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Process for the._Syﬁfhes of Liquid H&ﬂrocarh'ons. .

" I Hamgorp - liowix Porrs, M.S8c.,
Chartered Patent Apenb, of 12, Chursh
Street, Liverpool, in fhe County of Lan-
caster, Subjeci of the King of Greab
Britain, do herchy declare the.
this invendion which has been communi-

cated. to me by Hetmann Plauson, 8

Citizen of Esthorda, of . Hagedornstrasse
51, Humburg 57, Germany, to be i
follows — )

This invention rclates fo a progess for
the synthesis “of liquid hydrocarlions of
verious boiling poins from gases such as
waber gas, andjor gaseous hydrocarboos,
such ag coke oven gas, nabural gas or gases
produced by eracking heavy ois.

" According to the present invention, mix-
tures of inflampmable gassons carhon oawm-
nds are convw:tedg ingo liguid hyiro-
carhons by subjecting the comgomnds to
the action of rapidly moving electrons (8-
rays) and for to the reaction of X--rays.

An imporlant feature of the invention .

eonsists T subjeeling the veadling guses o
vaponrs to the action of inense-elcofric
mg jor electre magnetic felds. while under
the influenoce of the rays. ) R

- Frrther featupes of the imvenbion con-

" gist in subjecting (he activated gases dur-
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- aflber

ing or especially sflcr irvadiation . to the
acbion -of high pressurc end for tempera-
tures in the latter case & ° Eipsning” or
reaction occurs, The Invention
further inclodes the infroduokion. of suib-
able catalysts into the reaction -chamber.
A gas mizturc miy be irradiated or one or
more of the individual gases ay be

- {rradiated just prior fo admixture, which

ig preferably followed by ‘compression. :
other important feature of the inven-
fivn is the use of mixbures of saturated

and wnsaturated hydrovarbons cas  the

initial substences in  the synthesis of
liguid hydrocarbons. i

The invention also consists in the pro
cess of subjecting - gaseous cwbon . com-
pounds to b.'gxa joint action of B-rays and

- X-rays, whereby liguid hydroearboris are

produced, ‘
The fA-rays may be produced by apps-

ratus such as u-Coolidge eleciron fube or

that ddeseribed in my. oo-pending applica-

strusted * on similar principles, In this
apparatus the - electrons are vmitted i
qrantitiet from a surface costed

lar%;a
. with the elements or oxidez of the elements

natare of

tion No. 14,539 /27, or by apparatus con-

of the rare- earth series, hested electrically
or obherwise, and enclosed in a highly
evacnated chamber. A window of thin
metal foil through which ile rays can
posg fresly is provided in fhe chamber
opposite the . emiting surfuce and o
reaction chember is arranged externally
to the window. - .. -

. The Bruys must have suffieiently high
velocities and concenlvations. A4 veleciy
of between 200.800 and 280.000 kilometres
par scoond it desirable and in zll cuses Lhe
velocily preferably sxoeeds cne half the
velocity of light. The voltage applied to
the B-xay tu%c to sccelerate the rays to
this velowity vazies ‘between 50,000 and
500,000 volts. For wmost practical pur-
poses & potental of 250—300,000 volis is
sufficient. _—

The admixture of X-rays may be pro-
dnced from the aschiom of the Brays on
guch substances ns glass, guartz, felspar,
arranged- ahove {he metal window, Fhe
action of the frays on such substendes

oduces  K-radiztion, the ionisation
sansed by the X-1ays asseting the action
of the §-rays on the gases or vapoirs.

A main anode is armanged oppoeite to
{he metal window, and many form one wall
of the reachion. vhember, This anode is
peeferably maifitained wl o high positive
potential, and the reaching substances pass
betwesn the anode and the metal window,
so thab they are simmlaneously subjected
to the action of S-rays, X-rays, and an
interse - electric feld. An  alternating
voltage may however be applied to the

anode,

A plueelity of f-ray tubes mwy seb
parallel on & smgle reaction chamber,
and the gases may be introduced in the
direction of, transversely, or in -eounter
flow to the grays. -~

The power of g-rays {o promube chemical
reaclions may be enhanced by causing the
f-rays to rotote so that they iraverse a
spiral or helienl path. Buch a motiomn
may be camsed by allowing the rays fo
traverse a rotafing magnetic field. A
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rotating maguetic field may be prodneed
by pussing threc phose altermating cur-
rent through a system of three coils such
ag are vsed to prodnee a rotating magnetic
field in alternating ecwrrent motors. The
combined effect of the rotating magnetic
field and the wveloelty of" the electrons
forming the rays cauwses the raye ta fra- -
verse a 3piral or helical path. -

Catalysts may be used o asecleruie the
reacfions. Snitable catalysts =re {hose -
Imown in the heat-pressure synthesiz of
liguid hydrocarbons from water gas. 1In
the present -invention it is possible to
increzse the vield by civculating the react-
ing snbstances under increased pressurcs

and for  temperatures e o synthesise

Hguid hydreearhons from waier gas alome,
g pressuve of “200—1000 abmospheres is
desirable ; with o mizbure of waber gas and
ethylene or. acetylene, - the reaefion pro-
ceeds  at ordinary pressures with &
20—-309%, yield and wigh increazed pres-
sures of H0—200 atmospheres approaches
the thearetical yield. desired, a mix-
ture of sabursted and wosafizated hydro-
carhons masy. be used, e.g. with mcthane
or ethane “alone a_ tempérabwre of
300—500° £, and a préssmre of 600—1000
stimcspheres is necessary to produce liquid
hydrosarbous, bub with a mixture of the
unsaturated cracking products of hewvy -oil
and " gaturated hydrocarbons, the redulion
proceeds et 150°—=H50° C. and 200—)0
atmospherss
nseful yield. . :
The actual working “eonditions, sweh as
Beray velociby, smount and iaterwity of
X-rays, magnitude of the applied eleciric
fisld, electrical conductivity of the, react- -

ing cases, ssure and température, vmish
be adjusted acoording to the end product
required.  The time of cxposure to the

action of the rays, the duration of the
after effect, and a series of conditions
which can be fixed when the end product
and initial] mixtures are. known mush . also
be taken into socount, In most osses, a
mixture of hydrocarbons of various com-
positions snd boiling poinfy Iv formed,
which contains ketones,” alcobols  ete.
These last are formed in guantity if the
Irradiated gases contain .water vapour.
The different fractions can be separated
by lknown means: such ss fraefional dis.
tillation ete.”” | T

The vapours of hydrocarbons of low
Loiling poiné wmay be exposed fo the action
of the muys to formn higher or more
saturated compounds than the original
ones.

The following example illustrates the
Process. . : .

Wetor pas is prepaced from coke and
purificd by known methods. The gus so

- gecond.
-activated gas is compressed to 800-—1000

pressure with a commergial -
- ‘fitbude .of the pressure shortened accord-

obtained iz led slowly. contimmonsly and
at mormal temperature (preferably how-
ever i o temperature of from
200°—450° €.} through o B-ruy appacalus,
under the influence of Baags with o
velocity of 200—350.000 kilometres per
After leaving the apparatus the

#bmospheres. The length of time for
which this pressure is maintained depends
a. on the strength of the rays and the
time of exposure.
b. on the tempersture of the gus durisg

“rradiation.
- ¢ on the type of hydracarhon to he
“produced. -

The hydroearbons  obtained  (after

removal of the €0, formed im the syn-
thesis) can be separated by Iructioms] dis.

titlation. It is possibie, using puré water
gag, to produce hydracarbons of which
60—80%, %Oﬂ below 130° C.  With longer

frradiation -and cieeelation under inereased
pressure, the yield of oily hydroenrbons
can be raised to 40Y%, or more.

The henzine obtained is mostly of a
sotuzated nature, Tf small amounts of
unseturated hydeoearbons oceur, they can
be removed Ly known methods, such as
suiphuric acid ete.

The process may be shoriened by the
addifion of 10—30%, ethylene, acefylene,

-or ulher umssiuvaterd hydreecarbon to the

witer gos, Inown catalysts can also be
used, and the thne of eirenlation and mag-

ingly.~~ -Bpecial catalysts may be used,
suel. as radiwm salts or Anoreseent or phos-
phoresgeent snbstansces,

It is advisable fo cool the yeaclion

a dégree of polymerisation may take place,
while too high a temperature may give
ise to eracking products.

. It is preferable to use intensc radintion
and high pressures, dispeising with cata.
lysts. and withk the pecessiby of freeing the
water gas from catalyst poisons. ff cata-
Lysts are mot nsed the absence of poison is
not so necessary, nor is the pressnee of
nifrogen or water vapour so dangerous,
though proferubly the water-gas docs nob
contain too much of cilther. The afier
effect of +the irradistion may be utilised
to full effect by circulating the reacting
gases under pressure thromgh the appa-

ratug in a eyelical process.
. Jithe ofls obtained have foo low a vis-

fosily. it ean be innreasad if the oil, heated
to. between 80—150° C. iz subjected to
further treatment with the rays.

. ;, Dated this 20th day of December, 1027

. W, I THOMPSON & Co.,
.- 12, Chureh Strest, Liverpool,
“harlered & Begistered Patent Agents.
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GOVPLETE SPECIFICATION. -

" Process for the Synthesis oi'LiqﬁiELi:. H§d-:rﬁcar'bnns.

I, Haporp Lnwin Porrs, MBe.,
Chartered Patcob Agent, of 12, Chureh
Street, -Liverpool, in the County of Lun.
caster, Subject of the King of GCreal
Britain, do hereby dcclare the nature of
this invention whick has been ecommun.
cated to me by Hermann FPlauson, a
Citizen, of Esthonia, of Hugedornstrasse
51, Hamburg 87, Germany, and in what
manner the same is fo be performed, to he
particularly described and ascertained in
and by the following stabement :—

This invention relates to s process for
the symthesis of lignid hydroearbons of
various boiling poina from gases suoh as
water gus, sndfor gaseons hydrocoabens,
sneh as coke oven gas, natural gas or gases
produced by cracking heavy oils. :

Agcording to the present invention
lignid hydrocarhons obtained by subject-
ing mixbures containing gaseous carbon-
ecompammds o the action of an Infense
beam of £ rayes of velocity exceeding onc

‘half the velovity of lght or to that of

such f rays and the secondery X rays pro-
duced therefrom. ’ .

An importent feature of the invenbion
congists in subjocting fthe g rays In
presence of the rescting gases or mot to
The action of intense electrie and for rotat-
ing elestromagnetic fields.

TFurther features of the invention econ-
sish in subjecting the activabted pases dur-
ing or especially after irradiation to Ghe

schion of high pressures and for’ temperu-

tores ; in the latter case & *ripeming” or
after  reactfon occurs. Tho invention
further inclvndes performing. the reaction
iu the presence of eatalysis. ’

Another important feature of the mven-
fion is the use of mixturss of safurated
and unsatursted hydrocarbons as  fhe
ipitial subsbances in the synthesis of
liguid hydrocarbons.

The B-rays may be produced by appa-
ratus such as a Coolidse electron tube ov
that described in my Patent Specification
299,735, or hy appacatus constructed on
In this apparatus the

from & surface coated with, the dements or

‘oxiden of the slements of the rare earth

series, heated elestrically “or otherwise,
and enclosed in & highly evacuated cham-
ber. A window of thin metal foil through
which the rays can pass freely Is provided
in the chamber opposite the emitting sur-
face and o reactlon chamber is arranged
externally to the window.

The Prays nmeh have sufficiently high

fn - large guantities

welopities and concenfrations. A velooity
of between 200,000 and 260.000 kilometres
per scoond ja desirablé and in all cases the
veloeity preferably exvecds one half the
veloeity of light. - The voltage applied to
the f-ray tube to accelerate the rays to
thiz vcloeity varies between 5000 and
500,000 volls. For most practical pur-
poses a potential of 250—3850.600 volts is
sufficient.

The admichire of X-rays may be pro-
duced from the sciion of the Srays on
such substances ae glass, quaris, felsper,
arranged above the metal window. Tho

- getion of the f-raye on such substances

produces  F-radiation, the ionisation
cansed by the X-rays assieting the action
of the B-rays on the gases or vapours.

A mein nunode is arranged oppositc to
the metal window;and may form one wall
of the reaction chamber. This anode is
praferably::maintained at a high positive
potentiel and the yeacting substances pass
hotween , the anode ;and he metal window,
so that they sre simultapeously subjocted
ta the .aclion of Jrays, X-rays, and an
intense | electrie;: . field. - An albernating
voltage. roay bowever bo applied to the
apode, . oo o

A pluedlity of Bray tubes mey set in
parallel on a single reaction chamber,
and the peses may be introduced in the
direction of, trunsversely, or in counter
flow to the fl-rays.

"The.power of g-rays to promote chemieal
Teaclivne may be enhanced by cuusing the
Brays te rolate so that'they iraverse a
epiral or helical path. Sneh a motion
may be caused by allowing fhe rays to
traverse a rotubing magnetic field. A
rebating magnetic field m?.f be produoad

passing three . phusc abernating cur-
rent through a system of three coils wuch
as are used, tw produce a rotating magnetic
field in alterngting currcnt motors. 'The
combined effect. of. the rotating magnetic
field and. the:; velocity of the eclectrons
forming ;the rays .causes the rays fo tra-
-verse & spiral o helical path.

Catulysbs may be uded io accelerate the
reactions. ~Suifable ecatalysts arve those
known in ‘the  heal-pressure synthesis of
Tguid hydrr)car_hops__g‘om water gas, In
the present invention it is powible to
inerease 'the yield by eirdulaling the react-
ing substances under increwsed prossures
and jor temperatures eg. to synthesise
liquid hydroearhons from water gas alone,
o pressure of 200—1000 atmospheres is
desirable ; with a mixbure of water gas and
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ever
200°—450° C.) through a f-ray apparatus,
. under the influence of B-rays Pwith‘ a
veloeity of 200.000—250.000 kilometres per

‘jrradiation.

ethylene or acetylene, the peaetion pro-.
ressiives with Ja

ceeds ot ordinary
20--30%, yield and with increased pres-
gures of 50-—200 afmospheres gﬁproaches
the theoretical yield. T desired, a mix-
fure of safurated and unsaturated hydro-

corbons may be used, eg. with methane

or ethene alone a tempersture  of
206--500° . and & pressurva of 600—L1000
atmospheres is neccssary fo produce liguid
hydrooarbone, but with s misture of the
unsaburated cracking products of hoavy ofl
and saturabed hydrocarbons, the reaction
proceeds ab 160°—350° C. and 200—400
atmospheres ‘presswe with a commercially
usclnd yield..

_ The actual working condiions, such as
B-ray vclooity, amount and intensily of

~ X.rays, magnijude of the applied electric
field,” electrical conductivity of the react--

ing gases, pressure sud femperature, must
be .adjusted according to the end prodnet
required.  The fime of exposure fo the

achion of the rays, the duration of the.
after effcet, and a series of conditions.
which can bLe fixed when the end product. -
and inifial mixture are kmown must also’

he taken inte account, In ppost cases, &
mizfure of hydracarbons of various com-
pusitions -and boiling points is formed,
which contains letomes, alechols efe.

Mhese last are formed in guantify i the

frradiated geses conbtain water wapour.
The different fractions can be separated
by Lkuown means such as fractional- dis-
Hillation eto, -
- The vapours of hydrocarbons of low
beiling point mey be exposed to the action
of the- rays to form higher or more
saturited compounds than the original
ones., -

“Fhe following example illusirates the
process. | - :

Water gos is prepaved from coke and

. purified by Luown methods. The gas so

obtained iz led slowly, ceutinuccsly and
at normal temperature (preferably how-
at a  temperature of m

sesond.  After leaving the wppuratus the

achivated sas is compresged o 800—1000 .

atmospheres. The length of time which
this pressure is mafotained depends. -
. u, on the strength of the rays and the

time of cxposure. . -~

b. on the temperature of the gas during

¢. on the type of hydrocerbon to be
produced. -

The ' hydrocarhons  cobiained {after
removal of the ‘G0, formed in the syn.
flicsis) van be separated by fraetiomal dis-
tillalion, It is possible, using pure water

* COnS

Ea.s, “t0 produce hydrocarbons of which
0-—=80%, boil helow 150° ¢, With longer
rradiation and eireulation under increased
pressure, the yield of oily hydrocarbons
ean be rajsed to 400%, or more,

- The- benzinc obtained is mostly of a
saturated mature. If small amounts of
unsaturated hydrocarbons oceeur. they can
be removsd by known mefhods, such as
sulphuoric acid ate.

The process may be shortened by the
addition of 10—080%, ethylene, acetylene.
or other unsaiurated hydroesrbon to the
walter gas.

T4 15 advisable o cool the reaction
chamber when unsing eatalysts, or too greab
a degree of polymerisation may take place.
while teo high a temperature may give
rise to eracking products.

It iz preferable to use inicuse radiation
and high pressures, dispensing with cata-
lysts and with the necessity of freeing the
water gas from eatalyst poisons. If cata-
lysts ate not used the absence of poison i
not z0. necessary, nor 8 the presence of
nitrogen e water vapour so dangerous.
though. preferably the water-gas doce not
conitain 4w mueh of either. The afler
effect of the irvadiation msy he uiilised

- to, full effect by cirenlating the reaching

gases .under. pressure through fhe appa-
refus;in a oyelieal process.

If {he oils ohinined have too low u vis-
cositiy it con be inereased if the ail, heated
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to hetween 30—150° (. is suhjected o L00

further treatment with the rays. .
I g avware of Specification No, 154,218
and cleim nothing tleseribed or claimed
therein. .
. Having now parfieularly desceribed and
ascertained the nature of the said inven-
tion and in what manner the same is to
be performed, as communicated to me by
my foreign correspondent I declare that
svhat L claim is :(—

1. Process for the production of liguid
hydroearbons, consisting in  subjecling
mixtures containing gasenus earbon com-
pounds to the action of an intense beam of
B rays of velocity exceeding one half the
veloeity of light, or to that of such B rays
und the secondary X-rays derived (hcre-
fropp: - -

, rocess. as elaimed in (laim 1 which
ity | in. subjecting the f rays in
presgnce of the reacting gases or not te
the.action of intense clectrie and for rotat-
ing slectromapgnetic fields,

. 8. Provess as clafmed in Claim 1 or 2
in which the sctivated gases are subjecied
during or especially after frradiation fo
the action of high pressure and /or fem-
perature, so ihai @& “rvipeming ™ or after
reaction occurs.,

4, Proeess for the synthesis of Lguid
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hydrocarbons in whiek an initial mix- in a finely divided form suspended in the
ture of saturated and unsaturated hydro. reacting gases,
carbons is subjected to the palymerising 9. Process for the production of liquid
aclion of S-raye. or gaseous hydrocarbons, substantially as
5 5. Process as claimed in any of the described. 1a
pregoding claims in which thé renchion is
performed in the presence of a catulys) Dated this 18tL day of February, 1929,
or cetalysls. . W. P. THOMPSON & Co.,
6. Process ag claimed in Claim 5 in 12, Church Streot, Liverpool,
10 which the catalylic mafber is injroduced Chartered & Registered Patent Agents.
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