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The ih&ention relates to a device for the treatment of
engine and heating fuels obtained from mineral oil or plants,
having a heating device for heating them and a reactor through
which a flow can pass and contailning at least one reactor element
which consists at least partially of a tin alloy on the surface.

It is known that it is possible to improve the combustion
properties of ligquid heating and engine fuels by forming ignition
nuclei, which ensure a more even combustion process and thus the
reduction of nitric oxide expulsion and of the carbon monoxide
portion in the exhaust gas and, in connection with Diesel fuel,
the reduction of the soot formation. For this purpose, additives
are mixed in with the heating or engine fuels during their
production or when filling the tank. Alternatively it is also
possible to admix the additives to the fuel or the combustion air
from a separate tank via a metering device. It is disadvantageous
in connection with this method that the additives are expensive
and in many cases also poisonous. The latter is the case mainly
in connection with particularly effective organometallic
substances. It is therefore not possible without danger to
provide an additive to the heating or engine fuel or to dispense
it as a concentrate for filling in tanks, because these poisonous
materials would have to be produced and sold in a concentrated
form.

A device of the above species is also already known, whose
reactor elements consisted of large granules of a transverse
dimension of approximately 25 mm made of a tin alloy, which
contained mercury, lead and antimony as alloy elements. Although
it was possible by means of this to positively affect the
combustion progress, a broad application of such a device in motor

vehicles and heating installations is not possible, because part
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havi ng a heating device for heating themand a reactor through which a fl ow
can pass and containing at | east one reactor elenent which consists at

| east partially of a tin alloy on the surface. It is known that it
I's possible to inprove the conbustion properties of liquid heating and
engine fuels by formng ignition nuclei, which ensure a nore even
conbustion process and thus the reduction of nitric.oxide expul sion and of

t he carbon nonoxi de portion in the exhaust gas and, in connection with
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even with broader application, so that with an optimal design
practically no negative effects occur for the environment and
health.

The above object is attained in accordance with the
invention in that the tin alloy on the surface of the reactor
element contains 0.2 to 20 weight-% of copper as the alloy element
with the largest proportion by weight added to the tin, and that
the reactor element consists of a plurality of granules which are
loose or attached to each other and have a diameter of at most 5
mm. Except for the usual impurities, the tin alloy at the surface
of the reactor element preferably exclusively contains copper in a
proportion within the cited limits. Particularly good results can
be achieved in this case if the proportion of copper amounts to
approximately 2 to 8 weight-% of the tin alloy on the surface of
the reactor element. A copper proportion of approximately 4 to 5
weight-% has been shown to be optimal in tests up to now.

While the increase in efficiency of the engines and the
improvement of the exhaust gases can be easily measured when using
a device in accordance with the invention, the consumption of
reactor material is so small, that so far it was not possible to
quantify it with the available measuring devices. 1In this case
the fact must be taken into consideration that in actual
operations components of the engine or heating fuel are deposited

on the reactor. In any case, the possible time of use of the
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It as a concentrate for filling in tanks, because these poisonous nmaterials
woul d have to be produced and sold in a concentrated form A devi ce
of the above species is also already known, whose reactor elenents

consi sted of large granules of a transverse dinension of approximtely 25
mm made of a tin alloy, which contained nercury, |lead and antinony as all oy
el ements. Al though it was possible by neans of this to positively affect

t he conbustion progress, a broad application of such a device in notor
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engine, so that an exchange is not necessary.

The fact alone that the consumption of reactor material is
so low that it can practically not be measured, and in addition‘
the fact that these are only the easily tolerated elements tin and
copper, show that even with broad employment of the proposed
device it is not necessary to accept harmful side effects for the
ecologically advantageous effects of the reduction of the heating
and engine fuel consumption and the improvement of the exhaust
gases. However, it is essential in connection with the desired
positive effect, that the engine or heating fuel is heated prior
to flowing through the reactor, and that the effective surface of
the reactor element is as large as possible. In connection with
the invention it is therefore provided that the granules
constituting the reactor element have a transverse dimension, i.e.
with round granules a diameter, which is 5 mm at most.

If the reactor element is provided in loose bulk fill of
the granules, which preferable have a largest transverse dimension
of approximately 1 to 5 mm, it is practical to place them into a
can, whose end walls are constituted by screens with a mesh width
which is less than the largest transverse measurement of the
smallest granules. It is possible to prefabricate and store the
reactor element and to handle it as one component during assembly.
In the preferred practical embodiment an inner screen with a
relatively greater mesh width and an outer screen with a
relatively finer mesh width are disposed on at lest one end of the
can. In order to assure that the engine or heating fuel flows
through the bulk granules, it is recommended to insert the can
into an outer housing of the reactor by means of at least one seal
ring enclosing its circumference.

In an alternative practical embodiment, the reactor element

consists of granules of a greatest transverse dimension of 0.05 to
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- 2- of the poisonous conponents of the reactor reach the atnosphere
through the exhaust gases. It is therefore the object of the
invention to provide a device of the type nentioned at the outset, which,
in respect to the inprovenent of the conbustion properties, leads to
results conparable with the |ast nentioned device, but pollutes the
environments considerably less and is less injurious to health even with
broader application, so that with an optinmal design practically no negative
ef fects acewr, Widhhelaezwihe@mimmdﬁéaigdther to fokre aaldwskob éditndes in
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surface Sact
granules with only a comparatively small proportion of copper in

such a way, that the metal does does run together in places to
form large masses, but instead the hollow spaces between the small
grains remain intact to the greatest possible degree, it is
provided in a further advantageous embodiment of the invention for
the granules to have an inner core of copper, on which a layer of
tin is placed, for example by vacuum evaporation, at the same time
forming an alloy. Even with this production method it is
necessary to take care that not too much tin is applied by vacuum
evaporation in order to avoid the mentioned running together. In
addition, a surface of the reactor purely ot tin would not be as
effective as the above recited tin alloy. Although so far the
effective mechanism of the reactor has not yet been fathomed,
presumably there is a connection between the amount of the organo-
tin compounds, formed in the course of the flow through the
reactor by chemical reactions, leading to the attachment of tin
atoms to hydrocarbon molecules of the heating and engine fuel, and
the melting temperature of the tin alloy which, with a copper
proportion of 4 to 5%, is optimally low and increases with a
higher copper proportion as well as with a tin proportion higher
than 95 to 96%.

To obtain a reactor element, in particular a sinter block,
with a surface of an effective tin-copper alloy, the granules can
also have an inner core of tin oxide and copper oxide. It is
possible in this case to obtain a surface layer of the recited
tin-copper alloy by reducing the surface of the granules in a
hydrogen flow and to produce the alloy by heating past the melting
point of the reduced surface layer.

The heating device provided in accordance with the

invention preferably contains PCT heating elements for heating the
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el ement contains 0.2 to 20 wei ght-% of copper as the alloy element with the
| argest proportion by weight added to the tin, and that the reactor element
consists of a plurality of granules which are | oose or attached to each
other and have a dianmeter of at nost 5 mm Except for the usual inpurities,
the tin alloy at the surface of the reactor elenent preferably exclusively
contains copper in a proportion wthin the cited limts. Particularly good
results can be achieved in this case if the proportion of copper amounts to
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already has the optimally high temperature when to entering the
reactor. If the device in accordance with the invention is a part
of the fuel line and is disposed upstream of an injection pump or
a carburetor, the heating device will be designed in the normal
case for heating the engine fuel prior to entry into the reactor
to approximately 40 to 80°C in case of gasoline, or 50 to 200°C in
case of Diesel oil. 1In this case it is recommended to attach an
engine fuel filter upstream of the heating device in the direction
of flow, but in any case upstream of the reactor. It had been
found that a fuel filter disposed downstream of the reactor
results in a reduction in the reactor effect. This negative
effect can possibly be the result of a chemical reaction of the
treated engine fuel with deposits in the filter. On account of
further chemical reactions of the treated engine fuel, which over
time weaken the effects of the treatment, it has also been found
useful to bring the fuel to combustion directly following
treatment, instead of treating it when it is produced and then to
store it for an extended time in the treated state.

In the course of further research it has been surprisingly
found that it was possible to make so-called bio-oils, which up to
now were not suitable for producing engine or heating fuels, into
such fuels by means of the device in accordance with the
invention. The device in accordance with the invention for this
purpose has a catalyzer upstream of the reactor in the flow

direction, which preferably is disposed between the heating device
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on the reactor. In any case, the possible time of use of the
- 3- proposed reactor exceeds the service |ife of a notor vehicle engine,
so that an exchange is not necessary. The fact al one that the

consunption of reactor material is so lowthat it can practically not be
measured, and in addition

and the reactor and is provided with a further heating device, by
means of which it is heated to approximately 400°C during
operation. The catalyzer can consist, for example, of a
honeycomb-shaped support body of cordierite, through which fuel
can flow and which is coated with a suitable catalytic material,
for example LaCoOz. A cracking process takes place in the
catalyzer at the stated temperature, in which the long molecular
chains of the bio-oil are converted into shorter chain
hydrocarbons, whose combustion properties are subsequently
improved by the treatment in the reactor proposed by the invention
in such a way, that the end product of the treatment can be used
as an engine or heating fuel immediateiy afterwards.

A particular advantage of the proposed arrangement of the
catalyzer and the reactor behind each other in the flow direction
lies in that the heating of the bio-o0il in the catalyzer necessary
for cracking can simultaneously be used also for the treatment in
the reactor. Since the temperature required in the catalyzer is
considerably higher than the temperature used for the reactor, in
a preferred embodiment a heat exchanger is arranged in the engine
or heating fuel line downstream of the catalyzer and/or downstream
of the reactor in the flow direction, through which the engine or
heating fuel, which already has been treated in the catalyzer on
the one hand and which, on the other hand, is still to be treated
in the catalyzer, flows. At least one of the heat exchangers is
suitably provided with a steam separator, which is connected to an
air aspirating line of the burner or the engine.

Exemplary embodiments of the invention will be explained in
detail below by means of the enclosed drawings. Shown are in:

Fig. 1, a longitudinal sectional view of a device for
treating engine fuel;

Fig. 2, a longitudinal gsectional view of one of the reactor

elements of the reactor in accordance with Fig. 1, and
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the fact that these are only the easily tolerated elenents tin and copper,
show that even with broad enpl oynent of the proposed device it is not
necessary to accept harnful side effects for the ecol ogically advant ageous
effects of the reduction of the heating and engine fuel consunption and the
i nprovenent of the exhaust gases. However, it is essential in connection
with the desired positive effect, that the engine or heating fuel is heated
prior to flowi ng through the reactor, and that the effective surface of the
react or elenentEh@ as Iargengiqmdindﬂ(seduiqnaﬁuyﬁdwnoﬁmarﬂQVﬁ;érﬁimilam
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to prefa%&h%%ti agié¥ﬁge %%e heating of the engine fuel flowing into the
reactor housing 1 through the inlet 2 to a defined temperature of
70°C, for example. The heating device 3 could also alternatively
be operated by means of a heating fluid heated in the engine or a
heater.

In the example, two reactor elements 4 have been inserted
in series behind each other into the reactor housing 1. A fine
screen 5 is located downstream thereof in the flow direction,
which closes off the treatment chamber in the reactor housing 1 at
the top in Fig. 1. The reactor elements 4 are sealed in respect
to the reactor housing 1 by means of circumferential seals 6 and 7
in the treatment chamber in such a way, that no flow gap is
created at the circumference. Thus the fuel is forced to flow
from the inlet opening 2 through the reactor elements 4 to an
outlet opening 8 at the upper end of the reactor housing in Fig.
1.

Fig. 2 shows one of the reactor elements 4 of the device in
Fig. 1 on an enlarged scale. It consists of a can-shaped envelope
9 and respectively two screens 10, 11 at the lower and upper front
ends in Fig. 2. The two screens 10, 11 differ in their mesh size,
which is coarse in the screen 11 and fine in the screen 10. For
example, with the screen 11 it can be 0.5 to 3 mm, and with the
screen 10 0.01 to 0.15 mm. The interior chamber delimited by the
envelope 9 and the screens 10, 11 is filled with granular reactor
particles 12 which have a lozenge-like shape in the exemplary case

represented. They consist of an alloy with 80 to 99.8% tin and
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reactor elenent and to handle it as one conponent during assenbly. In the
preferred practical enbodi nent an inner screen with a relatively greater
mesh width and an outer screen with a relatively finer mesh width are

di sposed on at lest one end of the can. In order to assure that the engine
or heating fuel flows through the bulk granules, it is recommended to
insert the can into an outer housing of the reactor by neans of at |east
one seal ring enclosing its circunference. In an alternative

practi cad . enbod2oentoppbe. r e@nedr thegeat ddmshnsienpfigeanthesrofraatest

greatEStdIranéggfsfsdlngngkgaagely 95t505 mm. The granules or reactor
particles are in a loose bulk form in the envelope 9. Following
their insertion, they are preferably first dipped into an organic
acid, for example formic, acetic or oxalic acid, for the removal
of oxides, and then into heating oil or gascline. The reactor
elemeﬁts 4 are ready for storage and installation after this
pretreatment.

In a practical embodiment, the reactor housing 1 has an
interior diameter of 70 mm and a length of 200 mm. The inlet and
outlet openings have a clearance of 10 mm. The heating device 3
with PCT heating elements reaches a maximal temperature of 120°C
and has a heat output of 140 W. The envelope 9 of the reactor
elements 4 consists of aluminum. Its exterior diameter is 66 mm
and its length 45 mm. The flat reactor particles 12 consist of an
alloy of 96 weight-% of tin and 4 weight-% of copper and they have
a diameter of 3 mm. The mesh width of the inner screen 11 is 1 mm
and the one of the screen 10 0.08 mm. The still finer screen 5 in
front of the outlet opening 8 has a mesh width of 0.04 mm. Prior
to their installation in the reactor housing 1, the reactor
elements 4 have been successively dipped in acetic acid and then
Diesel oil. Three reactor elements 4 are provided behind each
other in the practical embodiment. The seal 6, 7 between the
envelopes 9 and the reactor housing 1 are seal rings made of
caoutchouc, which have an exterior diameter of 70mm and an
interior diameter of 65 mm.

In connection with an exemplary embodiment not shown in the
drawings, the diameter of the granules or reactor particles 12 is
only 0.5 mm. They have a core made of copper and their surface
has been covered with tin by vacuum evaporation. Since a tin-
copper alloy has a lower melting temperature as respectively

copper and tin by themselves, the desired alloy on the surface of
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-4- 1 mm which have been sintered together to forma block. Since in
this case it would be difficult to sinter such small honmpbgeneous granul es
with only a conparatively small proportion of copper in such a way, that
the netal does does run together in places to form | arge nmasses, but

i nstead the hol |l ow spaces between the snmall grains renmain intact to the
greatest possible degree, it is provided in a further advantageous

enbodi ment of the invention for the granules to have an inner core of
copper, @hewabpbexr kayer refsulius iduplmrdhe forcwrarplapdrpbiapuefl tin and
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granules produced in this manner are suitable for sintering. In
this way it is possible to produce porous blocks which can be
inserted, with or without an envelope 9, into a reactor housing 1
by means of seal rings 6, 7. Prior to installation it is also
possible to perform rinsing in an organic acid and subsequently
with gasoline or Diesel oil. As a whole, the production process
is somewhat more expensive than the one for reactor elements 4
with loose bulk fill in accordance with Fig. 2, but because of the
smaller granules with smaller exterior dimensions of the reactor
element, the same effective surface is achieved as with the
reactor elements 4 in loose bulk fill. When using sinter blocks
as reactor elements it is therefore possible for the tube-shaped
reactor housing 1 to have an interior diameter of, for example,
only 44 mm and a length of 150 mm. Inlet and outlet openings with
a clearance of 6 mm are provided. The heating device 3 again
contains PCT heating elements with a maximum temperature of 120°C,
wherein the heater output in this case is 45 W. Only two reactor
bodies in the form of the said sinter blocks are provided.

In a reactor which in respect to the last mentioned
exemplary embodiment is modified, the two reactor bodies consist
of an aluminum cover with an outer diameter of 40 mm and a length
of 35 mm with a filling which respectively consists of a sinter
block obtained from tin and copper oxide particles of
approximately 0.3 mm diameter. In this case the weight ratio of
tin oxide to copper oxide was approximately 98 to 2. The ‘material
was sintered at 1,000°C and shows a water absorption of
approximately 30%. The sinter blocks were surface-reduced in a

hydrogen flow at 300°C for 30 min. The reactor particles were
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addition, a surface of the reactor purely ot tin would not be as effective
as the above recited tin alloy. Al t hough so far the effective
mechani sm of the reactor has not yet been fathonmed, presunably there is a
connecti on between the anmount of the organo- tin conpounds, formed in the
course of the flow through the reactor by chem cal reactions, leading to
the att?chlment Sf Li-n a]toms to hydrocarbon nol ecul es of the heating and
engine fuel, and the nelting tenperature of the tin allo ich, wth a .
copper pFYPEEANERtIY SucsesRivied Yostipmad v ASHE iar‘Fé"rdey RN H5i YmST

copper pgepehkiien idstellllatdmmvi th a tin proportion higher than 95 to 96%
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elements 22 can respectively contain a loose bulk fill of a
granular reactor material, consisting of a tin-copper alloy with
the above recited alloy proportions in an envelope and between
screens at the ends. However, the reactor elements 22 can
alternatively also be sinter blocks which, for example, consist of
copper granules on which tin has been placed by vacuum evaporation
and which have then been sintered. These sinter blocks can be
inserted either directly into the housing 20, or first into
envelopes which are then inserted into the reactor housing 20.

In the flow path of the rapeseed oil to be treated, a
catalyzer 24 is arranged in series with and upstream of the
reactor elements 22 in the flow direction. The catalyzer 24 is a
honeycomb catalyzer made of cordierite coated with LaCo03, and is
used for cracking the long molecular chains of the rapeseed oil
and for reducing its oxygen content. During operation it is
heated to a temperature of approximately 400°C by means of a
heating device 26 disposed on it. Furthermore, a heating device
28 with a plurality of PCT heating elements is provided upstream
of the catalyzer 24 in the flow direction. In addition, the
device represented in Fig. 3 has a first heat exchanger 30 between
the catalyzer 24 and the reactor elements 22, and a second heat
exchanger 32 downstream of the reactor elements 22 in the flow
direction.
On their outlet sides, the heat exchangers 30 and 32 are

connected to respective steam evaporators 34 or 36, which are each
connected with a steam line 38 leading to an air aspiration line

of a burner, not shown.
-10-
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hydrogen fl ow and to produce the alloy by heating past the nelting point of
the reduced surface | ayer. The heating device provided in accordance
with the invention preferably contains PCT heating elenents for heating the
engi ne and heating fuels. It has been found that success was al
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In the device represented, the rapeseed oil or another oil
obtained from plants is introduced into the heat exchanger 32
through a feed line 40 and therefore absorbs heat from the
finished treated heating oil flowing out of the reactor elements
22 and then, after flowing through the heat exchanger 32, via a
line 42 to the burner, not shown.

The rapeseed oil, already preheated in the heat exchanger
32, is conducted via a line 44 on which the steam separator 36 is
arranged, to the even hotter heat exchanger 30 between the
catalyzer 24 and the reactor elements 22. The rapeseed oil, which
is still further heated there, leaves the heat exchanger 30 via a
line 46 on which the steam separator 34 is disposed, which is also
connected with the line 38 for removing the steam formed in the
heat exchanger. The line 46 conducts the rapeseed oil or other
crude oil into a reservoir 48 of the honeycomb catalyzer 24, in
which the heating device 28 still further heats the crude oil
preheated in the heat exchangers, before it enters the catalyzer
24. Because of heating by means of the additional heating device
26, the crude oil in the catalyzer 24 reaches a temperature of
approximately 400°C. In the process, the long molecular chains of
the crude oil are cracked and the oxygen content reduced. The
still hot oil treated in this manner is subsequently cooled in the
heat exchanger 30, but still has a temperature of, for example,
200°C when entering the reactor elements 22. The reactor
generates a sufficient number of ignition nuclei in the fuel oil
so that, when it leaves the reactor housing 20 via the line 32
after having flowed through the heat exchanger 32, it is suited

for sufficiently clean burning or as an engine fuel.
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the greater, the higher the tenperature of the engine and heating fuel can
be in the reactor, taking into consideration in individual cases the
mar gi nal conditions there, such as the avoi dance of gas bubbl es,

mai nt H““E m mﬂ jpating capability, etc. The PCT heating el enents are
suita I mu ﬂH Hlﬁrean1of the reactor in the liquid flow, so that the
engi ne*or¢ heati"ngsfuel already has the optinmally high tenperature when
entering the reactor. If the device in accordance with the invention is a
part of the fuel line and is disposed upstream of an injection punp or a
carburetor, the heating device will be Qesimgned in the normal case for
heating the engine fuel prior to entry into the reactor to approxi mately 40

to 80[err]Cin case of gasoline, or 50 to 200[err]C in case of Diesel_oi
In this case it Y.s Pecevimalddn ¢ha t%ata}rereﬁqg:ﬁw@me fand dieatsng che b
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effect caanpeesidhlandedriaireiny tatOfl@wema:a}earcﬁ:a:ﬁi iedreredntt he2, 22) which
consists at least partially of a tin alloy on the surface,
characterized in that the tin alloy on the surface of the reactor
element (4, 22) contains 0.2 to 20 weight-% of copper as the alloy
element with the largest proportion by weight added to the tin,
and that the reactor element (4, 22) consists of a plurality of
granules (12) which are loose or attached to each other and have a

diameter of at most 5 mm.

2. The device in accordance with claim 1, characterized in
that the tin alloy on the surface of the reactor element (4, 22)
exclusively contains 0.2 to 20 weight-% of copper and the usual

impurities.

3. The device in accordance with claim 1 or 2,
characterized in that the proportion of copper is approximately 2
to 8 weight-% of the tin alloy on the surface of the reactor

element (4, 22).

4. The device in accordance with claim 3, characterized in
that the proportion of copper is approximately 4 to 5 weight-% of
the tin alloy on the surface of the reactor element (4, 23).

5. The device in accordance with one of claims 1 to 4,

characterized in that the reactor element is constituted by a

-12-
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treated engi ne fuel with deposits in the filter. On account of further

lons of the treated engine fuel, which over tinme weaken the
effects g (,”Em'mm it has al so been found useful to bri ng the fuel
to conb ollowng treatnment, instead of treating it when it

I S produced and then to store it for an extended time in the treated state.
In the cog{se of further research it has been surpr|S|neg found that it
was possible to nmake so-called bio 0|Is up to nom/mere not suitable
for prodéePf§ BHgknéidd F’?éaﬂrﬁ‘&“fl@é (13)n Vt‘\%l A gy IREHERR t he
devi ce i pipeasidaned Wpptokitatelentl e SThen.device in accordance with the
invention for this purpose has a catalyzer upstreamof the reactor in the

flow direction, which preferably i s di sposed between the heating device
6. The device in accordance with claim 5, characterized in

that the reactor element (4, 22) is contained in a can-shaped
envelope (9), whose end walls are formed by screens {10, 11) of a
mesh width which is less than the greatest transverse dimension of

the smallest granules (12).

7. The device in accordance with claim 6, characterized in
that an inner screen (11) of relatively larger mesh width and an
outer screen (10) of relatively smaller mesh width are disposed on

at least one end of the can (9)

8. The device in accordance with claim 7, characterized in
that the inner screen (11) has a mesh width between 0.5 and 3 mm,
and the outer screen (10) a mesh width between 0.01 and 0.15 mm.

9. The device in accordance with one of claims 6 to 8,
characterized in that the can (9) is inserted in an outer housing
(1, 20) of the reactor by means of at least one seal ring (6, 7)

surrounding its circumference.

10. The device in accordance with one of claims 1 to 4,
characterized in that the reactor element (4, 22) consists of
granules (12) of a largest transverse dimension of approximately

0.05 to 1 mm, which are sintered together into a block.

11. The device in accordance with one of claims 1 to 10,
characterized in that the granules (12) have an inner core of
copper, to which a layer of tin has been applied, for example by

vacuum evaporation, at the same time forming the alloy.
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- 6- he reactor and is provided with a further heating device, by
nmeans of mmymﬂﬁ ed to approximately 400[ err] C during operation.
for exanple, of a honeyconb-shaped support body

The cat al'y
of cordierite, thf'ou%gh ich fuel can flow and which is coated with a

suitable catalytic material, for exanple LaCo(err]. A cracking process
takes place in the catalyzer at the stated terrperature I n which the |ong
nol ecul ar chains of the bio-oil, are conyerted | to She‘h}t ?llchaln

hydr ocar bons, wWlose THMARYIGH 1 ARG %ﬁé"’s ms 1 to 10,

characterized in that the granules (12) have an inner core of tin
oxide and copper oxide, on which a surface layer of the tin-copper
alloy is provided, which has been created by means of a reduction
process and heat treatment.

13. The device in accordance with one of claims 1 to 12,
characterized in that the heating device (3, 28) contains PCT

heating elements.

14. The device in accordance with one of claims 1 to 13,
characterized in that it is a part of an engine fuel line upstream
of an injection pump or a carburetor, and that the heating device
(3) is designed for heating the engine fuel prior to -entering the
reactor element (4) to approximately 40 to 80°C in case of

gasoline, or 50 to 200°C in case of Diesel oil.

15. The device in accordance with one of claims 1 to 13,
characterized in that it is a part of an engine or heating fuel
line upstream of a burner or an engine injection pump, and that a
catalyzer (24) is disposed upstream of the reactor (22) in the

flow direction.

16. The device in accordance with claim 15, characterized
in that the catalyzer (24) is disposed between the heating device
(28) and the reactor (22).

17. The device in accordance with claim 15 or 16,
characterized in that the catalyzer (24) is provided with a
further heating device (26), by means of which it can be heated to
a temperature of approximately 400°C during operation.

-14-
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inproved by the treatnent in the reactor proposed by the invention in such

' llmﬂlﬁroduct of the treatnent can be used as an engi ne or
heat n‘m m‘“ l ely afterwards. A particul ar advantage of the
proposedcar¥ afgerfent of the catal yzer and the reactor behind each other in

the flow direction lies in that the heating of the bio-o0il in the catal yzer
necessary for cracking can si mJItaneoust be used also for the treatnent in

t he reactor. C et erature red in the catalyzer.is

consi derabl y hllgén LJ{i'hearf{ee[ &G erthet At %% A Y e acéf% mSidp o 17,

pr ef er r @dhaem@mﬁd drhadatexdreampsraliyzer rbz@ed:cmsxstss ey M ehame Y@t ng
fuel Eﬁﬁﬂg fod tad M ﬂgﬂ/qﬁ doynst ream reactor in
the fl o\%%(??’%\gg%t‘f tﬁrboudéﬁ c\fﬁ &%1 éﬁirer engl ne or heatl n %e‘fmm%ch al ready
has beeSatpdattd® iMrtatd alatand A Bioh mhise el on the other
hand, is still to be treated in the catal yzer, flows At Ieast one of the

heat exchangers |s suitably provided with a steam arator which is
connected to artair ﬂ?pi‘fea‘%gi‘r%g 10 G arfép%lﬂ’r%i‘ '?SJ]r 'ﬁel%ng?kl‘%ra‘:terlze‘i
Exenpl any emzadittentcatefl tthies inatentiadn g |ladwoexpl ai ned in

20. The device in accordance with one of claims 15 to 19,
characterized in that a heat exchanger (30, 32) is disposed in the
heating or engine fuel line downstream of the catalyzer (24) in
the flow direction and/or downstream of the reactor (30, 32),
through which flows heating or engine fuel which, on the one hand,
has already been treated in the catalyst (24) and, on the other
hand, fuel still to be treated in the catalyzer (24).

21. The device in accordance with claim 20, characterized
in that at least one heat exchanger (30, 32) is provided with a
steam separator (34, 35), which is connected with an air

aspiration line of the burner or engine.
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detail bel ow by nmeans of the enclosed drawi ngs. Shown are in: Fi g.

1, a longitudinal sectional view of a device for treating engine fuel;

Fig. 2, a longitudinal sectional view of one of the reactor elements of the
reactor in accordance with Fig. 1, and

Abstract

Device for the Treatment of Engine and Heating Fuels
Obtained from Mineral 0il or From Plants

The device is used for treating engine and heating fuels
obtained from mineral oil or plants. It has a heating device (3)
for heating the liquid engine or heating fuel and a reactor (1)
containing at least one reactor element (4) which consists at
least partially of a tin alloy on the surface. This tin alloy
contains 0.2 to 20 weight-% of copper as the alloy element with
the greatest proportion by weight added to the tin. The reactor
element consists of a plurality of loose or connected granules of

a transverse dimension of at most 5 mm.

Fig. 1

-16-
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Fig. 3, a longitudinal sectional view of a device simlar to Fig. 1 with an
upstream connect ed catal yzer. The reactor represented in Fig. 1 has
a housing 1 with an inlet opening 2 at the lower end in Fig. 1. At that

pl ace there is a heating device 3, for exanple in the formof PCT el enents,
inthe interior of t rgactor housing 1 which, w thout an el aborate
control, provides tdge gtlng of the,engine fuel flowng into the reactor
housing 1 through t et 2 to a
exanpl e. The heating deV|ce 3 coul o alternatively be operated by neans
of a heating fluid heated in the e or a heater. In the exanpl e,
two reactor elenents ve been insfgrted in series behind each other into
the reactor housing 1. A screenfg5 is | ocated downstreamthereof in the
flow direction, which closes offttheXtreatnent chanberlin the reactor
housing 1 at the top in Fig. 1. ThgiN dactor el enen 4 are sealed in
respect to the reactor housing 1 by{ndgans of cireunferential seals 6 and 7

/5

ined tenperature of 70[err]C, for

—
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in the treatnent chanber in such a way, that no flow gap is created at the
circunference. Thus the fuel is forced to flow fromthe inlet opening 2
through the reactor elenments 4 to an outlet opening 8 at the upper end of
the reactor housing in Fig. 1. Fig. 2 shows one of the reactor

el enments 4 of the device in Fig. 1 on an enlarged scale. It consists of a
can- shaped envel-ope 9 and respectively two screens 10, 11 at the | ower and
upper front ends in Fig. 2. The two screens 10, 11 differ in their nmesh
size, which is coarse in the screen 11 and fine in the screen 10. For
exanple, with the screen 11 it can be 0.5 to 3 mm and with the screen 10
0.01 to 0.15 mm The interior chanber delimted by the envel ope 9 and the
screens 10, 11 is filled with granular reactor particles 12 which have a

| ozenge-1i ke shape in the exenplary case represented. They consist of an

alloy with 80 to 9?3892§in and
Tig.&

11
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- 8- 0.2 to 20% copper. Their largest dinension, i.e. their greatest

di ameter, is approximately 1 to 5 nm The granules or reactor particles are
in a loose bulk formin the envelope 9. Following their insertion, they are
preferably first dipped into an organic acid, for exanple formc, acetic or
oxalic acid,~for_the renoval of oxides, and then into heating oil or

gasol i ne. TH%%;éictor el enments 4 arge ready for storage and installation
after this = v r

n
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pretr @nﬁﬁ[’LACEMENT gﬂgggora(s rcah enbodi ment, the reactor housing 1 has

an in Cldpaam?tpa ed®f . 1 nd | engt h of 200 mm The inl et and»cw(lslet
openi Glainds)a clpgg diné tgcégm‘i 4 The heating device 3 with PCT heat i ng

el emght’é Drewitiges - @,a rr? ertherafure of 120[err] C and has a heat out put
of 140 B\AbItagerenv éﬁgwgt oiPag T e ctor elenents 4 consists of alum num
Its gxterior diam ‘B@“%ﬁ&nd its.iength 45 nm The flat reactor

partlclmﬁﬁ.b‘ t of alloyo 96 -wei ght-% of tin and 4 wei ght-% of
copper—ant—+hey PRTCA) 7e}r off 3 mMm The nmesh width of the inner screen

11 is 1 rrmand t he one of the screen 10 0 08 nm The stlll finer screen 5
in front of theDeyd faneclhe L=at Qi ¢ mnFuelisor to

their installation i nogbslﬁ@@%&fm fm&%&.—am éxltg'@ f@&&tﬁarﬁéseﬂems 4 have
been successively dipped in acetic acid and then Diesel oil. Three reactor

el ements 4 are provided behind each other in the practical enbodi nent. The
seal 6, 7 betweé&het hovenvidopeslareandot bedeeacst ofohaiisd nyrebhtareatsedl rings

made of cautfhane, nwht ehy have AruRsliaekoE -gh aREL & Pfo 70D 3idnaa,

having a heating device for heating them and a reactor through

which a flow can pass and containing at least one reactor element
which consists at least partially of a tin alloy on the surface.

It is known that it is possible to improve the combustion
properties of liquid heating and engine fuels by forming ignition
nuclei, which ensure a more even combustion process and thus the
reduction of nitric oxide expulsion and of the carbon monoxide
portion in the exhaust gas and, in connection with Diesel fuel,
the reduction of the soot formation. For this purpose, additives
are mixed in with the heating or engine fuels during their
production or when filling the tank. Alternatively it is also
possible to admix the additives to the fuel or the combustion air
from a separate tank via a metering device. It is disadvantageous
in connection with this method that the additives are expensive
and in many cases also poisonous. The latter is the case mainly
in connection with particularly effective organometallic
substances. It is therefore not possible without danger to
provide an additive to the heating or engine fuel or to dispense
it as a concentrate for filling in tanks, because these poisonous
materials would have to be produced and sold in a concentrated
form.

A device of the above species is also already known, whose
reactor elements consisted of large granules of a transverse
dimension of approximately 25 mm made of a tin alloy, which
contained mercury, lead and antimony as alloy elements. Although
it was possible by means of this to positively affect the
combustion progress, a broad application of such a device in motor
vehicles and heating installations is not possible, because part

30 svsf;;ms_az




interior diameter of 65 nm In connection with an exenpl ary

enbodi nent not shown in the drawi ngs, the dianeter of the granules or
reactor particles 12 is only 0.5 nm They have a core nmade of copper and
their surface has been covered with tin by vacuum evaporation. Since a tin-
copper alloy has a lower nelting tenperature as respectively copper and tin
by thenselves, the desired alloy on the.surface of

of the poisonous components of the reactor reach the atmosphere
through the exhaust gases.

It is therefore the object of the invention to provide a
device of the type mentioned at the outset, which, in respect to
the improvement of the combustion properties, leads to results
comparable with the last mentioned device, but pollutes the
environments considerably less and is less injurious to health
even with broader application, so that with an cptimal design
practically no negative effects occur for the environment and
health.

The above object is attained in accordance with the
invention in that the tin alloy on the surface of the reactor
element contains 0.2 to 20 weight-% of copper as the alloy element
with the largest proportion by weight added to the tin, and that
the reactor element consists of a plurality of granules which are

. loose or attached to each other and have a diameter of at most 5
mm. Except for the usual impurities, the tin alloy at the surface
of the reactor element preferably exclusively contains copper in a
proportion within the cited limits. Particularly good results can
be achieved in this case if the proportion of copper amounts to
approximately 2 to 8 weight-% of the tin alloy on the surface of
the reactor element. A copper proportion of approximately 4 to 5
weight-% has been shown to be optimal in tests up to now.

While the increase in efficiency of the engines and the
improvement of the exhaust gases can be easily measured when using
a device in accordance with the invention, the consumption of
reactor material is so small, that so far it was not possible to
quantify it with the available measuring devices. In this case
the fact must be taken into ¢onsideration that in actual
operations components of the engine or heating fuel are deposited

on the reactor. In any case, the possible time of use of the
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with at

t he copper core results during the vacuum evaporation of tin and
| east heating the surface of the copper cores to a tenperature

slightly below the nelting tenperature of tin. The granules produced in
this manner are suitable for sintering. In this way it is possible to
produce porous bl ocks which can be insgrted, with or without an envel ope
9, into a reactor housing 1 by neans ef- seal rings 6, 7. Prior to
installation it is also possible to performrinsing in an organ ¢ acid and
subsequently wth gasoline or Diesel oil. As a whole, the production
process BrEPOSREWKEECRDF %X5q56ssitie sREMiERel bfre dHra mafstrorveblichent s 4
with | oozeigiulek &bl khath &t eaKdtange Wst Aot BecdssdMt. because of the snaller

el enent he sanme

granules with S%ﬁg!?gchéngénﬁﬁyt”EF%i§§§s8$%%£%bﬁﬁgﬁ%%%ﬁp§ EaFﬁr?% st bul k

effective surface i s achieved as w

fill.

mﬁ@nlggiﬁ@agih§e¢aqﬂgﬁﬁg§ically not be measured, and in addition

the fact that these are only the easily tolerated elements tin and
copper, show that even with broad employment of the proposed
device it is not necessary to accept harmful side effects for the
ecologically advantageous-effects of the reduction of the heating
and engine fuel consumption and the improvement of the exhaust
gases. However, it is essential in connection with the desired
positive effect, that the engine or heating fuel is heated prior
to flowing through the reactor, and that the effective surface of
the reactor element is as large as possible. In connection with
the invention it is therefore provided that the granules
constituting the reactor element have a transverse dimension, i.e.
with round granules a diameter, which is 5 mm at most.

If the reactor element is provided in loose bulk fill of
the granules, which preferable have a largest transverse dimension
of approximately 1 to 5 mm, it is practical to place them into a
can, whose end walls are constituted by screens with a mesh width
which is less than the largest transverse measurement of the
smallest granules. It is possible to prefabricate and store the
reactor element and to handle it as one component during assembly.
In the preferred practical embodiment an inner screen with a
relatively greater mesh width and an outer screen with a
relatively finer mesh width are disposed on at lest one end of the
can. In order to assure that the engine or heating fuel flows
through the bulk granules, it is recommended to insert the can
into an outer housing of the reactor by means of at least one ‘seal
ring enclosing its circumference.

In an alternative practical embodiment, the reactor element

consists of granules of a greatest transverse dimension of 0.05 to
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as reactor elenents it is therefore possible for the tube-shaped react or
housing 1 to have an interior dianeter of, for exanple, only 44 mmand a
| ength of 150 nm Inlet and outlet openings with a clearanee are

provided. The heating device 3 again contains PCT Eﬁ“SﬂﬁE%T*" th a
maxi mum t enperature of 120[err]C,~ whepein the heatar outRmLﬁG&Dt hj ase
Is 45 W Only two reactor bodies in the formof the Ld—stTiter bl ocks are

provi ded. In a reactor which in respect to the | ast nentioned

exenmpl ary enbodinment is nodified, the two reactor bodies consist_of an

al um numtc&rer “Ri €h RaveReen Hlarered BPIFDNM EhdE UM enFlR<EF 38R it h a
filling mg_ehcaespe@thﬂfcy moRNiIfsigudt 8ossnedr itk saatlai hedofemenud N and
copper oxi de rti S R i 3 : ' ter. lncthj se t he
weront ¢ 4FrguBRey VS ity FERGBESTIVELY: ST DR on B BbPptE
mat eri al swas 8i neer ethat theoBtadndoshodgea Wt o wiptinoRlafes to

appr oxi mgbehy 1808 ddessd Ntwic hheeksavwene soIfaeesgRBUcCedtiveen byeragan

flow at EQQEEErLg%LEE f%%é@émcéT@%er8%859£s9355§§¥6¥%‘%Eg%ee, it is
provided in a further advantageous embodiment of the invention for
the granules to have an inner core of copper, on which a layer of
tin is placed, for example by vacuum evaporation, at the same time
forming an alloy. Even with this production method it is
necessary to take care that not too much tin is applied by vacuum
evaporation in order to avoid the mentioned running together. In
addition, a surface of the reactor purely ot tin would not be as
effective as the above recited tin alloy. Although so far the
effective mechanism of the reactor has not yet been fathomed,
. presumably there is a connection between the amount of the organo-
tin compounds, formed in the course of the flow through the
reactor by chemical reactions, leading to the attachment of tin
atoms to hydrocarbon molecules of the heating and engine fuel, and
the melting temperature of the tin alloy which, with a copper
proportion of 4 to 5%, is optimally low and increases with a
higher copper proportion as well as with a tin proportion higher
than 95 to 96%. |

To obtain a reactor element, in particular a sinter block,
with a surface of an effective tin-copper alloy, the granules can
also have an inner core of tin oxide and copper oxide. It is
possible in this case to obtain a surface layer of the recited
tin-copper alloy by reducing the surface of the granules in a
hydrogen flow and to produce the alloy by heating past the melting
point of the reduced surface layer.
The heating device provided in accordance with the

invention preferably contains PCT heating elements for heating the

X
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-10- subsequent |y successively dipped in acetic acid and gasoline prior
to their installation. The device represented in Fig. 3 contains a
reactor consisting of three reactor elenments 22 in a nulti-piece housing
20. As in the exenplary enbodinents of Figs. 1 and 2.__the reactar.glgnents
22 can respectively contain a | oose buJ§<_f|II of a “*’wﬁwmml

l

REPLACED

engine and heating fuels. It has been found that success was all
the greater, the higher the temperature of the engine and heating
fuel can be in the reactor, taking into consideration in
individual cases the marginal conditions there, such as the
avoidance of gas bubbles, maintaining the lubricating capability,
etc. The PCT heating elements are suitably disposed upstream of
the reactor in the liquid flow, so that the engine or heating fuel
already has the optimally high temperature when to entering the
reactox. If the device in accordance with the invention is a part
of the fuel line and is disposed upstream of an injection pump or
a carburetor, the heating device will be designed in the normal
case for heating the engine fuel prior to entry into the reactor
to approximately 40 to 80°C in case of gasoline, or 50 to 200°C in
case of Diesel oil. 1In this case it is recommended to attach an
engine fuel filter upstream of the heating device in the direction
of flow, but in any case upstream of the reactor. It had been
found that a fuel filter disposed downstream of the reactor
results in a reduction in the reactor effect. This negative
effect can possibly be the result of a chemical reaction of the
treated engine fuel with deposits in the filter. On account of
further chemical reactions of the treated engine fuel, which over
time weaken the effects of the treatment, it has also been found
useful to bring the fuel to combustion directly following
treatment, instead of treating it when it is produced and then to
store it for an extended time in the treated state.

In the course of further research it has been surprisingly
found that it was possible to make so-called bio-oils, which up to
now were not suitable for producing engine or heating fuels, into
such fuels by means of the device in accordance with the
invention. The device in accordance with the invention for this
purpose has a catalyzer upstream of the reactor in the flow
direction, which preferably is disposed between the heating device
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granul ar reactor material, consisting of a tin-copper alloy with the above
recited alloy proportions in an envel ope and between screens at the ends.
However, the reactor elenents 22 can alternatively also be sinter blocks
whi ch, for exanple, consist of copper granules on which tin has been pl aced
by vacuum evaporation and which have tpen been sintered. These sinter

bl ocks can be inserted either directly—4nto the housing 20, or first into
envel opes which are then inserted into the reactor housing 20. In
the flow path of the rapeseed oil to be treated, a catalyzer 24 is arranged
I N seri esndMthe ardcupst rednisf prdreidesniotich el énenher2Reamnindeidviaw, by

di rectiop, r@eoé:%ql Yot 24 héa@e@oazﬁya&;%%xe geézgeao?m@ed ,]rgggrdi erite

coat ed mnt% Cogerr], I s used crac ul ar chains
of the r%%%%aete‘dmol I Té‘ﬁdcf*ﬁf*ll’éﬁﬁc‘?%b qot@lé%ygéﬁrcﬁﬁﬁ‘éﬂ%e' Xfr i%hg operati on
it is hembegydanke sheppdr atpper of bappraiicoatieky 1 480[ enrdéghbwineansuel a

neat i ng deyi £ 264l SROSRY, gncéatef%tmerngngcaslgeémﬂ%ae%'n&%e%% with a

pluralit 8 el'enents 1s provi upstream e cataﬁyzer 24
in the fFfy RS &ﬁ oPR - adBi ET¥Fkinch@rocess takes place in

catalyzer at the stated temperature, in which the long molecular
chains of the bio-o0il are converted into shorter chain
hydrocarbons, whose combustion properties are subsequently
improved by the treatment in the reactor proposed by the invention
in such a way, that the end product of the tfeatment can be used
as an engine or heating fuel immediately afterwards.

A particular advantage of the proposed arrangement of the
catalyzer and the reactor behind each other in the flow direction
lies in that the heating of the bio-oil in the catalyzer necessary
for cracking can simultaneously be used also for the treatment in
the reactor. Since the temperature required in the catalyzer is
considerably higher than the temperature used for the reactor, in
a preferred embodiment a heat exchanger is arranged in the engine
or heating fuel line downstream of the catalyzer and/or downstream
of the reactor in the flow direction, through which the engine or
heating fuel, which already has been treated in the catalyzer on
the one hand and which, on the other hand, is still to be treated
in the catalyzer, flows. At least ocne of the heat exchangers is
suitably provided with a steam separator, which is connected to an
air aspirating line of the burner or the engine.

Exemplary embodiments of the invention will be explained in
detail below by means of the enclosed drawings. Shown are in:

Fig. i, a longitudinal sectional view of a device for
treating engine fuel;

Fig. 2, a longitudinal sectional view of one of the reactor

elements of the reactor in accordance with Fig. 1, and




device represented in Fig. 3 has a first heat exchanger 30 between the
catal yzer 24 and the reactor elenents 22, and a second heat exchanger 32
downstream of the reactor elenents 22 in the flow direction. On
their outlet sides, the heat exchangers 30 and 32 are connected to
respective steam evaporators 34 or 36,_hich are each connected with a
steamline 38 leading to an air aspiratiLon |ine of a burner, not shown.

Fig. 3, a longitudinal sectional view of a device similar
to Fig. 1 with an upstream-connected catalyzer.

The reactor represented in Fig. 1 has a housing 1 with an
inlet opening 2 at the lower end in Fig. 1. At that place there
is a heating device 3, for example in the form of PCT elements, in
the interior of the reactor housing 1 which, without an elaborate
control, provides the heating of the engine fuel flowing into the
reactor housing 1 through the inlet 2 to a defined temperature of
70°C, for example. The heating device 3 could also alternatively
be operated by means of a heating fluid heated in the engine or a
heater.

In the example, two reactor elements 4 have been. inserted
in series behind each other into the reactor housing 1. A fine
screen 5 is located downstream thereof in the flow direction,
which closes off the treatment chamber in the reactor housing 1 at
the top in Fig. 1. The reactor elements 4 are sealed in respect
to the reactor housing 1 by means of circumferential seals 6 and 7
in the treatment chamber in such a way, that no flow gap is
created at the circumference. Thus the fuel is forced to flow
from the inlet cpening 2 through the reactor elements 4 to an
outlet opening 8 at the upper end of the reactor housing in Fig.
1.

Fig. 2 shows one of the reactor elements 4 of the device in
Fig. 1 on an enlarged scale. It consists of a can-shaped envelope
9 and respectively two screens 10, 1l at the lower and upper front
ends in Fig. 2. The two screens 10, 11 differ in their mesh size,
which is coarse in the screen 11 and fine in the screen 10. For
example, with the screen 11 it can be 0.5 to 3 mm, and with the
screen 10 0.0l to 0.15 mm. The interior chamber delimited by the
envelope 9 and the screens 10, 11 is filled with granular reactor
particles 12 which have a lozenge-like shape in the exemplary case

represented. They consist of an alloy with 80 to 99.8% tin and
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In the device represented, the rapeseed oil or another oil obtained from
plants is introduced into the heat exchanger 32 through a feed lIine 40 and
t herefore absorbs heat fromthe finished treated heating oil flow ng out of
the reactor elenents 22 and then, after flow ng through the heat exchanger
32, via a line 42 to the burner, not shown. The rapeseed oil

al ready preheated in the heat exchanger_32, is conducted via a |ine 44 on
whi ch the steam separator 36 is arranged, to the even hotter heat exchanger
30 between the catalyzer 24 and the reactor elements 22. The rapeseed oil,
whi ch i s0s®i kb 20% t¢rppereat dhetifelargpanvdimenfd dfeatt -ExchBRAYErIBIRRASE a

line 46 qnapbieh, the sipamiseRalat or c34simm di sprsedanwhieshok Sredsmor

comnect<Catt i Aonl4 T8 10 A EIRY' PRNG, JERTLRATBE b7 1R8I
their insertion, they are preferably first dipped into an organic
acid, for example formic, acetic or oxalic acid, for the removal
of oxides, and then into heating oil or gasoline. The reactor
elements 4 are ready for storage and installation after this
pretreatment.

In a practical embodiment, the reactor housing 1 has an
interior diameter of 70 mm and a length of 200 mm. The inlet and
outlet openings have a clearance of 10 mm. " The heating device 3
with PCT heating elements reaches a maximal temperature of 120°C
and has a heat output of 140 W. The envelope 9 of the reactor
elements 4 consists of aluminum. Its exterior diameter is 66 mm
and its length 45 mm. The flat reactor particles 12 consist of an
‘alloy of 96 weight-% of tin and 4 weight-% of copper and they have
a diameter of 3 mm. The mesh width of the inner screen 11 is 1 mm
and the one of the screen 10 0.08 mm. The still finer screen 5 in
front of the outlet opening 8 has a mesh width of 0.04 mm. Prior
to their installation in the reactor housing 1, the reactor
elements 4 have been successively dipped in acetic acid and then
' Diesel oil. Three reactor elements 4 are provided behind each
other in the practical embodiment. The seal 6, 7 between the
envelopes 9 and the reactor housing 1 are seal rings made of
caoutchouc, which have an exterior diameter of 70mm and an
interior diameter of 65 mm.

In connection with an exemplary embodiment not shown in the
drawings, the diameter of the granules or reactor particles 12 is
only'b.S mm. They have a core made of copper and their surface
has been covered with tin by vacuum evaporation. Since a tin-
copper alloy has a lower melting temperature as respectively
copper and tin by themselves, the desired alloy on the surface of




crude oil into a reservoir 48 of the honeyconb catal yzer 24, in which the
heating device 28 still further heats the crude oil preheated in the heat
exchangers, before it enters the catal yzer 24. Because of heating by neans
of the additional heating device 26, the crude oil in the catalyzer 24
reaches a tenperature of approximately 400[err]C. In the process, the |ong
mol ecul ar chains of the crude oil are.gracked and the oxygen content .
reduced. The still hot oil treated in-+his manner is subsequently cooled in
t he heat exchanger 30, but still has a tenperature of, for exanple,

200[err] C when entering the reactor elements 22. The reactor generates a
suffici ehe sepdrr oirei gesuilon ducieg iwnt¢u£ummebvabbrseibhabf whernardd

| t.Of<ch 2 the || L h
eaves {fenreactdys: %%.lcnag Phyi 8} fcé &ﬁfch%c %% 8}%29 %

éo&ed t hr ough

t he heat exchan er E s suited or su ean burning or as an
engi ne fFg@peratuze s ~9ht vy below the melting cnmnerature of tin. The
granules produced in this manner are suitable for sintering. In

this way it is possible to produce porous blocks which can be

inserted, with or without an envalope 9, into a reactor housing 1

by means of seal rings 6, 7. Prior to installation it is also

possible to perform rinsing in an organic acid and subsequenrcly

with gasoline or Diesel oil. As a whole, the production process

is somewhat more expensive than the one for rsactor elements 4

with loose bulk £ill in accordance with Fi

(o]

2, but because of the

smaller granules with smaller exterior dimensions of the reactor

pa

element, the same effective surface

] a;b ved as with the

reactor elements 4 in loose bulk £ill. When using sinter blocks

as reactor elements it is therefors possible for the tube-shaped

reactor housing 1 to have an interior diameter of, for
only 44 mm and a length of 150 mm. Inlet and outlet cp
a clearance of 6§ mm are provided. The heating device 3

example,
enings with

again

contains PCT heating elements with a maximum temperature of 120°C,

wherein the heater output in this case is 45 W. Only two rsactor

bodies in the form of the said sinter blocks are provided.

In a reactor which in respect to the last mentioned
exsmplary embodiment is modified, the two reactor bodies consist

(o]

£ an aluminum cover with an outer diameter of 40 mm and a length

of 35 mm with a filling which respectively consists of a sinter

block obtained from tin and copper oxide particles of

approximately 0.3 mm diameter. In this case the weight ratio of

tin oxide to copper oxide was approximately 98 to 2. The ‘material
was sintered at 1,000°C and shows a water absorption of |
approximately 30%. The sinter blocks were surface-reduced in a
hydrogen flow at 300°C for 30 min. The reactor particles were
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-12- Cl ai s 1. A
device for the treatnent of engine and heating fuels obtained fromm neral
oil or plants, conprising a heating device for heating the fuel, and a
react or through which a flow of fuel can pass, said reactor cont ai ni ng at

| east one reactor element having a tin,glloy onits surface, said tin alloy
on the surface of the reactor elenent containing primarily tin and
containing fromO0.2 to 20 wei ght-% of copper as the alloy elenment with the
| ar gest proportlon by wei ght added to the tin, said reactor elenent

conpri si #§ éeﬁPﬁPEWtﬁu%?Eﬁlﬁﬁ}lYeglmﬁéhl&r%ﬂf%ea%d weidc gagpéiaetpeien to

each othep ahdir installation.

The device represented in Fig. 3 contains a reactor
consisting of three reactor elements 22 in a multi-piece housing
20. As in the exemplary embodiments of Figs. 1 and 2, the reactor
elements 22 can respectively contain a loose bulk fill of a
granular reactor material, consisting of a tin-copper alloy with
the above recited alloy proportions in an envelope and between
screens at the ends. However, the reactor elements 22 can
alternatively alsc be sinter blocks which, for example, consist of
copper granules on which tin has been placed by vacuum evaporation
and which have then been sintered. These sinter blocks can be
inserted either directly into the housing 20, or first into
envelopes which are then inserted into the reactor housing 20.

In the flow path of the rapeseed oil to be treated, a
catalyzer 24 is arranged in series with and upstream of the
reactor elements 22 in the flow direction. The catalyzer 24 is a
honeycomb catalyzer made of cordierite coated with LaCo0j3, and is
used for cracking the long molecular chains of the rapeseed oil
and for reducing its oxygen content. During operation it is
heated to a temperature of approximately 400°C by means of a
heating device 26 disposed on it. Furthermore, a heating device
28 with a plurality of PCT heating elements is provided upstream
of the catalyzer 24 in the flow direction. In addition, the
device represented in Fig. 3 has a first heat exchanger 30 between
the catalyzer 24 and the reactor elements 22, and a second heat
exchanger 32 downstream of the reactor elements 22 in the flow
direction.

On their outlet sides, the heat exchangers 30 and 32 are
connected to respective steam evaporators 34 or 36, which are each
connected with a steam line 38 leading to an air aspiration line

of a burner, not shown.

3O MAY 997,



whi ch have a dianeter of at nost 5 nm 2. The device in
accordance with claim 1, wherein the tin alloy consists essentially of tin
and 0.2 to 20 wei ght-% of copper. 3. The device in accordance
with claiml or 2, wherein the copper content of the tin alloy is
approximately 2 to 8 weight-%of the tin alloy on the surface of the
reactor el enent. 4. The dé&¥ifce in accordance with claim 3,
wherein the copper content of the tin alloy is approximately 4 to 5

wei ght-% of the tin alloy on the surface of the reactor elenent.

5. The devi Cen i dhAGei1daneepPetBnekbal M e OfagasdEIHRIN kNEnb€RCE i)

el ement obtained from plants is introduced into the heat exchanger 32
through a feed line 40 and therefore absorbs heat from the
finished treated heating oil flowing out of the reactor elements
22 and then, after flowing through the heat exchanger 32, via a
line 42 toc the burner, not shown.

The rapeseed oil, already preheated in the heat exchangerx

32, is conducted via a line 44 on which the steam seéarator 36 1is
arranged, to the even hotter heat exchanger 30 between the
catalyzer 24 and the reactor elements 22. The rapeseed cil, which
is still further heated there, leaves the heat exchanger 30 via a
line 46 on which the steam separator 34 is disposed, which is also
connected with the line 38 for removing the steam formed in the
heat exchanger. The line 46 conducts the rapeseed o0ll or other
crude oil into a reservoir 48 of the honeycomb catalyzer 24, in

. which the heating device 28 still further heats the crude oil
preheated in the heat exchangers, before it enters the catalyzer
24. Because of heating by means of the additional heating device
26, the crude oil in the catalyzer 24 reaches a temperature of
approximately 400°C. In the process, the long molecular chains of
the crude oil are cracked and the oxygen content reduced. The
still hot o0il treated in this manner is-subsequently_cooled in the
heat exchanger 30, but still has a temperature of, for example,
200°C when entering the reactor elements 22. The reactor
generates a sufficient number of ignition nuclei in the fuel oil
so that, when it leaves the reactor housing 20 via the line 32
after having flowed through the heat exchanger 32, it is suited

for sufficiently clean burning or as an engine fuel.

N |



conprises a | oose bulk fil

of said granules. 6. The devi ce

n

accordance with claimb5, wherein the reactor el ement conprises a can-shaped

haV|

envem
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each of said end walls conprising a screen
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mmg g@ﬁ |ch is less than the greatest transverse di mension of

_12- THIS SHEET HAS BEEN
—_— REPLAGED
Claims

1. A device for the treatment of engine and heating fuels
obtained from mineral oil or plants, having a heating device (3,
28). for heating them and a reactor (1, 20) through which a flow
can pass and containing at least one reactor element (4, 22) which
consists at least partially of a tin alloy on the surface,
characterized in that the tin alloy on the surface of the reactor
element (4, 22) contains 0.2 to 20 weight-% of copper as the alloy
element with the largest proportion by weight added to the tin,

and that the reactor element (4, 22) consists of a plurality of

granules (12) which are loose or attached to each other and have a
diameter of at most S5 mm.

erized in

2. The device in accordance with claim 1, characte
that the tin alloy on the surface of the reactor element (4, 22)

exclusively contains 0.2 to 20 weight-% of copper and the usual

impurities.

3. The device in accordance with claim 1 or 2,
characterized in that the proportion of copper is approximately 2

to 8 weight-% of the tin alloy on the surface of the reactor

element (4, 22).

4. The device in accordance with claim 3, characterized in

that the proportion of copper is approximately 4 to 5 weight-% of
the tin alloy on the surface of the reactor element (4, 22).
5. The device in accordance with one of claims 1 to 4,

characterized in that the reactor element is constituted by a
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smal | est granul es. : The device in accordance with claim®6,
wher ei sald end walls conprises an inner screen of

rel ati Umm, ,muumm#ﬂllm ze and an outer screen of relatively smaller nesh
si ze. s The device in accordance with claim7. wherein the

I nner screen has a nesh size between 0.5 and 3 mMm arqmgg%gte{;\ssgﬁam has

a nmesh size between 0.01 and 0.15 nm_q5._ 9. [The ggpmmn )
accordance with claim®6, wherein said-+eactor conprises—an-ott-ef—heustng
and wherein said can-shaped envel ope is sealed within said outer housing.

loose bulk £ill of granules (12) of a greatest transverse

dimension of approximately 1 to 5 mm.

6. The device in accordance with claim 5, characterized in
that the reactor element (4, 22) is contained in a can-shaped
envelope (9), whose end walls are formed by screens (10, 11) of a
mesh width which is less than the greatest transverse dimension of

the smallest granules (12).

7. The device in accordance with claim 6, characterized in
that an inner screen (11) of relatively larger mesh width and an
outer screen (10) of relatively smaller mesh width are disposed on

at least one end of the can (9)

8. The device in accordance with claim 7, characterized in
‘that the inner screen (11) has a mesh width between 0.5 and 3 mm,
and the outer screen (10) a mesh width between 0.0l and 0.15 mm.

9. The device in accordance with one of claims 6 to 8,
characterized in that the can (9) is inserted in an outer housing
(1, 20) of the reactor by means of at least one seal ring (6, 7)
surrounding its circumference.

10. The device in accordance with one of claims 1 to 4,
characterized in that the reactor element (4, 22) consists of
granules (12) of a largest transverse dimension of approximately
0.05 to 1 mm, which are sintered together into a block.

11. The device in accordance with one of claims 1 to 10,
characterized in that the granules (12) have an inner core of
copper, to which a layer of tin has been applied, for example by

vacuum evaporation, at the same time forming the alloy.
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The device in accordance with claiml1l or 2, wherein the reactor

elene " nul es having a | argest transverse di nensi on of
appro;<’I mmi“ﬂ ﬁqmﬁ 1 mm said granules being sintered together into a

The device in accordance with claim1 or 2, wherein
the granules have an inner core bearing a layer of said tin alloy.

12. The device in accordance with clygm 11, wherein said core_conprises
tin oxide or copper oxide. 13— The devi ceqq Iﬁ; mﬁfd@ncesmqth
claiml1l or 2, wherein said heating device PCT heatlhg eI%ﬁehp

14. The deV|ce in accordance with claim24, whereln. said cat. iy%erels
di sposed

12. The device in accordance with one of claims 1 to 10,
characterized in that the granules (12) have an inner core of tin
oxide and copper oxide, on which a surface layer of the tin-copper
alloy is provided, which has been created by means of a reduction

process and heat treatment.

13. The device in accordance with one of claims 1 to 12,
characterized in that the heating device (3, 28) contains BCT

heating elements.

14. The device in accordance with one of claims 1 to 13,
characterized in that it is a part of an engine fuel line upstream
of an injection pump or a carburstor, and that the heating device
(3) is designed for heating the engine fuel prior to entering the
rsactor element (4) to approximately 40 to 80°C in case of
gasoline, or 50 to 200°C in case of Diesel oil.

15. The device in accordance with one of claims 1 to 13,
characterized in that it is a part of an engine or heating fuel
line upstream of a burner or an engine injection pump, and that a
catalyzer (24) is disposed upstream of the reactor (22) in the

flow direction.

' 16. The device in accordance with claim 15, characterized
in that the catalyzer (2¢4) is disposed between the heating device

(28} and the reactor (22).

17. The device in accordance with claim 15 or 16,
characterized in that the catalyzer (24) is provided with a
further heating device- (26), by means of which it can be heated to

a temperature of approximately 400°C during operation.

This Sheet Has Been Rep
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bet ween the heatin
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g devi ce and the reactor.
The device in accordance with

furt her Wfﬂfllﬂﬂilliﬂﬂ Lffl

18.

characterized in that the catalyzer (24)

-15-

The device in accordance with one
cons

claim 24, conprising a

of claims 15 to 17,
ists of a honeycomb-

shaped support body of cordierite, which is coated with a

catalytic material and through which fuel can flow.

19.

in that the catalytic material

20.

characterized in that a heat exchanger (30,

The device in accordance with cla
is LaCo0Qj3.

The device in accordance with one
3

im 18, characterized

of claims 15 to 18,

2) is disposed in the

heating or engine fuel line downstream of the catalyzer (24) in

the flow direction and/or downstream of the reactor

(30, 32),

through which flows heating or engine fuel which, on the one hand,

has already been treated in the catalyst (24)

hand,

21.
in that at

steam separator

aspiration

This Sheet Has

LT,

in accordance with cla
32)

The device
least one heat exchanger (30,
(34, 35),
line of the burner or engine.

Replaced

|

and, on the other

fuel still to be treated in the catalyzer (24).

im 20, characterized

is provided with a

which is connected with an air
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for heating said fuel to a tenperature of approximately 400 [err] C during

oper ati on. 16. The device in accordance with claim24, wherein
the catal yzer conpri ses a honeyconb- shaped support body of cordierite,
which is coated with a catalytic materi al and t hrough which fuel can
flow. 17.  The device in accgrdance with claim18, wherein the
catalytic materi al conpri ses LaCo(-etr]. 18. The device in
accordance with claim 26, wherein at |east one of said heat exchangers

is provided with a steam separator having an air aspiration |line.

Abstract

Device for the Treatment of Engine and Heating Fuels
Obtained from Mineral 0il or From Plants

The device is used for treating engine and heating fuels
obtained from mineral oil or plants. It has a heating device (3)
for heating the liquid engine or heating fuel and a reactor (1)
containing at least one reactor element (4) which consists at
least partially of a tin alloy on the surface. This tin alloy
contains 0.2 to 20 weilght-% of copper as the alloy element with
the greatest proportion by weight added to the tin. The reactor
element consists of a plurality of loose or connected granules of

'a transverse dimension of at most 5 mm.

Fig. 1
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19. The device in accordance with claim 11 wherein said core
conpri ses copper. 20. Appar atus for supplying fuel to a
burner or an engine conprising a conduit for supplying fuel to a burner or
an engine, and a device for treatnent of fuel supplied through said
conduit, said treatnent device conprisiing a heating device for heating the
fuel, and a reactoT:thnFugh which a flew of fuel can
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pass, said reactor containing at |east one reactor elenent having a tin
alloy on its surface, said tin alloy on the surface of the reactor elenent
containing primarily tin and containing from0.2 to 20 wei ght-% of copper
as the alloy elenment with the | argest

I

10

11




-15- proportion by weight added to the tin, said reactor elenent
conprising a plurality of granules which are | oose or attached to each

ot her and which have a dianeter of at nobst 5 nm 21.
Apparatus according to claim20 further conprising a catalyzer in said
supply line upstream of said fuel _3-

Fig.3
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, Appar at us according to cl gl% 1ﬁ :
I rst heat exchanger | ocated downstream of saitd "
pabnex hénger | ocat ed between said catalyzer and
i n sai dnﬁiel uid supply conduit downstream
thod of treating a liquid

further conpni 'Trg"'a
reactor and a fu’.rtr;
said reactor f preheat| ng fdel;
of said catal yze 23
hydr ocar bon fuégl

e

1 mm, which have been sintered together to form a block. Since in
this case it would be difficult toc sinter such small homogeneous
granules with only a comparatively small groportion of copper in
such a way, that the metal does does run together in places to
form large masses, but instead the hollow spaces between the small
grains remain intact to the greatast possible degree, it i
provided in a further advantageous embodiment of the invenzion for
the granules to have an inner cors of copper, on which a 1

tin is placed, for example by wvacuum evapora:icn,'at the same time
forming an alloy. Ewven with this production method it is
necaessary to take care that not too much tin is applied by wvacuum
evaporation in order to avoid the mentioned running together. In
addition, a surface of the reactor purely ot tin would not be as

effective as the above recited tin alloy.

Although so far the effective mechanism of the reactor has not yet been fathomed,
presumably thera is a connection between the amount of ths organo-
tin compounds, formed in the course of the flow through the
reactor by chemical reactions, leading to the attachment of tin
atoms to hydrocarbon molecules of the heating and engine fuel, and
the melting temperature of the tin alloy which, with a copper
proportion of 4 to 5%, is optimally low and increases with a
higher copper proportion as well as with a tin proportion higher
than 95 to 96%

To obtain a reactor element, in particular a sinter block,
with a surface of an effective tin-copper alloy, the granules can
also have an inner core of tin oxide and copper oxide. It is
possible in this case to obtain a surface layer of the recited
tin-copper alloy by reducing the surface of the granules in a
hydrogen flow and to produce the alloy by heating past the melting
point of the reduced surface layer.

The heating device provided in accordance with the
invention preferably contains PCT heating elements for heating the



conpri sing hea;i‘ug.._.tﬁhe...ftu.el-»%-_-gﬂ'--a tenperature of at |least 40[err]C, and
contacti ng theamgqtgﬂmﬁﬂélﬁMiWIb.pIuraIity of granul es which are |oose or
attached to ont gﬂother“anﬂ”Wﬁidh have a dianmeter of at nbst 5 nm said
granul es havi ng a tin alloy.on their surfaces, said tin alloy containing
primarily tin and coht’aini ng from0.2 to520 weight-% of copper as the
alloy element With the lLargest! proportion by weight added to the tin.

24. A nethod according to claim 23, wherein the tin

+ o e —

engine and heating fuels. It has been found that success was all
the greater, the higher the temperature of the engine and heating
fuel can be in the reactor, taking into consideration in
individual cases the marginal conditions there, such as the
avoidance of gas bubbles, maintaining the lubricating capability,
etc. The PCT heating elements are suitably disposed upstream of
the reactor in the liquid flow, so that the engine or heating fuel
already has the optimally high temperature when enteringmﬁhé
reactor. If the device in accordance with the invention is a part
of the fuel line and is disposed upstream of an injection pump or
a carburetor, the heating device will be designed in the normal
case for heating the engine fuel prior to entry into the reactor
to approximately 40 to 80°C in case of gasoline, or 50 to 200°C in
case of Diesel oil. 1In this case it is recommended to attach an
engine fuel filter upstream of the heating device in the direction
of flow, but in any case upstream of the reactor. It’ggg_been
found that a fuel filter disposed downstream of the reactor
results in a reduction in the reactor effect. This negative
effect can possibly be the result of a chemical reaction of the
treated engine fuel with deposits in the filter. On account of
further chemical reactions of the treated engine fuel, which over
time weaken the effects of the treatment, it has also been found
useful to bring the fuel to combustion directly following
treatment, instead of treating it when it is produced and then to
store it for an extended time in the treated state.

In the course of further research it has been surprisingly
found that it was possible to make so-called bio-oils, which up to
now were not suitable for producing engine or heating fuels, into
such fuels by means of the device in accordance with the
invention. The device in accordance with the invention for this
purpose has a catalyzer upstream of the reactor in the flow
direction, which preferably is disposed between the heating device



all oy consists essentially of tin and 0.2 to 20 wei ght-% of copper.

-16-
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Claims

1. A device for the treatment of engine and heating fuels obtained from
mineral oil or plants, comprising a heating device for heating the fuel, and a reactor

through which a flow of fuel can pass, said reactor containing at least one reactor element

‘having a tin alloy on its surface, said tin alloy on the surface of the reactor element

containing primarily tin and containing from 0.2 to 20 weight-% of copper as the alloy
element with the largest proportion by weight added to the tin, said reactor element

comprising a plurality of granules which are loose or which are attached to each other and

\_ypi_c_h have a diameter of at most 5 mm.

2. The device in accordance with claim 1, wherein the tin alloy consists

essentially of tin and 0.2 to 20 weight-% of copper.

3. The device in accordance with claim 1 or 2, wherein the copper content of

the tin alloy is approximately 2 to 8 weight-% of the tin alloy on the surface of the reactor

element.

4. The device in accordance with claim 3, wherein the copper content of the

tin alloy is approximately 4 to 5 weight-% of the tin alloy on the surface of the reactor

element.

5. The device in accordance with claim 1 or 2, wherein the reactor element

comprises a loose bulk fill of said granules.

6. The device in accordance with claim 5, wherein the reactor element

comprises a can-shaped envelope having end walls, each of said end walls comprising a

screen having a mesh size which is less than the greatest transverse dimension of the



25. ' A nmet hod according to claim?24, wherein the fuel conprises
gasoline and wherein the gasoline is heated to a te rature of from40 to

80[err]C A net hod according to cliaiggp r “the
fuel. ”H“I“J?mllm'“) HHIHnd Wherel n the gasoline i hﬂﬂ*gibrgm? SHEET L
terrperature*ofortomMSO sto*200[ err] -13- 27. i | A method accf) i ng
to claim23 , wherein said } ! 14 RAR 095

F e -

Y e e v :
——— ——

smallest granules.

7. The device in accordance with claim 6, wherein at least one of said end
walls comprises an inner screen of relatively larger mesh size and an outer screen of

relatively smaller mesh size.

8. The device in accordance with claim 7, wherein the inner screen has a mesh
size between 0.5 and 3 mm, and the outer screen has a mesh s@ between 0.01 and 0.15

mm.

9. The device in accordance with claim 6, wherein said reactor comprises an

outer housing and wherein said can-shaped envelope is sealed within said outer housing.

10. The device in accordance with claim 1lor?2, wherein the reactor element

s_ald granules t_>e_1r_;g sintered together into a block.

11.  The device in accordance with claim 1 or 2, wherein the granules have an

inner core bearing a layer of said tin alloy.

12.  The device in accordance with claim 11, wherein said core comprises tin

oxide or copper oxide.

13.  The device in accordance with claim 1 or 2, wherein said heating device

PCT heating elements.

14.  The device in accordance with claim 24, wherein said catalyzer is disposed

between the heating device and the reactor.



| i qui d hydrocarbon fuel is obtained by catalytlc cracking an oil at a
tenperature of about 400[err]C. ~A-nmet-hod apcordlng to

claim 27 "!"? "’W’f oi | conprises a IOI ant oil. ; %&b _,-:fj—ui.':f..i.s{.r_,
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13.  Thedevice in accordance with claim 24, comprising a further heating device
for heaung s_a_xd fuel to a temperature of approximately 400 °C during operation.

16.  The device in accordance with claim 24, wherein the catalyzer comprises
a boneycomb-shaped support body of cordierite, which is coated with a catalytic material

and through which fuel can flow.

17.  The device in accordance with claim 18, wherein the catalytic material

comprises LaCoQ;.

18.  The device in accordance with claim 26, wherein at least one of said heat

—— et

exchangers is provided with a steam separator having an air aspiration line.

19. The device in accordance with claim 11 wherein

rrasmne——a

said core comprises copper.

20. Apparatus for supplying fuel to a burner or an
engine comprising a conduit for supplying fuel to a burner or an
engine, and a device for treatment of fuel supplied through said
conduit, said treatment device comprising a heating device for
heating the fuel, and a reactor through which a flow of fuel can
pass, said reactor containing at least one reactor element having

'@ tin alloy on its surface, said tin alloy on the surface of the

reactor element containing primarily tin and containing from 0.2

to 20 weight-% of copper as the alloy element with the largest



RN R 00 e
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proportion by weight added to the tin, said reactor element
comprising a plurality of granules which are loose or attached to

each other and which have a diameter of at most 5 mm.

21. Apparatus according to claim 20 further

comprising a catalyzer in said supply line upstream of said fuel

treatment device.

22. Apparatus according to claim 21 further
comprising a first heat exchanger located downstream of said
reactor and a further heat exchanger located between said

catalyzer and said reactor for preheating fuel in said fluid

supply cenduit downstream of said catalyzer.

23. A method of treating a liquid hydrocarbon fuel
compéising heating the fuel to a temperature of at least 40°C,
and contacting the heated fuel with a plurality of granules which
are loose or attached to one another and which héve a diameter of
at most 5 mm, said granules having a tin alloy on their surfaces,
said tin alloy containing primarily tin and containing from 0.2

to 20 weight-% of copper as the alloy element with the largest

proportion by weight added to the tin.

24. A method according to claim 23, wherein the tin

alloy consists essentially of tin and 0.2 to 20 welight-% of

copper.
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comprises gasoline and wherein the gasoline is heated to a
temperature of from 40 to 80°C.

A -method according to claim 24, wherein the fuel

26.

A method according to claim 24 ; wherein the fuel.
comprises gasoline and wherein the gasoline is heated to a
temperature of from 50 to 200°C.

27.

A method according to claim 23 , wherein said

ligquid hydrocarbon fuel is obtained by catalytic cracking an oil
at a temperature of about 400°C.

A method according to claim 27°, wherein said oil
comprises a plant oil.

s



