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. Particularly, the method relates ‘to the manufacture of

[? sirable charaotenstms

;' use remains in military aircraft.

. diesters by esterlﬁcatmn of dicarboxylic acids with al-

- cohols, or by esterifying glycols with monocarboxylic

-q acids, under an. oxygen free atmosphere, whereby the

fformatwn of peroxides and deteriorating contaminants

which reduce storage stability of the diester is avoided.

Synthetic diester lubricating oils have become widely

. used for the lubrication of turba-prop, turbojet and pure

get aircraft engines. These synthetic ester oils have low
fpour points, . excellent viscosity-temperature characteris-
. tics at both low and high temperatures, and other de-
While the use of diester oils in

- commercial aircraft is constantly increasing, the primary

. use it is desired that the synthetic diester oil have an

i exceptionally long storage life, up to 3 years or more,
- so that an adequate stock pile of oil is available.
- the past, these storage requirements have been difficult

In

' to meet and have previously constituted a practical bar

- to the use of certain synthetic esters.
- economical and availability standpoint, it is desirable to

- prepare the diesters from Oxo alcohols with dicarboxylic

- acids such as adipic acid and azelaic acid. Unfortunately,

Thus, from an

a:tem O
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- propylene glycol dipelargonate, di(Cz Oxo) adipate,

di(C;y Oxo) adipate, C3 Oxo0/Cy Oxe..adipate, di(2- .

' _ethylhexyl) azelate, di(Cs Ox0) azelate, di1(Cy Ox0) seba-

- cate, etc.

Whlle all esters of the above formula may
be made by the methed of the invention, the method is

- particularly effective with dlesters prepared from the Oxo

_ tion stability.

10
This invention relates to a method of producing syn- |
| thetic ester oils having a high degree of storage stability.

alcohols which otherwise exhibit relatrvely poor oxida-
These Oxo alcohols are an isomeric mix-
ture .of branched chain primary alcohols pmduce_d by the
Oxo process. In this process, an olefin '(usually polymers
and copolymers of propylene and butyilene) is reacted

. with carbon monoxide and hydrogen in the presence of

15

a catalyst, usually a cobalt carbonyl catalyst, to form a

mixture of aldehydes havmg one carbon meore than the
starting olefin, This reaction is usually carried out at

 pressures of about 200 to 400 atmospheres at tempera- |
- tures of about 300° to 400° F. The aldehyde mixture

20

is then hydrogenated to form the Oxo alcohols which

are then recovered by distillation. The Oxo process is
0 well known and has been described in various U.S. pat-

ents, e.g. U.S. 2,327,066 and U.S. 2,593,428.
The diesters of the invention are prepared fby the re-

 action of alcohol and dicarboxylic acid, or by reaction

25
For military aircraft

of glycol and 1 onocarboxyhc acid, by stralght esterifica-
tion procedures, but in an oxygen-free atmosphere. - Gen-
erally, an entraining agent such as toluene or heptane
will be used to help remove the water of the reaction.

- In the case of diesters of alcohols and dicarboxylic acids,

30

~to assure : complete reaction.

35

- diesters prepared from these components by conven-

. the aircraft engines.

~ from the diester.

- time.

canb«oxyhc ac1ds

- loorrosiveness to other engine metals are increased as
- the amount of contaminants correspondingly increases as"
~ the diester ages.
: facture and storage of synthetic diesters in an OXygen-
. ffree atmosphere (for example under a mitrogen blanket) |
- greatly improves the storage stability of the diester.
- While manufacture and storage under an oxygen-free:
. atmosphere considerably improves: oxidation stability, the
- stability of the oil may be even further improved by the
. use of certain absorbénts to remove other contaminants
Exactly what contaminants are re-
- moved by absorbents is not clearly understood at this
| Even further improvement can be made by use
- of a certain select combination of oxidation 1nh1b1tors

Tt ‘has now been found that -

whlch will later be described in detail.

1any-

- tional techniques have been somewhat poorer with re-

gard to long storage stability, being inferior in this re-

- gard to the better known d1(2—ethy1hexy1) sebacate.
- Based upon recent research, it is believed that this poor
- storage stability is the result of formatwn of peroxides -
- due to exposure of the diester to air. These peroxides
- are believed to catalyze the breakdown of diester to half
- esters which materially increase the corrosivity of the

- lubricant to the lead in the lead bearings present in
Furthermore, deposit formation and

40
- to treat the crude ester obtained with a neutralizing agent,

45

an excess of alcohol can be used to insure complete re-
action of the acid. In the case of a synthetic ester made
from a glycol and primary acid, excess of acid is used
Esterification catalysts
such as sodium methylate, metallic sodium, sulfuric acid,
sodium acid sulfate, toluene sulfonic acid, zinc' oxide,
etc. can be used to hasten the reaction.  The acidic
esterification catalysts, such as sodium acid sulfate, sul-
furic acid. and toluene-sulfonic acid, have been found
most useful in carrying out the esterification, However,
when an acidic catalyst is used, it is generally desirable

followed by water washing, - Frequently, a diluent aque-

~ous solution of sodium carbonate is used to neutralize
. the acid catalyst as well as any acidic by-products that

may form during the esterification reaction, followed by
water-washing and a stripping dlStﬂl&thﬂ to Otbtalll a dry

- product and remove volatiles.

50

85

Reference is now made to the dra,wmg Whlch 111ustrates
a preferred form of the process of the invention directed

‘to the manufacture of diester of alcohol and dicarboxylic

acid. The alcohol, dicarbozylic acid, catalyst and entrain-

‘ing agent are added to the reactor 10. Heat is applied
“and as the vapors form, the air in the. reactor is driven

out. The water of reaction, entrainer and any excess
alcohol is removed overhead. The water can be sepa— .
rated and the alcohol and entrainer may be used again.

- After completion of the ‘esterification. by removal of the

excess alcohol, entrainer and water of reaction, contents

- of the reactor are allowed 1o cool thereby condensing any

60

The synthetic diesters ‘which may be made in accord-

| anlclzle Wrth this mventmn are those of the general for-
‘mulae: |

RCOOR’OOCR and ROOCR'COOR

wherem R represents a C; to Cig alkyl radical w]:ule R’
- represents a C, to C;q saturated ‘aliphatic hydrocarbon
. _group. The above types of esters may be prepared from

. glycols and monocarboxyhc acids or alcohols and di-
“Examples of such esters include di-

65

vapors in the reactor. As the vapors condense, nitrogen

- is admitted to restore the reactor to atmosphenc pressure

and prevent the entrance of air. The diester is then passed.
into the washer 11, as addltlonal nitrogen is admitted
to the reactor to prevent a vacuum. The washer 11 also -

operates under a nitrogen blanket which is obtained

- by first filling the washer completely with nitrogen, there-

70

by displacing all air, and then in turn displacing the

‘mecessary amount of nifrogen by the crude diester re-

action product from the reactor. A diluent solution of
about 10 wt. percent sodium carbonate in water is added,

- while displacing mitrogen, to neutralize any acidity in the
crude ester which may be due to the catalyst or to the



3 - _
formation of acidic bodies during the esterification. Next,
the washer contents are allowed to remain quiescent so

that an aqueous layer and an ester layer forms. The -

aqueous layer is then drawn off and discarded while ad-
ditional nitrogen is vented into the washer. Next, water
may be admitted to the washer, stirred, allowed to form
a water layer, then the water layer is drawn off and dis-

carded. It will be apparent that by the above procedure,

3,099,682

several washings and neutralizing stages can be carried

out until the desired final neutralization number of about -
.01 to 0.08 mg. KOH/gm. ester is obtained. The washer

10

contents are continuously maintained under a nitrogen .

blanket by the addition or venting of nitrogen as the

washing and neutralizing solution is withdrawn or added
to the washer. Next, the washed ester is piped into the
vacuum stripper 12. Again the vacuum stripper may be
initially filled with nitrogen to displace any air, while a
portion of the nitrogen in turn is displaced by the  in-
coming batch of washed ester. Upon the application of
heat and vacuum to the stripper any volatile material such
as water, unreacted alcohol, or entraining agent is drawn
off. . Upon completion of the stripping operation, the
‘contents are cooled and nitrogen can be passed into the
stripper 12 so as to displace the stripped ester which is
then passed into a nitrogen filled alumina (A1,03) treater
13, where it is stirred for about 1 to 10 hours, preferably
3 to 6 hours, in contact with finely divided alumina hav-
ing a particle size of about 48 to 100 mesh. About 1 to
15% by weight of alumina or aluminum oxide, based
on the weight of ester, is used and the treating can be

carried out at temperatures of about 50 to 250° F., prefer-
ably 100-110° [F. Next, the alumina treated ester is
passed through a filter 14 to filter out the alumina. The

‘alumina treated ester is passed into a blending tank where
any additive or base oil materials may be added to form
the finished composition. From the blender the coms-

- position is pumped to ‘a storage tank which is nitrogen

- blanketed or may be directly packaged in drums or cans.
A nitrogen atmosphere is maintained in all operations
including the alumina treater, filling, blending and pack-

15
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25
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aging by means previously described, e.g. in the case of

the drums or cans, nitrogen ‘is passed into the container
in order to displace the air and then the ester composi-
tion is passed into the drum or container to displace the
nitrogen and the container is sealed. As evidenced by the
above described method, air is prevented from: coming
into contact with the
preparation, - ~

While the above method utilizes an individual reactor,
~ washer, stripper and alumina ftreater, it is possible to

carry out all of these functions in the same vessel as will

be later illustrated by the working example. |
In forming a final usable lubricant composition the di-

ester oil, as noted above, may be blended with various

additives, and even other base oils. For example, diester

prepared under a mitrogen atmosphere can even be
blended in minor amounts, e.g. 5 to 25 wt. percent, based

on the total weight of diester, of other diester materials
. not made under an inert atmosphere but which are per se
relatively storage stable, such as di-(2-ethylhexyl) seba-
cate and di-(2-ethylhexyl) adipate. Also various com-
plex esters prepared by esterification reactions ‘between
glycols, dicarboxylic acids, and alcohols can be added to

the base diester oil. ‘The most useful of the complex

- esters are those having the formula:

Wherein all the said R’s a,tje:'. saturated, aliphatic hydro-
carbon radicals and x is a number averaging about 1 to 6.

R, and R; are Cg to C,, alkyl radicals of alkanols; Ry and

R4 are saturated hydrocarbon groups or saturated OXY-
hydrocarbon groups of 2 to 20 carbon atoms derived from
glycols or pol}{glycols respectively; while R, is the satu-

45

ester composition at any stage of its -

66
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| | 4 _
rated hydrocarbon group having 4 to 10 carbon atoms
of an alkandioic acid. ) |
- Various additives in an amount of .01 to 10.0 wt. per-
cent, preferably .1 to 4.0 wt. percent, of each additive,
based on the weight of the final composition, may be
included in the final composition. Such additives include
load-carrying agents such as tricresyl phosphate, polymeric
silicones of 1,000 to 100,000 molecular weight, sebacic
acid and di=(Cg Oxo) diesters of pyromellitic acid dian-
hydride; anti-foamants such as polymethylene silicone hav-
ing a viscosity at 25° C. of about 60,000 centistokes; anti-
oxidants such as phenothiazine, and Bisphenol A which is
a commercially available material of the formula: |

t-butj*l_ |

| it-butyl
HO@CH.—{ - >0H
] | | |
| t-butyl -

t-butyl

It has been further found that a particularly effective
oxidation inhibitor combination is about 0.1 to .85 wt.
percent, preferably 0.5 to 0.75 wt. percent, of pheno-
thiazine and about .005 to 0.5 wt. percent, preferably
0.05 to .15 wt. percent, of Bisphenol A, :(said wt. percents
being based upon the total weight of the composition).
This combination of additives is more effective than a

- like amount of any of the two additives alone.

The invention will be further understood by reference
to the following exam[ple: | |

EXAMPLE 1

A mixed diester was prepared in two stages. In the
first stage one molar proportion of adipic acid was re-
acted with one molar proportion of a C;y Oxo alcohol
to make the C,, Oxo adipate half ester. One molar pro-
portion of the C;y Oxo adipate half ester was then reacted
with 1.1 molar proportion (10% excess) of Cg Oxo al-
cohol to make :a mixed Cg/C;y Oxo adipate ester. The
Ci0 Oxo alcohol used was prepared from subjecting tri-
propylene to the Oxo process, while the Cs Oxo alcohol
was correspondingly prepared from a Cy olefin derived
from: a propylene-butylene feed. '

In the first stage of the esterification, Cio Oxo alcohol
and adipic acid were charged to a reactor equipped with
a condenser in equi-molar quantities. 0.25 wt. percent,
based on the theoretical yield of ester, of anhydrous so-
dium acid sulfate (NaHSO,) was added as a catalyst.
3.0 vol. percent, based on the total charge, of benzene

~was added as a water entraining agent. The reaction
- mixture was brought to reflux temperature of about 270°—~
280° F. and the reaction was continued until the theo- :

retical amount of water was removed overhead. C; Oxo -
alcohol was then piped into the reactor and reflux was
continued until an acid value of 1.0 mg. KOH/ am. is

obtained. The reaction mixture was then cooled to 110°-

125° F. while nitrogen was admitted to the reactor to
prevent the formation of vacuum. Next, an aqueous
sodium carbonate solution containing about 6 wt. percent
sodium carbonate, was pumped into the reactor., The
actual weight of sodium. carbonate used was equal to 2%
by weight of the total initial charge to the reactor. After

agitating for one and a half hours, the reactor contents

were allowed to separate and the alkaline layer was

70

drawn off, The remaining crude ester was washed twice
with water by pumping in water, agitating it with the
ester, allowing the layers to separate and then drawing
off the water layer.. The excess alcohol and benzene
entraining agent were mext removed at 300° F. under
vacuum until the remaining product has a flash point of
420° F. minimum. 4 wt. percent based on the weight of

- ester, of F~1 Alumina was added to the reactor. The

("

F-1 Alumina is an activated alumina which is a porous
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form. c}f alumrmum omde (A1203) of relatavely ]:ugh purlty |

Typlcal nanalysm and pmpertles are as cm]lows

Analysm
Alumma (Aleg), Ipercent et o o e et e 92.00
Soda (Naz0), Percent eeeeevcmcemecemm—w <08
~ Silica’ (Si03), percent - <01
- Titania (TiO2), Percent we v i ecm——— <0.02
II'OI]. OXIdE (F'3203) percent ol <0-10
 Moisture (loss on ignition), percent L 100
Density: Pounds/cru,,ft (aPPIOX.) mmmmecmmee 50

 After stlrrmg the alumina with the ester for 4 hours at
110° F., the mixture was filtered. = 0.05 wt. percent, based

F—I alumlna- -

3 6'99 ééé'_

- 6 e
The We1ght loss of the lead strip durmg the tlme on test
is then determined and reported in terms of nuﬂlgram
welght loss per square inch of lead surface.

. The accelerated storage test was. carried out by stonng o
the oil composmon at a temperature of 185° F. for 42 -
days (which is eqmvalent to about 3 years normal stor-

‘age) and 1:11311 runmng the lead carrosmn test descnbed_ |

above.

7._10.

on the Welght of ester, of Bisphenol A anti-oxidant was L

then added to the re sultmg product. Except for the filter-
ing, the preparatmal of the ester described above was -
carried out in a single reactor tank under a nitrogen
atmosphere by either exhausting nitrogen from the tank
as additional ingredients were added or by blow*mg nitro- -~
20
Under a nitrogen blanket, a lubricating oil compom— o

gen into the tank as materials were removed.

tion was prepared by mixing 79 vol. percent of the Cg/Cyp
Om adipate coester prepared as described above with

20 vol. percent of di-2-ethylhexyl sebacate and 1 vol.
The complex ester was pre- -

percent of a complex ester.

25

pared by smultaneously reacting one molar proportion of -

polyethylene glycol of about 200 average molecular weight

(PEG), 2 molar proportions of Cg Oxo alcohol and 2

molar proportions of adlplc amd The formula for the o

resulting complex is:
C;s Oxo al cohol--—- (A-dlplc Acnd—PEG) 5

30

15

“The engine test was run-on a J-57 turbo-]et engme aﬂd

"a rsample of the oil was withdrawn after every 25 hours

engme operation and tested for lead corrosivity. |
‘The test results of the tésts on the freshly made oil

along with tests of one of the prior best commermal 0113
are summanzed below .

Table I
-After | Gumulative lead corrosion
indicated (mgs/m 2) in indicated hours
N | { months | on test
Lubricant stored at |.
ambient | 1 .
tempera- | One Four Eight hTwelvﬂ |
ture | hour | hours | hours { hours
Oil composition of in- | - : ”

- vention ~made and | | - |
 stored under nitrogen.. 12 0] 0. 0 -~ 0
Same oil composition - .

but made and stared - o | -
under air__.._. - s 4 Gl 568 —1,107 -1,387

The above test shcrws the excellent ‘results obtained
with the oil composition of the invention which was maJde

| under nifrogen.

Adipic Acid—Cg Oxo Alcohol

where X averages abc}ut 1.7. To 100 parts by welght ef'
ple

the above synthetic oil blend there was added by si

35

 In the acceleratéd storage test, three samples of the

~invention made under nitrogen were tested along with
three samples of the exact same mmpaosnwln but made

under exposure to air, ;The results are given in Table I

Imxmg, 1 part by weight of trwresyl phosphate, 0.75 below: |
Table IT
| | L I Storage at 185° ¥',, nitrngen Mgs. jsq in. 1aad cnrrosicm,
i ‘Daysat 185° F.| MIL-L-7808 requirement blanket - Exposed to Au-

I I TIII I | 1 IIT
N OT10 e e e e e e —02| —o02| -03{ -0 ol 0
Tt | et e e ~(). 2 —, 2 ~—0, 0 —1{, 8 0 i —32
I U SR 26 MES. MAX ot —0. 2 0.2 —0.2 F —133 - —85 -148
2 e e ————— e e e -0 T | e 7 — 193 ead 1 11 J TR
B & U OO PRU - 59 —00 [emnmwma——— ~7b ~TD jemomeaeae
| 150 Iﬂgs ‘max, at 45 days SO FNURIUUUEE DUV TURURUU DEUROR U JpREU PN [

1 The 45 day result i 1s obtained by pluttmg the results of the test after 0, 7, 14, 28 42 days and extrapolatmg

‘parts by welght of phenothlazme, (0.7 parts by weight of
the Cz Oxo diester of pyromellitic dianhydride, 0.015
parts by weight of sebacic acid and 0.001 parts by weight
of polymethyl phenol silicone having a viscosity at 25° C.
of 60,000 ¢s. The Cg Oxo diester of pymmelhtlc dianhy-
.dnde has the strwcture |

0 0

| |
C- —0-—-—0H

- CsHﬂO

_ ZE[O-—C——- _C—0 CHy
T \/ 1l .

The ﬁnal 011 blend descrlbed above Was then stored

under. nitrogen in drums,

T

S

'Ihe ab ove table shows that not only 'd.ld the lubricatin o

- oil of the example have a very low initial corrosivity to

55

lead, and pass. the severe 14 days requirement of 25

mgs./in.2 maximum lead corrosion, but even after stor-

. age equivalent to 3 or more years at ambient temp eratures,

60

. hours engine 0perahon

65

The above composition of Example I was tested for

lead corrosivity: (1) after storing at ambient tempera- -

ture, (2) after an accelerated storage test, and (3) after -

normal storage fm' 2 months followed by use in a test

engine.
The lead corrasmn test in all three cases was carrled

out by rapidly rotating a bimetallic strip consisting of a

lead strip and a copper strip bound together in an oil

sample maintained at 325° F., while air is bubbled -

| through the sample tf{)r one hour, or as long as mdlcated

70

the lead corrosivity was still low.

‘The test results obtained from usmg the composi-

tion of the invention in the engine showed-practically no -

lead corrosivity. Thus, samples of the used oil showed
0.02 mg. loss after 25 hours; 1.06 mgs. loss after 50 hours;
1.02 mgs. loss after 75 hours and 0.18 mg. loss after 100
The results were very surpris-
ing, since all prior diester lubricating oil compositions
show a rapld increase in lead corrosivity aiter about 50
hours engine operation to give about 40 to 100-}- mgs.in.2
weight loss, followed by a tapering off in weight loss to
about 10 mgs. at the end of 100 hours. This tapering off

1in corrosivity is due to the reaction of the corrosive mate-

rials with lead in the engine, and further degradation of

- the corrosive half ester to alcohol and diacid, whlch are

5

not corrosive tolead.
What is claimed is:

1. A method for the prep araﬁan of a synthetic diester



- useful as a lubricating oil and having a high degree of
storage stability, wherein said diester has the formula:

~ wherein R’ is a C, to Ci saturated aliphatic hydrocarbon
group, and R is a Cg to C;g alkyl radical of a branched

chain - primary alcohol produced by the reaction of an

" '8,009,682

which comprises heating

. o

said alcohol and a Cg to Cyy
dicarboxylic acid in a reactor along with an esterification
catalyst and a water entraining agent to esterify and re-.

| ‘move the water of condensation until the esterification

5

is substantially complete, admitting nitrogen into the re-

- actor as the reactor contents are cooled in order to restore |

~ olefin with carbon monoxide and hydrogen in the presence

- of a catalyst to form a mixture of aldehydes, which alde-

- hyde mixture is then hydrogenated to form said alcohol,
which comprises heating said alcohol and a Cg to Cyo
dicarboxylic acid in a reactor to esterify and remove the
water of condensation until the esterification is substan-
tially complete, admitting mitrogen into the reactor as the
reactor contents are cooled in order to restore the reactor

-. to atmospheric pressure and prevent the entrance of air,:

- meutralizing and water washing the ester product under a
‘mitrogen blanket, heating said ester product in a reactor
to strip said product of undesired volatile material, ad-
mitting mitrogen into the stripping reactor as the ester
product is cooled in order to restore the reactor to atmos-

pheric pressure and prevent the entrance of air, and then

storing said ester product under nitrogen, and wherein the
contacting of air with said ester product is avoided during
said method,. n = -

- 2. A method for the preparation of a synthetic diester
useful as a lubricating oil and having a high degree of

10

15

.the reactor to atmospheric pressure and prevent the en-

trance of air, neutralizing and water washing the ester
product under @ nitrogen blanket, heating said ester prod-

uct @n a vacuum siripping reactor to strip said product

of undesired volatile material, admitting nitrogen into the

~ vacuum stripping reactor as the ester product is cooled in

order to restore the reactor to atmospheric pressure and
prevent the entrance of air, treating the ester product with
alumina under a nitrogen blanket, adding antioxidant while

- under a nitrogen blanket, and then packaging said ester

product in containers under a nitrogen blanket, wherein

~ the contacting of said ester product with air is avoided

20

25

storage stability, wherein said diester has the formula:

- ROOCR'COOR. ,
wherein R’ is a C, to Cyq saturated aliphatic hydrocarbon

‘group, and R is a Cg to Cyq alkyl radical of a branched

‘chalin primary alcohol produced by the reaction of an
olefin with carbon monoxide and hydrogen in the presence
of a catalyst to form a mixture of aldehydes, which alde-

hy-d'e mixture is then hydrogen-_a;te:d to form said alcohol,

a0’

~ during said method.
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