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Polarization and Hydrogen-Induced Stress Corrosion Cracking
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The polarization characteristics of AISI 4340 steel and Ni electroplated 4340
steel were investigated in the IN 3.5wt% NaCl electrolyte and synthetic sea water.
AISI 4340 steel was austenitized for 2 hours at 850°C, water-quenched, and then
tempered at 250, 400, and 600C for 2 hours. The Ni electroplating on tempered
4340 steel improved significantly the resistance to corrosion of the 4340 steel
below the potential of 500mV. However, the Ni electroplating at 1A/cm? for 30
min degraded the resistance to corrosion of tempered 4340 steel because of the
formation of pores and impurities in the Ni film. The hydrogen-induced stress
corrosion cracking (SCC) of tempered 4340 steel was also investigated by SCC test
using U-bend specimen under various applied cathodic current densities and
strains in the IN 3.5wt% NaCl electrolyte. The time to failure of tempered AISI
4340 steel decreased with decreasing tempering temperature because the yield
strength and hydrogen content of the 4340 steel increased with decreasing temper-
ing temperature.
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Table 1. Chemical composition of AlSI 4340 steel
(wt%)

CINi |Mn|Cr| S |[Mo{Cu| S | P
0.3911.61|0.75|0.70 | 0.30 | 0.17 | 0.14 |0.023/0.014
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Table 2. Composition of Ni electroplating solution

Composition(wt% )
Nickel sulphate(NiSO,-6H,0) 500.0@:4
Nickel chloride{NiCl-6H,0) 90.0¢
Boric acid(H,BO,) 60.7¢
Distlled water 2.0¢
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PS . Potentiostat

RE : Reference electrode
T : Thermometer

GS : Galvanostat

A I Ammeter

WE : Working electrode

CE : Counter electrode
: Recorder

E : Electrometer

Fig. 1 Schematic diagram of electric circuit for measurement of hydrogen content
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Fig. 2 Geometry and dimensions of U-bend speci-
men for hydrogen-induced SCC test
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Fig. 4 Anodic and cathodic polarization curves of

STP specimen and tempered 4340 steel measured in
1N 3.5wt% NaCl(pH=7.0, 30, vs. Ag/AgCl)
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Fig. 5 Optical micrographs of Ni electroplated films depending on current density and electroplating time
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Fig. 6 Ni film thickness as a function of Ni electro-
plating time and current density in Watts type solu-
tion (45°C and pH=4.2)
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Fig. 8 Anodic and cathodic polarization curves of

STP specimen with and without Ni electroplating in

1N 3.5wt% NaCl(pH=7.0, 30°C, vs. Ag/AgC!)

Table 5. Time to failure(min) measured by hydr-
ogen-induced SCC test using U-bend specimen
N

|\ Strain 0.06 0.07
\ Current Density(mA/ca)
Tempering Temperature(C) 10 20 10 20
250 110 30 - 8.3
400 2880* | 2280* | 4320* | 2970
600 2280* | 2280* | 2880* | 2880*

*Indicate no failure at the recorded times.
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Fig. 9 Optical micrograph of 400°C tempered and
then Ni electroplated 4340 steel showing a pitting
corrosion after potentiostatic polarization test
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Fig. 10 SEM fractographs of 400°C tempered 4340
steel after hydrogen-induced SCC test using U-bend
specimen {-10mA/cid and strain=0.07)

Aegld BRE AR FLARGIS wa
598 99y LxoA AzH AL SCCA
¥% ¥ 2" BEe BRI A3 WY
27193 A7AARUES 27hgol whet ARe)
AY gEE W GAolH YATY FEE o
2 2750



78 LR

A 253

A 1327

1996. 3

4.8 B

1. AISI 43407 ¥y 2x7t F7H8 o
% FELYE 2 AT FLEHUL AW
FHE TaFel FaFHAY gy gHy 2
=7 F7Hgol wet Faf g SCCAl e A

F4o] F7tEAH.

2. 8 47 A IREES =F AT
M wzd ¥ Ni E252 ¢ 4 AR
o}, webA] IN 35wt% NaCl4golols =s

€& &A% 23, 500mV HAA7MA Ni =Fol
os) R4 Age] =ZA FAHAC v L
0A/cite) HEYENA 308 9k 28 A
04~1.0mm HE9 BHZEE A=
EF3E 9y, B3 2359 ZEIF YRl
B 71FH BEEol EARAY W, Ni
EZ£ 500mV oj Aol Mol AISI 434072
w24 HNgE 238 FAAHG.

3. U—bendA|H & o] &8 $433% SCCA
d Ay, g8y Lxrl FAH2 HAREEN
FAge mzt AR AQF Aol F7hHE
Atk o)A HHY 2x7 FUiHT HARYUE
7b Zagel wet FEFE FAHD F4
Fgo] #BAHS FAHAHA I Aol
*&Hs&ﬂ w) 2olet Azt

. FaHEY SCCAME F #H® U-bendAl
HY i g FAHAAHRF L o] &t BT
A3, A% ¥EE ¥ IANA F4 A
o3 AAIRY, AW FAFAA g4 FEFo|
E2AsE A4, ¢F S T JdHolA
gy o AN EgE AAE BAC

E7ET

]
=~

i
O

-{E
2

5. % 7|

AFE 199495 A ETAYE AFEE
H](1994L35/01—E—1056)_4 ATyl Yo 23
de ZIeo gRoin HpH Aol FA=H
Utk &3 24 ZAng ded =454 @33

R EL LB R

10.

11.

12.

13.

14.

15.

A7) A= G

i

o
i)

Ao

e

. K. F. Best, Aircraft Engineering, 6, 14 (1986)
- @EE, FMAR, BIETR, EE/E WSl H

¥, &KETHR, 85,
(1995)

MEM T KB R

. L. L. Sheir, R. A. Jarman and G. T. Burstein,

3rd ed., Vol
2, 13 :78, Butterworth-Heinemann, Britisk
(199%4)

“Corrosion, Corrosion Control”,

L BXE, ERFE, WINET BEMEEEK

397, 1182 (1986)

. Annual book of ASTM standards Vol. 03.02,

232 (1984)

. R. D. Davis, Materials Performance, 22, 21

(1983)

. P. G. Shewmon, G. Meryrick, S. Mishira, Scr.

Metall,, 17, 1231 (1983)

. S. M. Bruemmer, R. H. Jones, M. T. Thomas

and D. R. Baer, Metall. Trans. A, 14, 222
(1983)

. A, Kumar and V. Raman, Acta Metall., 29,

1131 (1981)

R. H. Jones, S. M. Bruemmer, M. T. Thomas
and D. R. Baer, Metall. Trans. A, 13, 241
(1982)

K. S. Shin and M. Messhii, Acta Metall.,, 31,
1559 (1983)

I. O. Shine and J. G. Bryne, Mater. Sci. Eng.
A, 123, 169 (1990)

A. W. Thompson and J. C. Chesnutt, Metall.
Trans., 10A, 1193 (1979)

M. Gao, M. Lu and R. P. Wei, Metall. Trans.,
15A, 735 (1984)

Y. Takeda and C. J. Mcmahon, Metall. Trans.,
12A, 1255 (1981)



