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Effects of Quenching and Tempering on Diffusion of Hydrogen
in Structural Low-Alloyed High Strength Steels

by
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(Faculty of Engineering, Nagasaki University,

Nagasaki)

The effects of quenched and tempered microstructures on the diffusion coefficient and solubility
of hydrogen in structural low-alloyed high strength steels have been investigated at room tempera-

ture by means of the electrochemical permeation technique.
(1) The as-quenched martensitic structure gives a low diffusion coeflicient,

The results obtained are as follows:
and’ the diffusion

coefficient first increases with tempering temperature up to 200-300°C. Then the diffusion coefficient

decreases until it reaches a minimum at about 450-550°C,

temperatures of 600°C and above.

after which it increases again at

The mixed structure of bainite, martensite and ferrite obtained

by furnace cooling of HT80 and HY130 steels above Acl gives a very low diffusion coefficient.

@)

The solubility of hydrogen changes inversely with the diffusion coefficient.

(3) The variation in diffusion coefficient or solubility can be interpreted in terms of the hydro-
gen trapping process at the lattice imperfections introduced by martensitic and/or bainitic transforma-
tion, such as dislocations, faults, subgrain boundaries and lattice vacancies, etc., or at the interface
between the ferrite and carbide precipitates, depending upon the tempering temperature.
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Table I.  Nominal compositions and mechanical properties of several low-alloyed
high strength steels. (wt%)

oy OB =
C Si Mn P S Cu \ Ni Cr ] Mo v B |(kg/ (kg/ (%)

mm?2) mmﬁ)\
HT 60 £0.09| £0.30 | 9% 1 20,030 | £0.030 | — £0.60 | £0.30 | £0.30 | £0.10 | — 246 | 60~70 | 220
HT 80 | £0.18 | O350 1 080 | 0,030 |c0.030 | -5 | — | OT0% ) co60| — | £0.60| 270 |80~95 | 19
g B e R ] EO e et ) e I = Bt T e Rt 1 B B

0.10~ | 0.15~ | 0.70~ : 0. 25~ 0.40~ 0.02~

HT 504 20103855 1 %70 | 20,035 | £0.035 | 257 | — | — ol = 36 | 50~62] NI5
HTS0B | £0.10 | £1.00 | 3% | 20.030 | z0.030 | %3505 | — LI0~ 1 £0.30 | — — 224 | M50 | n21
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(C): cathode chamber RE: saturated calomel
(A):anode chamber reference electrode
M :iron membrane PS: potentiostat

£, Ez: platinum counter electrode

V :voltmeter R :power decade resister
A tammeter box
DC:DCpower supply RC:recorder

Fig. 1. A schematic representation of electrochemical
permeation cell assembly.
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Fig. 2. Effect of tempering temperature on diffusion
coefficient and solubility of hydrogen for HT60,
HT80 and HY130 steels.
shows furnace cooling process without quenching.
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Fig.-3. Effect of tempering temperature on diffusion
coefficient and solubility of hydrogen for HT50A
and HT50B steels. Half filled symbol shows
furnace cooling process without quenching.
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Fig. 4. Effect of tempering temperature on micro

strains for low-alloyed high strength steels. Half
filled symbol shows furnace cooling process
without quenching.

(a) As-quenched martensitic
structure after 880°Cxlh
water quenching.

{b) Tempered mariensite
after 300°C X1 hr tempering.

(¢) Fine precipitated carbides
in the ferrite after 500°C x

L : - 1hr tempering.

(@ Spheroidal pearlite after 650°C X1 hr tempering.

(e) Bainite4-martensite+-ferrite after 880°Cx1hr furnace
cooling.

Fig. 5. Micrographs of quenched and tempered
structure for HT80 steel.
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