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PATENT SPECIFICATION

Convention Daie (Australin) : Apidl 29, 1939.

UG 2TAA COMPLETE SPECIVICATION

Process and Apparatus for Synthesis of Hydrocarbons, Aloghols
and Formaldehyde,

We. EKrrmm Wroiams, of 16, Fux
Valley Road, Wahroongs, near Sydney,
New South Wales, Auslralia, Pamr
Prva, of Queensland Nationa! Bank
Chambers, Pitt and Hunter Streets.
Sydney, New Sonth Wales, Australia,
and Twowmas AwpnEw Lawemm, of 4,
Northeote Avenue, Killura, near Sydney,
New South Wales, Auatralia, all British
Subjects, do herehy declare the nature of
this invention and in what manner the
same is to be performed, to be particu-
larty described and sscertained in and hy
the following statement :—

This invention has for its object the
provision of a  simple process  and
apparatus for the manufacture synthetic-
atly of hydrocarbone or hydroxyl deriva-
fives thercol, such ws methanol and the
higher  alcohols, from  carhonaceous
malferials such as  coal, wood, shale.
rubber or cotton.

The present invention providey w pro-
cess for synthesising hydrovurbons or
hydroxyl derivatives thereof which in-
cludes the step of pussing & mixture of
hydrogen and carbon monoxide through
an slbernating eleetrie field in which the
field frequency is between 6,000,080 and
F7,000,009 cycles per second in  the
bresence of a hydrogenating cutalyst.

A preferred embodiment of the inven-
tion will now he deseribod with reference
to the accompanying drawings, in which ;

Fig. 1 is a schematic lay-out of
apparatus forming a part of the present
invention ;

Tig. 2 is a vertical seetion through a
catalyst poison-removing apparstus hers.
in refarred to as o “small catalyser 7 and
marked 33 in Fig, 1 ;

Fig. 2 is ap enlarged section through
an arm of the apparatus shown in Fig. 2,
and

Fig. 4 is a vertieal scetion through a
chamber which houses clectrodes for the
establishment therein of a high frequency
electrie field, This chamber iz referred
to hiercin as u “large catolyser ¥ and is
marked 34 in Fig. 1.

The carbonaceous ranterfal iz first
charged intn a vretort 11 where it i
[Frice 1s.]

destructively disfilled. The wvapours are
passed through a condenser 12 “where all
the eondensable products are removed and
the jncondensable pas is passed through a
scrabber I3 into a first gas holder 14,
The rondensable products are collected af
16, fractionated, and re-treated to obbain
the nuemerous products resolting from the
destructive  distillation.  The heat re-
quired for that distillation is supplied by
gas from & gas produeer 13, ’%Eis pro-
duear feeds gus through a serubber 17 into
the fest gus holder from which gas for
the power and heat requirements of the
entire plant are taken.

The earbonaccons residne from  the
retort is charged into a water gus
generator 18, This water pas generator is
externally heated and produces wter mas
containing any desired proportion of
hydrogen ; eatbon  mowoxide,  continn-
ously. This proportion is determined hy
adjnsfment ai‘ the - femperature at which
the generator Is operated hy external hoat
taken as producer gas from the holder 14,
The hot flue guses are passed from the
heating zone info a waste hest boiler 19,
where thay are used to generate steam to
fand the water gas genefator 18 and any
other parts of the plant requiring steam.
The hot fluc geses from the destruetive
distillation  furnuce are  also agsed
through ihis waste heat boiler and wuscd
for the same purpose. If desired, & con-
ventional itermibtent water gas generator
may he used with this plant,

The water gms s passed from the
generator 18 through & gas scruhher 20
and a gas pwifier 21 into 2 second gas
holder 23, An approximate ratio of
hydrogen-carbon momoxide in this gas
mixture ia 1: 1.

Bore of the gas from the second halder
it uged for the gemeration af hydrogen.
Thizs hydrogen. is generated by t&l%.h:g
water gas from the secand holder 22, mix.
ing it with steam from the wastc heut
boiler 19, and passing the mixiure over a
catalyst maintained st a temperature of
450°-600° C. In the hydropen generat.
ing catalysing  chamher 231 the following
reaction tukes place :
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H, +C0 +H,0 =00, +2H, + 10,040 cals.

The chamber 23 with which a heat
interchanger 40 is associated i= nain-
tained at the required temperature by the
exothermic heat of Gthe reaction, after
having first heen raised to the remclion
tempersture by preliminary combustion
of some of the water gas.

The gases from this chamber 21 are
then passed through = gas scrubber 25 n
which the carbor dioxide formed is
removed, then through a gus purificy 26
inta a third gas helder 27. The gas in
this holder has approximately the follow-
ing composition : hydrogen 98%: earhon
wonoxide 29%.

The remainder of the water gas from
the second holder 22 is passed direetly
into a fourth gas holder 25, Hydrogen is
then introducad into the fourth holder
from the third holder jn sueh quantity as
i3 neeessary to raise the ratio of H,:CO

from 1:1 ¢ 4:1, or uny other desired

proportion.  When the plant i finst
started wp, hydrogen is added to such an
extent that the ratio of H,:CU will be
5—5:1. When this is obfained the ratio
in the fourth holder 2% is maintained af
2:1=H,:C0. The excess hydrogen
gerarated when the plant is frst started
up remains in the pressure system: and is
nsed to conduet heat from the cafalyst
mags in chamber 2% and to keep a uni-
form tem perature therein,

From 6he fourth holder the mixed
gases in the desired proportions, depend-
ing on the required finul produes, wrc
passed to a compressor 28 where they are
compressed to as much as 230 atmo-
sphercs.  ‘This  pressure iz varied in
aceordance with the nature of the product
required, for example, in methenol syn-
thesis the pressure would be 200 alino-
spheres, for light hydrocarbon synthesis
{up to octane, for example) pressure
would be approximately 18 atmaspheres,

for hydro derivatives up ta 150 atmo-
spheres. From the compressor the mixed

guses urc passed into a  high pressure
gtorage tank 30. From $his tank the
gases are passed through w flow meter 31
and circulating pump 32 and through one
small catalyser, or throngh a battery 53
of small catalysers. There  smali
catalysers are kept ot a temperature of
250—450° C. by cxothermie heat evolved
in the reaction. Tn these small catelysers
(whick are further described luter herein)
eabalyst poisons are removed. Irom there
the goses and vaponrs are passerd through
n pressire condenser 31 and trap 33 and
vn through one or & babtery of large
catalysers 50, passing a heat interehanger
39 Theve catelysers 26 are mainbuined

ai & femperature of 250—-430° (. The
pages are cirewlaled and if necesspry e
eivrniated over the catalyst mass in the
eatalysers. and ihey are then passed. still
miler pressure, through a pressure con-
denser 37 from which the liguid hydro-
carbon or hydroxyl derivative products

ouve deained to o reeeiver 3% and passed

to a suwmp 41. The unconverled guses
are then returned through pipe #6 and
re-virenjated over the catalyst mass. T
desired. the entire plant may be worked
under presgure  from  the  water gas
generator to the diral hoosting compressor.

The elecicieal conditions (veferred te
later herein} prevailing within the lage
eatalysers 30, render the guses chewi-
cally antive by ionisation. the catalvst
being employed for the purpose of turp.
ing the reaction in the desirer direction.
This cleetrieal influence alse determines
the speed ai which the reactions go
forward. The spute veloeities evmployed
in this pmrtion of the process range from

30400 to 100,000,

Buitable  structural designs  of  the
small and large catalysers are shown in
Fige,~2 and 4 respectively of the draw-
ingg, . The first comsists of a steel tuhe 53
preferably of ponderrous metal, having
the ratalyst substance ecarried on  a
meivllic ganze metwork 60 having rela.
tively . Jarge eleorance spaces between ifs
folds or  convolutions. The eatalyst
earriers are supported horizontally on a
centrat tohe piece B8, and the gas mix-
ture has to pass actually throuph the
catalyst to escape from the chamber. “The
oullet is down through the centre of the
catalyst carrer supporl 6. The small
eatalysers may be dispensed with, but for
preference they are included in order that
the catalyste employed may be main.
tained fully effective over long periods.

The gus mixture under a pressure head
of about 250 atmospheres is passed vie a
cock 61 through » nwiler 31, (G2 being
a repistering pressure gange to fucilitute
ronérol), to the small ecatalyser through
a...port. 61 The catalyser is heated
externally ta a point between 200° and
450% €. 62 is o shaft drivable by a pulley
64 and passing through a stuffing box 63:
it is keyed into the bottom end of a
tubular shaft 66, The shaft 66 is ftted
with ' perforated tubular wsms 67 which
are. stopped (68} at their outer ends. The
catalyst is deposited on metal pauze 69
which is wrapped round the arms 67, its
convolutions being spaced apart in order
to facilltate gus civenlation. The eatu-
lyzed pas which has passed into the fube
of the shaft 66 iz led out through a port
189 to the coil 70 of & condenser 71. The
condenser ooil 70 draina inio a closed
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roceptacle 33 in which the aleohols are
collected.  When it is required to frachion-
ate to obiain the alechols separately the
eondenser iz run dry or is by-pa.ssen:ly,r and
ﬂlif{l vapours are led to a fractionating

The gases enter the chambur in such a
way that they are kept in motion within
the thamber.  The chamber is heated, pre-
ferably externally, to a tempcrature of
250°—-450° €. Thermo-oouple leads come
from the catalyst bed and carviers so that
the temperature st the catalyst surface
will always be known, If slectrioal heate
ing is used, the electric deviee is thermo-
statically conleolled so thet if the
temperaturc drops  below any desired
minimum the heating device comes into
action automatically. Tt alse ecuts out
automatically when the temperature of
the inside of the chamber has reached any

predetermined maximum. The chamber
Is complete with a serics of heat
exchangers whereby the incoming gos

wixiure may be warmed if desired by the
outgeing vapours and gases.

The large catalyser ehamber 38 (Fig.
4) coneists of a steel tnbe 47 into which is
inserted @ tight fitting lining 48, prefer-
ably of non-ferrons motul. Inside this is
fitted the catalyst carrier which consists
of two econcentrie guuze cylinders 49—-50,
preferably of copper, the volume con-
talned betwuen them heing equul éo one
third of the $otal fres inside volume of
the eatalyser chamber. Down the eantre
of the chamber an electrode 51 is placed,
thy negative side of the circnit being the
wall of the chamber, If desired this wall
may he eoated with an lonizing agent such
as radio-active wubstances or rare earth
elements (for example oosium may be
used). The wires from the electrode and
the wall of the chamber are eonnected to
uw transformer which supplies the neces-
sary potentinl difference between Lhe two
points, the voltage depending upon the
distance botween the electrodes. In an
experimentul practicing of the invention,
80,000 volts was found to ke suitable in
the cuse of electrodes separated by a dis-
tence of abaut one and one-half inches.
The frequenoy employed may vary from
8,000,000 to 37,000,000 cyeles per second
depending upon the nature of the suh.
stance t0 be synthesised and the catalyst
employed. For example, iu the synthesis
of light hydrooarbon fractions in the
saturated chain sceies (fom C.H,, to
CeH. g} the frequency empioyed would be
of the order of 33,000,000 cycles per
seeond. If desived, the catalyst and eata.
Iyst oarrier itself may also be conmented
t0 the negative side of the eipeuit,

The field frequencics hersin spocified

comprise o range of average fcld fre-
yuency values siuitable for the synthesiva-
tion of Hquid hydrocarbons or hydroxyl
derivatives thercof from hydrogen and
carbon racmozide. Part of the required
bydrogen and. ull of the veguired carbon
monoxide ‘may, of conrse, be drawn from
% supply of water gas.

Heat may be applisd by clectric
slements which are situated In the in.
ferior of the” copper elestrode and thermo-
stutically controfled as in the case of ths
other ehamber. If iniernal electric heat-
ing of this chamber is not desired, the
incoming gascs are passed through eoils
and heat sxchangers 49 {Fig. 1) and
thereby ruised to the required tempera-
ture before entering the large catalyser.
The coils -ate heated either electricafly or
by eontact with guses coming out of the
waste heat boiler, and the heat axchangers
are hcated by contact of the gases and
vapours coming out of the eatelyser 36 on
their way to the pressurc eondenser. (as
enters Shrough either one of the nipples
A% or 154, and Icaves by the obher, The
catalyser 36 is so designed that all guscs
mus puss actually throngh the catwlyst
bed, the flow being spread widely by the
sleeve 52. to. ensnre perfect conlact with
the catalyst itself,. The chamber iz com.
plete with Heat cxzchangers mentionsd
abova. . .

The. first batlery of small catalysers 33
(if employed),one of whose purposes, us
ndicuted ‘above, i to remove the vatulyst
polsons, are. not fittad with an clectrode
and. are subjected to o electrical tension
whatever. -t will be understood that
thess smoll calnlysly do not form anm
essentin] part of the invenstion.

The plant may also he worked under
pressure frnm: the water gas generstor on-
wards. In working the plant in this way
the size of the plant is greatly reduced.

The working temperature of the rata.
byser chumber 23 is 450—600° O thiy
point being chosen in order to combine
rapid reaction with reasonably high con-
version to the hydrogen and carbon di-
oxide side of the equillbrivm. By employ.
Ing exoess sicam the equilibrium iz moved
further over in the direction of the hydro-
gen and curbon dioxide, and about 2]
volumes of steam to 1 volume of water gas
are used,

The spparatus {23) consists essenbially
of an fnternal -chamber surrounded by
flues, arranged in the form of heat ox-
changers, the femperature of the hydro-
gen generabing. ‘chamher 23 befug main-
tained once the action has comnienced by
the heat- '_dgn_ra’loped in the reaction,
namely, -

CO +H,0 =00, +H, + 10,000 cals.
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When starting np, the chamber 23 iz
first of ull heated to ahout 500° O, by first
burning water gas in the chamber itself.
A mixture of walcr gas and steam in the
proportions indicated above Is then passed
over the catalyst, where it iy converted
into a mixture of unchanged steam and a
gos containing aheut 65%, H,, 30% CO.,
204 CO, 3% N, and traces of methane
(CH,). Owing to the exothermal nature
of “the- reaction, the femperature at the

exit of the shamber 23 is somewhut higher

than 300° C. The emerging gases are

passed throngh the heat exchangers, in

the other compartments of which the

fresh water-gas-steam mixture is passing

on its way o the chamber and is therehy
heated to ueady 306° . The use of
pressure accclerates this reaction and alse
diminishes the size of the plant necessary
to produce a given volume of hydrogen in
a given time. The cululyst for this re-
petion consists of a pure form of iron
oxide, stipndated by the addition of small
amounts of shiming or similar material.
but otherwise free from suiphur, phos-
phorug, and other Impurities. The eata.
Irst should not be heated above 500°—600°
¢, prior to or during its use in the process.

The cotalyst for use In the large and
small catulysers may consist  of  zZine
chromie acid oxide {obtained by the infer-
action of zinc ozide and chromie acld with
subseruent reduction in hydrogen at a
temperature of approximstely B50° C.);
reduced eopper oxide; zine oxide; mix-
tures consisting of copper oxide and zinc
oxide ; copper oxide, chromium sesqui-
oxide, am&:l manganous oxide ; eopper
oxide, zine oxide, beryllinm oxide, and
chromium sesquiozide, with miios of
Be:Ch 2—5;100, Mn : Cu 2—35 : 100 and
40;100, and small ¢uantities of =zine
oxide and chrominm sesquioxide ; copper
oxide, cerium oxide, zine oxide, and man.

gaons  oxide, with ratios Ce:Cu
2-30:100; copper oxitde, wirconium

oxide, beryllium ozide, and eerium oxide,
with ratios eopper: zirconjum 100 :3—I10,
These eatalysts may also be used with
setivated chareoal in this process. All
eatalysis should be prepared by the pre-
cipitation of the hydroxide from mixed
nitrate solutions with a hoiling solution of
sodium hydroxzide. They may alsa be
prepared by the thermal decompesition of
some unstable copper salts of organie
acids. 'The reduction in hydeogen must
be carried out at low temperatures, about
200" . All single component catalysts
are scnsitive to heai, indicating that
mixed catslysts are preferable. All cata-
lysts muy be uscd in fhis process in com-
jurction with the high electric tension

inside the cafalytic chamber, exeept those .

" which the field frequeney iz

catalysts used I the preliminary catakyst
poison removing chumbers,

Where the electric tcnsion obtaining
hetween the electrodes within the cham-
bers 86 & of the order of from 60,000 {o
100,000 wvalts, as in the synthesis of light
hydrocarbons, a catalyst may be dispensed
with, with culy s celatively slight lass of
efftciency. for best performance. however,
one of the eatalysts referred lo ebove, is
employed,

Having now partieniarly deseribed and
wiceriained the nature of onr zaid inven-
tion and in what manner the same is to he
performed. we declare that what we claim
ig w7

. A process for synthesising loydro-
carbons ' or hydroxyl derivatives thorcof
which includes the step of passing » mix.
ture of hydrogen and carbon rmonoxide
thrangh "an  alternating electric field in
which the field {frequeney iz between
8,000,000 and 37,0000000 cyeles per second
in the presence of a hydrogenating eata-
iyst.

4., A process according to elaim L
wherein the potential difference acrosy the
alternating eleetric field iz from 80,000
to 100001 volts,

3. A process [or symthesising hydro-
carbons or hydroxyl derivatives thereof
which includes the step of passing a mix-
ture of hydrogen and carbon monoxide
through an alternating electric field in
. between L
6,000,000 and  3T000,0060  eveles per
second, the potential difference across the
alternating olectric field heing  hetween
60,000 and 100,004 volls,

4, A proeess according t6 elaim I or 105
claim 2 whieh ineludes the step of passing
the mixture of hydrogen andd ecarbon ron-
oxide .through un clectrically neutral
catalyser. vessel and subsequently pussing
said mixture through a second catalyser 110
vessel in which the said mixture is sub-
jeeted to the influence of the s=aid alter-
unting cleetsie feld.

8. . A process aceording to elaim 4 in
which the temperatore in both said eata- 113
Ivser vessels is mainfained at from 2i0°
(*. b0 450° C.

6. A process according to elaim 4 or
claim 5 in which the pressure in said clee-
trically neutral catalyser vesscl Is main 120
tained at from 18 to 250 atmospheres.

7. Apparatus for carrying out a process
according to any one of the preceding
claims 1, 2, 4, 3 and & which inecludes a
small eatalyser and a luge catalyser 125
anuipped  with means for ?urnishing t
high frequency electrie fleld in said large
ecatalysar.

8. Appamtus for earrying out a process
weeording: to oy one of Claims 1, 2, 4, 5 130
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and 6 as herein deseribed with reference to BLEINGTON & FIFE,
the wecompanying drawings. Consulling Chemists & Chaxtered
. Patent Agents,
Dated this 20th day of April, 1840, ' 20 tu'23, Holhorn, Londen, B.C.1,
Agenfis for the Applicants,

Abingdon ; Printed for His Majesty's Btationory {}Mfice, by Burpees & Son,
o [Wb. 82004, —20712/1842.]
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