RESTRICTED
THE MANUFACTURE AND APPLICATION OF
LUBRICANTS TN GERMANY

1. Introduction,

In allied nations there have been many technical developments
during recent years in the manufacture and application of lubricants,
both because of new demands and because this field has been & subject
of extensive chemical research. Because of its highly industrial
ized and mechanized economy, it was to be anticipated that Germany
also would have given great attention during recent years to the
development and manufacture of lubricants, '

Whereas in America and in most other nations petroleum is the
source of essentially all liquid fuels and lubricants, in Germany the
bulk of liquid fuels and some lubricants were known to have come from
synthetic processes. It was expected that new develonments would have

occurred at least in the field of synthetic lubricants. :

To obtain a comprehensive view of German develorments in this
field, technical personnel of all of the producers of synthetic lub~
ricants were found and interrogated and most of the plants producing
these synthetic lubricants were visited, '

- To augment and substantiate the information gained from interr-
ogation and observation, many documents, reports and descriptive
papers were accumulated, and samples of soume of the newer synthetie
materials were obtained. ’

In the following sections are discussed the surply -and composi-~
tion of German lubricating oils, the manufacturing methods used .
for mineral oils, and the development and productioh of synthetic
. 5ils and their components, New additive developments are described

aind discussed. - ' :

It should be ppinted out that in reporting herein the information
ained from many sources and under many different circumstances, the
vinions of those contacted were obviousiy reflected in the information
iven. Further, in some cases it has not been possible to obtaln or
resent  documents with test data to confirm opinions and contentions,
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1, Introduction (Cont'd,)

Substantiating data will be desirable in many instances using anal-
yses .and test procedurss that are in standard use in America.

2« Commercial Supoly and Comnositlon of German Iubrica-
ting Olla. o

In Table I is shown an approximate breakdown of the German
supply of lubricating oils from petroleum and the various synthetiec
processes. These figures were obtained from documents and from -
interrogation of a government oil nlamning board official (Dr, Buteflsch).
The volume figures apply to the period of about 1942, Subsequent to
1942, efforts were made to increase by four-fold the production of
aviation oils, and for this program many plants were still being con-
structed in 1944, when the Allied bombing raids began to be concentra-
ted on the oil industry. chca, in 1943 the subply of oils mey have
exceeded somewhat the figures in Table I.

Despite the development of several types of synthetic lubrica-~
ting oils, it will be seen that the bulk of the commercial volume
still came from petroleum. The crude petroleum used for the pro-
duction shown in Table I was from Germany, Austria, Hungry and
Rumeniea,

© With the exception of the small volume produced by Rhelnpreussen,

" the synthetic lubricating oils went almost entlrely to aircraft

oil., The aircraft oil supplied to the Luftwaffe was normally &
mixture of equal parts of synthetie and highly refined mineral oil,
The specifications for aircraft oil and some approximate analytical
data on the synthetic and mineral oil components and the blend thereof
are shown in Table II. This mixed oil was normally used without
additives or inhibitors.’ '

For englnes other than alrcrait, in general, refined mineral
oils only have been used in Germany, An exception was the use by the Ger-
man Navy of the Rheinpreussen synthetic lubricating oil in dlesel,englnes.,
Gasoline and dies2l engincs were normally supplied’with the same -
grades of oils with no effort beln- made to supply & speelal oil
for diesels, ‘It was the general orinion of both oil and engine -
people in Germany that the well refined mineral oils were adequate
for today's diesvl enrine requirements, Again, no special additives

b
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TABIE L« |
SUPPLY OF GRERMAN ILUBRICATING OILS
(a1l figures cre in barrels per doy)

) o METHODS ' VOLUME OF DISKFOSITION
SUPPLIER - OF. MANUFACTURE :  SUPPLY - AIRCRAIT OILS OTHER
Various min~ Comventional rei‘lnlng 115750 750 15000
.era.l refiners methods i '
Brobag Zeitz TTH Hydrogpnatxon of 600 - - 600(1)
: tars -
P8litz Olcfin Polymerizos 250 - 250 -
tlon
_Rhenania Ossag Olofin Polymeriza- 200 200 -
tion .
Ruhrchemic  Clci'in Polymcriza- 200 - 200(2)
tion
Rheinprcussen Aroratig=Parrafin 50 . 50(3)
conasnsatlon A
IG-Leuna Ethylcene Polymeriza- 300 300 -
o tion
IG~Leuna Ester Synthesis 100 _. 100 ' -

Totals 17,450 1,600 15,850

(1) Relatively low quality, used for industrial ond automobile
Adubricants.

é23 Used by Army for trucks, tarks, ctos 4
Consuncd entirely by Germon Havy for Diesel onginese
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' 2, Commercial Supply and Compositlon of German Lubrlcatl ng Oils.
{Contd.} - o

or .tnhibitorq’ ware included;

Two (2) grades of motor oil were supplied to the Wehrmacht,
one for winter and one for sumner use. The winter grade had =
‘viscosity of approximetely 52 8,5.U, at 210 degrees fahrenheit and
a viscosity index of about 100, while the corresponding values for
the summer grade were 62 and 95, The great difficulty encountered
in Russia in the winter of 1941-42 with cold starting of trucks
and tanks when using these winter motor oils was an impetus to the
- synthetic egter oil development .which is discussed later,

It- will be noted in Table II thet the synt.hetlc component is
much more viscous than the minersl oil component. - Since the viscosity
of the synthctic oils can be rather easily controlled, these oils
were made viscous so that mineral oil bright stocks (high v1scosit.y
fractlons) could be released for industrial purposes.

The synthetic oils have been aprlied in small volume to many
specialty uses which are d_lecus,sed ;Ln connection mth the 1nd1v:Ldual
syntheses. : .

Because of the low temneratures encountered in Germazw's war .
campaign, lowering of the pour point of lubrlcating 0oils was desired
for almost every application. Special problems concernad the sunnly
of a low temperature lubricant for torpedoes, a low temperature oil
for weapons, a water-soluble oil for use with t-orbedoes, and a journal -
0il for the German railroad. These problems all were solved through
the supply of gpecial synthetic products. o . : :

The lubrlcatmg oils used in- normal automob:.le service and for
general industrial equipment apparently were little dlﬁ‘erent from
those used in America.

3. Lubrlcut,lng 0il from Pet.roleum.

It was scen in Table I that raffinates from mineral oil were
still the preponderant source of lubricants in Germany, These oils
came.from a variety of crudes end via mapy dlfferent refining pro~
cesses. :
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v3. Lubricating Oii from Petrdleum. {Cont'd)

The crude oils processed for lubricating oil manufacture in-
cluded Hannover (Germany), Zistersdorf (Austria), Rumanian Pakura
(distillation bottoms from Rumenian crude), Hungarian and Galizian.

Dewaxing and solvent extraction were employed by all of the
major producers., Propane and ethylene dichloride dewaxing were em=-
ployed. Solvent extraction methods included furfural, 802- benzol,

phenol and propane (Duo-scl), and phencl es a single solvent.

“Aside from the medium and low VI oils made for industrial uses,
4he bulk of bthe lubricating oil processed from petroleum was refined
to a VI in the région of 80 to 100. Because of the good native qual-
ity of the lubricating oil fraction in the crvdes being processed,
the production of high VI products did not entail large losses to
selective solvent extracts. For example, in the refining of Zis+
tersdorf crude, the final yield:of deasphalted, dewaxed, solvent
extracted, acid treated, clay filtered lubricating oil was 50 per-
cent by weight of the gas oil free pesidue from the crude topping
units, '

Many of the German crnde oil refineries were bullt by American
econstruction -firms and most of the lubricating oil refining processes:
were operated under license from American or Allied companies.

The following documents transmitted to the Bureau of Ships,
relates to this subject:

I. Brochaus Plan. ‘
-(Material balance and flow diagram of a refining system
manufactvring lubricating oil from an Austrian crude oil).

4. Mixed Polymerization Process applied to:LuBricating 0ils
fiom Petroloum,

A now synthetic process involving mineral oil lubricating frac-
tions is that of "mischpolymerisation® or mixcd-polymerization. Tt
was developed primarily by I. G. and was described by them in reports
of 1942 and 1943. . ,
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L. Mixed Polymorization Process spplied to Imbricating Oils ram
Petroleum,

A deasphalted and dewaxed but not solvent extracted lubricating:
0il distillate is reacted with a synthetio polymer of ethylenec or
other olefins, such as those obtained from the thermal oracking of
waxes. & wixture of roughly equal parts of the two camponents is
allowed to react in the presence of AlClys The product is an oil of
super!  uelitye The yicld exceeds subStantially that which could
be obiained by mixing the olefin polymer and the minefal oil frao=
tion after such solvent extraction that the mixture would have the
same VI as the product of mixed pdlymerization.

'An application worked out by I.G., involved the treatment’ of a
lubricating oil distillate from a Gorman crude oil. To prepare
1.0 volumes of 0il mecting aircraft oil specifications by solvent
extraction, l.5 parts of lubricating oil distillate (deasphalted
and dewaxed) werc needede This would vequire:the discard of ‘0.5
perts as extract. However, by mixed polymerization of the 1.5 volume
of distillate with l.5 volumes of ethylenc polymer, an approximately
3.0 volume yicld of 0il could be cbtained equel in quality (both by
leboratory ond full scoale engine testy) to either the ethylene poly~
mer itself or thc solvent extracted mineral oil fraction. Thus, the
yield of aircraft oil could be irnmmeased from 2.5 to 3.0 volumes;
{e€s, 05 volumcs of low grade ertract could be made into aircraft
oile . :

To accauplish the mixeg polymerization reaction, ethylene is
first polymerized with AlQlz (desoribed in detail in a loter section
on manufacture o Ethylene %o]ymrs) The polymocr product - AlClz
mixture, containing about 5 percent weight A1Cl; iz mixed in an
atoolave with on cqual weight .of mineral oils "4 tonperature of 210
to 250 degrees fahrcenheit is maintained and the mixture is ogitatoed
for 3 to L hours, Thc rcaotion is explained as being primarily be-
tween oromatics, (and any olefins present) in the mineral oil and the
olefin polymers of ethylene. Tho reaction product is then freed of
AlCly; and neutralizeds Fractlonation may or mgy not bec necessary,
dapei"ﬂ.lng upon whother or not eny low boiling components entered
the ethylens polymorization systems ' _

The mixed polymerization process is olaimed to yield oils which
are actually supcrior in engine ring-sticking performance to a mix-
ture of the ethylene polymer and a heavily extracted minersl oil
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TABLE IIT

MIXED POLYMERTZATTON TREATMENT OF

A LUBRICATING OIL DISTILLATD FROL PETROLEUM

Deasphelted and

Mixed Polymeriza-

tion Product of

equal parts of
Ethylene Polymer

Dewazed Petrole Ethkylene and Petroleum Dist-

eun Distillate  FPolymer  illate
Imput, parts by wieght 5245 1745(1) -
‘Outturn, perts by weight = - - 93,5(2)
Density at 68T | 04915 0.855 0.870
Viscosity, SeSeus at 100°F. 540 2950 1200
Viscosity, S¢3. uwe ot 210°F. 58 205 '3;08 |
Viscosity Index 5% 109 108
Flash Point, % 428 428 428
Pour Point, . +0 22 -22
Corradson Carbon, § Whe 109 0,08(est) 0e15

(1) The input is expressed as the amount of ethylcne polymer
of this quality that would have been produced by the -
ethylene chergeds To produce 475 weights of this polymer
o0il, 633 veights of ethylene is requireds

, . , /
(2) In addition 5.1 weights of low molecular weight material

is produceds
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Le UMixed Polymerizat¢on Process appliced to: Iubrlcatlng Oils from
Petroleum Cont'd. _

raffinate., (Sce section on "Ethylene Polymers as Iubricating
0ils" for description of ring-sticking test.)

Some brief yield and anelytical date on the mixed oolymer—
ization treatment of a fraction of Hauskirchen crude oil are given
in Table III,

In 19&3 the German government had ordered I. G. to proceed with
plants at Leunzs, Heydebrek, and Moosbierbaum to produce a total of
about 1500 barrels ver day of aircraft lubricating oil by the mixed~
polymerization process. The olefin raw material was to be ethylene,
However, buC&Ube ‘of subsequent wer developments, none of these plants
was completed. :

The following documents, tronsmitted to the Bureau of Ships,
relate to this process:’ '

II Uber das Prinzip der Schmierol - Mischpolymérisation. (
(I.G. Leuna-iktcnnotiz of Januery 12, 1942).

IIT Mischpolymerisabion mon SS-01 mit Mineralol (I.G. Leuna
February 1, 1943).

Iv Heratpllunc von Flugmotorenol durch Misc¢hpolymerisation,
(1. G. Leuna~Bericht of Merch 29, 1943).

5. Ihe TTH Process for Lubricating 0il Manufacture
The TTH process will be mentioned here only because it was a
source of same of Germany's lubricating oil (see Table I). The
process is being fully described in a report of the U. S. Navy
Technical Mission in Europe entitled "The Production of Synthetic

Fuels by the Hydrogenation of Solid and Liquid Carbonaceous Materials."

The TTH process (Tief-Temperature Hydrierung) is a mild high

pressure hydrogenatlon of breun-coal tar. Instead of yielding gasol=-
ine as the main end product, as is the case with most coal and coal
ter high pressure hydrogenation operctions, this process is 2 milder
hydrogenation and yields substantial volumes of diesel fuel, lubri-

cating oil, and wax, The only commercial installation in Gurmany was’

the Brabeg plant in Zeitz, The lubricating oil produced there had a




