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(71)    We ALCAN RESEARCH AND   be present. The initial alloy is cast in
con- DEVELOPMENT LIMITED, a Company   ventional ingot form and is reduced
to its incorporated under the laws of Canada, of 1,  final gauge by
successive hot rolling and cold Place Ville Marie, Montreal, Quebec,
Canada,  rolling operations 5  do hereby declare the invention, for which
We have already described in our co-  35 we pray that a patent may be
granted to us,  pending Patent Application No. 23684/73 and the method by
which it is to be per-  (Serial No. 1,479,429) a procedure for pro- formed,
to be particularly described in and by   ducing high strength aluminium
alloy sheet the following statement:-                in which a eutectic or
near-eutectic ternary 10    The present invention relates to aluminium
aluminium alloy is cast under conolled con-  40 alloy products and in
particular to novel  ditions so that the intermetallic phases form means
for producing dispersion-strengthened  into thin rods having a length many
times aluminium alloy products, which are essen-  greater than their cross
section. tially Al-Fe alloys. The mechanical proper-    The alloy
containing the intermetallic phase 15  ties of a dispersion-strengthened
alloy product  was subjected to cold working so as to frac-  45 are
governed by a fine dispersion of micro-  ture the relatively' brittle
intermetallic rods scopic insoluble particles and/or by the dis-  and
produce a dispersion of fine intermetallic location structure or grain
structure resulting  particles through the mass of the alloy. from  these
particles. Known  dispersion-    The intermetallic phases formed not less
20  strengthened alloys have useful properties,  than. 5.0% by volume in
the cast alloy and  50 such as high strength' at elevated tempera-  in most
instances the cast alloy was produced in the form' of conventional ingots
(rect- 



It would be convenient to obtain an  angular ingots having a thickness of
at least aluminium alloy sheet of good strength and  10 cms). i5
formability characteristics from an alloy in    Al-Fe systems -form
eutectics at relatively  55 which iron is the principal alloying con-  low
iron contents and the resulting inter- stituent, because of the low cost of
iron.    metallics form less than 5.0% by volume of It has already' been
proposed in United  the cast alloy. States Patent No. 3,397,044 to produce
alu-    When Al-Fe alloy is cast under conditions 30  minium foil and light
gauge aluminium can  found appropriate to develop rod-like inter-  60 stock
by rolling aluminium alloys containing  metallics in the ternary alloy
systems above 0.6-2.5%  Fe as the essential alloying ele-  referred to
(conventional direct chill (D.C.) ment, although small amounts of other
alloy-  casting at 10-15 cms/min. and growth rate ing elements, notably Mg,
Mn and Si may  of 6-8 cms/min.) the Al-Fe intermetallic    1,54,354
.          2 phase does not deposit in the desired rod-like   ability, it
will have low yield strength. form. Instead the Al-Fe phase appears as
The development of the desired structure coarse plates or script greater
than 1 micron   in the cast Al-Fe alloy is, in accordance with in section
and the alloy sheet obtained from    the present- invention achieved by
continuous 5. rolling ingots of such alloy did not exhibit in   casting the
alloy under conditions which lead  70 the annealed condition a combination
of high   to a very rapid growth rate (rate of deposition yield strength
and high elongation.          of solid metal in a direction perpendicular
to We have now 'found - that it is possible to  the solidification front)
of at least 25 cms/ obtain AI-Fe alloy sheet of improved proper-   min. and
preferably a growth  rate of 40-00 10  ties from  an Al-Fe alloy of near,
eutectic   cms/min. The growth rate preferably does ot  75 composition by
utilizing special casting pro-   exceed 250 cms/min. Growth rates of 25
cms/ cedures 'which are found to be effective to   min  can only be
achieved with material up solidify the intermetallic phase in the form   to
about 25 mm thickness and a requirement of fine branched rods, ice. rods in
the range   for higher growth rates limits the thickness of 15   of about
0.05-0.5 microns in diameter.       the cast material to a lower value.
80 Although the intermetallic phases form less   In order to achieve
optimum properties the than 5% by volume it is found that adequate
continuous casting procedure employed should strengthening is achieved when
the 'Al- Fe   result in. a high growth rate. throughout the alloy
containing rod-like phases of the speci-  thickness'.of the cast material,
so as to avoid, 20  fled size is subjected to working to fracture the   as
far as possible, the growth of undesired   85 intermetallic rods and form
a dispersion of   coarse intermnetallic particles. fine particles of
correspondig size.            It should be emphasized that, . whereas a It
was also proposed in Bridish Patent No.   high growth rate cannot be
obtained in a 1,286,720 -to produce aluminium  alloy con-   continuous
casting operation without a high 25  ductor stock by casting a high purity
alu-   casting rate, a high casting rate does not  90 minium, for example
99.95%   aluminium,.  necessarily result in a high. growth rate. alloyed
with 0.7-3.0%  Fe under such rapid     In practical high-volume casting
equipment chilling conditions that the' iron-aluminium   the requirement of
high growth  rate is most 



intermetallic phases separated as small par-  easily achieved by the use of
twin-roll type 30  tides of a size less than 5 microns and the  . casters
in which the molten metal is solidified   95 cells of the dendritic
structure are limited to  in the: nip of a pair: of heavily chilled rolls,
a size of less than 9 microns. The cast Al-Fe   which draw the molten metal
upwardly out of alloy was then heat treated to precipitate re   an
insulated injector nozzle in close proximity maining iron from solid
solution before being   to the rolls. A caster of this type is manu- 35
-converted to conductor wire by standard wire  factured by Hunter
Engineering Company of 100 drawing techniques Although the conductor
Riverside, California. Typically in casting stock was chilled rapidly -in
-relation to the equipment of that stype the cast material is casting
technique employed for comparative  in the form of strip in a thickness
range of purposes it does not appear to have been cast  about 0.2-0.3
inches (5-7.5 mms) and is 40  under conditions leading to the deposition
of'  cast at a speed of about 25-40 ins/min  105. an iron-aluminium phase.
in the form of rods   (about 625-1000 mms/min.). The metal is at the very
high growth rates: employed in   essentially fully. solidified' when it
passes the the process of the present invention since it is  centre line of
the caster rolls and it is. sub- stated that the desired dendritic size and
iron   jected to  heavy compression as it passes 45  particle size could be
achieved with cast alloy   through the gap between the rolls with 'the  110
in sizes up-to 6 inch X 6 inch (approximatey   consequence that its
surfaces are in excellent 152 mm  x  152 mm).                         heat
exchange contact with the caster rolls. The present invention is concerned
to pro-    It is found that by the use of this equip- duce an aluminium
alloy sheet having a com-   ment, near-eutectic Al-Fe alloys having an 50
bination of good strength (high yield strength)   Fe content in the range
of 1.1-2.5%  can  115 and good formability (as indicated by a high   be
cast in the form of a thin slab having the percentage value of tensile
elongation). This  intermetallic phase solidified in the form  of depends
primarily upon stabilisinga finegrain   fine rods of 0.05-0.5 microns. This
thin structure by the dispersion of fine particles  cast slab is then
subjected to working to effect 55  If the intermetallic- partices are too
coarse or   at least 60%  reduction and preferably even  120 unevenly.
distributed with an alloy of the   greater, reductions and this leads td
the frag- present'low volume of intermetallics, the grain   mentation of
the interimetallic :rods to form size of the aluminium  after final
annealing   fine particles which are dispersed throughout will be too
coarse. For the present purpose  the material and have the effect of
stabilising 60  the grain size should be not more than about  a fine grain
structure, as already explained. 125 3 microns. On the other hand, if the
size of  At least the final 10% reduction is preferably the intermetallic
particles is too small the grain   by cold-rolling and more preferably
reduction boundaies will by-pass the particles, the grain  is effected
solely by cold rolling. The cold- size will be much larger than 3 microns
and   rolled alloy is finally annealed at a tempera- 65  although the
material will have good form-   ture in the range of 250-400[err]. It is
also  130    3                                       1,524,354
3 preferred to anneal the slab at 350-50[err]   persed particles by rolling
the alloy, as already before cold-rolling.                  described. The
process of the present invention is pre-  Thus the production of sheet
products is 



ferably performed in connection with alloys  contemplated by casting a near
eutectic Al- 5   containing no more than 2.0% Fe and more   Fe binary or
ternary alloy by a continuous  70 particularly with alloys having an Fe
content  casting procedure at a growth rate of at least in the range of
1.3-2.0%. The invention is  25 cms/min and a thickness of less than 25
concerned with alloys containing less than   mm to develop intermetallic
rods which are 5.0% volume percent intermetallics.  In most  then segmented
by effecting at least 60% 10   cases it is preferred that the volume of
inter-  reduction by rolling, the alloy falling within  75 metallic
particles should exceed 2.5% volume.  the following compositional range:
Thus at the lower limits of the Fe content it is preferred that the alloy
should contain     Fe                1.1-2.5% one or more alloying elements
which will form    Si                up to 2.0% 15  ternary or higher order
intermetallics with        Zn               up to 2.0% Al and Fe. For this
purpose the alloy may         Cu                up to 1.0%         80'
contain small proportions of Si, Ma and Ni,       Mg                up to
1.0% 'which all form ternary phases with the Al and    Ni                up
to 1.0% Fe and which are deposited in the form of         Mn
up to 0.5% 20  rods under the specified casting conditions.      Others
up to 0.3%  each Silicon may be incorporated in amounts up to
(up to 1.0% total)           85 2.0%, Ni up to 1.0% and Mn up to 0.5%.
Al                balance Cu in amounts up 1.0%, Mg up to 1.0% and Zn up to
2.0% may also be provided. These    The average size of the intermetallic
par- 25  essentially remain in solid solution. Other el-   tices will be
less than 0.5 microns diameter ments may be included in amounts up to
(measured as the diameter of a sphere -of 1.0% total (0.3% max. each).
equivalent volume to that of the particle). The  go The alloy sheet product
of the present  alloy preferably includes Fe in an amount of invention is
intended to be low cost sheet  1.3-2.0%  plus at least one additional com-
30  material and for that reason is based on com-  ponent within the
following ranges: mercial purity metal of not better than 99.8% purity and
more usually of 99.5-99.7%             Si                0.1-1.5% purity.
Consequently, the alloy will contain'    Zn                 0.5-1.5%
95 at least 0.08%  Si and more usually 0.1-          Ni
0.1-0.5% 35  0.3% Si without addition of Si as an alloying     Mn
0.1-0.4% constituent In carrying out the procedure of the inven-    In each
case it is preferred to incorporate tion it is preferred that the alloying
element  0.1-0.3%  Cu or 0.5-0.2%  Mg to provide content of the alloy
should be somewhat below   extra strength. Others are preferably kept 40
an eutectic composition in order somewhat to  below 0.3% each and 0.5%
total. Zinc in the extend the freezing range. If the freezing   stated
amount is conveniently incorporated in 100 range is very short, some
difficulty is experi-  sheet material for use as fin stock in heat enced in
casting the alloy on a twin-roll caster.  exchanger material to ensure that
the material The addition of a small proportion of Cu   will corrode
preferentially to the heat ex- 45  and/or Mg in amount up to a total of 1%
changer tubes. The fin stock material prefer- has a known strengthening
effect In addition   ably includes a small content of manganese.. 105 to
improving the mechanical properties of the  An addition of Ni in the range
of 0.1 to 



alloy sheet, it also reduces the anisotropy be-  1.0%  to Al-Fe alloy,
possibly containing tween the properties in the longitudinal and   Mn and
Cu or Mg, increases the yield strength 50  transverse directions.
in the annealed condition. The procedure of the present invention is  ' The
sheet materials produced by a proce- 110 principally applicable to the
production of  dure requiring casting the alloy in the form sheet from an
alloy consisting of commercial  of a thin slab at a growth rate of at least
25 purity aluminium with Fe as the main alloy-  cms/min show a more
satisfactory combina- 55  ing addition and usually 0.1-0.3%  Cu or  tion of
yield strength and elongation in the Mg. The total iron content is
preferably in  annealed condition than are obtained from  115 the range of
1.3-2.0%  Fe and most prefer  the same alloy when cast in ingot form by
ably 1.6-1.8%. In addition Si in amounts up   conventional D.C. casting
procedures before to 1.5% total may be added. Some advantages   being
converted to sheet by standard hot roll- 60  are found in incorporating Si
in an amount of  ing and cold rolling operations as exemplified 0.5-1.2%.
in the following tables of properties of 1 mm  120 The high growth rate
casting procedure is  sheet. very satisfactory for casting a variety of Al-
It will be observed that the addition of Fe ternary alloys to develop a
rod-like inter-  silicon provides little improvement in yield 65  metallic
structure, which is converted to dis-  strength over the Al-Fe 1.7%-Cu 0.2%
4                               1,524,354. [err]    5
1,524,354                                         5 [err]    6
1,524,354                                      6 Twin Roll Cast material
was cast at a          Cu                up to 1.0%       - casting rate of
75 cms/min. and a growth         Mg                up to 1.0% rate of about
50-70 cms/min. Standard D.C.       Others  up to 0.3% each, up          60
Cast was cast in ingot form at a casting rate             up to 1%  total 5
of about 9 cms/min. and a growth rate of         Al                balance
about 6-8 cms/min. Intermetallic phases in Twin Roll Cast slab material
were branched rod-like Al-Fe (Mn)  said alloy including intermetallic
phases in an metastable phase with body-centered tetragonal  amount of less
than 5.0% by volume. 10  structure plus rod-like a - Al - Fe(Mn) - Si    2.
A method according to claim l in which   65 phase in proportions dependent
on Si content  said alloy includes Fe in an amount of 1.3- of alloy. Cross
section diameter of rods were  2.0%  and in addition includes at least one 



less than about 0.3 microns. No [err] or  additional component within the
following [err] or [err] phases were detected in the  ranges: 15  as-cast
slab. Phases in as-cast Al-Fe D.C. ingots were       Si
0.1-15%           70 [err] or [err] present as coarse plates or      Zn
0.5-1.5% script with thickness generally greater than 1   Ni
0.1-1.0% micron.                                          Mn
0.1-0.4% 20    No great difference in mechanical proper- ties of sheet
produced by subjecting Twin    3. A method according to claim 2 in which.
Roll Cast slab to the specified rolling and  said alloy additionally
includes 0.1-0.3% Cu  75 annealing conditions result from variation of  or
0.05-0.2%  Mg, other components being Fe content between 1.3 and 2.0% and
Cu con-  limited to less than 0.3% each and 0.5% total. 25  tent between
0.1-0.3%. Variation of the Si    4. A method according to claim 1 in which
content between 0 and 2.0% has little effect  said alloy consists
essentially of commercial and in each case it is possible by proper con-
purity aluminium  (Al 99.5-99.8%) and  80 trol of the final annealing
conditions within  additional Fe to raise the Fe content to 1.3- the range
of 250-[err] to produce cold- 2.0%. 30  rolled annealed sheet having a
combination of    5. A method according to claim 1 in which yield strength
in excess omn 15 ksi and tensile  said slab is subjected to working solely
by elongation greater than 15% even when Cu   cold-rolling.
85 is omitted entirely.                         6. A method according to
any of claims 1 The aluminium  alloy sheet products de-  to 5 in which the
as-cast slab is annealed at 35  scribed above embody the invention
described   a temperature of 350-[err]  before cold in the Complete
Specification filed in pur  rolling. suance of our Patent Application No.
9654/    7. A method of producing an aluminium  90 78 (Serial No. 1524355).
alloy sheet from an alloy containing Fe 1.1- 2.5% and Ni 0.1-1.0% and WHAT
WE CLAIM IS:- 40     1. A method of producing an aluminium          Mn
up to 0.5% alloy sheet product from an Al-Fe binary,        Cu
up to 0.3% ternary or higher order alloy which comprises    Mg
up to 0.2%        95 casting the alloy in the form of a slab of a
Others  up to 0.3% each (up thickness less than 25 mm at a growth rate in
to 0.5%  total) 45  excess of 25 cms/min. to deposit intermetallics   Al
balance in the form of elongated rods in a size range of 0.05-0.5 microns
diameter, subjecting the   which comprises casting the alloy in the form
cast slab to at least 60% reduction by rolling   of a slab of a thickness
less than 25 mm at 100 to fragment the intermetallic rods, said rolled   a
growth rate in excess of 25 cm/min. to 50  sheet being subjected to final
annealing at a   deposit intermetallics in the form of elongated
temperature in the range of 250-[err], said  rods in a size range of
0.05-0.5 microns alloy having the composition:             diameter,
subjecting the cast slab to at least 60%  reduction by. cold-rolling to
fragment 105 the intermetallic rods, said cold-rolled sheet Fe
1.1-2.5%           being subjected to final annealing at a tem- 



Si               up to 2.0%         perature in the range of 250-4000C 55
Zn                up to 2.0%           8. A method according to claim 7 in
which Ni               upto 1.0%          the alloy contains Fe 1.3-2.0%
and Ni 0.1 110 Mn               up to 0.5%      -0.5%.    6
1,524,354                                      6 Twin Roll Cast material
was cast at a          Cu                up to 1.0% casting rate of 75
cms/min. and a growth         Mg                up to 1.0% rate of about
50-70 cms/min. Standard D.C.       Others  up to 0.3% each, up         60
Cast was cast in ingot form at a casting rate             up to 1%  total 5
of about 9 cms/min. and a growth rate of          Al               balance
about 6-8 cms/min Internetallic phases in Twin Roll Cast slab material were
branched rod-like Al-Fe (Mn)  said alloy including intermetallic phases in
an metastable phase with body-centered tetragonal  amount of less than 5.0%
by volume. 10  structure plus rod-like a - Al - Fe(Mn) - Si    2. A method
according to claim 1 in which  65 phase in proportions dependent on Si
content  said alloy includes Fe in an amount of 1.3- of alloy. Cross
section diameter of rods were  2.0%  and in addition includes at least one
less than about 0.3 microns. No [err] or  additional component within the
following [err] or [err] phases were detected in the  ranges: 15  as-cast
slab. Phases in as-cast Al-Fe D.C. ingots were      Si
0.1-1.5%           70 [err] or FeAl, present as coarse plates or      Zn
0.5-1.5% script with thickness generally greater than 1  Ni
0.1-1.0% micron.                                         Mn
0.1-0.4% 20    No great difference in mechanical proper- ties of sheet
produced by subjecting Twin    3. A method according to claim 2 in which.
Roll Cast slab to the specified rolling and  said alloy additionally
includes 0.1-0.3%  Cu  75 annealing conditions result from variation of  or
0.05-0.2%  Mg, other components being Fe content between 1.3 and 2.0% and
Cu con-  limited to less than 0.3% each and 0.5% total. 25  tent between
0.1-0.3%. Variation of the Si    4. A method according to claim 1 in which
content between 0 and 2.0% has little effect  said alloy consists
essentially of commercial and in each case it is possible by proper con-
purity aluminium  (Al 99.5-99.8%) and  80 trol of the final annealing
conditions within  additional Fe to raise the Fe content to 1.3- the range
of 250-[err] to produce cold-  2.0% 30  rolled annealed sheet having a
combination of    5. A method according to claim 1 in which yield strength
in excess om 15 ksi and tensile  said slab is subjected to working solely
by elongation greater than 15%, even when Cu   cold-rolling.
85 is omitted entirely.                        6. A method according to any
of claims 1 The aluminium  alloy sheet products de-  to 5 in which the
as-cast slab is annealed at 35  scribed above embody the invention
described   a temperature of 350-[err] before cold in the Complete
Specification filed in pur-  rolling. 



suance of our Patent Application No. 9654/    7. A method of producing an
aluminium  90 78 (Serial No. 1524355).                  alloy sheet from an
alloy containing Fe 1.1- 2.5% and Ni 0.1-1.0%  and WHAT WE CLAIM IS:- 40
1. A method of producing an aluminium          Mn                up to 0.5%
alloy sheet product from an Al-Fe binary,        Cu                up to
0.3% ternary or higher order alloy which comprises    Mg                up
to 0.2%        95 casting the alloy in the form of a slab of a     Others
up to 0.3% each (up thickness less than 25 mm at a growth rate in
to 0.5%  total) 45   excess of 25 cms/min. to deposit intermetallics  Al
balance in the form of elongated rods in a size range of 0.05-0.5 microns
diameter, subjecting the   which comprises casting the alloy in the form
cast slab to at least 60% reduction by rolling   of a slab of a thickness
less than 25 mm at 100 to fragment the intermetallic rods, said rolled   a
growth rate in excess of 25 cm/min. to 50  sheet being subjected to final
annealing at a   deposit intermetallics in the form of elongated
temperature in the range of 250-[err], said  rods in a size range of
0.05-0.5 microns alloy having the composition:             diameter,
subjecting the cast slab to at least 60%  reduction by cold-rolling to
fragment 105 the intermetallic rods, said cold-rolled sheet Fe
1.1-2.5%          being subjected to final annealing at a tem- Si
up to 2.0%         perature in the range of 250-[err]. 55        Zn
up to 2.0%           8. A method according to claim 7 in which Ni
upto 1.0%          the alloy contains Fe 1.3-2.0%  and Ni 0.1 110 Mn
up to 0.5%         -0.5%.    7
1,524,354                                        7 STEVENS, HEWLETT &
PERKINS, Chartered Patent Agents, 5, Quality Court, Chancery Lane, London,
W.C.2. Agents for the Applicants. Printed for Her Majesty's Stationery
Office by the Courier Press, Leamington Spa, 1978. Published by the Patent
Office, 25 Southampton Buildings. London, WC2A lAY, from which coples may
be obtained.    


