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THE EFFECTS OF Nb, V, Ti AND N ON THE PROPERTIES OF Ni-Cr-Co-
(20-15- 15%) SERIES HEAT- RESISTING STEEL FOR GAS TURBINES

, Sadao. Koshzbq,, D, Eng., Tsunco Kuno'

In the previous report, (“‘ Hitachi Hyoron» No. 11, 1955) the authors described the effects
of Nb, V, Ti and N on the properties of Ni-Cr (20-15%) series heat-resisting - steel for gas
turbines. In this report, the authors examined the effects of Nb, V, Ti and N on the forge-
ability, solution-treatment, hardn’e‘ss, aging hardness, microstructure, mechanical properties at
high temperature, oxidation ° re51stance and creep llmlts of Ni-Cr-Co (20—15-15%) ser:es heat-
resisting stéel-for gas. turbines.. T : ;

The results obtained were summanzeg:l as. follows: :

1) In respect to forgeability, Nb was superior, while the specimen A (which conialned no-
_special element) Tx and V were comparatxvely good next to Nb, and then N had worse ‘effect
“on it. : : )

2) When the solution temperature was 1200°C, the. speCimen “A’ showed highest ag'mg,
hardness. Next to the specimen ““A’, those with N, .V, Ti and Nb were good-in’ the term.

3) N c0nferred the best property in the tensile strength at high temperature however
when the temperature rose above 700°C, the d1fferences between the propertles pf steels w1th
different elements became very small. -

4) In respect to oxidation resistance, Nb was most effective and V had worse effect on -it.

5) As for the creep limit, the specimen *‘A’> 'was superior, and ‘then, next.to “‘A’’, speci-
mens ccmtammg Ti, N, V and Nb _were good in:the term.: - .

S E@Coemmacaemeeee%febwaﬁﬁ,
' SEMEDEL CBEL 2D, Co50% Lk miidgEs
?htKT%&E%

mj

H ASkEpixss 49 EEBASIC T Ni-Cr RHEH

?:E /’Z%ﬂ?OJKE < i 0 B T:—:Jﬁ

DFEMITI LITT Nb, V, Ti 25 L o8N O B8 o

THE LI [HXTH] £FSES IR Now 11
—1@63(30 %'
& Ni-Cr-Co & (20-15-15%) [HEAGHICIS J 135 Nb

1955 FEF0 30 SE9 AR WBEkL 70,

V, Ti 5 I ONOEEKONTRREF. . -

THESHNC B BB 2 59 5 12 D1T 12 Co HSRIPUIE
Th%. (HREE 800°C LI EOBFEITH L TIE Co45
%Zalr S.816 FPERANOLNTVE. hIricH

-39

L LS
e)l\ktm\'cﬁaz Co %mﬁuﬁaﬂt L iz N-155 (Ni,
Cr,Co £ 20%) RiFEHKSEAIN TS 2L TE
FHRHC Co 2EHTE C & 2 BHE LT, AR
’Eb‘i‘:ﬁ@%}%&écoc VTR BTN,

* BB 30 E‘lﬁﬁﬁ‘%?ﬁk ISERR

o Ej%ﬁﬁﬁ%I%FQM%ﬁ I
R B BUE RS WS W ST




40 ' & ¢ W HegE 15

. SHEOBREICILERN

REUTEHEA L7232 S0kg HABEREERESFIC TS
B=obw, B/, 700K, 720%)Y

TF, T 208 VRS VB I OMERERNE L. AR

MIAHEELT7 s02Fa—Aa,7 0NFFa—ni,
TroF2rBI0%ELT v e aeEFRFNIER
FrEEMA, 50kg $@HHIs X OF 30X 30x300mmMDE&iE
aﬁm4/:9b@&§bt B D ERRS 2 Table
LR,

L. = B & R -

1) SuEl:

SEARBA A > T v e Smm BiCHEIL, B30
mmiTEMT L T 900~1,200°C i & \h REFBEFE25 kg -

ORELE S 1m . L h HHOHEHAHE TR LD,
E3DWRVERPATEL. COREE» Fig. 1 IR

ness Bt
S

E\

Reduction rate of highness
3 s S
I RN
[ =
- » y ’
™ \ S
L L k

B

|
)
S

00 T Tise 1200
Forging temperatyre C

Fig. 1. Relation between reduction ratio of
highness and forging temperature.
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Table. 1. Chemical composition of specimens.
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: C Si Mn Ni Cr W, Mo Co element
A 0°51 .93 1*12 | 2140 16°08 | . 1°97 2°10, 15*91 —
B 0*52 1-03 r*13 | 20°50 16°03. 2°01 198 16°35 Nb 2°'9
C 0°52 100 1*11 | 2100 16°01 | 2°10 2°19 15°76- | V. 1°1
D 052 1°08 1.11 21°00 15°91 |- 196 2°00 16719 Ti 1°0
E 0°51 1°04 1.16 20°71 15°78 | 1°99 2°06 | 16°16 N 0-13
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