
EP 0 393 749 B1 Description This Invention relates to the use of alkyl or
cycloalkyl esters of carbonic acid in the preparation of lubricant fluids
suitable for the cold-rolling of steel, and the resultant lubricant fluids
containing such carbonic esters. 5       The choice of the lubricant fluid
In steel rolling, and in particular in cold rolling processes, has become
ex- tremely critical with the advent of high-speed rolling mills. There Is
more than one reason for feeding a lubricant fluid between the material to
be rolled and the rolls which produce the plastic deformation (friction
reduction, wear reduction, obtaining the required surface finish etc.), and
in choosing the most suitable lubricantfluid the relative importance of
these factors must be carefully evaluated on the basis of the process used,
the material 10 to be rolled and the required product. Of the lubricant
fluids suitable for this particular process those currently most widely
used are natural fats and synthetic fatty esters, either as such or
preferably diluted In a mineral oil base. These lubricants are either used
as such or, with the addition of suitable quantities of emulsifiers, are
used to prepare aqueous emulsions of varying concentration. Aqueous
emulsions are used when the main factor is the control of temperature, 15
whereas whole oils are preferred when It is the lubricant effectwhich is
the most important orwhen the presence of water can create particular
corrosion problems. In selecting a suitable lubricant forthe cold-rolling
of steel anotherfactorextremely importantfrom the tech- nical aspect must
also be considered, namely that the lubricant must not stain the product.
In this respect, If the required product is to have a shiny finish after
cold-rolling or be subsequently coated, the lubricant used 20 must after
the high-temperature annealing leave no residues which can damage or ruin
the appearance of the surface. The complete removal of the rolling oil
before annealing using special cleaning or degreasing methods would be an
obvious step, but this results in excessive production costs; in addition,
if a strip with a too clean surface is annealed at high temperature, the
adjacent turns of a coil can adhere to each other. In normal practice it is
therefore soughttoreduce this problem as much as possible by removing the
excess 25  lubricant byrubbing orwith airjets, and then allowing the
remaining lubricantto evaporate eitherduring a pause in the process
immediately before annealing, or during the initial stages of annealing. As
complete lubricant removal is never obtained in this manner, it is clear
why in the last twenty years va- rious studies have been carried out
directed to identifying and perfecting lubricant fluids suitable for the
cold- rolling of steel which either solve or at least as far as possible
reduce the problem of staining. Thus traditional 30 animal or vegetable oil
such as lard oil or palm oil, possibly mixed with mineral oil, has been
superseded by a mixture of this latter with synthetic additives and In
particular synthetic fatty esters, which have resulted in a reduction of
the phenomenon. It has however now been found possible to prepare lubricant
fluids suitable for the cold-rolling of steel which, besides possessing all
the typical characteristics of metal rolling fluids, are also capable of
minimizing the formation of carbon residues and deposits during the
subsequent annealing step. 35      The invention, therefore, provides an
emulsion, ormicroemulsion, of oil in waterforthe cold-rolling of steel
containing, as the oily phase, one or more organic carbonates having the
general formula: 40 40 wherein R and [err] equal to, ordifferentfrom one
another, area [err] straight-line or branched alkyl, cycloalkyl, 45 or
cycloalkyl-alkyl radical, optionally supplemented by a lubricant mineral
oil base and emulsifiers. Whenever a mineral oil base is used, it must be
present in an amount which is sufficient to provide satisfactory
lubricating properties: generally, the mineral oil base is used in an
amount greater than 5% by weight relative to the sum of the weight of the
carbonates plus the mineral oil base: a preferred amount is greater than
10%, and greater than 15% is still more preferred. The radical carbon atom
In R and R' can be a primary, a secondary, ora tertiary 50 carbon atom.
Preferably, Rand R' represent [err]linearor branched alkyl radicals. More
preferably, R and R' represent [err] linear or branched alkyl radicals. The
esters of carbonic acid with higher aliphatic or cycloaliphatic alcohols of
formula (I) are known com- pounds, and are easily prepared either by
transesterification of lower alkyl carbonates such as dimethylcar- 55
bonate or diethylcarbonate with higher alcohols ormixtures of
higheralcohols, in the presence of suitable trans- 



esterification catalysts, or by reacting the higher alcohol, oralcohol
mixture, with phosgene at high temperature preferably in the presence of an
organic or inorganic base. A lubricant effect of higher alcohol carbonic
esters is known from US-A- 2,758,975, which claims a particular composition
of organic carbonates and tricresylphos- 2    EP 0 393 749 B1 phate, and
from EP-A- 89,709, which relates to the use of organic carbonates in
formulating lubricants for in- ternal combustion engines and/or industrial
machines. It has however now been found that the lubricant characteristics
of these organic carbonates can also be used in the specific field of
lubrication in the rolling of steel, which as stated differs considerably
from conven- 5   tional lubrication both because of the more complex
objectives which are set and because of the type of de- formation involved
(plastic rather than only elastic). It has also been found that the thermal
stability character- istics of the organic carbonates of formula (I) and
their volatility are such as to make these compounds partic- ularly
suitable for their use In the cold rolling of steel. In particular,
thermogravimetric analysis has shown that the organic carbonates of formula
(I) have good thermal stability at the temperature peaks attainable during
10  rolling (250-[err]) and are able to evaporate completely at
temperatures much lower than the standard an- nealing temperatures (which
are typically between 650 and [err]). These compounds also have the
peculiar property of evaporating without excessive decomposition within a
relatively narrow temperature range. A lubricantfluid consisting of one or
more carbonates of formula (I) possibly mixed with a mineral oil base, 15
which can be of paraffinic, aromatic or naphtenictype, could conveniently
be used whole forthe cold lubrication of any type of steel, from normal
steels of low carbon content to stainless steels but, according to the
invention, it should be used In the for of an aqueous emulsion, or
microemulsion, as defined hereinabove. In preparing these emulsions or
microemulsions, the preparation of which Is conventional, it Is preferable
to use mixtures of one or more carbonates of formula (I) with a mineral oil
base containing suitable emulsifiers in a quantity 20  sufficient to allow
the aqueous emulsion or microemulsion to be prepared at the required
concentration. Suitable emulsifiers are all the normal ashless non-ionic or
anionic surfactants such as polyoxyethylenic ethers and esters, and in
particular ethoxylated alkylphenols such as those marketed by Hoechst under
the name of EmulsogenR oR SapogenatR, or those marketed by Huls under the
name of MarlophenR. Preferably, the organic carbonate (of formula 1)
content of this oil concentrate Is between 5 and 65%, and 25  more
preferably between 10 and 50%. If desired, the emulsions or microemulsions
can also contain other conventional additives such as antico- rroslon
agents, antlwear agents etc., as known in this field. Generally the
concentration of the oil phase in water varies between 1 and 5% and is
preferably around 2-3%. 30     In particular, it Is preferred to use the
aqueous emulsion or microemulsion obtained In this mannerforsteel
lubrication and rolling in four-high or tandem rolling mills, whereas the
whole oil is preferred for cold rolling in reversible rolling mills of
Sendzimir type. The following examples are provided merelyforthe purpose of
describing some lubricant compositions rep- resentative of the present
invention in greater detail, and are In no way to be considered as setting
a limitation 35  on the scope of the invention. EXAMPLE I Synthesis of
carbonic esters of formula (I) 40 General method: The synthesis apparatus
consists of a jacketed three-neck flask temperature-controlled by an
externally circulating fluid, surmounted by a distillation column
comprising perforated plates and a liquid dividing head, 45  and fitted
with a magnetic stirrer and thermometer. 



The low-boiling alcohol carbonate (dimethyl carbonate), an at least
stoichlometric quantity of the higher alcohol or mixture of higher
alcohols, le double the moles of the lower alcohol carbonate, and
preferably in ex- cess over the stoichiometric, plus the
transesterification catalyst in the form of an organic or inorganic com-
pound of strongly basic character are placed in the flask. The reaction is
conducted in an Inert atmosphere, 50  heating the reaction mixture to
boiling point and removing as overheads the low-boiling alcohol which
forms. In some cases the reaction was conducted In the presence of an inert
solvent able to form a minimum azeotrope with the low-boiling alcohol so as
to facilitate its removal by distillation. On termination of the reaction
the cat- alyst can be removed (by washing with water, filtration or
neutralization) and the reaction product can be re- covered by distilling
off the unwanted by-products and any unreacted higher alcohols in excess.
55      In this manner, starting from the following mixtures of suitable
higher alcohols, the corresponding mixtures of organic carbonates (I) are
obtained, their molecular weights being Indicated In parentheses: A) a
mixture of iso-decyl alcohols (342.6); B) n-decyl alcohol (342.6); 3    EP
0 393 749 B1 C) a 50 wt% mixture of C14-C1r branched alcohols (468); D) a
mixture of iso-tridecyl alcohols (50 wt%) and C1rCr alcohols containing 40%
of linear and 60% of branched (50 wt%) (430.2 mean); E) a mixture of
C1r2-C1r oxo-alcohols (442.0 mean). _   5 EXAMPLE 2 Aformulation Is
prepared consisting of 30% of the carbonic esterof Example IA) in
low-viscosity paraffinic mineral oil for use as a whole oil for steel
rolling on a reversible Sendzimir rolling mill. so      The lubricant power
of this composition, evaluated by the Almen-Wieland machine test, was found
to be 1850 kg, and the EP power evaluated by the four ball method according
to ASTM D-2783 was 400 daN, with maximum no-seizure load of 80 daN. EXAMPLE
3 15 Aformulation Is prepared consisting of 35% of the carbonic esterof
Example 11B) In low-viscosity paraffinic mineral oil for use as a whole oil
for steel rolling on a reversible Sendzimir rolling mill. The lubricant
power of this composition, evaluated by the Almen-Wieland machine test, was
found to be 1900 kg, and the EP power evaluated by the four ball method was
420 daN, with maximum no-seizure load of 20  90daN. EXAMPLE 4 A transparent
microemulsion of 2-3% of an oil phase in water is prepared, the oil phase
consisting of 35% 25  of the carbonic esterof Example 1C), 45% of
paraffinic mineral oil and 20% of anionicemulsifiers of the ethoxy- lated
alkylphenol class. This formulation is conveniently used forthe
cold-rolling of steel on tandem rolling mills. The lubricant power of this
emulsion, evaluated by the Almen-Wieland machine test, was found to be 2750
kg, and the EP power evaluated by the four ball method was 110 daN, with
maximum no-seizure load of 60 daN. The degree of cleanliness of the strips
after rolling always exceeded 90% (Scotch test), and the carbon powder 30
after annealing was an average of 2.5 mg/iM2. EXAMPLE 5 A milky emulsion of
2-3% of an oily phase in water is prepared, the oily phase consisting of
45% of the 35  carbonic ester of Example ID), 37% of paraffinic mineral oil
and 18% of emulsifiers as In the preceding exam- ple. This formulation is
convenlentiy used for the cold-rolling of steel on four-high rolling mills.
The lubricant power of this emulsion, evaluated by the Almen-Wieland
machine test, was found to be 1950 kg, and the EP power evaluated by the
four ball method was 160 daN, with maximum no-seizure load of 75 daN. The
degree 



k           of cleanliness of the strip after rolling always exceeded 90%
(Scotch test), and the carbon powder after an- 40  nealing was less than 4
mg/m2. The concentrated oil was subjected to thermogravimetric analysis
before using the rolling mill to measure the oil weight loss as a function
of temperature and thus determine both its evaporation rate and thermal
sta- bility. For this purpose, a small quantity of the oil placed in a
platinum microcapsule connected to a balance Is heated at a predetermined
rate, then recording the weight variation as a function of temperature.
During the 45  experiment the first differential of the weight/temperature
curve is calculated and recorded, to produce a curve which represents the
evaporation rate of the substance. The thermogram for this oil is shown in
Figure Ia. This graphshows thatthe temperature atwhich the entire oil
disappears (T) is decidedly less than the steel annealing temperature
(4550C as against the general an- nealing temperature of between 650 and
7300C), and that the temperature at which maximum evaporation rate 50  is
attained (Tb) Is much higher than the temperature peaks reached during
rolling (3000C as against the 250- 2700C reached during cold-rolling), thus
demonstrating the good thermal stability at working temperatures of the
carbonic ester contained in the emulsion. EXAMPLE 6 55 The thermal
stability of the carbonate mixture of Example I E is evaluated by
thermogravimetric analysis using the procedure described in the preceding
example. The relative thermogram is shown in Figure l b. It can again be
seen that the T. (4250C) is much less than 4    EP 0 393 749 B1 the
annealing temperature and that the Tb (3100C) is much higher than the
temperature peaks reached in the cold rolling process. EXAMPLES 7-8
(comparison) 5 The thermal stability of conventional rolling lubricants is
evaluated by thermogravimetric analysis using the procedure described in
Example 5. The specific lubricants used are of the natural fatty ester
class, particularly lard oil, and the synthetic fatty ester class,
particularly oleates. The relative thermograms are shown In Figures 2a and
2b respectively. 10     It can be seen that the Tb values are less in both
cases (205 and 2200C) than the temperature peaks reached in oold-rolling,
which could imply partial decomposition of the lubricant during working.
With regard tothe T.values,fornatural fatty esters (6550C) itis
infactwithin the annealing temperature range, which implies the possibility
of considerable carbon deposits forming on the surface of the material
during passage, whereas for synthetic fatty esters, although not higher
(5200C) it is however fairly close to conventional annealing tem- 1s
peratures. By comparing Figures la and l b with Figures 2a and 2b it can
also be seen that in the case of the carbonic esters there is only one
maximum on the differentiated rate curve and that this is very narrow,
whereas in the case of the natural or synthetic fatty esters there are two
and of greater width. 20 Claims Claims for the following Contracting States
AT, BE, CH, DE, DK, FR, GB, GR, Li, LU, NL, SE 25 1. An emulsion, or
microemulsion, of oil in water for the cold-rolling of steel containing, as
the oily phase, one or more organic carbonates having the general formula:
RO-C--OR 30                              U wherein R and RI, equal to, or
different from one another, are a CrCro straight-line or branched alkyl,
cy- 35      cloalkyl, orcycloalkyl-alkyl radical, optionally supplemented
by a lubricant mineral oil base and emulsifiers. 



2. An emulsion, or microemulslon, according to Claim 1, wherein the oily
phase Is present in an amount of from 1% to 5% on a weight basis. 40  3.
An emulsion, or microemulsion, according to Claim 2, wherein the oily phase
Is present in an amount of from 2% to 3% on a weight basis. 4.  Use of the
emulsion, or microemulsion, as defined in Claim 1, for the cold-rolling of
steel. 5. A process forthe cold-rolling of steel, characterized in that a
lubricantfluid is used, which is an emulsion,or microemulsion, as defined
In Claim 1. Claims for the following Contracting State: ES 1. A process for
preparing an emulsion, or microemulsion, of oil in water for the
cold-rolling of steel charac- terized in that itcomprises the stepof
emulsifying with wateran oly phase comprising one ormore organic carbonates
having the general formula: RO-C- OR 5    EP 0 393 749 Bl the annealing
temperature and that the Tb (3100C) is much higher than the temperature
peaks reached in the cold rolling process. EXAMPLES 7-8 (comparison) 6 L
The thermal stability of conventional rolling lubricants is evaluated by
thermogravimetric analysis using the procedure described in Example 5. The
specific lubricants used are of the natural fatty ester class, particularly
lard oil, and the synthetic fatty ester class, particularly oleates. The
relative thermograms are shown in Figures 2a and 2b respectively. 10     It
can be seen that the Tb values are less in both cases (205 and 2200C) than
the temperature peaks reached in cold-rolling, which could imply partial
decomposition of the lubricant during working. With regard tothe Tavalues,
for natural fatty esters (8550C) it is infactwithin the annealing
temperature range, which implies the possibility of considerable carbon
deposits forming on the surface of the material during passage, whereas for
synthetic fatty esters, although not higher (5200C) it is however fairly
close to conventional annealing tem- 15 peratures. By comparing Figures Ia
and l b with Figures 2a and 2b It can also be seen that in the case of the
carbonic esters there is only one maximum on the differentiated rate curve
and that this is very narrow, whereas in the case of the natural or
synthetic fatty esters there are two and of greater width. 20 Claims Claims
for the following Contracting States: AT, BE, CH, DE, DK, FR, GB, GR, LI,
LU, NL, SE 25 1. An emulsion, or microemulsion, of olin water for the
cold-rolling of steel containing, as the oily phase, one or more organic
carbonates having the general formula: RO1C--OR' 30
1                                  I wherein R and R', equal to, or
different from one another, are a CrosoC straight-line or branched alkyl,
cy- 9s      cloalkyl, orcycloalkyl-alkyl radical, optionally supplemented
bya lubricant mineral oil base and emulsifiers. 2. An emulsion, or
microemulsion, according to Claim 1, wherein the oily phase is present in
an amount of from 1% to 5% on a weight basis. 40      An emulsion, or
microemulsion, according to Claim 2, wherein the oily phase Is present in
an amount of from 2% to 3% on a weight basis. 4.  Use of the emulsion, or
microemulslon, as defined in Claim 1, for the cold-rolling of steel. 5.
Aprocess forthe cold-rolling of steel, characterized in that a
lubricantfluid is used, which is an emulsion,or microemulsion, as defined
in Claim 1. 



Claims for the following Contracting State: ES 1. A process for preparing
an emulsion, or microemulsion, of oil in water for the cold-riolling of
stel charac- terized in that it comprises the step of emulsifying with
wateran oily phase comprising one or more organic carbonates having the
general formula: RO-C-OR' 55                               i
CI) 5 I~ ~~Hl IIIII IID10  IID  1111    EP 0 393 749 BI characterized in
that Rand RI, equal to, ordifferentfrom one another, are a
CO-C30straight-lineor branched alkyl, cycloalkyl, or cycloalkyl-alkyl
radical, optionally supplemented by a lubricant mineral oil base and
emulsifiers. c   2.  Process according to Claim 1, characterized In that
the oily phase is present in an amount of from 1% to 5% on a weight basis.
3.  Process according to Claim 2, characterized In that the oily phase Is
present in an amount of from 2% to 3% on a weight basis. 10 PatentansprOche
PatentansprOche fur folgende Vertragestasten: AT, BE, CH, DE, DK, FR, GB,
GR, Li, LU, NL, 15  SE 1.  Eine Emulsion oder Mikroemulsion von Olin Wasser
fOr das Kaltwalzen von Stahl mit einem Gehalt, als der oligen Phase, an
einem oder mehreren organischen Carbonaten mit der allgemeinen Formel 20 RO
. --D- C - OR' i! 0                      (I), 25 worin R und R' gleich
odervoneinanderverschieden sind und einen CW-C3s geradkettigen
oderverzweig- ten Alkylrest, Cycloalkylrest oder Cyldloalkylalkylrest
bedeuten, gegebenenfalls erganzt mit einer Schmiermittel-Mineralolbasis und
Mit Emulgatoren. 2.  Emulsion oder Mikroemulsion nach Anspruch 1, worin die
Olphase in siner Menge von 1 % bis 5 %, auf Gewicht bezogen, vorliegt. 3.
Emulsion oder Mikroemulsion nach Anspruch 2, worin die 61phase in einer
Menge von 2 % bis 3 %, auf Gewicht bezogen, vorllegt. 35  4.  Verwendung
der Emulsion oder Mikroemulsion nach Anspruch I zum Kaltwalzen von Stahl.
5. Verfahren zum Kaltwalzen von Stahl, dadruch gekennzeichnet, daB ein
Schmiermittelfluid angewendet wird, das eine Emulsion oder Mikroemulsion
nach Anspruch I lat. 40  Patentanspruche fOr folgendon Vertragsstaat: ES 1.
Verfahren zur Herstellung einer Emulsion oder Mikroemulsion von tlin Wasser
fOr das Kaltwalzen von Stahl, dadurch gekennzelchnet, dag es die Stufe des
Emulgierens einer8ligen Phase, umfassend ein oder mehrere organische
Carbonate mit der allgemeinen Formel: 45 PO   .C -OR' 50
0                      (I), worin R und RI gleich oder voneinander
verschieden sind und einen Cs bis C30 geradkettigen oder ver- zweigten
Aikylrest, Cycloalkylrest oder Cycloalkylalkylrest bedeuten, mit Wasser
umfalt, gegebenenfalls unterZusatz einer Schmiermittel-Mineral6lbasis und
von Ernulgatoren. 55 



2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dal die olige Phase
in einer Menge von I % bis 5 %, auf Gewicht bezogen, vorliegt. 6 I
I11 115 IS11    EP 0 393 749 B1 3. Verfahren nach Anspruch 2, dadurch
gekennzeichnet, daiS die olige Phase In einer Menge von 2 % bis 3 %,auf
Gewicht bezogen, vorliegt 5   Revendlcatlons Revendlcattons pour les Etats
contractants sulvants: AT, BE, CH, DE, DK, FR, GB, GR, Li, LU, NL, SE 10 1.
Emulsion ou microemulsion du type huile dans eau, pour 1s laminage A froid
de t'acier, contenant, en tant quo phase hulleuse, un ou plusleurs
carbonates organiques repondant A la formule gen6rale: RO - C - OR' 15
.                                (I) dans laquelle R et R' sont Identiques
ou diff6rents et representent chacun un groupe alkyle A chaine droite ou
ramHifie, cycloalkyle ou cycloalkylalkyle, en CrCQJ, dventuellement
compl6t6(s) par une base haule 20      min6rale lubrifiante et des
emulsiflants. 2.  Emulsion ou microemulsion solon la revendication 1, dans
laquelle la phase huileuse est pr6sente en une proportion de I % A 5 % en
poids. 25  3  Emulsion ou micro6mulsion solon la revendication 2, dans
laquellb la phase huleuse eat presente en une proportion de 2 % a 3 % en
poids. 4.  Utilisation de I'emulslon ou micro6mulsion telle quo dhfinie
dens la revendication 1, pour le laminage A froid de l'acier. 30  5.
Proc6d6 de laminage A frold de l'acier, caracterise en ce quo l'on utilise
un liquide lubrifiant qui est une 6mulsion ou microemulslon telle quo
d6finie dans la revendication 1. Revendications pour l'Etat contractant
sulvant: ES 35 1. Procede do preparation d'une 6mulsion ou microemulsion du
type hulle dans eau, pour le laminage a froid de I'acier, caractirise en ce
qu'il comprend l'6tape consistent A 6mulsifier avec de I'eau une phase hul-
louse comprenant un ou plusieurs carbonates organiques repondant A la
formule g6nerale: 40                RO - C - OR' II
(I) dans laquelle R ot R' sont Identiques ou differents et repr6sentent
chacun un groupe alkyle A chatne droibt ou ramiiee, cycloalkyle ou
cycloalkylalkyle, en C-C30, 6ventuellement oomplhth(s) par une base huile
min6rale lubrifiante et des 6mulsifiants. 2.  Prochde salon la
revendication 1, caracteris6 en ce quo la phase huileuse est pr6sente en
une proportion de I % A 5 % on poids. 50 3.  Procede solon la revendication
2, caracterise en co quo la phase hulleuse est presente en une proportion
de 2 % A 3 % en poids. 55 7 I ,II 1111 li! 11111f1    


