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METHOD FOR CONVERTING SOLID CARBON INTO LIQUID HYDROCARBONS
Filed Jan. 13, 1938
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The object of ﬂ“' invention is to produce ina fused state at the temperature used in the

7

hyd *’oca;bahs similar o mine
solid carbon, cr carhon eoi

oils from process and Whlcb ought to be at or somewhat
nntm ial, below acking fcmpm ature of the oil em-
such as coa } coTrL charco ' ;)1::3"367 the saie time su ibinitting the hy-
mineus subs ’xcesj etc., and at the  Hime, dro “!dﬂ or sult to electrolysis in s such a way
by retreating the Ifm that the carben and hV(Ll‘OO‘Ln mixture can
(omed to 1;1'0&%6 the larp: come in contact with mckd preferably in a
portion of hydrocarbons finely divided state (fine s vamos or gran-
pmsms The process nay o 35), rest ng on the oottom of tbe n(Jﬂrﬁmer

! a part of the negative pole of the

urate or hvc vogenize hydree:

41

than those belonging to the' pai > Wuon the gas pressure in the
change them into par eached the desirved pomt, hydrogen

L (.il”]‘ on compines
p sure  ab  cer

vill readily con 1L\1V1e with the solid carbon
erial forming oil, and with a part of the
oll, changing 1ts character from that of 2

v oil. In order to prevent
o oxidized when
]

3,

Long “mV o combi

i .
F"T‘lﬂ saturate

< >0 positive pole,
a Y*} ere (,_\yeen 1 ntroduce there
89 2 a continuous st carbon gas or a
s @as con! 1ydrogen, which becomes oxi-
th dized instead of By this simultane-
even with the use 01"' ax ous uss of electr he nie mi and sodium

sure ig very slow. Thesodit
added to the nickel to preven

Cu .
s 1'\(" ™
PR eIA e ¢

i
droxide are kept i'l proper shape for con-
18 cata h sreinafter more

s on'to a condenser,
ier ydro&rooag
¢ pumped back to the

i Q},ef'*h‘o‘ﬁyze bn retr e,ﬂted.
Ng v and pe ‘i In the accompanying drawing an appa-
,such as solic ratus has b en shown in Ve1tlcal Ionmthdin‘ﬂ
in place of mf‘lerﬂ oil. : seetion in which the process may be carried
This process, briefly stated, consists inmix- on

.15; ”w 18w nmf"rarlztl, such

1y S0

ricted s ‘L ibe, with natural oil, or
hvd och bf)m and forcing 'y

gether with hydrogen an rided with an mlet valve 3
pressure of one thousas : d snd an outle h 4 for superheated steam
pounis thro 1gh molfen soc which serves as the heating medium.
a sait of an alkal ean e b Throvgh the top of the e Ulecbro‘wel"the pipe

L

In the drawing numeral 1 represents the
1id bituminons matier in 2 ﬁn voly

yzer which is made of heavy steel so
withstan, CL a pressv re of several thousand
' ounded by a steam jacket
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5 enters the interior, This pipe is clectrically
insulated from the electrolyzer at point 6 and
serves as the positive pole of an electric cur-
rent. Itslower extremity is perforated, while
the outside end is provided with a clamp 7
for connection with a cable carrying current
from a dynamo. Through pipe 5, gas may be
introduced and discharged through the per-
forations inside of the apparatus. A small
manhole 8 is used for the purpose of intro-
ducing the charge. Another pipe 9 extends
into and dewnwardly within the electrolyzer
and opens at the lower extremity. Pipe ¥ has
three branch lines one 10, for the introduc-
tion of steam, one 11, for the introduction
and circulation of oil and carbon containing
material, and one 12, leading to a compressor
13 which supplies the gas. Pipe 9 is provided
with a clamp 39 to which the negative pole
of the dynamo is connected. In the interior
of electrolyzer 1, there is a perforated par-
tition plate 14 and the compartment under-
neath this plate ig filled with nickel in a
finely divided state. A pipe 15 connects the
electrolyzer with the separator 16 which is
also made of strong steel and provided with
a removable bottom plate 17 and a valved
pipe 18. From the top of the separator 186,
a pipe 19 which is provided with a pressure
retaining valve 20 leads to the condenser 21
and thence to the receiving tank 22, which
latter is provided with a draw-off valve 23
and a gas escape valve 24, Inside of the sepa-
rator is placed a small pump, consisting of
the pump barrel 25, the piston 26, a spring
27 supplying the motive power for the up-
ward stroke of the piston, ball valves 28 and
29 for suction and discharge respectively.
The space above the piston is connected by
the pipe and union 30 with the line 31 coming
from the compressor 13, while a pipe 32 forms
the discharge for the gas during the upward
stroke of the piston. The pipe coming frem
the top of the discharge valve 29 is connectec
to line 11 by a union 40, thus allowing the
vemeval of the pump, if necessary, by dis-
connecting the bottom plate 17 and the ¢wo
unions only. The operation of this pump

will be hereinafter described. Number 83
vepresents a rotating valve actuated by.a set

ot gears 34 and 35 and pulleys 86 and 37 con-
nected by means of a belt 38,

in ovder to carry on the process by means
of the above described apparatus, 1 11 the
space below plate 14 of the electrolyzer 1with
nickel shavings or granules, then pour pre-
viously fused sodium hydroxide through the
manhole 8§ until the level reaches almost to
the Ievel ‘of the pipe 15. In the meanwhile
superheated steam has been admitted into the
jacket 2 to keep the hydroxide in a liquid
state. Inow charge the separator 16 through
valve 18 nearly up to the level of pipe 15 with
a mixture of finely divided carbon material
to be treated amd sufficient oil or tar so that
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the mixture can be handled by a pump. After
(.\

the manhole 8 and the valve 18 have been
closed, I start the compressor 18, and apply
power to the puiley 37, whereby the rotating
valve 33 is set in operation. Fixed gas con-
sisting of hydrogen or gas containing hydro-
gen, such as blue gas, producer gas, decom-
posed hydrocarbon gas, etc., generally speak-
g any gas containing a large percentage of
hydrogen but no carbon dioxide, or from
which the latter has been extracted, is forced
by the compressor from an outside source
(not shewn, but which may be a storage tank)
through the rotating valve 33 intermittently
into the pump barrel 25 above the piston. If
the discharge pipe 32 were of the same size as
the inlet pipe 30, there would be no pressure
exerted on the piston and it would net move
2xeept under the influence of the spring pull-
ing it upwards. In order to produce motion,
the outlet opening of pipe 32 must be much
smalier than the inlet to the pump. In that
case, snd as long as the rotating valve is open,

it is during one-half of each revolu-

which it
tion, the pressure builds up quickly to the
amount required to force the piston down-
ward., The pump then discharges oil and
finely divided carbon material through the
ball valve 29 and pipe 11 into the mass of
nickel and sodium hydroxide contained in
the lower part of the electrolyzer. If the
valve in line 12 is slightly open all the time
and steam is admitted simultaneously through
pipe 10, there will be delivered a mixture of
oil and carbon, plus a little steam and con-
siderable hydrogen containing gas into the
electrolyzer during the downward stroke of
the piston. When the rotating valve closes
r o half turn, the spring moves the piston
e te its top position, forcing the gas slowly
pipe 32, and causing valve 29 to close
alve 28 to open, thus allowing oil and
carbon to enter the part of the pump basrel
piston. It will be obvious that thus

a steady current of gasis discharged from the
ipe 32 into the studge underneath the pump,

ceount of this agitation the pump is
enabled to deliver sludge of umiform con-
, the carbon being absolutely pre-
vented from settling on account of the agi-
tation. While the rotating valve is closed, the
compressor 1s still delivering gas into the
clectrolyzer, as the valve in line 12 remains
always epen, but during that half revolution
of the rotating valve, the pump does not de-
fiver any carbon oil sludge to the electrolyzer.
I now tarn on the electric current and the
in the clectrolyzer and sepurator
to several thonsand peunds,
observed by the pressure gage
indicated. Tt has been
ressure favors the reaction
though under the infiuence of the nickel as a
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fair rate from one thousand pounds upwards.
The valve 20 of pipe 19 is adjusted so that
the pressure remains constant at the poing
found most favorable for the respective mix-
ture under trestment.

The current density

v and the v \‘tags raries
somewhat with the s (, o? the apparatus and

therefore ca
In the sm

mnot be specified with exactness,
all q)pﬂ“‘ltu wmﬂ oyed by me for

‘»szpem zc 1‘r ! purposes uw. which holds Ohe
and one-half (11/) gallons of oil sindge T
empioy 3 amperes at a voltage from 3 to 4
volts. In a Iavger apps

wratus this must be
; not in direct
as tLis is uvnenoe—
sary due to the fact that the function of {]
current is to rejuvenate the allali hy(]roznﬁ
and ‘?m 'a‘tzﬂyzw W hzca requires only a smaﬂ
amound of ¢ and not to C*mplv all or
even a Eargv par t of the hydrogen in the
nasecent If power were very cheap a
greater current density might be advan-
tarro usly omplov“u. if rﬂz'ovcn in the
nascent state could be obtained chea 11011gh
to compete Wﬁfh hydrogen made ouckic&e of
the apparatus by any of the 1111 wn methods
a large commercial hnzt would require not
more than 60 to 90 amperes which would L“
an msmmﬁca‘u cxpense when compared wi
th adyantages ooia ned by it in the regener-

ation of the catalyzer and the s peedmp up of
the process.

The reactions

T
B3
o +

11101'0‘15@" some ext
proporticn to the capac

L{)

71‘»'01\70( may be c‘ro;n ned
as toilows: A‘ the negative pole hydregen
and metal ave ” berat “d which latter reacts
with steam to reform sodiwm hydroxide and
produce adch icnal ydrogen in nascent state,
thus (Na+H,0= \TCUOLI%—H) This means
thet the ;odmmhyr]voud s regencrated and

hydsogen is set free and this, together with
hydrogen brvugm in by the compressor com-
bines with carbon to form 3)77" carbons of
vua\mg molecularit i' the temperature

employed is near h racking ]‘omt of the
higher mf)leuueb more hydrocarbons of low
boil ling polmu are forme cL, at a low tempera-
tare relatively more hy h'(\mmor-s of high
molecular we formed. 14, in phco
ot coal, wood « e iy used, a good deal
of alcohol an rbly ox hz < or ganic

comy )uvnth andd ammon
ition to the hydeocarbon
valuable by-products.

At the positive pole oxygen is liberated
and the prohuctc escaping upwards through
the elec 101VLL ':aas oxidized
tluf)a{'h ih tig

iormal mn
s., gowe of which

o88s mtrm
ﬁ‘o T OXV

d uced h rcvol thﬂ hollow 11’;0( 2. Xy~
g2n has 2 greater afi 1i"w fm 'lmsen than
for carbon or carbon mo id ,ﬂﬂd 11 enough
hvdrogen is present, | the oxyeer !

bine with it and no earbon h(mlﬂn W
formed. Thiz formation of ¢

A054

O

e
i be
qarbon dioxide

' must also be prevented for mhs‘* réasons. it

£
L

may change the lwdroxido of sodium into
carbonate an fl the latter wonld raise the melt-
ing point of the hydroxide, eventually to
such 8 degree as to solidify the charge, though
th c’urolys& is working in an opposite
direction, destroying carbonate formed by y
14] \(rsﬁmﬁ carbon dioxide at the pomhve pole.
If much cn"bonmfe weve formed, it would
require a considerably greater cuirvent for
decomposi r'g it, 1t no hydrogen Were intro-
&l the positive pole. i is therefore
1 prevent the formation of carbonate

(-\
e}

av the

ols
by Iw vmrart ction of hydrogen ab the posi-
tive pole. The current is effective also in
throwing off other impurities talken up by the
sodium lymuud . such as smphur, ATSCIIC,

chlor‘n , ¢te., removing the elements in one
‘fon" or ancther at the positive pole, while

i q\ divm forms con-

!t may be re-

mstant y reformed

hydrogen, hydrocarbon
the positive pol the oxygen
ombine only with hy(h'men as lonof
s sufficient hydrogen to satisfy all
In ’m"s case carbon geparates out in the
iree state and mingles len the oil and car-
bon and moving upwards from the nega-

d o £ h‘cc

L
av

a
and gas
tive pol e, in company with which it will pass
into the separator. On account of some drop
in temperature in the separator, only the
hydroearbons of lowest beiling points will
rémain uncondensed here and these escape to-
gether with the fixed gases toa condenser and
ave ultimate oly recovered as liguid in the re-
ceiver, while the fixed gas frovn it may be used
over fw ain.  Ewventus Hy after refining, the
heavier 11ch ocarbons together with the solid
carbon are pumped back again to the elec-
txolvzur But as the carbon is gradually
used up, even if at the posnlve pole, some
*-*1'00‘1 is produced by the decomposition of
fixed hydrocarbon g gas, as would be the case
ii we substitute hydrocarbon gas for other
Lhydrogen c')munn{r gas, as above stated, it
will socn be necessary "o add more solid car-
bon to the charge. The solid carbon in this
process is considered to form the raw ma-
terial, the oil having been added merely as
a carrier for the ‘73()1.(1 carbon, and while the

oil may be altered and the original amount
Cumﬂv be used up durin Lhe operatien of

the process, at the end wo will have more
heavy oil than originally was added to the
charge, besides the light hyd carbons which
have been continuously cut out and 1'emoved
separately. In other words the addmon of
o1l to the sclid carbon is only made to render
it possible to make the process a continuous
one and to usge a pump for the introduction
and cn‘cul‘lhon of the solid materials which
can be dene easily as lo‘1g as the solids are

finely enough divided to form a proper sludge
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with the oil. Therefore, at intervals we must

vithdraw a part of the accumulated heavy
01! from the separator, which is best done by
relea ano the pressure tempora 'l'y and re-

placing the oil by a fresh amount of oil carry-
mg more solid carbon. The anode 5 5 may be
made of any suitable conducting materia
such as nickel, iron or even of carbon and
will therefore be referred to in the claims as
made of conducting material.

Having described the invention what I
cL}lm as new is:

1. The process of hydrogenizing carbon or
Lalbon containing material, which consists

; in forcing the material tog ether with hydr o-

gen under high pressure, thrmwh a body of
molten metal hydrozide and snb]ectlng the

same to e]ectrolysis with finely divided nickel
as the negative pele and an anode consisting
of an electrical conductor through or near
which latter fixed hydrocarbon gas is in-
JeL ted, allowing the car bon confaining ma-

erial to escape into another vessel, where
the Light hydrocarbons may be separated
from the heavier ones, and returning the lat-
ter and the fixed carbon containing material
to the electrolyzer to be retreated.

2. The process of producing hydrecarbons
similar to nauurzﬂ minefal oil which consists
in bringing solid carbon or solid carbon con-
aining ma aterial susy pended in oil under high
pressure and at a hwn temperature in contact
with hydrogen, nickel and an electrolyte,
while the latter is subjected to electrolysis,

iRl

* using nickel as a negative pole and a tubular

electrical conductor metal as the positive
pole, neutralizing the action of oxygen liber-
ated at the positive pole by hydrogen contain-
ing g8, allowing the hydrocarbons and car-
bon to enter a second vesse el, from where a
part of the hyd rocarbons may be withdrawn,
while the rest and the solid carbon are used
over ¢ again.

The process of producing hydrocarbons
Cilﬂ‘l]u.l‘ to mineral oil from solid carbon and
b 'Qmooq, which congists In electrolyzing a

stal hydroxide, introducing under high
pressure carbon or carbon contquu“b ma-
terial, together with oil, free hyd“ogw and
Swam at the nepahve pole consisting of
ni cke., u-xrodhcmo at the positive nole gas
containing hydrogm to counteract i'we
oxidizing action of liberated oxygen on the
products formed at the negative pole, sepa-
rating the hydrocarbons L(\Imed and return-
ing the carbon and part of the fluid hydro-

carbons to the electrolyzer to be used over
again. :

4. The process of producmcr hydrocarbons
similar to natural mineral oil from solid car-
bon and hydrogen which consists in br*nomw
the carbon. containing material under high
pressure in contact with free hydrogen and

. hydrogen in nascent state, preduced by elec-

t101y81s of metal hydroxlde and the action of

1,780,997

steam on the metal liberated at the negative
pole, protecting the products formed from
the oxidizing effect of oxygen generated ot
the positive pole by sm‘roundmg the latter
with a gaseous atmosphere of hydrogen con-
taining gas, tmnSLelr1np, the reaction prod-
ucts to another vessel, where they nmy be

geparated and from which the unaffected solid
carbon material and oil may be returned to
the first vessel and submitted to the further
action of hydrorr en, while another part of the
hydrocarbons mrmed is withdrawn from the
process.

5. The process of producing hydrecarbons
from carbon such as coal, coke, wood or any
solid carbon containing n,uipri‘ll which con-
sists in suspending same In a hemy fiuid hy-
drocarbon and forcing the sludge together
with hydrogen and steam thy OUOh malten
metal hydroxide containing nmkel while the
hydroxide is .s‘cb ected to electrolysis at such
a rate as to be sufficient to decompose any cav-

bonates, sulphates, sulphides or othev salty
which mlghu be formed through the interac-
tion of ingre(heu of the charge with the
metal hyc?m}uco separating the hydro\ arhans
formed and returning a part of the heavier
ones anc a the unaffected solid ca 1bon materinl

o the process.

6. The process of ”producinrv hydrocarbons
rem solid carb@’l containing mm‘e‘m and
hydrogen, which consists in bringing the ear-
bon mixed with oil in the form of a sludge
a pressure of one thousand to three thous:
pounds infe contact with hydrogen or }*‘,'(xl 0-
gen containing gas, such as producer’s gas,
from which the carbon dioxide has 1)%} re-
moved, and a catalyzer consisting of nickel
and sodinm hydroxide, Sub]ecunp the Iatter
to elec;mlymo so that the gas and carbon re-
act, the nickel forming the negative pole, in-
troduci‘-w at ”hﬂ posimm nolO wy(h ogen or

o
as

T‘H:

t; J; ect of om(*"“ cr \‘1*“(1 ‘f‘mo
bV electrolysis, on the m‘odvc*q formed 2t the
negative pol& separating the Ly droc-mm 19
of low boiling points from those of higher
boiling points, condensing them and subject-
ing the heavier 113 drocarbons and solid carbon
material to further treatment with gas, nickel
nd sodinm hydroxide.

The process of producing hydrocarbons
from solid earbon conmmma materinl and
hydrogen, which consists in sub]uc ting sodim
hydroxide to electrolysis under pressure and
while in contact with solid carbon conta ning

material, oil, hy: h'ooeh,uemn wnd nickel, con-
densmg the hydrocarbens formed and return-
ing those of l*wh boiling points and the solid
carbon contai: ning ma terial as a sludge to the
groceqs for further trentment.

8. The process of producing hydrocarbons
from solid carbon containing material and hy-
drogen, which consists in subjecting sodium
hydm cide to electrolysis under high pressure
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a nickel cathode, introducing at the
pole 2 sludge consisting of carbon
and mlxmre of hydl ogen and stean,
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igl boﬂ :z point <s, and 1e+umi*1ﬂ' the hjy

rbons of high beiling points, uoocuho"
V"' th par id carbon, which h &
with the mum solid carbon, which has no
reacted with hy drogen, into {he process.

ic.  In testimony whereof I afix my signature.

PAUL DANCKWARDT.
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