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Fig.1 Fe-Ni-0.5W-0.5Nb phase diagram run with Factsage
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J&: 1 88.32% NisFe, Al 0.020%() FesNiy, 1 NisFey [
DCaiAg T NI IEER 738000 0.881, Fe [WEE/R4r 4k
0.119; FeyNiy MRS T NI BIEEZK 52 %0k 0.0017,
Fe M) /K 43 4k 0.998.

(2) A7 I BT & 5> $0k 46.58%, H M:C
1) M 43 3483 Fe. Niv Nb F1 W, % /7 97.7%, 2.3% ,
0.0040%7F/1 0.062%.
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24 1.0,
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Table 1 Experimental raw material FeNi36 alloy
composition (/%)
C Ni Mn Si S P Fe
0.022 36.12 041 0.11 0.002 0.004 Bal.

F2 REUFEHS
Table 2 Chemical composition of the sample (/%)
Ni W+Nb Cc P S Mn Si Fe
35.88 0.50+0.40 0.011 0.003 0.003 0.42 0.15 Bal.
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N EER . o, HEAARK AT WL Nb 1L
3553 5 97.8%. 80.1%.
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Table 3 Related properties of alloy elements W and Nb!™”

Elastic uality magnetiza-
Solubility Atomic U3y Mag
modulus/int Fe/% radius/nm tion coefficient, y
GPa | TTTE /X10%cm® gt

w 4.3 375 ~3.2 0.141 0.248
Nb 7.2 85.5 2.0 0.146 1.5~2.28
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Fig.3 OM (a) and SEM (b) images of the sample 0#
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PR YE G RE S AR B o ok RS RIAR B T,
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LAY, I K 2 i DA R AR TR IV 245 ) 40 0] 08 R PR B8 v A
AN FERRAR DTHR o« T340, doRL 40 A 0] FE A4 K R £t
HIEMsgm/ER, R AT A KIS 2 T I, A
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3 & it

1) EIRI S N 2aE WHNb & 44k, S2it it b g
KRB 1.3x10° C, #54A YBI/T5235~5241-2005
o g MK 2 50 R A1

2) W+Nb & & fb)m, & &b m ilRe fokioF 24 B A%
h 4.8 um, AHX T AR R 16.7 um J8/DN T 71.3%,
XoF A SR A0 A PR R R R S, T A HV g AR
TR S T 32.6%.
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Effects of W+Nb on Thermal Expansion Property
and Microhardness of Fe-Ni Invar Alloy

Wang Chao®, Yuan Shougian®, Wang Zhijun?, Feng Zhenping®
(1. Xi’an University of Architecture and Technology, Xi’an 710055, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The elements W and Nb with paremagnetism and grain refinement was selected according to the magnetostrictive theory and the
fine grain strengthening method. The thermodynamic software Factsage was used in alloy aided design. The samples with a low coefficient
of thermal expansion (CTE) and a high strength were made by W+Nb binary alloying of FeNi36, forging and heat treatment. The
mechanism of the low coefficient of thermal expansion and the high strength was analyzed by means of the results of Chemical analysis,
metallographic and scanning electron microscopy, grain size, microhardness and CTE testing. The result shows that the elements of W+Nb
have good grain refinement effect, the binary alloying can make the microhardness of matrix improved and maintain it at the lower CTE.

Key words: factsage alloy design; binary alloying; magnetostrictive; coefficient of thermal expansion; microhardness
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