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Change in Physical Prope}rties during Tempering of Gamma
Type Fe-Co}CriNi_Base Heat-'Res'is'ting' Alloy, LCN-155..

(Studies ‘on tempenng Process of r-type heat-resisting alloys—I)

Yzmoshm IMAI and Tsuyoshz MASUMOTO

Synop91s : - . .

The tempermg process of the solutmn treated 7. type heat -resisting alloy . consisting mainly
of Fe, Co, Cr and Ni, and the effects of solution-treating temperatures and the additional
elemexits (C N Mo, W and Cb) on its process were dinvestigated by measurements of
dilatation, spec1ﬁc heat, electrical res1stance, and hardness

These results were summarized as follows: ) .

- The tempermg process of this alloy quenched in water from an elevated temperature
was dlvxded into two distinct stages about at 500° and 750°C.

2." At the first stage, af increase of electrical resistance, an evolution of’heat, a contrac-
tion of the length, and .'Iio marked change of hardness were observed. It was considered that
the change in properties during the first stage of tempering was not due to a precipitation -
of carbide or mitride but due to an_ unknown change in the -‘Fe-Co-Cr-Ni quaternary alloy

. containing of no.additional elements. - - S, . -

3. At the second stage, a decrease of electncal remstance an evolutmn of heat, a contrac-
tion of the length, and remarkable change of hardness were observed. The changein properties
"during this second stage of tempermg was obv1ously due to the precxp1tat10n of carbides,
nitrides, and 1ntermetalhc compounds. The amount of these precipitates and the velocity -
of precipitation were remarkably affected with the additional elements and the solutlon-
treating temperatures. : }

4, It was comnsidered that the change of the first stage advanced in processes as follows:

Room - temp. 5@0°C 650°C :
A: A stable state

at low temp.

- ’ i - L
In quenching states A —A —>A —A—A at high temp.
650°C . o
.. . - . . 1.
In. annealing states:-cc.c..: A’(———‘_’A’@A’eéin“-’A A': A stable state

* EEF0 31 A 10 AAAHEAKK THRE ﬁﬂik%ﬁ%ﬁﬂ&f%ﬁﬁmliﬁ
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5. LPLAAbINGOMMBEL£ BTN IIIED
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fTinhhvTwiny. HENERETH B T LAMEESE

#1856 L L LI —EERE THA S B EREERS &

PR R -k 55 LR AR L.

EPHRBIZ OHROEIMRE LTREGEDBERIBEE

A SR ORE L X D TR TH D,

DUITE LTEERZ L THDH L, ERERTHHED -

BANVEAE T X D WH U B LA EAENTELT B2 &5
MHEE & DR E U CRRARCHMRREMRT 5 C
LIBEREEHLELLND. |
AREONIEB L 7t 5 Fe-Co-Cr-Ni EfEE4ED S
% LCN-155 & &t RETMBEHO—>T, C, N,
Mo, W,Cb 7 X DE L DWETREEZATYVS. LD
A& BT BHIZE 1950 £ SIINCEVTHED I
B &R L R OBIR, INT 3 X GBI D) E
o E TR, Ll 4 IR ST 0%
Rzt <, TOMAB X CEESDOEHE DOV TIIHER
OEEBR L TE ST, RO EIRIEE ML 28
MIBILEDTWH LB LA EBENDZ LA ES L DM
EMABEN TV S, F 5 HAGEL 38 X OF BEATTIE!
X DT HAEELORBIBEASBMETH B T L AEE X
nTwas. '
PEDE» L EE LRI TERBAE L O 5> bl
LCN-155 &4&%h.lic, TOERER (BANZER
CEBBRR) FIUHMERS REMOBESF OIGE
B XU L, mERY) TSRS & BdahTix
METRT, LROEMOEEMEL, —IROERMI

II. ]} B K &

L7 stitp{b 351 Table | imii4. ohbd
DEED 55 No.tl 5 No.4 Eix C-Cr-Co-Ni-Fe
DOIEELITHL Cb HFLUNOH AR EZE 2 7KFT,
7z No.5 5 No.8 £ TRESHIT Mo, W 2&Trk
BEITHL Cb 3L UNDOMAELEEEXHETHS.
EODOSHEHORHENI L (W CERMLAVELT, ER.
REROFBEZEOLDIZBERLLLIDTHS. LIhbD
AR ONREER, KKkE7 2020568540 X2T
WL 7. .

EERFHEI B W BRIZRAE (5mm ¢ X70mm) %
EHREL, TOMIEE 20mm¢ X25mm), BLIEH
(1mm ¢ X 100mm) 35X 05 [ (10mm ¢ X5mm)
BETHS. IRBFAIECIT BB, % B 13
3°C /mn Th5H. FEMPRAOHEEMT, HLHBMH
U/kFEEESE L7 No.9 ofii Fe-Co-Cr-Ni &4, B X
U R & F—DFMEHZ 1300°C T 1 BFREA A LAEE L
FeDbB 5/t 1100°C ¥ THRLTES LA T
H5.

III. EBRBREIUCZTDER

Lo BERIC X BHMEH 0L T oW T

Fig. 1}2%f] LCN-155 &4 (No. 8) % 1300°C ¢
| R LI L 7o DBk L, £ OBBER L1 S0
DESIRPL, LBk, ZIEIE, WEOHMMHEOELERL
Tvw3. 72XHEANES XCEREFMNE (a) 348

Table i. Chemical compositions.

F Weight 9
Number of specimens - — - i

I Cr Ni Co C N Mo W Cb Fe

{
1 | 1987 | 20°10| 1975 | oO-11 0011 — — — Bal.
2 { 20°71 ] 20°01| 1964 | 0-13 0:012 —_ — 0°92 ”
3 19°76 | 20°C0 | 20°26| O-15 0-085 — — — Z
4 I 1975 | 20°11| 1990 | 0°17 0°080 — — 1°10 #
5 19°23 | 20°52 | 20°24| 0°15 0°015 | 3°83 2'56 — y
6 19°21 1 1979 | 20°37 | 0'i5 0-008 | 325 2490 0+76 v
7 20709 | 19'74 | 19°92| 0°i4 0:068 | 3+75 254 7
8 19°63 | 20°24| 19°93| 015 0°060 | 3°22 252 090 ”
ok | 20 | 20% 20%  [(<o-o)| (0o1) | — — — ”
10 | 19726 20°35 | 20°70| 0-01 0°170 —_ — — o
11 | 20% - 20% 20*% (0*01)’| (0*01) | 3'5* 2°5% 2
12 20% 20* 20* (0°01) { 0*15% | 3-5% 2°5% o
13 20°12{ 19°80§{ 20°0t{ 0°013| 0°0%1 | 3-05 2455 1402 o

*° Additions ** Vacuum ‘melting.
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" Fig. 1. Change in physical properties of
LCN-155 alloy (No.8) during tempering
after solution-treatment. ’
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(W.Q : Water guenching)
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Fig. 2. Differencial dilatometric curves during

"tempering of the specimen (No. 8) splution-treated

at various temperatures from 1000° to 1300°C.

Fig. 2 1358 . LCN-155 &4, (No. 8) % 1000°~
1300°C DABEEIT | BEIEHIL L 72 Db DEERTES
BIEMEE R LTS, Tihbb i Ol b¥ s
LS IEAR L ko TERBES SO T S, &
Fig. 2 O & HMOE—E S X CBE B OIGERE R
HED 1/2DHEOBEE LT, SIUERE, Bodds
VPR CALEIRRS & DBIfREZ TIN5 & Fig. 3 O X3 icik
5. ThbbHE—BORGERER X CRITEHR{LQmE
Brlodbrog®Eahd, Zhicadl, E-BRoREE
FIXUCREIWHLD UL ERL, #inds. & <iKl1100
°C ~1250°C DFFATHWH LS L\ & OB O
B3 XOMRBEIFTHIE & X CH BB L 16T B L E &

— 49 —



142 & & M @ HaOFE £ 28

BB PE, FEEL — 1

1100
Specimen : /Vo J’ ,

OEhitE T LEE 906 =

& I ’\0//
wshREH>LD & ;800 l ,// T
%2 5, #91150°C 5 W = 1o
PEoiRETEk 5 .f ] 3

S

® o: Temperature at point of a ]
half amount of coneractien !

S
<
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A Fig. 2 OJCIII JSolution-treating temperature x/h
T 1100°C DA Fois Fig. 3. Co-relations between

amounts and temperatures of
contraction at two stages, and
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Fig. 4. Differential dilatometric curves

during tempering.’
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Table 2 Adl/ 4t at point of a half amount of
- contractlon (at 700°C)

{
No. of | 41/4t (41=AL/LX 1074, at=h)
specimens | [150°CX b= 1300°Cx th—>
i ]Water quenching |Water-quenching
1 | 0° 14y 0% 144
2 | © - 012 015,
3 i 0104 0056
-4 ! 0098 0*072 -
5 : 0°267 A 7
6 . 037, 0714,
7. 3 0165 0°076
. P 0° 14 0°040 - -

No.3, 6, 78)6@ﬁ#%5 flFt = LT No. 5 @
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Fig. 6. Dilatometric changes. of the specimen
(No.5) solution-treated during aging at
various temperatures designated. -
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‘Spectrochemical Determination of Small Amount-of Aluminium in Steel.

Zenichiro TAKAO and Satosi Mivosl.

Synopsis:

The determination of total aluminium in steel is of essent1a1 1mportance beoause of its
vital basis decisive to a series of problem on structure and composition of steel.

A spectrographic analysis applicable to the minute total aluminium (0°005~0°100%) in steel
was established a:s‘ given hereinunder by means of a combination use of a medium sized quartz
spectrograph and a grating spectrograph of Ebert type with an AC intermittent arc source unit.

Precision in the term of coefficient of variance attained to 3~5%, while accuracy thereof
showed quite comparable to results obtained by wet chemical analysis.

. Austenitic grain size was able to be proved by this method in a few hours after ingot-
making which was distinguished to ensure the quality of products.
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