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Effect of Cold Rolling and Annealing Process on the Thermal
Expansion Properties of Ni36 Invar Alloy
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Abstract: The effects of cold rolling and annealing process on the microstructure and thermal expansion properties of Ni36
Invar alloy were studied in this work. The results show that the coefficient of thermal expansion ( abbreviated as CTE) is
greatly reduced by the cold rolling treatment with a depression rate of 30%-75%. The average CTE i. e. , 0ty _ 4 and
Qs 50 decrease first and then increase with the increasing reduction rate of cold rolling. At reduction rate of 60%,
Qs e 18 the lowest i. e. , 1. 43x10°K™, which is 49. 8% lower than that of raw material. As the annealing temperature in-
creases from 700 C to 900 ‘C, the a,; i gradually increases from 2. 59x10°K™" to 2. 70x10°K", and then decreases to
2.47x10°K™ at 1 000 °C. When annealed at 700 °C for different period, the CTE increases continuously with the increas-
ing time, the a,; . increases from 2. 46x10°K™" at 0. 5 h to 2. 74x10°K™" at 6 h. The variation of CTE with cold rolling
and annealing process are deeply discussed and analyzed from the perspective of cold rolling texture, density of dislocation
and vacancy, recovery and recrystallization of cold-rolled microstructure, and grain growth.
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Table 1 The main chemical compositions of Ni36 Invar al-
loy %

C Si Mn Al P S Ni Fe
0.034 0.11 032  0.038 0.003 0.006 36.39 Bal
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Fig. 2 Coefficient of thermal expansion of Ni36 Invar alloys with different cold-rolled reduction rates :

(a) relative change in length

as a function of temperature, (h) the relationship between the average linear expansion coefficient and the cold-rolled depressing rate
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Fig. 3 ODF plots of Ni36 Invar alloys with different cold-

rolled depressive rates : (a) 30%, (b) 45%, (c¢) 60%, (d)
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Fig. 4 Effect of annealing temperature on the thermal expansion coefficient of Ni36 0. 6 mm cold-rolled sheet : (a) relative change

in length as a function of temperature, (b) average linear coefficient of expansion as a function of temperature
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Fig. 5 Microstructure of Ni36 0. 6 mm cold-rolled sheet annealed at different temperatures for 1 h : (a) 700 °C, (b) 800 °C, (c)

900 °C, (d) 1000 °C
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Table 2 Grain size of Ni36 0. 6 mm cold-rolled sheet an-
nealed at different temperatures for 1 h

ipEc Atk um
700 8.92
800 11.01
900 14.93
1000 27.49
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Fig. 6 Effect of annealing time on the thermal expansion coefficient of Ni36 0. 6 mm cold-rolled sheet at 700 °C annealing : (a) rela-

tive change in length as a function of temperature, (b) the relationship between the average linear expansion coefficient and the an-

nealing time
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