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Chromium Vaporization of Ferritic Stainless Steels at High Temperature in Air-50%H,0 Atmosphere

Synopsis:

Yoshitomo Fujimura, Naohito Kumano, Kazunari Imakawa

In order to clarify the mechanism of Cr vaporization in an H,O-containing atmosphere of ferritic stainless steels, an
oxidation test was conducted at 1073K for 360ks in an Air-50% H,O atmosphere and the oxide scales that formed on

the ferritic stainless steels were analyzed. The main results obtained are as follows:

(1) The amount of Cr vaporization at 1073K for 360ks in an Air-50%H,0 atmosphere is smallest for NCA-1, followed
by NSSEM-2, SUS430 and NSS445M2. As no correlation exists between the amount of Cr vaporization and
oxidation weight gain, the amount of Cr vaporization is influenced by a material's composition and structure, as

well as the surface condition of oxide scale.

(2) The oxide scales on NSS445M2, NSSEM-2 and SUS430 formed an inner layer Cr,0; corundum and an outer layer
(Mn,Cr);0, spinel. The Mn concentration in oxide scale on the outer layer spinel reduced Cr vaporization.

(3) NCA-1 containing 3% Al can control Cr vaporization by covering uniform Al,O; oxide layers.
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Table 1 Chemical compositions of specimen (mass%)

C Si [Mn| Cr | Mo | Ti | Nb | Al | Fe

SUS430 | 007 (033078161 | — | — | — |0.01|Bal

NSSEM-2 | 001 (032|100 182 | 1.8 | — |041]0.07 | Bal

NSS445M2| 001 019016 | 220 | 1.1 {020 0.20 | 0.11 | Bal.

NCA-1 | 001 [032029] 185 | - [015] - [3.13|Bal
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Fig. 1 Schematic diagram of the experimental apparatus for
steam condensation.
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Fig.2 Mass of vaporized Cr of ferritic stainless steels at 1073K
for 360ks in air-50%H,0.
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Fig.3 Weight gain of ferritic stainless steels at 1073K for 360ks
in air-50%H,0.
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Fig. 4 SEM images of steels oxidized in air-50%H,0 at 1073K
for 360ks;
(a)NSS445M2. (b)SUS430. (c)NSSEM-2. (d)NCA-1.
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Fig.5 X-ray diffraction patterns of oxide scales exposed in air-50%H,0 at 1073K for 360ks;
(a)NSS445M2. (b)SUS430. (c)NSSEM-2. (d)NCA-1.
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Fig.6 GD-OES depth profiles of oxide scales exposed in air-50%H,0 at 1073K for 360ks;
(a)INSS445M2. (b)SUS430. (c)NSSEM-2. (d)NCA-1.
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Fig.7 EPMA analysis of oxide scales exposed in air-50%H,0 at 1073K for 360ks;
(a)NSS445M2. (h)NSSEM-2. (c)NCA-1.

H #r 5 8 £ it No.97 (2016)



30

7 x54 FRAT VL AFOERAIr-50%H,05PH5 F THOCra#kss

W5 7%, NSS445M212 T & 1172(Mn, Cr);0413NSSEM-2
DFNIZHN, HEMEIZZ Ly, —F, NCA-1TIZ,
ALOAS I —JEIRICIER SN THB Y, CrE 21ZMnk

LR IEIERED S v,

8 121073K., Air-50%H,0%5 5 T DOMRILERERIZ X 1
TERL L 72 & SR > MRAL B B % B XY 1278 970 NSSEM-2
B L UNSS445M2T i, MALEEONEMIZIZa T » ¥

ABOCr0,EAK, FHEHNC

XA v if\ )% ﬁg @(MH,CI’)gO4

FARCEERLTED, MG HREOHEMIZ L b 2w

(Mn,Cr);0,DEEAL Bz AT <

L O A S B I

ZRL7e —J, NCA-1TIE, TR#EMZ AT 5ALOH
JEIRPDOH—ITE L TE Y, CrEzidMnRE LR
BRAROOLNZE V. 3BULEDAIZEETH 7254 %
AT Y VAMTIE, KEAEHATICBWTY, ALOE
BB GRS 5 Z LGS hTBs ) Y,

ARG L =BT %o

5. F &

5.1

Air-50%H,0OFBER FICH T BCrEEA H=X L

ATV VAFIZ BT AHCrAFEZ 2B LT, Yamauchi
SV TR (1) RO BB IZ X Y HiZ 1 D CrOy(OH), A4

JBg B EWELTWD,

1/2Cry05+3/40,+H,0—CrOy(OH), *

1)

F72, WH S, AR & AR B 2RI L T
F—AFFA4 bRAT VL AMTOC#ERZ ERILL
TWho ZOHETIE, HOE 024 $ 5 Air-50%H,0
FHATIIEHAKFIZCrAERA LTS DIZxT L, N,-
50%H,0Z5% 5 TlECrDZEFIEFD b o722 & &

HBLTWD, 2OZENL, KEROMATHERY ST
EIRFHA T TOCrAFRIL, Rt ) Rosic & v i

FYEDOCrOOH AW THLDEEZ LI ENTE D,
KREITIE, 4HROEBEEZ D LIKERLBELS
L EIREP AT TR L 2RI I ASCra& T8 Ic B L 1T
WEBIZOWTHEEL T2,

52 CrEARICHIIFITRILRIEOZE

CrEZ AL E O B4R E LT, T Jonssonb'? i3,
KEREMEZ GO EIRT TORA Y 2 IVRIER LR I % 3
L, CrEZEZELRVEVLCrY) v FDOAE R VE
WAL BEASMn Y v F 7 A E R VR I & B L
T Q) ROUBEIREL T 5,

(Mn,Cr);04+5/20,+3H,0—=Mn;CrO,;+3CrOyOH), -+ (2)

42T R72 L B Y, NSSEM-2, SUS430, B L O°
NSS445M213 Air-50%H,0 9 5 B & T1073K, 360ks /i £k
&V a5 7 2 MOCHLOEBEDHEIZ A ¥ R L HI
DOMn,Cr);0Z EATERE L T B, CrEdsIcs XIT
Mn,Cr);0,@ &L LTid, LR LSRR 1) ~D
Mh, FREERAEDL2S0CrES (UER (2) o]
B2 E Z b b, 9 |ZINSSEM-2, SUS430%8 & O»°
NSS445M2DGD-OEST#ll & L 7Mn ¥ — 7 5 i & Cr7
FROMRZRT, CrA&SsRIE, MnO Y — 7 BN
BB ED VKT T EZRLZ 2O LI,
GD-OESTHll5E L 72Mn® ¥ — 7 5 £ H3(Mn, Cr);0,H @
MnE EMIET D ENET DL, CrEEEVIL R VLD
13 EMn,Cr);0, T DOMnEDR L VE WS T LR, K
3 (2) BE L7230 2 12MnY) v F R A RN & E
BLA-EEE 2L, B (2) 25CrAF O FEK T
H LRI W EHEERTE 5, 72, Mn,Cr);0DE

(a)NSS445M2 (22Cr-1Mo-0.2Mn)

(b)NSSEM-2 (18Cr-2Mo-1Mn)

(c)NCA-1 (18Cr-3Al)

Mn,Cr)304
(Mn,Cr)304 (Mn, Ao
(ununiform) Crs03 (uniform) Crz03 o fzorfn )
(uniform) (uniform)
Matrix
Matrix Matrix
8 1073K, Air-50%H,0, 360ksMEABZ IR SN L 5T = 54 VRAT ¥ L AHO

TR AL, Bz N B s
Fig.8 Schematic illustration of oxide scale exposed in air-50%H,0 at 1073K for 360ks;
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(a)NSS445M2. (b)NSSEM-2. (c)NCA-1.
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Fig.9 Effect of Mn peak intensity on the Cr vaporization in air-
50%H,0 at 1073K for 360ks.
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