Journal of Electrochemistry

Volume 11 | Issue 4

2005-11-28

The High Temperature Corrosion of 2205 Duplex Stainless Steel
with NaCl Deposit

Fu-fu PENG
Chaur-jeng WANG

Yu-chang LIN

Recommended Citation

Fu-fu PENG, Chaur-jeng WANG, Yu-chang LIN. The High Temperature Corrosion of 2205 Duplex Stainless
Steel with NaCl Deposit[J]. Journal of Electrochemistry, 2005, 11(4): 369-376.

DOI: 10.61558/2993-074X.1670

Available at: https://jelectrochem.xmu.edu.cn/journal/vol11/iss4/3

This Article is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry.


https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol11
https://jelectrochem.xmu.edu.cn/journal/vol11/iss4
https://jelectrochem.xmu.edu.cn/journal/vol11/iss4/3

11 4 Vol 11 Na 4
2005 11 H ECTROCHEM ISTRY Nov. 2005

: 1006-3471 (2005) 04-0369-08

2205

2mg/an’ 2205 (2205 DSS) 500 vppm N&Cl,
550 850 . ,2205DSS ,
FeO, Fe0O, CLO, FeCnO,,
, 850 ) S0,
NiO. ) 2 mg/an’ , ay ,
500 vppm NeCl g , ay , Y a
: 2205;
TG 172 © A

(reactor veszl)

) (hot 1

corrosion) (31

’ 1 2205DSS
Tah 1 Chemnical canposition of the 2205 DSS(%, by mass)

Element Cr Ni C Si Mn Mo Fe

2240 553 002 039 219 283 Ba

: N [4]
(intergranular corrosion) "™,

(5.6 11 2 mg/an’
; 15 mm X 10 mm
(7.1 , X6 mm, 0 005 mm (5
(intemal attacked pore) , M m) Q0 001 mm ,
5 )
, (hot plate) , 180

: 2005-03-18  * . cwang@mail ntust edu



- 370- 2005

21
! 2
2 mg/cmz. 2 2 mg/an”NeaCl 2205
2 mg/an’ ,
, 550 850
550 700 850 , '
, 149 16 25 h ' ’
, X 4 h ,
I:1/2
ASM-G54°
12
3 y 3 ’
LU 4h 1/2
15mm X10 mm X1 mm,
' 100 2 000° 2, 2205 DSS
N/ Hm wn ),
. M urukami (30 g KOH +30 ¢ 5
Ks Fe(ON) +100 mL H_ZO) 90 95 Kp 0 4h 151 94
’ 15 25min ki/mol,4 25h 191 12 kd/mol,
2mg/
an’ 500 vppm NaClig 35
( 1), 550 850 o 30[ 850 °C
10 s 30 s 1 min 2 min 4 min 325-
a0
£
) i: 15¢
\ 2 mg/an o 10}
2 sf 700°C
0 r * + * ¢ 550°C
. 0 1 2 4 5
BX . (k)"
2 2055DSS
Thermocouple Fig 2 Mass gain kinetics of the 2005 DSS alloy
0.0 NIIIIIL Wlllll/lllﬂ 1601
Mass flow controller ""n'm-nu“-'an-n'nn 140 r 850 OC
mrecromeen g 1207
I 7777 /’/////f/ i ;l 1001
@ O = ] Glycerin _S gg-
N, L 700°©
\Controller E 4ob 5(5)8 Og
) 201
Air compresser 0 . . N : |
0 1 2 3 4 5
(%)m
1
Fig 1 The schamatic representation of fumace gpparatus 3 2055DSS

forAir- NeClyg test Fig 3 Corroson attack (metal loss) kineticsof the 2005 DSS

alloy



4 1 2205 - 371
22
2 2 2005DSs 25h
4 2 mg/an” NaCl  2205DSS
XRD
3 25h Tah 2 Corrosion products of the 2005 DSS alloy detected by
! 550 ! XRD after 25 h
' 550 700 850
, . 700 _
Outer side of extemal scale NeCl  FgO; FeOs
' (amogphere side) Fe0; Fe,0,
, 550 , CrO,
850 . Cr,O
Inner side of external scale NaCl  FgO, 103
' (substrate side) Cr0; Cr0O, SO,
! FeCr,O,
Fecimen wurface CrO0; Cr0O, Cr0;
23 (removed extemnal scale) SO, S0,
XRD , 2mg/an’ NeCl 2205 NO
DSS 3 25 h Secimen urface after light CrO; Cr0O; Cr0;
Fe O grinding ( substrate) SO,
3
700 850 , NO
CrO;, , (850 )
Fe O, FeCLO, NO ( crisiob- : (a)
a||t6) SDZ ( 2) . y 1 a L
5 2205DSS 850 25 h 550 oY
SEI EDX . o
(nodule) , v Imin oy
| ( ), @
6, 850 , a
7y t
Imin o A
2 4 , Y
6 7 2205 DSS 500 I
vppm y NaCl , 550 850 1 o y
min 12 , ’
( ) , v
1 5|

4 2055DSS 550

’

(@) 700 (b)
Fig 4 Optical cross-sctional microgrgph of the 2055 D SS alloy corroded for 25 h at 550

© 1994-2008 China Academic Journal Electronic Publishing House. All rights reserved.

850 (c) 25h

(a), 700 (b), 850 (c)

http: //mww.cnki.net



. 372 2005

T ;

a h
5 2206DSS 850 25h I DX (%) a) ,
42. 64Fe-57. 360, b) , 12 91Fe-57 700-16 87Cr-Q 08Si-3 44N i

Fig 5 SElImicrogrgph of scale on alloy corroded at 850  for 25 h and the composition of marked area detected by
EDX (%, bymass) on (a) outer side of extemal scale, 42 64Fe-57. 360; (b) inner side of extemal <scale,
12 91Fe'57. 700-16 87Cr-9 08Si-3 44N i

6 2055DSS 550 500V ppm NeCly Imin
Fig 6 Optical microgrgph of the 2055 DSS alloy surface show dual phasestructure (a) and oxidized at 550  in Air-

NeCl, amosgphere for 1 min(b)

8 2 mg/an’ 4 h), ;
850 1 min 2
(a) ’ . (b) BEDX i M + N&Cl + O M -oxides + Naoxide + Cl
(1)
3 M + CL—— M-chlorides (2)
M -chlorides + O, M -oxides+ Cl, (3)
31 2205DSS M
: ( 4h),
2 3 4n ( 1),
£ : ( 2).
, 2205DSS, ; )
o] g (

2 © 1994-2008 China Academic Journal Electronic Publishing House. All rightsreserved.  http://www.cnki.net



4 1 2205

- 373

7 2055DSS 850 500 vppm NaCl g

NaCly amosphere for 1 min(b)

Imin
Fig 7 Optical micrograph of the 2055 DSS alloy surface show dual phasestructure(a) and oxidized at 850

,b) 850

SE| a) 550

inAir-

Fig 8 SEImicrograph of the 2055 DSS alloy surface (dual phase) oxidized inNaCl, -containing amosphere for 1 min

8 2058DSS 500 vppmN&Clg Imin
a) 550 |, b) 850
« 3,
1C|2 1
CIZ ’
3 2055DSS

Tah 3 Parabolic rate constant (Kp) and gppearance activar
tion energy of the 2055 DSS alloy weight gain

Temperature Stage 1 Stage 2
/ Kp,  log(Kp)  Kp,  log(Kp,)
550 533x10°° -98 289x10°° -1275
700 7.34x10°* -7.22 179x10°* -8 63
850 219x10°> -38 534x10° -523
Activation energy 151 94 kJ/mol 191 12 kJ/mol

4h Kp 4 h 1

32

(23 ) ,2205DSS 3

FeO; /F&0O, /ICLO;, 700 850

FeCrO,
2205 DSS 22 4 % (by mass,
W ood! ™ 25%, 3
FeO
FeO;,
FeO, Cr0s,
CrO; , NDO
Cr0O;,

b © 1994-2008 China Academic Journal Electronic Publishing House. All rightsreserved.  http://www.cnki.net

),

NiO
SO,.



. 374 2005

9 2mg/an’NeCl 2005 DSS 850 imin S| DX (%)
a) ,b) a VA 150 70Fe-30 340-14 34Cr-4 6INi, B : 20 37Fe-1Q 04Cr-47.
83Na21 76CI
Fig 9 SElmicrogreph of scale on the 2055 D'SS alloy corroded with 2 mg/am® NaCl coating at 850  for 1 min(a), (b)
magnification of (a) and the composition detected by EDX (%, by mass) on position A: 50 70Fe-30 340-14.
34Cr-4 6INi and B: 20 37Fe-10 04Cr-47. 83Na-21 76ClI

, NiO ,
’ ’ y le y
NiO. , 850 (driving force)
CrO; NiO. S0,, ,
Cr0O;s, Cr O, ) '1) ,a BCC
S0, CrL O, Y FcCo . BCC
XRD , , ,
33 FCC \ ,
6, 2205DSS 500 vppmy N&Cl Y
550 .y« 2 K
. , 1000 Kp 48
v o x10' 29x10"° 1x10 "¢ /an*/s"?.
y : '
Kp 1
%a SE , (order) ,
1 y 1 ’
a , y Y ,
a . 7 850 Y
9 SE| o :
550 3) 1, 2205DSS ay
550 ) , , 5% , Cr
a y , 20% ,
4 .
(Amin) , 9 ) ,
, 500 vppm N&l(g)
.,

© 1994-2008 China Academic Journal Electronic Publishing House. All rightsreserved.  http://mww.cnki.net



4 12205

- 375

, ( 6 7
).
4
1) 2205 DSS 550 850
2) 2205 DSS,
/ 1
3)3
Fe O, /Fe O, /ICL O, , 700
850 FeC,O,
SDZ ’
H N D-
4) 2205 DSS :
5) 2 mg/an’NaCl 500
vopm NeCliy ' ay
, NaCl
Y a
: (NSC-92-2216-E-
011-026) )
(References):

[1] Daniel PL, BamaJL, BlueJD. Fumace - wall corro-
sion in refuse - fired boilers[ A ]. Proceedings National

[2]

[3]

[4]

(5]

[6]

[7]

[8]

(9]

[10]

[11]

[12]

W aste Processing Conference[ C]. 1986,221 228
M etals Handbook, 9th Ed Vol 13 - " Corrosion"M.
Ohio, USA: A Intemational, (1987) p 891
BirksN,Meier G H. Introduction o High Tenperarture
Oxidation of M etalsM. USA: Edvard Amold Pub L td,
1983 146
LinJ S Hot corrosion of Fe- Ni - Cr alloys caused by
NaCl deposits[D ]. Tawan: Tawan University of Science
and Techrnology, 1996
Shinata Y, Takahashi F, Hashiura K N&Cl - induced
hot corrosion of stainless steels[ J]. Mater Sci Eng
1986, 87: 399 405
Hirematsu N, Uematsu Y, Tanaka T, et al Effects of
alloying elaments on NaCl - induced hot corrosion of
stainless steels[J]. Mater Sci Eng , 1989, A120:
319 328
WangC J, LeeJW, Kao C H. Corrosion Prevention for
Industrial Safety and Enviormental Control, Vol 1
[A]l. Ed byChanSL I, TsaiW T [M]. Kaohsiumg
Corrosion Engineering A sociation of the R O. C, 1995
141 146
Lai G Y. High tanperature corrosion of engineering al-
loys[J]. A, 1990: 175
Standard Practice for Sample Static Oxidation Testing
[S]. ASIM G54 - 81
WangC J,Chang Y C, Su Y H.. The hot corrosion of
Fe-Mn- Al - C alloy with NaCl - Na, SO, mixtures
ooating at 750 (C[ J]. Oxidation of M etals, 2003, 59:
115 133
Wood G C,Wright | G , Hodgkiess T, et al Campari-
n of the oxidation of Fe- Cr, Ni- Crand Co- Cr
alloys in oxygen and water vgpor[ J]. W orkstoffe Korro-
sion, 1970, 21: 900
Huang C L. High Teamperature Oxidation and Corrosion
of M etallic M aterials( in Chinese) [M ]. Tainan: Fu -
Han Pub Ltd , 1988 50 63



- 376- 2005

The High Temperature Corrosion of 2205
Duplex Stainless Steel with NaCl Deposit

PENG Fu-fu, WANG Chaur-jeng , L N Yu-chang
(D eparment of M echanical Engineering, National Tawan U niversity of
Science and Technology, Taipei, Tawen, China)

Abstract: The objective of this studywas  figure out the hot corrosion behavior of 2205 duplex stainless steel

(2205 DSS) within the tamperature ranges from 550 © 850 in the static air condition with 2 mg/am’NaCl de-
posit, and in the air amoghere condition with a constant flow rate of 500 vyopm NaCl, , repectively Experi-
mental results show that the hot corrosion kineticsmet the parabolic rate lav and the corrosion rate increased con-
stantly with increasing temperature The scalesfomed included FeO; /FgO, /Cr,O; and FeCr, O, fram outer lay-
er o inner layer The sequence of fomation is indegpendent of the envirorment temperature, but the SO, and
NiO can be found in the substrate of 850 gecimen The corrosion sequence in wo phase structure of 2205 DSS
was not influenced bya andy phases in the 2 mg/am’NaCl deposit due o complete corrsion and in the air at-
mogpheres condition with a constant flov rate of 500 vppm NaCl,. In the case of constant flow rate of 500 vppm
NaCly , the corrosion rate in they phasewas greater than that in thed phase, although the corrosion sequence
was not known

Key wo rds. Duplex stainless steel, 2205DSS, High-temperature corrosion
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