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AbSt ract 

S tudie s of deformation and rcc rys ta lli sa ti on struc tures arc usuall y carried o ut in the mi d- layer of 
meta l shects. where a near ho mogenous planc strain defo rmati o n condi ti on prcvail s during ro lling. 
Howcve r. in the latc r years thc aware ness o f the importance o f surface textures and struc tures 
has incrcased d ue to de mand for thinne r, less mate rial consumin g produc ts and beller surface 
fini sh. In order to study the re lcvant surface-reg ion-effec ts it is necessary that thc laboratory 
ro lling ex pc riment s simul ate the industrial processes. Compari so n o f surfacc tcx tures in 
ind ustri all y and ex pe rimcn tall y cold ro lled sheets have show n that both the develo pmen t of the 
surfaec tcx tu rc and recrystalli scd gra in size are strong ly depe nde nt on the experimcntal co ld 
ro lling proced ures. Parameters such as lubricat ion and ro llin g speed have to be cont ro lled in o rde r 
to s imulat e indu strial co ld ro lling processes. However more strai n harde ning material s seem s to 
be less se nsitive to the shcar de form ati on , probably due to different fl ow pallerns. 

Introduc tio n 

Whe n work ing w ith tw in roll cast (TRC) comme rcial purity aluminium, the surface becomes of 
spcci al inte rest to study. A well known problem w ith TRC mate rial s is the very coarse grained 
surface stru cture associated w ith recrystall isat ion annealing. In o rde r to unders tand the 
mechani sms responsi ble for this phenomenon the e ffect o f surface deformation mode becomes 
an impo rtan t aspec t. Prev io us in vesti gatio ns [I] have shown how the surface texture and struc ture 
can vary w ith experimental rolling parameters. This work is mcant as a comple mentary work 
studying the effects of alloyi ng conte nt and starting texture , and g iv ing a be tte r descripti o n o f the 
rccrysta llisation texture and structu re. The investigations are therefore carried o ut with three 
different alloys, two alloys with almost identical chemical compos ition but diffe re nt s tarting 
texture and two alloys with identical s tarting texture but different alloying composition . 

Experimental procedure 

T hree twin ro ll cast AlFeS i all oys have been investi gated. TRC 1(0.03 wt%Si and 0.40 w t%Fe) 
cast on a Harvey/Hunter caster and TRC2(0.1 3 wt%S i and 0.45 wt%Fe) and TRC3(0.78 wt% Si 
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and 0.53 wt%Fe) cast on a SCAL caster. The HarveylHunter caster has rolls with a diameter of 
600 mm and a typical arc of contact of 30 mm while the SCAL caster has rolls with diameter 
of 900 mm and an arc of contact of 70 mm' The total caster rolling gap strains are for the SCAL 
and the HarveylHunter casters estimated to about 0.7 and 0.25 respectively. It has to be stated 
that the solidification rate and strain varies through the sheet thickness and consequently different 
micro-structures are found in the surface and mid-layer regions of the as cast sheets. 

All three TRC materials were laboratory cold rolled at various rolling speeds to a strain of 3. The 
laboratory rolling was performed with and without lubricant(oil) for all grades. Thereafter all 
variants were given a simulated batch annealing, i.e. heated from room temperature to T=400°C 
at a rate of lOO°C/hour, held there for 3 hours and then air cooled. A commercial grade of the 
TRCI sheet has also been investigated. This TRCI alloy was cold rolled to a strain of 2.2 by 
Hydro Aluminium' s rolling mill at Karm~y. 

Macro textures were analyzed by pole figures and 3-dimensional ODFs, f(g) . Here g denotes the 
orientation, given in the form of three Euler angles(<I>I<I><I>2)' The ODFs were produced from four 
incomplete pole figures ({ Ill), {200}, {220}, (31I}), which were measured by means of an 
automatic Siemens D5000 X-ray texture goniometer and corrected with respect to background 
intensity and defocusing errors. They were calculated by the series expansion method[2] and 
ghost corrected according to the positivity method[3]. Pole figures and ghost corrected ODFs 
are presented in the form of iso-density lines normalised to random intensity in stereographic 
projection or in constant <1>2 sections in 5° steps in Euler space. Samples were taken from the 
surface and mid-layer of the sheets in the as cast, in the cold rolled and in the recrystallised state. 

Micro textures and grain sizes were measured by the high sensitivity SINTEF EBSP system type 
J40 connected to a Jeol 6400 SEM microscope. Scans were done in surface layer (10-30 11m 
below the surface) of the longitudinal transverse section in the rolling direction in order to 
achieve grain sizes and orientation distributions . For every condition more than 200 grains was 
measured. 

Results and discussion 

The texture found in the surface of as cast sheets are shown in Figure I. The shear 
texture { 1O0} < 110> is dominant for all alloys, but a significantly weaker texture is found in the 
TRC I alloy which was exposed to the least strain through the rolling gap. 

Effect of surface friction on rolling textures 

The effect of lubrication in laboratory rolling is illustrated in Fig.2a-f. Rolling with high contact 
friction (i.e. dry rolls) resulted in a shear texture ({ 00 I }<IlO» in the surface region as shown 
in Fig.2a-c while well lubricated rolls resulted in a relatively uniform p-fibre texture over the 
sheet thickness with the surface textures as given in Fig.2d-f. In the dry roll case the strength of 
the shear texture is influenced by the alloy composition and the rolling speed. Note that in the 
low alloyed AA 1050-variants (TRC 1 and TRC2) the initial as cast shear texture is further 
strengthened by cold rolling to a strain of £ = 3, an approximate doubling of the peak strength 
in both cases. The more highly alloyed TRC3 (AA81 11 -variant) behaved quite differently, in this 
case the initial shear texture was considerably weakened as a result of rolling, instead a more 
normal p-fibre texture developed during cold rolling (Fig.2c). Also the rolling speed affects the 
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TRCI TRC2 TRC3 

Figure 1. Texture in the surface of as cast TRC sheets. 

strength of the shear texture. This is illustrated in Fig.3 showing that by increasing the speeq 
from about 4 mlmin to 13 mlmin the peak strength of the shear texture component decreaseq 
from about 40 to 12. 

When performing the laboratory rolling with well lubricated rolls at a relatively high speed a P, 
fibre type texture developed also in the surface region (Fig.2d-f). This surface texture is littl~ 
different from that found in the center(FigA). A slightly weaker Bs or stronger Cu componeXlt 
is found in the surface. The development of this strong Cu component is associated with th~ 
strong initial shear texture, see Ref. 4,5,6,7. During homogenous plane strain deformation th~ 
initial shear texture requires a relatively small rotation in order to end up in the stable C\l 
orientation. It is also found that the mid-sheet-texture is marginally affected by the surfac~ 
friction as illustrated in FigAa and b. An important point, however, is that in the well-lubricated, 
case laboratory rolling results in nearly the same surface texture as that found by rolling in q 
commercial mill (Fig.Sa). Industrial rolling results in a slightly more uniform p-fibre as illustrate<1 
in Fig.Sb and c. 

The effects due to alloy content and rolling speed, illustrated in Fig. la-f and Fig. 3 respectively, 
can both be interpreted in terms of the effect of work hardening on the surface strain distribution. 
By increasing the alloy content or the strain rate, the material work hardens more strongly, an<1 
the deformation becomes more homogeneously distributed. 

Recrystallisation structures and textures 

The recrystallised grain sizes in the surface of the investigated variants are listed in Table 1. 
These results show that the recrystallised grain size depends on both the cold rolling procedure 
and the surface deformation mode. A significant increase of the average grain size as well as in 
the spread in the size distribution is observed comparing the dry-rolls-case to the oiled-rolls-case. 
This is illustrated in Fig.6 which shows the grain size distribution in the surface of the TRC2 
material cold rolled to a strain of 3 and given a simulated batch annealing for both the dry-rolls
case and the oiled-rolls-case. The difference in grain size between the dry-rolls-case to the oiled
rolls-case may be due either to differences in stored energy or to the absence of cube nuclei, i.e. 
very potential nuclei, in the first case, see also Ref. 8. 

44 



a) b) c) 

@©~ ~~ 
' .,j' '1,0" . "",1. " " .,1' " . ... ,. ,I.' 

" <1Ii ~ <lI ~ 

Q, Q rr:;, "", ,.". n. ,.". 111 1'.' " n I,.." ••• •• . , . •• 1 

~'D> ~ rr.;, , ;<;, 
••• 1 . ...... 1 . HI '.J" n . ,." . .. , ' •. 1 ' ... 

«i! c m Q e ~ G G 0> @ 

,.,1 _ ... , •. ,. n. ,." . ... . ,." . n o' •• ,1 ... .. . ,' 

@W ©J @ © tml l.tT 
,"., . 'PI ' .. " . ••• .. ,,1. 01 .1 ' • • 1 ' MI • 

'"''~ ' ''' ''''''''' ' '' ' ''''' ''''~'''''''' . ' ' ' 

® @ @ @ ~§IIJf 
,"" . .. 1,.,1 . ... ,".J ' H I , •. 1'''' ... , 

.... ~ .... ~ .... ~ ..... ~ ... I~~I'lir 
,_., . 'PI' ' •. 1 • .. . , ." • • , • .... 1 ' .. I :, 

d) e) f) 

Figure 2. The texture in the surface of the a) and d) TRCJ, b) and e) TRC2 and c) and f) TRC3 
materials cold rolled to strain of 3, a-c without lubricant and d-f with well lubricated rolls. 

a) b) c) 

Figure 3. The surface texture in TRCJ material cold rolled without lubricant with rolling speeds 
of a)3.8 mlmin, b)9.4 mlmin and c)J2.6 mlmin. 
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a) b) 

Figure 4. The texture in the middle of the TRC3 material for a) the oiled-rolls-case and b) tl1~ 
dry-rolls-case( 10=3). 
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Figure 5. a) The surface texture in the TRCI material after industrial cold roll ing (10=2.2), b) t\1~ 
same texture presented in a p-fibre plot and c) the p-fibre in the middle of the TRC 1 alloy cold 
rolled with lubricant (10=2.2) . 

Table I The average grain size and largest . grain size measured for the TRC materials 

Alloy Dry-rolls-case Oiled-rolls-case Industrially rolled 

Dlllcun [llm] DmuJllm] Dmcun[llm] DmuJllm] Dme:m[llm] Dma. [llm] 

TRCI 15.8 95.7 31.6 137 36.2 194 

TRC2 37.5 323 87.2 472 

TRC3 11.5 104 16.1 191 

As was expected, the recrystallisation texture in the dry-rolls-case and the oiled-rolls-case are 
quite different, Fig.7a-f. As for the dry-rolls-case, Fig .7a-c, a retained shear texture and a rare 
texture component, a displaced S component reported by Hirsch [6], were found for the TRC 1 
and TRC2 grades . The TRC3 grade had a more common ND rotated cube component. Several 
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Figure 6. The grain size distribution in the surface of the TRC2 material for the dry-rolls-case 
and the oiled-rolls-case. 

authors [7,9] have associated this texture with the presence of a strong Cu component and a very 
good 40°< 1 II> relationship to this Cu component. However, in this case the strength of the Cu 
component is relatively weak (Fig.2e), On the other hand, in the TRC2 oiled-rolls-case the 
surface texture is characterised by a very strong Cu component (Fig.2a) while recrystallisation 
gives a strong cube texture, see also Ref.8. . . 
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Figure 7. The surface recrystallisation texture in the a).d) TRCI, b),e) TRC2 and c),t) TRC3 
materials cold rolled to strain of 3, a-c without lubricant and d-f with well lubricated rolls. 
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a) b) 

Figure 8. The recrystallisation texture in the a) surface and b) middle of the industrially cOI'1 
rolled TRCI material,(£=2.2) . 
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Figure 9. The recrystallisation textures in the middle of the a) TRCl, b) TRC2 and c) TRC3 
materials, cold rolled with well lubricated rolls (£=3). 

The recrystallisation textures in the surface of the material rolled with well lubricated rolls, 
Fig.7d-f, were of a more familiar type. The cube orientation was the most important component, 
with an increasing intensity in the order TRC3, TRC 1 and TRC2. A comparison with the 
industrially cold rolled variant of the TRC 1 material, Fig.8a, illustrates that laboratory rolling and 
a commercial mill give sheet qualities which upon annealing both give strong cube textures. 

The recrystallisation textures in the middle of material cold rolled with well lubricated rolls are 
shown in Fig.9a-c. The textures seemed to be equal in the mid-layer both for the oiled-rolls-case 
and the dry-rolls-case, with cube, PI 110}< 111> and a retained p-fibre for the TRCI and TRC3 
variants and only a retained p-fibre for the TRC2 variant. It should be noticed that the textures 
in the middle of the TRC I material after cold rolling, both industrially (Fig.8b) and 
experimentally are more or less identical. 

Conclusions 

The shear texture in the surface of laboratory cold rolled sheets is a result of high friction and 
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heterogenous strain distribution. This can be avoided by properly lubrication of the rolls and high 
ro~ling speed. ' 

The microstructure'and texture in the recrystallised material are also strongly dependent upon the 
rolling procedure. High friction, which promotes surface shear, results in a corresponding shear 
texture after recrystallisation, while the near homogenous plane strain surface deformation 
conditions of industrial rolling and well lubricated laboratory rolling give sheets which 
recrystallise into a strong cube texture. 
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