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The stainless steel reclling industry expresses the
need to maximize the efficiency of their rolled metal
manufacturing process. In general terms, this means that
15 they wish to operate at higher rclling speeds and to
produce more marketable products per operating shift.
Additionally, they also wish to minimize the number of

passes through the mill taken to achieve a given level of

reduction.
20 surface finish be not
roll
molybdenum steel} and/
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Both these

materials,

routes reguire that gquality and

there is a wish to
(e.qg.

compromised. Also,

gsuch as special steels

or allow higher reduction ratios.

The invention thus provides a cold rolling process for

for high-speea cold rolling mills that' affords the

25 following customer benefits:
- lower rolling and reduced mill power ({this
allowing rolling harder material and/or allow

higher reduction ratios};

- allow cne or two pass(es) reduction versus

30 conventional oil lubrication:
- improved rolled surface finish (especially on
ferritic and austenitic steels), e.g. brightness

improvement.

The invention is effective on any ctype of cold
35 rolling, be it reversible or not, of the Sendzimir type
(e.g. 1-2, 1-2-3, 1-2-3-4), or of Z-high type (e.g. 2-high,
4-high, 6-high), be it a reversible mill, a tandem mill,

etc..



Especially, the invention exhibits high reduction and rolling
capabilities while providing an excellent strip surface finish when 8 NOV 2004
rolling at high speed. The invention is also suited to Z-high rolling
m |l technol ogy where high 5 reduction ratio at |ow speed is obtained.
Masuda et al, in "Effect of rolling oif additives on Heat Scratch
generation - a studg/ on rolling oils for cold rolling of stainless
steel s", Jour®@PV$p3dt he JSTP, vol .28, No. 316 (1987-5) difSEFEEYAE*¥n oi |
conposition conprising 10 various esters, which are selected fromthe
group hc;mlsi sti %ﬂe%i%i?}hy‘:}g@xyﬂwéitaghab&hiIliiit(s?-leighy|ﬁmt)onphmﬁlal ate,
trimethyl ol propaneé caprate,, .di_mer.-aci - est er, d<aethyl
ester. The EF’?g’rn%r F“E%%Jsle%t =5t e‘éléaleorpg%\_;eir?&sn&ggiét etxﬁgglﬁlgtriﬁg?aﬁnt

i nvention. Ehuface Merishenbeonrprigvedas AlEHIPEEE! | FRY Process™ tor

rol ling hard,pgt al; 08 et ak-al &y sol TOPrasiingappiofcny waaref héghi ve
amount of an oi | conposition comprising. a,hasg.gstock oil and, based on
the totaP WEPGREEHI™ fR&*90% tonposrtion, from 1 to 80% preferably from1
to 30%by wei ghtaswla dit( 2let Hyl HEXYEFE a@lf paf et 1 1 O idi 31 0 Vohe ™
enmbodi ment , %Q@ bar gk setpheokhr 1Bt al 2 addudlys car eoskelegted s rfarheocgdoup

consisting of steel and .stainless, steel €1 steel s. angrst ajJil egs steels
to which 25TCALIFHVR t?‘oaﬁngﬁﬁ igge%llr%e ’aﬁjfu-s;?eel >7i nel udi n ver.%éhard

steel s. Accowdi g6t ol 1#6fubt hdi sehdori n@ht Ot he CRRBCHEL A" | B RoA%f er r ous
metal , hLike Ri-ckgl Okst@ad. Aaciandi ngd 0 selfeureher fenboditirent grehe hard

metal or 30 netal. alloys are lected i €,0L0uUp 5eQnstsiyIHE =9t ) ni ckel
and | nvar. EEEB?ﬁ?Jrfbgto}/% fl%r%ﬁ%ﬁee odi %E%]e{% the oil Qco }}si tit%n further
conpri ses amhahkyatel kyFarethsidPropANGHiGRTERE: A1 40FF "8ohPr i"S88Y2 to 8
carbon atongsand fhe ldeyhateyBeszenpri ses 14 to 24 carbon atons,

preferably n-butyl, iso; butyl,Qrs tgoi-hubyh Peacae, saggdevberaet he
wei ght ratio di %Iié-’ ePﬁl?ﬁe%ﬁl’) a |Spate: al kyl al kylate ester is from1:1
15 instant inventlion.

Thus, the invention provides a cold rolling process
for rolling hard metal or metal alloys, comprising applying
an effective amount of an oil composition comprising a base
stock o0il and, based on the total weight of the

20 composition, from 1 to 80%, preferably from 1 to 30% Dby
weight, of di(2-ethylhexyl) adipate.

According to one embodiment, the hard metal or metal
alloys are selected in the group consisting of steel and
stainless steel. The steels and stainless steels to which

25 the invention applies are any steel, including very hard
steels. '

According to a further embodiment the hard metal 1s =a
non-ferrous metal, like nickel or lead.

According to a further embodiment, the hard metal or

30 metal alloys are selected in the group consisting of nickel
and Invar®.

According to a further embodiment, the oil composition
further comprises an alkyl alkylate ester, in which the
alkyl comprises 2 to B carbon atoms and the alkylate

35 comprises 14 to 24 carbon atoms, preferably n-butyl, iso-
butyl, or tert-butyl stearate, and where the weight ratio
di(2-ethylhexyl) adipate:alkyl alkylate ester is from 1:1

to 20:1.



to 20:1. 3 WD 01/59039 PCT/ EPO01/ 01380 According to a further enbodi nent
wherein the c:.l conposition further conprises a fatty al cohol havi n@ NOV 2004
from 10 to 20 carbon atons, preferably from 12 to 18 carbon atons.

Al 'tough the fatty al cohol can be lineat or branched, 5 linear alcohols
are preferred. According to a preferred enbodinent, the fatty al cohol is
| auryl al COh%omW&ﬁ:B used with steel or stainless steel, tﬂ?.‘-arrr_g%ﬂasulo
rolling oil conposition conprising a base stock oil and, based on the
total weight of the conposition, from1 to 80% of di(2-ethylhexyl)

adi pate, exhi bi Pecbdifal ltowi mg frpther f srbediansus ‘WBeredguctiooncat a rol |
Epeed of 3090£%f§ﬂ1i%ﬂcQf&%heélgfﬁﬁif%égxﬁ3ﬁaéﬁ%ﬂhlﬁwabe REvhggthesiﬁdﬂ .
orce expressed in tons/ man I's reduction express [ | ere
DA helood A A T VSR T SIS SR e AR ER T
rolling oil aconposgiltticoghcohprfxityg adcphee Todke dinexhdr 2@rBA%Sed on the

total We;i,gh?]ir?éaxt he ceepPesitd Grerbioaul to 60% of di(2-ethyl hexyl)
adi pate, exnib i

Its the.following roll .force..versus, % reduycti at,a roll
speed of 700 rdrﬁcﬁ°§§éﬂga5‘? ei?ﬁjg‘f%éﬁeg i%%n\g\hepﬁ RiE—a“ll{(si’t taﬁgoRb'll Force
expressed i nstlonsfinh addoR®eli s reduction expressed in % and where RF is >
400 tons/m The invention is now disclosed in nore details in the
foll owi ng specification, and in reference to.ntlléeésdr%

Fig. 1is a graplehotisfy PhE"r S FFng For € Versis “\r%qgfet uegt thc\,!m;tChéoo
n nin, whenrdasling oy i ormzesitiroce9sPaRTing he PRrOEes§sCof Phe Rhvention,
evi denci ng Lheed Nl weRCeophl #diyRi bfcomdasindoentoan f efheet ilonocapaci ty; 35
Filg. 21s aogr %F_')LQ‘??Q&V\{IIIQ%)}}H? raoéilpia@g, f QUKL YEL Sgﬁet r}%Ilowing rcll
force versus % _reduction at a roll speed cf 300 m/min s;:h
as: :
15 RF < 200R - 53500
where RF is the Roll Force expressed in tons/m and R
is reduction expressed in %, and where RF is > 500 tons/m.
When used with steel or stainless steel, the cold
rolling oil composition comprising a base steck oil ang,
26 based on the total weight of the composition, from 1 to 6C%
of di{2-ethylhexyl) adipate, exhibits the following rcll
force versus % reduction at a roll speed of 700 m/min such
as:
RF < 80R - 1550
25 where RF is the Roll Force expressed in tons/m and R
is reduction expressed in %, and where RF is > 400 cons/m,.
The ihvention iz now disclosed in more details in the
following specification, and in reference to the drawings
30 in which:
Fig. 1 is a graph showing the rolling force versus the
reduction, at 300 m/min, when using a prior art process and
the process of the invention, evidencing the inflvence of
the oil composition on reduction capacity;
35 Fig. 2 is a graph showing the rolling force versus the
reduction, at 700 m/min, when using a prior art process and
the process of the invention, evidencing the influence of

the oil composition on reduction capacity.



reduction, at 700 mimin, when using a prior art process and the process

of the invention, evidencing the influence of the oil conposition onf NOV 2004

reduction capacity. 4 WD 01/59039 The applied oil conpositions are neat

oil's. PCT/EP01/01380 The base stock oil is any oil typically used in the

5 field of cold rolling. It can be paraffinic or naphthenic, hydrocracked

or not. Paraffinic base oils are made fromcrude oils th

relatively HWBH”ﬁPﬁhne contents (high paraffin and isopgﬁg' ?%ﬁﬁ%ntents)
Typi cal crudes are from:he Mddle 10 East, North Sea, US m d-continent.

The manufacturing process requires aromatics renoval (usually by sol vent

extraction) and dewaxiingy Bafafdigichase oid meateoitharacterized _ by
their good viscosity/'tenperature characteristics, i.e. high viscosity

i ndex, adequate |ow 15 tenperature properties and good stability. They are
often referredThe Bsssobwerit ogut ral sny whek et ¥l t/ fe&fs hat'e t he base

oi | has be | vent.-t ef L ned and sReythabe NBaRst £ itthat ctheaphthdreicof neutral
pH. An al tgfrr}r%t%i ég ggg?gnﬂtﬁi O,.%n is high viscosity index (HVI) base oil.
They are avaidzabreck®d iaf £GF range of viscosities, fromlight spindle

oils to viscousabaifginticstiode dlapht heai caBasérer Sage & Rathiesl |y | ow
pour poi nt Thad rﬁr :'%?? qnghhaé/ﬁ(agggce&&&rgmgol MERh pewedtf iBolangnt
y%rot

extraction an ot reaf ment” can be used t educe. . lyeyclic
aromati c corftaPFraf ALy ‘é?’é?‘?’écf)bagféfp i §i §r‘é§e%1y%‘r%t %%%?eﬁat?éf,fi ni ¢

neutralio TheashaseNorkht ypezal |95 hasidz ophsénsity fTem 58gfaetutide at 40C
and prefergprlcycefsrsornggiq_elﬁ gtmati A0CremSEh1Vi 08821Yy Caiy beohdjrust ed by
C

using a viscosity ad]uster such. as kepose, .ype petroleum cutye if
needed. Pr eﬁf’@rrraéalﬁﬁge 8Pfs gﬁgaf‘ﬁ%%'e wﬁ?%aft}%rrr%éun s having a carbon
content betstearzcReranet 25, bpr ef éhabfy he&Pf@en I2SERRftY/remperature

characteristics, i.e. high viscosity index, adequate low-

15 temperature properties and good stability. They are often
referred to as solvent neutrals, where solvent means that
the base oil has been solvent-refined and neutral means
that the oil is of neutral pE. An alternative designation
is high viscosity index {(HVI) base oil. They are available

20 in full range of viscosities, from iight spindle oils to
viscous brightstock.

Naphthenic base oils have a naturally low pour point,
are wax-free and have excellent solvent power. Solvent
extracticn and' hydrotreatment can be used to reduce the

25 polycyclic aromatic content.

A preferred base o0il 1is an hydrotreated paraffinic
neutral.

The base oil typically has a viscosity from 5 to 40
cSt at 40°C and preferably from 7 to 16 ¢St at 40°C.

30 Viscosity can be adjusted by using a viscosity adjuster
(such as kerosene type petroleum cut), if needed.

Preferred base oils are those with compounds having a
carbon content between 20 and 25, preferably between 22 and
24.

35 Also preferred are base oils having an arcmatic
content equal or smaller than 5% by weight.

The flash point of the base oil is preferably greater

than 150°C, and typically is 154°C.



24- 35 Also preferred are base oils having an aromati c content equal or
smal l er than 5% by weight. The flash point of the base oil is preferapfgy 700t
greater than 150C, and typically is 154C. 5 WO 01/59039 PCT/ EPO1/ 01380

The oil may conprise classical additives, such as surfactants, coupling
agents or cosurfactants, friction reddcing agents, lubricity agents,
corrosion inhibitors or 5 anti-oxidants, extrene-pressure %3%?9Q$%;mear
agents, anti WB&H?Hﬁ agents, anti-rust agents. Exanples of? ! gning
agents are silicone based, especially polydinethylsiloxane. Exanples of
corrosion inhibitors are hindered phenols 10 and zinc

di al kyl di t hi oph hate (ZDDP l e tr . surgﬂgnd anti - wear
agents are dl|éﬂ$ Eo Eﬂ%teO:%gg%ﬁe %é h??% Q?g%alk% ho% hat e
)~.

such as trl@2!@@@V¥H€MylFﬁ%ﬁbﬁﬁhté95$¢ﬁcF%sy?%ﬁ%% Q%%Pés ( t3Phc
di al kyl (or diahy]ddididdmphospbat es:( ZIMks, 1oophospho- selt phucrzedrfatty
oils, zinc dla|$%hll tth%QEQ&H?t%%S écqpxgggiszQLagé%gas suyl,phuri zed

fatty oiPs, 28hf J&§ t er penes, urlze eic acid, alkyl and aryl
ponsuIphldésﬁmsmg[ﬁﬁﬁﬁtfedaéikw#ﬁﬁﬁ QeH%%Iphurlzed m neral oil, sul phur
chloride treat edefaidiys2GbOI &ﬁulmﬂaaﬁﬁ@phtganxantalnt esilcebyk chiedi de,

chl ori nat ed ar affinic . |.Qni d paraffin wax sul phi des,
chlorinatedeﬁg?%ﬁ?¥%’ﬁgﬂydgﬂdﬂgq =2 { yl (or dlarél) |t(4%§PosEhates

(ZDDP), tri cresydpimpdssatcd G?E??“loﬁr%?ﬂﬂ?&FBﬁ%sBﬁSt
phosphate, ahaseﬁeéldaalmyla&}a@mlsgsaoés c@an@si.-on i nhibitors or

anti-oxidants arg., [3dCl SCRYENIGLAIUED aRaPBRROLIL ANdKsdants
(sterically hindée 53 oxXI|

hydroperOX|d@éa@ébbnﬁk@ﬁﬁhﬁtebu@&ﬁ%@%ﬁylrﬁﬁﬁ%ﬁb&ﬁ%ﬁﬂgﬁggpgg{@%@ﬁ%&ﬁgé of

anti-rust ageahs ale asrhe dahyaekye pfosprate,  tricresylphosphate
(TCP)., zine dialkyl({or diaryl)d&ithiophosphates (ZDDP),
15 phospho-sulphurized fatty cils, zinc
dialkyldithiocarbamate), mercaptobenzothiazole, sulphurized
fatty oils, sulphurized terpenes, sulphurized oleic acid,
alkyl anéd aryl polysulphides, sulphurized sperm oil,
sulphurized mineral oil, sulphur chloride treated <fatty
20 oils, chlornaphta xanthate, cetyl chicride, chlorinated
varaffinic oils, chlorinated ©paraffir wax sulphides,
chlorinated paraffin wax, and zinc dialkyl{or
diazryl)dithiophosphates (ZDDPj, tricresylphosphate (TICP),
trixylylphosphﬁte (TXP), dilauryl phosphate, respectively.

25 Examples of corrosion inhibitors or anti-oxidants are
radical scavengers such as phenolic antioxidants
(sterically hindered), aminic antioxidants, ‘organo-copper
salts, hydroperoxides decomposers, butvlated
hydroxytoluene.

30 Examples of anti-rust agents are amine derivative of

alkenyl succinic anhydride.

Examples of friction reducing agents or lubricity
agents are fatty alcohols having a carbon number in the
range from 12 to 18, fatty esters having a carbon numcer in

35 the range from 12 to 18, like glycerol moncoleate.

Further elements on base oils and additives can be

found in "Chemistry And Technology Of Lubricants", R.M.



al kenyl succinic anhydride. Exanples of friction reducing agents or
lubricity agents are fatty al cohols having a carbon nunber in the 'r%”@\’emm
from1l2 to 18, fatty esters having a carbon nunber in 35 the range from
12 to 18, like glycerol nonool eate. Further elenents on base oils and
addi tives can be found in "Chenmistry And Technol ogy O Lubricants", R M
- 8 NOvV 200/ 6 WO 01/59039 PCT/EP01/01380 Mortier and S.T. Orszulik, VCH
Publ i shers, IW@W¥st published in 1992. The cold rolli AFTHFHFEEBE s the
cl assical process. 5 The work roll surface does not need to be coat ed.
The oi |l tenpgraldn € drg gener aldrg-uni vt aivaed abbli sHeersper atalr e thekow 70C,
preferably beéi)yv Seodc.mTQg9 rocess can be carried out on any rolling mll,
such as of Fh ‘@endzi mrf type or of the Z-high type, in tandem etc.. The
10 instant oil conposition allows a significant reduction of the nunber
of passes. Wth manvwenti esalinfy ipeecast 0 Ithe thessimutberoobspasses was
typically 10. The oil co it f j+N i -al l.aws ;| owering this
nunber t% 8 pasts]ﬁqése, “O\ﬁﬁi gﬁffiséhrggsciggﬁf%??gﬁt %gg?n&plbfafﬁgé%gfl oW ng
exanpl e il ustrafxe t k&l nSRTRSTGRUREL hbut IePFREENg "RERCAFPePart™s and
rati os are gemgerdyunseirghbw Ezaoplere23abhe BeolbwwhIfy .colpogitdcessi s
prepared: TABLE I 2dj.ent, t (W9, Ba il i ipkcyrQ cSt at
40C) 68. 75 Bty é’%e&n‘%grg%x%g%éqn?&yzo%ﬁl& -Zﬁ%qlrhe%(&;) Sgh%sehagg% 00
Ani ne deri vaehgeinfr dveenyF StcERfi € MYy drPEe0?] St?ﬁ“{ L ety hexyF)
adi pat e16. 0@nApa®i | oCONPEiddiancas alideds | a aipnbtiess:tofrachetpehort

the number of passes. With ccnventicnal prior art cils, the

number of passes was typically 10. The oil composition of

the invention _allows lowering this number to 8 pzasses,

whnich. is a significant gain. -

15
The following example illustrate the invention without

limiting it. All parts and ratios are given by weight.
Example

20 The follewing composition is prepared:

TABLE 1

Ingredients Content {wt%)
Base oil (paraffinic, 9 cSt at 40°C) ' §8.75
Butylated hydroxytoluene ‘ 2.20
tri(2-ethylhexyl)phosphate i - 1.00
Amine derivative of alkenyl succinic anhydride’ 0.05
di(2-ethylhexyl) adipate 10.00

An oil composition as used in a process of the prior

art is also prepared. It comprises the following

25 ingredients :

TRELE 2
Ingredients Content (wtk)
Base cil (paraffinic, 9 cSt at 40°C) 7 $7.40
Butylated hydroxytoluene ! 0.10




art is also prepared. it conprises the followng 25 ingredients
I ngredi ents TABLE 2 Base oil (paraffinic, 9 cSt at 40C) Butyl at ed - 8 NOV 2004
hydroxytol uene (Contest (W% ;7.40 0.10 -8NOV2004 7 WO 01/59039
PCT/ EP0O1/ 01380 tri (2-ethyl hexyl )phosph7at e 0.50 Lauryl alcohol I 1.00 1.00
?hbutyl _ stear?te ester ghe process of  the invention and of the process of
the prior art are tested according to the follow ng neth h est mll|
i s a non-rev&&'AY8ingl e stand 2-high 5 rolling mll wi ?%r%%&lﬁﬁleséo and
decoiler designed for 30 mm wide sheets which cantake tp—+to—0-—6—m
gghckasgirl 0S-i0f - e@h Pk L) @BOsphaengt h. The rolls have a wi dtth 58f 100 nm
ajtTeter _of - 9 ' ir s '
o L e O e oh ool .90 Z0OVCDe-3
G- o—Eertat oz m— i S) LU me 1110 1Tan 1 10

eval uat e t pe-uegtdcb OAraFEEFLY. in one pass, at a mncj 300
p{a(r:rg.rdTgemﬁurve “rolling force” as a function of the reduction rate is
. el en increasing reduction_|evels. e ' £QRosi tion
is a bright annEEFeBr?%%ﬁ tolc%c%éteaf“rﬁ f:‘enstsmzlt S;é_{i' ?L{SQ%:%%% %gggcﬁ‘ 17%
chromi un) havicigaatsere g-astiedkressr it L2 Rire fing a8l Pt t he run are
?gpl ﬁgeg Lgt Fi gqlﬁg EE@E' ine1 Of st he nphoeesdr Aot Renphwestand 2arigdsponds

Sq rclalolning mill_w%(%glR’c-oi§290’angh%{agoﬂ:ezl Sdéﬂegnlggl |39 FrOree

wide sheets, which can take up to 0.6 mm thick strips of
around 1,060 m length. The rolls have a width of 100 mm and

a diameter of 95 mm, and the composition cf their steel 1is

z85vCDe-3 (which is used for certain Sendzimir miils).

10 The first run is to evaluate the reduction capacity.in
one pass, at a constant speed of 300 m/mn. The curve
"rolling force" as a function of the reduction rate 1is
recorded when increasing reduction levels. The rolled strip
composition is a bright annealed ferritic stainless steel

15  FS30 (28 C17, 17% chromium) having a strip thickness of 0.4
mm.

The results of the run are depicted in Fig.l.
The line of the process of the invention corresponds
to the eguation

20 RF = 200R - 5900, where RF 1is the Rolling Force
expressed in tons/m and R is the reducticn expressed in %

(where RF is > 500 tons/m).

The second run is to evaluate the reduction capacity
25 in one pass, at a constant speed of 700 m/mn. The results
are depicted in Fig.2, in which a prior art process and the
process of the invention are compared. The line of the
process of the invention corresponds to the eguation
RF = 80R - 1550, where RF is the Rolling Force
30 expressed in tons/m and R is the reduction expressed in %
{where RF is > 400 tons/m).
The finish of the products has been determined and has
peen found excellent with the process of the invention.

From the figures it is guite apparent that:



expressed in tons/mand Ris the reduction expressed in % (where RFSEF ’f?ﬂﬂ&
500 tans/m. The second run is to evaluate the reduction capacity 2 g\
one pass, at a constant speed of 700 mm. The results are depicted in
Fig.2, in which a prior art process and the process of the invention are
conpared. The Iine of the process of the invention corresponds to the
equation RF 3 $fRoge 1550, where RF is the Rolling Force %@T@myeﬁfeed in
tons/mand Ris t e reduction expressed in % (where RF is 400 tons/ m.
The finish of the products has been determ ned and has been found

excel lent with the proéBsErdPHRESEnvlritiond"VeRFdATt IRF HicYuresiit¥is quite
apparent that: | 8 5 ¥Wee&d/ $9039mR&i)/ ERGL/04380a¢ nat heiphocessirgf the

invention, at |ow rolling,sspgaf n(,%qgg)m R @gd‘y@gllona% ?,rabmg@ ral ling

speed (700 mmn), the reductlon capability Is | eas uivalent to
that of the conventiondF 1§#%c&SEivahelt He ﬁpﬁﬁe?ftll‘féer CIEPE O Hat e, the

better the results obtadbtess wahkd t he process of the invention as

conpared wi th results ppLajp ,&Lr V‘éﬁé" Meﬁ,cerleﬁeegtgf the BELOIr affe 10 In
addi tion, the inpr ovenent‘gf)r OVI roc of the inyention is

obt ai ned wit hout i npai FERY the %Ffla%/‘e ¥ sﬁ' FHEFSFI et stT1%.
Addi tionnal Iy, the pro¢esentfort hesi meepbired wasruseesullss t obratnedur e

ni ckel . The applied oi L,lgprq}%:pg.bggsgva@c tehpat Drg_)(ng@‘pJ e 1. 20 The roll

conditions were as fal|ows ling s ; wi dt h
10 In adglt?on the oJ%ment provl eg1gy tﬁe process

15 mMm
of the invention is obtained without impairing the surface

finish of the rolled strip.

Additionnally, the process of the invention was used
15 to roll pure nickel. The applied oil composition was that
of Table 1.
Tne roll conditions were as follows
- rolling speed : 300 m/min;
- roll width : 15 mm
20 - initial thickness : ©.52 mm
With a reduction force of 300 tons/m, the reduction
rate was 46%.
In the same conditions, pure nickel was rolled with
the oil compesition of Table 2.
25 With a reduction force of 300 tons/m, the reduction

rate was only 42%.



initial thickness : 0.52 nm Wth a reduction force of 300 tons/m ttEPNOV2M£
reduction rate was 46% In the sane conditions, pure nickel was rolled

with the oil conposition of Table 2. 25 Wth a reduction force of 300
tons/m the reduction rate was only 42% -8 NOV 2004 CLAIMS 5 10 15 20 |
Cold rolling process of hard netal and of hard netal alloys, conprising
applying an effective anount of an oié;gpMposition conprising a base
stock oil and, based on the total weight—of~the conposition, from1l to
80% by wei ght of di(2- ethyl hexyl) adipate. 2. Cold rolling process
according to claim1l1, wherein the oil conposition conprises; based on

the total weight_ of the conpgsition, from1l to 30% by weight. of

di (2- et hyl hexyl ) adi @+ r911é59d P¥PFesy Flocdeasd adiedadi ngnto ol ahard or
2, whersein the hard metal 1IRial dom@ys ARy S8bastied | Ant her BEeHPve
consisting of steel and stainless steel. 4. | d rolling process
according to clai m1 3ot erdin UHe RATBCAREAPT CAHRSIRT r Susbageal .
5. Cold rolling processodecenli Rghd,0 dSddn dnOkhd t3BaWheetightt hef herd
metal or netal alloys are selected_in the grou onsi sting of nickel and
Invar, 6. Cold rol |1 e BIAtestoRecdr@gtt & anyodneosl “SERd affs 42 (65,
further conprising arethkMesafKylsdtpgséer, in which the al kyl conprises 2
to 8 q@rbon atons and the al kylate conprises 14 to

2. Cold rolling process according to claim 1,
wherein the oil composition comprises, based on

the total weight of the composition, from 1 to
30% by weight of di(2-ethylhexyl) adipate.’

15
3. Cold reolling process according to claim 1 or 2,
wherein the hard metal or metal alloys are
selected in the group consisting of steel and
stainless steel.
20
4. Cocld reolling process according to claim 1 or 2,
wherein the hard metal is a non-ferrous metal.
5. Cold rolling process according to claim 1 or 2,
25 wherein the hard metal or metal -alloys are
selected in the group consisting of nickel and
Invar®.
6. Cold rolling process according to any one of
30 claims 1 to &5, further comprising an alkyl

alkylate ester, in which the alkyl comprises 2 to

8 carbon atoms and the alkylate comprises 14 to

24 carbon atoms, and where the weight ratio di(2-

ethylhexyl) adipate:alkyl alkylate ester is from
35 1:1 to 20:1.



24 carbon atons, and where the weight ratio di (2- ethyl hexyl) -
adi pate: al kyl alkylate ester is from 35 1:1 to 20:1. -8NOV2004 10 7. ’&\{ QUL
rolling process according to claim®6, iniowherein the al kyl al kyl ate ester
is n-butyl, iso- butyl, or tert-butyl stearate. 5 8. Cold rolling process
according to any one of <clains 1 to 7, wherein the oil conposition

further conprisegs a Bty ; i r to 20 ca 1-at pns, .
preferably from%iz tggig %é?ggﬁba%@gi% %@%%dzlgf%ogg Eg?gmr o?l i nlgn
process accordi ng t owbleaierhng thanteellerh aleyiate yeatevhds inshudydyl iso-

al cohol . 10. Col d- rglultw_g RLOGESS - ldisr{._%air%@eny "one of clainms 1 to 9,

in which the base stock-“oi'l has a viscosity conprised between 5 and 40
cSt at 40C, and preferably between 7 and 16 cSt at 40C. 11. Cold rolling

b1 ooipr | ses Sanpouond paciaang’ (BFBEsts, pacior il Ay A5 Siarck
preferably between 22ladms24.1 1o Cold r‘e)hlﬁﬁrﬁgnpr‘éb@ssoéécommm?&i@iaﬁy
one of clains 1 to R W age k i S K&k akoratic
content equal or snaﬁlg}:h{éﬁan %&%ﬁ)}%%@?gﬁ?&?& éﬁﬂc}ﬂrolllli%lgé ?gjglrensslo
according to any onetef 28| sfambant @tems i npPrisiferatly bigsemst dék op| Ifas a

flash point greater tRap 15QComs.

10
9. Cold rolling process according to claim 8,
wherein the fatty alcohol is lauryl alcochol.
10. Cold” rolling process according to any ‘one of
15 ; claims 1 to &%, in which the base stock c¢il has a
viscosity comprised between 5 and 40 cSt at 40°C,
and preferably between 7 and 16 cSt at 40°C.
11. Cold rolling process according to any one of
20 claims 1 to 10, in which the base stock oil
comprises compounds having a carbon content
between 20 and 25, preferably between 22 and 24.
12. Cold rolling process according to any one of
25 claims 1 to 11, in which the base stock oil has
an aromatic content equal or smaller than 5% by
weight.
13. Cold rolling process according to any one of
30 claims 1 to 12, in which the base stock ¢il has a

flash point greater than 150°C.



