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Nucleation and Growth of Bubbles Formed by Hydrogen Attack

in Carbon and Low Alloy Steels

Synopsis:-

Tadamiti SARAT and Haruo Kajg

The bubbles formed by hydrogen attack in carbon and low alloy steels were observed by scanning
and transmission electron microscopies. The results summarized are: ’

(1) The bubbles nucleate primarily at heterogeneous nucleation sites on grain boundaries and the bubble
density is essentially independent of temperature over the range of our experimental conditions. Carbides
are found to be the main sites and MnS also provides the site. ,

(2) The density and growth rate of bubbles depend on the heat—treatment and local microstructure and
are high on the boundary of the grain containing much amount of carbide. In general, the bubble density
in 2.25 Cr—1 Mo steel (except HAZ) is very low (~5 X 105 ¢m~—?) compared to that of other steels (~107 cm~2).

(3) Tensile stress accelerates bubble growth but does not influence the order of magnitude of the bubble

“density.

(4) Coalescence of bubbles occurs, leaving low and rounded traces of the walls between bubbles.
(5) The above observations support Shewmon’s model based on Raj and Ashby’s equation and his pre—

dictions for carbon steel.

(6) " The internal pressures in the bubbles were estimated by applying our data of the bubble density and
size to Raj and Ashby’s equation and it was found that the pressure was very sensitive to the contents of

Cr and Mo in'steel. This suggests that the resistivity of a given steel to hydrogen attack depends on the
attainable internal pressure as well as the bubble density.
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Table 1. Chemical composition (wt9%).

Steel c si Mn P

s Ni Cr Mo Al
A 0.14 0.29 0.51 0.012 0.009 0.16 | 2.30° 0.95 0.005
B 0.14 0.66 0.58 0.009 0.012 0.26 1.31 0.54 0-020
C 0.18 0.19 0.80 0.009 0.010 0.77 0.40 | 0.57 | 0.024
D 0.18 0.31 - 1.39 0.010 0.011 0.61 | 0.16 0.49 0.011
E 0.14 0.40 1.33 0.012 0.010 0.02 0.04 — | 0.029

Table 2. Heat treatment.

Specimen Heat treatment
A 960°C X 4hWQ—710°Cx 4hAC
AHAZ(AW) (steel A) 4 — 4 —>Welding*
AHZ (steel A) 4 4 - v —SR (680°C X 10hFQC)
AH C 7 ) 4 — 4 —780°Cx 1hAC
AH' «C 7 ) N4 —> 4 —800°C <X 1hAC
B 930°C x 2h (100°C/ min) —680°C x 4hAC-—-660°C X 10hFC
CHAZ (steel C) 880°C x 15hWQ—650°C x 15hAC—Welding*—SR (620°C X 20LFC)
D 880°C x 2h (100°C;/ min) —680°C X 4hAC—680°C X 20hFC
E 900°C % 1hAC '

* Stainless steel overlay welding. Heats input : 42000 J/cm for AHAZ, 53000 J/cm

for AHAZ(AW), 70000 J/cm for CHAZ.

Table 3. Hydrogen attack treatment.

Steel Specimen Treatment
Al, AHAZI 540°C x 240 atm* X1 000h
A |A2,AHAZ2 600 4 “
A3, AHAZ(AW)3 | 7 250 “
AH, AH' 515 4 4
B Bl 550 150 400
B2 600 “ 7
C CHAZI 530 220 65
CHAZ2 4 180 150
D1 500 150 400
D D2 550 4 7
DCR 7 100 100%**
E El 435 4 100
E2 500 ” 30

* Hydrogen pressure
**  Creep rupture test. Applied stress : 11kg/mm?2.
Rupture time : 100h
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Photo. 1. Bubbles on the coarse-grain boundaries in HAZ of steel A. The bubbles nucleate
at precipitates(a, e) mainly on grain boundaries(d), grow(b) and coalesce(c).
The bubble density on the grain boundaries is essentially independent of temper-
ature and about 107cm=-2.
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a A3
b : Al (thin foil)

Photo. 2. Bubbles in the parent metal of steel A.
The bubbles nucleate at precipitates
but the bubble density on grain buund-
aries is very low(a) (6 x 105%cm~2) com-
pared to that of HAZ. The bubbles
show faceting(a). Bubbles also nuc-
leate in grain(b).
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Table 4. Number of bubble nucleation sites on
grain boundaries as identfied by sele-
cted area diffraction analysis.

Specimen | Fe,C Mo,C M;C; M33Gs MG -MnS

DCR 2 6 9
A2 9

AHAZI,

AHAZ2 1z 3 2
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Photo. 3. Coalescence of bubbles on the grain boundaries of steels C, D and E. Coalescence
occurs by “fading away” of the walls between bubbles, causing maze-like pattern
(b, €) and then shallow depressions outlined by rounded low walls (d, f). e and
f correspond to ferrite/pearlite boundaries. The bubble density of ferrite/ferrite

boundaries is very low.
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Fig. 1. Histograms of observed bubble diameters.
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a : AH (micro-structure before hydrogen exposure)

b : AH (prior- austenite grain boundary) .

¢ : AH' (polished and etched)

Photo. 4. Bubble density and growth rate is high on the grain boundaries adjacent to
carbon (carbide) -rich grains. b shows localized high density areas correspond
to the small grains having upper bainitic structure nucleated at prior-auste-
nite grain boundaries(a): c also shows that bubbles are easy to nucleate
and grow on the boundary of grain which has upper bainitic structure.
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a : DCR (creep rupture surface) b:DCR (inside the specimen)
Photo. 5. Accelerated creep rupture in hydrogen is also due to the bubbles nucleated and
grown on grain boundaries. The bubble density seems to be almost equal to
that of D1 or D2.
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Table 5. Estimated pressure in bubbles P by applying observed values (p and r3p)

to Equation 4.

Specimen pcm~2x 108 rpcom X 104 rg/l P atm Px (240/Py*)2 atm
AHAZ1** 150 0.35 0.25 4.3 4.3
A2 6.4 1.0 0.14 17.4 17.4
AHAZ2%* 104 0.5 0.30 1.7 1.7
Bl 110 0.70 0.40 46.0 118.0
Dl 400 0.35 0.40 27.3 70.0
D2 260 0.65 0.60 18.0 46.0
El 1 000 0.48 0.95 540.0 3110.0
E2 490 0.75 0.95 600.0 3500.0

* External hydrogen pressure, ** Coarse-grain boundary
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Fig. 2. Corelation between bubble growth (rz/1)
and average normal traction over the gra-
in boundary between bubbles.
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