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Minor Phases in the Gamma-Type Fe-Co-Cr-Ni Base Heat-Resisting Alloy,

LCN-155 Aged and Effect of Additional Elements on These Phases.

(Study on tempering process of 7 type heat-resisting alloys.—III)
Yanoshin IMAI and Tsuyoski MasumoTro
‘

Synopsis:

The precipitates in the commercial LCN-155 alloy aged at a témperat'ure between 500°C
and 950°C for a time up to 3,000 hours were identified by the electrolytic extraction method.
Further, the effect of additional elements such as N, Mo, W, and Cb on these phases was

- examined. :

The results obtamed were as follows:

1. The phases which were identified in the commercial LCN-155 alloy were the carbides,
Cb(C, N), M23Cs, X phase and M,C, and the intermetallic compound Laves phase. These phases
changed as follows by aging: ‘

CrsCs — (Cr, Mo, W)23Cs——+X phase —— M.C
—— Laves phase

2. The stable Cb compound, Cb(C,N), was detected in the almost examined alloys contain-
ing Cb, but, as an exceptional case, it was unstable in a narrow range between about 750°C
and 850°C in the alloys containing Cb, Mo, and W.

3. The principal precipitates which contributed to age-hardening were the carbides My;Cs
and X phase. Though the carbide MguCs was stable in the alloys without N, it was less
stable than X phase in the alloys with N, Mo, and W. (The X phase was a new type secon-
dary phase which was detected by authors.)

. 4, The carbide MsC and the Laves phase were identified in alloys of this type containing
Mo, W, and Cb aged at a higher aging temperature above about 750°C for a longer time,
and scarcely made a contribution to hardening.

5. Af about 500°C, no precipitate was found by aging in spite of producmg a remarkable
volume-change so called as the lst stage in the tempering process.

6. It was considered that the two steps of age-hardening in the LCN-155 alloy were caused
by carbide reaction changing from MgCs to X phase and the excellent age-hardenability
of this type alloy containing N, Mo, and W would be due to a nature of the X phase.
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Table 1. Chemical compositions (weight %)

Number ! ﬂ

of speci- Cr : Ni Co C N Mo | w Cb Fe

mens |
1 19-87 20*10 19°75 011, 0°011 —_ — — Bal.
2 20°71 20°01 1964 ‘013 0°012 — — 0°92 4
3 19+76 20°00 | 20°26 0°15 0°085 — — — %
4 19475 . 20011 19°90 0°17 0+080 —_ — 110 4
5 19+23 20°52 20°24 . 0°15 0*015 3+83 T 256 — v
6 19421 19+79 20°37 0*15 0°008 3°25 2°90. 0*76 4
7 20°09 19°74 19+92 014 0068 3°75 254 — “
8 19+63 20°24 19°93 0°15 0°060 322 2°52 0°90 v
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Table 2. X-ray data on the commercial LC'N—,155 alloy (No.8) aged at
. 750°C for differept hours.

a) Aged at 750°C for 10h. - ¢) Aged at 750°C for 500h
Cr K, radiation
Cb(C,N) MyCe Cb(C,N) MyCs X-phase M:C Laves phase
dA I ay= o= d A I a= ay= A= _ Gy= ay=4'73A
4405 A 10°612A ' 4+404A 10°641 A 10°824A 11°069A  c/a=163
2°531 S 111 . 3266 VVW 311
"37118 VVW 222
2°383 VVW 420 2709 VW 400
' 2539 M 111 331
2°195 S 200 - ¢ 24494 VW 331 :
: 2°423 VVW 420
2°167 VW 422 2°382 VW 420 - -
. 2360 VVW - _ ) 110
2°042 W 333-511 2°334 VW
2:212 W 422
1878 VW 440 . 2199 M - 200 ; . ~
. ' 2¢172 W © 422 ~ 103
1°601 VW 622 2°130 VW ' - 333-511 -
) : | 2-083 S 333-511
17555 S 220 2048 VW - 333-511 200
2°0l14 VVW _ 112
1328 S 311 : 1°979 VVW 201
1916 W , 440
1272 MS 222 i-e81 VW 440
1°803 W . - 531 600
1250 VW 660-822 1°605- VVW - 622
1°556 M 220 .
1518 W 551-711
1°410 VW 553-731
1°328 S 311 213
1276 M 660-822
1°273 W 222 :
19256 . VW 660-822
12251 VW _ 555-751 ,
1°232 W 555-751 205
b) Aged at 750°C for 10Oh. d) Aged at 750°C for 1,000h. . :
Cb(C,N) My Cs X-phase Cb(C,N) My3Ce X-phase MgC Laves phase
dA I a= Qo= Q= dA I Qo= o= Qy= Ao= _ Qo=4'72
4206 A 10°642A 10°782A : 4-401A 10°639A 10°824 A 11-078A c/a=1-63
2°538 S 111 2789 VVV;V 400
) 2*632 V -
2°378 VW 420 2°538 W 111 : 331
2°199 S 200 2°361 MW . 110
) . 2°333 VW
2*171 VW 422 S0 M. - 200
2075 W 333-511 | 2°174 MVSV (422) S , . 103
. : 27132 V 333-511
2:048 M 335-511 5083 S 335-51 1
1°906 VW 440 2:048 VW 333-511 200
g 2°015 MS - 112
1879 VW 440 . o7 M 201
1°796 VW 531 1'911 VW 440 004
. : 1801 VVW 531 600
17604 VW 622 1v607 VVW = 622 :
1557 S 220 1°554 W 222 551-711
ana 1°505 VW g 551-711
17328 S 3t 1°438 VVW 553-731
1°272 MS 222 . 660-822 | 17364 VW' . ‘ 300
1255 W 660-822 324 S 38U 213
1°230 VW 555-751 1°280 MW 660-822
. : 1°269 W 220
1°251 VW ’ 751-555
1°256 VW 660-822
1°229 W 555-751 205
1-180 W 220
S ...... strong, M ...... medium’ W ...... Weak, Voeeenes very
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Table 3. X-ray phase identification of the commercial LCN- 155 (No.8) aged
at various temperatures.
Temp. Time Cb(C,N) . MnCs | X-phase | M;C | Laves phase (Mg-Zn; type)
/ a, | a, | Qg Qo ao Co C/a
(°C) (h) | A A | Ta A A
As solution-treated ':, . '
Q,gpo%xo;sh—)o.Q.,)!j 4408(a)  — | — ’ — — _ —
500 1 [l4ata21(a) | — p— | — — —
10 , 4°403(a) — | — ro— — —
100 | 4-401(a) | — ﬁ — } — — —
650 100 4°405(a) — — — — —_ —
250 4°403(a) |10°612(m) —_ — —_ — —_—
1000 4-401(a) |10*611(a) —_ —_ —_ —_ —_—
¥
750 10 i 4v405(a) [10*612(a) — , — — — —
100 4-406(a) |10°642(m) 10°782(r) — -_ —_ —_
250 | 47404(m) 10°641(r) | 10°824(a)¥11°069(v r)| 4'73, 7685 162 (Vv r)
1000 4-401(r) |10°637(r) 10-830(a )*11°078(r) i 4*72 7°70, 1*63: (m)
’ 3320 4+393(v 1 )|10°616(V 1) 10°820(a )*11+047( 1) 4713 769, 1*633 (m)
850 . 10 4+405(a) (10°590(m) (10°7147?) — — — — :
100 4°403(m) |10*622(m ) 10°794(m) — —_ — —
500 4:400(r) [10°645(r) | 10°792(a)* — 4°72;  7°68; 1'625 (r)
. 2000 4:399(v r)|10°620( v r)| 10°848(2a)*11°087(V r)| 4°71, 7°69; 1°635 (m)
200 1 4+409(a) 10°652(m) 10°887(m)* — —_ —_ —_
10 4+416(m) [10°635( 1) 10°877(m)*. — —_— — |
168 4°413(m) (10°626(r) 10*880(m)* — 4+724 7°68g 1623 (mr)
Qoo abundant, m------ -medium, T - rare, *..----broad line.
- K-THnCs, T-MoC, X-Aphast, L~ Laes phase NTR B & MuCe DREIIEIG TR L, 650°C,200 B
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LCN-155 alloy (No.8) aged at various
temperatures.
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Table 4. Relation between the secondary phases and the additional elements.
- Secondary phases
Base alloys ggggé’;’;ﬂl ’
’ M2 Cs X-phase F MeC . CbC Laves phase
Fe-Cr-Co-Ni-C — O* — — — —
- Cb O* — —_ O 0 ?
N O* — — — —
Ch, N o* — — O —
Fe-Cr-Co-Ni- — Q* — — . — O
Mo-W-C Cb O* — O O @)
Cbh, N o* O* O O O
. JO Phase identified by X-ray analysis -
Remark: {* ------Phase contributing to age-hardening ) ¢
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ZAEE L% L Fig. 5 Lo FCe{n5. 20K 34'40_ S ’W?z"ﬁ\”wjgﬁ
i))gib;")%@k— &:ﬁ’bfp 439 v e i . “_’l_f—l"\
. o : (332048
(1) WSH(LAIIEE% 1,150°C 255 1,300°C i2F sl I\\
4 7 i

D EEEAARAET, No.6 Tt 4°449—4°43,A, No.s ©
VX4°413-4°40s A AT B,

(2) 750°C X 10hEEHHD No.2, 4, 6, 8 TIEED
FD 4.43;, 4°40;, 4°43;, 4°40:A TH 5.

(3) EhLA$E4E, Mo, W 243 No.2, 4T

W3&RiThiz>T Co {LEMHBRD LN, X OMTFHER
DOFALE A, Laxl Mo, W #4%r No.6, 8 Tk
#9 750~850°C D#F T Cb {LAMDENKA L, i
No. 6 TIXH%LT 5. FAMEKEMNCTHFEHES VLT
5L P L 850°C X10h @ No. 6 T3y 4+41A
1, 750C %X3,320h @ No. 8 Tik¥y 4°39A wwic 5.

LU 900°C TlItdhnl, 900°C X 168h M4 No.6

[¢/18 /0 20 30 40 50 60 70 a0 50 CoN
Concentration, Mol. (%)

Lattice parameters of Cb compound
in each alloy and of solid solution
of CbC and CbN.

Fig. 6.

Tit 4°41;A, No. 8 “TiX 4°43; K755, 2D &It
ERrHHHEHLNTH 5.

+ibb Ch {LEWOHTFHEEIE Mo, W it ko<
REAEBLLAEVA, N Xowd UsL < HBdT
5. —figic, Fig.6itLdT X 51 CbC (4'46(A) &
CbN (4'37;A) R&EEWHEE > », CbC it CbN

ZEBT B LB D T ORFERIRDT 5. Lk

MBOCTH & 2iE No. 2, 6 @gxﬂ:grq:@;,@ araaAop

] Cb(C'N) ii#y CbC 65mol%—CbN 35mol% @

MR, No.4, 8 4418 ©% DIy CbN
65mol%—CbC 35mol% DK TH 3 LE XL

5. X dw#%25%5¢ Fig. 6 B o5h 57

L, BHRICIRBED LR, H5\iE 750°C R
T XY Co{bAMINDOEWHOTELT 5 L

ZRL5 5. (k& xIE 750°C %3,320h @ No. 8 ¢
i CbN & 85mol% DLW THS.)

#5= [ e | 1300°Cx05h+0Q. i
< 444 - g
£ 7% . ———
5 443 M*L — I ol :
5 442+ S50t s
S M55k < T | = =
ST I r ‘Ki
ST 2 oz Taree_ |
§ gl x 44 i )
SAHE L e - :
438 © M8 -
* D:mppeammahmd s aym; ¢ime
A 0 ’ Z 7 : - . :
s 19 7 W 7 As. 500 G0 700 300 300 7400 73 AT
“"'“0,@,,,,”' Aging time (h) Solution: Aging tenperature, <0k
Fig. 5. Lattice parameter of Cb compound in each

alloy aged at various temperatures as a function

of aging time.

u_t.ﬂ) — CL_‘ 73’6, MO, W b’ﬁﬁj‘%
t&m, FCRILWIRRET,

BAE1E Cb
750~850°C D&

— 32 —



‘7 B Fe-Co-Cr-Ni #£fi#t& %, LCN-155 OB Z#t e L it X szfﬁs;ﬁuﬁ%@%@c:ow'c

FTRCREMD MuCs 0 Z & & RILHITHI A, Cb
LR E 703 Laves MICEIE T2 EHX DT EHT
%%. ZhitKL CbN i3z OiEEHE CHAERECTH
D, Cb LDFEENICLINDEDHRAZ EELDT
ZoLBEbA. LiL 850°C LLEDBETIRSIK
CHRFERAEINLETRLE< R D T &b, Lo
ELLET CbC B THEEXLNLD.

b) MusCs  Z0j{t4ix Cb, N, Mo, W of
T B R < AR B W T T 5. 72/ Fig.
4 FWEST B Ebh D L5 L OURITTEIC X0 AT IR
FAMSZELT 5. 72k xE 750°C BEEhTHE, Mo, W %24

FREGETRT 10 KR THD L, TOWHERHOZ
~vif}“zocu\f;>, Mo, W %#&¥H4& No. 5 (9 2 ki),
No. (9 5 BRI, - No. 8 (39 10 Bef§)), - No. 7 (¥7208;
) DIk £ 5. THRIEIED 3 X OEED ©
BE X BT HEE, HF{LEE &R U TH %, Fig.
- 713 MyyCo RILMOEFHEORINC X D52 LD
F. Mo, W %4& & BRENC X 2% FHEROZEL
Vb isvp3, Mo, W & TIfA it 750°C 3 I UF 850
°C ORI TH) 0°02~0:04A DAL, DR
TEEEEZ LT Zhid Mo, W 2Eghe & Hic
MuCq HREBT 50T, *OROBP ISR
Mo, W bizﬁtﬂbzl @mm’#ﬂ (Xﬁ‘ﬁ,;MeC) H BV
SR LA (Lavesm) CRILEN BB THS 5.

i~

7272 No. 5, 6 @ 750°C WEE)CIIEM THIETH -
HOWPBB LRI L DT EITThSDHEETIIT
DIFET MuCs BEETHHLLELDTHOLHEX
| T T s
. 1086 — §50°C R
084k g g ‘=<_\’A UL N -0 o
1062 TS
x - 900°C l /1/05 . 750.,6.
- 1066 ——a | ogse ARYS
S 064 >"I\A 74\,(
NMW— - o
{ 2 - . .
A L
8 . B0~ | \or
J joszt ”7é"‘°'ﬂ— A
1060% =T Y
1064 T ° ;7‘5\ e T D
1062 N NE
g (},/ b
(660 i
L L S % 0°
. ) Aging time (h)
Fig. 7. Lattice parameter of M:Cs carbide

in each alloy aged at various temperatures
as a function of aging time.

1695
1.2 — . g
L “No.8  I300°Cx85h~0il guenching /
11108 & gp0C
11.08— * §50°C . x .
o 7507 Msc{ o
1106 - ‘
1104
T X- phase
o /ﬂ..90T
3 900°C
N /a.sxk-\,,__pA—f—a
)
?w‘/o.s’s
~ /m - ; s 7 2
Y, s ZW@'
kS 75077 7.
. " % Z
= a0t o %{i@ fé
~ jom ' o % Cy
107 - s 717
1074 59— ad
P77 S VA I be | M7 \
7070 L— — =l x : ;
10° 0 0% /o’-, A
Agm_q z‘zme (h) ‘ R -
F"ig.,8. Latt1ce parameters of X phase :;mdw

MsC carbide in each alloys (No:7 and”
- No.8)at various: temperatures as .a-.
function of agin-g jtime_. ‘

Ei’bé o L .o PN

v750~aoo°C DOHELD ff%??ﬁﬁ#j: &,
'NO 7 @X*H@*ﬁ?’lhﬂ“‘i.@ETQ; Lbb Lf..cl: ‘J ;%J

¢) Xi . No.7, 8®ﬁﬂ@&%&bné L
5 Mo, W, N 75@527&15"5%U%»mt1, TV e ExbH
N5, COXFEE, No. 7, 8 DFLEILOVHLSL
Vv 750°C X 1,000 h eshif D EBERE 2 IR FREEIC X 0
KESEHELTXBER LER, &b L Er v EE
MR B, ¥ X OEHTHESS Broadening 5%
L L ORHELOERE L L TRY; HED O HE
CRROBFEFEL L2 TWoHEELLNS. ¥/ TFig. 8
WEICE % No.7, 8o X HORFEROE LY
Lod. Fithb 750°C THEIL7 Noo8 TiiFg
X h i X OB FEESK 10078A 5 100834 &
THL , MuCs X %% < TH 1,000 BRI TR
fEwLdd.  FRBhIREN 900°C Ty 10°88A T
_i’ﬂciﬂ/

710 74~10"78 A BT No. 8 OXiEx b 0'1A &R

'zehém,

EWEE LDL TS, T DZEALA Cb DFHIC L D&
Ui &b, FMHIT Cb BEET B EFBALND.
-d) MgC ~ ‘MsC ¥x No.6,8d Mo, W, Cb %
EUEETOLFIR-RREHIEIT M Cs £/ X I
WTHLbhs. MiC DIz Mo, W OFFERLE
THHH, Cb 2ELT XY RILMERRTSCR
ﬁz@‘z}\b, Z D7 MeC BT LT K2 TH
FEERITHVT MeC 1T B &%
WEEhE L IC s U C B E &S & 17 S

— 33 —



1696n % &

BB 47 & (1961) HEi128

WeEZLRS.

e) Laves #f  #9 750°C Ll 7R -REEFRIMAIT
bbb, Mo, W 24 ¥niklo5sb0 No. 2, &
XU Mo, W %#&%r No. 5~No. 8D 5#i, §FicNo.
6 D Cb 2L TS, Ly L A& Tl
Laves fHDITHIC X 2L IXTE A EE DL R,
%% Laves 18 (AB:R) % T 5 AREFIx Cb, Mo,
WrbitoTwa EEzbh 5.

LA EDHTHABIIBERE RS CAE L b D TH 523,
UL UE—ERRSICHEY T % 500°C BT TS OFF Y
MBRDDH T ENTERDIDE.

IV. & £

LCN-155 ERE&&ORIIT M2 BT X DR
WL, *ORE, ek 52k XBEHFITIH LS
L TRESHIT AR 2 RS U, BEHRE(L & #7 AR B R
K UEHTHIAE L IRITEOBRERITT L. TOKRE%
FLWHHLEOEDT LS. _

1. LCN-155 & & oBRghHT HfEE Cb(C,N),
Mz3Ce, X#H, Laves 8, M¢C WO SHE T, gl &
DILOEDX S LT H. ZEEF(LIX MysCo 35X
XHEOWHIC X DEFS.

M2;Cs — X4E — MeC

) — Laves #B

2. Cb(C,N) 1x Mo, W }i{54 BIEAK 750~
850°C DFIFH THREE T Chb i DITASD. & O
Wik Z 5 < 900°C LLETHB L Bbh, O
b E D AT E v,

3. MuCo mRALIVIIRIITE, Cb,N,Mo, W OFfE
b b TR L, Mo, W 2&TsE4A 1L
FEghigRl & & BT CrasCs X 0 (Cr, Mo, W)gCe (05
T 5. 727SIRINTTIEIT & DATHIRE IS ZS L L, Nidg
wELbH, Mo, W IXHi(REX ¢ 5EME LD T.
LORLMIEN &2 L hPEREGERTRREMT, K
B L DER % n 4

4. XHE1X Mo, W IINZESLALSESTRIT, MuCo

2

-#E%ﬁi)ﬁ’}"é LEZLND.

EDOWTHEL, REME L TRHHSE L2 RET . =
DL 10°7~10'8 A OB FHEEFOT O H LT
BT, FFICN EEWBGREE-. :
5. MeC 13£EE44LFTi Mo, W DiZhic Cb 24
CIHEDH, XHEbHBWIE MiCe 02\ Th bbb,
FFCEiR-RSRIAIT T T %, L L BB bic g

EAEFSL V.

6. Laves fiX Mo, W H5\ 3 Cb OBFEDD &
THIR-RERMAITITE T 5. RItDEFETS C 87

RLIEGRCHL b, AFFE LT Cb,Mo, W, B[R

F&LT Cr, Ni, Co, Fe X 9 AB, B Laves
Z DFDOH KL AL
Bizv.
7. U\J:@FE%#F; LCN-155 M Ot B4
VX M Co 2> 5 XAE~DRALI I GIT X D AT, A+

DOF TR b X oM CEE L Tw 5

tEZLND.
ERZDXMZOVTRERT 2 FETH 5.
(WB#0- 36 4 3 A&
x @ |
1) &3, B4 g, 47 (1961) p. 139~145 "
2) &3, WA geim, 47 (1961) p. 1607~1613
3) B. M. Rosensaum: NACA TN (1948) 1580
4) J. Lang, N. J. GranT: Trans ‘Amer. Soc.
' Metals, 44 (1952) p. 113
5) H. J. BeaTTIE, F. L. VER SnYDER: - Trans.
Amer. Soc. Metals, 45 (1953) p. 397
6) W. C. Hacer, H. J. BeatTie; Trans. Amer
Soc. Metals, 49 (1957) p.978 ‘
7) H. ]J. GovLpscumipt: J. Iron & Steel Inst.,
(U.K.), 160 (1948) p. 345, 170 (1952) p. 189
8) E. N. KisLvyarkova: Zhurnal Fizicheskoy
Khimii, 17 (1943) p. 103
9) R. Kierrer, P. Scuwarzgorr: Hartstoffe
und Hartmetalle, (1953) p.248
10) 43¢, #4: @&, 43 (1953) p. 1067
‘11) T, mR, K EX&E?A’% 21 (1957)
" p. 662
12) &3, #A: ﬁtﬁij, 45 (1959) p. 387~-389

— 34 —



