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The Effect of Alloying Elements on the Mechanical Properties of the Fe-369% Ni Alloys

Masaomi Tsupa and Kun Wane

Synopsis :

The effect of single addition (C, B<0.04194, others<<2.09%) of various minor alloying elements such as C, Si, Mn, Nj,

Cr, Co, Nb, Ti, V, Zr, and B in the Fe-36%Ni alloy on the mechanical properties, especially 0.2%proof stress and
Young’s modulus, was investigated. The results obtained are as follows :

(1) Cr is the only element which decreases the 0.29 proof stress in the Fe-36%Ni alloys.

(2) There is a good relation between the magnitude of the effects of alloying elements on the proof stress and the radius

of atoms of alloying elements.

(3) The addition of C, Si, Ni, Co decreases the Young’s modulus, while the addition Mn, Cr, Nb, Ti, Zr, B increases it.
The effect of such alloying elements except B on the Young’s modulus can be classified by the period and group in the

periodic table.

(4) From the view of the number of valence electrons and the texture, the origin of the effect of alloying elements on

the Young’s modulus has been discussed.

Key words : mechanical property ; 0.2%proof stress ; Young's modulus ; invar alloy ; alloying element ; number of valence electrons

: texture ; lattice distortion.
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Table 1. The chemical composition of the Fe-36%
Ni alloys investigated (mass%).
¢ Si | Wn N e | Co | ™ oV * | B
Base 0.000 | 0.001 | 0.02 | 36.01 | 0.00 | 0.00 | 0.00 { 0.00 | 0.00 [ 0.00 |0.0000
range of | 0.012 0.18 | 0.25 | 34.05 | 0.30 | 0.32 | 0.25 | 0.27 | 0.3z | 0.20 [0.0042
alloying | ~0.041 | ~0.32 | ~0.80 | ~36.97 |~1.43 | ~1.38 | ~0.98 |~1.04 [ ~0.92 | ~0.59 | ~0.0102
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Fig. 1-a. The effect of C, Si, Mn, Ni on the proof
stress and Young’s modulus of the Fe-36%
Ni alloys.
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Table 2. The changes in 0.2%proof stress and
Young’s modulus per atomic % of alloying
elements added in the Fe-369%Ni alloys.

element C Si Mn Cr Co Nb
0. 2%proof 183 51.5 9.73 -13.3 13.7 111
stress (MPa)
young' s -25.4 -3.00 1.57 3.17 -2.68 86.5
modulus (10°MPa)
element Ti v Ir B Ni
0. 2%proof 34.0 12.8 111 130 1.2 -
stress (WPa)
young' s 28.3 23.8 109 166 -4.70
modulus (10°MPa)
370 370
wo) MM ~ 350 vV Zr
© A 0.2% prool stress g Q A 0.25 proof stress
2 om0
330 @ A Young’ s modulus " @ A Young's sodulus
3o o g o
@ 200
290 /O a— % A/
H
210 2// H .
250 10 gy W05 —a-0—0 160 3
£2 s
230 ' Y 150 B S 20 150 =
210 .A/A e X a0 A ‘/./ w
“
’4 m 3 A./. 190 %
9/ 1 2 G 1 &
- ne o
I 1o ¥ e ¥
FoTeT ey o 1o iz " 2 07 04 05 08 Lo L2 2
Nb, Ti (massX) V.Zr (massX)
3
s} O C° 350
QO A 0.2% proof stress ~
s
3 O A TYouns's sodulus s Lo O 0.2% proof stress
290 w 310 ,
4 @ Young's modulus
270 £ 200
A—
2500 —__8'_,.‘—6__‘-‘—" : 0
= S
230 150 3 & 250 —O— {i60 3
\O\O—m & ® o lo] i z
210 Mo = 8 230 150 =
x L x
130~ 210 VT
— o— mi % |
— 120 & 150 3
p=t—r—_"" "% | _-* "3
a @ 120 &
“
100 ;.‘. 1o -
3 e 3
0 0.4 0.8 1.2 1.6 = 0 0.002 0.004 0.006 0.008 Q.00 0.012 >

Cr, Co (mass¥) B(mass¥X)

Fig. 1-b. The effect of Nb, Ti, V, Zr, Cr, Co, B on
the proof stress and Young’s modulus of
the Fe-36%Ni alloys.
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Fig. 2. The effect of annealing temperature on the
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alloy.

Fe-36%Nia& OMMEEE - iz T AT EORE 103 Ml

SRBEDOFH L L L IET LTV 2950.25%Nb%PEsinL 72
NIAETIBSHEE 2 & T b 20BL3P v, B\
MDINIAETIIBEIEE D A L b CfERRYTRIE
HAET 20T, ERBFEAE Ld "2 E0.2%ith OBMRE %
Fig. 4 7w » b L 12,

0.2%WH £ d " 2ORRIE & VEBBMERZRL, m—
FDRIDVEY DI EERL TS .d2OEEE LT,
F13MPa/mm~ 25515 6 NI R T Vv ARG EA——2FF
A P RAEETEHIT~IMPa/mm "ARE I HREOSNTH
h, ZRIZL 6B EPRKRS W,

YO #IIFig. 3 RLIEE S, BSREDO LR L L B
AR L, —7, ARERCIZEsEEO R L L b IoiE S
RS KRIEL T 5,

X REARK, SRR FRERLOEFEAOKE 1K
HFTA2ETH->T, BMIBOKSIVELLZ LIZL Y,
A NDOKRE SH R B LRELDIL, Y27 RHHE
RECKREL TEL T 3D, NOERIZLE LD
ThH»Ad, DI LIEZDCTIIRIZEET S,

4. EE

41 0.2%MBIZRIZTEESTENESE
ZREASILEXYR—2ADIBNIATHEMT A EX D
0.2%M H X ZEALT 5, 26 BEAETLEDO. 2% H =

140 O No addition
138 @ 0. 2558

132 0\.

128 \

124 .\.

Young’s modulus (x10'WPs)
=

96 .
800 800 1000 1100
annealing temperature(‘C)
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Table 3. The number of valence electrons of alloy-
ing elements and the Fe-36%Ni alloy.

element C Si M & C M Ti V Ir B N1 Fe 369@11

]0 8 8.7

number of valenre electmns 4 4 7 § 9 5 4 5 4 3

% Xnw/a;./Zwi/a; n;: number of valence electrons of i atom
w;: mass¥% of i atom

a;: atomic weight of i atom
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Fig. 8. (111)pole figures at 20~30xm from the sur-
face of the various Fe-36%Ni alloy speci-
mens.
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Fig. 9. The effect of annealing temperature on the
pole intensity of {200} and {220} in the Fe
-36%Ni alloy.
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IRV ERT HDIL, EAEBOEY 2 D—R% kL
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TvasbDEHELLNG,

5. B

Tij

362 NiA& DM, $ri0. 2%t h £ Yoo is ik
ETEME D gy 7 CEETOC, Si, Mn, Ni, Cr,
Co, Nb, Ti, V, Zr, BEOAETLEF L CBEHEE O
iz TR L, UTOKRPHBI,
0.2%MHiz>WT

(1)0.2%M N = RIETAELROBE P ERILLI, 2
NGDILED S BC, B, Zr, Nb, Silz0.2%tH %K & ¢
Bms+¥ 5,3 1236NiAED0.2%i 11 % T % &K IkM—
CriZTho 12,

(2) BHELROTWMIC & 30.2%00F 1 DZALIE, TR E
DIF-FEEE L L CHEBEBMRZ R LI,

Y URIZDODWT

(DY 7R IRETAETEROBEL ERIMLLIL, ©
> Z7"#i3C, Si, Ni, CoD#Fniz & b4 L, Mn, Cr, Nb,
Ti, V, Zrxs S UBOHRMM- X v ¥t 2, BEBRS I ho
DREFEDEHREMBER L TRV TE e, 2ERNO
INIAETIIBESIEED LR L L b oi&d Lo,

(2)EEEBR SR IEROFBMC L 2 Y Z7ROBLER
36NIAED PN E F I L FMITEDINBREFRDE,
26 N RIAES b IEERE X CHIBIBRYTIAD L B,

(3)B, Nb, TiFEDHMIZ & 5 Y 7ROM, ¥R
MBEERETHITRE LR — XU TS LCBOHEMCL 2
YIZROEMBEAMBMOETIL I DEEL LR, ¥
> 77RO {1001001> DL HFIRF AL S iz L Te
9, {100} e B 2 L, 3 EHRINDI6NIAS DB
WEDEHICL 2P 7 ROBETIE, BEEED FRHZo
{220}, {111}274 7% < 72 9, {100}27& b £ EAIT 5 &
SikkaledtHzoni,
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