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This invention has to do in a general way with 

the operation of internal combustion engines and 
is more particularly concerned with improving 
the operation of engines operating on the Diesel 

6 cycle by the use of 9. Diesel fuel which contains 
a characterizing ingredient that will improve the 
ignition quality of the fuel. - 
In engines which operate on the Diesel cycle, 

where the fuel is injected into compressed air in 
10 the cylinder and is ignited spontaneously, it is 

important that the delay period between injecf 
tion and ignition be short so as to promote the 
ease of starting and smoothness of operation. 
Improperly delayed ignition gives rise to the 

1‘ phenomenon known as knocking. 
This invention has as its object the. improve 

ment of the ignition quality of a Diesel fuel by 
the admixture with the fuel of a novel compound 
in su?icient proportion tov decrease the ignition 

20 delay period. The invention may also be de?ned 
as a method of improving the ignition quality of 
the fuel by adding to the fuel prior to its injec 
tion into the compressed air of the cylinder a 
minor proportion of this characterizing ingre 
dient. 
The use of an accelerator to decrease the ig 

nition delay period of 1a Diesel fuel provides 
means for reducing the compression pressure at 
which spontaneous ignition. takes place and in 
this way permits engine designs of lesser mass 
or weight, thereby decreasing the cost of manu 
facture and operation per unit of power output. 
The use of these accelerators also widens the 
range of available Diesel fuels, since it not only 

35 permits improving the ignition quality~of the 
fuels of the type normally .used but it provides 

‘4a means for raising the quality of inferior grades 
of fuels into the range where they may be suc 
cessfully employed. 
This invention is predicated upon the discovery 

that certain organic nitrogen compounds falling 
into the class known as the substituted pentaz 
dienes possess the property, when admixed in 

. minor proportion with a hydrocarbon fuel oil of 
45 the type ordinarily used in compression ignition 

engines, of effecting a substantial increase in the 
ignition quality of such fuel. 
‘ The pentazdienes, which are also known as bis 
diazo amino compounds and as bi's-aryldiazo 
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to 

the trivalent pentazdiene group 

55 This general class .of compounds may be con-' 
veniently prepared by reacting a primary amine 
(or ammonia) with two molecular proportions 
of an aromatic diazonium salt according to the 
procedure described by Pechman and Frobenius, 

' w Ber. 27, 705', (1894).. . 

amines, are all characterized by the presence of- ~ 

The particular compounds contemplated by 
this invention as improving agents for Diesel fuel 
are characterized by the fact that the two end 
nitrogens of the pentazdiene characterizing 
group are attached to aryl groups, which may or 5 
may not be otherwise substituted. 
The third nitrogen in the pentazdiene group 

carries a hydrocarbon radical selected from the 
group consisting of: aryl radicals, aryl radicals 
substituted with other radicals such as alkyl 10 
groups, and alkyl and substituted alkyl radicals 
or groups. Qompounds falling into this repre 
sentative class may be illustrated by the follow 
ing general formula: 

‘ R" 15 

R-N=N-11I-N-'—-N-a' > 
in whichR and R’ represent radicals vselected 
from the group consisting of aryl and substitut 
ed arylradicals and R." represents a radical se- 20 
lected from the group consisting, ofaryl, substi 
tuted aryl, alkyl or substituted alkyl radicals or 
groups. _ . 

The following list of pentazdienes .with litera 
ture references for methods of preparation is( 
representative of the compounds contemplated 25 
by this invention. It is to be understood, of 
course, that this list is merely illustrative and 
is not to be considered as in any way limiting 
the scope of the present invention. , 

A. 3-methyl-L5-diphenyl pentazdiene, 3'0 
OH: 

(Goldschmidt and Bad], Ber. 22, 9s4."(1aa9)> 35 
B. 1,3,5,-triphenyl pentazdiene, 

-‘ Gran-Ni —N=N—<:> ’ 40 
(B'amberger, Ber. 27, 2596,,(1890) ’ ' 

C‘. 3-ethyl-l,5-di~p-tolyl pentazdiene, 
I 02H: 

I. 

(Goldschmidt and Holm. Ber. 21,1025, (isaan 
-. . D. 1,3,5-tri-p-tolyl pentazdiene, 

i 

M. 
, _ V on; I 

(v. Pech'man and Frobenius, Ber. 27, ‘705, (1894)) - 
Although all of the compounds listed ‘above 

have been prepared by'the v. Pechman and 6° 
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2 
Frobenius method described above, two other 
methods have been used’ for preparing com 
pounds B. and‘D. TheseQmethods involve (a) 
the interaction of an N-nitroso, N-acyl-aryl 
amide and a primary arylamine and (b) the in 
teraction of a diaryl triazene (diazoamino com 
pound) with an aryl diazonium salt. 
The last-mentioned reaction may be illus 

trated by the equation: 

The reaction which takes place in the general 
procedure ?rst disclosed above, wherein two mo 
lecular proportions of a diazonium salt are re 
acted in acid solution with a primary amine, may 
be illustrated by the following equation: 

The following examples illustrate the pro 
cedure which may be followed in the preparation 
of the pentazdiene compounds contemplated 
herein as accelerators for Diesel fuels.’ 

Forty-four parts by weight of para toluidine is 
diazotized in the well-known manner in aque 
ous acid ’ solution with just su?icient sodium 
nitrite solution to give a slight excess of nitrous 
acid persisting. for ten minutes after the last 
addition of nitrite solution as shown by test with 
starch iodide .paper. The diazotization is car 
ried out at a temperature of from —,l0° to 0° 0., 
and the product of this reaction is toluene di 
azonium chloride. To the chilled solution of ’ 
toluene diazonium chloride is’added a solution 
of ten parts ,by weight of ethyl amine in ninety 
parts by weight of diluted (about eighteen per 
cent) aqueous hydrochloric acid, the tempera 
ture of the reaction solution being maintained 
between 0° and 15° C. by the addition of ice. The 
reaction mixture is carefully neutralized with 
dilute sodium hydroxide to obtain a reaction 
product ‘which separates as a solid and is re“ 
moved by ?ltration. The ?ltrate is puri?ed by 
recrystallization from hot alcohol, such puri?ed 
product having a melting point oflbetween 114° 
and 118° C. . 
To demonstrate the e?ectiveness of the pentaz 

diene compounds contemplated by this inven 
tion as accelerators for Diesel fuel, we have sub 
jected various ‘blends of representative'pentaz 
dienes in Diesel fuel base stock to the conven 
tional test used in determining cetane numbers, 
which is indicative of the ignition quality of the 
fuel. This test involves comparison of the 
blended fuel with a standard reference ‘fuel in a 
converted C. F. R. engine, using the ignition de 
lay method. The "cetane number” obtained is 
.the per cent by volume of cetane in a_ blend of 
cetane and alpha methyl naphthalene having the 
same combustion characteristics as the sample 
under test (see Proc. Am. Soc. Testing Materials, 
vol. 36, I, p. 416 (1936)). An increase in cetane 
number indicates an improvement of the com 
bustion characteristics of the fuel blend. 
The base stock used in these tests, the results 

‘of which are tabulated below in Table I, was a‘ 
petroleum distillate commonly known as -No. 2 
fuel oil having a ?ash point of 156° F., a speci?c 
gravity of 0.86, Lovibond color/of 0.25, and a 
cetane number of 42.‘ The table shows the con-, 
centration by weight of the compoundin the 
fuel, the cetane number‘ of the fuel blend and the 
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increase in cetane number e?ectedby the added 
agent over that of the fuel alone‘: " ~~ 

Table I 

Conoentra- Cetane ‘Increase in 
Compound added tion weight No.9!‘ in cetane 

percent blend No. 

Ethyl diphenyl pentazdiene.. 0. 5 4B 6 
Ethyl di-p-tolyl pentazdiene. . - l. 0 49 ~ ' 7 

~ DO _______ . _‘ ____________ _ _ 0. 5 47 5 

0. 25 46 4 
0. 10 44 2 
0.05 44 2 

It will be seen from the foregoing table that 
the substituted pentazdienes, of which the com 
pounds listed in the table are representative, are 
effective to substantially improve the ignition 
quality of 9. Diesel fuel when added thereto in 
minor proportions. The amount of compound 
used may be varied depending upon the original 
base ‘stock and the extent of the improvement 
which is desired. In general it appears that 
amounts ranging from 0.5 to 1.0 per cent will ef 
fect the desired improvement, but the invention 
contemplates the addition of amounts ranging 
from 0.01 per cent to 5 per cent. 

It is to be understood that the term "Diesel 
fuel” as used herein has reference to any hydro 
carbon fuel adapted for use in an engine operat 
ing according to the Diesel cycle. 

I claim: : 
1. An improved Diesel fuel having in admixture‘ 

therewith a minor proportion of a substituted 
pentazdiene in suf?cient amount to decrease the 
ignition delay period of the fuel. 

2. An improved Diesel fuel having in admixture 
therewith .a minor proportion- of a 3-alkyl-1, 
5-diaryl pentazdiene in sufficient amount to de 
crease the ignition delay period of the fuel. 

3. An improved Diesel fuel having in admixture 
therewith a minor proportion of a 1, 3, S-triaryl 
pentazdiene in su?icient amount to‘ decrease the 
ignition delay period of the fuel. ' 

4. An improved Diesel fuel having in admixture 
therewith a minor proportion of a compound 
having the general formula 

u 

in which R and R’ represent aryl radicals or sub 
stituted aryl radicals and in which R" represents ' 
a radical selected from the group consisting of 
aryl, substituted aryl, alkyl and substituted alkyl 
radicals, said compound being present in the fuel 
in an amount sufficient to decrease“ the ignition 
delay period of the fuel. ' 

5. An improved Diesel fuel having in admixture 
therewith a minor proportion of a compound se 
lected from the group consisting of : 3-methyl-1, ' 
5-diphenyl pent'azdiene; 1, 3,‘.i-triphenyl pentaz 
diene; 3-ethyl-1, 5-di-p-tolyl pentazdiene; and 
1, 3, 5-tri-pgtolyl pentazdiene, said compound 
being present in the fuel in an amount sufficient 
to decrease the ignition delay period of the fuel. 

6. The method of accelerating the ignition of 
a liquid hydrocarbon fuel in an engine where the 
fuel is injected into compressed air in the engine 
cylinder and ignites spontaneously therein, which 
comprises admixing ‘with the fuel, prior to its 
injection 'into the cylinder, a minor proportion 
of a'pentazdiene. _ 

7. The method of accelerating the ignitionof 
a liquid hydrocarbon fuel in an engine where the 
fuel is injected into compressed air in the engine 
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cylinder and ignites spontaneously therein, which 
comprises admixing with the fuel, prior to its in 
jection into the cylinder, a minor proportion of 
a 3-alkyl-1, 5-diaryl pentazdiene. 

8. The method of accelerating the ignition of 
a liquid hydrocarbon fuel in an engine where the 
fuel is injected into compressed air in the engine 
cylinder and ignites spontaneously therein, which 
comprises admixing with the fuel, prior to, its 
injection into the cylinder, a minor proportion 
of a 1, 3, 5-triary1 pentazdiene. 

9. The method of accelerating the ignition of a 
liquid hydrocarbon fuel- in an engine where the 
fuel is injected into compressed air in the engine 

3 
cylinder and ignites spontaneously therein, which 
comprises admixing with the fuel, prior to its in 
jection into the cylinder, 9. minor proportion of a 
compound having the general formula 

R—N=N—N—N=N—R' 

R)! 

in which R. and R’ represent aryl radicals or sub; 
stituted aryl radicals, and in which R" repre 
sents a radical selected from‘ the group consisting 
of aryl, substituted aryl, alkyl and substituted 
alkyl radicals. 

GEORGE S. CRANDALL. 


