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Table 1 Chemical compositions of testing steels
C Si Mn S P Cu Ni Mo Als Ti Nb N
0.042Ti 0.038 0. 060 0.670 0. 002 0.007 0. 200 3.510 0. 060 0.020 0.042 0.025 0.003
0.079Ti 0. 040 0. 040 0. 680 0.002 0. 006 0. 200 3.470 0.070 0.019 0.079 0.028 0.003
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Fig. 3 TEM morphology (carbon replica)and EDS pattern of the precipitated particle in the steel containing 0. 079Ti
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Table 2 Results of tensile test at room temperature
R../MPa R../MPa A/% Z/%
0.042Ti 460 585 28 77
0.079Ti 480 590 27 76
300
250+
-
= 200-
=
E 150
g
=100
50 u— (0.042Ti
*— (0.079Ti
0 1 1 1
-120 -110 -100 =90 -80
e
5 Ti

Fig. 5 Low temperature impact energy of the steel contai-

ning different Ti contents
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Effect of Ti miroalloying on the low temperature toughness of 3. 5Ni steel
Li Jianhua'?, Wu Kaiming', Qiu Jin’ao'

(1. International Research Institute of Steel Technology, Wuhan University of Science and Technology, Wuhan
430081,China;2. Research and Development Center, Wuhan Iron and Steel Corporation, Wuhan 430080, China)

Abstract: The effect of Ti microalloying on the toughness of the cryogenic pressure vessel 3. 5Ni steel
was investigated by examining the microstructure and precipitates of the steel using optical microscopy
and transmission electron microscopy and by measuring the charpy impact energy from — 80 C to
—120 “C. The results show that the steel containing 0.079% Ti has the same average grain size with
the steel containing 0. 042% Ti, but has fewer pearlite in the as-rolled steel and more coarse TiN par-
ticles (the average size about 150 nm) in the normalized and tempered steel than the latter. The
charpy impact energy of the steel containing 0. 079% Ti has a lower level (233~23 ]) than that of the
steel containing 0. 042% Ti (234~66 J). In the normalized and tempered steel, a large number of
coarse TiN results in a decrease in the low temperature toughness.

Key words: 3. 5Ni steel; Ti microalloying; pearlite; TiN; low temperature toughness
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One-step method of carbon thermal reduction and
nitridation to produce vanadium nitrogen alloy

Xue Zhengliang , Chen Zhichao, Wang Wei, Yu Yue, Liu Qiang , Li Ping

(Key Laboratory for Ferrous Metallurgy and Resources Utilization of Ministry of Education,
Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract; The self-reduction nitridation process of V,;O; was thermodynamically analyzed. V,0Os of in-
dustrial grade and carbon black were used as raw materials to prepare briquetting samples through
mixing, grinding and pressing, which were further sintered, reduced and nitrated to produce vanadi-
um nitrogen alloy with high nitrogen content. The results show that; (1) In order to avoid V,O; vol-
atilization loss during reduction, the briquetting samples should be pre-reduced for 4 hours below the
melting point 678 ‘C of V,0O;, which can transform V,0O; into low valence vanadium oxide; (2) Dur-
ing the self-reduction of V,O; under N, atmosphere, if the final reduction temperature is below 1 271
‘C, VN is preferentially formed; if larger than 1 271 ‘C, a huge amount of VC is found in the reduced
product; (3) To ensure high nitrogen and low carbon contents of the reduced products, the final re-
duction and nitridation temperature should be set at 1 200~1 300 C.

Key words: vanadium nitrogen alloy; V,O;; carbon black; reduction; nitridation



