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This invention relates to lubricants. It is more par 
ticularly concerned with improved synthetic lubricants 
for aircraft engines, and with the manufacture thereof. 
As is well known to those familiar with the art, mod 

ern aircraft are designed to operate at high altitudes. 
This of course, gives rise to more severe requirements 
on the lubricating oils used in the engines. For ex 
ample, the lubricant must have a relatively low pour 
point and a high viscosity index. It must also be re 
sponsive to chemical inhibitors and stabilizers. 

In the case of jet turbine engines, an additional prob 
lem is encountered. Such engines are designed to op 
erate at high temperatures. Accordingly, the lubricant 
must function and remain stable at temperatures in the 
order of 500° F. and higher. 

It has been proposed to produce synthetic lubricants 
for special uses, such as in aircraft, by polymerizing 
alpha monoole?ns thermally or catalytically in the pres 
ence of catalysts, such as di-tertiary alkyl peroxide and 
Friedel-Crafts catalysts, including boron tri?uoride and 
aluminum chloride. These lubricants have low pour 
points and high viscosity indices. They are, however, 
not su?iciently stable to high temperature lubrication 
conditions and are in some cases de?cient in response 
to addition agents. When they are hydrogenated to in 
crease stability by saturating ole?nic double bonds, it 
has been found that the pour point is greatly increased 
and that the lubricants are still unstable at high tem 
peratures. 

It has now been found that novel highly effective satu 
rated polymerized ole?n synthetic lubricants can be pro 
duced simply and economically. It has been discovered 
that by removing the dimer portion of a polymerized 
alpha monoole?n prior to hydrogenation, a synthetic lu 
bricant of low pour point and having good inhibitor 
response and high Viscosity Index is produced. It has 
also been discovered that by simple heat treatment, this 
synthetic lubricant can be rendered stable for high tem 
perature lubrication. 

Accordingly, it is a broad object of this invention to 
provide improved, novel synthetic lubricants. Another 
object is to provide hydrogenated, polymerized ole?n syn 
thetic lubricants of increased inhibitor response, high Vis 
cosity Index (V.I.), and low pour point. A further 
object is to provide new hydrogenated, polymerized ole?n 
synthetic lubricants that are thermally stable. A speci?c 
object is to provide hydrogenated synthetic lubricants 
produced from polymerized alpha monoole?ns that have 
low pour points and high V.I. Another speci?c object 
is to provide new hydrogenated synthetic lubricants pro 
duced from polymerized alpha monoole?ns that have been 
treated to render them thermally stable. A further spe— 
ci?c object is to provide simple methods for producing 
the synthetic lubricants of this invention. Other objects 
and advantages of this invention will become apparent 
to those skilled in the art, from the following detailed 
description. 

In general, this invention provides a novel synthetic 
lubricant having low pour point, high V.I., and good 
additive response and the method for producing it, which 
comprises distilling a polymerized normal alpha-mono 
ole?n synthetic lubricant, thereby obtaining a fraction 
containing dimer and a residual fraction essentially free 
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from dimer; and completely saturating said residual frac 
tion by hydrogenation. 
The invention further provides a novel thermally stable 

synthetic lubricant and a method for producing it that 
comprises distilling a polymerized normal alpha-mono 
ole?n synthetic lubricant, thereby obtaining a fraction 
containing dimer and a residual fraction essentially free 
from dimer; completely saturating said residual fraction 
by hydrogenation; and heating the thus-saturated residual 
fraction at a temperature varying between about 600° 
F. and about 700° F., for a period of time varying in 
versely between about 1 and about 10 hours, with 650° F. 
for 3 hours being preferred. 

In another embodiment, this invention provides a 
thermally stable synthetic lubricant and a method for 
producing it, that comprises distilling a polymerized nor 
mal alpha-monoole?n synthetic lubricant, thereby obtain 
ing a fraction containing dimer and a residual fraction 
essentially free from dimer; heating said residual frac 
tion at a temperature varying between about 600° F. 
and about 700° F., for a period of time varying inversely 
between about 1 and about 10 hours; and completely 
saturating the thus-heated residual fraction by hydro 
genation. 
As used in the speci?cation and claims, the term “high 

V1.” refers to Viscosity Indices of about 125 and higher. 
The term “polymerized normal alpha-monoole?n syn 
thetic lubricant” means synthetic lubricants made by po 
lymerizing normal alpha-monoole?ns (C6 to C12) either 
thermally or catalytically in the presence of a di-tertiary 
alkyl peroxide or of a Friedel-Crafts catalyst, including 
boron tri-?uoride and aluminum chloride, under mild 
conditions. As contemplated herein the term excludes 
polymers produced in the presence of other peroxides, 
such as diacyl peroxides, which polymers contain struc 
tural elements of the peroxy catalyst. It has been found 
that polymers made in the presence of a di-tertiary alkyl 
peroxide do not contain structural elements of the per 
oxide catalyst. In this respect, the latter polymers are 
the substantial equivalent of thermally polymerized ole 
?ns. When Friedel-Crafts catalysts are used, polymeriza 
tion conditions must be relatively mild. 

In order to produce the synthetic lubricants of this 
invention that have high V.I., low pour points, and good 
inhibitor response, the selection of the normal alpha 
monoole?n monomer is important. The best, and par 
ticularly preferred monomer is l-decene. The l-decene 
can be relatively pure monomer or an ole?n or hy 
drocarbon mixture rich in l-decene. It has also been 
found, however, that mixtures of normal alpha-mono 
ole?ns having between about 6 and about 12 carbon 
atoms can be used, provided that the mean value of the 
ole?n chain length is about 10 carbon atoms. Thus, 
for example, a mixture of equal parts of l-hexene, 1 
octene, l-decene, and l-dodecene produced a satisfactory 
lubricant in accordance with this invention. 
The thermally polymerized ole?ns utilizable herein are 

described in United States Letters Patent No. 2,500,166. 
The polymerization is carried out generally at tempera 
tures varying between about 500° F. and about 750° F. 
for periods of time varying between about 20 hours and 
about one hour. Preferably, the polymerization is car 
ried out at temperatures varying between about 600° F. 
and about 700° F.; the optimum reaction times at the 
maximum and the minimum reaction temperatures being 
speci?ed in the respective patent speci?cations. 

In No. 2,500,166, the ole?n reactants are normal alpha 
monoole?ns having between 6 carbon atoms and 12 car 
bon atoms per molecule. The utilizable ole?ns are, for 
example, l-hexene, l-octene, l-nonene, l-decene, and 1 
dodecene. The ole?n reactant can be substantially pure 
normal alpha-monoole?ns, mixtures of ole?ns rand/or 
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paraf?ns containing substantial amounts of normal alpha 
monoole?ns, or mixtures of normal alpha-monoole?ns 
having between six and twelve carbon atoms. 
The polymer oils produced’ by polymerizing normal‘ 

alpha-monoole?ns in the presence of di-tertiary alkyl 
peroxide catalyst are described. in United States Letters 
Patent No. 2,937,129. The ole?n reactant is a normal 
alpha-monoole?n, or'mixtures thereof, preferably con 
taining between 7 and 12 carbon atoms, inclusive, per 
molecule. Examples are l-heptene, 1-octene, l-decene, 
and l-dodecene. The catalyst is a di-tertiary alkyl perox 
ide, preferably di-tertiary lower alkyl peroxides. A readi 

. ly-available and especially preferred catalyst is di-tertiary 
butyl peroxide. The amount of peroxide catalyst used is 
bteween about 0.01 and about 0.3 mole per mole of nor 
mal alpha-monoole?n reactant. The temperature em 
ployed is the activation temperature of the peroxide cata~ 
lyst and varies between about 100° C. (212° F.) and 
about 200° C. (392° F.). In general, the time of reac 
tion varies between about one hour and about 6 hours. 

Polymerized normal alpha~monoole?n oils utilizable in 
the present invention can readily be prepared in the pres 
ence of Friedel-Crafts catalysts, under relatively mild con 
ditions. As is well known to those skilled in the art, 
severe, operating conditions, particularly with. some pro 
moted Friedel-Crafts catalysts, induce undesh‘able side re 
actions, isomerization, resini?caticn, etc. It is further rec 
.ognized that all Friedel-Crafts catalysts are not entirely 
equivalent in the type of oils produced. To a great ex 
,tent, the choice of catalyst and of reaction conditions can 
be made in order to produce polymer lubricants of a de 
sired. viscosity. 7 

Polymerization of l-decene (or its equivalent) with 
AlClg'catalyst at temperatures below about 70° C. pro 
duces lubricating oils having a kinematic viscosity of 
2545 centistolres at 210° F. In general, such oils are 
producedby gradually mixing ole?n with 1-3 weight per~ 
cent (based on total ole?n charge) of AlCl3 over a period 
of 2—6,hours. A preferred procedure involves incre 
mentaladdition of ole?n to a slurry of catalyst in an 
inert hydrocarbon, e.g., n-heptane. ' 

Polymerization of l-decene (or it equivalent) in the 
presence. of AlCla at temperatures of 100—200° C. gives 
oils of about 12 centistokes kinematic viscosity measured 
at 210° F. A feasible method of operation is to add 
AlCl3 rapidly to ole?n, permitting the temperature to rise 
suddenly to 150° C. or higher. Under these conditions 
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in terms of BF:; pressure, can vary between about 10 
pounds per square inch gauge and about 500 pounds per 
square inch gauge or higher. In both types of BFg" 
catalyzed polymerization of l-decene (or its equivalent) 
polymer oils are produced having kinematic viscosities of 
about 3—6 centistokes at 210° F. 
As has ben mentioned hereinbefore, the inhibitor re 

sponse of the polymerized normal alpha-monoole?n syn 
thetic lubricant is greatly enhanced by saturating the syn 
thetic lubricant by hydrogenation. Such treatment, how 
ever, unfavorably increases the pour point of the lubricant. 
This will be apparent from the following examples: 

EXAMPLE 1 

'A mixture of 3100 grams (22.14 moles) of IV-decene 
and 160 grams (1.10 moles) of di-tertiary butyl peroxide 
was heated in a reaction vessel, at a temperature of 150° 
C. for 5 hours. The reaction product thus obtained was 
topped ?rst at atmospheric pressure and later at 60mm. 
absolute pressure to remove unreacted l-decene. The re 

' sidual polymer oil product had the properties set forth in 
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polymerization occurs readily, to the extent that most of . 
the ole?n is consumed before the reaction mixture reaches 
the boiling point of decene. 
V In the case of BFs-catalyzed polymerization, pressure 
or a catalyst promoter are necessary, in order to produce 
high quality synthetic lubricants. Suitable promoters are 
BFa-decanol complex, decanol, acetic acid, and acetic acid 
BF3 complex. Generally, the polymerization is carried 
out at temperatures below about 60° C. for a total reac 
tion time in the order of about 24 hours. When BPS 
polymerization is carried out under pressure, a reaction 
time of 2-4 hours is employed. The pressure, measured 

50 

Table I. 7 

EXAMPLE 2 

The polymer oil product of Example 1 was hydrogen 
ated to saturate the ole?nic double bonds. 
genation was carried out by conventional procedures using 
an Aminco rocking‘ bomb with nickel-on-kieselguhr cata 
lyst (20 g. per 100 g; of. oil). Initial hydrogen pressure 
was 1500 p.s.i.g. Temperature was held at 300° F. for 
3 hours, cooling slowly thereafter. 

Table I 

Example 1 Example 2 

K.V. at 210° F., cs__ 9. 47 9.12 
K.V. at 100° F cs 56. 92 52. 92 
V.I _________ __ 139 141 

Pour Point,° —65 +35 
M01. W t., cale. _ 700 680 

From the data in Table 1, it will be apparent that hydro< ' . 
genation of the polymer oil had no substantial effect upon , ' 
the viscosity characteristics of the oil. On the other hand, 
the pour point was increased by about 100° F. 

EXAMPLE 3 

Portions of the synthetic lubricants de?ned in Exam 
ples 1 ‘and 2 were blended with known oxidation 
inhibitors. Each blend Was subjected to vthe Laboratory 
Oxidation Test (B-IOA). Pertinent data on blends and 
test results are set forth in Table II. ' 

In the Laboratory Oxidation Test (IE-10A), a 25-cc. 
sample of test oil is placed in a 200 x 25 mm, test tube, 
together with 15.6 sq. in. sandblasted iron wire, 0.78 sq. 
in. polished copper Wire, 0.87 sq. in. polished aluminum 
wire and 0.167 sq. in. polished lead surface. The tube 
is maintained at 325° F. in an aluminum block bath. 
Dry air is bubbled through the test oil for 24 hours, at 
a rate of 10 liters per hour. At the end of the test 

Table II 

Oil of Example 1 Oil of Example 2 

Additives Percent ' Percent V ' 
N.N. 1s. Lead N.N. Vis. Lead 
Incr. Change, Sludge Loss, Incr. Change, Sludge Loss, 

K.V. a mg. K.V. at mg. 
100° F 100° F. 

None: ___________________ .1 ________ __ 9. 9 1,000 Nil 21 8. 7 570 N'l 

gligigéaoiészém; Acryl<6i<i17?)__ 5.2 422 . Nil 130 0. 49 6.8 Tracle “"632 
, ; umazarm, . ec _ .9 1 Nil 44.5 . O . ' 

OD 5(%l$1‘%; Quinazarin, o.i’% (Re- 7 ' ' 0 O 5 5' N11 0'2 
crys . ___________________________ __ 0.23 8.7 Nil Nil 0. . ' 

012 56%, yéuAggrite Hi Par, 0.5%; 00 5 1 N11 ' 0'2 
cry 0i 9 , l _________________ __ 1.8 17.5 Nil 8. . 2 Y’ 

TricosylP.A.N.,/‘1J%____ 6.9 232 N11 252 0 1 _ 7'9_ M1 0'4 
Tr1cosylP.A.N., 10% ______________ __ 4. l 136 Nil 206 1. 1 , V 34. 0 Hvy. 70. a 
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period there are noted and reported the increase in 
Neutralization Number (N.N.) (ASTM D—974), the 
percent increase in viscosity measured at 100° F., the 
amount of sludge if any, and the milligrams loss in weight 
of the lead specimen. 
The additives used in the blends reported in Table ll 

were commercially available oxidation inhibitors and 
stabilizers. “Inhibitor 162” (du Pont) is a mixture of 
mono- and di-lorol (C12) esters of orthophosphoric acid. 
“Acryloid 7-94” is a polymethacrylate V.I. irnprover. 
“OD. 561” is cadmium diamyldithiocarbamate. “Agerite 
Hi Par” is a mixture of phenyl-beta-naphthylamine, iso 
propoxydiphenylamine, and diphenyl paraphenylene 
diamine. “Tricosyl P.A.N.” is tricosyl phenyl-alpha 
naphthylamine. The additive formulations shown are 
typical of lubricating oil formulations. 
From the data in Table II, it will be apparent that the 

hydrogenated synthetic lubricant has a greater response 
to inhibitors. As noted hereinbefore, however, this 
decided advantage is overshadowed by the unsatisfactory 
increase in pour point. In one aspect if this invention, 
the advantages of a hydrogenated synthetic lubricant and 
of low pour point are obtained by simple fractionation of 
the synthetic lubricant. 

Surprisingly, and contrary to usual expectation, it has 
been found that it is the dimer portion of the polymerized 
normal alpha-monoole?n synthetic lubricant that induces 
a high pour point. Accordingly, ‘a hydrogenated synthetic 
lubricant of low pour point is obtained by removing, 
by distillation, a fraction of the polymerized normal alpha 
monoole?n synthetic lubricant containing the dimer. The 
residue thus obtained is then hydrogenated to saturate 
ole?nic double bonds. The dimer out can be recycled 
to the polymerization step, dong with fresh monomer 
feed. Alternatively, the same results can be obtained 
by ?rst hydrogenating the polymerized ole?n synthetic 
lubricant and then removing the dimer. This method, 
however, is less desirable, because the dimer is now satu 
rated, in this case, and is not available for recycling to 
the polymerization step. Thus, if there is no use for the 
saturated dimer, it is a loss to the process. 
The following example demonstrates a hydrogenation 

and topping operation of this invention when l-decene is 
used as the ole?n charge. 

EXAMPLE 4 

Using the procedure described in Example 1, 3100 
grams (22.14 moles) of l-decene were polymerized using 
160 grams (1.10 moles) of di~tertiary~butyl peroxide 
catalyst. The polymerization was carried out at 150° C. 
for 5 hours. Unreacted l-decene was removed by dis 
tillation. The properties of the polymer oil thus obtained 
(designated “Raw Polymer Oil”) are essentially those of 
Example 1. 

This polymer oil was subjected to distillation to remove 
a cut (consisting chie?y of dimer) boiling up to 180° C. 
under 1 mm. mercury pressure. The residual oil (desig 
nated “Topped Polymer Oil”) had the properties set forth 
in Table III. 
The topped polymer oil Was saturated by hydrogena 

tion in contact with nickel catalyst. The conditions used 
were the same as those of Example 2. 

The product (designated “Hydrogenated Topped Poly 
mer Oil”) had the properties set forth in Table III. 

Table III 

Topped Hydrogen 
Polyrner ated Topped 

Oil Polymer 

K.V. at 210° F., cs____ 14. 62 14. 85 
K.V. at 100° F., 08... 109. 5 114. 97 
V T 130 128 
Pour Point, ° F _________________________ __ -55 -35 
Molecular Wt ___________________________ __ 880 890 
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6 
From the data in Table III, it will be noted that re 

moval of the dimer fraction greatly lowered the pour 
point. Most signi?cantly the pour point was still low, 
even after hydrogenation of the topped polymer oil. 
As mentioned hereinbefore, the dimer can be removed 

either before or after hydrogenation. This point is il 
lustrated by the following example. 

EXAMPLE 5 

A thermal polymer oil was prepared by heating 1337 
grams (9.55 moles) of l-decene at a temperature of about 
650° F. for 10 hours at maximum pressure 100 p.s.i.g. 
The product Was topped to remove Unreacted l-decene, 
leaving a polymer oil. This oil was then subjected to 
distillation at about 145° C. under 3 mm. mercury pres 
sure to remove the decene dimer. The residue (designated 
“Polymer Oil Less Dimer”) had the properties set forth 
in Table IV. 

This dimer-free polymer oil was hydrogenated over 
nickel catalyst under the usual conditions described in 
Example 2. The resultant oil (“Dimenfree Hydrogenated 
Polymer Oil”) had the properties set forth in Table IV. 
As the pour point was unsatisfactory, the hydrogenated 
polymer oil was further distilled up to a vapor tempera 
ture of 230° C. at l nun. mercury pressure, in order to 
remove decene dimer. The residual oil (“Residual Hy 
drogenated Polymer Oil”) had the properties set forth 
in Table IV. 

Table IV 

Polymer Dimer-freel Residual 
Oil Less Hydrogen- Hydrogen 
Dimer ated Poly‘ ated Poly 

mer Oil mer Oil 

K.V. at 210° F , cs__ 7.11 7. 39 9.18 
K.V. at 100° F , cs 41.17 43. 50 61. 16 
V1 _________ __ 134 134 128 

Four Point, ° —60 +10 —’0 
API Gravity ____ __ 36. 9 37. 7 __________ __ 

1 Dimer removal found to be incomplete. 

It will be apparent, from the data in Table IV, that 
dimer can be removed before or after the hydrogenation 
step. 
The preceding examples have been concerned with poly 

mer oils produced by polymerizing l-decene thermally and 
in the presence of di-tertiarybutyl peroxide. Highly sat 
isfactory products in accordance with this invention can 
also be obtained from polymers made by polymerizing 
l-decene, or its equivalent, in the presence of Friedel 
Crafts catalysts. 

EXAMPLE 6 

A reaction vessel was charged with 3000 g. l-decene 
and placed in a cooling bath. A total of 26 g. AlCl3 
was added in small increments over a period of 95 min 
utes. During this period of time the temperature of the 
reaction mixture was 20—3-6° C. Then, the reaction mix 
ture was ?ltered to remove solid catalyst. The ?ltrate 
was blown with ammonia gas to remove dissolved alumi 
num compounds and ?ltered. The blowing operation was 
repeated. The ?nal ?ltrate was topped to remove un 
reacted monomer and subjected to distillation up to 
132° C. at 0.5 millimeter mercury pressure to remove 
dimer. The remaining, residual polymer oil had the 
properties set forth in Table V. 

EXAMPLE 7 

A reaction vessel was charged with 300 g. of l-decene 
and 3 g. AlCl3 were added in one portion. The tem 
perature of the reaction mixture rose from 26" C. to 
150° C. in four minutes. A water bath was applied to the 
reaction vessel to remove heat. After 40 minutes, the 
temperature was 80° C. The reactants were maintained 
at 80° C. for one hour. The raw product Was ?ltered 
to remove solid catalyst. The ?ltrate was Washed ?rst 
with aqueous sodium hydroxide (5%) and then with 
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water and ?ltered. The product was topped to remove 
unreacted monomer and then dimer was removed by dis 
tilling to a temperature up to 210° C.,under l millimeter 
mercury pressure. The remaining polymer oil had the 
properties set forth in Table V. 

EXAMPLE ' 8 

A reaction vessel was charged with 3000 g. l-decene 
and boron tri?uoride gas was introduced at 24° C. After 
15 minutes, 90 g. of an acetic acid-BE; complex were 
added to the reaction mixture. In the course of 5 hours, 
the temperature rose only to 38° C. and then dropped 
to 30° C. The hydrocarbon material in the vessel was 
separated and neutralized with 100 cc. concentrated 
NH4OH. Then the oil was water-washed and ?ltered. 
Monomer and dimer were removed by distillation up to 
200° C. at 1 millimeter mercury pressure. The remain 

" ing polymer oil was further fractionated into a, fraction 
boiling at 200-222" C. at l millimeter mercury pressure. 
As is generally the case with B133 catalyzed polymer prod 
ucts, the trimer is an excellent synthetic lubricant, as Well 
as the residual oil product. The properties of the trimer 

. cut and of the residual oil are set forth in Table V. 

EXAMPLE 9 

This example illustrates the preparation of polymer oil 
from a mixture of l-ole?ns averaging 10 carbon atoms. 
Into a reaction vessel .was placed a charge containing, by 
weight, 25 percent l-hexene, 25 percent l-octene, 25 per 
cent l-decene, and 25 percent l-dodecene. Over a 
period of’ 3 hours 1.4 weight percent of a decanol-BFg 
complex was added in two portions. The reaction tem 
perature was between 5° C. and 29° C. The product was 
washed and ?ltered. Then, it was topped to remove 
monomer and distilled up to 190° C. at 0.4 millimeter 
mercury pressure to remove dimers; From the remain 
ing oil was removed a heavy distillate (chie?y trimer) 
boiling at l90—224° C. at 0.4 millimeter-mercury pres 
sure. , The properties of this distillate and of the residual 
polymer oil are set forth in Table V. 

Table’ V ' 

‘Example N0 ...... __ 6 7. 8 . 9 

Product _________ __,_ Resid- Resid- Trimer Resid- Trimer Resid 
ual ual ual ual 

K.V. at 210° F., 05-- S1. 85 11.86 3.69 G. 83 2. 7 6.40 
K.V. at 100° F., cs__ 290. 8 84. 84 16. 22 42. 30- 11.06 37. 93 
V.I_ ______________ __ 126 128 131 125 102 127 
Four Point, ° F-___ —55 <—-65 ______________________________ ._ 

EXAMPLE 10 

A polymer oil, prepared as described in ‘Example 7, 
was hydrogenated using the procedure of Example 2. 
Pertinent properties of the hydrogenated polymer oil are 

. set'forth in Table VI. 

EXAMPLE 11 

A composite of trimer and residual. polymer oil, pre 
pared as in Example 8, was hydrogenated using the 
method of Example 2. Pertinent properties of the hydro 
genated polymer oil are set forth in Table VI. 

EXAMPLE '12 
The combined polymer oil of Example 9 was hydro 

genated using the procedure described in Example 2. 
Pertinent properties of the hydrogenated polymer oil are 
set forth in Table VI. . a V i 

It has been mentioned hereinbefore that the synthetic 
lubricants produced herein are novel materials. These 
lubricants possess a plurality of properties not heretofor 
found in conventional mineral lubricating oils. For the 
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sake of comparison, included in Table VI are properties 
of two typical mineral lubricating oils. ~Eoth oils were 
prepared from petroleum lube oil stocks by conventional 
solvent extraction, dewaxing, and percolation methods 
Oil A is from a parat?nic base stock. Oil B is from a 
naphthenic (Coastal) base stock. 

Table VI 

Example No ..... _______ -- 10 11 12 011A on B 

. K.V. at 210° F., cs ________ __ 10. 52 4. 20 6.69 4.89 4. 00 
K.V. at 100° F., cs__ 73. as 20. 09 40. 74 28.02 22.4 
v.1- _________ -- 128 132 120 .107 70 
Pour Point, ° F < —s5 < -05 —so +25 -20 
Flash test, ° F_ . 480 455 480 430 355 
Fire test, ° F,____ 530 500 525 ______________ __ 

From the data in Table VI, it will be apparent that the 
synthetic lubricants of this invention have a community 
of desired properties, including high V.I., lowlpour point, 
and high Flash Point. These properties are not all evi 
dent in conventional petroleum lubricants. Thus, Oil A 
has a relatively high V.I. (although still 'less than 125), 
but a high pour point. Oil B, on the other'hand, has 
a fairly low pour point (although still higher than —-60° 
F), but a low V.I. In both cases, the Flash Points 

. are lower. 

The residual hydrogenated polymer oil products, afore 
described, are excellent lubricants for many purposes. 
They also have excellent response to inhibitors. 
tionedhereinbefore, however, the requirements of high 
temperature jet engine lubrication are very severe. In 
such an application, the aforedescribed synthetic polymer 
oils are not su?iciently stable. In another embodiment 
of this invention the hydrogenated residual polymer oils 
can be rendered stable to high temperature operation by 
means of a simple thermal treatment. 
The thermal treatment is carried out by heating the 

polymer oil at temperatures varying between about 600° ' 
F. and about 700° F. for a period of time varying in 
versely between about 1 hour and about 10 hours. 
Preferred conditions are treatment at 650° F. for 3 hours. - 
Preferably, the polymer oil is agitated under nitrogen 
atmosphere during the thermal treatment. It has been 
found that the thermal treatment operation can be carried 
out of any point during the preparation of the ?nal, heat 
stable synthetic polymer lubricant. Thus, for example, 
the following sequences of’ steps will produce stable 
lubricants: 
(A) Polymerize l-ole?n, remove dimer, hydrogenate, 

and heat treat; or 
(B) Polymerize l-ole?n, heat treat, remove dimer, 

and hydrogenate; or 
(C) Polymerize l-ole?n, remove dimer, heat treat, 

and hydrogenate. 
It is preferable to complete the preparation of the poly; 

mer oil with a hydrogenation, step, even when sequence A 
is used. Thermal treatment usually will induce some ’ 
cracking to ole?ns, and it is desirable'to saturate any 
ole?nic bonds thatrmay'form. ' 

EXAMPLE 13 

A raw ole?nic polymer oil was prepared from l-decene, 
as described in Example 1. It was topped to remove 
dimer. The residual oil was then hydrogenated under 
the usual conditions (400° F, etc.). This material (Oil 
A) had the properties set forthin Table VII. A different 
lot of decene polymer oil was made in the manner of Oil 
A. It was then thermally treated by heating at about 
645° F. for about 3 hours. Gas evolution occurred, agi 
tating the liquid. The resultant oil (Oil B) had the 
properties given in Table VII. [This oil had been freed 
of volatile components 'by atmospheric-l-vacuum top 
pings ' ~ ' ' 

As men~ V. 
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Table VII 

Er'tmnln _ 13 (A) 13 (B) 

K.V. at 210° F., CS ______________________________ __ 16. 79 11. 15 
K.V. at 100° F., CS ______________________________ __ 135. 2 75. 14 

127 132 
Pour Point. ° F___ 
Flash test, 
Fire test, ° F_ 
Gr. API_____ 

0 hi 

EXAMPLE 14 

A decene trimer oil, produced as in Example 8, was 
thermally treated by heating at about 650° F. for about‘ 
3 hours. The thus-treated oil was hydrogenated using the 
procedure described in Example 2. Pertinent properties 
of the hydrogenated treated oil are set forth in Table 
VH1. 

EXAMPLE 15 

A decene residual polymer oil, produced as in Example 
8, was thermally treated by heating at about 650° F. for 
about 3 hours. The thus-treated oil was hydrogenated 
using the procedure described in Example 2. Pertinent 
properties of the hydrogenated treated oil are set forth 
in Table VIII. 

EXAMPLE 16 

A decene polymer oil, produced as in Example 6, was 
thermally treated by heating at about 650° F. for about 3 
hours. The thus-treated oil was hydrogenated using the 
procedure described in Example 2. Pertinent properties 
of the hydrogenated treated oil are set forth in Table VIII. 

Table VIII 

Example N0 __________________________ __ l4 15 16 

3. 60 7. 07 11. 75 
15. 93 43. 03 86. 48 
2, 092 12, S05 48, 177 

125 129 12 
—65 —65 -50 
410 485 500 
445 535 545 

From the data set forth in Table VIII, it will be appar 
ent that the present invention provides heat-stabilized 
synthetic oils. By comparing their properties with those 
of Oil A and Oil B (Table Vi) it will be apparent to those 
skilled in the art that these new lubricants possess a com 
munity of properties not posessed by conventional petro 
leum base lubricating oils. 
The thermal stability of lubricants utilizable in high 

temperature jet engine lubrication is determined in vari 
ous ways. Several tentative methods have been employed. 
One consists of a cyclic exposure to heat as the oil is 
pumped over a spinning disc at elevated temperature. 

Spinning Disc Test 

The basic test apparatus used herein to determine ther 
mal stability is described in an American Society of 
Mechanical Engineers publication of a paper, “The Oxi 
dation of Lubricating Oils at High Temperatures,” pre 
sented by A. L. Williams and E. A. Oberright at the 
ASME-ASLE Lubrication Conference, New York, New 
York, October 20—22, 1959. The test apparatus was 
modi?ed, in order to obtain a measurement of gas for 
mation attributed to thermal degradation of the test oil. 

In testing for thermal instability the oxygen reservoir 
was disconnected from the air circulating system. A U 
tube barometer was attached in its place. The circulating 
system was ?lled with nitrogen gas by thorough flushing. 
When the system reached test temperature oil was pumped 
into the disc. The system was balanced to atmospheric 
pressure and then again sealed. As the hot oil was pumped 
onto the hot disc the pressure rise from gas of decom 
position was measured at regular 5 minute intervals. 
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10 
Room temperature was kept constant by air conditioning 
to avoid pressure changes from room temperature changes. 

In this test the spinning disc is rotated at 2500 rpm. 
The temperature of the disc is held at 525° F. In opera 
tion, oil is passed over the disc in a thin ?lm, exposed 
to the high temperature. If the oil is degraded thermally 
a pressure rise in the manometer system will occur from 
the gases formed. 

EXAMPLE 17 

Oils A and B, as de?ned in Example 13, and in Table 
V, were each subjected to the spinning disc test. Perti 
nent results, in terms of millimeters pressure rise per 
hour were as follows: 

Oil: Pressure rise, mm./hr. 
Oil A 72 
Oil B _ 2 

From the data in Example 17, it will be apparent that 
extremely heat stable lubricants have been produced by 
this embodiment of the invention. 
Although the present invention has been described 

with preferred embodiments, it is to be understood that 
modi?cations and variations may be resorted to, without 
departing from the spirit and scope of the invention, as 
those skilled in the art will readily understand. Such 
variations and modi?cations are considered to be within 
the purview and scope of the appended claims. 
What is claimed is: 
1. A process for producing a synthetic lubricant that 

comprises distilling a liquid polymerized normal alpha 
monoole?n synthetic lubricant, thereby obtaining a frac 
tion containing dimer and a residual fraction essentially 
free from dimer, and completely saturating said residual 
fraction by hydrogenation under catalytic hydrogenation 
conditions; said normal alpha-monooletin having between 
about 6 carbon atoms and about 12 carbon atoms and 
having a mean chain length of about 10 carbon atoms. 

2. The process de?ned in claim 1, wherein said normal 
alpha-monoole?n is l-decene. 

3. The process de?ned in claim 1, wherein said normal 
alpha-monoole?n is a mixture, by weight, of 25 percent 
l-hexene, 25 percent l-octene, 25 percent l-decene, and 
25 percent l-dodecene. 

4. A process for producing a synthetic lubricant that 
comprises distilling a liquid polymerized normal alpha 
monoole?n synthetic lubricant, thereby obtaining a frac 
tion containing dimer and a residual fraction essentially 
free from dimer, completely saturating said residual frac 
tion by hydrogenation under catalytic hydrogenation con 
ditions, and heating the thus-saturated residual fraction at 
a temperature varying between about 600° F. and about 
700° F., for a period of time varying inversely between 
about 1 hour and about 10 hours; said normal alpha 
monoole?n having between about 6 carbon atoms and 
about 12 carbon atoms and having a mean chain length 
of about 10 carbon atoms. 

5. The process de?ned in claim 4, wherein said normal 
alpha-monoole?n is l-decene. 

6. A process for producing a synthetic lubricant that 
comprises distilling a liquid polymerized normal alpha 
monoole?n synthetic lubricant, thereby obtaining a frac 
tion containing dimer and a residual fraction essentially 
free from dimer, heating said residual fraction at a tem 
perature varying between about 600° F. and about 700° 
F., for a period of time varying inversely between about 
1 hour and about 10 hours, and completely saturating the 
thus-heated residual fraction by hydrogenation under 
catalytic hydrogenation conditions; said normal alpha 
monoole?n having between about 6 carbon atoms and 
about 12 carbon atoms and having a mean chain length 
of about 10 carbon atoms. 

7. The process de?ned in claim 6, wherein said normal 
alpha-monoole?n is l-decene. 
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8. A completely saturated with hydrogen, essentially 
dimerffree liquid polymerized normal alpha-monoole?n 
synthetic lubricant having allrthe‘ following properties: 
a maximum pour point of about ——50° F., a minimum 
VI. of about 125, and a high ?ash point; said normal 
alpha-monoole?n having between‘ about 6 carbon atoms 
and about 12 carbon atoms and having a mean chain 
length of about 10 carbon atoms. 

9. The product de?ned in claim 78, wherein said normal 
alpha-monoole?n is l-decene. 

10. The product de?ned in claim 8, wherein said normal 
alpha-monoole?n is a mixture, by weight, of 25 percent 

10 

12 
l-hexene, 25 percent l-octene, 25 percent 1-decene,- and 
25 percent l-dodecene. , 
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