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Formation of {011} <100> Primary Recrystallization Texture in
Single Crystals of Ferritic Iron Alloys Having a <110> Rolling

Direction

Osamu HASHIMOTO, Nobuo OHasHI, and Katsumi FUJIMOTO

Synopsis:

Single crystals of 3 2 silicon iron and 17 % chromium iron alloys with a common [110] axis parallel to
the rolling direction and with a rolling plane rotated about this axis from (001) plane through angles,
8, equal to 35, 43, 45, and 55 degrees were cold rolled by 60, 70 and 809 and annealed at 600,

700, 800, and 1 100°C.

After cold rolling, initial orientations are macroscopically maintained. In the substructures of cold
rolled matrixes, the small abnormal regions in which deformation proceeds by single slipping on the

particular one of the slip systems having high Schmid factors are observed.

The frequency of the

formation of these abnormal regions is higher as @ of crystals and/or the reduction of cold rolling

are increased.

The primary recrystallization textures of the crystals are approximately {011} (100> or {011} {2113,
and the sharpness of {011} ¢100) texture becomes maximum in the 3 94 silicon iron crystals of @
equal to about 45°, cold rolled 60% and annealed at 600°C. In the very early period of annealing,
{011} recrystallization embryos are observed in the abnormal regions mentioned above.

(Received Aug. 28, 1970)
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(A) 0=35°:

(B) 6=43°:

(C) 6=55°:

(110) pole figures

(112)[1T0]

(223)[170]

(1n1o]

3% silicon iron crystals (No A in Table 1)

cold rolled 602;.

orientations.

-

Marks X give the initial
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(A) 60% CR

(B) 709% CR

(C) 80% CR
for the central regions of Fig. 2. (110) pole figures for the central regions of

39 silicon iron crystals (No C in Table 1)
of §=45°, cold rolled. Marks X give the
initial orientations.
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(A) =35, (No B) 1100°Cx05hr

(C) 6=55°, (No A) 600°Cx1-3hr

Fig. 3. (110) pole figures for the central regions of
39, silicon iron crystals (No A and No B in
Table 1) cold rolled 60% and annealed.
Marks Ml and A give the orientations {011}
{100% and {111}<110}, respectively.

(B) 80%CR+600°Cx 16hr

Fig. 4. (110) pole figures for the central regions of
39, silicon iron crystals (No C in Table 1)
of §=45°, cold rolled and annealed. Marks
B and <« give the orientations {011}¢100}
and {012}<100), respectively.
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Fig. 5.

(C) B80%CR+800°Cx 3 hr

(110) pole figures for the central regions of
3% silicon iron crystals (No C in Table D

of §=45°, cold rolled and annealed.

Marks @, 4 and P give the orientations

{011}<1005,

respectively.

(012)[100] and (021)[100],

(B) 6=55°, 700°C X 20min
Fig. 6. (110) pole figures for the central regions of
17% chromium iron crystals (No D in Table
1) cold rolled 809 and annealed.
Mark B gives the orientation {011}<100}.
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Table 1. Chemical compositions of crystals (wt%).

o | ¢ | si | wm P | s Cr Al N o
NotA | 39Si-Fe 0-003 | 3:01 {<0-01 0-001 | 0-001 0-01 0005 0-003 0-002
No'B | 39,SI-Fe 0-011 | 3-43 0-06 0-014 | 0-008 0-02 0-002 0-002 0-003
No' G | 39Si-Fe 0-004 | 3-28 0-06 0-002 | 0°003| N.D. 0-003 0°002 0-001
No'D | 17¢,Cr-Fe 0-005 | 0-00! |<0-01 0-001 | 0-009 | 17-50 N.D. 0°002 0-011

* No A, No C, No D: Melted in vacuo, No B: Melted in air

&, Fig. 1(A), (B), (COeRT XK, §BKREW
HE T ESHOBRESKE. TRETHAEE 3 %EERR
(NoC) o 45° it oWwT, 60, 70 s X O° 80% &
ESoEAMEEE Fig. 2(A), (B), (C) iRt
BEEREL KB THERELREL LD &M
b b.

SFEI 3 %IEEFED 35°(No B), 43° 3L F 55°(k
$iz No A) R >VWT— kB RETRICE T 58
ey (110} AT Erheh Fig. 3 (A),
(B), (C)igir?.

35° fERVIIER ICEE S LIZ wdIiT, KRBT
® No B 5% 60% BiEH 1 100°C x30 min TREESE
THZEIE YD HRIARTAAI AR RE I ARESL
FeRR BRSNS, BRESAKEVWDOT Fig.3(A)
I DD BEA~DERMBI 2 CRbhvTwb. L
L ED T (01131005 JEEEHRI~ DRI DR R
FPBEDOLNE C EMNEHEINS. Fig. 3 (B)x43°
fu% 60% ¥iE#: 600°C X Shr BEgtiL7cd DT, BE§
75 {011}€100) SfrpEAah s 7e>T\v5. F/cFig.
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% IR T {011}K100) HhRi~o »7x b 5av £
Bdh, SIdic {133}B10) FRrx &Lk > RHMod
5 LB SNS. —F 80% BEERK TR, EES
BN SEFF 7 <001) 8D & o 0 I [@iEsi L7z {011}
~{041}<100y HREDFHNEESHME RO T 5.

Fig. 5 (A), (B), (C) %, FUM NoC) ok
D 45° F &% 60, 70 XX 80% ¥yiEig 800°C Tx
NFEN 8, 3 LW Shr il 7z & & {110} #EEH
ThD. 60%EERL TITTE {011)100) Hir~DhA
DX SHERHN, T LT 70% WERF CrithFfiolk
L5, Lh o {01110 FEIDFRI~DE

FosEV. F7z 80% WERKA T, HBBRSHICKE
WEAHEE o TV BN, Tivh Eis 70% BIERE

HLDb D EHM NS,

B, BEER 17% 2osf (NoD) o 35° %
XU 55° fEfha 80% wiEfL 700°C TxhEh 25 R
YOt 20min BESGL &L & {110} #RAR% Fig. 6
(A), (BYIZiR¥. 35° FhfLvaisE {012)<100> B R,
% LT 55° #hfkix {012}~ {011}<100) HFRI~EFEL T
B0, kibo 3 %rEFERE L BUOBERESHEME LD
TN EPS, LEMTEROEBEITTEV.
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X Photo. 4 Z7"3. FF Photo. 2 DO TEHEELOAN
WP LT DA BILED, ZOEGEZEDTH
BICR L RO GIIREHE F 2Tk 5 &, ™Y
U Eir s S ont. 2oz 011) @me (133) |

** EHITRBETHROTOY CABERPELLOT, Lot bhd
EWEBT DO TORFTERBEBLNZ T LTS,

— 73 —



1172

&

&

rony

5

s 57 & (1971) B 7 =

(A)  e=35°:(n2) [iTq].
: oy £

oy

.

s
-
v

o

£, 9

2 o

Photo. 1. Representative electron transmission micrographs and diffraction patterns for tke
normal portion of substructures at the central regions of 39 silicon iron crystals
(No A in Table 1), cold rolled 60%. The foil surface is parallel to the roiling

plane.
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Photo. 2. Representative electron transmission micrograph, diffraction pattern and (200) dark
field image for the abnormal portion of substructure at the central region of 3%
silicon iron crystal (No G in Table 1) of §=45°, cold rolled 609,.
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Photo. 3. Representative electron transmission micrograph, diffraction pattern and (200) dark
field image for the abnormal portion of substructure at the central region of 39
silicon iron crystal (No C in Table 1) of §=45°, cold rolled 709.
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Photo. 4. Representative electron transmission micrograph, diffraction pattern and (200) dark
field image for the abnormal portion of substructure at the central region of 395
silicon iron crystal (No C in Table 1) of §=45°, cold rolled 80%.
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Photo. 5. Representative electron transmission micro-
graph and diffraction pattern for the nor-
mal portion of substructure at the central
region of 39, silicon iron crystal (No C in
Table 1) of §=45°, cold rolled 60¢, and
annealed at 600°C for 80 min.
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Rolling plane in initicl orientaticn
Fig. 7. Dependence of $(#)-value on the initial

orientation, § (See Fig.9 in the litera-
tureld in this issue).
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[1011 fih &4 » QEEEHER C 543, OEESECE
IBETDHE, BEASH 22° IO 35° DL EES
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Photo. 6. Representative electron transmission micrograph, diffraction pattern and (200) dark
field image for the abnormal portion of substructure at the cer\ltral region of 39,
silicon iron crystal (No C in Table 1) of §=45°, cold rolled 70% and annealed at

600°C for 5 min.

el N\
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o}
0 255 705 S0

Angle of rotation (%)

Fig. 8. Dependence of S(g_b)fvalues of (12D)[111] and (2i1)[111] slip systems on the rotation
angle, ¢, about [101] axis from the initial orientation, #=>55° and ¢=0°. [101] is an
axis of rotation when (121)[111] slip system is operated.
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Photo. 7. Representative electron transmiszion micrograph and diffraction patterns for another
abnormal portion of substructure in the same crystal shown in Photo. 6.

Lre, (8)-2q0

Fig. 9. Stereographic indication showing (121)[111]
and (211)[111] slip systems and [101] and Fig. 10.
[011] axes of rotation in the crystal of g=
45°. )
MRELHHO (139) T O WItEITHECIIE
EMIC L 10°DHEEE O LS. TORFRA
FLAEERT Fig. 9 5.

oz N

o]

] 705 20
Angle of rotation (g)
Dependence of the strain component in
the transverse direction in tensor of the
displacement gradient of cold rolled spe-
cimen on the rotation angle, ¢, about
[101] axis from the initial orientation,

6=55° and ¢=0°.
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Photo. 8. Representative electron transmission micrographs and diffraction patterns for the (A)
normal and (B) abnormal portions of substructures at the central region of 3%
silicon iron crystal (No C in Table 1) of #=45°, cold rolled 80% and annealed at

600°C for 30 min.
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Photo. 9. Representative electron transmission micrograph and diffraction patterns for the
" substructure at the central region of 39 silicon iron crystal (No C in Table 1)
of §=45°, cold rolled 609 and annealed at 800°C for 20 min.
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