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Effects of Carbon, Nitrogen and Stabilizing Elements(Ti, Nb)
On the Intergranular Corrosion of Type 409 Stainless Steel.

Mee-Cha Cho and Dai-Ryong Kim
Dept. of Metallurgy, Pohang College, Pohang, 791-940, Korea.

Dept. of Metallurgical Engineering, Kyungpook National University, Taegu 702-701, Korea.

The effects of carbon, nitrogen and titanium(niobium) on the intergranular cor-
rosion(IGC) behavior of type 409 stainless steel were investigated. The alloys
were heat treated at three different annealing temperature for times varying be-
tween 6 minutes and 5 hours and then tested for intergranular corrosion
susceptibility in acidified copper-copper sulfate solution. For the nonstabilized
alloys, susceptibility to IGC increased due to precipitate chromium carbides and
nitrides at grain boundaries by annealing at 550°C and 1050°C. Sensitization was
due to the precipitation behavior produced during isothermal annealing in the 550
C and during slow cooling from 1050C of specimen. In the effect of addition el-
ements on the IGC, alloys containing 0.024%C plus 0.018%N were shown the
most severe IGC with eventual grain dropping when they were annealed at 550°C.
Influence of carbon on IGC was dominant for short heating time at 1050°C and
that of nitrogen was dominant for long heating time. The stabilized alloys have
good resistance to IGC because the amount of titanium and niobium was sufficient
to stabilize carbon and nitrogen in this chemical etch solution.
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Table 1. Chemical composition of type 409 stain-
less steels.

Composition(weighy %) Ti

C N | S [Mn| P S | Cr [(Nb)
024C | 0.024 [0.0070.52 |0.33 |(0.005(0.0031{12.36| —
204C-27Ti| 0.024 |0.007/0.053(0.31| » 0.0031[12.01] 0.27
012N | 0.002 [0.012/052|0.32| » [0.0027]12.27 -

Specimen

012N-28Ti| 0.002 0.012]0.5310.32] » [0.002812.10| 0.28
024C-018N| 0.024 10.018/0.53 | 0.33 0.0030:12.42) ~
023(;;,)1,1i2N 0.023 0.012/0.57 | 0.301 » |0.0030(11.96/ 0.48
024C-034N ) 0.73

-73Nb 0.24 |0.034|0.5510.32 0.003812.29(Nb)

L-CN | (0.005/0.007]0.54 032 » |0.0031{12.48 —
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Fig. 1. TEM micrographs of the precipitates around grain boundary of sensitized alloy annealed at 550°C for
1hr and air cooled, a)L-CN, b) 0.024C ¢) 0.012N, d) 0.024C-0.018N.

& RojErh 800C HFAAele oA

AZEol YAl E=AsATN gAFH Cr
ool slaxuog AT MY &
ok o5 HFEE A CrEdgEYE
o9 o] ZFF& Nel o FFEHY o=
2 CrdseEas CrNYd "oz F3gu.

Tig N& <tAslAzl 012N-28Ti%& 1050°C
oA 3AIZE FXAIZ ®o TEM 242 Fig. 3
T ol 012N-28Tizte Tid7t2 s 2XY
o] mif =z, YA HlAHEy FLTE FAA
& Ee] u=A EBEHo glov, EDS 4
A3 Tistg Eold o

1050Col A 3417 7t st IR AR <t
7 %ol Al 024C-034N-73Nb7e] 2HYA 2 ¢
ye] H4&Ed it TEM =32, HA3EA4 ¢
EDS 24 #A=E Fig. 40 veiich. 24

% do

i

2 R

o

AE Ul H42E 25 aA 43 Aen o
A MEEL #4258 vewt. Nbx Tig
nAzkA 2 Crit C, Nite] Hggel ¢ am
2 C, Ng& NMCN)Soz etRgAgezA ¢
Aol CretslE, A3y HE&& WA YAR
4l zgdol FAHET FAHAde Mo s
o] A& Eo| NbaHEAE BUdslgdn, ¥ A8
4o x4 NbH&EL (FeNb)CNMDY
Rez AL

3.2 ARl ojxl= C W No| J&

Fig. 50 550°C, 800°C ¥ 1050ColA ¥AHA|
2 FY vt WA ekt A8
NAANE AR RE I 7EA U g 2
A 7erg Vel 550C A S, 2RsAY
FYE ZE AFY YAF A o7 B}



C, N 2 A3 LA(Ti, Nb)7t 4094 ~elle] 27e] AR vixs 9% 115

¥

¥ mr) d)k

Ium

Fig. 2. TEM micrographs of the precipitates around grain boundary of sensitized 0.012N alloys, air cooled.
a) 550°C, 1hr b} 1050, 3hr ¢) 800, 30min. d) 800°C, 3hr.

Fig. 3. TEM micrographs of the precipitates
around grain boundary of stabilized 0.012N-28Ti
alloy annealed at 1050°C for 3 hr and air cooled.
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Fig. 4. TEM, electron diffraction pattern and EDS analysis of grain boundary precipitates in 0.024C-0.034N-0.
73 Nb alloy annealed at 1050°C for 3 hr and air cooled.
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Fig. 5. Effect of hold time on corroson rate of nonstabilized 409 stainless steels.
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Fig. 6. Effect of annealing temperature on
corroson rate of nonstabilized 409 stainless steels.
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Fig. 7. Chemically etched microstructures of nonstabilized 409 stainless steels for air cooling after annealing

at 560°C.

a) L-CN, 6 min, b) L-CN, 5hr, c) 0.024C, 6 min, d) 0.024C, 5hr, e) 0.012N, 6min, f) 0.012N, Shr, g) 0.024C-

0.018N, Bmin, h) 0.024C-0.018N, 5h.
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Fig. 8. Chemically etched microstructures of nonstabilized 409 stainless steels for water quenching after ar-

nealing at 800C.

a) L-CN, 6 min, b) L-CN, 1hr, ¢} 0.024C, 6 min, d) 0.024C, 1hr, e) 0.012N, 6min, f) 0.012N, 1hr, g) 0.024C-

0.018N, 8min, h) 0.024C-0.018N, 1hr.
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Fig. 9. Effect of annealing temperature on
corroson rate of nonstabilized 409 stainless steels.
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Fig. 10. Effect of annealing temperature on

corroson rate of stabilized 409 stainless steels.
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