
United States Patent 0 ” 
1 

3,360,465 
SYNTHETIC ESTER LUBRICANTS 

Murray Warrnan, East Brunswick, N.J., assignor to Drew 
Chemical Corporation, New York, N.Y., a corporation 
of Delaware 
No Drawing. Filed May 22, 1964, Ser. N . 369,600 

2 ‘Claims. (Cl. 252--56) 

This invention relates to synthetic lubricant composi 
tions containing pentaerythritol mixed esters. More par 
ticularly, the invention relates to synthetic lubricant com 
positions which are especial-1y adapted for use with air 
craft engines of the turbo-propeller and turbo-shaft types 
containing pentaerythritol mixed esters. It also relates to 
a method of lubricating such aircraft engines. This appli 
cation is a containuation-in-part of co-pending application 
Ser. No. 287,219 ?led June 12, 1963 and now aban 
doned. 
The commercial and military demands for faster and 

higher-pressure aircraft jet engines have created stringent 
requirements for the lubrication of the engine to insure 
safe flight and prevent undue wear on the parts of the en 
gine. Modern lubricants must be able to withstand bear 
ing temperatures considerably above the 300°‘F. limit 
for earlier turbine engines for many hours without under 
going chemical change. They must also be able to retain 
lubricity at a temperature of about 210° F. at a kinematic 
viscosity preferably in the range of about 4.9 to 5.5 centi 
stokes and yet they must remain liquid with ‘an initial 
kinematic viscosity of no more than 13,000 centistokes, 
and preferably lower than 10,000 centistokes, at tempera 
tures down to --40° F. 

While it is recognized that pentaerythritol esters gen 
erally perform satisfactorily as lubricants because they 
possess good thermal stability characteristics, they do not 
always meet the aforementioned viscosity requirement for 
jet engines at temperatures ranging from —40° F. to 210° 
F. At high temperatures, certain esters lose their cohesive 
ness indicated by an exceedingly low kinematic viscosity, 
and they tend to become “thin.” This tendency repre 
sents a loss of lubricity. At low temperatures, on the 
other hand, some esters tend to crystallize or form solids, 
or else they are too viscous to ?ow smoothly and freely. 
Esters having such characteristics could seriously impede 
the e?icient operation of the aircraft engine and even 
damage the moving parts of the engine. 
One object of this invention is to provide lubricant 

compositions which possess satisfactory kinematic vis 
cosities at temperatures from about —40° F. to 210° F. 
Another object is to provide pentaerythritol esters 

which have initial kinematic viscosities below 10,000 
centistokes at ——40° F. 
A further object is to provide novel lubricant composi 

tions which satisfy the lubricity requirements of jet engine 
speci?cations. ' 

The aforementioned and other objects I accomplish 
by providing novel lubricant compositions which are liquid 
and possess lubricity at temperatures between -—40° F. 
and 210° F., containing as an essential ingredient an 
esteri?cation product of pentaerythritol and a mixture of 
two to six monocarboxylic alkanoic acids having from 
5 to 9 carbon atoms, in which mixture the average num 
ber of carbon atoms is in the range of 6.0 to 7.25 and 
the maximum number of carbon atoms contributed by 
the straight-chain ‘8- and 9- carbon acids is 60% and 
the maximum number contributed by branched chain 
acids is 45% of the average number of carbon atoms. 

I have discovered that the novel pentaerythritol mixed 
esters of this invention have satisfactory initial kinematic 
viscosities at 210° F. and below 13,000 centistokes at 
-—40° F. if the mixed acid reactants, of from 5 to 9 car 

10 

15 

20 

25 

3,360,465 
Patented Dec. 26, 1967 C6 

2 
bon atoms, are present in such molar quantities that the 
total number of carbon atoms contributed by acids in 
the mixture having straight-chain 8 and 9 carbon atoms 
is below 60% of the average number of carbon atoms 
and the total contributed by all branched acids is below 
45%. In other words, upon complete esteri?cation, the 
maximum number of carbon atoms contributed by the 
straight-chain 8- and 9-carbon acids is about 4.25 and 
that contributed by the branched acids is about 3.25. 

In my preferred class of mixed esters, initial kinematic 
viscosities of less than 10,000 centistokes at -—40° F. 
are obtained, using a technical or commercial grade of 
pentaerythritol, wherein the average number of carbon 
atoms of the acid mixture is in the range of 6.2 to 6.7, 
with percent carbon atom contributions of below 52% 
and 40% for the straight-chain 8- and 9-carbon acids 
and branched chain acids, respectively. Lubricant com 
positions containing these preferred esters have su?i 
ciently low initial kinematic viscosities that they may be 
operative at temperatures even lower than —40° F. 
The following sample calculation demonstrates the 

method of computing the average number of carbon atoms 
and the percent carbon atom contributions: 
An acid mixture to be reacted with pentaerythritol con 

tains 25 mole percent of caprylic acid (denoted C8), 15 
‘ mole percent of pelargonic acid (C9), 45 mole percent 
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of -a commercial isopentanoic acid I(C5) containing 29.25 
mole percent of normal valeric and 15.75 mole percent 
of Z-methyl and 3-methylbutyric acids, and 15 mole 
percent of 2-methyl pentanoic acid ‘(C6) . 

‘ Caprylic acid _________________ __ s><0.25 =2.0000 

Pelargonic acid _______________ __ 9><t0.15 =1.3500 

Valerie acid __________________ __ 5 ><0.2925=1.4625 

Methyl butric _________________ __ 5X0.1575=0.7875 

2-methyl pentanoic acid ________ __ 6><0.15 =0.9000 

Aver-age number of carbon atoms ____ __ 6.5000 
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The sum of carbon atoms contributed by the methyl 
butyric and the 2-methyl pentanoic acids 

(0.7875+0.9000=1.6875) 
and the sum contributed by caprylic and pelargonic acids 
'(2.00+1.35=3.35) are each divided :by the average car 
bon atom content, 6.50, ‘and multiplied by 100%. 
Carbon atom contribution: Percent 

Branched acids ____ __ (1.6875/6.50)><100=25.93 

Cg-I-Cg acids ______ __ '(3.35/6.50)><100=51.5 

The initial kinematic viscosity at —40° F. of an ester 
made from a technical grade of pentaerythritol and this 
acid mixture is 8425 centistokes; at 210° F., the initial 
kinematic viscosity is 5.10 centistokes. 

iIn the preparation of the mixed esters of this inven 
tion, pentaerythritol is initially mixed with at least four 
moles per mole of pentaerythritol of a mixture of two 
to six monocarboxylic alkanoic acids of from 5 to 9 car 
bon atoms, selected according to desired molar propor 
tions. A 5% to'1-0% excess of the acid mixture over the 
stoichiometric requirement is preferred. The reaction is 
carried out by heating the reaction mixture in a liquid 
phase under re?ux conditions for a period of from 6 to 
10 hours. The reaction temperature may be from about 
275° to 450° F. The methylol groups of the pentaerythri 
tol are esteri?ed by the acids, causing four moles of 
water to be split off per mole of pentaerythritol. The es 
teri?cation reaction is complete when the four moles of 
water are removed. For convenience in removing the 
water of reaction, the reaction may be carried out in 
the presence of an azeotroping agent, such as toluene, 
benzene or other suitable agent which in inert to the 
reactants. 
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The acids within the 5 to 9 carbon atom range which 
may be used in my invention are the presently available 
commercial acids including the normal acids, valeric, 
caproic, caprylic and pelargonic, and the branched chain 
acids isopentanoic and 2-methyl pentanoic. The esters are 
made from either all straight-chain acids or mixed straight 
and branched chain acids. While I prefer to use straight 
chain caprylic and pelargonic acids, the lower acids, how 
ever, may be either all straight-chain acids or all branched 
orrm-ixed. For example, the isopentanoic acid used here 
in is a typical commercial blend containing 60% to 65% 
by weight of n-valeric and 40% to 35% by weight of 
the Z-methyl and 3-methyl butyric acid isomers. For the 
purpose of this invention, the methyl butyric acid iso 

~ mers are treated as identical acids in computing the per 
cent of branched acid contribution, while the entire mix 
ture, including normal valeric, has the same number of 
carbon atoms with regard to computing the average num 
ber of carbon atoms. Two to six different acids are used 
to prepare my lubricants and hence the reaction product 
may be either a mixed ester or a mixture of mixed esters. 
For convenience, I herein refer to the reaction product 
as simply a mixed ester or an ester-i?cation product. 
The pentaerythritol which I use in describing my in 

vention is the technical or commercial grade of pentae 
rythritol, such as “iPente ” (a product of the Heyden 
Chemical Corporation), which usually contains about 88 
to 90% monopent-aerythritol, 10 to 112% dipentaerythritol, 
and less than 0.5% tripentaerythritol. -I also use a higher 
grade of pentaerythritol such as.“Monopentek” (also pro 
duced by the Heyden Chemical Corporation); this prod 
uct contains about 98.5% monopentaerythritol and 1.5% 
dipentaerythritol. Owing to the lower amounts of poly 
pentaerythritols in this latter product, a higher average 
number ofcarbon atoms and a greater percent of the 
straight-chain 8- and 9-carbon acids may be permitted. 
The carbon atom contribution of these .acids may be as 
high as 59.0% without exceeding a viscosity of 10,000 
centistokes ate-40° F. However, if the 60% limitation 
for ‘these acids is exceeded the esters tend to crystallize, 
regardless of which pentaerythritol preparation is used. 
I conclude that for either type of pentaerythritol such a 
limitation is a particularly critical factor in the how 
characteristics of pentaerythritol mixed esters. 
The following examples illustrate the invention. The 

parts stated are by weight. The percentages, unless de 
noted molar percentages, are also by weight. 

7 EXAMPLE I 

Into a reaction vessel equipped with a thermometer, 
an agitator and a condenser were added 273.3 parts (2.0 
moles) of pentaerythritol and a mixture consisting of 
629.1 parts (6.16 moles) of a commercial isopentanoic 
acid ‘(containing 65% by weight of n~valeric acid and 
35% by weight of 2-methyl and 3-methyl butyric acids) 
and 417.7 parts (2.64 moles) of pelargonic acid. This 
acid mixture contains 24.5 mole percent of Z-methyl and 
3-methyl butyric acid, 45.5 mole percent of normal val 
eric acid, and 30 mole percent of pelargonic acid. The 
average carbon atom content is 6.2, the percent C9 con 
tribution is 43.5, and the percent branched acid contribu 
tion is 19.8. 
The reaction vessel was closed and nitrogen gas was 

passed through at ‘atmospheric pressure. The vessel was 
then heatedfrom about 300° to 450° F. for 7 to 9 hours 
under agitation until about 144 parts of water were con 
densed, indicating substantially complete esteri?cation. 

Excess acid was removed in vacuo, using a nitrogen 
gas blanket, at about 3 mm. Hg and a temperature of 
392° F. The remaining liquid reaction mass was cooled 
to 158° F.', treated with dilute caustic solution fol 
lowed by .a water wash, slurried with 1% by weight of 
activated charcoal, dried at 230° F. and 3 mm. Hg for 
about 1 hour, and ?ltered to yield a clear, straw-colored 
liquid product. 
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4 
Upon analysis, the product was determined to have 

the following characteristics: 

'Speci?c gravity (ASTM D-1298) at 20/ 
20° C. ________________________ __ 0.995 to 1.000 

Color (ASTM—1500) _____________ __ 1.0 

Neutralization number (ASTM D 
664) ____________________ __max__ 0.15 

Hydroxyl value _____________ __max_~ 10.0 
Saponi?cation number ____________ __ 410110 

Water content, percent (with Karl Fisch 
er reagent) ____________________ __ 0.05 

Samples of the product were tested for speci?c proper 
ties with the following results: 

Kinematic viscosity, centistokes (ASTM D— 
445): 

at 210° F. ______________________ __ 5.0 to 5.2 

at '—40° F. ______________________ __ 8200 

Flash ‘Point, ° F. (ASTM D-92) ____min__ 480 
Fire Point, ° F. (ASTM LD—92) _____min__ 535 
Pour Point, ° F. (ASTM D~97) ______ __ less than —'65 
‘SOD Lead Corrosion Test, mg./in.2: 

' Weight loss (with 01.5% phenothiazine by 
weight for 1 hour at 325° F.) _ max__ 1.0 

The above properties show that this ester meets the re 
quirements of present jet-engine military speci?cations, 
including Government speci?cation Navy XWS-2994 
(PP). 
A lubricant composition containing essentially the 

ester of Example I was subjected to a l'50-hour test run 
in a Pratt and Whitney JT-3D test engine following the 
procedure of Pratt and Whitney Type II Lubricating Oil 
Speci?cation for Aircraft Turbine Engines. This speci? 
cation calls for adding the sample lubricant to the engine 
and running the engine through a series of 5-hour and 
10-hour cycles, operating at 20,000 pounds of thrust at 
a temperature in excess of 600° F. The lubricant is 
periodically tested for thermal and oxidative stability. 
\When the test was complete, the lubricant was found 

to comply with acceptable standards. It showed satisfac 
tory thermal and oxidative stability, and the bearings and 
other metal parts in contact with the lubricant were clean 
and free of corrosion, wear or cracking. 

EXAMPLE H 

Using the same procedure and apparatus as in Example 
I, 272.3 parts (2 moles) of pentaerythritol (using tech 
nical grade pentaerythritol) were mixed with an acid mix 
ture consisting of 584.2 parts (5.72 moles) of commercial 
isopentanoic acid (containing 65 % of n-valeric acid and 
35% by weight of Z-methyl and 3-methyl butyric acid) 
and 487.4 parts (3.08 moles) of pelargonic acid. This mix 
ture thus consists of 22.75 mole percent of Z-methyl and 
3-methyl butyric acids, 42.25 mole percent of normal 
valeric, and 35 mole percent of pelargonic. The average 
carbon atom content is 6.4, the percent C9 contribution is 
49.3 and the percent branched acid contribution is 17.8. 
The reactants were added to the reaction vessel and heated. 
When a total of 144 parts of water was collected in the 
condensate receiver, the heat was removed. 
The clear liquid reaction product was re?ned as de 

scribed above. The viscosities of this product were meas 
ured at the extreme temperatures required in the military 
speci?cations with the following results: 

At— Centistokes 
210° _ 5.23 

'—-40° F. _____________________________ __ 8425 

EXAMPLE III 

Using the same procedure and apparatus as in Ex 
ample I, technical grade pentaerythritol was reacted again 
with a 10% stoichiometric excess of acids containing 20 
mole percent of isopentanoic acid, or approximately 13 
mole percent n-valeric acid and 7 mole percent of methyl 
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butyric acids, and 80 mole percent of an acid mixture hav 
ing acids in approximately the following molar percent 
ranges: 

n-Valeric acid _________________________ __ 3.0-5.0 

Caproic acid _________ __'_ ______________ __ 21.9-24.7 

Heptanoic acid ____________ _'_ __________ .. 30.9-32.2 

Caprylic acid _________________________ __ 5.'6—8.1 

Pelargonic acid _______________________ __ 12.5-16.0 

In this acid mixture, the average carbon atom content 
is 6.56, the percent C8 and C9 contribution is 24.8, and 
the percent branched acid contribution is 5.3. The initial 
kinematic viscosities of the re?ned mixed esters were: 

At-— Centistokes 
210° F. _ ___. 5.02 

'—40‘’ F. ___. 7028 

EXAMPLE IV 

Using the same procedure and apparatus as in Ex 
ample I, other esters were prepared from pentaerythritol 
and acids at various molar amounts. Table I lists esters 
made with 98.5% monopentaerythritol and 1.5% dipenta 
ery-thritol and Table II lists esters made with technical 
grade pentaerythritol. The tables include the molar per 
centages of the acids and the carbon atoms contributed by 
each (C.A.), the average number of carbon atoms in the 
acid mixture (being the sum of the carbon atoms con 
tributed), the carbon atom percentages for the C8 and C9 
acids and for the branched acids, and the initial kinematic 
viscosities of the ester at 210° F. and ~40° F. 
The accompanying tables indicate that the average 

carbon atom content of the esterifying acid mixture by it 
self is an inadequate means of predicting either the high 
or the low temperature viscosity. To illustrate, in Example 
9, the average number of carbon atoms is 6.7 and in Ex 
ample 10 it is 6.5. Surprisingly, however, the low tempera 
ture viscosity for Example 10 is higher than that of Ex 
ample 9. 
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they are unsuitable at temperatures in the region of ~—40° 
F. and below. For example, an ester was prepared from 
pentaerythritol and the following mixture of acids: 
caprylic, 35 mole percent; pelargonic, 15 mole percent; 
and n-valeric, 50 mole percent. The average number of 
carbon atoms is 6.65, but the percent C8 and C9 contri 
bution is 62.4. At —40‘’ F., the ester crystallized. A sec 
ond pentaerythritol ester was prepared from the follow 
ing acid mixture: pelargonic 30 mole percent and Z-methyl 
pentanoic 70 mole percent. The average number of car 
bon atoms is 6.9, but the percent branched acid contri 
bution is 56.5. At —40° F., the initial kinematic viscosity 
of this ester was 14,530 centistokes. Many of these esters 
which alone are not suitable because they are too viscous 
or because they form solids at ~—40° F., may be blended 
with the preferred esters of this invention to provide 
blends of mixed esters which are satisfactory as aircraft 
lubricants, so long as the overall acid mixture conforms 
to my limitations. 

In view of the known characteristics of other synthetic 
lubricating oils, I unexpectedly ?nd that the novel class 
of mixed esters of this invention ful?ll the viscosity re 
quirements of present jet engine speci?cations, having 
initial kinematic viscosities at —40° F. of less than 13,000 
centistokes while they retain su?icient lubricity at 210° 
F. My preferred esters, having initial ——40° F. viscosities 
of less than 10,000 centistokes, may be used successfully 
at even lower temperatures. 
The esters of this invention are compatible with the usu 

al lubrication additives which may be added to enhance the 
properties of the esters. Minor amounts of such lubrication 
additives as antioxidants, stabilizers, corrosion inhibitors, 
detergents and the like may be added, depending upon the 
additional properties sought. These additives generally in 
crease the kinematic viscosities of the esters, and therefore 
selection of the ester should be made with regard to such 
physical effect. My esters also have both excellent storage 
stability and chemical stability during use. 

TABLE I 

Caprylic (Ca Pelargonic Ca) n-Valeric (C5) Z-Methyl Pentanoic 
) ( (Ca) Average 05+ C5 Branched Viscosity 

Example No. No. of Contribu- Acid Con- at 210° F./ 
Carbon tion trlbution —40° F. 

M01. C.A. Mol. (1A. M01. C.A. Mol. C.A. Atoms (percent) (percent) (centi 
percent percent percent percent stokes) 

25 2. 0 15 1.35 45 15 0.90 6. 5 51. 5 13. 85 4. 58/6, 180 
25 2. 0 25 2. 25 .................. _. 50 3. 0 7. 25 58. 6 41. 4 4. 96/9, 940 
25 2. 0 20 1. 80 40 2.0 15 0. 9 6. 7 56. 7 13.4 4. 76/6, 800 
25 2. 0 25 2. 25 5 0. 25 45 2. 7 7. 2 59. 0 37. 5 5. 0/9, 375 

TABLE II 

Pelargonic n-Valerlc Methylbutyric Z-Methyl 
Caprylie (Ca) (Ca) (C5) (C6) Pentanoic Average Ca-I-Cg Branched Viscosity 

(06) N0. of Contribu- Acid Con- at 210° F./ 
Example N0. Carbon tion tn‘bution -—40° F. 

Atoms (percent) (percent) (centi 
Mol. C.A. M01. (LA. Mol. (LA: Mol. C;A. M01. C.A. stokes) 

percent percent percent percent percent 

6. 5 51. 5 13. 85 5. 04/8, 190 
6. 7 50. 7 26. 9 5. 12/8, 890 
6. 5 49. 3 35. 8 4. 98/9, 120 
6. 7 50. 3 34. 8 ' 5. 13/9, 130 
6. 4 49. 3 15. 8 5. 08/7, 735 
7. 2 58. 3 41. 7 5. 32/11, 400 
6. 2 43. 5 0 4. 87/6, 350 

I have found that the conditions herein described must 
be complied with in the selection of the acids for prepar 
ing mixed pentaerythritol esters, otherwise the initial kine 
matic viscosity of the esters at '—40° F. may exceed 
13,000 centistokes and some esters may even commence to 
crystallize. In either event, while the ester does not lose 

The foregoing description and all reasonable modi?ca 
70 tions thereof which will vbe obvious to those skilled in 

the art are considered within the scope of my invention, as 
de?ned by the following: 
What I claim is: 
1. A lubricant composition adapted for use at —40° F. 

all of its desired lubricity at moderately low temperatures, 75 consisting essentially of an ester of pentaerythritol and a 
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mixture ofalkanoic acids consisting essentially of about 
25 mol percent caprylic acid, about 15 ‘mol percent 
methyl pentanoic acid, in the range of from about 15 
to about 20% pelargonic acid, and in the range of from 
about 40 to about 45 mol percent valeric acid, said mix 
ture' of alkanoic acids having in the range of from about 
6.5 to about 6.7 carbon atoms per acid molecule, said 
pelargonic and caprylic acids consisting of from about 
511/2 to about 57 mol percent of said alkanoic acids, said 
alkanoic acids consisting of not more than 15 mol per— 
cent of branched acids, said composition being char 
acterized by remaining liquid and also maintaining its 
lubricity at ——-40° F, and further characterized by an 
initial kinematic viscosity of not more than about 6800 
centistokes at —40° F. 

2. A lubricant composition adapted for use at —40° 
F. consisting essentially of a pentaerythritol ester of a 
mixture of 1alkanoic acids consisting essentially in the 
range of from about 30 to about 35 mol percent pelargonic 
acid, in the range of from about 39, to about’451/z‘ mol 
percent n-valeric acid, and in the range of ‘from about 
22% to about 28 percent of a mixture of methyl butyric 
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8 
acid isomers, said composition being characterized by re 
maining liquid and also maintaining its lubricity at ~—40° 
F., and an initial kinematic viscosity of not more than 
8425 centistokes at ——40° F. 
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