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The Corrosion Behaviors of 19Cr-2Mo Ferritic Stainless Steel

Masao ONOYAMA, Masanobu Tsuji, and Susumu TaAxeEMURA

Synopsis:

A study has been made of ferritic stainless steels, which are not susceptible to stress corrosion crack-

ing and comparable in corrosion resistance to type 304 steel in relatively mild environments.

Cold

rolled sheets of various compositions are prepared in the laboratory from ingots made by vacuum in-

duction melting and their resistance to pitting,

general corrosion,

and stress corrosion cracking are

examined. Good corrosion resistance is obtained by 199,Cr, 29,Mo, and Ti and/or Nb equivalent to
more than 16 times of the C+N content and maintaining the interstital elements, i.e., G and N as

low as possible.

While Ti improves the ductility of the weld, the element causes the surface defects such as Ti-streak
on cold rolled strip, when a sufficient amount of Ti for stabilization 1s added. Therefore, combined

additions of Ti and Nb are preferable.

1. &

7 =74 FRAT L LAEEGNEBRENCE WRT
HEHLTWadh, 75 M E LToFEB{LSHE
ATWEV. ZOPRE, Rmo X S, [GHEREER
CASL DI ¥ & P EETR D MM, T RS DT
520 THD. INLOMESAD YL, MFlAMR I T
MAemEEtca LTk Cr, Mo (B4 EDL L
MDD F B O B E 2t ET D O if
THRIMTTHRE LG, NEFREEZERLBZIXDZLEDH
ZhiE A B < 2 BHIEHSI T 7299,

WA, A7 v AREETO 2R ERIC XY, T
EWMBE CTOEMELRHENE S IOER SRS X HiT
20, EROREEEDIF LT =54 FRAT L
AT AMIERSE BXCBEHSE L EDT W59,
L L7eds s, B S N7k s+~ < EHpE S
sz vwbon, LEMMEE LTHERLS 5 X
SBAEMTEE IR boRDE WE S ITRFIT LR
5. EHDIX, 17Cr-1Mo & 21X LD TL¥E T b
~EA LTLSR, CoOEOFMENIILE, £HEE, R
FICHBRHNS EOfRED L TR L, BERITE
EMOEFRED TOBREROLEM:, HEELR EHBAM
TREREZMGRTRECEXBMLTEL. COWRET
i, MIEHREESNE LR Loo, MR, fi4m

o

B et X NI EE RIS AS SUS 304 1zt L5 % = &
Z HAZw U7 19Cr-2Mo flDRZERE iz DWW Tk % .

2. R B A &

KENLTC 3 RFEDESR, T/hbb Cr-Mo RS FHD
PRIE, Tiis X OLKELITTRISM &, HENRFET
BIETEHOME LKA TOERS
T2, BRI UAERIIIRKIGENS k0 TH5B25,
TN DWW TR ERE R OHEI 5T 5.

21 $¢8# H 0#M

PRI IR EE EIEFM (45 kg fHBE, 100 7+ ~
v) BV, T b¥pksG % Table 1 ivd. 10
TN — FRERESFORECHCHEHEA T, CxizL
W EFTLARHYTTE L Ti, Nb DRE(LTEZBEE LT
W5, I LTHE2 S v— PRAMWITED, FHH
3, 47 0—F1 C, N, Ti, Nb OBEL»EBT 5D
WHWE. $370—FDH 17Cr-1Mo HTH2T,
fthp ' v — F (19Cr-2Mo ) & N— ARSHEEL DD
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Table 1.

Chemical composition of the steels investigated (wt2).

Group J Fixed elements and composition Altered elements and composition Number of heat
C0.0l P0.02
i N0.0I S0.0I i Cr15.4~19.2 12
Si0. 1 Ti0.15 !
Mn0.5 Nb0.27 | Mo 0.0~ 3.1
| C0.001~0.011  Ni0.01 ~0.50
Cri9.0 | NO0.004~0.015 Cu0.01 ~0.50
i i Si0.01 ~0.60 Al0.003~-0.06 28
] Mo 2.0 { Mn0.01 ~0.56 50.009~0.016
N P0.003~0.03 00.003~0.047
I rle. Ma0.- 250  C0.004~0.053  T0.00 ~1.0
S 05 $0°010 | NO.005~0.026 Nb0.00 ~1.0 38
i
. N4 M- 00 | C0.003~0.011  Ti0.00 ~0.36
Si 0.01 S0.010 NO0.005~0.015 Nb0.00 ~0.33 22
Wiz,
. 3> ool
L\’acuum induction melting I 33~45kg ingot 22 ‘iﬂm}g}a;ar&i&

KRB RS LEEE & LT 900~1 300°C &8 hnEh

—'Ijorging or hot rolling 1

25ps OT }2gn thickness

l

I Hot rolling

] 4pu thickness

l

I Annealing and pickling I

900T 30min A.C.

|

[ Cold rolling

I 07,1 or 2mm thickness

1

] Annealing

900 5min A.C.

]

l Welding I

Corrosion testing

Mechzanical testing

FHRIUAE (W.Q.), 2% (A.C), % (F.C.)
WX DWAEMLEZRET L. BAEELEERBRA &R
Uy 4 XM (2x100x200mm) ¢ #llsE Lz s &
A, 7k# 140°C/s, z2iy 480°C/ min, $5# 1°C/ min
Thotc. BEMLSHBILBBRELSYT, ERISEAES
BIOFELER D SEEIT LT, K&K hhnEh 1 200~1 220°C,
Smin, A.C. * L7.

fthDSRBALALER & LT TIG BiEa{To7-. * 7~
Ay —vDILR T EMEE~DRE kXU RIEEFE
DR RBE-ILREFZ, TIG kXU MIG B#EHic>
WTEEB L. ThbDBIEE % Table 2 iR
ARB LT H A Y ~ v FEMFIIEERO EMED BT
LEEBEFERA L. 74594 %Y 03 #ETUA Y
(19Cr-2Mo-Ti-Nb ####f) LHHEOF —2 7+ 4 b FR
74 ¥r v

Fig. 1. Procedure of specimen preparation and test- 23 R X B
ing of VIM samples. BINERE VDS & 2X25X 25 mm it I L, B
AT * Y —TFEEHE 8500 THAFE Licdh &, BEIEFITR
Table 2. Welding conditions for corrosion and mechanical test specimen of 19Cr-2Mo steel.,
Thickness Shielding gas
Method of sheet Filler wire C?Kgm (cril;fxfidn)
(mm) Upper side l Back side
|
2.0 No filler ! 80 20 o .
TIG 20 19Cr-2Mo, 1.6mmg \ 120 30 Arl51/min g Arl01l/min
Ar+0,(0.5% . B
MIG 1.5 19Cr-2Mo, 1.0mm¢g ! 100 50 20 f}min 6) Arl0 l/min
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EEEE LTHEAERRA & L. —ERIBEXr —vofd
WEFEBERARBR L. | £ETOL DR LEIFERE
LT2 &L/

R ERERE JIS-G 0575 OFiEs HiAstAER (St-
rauss test) & JIS-GO0573 @ 65% TEEEE(ER (Huey test)
2oz, TFLEMX 5%FeCl;+ N/, HCl ##, 20~50
°C, 48h OEHTOBERE &, 3%NaCl+5%H,S0,
ZRELD LTS5 Cl- BT OILEENI XOTFHMEL
. TEMBEAERR L LTRFAELEL2EEIE T8
% TIG HEEEL 50mm XK % NaCl, NaCl+
CuCL IBHRICRE L, BERERS X UERIEZZBIE L
7-. THEEMED Iz 0.1~1.0%, 40°C ~ g H,
SO ¥ XU HCl B oBREEZk®, 0.1g/m2-h
BITF s 5ERiIRE LIREOHEBE HEERR L LTEDLL
oo IHBREENEREFEITREBR 2 EOBESEKES LT

EEE 2 HoS kot rhnic UsinFsRB 2 3E L,
—EREBEOHhOFRHE L IFESZHEMBTHE 52 L1
XOTHE L. TOBREOHEERF X 1.5X 15X 100mm
EL, ¥F 10mm vUIFERF 70 Y v oy —Clf
BLOOFZ2UFNMF y PCHERLE. TRHDOBEE
RExLZGE F LT Table 3 wmd.

3. R B B R

3-1 FRFFRDORE

X Udic it FLEMEAS SUS304 iz I3 3 iz LBV Cr,
Mo B2 kDL EBRABFT /. FeCL+HCl Bahomm
fEE L Cr, Mo 20BR% Fig. 2 1T, E7-fRFEHIK
HFRTORKBE L BERECMHGZY Fig. 3 R
30°C D EDOBRIEE L Cr, Mo EDORARE BEMEIG

GHLcEZ A, BRIBECHEETHY, EIRRBX

Table 3. Corrosion test conditions.

Test Solution Temp. Time Evaluation
Pitting and 594 FeCly;+N /20 HCIL 20~-50°C 48 h Corrosion rate
crevice NaCl or NaCl+ CuCl, (aeration) 80°C 14~60 d Corrosion rate
corrosion 59,H,S0,+39,NaCl 35°C — Pitting potential
scce Pressurized water 300°C ~300h Time to failure

HC1+H,S 80°C 15 d Cracking
Int nular Strauss test Boilin 16 h Crackin,

ergra H,SO,+ CuSO, soln. g g
corrosion gi{ﬁ%ate“ Boiling 5%x48h Corrosion rate
General H,S0, ~Dboiling 1~6h Corrosion rate
corrosion HCl ~boiling 1~6h Corrosion rate

19.718.6
10 8
(n=3) ' T
E o - sl 016.4Cr -1.2Mo zl,’
e 8 - e 17.9Cr 21 Mo S

c T = 218.9Cr -22Mo !

< [~ < E 14 _ 77

o \ Nr come(au%r E 0 18.9Cr -3.1 Mo // / /’/“

~ !

o 6&p N 164 —1 Z 2 4

PN Y , /17

E l O i

g o —pN o o V]

(723 £ / b

o ‘[ 8

IREIERY \ 3 VAW I

G =
ST i p 79— S 6 4 #1t
SUS 0070k s /¥ L /

3167777/ . S a ¥ A faoal

4 A
0 3 4 "///‘ ///;‘ /

0 I 2 2 &7} (n=3)
| s .
Mo content (%) o)

Fig. 2. Effect of Cr, Mo content on pitting corros-
ion resistance,
(Test condition ; 594FeCly 4N/, ]HCI, 30°C,
48h)

20 30 40 50
Test temperature (3%)
Fig. 3. Resistance of various Cr-Mo ferritic stain-
less steels to pitting corrosion.
(Test condition ; 59, FeCl;+¥/,,HCI], 48h)
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Corr. rate g°c(g/m2.-h)=35.2—1.5[Cr] —.6[Mo],

(r* 0.83)
Sum of Degree of Variance F value
squares freedom T
Cr 104.35 2 52.3 41 9%*
Mo 119.7 3 39.9 31.9%*
Error 37.5 30 1.2
Total 261.7 35 B
5
10

Oa

Ou

On

Current density (uA /et )

o-

0 i

05402 6 02 04 06 08 10

Potential (Volt vs. SC.E)

Fig. 4. Anodic polarization curve of various Cr-Mo
ferritic and austenitic stainless steels.

(Test condition ; 5%H,SO,+3%,NaCl solu-

tion, 35°C, not deaerated, 30.3 mV /min,

UHSHRIARDL Stk sd. hoRXRBEOHEDHIE
ERBOSENRE L. ThLOEEMS, Cr, Mo
T E LI EHEILEMAR T, SUS3HM LI FomILEd: T

Aizix 19Cr-2Mo ¥ 7213 18Cr-3Mo R Th L L v .
WL ZDE&BEIP M MORBECIB T LEYPEIEH

T BH7®, 3%NaCl+5%H,SO, i5ikh g5 Rk
% 18Cr-3Mo, 19Cr-2Mo, 19Cr-3Mo FRIZ DN TKD
F=. Fig. 4 WRT X S5, 10%pA/ecm? OLEIREEZH
NHBOEIRILATR ETHIE, 383 L{ SUS304 X

4

10

T

(9/rf-hr)

C?,M.

| 178Cr-30Mo
2 189Cr-22Mo
3 189Cr-3.1 Mo
{4 sus430
5 SUS434
6 SUS 304
|7 sus 316

o) 05 10 50
H2S0s concentration (%)

Fig. 5. Corrosion resistance of various Cr-Mo ferri-
tic and austenitic stainless steels to sulphuric

Corrosion’ rate
o, 3

ol
" Y
T

n=1.) acid (boiling, 1~6h, n=3).
Table 4. Effects of impurities on corrosion resistances and mechanical properties.
([ 1 : wt9% of the element.)
Regression equation
Characteristic

for all impurities

(r?) for C, N only (r2)

Tensile strength

©47.4419[C]+ 142[N]1+6.6%*[Si] —1,.2[Mn] +48*[P)]

: 47.0—-21[C]
(kg/mm?)  51[S]+1.6[Ni]—I.7[Cu] —3[Al] —4[O] ©-97) 1 900(N] (0.33)
Elongation 36.34+55[C]1—567[N]+1.3[Si]+1.9[Mn] —42[P] 0.96 + 27.0—695%[C] (0.54)
(%) —357%[S] — 10.0%*[Ni] — 13.6**[Cu] +83**[AL] +1[0] (09 | "y gga*[N] :
Erichsen value 8.2— 149[C}+221 [N]—0.1[Si] —1.3[Mn] —21[P] 078 7-8=136%ICI ()
(mm) —35[S]+0.2[Ni] —0.2[Cu] +5[Al] —7[O] 0.78) = igge*[N] :

Transition temp.

—86.3+729[C] +27 530[N] — 129[Si] — 74[Mn] + 512[P]

—11.6416484%*

(°C) —3367[S] —66[Ni] —85[Cu] — 1 803[Al] —54[O] (0.88)  cyyassarng (078
Pitting corrosion 1.974 1 506%*[C] +427[N] —4(Si] —7[Mn] — 14[P] 0.96) " 1:2311649% 4 gy
rate (g/m?-h) —192[S] — 2[Ni] —2[Cu] +8[Al] —50[O] ©. rcij+sosiNy O

) ' : —74.5—10613%
HCI corrosion rate  85.2+648[C] +3 894[N] —50[Si] 4+ 168[Mn] —358[P] ;
(g/m?-h) —7836[S]— 21 [Ni] —41[Cu] + 250[Al] —578[O] (0.80) E%*Ql 524** (0.63)
H,SO, corrosion | 0.27—7[C]+ 129[N] — [Si] —*[Mn] — 24**[P] — 18[S] ©.01)  0-20+42[C1 (g 40
rate (g/m2-h) "~ [Ni] - [Cu] +3[Al] —2[O] SRREERCIO '

** Highly significant on analysis of variance for the regression.
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@ S
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) E
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aeso
E <atg/athr A
(= A2

40 SUS430 SUS304

SUS430

01 02 03 04 05 10
H,S0, concentration(%) HCI concentration (%)
Fig. 6. Corrosion resistance of stainless steels to

H,S0, and HCI. Areas indicated correspond

0l 02030405 10

to corrosion rate less than 0.1 g /m?-h,

D FLE S X s

X 5z H,80,, HCl FmhoiEazlilize

%, BBREBCHLTRA—2FF4 MEX DE DD,

RETELNEEEERS X OERMEE L ETREFR
& L oG ko BRERRE Table 4 wrwd. B
EREEDOKEWC, NORIZDOWTLRLE. TDS
LILARBR T ORI I NE, BRI 2EBTLhT
h 96% B X0 94% ThH 2 RERERED > L CIT
B s@ossEmECEE (BRE1%) ThHok.
Fiebb ClHILEE~DOEFENHRL, TELPED

Table 5 Effects of alloying elements and sensitizing

temperature on intergranular corrosion resis—
tance of 17Cr and 17Cr-1Mo steels (Strauss

BT IE A EE LAV 0.l mm/y BT & 7c 5 {KIRE R
SEEETIE 3 HREE & b BT AME AT S & (Fig. 5),
%+ EEPR SR 1T SUS304 ¢, L < 1x SUS316 Ll ki

52 (Fig.6) Z a7z

U EDRR» S

HHDT,
BAfTH>Z LT L

, 19Cr-2Mo % 7-1% 18Cr-3Mo %T
Sk SUS304 Ll EoofFLatk, Mt Eoh D LH)
B U7, B9 Mo B2 K< 3 X 2B E 5 2HFIT
BL#iE 19Cr-2Mo % k4 & LTEEDM

7.

3.2 FAHPTEOEE

FAFEBECE VN TEETHTHS I TN TEREY
L, ZNDHOILEMSMAEM S X OB RAEEICS X

MR L. M Table
FOEEER ST LM TH B, Si, Mn % G,

N,

Pre M ULTMUT VI,
FeCly+HCI #ikic X 5 L5, HCI

L o2 s —

Ejt%ﬁr H 2504

test) .

s et Corrosion Cracking
I.DCCI ocual.u./_i.us rate aftcr U
(%) condition (g/m?-h) bend**
0.009 900°C 5min A.C.| 0.43 | 4.25 X X
: 1 000 4 0.50 | 0.50 X X
(C+N)| 1100 " 0.47 |0.78| X X
1 200 " @*| (&) | x x
16.4Cr 1 300 Z @) | @ | x x
900 7 0.09 | 0.29 X X
?QTN) 1000 z 3.20 [ 3.48 | x %
f6 o[ 1100 ” 5.73 | 5.67 | x X
1 f)M 1200 4 4.84 | 4.62 X X
-UM0 11300 ” 2991295 x x
0.023 900 ” 0.08 | 0.08 O O
(C-+N)' 1000 v 003003, O O
0.26Nb 1100 4 10.10 | 0.09 O O
16.3Cr- | 1 200 4 0.58 | 0.47 X X
1.2Mo |1 300 ” 0.36 | 0.14 X X
%QTN) 900 2 0.04 006 O O
0.247Ti 1 000 4 0.05 | 0.05 O O
0'42Nb 1100 4 0.10 | 0.09 O O
]é 7Cr— 1 200 4 0.06 | 0.06 O O
] éMo 1 300 4 0.2210.19 O O

* Fstimated value (Specimen los tits weight by metal dusting).

*#*  xCracking O No cracking

Table 6. Effects of alloying elements and cooling rate after 1200°C, 5min on intergranular corrosion
resistance (Strauss test) and precipitate on grain boundary of 17 Cr and 17 Cr-1 Mo steels.

Steel Cooling condition Corr. rate Cracking after | Precipitate on Morphorogy of
(%) after 1200°C 5min (g /m2-h) U bend** grain boundary precipitate
WwW.Q. 0.09 0.06 O O none —
{
?§$3F+“) A.C. @ | @ X X CrasC fine, continuous
: F.C. 2.29 2.65 P X ry3Cs coarse, continuous
0.080(C + N) w.Q. 1.69 | 2.06 X % — —
16.5 Cr A.C. 4.84 | 4.62 ® X Cry3Ce coarse, continuous
1.0 Mo F.C. ¢ 1.18 | 1.54 X X — —
0.023(C +N) | w.Q. 0.14 | 0.10 X % CrasCe fine, continuous
0.26Nb ‘! A.C. 0.58 | 0.47 X X Cry3Cq, NBC fine, discontinuous
16.3Cr—1.2Mo F.C. 0.12 | 0.14 @) O NbC coarse, discontinuous
0.024(C + N) w.Q. 0.07 k 0.05 o O NbC fine, discontinuous
0.24T1—-0.42Nb A.C. 0.06 | 0.06 O O NbC fine, discontinuous
16.7Cr—1.2Mo F.C. 0.08 E 0.08 O O NbC, CryCs | coarse, discontinuous

* Estimated value (Specimen lost its weight by metal dusting)

*%  x Cracking

QO No cracking
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Table 7. Effect of cooling conditions on intergranular corrosion resistance of 17Cr and 17Cr-1Mo

steels (Strauss test).

Steel . ‘- ‘ Corr. rate i Cracking after
(%) |J Cooling condition ‘ (g /mz-h) k U bend®*
1200°C 5min W.Q.—>R.T. 0.09 0.06 O O
1200°C 5Smin A.C.—1100°CW.Q. 0.05 0.04 O O
” —1000°C # 0.05 0.05 |
0.009(C +N) ” . 900°C : # 0.11 0.09 | S 8
16.4 Cr ” — 800°C - # 0.16 | 0.09 | X X
. 4 — 700°C " # @®* @ r % X
# — 600°C | # @ | @ J X X
” SR.T. C) O X x
1200°C 5min W.Q.>R.T. 0.14 0.10 ! X X
1200°C 5min A.C.—1100°CW.Q. 0.39 0.15 X X
0.023(C + N) v —1000°C 7 0.16 0.17 | X X
0.26 Nb ” — 900°C 7 0.20 0.68 X X
: ” — B00°C 7 0.51 0.72 X X
16.3 Cr-1.2 Mo ” - 700°C 0.21 0.25 | X X
” — 600°C 7 0.65 1.16 X X
7 —R.T,. 0.58 0.47 X X

* Estimated value. (Specimen lost its weight by metal dusting)
¥* x Cracking O No cracking

Table 8. Effect of stabilizing elements on intergranular corrosion

ferritic stainless steels.*

resistance of sensitized

Alloy composition (%) Strauss test SCC test in high | Corr. rate of
Steel temperature and | Huey test
Cr Mo C N Ti Nb | g/m2-h| cracking | pressurized water (g/m2.h)
16.49 0.060 | 0.023 | — — 3.62 X X X X —
SUS 430 16.39 | — 10.019|0.017 | 0.29 | — >4 X X X X —
16.43 0.019 [ 0.019 1 0.39 | 0.40 | 0.57 O O O O —
16.30 | 1.03 [ 0.054 | 0.026 | — — 2.68 X X X X 8.29
16.41 | 1.01 { 0.020 | 0.007 | 0.38 | — 0.34 X X X X —
16.2911.24 1 0.012 1 0.011 | — 10.26| 0.53 X X X X 2.62
SUS 434 16.4111.02 | 0.017 | 0.009 | — | 0.33| 0.17 X X O O —
16.19 1 1.22 1 0.011 { 0.012| — ] 0.48| 0.05 O O O O 1.13
16.59 [ 1.21 | 0.011 | 0.012 | 0.13 | 0.24 | 0.07 O O O O 1.83
16.74 ( 1.22 1 0.012 | 0.012 | 0.24 | 0.42 | 0.06 O O O O 2.25

* Sensitizing treatment : 1 200°C, 5min, A.C.

ELBZX5XETHS. NBLUrohoTHEOEM
TEERBR Ue N Tl R 8 7ov.

fit HCL fEicid C, N O &4 : oSBAEIRIIC VT,
NOELE 2R THREB IO, NEXEL T5E55
HELVy. CEBELLSE HCl BREERZ/NXT
5L VHBEBELNIN, TOEKT N &0y
1/2ChY, sERIBNEVT L5, i HCliED 7o
DILCEZEH S ROLERLWEE LS. [ H,SO,
x5 C, NORZERHLH»TEV. Mn 3L UPik
H;SO, BERE* &L +28E% 5%, udrTh Po
HEBPHELIrTHS. BHRIEEDO > LEEBOIERX
ik C, NDSAOTEIFELTWEHR, L, =12
EUERITY v W -FBRHRRIC X SBEEBEER
G, NoOESRKAZ .

3-3 REATZEOEE

3:3.1 RETEOLEM:
NMABRERZUOE N EMNT 254 FRAFV LX
HOFEDO—>ThH5. oL LTC+NEDER
{b E RELTTROTMSHE 2 5N D BL DT RAESR)
By EHBILBERERZ FOX S HE X LENESITON
THRREBRZ{T /. AT Table 1 ©oF3 70—
TRV BiE-RERRR & HbE T HEREDD
Bz, RAELTo7. 5% Table 5~7 5 X (X Photo.
I~6 ZRT. Zno» 6 BohiERTkoLsy T
H5.
(1)C+NE% 0.009% % CEL LTHLRRBARS
PEVITEME L2z v
(2)RETREZHFMT NI RIBELZIEL S 5.
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Photo. 1. Photomicrograph of intergranular corros-

ion of sensitized SUS434 steel after Strauss

test.

[ S
lOO,u

Photo. 3. Photomicrograph of IGSCC of sensitized

SUS434 steel after testing in high tem-
perature, pressurized water

(pH 4 by H,SO,, 300°C, 87 kg/cm?,
100h).

Photo. 2. Intergranular stress corrosion cracking in HAZ of SUS434 steel weld
in high temperature, pressurized water.
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Photo. 4. Precipitates on grain boundaries and its electron diffraction pattern of 16.4Cr-
0.009(C+N) steel, water—quenched, air cooled, or furnace cooled.

L2 LX Difmm s vwige, Sk X >Tix
BFWERBRDLNS. EKZFHEBEbh R WIRREmEI D
WTHRERT 5.

(3)gi5{kbix 900°C LI LOhpEhEE & Z %0
KT ERENE. LRENCRZHES L OLLEL LD
DVIMENAE S 1 200°C DL b, WHEEHS 102°C / min
F =T —DELHOEETHD. 7275 LIEE C+N#f (C

+N=0.009%) 1344 (102°C /s * — % —) OHBLIT,
¥7- 0.269% @ Nb iFm#4 (Nb/(C+N)=11.3) {Z{FH
(1°C/min & — % —) OHEFCHREE ¥ R Sy
27z (Table 6).

(4)1200°C 5 min HpEAZ= S OFEO EE{kIT 900°C L),
TORERZEATS & ETHREL, 600°CiEn ey h
K ERD. 600°CUTOREH TR EHEES
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Photo. 5. Precipitates on grain boundaries and its electron diffraction pattern of 16.3Cr-1.2Mo-
0.26Nb-0.023(C+N) steel, water-quenched, air cooled, or furnace cooled.

CEREWTRBEERHB VWY (Table 7).

(5) Wil ThEtREE: I BT 5 IBIEBEEHEI 7 = 7
1A MIRBLEN 7254 b A—2FF4 PRREDITL
RUWFIESBIRIEREENS. BERC N EF -2 57
FA MBBEHAEVHEITIET = 54 MEROZ DGR
EnSb. EFOYETS 0 PR IUERSEA - b7 L—

7 OEIEE RGN BV TR U7z SUSE34 B REAY

faliggd

# R RS TS AL & AR - BEAREHAER oG X
IEEL LT 5 (Photo. 1, 2, 3).

(6)ihh v 7 U H T 72 il o BAREITIC LN
i, BRICC + NHHI G O R BT A I v ds, 22
HetEdcix Cr BRI L T30, BRIREEE
WELTWw5. Nb oisimc & 9 Nb g kst 35
X 5 B, ImhnEAs i & 140°C/5~480°C/ min
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DHHEE T Cr LM DITH LRRB R 2 2 2
RE(LITCRENE <785 & Nb RILpOHT HAEE LR
REEIN <k, kECr ﬁ{t%g&ﬁ\iﬁlﬁcgﬁ%ac’
Nb BALME BT 3 @22 D SR 5.
3-3-2 mng
ZELTTER E LTTiks IO Nb 22U, 4+ LERM
Baokd7c. Table 8, 9 X ° Fig. 7, 8 iR %R

S |
Photo. 6. Precipitates on grain boundaries and its electron diffraction pattern of 16.7Cr-1.2Mo-
0.24Ti-0.42Nb-0.024(C+N) steel, water-quenched, air cooled, or furnace cooled.

T,

(I)Ti, Nb % %< 75 LHABERSICHAEH
BEINEZESEL A 5. BT, EE - iasthst
B pH 4 OFIREEK (300°C, 87 kg/cm?) HER Y b
BETHSE. 65 % WMHERBRTIKELTRRNCER
EEDBADH SR ZBH, R WAREER - OIS
B X 5Tk,
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(HRABRERTHLY 5 T0 LTS Ti, Nbi
C+NE Lot TcE s (Fig. 7, 8). FWEHN
WO R ER I X R RERRERZ MR LTRR{E?
DEBBRKEVWEHALNED, C, N &3 Ti, Nbic X
VESEEINLDT, CELORIVIRCHNEE
DL TEETRELFE X/, Fig. 8k Ti+Nb L&
i3,

C+N>0.017% T3 (Ti+Nb)>16x (C+N)
C+N<0.017% Tix (Ti+Nb)>8 x (C+N)

Cracking
l — Ala Aavankina
| U i svnoiy
x = Ti
4 a2 Nb 17Cr-1Mo stesl
e © Ti+Nb
s a Ti+Nb [19Cr-2Mo steel
- 12
Z ot 5
8 8 °\ ° o ° © > ©;
N6y N I
~ a ® \\ °
o - Sy
< b .o \\‘~~
2 S~
0

0 2 4 68 1012 1416 18
Ti /(C+N)

Fig. 7. Relationship between the ratio of stabilizing
element to C+N content and intergranular
corrosion resistance of 17Cr-1Mo steel in
Strauss test.

(Sensitizing condition ; 1 200~1 220°C,
5min, A.C.)

Table 9. Resietance to SCC in acidified (pH 3.0
by HCl) and H,S-saturated water (80°C,

15d).
Steel Annealed 1 Sensitized*®
SUS 304 X X (180)**5 x % (100)
SUS 434 JAVANREELY) x X (380)
17Cr-1Mo-Ti-Nb AN ( 49) AN (75
19Cr-2Mo-Ti-Nb 00 ( 0) AN ( 40)

* Sensitizing condition ; 650°C, 2h, A.C. for SUS304,
1 200°C, 5min, A.C. for the ferritic steels

*# () ; No cracking, X Cracking, A ; Pitting
( ); Maximum depth of cracking or pitting, gm.

TH5.

(3)EBUE L 7 =54 b T AF VAR I AER:
H,S sk THRMAIGCTEERNZ K Z LLod w3 Table
I FT X S CRENTERMTINEFHIET D T &5
T&5.

3-3-3 WilftE, BEAOHE~DOREHE

F&54FES5ELTD Cr, Mo Bk X UORMBTEE L
T Si, Mn, P, S &§F&%—FlkklL, G, N, Ti, Nb
BEranFhn Table | oF4 V- FioRT L dCE
By, PESIRAEOMIFLAY:, BetE s~ 5% LR
EURR A KD 7o, F 7o B EIRO BRI E > T ELIT
FORLLNEMUAMCHRBR L /. Boh/icEBRY
Table 10, 11 (=R .

(DWFLEMHT R LTI N OEEHEL LD LN,

Cracking
] [TNO cracking
& Nb }WCr-lMo steél
°o Ti+Nb
° Ti+Nb I9Cr-2Mo steel

P 9 PX

Qo7

7

O08T (- .NBVACHN)

=6
N

005

(%)

004

T

C+N content
)
@]
[4Y]

T~(Ti+Nb)/(C+N)=8

1 1

0 05 10 5 20

Ti+Nb content (%)

Fig. 8. Effects of C+N and Ti+Nb cohtents on in-
tergranular corrosion susceptibilities of 17
Cr-1Mo and 19Cr-2Mo steels in Strauss test.
(Sensitizing condition ; 1200°C~1220°C,
5min, A.C.)

Table 10. Effects of interstitial and stabilizing elements on corrosion resistance and mechanical properties.

Characteristics

Pitting corr. rate (g/m?-h)
Tensile strength (kg/mm?)
Elongation (%)

Erichsen value (mm)

Regression equation r?
—2.1—159[C] 4-572*%*[N] + [Ti] —7[Nb] ' 0.75
46.7+62[C] —2[N] —2[Ti] + 17**[Nb] 0.93
29.84214[C] —56[N] —3[Ti] —8**[Nb] 0.67
9.9—I[49¥[C] +61[N]44*[T1] — [Nb] 0.64

**  Highly significant on analysis of variance for the regression
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Table 1. Effecis of stabilizing elements on the mechanical properties of the weld of 19Cr-2Mo-Nb
and -Ti-Nb steels.

Composmon of steel (2%) ! ' Tensile properties \ Bend:_gst !Erichsen
- . :‘ | Heat treatment® [ ~ j value
~ N - Tensﬂc strength Elongat:on _ _ !
! ) . Anncaled 51.0 33.8 O o 11.6
0.010 0.014 — ! 0.33 Sensitized 50.0 21.0 X X 5.3
' - AsTIG weldad ! 52.0 27.0 . O O 6.9
i | Annealed 47.9 . 348 o o | 12,0
0.004 | 0.011 | 0.12 | 0.20 | Sensitized 47.5 L 33.0 O O | 1.0
| As TIG welded | 49.8 . 31.3 O O ; 1.2
i f Annealed 51.2 | 305 O o 12.2
0.011 | 0.013| 0.17 | 0.3] Sensitized | 46.4 I 995 o) o 11.3
; ] { As TIG welded | 51.6 | 29.5 O O 11.5
* Scnsiitrizing- 1200°C, 5min, A.C., TIG welding: 70A, l()cpm,“:’_\r 10 I/min
C, Ti, Nb iz oW TIIR 62 PBIE & 6 e V. (4) Ti A8 3 & R KRIE 2 b)Y — 2 ko
Table 4 OEFIZHE~NB L C, NoORRIFHREDOIEf I HERB b T <5, Fig.9 13 19Cr-2Mo-Ti-Nb £
JIOFEMENR—FH LTy, ZoREAE UTREME OBBEESEE B 58 Ti 4 & EWigoEHRsy 5
ANE T L, MEIEEEEE L2 &, Ti, Nb o . ZOEHEMS Ti Bhnaiih 5 K< Mx R E
ORI EXRFE XSRS, WAL FFE ‘g t a0
5/ Tiv. 2l 2306, NREERGAESHILEME 3
R BEHEIBND. g o2 .
(2)Nb 3£ DIREE A D IEM #1875 5 DT, WE L 20 . .
(]
DlEwimme a4 << +50RFELL k. Tilizh 538 0 .
o
BICIE & A EHE LIOE B bR, —F, =Y 2 g '
A LT CoMZH & Ti Ot shilssi & £ %85 "o%0 25 030 o35 040 045

5% (Table 10) .

(3) ¥ K‘rﬂx@ﬁ'_f:ifi‘bi Nb % B U235 i ik . o .
K0T T Db 012 T % (O nP Been suface e apd
e E D (Table 1. Ti-Nb steel.

Ti content (%)

Table 2. The optimum chemical composition of 19Cr-2Mo ferritic stainless steel. (%)

!
1

¢ 'si wMan! P s | cr | Mo | Ni | cu ' Ti | Nb N
- ] , : 1800 [ 1. 75( | ' :
g‘;"’g"s“m“‘50.01540.503; <0.50 g0.04o!g0.030i ~ I<O 20U<0 20 (T{TA\—-Q)§]6 <0.015
Be ‘: | A "1 20.00 | 2.25 ! (C+N)
Example | 0.008| 0.09! 0.17] 0.026| 0.007 | 18.95 2.05 0.12] 0.09] 0.15| 0.27| 0.009

Table 13. Effect of oxide scale developed by welding on pitting corrosion rate.* (g/m2.h)

( o
Steel Treatment 596FeCly + N/, HCI, 20°C, 48h | €171 160ppm +Cu*+500ppm, 80°C,
E 14d, O, sat.

As TIG welded # 1.53 1.93 1.93 0.20 0.16 0.16
19Cr-2Mo-Ti-Nb | Pickled after welding 0.13 0.39 0.23 1 0.02 0.01 0.02
{ Abraded after welding 0.21 0.10 0.65 ; 0.02 0.03 0.03
As TIG welded 851  8.38  B8.43 1.60 0.98 1.86
SUS 304 Pickled after welding 1.34 1.62 1.26 0.49 0.51 0.77
. Abraded after welding 1.29 1.72 1.88 0.88 0.72 0.98

* Welding condition: 1.5 min thickness sheet, 75A, 30cpm, Ar L01/min shielding
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T&H%. Nb RINTCIRz OEOFEER LN
DlofERedwEttEz L LTo Ti, Nb O;ERE W

SERENHHB L, NRIBEO LT E ZE C+N

=0.020%, D4 0.329% LIt Ti and/or Nb 55438

Th B0, BROFEIE Ti OFEWEA b Y — 7 R,
Nb OFEI B OEMED S THE LAV, S HICHE
P e IIBEROEMEZ B S it Ti BRRAKTH
HOX L, EEFETIE NbEnsEgs L. Licho

omm SUS 304

1
I9Cr-2Mo-Ti-Nb

As TIG welded [

Pickled

b

Polished

- _ | ‘ . | .
B .. S B B g j

Photo. 7. Corrosion sites of SUS304 and 19Cr-2Mo-Ti-Nb steel in 524 FeCly+N/,HCl solution(20°C, 48h).
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T, TiksX Nb ZhFhoPReEshctr 4D
zid, Ti & Nb 2B THEMTRETHHEHE X0
MEOHRIZ>WVWTWE, Ti & Nb OFEFEESI XIF
152 chsz s Ti OBFERESESESRIX 0.129
BLETEDS LD & ErD, [Ti)/[Nbl=1/2 Zdr
OIRTLOPRDIFELVWEEZS.
3-4 BEIBOWRM

LLEDFSERMP G Table 12 o3 REED, E4EM
BCTOGBELEHREGEZE TEEORELHKER L.
T ZTRBESROH R 2V TR~ 5.

3-4-1 BERy —~VOHE
BEOBEOBILM A r — VI H Ry — v RESELICE
HETAIUEREL: L vdd, ThE S csinwiigadgwn
DT, BEAYY —VOTHEE~ADEBE S I — X5 F4 b
MEHBERR L. AE R X CTEHBERBRERS
Table 13, 14 3 X % Photo. 7, 8 7”7

(1)SUS304, 19Cr-2Mo-Ti-Nb §8& & iEEE ¥ Tk
M AEESELILT 5. BT X DAy — T
5 &I RMIIEES 5 (Table 13) DT, WA 5 —LH
HILOFERIC 2 TWB EEXBRS.

(2)FeCl,+HCI F# P OB E@EATO—Fl% Photo. 7
WY, FLEVIEETR, BAEEIRA b T A — vk
{EFFIC Fs: Lo v, Cl-+Cu++ #¥E (Table 13) D X
SIBEEENRTE B &, Ay — VRALEH ORI TIL

BERELS. ZOB%: SUSI04 & 19Cr-2Mo-Ti-Nb
B LT 585, FLAEST 19Cr-2Mo-Ti-Nb £3
DFHIE.

(3)C1-500ppm, pH3.0~7.0 DiBKD X Hiz X HiT
BEENRTHL 2 5 &, TEMEBRLBERy —LvE
£ C7-@fTC SUS304 MAEREEZ Liz. 19Cr-2Mo-
Ti-Nb iz iaZOBOBREMNEHELE L 7% 9»o7- (Table
14, Photo. 8).

Table 14. Resistance to crevice corrosion in acidified
NaCl solution (pH 3.0 by H,SQ,,
Cl1-500ppm aerated, 80°C 14 d)

' Crevice corrosion depth (um}|
Steel max__ | _meon min
SUS 304 159 64 20
SUS 304L 88 65 45
19Cr-2Mo
-Tinbl  © o o
TIG welding; 65A, 3scpm, without filler wire
o™ .
es corroded

Er’(’I//'n—so--.,‘

3-4-2 EMFHOmH A
19Cr-2Mo-Ti-Nb £ fthed 27 VRAHE DRILK
FRLIETILDBE, MEEOETREDX SItER
FTREPERIT L. ILERBI VR RBERBOEEY

Table 15. Results of corrosion test of TIG butt-welded joint between the 19Cr-2Mo-Ti-Nb
steel and other stainless steel sheets (2mm thick).

Steel Strauss test Pitting test (1)* pitting test (2 )*2
. Corroded Corrosion Corroded Corrosion Corroded
Plate 1 Plate 2 Cracking positon rate*3 position rate’*s position
% 17.2 | 410 (GC),* 1.78 | HAZ, bond
SUS 410 g?ggg;s 16.6 | Depo of 1.97 | of 410
x 17.4 | 410 (IGC) 2.26 (P)
« 12.0 1.74 | HAZ, bond
SUS 430 (%% 149 | Depo of 1.71 | of 430
x 16.3 (P) 1.84 (P)
19Cr-2Mo | o a4 X HAZ of 304 | 276 | pepg of 0-13 | HAZ of 304
-Ti-Nb % (IGC) {265 304 (P) 0.13 (1GQC)
3.99 0.14
SUS 304L O None 349 | Depo of 0.16 | HAZ of 304L
; o 3.61 | (P) 0.13 (IGC)
I
0.40 0.01
SUS 316 © None 1.66 31.31%1’0 lg’f 0.03 None
o) 1.53 (P) 0.01

*1 59FeCly+N/20HCL, 20°C, 48h
*2  Cl-1300ppm(NaCl)+ Cu**100ppm(CuCl,), aerating, 80°C, 14d
*3 g/m2.h

*4  GC-general corrosion, IGC-intergranular corrosion, P-pitting corrosion

*5 depo—deposited metal
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Table 16. Results of corrosion test of MIG butt-welded joint between the 19Cr-2Mo-Ti.Nb
steel and other stainless steel sheets (1.5 mm thick).

Steel Strauss test Pitting test(1) Pitting test(2)
Shielding
Filler gas . Corroded | Corrosion | Corroded | Corrosion | Corroded
Plate 1 wire Plate 2 Cracking position | rate*! position | rate*! position
Depo*2 of 15.4 410(GC) 1.39
410 X x| 410 13.9 | 410HAZ | 1.64 ‘“?f};‘*z
(IGC) 16.5 (IGC) 1.31
Depo of 8.51 0.94
430 x x| 430 7.01 43‘211?)*2 1.06 43‘2 1‘}‘)3?0
(IGC) 5.83 0.86
19Cr- Bond of 4.57 . 0.12
2Mo- 304 | AFF x x| 304 4.68 30%%")*‘ 0.12 _
Ti-Nb 04(0.5%) (IGC) 3.74 0.12
Bond of 8.29 304 L 0.11
19 304 L X X | 304L 5.52 depo | 0.11 —
- (IGQ) 5.35 (P) 0.12
2Mo-
PN 6.83 0.01
Ti-Nb 316 O O | None 4.28 316(‘15“;1’0 0.00 —
2.69 0.01
Bond of 6.37 0.10
304 X x| 304 2.51 30% SePo | o1l —
(IGC) 2.12 ) 0.11
308L |———
Ar 4+ 3.53 304L 0.10
304 L ' O O None 4.27 depo 0-18 —
0,(2%) 3.71 (P) 0.11
1 I
5.61 0.08
3161 316 O O | None 2.92 3“(‘]9‘;'"" 0.07 —
1.90 0.04
*1 Test condition and marks are same as Table 14. *2  Deposited metal.

Table 17. Effects of post heat treatment on resistance to intergranular corrosion and IGSCC
of welded joint between 17Cr-1Mo-Ti-Nb steel and SUS 405.

Strauss test SCC test in pressurized water*
Post heat
condition Corr. rate . Corroded . Corroded
(g/mz2-h) Cracking position Cracking position
As welded 2.13  1.44 x  x |Depositedmetal) | o ited metal
s welde . . 405 HAZ, eposited meta
750°C 15 min A.C. 1.49 0.98 X X 405 HAZ O O None
750°C 60 min A.C. 0.77 0.81 X X 405 HAZ O O None
750°C 120 min A.C. 0.91 0.83 X X 405 HAZ O O None
* High temperature, presurized water; pH 4 by H;SO,, 300°C, 87kg/cm2, 300h.
Table 15~17 %7 . (3)SUS304, 304L & OfFTILIEEERIC I FRIEE AR

(1)SUS405, 410, 430 X OYKFIIHEH B L SUS  ZHnBbh 5. SUSSIE, 3I16L & ogkFirk R,
405, 410, 430 oI EIICRNABE, ILBEZECL, LELLBHM LS LAV THS.
B 27 (Table 15, 16). 4 = =

(2)750°C THBAEL R 1T ISR R R HNEZ D :
B BN D5, ST A% C X7\ (Table 4-1 19Cr-2Mo-Ti-Nb HOEFF
17). ERE T ORE S LB/ T Y+ D%\ FeCly+HCI
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Photo. 8. Photograph of crevice corrosion of SUS
304 and 19Cr-2Mo-Ti-Nb steel tested in
Cl- containing water (Cl- 600ppm, aerated,
80°C, 60d; the photograph shows the
inside of crevice unfolded after testing)

WERCfTY, FLEFEGACmAEIR I I X b HEZER T
HiLk ¥l ¥ LcEm#l: Cr, Mo 04T,
OBESEZE S 900°C 5min A.C. ITii— LTHERL
Foo TOX S KRROGHET IV ckEE, Thbb 19
Cr-2Mo 5t friEiz v T SUS 304 1283 5 ¢
55 LW SEkimn, EEEEYT 5 L w5 M0 B
AR LTYWLS2EMMAES. L L ZoflantatEs
BOEMRIE L OMEL VO Z E THEHEhTWH T
Lr—kThy, zOEOWR TSR HIiLTWS.
INEHE S T ERRENC ST AHAEEEEHT S
ZEBRBDELIEYPORFTARTHDLEELD. TDF
HEEEREDO ST ML B v T ERGBEERPTH
9, IEWIBEZ OBENEONS EELTWS.
FEBTRIZDNTCE, RAFBTLEDSINI EOffE
DIFLAEEE LRV b0k, T OEEDREE

TEHEWTIEC, NEOEBEMIDELFEERGEER
DU H A, %o Si, Maig KOEBITTREO T
C, NgoORINz 25585 v I ATENETFLORX
WEH T Bohicilar S bBEEA, ket
FEMOGEORMIHREZET IR LELRNT E
Mdipo7c.

SORDFH L 7 =54 MRATF L VAT DIZEALY
W, ZeEfbmE e LC Ti 27203 Nb BEmciimmaIh
Tw»5?)., HRBEE~OERIIR[ LT thoffd,
SLRNZ I3 FE M 3 X CHEIEH OMPE L i, ARSI
L7z & & OFRME, LER EMEE~OREEEE LD~
ETHD. TRTOFMEFEMRFICGGRES TS Z LEBRK
TRAFTREGAVDOT, b2& b EER IS EEsE
TpEk XV, FEORIP GRS X RS D
NIZRBETHDZ EZNERE U, iHEREM: & KEikE
THALT, Ti & Nb ofHTHHITH» D [Til/INb] %
1 1/2 & Uie. WORUERSEN, BT, AR MImE R
CHBEES b2 TR T H LB RERTH
5. fh, ESMMHMOX S iEENL S MABEELE
% BT WIEERRELTGERIFMT % LEHK
(AN
12 HRERONBIEL ZOFEE

7 =74 FREAF L VARORERE, hiEDKIRE
L EBRENRE LD THVEAREINHEFELCEVTD
FRBRENEZMZRT. —flE LTEESORESF
Bi% Table 18 wR+. Hrh [FowRk] ELTWD
Lok, HBILY: 7D FoeR Bk THoT,
Cl- & SO, & lppmIITF, Na* ¢ K+ #» 0.2ppm
BUF, pH6.2, F&#HK2.1x105Q-cm & 4347 X B 7K
Table 18. Results of IGSCC test of SUS434 in various

high temperature, pressurized watter.
(300°C, 87kg/cm?2, 100h, U-bend specimen)

Specific *
Composition | conductivity | Annealed | Sensitized
(20/cm)

“Process water” N ; No .
in a plant 10~30 ! cracking Cracking
Ion exchanged { | No No

; 1.0 . .
water t | cracking | cracking
Acidified water 81 ' No Cracki
(pH4 by H,SO,) . cracking racking
Na* containing Slight
water ; 16 No cracking
(Na+ 0.8ppm by | cracking | (205um
Na,S0y) depth)

* Sensitizing condition ; 1 200°C, 5min, A.C.
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WTH5H. Zhw 300°C, 87 kg/cm? ThnFalL, SUS
434 Bt D TIG 1A% Udh inT Licikig ¢t
EHT 5L 100h THRENEESNE TS, SUS430,
434 THEEHIREEL ST R X3, SUS304 1Ak
{biKkEE, 650°C 2h DFHEAILIRAE & RV .
CDIRIBEHALED 5 BLEBEREFIT 2T B r%
AL, 43 3 Hrkic Na+0.8ppm 250 L
foak, HeSO, ##pnL T pH 4 i L#sk% 300°C,
87 kg/cm? it LTRIURERZ{T 27/ & 25, WTFhoik
T SUS4S BB EITR RENhEZ R L. Zh
nb L, He3EH 1.0X108Q0-cm D A F L 2z Thd s
NERZ X127k LA 2T IOEREEKEET
SUS434 B AR R SIS NI RN % 554 X 8 5113,
BHNT _EHERAS 1050-cm LITFic /e 5751 T
ZOXSICHRENEEEAN (I ORRER) RFH
M —AFF4 FPRAFLAFNCHNRTE W L,
CRIVUNDT =54 hADEHEEDE\Z &9, Crik
WOEEA K E VW &Y, Cr depleted zone & matrix @
Mt AP ED Ni &/ LW 70l KEL BT
BHITE, BEPLRBTCHBING., SHA — 27
F A SRR AT R ES A BR B O FH A Ui X AR
K BBETHAS. LanoTHEOEHEEEZED S
oD F — AT+ A4 PRAT L VAR O &
TEFE 7 R O BUE S L ETH S
FEHOWTZOHWOREE & LT Wl MEEE AR
B (JIS GOS75) & KB 2 5. RRBRIILTHIS
Ra{FbTRADLORRETH > THEIRE KM
H,S 7k107; VERIE TR I 5 EREN & L0 AR E
WL, TNLI DI LIBELENTHE. EABE
ATAR - AR S 8k EABR % 65% THERERER 7L & O ERIKIC
HMIET B R LOEBREITSE 58X v,
MEPGASREE & T 2 IS LB & B O E L EE
Thsd EHLWORAETHELND X S, KELITE
DUIRMBPREFCL D ELD DD, TOERDO—
DLW LFFORHE—BEF o 5. HIRTORIEL
LT DBOSHPEEBLEND Z LREEVEVWTH
A5 0, FHELABEFERS LB HEEZEDLL T
WALV, SHERERHR—T50ORERETHOTH
BB KE VL, BREBLODLES L, KW TH
HIRELICINEAMRIF L CHEIL S5 5 E L 605
AR LAk 5 900~600°C D W s D EE S
REREEIC LT vweE2 D,
Hobces OfFo7- 659, HNO; 3B D&E R TIX, Bestikt
DFHEILIT 475°~595°C TR Z v, T d KR 475
C ORFFHMEATE L 239, X 5KEEsr%

B Lo 2B b2 ED 5 & LS BORE
Th5.
4-3 SigitOEE

BLRHT D & B RIS RERZ O RE AERE R, 5
EEDHERDERDTHD. Cr {4 (CrysCe) p3¥r
PTG E S LT T % & BiES - BREssREtER C ik
L3 Blbh 2 BESUIRAE D X 5 i AL AR I RE R I
BRELTIMHELAEE®, HEAEBTEBILLTLA
DEDEEMREE L3I0 K E T IESEL Lis v, R
R EEE D U 3L A2 TR UBRb s R i bt
H LT3 BEE Ul S o U AR 2 i RIS A3 6%
B 3. Nb oiFhinic X b NbC O HAMELE+ huEh
REBR (BITEREN) BELS 5.

7254 bOC, NEBIRSEVWADF —XF54 b
WOBE X D BEEERITFHESE Vv & v S ERIDL S
75 EBROFHBRIIA ~ A5 54 MAOKRRERLFL
f@é.Ltﬁor7;54b%z%yv;%®ﬁ@m
DERIIF —2FF 14 MRAFT U LAFHOZTNEFL &
FEZLNHWS. Lip LA il FRERERER T 0k R
BEFREFISH & & Cr depletion (C#2H LTV 5 & &y X
%, Hopces'™X, BEslitfd 475°~595°C fpzhic X %
THEES RSB L DR REETH D oEERE S 5 &
&5, Cr depletion i@ X BB EEHEG L, WM
CreN THHSELTW5H. FTHWE LTz, ==
LMDII I o Fi%e Laves D EZ 2 50055 b, TTS
Pk & ISR EEIC B T 25813478 & & oS T i
VAoV A ALLN

S owid Ti & Nb oZELFEM, Bikimicii C, NE
EDI D DILF R EOBROLELELE L DV T D
EBRLULETHD. AL T Ti and/or Nb o (C+
N) B35 HIMLERROLEONLEE (Ti
BERX%E 4, Nb OFAKIZE8) XnigxshinkEx
WEZLEE L, EROBETCLR U THSY. %
ELTTHEIILS, ODETECIHEEINDG T &, Sy bEh
FRIEDSEET DO EEREE» L ThTwWb 2 &, EET
WMl hERb VW s Y DD THE. BT
13, BEOD LI TECER E OB AT 5 D
WEERITRV &V S RS> SBRBME ORI b
otz b Lt s RECAEE S W AE s &1 R
MEWRZES 2 L.

>, & i

J& B R B NI 58 T — IR i &g A% SUS304 12 7T
WMI5Z AR L7 =254 PRAFLLAPICS
WT, L RBEDRG & S EFE R R~
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658 % & #

5 63 &£ (1977) 5 =

(1)19Cr-2Mo % 7-1% 18Cr-3Mo £33 SUS304 (7 JT
M omLeE HElRE TS BANTELBNS
v 19Cr-2Mo 53k vo.

(2)C, N, Si, Mn L XORi5D5b, &<LizC,
NREBENHEE S X UCEBEMIEIT~OBEZESAKE VO
TARER P ENEL I ZLBRETH5.

(3) BEILITCEDORIBBIEROHMREBRL DD
AR R CHS. wREERSICE Ti & Nb OBEER
MHBMFE L. TOLERMMEF(CHN)REIZXDTE
{fEL, (C+N)>0.0179% Tt (Ti+Nb)>16x (C + N)
ThH5.

(4)8Bbh/c 19Cr-2Mo-Ti-Nb I &H 0 & # 23
SUS304 LI ETHD, ERD7 254 FRRXF 2 LA
DR E ETE D T o IEEHSE D EREI BT
5.
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