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Effects of Precipitates on Corrosion Resistance of Boron
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Effects of precipitates on corrosion resistance of boron added stainless steel were investiga-

ted by electrochemical methods. AISI 304 stainless steel(SS) samples containing 24~ 28 ppm

boron were sensitized for 1, 3, 5, and 10hrs at 650C and solutionized for 1hr at 1150C in

Ar gas atmosphere. The degree of sensitization(DOS), evaluated by I.(reactivation current

density)/I,(critical current density at active region) ratio, increased as both the boron content

and the sensitization time increased. Intergranular corrosion was most severe for a sample

sensitized (containing 28ppm boron) at 650C. The passive film breakdown potential increa-

sed, whereas repassivation potential decreased, as boron content and sensitization time inc-

reased. Spherical pits, similar to the pits morphology formed when attacked by Cl in elec-

trolytic solution containing SO%, were formed in boron added samples.
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Table 1. Chemical compositions(wt%) of the boron added AISI 304 stainless steels studied

Alloy no. C Si  Mn P S Cr Ni Mo Ti Cu Al B N Fe
B24 0038 058 104 0072 0003 1812 859 017 0012 0.19 0.003 0.0024 0.0384
B26 0045 055 1.07 0.030 0.004 1833 856 0.14 0012 024 0.001 0.0026 0.0454 bal.
B28 0.033 054 109 0026 0002 1824 858 021 0017 022 0.002 0.0028 0.0466
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Photo. 1. Microstructure of (a) B24A (b) B28A (c) B24P0, and (d) B28P0 samples after electrolytic
etching in oxalic acid.
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Photo. 2. Energy dispersive X-ray spectrum of B24
PO sample at (a) grain and (b) grainboundary.
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Fig. 1. EPR curves for B24S, B26S and B28S
samples in 0.5M H;S0;+0.01M KSCN solution
at 25TC.
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Fig. 2. EPR curves for B24A, B26A and B28A

samples in 0.5M HS0.+0.01M KSCN solution

at 25T,
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Fig. 3. EPR curves for B24P1, B26P1 and B28P1
samples in 0.5M H,S0.+0.01M KSCN solution
at 25T,
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Fig. 4. EPR curves for B24P0, B26P0 and B28P0O
samples in 0.bM H.S0,+0.01M KSCN solution
at 25T,

Table 2. Samples and their heat treatment

Samples Condition of heat treatment
B24S W. C after holding 60min at 1150C -
B26S

B28S )
B24A W. C after holding 60min at 1150C
B26A

B28A

B24P1 W. C after holding 60min at 1150T

B26P1 +

B28P1 A. C after 60min holding at 650C
B24P3 W. C after holding 60min at 1150C
B26P3 -

B28P3 A. C after 180min holding at 650C
B24P5 W. C after holding 60min at 1150T

B26P5 +

B28P5 A. C after 300min holding at 650C

B24P0 W. C after holding 60min at 1150C

B26P0 +

B28P0  A. C after 600min holding at 650C
*W. C . Water Cooling, A. C ! Air Cooling -
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Table 3. EPR results for AISI 304 stainless
steel

Samples I.(A/cm?) L(A/cm?) . /E SS{O())
B24S 9.0X10°% 2.9x10° 0.31
B24A 1.2X10° 1.1X10? 1.09
B24P1 4.5X10? 1.6X 10" 2.81
B24P3 6.0< 10¢ 1.8X 101 3.33
B24P5 7.5X10° 1.8X 10! 4.17
B24P0 9.7X10% 1.8X 107 5.39
B25S 25X10* 7.5X10% 0.33
B26A 1.2X10° 1.6X 10" 1.13
B26P1 7.0%x10° 1.8X 101 3.89
B26P3 1.2X10? 1.7X 101 7.05
B26P5 1.1X10? 1.2X10" 9.17
B26P0 1.5X10% 1.6X 107 9.38
B28S 85xX10" 8.4X%10? 1.01
B28A 2.6XxX107% 1.9 10" 137
B28P1 7.8X10° 18X 101 433
B28P3 1.5X10% 1.9X101 7.89
B28P5 1.9X10? 2.0X10" 9.50

B28P0 3.1X10* 1.8X10" 12.20
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Fig. 5. Effects of heat treatment and boron con-

tents on DOS of AISI 304 stainless steel.
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Photo. 3. SEM showing intergranular corrosion behavior of (a) B24A (b) B24PO (c) B26A (d)
B826P0 (e) B28A, and (f) B28P0 samples after EPR test in 0.5M H;S0,+0.01M KSCN solution

at 25C.
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Fig. 6. CPPT curves for B24S, B26S and B28S

samples in 0.5M HCI at 25T,
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Fig. 7. CPPT curves for B24A, B26A and B28A
samples in 0.5M HCI at 25¢C.
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Fig. 8. CPPT curves for B24P1, B26P1 and B28P1
samples in 0.5M HCI at 25T,
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Fig. 9. CPPT curves for B24P0O, B26P0 and B28PO
samples in 0.6M HCl at 25T.
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Photo. 4. Optocal microstructure showing pitting behavior of (a) B24A (b) B24PO (c) B26A (d)
B826P0 (e) B28A, and () B28PO samples after CPPT in 0.5M HCI solution at 25¢C.
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Table 4. CPPT results for AISI 304 stainless
steel

Samples (% (o [Samples (b
B24S 320 - 80 B24A 295 —90
B24P1 225 —085 B24P3 205 —100
B24P5 190 --110 B24P0 175 —120
B26S 330 -85 B26A 310 -—100

B26P1 230 105 | B26P3 210 110
B26P5 195 - 115, B26P0 175 —125
B28S 335 -95 | B28A 315 —100
B28P1 240  —115 | B28pP3 220 120
B28P5 200 130 | B28PO 185  —135

350
-
28ppm B
3001 *
26ppm B
—~ e
8 24ppm B
2 L
© 2501
-
E
= 200
150 — r T T v v
S A 1 3 5 10
Sensitization time(hr)
Fig. 10. Effects of heat treatment and boron conte-

nts on the breakdown potential (E).
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Fig. 11. Effects of heat treatment and boron con-
tents on the repassivation potential(E).
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