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This review describes a recent advanced knowledge of the thermodynamics of Fe-Cr-Q system in
such low oxygen potential atmospheres as that in bright annealing. More attention is paid to the
redox reactions of Fe-Cr-O system, especially the reaction of chromiun in a ferrous alloy with
the water vapor in BA atmospheres having low dew points to form Crs0s and FeCraOs An outline
of the surface characteristics of Fe-Cr alloy as bright annealed is given together with a discussion
of the erystal structure of oxide films and their effect on the behavior of corrosion.

1, #

SR TRRSE S LT 2 TRETRCTS
LA -0 18 HEORbD CAEDRE, F
B A O WERRERFT Nay Hz, CO BARLT
3 60TH -7 0%, BEMOEEELNT, 4
Ho k5 iMEErHEECOUEO L OonELNE &
S, £OEIELISLE (BA AR Mk
BT =T BA MEBRET SOMMEARIETE S
DTHEEEA LY » 7 2 —H - EREhA D
FooTN5,

E AT “R T ¥ L ABIDIERE F L
DR B0 7 vy — A ORFIT L
@, AH, A7V VAR BA SR, —EEEE 0
SEERRNT, £® 95% BILRES 1 omm DTFOH
FMETESC &M EMEIY, MER 50 HEE~—2
T, BA IR OAERES —2AF F 4 FRHT 7 1500
t, 774 PR 5800t TAEN 167 TI0tDE
EET 5,

#ABEGICEY 5 BA WIHLO FEE, 0% UR
R RS st R BESHT, SRACBRSE
(BREOBIMEEETT B & & BREHRF ¥ Y v 4, Po,

Bl

SRR BRI AR N 5 8RB0 BRI
(Tao BT L0 HEIEIEICREELTHATS
kb, Wil A4 AB OFoAE (A-B-O
FOMIILE, A4 LJUBLER DO A, B O, A-B-O
TRE(LOE RS, BILOBHEE (Gék L Ol
Brha A, B, BXUOOME), HEIREHE B
S ARS LU RE IEER, B X URRSRS
L, ULbb o @AEIEE LTS,

2. Fe-Cr-0 Zo#ihi

Fe-Cr-0O ZIRHERIE, Po~T (£: —E), &T (Fo.:
—5), BEY p-& (T:—&) EPLR<Arond. &
iz, & RET-OE, 43 noflnretno) TH D0 FT,
e b x OENMTHS, Fig. 1 13 Pelton bY94ET
5% Lz Fe-Cr-O % UMK 013 % PoSBEITH 5,
YRRl AR Fe-Cr &4 LU Fe-Cr-0 ZE LD
MAPEREEEE, R CavdiBidid, HRWBELLE
2 LTV AY, AR VORAED, TER/ICHERE
ENTOD T RNE - VAT L ERERER R ORA
DR E LIS L OB TRBRINTO 5,

BE, AT v LR 18C @754 PRELT
18 Cr-8 Ni @d—27F+4 FHRAL b LB

4B —



W fE R — 691 -~

Chromivm atomic fractions &
91 02 05 03 05 08 07 08 08 10
-~ T [ : I T | T T T

!
|
|
|
I
[

lng Po, s atm

Fig. 1 Log Fo,~& diagram for Fe-Cr-O system
at 1173 K. Vertlcal dotted line indicates the
location of £=0.19 which is equal to 18 mass
% of chromium in content for Fe-Cr alloy.
Double circle shows the lowest limit below
which Cr:0: never oceurs. C corundum; 8
spinel; W wustite solid solution: F FCC
gamma alloy; B BCC alpha alloy: A sigma
phase®,
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Fig. 2 T-log Po, diagram for Fe-Cr-O system,
calculated according to the following formulae,
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Fig. 3 {a) Change of thickness calculated for
the oxide films of Fe-Cr alloy bright annealed
at 10833 K for up to 3600 sec and (b ) changes
of phase shift of components of P and 3, 4,
and reflectance ratie, ¥, of polarized light,
obtained from the surface of the alloy'®.
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Fig. 4 Eflect of atmosphere composition on
heating and cooling rate of bar made of 18
Cr steel, 13mm in diameter by 100mm long®®.
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Fig. 5. Colour appearence cf the surface of
18% Cr-Fe alloy bright annealed at 1133 K in
the atomospheres with dew points of 213 to
273 K. Marks in the figure indicate the crystal
structures of oxide film formed on the surface
of alloy bright annealed at the conditions
shown by the points in the figure, The struct-
ures were identified by means of X ray dif-
fraction and electron diffraction, (O Crz:0s; @
FeCrzO4 and A unknown®V,
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Fig. 6. Effect of the dew points on colour
appearence of SUS 304 bright annealed at 1333
K in H: atmosphere?®.
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Table 1 Results of X-ray diffraction and electron diffraction for the oxide films formed
on the surface of bright annealed 18% Cr-Fe alloy at 1133 K for 0. 5 10, and 600sec in
~ the atmosphe1e of Ha with dew points of 263~213 K.

: Holding time (sec)
Treating .
temperature Dew point . 0.5 10 600

(K) (K) XD | ED |EDX (Cr/fFe) | XD XD ED EDX (Cx/TFe)
263 - Crz0a Crz0s | Cre0s
253 CreQs Crs0s | Cr20s Cr:Qs

1182 243 CraO2 CrsQOs | Cre0a CreOa
233 Crz0z 7 Cr20s FaN AN Cr20s 28.5
223 Crz20s | AN : 2, FeCreOy 2.8

4 213 2.8 A, FeCraOy f 3.0

Note: Mark A indicates that X-ray diffraction does not-show any experimental evidence of Cr:0s.
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% hex. CreQOa ¥ Lff’..‘b‘%o Linl, 600sec T/ 5
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OB R hex, CreQO: (35D 6T, cub, FelCr-
Fe)Qu Fe(Al:CrkOs B30 MoFe:Os Sl
BESIIAY, dp. 220K BT HIFERBEOKE
kT AES Ha0nid SIMS oS & ohvk BA-
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Fig. 7. Effects of oxygen potential and heating
time on the corrosion behavior of 18% Cr-Fe
alloy bright annealed at 1133K. Closed
cireles and numbers in the figure indicate the
experimental condition and rating numbexr of
rusting, respectively. Alphabets indicate cor-
rosion morphorogy; P pitting corrosion, G
generzl corrosion, C crevice corrosion which
grew below the salt deposited on the surface
of specimens®’,
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T, R T v = 5 RE—fa-E R (Fig
By AL, WEWER, 2Ly PG, -, P, =
LT C (BMESE) Lt

BEBREZ VA F v F v (RN Hilos g
L sk L, TR AR 0 A 10, JIS HE680)
TERART AL, SARETE, MEMEOLEL L bic
TWEEEETT S (7.5—4.5) #8, Cra0 EHEETI
B RS AS R T B Ll b d 5 ¢ v 47« i3
U (2.5-6.5), 600 sec AL THREM (6.5) 2R L
O BEERET L,

DR BRI E LI o IR T EN I B A ASEE
HERETH) ORI Fig. 8 0L B0 TEH S, Baly

Fig. 9. Eflect of the dew point of atmopshere
for BA on the crevice corrosion potential in
diluted artificial sea water (200 ppm CI} at 313
K, {Vec), the incubation periods for re-activa-
tion in 4 N-HzSOs at 303K, (Tr), and the
decrease ratios of reflectance, (Rd), for BA
ferritic stainless steel (SUS430LX) at 1223K
Tor 110 sec®.

B 5 v e o TRR U R, SEER A /
(CU%+N%I+5x5%) vH b8, (Co%h4 N%--5x5%)
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Fig. 10. Effect of the dew point on surface
appearance (top) and extent of nitrogen pickup
{(hottom) after treating in 75% IHz-25% Na
mixture for 900 sec at 1313 K. Nitrogen levels
are analyzed for first 0.025 mm of surface®.
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4.3 EFERIT

F—AFFA P ROES, He-Ne BREFEBATD BA
T, EEHENING, EROFEAFMEREE, &
BahoRET AR, dp ST, 117T3~1373 K
OREENTIE dp. DMED S ERBEE I F 0,
1313 K @ BA i, MREHERIC S LET d o OFE
16U BT B JE TR AR O Fig.
W DEDHTH5B, 4T, BieiftozZefisenrl
Foo 4.2 B BT, CrOs ARSI OES, DA
HOTHEE AR & S b L BT R EER
Lo, SRR ENOERMSED oD, d o B
EOEEROWNEECY, HRRAK CaN &2
i, CrafN, C) 25#7H L O™ RFREREME Dl skt a8
fbEdz (B corvosion ), %7z, EAMELE, B
Ihpsidr iz b EEER AT S (Blo oxidation )
DT, FNOICHE-T, dp OEEMEE (226 5
23T K 4R EET S, /2, Mo lkfMicrlic
FMIRAEDBRMZ, 3 (shim), 94 (disc), dB4K (bary
OREE % O THRHEEOEEE LS LGSR TH S
A, FERBF O XS AR ASE O R SR ERED
FETEZHFEEEREIMCBITL TS,

4.4 phEln

SUS 304 % He-Np BAFHAHRT 18393 K< 120 sec
in#d 5 &, Table 2 CRE & 9 i WEEREDNE L
(TP EHEINEEE NTE B Db,
BIECHE LT { LML b EINSRET 2 RRE
WU, ZOEHRERMOBERE & bicBb AT,
POENOEEE L TH L -EORBIC S, CORER
i Mo AL T8 K THiAkFERES D SERLT, 12
ks OB TRERES S LRy ~aiiE s,
C ORI RO BKEREO E, BRANIR Ni 2
WL, C BEITAE LY, BEATHE, SUS 301 1
SUS 5304 o kb#e LT Ni B o TR BEihic i

Table 2 Effects of BA conditions and hydrogen contents after de~hydro-
gen treatment on seasoning crack of deep drawn specimen.

Atmosphere i De-hydrogen N: Seasoning erack
air | — 1. 4ppm 510 ppm 1~ 3
Hz+ Nz ; — 6.2 1260 11~15
" i T23K %300 sec 5.4 1200 2
” 1 X 1200 3.8 1140 T~10
# x 60000 2.1 1160 i~ B
1% 12000 1.6 1000 1~ 3

Notice: @ BA conditions are: furnace atmosphere composition, 76% Ha
and 25% N, temperature, 1393 K and time, 120 sec.
: (@) Evaluation of seasoning crack Is carried out at the time passed
1 week after deep drawing.
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(1T < = 4

BA 3Ty,

4.5 BA ZEERBICELIFZTHESETHEORE

W, & 0hEPERERENBERICEXTTHR
BESTHRDOEET BA FROMBMGLC BET B
NWTERTE L, BREESHEACE LT BA ¥
R S BOBESHE Si & Cr ORBEDOSZNELSL
WA, SIHSIHCD) MO8 MEE LA F v F
RN, 28 5.9 c@#T 35, Lidi-T, @& 7 = 7
4 FREEN Cr EFEL, BA EERe Si Bon
HEDAL T, SUS 304 LT Nb, Cu %51r SUS
430 @ BA H® 4 N-H.80: Bigtic B Xi2T d.p. @
BT, A 233K, BEM 2K Th» bl
WRERELEY, EADURN S, BA BHEEHE, 8B
LU Nb REFEHICBRLT 555 BASE SRR
CREL Cr 2HB(EL7Z™, 15% Cr PLEOE Cr #ii
SiAHIT A &, BA BEIC Si0: (ERE)® S50
HIERE S0 A b L, BRERET © BREL
EEMET D, Sl & bic Mo®; Co & N Ti &
N OFmbEHTH L E bR S,

27, KEBRBEHRBTULELERET B LakavE
HECRETHEOELENDOMNE 245 XPS kK &
AMERBICEZ ELAHRETED ORI FEERIT
SiMEBELTED, @BIBEALTVEIEETHS O-
M TuEESE (Mid Si THB T &HEW) BEP LTL
fo, COC &I BA HBREREBECL-THRAKILE &
SN sE, WAMTLAVMTHELE SI0: ESH
TEBMELR L, SO 0k AHBHAETTE LN £
OBRTHAREIMECD, LAMFHEELIEELONT
WES, Lo TEOES LTREMIC Si &N
L, BA THMEHIC Si0: 2E/MT S, HB0E SiO:
Bslrn —F 4 v FHAEG LTHRT 20 TThAO
FiEa & 50 LT H BB,

i, BA BEMEER LRSS ERETH R ELE
WEzE kD, C, N XU S, BurSEETeLysT
ERBEETHLLEEBRHLTE X0,

AF v ABORIERESE LK TEE LT 725
4 FPHRRF v ARG BA FEO HEEEE &
UEEE B L 129 BA fKEOBBAEE L, L
LoBaiaks BA FREOEBICEOTHEHDN T
LEMDEBDTH S,

(1) d.op. BEL, FESENEAERL VBT
Hidd .

(2) dop 2H2B0KEMZ ZZEE L, Fe 28l
B gppskmkEh, BELE, Ve bR LD

— 697 —

flEF LT B, LicdisT,

(3) ZobMO dp. 2L Cr:0: OREUHEILERE
AELN, B k<, Maticb#hi BA MED
NEI, i,

(4} BA FEEOWAME R 1 5700y R
HELNTOS, ¢hE, #HIK 5, Mo, Cu Nb
BLU Ti B EEEMNLT BA fiT o i1 DeBERIC
ZiLE B, SO o —F4 VITHERETH B,

WETHH~ LI BA HRAEE T TRER
WA, FNCE & - THREERIOSTAEREEES
bOEERI OGNS, BHiC, KERBEIEVREDI 7w
WA BRERTH - TSROBELZEbNS, COE
#, BA MOBHEHE I O2OH MR PEFIEET
BdoHh, R TRENESE >k, T iR
BEB4alTRESMEEINTS,

BiR, BR/bEEHSEET 354080l KsH
ATHD, EEOHEEHEEE CHRICET 58O
FERLER AR L oo,

FIAEETHICH D, BAMRMBERERRT
LA SR YT % L A O BRI E O £ Vo
—, &b, BEESFETENEINSETERE— TEL
B EnE . phladh B SRE ARRlz 0B KRICE

R L & BT o fo . SR LT o EE
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