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Surface Textures in Cold Rolled or Recrystallized Silicon Iron

Single Crystals

Synopsis:

Ei-ichi FuruBavasH1 and Takehiko Kikucui

Cold rolled textures at the surfaces of (011)[100]- and (001)[110]-oriented 3%Si—Fe single crystals which
were rolled with various lubricants, e.g. sheets of paper, plastic film, as well as conventional oil were tudied.
In the (011)[100] crystals rolled by 60 %, preferred surface texture was {011)[100] when no lubrication was
used, whereas in the case of using adhesive paper labels pasted on the surface the texture was {111}¢211)

which coincided exactly with the midplane texture.

mation of surface textures at frictional surfaces.

A slip mechanism was proposed to explain the for-

Preferred recrystallization texture originating from the surface of large friction of the (011)[100] crystal was
found to have the same orientation as the minor recrystallization texture at the midplane. Surface textures
and their control were suggested to be important to control secondary recrystallization texture when cold

rolled sheets were annealed.
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Table 2. Crystal orientations and other experimental conditions.

. . Crystal sizes before Reduction .

Crystal Orientation rolling by Lubrication Surface-coating

(deviation) W X Lxt (mm) rolling solid films

Dry No
- 1 . 9
S 1-37 (gog)z [ g?] 15%50x0.73 78% Y Cellophane tape
(pasted)

S1-6 (011) [100] 17%75%0.59 609 Dry No

4 2 v Paper (pasted)
S 1-28 0L [100] 1670 0. 61 60% Wet (oil) No

7 1
S 71-23 (011)  [100] 16 X 35 % 0.60 63% Dry No

2 2 4 Paper (free of paste)

Table 1. Chemical composition of a single crystal

(Wt %).

Si C N Mn ‘ P I S

2,68 | 0.0029 | 0.0018

0.035| 0.005’ 0.002
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Fig. 1. Schematic drawing of (011) [100]--oriented
S 1 -6 single crystal sheet before rolling.
Paper labels are pasted at two places on
one side of surfaces. Letters (a)~(f)
show sampling places.
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Fig. 2. Inverse pole figures of sheet plane normals
at several places shown in Fig. 1, as meas-
ured after cold rolling by 60 2,. Numerals
indicate pole intensities. Letters (a)~{ "
correspond to those in Fig. 1. (a): mid-
plane texture, (b)~(f): surface texture.
The textures of the surfaces covered with
adhesive peper (d) and (e) are shown to
be identical with that of the midplane (a).
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Fig. 3. Pole intensity distributions of 60 %-rolled
ST -6 crystal as a function of orientation.
Curve 1: Midplane,
Curve 2: Surface covered with adhesive
paper,
Curve 3: Uncovered dry surface (top).
Curve 4: Uncovered dry surface (bottom).
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Fig. 4. Inhomogeneity of cold rolled texture across
the thickness of ST -6 crystal which was
rolled under a dry surface condition.
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Fig. 5. Inverse pole figures of sheet plane normals
in (011)[100]-oriented S I -28 crystal rolled
by 60 %; (a):midplane, (b) and (c): wet

surfaces.
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Fig. 6. Inverse pole figures of sheet plane normals

in (011)[100]-oriented S I ~23 crystal rolled or (1) [561) 37

by 63 2%; (a): texture of surface covered (1) [ZTﬂ

with paste-free paper, (b): texture of un- y

covered dry surface.
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Fig. 7. Inverse pole figures of sheet plane normals
in ST -6 crystal rolled by 60 % and subse-
quently annealed for 15 min at 850°C; (a)
midplane texture, (b) texture of uncovered
dry surface, (c) texture of surface covered
with adhesive paper, and (d) relation bet-
ween the sites in the stereographic trian-
gle and corresponding orientations.
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Fig. 8. Inverse pole figures of sheet plane normals
in (011)[110]-oriented S I-37 crystal rolled
by 78 %; (a) midplane texture, (b) texture
of dry surface, and (c) texture of surface
covered with adhesive cellophane tape.
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Fig. 9. Pole intensity distributions as a function of
orientation in (011)[100] single crystals cold
rolled by various reductions indicated by
Arabic figures.®)
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Fig. 10. Variation of surface textures in (011) [100]
single crystals cold rolled under several
surface conditions.
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rolling of (011)[100] crystal. X, Y, and N
indicate entrance, exit, and neutral points on
the surface of contact, respectively. The
surface shear direction reverses when the
material passes from the region XN to NY,
thus“giving rise to different activities for
a slip system between the two regions.
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LT AnfllE Hoflcsviirm X o MEEEy S5
OB b5, Tibb, FEENRKEL N B
X &Y opficiive, REMLKERGIOEMTHS
(011) [100) Z R SEAHEATER S NS, MRS
BET B, ZOA B =X R r SR ERTD L
HLER M ERIEINT 55 L FIBFFECH 5.
CCHNOIBEFERIEECH LTCEESFMLTHE v
* O {112} HEREAT LRETS 5.
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bhTwaA, Fig. 8 KRLAX S KERBICII(114)
Wi EE2REIZETCd o/ RaBER Iz, ZOR
KOWTERHMHRTERARIC L 2TTTILRLTWS
S, FRIT X B EFEEH T FIT [110] Hrzds L
TEERGERD TH 5. FERILXDOTEeoNnsT—
FEEED D TREET B Z LT XD, ZoRERSEUKS
DEREFIETES Z EBAL» Dk HEEOR
B [110] 28h & L7-BERSERS BRI NS
PR 2 T Wik v, ZOEEES RS (001)
[LO0) SO RMEBIT bR T 259, LDHROEFE
GV EIET X T (001) [110) i HRrElEET 5 2 &29) 7
5, M—ORAC XS EELZOND. FIELIIZOXS
7% (001) 7> 5 3 e AN ERE T IC Bl 5 57V, U
FuDF RMHA <, (001) [100] BfE fic FEETHR I LD
EREIHETHD L2 HRELTVE. IfELE
FHHRDZ A -272(001) [110] L 555 THIE & & i RERE
FRRSBPIERINDE E VI F— 2 E2FERELTVE,

IS WTR L IRANIIIC S WTD, ik EoWR
s, FEBROEERT COERLFRRIERLTVSZ
EEREHRL, TOREES XD ETREKES.

1.2 HERESEBCHTIXREEOH®S

(OID[100] &R oBREREARBIc O VW TESEER
H5. Fig. 7R LERO S bhLEBo— kB LE
FHAES O [I001 R EXKG ETHIOTHDH T &
RPESRDMEW " L —FH LT3, (R OEDRE
1332 & LT Decker IzTH 0, §KEMHE BIEECHE
CLTHRBPLRBTRIZELTWS Z & & HBERSD 5.

DS OBEESEE 550°C @ X 5 e EIE < RN
BT 5 &, BEGOELSAL (011) [100] (Mpksr) »»
5 (012) [100] (A fk43) WERET 292 2D\,
Hu & Dunny D4 BHo7Z Edmbh Ty 5.
ARG BREREBCER IR TV 2 WS REBRORER»
5RT, EFRERITR ML X > TREIE TOE M ME
L, PERD 5O eafy O LARNC N O EZ 55
HEA LR TRV EHEEXIRS.

Dunn 3 (011) [1001 B G 2 RS E TS, A,
B7p & 1 WG OFRG A iEpk s MAd &2 T 2 ]R#
EROBRFA LD ZLEHELLT LY. ZOFR
13, LirrMann?) 2@ SD OXRREEFT — 4 L H—FT
L. I REFSSIT B W T REIRBICRE LB SN
7%, IO RERICEA LTE ZOFks 2L
TVWAHZEEEREROBERIITEL VWS E LI, &
LIE EROFEEICL2T, 2REFBHOEVPRRFICE
ELTHRLTWAAFEMETTIOTHD. ZOFEK
TREFRESHBOREN, FERLEROKER

LOTEELREWREZFOTCWS.
5. &

FEE X 2TERIND 3 %EEGNBELROEEER
HFEHB L, TOBEACHTHREICOWTEREIT
o, RO XS nkEimE X7z

(1) (OIN[I00]BEEFEDOMIUER 60% [fhiTo T kg
LSO XLV, PERCOI) 2114+ 11D [211]C 3
Lowxtl, EETIX(O11)[100]THDi.

(2) zoXEFEESHBIIEE — v & OM
DEEZ X > TEDORENELAIN, MTHHRER K
BBLD, EMEERETELCELLREEL:.

(3) XEARCTHEBELCEET S, EAHRES
FBRER L -EHOPRTRELRIFEELR. L L
BEERERAVCEREZMD O 5 &, RKECENEEF—
DESHEMITER I, Kotkhictans 57— &
EELTHRROEE RS 2 b,

(4) REFERESHBOKEE LT, Fitw—L &
HREERMOMAEE O SHS A & ol cEiET 5
RECESE, RAEMDEDOEET <0 ZNRELT B LW
5% 2 5 TEIE A3 7 7-. shear texture & L TIZEinH
Mg TH D7,

(5) EEBEPKEWEHETCHELELREORIBIC
W RS RE SR O TR S T L E T AR R
TEEGESHBS RSN, Zh 5 OO BEEH
EOWTETOERRTL D7k

AIFEXEETL, FLMAEELDD ETHEFRCA
D EAFB K, EAREEK, AR S X OB K
CHEERETS.
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