Se Thc TTH Process for Inbrioating 0:.1 Ma.rmfacture , (Cont'd.) ,

viaoosi'by index of 50 to 60. It was se<purated from the hydrogena?
tion product and without furthc.r treatment was sold for use os o
motor lubrica.ti*ag oi‘.h : .

~ This source of lubricating o1l wax invoked on]y because of
the short&ge of lubricants in Germmw durmg the wars :

§ynthesis of Lu'bri.oants by Po]ymeri.zatlon of . Olef:.ns :
~ using Alumi fum Chlor:.de. ‘ -

The polymerizat:.on of" 1ew bozli.ng olefins to compounds boiling
in the lubricating oil range ‘using 41Cl; cs a ocatalyst was the pro=
cess used to produce most of Germany's synmthetic lubricents. There
are two different appl:.cutmns of the process, onc developed and em=
ployed by I. Ge using ethylene as the olefin raw moterial, ond one
- employed by Ruhrchemie, Rhenanin Ossag, and Politz (Stettm), using
a mixture of olefins 'bo:.ling in the 80 to 570 degrees fahrenheit
- range as raw mcotericls The products from the two types of opera=
tions are chemicclly and in performance very similare It 3 maint-. -
ained by I. Ge tcchnologists thot ethylene con be. polymerized to )
yield oils of higher viscosity than those that are prepared “rom higher
boiling olefins. They believe that ‘under normel economic ceuditions.
ethylene v'oula e tne preferred. oléfin for polymerizations . -

The choice By Te Ge technologists of «;thylene for raw ma teriﬂ
rather than h:,ghcr boiling olefins, which are prepared from Fischer
Tropsch ‘fractions and from petroleum wix, moy have been.due in part
to their porticuler compory positions As operstors of coal -anc. toxr”
hydrogenation processes, they. could perhaps moke low boiling olef'ins
availablé more readily thon higher boiling ones of the necessary :
quality.

Both types of applicat:.on used cozrmv'ciull_f in Gezmary wxll be
descri.bed. KO

(a) Etl;flene Po]ymers as Inbricatmng 0118.

The I. Ge organization in Leum hos devoted much thought to
the fundamental questions underlying the syntheses of. o high quality
lubricating oile It was reasoned that a crude oil fractlon , however
#ell refined, still contains carbon '*f.oms in perh&ps every hydro-
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6. Synthegis of Lubricants b Po;merization' of Olefins using Aluminum
Chloride, (a) (Cont'd.) : S . _

carbon configuration, and that sbme 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 propertiés desired in a lubricating
0il, and that a synthesis for that molecule should then be developed.

. The basic requirements of a lubricant are that it shall (a) have
‘a’'low rate of change of viscosity with temperature (high VI); (b)
have a low pour point, allowing low temperature use; (c) have good
lubricating properties; and (d) 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
(c) were not adequate, then additives could be considered to im~
prove that property. '

To have a high VI, an oil must consist of molecules which

' can absorb energy without breaking away from each other. A long
straight paraffin chain with no side chains, or with very short side
chains, does not have a shape which allows it to interlock itself with
other molecules, Aromatic and naphthenic nuclei agglomerations

are easily forced apart. Paraffin molecules consisting of a few long
chains, however, should be more difficult to pull apart. Paraffins
consisting of long chains, which will repulse one another and tend to
occupy & large space volume, should be high VI components. Long
paraffin chains on aromatic nuclei should alsg give molecules which
tend to interlock themselves with one another, and hence be high in
VI. In designing a molecule for high VI, therefore, a paraffin con-
sisting of long side chains on a central structure, or-an aromatlc.
or naphthene nucleus with long paraffin chains, should be preferred
forms, ‘ : '

: If the viscosity of an average high VI oil follows an extra-
polated curve, the slope of which is obtained from measurement be-
tween 30 and 210 degrees fahrenheit, then quite low temperatures are
reached before the oil is so viscous that it seriously hinders or
provents the operation of the mechanism employing it. However, normal
mineral lubricating oils show wide deviations from this extrapolated
riscosity curve, and as their pour points are approached plastic
flow characteristics manifest themselves, To obtain an oil which
ollows the extrapolated viscosity curve, and does not exhibit plastic

15~
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6. Synthesis of Lubricants by Polymerization of Olefins usin
Aluminum thoride,, a) (Cont'd,

flow or crystal formation, it was reasoned that the oil should be a
mixture of compounds, none of which is outstandingly high melting

and all of which form complete and true solutions with the other
components., To obtain low melting compounds, and thereby a pour point
which corresponds simply to a high viscosity, disymmetry within the
individual molecules is necessary.

Compounds which have highly symmetrical molecules are character-
ized by high melting points. ‘thus, normal octgﬁe has a melting point
of -57 degrees centigrade the mono-methyl heptanes have melting points
between -110 and —120 degrees centigrade and 2,2,3,3 tetramethyl
butane has a melting point of plus 102 degrees centigrade, In 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 high symmetry may also be unsatisfactory.

To possess good lubricating properties, a molecule must be able
to adhere to the surface it is lubricating, If its use. is under
very low load; il.e., far in the region of so-called hydrodynamic
lubrication, it needs to possess little more than the ability to wet
the surfaces and retain a film between them. If the load is 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, "adhesion forces"
cause the molecule to be firmly held by the metal, or one may

“supply the Jubricating molecule with a point or points of activity
(called by 1.G. an tactive electron field") such as particular
tgtrained! carbon configurations or combined oxygen, nitrogen, or
sulfur atoms in particular arrangements. If operation is under
extreme pressure, then. even tenacious surface adherance may be in-
adequate and materials must then be supplied which enter into active
and perhaps irreversible combination with the surfaces. 4 lubrica-
ting oil to be used for aircraft, automobile, and diesel engine
sorvice perhaps doesn't need extreme pressure_properties, but it
should contain a molecule which can combine quite firmly, if re-
versibly, with metal surfaces.

Lastly, the ideal jubricant will be unreactive in service,
undergoing no oxidation, 110 deterioration, and forming mo degredation
products. To approach this quality, L.G. reasoned that, above all,
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6. Synthesis of Iubricants by Polymerization of Olefins using
' Aluminum Chioride, (a) (Cont!d.) =~ '

aromatic carbon atoms should be excluded. Aromatics character-

jstically form carbon and high molecular weight condensation pro-

ducts upon decomposition, - Aromatic oils: arg,, however, good solvents

. for their degredation products. - Paraffin type ¢compounds, while they
may crack at high temperatures, form less harmful degredation products.

In other respects, paraffins are notable unreactive, No hydrocarbon

will be totally resistant to decomposition or chemical change, but

a paraffin must be chosen as.the nearest approach to the ideal unre-

active lubricating oil molecule, ° : ' o

In deciding then what- type of synthetic lubricating oil mole-
cule is to bé produced, it:is’ seen that it should be possible to
design a paraffin with a-high VI, a low pour point, good resistance
. to oxidation, and perhaps lubricating properties satisfactory for
“all but extreme pressure conditions. © ’

In setting out to synthesize paraffin molecules in the lyb-
ricating oil range the polymerization of many low boiling ole ins
was studied., Propylehe alone could never be made to give a 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 can be.
made to yleld oils with a VI above 100. This fact was observed sev-
eral years ago bubt was not further developed, présumably because the
introduction of styrene produced oils with unsatisfactory stability.
Polystyrene in polymerization feed gave the same characteristic im-
provement in VI to polymers. of other olefins.) Isobutylene gave high
VI products, but its polymers have extremely poor lubricating prop-
apties, Normal olefins of the type of octylene ‘1 however, give
high quality polymers., Such olefins are the type used in the synthetic
processes of Ruhrchemie, Rhenania-Ossag, and P8litz, However, due at
least in part to its particular supply position, I,G. preferred to
concentrate on the use of gaseous olefins. ' - _

 Efforts to polymerize ethylene to high quality lubricating oil
had been made by many groups, but none had been able to produce .a
polymer with a VI above gero, Through very tedious research I.G,
found that by careful selection of feed stock and of operating var-
iables, the VI could be raised to about 120, - Polymers of up to ap-
proximately 300 S.S.U. ab 210 degree fahrenheit viscosity were ‘made
in yield equal to 78 to 80 percent weight of the ethylene feed.

-17-




The pour point was =30 degrees fahrenheit. The lubricatang properties
of this meterial were roughly equal to those of high quality mineral
oil, hence, satisfactory for most genersl uses.

Regarfing the stability of cthylene. polymers against oxidation
and other chemical changes, these materials wefe found to ,
absorb oxygen but their properties were not gréatly altered hereby.
A minersl oil, being a mixture of many molecular types, forms a great
mltiplicity of oxidation products. An olefin polymer, however, being
simply a paraffin with one olefin linkage per molecule, forms only
a few spocific oxidation products, One is & fatty acid which, in this
molecular size, is non-corrosive and is itself a very good lubricant.
The other 18 a soecalled peroxide linkage, whorein two (2) molecules
form oxygen bridges with cach other of the nature of

.R-CH ~CH « R
1 1:
Q 0
1 {

R"~ CH =~ CH = RM

This process of oxygen bridging and growing molecular size
does not continue indefinitcly, however, hecause as the size of the
aggregate grows, its reactivity toward further .oxygen ebsorption
decroases rapidly. Thus, the final state may be aggregates of per-
haps two (2) or three (3$'of the original molecules, cach brigeed
to a neighbor with two (2) atoms of oxygen. Again, thesc oridized
aggregates are very good lubrigcants, actually better than the orig-
inal materisl and quite stabld, In usc, the viszcosity of a straight
cthylens polymer increases noticeably (perhaps 33 percent) at first but
soon roaches a plateau beyond which it does not further change. -

. The manufacture of ethylene polymers was started by I.G. at
Leuna in 1937 in a small plant produeing 15 barrels per day. By
1944 plents in leuna end Schopau (near Leuna) were producing a totel |
of 325 barrels per day. Plans had boen laid for dxtensions and other
plants to produce ultimately 925 barrels per day. -

: Since 1941, all ethylene polymer had been mede to a viscosity
of approximately 220 S.S.U. at 210 degrees fahrenheit and had been
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6. Synthesis of Iubricants by Polymerization of QOiefins ‘using
Aluminum Chloride, (a) (Cont'd.) '

used in equal volume with highly refined mineral oil for aircraft
oil. The ring-sticking test which is used to evaluate air-craft
oils shows ethylene polymers to be very outstanding.

(1) The ring-sticking test was used widely in Germany and
had become & specifications meagurement, for aircraft lubricating
oils. It had been first used in 1926 but subsequently many ime
provements were made to increase reproducibility and to make
its results more indicative of full scale verformance,

-~ (2) The test device is a.single cylinder aircraft engine,
BMW 132 (Bayerische Motoren Werke), The cylinder is set up
for test block operation with appropriate control and measure-
ing devices, It is opersted at 1900 revolutions per mimte with
a power output of 57 horserower. The cylinder hsad temperature
is 500 degrees fahrenheit, the fuel inlct temperature is 90 de-~
grees fahrenheit the oil inlet teapereturc is 210 degrees fah-
renheit, and the oil outlet temperature is 230 degrees fahren-
heit. An initial oil charge of ca. 2.5 gallons is used and the
0il circulation rate is about 26 gallons per hour,

(3) A pressure recorder on the crankcase shows when gas
by-passing. begins as the result of niston ring-sticking. The
- power output dreps at the same time and the cylinder becomes
hotter. Once gas by-passing begins, a very short time only is-
required before comrlete sticking of the rings occurs,

(4) It was specificd by the German Air Ministry that all
aircraft oils must have a minimum ring-sticking time of 8 hours.
A mineral oil normz1ly would just reach & hours, but ethylene
polymers would run for 20 hours and often longer. The synthetic
oils from wax olefins normally zave test times between 10 and
20 hours, : -

(5) The ring-sticking test was considered to be a good

prediction of aircraft bil stability under performance conditions,

The test was not considered necessary for evaluating motor or
diesel oils, because in these engines ring-sticking rarely occurs.

10w
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6. Synthesis of Lubricants by Polymerization of Olefins using
Aluninum Chioride, (a) {Cont'd. )

A highly refined mineral oil deteriorateg after 8 hours of
test to such an extent that the rings of the test engine are -
stuck, Ethylene polymers give a test time as high as 40 hours,
normelly at least 20 hours, and equal mixtures of mineral oil and
ethylene polymers sive a test time longer than the average for
the two comronents. The high VI and low pour point of the ethy-
lene polymers are of course desirable rrorverties for aircraft use.

Prior to 1941 2 lower viscosity rolymer (about 100 S.S.U.
at 210 degrees fahrcnheit) had been made as well as the more
viscous grade. In addition to these two (2) main products, 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 rroduct fractionation., This fraction
had recently been hizhly valued as a lubricant for Jjet aircraft,
R had a pour point of =95 dogrees fehrenheit and was mixed with
other ingredients to produce various lubricents for low tempera=-

- ture operation.  An ingredicnt of 2 Journal lubricant used by
the German Reichsbahn (railroad) was recovered by hydrolysis of
the AlCl3 sludge produced in the polymerization.

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

(b) Manufacture of Fthylene Polymers.

An attached document ("Das Athylen Schmicrdl Verfahren")
describes in detail the process that was in use in Leuna, but a
brief outline of the orerstion ig supplied below,

To obtain high viscosity and high VI products, the ethylene
raw material should be minimum 95 percent pure. An inert
content above a few porcent disrupts the chain formation and pre—~
vents polymerization from proceeding to the formation of high
viscosity products. A very serious poison is carbon dioxide, and
unless this contaminant is almost entirely absent, polymerization
will not proceed, (Reaction with €O, apparently seals off the ole—
fin chains.) While carbon monoxide-is undesirable, 0,005 percent
can be tolerated, Nitrogen (as_ ammonia), sulfur and oxygen are
also poisons, and all should be comrletely removed. A propylene

~20=
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3 6. Synthesis of Iubricants by Pol)\{merization of Olefins using
gg Aluminum Chloride, (b) Contid,)

gj contaimination of 2 few percent can be tolerated, but sbove per-
. heps 5 percent the quality (particularly VI) of the product

%3' begins to decereasa. ‘ :

.r . . N
3

o To obtain et ylene of the. required purity from a process of
1 ehtane dehydrogenation, & system of sclective absorption or

) Linde fractionation is employed. The production ond proparation
%i of ethylene by this system is described in Appendix I to this

i report.

The polymerization operation is a batch process and pro=-

ceeds in two steps, first, th:z catalyst preparation and second

the polymerization itself. A stirred autoclave (carbon stoel)
af about 30 barrels copreity was uscd in Leuns, Into this auto-
clene was first run cbout 400 g2llons of » recyclo oil, which
was n 260 to 520 degroes fahronheit fraction scrarated from the
Polymerized product. This recycle oil, which was an incamplctely
polymerized product; was usud as a slurrying oil for 275 pounds
of Al1C1l; (equal to 5 to & percont weight of the ethylene to be
charged) (The £1Cl, uscd normnlly contained 2 to 4 percent wei-
ght of FsClj to limit the activity.) Ethylenc ges then was '
introduced until 2 pressure of 30 atmosthercs hzd been csteblished,
The temperature then was reised to 160 degrees fahrenheit by means
of hot witer coils in 4he autoclave, Fthylene polymerization began and the
tempecrature rose repidly to 360-to 430 degrees fanrenheit. -Coole :
ing weter then was put through the coils to bring the teaperature
down to 230 to 250 degrecs fahronheit which was the operating level,
This ended tho catalyst preparation step. The ethylenc pressure

ad dropped practically to zsro in the operstion, and the pro-

cuct of this step was a catclyst compound of AlCl3 and polymer-
ized ethylens., The temperature to which the system rises in
the catalyst preprration step determines the activity of the
prepared catalyst mass. The highor this peak teinperature, the less
ective the.catalyst, . ' : '

Ethyl ne then was introduced into the system as a vapor at
the maximum rate possible while mainteining the temperature at
the desired level. This rate was governed only by the ability
of the cooling systum to removc the heot of reaction, As the
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6e Synthesis of Iubricants by Poés;merization of Olefins using
Aluminum Chloride, (b) Cont'd, )

contaimination of 2 few percent can be tolerated, but above per—
haps 5 percent the quality (pa;ticularly VI) of the product
begins to deereasa,

To obtain et ylene of the required purity from a process of
ehtanc dehydrogenation, & systom of sclective absorption or
Linde fractionation is employed, The production cnd proparation
of ethylene by this system is described in Appendix I to this
report.

~ The polymerization operation is a batch process and pro=~
ceeds in two steps, first, th:z catalyst preparation and second
the polymerization itself, A stirred autoclave (carbon steel)
of about 30 barrels copocity was uscd in Leuns, Into this aubo-
clene was first run cbout 40C gallons of » recyele oil, which
was a 260 to 520 degress fahrunheit froction scraratoed from the
olymerized product, This recycle oil, which was an inconplctely
polymerized product, was uscd as a slurrying oil -for 275 pounds
of AlCly (ecual to 5 to & percent welght of the ethylune to be
charged? (The £1C1, uscd normnlly contained 2 to A4 percent wei-
ght of Fe013 to limit the =ctiviiy.) Bthylene ges then was
introducéd until 2 pressure of 30 atmosrzhercs hed been cstablished.,
The temperature then was roiscd to 160 degrees fahrcnheitby means
of hot ®ater coils in ithe autoclave, Fthylene polymerization began and the
temperature rose repidly to 360 -to 430 degrees fanrcnheit. -Goole
ing water then was put through the coils to bring the taaperature
down to 230 to 250 degrecs fahrenheit which was the operating level,
This ended tho: catalyst preparation step, The ethylene pressure
had dropped practically to zaro in the operation, and the proe
duct of this step was a catclyst compound of ALCl. and rolymer~
ized ethylene. The tunpersture to which the system rises in
the catalyst preprration step deterinines the sctivity of the
prepared catalyst mass. The higher this peak teiperature, the less
active the.ocatalyst, . ' _—

Ethyl ne then was introduced into the system as a vapor at
the maximum rate possible while mainteining the tempercoture at
the desired level. This rate was governed only by the 2bility
of the cooling systum to remove the hert of renction. As the
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6. Synthesis—of Lubricants by Polymerization of Olefins using
Aluminum Chloride, (b) (Cont'd.) :

reaction proceeded, the catalyst would begin to lose activity

so that a steadily increasing pressure of ethylene was used to
consime the system's heat removing ability. At the end of about
six hours, the ethylene pressure had risen to 20 to 30 atmos-
nheres, and a total of 4300 pounds of ethylene had been introd-
uced and reacted. The catalyst was considered spemt at this point
and further use of it resulted in a depreciation of the nroduct.

To produce the more viscous grade of oil a very active catalyst
was prepared by limiting the peak temperature in formation to 360
degrees fahrenheit, A low operating temperature, 230 degrecs
fahrenheit then was used. To make the less viscous grade, &
less active catalyst was vrerared (peak tempersiure in formation
was 430 degrees~fahrenheit)and an operating temperature of 250
degrees fahrenheit was used. '

The operating temperature and not the catalyst activity
determines the chain length; the higher the temperature the shor-
ter the length the chain is azllowed to attain before it is thrown
off the catalyst. When a more viscous oil is desired and a low-
er temperature therefore is necsssary, an active catalyst is re—
cuired in order to accompiish the nolymerization. When the temp-
erature is raised in producing a less viscous grade, & less
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 sur-
face of the catalyst and thereby ends its growth. "Actually,
apart from the lack of necessity of the more active catalyst -
at the hirher temper:ture, the lower activity catalyst is de-
sirable in order to limit the cracking reaction which begins
to be noticeable near the 250 degrees fahrenhcit level,

In addition to catalyzing the simple addition of chtylene
molecules to the end of chains, an important accomplishment of
the A1Cls catalyst is that of olefin isomerization; i.e. shift- g
ing of the double bond toward the center of the molecule, Through '
this isomerization, polymerization continues from z centralized
double bond, thus producing molecules possessing long side chains
and therefore a high VI, It is considered that this is the im-
portant isomerization cavacity of AlCl, in ethyleng polymeriza—
tion, although some paraffin isomcriza%iOn undoubtedly occurs,

+2%
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6. Synthesis of Lubricents by Polymerization of Olefins using
Aluminum Chloride, (b) (Contld,) ”

giving branches on the end of ihe long chains and again yielding
a molecular design which would be exrected.to heve a high VT,

During the colrse of the described 6 hour process, the mole-
cular weight of the polymers being formed gradually decresses.
The formed rolymers act as diluents which characteristically
lower the size of the particles being formed. Thus, the pro-
duct of a batch polymerization of ethylene is a mixture »f
many moleculrr sizes.

At the end of the 6 hour period, the ethylene rressure on
the system was released end the temperaturc was lowered to Ca. .
175 degrecs-fzhrenheit, The AlClL, slurry rhase wes centrifuged -
from the oil layer. A smzll volufe of methanol (20 to 30 gallons)
was then zdded to the oil rhass to react with A1Cl. - unsaturated
hydrocarbon complexes which remained aissolved., This methanol
reaction product sensrated out «nd was removed; the oil layer
thereby being almost complstely freed of A10l,. The oil was
neutralized and then froctionsted into recyclg oil, the low
viscosity distillate oil fr ction (normally boiling up to about
660 degrees fehrenhcit}, and the main polymer oil. This residual
volymer oil, the mzin yield, waes trested with bleaching earth
and filtered,

The separated A1Cl, sludge layer was hydrolyzed to yield
and oil phase which was” further polymerized by a subseruent
AlCl, stage of treatment and made into a low temperature rail-
road” journal lubricant,

4 typical weight balance for the polymerization step is
shown in Takle V,

_ The following documéntsitfansmitted to the Buréau of Ships
- relates to ethylene polymerization:

V, Das MAthylen - Schmierol - Verfahren (I. G. Leuna
Dr. He Zorn report of about July 1943)
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H _ HYDROCARBON WEIGHT BATANUE FOR BATCH it
PQ%MZATION OF ETHYLENE
{(Volume of Av:tovclav_e = ca. 30 barfels) p
Input o . M : Percent - : k
Ethylene o ‘ 4860. | 100,0
(ﬁécycle 0il) * | (2650) -
Total Input : Thseo | 100.0
Outturn |
Polymerized Lubricating | 3690 75-9 | . i‘:1
0il Product " - :
Low Vlscos:.ty Distillate | -~ 330 6.8
01l rractlon ;
0il from AlCl, Slud_ge' ' 360 - Tols !
Hydrolysis : o . ~ g
(Recycle 0i1) - _ | (2650) ' — i
) Unreaé:ted Et.hxlene o | | 130 2.7 I‘
Treating Losses, otc. %0 o 7.2 ’
IR A 4860 100.0 | “}




