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The Effects of Mn and Si Content on the Crystal Structure of Oxide
Films, and Their Protectiveness to Corrosion of Bright-annealed,
Type 430, Ferritic Stainless Steel
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Synopsis :

The crystal structures of oxide films formed on the surface of 179 Cr-Fe alloys containing various
amounts of Mn and Si, when treated in H,-H,O atmospheres with dew points of —25° and —36°C,
were investigated. The influence of the oxide films with different crystal structures on the corrosion
resistance of alloys to dilute sulphuric acid was also studied.

The results obtained are as follows:

The alloys form (Cr. Fe),0,5, MnCr,O, and SiO,, depending on the content of Mn and [Si, even
when the oxygen potentials (dew points) of the atmospheres are those that would normally produce a
CryO; film on pure Cr-Fe alloys. These oxides show less resistance to corrosion than Cr,Os,.

A pure 17% Cr-Fe alloy forms only Cr,O; and exhibits especially excellent corrosion resistance.
However, 17% Cr-Mn-Fe alloys with a small amount of Mn in the range of 0.08 to 0.25%, appear to
form spinel type (MnCr,Oy etc) oxides and have a different behavior in their resistance to corrosion.
The minimal corrosion rate is attained at 0.089% Mn, beyond which the corrosion rate increases as the
Mn content increases. On the contrary, the 179 Cr-Si-Fe alloy with a Si content of 0.102; forms
(Cr. Fe);,0, and SiO;. When the Si content is increased beyond 0.102, (Cr. Fe),O, disappears and
Cr;O, forms, improving corrosion resistance.

The corrosion resistance behavior of the alloys mentioned above can be explained by the variation of
the crystal structures and thickness of the oxide films formed under varying controlled atmospheres.
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Table 1. Thermo-chemical properties of the metals and compounds of Fe-Cr-O system.
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Fig. 2. Experimental apparatus.

Table 2. Chemical composition of steels used.
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Fig. 4. Relation between mass gain of 179 Cr-Fe
alloy when heated at 800° and 900°C in H,-H,O
atmospheres with dew points of —25° and —36°C,
and annealing time.
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Fig. 5. Influence of manganese content on the
oxidation rate constants (k) of 17%Cr-X9, Mn-
Fe alloy heated at 800° and 900°C in H,-H,O
atmospheres with dew points of —25° and —36
°C.
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Fig. 6. Influence of silicon content on the oxida-

tion rate constants (k) of 179, Cr-X9; Si-Fe
alloy heated at 800° and 900°C in H,-H,O atmos-
pheres with dew points of —25° and —36°C.
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Photo. 1. Electron micrographs (a) of surface oxide film of specimens treated at 900°C for 10 min in
H,-H,O (d.p. —25°C) atmosphere, and the results of electron diffraction (b).
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Fig. 9. Effects of manganese and/or silicon additions on the results of electron®diffraction of the oxide films.
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THED Fe %81 Cr,0, & SiO, ENBTcLH, M
HwEE OB RCES I 2R T Si0;, oE AL T
W ZENbMB.

800°C iz & \» Tix, 17Cr-Si-Fe &4 om(bEEIz

$Cr
.
08 |
{ Mn.004 Si:049 1' Fo
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Fig. 10. Composition profiles of the elements from
Auger data of 179 Cr-0.4929; Si-Fe alloy heated
at 900°C for 10 min in H,-H,O atmosphere with
dew point of —25°C.
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Fig. 11. Corrosion rate of the specimens.

900°C HBLTHEE X # < 7c 5 2, H&ERCE
TET SiEoEE IR 900°C LiztArnbbiu
(Fig. 9).

143 KRN

AT v U ARREECER IR S BILEEOm & M-
BXETHEYRL -0, FHBAERTCOBE %
BaBzz L. BEEEY Fig. 11 wid. #R#o
PEMi M2 d. p.—25°C, R 900°C, BERBRRE 10,
60 XUt 150min TH B, ¥, BRSEHT 50°C
D 0.94wt% BiRAKBEFTIC 2h BELTHHEH I
L, BEERY ¥ BRELIHE BAEREXHELL.
Fig. 11-(a) i Mn 0%, Fig. 11-(b) & Si »
BECOVTRLTHA.

FPEPioo as-rolled ktTix, 17Cr-Fe 4442 Mn #
HMLTWL &, BRMEE (g/cm*2h, ko) 12 0.08
Z%Mn TN e/ aRTH, 0.3%Mn % - X Bt
HLEMNTS X5 kEFRIY AT, Zhicx L 10min o
Fesi bz, 17Cr-Fe H4&2% as-rolled #t X b Ml 4 5
T4, 0.08%Mn i3, as-rolled M iz A Eni>0
TsufiiEieh, 0.17%Mn (b WTHRIETHS. L
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L, 0.25%Mn iz/cn &, BEMHD keorr. 1T as-rolled
HInIEBLLLETL, CITRUSTHAEBRCK IIE
THMOBE, ThbubBLEBEOHR HECHLDH
#nn. 60min OBESiH Tix, 17Cr-Fe £&D keorr. 1
10 min BEREHF L3 & A EDb B, 0.08%Mn BEphiff
MRREMEE AT, TOERXFTIIEA X Ltk

V. LaL, 0.13%Mn gedlibfic /s &, 10 min el
HED b keorr. BWELETT 2. 150 mindBei#f T

¥, 0.08%Mn T, FTIZ keorr. PMEFLTHkH,0.13
% THVMATHA, £icliCr-Mn-Fe 56D keorr.
EVERX R LTV 5. Tkt Mn RE4102, BEin:
Ik {en &, Mn BEESSR D0 2 05D
5.

COERBEBTHEASORRES ¥ HMCBE TS
L, 17Cr-Fe £4&% X0 Mn o4 7o\ & 4 (~0.08
%) IBEFEBRBRONHRTICHEYEIIFEL T3
DhREDLRL., Zhicx L, Mn o&\\F4£ T,
ZOHEMED Y T D, BAEVIIELl AEBH B
»rote. thepx, 17Cr-Fe &K XUME Mn &0
Bt HEBPCRE SR D L, BA BLEBEL Fh
THFETHIDEEZLLR, ChLDOESCIIAEHBD
THPRLTUVHEEASBEERAC A D L5 E2 bh b,
Fig. 9 ic Liuf, Mn H&4o d. p.—25°C, 900°C
x 10min OFg L, 17Cr-Fe && o1k %MK
P Cr,O; THLZOWK L, Mn g 0.08% # - % %
L Cr,0; & MnCr,O, L/ b, Mn ENEL 7B
Lzizhivs MoCr,O 0 B2 LT 5 2 L b,
Fhwx, fEMn GEom bz Cr,0 & MnCr,O,
EM e by, MnCr,O E DD FiiET
CREEIND L ACHEKRLT, BICKECrOs 5
DTUFHE LI D EEL LR L. Lich2T, EMnfy
4T L BEMIF R % £ < A0, HIXAicMnCr,Oy o &
iz B leois, GO (X B+ 5 2 L7, 17Cr-Fe
HHEASED keorr. AT LDO LM SRS, FHE, K
BB DZEER LTS, 11C-Fe S&08HE
i3, B#T 5 MnCr,0, 237, CrOp 25 F B 1 B
XphXxhaokicicd, Thdx, CrO; BRI #
w45 ok, CrO; ik L, KKE G&FL
DRt B RT H DT ML ET 5 BiiL Cr04
DRfaE LT pores &L b s,

— T} St pBSHA L 7 L, as-rolled #4 T3 Si % 0.1 %
W2 2 2D L O TR ARSI LSRN 505, L
LT h U EEMUTL B ki<, 3E -Tofli &/
St ch do p.—25°C, 900°C THEMT L &, BEM
SFEE L L, BEMBEMID R e D82 T keorr, 12K

TL, MamESEIEEIhD ZLxMbLAB. L
A, SigEn 0.1,0.25% X b3 0.5 0.8% T+
MGRNP—BELTTATED, 0.5% LLETiZ 60minT
150min *RIEDHRER LT 5. ZOKES Fig. 9
DORRILEEOMBBE L R L TERT S L, SiHms
L OBEMEFIT, 5120 0.10% D & X3 EN (Cr-Fe) 0,
2rb7e b, St B0 & & i CrOs I L LT 5.
Ih%E keorr. DELERICI D &, KED HBEER
DR EDRIL(Cr-Fe),01 v 3 Cr,03 TR T
WALDEEZ LIRS, BEMEFROEEIX, Mn O5H
ERERIC K E S, BBEXABRET 5128 keorr. 1IET L,
REHRE L ALELTWS., UL, Si RERIT
17Cr-Fe £4& X 0 4>TH 0, Mn Lt TEETS L,
W EMEIMPE 17Cr-Fe & 233223 T <h T3
VB ENTES, LLEOKE, S, SUS 430 o Bk
MABEMICE TS, BA Mo RHRMR AR JiF
THLTHEOEEBIEHTE/\VIZEKE L, BA &4
ELE T ARBTALEN DL LML,

5. & =

17Cr-Fe &0 FMmMIC £lI N5 BIEERECHEE
#FH Cry0y THB X5, HEEMBHIOMEST
VU AEZBAT, BADED Mn XS g
17Cr-Fe 4 4% 828+ 2 &, d. p.—25°C, 900°C i1,
Mn % 0.17% Ll @ Uic A &0 LR CrO0, 22
Feiried, MnCr,O, 4R L, R DR
Whbloz b ENBH LM E LD,
fij2 (Table 1) DPHFLEL X 5T,
EREERELTRD.
17Cr-Fe &4 o Mn p H,O L KL T MnO %
ERT BB,
{Mn} 4 (Cr-Fe} + (H;O) ={MnO> + (H,),
KP—11:PHz/aMn-pH20 (]7)
ORIGANEZ bbb, WF Mn % 0.15% 1T,
MnO AR INACHBELAFHEKOBERT vy b
HhH LD L,
{Mn} - {Cr-Fe} + 1/2(Og) =(MnO),
K'an:l/aMn'Pozl/z (]8)
Thtzzbhs, logKp 12X (1N TL EDHBRE B,
logK'p_15=20857/T —4.307 - ceneeeeeeeee o (19)

MnCr, O,

ayn V¥, 17Cr-xMn-Fe a0 BBBEREYTERT 2 &
LT,
amn— Nvn = (Mn%) /My / {(Fe%a) Mo
1 (Cr%) Mgy - (MN25) /Mygp} «oeeeeoeeeeeee (20)

DE5I Blexbhnyh, 8000 5 LUt 900°C Tk
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47 69 4 (1983) W15

-18} T=900"C

.f; ——<Fe>+<Cra0a>+ %(02) = (FeCra00>

i Mn>+12(02)=<Mn0> Mn 0.15%
-221 T T Mn0.50%

- 2€Cr >+ %(02)=<Cra0a>

{81 +(02)=<S102>

_

Fig. 12. Towec-log po, diagram.

Thzh, kDX 512k 5,
$0,800°C=2.4121 X 10-2 (atm)
$0,900°C—4.9733x 10-22 (atm)

17Cr-0.15Mn-Fe & & 2'\8t LT, #hFh Cr,0,,
MnO %4+ 5% & &0 T-log po, Kix Fig. 12 0 X 5
ik, £thdx, o8& BEHET v 1 (log
Po,) A —23 X HEWEREKT 900°C i@ i b3
HE, T Cr0y BERER, KRUVT MnO R X
ha, 2Tk, Cr oFEdEVHMEH, MnO #3851
L, CrOy R IR 52T Ch5. T, B Xl
Mn B2 % %5 &, FhicohT MnO o log to, M
Cr;0y 0 log po, I HES e TBRS. Thbb
CriOs © RWEFIK (T-logpos) i\ T, Mn BEh%
\v& MnO 2 Cr,0; & NEEBWCIETS Todie,
MnCr,O, 24 3N D THEMN KE WV EE L bR 5.
%HED — Az MnO & Cr,0 # MnCr,O, 7 R X
N5r5EBTESEL, 900°C ¢ d. p.—35°C 1
Bl7-boh, MnCr,O, s3I hi-c & WHER LT
WAERW a5 % ¥4 MnCr,O, DA A R LT s
38,

17Cr-Si-Fe & Ot KB OMMHEE Y Mn 054
ERICESEBETLZ LiCT5.

OB, HBEEDO — it Si0;, ThHrrb,
17Cr-8i-Fe &0 Si o HO X 2®{Lx# % /ot
hdigbigvs. 17Cr-Fe & D afflicksi? s Simige
agi 1% Si-Fe A0 ELRMULLEET S &,

log as; = log (Si%) + log f 5519,
log f§5=—4540/T—0.549 - eeeveeneeieiin (21)
DESEHIcz bR TWENE, Si o Btk ks
Thicz bh,
{Si} a(Cr-Fe} + (Og) =<8i0,), Kp_3,=1/ag; - po,
e N ©3))
RO XM DT po, Kb LB Lol TES. 0.8%Si
T, RDX 5Nz bh 3,
£0,89°C—1.396% 10-» (atm)
£0,900°C—4.653 % 10-2 (atm)

thbofiil CrOy T 5 L, FLIEWET
5%, L 12T 900°C, d. p. —25°C » H,-H,O
#AFTIE, SiO, DERLEEL, A&FD S0, 7
HETLHMEOMEET v v AL 1028 D — 5 — 12
ET+233FCchs. Lil, SioFiz Cric&L
TH DT, CrO0y DAEREHIET 53 E Tk L,
Cr,0; & SiO, Fiz $tfE+5 2z Lk s, Si OBAHK
BThsE, SO, DERICELEBERT v+ LD
TRrThiEEKREL %L, CrOy DLEFBITH T
FHEOBEHRT o+ O B L 22, (Fe-Cr),0;
DERMFIIh B, Si Bodicn L 2 (Fe-Cr),05 1
EREhso, coBhcrs. e, Si 823%
WIBAL, ElREh3 SO, 0B, FOKEEY
DBEERT vV vy ADMETTHDT, Cr,O iR Eh
2bDLEzZ LB,

w5 Cr0,, Si0, o ifAH:IT EL < EBR T
WBDT, AR TL SGALRTFHBABRR P TIIELR
Shszlidiev. Thodz BIEKES T BT 5 ik
HFIZ MnCr,Oy oL ThHhBHb, BILEE o itk
12 MnCr,O, ORI % I ROEE A B & 7 %
hotExbhs, LicdioT Cr,03-MnCr,O, 75
e HBIEEBET, 3 L MnCr,O, 23 84512, BB
T 5, CrOs BB KBERPCRETHC it
b, T, BE&EARICIE LI CRERBIFEE LK
<7eh, ZORAYE SR KT 5 NEBE B O 4
BickfEThZ Lt s,

6. &t 3 U

type 430 7 . S A FAF v L AHD BA BILEED
HERIC s Li¥3 Mn, Si SHEREOHE L HERD
L ABILEEY BT 5 820K BB AKBRIC BT 5t
REEFHLILRCTIERY S ot BohiciRiz
ROEEHTHS.

(i) 17CGr-Fe &0 Cr,0; REFIKICIHIT 5 He-
H,O FEKH © BILIZE5H) (BILEREER k800°C=
0.41, £9%00°C=0.46) IZ5t\ >, BE{LKEIL CryOs Th 5.

(ii) 17Cr-Mn-Fe #4% 17Cr-Fe 54 RAL L 5
K, FHFHEARC Lo TR #1755, Mn % 0.08
% TIN5 &, AT°C 3{EF L, Mn 2 0.13% 1270 %
EATC MLz U, LAIZ Mn oiihnd & i
AT°C 43 bR 5.

Bt By, 0.08%Mn ¢z & LT Cr,0 TH2
Ay, 0.13% wic s & BEEC MnCr,O, 241, +
DT Cr;0y, Z L THEERKME R BRI EBERHE L
K3 5. MnCr,O, 12, Mn B\ MG EZDE X &Y
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5.

(ifi) 17Cr-Si-Fe #4& T, mi—&HFEE, HEANC
LAy CEE b T+ 5035, 800°C itk Tid, Sidk
OWME & Hic AT°C RafcE€T 5. 900°C T,
Si gk i AT°C (3K T+ %A%, 800°C LT
FOEToOBESIIE . BEEBLL, SiBodisn&
1t (Fe-Cr),0s TH B, SiEAig & it Cr0O,
Lics. SiO; i3 Cry0,, F 7212 (Fe-Cr),05 & A& FH
LOBRICEELT 5.

(iv) 17Cr-Fe & &0 FHBFomA L, 17Cr-Mn-
Fe, 17Cr-Si-Fe &4 X b 1T <h, ®k\WwT 17Cr-Mn-
Fe &4, 17Cr-Si-Fe &&itdboL 45, 17Cr-
Mn-Fe &4 Tk, Mn % 0.08% Wt 5 L RAEE
FEE koorr. 1 TRRETT525, 0.13% TIHEMLILT
¥, LI Mn e & b keorr. IHKTS.

Si 13 0.10% TEEIZ keorr. X ERL, ORI
FEMT A BEEARTL, BEMFR%A 10min [ LicH
212, as-rolled #f & (2ER UEHF D keorr. BILE 70 5.
60min =75 &, Mn Fiz Mn B&#8MT T3 keorr.
A bichs., 150min TLRERIUTHDH. ZhiISH L,
Sijr 60min o & X 0.10% & 0.259% oRlicEAkS
2o, 0.49% T FMELERRT. 150min T,
0.10%Si CHiA L7, 60min L[ UMD keorr. T
EfL L7,

(v) DEF o Ba2%Eht MnCr,O, o4WRER IV
Si o REEFHC I > ThibEh% GO OEEWT
MHITX 5.

APRETCHID, A—C 2 BTOXMELERL
Tt e B & I TR e S R e B R REIR,
ETHEFERS R JOEFEITCH S Sl Ok
Wk e TR B IR BB, WARBC Zth )
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