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Effect of Cr-N Microalloy Content and Normalizing on Yield
Strength of Seamless Steel Tube for Mn Series Gas Cylinder
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Abstract The main material of common medical and industrial gas cylinders is 37Mn steel of Mn series. Normalizing
treatment is mainly adopted for cylinder steel. However, the mechanical properties of normalized 37Mn cylinder steel are un-
stable,and it yield strength and impact energy cannot meet setting in standards. In this paper, by adding Cr and N micro ele-
ments , the chemical composition of microalloying 37Mn steel is /% :0.34 ~0.38 C,0.20 ~0.27 Si,1.60 ~1.70 Mn,
0.10 ~0.20 Cr,0.004 0 ~0.009 0 N, of normalized rolled $219 mm x 6 mm steel tube,the yield strength=530 MPa,ten-
sile strength==750 MPa and impact energy=13.2 J,fully meet the needs of customer.
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Table 1 Chemical composition of 37Mn steel /%
C Si Mn Ni Cu S P Cr N
0.33 0.24 1.62 0.03 0.01 0.005 0.012 0.06 0.0038
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@920 °C,20 min + Z5% (& 2a);
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Fig.1 Structure of quenched-tempered 37Mn steel tube , tempe- B R E AL F B — BT, ZHSHE B RT

ring sorbite

B2 EA3TMonREAR, R P+MIRF:(a) @920 °C 20 min,Z5¥;(b) @ 860 °C 30 min, 2% ;(c) ® 830 °C 20 min £
600 T2

Fig.2 Stucture of normalized 37Mn steel tube ,lamellar P + reticular F: (a) @ 920 °C 20 min, air cooling; (b) @ 860 °C 30 min, air

cooling; (¢) @ 830 °C 20 min,slow cooling 600 °C ,air cooling
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Table 2 Heat treament,stucture and propereies of 37Mn steel tube

HAEHET S SHAH  Rpp/MPa Rm/MPa A/%  Rpy,/ Rm i KV, (-20 )/ B
WA P47 734 841 19 0.86 47 47 45 46 [k S, B4R
EABD®  HFRP+MRF 522 824 19.5 0.63 17 13 19 7 HRAAE
EAEQ  ARP+FRF 503 798 23.5 0.63 12 8 2 7 BHAR
EXE®  HFRP+FIRF 490 810 20.5 0.60 5 2 15 7 HORI B
TR =520 =730 =16 =13.2
#®3 iR 3I7Mn MO FERSER/ % BEMAN C-HRBE
Table 3 Standard requirement for chemical composition of 37Mn steel / % 22 BT S HI R R AIR A
Cc Si Mn Ni Cu S P P+S Cr %ﬁﬁyg F+FC3C Z:E'fg

0.34~0.40 0.10~0.30 1.35~1.75 <0.30 =<0.20 =<0.020 <0.020 <0.030 =<0.30
¥ :A10.020% ~0.045%
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Table 4 Optimized chemical composition of Cr-N microal-
loying 37Mn EAF steel/ %

C Si Mn Ni Cu S P P+S Cr N
0.37 0.25 1.66 0.03 0.01 0.004 0.010 0.014 0.15 0.0081

B3 s Coe-N fE &4k 37Mn S8 IE K HH (850 C,
30 minZs¥%) _

Fig. 3  Normalized structure of optimized Cr-N microalloying

37Mn steel tube,850 °C 30 min air cooling
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Table 5 Optimized mechanical properties of Cr-N min-
croalloyed 37Mn steel tube

nees Rpy,/MPa  Rm/MPa #dZ KV, ( -20 C)/J

HLPRERE 1 568 796 34 44 39
HPRPAE2  562/529 769/746 38 36 34

R6 Hipgm Cr =R SR/ %
Table 6 BOF steel adding Cr control nitrogen component optimization/ %

C Si Mn Ni Cu S P P+S Cr N
0.34 ~0.38 0.20 ~0.27 1.60~1.70 <0.30 =<0.20 =0.020 =<0.020 =<0.030 0.10 ~0.20 0.0040~0.0090
X7 HPEHIRAER SRR
Table 7 Measured chemical composition and mechanical properties of BOF steel
— HZES % JrEEtEee
C Si Mn Cr P S N Ni Cu. Rpy,/MPa Rm/MPa  #iZh KV,( -20 C)/J
1 0.36 0.25 1.65 0.12 0.011 0.003 0.0066 0.03 0.01 547/552 7647781 42 46 42
0.37 0.25 1.66 0.15 0.010 0.004 0.0081 0.03 0.01 546 798 23 22 22
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