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Hydrogen Induced Cracking in Fe-Ni Based Amorphous Alloy

J.-J. Lin and T.-P. Perng

Hm B

AEER BRI R A & Fe(NisMo,B, BEE » EREAREG THEREINHNER
%, HRBERETHANRBRENNEN THHERE - AL ECERITEBRHSHEER
% SBRERARESHE #RISNEETEISERR TR ARRENERE - A1
ERERRANERTHEEASAEMRREEETHAEAORE ) ARETERT $BRBEFS
SEEHREARE -

Eﬁﬁ%ﬂi i _?'EEEEIﬁgﬁﬁ » FeyoNissM04Bis » ﬁt%'ﬂﬁ ’ ﬁﬁ%ﬁﬁ ? @Jﬁé}.ﬁ@

ABSTRACT

An Fe-Ni base amorphous alloy FeswoNissMosBis was used as the sample material.
Cracking of the alloy induced by hydrogen under two charging conditions (dynamic charging
and static charging) was examined. The accumulation of hydrogen in the specimen was
determined from the diffusivity and surface hydrogen concentration data previously obtained
by a permeation method. The mechanism of hydrogen-induced cracking by dynamic charging
could be ascribed to the decohesion effect of the interstitial hydrogen, whereas the cause of
cracking by static charging was attributed to the combined effect of interstitial hydrogen and

internal hydrogen pressure.
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Fig. 1 Shape change of Fe,:Ni;:Mo.B,s amorphous ribbon under cathodic charging at 5mA/em®. (a) charged for 4

min, (b) charged for 7min, (¢) charged for 10min and removed to air, and (d) outgassed in air for 40min at

room temperature.
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Fig. 2 Micrographs of the cracked ribbons of Fey,NissMo.Bis. The arrows indicate the positions of cracks.

Charging current density: (a) 0.2mA/cm?, (b) 2mA/cm?.

109
Feq Nisg Mo, Big
L:25x10¢m
T=20:2°C
| scatter bounds
{ e average value
104

t (sec)

10? | |
1§ 10 10! 10

iq (mA/cm?)

B 3 FATE20°CT R SR T R AR R o

Fig. 3 Time for crack initation of FewNizMosB.s
amorphous ribbon under cathodic charging at
20°C.
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Table 1 Cracking Parameters at i.=0.2mA/cm?

T(°C) 30 45 60 70
£(10%) 258 223 112 089
£(10%) 207 160 =112 —
Cinn(10°mole (a)3.73 288 115 —
H/m?) (b)395 280 212 —
Py, (MPa) (2)808 717 485

(b)809 715 626 —

#: total length of charging time.

t: time for crack initiation.

Cum concentration of hydrogen in the middle of specimen
when the first crack occurred :

(a) calculate from the results of thermal evolution;

(b) calculated from the results of electrochemical permeation.
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Fig. 4 Time for crack initation of FesNismMoiBis
amorphous ribbon at a charging-current density
2mA /cm?.
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Fig. 5 UTS of FeyNissMo:Bs tested in 0.1N H.SO,
+5mg/L. NaAsO. under various charging

currents and strain rates; T=293K.
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Fig. 6 SEM fractographs for FeswNizsMosBis. (a) air;

(bY 0.2mA/ecm?, &=7.58x10 °s'; (c)
2.0mA/cm?, ¢=7.58 x 107%'; and (d) degassed.
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Table 2 Overpotentials () and Surface Hydrogen Concentrations
(Cx) for FeawNissMosB,s Charged with Hydrogen in 0.1N HSO,+ 5mg/L NaAsO; at 0.2mA/cm’

7(°C) .30 45 60 70
rn(mV) —454 . —405 —355 —320
Ch,s (a) 3.941+0.78 3.14£0.68 1.15£0.72 0.70£0.32
(10°mole H/m?®) (b) 4.17+£2.23 3.06+1.74 2.12+1.01 —
(a) calculated from the results of thermal evolution.
(b) calculated from the results of electrochemical permeation.®
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Fig. 8 Schematic hydrogen concentration profiles un-
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Fig. 7 Effective hydrogen diffusivities obtained from
permeation and thermal evolution experiments
in amorphous FesNissMo4Bys alloy. (A) Build-up
(charging current from 0.1 to 0.2mA/cm?) and
(A) Decay (charging current from 0.2 to

0.1 mA/cm?®) transients.
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der various charging conditions and the as-
sociated reductions in UTS. Charging current:
0.2mA/cm?. P: precharge; D: dynamic charge;
0O.G.: outgas; and C, surface concentration
before straining (=3.8 x 10°? atom H/M). The
dashed curves in (a) through (¢) are the
modified profiles when the specimens were
subjected to straining.
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