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Relation between Intergranular Corrosion Susceptibility and Precipitation
of Carbides and Nitrides in 17% Cr Ferritic Stainless Steels

Motohiko TAREDA, Keiichi YOSHIOKA, Yutaka ONO, and Nobue Omasmi

Synopsis:

To clarify the cause of intergranular corrosion of 17 9 Cr ferritic stainless steels, precipitation of
chromium carbides and nitrides at grain boundaries was studied by electrical resistivity measurement
and electron microscopic observation on the steels having various amounts of carbon and nitrogen.

On the quenched and isochronously annealed specimens, precipitation was found at two stages for
chromium carbides, (Fe, Cr),C; at 550°~650°C and Cry;Cq at above 700°C, and also at two stages
for chromium nitrides, the one of not identified structure at 400°~550°C and Cr,N at 650°~750°C.
Intergranular corrosion susceptibility was remarkably raised by the precipitation of (Fe, Cr),C; at
550°~600°C and “unknown” nitride at 400°~550°C.

Chromium depletion zone along grain boundaries formed by the very rapid precipitation of these
special types of carbide and nitride at the intermediate temperatures around 550°C was indicated as
the most probable reason for intergranular corrosion.
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Table 1. Chemical compositions of the specimens (wt 9).
Element C N Si Mn Cr Al
Commercial steel* A 0.014 0.014 0.36 0.11 16.3 0.08
B 0.003 0.003 0.02 0.01 16.2 <0.01
C, 0.008 0.003 0.01 <0.01 16.6 <0.01
C, 0.015 0.003 0.01 0.0l 16.5 <0.01
C; 0.034 0.006 0.01 <0.01 17.2 <0.0l
C, 0.044 0.005 0.01 <0.01 16.9 <0.01
Vacuum-melted Cs 0.021 0.003 0.01 0.50 16.9 <0.01
steel** Cq 0.020 0.003 0.49 0.0l 16.6 <0.01
N, 0.003 0.012 0.02 0.01 16.2 <0.01
N, 0.003 0.026 0.02 0.01 16.2 <0.01
N 0.004 0.012 <0.01 <0.01 15.7 0.24
CN 0.014 0.049 0.01 0.01 16.5 <0.01

* P=0.02%, S$S=0.005% Ni=0.13%
** P=0.002 or 0.003%, S=0.004 or 0.005%, Ni<0.0l%
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Photo. 2. Electron micrographs of commercial steel A annealed after water-quenching from 1200°C.
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Fig. 4. Effect of isochronous annealing temperature
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Photo. 3. Electron micrographs of steel C, isochronously annealed after water—quenching from 1200°C.
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{LEHIHTHL LTV B AR ONR (5000A~14) X nix 54
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T 254 ) RATFVUVAEONRABRER TR L Kbk X OCE{Lhir 0Bk 629

/NS W Fhd XIC RIS S0A OBt
W Cr BE(LL, BRSO Cr OYERHEEFHEHE i
It XD T R EOHERE Cr 2B LT Cr RZEF
FHHELTWDEELILNS. F7, K$iE 600°C
SRS C W RIS RS AT 5 RfIE 3h &7k
N, ZoOMTO Cr BRFOELIEHEME st E T &
24007 X752, ZfErE 600°C HESRODIEE DR T IE
S ORI 1/2 Tieb bR REhl & LT 2500~
3000A OIFEIIFIEZE LY. L7hi>T, 600°C ¢ 3h
DEEGHIC X DR D Cr REEHB—ERHEK LT, WA
ARLIIRET LB B EHFEZLLNS.

*72, BB LT Photo. 1 @ (2)D X 5 @B RO
Wi HIRT 550 % 600°C THEgHT 5 &, Photo. 6
DX SR REE Cr ORIk & BB L
BAEETESL. 4, REHRO X 51 1200°0C gt L
A, g h (BHEE «°C/sec) @ Tp°C LITF
THRILY & Lo s bliEd 5 & L, Cr b3k
NLLT OIRE 0SS THRELT & 2 FiERE L % &t
HT5 &,

f=\/‘/‘:DoeXP<*‘ITET)d‘ ..................... (1)

Ligh. 2T, Dotk Cr [RFOIREER, £ 13 Cr i
F-OUEE O FEH L = 32 v ¥ —, RITQETER, TIibw
IRE, i X&IEETh Ty °C 250 TH S, L
ST, T=Te—at LY, ThE(1)IKRATDEE
PEIHE™IC X Y
L=V (D, E/a-R)[exp (—=)I[(1/x)?

T /%) 1 31 x) 4o (2)
Lk, 22T x=E/R-Tp TH%. ¥7, x=220 T
BHHMS (I/xE>21(1/x3 Ll h IFHEL T2 HEL,
a B TELEOEESD 10°C/sec, % 900°C * LT
WOLFE ¢ PAXTON OF — & — %L AT 5 &, L=2 000 A
LB, LIcH DT ORI, 224i&hc 900°C 5 5
R EBILOTUDBIEED ENETH E, TORRE
B Hod 7z sbic 9 2 000A gh 72 o> & Cr JRT-»3 T
EHTLERRLTWSD. bbb, EH@EhC ZORE
DIRD CrRZBICEAEBRATRETDH D, T DfHEIE Photo.
6 ¥ BT MBI OB & ST L —H LTV 2.
ZLT ZOBEONRABARIHEZHRSIE L0
WL BESIC X0 KR SEHT I X D S HICHIACH L
LTHENZE (L HEbh Cr RZ B 0@/ 50T, i
SRERIT 600°C TR 6h L EL LB H, Z Do Cr
DFEIHPREIIERE & FHET 5 & 3500A thh, zhix
Photo. 6 DR HF HIE £ ik iED 1/2 (R 25 6 000A
~lg) i<, EEMIC—T 5.

12 HREBRBIMEIREHEZLYOWE

BAuMELY |3 600°C T OBE St iAo B kb7 578 R FER
T MGy & MC AFHE L, MG BHEERET, BRE
BN D EFHOBEMIC X b MpCs & MG H2
BRILTEDZLRBRELTVS. FOBIMOFIEEYNT
PIRERE%E CrpCs DT L2 THEM LTV 5.

FFROBIIPIEDER»D, 774 bRAT
v LSO R OWT T 4 ERREOIRE T, F 722 b
W2 ERBEDIBETHIIE T B Z ESFEESNA. £2I0
5h, MABREIMLBEHRDDOERILMOEL: A
F—ULEEPOE In AT~ THD, WEDE lc
A7 =2 (Cr,Fe),Cy O kG T 5 2 & 055E»D
Bz, Lo LIBEEOE In 27 — oD ik CrN &
3 CrN & R 2 EITHERE R L, £/ 600°C TD
Begtic £ 5 BRIBAEIC X 5 & ZDIRE T CrN @
Rz >Twiw &g, Loa2T, 2D
B Iy A7 — 0O EMRBALE/STHTH 555, CrN
O EATEREDO L DD X S TH 5.

A3k, Fe-Cr-C FEHIREER® T CryCe 3 17%Cr
27 VAMOREMTH Y, (Cr, Fe),Cy 1T AEHRD
BV E OO HETEE VW 2 B LD
T, 7254 hFAT L VAHIC CryuCe HTHT 585
4, YUy sEM O (Cr, Fe),Cy 2T L, £ Dk Cry
Ce CERET B EFEZOLND. ZOEREITHDTHERD
Sifivchi s ~NE Cr i)HHo~ b)) » 2 A0 LEERIL
RS M VWA, 7294 FRAFT U LVAEBD
Cr OIRECKRER F— A5 F14 PRAF UV LVRFAD Th
k&L, ERHEESEVOTIOIRRT X 2T
HF5 CrREZEBIIT A ERERCEBED» 5O Cr DiRH
WEXDHETDEEXLN, TORE CruCs OITHER
BETIE SRR REERZWEBRLbRL VWL D LIRS
s, La»L, 80°C plEomRicmEidss, Zo
CryCs & EH L THEIAT 2 CHRS/UIEINT 50T,
ThEasT e, TOERENRECTHER®RT (Cr,
Fe),Cs st L, F D Cr REBE4ET H. Fi
BEPOLTELIRTERLPICHANUTHEHPZIZEAED
C b N&[EE X &84, 800°C LA F ki cREstd %
LRl 0ot A (Cr, FelCy & CrpN OFTEXFEHT )
DL Cr RZEBH AT 55, B #AT 5 & Cra
Cs % Cr,N DOHMSERIY, TORFCIE= MY v 7R
20 Cr pEB LT E T Cr REErREDH LN, FRIE
BIRTHEDERT S, Lo 2T, 800°C LITofEsiT
i, FDIRENEVIZE (Cr,Fe),C; & CrpN RIEXREDT
Wi L2 va, Cr ol RV O THRBER
T MA B %k T 5. 550°~600°C Tid & DR THE
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630 & & £

%63 & (1977) %52

AEARETEESFE UL Sk L,
5. & i5

7234 PRAT U LVASIOMBISAREEO®RE &
RIC EELITH & OBERE TS 20, BEC, N
@ SUS 430 £ EREHEHFEY v, TRE-TIES
2HBIT X HDRRIBARER, BAURHRIE S X UEB
BFHEHEHEEZTh 2. FELREREZ I EDE LK
DEENVTHD.

(1) & C, N o SUS 430 #9% 1200°C -ChnEhis
WHIT 518, EHEEORIEE CHEEERERg ALK
D, ZoIREOFEBORFTIIHEE KD (Cr, Fe),C; o
HSED bhi. ZoRfE: 600°C TEM+ 5 &, f
B 1500~2000A gh/-Fiic§9 50A ofimic 2t
WAL, MRL ZOWHEE O (8T E
FEER) SvbWwBsESsghicETS Cr REBTHD T
Lot O DI 600°C CEESTT B &, AT
SHI ORI iR b L BB+ 577 Cr
REFOIBIX VAL 70, 20N 600°C HasfiThr
RIGERFMHLTHERT 5O ET SRR 6 h &
R4k D, ZoRic Cryk 8T 5EHE2HET B LY
3500A L7y, Zhigfhk L7 Cr RZEFBOIE L Kih—
5.

(2) EIEC, No SUS 430 g% 1200°C #» &7k
PBEEREES L (B RIRE DT L2 ELIRMA L & s X
5 &, 550°~600°C TR F — o RIGART
MO KICHRT 5 2 L8R T E 7. CLNDR M
HEHEEERRINC X 58T, 2o F—
¥ (Cr, Fe)C; & Cr.N §iEREH EoirHick 53 o
THDHT EHHBA LA

(3) #IK C, N o SUS 430 fH% 1200°C » 57k
WL 600°C ChEsh3 5 &, RRWARZMIE 3min ¢
kK&, 180min TiHEHETS. Z0BERORELE
FHREBET S L, 3min ©f 50A o Cr,N AygR
WS ICFBELTH Y, BEBELKBIE2o2NRT

L3 B AE .

TNHHEHT S, 180 min OFHIIZ X 5 Cr ©FiHHK
BUEEEEIIEY 2400A XEIIX N, ThLBMYERcRL
hs Cr RZFE (FRWHE) OEe—8T5.
PLEDERDPS, 7254 VRAF 2 LAFIORRIE
i, FrfR~o (Cr, Fe),Cy & CroN BiEXIEIT IO
HoidERERLFEEO Cr XZBIoXoTETE
EDTERP D B,
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