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Hydrogen Absorption of High Nb Bearing Steel

Tomohiko OMURA, Takahiro KUSHIDA, Kaori MIYATA and Yu-ichi KoMizo

Synopsis : Effects of niobium addition on strengthening, hydrogen absorption and hydrogen embrittlement have been investigated paying attentions to

carbides morphologies by using laboratory melted clean steels. Addition of niobium and austenitizing at high temperature enhanced temper

softening resistance due to fine niobium carbide precipitation during subsequent tempering. Addition of both niobium and vanadium im-

proved temper softening resistance furthermore. High niobium steel absorbed less hydrogen in corrosive media than high vanadium steel. It

would attribute to small size and incoherency of niobium carbide. High niobium steel showed good resistance to hydrogen embrittlement. It

would be due to both uniform dispersion of cementite by high temperature tempering and low hydrogen absorption.

Key words : high strength low alloy steel; niobium; precipitation hardening; hydrogen embrittlement.
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Table 1. Chemical compositions of steels used (mass%).

Steel C Si Mn P S Cr Mo Nb \ Ti Al B N
Base 0.24 | 0.11 | 0.20 | 0.001 | 0.001 | 0.49 | 0.70 | 0.030 0.015 | 0.032 | 0.0003 | 0.001
0.1Nb 0.24 | 0.11 | 0.19 | 0.001 | 0.001 | 0.50 | 0.70 | 0.086 0.014 | 0.032 | 0.0003 | 0.001
0.2v 0.24 | 0.09 | 0.19 | 0.001 | 0.001 | 0.49 | 0.69 | 0.029 | 0.20 | 0.015 | 0.034 | 0.0003 | 0.001
0.05Nb+0.1V | 0.23 | 0.10 | 0.20 | 0.001 | 0.001 { 0.49 | 0.76 | 0.051 | 0.11 | 0.014 | 0.034 | 0.0005 | 0.001
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Fig. 1. Heat treatment process.

Table 2. Test conditions.

NaCl | CH,COOH Bubbling Temperature | Initial pH
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Fig. 2. Effect of Nb and V addition on tempering resis-
tance (solution heat treatment 1523K, rolling fin-
ishing temperature 1423K).

0.2V TS 1016MPa
Tempering

0.002 temperature
973K
0.05Nb+0.1V

Base 1030MPa
1048MPa
873K

Hydrogen evolution rate (ppm/s)

500
Temperature (K)

400 600

Fig. 3. Hydrogen thermal analysis at a heating rate of
0.167K/s (solution heat treatment [523K, rolling
finishing temperature 1423K).
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Fig. 4. Absorbed diffusible hydrogen content (solution
heat treatment 1523K, rolling finishing temperature
1423K).
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Fig. 5. Hydrogen cracking resistance (TS 1050~1100 MPa).

BRENKRELS RZIFLERRLIRESSOBERICS - 72,
ZOKRIE, BUEECEALIRE » 5 O IEOIEESL
REZERENKRE L, »OEBETIRIECMESET9
MR LUIBENEGEZ T eELIONS, £72, 0.1%Nb
1, 02%VE, 0.05%Nb+0.1 VD BER LIEE LW h
E970KLL ETH D, X— 2GR 100K L EE < | Fig.
21T U 72 IR UKL O (T % JRB L Tun 7z,

Fig. 6 IZKEBINREEZ DX — 2§ L 0.1% NbFH DO HI N
BT A& MR U 72, (@) DX — Z 8% 873K, (b)) 0.1 Nbililid
IIBKTHRRE L 2T > 72 TH D, FEEL XL TODH
BThb, N—2AHIZHAMY LIHA — 27+ 4 FRFER
AERLZDIZHL, 0L 1% N EHIITRNEINTSH - 72,
N — 2 TIZFIHERR X A3 1000 MPa il TIZRIEIZBEH 5§
BRBNPEE I N, —7F7, 0.1%Nb#Hl, 0.2% Vi,
0.05Nb-+0.1 V#i i35 15R5E X A3 1000 MPa il TIXK IR D
LT RTRANEINTD > 7z,

3.4 RILYHOIRHARE

Nbiz &k Baft, KEb T v 7, AR E LK
RO ERECHEBIL T3 &F A4, #hIchh
U 7z R DT HE % SELIC BT L 72,

I K A EFHMBBRICLD, NoB LU VES
BT 38T, BHIBREATH L T3 Z EREE SN
72 ZOFHREE Fig. 712/ T . (@)i2 02% Vi, (b)id
0.1%Nbi , (c)1X0.05%Nb+0.1%VHTH D, wWThi
973K MR LM T 5, X — 2l TIIBMR (LI BE &
NEDPo7=T NS, Nob KU VIRMIZ & 2L,
BRER UHRIZAER L 72 2 6 Ol bsmic k 2 #ritisa(k <
bBEHEXNSD, Fig. 7D (a) (b) ()i Fh g MCAIER
L (M=Mo, V, Nb) TdH % Z & g K D FERL &
A, ZONEEIEWBIZLDRLD, 0.1% Nb i,
0.05%Nb+0.1% Vi, 02% VEIDMEIZKRE o7, Tk
bbb, VIRINZ & b MCERLYNIE KA § 2EIZH -



#25 Nb & 7 @0 K KRR 2 8h

1001 m. 00BOO

Fig. 6. Fracture surface (a) base steel (TS 1048 MPa, tempering temperature 873K), (b) 0.INb steel (TS 1055 MPa, tempering
temperature 973K) (solution heat treatment 1523K, rolling finishing temperature 1423K).

Fig. 7. MC carbide (a) 0.2V steel, (b) 0.1Nb steel, (c) 0.05Nb+0.1V steel (solution heat treatment 1523K, rolling finishing tem-

perature 1423K, tempering temperature 973K).
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Fig. 8. MC carbide size (solution heat treatment 1523K,
rolling finishing temperature 1423K).
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Table 3. Chemical compositions of MC carbides (mass%,
solution heat treatment 1523K, rolling finishing

temperature  1423K, tempering temperature
973K).
Steel Fe Cr Mo Mn \ Nb Ti
0.1Nb 1.4 23 | 302 | 13 0 612 | 36
0.2v 26 15 | 576 | 14 | 262 | 81 27
0.05Nb+0.1V | 2.2 1.9 | 522 | 1.7 | 269 | 128 | 23

A & 512 0.1%Nb 8, 0.05%Nb+0.1% VEHI, 0.2% Vil
DIEIZK % < & 572, Table 312 MCRRILIIO MK M iER
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%7, Fig. 61287 & 9 X NbIRMIC & 0 ARFEI L DR
eI REI N D S RABIIIIBITLZZ 26, [HA —
27 F 4 MRFEFEORCHIEREE ML L 7Y AkICkD
B L, ZORKB%Fg 92T, EX—ZHD
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Fig. 9. Carbide morphology (a) base steel (TS 1048 MPa, tempering temperature 873K), (b) 0.1Nb steel (TS 1055 MPa, tempering
temperature 973K) (solution heat treatment 1523K, rolling finishing temperature 1423K).
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Fig. 10. Fraction of spheroidization of cementite (solution
heat treatment 1523K, rolling finishing tempera-
ture 1423K).
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Fig. 11. Effect of carbide morphology on hydrogen embrittlement.
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