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1

The present invention is directed to a method
for controlling a hydrocarbon synthesis reac-
tion in which hydrogen and carbon monoxide re-
act to form hydrocarbons and oxygenated or-
ganic compounds., In practicing the present in-
vention a feed mixture of carbon monoxide and
hydrogen is reacted at a reacting temperature
and pressure in the presence of a catalyst se-
lected from group VIII of the periodic table
whereby oxygenated organic compounds and hy-
drocarbons are produced and carbon is formed
in and on the catalyst. A vaporous stream of at
least a portion of the hydrocarbons is separated
from the catalyst and the vaporous stream is ex-
posed to a beam of light having wave lengths
in the range hetween 225 and 270 millimicrons to
obtain an electrical potential which is a func-
tion of the rate of carbon formation in and on
the catalyst. The carbon content of the catalyst
is confrolled by varying, in response to varia-
tions in the electrical potential, a suitable proc-
ess variable which affects the rate of carbon dep-
osition in and on the catalyst.

The production of liguid fuels by the reaction
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of Hz2:CO in the reactor feed gas. Other means
of reducing carbon formation include the injee-
tion of steam into the feed to the reactor.

In accordance with the present invention the
formation of carbon in the synthesis of hydro-
carbons and oxygenated organic compounds
from carbon monoxide and hydrogen when
metals or compounds of metals from group VIII
of the periodic table, such as the oxides thereof,
are employed as catalyst, may be substantially
reduced. This is accomplished by continuously or
intermittently withdrawing a portion of the lig-
uid hydrocarbon fracticn and forming the with-
drawn portion of the liquid hydrocarbon frac-
tion into a vaporous stream which is exposed to
a beam of light having a wave length in the
range between 225 and 270 millimicrons to ob-
tain an electrical potential which is a funection
of the rate of carbon formation in and on the
catalyst. The rate of deposition of carbon in
and on the catalyst may therefore be controlled
by varying, in response to variations of the elec-
trical potential so obtained, any one or several of
the following process variables: (a) the Hz:CO

of carbon monoxide and hydrogen using iron 95 ratio in the total feed gas; (b) the total pressure
containing catalysts is limited in its commercial of the reactor system; or (¢) the injection of
application by excessive carbon formation in and steam into the reactor. Other means for chang-
on the catalyst with attendant catalyst disinte- ing the rate of carbon deposition in and on the
gration. It appears that the carbon is deposited catalyst may also be employed in response to
on the catalyst in the interstices of the catalyst 30 the variation of the electrical potential in ac-
as iron carbide which is converted to carbon and cordance with my invention. The vaporized
causes expansion of the iron eatalyst and result- stream is exposed to a beam of light having
ing disintegration theerof. in conducting such wave lengths in the range given by passing it
operations by so-called fluid or powder tech- through a sample cell of a spectrophotometer
niques the catalyst may be rapidly lost from 35 through which a beam of light is passed. A por-
the system. tion of the light is absorbed by the hydrocarbon

Some of the more advantageous catalysts for while the remainder is unabsorbed. The un-
these reactions are iron containing catalysts absorbed light passing through the cell in the
such as gamma Fe:0s, FesOs, suitably promoted spectrophotometer is converted to an electrical
with alkali meta] compounds such as alkali metal 40 potential by well known means such as impinge-
carbonates, oxides, hydroxides and various al- ment on a photoelectric cell which causes gen-
kali metal salts. eration of the potential. The electrical potential

These catalysis, however, have a tendency to derived from the spectrophotometer may be am-
form excessive amounts of carbon which results plified in a conventional and well known man-
in the difficulties mentioned before. Ry virtue of 45 ner and impressed upon a recorder controller
the formation of excessive amounts of carbon which in furn actuates a flow control means
the reaction frequently becomes uncontrollable, which causes the admission of extraneous hy-
resulting in the shutdown of the operation. drogen to the feed admixture, thus raising the

Several methods may be employed for reducing partial pressure of the hydrogen in the feed
the rate of depesition of carbon in and on hy~ 50 mixture; or the electrical potential through the
drocarbon synthesis catalysts. These methods recorder controller may be caused to operate a
include increasing the hydrogen partial pressure pressure control means in the system which
in the reactor, either by maintaining the ¥»:CO raises the pressure on the reaction and thus
ratio in the reactor feed gas and increasing the raises the partial pressure of the hydrogen in
total reactor pressure, or by increasing the ratio 55 the mixture undergoing reaction.
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The ultraviolet absorption spectra of materials
are essentially the same in either the liquid or
the vapor phase. It is preferred to use the vapor
phase with most plant control processes because
of the comparative ease with which vapor phase
sample handling systems may be devised for
spectrophotometric systems. The liquid phase is
generally useful for systems having low absorp-
tion coefficients or low concentration of the ab-
sorbing material. However, the liquid phase may
be used for systems having relatively high light
absorption by employing a constant ratio blend-
ing system to dilute the sample with a known
amount of a relatively transparent solvent or by
using a sample cell of suitable thickness, prob-
ably on the order of less than one millimeter
thick.

The invention will be further illustrated by
reference to the drawing in which:

Fig. 1 is a flow diagram of a preferred mode
of practicing the invention;

Tig. 2 is a chart of data showing the relation-
ship between carbon produced per cubic meter
of carbon monoxide and hydrogen consumed and
the ultraviolet absorption coefficient of the liquid
synthesis product at a wavelength of 258 milli-
microns; and

Fig. 3 is a similar chart of data showing the
same relationship at a wave length of 232 milli-
microns.

Referring now to the drawing and particu-
larly to Fig. 1, numeral {{ designates a feed line
through which a mixture of carbon monoxide
and hydrogen is introduced into the system from
a source not shown. The feed mixture of car-
bon monoxide and hydrogen may be in propor-
tions in the range from 1:1 to 1:2 and flows by
way of line {1 through a flow controller 12 whose
function will be described further later on, and
thence into line {3 wherein there is suspended
in the gaseous mixture a catalyst such as gamma
iron oxide in fluidizable powder form, introduced
thereto from catalyst hopper (4 by line {5. The
catalyst introduced into line 13 by line I may
be at an elevated temperature sufficient to cause
reaction of the carbon monoxide and hydrogen
to produce hydrecarbons and oxygenated organic
compounds. The suspension of catalyst in car-
bon monoxide and hydrogen passes by line {3 into
a reactor 16 wherein temperatures and pressures
are adjusted to allow the reaction to proceed to
form s product including hydrocarhbons and
oxygenated organic compounds. The tempera-
ture in reactor 16 will pe in the range from
about 300° to about 750° P. with pressures from
about atmospheric up to as much as 600 p. s. 1. g.
since the reaction of carbon monoxide and hy-
drogen results in the liberation of excessive
amounts of heat, which, if not removed, would
raise the temperature in reactor 18 drastically,
provision is made for removing this heat by cir-
culating a cooling fluid, such as water, through
a cooling means illustrated by coil {1 which is
Jocated in reactor 16. It is understood that
while the cooling means has been illustrated by
coil 11, other cooling means may be employed.

The velocity of the catalyst-carrying feed mix-
ture in reactor 16 is adjusted such that a dense
phase consisting of catalyst and reactants and
reaction products is formed. The catalyst and
the reaction produets, as well as unreacted feed
mixture, discharge from reactor 16 by line {3 in
which is located a pressure controller {3 whose
function will be described later. The discharged
stream in line {8 passes into a catalyst separator
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20 which may be of the cyclone type which re-
moves substantially all the catalyst from the
product and allows the catalyst to drop down-
wardly from separator 20 into a first catalyst
hopper 21, while the reaction product and un-
reacted gases pass by way of line 22 into a sec-
ond catalyst separator 23 to cause removal there-
from of catalyst fines. These fines may be dis-
charged from separator 23 by line 24 controlled
by valve 25, or may be routed back to hopper
2{ by line 26 controlled by valve 2T.

The products, including unreacted gases, dis-
charged from separator 23 by line 28 are cooled
by passage through a cooler 2§ and then dis-
charged by line 38 into a product separator 3!
wherein a separation is made between gaseous
and liquid products and where water is removed
as will be described further.

The catalyst in hopper 21 may have deposited
thereon, besides the carbon which is laid down
by the reaction, heavy parafiinic hydrocarbons
of a waxy nature. Since these heavy waxy hy-
drocarbons may interfere with the efficiency of
the reaction, it may be desirable to remcve them
pefore the catalyst is returned to reactor i3, as
will be described. Therefore, it may be desirable
to withdraw all or part of the catalyst in hopper
2| by line 32 controlled by valve 33 into a wax
removal unit 34 wherein a portion or all of the
catalyst may be treated with a suitable solvent
such as middle oil, benzene, pyridine, alcohols,
or liquid substances formed during the reaction
itself for removal of waxy hydrocarbons, after
which the catalyst, substantially free of wax is
discharged by line 35 into hopper 4 for use in
the synthesis reaction as has been describzd.
Tt is understood that wax removal univ 24 is in-
dicated schematically and will include all aux-
iliary facilities necessary therefor. Suitable ap-
paratus for removing wax is described in U. S.
2,159,140.

Since it may be unnecessary to treat all of the
catalyst for removal of wax, line 38 which is con-
trolled by valve 27 is provided whereby a por-
tion of the catalyst may be caused to by-pass
unit 34 and discharge directly into line 35 for
routing to hopper 14.

In separator 31 a separation is made between
gaseous and liquid products, the gaseous ma-
terial, including unreacted carbon monoxide and
hydrogen and carbon dioxide formed in the re-
action, is removed from separator 31 by line 38
controlled by valve 39 and may bhe recycled to
reactor 18 by way of lines Il and i3 for re-use
in the process. In some instances it may be de-
sirable to discharge a portion of the recycled
gas and, therefore, line 49 controlled by valve
41 is provided.

In separator 31 a separation is also made bhe-
tween liquid hydrocarbons and water produced
in the reaction. The liguid hydrocarbons and the
water will contain oxygenated organic com-
pounds with the more water soluble compounds
found in the water layer, while the more hy-
drocarbon soluble are found in the hydrocaribon
layer. The water layer is withdrawn from
separator 2i by line 42, while the hydrocarbon
layer is withdrawn by line 43 controlled by valve
44. The greater portion of the hydrocarbon
stream is routed by line 45, controlled by valve
46, to a fractionation system, not shown, while
a minor portion is employed to operate the con-
trol system, as will be_described further.

During the reaction in reactor 16 a consider-
able amount of carbon is formed in and on the
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catalyst. Heretofore the only known way to de-
termine the amount of carbon on the caialyst
was to withdraw a portion of the catalyst from
the reaction system and test it for earbon con-
tent. If has now been found, however, that
the rate of carbon formation on the catalysi
employed in reactor {6 in the synthesis of or-
ganic materials from carbon monoxide and hy-
drogen is related to the concentration of con-
jugated materials in the synthesis product.
Thus, by determining the amount of conjugated
materials in the synthesis product it is possible
to determine the rate at which carbon is formed
in and on the catalyst. This discovery is em-
ployed in the practice of the present invention
to confrol the synthesis operation by varying
the hydrogen partial pressure, which in. turn re-
sults in the control of the carbon content, in re-
sponse to variations in the concentration of
conjugated materials in the hydrocarbon product.
To this end a portion of liquid hydrocarbon
product in line 43 passes into a vaporizer 47 pro-
vided with a2 heating means illustrated by coil
48 through which a heating material is cir-
culated to cause heating to approximately 500°
P. and to cause vaporization thereof. The
vaporized hydrocarbon stream discharges into
line 48 provided with a pressure controller 58
into an ultra-violet spectrophotometer 51. Ulfra-
violet spectrophotometer 51 employs a sample
cell having s thickness of the order of 0.25 cm.
maintained at a pressure of about 100 millimeters
mercury absolute, the pressure being controlled
by pressure controller 50, and maintained by a
vacuum pump 52 connected by line 53 to vessel
54, vessel 84 in turn connects by line 55 to spec-
trophotometer 51, The reduced pressure in tank
84 causes pressure controller 50 to be operated.
After the vaporized stream has passed through
the sample cell in spectrophotometer 51 it may
be discharged from the system by line 56.

It will be understood that ultraviolet spectro-
photometer 51 comprises all auxiliary equipment
usually associated with such ultraviolet spectro-~
photometers. A typical detecting and recording
system for ultraviolet light is described in an
article by E. J. Rosenbaum and L. Stanton en-
titled “Continuous recording ultraviolet spectro-
photometer” and published in “Industrial and
Engineering Chemistry, Analytical Edition” for
Octobker 1947, pages 794 through 798. The un-
absorbed light is converted by means of an in-
strument of this type into an electrical potential
which is fed by way of conductor 57 into a re-
corder controller device 58 which may be em-
ployed to convert the electrical potential into
mechanical movement or displacement. Such
a recorder controller may be illustrated by the
Brown electronic continuous balance potenti-
ometer controller in which an inecoming D. C.
signal is converted to an A. C. signal by a vibrator
and is amplified clectronically. The amplified
signal is then caused to drive a reversible mo-
tor whose shaft is mechanically connected to a
recording pen and potentiometer slide wire. 'The
output of the potentiometer is applied in op-
position to the D. C. signal from the spectro-
photometer so that any difference between the
potentiometer and analyzer signals will be am-
plified and cause a rotation of the motor to
bring the potentiometer and the anlyzer signals
into exact balance.

In this way, the recorder controller pen de-
flects by an amount which is proportional to the
absorption of light by the vapor stream passing
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through the sample cell of spectrophotometer 5i.
As pointed out previously, this absorption, which
is a function of the conjugated organic com-
pounds content of the reactor product stream in
line 43, is directly related to the rate at which
carbon is formed on the catalyst in reactor |6.
The mechanical movement produced in the re-
corder controller is arranged to change the posi-
tion of a “flapper and nozzle” arrangement well
known in the instrument art for operating, by
means of compressed air, either flow, or pressure,
controllers as will be deseribed further. Leading
irom recorder controller 58 to pressure controller
{9 in line {8 is a conduit or means 59, controlled
by valve 60, by means of which the potential from
spectrophotometer 51 may be caused to operate
bressure controller 19. There is led from recorder
controller 8 a conduit 61 controlled by valve
62 to a flow controller 63 which is located in line
64 and which connects into line 1. Line 64 con-
nects to a source of auxiliary hydrogen supply,
not shown. A conventional flow controller which
may be employed in the practice of my invention
is described in “Industrial Instruments for Meas-
urement and Control,” by Rhodes, McGraw-Hill
Book Co., first edition, New York, 1941, page 489.

Although the present invention has been illus-
trated to show the control of the rate of carbon
formation by using the ultraviolet spectropho-
tometer and associated equipment to control hy-
drogen partial pressure, there are other means
for controlling the rate of carbon formation
which may be readily controlled by the spectro-
photometer and associated control apparatus
such as water or steam injection into the feed
gas to the reactor. This may be further illus-
trated by referring to Fig. 1 wherein line 68 con-
taining controller 69 is a source of steam which
may be placed directly into the feed in line if.
Flow controller €9 is connected to the recorder-
controller 58 by means of line 70 through which
the controlling impulse is transmitted and will
act to regulate the amount of steam placed into
the feed.

As stated before, the rate of earbon formation
on the catalyst in reactor {6 may be determined
by the conjugated material content of the prod-
uct in line 43. Therefore, in operation of the
present invention the deposition of carbon in
and on the catalyst during the reaction of carbon
monoxide and hydrogen in reactor {6 is con-
trolled by subjecting a portion of the naphtha
withdrawn from separator 43 to vaporization to
form a vaporized stream which is passed through
a sample cell and ultraviolet spectrophotometer
51 to cause absorption when subjected to light
at a wave length in the range between 225 and
270 millimicrons. At this wave length a portion
of the light is absorbed which is a function of
the content of conjugated materials in the vapor-
ized stream which in turn is a function of the
carbon formed on the catalyst in reactor 16. By
means of the detector which is exposed to the
unabsorbed light, the degree of absorption of
light of the specified wave length by the conju-
gated material may be converted to an electrical
potential which, as has been explained, is ampli-
fied and impressed on recorder-controller 58,
which, in turn, may cause pressure controller {9
or flow controller 63 to operate. If recorder-
controller §8 is connected by conduit §1 and valve
62 to flow controller 63 a change in the concen-
tration of conjugated materials in the stream
flowing through line 43 will cause the recorder-
controller to transmit a signal to flow controller
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63 which, in turn, will admit hydrogen to line
{1 through line 62. Admission of hydrogen will
raise the partial pressure of hydrogen in the
mixture undergoing reaction in reactor 186, and,
in turn, will decrease the formation and deposi-
tion of carbon in the catalyst in reacfor (6. On
the other hand, rather than controlling the flow
of auxiliary hydrogen to line il, the same end
may be achieved by closing valve 82 in line 61
and opening valve €0 in conduit 59 communicat-
ing recorder controller 58 with pressure controller
{8. By causing the recorder-controller to ac-
tuate pressure controller {9 the pressure in re-
actor 18 may be increased and thus partial pres-
sure of hydrogen in the reactor 16 may also be
increased, thus suppressing the formation of car-
bon on the catalyst in reactor {6. Rather than
cause pressure controller (9 to operate, recorder-
controller 58 may be employed to increase the
flow of feed mixture to reactor {6 while main-
taining the pressure therein constant. This may
be accomplished by causing the impulse from
recorder 58 to actuate controller {2 through con-
duits 58 and 65 whereby the same end may be
achieved.

If the rate of carbon formation should become
so excessive as to endanger the reaction system
or the catalyst, recorder-controller 58 may he
utilized to produce an impulse which will be
transmitted through line 66 to flow controller {2
to stop the flow of feed to the reactor. Under
ordinary operating conditions, recorder-control-
ler 58 will act only to adjust the partial pressure
of the hydrogen by either increasing the amount
of hydrogen in the feed or increasing the total
pressure of the feed in the reactor.

Oxygzenated hydrocarbons such as those found
in typical hydrocarbon synthesis naphthas do not
interfere significantly with ultraviolet absorption
measurements in the 225 to 270 millimicron ultra-
violet region; therefore, the preferred applica-
tion of the present invention has been illustrated
by utilizing a stream from the synthesis unit
which includes the total liquid product. The ab-
sorption of the oxygenated compounds is negli-
gible for the wave length region used for the con-
trol instrument; therefore, a very satisfactory
control may also be obtained by using in the con-
trol system a liquid hydrocarbon stream free of
oxygenated compounds.

¥n order to illustrate the invention further, ref-
erence will now be made to Figures 2 and 3 which
are in the form of charts presenting a graph of
data wherein the gramns of carbon formed dur-
ing a given time interval or reaction period per
cubic meter of hydrogen and carbon monoxide
consumed is plotted, respectively, against the
ultraviolet coefficient absorption constant at 258
millimicrons and 2232 millimicrons for a liquid
product similar to that withdrawn by line 43. It
will be seen from an examination of the data in
Figures 2 and 3 that the rate of carbon forma-
tion varies directly with the ultraviolet absorption
coefficient at wave lengths of light of 232 and 258
millimicrons.

Tt has been observed that the absorption co-
efficient at other wave lengths in the range of 225
to 270 millimicrons also varies in proportion with
the carbon formation. Thus, it is not necessary
to use mono-chromatic radiation with a wave
length of exactly 232 or 258 millimicrons but
radiation anywhere within the range of 225 to 270
millimicrons is satisfactory. Therefore, the ab-
sorption coeficient at wave lengths between 225
and 270 millimicrons allows a direct value of the
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rate at which carbon is formed in reactor 16 to
be obtained. In view of this relationship it is pos-
sible to convert the output from a spectropho-
tometer, through which a vaporous stream pro-
duced in such an operation is passed, to an elec-
trical potential which will allow the regulation of
the partial pressure of the hydrogen in the feed
mixture and thus will cause regulation of the car-
bon content of the catalyst.

The present invention has been illustrated by
employment of group VIII catalysts such as iron
oxide and especially gamma iron oxide and
FesOs It is to be understood that other of the
group VIII catalysts may be employed such as co-
balt, nickel and ruthenium, either as the metals
or oxides thereof. It is also to be understood
that iron may be used as the metal or oxides.
Catalysts of this type may be suitably promoted
with alkali metal compounds such as the sodium,
potassium and lithium carbonates, oxides, hy-
droxides, as well as the fiuorides, chlorides and
other salts of the alkali metals mentioned before.

The present invention has been described and
illustrated with reference to the fluidized powder
technique. When such an operation is employed
the catalyst may have particle diameters ranging
up to 200 microns with the major portion of the
catalyst having diameters ranging from 20 to 80
microns to allow fluidization of the catalyst
powder.

Although the invention has been illustrated by
reference to the fluidized powder technique where
the catalyst is suspended in the feed gases, it is
to be clearly understood that the operation may
be conducted by maintenance of the catalyst in
pbeds in catalyst cases. In such operations the
catalysts may be in the form of pills, pellets
or rods. In fixed bed operations it may be desir-
able to employ a plurality of catalyst cases such
that the catalyst may be treated in one while the
other is on the reaction cycle.

The nature and objects of the present inven-
tion having been completely described and illus-
trated, what I wish to claim as new and useful
and to secure by Letters Patent is:

1. In a process in which a gaseous feed mixture
of carbon monoxide and hydrogen is reacted at a
reaction temperature and pressure in a reaction
zone in the presence of a catalyst comprising the
metals and oxides thereof selected from group
VIII of the periodic table to form a product com-
prising hydrocarbons and oxygenated organic
compounds in which carbon is deposited in and
on said catalyst and said product is separated
from said catalyst, the steps of cooling said prod-
uet to form a liquefied product comprising hydro-~
carbons and oxygenated organic compounds, ex-
posing at least a portion of said liquefied hydro-
carbon-containing product to a beam of light
having a wave length in the range of 225 to 270
millimicrons, absorbing at least a portion of said
light and leaving an unabsorbed portion, obtain-
ing from said unabsorbed portion an electrical
potential which is a function of the rate at which
carbon deposits in and on said catalyst and in-
creasing the partial pressure of hydrogen in said
feed mixture in response to increases in said
electrical potential and decreasing the partial
pressure of hydrogen in said feed mixture in re-
sponse to decreases in said electrical potential,
whereby the rate of carbon deposition in and on
the catalyst is reduced.

2. A process in accordance witth claim 1 in
which the partial pressure of hydrogen in the
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feed mixture is increased by adding hydrogen
thereto.

3. A process in accordance with claim 1 in
which the partial pressure by hydrogen in the
feed mixture is increased and decreased by in-
creasing and decreasing the pressure in the re-
action zone.

4. In a process in which a gaseous mixture of
carbon monoxide and hydrogen is reacted at a re-
action temperature and pressure in a reaction
zone in the presence of a catalyst comprising the
metals and oxides thereof selected from group
VIII of the periodic table to form a product com-
prising hydrocarbons and oxygenated organic
compounds and in which carbon is formed in and
on said catalyst and said product is separated
from said catalyst, the steps of cooling said prod-
uct to form a liquefied product comprising hydro-
carbons and oxygenated organic compounds,
withdrawing a stream of said liquefied hy-
drocarbon-containing product, vaporizing said
withdrawn stream, exposing said vaporous stream
to a beam of light having a wave length
in the range between 225 and 270 millimi-~
crons, absorbing at least a portion of said
light, a portion of said light being unabsorbed,
converting said unabsorbed portion of light to an
electrical potential which is a function of the
amount of carbon formed in and on said catalyst,
and inereasing the partial pressure of hydrogen
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in said mixture in response to increases in said
electrical potential and decreasing the partial
pressure of hydrogen in said feed mixture in re-
sponse to decreases in said electrical potential,
whereby the rate of carbon deposition in and on
said catalyst is reduced.

5. A process in accordance with claim 4 in
which the partial pressure of hydrogen in the
feed mixture is increased by adding hydrogen
thereto.

6. A process in accordance with claim 4 in
which the partial pressure of hydrogen in the
feed mixture is increased and decreased by in-
creasing and decreasing the pressure in the re-
action zone.
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