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GERMAN NAVAL FUEL OIL

‘1.' Introduction.‘v

In order to complete the general svﬂvey by the U.
S+—Naval Technical Mission in Europe.of  the. Gmiman syn-
“thetic oII“inaustry, a_trip was made to Kiel, ‘Hamburg
and Flensburg to study: ‘German-Naval fuel omls. The pTOJ :
blem of fuel oil supply- during the war-was a:difficult "
one for the Germans, due to the lack ‘of natural petroleum .
and the scarcity of certain synthetic components for prop=
er blending.  The manner 'in which these difficulties were
“analyzed--and-overccome-is. of considerable interest to the
U. S Navy, in view cof current long.rance planning tc _
develop shale Qlls and synthetic—groducte.”f::- . }
In- general the ‘Germans were fJC’G‘With theesame_w;~

problems of stabillty and compataol-lt"' in storage and
. on board, as the U. S."Navy.  They have ‘alse:had accidents
due-to explosive fuels which they. have<ovenca@e_suecess- S
fully. They have studied their probiems—in re
manner as our navy but have not: attempted to construct a
unit. such as the N.B.T.L. test heeter.. Furtherrore, the”
syqthetlc 0oils used 'and the 11ritations of furnace design
;pequiﬂed_an additional StLdV of comhustion—charactﬁffetics'

~had to do. eitfii:§2§eresting tc note that ever« ship in
the German Navy, including subrarlnes, was equipped mith -
a-Jentsch o0il testing unit which was operated-by spec1ally
“trained personnel. . A constant check on 'all the. important”

" speeifications was” hence alwa¥s available—withcut-requir=—"
?ing ‘shipment of samples t& land-based. laboratoriges.” The .-
Jentsch test unit 1is. particularly valuable Por dlscover-
.iﬁg explosive fuels{ff ‘ : - :

_Q"“”YZ.. Conclusions and. Recommendatlons;;;;M;mb;i"

4 The 1nnorm§tion ‘and data obta%ned on thef"anufactura,'
blendlnp ‘and use of syntnetic fuels shonld be carefully
reveiwed-by U S. exnerts as a gulde, to future long Trange
“progrars. o e
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. The use of the Jentsch Test Unit shnuld be studied"
‘as a possible means of spotting-dangercus explosive fusla,
both on board shins and 1n bulk storége installations.-. .

&

3. Demcmds for Fuel Oil

o The German Navy requ¥¥e&~vn
monthIV_supplv of fuel oil of

For the fleet‘and coastal defense craft....80,006~tons
—Ror~transport§,»cargo,,andﬁgenenal
'operations+,+*+44.4......

. e et

At the- beginn'
were on’ hand' :

Ligntte tar 01L.....¢
derogenated pitch oil..... 3

‘Crude pétroleum.s..s
Finished fuel oil BL
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: 4,< Sources of Supply - .

The main sources of German Nav 1 fuel. oil were as

“ follows: = Lo T , . : ‘

(a) Petroleﬁm

n,__llJﬂﬁRoumania (Pmcurauand others)
- {(2) Germany (Nienhagen) _
== (3) - Mexico (up to 1940) ‘

- (4) ‘Iraq (from captured French supplies)

Qb)*ﬁmLe*ui o “yf%4;+4mff"“eﬁm;m¢

)] Esthonia . . T
2) ertemburg : e
A(e)' Hard Coal |

.

~~»\;fl) High temperature distillation tar
. 2y~ Low temperature distillation tar-
. "(3)~\Hydropenation of sare T

(@ Lifatte -

(1), Low temperature distillation tar -
(2). Hydrogenatlon of same -

(el;;Bitumen

(1;\\ﬁ7353§enation offsame.me;;i;Mmfif;{e“”%

In general, the Gernan Navy's supply of. fvel remain-
ed fairly constant thronghout theé war. :Bombing caused’
damage to both netroclétm Tefineries and. synthetic oil -
plants, but the loss from the former was generally made up-
by ‘quantities.-of synthetic middle cils which couldnot be.
finished to gasolines at other plants and" hence were avall-
able as Naval fuels. -

f;BJ%

él)
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Scurces of Supply (Conttd)

.- (a) Petroleum

S .. The German. Navy's. supplies of natural-petroleum’
“fnel was very limited at the outset of the war and remain-
ed so throughout. Various residues were ayallable from
.Roumania,‘especially Pacomra, which- were of such inferior
qrality as %o_bpe unuseable for hydrogenation to better
products. "For-‘this rsason it was given to_the Navy. Pue
to its very high pour .point (s 400C) the Navy cculd only .
use it in coastwise vessels. " At the outbreak of-the war,
the Roumanians supplied Germany with 30,000 tons/month:
-After«eerménywpccupieﬂ;tpg;:gcuntry*thewyieldﬁmas;ra1segmv?
“to. 90,000 tons/month. This increase allowed -Germany to
supply Italy with 50,000 tons/month for a year or sO. -

" The oil\pfbductfon from,the German field at Nienhagen
was always reserved for lubricating cil manufacture, and . -

only)smg}}}a@ounp§~everlenteredimavaktfuel:Supplies;g

— . -Mexico supplied Germany with considérable amounts. =~ -
-of oil before the war, but as the- supply was cut offab-—
thé—Eﬁfbreakfof*hosti%i%iesT—iﬁfplayéﬁ;only;a:smgiiiparﬁgﬁ
in the prosecution of the war., - T D L A T

. Of greater importance to’'Gerrany were-the large supp-
‘1ies of -French Naval 0il taren after:the fall of France.
rhis”oilgﬁas,almoSt*wholly reduced Iraq crude having a |
very high viscoglty. ' g such it had to be blended, since:
_ite average viscosity was 359 Engler at 209C. (Max. values
‘as higﬁ“§§*100°fEnglerwatwaepc)-éto»meet;the.German;specéf
ifications of 12-15°g3ngleraatf509cg.' S e e e

© . 8%l shale oil used as a fuel-oil came from . .
Esthonia..- This supply wasfcut;offfwhsnsﬁussiawtbdkjpten,ﬁ
that country in-1939_but was again available after Germany
invadgd*Russia,‘~It‘amounted;tOKB,OOO[tOps;parijnth,gﬁg¢v

’ E .

At the end of the war; considerable devel

= he . gevelopment of
“the Turtemburg shale deposit was undef way. As far as

e
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Scurces -of supply (Cont'd) - “
is ¥nown, only a very small amount of heavy Diesel fuel
‘resulted from-this work. . The quality was poor and the
oil-mas-used only 'in farm tractors and not on'Naval vessels.

. The Esthonian shale'oil is'fairly-heévy (API of 109)
£nd is. very viscous at 5°C (470° Engler). It is fairly
aromatic having a conradsen carbon of 4.1l. L

© () 'Béra.Coal Tars - - .- . e

. ‘Qistil;atiqg;gnitgmgpoduced hard coal tars for .
tre llavy through out the war at Hochféeld and Dulsberg~
ﬂNeiderich:ﬁ»These~werembombed4dutminwl94E,¢but“Btha@can:;MA
seity was made avallable for the Navy at Rauxel which kept
_1uDp the yields of tars. R B T L

"These tars hy themselves are difficult to use becanse .
the anthgéciné“aqd*maphthalene which they contain settles
cut 2t 8°C. To overcome this, a hyd-ogenated piteh oil
was addad to the blend, which vas mada. at ‘Ruhrol GmbH. —
Phis plant was hombed in 144, so that the overall quality

—of-Naval fuel oil was considerably lcwerad. The Navy. S
partly overcamemthis,qualityjchange,by-altering'their‘heat-
ing procadurs ia the ships bunkers.. PRI A

(¢) Lignite Tars

, . _Consxderabie‘1i§nitertartwasfavailable in- Germ-—
;any for. the Navy. Thisy lire hard coal tar, was unuseable.
b itself as it contained 20% wax and had a pour point '

- Kfli@nitéftgrﬁoiliWQSnpredueed;at;Dea~RQsitz;fQI:$he_.
Havy at the rate of 12;QQQ:ggﬁsfanth?f%¥htSﬁf£‘ ——
“berbed in July 1944, greatlyired&c1ng,the‘qualityfpf the
~fyel blends. = S '

< |
|
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5., Blending Procedure - _
- ¥ As was the case with other fuels, all heavy fuel
oil blends were made at the Naval storage depots. The
conponents were sent by . their respective —~anufacturers:
tc the Zentralburce who in turn-divertad the stocks. to
the Naval Durmps, Achim, Flem ude, Blechhorde, Gydinia, °
and 7ilhelmshaven.. R AR -

" Hers the chemist in charge would analyze the: fuels
and blend them to meet pre-established»gpecificgticns.rg
In no case was a final blend made ‘at iHe original source-
of supply, i.e. hydrogenation nlant, coal distillation -~

unit e TR

I is also ipportant to note that the Germans were
_ forced to use two quallty fuel oils; one for ships -~
‘ent “riag the North sea wher: contact: with British ships
and planes was exnected, and another of .inferior quality
for coastal ané-Baltic gperations. = .-~ = S o

. 6;»fQualitv;éffCombonen§§” _'

- —- The guality of the component used in_blending up.a
finished oil is given in the following table. o
- The finished 0il resulting from this blend was not--
unlike Navy Special Fuel 0il. The viscosity was 12-159
Engler, pour point below o°c, sulfur content.not over
.0,05%.‘ At: the eng’ of the war, ‘due to shortages, . .the -~
pour point rose to 8°C in the Baltic service— Also thé
large amount of-pitch blends used cften produced stack .
‘sparks which were most undssireabls=.. oo

723
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0.923
22

28

58

10

1 1.005.
10

4/0'

18

o
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|  R3SULT: FROM JENTSCH FEST-UNIT
Plash Pt.2C - 112 96 89, . 94 - 132

Taporization T ; L
Time Sees. ‘1607 90 ‘50~ - . -30 - 70-
Self‘lgnitionA - 3 ‘ C L e e
Tem. . - 269 - 304 f—,;’2-98-—,ﬁ7 o AAY . 485
Higher Prim- ; e o
,ing Jglue o 500 , 5507 _ 540 600 580
Torar orim- T . o R TR T
ding Tatue - - 6.2 4,2 4.9 e
Char-ectarid= - o L o A

Talue A £ A N L

20 W0

R 5T s6n Tagoindicate .

that ths topped Ifanian-cru‘é.has a~mu¢hwgfeatériparaf;;-
“fincity than the cther components. ~The oxidation residue
~‘heights show that the dist;l}ed-tarloil is tha most sus—
T'ceptible‘to-chemicalvChange while the topped Iranian )

~crude and tha;hydrOgenated-CCaLdpil arexthe.leasttso.

VA.,,__.L; . v . ._,  _ . "_\ ) . [
‘ Thevcomparison‘nuqbg
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7. Scope of German Tests

i gfeat deal of work has been dcne on combustion

tosting. Dr. lMeyer wrote an extensiv: report covering

~ork done by the "Chemische und Physikalische Versuchs ' -
Anstalt" of the Gerran Navy. in 1939. 1In this he analyzed’
aporoximately 100 oils,,bdth\natural‘and synthetic, in-
dividually and in blepds-with one another. This report

is available. A-subsequent report-on a much larger. scope,:
%%amlingymostly_with'synthetiC'oils,and their blends was .- . -
printed .but nas beetn lost due to bombing. . An attémpt 1is
being -made to obtain a copy of this report as its contents
-shonld be\ve}y“vi}uable. e R

L Dr.»Kéjé}Wﬁfﬁvgaffﬁﬁf“vérywheavywsynthetic¥ésphalt5~4

“-could be used as fuel oil if cut back with 3 non-aspial-
Qic petroleum stock and a .tar oil from carbonizing coal.
To prevent-the hgavy asphaltlc matarial from dropping out
of.solupion,‘the“retativé;ameuntsﬂof-distilled tar.and
petroleum cutt:r-stocks should be about the sames T
- He also did considerable work on measuring surfacc
tans;op,'as;uﬁigmhas'a.largeﬂeffect'on miscability.- He
repcrts the following values. - .. T

1. Petroleum- - - 129 dynes/sq.cm
Heavy Petroleum - 3L - (N

2. : g
3. Lignite Tar Ol 33 - " .
4. Hard Coal 0il—=—"— ""34 .. o S
5. - 3stnonian €hale .- RTINS
B ¥ R
SR R ¢ & W 40-41. "
7. Hydrogenated o s
Lo Upiteh o . 420 M

L . ~The mwork on:compatability and §tability of blends
was don2 b Dr. W. Deman of the Krupp Gesellschaft at. |
Essen. - He was trying to develop means of using. low temp-
‘erature distillation ceal tars in blends of fuel oil.. .

- Since this matsrial contained much froe asﬁhaltgand3Carbog,

ol



Scone of Gérman Tests (Cont'd). .

the nroblwm was o difficult cnz.’
ing t rs 274 DluseL cils, certain
hile cothérs prodecad copsine“ﬂbb, :
successTul is preoven by tae faot that Tl
IS vslnva,ostly pitch as & fuel oil -t
war, without. Ancmlnturlng\any no+1c2ble

8. An11y51s of F1e1 0110:213

Tn generaT ‘the Gbrmanc analyz* Ehxin.

the samo way as 15“601e—-1 the U.'S. ’E,
of _snecific gravity, wate content,

fire. “ﬁlﬂt s, vour -oint, and conr’ aC(“

~ads In 24dition to these, cortait sclvency. t o ste are.
TN Uqwng ”nornal"*gnSOLlne,'ufh‘“ ﬁ‘cohcl and, xylcl
as scl nt° instoad of bhonzol, eyclo- naxana, -ﬂw¢~1so-

“J*t"P* 4g s fone in twﬁ T, 5. The ”nor"“‘””g scldins—o o
is a narrow-bciling rvnve nrﬁduct ha vwigzbcth isc_and
nor~°1 coV“hundq.L; N

&

. These: soﬁvpncy te sts are 1nt>rn”’t d ia muth~th_-__
‘same way as in uh U S.— an- qtm"pt‘“‘s rad> when ma¥king
plands to get tho preper Gistri ution of solvancy te baep
sthe friae c"”nhq-a“d henvy asphaltic ~ompounts o solutlgq._
~This is very impos t when mixing tars fror co2 55 )
‘aticn, hydrogehation, T3 sidues, te—— Ths dangar.of mix-
inV-a4parr"in1c cutter— teek.with an as"a‘+1c r>51duc
iv wcll understood ln Ger'any. :

e L

S ﬂo attempt has b>ed Wada by tho—Ccrmﬂns~t deQlOp*'
anything ‘1ire the ¥ B.T.T. test heater. Certal sts.

weére run at ‘Daschimag, Bremen on srall beiler: installﬁticn'
but these were more-of 2 burnut,devLIOpnbnt proerem than an
oil testlng prccedure.'

Conslder“ble vrork” hﬂs Hoen dLne ow men svrinv the sur—
f'ce tension of varicus cils. This mns-in conjunction: v
with the: ‘3aacke bhrner.which br aks 1o the cil drops to .
‘the desired size thrcugh a rotary 0'1Jﬂ1qg device. The
optinum drop 31ze and corre sponrln“ g .an ruqu1r°rents of
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AnalvsiS'of Fuel Oiis ané—Blcnds (Cont'a)

of the-burner werevthus obtalnpd.-

. 9. :Lnalyses
Thb éombustion tests are c”rrled ont to obtain the—
vaper bnrning charact*rlstlcs i.e. flame Lz :neth, ignit-
ion' lag, smokesy—residue, ash, wiile the CCWthlbllity o
tpsts deal. W1th thu probl“m of sludge forv“tlon under long
vire storzgp.w‘ i :

N B
O

L -@h@ combthlon cnﬂract>r1qt1cq tre gane rally mﬁwﬂ

—on—a—*trentsch- Frimory value Testap!.~ ths—pi ¢a of
aratﬂéfif?xﬁﬁc“d ~board avery German iovel v 5521 1ncLHét——
“Tag submaripesi ~The - ’ollowinr o ,rs 1? _nad* on. the one
piuC” of eq ipvont. o, : D Lo

r»d :

(a) rlash Soint . o i
| (b)_Firs noint L ‘ : S e
v (¢) ',Belf ign’ ‘tion temrornTuipas— .
t\kd) .howyr_prlmlng vatue . -
“Higher prlminr value
“Characteristic ¢ priming v411e (?rom (6) wnd (e))
“ Residue< . at 3SO°C ﬂnd qOO ol -
Conradson ¢arbon- : L
~ Vaporization tire fﬁctcr »
_Boiling numbs=T : v
Uxidation value
Irnltlon lﬁg

i ST - SIS cy

. i CO"lT‘ T .L‘)U“\ T b > ’.J_ﬁ_'chb i "‘(’d_
*tnr01gh nomograr’s by, nhlch th Vaflous fuils coan b~ com= "
wre \Wlth cnz 1n6thhr.>- S . :

i Th unlt COHSiotg Qf 1 solid_ste=l b L 4
- wound chamnbers, 15 mm dlﬂm, and 38 s hlphz The Ihlock is
gurroundad . by = heating unit of hizh resistance vire,
pronerly insulated. THe tembera atiire is. contrrli :d b oa .
rchostat. In the m1dd1° of th& block, b2 t zn the 4 -
chorbers, s a hole ‘§dlnr to. the bottor: “”’ﬁch of tbe
4-eharhers. | Thronrh this, oxy,,n s pn qsee from 2 h‘as—
uring dzvice. whlch controls the q*ant*tn by an crificz.

[
V;1l;



Analyses (Cont'd)
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. ST

iniauxiliary stan

nir det completes

. One of the s
small;quantity,of
areée neaeded. - The

3 with a-mirror, ¢lectricTight 1nd -
the‘general‘assembly."“» o
alient featires.of this unit is the

oilvreqUired.,,In»many,tests only drops
temperatures can be accurately necsured,

either. by thermo-couples -in the 4th,chamber_or,by a.therm-

ometer. -

The rirst figurs-obtained is the sslf ignition temp=

_erature. > This is

thevldwegf"feﬁﬁéfétﬁfé‘at-which'tne‘oiI‘

spdntanéodéi?”i@nites when—oxyger«iSAadde;;,Many‘qils

-mayﬁhave;the;samﬁw§ﬁlf:igniticn temperature but the quan-.’

tity.of oxygen ma
temperatures ando

yvvafyffféﬁ;l“to*lo:wahev$worvaniap;es,w
xygon content are combined,in,a.factor,v

theilowermprimigg;yg¥ue. :It"is:_il.p;y.As_ t y where

t = the lowest s
number of oxygen-

- . SR TP e LT
1£ ignition.temperature'ahd:b is the - -
bubbles/min;nféo.bubbles/min équal'ﬁ”cc,j

of cxygen Per MIMGLe:

" Next ‘the "hi
the temperature 2
“added, hence
: Che

rpridid@iﬁa}ﬁé“;is-fbﬁﬁdrﬁ*>j:id _ T

where ty and tg 2

15»fggpm;thé;ibQVe\;Wq;égantitiéé;h%hé:”§Eé;acteri§${g

'» 'V'C_._‘pA.‘v‘ =

——

gher”érimihgf&alue"‘is found;f Tﬁls:is'

t which combpstion;occurs with no oxygen
o 1 h.D. : . ‘ : S ST S T " e e

05 and\h,p v f;fﬁ‘:’ff—;' _ S

.l

- th - te
re the témperatures:of higher and lower.

'nn;ming“values,‘ana}b,§ the no. of oxygen4bubbles/min
jfor‘the_l.p.b., For“lowuignitionNdelay,vsuch;as_is.wanted
-in-diesel‘and'fuel;cils,-the CeDeVe shouldﬂbe?aé‘high as.

~possible 1.e.,"a.

| oxygen to produce its 1.p.v. A gasoline to have good .

fuel should requira small amounts of .

'octane>numbers,shouldjhave,a_c.p;v.zasilow'as po§sib1e,'t.e;

'Qldlﬁx
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Analysés (Conth) R

‘it should be ableﬁtoibe héat?d té 2 high temperature with-

- . - Ny Y , e _______/r——-/'4 -
cut igniting svontansously; even 1n an OXygen rich atmos-
phere. . B L LT T o

.. These. facts are brought out—-in-the nomog ams—drawn
up by Dr. Jenhtsch for the -two. types of fuels.—The phy=
sical-gharacteristiCS'afe set by the boiling range and- '
‘self ignition temperature{—4my%44aﬁl_f&éiﬂxg;nrﬁﬂggm.”

parison number" -is comparable to.octane and cetane rat- .

ings,.

- 'Thé boiliﬁg range 1s obtained on the test unit by an
ingenious timing method in which the oil is put in a cyl-
_inder_at _400°C ‘and the volumetric.amount-remaining after

a specified time is obtained. . _ CEESTTSRTTTS

. _The Conradson carbon value is—obtgined by placing
“I2=drops of fuet=in a cup in the' eylinder at 500°C for ———
2 minutesw— The material remaining after that is placed
hiﬁfa“colprimetri&?tester:aggfa;Very,quick'value obtained.

—_—

T o e Tl o = el Lo
" The final test of importance—is the oxidation testi
This somawhat resembles the stability test use Ameri-
‘ca, but is again carriazd out onlthe Jentsch uniti—O0One. -
ce.of 0il is heated up ‘in thé unit to 250°C for 12 min-.""
utes while oxygen, at the rate of 300 bubbles/min. 1is.
.passed_thro&gh'ita,_Atftheiendﬁofkthis.time,,theuoil is .
mixed with 10 ce of "normal" gaseline (a mixture of iso-
“and—nermal parafines) and allowed to. stand for 15 minmutes,
_it-the. end of this—time the height of sludge is neasured
volumetrically.- T e

1 Pfépérédfby; 
‘R..C. ALDRICH

~15=

D
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10. -Bibllography -~

- (a) "Jorschriftenfir die Pflecge dar Schmicrstoffe
sowic Heiz8le und dor Flllssigen Fraftstoffe" - (Instruct-
ions for Handling Lubricating Oils as well a2s Fuel Oils
and other Ligquid Fuels).—Published by -thé German Navy-

1938, ¥.Dv,Nr. 847 o : . . .
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