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UNITED STATES PATENT OFFICE

PROCESS FOR SYNTHESIS OF HYDROCAR-
BONS, ALCOHOLS, AND FORMALDEHYDE

Paul Xavier Spillane, Ashfield, near Sydney, New
South Wales, Australia, assignior to Keith Wil-
liams, Wahroonga, near Sydney, Philip Ring,
Sydney, and Thomas Andrew Lawrie, Killara,
near Sydney, New South Wales, Australls

Application April 22, 1840, Serial No. 331,067
In Australia April 29, 1939

5 Clalms. (CL 204—168)

This invention has for its object the provision
of a simple process and apparatus for the manu-

Iacture synthetically of hydrocarbons from car-~ .

bonaceous materials such as coal, wood, shale,
rubber, or cotton. )
Referring to the accompanying drawings—
Fig. 1 is a schematic lay-out of apparatus
forming a part of the present invention;
Fig. 2 is a vertical section' through a cat-

‘alyst poison-removing apparatus berein referred

to as a “small catalyser” and marked 33 in Fig. 1;
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Fig. 3 is an enlarged ‘section through an arm

of the apparatus shown in Fig, 2;

Fig. 4 is a vertical section through a chamber
which houses electrodes for "the establishment
therein of g high frequency electric fleld. This
chamber is referred to herein as a “large cat-
alyser” and is marked 36 in Fig, 1; and

Figs. 5 and 6 are vertical and horizontal sec-
tions of the catalytic chamber marked &8 in
Fig. 1.

The carbonaceous material is first charged into
a retort 11 where it is destructively distilled. The

vapours are passed through a condenser §2 where -

all the condensable products are removed and
the incondengable gas is passed through a scrub-
ber {3 into a first gas holder (4, The condensable
products are collected at 18, fractionated, and
retreated to obtain the numerous products result-
ing from the destructive distillation. The heat
required for that distillation is supplied by gas
from a gas producer (5. This producer feeds
gas throiigh a scrubber 17 into the first gas holder
from which gas for the power and heat require-
ments of the entire plant are taken,

‘The carbonaceous restdue from the retort is
charged into & water gas generator i8. This
water gas generator is externally heated and
produces water gas containing any desired pro-
portion of hydrogen:carbon monoxide, continu-
ously. This proportion is determined by ad-
Justment of the temperature at which the gen-
erator is operated by external heat taken as
producer gas from the holder {4. The hot flue
gases are passed from the heating zone into &
waste heat boiler 19, where they are used to
generate steam to feed the water gas generator
{8 and any other parts of the plant requiring
steam. The hot flue gases from the destructive
distillation furnace are also passed through this
waste heat boiler and used for the same purpose.
If desired, a convention}l intermittent water gas
generator may be used with this plant.

The water gas is passed from the generator
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I8 through a gas scrubber 20 and a gas purifier 88

2{ into a second gas holder 22, An approximate
ratio of hydrogen:carbon monoxide in this gas
mixture iIs 1:1,

Some of the gas from the second holder is
used for the generation of hydrogen. This hy-

i drogen is generated by taking water gas from the

second holder 22, mixing it with steam from the
waste heat boiler 19, and passing the mixture
over a catalyst maintained at a temperature of
450°-600° C. In the hydrogen generating cat-
alysing chamber 23 the following reaction takes
place:

H3+CO-+H20=CO3+2Hz--10,000 cals,

The chamber 23 with which a heat interchanger
40 is associated Is maintained at the required
temperature by the exothermic heat of the reac-
tion, after having first been raised to the reaction
temperature by preliminary combustion of some
of the water gas.

The gases from this chamber 23 are then passed
through a gas scrubber 25 in which the carbon
dioxide formed is removed, then through a ges
purifier 26 into a third gas holder 21. The gas
in this holder has approximately the following
composition: hydrogen 98%; carbon monoxide
2%.

The remainder of the water gas from the sec-
ond holder 22 is passed directly into a fourth
gas holder 28. Hydrogen is then introduced into
the fourth holder from the third holder in such
quantity as is necessary to raise the ratio of
H3:CO from 1:1 to 4:1, or any other desired pro-
portion. When the plant is first started up, hy-
drogen is added to such an extent that the ratio
of Ha:CO will be 3-5:1. When this is obtained
the ratio in the fourth holder 28 is maintained
at 2:1=H2:CO., The excess hydrogen generated
when the plant is first started up remains in the
pressure system and is used to conduct heat from
the catalyst mass in chamber 23 and to keep a
uniform temperature therein.

From the fourth holder the mixed gases in the
desired proportions, depending on the required
final product, are passed to & compressor 28
where they are comprefsed to as much as 250
atmospheres. This pressure is varied in accord- -
ance with the nature of the product required,
for example, in methanol synthesis the pressure
would be 200 atmospheres, for light hydrocarbon
synthesis (up to octane, for example) pressure,
would be approximately 18 atmospheres, for hy-
droxyl derivatives up to 150 atmospheres. From
the compressor the mixed gases are passed into
& high pressure storage tank 30. From this tank
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the ga.ses are passed through a flow meter 34 and
circulating pump 82 and through one small cata-
lyser, or through a battery 33 of small catalysers.
These small catalysers are kept at a temperature

. of 250-450° C. by exothermic heat evolved in the

reaction. In these small catalysers (which are
further described: later herein) catalyst poisons
are removed. From there the gases and vapours

are passed through a pressure condenser 34 and

trap 35 and on through one or a battery of large
catalysers 36, passing a heat interchanger 39.
These catalysers 36 are maintained at a tempera-
ture of 250° C.—450° C. The gases are circulated
and if necessary recirculated over the catalyst
mass in the catalysers, and they are then passed,
still under pressure, through a pressure condenser
31 from which the liquid hydrocarbon or hydroxyl

. derivative products are drained to & receiver 38

and passed to a sump 41. The unconverted gases

“are then returned through pipe 46 and recircu-

lated over the catalyst mass. If desired, the
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entire plant may be worked under pressure from

the waler gas generator to the final boosting com-

Pressor.
- The electrical conditions (referred to later
herein) prevailing within the large catalysers 36,

. ‘render the gases chemically active by ionisation,

the catalyst being employed for the purpose. of
turning - the reaction in the desired direction.
This electrical influence also determines the
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speed at which the reactions go forward. The .

space velocities employed in this portion of the

. -process -range from 50,000 {o 100,000. For the
" production of formaldehyde, methanol is syn-
‘thesised and passed to the receiver 38 and from

there it is passed into s tank 42, in which it is
maintained at a temperature of approximately
50° C, by means of a closed coil, Into this meth-
anol batch a current of compressed air from a
second compressor 43 is passed in such quantities
as to ensure the formaldehyde catalyser cham-
ber 44 being maintsined at 450° C. approximate-
ly, by means of the exothermal heat evolved in
the reaction. It is arranged that the ratio of
methanol vapour to oxygen passed into the cata-
lyser 44 shall be 1:32, this ratio being controlled
by adjustment of the temperature of the meth-
anol liquid in the tank 42.. The air and methanol
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vapour mixture is then passed through the cata- = -

lyser chamber 44 where the formaldehyde is
formed, and from this chamber into the lower

end of a plate fractionating column 45 where an
aqueous solution of formaldehyde (approximately
40% formaldehyde, 60% H20, 12% methanol) is
run off. The recovered unconverted methanol is
returned to the tank, and again passed through
the catalyser chamber #4.

The formaldehyde catalyser chambpr 44 (Fig.
1) for the production of formaldehyde may be
as shown in Figs. 5 and 6. It consists of & num-
ber of copper tube gangs 54 set in concentric
rings and supported between two copper end

‘plates §5. Each tube gang is about 30‘’ “long

ahd is fitted with a tight fitting glass tube 56
about 12’/ long and about- 34’ diameter. In
these tubes is placed a iength of fine closely
rolled gauze 51 (preferably of copper) about 5’’
long. The catalyst chamber is heated prelimi-
narily to starting up by igniting the reacting
gases. - When: the requisite temperature is
reached, the temperature is maintained by exo-
thermic heat evolved in the reaction. Each tube
gang in the formaldehyde catalyser chamber con-
sists of about 6-8 nested tubes. -

Suitable structural designs of the small and
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large catalysers are shown in Figs. 2 and 4 re-
spectively of the drawings. The first consists
of a steel tube 33, preferably of non-ferrous
metal, having the catalyst substance carried on
a metallic gauze network 69 having -relatively.
large clearance spaces between its folds or con-
volutions. The catalyst carriers are supported
horizontaily on a central tube piece 66, and the
gas mixture has to pass actually through the
catalyst to escape from the chamber. The out-
let is down through the. centre of the catalyst
carrier support 66.

The gas mixture under a pressure head of -
about 250 atmospheres is passed via .a cock 61
through a meter 31 (62A heing a registering

Jpressure gauge to facilitate control), to the small-

catalyser through a port 63. The catalyser is

-heated externally to a point between  200° and

450° C. 62 is a shaft drivable by a pulley 64
and passing through a stuffing box 65; it is keyed
into the bottom end of a tubular shaft 66. The
shaft 66 is fitted with perforated tubular arms 61
which are stopped (68) ‘at their outer ends. The
catalyst is deposited on metal gauze 69 which is
wrapped round the arms 61, its convolutions be-
Ing spaced apart in order to facilitate gas. cir-
culation. The catalysed gas which has passed
into the tube of the shaft 66 is led out through
& port 169 to the coil 70'of the condenser 11. The
condenser coil 70 drains into a closed receptacle
35.in which the alcohols are collected. When
it is required to fractionate to obtain the alcohols
separately the condenser is run dry or is by-
pglslsed and the vapours sre led to a fractionating
s )

The gases enter the chamber in such a way
that they are kept in motion within the cham-
ber. The chamber is heated, preferably exter-
nally, to a temperature of 250°~450° C. Thermo-

~couple leads come from the catalyst bed and

carriers so that the temperature at the &atalyst
surface will always be known. If electrical heat-
Ing 1s used, the electric device is thermostatically
controlled so that if the temperature drops be-
low any desired minimum the heating device
comes into action automatically. It also cuts
out automatically' when the temperature of the
Inside of the chamber has reached any pre-
determined maximum. The chamber is complete
with a series of ‘heat exchangers whereby the
Incoming gas mixture may be warmed if desired
by the outgoing vapours and gases. '

The large catalyser chamber 36 (Fig. 4) con-

"sists of a steel tube 47 into which is inserted a

tight fitting lining 48, preferably of non-ferrous
metal. Inside this is fitted the catalyst carrier
which consists of two concentric gauze cylinders
4350, preferably of copper, the volume con-
tained between them heing equal to one third of
the. total free inside volume of the catalyser
chamber.. Down the centre of the chamber an
electrode 51 is placed, the negative side of the
circuit-being-the-wall of ‘the chamber. “If desired”
this wall may be coated with an ionizing agent
such as radio-active substances or rare earth
elements (for example caesium:may be used).

The wires from the electrode and the wall of the
chamber are connected to a transformer which
supplies. the necessary potential difference be-
tween the two points, the voltage depending upon
the distance between thg electrodes. “In-an ex-
perimental practicing of the invention,. 80,000
volts was found to be suitable in the case of
electrodes separated by a distance of about one
and one-half inches. The frequency employed

. N E - : '
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may vary from 6,000,000 to 37,000,000 cycles per
second depending upon the nature of the sub-
stance to be synthesised and the catalyst em-

.ployed. For example, in the synthesis of light

hydrocarbon fractions in the saturated chain
series (from CsHia to CsHu) the frequency em-
ployed would be of the order of 33,000,000 cycles
per second. If desired, the catalyst and catalyst
carrier itself may also be connected to the nega-
tive side of the circuit.

The ultra high frequencies herein employed
exercise a double effect in promoting synthesisa-
tion of the gases or vapors within the field.
Firstly, the rapidly moving streams of electrons
between the electrodes destroy or tend to upset
the electrical neutrality of the molecules with
which the electrons collide; as a consequence,
when a positively charged molecule approaches

a negatively charged one, chemical interaction is .

practically instantaneous. Secondly, (and more
importantly) working on the known fact that
at any particular temperature different gaseous
molecules vibrate in -simple harmonic motion
with definite periodicities which in almost all
cases are of the order of severa! millions of
oscillations per second, the fleld frequencies
herein employed are such as will more or less
closely synchronise, or conform (numerically),
to the natural molecular periodicity of the par-
ticular gas under the conditions of treatment.
The effect of this synchronised electronic bom-
bardment is to rapidly enlarge the molecular
orbits or to. displace the molecules from their
normal orbits, thus greatly increasing their
chemical activity by comparison with that which
would obtain in the absence of the synchro-
nously alternating field. It is believed that best
results would be secured by arranging the fileld
alternations in precise synchronism with the
natural molecular vibration of the gas or vapour
under treatment; but where two or more gases
are to be simultaneously dealt with by the one
field (as in the present synthesis) experiment
has shown that good results are obtained when
the field frequency is of the order of an average
value of the molecular oscﬂlatlon frequencies of
the several gases concerned. It would appear
that this average fleld frequency sets up what
may be termed a “beat effect” with the several
molecular frequencies, and that oncg the molec-
ular orbits are disarranged, the beat periodicity
is sufficiently high to prevent the normal molec-
ular orbits being re-established.” The field fre-
quencies herein specified comprise a range of
average fleld frequency values suitable for the
synthesisation of liquid hydrocarbons or hydroxyl
derivatives thereof from hydrogen and carbon
monoxide, Part of the required hydrogen and
all of the required carbon monoxide may, of
course, be drawn from & supply of water gas,
Heat may be applied by electric elements
which are situated in the interior of the copper
electrode and- thermostatically controlled as in
the case of the other chamber. If internal elec-
tric heating of this chamber 18 not desired, the
incoming gases are passed through coils and heat
exchangers 39 (Fig. 1) and thereby raised to the
required temperature before entering the large
catalyser. The coils are heated either electri-
cally or by contact with gases coming out of the
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other. The catalyser 38 is ‘so designed that all

gases must: pass- actually through the catalyst

bed, the flow being spread widely by the sleeve 52
to ensure perfect contact with the catalyst itself.
The chamber is complete with heat exchangers
mentioned above,

The first battery ‘of small catalysers 33 (f the
plant is worked in this way) are not fitted with
an electrode and are subjected to no electrical
tension whatever..

The plant may "also be worked under pressure .

from the water gas generator onwards. In work-
ing the plant in this way the size of the plant is
greatly reduced,

The working: temperature of the catalyser
chamber 28 ‘is 450°-600° C. this point being

. chosen  in .order to combine rapid reaction with

_ carbon dioxide side of the equilibrium, By em-

20
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reasonably high conversion to the hydrogen and

ploying excess steam the equilibrium is moved
further over in the direction of the hydrogen and
carbon dioxide, and about 2% volumes of steam
to 1 volume of water gas are used.

The apparatus (23) consists essentially of an
internal chamber surrounded by flues, arranged
in the form of heat exchangers, the temperature
of the hydrogen generating chamber 23 being
maintained once the action has commenced by

. the heat developed in the reaction, namely,
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waste heat boller and the heat exchangers are ’

heated by conatact of the gases and vapours com-
ing out of the catalyser 3¢ on their way to the
pressure condenser. Gas enters through either

" CO+H20==CO02-+Hz+10,000 cals.

When starting up the chamber 23 is first of all
heated to about 500° C. by first burning water
gas in the chamber itself. A mixture of water
gas and steam in the proportions indicated above
is then passed over the catalyst, where it is con-
verted into a mixture of unchanged steam and a
gas containing about 65% Ha, 30% COz, 2% CO,
3% Na, and traces of methane (CH4). Owing to
the exothermal nature of the reaction the tem-
perature at the exit of the chamber 23 is some-
what higher than 500° C. The emerging gases
are passed through the heat exchangers, in the
other compartments of which the fresh water-

gas-steam mixture is passing on its way to the

chamber and is thereby heated to nearly 500° C.

The use of pressure accelerates this reaction and
also diminishes the size of the plant necessary to
produce a given volume; of hydrogen in a given
time. The catalyst for this reaction consists of
a pure form of iron oxide, stimulated by the addi-
tion of small amounts of alumina or similar ma-
terial, but otherwise free from sulphur, phos-
phorus, and other impurities. The catalyst

should not be heated above 500°—600° C, prior to‘

or during its use in the-process.

The catalyst for use in the large and small
catalysers may consist of zinc chromic acid oxide
(obtained by the interaction of zinc oxide and

“chromic acid with subsequent reduction in hy-

drogen at a temperature of approximately 350°
C.): reduced copper oxide; zinc oxide; mixtures
consisting of copper oxide and zinc oxide; copper
oxide, chromium sesquioxide, and manganous
oxide; copper oxide, zinc oxide, beryllium oxide,
and chromium sesquioxide, with ratios of Be:Cu

2-5:100, Mn:Cu 2-5:100 and 40:100, and small’

quantities of zinc oxide and chromium sesqui-
oxide; copper oxide, cerium oxide, zinc oxide, and
manganous oxide, with ratios Ce:Cu 2-30:100;

copper oxide, zirconium oxide, beryllium oxide,

and cerium oxide, with ratios copper:zirconium
100:3-10. These catalysts may also be used with
activated charcoal in this process. All catalysts

one of the nipples 83 or (84, and leaves by the 15 should be prepared by the precipitation of the

a :
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hydroxide from mixed nitrate solutions with a
boiling solution of sodium hydroxide. They may
als80 be prepared by the thermal decomposition of
some unstable copper salts of organic acids. The
reduction in hydrogen must be carried out at low

.temperatures, about 200° C. Al single compo-

nent catalysts are sensitive to heat, indicating
that mixed catalysts are preferable. All catalysts
may be used in this process in conjunction with
the high electric tension inside the catalytic
chamber, except those catalysts used in the pre-
liminary catalyst poison removing chambers.
.- Where the electric tension obtaining between
the electrodes within the chambers 36 is of the
order of from 60,000 to 100,000 volts, as in the
synthesis of light. hydrocarbons, a catalyst may
be dispensed with, with only a relatively slight
loss of efficiency, for best performance, however,
one of the catalysts referred to above, is employed.
I claim; ) '
1. A process. for synthesising a member of the
group consisting .of hydrocarbons, alcohols, and
mixtures thereof, which includes the step of pass-
ing & mixture of hydrogen and carbon monoxide

- through an alternating electric fleld whereof the

potential difference is from 60,000 to 100,000 volts

cordance. with the magnitude of the said fleld
frequency, the said hydrogen and carbon mon-
oxide react to produce a corresponding member
of the aforesaid group. :

3. A process for synthesising a member of the
group consisting of hydrocarbons, alcohols, and
mixtures thereof which includes the step of pass-

" ing a mixture of hydrogen and carbon monoxide

10
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and whereof the frequency substantially synchro- -

nises with the natural molecular oscillation peri-.
odicities of the hydrogen and carbon monoxide
under treatment, said field frequency being be-
tween 6,000,000 and 37,000,000 cycles per second

30

whereby, in accordance with the magnitude of .

the said fleld frequency, the said hydrogen and

carbon monoxide react to produce a correspond-’

ing member of the aforesaid group, .

. 2. A process for synthesising a member of the
group consisting of hydrocarbons, alcohols, and
mixtures thereof, which includes the step of pass-
ing a mixture of hydrogen and carbon monoxide
through a catalyst of the group consisting of a
hydrocarbon-forming catalyst, an alcohol-form-
ing catalyst and mixtures thereof, at a tempera-
ture of from 250° to 450° C., while subjecting the
said mixture to the influence of an alternating

electric fleld having a periodicity of from 6,000,000 .

to: 37,000,000 cycles per second whereby, in ac-

40

under a pressure of from 18 to 250 atmospheres
through a catalyst of the group consisting of a
hydrocarbon-forming catalyst, an alcohol-form-
ing catalyst and mixtures thereof and-which is
meaintained at & temperature of from 200° C, to
450° C., while subjecting the said mixture to the
influence of an alternating electric field whereof
the potential difference is from 60,000 to 100,000
volts and whereof the frequéncy is between 6,000,-
000 and 37,000,000 cycles per second whereby, in
accordance with the magnitude of the said field
frequency, the said hydrogen and carbon mon-
oxide react to produce a corresponding member
of the aforesaid group. :

4. A process for synthesising & mixture of light
hydrocarbons which includes the step of passing
8 mixture of hydrogen and carbon monoxide un-
der.a pressure of approximately 18 atmospheres
through a hydrocarbon-forming catalyst which is
maintained at a temperature of from 250° to 450°
C., while subjecting the said mixture to the in-
fluence of an alternating electric fleld whereof
the potential difference is from 60,000 to 100,000
volts and whereof the frequency is between 6,000,-
000 and 37,600,000 cycles per second. :

5. A process of synthesising methanol which
includes the step of passing a mixture of hydro-
gen and carbon monoxide under a pressure of
approximately 200 atmospheres through an al-
cohol-forming catalyst which is maintained at a
temperature of from 250° to 450° C. while sub-
jecting the said mixture to the influence of an
alternating electric fleld whereof the potential
difference is from 60,000 to 100,000 volts and
whereof the frequency is between 6,000,000 and
37,000,000 cycles per second.

" PAUL XAVIER SPILLANE.




