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Annealing Effects on the Hydrogen Diffusion of AISI
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ABSTRACT

Annealing effects on the hydrogen diffusion of AISI 430 stainless steel were investigated at
temperature of 873K ~ 1173K . Through hydrogen diffusion tests , the time-lag (1)) , breakthrough time
(t,) , diffusivity and sub-surface concentration Cy® were derived. Microstructure variations were analyzed
by scanning electron microscopy (SEM) , optical microscopy (OM) , and X-ray diffractometry (XRD). It
was found that the diffusivity was a little reduced to a factor of about 0.8 at 873 ~ 973K , as compared
with the as-received material . It was considered that hydrogeh diffusion path of grain boundaries was
partly replaced by that of lattice because the grain growth reduce the ratio of grain boundary to lattice . At
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1073 ~1173K , the diffusivity was increased to a surface of 2~3, on the contrary . XRD showed a high

ratio of (110) preferred orientation and SEM showed a further grain growth, especially at 1173K . It was

suggested that a more quick diffusion path such as the lattice diffusion of (110) preferred orientation

replaced the lattice diffusion of random orientation and the grain boundary which was possibly a barrier

for a quick diffusion path was further reduced .
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Table 1 The compositions of AISI430 stainless
steel (wt%)

C Mn Si Cr Ni P S

®A 0.045 | 0342 | 0693 | 1782 | 0.18

*_E 0.12 1.00 16-18 0
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Fig.2  Optical inicrographs of the as-received
specimen and specimens annealed at 600 °C
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Fig.3 Hydrogen premeation cruves of specimens
annealed at 600 °C for 5min~120min.
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Table2 List of sublayer hydrogen concentration.

anneal time

anneal temp, 5min 40min 120min
600 °C 0.62 1.05 2.09
700 °C 0.12 0.73 0.39
800 °C 1.88 0.22 0.98
900 C 0.32 0.55 042
as-received 1.46
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Fig.4 Hydrogen permiation curves of specimens
annealed at 900 °C for 5min~120min.
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Table 3 List of diffusivity Dy, derived from t,,

e temp_a“"“' time Smin 40min 120min
600 °C 166 1.13 1.06
700°C 146 143 1.47
800 °C 151 3.8 3.23
900 °C 3.68 4.10 410
L as-received 1.99 E _

3= 4 430 T FEIRNE B ER A R BRI
HERURB(10 cm?/sec)(from time-lag)
Table 4 List of diffusivity D, derived from t;.

aonent temp'a""ea' time Smin 40min 120min
600 °C 1.53 1.36 1.23
700 C 1.52 1.44 165
800 °C 1.59 3.77 1.54
900 °C 277 4.68 474
as-received 1.74
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Fig.5 XRD patterns of bulk specimen (curve 1)and
specimens annealed at 600 °C for 5min
(cruve2) » 40min (cruve 3) » and 120 min
(cruve 4).
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Fig.6 XRD patterns of bulk spicimen (curvel),

and speciimins annealed at 900 °C for
Smin(cruve2),40min(cruve3) and 120min
(cruved).
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Fig.7 Schematic of grain boundary diffusion
paths before and after annealing .
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Table 5 List of the ratio of t, to t,.

anneal time , .
anneal temp. Smin 40min 120min

600°C 2.76 2.12 2.20
700 °C 2.45 2.53 2.28
800 °C 2.41 2.63 534
900 °C 3.39 2.24 221

" | (110) grains

IS U v~ N
specimen

9 LT ZPABE - E(110)0EEE A &L 1%
th Z BRI R(TRE) e ~EH

Fig.9 A quick diffusion path in (110)preferred
orientation lattice and without grainboundary
(lower part)as a diffusion barrier.
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