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entire contents of thig autoclaVe are put through f lter press and the
'flltcred 011 is stored prlor to dlstlllation.

‘ . ane Crack

The Alf‘l complex recovered 'w cem:"ufrvlng is decomposcd in batche 1enc Pur

the addition Of water. Any cil separating in this process can be cither Zqymorizati
treated and fractlonated with the main oil stream or recovered SE,'D"Ml’ately' : ;;ar;atio‘fl

The Tilter cake from the rllter presges can Do extradted wzth the” 118 anl rofini
0il fraction from the process for additional heavy 011 rgcovery, cither by o
washing in-sitn or subsequently in batch autoclgves. The total exuract eneral Pla:
can Lo recomhlned with the main oil 5uream.beforc the fllter pfesoes.ﬁ; (Gerioke)

The gas l1berated frcm the purging and ventlng ‘of the polymerlzutlon _
sutoclaves and from the centrifuges and adjacent recelvers is water washed motal:
caustic washed and ite ethylenc content recovered o

All vessols using methanol are provided Wwith methanol ‘reflux uystems “The tc
after which the gasce giill vented 'arc water washed before being arscard Jeont be re
The wash wvater is saved for mothaﬁol recovery. '

10) 0i1 Fractionation: | o : e . 120 &

Tne combined oil from the fllter presses 1s steam dlstlllcd &t athos.
pheric pressure to remove zbout fiftecn per cent light ewnds,~ These 1lght aTs N TE
oils ere used in mgking up catalyst slurry in the polymerlzatlon roacters s S

The product from the base of the still is bateh treated with about 2 5% &:%° Br
of a natural Fuller's certh (from ncar Munich) at 158°F filtered bhrough ' yarerred t
prosscs to givc the finished oil. ‘ ' _ . for the pr

In some cascs llmc and 81lica gel are used 1n the final treatnent 1n ; ‘
of Fuller s carth, - : 3 Specific C

- OPERATING REQUIREMENTS \ o : S Viscosity

(85U :

Utilities. The folleowing utility requircments for the Leuna plant vere givel
: {8sU -

based on one barrel of flnlshed lubrlcatlné 011.

Tthane Cracking & Polymerization lope con
Ethylene Purification & Relining :

H.P. Stecam (220 psi), pounds _ 1080 k3o Pole Heig
L.P, Steam (22 psi), pounds 650 1950 bi " Pour Poir
Water (from River- Cnoce-through) ‘ o ' Flagh Poi
Winter (40-50%F), gallons © 13200 Heutralisz
Summer (869F), -gollions ' ‘ - --22h00 R : - Baponific
Titrogen, Cubic Foet ) P N & e o Moack Evi
Elgetricity, KWH - ' : o “hso ' ' ﬂ ~Conradsc
Fucl Gas {250 BTU/CF lower SR - 6 6 : Agh, Aspl

heating vulue) "BTU, S ooer o l1st x 10T 0 - 610X 10 =
: e
-Operators: The following overatlno personnel wag requlred for the plant. stock ?e
These flgures are besed on a 56-hour Weec, ‘or % men-per job for Zh-hour : cating ¢

epeﬂatlon Théy do not include any miintenonce labour,
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_ Total ' Por Shift
Operators Foremen Oporators Foremon
thane Cracking 18 3 6 )
ylenc Purification 87 - B = R |
morization & catalyst . o :
aration 68) 23) 2
- 1) i)

10 10 (Pays. .
, only)
- - 7 yfTeys
7. 1 2 _ 1 only)
~ . Day SRITL 9L 5
202 .. Ak o o .
- ... Night  Shifg 6 ok

The total of 105 operators in tho ethane crackiﬁg:ahd‘purification plant
ht be reduced to 80 if more skilled cperators were available.

Norm=ally the plant is shut down for inspection Tor a 3-day period every
120 days, " To come on stream from a cotmplete shut-deown requires. about
eeks, ' ' e SRR

TS ON PRODUCTS

As indicated above, the plant could be operated te produce cither a 6°
3% Emgler viscosity oil (at 100°C). Those products from Lowna wore
red tc as 85 (Schmierstoff) 906 and 503 respectively and specifications
he products were as follows: ' '

¢ : A _ $5.906
ific Gravity at 20°C Max, R 0.882 .

APT at 609, Min.) ' - 31,9

8lty at 50°%C (Engler B Ly k6

" " 100°% (Zngler) - 5.63(Min)

SSU at 130°F) L : 1200-1250 hoo-4ho
SU at 2109F) s 205(Min)- . 105(Mox)
ity Index. Min, . 1o7 . 115
‘congtant "MY in Polc Height

. : Calc., Max, 3.05 3.20
leight, Max, 1.73 1.60 .
>oint °F, Mex. =13 =31
o 435 - 392
Fo. (mg XOH/g), Max, 0.06 -
nification No:, Max. . 0.20 -
Evaporation Test (4829 F) Max.q 8 -
cdson Carbon Residue, Mox. 0.2 0.2
-Asphalt, Water - ) : 9 -

he S$ 906 product was usually blended with an equal gquantity of bright-

derived from poiroluem oil, the blend being used as an aviation lubri-
o1l (denoted S-3), :
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Tho natural Iubricating oils used in thc blend were .Lromthrob
all from re*‘lmng ‘Austrien crudc.; , end weore denotcd as follows._‘

607 - From.Rhcnanlb, Hurburb.' Yﬁcuum‘distllled oil, relined
with suiphuric acid. ' o T T

707, = From Vacuwun 0il Co,, necr Bremen. Duc-Sol refined.

807 *= From Nerag, ncor Haonover, Furfurel refined.

Alternute stocks to the SS 606 {Leuna) producu in this -3 blen
the follow1ng.:. . ) o

89 1106 - 6°En¢ler (10000) 0il by polymérization at Politz
" of olefineg obtained by cracking paraffin, :
*SS-lOO6-~L6pungler (10000) 0il by polymerization at Ehenun"tu,T
, Berburg, of olelines obiained by crocking paraffin,
85 906 -~6°Engler (1009C) oil by polymorization at Schkopau: -
- of etliylene pvoduccd vic acetyleone, from caleium
carbide, ' o

‘”he sneclflc tlon for the 5-3 blcnded hviatlon lubr icatang oil

V130051ty, Min, 2. 8° Enbler at 1oo°c (98 SSU at 21O°F)
Viscosity Index, Min, L 95
Filash, F., Minimum - . - Lh28
Pour Point, Moximum -4
Conradson Carben Residue Me-,x 0z3

A 30 Engle” (100%C) oil from.Polltz (ss 1103 was sometimes used
Mexcimon production of this grade was 200 Te/yr (h B/D).- - :

_ A stendard | .engine test wns used for the determination of the ring-
sticklng tendencics of avidtion lubricating oils. As & rcefeéerence oil,
refined petroleum lubricent (Vecuum Oil Co. “"Rotring") wes used, amire
were reported in tcrms of ‘hours operation bhefore r¢ng sticking, The va
oils described ebovo compared as follows: L

Reference oil (Rotring) ' - 8 howrs -
Synthetlc 0il {Leuna) 100 Ssu/210 (S8 903) - 32 hourg’
" (Polltz} " (55 1103) 20-22 hours

Finished Blend (S-3) : 12 hours -
: " " " plus 0.2% Inhibitor "R" ‘16 hours

PRODUCTION DATA

Totel Germen p*'oductlon of synthetic aviation lubricating. oll was as
follows. . .

Degign Actual Production
Metric - Meirie =
Tons/Mo B/D Tons/Mb

Leuna 850 206 700

Sghkopau : - 350-500  £5-121 550-500

Politz ' : ' 1200 © 296G - 1000

Fhenania, Harburg 700 170 | 500

Total (Mex.) , T EDB0 o7 27700
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This production had been reduced by bombing as follows:

Leuna ~ No productio after July-August IOl because of lack
of ethane afier bombing of hydrogenatlon plant.

In later raids the lubricating oil plant 1tsel?
was damaged. The vessels and pipe line of the crack-
ing section were badly pierced by pomb splinters but
the cracked gas purirication plant was not too badly
damaged. The Linde refrigeration plant compressor
house was wrecked bub possibly 50% of the compressor
capacity could be salvaged. The polymerisation and
distillation sections appeared more or less intact
but storage tanks and general service piping 1n the
area were very badly Lamaged

Pnlitz - Production reduced to 500 -600 T/Mo. in last 6
' months' oneration.

Rhenania - No production after July 19kl bombing. Plant was
planned tc be moved to Harz Mountains but was not com-
pleted there.

An Wltimate total production capacity of 70,000- 80,000 Tons/yr (1410-1610
/D) syt.thetic lubricating oil was planned and plants had been erected at
:MOOSblerbaum aznd Blechhammer, but never operated. :

KOTES OoN GATALYSTS'AND REACTION CONDITIORS

) Acetyliene Removal Catalyst

The catalyst (Kontakt 1788) is manufactured as follows:

. Flitf xg. (_lO ibs ) chromic acid, $.2h kg, (20.6 1bs) nickel nitrate,

&nd 20 litres (5.3 U.S, gal.) water are mixed in a stainless steel vessel.

¢ vessel is gas-fired, and the mixture is hand-stirred for several hours
il it gives a thick black mixture with no more evolution of nitrogen-gases.
ﬁﬁgs mixturs is heated 12 hours at 57 2CF in an electric-heated furmace. After
co,Ollng, the resultent hard ceke is broken by hand iato 3/8" (8-10mm) granules,

The gramulated mass is placed in an electrlcallyhneated reduction oven,
Ated in an atmosphere of nitrogen Lo 8L2°F and held at this temperature for
Lght hours in the presence of hydrogen. The catalyst is cooled in a stream
jghﬂh‘ogen and stored in containers in a nitrogen atmosphere.

gg The Composition of the Tinisched catalyst is approximately 95% chromic
%g}de and 5% nickel.

Eﬁézlene Purity Required

For cthylene poiymerizatien, the follow1ng limitations on ethylene purity
& be observed:

'parbon dioxide ~ Complete ebsence, no tracc with barium
hydroxide test.
_6“"..
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Oxygen N .~ Complete absencc, reactor nmusi be purged with
' ethylene before startlng onerataons. o

Hydrogon Sulphide - Complete absence.

Carbanyl Sulphide - Complete absecnce,

Mercaptans - -Complete absence For
Thiophenes - = Complete absence, _ R g out
Carbon Monoxide - Maximum 0.005%, Check with standard hacmo-

L E globin solution followed by spectroscoric
s . -.determunation of the width of the absorption
- R ba_qcl‘ . - _ . .
Hydrogen, methane, ). o R -
ethane;_éoaﬁglone,) Total must not exceed 5%

3} Polymerization Catalyst

Pure alurium chloride 1s unsuitable as a polymerization catalyst beca
. it is teoc active and permits tco many side reactlonh, inciuding isomerizat

and cracking. It is modified to a suitable form by the addition of about

b7 welght of ferric chloride. -The catalyst is preparcd at Ludanghafen an
Schkipan by treatment vitn carbon monoxide and chlorine of a natural bauxi:
which containg about the correct amount of iron oxide. Any traces of titaniy
gilicon, or megnesium chlorides present in the finished catalyst do not s
to affect its polymerizing qualities.

The maxizum tomper rature reached during formation of the catalyst compl
with ethylenc In the presence of light oil controls the activity of the caia* :
lyst and the typoe of oil subscguently vroduced. .Tho highor this maximmm tive b
teomperature the higher both the VI and the pour point .of the product. A & i
compromisc on these two tog tcsts calls for a’ maaimnm temperauure of 3569F

As previocusly mentlonod the polvmorlzat101 tcmnorature governs the
viscosity of the final prodact According to Zorn, an oil of &° Engler at
100°C (220.55U at 210°F) is produced at 212-230°F and an oil of 3° Engler 2
100°C (105 SSU at 210°F) at 266-284°F. These tomporatures arc lowor than
those already reported for Louna plant operation, probably because of a

dlfferencc in othylone pu_ity between laboratory end plant operations.

Other cataljsts have bcen tried for cthylenc polymerlzatlon oropcrtles,
but wzthout mich success, Aluminium chloride plus metallic aluminium is too
strong a catalyst for the reaction ond hydrofluoric acid tends to form ethyl
ngorldo 1nstead of a polymcr.

Boron trifluoride in HF can bc used as a no?ymcrwza*ion catalyst but
produces an inferior QJallty of oil,

THEORY OF‘EUBRICATIOH

This subject was discusscd in detail with Dr. Zorn at Leuﬁa. His work i_
this ficld has been continuous since ahout 1927, and he is credited with the
development of the. commcrcial syntoo ic lubricating oil manufacture. )

3

Preliminary rescarch showed that an olefinc to bc used for polymerizatio
to a high V.I. lubrlcatlng 0il must have a doublo bond at the cnd of a strail
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hein molecule, with the exception that an isc-structure et the.opposide end
of the molecule from the double bond may give stme advantags,” as discussed
lzter, No substitution may appear at the double. bond. T

| For instance, the following éxdmples of iscmsric odtene podlymerization
bring out the effect of differences of structure:

- - H >

Polymerized Product
‘ Viscosity -

. ' _Molewt. . - Engler SsU . - Yield
Olefine Feed . (Approx.) ' af 100° . =2t 210° F.  V.I. whe %
-octene-1 800 98 100 80
Eamethylhgpteneul 350 ) ) T 1 20 20
—ociene~u 200 - 28 ~-10 5-10
67methy1heptene~1 1500-1700 290 100 g7-90

_ The thzory baszed on these observations and gome  organic syntheses is aa
follows:

The ability of an oil to function zs5 a Iubricant involves a molecular
structure which permits close approach of the chain carbon atoms and the metal
surface so that dispersion forces between the atoms of the metal and the .
lubricent can become effective. For good viscosity characteristics; "likevise,

t'is necessary that the molecules should have a structure which gived close
ontact of the individual molecules in order to utilize the dispersion forces
active between molecules of the oil, As the magnitude of the disversion
orces Ilncreases, the viscosity index of thé '0il increases also, and more
ergy (heat) has to be addsd to overcome those forces and decrcase.the rosis-
ence to flow of the cil. This is a disadventage insofar as the pour point
Of the oil increases when the viscosity index of the polymerized-oil is
NCresased, A COmpromise'bgtween.theae two propeftieé mst be made in practice
J Preparing an dil with a V.I, scomewhat highor than that of petroleum oils
nd with a rcascnsbly low pour point.

The relation beitwcen V,I. and poir point iz demonstrated by the Tollow-
g examples: : S

-{1) Cctene <1 polymefizaa to this type of stfucturo:-

i
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This is approximately the strudturewwhich'is.obtained by éthylene polymerisze:

(2) Hexmdscene - 1 Polymerizes to this type of structure:

“C=G=C=CmCrC=C=  V.I. =140 e
| = soizcos.

Cilp 14 C1h Pour Peint = +10°F

» Polymerization of a bfanéhed chalin ¢lefine like 6eMethylehpteneal yield:
& product of the following structure: LT

. i step wh

In this case the viscoszity .of the oil is increased because additicnal force: chain p:
become effective between the terminal methyl groups. . . a tungst
: . . ' 1000 to

- Iscbutylene polymerizes to give a polymer of the fallowing stracture: paraffiz

-0 . : . e . Tk

£ o L _ : , brovn ¢
~C+Ce-C-C~«C~-C=-C~-C~C-C~C=C.~C - A spoci

[

The.location of carbon atoms on alternate sides of the straight chaih ‘ : :
Prevents close contact between the carbon atoms in the main chain and the .. In

atoms of the metal to be lubricated. -Consequently the isobutylene polymer.: & peles!
cannot be nsed as & lubricant, in spite of ite high V.I. (110-120) and satig a8 foll
factory physical broperties. Bearing failure results after a few hours when -

this oil Is used in an engine, g 1.

Similar considerations gpply in the case of propylene, which apparently
forms chains through the centre carbon atom, thus giving side chains on bot
sides of the main chain. The V.I. of the polymer is about 85 and tre polyme
is unusually heat stable,. : C

-N-butylene with the double bond in the 1= pogition gives a good Jubri~
cating oil but butene -2 does not.

The change in dispersion forces between molecules is further iXluetrate
by the change in melting point of hexadecsane upor: addition of methyl groups.
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Melting Point OF
Hexadecanc . +48
+ 1 CHz group =h7
+ 2 CH3 groups -126

Sources of Qlefines:

Olefinic materizal suitsblo for polymerization has been obvtained by crack-
ing soveral types of wax. The wax mist be of o straight-chain structure and
mist be cracked in the vapour phesc with no liquid Present., To obtain struc-
tures with the double bond at the cnd of “the molcoule, the cracking time must
be short at high temperatures, forming at loast 95% olefinc, followed by a
quench to prevent isomerization of the olefine and migration of the double

from the atmospheric bressure Fischer-Tropsch brocess without the

cnds {controlied by maximum nelting point of 176°F) is a suitable
racking stock, Wax from the 20~atmosphere (300 pai) Fischer-Tropsch synthe-
is 13 unsuitable becausc of branched chain paraffins, Wax from brown coal
r digtillation is suitable fopr production of the required type of olefine.

Pétroleum wax as such cannot be casily handled by the above probess,

t can be converted to suitable wax by 2 combination cracking-hydrogenation
tep which yiclds a mixturc of 50 »er cont Dicsel oil and 50 per cent straight
hain paraffin wax. Hydrogenation iz carried ous -2t 3000 281 and 7509 with

ulphide catalyst and this proceas is in use at Lvdwigshafen where
?900 tons por month slack wax from Hanover crude’ containing 60 per cent
fin is processcd. ' ‘ s
The plont at Politz cracks a mixod wax containing Fischor-Tropsch. wax,
éoal tar wax, and the special petroleum wax brepared ot Ludwigshafon:
al process has beon develcped by Rhenanis for direct utilization of
roloum wnx. ’ ' I :

rocarbon Synthesis: i ‘ S

i Ih the coursc of the study of the structure of lubricating'oiis, certain
droc&rbons were synthesised. The gencral mothod of gynthesis is cutlined
Tollows: - : ' .

L. n-oetyl alcohol was oxidized to the aldehyde.
© 2. An aldoel condengation wis earried out on the aliohyde to
¥icld the following product: ‘

H3(CBp)s - CH, CHO
cHos
(cH3)g

-
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5. This product was reduced to the alcchol and converted int§
the iodide: -
(CHz(CH, ), CT..CHEI
CE,
(),
CH

This compound wos condonscod with a Suitably ‘substitubed -
malonic estor to give:

. , ' COOR
. /

Cetay C6315
This prcduct was re@ﬁced to give: .
CHx(CHp )y CH - CHp - CH - CHuOH

6. ‘Steps 3 to 5 wore repeated t¢ add side chains and bulld com=
pounds up to about 600 moleculor weight

- LUBRICATING OEL ADDITTVES & SPECIAT, PRODUCTS.

‘A8 the wor progrcssed it became necessary to develop lubricents,
times to augnment dwindling supplies of otherwise satisfoctory materlals‘
but usually, as in the casc of Mochine Gun 0il, Recoil 0il, R.R. Axle Oi
and others, to sceurc improved products, usua ly with rust prcvontivc' by
Pperties. Tho development. and menufacture of many of thosc now special ma
ials was assigned to Dr. Zornt's 1uboratorf at Leuna, on account of tho
cxperience avallable there on synthetic lubricating oil.

Special attention was given to compounds which could be made. readi hf
fram materials clready available ot Leuna and two outsttndlng development
were Mesulfol 2, an extrome-pressure additive, and KSE, o rust preventiv
Other important blending cgonts of the estoer type were bolnb nanufactured
for inclusion in special oils used by thoGermon armed forces. Detailed 15%9
mation on the blending agents made at Leunc, the methods of preparation,
propertics ond utilisation was obtained from Dr. R0051g aqd somples of th
various producis weore obtoined for asgessment, '

The individual additives are firet dealt with znd thon the spoclalls
lubricants incorporating thesc additives,

I Additives

{1) Inhibitor "R" (also known as "ZS 1") This inhibitor docs not pre-
vent oxidation of the oil, but guides the course of oxidation so that harmfu

ring-sticking products are not formed. The inhibitor has no cffect on pour
point, bearing corrosion, wea ar, or lubricating propertics (Schmlerfahlgkcl

112:08 ' - 72 -
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0
/‘\
j

i) ~ s

o ‘ 0-CE; 0E,~6-CE
CHB—EHC:IB o ?H ___‘-CHB ;13—'-- E3
CHz | vi:s S CH3
‘represents branched-chain hexyl, hcptyi or qqtyl Eroupse
The steps in the synthcsis of this inhibitor arc as followsi-

Phonol is alkylated with isobutyl alcohol to give p~tert-tutyl

- phenol.
P.tert-butyl phenrol is treated with 82012 to give the following

compound:

0 OH

H .
(..5/5'*\\(‘]

Oyl t—chg

)i This compound is treated with metallic sodium to meke tas
corresponding sodium szli.
poid chloride of the ‘carboxylic acid %e be uscd loter in
he esterification step is propared by treating tho old with
sulphuryl chloride. The carboxylic acids arc menufectured
from highcr alcohols obtained as by-products during synthesis
alcohol.. ,
the product from step (3) is combined with onc
wroduct from step 4 fo esterif¥ onc phenolate
group only. ’
This product is treated with stannous chloride in methanol to
£ive the inhibitor as final product.

A mixture of the adipic esters of 140-180° ¢. alcohols obiained as
‘gﬁmtﬁ from isobutanol synthesis ig prepared by heating to 1500 C., a
£1.6 z. alcohgls, 0.48 g. adipic acid, and 0.0015 g, D-nepthalene
e . The reaction mixture is whshed with a 20% Ta0E solution and
180  under 0.2 mm. Hg. pressure until the siill bottom serperature
C. The material remaining in the still is then refined vwith Cal
s EBarth. | : S

A mixture of adipic esters of 160-200° §. alcohols {Cg - Cyp) from
- Synthesis. Taree methods of preperation were obtained:

alcohol mixture, 0.64 g. adipic scid and 0.0017 g. B—napthale?e

- 13-
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Ebj Dircect esterification of bure adipic acid, using 15% excess aloch
and 1.0 - 1.5% benzene sulphonic acid as catalyst at 150 - 160%;, (x
botk (a) and {B) water distils off at 150 - 160°C and equilibriug is
shifted towards completion of the desired reaction).

(e} Ir pure adipic acia is not available, th¢ methyl ester of adipic 35
ig first ﬁfébared. After purification, the methyl esier is reacted os
the alcohol fraction under similar conditions to (b). Thec last meth
in goncral usc.at Leunn. . -

The reaction product is washed with 20% NaOH solution and the'washe
ester distilled at 0.2 rm, Hg.' pressure until the 0verheads;temperat1
reached 110°C, The 1iguid romaining in the still is refined with (a0
Fullers' Earth, : ‘ ' ‘ e '

Physicél propertiés of the ester are:

‘Pour Point - . . - . oLOp
Vigcosity Index 135 - 155

Production of this ester at Leuna was about 20 tons /month,
that straight chain alcohols
branched chain alcohols,

(4) E.515 Mixed adipic esters of 1L0-180° alcohols from iscbutandl s

" 1.7 g. alechol mixture, 0.42 g, adipic dcid, 0.0017 g. B
sulphonic acid are heated to 220-250°C ang the reaction prodict wash
20% NaOE solution, The washed ester is distilled at 0.2 mm, Hg. vressut
until the overheads temperature reaches 135°C. The liquid remsining in
still is refined with Fullers! Earth. - ‘ o

(5) E.35022 The estér.formed between cyclohe;anol and 2~methyladipic“acidﬁ

_g::>-—ooc.cae-cg—CHg—cHE-coo—<::>
B

1.5 g. oyclohexanol, 0,82 g, 2-methyladipic acid end 0,002 g. PB-naphthalel
sulphonic acid are heated to 170°C. The reaction product is washed with
canstic soda and theh'water.f Excess cyclohexanol is distilleq off &nd-the;
ester distilled at 0,2 mm, He. . The distillate is.stirred with 24 Ca0 p

3% Fullers!' Barth Tor 1 hour at 70°C to remove acid,- L

(6) B.300% The adipic cster of p-methyleyclohexanol

| CHE,_Q-OOC-CHE-CHE-CHE-CHQ-COO*O*CH;

brepared in a gsimilar way to E.3022, from 1.5 . pémethylgyclohexanol;’
g. adipic acid and 0.002 g, B-naphthalene sulphonic acid. -

..'Tl;_..'




