WD 01/59040 1 PCT/EPO1/01374 5 HOT ROLLI NG PROCESS FOR ROLLI NG ALUM NI UM
AND ALUM NI UM ALLOYS SHEETS The present invention relates to a hot rolling
process 10 for rolling aluniniun1anq al um nium al | oys sheets. The

i nventi on wbaw/ss0ab at es to a wat er-soluble aluni nium and al REA/EPUM ISt
rolling oil conposition, to a oil-in-water emnulsion prepared therewith and
to the use of said oil-in-water enmulsion in a hot rolling process. 15 The
al umi niumand alum niumalloys rolling industry expresses the need to
maxi m ze the efficiency of their rolled netal manufacturing process. In
general ternms, this neans that there is a wish to operate at higher
rolling 20 speeds and to produce nore marketabl e products per operating
shift. Additionally, there is also a wish to mnimze the nunber of passes

through the m || 4 aken, Loy achigus @ Gy o onel Rk adighi g Both (hese

rouPes require sed. 25 The
invention thus provides aALBMEINEYMpSELOYENSHEETShot rolling mills that
affords the followi ng custoner benefits: - a higher reduction ratio : one

pass reduction is in nost cases achievable; 30 - a better rolling ability
(i.e. alower rolling force and a reduced power consunption ) as conpared

to the rollifg abididy: obhabnedoni thiatbs eonmposidd ansllofng herqréor art; -
an i nproved rol |'ed surface fig%gh%guali 3 sHogEgr enul si on break-in
r

perifod, LR €L 879 t eVt e Fe u?bn%é?a?il?ﬁg optimal partical size
di stributionthe annexeelicent agsbst anckeates cotrosi an; walte WEQILB5940 2
PCT/EPQ%L%%ngum-a%dmé¥hﬂfg¥&#iﬁgt(Qbﬁﬁﬁh%ukﬂﬂf0@8&£5§§tiEHL|to a
0il-in-water emulsion prepared therewith and to the use of
said oil-in-water emulsion in a hot rolling process.
15
The aluminium and aluminium alloys rolling industry
expresses the need to maximize the efficiency of their
rolled metal manufacturing process. In general terms, this
means that there is a wish to operate at higher rolling
20 speeds and to produce more marketable products per
operating shift. Additionally, there 1s also a wish to
minimize the number of passes through the mill taken to
achieve a given level of reduction. Both these routes
require that quality and surface finish be not compromised.
25 The invention thus provides an oil composition for

hot rolling mills that affords the following customer

benefits:
- a higher reduction ratic : one pass reduction
is in most cases achievable;

30 - a better rolling ability (i.e. a lower rolling
force and a reduced power consumption ) as
compared to the rolling ability obtained with oil
compositions of the prior art;

- an improved rolled surface finish quality;
35 - a shorter emulsion break-in period, which is

the time required to obtain the optimal
partical size distribution;

- an excellent resistance to corrosion; and
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coating) . The invention is effective on any type of hot rolling, be it
reversible or not, on breakdown, tandemand 5 conbination mlls.
Especially, the invention exhibits high reduction and rolling capabilities
whi | e pr oWei0H§904h excel l ent strip §8rface fini sh when rol F¢HEPUOIHEgh
speed. The prior art does not teach or even suggest the 10 instant

i nvention. Thus, the invention provide hot rollin rocess f rolling
al uni ni um and aIuniﬁiuﬁ+%?l&9@”5ﬁ€éﬂ%,§giﬁﬁffgﬁ'g p5%8§§?ﬁ85an %%%%ctive
anount of an oil-inceatengenul sion conprising water and a water-sol uble

oi | conposition 15 conprising 2_stack _oi 3@Q3c9?%§9coPoifﬁn ota
wei ght  of tt emb?%?ggg?ﬂbfg 8?Fggg§g%s?§igﬁplf' m1l to 80% and %referably
from 3 be 30% byremsiggitblef dbt2- aphyl hexyl )bragkgare esttemdefcofding to

one5enb8g%ﬁggg¥i&ﬂemgiisgonpo§ition 20 further conprises, based on the
total werght of the _conposition, fromO0,05 to 20% preferably fromO0,1 to
5% by wei ghESRECHahbYi- | GRFC SIS Edaht SX_tRh- 2s AR et Qﬁﬁ%%%d%@@

addi ti op, pol ygercaMbexanpbe afhisuch panvetdiylenanoxedeeladdit i snrppl yner is
t he et hyl ene oxide. addifion Eggﬁner tZg.sgld b dthe conpany | Cl under

t r adenafer Fyper el ¢ P BBB AccortPngtt 814" f GPERSr enbodi ment, the oi
conposi ti on THar theroxonprti sdsesbased dreadie toot alevwei ghtiggksthethe

co ositgog 0 rgnbl E?O$096 preferably from5 to 20% of oleic acid. It is
act all§ B ?levea tha he free oleic 30 acid provides a better surface
finish to thehasuntheummuentabunmoyddas ey hsttr il e i pventFont Part her

provi des, g ygberasalible, Shumanimans sl umraldeys Bokorobihag of |
conmpositron. “The invention further provides a process for preparing 35
the wat @PPsBLUBI eroi ETEBAPHEPL iV Uthe Of nvENt Pon i tRéS pr BV d8°8n

oi I -in-wekBfising water and a water-soluble oil composition
15 comprising a base stock oil and, based on the total weight
of the water-soluble oil composition, from 1 to 80% and
preferably from 3 to 30% by weight of di(2-ethylhexyl)
adipate ester.
According to one embodiment, the o0il composition
20 further comprises, based on the total weight of the
composition, from 0,05 to 20%, preferably from 0,1 to 5% by
weight of a non-ionic surfactant, such as an ethylene oxide
addition polymer. An example of such an ethylene oxide
addition polymer is the ethylene oxide addition polymer
25 sold by the company ICI under tradename Hypermer® A60.
According to a further embodiment, the oil composition
further comprises, based on the total weight of the
composition, from 1 to 30%, preferably from 5 to 20% of
oleic acid. It is actually believed that the free oleic
30 acid provides a better surface finish to the aluminium or
aluminium alloy strip.
The invention further provides a water-soluble
aluminium and aluminium alloys hot rolling oil composition.
The invention further provides a process for preparing
35 the water-soluble oil composition.
The invention further provides an oil-in-water
emulsion containing the oil composition and a process for

preparing this emulsion.



enul sion containing the oil conposition and a process for preparing this
emul sion. WD 01/59040 3 PCT/EP01/ 01374 In addition, the invention provides
the use of the water-soluble oil conposition of the invention to prepare
enul si ons WaNEMY to be used in a alduni ni um or al uni ni um PéW%‘SPlﬁbV“
rolllﬂg proFFss. 5 Finally, the invention provides the use of the emulsion
in a hot rolling process. The i.nventi.on is_now.discl.osed in r etails in
the followilfy SpEdtfPatithe 1OVEGHE 1PF8Véd§r°’ap%heshélvsvienggfhgh%pm i ed
rol l'i ngydianeasoMassaisot he qumberi taforpasseshef i istsnwhen an @mgrsiten of the
prior art and then yhen gn.emision.of sthe inventiognace disedaifigure 2 is
HY Prednet® rorT %5

a graphe“é. the appri . I ng power versus the nunber of
passes,afiagsthomhenl bmenptefens - of the prior art and then when an enul sion

of the inve OiirPaPllya,fe tsed. ;Thenwater - spldihle i |t gonpaskt i ems afhd he
invention 20 are‘neat oil concentrates generally intended to be diluted
in wat eﬁrmwlﬁlg?fvelfbi@-@%t weP bt L RIUPEPORZS - The base stock oil is any oil
typically used in the field of hot rolling. It can be paraffinic or

napht henic. Paraffinjic base oils are _made from crud iLl.s_that .25 have
relatively Hitfh HFkame! TBntEnt'S™( G AaSF Fith BRES ﬁggﬁérﬁgf fl?‘n t(%:chentents) .
Typi cal feTuslesnarspdsdf ¢heidhddl e East, North Sea, US nid-continent. The

manuf acturi ng. __process_requj t1cs (S I nt
xtinct i on) A donbot g BACTT (T e BaGa oy | BBt 60 eharact i ed by
their goadsws sciosi nyfipenpef apaseeschii a6t er WoERc s el sHiqgh af sd6sity

| ndex, ;gfe’f&flasgt' QW4 LEIRST ahuke 4 opgnikesnand goed shabikiiby. dthey are

often erred to as solvent neutrals, where solvent neans that the base
oi | hasus®n sol vent-refined and neutral neans

Figure 2 is a graph showing the applied net rolling
15 power versus the number of passes, first, when an emulsion
of the prior art and then when an emulsion of the invention

are used.

The water-soluble oil compositions of the invention
20 are neat oil concentrates generally intended to be diluted
in water to give oil-in-water emulsions.
The base stock oil is any oil typically used in the
field of hot rolling. It can be paraffinic or naphthenic.
Paraffinic base oils are made from crude oils that
25 have relatively high alkane contents (high paraffin and
isoparaffin contents). Typical crudes are from the Middle
East, North Sea, US mid-continent. The manufacturing
process requires aromatics removal (usually by solvent
extraction) and dewaxing. Paraffinic base oils are
30 characterized by their good viscosity/temperature
characteristics, i.e. high viscosity index, adeguate low-
temperature properties and good stability. They are often
referred to as solvent neutrals, where solvent means that
the base o0il has been solvent-refined and neutral means
35 that the oil is of neutral pH. An alternative designation
is high viscosity index (HVI) base oil. They are available
in full range of viscosities, from light spindle oils to

viscous brightstock.



35 that the oil is of neutral pH An alternative designation is high
viscosity index (HVI) base oil. They are available in full range of
viscosities, fromlight spindle oils to viscous brightstock. WO 01/59040 4
PCT/ EPO1/ OWd7d/so8apht heni ¢ base oils 4ave a naturally | ow ppor/epei/ois are
wax-free and have excellent solvent power. Solvent extraction and
hydr ot reat nent can be used to reduce the polycyclic aromatic content. 5 A
preferred baseolihensc ababgt oiésohapar &f fiaterandy Agphtdeeni ccoitts. The

base o L4 yRICaldyeD1as, i VisGast Lycli 90nT {00 150n: Coofly 10Go B

preferably from cSt at 40C. 10 The water-sol uble il conposition
pr ef er abkyraonpeiiséfid ahvararkaabnant ne3e28) | Upeef &abF§atFret Hahol ani ne,

t he a@&'ﬂ&cf&l%i chohei ng syghetbhat all bindable trial kanolam ne is bound
to a part only of the aleic acid, .The aimof this_enbodi . is to ensure

nt
that there remBERESTISCE RaSDleit 46 i AtRE 6 | OLoRFdSITtiionS THE pr oduct
of the rgacthoniofoihe. trial kanolamne wth oleic acid acts as a

surfactant. The ter-soluble oil,.c ositio : jse o si cal
additives, suth gsguroflgct%a?’rﬁlsc,alclgugﬁ’l g “agen %%ylot?}pgg%%ﬁf gctz%ntis?@f riction
reduci ngsagent $00¢€, | ahdi preferagent Erocor PosPohli ARCbRLoXS °6r-
anti-oxidants, extrene- pressure and anti-wear agents, bactericides and
fungi cides, anti-foamn agents anti-rust agents. 25 Exanples, of
antlio- f oami ngTagevesear @ogvb gofie! baSEROS Ledpacina iR RN Widi TR S5 F oxane.
Ei(amlzl F%' %Lr_i%q[gé%%hl%trinilr@(?izgigﬁ%ns Eﬁﬁ@e{aéﬂagfn?d pheaohsnoandigaknc the

ar kyl di t hi ophosphat es . Exanpl es of extreme-pressure. a nti-wear
agent s aPRUINB0 dPFaur WisHosphidd di dodely! Ehé‘gphi FaéL tri%}rk%}?d%ﬁ%sphat e
such asttii(R=ebhyhbexylspbosphate, 4 rocresyghphosphate IECR),azidc

dlalky|$ﬁg Q&%r%k)%%ﬁg'%ﬂﬂﬁ§]ﬂﬁgﬁ§ fg:%é)énsure that there remains
15 free oleic acid in the oil composition.
The product of the reaction of the trialkanolamine

with oleic acid acts as a surfactant.

The water-soluble oil composition may comprise
20 classical additives, such as surfactants, coupling agents
or cosurfactants, friction reducing agents or lubricity
agents, corrosion inhibitors or anti-oxidants, extreme-
pressure and anti-wear agents, bactericides and fungicides,
anti-foaming agents, anti-rust agents.
25 Examples of anti-foaming agents are silicone based,
especially polydimethylsiloxane.
Examples of corrosion inhibitors are hindered phenols
and zinc dialkyldithiophosphates (ZDDP) .
Examples of extreme-pressure and anti-wear agents are
30 dilauryl phosphate, didodecyl phosphite, trialkylphosphate
such as tri(2-ethylhexyl)phosphate, tricresylphosphate
(TCP) , zinc dialkyl (or diaryl)dithiophosphates (zZzDDP) ,
phospho-sulphurized fatty oils, zinc
dialkyldithiocarbamate), mercaptobenzothiazole, sulphurized
35 fatty oils, sulphurized terpenes, sulphurized oleic acid,
alkyl and aryl polysulphides, sulphurized sperm oil,
sulphurized mineral oil, sulphur chloride treated fatty

oils, chlornaphta xanthate, cetyl chloride, chlorinated



phospho- sul phurized fatty oils, zinc dialkyldithiocarbamate),

nmer capt obenzot hi azol e, sul phurized 35 fatty oils, sul phurized terpenes,
sul phuri zed oleic acid, alkyl and aryl polysul phides, sul phurized sperm
oi |, sul phorizado m neral oil, sul phur chloride treated fatpgyr/Epiths374

chl ornaphta xanthate, cetyl chloride, chlorinated WO 01/59040 5

PCT/ EP01/ 01374 paraffinic oils, chlorinated paraffin wax s,.:|phides,
chl ori nateck piatiad f i ivax, ardiarncackdi apbeylfdin dieryl ) divtiflopiassphat es
(ZDDP), .tricresyl phos TCP) , i xyl osphate. ( TXR):,.1di I
phosphat s O d&pect i ve&{}‘.atta%@arrpl g!sé}%'f co?é!rr_gi;i onQ?rflci bi tcc)%‘salgér}}lawIy

ant i - oxd idant’s Qe i gl eria seay e s ud g PRSI S oxiddht s

(steri c@éi'%al@l%%at@m FHE) ant i oxi ANt ShoHHHANS; COPPEEC-SakLS,

hydr oper oxi'des ‘deconposers, butyl ated . hydroxytol uene. 10 Exanpl es of

ant P-rust adeft® e ahi RETIEPITA- i Ryt o k%?lyf‘ngﬁléc??‘ﬁ?@nzﬁhfdﬁ de.
Exanpl es; of 47 i ct seavepdeekng agent s/ dabri gheéyoagent s arariesfiatdntaci ds
(C12-20) like lauric.acid, Qle-_c.acid, almti Ci | Kyl -10)

al kyl at E(E€1E=20)Y e ke d?mfﬁ}clf%t?%%ﬁl-%ex%/% %&%ﬁﬂg.céﬁlﬁer

el ementsalos base oi hgdarpendeidéves candbeompogrdsi.n " Chemuwtyha R
Technol.q . O] Ltﬁq%rgﬁants", RM Mrtier and S. T. Oszulik, VCH Publisher,
Inc, 1 TS The Fo1 1 owi ng is the content of the water-soluble oil
coiposi t i on Bxfantiheed nwEnendh-tHRE FOEEeRt AJes APEIRer§ht Vepérééntiges based
on the glqgéargyl\/\/eg@;girpjc theneorpesition) - 0.1-0.5%of trialkyl (Cl-4)

phenol ; 25 -7 0.5-4.0% of trial kyl ée% 10 phosghat? gst er, - o- ltgs% of
di (2- et hyl h&XAWPLaf pat e TEdCEAON AkSASF OFGRhFEIPRELS a8 P 20) ¢ -
0. 5- 2% pfe 5-Cardpxyud-dexylc, 2-gycl bhiexern durioct amaid, acldic acid,
palmitic acid, alkyl(Ce.10) alkylate(Cip-z0) esters like di(2-
15 ethyl-hexyl) adipate.

Further elements on base oils and additives can be
found in "Chemistry And Technology Of Lubricants", R.M.
Mortier and S.T. Orszulik, VCH Publisher, Inc, 199%2.

20
The following is the content of the water-soluble oil
composition of the invention (the percentages are weight
percentages based on the total weight of the composition)
- 0.1-0.5% of trialkyl (C;.4) phenol;
25 - 0.5-4.0% of trialkyl (Cs;.,0) phosphate ester;
- 5-15% of di(2-ethylhexyl) adipate ester;
- 5-15% of organic fatty acid (Ciz-20);
- 0.5-2% of 5-carboxy 4-hexyl 2-cyclohexen 1-
octancic acid;
30 - 1-3% of alkylene (Cy.6)glycol;
- 0.3-1% of ethoxylated alcohols (Cs.14, comprising
2-10 CH,O0 groups) ;
- 2-5% of trialkanol amine (C,.4);
- the balance being a mixture of naphthenic and
35 paraffinic lube base oils.

The o0il composition is prepared by blending the base

0il and the other ingredients, preferably under stirring or



30 - 1-3% of al kylene (C2-6) glycol; - 0.3-1% of ethoxyl ated al cohol s
(Cs-14, conprising 2-10 CH20O groups) ; - 2-5%of trial kanol am ne (C2-4) ;
- the bal ance being a m xture of naphthenic and 35 paraffinic |ube base

oi | s. The woloi/ssmaposition is prepared by bl ending the base PCIiEPENNTHhe
other ingredients, preferably under stirring or WO 01/59040 6

PCT/ EP01/ 01374 w th any m xing device, whilst controlling the tenperature
so thawits dogs miotirgx céedi &01Cvhahdt nopatpeefldigblihe 35EPAR2BETS| n- wat er
enmul si gn L §.prepapedsbydi Luliag dpder  aashibiil Radie-0i1ly compesi tion of
the invention in water. It is preferred to use deionized water which may
previously have been warned to around 35C. The enul sion generally

conpri ses wahep;iandn-hased emulthent atalpreglames afy tdel enuhgi andefrom 0.5
to 30% 10 preferably from1l to 15% _by, vol.une tof t he oialitercorrPQsiti on.
The® al ki AF &iPaltfEy £t WHTRDE 1 e n%/gn%/fl%nlgﬁ’ﬁﬁ es" are Ahy"al um num

al | oysjsi naldfdimgd 000, 2200de3600z500@,terl5wB00D, MEQ00pseriesslThe hot
rollin rocess can b he cl assj cal, process. The rolled netal tenperature
is geng?gﬁl geslrjo‘dﬁamggot-t&@éou §r %gr &akdown nills and around 400-500C for

t andem i | | She2@nTHe iprocessei sl by etermabliypesaryad edr oatidon 2 Hreakdown

rol ling mll, gn atandem rolling mdd.ior:on a fighshing el lbog mil. The
instant oil conposition allows a significant reduction of the néj\gber of
passespPrfeRabernveiid®nal pricor BFt- oi P¥, ¥Rt Hifer of pdisesChas 25
typi cabbypd3icThe.oi | conposition of the invention allows |owering this
nunber to two passes, which is a significant inprovenent. Wen the hot
rolling process is carried out in a breakdown mll, the emul sion
preferably thaprdlsesinihasedlapnys to which the invention applies

are any aluminum alloys, including 1000, 2000, 3000, 5000,
15 6000, 7000 sgeries.

The hot rolling process can be the classical process.
The rolled metal temperature is generally around 600-650°C
for breakdown mills and around 400-500°C for tandem mills.
20 The process is preferably carried out on a breakdown

rolling mill, on a tandem rolling mill or on a finishing

rolling mill. The instant o0il composition allows a
significant reduction of the number of passes. With
conventional prior art oils, the number of passes was

25 typically 13. The oil composition of the invention allows
lowering this number to two passes, which is a significant
improvement.

When the hot rolling process 1is carried out 1in a
breakdown mill, the emulsion preferably comprises, based on

30 the total volume of the emulsion, from 2 to 4% by volume of
the o0il composition.

When the hot rolling process is carried out in a
finishing or tandem mill, the emulsion preferably
comprises, based on the total volume of the emulsion, from

35 5 to 7% by volume of the oil composition.



30 the total volunme of the emulsion, from2 to 4% by volune of the oil
conposition. Wien the hot rolling process is carried out in a finishing or
tandemm ||, the emulsion preferably conprises, based on the total vol une
of the emulzd @msoodor om 35 5 to 7% by %ol une of the oil conpeerippone13O
01/59040 7 PCT/EPO1/ 01374 The follow ng exanples illustrate the invention
wthout Iimting it. Al parts and ratios are given by weight, unless

ot herwi se stahed. folBxanple Aecgempbsiti anllisstprapar edhley mixvegttoe

i ngredi en of Table 1 in.the,ord i Lgh p [ i sptabl e.
The ten%é%é?ﬁ%e lljg}rplbtgl i Ettaii_n%gi a?{aall%ayigkrr%m %?@%%% %giaée'r?gtﬁegl ab%orrpl ete
di ssol uvedghanduhboasgerehsariiés 6FatRE-10 i ngredients without inpairing the
properties of the enulsion. TABLE 1 Ingredients Content (w% Base oil
(napht henic, 600 SUS) 27.00 Base oil (paraffinic, 9 cSt at 40C) 44.60

Di -terti obut&‘&ﬁﬁ};ﬁcr esol (antioxidant) 0.20 Trioctyl phosphate ester
(extrene pressybRpagent pn2i60 pripheet hyl medsyigadilpat enest@ieftabofcity
agent) 8.0 Oeic id (friction reducing age bricity 11 gent)
5-car bo??bi?héxy]tn 2€§§clot(5rﬁir§fenlri- ‘6'{(::1 gﬁoit@% ci%{géé.% lklcotrk%/lo%i %%b}%hi bit or)
Di et hyl ene gleygelrateoupl i agbagemtintited Brhylkermeaoxide addixich pel ymer *

0.50 Triethanal gg}'nng%gguk%gg%%&gcgﬂat IhSnIencisatPbd By | Gheunder

the tradenane I—alyper r) aracteristics of the conpositjon of
Tablee limgeedisnget outthantTabler2iryp@ gthe properties of  the
emulsion.
TABLE 1
Ingredients Content (wt%)
Base oil (naphthenic, 600 SUS) 27.00
Base o0il (paraffinic, 9 cSt at 40°C) 44 .60
Di-tertiobutyl paracresol (antioxidant) 0.20
Trioctylphosphate ester (extreme pressure agent) 2.00
Di (2-ethylhexyl)adipate ester (lubricity agent) 8.00
Oleic acid (friction reducing agent/lubricity 11.6
agent)
5-carboxy 4-hexyl 2-cyclohexen 1l-octanoic acid 1.00
(corrosion inhibitor)
Diethylene glycol (coupling agent) 2.10
Ethylene oxide addition polymer * 0.50
Triethanol amine (buffer/cosurfactant) 3.00

* . gold by ICI under the tradename Hypermer® A60

The characteristics of the composition of Table 1 are

15 set out in Table 2.

TABLE 2
0il concentrate Unit Method Typical
before dilution characteristics
Colour (ASTM) ISO 2049 L 1.0
Density at 15°C G/ml ASTM D 1298 0.8908
Pour point °C ISO 3016 -27
Viscosity at 40°C Cst ASTM D 445 32.6
Neutralization KOH mg/g ASTM D 974 25.6




Ol concentrate Unit Method Typical before dilution characteristics Col our
(ASTM 1SO 2049 L 1.0 Density at 15C Gm ASTM D 1298 0.8908 Pour point C
| SO 3016 -27 Viscosity at 40C CSt ASTM D 445 32.6 Neutralization KOH ng/g
ASTM D 974W216940 01/ 59040 8 PCT/ EPO1/ 01374 nunber Saponi PEEEPIIGHIKOH
ng/g ASTM D 94 51.6 number Total base nunber KOH ng/g 1SO 3771 11.5 An
enul si pA—t+s—prepared by ditutingunder—stirring the 1ot conposition of
Tabl e 1nimbdei oni zed water prewarned to 35C  The characteristics of {he
obt ai ned, gnyl sk enrabe 5 |ginen wg/Jahl e BsTWABLE43 Emul sionsieshod Typi cal
characteristics Stability of the 6% Mbil 1j 1% cream (v/v) enul sion(at
room t eRpEPEFUre, for 20 | hours) pHlval ue of fresh 5% ASTM-E-8.3 (v V)
emul si pficah]286s40n90be):| Thenery)si an stmdm 131y was| det er nihe®l accor gli ng
to thefoftowing procedure. 470 mi of distilled water at room 10
tenperature or test tenperature were nmeasured into a 800-nl beaker. A 50-ni
stld(rjlrer havi ng &6ul spaddlies pwapaattiatheditloit imstundé ngshpr vingothhat t he
paddl es re pasit.iqned oye.th : of t %aég% 50z il

dr oppi n%ﬁuﬁﬁepo\%stl%glosolszirqognbe%bs%c Et ﬁgtz%%l%%@gut aet%efwas 15%#?6? o%ot he
beaker 15°@al | ThdheckaTacerr Waisicar med dican@btRénesdt ecadjiGsPed #6¢ 1000
rpmg The; sapplg wasikhen heated up to a tenperature of 35 + 1C. 30 nl of
the test oil were added to the

TABLE 3
Emulsion Method |Typical
characteristics

Stability of the 6% Mobil * % cream
(v/v) emulsion(at room

temperature, for 20

hours)

pH value of fresh 5%| ASTM E 8.3
(v/v) emulsion at 20°C 70-90

1. The emulsion stability was determined according to

the following procedure. 470 ml of distilled water at room

10 temperature or test temperature were measured into a 800-ml
beaker. A 50-ml stirrer having four paddles was attached to

a stirring motor so that the paddles were positioned 25mm
above the bottom of the beaker. A 50-ml dropping funnel was
positioned such that the outlet was 15mm from the beaker

15 wall. The stirrer was turned on and the rate adjusted to
1000 xrpm. The sample was then heated up to a temperature

of 35 + 1°C. 30 ml of the test o0il were added to the
dropping funnel. The dropping rate was adjusted such that

all the o0il was transferred to the water within 120 + 20

20 seconds. The stirring was then continued for an additional
60 seconds while the sample temperature was maintained at
35°4+1°C. The resulting emulsion was poured into a 500-ml

graduated cylinder and allow to stand at room temperature



droppi ng funnel. The dropping rate was adjusted such that all the oil was
transferred to the water wwthin 120 20 20 seconds. The stirring was then
continued for an additional 60 seconds while the sanple tenperature was
mai nt ai nedWAX01/S3B40C. The resul ting e%ul sion was poured int o{’TET/%@‘—/%ﬁ”
graduated cylinder and allow to stand at roomtenperature WO 01/ 59040 9
PCT/ EPOL/ 01374 for 20 hours. After 20 hours, the upper yel | ow cream
+ 0il) was peadoumsvoRdterp@fcéetirs 5 TEXPERIIVENTAL YeFESW&NbY%\WbFé‘ﬁEP(ml s first
prepared By, diluting.a phi ob1ark %ielrce @ .conposi tion which has the
conposi tion set out in Table 4 TABLE 4 Ingredients Content (W% 48.5
Paraffinic base oil (25 cSt at 40C) Naphthenic base oil (115 ¢St at 400
13.0 Naphthenic base oil (8 cSt at 40C) 20.0 Ditertiobutyl paracresol 0.2
Oganic fatty acid (Cl2 to C18) 11.6 D alkylene glycol 2.1 Trial kanol
amne (C2to 4) 2.6 Trial kylphosphate ester (C, to Cl10) 2.0 Two

enmul sions are prepared by respectively diluting the oil conpositions of
the invention and of the prior art 15 in dionized water. Measurenents with
a Sephy Zetape sh h Zeta potential of both enulsions is -62nV,
whi ch neans £ }EERIM.V%LG%&E???%& have a high stability. Both emulsions are
eval uat ed onhabliandustr iflrstestreD@red| by The UESFE] @g&l'drﬁjtit@%?\so\]/\ére as
f0||oms oggé Et&ggewhlghhhgg t D QM RY o 1 A5 kWori B kWe -4 rol |

di arret er

'

TABLE 4
Ingredients Content (wt%)
Paraffinic base oil (25 cSt at 40°C) 48.5
Naphthenic base oil (115 cSt at 40°C) 13.0
Naphthenic base oil (8 cSt at 40°C) 20.0
Ditertiobutyl paracresol 0.2
Organic fatty acid (Ci; to Cis) 11.6
Dialkylene glycol 2.1
Trialkanol amine (C,; to Cy) 2.6
Trialkylphosphate ester (C; to Cig) 2.0

Two emulsions are prepared by respectively diluting

the oil compositions of the invention and of the prior art
15 in dionized water.

Measurements with a Sephy Zetameter show that the Zeta
potential of both emulsions 1s -62mV, which means that
these emulsions have a high stability.

Both emulsions are evaluated on an industrial test

20 mill. The rolling conditions were as follows
- mill type : 2 high
- motor output : 45 kW or 67 kW
- roll diameter : 760 mm
- roll hardness : 58-61 Rockwell C
25 - maximal width of metal : 685 mm
- typical width of metal : 305 mm
- maximum speed : 30 m/min

- entrance temperature (ingot) : 450°C



- roll hardness 58-61 Rockwell C 25 - maximal wdth of nmetal : 685 mMm -
typical wwdth of netal : 305 nm - naximum speed : 30 mMmn - entrance
tenperature (ingot) : 450C WO 01/59040 10 PCT/EPO1/ 01374 - ingot
di mensi ongvo 0BEW4K 610 x 1650 nm - fihal thickness : 25, 4 BATEPORMANTE on
volunme 400 1 - emulsion tenperature : 50C 5 - enul sion concentration : 5%
The foll ow ng procedure was used with each oil in the rolling tests : 1.
The AA5182 bl ocks WeREOLi GRfIERSICREped > Odedr Edfed Wtth Wkt hyl et hyl ket one
and heated to 454C. r10a3. tFheknidds r-obls 4werme washed in a dilute sol ution
of sodi um hydr oxi de tq r.enove thee r'ol4loocgati ng from any previous rolling
and then rinsed. ThEWFIE" W& nds *‘CRecked for residual caustic. A
profil oneter was -usedulleimeasempeswtioaee :r 8@gkness. 15 3. The rolls were
preheated to 77C usi tz- - featers. 4. The cool ant sprays were
adj Ested to give a feﬁ%\%/%g%% ?6)(%]@%7% n wth a pressure of 6.9 . 104
Newt on/ sq. Tiet efollowpsigproserhact oidSspresA hekider €2ghd °4.11 Pp 405
Newt on/ sgy {@%e{eégsg psig) on the bottom header. 5. A 100 cm (4-inch)
thick b oc]k of AA5182 was given 5 roIIing%ﬁ)ﬁses uiipn th(g foll ow ng
nomi nal pass!- s€REJFAS 18 | Plepkad “ras 18 i (-2 Ie%pas TS 5 Were in
the east to wesyyieal hieR@ydi e€eliloRetBhe anidl hegapdsetpaisis were recor ded
for the first emulsi. test.ed and then duplicat r. t i 0 ng
em#%si ons. T%esgggeWﬂﬁgsr%Se =7 "Fﬁﬁ%%éell oW ?hgﬂ%tél%enaﬁrbeldlegs%%d&exi t
t hi ckness on eaghdium hydroxide to remove the roll coating from
any previous rolling and then rinsed. The rinse
water was checked for residual caustic. A
profilometer was used to measure surface roughness.
15 3. The rolls were preheated to 77°C using quartz-tube
heaters.

4. The coolant sprays were adjusted to give a flow of

200 1/min with a pressure of 6.9 . 10° Newton/sq.
meter (10 psig) on the top spray header, and 4.1

20 10° Newton/sg. meter (60 psig) on the bottom
header.

5. A 100 cm (4-inch) thick block of AAS5182 was given 5
rolling passes using the following nominal pass
schedule. Mill speed was 18.3 m/min. All passes

25 were in the east to west rolling direction. The
mill gap setpoints were recorded for the first
emulsion tested and then duplicated for the
remaining emulsions. These settings were 1.27 mm

below the nominal desired exit thickness on each

30 pass.
Nominal Pass Schedule
Pass 1 100 mm - 83 mm
Pass 2 83 mm - 65 mm
Pass 3 65 mm - 50 mm
35 Pass 4 50 mm -~ 37 mm
Pass 5 37 mm - 25 mm

6. A 600 mm long piece of metal was sheared from the

mid-length of the 25 mm thick piece to be used



30 pass. Nom nal Pass Schedule Pass 1 100 nm- 83 mm Pass 2 83 nm- 65 mm
Pass 3 65 mMmm - 50 mm 35 Pass 4 50 nm - 37 mm Pass 5 37 nmm - 25 nmm
nm | ong piece of nmetal was sheared fromthe md-length of the 25 nmthick

pi ece to bgowseshsy\O 01/ 59040 11 PCT/ BPOL/ 01374

two remai ning pieces were put back into the furnace for reheating.
second bl ock was given the sane treatnent as indicated in itens 5

Gl

concentrat elamsr Soaddeddiaitye efhd siwn remebhang @ iR%ewolwane

tration. 8. Th j f /igi nal bl ock
concentration b C}(wgngge}gﬁg %n{lﬂ{gggc@agoftepl%gcg% gi na ocks

then rol |l ed af t®rtraRehting a

spee .3 mMmnusing th

6. A 600

| ater for aroriERIIG74The

7. A
and 6.

wer e
e

fol | owi ng nohi nal grasend 1blockeduhe 9P’ &5 AANE 1BFARYMPASS 2 16 mm -

9.5 mm Pass 8 9.3; At zg5 M Ycehbt & Hhg | @St RASScohMOnBOQ EMitN
15 hot sheared from each of the pieces roll ed. Th|s7°/ nmetal was saved

forSlater inspe®®®f i At hBlgs- ePBIFéd andanEiZed condit o ©THE
between two nmagkscsgti-hedoan the roll was neasured on the strip s
following the | ast pass for use in_ 20 calculati ' slip. -

top work rold- was®t H&fP sBabFed \/#%o%aﬁgF%c O%exttrh%gt{)g%gg%gé I?nlo%}gsgr ea for
the later neasweesenheof rohéedl aftrirumetdeposingedtor intdl IFigpeesd 14
graph showing thg appljsd fol Ling;foree 2%114,:1995) ndRRbbed Qb

wer e

al um nium al | oy

10

15

20

25

30

35

versus t
schedule
Pass 6 25 mm - 16 mm
Pass 7 16 mm - 9.5 mm
Pass 8 9.5 mm - 5 mm

9. After the last pass, two 600 mm long pieces were
hot sheared from each of the pieces rolled. This
metal was saved for later inspection in the as-
rolled and anodized condition. The distance between
two marks scribed on the roll was measured on the
strip surface following the last pass for use in
calculating forward slip.

10. The top work roll was then sampled via caustic
extraction of a known area for the later
measurement of the aluminium deposited on it.

Figure 1 is a graph showing the applied rolling force
(in tons) applied on an aluminium alloy AA5182 versus the
number of passes.

As can be seen, an improvement of 2.2% on average 1is
achieved with the emulsion of the invention over the
emulsion of the prior art.

Figure 2 is a graph showing the applied net rolling
power (total power minus bearing losses, in kW) versus the
number of passes.

An improvement of 5.0% on average is achieved with the
emulsion of the invention over the emulsion of the prior
art.

A pilot anodizing line was used to anodize

approximately 150 mm of the length of the 25 mm thick and 5

g pieces
di st ance
urface

. The

S a



nunber of passes. As can be seen, an inprovenent of 2.2%on average is
achieved with the emul sion of the invention over the emulsion of the prior
art. 30 Figure 2 is a graph showing the applied net rolling ower gtotal
power ni nuWOJB&P4g | osses, in kW vefsus the nunber of paE@'E@?"W% 74

i nprovenent of 5.0% on average is achieved with the enulsion of the

i nvention over the enulsion of the prior_,35 art.  A.pilot .anodi zi l'ine
was uséﬂ“t%‘%cﬁ?%%ce%pfﬁ%?(iﬁg?\é?ypgﬁatnﬁ? o?ot aPEAGN S ugD %éﬂgnm t hi ck
and 5 W6l &9 0o d2r REF EPH¢ 0dBTdedume theek: pi eces (see above point 6) to
highl i ght pickup,and SU(face, apRear angen, The REACCHUReMAS kgt id San for
3 mnutes using a non-etching alkaline cteaner. 5 2. R nse twce. 3.
Nitric acid desmieafer.-two mnutes. 4. Rinse twice. 5. Anodize in 15%

sul furic acid ak;lgcveltsefor 10 mnutes. 10 6. Rince twice 7. Dry The
results show that the brightness and uniforr,n'ué of the surface finish of

an al umi ni mr HEGKLRI aftEl A6 8heéPT &FPeF PO Fing with the emul sion of
the invention wasntbd sivAttkar to the brightness obtained with the emul sion

of the prior art. Aroll coatin asur enent S rri ou s fol | ows.
1. A plexi gl%ssénagéﬁgte]dlf?%ur%ﬁ la%t%%ﬁgdm%ndggsé’ﬁelgcdstgo heldgent er of
the top work rohlinufhes 20 fixture includes a reservoir covering an area of
20 56 squar e ceﬂtihggt ers.af the roll surface. 2. Fifteen milliliters of 1N
soal um hydr oxi de " was

7. Dry

The results show that the brightness and uniformity of
the surface finish of an aluminim or aluminium alloy sheet
after rolling with the emulsion of the invention was

15 similar to the brightness obtained with the emulsion of the
prior art.

A roll coating measurement was carried out as follows.

1. A plexiglass, gasketed fixture was attached and
sealed to the center of the top work roll. This

20 fixture includes a reservoir covering an area of
20.26 square centimeters of the roll surface.

2. Fifteen milliliters of 1N sodium hydroxide was
syringed into the reservoir where it was permitted
to react with the aluminum roll coating on the

25 roll surface for approximately 5 minutes.

3. The caustic ligquor was then extracted via syringe
from the reservoir and placed into a sample
bottle.

4. Two 15 ml rinses with deionized water were

30 applied, extracted with a syringe and added to the
sample bottle.

5. Total aluminum in the sample was determined via
ICP.

6. The roll coating weight was then calculated and

35 expressed as milligrams of aluminum per square
centimeter of roll surface.

The roll coating was found to be better with the

invention than with the emulsion of the prior art.



syringed into the reservoir where it was permtted to react with the
alumnumroll coating on the 25 roll surface for approximtely 5 m nutes.
3. The caustic liquor was then extracted via syringe fromthe reservoir
and pl acedwowwssdsosanpl e bottle. 4. IFwo 15 nml rinses w th eer@mroredrdat er
were 30 applied, extracted with a syringe and added to the sanple bottle.
5. Total alum numin the sanple was determned via |ICP. 6. The rol

coating weight was then cal cul at edCBAE8MS35 expressed as nmilligrans of

al um num per square centineter of roll surface. The roll coating was found
to be better with the invention than with the emulsion of the prior art.
WO 01/59040 13 PCT/ EPOL/ 01374 CLAIMS 5 1. Hot rolling process for rolling
al um nium and alum nium alloys sheets, conprising applying an effective

t of | - I t t | ubl
o1 | “Dorposi 1 Fon EOar TS ni 8. bAEA-SEookE B | Cahi  Backii“bh "t hE {BLAl el ght

of the watetnsohulklld wid éﬁeebapoadmgn1sﬂhgnmﬂpipiﬁ@@&hy aefght ioé
O (2 etaNRngyy!Je Al BBE €. 8L 8oy onl f0l | LAY 0005 aGCO! Uiy, L0 clalm

1, wher &R h& wat'er ~sol ubl 6 61 1 conmposi tion er-conprises, based 15
on the watak- ﬂeﬂghﬂeoknﬂheC@Dmgasi%@@nCOW@@#ﬁO“@Sf%obﬁé%;%ﬁQﬁ%wgbly from

0,1to gﬁ'byﬁﬁﬁémtoﬁf e@oeotaw<%ef§H€a%EaﬁﬁuaDM%E%&aQBﬂdﬁléﬂBY1ene
oxide addition polyner. 3. Hot rolling processﬁ% @bgln% to.claim1 or 2,

ZOJWher@PWP@ﬁét%ﬁFer1§6¥®bﬂet6iI890nﬁ6%|Y?b%h%o Be84e¥h t he total
wei ght gfipheecenpesition, from3 to 30%by weight of di(2-ethylhexyl)
adi pate ester. 4. Hot rolling process according to any one of clains
2. Hot rolling process according to claim 1, wherein
the water-soluble oil composition further comprises, based
15 on the total weight of the composition, from 0,05 to 20%,
preferably from 0,1 to 5% by weight of &a non-ionic

surfactant, preferably an ethylene oxide addition polymer.

3. Hot rolling process according to claim 1 or 2,

20 wherein the water-soluble o0il composition comprises, based

on the total weight of the composition, from 3 to 30% by
weight of di(2-ethylhexyl) adipate ester.

4. Hot rolling process according to any one of claims

25 1 to 3, wherein the water-soluble o©il composition further
comprises, based on the total weight of the composition,
from 1 to 30%, preferably from 5 to 20% by weight of oleic

acid.

30 5. Hot rolling process according to any one of claims
1 to 4, wherein the water-soluble o0il composition further
comprises a trialkanolamine (Ca-4), preferably
triethanolamine, in such an amount that all bindable
trialkanolamine is bound to a part of the oleic acid.

35

6. Hot rolling process according to any one of claims

1 to 5, wherein the oil-in-water emulsion comprises water



25 1 to 3, wherein the water-soluble oil conposition further conprises,
based on the total weight of the conposition, froml to 30% preferably
from5 to 20% by wei ght of oleic acid. 30 5. Hot rolling process according
to any onew@foibeons 1 to 4, wherei d4the water-sol ubl e oil pcompoeBIIBi4ON
further conprises a trialkanolamne (C2_4), preferably triethanolam ne,
in such an anmount that all bindable trialkanolamne is bound to a part of
t he ol ekeadacirdm 3556td*ﬂOK(ﬂpﬁaﬁpmmﬁbeggxaECbr@®nQS%o (wny) oné efidlainms 1
to 5, sj on conprises water WO 01/59040 14
PCT/EPOY%G% 2%@ fréglgg%ﬁg 96 ‘preferably from1 to 15% (v/v) of said
wat er - sol ubl e oi | conp05|t|on 7. Hot rolling process according to any one

of claims 541 %%t6¢dM¥¥ﬂ?rbf@@eQQta&@bkﬁﬂﬁgp&Qﬁeﬁﬁf|§n@aéf|@Qa@Mb in a
breakdown m |l and the emul sion conprises, based on the ot al volune of

t he emullsitén & f MORTE o 4% BIPVoTUNe T PRAFF St Br CSbF UBFeCBF| 17 @

conposi bireakdbWn8. mHdl EﬁkﬂlBgepkﬁmﬁBﬁuﬁCCObdpmgsb@ cl ahaedl,onvhehein the
hot rolling.p ess is_carried ou a |n|s |n o] | and the
enul si off 5grjrpr‘fé]e e bggeg:}beh ?% Fi‘)?ar v&itune & %e %u?‘gﬁol%%éfrgm 5to
7% by vebumewate&as@luméKEKMSbkmmﬂgﬁamdlcconpos|t|on. 15 9. Water-sol uble
al um nium and alum nium alloys hot rolling oil conposition conprising, in
wei ght percentages based on the total weight of the conposition : -

0.11®@. 5% of #ri ddkeylrqidling pheaefs 20C0rglpgs4 LU dfath Fgl kyFREES1R0)

phOSDhaE%eeﬁkﬁf,roll§n%5399ﬂxgkizi§tBMEQQ&M'knﬁﬁ'@ﬁt%,e§i@fshrn§ 5% of

organic fatty acid (Cl ; -_0.5-2% of carbqéy 4 hexy Thexen 1-
octan0|éa§éﬁﬁ mill ‘and the emulsion comprises, se the t t

volume of the emulsion, from 5 to 7% by volume of said

water-soluble oil compecsition.

15
9. Water-soluble aluminium and aluminium alloys hot
rolling oil composition comprising, in weight percentages
based on the total weight of the composition
- 0.1-0.5% of trialkyl (C;.4) phenol;
20 - 0.5-4.0% of trialkyl (Cs;.19) phosphate ester;
- 5-15% of di(2-ethylhexyl) adipate ester;
- 5-15% of organic fatty acid (Ciz-20);
- 0.5-2% of ©5-carboxy 4-hexyl 2-cyclohexen 1-
octanoic acid ;
25 - 1-3% of alkylene (C,.¢)glycol;
- 0.3-1% of ethoxylated alcohols (Cs.i4, cOomprising
2-10 CH,O groups) ;
- 2-5% of trialkanol amine (Cy_4) ;
- the balance being a mixture of naphthenic and
30 paraffinic lube base oils.

10. Water-soluble oil composition according to claim
9, in which the base stock o0il has a viscosity comprised
between 7 and 150 cSt at 40°C, preferably between 20 and 50

35 cSt at 40°C.

11. Process for the preparation of a water-soluble

0il composition according to claim 9 or 10, comprising



25 - 1-3%of al kylene (C2.6) glycol; - 0.3-1% of ethoxyl ated al cohol s
(C5-14, conprising 2-10 CH20O groups) ; - 2-5%of trial kanol am ne (C2-4) ;
- the bal ance being a m xture of naphthenic and 30 paraffinic |ube base
oil's. 10. Watarseeml ubl e oi | conpositilén according to cl ai m POT/EPEL/BT4Ch t he
base stock oil has a viscosity conprised between 7 and 150 cSt at 40C
preferably between 20 and 50 35 cSt at 40C. 11. Process for the

pr epar atdlemddinca wheerbawt upkeckoiang ofpsi PFBRT ackF RIS cMEIGRT9 or 10,
conpri sidig MO Q1/390AQ H % RCHERGY QikdA4< bl endi ng the base stock and the
ot her ingredients under stirring or with any m xi ng device. 12.

O l-in-water enul sion conprising water and from 5 0.5 to 30% preferably
from1l to 15%g2(.v/®)1ofnthetwat e¥mulsalabl eooidriconposivhten amwdr dirag t o
claim9 or_ 10. . Praocess far the preparation oid -1n- r....enmul sion
accordi fg t o ¢! égr‘/h’lzp,re Of arblciéli n%rol I Et i%r?g jf%é 3&I/%105éc0%§%\£?{a:%§% in water
under stdolniig olid. ddsepari time wet@rrdiglable oldinohpesitPon according to
claims 9 or 10 to prepare enulsions intended to be used in a alum nium or
alumniumalloy hot rolli ng 15 process. 15. Use of the water-in-oil
emul si on of &B3ai mPredessa favt Wl | PAGPprecdss of an oil-in-water

emulsion according to claim 12, comprising diluting the oil

10 composition in water under stirring.

14. Use of the water-soluble oil composition
according to claims 9 or 10 to prepare emulsions intended

to be used in a aluminium or aluminium alloy hot rolling

15 process.

15. Use of the water-in-oil emulsion of claim 12 in a

hot rolling process.



