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5 Ciaims. (Cl. 252-56) 
This invention relates to synthetic lubricating oils 

capable of providing effective lubrication over a wide tem 
perature range, including both sub-normal and elevated 
temperatures. More particularly, it relates to lubricating 
oils having a trialkyl ester of a limited class of tricar 
boxylic acids as an essential component. 
The advent of jet aircraft, the attainment of supersonic 

speeds and penetration to increasingly higher altitudes has 
created an urgent need for lubricants endowed with 
special properties not possessed by conventional petro 
leum base lubricants or synthetic lubricants. let engines, 
aircraft instruments and hydraulic transmissions, for ex 
ample, require ?uids that will function effectively at very 
low and at very high temperatures. To be suitable a 
lubricant or hydraulic ?uid should have a pour point 
below about —50° C., a ?ash point of about 230° C. or 
higher to avoid ?re and loss by evaporation at elevated 
temperatures, and a high viscosity index in order to pro 
vide adequate lubrication within this wide operational 
temperature range. 
We have found that tri-primary alkyl esters of tricar 

boxylic acids in which the alkoxycarbonyl groups are 
attached to non-adjacent and diiferent carbon atoms and 
in which at least two of the alkyl ester groups, and pref 
erably all three, have predominantly straight chains con 
taining from six to fourteen carbon atoms, possess a sur 
prisingly desirable combination of properties that makes 
them of superior value as lubricants and lubricant com 
ponents. They have high viscosity indexes, unusually 
low pour points in spite of high viscosities, and remark 
ably high ?ash points, a combination of tremendous in 
dustrial signi?cance ‘for the lubrication of engines, trans 
missions, instruments and the like in which the lubricant 
must perform its intended lubricating functions properly 
under the most severe extremes of temperature, as well 
as in hydraulic ?uid applications. 

This discovery is even more surprising when consid 
ered against the background of the art relating to syn 
thetic diester lubricants. Developments in this art have 
led to the conclusion that the viscosity characteristics of 
diesters are rather de?nitely related to the ratio of length 
to cross section of the diester molecule. Thus, for exam 
ple, it has been established that di-n-octyl sebacate, 
nC8H17—OOC(CH2)8--COO—nC8H1'z, has a consider 
ably higher viscosity index than its less linear isomer, di 
Z-ethyhexyl sebacate, 
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it was to be expected, therefore, that because of their in 
herently lower length to cross section ratios, triesters 
would have poor viscosity indexes and hence little or no 
value as lubricants or lubricant components. 

It is perhaps even more surprising that triesters, in 
contradistinction to diesters, possess higher viscosity in 
dexes with lower length to cross section ratios. This is 
demonstrated by the fact that a tn'ester having two al~ 
kyl ester groups each containing from six to fourteen 
carbon atoms and one methyl ester group has a lower 
viscosity index than the corresponding triester in which 
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all three of the alkyl ester groups each contains six to 
fourteen carbon atoms, although the pour point is es 
sentially the same. 
The triesters can readily be prepared by esteri?cation 

of tricarboxylic acids with predominantly straight chain, 
primary rnonohydric alcohols containing six to fourteen 
carbon atoms. The term “predominantly straight chain 
alcohols” is intended to include primary alcohols having 
a limited number of methyl and ethyl substituents on 
the primary carbon chain, as well as alcohols contalning 
hetero atoms, e.g., nitrogen, sulfur or oxygen in the 
chain. _ 
The tricarboxylic acids useful in the preparation of the 

triesters are limited to those in which each of the car 
boxyl groups is separated from the adjacent carboxyl 
group by at least three carbon atoms. Representative tri 
basic acids include 

1,3,6-hexane tricarboxylic acid 
HOOO—CHz—CHr—CH-—~CHz—-CH2—CHzCOOH 
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Iso-cam-phoronic acid 

‘a 
HOOC—G-—-OH—CHz-COOH 

H3 CHr-COOH 

3-methyl-l,3,5-pentane tricarboxylic acid 

re 
HOOO'—"CHT_'OHZ—“C——-CHT—CHT—OOOH 

oooH 

2,4,6-heptane tricarboxylic acid 
OH3—CH—OHZ—CH-CH2—CH—OH3 

OOOH OOOH OOH 

4-methyl-2,4,7-octane tricarboxylic acid " 

(‘3H3 
CH3——CH—CHz——C——-—CHz——CH2—-CH—~CH9 

OOH GOOH OOH 

For example, the tri-n-octylester of the above men 
tioned 3-methyl-l,3,5-pentane tricarboxylic acid has the 
following properties: 

Viscosity (centi 
stokes Pour Flash 

V.I. Point, Point, 
° 0. ° 0. 

100° F. 210° F. 

24. 70 4. 91 138 < —65 262 

Synthetic triesters which are useful for the purposes of 
the invention, can also be prepared by hydrogenating tri 
meric methyl methacrylate by the methods described in 
German Patents 855,554 and 903,932 and then subjecting 
the hydrogenated trimeric methyl methacrylate to alco 
holysis with a predominantly straight~chain alcohol of six 
to fourteen carbon atoms. Although it is generally ad 
visable to carry the alcoholysis to completion, it may be 
suf?cient in individual cases to replace only two of the 
methyl groups by higher alkyl groups derived from higher 
alcohols. It is not always necesary to remove completely 
the oligomeric by-products produced during trimeriza 
tion of monomeric methacrylate, for instance the dimerio, 
tetrameric or pentameric esters, before further treatment. 
The alcoholysis of the crude triester or the triester puri?ed 
by distillation can be carried out with a suitable alcohol 
or a mixture of several suitable alcohols having between 
six and fourteen carbon atoms. 

It is apparent also that the products employed in this 
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invention can be prepared by esteri?cation of a free tri 
basic acid with one or more of the alcohols discussed 
above, or ‘by oligomerization of a monomeric methacrylic 
acid ester of a predominantly straight-chain alcohol hav 
ing from six to fourteen carbon atoms. ' The ,esteri?ca 
tion is e?fected in the presence of one of the usual esteri-' 
?cation catalysts, such as concentrated sulfuric acid, hy 
drogen chloride or para-toluene sulfonic acid. Pref 
erably‘ a volatile organic diluent such as benzene vor xyl 
ene is employed so that the water formed in the esteri?ca 
tion can be removed by azeotropic distillation._ 

It is Within the scope of the invention to vary the lubri 
eating properties of the synthetic triesters by additions of 
anti-oxidants, high pressure additives,‘ detergents, viscos 
ity'index improversr'and the like. The useful tn'esters can 
also be converted, by techniques known in the diester 
art, into complex estersand then used as lubricant modi 
?ers. In certain instances it is desirable to mix the useful 
triesters with other synthetic lubricants or lubricants hav 
ing a base of mineral oil in order to obtain desired prop 
erties. ' ‘ ' ' ‘ 

The favorable combination of properties of various 
triesters of a representative tricarboxylic acid is illus 
trated by way of example in the following table of data. 
The triesters are those of 4-methylé2,4,7-octane tricaré 
boxylic acid and have the general formula 
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seven carbon atoms wherein the carboxyl groups are posi 
tioned on non-adjacent and different carbon atoms and the 
alkyl ester groups are derived from a primary alcohol hav 
ing from six to fourteen carbon atoms, said alcohol being 
selected from the group consisting of straight chain alco 
hols and branched chain alcohols having substituents no 

, higher than ethyl on a primary carbon chain. 
3. A lubricant having as an essential ingredient a tri 

alkyl ester of an alkanetricarboxy-lic acid, the alkyl ester 
10 groups of which are derived from a straight-chain, pri 

mary alcohol having from six to fourteen carbon atoms 
and the carboxyl groups of which are positioned on non 
adjacent and different carbon atoms. 

4. The method of lubricating which comprises apply 
15 ing to surfaces. to be lubricated a lubricant comprising 

a trialkyl ester of an alkanetricarboxylic acid having at 
least seven carbon atoms wherein the carboxyl groups 
are positioned on non-adjacent and different'carbon atoms 
and at least two of the alkyl ester groups are derived from 
a primary alcohol having from six to fourteen carbon 
atoms, said alcohol being selected ‘from the group con 
sisting of straight chain alcohols and branched chain 
alcohols having substituents no higher than ethyl on a 
primary carbon chain. 7' 

5. The method of lubricating which comprises apply 
ing to surfaces to be lubricated a lubricant comprising 

(‘3H3 CH3—OH—,OHg——OH¢-—O—OH2-CH-—CH3 
O R1 0 0 R2 0 O 0 R3 

Viscosity (Centi 
stokes) Pour Flash 

R1,R2,Rs V.I. Point, Point, 
° 0. ° 0. 

100° F. 210* O. 

—OHzOH (CzHs): _____ __ 21. 73 4. 07 92 ~60 230 
—CHz?H (CH2)3CH3.-- 28. 49 4. 86 101 -—58 234 
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— CH2CH:(|3H— OHz- C (CHQL. ________ __ 50. 7 6. 97 103 —48 254 
1 CH3 _ 

— (OH9)5CH3 ....... -_ 17. 2 3. 7 115 —64 229 
— (CHz)sOH3._-__ , 21. 43 4. 31 125 —63 238 
—— (CH2)7CH3 _____ -_ 23. 78 4. 78 138 -—66 253 
R1= — (CH2)7CH3 ______ __ 28. 32 5. 48 140 ~61 260 , 
R2=R3=—(CHz)9CHa___ ______ __ . . 

—(CH2)9GH3 ____________________________ __ 30. 6 5. 92 143. 5 —5,6 ______ _ 

The above data indicate the surprisingly low pour 
points and high ?ash points possessed by representative 
triesters of the invention and their suitability, as shown by 
their viscosity index values, as lubricants, hydraulic ?uids 
and components thereof. 

It is to be expected that numerous modi?cations and I 
other applications will readily become apparent to those 
skilled in the art upon reading this description. All 
such modi?cations and applications are intended to be 
included Within the scope of the inventionas de?ned in 
the appended claims. a 
We claim: , 

l. A lubricant having as an essential ingredient a tri 
alkyl ester of an alkanetricarboxylic acid having at least 
seven carbon atoms wherein the carboxyl groups are posi 
tioned on non-adjacent and diiferent carbon atoms and 
at least two of the alkyl ester groups are derived from a 
primary alcohol having from six to fourteen carbon 
atoms, said alcohol being selected from the group consist 
ing of straight chain alcohols and branched chain alco 
hols having substituents no higher than ethyl on a primary 
carbon chain. 7 ~ . ' 

2. A lubricant having as an essential ingredient a tri 
alkyl ester of an alkanetricarboxylic acid having at- least 70 
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a uialkyl ester of an alkanetricarboxylic acid having at 
' least seven carbon atoms wherein the carboxyl groups 
are positioned on non-adjacent ‘and 'di?erent carbon 

59 atoms and the alkyl ester groups are derived from a pri 
mary alcohol having ‘from six to fourteen carbon atoms, 
said alcohol being ‘selected from the group consisting of 

1 straight chain alcohols and branched chain ‘alcohols hav 
ing substituents no higher than ethyl on a'primary car 
bon chain. ' ' ‘ 
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