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.. Chemical - Physical - Research - Laboratory (CPVA)

of the Navy, Kiel
Dlesel fuels and their mitual mixtures

CPVA. B #5892-ko

By letter "ORM BNr EBMV 27605-38 dated. Decem’ber 22, 1938 the CFVA was requested
to. investigate all diesel fuela which were available at home and abroad, to
classify the oils according to their suitability for the operation of, d.iesel
engines and -to convert unfit.oils by blending imsuitable cnes. Approximately
100 diesel fuels were .supplied from at home.and abvoad by the CEVA (zee appendix
#1). In addition to the diesgel fuels also fuel oils were investigated which

were furnished by the 0.KM. (High Command of the Navy). It shounld be determined
whether the fuel oils were sultable for the operations of diesel emgines. The
main scope of the msearch work was a thorough going investigation of the oils
and to-improve unfit oils by blending- them with highly’ ignitable ones. Folloszns

- & request of the 0,K.M.-the RCH-diesel ‘Puel (RCE = Ruhrchemie = Fischer-Tropsch

“ ‘plant "Ruhrchemie at Oberhausen-Holten) was chiefly used as an ignition promoting
agent. Fuel-oils which showed good ignition qualities but hed & tendency to
form, coke-deposits were -subjected to various testing methods’ in order to eliminate
the components which are responsible for the cold.ng a.ltitude of the oils.

The following diesel-fuele bave 'been inveetigated 'by the . C P V. .

: A i Diesel fuels from petroleum olls.

Aa: Sources . Germany
. ",Ab:';Source. ‘Europe_ wi’ch the exception of. Gemany
-'‘Acs Source:  Asia :
‘3, Ad: Source: . Amerita . .
et Sou.rce- Unlmown .
» B .'Diesel fuels frozn lignite products
C/ ‘Dlesel fuels from coal products
‘D 'Hydrogenated maphthalenes- . v ==
E... Synthetitc diesel fuels .
SF 'xDiesel ‘Tuels from- oil-shs.le p:\'oducts

Source of ‘the oils claaeified as B, C, D, E, F: Germany

. Apgendix ﬁa_ represen'be the results of the e.malytical mvestiga.tion of
the diesel-fuels. : o e

AEgecndix ﬁB comprehends remarks concernin@ the ”Filter-'.['est" o:t’ Hasema.rm",
ARER . DIN method #1' (DIN = German Industry. Stendz.rds) a.ml V- 3767
'(German Society for t‘esting materiale) . - : o

‘de ___s_,_gj.thothe corroding properties of the oils DIN Proposal, :
-~ D v.M. 3763 : :

~sl'ves further expleaation of the experiments vh:[ch were cerried
s .. -ouk toiimprove the . properties of oile \vhich shoved cok:lng k
B - ~,.:tend.encies. SR S S ; : s .

‘Appéndix #6 ) Ta'bles and diagrams concerni_ng the determmtion of the o
' R ":i@:\ita'bility of diesel fuels- in.the la‘boratory.‘ N ‘



22 ﬁ Valuation of the investigated oils with reference to their
behavior in the motor based on the performed analyses and the
- . -ignition quality (cetane value) which was.determined by the
’ colncident-flash fixed delay method employing the B W.A. ~
motoxr’ (motor developed by the Service COmmand) .

Appendix iB contains remarks and explanations covering the following items:
1. Determinations of the tendency to form mixtures according
- to Marder end Roelen. .
~2, Experiments to prevent the formation of precipitates ef
‘blended diesel fuels, .
3. Experiments to improve the 1gaita'bility of d.iesel fuels.
Summary: : - . - - W
As soon a&s the described experiments have been completed the 0.K.M. intends
to carry out motor tests with the single 61ls and their mixtures. With reference#_
to-the motor tests the followi.ng remarks shall be made:. -

|

According to a publication of Koelbel (Brennsta.t’fchemie (1939) 365-369)
depending on the ignition quality of the diesel fuel approximately k0-55%
RCH~-diesel fuel must 'be admixed if the blemded ‘oil 1s supposed to ha.ve a cebane
num'ber of 65-85. : e
o -Since the RCH-dlesel fhel is rather expensi:ve -the 'blending method for the
E improvement of diesel fu.els ‘seems to be uneconomical .

- - Many . attempts were made in the previous’ years ‘$o, decrease the ignition delay :
.of a diesel fuel, In"addition to the above described method sb- called "Promoters" -
- have been trted. out (anwl initrate).. But due to the vaporizing promoter such - . -
mixtures are not stable. other possi‘bili.‘l;y~ ‘to decrease’ the ignition delay .
consists in increasing the comression-ra.tio, but it nrlist be clearly éaid that
“this method does not a.lways succeed. ExperIments met 'be mentioned in. this )
connection which tried. to solve the pro'blem by admixing ignition oils to coal

tar products._ IR e I L B}

According to infomation, which have been furnished by the "Dentsche Week:e"_
(German Works) at Kiel, not only the slowly ignitable: diesel fueld -from’ coal: "
‘tar_ oils but also the "Welheim-oils" (extraction oils) could be used to operate -
' thé test-motor-if approximately 10%. highly lgniteble ypetroleum-or RCH- diesel
. fuels were admixed. serving as 80 called "i@ition oils.":

o According to the enginaers of, the Dentsche Weeke ,i'b 18 not necessa.ry o run
motor tests with the coal: tar based diesel fuels which vere investiaa'hed by .
the CPVA ‘bece.uee furbher knovledge vi.'l.l certa:l.nl:rv not be' o‘btained R

. ‘The pu'blication of" Panel (A’IZ Automo‘biltechmische Zeitschrift > Stutragmt .
19;8, Heft 20) in Worth while mentioning: Paul declares that the ignition. delay
‘can’ be. gea.‘bly influenced by the application of & twbulent ‘combnstion, We. were
ablé: to canfirm his, statement. The CPVA proposes to carry on: the experiments ’
. 8s-soon’ as. the investiga.tion of the oils have been finished N o

L It is necessary 0 de'bermir;e the propert 8. 0f" the dj.esel fuels ‘blended.
_with RCEH® d.iesel-fuel, deknlin etc by runningmotor tests end to £1x the TTT=
percentage of - ignitable agents which rmst be" aﬂmixed. in order to obtain diesel
fuels which meet. the specification.of ‘t:he Na?y. o
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Appmd: # I
‘ cqmonts I‘OM the filter tost (Kamu-ich-mthod. )

. The L1lter: testa acoarding to Hammerich. an&-—xagemnn vu'e carried . out .
moomplyvith the DXN araft #.1 DVM 3766 (cmnaumusmun,
German Soclety for testing Materials 3767. ‘Acoording to the technical’
specifications of the Navy, dlesel-fuels are not subJectod.\to the. a.'bove menticned
tent, :According to the Techiilcal Specification of the Army Ordnance Department -
hovever the filter test is requested. 'According to the specificdation 200 ccm .
-diesel: fuel. mst pasa,through, the f£ilter in:not more than 60 sec, at temperatures
of -5°C.,." In his article "Testing of dtesel fuels for high speed diesel msines"
(Chemical Formal 1939, pages. 577~578). Karl Sipmamn mentions that, no commonly
used:values for. the. futenns ;propemes, "the pour point ‘and the beginning of
paraffin precipitation have been established than those of the Army and’ Navy -
specifications. According to-Sipmamn a _pour point: of up to ¥ 59C can be .- s
admitted for diesel fuels which are used for the propulbsion: of ah:lps. Aviation
‘and.: cm:-a.taeel fuels however requira pour points of ~200C. 4o =30°C. .Bince:
neither in lmﬂ.-mn' in ships - bunkers lower temperatures’ than '0°C occur the
Navy's. demand. that at <10°C no paraffin precipitations should take place, '~ . -
‘seems . highl:r ezagaera.ted. 'If the demand would read:. No paraffin: precipitation
°C for_ more: dieael fuela voula. be e.va.ila.ble for the Navy. IR
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Appendix IV
' Remarks concerning corrosion caused by diesel fuels

Corrosfon tests of the diesel fuels were performed according to DIN 1 M )763.
Heinze .and Marder im an article "Requirements for modem diesel-fuels” (01l and
coal, volume 14, number 41, November 1, 1538), mention that,-eccording to the
"Provisonal Bpecificationa for diesel fuels for vehicles" published by the Army
Ordnance Department, the losses of & zinc strip due to corrosion. shall not exceed
1 mg, if the DIN method 1 DVM 3763 is applied. As shown by the figuwres of the -
performed corrosion tests not more then half of the total tested oils would comply

- with the specification. Eammerich is an Article "Corrosion by diesel-fuels"
(011 and cosl, volume L4, number 26, July 8, 1938) proposes to accept diesel fuels
vhich cause a corrosion 1oaaes of h mg, Moreover the reproducibility of the
results is 4 1 mg. : > : ’

. " According to Hamarich most of the samplea are nochorrosive. The group of
~ the corroding oils compnsee the following fuels:. petroleum diesel-fuels
(Aaj, Abj, Ab,*, Ab_, Ad3, Ad, , Adlo’ Ad, 5, Ad2 end A'_b ) lig;nite d:l.esel fuels

B 59 By 312, coal diesel i‘uela (:13

As show-by the results of the tests of. the petroleum oils the corrosivity
of en o1l depends.on its acid content, it-grows with an increasing acid content.
But regarding the lignite and coal—diesel-fuels besides the“dcid content which :
is.the main factor of. corrosion, the presence of creosot. influences the corrosive.
‘properties’.of an oil. 'The-higher the creosot content, the higher are the weight .
"losses of the employed ‘zinc strips. The CPVA should admit weight losses’ of 4 omg.
‘(reproducibility # 1 mg)-employing DIN. method l VM 3763 for the determ‘l.nation
of the corrosivity of:a diesel fuel. S




Appendix V
',v Improvemsnt of diesel fuels or bunker fuele regpectively
¥hich shov en extremely high Canradson carbon residus.

AEEndlx A A number. of the tested diesel fuels (compare appendix A) show & high
conradson carbon residue. Various methods shall be described which are able to
‘lower the conradson carbon residue. Kot only diesel-fuels, 'but due to a request
by the Navy High Command, also bunkers fuels were examined, ' The latter can be
‘used. ;2 dieeel fuele if 1t ie possible to bring down the conradson carbon reeidue
to 0. ' . -

Four methode were employed to achieve an 1mprovement of the oils, |,
L, T ’.l'he I:-ankenberg method which 1s owned by the Paul V. Frankenberg Compeu:y

of. Geieing, district. of Dresden and covered by the German Patent No. 66k, 31&8

process.claims to. be &ble to- regenerate spent lubrication oils ‘chiefly euch pf

internal combugtion engines.’ The spent olls are liberated from asphalt, coal

'pa.rticlee and abra.ded meta.l particlee by a treatment with a]:lmli followed ‘by setiiing.

The proceee waacapplied_, to bmker fuele which had a compara.tively high
conradson ' carbon” residue with the aim to lower. the conradson. carbon residue’ by
.an’ aJ.lmline treatment. But all the. experimente failed. ‘as-showvn in the' attached .’
table 1if they were carried out in the :laboratory as well as ina comerctal ecaJ.e N
: 'by\the company or the CPVA.. (Compa.re appendtx B) - . . L o

Ap‘genddx B The following method vas. e.p_plied :Ln the laboratory of the CPVA.
oils were heated. £0:709C which. temperature was. meinteined for a, certain time. . The-
. 011 vere carefu.'L'Ly decented.: from the formed. deegosite. " But.&’ depoe:lt could herver
-be observed.: The decanted o:hl was” hea.ted t0..95' C and air was blown through the:
o1l for 20" minutee where‘by the .88ms temperature was maintained.. L. parts of a
‘25%° sodium. hydroxide ‘solution’ were ‘added’. during 15 . urtes ‘under.a ‘constant -
"introduction ‘of &lr, . Here. upon ‘1.5 pa.rte of ‘water were admixed and-the oil was
_a.].lowed to eettle for 2% houre ‘at’ Bo°c and -for- a.nother 32 ho'urs at normal temperaturee. -




- 2 ‘-

Even now no depoaits were observed. The vater was pexfectly separated
from ths 01l. Ko results with respect to an 1mp:rovemant of the coke formetion
of the oils vere _obtained,

The following 3 oils were ixrvestigsted m the hboratorf:
011 No. Acp with 2,0% cenradson carbon residue
01l No. Aby with 4.0% conradson carbon restdue

_ 011 No..Acg With 0.55% conradson carbon residue

As shown in the followins -table the conra.dson ca.rbon residue was not lcmered' ‘bﬁt
incn-ea.sed ’ e . — - = . N

Fra.nkenberg _ ; R o C
ea.'bmant - 011 TNo. Acy .01l No Aby DR ¢ 2 X No. Ac
n. . i . ) 8
. Ccmradsm-Test - Conradson-Test . : COm'adson- test
o1l [before ‘hrea.tment  2:08. ko T C 0556
o1y a.fter ‘treatment - (0.002% 805 - (0.09% NeOH B - (0,074 NaOEH '

(2.5% RS T (0.8

' II, Another method, to treat “the d:leael fuels with fuller'e earth failed a.lso. g
~The ‘olls were subjected to & fuller's earth 'tz-eatment at’' 80 c employ.l.ng 3% f'u.uer s_’
earth and stirring dwing}hours.' Lo

w
y S

Trea.tment with P e T T e T
fuller's earth e OJJ]. No"Ace' 5 - - 01:}; No Abif g

v ‘conradecn-'.l’est

; s %nradsom‘.l’eat Conradson-reat :
on 'before trea.tment @5 e 0. 25%56

011 after trostment ;:!'.055% ,

III. As a: 31'& method a treatment uith sulfu:ric ac:ld waa employed, without being

" very . effective.  The. oils ‘bave’ the tendency:to: focm heavy emulsione ‘during’ the « .
following neutralization rrocess with:sodium’ hydroxide ‘soluticns, '+ Tt must be
rurther msntioned ‘that . compare.tively high 1osaea ‘Were ‘observed vhen ‘the. la.'boratory
bests performsd (Kj.nd oft:lmeatment crnce or tvice with sulf‘uric acid) Rl

R ge ling time of 3 ‘hours: th 11qu.td wa ,li:'berated. from the reein

~,‘.-like substa.nces K ‘eatment ‘vas’ repea.ted. Tor a se

. was ri.nsed with 1 part vater 0d
follwing ohaervations

The i
] The 1oss ‘of “o11" substance depends’ on the ‘height''.
a.mounts to. a.ppu:-oximately 30~70%. ' During S
; : ons’ are formed ‘Wwhich can be' broken by allow
he liquj.d + ’settle at’ elevated tempe X tures., The: oils ‘are brightened, the -
;‘comradson’carbon ¥esidue 15 lowered: ~ The o11iNo Ac8 ‘acts’ peculiar. “Despite: it
‘Very low: conradson ca:r‘bon ‘residue: »dnten 1t 18+ J.ess 'brightened tha.n the* Test
of the 61187 -

= ‘st



' .
-Bultuktcrasid . ) e .
treatment Oil No. Acp 011 No, Aby ) 011 No. Acg .
Qomadaon Teat Conradsen. Test o Cohfodsm‘Test
01l befaro treatment = 2.0% O nog Y
'0il treated twic with. . ' . : o
sulfuric acid - © 0. 61$ N Co2.6% ' _,_0.629;.
L ' i lossea appa'ox. . lossesa ap;pu-ox. o losses approx.
L . ho% color 7 .. - 50% color 9 : o 35% color 9
0Ll reated tmoe™ L. . o oo Tia T o. 38 _
with sulfuric acia™ . - S ) IR . losses. approx. 50% -
e Ll v T S LT color 9. )

Iv, A combined Frankenberg < qu.fm'ic-acid u'eatment wae tired It-‘ia,s,_xiof..‘ B
; superior to the sulfuric-aoid treatment : S S R

vV. . The ‘lz'eatmant by distillation 15 worth while mantiom.ng Accord:l.ng to the”
- laboretory tests of ‘the CPVA d.istil.'l.ation 18: by for. the most: suitable method to
*, improve oils,which: ‘bave:a high- comrad.son carban res:ldue. \:By d.'l.st‘llling ‘the oil’
No. Abj -its “conradson ‘carbon residus was lowered fr¥om'l to 0.03%.: " The losses’
.. VWere approx. 10%. For:this resson:all olls which showed s high conradson carbon
iresidue weére distille The follovmggta'bles (append.ix c and D) represent the C
; o'btained. ‘results RIS




Appendix ¥ (cont'd)

, Frankenberg -

o1l
. drum IIT

" Janyary 1939

Lo [

h‘a.nken‘berg o

Ja.mm.ry 1939

-Appendix B

‘Frankehberg -
. Drum V-
January 1939 -

’ Bunlmr fuel

Color (0Ostwald) . 10
: ency

Spec,. grav, 20°

. Creosot content
‘Water %

-Ash % : :
.Organic acids 803
Wa OH B
.Aephalts % : o
: Insolubl& in alcohol 5.6%

ether ¢ - - Lok

'Insoluble in- xylol % o6 % .
‘COnradson-carbon- L ST

“residue % : ; _ 107 4 ‘ o

: I"].aeh poin‘b Penslq-." ’
Marters ¢ -
;'Fla.eh point DVM
Fire point oC - SO
Poir point O¢ . T g
- ¥iscostty-curve : L

o
)
PESE
v 1 N.N'J# WE

\n
A%
- ° Lo
EEU N e LTI T N TR

YOO DBORN® 78§

55
w®

Boil!.ng ‘Téng,

. Eurotank-fuel oil o

Purotank-Ebano-

[ o B
opague
0.927.
. ... .=hsent
: 2,0% -
031 o
_ absent
- 0.029%
19g
L 2.9%

. ‘ "ta."a;ceg. -
: ;136°

‘bolow ,-2o°

Wi o 0= ovn

D OOV OO0

Y FBo00

ﬂﬁﬁwawwwﬁaawﬁuw

TARE L
HHEEEE.

AIrONRS

fuel-mixture .

Ebano-fuel-oil .

.20
" . opague
0.898
absent,
L 0,2°%:
© o 0los5 9
.- absent
0.04 %
. traces
L0 %

; ‘traces} i

7 belaw <209




Appendix ¥V (cont'd)

011 . Frankenberg : Frankehberg . Frankenberg
’ : : . - drum IIT - T dfum IV drum V
January. 1939. Jamuary 1939 January 1939
Spontaneous 1gnition °C 273
Lower ignition value &8
Higher ignition value 510
Ignition number -~ 7.6
. Ignition delay at 3oo°c
120 bubbles “sec. 2.1
Boiling figure 9
"‘Residue at 350°C ¢ - . 17
-Residue at 500°C % - - traces
-Veporization time sec. 60 .
Flash :point (Jentzsch) °%c - & .
:-Comparing. flguge oo o= b2
.Residue a.t 350 c -after LT : p
. S P 0.
Sludge level .. L e Y R R 6
Bbdroeen“ft“ =- L 10060 11k L s
. Carbon % - R T9.L . . 8.2 . 8.5
A'SuJ.f‘ur I - 0 250 cDe0
: Thermal value. kcal/kg 09620 T e 10350 0 10u25

fNet calorific value ‘

k:ca.l/kg S e ‘9b70_ ~_ . ":97_515; o




Appendix V (cont'a)

. Appendix C
v . . . . -
011l No. -~ 011 before treatmeht . Distillate not DISLLILIATION
o conra.dson test Color ) Yot -washed . ©  losses
% - conradson : .4

test % . color

0.005 %
 0.05 -
0.05.% -
0.0k .

o'.o';s!l'

; . .’0..‘05%\,

0.05 %
2o, bh"%
0.06 %
- 60 oL %

Coeld
o %
o "’-o 06 ;4.,
' ;.‘,o 02 %

\uﬂ\;}:*!oo-_ox WL e o el e a w e w

s Frovm the experimsnts the following conclusicms may 'be d.rawn- ALl fuel oils
which have & high conradson. carbon_dioxide residue’ cen be" transformed into dieeel
.011.. by &, eimple diatil]at:lon prrocess provided that they have suita‘ble 1gnition o
e 'properties.

. 5‘8‘.“'—" :



- .
Tadble: Comparison of the ignitability of diesel-fuels
! determinediin erminediin the ln'borntory and by the motor test

-~ _respectively

German diesel fuels from 1 potroleum

Appendix VI
'

" 011 No. Aniline Diesel Cetene ‘no,  Jentzech ¢ . Cetane no., Cetene zﬁmber

point, % 1ndex from spec. f1gure Hydrogen motor test .= calculated from
. o ) grav, accord, ' . . ' EWA englie motor tested,

to Marder . - . ) cetane mmber )
-Amy . 67.8 5.6 T2 81 13.1 -57.5. 66 7
Aay; 68,5 50 . 65 - 79 12.7 - 97.2. 66,3
’Aag 25.7 . 21 - 31 R 2114 35.8 b1
‘A . Bh5T 33 L5 Sk 11.5 k.6 - SL.7T
Ass - 62.1 . - 50 63 59 113.0 52.0 - 60,3
Aeg 67.3_ '~ 56 71 R L 13.2 584 . 67.7
Aag 6.0 k7 57 9T 12,8 8.8 . 156.6
‘Aag <" 8L6 - .6 8o . >100 13.1 67.9. - 78.8
‘hag L L Bfe3 .o 56 L T2 L6 13,0 C5T.b - - 66.6

i o S _, European diesel-fuels from petroleum

,'Abl' " dot to’. " not to . h6" »’-',"5'ZL»." e '--110 9_-m: }“‘-5; il 51 7




Jentzsch
figure

) Cetane No. Cetene No.
Hydrogen "motor test cal, from
HWA engine motor tested
cetane No., -

Cetene no..
from spec.
‘grav, accord.
to Marder

-
011 No.: Anilingv Diesel
) point “C index

Aoy
Acg -
Acg
Acip

. not to
be det.
;”
"

s 51

Dot to

be det,
.oon .36

”

35

70

&4
Sk

5

L6
Lo
45

112.9

1.6

‘12,3

1.6

58.7

38,3
167

68,1

TN
- 54,1
519

Ady
Al \.
a2
Ady -
Ad5 .-
87
.Ade
Ad'9 '
Adyg
dy

. Ad:

adys
A

Adyg

" not to

“—=bd det.
Loer2 -

6h.1 __
.48

62.0
not to

be det.’
"

... 58.9
~-not to

‘be det.

L6

.66.0
63.h
:65.3

1 65.9..

Adi'9,AAff. '
Al
oAby

iBdpy

Adps ot

not to

be det:

‘51
48

-not: to
,be"det .

- 48

“not to -

- be det, "be
sy

18

5L

50

€3

':69——“
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011 No.

‘Aniline

Diessl Cetene No. Jentzach % “Cetane No.'

indéx from spec. f£1igure Hydrogen motor test
. grav, accord, HWA engine
to Ma:rder R

Cetene number
cal, from
motor tested
cetane No.'

Diesel fuels.from petroleum of ‘ynimown or &

¥ - 50 ~55 - 12.8 39.1°

- 51 e ] 131 0 A5

kg 63 53 0 13- W57
kg BT "R ' 13.0 49.0

2 k9 63 .. - M. 3.2 . W8

k9 62 w0 12,90 M6 -

4 6 oMo 1209 0 TMBa
b & o be 12,9~ k.0 .
st 1 T 25 To63

15,3
5300

. 56.8

'55.8

. 5%.0.

.55.8
56,8
£33

f\fB,ll}- Sl

. Dlesel fuels from ]@1_. —

26 . Lr 45 ke : u,s ms
ek IR Mg AL.2:. 0 3.5
Ches SRR TS R s SR 11,57 7 39.0
Coglh . motbo = 322 T rem s
S e deby T I
30 o500 k2 12,00 " bk
Cuz s oW ,j;vala.s.- 
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011 Noo:1'Aniline
point oc

Diesel
index

Cetene No.
from spec.
grav, accorgd.
to Marder

Jentzsch
. Tigure

9 .
Hydrogen

Cetane No. ‘

motor test
HWA engtne

motor tested
cetane No,

~

Meéel fuels from coal .

<20

‘not to not to 6.3
be det. be det. . ’

cl - notcto
be dst. .
" -12,8
=3.4
615
16.8

-2

-n' .‘

-2.9
58.2°
145
1.8

<zo.

8.7

6.9 .

11.5
9
74

. e el TR
" 58.2. Ly 51~
=3.6 b . S
not to - not to not to
~be det. - be detl be det.
ol '-:il\ - 0o n
Cq
T b3.7 .33 L7
mot to . notto  18. -
be.det, .-

[ e

r

T
5.1
e 1

15
58.9
--6.5

9.5
. 1.8
8.9 .-
; nc’ﬁ; to.- 8.1
be det. e

L ez 8.5 .

c . BT e S A S v 2
i _ hesdet,, T n S
‘9‘13 ) R EARI S L L <ao " ' _75 - -

" ‘Diesel fuels From 'ﬁyﬁroﬁéna’ted n‘a.pﬁjﬁhaléne-s:“" .
9.0 ese

I

Synthe‘bicdi‘&selfuels S
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Appond:_,x VII

) ) Classification of diesel fuels by means of
motor test

\ A, Preface

In order to be able to compare the results of the motor tests with
laboratory methods the CPVA requested the Rhenanie-Ossag to test all samples
by -the HWA motor applying the coincident flash fixed-delay method., The cetane
number of the bést olls (cetane number 790) was determined by comparing them
against- a mixture of cetanesa-methyl naphthalene.” Substandards (RCH-d.iesgl
fuel with 2 cetane number 88.4 and gas oll with & cetene number 36.5) were
‘used for testing the normal oils, O0ils of & lower ignitability were compared
with a mixture which consisted of the above mentiomed substandards, whereby
the cetane number was calculated from the ration of the two ingredlents in
the mixture. . U o - -~

The 1gnitability of the samples C102°Cyps C,.5 C., , Was 80 low, that the
motor could not be operated with the pure oHs. léincy‘it wags impossible to
obtain a homogenous mixture of the oils with gas oil and since difficulties
in the operation of the pump and Jet were-to be expected, the cetene nuitber
of those oils was not determined. L ' B

o In many .c'a.ses 'it vas poséib],é to obtain a satisfactory reproducibility
between the various testing methods: But a serious, discrepancy wes observed,
When oil DL (Gecalin) was tested, The Jertzsch fimme {M00) is by far not

in unison with the motor tested ceteane number (39.6).

- 6 -



2nd paee of Appendix VII
) - B, Cheeiﬁcation of the dJ.esel fuels
German diesel fuels from petroleun

Aal hae a hish ceta.ne number of 57 5 determined in the EWA motor and a very

good ignitability. Regarding its specific gravity, 1ts average boiling
value and its high hydrogen content the fuel should be way. euitable for the
opera.tion of high epeed diesel engines,

Aagy Despite its low 'boiling figure the fuel should be very suita‘ble for the
operation of high speed. diesel engines with respect +o ‘'1ts excellent ignitability.
With an initial boilfng point of 256°C and only 48.2% boiling to 3000 a low
bolling.figure according to Jentzsch must be expected. The remaining 50% are

- vaporized between 300 and 310°C. ALl properties comply with those of & good
dfesel fuel. The motor test showed a cetene number of 57.2. .

Aa5 hae 3ooc1 boiling properties and & 1ew vaporization® time (v) but a Jacls:l.ng

. ignitability, With a bolling figure of kb and a cetane number of 35.8
_the o1l i suiteble for high speed engines. Its specific. gravity is higher
than requested by the Navy (0.880).  The high boiling figure according to
-Jentzsch-1s “in accord with the low ostweld boiling figure. . The net calorific .
value a.nd the hydrogen content are a—J:i—ttle low— -

Aah is suitable for high speed diesel engines. With respect to the boiling
properties ahd its 1gnita.‘bility and the other determ:Lned. data the oil is but :
of’ mida.le rank, : . ; :

. —_—

. ) 3 : : .
Aa Due to a Je!_x_gzsch figure of 59, a cetane number of. 52, its good 1gnita.'bility

-2 end 1ts ‘bo1ling propert’i*es the oil is very suitable. ; :
\e; Due to the good ignitability and o-normal analytical—db.ta both fuels are -
sugta'ble for high speed. englnes. . . i : )

Aa7 Aa6 cetane number 58 h Aa7 ceta.ne number lb8 8)

Adq. hes e.n extn-emely good 15(1.1ta'bility and a cete.ne num‘ber'bf 67 9.“ The 1ow :
Je: tzsch FPigure of 1 should not be two. barmful, Favorable 1s the_specific - ..
gravity, ‘the hydrogen content and :the thermal valus. - The low Jentzsch 'boiling
figure can -be explained.by the fact, that the initial boiling goint is as.

high as: 265°C, that not move -than 29.6% are.vaporized t1ll 300°C and .87..6% £111 -
350°C, following a high Ostvald boiling figure (cempa.re o011 ! Aae‘) The oll is
suitable for high speed eng!nes. ] 7

A ith a Jentzsch figure of 61, a cetane num‘ber of 57-.11- and other good C
a.:glybica; data the oil is  supposed to -be. su;lta.ble for high speed englnes.



Appondix VIY (cont'd)
2 ,

) ~ European diesel fuels from petroleum

A'bl The sample represents & bunker fuel with the characteristics 68 a

MoXican bunker fuel as commonly used by the Navy. Due to the high conredeon
carbon residue the original oil cannot be used as diésel fuel, The ig:itability_
of the oil can be improved, and the ccnra.d.son car‘bon residue content can be
lowered accornﬁng to appendix. V., .

Adby ) The oils have a good 1snita.‘bility eand are of high or middle rs.nk
Az ; 7 Aby ceteme number 56.3
Abh. ) "Ab, cetane nu.m‘ber 462

) Ab), cetene number 49.6

) A‘b5 cetane number 51'3 o S Rt

Abzuihas a high boiling figure (Jentzsch) and with a cetane apmber of 59 5 is
table fuel for high speed engines. Due to the determined analytical
! data the oil is’ supposed to be of an excellent quality. ;

4

Ab )’.l'he perf‘ormance of the motor test resulted a ceta.ne number of“50. hfor 3
Abg ) oil Abg. Due to a "cetane number of - 65.9 the oil" A'b6 should be of &
R better: quality. The comparatively low bolling figures (Jentzsch teat)
can’ 'be explained in the same- manner, as:1t vas done with the oils Aa2 e.mi Aag.

A‘b9' The J entzsch figure of 50, the cetane nu.m'ber of 50. 7 the specific gra.vity,

the boiling figure (Ostwald), the hydrogen content indicates that the -
oil 18 very suite.ble for high speed. eng.nes.

'-'65:,-\'



Appondix VIT (cont'd)

J Asiatic diesel fuels from petroleum

Acy Despite its low Jentzsch figure (high speed enginee require = 8) the o1l

should be very suitable for high speed engines (compare Jentzsch boiling
figure, boiling figure (Ostwald) hydrogen content). The cetane number is 50 O.
Acp Due to a high conradson carbon residue and a unsatisfactory boiling range,
despite 1t good ignitability the oil is suitable but for low speed enginea. ™
The conradson carbon residue content can be lowered according to appendix v,
The sample has e cetane number of 51.6.

3 has a motor tested cetane number of 40.1. Due to its high high residue
when heated to 350°C (R 350) the oil 1s supposed to choke the filter.
Furthermore the specific gravity exceeds 0.88) and the boiling range 1s not
.favoreble. Not more than 82% are varporized applying a temperature of 375 C
‘The o1l 1s su:!.table for midd.le speed engines.

Ach Due  to the high value of R 350 and to the boliling range (not more ‘than
S4%. distillate can be obtained) choking of ‘the jJet can be expected during

continous operation of the engine. Despite a good ignitability the oil is

supposed .to:be auita‘ble ‘but for middle speed engines. (cete.ne number 35. })

Ac. A low vanorization time, a high Jentzsch boiling figure and the other )

‘Ac6 favoreble analytical data make the oils suitable for high- speed englnee.
Ac5 hag a cetane num'ber of 50, 6 end Acs one of 50,2, - ‘

~The oils have normal to excellent i@ita‘bility, despite their high amount

Ac of conradscn carbon residue and the: unfavorable boiling range t hould

be used for the operation of high speéd d1esel engines.  The cete.ne ibers

are 58.7 for Ac7 , and 38, 5 for Ac8 respectively. : : R

Ac9 'l'he oils have average 1@11tability, almoet high values for R 350,

which should not be hermful, because a favorable boiling figure
(Qstva.ld') wag observed,: “The specific. gravity of sample Acjp is Just in
accordance with the specifications, :The fou.owing cetane numbers were
determj.ned.' Acg 46,7, Acyqy = 44,8,

-.66. -



American diesel fuels from potroleoum

Ad.& Ag} end Adg are oils with average ignitsbility an cetane numbers of 3k.9

and ¢ Adl and 35.3 for Ad.. Especially high is the specific gravity of

Ad6 0.901 &nd 0.905 respectlvely. Corresponding with the low boiling figure
(Jentzach) the boiling figures (Ostwald) are comparatively high. The oils
are not suitable for the operation of high speed engines because difficulties
can be expected.

Ada Due to good ignitability and to the determined analytical date the oils
Ad; &re suitable for high speed engines. . B :

Ad), . : Cetane numbers
A, Adp . 51.5
. " Ad3 48.6.

Ady, 48.9
Ady - _ 50.9.

Ad5 The samples represent oils of the Mexican diesel oil type which are commonly
used by the Navy. Due to the high conradson residue they can not be )
employed as diesel fuels, Since the ignition dator correspond with those

" of normal diesel oils the quelities of the oil can be improved according
to the methods which have been described in Appendix No. V. )

. Ad5—:— Cetane-number 41 .9 .
. Ad8 : LRI 1K R

A

'_Ad9, The oils have a satisfactory éven a good ignitability. . Despite- t;hé -
: Adlo comparatively 1ow“Soi_1:ing figures the olls are:suitable for high speed’
;- englnes because the bolling figures (Ostwald) are quite. normal. -

Adyy . % . o

S . _..Ceténe pumber =~ . . ' - Cetané number
Adyy oAdg - 6L . Adjy = ebR.2
Mz agy -0 ske o aap T - s
fdy aeg - ues | e
Myg oM - 0.8 gl - b5
Adi6 el ‘:-.‘y Vs - s . 3 L
A&ﬁ ‘With'a conradson test of 3.68 and R 500 of §.7 the oil is ndt sultable

for the operation of diesel engines ‘becausg it is quite. Bimi_lai' to the

" oils Ad’S and Adg.:

- 67 =



Appenaix YII (cont'd) )

Adls
Adyg

Adyy

gy

Adpg

Adop

With the exception of the high figures of R 350 the specific gravity
exceeds 0,900. The thermal values are 10,000 kcal/kg and less. The
oils do not seem suitable for & continous operation of high speed
engines, .

Cetane Numbexr ' Cetane Kumber

- G Adgy 35.4
Adyg 33.9 ' - Adys 56.0

. reprosents a dlesel fuel with comparatively good amalyticel data. . - ‘
.. Suiltable for continous operation of diesel engines. (Cetane number. 41.3).

Tgnitdbility and specific gravity does not quite comply with the . ' -

-specifications.. Despite the satisfactory boiling properties the oil

is herdly Bu.itable'i‘qr high speed engines, because the’ motor tested
cetane number is as low as 33.3.

68 = -



Ael
Aep

Ae5

"Aeh

Ae

5,.

‘e

Ae6

Ae
Ae

Ae

_____has an excellent 1gnitd.'bility;

)

or
. 8‘

9.

"Appendix Vi1 (cont'd)

Diesel fuols from potrdleum of unknovn origin

The oils show an average 1'@1t2b111ty and bthor‘ satisfactdry
Suitable for high speed diesel engines,

analytical date,

Ael. A

Ae2
Ae3
Aeu

corresponds with the high,
“-mumber of 63.4 indicates an oil of good quality. .

¥7.5
45,7
49.9

Cetane number
391

: J&e5 —
Aes

Ae7

. heg

- 69

Ostwald boiling figure.

4

Cetane number
48,1
"146.6
48,1

k9.0

The low Jentzach boiling £igure

The high ’cetane
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'Appendix VII - (cont'd)

Diesel fuels from lignite

The following oils have almost an 1déntical 1gnitdibility and
average to good boiling figures. The hydrogen content and the
net calorific value are sometimes lower then required,

Cetane number cetane number
B k.5 B7 40,1 -
By k1.5 By . W6
By 39.4 - B ‘ 45,1
B, 39.0  By5 b33

-There ‘18-no objection against their utilization for the operation

of high speed diesel engines. .

The oils B‘a.hd Bll: however, which have a Jentzsch figure of

5 or 5.1 respectively despite their high boiling figures and )
their normal characteristics should be better used for the operation
of middle speed diesel enginés due to their unsatisfactory - .
i@it:ﬂvaility.‘ S . ’ oL

BN Cetane number
e B o 3.2
By 50.5

The oils B, end Bi, which have & very poor igaltgbility camnot
be utilizéd for the operation of diedel enginga’w;l.thout being "

blended;, .

_".Cotane mimber . . .
Bio .. . k.0 S
e f T Gt

'Apa.rt fTrom the hot ‘nbi'iml boiling range , owing fo a ce;tqhia?nmn'ber

~0f 35.5 -the o1l 1s suitable for high speed engines.

~70-="



Appendix VIII (sont'd)

2 Diesel fuels from coal

Due to an unsatisfactory 1gnitdbility and other data as for instance
- 8pecific gravity, hydrogen content, net calorific value and high
" conradson carbon reeidue the oils Cl, Cp, 05, 05, Cs» Crs Cos C10s
1 C11, C1p, Cy3, and Cy), are not sultable for”tho’opedatium of d150a1
engines, ‘ .
Cetane number Cetane number
: . -0 : - [o] -1.5
Cp =11 . Cg ) . =6.5
o5 29 LT -
C5 Sk cg - -8
Cg . -1.8 : : €1 o -
G5 -
: L S Cu I
The oils Ch‘&n(i‘- Cg are suitable for the operation of diesel engines.

Cetane number - . DR
oy 58,2
~ioBgo 389 '
Diosel fuels from hydrogensted naphthalenss

D . * ‘The. completely hydrogenated naphthaléne (dekalin) ‘has excellent :
: ‘‘ignition values but the motor tested cetane nurber is 39.6.° -The.
. great difference between the motor tested cetane number and the

Jentzsch Pigure which 1s higher than 100 1s worth while mentioning.

.. The dekalin is sultable for the operation of high speed diesel -

- engines. S v
Do '..Trhe"’p'artly' :hy'drogez;at’ed bﬁphthéiene .,(te{:ralih) h&s‘ an 'tlzqs'é.tis‘facjbéz"y,

©otw T 1gnithbllity, (Jentzschifigure:0,9) and:.ghould not be applied Ffor .

.. blgh speed diesel ‘engines. Its motor tested cetane number is 23.2.7 "

-

I e »~Séthétictdi'e'se'l fuels i L
Thé oile are the most valuable synthetic diesel fuels which; ‘being
dmixed to oile &8 & low. ignitbbility, Improveécthe quality of ‘the. -
msét;sfacto:y.dilg. L e T v
‘ S ".Ce‘tahe\vnﬁm‘berb‘

o By vt 10066
By ‘9h.8 .

i Dieéél ,ﬁi"eismfr‘-om‘oil-

SR
shale

analyticel data:

B o iThe mbtor tested cetane mumber is igh. Dic to the.

il - end their ignitability the oils &re of. ‘good, quality.

-0



cow © ' The :utscibility 6f dtessl fuels, the removal & sludge
o o doposits from their mixtures and methods for the
improvement of the ignitibility of diesel oila

: T~ :

Another scope of the investigations vas to dotermine the influence of an .

. admixturle of RCH- diesel fuels.and dekmlin o of mixtures of dekalin and tetralin
Trespectively to unsatisfactory diesel-fuels with respect to the formation of sludge
deposits and of their ignitibility. =

I. Determination of the 1gnitability of diesel fuels according to Marder and Roelen.

According to Merder (01l and coal, volume 15 pages 1162-1166) diesel fuels -+
of every origin can be safely stored, 1f they are sufficiently refined.

But, 1if diesel fuels of various origin which can be safely stored, are
mxed the formation of asphalt.deposits can be often observed, despite before .
mixing almost no asphalt could be determined in the single oils by means of benzine,

Considering diesel fuels of uniform oré:glrfthe?z"adnptibility for storage
and their miscibility can be easily. determined. The detérmination of their o
- asphalt content by means of benzine makes it Peasible to answer the above mentioned
~-questions, : : : - h R - —
) If mixtures of dlesel fuels of verious origin had to.be.tested the maximum
. precipitetion value was determined applying the Merder method. - With a figure )
of zero ohteined the fuel is completely miscible and it for storage according to
Marder; 0.3% esphalt deposits are just admittable for technical consumption.
-Contrary to this opinion Roelen (0il and coal, volume 1%, pages 1077 - 1078)
- states that deposits can be formed from mixtures ofdiesel fuels and synthetic-
fuels ‘sooner or later even if the oils were treated for 2h-hours according +§
- Marder with forming any deposits. . B . :
"Appendix I T e - Sl . e : E
.- - Appendix I shows' the results ‘of tests when coal-lignite or shale-diesel fuels
vere investigated in mixtures with RCH-:diesel fuels. The . tests. were .carried out
‘according to prescriptions of Merder and Roelen. . As shown'in the téble, all oils
which show & maximum Precipitetion figure of zero or slightly above zero -(Marder’
- method) can be regarded as miscible (Roelen method) if. the admittable'as}phalt'f ;

‘content is supposed to be.as high as_0.5%.-:

v ,heonseque.ntly 1;119 diegel fuels Blb’ 3'12’ cl, cy ¢6’ ‘c ’-._c9,; cl B c:ll-’ (‘:12,‘ 013,
and Cy); cen not be mixed with the RCH-diesel-fuel, whereas ‘the rema ning diesel* 7~
fuels are "miscible”. g R S L T

... .The. deposits are supposed to be high-toleculsr, oxygen: c\:onta.ning compounds, ..’
" In accordence with. the results (Roelen-mothod) the ‘composition-of: the' depositeT+

-18:not uniform, " This"cen be easily recognized,’ because’ the deposits are.of ..
sdifferent color ' (white; 1ight =i:or dark-brown,even’ black and tar like). . Tt 18 .
. {mpossible- to.meke any-specific’ statement | i with respect to their chemical -
'compositidn, they cen be summarized under the'general term "agphaltic substances”,

o '_Aa' shown by the pr’es‘en_‘_'l_;ed,ﬁgm'e's the Roelen-method makes higher -demands ":i .
.-eoncerning:the adaptibility of an oil: then ‘the.Marder-method. . Thexfore the. C.P.V.A.-
‘proposes to adopt—the Roelen method: 1f the miscibility and sultability for @ .. -

sboring of diesétl fliels of various origin must be ‘tested. | -

-T2 -



. 'II. Exporimente for the romovel of deposita from
. ‘ dep6l-fusl-Bixtures.

Furthermore experiments were carried out to provent the formation of
deposits ‘by the application of specific agents 1f diesel fuels from various origin
are mixed or to influence the course of the formation in such a mammer that only
small amotnts of deposits are formed, Siich diesel fusls were investigated which
Were unsatisfactory with reference to the formation of asphalts when mixed with
RCH diesel fuels, -

Appendix 2 = , ‘ ‘

. ... Reviewing the numerous experiments (compare appendix 2) it wes clearly to

be seen that a couple of methods were successful, Treating the oils in mixture
with RCH-diesel-fuel (proportion 1:1) with fuller's earth under boiling mist .-

be mentioried. With a decreasing admixture of RCH-diesel fuel; with the' .
epplication of normel temperatures for the earth treatment or bolling for a short
time not only the smount of the substances which are insoluble in the RCH-diesel-~
fuel increase but also the conradson carbon residue. - Regarding a commercial

scale operation the ylelds cen be improved by the application of filter presses,
Oxidizing agents. such -as-barium-per-oxide, manganese-di-oxide were likewise
successful. - A treatment with fuming sulfuric acid (0lerm) in the presence of e
fuller's varth is recommendable, . Experience has shown that coal-or lignite-dtesel
fuels which contain high amownts of creosote are also high in the content of
‘substances which are insoluble in benzine or RCH diesel-fuel. As soon a8 the
creosotes are removed the amount of substances which are imsoluble. in benzine o
RCH-dlesel - fuel decreases sharply or even disappears. - * = :

-Additlonal experiments were cerried out by subjecting the diesel-fuels to
a distillation process .or to & treatment. with concentrated sulfuric acid, The -
obtained results were not too successful,  Ths. substances which are insoluble -
in benzineror RCH-diesel-fuel and which are formed by mixing diesel fuel of
various oxygen-origin ere mostly of the "soft asphalt” type:.due to their solubility
in elcohol. . A few experiments Wers carried. out in such & mammer that alcohol [
wae admixed to the diesel - fuel - mixtures in the presence of fuller's earth. -

But those ,Qrperiments werg only partly successful, &

III Experiments with the aim to imprové the ignitibility -.
. . -gf.afesel fuels - SRR S R
-~ Special expériﬁénté were carried out in order to improve the 1gnit4,b111ty\
of Mé_sel,.fue}.s by admixing high grede fuels to low grade- ones, ‘The ‘ experiments
;{ere ‘carried out on fugls with good and wnsatisfactory igaltdbility. )

Appendix TIT .- T Sl T SR
- %L Experiments which are 11sted in eppendix ITT -Were.cerried ‘out in-order Lo
find -out_which digsel fuel with a good ignitability offers the.best improvement.:
in-1t8: mixtures with 1wmdeﬁ1e&§. ""As expected . the RCH-dlesel fuel is S
‘superior 1o the other tested- fuels,  The Ignitsbility was determined by. the

‘spontaneous ignition. point.: (Jentzsch method). . i DU e

Appenddx TV-' it S s RRE L e S e e

.5 Appendix IV represents the 1gnitsbility ‘of mixtures of diesel fuel C., ‘with.\l
-other @lesel fusls. (verious mixing proportions). - Tha: presented figures. show how
-loW-gradeidiesel:fusls cen be substantislly improved by an admixture of highly
ignitable oils, :‘The.increase of "the 1gnitibllity depends: on'the applied mixing.

P\zjoportiops,‘ " o o . : ; - R / B L

Rt



Appendix VIII (cont'd)

Appendix v

order to perform an exhaustive study af the possibilities to improve the
1@1’?.3))1111:;7 of diesol-fuels :.numerous mixtures conoisting of the highly ignitable
RCK-dioeol-ruel end delnlin were investigated, The mixing proportions of the
mixtures were roughly deteriined. The elready menticned discepancy between the
motgr’yested cotane number of the dekalin and its analytical determined 1gnitébility
must be stated.

Appendix VI

Appendix VI contains the results which were ohtained from mixtures consisting.
of diesel-fuels and for dekalin and tetralin respectively. Experiments with . -
tetralin admixture were carried out in order to comply with requests for eaving
‘tetralin, ‘The results confirm the deterioriating influence of the tetralin,

Tetralin should not be employed as admixture to dekalin, because it lowers '
the improving effect of the latter, It is perhaps suitable as -a diluting agent
of high grade diesel-fuels. : . T

.|
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Appendix VITI

. Appendix I
Comparison of the amount of substances which are insoluble
LI in-benzine with those which axre insoluble in RCHE-diesol fuel
011 No., Substance  LSibstsnces Substances Substances
insoluble — insoludle insoluble in insoluble in
.in benzine in benzine RCH-d1esel RCH-d1iese6l Color of the
extracted not extracted fuel at fuel heated deposits
with alcohol with alcohol  normal at 180°% : .
TR . . temperatures  during 1 hour
B, - , absent ebsent ' absent traces after heating _
: . . ' t0°180°C white.
B, .absent aboent ) abeent 0.21% " after heating to . °
, ST 180°C 1ight brown
B . .abaent absent absent traces . after heating to
3 . ' : : 180°C white
Bh . " - - ” ‘ [ . ”n ” " ‘"
B6 Tn ] ” . N . l‘l» N . - . ” " ” 'l. "
BB - " n‘“—““_‘% " . [ LI " (]
Bigi——0:9%" - . 5.5% 1.9 058 ¢ black and’tar-1ike
‘B,  0.075% '0.19% ' absent = - 0.16% "ngm; browvn
Bip 1.0% o8 e 238 o 0.90% red-brown-
By~ 0.4 = 054 traces” T 0.20% o
315 _ absent ‘abgent . - . absent Tt gbsent ' . L
Cp To.Bkg o 1.5Mg Coos Lok 0.36% o red brom
C, ‘absent .. ‘absemt . ' . . . absent ©0.20% .- after heating to’
e T o . - AR o 180% 1i8ht Prown
€3 0 I036% . L.0TH. T 1.15% ¢ 0.20% .- .red brown s
_iclL .. -absent -’ absent * . - -absent | . . traces : R ENCEE
c e e 0.21% " after heating to .
P - o : _ 180°C 1ight brown. "
Cg '~ 0.20% 0T 070% 0 0626 red brown
Cy . 0.25% - 0,808 0,535 - 0.3k e mn R
g . absent- - absent - ... absent - 0.07% o : 1ight brown R
Cg ~ 0.27% . . 0.85% . 0.034% . . 0,154 e
Lo ETEE 7% 673 L ‘black and tar-Iike-
.Gy 0.57% = ..00.95% v 0.86% . Codog e e e
Cip 033 099 G 051 0865 _wedbrom. - :
G Bt T anst  og6h . bisck e e
tCqy 7 L.65% . 2.80% L 38%. 0 0804 . blackbrowm
F - absent - - abgent .’ . .absent * L 0,088 . after heating t6:.:"
A P TR U s L I SIS T 180°C-11ght brown..
F, .. ‘@bsent' .  absent " absent - . - 0,143 A AL |

. 75.‘.



Appendix YIII (contta)

' Analytical method according to Marder and Roslen

. . 20D ccm RCH-diesel-fuel were admixed to 5 8 oil and alloved to react
for 24 hours at normal temperature in darkness. In case no déposite were

' observed the mixture was heated to 180°C for 1 hour. Deposits were removai'bg-
filtering employ.mg\a 1 G-% filter crucible. The filtrate was heated to 180°C
for 1 hour. The deposits were rinsed twice with light gasoline and dried at
130°C. For the determination of the substances which are insoluble in benzine
bg 01l were diluted with 1690 cem 1ight gasoline and allowed to react at normal.
temperatures for 24 hours in darkness, The deposits were treated es mentioned
ibove and after rinsing with light gasoline extracted with-alcohol.

=160



Appendix VITI

Samplo C 1 -
: " "

"

Sample C 1
”

"

!

Spontancous 1gni
"

80{+20$85mp1e1m;'
50%+50% " "
20.9 -’-80 g4 = " "
" 20 % 80 ¢ Sample E 3 (RCH- "
" 50 0 " n Diesel-~ "
30321‘262 " fuel "
-5o$¥5o$&mpien'2 "
204 +8¢% " ¢ "
804 4+20% " . » "
8 4% 4-.2.0% Sample D1 "
50%4_50% " ” "
20% +80¢ ” ” "
"20 % + 80 % Saiiple Ad12 u
504 4+50% " " "’
. 8ogt+a0g "
_'80,%-}20%Sempl_e'1.\a‘8": "
~..50%%+50% . m "
204 +680% " " e
| 20 % +80 % Semple E'1 '.
50 % 504 "
'_'1‘.80 % _'_‘20‘%, . u". n

tion
”

”

Appendix ITI

478
284
265
" 255
280
300

275
260 -

294

470 .
29;

- 28

270.



. Appondix VIIT

v Appendix IV
) R500 v R350 Sy Sy Kz 2o
20% G # 8% 0% 30 pec. 1.% 28 275% 8.6 540
20 ¢, 80 : 04 25 " 204 20 280 6.1 560
80% ¢y +20 0.6% 25 " %.6% 20 305 1.2 &
20%°Cy +80 - .. 0% 25 " 1.1% 13 - _ 270 6.5 530
80% ¢ +20 .- 059 30 " 54k 20 312 1 610
20%.C; +80 0.3% -25 " 24 20 2% 5.6 530
80% ¢y + 20. . traces 25 * La2gk 17 305 = 21 610
8opcy+20 - 0% a5 " 274 30 280 .. k9 550
20%.C; +80 . 0% 30 " 5.84 3 285 6.7 sko
20% Cy + 80 0% B " 2.7¢ 13 287 3.k 500 -
804 0y +20 - 0% 25" Lhg 1o~ b6 1 620
8op #2070 C 064 25" - 64k 10 T 1. 620
8ogcy $20° _0'.1;4,,'- 30" 5%k 0 k8 1 620
R 500, . Residue ’ )
Ly Vaporization time in sec. '
R 350"‘,’ Restawe’ - .
v',s_z‘. ‘vBoilmg ﬁgure K
gy T Spon’baneous ignit:lon ;
Ky Jenbzech figure :Lndica.ting 1gnit1bility
A-Zo.‘,. \".'Higher ignition value.
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Appondix VIIT

l Amw endix IT
1. Exporiment
01l 05 (coal-diesel-fuel from the Weyl Company, Chemical Works at

Ludwigshafen)”was miXxed with 10% fuller's warth, The mixture was heated to
the boiling point and allowed to bofl for 3 hours applying a replux’ condenser, -

- The cooled mixture was filtereéd a;:d the subatances which are insoluble
in benzipe were determined by a qualitative test.

Conradson carbon residue 0.38%

Insoluble in RCH-diesel- 0.5 % .
fuel L
Orig. oil insoluble in RCH 1,15%

diesel fuel

'

2, eriment

: The o1l C vas mixed with RCH-dlesel-oil in' the: proportion 1:1, 10%
Tfuller?®s earth vag added and the mixture was treated in the same menner as
dewfbed above, . . o S Lo T
' Insoluble fmbenzine:  traces . -
Conradson’ carbon residwe 0,10°'%
" Insoluble in RCH-diésel. 0.08.%
- -fuel = o .
-. ~0rig. oll insoluble in 1.15 %
) - R RCE—diqsgl fuel ) E v
3. z'l_xi eriment : 1 : ‘
20% RCH-dlesel-fuel and 5% fuller's earth were admixed +o. the oil Cye
The wixture was boiled for 1 hour and filtered after cooling. - ‘

“Insoluble in benzines- - 'deposit_s preséi'it;.' e
The results were not 'tjugngedafter boiling for another hd\:;';

=194



Appondix VIII

4. Pxperiment

The ofl C; vas mixed with 354 RcB-dieael-mel and 5% mller s earth
and treated as degcribad under experiment 3,

Insoluble in benzine: " "'depopits present
Conradson carbon residue - 0.5%
Ingoluble in RCH-diesel-fuel '0.22% - .
Orig. oil insoluble in RCH- - 1.15% -
- E'iesel-fuel L
5. _Experiment ) . o=

" The oil C, was mixed with RCH diesel-fuel in the proportion 1:1,
7.5% fuller's earth were added and after  vigorously shaking the mixture was -
-allowed to react for 24 hours applying normal temperatm'e. After filtering

" the oil had the following quality' e B
Conradson carbon residug ©0,16%
‘Insoluble in RCH diesel fusl . 0.66% -
orig. oil insoluble in RCH . Ls5%
.~ dilesel fuel R
Insoluble in 'benzine < 0.3T%
Deposits rextracted. with alcohol 0.04%

Remark@s-. Since the deposits.are almost soluble in .alcohol, they a.re of
"the "soft’ aspha.lt” type. .

6.. eriment
The diesel fuel 013 was distil_'l.ed- J.osses 3OP' KRR '
(=), Disti]la.te not extracted : 1nsolu‘ble in benzine tré.ce’s
{b) 2] v ‘

ex’m:‘acted " .. ebsent
K aistillation losses- 230 4 R NS )
'I‘rea.ting extraction - "M 55 4.
c total yield =359
7. Experiment Do e S e ' ':"
"Tﬁé_.di'esel “Puel C u.wés';d'istille'd s 1osses 8% g S
() ,distille.jbe‘no" extracted. ¥ 1neolub].e in 'benzine : traces.
o ex‘tracted " St 0¥ ebeent

(®)

d:lstillation J.osses ~8¢ o ._.-
- extraction lossés . 272" -
Total yteld - .65



Appepdix VIIX

8. Experiment

- wr" The diesel fuel 310 was treated with 10% concentrated sulfuric acid:
tredting losses 45%. .

Insoluble in benzine : absent



' &cont )

Remrke_‘ ;

The differences between the .
analysis. or by -the. above

the end of the distillation vas no&considered. s

Flelds which are obtained. by the. boi;ung e
mentioned\refining distillation are cauged. . -
.'by. & not ‘so ‘careful -applied heating method,. A’ temperature d.rop at -

Appondix VIII
" Distillation Treated with 3% sulfuric actd
= ,
J Bio B, G5 Oy 20 B G5 Oy

Insoluble in benzine 0.63% 0.5% 1481 0.17%  0.24% 2.96% 8.48% o0.72¢
color of the insoludble daxrk : red dark dark

substances browvn  brown brown brownish brown brown green brown
The insoluble substances - entirely entirely entirely entirely en~ ‘en- 7% en-
are soluble in alcohol tirely tirely tirely
Insoluble in RCH-d.‘lesel- . )
‘fuel at normal tem~ . 1.2¢ . o.ha% L33 o.u% 0.17%. 243% 4,724 0.60%
peratures- o . _

Color of the :lneoluble . Ted--— red. dark brown brown brown ‘@rey 'gr:ey
substances brown brcwn brown d .
The 1insolible substances © en~" en- en- ~ en- 3. 760,5 0.04%
are soluble in alcohol entirely entirely “tirely t:lrely tirely tirely

Insoluble ‘in RC‘K-diesel “““ : ]

fuel after heating at - : Lo : Do .

.180% for 1 hour 1.04 1.6 - 0.76% o.26:£ ' o«,g‘ J 0,349 0,188 0.14%
~“Color of the insoluble ' - red’ red brown grey - | gx_'ey - da:'rk. L '
substences - . brown brovn -« . . .- greem: grey
'From_'&e insoliible . - PR Lo L :
‘substances are 0.78%  en- 0.69% en- ' - en- 0.13% - 0.08%
'd.tsaolved by alcohol . ’ tirely-v . ~tiredy tirel!.y o
Yield 96% - 9T.h% - T6.TH 9685 T 6% 308 564
Spontaneous BN T ) ' s :
igaition °C 307 390 . W7k 79 298 310 392 " 432
Lover 1gaition valus 2l Lk a7 226 18 15 26
;usher tgnition valus. 6100 620 650"  670... 600 610 680 . 670
Jentzsch_i@ition velue 2.1 /o0, 8, 96 0.8 0 27 1.8 111 o9
.:Boiling figure 'f',.f‘sgl_‘ R R ™ © 18 I 28 IR 3
'Jentzsch figu::e Te0 k. Swmoooa 16 TR Qe



B-C-and F-oils mixed with RCH-diesel-fuel in the

proportion 191, 108 fuller's earth added and

boiled for 3 hours,

Fp “85. 6%

Mark of ' Color Insoludble Coloxr ofr h:ém' the Insoluble in bens-.i.[
the o1l Yield according in the in- insoluble zine oil before
! to Ostwald Denzine soluble substances treating (ex-
absent substances are disesolved tracted with
' . by alcohol aloohol)
B, 87.1% 5 ebaent - - absent
Ba 85.0; 6 L _ _ ”
By - 85.0% 3 r - - "
B, . 88.2% -5 " - - "
Bg 91.2¢ 3 " - - "
38 84.59 L " - _'. " .
By - 86.7% I IR - - "
9 N . . ‘
B].OF 86.3% 10 0.85% brownish - 0% 0.9%
By - .86.0% 5 absent - : - VO./()&%
Byp. - 84.0% 9 ' 0.50% brownish. - 3 Of . 1.0%
;) 83.3%: 10 1.02% greenish . 0.06% 6.76%
‘_Bl-l; » »86.1% 6 absent "_ - e C 0.1
Bys 86.2% R oo S - - .~ absent
c; '85.06 ... 10, 0.05% browvn. of . 0.24%
Cp. . 8506, 8 absent S -o' " absent
Ly T 8.0%. 9 0.0T% brova o% 0.36%
oy . 86.7% 3 eheent - = ... " cheent
C A '86-7% -6 oon ) T - . - S n..»
i L - I : .
Cg. . 85.0% 10 0.13% "~ ' brown - ST 0,058 ot 0.2% .
6 : : )
e, . 83 W 10 -7 0.07% “bFokm’ ©0.010% 0 0.25%
‘Cg S 90,8 2 . . absent . S - ‘Bbsent
Cqg .. .7 85,1 5.8 L. traces red browa . - 0% - 0.17%.
Crg. - 80JTE <10 01,063 dark brown - -7 0.09% 6.76%
Cyp . i BSE 10 - . 0.2 red brown . .. 0.11% .  0.5T%
C1e . . »:7!* 5% 107 L 0598 .red brown . . 0.03% . - 0.33%
C13 L 8,08 10 = 00760 ¢ .red.brown . 0.05% .  24.9%
Cyy - 85667 .10 .- 0.18% i red brown . 0% 1.65%
G5 808 53 abems T T il oo abaent
By 86TH Lot . . "
o - - ”

‘Vr_rio.g:’edvure..- ’.['he oila .were mixed with RCH-d:l.esel-fuel in the proportion 1: l, lo%

fuller 8 warth vere added: and- the mixtu.re was ‘boiled for i’a hours
s employing a; reflux condenser.

The yields can be 1mproved 'by the a.pplice.tion of a filter-p:tess, :

) -l-) Clo was mixed with 20% RCH-diesel—fuel and. aucwed to react from April 9, ~l9h0
to May 31, 19%0; " the’ mixture was" i-lluted with RCH~diese), fuel until the proportion

of “the original: oil to ch-diesel-fuel vas: l.ll..

: accomplished as described a‘babe. -

g3

. The ﬁu’ther tregtment wea -
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