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Cube orientation in hot rolled high purity aluminum plate
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Abdtract : X-ray diffraction and orientation mepping in BB measurement were gpplied to obtain i rformation of deformetion and
recrydalization with the emphas's on the cube orientation in hot rolled high purity auminum plates. It is shown that cube orienta
tions are retained to a large extent during hot rolling. Sme deformed cube grains are found to have experienced large extent of re
covery according to their Kikuchi band contrads. The deformed cubeoriented grainsin hot rolled plates are in an urfavorite groath
condition with regect to their neighboring grain orientations for the subsequent anneding. The reasons for the pheromena ob
srved , aswel asthe irfluence of hot rolling process on subsequent cold rolling and find annealing were di scussed.
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1 INTRODUCTION

It iswell known that , in the production of beverage
cans made of Al-adloysof 3x X x or 5x x x geries, it
i's necessary to adjug suitably process ng parameters of hot
rolling, cold rolling and subsequent annealing © asto ob-
tain a bes combination of cube texture and deformetion
textures and to eiminate earings. In oontrag , during the
production of high wltage eectrolytic cgpacitors, the hot
rolling, cold rolling and annealing should be controlled to
obtain the cube texture as grong as posible. The mi-
crogructure and texture evolution should be different in
the two procedures due to the difference in conpostion
and impurity contents. Recrydallization of high purity Al
does ot occur eadly , either dynamicdly or Satically dur-
ing hot rolling passes, owing to srong recovery. Although
detailed studies on cube texture formation were performed
in AIMnMg alloy or commercia pure Al'™®! and nod
dlingsof recrysallization were succesful!* ! | there are
few invedigations on the cube orientation in hot rolled
high purity Al and its influence on the subsequent pro-
cesing. A throughout underganding on hot deformed mi-
crogructure aswell as texture and their irfluenceson sub-
sequent processngiscrucid because hot processngisone
o the key factors irfluencing the cube texture intens-
tyl®!. X-ray diffraction and BB (Hectron Back- Scat-
tered Diffraction) anayses indicated that the cube texture
is always retained to ome extent &ter hot rolling in Al a-
onél_S]. X-ray diffraction and , particularly , the orientar
tion mgpping in BB technique are used in this paper to

reveal the dructurd and orientationa features of hot
rolling and subsequent recrydalization with the enphad's
on cube-oriented grains. By making use o the acquired
grain norphologes, miorientations, the Kikuchi band
oontrads, it is d posible to obtain mMe knowledge
about the extent of recovery and recrydalization $ as to
further undergdand the formetion of cube texture.

2 EXPERIMENTAL

The invedigated hot rolled high purity Al has the
conpostion asfollows: Fe7x10°° 10x10° %, 9 <10
x10°° Cu44x10® 50%x10°°, Mg<13x10° °,
Al > 99. 99 %. The thickness of dab is 200 mm. The
rough rolling tenperature is570  and the finishing temr
perature is271 . The find thicknessis 6.8 mm. The
reduction is 96. 6 % in totd. Saples were annedled in
<t badovenat 200 ,300 and500 . Macro-tex-
ture was measured on the mid-thickness of sanples usng
a demensD5000 diffraction goniometer. Orientation
mepping was conducted through an BBD sysemt”!
nounted on a L BEO-1450 SEM. Samples for BBD mear
surements were eectrolytically polished and the measure
ments were performed on longitudind sections made of
RD-ND (rolling direction-rnormal direction) . Orientation
deviation was denondrated by grey grade. The intendty
linesin pole figuresare 1, 2, 4, 8, 16, 32 x random
regectively.

3 RESW TS AND ANALYSIS
Fg. 1 sows the macro-textures of hot-rolled sanples
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as well as those annedled subsequently a 300  for 30
minand a 500 for 10 min. It isevident that dter hot
rolling a weak texture with cube cormponent {100} 001
and the TD-rotated cube conponent retained together with
deformetion texture components C{112} 111 , ${ 123}
634 ,B{110} 112 (Fg.1(a)). The difference of hot
rolled sanples from that of ocold rolled plate/foils lies in
the rdative large percentage of cube grains retained &ter
hot deformation. An anneding at 300 (Fg. 1(b))
gvesrise to a dight increase of texture intendty , but the
hot rolling texture is gill retained. No preference is sown
for cube texture. Orientation mgpping indicates (shown
later in Fg.5) tha recrygalization did take place and e

(b}

Fig.1 Macro-textures of ot rolled and anneded sanples, {111} polefigure, 1+ =RD
, 30 mn; (c) =500

(@) —Hot rolled; (b) —300

qua-axia grains were formed. The annead a 500
(Fg.1(c)) ledto anincrease of texture intendty , but no
cube texture was found. Although the wolume of cube
grainsin hot rolled plates was higher than that in cold
rolled foils, no grong cube or R texture was produced &-
ter annedling.

FHg. 2 dows an exarple of orientation mgpping. The
dark oolor gands for TD-rotated cube orientation (see the
It part of Fig.2(a)). Qolor gradient corresponds to the
deviation to idea cube orientation. It is sen that cube
subgrains may be in dfferent forms in the ldt two
deformed grains . Whereas me of them are located near

, 10 mn

HAA

2
o,

&

.u?’ " '. ’ Fad
f () MO A
o SN

=100 pm Mapd. Steps1 um. GrdJ00x100

i

(d)
AR

i
& v

8

Fig. 2

(In
KRD.
Distrilintion of Kikochi band quality (darker color

entation mapping(dark: cube orientanion) ,

NI

1o more severe distortion in lattice)

Ll whole regon;

rientatiaons in
Local onentations within left gram in (a

)y

1y mion ol Tusorientation

Orientation mapping in hot rolled plate

Misorientation angle

distribution

20 30 40 50 60
Misorientation angle/( ")

v -1_.'|



Vol.13 Ne1l

Cube orientation in hot rolled high purity auminum plate - 99 -

the grain boundaries, others are present in band form in
an ange with rolling orientation. The mgp of Kikuchi
band qudity (Fig.2(c)) reveds the nomphology of sub-
grain microdructure. In this case the subgrainsin the | &t
part are srdler than those in the right deformed grains.
No typicd deformation orientation is found in this regon
(Fg.2(b)) . Acoording to the loca orientation presented
in Fg.2(d) , it isdear that nog part of the I€ft grainin
Fig.2(a) experienced a rotation of TD-rotated cube orien
tation around TD , which isdften seen in hot deformed Al
or in the early sage of cold deformation’®) . In addition,
nmore subgrain boundaries (thin lines represent subgrain
boundaries of more than 5° and 10°) are found in the I€ft
deformed grains than in the right grains. Fg. 2 (e)
dermondrates the mirientation digribution in the whole
regon. Low ande grain boundaries take the nog part as
isthe case in cold rolled Al.

Fg. 3 is another exanple of orientation mgpping.
Qey oolor refers to cube oriented regons. In this case
cube subgrains are paradld to RD. The I€ft part of Hg. 3
(a) orignatesfrom a cube grain before deformetion. After
hot rolling some parts rotated to other orientations , where-
as nog part of it survived the rolling. The cubeoriented
regon has awidth of nore than 100) m, being far thicker
than a cube band observed in coldtrolled sanple!®. The
digribution of Kikuchi band quality reved s a nmore srong
ly recovered region, i.e. light color in cube oriented re-
gon in conpari on to the dark color of non-cube oriented
regon. Fg. 3(c) indicates that no typicd deformation
orientation like G or Sorientation was found in this re-
gon. Misrientation digribution shows (Fig. 3(d)) a
smilar behavior as that of microgructures with srong de-
formetion textures. The high percentage of low ande grain

(a) QP ,E:j B3 " ¥ WiE Y

boundaries refers to abundant subgrain boundaries. Low
ange grain boundaries can raie the gdability of grain
boundaries and therdfore ress dynamic recrysalisation.
It is roted that , 9nce severd cubeoriented regions are
present within an origind cube grain dter hot rolling,
several cube bands may be resulted during the subsequent
oold ralling. In other words, a cube grain in hot rolled
plate may lead to rot jug one, but several cube-oriented
trandtion bands'™®! in a cold rolled foil . Fig. 2 illugtrates
a9 the posshility of severd cube bands within a de
formed grain in ite of large deviation to idea cube orierr
tation.

Fg.4 shows an orientation mepping in a hot rolled
sample dter an annedl a 200  for 10 min. Frdly, a
trace of Sshear band stuated at an ange of about 35° to
the rolling direction can be seen at the right part of FHg.4
(a) . New high ange grain boundaries have been formed
at thisplace as potentia nucleation ste. Secondly , sever-
a recrygalized grainsformed as their Kikuchi band qual-
ities are higher than the surroundings (Fg. 4(b) sl ,
white color) . The orientations of these grains are nearly
random (Fig. 4(e)). Sme parts of ongated deformed
grains are rotated to me extents to the § Rorientations
(dark color) . Notice that npgt parts of cube grains have
rotated to other orientations including S orientation, but
dill some of them are cube oriented (black color) . They
b not possess the festure of cube bands observed in cold
rolled Al-Mn aloy!®. Fg. 4 (a) indicates furthermore

that Sorientation can be produced from cube initial orierr
tation. In Fg.4(c) cube orientation can 4ill be detected
in <atered pole
orientation

figure, while
can be =en in

a drong B
the pole figure
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Fig.3 Cube dructure in hot rolled plate
(a) —Orientation mapping; (b) —Didribution of Kikuchi band qudlity ;
(c) —{111} polefigure; (d) —Misorientation disribution
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Fig.4 Orientation mgpping in hot rolled plate annealed a 200
(a) —Orientation mapping, 1 =ND, —»=RD;

() —Didribution of Kikuchi band quality; (c) —{ 111} pole figure in scattered form;
(d) —{ 111} polefigure inisrintendty line; (e) —Orientations of recrydalized grains

with is-intendty lines (Fig.4(d)) .

Fg.5 dows an orientation mgpping on a sanple hot
rolled and subsequently annedled at 300  for 10 min.
The area mepped is2 mm x 1. 7 nm = 3. 4 m?. The
sample was recrydalized completely and its grains are e
quiaxial. However , subgrain boundaries can gill be seen
indde oome grains (plotted as thin lines) . $me of them
are cube oriented. The grain Szes are not uniform with
large ones being 1 nm in diameter. Mirientation digri-
bution (Fig.5(d)) reveds a large percentage of high an-
de grain boundaries, which shows the features of gruc
tures with weak texture cormponents.

Fg. 6 shows an orientation mgpping on a sanple anr
neded at 500  for 10 s. Imilarly, recryddlistion is
finished , but some subgrain boundaries exid mainly in e
longated grains (see black thin linesin Fg.6(a)). The

,?

for 10 min

mepped region has an area of 2 MM x 0.6 mm = 1. 2
mn? , but only two of grains are cube oriented. Moreover
cube grains do not show any preference in nucleation as
wdl as in grosmh. Kikuchi band qudity provides clear
microgructure profile as shown in Fig. 6(c) . The misori-
entation digribution in Fg. 6 (c) indicates two peaks
which are different from the snge peak in low ange grain
boundary regon in oold rolled sanrples or in anneded
sanples with strong cube texture!™!

4 DISCUSSION

Maurice et a!® have observed in a plane srain conr
presson teg on high purity Al of 99. 996 %, that above
300  cube orientation is gable during deformetion be-
cause the dip sygems are changed from {111} 110 at



Vol.13 Ne1l

Cube orientation in hot rolled high purity auminum plate - 101 -

[ I <=0 - cube Slep=10 um Grd200:170 |

(h) . _]_(_l_}_

sUency

0 10 20 30 40 50 60

Misorientation angle/( )

Fig.5 Orientation mapping on
sample hot rolled and then
anneded a 300 for 10 min
(a) —Orientation mepping 1 =RD, —=ND;
(b) {111} polefigure;
(c) —Mirientation distribution
room tenperature to {110} 110 a high termperatures.
The critical tenperature of the trandtion in dip sygem
depends on drain rate. A higher grain rate corregponds to
a higher critical tenperature!*?!. The hot rolling tenper-
atures in this work decreased from gable region of cube
orientation to ungable one (570 270 ), the basic
features of cube grains are in agreement with those of
Maurice et a!®. Acoording to the 6 orientation mappings
on hot rolled saples, as the hot rolling tenperature de-
clinedto 271  (plate thickness is 6. 8 mm with a totd
reduction of 96 %) , cube oriented regions are ill rather
thick. As cast Al dabs rormally contain cube grains ! |

this leads to dlongated cube grainsin hot rolled plates. If
the cube-oriented parts in a large initid cube grain were
present as layered form with regect to non-cube parts, it
would indicate thet the cube orientation is not gable as a
whole. On the other hand there are maybe severa cube
bands formed , sernving as nucleation stes during subse
quent annedling.

The hot rolling is procesed in a temperaturede-
creae node. Although it is difficult to know the mi-
crogructure evol ution at high tenperature , it isless poss-
ble for the occurrence of dynamic recrygdlisation due to
the grong recovery reducing the driving force for recrys
talisation. On the other hand , the exigence of plenty of
B-orientation provides large resgance to recrydalisa
tion!™!. Acoording to observation it is clear that in addi-
tion to the above mentioned factors the abundant low ange
grain boundaries (Figs. 2(e) , 3(d)) revea the redgance
to dynamic recrygdlisation. Results of X-ray diffraction
(Fg.1(a)) indicates that many cube grains survive &ter
hot rolling. Orientation mgpping illudrates, however ,
that the cube-oriented regons dter hot rolling are not &-
fective nucleation dtes for recrysalisaion, because they
are not frequently connected with Soriented regions and
db not corregpond to the condition for quick movement of
grain boundariest™® . It iswell krown that the cold rolling
with subsequent annealing can bring about grong cube
texture. Although the cube dructure in hot rolled plates
can ot lead to grong cube texture by dynamic recrygalli-
sation or datic recrygalisation dterwards, it can st up a
better bads for the formetion of high cube texture &ter
oold rolling and subsequent annealing.

The higher percentage of cube volume in hot rolled
plates than in cold rolled foils could mot gve rise to
gronger cube texture (Figs.1,5,6) by annealing and this
indicates that the wolume of cube grains is not directly
proportiona to that in anneded sanples. An inportant
factor is the presence of Soriented dformed grains sur-
rounding them. 9nce the Sorientation is the find gable
orientation of cube orientation during rolling!™! | a it
able oold rolling for setting-up their neighborhood is one
o the key factorsfor enhancing cube intengty.

Fg.4 and Fg.5 indicate that if the hot rolling tenr
perature is © high that datic recrydallisstion can occur
during cooling, therefore no grong cube texture will be
expected and the idea oold rolling texture and annedling
texture dterwards will be irfluenced. S, the finishing
tenperature of hot rolling can not be held too high and e
mough thickness of hot rolled plates sould be kept for
oold rolling. On the contrary , if a heavy cold rolling is
performed directly ater caging without an appropriate hot
rolling, the cube bands in oold rolled sheets as cube
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Fig.6 Orientation mgpping on saple annealed at 5C°
(a) —Orientation mapping(grey : cube orientation) 1 = RD |
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-»=ND; (k) -4 121} polefigure;

(c) —bidribution of Kikuchi band cudity: (@) —Misrientaion dsribution

seeds for recrygdlisation will be grondy reduced, be
cause the cube orientation is undalle a low deforning
tenperature. Thiswili lead to aweak cube texture infina
products. The gudy cri the dfect of hot rolling tenpera
ture on cube texture in high voltage electrolytic Al cgpaci-
tors!®! indicates that in a low hot rolling termperature range
the finishing temperature only shifts to the suitable inter-
mediate annedling termperature and has less irfluence on
meximal cube texture intengty. Therefore , one can expect
that only a suitable combination of hot rolling , cold rolling
and annealing can produce a high percentage of cube
grains over 90 %.
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