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© SUMMARY -

Revieﬁ of the work done- in Germany during the past:féw
years to produce a \thfactory diesel fuel for hlghnspeed :

igate p0531b111t1e= of further 1mprovements. Study’of
additives such’ asy’ nLtrates, nitrites, peroxides, alco~
hols," etc., and of ‘various processes such as "nltratlon"
and ‘Mozonisation® to raise the cetane rating of fuels,
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| GERMAN’ bm_sm, FUEIS g

. 1.- German Diesel Fuel Specifica.t,ions. B

i Slow speed statlonary diese'l engi;nes—were openated__on euohj,iquid
fuels as were available, These ‘fuels included petroleum résidues, -
‘petroleum crude, codd and lignite tars and crude shale oile Mo speci-
-ficatieps could be maintained as the fuela for these types of engmes~
_were inadequate at all timés and became increasingly scarcer as:the
Twar- progressedy s So much soTthat ™ T attemptsy on‘ly “payrtly successfuly
were made to use these local supplies, a}.one or-mixed with other e
diesel fuels, in.automotive.engines, .The results are reported in
the 194k quarterly reports of the "Reichs Minister fiir Ristung und :
Kriegs~produktion® (Department of Planning end War Production), Fuels.
- and Lubricants, Section, under direction of Drs Bpkemuller of the’ :
Da.imler Benz Companw' ;m Gaggenau (Baden)g :
Dieseirfuel—spemflcaﬁonsmere p_, 'paz:ed‘fnr -the- ﬂarious armed
forces. A &omparison Gf the- requiremenﬁ‘of—the—'ﬂ!‘fehrmacht"@e T

v

MLuftwaffe! and the, "Krmegsmarlnd’ ~are-tabulated on Table I, r’S“ma.ll
differences:are apparent in- th:l.s tabulat:.on between tﬁe requirements .
of the various bpanches. L PR _ o
. The Gefvman Navy (Kriegsmarlne) in part:.cular was definitely op-
,posad 0 the use of any additive in diesel fuels for fear of corw
rosion, and nevér. did use Spec:.i‘a,cation KI of the Luftwaffe for fea.r _
: of. vaporlock. . . R

\ﬁradd:.tlon to these dJ.esel fuels mos‘(T ge‘nera],;y~used_and%
nized there came out, from time to time, certain fuels known as
#Sonder Diesel Kraftstoff®, Wleicht Diesel Kra,f‘bstoff“ “Speziall
Diesel Kraftstoff! prepared to order for a definite purpose or for

- dertain expenments. . Somg¢ were: blehds of various types of -diesel - -
fuels, others were blands of diesel i‘uels and gasolines. The 1atter

" could be: classi,fled m the United States as "tractor i‘uels"

Sourcea of Diesel Fuel in'Germarw'. ST s,

.-Note: ,Whenever a, prodt&ctlon ‘process. is mentioned, such as Fischer— .
- Tropsch’ s}nthes:.s s or:hydrogenation, the reader is referred to the:

- reports o these various procesaes prepared by theJI. ~&/N3Val”'l‘ech~

nieal Mission in Buropes-



e Sources of Diesel Fuel in Germany. (cont'd)

o (a) Nntural Petroleum Dist:.llates.

~

_ Crude 0il was obtained from the- Polish, Rumania.n, ‘Austrian and-

- German fields, to sérve as a base for the German-fuels and lubrieants
industry, “Although the quantity of these oils was continually de~ ..
creasing. under . the impact of. Allied air and land offensives, 5y & BUr=

- prisingly large- a.mount was still “on” nand almostﬁlp ‘o the end ~o.f;
hostihtles. ’ B , - ;

(b) Synﬁhetic Distillate known as gasin pag) j

The h1gh boilmg fractions dlstilled from the Fischer-Tropsch ~
low pressure; low- temperature, s catalytic process for obtaining . s
. drocarbons - from Solid fuels has the following ‘typical analysis (19 )
and. was used as blendlng produc'b fox the preparatlon of Diesel fuels:

o DISTILLATION‘

Graﬂty BIERY 176 ’ ‘ ‘ ) Lo
Color .- . lS--Saybolt Bl I.B.P. = 19200-——-~-

______ .. of ] F.T. products. ~.,A210°G" L 17 percent ‘

= Cetano Nou" _ 9 and better TITT250% 82 percent :

' Bromine- NO. R ‘-"'“13.8 T L 260°% 1 percent

 Iodine No, - ' . 13 S e ""_,“270‘-?0 .95 percont '
i Aromatics .. .. - - NEY - o " % EeP4 276 G

Unsaturates - lS - 20 pereent : Recovery 97 percen‘h :

Flash Point (PM) - 1950F. . B . .
¢ Fire Point - Y 218%F -
—Ash: Content: ) ; NiL— - A

. Comradson Garbon IR~ % 1 ‘ : ~

Vlscosity o T 248 centlskokes @ 68°F

Sulfur . T 401 percen'b R

An:.line Point 9090 i '

(c) Synthetlc Dlsullate lmown as Ko gas:.n I.

. - The llghter fract:.ons dlstilled in the FlScher Tropsch proeess ’

T with” bo:.lmg range below 225 degrees ' centigrade, known as Kogasin I,
and with'a cetane number from 35 to 60, according to the .cuty have .
also been used as ong 1ngredlent in various mlxtures s for the produc- :

" tion of Diesel i‘uels. - ‘Some work, mentloned below has been done to imr-
‘prove. the:.r sm.tab:.hty. : 5
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. 2¢ < Bources of Diesel Fuel in Gennw._ (éont'd) -

- (d) Distillates obtained from the Low~Temperature Carbonisation
of Coal an i o IR '

. Low=-temperature carbonization of lignite produces about. 3 .percent-
‘of 'an oil containing as much as 20 percent of Mereosote! and, accorde
ing to the refining process, varying in. cetans rating from 38 to L8,
Its composition makes it a rathor poor diesel fuel, and it is not
generdlly used without further treatment, ’ - o

S .(—e_).DisTtillates from .thé Hydrogenation 'Prot’:ess'.'_v’,

.. The oil obtained from the hydrogenation of icoal, coal tar and .
‘lignite constitutes a good diesel fuel, whether it is the middle Gil
from the sump phase, or the residuc of distillation from the gas .
phases Typical analysis of these hydrogenatiocn diesel fuels cover-:-

a wide variety according to their boiling ranges .= = | . -

Gravity S T 68040 4885
hniline Point - : 31t083%

‘Aromatica and Unsaturgtes. . _ . 38.to.L9 percent < - .
Boiling Indexst .~ = . T 265 40 2667 0 L o .
Cetane Rating - oo o300 ks T
Pour Point - . . Below =35°C and as low as ~70°C

-Viscosity E @ £200¢ - o 16h5 to 14819 SRR
’ e They aro used either pure or
‘ _ . mixed with Kogasin II, .. . |
- %# The Germans refer to "Boiling: Index" as the sum divided by: .
“ten ‘of the temperatures at which 10 percent, 20 percent,, 30, perw. -
- cent, etcess Of the liquid have distilled, including the end =
point, but not the-initial boiling point, . Some.also divide -
by nine the'sum-of the 10 percent, 20 percent, etcess fractions:
“but-exctusive of both I,B.P. and E.Ps’ R S R

"(£) oils from High-Tem

: In the Ruhr where large quantities of coml are coked “for. the -
‘metallurgical industry, a-tar-cil is available, of high gravity and
low ignitability which is not suitable as ‘diesel ‘fuel for high-spead
"enginesy - It can however, be- processed- and mixed with otherproducts) -
as' will be:described belowe = - R & SRR TR SRR

“T= o
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2, Sources of Diesel Fuel in Germany, (Cont'd)
(g) Shale Oil. o . . .

- The distillation of shale yields about 345 percent of an ‘oil
‘suitable as a Dicsél fuel after further treatment and mixed with
other -products, in a manner similar to the treatment of coal tar
mentioned aboves This will be described further, -A typieal analye
518 of shale’oil, such as produced at Dotternhausen (near Rottweil)
is: S C A S
s .DISTILLATION

—...Gravity AP I T
‘Cetane Rating. ' 38 EEEEUL S R
_ Neutralization Index o - LiB.P. - 124%C
whsh o . ~ -»02 percent -~ 10 .percent ' 2LO°C
“Water . . .. W09 percent 20 percent 1250°C- .
““Sulphur B Ly percert - - 50 percent. 2829C
‘Saponification No, - . 2,63°- - . 70 percent 315°C
:Conradson Carbon - o15 percent = . 90 percent 3L0% . .-
CAsphalt ot - 170,06 percent  BJPe 937190 ,;
L e e e . Recovery 96 percent:
“ " 34 Preparation of the Diesel Fuel Blends, R et

- K_Itfls of interest tg relate the 'Mﬂner\;i}ndﬂhigh all fuels , for .
aircraft as.well as for ground. forces, were prepared ‘£or consumption

. The utmost secrecy was maintained at 211 times inside ‘and out=
side Germany regarding sources of fiels and preparation of blends,
_Producers Wére ordercd to ship certain quantities’ of products to .
“locations: degighated by a number-and-were—not informed-of ‘the-dige—
position or ultimate destimation 'of these products,. -Blending was
_accomplished upon the .orders of certain organizations; without any .
knowledge of the identity-ofthe products blendeds People who had-
“complete .knowledge: of the fuels and lubricants situation: were, for
-automotive engines, the persormel of the "Zentral Bliro fiir Mineral.
Ocl" in Berlin and for aviation éngines; the pefsonnsl’ of -the. "Ober -
- kommando der Luftwaffe,"  'Under these, ‘the Mirtgechaftliche Forschung :
- Gesellschaft! or WIFO, assisted by the "Reichs Lt flr Wirtschafts .
; fusbau® in Berlin, took care, at strategic points throughout Europe,
- of the storage, blending and distribution of fucls and lubricants,
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" 3. Prepa.ration of the Di.esel Fuel Blends. (Cont'd)

WIFO Depots, such as the huge WIFO Nos 1 at Hz.zacker, on the
Elbe south of Hamburg, were equipped not . only ‘to store fuelé and
lubricants in underground tanks and ‘in barrcls, but alsc to make °
control atialysis im awell~equipped. laboratory, and to carry on a
- certain amount of research independently from the manufacturers,.
This. set~up explains some of the difficultles encountered in the
attempt torget a completo picture of the: liqui.d fuel: situation in”
'Central Europe.

—_— _For, dlesel’ fuels the. usual tyges of blends were. prepared in

WIFO depots. For the more elaborate mixtures only, necessitating '
preliminary treatment, did the manufacturer take a hand :m the processo

" From tha point of vn.ew oi‘ ignitab:.lity alone, Koaasm II from
“the Fischer—'l‘ropseh _process is an ideal prcduct. It has been demon- .-
strated however that, used aléne, it is far from being an advantageous
diesel fuele Tests have proven that, compared with a diesel fuel of .
petroleum origin having a cetane rating of 47 and a -specific grav:.ty :
of 856, Kogasin-II with 86 cetane rating and o770 specific gravity, :
wheén ueed in engines adapted to _low cetans, fuel, the only eng:mes
available at thls time, ahowed' ' , . :

.......

(1) an. increase in consumption of arou.nd 5 percent- (based on____
~equal heat value), "ot '
(2) an 1ncreascr in. exhaust gas temperature of about 25 pereem&. _

Th:.s was, attributed te the: i’act that. Kogaéz.n II doee not have enough
"body", -as it is.referred to. It igm.tes too fast but burns too
slowly and must’ be blended with someg, of -the other products listed _

- aboves.:: Therefore” Kogas:.n II was. used mostly +0 upgrade the J.gniia-_
ability of obher: fuels. e ,f,

Typical blends used as Diesel: Fuels, with the speciflcatione
1ndicated above 5 and obt,a:.ned oy e:.mple mlxlng, were s for 1nstance'

hS percent Fischer-‘l‘ropsch Kogasin II
50 percent Iight petroleum gascil
5 percent Sp:.ndle oil distlllate or, as. alternative:

75 percen'b of this h5 50 -5 blend L
25 percent of a e}:.ghtly heavier petroleum gaso:.l.

‘99,-"



forming elements which rapldly clog the injJection nozzles, espec:.al]y
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Preparation of the Diesel Fuel Blenda. (Cont'd)

N

. When the mxture involves tar oils from the carbonization of
coal, or shale oil, serious complications arise from the fact that -
these oils contain high percentages of- agphalt, gum and carbon= -

4n-small-high-speed- engines, Furthermore these components have a
tendency- to- segregaté out of the liquid, when Kogasin- II is added
and to settle in storage tanks. Orn.g:.nally inhibitors were used to
prevent ‘this condition, cither 2 cubic centimeters .of erésol for"
100 centimeters of fuel, or 0402 grams of mono—benzyl—amido—phenol

in weak alcohol ‘solution per 100 cexit:.meters of” fuel. N

It became therefore necessarya 0’ reflne the mixtures, and Dr."

—H-*KSIb’e‘.L”T’ﬁK‘“Rhein—Preussen ‘Company" in-Homberg, Ruhr, dével- .

-oped 'several processes for that purpose,

The initlal process con=

- sisted of & 20 percent-liquid sulfuric acid wash at atmospheric .
_temperature followed by a caustic.wash with fullers earth filtra=

«tione

Iater aluminum chloride was substituted for. the-sulfuric -
aecid- wash. ‘Tollowed by neutralization and f:.ltration, Thelatest

'method, covered. by Deutsolie Reichs Pateht No. 730853 dated 28 Jan=

uary 1943 for the "cleam.ng of mixtures of tar-oils and aliphat:.c o

hydrocarbons® consists of a troa‘bment by sulfur dioxide 505,

_gas formy-at—atmospheric pressure,

“begeen a typieal pieture of the changes taka.ng place in the fuel

_bY‘ﬂTe uSe of this process. o

~in

On the following tabula‘bion can .

RN

: Kogasin II Ta,r'Oﬁ‘
: iAo 1 Before. - ‘After - |-gas=oil. |
' _ . -Treatment | Treatment | (for compk
:Spec’.,_?é—‘ Tty .760‘“‘_’_‘1?060 14862 = |+855—— 1-s85F
Color k ' Water Glear B},.a’ck - | Brovmgnot Yellow;'!‘rans— Yellow |
: i Lol transluc:.d lucld,FluoresC»;*W; —
{Boiling.Index 218°c.w 126006 - 26000 '; 260°c 5 ‘ 275°c
Cetane Rating . | 96 -~ 20 - teo, o 160 T80,
Flash Point. P.M 1" 148%¢ - 114% 70°G' olge%c . - -e0%
Pour Point —20°C lZéro - [=209C ... (=209 =30°C.
|Lower: Calorlflc 10500 Cal 9980_ ‘eallmemm=. -~ 110100 - - . |"X0100"
Cwalue o : SR AT SR C
_|Conradson Carbon .03 % T .26% “ino data- " jaOOL%: 2058

Mixtﬁz‘e T Piossl Tucls

: P_e‘troleum
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3+ Preparation of ‘the Diesel F‘uel Blends, (Cont'd) -

r-"

L LT
———

‘_'Kogasin 1T TTar OI1 |Mixture of Dissel Fuels | Potroisvn
RS AR P . efore- | After ga‘s—oi.l(fgr,
. » Ireatnent | Treatment . |domparison)
, Hard A‘s_p.halt Zero 2.5%- ! phéﬁ’ri; . 033
En’soiuble inlZero- . 1 hBZ | 878 | Jo5%

~Benzine

......

" .
e T e

Prop_drtions of carbon and'.’vhydrg};@_h”-ip these h:_i:iéd_’Diéls_evllfue']fsvati;:v -

e . : PN T | P ’ : . . .

7T 87=90 percent. C, to-9-12 pe

-percent’ of sulfur gompared with
Kogasine .. '~ . ... -

-cent. H with a fraction of ona

\following proportions in the .

WA T e ‘

. R S

S T SRRy G SR

T d_—" 85perc€;ﬂt et [

I .M 4715 percent’ T

-~ No gulfuwr . . -

X

. The proportions of Kogasin II in the mixtures vary according
- to the results desired. It has ‘been found that the cetane 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 while a 50~50 mixture. has a cetane rating of 52,

~ The refining pro s-is_said-te-be~inexp V6, as the 1oss of
—UUp1s extremely small, the bulk being used over and over again, The
+amount ‘of heavy tar, asphalt, and carbon precipitated out of the fuel
_ during- the treatment is about T percent. of the total in weight,. The

~phenolic products éliminaté\d-'can_. be recovered and marketed, -

- The_refined mixture, known-as. diesel fuel "RU is clear, stable, .
' mixes readily with all other ‘diesel fuels, -and i5 even less corrosive -
(zinc test) than ‘petroleum gas oil,  Diesel motor. tests have shown . -
~that it compares advantageously with petroleum diesel fuel: ag to ex='
haust gas tempsrature,. Yow CO content of these gases s~ and consumption

per horsepower, . S
LT T



: '?-3, Prega.rat:.on of the Dicael Fuel Blends. ‘SCont'dZ

For production of ‘a-low Eour goint diesel fuel with hl%f\ centane
rating, distillates of paraffinie nature ‘can be treated by liquid 802 -
' Tollowed by a butane extraction, to remove most of the waxes that -

“ cause @& high pour pointe This process is very similar to the Edeleanu
Lprocess, but was not used extensively in Germany-on-account-of the low
*ya.cld. For example 200-kilogramg of dn.stillate~i‘-rom_the_uquefactl.on .
0f- brown—coal—treated—as—above, will. yield_only 60_kilograms of

diesel fuel of =31°F pour,’ 53 cetane; or 88 ld.lograms_oi‘_dm el fuel '
of -5°F pouT,. Al qetme.

v

—~—€a<)—USe—of—Gaeeline_in_Dingljn ihose .

S

. At various tlmes during the war the Germens exper:.enced a ser—
- dous shortage of a.dequate diesel fuel, .These shortages-were;partly
.due to the necessity- of" concentrating product:.on ‘efforts upon the )
preparation of high=test aviation gasolines It was necessary at -
these -times to operate diesel enginesg- on gasoline and gasoline blends
"which were or ‘could be 'made available: locallye Begardisse ‘of- the;, bgpe -
of gasoline blend used, an: add:n.t:.on ‘of 5 percent of motor oil to. the
fuel was ‘prescribed, to. ‘protect—the fuel injection. pumps and not to - .-
Tmpztbye—the ignitability,. There is a basic differsnce between diegel
'inJection pumps, -lubricated -and sea¥Yed™ by the fuel {tge1f and” gaao-i“'
line injection pumps, used currently on. aircraft engines, lubricated’
by a- supply of motor oil, Naturally the situation being temporary,
no change over of the injection system was made,  The only diffi-
eulties menta.oned in connection with the use of gasoline: in diesel
Jengines were. the—exeessye—eveaﬂheaﬁbmg—ef—thwngxne—and_semﬁw
dency: to vapor-lock in hot weather, —In certain cases additives were -
needed to reduce-the octane rating and bring. the fuel more in line
with a: diesel. fuel. Chlorp:.crin was used.as-: on&oﬁi.hese—addé.%ive&—

fractionating -properly. ‘the; Flscher-'l‘ropsch gasol:.nc, or'by blending
-a gasoline of as high a8 60 octane with-a high cet‘ane -diesel fuele .
Naturally low aromati¢ gasclines such as "Ruhrbenz:.n." were selected

in preference to hJ.gher grades. g

_ A,n attempt was ade to uge’ benzol. Ignitionwaé pdséiblé ;3n1y
by m:d.ng ethyl m.trate vapour with the -air used for combustion;
the engine stopped as soon as this add:.t:.on of vapour was cut off.
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3 Preparation of the Diesel Fuel Blends. (a)(cent.'dl

“The - ethyl mtrate was kept in a brass cont.ainer in a water bath, as
4t8 boiling point is 194°C, The vapour circuit had to be absolutely -
tight as ethyl nitrate’ vapours are toxic.- Approm.mately e3 cubic
centimeters of nitrate was ‘used per one.liter cylinder,  An attempt
to spray liquid ethyl nitrate in very small quantity mto the cy-..
“linder resulted :m a serious cxplosion.

* During t.he diescl fuel shortage of 19h1-h2 tests were” condncted
at"the Leuna plant’ of I,Ge Farben-for the-use of a-50-50 mixture of
~dieselfuel~ and*Ieuna~gasohne~produced from-the- hydrogenation. of ..
brown coal-tar; .and having a cetane rating of 35, No difficulties-
“werenoted’ except a slight reduction in power dn trucks and loco-—
motive diesels or in small construction engines, In large, slow-

ASpeed diesels vapon-lock dlfi‘:.cultn.es developed‘

: 4&[ D:Lesel Euel Additives'

In Gemanijs ‘well as in. the Unlted States ¢ons:Lderable research
work was carried forward tolraise the. "igmtab:.lity" ~the cetane———
frating';—of—dxesel%ucls;__,&dmwed, either without. _further
_treatmentA in various: proportlons, or were added-to the fuel 'in cone
—junction vuth some treat.ment such. as-.!nitrat:.gx,", 'k:zgniaa:biouhm__

""*_For convem.ence—,—theﬂvork—done wrbh various—addiuves and t.he
) rcsu),ts obta:l.ned are surmnarlzed in 'oable form. C

iUeéd as. -, Proportlon ﬁ‘lginal m : '“.“ReAmgrks-%‘_--@-_’ -

“additive in volumé Diesel “fuet | Or:;g&nal Rasultantf A .
. VITRATES & 1| T e
. Nitrate | ¢3 to 1% | Petroleum .| L5 . £3-59 . Bo‘.Lls a‘b 195°C,
o : . Gas—011 B . ~ ] |tnisiis. too low
i L i £ .o DR '___:'—'”" R I
Mitrate .} 1 to 5% “do 0} - do’- i upto T2 Above ‘1% strong—
jro B T MR TR EIRSN I ) -1ly corrosive.in’
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Lo Diesel.Fuel Addiﬂivas. (90nt{~)

.Used as

additive <

‘Proportlon
Qin volume

Origlnal_g_
*Diegel fuel

iginal

CETKNE RATiﬁh ‘
Resultant

Remarks

Amyl .

‘*”Nitrate

Téo Anyd
“Nitrite -

‘ltoﬂ'
! .

1 to 5%

- Petroleum
Gas~0il

h

Tp %o 70

Quite corro-
sive.din in= .
‘| Jection systen

| do—|Much-less oorw
- "|rosive than .

v.Acetone-
-~ Peroxide

[ 7‘:' ; o : . '
D:Let.hy R L
- Peroxide |~

Methyl
nitrate

e e e et = e -

., do N

ﬁit&éﬁb

-~ |Not corroaive

but boils ab .
122°F, too low

PEROXIDE
. PInethyi- -

Parox1de L

i'ltosz

Petroleum
————Gas—Oil

[Strong action
but- boiliﬁg

Ethylene—
Peroxldc

i
oy
i

4o

do

Diethyl—

Peroxxdevﬂ‘}

Dlacetone

- Dmperoxlde

Diacetone
Dlperpxide

?pié&ét’qﬁé_ i
- Diperoxidel.

1 to 2%,

do,

3%

RE Gasollne

':60-

Au'IigﬁitéHAV
. Gasoline

Tomel

ngnlte v ‘;;

NO. } " i

,/F.T Kogasin‘fi‘

| Q..n lh - .

'point ig” 55°F

" |No special

. data L

| vExtremely ex-'

plosive ory=
‘|stals = harm-

':"_only when die-

‘VEry,effecti;éf

*{rery oftostive

- Very effective'
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" L. Diesel Fuel Additivess (Comt'd)

—Fsed‘as ‘f oportion | Original T CETANE RATING | “Femarks
additive —:'in volume Diesel  fuel OriginaljResultant! '

Monoxy-D:.ethyl » .' o g  |About same act—

Peroxide - l to 2% A - = . |.w = _-|ion as ethylene .
: . e R A ““{peroxide but

“Inot quite-so

_ soluble in fuels
Dioxy—Diethy'l S 1. 4 :

’Peroxa.de’“ o “Less than' “““ J, [T e e e e Appears_to act" o
A g AR | - ) satisfactorily
i IR : but not soluble

S v | I enongh Do

o .| .
" Tetraline | < - B .
. Peroxide |- . 3% - | Lignite 1. 28 33 . These results
IS "~ +. ] Gasoline SRR B are question-
Tedraline |~ o 0 el b o
.Peroxide - | .- ..7-do .| F.TeKe- o6k | 89 These results -
seecooop 0 Y ogasin#l o4 o v lare quc,st:.on- ;
Di-Benzoyl | oo oo ool oo S
Peroxide .|  do . | lignite: |  -25 | . 28 These results
R R : "t Gasoline - .yt 0 o |are questlon-
AR R IR B RN > R
Di-Benzoyl } .~ .- b S oo T - S
Peroxide - |less than 1% Gasoil 4 L5 hptéSh o '

Acetyl Benzbyl = - Iignite - | 25 | .30 -
Peroxide o} 2% JGasolime - T f o

{A‘Acetyl Benzoyl 1,2% _Qésoil R O L5 55 s o
Peroxn.de ._1 : T T T j ) . _ - -

This t.abulatlon shows that. the number of. chemlcals elther of the nitrate
or nitrite type, or of the- peroxn.de type, that ‘can. effectively be used
‘as’ additives to digsel fuels is somewhat réstrieted. even though marxy may
upgrade the. 1gm.tab1.11ty to a cons:.derable extents :
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~;,h.~ Diesel Fuel Additives. (Cont'd)

" A further limltatlon is found in the solubility of soms, of these

additives, = B = ‘. .....

(a) Solubilitv of Peroxi?des 1n Various Fuels. : }

;. \\An 1mportant aspect of. the additlon of chemicals into diesﬁl
'fuels\ls”thelr selubility in the various types of oils at: different
. tempergtures, This. in several cases, limits their use, -En general -
it can’ be ‘said that the solubility.of. peroxide_additives inereasss
~asthe—percentage—of -un=gaturatedand = aromattc—hydrocarbona~tn-the——f—
" oil increases, while .their solubility decreases. proportionalky to -
‘ thc percentage of:: paraff;nic components.

- Follow:.ng tabula:blon gives the-—selubi}i%y—of several peroxide_s_\

a‘b '-a tempera.ture .Qf ,680?-(200(3), BN

'PérOXidesf l =-Putroleum.Koga51n‘1*from. lignite Bauna ‘(Hydrogenaiion
RN Gasoil ‘Fischer-Tropsch Gasoline Gasollne of Iignlte ﬁar)
“Dikcetone di ' T e S
Peroride — | 2 ha2d st ue L
'Dlﬂenzdyl &L;:,*;T “v ”-'f LT D L
T BT U T - T T s
» T __.._,"3,,,,,;0.:_.:,._ . e el b

~AcetyifBénzoy1 Coe '

di Peroxlde ~. 35els -
‘Tetraline di LT g

Peroxide * 1641 3
Die’ohyl di BT S RS

. Peroxide. 'V,f VoLl v 6.Vol, ) 50850 15 Vol,

,;553167;;
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UNCLASTES

1k "h¢= Diesel Fuol Addit1Ves.'(Gont'd)

vs;e’.

(b) Effect of Pero:ddss on g tabllity.

S
Further tosts were conducted at the _Technische Hochschule of
‘Munich, in a test engine where the compression ratio could be modi-
fied from-1071 to 18: 1, for the purpose. of determining, with several
diesel fuels and varidus peroxide addltives, how low the compression
ratio could ,,be brought, ;m-each‘ (case, before igpitlon would —fail to..
OCCU.!'Q . . . .

"AJ.r Temperature_.jj - "86°F T W.:;Q,ﬁ,- RN

. Cooling Water =~ . 1589F . . __‘
RePoMa , ‘ : ,470°£ -

' Injection Anglc _ : ? before. Top Dead_Center_\_
Torque = : - - S_K_g_m L
‘Injection Pressure 12;5 Atmg, \%
_Lnaector R T&WDL’IZO"S‘S%,MS.

—‘\

Below are the. results,g.ndicated_ln "Degrees of- 3.gn1t:1,on delay,\ =
measured on the indicator- dlagra.ms" for various: fuels at various™
“.compression. rat:.os. The sigh-= means that no: ‘measurement was- avail-i..
. able, the s:.gn - mcans "ignition fails to occurft, :° .1 .. R

‘ The refcrence fuel in all these tests is'a petroleum gas-oil
_.from Persn.an crude with a cetane rat:mg or h5. s

, lst Serlcs. The fuel selected for the. tes‘bs was a widely\used
type' of brown coal tar-cil referred to as "d:.esel fuel BY from the —
low-tcmperature distillation of lignite ‘from Middle Germany (probably

: Sa.xony) wrbh 2. percent of the -add:n.tives 1nd1cated. NS

~‘Comprcss:1.on Rat:.o S 1‘8- e 16 lh ; _13 i 1l ll 16"
-Referenoe Fuel S 10 12 = |15 | = ‘|2ofo1 B
. Diesel Fuel B . - SR R N REN I RS ERURT T
‘without Additive - { 14 - 15/16 .| 20 je6/27 | W L} s N
Dissel Fuel B With 2% SR AR SO I KR EOE O

. _ 17-’ -



UNCLASS‘”“B

.

he ' Diesol Fuol idditives, (b)(b’ont!&)

PRREI _;___;/.:—_."—M

Comprossion matie T I8 ; e e —13 T
Di Methyl Peroxide - 9 t 10/11 g 13 1 = 18 , =_ |28
~Di Ethyl Peroxide - 10 i 11/12) 13/1h = )1y 25~ -
Di dcétoné Peroxide ™ '1:11 - 12/13 E O I S - R
Monoxydi ‘Bthyl- Peroxidej 12" 1" 15/16 w ] 22/23]26/27° 1 W
_Hydrogen -Peroxide - - - 1277, 17—’: K 2 /26 28 -
Monoperparaldehyde: | 13 15 R | 29/3{) A TR R
Acetyl B‘énzoyl Peroxlde 13,/111 15 ;<%,2’Q,%~ ) TS PSSR
NS Tetrallﬁ,- ISibenzoyl, D:.oxbeiethyl, etc.. show praotically mo .
difference in igaition delay. RS R P -
o 2nd Serles. Sdne ch.esel fuel "B" but wn.th only 1 percent oi‘ R
perox:.de add:.t:.ves. LT i v . — Sy
_ e e . - ’ ’ ?» ': . v .-
S il . ’ - N T - K C - L e
“Conpressmn Rat:.o R IR 13 v d2 Ll 10
Dimethyl Perox'ide P 10/11 12‘- 1h/15 @ 20/2L | 287 | e "
‘Di 'Ethyl Peroxide 11/12 . O = |eb/2s | - | -
Di. Acetone Di Peroxide 13/1h A7 b e 12T - .
Ethylidene Peroxide 12/13 1h/15 18 1= be o ]
‘Acetylbenz'oyl“_l’ero;gi_c_le lx‘ : 20/21 27 " - e - sy -

These two sem.es of tests. show the effec'b oi‘ even small percent—
~agesof certain” ‘peraxide additives in Bringing back the ignition delay
~of-a Diesel.fuel. towards the. 1grn1tion délay of the. Jeference fuel of :
petroleummrig:n—ln other words~it-can  be~seen—how cer , -
permt the use of a synthetic diesel fuel which could not be adequately
- consumed without: “these ‘additives at the comprees:.on rat:.on available
‘in certaln dl.esel engines.

“The next ser:.es of tests shows the 1nﬂuence of. peromde adch.t:.ves
_on t.he stablln.ty of diesel fuels,  For every compression ratio the

1gn1t10n delay ‘is shorter Yvhen peromdes were added to “the’ fuel before
‘:Lﬁs prolonged storage. S : ’

-;,~18 ~
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h'.‘ Diesel Fuel Additives, (B)(Conttd)

3rd Series. A smlar d:.esel fuel . (brown ¢oal tar) from loll-'
) tempera.fure distillation of" l:.gnltes, with 2, percen’o addlt:\.ves except_
%as-noted, and af‘ber ten months—ni‘ storage.

Gompressn.on Ra'blo

PRI T T S R ¢ S

! ¢

iesel Fut.l alone ‘ ?l\ 13 i.ZU-; 116/17, 22 ﬂ 29/30 -}
Di Aceton Di Perox:.de—~ e e N s /137 ' m-.:w
-pi-Ethyl-Peroxide——--—r i1l 12/3.3 /15 l 18/19

Di Ethyl but only 1% a1 ~—~15

Acetyl Benzoyl Peroxide L a2 /11.1

Tetralin Peroxide . - | 12 . ’13/111
DL Benzoyl Peroxide 112 13/1h

n \ N N ] : . . . . e - "
The' fourth series of tests reported on, the~ next tabulation shows: -
that some tignition sccelerator" must be added to the diesel fuel o=
tamed from low temperature coal’ tar before 1t can be used as d1ese1
» fuel. - . ) L

hth Senes. A D;},__esel fuel from— the lcsw—temperature d:.stillat:.on
of coal, which does not ignite satisfactorily in the eng:.ne at com~ -
. pression ratio of 18:1 or belaw, and even at 18:1 has—a 27°-ignition—
- delay, with 2 pcrcent of varlous*peroxlde—additlves, or 1 percen‘b -

as no‘oed. o

I . N

Gompr°5310n Hatio I8 46 . 14 i 13 12 =
‘Diesel fuel mthout o
additive ' . - et 37/38
-Digsel fuel wn.th' R
Diethyl Peroxide, % 16 18-
Diethyl Peroxide. -~ SENPRN (TS
" but only 1% added . - 16 - 4
" Di Acetone Peroxide, 2% { 17 19/20
Di Acetone Peroxide . . ,
but only 1% added . 18 . o2 -
Mono oxy:Di Ethyl . R T N (IR SR (R
‘ Peroxide, 2% ... .- . 17/18j21/22. ¢ 30 ¢ = | =}




ko ~mrtki."c'a';s,eilﬂ.'—Fucal Additives. (b)(Contd)

\ \

Compression Ratlo .‘18'*-flfr4n;_1u —13 T 12

' Acetyl Benzoyl
- " Peroxide - i, 18/19 22/2 31
Y Tetralln Peroxldc 19__1 —ho.

\“. - N

'that the addxt1ves*1mprove the 1gn1tab111ty of- E?
the quallty of the rcference fuel. :

\dlesel“fuel beyond -

Fo

f’, —3\, g

Sth Serleq.‘ Same addltlves in 2 peroent concentratlon~1n a' pet—
4~roleum gas—oil (origin not kncwn) o o -

.'Compressidn Ratié'p 18 , ,1b;t5f.1u-‘ j,12 S TR 9

T

R s , } RN

: Reference Fuel . .9 = 10 ¢ { 15 ,20/21 25 -

-~ Gaseil without [ . R | S
CAdditives.  49/107 {11 >,13/1u (17/18 26/27 2

—m(?vaso:1.;!;-w3.-:2',1_:;—2%@_)1}'~ — - T
- Di.Ethyl Peroxide |- 6/7 | 7. 19/10 11/12 16/17 '22/23
3 Acetyl Benzoyl R

Peroxide - . | 1/8 AB/Q. I 10 . 112/13 f 18 %25/26
Di sceton D1 ‘ o N ap
" Peroxide . | 7/8 -9 '10/11 ,1h/15 19/20 29/30 -
—Mono OxyDiethyl | . . . ] , RN
“Peroxide . T 8/9" ,9/16 11/12 :1&/1 ;o1 29/30 o
Tetralln Perox1de ':8/9 “29/10 '11/12 l ,21/22 . 3

“In- addltlcn “to the better 1gn1tab111ty of dlesel fuels contalnlng
perox1de addltlves, amuch smoother operathn and _a much cleaner ex— -
haust could be’ notlced. : k B
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_—r-———~’”’17' Dlesel Fuel Additives. (Cont'd)

(c) Effect of Other Type Additives on vggitabillty.

. Two addltlves, tried at the Technische Hothschule of Munich
“are worth mentioning, One is ehlorpierin® which is "trichlor nitro
‘methane"s added in proportion-up to L percent it increases ‘the cetane
:value materiallye-For instance a Kogasin II, af 92 cetane, goes up-
to 116 cetanc by nitratlon and to 170 with addition, of chlorpicrin.

- after nitrationy ~The: other. ‘additive is "Lupanol" a tetra nitre
methane" whlch in. concentratlons up to 3 percent has a marked 1n— ;

-**fluonce'on ignitabillty. : _ v .-¢1:. A

, In 1942 the Techniache Hochschule in Hunich conducted experi=- .- |
- ments with other organic additives, It was found that ‘the follow}ng X&
chemicals reduce the 1gn;tabllity: S

‘Esters. - - o oo
Cyclic hydrocarbons (llke psaudnoumom, cymol) T

. Oyclic aldehydes (like benzoic aldehyde) - * L
Alcohols of 1ow—moleculqr weight. S _ .‘_;;_1' )

~The followzng chemlcals, on thc othvr hand, 1ncrease the 1gn1tability.
"'“i'stralght-chalns aldehydes, in large proportlon
. {(as much as 20 .percent), , ‘ ;“‘ R
Alcohols of" hlgh molecular weight. o v-., o " (

For alcohols in partlcular the followiﬁ% tabulatlon 1llustrates
the results, and shows that, from- -n=~Octyl alcohol up an: appreciablei
increase. 1n cetane ratlng can be notlced. L= o

" TE“TIE'RA“'TING

Alcohol Added ".2 ‘Porportion of Ga3011 After addltlon Difference

v H ; A I
i Aceton-Alcohol :.hsze qb;:.AJ 36 ,;; 59
n = Propyl Alcohol W6 Y 3 e ae
Gy . BN TR & o8 b e
N - Hexyl &lcohol - b6 3 -8
‘n- Octyl A;Lcohol . Codfdel T T AL
Cg! - Ao del -2 R T




fgncLASSE-‘?‘E‘?”"

CETANE ﬁKTING .

. Alcohol Added : Porﬁortieh - of Gasclll 4After addition '@ Difference

. n- Nonyl Alcohol e wen Twe e e

v 09 e Ll hO% T .,‘__.__‘—"do;' Il P St ,gg T 7‘,?‘ .
nsDecyl Alcohol S 2051 do - PRS- Y S —" F—— F o S——

G0 oo T bR T do |- s L A2

(d) Effect of NITRATION on

‘\Ignltabill'by'. T

Best results w1th hlgh molecular alcohols were obtalned when a.
Mnitration® treatment was given the mlxture, in the lollow1ng matners .
First-a.Fischer-Tropsch, Kogasin' I was selected and the fractions.
boiling below 2120F were removed, . The balance had a oetane-rating —
of 39, This'was mixed with 50 percent of various alcohols, -and™the
- mixture- subjected to a nitration process. “by. ‘bubbling. gaseous ‘¢oncen="
trated nltrlc acid through the llquld. The résults were. as follows‘ .

'Pe;ccntage,dkabz‘Absorbéd” Increase 1n Cetane

= T

. ; .12 c. oo
e31 7
o

.08 (Saturatlon)

o ‘In most oi these experlments a preclpltatlon of pltchwtook place,
and the oil- had—to be<f11tcred after the reactlon. - .

These fuels are not corr051ve unless thoy are frcm coal origin '
and contain phenols. T L LT

ra e ey

'V;YQQ:g



ke Diescl Fuel uddltlve,s. (Cont'd)
- (e) Effect ‘of OZQNISATlON on Igmtab:.llty.

The Techn::.sche Hochschule of Munich conducted a cons:.derable
number of tests in 19L40-Li2 along the: Iine of ozonisation of Diesel
fuels for the purpose of raising the cetane -rating, It was found
that the length of contact. of the diesel fuel with the ozone was
important, and that the 1gnitabu.lity was raised regardless of the
o0il, for instancc Ruhrbenzin (gasohnp) was as susceptible to the
ozonisation. treatmel;t as Kogasm. Taking & Ruhr gasoh.ne of h?
-cetane the follovu.ng :mcreases were noted. ‘ ' .

-~—,;—__‘_~'~"_1£fter 3 hours ozonlsa‘bn.on, t‘nv cetane was 52
8 - , T
) n:"g  n . o
Joi2 oom : :
;'__ "gh o ‘_il' no o aheo|

Results of vamlmrimen‘bs“bnduc‘bed~1n~—l9ltl~h2_are sum-
marlzed in the” i‘ollcw:.ng tabulatlon' Lok

“PRODUGT—&BBITISIE_an_JRE“TLE N I . - §CET"LNE RATIN.G_
Pure Flscher-Tropgch _Kogasin I ( verage) ..l ‘
- Same’ Kogasin I with 10% CSp - -
~Same™ Kogasin I with 3% Di Acetone bDi Pergxide ¥
Same Kogasin I with 5% Nitro Benzol = .+~ ——— S
Same Kogasin-I-with 3% Amyl Nitrite . . - Th -
Same—Ozormsed—fOFS—hours G R L ) B - ot -
Same Kogasin I with 3% Ethyl Nitrate e - 85
-Same Kogasin I with.3% Tetralin Perox:.de S .89
Same Kogasin I with 3% Lupanol & - i 96
Same treated in cobtact with: m.tric ac:.dg % DRV [ T
Same ozonised '8 hours (1 Aiter) . e Lo Ape
- Same ozonised 10 hours (L. li.ter) P o b 100
Same ozonised 15 hours ‘then.extracted -~ © . .. | 1067
:Same,_ extracted with' methyl alcohol then ozom.sed
15 hours (1 Liter) - - L3l
Same eﬁrac*bed with: me‘bhyl alcohol then ozonised L
8 hours - hter) . son T T | 1 3



‘j‘\\'\h_._ Die'séi’Fuelr\Addé.ﬁiveé'.' (e)tConttd)” -

L xCE'I.‘.(&I\IE RATING

PRODUCT, ADDITIVE and TREx‘TMENT e

\ v
Same_exhracted with methyl alcohol then m.trated cl &D

. ‘Kogas:.n I extracted; nitrated and ozonised (1 liter in 8 urs)lOl

..o ~Kogasin. L = simply: - ozonisea_’c rate of 1 11ter in 15"hours SAA3 s

- 'Kogasz.n\II -purée _ . : e 92_;._:

~ Kogasin II =~ Mitrated . "i‘ LT e L o) 116

Kogasin -IL = Ozom.sed = hours T

Pure etane - R ' el T
~ Cetane’ streated-with. m.'bm.c acld ST

u_ __VCetane_jmeatedJJ.th pitric ac:.d at—19h°F

-Cyclo=hexane .. - e

Cyclo-h Xane treatedw:.tbmizgc acli at 130’~’F DREE

The abeve tabulatn.on is. self—explanatory., A compamson oi‘ ',hhe—*
" pesults with those .obtained by ‘the mere addition. of 4 ¢hemical permlts [N

~an-evaluation of; tl the effect of a treatment such'as nltra‘b:.on, ozom.sa— i
t:Lon, or a combn.natrorrof the two processas. . _ -

(i‘) Ob,]cc‘b “of German Research m.th Addl‘bives, ‘

—t L el L

g 3 It is b0 be noted that the study of. "dlesel Toel additlves"
\ conducted in-various German sc:.en‘blflc activities was concentrated
', upon’ one smgle feqture; an increase in 1gm..tab111ty. ‘Extensive
_“studies of the. performance” .of ‘these additives in various’oils, their
: ~-stab111ty, their corrosivejaction,: ‘before and after combust:.on, were.
““apparently not mades. Neither have the mvestlgators come in contact
with any studies of real value about- additives that’ would -impréve .
‘the ‘entire process of combustlon regardless of the. lgnltabiln.ty.‘ .
The reason seems.to.be, that, up to this date, sa additives have mob been—~
L "considered as the proper méthod to improve a- -dicsel fuel, “The Ger=. .
I " mans efforts were “rather-to concen‘brate upon . the preparatlo'n of| ﬂ\ex :
- proper blends of oils,; n natural or, synthetlc, wnich would opera’ce :
.-satlsfactorz.ly mthout the use of addi'b:.ves. AR f




*5.m The Significance of Cetane Increase.-

At the' Techmschc Hochschule of Stui‘,tgarr,’éﬁs:m work
was done ‘to determine, at various temperatures, the Meritical come _
pression ratio” of a diesel enginej -that is, ‘the compression ratio R
“~below which ignition of the diesgl fuel’ “carnot be entertained, ‘The .
two charts .show some of the results, In Figure 1 eritical compression
ratios are plotted against air temperatures for fuels of various ig— .
nitabilities and--for ignition’ accelerata.ng vapours in the air used
. for combustions Figure 2 shows_ _the-correlation between.cetane ra
“ings-and critical compression ratiocs at normal” tenperature“(éb“’c)_—
for varlous addltlons of ethyI m.trate. o

Thus it- wonld.appemtha@m:.ncrease in ceta.ne rat.lng by pep-
mn.tt:mg a reduction ‘of the feritical compression ratiol at every
. temperature makes it possible to build an engine; that develops more -
power per pound or, conversely, to obtaina’ greater output from an ¢
_eng.me bullt for a glven compress:.on ra.t:.o._# : S

In review:.ng these laboratory efforts to raise the cetane rata.ng
; of oils used as.diesel fuels the-following questn.ons have been' Justi--
fiably - asked, "How hlgh should the cetane ratmg of d- fuel be’ ralsed?
What can be galned? ‘What seems to be the desirable . cetane Iimit in
the light of today!s- knowledge? What is the dlesel engine manufact-
“urer's. posa.tlon with regards to extremely h:l.gh cetane ratlngs?\ e
L o
: The Cerman Sc:.bfltl“ts .and manufacturers 1nterv1ewed seem to agree
on the answer:;smnmarlzed below. .For the present” hlgh speed diesel’
’englne ‘50~ cetane-rating igs saﬁlsfact TYe “For the engine of. tomorrow
=the=discussion.: -revolved” around the questlon*of—”efﬁmmy versus
compressn.on ratlo“ =

:’.

in. exa.mnatlon of Flgure 3 shows, in- the range of the Ottc gas-
oling engine, an inerease in ‘¢fficiency with an increase in compres~

. sion.ratioyy - the” latter’ being. made possible.by -an inerease in the ..
Yoctane rat:,ng," of “the’ fuel. A further examination’.ghows ’ in“the .

- rangé of the diesel gngine; a somawhat: sme.ller inerease in effic—
dency with decreasmg compression ratio, ‘Such decrease, as”shown
above, is made possa.ble by use of a fuel hav:mg a h:n.gh igmtlon
qualitye— - s e
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,Theréfor’e an iﬁcrease in ce’téné :'réting, in ;ignj;tébility instead
of being used to further an “increase in. ’
used in an entirely opposite direction,

running with a -Mlowe

compression ration - o
namely to make .8 snoother

TV compression ratio, and all the '--siigprffciti‘on‘j“' -

in weight, material, lubrication:friction losses, that_such a reduction
entails,  The principle appears-to beﬂperfegt,ly;,sound,‘eapeéial].y~whenj-—~
friction losses are considered and will undoubtedly guide manufacturers—
on both sides of the ocean towards “the ¢onstruction ‘of.alighter—more=—
economical engine ‘that may eventually permit an engine intermeliate

bg‘ow"e’e\_n Otto and diesel typess .

. _6e Conclusions,

__ During the war it can be said that the Germans had-no high
quality, diesel fuel as such,. but bleénds of synthetie and natural -

~products; each-piaying, a definite part in the performance of the Iuel,
They explored the field of chemicgdegdditives but did not use.them in
.practices ' They developed certain- reatments that resulted in cetans ' -
ratings of fantastic proportions, - Gasolines had t0.be uséd.at times

y

when other diesel fnels were scarse, “No innovations 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 gontribute to an improvement in, -or extension .
‘of American vdjesel fuel supplics, with their further exploration-and

_ adoption. -

>

" “Preparéd by:

- Jieutenant-USNR.~
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The Technischeﬂ Hochschule of Stuttgart had a department, at tlmes-»
hSO employees strong, ‘for technical’ "developments: nts: i the science. of

~engines, .It was called the. "Forschungs. Institut fur Kraftfahrwesen .
—and Fahrzeugmotoren an der Technische: Hochschule Stuttgart® located.
at Unter Tarckheim near Stuttgart.in a_group of. bui’ldings of the =~
Daimler Benz.Factory, :There a ‘testing motor was developed,. used: fqr_ -
gasoline ‘as well as for Diesel reséarch, the FKFS Motor, having the
follom.ng characteristlca. o :

', -

e

For diesel tests s in part:.cular i'our (h) types of co@bustx.on chambers~ ‘
--are aballable. L v L )

Cuee L D:Lrect Ingectlon .
ST e T -~-Pre-combust1qn chanber
R . . Air-cell system

Fuel—cell sys t.em

7 N\TS 1y up“to%?‘ﬁ'l

“Borg———————= -j.OOm/ '._':;:':':.,,,

Stroke ' 130m,/1n ST e QIR
Cyllnder Volume 1000 em3. (1 liter) LR
Speed ... Up t6:2500 REV normally;- for

. - short periods 3000 RPM correspond— <
S . 'ing.-to.a piston- speer 142.6—“—” =i
TR '. S -Afeet—per second ;

Coollng water temp 80° ¢ '
" Lubricating O:T.I"Vol. from 3 to 6 quarts
"0il temperature up to 190 c.
‘0il pressure . .
. Valve 1ift" (bo‘bh) g
- Inlet valve opens- o
T Exhaust valve closele nTDG

In;jectmn and 1gmt10n t:.m:mg control]able -
InJect:Lompressures" e S ) v

Dlrect :mJectlon . 180—Ktm

"“Pre-comb.chamber
ThiT-gell’
Fuel Cell
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Teerdle durch Zusatz von zindwilligeren, vor- | sefiell lawdends, anptindibce  Matwen go -
——megend ~aliphatischen Gasblen_fiie den_Ver Cmells waeden mtissen - inshesonchine . bostzees i!‘,

se brauch in" Dicselmotoren nutzbar su machen. | digartige Diesclrattonitfbadiogen oo s
Diese - nichtraffinierten - Mischungen scheidelf he  Verkokungsiwigung, s oy lmmwt
;cdoch in kurzer Zeit: asphaltartige. Stof topfungen. und smm \mwm Vol kﬂ&hw
- --aus, "die. cine_motorische -Verwendung | ym&' % pingen {idhri. ‘
eine Lagvcrung “unmoglich machen.  Bs st ‘Die Erfindunyg - wmuh&:i d«w ’im&ﬁfﬁ% 'y
s bercits ein Verfaliren bekannt, nach wolchem g und irviels . cingn ehwandbivten  Dueikrely
“solche Asphalistoffé durch Ningeres’ Frhitees : stoff* dureh Reinlgung von Gemdsden  pus
unter Riickflufl aus Teerol Gasdl Mischingen ; Tesrokir und vorwiegind aliphatiscien Kb
ausgeschicden werden, e Wirkung dicaer  Lraaserrssorfolen  der Bisbelage . v bis
- Wirmehehandlung soll . dadusch erhiiht wero | 3007 Sadon dis Gendsche wd ﬁﬂﬁﬂhﬁm
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Stoffen abgezeennt werden: * Durch dicse’ fe-
handlung werden der griBic Teil der phanolis
schen Agteile sowie AXsphalstoffe, Pech und
Tarre. asgeschieden und  abgétrenm.  Die
Anwendeng von Winne -ist hiethei- nicht wi-
bedingt erforderlich. Das Schweleldioxydgns.

" wird rur Raffination weiterer Gemische wieder
vervandt. Das so pereinigte Olgemisch kamn. |-

auf die ubliche Weise durch Waschen mit
Wacser oder Lauge, gegebenenfal? . aucls, mit

erhilt' so einen bellen, | lagerbestindigen
Dieselkiattstoff, der fréi ist von “Asphalten,
Harsen und! phenolischen Olen und der nur
cite peringd Verkokungsneigiing  redzt. Es

- Bleicherde. weiter—behandelt —werden.—Man—

1t ein wesentliches Metkmal des Yerfahirens -

der Erfindung, dald das rur. Raffination ver.
wendete 'Sr‘l_l\\'v(cldil,x)‘d chemisch Ilil‘hl_' mit

“dern Olgemisch, reagiert, so dalb auf diese

Weise nur cin ganz, geringer Verfust an Rai-

fiatiousmitddn cintrind. Man kann so mit

M- ieser Glpemmsche, s B durnch Ume
prmpen e Gases feindgen. Desdglich der

AVirkungsiceise wird angenomriven, - dals di:

Parattinkohlenwasserstoffe die als Diescl
Keattetani érvunsehien Bestandteile des Teer
HiSe At wlektives, Losungsmit -
1
1

A

aosung halten, wahrend dic uner
4 ;

il

vorn Schweteldioved oy Gnleslich dusgeschic

Slenowernde

Nach . wald i il ndung weTkinal

i es fur die

fung s ide s Paraf finkohlenwisserssofl

=180 P ane ruvernenden.

Dicse K sserstoFole—aSrhmen sich
durch  threfi Noher Wasserstotlgehadt b,

(354

eb thre germge Dichte sy urad uberiretion:

divaer sehafen jedes navn liche Frdal
der ke iwhin Siedeprenzen. A Horund ded
S hoben  Wassersioffgehalto s lesien ™ dies:

e . . .
TIges Losungsvernivgen, Sso dabh

“ilhiserohprodukes,
whehe—motorische Vormge,

Kohlenwaderstoffale fir - die i o unsehien
Inhadtsstotle” des U Torrale s s i ~elir,
e

dieser - Stotf mittels 5
besonders Jeicht and schiel Vor sich
gebtl "Aulerdem bistet die in s ge stehende
Kohlenwasserstoflol fraktion (kj{ Pereins
midich

seringen Mengen an Ratfinationsmitteln grofe

sennsehren Inhaltsstoife ‘unter der Einwirkung -

780838

Aasfubrumge des Verfahirens von o
wrabein Verteidl, het des Koldenoxydhydrice.

!

Lt e

nieht- auf die Zumischung dieser Kohlen-
“wassersioffolo an sfch, -sondemn auf fhre -be
- sandere Witkung als sclcktives Lostmgamittel
-im Verein mit dem Schwefeldioxyd. " Dieses’
selektive  Lisuagsvermbgen ist begrindét in

dem  cigenantigen Aufbau  dieser  Kohlen:

]

“wasserstoffile, deren Wirkung auf Toerile im -

Vercin mit gasformigem Schwefeldioxyd nicht
hekannt wae und’ (berraschend v,
Es sind ahtreiche Verfahren bekannt, nach

—denenMitietaluic “und Tedtile 'mit ‘Blssigen

7o

Schwefeldioxyd unter Druck behandelt wer- .

“den. Bei diesen Verfahren handelt es | sich

. Demgegentiber unterscheidet [k"idndir Arbeits-
weise der - Erfindung g sarzlich | nach
Zweck und Aushihrung. Weiter ist hekann.
Ole, die durch spaliendd Hydrm'm‘\f;ﬂrn
Rohlen, Teeren und Mineralélen echalten'wer-

den. mit siuren Gasen ru behandeli_um-diese
von festen Teilehen ru befreien. Diese, Ar

Ibeitsweise. ist—jodoch. ausdriicklich-- auf —die-

Entéerung fester Teilchen beschrankt, Dab
Verfahren nach ‘der Ertindung, bezwecks je

.

LY

doeh die Reinigung von Teerol-Paralfinkol.”

lenwasserstotf-Gemischen, die fied von fessen
Bestanuteilein sind; es wind daher von dem
erwahnten bekamuen  Verfahren nicht " be
fubirt, zumal die erwahnte Wirkung des’ ép-

go

r'n:duhgsg\-m;uk-»\\'clﬁ'nhrcns nicht aacer -

- owarien war. Man hae auch yérsticnt; Mineral

dle, wie Pétroleum und Paraffinole, mit R
tormigem Selweteldioxyd ri-meinigen. Jedoch
nicht Gemivche von' Teeralen  mit Paraffis -
kohlenwasseratoffen, dié durch die oben ge
schilderten. . Lanlichkeitaverhihtnisse aichin
bezug anf die Ausscheidung  von Nsphalt [’
Hars und Pechstoffen gandich apders ver-
hilten, "Das gebt daraus hetvor. - dalb sich
Circh getrenmte Behandlung von Tearol ciner-

ex

ton

seits und Paraffinkohlemvaserstoffen anderer- -

st nntSehweleldionvdgaden <keine - Reini-
eutgowirkung erviclen Lily, o
Man hat auch

than Dieselole versihicde”
ver CHerkunfe durely Behandlung it arnn-
haltigen Gasen” ru reinigen versucht; gang, ab
resehen davon, daB mas hicebei die Minwir!

108

- kung aliphatischer Kohlenwasserstotfiole nicht

crkannte. -zeigen Vergleichsversuche, dafd die
Reinigungswirkung: von' ozonhaltigen Gasen
n Gemiscl

“Kotiers Tolen

T viel schlechter -ist

‘on Teerol undaliphatischen

‘to

[Tjedoch um Extraktionen in dér_Fldasigphase, 75

loser Verbyemnyng und')
auswirken, - . .

s dst zwar bekanm, zwecks. Herstellung
von  Dieselélen  Feerole mit Knhicn\v.’mu:;i
stoffdlen - der’ Kohlenoxydhydgieran: 74 ver.
mischen.  Ganz abgeschen davon, dafy der

hoher  ZindseiHigkeit:

artige Mischungen infolge vorr Ausschreidun-

gen und Diisenverstoptung praktiseh gandich

" wnbrauchbar sind; ‘berieht-sich did  Erfindung

—aiv e erlindungegemat
Hite von Séhweleldioxyd. .

Der mit dem Verfahren mach der Erfin.
~dung gegeniiber dem Bokannten erziele tech.
nische Forischritt besteht in - der Hersiellung

~Arbeitsweise it

-von_ Diesclkraftstoffen . aus. Geinischen  von’

Teerolen mit “aliphatschen Kohlenwasser-
stoflolen, die frei sind von Asphalt, Harz,
Pech und Harrbildnern, an’an- phenolischen

120
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chhtc bei"x5° ........,............".....v :
o Phenolgehalt in. \'o!umpmzcnt..“..........‘ '

\crkokungsne:gung. R

Benzinunldsliches .. .......... o

“Hartasphalt e e .
35 KoKS .o v vt iviieveinenensnonendine,

Farbc.‘.

40 - PATENTANSPROCHE:

1. Verfahren . zur - Reinigung von aus.

Teerslen der Siedelage 180 bis'360° und
vorwicgend aliphatischen Kohlenwasser-

‘stoffolen gleicher Siedelage bestehenden

*5" Gemischen, . dadurch gekennzeichnet, daf

S die Gemuchc mh gasform:gcm Schwc(e!- 1

o.tos e
EERE- X 7 T L0034
schwarzbrayn . T gelb Kar dnrch-,
) nndurchsichtig : sichtg

o delt und von den bierbel ausgeachiodenen. .
Stoffen abgetrennt werden. : :

- Kohlenwasserstoffile enthalten, .dic
- Kohlenoxydhyddcmng gcwonnen nctden

dimydbeigcwdlmﬁc!wmbmckhchan .

2. Verfahren nach Anspruch 1, dadurch
gekenneeichnet, dafl man .von
Aamgcht, dic auler Teerdl - allphngadm\: ’°_
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i kPPENDTR TT |
PRODUCTION ol iBNé'Tw&fumﬁrH'f

| JANUARY 19&&1161: JANUAR& 19u5
VARIOUS GERMKN DIESEL FUELS

Method of Production and f**_ww'hg" : f119hh,b S T
40r1ginmzation T R AR . Lo e

= a0
38000 i 5300 .
< Ah 700~ §00~——

Bohlen '
Brabag ] Magdeleurg )
Brabag Feitz._.
‘Brabag Scholven .
Silgenberg - ST
Welheim -
Politg ... T
Lutzkendorf e
Wéssel;ng S L ”‘.j;;f_mm
- Ludwigehafen . T
”Moosleierbaum IR ’ R
Bruse . TR e
Blechhammer .- LT ] .“',A,
Ileydgbreck : P

L et e Y o

‘ 2 Fischer Tropsch

b ynshesis:
Ruhrohemie
Viétor Rauxel.
Rhelnpreussen T
Krupp ‘Wanne Eiekel . - f o

——ESSGHG?*BGHZ&E_ e TN 11
Schwargheide - '_." S
‘Lutzkendorf. T e
. Schaffgotseh SRS .
Hoesch Benqin

8 Total

i

»,f;ﬁééf%%



Bmlapasmmiifi’ff =

7 Riebeck Weban - I ... 900
Ricbeck Messel L .-
Onhaltische Kohlenwerka ‘ :

Kopsen. = . .__ .
" Dea Rositz N
“Kosag Zolzan . S S

" Hefrag Wolfersheim - . . TS
leopold Bosdorf v ¢ : '
leopold Etteritz ,

ASV. Espenhain . IR
*ASV_Hirschfelde L e
“Total . R

R Refining of Natnral crudefﬁfi. R ,. 5

w,Rhenama. Hamburg e T'.;ﬁ~‘~~r»,:‘ g
Rhenania Florlsdorf Lo - S o

Deutsche
Deutsche.
Destsche
DSﬁ%sche
Deutsche .
Deutsche
Deutsche

Vacuum at

Oslebshausen T

Hedel .
Kagram &
Kolin .
Dziedits
Gasoline at

e " Dollbergen — ' . . . o -
‘~"”I’ Emmerlch BRI T TR :
' Dea- Korneuburg-- - v S e e
Dea" W':Llhelmsburg R e S -
- Dea Hefide - I s Loy o
w1ntershall LutzRenDorf

: e Salzbergen U
‘Nova Schewchat - v A
‘Deurag ‘Nery - Mlsburg ‘ "
Grassburg = - R REa
TelGe- Oppan : ER
Sengewald- ‘ Sl T G AT
‘Trzebinia f‘_ln_ O T S S
Idaweiche DRI B T < PR
_Pechelbronn *—'if"'
Loban ER S . B
Vosendorf - ST e
Pardul;tz e R

Qderfurt
Kolin' .. Lo L

Total .~ o T e




" APPENGIX II CONT'D

Se. Small installations. stills started
’_1n 1941 in well-protacted valleys.

-Bogerhof Extertalbahm
BrunKensen near Ohlfeld T
Messinghausen near. DhlIemd~' : . 2
Messinghausen near Brilon. e
- Muhlenhieim -near-Brilon LT
Muhlental near Halberstadt s S
Turmitz near St, Pélten o e
Wéltenegg near Krems -
" Olte. Post ncar Pirma Lo P
Stotzendorf near Vienna e T T 900:

“HausKirehen noar: letersdorf T - 2000
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