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Synopsis:
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In the process of rolling and subsequent annealing, the influence of rolling temperature on the re-
crystallization texture has been investigated using Fe-0.01 wt% N alloy having the initial grain size of
80pm. Coarsely arranged and wide deformation bands with {110}{001) and {100}<011} orientations
are formed after 300°-400°C rolling which is under the condition of dynamic strain aging. Because
recrystallized grains with these orientations are preferentially nucleated during annealing at the defor-
mation band, {110}<001) recrystallization textures with a minor intensity of {100} are obtained after
annealing. On the other hand, deformation twins formed by —196°C rolling are considered to act as
the preferential nucleation site of {211} recrystallized grains and consequently provide {211}<011 rec-

rystallization textures.

At other rolling conditions where the formation of deformation bands and de-

formation twins is not observed, {111} recrystallization textures are developed by the preferential nucle-
ation of recrystallized grains with {111} near existing grain boundaries.
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Table 1. Chemical composition (wt%) of

specimens.

N c Si Mn P S
0.0095  <0.002  <0.01 0.01 0.004 0.003

WA 57 £ 4 ARSHEBEKRRKTTHE B 58 4248 11 HE# (Received Apr. 11, 1983)

*ORA ARk () B—-BRWAR (B Av = —5 v 4 BWEM) (R & D Laboratories- I, Nippon Steel
Corp., Now Swedish Institute for Metals Research)

*2 W H ARGk (k) E BRI T (R & D Laboratories-]I, Nippon Steel Corp., 5-10-1

Fuchinobe Sagamijhara 229)
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roliing at -196°~ 700°C
Air coohing
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Cold or warm rolling

Fig. 1. Schematical diagram of experimental
procedures. Rolling temperature in cold or
warm rolling was represented by specimen
temperature before the rolling.

Air cooling

Annealing
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<CHAL, BREECHED 2HEERECE TETS. o
NOEZEH D B0 T4 Mshic B L R Thsb o
L, TTORBEND LR T B, FIEROBEL ¥ LIC
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Table 2. Nucleation frequency on recrystallized
grains at initial grain boundaries (G.B.), deforma-
tion bands (D.B.), and deformation twins (D.T.)
for specimens shown in Photos. 1 (e)-(g).
Percentage in the table is the sectional area ratio
of recrystallized grains at each preferential nucle-
ation site to the total sectional area of recrystal-
lized grains.

Nucleation sites
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Photo. 1. Deformation structures ((a): deformation twins with indentations and (c): deformation
bands resulted from dynamic strain aging during rolling) and noteworthy preferential nucleation sites
for recrystallized grains ((e): deformation twins, (f) and (h): initial grain boundaries, and (g):
deformation bands), on the rolling plane of specimens (R.D.: rolling direction).
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Fig. 2. Variation in Vickers hardness after 50%
4 pass rolling with rolling temperature.
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Fig. 3. Variation in the relative intensity of X-
ray diffraction for each planar orientation with

rolling temperature, in the central layer of thick-
ness for specimens rolled (a) and then annealed

(b).
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Fig. 3 (a) wind X 5 {110} oEIPTEEE A RK &
ch. '

BELEAEKROFEERE R X 5 &% Fig. 3(b),
4T E Lot Titbhb, —196°CEEOHET {211}
MEHAEL, EHME {21101 ThH 5. T EE
BEE 300°C & cixEHFA {110}<001) L7y,
{100} DHEELBHBIB. —J, 0°C EEDOHHIL
(1113112) 23, %7- 450°C pFEEETiE {1113<011) A3
F¥FHRrEies. Xg~27w 7357 T, HOEREFLY
L oEEE OB IGET AV DL DEFTA A » F B
i s bicBoRS. CORHFAE, FOEFBEIEL
Tk A Fig. 5 wR$ad, T o¥# Fig. 3(b), 4
Ed X LSHIBT 5.

3-2 EEHOEM

FIERER X 2 BHEOER XL OF o fmiEE o2t
% Fig. 6 wid. FEPCEBNOTHRHIET 55
it (300°~400°C [FRE), g & Al & b
L k& ih. Zokd nEMFIRE CXEES R
ARIFEETH D (Photo. 1(c)), EEECEHET:L
Wi cik EIEH A L 35° o fkisT X SRfMBELTW
% (Photo. 2). = OWRBITEOEANHES LEHLIL T
Wb, ZhbEREOR#E EEINCR LD 2 Fig.
7 Thy, ZRBBETFERETHEL e v ORBES
HRAHETHEEFRI L E<M 707 sy PEy b
X ROMERAIMLDMNELTHS.
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TFREF AL, MITEERA MY =2 AN AbR, B
LRI TFOLAMDOKREWER, 2% ) RE
MNEBEOHEBTHD Z EE2TRTS.
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Fig. 4 {100} pole figures in the central layer of thickness for specimens annealed (700°C-5
min) after rolling at various temperatures indicated in the figure (709 6 passes). Main com-
ponents of recrystallization textures are as follows, (a) : {211}<011), (b) : {111}€112), (c) :

{110}<001Y, and (d) : {111}<011>
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Fig. 5. Relationship between rolling temperature

and the number of diffraction spots in X-ray

macrographs for specimens rolled (70% 6 passes)

and then annealed (700°C-5 min).
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Fig. 6. Variations in the width (a) and the interspacing (b) of deformation
bands with rolling temperature in 50% one pass rolling.
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Photo. 2. Hardness distribution across deformation
bands on the longitudinal section perpendicular to
rolling plane after 509 one pass rolling at 300°C
(under the dynamic strain aging condition), D.B.:
deformation band, G.B.: initial grain boundary,
M: matrix, and R.D.: rolling direction. Angles
between the rolling direction and the trace of de-
formation bands are 90° and 35° on the rolling
plane (Photo. 1 (c)) and the longitudinal section
(Photo. 2), respectively. High hardness at defor-
mation bands is related to the preferential nucle-
ation of recrystallized grains (Photo. 1 (g)).

BLAHEI R IS O LThE, LoOBEORKEE
g {1113 <112y HEEHROHE M ELEIT L TRD
LorEHTEL. Tiobb, T.D10lEEbh
(111) [11Z] 5 (110) [001] & [BldE U A= B (D . B ) 8
BRI h s —7F, ToMIcIER T (113)
[332] ~OEEEH L X Hicik (001[110] (D.B.gp) K&
ZEENET LD EELDRS. & h b OffMHMER
i3, {11312 = b Y, 7 Aduc {110}<001) % X OF
{100} 011y Ffirk & OBEWMHATHR S5 2 LT 3K
T 5.

ShEest LT, Mo N.D. 2 (112) & (112)0fH
b EREITEET X ) REEESHMT H 5 (001)
[110] w[E#E3 5 fodd, £ 2 CREBHIBR I
boltihbhb.

Cell structure
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Fig. 7. Schematical illustration for representing
the morphology of deformation bands formed by
rolling under the dynamic strain aging condition.
Summary in attached table was obtained by
electron microscope observations and selected area
electron diffraction patterns as well as microfacet
pits. Misorientation between deformation bands
(D.B.;. and D.B.j;)) and matrix (M) is expressed
by crystal rotation about {110} axis in the trans-
verse direction (T.D.).

il

3.3 TRHEMSOEERN

BT LR DT S X 5 M CTEELCHED
BT, BRI EEMCHETTT % (Photo. 1(g)) -
“hbOERELE DAL, Photo. 3, 4 HRTS X
5iz, {110}<001y == {100}(O11) TH 2 T kA% .
B CREMFEELELS~ ) y 7 A LOHEDKR
T\ Todd, B LR Fifih b o BRI o
CEERIh b0 EEZ bR, ZhbOERER
DHhE, T OBEOEREMESHARKD RS {110}
001y THYH, {100} n&EFRLR>LIhDL L (Fig. 4
(¢)) &XT5.
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Fig. 8. Stereographic projection interpreting the
formation of deformation bands with {110}<001)
(D.B.;) and {100}<011)> (D.B.;y) in {111}<112)
matrix. For initial grains whose normal direction
(N.D.) and rolling direction (R.D.) are on the
great circle (110)-(001)-(110), initial N. D. on
(112)-(110) and that on (112)-(110) rotate to
(1T1) [112] and (111) [112], respectively. As sug-
gested from the case of (111) [112] single crystal!);
subsequently, a small region in (111)[112] matrix
rotates to (110) [001] in the local operation of
secondary slip, while the neighboring region, to
(113) [332] and further to (001) [110].

U%. EF%59% i, Photo. 5(a) WRTIELE
KR EIESNTH D, HBREBEFREIC X 556
PIED HREHIE (T) <tV y 27 2 (M) IR
BOFRBRCH D Ehbns (o b 2 E 8}
811} ). FEFEAET L RAEHERC TS (indenta-
tion) 2VE L, N TIRFOERA N A M L TS
(Photo. 5(b)~(d)). ZDX>hBETEEDOHL
TRIRGEOHEBERIEREINRT (o & 21X {311}
{331} ), Photo. 6 HI/RT % X 5 CEHMIE O & o
TREENZELLEL LS. ZhiEBL L, Wolkh
WRAHIE Uled & TREOT NV ERHLETL, £
OB T RIE R B CIEALOHEBC AT e L E TN
DFRAE LTed EELBRA.

D X 5 i WSRO B TR RS BRI AT
4% (Photo. 1(e)). zhbEMMEROFMIL, &

%13 Photo. 7 iRt Lok 311} Thbh, =12 a7
sy b Yy P OBZE TR {21110 JFRLOFER SR
PEELCHEHIShS. CoBEERE, ZoBG0E
%Eﬁ,%ﬁ{éﬂﬂmi {211} <Oll> Eiﬂt&ﬂ:%“): & (Fig.
4(2)) TRET 5, WEEREZME S EEMTC XD
T Photo. 7 0 X 5 IsBEN e BERCAET D Dh,
F ORI ST,

Photo. 3. Microfacet pits to determine local orientations in specimen whose optical structure is shown
in Photo. 1 (g). Pit shapes for typical orientations are attached on the top of the photograph.
Recrystallized grains with {110}{001%(R,) and {100}<011)(R,) are revealed at deformation bands
(D.B.) in {111}{112) matrix (M), G.B.: initial grain boundary, and R.D.: rolling direction.
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Photo. 4. Recrystallized grain (R) with {110}
{001) observed at deformation band (D.B.) in
{111}<112) matrix (M), annealed for 48h at
400°C after 509, one pass rolling at 300°C.
In the deformation band region without recry-
stallized grains, selected area electron diffraction
revealed the complex patterns of {110}<001> and
{111}<112>.

Photo. 5. Optical micrographs on the longitudi-
nal section perpendicular to rolling plane (R.D.:
rolling direction) after rolling by 5% (a), 15%
(), 30% (c), and 70% (d) at —196°C. Linear
deformation twins (a) are changed to curved ones
having indentations (b-d) with increasing rolling
reduction.

35 MBRROFS

FEIEAC B O A2 23 A U BR A BB DB L X
haGEPHAEROET 2 BAE LB, BEANO
BERRAEBRSIT IWRR O BHE CH 5 (Photo. 1
(f), (h)). ChboBEfRNOFftk~127r7 5
2y PEy FALRIE L & R Tk, {111}011) %
{111}<112) % oFERRI S L, ZOBEDOH K &
A O (1113011 2 {111}<112) 2 7c 2
(Fig. 4(b), (d)). WPHKA» SO BAERELELE
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w
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Micro Vickers hardness (load:2gf)

100

Distance 10¥™

Fig. 6. Hardness distribution across deformation
twins (D.T.) after 509, 5 pass rolling at —196°C,
G.B.: initial grain boundary, M: matrix, and R.
D.: rolling direction. High hardness in the de-
formation twin region is related to the preferen-
tial nucleation of recrystallized grains (Photo. 1

©)-

Fig. 7. Receystallized grain (R) with {311} ob-
served at deformation twins (T.D.) in {111} mat-
rix, annealed for 1 min at 550°C after 509, 5
pass rolling at —196°C.
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Fe-0.01 wt%N &% H\v, —196° 735 700°C o
FPECTEIET % & LI X 2T oD S LRI 7o in T4
BrBic. ChbOEEREZRELRE L LchE THRX
A ERERESHAROR Y, BREBROELKE RS
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(1) EEFCENOTRRZRREET S E (3000~
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H23k E W EEMBERR T {1104001) % X ¢ {100}
QO11) FHfrx . ThEkFE—FHirE b ot iR
FOBEEN LBEEBER L, TORKBE, BERESA
BoERSE (11034001 L7ch, {100} OEFEDHED
bhs.

(2) FEERER —196°C OBEILE TEHI
PRI, THIFESBEOTN) BB L h MEE

il
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R 3 T 7 BECEEFRBRC/IE b0 LA DR
5. TOX 5 IR ALIE, BB L TRVWA
{211} (011 FERESRIY BRI HER L, BfEREG
O ERT 2113011) Lics.

(3) FEPCBROTRRGPNGEER 4 Ul
BT (BREED DX 450°C LI ET o FIE),
WL R AT EES (111} TR OBRBER BT & o
5. ZOBEOBEMESABRT {11301 B\
{111}112) % ERTIE 0.
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