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Elucidation of Intergranular Conrosion of UNS N08810 alloys
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Corrosion failure of petrochemical facilities is one of the difficulties in maintenance, since operating conditions
of crude oil production, storage, and refinement are very aggressive. UNS NO08810, which has been used for
crude oil transportation pipes and storage tanks in petrochemical industries, shows good resistance to general
corrosion and localized corrosion in several environments. Among its environments, UNS NO08810 showed better
corrosion resistance in fuel gas containing sulfuric acid and phosphoric acid and sulfur. However, ductility and
toughness at high temperature over about 500 C were greatly reduced due to microstructural change. In general,
welding process is the representative method to join the parts in industrial components. Because the alloy by
welding can be sensitized and corroded, the manufacturing process should be controlled. In this work, UNS N08810
was used and heat treatment conditions including solution and stabilization treatments were controlled. Oxalic
acid etch test by ASTM A262 Practice A was done to evaluate the qualitative sensitization in room temperature.
Huey test by ASTM A262 Practice C was done to evaluate the intergranular corrosion rate in boiling 65% HNO;
solution. Also, the microstructure by thermal history was analyzed. Experimental alloy showed high intergranular
corrosion rate and its corrosion mechanism was elucidated.
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ELUCIDATION OF INTERGRANULAR CORROSION OF UNS N08810 ALLOYS
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Table 1. Chemical composition of UNS N08810 alloys
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Fig. 1. Phase diagram of Ni-20Cr-46Fe-0.08C alloy by Thermo-
Calc program.

Chemical composition, wt%
Alloys - - -
Ni Cr Fe Mo Cu Al Ti C Si Mn P S
A 31.5 19.8 46.2 0.20 0.2 0.30 0.49 0.08 0.4 0.8 0.02 0.010
B 30.0 20.4 473 0.03 0.1 0.49 0.64 0.07 0.4 0.5 0.01 0.0014
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Fig. 2. Effect of annealing temperature on intergranular corrosion
rate at each cycles of alloys A and B by ASTM A 262 Practice
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Fig. 3. Effect of annealing temperature on intergranular corrosion
rate at 1st. 48hrs immersion test by ASTM A262 Practice C.
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Fig. 4. Effect of stabilizaing temperature on intergranular corro-
sion rate at each cycles of alloys A and B by ASTM A 262
Practice C.
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Fig. 5. Effect of stabilizing temperature on intergranular corrosion
rate at 1st. 48hrs immersion test by ASTM A262 Practice C.

Table 2. Denotation by heat treatment conditions for alloys A

and B
Heat treatment conditions
Annealing Stabilizing Sensitization Symbols
1120°C 980C-60min | 675C-60min Al
1130C 980C-60min | 675C-60min A2
1175C 980C-60min | 675C-60min A3
1200°C 980C-60min | 675C-60min A4
1130C 900 C-60min | 675C-60min A5
1130C 940C-60min | 675C-60min A6
1130C 960C-60min | 675C-60min A7
1130C 980C-60min | 675C-60min A8
1130C 1000C-60min | 675°C-60min A9
1130C 1020°C-60min | 675C-60min A10
1120C 980C-20min | 675C-60min All
1120C 980C-60min | 675C-60min Al2
1120C 980C-180min | 675C-60min Al3
1120C 980C-600min | 675C-60min Al4
1120C 980C-60min | 6757C-60min B
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Fig. 6. Effect of stabilizing time on intergranular corrosion rate
at each cycles of alloys A and B by ASTM A 262 Practice
C.

2.0
1.5685
5 15 |
)
|
£
S
S 1.0 | 0.9691
& 0.8302
=
2
Z 0.6414
g
S 05 |
0.0623
0.0
All A12 Al3 Al4 B

Fig. 7. Effect of stabilizing time on intergranular corrosion rate
at Ist. 48hrs immersion test by ASTM A262 Practice C.
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Table 3. Intergranular corrosion rate at each cycles of alloys
A and B by ASTM A 262 Practice C

Corrosion rate, mm/year Average

Symbols corr;(;zmn
48h 96h 144h | 192h | 240h mm/yéar

Al 0.8302 | 4.2422 X X X 2.5362
A2 0.4173 [13.0396| X X X 6.7284
A3 0.2557 | 3.1003 X X X 1.6780
A4 0.2102 | 3.1431 X X X 1.6766
AS 0.0987 X X X X 0.0987
A6 0.0760 | 0.3879 |2.7814| X X 1.0818
A7 0.0889 | 0.8857 |4.7538| X X 1.9095
A8 1.0682 X X X X 1.0682
A9 1.2148 X X X X 1.2148
A10 | 1.5820 X X X X 1.5820
All ]0.6414 | 3.5859 |5.7599| X X 3.3291
Al12 [0.8302 | 4.2422 X X X 2.5362
Al13 10.9691 X X X X 0.9691
Al4 | 1.5685 X X X X 1.5685
B 0.0623 | 0.0475 |0.0967(0.1131]0.1639| 0.0967
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Fig. 9. Appearance of precipitates and its chemical composition of stabilized alloy A (980C) after annealing(1120C); (a) SEM
image, (b) SEM images of the area analyzed by EDS, (c) EDS spectra.
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Fig. 10. Appearance of precipitates and its chemical composition in stabilized alloy B(980C) after annealing(1120°C); (a) SEM
images, (b) SEM images of the area analyzed by EDS, (c) EDS spectra.
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Table 4. Composition of precipitates formed in grain boundary
and grain of stabilized(980°C) after annealing(1120C) alloys
A and B

wt. % S Ti Cr Fe Ni
® - 0.02 43.92 33.31 22.75

A (@) 7.33 62.56 7.20 13.36 9.55
(©) 10.68 59.07 8.08 12.56 9.61
@ 12.39 78.92 2.45 3.29 2.94
(@) - 0.45 19.82 47.50 32.22

B | ® - 82.32 4.64 9.15 3.89
® - 90.71 2.90 4.34 2.05

Table 5. Minimum Ti content calculated by Ref.'” for alloys
A and B

C content | Required Ti |Ti content Effective Ti
Alloys | in alloy, content(wg.l‘:/o) in alloys, C$?§eT;a§y
wt.% by Ref. wt.% Do
A 0.08 0.48 0.49 0.47
B 0.07 0.42 0.64 0.64
4.4 =

Aol A= g 800H (UNS N08810) el thate] ¢

Al “W} star F-A1 1S k] flete] Avd
A7 2710 9 g3t Gxe 2119 *%}EE‘ 74 WA
I A RAEA S Fote] g 2 4

1) Agsa Aol dist dAF-21%7t @ﬁr NS Oﬂxm
257} F7hel a} A&7 ZaE e 0.3 mm/
year—é Fshs FASEE Hlom, okyst dAeE] =1
< WA e eE ‘?J AF-AEE7E A YERLTE HEE v
-al—:L B/] 7(:)]%‘: 1;%& 1:] ] /\15\_1:8 Hoﬂ\;}.
2) Pgst A= E Wk Hl e B A, mAEA
W Al Ti-C AEEo] +& s, Cr—C *45%81 7
Zo] oH At 3Rk @iﬁ?}% A9 A5, st AAEE
getiets Cr—C AEEo] dAA T2 B2, Ti-C
MEE0] HES HA Tt 13y dAe 207 A8
o] Al & JufleflA] o] Bk Ti-S AEEo] v A&
Ror, mEba] AR AolA Yehhs vlg- =2 A1

b

O

mlo s
ne
3@
s

-

Sk
pal
=]
"l‘

}:J

o)

i

Al o] QoL olA 2 Qo] &A= Ti—-S AEEE
Qlate] Tio] ¥hag 14ekA] Eato] zeE A%z v
Ay,

203



YOUNGSIK KIM AND DEOK HWANGBO

P (2002).
7. Private communication to manufacturer (2012).
8. H. Tan, Y. Jiang, B. Deng, W. Gao, and J. Li, Nucl

1. M. Fulger, D. Ohai, M. Mihalache, and M. Pantiru, J.
Nucl. Mater., 385, 288 (2009).

2. H. Sahlaoui, K. Makhlouf, H. Sidhom, and J. Philibert,
Mater. Sci. Eng., A372, 98 (2004).

. J. H. Payer and R. W. Staehle, Corros. Sci., 31, 30 (1975).

. M. I. Kim. Metallography, Bomundang, p. 63 (1993).

. J. Campbell, Castings, Butterworth-Heinemann, p. 142
(1993).

6. ASTM A 262, Standard practices for detecting suscepti-
bility to intergranular attack in austenitic stainless steels

Eng. Des., 241, 1421 (2011).

9. M. Fulger, M. Mihalache, D. Ohai, S. Fulger, and S.
C. Valeca, J. Nucl. Mater., 415, 147 (2011).

10. F. A. Khalid, N. Hussain, and K. A. Shahid, Mater. Sci.
Eng., A265, 87 (1999).

11. R. Dehmolaei, M. Shamanian, and A. Kermanpur, Mater.
Chara., 59, 1447 (2008).

12. Welding Institute of Canada, Welding metallurgy of
stainless steels, p. 10 Abington publishing (1994).

W AW

204 CORROSION SCIENCE AND TECHNOLOGY Vol.11, No.5, 2012



