1.C. 7370

1t 1t
RO-(-S-CHo-CHp-3-C-0R
whore R is 05 or 06.

particular zanthatc (dissolved in kctones, alcchol or wator) is roacted
with cthylenc dichloride at 70°C The product is washed with wator and dis-

P

%illcd.

i
R. 505, N, CHp . COORY

where Rl— 015 radicle

R ig derived from 180-250°C alcchols
from iscbutanol synthesis,

0.46 g. of a €15 hydrocarbon fraction, treatcd with SOp and Clp to give
ulpnon1l chloridc’is reacted with 2.2 g. mesamidoacetic acid and 0.69 g.
the alcohel fraction at 1509C in the presence of 0.002 g. P-naphthalene

Oan a”ld as catalyst and propgl cther or easter dzstlllate as azcotrope—

action mlxtufe is ncutrallsed with curbonate solutlon washed with 5%
golution or distilled at 120°C {base tcmperature) at lO mm. Hg., diluted
'50% middle o0il and washed with a mixture of 2 parts methancl and 1 part

The washed crude ester is distilled at 2-5 mm Hg until the still

studiled, 1ncludod
: 1) Estcr 1321 - a mixture of adipic cstcrs of Cq alcohels,
:(2) Bster 147% - the reaction product of 09 branched-chain
alcohols with one mole of ethylenc oxidc and
adipic acid.
3) Mellit I- 85 - a rcaction groduct of trlmethylol cthanc with
carboxylic acid and 160-180°C alcchols.
h) Pul&leOl - a plasticiscr made from phthalic acid and
n-butanol or 140 - 18000 alcchols.

Special Tubricants.

a) Waffenol Blau Li a rust preventive gun oil containing Mesulfol
2 in an emount corresponding to 3% sulphur in the final product.
The other components are ester E-455 and a light distillate from
synthetic Jubricating oil known as VI-120. No production Tfigures
were availablo.

Compositon: VT-120 Lsg

B.455 b5
Mesulfel 2 10%

Properties: Viscosity ‘ .9OE at 20°C,
Flash Point 125 C.
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(b) Torpedo 0il T-1 wos doveloped as a rcplacement for nea¥
It wos made only at Leuna and was tested at Gdynia. Total
duction for 194L was 100 Tons, and the lost shipment from
was 40 Tons of finishod product. : :

.-

Composition: 85S.903 35%
E.515 63%
KSE 2 J'D

Proportics:  Viscosity T 11.5-12.
Pour Polnt o " below -

V-woapon 0il S§8-1631 was developed at Louna aftor about ni
months of rescarch. A monthly production of 100-200 tons w
planncd, but total production amounted o onlJ 100 Tons. T
last Shipmcnt of this materlal nad been to Cottingen. '

.Comp051tlon: 'SS.QOJ , 2
B.515 T
KSE

Propertiés: Viecosity . 208 at 50°C -
Pour Point Pelow -45°C .
Fl@sn Point 145%¢

(4) Low Pour-point oils, K. 10 and K.19. were developed for use
Russis and had beon reported as satisfactory in service.

. L KJA0 k.19
Composition: B83.903 - 50% . Z5p
E.515 “50% 25%

Properties: Viscosity 1. 650“ at 99°C 2.0°E at 0900
~ Pour Point bolow -30°C  below -45°C
Viscosity Indox 135 .- . 130

{a) PY" railroad axle oil was developed for use in extremely cold
weathor aftor the cxpericnces of the first winter of the Ruesian
campaign. Tosts heve shown that an additional’ 100% luading can
bo put on railrosd cars using this lubricent and all cquipment
failurcs duc to Iukricants arc climinated. A «tost has boon rul
usging the il as an automotive lubricant in onc German army!
corps in Russia and all the Leuna vehicles usc it. Those tests

- ghoved no ring-sticking or corrosion difficulties.

Composition: “R" 0Qil 80%
.50k ’ EOd
Dye 0. ld

"RB" 0il is the oil obtained cn ncutralising the AlCl catalyst comple
in synthetic lubricating oil manufacturc. '
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Properties:  Pour Point . . =45 tp -500C.
Viscosity Index. 118-.122

(f) Aviation hydraulie 0il was developed to pass tentative specification
Do 2000, put into effect in late 143, The oil has excellent
corrosion-resistant properties snd low rubber-swelling properties
(less than 2% increase in volume after 24.hours immersion). A
fluorescent dye was zdded to the oil to meat the Luftwaffe colour
‘specification. - Cow

Composition:  V-120 gu%
E.3022 or E,3023 ° 12%

KSE 4%

Dye C T .00b%

Properties; Viscosity 1.75%E at 209¢
. : ' 650°% at -600C

Pour Point -70°C
Flash Point - 120°C..

onclusions ard recommendation.

The use of esters in order to obtain low pour-point lubricants merits

er close study. The excellent extreme-pressure properties of Mesulfol
and the outstanding properties of KSE as s corrosion preventive should
150 be investigated further. ' ' '




1.6. 7370

¥T1. SYNTHETIG TUBRICATING OIL - SCHKOPAU,

Introduction:

Oonstruction of Buna Werke, A.G. Schiopau, the Tirst and largesy
tic rubber'plant in Germany, qu-started!iﬂ 1937 and -completed in 1939
43 owned and -operdted by .1.G. Farbenindustrie. The lubricating oil pl
Schkopan was built by I.G. as a semi-works plant to utilise the .excess
lene from the large synthetic -rubber plant, Buna Werke A.G. In the 1
plant, acetylene, manufactured from calcium carblde and water, 1s conv
+to butadiens by the aldol process, and then polyrerized with styrene
from ethyl-benzene for the preparation of Buna S. The norpal Buna S p
tion is 6,000 T/month when operating at capacity. In the Bunz S plant,
of the acetylene is hydrogenated to ethylene, and the ethylene reacted
purchased benzene +o make ethyl benrzens. Txcess acetylene can be conve
to ethylene in the same manner ‘and diverted to the manufacture of synthe
lubricating oil, vhere the ethylene is subsequently polymerized with ali
chloride, neutralized, reduced to the desired viscosity and contacted w
fine clay for the manufacture of £8-90% and 85-006, synthetic lubricating 5t
Normal average production isa 500:T/month, or slightly more than 100 Bij
(42 U.S. Gal.) o

Description of the Process:

. Excess moetylene from the rubber plant ig hydrogenated to ethylene
0.01% palladivm oxide catalyst supported on gilica gel. Hyﬁrggen is obtaliil
by pipe line from Leuna. The reaction takes place at 200-250 C and atmo
theric pressure. Bach oven contains approximately L cubic metres of caltal
arrenged in three beds with direct water spray beiweon stages 1o control -

reaction temperaturs. AL the erd of 6-8 months, the catalyst is reactivats
with air at 500-600°C. The yield of ethylene was reported to be 72% of -
theoretical., After water washing, the gas is fractionated in the Linde plail
to yield 99% pure ethylene. o

From the Linde plant, the ethylene passes to the polymerization atep.
The six reaction vessels, for polymerizing the ethylene, areé made of stain-
jess stesl (ViA), 12 m. high end 800 mm, or 1200 mm. i.d., pressure tested
at 200 atmospheres, nominal working capacity, 6-8 cu, metres. The reactors
are water anl stean jacketed with bolted, flange heads, with provisions for
edmitting the alyminium chloride and the light recycle material through the
top flange. & small stirrer, with stainiess ateel blades, is driven through
a liguid seal stuffing wox in the bottom flange. A 5 HP electric motor with
reduction gears drives the stirrer at 120 RPM, Ethylenc is also admitted
through a suitable cornection in the bottom flangc.

The reactors are operated batehwise., 1.5 cu.m. of the "Vorlauf-gl“;
{(low boiling hydrocarbon recycle stock) is charged to the reactor along with
a guantity of aluminium chloride eguivalent to approximately 7% by wolight of
the Tinished polymer. Ethylene is then bubbled through the gluminium chiorid
yydrocarbon mixture ab 60-100 ats pressure and with the tomperature maintaine
ot 120-140°C. The initial reactlon is exothermic and cooling water must Do '
circulated tarough the Jacket to absorb the excess heal evolved. As the
reaction proceeds, heat must be supplied to maintalin the termperature at
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20-140 C, Tho rcactien is compléted in 8-10 hours. Tho sour oil {polymer-
luminium chloride slvdae mixture), now at atmosnphoric Pregsure, is itransg-
crred to small intermediste tanks, cquipped with stirrers to keep the sludge
0 _suspension, 10-12% by volume of metharol is added, and the resultant mix-
fare contrifuged, '

. Bix baskot-type contrifuges (backets rotating at 900 RPM on a horizontal
g ord driven by 35 HP cloctric motors) built by Escher Wyss, Ravonsburg,,arc
gga. The supcrnatant oil is pumped to a noutralizing vessel, cquinped with
tirrers, and crough lime is added to neutralize any free HCL, Normally, 2%
eight of lime is neéded, but this varies with tho amount of HC1 cvolved
ing the polymerizing step. The noutralized oil is pumped to platé-and--
Tilter presscs to remove the calecium chloride. Six Pressces have been
stalled, only thiee arc normally used. The ncutralized oil is thon reduced
e dosircd viscosity, using vacuum and stesm 2t a meximum temperature of
¢ The methanol vapours from the reducing still, along with the mothanol
goovrs from the centrifuges and the intermediste handling tanks, pass 4o the -
cthanol rccovery system wherﬁ 97.0 - 88.0% of the methanol is recovered by
Gotitication. The "Vorlauf-cl" (light hydrocarbon recycle 0il)} is returned
12 reaction vessel for re-usc. ' '

ke boitoms from the vacuum reducing still are pumped to the clay contact
and contacted with 5% by wt. of fine clay or silica gcl.  Two contmet~
arc in usc, each with a capacity of 10. cubic metres, equipped with
rers oporating at 50 RPM., clay treatmont 15 cnvried out at 100-120°C for
unites., The oil-clay mixture is pumped to a plate-and-frame filter press
"théinnc clay is romoved.. The Tiltered oil is noxt pumped to a plate-
rame’ filter pross whore the fine clay is romoved. The filtered oil is
umped to a de Leval centrifipge to remove any traces of fine clay leaking
Qugh the Tilter pregs. The filtor ceke is blown with nitrogen to reccover
cakags. ‘ ‘

%ﬁb:finished 1ubrioating,oil, usuelly 8-10° Engler aﬁ'lOOOC., is blendéd
L of lower viscosity for 5.8 - 6.29 Englor, and . shipped to various
Bding stations whore it is blended withan cqual volume of neétural mineral-
I NEC in aircraft cngines. Synthotic lubricating oil from Schkopan
U8ed only in the Production of aviation lubricating oil bocausc of its.
oo Gnt:non-ring,sticking,propcrties. Typicel tosts of Schkopou synthetic
£iing 0il are as follows:- D : '

‘Descrintion: - ' $8-903 01l S8<906 011

Inspcction:

Svecific Qravity S 0.80-0.85
Viscosity, Engler® 100°C 2.9 = 3.9
Viscosity Indcx 105 - 115
Flash: “C ‘ 205
Pour: g -35
Carbon Residue: ¢ 0.02
Neutralization No. nil
Lsh % nil
Chiorides: 4 nil




I.C. 7370

"Typlcel quantitics of rew mutcrlals znd utilitics needed per ton Ofgg*
thotic lubricating oil, arc os follow T

Acctylenc 1 - _ 1700 kg.
Mcthanol . o 2.7 ke
Vorlou f~ol : ' l.z2 w
Aluminium Chloride 70.0 ¥
Limo : o 30.0
Fullerts Earth o . 10 o
Eigh Prossurc Stcam | ' 1.7 tons
Low Prossurc Steam - 6,0 ™
Fucl Gas (2000 kg Cal/w5) . 250 W
Electricity . : - 150 KWH
Water - - L 150 ¥

Miscellanedus:‘

Thu German technlclans 1nterrogat3d malntaln that little corr051on
difficulties have been. encountered; stainless steel is used in the react
vesgels, while intermediate sour - 011 tanks have s;nthetlc rubber linecrs’

- with brlck Some corrosion was noticad in the vapour condensers of the
vacuum reducing still but this was climinated by adding caustic soda to t
reflux to the vapour fractlonator.

. Alwminium chlorids is obtained from. the I.G. Farbenindustrle AG.,
Ludw1gshafcn—am-3heln in special metal drums. The drums are dumped int
reactor by hand using a. funnel that. fits the end of the drum. A gate valve
‘controls the rete of admittance, when charging the reactory The offoct
_mpurltles in the alumlnlum chloride wans not known, ) B

"The rubber plant cmploya 15 000 nen when operatlng 2t normal capacity.
The lubricating oil plant normglly employs 65 men. Opcretion is’ intermitier
depcndlng upon the supply of acotylenc from the rubbor plant. The plan a8
not been damaged to any extent and oneratlons can be resumed as soon as
oupply of ethylcne can he obtalned

Conclusions:

Wnile the production of ubrlcuting oil from. acetylone is of 1nterest'
the cost of the finished product is high. Assuming thet acetylenc can be
made for 25-30 pfﬁ vor kg, from natural gas (mcthane)} by the clectric arc |
Process used at Huls, the lergo capital expenditure for cguitment and the
rumber of men roqulred for operation, make the cost of the synthetic lubrica
irg oil too high to compete with lubricating oils from selected American crude€
cils, unless an examination of the samples obtained, - indicates that these
oils h;ve some valuablc Iropeorties Ior special uses.
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;- XITA, SYNTEETIC TUBRTCATING OIL MANUFACTURE AT STETTIH—PBLITZ-

gource of Informotion:
e

WIa LY <

. A mixture of Fischor-Tropsch wax (maximum melting point 176°F), and a
pecial wex from brown coal tar distillation (made by a combination cracking/
ogenation process at Tudwigshafen) is- cracked under closely controlled
snditions to give 95-97% olefines, These are polymerised at law pressurc in
presence of aluminium chloride. The oil is separated, neutralised ond

Gas . s

Lubricating Ci1 ...

Diesel 0il (light cnds)

Steem cylinder oil (from decomposition of

catalyst complex), )
Totoal accounted for
Production capacity of this plant was rated as 1000~1200 metric tons/
(2k2-290 B/D). In the final 6 months' operation, production was about

alf this figure.

letoly vaporiscd. It then flows upward in a parallcl tubc bank heated by
cilating flue gas. The outlot tomperature is controlled at 968-977°F at
Dheéric prossure. - This cracking tube bank is made of 18-8 stainless
{vaa) to avoid coking and dchydregenction. BReesidenco time in the pro-
is 1-2 mirutes, end in the cracking coil about 0.1 second. No stcom
Scd.in the furnzcos. ‘ D

the offluent is quenched in a steam heat exchangor to 500°F. A1l conden-
't this temperaturc is recycled to the furnace. The vapours (about
rd of totsl) ere cooled indirectly with 68°F weter and the ges is
from this condcnsation. ' :
Hydrogen .o ' 1-2 (analysis used for
Ethylene Ce 30 plent contrel),
* Propyleno fes ' 15
n-Butylencs ...- ‘ 15
Parafling ven , Lo
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Ultinate yield. of gas on fresh feed.is about..30.weight Yer cent
minimum of 27-28 weight per cent. This gas was not used Tor DOLyri&hs

The 1iqiid prodmct is 95-97% unsatureted. Determination of fﬁe 1643
number is uzed as one control in the cracking step. Thia liguid is ysa
directly in the polymerisation step. :

Polvmerisation:

PolmﬂerisatiOn_is cavried out at atmospheric pressure in reactoryg
barrel capacity, water-jacketed, and equipped with straight blade stiy
revolving et 100 R2M, - The aluminium chloride used in polymerisation 1§
suspended in light oil from the process. A part of ‘the olefine feed 3
the kettle is heated to 158-176°F to start the polymerisation and thef
trolled at the desired polymerisation temperaturs by the rate of addit
cold feed. The total olefine fged is added in about 22 hours and the e
is completed by heating the hetch 1o 212-2300F and stirring at that tempe
ture Tor two hours to further polymerise lower polymers formed in the eapls
part of the reacticn, Two grades of lubricating 0il heve been manufacﬁ'
in this eguipment: i

35 1103 nominally %° Engler Viscosity at 100°C
BS 13_06 . N 6 " R | " "

Their respective characteristics are discussed later. Operating conditic
for the reactors for these producis arc as follows:

8 1103 S8 1106

Al Cly catalyst consumption (% of
finished oil) ... ces 7-8 1L-16
Reaction tomperature °F ... . 158  (Low as possible.
: (Wwinter - 10L
{Summer - 122

Refining of Polymerised Oil.

Thoe total vroduct from the polymerisation reactors is separated into
and aluminitm chloride addition compounds by ordinary centrifuges. No me%
ol is meeded For this scparation: Contrifuging is done at 176%-212°F with
any additional heat being supplied., The aluminium chloride addition prod
go separated is in a liguid form.

The lubriceting oil portien is treated with water at room temperature
to docompose traces of sluminium chloride, then treated with lime and Full
garth, filtered and dlstilled under vacuvm with steam. The light ends. are
partially recirculated for suspension of aluminium chloride in the polymeri
tion roactors and partially yiclded as Diesel oil. This o0il can also be :
hydrogenated and then treated with sulphur dicxide and chlorine in the Morsg
synthosis. : ) :

The aluminium chloride additiocn product from thcjbcntrifugos is decom*
posed with water, treated with lime and Fuller's earth and used as steam

11,28 - 82




. I.C. 7370 °
cylindor oil after strivping of lew boiling hydrocarbons. for flash point?
spccifications, This steam cylinder ¢il is considercd better than the
porresponding product from cthylene, becausc it is obtained at a lower poly-

crisation temporaturc and is less unsaturated,

Peste on Products:

Tubricating Oil ‘Disgcl 0il  Steam Cylinder 01l
55-1103% - 88-1106 -

yiscosity “Engler , , :
' 3,0 5,556 - : : - 6.0
105 200-205 - 220
115-12%  108-112 o 115-116
ash Point °F 428 min, 482-500 572-590 -
cir Point . OF -22 max. 13 max., %2i2 b max,
onradson C.Res, 0.2 max, 0.2 max., 0.k-0.5
odinc No, : _ 20
ane No, 72-73
o 302 min.
Sulphur % . 0

The ultimate yields from the original paraffin are summarised as follows:

Type of Operation
Weight per cent ' 85-1103
Gag Trom Cracking ) 27.0 - 30,0 £7.0 « 30,0
Finished ILubricating Cil 49,0 -~ 52.5 k9,0 - 2.5
Diesel 0il 7.0
Steam Cylinder 0il . 8.4
Unaccounted for 8.6 - 2,1
Total: : 1C0.0

*
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XIiI.- AVIATION FUEL MANUFACTURE AND ENGINE TESTING.

Introduction:

The following information iras dbtéincd by interrogation of Dr.Estes
Mr. Scholz and Mr. Honickor.

The test engincs originally installed at Louns havé now béeh'évabuateg
to Wethaw and Stoescn.” These locations were visited. i

Octane Number Detqrmination and Specificetion:

For dayetorday-control of aviation gasoline component quality, Octan
Nugbcr tosts were carried out on C,F.R. Motor Method- engines and on ths
Prufmotors; the latter being used almost exclusively as spare parts for:
¢.F.R. engines became impossible to obtain. In 194% there were 170 of thi

engines in usc in Gormany.

b.H,D. Gasoline 78 Octane No. clear
Eydro Gasoline 7c wooon
8 v ® with 0.09% vol. T.E.L.

T.G. Prufmotor

- Swept volumc 3k2 ccs.
Compression Ratio. Variablc up to a max. of 1bk:1
R.p;mz . . Q00 for Motor Method ’

600 for Resecarch Mcthod _
269 for Motor end Roscarch Method

Spark Advance

- Jacket Temperaturc 100°¢ for Motor Method
S o 100°C for Rescarch Method
Mixture Temperature  165°C for Motor Mcthod

" Boom tomperaturc for Rescarch Method

This enginc 1s used with a milti-bowl carburetter in the nsual way an
all Octane Numbor determinations are made at max, xnock mixturc strength.”
Bouncing pins and knock meters nade by Siemcns are employed. The normal f
mothod of carrying out Octanc Numbor detorminations is to adjust the mixt
strengih to max. knock; incrcase the compression ratio until a standard ra
‘on the knock meter is obtained; measure this compression ratio by a convé
tional micromcter and determine Octane Number directly from a standard ¢h
in which Octane Number is plotted against compression ratio, The Octane
Number cen also be dircctly read from a scale attached to a mechanism gearcﬁ

+o the movable cylindor head.

This engine has also been used for supcrcharged tests and 5 to 10 supel
: Thi

charged engines were stated %o be in use in verious paris of Germany.

development followed initial tests in 1941 in Oppau, and Louna first carried
out supercharged tests of this nature at the end of 1641, In these tesis
pressure fuel tanks and 2 preossurce carburcetier arc employed together with
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