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SUPPLEMENTAL REPORT
ON RUHRCHEMIE, A.G.

STERKRADE-HOLTEN, ROHR.

Intraduction

Evamination of documents evacnated from this plant
as well as the Inyormm'ion obtained by interrogation of
certain key personmel, indicated that additional inform-

stion-wag deg'rable on _certaln phmses of research, plan’
aprrntion and protyet tagbing nnd nE{TT="tTimn.

b

The present account is in addition to and supple
ments that prgvionnly reported in the (0.1.0.8. report
dmted © July '085, “The Fische' Tropsc' Plant of Ruhr-
chemis, 8. .. ®' rkrvs'e-Toltry Ra"r", compiled zd edite]d
hV "'BY.O..V. o v oy (wovox LI B A At} REWS I LA r A
vove )

The pro es fin‘nrwation rerorted wag ~ac red by
{nt rrogetisn 7 Vv rovoermed A€ v aham? o Py Pl 00T
veiw v v F'anm

Y Av Rtemvyirvade, o7 Inty 1 04%, hyg

Dr. W-F.Faragher, (U.S., P.A,W.), Tondev
Dr. W.A.Horne, (U.S., P.A.W.)

Dr. H. Schindler, (U.S., P.A.W.)

Capt. C.C.chaffee, (U.S., Ordnance)

2. At Sterkrade, 19-23 August 1945, by:

Dr. WoFoFaragher, (Uos.’ P‘AOW.) Leadel_"
Dr- Wvoﬁome’ UoSo—’.\Pvow.‘

Mr. J.G.Allen, (U.S., P.A.W.

Dr. G.S.Bays, Jr., éu.s., P,A.Wkg.

Mr. B'L°&CK\151CK, UOS., P.A.VW.

-The personnel securing information on product
testing and utilization are 1isted on page 3l.
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' Summary

-~ A_process_has been- developed by -Ruhrehembe—to rvon-

vert v heptane fnto toluene, using » Crgiz RAlp0z rata-

lys'. The development work wa= finished in October 1944

and a pl-nt for the prodvction of ®4,000 tns of téluene

rer year was desipmed. 'lant construetion was sbandoned

how"‘ver, ~n order of the “oywrn govasnmert when 'he play
- ohenut 90% cow leta,

Tnfeymation on tve roc as  oe o ta'nad hy ir'err
grtipg Dr. Walter V "' ' oo e S S T
Trr Topment worle,

L )

"rocess Detells.

The charge stock consists of the Cy fraction (boil-

Ing range 90-1000C) (194-B129F), from the Fischer-Tropsch
systhesls of hydrocarbons (15-20% olefins): or a Cz cut
from crude oil. The vaporized and preheated (4000C) feed
stock is passed into the reaction chamber where it is con-
verted, yielding 90-92% by weight of liquid product which
contains about 50% by weight of toluene. The reaction
takes place at about 480-5300C (898-9860F)., No external
heating of the catalyst container is required, since the
heat of combustion released during the regeneration of the
catalyst is "stored" in the catalyst bed and is utilized
during the aromatization reaction. The maximum tempersture
during regeneration is 5500C, . The resction chamber hgs a
total volume of about 11 m3, of which 8.8 w3 is filled
with catelyst. The on-stream time of each reactor was
intended to be 30 minutes, and the design provided for 3

roups of 3 reactors. The space velocity 1is 0.15-0.20
%volume of liquid-feed stock per volume of catalyst per ,
hour). Details of the time cycle are given on the attached
flow sheet (Figure I). -



The catalyst consists of activated alumina with
about 20% 03205. )

Coke formation during the  reaction- period- amounte
to .,0-2.5 g. of coke: per. Yiter bdfcatrlyst per hour,
corres-onding to 1.5-1.87 by velght of the feed ~tock:
these details are given on an honrly hnsis si{nce they
wmere obtaiped in the pllint plent  the npey-tineg cycle
which was 60 minutes instacd of 20 »invntes, ns planned
for. the full-gcale plant. The life of the catalyst is
~bont TwWo years. By ThnY rima; ths paErrnrtsn temperator
hng to bhe roaised by nho't 077 an? 'he jleld of Tinw?

protuct, a ascertatned In on et 1 ten’ onr'i ved
tro yerrs, decreas = "~ P4 YT boo ot Gk of o
v ’ .
\ \wlv' fthe t('\]nn”r\ ///// b ! [IESUR I I BNSE R 1 A

Regrnera'ion of ‘the cobtrjya' ~op vios two steps

separated by n pnging aber v tny fIn po e i1y !
regenerrtion step consteb in barnine ~ff the rnrhon
deposit with air, whetenas tho ~reond ~tep serves to re
duce the six-valent chromiuwe % threc valent chromlum by
prssing hydrogen, prohest 4 t 40077 - over 'he catalyst.
Hyd» ogan e crtrined from ibe ~yoe e theclf by “epnr tir
the hy'rogen "fhayoted  daine 'h o o dleakian o !
e L ’n nnel 44 hwyeiy oo by e | TR KRR B

The totel Tiand ‘THJH”f, cont e 1n1ng 607 of fo]nonp
is frectionated in a 6( -plete column (45 theoretical
plztes). The crude toluene, which contalns 3-5% of olefins,
is acid-treated and rerun to produce nitratlion-grade
toluene.

(#) The activated ‘alumina is nrepered by precipitetion
of a 5% Na aluminste solution with COp, as described
in the section on synthetic lube oll a% Puhrchemie.



LLLL;ngelgpgegt'Wbrg;_

’*Laboratéry‘work has been done on the.aromatiza-
*1on ~f hexane, octana and nonane.

Preparation of benzene from hexane over the
above-mentioned catalyst requires a réaction tempera-
ture of 480-5000C, (896-9320F) and gives®yield of 85%
by weight of liguid product, of which 30% 1s benzene.
Nstame and wonwans gtve tye same-yields -of-arowatie
wydroerrton bk reyrire "orer tomp rat res gine-,

NG \ v Yy P o thet



Synthetic Lubricating 01l Manufacture.
T. Introduction. =~ - -

Experimental laborator'es for regearch In the 71814
of synthetic tubricating-oll production were completed 1In
19%7. During the ssme year, the construction of a plant
for the manufacture of 1000 tons/month of mutomotlve tubri-
cating oil of 6-80E. at 50°C. was started. The plant beagnn
prvﬁwcttnn"tn~%9%8:44wembe~ge@d~@pevattng;pnacticaa,_it'wv
able eventually tn resch a cavacl'y of 1507 tons/wonth.
primary charge st ck Inclu'ed gas 01l from o'her "ir her
TTOPSCh plﬂnts in AXIT Ty b Fhie fand abto b mete 0! (BN
Nuby chamia plant.

Development work wa= later carried oyt on the manu
facture of aviation-grade lubri ating oll (rgov, at r0OC.)
and the con=tructicrn of @ plant wa= sterted in 19%3. Die
to repeate severe alr attacks, it was declded to ere~t th
plant underground near Willlingen, west f K-sgel, bul '
chang wre not aéeompl'shed  The plant wss fac' gne? !
eapnetty of abont 1900 Fanna ~f fintehe) 7 e

TT7. Tmbrleating 011 (Automotive Grade'

a) Preparation of Feed Stock-

. ETInformation on the subject was secured mainly by
the interrogation of Dr. Walter Schuff, manager of manu-
facturing of hydrocarbons by the Fischer-Tropsch process
at_the Holten plant. Dr. Schuff had held this position
since 1939. ' .

The starting material for the manufacture of
synthetic lubricating oil by the Ruhrchemie process con-
sists of olefine in the gasoline bolling range having one
double bond at the end of the chaln. The olefins are
obtained by separately cracking the Fischer-Tropsch gas oil
and Msweat oll® from the manufacture of wax derived from the
Fischer-Tropsch synthesis. Gas oil, both from plants oper-
ating at atmospheric pressure and at 10-15 atm., 1s suitable,
and the practice at Ruhrchemie consisted in supplementing
their own production (10-15 atm) with purchased material
from other Fischer-Tropsch plants. The gas oil has a boil-
ing range of about 230-3200C, (446-6080F.). Cracking is

-5



/.
carried out in a Dubbs unit at 500-BB0OC (93R-9680F) at
a throughput rate of 4.5 tons of oil per hour. Steam,
at a pate of I tén per hovr, 13'added to 'the vapors leav
ing the ‘"ryna e and p'for to entering th- re~ctden:
ohgmtgv Vhie Covyare o - St el pyeaaeny s ta 4 7 abtm. (V;Q T
petle)

In addition to gas oil, the cracking of "sweat oil’
from_the manufacture of wax is practised. This material
Ls obtained as follows: The primary synthetic product
from the Fischer-Tropsch synthesis boiling above 320°C.
(808°F) 1s vacvrum-distilled, yielding a distillate (boilt:
from ®20-380CC (808-716°F)) snd ~ re=idue. The residue |

eg In dis'il'ed "nde' vacuum and the resn!'ine At~tiri.?
v rleod up oy the morifnoture of wavy.

The o1l obta'ned by sweating ‘uring the wax manu-
facture represents the ~harge stock for the cracking s
Cracking conditions nre the =mame as for g»s oll except
that the temperature i= kept at 480-5000C (896 932°F§.
The products from this source are b'en’ed ~ith those
*b'ained from gas oll, but ~roroblne € The beo ol ghn
v Sy tet ant eepavately .

The following evacking prodncta vesnlt from both
procsdures:

' Liquid olefins in gasoline boiling range 68% by wt.
Cracking Gas 04 n o

Loss : 24 n w

The olefinic gasoline contains about 70% olefins. The boil-
ing range of the material from the cracking of gas oll lies

between 300 and 2000C (86-33OF), whereas the end-point of
%he g§§responding'olefins from "sweat oil™ lies at 220°C.
4280F), . ' »

‘The cracking gas has the followling compositioh;

CzCy 18% by wt. of charge.
CpH, | 4% by wt. of charge.
 Cys Cg ¢ inert 8% by wt. of charge.

gas

6 -



b) Polymerization.

.. . 'The feed stock 1s dried in a_CaC%@‘tower to
ensure that the water content dees not exceéd 0.0L5%.
Polymerization 18 vavried out in 7 =rtoclaves; each of
which hes » cspacity of 2) wd and is filled with 18 w®
of olefinic gngoline; the auteclaves sv-~ eqiipped with
s closed coll for ccooling and heating. The nato-laves
are charged at vormr temperature and 1.2-1.8% {(by woty
2¢ fhe.ch rge).of %Lglgwi?,gﬁigii,ﬁﬂﬁ nixture '

! cre 't vt pd Yhe tempertt re Ly po'
1 AR

‘ fo |Hw'y|p h W'

400C (1049F 2 hour ¢
800C (1409F % hours
800C (17GOF T hourg
EARATAN wiw 'V Y Yoy

The f{ st threes s'epg are reached by cnty 1 of th
ampount of cool 'tlg npp]{q Vool e V) e Y [} Vg
va?’ Y e ‘\n'\tly)‘z hy ntonm

A technical erale of AlClx with an iron con-
gent f ~bout 6% Fellg is »s~d, avd u- a'vantagrs were
fonmd b vaml bt from Wning o entalyat of highey puarity

The reaciion product is transferred to settlers
where the synthetic vil separates as upper layer from the
catalyst-complex-oli lower layer. A settling time of
2-% hours is required. A& certaln amount of the catalyst-
complex oil mixture is left in the autoclave as solvent
for the catalyst for the next charge.

The synthetic oil obtained in the above way
contains some chlorinated hydrocarbons which are decomposed
catalytically. For this purpose, the oll is treated with
1.5% of Tonsi]( (HC1 activated clay) and 1.5% by wt. of
ZNB at 180°C,.(3560F) for 3 hours; the materials are added
separately. The reaction mixture is subseguently cooled
to 80°C (1760OF) and filtered in a Kelly filter. The olly
filter cake is extracted with gasoline to recover addition-
al oil; and zn extract oll contalning 0.003% Cl1 and having
a neutralization number of 0.04 is obtained. '

- 6a-



The ‘dechlorinated oil is distilled under atmo-
wph-rip pressure-ylelding some gasoline, narhthe and Diey
i1 T'e vegldie i d'stilled under vacuum giv'vg Dies
1o wp'ndlc ol ng A'stillates, where-~ ‘'l el
ot b he wyntth et e YTuhvianbing o911

)

The total yield of gasoline and Diesel oil
PR MY g TEeW Koth Tet1Yintiowy tw whovt 33% by wetght
f the ‘lefin'c £~ed stock; the yield of yntretic 'obr’
ety 11 tg 887 by welg"t and the 'ogy ' ' ''oe Mo

Vealymt comp Tav . amounta bo €

T prerare finished automotive lu'ricattre 1,

a Wire ‘yor the vecuwm di~tillatio» 1 conk-
P I PR NP BT RPN | ("vvv ('fny'\n"‘ nt

"' Disrosal of Catalyst~Complex 01l

The ‘ower layer obtained when the =utoclave
contert, after polymerization, fs allowed to settle con-
alstys f a cstalvst-complex-oil mixture. To recover saddi-
tional synthetic oil, the heavy oily layer is blended with
Dltegal nil in an autoclave and heated to R000C (ZROF) fnv
% hours. The treatment results in the formation of an
asphaltic mass which separates while hot from the solution
of synthetic lubricating oil in Diesel oil. The lubricat-
ing olil solution must te dechlorinated in the same way as
the original--synthétic oil. The dechlorinated oil is then
fractionated to recover the lubricating oil. This oil
differs from the main product in its less favorable viscosity-
temperature curve (pole height about 2) and high Conradson

carbon residue (8-3%).

e) Inspection Data of Synthetic Lubricating 0ils.

: Inspection data of the spindle oil and automotive
lubricating oil are given as followsy also included is a
bright-stock which is obtained when the polymerization is
carrégg out with 4-6% £1Clz at 150C., followed by heating
to 6 ° ‘ ‘

- -
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Hotor .
Soindle Oil- oil.  Brightstock

Density at @MoC. 0.84F 0.95F 0.96F
Vigengdty-a* =" " ' 2.3 1 .88
Pole Helgh! 1.75 1.75 1.82
Nerit. No. 0.01 0.05 0.0%
Sap. No. n.04 ".10 .10
Flagh Point ©OC. 195 220 320
Pour Point ©C. -50 -45 25
r~s% By EvaEporation frm o . e

T%'t‘ 1 hr.1707") 45% 12% 2%
Conradson Carton ' © 019 " 04eY A Yo L4
Petroleum Pe~' "~ 2% 3% 5%
Hard Aepha'! 0% 0%
Todine No. "uk & bt & abt B0
c1 9 0.01 0.01 ' ' 2.0
oy ' Ayt [APNISRN I | [ WA} 2 '« e oWl

Record~ of engine tesgte on the sy~ the'ic c'ls
been obtained from "r. Schaub at Nuttley «n' =011 be
rvellahle for etudy aftber mjerofilping

The lubvicating oil was deltvered tn the German
Army (probebly through the WIFO at Heiligenstadt) under
the name of "Wehrmachteeinheite#l” (Army All-Purpose 011).
The oil was apparently used as such for summer grade auto
motive lubricating and no inhibitor or other additive was
used. ; .-

I1I. Improvement of Stabllity and Viscosity Indq&.h

Due to the unsaturated character of the synthetic
lubricating oil made by the Ruhrchemie process, the oil
is not stable with respect to oxidation. Development
work to improve the oil in this respect was carried out
under the direction of Dr. Cler, who was interrogated on
the subject. \ ~ .

The work was carried out entirely under laboratory
conditbns, using a number of oxidation and "cracking® tests
-as criteria-for the—quglity of the oil and to evaluate the
effect of inhibitors. .

% A1l tests used appear to be rather arbitrary and are
mentioned mainly to permit a certain comparison of
natural and synthetic olls of this type and to gage
the effect of. improving treatments.

-8 -



- The oxidation test consists in passing 15 liters
of oxygen per hour through 200 g. of ol held at 1600C.
(320°F§3 the test 1s continued for 6 hcurs.. Increage..
in viscosity, expressed as_percentage of the original
vircosity, and saponification number »re used a criter!
of the ~il quality. When lubricating ol's from natuyal
sources are subjected to this test, they do nt gt rcw rny
fncresase in vigensity, whereas the Rvhrchemie »'1 Frron
tta vigcosity by 150% of the initial viscosity.

Another test used ie termed the "hea' of rraction®
tent. The oil is brought to 140°C (284°F) under Hy; ovi>
1s pa+sed into the o1l »nd the tempersture rise durine
short time intervals is noted. Uninhibited scynthetic o’
§how an sbrupt rise in temperature shortly a‘'tey ¢y govr
Intro'uction has s'arted Natrral otlls s" e e

ot af yanontlbon”™ awanay Fhame oo ItEL v~

A third tes' i~ used by Pr. Cinv te estimat~ the
thermal stability of synthetic ollw. Tt con~ists in neat
ing 500 g. of oil to Z000C (5720F) for three b-urs »nd detw
mining the weight loss at the en? of the t-st. The test |
highly empirical and results are dependen' on 'he chapa
the distillation flnsk ard other details " (- 11artog
comparative resnlte hnve heen ohtainedr

Temperature. Sample. Loss.
300°C. Automobile oil from No cracking
o Natural oil (Greenring)
3000C. Synthetic oil (6-80E 5%
- at 50°C) .
3300C, Automobile oil from - 5%
Natural oil (Greenring) .~
3300C. Synthetic o1l (6-80E 40%
"~ at 500C)

>

Since unsaturation appeared-to be the main cause of
the lack of stability of the synthetic oil, it was attempted
to improve the stability by subjecting the polymerized oll
to a second A1Clz treatment immediately following the poly-
merization. For this purpose, the oil was treated with 1%
A1Clz at 180°C (3500F) for three hours. This process was,
for a time, used in actual production, but was subseguently
abandoned since the stability improvement was only temporary
and since it was stated that the oill was satisfactory for
its purpose without the additional treatment. .



A permanent Sprovement in the stability of the
gynthetic oll was obtained by Dr. Clar by adding 0.2-0.5%
by welght of phenthiazi '

, . :
N’N\
{

to the olefiny pefore volymerization. Tbe compound
enters the reaction in an unknown manner snd undesiyabli
products-formed by the addition of phenthiazin are re-.
moved during the treatment to which the polymerized oli
is subjected in the course of the reguiar manufacturing
procedure., Aaddition of phenthiazin to the finished o!!
is unsatisfactory, since it leads to the formation of
gel-like material in the oil. The additive used by BRuh:
chemie is the crude produet obtained by melting 1 wol -
diphenylamine with 2 mols of sulfur .in the preserce of
AICly (2% by welght), stirring 'he wix'ure for 8 ho rs
durtng which the temperature 't~ ynl~ed fyom oNTE 1 Arn
" Aacomposing with water.

Other compounds which have been ugsed succresgssfully
in the same way as phenthiazin, bvw" which were not com-
sidered for commercial prodnetinn, nva R Fhiannphthal nnd
anthraquinonethiol.

- The improvement in stability obtained by the phen-
thiazin treatment was indicated by the results of the
laboratory tests. ' The viscosity increase in the oxida-
tion test amounted to only 20% of theat of the original oil,
as compared to 150% increase for the uninhibited oil.

Another process designed to improve the stability
of the synthetic oil is the addition of 0.3-0,.5% by wt.of
“sulfur to the feed stock before polymerization and treat-
ing the polymerized oil with 1% by wt. of A1Clz at R500C,
(48R0F) for 5 hours. It 1s stated that the su?fur is
removed completely in the form of HpS during the latter.
treatment. The finished oil does not contain sulfur, bit
it is claimed that its stabllity 1s greatly improved thever-

theless. :

-10 -



Development work on the control of viscosity of
the finished. oil by changing conditions during the.
golymerizatibn step was also carried out. by Dr. Clar.

y using a small amount of A1013 ‘and a comparatively-
high temperature, an oil. of. low viscosity is obtained,
whereas reversal of these conditions leads to the pro-
duction of oils of high viscosity. Using 1.5% by wt.
of A1lClz and keeping the polymerization temperature at
1000C, ?rom the start of the reaction (by preheating
the olefinic charge) results im the production of an ol
with o—viscosity—of42E—=t-500C:—When—4=6%-A1CY
used and the polymerization temperature is kept at 1500
for 12-20 hours, followed by heating *o 60°C for 2 hou'
an oil of 380FE at 500C is obtained. T 2se latter conm
ditions were selected for the planned manufacture of
avistion-grade bright stock, except that the total
reaction was limited to 12 hours, based on the experi -
ence that the plant process generally works smoother
than the corresponding laboratory procedure. Some work
has been done on the polymerization of pure heptene-1;
it was found thet polymerization to liubricating oil can
be effected by l%pof A1Clg without formetion of 2ny

catalyst complex; the AlCl remains granular and nn Taan
bv heavy polymers 1s experienced.

Experimental work also showed that an improvement
in the viscosity index resulted when olefins with longer
chains were polymerized, as compared to those with short
chains or a mixed feed stock containing both long and
short chains. "0ils containing long chains (above Cis)
were also found to be.more resistant to oxidation.

. Plenned Manufacture o Aviation~Grade Bright Stock
tol Proc . ‘ o

T

a) Prepara at lon_of Feed Stock.

Since the viscosity index of synthetic oils by
the Ruhrchemle process dzpends on the chain length of
the olefins polymerized, and since a higher viscosity
index than that of the regularly menufactured synthetic
motor oil was required for the aviation-grade oil, certain
modifications in the process had to be mrde. It was in-
tended to polymerize only olefins ranging from Cg to Clg

-11 .



and to supplement the material obtained by, cracking
with the olefins obtained directly by the "Recycle
Process%, The charge stock to the cracking plant.was
furthermore to be increased by C15 to Cig paraffins
which remained unreacted in the OXO process. - .

U UUUUE S V0 MU R . - - .

The "Recycle Process" has been designed for the
manufacture of olefins. It consists in using water gas
as primary synthesis gas to which is subsequently added
recycle gas from the synthesis. The water gas contains
BZZinﬁﬂQQ;gng_Ea (ratio of CO:Hp 1:1.23-1.B5) and one
volume of water-gss is mixed with three Voluwes of Ye=
cycle gss gso that the ratio of CO:Hp in the actusl syn
thesis is 1:0.8. The catalyst used contains 100 partis
cobalt, 15 parts MgO and 200 parts kieselguhr; the temwp
erature of the synthesis is 200-2200C, and the presswye
10-15 atm.; the space velocity 1s 800 w" gas/10 nS
catalyst/hour. The total yield (liguid produc's and
liguefishle gas) mmounts to 180 g/m® of “ideal synthes!
gas" (CO and Hp). This yield incluves = fipal comnver
sion step, for previouely unyercted gep, welng en ot
pherie Fiacher-Tropsceh unit.

The Cg to C1p hydrocarbons from the TRecycle
Process" contain about 20% 6f zlcohols that mst be
removed before use in the Syntol process. The alcohols
are converted to olefins and water by passing the hydro--
carbon-alcohol vapors over activ ted alumina at 340-3500C
(644-6620F) at a space velocity of 1 volume hydrocarbon-
alcohol (calculzted as 1icuid) per volume of catalyst per
hour. (See Fig. II). The catalyst is prepared by preci-
pitating a 5% Na aluminate solution with COp, removing
the alkali by repeated washing, predrying, extruding and
drying at 4000C (7580F). The C9, C10 olefins are then
separated by distillation and fed into the polymerization
process together with the Cg-Cyg olefins from the cracking -
process. The preparation is indicated on the attached
flow sheet (Fig. III). |

\
i

b) Polymerization and Finishing.

. The polymerization procedure. planned for the manu-
facture of aviastion-grade bright stock does not vary from
the practice followed in the manufacture of lubricating .
oil with respect to eguipment and operations. The prin- .
cipal difference is the planned addition of phenthiazin to
the olefinic feed stock, the temperature conditions and

-1 -



the polymerization time. In accordance with the lsbor-
atory work, 1t was intended to use 4-6% by wh. of A1Clg,
react the olefins for ten hours with the catalyst-at’
150C- and finish the reaction by heating for 2 hours at
600 C. _Phenthiszin ws to _be added to ttre olefing
before polymerization. Dechiorina'!o d stillation an?
fin shirg rere plannﬁﬂ nn@'"'vun y v P e "v*ur (
YR U R T ‘ vy o '
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LABORATORY TEST FOR ACTIVITY
~ - OF FISCHER CATALYST.

___The catalyst produced in the factory as well ss
the reduced catalysgt, 1s tegted —continually for activity
The factory product is first reduced during tvo hours o'
450"°C with n mivture of hyirogen and nitrogen (3:1) at
the rate of %00 liters per hour for each 4 g. of cobslt.
The catalyst can also be reduced at 400°C with relestive!

pare ydvoger.- By..Oither,met‘*ggljt_l@“{im‘ natalyat con
UPTA RIS q.0 "(\?1 nf th erohnlt on Yhe A VA*

The test for activity 's mede 'n an alyminum-bloc
furnnce, desigred especially for the rurpose The fur
nace is hested el ctri-cally or by gan flsme to 185°C.
and rontrotied at rthis te per tu e & yithin 0 10C 'y
regu'ehor. F'ottooeme oo I P TSR A

Yot fayvy vy 0

The catalygt is put into = glass tvbe of ¥ mm.
{nside 'lame‘er to » bed length of abonut 30 mm., corres-
poniing to = wetght of cnbalt of abon' 4 g. After reduc’
fon the tute i~ put into th" furnace, carefully avoidin~
oxidation, »nd trested with »ynthests gnr- (4 1iters per
hour; CO/Hs =~ 1.0/1.8-1.9). During the 500-hour test.
the activity of tve catalyst 1s measnred each 48 hours
(approximately). Contraction of the gas volume and yield
of liguid products are measured and serve as measures of
activity. The liquid products are expressed as cubic
centimeters of liquid per normel cublc meter of synthesls
gas. Liquid products comprise oil that condenses at room
temperature in the recelver and the liquid that 1is re-
moved from the activated carbon adsorber by steaming at 1500C.
and 15-20 mm. Hg. Water formation can also be used in.
appraising the catalyst activigy.

As is shown in the drawing (Fig. IV) the contractions
of the gas volume can be determined by turning the three-way
cock so that the feed passes through the by-pass to the flow
meter.

% contraction = _¢ x 100

feed gas volume

a:
b = tail-gas volume
and a-b = ¢

-1l4 -



No sccelerated test that could be used to predict
rata'yst life had been developed, nor was 2uy standar’-
'yv egt unge' fov avil e ing expe’lientel 1 kalvste

-15 -



176

319
68
é18

511
559
807
855
703
788

Catalyst trested for R0 hours with Hp/lp

787
785
849
896
945
002
1041
1089
1187
1185
1253
ey
1529
1376
1425
1469 .
1817
1565
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IABLE L.

70
70
83

88

84
81
a2
81
81

83.

el
8l

60 -

63
€0
57
54
59
56

‘wg? DATA VOR_COMMERCIST ““BALT CATA'
"gmo et ndena
ol}

(l(Z e/
1 70 -
W 2 98
il R 8%
" 690 04
v 70 70
@ 85 77
@ 86 76
" 30 76
@ 87 69
v 86 i)
@ 68 1%
w 66 87
" 84 58
“ 85 80
b 63 83
@ 80 68
v 58 62
® ] }4

75
68
85
80
68

59

o%
120
1w
10w
R

l‘d

3/1.

119
164
115
117
100
108

%4

88

(1) Condensed oil and Cg & from activated carbon adsorber.
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0%0_PROCESS .

Some a’dltionsl i{nformation on ths Oxo- roce-
vv ‘evalored » Ruhrebmi®, hes b=ep obt-'r-7 <o
' Vondgr ¥ e pev of Q"-Q Own Tlont

The econowic estiwate attached as Table II, ax
wellt oy bthe dew'pr Y1te for the cowmersial -uplt-were
crloulst~4 fro 5 p'lot uni® 4n which the :eacfor i
b matevs Tengl anﬁ 835 v . 1 ternml dieve'sr. Th
Joa'gn of thig plnl w1 ~e 2T VTmetely g o oebo
YV~ OYBRARYSY Y B ER t Vep

The p'1° " bad "hargn "v'aci*Y nl 0 kg. of
(\,wfﬁn mir' . ooy \ v . Y . -
v o [P

The Ox wtige ~harge gnn wrg wate gar CO:Bp -
Lgl,1 &0 1% =77 s "eccle’ un'il 'he cor sit’ on eac
T0the = LzR. T f g o T Ty e e e

L TN I |

"here are also attached two wohomotTo (1o obhoobe
of the procegw, Tigauves UI and VIT

=17 -



(Based *on.“a..supply.“ot LW %00t tons ?" Yeer 7 Tim

from the Ruhrerhoms~. Tt~ vwade 7
¥aterial Input: Y
12 000 T.olefin at
RM/Kg-— ' 800,000

6,000,000 K water gaa
10 atm.at 0.04 RM/N
3,000,000 Hnd h;yd'ogen
’10 atm.at 0.07% RU/ELT  ewe oon

ng@m=

Operating wages & sal=wrie
incl.s~c'a' v-cvritr tex

Ba, 000

(150 mew 7 IR D - O vy . v
Energv:
Stean.
78,000 T/Y¥, 80 atm. at 312,000
' 4,00 RM/T.
97 OCDT/Y 18 atm. at 339,500
, 50 mM/T

100,000 T/Y, 2 5 atm. at 255,000
2,55 RU/T (vacoum ~
and heating)

Electricity. -
10,160,000 KWH @ 0.03 RM/KEEH
{eas compressors, pumps)
Hater. - e
1,544,000 m® at 0.075 RM/md.
Catelyst Cost

041 ete.
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908,500

304, 800.

- 100,800,

2,000

24,000
1,889,900,



TABLT TT opt

RV« ‘ n”
nalrs & Mrivtenrpce
W of the Plant ~ ' ¢
11,000,000 RYM cRnoann
¥ildary Oreyating T oob
"nauyarce, Tv
othey orntw Yoo oo
\bor~to'y Cos'sg
@v(ﬂ}’ ot ml,.(, “w A R ) MRl D
Geperal Operatinr  Expevse-
elu iy Mape ement-
BRI AP R R |w"m(\_ @,661,0’7&,
M of Operating and
Materinl cogtg. 7,%6,0’70.
Interest on Capltal.
13.5% of 11,000,000 RH. 1,485,000.
Taxes . 120,000,
i 9,581,0@0.
Credit for by-product - 144,000.
' 9,887,070

100 kg. Fatty Alcohol costs therefore 78.23 RM.

_ lé = (Dr. Landgraff,
4 March 1945, Oberhausen-Holten)



YHE_DIRECT SYNTHESIS OF HIGHER
" ALCOHOLS - FROM WATER GAS.

The direct synthesis of--alcohols was being ghtvdied
in the small unit shown schematically in Fig. VIII. A
mivture of fresh water gag and recycle gag i=s compresan-’
in two gtages to 10 to 100 atmospheves  The grs then
pasced downflow st a gpace veloecity of 100-150 N 1liters
per_liter of catal%gt per hour, over 5 liters of a pro-
moted Tron catsIyst. The crtalyst Is c¢'nEtaine’ In an
heated tvbnlar reactor. the tubes being 12 mm. inside
di»meter. The product from thé reactor pesgses through
an electrically heated "ot seprrater at 110°C, thence to
a cold water condenser. After the pressure on the remsin
ing gas 19 ‘eleavred, It pagwew through an activate'-carh~
adsorbe’, Part of t'e dry g ¢ 's d'scharged ‘rom the

LI *he v melnler (\v\nn'ng ' t' e grwomatey (v vaoo
r

The gag 7' w 1= started with 'he r-actor ‘empern
ture at 00°C. The t-mperature is then vaised degrev
degr-e until untfl 'be des'red ¢ nvarsion fg o' 't 7
""Ye tompevature 1o In the vyange f BBO BGOOC

The catalyst 1s 2 cevium v vanadtum promoted ivon
catalyst which 1s pvepared ip a2 siwmilar manner to the Ruhr
chemie precipitated iron catalyst. The composition of the
cerium catalyst was stated to be:-

100 parts by weight of Iron
5 f a

Copper
10 n .8 Cerium
50 u w Kieselguhr

At the higher pressure (100 atm), the olefin content
of the reaction product is small and the oxygen-containing
roductg are of shorter chain length. Medium pressure
%10 atm) favors the formation of higher molecular compounds
with 2 higher proportion of olefins.

- - From one normal cubic meter of gas, 80-100 gms. of

a mixture of alcohols, esters and olefins (to about Cjg) are
obtained in a single pass operation. The product (Cf% from
the separator, condenser and active carbon adsorber Is com- -
bined and cut into fractions by distillation. The alcohol
~ content of the total product averages 50-60%. The alcohol
‘content of the benzene fraction (80-2000C) was lower than
that of the gas-oil fraction (200-3200C).

20 -



The aleohols formséd are all primary and predom-
inantly of iso-structure.. By caustic fusion of the °
EOO-EEOOC fraction, soaps can be directly prepared

Exp“r'mertg had .. baenwdisoonbinued when_the_Labnr
story wag ¢ rp etely Jestrryed by bombing. Dr.Plchne
bhe (heyt U0y ooeyge of b "y yo'ect, srprlied ‘he

: : ' vvvv v el ke
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IRON FIBCHER CATALYST.

Intr uw;,,ctm{ o

The denve s ntered iron e~talvgt 'wed by gih-~vv
oy e 4\!;1@ﬁt€¢;nw“9¢ L 2P "np‘i oot &~ o [ . o e

The tempeveture of favorable mction wag too high
to be_satisfactory_in the standard o ove ber-, hgoggw@
of the high steaw pregsure viecessury ior the control of

tempoerature; =nd 'he eatalyst ch-vrg: ¢ "he converter
was too heavy for the convevlers I+ v« (¢ wyra Yenico!
that no change of converter deagign be fvcl ded ~t the
time, S0 research wag sterted fo obirin ne Ifyon ealaly
free fr m the two objections en mo' - to It -as not
expected that & caba'yst supvzﬁor to 'he cobalt em'ats
wonld he Varoverad, bu' the ~hov'apge -7 ' all wme o
necesyg Yy %o n%t mpf to nqnqi The peoo oo gt by
takdng »dret w0V )
Tty oy

The fron catrnlyst conb-in »olce gy, el

o¥ide and votrgsium hvdroxide - -
Riomajgubr T vead ww nnppqv?

The soiuticn employed contains iron, coppar and
calcium oxide in the proportions 100:5:10.

Since the precipitation of thes calciuwm oxlde 1is
npt complete, the finlshed eatalyst has the folldwing

‘proportions: iron: copper: calcium oxlde: kieselguhr,
100:5:8:30.

. The dissolved nitrates are precipitated by adding
a golution of sodium carbonate.

Materisls.

Irop - Iron Turnings. They mubt be Free from such
metals as chromlum, molybdemim, nickel, vana-
dium, etc., and also be clean of 011 and .dirt.

Copper - Waste metal in the form of clippings of sheets,
~ wire, etc. 1s used. Copper oxide of correspond~
ing purity can be used.

Lime - Calcium carbonate, quick lime or hydrated 1lime
are egually’ good.

-TB -



r

Kieselgmine - A light, volumimeus predvet 13 best,
‘ - ™ ealeined at [7000C. '

Pobasniim B T oilda - TUHYY ¢ i b)Y pro™iek.
Hitvri- Aeid Vet v 0 J

Botubkion Vryannvr ¥ {an

The‘pregwrmtion of the solution of mixed nitrates
is carrfed ~ut ir on aclid resisfant vessel provided w'l
heating ned en Tine colle sn' w'th n off{ ~tive ti{yr-
The on pr ' tw eve iiggolverd ¥u the nitri wen'3. T¢-
rerpr § vt el fivot, th on the §v v, U
v “en f the quy
"he h"’ﬂj_" of -

Yy

2 Fe regquiving 8 HNOg
% "o reguiring 8 HEOg

[N () venn'- ' o P T Oy

The dfggnlving ¢ th copper is begun in the cold, Ag th
metal 31 solvas with stroneg evolntion of oxides of ity
gen, the tow eratuye vig-g 'high he~t of r~act' n), B
heating’ Prhe Yo v ety Te by et bawey Y the ey b
an TOne.

Wext, the dissolving of the iron is effected by
adding the turnings gradually. The rate of addition is
determined by the rate of evolution of oxides of nitrogen.
The temperature of the solution rises to about 809C., and
as the reaction slackens toward the end, is held at this
level by heating.

- The calculated amount of calcium oxide in the form
of calcium carbonate, guick lime-or hydrated lime, is then
added. This componext should in all cases be ‘finsly ‘
divided. It must be added slowly in order to avoid local
over-neutralization. :

The solution is next heated to boiling and held at
thet temperature for -several hours before cooling to room
temperature. Prepared in this way, the solution contains
1ittle free nitric acid. The solution is stable and no
deposit .forms even if it is boiled for a long time. . The -
‘content of ironm, -copper and calcium oxide is within the
‘following ranges:- :

- B3 .



-Iron - 115.0-125 g. per liter.
Copper 5.0-7.0 g. ™
Calcium oxide 11 0«13 0 g. u

To*alﬁnitrio acld is- betwoan,510~&50 gxa 9*.I£,th”
iron and lime ware free from irsoluble impwrities, the
solution can be uwwed directly. Otherwire, the solution
mugt be filtered, a A{fficult opevation becsuse 1 ihe
gelatinous cheracter of the wgua) solid wrterisl Vilberw
if used, must be of mtfrial not atiech '*d by t“v so'yt®
RETGTE W?@“ e’ 157, the vonr-rrryw U v T
Yoo Vo RO BR g poy 14 %ey

The goium ca’brpate soluticr v proyoy 4y 2 4.
solving goda agh to & concentr-
Theé wolutien 1o not filtovad,

fyverinftation and Yworegnation

Precipitation is efected by Iintrdd el g, av wulck!
e rosgible, the nitvate solution, 'eated teo OATC.  into
the he{fidng goda aeh s2sfjution whiio wtivying fntaenmivaely

The quantity of sods agh used iz such that, at the
end of the precvipitation, the pH is 6.8, determined hot
with indicator strips ?Folienkolorimet@r) If necessavy,
either nitrate solutior of seda-ash solution 1s added to
produce the desired pH. Total time of precipitution must
not exceed five minutes. ‘ :

The contents of the vesselate then stirred.for half
a minute; evolution of carbon dioxids is over in this time.
Then the calculated amount of kiegelguhr is stirred into
the mixture. ,

-+ For the purposa of- separating rapidly the mother
liquer from the catalyst, the suspension is filtered by

using pumps of large capacity. Wsshing with hot condensate
(70-80 C), is continued until the cake will yield z fin-
ished catalyst contalning 0.4-0.8% of sodium nitrate,
bagsed on the iron content. More complete washing is
unnecesgary and in fact-lowers the desired content of cal-
cium oxide. In general s 200-220 oin.m. of wash water per
ton u?.;{ iron in the cake is sufficient to give the desgired
result.

. -.3& )



Impregnation follows thé washing. Potassium hydro-
gide is used to gilve the desired content of alkall.
Repeated experiments proved that impregnation in the
flgter'by pumping throvgh the cake a potassium hydroxid-
solutton of the rynper concentrehi n; doee nt efive &
U form protuct,  "he reagon g tho ettt ereche
' Y e i gy tae thip “(""V:\'""n

To obtair n satisfactory impregnation, it is there
fore_pecessary to paste the cake and to add the c: stic
to th's mars. The qusantitv of potsssium hydroxide .- s-
geged tha' the filter cake (mrist) cont-ing %.0-%3.54% of
potassivm hydro-id~, b~sed on the ir~n. This result is in
general reached 4f the eolntion us d in the suspending har
a concentration of 6. g. KOH rer liter, MNfter impregns
tion, th ca'elys! L agn'n pnt 1» the ivon filter press.
The ca% ol' "ned Ia va dyt a o 11797, » 2 ubreguen®’

ﬂ‘\v\"ﬂi‘ ¥

Neduetion.

Reduction with hydrogen or with = mixture of hydrog-
and nitrogen follow~ at a tempevature of %00°C (msximum).
Higher temperatvres cause over reduction and an inactive
catrlyst. Time for reduction is usually 30 minutes after
the temperature is reached. This statement mpplies when

and Np are used in the proportion of 321. Times are
mch shorter wheh hydrogen only is used.

Reduction is most satisfactory when the mass is dis-
posed in layers of 25 cm. depth and when the gas flow is
high (about 8000 cu.m. per hour per square meter of’ cross
section). A content of more than 5-8% of iron (metallic)
in the finished reduced catalyst must be avolded. Metallic
iron is determined by the use of mercuric chloride by the
normal procedure. Higher contents of iron give an inactive
catalyst. Further, the iron soluble “in 2% solutlion of
acetic acid shall be 60-70% of the total iron. This deter-
mination is made by bolling the reduced catalyst for about
two hours with reflux, using a protective inert gas.

After reduction, the catalyst is treated in the usual
manner with nitrogen tcold) and then saturated with carbon
dioxide. Contrary to the behavior of cobalt catalysts, much



neat 1z liberated when the iron catalyst is saturated
withvcarbon dioxide. +he saturation mst, therafors,
he conducted slowly. v

MR AN TR TN CATATYRT AND FROaRan

Inkroduction-

Tee.m-thenlz ti~n.of .erke=-o en gas |

¥ ‘ vy’ e nf cox' opn 0k met! -

1) Co s ®g - CHy ¢ HeO

o) g s 4 Bp =~ 'Hg o P Mg O

Vol 'me ~ontraction is cops!Aeratle Ju- t- thr water
formation and ¢ ndevsgbior. T e ha yat o ot Inn cirbo
magneatum owide and T Tt ‘ o C o

Catalygt Freveration

For the prepa gtion of 1 kg of nickel ‘ontatning
catalyst, 24 liters of -~ solution of nitratea contatinine
42.0 g/1. of nickel and 6.7 g/l. of magnesing oxide apd
40 1liters of a solution of sodium carbonate (RO.0 g/1) orve
separately heated to boiling. The hot soda solutlon 1is
added slowly to the nitrate solutfon with efficient stir-
ring (centrifugal stircer). When preclpitation 1s complete,
0.5 kg. of kieselguhr is added and mixed well by stirring.

The hot mixture is then filtered rapldly in a fllter
press and washed with 120 11ters of hot water.

The molst filter cake is shaped in an extruder and
dried on a belt heated by an open flame. The catalyst is
next brought to proper size (3+5 mm) in a speclal mill
(Kornmiihle) and a vibrator. This preparatlion is shown in
Figure IX. ' . =

The granular mass (calledwﬁrﬂnkorn) is Feduced for
one hour at 350°C. with a mixture of hydrogen and nitrogen
(3:1) at a space velocity of 6000-8000 (calculated at
operating conditiong). The reduced catalyst is swept by
the stream of hydrogen and nitrogen until the temperature
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has fallen below. 1000C,. then 1is purged with nitrogen
and saturated with carbca dioxide. The catalyst should

now contain 60% of metallte nickel haned on total‘niékv"

\

Fvancag Operatﬁoﬂ

The §1ow scheme ‘ov thie process i shown in
Fig. X. Yhe rreheated gas is introduced into the decon-
posing vessel (kept at 425-4500C) , where the organic su'f
compouny are decomposed; -and-the-oxideg-of-nitrogen re-
duced. Bfter cooling. the decomprsition products (BeS,
NHg, etc) arc removed by lnxmasse and activated carbon.
The puvified ga« pasres to the synthesis reasctor where t
carbon monovide, the rarbon dioxide snd the heavy hydvo
carbong ave comverted to methane at 160-2300C. It is
fmpor ta t that the or-ration be atarted at as low a temy
oratwre as possible. During the process, the temperatv
migt be conirolled t within 1-2°C. Tncrease of temp-
eratnre is nde only ' cowpensate for ‘ecrease in act'
vity of the ca'rlyst. The —a'er forwed contains s me
ammonia P I A

Ny |

YVl e e wepevatary hagond Fhe oon

The decomporser is a cylindrical vessel (heated:
externa11%%; the converter, a well-congtructed tubular
boiler. o catalyst f1lls the tubes (20-28 mm diameter).
the cooling water being around the tubes. Control of the
prezsuie of the generated steam provides good temperature
control.
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OXIDATION OF PARAFFIN WAX
WITH NITROGEN OXIDES.

Ao

The oxldatlio: of pac (iin ay @ = carried out |
with ‘ha tnt~ntion of pood Tog oeh myteclar welght

fatty ~ol's, IR CREA ST AR L it e Fle chaln
Tengkh of the hyo ot cas snltoweye b oserve
19 v'bgtitute for ot o e ey (tev further procesn
v B AL A A A ! Tre oy B cwn ' WY vyl o
The ynw maloy At ow AT I T L B AR 48 ~afin~!
or vprefine’, whi " | A w1 ene w{th

an  intttal hofli o potebt 0 s723 0 wiho lage than
10% ower at 4700 The aro ngn~ maincalar @ tght 's 600,
corresronding to an avirag  haon 1 oackh of 40 98 anypk oon

atons. e an'satfytonr po‘ Coie o oab b ')(_’(‘v an' t o

mel Eing p ot hoat 10 Lo wmy o tveat 4§y oan
enamelled 'on et la with nt eyl iarte no'd at
120 V85", Ny fadam ~f nidy ¢ Lyt 4ot N();‘E})’ A7 AW
from the nmm nt- nvidntinsn piant) ave “ubblaed ‘hyourh v
wa" while 1t i« R NIT I Iy i oAl e vne f'ow 19

1
R85 ~u,m. pey houy A A g o way, U0 ke
of nitr syl anlf vic B R S B ERRTE R ‘The
nitrogyl enlf o viec -ofd fo dn oy « bt ing concentrotaed
gulfurie acid wity the gro fyom Ve nm nia axidatzer. The
oxldation time depenis upon tha acidity deslred, but is
usually 10-12 hours.. The scid number is Ghen 70-75, and
the saponification nusber 87-£5. fne oxldation 1s on the
average, 50%, 2t these values. Hiirring 1s discontinued;
the greater part of the acid s«itics 13 withdravn and re-
used. The product is withdrawn to - washing vessel and
washed with bolllng water with az 1ittle agitation as
possible, until the water 1s frec from sulfates. The dried
product, at this stage, 1is called 0P3, and 13 suitable
directly for use in a number of ways. The material is
nearly white and is very hard. The solidifylng point 1s
800 and the clear melting pdint aboul g00C.

\ The paraffin wax is separated from the aclds by treat-
ing melted OP3 in a kneading machine with concentrated. -
caustic potash 30% minimum% or caustic soda, beilng sure to
use at least 50% excess of caustic. The kneading machine
must be provided with a means for heating.for the tempera-
ture is meintained at 100°, until all water has been evapo-
rated. The mass is cooled while kneadirgto effect a
disintegration. ' :
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The mass is discharged and broken up in any de-
gired machine. Extraction of the paraffin wax is then
offected in an extractor, the best solvent being a gaso-
line fraction from the Fischer-Tropsch plant (b.p.80- -
100 ¢). Th- extractsd W X 1g racharged to the process:
The soap. '~ treated with dilute su'furic acid, washed
A Ay fed A almpttft-A f1awahaet {n attachad =g V{e.‘('

The finished wax is designated as OP 3. It is =
yollow to brows hard_~sterial. solidifying at 800C, 8¢
melting (clenr' naf 92 100°C. ° id rumber 's 145-150.
Baponiqi R I AN . Voo [ LA BN B ¥y

newy Yy 1)

IR TR A BT ywombeay ¥

If deglved, OP 3% cwn be blearhe’ with pitr syl
gulfuric se 7 a d ni'ric- ~fde 7emy v V71 arghly wih
w\«'ﬂ\""! g [T T y-""ﬂ 'Y" o ]
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METHANE ACTIVATION.

A Woumanian by the name of Slatineanu worked forv
two years at Ruhrchemie, Sterkrade~“0§t9n, on the act)
vatiern ~f methane at high pressure. He claimed to be
able to combine methane and water to produce nlcohols,
as well as to prodnce ammonia and fatty acids from =wn’

a5 and nitrogen. The catalyst tried wa~ the usual

{seher-Trop~ch Tobatt catalys*-preveve’ t-Tterkre

~pargting at 5-807°C and ghon' 1RO atm o Ho e €
-Vt g wars sver ohtained

After heing rolessed by Ruhrchemie, Slatinesnu
ma~ employed by the Concordia Company, Oberhausen. Hers
he duplirated the egripwent uwed at Ruhrchemie, bnt st
sbtained no positiv re-ults, ¥ el lwed t'at be wes

une'le ‘o reproi’ v JRE Y T O e I B AT TR
oy hiam foatluyre

Dr. Rexater of the Concordia Covpn y w! ) ¥ve
det 11s cn the s tject, bt t'ey saem o '

LS Yy vtov oL N
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reneT TERTING AND UTILIZAT™™
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My .H.L.Wesat, pypheh, WMiniebry af Tuel napd ¥ ower .
Mejor L.Rosenfeld, British, " “ * 7 "

4. i .Hegoman and by .Bcliaub woie intersopgeated at
sterkrade-jjolton on Auguot 23.d4,1945 by:

§.F.Faragher, U.8., Petroleum Admigiatrahiun Lor Woa .
W.AHorne ,Junre, . " woon

2, Ruhrchemie ‘4.G., Fischer Tropsch Products.
pr.Velde - July 8th,1945.

Jotor Gasolines boiling up to 150-160°C. (302-320°F%)
were shipped by Ruhrchemie to the Zentralburo as blending agents.
The only specification was for Reid Vapour Pressure which wes:

> -
summer 0.55 Kg/cm§~ max. (7.8 lb/sq.inch)
winter 0.80 Kg/cm w (ll°§ v )
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Ouxane#numbars:(c.FaR.mReseatch) for atmoaphéric pressure products
wepgyépg61@apdwfomﬁloaatm.vpresaurem roducts. about 45-50. . The

o

litderiproducts had lower Orters Nuiibers dus to their lower olefine
SombIbAL, ot T e tmmaniuel e e
'\*‘v\w‘l‘: L — ’ ‘ "”q‘.; way e m:v:"‘;l;":“:m; ne
(25 1 IV
pero Diesel 03'  Normal Diesel 0il
for Junkers (known as Spe~tiy
Treiness »traek-0fl-N
sp’ @ar. - »7““ ~ ().7" '
pour Point, °F 4y -4
gotane Number To 80+
viscogity -t ~n. 1.06 centi- Vol cenkd
20.C. (68°F ) R a{gkea.
Flesh Polnt "77C.(98.6,F. )" -
Rod1ing-Range 170-230.C- 180-270 ¢
(VIR 4267c ) (356-518 -
Production tonnes/month T 100 45

+was stated that the cetane numbere of diesel oil fractior-
$ho-eame-boiling range from etmospheric pressure an? med§ v
ppesanre . (10 atm:) syntheeia are almost identiesl.

Jaxes, Two grades'were produced for indugtrial uae
napatated«bysvacuumndistiIlation at atmospheric pressures

4 .
() Melting Point 50-52°C. (122-125.6°F.) - Acid Free,
Colour - White.

(p) v v 90-92%C. (194-197.6°F.) - Acid Free,
) _ Colour - Light Yellow.

o« Rubirchemie-AeG.

Engine Test Laboraf:rz at_Ndttlar.

» on the occasion of the first visit to Nuttlar, Dr.Schaub,
who:was-in charge-of the:engine test laboratory et Sterkrade-Holten
end;who:had been:evacuated- to Ndttlar, was not located and the
Nﬁttlagﬁlabo;atoryﬁwaSnexamined in ‘his sbeences It was & smell
.wupdﬁnghutﬁin&which&waaEinstalled e 4-cylinder automoblile engine
shich wae:in:running order for lubricating oil teste and a Four Bell
Téating machinds. No:other equipment was inetalled but a number
[ %craﬁhgﬁcontaininsgvariousfengine components were locateds NoO
documents-ofiany:valueswere located in the laboratorye A visit to
Schaub?i:house, . howsver, revealed & number of reports end documents



dealing with fuels and lubricents, and these weré rembyed, Y
complote 1ist of these Jocuments, with titles given. i Brglish,
wnd Movman 4o reproduce ~An- fppendig ..ol ( ~‘ B " ;l"ur«:!-‘;i)
In the second vieit to Nuttlar it was learnod
that it wes in‘ended to iwatell most of the twat engines
ayncuated ‘yom Rubr~hewiq at Storkrse 'o-Holten in « slate qu‘akr&
at N#ttlar but this wes not wctually dome “acanse of the opeed
of the gllied advence on the Wester ¥ront and the engines w-~v-
RRYEE CkvrUed bo “tarky 9w Holtyo. e85 bavb ves-loen' "’

o~ e e . . [PV R |

1. Tntervegation of DroSchanb yuly "lst,1945.

Dr.Schaub wee in charge of the engine test
labevatory ~t Stérkrade-Holten, hrving b-en engagod 1?1'193\8{01
the axpre - vurpose of developing evg'ne testing of Ruhrchemig’
produc!s, rorn on April 22ad,1911. he obtained his Doctor®s
dogree - the Tochniacbe Horhechule, Berlin, having wprkes om
the 30ld ot~ ting of Aiecol eondines, using. for, example, i
geeo 'ine. Previous *o being emrloyed by Ruhtchemia, he had.
Vo cecmsd s engine boabing by naimiar-Rene. ;;

Dr.Sehanb cleimed that ha had never been a Paﬂ’:?
Member snd proved very co-operative. However, throughout the
interrogation he complained of not being eble to refer to his
reports and documents which had been remved by the previous®™
team. From memory, 8chaub gave the following details of the
leboratory of which he was the leader. ’ :

Bquipment. The equipment of the engine
leboratory at Sterkrade-Holten congisted of 12 test engines,
- a8 followsg=- : '

1.G. Pruf Motors for gesoline testing.
C.F.R- engine. : ‘ : o o
supercuarged 500 cc. 4-stroke N.SoU. ( NECKARSULM) engine.
N.S.U. engines (not supercharged).
Triumph 2-stroke engines (similar to.the Puch
_ but with a different cranksheft). |
2 4-cylinder Opel and Daimler-Benz engines. .
1 Heli.Ae (Deutz) diesel enging for cetans ratings.
1 F.K.F. Stuttgart diesel engine fof fuel ‘testing.
(developed by Kamm of Stuttgart but not
considered by Schaub to be very good).
1 Four-ball machine. ' T
1 Almen machine.

-

2
1
1
2
2
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1 Z.F. (Zahnradfabrik - Friedrichshafen) goar test
mechine (bombed).

1 large cold chember 5 x 9 metres (no ohaosis
dynamomatar).{

1 owell cold chamber for ongine testing, wi*h oxterns’
Breke. --This-ueed o Liudo plant for oooling -

end a temp-rature ~f =40%, “oul* bo obt-iuec
ey ﬂm&‘l cold ~hroambhar wannlead \vv Avy tve v yon:

il teooto.

\

Personnel. Tho totel staff in the laborato
5f WOWFBWoWIo Wag avout ?63; V¥ - T¥amn Bﬁfﬁﬁ'ﬂﬁﬁ'sﬁqﬁf chenie’
larvy staf? was due, im part, to tho faot thet the Ruhr he-y
A8 hw Fl uh ¥ Tropach paten’s g d lioo" eed thor pr-

vt e engagaed Yo R AR I
operation.

(a) noeral, It bed hoen laarned provinna‘
that Dr JHdgomann, one o% the direct~ve of Ruhrchomie, hed heen

intimately concorned with tho OKH. Qveetloned on this, Rehaub
stateod that Hag was tho leader of a group of the OKH whioh
doalt with fuele; lubricamts and rubboer. Bocaune of thig
connection, the Ruhrohomie engine test laboratory was one of the
mein places for ongine testing fort he OKH, other places being thre
Erprobungsstelle, Rechlin and the Army Teet Station at Kummered -’
the latter bolng the chief place for testing vehioles, having -
large cold chamber, Noarly all the ongine test facilities,
exoept tho supercharged engi.m y Wore uaed for vork on -lubricants
~and fuele for the OKHo

Sohaub claimed that he did not have any
detailed knowledge of the ochenges in quelity of Army products ana
suggeotod that Tramm would bo better izformed.

v (b) ols and Fuel Testing. The I.C. and C.F.R.
ongines were used to te%% Ruhrchemie gasolines, Queationed on the
change made during the war in the method of teet, namely from the
Rosearch Method to the Motor Method, Schaub considered that the
reagon for the original adoption of tho Research Method wae due to a
certain amount of influence”or pressurs by the Benzol Vorband, and
it was eventually found, by correlation tesis,that the Motor Method
under-rated benzol blends loes them the Research Method over-rated
thom. -~ The ALr Ministry hed always ueed tho Motor Method and its
mdoptﬁ,un by thomy ellowod greater uniformity.

Alcohol blends wore otatod to have been mainly
used for ‘elvilian purposes and not 'to eny great extent by the Army.

..;’3'4.‘



jertain tanke with Maybach engines aid réduire‘n‘speoial fuel of
18 0.N. C.F.R.M.M. ag against tho more usual qupplies of 72 O.He

gohanb claimed to have developed o small supor-
~harged, fue' tea' ongine baged on * 500 oc- § strolte WMotoy
ryole enaine (#9s N.8.UL) which wes ~lleged to oovrelate well
sith the B.U 4. » ¢'ne nftay Inittol difficult'es ~ith the rigton

qd boa inyr Aue o the dncremss’ - mpo aturer end loals. oth ¥
BUAUN e VYaprt o and vy ocalatadl v P nTr,ero the T.0. andt

(A N v gl b ow fon nve ne d maln‘v g

T YUy Y o I TP A o

A overy mr'l avwnnnt af vk had bnen cayr'ed out
nn agp credom o beoiata ad Wy o 'y e cht 88w v o nld ruote 7
g o0y vy o . e ‘ e R R

f o

LS),LEEriigtéﬁﬂ oilg. I the eurly part of '“
the Arwmy hel frie? to use the same oiles ~ummey aut wintev
(minhei'eWl’ b th foy englnes an' genre, hut thig had to he
dropped due to avpevience on the Nu~~ian front end summer an’
winter quali'ies were {ntvoduced. gchanb wamy however, of the
opinion that the aviginal progremme could haye been carried
through. On the Russlen front a system of fusl dilution hed be'n
developed for cold gtarting, ueing either Kerosend or gasoline,
the latter being preferrea. There was, however, no definite
progremme.  Tremm developed an air bubble viscometer and every
driver was supposed to measure the viscosity of his oil amnd dilute
with fuel eccordingly. This was not puccessful and was guperseded
by instructions, with tables, which gave the quentity of fuel to
be added (% by vol. of gasoline) for a glven outside temperature.
Questioned on synthetic lubricating oils, Schaub
explained that the various synthetic aviation oile produced by
Ruhrohemie had bedn given code numbsrs of 58.2000 to §8.2010. All"
of these oils had viscosities of mbout 3% at 100%C. and 10 to 12° E
at 50°C. With increasing code number the Pole Helght had decreased
grom 1.8 t0 1.5. Schaub mentioned that ell the Ruhrchemie
synthetic oils jncreased in viscosity in use = much more so than
mineral oils = dus to further polymerisationl Thies he gave a6 the
‘reason for mixing mineral oils with the synthetlc products in, for
instence, the aviation oil 83. ~ He also claimed that the latest
Ruhrchemis production was guperior to eny other synthetic_nilafggg_
guperior to natural produdte, having overcome the disadvantage of
increesed viecosity in -use.- It wee presumably for producing thie
product that the plant at f11lingen was intended. Schaub also
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nentionsd that ho folt that if they had had the influence of the
T.G. they could have been able to get -into production much more
easily than had been thg/paaq.;ot' R S

‘questionsd on the use of gynthetic oils by the Arw
Gohaub stated thet no TuG+ synthetics-were used.for this purposes
Ruhrchomie production did, howeyer, find a use in this field.
Deurag, Rheuania end D-A.P.Gs blonded eynthetic 0ile with neture'
oilg &d poesibly used Oppanol (a V.T- improver) to give the Fo'
Hetght of 1.8 required by the Army. 8chaub did not, however,
Pawour_the uge_of Oppenol because its officacy disappeared with
uge due to “epolvme'isation: flo had Ko~ rd by Wourpay thwt
Opranol was uged in gear o'leg mo’'® drta on this 8 bi b
be obtgin-d fr-mw Dr Tr-wm. Beha b bed ne bw et o
Ly teend e atVa mpdd hy the Avwy.

(d) pngine Tests for Lubricating Oils. Srheu’
knew of the Intave DKW 2-stroke ring stic tegt but he 4id
see hpu en ongine opevetine with petrodl lubrieation could o
expe~ted to corvelate with the BMW 132 eingle cylinder test
with full ecale engines. Of the engive testr- developed by
Ruhrchemis other than the N.8.". fu-l “agtin- un t mevtiove pbtov
eahavh i-gtanc-d ‘he ‘ollowine wavk T SRR
" nd freaph v hie momonvv.

(+) priumph Motorcycle Englne.

This engine is a two-cylinder side-by-eide two -stroke
engine with a commo ombustion chember, similar to the “Puch”
engine but with a mo "¥ication in the arrangement of the crankshaft.
The menufacturers claimed thet thie ongine needed a special
lubricant due to piston seizure or gcuffing in the arduous use in
Army motor cycles, In the test set-up the engine was run with
reduced cooling air so that it overheated and gave selzure or
scuffing efter ebout 10-15 mins. Instead of using the normal
lubricetion system, the oil was fed directly by em edjustable supply
to the cylinder, the comnecting rod roller bearing being lubricated
by excesee By introducing the oil near the top of the piston at
bottom contre, end by careful regulation of the feed, it wae claimed
that reproducible rosults could be obtained in a short time. '
Using this method Schaub claimed that ho was able to prove that
' Ruhrehemie synthetic oils were the best of a series of about 6 oils
circulated, under code numbers, for tost. These same oile were
elso subjected to road tests in motor cycles fitted with the
rriumph engine, the route including some steep hill climbing in
Alpine country. 1t was found that the laboratory teat agroed

_with the road tests. . ' S
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(§1) 1In order to evaluate oils for their ability to
lubricate and reduce wear in engines Schaub had
jeveloped a ring wear test using the 500 cc. N.5.U. engine. This
teat, which enabled resultse to be obtained in 9 to 10-hours was
snrried out end assessed by'the loss in weight of the piston ring
3om~ bvoubls had slso bebn experienc~d dve to sludee centrifuging

ant in the crewkpin sed "lo~kine the oil channeln. In ordrr bt~
ny veoue tic Aiffieulty on the test erginas apd rt the =asre ti-
tn provide a moe @ of ea'dmating tha p rponattl-g of the o'l to
tar natlt siudse n special provision w'e made One of the web~
sf the ~rank was drilled and screw=1 on the 0il inlat aide and
P57 7% F TYRE Prve poroapw romtetane Fhie heolt pot 3 pa a teot
SRR U AL by e yrya a0 uWeiygn, ~vad ag
! ! g b o by 1‘[}’\1'“4. Tt v
U S - (o NN
pocunente. Grh b takad thot tlte ovigincle of
nast P hae dn wranfa gajred fyam  sa bonas by the prev'iow prrty
foe found ab n alki chea ne o Tad kot oaikh thar Rubhre ¢of
nhn e e ted fran adtan, 1t mn ‘lar 4 thet th o ne

' camipet bopye 30 A in eatt gbtora o and o that !

i R IPE N B N T [ v [ 7 1ten

Interr gatice
" )

of - L e G R TR S O SR PAEPAE L B
k
. )

5t

ftm thie necagion Hagomann s Schaub weve
vaquaptad Lo propeve e vapart on the wartime sctivities of the
ouhrchemie enpine laboratories. A trenslation of thise report
ig reproduced in Appendix 2, end includes references to the reports
iisted in Appendix I. It reveals that a considerable emount of
work .as carried out on behalf of the Heereswaffenamt (HWA) in the
squhrchemie Engine Laborutories and that Schaub and Hagemsnn are
very knowledgeable concerning the work. On.the other hand when
deteiled guestionnaires on fuels end lubricants were handed to: them
with a request that they should prepare detailed answers, they
were unco-operative end gave answers which were 80 brief ae to be
practically valueless or else disclaimed all knowledge. It is
clear that Scheub and Hagemann must be interrogated further on
this subjject. The questionnaires and answers thereto &re,
however, included in thie report as Appendix 3, for the sake of
completensss. '
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12,

13.

"14,

EP!
i

Plol.

Plo2.

P103.

P104.

P105e

P106.

P10Te

. aARRENDIX I
DOCUMENTS EVACUATED .FROM

THR RESIIRNCE OF

PR, SCHAUB OF BUHRCHEMTW A~

w At rrren
RUHR-BENZIN REPORTS

Ruhrbenzin results a propos the Co-operatt-
Teste tw tha H.W.A Test Engine (Diecan')

\
report on Tests to clerify discrepanci s iv
petans No, petermination of Rubrbenrin fus’

Suppl-ment to 'he Reporti Prsitlon “f 177
toate with AP “a (]qqnqiiolﬁ I!oaoo\

Interim report on the tests to date w 'h ¢

Taat Mngine from the F.K.F.§tuttg vt ANTPN
pregrens rerort No.?. Lubrir 'tre ! e
on the ’\pO" 1.3 1ty . pngine T |

Report on test with mixturee of 1liquefied
Ges (Gesol) and Gasoline. Sehaub

Progress report No.3. The importaﬁce of
Engine conditions in the testing of

L.ubri.cat_ing'Oila° . Schaub
An Apparstus for meesuring fm vepour lock Velde

of Gasoline. . Schaub
Supercharged tests with the NGU 501,0SL Engine. Schaub

‘comparison of S§ oil with other Diesel Oils ‘
with respect to Nozzle Gokinge ' Bchaub

Testa with fuels of different deneity. Schaub

" he Development of an Engine Test Method for

Aero Engine 0ils in the N&U 501.05L Engine. Schaub

Thé Teating of some‘Awiation oilse in the
NSU Aviation 0il Test Engine. Schaub

. 4a- '
Testing synthetic Avietion Oils of Low Pole

© Height. ' Schaub
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19, 1.40.

20. 6.40'

5. 9.40.

. 5.10.404

- 9.120400 .

14.12.40.
20.12.40.



22

236

24‘

| 25.

26.

27,

28,

29.

REPON
NQ o

y VD

[0 0 I

yiv

Pll4.

P16,

P1l5.

P117.

pli8.

P119.

P12Q.

RUHR-BENZIN REPORTS
(continued) ™

]

TETLE. AUTHORTS' 8T
SECRET Report n Enoine Te~ting e
rhamio gynthetto fey o Waetne Of e Bahonkh NV 4
Bvaluation of Fueln f~r Vepsmv Taek §chau®
tvouhlee vy ew angivca Yolde 9 e

Report o~ the Eng'no ‘esting of th
eynthotie gviation 031 ¥1860 (Jepono. ) Cohauk 'F T N

The Deve'opwet “f en Eng'une Test f 1 Yty

yfeating cila 1o v lation te Fi-ko ! fehart "

SECRET. P eport on Engine Test~ -
Sywtheﬂn I\vinﬁ'Jnn o1 V-‘RRO- Arhevh 7 7 W

Tea‘ing ve ious Wovhrmecht Standar? Oils
(ay Piatan ratauve inm the Priumph Rngldn- ootiny? '

Compar ison of Supercharge Testa in the
NSU Engine of Ruhrbenzin end the BMW 132
Engine of the Tec.Prufetand, Oppau. Schaub 6. 9.41.

Extract from a'report on Tests with Gear
0ils by the Rheinmetell-Borsig A.G. schaub 30.10.41.

Engine Toste of the Aviation’ Oil K.1929. Sohaub T L.42.
Influence of Viscosity and various add-

jtives on the behaviour of pynthetic Oils .

in Engine Tests in relation to Piston sdamwesSehaub 12. 1.42.

pevelopment of a Teut for Engine 0ils -
relative to Piston Seizure. . Schamb 15. 1l.42.

resting 4 mngine &Lia for Piston Geisure. Schaub 29. 1.42.

' gase of Ignition of R.C.H.Cetane. Schaub 30. 3.42.

SECRET. Oil Testing in a NSU Engine. o Schaub 25. 442,

pilution of Enéirie 0ils for Winter

Operation. Schaub 22. 5.42.
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p126. Influence of vigeoolty on 0Ll.Conaumption.

p12]. On the lubrication offect of thia Bugine Oile
- (winter 0ils). : ,
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Q}Z‘% Aviation 0il 1979 from the Main Leboratory.

P130. 'The Effect of pddition of Oppanol on the
_behaviour of Engine 0il.
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Ynveokigation of Engine 011 3698
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jmock measurement of gynthesis-Benzin
dependent on the Ignition systom.

on the pumping behaviour of lubridants at

low temperatures. -

Cranking Test with Rumgnian Oil.

Testing en Aero Engime Lubricant 851060 for
_Piston seizure,

The foeming of Lubricating Oils.

Tosting the Aviatdon 0il eemple K2015 of

wiolaj".

Starting I«G.Engines at low tamperaturea 2,

Triermin Report.

Tosting Geer Oils for heat etability.

Prellmlﬁary Tests with the 4 Ball npparatua.
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" RUMRCHEMIR REPORTS.

{ continued)
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88.Heft 3l.Mossung dor Klopffestigkeit an Otte Motoren. Selmtz. voyo

"y we¢t 33 .Untorouchung dor Klepfgerfiusche vor Ottamrt - Schoidt
it gloktroakuatiomhen Mecogerfton. e RN

*r w-ft 31.pi¢ mochenischen Verlwgto des oéhnol‘ auf ="
Diesolmc ;org und dhve Rrmittlung mit dom

Sohleppvercueh, 7 1men. A\ LA
Il Heft €2 v@r&loicmdo Untay cnehwngen am Tagev ertalgn Hedidobroo¥
worksotoffaon. & NDoving. 1941

92.8eft 53.Dad Au’faﬁrﬁxen dos Kraftetoffes im Diceolmotoy. Blume. 1941
_zundversugemeosung mittels Photozellen in

verechiedonen Walleng_abﬁen. ~ Stallechner.
93.Heft 54.Nachweis dor scMS.erfilmdurchbroehmg durch °

Messen. des oloktrischen @bergangwiederstendes

Meehon Eolbenring und &undor. Poppinga. 1941

94.Ho£t 55.Kraftstof£ wnd Hotor beim Anlassenm von Pahrseug- Hixmann, 1941
Dieseolmotoren. 8chanb & Ooxrad.

95.Ho?t 57.Kraftstoffaufbereiiung durch dio Binspritzdice. Oschatso 1941

96.Heft 59.Das Schmiermittel im Zshmradgotriebe unter : -
» bnsondm-er Berucksichtingung der Grensreibung.  Pistech, = 1941

97.Heft 60.Der Betrieb gemioch-eoepnltor Mei.ta.ktmotoron

pit Fl@esiggas. L . Seimidt. 1941
98. oft 61.Dor Spulvorgang auf Grund einer neuen . Bchlts-Grunow

Mfanung deor Expmionutr&ms. : & VoiM. 1941
99.Heft 62.Anﬂadeborgans von Vi.ertaktdieaelmachinw L

der spalvorgang. - Riedol. 1941
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-Unteréuchung der Schmlerfahlgkelt von -

DEUTSCT ﬂRATTFAHR” PCRACHUNG

Toosundvercug uad jevCLtun des . Tulbet Trast o

Zundverzugsnessun;en an Dlesel-un o
Ottokraftstotfen. R

Binflvuss deor I,‘!ft‘)yg\,.<9(-,r.”,g ot 24

austtldung des o v 0 L

Ay iyt alt commoy |

REEURTS BY THE JREJ BUNGSHIALT ©

Verahyor zur Cetans ' o

Dle oo N e
Gehefn. Verbalter v dlaola oo
[T TR B AR Vg V
T T 2 N T RPN
nt ol ! !

Sehrier™1fc.derun~ fm "Moetor bei '1len
It obho gbtandfgen i'ugm tovenflan ., L AYES KB

. i
Jetarzabhlbectinmung von "iacelkrafter (6o
b TaMeh ot b apgaleay n ok Dy Menmann ) RIRSR ! !

REPORTS BY IHE PIlYSIKALISCH-TECHNISCHEN REICHSANSTALT.

Bntwicxklung und Prufung eines

KBlteviskosimeters. »illenberg. 1944
DVL REPORTS.

VorschlHge fur die BeschluSSfassung, thillipovich.15.5.4:.

Aussprache uber hraftstoffprobleme der
Luftfahrt, 17.6.41.

REPORTS FRO.! TECHNISCHE HOCHSCHULE.

{raffstoffbewertUng hinsichtlich Hager &
Damprblasenstrung (Dresden) ' v.Eberan. 30.3.44.

rﬂ’Gemlschblldung im Otto-Motor beim Anlassen,Werminghoff,

Kraftstoff-Denpfspannung und Anlass- v.Schieszl
verfahren bel Tieftsmperaturen (Dresden) -& Hande. 1.12.43

Versuche zur Bestimmung cbr Bruckbestandib-

keit von Schmiertlen (Doktor-Arbelt Berlln) de Jong -

X,

Oelen- (Munche _ meegee- Kedmerstiev 1944
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REPORTS FROM TECHNISCHE HOOHSCHULE

(continued)
114, - Zahnradversuche bei Oelsumpftempera+uven
ron 150%, (Stuttgart) . Welllog-,5,8,4
Uﬂberswchungew zur BobwirtYong der E nat
Selbetzundung batrivie im gewigeh
ey Ay ah b rnyA Ay Y1 ' [ERRT [N "V),

lartuche uber die Hitwebectdndigkelt der
i~ tehagohuloernittel vpber Glpbeslchwme
N onnee AN dali’
Ty o I‘Y'S nv 4)’[‘1;()'? (uy:wnﬂ()l/{f‘l /wmpﬁ TH"Q“
pryrs uno e CfL,
Uﬂn‘u’h(:“]w‘?v% K ot ia)
. N \ ' T

WMt icklnng vn Urrancheainrieoht
und Verfahven z ' Ir stlus ung dee

Vel b araybhial boaee . by Vsy 1Yy Vo "(41
et vt reuchung 7o P Ezebaabia gt

woapy Yty Vo bian) Oy by Yot nw . ‘R.q_di
120.VR542a . Hochdruck ®le (liypeidnla fur foch- Richter,

belastete Antriebe). ' Paul & Urlasal4,3.44

Lo AVa
12l, 10, Prufung von FlugwoturBlen 1n bDRJ-Motor. ienzel, 20,38.4l.

12z, 30. Auswertung der Versuche im BM./-Olpraf-
notor hinsichtlich Blkohlebildung. Wenzel., 30,9.43

RHENANIA - 0354G

1£3 -  Pumpapparatur’ zur Kennzelchnung des K#lte- -
verhaltens von ilotoren-und GetriebeBlen. Rossip. 20.4.44

124 3 Untersuchung von Getriebeblen auf Pump-  Zogbaum
f#higkeit in der Ki#lte. ' : & Deberitz -1.7.42

125 5 Umpumpversuche in der KMlte (Getrieb8l Hofimann,25,9.42
* der Wehrmuacht-Winter), . v , :
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RIGNANIA - 0SSAG

(continued)
Loy 7 Vorversucne for Pumpfahighelt von Zogbaum
Getrlebevlen in der KHlte. v Yeberitz 302,43
' PrMfury on ‘etriebeolen d-r ehr 7,9 b ve ' v

chik OR and FuampfARhigle~te in Ader vl oA

| Bichung der .hpHnd-rten Fumpapp3r ' = Zogbaum
und_aolagupny ~iver KH1 epumpfRb e %
b d Tayye 7;;‘\'3;'-:' TR
crffung der els pichtl nur™ek- 7o
a talltan /.;etrieb96| oy fentoy o a0t %
woanf H"L““"‘Qk""lt}. Do SRR

Py 0t 10 r tuagapp ratu alts '
: e v P B B R R SR RAN A

I.G,F/RBEN, OPiaU-

' Der T,V.LrUidl sel zur Vessuung
v Lt Mt tetetr gen Ty o fhaboffen Yoo

intshehung und Yer v timpgamieeal e
TJordauechamonbtore Y FAR L AN

155, - Dravings frow I,G.Oppau Rept.o.487. - -
lud. - i i il " 1 " 542, = N
150, =~ n n 1 " " noo518, - -

156,474, Geheln sin Beltrgg zur rritfung des
xlOprGThaluenu von Fluglkraftstoffen
in lelnMOuOI Witschakowskl25.8.41.

107.489.D1e Lurcafuhrunf von Octanzahlbe-
stimmungen naech den Opoauer Verfahren. Slnger. 22.1.42.
JURKEDS(?
1538.2057. winfluss von Cchiierstofr und Xraft-
stoff auf Ruckstundsbilduyng und
feuelrlngverschlelss (im ‘Binzylindexr~

<

Diesel-lotor Jume Ob) . Sauermilch.12.5.45.
DAII&ER-BENZ. |

1%9. - Durcharehversuche mit.neuen Winter- - _

- Blen der wwehrmachtb. g .. Hohensee. 21.9+42.
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(Continued)

1 &‘w . DurChqu;lVUl thC.L\, .ll{, lleqen .dl be‘ nicn
der‘hehruucqb b i -euCg,
Centlinien THp Dngei o abveronehe o
taprheilime e ooy
1 [EASTRAR ,.:

alall. VEFL peGa
Zaltatart Varaneoye wnit ®i hei aW] co

Jdehr pgebht (bervo e
Flwn.Bon) .

waltstalt Versuche mit Eine!ts™l Je
dahrinaht (flaybooh T8 2 Y oo TR

Tadbtatarl Jersohe o't Binbeita™) d:
" R A A "llv_!v‘ :

RUNIITEL aly BOR3IG,
Ve o T et faate tabytat o '
MISCELL.IECUS REPURTS .
146, ~ Iiederschrift Uber die Sitzung des
Arbeitsausschusses "Klopfmessungen lu

1.6, - und C,.¥.R.Lotor". -

147, » Sonderausschuss zur Hormung der motorischco
_ Prtfung von Dieselkraftstoffen beim DVM.‘

146, - Binheitliches Verfahren fur Dleselkrdft~

stoffe. .. . -
143, - Heizblbeschaffenheit. -
.1500 ‘ Techhischer Bericht zdr'formung der

itlotorischen rrtifung von Dleselkraftobolfen

(xlockner‘humbolat Deutz) : -

151.. - Arbeitsvorschrift zur bestlmmung der
Pumpfahigkeit von HeizBlen. -

)

Inh. - ‘Gebrauchsanwelsung fir den ﬁathoden-Doppel-
‘ strahl-Ossillographen (Quarz- Indikator). Nisr,
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APPENDIX 2.

av“timelﬁotivitiés of the Ruhrchemie Engine Laboretories
. . at Sterkrade-Holten,

PRSN

e

TeporE by 0¥ ANRIK AEEE o 0 LUl
LEPOY 2 f

rtn-ingine Fuels

'. Xnock Rating.

ittt e e v e e e s et et ot e

yhe knock prope tles of Fischer Tropsch product
vere continuelly undar examination. The station b
port in crlle~tive work on the improvement of te
precision ‘nd repeabahility of knoak rating methods
#ith the 1.53. ud_C¢.¥.R. engines. O&pecial investigati-
nf the var ing behoviony of synthetic benzine in IL.%.
and U.F.B., engl es wes ivetituted after ‘he.engine
iathod hat ' oen adorted. This work hes not heen
coanple’ 2. It hes been ~hown, how ve', h'et synth''
berz'n s 'ese seusibive to chanes Tothe Pronikion
C an the vafareancs fucls,

Uniter investigaht = oy iore 1953 1944
Noanmcyeh Nap v b V14 flomanmbor 10T

. Vapor Locking.

Little is known about the relation between the
rorwation of bubbles. of vapor (vapor locking), under
sctual running conditions and the usual laboratory test
aethods (Reid Vepor Pressure and 15% evaporsted
temperature}., Research was, therefore, carried out at
the station on vapor locking using commuercial automnobile
engines unuer various working conditions. ~Based on
-this work, apparatus was evolved which duplicated
practical copditions us exactly as possible. It is
described in .73, -1941, fuuber 22. .JIn the same
connection, Yarious engine factors were exanined, e.g8.,
fuel conswmption, delivery-pump syerformance,etc. The
research showed that fuel behaviour cannot be wholly
necessary to construct a curve corresponding o the
various vorking conditions.. Under certainbconditions
o satisfactory enough ugreement with the esrlier
evolustions can be obtained, i.e., according to the Reid
v.P, 'or to a point on the boiling range curve. These
comparison trials are not yet concluded.

Under investigation during: 1959 "~ 1944
nesearch Reports . ¢ PLCL & 5157'
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5. 7he Influence of ¥uel Density on the adjusbusn’
5T The Fubl-al¥ haxbur~ 1n the Cerburettor,

priel tricls wese .ad¢ bewl W, on Wits, o7

THOOETTAT hwtnyms b b§ b faete foeebh
hjah +fye relabis ' Y

oy
1

vy Vg et
ndar in'\]ncﬂ'i“”l'] R AR J o4
nesearch report: FlOs.
rhe Influence of "etra isthyl Lead on J
any mge{ng  EEt I ST P TRV I S ST
g was ~xaal ol d 'l ambiay b b iy
Ve oo aados o ghowsd boab o band R E R AR B AR
g foe o oovdigboage of et : L ! by ')
BE NE oo don o f he T ‘ S v
Y "7 '-h,) MR b
] ’ v
v \
fhe Influence of Noiling Jonee o ol Pied b e
"t' the re/]uq\qf, ('\f {/‘”(;1 1'1 L EERPRE q.‘]-]ip’d BN

Lo deter.ine whether raising the F.p.r. would enbelil eny
considerable discdvantages s regards wenl and oil-
dilution. The work is still incomplpgte. Resulls up

to now show no apprec%able differences on incroesiug Lo
2.3.7. from about 180° to 215°.

Under investigation in: 1944.
_Research report: S P1Ba of 26/11/44.

B. Aaviation Fuels.

For the examinstion of synthetic fuels a suall
gscule engine installation was developed.. An lI3U four-
stroke engine of 500 ml. swept volume wcs used, lLilxture
foraation was by -injection of the benzine into tne inlet
manifold, It was attempted to get an evaluation v
corresponding to that with the BIW 132 N-engine of the
RIM, as regards performeance, using the smallest possible
.quantity of fuel.  Numerous comparison-trials with the
DVL and the I.G.Oppau Technical Station showed that an -«
adequate mgreement had in fact been attained..
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vy Qvf' . . )

froter b sshdgatdon Aneings: 1939-1941. .

Complete gprecacnt, however, was shown to be too much

‘development of the

vnvtpg ingtallation)

P b P102 Sert.1940).

pliz % 10

™ma dev~topment of this—instellation-permit
the eyam'natiy and further development of synthett
aviation fuels obtained by catalytic cracking and

4

tnﬂ

wea

1 =0

polymeri ~tio  f Fischer Tropsch products. Fuel~
obtain=d with - par~formence cu ve of t e t-chrieal -
oc ane type i.o ,  teh Lt SRR ERY AN R R
§y Ehe we ol miov! e b

Dlannl Rrala,

T' @ atntion co-operated in work on the improve:

in cetape number menrurement methods with the HWA ~ngice

(throttle methnd).  WoTk O the special action of
fgnitable "ubr hente diesel fuel op diesgel eneginn
avmbn et Pon diA nak rive any special regultse.

D. Lubricating Oils - Engine Lubricating 0il.

t
'

mhe development of suitable engine test methods
was & prerequisite for further development in the quality
of Ruhrcheasie synthetic tubes. In order to give as
/comprehensive a picture as possible, lubricating oil
t

esting covered the following pointst

(1) Ageing
(a) Increase 1n viscosity.
(b) Other chemical changes.
(c) Sludge formation,
(41) Ring sticking.-
(fii)wear-and lubricé&ting propertles
(iv) Piston selzure. . i
(v) 0il consumption. I
~(vi) Cold behaviour. .
, - (a) Cranking resistance..
(k) Pumping behaviour.

* A lecture by Dr.Schadb'aﬁ thémbﬁiuﬁeetihgﬁdfxlnnb

wphe Performance Test 'in the NSU Engine :of the RCH-

Oberhausen-Holtén", "

-6l -
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(i) -0il Tesbing.

Po decrease ‘the ‘expense and time involves
and glso becuuse-of-the-unsvoidable-straying-in-the--

results of individuel runs, it was
short runs in smgll scale engines.

benrviour wos exanined in a ten how

decided to work with
Thus the ageing
run with a TI530-501-

030 engine (air-cooled) at high afid constent tenperutur

/e tipzrgel demands made on
' ;' ith th~ RLM ring
froam v

o b amen

Unler investigatt
Nasanreh repy ' e

bad hye

Chewical Shange and

. o Ihese were examinea
quantity of slndge wns observed by
the ¢rank-web. . The repeatability

There are »no comparis~n trsts with
apart from thoea with

(1i) Ring-sticking Tests.

A

the DO aynthebio

the oil were higher in %fir
af¥o<Ing Toet Y@ BT M

Ty v v

- 19%9 14,
FLOD, i, 1
1o, '
?(_ ,\

Slndge Froymob oo,

s unver (i). o
centrifug rna ong 1 to
of r svult wag 10
full siz> ot o

S

4 A test corresponding to that with the °
BIf{ engine was developed for the NSU-501-0SL engine.
Although straying was still considerable, sufficiently
good agreement was achieved with the BLMW engine for our

purpose.
Luftwaffe testing stations

(1ii) fear Test.

This is confirmed by results from different
(Rechlin & Travemtinde),

This test was combined with the ageing and
sludge tests in a short 10 hour run, Only efter alarge number
of trials was it ppssible to get more or less . ,
reproducible results from which conclusions could be .

drewn as to lubricating oil behaviour.
estimnated byweighing the piston rings.

with run-in as well as new rings.

the. absolute value is meny times higher,
The evaluation of the oil is the same, however,

expected.-

Wear was :
It was measure
With the latter, -
as might be

Experiuzents with a separately driven engine gave only
a sligntly lower wear than with a machine under load.
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e faue o .s conoarison is possible,.there is no fundaueoh
‘ ., fran the DVL re~ults (3 veriments aof Xrieh
ooy v sreenglne e o
sofiget o ' 1942 -192%.
Co $105, P106, FP1C7,
PlO8, ¥ll8, F1':
plgl, vvor.oov

e
"taton Selgure.

bis test wns developed using « high
' . i - 'wo stroke engine (Triumph BD 250 ml.
aiv 1ed), KEveluation followed from av interm=di:
v wetn- aeries of resulbs™ here th~ unknown ¢}’
w pe ot it certaln etepder “oflsa. Comparis "
i oyt i different ~lle gave g 04 agreamen
o .0 ' ste ~prried out by anobther station for -
! P ie 'ect g nlgo comper~'tooly vepyednatt?
- ¢ +ionnad pargornal.

et o esbigatien oo 1940 - 1042,
1 b reporbes P110 May 1941,
Pll5 Jan 101°
ot ad hy: WA .

(v) 0il Consumgtion.

_ Leasurement of oil consumption was coibiited
tu the opcing and wear tests by weighing the lubricaib
used auring the test.

(vi) Cold Behaviour. '

‘ (a) Cranking Resistance. For cold tests «
large cold chamber (base area about & x 9+m) and a smail
- one (buse wrea uboub 2 X 3 m) were erected. Ccooling
was brouzht cboub by a constant blast of cold ailr (-SSOCJ
from & Linde plant, The small chamber was especially
suituble for engine tests. Tt was possible to cool an
engine frow rooi temperature to -40 in 5 hours. onolne
behaviour could be observed frou outside (measurement of
T.p.m, engine tempergtures actuation of the ignition
adjustment end of the injection-quantity*etc.). Tue
engine could De started from outside by dynamometer.

The insulating cover tonsisted of a bell shaped bOX,
wWhih could easily be removed or put_into place during
engine assembly. : '

Under investigation from: Nov.'42 - Jummer 143,
Research feports: . . PL37 Jue 1943,
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_ ‘(b) Pumping Behaviour, To examihe this a
special installation was constructed. The delivery

rate, delivery pressure, suction and other quantities
of .interest were observed for o ‘oil-yum“drivene”

copstant rLop.u. CObgervati ns rould v dn 1§
Aifferen' terreroturen {down ! AT S
R mar] 3 A l‘l‘f‘
Investigation: 194%
Research reports: Pl4l.
Roquested By: T
The following pr-blems -~ 'Troootie !

wwing tha mathnda dasaribed Ahoyay
g

1. The testing and development of a gyntheti
aviation ~ngine oil possessing good ageing ad cold
pehaviour ae w~1ll as the ouFst nding performence
synthetic o'ls »ith respect to ving--ticking we~r,
consumption and pisten-seizure. In thé course of W!
work an oil was nade which possessed the fo}l wing
properties. Mmoo pegnlts acreed w'ih “hose of R
end Trevewmlinde (rpry 370 1 et Y et et
Argue engine):

A

Ring-sticking behaviour was mare favourable
than with well-known mineral or fatted oils (Rotring,Ast!)
and as good as with the synthetic aero oils used in
Germany . “ear behaviour was better than with the
mineral reference oil (Rotring) and as good as with the
voltolised ASM aviation oil. aus regards piston selzure,
this RCH synthetic lubricating oil was better than any _
other product tested. The setting point was below -40°¢C.
cood cold behaviour (orenking resistance and "pumpability"”)
was confirmed by trials‘'at Rechlin. The original weak
point of synthetic oils, namely, & tendency %0 thicken
during running was so far overcome that, during the RLM
ring~sticking tests, absolutely no increase in viscosity
was observed, in spite of the "leagth of run. The
latter was very long because of the good ring-sticking
behaviour (tests at Rechlin and Travemtinde). AS
regargs sludge formation and engine-deposits, e oil
also showed outstanding qualities. :

' Between the years 1939 and 1944,  the pole-
height was deg&eased,from sbout 1.8 to 1.5 (L.52). At
the same time there was a general tendency of the

‘viscosity (at 50°) to decrease (from 22°E to 10°E).

- 64



Do lorestio tlon. darin ¢ Ly - Juel.
ey rapovbe: o, L7, LB,

S0 w1l 1ne.

L T L I L 4 nyw hnet)
U H
' ' v c ' ' "
}
oo e e RN SR L
! R ITAY xperi erhs af siimoom o Adven
" ‘ coted ot o oeonceetton pith she qarca'd
! il e Tlr ocopare uwishesiow a
o e ooty oat origin {77 eynthasin). " ha
L T B L aon nE foprd YA LNy funde ant
X a i oobtaan oas terest 1 viep 7
vl ooap ned oan N A Tt oyl o b
oo it Pl Vo ;
' 4 1 B \ ) V-
Ty e by by o 194.4. .
e L P

e behaviour of Ulls frow Various Zources

15 TNA [T T1ston Selzure Test [see ahove )

The synthetic RCI lubricating 0ils behaved
re e riiably well, even better then fatted mineral

uviution olls. Viscosity had no ap.arent infiuence,
.nd in sy cuse 1t could not be large. The usaal

mineral motor oils lie close together in a Coupurutiveld s
swull Tange and their quality is udequate, except in
high rating two stroke engines.
. .
Reseavrch reports: . Flle, plle, 2125,
P17, Pli2, rle9.

5, General research was carried out on the relation
betueen wear and oil consumption on the one hand and
viscosity on the other hand, Thisvas doue 0. ascertaln
what disadvantages might arise on lowering the viscoslity
to improve cold starting behaviour. =8 expected, it
was shown that wiscosity influenced-conswaption bubt not
weur, which appeared to be practically indepéndent of it.

PR ' .

Investigations: 1942,
Research reporis: Fl26, PL27.
Reouésted by: thid.



. G +H04LQLlOﬂ of . up,unol voug exacined in wo“nocutuu
S eLr, OLLY Coar i BLoM o cola Dbell. Fiour (¢:Tect o
LiSCOéibyf “f-“f;: ’”ue use of uwuuu0¢ is. «uvh,uUueuuc,

LB i (Y C.u: ‘,,; .10‘6 L;u.w AL [ TR )

- o % lllL ",..‘.,Lﬂu,_,; /J (‘ v
pRCI¢IENE L\,L lu)U"t .Ll l«... WV
ile"ﬂlluuu Sa, b;". W bavet

7. Jhooosrect of Laor.c bing oiL oieubiod

Jigvestbis.ted, .L80 1in buﬂnu0u~0ﬂ ultL cutu Lan Vi v

Toyestl sloan VG LUl TPt e

¢ Lo o ol oo oevtie benbig sbubioile - L0 w5

wenonsbr bed tmu tine use of .wtur fue yie necG ot eovno

Lul v, bL2C.UBG LReY ro iuly vo¢uu1L19,, unile the use

of dicuel oil cun be dengerous i cartain circu tuacad.

(11 a4ilunion is not fuvowreble o we, VOE LlstoumLginTe.
Invesbig.tion: 194 (Fivst o)
weselrel repurbe: LR
Requesbed LY s dens

C, Zxtensive worls was Ao.s oL whe colu bewLviovT

of oils froin various sources {awwenian oil, oil with
audeu Lpinoly. Plre CULC €. iDEY LB sed anu oo the
sone time an atteapt vics eue o find o consecsion

bepwieen orocticel we esults cnd l.bor LOTy tomto (3e.vi l_oer
VigCo..eher). TLe streying of results at 1o  teapervtures
(near the setting pb.) ves £oo crect to allow qcfinﬁe
COHOlUSlUnS to be Gruvinle ‘

) el p .
under invesbisetlon dur;ng. 19/6 - 1944.
“Reseearch ‘GOO;t"' ) ' rldu, ,L_\.4l 1149
{e\.luch_f)(/(‘l Uj ) ) ;Lt“&c

9. rundaaentsl reuedrch on the lou temperzture
pumnlng vehaviour of oils frou yarious sources, “as
corried, Ouu Tn the appoiratus uevelooeu by .G enc
describoed ¢ cbove. o

- v . 5
) - 'Dvestlbatlon- \ - 1944,
Hebe“”cn repo;n' vl4él.

-

10, comp*ete record of wori on engine-wear doie
4t the stetion ever a 90 criod of years is colleeted 1in
Research Report. P51, -

ll. ut the request Of e OKF‘ va rlous oils were
11ned ug, to. “their. gene:al behLVoour. “The origlu of
tuese oils. is unknown to- us.,ﬂﬁ-
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wésearch reports: Pl26s, PL3S, PL35,

B SRS

12, A4 few ‘experiments-were carried out in-connecti on.
WithvﬁoaminggﬂmwﬂhgyWShbwed;hﬁé;pbiigrepxbducibili&&@@ﬁiﬁlf:’
tiie results without indieating the &plangtion of this
behaviour. lione the lesg, différences between -
{ndividual oils could be recognised. RCH-0ils behaved

well as regards foaming,

e 'e‘saf- - p ;' P‘IS‘(“]’T“
12, Gear Oils.

: Jork on the development o a synthetic RCH gear
0il was in the preparatory stage. - -Some endurance tests.
for the examination of the heat stability of normal gear
0oils were carried out at a large gear testing station of
the ZF firm, ¥riedrichshafen., Further, investigati ohs
were mude using well-known lubricating oil testing )
machine (the Almen-machine and four ball apparatus).

The development of a practlcal test-in -a- motor-cycle
haok axle cone drive was also under way. o

Investigation: 1944 (2nd helf)
Reséarch reports  P148, P149.
Requested by: 0.K.H.

14, Various.

- ifechanical methods for the improvement of cold
starting with auto engines at very low temperatures were
tested in the small cold chamber. Benzine injecton was .
used in this work. e ' "

. Under investigation from: 1943- 1944,
Research .report: o P137, Pl147.

(signed) ... Schaub.

Date: 25.8.45.

In the above report_the'following/abpreviations.a£e
employeds= = . e e S T

‘ BUW veveveesawsssss Bayerische Motoren-Werke.
DVL vuvueeeeesassss Doubsche Versuchsanstalt - -
.ot Oyt Luftfahrt,Berlin, Aldarss

Erpro Stel
Viskositltsing
Automobiltechn.

Zohnradfabri
. Ruhrcheml
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,.ANS '{uRS ‘l‘O QULS’J.IO 'HAIRE BY HAG-]MANN A

[ . GSCIATIRT NATRTY “3‘: R "75:‘

AVI/TION FUELS,

Fral Rating lethods,
i b S A AN P P N Y :smaill soale engins
full scale s, -
sero engines?
(~) multioylind~r met

engines.

Ruhrchemie used only small scele engines for testine
aviation fuels (See accompanying report. on work of

the RCH research stetion)e These engines have the
edventages of cheapness and simplicity end in addt*®
only require amall test sémples, Agreement with

the official FMW 132 aingle oylinder engine wes
satisfactory, especially when bearing in mind the
differences which exist retween different sere anginee
df the seme mize in fuel evaluation.

Question 2. What relative importence is attached to rich mixture

Answers,

and weak mixture perfomanoe?
3, How is rich mixture performance measured?
Le ﬁ is week m:.xture performance masured?

. The usé of rich mixtures is of especial importance
with the arometic aviation fuels common in Germeny
for they gave a much better performence with rich
mixtures then with weak mixtures, The use of week
mixtures is important in reducing fuel consumptions,
Fuel beheviour at rich and week mixtures is measured
by determining a performance curves

Question 5 What work is in hand for the development of fuels

‘ mroﬂ

heving improved weak mixbure characteristics?

" Ruhrchemie alweys stressed the mporta.ncse of iso~
paraffinic fuels because of their favoureple behaviour
at weak mn.x’curea. We therefore aimed at the menufactyre

~of such a fuel by ths. Fisoher-Tropsoh synthesis and
some suoccess was achieved as instanced by cateﬁytic ‘
oracking of Fischer-Tropsch products and polymerisation
and hyﬂrogenation of O}, and C5 fractions,

‘- 68 -



Question 6, To what extent is the G F.R. Research; or similar msthod.
e used, eand why?, ) .

i, Ti§ tes* 18 Uged sy a-prelimmery evelustion-of-Knock--
rating, Final evaluation was bv the B single’ eylind~
or other gurh tegta,

PRLEARAS What degree of inter—correlation is gbtained between
amall sesle engines, single cylinder full scale aero
enginas, ~nd milticylinder main angines? '

Even aero °ngﬁne,singlg cylinders do not agree on fu-’
ovaluation so that the agreement between small scale
engines and sero engines is not good although it is
conai ler~d satisfactorye We have no first hend ¥
Voade~ of taate in multicylindm sere ancrin. s,

4 otien * {hat flight tests heve beer ¢ rried ' 1 o7
th~ sntilmoek ~equirement~ ~f (anlal

y
Apawer, Mo i aymetion aveileble

Panntim O Mhet v olas anaa foeta ovo e (..) unde 100 oct:ne
nurbers OT corres
ponding/ rating?

(b) over 100 octene number?

Answer, a) I.G. Test benzine and Teé}niical iso~octanes -
o~y ~TrG—Test benzine and Technicel iso-octane - leadeds

2, CERMAN AVIATION FULS,

Question 1, To what specifications are c-3, B4, and A-3 fhels
: . produced? L o

EN
N
-
i

Answer, : Not lnowns

Question2. Whet is the reason for the high arometic content of
the Germen C~3 fuel, end for its excessive margin of
rich mixture performance? For what planes is this

type of fuel specified? o
Answer, o7 the fusls originally developed and mede availsble

in Germany,-the ercmatic type hydrogenation products
. from bituninous coel had the best anti-knock value,
. particulerly at rich mixtures, consequently this type
of fuel was adopted by the Luftwaffe. '

9 -



Question 3

Answer.

Yren iy

Anawer.
-

Nomavy o

%

Answers.

Question 10,
N

An’swer.'

‘blending points? :

" Not knowm.

From what components aré O=3 fuels blended at the

T,

P I I T

What trouble has been ewyr>tenmd wiih
amall smomba of woter?

Not lmown, .

WiEE TITTIouTties Wave hean experienned-with e-hiphk
aromatio fuels? (Effect on sy 'hatin vu'he a(—x.g
lio exeot ¥mowledge available. Prlinoved fo fern o
behaviowr at week mirtures.

How importent is gHin abARS Iy cenmt Ay 2T Al e

thhsbitorg mve need’

dhat trouble has heen expez‘im\oed with vea ovr lock
to excessive fuel volatility, snd also '~
A3v7  Hew were thewa treunhlen ev-reom~ 7

Tmpar ¥ oo

To what extent nve P T A R Typap N IS SRR L B
mirmoses?

What work. has been fons on the &avé\l opment of aafaty
type fuels?

No information is available.

What engine studies have been carried out on the eff'ect
of engine factors, such as valve overlap, etc., on
fuel performance, particularly at weak mixtures?

The results of tests are conteined in a lecture by -
Dr, Schaub entitled "Thp Supercharged test in the N.S.T.

engine of the Ruhrbenzin A Ga, ‘Oberhausen-Holten®

" given at a DoV.L. meeting in June 1941, Apart from

.
Question 11e

Aﬁsmr.

" this we have no other experiences -

What general xi\ethqda sre used for cold.sterting, and
to what extent were speciel priming fuels used, and of

what compenents did these consist?

. Besily vepourised fusl was used and slso lubriceting

oil dilutions 'Engine preheating wes used et very
low temperatures. ' -
: - 70 =



i

pwstion 17 To whet extent was "rup-out? {1 vaed dn oo et fork

% ANTE T

Yot t

Anpweay

A.nswer.

Question Le

s

Answer,

Question 5

-Answer,

Questioh "6s

Angwer.

.Quesﬁion‘ Ts

Answer, .

corbat oold no ro-ion?

"

W Sl oy met t Yoo opawet bl d

K ADDITIVES.
W AR T ,
Whet frctorg decided The rmwwiF 7Y YwwA b b moory
Ay oted In rybation frela’? [

% N

A

No precise information is av-il thle, Pro ably exhonet
valve goryoai M A apaviing r) Fyouhl  ye s Arad o
fantorg,

Whe' attem ts 'ave heen made t . . )

TR bayand fhe pr 7ok mmae
\
e Svd avnbiom ta availat e ]

fihat exreiience has Leen olteined on gperk plug fonline,
eyhrust “nlve corrnsion, wtc? What effect hag TFL on

pverheul Teriods? Ies any connection been foumd hatoseo
type of n"§1' Al ey linder head Rapns'_its? ‘

No information is available as repards aero engines.

What difficultics have been experienced with lead
depogition in storage and what inhipitors, if any, were
developed to cure this? Was eny special test devised

to evaluate lead stability. ‘ :

-~

No information is available ét Ruhrchemie,
What labonaftoxy methods are used to deterniine lead:
content of a fuel? ' '

1

Ruhrchemie use the ZB method due to Ullrich.

A . .
What work has been carried out on alternative anti-
knock .a_}gen’cs‘?

To information is aveilsbles - °
What work has been done on the development of, new lead
evacuents, and in what percentage of theoretical ore
tlwy'used‘?} o SRR g ‘

Ruhrehemie has o experience in this matter, Experinents .

by the RIM eand HWA®using increased addition of ethylene
' - - 71 T - ) o



vbrouude ox: chlomde were, as far as is inown to RQH,
,-‘;;msuccesaf'\ul :m pract:l.ce. ‘ '

"Question 8, “What experience s been obtalned mth water in,jeotion,

e

or..other.. sunplementaryﬁbﬂo_osierﬂ.f uel?

Maswer, = Mo ini‘ormatn.on is available.

guestion 9 Has eny Arouble been experienced due to cold corrosion \
. as a result of the use of leaded fuels, and what staps

Were’talrerr‘to'comba‘b—such-efﬂeebs?

/

Answer, No inf‘ormation is @vaalable,

o DETO’NATIO'I RLSEABQH

Quest:.on 1@ What work has “been done, and is in hand, ‘on the
rationalisation of factors controlling detonation, and
on the fundamentals of combustion, e.gp Muhlner

N experiments?

Answer’s . See-the- accorrquanying research reports...

Q'*l-x;stionvyz. What exper:.mental work has been carried out on pure
. hydrocarbons?

Ans;é# None by Ruhrchemie,

Qu,eétion 30" Vmat work has been done to investigate pre-ignit:.on,
' end on tne development of pre-ignitlon ratings of

fuels? ,
Amvﬁn, ' _See thé acconq)anying "re.éearch report.
5o "Msmnmm SR

-

Queaticm 1. Woat spec:.ficata.ons ere’ ‘1a.16. dovm. for §a§ Gas Turbine Fuels.

g Flying bomb fuels,
e Rocket fuels?

Ansvtgr. . " Mo mf'omat:.on 1s a.vailable.

Quaation 2. 'What special requlrements are necessery for 'l;hese fuels
' - ﬂ\‘ and’ how heve these requn.rements been met?

‘answer, . Mo fnfornation. is availeble

/ Question.3s . '\Tha‘e'f develoPments are. unﬂser waqr in connection with fusls .
R types \of engine?

i, o tafontion ta aveldle,

a2



6, ¥ ‘ORB'UELS‘

Quest:um 1,,

- 'payticularly in respe
_stebhility. and vépour prassure,. and what methods of ‘test

What s*oeclflcatlons wors adhered to’ far mlln.paxﬁr puxposes,v
of knock- rating,. gun contenty .. .

Answer,

Question 2.

Answer,

Question 3s

Mnswers

Question ke

dmswers

were epplieds What chenges in specification have
occurred during the war, with dates of 'such changes?

The aruy specification was:~ Research 0.X. Ty 1ater
motor O, 72; permissible gun-content - 10 mg, /ml
'evapormebhoda—“Rezd—ﬂrapourprersgvemOFGB—&ma—
Summer), 0575 atm. (Winber). :

Were any difficulties experienced when veh:.Cles were
operated on fuels with the higher lead concemtration, .
such as the new tank fuel which wes introduced towards
,the end of A9 (25 = 275 nl. /1.G. )? Was there any
reason for eliminating entirely added aromatiocs from
some of these blends? Was eny change mede either in
composition or proportion of lead ‘evaguants added to
the Ethyl mix?

RGH has no e@éri{;ha'é#&}; this connedtion,

What were the composit:.ons of the various typea of auto-
motige gesolines, and of the main basie “components?
What happened to the Fischer-Tropsch gesoline, and what
was the source of the large quant:.tn.es of unsaturates.
normelly included in the blended gasoline? )

The cmposition deiiended‘on ;the availebility of the
following blending components: hydrogenation benzine,

" gynthetic benzine, lime and foreign mineral oil benzine,

benzol, alcohol, No fixed blend:mg proport:.ons Were
ma;:.ntanned» v

What effec‘b did the cessat:.on of Romanlan suppl:.es hava

~.on the general position for ‘motor splrit, and to what

extent was Roumanlan gasol:me used in.motor - and avzat:.aﬁ
fuels? '

‘s loss of Roumanien benz:me cause&‘” a big increese in

“the proportion of benzol used in. fuels. La.rge quanfitiPé

of straight’ run and cracked benzine blends-were uged 8’

.motor fuels with, the: ad tion of TEL'or ben.zo]. -An.

asphalt base. stra.mght T benzine oomponen yes worked. ‘
wp.into an aviation. fuel. R

i T



Q.ueﬂtim S ) genere. ‘ .
 in blending these fuels, using Benzol end/or TEL es"the

-

An ey

Aoy abt

Nt doon

Anawev,

Qn{estion B

Answere

“Was' the'genezj,al idea to work to a-given octane nurber

"adjusting agents, reducing the letter whem mnre Renzel

wag svetleble?
-
Vaq.,

To what extent has Methenol snd Ethsnol been used as #
blending egent for interhel civilian consumptiom, for
use in non-militery vehicle: in occupied Yerritoriew

and for military pwposes? What fac'ors he'e 1~ed ‘¢

the Bm‘\ll'; use m,(,;,, ot g.}\,,., [ T R Y AL AP VS E

lattey pnypnae’

Ethanol production was severely restrirted hy food
requirements, Since methenol wag only used in oon-
Jmotion with ethapol this limited the gve'lebility
glcohol “lends. Aloohol was nred onlv for civild
Typnaen and fary army vahinlea an tha hooe oy oot

i
What quality of Aromatic blended ermponent  as ung?
i,e was all the tolneme extracted from th~ '~ '
A what heappenad to Fhe hictmr nyom bion’d
Toluol was removed from motor-benzol by careful
fractionation. The higher aromatics remained in the
fuel, :

Whet disposal arrangements were mede for Esthonian
ghale. gasoline, and was eny difficulty experienced in
1ts use as & motor gasoline constituent? What tests,
if eny, were made to esteblish its suitebility as a
flying bomb fuel, perticularly from the point of view
of corrosion? - : '

No specisl regulations for Esthonisn shele gasoline are
lmown. RCH has no information as to any difficulties

‘attending its use as a motor gasoline constituent or

Question 9

Answers.

ity suitability es—a flying-bonb-fuels-— C

To what extent heve a;itemativp fuels such as prod'.ucef

'gas, acetylene, etc. been used for civilien and militery

purpose:?? ‘What technique has been employed‘ with these

: fugls?

No precise informetion is evaileble,

- T -



Question 10,
Aviovyymy

').,.«l—(:, T

Questiom 12,

Answers

Wl at methods, 11 any, are used to determine Road Octene

“Tf dbers;  and how. A0 the resulis. correinte with test

engine arte?

Me"‘ oy ey’ i nd OOL‘\YIQ '(‘\l”" S M ek haan aayryod

PTL A S T IR N fev v mognl yors e

hat bench terts ars cavried ont on fuels and 1ubrg.cants
per?nr-wwrwrwy end-whob! yp~ af..a ﬁr"flon_{emg,. _full J?g!'{’

contin ‘ovg, 't (w o) L 1t et itk
R R

\
Knock rating ' oote wers cocied ent wi th numerous
autr- engine s st 'be reonast ol tne Hil They led to
the Anlwod ~1i poct the ator O.N, €ar motor-fuels
heeanan of i s battoe apesurnt with fest=results. The
ancmm AYY 1 i -t nontoinag 191,911,, of» the various
tests uncd ot th at tion (¢ fuels and lubricating oil~
Gontinnana b ige wan gene:~lly prefarred in the trisla
Compariscte with &oloal sunning triels seered ‘o0
diffir 1t A~ atly snd wore only ocerri~" Ak bp veve
noarn, e 'V DAL piabon asienya Fomt,

e

Hoyw Fa wemoy v on ""Ll/ih" oo regd?

Wear was measurel by the loss in weight of the piston
ringse Other methc '3, S g cylinder meesurement and
iron=content of’ ’c* w.lbru,ating 0il were not so accurate.

7. DIESEL FUELS (AHTOMOTIVEH AVIATION AND MARJNE)

Question 16

Answer,

Question 2

\ .
Question 3

[
y

Anwro.’ N

What is the status of research on a.ircrgft diesel’

eng:.ne s?
1

No precise mformation is availa'bleo _

What speclf:.oatlons are 1a1c1 dovm for av:Lation dlesel
fuels, and why? : S

Cotene number 50, pour point «35%Co ('béoa.use of use at
high altitudes)s The other requirements were normaL.

What work is ip hend on- special fuels for aviat:.on

diesels? . _ _ ~

An aviation diesel fuel correspond:mg to the -ebove

specifications was made. by blending a nephthenic Germen.
ges bil (Reitbrook) with.a J.ow«v'bo:v.l:.ng synthetie s—
component madé by RCH. ' '
RN R



From what conponente and how 1s.K1 fuel mede?

Question be
dmswer, . No information is aveilsble, .
Question 5

o What extent 18 the cétane number considered an
adequate measure of ignition qualities? - How are they
measured? What is the ceteane number requirements’of
average aviation, automotive, and marine diesel engine®

Spowew. . Recent developments have limited the epplio ation of

Quegtion A.
Answor,
Question 7.~

Answer, .

Cetone number. In perticuler, the cold starting
behaviour of fuels,having different boiling remnges '
snd with additives' to accelerate ignition, is often
quite different from what the ceteme nurber w4
indicate, The specified cetene nuibers ere:-

Motor eng:l.nén t Ca 40
Aero ° t oa 50
Merine % ¢+ mwmlknoym

What work has been done on’combustion and ignition
ancelerators, and to what extent areé they used?

No speciel investigetions have been mede by Ruhrchemie.
The effect of ignition accelerators on cold starting
behaviour was smalls '

What work hes been done on cold .start:i.ng aids, and
whot is the normel cold, starting procedure? ¢ .

Heasures teken to improve cold starting behaviour
varied according to the type of combustion.process
employed in the engine. Pre-heatingof the inlet-
air, cooling water end oil was employed as well as glow

- plugs (Gl8hkerzen) end lubricating oil dilutions.

Q‘ixestion 81»‘
Answex,
Question. 3.,
Answer,
'buegtim 10.

‘Answer.

What filtéring systems are used for diesel fuels?
Pelt-filters to a large extent, “

How is low powr point.obtained, especielly in con-

junction with high cetane number?

By blending es wder (3)

What general resesrch has been carried out on com-

~ ‘bustion in-dlesel engines?-

None has been done by Ruhrchemie.



Queetim 11. What types pf diesel Puels sre uged in gag submarines?

. (b) motor ships-
¢ 7 of all typeS
_(c). land vehicles?
Agwev. Feo Info watiom 1n svailabléy
Yrimtton 17 What ig the romposi'ton af Fhe st oo oo

heayiay than wntar?
Aneway, | No_information is avglleble..

oot * WRAt i the reason for useé of verv light die~sl fuels
almost in the ¥~y nring pange, o7 wome bypes of cmed)
motny wegaelal '

The shortage of heavy Aiegel fhele and ¢ velative
avipluag of Otte furlg,

' ' ' What importence is attached to boiling renge, and hes
emy relationship been worked out between specifin
gravity, eniline point and boiling range, with
cotsne number? Whet Smpartenss ¥ attarhad *o
smilire point?

ML Diesel fuels in the lower boiling range have a
relatively good starfing performance. & sufficiently
accurate estimate of cetane number cen be made, in
the case of fuels of similar origin, from the specific

‘ gre.v:Lty end boiling renge. -Aniline point estimation
is thus no longer considered necessary and hes not
been exemined during recent years.

Question 15, To what extent are diesel fuels from petroleum, brovn

i coal, shale, and Fischei" Tropsch processes used?

Answer, Suiteble frastions from minersd oil, brown coal
- shale and the Pischer Tropsch synthesis were all usede

Question 16 What is the’ s1gn1ficance of the phenol content present
a ‘ in some diesel o:.ls?

—_—

Answer, ° Phenol is present m brown coal diesel fuel. ‘The Pro=
: portion allowed to remain caused no ruming troubles,
_ Removal of the last traces would be tedious and mul.q
involve the use of special processes )

-77 =



8 . FUEL OIS -

Question 1, Vhat types ‘dnd to what specifiostiong nre need foyp

(_&z. hewvy industrial?
b) Light in o
§ 'erine?

yiels

What experimental work hay been v il onb o
bugtion of fuels under hoil 'ra?

L Wbt mein Eyper of fuel 031 bhuvneva oy oot
I‘. T vhat 'V)(f,(.n\f' cye {vwala f oy yokbyolany: 1, ot
5. Are coal guspencionag uac ! ba oy ryten b7

Hae anv difficolty 'een "xL er'noced m e compe'

nf bt "'Y"l\na { e Yl v ony I3 400y ah oo v |

" Han any trowble ltecn a0t 0
of gases in fue! o0ila7¥

R oy P L s Vva  dnfay o Fiom eay
QUESTIONTATRS 1i0. 2.
LUBRIC/HTS,
1o AVIATION,

Question 1, What general types of aviation oils are used, \from what

sources are they obtained, and why were these s0Urce s,
chosen?.

.4

¢

Ansyer No precisq information is aveilable.

Question 2, What refining methods are uéed for avn.atlon 0ils? To
- what extent are solventwrefinecl oils incorporatad in
aviation culs? '

Ansver. No precise :mformdtlon is avasul:afble.j ' "

Question % 'To what extent. are synthetic oils used in the blcnd:mr'
“of avzation 0118, e.nd what advantdce, if eny, result?

Answer, ' Highly viscous ‘s thetic prodnots (v 100% = 6%, )
oo were.blended 50/50. with a minersl oil cmmonent of. ,
low viscosity, The synthetic component gave a decided
improvement in ringe-sticking behav‘lour according to
statements by RLL. -78 = e



Question .

insver,

4

Juestion 8,

)
3 v

Ansver,

westion .

Ahsviar,

- ‘and’ what remedies have been found‘?

A} . .
To what extent is Voltol used in aviation 0ils? What'
are the reasons why it is or is not extensively used?
What effect has Voltol on V. I. or pole heignty \
e ar A Ty Yonown toﬂ“'uhrchame, voltoliyded 01Ty Viere
only permitted for use in certein engines (aern-vd'em‘\
They conld not be naed in ()Ho engines bearvag of a
vronounee! tenvlency ‘o cause an ghm g, ihte 1ie
alvinbnape wae not an apmavent in sava hr'wﬂq

L T L T SR N U R T

hre 'te navent res of tie incorvoretion  drterpen’
Erpe additives vec mni-ed 0 3ot v

Vaacr tana o ol oy At o e taan o) g

These deves mie not ured by Ruhy b P b ey
pracijen Ainfoy cbion e onye i1 eb e

fi
Are yianoait - Yoorpar Pave cmeosp 3T 1T e T ogpor oy e of
*’,‘1‘3 OT . . ' N oy LT : ' oo 4 LI
AR R
o v vr e 3o e nuatiehle

Heve nddttives of any other typ~ be=n uged i avir!i-n
oils, if so. what rre Fhov, and el vomnlin aye
aht o inad hy their naen’?

llo exact infornztion is avesilsble,

What trouble have been -experienced with (a 0il frothln,g
‘ b) ring sticking

¢) bearing
corrosion.

P

“ !

Mo constructlve measires aga:mst frothing and ring
sticking sre known. There is ian mmistakeable

.diff'erence in the rmg-stldcmg behaviour of different

oilss RCH syntgletlc 0il was better here,than mineral

“ or voltolised oil,. . OLlﬂ&&hgatm ind1

synthetic oils behaved well as regards frothing, T‘n::.s’>
e,

field has not been thoroughly :mvestlgated yet howev

ilave any particular COZ})Dln».t" ons of bearing metals given
trotble with any perticulsr Olls, ifiso0, how dere the.
troubles overcone?

J') 'Ll’h or. ut on is ava:L] 'm] e.

..79.-



Question 10, What engine’ testgf aré Garried out on an 0il ‘before it

is accepted for aviation use, and by what methods are.
the merits of a given oil assessed? If small scele
‘engines are used for oil testing, how do they oorrelate
with main engine performence, < ;

Smel1-scale engine trmlsmonly“weref“imed"by”nuhrchenﬁe.
These gave & good evaluation (see eccompenying report).
The official teats in the BMW slngle oylinder end in
different full size engines :.noludeﬁ general behaviour
especially rlng—stnt:king, sludge formetion and thickering

The a,_,reement of these tests with the RCH smel) so-le
ang'ne ¥asts ha¥ K en vary gord, )

Has any o nraot on been fund be'wee con'it'on o
nry? I I RN I 0l PATE B SRR B VL bPyyp~ of o t1ry

Hn.

ihet e oratory tests are considered most impr’rt':{{\b

and as any lsb reto'y proc~dure been everlved which
Firna in alosely with actunl hahaviaur in en mgine?

No laboratory tests are lmown which give clear end
certnin indications of actual ruwming behaviour. Th-~
most i.portant 'sborat ry t-sts a'e ornsidered to be
vigeogity, poov poyit, a3 velwe end gopenifieation
value, \

Questlon 13. How many hours running are nornally ca.rried out.

Answer,

between overhaul s?

No informetion is availablé.

~ Question 11;. To what extent are oil f‘:.lters and/or centrifuges used

Answer.

cen airoraft engmes, and vhat types are used?

No precise information is: available,

Quest:.on 15. Hes any trouble been. exper:.enoed with sludge deposition

—

AIlSWér 'y

in: oilweys, etc., snd if 80, what remedies have beem -
@‘Olled?

woording 1o the RIM, 'difflcultiés daid arisa. " Remedy
measures :re not known, Synthetic 0ils had only & -

~ small tendency to sludge ‘formation,

Question 16, Has any trouble. been experienced with scuff:l.ng of re~

duct:.on gears ana what remedies have been appli‘ed?
- m -



Answer, !
:«‘g ».“ ’1 4 . l‘,‘:.r .

Quastion 17e.

‘ ‘;p'f'w' A

ar v

Vaway,

LN L A

An«w:‘p.

Yoottt L n

Novg ey

y«‘. ‘ ‘9/7‘

No :ﬁfo.ﬁnatlon ds available.

11.

What lubr:.catlon System ‘and. lubricent. are used.on
the flying bomb, moluding ancilevw rovipment.
”‘gnﬁ“’ s, 6t ¥

N

No infoymntimm e svadlahle, !

© What type of avistion oils are used in jet propelled

aircraft, T,G. .turbines, rocket propelled missiles,

etc,, and what special properties ar~ required?
What temperature extrem s pra wet in sunh devices ’

Ry ‘what m~*to's ar~ low pouv pnin*‘ oi's obta:.ned '
Yorivirad?  Tae move Fhan ana 1090 0t B T “vv

Hn ‘i'\{(\Y"\!"‘," Wyt nvatlahlae,

Are Ailuente employed with ~vistion ~ils. #f s~ ‘-
wha t extent and vvlw? Whn /‘H"T\mn"n oy e vwned?

Dilutic’ ’ er~ploy1ng ordin-ry fuel wa~ vred to N

R R I B 2 LY N N I e Y N N

2.  AUTOMOTIVE

Question 1,

Answer,

Question 2,

Answer,:

To what specifications are lubricants for petrol engines
and high speed diesel engines produced, and what

relative mportance is assigned to the va.'r:.ous propertles?
They are produced according to the HWA delivery ~
specifications~(not availeble here at the momenmt).

The, viscosity and pole helght were regarded as be:.ng
spec:.ally importanto

g

‘What sre the chief sources of motor 0ils? What .

ofides’ are used, what refining methods, and to What
extent are synthetic oils incorporated?
~ b

Since the. higheat grade components were placed at the

disposal’ of the Luftwaffe; motor oil hed to. be mixed

o with 10=352 of syntheﬂt;:.cs to br:mg—:.i;s qual:.ty to a.n,

. a.deqﬁate B.eveL . _ v

Quesgion 3.

Answer,

“Are eng;.r\ze tests carried out beforé approval, and if -
' 5 ‘so, what are they? : :

-

- When a new i;yp&of oil was put into ‘use engine tes.ts

-81-



ware made,. 8 e an was thovicit nece S84 "o The
following properiivs were”’eiu ined: rmgusticki,n%

Jwear, aging, siudge formetion and piston seizure,
A small scale engine ‘was used as described, in the

s
n”gn" :

accompenying reoqrt. ~ y
e PR TIRE -+ PRI L e e 1w . . : .
RN what Laborvebory - Pl 4oy, o I o fhe'n
ev o oad gno, o (\;'
{
s o S ¥
A v oy nr‘*‘j(“\] ny taber s "‘TF[" ¢ ¥ [y i Lo b Oy om
the usual dng ction (ot
To vhet avbent 90 Yr' U e 4 Y 0 (0 ite? Ye 40
moy* gamenly g v IR TR AR
and S an g ¥ vhiot A Sy
pleslipnoas o !
St ot
A ]
yoo ! (1) na by
Avvrrv v ey
AR Is treont 'e arpe icrad  Gtl g v at ol in '
Anpines B R bk et g ‘ "
Answer, No. },
Question 8 What type of flltg,h are used in woclwaisylly prepelled
».vehicles? If chenicel type filters are used, is
any troubl% exper;mmw with them?
Inswer, . Mednly slit=filters are umd; Chcmicel filters were
not anployedo o
Question 9. What mileage is vnon aliy recosnded betwcen smnp
- dzamlngs"
C
Answer,

ce, 3000 lm, (not known exuctly) -

Question 10,

‘ihat inspections ere carried out on used oils, and how-do

© the various types of oil comparé on used oils conditions?

Answer,

- 82 -
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Question 11, What adﬂitives gre used s pour point deprlassors, V.I.

Ay gy,

Aneawoy,

Y vy

* MARD'E

e

Answers,

improvers, antisoxidents, entiwear additives,

anti—corrosmn additives, and f‘11m strength 1mprovers?

Para.ﬂqw was. used\,taj.ower the ;pomvoint e.nd Obpm1

to improve V,I. Other eddjtives ave 'mknown,

To what extent are fattv oi's vae' in motor lubrioan

What kind of frtty oile are »erd and what aldvenmbe
have they?

-
Frtty O'jlsa wey ~ ek \mad.

Were eny lubriontion difficultien exprrienc~ed wit
prodvcer gee eq ipwent (beth oo and coe) typ-on!

haott ' o] gr , Y nx tv']gy-p A ey vabkd lan,

) . ’
What 1vbricating oils a.~ Hied fov nme with
mry Sna d3ennl 4\41ni‘(‘1nnn(-?

What oils are used in stesm turbine drivem vesnel=e?
Are additives of any kind 7nr~m~pa-mted anti~
corrosion etc.)"

To what extent are compounded cyl:mder oils used, and
what are the compounding agents employed.?

To what specifications are stern-tube greases
manufactures, and what compounding. agents are employed.'

For what uses are aqueous erfilsions of pil, with the
addition of monta.n Wax, enployed?

N‘o precise information-is avallable. ~_

b TRENSIHSSICN LUBRIGANTS.

Questi'on 1o

Answer, -

. tank ‘geaxr boxes, .end ¢

’mlat lubricants aye reguuemeu anl gpecified for”
and truck gear boxes of
normal ‘and syp‘chrc:mesh types? - "

-\1

“The use of a stenderd gear- 0il. (m:.neral 0il reffinate

with & high pressure edditive) was.stipuls’ X" Uy the

HWA for all ars and rear-axles.



Qucstionfé,M[wTo wnat.extent. are. voltolised oils and compounded
- - ~o0ils used for tank gear bOXeS ? What compounding
4‘wwagénts are' employed.?wv

——
M

B

L

Answer. ” Voltolised ang cnmpounded 0i1s have not been in
recent use.

Question 3. To what extent are edditives of the nitrogon typ-,
chlorine ‘type, ete., used 1n oils for gear boves 7

i nena st e bt e o

v 2 et

Anawer . The hature of the high rreapure qddiHvo i
unknown to RCH.

Meatin~n In what proportion are straight tooth, spiral ©
Hypolid, and worm gears 'sed in rear axles, and
what oils are specifie& fn eaeh type ?

Anewer See answer to: question (). The ge=r manufe-
turers were permitted to use eresial (hyperid)
. oils tor running-in purposes.

Yuestion 6. What aéditives are used in extreme preggure ntl-~ °
N\
Answer . No precise information 1s avallable. "REr 1"
was used, among other additives.

Question 6. To what extent are compounded oils (fatty oil
‘ compounded) used for rear axle lubrication ? .

Answer. No informntion 18 available.
‘Question 7. - What“type'of oil seals are used ?

' Apswer, . - None. |
' l

Question 8. What temperature extrenés are encountered
i in the different types of axle ?

Answer, | ./Reputedly 250°0 (in tanka).
5. EYDRAULIC, REOOIL and FUFFER OILS. ‘_,

W
Questidn 1. " To what extent.are pure: mineral 0ils used
" for this purpose ? . What:specifications
.. apply with partioular reforence %o V.I.,
T opours “point;. eto ?::Fromiwhat. crudes are they
g made and:by: what refiningvmothods ? ,

2.‘f To what:extent are non-mineral oils used~tor

.. this:purpose:?:  How.mach: oastor oil is /
”used‘for this purpose b Ak

8h fu



Oneet top 3, What solvents such. as 'diacetone, alcohol
' methyl, carbinol -etc, are used ? '

i To-what exﬁ9nt dre water and glycerol uged
in bvdraulie fluider ¢

What work has been one nn nog-ipflammar)
hydranlio oilg ¢

What oils seals are used, and has any
treuble been experiwwcﬁdWQﬂ 8 vesult 'Y
inteavantinpm hatwaer [eqlg snl fIinjde 7

To what extent are arwp updes Hipe -
us~d . and why 7

Anvar Moy synat $00 - o0 Yoo Yy

% B4IL"04D LUBRICANTS,

R What oils ure used for steem cylinder
lubrication (satd. and guperheat) valwe-
axle boxes, ete., and what comprinAding
Aagents are used, and why %

2. What type of crudes are preferred for this
purpose ? . What asphaltene content 18
usual in such oils

3.L}Are any special oils used in the lubrication
of diesel locomctives, and what additives,
it any, are employed ?

Answer .  No ipformag;qnﬁis avajlable.

7. INDUSTRIAL LUBRICANTS

Question 1. -What types of oil are used in steam turbine
. lubrication ? Are any troubles” ‘experienced
with corresion, emnlsification, and if so,
, how are they combatted ? ' What additives are
' used, .if any ?s What :18: ﬁhe average life of a
: steam turbine oil .

wad_a;;.g:'lehat types of oils are. sdfor transformars ?
9 oo paWhatoélectrical tests, i .any, are carried
. out ? Are any additives employed ?

ap Lo Bz hTo what,vxten 3are mi er l”non-mineral compounded
oils,-and: agueous emnlsions used in. quenching ?
What types are prererred for small ‘and-large~ -

: objects R4

. B '85, :;



- Quéstion 4.

~q

An ey

#.  GREASES.

Quesation 1.

Answer.

Question 2,

Answer,

Question 3.

LA

Answer,

‘Question L.

W at’ types of cutiting oils ard ised ?  To what
ent are sulphurised and ‘compounded oils used ?

~,Are corrosion 1nhibitors added, and it so, what,
are. they ? -

'l

" What types of slushing oils are used ? What

additivesare employed to give anti~errvodton
properties ?

From what sources are textile oils refined % '
What research hag been done on carcogeniocity 7

What olls are used For olook ‘and Toarrame ©
lubricatiom, especially for av'etin: n
compounding agente are ug-~4 v

What is YRadiol”, and f v ‘hat unas 4 i+
employed ¢ ‘

Whet us tb,g fomp Tt ton of
ma~hine oile 7

N
W tnfaoarmalt tan ter avallal bo-

To what extent are berium, lithium and aluminium
soap greases used ?

No precise information is available.

PR '
What fats are used for greases, and what
substitutes have been employed ?

' Fatty acids for the first runnings in the
" alr-oxidation of paraffins are used as
. aubstitutes. .

3

To what extent are waxes, eSpecially montan
wax, used in ssgége mapufacture ? .

Montan wax 1s uged as the standard army ohessis
grease (Abschmierfett). Bxperiments aiming at
substitution by the synthetic Ruhrchemle wax
acids 0P3 and 0P32 were in’ prOgress.

What types of greasep are used for high

- temperature applications ?

- 86 ~



answer.  Fats saponified with NaOH were in use, .

as far as is kunown to Ruhrchemie..
yvsardy 5 For what reasqn“and‘to~whabbex®ﬂnh~”*4
greased used .in shock.abanviar o
naroplana landing geaf 7

Annwoay | \ ey ‘l\f/)vn\ht“rw‘ t v ayvajlinbl~

yroxtiore Whet materisl "= c~mployed t» "'

P AR RS LA L

(] ' TRV Vo

R

' To shat exter’' are agueour
tn Tidna' v 1n) Tty tont bon !

Haé this tyre ot lubri-ant ever boeon
amplﬂyod in enpineaq nf «nv type 7

They have bren repeat~dly u~ed in industrin’
lubrication in recent years snd with grod
results, ag far ne fa known (e o with air
rompresaors).

Question 3. By what processes is Voltol made ? - A
Answer . No information is available.
Y -

- QUESTIONNAIRE No.3. -

Special Products

1. BITUMENS.

Juestion 1. To what extent are bitumens of petroleum origin.
used in road construction, ana.to what- extent
are hot application, cut-back, and bituminous
qmulsion,appLication used ‘?- ' ' o

- 87 -



Question 2, What ‘advances, if any, have béen made
in bitumen emulsion manufacture, end
 what erude aources are proferrad for:
“this . purpose 2 ]

3. Are wiulslons. of anyother piteh
residues uged for eny purpose ?

-

» What .work has been done on soil
stabilisation, and to what extent ‘has
this process been used for alrfield
ruaways, et0.9? What types of emule’
have been found most suitable; ~nd
how are thay made ¥

TO What then'" are {tovmonag anA
Tem¥hag vegd fors
(a) Paper fmpregn~tt o ¥
(r) Roofing 7
(o) Tnsuiotion 7

{AY Teaint applieations 7

What filters, if-any, are used ?

Answer. No information is avallable,

2.  EXTRACTS AND POLYMERS.

Question 1. Are luk 1cat1ng,eil extracts produced by
- elther gcld treatment or solveant extraetmoh
being usgd as substitutes for:

"~ (a) Linseed o1l 1n paintsland putties ?

{b) Plastiqisers in rubpers end.P.V.C.
‘ oampositions - ,

- 88 -



Ao ™y

e

Angwer

Are they being used for any other purpuses ?. g

What are the user requirements % i

."To what use are ‘the phenol extracgé from solvent

9x$fact1on oY TuBrisetion o11# put v

. How are olefine polymers such as tho~e ~f

ethylene, propylene and particularly ¢ hotenan
and butadiens being utilised ¥

To what extsnt are ‘polymers '~
ma ufanture of I vinanta Vv

o — wy ot vy
[ ) oo

N fonf ymatiorn 1t~ cyvaflahle

J !
To what uges qre waxes produced from petroleum.
brown ooal qils, and Fischer Trops~h processe-
being applied, and what partiecnwlar properties
are demanded by the usger ¢

Paraffin waxes from petroleum, brown voal and
the Fischer Tropsch process are used in the
following industried, among others:

" (a) In the manufacture of 'floor polishes ete.
—b L - ¥ shoe creams ete.
c)- ® & @ % cable insulation
S v -materials.
ia; w w % candles.
‘ n v w ., " artificial

s - ‘flowers.
(£) . For sizing paper. .

A8 well as these direct uses paraffins are

work€d up on & large scale in the cerisin
‘industry.

Threé types of paraffin wax resulted from the

~Fischey: Tropsch synthesis nagely slab paraffin

wex, R.B. hard wax, catalytic
ararfin wax (Kbntakt-paﬁaffin)

Thef%“vronerﬁies“arqjas'rollows:e



’

Quesgticr ”

Avvawny |

Aawar,

q../-«-vl Yy F

/nawer,

“51ab

Gatalytic

Paraffin - Hard Paraffin .
s ex L vax. . Waxe:
‘Colour T 7, ihite: .mlte to/:worj Tvory to “yellovis
ooLu fcation t, 50/ b2 2¢. 90 C - - 909G, (Browr
velbing-Roint. )C\/5?nf‘ 100 c 10070
;Lcicl & Sep. values. O 0 0
10 . -

(Components boiTinp.
lbel"ow 45000,

«hat types of waxes (with specn.flca.tmns) sre used

candle nanufhcture, psper impregnat? on, s I~ EinD |

In gandle manufacture gisb per«ffin

oxtent, RB Hard Wax sre used,

Fey o aag !

To whet. extent is slack wax *rom solvent dew xine

processed into = usable wax, emd how s thiﬂ

Whet proportiom i1 naad aa ¢

Ho information ie avmi,‘yl abla,

AL BT

What results have been obtained with *ne use of
montan Wéx, and S_V'"”WVﬁﬂ anhatd tutea Sn v ecana

manuf acture?

Wlax acids, obtained by the oxidation of RB harg wax,
were tried as syhthetic substitues in grease manu-
facture, Two types were investigated, des1mated
-ag OP3 and OPBZ, Thev have tne\pronertles shown

i

3an. . velue, ' 75-85

L

below:
.,—")
- ®3 . P32
Tolowr "Tnite to ivory . yellow to :wory
$olidific stion Pt 80-32°C, 4 80-82°¢
.,» Unsaponifisbles 50 35
“hcid value "~ 70-80 " 140-150
1453155

\

Il

4

The wex acids were “tried out in the manuf'acture of
sodiun soap greases &8 well as with industriel

Ereases, € ge hot=bearing ;reasess

- They were also -

tried in the standard arvy chassis grease (Absc}nnlerfett )

-« =90 -

Greases developed from these wax acids fuvlfilled all
- that was requn.red of them anc. were rema:clrable f‘or
their spec:.al y high water resistance,

[l



Question 5° What work has b@‘én done on mloro-—ccyut\&llne waxes?
Ar\wwer, ~ No J.nformatlon is avallable.

' "URT PRRVEITSIVES

-

' Vhat rust preventives of ‘tlic solvent type. ‘suiteble
Por apray Ay lice‘ion; are vord; rhd v ek ds bhedr
compogition. ~Hily v kiand o LA IREIEE Y
inhibdtora?

What corrosion preventives of t.e petrolatum type
brush or sweb epplication, of tie trensparent har’
ATYI'E ¥ype, A of rnaﬁgfﬁ"_pnz”r RUETYRY R R
type are used” Are any spe '’ ' '
dhna' aolvantbta cye avnr»)qyﬂav

e 'flv-away’ coryosion prvaeve:'too cila e e
vaht e Thedy compoai binng

Have any speni~l ~ompoun’s been p ' ' .

Ant Y cavyoaptomy tn aboyaed m\rw?ﬂ%q\,

Are eny ocorr-sin preventive rdditivee m¢ nf vo' rmﬂ
£ adAldT kY n Fa buykdn A la, trarnf

Ay v MWy oy Y v o LN N ' . vy

i

5. CA.BI.EOILS

Question 1. To what extent are oil fllled cables used, what oil
. specificationg ére laid dowm; what are ’che best
sources for oils of this type?

2, Are any blending agents or-additives employed (e. g
s resing)? R :

3 To what extent are oil impregnated insulated types -
used? What olls are used, eand what specifications
have been laid down?

" b What—mathods of test are used to determlne d:L-e“Lectrlc
strength;, and s, :uc. for such 0ils?

Ll g
Answer. - No nreclsezlnfematlon is available,

6o OQOLAN'TS AND JIE-IQ‘@TG» FLUDS

Question 1o . What' coola;rrbs—are used in 9utonot1ve engines, hoth
- 91 -



for normal operation énd low temperature, snd in
“aviation engiﬂes? Are. corrosion - Ainhibitors a,dded?
“-Are“soluble“"oil“'“emulsmns eveYy ewrployed?

Anawer, Water and Watez\-Glysnmtin miytures. The usa of
: oil emulsmns is \mknown ‘co Ruhrchemie.
Question 2, ihat fluids or conoomds have been_developed for. dew
icing of aircraft, and what additives ave uae”’ o
vhat purposes are 14 thium end ¢t o Sl

these compounds?

Answer. Ho information is availahla,

7. 1ISCILLAEQUS.

Question 1. Have detergenfs of the ester aslta typ-~ heon davalepel
and how are they made?

finsver, . Wo precise infomation is available.

Question 2, What davalopments have been mede in products used [ov
K pest control? ’

Answer, - No precise_ :ixlfomai:ion-ié‘available.
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'PRODUCTION OF FATTY-ALOCHOLS 10 000 T/Y

ATHO! MERIC

:

i

Lo C ( C
) \ "/14\
" l
"EaM '8 k

Tar e R

STEAM 2,5 kg/cn®

FROM RCH

" STE&M 18.
" FROM KCh

TTTWIwWoTL 176°-310°,38 % TN
7% PAAFFIV e
35,00 .Y FROW nCR /
. SOV B
{ ‘ ‘ N RTE(1TE
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