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The Effect of Hydrogen on the Mechanical Properties of Cast
Irons and ADI with Various Carbon Equivalent and Graphite Morphology

Yong-Gi Cho and Kyung-Sub Lee
Department of Metallurgical Engineering,
Hanyang University, Seoul 133791

The effect of hydrogen on the mechanical properties of cast irons, flake, CV graphite cast iron
ductile iron and ADI have been investigated.

The effects of various carbon equivalent, graphite morphology and matrix have been
analyzed to determine the predominant factor which influences on the hydrogen embrittle-
ment.

The effect of various carbon equivalent on the embrittlement was little in the similar graphite
morphology.

The embrittlement of ferrite matrix changed by heat treatment was less than that of
pearlite matrix.

In the case of ADI, the tendency of hydrogen embrittlement of lower bainite matrix
was less remarkable than that of upper banite matrix.

As the result of hydrogen charging, the tendency of interface decohesion between
matrix-graphite was increased in flake G.C.L, and the trend from ductile fracture mode to
brittle fracture mode was observed in CV G.C.I and ductile iron. Lower bainite in ADI showed the
ductile fracture mode.

Hydrogen solubility of lower bainite was higher than that of upper bainite.
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(A)

Photo. 1 Microstructure of cast irons, 2% Nital, X200

(U) : As-cast (L) : Annealed (F) : Flake (©):¢cv (D) Ductile
(A) : Hypo eutectic (B) © Eutcetic (C) : Hyper eutectic
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Table. 1 Chemical composition of specimens. (wt%)
LT - i S T |
T Element
- Fe C Si Mn P S Mg C.E.
Specimen™.  Range h ‘ |
S 4 - S S | |
Hypo T ﬁ |
Bal. 3.09 1.71 0.32 0.069 - 0.0172 1 -~ 3.66
eutectic !
; Flake |
; Eutectic Bal. 3.44 213 . 0.20  0.051 |0.0190 4.15
; G.C.L
Hyper-
Bal. 3.67 2.21 0.153 | 0.055 | 0.0135 - 4.41
eutectic
Hypo-
Bal. 3.07 1.92 0.205 | 0.057 0.0145 0.0097 3.71
eutectic
Ccv
Gl Eutectic Bal. 3.29 2.82 0.176 | 0.056 0.0094 : 0.0085 : 4.23
R ! i
Hyper- : . ,
Bal. . 3.56 2.48 0.148 | 0.059 | 0.0182 | 0.0114  4.38
eutectic i
Hypo- !
. Bal.  3.04 2.08 0.109  0.055 | 0.1198 | 0.0151  3.73
Ductile eutectic i
- I
Iron I
Eutectic Bal. 3.15 3.22 0.131 | 0.058 | 0.0160 0.0259  4.22
and
- t
ADI Hyper | ‘ !
Bal. i 3.44 2.76 0.142 | 0.062 0.0072 : 0.0238  4.36
eutectic | !

(A)

Photo. 2 Microstructure of Austempered ductile iron, X5000

(A)Upper bainite (B)Lower bainite

(1)
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Fig. 1 Effects of hydrogen on tensile properties of cast irons.

(AS-cast) A : Hypo-eutectic B : Eutectic C : Hyper-eutectic F : Flake C: CV D : Duectile
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Fig. 2 Effects of hydrogen on tensile properties of cast irons.
(Annealed) A : Hypo-eutectic B : Eutectic C: Hyper- eutectic F : Flake C; CV D : Ductile
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Fig. 3 Effects of hydrogen on normalized tensile properties of cast irons.

A U Hypo eutectic B Eutectic C . Hyper eutectic F: Flake C:CV D : Ductile
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Photo. 3 Fracture profile of flake graphite cast
iron, X200
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Table. 2 Calculated diffusivity, solubility, perme-
ablllty of ADI.

Diffusivity Solubility i Permeab\hty
(cm?/sec) i g atom H | cm’g atom H
E | m* ADI sec m*® ADI
\Lower balmte 1.311 x107% | 0.028 3.671 107"
Upper bainite 3.206 » 10 ‘ 0.012 3.847 x 10 |
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Fig. 5 Effects of hydrogen on normalized tensile
properties of cast irons. (Annealed)

Fig. 4 Effects of hydrogen on tensile properties A : Hypo-eutectic B ! Eutectic C: Hyper cutectic

of ADI
A : Hypo-eutectic B : Eutectic C: Hyper eutectic

F:Flake C:CV D :Ductile L : Lower bainite U Upper

bainite.
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Photo. 4 Scanning electron micrograph of Austempered ductile iron, X600(Lower)

Hypo-eutectic (A)in air (B)in H. Eutectic (C)in air (D)in H.  Hyper-eutectic(E)in air (F)in H,
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Photo. 5. Scanning electron micrograph of Austempered ductile iron, X600(Upper)

Hypo-eutectic (A)in air (B)in H; Eutectic (C)in air  (D)in H, Hyper-eutectic (E)in air  (F)in H,
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(B)
Photo. 6 Fracture profile of ADI, X200(Upper)
(A) in air  (B) in H,
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