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The Functions of Nb and Mo, and the Effects of V, Zr, Y and Ce on
the High Temperature Properties of 10M6N Type Alloys, and the

Grain Boundary Reaction

Heitaro YOSHIDA, Kisaburo KOIKE, and Renpei YODA

Synopsis:

The effect of Mo, Nb, Y, Ce, Zr and V on the high temperature properties of 10M6N type alloys and the
grain boundary reaction (G.B.R.) occurred in this type alloys were examined.

Results obtained are as follows:

1) Addition of Nb causes such effects as (a) refinement of grain size, (b)
(c) increase of tensile strength and deformation resistance at high temperatures, (d)
hardening accompanying the grain boundary reaction, (e)

increase of hardness in solution,
suppression of age
improvement of the properties against softening,

(f) improvement of creep rupture time and elongation and so on. These are mutually related. (F) is chie—
fly due to (d) and (¢), and also is considered to be partially due to the dispersion strengthening with Nb

(C,N), from (b) and (c).

2) The improvement of creep rupture time by addition of Mo is due to (a)

solution strengthening, (b)

improvement of creep rupture elongation by strengthening in grain boundary.

3) G.B.R. tends to occur at a tripple point and also at the regions where two twins meet each other or where

a grain and a twin meet each other.

G.B.R. is accelerated by stress.

4) Addition of Y and Ce to 10M6N alloy and that of Zr and V to 10M6NB alloy do not remarkably im—

prove the creep rupture properties of these alloys.

(Received May 13, 1969)
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B L T ERA
BELFELT L

I0M6N ot 7°5 kg BIEML,
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ZIFWL 72, BVI~BV3 45413505k ® 10M6NB 44
22 5kg IEEL, TiC V & 0°1%, 0°3%, 0°5% i7~in
L7cdDTHS . T bE&D{LEMR % Table 1 25k
$o Nb iz X b, BEAIEEFE (SN @BEsL, @
MEZFE (LN) 133 5. Mo o4 IniER
RICBRMPRD LN 555, Nb N RF 0B hA 7
Ve Y M X D SN WERIRRR A B 23, LN 13Zb
gV, Nb e X% S.N. O, LN. ofikiz N
ASNDBN ¢ LCHEESINE2DTHD, Y IRNOEET
Y BEGERIGL, N 25 Np R 2L TkhAhicE+
57 TH5B. E Cey, Y ORBIIZDCTE. ©
N, Y BEDLDTEELLR T VAL THS. F7- Zr
#nvd Nb #shn & FEk S.N. o4, LN. oK% §7-
5925 Nb BimMEE@B e 527k, ChidEmasn
R Dl EBbi .

IhoDEE&IC>E, §H 700°C, 800°C ORHER
fetk, T|AFERED X WEYT, MEBoRFTETES & &
BT, 700°C~1200°C TO LIRS, Hi8 I X 8 700°C
DFERGES RER, X 5iz 700°C To & ')~7°I&Lﬁnf\
Yoz fTino .

% 7= 10M6N ﬁﬁczou\rmﬁ@ﬁ;ﬂm; G.BR. %

Table 1. Chemical compositions of alloys (*charged composition) .
: N
Alloy Mn Ni Cr Mo w Nb (& B others Fe
SN, | LN | T.N
NbO | 9-85] 5-88|19-45| 2+ | 239| _— | 026| _— — |o-588] 0022 | 0-610 | Bal
Nbl | 10+ | 6+ | 20+ | 2+ | 2-5+| 1+ | 027| _— — |o-as5 0115 [ 0-570 | #
P-0 10+ | 6+ | 20+ — = 1+ | 022 _— — |0546 | 0-112 | 0-658 | ~
P-1 9-49 | 6°11|18°88| 1-94| — | 0-77| 0-23| _ — |0500]0-126 | 0-626 | ~
P-2 |_10* | 6+ | 20+ | 301 | — 1+ [ 02 — | — 0485|0127 | 0612 »
NY0 | 7959 | 5-99 |'19-30| 1-92| 236 0-80| 022 — — 0625|0110 | 0735 | »
NY1l | 10+ | 6+ | 20+ | 2+ | 25+| 1+ | 093] _ 0,3{)5 0:588 | 0109 | 0-697 | »
NY2 | 10+ | 6+ | 20+ | 2+ | 2.5+ 1+ | 02¢| _— o007 | 0524 | 0-101 [ 0625 | »
C-1 | 10+ | 6+ | 20+ | 2+ | 25+ 1+ | 023 — | 9 10577 0110 | 0687 | 4
c-2 | 10+ | 6+ | 20+ | 2+ | 25+, 1+ | 0923 — O,OCf 0540 | 0-106 | 0-646 |
BVI | 970 | 602 1984 | 197 | 293 | 09| 0-25| 002, ¥ | 0628 0149|0777 | 4
BV2 | 956 | 6031975 2:18| 301 | 0:77| 0-23| 0-018 0-2\; 0683 | 0-137 | 0-820 | »
Bv3 |10°15| 6-05|19-88| 2-16 | 2-86| 057 | 0-22| 0-018 0-;; 0-592 [ 0-166 | 0-758 | #
BZO | 980 | 5881936 | 1-:99| 2.37| 1-01| 025|0007| — |0'512|0126| 0638 »
BZl | 10+ 6+ | 20+ | 2+ | 25+ 1+ | 0260006 |, 2" 0518 | 0142 | 0660 | #
BZ2 | 10+ | 6 | 20+ | 2+ | 2:5¢| 1+ | 0250006 | 0. 25 [0-504 [0-151 | 0655 | #
508 | 9-70| 5:99]20-25| 1:93| 2:5+| 0-73| 0-25| — — | 0592|0104 | 0696 | =~
50T | 9:93| 597 (20-13| 1-90| 2:5+| 077 | 025]|0-017| — |0'513]|0-134 | 0-647|
A |10°10] 620196 | 2-14| 2:92| 056 023] — — 0779 | 0-084 | 0-863 | ~
B 851 | 592|195 | 2:08| 224 — | 024a| — — |o602|0023|0625| =#
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Fig. 1. Effect of niobium on change in hardness

of 10M6N type alloys aged at various
temperatures.
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Fig. 2. Change in hardness of P-0, P-1 and

P-2 alloys aged at 700°C and 80G°C.

(d) Nbl
Microstructures of NbO and Nbl alloys heated for 250 hr at

X400 (3/4)
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(c) P-2

(by P-1
Microstructures of alloys heated for 300 hr at 700°C.
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Fig. 3. Change in hardness of NYO, NYI1 and
NY2 alloys aged at 700°C.
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Fig. 4. Change in hardness of BV1, BV2 and
BV3 alloys aged at 700°C.
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CHEOTILICE XIET Nb OB#EERL2HDT, &
WLREOE T 512, HERIIEEL, BEMET
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Table 2. Effect of niobium and solution
temperatures on grain size and
hardness.

Alloy Grain size, Sol. temp. (°C)
hardness 1 1 109 | 1150 | 1200|1250/ 1 300
G. S. 5~6 | 4~5 4| 2~3 2
Nb 0 H. 958 | 247 | 242 | 236 | 233
w1l 6.8 | >8] >8|7~8]6~7|3~e
H. 305 | 299 | 2941 269 | 263

FERR R AR L S NREEE AR T 5. AR BIRES 1300
°C DFELREED Nb(C, N) MHFETZH, *—
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EARE VR ALIEEEC 1/2 he (1% 5354, 1100°C T
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Effect of niobium on the deformation
resistance of 10M6N type alloys.
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Fig. 6. Effect of niobium on change in hardness
of 10M6N type alloys heated for 1hr

at various temperatures after cold

rolling to 60%.
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(a) NbO (x100)
. Photo. 4.

WO, T X v {REXNBFE LY GBR. 04 pkE
MHICX D FRERO AFKETE X530 EEF1bh
5.
3.3 EERESIESMHICEXIET Nb, Mo OER
Table 3 V3 Nb0, Nbl &4 38, 700°C T k1) 548
R RS2 R L 2 d DT, HIRDO33E4 X1 Nb 0
HITT b b T RER WA, EEHEUIT N0 &4
AKEW. LaL 700°C 05[RRIE X1, Nbl A&0BHL
PIEF R TWw5. Photo. 4 (a) i 700°C T3 3RuENT
L 7= NbO &4 ORI mAHT DRk < K R C 5 % 25,
Nbl A& ABEY X5 KREDLNRT, N0 54
DR FTHIVE Nbl & g RITHETT 5.

Table 4 ¥ 700°C Tk} 5 P-0~P-2 44 D4ERH
SRR AR RL b DT, Mo WX VEFRE®E, 0:2%
5, EHEERPUEDHEEINS.

Table 3. Effect of niobium on the tensile
properties of 10M6N type alloys.

Alloy Test. temp. |[T. S.(kg/mm?)| Elong.(%)
RT 92-6 555
Nb O 700°C 54-6 226
RT 915 335
Nb 1 700°C 58-3 21-9
Table 4. Effect of molybdenum on the tensile
properties of 10M6N type alloys at
700°C .
Allo T. S. Y. S. |[Elong.| R.A.
Y (kg/mm?) | (kg/mm?)| (%) | (%)
(added no Moy | 546 28-8 | 22:6 | 261
Pl 610 305 | 254 | 386
(1-942 Mo)
P-2 . . . .
(3:01% Mo) 663 347 31-1 | 48°5

”('b) NbO ‘EXM
Microstructures near the fractured parts of NbO0 and Nbl alloys after short time tensile

Saks

400) " (e Nbl (x400) 3/4)

test (a) and creep rupture test at 700°C ((b), (c)).

— 146 — -

—



-

291

(a) P-0
Microstructures of alloys heated for 4 hr at 800°C.
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X4 hr fpEaL7c P-0, P-2 H4&OMET, P-0 H41
13 G.B.R. 2idEN5A, P-2 541013 b 6N
V. FRBEBETIEHFRLTWRWA P A40101E, P04
LT b 2S5 GBRL AL T B, 18
BERLOERAFIFEL, Fe-Ni-Al oo G.B.R. »%
Mo T X piklEing & LTwh. 600°C T 3000 hr
DAL 7 0°42% C 2 EF 35 304 ZA—2F7F4 b
§il, 650°C T 3000 hr finEt 7= 0°3294C, 0°4294,C %
Tl 304 A —~2F 74 MR GBR. KT S
h3, fil— C &, Fl—snms L7 316 ZAd—27 4

(b) P-2
X400 (3/4)

FRTIE GBR. 34K LD, Table 1 255851
X9, P-0, P-1, P-2441%, Mo&GENET LD
NS.N. 25 L, Zhs GBR. 23T 5—R & 1%
Z by, Fe-Ni-Al §f, 18-8 %4 —2X7 54 D
iR, 10M6N R&4ICH W TEH, Mo DEH XN
%I EAKA GBR., 24540 :E 20505,

Photo. 6 (a), (b) ¥ 1200°C TiAMA{LIALHR{E, 800
°Cx4hr Jp#h L7 NbO, Nbl &4 0HlikT, Nb 7in
WX DKM E L, G.B.R. AERLEEVZ &,
72 GBRWBKRDLZESTHEULT L, BH ORI
BIORRCS AR THZ LM bbb, LTAHTIO
G.B.R. ¥ Photo. 6 (c) » 5 knick O LB R
AR LT WI &, 512 Photo. 6 (d) 70 BHAGA
b Bt SR T SN THER L TWaD &5
hs.

Photo. 6 (e) XMtk L 72 GB.R. 7R 73D
THH, [FEEOBERIT Mg-Al 54103H 20 5,
SR O THERNICTFIE T B b DS SR R Sk L 7
LDOTHEHEEINTHD, ZOESLFRROMAICX S
LDOTHHS.

Photo. 6 (f) WIMEFHDRu, HAEFKL TW5 G.BR.
TdhbH. TIERFHEMOMFEIIT= DM E O ET
R L2 D EZF LIS, X5 Photo. 6 (g) Xz
NEAELTHERL TS GBR. 2R LD TH
5.

PLEOFEEPSZOFD GBR. 1T, RRD%L F A,
ML ERROREE, Wik & Wb, REEEIT DR E DN
DI TER LT E 5.

Photo. 6 (h) X 800°C x50 hr JpZhL 7z NbO {34
ORI Z R L72bOTEZNERLTWDAY, 0
Jifiivd Photo. 6 (i) 23T X DT E v h— REE X il
W L 22RO U Lis b MR & 3F—5 L <
Wh.

3:4-2 S DR

Fig.7, Fig.8 13 x1## 10M6N (508) 454, 15X
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Photo.

.;)

c)
€)

i : g
s N L Sy

NbO, 800°Cx 4 hr, X 100 b) Nbl, 800°Cx 4 hr,
NbO, 800°Cx 4 hr, x 400 d) Nb0, 800°Cx4 hr,
NbO, 800°C x4 hr, 1000 f) NbO, 800°Cx4 hr, X 1000
NbO, 800°CX 4 hr, X 1000 h) NbO, 800°CX 50 hr, X 17000

g)
i)
6.

NbO, 700°Cx30min, X960 (about) j) Nb0, 900°Cx 20 min, X250
Microstructures of NbO and Nbl alloys heated at various

temperatures.
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10M6N FRELDHRIFEIT S

Nb, Mo o#fgs X V, Zr, Y, Ce

REIC KT 5 Nb, Vo DB 293
DOFE &N R LICE T il 2 C
12 O HERE TS HOEEEH E V8D ONKL
_ 50, [SHEE O EEE A RE T SEHEBO B
X | o ¥ - Sk
- y—— 5T LRHMbND.
@ L= AT 508 440 S.N. §x 0°5929%, L.N. % 0°104%
: o:lg :Q:mm‘ <&, BL&4L&o SN. 3 0°602%, LN. jx 0°023%
. Xt q mm?
5 4 7 = GBR. LB5TBLHELLND SN BELAEE
& v/ bbb, FLTHEROLEDHRE—FETTERTS
o G.B.R. 13 B 5425 ICH . X NbO, Nbl
Y =0 40 80 80 100 4O, B> Nb ek v G.BR. m#gish,
Heating time (hr) . . e
FO—FE LT SN, DL Fohsd &b~z
Fig. 7. Effect of stress on the amount of G.B.R. o SN. 4B oEAIT Nb % ..
of 508 alloy at 750°C. 7, ZER— S.N. FEOBHETD, ZeR LIy
L5405 GBR.ARENRKTHD. DLEOBEND
625 ! AF 44 Nb 2&F+5 2 & A, GBR. 2]
& 20 \ 5 .
_ — THEVZXS.
@ 15 | Photo. 6 (j) 1 1200°C Tt 7z NbO &
(&)
S Y/ el BT &% WMENEE, 900°Cx20 min Ak L Ao Mk
- %t kg/mm? | . . . e
s // 2130 ta/m <, EEOEDS X CRREEC GBR. 550 bhb
s [/ | %, AKX D GBR. AR XD T L% 25Cr-28Ni
OO T4 8 12 6 20 ic o EMAGT LD, £ Al—Ag?‘D, Al-Zn2D D
Heating time  (hr) WTED BT I oTHE XL TED, :@%&@Jbi 10M6N
Fig. 8. Effect of stress on the amount of G.B.R. A s A BIRET .
e LR THD

of B alloy at 750°C.

% Nb %[\ 7= 10M6N % (B) 4@ G.BR. Tk X
ST OEEL TR LEb0T, GBR. BENICED
RIS EHbra. Fig. 8 725 750°CX1hr fin
TS HSETIEY GBR. &AHEARTHIE, B&

(¢) 100hr, Okg/mm?
Photo. 7.

750°C of 50S alloy.

Photo. 7 (a)~(d), Photo. 8 (a)~(d) ExhTh
10M6N (508) 44, 10M6NB (50T) &4:% 750°C,
800°C iz B & ORISR L 72358, 6 ORI
Ex5%BERLob0T, BOHOHECH»PLLT,
AP R B S B ASINBER O R < LD oS

"'-‘-<v e S e S
(b) 59 hr, 16kg/mm
(d) 100 hr, 16 kg/mm?

Effect of stress and heating time on the microstructures at

X400 (3/4)
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g rikied
(a) 20hr, 0kg/mm2
(¢) 50hr, Okg/mm?

(d) 50 hr, 10kg/mm?

Photo. 8. Effect of stress and heating time on the microstructures at

820°C of 50T alloy.

A Y |
> O
Sy ﬁﬁ'ﬁ:};&{_ﬁ
UL

for 100 hr at 750°C. %3000 (9/10)

CHELTL 8% [SHOHET BHE L KHEETH
5. T OBWEEERMCLEKAECHAE L T s b &
xBhB. |

Photo. 9 1 750°C X 100 hr jnZh L 7= 508 & & DM &L

(a) forging ratio, about 15

X400 (3/4)

GUROIMETRL 2D THB2, GBR. O—fE b
BT EMTELS.

Mazza 520% 316 257 L LA EWT, WED
BRTO HHIIZICHIC X 0 (B X525,
incoherent IER CTIEI—BRFAE CH B L L TW5H. Wih
CLTh, AFRE40 GBR. I I U ELLE O HIX
WX D RESIND Z LR INS.

3-4.3 iEttogs

Photo. 10 (a)~(c) 1 IOM6N (A) &4 D&%
¥ 1'5. 4, 9 &z, 1250°C TEHILAEEE, 900°C
X 1 hr in#A U 7oL C, oS s 3ic o, REEE,
BXUEKT S GBR. BHESHEITIZIEFT RIS X
278 BH. 1250°C THECAE L /=2 Z 0454 D KE
Fi& L Tid, Nb(C, N) ofic Z BP0 FESE LD
N5, BHRCAERIE T Z MExEF T545%46413,
700°C X 1000 hr ikt b 2D Z BHFLEL T 5. L

coherent

N
S %, M B o

(c) forging ratio, about 9

Photo. 10. Microstructures of A alloy which is solution treated at 1 250°C and then heated

for 1 hr at 900°C. x63 (3/4)
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'900°C X 15 hr fin®kic &

10M6N Z&44&0EREEICHY 5 Nb, Mo offiEks Xt V, Zr, Y, Ce

i ELA SON 3 ke £E3 R e et pem o bp a0
Dy i & PLIF BLICZE IT L2 v L

= ’ ’ 295

Fo SO T Z DRI, BT X D BS W hOEICZELT S
D TrEIE V.

HI¥RT, 700°C %6 hr Jjp#E L 7-MN, MB &4 DRIE
IEHIORIT stringer JROWFHAET D & & auh 7.
i GBR. o4 KIcEL, T GKREBHRD S bk
BRI ET 500 GBR. 04 RIKEET ST
EMRTFRRENS. £ TEBBETCIOMEBMEI LIS, X
DX BEEIHE HEDLNIL, DI

Photo. 10 (c) % HREIAMOTL T D HEBIE—IC
MR b2 <, GBR. (X T DML O HFAET 5 fHI
THRLL TV EFHHLPTDHS.

LA THHLIRE & 512N, fidRRi & L,
FEEFHITE S - LA R THIRL ORI = & v & — 13,
R X D RE VWD EARE”INIC VAL Y. TREUEEL

BEDD E LT GBR. pLEHINCETCAWTRT
< BOW, REBHOFEG—ETHA S5, REE
FRD - dfE RS R b, MRS X DR = %

WE-—BREVCEDRREEFZZOND.
3-4-4 HEKCIREORE

Fig. 9 vx 10M6N #4400 GBR. RICH JIETIERK
LEEOMEZ RLALOTHS. GBR. BT, %3
HE REOEEC Lo T HhitEnd s, 800°CX4hr,
D+ %5 GBR. i3, VT
b EERLEE 1200°C OaRKE%D. HHRtE
AEps 1150°C » 5 1200°C ~E&E % H o, SN A3
AT B0, 0 N g+ i X>T GBR.
DERBESET LD EEZLND.

—75 Cu-Be ® G.B.R 20343 A{REE O E W IE L nodule
DENRDPIEL LD EBMOENT VS, TR

DIF D BEEFEE 7o, RT3 VX — BT

Bl tErbnb. LESDTERAGECE VTS,
AR Z 1200°C 7»5 1250°C, 1300°C ~ &7

whIZoh, GBR. 235003, FEaEREHARIL
FTHEDTHSD. FHOOFHE, 800°Cx4 hr, 900°C

T e (b)”

Photo. 11.

i2s0°c RS
Microstructures of 50S alloy which is solution treated at various temperatures

and then heated for | hr at 900°C.

e

9 i x

8 /’\}\\\
S 7F //’0 ‘
. ol L\
o 800°Cx4hr
I I
© | =
£ 4 900°C x I'5hr
>
£ 30
<

2

I |-

0

1150 1200 1250 1300
Sol. temp. (°C)

Fig. 9. Effect of solution temperatures on the

amount of G.B.R. due
10M6N alloy.

to ageing of

x1-5hr hpEkic X 5 G.B.R. WE&k{biRE 1200°C T
BEARERLLDEEZLND

Photo. 11 (a)~(c) vX 10M6N (50S) &4 % 1200°C,
1250°C, 1300°C T 1 hr fpBiokes OiF L% 900
°C x| hr hn#i L 723& OMRET, BHRILIRED BE 5
iwoh, G.B.R. @ﬁh&#ﬁ%#é@hﬂ%éﬁ z
PR GIERE O & okt 2D Em»H 5 7o
WTHHS.

3.4-5 fNENEREOHE
Table 5 13 10M6N F44 (B
°C, 950°C T 1 hr TJD@LL?\.%QUDGBR g, Hx®
G.BR. r FEHWoOBELRLIcbD T, GBR. &I 900
°C Tk L7n. Turnbull® 3 G.BR. DpkfEE
VI, RFIRILEL S SR FOBEMECEREIND L LT

&4 % 850°C, 900

1300°C

x 100 (3/4)
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296 % L A

5% 56 £ (1970) 42 2

Table 5. Amount of G.B.R., hardness of G. B. R.

and matrix of I0M6N type alloy added
no niobium (B alloy), when heated for
lhr at various temperatures.

Heating temp.] Amount of Héard}?r’lesfs{of Hardr:iss of
°C) G.B.R. (9%)| o7 o malnx
(V.H.N) | (V.H. N)
850 l 46-7 414 307
900 | 50-2 357 296
950 | 45-4 360 282

W, TOHMITLAZE, B 4540 G.BR. 7 850
°C Tix 900°C it tb <7 diE, C, N 7fr X oiksiss
E L, $£72950°C T3 900°C T e~ ic A v i,
C, N O@BMEMETTo b EELLNS.

%7z Table 5 2> SBNRE A E % 512, G.BR. 35
X OFEHOWEIMK T+ 2 HmSRDENDH, G.BR.
DREREEIFEHICHEERTEL, Bfako Fig. 1 of5HE b o
LIS,
3-5 JU—FTHEBMECHEKET Nb, Mo, Zr, Y, V

L oE

Fig. 10 {3 10M6N S2&5&D & V) — PREWIRFEEIC s X
&35 Nb OE#E LR L7cb DT, Kb 5B
BN Th 0, Wa4 s RGBT &, WERThOR
A3 523, NbO &4 OWEiHti: Nbl 44T~
ZL L A7, 700°C, 20 kg/mm? DFN S Y — FEEE
i Nb0 &4a 7°1x10-3%/hr, Nbl &43 36X
10325 /hr =, Nbl £4:13 NbO 54 0&¥5TH 5.

Photo. 4 (b), (c) V%, 700°C, 20kg/mm? T4 Y —
THHEF L7z NbO, Nbl &<, Nb0 54 1CV35H
7 GBR. 4L, SHEEATAORAENISEL
PiCEBH b 5. —F Nbl 440 G.B.R. LM T
1275 <, AT A7 <, FihoXkEx b v, &
B4 700°C DEERRS FRERHHONT & 1Kk 20% &

50 T
- ©:NbO alloy
~ 30 =242 — x:Nb1 alloy —]
"E ||'3\}>x 229
~ T ~——
XU" ~
~ 10
g
P .
s 3xI10° 10° 3x10° oy
Rupture life (hr) -
Fig. 10. Effect of niobium on the creep rupture

properties of 10M6N type alloys at
700°C.

DL bLT, 7)) — FHEHPONE, Nbl 4454
20% LHEDVZEDLLIEVD, N0 44138 8% L2
{BEAT5DiE, Photo. 4 (b) WFRFT XS iT, FEEL
GBR. OAKILX5HDTHY, 10MEN ZaE&ED 2 Y
— PHBFEE 3T L, GBR. O RIiTEMED &5 51T
ELLAWVT Enibbhb.

&T Fig. 10 2 BMALA k51, Nb fFhnic X b &
U — FHTE S EINT 5 4%, £ DK & LT G.BR.
DI, Nb(C, N) WX 2585810, &5y i
DL EDVEZ LS.

LIAHTH~RT F4 MBOREIER S cx L, E.C.T.
(equicohesive-temperature) HIFET S5 E XN TS
B KRB A ZxX XS E3huE, i BT 5
BRHTTRIRENSZILL, MBOBK®TORBRHEDEE
s B OEHICAEIC X o Tk A3, falEk 50
WEEREEHT S 18Cr-12Ni-3Mo FA — 25 + 4 MR
oW T, 1150°C iEk{bif & 1300°C T i
% 1150°C CTEIb L - ZBIB b D 2 ) — Pkl
MME L, fEROKXE VDO gEiHEes 10%
Pl B, SaRFMROESNT<hTuns LT
V. L7 2T NbIRICL % 2 ) — FRsREE = ok
TR TR LORIL, BEAEEWVWE VDT
L5 5. E5HIT Nb Iihnic X % 700°C 02 EE#H X 0
i & Ao XY, Nb(C, N) o&8ka{bic X %
DD EEbNS.

72 Nb I X v, G.B.R. %45 peshililb it 554
WEIN D2, LML L 2 ) — PIRFLO R 1T
SLh, R SO DM Eic@i< b o tE L SR
5. Fixib Nb IC X 5 KRA 4 OEEEEDUE
W, GBR. 25 Mgl toiElic 1540 LE 25
N3, Nb(C, N) o4#Eats—FE Bbhs.

Fig. 11 12 700°C iw&1¥ 5 P-0, P-1, P-2 5405
JI-wiiA R R R % R L 724 DT, Mo 2% Fmick b
TEETRFRTAE U < B SN B, 2% 55 3% ~HEhnL

50 -
. N (40'9) |
z O > T8 342)
£ 66 T~ o <2 A T08
g 20 (|2»|) T o —
~ o: P-0 (l7'3) ( 9'7%\
g x P} 301/ 3203 (332)
w O . p-2  Number in parenthesis * 020’
o Upper : creep rupture elong. (%)
& 5 Lower: reducticn of area. (%)
3 ; 2 2 L] 3 4
3xI0 10 3x10 10 3x10 10
Rupture life {br)
Fig. 11. Effect of molybdenum on the creep

rupture properties of I10M6N type
alloys at 700°C.
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10M6N Z&4&OERKEICKIT S Nb, Mo OffER XU V, Zr, Y, Ce 0a7
DE¥ LR E%Biﬁciﬂ'ﬁﬁik-o\n ==

12 ‘ |

405

10 f—————700°C, 26 ka/mm? _ (Ge7))
—_ !
E g — Number in parenthesis i
- Upper = creep rupture elong. (%)
£ g |— Lower: reduction of area. (%)
2 P-1
5 N 173
é" 4 (307)
- PS-O //

6
2 G27) =
0 ’/
(0] 10 20 30
Day

Fig. 12. Creep curves of P-0, P-1 and P-2

alloys.

CHhFOHEDRIIDLTHTHS. LB YRITHEEL
72 E D MEIHERI MRS, T OEIIKHIR R T H % 53 Mo
e X D HEE LA ELLEEIND. T70bb Mo
IV TERIEERT & AR OYE & i ET D LD b
5.

Fig. 12 13 700°C, 26 kg/mm? |Zxi} % P-0, P-1,
P2 5402 ) —Fii%E, Fva v FREOHOS K
DBOEAVTRLESDT, P-1, P-2 H4£0&K/N
520 —FEER P-0 S NEFLAWESINDY,
P-1, P-2 W&&ZERCHEEZTRT. ThHOBEED
5, Mo ML X W AFRELD Y ) — TIRHUITERT D
L, ARSI D LV XD,

Table 6 |3 800°C, 10 kg/mm? &4 F1F 3 P-0,
P-1, P-2 540 2 ) —7F WL R L2 OT,
P-2 44 OBKRRNE P-1 44 Ctb~"4 553, Fig. 11
PSEBND X DI, P-2 4540 KRR O BMRE S,
P-1 54T HANRASHWCLETRT T 2@mETRL, T
KA L DETLOT e tFE 2 Hh b, Photo.
2 (a)~(c), Photo. 3 (a)~(c) IKHWT, Mo &a#
B Th, 700°C, 800°C OWEEIZR T, W
ML ARSIV T E ZR L. LichD
CTEFREED® Mo RN X5y ) — FREMEE Otk
v, EELTEBRLICE B0 EE 25N, THEL

Table 6. Creep rupture properties of P-0~P-2

alloys at 800°C, 10kg/mm?2.

Allo Rupture lifel[Rupture elong./Reduction of
Y (hr) (%) area (%)
P-0 1791 21-4 274
P-1 618-2 38-0 567
P-2 5207 20-1 48-8

BHEVESLTRLY, ILCHRALRLEL, &HE
HErRETDHIERIDIDOELEEDND.

Fig. 13 v1 I0M6N FR&4&DISH-7 U — FHEEiReRsh
BB IET Y OB RRLHOT, 700°C, 16kg/
mm?2 DEET TR NY2 44027 ) — PR b
DLbEL, Fo NY2 4400 ) — FHEHHORISA
—FTHET S Eb2EdT<HTWD. Tibb YR
I X D BIRHESSE SN S EmMSH 5.

40 ] T
I o: NY O (added no Y)

10 x: NY 1 (0005% Y)
— 32'6 o,
% \o\px?f’? a:NY 2 (0017% Y)
E 289\\ l
2 248
- 20 i
@ 20°1
4 \A 261
) 221

lOlO’ 3x10° o 3x10° 10

Rupture life  (hr)

Fig. 13. Stress-rupture time curves of NYO,

NYI and NY2 alloys at 700°C.

302, 316 FAF L AMHICHT D Y IINEE&EE
LU, BeEs, 800 ) - TEECRSEIIEER
5xF, BEEEYHEL, 2V - FHEFROMmEIC
BT EMHLITEIN TN DT

700°C, 16 kg/mm? ¢ NYO0, NYI, NY2 &4& D&/
2~ FERERHEVELLVD, B3RS ) —T~D
B Y Ik v BnaERSHDH. L 2>TT
DHD EED Y T3 2 Y — PR s
i3, 302, 316 FHAF L ACKT S e LRk, 2
) — P RET SRR, £ L TERSE
THZELIBELDEEZILND.

Fig. 14 12 10M6NB &40 [5J1-2 ) — FakiiRe
s LET V oRELRL-DDOT, £OABLT

40
343
o< 30 287
£
302

o 293
= 1

20 o: By i (O'lD“/aV)—129~| a3
4 x:BV2 (027%V) 317 \\
i 4:8V3 (047%V) 268

10

o} 3x10° 10* 3x10° 10*
Rupture life (hr)

Fig. 14. Stress-rupture time curves of BVI,

BV2 and BV 3 alloys at 700°C.
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a) BVl (700°c 20kg/mm2) ><400
Photo., 12.

“

BV2, BVI, BV3 DEICKEL 7Y, FDFFFE 700°C,
20 kg/mm? OTEEIEERE V 0°27% TRELLD, #
XD V BELITHPuELLTHra2o2THbd 5.

Photo. 12 (a), (b) X 700°C, 20kg/mm?2 C% ) —
THEET L 72 BV, BV3&4& i<, BV3 54D W
WRERELTWS. VOSBRI AREED Y Y ~
SRR A RIS B 0, VA C 2 N LoEfin
HEE L, WIS RERET D0 ELLND FE,
BREOX B2 5, BV3 541213 MyCs, CrN, Z
MOE»IZ, V(C, N) LEZLNLHEIBEDLAS.
" Photo. 12 (¢) I3 BVI &4 OWEERIE OMET,
N RIREHTH A 2k L TV 5. Zhid Photo. | 10
() IWHRT XS & H T GBR. 2L 2T s
»T&HD, Photo. 12 (¢) ITHRT X 5T QM TIEY
Y — PR O 2 T v 3% .

C-1, C-2 840 5 ) — FREEIERTZ, 1000 hr (5 %
Tl b1, C-2 4413 C-1 54 ITHT < TV 523,
700°C, 16kg/mm? TRIHE-E4 & bH9 2600hr LD,
FDENRED LN LS. Photo. 13 13 700°C, 26
kg/mm? T & ) — P L - C-2 540k <, G.B.R.
DFEDT 25 v I E L TWEZ LA BBIEICEED5h
5. GBR. 3—HEOBERKAERD L EXDH D LT
&, TOREHEE—EOFENRLEZLNLS. &

LCEDHETRFEICAS X5, HHEEskikbL

3. Mlcrostructure of C-2 alloy creep
ruptured at 700°C, 26 kg/mm?.
X400 (5/6)

b) BV3 (700°c 20kg/mm2) X 400

el
P
¢) BVI (700°C, 2Okg/mm2) X100 (3/4)
Microstructures of alloys after creep rupture testing.

40 l
- 30 : " 250
% N
£ %5 \\
oo
= | 249

20 °0:BZ20 33.71*\\

x:BZ 1 .

8 a:BZ 2 352 \
o

10

10 3x10° 10 3x10° 0*
Rupture life  (hr)

Fig.. 15. Creep rupture properties of BZ0, BZ1

and BZ2 alloys at 700°C.

TW5. XD OB, Cr, C, N7 Xk
EBMMETUL, Lo THEIREIALELL, #5927
RELEEHDEZEZILNDS.

Fig. 15 13 10M6NB 44 D5 ) -HeMrme i dssic b X
Y Zr OFMEZRLALDT, 700°C, 26 kg/mm?,
20kg/mm? WFR DT IZE T % Zr 0°0019% DBZ1
(R A R e A iR S o

CLAEEFREED S ) — STk 21FF Mo, Nb

DHEME LR Y, Ce, Zr, V FMOEEIZ>WTHRET
L7cfE®R, 10MEN&&ORKTTETHS Mo, Nb ik
FEEOT IR BT 2 LcEELTECT
HY, %72 10M6N &+ 5 Y, Ce iFm, I0M6NB
BEITHKT B Zr, V OFhNE, Mo, Nb fnic 45 X
S 75 IR R O T A BAE AR ESH R IIZED S .

4. £

10M6N £ & DOMKTHETHS Mo, Nb Bz oia
LS XETHELARAEICASNS GBR. o
WCHRET S E LT, IOMBN 44+ 5 Y, Ce
DEFEhE LY 1I0M6NB 44+ 5 Zr, V O
7 )~ FHEHEIC S DS BB R A TOROSEELS
7=

) Nb FhiC kD, 10MEN &4 ofk 5 i L
U, BHWCEEIE AT 5 & 2 iz 700°C D[Rk X

i
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10M6N T—ﬁ%ﬁ@%?ﬁﬁﬁtptﬁh‘é Nb, Mo D#fExs X O V, Zr, Y, Ce
DEEENREIGRHTRIZoOWT

]
[Go]
=]

EMET 5. X5 GB.R. 2445 BHE o rghil i 1d
PS4y, REETRERE, BT ONE dtESND. DY

) — FREETRHE O Mo TiE, GB.R. RS B
B oimEl & & dic Nb(C, N) i X 5480t —
Rz bhsb.

2) Mo & 2%, 3% L¥ATIiTDiL, I0M6N &4
@ 700°C TkiFBHEREE, 2 U — S Lot
W R X VT b kEE N 5. 700°C, 800°C x 300 hr
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