stoichiometric TiNx has been synthesized by the nitridation at a proper temperature and
time, followed by the homogenizing treatment above 1100°C. In comparison with the stoichiometric TiN, ,
and the non-stoichiometric TiNx (TiN, s and TiNj ¢s), the hot oxidation characteristics of the former is su-
perior to that of the latter. However, both non-stoichiometric nitrides make little difference in the hot oxi-

dation characteristics.
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Fig. 1 Apparatus of CAHN balance used in this
study.
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Fig. 2 TG(solid line) and DTG(dashed line)
curves as a function of temperature for
Ti powder under N, atmosphere.

a9 38 WeewE 1300T (RSVleE), da
243 100n0/mino] A Age] SRRt ope
Aspre-gel WslE Uehd Roloh. TAdgM @
% 9l& wish Zo] 10~100mge] HHlINE Az
Weawd P& mAA Gerhs A Yeyn
STk, 2RE FFARA JlolH AR o] &
2Y A5t AW A12g 2g & lenz B
AFAME AR ¥ Y 20ngo 2 YHaA
245te] AAlagT).

1.0} '
08}
06}
04}

02l !

0.0}

0 25 B0 75 900 125 150
Time ( min. )

Fig. 3 Effect of sample weight the nitridation
of Ti powder at 1300°C
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Fig. 4 Effect of reaction temperature for the
nitrudation of Ti powder.
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Fig. 5 Arrhenius plot for the nitridation of Ti
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Fig. 7 Arrhenius plot for the nitridation of Ti
powder by the non-isothermal method.
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Fig. 9 X—ray diffraction patterns of TiNy;
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ore homogenization).
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Fig. 12 TG(a) and DTG(b) curves as a func-
tion of temperature for the dxidation of
nitrides (TiNps, TiNee, TIN;,) and
pure Ti.
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Table 2. Onset, peak and final temperature,
and fractional nitridation (a) of 0.2,
0.5 and 0.7 for various materials.

Onset | Peak | Final
temp. | temp. | temp. [@=0.2 [@=0.5|a2=0.7
() | () | (T)

Ti 540 780 908 | 738 | 778 | 794

TiNos. | 595 873 | 1100 | 799 | 865 | 905

TiNogs | 613 882 | 1106 | 798 | 871 | 910

TiN;o | 463 759 943 | 656 | 741 | 780

%ct.

TiN],o< Tl< ’I‘iI\IO.sS TiNO,BS

A9 Be @, uigFe) UEEHE % T
th3t 43452 Desmaison® ©] bulk 23}tE|ely
o] A+dse}t & LAY, £F A3teleE v
(thin film)¢) A7ATFMGE K@}

Desmaisonel] 9|8} u|3#e] FAste|ehgo] 1
oA Akt HIHE 9 TiNO, 9 Xdd H-F
gigto] FAJE|o] Ao i Fabgeioz =
£3to] A3 AA AT whdd, 2o A
Belelgd Tie TiNO,9 HEFHge] HAE =
£3ln @2 A oA rutiled TiO 7t ¥
g=lo] Atshubg-o] WE Roz dRPsii ot

ag 139 (a)9} (b)= &FEHEEY A3hkg
of thgt &4} dURE F37] Y AEFF
20mg, AtAH% 100n¢/mine] FY=As A 5,
10 & 20C/ming] $&4% ¥l & TG ¥
DTG#H4& vebd Aolth. 2ydixe} o] &&
57 AQd wel Houhg2E7h 786, 792,
812CE Hzl 1&Fo = o)Fdla UYLL ¢ F
At wetA ol HALE olFoREH
(6)4] & o)gsla] TafjA Tigde] Akziukgol of
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Fig. 13 TG (a) and DTG (b) curves an a func-
tion of heating rate for the oxidation of
Ti powder.
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Table 3. Peak temperature(°C ) for Ti, TiN,;
and TiN, , at various heating rates.

Sample
Heating Ti TiNo 5 TiN, o
Rate(°C/min)
3 743
5 786 876 764
10 792 904 776
20 812 943 798
-10.5¢ B
-11.0p 77.1 keal/mpl
-11.5L 106.3 kcalimbl
9
-~ -120 g
- 51.1 kcalimol
r=1
- 125} E
-13.0 4
® TiN,,
O TiNgg
-13.5 o Ti

80 85 90 95 10.0
1T x 104(K™")

Fig. 14 Arrhenius plot for the oxidation of Ti,
TiNos and TiN, , powders by the non-
liothermal method.
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