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Analysis on Unqualified Pressure Vessel Steel Plate by
Nondestructive Test and Optimization of Process

Lin Qiang', Zhang Hua', Chen Guowei’ and Zhou Qi’
(1 Laboratory for Ferrous Metallurgy and Resources Utilization of Ministry of Education, Wuhan University of Science
and Technology, Wuhan 430081 ; 2 General Steelmaking Works, Wuhan Iron and Steel Co Lid, Wuhan 430083)

Abstract The production process of tested 12MnNiVR pressure vessel steel plate (/% : <0.15C, 0.15 ~0. 40Si,
1.20 ~1. 60Mn, =<0.008P, <0.018S, 0.15 ~0.40Ni, <0.30Cu, 0.02 ~0.06V) is KR metal desulphurization- 90 t
BOF- RH- 210 ~230 mm slab casting- rolling to 20 ~30 mm steel plate. The liquid total oxygen content, inclusions num-
ber, inclusion size distribution, morphology and ingredient of unqualified specimen of 12MnNiVR pressure vessel steel plate
in RH refining and casting process have been studied by scanning electron microscope. Results show that the linear Al O,
defect formed by rolling is main reason of un-qualification of plate by nondestructive test; with process measures including
controlling BOF tapping temperature 1 650 °C, liquid temperature before RH refining =1610 °C, decreasing oxygen blo-
wing amount in RH refining process, strengthening shielding process and RH cycling time 310 min, the qualified rate of
pressure vessel steel plate by nondestructive test increases from original 96. 85% 10 99. 07% .

Material Index 12MnNiVR Pressure Vessel Steel Plate, Unqualified Plate by Nondestructive Test, Al,O, Inclusion,
RH Refining, Shielding Casting
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%1 12MoNiVR 129 /%
Table 1 Chemical composition of steel 122MnNiVR / %

C Si Mn P S Ni Cr v
< 0.15~ 1.20~ = < 015~ < 0.02~
0.15 0.40 1.60 0.008 0.018 0.40 0.30 0.06
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Fig.1 Distribution of defect in 20 mm (a) and 30 mm (b)
plate of 12MnNiVR pressure vessel steel by nondestructive test
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Table 2 Parameters of process in continuous-continuous
casting steelmaking of 12MnNiVR pressure vessel steel

Bk W&/ RHF#Y RHKE BERE/ H#E/
t BE /C B/m < (m - mn~")
B 79.3 1 611 18 1534 0.9
Bm2p 77.6 1 605 13 1530 0.9
ol 78.9 1 596 80 1533 0.9
Fap 77.1 1610 17 1550 0.9
E5HP 79.8 1617 9 1 546 0.9

B2 12MnNiVR 38R IE A5 GBI 20-1 (a) \20-2(b) \30-1(c) \30-2(d) H e

Y4 ,SEM
Fig.2 Morphology of inclusions in defect specimen 20-1 (a), 20-2 (b), 30-1 (c¢) and
30-2 (d) of 12MnNiVR pressure vessel steel by nondestructive test, SEM
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Fig.3 Effect of RH liquid temperature and oxygen blowing a-
mount on total oxygen content in steel during steelmaking process
of 12MnNiVR pressure vessel steel
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Fig.4 Number and area ratio of inclusions (a) and distribution of size of inclusions (b) in liquid of 2nd heat ( RH liquid blowing ox-
ygen 13 m® at 1 605 °C) of continuous-continuous casting of 12MnNiVR pressure vessel steel at each procedure

100

[ ] [ <10pm
" IS L < I
80 Je PR 0.12 80 . >30pum M
I 0.11 -
& g e ME R 0.10 & - M
W 60r 0.09 § 8
® of 0.08 5 =
® o 0078 R o
ﬁ‘g s 0.06 % T
i 0.05 L
. 0.04 il
ar 1 0.03 <
[ 1 0.02 . V) 7SRZY -
= 4 0.01 /.

RE#EYE B8 WOmin H6min HOmin RHLE B3min B25min

B5 I12MnNiVR &Z59ERESE 3 P9 (RH 47K1 596 C,

0.15

RH#EY ﬁ‘il $Bmin  H6min w;in R}iéﬁ Y43min  $§25min
WE 80 m’) & TR YR AL (a) FUBLEE 237 (b)

Fig.5 Number and area ratio of inclusions (a) and distribution of size of inclusions (b) in liquid of 3rd heat ( RH liquid blowing ox-
ygen 80 m® at 1596 °C) of continuous-continuous casting of 12MnNiVR pressure vessel steel at each procedure
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Fig.6 Total oxygen content in liquid (a), number and area ratio of inclusions (b) and distribution of size of inclusions in liquid of
each heat of continuous-continuous casting 5 heats of 12MnNiVR pressure vessel steel
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Fig.7 Morphology and ingredient of inclusions in specimen sampling at beginning (a) and end (b) RH refining of 12MnNiVR pres-

sure vessel steel
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Fig.8 Morphology and ingredient of inclusions in specimen sampling in 12MnNiVR pressure vessel steel casting for 3 min (a) and 25

min (b)
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