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This invention relates to an improved cutting fluid prep-
aration. The invention more particularly relates to a
soluble oil base, a soluble oil, and a cutting fluid of the
oil-in-water emulsion type prepared therefrom and having
superior corrosion inhibiting propertes.

In the working of metal by cutting, as for example,
in the operation of machine tools, it is generally necessary
to cool and lubricate the cutting tool and the surface be-
ing worked with a cutting fluid.

Cutting fluids conventionally consist of a stable emul-
sion of a normally liquid petroleum hydrocarbon, such
as a lubricating oil in water. An emulsifying agent for the
hydrocarbon is provided in order to maintain the same in
the form of the oil-in-water emulsion.

The cutting fluids are generally marketed as soluble oil
bases or soluble oils from which the aguecus emulsions
forming the cutting fluid proper are formed.

The soluble oil base merely comprises an aqueous phase
emulsifying agent for the liquid petroleum hydrocarboa,
such as the lubricating oil which forms the oil-in-water
emulsion. The soluble oil base may thus counsist of any
known or conventional emulsifying agent which is capable
of forming a stable oil-in-water emulsion from a normal-
1y liguid petroleum hydrocarbon, which is readily miscible
with the petroleum hydrocarbon without detrimentally
affecting the same, and which does not exert any deleteri-
'ous or corrosive action on a metal surface in the concen-
trations used.

The emulsifying agents forming the soluble oil base or
major components thereof are generally of the water-
soluble soap type combined with petroleum mahogany sul-
fonates; for the latter commercial products containing
about 40% occluded oil have been found excellently suit-
ed for this purpose.

In addition, other conventional emulsifying agents, as
for example synthetic sulfonates, ashless sulfonates, non-
ionics without sulfonates, soaps without suifonates and
sulfonates without soaps, as for example a mixture of oil-
soiuble and water-soluble sulfonates, may be used.

A soluble oil base is for example described in U.S.
Patent 2,307,744 of January 12, 1943. This soluble oil
base consists of 70% of petroleum mahogany sulfonate
(40% occluded oil content), 19.5% soda rosin soap,
4.5% diethylene glycol, and 6% water. The soluble oil
base as described in the patent additionally contains
chromium oleate in an amount of, for example, 0.25 to
1% in order to suppress any foaming tendencies of the
oil-in-water emulsions ultimately formed. In addition,
the soluble oil base may contain a small quantity of noxr-
mally liquid petroleum hydrocarbon, such as an amount
of about 15 to 25%. This petroleum hydrocarbon may
be the same petroleum hydrocarbon to which the base is
added to form a soluble oil.

The soluble oil is prepared by adding the base to the
hydrocarbon oil. Generally about 1 to 9 parts by volume
of oil per 1 part by volume of base, and preferably 6
parts of oil per 1 part of base, are used.

The hydrocarbon oil with which the base is blended
to make the soluble oil may be any normally liquid petro-
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leum hydrocarbon oil, such as a pale oil of paraffinic or
naphthenic origin. It should generally have a viscosity
range of about 75 to 206 Saybolt at 100° ¥. The oil may,
for example, be reclaimed Mid-Continent oil having a
Saybolt viscosity of 100 at 100° F. or a semi-acid refined
paraffinic oil of the same viscosity. Other illustrative
examples of hydrocarbon oils which are conventionally
used are straight or solvent refined Pennsylvania and Mid-
Continent oils, as well as solvent raffinates from Western
or Gulf Coast crudes.

In order to form the cutting fluid proper, the soluble oil
is merely emulsified in water, as for example by mixing
or shaking, forming the stable emulsion which is used as
the cutting fluid. About 2 to 20 and preferably about
10% oil blend is used by volume, based on the amount
of water.

In addition to the cooling and lubricating character-
istics, the cutting fluids should not readily corrode the
equipment and work pieces with which they come into
contact. The conventional cutting fluids, as for example
the above mentioned types, have the disadvantages that
they are not able to pass the severe British Corrosion Test
as described in Standard Methods for Testing Petroleum
and Its Products under Soluble Cutting Oil Corrosion of
Cast Iron Institute of Pefroleum 125/52 Tentative, also
referred to as the Herbert Test or Beany Test, and in
many cases are not even able to pass copper corrosion
tests, either as described in Federal Test Method Standard
No. 791, Method 5306.3, or in ASTM D-130-56 Method,
“Standard Method of Test for Copper Corrosion by
Petroleum Products, Copper Strip Test.”

The British Corrosion Test is done on a 5% emulsion
of the soluble oil in water. The Copper Corrosion test
is made on the soluble oil blend.

Machined parts left in the atmosphere between milling
operations are also subject to corrosion. The milling and
grinding machinery likewise are subject to corrosion when
certain cutting fluids are employed.

Attempts have been made to overcome these disadvan-
tages, as for example by adding cresylic acid derivatives,
boraz, nitrites, and sulfites or certain amines, to the cutting
fluids. These materials, however, while increasing the
corrosion-inhibiting characteristics did not prove satis-
factory and they did not generally allow the additoin to
the soluble oil base, but rather required the addition be
made to the soluble oil, and in most cases were limited to
the cutting oil emuision itself.

The soluble oil base generaily would not tolerate the
quantities of the cresylic acid derivatives necessary for
the corrosion-inhibiting characteristics, and when this
acid was added the oil bases would become cloudy and the
emulsions formed therefrom unstable. The borax had
to be added to the water from which the emulsion was
formed, which was impractical from a commercial stand-
point.

One object of this invention is a soluble oil base which
avoids the above mentioned disadvantages and from which
the soluble oil and cutting oil emulsion may be formed,
which will pass the Cooper Corrosion Test and severe
British Corrosion Test while retaining all the other de-
sirable characteristics.

A further object of this invention is a soluble oil
formed from the above described soluble oil base.

A still further object of this invention is an emulsion-
type cutting fluid formed from the above mentioned solu-
ble woil.



3,117,983

3

These and still further obiects will become apparent
from the following dcscription'

In accordance with the invention it has been surpns-
ingly discovered that the corrosion-inhibiting propertie
of the solubie oil base and the soluble oil and/or the cut-
ting fluid may be enhanced so that the same will pass the
Copper Corrosion Test and severe British Corrosion Test
by the addition of a minor quantity of a complex formed
frem ijcero. beric acid, and a base, as for example an

alkali metal hydrozide. This type of complex may be re-
ferred fo as an alkali ﬂycero-‘:orane and is, for example,
described in Chemical Elements and Their Compounds
by M. V. Sidgwick, The G ford University Press, Lon-

don, 959, volume I, pages 388-390.
The term “alkali glyceio borat\, as used herein is in-
tended to include all the alkali borate complexes with

glycerols, an d also including similar type compounds as
well as sugars, as are given in the above publication, in-
cluding for exemple sodinm ﬁr*)fyiene clycol monoboralte,
sodium sorbitan borate, sodium pelyglyco borate, man-
nitol borate complexes, and sucrose borate complexes.
The alkali gt c-borate is prepared by merely mix-
ing glycers-boric acid and the base, such as alkali metal
hydroxide, in any desired sequence. An exothermic re-
action occurs so that no heating is necessary. The
amounts of the base, the boric acid, and the glycercl are
known in the art and generally consist of 62 parts by
wei gM af t.’lv boric acid, §2 parts by weight of the glyc-
ercl, neutralized with one mole equivalent of base which
in the case of an alkali hydroxide, such as potassium hy-
droxide, woulc be 56 parts by weight, on a dry basis.
The alkali hydroxide most prefers bly should be in the
form of an slution, the boric acid preferably
inular form, and the glycercl may be
ade as, for example, glycerol crude
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The preparation, for example, may be effected by sim-
ply b'-ndmw the components in any order or simultane-

ously. Thus, an agueous sclution of the alkali hydroxide,
sach as potassium hydrexide, may be mixed with the
glycerol and the mixture mmred well.  Thereafter the
granular boric acid may be slowly added while stirring,
a vigorous exothermic reaction occurring.

The potassium glycero-borate thus formed when using
a 45% aquecus solution of potassium hydroxide as the
alkali metal hydroxide n Aav for example, have an alka-
linity expressed in mg. H/g. of 190-200, and a free
alkalinity (when mravcd with an added excess of glyc-
erol) expressed in mg. KOH/g. of 4 to 8. The material
has the ap bpearance of a dark brown oily liquid when
prepzre with technical grade glycerol and has a weight
per aallon of 11.6 pounds.

In addition to ‘d‘ easq um salt, other alkali metal
salts meay be forn ed i n the correskondmg manner as, for
example, the sodi um, 1 hium, ammonium, calcium, bar-
ium, and amine or alcohol-amine salts. Generally, amine
and metal salts of group IA and group IIA of the pericdic
tabie of elementis can bv used, as well as amphoteric metal

hydroxides.

The metal salt of the 0lyCPro-bOrafte in accordance
with the invention is preferably used in amounts of about
0.01-0. /.%, pr\,f rably about 0.06-0.1%, based on the
cuiting fluid. Amountis up to about 0.01% are generaily
sufficient so 1h9.t the Copper Corrosion Test will be
pa whereas amounts of 0.03% and above and pref-

erably about 0.08% are required in order to pass the
Drms‘l Corrosion Test. It is significant that the exact
amount of the borates used in accerdance with the inven-
tion in order for the product to pass the corrosion test,
depends on the amount and type of components present
in the scluble oil base and there is a relaticnship between
the amcunt of borate required and the content and types
of emulsifying agents in the system. Thus, whereas with
certain emulsifiers an amount of only 06.01% of the
borate suffices to give adequate corrosion protection, we
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prefer to prepare scluble oil bases, for instance as in Ex-
ample 1, in which case the emulsions obtained are very
satisfactory from the viewpoint of emulsion stability,
tolerance to hard water, storage stability, and wherein
amounts of above 0.03% and preferably 0.05-0.68% of
the borates, based on the cutting fluid, are required to
c,;'vr* the high corrosion resistance as typified by the
n Cerrosion Test.

The borates may be formed in situ in the soluble oil
ble oil by adding the reacting components to
borates and mixing the same directly in the
ase or sohm e 011. The glycero-borates can

base or solut

o

l5¢ pared separately and then added to the soluble
cil base in order to or d’mncc the corrosion-inhibiting prop-
eriies as mentioned, al"d still give a stable soluble oil

when diluted with a wide variety of various diluting oils
and from which an em ulswn of improved stability and
corrosion-inhibiting properties can be prepared.

The emuisifying agent comprising the soluble oil base,
the oil, and amounts thereof added to form the soluvle
cil, and the amount of the soluble oil added to the water
are sll as is conventional and well known in the art and
described above. For example, sulfonates which are suit-
able are cil-soluble and inciude salts of alkyl sulfonic
acids, salts of alkaryl sulfenic acids, and the so-called
mahogany soaps. The meahogany soaps include particu-
larly the oil-sciuble salts of aromatic sulfonic acids de-
rived from petroleum. Many of the aromatic sulfonic
ar'1 Is u?VP cycloalkyl (i.e., naphthenic groups in the side
chains ached 1o the benzene ring). The mahcgany
SCRpS I -y inciude nonarcmatic sulfonates produced in
conventional sulfuric acid refining of lubricating oil distil-
lztes and from the industrial use of fuming sulfuric acid
in the refining of petroleum. The industrial production
o‘f oil-soluble mahogany sulfonates from petroleum is

veil understood in the art and is described in the litera-
tU" . Normally, the alkyl sulfonates require about 24

arbon atoms for oil solubility. The alkaryl sulfonates,
hcwaver, require an alkyl portion totaling only about
18 carbon atoms. To attain the requisite oil solubility,
therefore, requires that the hydrocarbon from which the
sulfenate is prepared have a molecular weight. between
350 and 1000. Preferably this molecular weight is be-
tween 400 and 700. Particularly useful sulfonates in-
clude the mahogany soaps, salts. of diwaxbenzene sul-
fonic acids, diwaxtoluene sulfonic acids, and polydodecyl-
enzene sulfonic acids.

The fcliowing examples are given by way of illustra-

tion and not limitation:

EXAMPLE 1

87.1 parts by weight of a soluble oil base consisiing of
70% petroleum mahogany sulfonate with a 40% in-
ciuded oil content, 19.5% potassinm rosin soap, 4.5%
dicthylene glycol, and 6% water (which may addition-
ally contain 0.25 to 1% by weight based on the other
components of chromium oleate), where blended with
1.7 parts by weight of granular boric acid USP quality,
2.9 parts by weight of crude glycerol 88% purity, and
3.5% by weight of a 45% solution of caustic potash.
Additionally, 4.8 parts by weight of hexylene glycel were
added. The boric acid, glycerol, and caustic potash re-
acted in situ, forming the complex referred to as potas-
sium giycero-borate.

This total material constituted a soluble oil base of the
following characteristics:

Weight/gallon___________. 8.61 lbs.
Free aikalinity (iitrated

with excess glycerol)___. 8.8-1.5 mg. KOH/g.
Total alkalinity__ . 31.0-32.0 mg. KOH/g.
Water - 10.0-10.6%.

Clear after repeated chilling
and thawing cycles.

Stability
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The base was blended with 84.4% by weight of a con-
ventional naphthenic oil of 100 seconds Saybolt viscosity
at 100° F. forming the soluble oil. The oil remained
clear, odor-free, and stable upon storing.

The soluble oil was stirred with water, forming a stable
aqueous emulsion containing 5.0% by volume of the
soluble oil. This emulsion is completely stable and
odorfree. The same was used as a cutting fluid for
lubricating and cooling the cutting tool of a metal lathe,
cutting mild steel stock, and for lubricating a milling
cutter for cutting steel. The lubricating, cooling, and
over-all performance of the cutting fluid was excellent.
The cutting fluid showed clear-cut evidence of corrosion
protection of the tools and work pieces.

In order to further test the corrosion-inhibiting prop-
erties of the cutting fluid, several plates of grey cast iron
having a silicon content of not greater than 2%, and 10
cm. square by 6 mum. thick was ground to a smooth finish.
Steel millings, approximately ¥ of an inch long and
146—Y% of an inch in diameter were prepared by the dry
milling of BS En 8 steel. The millings were transferred
immediately after preparation into dry stoppered glass
bottles. The test plates were cleaned with cotton wool
soaked in benzene, washed with acetone from a wash bot-
tle, allowed to dry in air, rubbed with No. 0 emery cloth
for 60 rubs in each of two directions at right angles, and
washed with acetone and rubbed down four times with
clean filterpaper.

The test plates were placed on a leve] surface and four
portions of approximately 2 grams each of the steel mill-
ings as described above were spread out on the surfaces
of the plates. 2 ml. of the cutting oil emulsion were
dropped with a pipette onto each of the millings so as
to wet the millings thoroughly. The plates then were
placed in a test chamber, the temperature of which was
maintained at 65° F. and the relative humidity at 52%.
Identical test plates with millings were made up and the
millings wetted with:

(a) The identical cutting oil emulsion as above except
prepared {from a base which contained borate.

(b) An identical emulsion from a base which did not
contain the borate.

After 24 hours the plates were removed from the cabi-
net, the millings removed from the plates, and the sur-
face of the plates were washed with acetone, then with
benzene, and finally rubbed gently with filter-paper soaked
in benzene. The surfaces of the plates were inspected
for corrcsion and recorded in numerical terms of the
area attacked and the intensity of the attack. The fol-
lowing resulis were noted:

Table 1
RESULTS OF BRITISH CORROSION TEST

The extent of corrosion and the intensity of corrosion
is expressed in terms of numerical values as follows:

Numetrieal Rating Corrosion of Test Area Intensity of Stain

less than 36 -ecmmcacooe Hardly perceptible.

—en-| between 16 and 14_ Slight.
_-_| between 14 and 24. Heavy.
____________________ greater than 24.__._.._.____| Black.

Numerical Rating—
Intensity of Attack
{Scale of 0-3)

Test Area (Scale
Type of Cutting Oil Emulsion of 0-3)

Better than 0 (no
trace of corro-
sion)

Better than 0 (no
trace of corro-
5 sion).

(@) See above. e oo

(b) Sce above_ cemimeaaeee 3

Table IT
RESULTS O COPPER 'CORROSION TEST

The extent of corrosion is interpreted according to the
appearance of ASTM Copper Corrosion strips (see ASTM
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Copper Strip Corrosion Standards Method D-130-56,
page 89, ASTM Standards, 1958).

Numerical Rating Copper Strips

Light orange, almost the same as a ficshly
polished strip.

Dark Orange.

Moderate Tarnish.

Dark Tarnish.

Black Corrosion.

Type of Cutting Oil Emulsion Numerical

Rating
(z) For description see Table I. .o la
() Por description see Table I oo 3

EXAMPLE 2

Example 1 was repeated except that the boric acid,
glycerol, and caustic potash were mixed together (an
exothermic reaction occurring) prior to being added to
the other materials. Comparable results were obtained.

EXAMPLE 3

Example 1 was repeated using, however, in place of
the caustic potash, the foilowing hydroxides: sodium,
lithium, ammonium, calcium, barium, and various amines.
In each case comparable results were obtained, as shown
in the following additional examples.

EXAMPLE 4

90.8 parts by weight of a soluble cil base as described
in Example 1 were blended with 1.6 parts by weight of
water, 2.25 parts by weight of crude glycerol 88%, 1.5
parts by weight of granular boric acid, and 0.95 part by
weight of calcium hydroxide U.S.P. Additionally 2.9
parts by weight of hexylene glycol were added. Glycerol,
boric acid, and calcinm hydroxide reacted exothermically
in situ, forming the complex referred to as calcium gly-
cero-borate.

The obtained product was tested as described in Exam-
ple 1 and comparable results were obtained.

EXAMPLE 5

Example 4 was repeated except that the boric acid,
glycerol, water, and calcium hydroxide were mixed to-
cether (an exothermic reaction occurring) prior to being
added to the other materials. Comparable results were
obtained.

EXAMPLE 6

87.8 parts by weight of a soluble oil base described in
Example 1 were blended with 3.0 parts by weight of
crude glycerol 88%, 2.2 parts of aqueous ammonium
hydroxide (28% NH;), and 2.0 parts of granular boric
acid. Additionally 5.0 parts by weight of hexylene giycol
were added. Glycerol, boric acid, and ammonium hy-
droxide reacted exothermically in situ, forming the com-
plex referred to as ammoninm glycero-borate.

The obtained product was tested as described in Exam-
ple 1 and comparable results were obtained.

EXAMPLE 7

Example 6 was repeated except that the boric acid,
glycerol, and aqueous ammonium hydroxide were mixed
together (an exothermic reaction occurring) prior to be-
ing added to the other materials. Comparable results
were obtained.

EXAMPLE 8

92.3 parts by weight of a soluble oil base as described
in Example 1 were blended with 1.7 parts by weight of
monoethanol-amine, 2.9 parts by weight of crude glycerol
88%, and 1.5 parts by weight of granular boric acid.
Additionally, 1.6 parts of diethylene glycol were added.
Glycerol, boric acid, and monoethanolamine reacted
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exothermically ia situ, forming the compiex referred to
as monosthanclamine glycero-borate.
The obtained product was tested, as described in Exam-
pie 1, and comparable results were obtained.

EXAMPLE 9

Exaemple 8 was repeated execpt that the boric acid,
giycerol, and monoethanolamine were mixed together (an
exothermic reaction occurring) prior to being added to
the other materials. Comparable results were obtained.

EXAMPLE 10

G1.8 parts by weight of a soluble oil base, as described
in Example 1, were blended with 3.0 parts by weight of
crude glycerol 8895, 3.7 paris by weight of triethanol-
amine, and 1.5 parts of granular boric acid. Glycerol,
boric acid, and tricthanolamine reacted exothermically in
situ, forming the complex referred to as tricthanclamine
glycero-borate.

The obtained product was tested as described in Exam-
ple 1 and comparable resulis were obtained.

EXAMPLE 11

xample 10 was repeated except that the boric acid,
icthanolamine were mixed together (ar

1. A cutting fluid of the stable oil-in-water emulsion
type, comprising a normeally liquid petroleum hydro-
carben in a continuous aqueous phase, an aqueous phase
emulsifying agent for said hydrocarbon, and a minor
quantity of an alkali glycero-borate sufficient to impart
corrgsion inhibiting properties to the composition.

2. A cuiting fluid according to claim 1 in which said
borate is present in amount of 5-11% based on the
emulsifying agent.

3. A cuiting fluid according to claim 2 in which said
borate is a member selected from the group consisting of
potassium, sodium, lithinm, ammonium, calcium, barium,
amine and alcohol-amine glycero-borates.

4. A cuiting fluid according to claim 1 in which said
liguid petroleum hydrocarbon is a petroleum hydrocar-
bon oil having a Saybolt viscosity between about 75 to
200 seconds at 100° F., said emulsifying agent is a
petroleum mahogany sulfonate with 30-50% occluded
oil content containing minor portions of soda rosin soap,
disthylene glycol and water, and in which said borate is
present in an amount of about 5-11% based on the
emulsifying agent.

5. A cutting fluid according to claim 4 in which said
borate is 2 member selected from the group consisting
of potassium, sodium; lithium, ammonium, calcium,
barium, amine and alcohol-amine glycero-borates.

6. A soluble oil capable of being added to water to
form a stable oil-in-water emulsion type cutting fluid
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comprising a normally liguid petroleum hydrocarbon and
an aqueous phase emulsifying agent for said hydrocarbon,
and a mincr quantity of an alkali glycero-borate sufficient
to impart corrosion inhibiting properties to the composi-
tion.

7. A scluble oil according to claim 6 in which said
borate is present in an amount of about 5-11% based on
the emulsifying agent.

8. A soluble oil according to claim 7 in which said
borate is a member selected from the group consisting of
potassium, sodium, lithium, ammonium, calcium, barium,
amine and alcohol-amine glycero-borates.

9. A soluble oil according to claim 6 in which said oil
i3 a peiroleum hydrocarbon having a Saybolt viscosity
betwesn about 75 and 200 seconds at 100° F., in which
said emulsifying agent is a petroleum mahogany sul-
fonate centaining a minor quantity of potassium rosin
scap, dicthylene glycol and water.

10. A soluble oil according to claim 9 in which said
borats is potassivm glycere-borate present in an amount
of about 5-11% based on the emulsifying agent.

i1. A soluble cil according to claim 10 in which said
borate is an in-situ formed alkali salt.

12. A soluble oil according to claim 6 in which said
borate is an in-situ formed salt.

13. A soluble oil base capable of emulsifying a normal-
1y liquid petroleum hydrocarbon in water to form a cut-
ting fluid of the oil-in-water emulsion type comprising an
agusous phasz emulsifying agent for normally liquid
petroleum hydrocarbons and a minor quantity of an alkali
glycero-borate sufficient to impart corrosion inhibiting
properties to the composition.

14. A scluble oil base according to claim 13 in which
said borate is present in an amount of about 5-11%.

15. A soluble oil base according to claim 14 in which
said borate is a member selected from the group comnsisi-
ing of potassium, sodium, lithium, ammonium, calcium,
barium, amine and alcchol-amine giycero-borates.

16. A scluble oil base according to claim 15 in which
said borate ig an in-situ formed salt.

17. A soluble oil base according to claim 13 in which
said scluble 0il base essentially consists of a petroleum
mahogany sulfcnate containing a minor quantity of soda
rosin soap, diethylene glycol and water, and in which said
borate is present in an amount of about 5-11%.

18. A soluble oil base according to claim 17 in which
said borate is formsd in situ in the presence of said
peiroleum mahogany sulfonate.
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