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The effect of quenching and tempering structure of various carbon steels on the diffusivity

and solubility of hydrogen were studied at room temperature by using an electrochemical

permeation technique.

The minimum diffusion coefficient is obtained when the steels are in

as-quenched state, i.e, a martensitic structure and diffusion coefficient increases with increasing

tempering temperature.

On the other hand, solubility of hydrogen is a maximum for quenched

martensitic structure and it decreases with increasing tempering temperature.

An increase in carbon content reduces the diffusivity but increases the solubility of hydrogen.

The variation in diffusivity and solubility can be explained in terms of hydrogen trapping

process involving lattice imperfections such as dislocation,

lattice vacancies and subgrain

boundaries produced by martensitic transformation.
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Table 1 Nominal composition of specimens
(wt. %)
C Si Mn P S
0.13 0.15 0.30
S1:C ~ ~ ~ <0.030 | <0.035
0.18 0.35 0.60
. 0.42 0.15 0.60
S45C ~ -~ ~ <0.030 | <0.035
0.48 0.35 0.90
0.60
SK7 ~ <0.35 | <0.50 |<0.030 | <0.030
0.70
0.80
SK5 ~ <0.35 | <0.50 |<0.030 | <0.030
0.90
1.00
SK3 ~ <0.35 | <0.50 | <0.030| <0.030
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(C): Cathode compartment

(A):Anode compartment
Ei,E2:Platinum counter electrode
RE:Saturated calomel reference electrode
M:Iron membrane PS:Potentiostat

R :Power decade resister box

V :Voltmeter A:Ammeter

DC:DC power supply RC:Recorder

Fig. 1 A schematic representation of
electrochemical permeation cell
assembly.
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Fig. 2 ﬁydrogen permeation current vs.
time curves for quenched and
tempered S15C and SK 3 steels.
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Fig. 3 Plots of log t¥2.1a vs. 1/t for S15C
steel.
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Fig. 4 Effect of tempering temperature
on diffusion coefficient of hydrogen
for various carbon steels.
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Fig. 5 Effect of tempering temperature
on solubility of hydrogen for
various carbon steels.

LN, KEDEMR LR LIBE & nBIfRIzFig.
5 & DHLD Y L) ICHERRENSRE L EOBRICSH
D, MANCALT ¥4 MBS OMEREE TRREL
AHEOEIZRE L, BRLEBEFEATZ LI
WAT 2. Bk =T A FHTRE LERK —F 4
MABE D LIEREILNS . FRRETHENHEKX
EEHICHEMEIREATS. L2LSKS ESK3 i
KBWTIEFLWERIRSH SN .

3-3 BRIICH, MRNES L URE
EWREET, HIRNES L UHE & BEANBERLIE

20

Macro stress( kg/mn% )
=)
T

-10F .

1 2 i 1 1l

Asq 200 400 600 800 880FC
Tempering temperature (°C )

Fig. 6 Effect of tempering temperature
on macro stress for various carbon

steels.
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Fig. 7 Effect of tempering temperature
on micro strains for various carbon
steels.
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Fig. 8 Effect of tempering temperature
on micro Vickers hardness for
various carbon steels.
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Fig. 9 Diffusion coefficient vs. carbon content
for various carbon steels quenched
and tempered at different
temperatures.
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Fig. 10 Solubility vs. carbon content for
various carbon steels quenched
and tempered at different
temperatures.
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