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. This repqrt records and summgrizes technical informnhion, ob~

teined by U,S. Nevl Technical Mission in Furope investigators, on

\the quantity, quality, ccmposition, ‘and manufncture of German 11b-
ricants’ during the past war years, - _ :

Figures fbr thic ouhntitiea of oils produced from all Sources
are.presented, The properties and specifications of some of thw im- :
portant commercial 1ubricanbs are discussed.

The: methods by which lubricating oils are produced from petroleum
are outlined, and the-severel processes that were in uss for producing -
synthetic olls are described, The manufacture and application of a
new gynthetic lubricating oii component are described,

‘The prépafétLQn"éﬁdlﬁse of soveral new additives are outlined, -
The position of 1ubricating grease manufeeture is covered bricfly,.

An appendix describes the manufacture of ethylene, the raw
materiel for oné of the SJnthetic oils,

There huV“ boen transmittcd to_the Bureau of Ships several Ger—l
man documents vhich will serve to elaborate in more ‘detail some of
“the subjects covered herein, , v

4 Samples of the most, pmomismng new oils and additives were ob- ‘
' tained and forwarded ‘to the Naval Research Laboratory at Anacostia,
D. Co....
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B MAMORIRS AND. APPLICHTION OF
LUBRICANTS IN GERMANY

!

1 Introduction.'. :
In allied natlons there haVe been many technlcal developnente
durlng recent years in the manufacture and application of’ lubrlcants,‘
both because of new demands’ and becauee this- field has’ been & subject
of extensive" chemlcal research. Because of its' highly 1nduetrial
ized and mechanized ‘economy, it was . tobe -anticipated that ‘Germany
also would have _given great attention during recent years to the b
_develonmenb and manufacture ‘of Jubrlcants. o o

Whereas in Amerlca 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 rew deveionmente weuld have
“-oceurred at least 1n the fleld of .synthetic. lubrlcan

To -obtain-a comprehensive-view of German develonments in this
field, technical pereonncl of all of the producers of synthetic lubw
ricants were found and intsrrogated and most of. the plants producing
these synthetlc lubricants were visited,

~To-augment-and-substantiate-the-information.gained. fron. interr-wmw

.obation and observation, many documents, reports and descriptive
papers were accumulated, and sanples of some of the newer eynthetie
materials were obtalned.

‘ In the followang eectlons are dlscussed the sunply.and composi—
“tion of “German”ubricating oils; the: ‘manufacturing:methods- nsed-

for mineral o¢ils, and:the development and productioh of. synbhetic .
- '5ils ‘and their components., New ‘additive developments are deecrlbed

and discussed._‘, , :

'~1mhe;in£ommqnm

— f;'t—shonid~be~p01nbed~oub—%hab~mn~reportan _hér
~ ained: from:many. soirces. and under many differ X .

joinionsﬂof,those contacted Were obviously reflecte in:the 1nfonnation’_
. 0.obtain. or:.
i contentions.
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l Introductlon (Cont'd.)

'Substantiatmg data will be desirable in many instances using anal-
‘ yses and tost. procedures that a{e in standard use in America.

"

2. - Commercigl Suppl J and Comnositlon of German Lubrica.-
tlnE Ollac ) . - - o v KA

“In Table I is shown an approximate brea.kdown of the German -
supply of lubricating oils from petroleum and the various syn_thetic

“processes, - These figures were obtamed from documents and fr

interrogation of a government oil planning board official (Dr,. Bu'oefisch) .
The-volume figures: apply to the period. of about 1942, -Subsequent to -

- 1942, efforts were madé to increase by four=fold the producb:.on of -
aviation oils, and for this program many plants wers still being con= °
structed in 194k, when the Allied bombing raids began to be concentra-
“ted on the oil industry. Henee, in 1943 the sunply of oils may have

\exceeded somewhat the figures in Table I,

- Desplte the devo]opmeut of several types of synthet:.c lubrica~ -
_ting olls, it will be seen that the bulk of the commercial volume
- 86411 came from petroleun. The crude petroleum used for the pro-
duction shown in Table I was from Germany, Austria, Hungry and
~ Rumania. .

e AR S S R AR P -

© With the exception of the ‘small volume, produced by Rhelnpreussen,
" the synthetic lubricabing oils went almost entlrely to aireraft ,
oil, The aircraft oil supplied to the Luftwaffe was nommally &
" mixture of ‘equal parts of synthetic -and highly refined mingral oil,
The' specifications for aircraft oil and some- apnroma’ce amalym.ca’l
“'dataon the sjnthetic” and minéral oil-components ‘and-the: ‘blend thereof- -
. are. shown in Table IT.. This. mixed oil was. normally used mthqut o
jadditives or Jnhibltors. oo ,

" Fo ' engines-uot."ler than a.ircraft, in general,, reflned mineral
ad.d ' “bv't e Ger-
» ma.n;‘Navi of the Rhomnrausser; synthetlc lubricat:mg oil In qb.esel enf'ines.,
- and L ines ‘were noxma.lly uprlied ’w1th ‘the same o
' ade ‘to’supply. a: special‘ oil SESIE
“opinien of ‘both:oil and engi-n ali
reflned ‘mineral’ bJ.ls were" 'wdeouate
- Again, no»specla‘ additives_T
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k ) ith: 51 ]
*_and tanks‘when using theae winter motor -oils wag an:i 4o
 gymthetic: exter 61l development whlch is discussed later..r | ’

It will be noted-in: Table I that the. synthetlc component is -
much more viseous than the mineral oil compgnent. -gince the viscosity
of the synthetic oils can be Pather easily controlled, these olls
_were made wiscous so that mineral oil bright stocks (high viscosity

“fractions) could be released for’ 1ndustrial purposes. -

=+ The synthetic o116 have been applied in small volume to many
apecialty uses which are discusped in connection with ‘the individual

' synthesea., ' o W,

o Because of the lUW temperatures encountered in Genmaqy'e war

:‘campaign, 10wering of the pour point of lubrlcating 01l wag desiTed”
for:.almost. every application, Speelal problems concernsd the supply
of..a Llow temperature, lubricant for. torpedoes, . & low temperature oil

- for: weapons,ﬂg water-soluble oil. for gge with torpe ogs, and a journal
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Aside fi'oma‘ ) ium and 1aw VIvoils made for 1ndustrial uaes,

‘the bulk of: the cating oil processed from petroleum was.refined
::to a VI in the région of 80 %0100, “Because of ‘the good ‘native qual-
1%y of the 1ubr:l.ca’oing oil fraction in the ‘crudes being processed,
the produstion of high VI products did not entail large. losses to
“Belective  @olvent 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 welght of the gas oil free vosidue from ‘che crude topping
units.

/

| Many of_the German crmde oil’ mfineries were built by Americei
“eonstruction firms “and ‘oSt of the’ 1ubx~icating oll refining processes.
were operated under 1icenao from American or Allied companies.

The f ; ing documonts tranSmitted to the Bureau of Ships,

Shaia I Brochaus\ Plan R RN - T " e T
.. (Material: balance and £low diagram of “a: ‘rofining system
8 ‘ufa.ct ing 1ubricating oil from an-A" trian crude ‘6i1),




ko applicetion vorked out by L,Ge. imvolved the trostmont o a
lubricsting oil distillabe from a-Gorman aruds oils - To:prepore

1.0 volumes :of-0il meeting airoreft oil: specifications by solvent

_extraotion, lo§ perts of Iubricating oil distillate (deasphalted ~~
" and dowaxed). were. needed... This would vequire the, di Of 05 ..
perts a8 exbrasts However, by mixed polymerizetion-of  volume
of distillate with l.5vvolumes of ethylenc' polymer, an. approximately.
3,0 volume.yicld of oil could be obtaifed equel in quality (both ty
laboretory and full scale engine testy) to either the ethylene poly-~:
mer. itself or the solvent extracted mineral oll fraction, . Thus, the

yield of airoraft oll could be incmessed from 245 ‘o _3+0 volumen;

4o Oo‘)""" 00 5-volumes.. of..1ow.. gr ad.'e- -extragt. could bemade‘hl‘ﬁQlﬂ.rQraft

76 sccauplish the. mixed': olymerization reastion, ethylene is |
Pirst-polymerizod with AlQhy ;x'fdeg;bribedz:;i’,n -dotail in a loter section
on mamifacturo: of Etlyleno Folymors) | Tho polymor product = ALC]




. mcm) Poxmmwxon TREMMEIW?OF

TABIE III

A I.UI3RICATII G OIL DISTILIMB VVFROM;PETROLBIM

R '.M'lxed Polymeriza-
" “#ion Product of.
. /'equal parts of

Deasphelted ancl ... . Ethylenc Polymer
Déwazed FPetrole Et;m:l.q@__ and Petroleim Dist-
- eun Distillate ~ Polymer illate

Tnput, perts by wioght
_.;butturn‘, par’a’s by welght
‘Density at 68T

‘Visoosity, SeSeuts 2t 1000110

Viscosity, Se3. e ot 210%F,

viscos-j_ty]:nde:e; i e e o

Flash Polnt, OFs

| Pour Poi.nt s

2 as® L
o o5,5(2)

—

‘0.915‘”- 0;855 T 0.870
‘ 540 2950 1200
58 205 108

.comasoni-‘cabﬁoh,‘ % whe .




¢-Polymers as Lub

v:OJ.lS“'fOI‘ descript:.on o rlnn-stickmg teat )

plants a% Leune Ny He;*debrek, and Moosblerb.. !
about, 1500, 'irrels vor dey of a:.rcr'-xft lubri at:.ng oil by ’ohc mured-
polyme Al x}occss. “The olefln vaw matorial wes to bo ethy] ohee
Hoaever, becaube of’ subsequent ‘wer devclopments, none of these plente ‘
was comnletx,d. » :

The follow:.ng documonts, tran.,m:n.tted to the Burea.u of Ships,
relat.e to this process:

IT Uber das Prinz:Lp der Schmlerol Mlschpolymerisation.
(1.G. Leunz-Aktemnotiz of January 12, 1942)e

III Mischpolymerisation non SS-OL,mit M:Lneralol (I.G. Leuna

' February 1, 1943).

IV Herstx,llung von Flugmotorenol durch Mz.schpolymerlsatlon.
(I. G. Icum-Bemcht of Merch 29, 1943)s .-

5. The T Process for Lubrlcating 011 Manuf“"ture

The TTH proccss wn.ll be mcntloned hcre only because it wes a
source of  some:of Germenyts lubricating oil (see Table 1) The
process is being fully descra.bed in a report of the. Us S¢ Navy :
~Technical Mission.in Burope. entitled MThe.Production. of. Syn’c,hetn.n it
Fuels by the Hydrogonat:.on of Solid and Liquid Carbonaceous Materials. "

The ,TTH process (Tief-Tcmpereture Hydrierung) dsa mild high
pressure hydrogenatlon of breun‘coal tar. Instead of yieldifig gasol=
J.ne_a.s ﬂ;g mein end’ product, 518 the case with most:coal<end coal
ts'r h:.gh preqsure”hydronenation operations; ‘this process-is a milder
' LA T olds substantial yolumes' of ‘diesel fuely lubri=
hé only" commerclal installation‘%i ‘Germany’ was
he 1ubricating oil produced ‘fhore had a:




!L‘hi.s ioruz'co Offtll l;rioating 011 WoB. if ".;pn]y beca.uaa of -
‘the shortuge; of' lu‘bﬂoants in Gemqm durtng. he"wuro o

qta]yst was fthe pro
ceds used to produce ‘most of . Germawas synthetio Jubriocentss There
-are two . different. appli.cations of ‘the process, one developed and oms
ployed by I. Go. using ethylene os. the olefin raw moterial, ond one
employed by Ruhrchemde, Rhienonin Ossag, and Polits: (Stettin), using
a miaiture of olefins boiling in-the 80 to 570 degrecs fohrenholt
ronge a8 raw matericle  The products from the two types of opera~
tions are chemicclly and in performance very similare It 3 mainte
~ained by I. G tochnologista thot eth:,'lene ook bo- po],ymerized £6
yield oils of higher viscosity than those that ave, prepared “vom higher
boiling olefinse Thoy’ belicve that ‘under nonnal eoonomzc Ovuditi ions-
etlwlene muld be the preferved’ olefin for polymeriza’ciono ’

The ohoicu Yy To Go' tychnologists of ethyiene ior row moteriad
vother thin highott botling olefins, whioh are prepared from Fischer
Tropsch 'fractions. and from petroleum wix, moy. have been.due in poat
to their particuler compeiy positior. . A8 operators. of ¢oal one ber
"‘}Wdrogenation processes, they. aould per}w.ps makse 1ow ,boiling oleﬁns

_availobls more. renﬁily than highert boiling ones. of Ahs. necesSuzy
-qualityo N |

Both typos of' application u‘sed conmereial]y m Germarw vrill be
,,,,‘.deaori'bed : i o tber e e e

() i o s T O




- nt ha.’o :L’o aha]l (a.) have
2 Tow yate of” change ‘of viscosit; with temperature "f”(high vi)yo(b),
Ahavei “low-polir point;allowing low: temperatiire-use;: -(c)-have: good
lubricating: properties (d% be' stable” (unreaetlve) under: the — -
" conditions of uses I.G beln.eved ‘that’ a Hydrocarbon molecule could
be designed which would satisfy ab least. (a);:(b).and. (d), and if- -
(c) were not adequate, then additives could be considered to im= |-
prove that property. , ;.

To have a high VI, an’ Oll must. cons:.s’o Sf noleculss which
can absorl;;énergy ‘without jbreaking’ awdy from each other. A long
-straight Paraffin chain with no side chains, or with very short side
chains, does not have a shape which alléwg it to interlock itself with
other molecules, Aromatic and naphthenic nuclei agglomeratn.ons ‘
are easily forced apart, Paraffin molecules consisting of a few long
_.chains, however, should be more difficult to pull apart, Paraffing
: con.slstlng of long ‘chains, Wthh will ‘repulse one another and tend to
ocoupy- & large space volume, should be .high VI components, .Long -
paraffin chains on.aromati¢ nuclei. should .also, give: molecules\ whlcn
‘t.end to interlock themselves ‘w1th -one- another,-and hence- be.. high in .
VI. ' In desighing afmolecul,,“ ,U‘VI, therefore, ‘a paraffin: con-t--f,"
~..Slsting -of.long. gids ' ; cture, or-an 'aroma‘o:l.c
or naphthene nucleua

forma. AT

If bhe'mscosity oi‘ an: average high VI oil followe an: euctra
i 3 : ‘measurement b

“then quite low “temperatiures-are - :
hat, ; ‘b-;jfBerioualy ‘inders-or: .-



which. corresponds SJmply to a hmgh V1scosity, disymmetry w1wh1nw,he/
individual ‘molecules is hecessary._ : N : ‘
e

between =110 and =120 degrees centlgrade and 2 2,3,3 tetramethyi
butane hes, .a meltlng point.of plus 102 degrees centlgrade,hwln the
design of a lubricating oil molecule, therefore, a disymmetry or

unbalance should be planned, A normal paraffin is unsatisfactory,
and a branched molecule of hlgh symmetry may also be unsatlsfactory.

To possess good lubrlcablng propertles, a molecule must be able
. to adhere to the surface it is lubrlcatlng.s If its‘use. is under
very low load; il.e., far in the reglon of so-called hydrodynamic
- lubrication, it needs to possess little more than the ability.to web -

the surfaces and retain a film between them. If- ‘the.load is higher,
then a more tenacious adherance to the surface is necessary, In thls

region, a molecule should be supplied which has'a conflguratlon '

_allowing.close contact between the mass. of the molecule and the

metal being lubricated, ..By this close contact, "edhesmon forces"

Lause ‘the molecule to be flrmly held by the 'etal,

Hsupply the Lubricating mole
Led by I.G. .an tacti

,;sqlfurfatoms in. partlcular arrangements. It operatl nder -
“extreme pressure; then even tenacious: surface adheranee may beyln-'.‘
i;adeqnatewandameteriels st then .ch:

.and ) eversibleﬁ‘ mb




In; decid:mg then what type of synthe‘on.c lubricatiqg ‘oil mole- '
_cule is to be produced iti ig geeri that it should be possible to.
design a paraffinwith a high*VI, a low pour’ point; good posistance
to oxidation, and: pérhaps lubrlcatmg properties satisfa;ctory for
'all but extreme pressure condltions. ¢ _ v

" In setting eut to: Synthesize para,ffin molecules in ’ohe 1yb~
ricating oil range the polymierization of many low boiling olefins .
was studied, Propylene alone could never be made to give & product’
of higher than 70 to 80 VI (I.G. ‘found that by incorporating 1 to 2
~percent..of.. polystyrene.in the. polymerization.. feed, propylene cah be.
“made o’ yleld oils with a VI above 100, . This fack-wag observed. !

eral ‘years ‘ago but was not further developed, présmnabiymbecaus. :
introduction of gtyrene produced oils with unsatisfactory' st
Polystyrens. Ain polymerization feed. gave: ‘the;: ‘same, characterist‘_
provement  in VI'to:. polymers. of other olei':j.ns Isobu’oylen

‘:"VI products 5 ~butw1ts-..gpolymera ha,vemaxbremely«




The pour polnt Tias =30 degrees
of this materiel were, roughly e
oil, hence, satisfactory for most

"7 Regaritng tho  stablliby of othylere: polyrere’ag
oel theso mater}als wore fot

simply & paraffin with one-clefin linkage’ per molecule,. nly..

a few specific oxidation products, One’ ig a'fatty doid which, in this -
‘molecular size, is non-corrosive and'ls itself s very good lubricant.
The othér 18 a. soecalled peroxide linkage, whiorein two (2) mokecules
form oXygen bridges with cach other. of the nature of- o

R=CH =0CHeR :
0 0
R
RM~ cg.:..‘ CH - R"l,} )

: This’ process of oxygen bridging and groxviﬁg“molechlar size
‘doos not-eontinue-indef initoly;-howovery-haceuse-ap- the-size..ef-the. ...
aggrogate grows, ite reactivity toward further oxygen sbsorption

decroagos Tapidly.. Thus, tho fingl stete may be aggregatos of per=
Haps two (2) or three 4(3‘5‘ ‘of “the original molecules, cach-bridged.
to 8 ‘neighbor with two ( 2) -atoms -of -oxygeny--Agaln,- thego. exidized .
aggrogates ave very good lubricants, actually botter, than the.orig-
“1hn) " meterials end-quite stabldy - In ugey: the:vigcoslty of -a-sbraight .
ethyléne;,,wpo“,lyme;-;?liﬁcréases\‘,no‘ticgably‘ (perhaps 33, percent) at. first but
“sooni roachos” & platoan beyond:which it does not: furthor dhangs, - -
0. /polymers wag starte
‘ﬁg . Ly




B ¢ e st cking test was ‘used widely in Germany and
had become. & specifacatlons measuremenb for aircraft lubricating
oils, It had been first used in 1926 but 'subsequently many ims .
 provements. _were Made to..inereage reproquciblllty and to make:
its. results more 1ndlcat‘_v'§f full scale berformance. '

L (2) The test device is a\single qylinder aircraft engine,
BAW 132 (Bayerische Motoreén Werke). 'The cylinder is set up. ',
for test- block operation with aoproprlato control and measureé=
ing devices, It is operated at--1900 revolutions per minte with
~a power output 'of 57 horserower. - The: :cylinder- hsad - temperature 3
is 500 degrees fahrenheit, the fuel inlet temRaxature is 90 de~
grees fahrenheit the oil inlet temperature is 210 degrees fah= -
renheit, and the oil outlet temperature is* 230 degrees fahren=
“heit., Ah initial oil charge of ca. 2.5 gallons is used and the
oil circulatlon rate is about, 26 gallons per hour,

(3) A nres«ure recorder-on-the crankcase: shows when gas
,by-pa351ng begins as the result of piston rinL-sticklng. The
- power output dreps at’ the same time and thé eylinder becomes”
" hotter,’ Once gas by-passing begins, a very short time only is
reauired before comvletcwstlcklng of the rmngs occurs, :

(h) Tt was” speciflcd by this" Gérman Al Mjnistry ‘that” ell
~aircraft oils. -must. have.a mifimum. rlng-sticking time of 8. hours.
'y mlneral 08l normully would just’ réach 8 hoursy” by ethylene

for 20 ho 1 '




b _ynthesms of Lubrlcantslby olyme
Alwnlnum Chloride,“(a #{Conttdy)

. A highly reflned mlnera,eoi,,deterlorates after
test t0 such an extent that th 'r1 s-of thejtestfcn i
stuck, . Bthylene polymers.| ; igh
normally at least 20 hours,
ethylene polymers give 2 test tune longor than ‘the avcrageafor ‘
“the two comronents.  The hlgh VI and low pour point of the ethy=. .
" lene polmners are”of course deslrable rrorertles for aircraft useg

: Prlor to 1941 2 lower. v1s¢031ty rolymer (about 100 S.S U.T*
at 210-degrees fahrcnheit) had been made os well as the more
‘viscous grade. In addition to. these two (2) main productsy in
either operation a small volume ( about 10 percent of the
‘total yield) of a 60 to 100 S.S:U. ‘at 122 degrees fahrenheit
fraction was recovered by product fractionation. This fraction
had recently been hizhly valued as a lubricant for, Jet aircraft.
I had a pour point of «95- dcgrees fehrenheit-and Wwas mixed -with
other ingredicnts to-produce various lubricants for low temperg-
ture operation, - An ingrediont of 2 journal .lubricant 1t used by
the German R01chsbahn (rallrond) was recovered by hydroly51s of
the AlC1l; sludge produced in the polymerization.

In Teble IV are stiown typlcul yleld and auallty data for the
gperations-producing both- VlSC051tJ grados of -ethylene-polymerss-—

\

(b) Manufgcture of Tthylene Pol crs.

- An-attached document ("Das AL hylen -Schiiterdl. Verfahren")
describes in detail: tho ‘process that: was in use-in’ Leunc, but a
"“brlef outllnc of.the ovorﬂtion is ‘plied beldwva‘— SR
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 RESTRICTED
6o Synthosts of Lubricants by Folymerization of Qlofins usin
Aluminum ‘Chloride - ™ -

contaimination of a few percent ¢an be tolerated, but above per=
heps 5 percent the quality (particularly VI) of-the product .

begins to decreuse.

. To obtain etiylene of the. required purity from a process of

. ehtane dehydrogenation, & system of .sele¢tive sbsorptionor = =
linde fractionation is employeds The production end proparation
" of ethylene by this systém is described-in-Appendix I to this

. reports . | " R S

" The polymerizetion operation is a batch process and pro~.

ceeds in two steps, first, ths catalyst preparation and second -

_ the polymerization itgelf, A stirred autoclave (carbon stoel)

of sbout 30 barrels enprcity was used in Leune, Inpo-this cuto=
clene was first run nbout 400 gellons of » recycle oil, which
was o 260 to 520 degrees fahrunheit frection serarcted from the
polymerized product, This recycle oil, which was an incanpletely
polymerized product, was uscd as a slurrying oil for 275 pounds
of AICl, (equel to 5 to 6 percent welght of the ethyline to be
cha.rged? (The 4101, usud normally contained 2 to 4 percent wel-
~ght-ofFaCly-to-1limit-the-ac tivitye)-~Bthylenc-ges-then.was ...

introduced until a pressure of 30 atmospheres had been caetabli hed..

The temperaturs then was reised to 160 degrees fahrimheit by means

of hot vAter coils in ihe autoclave, ~ Ethylene polymerization began and the
temperature. fose repidly to 360-to 430 degrees JFanrenheit. - Gool=

ing weter then was put through the coils to bring the teinparature

_down -to. 230.to 250  degrecs. fahronheit which was the operating level,

This ‘ended tho catalyst proparation sbep, The sthylenc pressure™ ™
. had dropped practically to zero.in the’operation, and the ‘pro-

duct of-this step-was 2 catelyst ‘compound of A1Cl and: polymer~ '
ized othylens.  The temperature to whith the system rises:in .
| vst reprration step doborminics ‘the aCtiViby Of the




Y p P°’
“and further uee of it resulbed ina depreciation of the hrodubt. "

To produce the more viscous grede of oil a very active catalyst
was prepared by Llimiting-the peak temperature in formation to 360 -
‘degrees fahrenhelt. A low operatlng tenmpeia ture, 230 degreee
fahrenheit then was used, To. tmake the less viscous grade,
less active catalyst was trepared (peak tempersture in’formstion
was 430 degress fahrenhelf)and an’ operatlng temperature of 250 .
degrees fahrenhelt was used. '

The operatlng tempercture and not the catalyst act1v1ty
determines the chain length the higher the temperature the shor=
ter the length the chain is ellowed to attain before it is thrown
off the catalyst. When a more viscous oil is desired and a low-
er temperature therefore is necewsary, an active catalyst is re-
cuired in order to eccomy¢1sh the nolymerization, When the temp~
~erature-is-raised-in-producing-a-less-viscous: grade, -a--legg-
active catalyst is required, both betause its activity increases
with temperature and because less extensive polymerization is
possible before the temperature forces the particle off the aur—
face of the catalyst and: thereby ends its’ growth.: ‘Actually, -
apart from-the lack of necessity of the more active catalyst -
“atthe: hlgher temnereture, ‘the=lower:activity: caﬂelyst Lg-dew:
sirable in order to limit the cracking réaction: whi.ch Begins ‘
to ‘be notlceable near the 250 degreeu fahrenheit.level¢ =

~In- additlon to cutelyzin‘fthe sim31 ddition of: ehtylene -
~mxﬂ£cules~to~§he«end~o@4b : —an-imp 14 hm““t~o£———
the A1C1l; catalyst is that of olefin : '
‘ nggo£§t>e§dbu5l Lbondft‘werd
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"6o- Synthesis. of Tubricents. by Pol
_ AlumlnumvChlorlde, (b) (Cont'd.:;

glVlng branchus on the end of the loné ch 2ins and agaln yi‘ldlng
a; molecular delgn Wthh would be uxrected"o;h Ve a hlg, V\

thc polymerq bclng iormed grad C
, ; ts whlch,cherﬁctorlstlcélly o
h‘,hetpar 1c7es being formed.]“,uq, the pro—-
vpolﬂmerlzatlon of ethylonc 1¢ ﬁ ‘mixture »f

many moleculﬂr siaes. o T

At the end of the 6 hour period; tho ethylene nrossUrs on

the system was rGlLuSLd and the temperature was Towered to Cas .
175 degrees - frhrenheit.” The AlCL, slurry phase wxs\éentr;fugadv'
from the oil 1aynr. A small volu%m of methanel (20 to 30 gellons)
was then ndded to the oil rhase to react with A1Cl3 - unsaturated
“hydrocarbon complexes which remained aissolved.  This methanol
reaction prgdﬁE& senarated out «nd was removed;—the oil layer
thereby being almost completely freed of A1Gl;, The oil was
neutralized and then fro ct:onated into recycle oil, the low
viscosity distillate oil fr ction (normnlly boiling up to about
660 dcgrees fahrenhult), and the main polymer’01l. ‘This. re51duel
polymer 011, the main Ylelu, was treated with bleachlng earth
w2 flltercd. B ; [ —— et e e

T S S

e

Tho separated AlC] sludgc lhyer was hydrolyzed to yield
end-oil phase which was ‘further polymerlzod by a subsecuent,
-A1Cl, stage of. treatmcnt an@igade into. a. IOW'temperaLure rﬁil—._
: road journal lubricant. " ,

A typlcal welght balance for ‘the polymerlzation step is
"Sh°wn in Table V' '4ﬂfi"fyf“J-TyA‘” B S SN ‘:J |

Thé: followzng documents. transmltted to the Bureau“ofLShlps
""re] "d‘aq to.. ehhvlan@ nolvmern.za*'inn'




inpub
Ethylens
(Recycle 011)
Total Input

Outtui‘n

Polymerized Lubrica’c.n ng
‘ Oil Product el

Low Vlscosn.ty Distlllat.e

0il Fraction

Oil from: AlClB Sludgé
HHydrol\vsJ.s ) o

(2650)
R A |

Pounds N

4860
(2650)
4860

3690
330

© 360

Y Y

100,0 .

000

7509

6.8

Mol

et '

. hséo ‘




6, Syb thosis of Lubricants b ‘-":'Pol"merizabion of Oleflns usmryé
‘ Alwrdnum ChJLOI'J.dU R beti

(c) Polvmerlzatlon of,,Hivher Olefa.ns. R L

As indicated before, oJ efms bmlingm t}}e 80 to 570 deg,rees"-
" fahrenheit range were used’ in Germany ynthe :sig of high
grade lubricents.. - This synthesis is, no new ‘heaying. begn. applied
“clsewhere in the world nrior to the war. ‘The most suitable ole-
fins for such synthesis are normal (straight . chaln) compounds

with the.double bond in the alpha position, and two (2) ‘sources

of such raw m~terlals were used “in- “Germany; olefins from the
thermal cracking of ~& Fischer~Tropsch synthesis fraction’ and
olefins from the thermal crccking of pe raffln WA, :

Th.'l.s lubmcatlng oil syntheals wee practmnd by Ruhrvhpmie
in Holten, by Rhenania-Ossag in Hamburg-Harburg, and, at the" Po]itz»
refinery near Stottln. -

- Ab Ruhrchamie, a 360 to 600 degrees fahrenheit fractionfrom. -
the Fischer-Tropsch olrnt was cracked thermally at a, temperature
of 1020 to 1110 derrecs fehrenheit, A fraction boiling from
85 to 369~decrong fa h,‘fenh*lt, was separated out ‘ds- po”ljmerlzatwn
“feed, Heavier components Viare “vaeyeled to feeds - The ultimate
yield of polymerization feed thereby was 60 percertt weight,gf the

thermal eracking unit charge.

Thls polyncrlzatlon feed contained 60 to 70 percon’c olefins,
larrelv normzl ‘alpha compounds., The naphthene cohtent' was: only
a fow percen’r, and, the aromatic ‘content” w«s "extremely JTown
PR .
\At Rhenanas-Ossag, the. polymarlzatlon raw matem.al was pre-
\pared by cracking . para‘fﬁn wax, from Austrizn crude oil. The ,
"thérmal ‘éracking wes carried ‘out-dt” “low” pressurg anlehO to 00 :
TAegrees; ahFoniett T A0 percen ,,.,eight*ya:éid“q“ outds-above—
-C); was obtained, -The la.qun.d waa ughly olefinic. and bes : ,
for lubricating 011 Jnt.hesis At the 'wex. . rom whlch it was, prc- ‘
; content, ““A"fraction’ bo:xling :‘from 85 to 590




clane; at temps ol 1
1 equal t6  approxim ely 6 :
] action required 15‘tb'20 houra,” Rh
the Te: “a ‘néar~ ( ire; “after 5 hours: the-temper:
was valsed to 175_degrees ahrenhelt, and. the reaetlon proch ed
1. heurs 10Yes . . o
In’ the polymerization, approx1mately 95 percent of ‘the..
olefins were converted to material in “the 1ubrlqab1np oil: range.
0f the total polymer, about 75 percent was recoversd s primary
product, ..A.low. viscosity.. srlndle oil normelly was separated. Some
0il was récycled ag AlClBQIurrylng 01 back -to- the-poiymerization
step. This oil comprised aprroximately 15 percent of the total
yield. Politz phepared in addition a cylinder oil by hydrolysis
of the AlGlB .sludge phaso. Jhe other two operatore apparenbly
did nOto

i

Both Rhenanla and Politz uecd fresh ALCL, for only. one betch

polymerlz"tlon onerotlon.' Ruhrchemle, howeve%{ ‘gterted witha
- 6 percent- welght addition. of AlCl3 but_in:the second bateh only

ohe, percent weight. of fres was: added and sludge from the

first batch was used to- make up %he volum ‘of slurry.‘ This. was .

repeated for each subsequent batch, Witk ing only ‘enough’ Loz g
-sludge .. to kegp the,.catelyst. rhage. conatmfb in volume, - At the

‘end of 60 batches, ‘the total sludge was discerded end the pro-””””“

cess wwe .then.; ,ed for\e ach 60 batches.

ghep. and remeval of

After qompletlon"ofﬂtheapol oriza
. H”emQVal of

:~bhe“ATPla sludge .phass;: the «oiliphese
{101 5 and «r°ction Eea




he mein Ruhrchomic product
1y 46 tho Army!

had an average

m°19°111 £-Cq
o original olefing

hehigs was only
Ruhrehenie ol

int, w;_t,h : ‘xidat i°r,‘

ar siée' “0f-C5 4 and
he

7 [goie published dbte on thres different’ viscosity ils’ previ-
ously merketed by Ruhrchemic showed ‘themto hove densiticsiof’ .
0.85 o' 0,86, pour points of aprroximately =40 degrees fehrenheit,
VI between 105 ‘and 115 and Coriradson carbonh values'of “0.07 %o -
0,15 poréont weicht, o I :
i While in recent. ycars the supply of olefins to these AlCls. -
polymerization S‘:'/stclm/s_)hdé béen from themal. crackifg of norma.
.paraffins, there werS.nlans thot in the future ‘they Would be pro=
duced ot least in pert directly from Co plus ‘Hp synthesis.. - AV
Ruhrehieinic, o modification of their Fischer-Tropsch plant to
cmploy the "Kreislauf" (rceycle) principle was planned to in-
creage the contunt of olefins in the product, ~A fraction of this
product. was. £o.be_used directly. s, rolymerization feed without

thormal erackihg. Further, the application of iron catalysts with
‘incressdd pressure-in Fisther-Tropsch processes was forbhcoming:
-From“such’ operations polymerization-feeds containing 60 percont
olefing,  of which approximetely 85 percent is rommal olefins, -
would be obteined dirdetlye .0 T

7. Symthesis ef Tubricants by Cordensation of dro= = -

ricating oil was synthosized by: Rheinpreus sen in: Hom='

fidensing naphthalone with parafiins;
' aromatic nucleus with a” long




nue ] onlb’ S-Lig wched, .
© paraffin.si tni!.n mteining: on.the average: about . 16.carbon. .. -~ ...
- atoms.: Tlus type- of, molecule gawc, o:.ls with a VI of” °boub ]D5‘ o

and’ pour points of ¢ 20 degrees fuhrenhelt.;

In produc:.ng thei‘r everagc molocule, Bheinpreussen want,ed B
“one.pareffin chain per _moleeule, -They hed found thet one long
- chain geve a higher VI product.than-two ('P) of nore .shorter ‘
chains, Also, they wented only one “arom:tic croup attached to “—
‘each paraffin. choin, since molecules consisting ‘of a chain bri’-
ging two (2) nephthclens groups were poorer in VL. -

S aad s p e, e

: Rhempreuséen pmaueed a spindie oil a turbine 011 2 steam o
cylinder oil of 250 85, oSl 2t. 210. degrees. fahrenhei@ v»iscosity o
‘end as. their main product.a ‘diesel oil of 570 /8.5 U, at 122 degrees

fn‘xrenhe: tﬂ_ v:.scoaity. - Rhelingsreusseh’ sold thig’ dinsel ol axo-u
' j Na 3 largest of three (3)




RESTRICTED:

3. Syhbhosis of Libricants by Condensation of Aromatics and

Ty /

‘For ‘evasuating diesel oll, the Navy used t
£68t consisted of Heating e’sample of oil in
flask in"a drying cabinet for 140 ‘Honrs' at250"de “fohrenh
end then measuring the asphelt content (insoluble in petroleum
other)s ~h vilue of less than 0,01 percent: “welght was reguired
for acceptence. - .. - o T

" . The Rheiipreussen dicssl oil had a Conradson Carbon velue
of sbout 1,0 parcent welght, It was argued, howover, that forma-
tion of carbon or 2 asphaltic products was loss sorious with
their tyve of g1 because en aromatic matorial is able to dissolve
and retein in ‘solution such degredation comjounds, T

The Rheinpreussen nrocess is carried out in two (2) steges.

In the first stage, a 430 to 660 degree fshrenheit fraction of.
Fischer-Tropsch product oil is chlorinated, no catalyst boelng em= "
ployeds, A -temperature of-160 to 210 degrees Tehrenheit is used:
" and the resction time is several hours. "4t tho-end of the reac-.
tion Teriod, the chloridrted "8 contzing -approximetely ~18-pepe--
‘cent weizht chlorine, (THis quantity.of chloring is. equivalent
to somewhat morc then onu chlorine atom per "méle‘dul'{d.‘) L

n ‘the second stare, the" chlorinated: peraffin- is.réacted . ..
wit phthalel ”"“‘n‘f”thsé presence-of: gagoline eg-a-diluent and .. .
A1C13 plus” aluninum’ motal” (shavings) as catalystysThe naphmio
“thal2ne supplied was .10 pe ess. of .a one to one molel

“one équivalent ratio:vi
~ gumption is-cbout




of ethylerie r oImﬁers,was“only equa ‘
and, although this was adequate for most applications, here was
& property- tggt could be hnhroved. Ethylene polymers. and othes
similar synthetic' oils wers non-corrosive in use, gave only
_average engine wear, Were adequately’ viscous, and had no outstand-
ing shortcomlngs in other directlons.

Thus, a better lubricant would be useful, one which would
result in'lower friction in the range of hydrodynamie lubrica-
tion, and ore which would behave somewhat as an extreme TTessure
lubricant in the: range offboun arz”lubrication. . : roperty
should be combined if po th-hig
‘vesistance to-oxidation-and:q 8l )
be compatible””ith general 1ubricdting' lw”eaui




‘ ; esters:vensued. It«was :Bbund, -
“that esters of. secondary alcohols were unstable, and’ the‘ £ Lo
narrowed. to, combinablqns it : oh {

| 'of app 1y 150, a poyr. point
of -95 degrees fahrenheit,'rbut its lubricatinn nromrti’es were '
not outstandmg. Throug,h‘-~ 1 - ‘
found that*the “space yatte L Mol v VE
was §0 Magsive that onl,,,r a perse coverin* ‘of the suri‘a.ce w‘J.th
gbsorbed ester f:roupe ‘could be obteired, - ;[ wes. concluded that
the idea estor.would be -a-simple-one whoreln: thy -atbached members
are ‘straight thin cheins. (tnbranched) and the surface could :there~ -
by obtain a dense covumnr bv the adhermg esber‘ groups, :

Monoesters oi‘ stra.if_ht chaln a¢ids and alcohols are good,’
but outstanding in’ quality are ditsters of molseules wherein
the -two ester zroups. arc, goparated by a straight chain of
several, carbon atoms. A diester.of -edipic-acid: and-normal-Cgu-
alcohol was made and its propertios were outstanding, The V
vias 238,7:‘-the 1ubricating propertles were: excellent but ‘the -
*’the molecule was- too: great and the pour point was
.0 degrees ghrenhei’o. Disymmetry wag, int
beta-m' thyl a dip d,’ and hhis px‘o
‘a';;.\VI 0 I‘228, excellen tbricaﬁing properties,
cellent-oxidation and engine stability and’ the pour point had
‘dropped to.=33: degrees i‘ahrenheit. e

h word ' f‘i}era as’ 'ubricabing oil '
componentss™ The. productlo bi‘ 00 barrels “pep:
methyl: adipic-ag 3 b . d’.

attained'f"ra te




uldstion ot
alpha and.

Russiaj where fai
during the winters:

acid and 280 to 360 degrees fahrenheit, alcohols was used in-50
percent.concentration in an oil forvlubricating weapons, : gn*(_u

““ester of ‘adipic acidand 320:to ‘390“degrees - fahrenheit-alcolols -
was used as-an’ingredient of a low tempereture journal lubri-

cant for railroad cars. A special hydraulic lubricant for aircraft
contained 5 to-10 percent of an ester of adipic acid -and eyclo= -
hexanol, an ester with an unusuelly low pour point, A There were
these and several other specialty uses, but the main volume .off-
take was for some-aircraft lubricating oils, where gster of adiple:
”'&6i’d"”‘"éﬁd‘“?60"‘t‘b“""570’"“d’e’grees'*fa;hrenheitma’ﬂlcqhols~»were-.~used‘-»in»ca.--~-~-w-«.-~»-»-
‘25 ‘percent concentration, - . - T

Because of the Shortage in Germany of both' acidsand'valc'ohols,
“some of the I, G. raw materials were admittedly.not.the.ones that.
would have-been chosen otherwise, -It was planned that ultimately
“tHe figin "aleohol source would be rfrom-the:new:MSynolt- processy .
‘which cen produce primary straight chein-aleohol in the desired

G, 67Cy, " FaRgS direstly from CO"and Hiy - While adipic-and methyl

alliptc 891ds are good starting materiels, higher actds in the

“game serles; “such-as sebacicy ‘were- considered o be more: de?'im g

o-ofhigher-dicars ————

- bre“and“actrve“rebearch—on»’&heumanufaotun

any meriting note
Wag:ic 16’ ten (Ruhr), “This'

“company, which works with fatty acids and produces synthetic butter
Tand.other esters. studied: the usc of "estens as: normallybricating:




,(DFW i)roposed to make penbaeryt,hz‘ito “from
Adehyde):

mpo had the .sam ;desii*able propertie

It was the opinion af DFW that t lubriceting oil

that ‘can be: ‘mamifacturéd:today is one' corisisting of a: ‘eynthetic -

bage materiel such as polyethylene. and 5 to 1o peroent of an: cster
such as, those deanribed above. R e S

(b) Mg._t‘_acture of gsbers
~The. esterification operation of. I:Gi s quite a:mple and.

" does 1ot require unususl puritics of naw materiols. : The acid and
‘aleohol and pumped inté.a gtainless steel- limed,h(agitated reactor,

Benzene: or. naphthalehe sulfonic acid is uged as:a’ catalyst, about.

ong- porcent weiht of the total mixture being required, A 10

percent, stoichione rlc .exceds of alcohol is useds - The tempera.-
ture is 300 to 360 degrees fahrcxmeit.. :

Dumng the roaction the wator fozmed continually disulls
off and 'progress.of the reaction is judged by the rate of evolu-
tion of water, The reretion roquires about 2l hours, '

'The -\prodizct is washed with waber and sodd which removes the
catalyst, unreacted acid, and half esters, It is next distilled
to--rémove.-alcohol..cnd. 1ow boiling..secondary-products,--The-ester- -
oil then 1Mﬁ€€2d with 0.5 percent weight bleaching-earth at
160-to 175 degrees fahremheit and filtereds~ The product there~
after is handled-like a normal refined oil, No stabilizérs are

added: and no. special handling precautions are. neceasary. et

mification was a sulfon;(d acid, for more difficult. ‘s
_such..as. with trimethylel .ethane wherein.a t.emperature of above. -

390 degrees fahrenheit is used, the best catalys'} is @ine metal

J(dust)o

' are given 1n Table VI, -

Bome properties of a few typlca‘l lubricatn.ng oi,'l esters

!

e



: ) monocax- i 116"

Acid

Moohol ~  Iso and.: onnal‘Octxl Isaocbzl Trlmethylol
Normal Octzl* ,“'I g; _ R < Ebhane

Denis 1ty 68° F. 0.922 0.920 N 0;912 | ~~_.958-

Viscosity, o - PRI e
SeS.Ueab 1220, 45.5 . - 48 . 5 62

Visc031ty ‘ . :
8.5.U,3t 100°F, 50 .55 65. - Bl

Viscosity Index 191 208 189 157
Pour Poimt OF <11 =33  Under.-98 b
Flesh Point Fa 405 Wo - k55 - - b5

#* Halfvester‘ofléaéh.éiééhéi;””

PR



About 15 gallons of
to 480«' degrees fahronhel
to 480-degrees fahrenheit
.Navd Research Laboratory in

oy Est-er J.s Schmwrole (I G. Leunsa "= 'DfH. Zorn .
L report of 11 November 1943) = -
X | Esterole—GI—fG - Louna—P _per on properties and
C apphcatlons)

XI'  Ester als Schmicrole (I, G. - Le,una-Dr.H qun pa.perv
listing proport:.es of esters)

XII FliessSchema fur Estorolnnlagz,n ie 1016 (I.G..
. Leuna~Flow diagrom end matericl bala.nces for
manufscture of several eqtors) .

“RITTE 01" Milags Sehaia T Tl 8Ad TT Teil (T:6, =
Lsuna - Two process flow diagrc.ms for ester’
oil manu,facture). | .

B Oth"",,.s, nthe"'i“.._h‘bri"atm‘ 0115

.. German deVelopmenta in. syn etlc' lubrlcants were not 2. resulb,
solely of requiremsnts but Were ta sofie’ extent ‘A’ by-product of
~the. onormous research progn.ms being carried But in all chemical.




salts with eodium bisuli‘ite, ‘treated with eodium methyla

replace terminal chlorine grovtps wit mcthoxy groups, -6

~ and 'distilled ito: bemqve unreacted” componenbs , ot 1 -
,propertn.ea of "this materdal ineluded s pour po:mb of z : degrees ‘
fahrenheit, e VI of 150, and a vn.scosity of 130 S S.U. a.t 210 ‘
degrees fahrenheit. :

C 'l‘he above synthesis has beon descrlbad in more dejmil in
U.S. Naval Technical Mission in Burope I.etber Report Nos
123-45 (8) of 12 June 1945,

The qevel{pment of ‘tetra hydrofuran polymers is i{slatiwaly
_new. .and.not_many date.on. their. properties as lubricants had been
obtained. A total of 18 tons was produced in 1943, An active
program of develotxnent including engine testing was in progreea
at Lemerkusemq .

A water-soluble torpedo“lubricant _developed by ‘the’ Deutsche

ims t,ely,, , 8:‘1‘fat'ty i 1, ‘TT . it
‘“‘Gm‘g‘f“‘ ﬁi*ﬁ*"mmu*ﬂﬁ“fwm4 » 6it,
,‘a‘ pour pOint‘. £ "‘*9 deg es "fah enhelt



" varping "4 sampls of thits
water-soluble 011 was obtainpd and forwarded to the Naval. Re-_
vsearch Iaboratory. . ;: . o o

';lQ, AddlblVes to Iubaicatlng Olls-

¥ ,,o;increase thc volume ‘of lubricants, 1t was: o
that Germany had given attentlon to the development of’ addltlves.~*
It wes found that many companies had been studying - additives and
that, parallel to the situation in Amerlca, hundreds -of ‘compounds -
had’ been ‘synthe, sized and ‘tested.” ‘From this mass of resecarch there.
were déveloped some new compounds thet were being used commercially
and which perhans could be useful to America,

The use of 1nh1b1tors and addltlves in lubricatlng olls was
less extensive in Germany then it.is today in America.  Mineral
oils were uséd uninhibited, and no inhibitors or- additives were
Aused in the synthetic. lubricating oils or in the aircraft oils
-containing esters. As statcd before, no spefial attention was
given to diesel 0115, ‘and again no 1nhib1tors or addltlves were

-used-in.them,.. . T Sy

The use of additives was llmlted thoreiore to speClal oils
but since it was the practice to specify special oilg for &

great_many, needs, ‘there were. large numbers of Special,comnounded

oils marketed ‘ Nagural fats an us j

- o) d-the evelopmend,







- (b) " Lorfosion Tnhibitors: = = . | _
- A-compound. developed by I, G. - Letina; “Jnown- as ‘KSE. (Kerros~
_;onsehutzeéter);ishowaveryﬁgooducdrroqibn;reSistinngnopertie3¢a;~‘
In‘a cutting oll study a soap-that.was being tested was: observed -

to protect iron surfaces against rusting. ‘An ester of the'acid ~

was then prepared and stidied as a lubricating oil ingredient,
Extensive test data and fiald sxperience were accumulated, ‘and

this compound was being manufactured and -included in several

special machine oils, torpedo oils, and weapon oils. . The. compound-

is prepared . from a normal -C 5 to QE&'paraffin, obtained in Germany- - -
by selecting a fraction of %1SCher9;ﬁ6pSGh liguid. The synthesis

was then carried out in the following steps: L

R - CH3 b 80, b CLy— R = Cliy - 80, C1 il

R ~CH, ~ 80, ~ 01 } Ny~ R = OH, - S0, NH } HCL~

R - CHy - 80, - M, + CL CHj - COOH —
'R = CH,~ 50, NH = CH, COOH } HO1 |

R = CHy - 50, ~ NH - CHCO0H + R 1- OH —

R Gy 80, - NH - OH, ~ 000 - R
*””(leclz : to '018 &I'ld R*-is from ‘Cll-- toclé)

The reaction of the paraffin with S0, a

“ultrgviglet,light.‘vThg,NHB-@ndwthe &nl

nd-Cl ié'catalyégd with
orajegic hcid'pgactidqgw,ww

o

,55- in »9@?«‘,@*?8 Olls, the ';s.oab f.,us‘age is 4
the other applications, the ester is,
about”3 percent weight, - s
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face over another under extremn load condltlons w1thout selzure
‘of the metals occurrlng. ‘To-act in such a capaclty, an. agent
-must-effect.a- reduction ii-friction’ by prov1d1ng some’ moving
layer between the-two (2) surfaces. Most extreme pressure
additives accomplish this effcct'br réacting irreversibly with.

- the” surfaces, forming a metal compound whlch rubs off the metal.
and provides a moviug layer which derarts from the surfaces with
- less friction then'that accoupanying the motion of one pure metal
surface over the otner, , ‘

ewn

I ,ever, an extreme pressure r?ent bhOUld be "corr031ve" form-

1ng metal compounds, only undér the conditions of extreéme 1oad.”

Tnerefore, an agent should be chosen wblnh 13 non—corr031ve at
e P

?“Whlch ‘bedom warm: ffomufrlctlon w1ll ‘b attackea by th‘ “én%}”“
formlng a metal.comnound Whlch w1ll_rr1V1de thp "IUbrlCatlon"




C5H11 -0 C\s - CHZ

A new compound was belng manui‘ac*"‘ :
as an ingrediont of aeroplane: engite - break<in 01 “The’ agehi‘, Mgyig
<Phosphorous compound manafactured From cnlorhenzc phos horus_ trlch-
. loride und#tearyl amirie, The use $£:0,5 667 1,0 peres it of -this -
"compound in bil reduced -bHe-breck=in’ time fop ‘zeroplane “engines” from
50 hours to 10 hotfé, Tt had been in small-production at Ieuetkusen
slnce™ 191;3, the total Glitput having-gone' to- ‘DoimIer—Benz and Junkers
for the” above use. “’Phe compound was prepared as follon

,“\/ 4 13013 ‘ mm, . |

R ey




and a temperature' of 85 degrees fahrenhe:}.t. The polys yre
clusion was said to Pdoubde the. ‘offaotl of the. Peraflow:addition: to
lubricating-oils;: 1942, “about 10, 000-berrels of Peraflow was"
menufactured and. sold in a concen’crate contaming 8 percent Para-
flow 2 md 921 percent oil. _

(e) VibGOSJ.»tV Index mhencers:

N

Polyi_ obuty;eno ws being mamifectured and. sold An. G many
“{inder "the trhde namo 6f Oppanol . (I. Gs - Oppau)s  Its use-was-

Limitied 4o 'the dndrcase of VI of a' fow Tow grade lzubvi.catidg oils
to ma:ce them sala'ble as motor oils.

It is perh"ps worthwhile to mention th . work X
W,J.n one. research 1a :

| \systgm been“w rked out




The use of Lithium S0aps, for- groadon wes kncs and a. yory-small volume
-was«beingfproducedjCbu@?thereFWaéuappaféﬁtlywonliﬁliﬁtlé“iﬁbéféét o
in'andiyo,plans‘forréxtcgdéd.use”qf1yhem; Ce

- -..qThe 0il components:of Germen gresses werd: almost exclusively
refined petroleum. fractions and,. most commonly, of Pénnsylvania
origin, No-importent use had been made of the synthetic lub= |
ricating oils produced in Germany as grease components. . .. ..

- One.develomment "that was found was the use of finely divided
silicon dioxide to produce rels with lubricating oils, It was a-
development by the Degussa Company (Deutsche .Gold und Silber Scheide-
Anstalt). The finoly divided Si0 i propared by burning silicon
tetrachloride and directingfthe;figme.against a’ cooled metal sur-
face, The silica product has a particle size distribution similap.
¥ that of catbon black and a setfied density of only 0,015, .

Used in 5 to 10 percent concentrétion. with ‘certain lubricating oils,
particularly those containing an appreciable content of polar come
pounds, a stable gel was-seb: up which could-be used ase grease; .The
gels were said to be sta ver & temperature range of =65 0. ¥s70

dggrees ahrenheit. s _;““."";‘,"“f‘T‘?i"‘”.“,",‘ N b s bt S

";ihﬁﬁfolléﬁihéfﬁgﬁﬁment,mbrahamibtéditdfthenggrean»of;sﬁipa,_-ﬁ

pertains:to-Gorman-Iubricating greasess -




2 Gshelisions,

" ‘*?w~i,wyl) The TTH process at Brabag-Zeitz prod; gd 600 arrels
per day of industrisl’quality 1ubricating oil. Thi dro~
genates brown:coal tar under such conditions that:a. ubrica ing 0l

fraction of avera,;,e quality only is obtained directly 888, main
lppoduct. O

(2) At I Ge Leuna polymerization of ;sthylene t-o ¥ produce
high quality oils Was” being carried outy o5
il of 120,V

; .’*low pour point ,‘ :




: sy, heti oped;butinot: produced ; commercially,
included-a' polymer- of~tetrahvdrofuran and ethylene: gikide (TiG,=
Leverkusen) ». and a-wateér-soluble salt of triethanol :aminesand & ca. -

(f) Severalﬂnew 4dditives had been develdned, including ane
oxidation inhibitop (an organic ‘tim compound) s corros:.on ﬂmhibitor
especially effective on iron, and tawo:

UL T N onn

15 Ey ‘;:\'\'\L

(g) Yo outstanding new developme t,a in the field of lubricating

«..‘.gre'ases were-founds

(h)" -Of ‘the lnew;syﬁﬁheﬁich- i1
| golyethylene ‘042 ane ‘theriester:




" oxygen o

renhait," ‘and the ‘two are’ ‘combined : :
esigne burner wheréin: the twmrexature ises Lt
“The. product ‘of:the:furnade:-is:

fully
to" 1560 ‘degrees™ fahrenhelt.

cooled by exchange angrthe “ethylene is separated and” ‘purified
"to a mlnimum of 95 percent welght, in the final prcduct‘

On a hydrogen and nitrogen free ba518, ‘the product from

the reaction burner is.
48:1 percent vol,
- 30,5 percent vol.
. 16,0 percent vole

_0s6.percent, yole ... . ...
1.6 percent-.vols.

2.4, paroent val,

,‘O.S-pencentjyolat o

eeep————

100.0

‘Based on. ethane recyele to- extlnction, thq,abov
“ponds ‘to an-ultimate- ethylene yield' of 9-p
. is’ reduced,.of course, by losses-in

Ethylene—

- -Ethane
- CO

€0,

0
~P%opylene and Hfgher

" Agetylens

Olefins.

~ana1ysis chres-
O g .

......

ﬁsyst
plan g(regeneratlveMal




, fraction'ove lead, 'and afiat.hird col'amn separe‘bed ethane and
oh ylene. _Through this fraction 1on, CO was also separated
- quite comolet.ely from the ethylene .

" erzturé:is. raised. to:1200. degrees fahrenhe1 n..
and.to 1550 degries fahrenheit in'the second, ‘gas.,
is- quenched, ‘acetylene is’ eelectlvely hydrogenated out 3 and t.he J
883 passes to a selective eolvent ethylene concentra.tion system.

In the thermel crecking operation, a convem's:l.on of 0
percent per pass is obtained (des:.gn figure for Heydebrekg “In.
pilot -plant: -work, -coke: deposition in-the:27- percent ‘chrome- tubes
reom.red a cleanout only once in hO days. C .

With a thermal cracking met.hod for the ethane dehydro-
gena.t:.on, a system\g selective absorption was to be.used for
ethylene recovery, -The solvent is a cepper = diethanol amine -

- complexy prepared by saturating diethanol: emine with duprous

~nitrate-and-adding -thereto-3-to-i-percent-weight-of “anmonia -
water. This solvent is used at 80 dogrees fahrenzle_;.t and under

10 to 20 ‘atmosphers pressure, Ethylene is neleased by ‘reducing

) preesure and J.ncreasing temperature to 105 degrees fahrenheit. ,

: When recoverlng e‘thylene from a 30 percent cdncentration ges

"‘:.mixture, one“volume-of golvent at~15-atmogpheres is adequate to™
- serub 30 volumes. of gas down_fo an: ethylene éontent of 0.2 N

»"percent.volume. o T S
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urch thermsche, Spalbung im Rohr
€E: (LG. Leuna Bericht bf \ll

Schema zur Spaltnnlare. (I. G. - Leuna - quw

‘diagram.of Ethano TH"erm@l Cracking Unlt-ZO
. 'Apml 19&3)

fOle:tmabsorption mlttels Cuproaslzloalmgen
v LD ML b A LUNg 4 i (L g G $Leuna - Dr. wHau.ber

mport of 22 Jul,r 1942) S






