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@ Fuel composition, process of preparing same and method of operating an internal combustion engine using same.

@ This invention provides a novel synthetic fuel composi-
tion suitable for use in internal combustion engines. The
fuel composition comprises from about 40 to 95% by volume
of a primary alcohol having 1-4 carbon atoms, from about
5 to 60% by volume of an alcoho!l derivative having the
general formula

H

RO-C-OR
-

< "
wherein R is -CH;, —-C,Hs, —C;H-, or —C,4H,,
and R, is hydrogen or —CHs,.
The fuel composition can be prepared by reacting a
~ primary alcohol having 1-4 carbon atoms with oxygen or
air to form an alcohol derivative which is an aldehyde and
‘D reacting the aldehyde with an additional portion of the al-
cohol to form the product, comprising the alcohol, the alco-
hol derivative and the aldehyde.
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Novel fuel composition and the process of preparing same.

Field of the Invention

The present invention relates to a novel fuel composition.
More particularly, the present invention relates to a fuel

5 composition which is suitable for use in internal combustion
egines and which can be prepared from readily available raw
materials such as carbon dioxide and water. In addition,
this invention relates to a process of preparing the novel

fuel composition.
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Backg;ound'of the Invention

Fuels to substitute the conventional gasoline and
processes for producing such fuels have been much
investigated. For many years, gasoline has been considered
as the most ideal fuel for the internal combustipn engine.
Although gasoline has contributed much to modern’ life, .
the scarcity of supply has also caused the so called energy
crisis during recent years. Besides, waste gases from
aﬁtomobiles pollute the enviroment and have become a public
nuisance. Reserach for fuel substitutes has been- lauched
with vast investment in many countries around the world.
Some processes have been disclosed in scientific jounals
patents and other publications. However, low production
yield, defficulties in obtaiﬁing raw materials, high
complicity and cost of the'equipﬁent or the necessity of
aitering the fuel system in the engine or carburetor using

the product have made such substitutes impractical. New

fuels claimed to be directly usable as gasoline or to be mixed

with gasoline still inherit the drawbacks of polluting the

enviroment and usually require the alteration of the

engine, the fuél intake sysfem and the ‘addition qf specially
designed carburetors. It is known that alcohols including
methanol. ethanol, propanol of mixtures thereof can be used as
substitutes for gasoline. Results obtained were not
satisfactory. Efforts have been made in many countries to
solve thé problems involved. Tﬁerefore, there exists a

need to formulate a synthetic fuel as a substitute for

gasoline, the synthetic fuel being econcmic to produce

BAE)CﬁHGHNP¢- §§§
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ag well as being free from harmful byproducts which would
‘.,

pollute the enviromnent.

Summary of Invention

The present invention provides a synthetic fuel
composition and the process for producing same, The
fuel composition can be prepared from réw materials
such as carbon dioxide and water, which are readily
available, to form an alcphol which is then oxidized
to form an aldehyde. The aldehyde is further reacted.
with the alcohol to form the fuel coﬁposition.

Brief Description of Drawing

The drawing shows a flow sheet depicting the process
of the present invention. -

Detailed Description of the Invention

According to the present invention a fuel composition
comprising (a) from about 40% t6 95% by volume of a
primary alcohol having 1 to 4 carbon atoms, and (b) from
about 5% to 60% by volume of a compound having the general

formula

57 q¢ OF —C4Hg, and R1 is hydrogen or

~CH,, and (c) from about 0.001% to 1% by volume of an

Wherein R is —CH3,-C2H —C3H

aldehyde having the general formula o
]
R2—C—H
wherein R2 is hydrogen, —CH3 or —C2H5. The fuel composition

can be used as a substitute for gasoline in interal combustion

engines.
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The precent fuel composition comprises from about
40% to 95% by volume of a primary alcohol having 1 to 4
carbon atoms. Preferably, the compositién comprises
from about 40% to 85% and most preferably 40% to 50%
by volume of the primary alcohol. Useful examples of
the alcohol include methanol, &thanol, propanol ;nd
butanol. Among these alcohols, methanol and ethanol
are preferred. Particularly, methanol is the most
preferred alcohol since its supply is plentiful and
it can be obtained at low cost. -

In addition, the present compésition comprises
from about 5 to 60% preferably from about 15% to 60%.
and most preferably from about 50% to 60% by volume
of a compound having the formula o
' Ro-t:: —OR

R,

wherein R is methyl, ethyl, propyl or butyl and
R_ is hydrogen or methyl. Preferably, R is methyl or
ethyl, and R1 is hydrogen or meth&l.
In other words, the preferred compounds are:
H H

| l
H3CO—$—OCH3, H3CO—? —OCH3
H CH3

L4

;i i
-C-oc,H -C -
HECZO ? OC2 5 HSCZG ? OC2H5,
H CH3

BAD ORIGINAL @
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with H CO-C-OCH; and H3CO—§ ~0CH,
Hy

being most preferred.
Further, the present composition comprises from

about 0.001 to 1% of an aldehyde having the formula 0

' R 2—3_1{ -
vherein R2 is hydrogen or methyl. Examples of the
aldehyde bre formaldehyde and acetaldehyde, with formaldehyde
being preferred.

In accordance with the above, preferred embodiment of

the present invention are as follows:

Embodiment
Component % by volume
(a) methanol - ' 49.5
(b) H3CO—§—OCH3 50.0
s
Yo (<) H-E':_H ' . 0.5

The present invention also relates to a process of
preparing the synthefic fuel composition described above.
The process comprises: o
(1) reacting an aldehyde having the general formula H—g—R
wherein R is hydrogen or methyl, the aldehyde being
in the form of a vapor of liquid,with

(2) a primary alcohol having 1 to 4 carbon atoms in the
presence of a gaseous halide catalyst, the alcohol ,
being in the form of a vapor or a liquid.

The reaction is conducted at a temperature of from about

70°c to 300 °c , preferably from about 70 °c to 200 oc,

Bap
OQ’]QINAL @}@ .
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and most preferably from about 70°¢c to 90°¢c, and a pressure
of from about 2 to 10 atm., preferably from about 2 to 5 atm.,
most preferably from about 2 to about 3 atm. The molar
.ratio of aldehyde to alcochol is from about 2-4:1, preferably
from about 2-3:1, and most preferably from about 2.2:1.
It is noted that the alcohol should be in excess of the
stoichiometric amount. The catalyst is present in an
amount of less than 1% by volume of the total reaction
mixture. The catalyst is a gaseous halide. Examples of
useful catalysts include hydrogén fluoride and hydrogen
chloride, with hydrogen chloride being preferred. The
reaction time is from about 0.5 to 2 se&snds, preferably
from about 0.5 to 1 gécond:. .

In the above reaction, it is important to note that
the aldehyde is preferred to be in the form of a vapor.
As to the alcohol, it may be either a liquid or a wvapor.
The formation of the fuel composition from an alcohol and

an aldehyde is belived to be represented by the following

equation: ? o ? ? -?
. .
2R3—?—0H-+ R4T? — R3?~O-? —Oti:R3 + H20
H H H R4 H

wherein R3 is hydrogen, methyl, ethyl or propyl and
R, is hydrogen'ér methyl. '

The aldehyde used in the above reaction can be
formed by reacting a primary alcochol having 1-4 carbon

atoms with oxygen or air. Examples of the alcohol include

BAD ORIGINAL @
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methanol, ethanol, propanol, and bhutanol, with methanol
and ethanol being preferred, and methanol most preferrcd.

The aldehyde - forming reaction is conducted at a
pressure of from about 2 to 10 atm, preferrably from
about 2 to 3 atm-and a temperature of from 300°% to 450°,
preferably from about 380°c to 400°C in the'presence of
an all Cu or -Ag catalyst, molar ratio of Cu:Ag being
from about 90-100:1. The reaction time is from about
0.0l to 0.1 second.

In forming the aldehyde, a portion of the alcohol
can be used. The remaining portion of the alcohol can
be used as a reactant in forming the present fuel

composition by reacting the alcohol with the newly

formed aldehydé which is preferably in a vapor state.

In other words, a given stream of primary alcohol

‘'can be divided into two portions. The first portion

is used to form the aldehyde. The second portion is

‘used to react with the aldehyde to form the present

fuel composition. As tg the volume ratio of the first:
second portions, this can be variea in accordance with
the particular composition of.the fuel.

The formation of thié present fuel composition as

described above can be represented by the following equations:

i )
| }
- ~C- o
R5(|30H+1/202-—->RSCH+H2
H
i ; e i
. Hn
2(R6('3-0H) + R;C-H ——p R6C|J—O—(|2 _o_cl:R6 + H,0
H H H

5
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vherein R, is hydrogen or methyl, and R is hydrogen,

5
methyl, ethyl or propyl.

From the above equations, it can be seen that the

. amount of alcohol used to form the aldehyde and the amount

of : alcohol used to react with the formed aldehyde can be

* varied greatly in accordance with the composition of the

‘final fuel producﬁq

The alcohol used in forming the sldehyde can be

prepargd by such waste materiai as carbon dioxide.

_ In this connection, as an examplé,‘methanol can be formed

froﬁ carbon dioxide as represented by the following equatiqn:
co, + 3H, -——3) CH,OH + 'HZO

The carbon dioxide can be a byproduct formed from the

Weizamn process wherein starch is fermented with certain

bacteria.i~Thermcarbon dioxide is reacted with hydrogen

in the presence of a Fe catalyst. The reaction is conducted

at a pressure of from sbout 2 ‘to 20 atm and a température‘

of from about 325 to 450°C and a CO,: H, molar ratio of
abouf 1:3. The reaction is permitted to proceed for

a period of from about 9.01 to 0.05 seconds. Thereafter;
the gases are transferred to a high pressure reactor
where the gases are reacted in the presence of a

Cu-Zn-Cr oxides cagaiyst atra temperature of from about

200°c to 200°C and a pressure of from about 100 to 180 atm,

The molar ratio of Cu:Zn:Cr onides is 10:80:10. The

methanol produced from the carbon dioxide -~ hydrogen
reaction can then be used to form the aldehyde and fuel

composition as described above.

o 1 ,
BAD ORIGINAL ;o» .
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The fuel composition prepared in accordance with

the presept invention can be used as a substitute for

.gasoline. In view of the fact that it can be prepared

_ from such raw materials ‘as carbon dioxide, air and methandl

which are readily available, the cost of such fuel
composition is necessarily much lower than that of
éosoliné. In addition, the present fuel composition
has a loweg combustion temperature than gasoline which
means that less nitrogen oxides (Noi) are formed, thus
causing a decrease in the amount 6f pollutants in
automobile exﬁaust gases. The present.fuei composition
also can be completely combusted within an automobile ™’
engine to form carbon dioxide and water which cause no
harm to the environment.

Other desirable properties of the,présent fuel
composition include a freezing point of below minus 70°¢c
which ensures operation of the engine even at exceptionally
cold temperatures. The present fuel composition boils

]

Since water is miscible with the present fuel composition,

the presence of a small ;mount of water therein will not

cause fuel‘line freeze up since the water ié dissolved

in the fuel. Also, it has been foﬁnd that an engipe is -

easier to start when the present fuel composition is used.
More importantly, the present fuel composition can”

be fed to an internal éombustion engine without any

modification of the engine or the carburetor thereof.

Thus, the present fuel composition incurs no extra cost on the '

operation of the.internal combustion engine. As will be

-BAD(DRKﬂbU“- égg
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shown later in the example, the milage provided by the
present composition is comparable or slightly improved over
that of gasoline.

The. present invention is further illustrated in the
following examples. Since the examples are for illustrative
purposes, they are not to be interpreted as limitation.
_Example 1

This example shows the synthesis of the present fuel
composition from carbon dioxide, hydrogen, and oxygen.

With reference to the drawing, 10 mols of refined
CO2 gas 2 and 30 mols of refined H2 gas 4 are charged into
a low pressure reactor 6 and a pressure of 15 atm. and a
temperature of 360°C. Reaction takes place in the presence
of a Fe catalyst. The mixed gas is further transfered by a
high pressure pump 8 into high pressure reactor 10, where
the gases react continuously under a pressure of 160 atm.
and a temperature of 330°C in the presence of a Cu-Zn-Cr
oxides catalyst. The methanol vapor leaves reactor 10 and
is condensed in condenser 12. Thereafter, the condensed
methanol is fed 'to high pressure separator 14 and then
low pressure separator 16. A portion of the gaseous metha-
nol 18 is mixed with oxygen 5 in the proportion of 2:1 in
mixer 22 and fed to reactor 24 where the pressure is 2
atm. and temperature is 400°C to produce an aldehyde gas
in the presence of a Cu catalyst. The aldehyde gas 26
is introduced with the remaining portion of the gaseous
methanol 20 into reactor 28 where a gaseous halide catalyst
is present, to react under a pressure of 2 atm. and a tem-—

perature of 80°C. The product is collected in container 30.

‘BAD ORIGINAL g}
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The product is refined by feeding the product to plate
tower 32. The vapor leaves the tower via stream 34
and is condensed in condenser 36. The final liquid
product is fed to storage tank 40 via stream 38.

300 ml of a liquid fuel having the following composition 1isg

"obtained:

methanol (CH3OH) 84.5% by volume
aldehyde (CHZO) 0.5%
alcohol derivative (C3H802) 15%
Example 2
The process described in Example 1 is repeated, except
that the ratio of mixing of the portion of methanol and
oxygen ié 1:1 instead of 2:1. The results are analysed to
show the following composition:
methanol 68%
aldehydé 0.6%
alcohol derivative 31.40%
Example 3
Methanol and ethanol obtainéd from fermentation are used
to replace the methanol produced in the high pressure
reaction described in Example 1. . The results show no

substancial difference.

Example 4

1 mol of formaldehyde in vapor form is reacted with
2 mol of methanol in the presence of a gaseous HCL catalyst. -
The reaction is conducted at a temperature of 80°C and a |
pressufe of 2 atm. 0.95 mol of an alcohol derivative is
obtained. The product is a colorless clear liquid.

Analysis of the alcohol derivative shows an empirical

formula of C3Héoz .

r
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Exarple 5

1 mol of formaldehyde in vapor form 1s recacted with
2 mol of ethanol in the presence of a gaseous HCL catalyst.
The reaction is conducted at a temperature 6£ 85°C and
a pressure of 2 atm. 0.94 mol of an alcochol derivative
is obtained. The product is a clear, colorless liquid.
Analysis of the alcohol derivative shows an empirical

formula of CSH12O2.

Example 6
Example 4 is repeated except 1 mol of acetaldehyde

is used. 0.94 mol of an alcohol derivative is obtained.

'S

The product is a clear, colorless liguid. &Analysis of the

alcohol derivative shows an empirical formula of C4H1002.

Example 7 .

Example 5 is repeated except 1 mol of acetaldehyde is

used. 0.95 mol of an alcohol derivative is obtained.

.The product is a clear, colorless liquid. Analysis of the

alcohol derivative shows an empirical formula of 06H1402'

Example 8

Liguid fuel of the present invention obtained in
Example 4 was mixeé witﬁ conventional gasoline in
a volume ratio of 1:1 and used to drive a Yue Loong
model 1200 sedan without any modification of the engine or“
carburetor. Results of road tests are compared with

those of the same car using regular and premium gasoline

as shown in Table 1:

1
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From the above, it is obvious that the engine using
the liquid fuel of the present invention operates at a
lower temperature, thus reducing engine trouble due to over-
heating.
Example 9
The liquid fuel of the present invention was used to
“drive a two cycle 50cc engine (3 % of lube was added to the
fuel) . Results of performance are compared with those given

by the same engine using regular gasoline as shown in

Table 2.
Table 2
roperly &
rformancejacceleration | speed | horse power (HP)|heat octane
sec/10m (km/hr) | at at content| muber
fuel used 3000rpm 4000rpm | keal/l
gasoline 4.35 40 1.41 1.72 12,100 60
lig. fuel of the 4,00 42 1.43 1.75 8,600 | 118
invention
methanol 49.5 %
alcohol
derivative 50 %
formaldehyde
less 'than 0.5 %
50 % of regular 4.10 41.5 1.42 1.73 10,200 90
gasoline
50 % fuel of the
invention (by
volume)

It can be seen that the performance of the liguid fuel of
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tThe present invention having a composition of CH3OH:49%,
formaldehyde derivative : 50%, CH20: 0.5% gives better

results than regular gasoline.

Example 10-

Various fuel mixtures comprising the ligquid fuel
of the presené invention are used repeatedly to drive oné
Yue Loong model 1500 sedan having the engine adjusted to
cope with particular conditions. The rdad tests results
are tabulated in Table 3'to cohpare with the results

of road tests using premium gasoline and pure methanol. '
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From Teble 3, it is appzrent that the liguid fuel
of the present invention is actually as practical
as conventional premium gasoline, and the fuel having
a composition of 84.5% methanol, 15% alcochol derivative,
0.5% aldehyde gives the most economic performance.
Fuels of other composition ratio, i.e. by increasing
alcohol and decreasing alcohol derivative content
seem to give significant improvement., Pure methanol
is.not suitable for use in the car having the existing
engine design since the milage/1 is poor {only 4.1 km/1
or one half of that of other fuels).
Example 11

Examples 8-10 are repeated except that ethanol
is used in place of methanol in the composition; The
results show some improvement in ﬁignition,starting,
climbing, knocking, milage and exhaust properties over those
using méthanol. Therefore, a conclusinn can be drawn that
the fuel composition of the present invention is featured

by its content of the alcohol derivative of C3H802.
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Yhat is Claincd is

. 1 .

2,

A fuel composition comprising:

{&) from about 40 to 95% by volume of a primary glcohol
having 1 to 4 cerbon atoms; _

(b) from sbout 5 to €0% by volume of & compound ha%ing_x

Lhe general formula
H
RO-E - OR
. 1
wherein R 18 -CHy, ~C Hg, -C3H, or -C,Hg,

snd

R, is hydrogen or-~CHé:'and

1
(c) from zbout 0.001 to 1% by volume of an aldehyde

haviné the generzl formula

.

"wherein R2 is hyérogen. -CH3,-0: —C2H5.
The fuel composition of claim 1 wherein the primary '
glcohol of (a) is present in an amount of from about
40 to 85% by volume, theé compound of (b)-is present
in an amount of from about 15 to 60% by volume, and -
the compound of (c) is present in an amount of from

about 0.001tto 1% by volume.

The fuel composition of claim 2 wherein (a) is selected

from the group consisting of methanol and ethanol;

(b) is gelected from the group consisting of

H,CO - § - OCH, and H,CO- §H ~ OCHy; and (c) is
selected from the group consisting bf formaldehyde and-

aceteldehyde.

- ’ 1
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A process for preparing the synthetic fuel composition of
claim 1 comprising:
(1) reacting an aldehyde having the general formula

e

H-C-R

wherein R is hydrogen or —-CH the aldehyde being in the

37
form of a vapor or liquid, with
(2) a primary alcohol having 1 to 4 carbon atoms in the
presence of a gaseous halide catalyst, the alcohol being
in the form of a vapor or liquid.

The process of claim 4 wherein the reaction is carried
out at a temperature of from about 70° to 300°C, a
pressure of from about 2 to 10 atm, and an alcohol:alde-
hyde molar ratio of from about 2-4:1.

The process of claim 4 wherein the alcohol is methanol
and the aldehyde is formaldehyde.

The process of claim 4 wherein the alcohol is methanol
and the aldehyde is acetaldehyde.

The process of claim 4 wherein the alcohol is ethanol
and the aldehyde is formaldehyde.

The process of claim 4 wherein the alcohol is ethanol
and the aldehyde is acetaldehyde.

The process of claim 6, 7, 8, or 9 wherein both the
alcohol and the aldehyde are in vapor form.

The process of claim 6, 7, 8, or 9 wherein both the

alcohol and the aldehyde are in liquid form.
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The process of claim 6,7,8 or 9 wherein the alcohol is

in vapor form and the aldehyde is in liquid form.

The process of claim 6,7,8 or 2 wherein the alcohol is -

in liquid form and the aldehyde is in vapor form.

The process of claim 4 wherein the halide catalyst is

hydrogen chloride.

A process for preparing the synthetic fuel composition

of claim 1'comprising:

(1) reacting a primary alcohol having 1 to 4 carbon atoms
with oxygen or air in the presence of a Cu-Ag
catalyst to form an aldehyde which is in liquid or
vapor form;

(2) adding another portion of the primary alcohol of
(1), which is liquid or vapor form, to the products
obtained in (a) and réacting the mixture in the
presence of a halide catalyst to form the fuel
composition.

The process of claim 15 wherein step (1) is conducted

at a temperature of from about 300° to 450°C, a pressure

of from about 2 to 10 atm, and wherein step (2) is carriad

out at a temperature of from about 70° to 300°C, a pres-—
sure of from about 2 to 10 atm, and an alcohol:aldehyde

molar ratio of from about 2-4:1.

The process of claim 15 wherein the primary alcohol is

methanol and the aldehyde is formaldehyde.

The process of claim 15 wherein the primary alcohol

is methanol and the aldehyde is acetaldehyde.
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The process of claim 15 wherein the primary alcchol is

ethanol and the aldehyde is formaldehyde.

The process of claim 15 wherein the primary alcohol is

ethanol and the aldehyde is acetaldehyde.

The process of claim 17, 18, 19, or 20 wherein the

alcohol and the aldehyde are both in vapor form.

The process of claim 17, 18, 19, or 20 wherein the

alcohol and the aldehyde are both in liquid form.

The process of claim 17, 18, 19, or 20 wherein the

alcohol is in liquid form and the aldehyde is in vapor

form.

The process of claim 17, 18, 19, or 20 wherein the alco-

hol is in vapor form and the aldehyde is in liquid form.

A process for preparing the fuel composition of claim 1,

wherein the alcohol is methanol, comprising:

{1) reacting carbon dioxide with hydrogen to form
methanol;

(2) reacting a portion of the methanol formed in (a) with
oxygen or air in the presence of a Cu-Ag catalyst to
form an aldehyde; and

(3) reacting the aldehyde formed in (2) with the
remaining methanol formed in (1) in the presence

of a gaseous halide catalyst to form the fuel composition.

A method of operating an interal combustion engine

comprising using the composition of claim 1 as a fuel.
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