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The Influence of Rolling Process and alloy Addition on Mechanical
Properties of Steel and Weldments in Hydrogen Environment
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ABSTRACT

The purpose of this study focuses on two aspects of hydrogen embrittlement of steels: (1)
the effect of microstructural mophology on the hydrogen embrittlement susceptibility of steels
produced by different processes; (2) the effect of microalloying addition on the tensile property
of steels in the hydrogen environment under the same thermo-mechanical control rolling pro-
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cessing (TMCP) with accelerated cooling. The results show that the ultimate tensile strength
and yeild strength of the base metals and weldments of all three steels (TMCP API 5L X65,
TMCP EH36, and SM490C) are independent of increasing hydrogen-charging current density.
The superior strength and ductility of TMCP API 5L X65 after hydrogen charging can be
attributed to the solid solution strengthening and fine precipitates superimposed on the equiaxed
refined grains. The relative hard band structures in SM490C steel and weldment are the major
cause that renders the lower ultimate tensile strength and elongation inevitable. Under the
same composition, the hydrogen diffusivity along the through-surface direction in a banded
structure of SM490C steel shows a lower value than that in the equiaxed grain EH36 steel.
Whereas, the hydrogen diffusivity and hydrogen permeability of microallyed (Nb, V, Cu, Al,
Ni) API 5L X65 steel are lower than that of EH36 steel with no alloying. The reason could
be that the API 5L X635 steel formed a protective film enriched Cu arrests hydrogen diffusion.

Key words: TMCP, hydrogen embrittlement, electrolytic hydrogen charging,
microstructure, hydrogen permeation.
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Table 1. The chemical composition of experimental steels (wt %)
Fe C Si Mn P S Cu Ni Nb A% Cr Al Ceq | Pcm
SM490C | Bal. 0.13 | 0.51 1.68 0.02 0.01 -0.03 - -0.03 | -0.418 | 0.230
EH36 Bal. 0.13 | 0.51 1.72 0.02 0.01 -0.03 - -0.03 | -0.425 | 0.235
X65 Bal. 0.1 0.25 1.49 0.014 | 0.001 0.25 0.14 0.024 0.05 |[-0.042| 0.380 | 0.200
_ Mn Ni+Cu  Cr+Mo+V
Ceq=C + 3 +7 5 + 5
Pem = Si , Ni Mo V Mn+Cu+Cr
cm C+30+60+15+10+———_20 +5B
£ (EEERSBIERSITRW %) (DSFEETEBIEMMER
Table 2. (a) Chemical composition (wt%), and (b) mechanical properties of the filler metal
C Mn Si P S Mo
E7018 0.080 0.78 0.54 0.012 0.013 0.56
E7010 0.090 0.57 0.20 0.014 0.011 0.52
(a)
Yield Strength (N/mm?) U. T. S. (N/mm?) Elongation %
E7018 490 573 31.0
E7010 480 568 27.8
(b)
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Fig. 1 Sampling method of the test specimens and spe-
cification.

Grid * YA B E KSR RIS - £HR
25.4mm ZAFTE (HBEH) LAARIERIA AR BT



ek T FE+_BFEMNEE EBETEI12A

ebébbw
4%H2S04+ 20mg/1 As203

B2 BCBTERMSER -
Fig. 2 Schematic diagram of electrochemical hydrogen charg-
ing equipment.
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Specimen dimensions : (unit : mm)
w=40, h=15, t=1

3 @BEAFEURGER
Fig. 3 Sampling method of hydrogen permeation test speci-
mens and specification.
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1. specimen
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3. counter electrode
4, gas dispersion tube
5. thermometer
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Fig. 4 Schematic diagram of electrochemical hydrogen per-
meation equipment.
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(c) API 5L X65.
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Fig. 6 The comparisons of (a) ultimate tensile strength and
(c) yield strength between SM490C and EH36 steels
and weldments; the comparisons of (b) Ultimate ten-
sile strength and (d) yield strength between API 5L
X65 and EH36 steels and weldments.
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Fig. 7 The comparisons of (a) elongation and (b) ductility
loss between EH36 and SM490C steels and weldments.
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Fig. 8 The comparisons of (a) elongation and (b) ductility
loss between API 5L X65 and EH36 steels and
weldments.
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Fig. 9 SEM fractographs for APl 5L X65 (L). (a) Without
hydrogen charging, (b) hydrogen charging current
density: 20 mA/cm’, (¢) hydrogen charging current
density: 40 mAkm'. (d) hydrogen charging current
density: 60 mA/cm®, (e) without hydrogen charging
(weldment).
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Fig. 10 Hydrogen Lhargmg current density 40mA/em’ for API

SL. X65 steel, (a) stepwise cracking near the primary
fracture surface was observed, (b) the secondary
cracks perpendicular to tensile direction were observed
on the side surface of specimen.
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Fig. 11. The diagram of hydrogen permeation current density
against permeation time along thickness direction for
the SM490C, EH36 and API 5L X65 steels.
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Table 3. Measured hydrogen permeation parameters (Degy, JoL, Capp) for the different steels (X65, EH36, SM490C) and different

regions
FEEA &3 Deg(m¥sec) J. L(mol H m" sec™!) Capp(mol H m™)
API 5LX65 BAFRIE(SS) 1.45%10™"° 1.78x10° 1.23
API 5LX65 B H(SM) 1.46x107° 1.75x10°1° 1.23
API 5LX65 /L) 0.97x10™"° 1.30%x10° 1.42
API 5LX65 BH(T) 1.10x107'® 1.53x10°"° 1.39
EH36 FHEA(S) 2.15x10"° 4.99%1010 2.32
EH36 #E 2.27x10°1° 9.46x10°t° 4.17
SM490C FBH(S) 0.84x107' 2.39x10°1° 2.84
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