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Improvement of Pitting Corrosion Resistance of Spring Steels for Automobile
by Alloying and Chemical Passivation Treatment

Tatsuo FukuzuMi and Toshihei MISAWA

Synopsis : In order to reduce an exhaust gas, it has been necessary to reduce a weight of automobile. One of the most effective method for the weight re-

duction of cars is the strengthening of parts. Therefore, in order to reduce the weight of suspension coil springs, the strengthening of spring
steels has been carried out in recent years. However, the strengthening of steels brings increase in sensitivity for corrosion fatigue caused by
pitting corrosion.

Improvement of the pitting corrosion resistance by alloying and chemical passivation treatment was investigated in this research. Measure-
ments of anodic polarization curves were carried out for four commercial production low alloy spring steels and 22 laboratory steels modified
on JIS SUP10 in 5 mass% NaCl solution at 308 £0.5K.

Furthermore, the effect of chemical passivation treatment on the pitting potential was evaluated for the specimens treated in 63 mass%
conc. HNO; solution at 308K. The quasi-pitting potential of V'cq100 corresponding to V’'c100 of stainless steels, has been adopted to evalu-
ate the pitting corrosion resistance of low Cr-bearing spring steels.

The major results of this research are as follows.

(1) The effective alloying elements to improve the pitting corrosion resistance of the low alloy spring steels are Si, Ni, Cr, Cu, Co, Sb, and B.
(2) The chemical passivation treatment for 3.6 ks on the practical spring steels containing less above-mentioned alloying elements, is also ef-

fective to improve the pitting corrosion resistance.

(3) The quantitative alloying design guide based on regression analysis between V’cq100 and content of alloying elements was proposed.

Key words : low alloy steel; spring steel; pitting potential; pitting corrosion resistance; alloying element; chemical passivation.
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Table 1. Chemical compositions of commercial spring
steels used (mass%).

SteelNo. | C Si Mn P S Ni Cr | Mo | Cu \"
SUP9 0.54 | 0.26 | 0.72 | 0.017 | 0.001 | 0.05 | 0.71 [ 0.01 | 0.10
SUP10 ]0.55|0.35]|0.94 | 0.017 | 0.004 | 0.02 [ 1.00 | 0.01 | 0.06 | 0.17
SUP12 |0.54 | 1.50 | 0.68 | 0.017 | 0.002 | 0.04 | 0.67 | 0.01 | 0.12
HDS13 |0.52 | 149060 ) 0.012 | 0.001 | 1.47 | 099 { 0.77 | 0.10 | 0.21
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F10mmO R XICUIMR, THEIZY) — FEE ARy PEHE
LERFUBIETH I 2FI2HiAA, HIE R & S
L7z, FHREEREZIET 57094 Foy Vs, TEF
CEE CEmMm AR LHE LIERL 2, ZhoRBFIZK
KB TOBRILENiI K< F L r — 2dhiz#FE L, HIEDER
B, EECT X /) — L TRERREEEL /2.
RENWILBEUM ETERTH 2 CrEHEDOD E WKL
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A VM (SCE) %, st iciZASHEEAL Ty /- K454
Bl A E 5 2 LIS K DILAEANHEZFEHL 2. &R
BRIBWOBE L, HAEFEABRFEKIZ308205K& L, 1.8
ks ERWEL CBTFRELRE L 2, BREEIT 0.6ks
BREMIZRE L 2%, W55EE 20 mV/min OBYERI I
KD 7/ — FEBREES 150 uA/lem?® 1I2ET 5 £ T - 72,
Bl IZ% S B R OBIER IZATECD & > 1IZskd L, RER
FARBBRICBEL T 55 % FhT % £ TORMIZ

Table 2. Chemical compositions of laboratory melted spring steels used (mass%).

Steel No. C 1l Si Mn P S Ni Cr | Mo | Cu V | Co | Sb |Bsol.
1 0.55 10.27 10.90 [0.017 |0.007 [0.06 |1.04 [0.02 [0.08 {0.15
2 0.55 |10.54 10.80 [0.017 10.007 [0.05 [1.05 [0.02 ]0.07 {0.15
3 0.56 |11.02 10.91 (0.018 |0.007 |0.06 |1.06 ]0.02 ]0.06 {0.15
4 0.57 |2.02 {0.93 |0.019 |0.006 |0.05 [1.08 [0.02 {0.07 |0.16
5 0.55 10.26 |10.90 (0.018 |0.007 |1.01 |1.04 [0.02 |0.07 {0.15
6 0.55 10.24 10.90 (0.018 |0.007 [2.14 ]1.05 ]0.02 j0.08 {0.16
7 0.56 10.27 j0.91 |0.019 }0.007 [3.04 |1.05 |0.02 |0.08 [0.16
8 0.55 10.26 {0.90 |0.017 [0.007 [0.06 |2.06 |0.02 |0.07 [0.16
9 0.56 |0.27 {0.92 |0.018 |0.007 {0.06 ]3.12 |0.02 [0.09 [0.16
10 0.55 10.27 10.90 {0.017 |0.007 |0.05 ]1.06 j0.35 [0.07 [0.15
11 0.55 [0.27 10.90 |0.016 [0.008 [0.05 [1.04 10.83 |0.08 [0.16
12 0.57 |0.24 [0.89 |0.024 {0.006 [0.05 |1.04 |0.02 |0.24 [0.15
13 0.56 10.26 [0.90 |0.020 [0.006 [0.05 {1.05 [0.02 [0.41 [0.15
14 0.55 10.26 10.90 |0.032 ]0.007 [0.05 11.04 [0.02 [0.07 [0.15
16 0.55 10.26 10.90 [0.059 |0.007 {0.06 11.05 [0.02 [0.07 [0.15
16 0.56 10.26 |0.90 [0.017 {0.007 [0.05 11.05 {0.02 [0.07 [0.15 |048
17 0.55 10.28 10.91 |0.018 ]0.007 j0.06 §1.06 [0.02 [0.07 [0.16 |0.96
18 0.57 |0.26 |0.90 |0.024 j0.006 |0.05 ]1.05 ]0.02 |0.07 [0.15 0.16
19 0.56 10.26 |0.94 |0.021 |0.007 |0.06 |1.07 [0.02 [0.06 [0.156 0.40
20 0.56 |0.28 |0.94 |0.015 |0.007 |0.05 |1.08 |0.02 |0.07 [0.16 0.76
21 0.55 [0.27 |0.90 |0.025 {0.006 [0.05 |1.04 [0.02 |0.27 [0.15 0.0028
22 0.56 {0.27 |0.8¢ 10.018 j0.007 {0.05 [1.05 {0.02 |0.06 |0.15 0.0060

Bsol. means content of the acid soluble B.

24




120s INE 5B k5 B® 1, TOHFETEHAMIZOV
TOIRBRARE LA, BEOEKIE SUPY, LU
SUP10 (=W i 10[E], SUP12 ¥ KU HDS13 {22\ Tid
15l L, EREMETOLEL 7.
AMETRULED &S B HETRIE L 2EAEHOLE
FEAF 11.5mass% L LD Cr A LB R A BRER KL
MRS 227 VLV AMOEN (Vo) EREICEXG$ R
THBI LN, BOILAELN (Veq) HTHIELL
77

2.3 {LEBOT@EELRE

(LR A @EEL LRI T, BRI AI T & % 63mass% D

PR A R U s, RBRITAPIE, & v L ik,

VERSES U TR O BRI L 22, IR I E R (293K)
L L, BEEHSIER,CEE BT, BEAKICTHREL
WX 7, AUEEBERENE ) 3.6,43.2, 86.4ks & LALEHEFREIO
B A A L7, AMBRE(LHLEE % 0 SRER Y K IR BB ORI R,
A2 HIc, SL — ¥ — 72 v aREBIC K BT E
T-7,

3. EBRER

3.1 7/ —F9EHBRICRIITEEXEODE

Fig. 1 12, RRBRIZHVTRE L ILAOREINIHER S
FOWENEEA/RY . Fig. 2 12, 5mass% NaCl KEHED
HEKIETEAER (28.8ksMETHE—47.6ks H2ME) 12K D SSIAVE
B U, FEITRERICM U =323 A (SUPL2) DHEEICH
WTERIhBILREZOWMEEE 2T T. ThH kD,
KIRERIZ B WTRA L-ILAR, BRIEY CHRIB L 725H
FhickwiBmahslaLEULZBEEEL T
%, Fig. 3 1%, 4 EOEMAIRASFIZ>VWTHELLT / —
KGRI TH 5. CrafEN 1mass% OIERAEIT N
ORI BV TIE, X7 VL ZAEO X S5 IR L NME)
BEAHIR OO HWBLIZEER X hs WD T, MIREEROTER & IH]
AT H 5 A ILEBENOBKY &, FROBHEIAM R
AR CILEMNRE L2 LA RMT 2 2AERONS |
RO ERLTOS, ZOEMILABMIZE, #HETEHS
eHTBHERMIC L OB ENED 5N b, HDSI3
DEPILAEM T, R EMOBVERICHELTHD,
oo xd/hX <, fo3MEICH L TRILEESERT
W5,

2B AR O MR R, 5, LA B & Mt
HLPRIZ X DT - 72, BHREEA 100 pAlem® IZHIBT 2
B (27 L ZWO V100145 T V'eqloo EF59) %

ki, 2h o & EREREIZ STy b L, REMELT,

Fig. 4 126D EAIERMAFEIC DOV THEMEL 72 V'eql00 D
RSOy b ART. HEERE, aRteAL (s
0, EPFLABMIZERS A LA > T0nE T MG
Mk ote, ZHEOHED S ETRMO Vieqlo0 DOIE

F ST RO A& RS & UL ER AR BRI X 2L R TEO S

25

s

Fig. 1. Examples of the corrosion pits observed on the
electrode specimen surface (a) and cross section

(®)-

Fig. 2. Examples of the corrosion pits observed on the
fractured surface (a) and cross section (b) of the
coil spring tested by 5mass% NaCl solution cycle
corrosion (28.8 ks wet —47.6 ks dry) fatigue test at
308K. Number of the test cycles is 55 times.
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Fig. 3. Anodic polarization curves of the commercial
spring steels for automobiles in 5 mass% NaCl so-

lution at 308K.
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Fig. 4. Comparison of the quasi-pitting potential (V'cql00)
plotted in the normal probability distribution for
the commercial spring steels.
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Fig. 5. Scanning electron micrographs of the typical corrosion pits observed on the electrode specimens surface corroded with
100 pA/cm? for 3.6 ks in 5 mass% NaCl solution at 308K.
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Fig. 6. Effect of Cr (a) and Ni (b) additions on the quasi-pitting potential (V'cql100).
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Fig. 7. Comparison of anodic polarization curves in
Smass% NaCl solution at 308K between without
(a) and with (b) the passivation treatment of SUP12
immersed in 63 mass% HNO; solution for 43.2ks

at 293K.
-0.55
<~ HDS13
-o- SUP12
" A SUP10
@ -0.60
H
>
§ A
5 -0.65
-0.70

0 144 288 432 57.6 720 864
Treating time  / ks

Fig. 8. Influence of the passivation treatment time on the
quasi-pitting potential (V'cq100).
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O: without the passivation treatment
@: with the passivation treatment for 3.6 ks.
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Fig. 10. Change of Raman spectra with the passivation
treatment time on the SUP12 and conc. HNO, ref-
erence solution.
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Table 3. Results of the regression analysis for the alloying
effect on V'cql100.

Alloying Element | Regression Coefficient

Si + 0.02
Ni + 0.03
Cr + 0.06
Mo — 0.01
Cu + 0.06
Co + 0.07
P — 0.60
Sb + 0.13
B + 8.43

Numbers 48

Reliability 0.82
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