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Modeling of Hydrogen Thermal Desorption Profile of Pure Iron and Eutectoid Steel

Ken-ichi EBIHARA, Tomoaki SuzuDO, Hideo KABURAKI, Kenichi TAKAT and Shigeto TAKEBAYASHI

Synopsis : We have developed a numerical model to simulate the hydrogen desorption profiles for pure iron and eutectoid steel, which is obtained in

thermal desorption analysis (TDA). Our model incorporates the equation of McNabb and Foster without the hydrogen diffusion term com-

bined with the Oriani’s local equilibrium theory. It is found that the present numerical model successfully simulates the hydrogen desorption

profile using the concentration of hydrogen trapping sites which is inferred from experiments both for pure iron and for eutectoid steel. We

further verify the model by discussing the trapping site concentration and the effect of hydrogen diffusion.
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Fig. 1. Experimental results” of pure iron (a) for the speci-
men elongated with reduction area ratio of 0%,
25%, 55%, and 83% and (b) for the highest de-
formed specimen annealed at 873K, 673K, and
473K. The profile for the specimen which is not
annealed is labeled by “as drawing” in (b).
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Fig. 2. Experimental results” of eutectoid steel (a) for the
specimen elongated with reduction area ratio of
0%, 25%, 50%, and 85% and (b) for the highest
deformed specimen annealed at 873K, 673K, and
473K. The profile for the specimen which is not
annealed is labeled by “as drawing” in (b).
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Fig. 3. A numerical model for simulating hydrogen des-
orption profiles.
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Table 1. Chemical composition of specimens (mass%).”

Specimens C Si Mn | P S Cu Al
|
0 mass%C | 0.0015 | 0.0004 | 0.0009 | 0.0010 | 0.0007 | <0.001 | <0.001
0.84 mass%C | 0.84 0.23 0.77 | 0.010 | 0.006 | 0.01 0.003
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Table 2. Estimation of the amount of defects for the an-
nealed 83%-deformed specimen of pure iron: In
the parentheses in the column of charged hydro-
gen, d and v represent dislocation and vacancy,
respectively.

[

Annealing Temperature [K] 873 | 673 | 473 |  as drawing

Charged hydrogen {mass ppm| | 4.8 | 7.0 | 7.3 | 8.7 (d:7.3 v:1.4)
|
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Fig. 4. Comparison between (a) experimental and (b) sim-
ulation results for the annealed 83%-deformed
specimen of pure iron.
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Table 3. Estimation of the amount of defects for the de-
formed specimen of pure iron.

Reduction area ratio [%)] 0 25 55 83
Charged hydrogen [mass ppm] | 4.9 5.3 6.0 | 8.7
Dislocation [10% /m? 2.98 | 3.23 | 3.65 | 5.30
Vacancy [10%/m?] | 0.572 | 0.618 | 0.700 | 1.02
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Fig. 5. Comparison between (a) experimental and (b) sim-
ulation results for the deformed specimen of pure
iron.



Table 4. Estimation of the amount of defects for the annealed 85%-deformed
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Table 5. Estimation of the amount of defects for the de-
formed specimen of eutectoid steel.

Reduction area ratio [%)] 0 25 | 50 | 85

1st peak | 1.6 | 4.8 | 5.1 | 4.2
Charged hydrogen [mass ppm] | 2nd peak | 0.0 | 0.6 | 1.9 | 3.8

Total 16 | 54 | 7.0 | 8.0
Dislocation [10% /m3) 0.66 | 1.99 | 2.11 | 1.74
Vacancy [10% /m?) 0.20 | 0.61 | 0.65 | 0.54
Interface [10%/m?) 0.0 | 0.33|1.04 | 2.08
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7. Comparison between (a) experimental and (b) sim-
ulation results for the deformed specimen of eutec-

toid steel.
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(Step 1)

Set initial conditon: C(r)=C{m, T=T,, 0 4(r)=6, (r)=0
cell

(Step 2)

Equilibrium calculation C%9(r), N, 0;%(r),N,085%r)
T ]

(Step 3) l

Diffusion calculation:C’(r)

< - Q»‘

[memmcgmss

Symmelr ical Vacuum
boundary boundary
Cp.c=C(dn) Cp.c.=0

Hydrogen desorption: C out = 2[ {CI-C(ny

@ Cout < Threshold,

End

(Step 4) l
Plot hydrogen evolution rate, Raise temperature, and
Return to (step 2)

Fig. 17. A 1-dimensional numerical model for simulating
hydrogen desorption: This is made by aligning the
cells in a 1-dimensional direction, i.e. there is one
cell at each point discretizing the » direction.
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