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Synopsis:

Effects of precipitation phases on the mechanical properties at room temperature and on the creep
rupture strength at 800°C of 25Cr-20Ni heat-resistant cast steel containing carbon ranging from 0°06
to 0°49, were investigated. The results obtained were summarized as follows:

(1) With increasing the aging time at 800°C, massive g-phase of angular type which existed in the
as-cast specimen with 0:069 of carbon changed to the shape of globular type, and the widmanstatten
type appeared in the grain. Changes of the amount and the shape of the ¢-phase had an important
influence upon the creep rupture strength and the ductility.

(2) Both eutectic carbides of M;C; and M33Cs which existed on the grain boundaries of the as-cast
specimen with 0-29; of carbon began the in situ transformation to g-phase after the aging for 300 hr
and substituted completely the g-phase for the carbides after the aging for 5000 hr. The structural
unstability due to the in situ transformation of carbides to o-phase deteriorated remarkably the creep
rupture strength and the elongation.

(3) The eutectic carbides in as-cast specimen with 0-4%, of carbon were identified mainly to MgyCe,
the shape and the amount of which were not changeable even after long period of aging. After the
aging for 1000 hr, secondary carbides were observed in the grain and the coalescence of these carbides
decreased the creep rupture strength.

(Received Sept. 24, 1969)
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Table 1. Chemical composition of steels (95).

Steel C Si | Mn P S o N
A 0-06 0°85 0-97 0-005 0-008 25-40 19-40 0-014
B 0-20 0-83 0-99 0-005 0-006 25-86 19-40 0-015
C 0-40 0-83 0-98 0-005 0-005 26-04 19-56 0-018

Table 2. Etching reagents and etching condition.

Murakami’s reagent

K;Fe(CN)g | KOH H,O Soln. tcmperature| Etching time l Constituent detected

carbide

No 2 lI5g - 15¢g 50cc 50°C 3~5sec ¢ +carbide

No 1 7g 7g 100cc 20°C ‘ 70 sec l

Vilella’s reagent

HNO, HCI1 Glycerin Constituent detected

Etching time '

15¢ 10g o +carbide

1~2 min .
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Fig. 1. Size of the tensile test specimen.
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Fig. 2. Size of the creep test specimen.
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Fig. 3. Mechanical properties of steel A depending
upon aging time at 800°C.
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Fig. 4. Mechanical properties of steel B depending
upon aging time at 800°C.
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Fig. 5. Mechanical properties of steel C depending
upon aging time at 800°C.
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Photo. 2. Indentation with vickers microhardness testing on
precipitated phases in cast steel A.
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Table 3. Results of X-ray identification for residues electrolytically extracted

from steels as-cast or aged at 800°C.

As cast 800°C x 300hr 800°C x 1 000hr 800°C x5 000hr
Steel A g, (MqC3, MpCg) g, (M;Cs, MgCe) g, (M;C; MgCe) g, (M;Cg, M,3Cs)
Steel B M;C3, MgCg MqCs, (M;C3, o) | MoyGe, o g, MpCs, (M:Cy)
Steel G M.o3Cs, (M;Cy) M3Ce M3Cs My3Cs, (o)
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Fig. 8. Stress-minimum creep rate curves of steels A,
B and C depending upon aging time at 800°C.

— 118 —

P



25Cr-20Ni [ 485 S O B EIT 35 X E T RO R H : 779

D FRFRRREET T v #h s a0 & meshalR & O R D%
B rArabni{isoi. Fig. 7 (¢) ZC#MD
BATHD. WHEERIZ X > THROICIRE R Zbs 5
TR IL 10% FiiEOlRLI. 35 PhE
KaEA SHENERZ THIT L A L LT L ECHAL
T RILMOBE BB ool it k5
DTHA5.
34 BRVY-THEKREOMBAE

Photo. 6 {Z1E 5 000hri5gh 408 U 7= A SHO#IGH6 kg /

(a) Before testing
(b) After testing
Load: 6 kg/mm?2,
Rupture time: 38-5hr
(c) After testing
Load: 3-8kg/mm?2,
Rupture time: 460-5hr
Photo. 6. Microstructures before and after creep
rupture test at 800°C of steel A aged at
800°C for 5 000hr.

Etchant: Murakami-2 X 60 (4/5)

mm? 35 XN 3'8kg/ mm? FilEiFBH 7Y — Pkl
BRI OMEE R L Tatz. ABATOME Photo. 6 (a)
W L CREBIZ IS IR 72T o4 » v
AT v T AREEGED o A BHTHI L (Photo. 6 (b),

(¢)), vwihrd o ) — i fitoREInics
LoD, TDX DL o MDEREC &HIZIL2 Y ) —

TEREH R BD o0 ) — THEHFCEEL {FHib
EBICESJRRD L 5 1H 2 Hiv/c. Photo. 712 B

(a) After testing of as-cast specimen

Load: 6kg/mm?

Rupturc time: 213*5hr

Etched for carbide with Murakami-1 X160 (4/5)
(b) Same as (a)

Etched for carbide and sigma

with Murakami-2 x 160 (4/5)
(¢ ) After testing of specimen aged at 800°C

for 5000hr, Load: 6kg/mm?

Rupture time: 81hr

Etchant: Murakami-2 x 60 (4/5)

Photo. 7. Microstructures after creep rupture test at
800°C of steel B as-cast or ayed at 800°C
for 5000hr.
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780 #% & @\

% 56 £ (1970) %86 =

DEEETR 7 BT 5 000hr BEEhEREHT D WT 6kg/
mm? D{EH TS 7 ) — PRI R OME %
Rl B#OghERENI 3 Clt Photo. 3 WiRlL7c &
B RGP B X D BERS R0t 1Y —F
HAEAISD 8kg/ ram?, 3lhr {£iCVE$ T RICHE 55
5 o A~ DL ERGHIZELS iz L, Photo.7(a),
(b)D X 5 6kg/ mm? DEHT CHEETRERG 213-5hr
HBTRRILD» S o FA~D in situ ZEREDS 75 D HETT L,
FHRICE o HHOITHPHZE SRS X S5 Wix-o/z. 800°C
DFFHAE TR, RICS 6 B~DOT{LBRED S
IIBD T DEEs X % 300hr DI Ch ol L & 2HE 25
&, HEZE LT XIET 2 ) — PR x & B0 cBWY
DL\ EBAHEIN S, $7-5000hr [EighE
BT, RERATOMENTI2I Y Photo. 3 WHHNRKT
L ELTHBIRGRIO ¢ HBED ONIITT Eldy
oA, 6kg/mm? OIGEHTF T EFR 8lhr £ T
Photo. 7 (¢) WRL7=E BV FELEHRD o FEM Y
Ay F2 27 v 7T VYIRS EFTH L TWBORERD L
, RIXVEMNLEHEODLLNTHE I Lidbd b,
5 000hr 55hERfTix 1 000hr OB D X VKNG Y —F
HEENSTe L AE T 3 M H 27 DV, Bighigs X O
Wik OISR 2 LR S % X 5 KRR D R{b A
WL, SHRICFEEL oM@l Y4 v F2 25 v 57
WREHH L TELADEELZLND. 2O XD REMIX
FHRARD KR e BT H O AT I W TT TIEED S
N7 L ThB. XTCHMORKERATITIT S 1 000hr B
ZhatkHc VX o FEVIERD BV h»D 758, 8kg/ mm? DS
JT THEFHRIC RS W Tt RRIL D — 2% o fRICZ{L
U, /WA OMMZRILTHEAIEOETLTVWE T
LASERZE X fute. & 7= 5 000hr EEhEEHC SV TIE, ¥
Y — PR ICRI N O RILM O KIE2S X b H#EFTL
—HE OB DOBAEE B L T 7ohs, DX ShEENS
7Y — 7 ERIERE B8, BEBRED KT &4,
Fig. 8T ALND X S hfhy ) —FEEOINE b7
HLAERE TRV EZE X T,
3-5 MEHUBHAFEDHR

870~900°C T 5700hr 7 7 45 2@ FEKFE S
TEPEHAEL L 2B EL & 800°C TEELHER L 7o EE
FF L DY U — FHEEIRER I I T DI & BT
DOREFRELE U R Fig. 9 THD. BGEAIEL
7B, CETREHRFREITHEL THBFEE DSk
HBED LN, ELICCHEBHEEFETH O L. TIITIEE
IMIE DB EITIIRNEEH 870~910°C CEREDH A
L b 70~100°C 75 <, 5 700hr 50 MHEREREH & 3 22
DN ETHELPRILOEER IV EFTL T

Steel
¢ A ) Aged of B70°C
C A B} for 5 700hr in

12 m C ] a practical fur-
nace
2/ Steels A,B.,and C

~ 10 . < aged at 800°C for
w 300hr 10 5000
£ g A N B . nhr mrl;zbormo-

_E‘ 7

- s C in practice

- > 2>

8

5 2

=]

E

3 L1 11 1 1 It 11t 1 1 L.t b a
3 10 100 | 000

Rupture time {(hr)

Fig. 9. Comparison of stress-rupture time curves at
800°C: of specimens heat-treated in a practical
furnace and ones in laboratory.

50

40 ——— .
i A \-
—_ Aged af 870°C for
g 10 5 700hr in @ practical
= §—__[ furnace

C P~
c A n
re) | |
& B
§ 20 5
o ~.
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A N~ =0 A
O S—Q——
\~\ ~8C
10 N = pp—" e g =
. ed at 800°C for
\A—'—BA 5 Q00 hr in laboratory
0 110 1 L | S | ! 1 | S 1
S 1o 100 I 000

Rupture “time (hr)

Fig. 10. Comparison of elongation-rupture time cur-
ves at 800°C of specimens heat-treated in a
practical furnace and ones in laboratory.

7o icd—HE O ERFIKEES LT HEPUE B =, Fig. 10
R L7 iR ON- RS T dhiR 2> 5 D BAD 2378 X 51T
U oMME L7 6T X5 k27 bD Tl vyH,
EHEEINZ. i L AfETIRERSEFHENCHE L
THEBPERE OB 5 @RS & 54, F Bz
WCHERBREAB L DI 2EEL, SHEREL REE
D W% WMEDHERLTWHT EBBADLNIL. 20D
X5 BB HIE L - A RO BIRESE £ L RE %
MBI TH B L, Photo. 8 HBBALML X ST
Photo. 1 ¢ 800°C x5 000hr 30§} T btz X 5 7o k%
KEPOLHFEHE L~y VT o BRI EBMRELS L, it
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25Cr-20Ni [ #AF B OB RMWEE TS L ETIHHBo RS 781

2 e L

§ oot o T T e
RNEE ST NS SLICARI S

(a) Before testing

et Gl
After testing
Load: 8kg/mm?

Rupture time: 64°2hr
Etchant: Murakami-2

Photo. 8. Microstructures before and after creep rupture test
at 800°C of steel A aged at 870 °C for 5 700hr.
x 160 (4/5)

BB E RO T LANS LAY, BUEZEETS L
AbNEYA Yy FR AT v 7 VIROWHEMARED SN
T, O D EWIERIKL U 72 a7 7 B hs 24
BT L, ZTOBRMEBHECEVTHIZEALY
ZE L T2tz 20X O dRCOWT
ek AR Sk 55, KDL BUHELME DD
870~900°C D ERFHERICIRE QO LT AMITE 24 D K
ENFEY A 2 VOEEDID, o MBI ORI
B EERES R DR S X 2Theb 3N BE
THRIEVWESL I . LA DT DX D7 o ORI
AN~ O ErR L e Rz L, WEMhO A%
35287 ) ~TERBELOMINCEFES LicbD
L Z T

1. % =

WEIgEM O 7 ) — PR B3 D & 13700
75, e xELELD 3 871 IR Li2°C TH o
TV LIS -G ghER 2 BT LT FE 5 ombuR
[E 800°C T iz y V) — FHHiaX & &L Th
5 EBEMCEEAICE N TR D, /- CEDEIMC
LB DT EAT 5RO A LD b, REROD
CHHlIZ 35\ TRERJEEEAS 800°C T4 ERSEI T2 v —
TRENOEEE AT T D M AR LoD, 2 WERILms
BRI 7RI T W B o TIOR8 1 i Tl (b As
BETL, SREERARIE LI 20X 53D EHE 2
7=.

WIZ Fe-Cr-Ni o — 27 5 4 b 5D o FAFFHIC
BL TRE<OWmENH 55, FhFhFEBHED Cr
2 NiEgHERERRLOTWE I LT, $INLHLE
DM MR FIMTTES T L T § 5 2 & T o M0
PHCELAREL S LET LS THY, FDIEH d D

FrHAK & X O BRI HhEE I 3 X0
TOZECHAL TIBFZET NI ENS X
STHD. FTA—ATFA b5 o FBHBITH
T 5O KT OV TILEINMNH Y, FDrh
T (1) MpCe RO RILEZFTHEICT 5 & v
53 H 5%, GorpscumipT!® |3 13/3 Cr-Ni
0 (0-449 C, 2:49,W) 1ZFH W\ TEE MpGCs A5
WDOXHBBRERICX D s BHHET LD
ik _X T+ 5. (Cr, Fe, W) ,3Cs+n0,—Fe, Cr
(6) +Cr, Fe, W(7 = 314 k) +(CO,+CO),
F 7z LisMER 51074 0-06~0-29,C &3¢ 25/
15 Cr-Ni ${iC X 5 EBOFER, WBhwicE
C/oBRND MpCs DX DEOEBHICX DRI R
BBHCERERE ECBELTREL, d3RRADOIKIE
ol B IS HBLT o MBS IFHRT S EL T
5. wiT (2) Nurting LD 3 — X5 + 4 b i
5iEE o HASHHTEELTEY, 17/13 Cr-Ng
(0°039% C) IZDWTHEBIIHNICHH L T < 5 MG 12
o FEDO T L TR TLL Ao FHO HrH e KE% [
EFTLHDOTHHEL, oMEFF—2F F 4 MEGRRLIT
BOTHEEEREATS L7z, %72 (3) REEs®,
SINGHAL LW 137 = T 4 FHHRBLAZIRIEL TE Y, o4
ORI AR EM bee 7 = 5 4 ME (a') DikE
onwT (Ni+Cr) BAMEWEE A —2FF4 bk
oD o S EEMHIL, (Ni+Co) @28 V&l
o' OPFRERT ¢ BT HELTWS. BlED
I W TR I A A Vv CER BRI s VT
— AT F A4 MEH» O DIWHBEBERET L TWB T
B0, KERDT & EPHERECTHAET 5 AR LT,
5o 843 in situ ZEREL THAE U TLK B2BEAEZELET LI
BELEHDRIEOTVS.

25Cr-20Ni i 1) % L FR{b2> 5 6 F4D in situ
ZREIIRSD DT VB, B L Tuonis 58T
HERILT>» S o ARET 2002 METH S, KER
TEAL» & 0 FE~OZERED T D PHEICEIZE X 72 B4l
(0°29%C) ITo>\WTiE, #HEREBTHEL cx{bmIX
PREAFE R 2 5 MG - MG OWRILAITITFE2
ERF{EL T b, 800°C TORFEHLEET o FEAENNT 5
IZ 2T MGy DEWTREEEA TR L, 1 000hr f5hi%
EE ALY BN <D, 5000hr Eeghitizixdk
FRIEIOIT LA ED o MICEIRL TXDORD Y 2 W
LRI Shbivd X 527z, —FH M;Cy X b
LIETH D L INT VD MayCe 138585508 5> 5 5 000hr
RZDRRBHT 2> T X EHBAE O ZLIXIT LA ERD 5
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B 56 4 (1970) 6 &

NI O D TR DOFAERES LR R LI LI
7£%5. Lchs2oT B B\ CiEmshaii ¢ MGy A5
AUIRK Lo T & EE MGy 2> b o fI~ DL REZ 0k
T5HDHODH, HDEIWIE MCy 5 MGy OEEEZRT
o FARZEL L L X BHREFERC X 5 b 0n &4
ETBHDORERMETH o7z, LHr L Cl-49,C) D 5000
br BEhERERC > W T (L & LT MGy DHBDFEE

LT iedd, EGRRIEM O —HkA% o #RICZ(LL TWic T .

&, TS XBEHHRERICEWT S o MOTFESTERT
XL EiEV R, FRERBTEWTEBRTHET 2 RIb
WS DAEDS 0-7 = F 4 b THESF AT F4 M (1)
ThHHrEHAEC L EThFEZOHEB 2T T 5
T XX TEA. 5000hr Beghig Tl s % & A REER
0-7 =54 MEBEELTW D EHEZIUE, ZDaiB
tE MgCs & rfEOREX VEXRITHLCEALLOTIE
Ko EHEEEINS. WHETH S o tl, MGy BX T
My3Co BRDILEEFE AT IE M D FE AR & 2> FEhIS B RS
REENIC XD TZELT 5 2 EHBTFRISHD, SDFDITD
WTEEOHBRIIE LN TWEWE S THBH. 25Cr-
20Ni gHIic i1 % o R RILMD Cr RIZ>WT 5 HE
DREDFZLNILD, o FEO Cr Z1d 46~509'9,
M,C; 2 M;Cs @ Cr #iZ XN Fh 70~739, 78~80
%" LOW|ENRDD, RILWDOEFH oD CrigkhE
Lo TwW5S., FofAlICETLALEB LAV &
2B, bURILE» S e HCELT 5 brnic s bt
WC=R Cr BSRHTLITADB. Liro>THGERbns
5o FB~DOZEIZ E Do THIHEI/=C Cr Bl A
LD T, & QKHEIRRFLESCHEEL Twisidh
Bl bigwv. KRERD B Ik VT X BREFRSR TR
1 000hr EEZH#ICTIESR L 7o M,Cy D EHf £S5 5 000hr
IR OBABRICERD LD X 5 k2o 0rx, Rt
> BERE NI CHVE IR o MO AT AR & 7co
7o Cr S HUEEE L CCIREDE WV MGy B o ik s
FHHLTER D LELLNBNT LAV, WFhC
¥ X RIE A5 o FITEILL T % #if% M5
13, o MDOFRAREBEEFERL, RILH2 o MOILEHRK
X DBAFECT D & & BiT in situ FHEWC & 70T 2
voRifERITI9hdEFZE26Nn% Cr2Co%
a2 +o IR L THEBLERD A .

5. &

CEDE7L % 25Cr-20Ni fiZhgh;&E41 % 800°C ¢ 5000
hr ZCRFIL 2 IRITH S D MG, M;Cy I LR
o 1875 Eb> 575 DT HIE O MBHIZE LAYV E IR T O
HEAOCICEIRY Y — THIEFEC s DISTRE 2R

i

FLAcE T ARD X S TEEINE.
(1) 0°06% CHFHCIH T HIFHABOEKRIT o BT D
St ISR D MCy 2 MyuCs OF RN L TF
EL, ThBR{bimE 70 55 300hr B5h T o FEMARIC
BORITH Bbi, ZTRULEORETENTRIRE 8D
7o. FRSKIECTAH DR AL ROAE DI vy VTS0
#8vZ 1 000hr, 5000hr Bi%h THL < AW LIk, &5
BB AT Y 4 » B2 027 v 7 VRO o FH %
SHIHT B & DT>k, o BT OX S AR
A EEIROEMMEEIC ST 2HEEET IS,
7Y — PR E DET 28, 7Y - FPEBBISK
Ll oTRNY ) —TEEZRLLE. LrLigdbe
A B BT H L T T HEMERIKE L T—RITH B
LT3 e L ASHOREmREIZR2L, 2 ) —THk
BREEE 2 MO OFE L WHILITERD Hhis L igo7z.
(2) 0°29%C HKEOHFERIETHEL T MG,

| MyCe D3t A4, 300hr E50LMEL, AT o T

in situ ZEREL 5% 5 000hr %1211 S22 o FRIC BHAL
7o, DX ST insitu ZTREX 4 Y — TRE B DS NER
TTXDBEGETT B ENED LN, RLr»r Lo
LT B 5%, fi#lik X4 72C 12 1 000hr, 5 000hrE%hi%
BRI P 2 R R LI 2T T % b o g S hc.
XS ITRIL» S o FB~DZEREIT b &5 < HEIR
ZE S HROBRMEE B 2 AT &4, 7
Y — TSt b ok E e B XL, tho @RI
HZ U TR MO oRFL VWHILE S L.

(3) 0:49%C P OEFHERIETH BITTFAEL 723k
BAEOEAEE MyuCe TH D M:Cy 13T MIC@BD D
iz Wghis MGy i3ilisk U7chd, SEGRIL RS+
1 & A EZE(LTR < 5000hr REHTEIC ¢ FEASIERRD B
Fo. UL LRIAND 23R R{Lfid 1 000hr FeZhiE X D % <
=5 54, 800°C x5 000hr #5 X (% 870°C x5 700hr i
B CREBESETFL Ty ) — THETREOLILE
FEL{REXEDBIC VI DRERTHD EE LT

B VICAMELZRTTHIE D2 TERLDYE R
W W B R FE B AR EIR S H B 2 EH L
CELSHELBEL BT EY. B SR TE 0%
HRT ARRESHCEHOB LR T HRHETT.
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