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Effect of Heat Treatment Prior to Cold Rolling on the Recrystallization
Texture in Iron-Carbon Single Crystals

Motoyuki KONIsHI, Takashi OBARA and Tomo TANAKA

Synopsis :

For the purpose of investigating the formation mechanism of recrystallization texture, the effects of carbon
and its existing state on cold rolled and recrystallization texture were studied in iron-0.029, carbon single
crystals.

The results obtained are described as follows.

In crystals with the initial orientation of (001)[110], fine carbides markedly retarded the recrystallization.

In crystals with the initial orientation of (110)[001], the cold rolled textures are{111}{112) and the recrys-
tallization textures are {110} {001} irrespective of the variation in the existing state of carbon.

In crystals with the initial orientation of (111)[110], cold rolled textures are retained in the initial orien-
tation, and recrystallization textures are composed of two orientations {111} and near {110}. The near
{110} recrystallization texture was formed by the preferential recrystallization at the region of {112}(111)
slip system operated during cold rolling. Solute carbon increased the {110} recrystallization texture and
fine carbide suppressed the recrystallization of {100} grains.

The formation mechanism of recrystallization textures in low carbon steels was discussed, based on the

obtained results.
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Table 1. Preparation of single crystals.

[Vacuum-melted re-electrolytic iron ingot

¥
[Forging  (t=15mm) |
'y

Hot rolling,  T>800°C ter [111lcrystal
T=600°C for {100] crystal
1
Cold rolling,  Longitudinal rolling for {111} crystat
Cross rolling for {100} crystal
1y

700-850°C x 5Sh—W.Q. |
12-3% |
¥

lAnneuling, Temp. gradient 200°C/10mm, Tmax=870°C |

4
@gle crystals j
+

[Decarburizing and _denitriding, 720Cx 25h in H: |

lﬁeat treatment,

[Pre-strain, Stretching

[Carburizing, 700°Cx 5h in (H,* H,0 + CO) ]

720°C

x 20h x5h
wet Hy dryHi\FC.

Decarburizing

700°C x 5h
N Ha+ RO«
i it H: =81%
e HO= 4%
Carburizing CO0=15%

Table 2. Experimental procedure.

[Carburized single crystals |

Heat treatment

[Cold rolling” (B0~85%) |

LRecrystt:llization annealing (Rapid or slow heating) |

Heat treatment prior to

cold rolling Abbreviation

700°C x 1h->Furnace cooled

700°C x 1h »Air cooted

700°C x 1h»Water quenched

700°C x Th=>W.Q. » 350Cx1h =A.C.

—H|O[Z[=m

575°C x 30min
AC. 25T/h AC.

600°C x 1h

<4
Rapid heating Slow heating
Recrystallization annealing

Table 3. Initial orientations and chemical
compositions of specimens. (wt 9)
C Si Mn p 5 Al o+

(0011007 0.022 0.003 0.001 0,003 0.003 0.002 0, 0389

(00D[110] 0,022 0.003 0.001 0,003 0.003 0.002 0, 0389

(110){001]  0.021 0,004 0.001 0.002 0,004 0.002 0.0078

(IID[II0]  0.021 0.008 0.002 0.002 0,004 0.002 0.0078

(354)[354] 0.021 0.008 0.002 0.002 0.004 0.002 0.0059

* Ingot sample
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with various heat-treatments.
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A [Initial orientation

Fig. 1. (110) pole figures showing cold rolled and recrystallization textures in (001) [100]
crystal 809, cold rolled (CR) and annealed with rapid heating (RH).

A Initial orientation

Fig. 2. (110) pole figures showing recrystallization textures in (001)[110] crystal, 85%
cold-rolled and annealed with rapid (RH) and slow (SH) heating.
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Photo. 2. Cross-sectional microstructures exhibit—
ing progress of recrystallization in (111)[110]
and (001)[110] crystals, F, N, Q or T-treated,
cold rolled by 809, for (111)[110] and 859, for
(001) [110] and annealed.
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Fig. 3. (110) pole figures showing cold rolled and recrystallization textures in (110) [001]
crystal 80% cold-rolled (CR) and annealed with rapid (RH) or slow (SH) heating.
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A Cold rolled texture _
Fig. 4. (110) pole figures showing recrystallization textures in (111)[110] crystal, 809, cold
rolled and annealed with rapid (RH) or slow (SH) heating. -
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Photo. 3. Cross-sectional microstructures exhibit-
ing progress of recrystallization in (111)[110]
crystals Q-treated and cold rolled by 807.
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® Initial orientation

@ B1 orientation

20

A Cold rolled texture

@ B2 orientation

Fig. 5. (110) pole figures showing cold rolled and recrystallization textures in {354} crystals.
80% cold rolled in the different directions (CR) and annealed with rapid (RH) and slow

(SH) heating.
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Rolling
direction _

0° Nn331

10° Bi413)

20° 1354)

30° (796)

Photo, 4. Cross-sectional microstructures exhibit-
ing progress of recrystallization in {354} crystals,
Q-treated, cold rolled by 809 in the different
directions and annealed 500°Cx 100s with rapid
heating.
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