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This invention has to do with the production 
of synthetic lubricants and, more particularly, 
has to do with the production of these lubricants 
by a thermal, non-catalytic treatment of Cer 
tain types of normally liquid olefins at high tem 
peratures. 

In a copending application, Serial No. 761716, 
filed on July 17, 1947, abandoned in favor of ap 
plication Serial No. 104,932, filed July 15, 1949, 
in which the inventors are two of those in 
the present application, a process has been de 
scribed for the preparation of Synthetic lubris 
cants of excellent character, namely, high vis 
cosity index, relatively low pour point and satis 
factory stability. The process there described 
involves a thermal, non-catalytic conversion of 
normal, alpha mono-olefins having between about 
six and about twelve carbon atoms per molecule. 
Temperatures of operation range from about 500 
F. to about 750° F., preferably from about 600 
F. to about 700°F. 
Although good yields of these desirable Syn 

thetic lubricants are obtained by so treating the 
aforesaid olefins at temperatures Iower than 
about 700 F, the residence or reaction times re 
quired to produce commercially feasible yields is 
excessively long. As disclosed in the aforesaid 
copending application, however, yields of Syn 
thetic lubricants and the viscosity indices there 
of diminish substantially as the temperature is 
raised above 700 F, and secondary reactions are 
initiated. Secondary reactions which are con 
sidered to be involved at the higher tempera 
tures are: 

(1) Degradation or cracking, as evidenced by 
decrease in oil yields; 

(2) Cyclization begins, as evidenced by a de 
cycie in viscosity index with accompanying in 
crease in gravity and refractive index; and 

(3) Wolatile non-oily components of the reac 
tion mixture become progressively more Satus 
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rated, as indicated by a decrease in bromine ad- ? 
dition number and, therefore, less suitable for 
recycling for further conversion. 
As a substantial improvement over the afore 45 
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Said process, it has now been discovered that 
Synthetic lubricants possessing the combination 
of desirable properties referred to above, can be 
produced at temperatures greater than about 
700 F. in good yields and in relatively short time 
periods. The present process comprises treate 
ment of a normal, alpha mono-olefin having be 
tween about six and about fourteen carbon atoms 
per molecule, in the absence of catalytic mate 
rial and in the presence of a minor and effective 
proportion of a paraffinic hydrocarbon, at tem 
peratures greater than about 700°F. and not sub 
stantially above about 850 F. for relatively short 
reaction or residence times. 

NORMAL, APHA MONO-OLEFNS 

As indicated above, the mono-olefins of this 
invention are normal or straight chain alpha 
mono-olefins and contain between about six and 
about fourteen carbon atoms per molecule. Such 
mono-olefins are normally liquid at temperatures 
of the Order of 20-25 C. Illustrative of such 
nonO-olefins are the following: hexene-1, octene 
1, decene-1, dodecene-1, tetradecene-1, and the 
like. Preferred, however, are those having from 
eight to twelve carbon atoms, with decene-1 rep 
resenting a particularly desirable olefin. It will 
be clear from the foregoing examples than an 
alpha olefin may also be referred to as a 1-olefin. 
Not only may the mono-olefins of the afore 

said character be used individually in this in 
vention, but they may also be used in admixture 
with each other. In addition, olefin mixtures 
Containing a substantial proportion of such 
Inono-olefins may be used. Preferred of such 
mixtures are those containing a major propor 
tion of a 1-olefin or of 1-olefins. In general, the 
charge stock preferably should contain less than 
about 20% by weight of unsaturated hydrocar 
bons other than straight chain rolefins, Rep 
resentative of such mixtures are those obtained 
by the cracking of paraffin waxes and other par 
affin products; those obtained from the Fischer 
Tropsch and related processes, 
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These hydrocarbon mixtures may contain, in 

addition to the 1-olefin or 1-olefins, such mate 
rials as: other olefins, parafins, naphthenes and 
aromatics. 'S 

In many instanoes, in , commercial Operation, 
it will be found desirable to use technical grades 
of 1-olefins. Mixed olefinic materials derived 
from thermal cracking of hydrocarbon wax or 
from the Fischer-Tropsch process constitute sat 
isfactory charging stocks. In this connection, it 
must be noted that it is suspected that substan 
tially straight chain 1-olefins, that is, i-olefins 
in which the length of the side chain (or chains) 
is short relative to the length of the main chain, 
and in which the side chain (or chains) is not 
adjacent to the terminal double bond, are also 
suitable, although less advantageous charge 
stocks for the purpose of the present invention. 
In view of the unavailability of such olefins, 
however, no test data can be adduced to confirm 
this suspicion. 

PARAFENS 

The paraffin hydrocarbons used herein to in 
hibit or retard secondary reactions may be nor 
mal or branched-chain in character, and con 
tain about two or more carbon atoms. Typical 
of such paraffins are propane, n-butane, isobul 
tane, n-pentane, n-heptane, isoctane, and the 
like, Hydrocarbon mixtures rich in such par 
affins may also be used, in place of the individual 
paraffins. Representative of such mixtures are 
gasolines, propane-propene mixtures, and the 
like. 

is preferably varied with the temperature of op 
eration. It has been found, for example, that 
the relatively short-chain paraffins, such as 
propane, butanes and pentanes, while effective at 
temperatures of the order of about 750-850 F. 
are more advantageous at temperatures of about 
850 F. The longer-chain paraffins are advan 
tageous at temperatures from about 700 F. to . 
about 750 F., their effectiveness decreasing with 
rising temperature. 
With regard to the concentration of the paraffin 

inhibitor or retardant, minor amounts as low as 
about 0.1 per cent to about 50 per cent may be 
used. The proper amount of inhibitor or retard 
ant will depend largely on the paraffin selected 
and the operating conditions. For example, 
pentanes have been found to be effective in con 
centrations from about 3% to about 50%, whereas 
paraffin wax is most advantageous in concentra 
tions of one per cent or less due to its influence 
upon the pour point of the "residual' oil. Pref 
erably, however, minor amounts of the Order of 
about one to about 30% of the total charge are 
most effective. 

REACTION CONDITIONS 

The relatively high temperature and relative 
short reaction times of operation used in the 
present process, vary inversely with each other. 
When temperatures of the order of about 700 
750 F. are used, reaction times are preferably 
from about three to about One hour; whereas, 
with temperatures of about 800 F., about one to 
about one-half hour reaction time is satisfactory. 
Operations at about 850 F. are attended by re 
action times of about one-half hour to about 
one-quarter. - 
The operating temperatures and reaction times 

are critical features herein, as is the concentra 
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tion of parafin inhibitor previously discussed. 
The pressure to be used, however, is not particu 

w It may range from about 100 to 
about 4,000 pounds per square inch, or even 
higher. w 

As indicated above, the present process is R. 
thermal, non-catalytic process related to that de 
scribed in said co-pending application Serial No. 
761,716. The process is described as non-catalytic 
inasmuch as polymerization or condensation cata 
lysts are not used. For example, Friedel-Crafts 
type catalysts such as aluminum chloride have 
hitherto been used to polymerize olefins, under 

s 
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The chain length of the paraffin hydrocarbon 85 
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conditions differing considerably from those re 
cited above. It is . with this in mind that the 
present process is described as "non-catalytic." 

In order to illustrate the principles of this in 
vention, the results of a series of typical, and 
non-limiting, conversions are set forth in tabular 
form in the several tables shown below. These 
conversions were carried out in rocking-type 
bombs (American Instrument Co.). The olefins 
and paraffin inhibitors were charged to the bombs. 
The bomb heads were secured and the bombs 
were flushed with nitrogen to displace air pres 
ent therein. The bombs were then heated (while 
rocked) to the desired temperature for the de 
sired length of time. Thereafter, the bombs were 
discharged either immediately by passing the hot 
reaction products through a 'condensing system, 
Or after the reaction products had cooled to about 
80-80 F. in the bomb. 

It should be noted that the reaction times, re 
cited as "Time, hours' in the tables, represent 
the time intervals during which the bombs were 
maintained at the desired temperature, and do 
not include the time intervals necessary to heat 
the bombs and their contents to the desired tem 
perature, and do not include the time intervals 
necessary to cool the bombs after heat to the 
bombs has been discontinued. In general, about 
One and One-half hours are required to raise the 
temperature from 60-80 F. to 750 F., and about 
eight hours to cool thereafter to 60-80°F, in runs 
such as shown in the tables. However, since it 
has been shown in said copending application 
Serial No. 761,716 that substantially no poly 
merization occurs below 500 F., these times are 
of little significance. The experiments compared 
in the tables were made under directly com 
parable conditions. 
The condensation products discharged from 

the bombs were vacuum topped to remove any 
unreacted hydrocarbon material and any rela 
tively low boiling products and then were filtered, 
as in the runs shown in the tables. To distinguish 
the condensation products from the distillate 
fractions thereof, the refined oils are identified 
as "residual oils.' The latter term identifies the 
oils from which unreacted materials and products 
of intermediate boiling range have been sep 
arated. 

All of the tests and analyses to which the re 
sidual oils in the tables were subjected are well 
known standard tests. In this connection, it will 
be noted that the designation "N. N.' refers to 
the neutralization number, which is a measure 
of the acidity of the oil. 

In Table I below, several Comparable runs are 
shown for conversions of 1-decene with and with 
Out n-pentane. 
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Contersions at 750 F. Dith and pithout 12-pentare 

Ban No.------------------------------------ 

Olefin Charged.----------------------------- 
Parts E. Wight. inhibitor Charged. 
Parts by weight.--- 
Wt, percent charge 

Reaction Time, Hrs--- 
Max. Pressure, p.s. i.g- - 
Residual Oil: 
Y. Wt. Per Cent Olefin Charged.--- 
Wiscosity G 100°F. Cs.-- 
Wiscosity. G20 F., Cs. 
Pour Point, F---------- Specific Gravity 

- 22.42.----- 
4.29------- 

Run No.------------------------------------ 7 8 9 10 12 

Oefn Charged.----------------------------- 1-decene.---1-decene-1-decene--- 1-decene.----decene-1-decene. 
Parts by weight. 388-------- 388-------- 388-...---- 420-------- 280-------- 200. 

Inhibitor Charged. n-pentane. n-pentane. In-pentane-1-pentane-n-pentane. n-pentane. 
Parts by weight---- 12--------- 144-------- 200. 
Wit. percent charge-- 

Reaction Time, Irs--- - - 
Max. Pressure, p. S. i. g.-------------------- 
Residual Oil: 

Yiel Wt. Por Cent Olefin Charged.---- 
viscosity GioOF.Cs 
Wiscosity G20 F., Cs 
Pour Point, F-------- 
S she Gravity 
Color (Lovibond). - - - - - 
Carbon Residue (Ramsbotton).--------- 0.03 

V.I.'s above 140 are extrapolated values. 

The results shown above in Table I demon- 35 centration; 5.4 per cent provides a somewhat 
strate the appreciable improvement realized with 
an inhibitor, n-pentane, at 750 F. Runs 2-5 
compared with runs 6-9 reveal the improvement 
obtained with n-pentane at different reaction 
times. By way of illustration, runs l and 6, 2-3 

higher yield than either 3, 34 or 50 per cent. 
The series of runs set forth in Table II serve to 

indicate the influence of higher temperatures up 
on the conversion of i-decene to synthetic lubri 

40 cants. 

TABLE 

Conversions at higher temperatures 

Olefin Charged.----- 
Parts by weight 

Inhibitor Charged Parts by weight.-- 
Wt. per cent charge 

Reaction Temp., F--- 
Reaction Time, Hrs.-- 
Max. Pressure, p.s. i. g-------------- 
Residual Oil: 

Yield, Wit. Per Cent Olefin Charged 6.3-------- 4.7-------- 
Wiscosity G 100 F., Cs.--- 
Wiscosity G) 20° F., Cs-- 
SEE, i. pecific travity 
N. N.----------- 
Color (Lovibond 
Carbon Residue ( 

- - - - - - Below zero Below zero 

------ 2 3 4. 5 

l-deceae---, 1-dodecene. 
388-------- 388. 
In-peratane. In-pentane. 

1738------- 1956.----- 

Walue could not be obtained due to excessive foaming. 

and 8 reveal a substantial improvement in yield 
and W. I. It appears that considerably better 
yields are obtained when the reaction time is 
from about one to about four hours; and that W. 
I, is relatively constant with a reaction time of 
less than about ten hours, and then diminishes. 
Runs 8-12 indicate the influence of inhibitor con 

The results shown in Table II above, demon 
70 strate the appreciable improvement in both yield 

and W. I. realized with an inhibitor, n-pentane, 
at 850 F. 
Table III shows a series of runs made with and 

without another inhibitor, propane in the form 
5 of a propane-propenemixture. 
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AB 
Corersion at Various eneratures Dith and 

acto propate-propere mature 

Rin No.------------------- 3 4. 5 s 

Olofin Charged.------ 
Parts by weigh 

Inhibitor Charged 
Parts by weight.-------------- 
Wit. percent charge...----- 

Reaction Temperature, F-750. 
Reaction Time, Hours..... 3.---- 
Max. Pressure, p.s. i. g. 600----.... 
Residual Oil: 

Yield, Wt. Per Cent 
Oefn Charged 30.0.------ 

W. I.------------------- 16.4. 
Wiscosity 100 F., Cs. 21.86 
Wiscosity G210 F., Cs. 4.29 
Pour Point, F------ 

47---------- 
Below Zero. 

0.85 Spege Gravity 8. 8. 
N--------------- - 15--------------- -- 0-------- 

Color (Lovibond).--------as so a so as as 100-------- 14------------------------------------ 18--------- 4.-------- 
Carbon Residue N. 
(Ramsbottom)------------------ 006------- 0.04--------------------- 27---------- 00-------- 0.08------- 

Commercial product containing propane and propene in about 50-50 concentration. 
While substantial improvement in yield and 

V.I. is obtained with the propane inhibitor at 25 From these results, it appears that a parafan 
750-800° F., as shown by comparison of runs 1-3 having from about three to about five carbon 
and 6-7, the improvement realized at 850 F, is of atoms per molecule provides optimum improve 
an extremely high order: an improvement of sev- ment in yield and W.I. 
eral hundred per cent in yield and more than As pointed out hereinabove, there is no need 
145 W. I. units. 30 for an inhibitor when a 1-olefinistreated attem 
The effect of various parafins is shown by the peratures below about 700 F. This is demon 

series of runs in TableV. 
TABLEV 

Conversions at 750° F. using various paraffins 

Run No------------------------------ 2 3. 4. 5 6 7 

Olefin Charge?----------------------- 1-decene-1-decene 1-deceae i-decene. 1-decene... i-decene. 1-decene. 
Parts E. weight. - 40- 400-------- 560-------- 388.------- 388-------- 286-------- 396, 

Inhibitor Charged None ... n-butane. In-pentane. n-heptane. 
Parts by weight. 2 
Wit. percent char 

Reaction Time, Hours 
Max. Pressure, p. s. i. g--- 
Residual Oil: 

Charged.------------------------ 30,0------- 32.8------- 
1204. 

Viscosity g2.0°F., Cs. 
Pour E. F-------- Specific 
N.N.------------- 
Color (Lovibond) 
Carbon Residue ( 

This value was extrapolated from W. I. Table. 

Runs 3-7 in which an inhibitor was used, all strated by the series of runs presented in Table 
show improvement over the blank runs 1 and 2. W below. 

TABLE W 

Conversions at 650 F-10 hrs, reaction time 
Darious inhibitors 

Run No. ------------------as as a sa - as assass 2 3 4. 5 8 7s 

Olefin Charged. - - - - - - - - - - - - - - - - - - - - - - - 1-decene. 1-deceme--- 1-diccene... 1-decone--- 1-decene----decene.----- 1-decene. 

Parts by weight- -- 700-------- 350-------- 
Initihitor Charged.--- n-pentane 

Parts by weight.-- 
Wit. percent charge---------------------- 

Residual Oil: 
Yi, Wit. Percent Olefin Charged 
Wiscosity G 100°F., C 
Wiscosity G) 210° F., Cs 
Pour Point, F-------- Specific Gravity. 
N.N.--------------- - - - 

Color (Lovibond).-----------------. 
Carbon Residue (Ramsbotton).--- 

Commercial Product of about 50-50 mixtures of propane and propene. 
W.I.'s above 40 are extrapolated values. 
Actual temperature for this run 660 F., actual time 11 hours, 
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Comparison of runs 1 and 2 of Table V shows 

that propane is actually deleterious in Substan 
tially reducing the oil yield. This is also shown 
by a comparison of runs 1 and 3, 5, 6 and 7. 
In addition to yield and W. I. improvements 

realized with the present process, lubricating Ol 
output, based upon reactors of equal size, may be 
substantially increased. As will be readily recog 
nized, this is a factor of major importance in 
commercial operations. Increase in oil output is 
accomplished by a substantial reduction in resi 
dence time. This relationship is shown by the 
results tabulated below in Table WI. 

TABLE WI 
Conversions with 1-decente 
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typified by polypropylenes, 
polyacrylate esters, and the like. 
Contemplated also as within the scope of this 

invention is a method of lubricating relatively 
moving surfaces by maintaining therebetween a 
film consisting of any of the aforesaid oils. 

It is to be understood that the foregoing de 
scription and representative examples are non 
limiting and serve to illustrate the invention, 
which is to be broadly construed in the light of 
the language of the appended claims. 
We claim: r 

1. The method for preparing a viscous oil from 

polyisobutylenes, 

Charge Oil Yield Reaction Residence - Rate, T.F. fits. Inhibitor Uniwt. Us SYt. per hour pe 

None-------- 0.10 0.045 
- - - - - do-...--- 0.10 0.0645 
In-pentarie--- O. 10 0, 0669 
None-- 0.33 0.13 

-- a-- - - do- 0.33 0.00 
- - - - - do- 0.33 0.40 

n-pentane--- 0.33 0, 176 
- - - do------- 0.33 0.57 

None-------- 0.50 0,132 
() 0.50 0.179 

None.-------- 2.0 0.26 
() 2.0 0.692 

Propane-Propene mixture; 50-50% 

V. I. 

142 
145 
150 
42.5 
116,4 
2.2 

133.8 
42 
123.7 
126.6 

Below. Zero 
45 

2 Obtained by dividing one unit weight of 1-decene charged by number of hours of reaction time. 
3. Obtained by multiplying weight of Residual Oil by units of weight per hour. 

As will be evident from the data presented 35 a normal, alpha mono-olefin having from about 
above in Tables I to WI, the condensation prod 
ucts of this invention are highly desirable lubri 
cants per se. They are also of considerable value 
as blending agents for other lubricating oils. 
They impart desirable viscosity index (W. I.) and 
pour point characteristics to the oils in combina 
tion therewith, for, as indicated above, they have 
advantageous viscosity index and pour point 
properties. In short, the synthetic oils find util 
ity in "upgrading' other lubricants. Typical oils 
with which the synthetic oils may be blended are 
mineral oils such as are normally used in internal 
combustion and turbine engines. When so blend 
ed, the synthetic oils may comprise the major 
proportion of the final blended Oil, or may even 
comprise a minor proportion thereof. 
One or more of the individual properties of the 

synthetic lubricants of this invention may be 
further improved by incorporating therewith a 
small, but effective amount, of an addition agent 
such as an antioxidant, a detergent, an extreme 
pressure agent, a foam suppressor, a viscOSity in 
dex (W. I.) improver, etc. Antioxidants which 
may be used are well known in the art, and are 
generally characterized by phosphorus, sulfur, ni 
trogen, etc. content; representative of such ma 
terials is a phosphorus- and Sulfur-containing 
reaction product of pinene and P2S5. Typical de 
tergents which may be so used are metal salts of 
alkyl-substituted aromatic sulfonic or carboxylic 
acids, as illustrated by diwax benzene barium sul 
fonate and barium phenate, barium carboxylate 
of a wax-substituted phenol carboxylic acid. Ex 
treme pressure agents are well known; illustrat 
ing such materials are numerous chlorine and/or 
sulfur containing compositions, one such mate 
rial being a chlor-naphtha xanthate. Silicones, 
such as dimethyl silicone, may be used to illus 
trate foam suppressing compositions. Wiscosity 
index improving agents which may be used are 

40 
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Six to about fourteen carbon atoms per molecule, 
which comprises: thermally and non-catalytically 
heating a hydrocarbon charge consisting essen 
tially of said olefin in the presence of a minor 
and effective amount of a paraffin, at a tempera 
ture greater than about 700° F. for a period of 
time from about three hours to about one hour, 
and less than about 900 F. for a period of time 
from about one-half hour to about one-quarter 
hour. 

2. The method for preparing a viscous oil from 
a normal, alpha mono-olefin having from about 
six to about fourteen carbon atoms per molecule, 
which comprises: thermally and non-catalytically 
heating a hydrocarbon charge consisting essen 
tially of said olefin in the presence of a minor 
and effective amount of a paraffin, at a tempera 
ture greater than about 750 F. for a period of 
time from about three hours to about one hour, 
and less than about 850 F. for a period of time 
from about one-half hour to about one-quarter 
hour. 

3. The method as defined by claim 1, wherein 
the normal, alpha mono-olefin contains from 
about eight to about twelve carbon atoms per 
molecule. 

4. The method as defined by claim 1, wherein 
the normal, alpha mono-olefin is n-decene-1. 

5. The method as defined by claim 1, wherein 
the paraffin contains from about three to about 
five carbon atoms per molecule. 

6. The method as defined by claim 1, wherein 
the amount of paraffin is from about one per cent 
to about thirty per cent. 

7. The method for preparing a viscous oil from 
n-decene-1, which comprises: thermally and 
non-catalytically heating a hydrocarbon charge 
consisting essentially of said olefin in the pres 
ence of about three per cent by weight of n-pen 
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two hours . . . . " ; , , 

8. The method for preparing a viscous oil from 
in-decene-1, which comprises: thermally and 
"non-catalytically heating a hydrocarbon charge 
consisting essentially of said olefin in the pres 
ence of about thirty per cent by weight of n-bu 
tane, at a temperature of about 750 F. for about 
three hours. 

9. The method for preparing a viscous oil from 
n-decene-1, which comprises: thermally and 
non-catalytically heating a hydrocarbon charge 
consisting essentially of said olefin in the pres 
ence of about three per cent by weight of a pro 
pane-propene mixture, at a temperature of about 
850 F. for about one-half hour. 

10. The method for preparing a viscous oil from 
a normal, alpha mono-olefin having from about 
six to about fourteen carbon atoms per molecule, 
which comprises: thermally and non-catalytically 
heating a charge consisting essentially of hydro 
carbons containing at least about 80 per cent of 
said normal, alpha mono-olefin, in the presence 
of a minor and effective amount of a paraffin, at 
a temperature greater than about 700' F. for a 
period of time from about three hours to about 
one hour, and less than about 900 F. for a period 
of time from about one-half hour to about One 
quarter hour. 

11. The method for preparing a viscous oil from 
a normal, alpha mono-olefin having from about 
six to about fourteen carbon atoms per molecule, . 
which comprises: thermally and non-catalytically 
heating a hydrocarbon charge consisting essen 

for about. 
“s. 12 

tially of said olefin in the presence of a minor 
i' and effective amount of a parafin, at a tempera 
ature greater than about 700°F. for a period of 
time from about three hours to about one hour, 

5 and less than about 900' . for a period of time 
from about one-half hour to about one-quarter 
hour, at the higher operating temperatures said 
paraffin having from about three to about five 
carbon atoms per molecule and at the lower 

10 Operating temperatures said parafin having long 
er carbon chain length, r 
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