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Effects of Additional Elements on Characteristiés of Age-Hardening
of the Gamma Type Fe-Co-Cr-Ni-Base Heat-Resisting Alloy, LCN-155.

(Tempering process of the7y type heat-resisting alloys—II)

Synopsis:

Yunoshin IMA1 and Tsuyoshi MASUMOTO

Individual or combined effects of additional elements (N, Cb, Mo, and W) on the hardness
as solution-treated, the characteristics of age-hardening, and the rates of age-hardening and
softening du to over aging of the Fé-Co-Cr-Ni base heat-resisting alloy were investigated by

measurement of hardness.

The excellent properties on age-hardening of LCN-155 alloy were due to the combined effect
of nitrogen together with molybdenum and tungsten in addition due to the effect of carbon,
and the effect of nitrogen together with columbium was available in the presence of molyb-

denum and tungsten.

The advantageous effects of such elements on the age-hardening should be presumably due
to change of a dispersion state, shape, or transition process of precipitates. :
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LCN-155 HEE&IREIE(tHE4&THSD. O
S LETHRSE L XR T HEERRRTH LD, FE
& CVIEERE 2 BB, bbby 650°C LLEOIRET
b b, TRITCECER(CAEREE I X2 THECE
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ek, EEEHOETLESBEEICNLTEDLD
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Hx 5 LB THS. Lieni D TRBRITI VT
SEECHT 5 C, N, Mo, , W, CoO&TLEDHR
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II. HERBICRBRGE

R U 7estisl o L2243 Table | iR¥. No. 8
\35FI LCN-155 #4°C, #ho> 7 iz C, N, Mo, W, -
Cb OFMEESOMEEEr AR THS. £ L
P EEECEBERL, OmmACHHE LD, 12

Tablée 1. Chemical composition of specimens.

Number Weight %
of R

specimens Cr Ni Co C N Mo w Cb Fe
1 1987 20*10 19°75 011 0-01l — — _ Bal.
2 2071 20°01 19°64 013 0°012 — —_ 092 4
3 1976 20°00 2026 0°15 04085 — —_ — 4
4 19°75 20°11 19°90 0°17 0°080 — — 1*10 4
5 19°23 2052 2024 0°15 0+015 3-83 2°56 —_ 4
6 1921 19°79 2037 0*15 0*008. 3°25 2°90 0r76 4
7 20°09 1974 1992 0°14 0068 375 2°54 —_ 4
8 19763 2024 19°93 0°15 0°060 322 2°52 090 v
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mmERICEREE Lic. D% 10mm § X5mm~tiE
DOWER LCEBRERRA 200 B L. SRS
TIE 10kg D v 1~ 2FEEFE S bV, FHEBRITHT L
~@k0%3@@ﬂH%@mbfé5ﬁ?%%%ﬂfﬂ
EfEE L.

IHI. 2 B & B

1. miﬁt@f‘?—ﬁ%@ B AI5E T BRI Tis
{LANERAS DREEE 35 X UHRISIC 35 XIS 1000, (b,
WITERDOZR%Z LS~/ Fig. | 13 8 @o4aks
1150°C & 1300°C T 10 WM& TR LA o
DELEFL TV, ZOPL, BIF—EEECED
2 L EFfHE 1150°C T 12 4, 1300°C T¥H 6 5 Th
. EEBIEEE 1150°C 04, No.i LS,
DEENSHDWE Cb 24T No.2, No.3 TR UEE
DEEZRLTVS. ZhbiTL Mo, W %4¥Et
B D No.5~No.8 BIKLEEIRVShi &<, 45k
WX BEEID I, b iER S S WEEE Cb &
NOKZZEET No.4 Thb. FARESHE o mitick o
&, No.l F XU No.3 D TIlx—Wwar sy 30
S CHICIERRT 275, o T3 10 BRIEE T
B, BELCRETER, BRCEBSTS. &<
i Cb 24 LBBD No.2, 4, 6 8 TIXKMIERIET
DEIRTELLIHDMYRD ChLamBBEY LT
5. No.4 OB OBESEVERZZ L 5% EHic
SHRIL, BREBRZEPNIDTHS. F7- 1300°C T
DEKILEEEE 1150°C DIBA LR L <, 210 Mo,
Wz&EEH\v No.l, 2, 3 OB THRHEL, 10 B
TRIEFETIE No.1, 6, 3, 2, 5, 7, 8, 4 DIEKE L v

DTW5. tfi{%-%fxti{ﬁlﬁag]o)%ﬁ 1150°C DFEEF LD
L2LLRARV. Zo 1300°C Db B iRE TR
Cb Z& £\ &RUB O— T L KB 53T 181 A

L, B—IA — 27 F 4 PRI D, ¥ Cb 2ETL -

REIZE SIS Cb{ba4Md 1150°C DIEAIT < &b ~JE
WILDIE T2 Tw5BH. REFISE LT No.4 DRBD
HITEIE—RITHE W%, Fibb Ch A L—IK
WHDESEERE LD, GRNEFRBCEIESV
LUBSLW.) i Mo, W AR UHEMELD. %
7o Mo, W, N OLTTRIIITHTHE(LIERE S 2.
Cb iX Mo, W %2&Fnifi& N LRBEOH LY b
X 5%, Mo ® W &gl xe 5.
L»L Cb & N 2FEMHCATSHAIINM L b & HORE
ExET, &< Mo, W &R AT VHUSL
[N

AL OfE R BRI T 5 #TTHO R 2D

CR—ITHW 2+ 550 LES sy Iy
1',, A7 &% 1300°C T 30 LA L i
SANT Eidbrd.

2. WHHE—Fig. 2 REMBHLAR T Lbs,
1150°C X1h 3L UHE—Ir 4 — 257+ 4 RS IC 75 L

5% 1300°C X30mn DEEHILEITH D7 8 HORE % ,

Wil B 1100°C T 50°C & SOAREIC 1 Bé}l“a‘ik%ﬁ

L, BB L BEEEOL R LORDEBER

BRI, Ohr 2 L5, WTFhoBEDLH 650°C
WHED HEELAVLC £ D, 750~800°C MHE CREHHEE
WU T 5. Zho OB, b ETEROBR

260
No. o specimen zz) 7150 me l
20— ol e5f — Oil quenching
wl 25 1% | i
- a |
v4g v§é
2?03\::?-7?—? < - > 3 Q_
oI P
180 o ~oe]
C X0
90
T T
;»”,;260 b) 1300 T’f,?ﬂﬂén "
g .
\§240 >0 que;izc ng
%:M L]
180% s /I,/ |
160 S e S
g
MDI;
120 !

] i 1 1 L
As 100 200 300 400 500 690 700 802 900 1007 1100 1200

"t"r’ggz" Temperature (%)

" Fig.'2. Hardness-temperature curves of ailoys

as solution-treated at 1150°C or 1300°C.

ai»‘



TE Fe-Co-Cr-Ni Rz &%, LCN-155 @‘%iﬁ@ﬂiﬁﬁ@ﬁi&?ﬁbﬂﬁ%@ﬁé@ 1609

5 L i T U U
s | usocxin 1300°C x 30mn |
~ i
g 4 rd
Ha Ha
2 3r /v /\-
=]
1YV |
240 2N 7 Ha Hn | g
= o) f H.s 7 S
Ezow // /| /w/\' 50 8
g 80} ' R 2R b
. \/ X Hu-Hs ot A e A1 X
5 ® A S 'A‘“_. T
Seoodals NS T RSy 420.8—
= s J . o Hm~Hs g
140 0 ‘§
3

i 5 L 1 i 1 1 1
72345678 123456738
Number of specimens

Hg: Hardness at as solution-treated state

Hy: Maximum hardness at as-aged state
Hy-Hg: Maximum hardening value

Ha: Hardening amount

Fig. 3. Summary of the hardening characteri-
stics of. each alloy obtained from the
hardness-temperature curves.
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Fig. 4. Age-hardening curves of No.1 alloy at
various temperatures designated. .
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Fig. 6, Age-hardening curves of No. 3 alloy
at various temperatures designated.
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Table 2. Summary of effect of alloying elements on age-hardening
‘properties of the LCN-155 alloy.
Base :;11 ovs ~Additional Solution-treat- | Characteristic Rate of Rate of
¥ elements ing hardness | of age-hardening| hardening softening
Cb ++ — + -
; N + +++ - . +
C—CT—CO‘NI'FC Cb-N + 4+ + V e—— . =+ -_—
Mo-W +++ +++ | +++ : ——
" C-Cr-Co-Ni-Fe Cb + or — - + -
“Mo-W N + + 4+ 4+ _—— -
Cb-N + + + - —_—
+ : Increasing +4—+ — — — ! Large.
‘Remarks:{— : Decreasing + -+, ++ M1dd1e
4+ : No change +, — : Small.
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On the Corrosion of Cast Iron by Various Sulphuric Gases at High Temperature.

Synopsis:

Hiroshi NAKAI

Sulphidation of iron and steel at high temperatures is lately discussed in many literatures.
The author has experimented on the sulphidation of cast iron at high temperature. In this report,
he dealt with the corrosion of cast iron at high temperature in S8 vapour, CS: vapour, H.S
gas and SO; gas. The following results were obtained:

(1) The sulphidation product of cast iron was composed of pyrrhotite Fe;_,S. And from

~th¢ X-ray analysis, it was found that the outer layer was composed of FeS and FeS; in S

vapour, FeS in CS; vapour, FeS in H.S gas and that FeS and Fe;O, in S0; gas. In the outer
layer C and P did not diffuse, on the contrary Mn diffused freely and Si did a little.
(2) The sulphidation rate was controlled by the parabolic rate law, and thg following

formula was obtained:
S vapour: W2=0°36X10"8t
CS; vapour: W2=0'64X 1077t
H.S' gas: W2=1+15X10"6¢
S0; gas: W2=0°12X 107"t

W: sulphidation rate, g/cm?
t : sulphidation time, s.

(3) In this experiment, the sulphidation rate of cast iron in H.S gas was superior to

those in other gases, which followed in order
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of CS; vapour, SO; gas and S vapour.
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