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SWMMARY

-+ . This report records a.nd summarizes technical infomtion, ob-
tzined by U.S. Nev=l Technical Mission in Burope investi
the_-quantity, qu=lity, caomposition, ond manufucture of German lubi
ncants during the past war years.

Figures for the cuontities of oils produced from all sources
are-presented, The properties and specifications of some of the im-
‘p‘o‘rb ant commorcial lubricants care dise cuas@a. T :

) The met.hods by which lubrica.ting oils ere prod_g_cgc! tj;ap_fpgtrolem
_are outlined, and the several processes that were in usc for producing
“synthetic olls are described,—The- mnufacture—an&*pplication—of—a——

new_synthctic lubricating oil componsnt erc described,

, The preparation_and use of scveral new additives are outlined,
The —posit.ion of lubricating grease manufaeture is covered- briefly”.“

An appr=ndix dt.scrlbes th‘. m‘.nufecture of ethylx.ne, the raw -
‘materiel for one¢ of thz synthetic oils, . T

- - -

“There have boen trensmitted to th: Bureau of Ships several Ger-
-man-documents which will scrve to elesborzte in more deteil some of
*bhrsubjects—covered—here&n. e i s

Samples of t.he most promising new oils and addit:lves were ob-
tained “znd forwarded to t.he Naval Research Ia.'borat.ory ﬂt Anacostia,
Do Ce T A e )
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“THE-MANUFACTURE AND AFPLICATION-OP"

7 LUBRI Cmsfm:m‘ 2. ) G
::::;_‘—:_&t’m_ ducmﬂ. 7 ‘, N = .

I-nf—all:led~mt~ions—there—have—beerr-many-techntcai“d‘ev“elﬁpme’ﬁt‘a— o

during recent years in the-manufacture and ‘application of lubiicants .
both because of new demands and because this field has been a subject
of extensive chemical research. Because of its highly industrial *

ized and mechanized economy, it was to be anticipated th:t Germany.

also would have given-great attentiondurincrecent—years to the=——
develooment and manufacture of lubricants. . _ . —

__Whereas in America and in most other nations petroleum 15 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 -
"sﬁ’nf‘hatic‘“?mc“‘sesi'“"”‘If"’"!’as“'expe,ctedfthﬁtmid'evé“roments%uldm“—
occurred at least in the field of synthetic lubricants, o

_To obtain 2 comprehensive view of German develorments in this —
field, technical personncl of 21l of the producers of synthetic lub-
ricants were found and intzrropgated and most of the Plagts producing
these synthetic lubricants were visited, ' :

~ ~To augment and substantiate the inrormation ceined from interr-
. i-observation, many documents, Tcrorts and descriptive

papers. were -accunulated; -and-semples of -some of - he newersynthetie—

materials were obtained,” o . R

—_— —In—the—fauomﬁﬁctipmscusmppxy:an¢.canposia:
tion of German lubricating oils, the. manufacturing methods used

,forvminezalMoils,_e.nd_theAmdommt—m&—prodmﬁpnio»rswtw
oils and th eir components.—New-additive-develorments—are described —
and discusseds T T T T e ST e e e e T e

~ T Tt should be pointed out that in remgtgg_ herein the information
gained from many sources and under many different circumstances, the
opinions of those contacted were obviously reflected in the infomation

given, . Further, in some cases it has not been possible to obtain or
present documents with test data to confirm opinions and contentions.

~5-



~Substantiating data will be dosireble in nary instances using anals
~yees and test procedures-that are in standard ‘use  in America.,

. 2¢ Commercial ' d '

- _In Table I is shown an approximate breakdown of the German
surply of lubricating oils from petroleum and the vario .
processes, These figures were obtained from documents and from

-interrogationof-a-government-oil rlanning bosrd official(Dr. Butefisch);
—The-volume_figures-apply to-—the—pertod-of-about-1942, - Subseguent-to—

1942, efforts were made to increase by four-fold the production.of -
,,_avia.tidu-oj.-ls,_a.nd-_for;tMs-»ﬁpmgrw«mwfplants»were--atill—*be:lng-~~con-~-~
_structed in 1944, when the Allied bombing raids-began to be concentra-
“ted on the oil industry. Hence, in 1943 the surply of oils may have
exceeded somewhat the figures in Teble I, . o :

Despite the development of several types of synthetic ‘lubrica=-
ting oils, it will bc seen thot the bulk of thie commercial volume
still came from petrolsum, ~The crude petroleum used for the pro~’
duction shown in Tzble I was from Germany, Austria, Hungry and - ——
Rumania, - S : Co S :

With the cxception of the snall v roduced theinpreussen,
the synthetic lubricating oils went almost entirely to aireraft
~odl, "The aircraft oil supplied to the Luftwaffc was normally a .. . .
mixture of equal perts of synthetic and highly refined mineral oil.
The specifications for aircraft oil and some approximate snalvtical .
“data on the synthetic and mineral oil componcnts and the blend thereof
‘are shown in Table II, This mixed oil was normally used without '

“additives or inhibitors, _ . :

—For engines pther than airereft, in general, refined mineral

~oils—only-have=buen used i Gormziy. AN cXcoption was the Use by the Gere

man Navy of the Rheinpreussen synthatic lubricating oil-in diesel encines. -

Gasoline and diesel cnzines were nommally suprlicd with the same

grades of olls with no effort bein:: made to surfly a special oil

for diesels, It was the genéral oninion of botii oil and enpine™

people in Germany that-the well refined mineral oils were cdequate

for today's diesel encine requircments, Again, no special additives

-6~



—{all-figurcs-are-in- —per—cltv)-—
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or inhibitors !ei-e included, °

____Two_(2) grades of motor oil were.supplied to the Wehrmecht, -
“one for winter and one for sumuer use. The winter grade had a
viscosity of approximetely 52 S.S.U, at 210 -degrees fahrenheit and -
& viscoslty index of about 100, while the corresponding values for
the summer grade were 62 and 95, The great difficulty encountzred.
in Russia in the winter of 1941-42 with cold starting of trucks .
-end-tanks-when-using the: nter-motor oils was an impetus to the
-synthetic ester oil-devolopment which:-is-discussed later, T

- It will bo noted in Table II-thest the synthetic compoment is -
much more viscous than the mincrel oil comronent. Since the viscosity
of the synthctic oils can be rather easily controlled, these oils
_were mzde Vl‘sgciusﬂs,o‘_.t‘,hnt_minarel,oill:rigju._stocks-_(high—viscosit.y«»—

fractions) could be relcased for industrizl purposes. . -

. .7 _The synthetic oils have been eprlicd in small volume to 'ma.ny
'specialty usecs-which are discussad in connection with the _individual
_synthesecs, e e

. .. .Becausae of the low tempar:;tures-,«encounteredrinrqe_mam,"'s-fwaf -
~campelgn, Jlowe : -0l : ‘

for-almost gvery epolication. Specinl problems—concern o sunm
‘of "a-low temperature lubricant for torredoes, a low temperathre oil

_for weesrons, a weter-soluble oil for use with torpudoes, and a. jou
oil for the German railroad, Those problems-all wera solved through -
“the-supply of special synthetic products, . ‘

......—.The lubricating oils.used in normsl -auidmb!ﬁléeéwice—and——for*-’
eneral industrial equipment apperently were little different from

'tﬁose:usé‘d”ih'"kﬁériéz;. e

: _;wmathﬂﬁl+ﬂmpﬁmlem#_‘.—‘——f_
It was scen in Table I that raffinates from minersl oil were

still.the preponderant source of lubricants in Germany. These oils

came from a varicty of crudes end via many different refining pro—
cesses, .

e~
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Viscosity,eSu at 580660 W50 - 250 5
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" Viscosity Index. 95 min 120 S— 98 110
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‘Ieutralization ihwber, 0006 maxe. 0,03 0,03 0,03
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4g. KOH/g. o . - | _




The crude oils processed for lubricating il manufacture in-
_eluded Hannover (Germany), Zistersdorf (Austria), Rumanian Pakura
(distillation bottoms from'Rumanian crude), Rungarian and Oaliz:lan.

Dewaxi.ng and*aolvant"extractiarven gmp].oyed brﬂ.l of “the
major producers. Propane and ethylene dichloride dewaxing were em-_
ployed. Solvent extraction methods included furfural, SO2 benzol,

- phenol-and-propane—{Duo=scl);—and— phsnel—as—a-&:k:gl&aolvent.——

———katde 1 “from the maﬂ‘ﬁm‘aﬁf]?&r VT olls made for industrial uses, uses,
“the bulk-of the lubricating-oil processed-from petroleum was refined-
to a VI in the region of 80 -t0-100.- Because of the good native qual-
1ty of thelubricating oil fraction in the crvdes being procesaed, '
the production-of-high-VI-products-did not-entail-large-losses to -
‘selective aolvent oxtracts. For oxample, in the refining of Zis-
tersdorf crudoe, the final yield of deasphalted, dewaxed, solvent
extractod; acid treatod, clay filtered luvbricating oil was 50 per-
‘cent by we.fght of thc gas o:[f free maidm from the crvde toppi.ng
wmits. - - - - e e

_ Many of the German ervdo ofl mfinories'were“b\'ﬂ.lt' by American
construction firms and most of the lubricating oil refining processes
were operated undor licenso from Amcrican or Allied companies. '

Thei‘ollow:lng documonts transmit.ted to the Bureau of Ships y
relatcs-to- this‘subject- T s e B

I. Brochaus Plen ' ' )
(Matorial balance and flow diagram of a. refining system
—mamfactu ring lubr:!.cating 011 from an’ Austrian -erude- oil)

A now synthetic process involving mincral oil lubricating frace
tions is that of "mischpolymerisation" or mixod-polymerization. It
was developed primarily by I. G. a.nd was doscribed by them in reports
of 1942 and 1943,

«10~
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de Mixed Folymoi-ization Process’ aj
] Petvolemn. ]

oil distillate is reaoted with a synthotic: po]ymer of ettwleue or
other olefins, such as those cbtained from the thormal cracking of
waxes. A mixture of roughly equal parta of tho two componcnts .is
_allowed to roact in the prescnce of AlCl is an oil og__
superior quality. Thc yidld excecds subgtanti.any that which ocould
olefin po al oil frao-
tion after such solvent extraotion that the mixturc would have the

“same VI as tho product 'mmwnm—on.

: An appnoati.on worked ocut by IeGe 1.nvolvod the. trca'bnent_or a.
lubricating oil distillatc fram a German orude oil. To prepare. -
1.0 volumes of oil meoting aircoraft oll speoifications by solvent.
‘extraction, 1.5 parts of lubricating oil distillate (deasphalted —
and dewnxed) worc ncededs This would require the discard of 0.5
parts as extract. However, by mixed polymocrization of tho 1.5 volums
-of-distillate with 1e5 volumes of -ethyloncpolymer; an approximmte]y*f
340 volume yicld of oil could be obtained cquel in quslity (both by .

laboratory end full sccle ongine. tests) to either the ethylene poly=
mer itself - or 'r.nc solvent -extractcd mineral oil fraction.  Thus, the
yield of aircrait oil could be increased from 2.5 to 340 volumes;
.00, 0.5 vo,lux..c... of low gradc extraot could be mndo into nircra.ft

R ———To—aooanplmh—the—mi.xod ]ymruati.on react.‘.on, -et!wlene—is~ —
firat polymurized with AlCL: deﬂox:ibod_in.dcjmil_in_a_latnr_;nci;im_
on mamufacturo o Ethylenc 3
mixture, oontainingubmxtSpementweightAlcljismixodinan »
_autoolave with an cqual woight of mineral oil. ©A tomperature of 210
to 250 degrees-fahrepheit-is maintainod and the mixture is agitated
for 3 to 4 howrse The reaoti.on is explai.nod a8 being primarily boe=-

AlCl a.nd neuh.‘alisod. Prb.otionation mw or mqy notbc neoessarv ’
depc upon whether or not any low boiling oaqponenta enterod
the ethylens polymrtzati.on qyatean.

Tho mixod po:lymeriza.tion procesa is olai.mod to yield oils whi.ch
-are—aotualldy —supertor—in—ongine ring-sticking performance to—a mix=—
ture of the othylcne polymer cnd a hoavily extracted minerzl oil

- n-
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M . Mixed Folymeriza=
. tion Product of
v o ~equal parts of
Deanphalted and -~ Bthylene Folymor.
Dowexod Petrol= Zthylsme and Fetroleum Dist- ‘
—eun-Distillute  Folymer illate

Input, parts oy wiognt . 525 wrs() -

Cuttwuwrn, paorts ‘hw welght = . = 93-5(2)

Density at- eeor.~-- I ""“';f;,o. 915 . . fa;fessiifi:::;:ii‘ “0s870

Viscosity, SeSeus ot 100%F. - 5:.0 So.--2950. . 3200

Viscosity Intex — - S 19 108

' Pour Rm’ £ = fol_;“_‘_i”;;zz—*_::——-—;;‘?.?_f

‘Ciiﬁ‘&dxor()arbcrr,—.%—mi ' aos—w.oa(eat)_._

(l) The i.nput is axpressed as the ‘amount of - ethylcne po]y'mn.r

——of-%his—qualxt}—that_.muld_ham_hegn_produccd by the :
“ethylenc chargeds ~ To produce- U475 -vreights of this po]ymerz‘

otf,‘é;:j—mtgnts—of—etm&cne— is—requa.reﬂ

(2) In addition 5.1 weights of low moleculsr woight materini—
: is producede

=) 2w



ra.fﬁhate. (See section on "Et.bylcne Polymera as I.ubricating
0ils* for description of ring-sticking test.)

‘Some bdbricf yleld and arie.lyt.ical dats on the mixed po]ymer-
'ization—treatment“ar‘a_trattton of Hausld.rchan crude oll are given
in Table III.

In l9l¢3 the German govamant hed ordered I, G. to proceed with
planta at - Loune, Heydebrek, and Moosbierbaum to produce a totsl of
about 1500 barrels ror dey of aircraft lubricating oil by the mixed= _
polymcrization process. The olefin row materizl wes to be ethylene,
-However,- bacause-of - subaequent e dGVelopnents, none of thcse planta
was eomnlebed. N ,

S ﬁ*_me_tolla'ing documunts, tronsmitted. to the Bureau of Ships,
_relate to this process:

II “Uber das Prinszip der- Schmierol = Nischpo]ymeriaation.
(I.G. Leunc~Aktemnotiz of Jemuery 12, 1942),

_III Mischpolymerisatién mon SS-Ol-mit Mineralol (I.G. Leuna

~__February 1, 1943)e

IV Herstz,llung von Flugmotorenol durch Hiechgo],vmgrisation.
(I. G. Lounz~Bericht of lzrch 29, 1943),

5« The ‘I'I‘H Process for Mbricat_i_._ng 0il Hanu.facture

e The——m:px'ocess—wﬁiﬂbe—mentionea hore only because it wes a
source‘“of “senie of Germieny's lubriceting oil (see Table I).  The

process is being fully described in = report of the.U. S. Navy
“Technical Mission in Europe entitled "The Production of Synthcetic '
Fuels by the Hydrogonation of Solid and Iiquid Czrbonaceous llat.erials."

The TTH process (Tiet—'remperature !vdriemng) is a mild hi.gh
pPressure hydrogenstion of breun coal ter. Instecd of yielding gasol-
ine es the m2in end product., 2a: is the case with most cozl and coal
~ter-high-press erations;—this—process—is a milder —
hydrogenation and yiclds substantie.l volumes of diesel fuel, lubri-
cating oil, and wax, The only commercial installation in Germany was

the Brabeg plant in Zeitz. The lubricating oil produced there had a
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5¢ Tho TTH n-ooosa for Iubei g 011 wm.i&w'&)

viscosity index of 50 to 60s It was sepaxfated from the twarogenm-
tion product and without f\n'thcr treatnent was sold to&ueu_n_
motor lubricating oil,

. This source- of lubricating-oil-wes- invoked. -only- 'becmme of--
the shortnge of dubriccnts 1n Gormany dur!.ng the war.

wnwm of Olofins

“opplioctions of the process, onc ‘devoloped and ome
ployed by I. Ge using ethylcne as tho olefin row mntorial, and one
vammmmﬁgrwa%ntﬁwmm), ‘using
a-mixture of olelins- boili.ng -in-the- 80-to 570 - dogrees fahrenheit
‘ronge as rawr acterizle  Tho products from the two types of opero~
"tions are chonicolly ond in performince very aimiler, It is mainte
ained by I. Ce tcchnologists thot ethylone oan bo polymrized to

yield oﬂs of lzher viscosity than thoso that cre propeored franhggg_gr

Sfing.  Thucy bolicve thit undor normil economic conditions
eﬂwleno would be the preferred olefm for polymoriszations :

The choicu Dy Ie Ge technologiats of_cthylone for row moterial
-rather than"hi z;hczﬂ:oi)ing*obfm, vhioh" ‘are propored from Fischer=
“Tropach fractions ond” frcin"pétrolmm, moy have been duc in port
to their porticuler campeny positions - As operctors of cool cond tor
tvdrogenation—procmes—thcy—cmﬂ:d*porh..prw 10w botling olefins
availoble more readily than hi.gher boui.ng ones of the neoessazy
quality. e —

'—“”Bcth—types—Ofﬁ‘pplica’tiOﬁ ns‘ed—eommrct.iny“tn T:omw will be
described. : -

~ (a) Etlvle'no Polymers cs Iubricating Oilse

’

The I. Ge orgenizcotion in Leunc hfs devoted much thought tc
the fundamental questions underlying the syntheses of 2 high quality
lubricating oile It wos roasoned thot o orude oil fraction, howover
well refined, still contaoins corbon atoms in perhcps cvery hydroe-

w~liye=




carbon configuration, and that some of these configurations must be
. undesirable as lubricating oil components. These people believed
therefore that a molecular type should be chosen which shows itself
~to _contain the maximum number of properties desired in a lubricating
oil, and that a aynt.heais for that molecule should then be developed.

The bas:.c requirements of a lubricant are that it ehall (a) have
a.low rate of change of viscosity with temperature (high VI); (b)
have a low pour point, low temperature use;. (c¢) have good

~lubricating pmperbiea‘—anﬂﬁi—be ‘stable-{unreactive)-under the
conditions of use., I.G. believed that a hydrocarbon molecule could
'be designed which would satisfy at least (a), (b) and (d), and if

~(¢) were not—adequate;- ‘then addit:lvee could—be “considered to dmm:-—
prove that property.———

Wmﬂ—m&cmiﬁ-of—m&esm——
- can absorb- energy-without breaking-away from each other. A long-
straight paraffin chain with no side chains, or with very short aide

chains, does not have a shape which allows it to interlock itself with
_other mlecnles.

“chains, however, ‘should be more difficult top . "Efﬁna
consisting of long,chains, which will repulse one another ‘and tend to.
/'Sccupy a large space volume, should be high VI components., Long

5/ f.f -~ paraffin chains on aromatic nuclei should alsc give molecules which

““tend to—interliock—themselves—with-one—another;—and-hence-be-high-in—
“VI, In designing a molecule for high VI, ther_efore, ‘a-paraffin-con-
sisting of long side chains on a centra.l ‘structure, or an aromatic

or na.phthene nucleus with long para.frin chains ,1hould~be—preferred
forms, .. .. 7 ‘

*If the viaeoaity of an average high VI oil ‘follows an extra-
“polated curve, the slope of which-is-obtained frommeasurement-be——
tween 30 and 210 degreces fahrenheit, then quite low temperatures are
—reached— before-theﬂﬂ—é:sfso—viscous-thavitﬁseﬁousldeeps_or
_provents the operation of thc mechanism employing it. However, norml
mineral lubricating oils show wide deviations from this extrapolated

‘ viscosity curve, and as their pour points are approached plastic
flow characteristics manifest themselves,  To obtain an oil which . :
follows the extrapolated visoosity curve, and does not exhibit plastic
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m_ormMritT&“mnw that the oil should be a
~mixture of compounds > none of which is outstandingly high melting

and all of which- form compl ete and j;;:l‘;g:_',aglutiona.ﬁwith-the:«.other e
““components,  To obtain low melting compounds, and thereby a pour point

which corresponds simply to a high viscosity, disymmetry within the

4 A

. individual molecules is necessary. o ;

- Compounds which have highly symmetrical molecules are. character-
iged by high melting points, . Thus s-normal -octane -has a ‘melting point -
of -57 degrees centigrade the mono-methyl hep;b_gng_s_zh'ammelting—poiata~
betveen-llﬁ—and’-]:zoaegreéscmtigrade and 2,2,3;3 tetramethyl
butane has a melling point of plus-102-degrees cemtigrade. In the
design of a-.,.lubricating:o:!l:molecule,—tharefore;—a try or—
‘unbalance should be planned, A normal paraffin is unsatisfactory,
‘and Lbnggmeimlecuuf—-mmry~may-&ao—m—mattMﬂT

" "To poassess good lubricating properties s 8 molecule must be ahle
to adhere to the surface it is lubricating, If its use is under

very low load; i. ., far in the region of so-called hydrodynamic — -
“lubrieation, it needs to possess uttlimm;thm4be—ab&itrto—wt—
”W_B_W&m_m_mm@ﬁmfbetwmfthm%g;@aﬂggjis ‘Higher,
then a-more tenacious adherance to the surface is necessary, In this
region, a molecule should be supplied*which has a configuration
allowing close contact between the mass of the molecule and the .
metal being lubricated, By this close contact., Madhesion—forces!t—
“cause the molecule to be firmly held by the -metal;-or-one may ——
Aaupply,..themlubricating ‘molecule with a point or points of activity
(Qﬁ__lll._fe__dA__bx,l..G.-,an_ﬂactive«electron"field"')‘ ch as particular
"strained" carbon configurations g_r_,_gqmbingd_qmm;znit;rogen,-wor :
sulfur atoms in particular arrangecents, If operation is under
—e:cbreme:preasurerth'm“féhacioua surface adherance may be in-
adequate and m_aizerialsJmmt_thenlbew‘supplied—iihihhanter--»int.o‘*active"
and perhaps irreversible combination with the surfaces. A lubtrica~ -
ting oil to be used for airoraft, automobile, and diesel-engine
8service-perhaps—doesn't need axtrems pressure properties, but it
,ahnuld_contajna*mlect&e—whiclrmombme quite firmly, if re-
versibly, with metal surfaces. | - _

rustly, the ideal lubricant will be unreactive in s_ervicé, |

undergoing no oxidation, no deterioration, and fo gredation—
-Productss—To avvroac 8 quality, I.G. reascned that, above all,
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aromatic carbon atoms should be excluded. Aromatics character—
istically form-carbon and-high molecular-weight condensation pro— -
ducts upon decomposition.  Aromatic oils are, however, good solvents
_for their degredation products. Paraffin type compounds, while they
may crack-at high temperat.urea , form leas harmful degreda.tion producl'.a.
In other respects, paraffins are notable unreactive, No hydrocarbon
will be totally reaietant to .decomposition or chemical change, but

a paraffin must be chosen as the nearest approa.chto the ideal unre-

active lubricating oil mlecule. -

B In _deciding then what. t.y_pa of s;ynthetic lubricating oil mole~
cule is to be produced, it is, seen that it should be possible to
design a paraffin with-a-high- VI— —a--1ow-pour-point,—good-resistance -
to oxidation;, and perhaps lnbricating_gxppertios aatisractory for

-all but ‘extreme pressure conditions. - A

In setting out to synthesise pp.;fg.t;fin mol_.ecu;gs in the lub-
ricating oil range tho polymerisation of meny low boiling olefins
was studied. ' Propylene alonc could never be mede to give a product
-of “higher-than-70-to80-VI- (I3Gi—found-that- by -incorporating 1 to 2-

‘percent of p'o]yatyrene in the polymerization reed, prbpirlene can be*"

eral years ago but-was not further - developed; presumah]y because the
introduction of styrene produced oils with \msatiafactory stability.
Polystyrene in polymerization feed gave the same characteristic im-
»provement_in~ polymers_oLother_oleﬁm )_Isowtylene_gamjigh

DUL 1 GH /IMarsS nNa Bt remel. £
"—u'ties. Norml-~ol1aﬁns “of - the type of- octylene -] hawever f—give--m‘
-high—quality polymers, —Such-olefins -are—the —used—in-the synthetic

processes of Ruhrchemie, Rhenania~Ossag, and POlitz, However, due at

least in part to its particuler supply position, I.G. praferred to
concentrate on the use of gaseous olefins,

_Efforts to polymerizc ‘ethylene to high quality lubrlcating oil
hod been made by many groups, but none had been able to produce a
~polymer with a VI above zero, Through very tedious research I:G,
—found-that- by—careful—selectionwof—feed—stockwand—oLoperating var-_
jables, the VI could be raised to about 120. Polymers of up to ap-
ximately 300 S.S .U. ‘at 210 degroe fahrenheit viscosity were made
in yield equal to 78 to 80 percent weight of tho othylene foed.
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The pour point was =30 degréeé ‘fahrenheit., The lubricating p;jopart_igs,_
of this material were roughly-equal to-those- ‘of 'high quality mineral
oil, hence, satisfactory for most general uses, - - :

- -~Regarding- the stabilityof- cthyiene—polmrs""aga:lnst""oxi‘dat'i'on'

and other chemlical changes, thesc matorials were found to
absorb oxygen but their properties were not gréatly altered heroby.

A mineral oil, being a mixture of many molecular types, forms a great
multiplicity of oxidation products. An olefin polymer, hovever, being
simply a paraffin with one olefin linkage per molecule, forms only 7

a fewr'specific oxidation products. Ono is = fatty neid which, in this
_molecnlar size, is. non-corrosive and is itself-a-very good-lubricant,—
The othor is a so-called poroxide linkage, whorcin two (2) moleculcs
form oxveen bridges with cash other of the ‘nature of

" R-CH-CH =R
- T :

[ O - ,,,,,.-,..,o O e m
: l_ . ]
R~

CH = CH = Rm

" This process of ongen"bridg}gg_wqgiogg_qzing_mnlecnlar_si%e—f
“does—not-continue Indefinitely,  hovover, hecauso as the size of the
‘aggregate grows, its rcactivity toward furthor oxygen obsorption
decrcascs rapidly. Thus, the Tinal stato may be eggregates of per-
haps two (2) or throe (3] of tho originel molecules, onoh bridged
htowaﬁnoighbor-vi—th—»~t¥o—(—2)-atom—of—oxygen?kgmmﬁmm

SEETCEALII - eTy-good-Iubricants; actually bottor than the orig=
ingl materiel and quitc stsbla. In use, the viscosity of a straight
‘cthylene polymer incrcases noticcably (perhaps 33 percont) ot first but
‘soon reacktes a plateau beyond whick it does not furtker change.

_ The manmufacture of ethylenc polymers wes started by I.G. at*
Leunz in 1937 in & small nlent ‘produecing 15 barrels per day, By
1944 plants in Louna znd Schopasu (ncar Leuna) wcro producing a totel .
of 325 berrcls per day. Plans had been-laid-for oxtonsions and other
plants to produce wltimetely 925 barrels per decy.

Since 1941, all ethylene polymer had been made to e viscosity
of coproximately 220 S.8.15. &t 210 degrecs fohrenheit _and had_boon—
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6. Smth’esis of L
_Aluminum Chlori

~used in equal volume with highly refined mineral oil for aircraft
oil. The ring-sticking test which is used ‘to evaluat.e a.i.r-cra.f.‘t
oils shows ethylene- pohmem to be very outstanding.

- -(1) ‘The ring-sticking test was used widely in Germany and
had become z specifications measurement for aircraft lubricating
oils. It had been first used in 1926 but subsequently many ime

- provements were made to.increase repmducibility and to make

- its results more indicative of full scale performance.

(2) The test device is a 'single cylinder aircraft- engine,
“BMW-132 (Bayerische Motoren Werke): —The cylinder is set up =~
for test block overation with appropriate control-and measure—
-ing devices, It is obersted at 1900 revolutions —per _minmte with
a8 powrer--output of  57-horserower,  The cylinder hzad temperature
is 500 degrees fahrenhcit, the fuel inlet temperature is 90 de-
grecs fahrenhezit the oil .'mlet teaneraturo is 210 degrees fah-
renheit, and the oil outlet tempr.rs.ture is 230 degrees fahren-
heit., An initisl oil charge of ca. 2.5 gallons is used and the
011 circulation rate is about- 26—&.110113—;)91‘—!10\.11‘.— e

- “""*(‘3”)“‘* »: ressurc Trecorder on the crankcast. ‘shows when_gas
‘by-passing begins as the result of piston rin;-sticking.-The -
power output drors at the sane. time and the cylinder bccomes
hotters. Once gas by-passing begins, a very short- time only is
recuired before comnletu stlcking of the r. _occurs,

(&) "It was specificd by the German Air. Hlnistry that all--
aircraft oils must ‘have a minimum ring-sticking time of Bhoura._._

A mineral oil normally would just reach & hours, but ethylcne
--polymers-wouldrun—for20-hours—and-often longer. The-synthetic-
oils from wax olefins normally zave test times betwacn 10 and

20 hours. o _

___(xsl_lhe_ﬁiag,-sticld.ng teet—#as—consridered—bo—be-a—good
_prediction of airc.aft oll stability under perfomance. conditions.
The test was not considered necessary for evaluating motor or

diesel oils, because in these cnrines ring-sticking rarely occurs,
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6. Synthesis of Lubricents by Polymerization of Olefins using

A highly refined mineral oil.deteriorates after 8 hours of
test to such an extont thet thae rings of the test engine are -

- stuck, Ethylcne polymers give a test time as high as 40 hours, ..
‘normelly at lcast 20 hours, and equal mixtures of mineral.oil and
ethylene polymers cive 2 test time longer than the average for .
the two comronents. The high VI agnd low pour point of the ethy- -
lene polymers are of course desirable prore;'t;.es for aircraft use.

-at-210 degrees-fahr-nheit) had been made as-well as the more
-viscous-grade.—-In-addition to-thess two(2) main products; in-
elther 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-:roductfrectionation. —This fraction
had recently been hi;hly velued as a lubricant for jet aircraft.
& had a pour point of -95 dogrees fehretheit and was mixcd with
other ingredients to produce various lubricents for low tempera=-
ture operation. An ingrediont of a journzl lubricant used by
~the German Redchsbahn (railroad) was recovered by hydrolysis of —
the AlCl3 sludge produced in the polymerizations - =

In Table IV are shown typical yield and quality data for the
operations producing both viscosity grades of ethylene polymers,

~_Prior to 194 a lower viscosity rolymer (about 100 SeS.U.

An attached document ('"Das Athylen Schmiecr#l Verfa!:u-én't)“
describes in deteil the process that was in use in Leuna, but 2
brief outline of the oror~tion is supplied below,

.. To obtain high viscosity and high VI products, thc cthylene
raw material should be minimum 95 percent pure. An. inert.. ...
content above ‘a few percent Alsrupts thz chain formation =nd pre=—
vents polymerization from & : g
viscosity products. A very serious, poison is carbon dioxide, and
unless this contaminant is almost cntirely absent, polymecfization

will not proceed, " (Reaction with CO, apperently scals off the ole-

fin chains.) Whilc carbon monoxide Is undesirable, 0.005 percent
can be. tolerateds Nitrogen (as ammoniz), sulfur end oxygen are
-2kso—poisons;and all should be complctely removed. A propylene
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contaimination of a2 few mrcent ca.n be tolerated, but above per—
~heps-5--percentthe quality (particularly VI) of “the product
begins to decrease.

To obtain et. ylene of the uired pur:lty from a process of
chtanc dehydrogenation, e systom ot ‘selective absorption or
Linde fractionation is omploycd. The production =nd properation
‘of etmrlene by ‘this” syatem ia doecribud 1n Appt.ndix I f.o t.his :
~reporte— s

“The polymérization ‘operrtion is a batch proccss and fro-
ceeds in two. steps, first, th: catalyst preparation and-second..

tho polymerization itself. A stirred. ‘..wboclavo (carbon stcel)
~af “about “30 barrols c=picity was uscd in leunz.  Into this auto-
clone wes first run cbout 400 ze2llons of mc;,'clc. oil, which .
was a 260 to 520 ~degrees fahronheit frection: saneratgd fram the
cle—oil,—mhichqvas—en—iaeanp&ate&y—
po.'l,vmoﬁ.zed product, was us.d as -z slurrying oil for 275 pounds -
of AXC1; (ecusl t6 5 to € porcent wcight of the cthyline to be
‘charged (The 41Cl4 usud normnlly contained 2 to-4 percent wal-—
ght of FeGl to’ J.i.mzt. the activity.) Ethylene ges then was
introduced until a pressure of 30 atmosrherces hed been cstoblished.
The temperature then was reised to 160 degreea fahrenhelt by means

—ef hot ®ater co6ils in the autoclave, Ethylene rolymerization began and the

—temporaturs-rosecrepidly tn 360 to 430 degrees tenrcnheit.  Cool-
ing weter then wes put through thc coils to bring the- tamperature e
down to 230 to 250 dégrees fohranheit which was the opereting level,”
~This cnded: th: gatalyst preperation:step.- -The ethylene pressure -

-~ had dropped-practically to zecro in the operation, and the pro-

“duct of this step was 2 catzlyst comnound of Al1Cl, and polymer-

ized othylena. The tunpersturs—to which the systém rises in

the catalyst preporation step detcrmines the sctivity of the

prepered catalyst mdss. The highor t—,hia peak._tenperzture, the less
e.ctive the. oat,a.],yat.-

Ethy] ne then was introduced into tho systcm as a vapor at.

—.the maximum rate possible whilc-icintaining -the-tempersture-at -
the desired lovel., This ratc was governcd only by the ability
of the cooling systcm to remove the heat of reaction. As the
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6. Synthesis of Lubricants by Polymerization of Olefins using
~ Aluninum Chloride, (b) (Comt'ds} - -~

reaction proceeded, the catalyst would bezin to lose activity

so that a steadily increasinz pressure of ‘ethylene was used to
consumetha systemts heat removing ability. At the end of about
six hours, the ethylene pressure had risen to 20 to 30 atmos—
Iheres, and a total of 480C mounds of ethylene had been introd-
uced and reacted, The catalyst was considered spent at this ooint
and further use of it resulted in a depreciation of the rroduct.

|

To produce the more viscous grade of oil a very active catalyst
-was_ prerared-by-limitinz—the—reak temperzture-in- formation to 360
degrees fahrenheit, A low overating temper~ture, 230 decrecs '
fahrenheit then was used. To meke the less viscous grade, a
~less active catalyst was :rerared -(peak. temper-ture-in formotion
was 430 degrees fahrenheit) and an operating temrerature of 250 .
degrees fahrenheit was used. ’ :

77 The operating tempersture and not the catalyst activity
_determines the chain-length;-the-hirher the-temrerature the shor<
ter the length the chain is zllowed to attain before it is thiown
off the catalyst: Vhen 1 more viscdous o6il 1s desired and a low=-
er temperature therefore is necsssary, an active catalyst is re-
cuired in order to zccomriish the 'olymerization. When the temp-
erature is rzised in producing a less viscous grade, z less
active catalyst is recuired, both becausc its activity increases
-with—tempersture—and-because less extansive rolymerization is
“possible befors the temperature forces the particle off the sur—.
face of .the catalyst z2nd thereby ands its growth. Actually,
apart from the lack of necessity of the more active’ catalyst

-at _the hicher teinrer ture, the lower-activity ecat-lyst-is de~
sirable in order to limit the cracking reaction which begins

to be noticeable near the 250 degrees fahrcnhcit level,

In addition to catalyzing the simrle z2ddition of chtylene
molccules to the e¢nd of chains, an important accomrlishment of .
the A1Cl3 catalyst is that of olefin isomzrizetion; i.c. shift-
ing of ,tge,...doublegbondrAt.oward th-: center of the molccule., Through
this isomerization, rolymerization continues from = centralized
double bond,--thus producing molacules rossessing lonrside chains
and thercfore a high VI. It is c®nsidered thet this is the im—
portant isomerization carnacity of AlCl. in ethylene rolymeriza-—.
tion, zlthough some raraffin jso.ierizafion undoubtedly occurs,

~23¢
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6. Synthesis of Lubm.cc.nts by Po;l_,vmerizét,ion of Olefins using__
Aluminum Chloridc, Cont.'d.z o N—

giving branches on the end of the long che.ins and °.gain yielding
fa—-moleculzrdesi&which—muld—beaex" ected-to have 2 high VI, =

During the comrse of the. described 6 hour process, the moYe
cular weight of the polymers being formed graduelly decreeaes.
~The formed olymers act -as dilucnts which characteristiczlly
lower the sisze of the particles being formed. Thus, the pro-
duct of a batch polymerization of ethylene is a mixture of
meny moleculer sizes,. e ,

At—the-end-of-the-6-hour ‘period,tha—ethylens rregsurs-on-
thc system wes released and theé temperature was loweréd to Ca.
175 degreécs fzhrenhcit,  The ALCY; slurry phase wos centrifuged —

~fram the ol layer. A sxzll voluw 3r~ -of -methanol—(20 -to-3C-gallons)-
vias then 2dded to the oil rhasa to react with A1Cl3 - unsaturated

"-hydrocarbomo'np}mcc& wh;ch—rmninad—aissohed.—lgisqet.hanolv_

eaction product sepcratced out ~nd was rcocmoved; the oil leyer
therebv beinz almost comnlzb ly freed of ALCl;. The olil was

_neutralized ~nd then froctionntaed into recycle oil, the low

_viscosity adistillste oil fr ction (normally boj.]_tng up- to about
660 degrees fahrenhcit), znd the main polymer oil. This residual
polymer oil, the mzin yield, wes tregt\.d nit.h bleaching earbh
and f:.ltercd.

——%he-sep“rﬂted—ﬁeﬁ—sludge—leyer—ms— ‘hydrolyzed to yield

2nd oil phasc which was further polymerized by a subsecruent——

AlCl, stzge of treatment and made into a low temperature rail-
road journal lubricant,

A typical wei.ght ba.lance for the pohrmerizetion step is
shown in Table V,

The following documents trznsmitted to the Bureau of Ships
relates to ethylene polymerization:

V. Das "Athylen — Schmierol - Verfahren (I. G. Leuna
Dr. He Zorn. report of about July 1943)
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TEBLEV

HYDROCARBON WEIGHT BALANCE FOR BATCH -

_POIMIZAIION_OFMJEW—“

—(Volune of- Aut.oclave _Cca, 30 barrels),,,

“ThBGE Pounds™ —

@Mz__u 4860
- ~(RGGJLQI,3 ﬁOil) ) -(2650)
~Total Input —— 7;8—%?: -

-~

_Qutturn
Polymcrized: I:ia:{;ﬁng 3690
011 Product - e

Iow Viscosity Distillat. 330
Oil Fraction

(2650) -
Unreacted Ethylene 130
Tréating,.»l'.osaesr,..;tc. 350 .




6+ Synthcsis of Lubricants by Poli
. Aluninum Chloride, (Cont?d.) .

(0)’ PO;,m erizatioﬁ‘of'ﬁiggér Ole.fin;:: £ -

¥

___As indicated beforc, olefins boiling in the 80. to 570 degrees
fahrenhelt rangs were used in Germany for the synthesis of high
grade lubricents. This synthcsis is not new, hnving been applied -

elsewhere in the world rrior to the war. The most suitable ole—
fins for such synthesis zre normel (straight ¢
with—the-double-bond-tn-the-alrhe=position;—and twe
of such raw m:terisls weré.used'in Germany; olefins from the .
thermal cracking of a Fischer-Tropsch synthasis froction and

olsfinsfrom-the therms=l-crcking of psraffin wax. e

| This lubricating oil syntheais wes practiced by Ruhrchamie
-in-Holten, by Rhenania-Ossag in Hemburg=Herburg, and &t the Politz
refinery ‘neer Stettin, Do

At Ruhrchemic, 2 360 to 600 digrees fahrenheit fraction from
the Fischer-Tropsch plant wms cracked themally at a temperature
of 1020 to 1110 derreces frhrontieit, A fraction boiling from °~
85-to-360 degrecs fihrenheit was separated cut ds-Tolymerigzation
feed, Heaviér comporients viers recycled to feed, The wltimate . .
yield of polymeriz:ticn feed’thereby was 60 percent welght aof the

thermal cracking unit charges . .

———This-polymerisation feed contalned-60-to 70- percent—oLarins:

dargely nc rm;i_—a:lpha,—cmponndy;:?rhwpﬁthene;- content-was only
a few percent and the arometic content wes Yextremely low" ~ -

At Rhenanas-Ossag, the polymerizetion rew material was pro-
pared by cracking par»ffin wox from Austrian crude oil, The
thermal cracking was carried out 2t low Pressure end 1040 to 1100
degroes fahrenheit. A &0 percent welght yield of licuids above
C, was obtained., The liquid was highly olefinic-snd-best—suited
for lubricating oil synthesis if the wox from which it was pre=
pared wes low-in-oil.- contents—4A fraction boiling from 85 to 590
degrees. fahrenheit was scparated for polymerization feed, .

"~ Politz also used Austrian wexes &s o source of olefins. The
wax was cracked there at-low pressure end 910 to 950 degrees fahe
‘Trenhelt. A fraction boiling from 95 to 570 degrees fahrenheit was

'Qé.




j{on of Olefins us

‘Aluminum Chloride,

separated and heavier components were recycled to extinction.
iBased*on*the*rawmwaxffeed,nawyieldmofWZOWEQEQQEPHQQWEQQXBQE;?G’
_tion feed was obtainedrtheréhy. o o

In all cases, the polymerizatiOn was carried out in a
stirred antoclane at temperatures of 140 to. 175 derrees fah-

-

renheit,. Al1Cl, equal té approximately & porcent weight of the feed
“+as added and the reaction-reguired-15.t 20 _hours. Rhenania began

-

‘the reaction_at near room temperature, after 5 hours the temperature

wasrailsed to 175 degcrees fahrenheit, and the resction proceeded for
7 hours nore,. . g

In the polymerization, sprroximetely 95 percent -of the - -
olefins were conyeriEa”ﬁb'metéfiEI_in“thE“lubricating'oil range. -
- of the'tbtal'polymer;,aboutw?5~percenb~was.recoueradmasmpximgrymmm )
product. A low viscosity spindle oil normclly wes separated., Some
0il wes recycled as AlCljslurrying 0il bvack to the polymerizetion

~steps—This 0il campriset er-roximntely 15 percent of the total

yield. Politz prepered in eudition ~ cylinder oil by hydrolysis
of the-AlCl3ﬂ31udge~phase; ‘The other two oper-tors apparently
did note " : , _

Both Rhcnania and Politz uscd fresh A1Cl. for only one batch

polymerizztion operztion. Ruhrchenie, howevef, started with 2

6 percent weight addition of AlClg,but in the second batch only
:§§§_percent“weighbwo£f£resh»£1£%g;:§3;added and sludge from the

£irst batch was used to make up the volume-of- slurry. This was

repcated for each subsequent batch, withdrawing only enough =

sludge to keep the catalyst rhase constent in volune. At the

end of 60 batches, the totzl sludge wos discerded and the pro-

cess wes then repeated for each 60 batches. '

~ After completion of the poiymerization step and'rembvaiféf
__the 41C1l, sludge phese, the oil phase wis trented for removal-of -
——31613,;ﬁgﬁ£raLized,;£ﬁdwIriéffﬁﬁ*tﬁd—ovegjgigy; S S—

The Phenonia and Politz oils werc used in mixture with minersl
oils as aircraft lubricants. The polymer oils wocre both approx-—
imately 210 S.S.U. 2t 210 deocraes fahrenheit, viscosity, 110 -to
120 VI, and with pour points of about =15 degrees fehrenheit. They
wvere in gener’z’iit—c:ui"ce—*.-n';m.‘cfl:*a7:'~:i:n~px‘01'=.=e14:£'ua:s~»tsc:——thc—~-r.a.t'.lnylene~.;:ol;z:____w
mers and were used in the seme monner,

o _ =2



The mein Ruhrcbcmiq product was-a lcss viscous mcoterial of
285 S.S.U. 2t 122 dogreces fahrenheit, viscosity aond wes sold ex-
clusively to-the Amy for-motor vehicles =nd tanks, This.oil.  _ .
had an averzgc moleoular size of C,¢ and hence was only 2 trimer

or tetremer of the original olcfihs. The Ruhrchemle oil was
described cs having cxcellent VI and pour point, but with oxidation
stability ~nd lubriceting ebility not cuite eoual to thosc of

the best Ponnsylvanlo minbral oils,

___ Some published date on throc diifercnt viscositv ails pzcvi-
ously merkcted by Ruhrchomic showed them to hzve densitics of
0:85to 0,86, pour points of crrroximatcly <40 dogrees fchronhoit;
VI between 105 arnd 115 and Conradson czrbon valuesz of 0,07 to

.15 norccnt walcht.

While in receat ycars tho sup nly of Oleflﬂs to thcsc A1CLl
polymerization systcems has been from thermal erncking of mox
_paraffins, ALbure wcng_nlhns,thhzhin_yhcmﬁuturc_thgy_wouldhbewpmo—
duced ct lcast in »rt dirzetly from Co plus Hp synthesis. At
- -Ruhrchemic, ¢ modlx;cttlon of their Fischer-Tropsch plant to
umploy “the "Krelslﬂuf" (rscyels:) principle was planned to in-.
crease thz cont.nt of olefins in tne product. 4 froction of this
product was to be used diructly 2s olymerization fecd without
thermal eracking. - Furthcr, the-npplication. of -iron-catalysts with
increaséd prossurc in Fischer-Tropsch processes was forthcoming,.:
—From-such-operations polymerization fceds contzining 60 percent
olefins, of which cpproximetely 85 . nercent is normal olefins,
would be obtained dircetly., A

' 7. Synthcsis of Lubricxnts by Condensation of uro-
' mntics "nd Pararffins, — )

A lubricating oil was’ syﬁehe“siz“ad'*b;v*Rﬁeﬁif»féﬁs’sen in Hom= -
berg-by—condensing rmphthalene with—poraffing, to-make—a molccule:
consisting of an nrom~tic nucleus with o long poraffin chein. -

- The thinpreussen people wrre of the opinlon that lubri-
cating oils made from o Fischer-Tropsch froction, 2s procticed
by Ruhrchemie, werc not sctisf:ctorily stable to oxidation, and
they set out to moke @ morc stoble product. They arg Zcd thet




7¢ S Eiiésia; Wé?l;ixb‘rican't:.s b Condensation of arom-tics ond
T "Paraffins, (Cont'd, T -

Pennsylvaniz oils, which they considcred to be & standard of
stobility, cout-ined some sromatic rings 2nd hence th-t zromatiecs
‘need not be avoided in ordcr té have 2 good lubricoting oil. -
_Enrtben,_ﬂhcinprcusscn;hedf}arge—coei—end—coai—tar*operattdns;““
anc they were receptive to zny developments th:.t would sunply
new uses and outlets for rromctics. - '

The moterial ultimotely devolopsd—rnd-menufactured by

~Rheinpreussen (via 2 par:ffin calorinztion :nd condensation

~-with—arom;tig‘procﬁééyiwés”a'ﬁ616éﬁlé"55ﬁ§1§€IﬂE”6YTd'naph~‘
thalenc nucleus 2nd one straigfht, or only siightly branched,
paraffin sidechatn containing on the averzge about 14 carbon
atoms. Ti:is type of moleocule gave olls with 2 VI of zbout 105
and pour points of ¢ 20 decgrees frhrenheit.

In producing their zvereze molccule, Rheinpreussen wented
one parzffin chnin per molecule. They hod found thet one long.
chain f:ve & hi-her VI nroduct than two (2) or more shorter
chains. A4lso, thyy wontci only one 2rom tic zrou™ sttached to
ecch roraffin choing since wolteu.cs consisting of a chain brid-
ging two (2) nephthclens grours were noorer in VI. .

Rhcinpreusscn produced 2 spindlc oil, a turbine oil, = steam
cylinder oil of 250 S.S.U. a2t 210 degrecs fahrenheit, viscosity
and as their mein-procduct a diescl oil of 570-S.S.U. =t 122 degréés

fahrenheit viscosity. Rhoikngsroussan sold this diassl oil cxe
clusively to the Gormen Novy and was the largest of three (3)
supplicrs of dicsel oil to the Navy. o o

‘ Rheinproussen diesel oil cnjoyed a very cood reputation
with the Navy and with Deimler-Benz who suprlied the Navy with
diescl engines. It wes cleimed th-t very :ood performsnce was
obtzined, not exceeded by zny other oil available. While the ring
sticking test, uscd to evaluate airersft--olils,showed-Rheinpreussen
o1l to be orly ccuzl to refined minerel 06ils, it was claimed that
in diesel engine tests it vas definitcly surerior to minerel
oil. No direct compcrison with polyecthylcne wes aveilable, but
it is generally ocknowledged that the Rheinpreussen oroducts are
poor a2ircraft oils, that thcy decomposc to coke and other
degredation -roducts more rzridly thrn synthesized paraffins, and
that at the same time they are lower in VI zand higher in pour point,

‘.71¢5}“



‘Synthesis of Lubricants by Con

For evaluating diesel oil, the Mavy used the MAN test. This
test consisted of hcatinz 2 samrlo of oil in en ‘open Erlcnmeyer
flask in a drylng cabinet for 140 hours at 250 decrees f£ahrenheit-
and then measuring the asphelt content (insoluble in potroleum -
ether). . velue of less than 0.0l percernt vielght was reguired
for acceptance. ' : ‘

~ The Rheinpreussen dicsal 611 hed e Conradson Carbon velue.
of a2uout- 1,0 -porcent-weight,. It -was-ergucd; howovur;—thot -forma=-
tion of carbon or e.asphaitic nroducts was loss serious with
their tyce of ol becauss en aromztic material is cble to dissolve

and retein in solution such degredation com>ounds. -

—— -Thc Rheinpreussen rroccss is carricd out in two (2) stsges,
In*the first stage, = 430 to 660 degroe fohrenheit frection of
Fischer-Tropsch product oil is chlorinated, no catalyst being am=
ployeds—artenperaturc-of-160-to-210-degrees fehrenheit is usod —
and thc resction time is several-hours. 4t the end of the reac—
tion reriod, the chlorin ted oil contoins approximetely 18 per-

cent weicht chlorinc. . (This quantity of chlorine is cquivelent
to somcwhat morc then onc chlorin: 2tom per moleculc.)

In the second stzze, the chlorinsted piraffin is reacted
with nephthalenc in the prescnce of gasolinc es-a-diluent ena
"R1CI3 plus aluminum mctal (sh2vings) as catalyst.. The naph- . .
thalzne suprlied was 10 percent in excess of a one to one molel
ratio with the peraffin resent, but slightly lcss than a onc to
one ecuivalent ratio with the combincd chloring,- The 41C13 con—
sumption is cbout 0.2 percent weight based on the polymerized
product. The reaction is cerried out in a stirred rcactor at .
250 degrces fahrenheit; 2 timec of 2,5 to 3 hours is required
until no combined chlorine remeins in the oil, The product oil
‘¥s8-separated; nmeutralized, trested-with cley,—end frection-teds

~ There are attached hereto the followin; documents relating
to the Rheinpreusscn process: : : \
o VI Beséhreibung der Schmicrolanlage Rheinpreussen,

- (Lurgi Gesellscheft-May 31, 1945) . = _
VII Flicssbild dor Schmierolsynthcse Rhcinpreussen,

=30~
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- 8, Esters as I.ubricati':g 0il Comronents: -

(a) Deve.l.opnent and Agplicat.ion :

" Following development- of the- ethylene ‘polymer lubricating
_Qils _the I. G. research peonle pesurveyed the field of lubricani
application to ask them what were the most importent short-
comings of available oils and by what. methods could t.hey be
improved, S

It was always ro s"‘s‘i’blb‘;‘“df “course, to ask for further VI —
—improvements. Also, for low tearerature-azrplications,-the- pour
points of mnineral oils, and even ethylene polyers, could be-
lowered advantageously. The oxiaa.tion stability of ethylene
polymers was not satisfactory, in that their viscosity increased.
upon use and they z2bsorbed oxygen to form fatty acids and per-
: o?daes—but—ﬁrerdi& Tieverttieless —ive very long orerating times—
+the ring stickin; test and did not decompose or deteriorate to
give troublesome *roducts. The lubricating sbility or "oiliness"
-"-ofﬂetl')ylene*pol;"nev‘e—wafr o'x.;y~er.ual‘+ o-that-of =2ineral-oiis;,
and, although’ this wes adesuate for most annlications, here was
a prorerty that could be iurroved. Ethylene rolymers and other =~
similar synthetic oils wer2 non-corrosive in use, . gave_only _
avera‘e eni;ine wear, were adecuately wviscous, and had no outstand-
ing shortcomncu in other directions,

Thus, a better lubricant would be useful, one which would
“result in lower friction im th= range -of hydrodynamic ~lubrica=——
tion, end one which would behave somewhat as an extreme - ressure
lubricart in the range of boundary lubrication. TZiiS""jib;érty””"“
should be canbined if possible with high VI, low pour point,
resistance to oxidation and decomposition, and shoulcd otherwise
be compa.tible .rlt.h general lubricatin& oil reﬁuiramex‘ts.

For a nolecule to be effective as a true exireie pressure
agent, it must either adhere ver: tenaciously to the metal
surfaces, or, morec comonly, rceact chemically with the hetal
surfaces end-wear away those hirh temperature spots or areas
oretrating under the hi;ghest loads. Howiever, it should be
possible to import good lubricating cuality, if not actually
extreme rressure Dro*)ertn.es, to an oil by designing molecules wnich

belng lubrlcat«,d.
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8. Eaters as Lubricat.igg 0il Components‘ ‘ )”{Con’t;'d !

Many organic molecular ty.-es were considered for this ‘role,
with attention finally being centered on oxygenated hydrocarbons,
Of the oxygen forms the ester linkase vas particularly inter—
-esting, -Ethers-and ketones have poor lubricating: properties,
_and reroxides and aldehydes are unstable. _&Esters, however, have .
very surfe.ce-active grouns and are stcble, '

A long program of research on ‘esters ensucd. It was found

that esters of secondery alcohols were unstable, and the fieold

—narrowsd to combinstions vith rrinary alcehols only. A triester

- of trimethylol ecthane and Cq to_ Cio0 tat.t.y aclids gave &ring—st.ick—--
ing test time of 100 hours, hence very outstznding for its stabil-
ity-in an engines It-hada VI of- appro:dmntely‘lso,"_‘a pour point
of =95 degrees fehrenhcit, but its lubricatin: rroverties were
not outstanding. Through study of many ester comrounds, it was
found-that the space yatternof s molecule such as the sbove——— —
was 80 massive t"xat. onl,v_ a sperse coverin- of the surface with
absorted ester “rouns cotld bz obtcined., It wes concluded that
the ideal ester would be a. siarle one whorein-tho-attached-members
ere straisht thin choins (unbronched) and the surface could -there=~
by obtain a dense covairf; br the adr"ering ester groups. )

Honoest ers of strai; wnt ch::.i'x zcids and alcohols are good,
but outstending~ in c-uc.lit.y zre dicsters of molaciles wherein
the two zster grours a2rc scpereted by a strzipght chain of -
several carbon atoms. A diestcr of edinic acid z2nd normal C
alcohol ‘was-mado-and- itwpro*crt.’rfs—were outstanding,—The V? -
was 238, the lubricating propertice werc excellent, “but the
symnactry.of the molecule was too great and the pour point -was:
$.0 degrees fahrenheit. Disymmetry was introduced by using -
beba—methyl adiric acid instead of adipic acid, and this.pro-
duct had a VI of 228, cxcellent lubi®eating properties, ax—
cellent oxidation end engine- stzbility, -and the pour noint ‘had
dropped to -33 degrees fahronheit.

——-—Thus-originzted—the—usé of estcrs as Ttﬂni?ﬁﬁing oil
components. The production of 200 berrels per day of adipic and
methyl adiplic zcid estere was beinsz rlanned in Germany, but the
attained rate did not =xceed 100 barrcls per daye. The alcohols
for estcrification camz almost entirely from the "Isobutyl Syn-
thesis" in Ludwigshafen. Different fractions of alcohol were .

uscd for the: . s;ver...l crades of esters “rociucc.d but they vere in




80467

8, Esters as Lubrxcat.

: general those boiling from 280 to about 570 decrees fahrenheit.
These a2lcohols were pr ‘compounds with some braznching, but
not enough to interfere with close sracing of molecules on the

- surfzce being lubricated, ~Adipic acid was produced in Germeny —
as e _raw matorial in _the manufacture of Perlon, a nylon tyve .
material. It wes produced by. oxidation of cyclohexznol with nitric
acid., Methyl adipic acid was produced likewise by oxidation of
methyl cyclohexanol, the nroduct being a2 mixture of the alpha and
betza compounds.

-~ The new smzll product.ion_of,_‘estera.by.,.l.‘ G. w_as in great demand
for specialty oils requiring high VI and low pour points, These.
‘demands were largely associated with the Geman war compaign in
_Russia, where failure of machines due to high lubricant viscosity
during the winters was a very serious problem. An cster of adipie

~acid and-280 to 360 degrees fahrenheit, alcohols was used in 50
percent concentration in an oil for lubricating weepons. An
‘ester of adipic acid and 320 to 390 degrees fakrenheit alcohols
-wag-used-as-an-ingredient of-e-low temper:ture--journel -lubrd— - ——
cant for railroad cers. A speciel hydraulic lubricant for aireraft
“conteined 5 to 10 percent of 2n ester of adipic 2cid and cyclo~
hexanol, 2n cster-with-2n unususlly low- pour voint. - There were
these and several other specialty uses, but the moin volume off-
teke wes for some aircraft lubricating oils, where ester of adipic

acid and 360 to 570 degreocs fahrenheit 21lcohols were used in ca,
25* percent. concentrat.ion. v

Because of the shortage in Germeny of both acids and e.lcohols,
some of the I. G. rew materials were admittedly not the ones that
would have been chosen otherwise. It was planned that ultimately
the mein alcohol source would be from the new "Synol" process,
which cen produce primary straight chein-alcohol in the desired
C, to C range directly fram CO ond H,. While adipic and methyl
agipd.c acids are good starting materizls, higher acids in the
same serics, such £s scbacic, were considercd to be more desir—
able and active research on the manuf‘.ctuce of “u.r—'hcr dlca.r-
boxylic acids was in progress. T

Another ester research develomment in‘Germany meriting note
was one by the Deutsche Fettsaure Werks in Witten (Ruhr). This
company, which works with fatty zcids and produces synthetic butter
and other esters, studied the usc of esters as normal lubricating
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oil components. They concluded that an e’ater o!' pent.aerythritol
and. 06 - fatty acids was well sulted for such an. applicction. .
‘These compo de had the-same-desirable-propertics—as-the IsGei—csters.
(DFW proposed to make pentaerythritol from formcldehyde and acetel-
_dehyde). It wos the opinion of DFW’ that the best lubriceting oil -

* that can be manufecturced today is one consisting of =z synthetic

~base materis J:*such‘a’s_polyethylene‘anﬁ*to'iﬁ porcent—of an-cster-
such as those described above.

(b) Manufact.ure of Esters:

The es‘ter:lﬁcat.ion operat.ion of I G. is ouit.e simple and
doed not require unusual puritics of raw maturic "The acid and-
_ 2lcohol and pumped into a_stainless stoel . 1limed, agit..ted reactor,
Bgnzene- or naphthalenc gulfonic ocid is used es a catalyst, sbout
onc -porcent wedght of -the-total mixturc-being reguireds —A 10—~
percent . stoichionctric-axcess of 2lcohol is- used.-_,Ihc _tompcra.___
turc is 300 to 360 degrecs fzhrcnheit.

Du.ring the rcaction the water formed continue.l]y distills .
off and progrcss of the reaction is Jjudged by the rate of cvolu-
J.ioxL of . w::t.en._Ihe re- ct.ion -requires-about. 24, hdurs.

Thc product is weshed with wchcr and soda which removcs t.hc
catalyst, unreasctcd acid, ~nd helf csters. It is next distilled
to rcmove zleohol ~nd low boiling sccondory products. The estor
oil then is contocted with 0,5 percent woeight bloaching ecerth at
160.t0:175 degrees fehrenheit end filtercd, - The-product. thoree
after is handled like 2 nom~l refined oil, No stecbilizors are
2dded and. no._special, handling precoutions are nocessary.

While thoe preferred ceatalyst for the sbove described oster—
ification was & sulfonic zcid, for morc difficult esterificction,
such as with trimethylol ethmne wherein » tomperature of obove
%90 d;:grees fahrenheit is uséd, the best cata];yst. is zinc metal

dust). '

Some properties of o few typiccl lubricating oil esters
are given in Table VI,
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-"'I‘"I‘V'VI

. _ PROPERTIZS. OF SO _SYNT HETIC_LUBRTCATING

_QLL ZSTERS -

g ' Bet.a liethyl
A_pic

Sebe.'cié - iiixed Cn Acida=

}.éonoc glic

Iso end

Normal Octxl Issoctzl Trmcthylol

putiinn e LT . ,b ] mt: n T 1‘“>
Den it.y 68° F. 0.922

,,Viscosity,,_.,,,f.‘,@_,__mﬁ__wf;.__, e
S.S.U.at 122°F.

Viacosity, S ‘. ‘ S

Viscosity Index 191 28, 189

Pour Point °F N A1 =33

" Flesh. Point. °F,7 405 w0 T L55

# Helf ester of cach a2lcohol, -
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8. Esters os Iubrica ating 0f1 c°dg§héﬁis,~gb2 (contfd.)

About 15 gallons of cster of methfl. adipic acid and 360
—to 480 degrees fzhronheit alcohol, and two (2) drums of the 360
to 4BO degrces ‘fahrenheit azlcohol werc obtzined and sent to the
Naval Research Igbor?tony in Anacostia, D.C.

~ The following gocuments tra.nani.tted to-the Bureau of Ships,
-relate—to—the manuf&cture*and*ﬂ&@ ot“lubrtcating oil esters:

VIII Die Wisscnschcftliche Grundlagun der Schmiorstoff
Synthesen (I,G. = Leuns - DrH. . Zom report. of

o M Mag IGA3) e
IX T Estor als Schmicrole (I.G. - Leuns - DrH, Zorn
___ﬁ_ffruport_of_ll_ﬂbvember_19h3)——h___._;;::w;;t;;;

‘EX Esturole (I, G = I~una—P per on propcrties and
o mu“nplic tions) : : o

iiA »Eeter'alstchmieroleﬁ(IyGi -'Lcuna-Dr;H.Zorn'peper-
‘ _listing rropcrties of est e:_-s) e/ o o
~XII —FlicssSchanr fur Estorolanlegen ie 1016 (I.G.
—w4—-~lpaaa-Flow~d1ﬂgrim”"d metericl balances for
~———-menufceture-of severcl esters) T -

XIII E Ol Anlage Schema I Teil and II Teil (I.G.--
Leuna - Two process flow di.grams for ester

oil*mannr“étﬁre). | .

9. Other Synthctic Lubricating . 0ils -

: Genmhn dQVelopments in synthectic 1uoricants were not o result
solely of recuirements but were to somc extent » by-nproduct of -
thc enormous research progroms being carried out in all chemical

flelds.

S An examplu,of~sueh~e—contrtﬁ”tlon is the polytetrzahydrofuran
development by I. G. at Leverkusan., Tetrahydrofuran can be pro-
duced casily from 1,4 butancdiol, an intemrmediate in an I.G.
process for butadicne manufhcturu. Tetrahydrofuran can be poly- °
merized to yicld oils which have becn studlcd as motor lubricants,

36m
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‘79.> QOther synthetic Mbdcabinfﬂsﬁﬁa.

The copolymerization of totrahydrofuran avith smaller amounts of
ethylene oxide has also been carried out and this product has
been considered both ns an ‘cngine lubricent and a steam cylinder

. In polymorization, the tetrahydrofuran ring opens and =llows
-chdins-to-form, with-the oxygen becoming-en-ether-$1n-the chein. -
The copolymerization with cthylene oxide to produce lubricant

was carried out at 85 degrees fahrcnheit using two (2) moles of
tetrahydrofuran to one mole of ethylcne axide. The catalyst found
to be mstmiioedm a few percent of thionyl chloride containing
some ferric chloride. After reaction the oill is weched free of iron
-salts-with-sodium bisulfite; trected with sodiun methylate to - -
replace terminal chlorine grouvs with mcthoxy groups, neutralized
‘and’distilled to remove unrcactced components, oteé.. The physical
properties-of-this materi~l included & pour point of zero degroees
fahrenheit, 2 VI of 150, and o~ viscosity of 130 S.S.U. at 210
legsmes fahrpnhe.j.ji.__; T ‘_'*" T T

The -~bove synthcsis has beon described in more detail in
‘U.S. Nevel Technical iiseion in Europe Letter Report No,
12345 (s) of 12 Junc 1945, . ' '

- The,develomment of tetrahydrofuran polymers is relatively
new and not meny dato on their propourtics as lubriconts had been
obtained. A totnl of 18 tons was prouduced in 1943, An active
program of develorment including cngine testing was in progress
at Leuerkusen, e e

A water-solublc torpedo lubricant developed by the Deutsche
Fettsaure Werke is an example of another new type of synthectic
compound. The DFW wes requested by the Gemman Navy to produce a
lubricant which would 21low a torpedo to operzte without danger
of leaving an oil smeer on the water surfzce in its wake, A
‘compound wr.s devcloped which was a salt of trictheanol amine and
_an_approximtely;cgﬁfatt&ma._-.—ﬂw;salt—ms—fme&%y—dﬂieet—
-comgination without water seperation.. Such o compound is water
“soluble, has & pour point of -40 degrecs fahrenheit, a high VI,
and is an excellent lubricent. These salts apparently are not
stable by the standards of lubricating oils, but for short dura~
tion use extreme stability is not nccessary. The viscosity of

-37~
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9. Other Synthotic Lubricati 0ils Cont.'ci.

the tricthanol amine salts can be varied widely by the use of
fatty ecids of varving molecular weizht. A sample of this
water-soluble oil was obtained. and forwarded to the Naval Re-
soarch Iaboratony.

1ﬂk —Additivcg t&lnbzicatir.g.ﬂils. , e

Viith the nanssity of surrlying ¢ubricants to new and exac-
ting uses, and with the ever rresant- urge to ungrads low cuality
materisls to increase the voluae of lubricants,,it was ex’ccted
“that Germmany had Ziven attention to the develorment of: additivess
It_.vas found that many companies had becn_studving 2dditives and
that, parallzl to the situation in Amcrica, hundreds df compounds

—~‘“a”been Synthesized and tested. _From this pass-of resocrch there

were developed some rew compounds thet wers being used commercially
7and vhich gerha os could be useful to Ameri"a.”

=" The use of inhibitors and additives in lubricating oils was
less extenaive in Gormany then it is today in America. Mineral
oils were used uninhibit:d, zad no inhibitors or additives were
used in the synuhetic~lubricabing oils or in the aircraft oils

—containins-esters. --As-st=ted-before, no-special cttention was.
given to diasel oils, and again no 1nhibitors or additives were
used in them.

The use of additives was limited thcretfore to spccial oils

but since it was the practice to_svecif: sreclal oils for a

__great many neceds, there were largce numbers of spocial coampounded
0ils marketed. Natural fsts and oils were used, ‘but their short-
age encouraged the development of substitutes., The shortage of
natural estors, for example, was one of the reasons for the study
of synthetic esters which Izad to the extensive develorment
previously deseribed.

Some outstznding new additives ~rs described briefly below,
clnssed ~ecordin; to their ¢ffect on _ubricoting oil ororerties.

(n) Oxidation Inhibitors:

An oxidation inhibitor developed by I. G. - Leunz was clzimed
to be the most effectivec onz th-t hed been tested for improving

«38~
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10. Additives to Lubricating Oils, ( ‘) (Cont'd,).

the stability of nolyathylene-mineral‘oil ‘mixtures. ~No test -
data were found, but this compound was the subjectof patent -
applicetions, and was repeatedly discussed in interviews. It
wes not used in commercial practice. The materizl is a tin com-

pound, made by the followinc synthesis.

S e W -2
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0. Additives to Lubricating Oils, (Cont'd.)

¢

..~ (b). Corrosion. Inhibitorss - - - - - . . .

A compound developed by I. G. -~ Leunz, known as KSE (Kerros-
ionschutzester), shows very good corrosion resisting properties,
-In-a-cutting-oil study-a-soap that was being tested-was observed - —
to protect iron surfaces azainst rusting. An ester of the acid
was then rrepared and studied as a lubricating oil ingredient.
Extensive test data and field axperience were accumulated, and
this compound was being manufactured and included in seversl o
speclal machine oils, torpedo nils, and weapon oils. The compound
"Is-prepared from 2 normal Cy,; to Gg “paraffin, obtained in Germany
by selecting a fraction of Fischer-Tropsch licuid. The synthesis -

R - CHy + SO, + Cl,—> R = CHp - SO,.C1 § HC1
R - CH, -~ S0, ~ C1 {-'m{3 > R.- CH, - SO, NH, } HC1

R - CHp - SO, = M, + CL CHy ~ COOH —
R - CH, - SO, NH - CH, COOH } HC1

R = CH, - S0, - Ni - CH,CO0H # Rl = O —=>
S CH-%0 —Mi-CH -~coo =Rl
R =CH,- S0, =N =CH, =C00 =R .

’ .

to C

12

(Risc 18

1 : ,
8nd BT s from G, t0 Cye)

The reaction of the paraffin with SO, and Cl, is catalyzed with
‘ultraviolet light. The NHB and the ghloracegic acid reactions
proceed without catalysts. .

- ~—Aamah—emulsifyingwsoap“inwcutbing—oils;wthe«soap~usage—i3wh
to 6-percent weight. For the other applications, the ester is
used in concentrations of about 3 vercent weight.

24,0
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10. Additives to Lubricating Oils, (b). (Cont'dg

Test data have shown that 3 percent of the—ester in a lub—
ricating oil will reduce iron corrosion rate_to 2 percent of that
observed with uninhibited oil. Although vertlcularly effective
for iron protection, zinc, aluminum, and lead also show greatly
decreased corrosion rates from the use of this meterial, |

A sample of several gallons of KSu was obtained ‘and forwarded-
to the ‘Naval Research Iaboratory in Anacostia, D. C. el

- (e) Extreme Pressure Additives.

An extreme pressure agent allows movement of one metal sur—
face over another under extreme load conditions without selzure
‘of the metals occurring.  -To- act—in-such e-capacity, an agent ~
 must effect a reduction in friction by providiar some moving

layer between the two (2) surfaces. Most extreme pressure
additives accomrlish tnis effect b reactinc irreversibly with
the -surfaces, forﬂing a metal compound which rubs off the metal
and crovides a moving layer vhich derarts from the surfaces with
less friction than that accomranying the motion of one pure metal .

surface over the other.

However, an extreme pressure szent should be "corrosive" form-
ing metal compounds, only under the conditions of extreme load.
Therefore, an agent should be chosen which is non-corrosive at
low tem>eratures but which becomnes suddenly corrosive at some

“elevated temrerzture. With such an =2gent, -those srots or areas -
which become warm from friction will be attacked by the agent,
forming a metal compound which will rrivide the “lubrication"

necessary to prevent, overheating and seizure,

“One comnound ‘prepared b- I. G, - = Leuna possesses such a
temperaturecorrosivity relationship =nd was used as an ingred=-
ient of their extreme vressure iubricants. The ¢ompound,

—known.as. MESulphol,_was _synthesized-as follows:

W%CEHQ— = CHZPH ¥ CS; ¥ HaOH :fi&z,ﬁg,,;, CH=0=C
NS = 1la & HyO

b3
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10. Addit.ives to Lubricag_gg‘ Oils, {c) 'QCOnt"d.z

" 2C)Hg - CHy =0 = C 72 ’S na t- Cl - cH, - cnzﬁ, . Cl—>

-0 - ¢S -0 -
C5H]_1 O C\S - GHZ - CHZ - s,C o CSI‘u{- 21‘!9.01 7
A _new compoundw:as~be:ing~manui‘actured—by~1 .G*icueﬁmserforuse—
as an increcient of zeroplene engineé brenk-in oils, The. agetittis a
phosphorous compound m-mifactured from- ‘chlorhenzcne phosphorus triche -
loride and-&tcaryl amine. The use 6£.0.5 to 1.0 peroent velpht of this
compound in oil reduced-the-brecke=in time. Sfor neroplanc-ongines -from- - -
50 hours to 10 hours. It kad been in small production at Ieue!'kusen
slnce 1943, the total -oitput having pone to Daimler-Benz and Junkers
for the above uae. ‘The- compound vas prepc.red as follora- T )

ﬁ___ca_ e ._Aw‘

Acl o * R A : - v o 7. - ('\\‘ - o7 ".” T '”. T
° ,'\ * ml o h.’__-'_'.:;.m T [ SRR SR . oI PSR
J, 0 'j'LP.-OH
(j),‘h“ ) e
, c s
g =9 ##12 a -
/ | —— S N
Y A I CH H —o<p——
) o 17 35-00 3"0 P/)\\ 0,,_

Details on the manufecture of-this compound will 1 beTo d_C;" :

in U, S, Maval Technical Mission 1 in Europc Letter Report No. 119=45
—(8) of 12 June I9h51 T

et e e

In Germmxy, testing of cxtremc nressurc lubricants and additives
was carried out. with vorious t;est dsvices. The four-ball machinc was
_used, but was not ruparded as 2 good devicc. The Almen~Wieland *
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‘10, _Additives to Lubricating vils, §c2 (Cont! d,.}

‘machine was 21so used. A test apparctus recently developed cons
sisted of a slowly revolving metal drum, partly immersed in oil,
“with 2 metal wire under tension in contact with 180 degrees of the
drun, The wire is put under such tension that the area of con-
tact 1is under very high loads The friction drag is measured by
“thedifference in tansion between the two (2) ends of tho vire.
This machine then meesures friction sgainst specd.of rotation at-
constant tcmperature, or sgeinst tempercture at constant speed.

S d);—::ﬁbur:—?ointﬁ Doepressorss

" Paraflow was being menufactured in Germany. The process con~
sisted of condensing 80 perts of chlorinated peraffin with 15 parts
-of-nuphthalene and one pert of polystyrons, using.AlCl. as-a-cetalyst
aend a temperature of 85 degrees fahrenheit. The '3’61&&%&:’%1’19 in-
clusion was said -to "doubla the effeet" of the Peraflow addition to -
lubricating oils. In 1942, about 10,000 barrels of Paraflow was -
menufectured and sold in 2 concentrate contzininc 8 percent Para-
flow and 92 percent oil, ' '

~€e) ' Viscosity Index Erhoncerss

Polyisobutyloenc wes being manuf-eturcd =nd sold in Germany
under the trade neme of Ovpconol (I, G - Oppau), Its use was
limited to the incrocasc of VI of a’fow low grade ubricating oils
to make them salablc as motor oils, e O T :

(£) ‘The Principle of Two-Fhase Lubricants.

‘It:is perhops worthwhile to mention thot work was in progress
‘inone research lcboratory on a two-phase Iubricating liquid. The
-go2l _was_the supply to the engine or device-n lubricating medium
thaet would not change viscosity with _teaperature. The principle
was to use a two-phnse system, wherein phase A_is a lubricant and
phase B is & more viscous licuid, with or without lubricant prop=
-ertiess—As—tempernturo-ineroases the solnbility of phigse Bin——
Ms"e—A—inere&ses—&t—such—-a—ra-te—-—that-*t—he:-vi*scosity~of"'ph&se“’k“""“"’
remains constant,  No commcreial ~application-of-thc-principle has
been made or have, in fict, specific phese compositions of such
2 system been worked out, - :

SP
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11, Iubricating Greases:

| Very few new developments in grecse manufacture or use were
found. The components of greases arg no different from those that
—are—in-conventional-usce-in Americe o . T

———-—Seaps for gresse menufacture were made-largely from—synthetic—
_fatty. acids. These fatty ecids were mzde by the Deutsche Fettsaure
Werke (Viitten), I. G. (Oppau and Heydebrek), and a plant in Mag=-
deburg by oxidizing normal  paraffins from waxes. The totel fatty

acid production for tiis use was about. 120,000 tons per year. The
soaps used in greascs were primarily sodium, calcium, 2nd aluminum,
Tho use of Lithium soaps for grcases was known and 2 very small volume
was being produced; but-there-was-arperently only little ~interest. .

in and no rlens for cxtcnded use of them. ' S

The -0il components of Germazn greescs weros clmost exciusively
refined petrolecum fractions ard, most cammonly, of Fannsylvania
origin. . NMo imrortcnt use had been made of the s:rnthetic lub-
ricating oils nroduced in Geraany as crensc camnonentse - -

Onc develormant that wos found wes the use of finely divided
silicon dioxidc to nroduce sels with lubricating oils., It was 2
-development by thc Dogusse Comrany -(Deutsche Gold und -Silber Schelde-
Anstalt). The fincly divided SiO, is prepered by “burning ‘silicon -
tetrachloride and directinz the flome sgainst & cooled metal sur-
face,. The silice product has a perticle size distribution similar
to thet of cerbon black and a settled density of only 0.015. '
_Used in 5_to 10 percent concentration with cartein lubricating oils,
perticularly those containing an apprecirble content—of—polar-com=——
pounds, 2 steble gel was set up which could be used as, e grease, The
gels were said to be stable over & temrerature range of =65 to 570
degrees fahrenhelt. . ' :

-~ The following document, tranamittad to tho Bureau of Ships,
pertzins to German lubricating greasest —~  ~

XIV Technische Lieferbedingungen fur Flieger-
- Sonderfette, - (Specifications-for greases———
supplied to the Germen Air Ministry).
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12 Conclusions,

(a) The total volume of,_lubxf:l.catihs oils produced for German
use during-the: last war ycars was about 17,500 barrols per day. Of.
this total, only 1,700 barrels per day camec from synthetic proccsses
and the remainder was obtained from pctroleum, - o o

" 777(b) The refining methods employed to obtain finished lub-
-ricating oils from petrolsum were largely conventional and are
~well known in America. A new process not -yot -applied commercially
was known as Mixed-Polymerization. It invalues the addition of
ethylene and its pplymers to petrolsum lubricating oil distillates
mi@ﬁning-pmcap&,—ﬂ:exnby—obv&a&nrthe—necmitrpﬁmlvent—
extraction. .

' (e) The aynt.het‘.ic’ oils came from the following processes
and locations: - - -~ . , ; e .

' (1) ' The TTH process at Brabag~Zeitz produced 600 barrels
per day of industriel quality lubricating oil. This process hydro-
-genates brown-coal-tar-under-such conditions—thzt a—lubricating oil —
fraction of averaze quality only is obtained directly as a main :

product.

.- €2) At I, G. Leuna polymerization of ethylene to produce .
high quality oils was being carricd out. Using a new process of

Ie G. origin, oils of 120 VI, low pour point, and good stability
in-use;, were being-made: ~These oils, produced at a rate of 300
barrels per day, were being used in 50/50 admixture with refined
petroleun fractions as 100 VI aircraft oils. . . .~

- .(3) At Ruhrchemie-Halten, Rhenania Desag-Hemburg, and
Politz, olefins produced b thermal cracking of high boiling para-
ffins were polymerized to high quality oils of 110 to 120 VI. Of these
oils, produced at a combined ratc of 650 barrels per day, most-were -
used with refined petroleum fractions to produce aircraft oils, '

' ~ (4) Using a process of their own developmont, Rhein--
preussen-Homberg produced 50 barrels per.day of oils by alkylating-
a naphthalene with a C 6 paraffinic chain., Their production was

teken entirely by the ‘&,_,emAn,Navyg for use in diesocl engines, -

7=
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12 Conclugiops (Cont'd.)

(d) Several esters were being synthesized by I. G. - Leuna
for use as components in spvecial oils requiring low pour points.
and high VI. Esters impart good lubricating quality ("oiliness")
to a mixture, at.the same time fulfilling other requirements of

_8 good lubricant. -The VI of esters are 150 ’

points are about ~40 degrees fahrenheit. The ester develomment is
“considered to be of outstanding interest. The I.G.~- Leuna ester -
‘production rate was 100 barrels per day, ) '

(e) Synthetic oils developed, but not produced cmemiény, A

;includodra—polymrof—tetrahydrcrurmrmréwlene oxide (I.G.~ .

Leverkusen), and a water-soluble salt of triethanol amine end-a ea, -
Cg fatty acid (Deutache Fettsaure ‘lerke-fitten). The former compound
has a high VI and low pour point, but little information is avail~
able on its performence, The water-soluble oil was developed for
torpedo use and was said to have been accepted by the German Navy,

(£) Several new additives hed been develozed, including m; 3
-oxidation—inhibitor (an organic tin compound) » & corrosion tnhibitor’
especlally effective on iron, and two (2) extreme-pressure compounds; -

(g) No outstendin: new develomments in the field of lubricating
greases were found, - - - e T

(h) Of the new synthetic oils and comronents disclosed, the
Polyethylenc oil and the ester additives are considered to be of
particular interest and their study and test by the-U,S. Navy ia

recommended, The new additives described should also bs tested
by methods in standerd use in America. .

~Propared byt

M. E. SPAGHT
Technician
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APPH]DIXI.,-
THEKANUFACT!BE OFETHYIENEFRW"THA!\E

-

‘Ethylene for the manufacture of ethylene polymer lubrica-
ttnz—eﬂm ymduc@—% Leuna by the perﬁal axdddation of ethane,

The Leuna pmcess gives an ethylene yield 1n the p]ant of
70 percent weicht, based on charged ethane., The ethane to be- 7
reacted is three (3) volumes is heated to 1110 percent weight,
oxygen one volume is senarately nreheated to 750 dezrees fah- = -
renheit, and the two are combined under slisht vecuum in a care-
fully designed -burner- wherein-the- tmrerature rises to 1470-—— —
to ‘1560 degrees fahrenheit. The product of the furnace is - :
cooled by exchange and the ethylene is separated and purified
—~to a- minimm of.. 95 _percent-weight, in the final product, ————

~ On a hydrogen and nitrogen free basie, ‘the product from
the reaction burner is:

hBel percent- vol, - " Ethylene-

30.5 percent vol, Ethane
16,0 percent vol, co -

0.6 percent vols, (Dz

1.6 percent vol. 05 .

2.4 percent vol, Fropylene and Higher
. Olefins

-—0.8 percent vol, -~ -hcetylene ————

100,0

Based on ethane recycle to extinction, the abo§e analysis correg-
_ponds_to_an ultimate -ethylene. yield of 79 percent. This figure
“is reduced, of course, by losses in the recovery and separation
system

: The ethylene was purified at Leuna by a Linde fractionation
—system. Before fractionation, CO, was removed with an alkazid .
‘plant (regenerative alpha-amino-propionic acid) and ‘acetylene
was hydrogenated over a nickel-chrome catalyst down to a content
of 0.l percent volume. The first ILinde colunn separatcd over—
,head materials lighter than C,, a second column separated the

9=
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Appendix I (Contt'd.)

:ﬁ fraction overhead, and a third coln:i!n' gepareted ethane and
tylene. Through this fractionation, CO was also separated
quite comrletely from the othylene.

-

A sccond method for ethylene manufacture from ethene was
-worked.out -at _Leuna and a plant wae being built at Heydebrek.
The dehydrogenation step in this system employs -straight thermel
cracking at atmosplieric prossure. "In o two stage counterflow
of flue gas and ethane feed through two furnaces, the ethzne temp-
erzature is raiscd to 1200 degrees fahrenheit in the first coll
“and to 1550 dezrees fohrenheit in the second, The cracked gas
‘is: quenched, acetylene is— selectively-hydrogenated-out, -and -the--
gas peasses to a_selective solvent ethylene concentrati:on‘.'syst.‘ém‘.ii

.. In the thema.l_cm.cking_operation,_a _conversion of 30_*_M
percent per pass is obtzined (design figure for Heydebrek).
pPllot plent work, coke deposition in the 27 percent. chrome tubes
required a cleanout only once in 40 days, =

‘With a thermal-cracking method for th‘:}t}ne -dehydro—~
genation, a system of sczlective absorption . to be used for
ethylene recovery. The solvent is a copper - diethcnol amine
complcx, prepared by saturating dicthanol amine with cuprous
nitrate and adding theroto 3 to 4 percent’ welght of “emmonie
water. This solvent is used =t 80 degrees fahrenhelt and under
10 to 20 atmosphers pressure, Ethylene is released by reducing
pressure and increasing temperature to 105 degrees fahrenhelt.

Then recovering ethylene from a 30 percent concent.ration ges
mixture, one volume of solvent at 15 atmospheres is adecuatc to
scrub 30 volumes of gaos down to an ethylene content of 0.2
percent volume. .. .. . . L

This golvent will seperatc ethylene from raraffine but
is not selective between cthylene ond propylene. It will not
separate CO from ethylene, and hence is-not used when ethylene -
is produced by partisl combustion.of. ethane, Sulfur comprounds -
'in a gas being treated with this solvent react with the solution”
and precipitate copper sulfidc which then must be filtered out
periodically, If CO is to be separated, Linde fractionation
is considered to be the most practical method. Removal of CO
with a KNi CN, solution had been studied, but the process is not
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Agge_n_dix I ‘Cont'd,}

regenerative and hence is coatly for high CO concentrations.

The following documents transaitted to the Bureau of Ships,
pertain to the manufacture 2nd concentration of ethylene by the

—two aystams cutlined:

x‘v .

——Limdes (I

XVIII

Die Herstellung lines Athylenhaltigen Gases
durch thermische Spaltung von ' Althan oder
Propan und Aufarbeltung dieses Speltgeses auf
Reinathylen in ainer Ge.strermanlage nach

rYYe

Gestehkoatenvorausachatzung fur Athylen aus
Athan durch thormische Spaltung im Rohrenofen

nach Hauber, (I.Gs = Leuna - Berichtof 11

June 1941) C “
Schems zur Spaltoanlarc. (Ie Go = Leuna - Flow

“dingrem of Ethane Themmal' Cm_cking WR-ZO

npril—J.—QhF}), e e

‘Oletinabsorption mittels Cuprosalzlosungen

ITI Mittcilunge (Io Geo = leuns = Dr, Hauber
revort of 22 July 1942)






