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On Chemical Composition of Secondary Phases and Behavior of Each

Element by Aging in the Gamma-Type Fe-Co-Cr-Ni Base
Heat-Resisting Alloy, LCN-155.

(Study on tempering process of 7-type heat-resisting alloys.—IV)

Synopsis:

Yanoshin Imal and Tsuyoshi MAasuMmoTo

In the present study, the chemical compositions of secondary phases and the behavior of
each element by aging after solution-treatment with the LCN-155 type heat-resisting alloys
_were examined by chemical analyses of residues-extracted electroLytlcaLly e - —
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The results obtained were as follows:

(1) The metallic constituents in the secondary phases after aging consisted mainly of
Cr, at a lower temperature and consisted of Cr and Mo, W, and Cb with a larger atom

radius at a higher temperature.

With the duration of aging, the ratio of concentrations of

metallic elements to C and N in the precipitates increased.

(2) The C, N, Cr, Mo, W, and Cb in the alloys were concentrated into the prec1p1tates
with the duration of aging, e. g., in the state as aged at 900°C for 168 hours the most parts
of Cb, about 50% of each C and N, about 10% of each Mo and W, and about 4% of Cr in

the alloy.
(3)

Additions of Cb or/and N induced the changes in the partial distributions of elements,

especially C, Mo, and W, into the matrix and the precipitates.

(4)
consisted of (Cb, Cr, Mo, W),(C, N)s.
were presumed to be as follows:

C-Fe-Co-Cr-Ni-Mo-W alloy (CraMo,.5Wj.5)Cs:
C-Fe-Co-Cr-Ni-Mo-W-Cb alloy (CrisMo,W,Cb,)Cg:
C-Fe-Co-Cr-Ni-Mo-W-N and C-Fe-Co-Cr-Ni-Mo-W-N-Cb alloys (Cr, Co, Fe, Ni)x(Mo, W

Cb)y(C,N),: [X phase]

il

I. #
FEH B2 X % LCN-155 fii#ta 4 Ot i+ 5
THZERE B 3 BT b7 D THRE L2~ /b bl
I DiflE, BEEERER, XMAMIC XV Z DAL DB
BOETRED, FRERUEELMED, ITHEDI I Thbitxd+ 3
. WRATTEC, N, Mo, W, Cb O3RXAL I L.
U LRSS X OB IRINTTR ORI R % M 5 7o dicie X
LR OEEFTTROERNERITT B LENH 5.
— ARV DL SR R % S 5 1 CVXEARIEE L 7o
BALEGH Ll iudie bisv. L LEESEDL S KK
THEE A 4 DRI IIGIMOEA X D b\ 5\ 5 ORI s
£C%. ThbbEa&ToEmIEss Lrbil
PWICHDILTEETIEo R 2HMB L, oL REe
R DIBAZBET B L0511 L, Kb &
DELTS. ¥t Er0ERLEOMEORDISE
T, MEEEHONEMOILEMEKIT DV T O#|E
R D, KEEFIKOVTIE Lane B X
GRANTODHEDA L P RYLT, LA LEEELER

M TR S RIS SRS L A X S i,

In the alloys containing Cb, the undissolved Cb compound after solution treatment
The precipitates in the fully age-hardened alloys

[M23Cs carbide]
[Mngs Carbide]
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ZITHET 5.
II. BHEHBIURBAE

A L7kt 54 1x Table 1| w7k
B DB L OCEEEATERD OB4 & TIFFE

T, BT T BRABOHKAKTEH 2 2 FIFE L7050
WO FE,

10%IGRRIKIEHRE (LD o = %
) T 5~10mA/cm? OBFHEE CHFo/. B
& AL DR
Abs et O LT L T, Ak
i%ﬂi?&ﬁ%%ﬁfﬁXM%ﬁﬁ%ﬁiD%ﬁ@ﬁ
BELEETDEPE (—TEITICDERE 0°5g D
ﬁﬁg%ﬁ%)ﬂ@@&a&ﬁﬁ%%?é.tﬁ%ﬁ%
DRIEH T AT 4 V5~ X bF, T THEMEL X
UER A e Al
BB OBELE LT, M5 O HME~D LT
ﬁ@é@%métww~&ﬁﬁ%%f%mrﬁwiﬁL
5 DIEWICALEE, 1300°C X0°5h #38UX, . FORE1
EXDZELD WABY T iR, 500°C &%ﬂﬂwﬁm,

ERLTVWBRERV TLTEFIERLEOVEY  FhabbBBtaET 5iRE, 650°C L 900°C &%
LOMBREENL, —[CEHRLEZRBREZELOTEL BATRS 18T CREILE. BB Lons
Table 1. Chemical composition.
Number | Elemensts (weight per cent)
of ! - ‘ .
specimens | Cr | Ni Co c | 9w~ 1 Mo W Cb | Fe
1 1923 & 20752 | 20724 ° 0°15 ' 0°015 | 383 | 2°56 |} — { Bal
2 | 19721 19*79 i 20°37 ' 015 °  0°008 } 325 I 2090 1 076 ”
3 20709 19474 - 19°92 ~ 0°14 | 0°C68 @ 3°75 | 254 — 1 4
4 19763 20024 19°93 | 0°15 | 0060 ; 3°22 . 2'52 | 0°90 o




r W Fe-Co-Cr-Ni Zfif#& &, LCN-155 ORI HiH O MRS & U 1905
B & B BTLRDEHTONT

U3 L 750°C %32 AT 500 E#fSld 5\ ik 1,000 B
BRI L. 22 TE L CHIRRFNAE & LT 900°C &
B A7 DIRE S R R sh CrIAT S R B I T &
HMLEVSLTHD.

HER SR L BERCOWTET L OER 2 A
EL, FO¥—TEILOE 2@LESHET O 2F
T OBERR X OETEOSIEL S ETEDONT M
~DSTREE L OCRITHHEOILER S 2 KRR X hke
7 - - :

£TLEOH I~ DHEE, %

__ TRAEERET OTHEOME (Wt%)
BREMPOEZTEOCOEEXERMOESE (W)
NI & B R AR D& TR DL S

= (FRIEE B X BT O&TTEDIRE) Bighif
— (BAEEXBETOETROIRE) BHILLE

T BEREROEITTEDEERDFFL 100% L5
Vs, (SRS OREIC LD L1 SHTE O,
Mn, Si%§) 1% HikeATWnd.) BORELLTH
Mroik&BAEDE LTE L. EIE R LABEE
B+ 5—Wh A (& <1 Cb 24 Traicit Chibs
WH% <EETH.) BRI X VEL L Wb DL
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III. REERBLUER
1) BiER ' |
Table 2 REABOBMHRAER (Wt%) BT,
SEF LCN-155 #4 (No.4) o BikBIIiEA{tmmg

Table 2. Amount of residues extracted by
electrolytic method.

No. of specimens Weight per cent
Heat treatment No. | [No. 2 No. 3| No. 4
1,300°C X 30mn—0.Q. 000 | 0-29 | 001 072 -
v ; 500°C xX'1h —_— —_ —_— 0°99
v , 500°C X 10h — —_ —_ 095
4 , 500°C x1tih" — — — 0°92
7 , 500°C x500h — — — 1+06
7 , 650°C X 168h — — 159
v , 900°C X1h 227 | 2*20 | 0°07 139
4 , 900°C x3h — —_ — 1°75
” , 900°C X50h — — —_ 2+85
4 , 900°C X168h | 3*40 | 329 | 1°17 323

¥ 0*72wt% Toh 5. 500°C B TIIHy 0°9% §ikT
R i EBAGRICIZIE—E TH B. 650°C X 168h [ .
BHTIXHY 1°5% ToRWEmmL, 900°C Tl X5 K
L b, 168 BT 3°23% &b, Zhicxt
L Cb, N OFEIEEEEZE %72 No.1~3 OB
& T, BE{bQIES, No.2 DX 0°29% DS
T, EARIEEALELREV. Eic 900°C BT
| Ml T No.1~No.3 OEERIT 2°27%, 2°20%,
0'77% & 100, 168 BET 3:40%, 3°29%, 1°17%&
5. TibbREhC X W iFH L& 900°C X 168h
T No.l1 %% 3°40%, No.2 »% 3°00%, No.3 55 1*16
%, No.4 $% 2°50% &7h, No.5, No.6 TIXHH
EN% <, No.7 TRHAVv. COWHEERTHEEC
IOTHEEINLEDOT—HIT VAW FTERV D ZhE
fREIEHZR & EER CERZRL TV 5.

Table 3. Chemical composition of extracted residues.

No. Heat: treatment

Weight per cent

C N Cr Ni Co Mo w Cb Fe | Total

1,300°C X30mn—0.Q. | 4°12| 3°00 | 6°290 | -— | — | 0'91 |0'86| €0°23| — | 75%41

# , 500°C xth |3%45| 2°99 | 4°31 | — | — | 0°88 .| 1°02| 6310 — | 75°75

# , 500°C x10h | 3+30| 308 | 1°35 | 0°17 |Trace| 1°20 | 100 | 6480 | 2°45 | 75°90

4 # , 500°C x111h | 381 | 347 | 673 | — | — | 0°88 |0°98| 5805 | — | 73°92
# , 500°C x500h | 403 | 322 | 98 | — | — | 2711 |2°04| 55°55| — | 80°89 -

7, 650°C x168h | 4°38 | 338 |16°71 | — 3°01 | 4°23| 49°18 | — | 80°89

7, 900°C x3h | 3°59 | 367 | 12°85 |2°16 | 3°75| 7°43 [09:00 | 43°09 | 2*64 | 87°19

7 , 900°C x50h | 296 | 268 | 1952 | — 13°21 | 936 | 4098 — | 8870

# , 900°C x168h | 244 | 1+83 | 1950 | — | — |10°26 [10°17 | 40°33 | — | 84°53

I,300°C X 30mn, . . _ . _ — .

1 T 0005C X 168 h 285 <005 | 27°13 — | 3825 |26°78 9501
, | 1,300°C x30mn—>0.Q. | 6769 (<0°05 | 314 | — | — | 0°75 |0°66| 65'32| — | 7656
7 -, 900°C x168h | 812 | 000 |25°72 | — | — | 7°16 |6°03| 47°07 | — | 94°10

3 7, 900°C X168h | 4°39 | 1°39 | 40°63 | 7°SI [_8-20 | 10°53 | 936 | — | 4°40| 86740

* AT RRIE D EBCE—&KIFHEZD Cb(C, N) {2 750~850°C {iE TARE THE T 5.
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Table 4. Atomic percentage composition of extracted residues.
Atomic per cent
No. Heat treatment I D\I;‘I(]);?él l?q]
C N | Cr | Ni | Co | Mo 1 W | Cb | Fe ’
1,300°C X30mn—>0.Q. | 25°59( 15°97| 9°02| — —_— 0°71] 0°35 48°36| — 1°4
# , 500°C X1h 22749 16771 6°49, — —_ 0°72; 0°43} 5316 1*5
4 , 500°C xX10h 21°47| 17°18] 1°80, 0°23 [Trace| 0°98 0°42| 54°49| 3+43 2*1
4 # , 8500°C x111h | 23-78| 1857 970, — — 0°69] 0°40| 46°85 — 1*3
7, 500°C xX500h | 24°21| 16°59| 13°67] — _ 1*59] 0-80| 43°13| — 1°5
-, 650°C X 168h | 24°14| 15°97| 21°26] — — 2°08| 1°52| 3503 — 15
# , 900°C X3h 20°27| 12°92| 1676 2°50 | 4°33 5°25| 3°32| 31°45| 3°20 2°0
# , 900°C X50h 17-08| 13°26| 26°01] — —_ 9°54f 3°53f 30°57] — 2*3
# , 900°C x168h 15+57| 10°00| 28°73] — —_— 819 4°24| 3326 — 2*9
I,300°C X 30mn—0.Q. ) el _ . . .
1 . '900°C x 1681 1821} — 40403} — 30°59 1117 — — 4°5
2 t 1,300°C X30mn—0.Q. | 41°82 — 454 — —_ 059 | 027 | 52*78| — 1°4
#, 900°C x168h | 3789 — 2771 — —_— 418 | 184 | 2839 — 1°6
1,30C°C X30mn—0.Q. | . ‘ . . . . . . . . .
3 , 900°C X 168h 20°86] 5°66 | 44°58| 7°29 | 7*94 | 6°26 | 2°90 —_ 4+50 2°7
2) B#%PCJ:E) No. 4 %H%*j@*ﬁ&l*a OD'”: %ﬂﬁ&.@ 60) Jpeciméﬂ//oﬁ
Z1k i 18t 0 . W
BB L o4 No. 4 OBHFER Ml DL 4 i Ex N NPT AN
Table 3 &, ¥7%*ORFEHEEL Table 4 TR - \ i / 4
o 2388 S0 ) 1 R §" 7 ch AN 7
F. 1,300°C TEHILALER L 7= 305t O — Wi 013 36 ol R ZE
$12C, N, Cb itk » Lidbbh, [MI/IC, NI offii L= | N,
% 14 TH5. CLN OHIEKI% 3:2 TEERT L E— 27A\2$>” 3
Motz Cb BX#S%E LD 83% T, BHx Cr15% o2 J' ;, ~Jo> 2™
— 7 5 | X~ = - °
Mo 1%, W 1% Thb. (Tabk—aSkzﬁ*f-) X%;?‘@ﬁ# §/0 \W\j&/%] ,
HORRCTIE CbC DEWTHEL pED by h Dk = ’ P
{bingig O—kIT i (Cb; Cr, Mo, W)4(C, N); fﬁ _______ A%eﬁ/LTW\ ‘
0)%5_5272%0 Cb {t&tT, Zohiz%4o Cr, Mo, giﬁ;bﬂ 500 70072,,,,;,”5‘50,6 (T)//W 1300
. . fre
WEEATVEEH X Bivs. DFKEE RE—BED Fig. 1. Atomic percentage of elements in
500°C T 500 REf % TEEh L 7ode, Bl oftE extracted residues from alloys aged
E%@bﬁﬂ%&ﬂ]@*ﬂﬁmti‘s\ﬂT%{*{bﬂ&ﬂﬁblﬁxkf C, at various temperatures.
Cr, Mo, W il N, Cb 2 7 5EmE .
RLTVS. LapLZOEETOBEESPI L, 500 FEOZELERL TV S.
°C a%;m;mmmwm\ & i 500°C BESNTIIHT LA E O RVIRSIM OBRFREM R OEITLERITOW
HLZaWwEZEXTIVv. % 650°C 1T 168 FEiISHL . TlB~<72dDTHHH, L LI OPiidEiniiz

B ENEREFOCORFRIVTLEAEELL VA,

Cr, Mo, W, &< Cr OEFEMNEML, Cb, N3
WA T S, THIT 900°C EESh0BA VIR &
it Cr, Mo, W DFEFEMNHEML, C, N, Cb »
BT 5. ZORETIRELIC Mo, W oi#Emsisvd
CLsLVv. ¥h4&EBETF [M] & C, N FF [C,N]
DILEIREHBE 500°C & X8 650°C T 1°5 R
TdHDHH 900°C TRRLEWICHEML 168 BEREIT 290D
W27+, Fig. 113 No.4 oztfls 500°C ,650°C,

900°C iz 168 REEREI L /2B a DBRIEFOETEDR

LHRET HRBATEDZ D EATED, BT X 07
2 ZRIT R O B DILZEMRR A R L TW B O TR
V. 2 TCCRERIRICKRIEFHT A SR LIV b DL L
TR X B TR OB ITEOREFRE KD K.
Fig. 2 3 X OFRE R 500°C REhTi Cb iy 43%,
Cr 13% O&EEREFE C 16%, N 28% »bLpi5H
BIHETBE5CRLE. LrLAdLick 5> ik
DOZALBIER I b ZOEREELET, TL5
HHRLEWEEZBRETHHS. 650°C'X168h TiL
WS OEFEIE Cr 49%, Cb 7%, Mo 3%, W 2
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%, C 24%, N 16% T [M1/[C,N] ii§J 1'5 Th
B, ThbbELLTCrIhRD, EFEREORKEW
Cb, Mo, W OAOi\WiaLEL > 5. ZOBREND X
wepii e RT3 Ch {b&Digsicd A 28 28, 275,
2:0, 14 ORIBKFECENHRIRBDLNEG. ThbE

Hmo 5 b 208 12 MusCoe BALHD (333)-(511) @

 EOEFMEZE—FT S, Lo LORERTIE M1/
[C,N] %5 15 THDH5H MuCs X 5X DTl
5 M Cy* LEXTERIV. THIT 900°C TRAIL
A, AR OSTEORFRIIRSIRE O
L iz Cr, Mo, W ESINL, i Cb A LT,
168 BT Cr 35%, Cb 29%, Mo 10%, W 5%, C
13%, N 7% L7t5h. Z OIS 650°C it~ T Cr
BEFLk <, BFEEOAE Cb,Mo, W %%<,
C+N kv, F7 [M]/[C+N] DOHRITE
MasCe JRILMDHLE LTV 40 DERZTT. X BT
X B E 900°C Righ & & I RIAIRIT D Cb(C,N)
DIEMPIT MCe 33 XU XFE*MH b, 168 KT
x50z Laves 2B Sbh 5. L0 & S &SRO
HABREICEETIE L 2 ESRRTFT 50 CEITE
DOFEFEL [M}/[C,N] OfE»rHLITHBOILERS %
WEST 5 - LIXTELV. Jr¥s Table 5 i@ 900°C T
B LB OO C L NOREFH, £BEFO LS
FUXBENBRETLTHS.

DL OEBRERSSKIETE Cr[FF%, FAEET

* HaceL 591 X % & (&3, ﬁﬁﬁéﬁgﬁTM%Cs.@ ‘

L BEEH e LT MeCs BT E LTV A,
AP KIBLTH A, COBEREFORHET

HA. LOMCBALTRERTAIFETH 5.928
i} .

13 Cr [RFDOMICRFEFEDOKEV Cb,Mo, W %&¥e
ML, &R, ERE Bt LB TIMI/IC,
“N]1 OEHBK, TihbbEBEBRFOSVITHMICS &
EMHT VXD ,

DE RN X DA TTROWHEB~DHEELZ KD B
&, 500°C @t;%.é\ﬁ Fig. 3, 900°C D41k Fig. 4
DT LB, BRI I RIS & LT

© CbD# 45%, CHIVNDOROEDK 20% HEE X

Tk, Bor»ashhicE@EL TVw5. 500°C Rgh T
¥ Fig. 3 TFRT X 5B EAESERBCELBLV.

Ll 900°C BE%hTiE Fig. 4 WROHNS5 T & KA
FEOWHAE~OSERIIESEEH & & DN T 5. &
<t Cb o&ER=izasciEimL, LesrilTiiliho
KEHHBHTHAERICATTS. 72 C, N  LAWICH
HAEFICiREEL, SORFfiT C 58%, N 75% W3 HIFE
~, BOPMICHE LIcRRBIC S, Ll 168 FfET

on Jpeclimeﬂ o 8
at 500°C
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Fig. 3. Change of percentage distribution of .
elements into extracted residues by

aging at 500°C.
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Table 5. Atomic ratio of each element in precipitates.
: Ratio .
No. of (at%) Ratio (at%) Identified phases
Heat treatment : by X-ray analyses
specimen C | N Cr | Mo| W Cb |Others*
5] s .
1 ,300°C éggomcnngé%. 100 | — [48°1|37°a|137| — — x(a), L(r)
1,300°C X30 mn—0.Q. | 100{ — 78| 10| 0°5| 907 — CbC(a(t) )
2 o . . . . _ CbC(a),7(m),
# , 900°C x168h 100 | — | 558 | 8°5| 3°7| 320 w(ve), L(vr)
[, 300°C X30 mn—0.Q. | ... ) | A ol _ ;
| 3 900°C x 1eah | 7876 | 21°4 | 60°7 | 85| 3°9 269 k(m), X(a)
1,300°C X30 mn—0.Q. [ 61°5 | 38°5 | 15°4 | 1*2| 0'6 | 828 —_ ' CbC(a) ..
7, 900°C xX3h 60°6 | 39*4 | 38°4 | 14°2 | 8°9 | 38°4 —_ CbC(a), s (r), X(r)
4 # , 900°C X50h | 53°8 462 | 42°7 | 16°8 | 6°0| 34°5 — Cbg(a),X(m)x(r)
] . . . . . . _ CbC(m), X(m),
# , 900°C x168h | 60°7 | 39°3 | 43°8 | 131 | 6°*7 | 36°4 w(ve), L0

{/: +M23Cs, % ---MeC, L---Laves phase, X.--X phase (unknown)

a ---abundant, m---medium, r---rare,
* Mainly containing Fe, Co, and Ni

RENBHF e S LIsD 225 5. thbit
FicRL Cr, Mo, W HEShE & b I I BT
TB, WHE~OHERE Mo, W 5Dk 10%7]
#%, Criy 2~3% BEIAEL V. Tibb 900°C i
TR D Cb BT 5. FHROD X SR IT &
5 & Co{bBIRBFETHME LTRETEDOTZD
FHEHAV BRI Tl 7o D728, 850°C DL b Tl asik
B LML IDIREN ETIFHET 57255 & FHEL
oo LEOSIRRIEC ORBIE BT TV 5.

3) HMEOILEHE KR X OTCEOH KA~ DS le R
ks XETIRITRORE

Cb, N Ofi&4%ZE %7 No.t, 2, 3 @ 900°C X168
h Bt OB E P OLE K4S % Table 3 KX DRF
#% Table 4 1T, FLTRIWHMEADCLENDHK X
V& BEFE D% Table 5 T5+.

T b bEAREOBREDOILEME KL Cb, N OF &
X 0%HEet5. No.l @ Cb, N &4 %muwstEl
THRIFEDIZ S DI Cr, Mo, W O&RRTFI X b L
- bh, [MI/[C,N] 13§y 4'5 TH 5. ZOBEMDX
MBITERICX S E MiCe DIZHITIMED Laves
DEBDHND. No.2 @ Cb 24 LsE Cra— k4t 48
DILEM L Cb BTG 2 L, TDIEH»§) Credp,
Mo 1%, W 0°5% % &% %7 [M1/[C, NJ 131§y
14 TH%. §72bb No.4 o4 LR (Cb, Cr,
Mo, W)iC3; @ Cb R{bWeFE 155, E5HIT 900
°C X 168h FEh TR IRITHAEDMRIT Cb 28%, Cr
28%, Mo 4%, W 2% T, %@ [MI1/[C,N] 11§y
1'7 Tosn. XERNERIZISL2420 CbC LA
D MsC PEDBI, TDIFH MCs, Laves FHD %
BEHFHETS. ZZTIMVICIHAEWDI CC 45

v ---very.
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BAET 5@ 2 AT IR LR A Td B LIX TR
V. ZOWFHEERO N i34 6°86 at% T, CENODHL
i 3:1 ThHsH XEBEFIE Cr+Mo+W Diy 70
at% OEsic. Fe+Co+Ni O 30 at% »5H 5.
No. 4D FA#TI11750°C X 1,000 h B T A &4 55 X 48
<, Li;ﬁﬂuj\g;@ Laves A\E, Cb(C, N), MoCos %4
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Table 6. Chemical composition of extracted residues.
No. of Elements (weght per cent) Total
" speci- Heat treatment - wt %
mens C N Cr Mo | W Cb Co Ni Fe
1,300°C X 30mn—0.Q. . . . . . . _ _ — .
i 750°C X 500 h 4+25 71*04] 1002 6°83 » gi*14
2 4 3°13 — 49+83[ 13°12| 12°62] 12°31| — — —_ 91°09
1,300°C X 30mn—0.Q. . . . . . _ . . . .
3 750°C X 1,000h 2448 | 164 | 39+83] 15°53] 7°06 8°50 |10°72 | 5*01 90°77
4 4 | 1482 | 2°24 | 19°55 20*57} 4°90| 24°57| 977 7+83 505 96°30

* 23D 5 750°C TORBEARIEE I No. 1, 234 500 B, No.3,4 1249 1,000E TH %,

*x e Mgg€e find Moy W, Cb 0 & I SR FEEOKR X OLROBEINIRE 20 wt9 TV 3B
b, Cb 53 ~NT MuCo KEBL TV ADEMTH 5. Lb L 900°C BHOEE L R>T 750°C ’CbiCbC
BRAEETL LS Cb id MypsCo RICEET5EEALNS.
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Table 7. Atomic percentage comopsition of extracted residues.
No. of Elements (atomic per cent)
speci- Heat treatment . (M1/[C,N]
mens C N Cr Mo | W Cb Co Ni | Fe
1,300°C X30mn—0.Q. ‘ . _ . . . .
1 750°C X 500h 15 22‘ 76°82| 5+87 2°09 —_— —_ —_ — 4+3
2 o 4 1668 — 61°33| 8°75 4'39 | 8°48 — —_ —_ 4+9
1,300°C X 30mn—0.Q. . . . . . . . . .
3 750°C X 1,000h 12*10| 6°86 4{1 8? 9 49‘ 2°25 — 8°45 '10*71 | 5°26 3*3
4 4 9°57] 10*11| 2376 13‘55% 1°68 [16°71 {1048 | 8°43 | 5°71 | 4+1
Table 8. Atomic ratio of each element in precipitates.

No. of Ratio (at%) Ratio (at%) I%entiﬁed
speci- Heat treatment %jiﬁf by
mens : C N Cr | Mo W [ Cb Co Ni Fe analyses

1,300°C X30mn—0.Q. . . . .
1 750°C X500h 100 G061 | 6°93 | 2°46 —_ — — —
2 p 100 | — [73°93 |10°55 | 5°30 [10°22 | — | — | — o
o | v
3 |20 X30ma~0-Q o555 l3e-18 [55+38 [11°71 | 2278 | — |10743 1322 | 6049 | (M), X (2)
750°C X 1,000h X (a)
y/ . . . . . . . . . )
4 7 48 651 4 [29+6 1:6 9 20 (208 13,1 10*5 7°1 [CbC,x, L]
{/c --Mz23Ce, L---Laves'phase, XX phase (unknown)
a ---abundant, m-.-medium.
100 FRICES LB tox& e i+ Ce Eaxhnx ¢
”L—‘%%%dﬁ%mmm@- BRWTHD LPMHL S 5. :
P 750°C x {0004 . '
ol IV. # =
. 60 — .
5, LCN-155 WiZh& & OREShIC X 5 8 THEOEH % &
& a0l 59 = : 5HHIT Cb, N OEADZ &5 4 fOREORSHH
301 DEFEE I LEITL, RO TREORFR
2H H & BICHE~DETLROSEEREZRT L. FoEEIT-
/0 = 1 -
i ) EDXSEHENE.

T N & WM o M W G Fe
Element

Lo BESTRIRPHC I >TEIERT Cr ZF%, ¥7z
HIET Cr, CB, Mo, W [RF &k LicRibimsss
H L, RECEBEMENC 72 51c L2325 IM]I/[C, N]
DHEBERELY, EBETFD> be CCEFEROK
&\ Mo, W, Cb 0& W ifHRICE(LT 3. £/ C,
N, Cr, Mo, W, Cb O TLEOH M ~ OHE =T

Fig. 6. Percentage distribution of elements
into extracted residues No.4 alloy
aged at 750°C for 1,000 hours.
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Effect of Elements and Heat-Treatment' on the Precipitation of

" Ni-Base Heat-Resisting Alloys. =~

Sadao KosuiBa, Tsuneo KuNnou and Shin KiMURA

Synopsis:

This report deals with the effect of additional elements such as Mo, Al, W,. V and Nb on
the precipitation, and with the behavior of the precipitation due to the heat-treatment in the

Ni-base heat-resisting alloys.

The precipitates were isolated electrolytically from specimens, and chemical composition
and crystalline structure of the isolated precipitates were determined by chemical analysis
and X-ray diffraction, and the shape of the precipitates were observed by electron microscopy.

The results obtained were as follows:

(1) The precipitates of aging-treated spécimens which were added with several elements
consisted of Niz(Al-Ti), MsCs and Ti(C-N) usually, and the mest portion of the precipitates

was Nis(Al-Ti). o .

Among the added elements, especially, in the case of Al or Nb ‘addition, Nig(Al-Ti) or
Nby(C-N); was precipitated plentifully, and the amount'-of precipitates, as-aged hardness and
strength at high temperature of the alloys were increased conspicuously.

(2) The insoluble precipitates in solution-treated states were only "I‘i(C-N)..

The amount of precipitates were influenced by aging temperature, but the effect of solution-

treatment temperature were hardly observed.

The amount of precipitates was increased with the rise of aging temperature, and it showed
the highest value when the specimens were aged at 800°C, but precipitates were decreased.
rapidly in the specimens by aging treatment at above 850°C. '

Presumably,
degree of aging temperature.
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it should be the result of precipitation or dissolution, of Niz(Al-Ti) due to the

OVWTHIE LIcBED, &5 IKEEOMEMH—IIT> .
WCORBA R ENTWERY, GF&OMBKROZEIT X
HIFHDZE L, &5 \VIZEGEIC X DT HI OFEENT

* FIE 4 BAKMBAKICTRE
w AUSEIEHASHEETH IE
wr BV G BIRHKEEATH



