SUEY O PHOGRSS.:

Eibylens of > 953 urity fa obtained by therma)
of othaye in sdodxhirg With acygen, The etkyleno is oo
batohring in the Fradencs of & special slumieiugg otlaride oxtalyat,
Tes polymerized oil 1a separsted femm the aluamining chlaride
complax, atem dlotilled to remove light ends, and, giyen a final
clay traatment befars use,

B/t
2olrio tons/menth) rindished Lulvioating oll fpem 1630 M /D 4
760 mm) of ethans., Aotusl produgtien in contdmicus cparation was
mbowt S5% of this figure, Yield of Finished Iube 541 from
criginal etheare wes abo:t 5.5 weight pep cent.,

FROCEST TETATIS:

The overall mmtarisl balanas far the plant 1s Hiwen in
FLE. XXV baned cn 170 B/0D (700 /M) lulr-iceting eil mroducticn,
Detallz of mrocossen arw Fven in Pige, LTI - ETI, buwed op
design atrean day operatinn whers awijabla,

1} Therms Sraoking of Ethame

The eihane araciling squingent consists of Four parallnl
unite, esch with ap sthans oharge capacity of 417 MR/, Ethang
{thran volumes) and cxygen (one walume} ars nreheates mapaATetely
at atmospherie preamms ip gea~-Tired tulnlap heatars to 1900 -
1200°F and 750°F, tespeotimmly, The heaters ars oonstruotad oFf
Slepamal (8125 Gr), The hot gepes ara tized during passsge
through a refractory asgechly ?‘lhﬂj.,p"} in the Bottow of the
ubsequent sthens cracking furnace, The mixiure naszes
Ehrough the oracking chaher, wiich is Piiled with 11" gia,
cermio spheran, Oracking cumliticons ars approximately 141807
ard 300400 mu, merewry eboolute presaume, The cracked gses
are quenched by 2 water vocled heat eXchanger and then oy
direct injockicn of water, Voooum iz held on the 2reolking fhacg
by & water sealvd vaomm pamy which dizchargss the gonled gRoss
tc tha oozt Etags o the procesa,

et 4 v
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It is interesting to mote that the design capacity of
four aracking furnaces is 2,70 MOF/D ethane, produoing 4,200
MCF/D water-free cracked gas; actual requirement (onoce through)
for the 200 B/D lutricating oil produotion is 1,825 MCF/D,
indioating a 75% stream time efficienoy, The faotar det
stream time efficiency is ocoking of the lower section of ths
ethans eracking furnace where cxidation occours, A small smount
of nitrogen (up to 27 of the ethane) is added to the ethane
cracking furnsce as a conirel of cracking,

The products of cracking are next washed with caustio
soda in arder to remove arganic acids and formaldehyde,

2) Acetylene removal:

Acetylene is removed by hydrogenation over a nicksel-
chraminm catalyst at a temperature of about LOO°F, etmospheric
pressure and a gas space velooity of 1,165 volumes gas (at
standsrd conditions)/volume catelyst/hour, Linear veloclty
was stated to be 0,33 - 0,39 ft/sec. but vessel dimensions
indicated a greater linear welocity at the above space velocity.
The hydrogen required for hydrogenation is already mresent in the
aracked gas, Any oxygen present in thisz gas is hydrogenated to
water, '

After hydrogenation, the four gas streams are coabined
in one gas holder, From this polnt the gas is compressed to
220~260, psig. and undergoes four further purification proceassss
&t this pressare,

3) odl tion:

The ges is passed counter-current to a middle cil (fram
coal hydrogenztion) far absorption of benzene and higher
ydrocarbons, The rich oil is siripped with steam in the usual
way,

4) Activated Charooal Absarption:

The gas is next passed through towars containing activated
charooal (rounded cubical pellsts 13/64" diameter from Carbo-Narit
Union, Leverikusen) in oxder to remove the last traces of benzene.
These towers sre operated on & 2h-hour absarption/24-hour
rogensration oycle, Regeneration is accomplished by steaming at
574°F followed by drying and cooling with nitrogen, The effective-
hess of the absorption is checked by cocling & gas sample dowm %o
~76°F and moting whether there is any condensation, )

5) Alkazid Washer:

. The tulk of the CO, i2 removed by counter-current washing
¥ith an alkarid solution ("M-lauge", X «amino propionic acid),
The alkarzid splution is regenerated Ly heating and steam

LiS‘?O - 10




strioplng &% atmoepheric preasure, The axit gas oontaips
0.1 to (0,5 oarbon dipxide,

6) Qoustio Washer: ) J

Fowr sambter-=mmrrent towars in sapias ars used, sagh
elrouiating iodividnally., Ths last tower in the aﬂriﬂa s .
£il1led with new 105 omustic #oda (15° Be), and the cauatds Hulutim
im transferred stepwias to the pregeding tower in the aystes, i
The oaustio in the first towe is dumped when S0% of the '
availatle sodium hydrodide has besn aonverted o the bicerbonsats,
Tha caumtie soda ix not regenersted,

L TRy

The ensurés complets raovel of cerbon dleride, a aample of
exit gos is contimously Tabblad throegh & bterium hydrorida i
Boluticon,

71 Lipde Lox Temperature Fractionaticny

L camrn "

Tads pleat mas desigied by the Linds Company for tha
ggperation of the washed gag inte four fractions, The pw
iz dried over sillva gel, precocled and fed inbo the first
tomer under* predsore, The Tirst tower produces mathans and
Permansnt gmges a3 overnead product apd ehylens and beavier aa
Botbom product, Reflux ia secmomel Wy a medhone compreasicnh !
refrligzerstion eyole, The overhead product iz pat 4o fuel gma, :

T i ]

The Tottoms from the first tower speand ints the saoord
tovmrey a= about ¥ opatp.  (hia tomer jlalde othylene amd ethans
overheud el propyisons and heavier hydrooacbona s passed
from the ketble to fuel ges., Reflux is rowvided Ty expasfiicg
efhylene diraetly ints the top of the tomwer,

The ethylene + ethane overhep) freation peazes to the
third towsr, which flves athylenm sz an overhead produst and
ethianas as a btobtoma product, Reflux is provided in the asme
eryner as in the second tower., The etlylenc iz camuesaed ta
1200100 pei forr atorage and the sthane Trackion 1z recysled
to tha athans cracking furnage, This rocyplqe conatitutes abolt
26,5% of the total feed to the furpace,

Reboil heat is suppliod indirectly to &1l three towerz
oy relatively warm ethylens from the dischoarpe off ihe ethylene
rafriperation ccepressora, The gpeneral heat sxghange arrangensnt
is zhewn in the attsched low aheet, Fig XIVITT,

The tlzee fomars are copper lived and all aquipmemt inside
the toweras is made of copper. The tlée torows and pert of the
hoost exohanger syatem sre encloeed in an inslated Lox. Tmwo
pereliel plante are nsed for this fractionation at full load,

El,l Polymerization of Eiheleps to Tubwisating Cily

The reaction is carrisd out inm bLatol auluctases, The
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Leuna plant has ten reactars, four of LOO ou,ft, capaoity each and
six of 290 ocu.ft, capacity each, A batoh can be run through =
reactor in 12-14 hours.

‘The procedure for polymerizing a batch of ethylene
canprises the following stepas: .

(a) A slurry is made in the reactar by mixing aluminium
chlaride (5-7% by weight on the finished lutricating eoil) with
light oil frem the process, This slurry ocoupies 15-25% of the
volume of the reactar and is kept in suspension by the mixer
at the bottam of the eutoclave, The aluminium chloride contains
4~6% ferric chlorids,

(b) The reactor is purged of air with ethylons and them
closed in, ‘

(o) Ethylene is added to glve 440 psi pressure,

(d) The autoclave is heated to 158°F by circulation of
hot water in the jacket, Reaction immsdiately sets in, the
temperature rises to sbout 356°F and the pressure to about
515 psi. The compound thus fortwd represents the catalyst for
the subsequent polymerization of ethylene.

(e) The reaction is quenched st the sbove maximm point by
circulating cold water in the jacket., This procedure, fram
the first addition of ethylens, requires about fifteen mimites,

(£) Wben the temperature is reduced to 230° - 248°F,,
ethylene (at 882 psi) is introduced and the temperature is held
conastant in this range by jacket cooling, The polymerization
causes a pressure drop in the reactor until the reastar is liquid
full. At this point the temperatures at the top and bottom
of the amutoclave are the same and the pressure in the autoclave
is the sams as the ethylene line pressure,

(&) When the autoclave is liquid full, the ethylene supply
line is closed, the pressure om the reactor is vented down by gas
release at the top of the reactor (to be desaribed later), and
the eontents are ready far further processing.

The above procedure refers to the preparation of an oil %o
& final viscosity at 220 S5.5.U. at 210°F (6° Ingler at 100°C).
To produce an o0il of viscosity 105 5.8.U. at 210°F. (3°Engler
at 100°C}, the polymerization temperature is controlled at 354°F,
The yield of oil from ethylene is reduced at the higher temperaturas,

The first Leuna sutoclaves were made from steel containing
12-16% Cr and the oil mamfactured was of the desired high viscosity.
Subsequently more reactars wesre added, and these were mamfactured
from ordinary carbon steel. With a 95% purity ethylens from Leuna,
these latter reactars gave a low viscosity oil (3-4° Engler) for
3 to 4 months, but subeequently gave a high visccaity oil.
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The plant st Johloopes (ses following sectlon), operating on &
hi.ﬂ:lr—p.riﬁ'i#l@im,hldmwﬂmlwm;highmw
oil in carbom simel resctors Crom tha first, Gerloks Loaldeves
that, from this sl cther evidencs, a3 high-purdty sthylens is essey-
tial apd that Imprities in the sthylape, as well we resetor wail
mtericl, may influence polymer-iastion, N¢ carteslon A1ffimltdas
hnwhmmwimu&ltimmuuluﬂguthm-bum
ilbmhww-

5) Cutalyet Soparation eni Plepomal:

The comtents of & Irsactar are presmued ints n Batsk
separation weamel, T¥ tha oll sod oatelyet comglox leyera do not
realily mspacwhe, s il sount of methanal ie sdded, Ths total
mizkrs then passes through m sareper-type (schil) ospizifugs,
in which the beaviemr complex 18 cobbdmicasly saraped from the
:}u:nuﬂnmmﬂﬂtmmmwn:numhfruﬂw

3 through = Delweval cenirifuge for furd ovatalynt
mwmm. The optimun temparzturs for catalyst seperaticn
in about 1P,

The oi1, =tili contsining m soell sount &f omplex, next
goes into an mitocolawve in which wethendl (2% on oil) and lime Gust
bre added, This trestment reaks down 4w catalyat complex apd
nmutralises the acld formed, The sytire contenmta of this
mtoclave are pot tlheoogh a fitter press and the flltered oil dis
stered prior to dlstillation, .

The A30]: coxplex redcversd by centrifuging 1a decoupossd
in batches by the addition of waier. AnF oil separating fn thie
Feoean can be adither ireated and fractionated with tha pein oil
atroam or reaovered sepacately,

The filter osle from the filbter presess cun be sxtracted
with the light oil fraction from the frocesn Far adddtiona] heavy
oil rexcvery, tither by washing in altu or mibssguentiy in bateh
mtoslaves, Tha total sxtract oil can b2 reocmbined with the madn
oll strean befors the filter prasses,

The gas libarated from the prrglog sl vexting of the poly-
mer-ization mitcolaves wid from the cenirifuges and edjecent
peceivers is water washed, csustic washed and ita ethylens oombent
recovered,

ALl weapels wbing methenal srs provided with mathanol
raflur ayatems, after shioh the games otill verted m-e water

washed hefore being dimosrdsd, Tha wash water iz sawed for methers]

ooy,

10} 0it Fractionation:
[he canbined oAl from the fllter premmes 18 atesm dioti]]ed
ar almospheric preamure fo remcve about fiftesn per cent Light

erda, Fhueae light olls sre used in »Mcing up oatelynt alurry dn the
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polymerization reactors.

The product from the base of the atill is batch treated
with about 2.5% of a natural Fuller's earth (from near limnich)
at 158°F, filtered tlrough resses to give the finished oil,

In some cases lime and ailio-a gol are used in the final
treatment instead of Fuller's earth, :

OPERATING REQUIREMENTS

Utilities: The following utility requrements for the Leuna
piant were given, based on one bsrrel of finished lulricating
oil: - ‘

Ethane Cracking & Polymerization
Ethylene Purification & Refining,

H,P,Stean Ezao psi), pounds, ' 1080 430
L.P.Stean (22 psi), pounds, 650 1950
Water (from River - Once-through)

Winter im—so"F) , gellons 11200 3700

Summer (86°F), gallons 22400 ’ 3700
Nitrogen, Cubic Peet, = = =  ecomucmmoao 1,350 meccmame
Electricity, KWH 450 160
Fuel Gas (250 BTU/CF, ¢ ¢

lower heating wvalue), BIU. 1,51 x 10 0,10 x 10

Operatars: The following operating personnel was required for
the plant, These figures are based on & 56-hour week, or 3 men
per Job for 2h-howr coperation, They do not include any

maintenance labour, .
Total Per Shift
Operators Foremen (QOperatoars Faremen
Ethene Cracking 18 3 6 1
Ethylene Purification B7 3 29 1
Polymerigzation & catalyst
geparation 68 é 23 2
Distillation 12 4
Final refining of ' (Days
lubricating oil 10 10% r1y)
General Plant Fareman D
(Gericke) - 1 - 1( as. |
Laboratery 7 1 2 i
Totels 202 4y, D Sof'te 24 é
: Night Shift: 64 4
The total of 105 operaturs in the ethane cracking and
purification plant might be reduced to 80 if more skilled
ocperators were aveilable,
3590 12
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Hmnmwmtiuhtdmtwimtimfwn
J=dey pariod ey 40 - 120 days, Po comt ob otrem: frun a
osmplete shrt=down requires about tim weels,

' 4 irdicxted shove, the plant could be cpratal to prodyoe
aither a £% o a4 39 Bngler viscomity oil {a% 100°C), fhase produatn
i’rmlamnmreﬂrrudtaum(&hndtltdﬂ 505 apd 907
redpeotively adl specifioatiorn far the rrodusts wera as followm)

85,008 85,905
Bpa:::ifiu L'.':-Eﬂv:l.t;r at 2?"‘3 ez, EU-EEE D.?GD :
AFT at 60°F, Min, 1.9 Iz, i
Viscomity at 5090 E-'Enslmg Whmiphs =15 ;
o FoiooRg ar 2463 (Min.}) 3.0{Uax) :
Em: at 130°F - 1200-1250 400=bi0 i
B at g1 205 (in)  105{Usr) i
Videonity Inder, Min, Gr 115 ;
Zlope constant "M" in Pole Haight
Calo,, Mex, 305 Je20
Pole Holght, Max. 1a75 1,60
Four Polnt EF' Max, =13 =31
Plesh Point, °F, Min, 455 oz
teulral Ization Ho, {mg WEJ. Lax, 0. 06 -
Zaponification Ko, , Max, LN s -
Noack Fveporation Test (452° F) Max.% & -
Gmm Gﬂt'bm:l. Eﬂ.&iﬁl:lﬂ, Hﬂ. 012 ﬂ-E
Anbi, Asphialy, Water, o -

The 85 908 produnt was sl Ly tlendad with ax rqQual quantity P
brightatook derived fyom petroleum ofl, the tlami bedng used oz
® avietion lubwicating cil {demoted 537,

The natwral lubricating sile used in the blerd mure frem
three sources, all frog refiving dustedan Tudod, and wers donstad
as follown:

707 = From Yacom 043 C0sy near Brepen, Duo=Sal rafiped,
EO7 - ifrog Nerag, near Hanover, Furfura) raf'ingd,

: Alternate stocka to the 58 505 (Leuna) product in this
8~3 blend were the Loliowing

35 1198 - 6°Englem (100°C) odl by polymerizatisn g itz
of clefines obtainsd By crucking peraffin.

S5 1005 - 6° Engler {100°C) o1l iy polymerization at
Eimnaniae, Harburg, of olefipes cbtsined by cracikding

93 906 - 6% Engler (100%) oil by Polyoerization ot Sabkopen
of ethyleps broduced, vip acetylena, fram oalsium
carblda,
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The spocification for the S-3 blended aviation lubricating
oll is given below;

Viscosity, Min, 2.8° Engler at 100°C (98 83U at 210°F),

Viscosity Index, Min, ‘ 95
Flash, °F,, Minimm 428
Pour Point, Maximum ) iy
Comradson Carbon Residue, Max, 0.3

A 3° Engler (100°C) oil from P8litsz (8S 1103) was scmetimes
used/Dd.:)irectly. Maximum production of this grade was 200 Te/yr
(4 B/D).

A standard engine test was used for the determination of the
ring-aticking tendencies of aviation lubricating oils. As a
reference oil, a refined petroleum lubricant (Vaouun Oil Co,
"Rotring") was used, and results were reparted in terms of hours
operation before ring-stioking, The various oils deacribed above
coanpared as follows:

Reference oil (Rotring) 8 hours
Synthetic oil (Leuna) 100 837/210 (Ss 9033 32 hours

" " (P8litz) " (SS 1103) 20-22 hours
Pinished Bl:ind (s-3) 12 hours

o

" Plus 0,2% Inhibitar "R' 16 hours
FRAUCTICH DATA

Total German mroduction of synthetic aviation lubricating
oil was ae follows: :

Design Actual Production
Hetrio Metric
Tons/Mo. B Tons/lio 3D
Leuna 850 206 700 170
Schkopau 350=500 85-121 350-500 85-121
Pllitz 4200 290 1000 &2
Rhenania, Harburg 700 170 500 121
Total (Max.) 3250 787 2700 654

This production had been reduced by bambing as follows:

Leuna - No production after Jay=-Angust 194 because
of lack of ethane after bombing of hydrogenation
blant,

In later raids the lubricating oil plant itself
was damaged, The vessels and pipe lines of the
cracking section were badly pierced by bomb splinters
but the aracked gas purification plant was not too
badly damaged. The Linde refrigeration plant
comressor house was wrecked but possibly 50% of the
compressa capacity could be salvaged, The polymerisation
and distillation sections appeared mare or less intact
tut storage tanks and genera) service piping in the
area were very badly damaged,




Bhlits - Produotiom reducsd to 500-500 TAl, in
lami 6 montha' oparatioo,

Rhenands - No produotion efter July 1934 bomgbing. Plant
was plagned 0 be moved to Hare Mounteine bot
was not conpl eted thers,

fn ultimate total production cepacity of 70,000-80,000 Tonm/
1410-1540 B/D) synthetis lubricating oll waa plammed and plants hs
bean aragted at Moosbierbaum apd Blechhammer, but pewr cpesated,

NOTES ON CATALYSTS AMD REACTTON COUITIONS
1) icetylens Removel Caklyat

The cotalyst (Kontakt L738) in marmfactured as follows:

Pifty kg. (110 1be) chroide soid, 5.24 ke, (20,5 lba)
mickel nlirata, and 20 litres (5.3 .8, gal,) weter sre mized
in a stairlefs sheel vespel, The veszol is gas-fired, and the
alxtwes Ls hapd-siirred for seversl houra until it glves =
think black mixture with ne mere emlutlon of nifrogen-ghona,
This mixtore i3 heated 12 bhours =t 572°F ik an electrio-heatad
Turnege, Aber cooling, the ressltent hwurd ceke is broken tor
hand imto 3/8" (5-10C mm) gremlaa,

The gramilsted masz ia ploosd in en elactriczlly-heatsd
radustion oven, heated in sn stmeaphers of nitrogen to GOECF
rrél held et this temperature for sight hewrs in the preseras
of bydrogen, The catslyst is cooled in a atresp of Wyirogen
ard gtared in oonbadners in & nitrogen etmoephare,

_ Tha compoeltlen of the Pirdshed catslyet iz aporoimataly
554 chrande oxdda end 5% nlcksl,

£) Ethylems FPurity Requived

Fear ethylens polyoecizaticn, the following lirctations
on athFlense purity must bo choarwed: .

Corton dioide - Jomplete abeence , no trece with berium
yrdroxide teat, :

logrgen - Carlete shsence, reastor mist he porged wil
sthylene bafore =iarting gweracions.

Iydroren Sulphide = Conplete absepoe

Jareotyl Sulphide -~ UCooplete absenoe

Nercaptana - Compiete absonca

Thicphencs =~ Somlute abaerna

Cerbon limoiide- Maorlwng 0,005%, Oheck with standepd
haewgplotin asludion, fellowed by spocsroe
Bocpico determivation of the width of the
absrrption bard,

ftmﬁffn;uﬁ?m:’g Lotal mst net sxcsed 5.



3) Polymerigation Catalyst 66

Pure aluminium chlaride is unsuitsble as a _
polymerization catalyst beceuse it is too active and permits
too many side reactions, including isomerization and aracking,
It is modified to & suitable form by the addition of about
4% by weight of ferric chleride, The catalyst is prepared
at’ Iudwigshafen and Schkopau by treatment with carben
monoxide and chlorine of a natural bauxite which containa
about the carrect amount of iron oxide. Any traces of
titapium, silicon, ar magnesium chlorides present in the
finished catalyet do not seem to affect its polymerizing
qualities.

The maximun temperature reached during formation of
the catalyst complex with ethylene in the presence of light
oil controls the activity of the catalyst and the type of
oil subsequently produced. The higher this maximum temperature
the higher both the VI and the pour point of the product, 4
good conpromige on these two tests calls for a meccimm
temperature of 356°F,

As previously mentioned, the polymerization temperature
governs the viacosity of the final prodmot, Accarding to Zorn,
an oil of 6° Engler at 100°C (220 SR at 210° F) is produced
at 212-230°F and an oil of 3° Engler at 100°C {105 SSU at
210°F) at 266-284°F. These temperatures are lower than those
already reparted far Leuna plant operation, probably becauge
of a difference in ethylene purity betwsen laboratory and
plant operations.

Other catalysts have been tried for ethylene
polymerization properties, but without much success,
Aluninium chloride plus metallic aluminium is too atrong a
catalyst far the reaction and hydrofluwric acid tends to farm
ethyl fluoride instesd of a polymer,

Baron triflucride in HF can be used as a polymerization
catalyst but produces an inferiar quality of oil.

THECRY OF ILIBRICATION.

This subject was discusped in detail with Dr.Zorn at
Leuna, His work in this field has been contimous since about
1927, and he is credited with the development of the commercisl
gynthetic lutricating oil mamufacture.

Preliminary resesrch shewed that an clefine to be used far
Polymerization to a high V.I., lubriocating oil mst have a double
bond at the end of & straight chain molecule, with the exception
that an iso-structure at the opposite end of the molecule from the
double bond may give some advantage, as discussed later. No
substitution may appear at the double bond,




Por iostance, the Tollowing sxamglae of Lacomeric otane
polymerizstion bring cut the effedt of differences of strunturs;

. Hol jwt,

Olofins Faod {Apporo)
T=aotans-1 800 2.4 o8 1co 5 1]
2-vethylheptens-t 350 1,2 3 20 20
D=aotane—, 200 0.8 28 -0 510
ek lylhepteno—1 15001700 7.9 290 100 B5-50

The thecry Dased on thwss chesrvations &l some orpande
syntheaea 1 as follommy

The mbility of an oll to fupeticn ag a Iubrioant invoivea
Bolacular structure wiich permita close approank af the ohadn
aarbon atoma and the metel surface so that dispersion forges
botweon the atons of the metal apd toa lubricant can become
effective, For good visooaity characteristion, 1ilewine, it in
NecaEasry that the molesulss should heve a atrugbars which giyes
dlode conhtect of the indEwdusl molsgulies in ordse o utilize the
disperaton farean sotive batwean molacules of Ghe oil., As tha
Tamitude of the disperaion foarces incrsanea, the viscomity index
of the sdl increases also, snd more energy (heat) . hos to be added
b2 overomas ihase forcea and decresse the reaistance to Tlow of tha
cll., Thia ie a dizadvantages iracfar ap the pour point o the gil
increasses when the viscouliy indax of the polymecized oil is
ircressed. A compromlss Letwean thase two Tropertiss mst e mads
in mractice by preparing en oil with e ¥.1. acoewhat higher thanp
that af petroleum sile and with a veasomatly low pon point,

The relaticn betwesn V.[. and owr point is depoostrated
by the fallowing examples;

{1} Doteme - 1 poiymerizes to this type of atmuoturas

- EI - 0 —_l:l: - E ) 1? - 0 . l:II' -

+ ¢ rT1 _ c T.I. 110

& c ¢ tT" Pour Point -Lov
L S

¢ ¢ ¢ o

| ! !

R

¢ ¢ ¢ c

Thia is spproximately the shusture which im shiained by
ethylone polymarisaticon at Teuna,
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(2) Hexadecene - 1 polymerizes to this type of struoture:

-c-?-c-c-c-c-c- VI, = 140

anchad ohain olefine like
oduct the following structure;

“C=-C-C-Q=C-

|

of a
elds a

A3

&-Methylheptene -1

h
©

e B QA — 2
e A Qe —

a—a—-0—0—Aa

/NN /N
¢

¢ ¢ ¢ ¢ ¢

In this case the viscosity of the oil is inareased because
additional forces become effective between the terminal methyl
groups.

Ischutylene polymerizes to give a polymer of the following
structure; c ¢ c

| T |
-c-c-c-q-c-c-c-c-c-g-c-c-c-
C c

The location of oarbon atome on alternate sides of the straight
chain prevenis close contact between the carbon atoms in the main
chain and the atoms of the metal to be lubricated. Consequently the
iscbutylene polymer cannot be used as a lubricant, in spite of
its high V,I, (110-120) and satisfactory physicel properties,

Bearing failure'resulte after a few hours when this oil is used
in an engine,

Similer considerations apply in the case of.propylene, which
apparently forms chains through the centre carbon atom, thue giving
side chains on both sides of the main chain, The V.I, of the

‘Polymer is about 85 end the polvmer is umisually heat stable,

N-butylene with the double bond in the 1- position gives a
good lultricating oil but butene -2 does not.

The change in dispersion forces between molecules is further
illustrated by the change in melting point of hexadecane upon '
addition of methyl groups, .

Melting Point °F
Hexadeoane + 48
+ 1 CH3 group - &7
+ 2 CH3 groups -126
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Squrcss af (iefines,
L]

Olefinie materisl suitable far polymerization haa been
obtained by craoldng sevaral typee of wax. The wax :mist ba of
2 stralght-chain strusturs anl mist be oracked in the vapow
phase with mo liquii present, To obtain ateuchras with the
double btond st the and of the moleosule, t™ sracking time mst
be short ot high temperotures, Toming ot lesst 999 olefine,
Tollowed by a quench to prevent isowerization of the olefine and
mlerstien of the daible bend,

e from the atnosphsris presaue Fiascher=Tropsch procesn
without the heovieat erds {eomtrolled Iy meximom melting podint
of 176%F) 45 a sufteble opacking stack, War from the 20-atmosphers
{ 300 pai) Fianher-Tropsch aymthesis is unmuitsble because of
branched chein paraffins. Viax Jrom brown goel ter distillation
is muitebls for production of the soquired type of clefina,

Petroleum wmx a5 sach czinet be waaily handied Ty the
abtovt proceaa, bub can be copwarted fo suitatle wax by e
combiration cracking-hydrosenation step which yiclds s xhuoe
cf o per cent Plesal oll and 00 per cent atpalcht ehain
parulfin wax, Sydrageralion 1s carrded out 2t 3000 28l anld
FOOO with a tungsten aulyphids eetalyst erd this precess ls in
uac et [udwipahefen where 1000 tona per renta elaol wix from
Earaver orude oonteining 60 per sent para®™(in ig procesged,

The plent at PHlits cracks a adxed wex conbedning
Fimoher=1lropeon wix, trown coal tor wax, and the special
patroleoum wex crecared at Ludwlpgahafen. A speclal proceas
fag neen develmped by Bhenanis for direct uliligabion of

cetrol oum wax.

Hydrooarbon Symthesis;

. In the couroe of the 2tzdy of the sgtpuctuve of
1Tuhricating olle, ceriain hydrocarbons were synbhesised, The
gonera) method of synthesis iz outlined as follows:

1., p=actyl dlechol was orxidized to the alcabpde,
2, An aldsl cumdensation wes ocopried ous on the aldehyde
to yield the following mroduet:;

cH3(CHg)g = CH.3ID

(cHz} g
&3
3. This product wms redused te the alochcl and converted
into the iedidey

§ QR S R

- et
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CH,(CHp) 7 Cft. CHaX
(GHZ) 5
°H3
4. This compound. was condensed with a suitably substituted
malonic ester to give:
—— COCR,
Olt3(CTa) c’a - O - c‘[’ COCR
Cef3 Cetis
5. This product was reduced to give:

CH3(CHz) 7 GlH CHp - f - CH,0H
Cetly3 CgHy3
6. Steps 3 to 5 were repeated to add side chains and build
compounds up to abaut 600 molecular weight,




7

’ Adn the wer Ddrograssad, 1t becans IRCMNIT to darslop
lobrieapts, somet{yes to suguent Adwsndling fupplisw &f otherwlos
satlafartory neteriale, but wmelly, o» i3 the case of Machipa

Gun (11, Becoll O11, R.X, Axls o11, and gtihem, o oors

lmproved products, Whually with ruat pravestive Froperiles, My .
development and onrmPsotopg of many of heas now apecial oateriala
¥ag avplened to Dr. Borats laboratory at Lenna, on aceount of the
#de afparience avaflable thars ol ayathetln lubricmtdng of],

vuteianding developuienty wars ¥amillol 2, ap et ae-prosmre
edditire, and KR, a rast Provontire. Othar {mportant blerding
agente of the agiar type were bolng mamifactured, fop inelnaion
In apecial oily meed by the German mrmed foress, Tetaflsd
laforrmtion oo the blemdine agents medg gt Ieutw, the methods

of preparation, proporties and utilisation was obtalgad Trom

v, Blgrlg and eamples of tha Taricus Iroduots ware obisingd for
a2 amarta

The {ndtviéual adcitires are .ﬂrs‘. dealt with amed then tha
dpeclelised Inbricants ionderporating thams additivga,

(1] Iebihitor "B* {alse known as "LE-10) This inhititor dogs
wt pravent pxidetion of the oil, tut guideg the conras of
sxidation so that harmiful Ting-aticking Jreducta are ngt Tarmed,
Tha Iahikitor has no sfrest 9 pour polnk, heardip corTaalar,
wear, or lubriemting properties | 3chat er Mt glud £},

The %ghibitor has the Tollowing chamical foTomla:

% B
ﬂ=p p-n
D
Fy 5 = tl-‘ g __
T3z B 3-~ Ty ﬂﬁz-%ms FH -3
i3 RHz Q7 3

whare E repragents bronchad=chain hexyl, heptyl or tetyl eoups,

The steps in the aynthesis o e 1ohitltor are nx
followa;-
1) Ihenel ix algyrlatad whth isotuty! alechol <n give
P=tert-bulyl phenal,
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2] P-tert=-butyl phemol is treated with 82015 to give

the following eompoundt
‘ L

$~0 t=C
49 4%
3) This compound is treated with metellic soddwn to mexe -
the corresponding sodium salt. ) : .

4) The acid chloride of the carboxylic actd to be used later
in the esterification step 1s prepared by treating the scid with
sulphuryl chloride. The carboxylic acids are mamfactured from
higher alcohols obtained ss by-products during synthesis of
isobutyl slcohol,

5) One mole of the prodwct from step (3) is combined with
one mole of the product from step 4 to esterify one rhemolete
group only, )

6) This product is treated with stemmous chloride in
methanol to give the inhibitor as final Dbroduct,

{2) E.455. A mixture of the adipic esters of 140-180°¢C alcohols
cbtained as by-products from isobuterol synthesis ia prepared
by heating, to 160°C, a mixture of 1.6 g. slcohols, 0448 g,
adiplc acid, and 0.0015 g.f} naphthalene sulphonic ectd, The
roaction mixture is washed with a 20% NaCH solution and distilled
under 0.2 mm, Hg. pressure until the-etill bottom temperature
reaches 100°C, The material remeining in the still is then
refined with 780 and Fullers Emrth, ‘

(3) E.A04. 4 mixture of ediplc esters of 160-200°C aleshols
{Cg - 012} from isobutenol synthesis.” Three methods of
reparation were cbtained:

fa) 1.7 8. &lcohol mixture, 0.64 g. edipic acid and 0.0017 g,
Praphthelene sulphomdic acid are heated to 180°C,

{b) Direct esterification of pure adipic acid, nsing 15% excess
alcoholy and 1.0 - 1.5% benzene sulphonic acld es catalyst at
150 - 160°C, (N.B. In both (&) end {b) water distils off at
150 - 160°C end equillbrium is shifted towards completion of
the desired reaction).

{c) If pure adipic acld is not availeble, the methyl ester of
ediplc acid is firast prepared, After purification, the methyl
o3ter is reacted with the slechal fraction wnder similer
conditions to {b}, , .

The last method was in generel use a2t Leunsa.




Tha reaction product 15 washed with 20% WO solution
sl the washad aater diatilled at 0.2 mo Bz, -pressurs mmtil
the ovarheads temperature reaches 13093, The tiquid remplning .
in the ati1l i refized vith Ced ard Follers® Farth,

Fhyaicsl propartiens of tlw water awras

¥our Fofnt, - 94'F
Vizcosity Intex 13 = 155

Froduction of thia sater at Leuna was about 20 torw ‘nonth.
It waa noted that strelcht chein slcohola Ad ot glive am
patiefactory a producs as =he transied chasin alcohola,

14} BSlS Mred aMple srterr of 140-280° elechols from
faobutencl eynthesis,

1.7 & Bicolol mizture, 0.4l z, edipic acid, 0. 0017 o
é,mphthalaua suiphontic acid ere heated to 220-230%C ann
@ reaction prodict mshed with 20% Madf selution. The '
washod esfer 1z dlstiiled et 0,2 gn, Hg. pressors untll the i
sroTheats temperature reactes 135 0, The liguid remaiming {n
tha stlll 12 retinec with Fullera' Farih,

{5] E.%080 The estar formed betwsan Cyelohemanal amd d-me thyl—
adfpie age,

{000 M- - - 000>
@3

1.5 g4 oyelohexannl, 0.32 g. Z-pthylacipic acid amd C.002 g,
[ naphthelens suiphonde aoid ars heated to 170%C, The reastion
rocuct 1y washed with mnetdc soda and then wobter, FErosss
tytloberencl 1e M otilled ofr and tha euter dietilled at 0.2 m
Hg. ~“he distillata 1g etirred with 24 Cal plus 3¢ Fullera'
Yarth for 1 howr at 700 40 remove aold,

(6! Eo3023 The mdipic ester o7 pemathyleyelohermnol
O3 j>mc—ﬂﬁg-ﬁﬂ2—'3£2—ﬁia*ﬂm-c>-i}‘.3

Irupared, In a similer way to B.3082, from 1.5g. p-metihylerelon
haxanol, 0.75 E. edipic¢ axdid mnd 0,02 R p-mmthalanu
sulphgrd e acid. ;
=1 5
7+ Memlgo} 2 RO= (-8 Ui - BB~ -0
whera R iq 05 or T5.

The perticular zantbate {dissclvad in xetorss, alcohol or water)
im remcted wWith sthylens dichloride at 70°¢. The rredmet is wanhed
with wetor Amd digtillaed,
"a] .Eli-l.ﬁl_ H.Eﬂg.H.URE.CC{!Rl

vwhere E = & radicla

-

Bt 1 fvad Prow L3-25097 alcohols fram
izxthi‘mral avnthesls. )
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0.46 g. of B Gy hydrocarbon fraction, treated with SO,
and Clpo to give a sulphonyl cglorid.e is rescted with 2.2 g.
meaamidoacetic acid and 0,69 g. of the alcohol fraction at 1509C in
the presence of 0,002 g f-naphthalene sulphonic ecid as catalyst
and propyl ether or ester distillete as aseotrope~forming agent
to effect removal of the water yproduced during esterification, The
reaction mizture is neutralised with carbonate sclution, washed
with 5% ¥aCl solution or distilled at 1209C (bese temperature)
at 10 mm, Hg., diluted with 50% middle oil and washed with a
mixture of 2 parts methanol and 1 part weter. The washed crude
oster is digtilled at 2-5 mm Hg until the still bottom temperature
reaches 140°C and the liquid remaining in the still is refined with
Fullers! Earth. .
Other compounds no% yet used in fuels or lubrlicating oils,
whi ch were being studied, included
(1) Ester 1321 - a mixture of sdipic esters of 0,9 alcohols.
(2) Ester 1473 - the reaction product of Cg brenthed-chain
glcohols with one mole of ethylene oxide and
adipic ecid.
{3) 1ellit 1-85 - & reaction product of trimethylol ethane
with carboxylic ecid and 160-1809C alcohols,

{4) Prladinel - e plasticiser mede from phthalic acid
and m-butanol or 140 ~ 180°C elcohols.

II. Special Lubricenig.

{a} Waffenol Bleu 44, a rust preventive gun oil conteining
Mesulfol 2 in en amount corresponding to 3¥ sulphur in the
final product, The other components are esfer E-455 and
a light distillate from synthetic lubricating oil known
as VI-120, Ko production figures were available,

Composition:  VI-120 45%
E.455 . 45%
Mesulfol 2 10%
Properties: Viecosity 1.8%8 at 20°cC.
Flash Foint .125YC.

{b) Torpede Qi1 M=l was developed as a repladement for neatsafoot

oil, It was made only at Leuns end was tested at Gdynis, Totel
production for 1944 was 100 Tons, and the last shipment from
Leuna was 40 Tons of fimished product.
Compo sition:  8S.903 5?:2
%515 3%
KSE 2p
Properties Viscosity 11;5-12.5°E at 20°C.
Pour Point below - 50°C
{e) V-weapon 0il SS-163Z]1 was developed &t Leuna after about nine

months of research., 4 monthly production of 100-200
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tors wna planoed, But total Iroduciion amountad +a orldy 103 Tons,
The lant shipment of thia Rhterisal had baen to it tingen

Conpoad Hl ong 83 S a5t
EEi5 . 2%
KT %
Fropartian Viscowity 29 at S0°;
Pour Polnt below =59
Flash Toint 159,
(a) t » 10 _and K,19, ware developsd for ues
in Rapaia raported aa satisfactory in servios,
X180 L4132
Capomition: 88,005 508 5%
EaB15 Ll 4 257

Propertien:  Vissosity 1.56°F a: 899G 2,0%% at 99°
Poxr Point  below —5O°C helew 50
Vincoaliy '
Indes 135 130

(e) MI" railrosd axle oi] wae devaloped far wse in sxlremely cold
wasther, after the cxpericnoms of the Firgt winter of ihe
Pussian cempaipgn, Tests have simwn that ap aoditianal 1004
loading aan be put on raillrosd cara ueing this luoeissnt
and all equipment failures due to Lubwinants are eliminetod,
A test hes bren run uming the ail a2z mn Tetemotive Jubnicant
le cne German army corpa in Bussla and s3] =ha Lana vehicles
use it, These tests ahowsd no riry-atloldng or correason
ditficultiea,

OQemposition; "ET QLY B0
B, 50y 204
Dye 0, 1%

] "M il ik the odl obtained on neutrallizsing the J’.J..I:]l3
catalyst complax in symthetio lutricating of] mamifassirs,

Properties;  Pour Point =% to =50°0,
Vizcosity Indexr. 118-122

(£} Avistlon jydraulic Dil was developed to pasa tentative
rpaoriination Do 2000, mut into affesst in Iate 193, The oil
har wooellent swronicrereaintant Tropestles apd low rubber—
swelling provertica {leas than 2% increser in volume aftem
2, hours immeegion), A fluarescent dyc wes added Lo the al]l tao
ot the Guftwaffe colowr specification,

Composition:  V-120 et
E.3022 or E,3023 12%
KSE [
Iye <0062
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Properties: . Viscosity _1.75%E at 20°C
650°E at =60°C
Pour Point =70°¢

Flash Point -120°C

Conclusions and recamendation.

The use of esters in arder to obtain low pour-point
lubricants merits further close study. The excellent
extreme-pressure properties of Mesulfol 2 and the cutstanding
properties of KSE as a coarrosion preventive should also be
investigated further,




