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Hydrogen Embrittlement and Corrosion Fatigue Caused by Pitting Corrosion of Spring Steels for
Automobile with Improved Pitting Corrosion Resistance by Alloying Elements
and Chemical Passivation Treatment

Tatsuo FukuzuMl, Shinichi KOMAZAKI and Toshihei MISAWA

Synopsis : The strengthening of spring steels has been carried out for weight reduction of automobile in recent years. However, the strengthening of the

steel increases sensitivity to corrosion fatigue and hydrogen embrittlement through pitting corrosion in NaCl solution.

In previous report, authors have made clear that alloying and chemical passivation treatment improve the pitting corrosion resistance of the

low alloy automobile spring steels. In this research, the effects of these two improving methods on the corrosion fatigue and hydrogen embrit-

tlement were investigated.

The slow strain rate tensile (SSRT) test at £=6.7X107°s ™" of strain rate and two kinds of corrosion fatigue tests were carried out for the

automobile spring steels, JIS SUP12 and a high pitting resistance spring steel (HDS13) after wet—dry cyclic corrosion in 5 mass% NaCl solu-

tion at 308K.

One of the fatigue tests was done under the corrosion condition with dropping 5 mass% NaCl solution on the surface of the specimens.

The results of this research are as follows.

(1) The hydrogen embrittlement caused by the pitting corrosion producing hydrogen permeation into the steel was found from the inter-

granular brittle fracture surface propagated from around a corrosion pit of specimens.

(2) 1t was found that the HDS13 having high pitting potential (V'cql100) with effective alloying elements showed superior hydrogen em-

brittlement resistance and corrosion fatigue strength.

(3) It was found that the addition of alloying elements which inhibit the pitting corrosion and the chemical passivation treatment were ef-

fective to decrease corrosion fatigue and hydrogen embrittlement sensitivity of low alloy spring steels.

Key words : low alloy steel; spring steel; pitting corrosion resistance; corrosion fatigue; hydrogen embrittlement.
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Table 1. Chemical compositions of the materials used
(mass%).

SteelNo. | C Si | Mn P S Ni [Cr |Mo|Cu | V Nb
SUP12 |0.54 | 1.50 | 0.68 | 0.017 | 0.002 | 0.04 | 0.67 | 0.01 { 0.12
HDS13 |0.52 | 149 | 0.60 | 0.012 [ 0.001 | 1.47 | 0.99 | 0.77 | 0.10 | 0.21
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Fig. 1. Shape and size of SSRT test piece.
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Fig. 2. Shape and size of the rotating bending corrosion
fatigue test piece for solution dropping test.
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Fig. 3. Comparison of the quasi-pitting potential (V'cq100)
between SUP12 (@) and HDS13 (O) in 5 mass%
NaCl solution at 308K.
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Fig. 4. Weibull plots of the breakage stress of SUP12 (@)
and HDS13 (O) obtained from SSRT test, after dif-
ferent wet—dry cyclic corrosion treatment without
loading.
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Fig. 6. Scanning electron micrograph of the corrosion pit
(white dotted line zone) and intergranular fracture
area around the corrosion pit formed after 20 wet—
dry corrosion cycles without loading.
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Fig. 5. Scanning electron micrographs
of the fracture surface of
SUP12 (a, b) and HDS13 (c,d)
failured by SSRT test, after 20
wet—dry cyclic corrosion treat-
ment without loading.
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Fig. 7. S-N curves of SUP12 (@) and HDS13 (O) ob-
tained by rotating bending fatigue test in air, after 5
wet—dry corrosion cycles using 5 mass% NaCl so-
lution spray testing without loading.
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Fig. 8. Cross sectional micrograph of the corrosion pit and
following fatigue cracking.
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Fig. 9. S-N curves obtained by rotating bending fatigue
test under Smass% NaCl solution dropping to
SUP12 test piece with (O) and without (@) the
passivation treatment for 3.6 ks in 63 mass% HNO;
solution.
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Fig. 10. Scanning electron micrographs of the corrosion
pits, followed by hemisphere quasi-cleavage frac-
ture surface (A), and ductile fatigue fracture sur-
face (B) of SUP12 failured by corrosion fatigue
test after N=1.519x10° cycles under 200 MPa.
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Fig. 11. Scanning electron microscopic observation of hy-
drogen distribution on SUP12 (a) and HDS13 (b)
by the silver decoration method.
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Fig. 12. Schematic model of anodic dissolution and ca-
thodic hydrogen reaction causing hydrogen per-
meation into steel by pitting corrosion in 5 mass%
NaCl solution.'”
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kBRI hZKRBMHETH S, (FEXT=HN
AU R iR1E)

(3) GHEAEREICEIh, BOELENPAEFNE I
BIBADEFHEZ, LARECLFIEEI SN EE
RISIZ & 0 R E N2 AKBEDRA LI P EADOILE %
LS NEREN TS 5, {LENARERELAEICZK
AIILEMONE R, ILAEMAERENFaREONFEIS
HhCh b, (AH 70 I HNAERIEE)

(4) BFaL - 3 VEEIZ K B8RRI ARED K%
s, KEDOLT o TH 4 FHIELAFET S HDSIZE
KFED JLEUERZ MR,

(5) Dbk, EASMICETEBHEMHTREICE
W, BEEEASIET 572003 ARRAORERL &
ZIBOREAPHTILELSS D, ASRMZE S CIZ{L
FHRBREILAER I X BTHLRMORELNEITH %,

BT, KFEOFITIZH 720 XIREW R LFEK
FEFEE  BREHRIEHOZERLET.
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