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The effect of inhibitors affecting to hvdrogen embrittlement

and anticorrosion effect of a high tensile steel
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ABSTRACT

When some kinds of inhibitors, i.e. 1x10°> mol/1 arsenic trioxide, 0.2mol/1 2-mercaptoethanol, 0.2mol/1

thiourea were added to 0.5mol/1 H,SO,4 solution, there were some considerable effects to decrease corrosion

current density of 4340 high tensile steel, and the susceptibility of hydrogen embrittlement was much greater

than that of no addition with increasing hydrogen overvoltage on the cathodic polarization curves. However

there was a tendency to increase hydrogen embrittlement with increasing hydrogen overvoltage, which was not

always proportional relation. SEM fractographs showed the change from dimple to intergranular fracture and to

quasi cleavage fracture with increasing hydrogen embrittlement. Furthermore the amount of quasi cleavage fra.-

ture increased with increasing the susceptibility of hydrogen embrittlement.
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Table 1. Chemical composition (weight %)

Specimen| C | Si | Mn| P S | Ni|Cr|Mo
AISI4340 ] 0.379] 0.28 | 0.68 | 0.003 } 0.004 | 204 0.79( 0.27
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Fig. 1. Dimension of specimen (mm)
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Fig. 2. Experimental apparatus.
1) solution 2) Electrolytic cell 3) test specimen
4) luggin capillary  5) pt electrode
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Fig. 3. Cathodic polarization curves in 0.5mol/l H,SO,
with oddition of inhibitors. @ :Free, & :0.2mol/|
2-mercaptoethanol, W :1X107°mol/| arsenic
trioxide, ) :0.2mol/| thiourea.
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Fig. 4. Effects of inhibitors to maximum stress and elon-
gation of tensile tests in 0.5mol/|l H,SO, under
applied cathedic current density of 0A/m' and
100A/m. @ :Free, & :0.2mol/l 2-mercaploe-
thanol, W :1 X107 *mol/l arsenic trioxide, W :
0.2mol/| thiourea.
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Fig. 5. Relation between corrosion current density and
maximum stress of tensile tests in 0.5mol/l H,SO,
with oddition of inhibitors, A :Free, B:1x 107!
mol/| arsenic Irioxide, C:0.2mol/l 2-mercapto-
ethanol, - D :0.2mol/! thiourea.
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Fig. 6. Relation between transient corrosion potential and
time to failure in 0.5mol/1 H,SO, with addition
of inhibitors, @ :Free, & :0.2mol/l 2-mercapt-
oethanol, W :1X10-°mol/! arsenic trioxide,

M :0.2mol/| thiourea.
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Fig. 7. Effects of inhibitors 1o maximum stress of tensile
tests in 0.5mol/l H,SO, under various cathodic
current densities, @:Free, & :0.2mol/|
2-mercaptoethanol, W :1X 10 *mol/| arsenic
trioxide, WM:0.2mol/| thiourea.
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Fig. 8. Relation between transient potential and time to
failure under applied cathodic current density of
100A/m in 0.5mol/l H,SO, with addition of in-
hibitors, @:Free, & :0.2mol/| 2-mercapiosthanal,
W:1X10"*mol/l arsenic trioxide, W :0.2mol/|
thiourea.
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Fig. 9. (A) ;Effects of inhibitors on diffusible hydrogen
content and hydrogen overvoltage under applied
cathodic current density of 100A /m?

(B) :Effects of inhibitors on maximum stress of
tensile tests under applied cathodic current den-
sity of 100A/m?,
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Table 2. Total resistance of solution and film on the

specimen measured by alternating impedance
method in 0.5mol/] H,S0, with addition of

inhibitors.
Inhibitors | R(Q-m') : Ecor | R(Q+m') 1100A/n
Free. 4.1X10°* 6.5X10°*
Arsenic. 5.0x10-% 6.0x10°*
2—-Merc. 4.2X10°® 6.9x10°°
Thio. 3.9x10°® 5.6x10"%
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Fig. 10. SEM fractographs of the specimen fractured in aijr.
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Fig. 11. SEM fraclographs of the specimen fraciured in 0.5mol/l H,SO. under cathodic current density of 0A/m’.
The arrow indicates fractured direction. (A) : Free, (B) : 1X 10 ’mol/l arsenic trioxide, (C) :0.2mol/I
2-mercaptoethanol, (D) :0.2mol/! thiourea.
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Fig. 12.SEM fractographs of the specimen fractured in 0.5mol/l H,SO, under cathodic current density of 100A /m?

The arrow indicates fractured direction. (A) :
2-mercaptoethanol, (D) : 0.2mol/| thiourea.
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