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The Effect of Al Addition and Heat Treatment on the
Stress Corrosion Behaviour of Mild Steel

Shin Kim and Su-ll Pyun
Department of Materials Science, Korea Advanced Institute of Science

ABSTRACT

The effects of Al addition and heat treatment on the stress corrosion behaviour of mild steel 0. 03~0.04%)
in the aqueous solution containing 860g Ca(NOs)s 4H;0 and 30g NHyNO; per liter of solution was studied at the
boiling temperature (110°C) using constant strain method (U-bend specimen). The resistance to SCC (stress
corrosion cracking) of mild steel was studied with various Al contents of 0%, 0.04%, 0.45%, 0.65%, 0. 96 %,
1.28% and 1.52% by weight after annealing at 1150°C for 1h, then furnace—cooled to room temperature. The
effect of heat treatments (furnace-cooled, oil-quenched, water-quenched, and water-quenched then tempered at
500°C for 1h) on the resistance to SCC was studied with the specimens of 0.04% and 0.45% Al content.

Induction period, crack propagation period and rate were determined by extrapolation of measured maximum
ccrack depth at different exposure time to the corrosive environment. In this study induction period and crack
propagation rate are considered to be the measure of resistance to SCC of mild steel.

All specimens showed 1 or up to 3 cracks on an U-bend specimen which propagated along grain boundary
(intercrystalline SCC). For furnace-cooled specimens the resistance to SCC increased as Al content increased from
0% up to 0.65%, then decreased up to 1.52% Al The two staged variation of the resistance to SCC in mild
steel was discussed in terms of tendency of Al nitride formation and grain size of specimens respectively. Tempered
specimens with Al contents 0.04% and 0.45% showed higher resistance to SCC than water-quenched and this is

considered to be due to the decrease in carbon concentration at the grain boundary.
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Table 1. a. Chemical composition of raw materials

(wt%)

C 0.048, Si trace, Mn 0.32, P 0.011,
S 0.0124

Al>>99.5

mild steel

Aluminium

b. Chemical composition of Al steels (as forged wt%)

;:g:::-& .C Si Mn P S Al
A 0.03) trace| 0.13] 0.007 0.010| 0.00
B 0.04/ trace| 0.04] 0.009 0.012} 0.04
C 0.03 0.07 0.12 0.007) 0.011 0.45
D 0.03 0.07 0.07 0.008 0.011 0.65
E 0.04/ 0.09 0.07) 0.009 0.011 0.96
F 0.04{ 0.07| 0.09 0.008 0.011) 1.28
G 0.04) 0.08 0.08 0.009 0.011} 1.52
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Photo. 1. Microstructure of Al steel specimens A,C,D,E,F and G after annedling at 1150°C for 1h, then furnace-
cooled
o Al steel A (0% ADX50, b. Al steel C (0.45% Al)X100, c. Al steel D (0.65% Al) X100
d. Al steel E (0.96% Al) X100, e. Al steel F (1.28% Al) X100, f. Al steel G (1.52% Al) X100
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(¢) X800
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Photo. 3. Microsiructure of Al steel specimen C (0. 45%
Al) dfter annealing at 1150°C for th, then
water—quenched X 100(a), water-quenched and
tempered at 500°C for 1hxX100(b)
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Photo. 4. Transmission electron micrograph of Al steel
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pered at 500°C for 1h. a. X5000b. X10000.
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Fig. 3. Variation of maximum crack depth with exposure
time. A:0.0% Al, C:0.45% Al, D:0.65%
Al, E: 0.96%Al, F:1.28% Al, G: 1.52%
Al All specimens were annealed at 1150°C for
1h.and then Furnace—cooled.

2, Fo+ GY 94xE ASTM Q=W 3 1(250pum) o] 3]
Fateh, Al §hgko] ik 1%l A A=Y 434 EE
o Fz go

Table 3. Rate constant M, induction period t;, crack

propagation period t;, failure time t; and ratio
of crack propagation period to induction period

M(mm) £:(®) £,(h) t,h) tp/t

specimen

A{0.0% Al

furnace-cooled
C(0.45% AD
furnace-cooled

C(0.45% AD 122 17 105 122 6.2

water-quenched

C(0.45% Al
water-quenched 0.87 2.5 37.5 40 15
then tempered

D(0.65% Al)
furnace~cooled 0.79 2.5 46.5 49 186

E(0.96% Al
furnace-cooled 0.83 2.3 387 41 1638

F(1.28% AD 0.95 1.8 20.2 22 1L2

furnace-cooled

G(1.52% AD
furnace-cooled

1.11 1.6 12,4 14 7.8

0.8 2.3 32.7 3 14.2

0.98 1.7 183 20 10.8

8714 WAERe] FE BO.04% ADS}C(0.45%
ADS) AR QWA 24 AAE 27 photo. 2
photo. 3] EAFcih, BARME §4, 9%
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Table 2. Variation of maximum crack depth with exposure time
. i . i d
specimen tl(I}?f Maximum crack depth(mm) ﬁ:::ﬁggegtﬁ?gnrggn dew,-sitaatrilgr?r (mm)
A% Al furnace-cocled 4 1.15 1. 04 1.13 1. 00 1.08 0. 06
, 8 1.63 1.75 1.90 1.68 1.74 0.03
i 12 | 2.05 | 227 | 220 | 2.20 2.18 0.03
C(0.45% Al) furnace-cooled 4 0.64 0.50 : 0.51 0.59 0.56 ‘i 0. 06
8 0.97 1.17 | 1.12 1.10 1. 09 0. 07
15 1.62 1.8 | 1.65 1.68 1.70 0. 09
C(0.45% Al)water-quenched 4 1.13 0.97 0.97 1.09 1.04 0.07
6 1.68 1.56 | 1.62 1.50 1.59 0.07
i 10 2. 20 2.11 1.98 2.15 2.11 0.09
C(0.45% Al)water-quenched 6 0.80 0.8 0.65 . 70 0.75 0.03
then tempered 10 1. 30 1.08 1.22 1.16 1.19 0.03
20 1.82 1.91 1.74 1. 85 1.83 0. 05
D(0.65% Al) furnace-cooled 6 0.73 0.75 0.74 0. 66 0.72 0.04
12 1.13 1.32 1.28 1.23 1.24 0.07
20 1.58 1.82 1.62 1.70 1.68 0. 04
E(0.96% Al) furnace-cooled 6 0.83 0. 90 0.75 0.76 . 81 0.06
12 1.25 1.32 i 1.41 .46 1. 36 0. 08
20 | 168 | 167 179 | 1.86 | 75 0. 08
F(1.28% Al) furnace-cooted 6 1.25 1.07 1.10 1.06 1.12 0. 03
12 | 168 | .75 | 1.83 | 1.82 1.77 0. 06
20| 2.28 2.33 '2.25 2.41 2. 32 | 0. 06
G(1.52% Al furnace—cooled! 6 1.20 1.23 1.06 1.27 1.19 0.08
12 1.94 1.94 1. 85 1.93 1.92 0. 04
20 2.38 2.25 2.39 2. 40 2.36 0.06
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Fig. 4. Variation of crack propagation rate with exposure
time. A :0.0% Al, C:0.45 % Al, D:0.65%
Al E:0.96% Al F:1.28% Al, G:1.52% Al,
All specimens were annealed at 1150°C for 1h

and then furnace-cooled.
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Fig. 5. Variation of crack propagation rate with maximum
crack depth. A:0.0% Al, C:0.45% Al, D:
0.65% Al, 0.96% Al, F:1.28% Al, G:

1.52% AL
All specimens were annealed at 1150°C for th

and then furnace—cooled.
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Fig. 6. Relationship between maximum crack depth and

Rockwell hardness B scale of Al steel specimens.
D (0.65% Al, E(0.96% Al), F(1.28% Al)
and G (1.52% Al) dfter annealing at 1150°C

for 1h and then furnace-cooled
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Fig. 7. Variation of maximum crack depth with exposure
time of Al steel specimen C (0.45% Al)
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