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Precipitation and solid solution of titanium carbonitride

inclusions in hypereutectoid tire cord steel
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Abstract: The properties of titanium carbonitride (Ti(C,N,_.,)) inclusions precipitated during solidification
of tire cord steel, as well as thermodynamic conditions of decomposition and solid solution of titanium
carbonitride (Ti(C,N,_,)) inclusions in the billet heating process are studied by thermodynamics. The
solid solution phenomenon of titanium carbonitride inclusions in the high temperature heating process is
studied with lab experiment. The results show 1) The higher the carbon content in tire cord steel, the
higher the value of x in titanium carbonitride inclusions; 2) The higher the carbon content in tire cord
steel, the earlier the titanium carbonitride inclusions precipitated during solidification process, the lower
solidfication front temperature of precipitation of titanium carbonitride inclusions. 3) When heated to
1 087 C, the titanium carbonitride inclusions of 82A billet possess the thermodynamic conditions of
decomposition and solid solution; 4) When heated to 1 150 C and 1 250 C, the content of titanium
carbonitride inclusions with size more than 5 ym are decreased by 55% and 70.3% respectively; However
the small inclusions with size less than 2 ym continue to decompose, and the content of inclusions with size
more than 5 um increases when the sample is heating at 1 250 C for two hours then furnace cooling
to 1 000 C.
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Fig.1 Effect of carbon content on titanium carbonitride inclusions precipitated in tire cord steel
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Table 1 Chemical compositions of the steel sample melted in Lab(mass fraction/ %)

w (C) w (S1) w(Mn) w(P) w(S) w (T1) w(N) w(T.0)

0.80 0.18 0.53 0.019 0.006 4 0.055 0.016 7 0.003 7
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Fig.3 The size distribution of Titanium inclusions before and after heat treatment
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Fig.4 Effect of different heat treatment process on quantities of Titanium inclusions



http://gks.cqu.edu.cn

98 TRRKFFR % 38 %

3 & it

1) %5 28 B0 ] 1+ 7 P br HE i B ALK (THCC, N ) U B S BRI B Bk & e A 06 . TR C & ik
BT R B AL e Ze v i TiC SR s AT AN C o R L 1 o R ALK e AT R L BT
AACEK e 4 RF ik

2) 94 82A B MAF 1 087 C L BB B F ALK Ie % TH i 43 e I 3i 2ok 7 0 A T %

3) LB LM TR AR BIINEREIFE 1150 CHIL 250 CLRE 2 h J5/K¥ Bk Je 22 it 15 440 B A AH HL
O3B TR 14520 29% 35 pm DA B AIERIE 28 /0 B R RE T 5501 70.3%

A AFELE 1250 CLRIE 2 h J5REY 2232 5] 1 000 CJg PR ERJe 28 B85 1 250 CAR 2 h B AR bR
KAH 5 pm DL b A Je 24 B0 KM B2 1T, 2 pm DLUR BRI 248800 TR T 58.8 %0, R BHIAE7E 2248 i F2 vh /)N

e ¢

[ 11 GB/T27691-2011, 8945 4 & 45 (S 1. AL 3 - v E ARk Tl W5 5 2011.

L2]WmEE, BEE., &, AR KLHE G F R R B A BIM]. B P 5 R R4 ik, 2005:17-19.

[ 3] ZHANG Jing,XUE Zhengliang,JIANG Yuedong ,et al. Genetic Analysis for Large TiN Inclusions in Wire Rod for Tire
Cord Steel of SWRH82A[ M ].Metalurgia International, 2014, 19(1): 34-37.

C4 7 280, W mdE 48 2 IM]. Jbag h 4 Tl i iik: . 2011206,

[5] ik, o N L AE AR K B 48 FHCD]. 3R SR K2, 2014,

[ 6 ] LEI Jialius» XUE Zhengliang. Study on tin precipitation during solidification for hypereutectoid tire cord steel [J].
Metalurgia International, 2012, 17(9): 10-15.

L7120, REY. NS5, UG 4 & ALY 00 1k 2 4180 8 [ B pg 3 tH S L) . S 2 2 4, 1989, 1(4) .
48-52.

YONG Qilong, WU Baorong, SUN Zhenbao, et al. Thermodynamic calculation for composition and solubility of two-
constituent microalloy carbonitride[ J]. Journal of Iron and Steel Research, 1989,1 (4): 48-52.

(8] Mg, HRmsm s M. JU5t R 4 ol A, 1992 303-305.

L9 T BRAEFE. B I R B F LML Jb st i 4 Tl A, 1984, 454-456.

[10] Ohnaka I. Mathematical analysis of solute redistribution during solidification with diffusion in solid phase[ J]. Transactions
of the Iron and Steel Institute of Japan, 1986, 26 (12). 1045-1051.

C11] M, RE1, Ak, 4. G W h TIN T i ARG LT ], &I 23 . 2000,36(8): 801- 804.

FU Jie, ZHU Jian, DI Lin,et al. Study on the precipitation behavior of tin in the microalloyed steels[ J]. Acta Metallurgica
Sinica, 2000,36 (8) . 801-804.

C12] F/Roks Pk, T 55 ARG 4 e o B8 5K i AL o s Ak B pr 1l B 24 L0, SRR IR SR 24l . 2007,19(1) : 36-37.

YUE Erbin, QIU Shengtao, GAN Yong. Thermodynamics of carbide and nitride precipitation in HSLA steel[ J]. Journal
of Iron and Steel Research, 2007,19 (1) . 36-37.

C13] g e . XITEAR . FhHT A 5. BROMCA 4 0 Bk S0 Ak B [V 1 oAb 2 e m i3 5 40 A DD 0. Bk LK, 2005, 26 (3):
12-16.

YONG Qilong, LIU Zhengdong, SUN Xinjun, et al. Theoretical calculation for equilibrium solubilities and compositional
coefficient of titanium carbonitrides in Ti-bearing microalloyed steel[J]. Iron Steel Vanadium Titanium, 2005,26 (3) :
12-16.

[14] Hudd R C, Jones A. Kale M N. A method for calculating the solubility and composition of carbonitride precipitates in steel
with particular reference to niobium carbonitride [ J]. Journal Of Iron and Steel Research International, 1971, 209:
121-125.

C15] g e . g [, RE S0 A &N WA R 4 LML Jeat: SR Dk b it . 1989 232-423.

(167 gEl Jo. WSS MR 955 ZAHIM. dbat: 4 Tkt bRk, 2006 141-163.

(R %)



