FUEL ADDI TI VE TECHNI CAL FI ELD [ 0001] The present
fuel additive containing ferrocene and/or ferrocene derivative(s), and,

invention relates to a

“more particularly, relates to a fuel additive containing ferrocene and/or

ferrocene derivative(s) to which functions

such as conbustion pronotion,

soot reduction, NOx reduction and the |ike are enhanced by addi ng | ecithin.
DESCRI PTI ON OF THE RELATED ART [0002] Conventionally, ferrocene and

derivative(s) thereof

i nst ance,

met hod of a |iquid hydrocarbon iptEhe pnasep¢yrof a fuel additive
conposition consisting of an aromatic solvent, an aliphatic solvent and/or

a petrol eum sol vent

Mor eover,

cont ai ni ng carbon in

[0001]

The present invention relates to a fuel additive
containing ferrocene and/or ferrocene derivative(s), and,
more particularly, relates to a fuel additive containing
ferrocene and/or ferrocene derivative(s) to which functions
such as combustion promotion, soot reduction, NOx

reduction and the like are enhanced by adding lecithin.

DESCRIPTION OF THE RELATED ART
[0002]

Conventionally, ferrocene and derivative(s) therecof
are used as an additive for various liquid fuels. For instance,
ferrocene, derivative(s) thereof and a improvement
combustion method of a liquid hydrocarbon in the presence
of a fuel additive composition consisting of an aromatic
solvent, an aliphatic solvent and/or a petroleum solvent
which are liquid organic careers capable of dissolving the
ferrocene and derivative(s) thereof are described in
JP02-132188A. Moreover, a method of conditioning of diesel

engines is described in US Patent 4389220 specification. In

are used as an additive for various |iquid fuels.
ferrocene, derivative(s) thereof and a inprovenent conbustion

JP02- 132188A.
a met hod of conditioning of diesel engines is described in US
Pat ent 438TROHMHG ALcIBRD In 1 accordance with the method, a deposit

For

which are liquid organic careers capabl e of dissolving
the ferrocene and derivative(s) thereof are described in



t he conbustion chanber is renoved, and the fuel consunption per distance
travel ed i s reduced by about 5% by addi ng 20- 30ppm of ferrocene to the
fuel. [0003] In addition, a nmethod of reducing carbonaceous deposition on

t he engine and ancillary equi pment thereof is proposed in JP Patent 3599337
specification. In accordance wth the nethod, 1-100ppm of ferrocene and
derivative(s) thereof, as additives for fuel oil consisting of a heavy
residual oil for an internal conbustion, are added to a fuel directly,

wi t hout bl endi ng other additives. [0004] However, ferrocene and ferrocene

derivati ve(fgcasskan ckowitheskel Avett o @Ns [avso si tdeawagk iofg \vivh d ®Wn
solubility in an aromatic solvent, an aliphatic solvent and a petrol eum

sol vent. | Q}Q&?neéé"}nbﬁgﬁ&?en@hiagn?o%rt hqs50|1je:jrp)§l)%ge$de,' algélprtlar dqfhet o] flflé]?SO' ve

solid ferrocene, in particular, arge quant ati on powver and

l ong tinme, which depend on the size of the solid, are needed, Even if the

amount  of mwwf@%@w LT G F RS o8 HC e SBB| gl oads %,

either. The trouble occurs in the internal combustion engi ne when solid 2
by adding 20-30ppm of ferrocene to the fuel.

[0003]

In addition, a method of reducing carbonaceous
deposition on the engine and ancillary equipment thereof is
proposed in JP Patent 3599337 specification. In accordance
with the method, 1-100ppm of ferrocene and derivative(s)
thereof, as additives for fuel oil consisting of a heavy
residual oil for an internal combustion, are added to a fuel
directly, without blending other additives.

[0004]

However, ferrocene and ferrocene derivative(s) used
for these inventions have a drawback of very low solubility
in an aromatic solvent, an aliphatic solvent and a petroleum
solvent.

In general, ferrocene is in the solid state. In order to
dissolve solid ferrocene, in particular, a large quantity of
agitation power and long time, which depend on the size of
the solid, are needed. Even if the amount of addition is small,
solid ferrocene doesn't dissolve easily either. The trouble

occurs in the internal combustion engine when solid



ferrocene isn't dissolved beforehand before it adds to the fuel. Therefore,
under the present situation, the solid ferrocene is added to a fuel after
it ks dissolved in a solvent in a solution tank with an agitator.

DI SCLOSURE OF | NVENTI ON [0005] The present invention is made in view of the
af orenenti oned probl ens of the conventional technology and has an object to
provide a fuel additive containing ferrocene and/or ferrocene
derivative(s), which can easily and stably be dissolved in a fuel. [0006]
As a result of repeating assiduous studies for achieving the
above-nenti oned object, the present inventors found the object to be

acconpl i shefb iy disi @01 S1eTtr edere 1 vardd/iosf & esli 9adn elfievdti welds td the
conbination with lecithin, and have achieved the present invention. [0007]

That i I sy t
chgr alcferl zedéj{jg gg%?f‘?ﬁ}é%gaﬁlggggggteﬁgn%ﬁﬁgsggggh@@gf: \C/tg'iél \S/g and

| ecit hin. 008] 3
[Perrocene is added to a fuel after it is dissolved in a solvent

in a solution tank with an agitator.

DISCLOSURE OF INVENTION
[0005]

The present invention 1s made in view of the
aforementioned problems of the conventional technology and
has an object to provide a fuel additive containing ferrocene
and/or ferrocene derivative(s), which can easily and stably
be dissolved in a fuel.

[0006]

As a result of repeating assiduous studies for
achieving the above-mentioned object, the present inventors
found the object to be accomplished by using ferrocene
and/or ferrocene derivative(s) in combination with lecithin,
and have achieved the present invention.

[0007]

That is, the fuel additive according to the present
invention is characterized by containing ferrocene and/or
ferrocene derivative(s), and lecithin.

[0008]



The solid fuel additive according to the present invention is characterized
by.containing 80 to 99 % by nass of ferrocene and/or ferrocene
*derivative(s), and 1 to 20 % by mass of lecithin. The particul ate fuel
additive according to the present invention is characterized by containing
78 to 99 % by mass of ferrocene and/or ferrocene derivative(s), 0.9 to 20
% by mass of lecithin and 0.1 to 2 % by nmass of water. [0009] In addition,
the liquid fuel additive according to the present invention is
characterized by containing mneral oil containing ferrocene and/or

ferrocene derivative(s nd ci n .di ssol ved .t herein, and having the
ferrocene and/orl Rt ?ersr‘gégn fﬂ%f \f’a‘r‘i!hvté("se) agheefang ’zotoﬁse oRRe Hikk and
the lecithin content of 5 to 50 % by mass. [0010] Furthernore, the fuel

addi tive aeroedimgntic thearaniesened wenbhdmihénghéﬂa¢be$9iédbbynb@sﬂg used
by being added into a fuel so as to nmake the concentration of the

ferrocene @P?é?fo&Qh%oﬁﬁmﬁoqeféfﬁﬁéyﬁésdeﬁf@aEIV% Chiﬂﬂﬂl'ﬁb Fpnggsyof 1 to
50 ppm and 0.01 to 500 ppm respectively. OF CARRYI NG THE

| NVENTI O\II[ﬂOO| 1]0f41ec1th111. The particulate fuel additive according to

the present invention is characterized by containing 78 to
99 % by mass of ferrocene and/or ferrocene derivative(s), 0.9
to 20 % by mass of lecithin and 0.1 to 2 % by mass of water.
[0009]

In addition, the liquid fuel additive according to the
present invention is characterized by containing mineral oil
containing ferrocene and/or ferrocene derivative(s) and
lecithin dissolved therein, and having the ferrocene and/or
ferrocene derivative(s) content of 2 to 5 % by mass and the
lecithin content of 5 to 50 % by mass.

[0010]

Furthermore, the fuel additive according to the
present invention is characterized by being used by being
added into a fuel so as to make the concentration of the
ferrocene and/or ferrocene derivative(s) and the lecithin in

ranges of 1 to 50 ppm, and 0.01 to 500 ppm, respectively.

BEST MODE OF CARRYING OUT THE INVENTION

[0011]



-

Hereafter, a fuel additive according to this invention wll be explained in
detail. In this specification, "% neans "nass percentage" unless otherw se
specified. [0012] As nentioned above, a fuel additive according to this
invention is the fuel additive that contains ferrocene and/or ferrocene
derivative(s) and lecithin. These fuel additives can be in the solid state,
especially in the particle state, and in the liquid state. [0013] (1)
Ferrocene and ferrocene derivative(s) Formally, ferrocene is called

bi s(cycl opentadienyl)iron, and is also called dicyclopentadi enyl iron.

Ferrocene derivative used iR this. invention,.s(are) conpound havi ng
a structure in Féﬁag%éftfc?w@n?adﬁém}? ?Fﬁ&rdﬁﬁgi hg E}Elb%tlint‘[l%‘&a(’%uch as
an al kyl group. As the ferrocene derivatjve(s), nention nmay be nmade, for
exanpl e, oWillebwyealedaetk inpdefpibr locthes seecifitatiovends" menmss- et hyl
feroseniru propane and the like. [0014] For instance, a manufacturing nethod
of ferrocehs asing ed@ieinvdalg &'e s ld Nernadie (Weseidipetidiedai d to be ferrocenes)

is disclosed in specification of US Patent No. 2650756,
[0012]

As mentioned above, a fuel additive according to this
invention is the fuel additive that contains ferrocene and/or
ferrocene derivative(s) and lecithin. These fuel additives
can be in the solid state, especially in the particle state, and
in the liquid state.

[0013]
(1) Ferrocene and ferrocene derivative(s)
Formally, ferrocene is called bis(cyclopentadienyl)iron,
- and is also called dicyclopentadienyl iron. Ferrocene
derivative(s) used in this invention is(are) compound(s)
having a structure in which a dicyclopentadienyl ring
having substituents such as an alkyl group. As the ferrocene
derivative(s), mention may be made, for example, of
ethylferrocene, butylferrocene, acetylferrocene,
2,2-bis-ethyl feroseniru propane and the like.
[0014]
For instance, a manufacturing method of ferrocene

and derivative(s) thereof (hereinbelow said to be ferrocenes)

is disclosed in specification of US Patent No. 2650756,



5 2769828, 2834796, 2898360, 3035968, 3238158, 3437634, and the I|ike.
[0015] In the present invention, ferrocenes may be a solid such as a fine
powder, a coarse particle, a pellet and the like, and may be a liquid. The
formof ferrocenes can be suitably chosen depending on the formof a fuel
additive of the present invention. It is explained in detail |ater. [0016]
A fuel additive of the present invention can have a conbustion pronotion
effect, a soot reduction effect, a NOx reduction effect and the |ike, by
containing ferrocenes. In particular, in a diesel engine that is an

internal cbiBOK2I®HN 288¢iTEG, a280&B60g 803968 BRS EDHFBUSBI4BYT BANDL i ON
that controls the formati on of deposit on a valve, a piston ring, and a
conbustionaﬁgaqp%rlﬁ§%pbserved. Since the deposit reduces engine output and
increases attrition of parts by adhering, controlling formation of the
deposi t acﬂhﬁigi stable driving of a diesel engine. In addition, several
percent re n of fuel consunption can be realized by preventing
superfluous air at the tine of conmbustion, by the reform ng conbustion such
as conbustion prlonothenpresemt invention, ferrocenes may be a solid

such as a fine powder, a coarse particle, a pellet and the like,
and may be a liquid. The form of ferrocenes can be suitably
chosen depending on the form of a fuel additive of the
present invention. It is explained in detail later.

[0016]

A fuel additive of the present invention can have a
combustion promotion effect, a soot reduction effect, a NOx
reduction effect and the like, by containing ferrocenes. In
particular, in a diesel engine that is an internal combustion
engine, a cleaning effect of the combustion promotion that
controls the formation of deposit on a valve, a piston ring,
and a combustion chamber 1s observed. Since the deposit
reduces engine output and increases attrition of parts by
adhering, controlling formation of the deposit achieves
stable driving of a diesel engine. In addition, several
percent reduction of fuel consumption can be realized by
preventing superfluous air at the time of combustion, by the
reforming combustion such as combustion promotion, soot

reduction, NOx reduction and the like.



reduction, NOx reduction and the like. 6 [0017] (2) Lecithin Lecithin is an
animal and pl ant phospholipid of which the principal ingredients are a

gl ycer ophosphol i pid and a sphingophospholipid. It is obtained by the
purification process of various kinds of vegetable oil such as soybean oil,
rapeseed oil, rice-bran oil, palmoil, sunflower oil, cocoanut oil,
cottonseed oil, corn oil, peanut oil, linseed oil, safflower oil, olive oi
and the like. Usually, a vegetable oil is included 1 to 50% Depending on

t he contai ned anount of the vegetable oil and the ratio between saturation
acid and pmgatgrated acid in the vegetable oil, lecithin exists in the
liquid formor in the solid format nornmal tenperature. Moreover, in recent

years, a p?y\p reé %:ll tnhl n is mnufactured froma liquid lecithin by carrying
out oil action and vacuum drying. [0018] In the present invention,
| ecithin may be

like. The form E?Ciggigﬁﬁﬁgd@aﬁg‘ééﬂgﬁlﬁ%‘golg/ig%g;&gog;b;fébgg gﬁm‘?‘?ﬁ;&dﬁg?n} 21?
a fuel additive of the present invention. It is explained in

the principal ingredients are a glycerophospholipid and a
sphingophospholipid. It is obtained by the purification
process of various kinds of vegetable oil such as soybean oil,
rapeseed oil, rice-bran oil, palm oil, sunflower o0il, cocoanut
oil, cottonseed oil, corn oil, peanut oil, linseed oil, safflower
oil, olive oil and the like. Usually, a vegetable o0il is included
1 to 50%. Depending on the contained amount of the
vegetable o1l and the ratio between saturation acid and
unsaturated acid in the vegetable oil, lecithin exists in the
liguid form or in the solid form at normal temperature.
Moxreover, in recent years, a powder lecithin is manufactured
from a liquid lecithin by carrying out oil extraction and
vacuum drying.
[0018]

In the present invention, lecithin may be a liguid, and
may be a solid such as a fine powder and the like. The form
of lecithin can be suitabiy chosen depending on the form of a
fuel additive of the present invention. It is explained in

detail later.

[0019]



detail later. [0019] 7 (3) Aformof a fuel additive A fuel additive of the
present invention can be in the solid state, in the particle state, and in
the liquid state. [00201 (i) Solid fuel additive A solid fuel additive of
the present invention preferably contains 80 to 99% of ferrocenes and 1 to
20% of lecithin. If the content of the lecithinis less than 1% the
ferrocenes nmay not dissolve in the fuel easily. If the content of the
lecithin is 20% the ferrocenes solubility enhancenent effect may be

obtai ned conpletely. The formof ferrocenes is not especially limted as
long as it(3)sAselrim @f antuehladdiperature, nmention may be made, for
exanple, of a solid formsuch as a fine powder, a coarse particle, a pellet

and the like. Insadditi 08q;itHEL tJl’b@h'eSpfrBrseéfnetr \‘.’i;glv)éﬂ %h%a%vlﬂfesf?h@ at

nor mal terrperature rmre preferably a ne powder 0 s’in

particle dia | s because the m xture Eeri cengs may be nmade
more  uni f@Ple [mtiel in the particle state, an 1n t 1quid state.

[0020]
(1) Solid fuel additive

A solid fuel additive of the present invention
preferably contains 80 to 99% of ferrocenes and 1 to 20% of
lecithin. If the content of the lecithin is less than 1%, the
ferrocenes may not dissolve in the fuel easily. If the content
of the lecithin is 20%, the ferrocenes solubility enhancement
effect may be obtained completely.

The form of ferrocenes is not especially limited as long
as 1t 1s solid at normal temperature, mention may be made,
for example, of a solid form such as a fine powder, a coarse
particle, a pellet and the like. In addition, lecithin is
preferably in the powder form at normal temperature, more
preferably a fine powder of 1 mm or less in particle diameter.
It 1s because the mixture with Ferrocenes may be made more
uniform.

[0021]
(ii) Particulate fuel additive
A particulate fuel additive of the present invention is

one aspect of the above-mentioned solid fuel additive, and is



(i1) Particulate fuel additive A particulate fuel additive of the present

i nvention is one aspect of the above-nentioned solid fuel additive, and is
8 granul ated fromfine powder ferrocene conmpound into the shape of a coarse
particle. As for the particle diameter, it is preferable to be 0.5 mmto 15
mm nore preferably 1 mmto 10 mm Wen the particle dianmeter is | ess than
0.5 mm the handling workability may be inferior due to powder dust. Wen
the particle diameter is nore than 15 mm the solubility may decrease due
to decreased deflocculability. A particulate fuel additive preferably
contains 78 to 99% of ferrocenes, 0.9 to 20%of lecithin and 0.1 to 2 % of

water. |f tgrawobbead 6fothefihecigdwidrs fleesocehan do@Ypoliihd i1haor ghenes nay
not dissolve in the fuel easily. If the content of the lecithinis 20% the

ferrocenes 3pi ypidf Ly, F?@@?Hﬁ@fde ‘§ o1& %h PP a%&@l?qﬁa(iﬁml ?t ghYi s

Ferrocenes are prefera ormat™ nornal tenperatire,
Peci thin | &1 t&fe“?er'am 05 ?ﬁ"phitropa%&hﬂo%ﬁé%% or ”ﬁtﬁ{ka'&?w?dd' %?2
preferably a flne owder of 1 mmor less in particle dianeter. is for
t he convenﬁﬁhaenbf%ﬁhawuwhwlpnrﬁudheﬂsanleter1sless than 0. 51nn1 the
handling workability may be inferior due to powder dust.
When the particle diameter is more than 15 mm, the
solubility may decrease due to decreased deflocculability.
A particulate fuel additive preferably contains 78 to
99% of ferrocenes, 0.9 to 20% of lecithin and 0.1 to 2 % of
water. If the content of the lecithin is less than 0.9%, the
ferrocenes may not dissolve in the fuel easily. If the content
of the lecithin is 20%, the ferrocenes solubility enhancement
effect may be obtained completely.
Ferrocenes are preferably in the powder form at
normal temperature, more preferably a fine powder of 2 mm
or less in particle diameter. In addition, lecithin is also
preferably in the powder form at normal temperature, more
preferably a fine powder of 1 mm or less in particle diameter.
It is for the convenience of granulation process.
A powder lecithin used in this invention has high
hygroscopicity, and obtains suitable tackiness for a

granulation by mixed with small amount of water. However,

when the content of the water is less than 0.1%, the



A powder lecithin used in this invention has high hygroscopicity, and
obtai ns suitable tackiness for a granulation by mxed with snmall anpount of
wat er. However, when the content of the water is less than 0.1% the 9
sufficient tackiness may not be obtained, and when the content of the water
is nore than 2% the above-nentioned powder ferrocenes and the
above-nenti oned powder lecithin may be aggl onerated due to high water
content. [0022] (iii) Liquid fuel additive Aliquid fuel additive of the
present invention contains mneral oil containing ferrocene and/or

ferrocene derdvative(s),and |ecithin dissolved therein, apd preferabl t he
content of St‘ﬁgl?]eq’l?)écéﬁékéﬂ&/sgr Iflé‘ryro%%e%d’er‘?l?/ﬁﬂ%%gs) a‘ir’s‘{‘| ’Zﬂ{%nStihea%d t he
content of the lecithinis 5to 50 % If the content of the lecithin is

| ess than %n ket fodr theewest amys morr elitdson va%.nthkeabiover-ahevitionasi | y. | f
the content of the lecithinis 50% the effect of enhancing solubility of
ferrocenes powdierefetr ®téneByahd ohkahbed cOTPheishyd Pty ek ReERas nay be

a solid such as a fine powder, a coarse particle, a pellet and the like, or
may be a ligyidpe RESIGLAREYt8a §HY fo Hidh AT ROWSE L OM the Vi ewpoint of
[0022]
(iii) Liquid fuel additive

A liquid fuel additive of the present invention
contains mineral o0il containing ferrocene and/or ferrocene
derivative(s) and lecithin dissolved therein, and preferably
the content of the ferrocene and/or ferrocene derivative(s) is
2 to 5 % and the content of the lecithin is 5 to 50 %. If the
content of the lecithin is less than 5%, the ferrocenes may
not dissolve in the mineral oil easily. If the content of the
lecithin is 50%, the effect of enhancing solubility of
ferrocenes in mineral oil may be obtained completely.

The ferrocenes may be a solid such as a fine powder, a
coarse particle, a pellet and the like, or may be a liquid,
preferably a liquid or a fine powder from the viewpoint of
shape that dissolves easily in mineral oil. And similarly, the
lecithin may also be a liquid, or a solid such as a fine powder
and the like, preferably a liquid or a fine powder, because of

the shape thereof that dissolves easily in mineral oil.

As used herein, the term “mineral o0il” includes

10



shape that dissolves easily in mneral oil. And simlarly, the lecithin my
also be a liquid, or a solid such as a fine powder and the like, preferably
a liquid or a fine powder, because of the shape thereof that dissolves

easily in mneral oil. As used herein, the term"mneral oil" includes 10
hydrocarbon fuel oil , gas oil, kerosene and the |ike. For exanple, for use
in grade C heavy oil used as a fuel of |arge-scale diesel engines for

mari ne vessels, grade A heavy oil, grade B heavy oil, gas oil, kerosene and

the like can be preferably used, and grade A heavy oil can be nore

pr ef er abl y, usged. 023] 4) Action and.effect of lecithin Lecithig in the
present inbgﬁﬁoo#ﬁﬁ?ﬂl yfére%v files FRE Oéf’f g%qroassqul ?B\K’s.t%ie)ﬁl% ﬁanﬁ@ﬁent of
solubility in fuel of ferrocenes ii) Dispersing action of sludge_in fuel
oi|l iii) BEX@anpaetibow ausehent ignade §Gr dnenuyi onlt gserdepaseaa fusdr tofcul at e
fuel additive iv) Deflocculation action in a particulate fuel additive v)
Enhancenenlaggesot abé dite élne Agiakcal for Imafriher veeeees, drmde Ailwadyf uel

additive
oil, grade B heavy o0il, gas oil, kerosene and the like can be
preferably used, and grade A heavy o0il can be more
preferably used.
[0023]
(4) Action and effect of lecithin
Lecithin in the present invention mainly provides the
effect as follows.
i) Enhancement of solubility in fuel of ferrocenes
ii) Dispersing action of sludge in fuel oil
iii) Binder action at the time of granulation to prepare a
particulate fuel additive
iv) Deflocculation action in a particulate fuel additive
v) Enhancement of solubility in mineral oil of ferrocenes, in
a liquid fuel additive
Fach above-mentioned effect is described below.
[0024]
i) Enhancement of solubility in fuel of ferrocenes
Ferrocenes have a drawback of low solubility in

various fuels, as mentioned above. As used herein, the term

"fuel" includes fuels used as a fuel for diesel engines, oil

11



Each above-nentioned effect is described below. [0024] i) Enhancenent of
solubility in fuel of ferrocenes Ferrocenes have a drawback of | ow
solubility in various fuels, as nmentioned above. As used herein, the term
"fuel" includes fuels used as a fuel for diesel engines, oil 11

i ncinerators, boiler devices and the |like, such as grade A heavy oil, |ight
oil such as kerosene, gas oil and the |like, heavy oil, heavy residue oil,

| ubricating oil, waste oil and mxed oil thereof, and also fuel enul sion

t hereof, and solid fuel such as coal and the i ke, but are not limted

thereto, as_lon s th not in s f 0025] For instance,
in case of! EFHQ)FE@@F?O?&?} ra‘i‘b i § i"‘i’g3 i éﬂgﬁl’e% olaxﬁerﬁrsa‘i%cﬁ as
aromati c solvent other than benzene, toluene and xyl ene, aliphatic sol vent

and the |ikeavy adsyligdw oihusychn asudte 120 St @ erg a msodbaved nene i ke,
single ferrocene is soluble only up to 3%in concentration at 20 degree C.

In additi Ol&ea{ r@ﬂenﬁéa@_?{n%%tlﬂfﬁé Qili rllﬁl?i‘l\/cecf‘ttlngQﬁlprﬂ'a%"t@e@l?tﬁﬁw ity is
preferably 2.5%or |ess he sane goes for when errocenes i's dissolved in

;lrjrgtntSUCh %Snpee&lvélll {‘,)hereo(il t.slnd a so flﬁbe \é%tls on t I nge(t)Pe R sscorhlaed

fuel such as coal and the like, but are not limited thereto, as
long as the fuel is not in gaseous form.
[0025]

For instance, in case of single ferrocene, a solubility
in petroleum solvents such as aromatic solvent other than
benzene, toluene and xylene, aliphatic solvent and the like
is very low. Thus, in such a solvent as above mentioned,
single ferrocene is soluble only up to 3% in concentration at
20 degree C. In addition, ferrocenes concentration in solvent
for prolonged stability is preferably 2.5% or less. The same
goes for when ferrocenes is dissolved in fuel such as heavy
0oil and the like. However, by adding the prescribed amount
of lecithin, it 1s possible for ferrocenes to be dissolved up to
5% in concentration, and the stability of the solution is good
in a broad temperature region.

The relation between the additive amount of lecithin
and the maximum solubility of ferrocenes in grade A heavy

0oil is shown in Table 1.

12



of lecithin, it is possible for ferrocenes to be dissolved up to 5%in
concentration, and the stability of the solutionis good in a broad
tenperature region. The rel ation between the additive amount of lecithin
and the maxi num solubility of ferrocenes in grade A heavy oil is shown in
Table 1. 12 [00 261 [Table 1] Lecithin Grade A Heavy G| Maxnmum Sol ubility
of Ferrocenes (mass %9 (mass %9 (mass %9 - 97.7 2.3 5.0 90.1 4.1 10.0
85.4 4.6 20.0 74.9 5.1 30.0 65.3 4.7 40.0 55.6 4.4 50.0 49.6 4.1 X The
results of stability test for 1 week at roomtenperature X Lecithin =
l'iquid Ieci[bpgg;z-lx Grade A Heavy G| (suffer content=0.09% viscosity=2. 8cst

(at 50C)) 7] Thus, since ferrocenes is easily dissolved in a fuel of
[Table 1]
Lecithin Grade A Heavy QOil Maxmum Solubility of Ferrocenes
( mass %) ( mass %) ( mass %)
— 877 23
5.0 90.1 4.1
10.0 854 4.6
20.0 74.9 5.1
300 65.3 47
40.0 hh.6 4.4
50.0 49.6 41

¥ The resulis of stability test for 1 week at room temperature
% Lecithin = liquid lecithin
¥ Grade A Heavy Oil (sulfer content=0. 09%, viscosity=2. 8cst (at 50°C ))

[0027]

Thus, since ferrocenes is easily dissolved in a fuel of
various combustion facilities or in a fuel additive itself by
adding lecithin that has a solubility enhancement effect,
and a stable solution can be obtained, it becomes possible to
spray ferrocenes in the wuniform particle form on a
combustion engine. As a result, the action and effect of
ferrocenes can be exerted more than enough.

[0028]

Lecithin has an oleophilic portion and a hydrophilic

portion, and is known to act as a surfactant agent. However,

in the present invention, it is considered that lecithin
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various conbustion facilities or in a fuel additive itself by adding

l ecithin that has a solubility enhancenent effect, and a stable solution
can be obtained, it beconmes possible to spray ferrocenes in the uniform
particle formon a conbustion engine. As a result, the action and effect of
ferrocenes can be exerted nore than enough. [0028] Lecithin has an

ol eophilic portion and a hydrophilic portion, and is known to act as a
surfactant agent. However, in the present invention, it is considered that

l ecithin 13 enhances the solubility due to the action of an ol eophilic
portion. That is, it is considered as follows. Wen ferrocenes and lecithin

are dissol yofh b @ Yfle ANQIALY Ofiud S9N G AQEE I ANSLET of B hEFId N

pronptly a to the surface o _ f'errocenes, her ~of eophi |l ic
P o aner b BT S PP o O BB By S ™
of ferrocenes in a fuel. These actions are not seen in any other surfactant
agents suchamd henitdniinc asue fdactsarly eahdnt ke fuidde, onedpare ofeoléophiloe
| ecithin. [0029]
portions of the lecithin promptly adsorb to the surface of the
ferrocenes, and another oleophilic portions of the lecithin
enhance lipophilic property on the surface of the ferrocenes,
therefore, lecithin contribute to the solubility enhancement
of ferrocenes in a fuel.

These actions are not seen in any other surfactant
agents such as nonionic surfactant and the like, and are
peculiar to lecithin.

[0029]
ii) Dispersing action of sludge in fuel oil.

This action differs from the above mentioned
solubility enhancement action of ferrocene. Lecithin itself
acts as a fuel additive, and contributes to long-term stable
operation of the combustion facility including a diesel
engine.

[0030]

Sludge is an insoluble matter, which exists in a fuel oil,

especially in a heavy oil, and causes clogging of a strainer

and incomplete combustion since it is easy to precipitate. A

generation of the sludge arises from change into a
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ii) Dispersing action of sludge in fuel oil. This action differs fromthe
above nentioned solubility enhancenent action of ferrocene. Lecithin itself
acts as a fuel additive, and contributes to long-term stable operation of

t he conmbustion facility including a diesel engine. [0030] Sludge is an
insoluble matter, which exists in a fuel oil, especially in a heavy oil,
and causes clogging of a strainer and inconplete conbustion since it is
easy to precipitate. A generation of the sludge arises fromchange into a
14 hydr ocar bon pol yner having f ew hydr ogen atons by oxidation,

pol ymeri zati on and ondens on of . hydrocar remai ns

resi due intha}”fﬁ @‘(ar 88qudd fmeli‘feaih Yb8 ne W ;‘t%ﬁ%gﬁncré’&ﬁmé b?’rol ysi s
and the like during a purification process of crude oil. [ 0031] The

above- nent ioondd tikange OEahesquﬁsatl@n ramddeondfenmthrmarfbdwdmtahbn@,

asphal tene, carbine, carboid and carbon. These polyners initially exist in

a heavy oilthagt arefPgig0lieCulaar ogpl k@ksdduld I8 consiHekedyubbe gpl | oid
has a hydrocarbon such as carbine, carboid and the Iike as a core
heat-treatment, catalytic cracking, pyrolysis and the like
during a purification process of crude oil.
[0031]

The above-mentioned change takes place in order of
hydrocarbon, malthene, asphaltene, carbine, carboid and
carbon. These polymers initially exist in a heavy oil as a
macromolecular colloid. It is considered that the colloid has
a hydrocarbon such as carbine, carboid and the like as a core
with an extremely high C/H ratio, surrounded by some
asphaltenes, and covered sequentially with hydrocarbon
polymer with a low C/H ratio.
lo032]

An asphaltic substance that exists in a heavy oil as
such a colloidal particle will not be precipitated and cause
the problem of clogging of a strainer, incomplete combustion
and the like, as long as it is floating dispersedly as stable
colloid. However, this colloidal particle has polarity and
adsorptivity property. Therefore, if equilibrium condition is

disrupted by heating, adding an o0il of a different kind,

prolonged storage and the like, the colloidal particles
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with an extrenely high CHratio, surrounded by sonme asphaltenes, and
covered sequentially with hydrocarbon polyner with a low CHratio. [0032]
An asphal tic substance that exists in a heavy oil as such a coll oi dal
particle will not be precipitated and cause the problem of clogging of a
strainer, inconplete conbustion and the like, as long as it is floating

di spersedly as stable colloid. However, this colloidal particle has
polarity and adsorptivity property. Therefore, if equilibriumcondition is
di srupted by heating, adding an oil of a different kind, prolonged storage
and the like, the colloidal particles _15 agglutijnate tagether one after
anot her, arfté et tiha be aﬁ‘)g%gt@ég?ﬁ%eofifﬁpﬁ FretRets %Hﬁce&?% tefPoidd , and
formsludge by precipitating. [00331 Specifically, when a |light conponent

i s added t mggragavy of bigoptaitnt hgs t(me1 adldee e obitiidon ean dof 6 pid all uglare i cl e,
hydr ocar bon pol ynmers and mal t hene of the colloid surface |layer is

di ssol ved. H—p\@gﬁ/@gi,pi%iaqgﬁ[g@sphal tene, carboid and the |ike are unsaturation
and have polarity, 'the col'loidal particles agglutinate each other, the huge

asphal t ene [0033]

Specifically, when a light component is added to a
heavy o0il containing the above-mentioned colloidal particle,
hydrocarbon polymers and malthene of the colloid surface
layer is dissolved. However, since asphaltene, carboid and
the like are unsaturation and have polarity, the colloidal
particles agglutinate each other, the huge asphaltene
particles are separated, and sludge is formed. In addition,
when heat is applied, a colloid surface layer is dissolved and
also particle motion is increased because viscosity 1is
reduced by a rise in heat. And sludge is formed by binding
and association, since opportunities for collision of the
asphaltenes are augmented.

[0034]

Lecithin infiltrates and absorbs to binding portion
and/or association of sludge such as carbon, asphaltene and
the like, and has a mincing action of sludge by dispersion
force by acting as a surfactant agent. Lecithin also has the
effect of preventing separation and precipitation of sludge,

by preventing mixing of different-type fuels, association of
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particles are separated, and sludge is forned. In addition, when heat is
applied, a colloid surface layer is dissolved and also particle notion is

i ncreased because viscosity is reduced by a rise in heat. And sludge is
formed by binding and association, since opportunities for collision of the
asphal tenes are augnented. [00341 Lecithin infiltrates and absorbs to

bi ndi ng portion and/or association of sludge such as carbon, asphaltene and
the like, and has a mncing action of sludge by dispersion force by acting
as a surfactant agent. Lecithin also has the effect of preventing

separation and preci.gi tation of slydge by preventing m xi ng of i

di fferent-t@ﬁe ‘? Ioé,ﬁ sdrt biclea 3%37 hé atie %o RG d egﬁkﬁmgg tih¥eat i ng
and the like, by this action. [0035] iii) Binder action at the tine of
granul ati oraatooprepare a particulate fuel additive. As nmentioned above,
when a particulate fuel additive is granulated, |lecithin obtains suitable

tacki ness flgpgp] granul ation by m xed with small anmobunt of water, and bears
a role of a binder.

1ii) Binder action at the time of granulation to prepare a
particulate fuel additive.

As mentioned above, when a particulate fuel additive
is granulated, lecithin obtains suitable tackiness for a
granulation by mixed with small amount of water, and bears
a role of a binder.
[0036]
iv) Deflocculation action in a particulate fuel additive.

Lecithin contained in particulate fuel additives has
deflocculation action to make particles easy to crush when
the additive is fed into a fuel. In addition, the crushed
additive comes to dissolve very easily by solubility
enhancement effect of lecithin.
[0037]
v) Enhancement of solubility in mineral oil of ferrocenes, in
a liquid fuel additive

Ferrocenes have a very low solubility in mineral oil,
and are soluble only up to about 2.5% in concentration.
However, by adding the prescribed amount of lecithin, it is

possible for ferrocenes to be dissolved up to 5% in
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[00361 iv) Deflocculation action in a particulate fuel additive. Lecithin
contained in particulate fuel additives has defloccul ation action to nmake
particles easy to crush when the additive is fed into a fuel. In addition,
the crushed additive cones to dissolve very easily by solubility
enhancenment effect of lecithin. [0037] v) Enhancenent of solubility in
mneral oil of ferrocenes, in a liquid fuel additive Ferrocenes have a very
| ow solubility in mneral oil, and are soluble only up to about 2.5%in
concentration. However, by adding the prescribed amount of lecithin, it iIs

possi ble for ferrocenes to b | ssol yed, up t %in, 17 concentration, and

the stabil icto);“cﬂ‘n’ilf‘ﬁ‘etlé)é’r’uf"indﬁ t%se @Ménght)é OnggﬁdsP]&Hﬁb‘P%tlﬁg iidna [ 0038]
(5) Concentration in a fuel of ferrocenes and lecithin. It is preferred that
the fuel addiodddeasperditug e oetghen.present invention for various fuels used

for diesel engines, oil incinerators, boiler devices and the |ike, which
are used i[po3girine vessels, power generating facilities and the Iike,

(5) Concentration in a fuel of ferrocenes and lecithin.

It is preferred that the fuel additive according to the
present invention for various fuels used for diesel engines,
o1l incinerators, boiler devices and the like, which are used
in a marine vessels, power generating facilities and the like,
is added into the fuels so as to make the concentration of
ferrocene and/or ferrocene derivative(s) and lecithin in
ranges of 1 to 50 ppm, and 0.01 to 500 ppm, respectively.

More specifically, as for usual concentration of
ferrocenes, it is preferred that the fuel additive is added
sequentially into the fuels in order that the fuels in oil
incinerators and boiler devices have ferrocene and/or
ferrocene derivative(s) concentration of 1-10 ppm and the
fuels in diesel engine have ferrocene and/or ferrocene
derivative(s) concentration of 10-50 ppm.

However, in order to greatly improve objective
combustion promotion, soot reduction, NOx reduction and
the like, several fold to dozens of the continuous additive
amount can be temporarily added while a short time, based

on the condition of a combustion engine.
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is added into the fuels so as to nake the concentration of ferrocene and/or
ferrocene derivative(s) and lecithin in ranges of 1 to 50 ppm and 0.01 to
‘500 ppm respectively. Mre specifically, as for usual concentration of
ferrocenes, it is preferred that the fuel additive is added sequentially
into the fuels in order that the fuels in oil incinerators and boiler

devi ces have ferrocene and/or ferrocene derivative(s) concentration of 1-10
ppm and the fuels in diesel engine have ferrocene and/ or ferrocene
derivative(s) concentration of 10-50 ppm However, in order to greatly

i nprove objectj v conbustion pronotion, soot reduction, NOx reduction and
the |ike, éﬁ@%*%f fold to dozens of the continuous additive anpbunt can be
tenporarily added while a short tine, based on the condition of a
conbustion engi ndhd8 hbE33-1The taboee: ndwdidheéd | dcas hi adhesn hagantuegeous
concentration to dissolve easily and stably ferrocenes in a fuel oil and in

fuel additichgdd$ehdsiAN%d AidsNYeS@ aHilf98n d Wdfly floR rd cReAMY iugl of |
especially. [0040] In this manner, by disSolving ferfocenes easily and
fuel oil and in fuel additive itself, and to disperse sludge
further, in a heavy fuel oil especially.
[06040]
In this manner, by dissolving ferrocenes easily and
stably with desirable concentration of lecithin, the action
and effect of ferrocenes can be exerted more than enough and

it can contribute to long-term stabile operation of

combustion facilities.

EXAMPLES
[0041]

Hereinafter, this invention is further explained in
detail on basis of examples and comparative example, but
this invention is not limited to these examples.

Evaluation of various characteristics was carried out
in the following way.

[0042]
[Evaluation of a solubility test of ferrocenes]

Solid fuel additive (Example 1 - 4 and Comparative example

1
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stably with desirable concentration of lecithin, the action and effect of

ferrocenes can be exerted nore than enough and it can contribute to

| ong-term stabil e operation of conbustion facilities. EXAMPLES [0041]
Hereinafter, this invention is further explained in detail on basis of
exanpl es and conparative exanple, but this inventionis not limted to

t hese exanpl es. Eval uation of various characteristics was carried out in
the followi ng way. [0042] [Evaluation of a solubility test of ferrocenes]
Solid fuel additive (Exanple 1 - 4 and Conparative exanple 1[Il 19 Ferrocene

was added to 200pg Oc%r@:“éfgnugﬁwegi lio _(zs(yd,fgr cho%gglte :th%%oa(gr%v'gglcosi ty

=2.8cst (50 degree O)) as ol'l, stirring at egree rpm
and the rate solution until ferrocene, congcentratian.reaches 3% was
oval uat ed ByuTERE IR R R TSk O SCasohte L THert (b PolPER et il Bdded
further in order to produce the stable solution of maxi mum concentration,
and st abi | ifnyelagtlerstittiving at 20 degree C and 60 rpm, and the rate of
solution wunfil ferrocene concentration reaches 3% was
evaluated by measuring the number of seconds. Then,
ferrocene was added further in order to produce the stable
solution of maximum concentration, and stability after still

standing for one week at room temperature was evaluated.

The results are shown in Table 2.

Ligquid fuel additive (Example 5 - 7 and Comparative

example 2)

While stirring at 20 degree C and 60 rpm, the fuel
additives were prepared by compositions shown in Table 3,
and the rate of solution until ferrocene is completely
dissolved in grade A heavy oil was evaluated by measuring
the number of seconds. Stability of the obtained solution
after still standing for one week at room temperature was
evaluated. The test was done on a 200 g scale. The results

are shown in_Table 3.
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standing for one week at roomtenperature was evaluated. The results are
shown in Table 2. Liquid fuel additive (Exanple 5 - 7 and Conparative
exanple 2) Wiile stirring at 20 degree C and 60 rpm the fuel additives
were prepared by conpositions shown in Table 3, and the rate of solution
until ferrocene is conpletely dissolved in grade A heavy oil was eval uated
by nmeasuring the nunber of seconds. Stability of the obtained solution
after still standing for one week at roomtenperature was evaluated. The
test was done on a 200 g scale. The results are shown in Table 3. 20 [00431
[ Tabl e 21 %ﬁ@QﬁfP Conparative Exanple 1 2 3 4 1 Ferrocene 80 98 94.5 79
100 additive Lecithin 20 2 5 20 - conposition (Solid) [a¥4 Water - - 0.5 1 -
Total 100 %qp %QO %00 100

able 2

Example Comparative Example
1 2 3 4 1

Ferrocene 80 98 924.5 79 100
additive Lecithin 20 2 5 20 —
composition | (Solid)
[%6]

Water — — 0.5 1 —_

Total 100 100 100 100 100
solubility rate 180 370 290 175 660
dissolved concentration 43 3.5 4.1 4.9 3.0
stability test very good good very good good no good

Lecithin (Solid} means a powdered lecithin in the solid state, lecithin (liquid} means a lecithin in the liquid state.

Stability test:

“very good ‘mesns complets dissolution,

“good” mesns almost dissclution,

“passed” mesns a little insoluble matter was observed,
"no good” mesns too much insoluble matter was observed.

21



solubility rate 180 370 290 175 660 dissolved concentration 4.8 3.5 4.1 4.9
3.0 stability test very good good very good good no good Lecithin(Solid)
nmeans a powdered lecithin in the solid state, lecithin(liquid) nmeans a
lecithin in the liquid state. Stability test "very good"nesns conpl ete

di ssolution, "good" nesns al nost dissolution, "passed” mesns a little

I nsol ubl e matter was observed, no good"” nesns too much insoluble matter was
observed. 21 [0044] [Table 3] Exanple Conparative Exanple 5 6 7 2
Ferrocene 3.5 5.0 4.0 2.5 additive Lecithin 5 20 50 - conposition (Liquid)
[a/o] Water - - - - Grade A Heavy O 92 75 46 97.5 Total 100 100 100 100
solubility[éghq]llo 190 120 580 dissolved concentration 3.5 5.0 4.0 2.5

[Table 3]
Example Comparative Example
5 6 7 2
Ferrocene 35 5.0 4.0 2.5
additive Lecithin 5 20 50 —
composition [{Liquid)
[%]
Water — — — —
Grade A Heavy Oil 92 75 48 97.5
Total 100 100 100 100
solubility rate 110 190 120 580
dissolved conegentration 3.5 5.0 4.0 25
stability test very good good good passed

Lecithin (Solid} means a powdered lecithin in the solid state, lecithin {liquid} means a lecithin in the liquid state.

Stability test:

"very good mesns complete dissolution,

“good” mesns almost dissolution,

“passed” mesns a little insoluble matter was observed,
“ho good” mesns too mueh insoluble matter was observed.

[0045]
Results

The rate of solution of solid fuel additives of the
present invention (Example 1 - 4) until ferrocene
concentration reaches 3% is very fast as compared with
comparative example 1. The concentration of a stable
solution of comparative example 1 is 3% but with many
insoluble matters, while the concentration of a stable

solution of example 1-4 is allowed to be 3.5 to 5.0%. In
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stability test very good good good passed Lecithin(Solid) neans a powdered
lecithin in the solid state, lecithin(liquid) nmeans a lecithin in the liquid
state. Stability test: "very good"nmesns conpl ete dissolution, "good" nesns
al nost di ssolution, "passed” nmesns a little insoluble matter was observed,
no good" nesns too much insoluble matter was observed. [0045] Results The
rate of solution of solid fuel additives of the present invention (Exanple
1 - 4) until ferrocene concentration reaches 3%is very fast as conpared
with conparative exanple 1. The concentration of a stable solution of
conpar ati ve ,ex | e S 30/bu W th i.nsoluble matters, ile the
concentrat?@ﬁlgw . I% BRE9BA 8?3%%%1&3713%“% 2t 9BRE O P8 . 5 to
5.0% In 22 addition, the evaluations of stability after storing for one
week of Exwesle of Ex:ampée"l/erty agoodveay Egodd" ot “gohdss, Tihusast vwasfirmed
that a solid fuel additive of this invention was very excellent in all
aspects OfcSAFMIMGM It Of {ETIOTRNA, o dliT90kV 8¢ FROSCN{8i19BnANla s

stability evaluation. At the time of preparation of fuel additive, the rate
of

very excellent in all aspects of solution rate of ferrocene,
dissolved concentration and stability evaluation.

At the time of preparation of fuel additive, the rate of
solution of liquid fuel additives of the present invention
(Example 5 - 7) until ferrocene is completely dissolved in
grade A heavy oil is very fast as compared with comparative
example 2. In addition, the evaluations of stability after
storing for one week are “very good” or “good”. Thus, it was
confirmed that a liquid fuel additive of this invention was
very excellent in all aspects of solution rate of ferrocene,
dissolved concentration and stability evaluation.

[0046]
[Dispersing effect of sludgel

Sludge dispersion tests of examples and comparative
examples described in Table 2 and Table 3 were done.

The tests were applied to The Japanese Shipowners'
Association method.
[0047]

Operating procedure

(1) Into a test tube, 0.1g of grade C heavy oil was taken, and

23



solution of liquid fuel additives of the present invention (Exanple 5 - 7)
until ferrocene is conpletely dissolved in grade A heavy oil is very fast
as conpared with conparative exanple 2. In addition, the eval uations of
stability after storing for one week are "very good" or "good". Thus, it
was confirned that a liquid fuel additive of this invention was very
excellent in all aspects of solution rate of ferrocene, dissolved
concentration and stability evaluation. [0046] [Di spersing effect of

sl udge] Sl udge dispersion tests of exanples and conparative exarrpl es
described [pn Taple.2 and Ta were done.. The tests were ed o The
Japanese S%B G'Qa\ﬁe‘?fs no%%ﬁ??%ﬁnﬁet"ﬁ%ﬁ aﬂdﬁtg]tod)]é}%ttt%t pfr‘b Sdu]tflé (1)
Into a test tube 0.ig of grade C heavy oil was taken, and 23 20 m of

nor mal hepadldetl/ms é)dﬂ@dnlc(lt/ﬂm}ﬁ)esf faddea didi tiadd £ iEbnanprﬁmll (7162000) of
fuel additive of Exanples 1-7 or conparative exanples 1-2 was added. (2)
The test ty@ﬁlly@ﬁagp@é etk ahd 1dd ARGl ¥ ShakEde g0 times or  nore until

t hor oughly m xed
(2) The test tube was sealed and strongly shaken 20 times or
more until thoroughly mixed.
(3) The test tube was settled at room temperature and the
dispersion state of every elapsed time was evaluated by the
following standard.

[0048]

Evaluation standard

A ...Complete dispersion and no precipitation
B ...Dispersion and precipitation
It is referred to as B1, B2 and B3 in order of increasing
amount of precipitation.
C ...No dispersion and precipitated almost

The results are shown in Table 4.
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(3) The test tube was settled at roomtenperature and the
of - every el apsed tine was evaluated by the follow ng standard. [0048]

Eval uation standard A ... Conplete dispersion and no precipitation B ..

Di spersion and precipitation It is referred to as Bl, B2 and B3 in order of
I ncreasing anount of precipitation. C...No dlsper5|on and precipitated

al nost The results are shown in Table 4. 24 [00 491 [Table 4] soon after
m xed 8 hours after 24 hours after 48 hours after 1 A AA A Bl Exanple 2 A
A-Bl B1-B2 B2 3 AAAB1 Bl 4 AAAABL 5AAABLS 6 AAAABL 7A

A A A-Bl [’IU@ZLQ]C C

di spersion state

[Table 4]
soon after mixed! 8 hours after 24 hours after | 48 hours after
1 A A A A~B1
Example 2 A A~B1 B1~B2 B2
3 A A A~B1 B1
4 A A A A~B1
5 A A A~B1 B1
6 A A A A~B1
7 A A A A~B1
1 A C c C
Comparative
Example
2 A C C C
Additive—free A C C C

% Properties of Grade G heavy oil applied to the evaluation

Density{15°C): 0. 955

Viscosity (50°C) : 358est

Sulfer content{%):3. 07
Garbon Residue content(%6):11. 8
Asphaltens (%) : 6. 94

[0050]
Results

A solid fuel additive of this invention (Examples 1-4)
and a liquid fuel additive of this invention (Examples 5-7)
have a very excellent effect of sludge dispersion as compared
with comparative example 1, 2 and additive-free.
Comparative examples 1 and 2, which do not contain lecithin,
had no effect at all and were the same as additive-free grade
C heavy oil. An effect of lecithin was the result of being

proportional to an additive amount in general.

[0051]
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Conparative Exanple 2 ACC C Additive free ACCC X Properties of G ade
C heavy oil applied to the evaluation Density (15C) : 0. 9 55 Viscosity
(50C) : 358cst Sulfer content (% :3. 07 Carbon Residue content(% : 1 1 .
6 Asphaltene (%9 : 6. 94 [0050] Results A solid fuel additive of this

i nvention (Exanples 1-4) and a liquid fuel additive of this invention
(Exanples 5-7) have a very excellent effect of sludge dispersion as
conpared with conparative exanple 1, 2 and additive-free. Conparative
exanples 1 and 2, which do not contain lecithin, had no effect at all and

wer e t he sfavie aasn eehdidri iv off ¢ €@ 1ol efion Gdwdvy oil. An effect of lecithin was
the result of being proportional to an additive anpbunt in general. [0051]

25 [Measurenent Wiy £OMYSHECHE F%etl0il (grade C heavy oil, the same oil

as used for effect evaluation of the above-mentioned sludge
dispersion), to which was added liquid fuel additive
(examples 5-7) of this invention or liquid fuel additive of the
comparative example 2, was heated to 500 degree C with a
rate of temperature rise of 100 degree C/min.) and
combusted{m1 represents mass of an end point of carbon
residue generation), and kept at 500 degree C by using
Differential thermal analysis system TG/DTA6300 (made by
Seiko Instruments Inc.), TG (thermogravimetric analysis)
carbon residue combustion rate constant was computed from
the mass reduction curve of generated carbon residue (m2
represents mass of 95% burned point). The quantity of
airflow was 100ml/min. Following formula (I) was used for

the calculating method. * 1, *2

TG carbon residue combustion rate constant
=AxTxIn(m1/m2)/tau ... (I)

Al constant

T: temperature

ml: mass of an end point of carbon residue generation

m2: mass of 95% burned point
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When 10 ng of fuel oil (grade C heavy oil, the sanme oil as used for effect
eval uation of the above-nentioned sludge dispersion), to which was added
liquid fuel additive (exanples 5-7) of this invention or liquid fuel
additive of the conparative exanple 2, was heated to 500 degree Cwith a
rate of tenperature rise of 100 degree C/mn.) and conbusted(m represents
mass of an end point of carbon residue generation), and kept at 500 degree
C by using Differential thermal analysis system TG DTA6300 (made by Sei ko
Instrunents Inc.), TG (thernogravinmetric analysis) carbon residue

conbusti ontfat €pe@nmiENtiyas conputed from the mass reduction curve of
gener ated carbon reS|due (nm2 represents nass of 95% burned point). The
gquantity of r ow was 100m Amn,, Fol}ow ng forou ( s .used f

cal cul at i ng" n??]i"u ayama ot talea HRR P alle R85bE ¥| d’ff) lgf"ed&%ﬂéf’aﬁt
—AxTxln(n1/mZ)/tau - { ) A. constant T: tenperature nml: mass of an end
poi nt of chiEmaers codlgered 2 anersnid 4 f@A0hf 76994 bABRId poi nt 26 tau:
(m2-m) tine

*2 Hou et al., the Japan Society of Mechanical Engineers
collected papers, 54 (507) 3301 (1988)

The test results are shown in Table 5

[0052]
[Table 5]
additive amount |TG carbon residue combustion rate constant [relative rate constant

5 |500 ppm 16.21 1.030

Example 6 |500 ppm 16.26 1.033
7 200 ppm 16.51 1.048
5 1000 ppm 19.20 1.220
6 |1000 ppm 19.76 1.255
7 {1000 ppm 19.55 1.242
2 1000 ppm 15.74 1

Comparative 2 2000 ppm 18.27 1.161

Example

¥relative rate constant = relative constant that assumed “1,000ppm of camparison example 2° to be 1

[0053]
Results

As compared with 1000ppm addition of comparative
example 2, as for 1000ppm addition of ligquid fuel additive of
this invention (examples 5-7), high TG carbon residue
combustion rate constant (relative velocity constant) was
obtained. Since the content of ferrocene was high level, 1t

was a foregone conclusion. However, also as for 500ppm
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*1 Shi bayama et al., the Japan Society of Mechanical Engineers collected
papers, 34 (260), 769 (1968) *2 Hou et al., the Japan Society of Mechani cal
Engi neers collected papers, 54 (507) 3301 (1988) The test results are shown
in Table 5. [0052] [Table 5] additive anmobunt TG carbon residue combustion
rate constant relative rate constant 5 500 ppm 16.21 1.030 Exanple 6 500
ppm 16.26 1.033 7 500 ppm 16.51 1.048 5 1000 ppm 19.20 1.220 6 1000 ppm
19.76 1.255 7 1000 ppm 19.55 1.242 2 1000 ppm 15.74 1 Conparative 2 2000
ppm 18.27 1.161 Exanple -relative rate constant = rel ative constant that

conpar ed v AR LED0bpBA Sac PR comparar e 08 esrd o oERRsk STibppm

22?1321—]0:162;‘@{1%(:%‘&38%3%'1} ggizgii:i\;ee O\;elc}chiitir icr(])\{leisr]ctair?trg (vség lig%eSr-zc ’arrlli gh TG
that of 1000ppm addition of the comparative example 2. In
addition, as for 1000ppm addition of Examples 5-7, TG
carbon residue combustion rate constant (relative velocity
constant) was higher than that of 2000ppm addition of the
comparative example 2.

This can be imagined to be a synergistic effect between
solubility enhancement and sludge dispersion of lecithin on
ferrocene. As for the comparative example 2 that does not
contain lecithin, it 1s considered that solubility 1is
insufficient also in fuel o0il because ferrocene is unstable in
liquid additive. Additionally, it is considered that the effect
was inferior to example 5-7 since there is not a sludge
decentralization effect either when a relative content of
ferrocenes was the same.

[0054]
[A system examination by a diesel engine]

The system examination of a cargo boat with a diesel
engine of the following specification was done, by using solid
fuel additive of this invention (example 3) and solid fuel

additive of comparative example 1.

The system examination was done, namely, in a
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conbustion rate constant (relative velocity constant) was obtained. Since
the content of ferrocene was high level, it was a foregone concl usion.
However, also as for 500ppm 27 addition of Exanples 5-7, TG carbon residue
conmbustion rate constant (relative velocity constant) was higher than that
of 1000ppm addi tion of the conparative exanple 2. In addition, as for
1000ppm addi tion of Exanples 5-7, TG carbon residue conbustion rate
constant (relative velocity constant) was higher than that of 2000ppm
addition of the conparative exanple 2. This can be inmagined to be a

synergi stic eff.ect .between, , sol ubil.ity en ment and ,sl.udge di,spersion of
lecithin O%OIEI*telrolnoégﬁlel.( RAtR oAy RS 1LBBE gﬁirb&gge(}grﬁ&rlédzhlﬁgtagg‘é %t
contain lecithin, it is considered that solubility is insufficient also in
fuel oil beesuskspelvedenr 36 Unstapseofngrpidgui higavyi wal, st vonal Iy, it
is considered that the effect was inferior to exanple 5-7 since there is

not a sl udgédedeodntybdpainge ehbefiebidherd®h@nhaavst atiilydig@ntfesim of
ferrocenes was the sane. [0054] [A system exam nation by a diesel engine]

The syst er@l?f(@msmlﬁit?&n()ft@nﬁar%qtﬁoafnj’gcttjlo?l dbqﬁﬁlp (The additive
amount of fuel additive was 25ppm.)

A solid fuel additive of Example 3 or comparative
example 1 was added by the above-mentioned method over
four months alternately per one month (30 days) (one month
x 2 times for each solid fuel additive). Then, a fuel
consumption and condition of dirt of a heat exchanger by
visual observation was compared. Next, water-wash was
performed and dirt removal performance was compared.
[0055]

Specification of a cargo boat

Gross tonnage: 160,000 t

Deadweight tonnage: 300,500 ¢t

Continuous maximum power: 21,300 kW x 74 rpm
Number of cylinders: ten pieces

Revolutions of a turbosupercharger: 10,000 rpm
Fuel consumption: 90,000 L/day (additive-free)

Test results are shown in Table 6.
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engi ne of the follomnng speC|f|cat|on was done by using solid fuel
additive of this invention (exanple 3) and solid fuel additive of
conparative exanple 1. The system exam nati on was done, nanely, in a 28
solution tank with an agitator, 9.0Kg of solid fuel additive was dissolved
in 360 liters of grade A heavy oil, and was added of 1/1000 into the fuel
(grade C heavy oil) line from this solution tank with injection punp. (The
additive amount of fuel additive was 25ppm) A solid fuel additive of
Exanpl e 3 or conparative exanple 1 was added by the above-nenti oned net hod
over four ¢¢§h?s alternately per one nonth (30 days) (one nonth x 2 tines
for each s% uel additive). Then, a fuel consunption and condition of
dirt of a eat exchanger by visual observation was conpared. Next,

wat er - washlTha forned and dirt renoval perfornmance was conpared. [0055]
Specificatlon of a cargo boat G oss tonnage: 160,000 t Deadwei ght tonnage:
300,500 t Continuous maxi mum power: 21,300 kWx 74 rpm Nunber of cylinders:
ten pieces

Example 3 Comparative Example 1

fuel consumption first 2,597 KL 2660 KL

second |2 566 KL 2647 KL
dirt of a heat exchange mechanism |first Very little deposit adhered to  |A deposit almost adhered to the

the surface . entire surface thinly.

second |same as above same as above
removability of dirt of a heat first removed by easy rinsing with A lot of time of washing with
exchange mechanism by flushing water water was needed until removed.
with water

second [same as above same as above

¥ General Properties of a fuel oil (Grade G heavy oil)

Density(15°C):0. 984

Viscosity (5O°C) : 407 cst

Sulfer content(%):3. 61
Carbon Residue content(%):13. 4
Asphaltens (%) : 8, 98

[0057]

Since 1t was an examination with real ship, fuel
consumption was influenced by a wind, flow of tide,
difference of output and the like, however, since the results
of two examinations became comparable, the evaluation can
be judged to be credible.

As for a solid fuel additive of this invention (Example
3), although the additive amount of ferrocene itself was
more slightly fewer than comparative example 1, the results
showed that the fuel consumption was also less. This means

that the combustion efficiency was improved synthetically

30



Revol uti ons of a turbosupercharger: 10,000 rpm Fuel consunption: 90, 000
L/.day (additive-free) Test results are shown in Table 6. 29 [00 561 [Table
61 Exanple 3 Conparative Exanple 1 fuel consunption first 2,597 KL 2,660 KL
second 2,566 KL 2,647 KL dirt of a heat exchange mechanismfirst Very little
deposit adhered to A deposit al nost adhered to the the surface . entire
surface thinly. second sane as above sane as above renovability of dirt of a
heat first renoved by easy rinsing with Alot of time of washing with
exchange nechani sm by flushing water water was needed until renoved. wth
wat er secondéiane as_.a

(@ ade"C riad SRS HBIEY E Poohetaeltieds o3 (REBL ErtA BB Y * STualidy, ¥ st o1
content(% ;3. 61 Carbon Residue content(% : 13. 4 Asphaltene (% :8. 98
[ 0057] ferrocene and a stabilized fuel atomization was realized by
dispersion effect of sludge of lecithin itself. In addition,
since the combustion promotion effect was enhanced, dirt of
a heat exchanger was cleaner than comparative example 1.
And an advantage such as the dirt was removed by easy
rinsing with water was observed.

In the same way, when fuel additive of Example 3 was
dissolved in a solution tank, it was dissolved by prompt
breakup and dispersion thoroughly in about 10 minutes
just after the addition and it was confirmed that neither a
precipitation nor a float at all were seen in the solution tank
during the procedure. On the other hand, as for a fuel
additive of comparative example 1, a float was partially seen
in about 30 minutes after stirring and, as for the inside of a

solution tank, a precipitate and a float of ferrocene

insoluble were seen also during the procedure.

INDUSTRIAL APPLICABILITY
[0058]

According to this invention, by using ferrocene and/or
ferrocene derivative(s) together with lecithin, the fuel

additive in which the ferrocene and/or the ferrocene
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Since it was an exam nation with real ship, fuel consunption was influenced
by a wind, flow of tide, difference of output and the |ike, however, since
the results of two exam nations becane conparable, the evaluation can be
judged to be credible. As for a solid fuel additive of this invention
(Exanple 3), although the additive anpbunt of ferrocene itself was nore
slightly fewer than conparative exanple 1, the results showed that the fuel
consunption was also |l ess. This neans that the conbustion efficiency was

i nproved synthetically 30 and synergistically, because Iecithin enhances
solublllty of ferrqg§ne and .a stabilized fuel nlzatbon ah zed by
di spersio rerrertivg Iﬁﬁé‘etadﬂel i 4Ri A ldééF?'PlVP &ddi Vol sﬂ\% X he
conmbustion pronotion effect was enhanced, dirt of a heat exchanger was

cl eaner t hzanclheparatvidedexanple 1. And an advant age such as the dirt was
removed by easy rinsing with water was observed. In the sanme way, when fuel
additive of Exanple 3 was dissolved in a solution tank, it was dissolved by
pronpt breakup and di spersion thoroughly in about 10 m nutes just after
the addition and it was confirned that neither a precipitation nor a float
at all were seen in the solution tank
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during the procedure. On the other hand, as for a fuel additive of
conparative exanple 1, a float was partially seen in about 30 mnutes after
stirring and, as for the inside of a solution tank, a precipitate and a

fl oat of ferrocene insoluble were seen also during the procedure.

| NDUSTRI AL APPLI CABI LI TY (00581 According to this invention, by using
ferrocene and/or ferrocene derivative(s) together with lecithin, the fuel
additive in which the ferrocene and/or the ferrocene 31 derivative(s)
cont ai ned can be dissolved easily and stably can be provided. 32 WHAT IS
CLAIMED I S: 1. A fuel additive containing ferrocene and/ or ferrocene

derivati vqsgg At The fuel additive according to claim1,
cont ai ni ng At'Iari %&@I D a| d ferrocene and/ or ferrocene

derivative(s), and 1 to 20 mass % of said lecithin, and being in the solid
state. 3. The fuel additive according to claiml1l, containing 78 to 99 nass
% of said ferrocene and/or ferrocene derivative(s),

1. A fuel additive containing ferrocene and/or ferrocene

derivative(s), and lecithin.

2. The fuel additive according to claim 1, containing 80 to
99 mass % of said ferrocene and/or ferrocene derivative(s),
and 1 to 20 mass % of said lecithin, and being in the solid

state.

3. The fuel additive according to claim 1, containing 78 to
99 mass % of said ferrocene and/or ferrocene derivative(s),
0.9 to 20 mass % of said lecithin and 0.1 to 2 mass % of

water, and being in the particle state.

4., The fuel additive according to claim 1, containing 2 to 5
mass % of said ferrocene and/or ferrocene derivative(s), 5
to 50 mass % of said lecithin and mineral oil, and being in
the ligquid state, wherein the ferrocene and/or ferrocene
derivative(s), and the lecithin are dissolved in said

mineral oil.

5. The fuel additive according to any one of claims 1 to 4,
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0.9 to 20 mass % of said lecithin and 0.1 to 2 mass % of water, and being
in the particle state. 4. The fuel additive according to claiml1,
containing 2 to 5 nmass % of said ferrocene and/or ferrocene derivative(s),

5 to 50 mass % of said lecithin and mneral oil, and being in the liquid
state, wherein the ferrocene and/or ferrocene derivative(s), and the
| ecithin are dissolved in said mneral oil. 5. The fuel additive according

to any one of clainms 1 to 4, 33 wherein said additive is used by being
added into a _fuel .so _a ke t he congen ratlon fer ocC and/ or
ferrocene devyil\?ﬁteil\r}ef%}&a%gd 849 il%culsteh@ﬁ) erlélrﬁggéﬂ%‘)f %1 pﬁl(8 and
0.01 to 500 ppn% respectively. 34

0 make the ‘concentration of said ferrocene and/or

ferrocene derivative(s) and said lecithin in ranges of 1 to

50 ppm, and 0.01 to 500 ppm, respectively.
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