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The Strengthening Effects of B, N and Mo Additions on the High
Temperature Strength of 18Cr-12Ni-0-2C Austenitic Heat Resisting Steel

»
Yoshikuni KXAWABE, Ryuichi NAKAGAWA and Tamotsu MUKOYAMA
Synopsis:
For the purpose of obtaining some knowledge about the effects of alloying elements on the high temperature
strength of 18Cr-12Ni-0-2C steels, the testing temperature and rupture time dependences of the strengthen-
& ing by B, N and Mo additions upon tensile and creep rupture strength at 600 to 800°C were Investigated.
+ Also, age-hardening response and microstructures of those steels were observed.
The improvement due to B addition increased at higher temperature and longer time, and that due to
N addition increased at lower temperature and shorter time. This effect of B addition was ascribed mainly to
the suppression of intergranular fracture, and the effect of N addition was ascribed principally to the
decrease of creep rate due to the solid solution hardening of N.  However, this strengthening effect caused
by N addition deteriorated extremely with increasing test temperature, because N promoted the coagula-
tion of carbide. ’
» The improvement due to Mo addition was persisted in constant for all temperature and time range tested.
However, B and N respectively, in combination with Mo, appeared to interact and produced a more im-
provement in creep rupture strength than the sum of the individual contributions. The contributions
of those alloy interactions increased grenerally with increasing test temperature and rupture time.
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Table 1. Chemical compositions of the steels tested (%).

Steel c | s | Mn ] Cr Ni Mo B N sol. N insol.
Al 0-26 076 | 167 176 12:2 — — 0-0183 0-0004
Al 025 0-74 | 1465 17°5 12-1 — 0-045 0-0192 0-0005
ALl 0-27 0-72 1-56 17°5 12-3 _ - 0-1260 0-0120
Al 0-21 | 068 16 176 12-4 3-01 — 0-0165 0-0025
Al 022 067 @ 1-44 | 174 12-3 2-97 0-047 0-0172 0-0024
Al 0-27 077 | 165 | 176 12-2 2-96 — 0- 1400 0-0010
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Photo. 2. Microstructures of the steels creep ruptured at

various temperatures.
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Fig. 17. Aging hardness curves at 600°C of the steels solution treated at 1250°C.
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Tig. 18. Aging hardness curves at 700°C of the steels solution treated at 1250°C.
600°C 700°C 800°C
2 3
x !
2z
100

1100 1150 1200

1250 100

1150

1200 1250 1100 150 1200 1250

Solution treoting temperature {°c)

Fig.19. Relation between solution treating temperature and amount of maximum age hardening

at 600, 700 and 800°C.

— 222 —

r @



r e

18Cr-12Ni-0'2CH 4 — A5 + 1 FHAMOBEEBEICHT 5B, Nk XOModia{LiEA 483

(Photo. 2 (b)), ELLHILL TV 2dD LEX LR
5. 800°C Ti¥, A5 RETDI Ty VORENEL
QXN (Photo. 2 (d)), REEFRUSAS L <Kk Xus
TEEXILHMELTWS. E, Al X A3 KT
13RI F T % > T precipitate-denuded zone 2L E 1,
5w RN LDOTRELTWS (Photo. 2 (e),
(£). CORFOBZIC, Al & A3 RETRAR
KO THEMARELAVbDEEZLND. F/,
FIECHEMEEDT TS A2,AD SIUA.
6 BB CRBOFE X VKA, BRI 2 Ty 20
MR IICE(L L TWwWB (o & 21 Photo. 2 (¢),
(d)). 20235 v s OB BEBEIEMD K/ L BHRS
HHEDESHRIARATHDH, —ikICy 5 v 2 DRAEIK
I & BTN KN OFITIE A7 0 O3 [E3EE D B
7z.
35 mEYE{LME

BB % £ O S ZMIREEAE VI EE T
FTT5. TRRAIRBEIMEVIE SRR <, B
B 3%\ oD THB. Mo & NOFMA AL
WELIEIZEDDS. LHrL, BoRmdE#biEE
PRV L FICRBETES LT, BRLURESE L5
EWMICETEIREDS. COBOBIREET 5L

Photo. 3. Microstructures of the steels as solution treated

at 1150°C.

k x460 (4/75
a)Y Al b)YA2Z ¢) A3 d)YA4 e) A5 f) A6

w, BRCOEBELZTIHEL2RFLTVWHADT
5. :

Sz, Fig.17 3 X0 18 (2, 1250°C TiA (s
BBl 600°C F LUt 700°C 1Tk HRERD
WA RLA. T IT, & <IT 1250°C THEMR(LE
F7n o 7B DA S g A R L 2o T, RIB T
HACILER 2 7 7 D 7o B A RN R 2 C D EE E 2 K
WTL/ %%03?§%§ﬁ EE%E[J’CEEiO%I, %m+p4quﬁﬂ7E§%0>ﬁﬁ
””””” P eI =
LR = gD & ﬁw@miamwwmmmﬁa@mw
%ﬁb,ﬁg]9bTLt Z DR L E & IRERhIC
IOTELNAEEES LEKIEOEEDES &O
EThD. —IRIT, ENRESMRVIE E B ELIRE
AEVIT Y, BSE(LEEEmT S, LaL, AL
ORI LB RLIBED ER & &b, 600°C TiX
2L QHNT %23, 700°C Tk 1200°C T afnfiiciE
L, 800°C Ty 1200°C THEEIEL 1250°C Ti3H
FHAT 5. ZOBRFEIFHHOHEE X OBREDRR
T ESLHDT, WhyLHITHELOBS & X {3
LTw5

DEIC, BB (LRI S XETRMTROEEII OV

VC,%,(_"CJ}\JZQ 600°C TIILEOIEELZRMT D L8

(b I3IR T+ 5. 7 Th BIidil{biE 2 mElis %
YEFADS K E <, <t Mo & B H#@ESIRMLE
A SRl b2 E b LTS Ly
%, Fig. 17 TR LA- L9, BLEEZL L
H 3 F . 700°C 35 X Of 800°C T, A DTT
?%%mbf%%%mﬁﬁ>ﬁw&%~@@k%
T & A ETE b B 7 s, 1250°C 5 (kL AET 0 4
LIoEgkEHM O AL BEL D Ik DL T
Wh. FOisT, Fig. 18 mRlLizk iz, N
ZHIRFRA L 72 A3 BURCR, IR (L E E &
WEale D REVA, BEWEIGELLE, BT
HEM D AEV. TOX ST, ENEESIM LT
Wnsig e B &, BICEEBCED I bl
BB R~ DM Z KD D T LR L L 5.
F OB R AL LR {705 800°C T,
A2, ADS BXU A6 KD o ELEELL
Tw5b

:@lio:, B oifshmd B bRE%* s £ {45
& EDBIT, ERTHEFNE L2 RKE L, @Ak
mﬁ%%mﬁﬁéﬁﬁﬁwé.p®%%mW0&
KBETDHEEVOESHESINS. ¥/, NOB
MEhERZhERR 22 E T 525, [FRFIC Mo &
T s &, TheiflT 21ER»H 5.

— 223 —



484 g & i@

W 54 &£ (1968) 554 =

3.6 AR

Photo. 3 1 1150°C i {R{LAE D T F DMl fk %
mLrc. Al HETHLEFONEMSET L. 5
270 r V HOME T\ A3, B E ik Mo 2k
LB TR ELRE L OIHMBSEZ LT
H. Fiz, 1250°C T &7 o7 & & T3,
Al XU A3 FBNISESK v IFOMEL T
503, I OFEHIERR D EF OB H»EY
LTwWa. ZOERFFHEMDITT T MaCs Rl
WTHDH. ZDX S5, Bk XU Mo l3iFk(LE
EToOCOEEELERT T 2EA 5. ok
AR 2BHEREOEERR» D LFELMAT
H5.

DEIL, 700°C TORFZMEENC DWWl R B .
O, MEGOZbE B EEMCEET 504
T <, EHNCDEET o0, e ERE
MBI DERL, ¥ BOBTFENRE IEE
L, #O#HR% Photo.4 & Fig. 20 s X0t 21
R L7-. Photo. 4 j3 1000hr Biffinzh L 7-#E 68
ThHd. INOHOMMF, Mo & NEZEARMML
7o A6 BUBLD B v IR N — R BT HE 3
wHbhb., oM HTH¥iE 300hr BEhL
FRRETIRRELHHE LTV V. .2 QMBI TS
L, 300hr Ty MyuCe D2, 1000hr TyIM,Ce
& CrMoNx39 OILFS IR O X X >T
D bitc. L7eh 2T, OB it
CrMoNx TH % LHEE SN DA, HiHL FY
A OFEFERC XD TEEE»D D T &I
THLTwigwv. ¥, Fig. 20 w X <RI NT
W5 X O, Mo iREEShh ol &4 JEH b
i, rHERET 558V ER»BH 5. Zof
He {2+ 51EE1E, Mo ENZEARMLE
A6 HBHCRENTHDEHEL .

¥, Fig.2l ickswT Al £ A2, Al
E A3 A4 L A6 BB 7 AERTERD
R & & DI ET KRS L TWwWE &
BEETREZLETHD. ET Al L2 A2
KEoRFERZEL» 5, BRTH BER L)
FTHERBEEREL O WZ EBSHFENS.
LDOZERBEEREITLHABD I ) —FmE I
B IETAROABOZEYERT L LEE
HEWREEOTWS. Eh, Al 2 A3,

e g

e T r. EXIV PN
PSR -—df;f"’t:'i’d; v
e o T ’

»lv‘* i "'Q

A S

% 10000 (3/5)
a) A.l  b)A.2Z c¢)A3 d)A.4 e)AS5 f)A.6

Photo. 4. Micrcstructures of specimens aged for 1000hr
at 700°C after solution treatment at 1150°C.
(extraction replica)

70 T T | x | I
;\3 Sol. temp. 1150°C a Sol. femp. 1250°C
~ 60 ZA
/ I :
§ u/.»/" ——— A2
2 5 Y —eXeees 3
e Py | T | Al
] N7 [P —vpmum A5
g 40 A —o— A6
3 ,{f’ / |~
+
2 30 | Ll /4
ER 2 /./ ,
2‘ ’ al
s /1 L / oa
g 20 % A / S
< /'Tv"\o—-— el /9=-ﬂ:——f‘———-“
§ I o _ﬁ 7. "—‘ ;.__‘—./’$'4'
[+ ol 4
= i
L4 0 =

0o 3 30 300 1000 O 3 30 300 1000
Aging time ot 700°C  (hr)
Fig. 20. Relation between amount of electrolytically extrac-

ted residues and aging time at 700°C after solution
treatment at 1150 and 1250°C.

A4 L A6 ABOBRTEHOZEL» S, Nz 700°C THkD, 7Y - THHMEBEORBRIZOWT L BRTFERK
TOEMBENCEVTIRIZLALERIZEB LTS w#illzE L, Fig. 22 R U7z, RERIEE 600°C Tling
TENHEEINDG. ZOXSHENOWHEFHLZBES»T BRI »»HLF A3 & A6 OMFERIT AL

— 224 —

i @



18Cr-12Ni-0'2CH 4 — A 7+ 1 + it O FIBRE KT 5 B, Nk X Mo ig{bLiEM

485

1
o A
3610 *A2 ]
— D'\ * A3
< | o, + A4
et
3 i %\ .
£ 3605 |— N\ C A6 —]
o Reg—=—=a D
s RN \
5 ~\‘\‘\ I~
£ 38600 g ¥ !
Fes 1 A =~ ™~
g ‘\\ ﬁ:"z§a‘§i
) N ‘
g ~. N 1
= AN |7 !
5 3595 \‘\CI
Q\\
S
e —t
3590 } —~
[¢] 3 30 300 1000

Aging time at 700°C (hr)

Fig. 21. Relation between lattice constant of 7
phase and aging time at 700°C after
solution treatment at 1150°C.

ABRBIE W ETFAEL, 72 A5 RETRFELLAMK
HCHTH L TWwWdD. 0L 9, BOHENGEREIRR
PEEIT 5EVERS S B, Thiexl, A3 EBT
AT K E REL, NOTFMIARSIBER & (RE
FTHEMABSHS. £iz, Mo OFI L BRESHER &Mkl
THEhERH D, FOHIT Mo & N Z¥EARML
AGHABOHHIIIKRELEELRVWDIDLEDbR 5.
T B DHEZ LR hE bk D18 (3-5) TR~ 7<HvD
TEOEHE I AG LTV S,

BRENTIER

Fig. 6, 7 X8 11, 12 ok, HmTEOMRIL
YERARHBRISE S BRI U TED X S LT 5
DER LI EHIT, RN ERFICNT 58LoFE %
VKT B, 7Y - FlSEbBRETLE. ThboE
BfERA L EL T, IRINTTROBLEIEIC OV TEE
T5.

4.

u
3

B 2 B L 7-iic 2k U B3 LIERIE, 2

2 | Sleooc-<2 | () ~ .

@ o 700 ~-te= —_ ) — FEEEZ/NELSTHERTIEEAELL,
g% ~o— 00T+ | T BHICL ) — 7 BEEET B A DS
N N G I e SR A e i L. LB BOHRORAOKUTSS.
5 A4 A6 - 72, BREBESZL IS, 29 —F
§ 3580 S A O ML TLE S LS Sh T
£ —5=800°C -~ LW, BIRNOsh R IEIROERRHIRIE &
= 338750 100 500 1000 100 500 1000 5000 AKX <, IARERQEZEXD L VDL S5

Rupture fime (hr)

Fig.22. Lattice constant of y phase in creep ruptured

specimens at 600, 700 and 800°C.

E AL DEFENIDDBAEL, NZIFEALEFEHAPICE
BLTWS EHEShS. LHIHL, 700°C £800°C
TREFABMTOBRTFERDEWNE LD, D
NAZEmE L CITEL TwdEF2bivb.
#ix A.3 HPTIE CrN, A.6 ¥tz CrMoNg T
HbH. Fiz, Fig. 22 o(a) & (b)ZIETHIEHAL S
& o, ABRIEE L BEEEEIC 0 b T Mo idh ik
DOEPFEMRCEBEL WS EHESIRD. 25T,
800°C TOMFEHS 700°C TOFNIVKELRD
DVx, £EEELRIZED SR B 7o NOBEERE I BEE
<, COMBENPEMTLIDTHS .
PLER~RZz X 5T, 79— FIEITRE TS DM
MR SN AEREHS. Ll, 29— FHEED
LRSS BAIRERDAELRL & BV LIZIERRTH B

B0, BESRECs IETRnTEogE v iRt
G %7z, 1250°C @ER{bAto 800°C, 2000hr Rzhil
& EZX L, Photo. 5 WWRL7z. A.2 EIOFH

-~ e I,
L wWEIL

3 57, BORRE B EEBFEM ST
FTHESIESERT B L VI EED S DT
Ve L7, BAFKIC X EBHsR{EER
BELDTISVEEZ LD,

Bhy ) — FEEZINGEIL, BIREEHEZHET LI E
oWTHE, 2ED 4 S2DOFRRAMBEZX NS, F1iTid

ol e B 1 - X Fr | Yok AR D T
LR e 74 [

Moy Y (s~ .
{ N Ly LTINS\ VNV R —— 7

o=
BER L, T HmH»H Fic v 2% 3+ SERIC X
51, H 2113 B ORI R TD denuded zone DAL A R
ETAERICE 908313 B 2 ) — Fd BRI
BT 5RO EEZIEIL, 7)) — FREEORSITK

HEXREILMOFEELEIET H4FRICD &5 {110,

D 2% Y
D g Vo

5. L7 L, CortRELLI® 23§75 @ coherent 7oifH)
IR s b 2RI+ 5 DTkl L, noncoherent ZniTH
WVEs 5 v o OFAERRTEIEHL TV T L2 LA
TEHTHAHS. H4TE, X OVARHEHNT, BIRFIE
HERBEELDLERICD 59 BIOFRERIZ IR
WA U WERRESLSITE VTS BOBHRYEED
LNTVWH7DD, KEMEFS LEFEX LAV, B

— 225 —



% 54 4 (1968) E4 =

HFELTWHLDEHEZDNS,

N Z By U =B 0 bVER X B ofER & 12
FORLHMBHTSHS. Tihbb, NIs)~7
BRI BRI E <R, 20— P&
Ex2/NELTH5EAORERYT. CONOBHRIE
EROEREMENTE ERE LR Y, —HEEOER
MR CRNZIE LA EEPIZEBRL TWinE

HEXNS. LihoT, NEEOEBE®RLRD
DERBEERBLRFTHS. LKL, NIt
BES C oEBEE(LER OB LS5 EFXD
s 51E, HIRORREREAICK T 5 NOLBLER %
FHTHZENTELY. ZOBEFITEINRBCO
PHUEEAZE X5 EMBBEELTWE EE L LN
5. Thbb, MIETENRCOWELIEDYE,

.

i !?h%;
AT

S i

-

. TN

a) Al b)A.2 c)A3 d)A.4 e)A.S

Photo. 5. Microstructures of specimens aged for 2000hr
at 800°C after solution treament at 1250°C.
. (extraction replica)

#% denuded zone DR EBHIET 5 Z L3, B2BEFR
BaER, & THFIET LI, B LI omickEs
HBEULRTL, BREF~OEILOEREZMEIL, B
R REETERZDTHD. 7)) — RIS NTIEZD
B denuded zone DAL T 2ZMR LEHEE
DENREB—FHL TS, denuded zone MK E
NAEVEEERB IS WTH BREKEHBEL TS, L
7O TE2 ORERD FAREN TR TRV EE X
HND. FRENL, #3OEERS LOHER LT

HEN, EREEZHETIENLEH LI LTnB L
Zzbhb. ¥, TODREIEIORRE IBELE
RieHD. ZDXOLE»D, BHEWAIEEZERFEL
DLLEDBEEAZHET 2D 0 L IEELEFTHA
5.

Fiz, BOB{LyEA L LT, 750°C CEF Y — ik
XEEDLIHBRIDH LIRS ERVCERETHD. T
DHEI BB COEBELET L, RILH AT
X8, WHB{EHEZREC T RIS 30T HAS
5. LT, Zo%hBRBI 750°C 04T, 650
°C s X UF 700°C oREHEICH WTHREL, BEK

x 10000 (3/5)
fy A6

BY R DB AL & 0 202, FRIETIRE
N2 C OYRHZ R L2, AREHIRR 2 EE T
5. 7ziZl, 700°C ErH{AICONOLLVERR
ZOBREIBERIZE 5D TRV, T OR#L
ASRBD s Y — TS ALl BEtx &L,
D ORTRRNMEL 2 T\ 2 Y — TR EMBMET T 5
L EBIRTOHMERABRDTH72DTHS. L
7eH3 DT, 700°C TR NGRE 2 BTITE D, 18
SRR DIREE AT Lo, Blias R
L5 TH2D. ZOHRFIIWHEEEOEL W
27y 7 ORERWE»SDIBRMT NS D
N D58 LR VRIR THIREVEE( L & CoyEBEmElT 5
YEFRIC X D38k L, 700°C TIXRL RT3 RN OFE%E
BER®ED ) — THETZREEL, ISEHBTRREL
MOMKILERL 7 ) — FRERBERT S 3 -DDERE X
DR EINS. UL, NOBRRIERCSWTHED
LIsWig&add. ZOBRRIIFHH GBRBEHD T~
L ETHY, BRLHDLFERAEMED S & &R
TWh. ZOBWENLHETLHCEFREDERILD &
SLEBHELWEIEZL TS, Tihbb, NLEETSC
SEEMPHEINT S ENOEBERRD L, EoRkbho
BESBEESEEINS D, NOHLERRELS
2, NLHFTIZCEEERPETNENOEBEILS
BICH VT Sk DIEINL D, ¥ 7z RILWOBRZHER
KBTI IR, NOBEERMIBRIE VT
hHEREEING. Lo T, NE2FEmTHEELLCBWS
BRI CERRZSVRECRET DI LBUETH
55.

WEE TR~ X 5B ENOB{LIERIE /-0 T
AT H 553, Mo Dia{bERRTAEOMRILIERZ
RFEATHEEODDTHS. Tibb, Mo Oihnis|

— 226 —



18Cr-12Ni-0-2C% 4 — 2 7 + 4 } FBMOBHEIREITHT 5 B, N X UMonia{kiEm 487

EME, 1) - THEEIRICTI Y - FREDTAT
DOEEMELED S LRBCHREEZ DUETH. X
7z, Mo OFhRIIHRERIAE & BMERT I r b 5 TR
WRELTWS. FOREIE Mo BEEAERTETD
D, LrdBERoERRcks Wi hoENEM
FEBL TVW5dTHS. £, Mo BRI
HOREE R A L2, HEp— M Lo, Hri
Rt ERECTEHREEE O TS, ZD2DDHEH
X, Mo BEEREARD TV 5.

SFir, Mo PIEMEZHETHL LICHL T2 DD
BEERSE 2 55, 1 2iix Mo »5 denuded zone DO
AT 570 CTH5. H2WWREFC X 5RHANDME
LRIV 2D S DD THL. ZOXSLH
Gkt Al i@ Cu ZEIF ST RBA I LBD LTV
5, UL, —RICH R D ERIRICL 513 L1
T 51, Mo DEMWHUET HERMBHBRIEREICKRE
KEREhsDEEZLND. L, ZOFZED
L ETH 1 DO#RTHOT, FHMTESLIAHATD
5. Lal, 2V — FHEECK T BMTRORENZ R
BT 57T, TO XS R EER Mo o E %
P THIENDDEDLETHS . SHEOFM
IR R L v,

BrMopsfhFELTWBZ EWh &S REERAIRE
PILY Y — FEEER T D00 TH S AR
%3 MERGIER 520 ¥ DT HhIPEINTWE. &
ZE, 18-10 §RIC B 2L THEEEMIT L A LR
DL DI H L, 17-13Mo $RTix B IihnO&HE
L L, LpdXOfhRids b IiIC B a5 T 1E
Flcd &5 LT 5. COEEEXELLEETD
SHE T, fEEICIE Mo & BB T ANt Am LT 55T
ETHHEHTHSS. Lrl, AWK, Mo & B
DORIBRMCE DR RAEHBEL KT T572DTHD
EEZTWB.

Ty ) —FEERELLMHTAER LSBT, &
F, 20—~ THEIEEDLRIAEST LB TEL
V. AS B0 Y — FRRIIERBRIRE O LR LED
W AMEBOYY) - FESLD BB D TR, T
OBEAERE 2 ) - THEERGE L &b iEmL, Larb
W2 5 2 5 L RELBLTH. LichoT, &
DOIREERTIE 2 Y — FiEfEh D MaCs D HGE{LIC
0y ) TR @O LR D ELFLSL T D.

N & Mo O# AT X 5F L WIR{LIEMZR B DIy
) — PEER WIS THREDTHS. £/, LD
ZHAEFRAE U HIREE & EIMER B M EL T
5. TOXDCEARINTX VAL EL HHEMT

1

112 — FEENMNEL BB ELEDE, 7Y~ THED
FIEIENDOBFHTHSB. £ LT, Mo L BODE
FAERTCRBESERT, FIEBETHDHDIHL, Mo
ENOREERTIRIEMNERT, BEBETHS. T
ORI ERICB N THEDILLEDLNTIIC
700°C LA LD ERFEEITOLRDH T EMNTES. L
BT, TOREERIEY Y — FhoMBZE{LcRET
5T LIV, UL, TOHBZELOREIRD
WCEDED 2D OF 2l p$H 5. 1 DIIEBEE
{t, TbblTENPERPCEBRTHILTIIBD
FERAZEEL, ThPREMOBELEETLEVIFE
ZiptcThH 5. o 1 DU aEk, b blmEs
WHE LCiBL, BhroshE2lET 5. BRAE
EILE L BARNBBTR A FRCRMT 5 L E L Wigfk
VERD AL, I-S ZhER3DD L 451 BN B2 ATE D
EAAE(LOE 2272 TH 5. TOBEBILERKERD S
FOMEESMOBIEE L L TELDTEETH D LIE
WX TV B, LirL, BAIRD (KR EMOEIRGRE
2z 1-S ZhR DA TIFHATET, MaNOHT (b
RLEETRETHE EEHL TS FELTA X
74 MRCEY 5 OMILIEEOTFAELTET 5D O
T, EEABEBE TR RVWEEZEZTWS. £
oD 1213, THERMERTBEREICEVTEN
OEBEMETLTWDZ L THS. hiextl, RE
AR SIRE, WRHEH & CrMoNx Z{bdir
HY 5HAERELDTIL—HLTWS. Lird, T
OELPIIRN—TIC X b THMmEHTTT 5. Lcs
DT, ZORAAEAIRY Y — FiEEH D CrMoNxd #f
Hagfbicd &3 dDEFEZBNS . T/, TDCrMoNx
PRAR O EECETHH L, denuded zone DAk
ZEIEL TWv5. E7RP T ORI F 358 &
HEME 2 B GER T 57D 3 S bdTHESTH S L%
ZENTWES., ULad, EiEomn EB3FRERIRE & kT
B kX L KEic X b7z, Z@ CrMoNx DHTH %
EH2EDS5 1 DOBERIEDTWE EFEZLNS.
WEET, HIHERNFO BELHE CERIIC BT &
25, KR FOF SOy RN L. £,
700°C T2 ) — PR L 223UNT 3 V) B Pk FE R 2
450065 DEFAM IR HE U 7o (A .2 OB CR i FRiR
AN, BIETERIORDOTRV). FigkFH
fRix
A=(1— f)/Np¥

S B ORFEER

Ny : B OB TUN SN B R XY b ol F5
PRAGVCEHL 2. TR 2RSS E R IGEE T 5

— 227 —



488 o A -}

% 54 £ (1968) ®ma2 ..

* Table 3. Effect of particle spacing on flow.
stress in the specimens ruptured

at 700°C

1| stress Rupture| 2 .| Ratio
2t g/t fime(hn)| (i) |5 (/@)

a

Al 85 | 2192 | 0°98| 308 | 362
A3 85 | 1793 | 078 | 389 | 457
A4 | 11'0 | 1965 | 0-95| 357 | 325
A5 | 130 | 2491 | 120 252 | 1-94
A6 | 130 | 3535 | 08| 356 | 2:74
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The Effect of Nitrogen and Carbon on the High-Temperature

Strength of 25Cr-20Ni Heat-Resisting Steel
Ryohei TANAKA and Isao SUZUKI

Synopsis:

The effect of addition of nitrogen up to 0.669%,, of carbon up to 0.20%, and of nitrogen plus carbon on
the creep rupture strength of 25Cr-20N1i heat-resisting steel was studied, and some strengthening mechanisms
in this kind._of steel due to the addition of nitrogen and carbon were discussed. The stress rupture strength
of the steels at 700°C was improved remarkably with increasing amount of nitrogen up to 0:36%,, above
which the strength decreased due probably to a discontinuous precipitation of CryN. Further improvement
of the strength was obtained by combinated addition of carbon and nitrogen, while the improvement with
addition of carbon only was very small relative to that of nitrogen. It was deduced from the results that
strengthening with addition of nitrogen may be attributed mainly to an action similar to the I-S effect
(chemical interaction between interstitial atoms and substitutional atoms), which had been proposed for
low alloy heat-resisting steels, and to the Suzukr’s effect, and in the case of addition of nitrogen plus
carbon, dispersion hardening with carbide My;Cg, in addition to above two mechanisms, may become also
to effective, since coagulation of the carbide retard by the coexisting nitrogen.

(Received 15 Dec. 1967)
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