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Morphological Analysis for Primary Recrystallized Grain
Structures of Pure Iron by a Nucleation and Growth Model

Yoshitaka MoRI and Ishi Miura

Synopsis :

The morphological analysis of recrystallized grain structures of pure iron was carried out to make clear
the relation between the structure and recrystallized condition. Specimens were prepared by cold rolling
to the reductions of 60% and 80%, and annealing at 650°C or 750°C for 10-240 min. Photographs of the
microstructures in the longitudinal cross section parallel to the rolling direction were taken and grain bound-
aries were traced on paper for image processing. Average morphological characteristic values of 4 A[P?,
LD|BR, CP|P were calculated for each grain structure, where 4, P, LD, BR and CP represent the grain area,
perimeter, the longest dimension, the narrowest breadth and convex perimeter, respectively. Coeflicients of
variation for the distributions of grain area were 1.0-1.3 and those for the distributions of grain size were
0.54-0.60. From the average values of 474/P? and CP/P, it was shown that each grain in the structures
for the 809 rolled specimens showed more stable shape than that for the 609, rolled specimens. Compared
with the structures obtained by computer simulation study, the recrystallized grain shapes had anisotropy
generated by the ellipsoidal growth with the axial ratio of 2.0 and the growth rate directed to the major axis
of 0.2(unit length/unit time) at the nucleation rate of 100 (number/unit area-unit time). It was estimated

that the anisotropy resulted from the anisotropic shape of nucleus.
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Table 2. Results of image analysis obtained by recrystallized grain structures for 609, rolled specimens.

Morphological characteristic value

Annealing Annealing Grain area Grain size X
temperature time All grain Large grain
(°C) (min)
Mean (z#m?) cv Mean (gm) CV* 47A/P? LD/BR CpP/P 4zA/P? LD/BR CP/P
10 321 1.07 17.6 0. 569 0. 655 2.04 0. 967 0. 626 1.81 0. 936
30 394 1. 00 19.6 0. 551 0. 661 1.99 0. 966 0, 633 2.51 0. 945
650 60 230 1.33 14.4 0. 638 0. 628 2.11 0. 965 0.518 2.19 0. 922
120 375 1.16 18.5 0. 615 0. 661 2.06 0. 968 0. 638 1.80 0. 943
180 430 1.18 19.4 0. 599 0. 658 1.99 0. 966 0.619 1. 86 0. 938
240 429 1. 06 20.3 0. 563 0. 657 2.00 0. 965 0. 636 1,83 0. 944
10 488 1,09 21.5 0. 565 0. 654 2.02 0. 967 0. 636 1.90 0. 948
30 388 1.03 19. 4 0. 556 0. 668 1.94 0. 967 0. 668 1.70 0. 950
750 60 399 1.08 19,5 0. 578 0, 656 1.97 0. 961 0. 656 1.72 0. 940
120 510 1.07 22.1 0. 570 0. 644 2.03 0. 961 0. 608 1.91 0. 939
180 460 1.19 20.6 0.613 0.649 2.08 0. 969 0. 607 1.91 0. 943
240 407 1.05 19.8 0. 558 0. 681 1. 95 0.974 0. 698 1. 67 0. 958

* CV: Coefficient of variation

Table 3. Results of image analysis obtained by recrystallized grain structures for 80% rolled specimens.

Annealing Annealing Grain area Grain size

Morphological characteristic value

temperature time All grain Large grain

(min)

Mean(gzm?) CV*  Mean (#m) cv* 4zA/P? LD/BR CP/P 4AnA/P? LD/BR CP/P

10 221 1.10 14.5 0.572 0. 689 1.87 0,971 0. 668 1. 69 0. 950

30 285 1.30 16. 1 0. 623 0.676 1.97 0.972 0. 653 1.79 0. 949

650 60 249 1.23 15. 4 0. 576 0. 686 1.91 0.973 0. 670 1,75 0. 954

120 306 L11 17.0 0. 587 0. 689 1.95 0.974 0. 680 1.72 0. 956

180 240 1.10 15.3 0. 550 0. 685 1.97 0.974 0.671 1.89 0, 952

240 284 1.08 16. 6 0. 559 0. 683 1.94 0.973 0. 685 1.73 0. 957

10 300 1. 11 17,1 0. 545 0. 694 1.92 0.974 0. 700 1. 68 0. 958

30 256 1. 08 15, 8 0. 542 0. 685 1,93 0.971 0. 656 1. 80 0. 950

750 60 277 1.18 16.3 0. 565 0. 696 1.88 0. 976 0. 684 1.82 0. 958

120 340 1.06 18.3 0. 543 0. 684 1. 95 0. 970 0. 680 1. 68 0. 951

180 265 1.08 16.1 0. 545 0. 697 1.84 0,974 0. 717 1, 60 0. 960

240 295 1.07 17.1 0. 530 0. 691 1.87 0.971 0.691 L71 0. 958

* CV: Coefficient of variation
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Fig. 2. Relationship between grain growth rate
and coefficients of variation for grain area and
grain size at various nucleation laws. Square
marks show the coefficients in the case of
simultaneous nucleation.
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Fig. 3. Relationship between grain growth rate
and morphological characteristic values of 47A4/P?,
LD/BR and CP/P at various nucleation laws.
Square marks show those in the case of
simultaneous nucleation.
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Fig. 4  Relationship between grain growth rate
and morphological characteristic values of 474/P2,
LD/BR and CP/P for large grains at various
nucleation laws. Square marks show those in the
case of the simultaneous nucleation.
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