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High Temperature Corrosion Properties of Chromized
Austenitic Stainless Steel
Hirofumi MAKIURA, Hisao FUJIKAWA and Hiroshi YUZAWA
Synopsis:

Studies on the high temperature corrosion behavior of SUS347H in oil fired boiler environments were
carried out by laboratory corrosion tests and examinations of the served tube.

It was observed that chromized SUS347H showed a better corrosion resistance than 18Cr-8Ni austenitic
stainless steels when they were precoated with 20/80%V205-80/20%NazSO4 synthetic ash and heated at
600~800°C for 5~100 h in 1%S02-5%02-15%CO2-bal.N2 gas. Chromized SUS347H reheater tube, which
served for about 10000 h in an oil fired boiler, did not show a significant thickness loss. CrsOs scale
formed on chromized surface increased high temperature corrosion resistance in oil fired boiler.
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Table 1. Chemical composition of the test materials (wtog) .

Steels C|[Si |Mn]| P S |Cr|Ni[Mo|WI/[Nb|Ti |A B |Others
SUS304HTB 1007 | 0-66 | 118 10-027 [0004 [1840 1015 | — | — | — | — | — | — —_
SUS321HTB |0.09 [ 0.55 | 1.51 [0.029/0.003 [17.50 [1084 | — | — | — [o0.34] — | — —
SUS347HTB | 0.08 |0-52 | 1.41 [0.024 [0.006 [18.05 (1235 | — | — [073 | — | — | — | —

17-14CuMo 0413 ] 091 [0-67 10-023{0.004 |1587 | 152 | 212 | — [0.67 |0.28 [0.028 0.0026 jQu3.20
Esshete1250 {010 | 0-64 [5.76 [0.019 [0.006 [14-49 | o.68 [ 104 | — 096 { ~ 10-048 |0-0018 |v 0-23
AN31 0-09 | 0-49 | 147 10.022 |0.005|16.06 1352 | 153 | — [1.67 | — Jo.031 [o0030 MY
12R72y 0-10 ; 0-41 | 1.98 |0-021 ]0-004 (15-38 [14.61 { 116 | — | — [030 [0.018 Jo.0089| —
15-15N 012 | 066 | 1-50 [0-019 {0005 (15.99 {15.58 | 1.58 | 1.49 {1.07 | — [0.022 }0.0024 N 0131
SUS310S 0-06 | 054 | 143 [0-023 [0.006 [2%4-95|2045 | 018 | — | ~ | — | — | — |
Incoloy800 | 0.08 | 0.50 | 1.18 |0.008 ]0.003 {22.65}33.70 | —~ | — | — 044 052 | — | —
Incoloy807 [ 0-06 | 0.43 | 0.97 |0-009 |0-003 | 20.41 [38.82 | — [ 4.55 |0.95 0-30 | 0-38 ]0-0024/Co7.66
Inconel617 10-06 | 0-41 | 037 |0.006 |0.002 | 21.96 Bal. [8:53] — | — [0.38 | 115 000331253
Inconel 625 {0.07 | 036 | 0-43 |0-003 [0.004 | 2231 | Bat. [ 916 | — [320 [030 |02 0.0024 Fe3.86
Inconel671 | 0.07 | 0.09 | 1.54 |0.003/0.003 |45.49(5331 | — | — — {026 {0.084] — | —
35Cr-53Ni  [0.014 ] 023 | 0-98 |0.008 [0.001 }34-7055.08| — | — lo028 | — | — | — | —
40Cr-50Ni | 009 [0-028| 1.45 |0.003 [0.003 [40.32]5063] — [ — | — | — | — | — | —
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Fig. 1. Ni, Cr, Fe concentration profiles of
chromized layer.
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Fig. 2. Corrosion resistance of chromized SUS
347H to 209,V,05-802%;Na,SO, ash at 600° to
800°C.
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Fig. 3. Corrosion behavior of chromized SUS
347H in 209,V,0;5-809;,Na,SO, ash at 650°C.
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Fig. 4. Effect of Cr content on high temperature
corrosion resistance to 809,V,0;-209,Na,SO, ash.
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B SUS347H

Photo. 1. Cross section of chromized SUS347H
precoated with 8095Na,S0,~-202,V,05 ash and
heated at 650°C for 100h in 125,S0,-59,0,-15
% COy-bal. N,.
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Fig. 5. EPMA. profiles of the scale formed on
chromized SUS347H precoated with 209, V,0,-
8095 Na,SO, ash and heated at 650°C for 100h in
19450,-595,0,-159,CO,-bal. N,.
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Fig. 6. EPMA profiles of the scale formed on
SUS347H precoated with 209,V,04-80%Na,SO,
ash and heated at 650°C for 100h in 19550,-5%
0,-152,CO,-bal. N,. ‘

Table 2. Results of X-ray diffraction and ther-
mal differential analysis for ash obtained from spe-
cimen surface after corrosion test.

Specimen ?1\2285 V204-| M;0,|Na;SO, | Others Eg&‘zt{ﬁér)m‘c
Chromized 535
SUS 347 H w - S o 260
‘ 535
SUS 347 H W aw | s o o
590

M30,: Spinel type oxide Others: lines not identified

Precoated ash : 80%NaS04-20%V 205 temp. : 650°C gas :
1%802-5%02-15%CQO2-bal. Nz time: 100 h

Table 2 & 7~3. ARUKIEEE @ Mz Na,SO, X
BH Shied, V05 R bh T RICERST 55
5NaZO' V204' llvzo5 D [E] ﬁ I%% ﬁ;jﬁldj §%’L7L:.

Va=2s4d

Table 3. Chemical composition of fuel oil used.

C(%) | H(%%) | S(%) | V(ppm)|Nalppm)|Cifpprm) | V,05(ppm)
85.3 1.6 2.5 343 21.6 120 61.3
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Table 4. Results of eximination of ash deposited on the SUS304H and chromized SUS347H tubes.

Chemical composion (%) Identified material Melting
. . point
NasO | SOy | ViOs | FesOy | Crs0 | NiO | NG25 V204" | MsO, | NasSOy | Others | ()
535
w m S o) 579
623
Chromized 535
SUS 347 H 28. 4 41.6 20.9 2.0 0.1 1.3 m — s fo) oo
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Photo. 2. Cross section of SUS304H reheater
tube used in the oil-fired boiler.
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Fig. 7. EPMA profiles of the scale formed on
SUS304H reheater tube used in
boiler.
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Photo. 3. Cross section of chromized SUS347H

used as the reheater tube for two years in the
oil-fired boiler.

Table 5. Thickness of the chromized layer of
chromized SUS347H reheater tube used for
two years in the oil-fired boiler.

(pm)

Points in Points in circular direction

graldirecT T T2 T34 [5]6] 7[8]9]10]Aw
8080|8580 |80]75180}80|80{85]|81
80|85/8580[80]90(85|80]|75]80|82
75]85]80|80|85{80|80 [80[85]80 |81
90}90)85180{80]85]85|85|80]85]85

o0 |m >

DTED, FHC XAEERFRITERED bhichot.
Photo. 3 WRLIEEFAKD 7 v <4 XBEEEE
DEFRIKRIIT Photo. 1 TR L -RBERBRTE LR
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Fig. 8. EPMA profiles of the scale formed on
chromized SUS347H reheater tube used in the
oil-fired boiler.
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L RMERNL VL0, 2A L, AR 7 — A Tk 80%
V,0,-20%Na,S0, tich. ZOBHEORAMWEL L
Tt V,05 4 @ %\ Na0-V,0,-5V,0; 28 HE & 75
%. Na,0-V,0,-5V,0; i1 5Na,0-V,0,-11V,05 K}k
~NTEEE L E DS Fluxing fERIRV. L DTC,
4 5 MBEED NayO-V,0,-5V,0; DR (625°C) %8
%% & Na0-V,04-5V,0; 1 X ARBEVMBEELS.
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ruw4 AP+ —RAFFAFAF VL AMOEEEEER 1721

L2L, TOEFed Fig. 4 TR L3 7 r~<A(
AMBEFT ShicltERE A 2R L.

DIER~ X5, WEEA15 -0 BEBERTE
i BAMEYE 5Na,0-V,0,-11V,05 % I 8 Na,O-
V;0,-5V,05 D3> Fluxing fEHIM LT, 7 u<A
ABEEWCAER L Cr,0; 3 SUS 347H oEmiI4g
B35 A ER VBB ERT L) T ShcitERE
REEXETHEEZDRS.

5. & s

rm=<A4 AR SUS 347TH OWBEZ A4 5 — BT 5
BREAEIC W TR LR, TEOMBEAEDR
7.
(1) S2.5%, V60ppm »bich Bplmg AL
To KA 7 — BEEEM FKHEBR XK 20%V.05-80%
Na,SO, THot. ZOBRKTOFEBEAELIME LICE
AEYEIIALE 535°C THA 5 —EEREBCEWVWTE
ALIRAE & 705 5Na,0-V,0,-11V,05 TH%. |

(2) IDbEAES-BVOBREmS EHILDEEA,
%ﬁ’ﬁﬁﬁ%gbi 5NazO-VZO4- 11\/205 W:.ICIZN'C Vzos
4 D %\ Na,0-V,0,-5V,0, &% %. Na,0-V,0,-
5V,0; @ Rl 5Na,0-V,0,-11V,0; i T &<
625°C THAHDT 2 2 MEED X HIC BiRL+5% & R
BEich.

(3) 5Na,0-V,0,-11V,05 3 X ¢ Na,O:-V,0,-
5V,05; © Fluxing fEfIC & b BRECER T 5 EILA
e ADERREIND LERIIINEERS. 2hbD
Fluxing fE AR ME:IE R © 5 VRIEMEA 7 —
CHART Cr,03 OFNFT R T5S.

(4) ABMETHELCHEE A5 -BETHERI
hitcz7r=<AXF SUS 347TH oFEicit Cr,0p pi4:
RL, ERERBRE JORETHOH 10000h DFHK%
R WTH ERERIC X 5BEZELHEIRRED bhitho
7.
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