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Influences of Cold Rolling and Annealing on Orientations of Recrystallization Nuclei
and Grain Growth in Invar Alloy

Yuji Tasuiro, Yoshitaka Hoxoa, Daizo Sato and Hirokazu Tanape

Synopsis : Fe-36Ni(Invar) steel sheet is used for shadow masks in color cathode ray tubes. For using shadow masks, it is necessary
to obtain a low yield strength, high r-value and excellint etching property after annealing. So, nuclei orientations of
recrystallization, and grain growth of invar alloy were studied by transmission electron microscopy (TEM). The results

are as follows :

(1)In case of cold rolling with light cold rolling reduction and annealing, nuclei orientations of recrystallization are

mainly (011) and (011) nuclei orientations have matrices of (011) orientation.

(2)In case of cold rolling with heavy cold rolling reduction and annealing, nuclei orientations of recrystallization are

mainly (011) and (011). Both orientations have matrices of (011) orientation.

(3)The grains of (011) orientation in sample with heavy cold rolling reduction are increased with progressing annealing.
Key words : transmission electron microscopy ; invar ; shadow mask ; recrystallization ; annealing ; nuclei.
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Table 1. Chemical composition of the invar alloy.
(mass%)

C Si Mn P S Al N Ni

0.0017 0.056 0.25 0.002 0.0’017‘0.001 0.003 35.90
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Fig. 1. TEM micrographs of the invar alloy at the
early stage of recrystallization.
(A)Red. 78% and annealed at 650°C < 100s.
(B)Red. 33% and annealed at 800°CX<15s.
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Fig. 2. Schmatic diagram of some grains in rolled
matrix of the invar alloy annealed at
800°C X 15s(Red. 33%).



Table 2. Grain orientations and orientations of
matrices.(Red. 33%)
1(10vlw)means (uvw), for example, 011 means
1).
G means orientation of recrystallization
nuclei.
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Table 3. Grain orientations and orientations of
matrices.(Red. 78%)
Rolled matrix orientation(%) meams the
ratio of the number of surround matrix
orientations against the number of nuclei
of recrystallization.
tbvlvlv) means (uvw), for example, 011 means
G means orientation of recrystallization
nuclei.
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Fig. 3. TEM micrograph of the invar alloy an-
nealed at 650°C X 53min.(Red. 78%)

Fig. 4. Schmatic diagram of the invar alloy an-
nealed at 650°C X 53min.(Red. 782%)
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Fig. 6. Schmatic diagram of the invar alloy with
intensified (111) intensity.
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Fig. 7. Stereographic unit triangles showing the
orientation distribution at the finishing
stage of recrystallization.

?VVIV) means (uvw), for example, 011 means
011).
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Fig. 8. Schmatic dlagram of the invar alloy an-
nealed at 900°C X 53min.(Red. 78%)

Fig. 9. Schmatic diagram of the invar alloy an-
nealed at 900°C X 53min.(Red. 33%)
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Fig. 10. Stereographic unit triangles showing the
orientation distribution at the full-
annealing stage of recrystallization.

EIVW) means (uvw), for example, 011 means
011).
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