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GERMAN NAVAL FUEL OIL

1’ WI§£;g22S2;2§;u~mm -

- In order to complete the general survey by -the U.

S. Naval Technical Mission in Europe of the Gzr~gn Syn-
thetic oil industry, a trip was made to Kiel, Hamburg

and Fleasburg to study German Naval fuel oils, The pro-
blemwof~fuel~011,supplyfduring“the“war‘wés'a~aitf1cu1t'
‘one for the Germans, due to the lack of natural petroleum-
and . the scarcity of" certain synthetic compenents for prope
er blending. The manner in vhich these difficulties were -
analyzed and overcome is of considerable interest to the
U. 8. Navy, in view of current long rance planning to

develop shale oils and synthetic products. -

: r»~~Inwgeneral;”the“Germanéwwéig“fééed with the same
problems of stability and compatsbility, in storage and ,
on board, as the U. S. Navy. They have alse had accidents
due to explosive fuels which they have overcome succegs-
fully. They have studied their problems in much the same
manner as our navy but have not attempted to construct a
unit such-as the N.B.T.L. test haster. Furthermore, the
synthetic oils used and the limitations of furnace esign
required an additional study of comui sty , ‘ 8 -
“within the Turnace which the U.S. 'avy has not, in general,
had to do. It is interesting tc note that everv ship in
xhefﬁerman_Navy,:;Qanding subrarines, was equipped with
a Jentseh 611 testing unit which was operated by specially
trained personnel. A constant check on -all the important
specifications wss hence always available wlthout require
ing shipment of samples to land-based laboratories. The
Jentsch test unit is particularly valuable for discover-

-ing -explosive fuels.

2. Conclusions and Recommendationg.

The information and data obtained on the mamufacture,
blending and use of synthetic fuels should be carefully
reveiwed by U.S. exrerts as a gulde to future long range




~ﬂ~ww~The‘use—of tha antscH“Tbst”UnIf“shauld“bé“studioa"
as a possible means of spotting dangeroqs explosive fuels,

,;both -on board ships and in bulk storage installations.

3. Demunds for 2291 Oil o -

The German Vavy required in 1942 and 1943 anlaverage ,

'-monthty“supply'of’fuel 011 ofs

Por transports, cargo, and general
S *Operations.. .cooooooo-aooo-onnoooooolo ooo

o __Total 90,000
At the beginning of 1945, ‘the demands were'

For the fleet and coastal deféense craft....65,000
~Fop-transports, cargo and general -

tona

tons.

operations.............0.............. 5,
' ' Total 70,000

tons

At the bcginning‘eg—the_waz—th; following QLantitiea

wvere on hand:

',.“row"E9x1can and Roumanlan crudc..........4<0 000 tons

Lignite tar 011.......l................... 12mo
- Hydrogenated pitch 0il.eecscccceccceccnnnes 15,

Total . 477,000

on han&l

Various residueSccecccccsssccecccccnecsssssd3d3l,000
Crude petroleUMecceee ccoccscscec sosasnacse ,3,000

- Finished fuel 011 blends.................. 60,000 -

tons

At the end of- the war, the follcwing quantities were--

tons

Total 246,000

tons

80851



g8Ces2

4. 'Sourceg o:‘ggggng;

”The,main-sources-of@Garman Navai fuel oil were as
fOllOWS' ‘ \; ..

(.a) g ':Petrol ER U

(1) Roumani& (Pacura- and others)
‘ (2) Germany Hienhas
o {3)Y Hexico" (up~to 1940)
(4) 1Iraq (from captured French supplies)

(b)—— _7SE 1e 0 !! ) ' . .A ~ .__A.‘*_.._,_._ e | <,:

__ (1)._Esthonia_ e e
- (9) Wurtemburg : I

(e) Hard Coal

(1) High tenperature distillation tar
- (2) Low temperature distillation tar
—(3) ~Hydrogenation of sdre —

- (1) Low temperature distillation tar
" {2) Hydrogenation of same

(e) gytgme
(D Hydrogenation of same. .

In general, the Gerwman Navy's supply of fuel remain-
ed fairly constant throughout the war. Bombing caused
~-damage - to both retrcleum refineries-and synthetic oil
plants, but the lcss from the foj Lwas generally made up
by quantities of synthetic midd} which coculd not be
finished to gasolines at other 1 ¥fand hence were avail-
able as Navy fuels.: T -
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Sources of Supply Sgggg'g}

——————-—-The -German Navy's supplies of natural petroleum
fuel was very limited at the outset of the war and remain-
ed .80 throughout. Various residues were ayallable from
Roumania, especially Pacomra, which' were of  such-.inferior -
quality as to be unuseable for hydrogenation to better
products. For this reason it was given to the Navy. ‘Due
to its very high pour point. (s 400C) the Navy could only
use-it—in-coastwlse vessels. At the outbreak of the war,
the Roumanians supplied Germany with 30,000 tons/month.
After—Ger~any occupied that country the yleld was raised
t0-90,000-tons/month. This increase allowed Germany to-— -
supply Italy with 50,000 tons/month for a year or so.

%

The.oil production from the German field at Nienhagen
was always reserved for lubriceting o1l manufacture, and
only*smgit?agaqataﬁeve;;entéisdiﬂgvalanelgSuppliqs,&:Aﬁ,

" Nexico supplied-Germany with considerable amounts-——
of oil before the war, but as the supply was cut off at
the ovtbreak of hostilities, it played only a small part
in the prosecution of the war. - . SR

Of greater importanca to Gerrany were the large supp-
lies of French Naval Oil taken after- the fall of France.
This oil was almost wholly reduced Iraq crude having a
very high viscosity. As such it had to be blended, since
its average viscosity was 35° Engler at 209C (Max. values
as high as 1000 Engler at 20°C), to meet the German spec-
jfications of 12-15° dngler at 20°C. -

. ‘(.b_) Sm 1737%1,__ e e — o v-w.m,_,___;_;_
. . ' - ! ) '
Atl shale o0il used as a frigl oil came from
Esthonia., This supgly was cut off vhen Russia took over
that country in 1939 but was agaliln avallable after Germany
invaded Russia. It amounted to 8,000 tons per month.

_..._-At_ the end of the war, considerable-development of
the Turtemburg shale deposit was under way. As.far as

-6~
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Sources of Supply (cont'd)
is known, only a_very'Small»amqunt of heavy Diesel fuel
vesulted from this work. The quality was poor and the
oil was usedfbnlyfinftarmmtractogsfand:notfonthyalMvesaela‘

" The Esthonlan shale oil is fairly heavy (API of 10°)

and is very viscous at 5°C (470° Engler). It is falrly
aromatic having a conradson carbea of 4.1. =~ ©

,,.,u“m,,d,D;gt;l;gtionrunits\prgduced‘hard coal tars for
tre Havy through out the war at Hochfeld and Dulsberg- @
*Neiderich:”fThesgwwere+bdmbed~out:in11945,wbu§fezt:aﬁpapg,ﬂ
2city was made available for the Navy at Rauxel which kept
~up the yields of tarss T T oo

~ These tars by themselves are difficult to use.becanse
“the anthsacine and{maphtbalene*whichithey»conta1nfsett1§3
out 2t 8°c. To overcome this, a hydrogenated piteh oil

was added to the blend, which was made at Ruhrol-GmbH. -
This plant was bombed in 1544, so that the overall quality

of Naval fuel oil wes cqnstderabty”lbwered‘w-%hewNavy* -

partly overcame this quality change by altering their heat-
_ing- procedurs in the-ships-bunkers. ' ]

(d) Lignite Tars o -
© " “Gonsiderable lignite tar was available in Germ-
any for the Navy. This, llie hard coal tar, was unuseable

~by itself as it contained 20% wax and hzd 'a pour .point
‘of 38°c. | S

A IIEﬁIte‘tar‘ﬁtiwwasﬁprodueedzat;Dea;Rositzztox;thgé,
Mavy at the rate of 12,000 tons/month. This plant was :
borbed in July 1944, greatly reducing the quality of the,
fuel blends. ‘ ‘ '
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5. glegding Procedure |
* As was the case with other fuels, all heavy fuel
oil blends were made at the Naval storage depots. The
ccoponents were sentfby”ﬁﬁétf*réspecttVE%manufactugersf
tc the Zentralburce who in turn diverted the stocks to
the Naval Dumps, Achim, Flemhude, Blechhorde, Gydinls,
and Tilhelmshaven. SR : = :

-Here tha chemnlst-in charge would analyze the fuels
and. blend them;to'meettpre-establishedtspecirications;'
In nd case was aarinal-hIéﬁa*maab“at“the”ortginalﬂsonrce-
ofi:upply,~1.e. hydrogenation plant, coal distillation
vnit. : . A ' . .

—Mw~T:;%f;s~also~importantuzgwng;g;§n§g;ghe Germans ware
forced to'uiéWtHO‘quality'fuel*oils-;~oné?formshipssw"eeﬁ
ent-ring the lorth sea where pontac% with British ships

_and_planes was exnected, and another of inferior quality

for coastal‘éﬁﬁfBélttcjnparations;*Mww~~ S

o6 qu -
The quality of the componeit used~in blending-up-a -
finished oil is given in the follcwing table. ... .. .

The finished oil resulting from tiils blend was not
unlike Navy Special Fuel 0&1..,The viscosity was 12-159
Engler,~pour;polnt,belcw"ch,~3ulru:mcontgnt&gggwqyggﬂMi
0.05¢. At the end of the war, due to shortages, the
pour. point rose to 80Cc in the Baltie service. A1so. the
large amocunt of pitch blends used often produced stack

sparks which were most undesirsable.
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: Topped LIEs thOnian
Specification Iranian. Shale

Distilled Hydregen-

* These data do nct add up to 100%.
b2bly found by combustion.

separately.

3. Lignixe . Coal atedCoal
Residue = 0il Tar 2 Tar 011 Residue
Color(Ostwalad 10 . - 10 10 10 10
Sp. Gr.@20°c 0.923 - 1. 005"' 0.94-3 1.015 1.096
AP - 22 . 1 LRy L2
ViscuEngl. : ‘ o -
@50C 210 ' 4g o ]6;5“'“' 2.15% -77.0
@0°Cc '58”"“' 2 2 ' 1.5 - 17.0-
@50°c 5 9 % S P & 2.4
@noooc .7 ’ .3 1 0 1.0 1.3
High Heat - - -
Value KCal 10 ,325 ~9 460__ R 9 912__9,152_\9_,528&
'Low KCal Valua 9,7 955 3 3 24
tnalysiss-CE -8 1]5: 4 '5 lg 7 é 91 1.3
" s 1.81 .86 - O, 66 A O 34 -~ Sg
__ _M"Creosote O = 26.0 - 16.0 - 4,0
“ater Content 1.10 1.0 0.3 0.2 6 2
-Ash-Content- ~ﬂ~m~0~06w~w0%01“~-w‘0*005*“ —Prace— —Trace-
acld Content
-{as 803) - . 0.08 — 0,1 05 9Q~——0~924 —0
Solvency- o ,
norm.Gasoline 0.65 7.8 2.8  0.02 - 0.23 -
Solvency-Al-" .
cbhol 3ther 3.61 0.5 0.8 0.05 - 0.39
Solvency- LT N : o
Cocn Carbon 5.9 4.1 0.7 _ 0.25 1.4
Flash Pt - - : _ . ’ :
Pensky lartens - L
oC ; ' 110 - 94 85 - 95 135'
_Pour ‘Pt._SC el =15 -15 =20 =21
PFire Pt.°C 186 146 136 130 184

The C & Hg viere pro-
The creosote was found
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Flash Pt.oC  -112 96 - 89  9a 132
Vaporization - : :

Tire Secs+ -‘4t664~§f{_;9ow;~+e;;5cg;ff;e3g - 70
‘Self Ignition = ST . T C
- 265 304 298 441 485

TG!I!I. o

Highar Frigp- - = , . >

ing Value 500 - 550 540 600 - 580 _
Lover Prim- .. - o R

ing Value"~ 6.2 4.2 . 4,9 .

Charactarise. T e BT RS
tic Triming

M_Ignition_;ag |

e —5809C: e e e " R2e9 T 0.9 -
Residue @ .- , o
————5000¢>= " §,5
-Boiling No.~ 1 T —-P—r-" 2
Corparison » : -
Ne. - 3% 21 23 ‘ _
‘Oxldaticn S o T
Oxidation S ' - S
Height - 8.5 2 L 20 10

The comparison munmbers and ignition lag indicate
that _the topped Iranian crude-has-a much greater parafe
fincity than the cther components. The oxidation residue
heights show that the distilled tar oil is the most sus-
ceptible to chemical change while the topped Iranian
crude and tha hydrogenated coal oil are the least so. .

~10-~
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7;' Scope of Qegggn'geggg'

p great deal of work has been done on combustion
testing. Dr. Meyer wrote an extensive report covering
werk done by the ‘Chemische und Physikalische Versuchs
Anstalt" of the Gerran Navy in 1939. 1In this he analyzed
aporoximately 100 oils both natural and synthetic, in-
dividually and in blenés with one another. This.report
is available. A subsequent'reporz on a much larger -scope,
dealing mostly with synthatic oil and their blends was
printed.but has beon lost due to bombing. An attempt is

“ba nW“mﬁae“t0“obtain*a*copy*offthis*repethas_its_contentsw
shounld be veny~valuab}e;~ .

- Dr. Meyer proved that very heavy synthetic asphalts
could be used as fuel oil if cut back with a non-asphal=-
tic~petroleum'stoek~aud'a~tarﬁoilﬂfrom;carbgnizigs;QQQLx_,
To prevent the heavy asphaltic material from dropping out

of .solution, the relative amounts of distilled tar and
petrbléﬁm’cutter-stoeks‘should‘bewahout the same. -

“”"#Wﬂé”ilsb”did'cO&SiderabIe‘work*cnfmeasuring~snrfacom
tension, as this has a large effact on miscability. He
reports the fQIIOwing"values. o - Co

‘1. Petroleum "7 27 dynes/sq.cm
2. Heavy Petroleum 31 R

3. Lignite Tar Oil 33 "

4. Hard Coal 031 34 "

S e ssthonian Shale -
| 011 = s "

6. Hard Coal Tar -
- -0il . 40-41r

7. Hydrogenated. »

The work on compat#bility and stability of blends
was don2 bv Dr. W. Deman of the Krupp Gesellschaft at
Essen. He was trying to develqp means of using low temp-
erature distillation coal tars in blends of fuel oill.
Since this matarial contained much free asphalt and carbon,
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Scope of German Tosts (¢ ont'

the problem was a dif’icult one. ‘He found that in blend-
ing ta2rs ard Diesel oils, certain blends eculd be used
while others prcduced considerable sludge. That he was
successful is proven by the faet that the German Navy
was using ciostly ‘pitch as a fuel:0il at the end of the
war,\githout encountering any no*icable sludge trouhle. .

: ~Xn- general ----- tbe—Germaas~analyze their;fualaoil—muoh
the same way as 1s done 'in the U. 8. ' The standard test

- of. snecific‘gravity, water contaut"“viscosity, flash and
fire noints, pour roint, and conreason carbon are: . always
rada. Ia addition to these, caertain solvency tests are
Ln_usingmﬁnormal"_gasolina, .ether-aleohol, and xylol ..
"as sol-rents instead of benzol, eyclo<hexane, and 1iso-

pantane as is done in the U. S. The "normal" ‘gascline

1s a narrow dboliling- range product having both 1so=and
norral comnounds.

These solvency tests are 1ntermreted 1n much the
same way as in the U. S.  An attempt is mads-whea making
blends to get tho proper distribution-of solvency -to keep

' the frae carbon and lHeavy asphaltic ompounds in solution.
This 1s very important when mixing tars from coa

ation, hydrogenation, residues, etc. :‘The danger ot mixb
ing a parrafinic cutter-stock with an aswhaltic residue
is wall understood 1n Gerrany.

-J-No éttempt bas been made byvthazﬁé}mans.toﬂdevelopv
anything lile the N B.T.L. test hezater. Certain tests
were run at Deschimag, Bremen on srall boiler installations,

—but- these_were~more—e£—a~burner~development—progr&m than~an—
011 testing procedure.

Considerable wor has been done on measurtng the sSure
fazce tension of various oils. This 'was in conjunction ,
with the Saacke burner which breaks up the oil drops to.
the -desired size- through-a*rotary'spinntng’devtce< —The-
optimum ‘drop size and corresnonding steam requirenents of of

12



of the burnar'wera thggiéh§§iﬁéﬁif¥fiiﬁ'"
S. anslvsss .

f fIhe-codbustion tasts are carried out. to. obtaln the
proper burning characteristiecs j.e. flame length, ignit-
ion lag, smoke, residue, ash, while the compatibility
tests deal with the problem of sludg: formation under long
time storage. Lo e L ¥ '
'~“ﬁ~fThe~¢dﬁbﬁgtidﬂqéﬁaraeteristics:ara:ganerally;meaagped
on a VWjentsch Primzry Value Tester”. This piace of app-
aratus 1s1p1§bed}aboard~evary¢Gcrman‘Naval«vessalw;pclud-
ing subrarines. IheJrdllowing;tests~are,madefqn.the one
piece of equipment. C :

(a) tFlds&lﬁéihff:ié?:;?f e

(b) Firepoint. - - ~ . .

(c) Self ignition temparaturas

(d) Lower priming value

(e) ‘Bigher priming wvalue - — S
tf)v;Characteristic.priming"value:(fro@ (a) and (e))
(g) 'Residus at 350°C and 500% - o T
.(h) Conradson carbon - -

(1) Vaporization time factor

(3) Boiiing number

(k) Oxidation valwe =

(1) Ignition lag ..~ .

From the above data,.d*éémﬁéfiébn nunber is obtained
through nomograms by which th» various fucls can be com-
pared with one another. RN ‘ -

=~ Thne unit -consists of —a—=golid steel block -having 4.
round chambers, 15 mm diam, and 38 m~ high. The block is
surrounded by a heating unit of high resistance wire,
properly insulated. The temperatura is gontrolled by a
rehostat. In the middle of the block, betwesn the 4 @
charbers, is a hole leading %o the bottom of each of the
4 -chanbers. Through this, oxygen is. passad from a meas-
-muringadevicefwhich:cQntrglsfth@:quggtit¥+hy_§nTQ!i§EQ3:

‘-l 3-,
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in auxiliary stand with a mirror,'electric light and
air iet ‘completes the general assembly. o

. One of the salient features of this unit is the -
small quantity of oil required. In many tests only:drops
are needad. The temperatures can be accurately measured,
eitger by’ thermo-couples in the 4th chamber or by a therm-
ometer. - |

The first figure obtained is the self fgnition temp-
erature. This is the lowest- temperatureo—at-which the oil
spontaneously ignites when oxygan is added, ‘Many oils
may have the same self-ignition temperature but the guan-
tity of oxygen may vary from 1l to 10. The two variables,
temperatures andoxygan content are combiued in a factor,

%] 8-l PV B t—~~———4ﬂhere
e L

t = the lowest self ign*tion temperature and. b is the
number of oxygen bubbles/min. - 60 “bubbles/min- equal 5*cc*
.of oxygen per minuto.'

Next the "higher priming value" is found. This is
the temperature at which combustion occurs- with no oxygen
added, hence

R o'- o,‘Eﬁd7ﬁ.§}v..5"_ﬁi%iii_'h t;g

. From the above two quantities, the'“chﬁracteristic
briming value" is found: - N ‘

where ty-and- te are- the~temperatures -of -higher:-and -lower-
priring values and b = the no. of oxygen bubbles/min
for the 1.p.b. For low ignition delay, such as is wanted
in diesel and fuel o6ils, the c.p.v. should be as high as
possible 1.e., a fuel should require small amounts of:
oxygen to produce its 1. pP.v. A pasoline to have good
‘octane-numbers. should have-a: CePeV. as-low as possible, i.e.

-

-14-
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‘dnalyses onttd) -

it should be able to be heated to a high tempér‘aturq;!,ith-
mtxxt igniting spontaneously, even in an oxygen rich atmos-
phere. - » S .

| These facts are brought out in the nomograms drawn .
up by Dr. Jentsch for the two types of fuels. The phy=.
sical characteristics are set by the bolling range apnd .
self ignition temperature. The final results, or."Com. .
garisou number” 1is comparable to octane and cetane rat- "

ngss - - T b - D |

" The bolling range i1s obtained on the tcst unit by an
ingenious-timing method- in which the oil is put in a cyle-
inder at 400°C and the volumetric. amount remaining after .

a specified time is obtained. -

. The Conradson carbén value-i ained by plaecing
12 drops of fuel in a cup in the cylinder at 500°C for

2 minuteés.  The matorial remaining after that is placed
in a colorimetric tester and a very qulck value obtained.

. The final test of importance is the oxidation test,
This somawhat resembles the stability test used in Ameri-
ca, but is again carried out- on the Jentsch unit. One

cc of o1l is heated up in the unit to 250°C for 12 min-
utes while oxygen, at the rate of 300-bubbil o

passed through it. At the end of this time, the oil is
mixed with 10 cc of "normal" gasoline (a2 mixturs of iso
and normal parafines)-and allowed to stand for 15 minutes.-
At the end of this time the height of sludge 1s measured |
volumetrically. _ -,

T ”?;—ep_ared ;bY:

R. C. ALDRICH
Lieut. U.S.N.R.
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Awarded 18-0-4;‘

' (g) An article published by J. Pluckthun in "For-
schungsberichte Jan 1942 entitled "Versuch Uber gegensei-:
‘tige Ldsungsfirhigkeit von TeerBlen" (Zxperiments on the:
mutual solubilities of tar oils). .
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