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we pray that a patent may be granted 10 us,
and the method by which it is to be per-

formed, to be pamcularly descnbed in and by’

the followmg statement:—

- The present invention relates to aluminium -

alloy products and in_particular’ to novel
means for producing dispersion-stren,
aluminium alloy products,” which are essen-
tially Al—Fe alloys. The mechanical proper-
ties of a dispersion-strengthened alloy product
are governed by a fine dispersion of micro-
scopic insoluble particles and/or by the dis-
location structure or grain structure resulting
from these -particles. Known dispersion-
strengthened - alloys have useful properties,
such as htgh strength at elevated tempera-
tures.-

It would be convement to obtam an
alummmm alloy sheet of good strength and
formability characteristics from an alloy in
which iron is the principal  alloying con-

stituent, because of the low cost of .iron. - -

It has already been proposed in- United
States Patent No. 3,397,044 to produce alu-
minium foil and light gauge aluminium can
stock by rolling aluminium alloys containing
0.6—2.5%, ‘Fe as the essential alloying ele-

ment, although small amounts of other alloy-

_ . ing- elements, notably Mg, Mn and Si' may

pending Patent Application No. 23684/73
(Senal No. 1,479,429) a procedure for pro-
duczng high strength aluminium- alloy sheet
in which a eutectic or near-eutéctic - ternary
-aluminjum alloy is cast under controlled con-
ditions so that the intermetallic phases form
into thin rods having a length many times

. greater than their cross section.

The alloy contairiing the intermetallic phase

- was subjected to cold working so as to frac-

ture the relatively brittle intermetallic rods

and produce a dispersion. of fine intermetallic
partlcles through the mass of the alloy.

‘The intermetallic phases formed not less |
than. 5. 0% by volume in the cast alloy and

in most instances the cast alloy was produced

.in the form of conventional ingots (rect-

angular  ingots havmg a tluckness of at least
10 ¢ms). ¢

Al—Fe systems form eutectxcs at re]atwely
low iron -contents and the resulting inter-

metallics form: less than 5. 0% by volume of -

the cast alloy. :

When Al—-Fe alloy is cast under condmons
found appropriate to develop rod-like- inter-
metallics .in the ternary alloy systems -above
referred to (conventional direct chill (D.C:)

casting ‘at 10—15 cms/min. and growth rate -

of 6—8 cms/min.) the Al—Fe intermetallic

45

55



It would be convenient to obtain an angular ingots having a thickness of
at |east alumniumalloy sheet of good strength and 10 cns). i5

f or mahi = -

eutectics at relatively 55 which iron is the principal alloying con- [|ow
iron contents and the resulting inter- stituent, because of the’low cost- of
iron. - metallics formless than 5.0% by volune of It has aIready been

pr oposed United the cast- aIon Stat es - Pat ent :No. 3,397,044 t.o produce
al u- Al -Fe alloy is cast under -conditions 30 n1n|un1f0|l and |ight
gauge a|§§§) tm.can . found appropriate td5%¥4| op rod-like inter- 60 stdck

by rolling al umﬂnwmh&mﬁm@%m&&m%a—ﬁﬂ%t athutﬁat it &O@m&%ﬁﬁ;&nﬂ.l %———-*

systens above 0.f@m2Ifst¥ad e Al—FHehghaesStppeaisi aal al heyimgp:ﬁéneﬁ the edesiied a6

(conventi onal ducmtpla&qquor m?;? t’nt\s!nlt micgpht hi Fe dhnun@sccetﬁmw@r
al | oy- castlgg =Y o o iﬁﬁ {@fﬁ F?H‘ Frem hv %‘ﬁ ¥ y.
vh and _Sl may - Qhe da hl n Qr

: 2 ph nntlu
will have |ow yi Wﬂ ‘t° d.
The devel opmgyt ,,S 4 Cai

than 1 mcron. cblﬁpo e I, Grévith Pates bF
and the allay shatatesoﬂcichlmar am*b'e' effdc resiam:an onlwlmtdlmdadﬂummdlﬁw

continuous 5. r 1!“? cin tbﬂtlf on?R'itz
al | oy under qg)n W ’ZQ: E%ﬁ%ﬁfi% mﬁ?l 96"
of high to a veAyhoﬁ dil ph ﬁ e 0 6 lathiieOdopyi

and hi gh el ongatthar by volume it xsddiuns diat aﬂeqmteal cqntmueusctammm@duwcbhw ar

to We have now 'S ¢ping ’Fh’%‘!‘e"F‘i

of at .| east mt’ﬁm Zﬁk L‘g“‘g‘m@aas ar aﬁ%ﬁéwﬁfﬁl%gm)@ﬁdl

preferabl y a grqmelh,etamatreuschi,dét sidnl S Ecadlinteshivtafiicpiticlasl | oy-- Of near,
eutectic cns/ rﬁnnparﬁﬂe; qrcgm@vn@g gzepr ef er abl yJt dmelsl hstempﬁ&zcdoﬂptasﬂmea;m by
utilizing speci Itﬁ% Peé-m Bﬂ@k EEF 0 E‘n uous casmg 5 quon geneefﬁg;s
cms/ cedures 25""% rateTla gﬂger “E&s not

achi eved with mﬁlﬁﬁm ,-u ,ﬂ.ﬂﬂ,ermahlylremp seughrgrdvdﬂe rm to

about :25 nm t hi caﬂwed;mthﬂa—a()%e uudernm:lt raptﬂ f| rleptaft&#dnéﬂolmwsmns@wpmeﬁs in

the range forc ﬁ het gl W‘ﬂfﬁ%f %0
0.05-0.5. mcr thanSmlcro ﬁﬁ' tca & W ht@mé!t MISM

80 Al thosigh t he gulatoert}[reieaddut GtriRtuRSHS lilnfdd o | SmSthe :niprof carpi&rofu:eavnp blnlkaeolls,
opt i mum propert laetaebfriastﬂaaﬂmb v cstuAkeFe t W@CWE%FPCH‘TW' ' peerdly out of

conti nubus cast iy e dea it 31| d_a‘% R (%)
the 'Al- Fe 35" cSlL TS lfgﬁc ﬁdgﬁ) ?&%E @Hﬂhﬂh&r i ¥mpany of 100

cont ai ni ng rod- I&Aﬁ@xgp{aaﬁﬁﬁa ﬁpe&uductort Rmétsidhssﬂahtofmd; HEyplcal inTRisdug al ,
so as t'o avoi d, s@gk why chilled;| l‘.!mdlysn gekivior ¢q ¢he tES“ '19h hag - AYPE rth Fﬂafr@ﬂtfflfﬂéls as

far as possi bl e, Sk wk "’yediﬁqﬁg'm"é@?aﬁ BB ol 8 L4 Gtk 9 ST ie Feor m
2 di Sper si on 4 BB e e A (fag] A% s ot RO L 40 Win, 105
correspondi g Si Za.iron-alominium phaselifi’ ﬂeh&uﬂdm e@h@z@fz-eum &m/mm)vmrm 19 It
was al so proposed ﬂlenm wwmfwtmﬂyyed inhj eppentipily fully. sp - th

obtained in a 1,DBee ," ” %ﬂﬁmﬁ Uldhe® CQ&‘?O st bensl ?Q%tg
casting oper i Girdle [pyE Glidg" ﬁioﬁﬂkthb}ﬁaﬁ&&&vf@ﬁgh@“ 'Q;lithpwlﬂw
al u- casting rinkiees uﬂtol’ﬁ 1gdh x&sﬁch mgppfoaihmddoe@qaqq;ence gm i murkaces ‘afecn ewxlnp| e

99.95%  al um nil rily result in B %‘gf “IHi‘Fé"SteéF“I“h ed
win0.7-3.0% kg °;§:¢m sl el 7 oL P ] S
equi pnent chispl lmusn% 2 yidd ; ;.onFak:diE&nﬂinUﬂie mtghef ﬂaqntswmntubf
hi gh growth ratasd |g®drfmiabmty (as indicated by-a-high = be.cast.in the. form. of a thitslab having the
. percentage value of tensile elongation).. This mtermetalhc phase solldnﬁed in the formi __of'
deperids primarily upon stabilising a fine grain i -
structure by -the dispersion’ of - fine particles. _
55 If the intermetallic. particles: are too coarse or at least 60% reductmn and preferably-
' unevenly . distributed ‘with: an -alloy-of the greater reductions: and- this. leads td.-the frag-
present Tow volume of intermetallics, the grain  mentation of the: ‘intérmetallic: rods- to- form
size of the aluminium after final annealing fine particles ‘which ‘are’ dispérsed throigheut
will .be too coarse. For.the present purpose the material and have the effect of stabilising s
- 60 the grain size should be not-more than about 2. fine grain  structure, as ‘already explained. 125
" 3 microns, On the other hand, if the size of At least the final 10% reducnon is preferably -
.the intermetallic particles is too- “smhall th. -grain by cold-rolling and thore preférably reduction
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intermetal lic phases separated as small par- easily achieved by the use of
twn-roll type 30 tides of a size less than 5 mcrons and the . casters
in which the nolten netal is solidified -
structure are limted 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 nolten metal
upwardly out of+ alloy was then heat. treated to preC|p|tate re a
i nsul ated i:nj ector nozzle in close proximnty maining iron from
solutiOn bef ore being to the roIIs A caster of this type is 35
re factured by FMn%er

Engiadeiengl Gonmpahiheafib hoesod;wmg pteﬁatpanmramgtmwhy tahregg@nduct or

Ri vers? ég‘é%rr‘ﬁ:;loérma TylcaLllﬁ {] gtoé!rfms ch|IIedra|dIy-|n
-rel at (16 10)in) : '}Em o § casting
. teckni mi@%’i Rk08,0% L qﬁﬁ@ f;hn“‘ %“ o Rn m@ i ckness
. ‘range -p qnlarlpukbslluys hadingan Metonmnpeaasuhg)p oWl Fite ofodd Qdie O .3
' | nche é‘hél Tht mmtmnﬁer”@@ﬂeﬂm-lmg tludram legs ghan (28 dep05| tion
U ; : t%?i “‘I‘Gg““ 4T ?BHWm ni um phase.
lnmhe ﬁm b4 Hblliug) the by HEmglwichi @6 the very

hi gh gmamnd'pahitteﬂﬂmuleméeoys% Yoltme. eslseemn'lcym ibryal raﬁg&l dified when it
passesThmat ftheclop ole Fheonpptesent invention since jt is centre line of

ﬁ Fstate Sthat the ddstTiededendritic size and
I rqe mtnﬁg’f'&dhi or 6 Geithl ON as Zpt. passes 4 kicle size could be
. achi eVMdauMEehFﬁﬁﬂis gir;boeeythe andyrmaygh t he @pap bet vveenugtbatm)l |.s wigbh 'the 110
~in si z@stala Ple@quhob(SlﬁMnrﬁeﬁW,approm tey conspteddice that its

sur f acEl &l p&“&??ﬂ %& m) . “Pt 1.0% - heat
exczbaryg&s Eorditisk. roI I s o)

prggqpby nyaéhtl on - i s concerned
to prcsmconmhibdmcofpbtt&dlﬂhﬁimtbyptohe use of th{w teqlofy.ptotam)uce an &kum ni um

~allo gﬁl e F%/?n% b ., nearﬁéut ectic Al bfeacg| | oys having an 50
© binati P& mﬂgﬁ' %p)of in-the range
- of 2. m -or ldnn Msfithak odi &g&?&lﬁé&a high  be

cast |mentshmayf b¢ rinchﬁedamt humslr@btoha\ﬁmwgn@dha rdimmeten o avgphete obf - tensi | e
. el ongakg? rﬁ‘)tal (T' V:s aI lic p °f’tPFRa¥T€1e7 ('?Iihm 90f depends
S pri mary mW 207 'E'm on@f:dﬁu % nicrons. This
thiso Shie uaeor at @mqbb%&aroﬁlcaﬁl 0 slab is then

* subj eahedal parityvoedt af gotttore ifae 99.835 | f the | nter met aI I | c- partices are too

; coarseP“EW andat"‘“’%"’ea&t %9915Et3&l%| on an preferabl y @A 120 u venI y.
_ gre reduct d th| Ieads td

-dlstrl
“theysf roagyy sw mf\sp ngl ntermMnaI |ICS thglg.m/n ~mentation of
.the wnmnmmtalllc : rods to formS|ze of the aI um nlum after final

‘anneal i B ﬂ’éﬂﬁaﬁc?‘l‘! a &IPS | be t o0
;coar sem t Z%gﬁ‘:%ifect of
st abi dnsem@a.c lgroﬂehso&emt ﬁ,howtdv tb!?/;rt% os% a fine grain

’st r uctestem, tlusfrakmgadrge el |fr¢mhg 1 rlamven@tﬂytlh@rpotahéun Hehd, if the

size OB & Ve, e fi beat nterpetal lic
part i C%eé.d mca gp’mél" a m-roll $sfer %L%Ep{ ﬁf%eusure %‘Sﬁ? _ipr ef er abl y
redﬂctammr h{gum ofxt uyl ia mrpraer.s ef fect ed

" sol el yhahy keowh dtrengthéning ffecil.'l'le additiod - ilhlyz@ esﬂé hdP® 3 microns

. ® ypyr hqnga B 1o 1.#%n
e S m;*::nuhhﬁ@% T i

al $0 tﬁﬁ@erse dl cuons in the annealed condition. 1, 524 354 -
13 pr ef eﬂ'ranh@alpwemnam it ?WS‘H tipgtgrials {’gf@fééy aMCF-cll& by rolling

(re aifedi il Rt o 0 IS koo B s Theo The
pl‘ 0CeSari@lal oz,ﬁﬁ ®Ras 1h | Ensphia- showT ﬁsf&f inﬁm of sheet

pr 56lud#igs addftion and usually 0.1-—0.3% Cu or ton of yield smngth and elongation in the
Mg The total iron content is prefembly in anfealed condition than -are obtained from 115
i, the range of 1.3—2.0%, Fe and most prefer- the same alloy when cast in ingot form by =
Lo ably 1.6—1.8%,. In addition Si in amounts up ~ conventional D.C. casting procedures before
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ferably perfornmed in connection with alloys
containing no nore than 2. 0% Fe and nore

eutectic Al- 5

t er nary -aH-ey—by—a—eentinveus—rO0—particularly with alloys having an Fe

content
1.3-2.0% The
concer ned wi
rods which &

nventi on

IS

casting procedure at a growmh-rate of at
25 cns/mn and a thickness of
all oys containing | ess than-
bH. 0% vol une percent

|nterrretaII|cs

| east

I n nost -

in the range of
l.ess than 25
mmto devel op intermetallic.

contenpl ated by casting a near
Fe binary or

2,

then segnent ed-

by effectrng at’ | east 60% 10 cases it is referred that the volune of _
inter- reductid by rolling the alloy fal%d¥ within 75 petallic &
particles should exceed 2.5% vol une. . the fol I ovvl ng.conposi ti.onal -range®ay
Thus at the lower limts of the Fe c @tent it is preferred that the al__j' y
shoul d contain - .Fe | 28-2. 5% one or Sore al m
which will form - Si o B to 2.0% 15 ternary p

intermetallics with Zn. - 1. ~ up-to 2.0% Al and

pur pose ‘the alloy may Cu | |8 "_.up'_t§'1§-_*0%

contain snall proportrons of Si, Wé pnd Ni , M -

1.0% ' which all- formternary phase M t.h the Al and N

to 1.0% Fe and which ar e depositefld m'f-tire for m of. Q] 8 SR

up to 0.5% 20 rods under the spe LRf | 8d” casting condi'tions. | - Gt hers

up to 0.3% each ﬁ ri‘rray be i ficofporated rn amounts up. tp. . .

(up to 1 O%total) ~ 85 2}]0% M up to 1. O%Qnd;thNupf.t'o' 0. 5%y :
Al ee,,,Curn armmES"uplO% My up to-1. D% and. Zn- up to
2.0% may al so be These The average size of the |nternetalljc
par- 25 essentral g n in solid s@&ution. Qher cE'w of ces W |1 o

| ess than 0.5 ni.cr® % et er rrewg)s.h'd“-yberncludedrn anblhts up to
(measured as the (;Rargg c_’of a-sph@ g -of 1.0%total (0.3% npx.  each).

equi val ent vol une '§., of the paY gz‘e’fe) The go The al L,,o,/ sheet prooduct
of the présent al erab y n@tszs Fe in an afbuft |nvent| oﬁ‘rs

intended to be |0 gﬁg
30 material andf §
fol l owi ng ranges: gr‘e,

more usually of 9 %-399
Consequently, the® E

95 at | east 0.08%%

0.1-0.5% 35 0.3%Si
0. 1-0. 4%constrtue§1§ 1.
case it is preferreﬁ t
el ement  0.1-0.3%3.8u ®
shoul d be sonewhat fe.

l

Wi

an eutectic conposg§
total. Zinc in thegefg
ampunt i's conveni.

LEa"’:a
difficulty is expe
casting the al |l oy ®f "5
the material The %i i §
preferentially to %g
changer tubes. ThedEi
effect In addrtrorﬁnfﬁg
i nproving the rrecha;gr
of 0.1 to . '

f'ﬂ

v

=pur|r1y_

g

cént

i aﬁ m)r esus

thout a d|
—carryi mg

vt

rncorpt;xra &
0 5- 0°2‘V °-M

&

i
gled
Ep

0

ed on com pQJren
hl—@f not better T hah

Si
Azn :
H.1- N =

h"of Si as an all oyi ng -
the procedure-of the in
it is prefeye®tifa

)"t 0 provi. de content of

Wi
89
- 0.1

o .
L]

-
o

hin the

8%pur|ty'
1.5%purity.
D:5-1. 5%°i

M
/en- In
‘the all &yi
he al loy.

Jﬁnd

bach
ng.

d
%aeet ngt e

W n-roll .

&n of a sr
eat ex-:'45
& ock mat el
By incl udeg

%@J" pr opertré
- S .

“

T

ia

=s.4

.@"range.

,n Th. Oners are prerer
t.to below 0n3% eac
I'f the freezin
:n 100 range is very sho
o B Use as finsteek i
& exchanger rmatérial
proportion .of Cu Wi II
g/f@r My in amount
pfefer- has a k‘ﬁovvn st

Dl y - Kept 4
h and 0.5%
) stated .
t, some

N heat. enegl
to ensure f{

ola total: Qﬂ‘

oA GLOuS.

1 .0

corrode |

engthenlng-

nnnf run+
CUTTU CTIL

R of-
Ef 't-he

. .Ilull'golll

An add|t| on of N|

./OC . LUO 't

| n .t.he_ rah

(168 Fe —
0.20 Ca —
0.15 S ° .

. 'B.

| Material -

| $1ab Annear "_'.'4'505(3.(,,)_ -
| Inter Andéal ~ 400__°C-_=(‘)

Twin Roll Caét o
“INo Slab Anneal —

"Sta:nda_rd.D;.C. Cast




all oy sheet, it also reduces the anisotropy be- 1.0% to Al -Fe alloy,
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