‘he Diesel Fuel additives,

In Germany as well as in the United States considerable research
work was carried forward to raise the Yignitability", the cetane
rating, of diesel fuels, 4dditives were used, either without further
treatment, in various proportions, or were adced to the fuel in cone
Junction with some treatment such as "nitration®, "ozonisation',

For’ convenience s the work done with various additives and the
results obte.lned are summarized in table form.
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be Diesel Fuel Additives, (Cont'd)
Used as TProportion | Original | CETANE RATING Remarks
additive 'in volume Diesel fuel Original|Resultant!
] ; =T ;
Monoxy-Diethyl About same act-
Peroxide 1 to 2% - - - * |ion as ethylene
' peroxide but
not quite so
soluble in fuels
Dioxy-Diethyl
Peroxide Less than 1% Appears to act
o satisfactorily ’
but not soluble
‘ ] enough
Tetraline |
. Peroxide 3% Lignite 25 37 These results
I « | Gasoline are question-
able
Ted¥raline
Percxide do F.T.Ko~ 6L 89 These results
' gasin #1 are question=
able
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Peroxide do Iignite - 25 28 These results
Gasoline are question-
. : ' able
Di-Behzoyl- ‘
Peroxide less than 1% Gasoil LS jp toeSh | i
g _ . . L
- Acetyl Benzdyl ’ | Idignite 25 30
.- Peroxide : 2% Gasoline
Acetyl Benzoyl 1,2% Gasoil - s 55 - o
‘Peroxide . .} .. . .\ ] IR D L L

This tabulation shows that the number of chemicals either of the nitrate

or nitrite type, or of the peroxide type, that ean effectively be used

as additives to diesel fuels is somewhat réstricted even though many may
- upgrade the-ignitability to a considerable extent, S,
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fuels'is their solubility in the various types of oils at different
. temperatures, This.in several casesy limits their use¢ In general

urther 11 ,tmonn s :fcun& in the solubility 61‘ some o
additivns.

t-of the additioh of als intd

it can be said that the golubility, of peroxide additives incrgase
as the percentage of un-saturated and aromatic hydrocarbonp in hg
oil. 1ncreasea, while their solubility decreascs prOportionally
the percentage of- paraffinic components,

Followzng tabulation gives the solubility of several peroxides
at 4 temperaturc of 68°F (2000)!
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Le Diesel Fuecl idditives, (Cont'd)

(b) Effect of Peroxides on Ignitability.

Further tests were conducted at the Technische Hochschule of
Munich, in 2 test engine where the compression ratioc could be modi-
fied fram 10:1 to 18:1, for the purpose of determining, with several
diesel fuels and various peroxide additives, how low the compression
ratio could be brought, in each case, before igpition would fail to
OCCUTy

v

The characteristics of the tests were as follows:

Air Temperature 86°F

Cooling Water _ 158°F

ReP oM. h700£

Injection Angle before Top Dead Center

Torque 5 Kg/m

Injection Pressurc 145 Atm,

Injector Bosch DL 120 S 5 P 6, 5-outlets.

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

The reference fuel in alll these tests is a petroleum gas-oil._ :
from Persian crude with a cetane rating or L5,

s gst Serles.. The: fuel selected for the tests was a widely used )
~ type of brown coal tar oil referred to as "diesel fuel B! from the
" low-temperature distillation of lignite from Middle Germany (probably

Saxony) with 2 parcent of the'addltives indicated:

Referegqe Fuel
Diesel Fuel B
w;thout Additive

Diesel Fuel B ﬁith 2%
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2nd Series., Same diesel fuel "BM but with only 1 percent of
peroxide additives: .
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Dimethyl Peroxide 0/111 127 /18 o 20/21} 28 | = :
Di Ethyl Peroxide 1112 13 ¢ 17 |2 |au/as ] - |-
Di Acetone Di Peroxide ; 12 ;lB/lh{ 17 - 25 4 = ]
Ethylidene Peroxide 112/13 1 1,/15) 18 = 29 - i -
hcetylbenzoyl Peroxide | 14 {16 | 20/21 ) 27 - PR

These two series of tests show the effect of even small percent-
ages of certain peraxide additives in Yringing back the ignition delay
of a Diesel fuel towards the lgnition delay of the reference fuel of
petroleum origin,. In other words it can be seen how certain additives
permit the use of a synthetic diesel fuel which could not be adequately
consumed without these additives at the compression ration available
in certain diesel engines, )

The next series of tests shows the influence of peroxide additives
on the stability of diesel fuels, For gvery compression ratio the

ignition delay is shorter when peroxides were added to the fuel before
its prolonged storage, :

- 18 ~
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. Di Acetone: Pem ide, 2% | 17
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lie Diesel Fuel idditives. {(B)(Conttd)

3rd Series, A similar diesel fuel (brown coal tar) from low-
temperature distillation of lignites, with 2 percent additives except
as noted, and after ten months nf stcrages

Di Ethyl but only 1% 12

Compression Ratio - 10 10 i 12 11 10
Diesel Fucl alone 13w [ 18/170 22 |29/30 | - |
Di Aceton Di Peroxide '@ 10 11 0 12/13; 16 1 = 126 |
Di Ethyl Peroxide 11y 12/13 lh/ISi 18/18 g ‘

t

Tetralin Peroxide 12

Aeetyl Benzoyl Peroxidehi 12
f
Di Benzoyl Peroxide 12

s e o eater— e A e

23
13 15 . 19 |2h/es
13/ 16 | 21 27
131k 16 t21/22 | -
13/, 16 | 22 -
' {

1151113

The fourth series of tests

reported on,the next tabulation shows

that some "ignition accelerator! must be added to the diesel fuel ob-
- tained from low temperature coal tar before it can be used as diesel
' fuel. o

Lith Series, A4 Diesel fuel

from the low=temperature distillation

of coal, which does not ignite satisfactorily in the engine at com—
pression ratio of 18:1 or below, and even at 18:1 has a 27° ignition
delay, with 2 percent of various peroxide additives, or 1 percent

as noted,.

but only 1% ddded ' | 16
Di iAcetone -Peroxide

¥




4 Diesel Fuel hdditives, (b)}{Conttd)

Compression Ratioc . 18 16 1y 13 7 12

Acetyl Benzoyl v : |
Peroxide . 18/19 22/2;{, 31 -
Tetralin Peroxide 19 , 23 Lo -

H
H

4 final set of tests was made to see the action of the peroxide
additives on a diesel fuel of petroleum origin, The same "reference
fuel" is tabulated as for the first series of tests, Results show
that the additives improve the ignitability of the diesel fuel beyond
the quality of the reference fuel,

Sth Series, Same additives in 2 pereent concentration in a pet-
roleum gas-oil (origin not known):

Compression Ratio 18 16 - 1L . 12 10 . 9

: : ; Co i
Reference Fuel - 9 10 12 15 20/21}25
Gaseil without : f :

Additives
Gasoil with 2% of
Di Ethyl Peroxide
Acetyl Benzoyl

9/10 11 113/1k /17/18 ' 26/27 | -

H

6/7 7 ,9/10 11/12 516/17 §22/23

<t o A o 1850 pbn e 8 s 4 o
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Di Aceton Di L oo i i
Peroxidé 7/8 9 '10/11 | 14/15 ! 19/20 !29/30
Mono OxyDiethyl | R P f ’
Peroxide 8/9 9/18 -11/12 |1W/15 . 21 {29/30
; Tetralin Peroxide ; 8/9 .9/10 |11/12 j 15 21/22 | =

-
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L dition to the better iéhi%ébiiiﬁ& of diesel fuels containing
‘peroxide additives, a much smoother operation and a much cleaner ex-
haust could be noticed, ) ’
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‘the results, and shows that, from n-Octyl aleohol up an appreciable -
~_inerease etane ‘rating can be noticed,, .- o . :

Le Diesel Fuel Additives, (Cont'd)

(c) Effect of Other Type Additives on Ignitability.

Two additives, tried at the Technische Hochschule of Munich
are worth mentioning, One is Pchlorpicrin® which is "trichlor nitre
methane"; added in proportion up to L percent it increasés the cetanc
value materiallys For instance a Kogasin II, af 92 cetane, goes up
to 116 cetanc by nitration and to 170 with addition. of chlorpicrin.
after nitration. The other additive is "Lupanol", a "tctra nitre
methane® which in concentrations up to 3 percent has a marked in-
fluence on igmitability, Coe

In 19L2 the Technische Hochschule in Munich conducted experi=- - - e
ments with other organic additives, It was found that the following :
chemicals reduce the ignitability:‘ L ¢

Bsters . , - : : P %
Cyclic hydrocarbons (like peewdooumed, ‘cymol) S
Cyclic aldehydes (like benzoic aldehyde) :
&lcohols of low-molccular weights }
The following chemicals, on thc other hand, increase the ignitability:
: Straight-chains aldehydes, in large proportion .
(as much as 20 percent). .
. ~Aleohols of high molecular weight, - ‘o
For élédhols'in particular the following tabulation illustrates 'ﬁi‘
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Le Diesel FuellAdditives. (g}(Cont‘d)>

“CBT.IE RATING

Alcohol hdded ? Porportion of G35011 Lfter addition - Difference
. : : o - i
n - Nonyl alcohol | 20% i W h8 L e
Cg § Loz t  do | L9 #3
n=Decyl 4lcohol P 20% . do | 51 | #5
10 ! Loz | do |- 58 L AL
; | i
' (d) Effect of NITR.TION on Ignitability.

- Best results with high molecular alcohols were -obtained when a
“Mnitration! treatment was given the mixture, in the following manner,
First-a. Fischer~Tropsch Kogasin I was selected and the fractions
boiling below 212°F were removed, The balance had a cetane rating
of 39, This was mixed with 50 percent of various alcohols, and the
mixture subjected to a nitration process by bubbling gaseous concen-
trated n¢trlc acid through the liquid, The results were as follows:

t

'PErccntage of NO, Absorbed | Increasec in Cetane

2 T 0
-e31 N T ¢
67 S IR 3
1620 . . o fe 7 Lo
1,58 ST 10eS : e
2,08 (Saturatlon) g0 0 18 SR e

These fnels are not‘cérr051ve unless‘they are from coal origin
and contaln phenols. - -

o o - /
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- (e) Effect of OZONISATION on Igmitability.

The Technische Hochschule of Munich conducted a considerable
number of tests in 194O-h2 along the line 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 ogzone was
important, and that the ignitability was raised regardless of the
oil, for instancc Ruhrbenzin (gasoline) was as susceptible to the
ozonisation treatment as Kogasin, Taking & Ruhr gasoline of b7 .
cetans the fellowing increascs were noted:

N Aftor 3 hours ozonisabion, thc coctane was 50
no& n n " n 74
n: g n- f n n 106
S T R woomom 11
n 20 0 ] L] n " 130
LI TR n n " 1o

. Results of various experiments conducted in 1941-L2 are sum-
“marized in the following tabulation: |

“PRODUET, ADDITIVE and TRE.TRENT _ TCETLNE RATING

-

% Pure ?ischen-?ropsch'Kogasin I (Average)
Same Kogasin I with 10% CS,
Same_Kpgasin I with 3% Di Acetone Di Peraxide

Cogasin I ith 3% Iy .y o
treated in coplact wi h nitric acid -

;




is Diesel Fuel /dditives, (e){(Cont'd)

PRODUCT, /DDITIVE and TREATHENT A CET[NE RATING

Same extracted with methyl alcohol then nitrated i
Kogasin I extracted, nitrated and ozonised (1 liter in 8 %nurs)lOl
Kogasin I - simply ozonised at rate of 1 liter in 15 hours 113

Kogasin II - pure 92
Kogasin II - Nitratecd . 116
Kogasin II - Ozonised 5 hours _ 121
Pure cetane : 100
Cetane treated w1th nltrlc acid _ 104
Cetane treated with nitric acid at 19h°F 132
Cyclo-hexane . 1
Cyclo~hexane treated with nitric acii at 130°F 4o 26

' The above tabulation is self-explanatory. A comparison of the
results with those obtained by the mere addition of a chemical permits
&an evaluation of the effect of a treatment such as nitration, ozonisa=
tion, or a combination of the two processes, -

.(£) Objcet of German Research with Additives,

It is to be noted that the-study of "diesel -fuel additives",
conductcd in various German scientific activities was concentrated
upon one single feature; an increase in ignitability., Extensive
studies of the performance of ‘these additives in various oils, their
‘stability, their corrosive action, before and after combustlon, were
‘apparently not.-mades:: Neither haverthe investigators come 4An econtact
with any studies-of-real value abéuﬁfaddltives'that would improve
the entire process:of combustion régardless of the ignitability,

The reason seems to be, that, up to this date, additives have not been
considered as the proper method to improve a dicsel fuel, The Ger-
mans efforts were rather to concentrate upon the preparation of the
prqper blends of 0116’%2§2ura1 or synthetlc which'would operate




