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GERMAN I'IESEL FUELS.

SUMMARY

Review of the work dono in Germany during the past few. .
years to produce a satisfaotory diesel :’uel for highespeed —
enginesy and the research conducted by scientists to investe
igate peossibilities of further improvements, Study of
additives. such as: nitrates, nitrites, peroxides, alco-
hols, ‘etcej and of various processes such as "nitration"”

_and Mozonisation"’to raise the cetans rating of fuelse -

August 1945

Ue Se. NAVAL TECHNICAL MISSION IN EUROCE.
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' GERMAN ‘DIESEL FUELS

1 G ‘ TE! : !T !‘. "! @ E@ nis

Slow epeed stgtionary dicscl engines were operated on such liquid

fuels as were available, These fuecls included petroleum residues, -
petroleum crude, coal and lignite tars and crude “shale oile No speci-
fications could be maintained as thc. fuels for these types of engines
were inadequate at all ‘timbs and became increasingly scarcer as the
war progresseds So much so that attempts, only partly successful,
were made to use these local supplies, alone or mixed with other
_diesel fuels,. in automotive ongines, -The results are orted in

the 194l quarterly reports of the "Reichs Minister fir R und -
Kriegs-produktion? (Department of Planning and War Production), Fucls
and Lubricants Section, under direction of Dre Bokemuller of the
Daimler Beng Company in Gaggenau (Baden)s ' '

Dicsel fuel specificatiohs were prepared for the various armed
forcese 4 compafrilon of the requirements of the "Wehrmacht®, the
_Nluftwaffe" and the MKriegsmarinc® are tabulated on Table I, Small .

differences are apparent in this tabulation between the requimnent.s
of the .various branchese ' ' i .

» ¢

.The German Navy ((Kriegsmarine) in particular was definitely op—

_posed to the use of any additive.in diesel fuels for fear of cor-
rosion, and never did use specification XX of the Luftwaffe for fear
of wvaporlocke B : , :

In addition to these diesel fuols most generally used and recog-
nized there came out, from time to time, certain fuels known as
_WSonder Diesel Kraftstoffm, "lcicht Diecsel Kraftstoff", "Spesiall
Diesel Kraftstoff® prepared to order for a definite purposé¢ or for -
certain experiments, Some wcrc blends of various types of diesel
fucle, others were blends of dicsel fuols and gasolines, The latter:

could be classified in'the Unitod States as ®tractor fuels',

26 Sources of Dicsel Fuel in G’erﬁar{.

Notes Whenever a production process is mentioned, such as Fischer-
Tropsch synthesis, or hydrogenation, the reader is referred to the
rcports on thesec various processes prepared by the U, S, Naval Tech-
mical Mission in Burope. - = = - T ‘ '

-l =



80509

3, Sources of Diesel Fuel in w. (Cont'd
(a) Natural Petrole\m m:ﬁllateco

1ndnau'y. , Although tha qmutyoftheae oilawas ontimny de-
creasing under the impact of Allied air and land offensives, a sure-

A priainglylarge amount.was . at.ill on hand almatup to the end of
hostilitiea. e

(b) _S_xnthetic D:Lstillate known as Kogas:l. II; '

The high boil:l.ng tractiona diatilled from the Fischen—'l‘ropach .
low pressure, low temperature, catalytic process for obtaining hy-
‘drocarbons from solid fuels has the following typical analysis (1945)
and was used as blending product for the preparation of Diesel fucls:

DISTILLATION

Gravity . . o

Color ; 15 Saybolt I,ByPe  192°C
_Odor ___________ . ___ _Sickly=Charactoristic 200°C 3,5 percent

of FoTa products, 210% * 17 percent

Cetanc No. 90 and better - 250° 82 percent
. Bromine Noe , 13,8 ., ... 260°% . 91 percent
Todine No. 13 - 270°%C 95 "percent
 hromatics- Ml  EePs . 276°C
Unsaturates = 15 = 20 pereent’ Recovery 97 percent
Flash Point (PK) 19S°OF

Fire Point 215°F

Ash Content © Nil

Comradson Carbon N1

Viscosity 2,8 centiskokes © 68°F

Sulfur «01 percent T

iniline Point . 90°C

(c) Synthetic Distillate imown as Kogasin I. ,

The- 1ighter fractions. diatilled in the Fiadher Tropsch proeess,
with boiling range below 225 deprees centigrade; known as Kogasin I,
and with a cetane number from 35 to 60, according to the cut, have
. also been used as one ingredient in various mixtures, for the produc—-
_tion of Diesel fuels, Some work, mentioned below has been done to ime
.prove their suitability, P
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ingto the ref:l.ningproceu, 'varyingin qetane rating rron 38 t.o h8.
Its ccmposition makes it a rathor poor diesel fuel, and it ic not
) generally used without further treatment,

(o) Distillates from the Hydrogenation Proceu.

" The oil obtained- tron the hydrogenation of coal ~coal tar -and
lignitec constitutes a good diesel fuel, whather it 13 the middle oil
from the sump phase, or the residus of distillation from the gas
‘phase, Typlcal analysis of these hydrogenation diesel -fuels-cover
-a wide variety accordirg to their bomng ranges

. oravuy . o8BSO to o885 S
' 4Lndline. Point 31 to 53°%¢ T
Aromatica and Unsaturates 38 to L9 pereant
Boiling Indaxts . 255 to 265
Cetane Ratdng - . - . -~ 30 to 4S
Pour Point . Below =35°C and as low as ~70°C
. Viscosity E @ {2o°c | 145 to 3.61°

-+~ ~ - They -are -used -either puro or —
" mixed with Kogasin II,

#% The CGermans refer to "Boiltxig Index" as the sum divided by
ten of the temperatures at which 10 percent, 20 percent, 30 per-
‘cent, etcess Of tho liquid have distilled, including the end
point, but not the initial boiling point, Some also divide .

by nine tho sum of the 10 perceant, 20 percent, etc... fractions
.but . exclmve Of bOth I.B.Po~m~E.P' S .

(t) Oils from High-Temperature Carboulsatd.on of Coal,.

_ In the .Ruhr where large quantities of coal are coked for the
metallurgical industry, a tarecil is available, of high gravity anmd -
'law ignitability which is not suitable as diesel fuel for high=-speed

‘engines, " It can however, be proceaaed and mixed with other producta,
as will be described dbelow, .
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2 ' Sources of Diesel Fel in Germany. (Cont'd)

~ ¢

(g) Shale Oil. . | | |
" Tho distillation of shalé ylelds about 3,5 percent of ap odl
suitable as a Dicsel fuel after further treatment and mixed with
mentioned aboves, This will be described further, A typieal analy-
sis of shale oil, such as produced at Dotternhausen (near Rottweil)

o I - DISHTLIATION

: »~c§§ﬁ‘ﬁ;;;#€ s‘s";s'ris — ,. _
I.B.P, 12i4°C

Neutralisation Index 0 T .
Lsh . +02 percent 10 percent 240°C
Water : «09 percent 20 percent 250°C-

- Sulphur L.y parcent 50 percent 262°C
Saponification No. 2.63 * 70 percent. 315°C
Conradson Carbon ‘ }

Asphalt 0406 percent E.P, 3712°c
, | o ) Recovery 96 porcent

It is of intorest to relate the manner in which all fusls, for
aircraft as well as for ground forces, wero -prepared-for- consumption
in war-time Burope, : -

: The utmost sccrecy was maintained at all tinmes inside and cut-
side Uermany regarding sousces of fuels and preparation of blends,
Producers were ordercd to ghip certain quantitics of products. to
locations designated by a sumber and wore not:informed of the dis~
position or ultimate destimation of these products, Blending was
.accomplished upon_the ordegs of certain organizations, without any
~k¥nowledge of-the identity of the products blended, People who had’
completo knowledge of the fuels and lubricants situation were, for
‘automotive engines, the personnel of tho "Zentral Bfire flir Mineral
Oel" in Berlin and for avlation engines, the personnel of the "Ober—
kommando der Luftwaffe." Under these, the Wiirtsc che Forschung
Gesellschaft" or }iIFO, aseisted by the "Reichs Amt fir Wirtschafts
dusbau" in Berlin, took eare, at -strategic points threughout Europe,
of the storage, blending and distribution of fuols and lubricants.

-8 -



3, Proparation of the Diesel Fuel Blonds. Cont'd

" WIFO Depots, such as the huge WIFO No, 1 at Hiszacker, on the
Elbe aouth of Hamburg,.were equipped not only to store fuels and

control ana.]ysia ims a wall-equ.tpped laboratow, and to cury on a
certain amount of research indepandently from the manufacturers,
This set~up explains some of the difficulties encountered in the
-attempt to got a complete picture of the liquid fuel situation 1.n

WCentral Buropee

e = -

For diesel tuals the usual tyres of blends were: prepared in—
WIFO depots, For- the more elaborate mixtures only, nocesgitating
preliminary treatment, did the mmfaetnrer takc a hand 1n the proeeuo

* From the point of view of 1gn1tab111t.y ‘alone ’ Kogaain II from
the Fischer=Tropsch process is an idéal product, It has been demon~-
strated however that, used alonc,. it is far from boing an advantage_ua
diesel fuel, Tests have proven that, compared with a diesel fusl of
petroleum origin having a cetane rating of 47 and a specific gravity
of 856, Kogasin II with 86 cetans rating and (770 apeciﬁc -gravity,
when used in engines adapted to low cetane fuel, the on].y engines

available at this t:l.ne, showcds

(1) an _increase in consunption. of arcund S pe:cent (bacod on.
eéqual heal value),
(2) an inorcasec in exhauat gaa t.emperature of about 25 percent.

'l'hia was attrj.buted to tho fact t.hat Kogasin II does not have enocugh
"body", as it is roferred to. It ignites too fast but burns too
slowly and must be blended with some of the other products listed
above, Therefore Kogasin II was used mostly to upgrade the ign:lt-
ability of other fucls, : _ . ,

Typical blends used as Diesel Fuela, with f.he speciﬁ.cations
indicated above, and obtained by aimple mixihg, were, for instance:

LS percont Fiecher-’l‘ropsch Kogasin II - o ©
50 porcent light petrolsum.gasocil . -

5 percent Spindle oil distillate or, as alternative:
| 75 percent. of this 45 - 50 -~ § blend .
25 percent of a slighthr heavier petroleum gasoil.

-9'-



3¢ Proparation of the. Diesel Pue
- en the mixture involves tar cils fram the carbonization of
_goal, or shale oil, serious complications arise from the fact that
1 high peroontag ~earbonr=—— -
which rapidly clog-the-injection nossles, especially

“these oils contain b

forming elements

80514

in small high-speed engines.

tendency to ssgregate
and to settle in storage tanks,

prevent this condition, cither 2
100 centimeters of fuel, or 0,02

es—of asphalt; gun-

Furthernmore these components have a

out of the liquid,

in weak*'a_lcchol solution per-100 centimeters of fuel.

- It became therefore necessary ¢o refine the mixtures,

H, kK8lbel of the "Rhein=-Preusscn Company"-
oped several processcs.
sisted of a 20 percent liquid sulfuric
fbemperatm—'fonmd—by—a—'eauﬁcwm
Later aluminum chloridc
acid wash, followed by

method, covered by Deutsche Rel

—uary 1943 for the fcleaning-of mixtures.
_hydrocarbons" consists of a treatment by sulfur

tion,

for that purposee

gas form, at atmospheric preesure,
be secen a typical pictu¥e of the ‘changes -taking place in the fuel
by the use of this procees, e '

e e

dioxide

when Kogasin II is added
Originally inhibitors were used to
subic centimeters of cresol for
grams of mono=bensyl=amido=-phsnol

andDr._'

4n:- Homberg, Ruhr, devel=-
The initial process con=
‘acid wash at atmospheric -
with fullers earth filtra~
: was substituted for the sulfuric
noutralization and filtration, The latest
chs Patent No, 730853 dated 28 Jan-
of tar oils and aliphatic -

SOz, in

On the following tabulation can

~ | Kogesin 11 | Tar Mixture of Diese
, o e |

Spece fravity - <760 . : .ﬁz I T
Color - {Water Clear|Black Browngnot
s : — {4 ranslucidilucidgFlu
Boiling Index ° |218°C 260°6 260°¢ .
lcetanc Rating 96 20 60
Flash Point P.M.| L8°C 114°C 70°C
Pour Point =20°C Zero =20°C
Lower Calorific |10500 Cal }9980 cal

value ' . : '
Qc:,mra,dson Carbon{.03 ¥ «26% ino data

e ————

1 Fuels
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oluble in{Zero | L% | .87% | w058 | %

Proportions of carbon and Ivdrogen in. theae sdxed D.l.e.el Mh ares

87-50 percent C, to 9-12 percent H with a fraction of one
_percent. of annur cqgl_'ed wi.tb following proportions in the .
Kogaaim :

T

ST . 'G-85percent
22 ... R =15 percent . L
o No auli\n' ' N\

The. proportiona of Kogaain II in the mixtures vary according
to the results desired, It has been found+that the cotane rating
_increases practically in _proportion to the quantity of Kogasin in
the mixture; thus 35 percent tar oil and 65 percent Kogasin has a
cetane rating of 57 whilo a 50-50 nﬂ.xt\fa has a cetane rating of 52,

‘The refining process is aa.:l.d to be inexpensive, as the loss of
SO0o is extremely small, the bulk being used over and over again, The
—_amount _of heavy tar, asphalt, and carbon precipitated cut of the fuel
during the treatment is about 10 percent of the total in weighte The
. phenolic products eliminatdd can be recovered and marketed, ‘

The refined mixture, known as diesel fuel "R" is clear, stable,
. mixes readily with all other diesel fuels, and is even less corrosive
(sinc test) than petroleum gas oil. Diesel motor tests have shown
that it compares advantageously with petroleum diesel fuel as to ex=
haust gas temporature, low CO content of these gases, and consumption
per horsepower,

-1l -



For production of a low pour point diesel fuel with high centane
rat%, distillates of parm nature cap Do tre am,si Em 35;
ne _extraction, to remove = ost—ofthe waxoes-that ——
_process is very similar to the Edelsanu

cause a high pour point,  This Jar to :
process, but was not used extensively in Germany on account of ths low
yield, For example 200 kilograms of distillate from the liquefaction
of brown coal, treated as above, will yield only 60 kilograms of -
diesel fuel of =31°F pour, 53 cetans; or 88 idlograms of diesel fuel
of =-SOF pour, Ll eotames - i i

(a) Use of Gasoline 1n Diosel Bnginess

. _At various times during tho war the Germans experianced a ser-
.4ous shortage .of adequate diescl fuel,. These shortages were partly
due to the nooessity of concantrating production efforts upon the
_preparation of high=test aviation gasolinee It was ncoessary at.
thesc times to operate dicsel engines on gasoline —gasoline blends—
which were or could be made avallable locally. Regairdless of the type
of gasoline blend used, an addition of -5-percent of motor oil to the
fusl was presoribed, to protect the fuel injection pumps and -not to
improve the ignitability. There is a basic difference between diesel
injoction pumps, lubricated and scalcd by the fuel itself and gaso~
line injection pumpes, used currontly on aireraft engines, lubricated
by a supply of motor oile Naturally tho situation being temporary,
‘no change over of the injection system was made, The only diffie-
culties mentioned in comnection with the use of ‘gasolino in-diesel -
engines were the excessive overheating of the enginoc and some ten—
_dency to vapor—lock in hot weather. In oertain .cases additives were
needed to reduce the octanc rating and bring the fuel more in line
with a diesel fuele Chlorpicrin was used as one of these additives,
_& cetane rating of 35 was aimed ate It can be obtained either by
fractionating properly the Fischer-Tropsch gasolinc, “or by blending—
a gasoline of as high as 60 octans with a high cetane diesel fuele
Naturally low aromatic gasolines such as PRuhrbonsin® were selscted
in prefersnce to higher grades, S \ -

An aﬁénipt’. was made to use bensol,” Ignition was posaible only
by mixing ethyl nitrate vapour with tho air used for combustionj
the engine stopped as soon as this addition of vapour was cut off,

-12 =



tight as ethy ate
contimeters of nitrate
to spray liquid ethyl nitrate in vory pmall quantity into the cy--
‘linder resulted in a serious explosions R

—  _ During the diescl fuel shortageé of 19L1-ii2 tests we
at the leuna plant of I,Ge Farbem for the use of a 58-50
diesel fuel and leuna gasoline
brown coal tar, and having a cotano
were noted except a slight reduction in power
motive ‘diesels-or in small
speed diesels .vapox-}opk di

. In Germany

rating, of diesel fuels,
treatment, in vari
Junction with some

For convenience ,' the work doné with var:l.ona additives and
results obtained are sumarized-m_.atabl_e forme - - .

yak
was

-

container in a water bath, as
up circuit had to be abaoclutely

LJ -ad :"0).!» . e 6vi-w.'-.
used per one liter oylinders

3 )

-

attempt -

An

re conducted

produced from the hydrog

o

‘mixture of
enation of
rating of 35, No difficulties
in trucka and loco-
constyuction enginese-
fficulties developeds

'l -Diesel Fucl Additives.

In large, slow-

.

as well as in the United States considerable Areaearch_

work was carried forward to raise the Mgnitability", the cetane .

Additives were used, either without. further

ous’ proportions, or were
trecatment such as ﬂmgraﬁon'!,

‘adced to the fusl in con~
Nosenisationty [

T
the

Tsed as Proportion - —OETIRE YATING | Nemarks '
additive in volume Diesel fuel ] Originall Resultant |
NITBATES & , - - .
Mitrate oS to 1% Petroleum | LS | 5359  |Boils at 195°C;
R B Gas-D31 4 ...\ . - ithis is too low
Vapour very
. t;oad.c-
Ethyl .
Nitrate | 1 to 5% do do up to 72 :Above 1% atrong-
. } : S . |1y corrosive in =
: .injection systen



Le Diesel Fuel additives, (€ontta)

‘Tsed as Troporuon W—m Remarks
o ek VG 1t _VOIW : ﬁl m;.—— —E"LE : Results ~
L { / . retroleum | 45 | Up to (0,Quite corro-
Nitrate : ,0&9—011 o T 7 jsive in in-
D ’ : - | Jection systen
Iso Amyl | N o .
Nitrite ! 1 to 5% do do do |Much less core
R T rosive than
i - ' ~|nitrate
Methyl ] : '
nitrate ! do do do Not corrosive
L ;w , _ ' -but.ogoih at
' too low
PEROYIDES — . - ' s
Pimethyl= | Lto 3 & Petroleum ks ~ |Strong action
“"Peroxide T Gas-01l1 ——ibut boiling -
} : 5 point. is SS°F
Ethylene= | ‘ ‘
_Peroxide ¢ do " do do 60 No special
4 l A ' 1 data
Acetone- . ‘ - )
Peroxide @ do do do do |[|Extremely ex=
' ' : , ‘ " o plosive ory-
‘ stals -~ harm-
! only when dis-
_ ' solved,
‘Diethyl- { A - | | -
Peroxide l do : - -do do do Very effective
Diethyl- : R _ :
, Peroxx.de : 3$ lignite 25 31 Very effective
ST ! ¥F T GasoXine - ',IT;:_:'_'_%_;;;;‘,;;: R sy S ——— e
Diacetonse ..! : - o
- Diperoxide 1 to 2% Gascil Ls | Very efrectiva
Diacetone ‘
Diperoxide 33 Lignite | 25 - 3
) ‘ @Gascline . )
Diacetone ! .
Diperoxide! - do - FoToKogasin 6 ¥(
v e . ot NO. 1 :

-1 -
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'Monoxy-Diethyl L 1 ~ |About same act-

Peroxide ‘1 to 2% . e} = ) =  jion as ethylene
. , . o peroxide but

| - ‘ - . ‘Inot quite so
[P, ..,,,.,,._,M,,‘,_.,, s _.‘_“.., e ..,,,_. e e e e e solnble. in‘fmhﬁ

1 | | ,
Peroxide Less than 1% Appears to act
‘ ‘ ’ satisfactorily
- , but  not soluble
' ; : ' enough
Tatraline » . , e :
Peroxide | 3% ! lignite 25 33 These results
— R " Gasoline: - ' are question-
- ‘ able -

Tetraline : N
Peroxide do F.TeKo= | 64 89 Thege results
- gasin #1 are question-
) - ‘ ' .jable-
Di-Bensoyl N s
Peroxide do lLignite 25 28 These results .
’ ‘ Gasoline - |are question—
able

Di-Benzoyl |
Peroxide less than 1% Gasoil LS Aup to Sk

 Acetyl Benzdyl Lignite 25 | 30
Peroxide 2% ‘Gasoline

hcetyl Benzoyl 1.2% Gasoil ' LS 5s
Peroxide [ '

This tabulation shows that the number of chemicals either of the nitrate
or nitrite. type, or of the peroxide type, that can effectively be used

" as additives to dicsel fuels is somewhat restricted even though many may
upgrade the ignitability to a considerable extent,

<15 -
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Diese |
. & further linitation 1s found in the solubility cf some of thess
additivas, . ' )

(».)»sommngmvo:.rermdea;mi .vméui Fusls. |

" An important aspect of tho addition of chemicals into diesel
fuels is their solubility in the various types of oils at different
_temperaturese This in several cases, limits their use, In general

4t can bo said that the solubility of peroxide additives increases
as the percentage ‘of un-saturated and arcmatic hydrocarbons in the
oil increases, while their solubility decreases proportionally to:

the percentage of paraffiniec componentse

Following t.abu_latioxi gives the solubility of several peroxides
at a temperaturo of 68°F (20°C)s

Toddes WW@. shawlon
. Gasoil | Fischer-Tropsch Gasoline onng ”ot u te hr}
Dihcotone ai | b | | -
“Poramido | 2u% | he2s Slf | Le2%
Poroxide | 12 | «8 30t | <O
: P '
Acetyl Bensoyl, : '
Tetraline di | ! | - 1
"Peroxide | 18 | L8 ] 26e2 § 3o
Diethyl i | '. | |
__-_Peroxide i TVold 6 Vol, | S0s50 5 Vol,
: R = ‘

- 16 = -



Ilux:lch, ma tastengino where tmconpreaaion rat.:l.o could be modi-
fied from 1011 to 1831, for the purpose of determining, with several
diesel fuels and various peroxide additives, how low the compression

ratio could be brought, in each case, before ignition would fail to
dccur. ’

The charactelﬁht:l.cs of the tests were as tol].au:

Air Temperature - B6OF =

Cooling Water _ 158°F

RePM. L7045 o

Injection angle 17 fore Top Dead Center

Topque °S Xg/m

Injection Pressurc 1S Atme

InJoctor ‘ : ~  Bosch DL 120S S P 6, S outlets.

Below are the results, indicated in "Degrees of ignition delay,
measured on the indicator diagrams", for various fuels at various
compression ratioss The sign = means that no meuurement was avail-
able, the sign ~ meens "ignition fails to oc

The refcrence fuel in all tbose tests is a petroleum gas-oil
from Persian crude with a cetane rating or LS,

lst. Series, The fuel selected for the tests was a w.{dely ugead -
of brown coal tar oil refoerred to as %diesel fuel B" from the

low=temperature distillation of lignite from Middle Germany (probab]y
Saxony) with 2 percent of the additives indicated:

-

E."",??:e?ﬂ»onjﬁﬁid :4__13 T T O -T2 e

Refercnee Fuel 9 | 10 12 - 15 - 20/21
Diesel Fuel B - _ ‘
—without-Additive— | —2h-—15/26- | 20— [26/27 | —=—}—=———
Diesel Fuel B With 2% ' o

ofs




Le Dicscl-Fudl iddttives, (SN Conttd) |

Compraseion Ratlo I8~ 46 T I - 13 [ 12 T IT I

' ' g TIO/ILT I3 1 =18 =128
Di Ethyl Poroxide . | 10 :11/12! 13/1: = 19 25 -
Di dcctone Peroxide 111 112/13) .15 4 = 21 27 -

--Monoxydi-Ethyl Peroxidej 12 13 | 15/16: = | 22/23] 26/27 | =~
Hydrogen Peraxide 12 | 1, 17 | = | 25/26] 28 -
Monoperparaldehyds 113 15 19 29/30) = ¥ - -
Acetyl Benzoyl Peroxide|13/1h | 15 20 26 N T B

Tetralin, Dibenzoyl, Dioxy-Diethyl, ctce. show practically no
difference i igoniticn delay. ' : '

. 2nd Series. Samc diesel fucl "BM but with only 1 percent of
peroxide additivess ~ .. .. e e - -
Compression Ratio - 18, ., 18 _FI[; I & S VR S )
Dimethyl Peroxide - [10/211) 12 ! 24/15{ = |20/21| 28°- | =
Di Ethyl Peroxide = '11/122¢ 13 ' 17 = 25 - -
Di Acetone Di Peroxide | 12 113/iu) 17 | = |25 - | =
Ethylidene Peroxide ,1:{{13 /15| 18 = 29 - |-
hcetylbenzoyl Percxide 16 | 20/21| 27 - -

These two series of tests show the effect of even small percent-
ages of certain peroxide additives in bringing back the ignition delsy
of a Diesel fuel towards the ignition delay of the reference fuel of
petroleun.origine In other words-it.can be seen how certain-additives.
permit the use of a synthetic dicsel fuel which could not be-adequately
consumed without these additives at the compression ration available
in certain diesel engines, el

The next -series of. tests shows the influence of peroxide additives
on the stability of diesel fugls, For every compression ratio the -~
“ignition delay is shorter when peroxides were added to the fuel before
its orolonged storage, . A :

- 18 -
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——————lie Diosel Fuel additives. (@XGoat |

' 3rd Series, A similar diesel fusl (brown cosl tar) from low=
temperature ation of lignites, with 2 percent additives except
__as noted, and after ten months of storagoe |

.-

Cempression Ratio 15 I . 12 i 110 |
Diesel Fuel alone : E 13 | W 16/170 22 29/30 -
Di Aceton Di Peroxide | 10 11 :12/13: 16 | = 126
Di Ethyl Peroxide / ;1 12/13 . /15 18/29| 23 -
Di Ethyl but only 1 = :@ 12 | 13 15 19 |2u/25 | -
Acetyl Benzoyl Peroxide | 12 | 13/’ 16 21 27 ! =
Totralin Peroxide. | 12 | 13/A 16 |21/22| = | -

. Di Benszoyl Peroxide 112 i 13/24 . 16 22 - b=

The fourth series of tests réported on the next tabulation shows
that some "™gnition accelerator" must be added to the diesel fuel ob-
tained from low temperature coal tar before it can be used as diesel
fuecl, : . :
_ Lth Series. A Diesel fuel from the low=temporature distillation
of coal, which does not ignite satisfactorily in the engine at com=
pression ratio of 1811 or below, and cven at 1811 has a 27° ignition
delay, with 2 porcent of various peraxide additives, or 1 percent
as notcde ’ - . ‘ )

Comprossion Ratio 16 I i I3 12 .
Diesel fuel without ¥ i ! -
Diesel fuel with: - "
Diethyl Peroxido, 2% 6 | 18 ; 23 30 37
‘Diethyl Peroxide S N S :
but only 1% added " | 16 | ‘18 ' 28/29} = | =
Di Acetone Peroxide, 2% | 17 19/20; 26 13u4/35| -
Di Acetone Peroxide ‘ : : ‘ ‘
but only 1% added 18 22— 3t S
Mono oxy Di Ethyl ; i o -
——Peroxide; 2% —h7/a8f-21/22 ~+—30——~ -
b t7 ’ : ] .




]

he D:I.eael Fuel Add:l.ﬁ"eao 5)(Coun

'amm;ﬁﬂn Hrr

. i SR A
Peroxide B i -18/19. 22/2* 3l - {5 -
‘ ‘retralin Peroxide 19" ! LO - -

A final set or teste was made to see the actd.on of the perox:l.de
additives on a diesel fuel of patroleum otigin, .The same "reference
fuel®? is tabulated as for the first series of tests, Results show
that the additives improve the ignitability of the dieael fuel beyond
the quality of the reference fuele

Sth Series, . Same additives in 2 penent. comontration in @‘b-
"‘rol_um gas-of.'l'.- (origin not knovm)a

comprcseionqﬂat’iom ~15 Il; I e

; ; o

Reference Fuel . 9 10 .12 { 18 20/21 |25
Gasoil without | ’ ]
Additives -19/10 ' 11 gla/n; 17/:13 26/27 ' -

Gasoil with.2% of ! :
Di Ethyl PerondeJ/ &/7 1 ‘9/10 11,/12 16/17 !22/23 .
Acetyl Benzoyl :

Peroxide /6 8/ 10 ! 12/13 18 25/26
D1 Aceton Di i . o l
- Pero:d.de SR A /- I '10/11 m/;s 19/20 29/30
gDietlvl ' 9/10 - 11/12 ! w 5 ‘29/30 .
Tetzalinﬁroﬂde ‘ B/ ,»9/10 ' 11/12 ‘ l/ g,_z;; :'::_s :-_-

 Inwgddition to the better ignitability of diesel fucls containing
peroxide ddditives, a much smoother operation and a much cleaner ex-
haust couldrde noticed. '
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ks’ Diesed Fusd Acmum. gcout.'d) ]
(c) Effect ot Other 2!2 Additd.xgs on ggtmug

... Two additi.vesL trled at the Technische BOe‘hachule of. llun:lch :
-are-worth-mentionings —One is "chlorpicrin® which-is "trichlor nitro—
methanc"; added in proportion up to L percent.it increases the cetane
value materially, For instance a Kogasin II, of 92 cetans, goes up
%0 116 cetanc by nitration and to 170 with addition of chlorpicrin
after nitration, The other additive is "Lupanol", a "teotra nitro
__methane" which in concentrations up to_ lpe:ncent mwm__

nuanee on ignitabili‘byo . ’

In 1942 the Technischo Hochschule in Munich conducted experi-
ments with othor organic additives. It was found that the fallowing
chemicals reducc the ignitability: - :

Esters

Cyclic hydrocarbons (1ike pesndooumez, cymol)
Cyclic aldehydes (like benzoic aldehyde)
Alcohols of low-molecular weight,

-

' .

i'i‘hel following chemicals s on the other hand, increase the ignitability:

St.raighb—chains aldelwdea y in large proportion
- (as much as 20 percent).
dlcohols of high molecular weight. -

For alcohola in particular the following tabulation illuntrates
the results, and shows that, from n-Octyl alcohol up an appreciable

increase in cetane rating can be: noticed.

—.alcohol Added... . - T Pomortion e

DL hceton=Alcohol’ 20% I LS 36 -9
n = Propyl 4lcohol | 208 . | W6 37} -9
c; _ 40% | ue 28 - -18
n" = Hexyl Aleohol 20% k6 .38 -8
Cs , : ' do [ o o
n - Octyl Aleohol — | 20% i do b7 L
cg L0Z i do 51 1 #8
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n - Nonyl dcohol l | g W L 2
Co ' ) - . do 49 i A3
n=Decyl Alcohol : ~do | Ny - ’ £
S0 e | do 58 I A2

(d) Effect of NImATION on Egi_tabmg

 Pest results with high nolecular alcohols were obtained when a

"pnitration" treatment was given the mixture, in the following manners
T First a FuﬂhﬁhmnﬂﬂﬁﬁﬁmlhmsﬂmwquW1MﬁMmﬁmm*
Imﬂhxbdmlﬂﬁ?uuerwmml ‘The balance had a cetane rating
of 39. This was mixed with 50 percent of various alcohols, and the
mixture subjected to a nitration process by bubbling gaseous concen—
tratcd nitric acid through the liquid. ‘The results were as follows:

Porcontagefof NO, Absorbed Increase in Cetane

12

5> s

67 .
1,20 S SR ~
2,08 (Saturation) . 18

~WwW OO |

In most of thesc experiments a precipitation of pitch took place,
and the oil had to be filterod atter the reaction. '

These fuela are not corrosive unloss thqy arec from coal origin
and contain phcnols,

- 22 -



' 'n:e Techniache Bochacm.e ot lhn:l.ch cowv.ewd a8 cmidatable
number’ of tests in 1940-h2 along the line of oxomisation of Dissel
fuels .for the purpose of raising the cetane rai'-ing. It was found

%FW!WOE “*the-diesel fuel vl
idmportant, and that the ignitability .raised regardloss of the
‘ail, for.instance Ruhrbensin (gasoline).was as susceptible to the
ozonisation treatment as Kogasin, Taking & Ruhr.gasoline of k?
cetane the fonowlng mcmue&wre noteds

o r " ce was

- o " 6 ® .. " .® . (S
$ = 9 n » L » ® 06
4. "1 w " " » o 1Lt
1 w20 ® " . L) e 130 |
2w " « s & U0

“Results of various oxporiments cenductpd in 19&1-&2 are su-'
"~ marised :i.n tho- fonodng tabulnﬁ.om S

”E

E G E¥asenmusc

!

~ Same extracted with nthl alaohol then olonued -
W(ﬂ nw) i
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w 1
oa

Same extracted witb mt!wl aloohol thon nitratod R
-xom—ymwmmwa_u_nm%&ﬁ
Kogasin I - simply ozonised atratootlliterinlb'honrs

]

Kogasin II - pure : 92
Kogasin II — Mitrated S - 116
Kogasin IT = O:oniaed5hours" - - 121
Pure cetane . * 200—
-Cetane-treated-with nitric- acid—--~~~ e RS N —— A0k
Cetane treated with nitric acid at ]9h°!‘ 132 ,
‘Cyclo-hexane | 11
WCyclo-hemno treatod with nitric acid at 130°F - 26

{
{
1
i

- The above tabulation is oeu-oxplanatory. A oomarioon otthe
results with thoss obtained by the mere addition of a chemical permits
an evaluation of the effect of a ‘treatment such as nitration, osonisa~
’tion, or a combination of the two proeems.

It is to be noted that the otuw of "d:loael ﬁlel addiﬁ.vao"
conductcd in various German scientific activities was concentrated |
. upon one single feature; an increase in ignitability. ktenaive
studies of the performance of these additives in various oils, their
stability, their corrosive action, before and after combustion, were .
apparently not made, .Neither have the investigators come in contact
with any studies of real value about additives that would improve
the entire process of:combustion regardless of the ignitability,
‘The reason seems to be that, up to this date, additives have not been
considered as the proper method to improve a dicsel fuels The-Ger-
_.mans_efforts were rather to concentrate upon the preparation of the

proper blends of oils, natural or synthetic » which would operate
satisfactorily without the use of additivese
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T 5¢ The Si canoce aof.Ce
At the Technische Hochschule of gart, considerable work
was done to determine, at warious texperatures, the Weritieal com=
~pression ratio” of a dieseI engines that is; the compression ratio
below which ignition of the dissel fusl cammot be entertained, The
ratios are plotted against air temperatures for fuels of various ig=
nitabilities and for ignition aceslerating vapours in the air used
for combustion, ﬁ@,_zthu%thnmwouwmm
ings and critical compression ratios at normal temperature (65°C)
for various additions of ethyl nitrate,: Lo :

~ *— Thus it would appear that an increase in cetane rating Lty per-
~mdtting a reduction of the_Ycritical compression ratio® at svwory —
temperature makes it possible to build an engine that developa more
‘Power per pound or, conversely, to obtain a greater output from an.
engine bullt for a given compression ratio, . '

“on the answer summarised below, For Ahe-present high speed diesecl
engine 50 cotane rating is satisfactory, For the engine of tomorrow
the discussion revolwed around ths question of fefficiency versus =
compression ratiofy - - E IR AR

4n examination of Figure 3 shows, in the range of the Otto gas—
oline engine, an increase in efficiency with an increase in conpres—
sion ratioy the latter being made possible by an- in the

Roctane rating® of the fuel,. A4 further examination. shows, in the -
range of the diesel engine, a somewhat smaller increase- in offic~
iency with de compression ratio, Such dearease, as shown
above, is m possible by use of a fusl having a high ignition

-~ 25 ;. 
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- Thepefore an increase-in cetans rafing, in ignitability inatead
ef being used to rurtlnt"aqumfmfe@muxméuuoumh.,_ T
used in an entirely opposite direction, namely to make ..a ssoother - -

running with a "lower® compression ratio, and all the simplificatio

-4in weight, material, 1 - on _losses, | ' uction

economical engine that may eventually permit an engine ﬁterneliita’ "
between Otto and diesel types. o

/.
H 7

6o Conclusions,

During the war it can bo said ihat the Germans had no high
quality diesel fuel as such, but blends of synthetic and natural

products, each playing a defimite part in the performance of the fusles
They explored the field of chemical-additives but did not use them in
practicees They developed certain treataents that resulted in cetans
ratings of fantastic proportions, Oasolines had to be used at times
when other diesel fuels were scarse, No immovations were found in -the
way of producing, storing or handling diesel fuels, The processes of
nitration and ozonisation-of diesel fuels and blends -and the treatment
of tar oil blends with gaseous S02 for purification are of major
importance and may well contribute to an improvement in, or extension
of american :diewsl fuel Bnpplics, with their further exploration and
adoption, e I

- Prepared by:

R. J. BENDER,
—Iieutenant USNR.

=26~
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APPENDII I
w

THB FKFS TES‘I’IHG STaND

“usoe lcyees strong, Tor eechnicaf" devalopmm AP ‘the acienee of
engines, It was called t{he nPorschungs Institut fur Kraftfahrwesen
und Fahrsengmotoren an der Technische Hochschule Stuttgart" located
at Unter Turckheim nearx Stuttgaxt in a ‘group of buildings:of the - -
Daimler Bengz Factory, There a testing motor was developed,-used ror

~gasoline- u—wu—ufw—memfmmim"mor“havmg“ﬂm"w
following characteristics, - e

For diesel tests, 1n particular four (h) type- ot conbn'tion chambers .
are abailables

A D:b-act In:)ecﬁ.on“ Te
s Pre—combustion chamber
Air-cell system -
Fuel-een“mtem

e el

' The coupresaion ration :;:m be vm‘ied n'cm .
4.5:1 up. to -25:3
Bore m
- Stroke
-Cylinder Volume 1000 cna (1 nur)

—Speed E 9
SR short periods £00 RPM correspond-
- —— 7" ing to a piston speed of h2.6 :
o '~ feed per second

Cooling water temp 809 C |
Lubricating 0il Vol, from 3 to-6-quarts-
Oil temperature up to Cc
0il pressure ‘
Valve 1lift (both) 1&
Inlet valve opens 10

. Exhaust va].ve cloaesl?.“uTDc

Injecti-on and ignition timing controllable
Injection pressures:

Direct injection 180 Atm

Pre-combechamber 90 -Atm -
Air-cell - 90 Atm-

Fuel Cell 110 Atm

.
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ist als Exfinder genannt worden.

o

. Steinkohlen-Bergwerk ,Rheinpreussen’” in Homberg, Niederrhein .
Verfahren zur Reiniguny von Gemischen aus Teerclen und aliphatischen Kohlenwasserstofflen

Patentiert im (cutsche Roich vom 14 Jaruar 194t an
Patenterscilung bokaratgemacht am 24, | e romber das

tocnaB § TAbS 2 dor Verordoung vom o8 April 1u:Y jet die FErklarung sbgrgelen—asrdop

da8 sich der Schutz auf dag Land Ohterrorch cratreckon il

Die vorlicgende Erfindung berweckt die
Hermellu'g von Dicselkrafistoffens aus Ge
mischen ven Teerdlen, besonders Steinkohien-

iysatoren oder im Beisven. von Salzcn des Alu-
minivoms  oder Magmesiums  vorgenommen
wird. Weiterhin soll ‘dic  Erhitzewr des 0.

teercl, mit Kohlenwassersioffen der Paraffic gemisches unter Druck von Vorteil . ss
$ reihe und betrifft ein Verfahren rur Reini Dic nach dem angefithrien Verfabren ioor
Xung dicser Gemische., grstellten Diesclkraftanffe  geniigen redock,
Es ist an sich bekannt, schwer riindende  nicht den Ansprichen, dic an Diesclol  tur
Teerole durch Zusatz von rundxilligeren, vor- - schnell Lufende. cmpfindliche Motoren g
wiegend aliphatischen Gasilen fir den Ver ; Wellt werden mussen, insbesondere besitzen 30
1o brauch in Dicselmotoren nutzbar ru :nachen. artige Diesclkraftstoffimischu igen ene su
Diese nichiraffinierten Mischungen schei > Verkokungsueigung. die tu Diisenver
jedocrh in kumer Zeit asphaltanige Sto Mopfungen und rum Verklebenn von Nolben
aus, dic ecine motorische Verwendung wingen fihre.
‘ cine Lagerung; unméglich machen. Es jsg Die Erfindung .vermeidet dicee Nachicile 38
's bhereits ein Verfahren bekannt, nach welchem @ uid erzielt cinen cinwandiremn Diesclkrafr
solche Asphaltsiofie durch. lingeres Erhitsen : wmoftdurch Reinlgung viii  Geniischen aus
unter RuckflufB ane Teerd! Gasdl-Mischungen - Teerolen und vorwicgend aliphatischen Koh-
ausgeschieden werden. Die Wirkung dieser | lenwasserstoffien der  Siedelage 180 his
Wirmebehandlung soll dadurch erbsht wer '@ 360°. indemn die Gemische mit gasfomiigem 4o
so den, daB die Erhitzung des Olgemisches in | Schwefeldioxyd bei gewshnlichem Druck be

Gegenwart von Spalr. ader Hydvieringeiaata- |

e

4

-

e -l
2w gezchicdii,.

handelt 1nd von den hicrbe:

8
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.} Demgegeniiher
L. {_axlem _der Frfindeng
1 Obe, die durch

Euntfermeng
- Vafahren nach der

. K-ﬂmm jabren hokan
" Jensn  Minerallle .uud TeerSle maft ﬂenkcm

Ztukmdm

Kohlen, Tecren und MinevalBlen erhalien wer-
drn, mit sauren Gasen ru behanden, um diese

-von . famen Tellchen ru befreien. Diese Ar-
_beltowelse ist

= ist jedoch susdrécklich auf dic
fester Teilahen beschriinkt.” Dn
emw
dodldbmmm'l'vvé!!'a:alw
lenwasserstod-Gemischein, dis frei von feswen

Erfindunguwcsixmal
Ausfihrung des Veriahoms von
groBem Vormsll, bel der Knlisnoxydhsydrie-
rung emschende Parstfiakehinwassersiolf-
&MW lto-lsﬁo'unu-b.

it es fliir die

“Andurg Verfahwrens nicht zu. er-

7"-& -'aunnr )l-a?utwdzwht. llml

Schweleldioxyd
nicht Gemische von TeerSica mit Pnnlﬁn
kaokienwasserstoffen, die durch dic oben ge-
schilderten L8slichkeitsverhiltnisee sich Ta
"besug ‘auf die Ausecheidung von Asphali.
#Hiars- und Pechatoffen anders \er-

.13

dezch ihren hohen Wasserstofigehalt bew.

dmdﬁmmbidnmndw
in diceen Eigenschaficn jodes natirkiche Erddl
der gleichen Sicdegrenssa. Aul Grund des

hohrn Wasssrsiofigehaites besitson ‘diose
Konlenwassorwoffile fir dic unecrwiinmachien
Inhaltsstoffc dos Terrbles pur ein schr ge-
ringes dgen, so doB dic Aws-

dieser Stoffe miteels Schwefel-

dioxyds besonders leichn und vor sich
goht. Aufierdems bictet die in F = sechende
KohlenwasserstoffGifraition -

bekarmulich etheb-

liche motorische dlcddlbren

Vorziige,
MVMWMWZW

hahan. Das geht daraus hervor, daB .sich

durch getreante Behandlung von Teerdl einer-
mmvmwmm

seles mit
erxiclen 1A8¢.

seigen V ;hichmwdn,dnbd‘c
Reinigungswitkung von ‘Gasen
auf ein Gemisch von Teerdl und atiphatischen
Kohlenwasserstoffolen sels viel schiecher ist

Dtnitd-l\fdhhmuld:&r&rﬁn
dung dern Bekannten crzicle tech-

- Vnhdaebi!'a'nchﬂn besteht in der Hermellung

Teerolen mit aliphatischen
stofftlen, die frei sind von Asphalt, Harg,
Pech und Harsbildnern. arm an phenalischen

T
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— ‘M ,n . _V ‘ lrwf..w

t der gleichcn
|_geminch
-{-0,863-bei-13";

_Sirdalage (Dichse 0,77 bei 1§°)
t. Die Mischung hat cine Dichwe von
sio_ vl rreCn tur——
ctws 10 Minuten mit fein verieiltem gastorni- 3o
gem Schwefeldioxyd behandel. Aus dem Ol

1% braune, lack.
artge, phcnolhaltige Asphalistofic ausgeschic:
den, von denen dss

OV leicht abutrennen ist

Das Olgemisch hat cine bedeutende Farben: 83
3,9 auf 1,2 Volumproren! gosunken. dic Ver-
_(nach _Hagemann und
Hammerich, Ol und Kohleo, 12, 379. sdo,
1936) ist von 0,330 auf 0,064% Renrinunlis- 6e
liches angen. Das aunf die beschrie-
A _bene_Weise bohandelte Olgemisch wird mit
. ' , verdismter N und Wasser nachge-
: ' | waschen und einer 18%igen Bleicherdebchand-
Ein SicinkuhlenteerSidestillat  aus s unterogen. I ]
- o~ Hochiempersturverkokung — (180 bis_330". __ Die mit Schweleldiozydbehandlung craclte
B Dicne 0,98 bia 1,08 bei 15°) wird mit cinem Wirkung geht aus on chetnischen und- .
“"nach dew mibess &ut ' =5 _des_Olgemisches vor und
Wasserstoff hagesellen Kobhlenwasece-toffdl | nach der Rehandlung hervor:
‘ . ) 70
s Vor dor Behandlong - u-:hd;r‘ac.‘..wu»;,
Pichte bei 58°% .cov:coassossraceccencanses: 0,802 0,88s 28
vo Phenolgehalt in Volumproment.......coeeeee 2.9 1.3 !
__ _Yerkokungsneigung: '
Benzinunluliches . ... cooccerccecen-e 0,320 _ooby
. Hartasphalt ... ... o cocoreccenenns 0,308 0,030 %
3 KOKR....ovoeesecnnss eersavensesene 0,212 0,034
Farbhe .. .cceevesiasamnnnasosnnsennoosss schwarabraun gelb, klar durch-
undurchsichtig sichtig
e dioxyd bei gewohnlichem Druck behan- %3
‘o PATENTANSPROCRE: delt Gnd von desi Irerbei-ausgeschicdenon

1. Vesiahrem zur Keinigung von aus
Teorlen der Siedelage 180 bis 360> und
vorwicgend aliphatischen Kohlenwasser:

a8 ' : bestebends
, dab
gasformigem Schwefel-

Geanechon, dad

die Genmitsche mit

Stoffen abgetrennt werden.
2. Verfahron nach Anspruch 1. dadurch
3 t, daf man von Gemischen
susgeht, dic auBer Toerdl aliphatische *°
Kolilerwasserstoffile enthriten, dic durch

Kohlenoxydhydrierung gewonacn werden.
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T

. Bohlen . R J 2000 |
: meagkagdeleugv*__'.‘ 3800 B300" S

Brabag Peits | | 700 | 8100 '

Brabag Scholven o e v
R Silaenberg ) ST -
T mwm R : : ‘ ; T

. . Polits - _ _ 13“ L
’ Lutzkendorf ' , _ 1800

3 2. Fischel' T!' sch e __7.,. ,A ,,..,“-w. ER ;f“,"’ :~~:— R ‘_“‘f"‘:‘:;:f oo
T T "Synshesls S | N T
'~ "Ruhrchemie - e 1200 eme

‘Victor Rauxel ‘ - |- , T

- ‘Rheinpreussen . , X200 0 e

~——'~Krupp—‘ﬂamm—Eick€; S S N ', S
Essener Benzin ' - 1500 i 600 .
Schwarzheide ‘ ~ 2700 . 2000 . .
Lutzkendort T Loo R
Schaffgotsch L ' 600 - 200 :
Hoesih/ Bengin - - L 800 - ! -~

Total - S 8Loe . .. 30h0

T
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3. Diatillation of Crowncoal tar

Riebeck Weban =~ - © . 900 1200
Ricbeck liessel o ' LTI e T - 810
~6nha1ﬁ:sche~l(ohieuwerha ' NPy :

Kopsen | R 1509 . ‘ 1500
Dea Rositeg S - 2700 i 2000

-Kosag—Zolzan _ —2608- — 1500-
“Hefrag Wolfersheim— ; R e i
1eopold Bosdorf o T e ST 1007
Leopold Etteritz ' . - : o
ASV Hirschfelde . - -

Total w7 I
Reﬁ.n:ug_of Haturil crude_ oil. T S
Rhenania Hamburg R

_Rhenania Florisdorf 860
.Deutsche Vacuum at . 800

~Deutsche Oslecbghausen o
-Deutsche iedel . -
“Deutsche Kagram : -
Deutsche Kolin 1200
Deutsche Dzieditz T

_Deutsche Gasoline at

" - Dollbergen -

—= ‘*L-“**‘ﬂgmrich* " - —
Dea Korneuburg : 1700
Dea #Wilhelmsburg - .
Dea Heide 2000
wintershall LutzRenDorf .

Salzbergen Loo
~~Nova Schewchat . ... 8100 - -
Deurag Nery Misburg -

_Grassburg koo

I QG.-:,OPPEB:' et . Ce -
Sengewald : 60
Trzebinia = - 2100
Idaweiche 150
Pechelbronn e
Loban 6500
Vosendorft _ 1800
. Pardulitz ’ 1650
Kolin -

Total | W
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 APPENCIX IT CONFD

S, Small installations stills started
In-well=-gretected valleys,

' Bogerhof Extertalbahm - - T ommT oo —~ - 8806
BrunKenscn near Ohlfeld : - 880
—Messinghausen-near -Ohl¥edd .. : ' . 1000
Messinghausen near Brilon : . I 1000
‘Muhlenheim near Brilon - - ' : 1000

_Turmits near Ste Poltem | | 1000—
Weitenegg near Krems 1500
Olte Post ncar Pirma = e ‘ L50 ~
Stotzendorf ncar Viema oY 900
BausKirchen ncar Zistersdorf——— A - 2000
Bockatal ' 759

Total. D - I “f?%*ﬁ,'ﬁe—'

Total known productions 13,3087 69,570

During the month of January 19l known productions of other
fuels, given as .a comparison was: ~

Aviation Gasolino - From Hydrojcnators
From Synshens
Total

~

M e~

lotor Gasoline From Hydro} enétors

.

57,100T.
A . From SynShens. - . 12,550
From Iynite Tar » - 1,657,

Total : 71,360

 Gasoline production from Natural Pétrolcum Crude consitituted
‘howcver an important item estimated convsrvatively for January 19hl,
ats ' 15¢,00T





