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Abstract: In view of large amounts of cracks formed in the hypo-peritectic HSLA steel during solidifica—
tion the cracks on the surface of strands were analyzed by optical microscope SEM and EDS and the
precipitates were studied by thermodynamic calculation. Furthermore hot ductility was studied by
Gleebled500. The results showed that steel matrix was deteriorated by inclusions ( Fe Mn Si  Al)

(S O) in cracks and transverse cracking sensitivity was increased by Ti-Al{ C N) inclusions. The
longitude cracks tend to appear in the high-temperature brittle zone with a longitude cracking sensitive
range of 1 454 ~1 478 °C  and the minimum value of Z was 37.59% ; the transverse cracks tend to ap—
pear in the low-temperature brittle zone with a longitude cracking sensitive range of 900 ~ 750 °C  and
the minimum value of Z was 45.24% . Precipitating at 896 °C  the ferrite led to strain concentration on
the grain boundary resulting in crack formation.
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Table 1 Chemical compositions of S355J2 steel %
C Si Mn P S Als A% Al Ti
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(a) Longitude crack of the strand(8 mm)  (b) Transverse crack of the strand (3 mm)  (¢) Surface crack of rolled products(0.5 mm Grinded, 10 mm in length)
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Fig. 1 Macroscopic crack on strand surface
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(a) Micro-morphology of cracks in strand (b) Energy spectrum analysis on cracks
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Fig.2  Micro-morphology and spectrum analysis of longitude cracks
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(b) Energy spectrum analysis on cracks

(a) Micro-morphology of cracks in strand
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Fig.3 Micro-morphology and spectrum analysis of transverse cracks
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(a) Micro-morphology and microstructure of a longitudinal crack  (b) Micro-morphology and microstructure of a transverse crack
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Fig.4  Micro-morphologies and microstructures of cracks
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Table 2 The cracking sensitive range of S355J2 °C
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(¢) Energy spectrum analysis on precipitates at fracture

Fig.6  Fracture morphology and spectrum analysis at high-temperature brittle zone
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Fig.7 Fracture morphology and spectrum analysis at low-temperature brittle zone
3 - 1w, —20w, +120w,,
896 °C o 5
950 C 900 C
Z 94.52% 53.76% o
(Fe Mn Si Al) (S 0O) a «
° b% 1/4 Y
04 o Y
o ~ o
Al o a
o
o S355])2 N 0.0048% -
- 7.
lgw 4 w y = —15790/T +5.40 )
lgw  w . = -=7000/T +2.75 )
> lgw y wy = =7700/T +2.86 3)
; Ae, lgw y wy = —6770/T +1.03 “)
+ lgw \ 1 ¢ o5 = —6560/T +4.45 )
TiN AIN TiC VN VC, s,
10
° 11 3061 099.944.932.611 C. 1 350 ~950 °C
K. W. Andrews " Ae, : Ti N AIN

Ae, =910 —203w,% +44. Twg, —30w,,, + 700w, +
400w, +400wy; + 104w, +15. 2wy, +31. Swy, +13. lwy 900 °C



e84 o 2013 34

I} (Fe Mn Si Al)(S 0)
. : Ti-Al(C N)
y—a o
2)$355]2 3 1350 ~1 200 C
: 60%
1)) : 37.59% ;1 150 ~950 C Z
2) : 92.5% 3900 ~750 C Z
3) ( 45.24% . 700 °C Z .
) . 3)S355]2 1454 ~1 478 C
Z 60% : 900 ~750 C .
4) 4)896 °C
. TisAl -V
y—a—y o 0

10

11

Wang Xinhua Zhao Pei Wang Wenjun et al. Countermeasures against transverse corner cracks of medium carbon hypo-peritectic

steel CC slabs J . Journal of University of Science and Technology Beijing 1995 17(4): 330 -335.

( . J. 1995 17(4): 330 -335.)

Yuan Yangyang Zhang Jiongming Xiao Chao et al. Analysis on central cracks in a continuously cast bloom of non-quenched and

tempered steel 49MnVS3 ] . Journal of University of Science and Technology Beijing 2011 34(8): 892 —897.

( .49MnVS3 J. 2011 34(8):892 -897.)

Chen Yong Yang Subo Zhu Miaoyong. Control of transverse corner cracks on continuous casting slab for HSLA of Panzhihua Steel
J .Tron Steel Vanadium Titanium 2008 29(3): 55 -62.

( . I 2008 29(3): 55-62.)

Sun Yanhui Ni Youjin Xu Zhongbo et al. Mechanical and metallurgy behaviour of medium carbon steel J . Journal of Univer—

sity of Science and Technology Beijing 2009 31(6): 708 —713.

( . ] 2009 31(6) :708 -713.)

Wang Shengchao Zhao Gang Bao Sigian et al. Hot ductility of niobium-microalloyed high strength steel Q345C slab J . Iron

and Steel 2012 47(1):74 -77.

( . Q345C J. 2012 47(1):74 -77.)

Mintz B. The influence of composition on the hot ductility of steels and to the problem of transverse cracking J . ISIJ Internation—

al 1999 39(4): 833 -855.

Cai Kaike. Quality control of slab M . Beijing: Metallurgical Industry Press 2010.

( . M . : 2010.)

Cai Kaike. Casting and solidification M . Beijing: Metallurgical Industry Press 1987.

( . M . : 1987.)

Cui Zhonggi Qin Yaochun. Metallurgy and heat treatment M . Beijing: Machinery Industry Press 2009.

( . M . : 2009.)
Liu Qinggang. Study on the formation reasons of cracks in Tangsteel FTSC thin slab D . Tangshan: Heibei United University 2010.
( . FTSC D . : 2010.)

Andrews K W. Empirical formation for the calculation of same transformation temperatures J . Journal of the Iron and Steel
Institute 1965 6(7) : 721 -727.



