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Development of S355NL ®406 mm x 15 mm Seamless Tube for
- 50 °C Low-Temperature Environment Structure

An Jianbo', Wang Zhenxiang® and Wen Yucheng’
(1 Manufacturing Management Department, 2 Special Steel Co, 3 R&D Center, TPCO, Tianjin 300301)

Abstract The production flowsheet for V-Nb-Ti microalloying S355NL large size seamless tube for low-temperature
structure (/% : 0.14 ~0.15C, 0.29 ~0.30Si, 1.35 ~1.37Mn, =<0.014P, <0.005S, 0.02 ~0.03Nb, 0. 06 ~0.07V,
0. 010 ~0.020Ti, 0.39 ~0.41Ceq)is 100 t EAF-LF-VD-feeding Ca wire- ®400 mm round bloom casting- 3-roll mill train-
normalizing treatment at 940 °C for 30 min, air cooling. The stalistic results of 16 heats and batches show that with the
process measures including adding silicon-manganese and ferrosilico-aluminium alloy in tapping of EAF, using Ca0-Si0,-
Al, O, slag series and whole process argon blowing in LF refining, VD treating for 20 ~25 min, using long nozzle and argon
blowing in casting process, the object quality and properties of steel tube are constant with uniform structure and fine
grains, and the each property index meets or exceeds the technical requirement of standard and the purchaser, i.e. yield

strength R, 380 ~435 MPa, tensile strength R, 522 ~ 605 MPA, elongation A 24% ~29% and impact energy at —50 °C

132 ~237 J.

Material Index 100 t EAF-LF-VD-Round Bloom CC Flowsheet, ®406 mm x 15 mm S355NL Steel Tube, —50 C,

V-Nb-Ti Microalloying, Normalizing Treatment
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Table 1 EN10210 standard requirements, inner control and analysis of chemical composition of steel S355NL /%

U =] C Si Mn P S Ni Cr Mo Cu Al Nb \ Ti N Ceq‘"
_ < < 09~ < < < < < < = < < < <
R 0.18 0.50 1.65 0.030 0.025 0.50 0.30 0.10 0.35 0.020 0.050 0.12 0.03  0.020
R < < 1.35~ < < < < < < 0.020~ 0.02~ 0.06~ 0.008 ~ _
i 0.17 0.35 1.50 0.015 0.010 0.20 0.15 0.08 0.20 0.060 0.04 0.09 0.020
S 0.14~ 0.29~ 1.35~ < < < < < < < 0.02~ 0.06~ 0.010~ 0.39 ~
* 0.15 0.30 1.37 0.014 0.005 0.03 0.04 0.02 0.06 0.060 0.03 0.07 0.020 0.41

(D34 Ceq=ss0.43 , Hib Ceq=C+Mn/6 + (Cr+ Mo+ V)/5 + (Cu+ N)/IS; () RNER AR GHEAELEER(/%) ;[ N]=<0.015,
[H]<0.0005.[0] <0.005 As<0.020,Sn<0. 015 ,Pb=<0.010,Bi=<0.010,5h<0.010; (3) Sl ML % (/% ). [N]<0.0085,[H] <
0.0003,[0]<0.003,[ As]=<0.0095,[Sn]=<0.0066,[ Pb]=<0.0009,[Bi]<0.0010,[Sh]=<0.0022,
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Table 2 ENI10210 standard requirements of mechanical
properties of steel tube S355NL
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Table 3 Ingredient and basicity of refining slag series
H IS % W
$i0, Ca0  Mg0 ALO;  MnO0  FeO =
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Hozs g HE o AR R A TR PL B Bh ], VD
42b BB [H] 431 20 ~ 25 min, 7E 5 H %5 (66 Pa DITF)
{74510 min, FEIRE .S AEWIE T RE AL HRE
Baidm ok, UARIE[N] <0.015% . [H] =
0.0005% .[0]<0.0050% , 4R¥i7EEZSLb#id #8
A R, N A R RE KK
PR RIS R e 2% i, SEORL I R ST i ge 4
M A5 21 I B A 0%

TEH 7S b HESEER G 3T M 4 ML Ca 22 H 446
AR IR AL, i 2 5 8K A 4K T e, R K
AL O, JE ER IR AR 2 19 I 24 W0 45 R 45 (12Ca0 -
TALO,) BBl R P A 2Kk 1T, B FAESL W
PR RASHE B0 TR 45 1 . R L 10 min
A s S e, MG R R R i e 4t b
VA W WA, B ZS kb P AK U R R AE 1 563 ~
1583 C,

2.2.5

BT IEAN KA 700 A SRERAS (A, LA F
I MG FEAT I PRI, E B SR L K Kk O 4y
PR AR, LA 1AM K 528 AR AR iR E k. H
TAREFE R C 5 RBAK, A b o be b L 72 rhoiy
% , o Te] 4 R P AR A 2 v ¥

e it AR R BOR BB G AR VTR, Y8
KF 0.43 Lrkg B bb, B3 55 3 P4 %f i % & L
*4,

B T2 58 5 W b2 4 18 LR 6 R es
AEWNERELIBR SR LR RN, X — 5
B R R LR W, Ko RES R
HWNERAELREREMG, BEFEERS
R, FogmEREENE NS R SR8
W T ESH 45T B s 45 mas R

®4 WEIERESHEMMXER
Table 4 Relation between over heat extent of liquid and
casting speed

TR/ C HIE/(m - min ')
<20 0.55
21 ~29 0.50
30 ~39 0.45
40 ~49 0.42
> 50 0.40
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Table 5 Examination results and technical requirement of
inclusions for S355NL steel tube at TPCO
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Table 6 Examination results of mechanical properties of
S355NL steel tube at TPCO
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GUEHR: (a) x100;(b) x500
Fig. 1 Morphology of microstructure of S355NL steel tube: (a) x100; (b) x500
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