FRI CTI ON- ACTUATED EXTRUSI ON OF COPPER This invention relates to the _). b

frif€™N on-act uated extrusion of copper. By "friction-actuated" extrusion is
me a process 5 conprising the steps.of feeding netal into one end of a .
pa way fornmed between first and sedend nepbers with the second nember
hav a greater surface area for engaging the nmetal tha h sfyrenber,

t he passageway having an obstruction at the end renote fromthe end 10 into_
which the netal is Py DRX 3Ry s¥s U jgdpe associated with €
t he obstructed end, ' e of the second
nmenber relativ t e -defi Qi.n ur. of 1 | nmenber in
the direction '?ro'%/\gsr dis}?‘f%gég?g )g’?l¥?iq§g ?P'o%h?héjr?%e%ﬁgrnst%‘g%%&t he

obstruct eqd ,&8%;s{dd ¢ O grag of the passageway-defining surface of the
second nenber(ﬁfwéng tﬁgﬁﬂetal t hrough t he passageway and generating in it

a pressure thatpy srspfdt CéePhctRaCirude tirtustilnOUdh ddihtli£ préééss. The
obstructed end of the passageway may 20 be bl ocked substantially entirely,
as deséri eadpmi Arg itihe Pateps SpecCiekiddagi aetl ihtda&Me (did terl & ngdom
At om ¢ Energy Authority) but when, as in the nost usual practice (the

Conf or m precesfewde passedchayvwesnafdnate aadd sieeonbmeEmbemaieiths a whee
with a groove forned in 25 its surface into which.the first nenber projects
and the olf$er facPd®RpRRechavitagshy &ReABSTNEWT (A eéndhfItom the first

menber, we prefer that the abutnment nenber is
engaging the metal than the first member, the passageway

having anlobstruction at the end remote from the end
10 1into which the metal is fed gnd"having at least one die
orifice associated with the obstructEd end, moving the
passageway=-defining sur:ace of the secdnd member
relative to the passageway-detining surface of the first .
member in the direction'towards.the-dié orifice from the-
15 first end to the obstructed end, frictional drag of the
passageway~defining surface of the.second member drawing
the metal through the passageway and ggnerating in it a
pressure that is sufficient to g#trﬁde it through the
die orifice. The obstructed end of the passageway may
20 be blocked sﬁbstantial;y eﬁtlrely. as described in
British Patent Specification No. 1370894 (United Kingdom
Atomic Energy Authority) but when, as in the most usual
practice (the Conform process) the passageway is arcuate
and the second member is a wheel with a groove formed in
25 1its surface into which the first member pfojects and the
obstructed end is dgfined by an abutmenﬁ projecting from

the first member, we prefér that the abutment member is



o 2- of-, substantially smaller cross-section than the passageway so that
| eaves a substantial gap between the abutnent nenber and the groove
;surface. In this case netal can adhere to the groove surface, as 5
ggzscribed-in the specification of our granted UK Patent No. 2069398B,
hereby a portion of the netal extrudes fhrough the clearance and remains
~.as alining in the groove to re- enter the passageway at the entry end
uhile the renpy NANe Olnd 101 IP! Sha XK UOFSLDERHGRORERIR Bhg Orilice. The

Conf orm process was ori gl nally devel oped e extrusion of netal rod

n-feed EUNGHIJEle) i ORPETLEN bATEY 3 OREOERN L 1BLNEYRCORERRENT 0T (e

continuous extrusion formn f metals” presented at the Wnter Annual
Meeting in Defididpimddre of¥mbéLadnSOEhet yrobvdbslhinnaeal EDgi BREES,

Novenber 11-15 1973 (paper No. 73-WA/PT-2, reprinted by the United Kingdom -

Atom c Energyeaisd hostdly eson TRh&Hepotd LWS80g)9veasuprapesedst hat the

Conf orm process shoul d be used to extrude 20 copper using an infeed of
chopped cdppetesmttioaibsin e sded heicd tpen dof i agrt peaptegalit Pobheot t he
copper in-feed is the renoval of oxide and other surface contam nations
fromthe net d{o paAAGLIB, erenshy thedor piencpfettannetal| extnudadl ure at
the particle 25 boundaries (inter-particle separationi_and/or blistering of
the surface dMGHSE GRS RGP 3% AnkiRGBEsIPrbB8ss using

conventional ram extrusion . : -
groove to re~ enter the passageway at the entry end.

While the remainder of the metal extrudes through the
.10 die orifice.
fhe Conform process was originally developed_ror.
.the extrusion of metal rod in-feed. Etherington, in a
paper entitled "Conform - a new concept for the
contihudus extrusion forming of me;als" preseﬁted_at the
15 Winter Annual Meeting in Detroit of the American Society
of Mechanical Engineers, November'11-15.1973 {(paper No.
T3-WA/PT-2, reprinted by the United Kingdom Atomic
Energy Authority as TRG Report 2530(S)) has proposed:
that the Conform process should be useﬁ to extrude
20 copper-uaing'én infeed of chopped copper cathodes. One
of the steps duriﬁg‘the preparation of the copper
.in-reed is the removal of oxide and other surface
contaminations from the metal particles, because thelir
. presence can result in failure at the particle
25 bonndaries.(1nter?part1cle separation) and/or blistering
of the surface of the extruded copper product. In an

analagous process using conventional ram extrusion



- 3 - (Stout, American Institute of Mning and Metallurgi cal Engineérs .
Techni cal Publication No. 1238, October 1940; Tyssowski Anerican Institute

of ing'and Met al | urgi cal Engineers Paper No. 1217, February 1941) a i 4
‘re ng 5 heat-treatnent was applied after reductlon to particulate form

to ve oxide contam nation. W haye sgggested (US- A-4110892) that such

heat Treatnent is undesirable, and in cgnsequence we have experinented by -=,

treating (pi egt {;9) gﬁgp%gaeeagegh&%s oPPPRh 1Wa! Rnd Je&taslliﬁra%)lceaﬁhem cal ‘w7 |

or chem cals ave ftoun at plckllng the granules wll not

- necessarily @ﬁ?i’ﬁé‘&r?' r§bRhiBg12PuE2RLARIBAL NN AR 38 crWdae 10fud he netal
before granul ati ng can becone entrained into the netal during granulation,

and will notryhsseérLealerioARVEdshY tile PifCMiinig gafaney Wathsl 1 o e H08717
makes. t he unrealistic proposal that alumnium or other netal of conparable
suscepti bi | i Eygimeensdnapen, Nehotkd7he Feoruadyi i9d i9mal Iremduddsd ree pi eces
and fed as such in a vacuumor a protective 20 atnosphere to a screw -
extru5|cnﬁpwnsst treatmesaldashappﬂhsdoﬁf&srnwghmcﬂdOmenbved bef ore or
after the material is divided into pieces, by pickling, brushing or

scal pi ng. th%ntieblétﬁl6RFFn§°s§PEPWGn°W§dG|§@PG§@éniﬁi?qu3rﬂﬁlﬂaW%

clainmed for pickling before, rather than 25 after, division into pleces
The teachlngsbﬁg?hEed (US-A-4110892) that such heat treatment is

undesirable, and in consequence we have experimented by’
treating_(piekling) granqlated cathode'copper with a
10 suitable ehemical or chemicals, but we have found that
| .pickling the gfanules will not, necessarily preveht
blistering es-eontamination on the suhrace_pr the metal
. before granulating can become entrained into the metal
during granulation. and will not therefore be removed by

15 pickling afterwards. |

GB-A-698717 makes the_uﬁreelistie proposal that
aluminium, or.ethef metal of compareble susceptibility
to oxidation, should be formed into small oxide-free
pieces and fed as such in a vacuum or'a-pfoteetive'

20 atmosphere to a screw extrusion press. It is said that
the oxide might be neﬁoved,'berore or after tﬁe material
is divided into pieces, by pickling, brushing or
scalpiﬁg. Ne suitable piekling solution is disclosed,
and no merit is claimed for pickiing before, ratheb than

25 after, division iInto pieces. The teaching of the
document is, moreover, confined to "readily oxidisable
metals”" whereas copper is among the least"reactive'of

metals that can be oxidised in the air.



Hocunent is, noreover, confined to "readily oxidisable netals" wherg3
-.copper- is anpng the least reactive of netals that can be oxi di sed i O
aln " - 4 - In accordance with the invention, a process of frictio
uated extrusi on of copper conprises plckllng cat hode copper granul ating -
t e pi ckl ed copper and feeding the plckléd granulated copper into-a
~continuous 5 frictjon-actuated exﬁru3|on machi out permtting

sggE:flcanL oxi dat t®n %?°6?ﬁ%?°LT ﬁ?c&ﬁ?aﬁ?ﬁﬁPFzﬂ"arFeP”BFfEFlﬁ Aft er
D071 br o B  fePugh R PR VRES ospe?9P§5 | 658 g5, baghagd geter.
above t hat te fﬁgégrﬁeége %*&ﬁ@iag{h?aghﬁtgggk eﬁogbggggggtanlnatlon

(e.g. sulphi may occu 1N metal is

preferably St@@@@iﬁ@ @h@rﬁiéﬁiéaegﬁéﬂﬁiéieatHB QﬁrQntoFHrEGﬂEdnhB%sl5
nmetal is preferably granulated ina protective (inert) atnosphere. Using

this arrangengsfctfofase bested OvRerubabnt AecALAY wsndusawaauwen@f
blistering of the netal surface has been.overcone. 20 The granul ated
netal .may, adsignbnbédyt Oeigatkémdobeboneri rilm eshtudedatOowi afsley any
formof handling or storing of the _

pickling.

After pickling the cathode is preferably Qashed in
distilled or de-ionised water.

10 Preferably after pickling the copper 1; kept below
80°C, since above that tempebature signﬁficant oxidation
or other film contamination (e. g- sulphides) of the
metal may occur. After pickling the metal is prererably
stored in a protective (inert) atmosphere.. Further. the

15 metal is preferably granulated in a protectivg.(inert)
atmosphere. _

Using this arrangement it has Seen found that the
previous diéadvantage of blistering of the metal surface
has seen overcome. -_ |

20 Thé granulated metal may, #qditioﬁaily, be pickled
before 1t is extruded. | |

Obviously any form of handling or storing of the
cathode after pickling which is likely to lead to
contamination (e.g. by grease, dust, dirt,.etc) of the

25 cathode is preferably avoided. _' .

Any suitable pickling solution may be used. The
pickling solution preferably comprises a mixture.of

suphuric acid, hydrogen peroxide and water. The



ode after pickling which is likely to lead to contam nation (e.g.-by
se, dust, dirt, etc) of the 25 cathode is preferably avoi ded. Any
“e&ﬂe pi ckling solution may be used.. The pickling solution preferably - «
Qpri ses a m.xture of suphuric acid, gydrogen per oxi de and water. The '
hydr ogen perOX|de prOV|des extra oxygen to assist in the dissolution by the_'

acid Of COPROAr éé bﬂsxweo kﬁegh% % tPAP Ry gl Je s WM e 1 Od1S -

suitable picC utions i cIu e 10% 5 hydrochloric acid; 10@6sulphurlmu
aci d; 25% S&lw@aiueiaﬁl ByWehB 402% sediceFplirc ORI &MY o 1 i gn aci d
with 25%nitric acid; or 8%tartaric acid. Exanple A copper cathode was .
granul ated ¢#& aogﬁaﬁukat@rsaipﬁetdescr|bed I n our published European Patent
Application No. 94258 to an approximate size of 3 nmmand used as the
in-teed for a Cootnem satbabkeapideddnighed liut idi8B-1n206Q308 aki ng an
extrusion ratio of approxinmately 20:1. The copper wire that was

subsequemt | yyéxoeblledipl asidred0%18ulghuirdig @ctldusi2®d Fukmharicthe wire
that was extruded showed severe inter-particle separation duri-ng torsion
bend and t ed@idewibBt §.5An8PALNDC HALBF 0BA LRG]S Ao S WPAHN i &P XX above,
pickled in 10@6sulghur|c acid and 3%)Bydro en peroxide 20 at 40C for one
hour, rinseflthadh d“iaFfédaﬁﬁﬂ t REn8#s&grearic acid.

Examgle

A copper cathode was granulated in a granulator as

h

10 described in our:published European Patent Application
No. 94258 to an approximate size of 3 mm and used as the
in-feed for a ppn;orm_maehine as described in UK?B-
2069398 using an extrusion ratio of approximately 20:1.

. : _ The copper.wire_th#é ﬁas subsequently extruded blistered

15 during extrusion. Further, the wire that was extruded
showed severe inter-particle separation during torsion,
ben& and tensile tests.

Another.cobper cathode was granulated as.ébove.
pickled in 10% sulphuric acid and 3% hydrogen peroxide

20 at 40C for'one hour; riﬂ;ed, washed, dbied and theh used

- as the 1ﬁ-teed fob a Conform machine under the same
cbnditions as above. The copper wiré_that was
subsequenﬁly extrudéd blistered during extrusion, bdbut
showed no significant sighs 6f inter-particle separation

25 during torsion, bend and tensile tests untii-after
anneaiing for one hour at 400 to 500°C.

A further copper cathode wﬁs vapour degreésed_and

then pickled in é dilute solution comprising,10%“

;



- ’ i
as theurn-teed for a Cbnfornynachine under the same conditiops as abag

sbut showed no significant signs of inter-particle separation 25 d
torsion, bend and tensile tests until after annealing for one hour \at 0 .
to [err] A further copper cathode was vaﬁour degreased and then pickled in

h d d
ST SR L
Gont orm mach; PEPTAREPEEREYSanB BBRARe  ofBe5oa?hEds, 38 e Eanpd ' o
that was extryged,shg deQe?' Qﬁﬁaﬁlopl Bigh! BQFQFeS'bQ'Ih '%@Q&u&@&etdo £00C.

i nt er-partl cle separatl unti eatl n one

Sone of the CQR@efeﬁaiﬂegeaV\éénﬂéﬁﬂuhﬂﬁ@nb”uﬁdglﬂt %aeega%msmﬁ&qo@a@d the

resulting wire extruded 10 - under the same conditions w thstood annealing

at' [err] gor gpecapowé. WﬁtheuéoﬁbeﬂﬁﬁgrélGﬁﬁtoﬁa9|b&%?hh@ﬁ @howldemoparticle
separation. At all times during the preparation of the pickled cathode the

tenperature ofighe cOppkistasikgporbstgniBdo&ntlinter-partkicng this
invention, it is therefore possible to produce from granul ar cat hode infeed
whi ch has notshm%nahé@n.tueatbdaékeruUedt&ogpeprmpne hbar as 0&e thor om
bl stering. 500°C. Some of the copper ca;hode was granulated in a
nitrogen atmosphere and°*the resulting wire extruded
- 10 under the same conditions withstood annealing at 600°C
| for one hour without showing signs'of blistering or
inter;particle separation. At all times during the
preparatibn of the pickled cathode the temperatufe_or
the copper was kept below 80°C,
15 _ - Using this invehtion, it is thérefore possible to
produce from grénular cathode'infeéd'which has not been

heat treated extrudéd copper wire that is free from

-blistering.



-7- CLAIMS IT A process of friction-actuated extrusion of copper {
conpy ng pickling cathode copper granulatlng the pi ckl ed copper and ¥
f eed| the p| mllm ted 5 copper into a continuous 8
fric actua nachlne wi t hout, permtting significant, NS
oxi datdon or other f|Wn1contan1nat|oWzﬁt%ﬁ pi ckling. 2. A process as

claimed in aim1, wherein after pickling, the copper is kept bel ow [err] .=
10 - 3. A proce§é£éﬁ§clalned in Caiml or aim?2 mhereln the netal is ¥V‘
granul ated | ﬁg%%%%%é's% e@ﬁ%‘ﬁ&ema%quageﬁaé’ffr%ﬁ B ERPeaPaer
& o i n WACBR 4R rifitas AR '”é?‘?vspp.c s fly é“ﬁggLZSG?h”g
O ARl s A Tl AP e 1
- sulphurig a%b%pequ qgegl%ﬂﬂyﬂét%&§“¥ﬂ¥ﬁ€¥on -actuated extrusion
machine without-permitting significant oxidation or
other film contamination after pickling. |
2. A process as claimed in Cla1m 1..wherein'after-
: pickiing, the copper is kept below 80°C. ' | .
10- 3. A process as claimed in Claim 1 or Claim 2 whebeiﬁ' :
| the metal is granulated in a'protéctive atmosphere.
4, A process ﬁs claimed in any one of the preceding
Claims, whérein the metal is additionally pickled after
granulating. _ .
15 5; A process as.claimed-in any one of the preceding
Claims in which after the cathode copper is plckled, it
is washed in distilled or de-ionised-water.
6. A proqess'as claimed in any one of the preceding

Claims, wherein the pickling solution comprises a

20 mixture of sulphuric acid, hydrogen peroxide and water.




