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Diffusion of Hydrogen in Quenched and
Tempered Alloy Tool Steels

by

Yoshiichi SAKAMOTO, Keizo TAKAO and Yukihiro TAKAO

(Department of Materials. Science and Engineering)

The effect of quenched and tempered microstructures on the diffusion coefficient and

solubility of hydrogen in the commercial alloy tool steels have been investigated at room.

temperature by means of the electrochemical permeation technique. 'The results obtained are
as follows :

(1) 'The as-quenched structure of martensite plus undissolved carbides gives a low diffusion
coefficient, and the diffusion coefficient does not show the remarkable change with
tempering temperature up to 300°C, after which in the case of SKS 3 steel, it increases with
increasing temperature. However, in the case of SKD 4 and SKD 11 steels, the diffusion
coefficient decreases with increasing temperature, reaching a minimum around 600°C and
500°C respectively and these decreases in diffusivity correspond to the “secondary hardening”
in the tempering ‘curve.

(2) The solubility of hydrogen is high for the structure of quenched martensite plus
undissolved carbides and there is an opposite relation between the diffusion coefficient and

solubility, when the steels are tempered.

(3) The variations in diffusivity and solubility can be explained in terms of hydrogen .

trapping process involving the lattice imperfections such as dislocations, faults, lattice
vacancies and subgrain boundaries etc., introduced by martensitic transformation and or
precipitation of carbides on tempering, together with the interfaces such as quenched
martensite/undissolved carbides and the ferrite/precipitated carbides, depending upon tempering

temperature.
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Table 1 Nominal compositions of :alvloy‘ tool steels used (wt%)
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Fig. 1 Effect of tempering temperature on
diffusion coefficient and solubility of
hydrogen in SKS3 steel. i =1,0 mA/cm2.
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Fig. 2 Effect of tempering temperature on lattice
microstrains and hardness for SKS3 steel.
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Photo. 1 Micrographs of quenched and tempered structure for oil hardening type cold-work
tool steel : SKS 3

as-quenched structure after 880°C, 1h oil quenching ; martensite + undissolved

carbides (Fe,W,Cr)»3Cq :

tempered martensite after 300°C, 1h tempering.

spheroidal pearlite after 650°C, 1h tempering.

as-annealed structure after 780°C, lh furnace cooling ; (Fe,W,Cr)23Cq and

(Fe,W,Cr)3C + ferrite.
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Fig. 3 Effect of
diffusion

hydrogen in SKD4 steel. i¢ =1.0 mA/cmz2.
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Fig. 4 Effect of tempering temperature on lattice
microstrains and hardness for SKD 4 steel.
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Photo. 2 Micrographs of quenched and tempered structure for W base hot-work tool steel :
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a) as-quenched structure after 1050°C, 1h air quenching ; martensite-+undissolved

carbides (Fe,W,Cr)¢C.

b) tempered martensite after 300°C, 1h tempering.
c) secondary hardened structure ; precipitated carbides, W2C, VC in the ferrite
after 600°C, 1h tempering. Coarse particles show undissolved carbides

(FC,W,CI) GC-

d) as-annealed structure after 830°C, 1h furnace cooling ; (Fe,W,Cr)gC + ferrite.
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Fig. 5 Effect of tempering temperature on Fig. 6 Effect of tempering temperature of lattice
diffusion coefficient and solubility of microstrains and hardness for SKD 11
hydrogen in SKD 11 steel. i¢ =1.0 mA/cm?2. steel.

Photo. 3 Micrographs of quenched and tempered structure for high C, high Cr types cold-

worked tool steel : SKD 11

a) as-quenched structure after 1030°C, 1h air cooling ; martensite + undissolved
carbides (Cr,Fe);Cs.

b) tempered martensite after 300°C, 1h tempering.

c) tempered structure after 650°C, 1h tempering, coarse particles show undissolved
carbides (Cr,Fe);Cgs.

d) as-annealed structure after 870°C, 1h furnace cooling ; (Cr,Fe);Cs + ferrite.
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