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6. Synthesis of Lubricants by PolvarLzation of Olefins u51np
Aluminum Chlorldu, (Cont’d.)

(c) Polymcrlzatlon of Highﬁr Oleflns.

As indicated before, olefins b011ing in the 80 to 570 degrees
fahrenheit renge were used in Germany for the synthesis of high
grade lubricents. This synthesis is not new, having been applied
elsewhere in the world rrior to the war. The most suitable ole-
fins for such synthesis are normal (straight chain) compounds
with the double bond in the alrha position, and two (2) sources
of such raw mnterials were used in Germany; olefins from the
thermal cracking of a Fischer-Tropsch synthesis fraction' and
olefins from the thermal crecking of paraffin wax.

‘This 1ubricating'oil synthegis wee practic ed'by Ruhrchemie
in Holten, by Rhenania-Ossag in Hemburg-Harburg, and st the Politz
refinery near Stettln.

At Ruhrchemie, a 260 to 600 degrees fahrenheit fraction from
the Fischer-Tropsch chnt was cracked thermally at a temperature
of 1020 to 1110 cerrecs fohrenheit. A& fraction boiling from
85 to 360 degrees fahrenheib was separdted cut ds -polymerization
feed, Heavier components iere rﬂcvcled to feed. The ultimate
yield of polymerization. feed therety was 60 percent:- weight‘gf the
thermal cracklnr unit chargee

This polymerization feed contained 60 to 70 percent olefins,
largely normal alpha compounds. The naphthene content was only
a few percenb and, the aromatic content was Nextremely low"

At Rhenanas-Ossag, the polym=rization rew material was pre-—
pared by cracking paraffin wex from Austrizn crude oil. The
thermal cracking wes carried out &t low pressure and 1040 to 1100
degrees fahrenheit. A 60 percent weight yield of liguids above
C; was obtained. The liquid was highly olefinic and best suited
for lubricating oil synthesis if the wex from which it was prc
pared was low. in oil content, A fraction boiling from 85 to 590
Adegrees fahrenheit was separated for po;ymcrlzatlon feed,

Politsz also used Austrian waxes es a source of olefins, The
wax was cracked there at low pressure end 910 to 950 degress fah-

renheit. vA fraction boiling from 95 to 570 degrces fahrenheit was.
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6, Synthe51s of" Lunrlcants by Polymerization of Olefins using
: Alumlnum Chlorlde, (c) (Cont'd.) .

separated and heavier components were recycled to extinction,
Based on the raw.wax feed, a yield of 70 rercent of polynerlza-
tion feed waS‘obtclned theveb" ; .

In 211 cases,,tue polymerization was carried out in a
stirred antoclane at temperatures of 140 to 175 decrees fah-
renheit, AICl, equal t6 approximately & percent wéight of the feed

was added and ghe reaction required 15 to 20 hours., Rhenania began

the reaction at near room temperature, after 5 hours the temperature
wasralsed to 175 degrees fahrenlieit, and the reaction proceeded for

-7 hours more,

In the polymerization, approximstely 95 percant of the
olefins were converted to material in the lubrigating oil range.
Of the total polymer, about 75 percent was recovered as primary’
product. A low viscosity S“lﬂdle oil normally wes separated. Some
0il was racvclcd as ulClBSIurrylng 0il back to’the polymerization
step. This oil comprised apiroximately 15 percent of the total
yield., Politz prepared in addition = crllnder oil by hydrolysis
of the AlClB sludge phase, The other twu operators apparently
did not.

. Both Rhenania and Politz uscd fresh AlCl, for only one batch
polymerization operstion. Ruhrchemie, howevef sterted with =
6 percent weight addition of 41C1l3,but in.the second batch only
one percent weight of fresh A1Cl, waes added and sludge from the
first bateh was used to make up ghe volume of slurry. This was
repcated for each subsequent batch, w1thdraw1ng only enough
sludge to keer the catelyst rhase constant in volume. At the
end of 60 batches, the total sludge was discarded and the pro-
cess was then repeated for each 60 batches.

After completlon of the poiymcrization mtep and removal of
the A1C1l, sludge rhase, the oil phase was treated for removal of
AlCl3, N gutrallzed, ana fr-ctlon *ted over clay,

The Phene a and Polltz 0115 were used in mixture with'mineral :

oils as aircraft lubricents. The polymer oils were both approx- '
imately 210 S.S.U. 2t 210 dezrzes fahrenheit, viscosity, 110 to

120 VI, and with pour points of about ~15 degrees fahrenheit. They
were in general quite similzr in properties to the ethylene poly-
mers and were used in the seme menner,
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6. Synthubls of Lubricants-bx” POlVH”rLZ?tlon of Oloflns using
Aluminum Chloride, (c¢) (Cont'd.)

The main Ruhrchomic product was®a-less viscous meterial of
285 5.5.U, at 122 degrees fahrenheit,- viscosity and wes. sold ex-
clusively to thce Army for .motor vehicles ond tanks, This 0il
had an average molecular size of C,g and hence was only o trlmer,_
or tetremer of the original olbflns. The Ruhrchemie oil wa
described as having cxcellcnt VI and pour point, but with oxidatlon
stability end lubricating ability not quite equal to .those of,
the best Pennsylveniz mincral oils, ' '

Some published date on three different viscosity oils previ-
ously marketed by Ruhrchemic showed them to heve densitics of
0.85 to 0.86, pour points of aprroximetely =40 dogrees fahrenheit,
VI between 105 and 115 and Conradson carbon values of 0.07 to
0,15 percont weicht. .

Whlle in reccnt years the sup olv of olefins to these AlCl,

lymerlzatlon systems has been fron thermal cracking of normal
paraffins, there were vlans thet in the future they would be pro=
duced at least in prrt directly from Co plus Hy synthesis.. At -
Ruhrchemic, & modification of their Fischer~Tropsch plant to-
cmploy ‘the "Kreislaufl (roeyele) principle was planned to in-
crease the contunt of olefins in the product. L fraction of this
product was to be used dircctly 2s rolymerization feed without
thermal crackihg. Furthcr, the application of iron catalysts with
increased pressure-in Fischer-Tropsch processes was forthcoming,
From such operations polymerization feeds containing 60 percent -
olefins, of which approximatcly 85 percent is normal oleflns,
would be obteined dircctly,

7. Synthesis of ILubricants by Condensation of Aro—
-matics ond Paraffins,

A lhbribating 0il was synthesized By Rheinpreussen“in Hom=
berg by oondenqlng ‘naphthalene with paraffins, to make a molecule
conslstlng of an aromntic nucleus with a long paraffin chain.

The Rhylnpreussen people wcrs of the opinion that lubrl—
cating oils made from o Fischer-Tropsch frection, es practiced

by Ruhrchemie, were not sctisfactorily stable to oxidetion, and
they set out to mcke a more steble product. They arg zed thet
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7. Synthesis of Lubricants by Condensstion of Arometics and
Paraffins, (Cont'd.) ‘ '

Pennsylvania oils, which they .considered to be a standard of _
stobility, coateined some aromatie rings and hence that aromatics
need not be avoided in order to have a good lubricating oil.
Further, Rheinpreussen had large coal and coel tor operatioiis,
anc they were receptive to eny developments thcot would supply
new uses and outlets for aromsties..

The material ultimately developed end manufactured by
Rheinpreussen (via 2 paraffin chlorinstion and condensation
with aromatic process) was a molecule consisting of a naph~
thalene nucleiis 2nd one straight, or only siightly branched,
paraffin sidechsin conteining on the average zbout 16 carbon
atoms.  This type of molecule gave oils with a VI of zbout 105
and pour points of ¢ 20 degrees fzhrenheit.

In producing their everage molecule, Rheinpreussen wanted
one paraffin chain per moleculs. They hed found thet one long
chain geve a hicher VI product than two (2) or more shorter
chains, Also, they wented only one aromstic rroup attached to
each reraffin choin, since molccules consisting of a chaln bri'-
ging two (2) naphthalens groups were poorer in VI,

Rheinpreussen produced a spindle oil, a turbine oil, 2 steam
cylinder oil of 250.5,5.U. at 210 degrees fahrenheit, viscosity
and as their main product a dieszl oil of 570 S.S.U. at 122 degrees
fahrenheit viscosity. -Rheiingsreussef sold this dinssl oil axe
clusivily to the German Havy and was the largest of three (3)
suppliers of diesel oil to the Navy.

Rheinpreussen diesel oil enjoyed a very good reputation
with the Nevy and with Deimler-Benz who supplied thé Navy with
diesel engines, It was claimed thet very good performance was -
obtzined, not exceeded by any other oil available, While the ring
sticking test, used to evaluate aircraft oils, showed Rheinpreussen
oil to be only equzal to refined mineral oils, it was claimed that
in diesel engine tests it was definitely superior to mineral
oil, No direct comparison with polyethylene was available, but
it is generally acknowledged that the Rheinpreussen products are
poor aircraft oils, that they decompose to coke and other
degredation products more raridly then synthesized paraffins, and
that at the same time they are lower in VI and higher in pour point,
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7. Synthesis of Lubricants by Condemsation of Aromatics and
Paraffins, (Cont'd.) .

1

For evaiuating diesel oil, the Navy used the yaN test. This
test consisted of heatin: 2 samrle of oil in an open Erlenmeyer
flask in a drying cabinet for 140 honrs at 250 derrees fahrenheit
and then measuring the asphelt content (insoluble in petroleum
ether). & value of less than 0,01 percent welght was reguired
for acceptance. - ’

The Rheinpreussen dicsél oil hed a Conradson Carbon velue
of about 1,0 percent weight, It was ~rgued, however, thet forma-
tion of carbon or 2 asphaitic wnroducts wes lcss serious with
their tyse of 4il because en aromatic material is able to dissolve
and retein in solution such degredation com-ounds. B

The Rheinpreussen rrocess is carried out in two (2) stages.
In the first stage, & 430 to 660 degree fohrenheit fraction of.
Fischer-Tropsch product oil is chlorinated, no catalyst being em=
ployed., 4 temperature of 160 to 210 degrees fzhrenheit is used -
and the reaction time is severel hours. 4t the-end of the reac~.
. tion preriod, the chlorinsted oil contzins approximately 18 per-
cent weicht chlorine, (THis guantity of chlorinc is equivalent
to somewhat morc than onc chlorinz atom per moleculg;)

In the second stage, the chlorineted peraffin is reacted
with nephthalene in the presence of gesolinc s a diluent and
A1Cl; plus aluminum metal (shavings) as catalyst, The naph~
thalane supplied was 10 percent in excess of a one to onc molal
- ratio with the paraffin rresent, but slightly less than a one to
one ecuivalent ratio with the combined chlorine, The 41C1l, con=
sumption is cbout 0.2 percent weight based on the polymerized
product. The reaction is cerried out in a stirred reactor at
250 degrees fahrenheit; = timé of 2,5 to 3 hours is required
until no combined chlorine remeins in the oil, The product oil
is separated, meutralized, treated with clzy, and frection:ted.

There are attathed hereto the followins documents relating
to the Rheinpreussen process: '

VI Beséhreibung der Schmierolanlage Rheinpreusseh.
‘ (Lurgi Gesellschaft-May 31, 1945) '
VII Fliessbild der Schmierolsynthecse Rheinpreussen,
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8. Esters as lLubricating 0il Components:

(a) Development and Application

Following development of the ethylene polymer :lubricating
oils, the I. G. research people mesurveyed the field of lubricant
application to ask them what were the most important’ short-
comings of available oils and by what methods could they be
improved, o

It was always possible, of course, to ask for further VI
improvements. Also, for low temperature applications, the pour
points of mineral oils, and even ethylene polyers, could be
lowered advantageously. The oxidation stability of ethylene
polymers was not satisfactory, in ‘that their ¥iscosity increased
upon use and they absorbed oxygen to form fatty acids and per-
oxides, but they did nevertheless zive very long operating times
in the ring sticking test and did not decompose or deteriorate to
give troublesome nroducts. The lubricating ability or oiliness"
of ethylene polymers was only equal to that of nineral oils,
and, although this wes adecuate for most applications, here was |
a pronerty that could be improved. - Ethylene polymers and other
similar synthetic oils wers non-corrosive in use, gave only -
average engine wear, were adeguately viscous, and had no outstand-
ing shortcomings in other directions.

Thus, a better lubricant would be useful, one which would
result in‘lower friction in the range of hydrodynamie lubrica~
tion, end one which would behave somewhat as an extreme rressure
lubricant‘in the range of boundary lubrication, This »roperty
should be combined if. possible with high VI, low pour point,
resistance to oxidation and decomposition, and should otherwise
be compatible with general lubricating oil requireméents.

For a molecule to be effective as a true.extreme pressure
agent, it.must-either adhere very tenaciously to the metal

' surfaces, or, more commnonly, react chemically with the metal

surfaces and wear away those high temperature spots or areas
orerating under the highest loads, However, it should be °
possible to import good lubricating quality, if not actually ,
extreme rressure pronerties, to an oil by designing molecules which
would securely but reversibly attach themselves to the surfaces
being lubricated.
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: Esters as Lubrlcatlng 0il Comoonents, (a) (Cont'd.)

with attention finally being centered on oxygenated hydrocarbons.
Of the oxygen forms the ester linkage was particularly inter-
esting, Ethers and ketones have poor lubricating properties, - -
and reroxldes and aldehydes are unstablé, Esters, however, have
very surface-active groups and are stable.

Many organic moleeular .ty es were con51dered for this role,'

A long program of researdh on esters ensued, It was found
that esters of secondary alcohols were unstable, and the field
narrowed to combinations with primery alcchols only. A tricster
of trimethylol ethane and Cg to Ci1o0 fatty acids gave a ring~-stick-
ing test time of 100 hours, hence very outstanding for its stabil-
ity in an engine. It had a VI of approximetely 150, a pour point
of =95 degrees faurenheit, but its lubricating. nrob»rtlcs were
not outstanding. Through study of many ester comhounds, it was
found that the srace nattern of o moleciule such ag the above
was so massive that onlJ a sparse cqverins of the surface with'
absorbed ester ;rounscould be obteined, It wes concluded that |
the ideal ester would be a simnle one wherelﬁ thi attsched members
are straigsht thin cheins (unbrﬂnﬂhed) and the surface could: ‘here-

by obtaln a dense COerlnf b* thp adhering cster groups, .

Monoestvrs of strulcnt chaln acids and alcohols are good,
but outstanding in cquality are dlpsters of molecules wherein
the two ester zrourns are senarated by a straight chain of
several.carboneatoms.‘ A diestcr of adipic acid and normal C
alcohol was made and its provertics were outstanding., The Vé
was 238, the lubricating properties werc excellent, but the -

_symmetry of the molecule was too great and the pour point was

PhO degrees fahrenheit. . Disymmetry was introduced by tsifg .
beta-methyl adipic acid instead of adipic acid, and this pro-
~duct had a VI of 228, excellent lubricating propertles, ex-’
cellent oxidation and engine stability, and the pour point had’
dropped to =33 deorees fahrenhelt.

‘Thus originated the use of esters as lubzlcatlng oil -
components. - The, production of 200 barrels per day of adipic and
methyl adipic acid esters was being rlanned in Germany, but the
attained rate did not ‘axceed 100 barrels per day., The alcohols
for esterification came almost entirely from the #Isobutyl Syn-
thesis® in Ludwigshafen, Different fractions of alcohol were
used for the several grades of esters produced,: but they were in

?ﬁé- :
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8. Esters as Lubricating Oil Components,-(a) (Cont'd,)

genersl those boiling from 280 to about 570 degrees fahrenheit,
These alcohols were primary compounds with some branching, but

not enough to interfere with close ‘sracing of molecules on ‘the

surface being lubricated, Adipic acid was produced in Germany -
as a raw material in thé manufacture of ‘Perlon, a nylon type

~ material, It was produced by oxidation of cyclohexanol with nitrie

acid, Methyl adipic acid was produced likewise by oxidation of

methyl cyclohexanol, the product being a mixture of the alpha and
beta compounds, : - ' :

The new small production of esters by I. G, was in great demand
for specialty oils requiring high VI and low pour points. These
demands were largely associated with the German war compaign in
Russia, where failure of machines due -to high lubricant viscosity
during the winters was a very serious problem, An ester of adipic
acid and 280 to 360 degrees fahrenheit, alcohols was .used in 50
percent concentration in an oil for lubricating weapons. An -
ester of adipie acid and 320 to 390 degrees fahrenheit alcohols
was used as an ingredient of = low temperzture journal lubri-
cant for railroad cors. A special hydpraulic lubricant for aircraft
contained 5 to-10 percent of an ester of adipic acid and cyeclo-
hexanol, an ester with an unusually low pour point. There were
these and several other specialty uses, but the main volume off-
take was for some aircraft lubricating oils, where ester of adipic
acid and 360 t6 570 degrees fahrenheit alcohols were used in ca,

25 percent concentration, ’ '

" Because of the shortage in Germany of both acids and alcohols,
some of the I, G. raw materials were admittedly not the ones that
would have been chosen otherwise. It was planned that ultimately
the main alcohol source would be from the new "Synoln process,
which can produce primary straight chain-alcohol in the desired
C, to 812 range diret¢tly from CO and Hyi ~While adipic and methyl
agipic acids are good starting materials, higher zcids in the
$ame series, such as sebacic, were considered to be more desir-
eble and active research on the manufactupe of higher dicar~
boxylic acids was in progress.

Ahother ester research develomment ianermany meriting note

' was one by the Deutsche Fettsaure Werke in Witten (Ruhr), This

compeny, which works with fatty acids and produces synthetic butter
and other esters, studied the usc of esters as normal lubricating -

=33
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8. Esters as Lubricating Oil Components, (a) {Cont'd. )

oil components. They concluded that an ester of pentaerythritcl T T T o
and "‘ to C,, fatty acids was well suited for such an application,
These compo&ds had the same desirable properties as the I,G. esters,
(DFW proposed to make pentaerythritol from formaldehyde and acetal- -
dehyde)s It was the opinion of DFW that the best lubriceting oil
that can be manufactursd today is one consisting of a synthetic

base materizl such as polyethylene and 5 to 10 percent of an ester
such as those described above. .

(v) m.t‘acture of E’cersz

~The esterification operation of I.G. is quit.e smple and
does riot require umusual purities of raw materials, The acid and-
alcohol and pumped into a stainless steel limed, agitated reactor,
Benzene or naphthalene sulfonic acid is uged as a catalyst, about
one percent weizht of the total mixture being required. A 10
percent stoichione: ric excess of alcohol is used, The tempera~
ture 1s 300 to 360 degrees fahrcnheit. : '

Durlng the roaction the watcr formed continually distills
off and progress of the rcaction is judged by the rate of evolu-
tion of water. The remction rcquires about 24 hours,

- The product is washed with water and soda which removes the
catalyst, unreacted acid, and half esters. It is next distilled
to remove zlcohol and low beiling secondary products. The ester
oil then is contacted with 0,5 percent weight bleaching earth at
160 to 175 degrees fahrenheit and filtered, The product there~
after is handled like a normal refined oil, No stabilizers are
added and no special handling precautions are necessary,

- While the preferred catalyst for the above described ester—
ification was a sulfonic acid, for more difficult esterificationm,
such as with trlmethylol ethane wherein o . temperature of above
_?90 d;sgrees fahrenhelt is used, the bést catalys’) is zinc metal
: dust}s - ‘

~ Some properties of a few typicsl lubr:.catlng oil esters
are g:.ven in Table VI. .
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TABLE VI

PROPERTI %S OF SO SYNTHETIC - LUBRICATING

OIL ESTFRS A
Acid Adipic Beta lethyl Sebaeic #ixed C7 Acids~
Adipic - Monocarboxylic
Alcohol Iso and Normal Octyl Isvoctyl Trimethylol
Normal Qctyls ‘ «_Ethane
Density 68° F,  0.922 0.920 .92 0.958
Viscosity, ‘
SeS.Usat 122°F, 5.5 48 : 5, 62
Viscosity, __—
S.S.U,at 100°F, 50 55 65 8l
Viscosity Index 191 228 189 - 157
Pour Point °F -1 =33 Under -98 -9l
Flash Point °F, LO5 440 L55 ‘ L65

* Half ester of cach aleohol,




RESTRICTED

8., Esters o5 Lubricating 0il Components, (b) (Cont'd.)

: About 15 gallons of ester of methyl adipic deid and 360
to 480 degrees fahrenheit alcohol, and two (2) drums of the. 360

to 480 degrees fahrenheit alcohol were obtzined and sent to the
Naval Research Laboratory in ‘Anacostie, -D.C. o

The following documents transmitted to.the Bureau of Ships,.
yelate to the mamufacture -and use of lubricatbing oil esters:

VIII Die Wissenschaftliche Grundlégen der Schmicrstoff
Synthesen (I.G. - Leuna - DrH. Zorn report of

+ 1y May 1943)° - . : o

Esfq:- als Schmierole '(I.G. ~ Leuna -~ DrH. Zorn
report of 11 November 1943)

X Estefole (I,G. - Leuna~-Poper on properties and
. applications) ' -

I Ester ols Schmicrole (I.G. =~ Leuna-Dr.H.Zern peper
listing rroperties of esters)

XII FliessSchema fur Estorolanlagen e 1016 (I.G;
Leuna-Flow diagram and matericl balances for
manufscture of severzl esters) ‘

XIII E Ol Anlege Schema I Teil and IT Teil (LG -

Leuna - Two process flow diagrams for ester
oil manufacture).

9, Other Synthetic Lubricsting Oils.

German deVelopnents in synthetic lubricants were not é result
solely of recuirements but were to some extent a by-product of ..

the enormous research progrems being carried out in all chemical .
fields. ' :

An example of .such 2 contribution is the polytetrahydrofuran:
development by I. G. .at Leverkusen, Tetrahydrofuran can be pro- -
duced ¢asily from 1,4 butanediol, an 'intermediate in an I.G, '
process for butadiene manufacture. Tetrahydrofuran can be poly—~ ~
merized to yield oils which have been studied as motor lubricants.
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9o Other synthotic Iubricating Oiles

The copolymerizatioﬁ of-tetr‘ahydrofuraii with smaller amounts of
ethylene oxide has also been carried out and this product has

- been considered both as an cngine lubricant and a steam cylinder

oil,

- - In polymerization, the tetrahydrofuran ring opens and-2llows
cheins to form, with the oxygen becoming an ether in the chein,

The dopolymerization with ethylene oxide td produce lubricant -

was carried out at 85 degrees fahrenheit using two (2) moles of
tetrahydrofuran to one mole of ethylene oxide. The catalyst found
to be most suited was .a-few percent of ‘thionyl chloride containing
some ferric chloride. After reaction thé oil is weshed free of iron

- salts with sodium bisulfite, treated with sodium methylate to

replace terminal chlorine groups with methoxy groups, neutralized
and distilled to remove unreacted components, etc. The physical
properties of this material included & pour point of zero degrces
fahrenheit, 2 VI of 150, and 2 viscosity of 130 S.S.U. at 210
degrees fahrenheit, - ' R .

The at;'ove syﬁthesis has been described in more &etail in
U.S, Naval Technical Mission im Europe Letter Report No.
12345 (S) of 12 Junc 1945. ' ' ‘

. The development of tetrahydrofuran polymers is relatively
new and not many dato on their properties as lubricants had been
obtained. A totzl of 18 tons was produced in 1943. An active
program of development including engine testing was in progress
at Leuerkusens * - o ' .

A water-soluble torpedo lubricant developed by the Deutsche
Fettsaure Werke is an example of another new type of synthetie
campound. The DFW was requested by the German Navy to produce a
lubricant which would allow a torpedo to operate without danger
of leaving an oil smear on the water surface in its wake., 4

. compound was developed which was a salt of triethanol amine and '

an approximately Gy fatty acid,” The salt was formed by direct
comgination without water separation. Such a compound is water -
soluble, has a pour point of —40 degrees fahrenheit, a high VI,
and is an excellent lubricant. -These salts apparently are not .
stable by the standards of lubricating oils, but for short dura~

tion use extreme stabi]it,y is not necessary. The viscosity of

S -3~




