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@ Trim control for partial oxidation gas generator.

@ Trim control of a partial oxidation gas generator for the
production of synthesis gas, reducing gas, or fuel gas is
effected by two improved control schemes which are
automatically operated separately or in sequence. The
controt systems include sensors sensing the flow rate of the
feedstreams and analyzers which provide signals corres-
ponding to the wt. % carbon in the effluent gas quench
cooling and scrubbing water for use in controiling the
particulate carbon in the effluent gas stream, and/or signals
corresponding to the maoie fraction of CH, tdry basis) in the
cooled and cleaned effiuent gas stream for use in controlling
the temperature i1n the reaction zone The signals from the
sensors and analyzers are provided to the system controi
umt which computes values that represent the relative
difference between the actual and desired carbon-make
and or the actua! temperature in the reaction zone, and the
relative difference between the actual and desired tempera-
ture 1n the reaction zone. The actual temperature is deter-
mined as a function of the methane concentration. These
values are automanically compared with set point values and

when adjustments are necessary, signals from the system
control unit are provided to a flow rate regulating means
which adjusts the flow rate of the free-oxygen containing gas
by a small determined amount for control of the particulate
carbon and/or to a flow rate regulating means which adjusts
the flow rate of the temperature moderator by a small
determined amount for control of the temperature in the
reaction zone. When the computed adjustment for either
stream requires increasing or decreasing the flow rate
greater than by a specified amount then no adjustment s
made to the flow rate controller but a high or low level alarm
is actuated to alert the plant operator.
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TR1l CONTROL FOR PARTIAL OXIDATION AND_GAS GENERATOK

This invention relates to a system and method for
controlling a partial oxidation gas generator.

In the pa;tial oxidation process for the production
of synthesis gas, a specific amount of particulate carbon is
maintained in the reaction zone in order to prevent damage
to the refractory lining from the nickel and vanadium compounds
which are introduced with the liquid hydrocarbonaceous fuel
feedstream. However, excess particulate carbon in the gas
stream will increase gas cleaning costs and adversely affect
downstream operations. It is also necessary in the partial
oxidation process to maintain the temperature in the reaction
zone within a narrow range so as to avoid substantial changes
in the chemical composition of the product gas.

N Coassigned U. S. Patent No. 2,941,877 pertains to
a scheme for controlling a gas generator based on the amount
of CH4 produced. However, in that process ¢omparatiyely
large adjustments to the oxygen to fuel ratio were made to
change the temperature in the reaction zone; and, this would
produce a corresponding opposite effect on the carbon-make.
Thus, an adjustment made to correct the temperature may
readily put the carbon-make out of specification. 1In
contrast, by means of the improvedvsubject method as provided
herein, the partial oxidation gas generator may ﬁe run

continuously while the carbon-make and/or the temperature in

the reaction zone are closely controlled.
The invention relates to a system and method
for automatically trim controlling the amount ol

free-carbon particulate produced
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and/or the temperature in the reaction zone 1in a
[rocess for the partial oxidation of a 1liquid
hydrocarbonaceous fuel with a free 02 -containing
gas in the presence of a temperature moderator.

The 1liquid hydrocarbonaceous fuel is introduced
at a predetermined rate into the refractory-lined
reaction zone of a free-flow noncatalytic partial
oxidation gas generator for the production of synthesis
gas, reducing gas or fuel gas. In this trim control
scheme, the amount of free particulate carbon produced
in the reaction zone of the partial oxidation gas
generator is controlled in the following manner.
The stream of carbon-water dispersion that is discharged
from the effluent gas quench cooling and scrubbing

zone is automatically sampled and analyzed by a

~ conventional carbon analyzer means. Over a predeter-

mined period of time, a plurality of successive
samples of the stream of carbon-water dispersion
are analyzed and corresponding signals responsive
thereto are generated. Each successive signal 1is
‘representative of the weight fraction of particulate
carbon. In a storage and averaging means, the average
weight fraction of particulate carbon is then
automatically determined. A signal corresponding
to this value is multiplied by a signal representing
the current flow rate of the stream of carbon-water
dispersion to provide a signal corresponding to
the actual carbon-make. A signal corresponding
to the desired carbon-make is determined by design
conditions and depends on such factors as the desired
rate of carbon supplied by the 1liquid hydrocarbonaceous
fuel, economics and refractory life. A value represent-
ing the relative difference between the actual and
desired carbon-make 1is then automatically computed,

and a corresponding signal is provided to a
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comparator means. The % change in the current rate

of flow of the free-oxygen containing gas stream

is then automatically determined in the comparator

means in ‘ordér to bring the actual and desired carbon-

5 —make closer together. x A corresponding signal is

multiplied by a signal representing the current

flow rate of the free-oxygen containing gas feedstream.

A corresponding adjustment signal 1is then provided

to a flow rate regulating means that controls the

10 free-oxygen containing gas feedstream. For example,

a signal from a multiplying means resets a flow

recorder-controller which provides an adjustment

signal to regulate a control wvalve in the free-oxygen

containing gas feedline. By this means, the flow

15 rate of the free-oxygen containing gas stream is

automatically adjusted by a corresponding small
percentage.

The second control scheme by which the temperature

in the reaction zone is automatically controlled

20 may be employed separately or preferably in sequence

‘after the previously described carbon control adjustment

and after conditions 1in the reaction zone of the

partial oxidation gas generator have stabilized.

~ In such case, the effluent gas stream 1leaving said

o5 reaction =zone is quench <cooled and scrubbed with

water in a gas guench cooling zone, and- then

automatically sampled and analyzed by a conventional

gas analyzer means. Over a predetermined period

of time, a plurality of éuccessive samples of the

30 cooled and cleaned effluent gas stream are analyzed

and corresponding signals responsive thereto are

generated. Each suédeési&é éignalxis representative

of the_ mole-fraction (dry basis) of CH,. 1In a storage

4
and averaging means the average mole fraction of

4

35 CH (dry basis) is then automatically determined
' and a corresponding signal 1is provided. The actual
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temperature in the reaction zone is then determined
as a function of the methane concentration. Values
for the actual temperature in the reaction zone
of the gas generafor, and the relative difference
between the actual and desired temperatures in the
reaction zone are automatically computed and signals
corresponding to these values are provided to a
comparator means. A value representing the % change
to be made in the current rate of flow of the tempera-
ture moderator feedstream 1i.e. H2O in order to bring
the actual and desired temperature in the reaction
zone closer together is then automatically determined.
& corresponding signal is multiplied by a signal
representing the current flow rate of the temperature
moderator feedstream. A corresponding signal is
then provided to a flow rate regulating means that
automatically controls the flow rate of the temperature
moderator feedstream. For example, a signal may
be provided to reset a speed control that provides
an adjustment signal to regulate the speed of a
positive displacement pump in the temperature moderator
feedline. By this means, the current flow rate
of the temperature moderator stream is automatically-
adjusted by a corresponding small percentage.
Alternatively, the operator 1is warned if an adjustment
signal would increase or decrease the flow rate
of the free-oxygen containing gas and/or the temperature
moderator feedstream more than a specific amount.
in such case, no adjustment to the flow rate 1is
made but a high-low level alarm 1is activated.

Iin a preferred embodiment, the two control
schemes are employed 1in sequence according tc the
following steps, which are repeatedly cycled:
(1) s=mall determined adjustment to the flow rate

of the free-oxygen containing gas feedstream,



10

15

20

25

30

35

0082634

"

(2) gasifier stabilization period, (3) small determined
adjustment to the {low rate of the temperature moderator
feedstream, and (4) gasifier stabilization period.

The objects and advantages of the invention
will appear hereafter from consideration of the
detailed description which follows, taken together
with the accompanying drawings, wherein embodiments
of the invention are illustrated by way of example.
It 1is to Dbe expressly understood, however, that
the drawings are for jllustration purposes only,
and are not to be construed as defining the 1limits
of the invention.

In the drawings:-

Fig. 1 1is a partial simplified Dblock diagram
and a partial schematic of a control system, constructed
in accordance with the present invention, for
controlling a partial oxidation synthesis gas generator;

Fig. 2 is a detailed block diagram of the system
control unit shown in Fig. 1;

Figs. 3, 4 and 5 are detailed Dblock diagrams
‘of a storage and averaging means, comparator means,
and programming means shown in Fig. 2.

Partial oxidation noncatalytic gas generators
reguire steady, stable flows of the feedstreams
comprising free-oxygen containing gas, 1liquid hydro-
carbonaceous fuel, and temperature moderator at
precisely set amounts. This is necessary for the
conversion of the liquid hydrocarbonaceous fuel
to synthesis gas, reducing gas, or fuel gas 1in a
steady. efficient and safe manner. _

By means of the subject control system, when
an adjustment up or down’ to the flow rate of a feed-
stream_to the gasifier is required, such as in response

to a small
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change in the quality of the feedstock, a limited
adjustment may be made in small steps. Each adjustment
is then followed by a gasifier stabilization period.
Further, the determination for the extent of each
adjustment if any is based on the average of a plurality
of successive samples analyzed over a period of
time. This will minimize the effect of any momentary
changes or surges in the system.

Synthesis gas, reducing gas, and fuel gas are
preferably made by the partial oxidation of a hydro-
carbonaceous fuel in a noncatalytic free-flow synthesis
gas generator. For example, a liquid hydrocarbonaceous
fuel feedstock such as petroleum o0il, is reacted
with a free-oxygen containing gas optionally in
the presence of a temperature moderator at an auto-
genously mazintained temperature  within the range
of about 1700 to 3000°F and at a pressure in the
range of about 1 to 250 atmospheres absolute.

The gas generator for carrying out the partial
oxidation reaction in the subject process preferably
consists of a compact, unpacked, free-flow noncatalytic,
refractory 1lined steel pressure vessel of the type
described in co-assigned U.S. Pat. No. 2,809,104
issued to D.M. Strasser et al, which patent is
incorporated herewith by reference. The raw synthesis
gas stream from the gas generator may have the following
composition in mole %: H_20 to 80; CO 60 to 15; Co,3

2

to 30; H20 5-15; CH4O.01 to 20; N2 nil to 60;

}128 nil to 5.0; COS nil to 0.2; ‘Ar nil to 2; and
from 0.1 to 20 wt.% of particulate carbon (basis
weight % of C in the hydrocarbonaceous fuel).
After quenching and/or scrubbing with water, the
mole % HE?O in the gas stream is increased and is
present in the range of 20-60. Accordingly, the
mole % of the other gaseous constituents are decreased

proportionately.

) | ﬁ



10

15

20

25

30

35

-7 - 0082634

A wide variety of liquid hydrocarbonaceous fuels are
suitable as feedstock for the partial oxydation process,
either alone or in .combination with each .other or
with particulate carbon. The 1liquid hydrocarbénaceous
feeds includes fossil fuels such as: various 1liquid
hydrocarbon fuels including petroleum distillates
and residua, gasoline, kerosine, napntha, asphalt,
gas o0il, residual fuel, reduced crude, fuel o0il,
crude petroleum, coal tar, coal derived o0il, shale
0il, tar sand o0il, liquefied petroleum gas, aromatic
hydrocarbons (such as benzene, toluene, Xxylene
fractions), cycle gas oil from fluid-catalytic-cracking
operations, furfural extract of coker gas o0il, and
mixtures thereof. Suitable 1liquid hydrocarbon fuel
feeds as used herein are by definition 1liquid hydro-
carbonaceous fuel feeds that have a gravity in degrees
API in the range of about -20 to 100.

Further, included also by definition as a liquid

hydrocarbonaceous fuel are 1liquid oxygenated hydro-

carbonaceous materials, i.e. liquid hydrocarbon
materials containing combined oxygen, including
carbohydrate, cellulosic materials, oxygenated fuel
oil, waste 1liquids and by-products from chemical

processes for oxygenated hydrocarbonaceous materials,
alcohols, ketones, aldehydes, organic acids, esters,
ethers, and mixtures thereof. Further, a _liquid
oxygenated hydrocarbonaceous material may be in
admixture- with one of said liquid petroleum materials.

- Further, included also by definition as a 1liquid
hydrocarbonaceous fuel are pumpable slurries of
de-ashed or 1low-ash containing solid carbonaceous
fuels i.e 1less than about 1.0 wt. % of ash, from
the group _consisting of coal, 1lignite, coke from

coal, coal char, coal liquefaction.
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residues, particulate carbon, petroleum coke, carbon-
aceous solids derived from oil shale, tar sands
and pitch, concentrated sewer sludge, Dbits of garbage,
rubber, and mixtures thereof in a liquid carrier
from the group consisting of water, liquid hydrocarbon
fuel, and mixtures thereof.

The free-oxygen containing gas may be selected
from the group consisting of air, oxygen-enriched
air (22 mole percent O2 and higher), and preferably
substantially pure oxygen (95 mole percent O2 and
higher). The amount of nitrogen in the product
gas may Dbe substantially reduced or eliminated by
using substantially pure OXygen. In the reaction
zone, the ratio of the atoms of oxygen to atoms
of carbon in the feed is 1in the range of about 0.7
to 1.5. Alternatively, this ratio may be expressed
as about 0.7 to 1.5 atoms of oxygen per atom of
carbon.

}120, in 1liquid or gaseous phase, is preferably

introduced into the reaction zone to help control

the reaction temperature, \to .act as a2 dispersant

of the hydrocarbonaceous fuel fed to the reaction

zone, and to serve as a reactant to increase the

relative amount of hydrogen produced. Other suitable

temperature moderators include COz—rich gas, a cooled
portion of effluent gas from the gas generator,
cooled off-gas from an integrated ore-reduction
zone, nitrogen, and mixtures thereof. The weight
ratio H.ZO/fuel in the reaction zone may be in the
range of about O to 5.0, such as about 0.15 to 3.0.

Preheating of the reactants is optionalr but
generally desirable. For example, a hydrocarbon
0oil and steam may be preheated to a temperature
in thé range of about 100 to 800°F and the oxygen-

free containing gas may be

i

L
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prchicated to a terperature in the range of abouol_olgugqul
1000°F.

It is normal to produce from hydrocarbonaceous
fuel feeds by partial oxidation about 0.1 to 20 weight
percent of unreacted particulate carbon or free carbon soot
(basis wt. % of carbon in the hydrocarbonaceous fuel feed) .
This unreacted particulate carbon is also referred to herein
a8s the carbon-make. The free carbon soot is produced in the
reaction zone of the gas generator, for example, by cracking
hydrocarbonaceous fuel feeds. Carbon soot will prevent
damage to the refractory lining in the generator by consti-
tuents which are present as ash components in residual oils.
With heavy crude or fuel oils, it is preferable to leave
about 1 to 3, such as 2, weight percent of particulate
carbon (basis wt. $ carbon in the liquig hydrocarbonaceous
fuel feed) in the product gas. With lighter distillate
o{is, Progressively lower carbon Soot yields are maintained.

In one embodiment of our invention, the hot gaseous
effluent from the reaction zone of the synthesis gas generator
may be quickly cooled below the reaction temperature to a
temperature in the range of about 180° to 700°F by direct
quenching in water in a gas-liquid contacting or guenching
zone. For example, the cooling water may be contained in a
quench vessel or chamber located immediately downstream from
the reaction zone of saig gas generator. An interconnecting
passage between the reaction zone and the quench zone through
which the hot effluent gases may pass substantially egualizes
the pressure in the two zones. Recycle water from the carbon

Tecovery zone or lean carbon-water dispersion from the gas

| D)
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scrubbing zone may be introduced through a spray ring at the

top of the guench zone. Large quéntities of steam are
generated in the guench vessel and saturate the process gas
stream. For a detailed description of a gquench chamber
suitable for oil feeds, see coassigned U. S. Pat. No. 2,896,927
issued to R. E. Nagle et al, which is herewith incorporated

by reference.

Substantially all of the solids are scrubbed from
the effluent gas. A dispersion of unconverted particulate
carbon and guench water is thereby produced. Any residual
solids in the cooled and scrubbed effluent synthesis gas
leaving the quench chamber may be removed by means of an
additional water scrubbing in a conventional venturi or jet
scrubber.

Alternately, the hot effluent gas stream from the
reaction zone of the synthesis gas generator may be cooled
to a temperature in the range of about 240° to 700°F by
indirect heat exchange in a waste heat boiler. The entrained
solid particles may be then scrubbed from the effluent
synthesis gas by contacting and further cooling the effluent
stream of synthesis gas with guench water in a gas-liquid
contact appératus, for example, a guench dip—leg assembly, a
spray tower, venturi, or jet scrubber, bubble plate con-
tractor, packed column, or in a combination of said equipment.
For a detailed description of cooling synthesis gés by méans
of a waste heat boiler and a scrubbing tower, reference is
made to coassigned U. S. Pat. No. 2,980,523 issued to R. M.
Dille et al and incorporated herewith by reference.

It is desirable to maintain the concentration of
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streams in the range of about 0.5 to 2 wt. % and prefera£ly
below about 1.5 wt. %. In this manner, the dispersion of
carbon in water will be maintained sufficiently fluid for
easy pumping through pipelines and fér fu;£her processing.
The temperature in the scrubbing zoﬁe is in the range of
about 180° to 700° and preferably in the range of about 250°
to 550°F. The pressure in the scrubbing zone is in the
range of about 1-250 atmospheres, and preferably at least 25
atmospheres. Suitably the pressure in the scrubbing zone is
about the same as that in the gas generator, less ordinary
pressure drop in the lines.

It is important with respect to the economics of
the process that the particulate carbon be removed from the
carbon-water dispersion and the resulting clear water to be
recycled and reused for cooling and scrubbing additional
particulate carbon from the effluent gas stream from the gas
g;;erator. Conventional carbon recovery systems may be
employed, such as that described in coassigned U. S. Patent
No. 4,134,740_issued to Charles P. Marion et al.

The cooled and cleaned synthesis gas, reducing
gas, or fuel gas may be optionally sﬁbjectgd‘to conventional
purification processes for removal of any unwanted gases.

A more complete understanding of the invention may
be had by the discussion which follows and reference to the
accompanying schematic drawings thch show the subject
invention in detail. Although the drawings illustrate
preferred embodiments 6f the invention, it is not intended

to limit the subject invention to the particular apparatus

or materials described.
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keferring to the figures in the drawings, Fig.
1 is a schematic representation of one embodiment
of the invention showing control means for the
continuous operation of a syhthesis gas generator
while controlling the flow rate of the free-oxygen
containing gas feedstream and the feedstream of
temperature moderator.

In Fig. 1 there is shown a system for controlling
a conventional type free-flow partial oxidation
gas generator 1 for the production of synthesis
gas, reducing gas or fuel gas. Gas generator 1
is a vertical pressure vessel with a coaxial upper
flanged inlet 2 and 1lower flanged outlet 3. The
inside walls are 1lined with refractory 4 and contain
reaction zone 5. Coaxial burner 6 1is mounted in
upper inlet 2 and comprises coaxial central conduit
7 and annular passage 8. There is also upper inlet
9 to central conduit 7 and side inlet 10 to annular
passage 8.

The feedstreams to burner 6 comprise free-oxygen
containing gas in 1lines 14-16, temperature moderator,
for example, water in 1lines 17-19 and 1liquid hydro-
carbonaceous fuel in lines 23-25. Water is preferably
converted into steam by means of steam boller 20.
Optionally, steam boiler 20 may be by-passed by
the temperature moderator in line 19. The feed§treams
in lines 21 and 25 are mixed together in liie 22.
The mixture is passed- through side inlet 10 of burner
6. In one embodiment, preheated feedstreams of
water and 1liquid hydrocarbonaceous fuel are mixed
together and the mixture is then heated or vaporized
prior to ©being passed through the burner inlet.
The free-oxygen containing gas passing through central
conduit 7 and the mixture of liquid hydrocarbonaceous
fuel and temperature moderator passing through annular

passage 8 impinge together producing
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a Tfinely dispersed mixture which wundergoes partial
oxidation in reaction zone 5.

The hot effluent gas stream from the reaction
zone 1is suddenly contacted with water and cooled
below the reaction temperature. The effluent gas
stream is also cleaned and scrubbed free of entrained
particulate carbon with water,. This cooling and
cleaning takes place 1in the subject embodiment in
a quench cooling and scrubbing zone comprising
conventional quench tank 30 and scrubbing column
31. In another embodiment, the cooling takes place
in a waste heat Dboiler , followed by <cleaning and
scrubbing with water. Quench tank 30 is 1located
directly Dbelow gasifier 1 and comprises dip tube
32, splash ring 33, upper flanged inlet 34 connected
to lower outlet 3, bottom central carbon-water
dispersion outlet 35, wupper side water inlet 36,
and upper side gas outlet 37. A pool of water 38
is 1located in the Dbottom of quench tank 30. The

level of the water is controlled by 1level controller

39 and wvalve 40 in carbon-water dispersion outlet

line 41. The carbon-water dispersion discharges
through lines 42-44 into a conventional carbon recovery
system. A portion of the carbon-water dispersion
is sampled by being withdrawn through 1ine 45 and

analyzed for carbon 1in conventional carbon analyzer
46. i

The hot effluent gas stream from the reaction
zone passes down through dip-tube 32 into quench
water 38 where the gas stream is cooled and washed
with water. Most of the entrained particulate carbon
is removed from the gas stream to form a carbon-
water dispersion with quench water 38. The gas
stream” bubbles up through quench water 38 and out
through upper side outlet 37. When necessary a
second gas cleaning stage may be included such as
vertical gas scrubbing column 31. Gas scrubbing
column 31 comprises lower compartment 50

A}
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50 and upper compartment 51, in tandem. The effluent gas

stream from quench tank 30 passes through lines 52 and 53
and enters lower compartment 50 through lower inlet 54. The

effluent gas stream is introduced below the surface of the

- pool of water 56 in the bottom of compartment 50 by way of

dip-tube 57. The gas stream leaves through outlet 58 and
passes through line 59, inlet 60, and dip-tube 61 into pool
of water 62 in the bottom of upper compartment 51. The gas
stream bubbles up through water 62 and receives a final
washing with fresh make-up water by means of sparger 63 at
the top of compartment 51. The fresh make-up water enters
through line 64 and inlet 65. The cooled and cleaned effluent
gas stream leaves through upper outlet 66 and line 67 and
may be subjected to further gas purification or process
steps downstream in the procesé. Depending on the gas
composition, the cooled and cleaned effluent gas stream,
with or without further proceséing, may be used as synthesis
gas, reducing gas, or fuel gas. Scrub water 62 leaves
through line 70 at the bottom of upper compartment 51 and
passes through outlet 71, line 72 and mixes in line 73 with
scrub water 56 which leaves lower compartment 50 throﬁgh
bottom outlet 74 and line 75. The dilute carbon-water
dispersion in line 73 is passed through inlet 36 at the top
of guench tank 30 and cools dip-tube 32 by flowing down its
inside surface.

The cooled and cleaned effluent gas stream in line
52 is sampled and a portion is withdrawn through line 76.
This gas is analyzed by means of conventional gas analyzer

77 for mole fraction of CH4.

iy
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in the first trim control scheme, the actual rate

of particulate carbon produced in the reaction zone of the
cas generator i.e. carbon-make may be automatically brought
closer to the desired rate of particulate carbon production
established by design conditions by adjusting the flow rate
of the free—oxygén containing gas feedstream stepwise up or
down by discrete small amounts. The flow rate of the free-
oxygen containing gas feedstream to gas generator, 1is
controlled by sensing the flow rate of the free-oxygen
containing gas in line 14 with a conventional type flow rate
sensor 100 which provides a signal El, corresponding to the
flow rate of the stream of free-oxygen containing gas in
line 14-16 on its way to burner 6. Signal El, which corresponds
to said flow rate, is provided to system control unit 101
which automatically provides signals E2 or E3 depending on
the magnitude of a value representing the relative difference
between the actual and desired rate of particplate carbon
produced in the reaction zone, i.e. carbon-make. The value
for the relative difference in carbon-make is determined in
system control unit 101 and represents the (Actual-Desired
carbon-Make) divided by Desired Carbon Make. The value for
the desired carbon-make may be determined by conventional
calculations and is dependent on such factors as the compo-
sition and flow rate of the liquid hydrocarbonaceous. fuel,
the desired weight fraction of carbon in the liguid hydrocarbon-
aceous fuel feed which is entrained as particulate carbon in
the effluent gas stream leaving the reaction zone, economics
and refractory life.

Signal E, corresponds to a specific trim adjustment

to the current free-oxygen containing gas flow rate and 1is
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provided to a Tlow rate regulating means. For example,
signal E2 adjusts the set point of flow recorder-
controller 103 to enable flow recorder-controller
103 to provide signal E, to open or close control
valve 102 a small specific amount. By this means
the flow rate of the stream of free-oxygen containing
gas in line 14 is automatically regulated a specific
amount corresponding to a specific range of values
representing the magnitude of the relative difference
between the actual and desired carbon-make in the
reaction =zone. Thus, for each adjustment the flow
rate of +the free-oxygen containing gas stream in
line 14 may be increased or decreased a specific
small amount. For example, by this means the flow
rate of the free-oxygen containing gas stream may
be adjusted in the range of about 0 to Ii1s percent
in predetermined small amounts. In one embodiment,
the signal from the system control unit drives a
stepping motor to a desired position. The stepping
motor, in turn, controls or regulates the output
from a pneumatic or electrical converter to an analog
controller or valve actuator.

Alarm signal Eg from system control unit 101
is provided when a value representing the relative
difference between  the actual and . desired rates
of particulate carbon produced in the reaction zone
is either higher or 1lower than a specific =amount
i.e. ¥ o0.25. When signal E, is provided, alarm
104 which signals a high or low level of particulate
carbon in the reaction zone is actuated. For example,
should there be called for an adjustment +to the
current free-oxygen containing gas flow rate of
a magnitude that exceeds plus or minus 1.5%, then
said édjustment is not made but instead the high
or 1low level alarm, respectively will be actuated.

The alarm may be visual, auditory, or
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both. By this means, changes in feedstireams as
well as equipment performance and efficiency are
quickly detected. Further, it allows time for the

operator to adjust controls or to pula eguipment.

in or out of service for any of the following réasons:’

to improve plant operation, to prevent costly damage
to the equipment or to the refractory 1lining of
the gas generator, to prevent the production of
off-standard product gas, or to prevent the production
of excess free particulate carbon which increases
the cost of carbon separation.

The value representing the relative difference
between the actual and desired carbon-make in the
reaction zone is determined automatically in system
control unit 101 and compared therein with manually
or computer calculated and inserted values in order
to automatically generate adjustment”“signal E or

2

alternatively alarm signal E Other process variables

3

~which are introduced into system control unit 101

for these determinations include signals corresponding

to the flow rates for the free-oxygen containing

gas in 1line 14, 1liquid hydrocarbonaceous fuel in
line 23, and the carbon-water dispersion discharged
from quench tank 30; and also signals corresponding
to the weight fraction of carbon in the carbon-water
dispersion as determined by carbon analyzer 46,
the weight fraction of carbon in the liquid hydrodarbon-
aceous fuel, and the desired weight fraction of
the <carbon in the 1liquid hydrocarbdnaceous fuel
feed to the reaction zone which is entrained as

particulate carbon in the effluent gas stream leaving
the reaction zone.

Accordingly, by means of a conventional flow
rate sensor 105, the flow rate of the 1liquid hydro-
carbonaceous fuel Tfeedstock in 1line 24 1is sensed

on its way to reaction zone 5. Signal E5 corresponding

. to said flow rate is
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previded to speed control unit 106 for pump 107
and to system control wunit 101, In speed control
unit 106, signal E5 is automatically compared with
a manually or computer calculated and inserted direct
current voltage V’l corresponding to the set point
or desired flow rate. The flow rate of the 1liquid
hydrocarbonaceous fuel is held at design conditions.
When adjustment to the flow rate of the liquid hydro-
carbonaceous fuel is réquired, speed controller
106 provides signal E6 to adjust the speed of positive
displacement feed pump 107 in 1line 23 in order *to
regulate by a certain proportion the rate of flow
of the ligquid hydrocarbonaceous fuel feedstream
to gas generator 1. In one embodiment, signal
V1 is provided by system control unit 101.

By means of conventional flow rate sensor 108,
the flow rate of the carbon-water dispersion in
line 42 is sensed automatically on its way to a
conventional carbon-recovery zone. Signal Eﬁ , which
corresponds to said flow rate, is provided to system
control unit 101.

The weight fraction of carbon in one sample
of carbon-water dispersion is determined by conventional
type carbon analyzer means 46 and signal E8 correspond-
ing thereto is provided to system control unit 101.
Carbon analyzer 46 may be for example of the type
produced by Envirotech Corporation, Dohrmann= Div.,
Santa Clara, California; or Astro Ecology Corp.,
Houston, Texas. By this means, over a predetermined
period of time a plurality of different samples
of the carbon-water dispersion from 1line 43 i.e.
2 to 5, say 3 samples are automatically taken in
succession and separately analyzed for weight fraction
of paiticuiéte carbon. Sampling intervals may be
varied, for example by conventional timers in the

range of about 5 to 55 minutes.
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The response time for each sample run may take about 5-15
minutes, such as 10 minutes. Then in system control uni{
101, a signal corresponding to the average weight fraction
of carbon in the carbon-water dispersion over a period of
time, such as 10 to 210 minutes, éay 15 to 45 minutes is
determined. Signals representing the actual carbon-make and
the relative difference between the actual and desired
carbon-make in the reaction zone are then automatically
determined. A value representing the % change to be made in
the current rate of flow of the free-oxygen containing gas
feedstream is then automatically determined in a comparator
means. A signal corresponding to this value and a signal
corresponding to the current rate of flow of the free-oxygen
containing gas are provided to a multiplying means. A
corresponding signal responsive thereto is then provided to
a flow rate regulating means that automatically adjusts the
current flow rate of the free-oxygen containing gas stream.

st

For example, a signal from said multiplying means resets a

flow recorder—control means which provides an adjustment

signal to. regulate a flow rate control means such as a valve

in the free-oxygen containing gas feedstream. In one embédiment,
a control valve in the free-oxygen containing gas feedline
is regulated by a direct signal from said multiplying means.

In the other trim control scheme, the actual
temperature in the reaction zone may be automatically
brought closer to the desired temperature established by
design conditions by adjusting the flow rate of the temperature

moderator stepwise up or down by discrete small amounts. In
such case signals representing the actual temperature in the
reaction zone of the gas generator and the relative difference

between the actual and desired temperature in the reaction
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zone are automatically determined. A value represcenting

the % change to be made in the current rate of flow of the
temperature moderator feedstream is then automatically
determined in a comparator means. A signal corresponding to
this value and a signal corresponding to the current rate of
flow of the temperature moderator are provided to a multiplying
means. A corresponding signal responsive thereto is then
provided to a flow rate regulating means that automatically
adjusts the current flow rate of the temperature moderator
feedstream. For example, a signal from said multiplying
means is provided to a speed control means that

provides an adjustment signal to a positive displacement

pump in the temperature moderator feedline. By this means,
the current flow rate of the temperature moderator stream

is automatically adjusted by a corresponding small percentage.
Alternatively, the signal from the multiplying means may be
prbvided to a flow recorder control means which provides

an adjustment signal to regulate a flow rate.control means,
such as a motorized valve, that automatically adjusts the
flow rate of the temperature moderator feedstream.

In the subject embodiment, it was determined that
the actﬁal temperature in the reaction zone could be
accurately represented as a function of the methane
concentration in the cooled and clean effluent gas stream.
Accordingly, the value representing the actual temperature
in the reaction zone is obtained by providing to system
control unit 101 over a period of time with a plurality of
equally spaced separate signals. Each signal corresponds
to the mole fraction of CH, (dry basis) in the cooled and

clean effluent gas stream for that particular sample of

[
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the ces being analyzed. A s=icgnal representing the average
mole fraction of CH, (dry basis) in the cooled and clean
effluent gas stream over a predetermined period of time is
then computed in system control unit 101. A value for the
actual temperature in the reaction zone as a function of tﬁe
methane concentration is then automatically computed for

example according to Equation (I) below. The temperature

of the reaction zone as determined thereby is not affected

by hot spots or by the extreme temperatures prevailing

within the gasifier. Accordingly, it is an improvement

over conventional mechanical means for measuring temperatures.

Egquation I

T = A - 460
B + Ln (CH4)

where: T is the actual temperature in the reaction zone (°F.);
(CH4) is the average mole fraction of CH, (dry basis)
in the effluent gas stream; and A and B are
predetermined constants. With petroleum oil as the
liquid hydrocarbonaceous fuel and H,O as the
temperature moderator, at 400 psig A = 56,562.7 and
B = 20.295.

Thus, the gquench cooled and scrubbed effluent gas
stream in line 52 is automatically sampled and analyzed for
mole fraction of CH4 (dry basis) by means of a conventional
type gas analyzer means 77. Gas analyzer means 77 is a
éonventionél type on-line mass spectrometer or a gas
chromatograph system, for example of the type produced by
Carle Instruments Inc., Anaheim, California, or Hewlett-
Packard Corp., Palo Alto, California. By this means, over
a predetermined period of time a plurality of different gas

samples from line 52 i.e. about 2 to 5, say 3 samples are
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zutaomatically taken in succession and each sample
is separately analyzed for mole fractionoi‘CH4 (dry
basis). Sampling intervals may be varied, for example

by conventional timers in the range of about 5 to

55 minutes. The response time for each sample run
is about 5-15, such as about 10 minutes. Signal
El3 representing the mole fraction of CH4 (dry basis)

in one sample of the cooled and cleaned effluent
gas stream is provided to system control ‘unit 101.
Then in system control unit 101, a signal corresponding
to the average mole fraction of CH4 (dry ©basis)
over a period of time, such as 10 to 210 minutes,
say 15 to 45 minutes is determined. From this signal
and signals corresponding to the other terms in
Equation I, a signal representing the actual temperature
in the reaction 2zone is determined in system control
unit 101.

From signals E E and others to be described

9’ 13
in connection with Fig. 2, system control unit 101

provides signal ElO or Ell depending on the magnitude

of a wvalue representing the relative difference

between the actual and desired temperature 1in the
reaction zone. The value for the relative difference
between the actual and desired temperature 1in the
reaction zone is determined by the following relation-
ship: Actual Temperature-Desired Temperature divided
by- Desired Temperature. The value for the éesired
temperature in the reaction zone may be determined
by conventional calculations involving heat and
weight balances and 1is dependent on such factors
as the ash prgPerties of the fuel, economics, and
refractory life.

Signal E

10
ment to be made to the current flow rate for the

corresponds to a specific trim adjust-

temperature moderator i.e. }i20 and 1is provided to
a flow rate regulating means. For example, signal

ElO may adjust the set point
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of cpeed control 111 for pump 112 in water line 17. '

.
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Speed control 111 provides signal E16 to contrél pump‘lié
in order to increase oy decrease the speed of pump 112.
Alternatively, signal Elo may be proviaed to reset a

flow recorder-controller (not shown) which provides an
adjustment signal to a control valve in the temperature
moderator feedline. By this means the flow rate of the
stream of temperature moderator in line 17 is automatically
regulated a specific amount corresponding to a specific
range of values representing the magnitude of the

relative difference between the actual and desired
temperature in the reaction zone. Thus for each adjustment,
the flow rate of the temperature moderator in line 17

may be increased or decreased a specific small amount.

For example, if water is the temperature moderator in

line 17, by this means its flow rate may be adjusted in

the range of about 0 to =+ 10 peréent in éfedetermined

small amounts.

Alarm signal E from-system control unit 101
corresponds to the relative difference between the actual
and  desired temperature in the reaction zone that is either
higher or lower than a specific amount i.e. ¥ 0.014.

When signal Ell is produced, the reaction zone temperature
high-low level alarm 113 is actuated. For example, should
there be called for a trim adjustment to the current water
flow rate of a magnitude that exceeds plus or minus 10.0%,

then said adjustment is not made but instead the high or

" low level alarm, respectively, will be actuated. The

alarm may be visual, auditory, or both. By this means,

the operator is alerted to adjust feedstream controls or
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Lo put equipment in or out of service for the following
reasons: safety - to prevent costly damage to the
equipment or harm to people; product - to operate
the plant such that product specification 1is brought
to the desired level and production rate targets
are achieved; and efficiency - to operate the process
economically.

Referring to Figs. 1, 2 and 3, signal EB from
carbon analyzer means 46 1is provided to conventional

type storage and averaging means 120, for example

as shown in Fig. 3. Storage and averaging
means 120 provides signal E25 correspond-
ing to the average of three successive
determinations of the wt. fraction of carbon in

the carbon-water dispersion in 1line 43 as determined
by carbon analyzer means 46 in 1line 45 of Fig. 1.

As shown in Fig. 3, storage and averaging means
120 includes a conventional type analog-to-digital

converter 121 which <converts the present signal

E8 to digital signals which are applied to register
122. The entering of the digital signals in register
122 is controlled by pulse signal ‘E20 from a

conventional type programming means 123, for example
as shown in Fig. 4. Register 122 provides digital
signals to a digital-to-analog converter 124 which
converts the digital signals to an analog =signal
E 51 corresponding to the wt. fraction of carbon
in carbon-water dispersion for the next previous
sample. Register 122 also provides the digital
signals to another register 125. The entry of the
digital signals into register 125 is controlled
by a pulse E:22 provided Dby programming means 123
as hereinafiter explained. Register 125 stores and
provides the digital signals to another digital-
to-analog converter 126 which converts the digital

signals to an analog



10

20

30

e 0082634

sicgnal E corrcsponding to the wt. fraction of carbon in

23

the carbon-water dispersion for the second next previous
sample. Gating and adding means 127 adds together signals

E and E to provide a signal E A divi&er 128

8’ E21’ 23
divides signal E

24°

by direct current voltage V., correspond-

24 2

ing to the number of sample runs which is 3 for the subject

example to provide signal E,ge

Referring to Figs. 2, 3 and 4, programming means

42° 42 *°

applied to a conventional type on-off switch 160. Switch 160

123 receives a direct current voltage V Voltage V

may be activated automatically for example, by a signal from -
carbon analyzer 46 or programming means 169, or by an
operator. When so activated voltage V42 is applied to an

AND gate 161. AND gate 161 is enabled by voltage V42 from

switch 160 and passes pulses E from a conventionally

45
p{pgrammed clock 159. The frequency of the_pulses E45 is
related to the signals from the carbon analyzer and such
variables as sampling interval, response time, and the
moment in control cycle. Each passed pulse from AND gate
161 triggers a one-shot multivibrator 162 causing it to

provide an output pulse E Pulse E22 precedes pulse E

22° 20
so that it registers 125 in storage means 120. Register 125
can receive the contents of register 122 before the contents
of register 122 are changed by the occurrence of a pulse
EZO'
Another one—shpt multivibrator 163 acts as a time
delay so that the information in the register 122 does not
change while they are being entered into register 125. The

time delay is determined by the width of the pulse

provided by one-shot 163. The trailing edge of that
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pulse triggers yet another one-shot multivibrator

164 to provide pulse E Pulse E enters all of

the signals correspondingoto sensed dsga into register
122 so that they may be stored for use as data for
the next previous cycle during a next subsequent
cycle.

Referring to Figs. 1 and 2, signal E 7 from
flow rate sensor 108 corresponds to the flow rate
of carbon-water dispersion 1leaving the gas quenching
and scrubbing zone. Multiplier 130 multiplies signal
E. with signal E25 to provide signal E

7 26
to a value which is directly related to the actual

corresponding

flow rate of the particulate carbon that is discharged

from the gasifier. Signal IES from flow rate sensor

105 in 1ine 23 corresponds to the flow rate of the
liquid hydrocarbonaceous fuel Tfeedstock to the gas

generator. Multiplier 131 multiplies signal E5

with a direct currrent voltage V to provide a signal

3

E27 which corresponds to the desired carbon-make

with units of, for example, 1lbs. per hr. Vé corresponds

to a constant representing the weight fraction of

carbon in the 1liquid hydrbcarbonaceous fuel times
the desired weight fraction of the carbon in the
ligquid hydrocarbonaceous fuel feed to the reaction
zone which is entrained as particulate carbon. in
the effluent gas stream 1leaving the reaction =zone.
V3 may be a value in the range of about 0.601 to
0.200, such as about .005 to 0.100, say about 0.010
to 0.03.

Signal means A provides signal E representing

30
the relative difference between the actual and desired

amount of particulate carbon produced in the reaction
zone for a specific period of time. subtracting

means - 132 in signal means A subtracts signal

E27 representing the desired
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carbon-make from signal E 26 representing the actual
carbon-make to provide signal E28 . A divider 133
divides signal E28 by signal E27 to provide signal
E 30 - Signal EBO is provided to a conventional
type comparator means 140.

Referring now to Fig. 5, comparator means 140,
for example, represents a plurality of comparators

141-148 which receive signal ESO and compare signal

E 30 for a match with one of a plurality of direct
current voltages from the group V 5 to V12
V5 to V12 are manually or automatically inserted

and correspond to a series of consecutive specific

ranges of values (+ and -) for the relative difference

between the actual and desired rate of free particulate
carbon produced in the reaction zone. When a match
between signal ESO and one of the voltages V5 to
V12 occurs, a corresponding signal is produced from
the related comparator in the group 141-148. Switches
150 to 157 are associated with comparators 141-148

respectively. Direct current voltages V15 to
V22 are associated with switches 150-157 respectively.
VlS to V22 correspond to specific values (+ or -)

for the % change to be made to the current flow
rate of free-oxygen containing gas feedstream, or
alternatively to a high-low 1level alarm signal.
A signal from the comparator in the group 141-148
having a high output opens the related switch and
the associated voltage passes. Thus with respect
to the embodiment shown in Table I, signal E32 from
comparator unit 142 may represent a relative difference
between the actual and desired rate of carbon produced
of over +.05 to +.10, indicating an excess carbon-
make and providing a high output to switch 151 of
the bank of switches 150-157. Switch 151 is thereby

rendered conductive and a direct
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current voltage V16 corresponding to a specific % change
of the current flow rate of free-oxygen containing gas
in the amount of a +0.50% increment is passed as signal

E A multiplier 168 multiplies signal E,, with signal

41°

E) representing the current flow rate of the free-oxygen
containing gas to provide signal E2 to flow recorder-
controller 103 which provides signal E4. Valve 102 in
line 15 is then adjusted by signal E4 to increase the

flow rate of the free-oxygen containing gas feedstream by
+0.50%. By this means, the actual carbon-make is reduced
and brought closer to the desired carbon-make in the
reaction zone.

In another example, the relative difference
between the actual and desired rate of carbon produced is
over +0.25 (indicating an excess carbon-make), comparator
144 has a high output, and signal Eg, is provided to
switch 153. Switch 153 is thereby rendered conductive and
a direct current voltage Vlé corresponding to a high level
alarm signal is passed as signal E3 to the free-oxygen -
containing gas high-low level alarm unit 104. The operator
then takes steps to reduce the amount of particulate carbon
being produced.

In one embodiment, comparator means 140 may be

programmed as shown in Table I below.
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TAHLE I - CUPRRATOR MEANS 140

*Corresponding To £Corresponding To
The Relative Difference The % Change To
Between Actual Be Made To The
Camparator - and Desired Current Flow Rate

Unit Voltage Rate of C-Prod. Switch Voltage of Free-O, Gas

141 V. up to +0.05 150 Vis 0.0

142 vV over +0.05 to +0.10 151 Vig + 0.50

143 V7 over +0.10 to +0.25 152 Vl7 + 1.5

144 V8 over +0.25 153 V18 High lLevel Alarm

145 Vg up to —0.05 154 Vig 0.0

146 VlO over -0.05 to -0.10 155 VZO - 0.50

147 Vll over -0.10 to -0.25 156 V21 - 1.50

148 V12 over -0.25 157 V22 Iow Level Alarm

* Relative Difference = Actual-Desired Rate of Carbon Production
Desired Rate of Carbon Production

£ A plus sign indicates the specific adjustment will increase the
current flow rate of the free-oxygen containing gas by the amount
shown; and, a minus sign indicates the specific adjustment will decrease
the current flow rate of the free—02 gas by the amount shown.

Referring again to Figs. 1 and 2 énd-the scheme
for trim controlling the temperature moderator stream in
order to monitor the temperature‘in the reaction zone,
periodically a succession of signals E13 from gas analyzer
means 77 are automatically provided to conventional type
storage and averaging means 170. The construction and
operation of storage and averaging means 170 and 120 are
similar. By this means three, for example, sequential
signals E13 representing three separate samples of gas
analyzed for CH, may be handled in 170 in a manner similar
to the way that three sequential signals Eg representing
three separate carbon determinations were handled in 120.

Accordingly a drawing of storage and averaging means 170
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woulé be redundant. Storace and averaging means 170
rrovides signal Ecq» corresponding to the ayerage of three
successive determinations of mole % CH4 (dry basis) in

the cooled and cleaned effluent gas stream in line 52 made
over a determined period of time.

The entry of the digital signals into the
registers in 170 is controlled by conventional type
programming means 169. Programming means 169 receives a
direct current voltage V,q and provides pulses Ecs and
Ege- The construction and operation of programming means
169 is similar to that previously described for programming
means 123 so that no additional drawing is required. 1In
one embodiment, conventional program means éonnected to
storage and averaging means 120 and 170, to carbon analyzer
46, and to gas analyzer 77 is employed for controiling the
operation of the subject control system.

- Signal Means B in Fig. 2 provides signal Ece
corrésponding to the actual temperature (T) in the reaction
zone as determined by Equatién I. Signal E51 corresponding
to the average mole fraction CH4 (dry basis) in the process
gas stream is applied to natural logarithm function
generator 175 which provides signal E63 corresponding to
the term log_ (CH,) in Equation I. Adding means 176 adds

signal E and direct current voltage V45 representing

63
the constant B in Equation I to provide a signal E64
corresponding to the denominator of Equation I. A divider
177 divides a direct current voltage V46 representing the
constant A in Equation I by signal E64 to provide signal E.g-

Subtracting means 178 subtracts a direct current voltage

Vi corresponding to a constant 460 from signal E .. to
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provice sicnzl 366 corresponding to the term T in
Ecuation I.

Signal Means C provides signal Ecg Corresponding
to the relative difference between the actual and desired
temperatures in the reaction zone. Subtracting means 179
in Signal Means C subtracts direct current voltage Vg
corresponding to the desired temperature in the reaction
zone in the range of 1700 to 3000°F., say 2200° to
2800°F. from signal E66 representing the actual temperature
in the reaction zone to provide signal E67' Direct current
voltage V48 is a manual or automatically computed and
inserted input signal based on design conditions. A
divider 180 divides E67 by V48 to provide signal E68'

Comparator means 185 and 140 are similar in
design and operation so that a new drawing is not regquired.
Comparator means 185 comprises a plurality of comparators

250 to 257 which receive signal E and compares it for a

68

match with one of a plurélity of direct current voltages

V60 to V67 are manually or

automatically inserted and correspond to a series of

from the group V60 to V67'

consecutive specific ranges of values (+ or -) for the
relative difference between the actual and desired

temperature. When a match between signal E and one of

68

the voltages VbO to V67 occurs, a corresponding signal is

produced from the related comparator in the group 250 to

257 in the reaction zone. Switches 260 to 267 are associated

with comparators 250 to 257 respectively. Direct current

voltages V to V are associated with switches 2€¢0 to

70 77

267 respectively. to correspond to specific values

Va0 Va7

(+ ¢cr -) of the & change to be made to the current flow
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tc a high-low level alarm signal.

any signal leaving comparator means 185 to effect
a change in the current flow rate of the temperature
moderator by a specific percentage such as E.g, is multiplied
in multiplier 187 by signal E9 corresponding to the current
flow rate of the temperature moderator feedstream as
provided by conventional flow rate sensor 110. Signal Eyp
is thereby provided for the adjustment of speed control 111
for pump 12 in line 17 of the process water feedstream.
Alternatively, an alarm signal Ell is passed to reaction
zone temperature high-low level alarm unit 113 in Fig. 1.
In one embodime-nt, comparator means 185 may be programmed
as shown in Table II below. For example, signal E.g from
ccmparator unit 205 may represent a relative differencér
he-tween the actual and desired temperatures of over -0.004
te- -0.10, indicating a temperature in the reaction zone
that is tuo low and providing a high output to switch 215
of the bank of switches 210-217. Switch 215 is thereby
rendered conductive and a direct current voltage V..
corresponding to a specific % change of the current flow
rate of the temperature moderator feedstream in the decreased
amount of -5.0% is passed as signal E70. Signal ElO to
speed control 111 would then result in a reduction of the
speed of pump 112 so as to reduce the current flow rate of
the water feedstream by -5.0%. This would result in a

corresponding increase of the actual temperature in the

reaction zone.



10

20

30

0082634

‘2
G -

TRELE 11 - CUF7RATOR MERRS 185

*Cporresponding To The £Corresponding To
Relative Difference The % Change To
Bebmaﬂ{Acmxd Be Made To The
and Desired . Current Flow Rate
Carparator Tenperature of Temperature
Unit Voltage Switch Voltage Moderator
200 V60 up to +0.004 210 Vﬁo 0.0
+ . . hd
201 V61 over +0.004 to +0.010 211 V71 + 5.0
202 V62 over +0.010 to +0.014 212 V72 +10.0
203 Vey over +0.014 213 V53 High lLevel Alarm
204 V64 up to -0.004 214 V74 0.0
205 V65 over -0.004 to -0.010 215 V75 - 5.0
206 Vgg OVer —-0.010 to -0.014 216 Vs -10.0
207 V67 over -0.014 217 V77 Iow Level Alarm

* Relative Difference = Actual-Desired Temperature In Reaction Zone
Desired Temerature in Reaction Zone

# A plus sign indicates the specific adjustment will increase the
current flow rate of the temperature moderator by the
amownt shown; and, a minus sign indicates the specific adjustment
wyu.decn§EE'ﬂEacunxmt flow rate by the amount shown.

Programming means 123 and 169 are linked together
in one embodiment by signals E.. and Egg- In such case
programming means 123 is employed in the manner previously

described and flow rate of the free-oxygen containing gas

feedstream is adjusted. After conditions in the gas generator

are allowed to stabilize for a first stabilization period in
the range of about 5 to 30 minutes, such as 15 minutes,
signal BS? is provided to programming means 169 and the flow
rate of the trrperature moderator feedstream is adjusted

in the manner described previously. After the gas generator

is allowed to stabilize for a second stabilization period
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in the range of about 5 to 30 minutes, such as
15 minutes, signal Egg is provided to programming
means 123 and the trim control cycle 1is repeated
with the adjustment of the flow rate of the free-
oxygen containing gas feedstream and the overall
system control procedure is repeatedly cycled.
During the stabilization period, the temperature,
pressure, gas composition, and carbon-make in the
reaction zone settle down to normal random fluctuations.

in still another embodiment, programming means
123 is programmed so that upon demand a small adjust-
menit. is made to the current flow rate of the free-
¢ xygen containing gas in the manner described previously.
The magnitude of each adjustment, if any, or
alternatively the operation of a high-low level
alarm is a function of the relative difference between
the actual and desired carbon-make, in the manner
described previously. A gasifier stabilization
period in the range of about 5 to 30, such as 15
minutes follows each ajustment. The cycle 1is then
repeated. In another moociment the cycle for trim
.cnntrolling the carbon-make is repeated until the

re itive difference betw-en the actual and desired

carron-make falls with:in a predetermined range,
for example £0.05. At that point and after the
stabilization period, signal E57 is provided *to

programming means 169 so that wupon demand a® small
adju-tment is made to the current flow rate of the
temperature moderator feedstream in the manner described
previously to trim control the temperature of the
gar:fier, tt.e magnitude of the adjustment, if any,
or alternatively the operation of a high-low 1level
arlam 1s a functicn of the relative difference between
the actual ~and desired temperature in the reaction
zone. After a gasifier stabi:ization period in
the range of about 5 to 30, such as 15 minutes,

the trim control cycle for the free-oxygen

0082634
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containing gas feedstrecam is repeated, and the oyerall
system control cycle is repeatedly cycled,

Although modifications and variations of the
iﬁvention may be made without departing from the spirit
and scope £hereof, only such limitations should be imposed

as are indicated in the appended claims.
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CLAINMS

1. A partial oxidation process for reacting a
liquid hydrocarbonaceous fuel feedstream . and a free-oxygen
containing gas feedstream in the presence'of a temperature
moderator in the reactién -one of a refractory lined

5 free-flow noncatalytic gas generator at a temperature in the
range of about 1700 to 3000°F. and a pressure in the range
of about 1 to 300 atmospheres to produce an effluent gas
stream comprising HZ, co, CH4, C02, particulate carbon and
at least one material from the group consisting of H20, HZS'

10 cos, H., and Ar; and cleaning and cooling the effluent gas

91
stream with water in a gas quenching and cleaning zone to
remove substantially all of the entrained particulate carbon
as a stream of carbon-water dispersion and to produce a
cooled and cleaned effluent gas stream; characterized by a method

15 for controlling the amount of unconverted particulate carbon
in the effluent gas stream leaving the reaction zone
comprising:

(1) periodically determining the flow rate of the
feedstream of liquid hydroéarbonaceous fuel and generating a

20 liquid hydrocarbonaceous fuel flow rate signal responsive
thereto;

(2) automatically computing the desired rate of
production for the unconverted particulate carbon produced
in the reaction zone, in accordance with the signal

25 generated in (1) and a direct current voltage corresponding
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to the weight fraction of carbon in said liquid

hydrocarbonaceous fuel times the desired weight fraction of
carbon in the liquid hydrocarbonaceous fuel feed which is
entrained as particulate carbon in the effluent gas stream
leaving the reaction zone, and generating a corresponding
signal responsive thereto;

(3) periodically determining the flow rate for the
stream of carbon-water dispersion, and generating a
corresponding carbon-water dispersion flow rate signal
responsive thereto;

(4) automatically sampling and analyzing over a period
of time a plurality of samples of the stream of carbon-water
dispersion in succession, and generating corresponding
signals responsive thereto each successive signal
representing the weight fraction of particulate carbon;

~ (5) automatically storing and computing the average of
said plurality of the signals generated in (4), and
generating a corresponding signal responsive thereto
representing the average weight fraction of ‘particulate

carbon;

(6) automatically computing the actual rate of

production for the unconverted particulate carbon produced
in the reaction zone and recovered in the carbon-water

dispersion in accordance with the signals generated in (3)

-and (5), and generating a corresponding signal responsive

thereto;
(7) automatically computing the relative difference
between the actual and desired rates of production of

unconverted particulate carbon in accordance with the
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cignals gcnerated in (2) and (6), and generating a

corresponding signal responsive thereto;

(8) periodically determining the flow rate for the
feédstgeam of free-oxygen containing gas, and generating a
corresponding free-oxygen containing gas flow rate signal
responsive thereto;

(9) automatically comparing the signal generated in (7)
for a match with one of a plurality of direct current
voltages corresponding to a series of values (+ and -)
representing the relative difference between the actual and
desired rates of production of unéonverted particulate
carbon, and responsiﬁe thereto providing a related signal
correspondihg to the % change to be made in the current flow
rate for the free- oxygen containing gas feedstream in order
to bring closer the current and desired flow rates for the
free-oxygen containing gas, Or alternatively providing a
pagéiculate carbon high or low level alarm signal;'

(10) automatically multiplying the signal from (9)
corresponding to the % change to be made in the current flow
rate for the free-—oxygen containing gas feedstream by a
signal corresponding to the current flow rate for the free-
oxygen containing gas feedstream to provide a signal to
adjust the flow rate regulating means for the free—okygen
containing gas feedstream;

(11) automa£ically adjusting the flow réte of the free-
oxygen containing gas feedstream, OT alternatively actuating
an alarm means in response to the signals generated in (10)
or (9), respectively;

(12) stabilizing conditions in the reaction zone; and
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(13) repeatedly cycling steps (1) to (12).
2. A process according to Claim 1 characterized by the

following additional steps -after step klZ):

(13n) periodically determining the current flow rate of
the feedstream of temperature moderator and generating a
signal responsive thereto;

(14) automatically sampling and analyzing over a period
of time a plurality of samples of the cooled and cleaned
effluent gas stream in succession and generating

corresponding signals responsive thereto each successive

4

(15) automatically storing and computing the average of

signal representing the mole fraction of CH, (dry basis);

said plurality of signals generated in (14), and generating
a borresponding signal responsive thereto representing the

average mole fraction of CH, (dry basis);

4

-+ (16) automatically computing a value representing the

actual temperature in the reaction zone of the gas generator
as a function of the methane concentration from the signal
generated in (15) and direct input signals representing
constants; and generating a corresponding s;gnal responsive
thereto;

| (17) automatically computing the relative difference
between the actual temperature as represented by the value
derived in (16) and the desired temperature in the reaction
zone, and generating a corresponding signal responsive
thereto in accordance with the signal generated in (16) and
a manual or automatically computed input signal representing

‘the desired temperature in the reaction zone;
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(18) avtomatically comparing the signal generated in
(17) for a match with one of a plurality of direct current
voltages corresponding to a series of values (+ and -)
representing the relative difference between the actual
temperature as represented by the value derived in (16) and
the desired temperature in the reaction zone, and responsive
thereto providing a related signal corresponding to the %
change to be made in the current flow rate for the
temperature moderator feedstream in order to bring closer
the current and desired flow rates for the temperature
moderator feedstream; OT alternatively providing a reaction
zone temperature high-low level alarm signal;

(19) automatically multiplying the signal from (18)
corresponding to the % change to be made in the current flow
rate for the temperature moderator feedstream by a signal
corresponding to the current flow rate for the temperature
moéerator feedstream from (133)to provide a signal to adjust
the flow rate regulating means for the temperature moderator
feedstream;

(?0) automatically adjusting the flow rate of the
temperature moderator feedstream, or alternatively actuating
an alarm means in response to the signals generated in (19)
and (18), respectively;

(21) stabilizing conditions in the gas generator; and

(22) repeétedly cycling the overall system control
procedure as previously specified for controlling the amount
of unconverted carbon in the effluent gas stream in stéps:
(1) to (12), followed by adjusting'the temperature in the

reaction zone by steps (13R) to (22).
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3. A prozess of Claim 2 characterized in that stpc (1) to (313)
are repeatedly recycled until the signal generated in step
(7) corresponds to a value which falls within a
predetermined range, prior to taking steps (13A) to (22).
4. A partial oxidation process for reacting a
liquid hydrocarbonaceous fuel feedstream and a free-oxygen
containing gas feedstream in the presence of a temperature
moderator in the reaction zone of a refractory lined free-
flow noncatalytic gas generator at a temperature in the
range of about 1700 to 3000°F. and a pressure in the range
of about 1 to 300 atmospheres to produce an effluent gas
stream comprising H2, Cco, CH4, COZ’ particulate carbon and
at least one material from the group consisting of H,0, H,S,

CO0S, N, and Ar; and cleaning and cooling said effluent gas

2
stream with water in a gas quenching and cleaning zone to
remove substantially all of said entrained particulate
carbon as a stream of carbon-water dispersion and to produce
a cooled and cleaned effluent gas streém; characterized by a
method for controlling the temperature in the reaction zone
comprising:

(a) periodically determining the current flow rate of
the feedstream of temperature moderator and generating a
signal responsive thereto;

(b) automatically sampling and analyzing over a period
of time a plurality of samples of the cooled and cleaned
effluent gas stream in succession, and generating
corresponding separate sets of signals responsive thereto

each successive set of signals representing the mole

fraction CH, (dry basis);
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(c) automatically storing and computing the average of
the plurality of separate sets of signals generated in (b),
and generating corresponding signals responsiGé thereto
representing the average mole fraction of CH;‘fdry basis);

(d) automatically computing a value representing thé
actual temperature in the reaction zone of the gas generator
as a function of the methane concentration from the signal
generated in (c) and direct input signals representing
constants; and generating a corresponding signal responsive
thereto;

(e) automatically computing the relative difference
between the actual temperature as represented by the value
derived in (d) and the desired temperature in the reaction
zone, and generating a corresponding signal responsive
thereto in accordance with the signal generated in (d) and a
manual or automatically computed input signal representing
the desired temperature in the reaction zone;

(f) autométically comparing the signal generated in (e)
for a matéh with one of a plurality of direct current
voltages corresponding to a series of values (+ and -)
representing the relative difference between the actual
temperature as represented by the value derived in (d) and
the desired temperature in the reaction zone, and responsive
thereto providing a related signal corresponding to the 2
change to be made in the current flow rate for the
temperature moderator feedstream in order to bring closer

the current and desired flow rates for the temperature

EY
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moderator feed-stream; Or alternatively providing a reaction

zone temperature high-low level alarm gignal;

(g) automatically multiplying the signal from (f)
corresponding to the % change to be made in the current flow
rate for the temperature moderator feedstream by a signal
corresponding to the current flow rate for the temperature
moderator feedstream from (a) to provide a signal to adjust
the flow rate regulating means for the temperature moderator
feedstream; :

(h) automatically adjusting the flow rate of the
temperature moderator feedstream, or alternatively actuating
an alarm means in response to the signals generated in (g)
and (f), respectively;

(i) stabilizing conditions in the gas generator; and

(j) repeatedly cycling the overall system control
procedure as previously specified for adjusting the
temperature in the reaction zone by steps (a) to (i).

5. A process according to Claim 1 characterized in that in
step.(g) the signal generated in (7) is compared for a match with
direct current voltages corresponding to the values listed in the first
column below, and responsive to said comparison a signal
corresponding to the related value listed in the second
column below is provided for that value in the first column

that was matched:
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Eclative Diffcience Between ¢ Change to Be Made in
Actual And Desired Rates the Current Flow Rate
of Production of For The Free-Oxygen
Unconverted Particulate Containing Gas
g Carbon
up to +0.05 0.0
over +0.05 to +0.10 +0.50
over +0.10 to +0.25 +1.5
over +0.25 High Level Alarm
10 up to -0.05 0.0
over -0.05 to -0.10 -0.50
over -0.10 to -0.25 -1.50
over -0.25 Low Level Alarm
15 6. A process according to Claim 2 characterized in that in step

(18) the signal generated in (17) is compared for a match with direct
current voltages corresponding to the values listed in the
first column below and responsive to said comparison a
signal corresponding to the related value listed in the

20 second column below is provided for that value in the first

column that was matched:

Relative Difference Between $ Change To Be Made in
The Temperature Derived in the Current Flow Rate
Step (16) And The Desired For The Temperature

25 Temperature in Reaction Zone Moderator

up to +0.004 . 0.0
over +0.004 to +0.01 + 5.0
over +0.01 to +0.014 + 10.0

over +0.014 High Level Alarm

s
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up to -0.004 0.0
over -0.004 to -0.01 - 5.0
over -0.01 to -0.014 - 10.0
over -0.014 . Low Level Alarm
7. A process according to Claim 1 or 2 character-

ized 1in that in step (2) the signal generated in
step (1) is multiplied by said direct current voltage
corresponding to a constant having a value in the
range of about 0.001 to 0.200.

8. A process according to Claim 1 or 2 character-
ized in that the adjustment signal from step (10)
is provided directly to regulate a control valve
in the free-oxygen containing gas feed 1line so that
the rate of flow of the free-oxygen containing gas

feedstream may be increased or decreased.

9. A process according to Claim 1 or 2 character-
ized by the steps of providing the adjustment signal
from step (10) to reset a flow recorder-controller
ypich provides an adjustment signal to regulate
é control valve in the free-oxygen containing gas
feed 1line so as to increase or decrease the rate

of flow of the free-oxygen confaining gas feedstream.

10. A process according to Claim 2 characterized
by the steps of providing the adjustment signal
from step (19) to a pump speed control means; and
regulating the speed of a pump for the temperature
moderator so as to increase or decrease the rate
of flow of the temperature moderator feedstream
in response to a signal provided by the speed control

means.

11. A process according to Claim 1 or 2 character-
ized in that said 1liquid hydrocarbonaceous fuel
is a 1liquid hydrocarbon selected from the group

consisting of liquefied petroleum gas, petroleum
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Gietillates and residua, gasoline, naphtha, kerocine, crude
pctroleum, asphalt, gas 0il, residual oil, tar-sand oil and
cshale oil, coal derived oil, aromatic hydrocarbons (such as
bcnzene) toluene, xylene fractions), coal tar, cycle gas oil

5 from fluid—catalytic—cracking operations, furfural extract
of coker gas oil, and mixtures thereof.

12. A process according to Claim 1 or 2 characterized in that
said liquid hydrocarbonaceous {fuel is an oxygenated hydrocarbonaceous
organic material from the group consisting of carbohydrates,

10 cellulosic materials, aldehydes, organic acids, alcohols,
ketones, oxygenated fuel oil, waste liguids and by-products
from chemical processes for oxygenated hydrocarbonaceous
organic materials, and mixtures thereof.

13. A process according Claim 1 or 2 characterized in that said

15 liquid hydrocarbonaceous fuel is a pumpable slurry of a low-ash
solid carbonaceous fuel in a liquid carrier from the group
co;sisting of water, liquid hydrocarbon fuel, and mixtures
thereof.

14. A process according to Claim 13 characterized in that said

20 solid carbonaceous fuel has an ash content of about 1.0 weight
percent or less and is selected from the group consisting of
coal, lignite, coke from coal, char from coal, coal
liquefaction residues, particulate carbon, petroleum coke,
solids derived from oil shale, tar sands and pitch,

25 concentrated sewer sludge, bits of garbage, rubber, and
mixtures thereof.

15. A process according to Claim 1 or 2 characterized
in that said free-oxygen containing gas is selected from the

group consisting of air, oxygen-enriched-air (22 mole % 02 and
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hicher) and substantially pure oxygen (95 mole % oxygen and
higher).

16. A process according io Claim 1 or 2 characterized ﬁn ihat

said temperature nmderatof is selected from the group consisting

of H,0, CO N a cooled portion of effluent gas from the

2 27 27
gas generator, and mixtures thereof.

17. A partial oxidation system for reacting a
liquid hydrocarbonaceous fuel feedstream and a free-oxygen
containing gas feedstream in the presence of a temperature
moderator in the reaction zone of a refractory lined
free-flow noncatalytic gas generator at a temperature in the
range of about 1700 to 3000°F. and a pressure in the range
of about 1 to 300 atmospheres to produce an effluent gas
stream comprising H2’ co, CH4, COZ' particulate carbon and
at least one material from the group consisting of HZO' HZS'

COS, N, and Ar; and cleaning and cooling the effluent gas

2
stream with water in a gas quenching and cleaning zone to

remove substantiéliy all of said entrained particulate

carbon as a stream of carbon-water dispersion and to produce

20 a cooled and cleaned effluent gas stream; characterized by a

25

system for controlling the amount of unconverted particulate
carbon in the effluent gas stream leaving the reaction zone
comprising: means for automatically regulating the flow rate
for the free-oxygen containing gas feedstream; means for

automatically sensing the flow rates and providing signals

corresponding to the flow rates for the stream of

free-oxygen containing gas, the stream of liquid
hydrocarbonaceous fuel and the stream of carbon—waterr.

dispersion; carbon analyzer means for automatically
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«ampling, analyzing, and providing a plurality of successive
signals each signal corresponding to the weight fraction.of
carbon present in each separate sample of a plurality of.
successive samples of said carbon-water dispersion being -
analyzed over a period of time; particulate carbon high-low
jevel alarm; system control means connected to all of the
flow-rate sensing means and to the carbon analyzer means for
providing a first signal corresponding to a determined
adjustment to the free- oxygen containing gas feedstream
flow rate regulating means OT alternatively for providing a
second signal corresponding to a high or low level of
carbon-make to the particulate carbon high-low level alarm
in accordance with the signals from the liguid
hydrocarbonaceous fuel feedstream and carbon-water
dispersion flow rate sensing means and the carbon analyzer
means; said system control means includes a storage and
averaging means connected to the carbon analyzer means for
providing a signal corresponding to the average weight
fraction of particulate carbon in accordance with the
signals from the carbon analyzer means; means connected to
the storage and averaging means and to the carbon-water
dispersion flow rate sensing means for providing a signal
corresponding to the actual carbon-make in said reaction
zone; means for providing a signal representing thg desired
carbon-make in said reaction zone in accordance with the
signals from the liguid hydrocarbonaceous fuel flow-rate
sensing means and a signal corresponding to the product of
the weight fraction of carbon in the liquid

hydrocarbonaceous fuel and the desired weight fraction of
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carbon in the liquid hydrocarbonaceous fuel fced which is
entrained as particulate carbon in the effluent gas stream
leaving the reaction zone; sigﬁal means A for providing a
signalucorresponding to the relative difference between the
actual and desired rates of production of unconverted
particulate carbon in accordance with the actual and desired
carbon-make signals; comparator means connected to signal
means A for providing a first signal corresponding to the %
change to be made in the current flow rate for the
free-oxygen containing gas feedstream in order to bring
closer the current and desired flow rates for the
free-oxygen containing gas feedstream or alternatively for
providing a second signal to the particulate carbon high or
low level alarm in accordance with the signal from signal
means A; means connected to the comparator means and to the
-free-oxygen containing gas feedstream sensing means for
providing a signal to the free-oxygen containing gas flow
rate regulating means.when an adjustment to the flow rate of
the free-oxygen containing .gas is required in accordance
with the first signal from the first comparator means and
the signal from the free-oxygen containing gas sensing
means; and programming means connected to the storaée and

averaging means for controlling its operation.

18. A system according to Claim 17 further
characterized by a system for controlling the tempera-
ture in the reaction zone comprising: means for
automatically regulating the flow rate of the tempera-

ture moderator feedstream; means for automatically
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sensing  the Tlow rate of

feedstream and providing

the temperature moderator

a corresponding signal;

gas analyzer means for automatically sampling, analyzing

and providing @& plurality of successive signals

each signal corresponding to the mole fraction of

CH , (dry basis) present

in each separate sample

of a plurality of successive samples of the cooled

and cleaned effluent gas S

tream being analyzed over

a period of time; reaction zone temperature high-

low level alarm; system

control means connected

to the flow-rate sensing means for the temperature

moderator feedstream and to the gas analyzer means

{for providing & first signal corresponding to a

determined adjustment to the temperature moderator

flow rate regulating means OT alternatively for

providing a second signal

corresponding to a high

or 1low level of temperature in the reaction zone

to said temperature high-low level alarm in accordance

with  the signals from the temperature moderator

filow rate sensing means, an

said system control means

d the gas analyzer means;

includes a storage and

averaging means connected to the gas analyzer means

for providing a signal corresponding to the average

mole fraction of CHy (dry

basis) in accordance with

the signals from the gas analyzer means,; first éignal

means connected TO the storage and averaging means

for providing a signal corresponding to the actual

temperature in said reaction zoneé in accordance

with the signals from the storage and averaging

means and signals representing constants as provided

by direct input signal me
connected to the first si
a signal corresponding to

between the actual and de

ans; second signal means
gnal means for providing
the relative difference

sired temperature 1in the

reaction zone in accordance with a signal from the

first signal means represent

ing the actual temperature
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in the reaction zone and a signal <from a direct
input signal means representing the desired temperature;
comparator means connected to said second signal
means for providing a sﬁgnal corresponding to the
% change to be made in the current flow rate for
the temperature moderator feedstream in order to
bring closer the current and desired {flow rates
for the temperature moderator feedstream or
alternatively Tfor providing a signal to said reaction
zone temperature high-low 1level alarm in accordance
with the signal from said second signal means; means
connected to the comparator means and to the temperature
moderator flow rate sensing means for providing
a signal to the temperature moderator flow rate
regulating means when an adjustment to the flow
rate of the temperature moderator 1is required in
accordance with a signal from the comparator means
and a signal from the temperature moderator flow
rate sensing means; and programming means connected

to the storage and averaging means for controlling

its operation.

19. A partial oxidation system for reacting
a liguid hydrocarbonaceocus fuel feedstream and a
free-oxygen containing gas Tfeedstream in the presence
of a temperature moderator in the reaction =zone
of a refractory 1lined free-flow noncatalytic gas
generator at a temperature 1in the range of about

1700 to 3000°F. and a pressure in the range
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of about 1 to 300 atmospheres to producec an effluent gas
stream comprising HZ’ co, CH4, COZ’ particulate carbon and
at least one maFerial from the group consisting of 320, HZS'

C0S, N and Ar; and cleaning and cooling the effluent gas

X
stream with water in a gas guenching and cleaning zone to
remove substantially all of the entrained particulate carbon
as a stream of carbon-water dispersion and to produced a
cooled and cleaned effluent gas stream; characterized by a system
for contrelling the temperature in the reaction zone
comprising: means for automatically regulating the flow
rate of the temperature moderator feedstream; means for
automatically sensing the flow rate of the temperature
moderator feedstream and providing a corresponding signal;
gas analyzer means for automatically sampling, analyzing,
and providing a plurality of successive signals each signal
corresponding to the mole fraction of CH4 (dry basis)
present in each separate sample of a plurality .of successive
smaples of the cooled and cleaned effluent gas stream being
analyzed over a period of time; reaction zone temperature
high-low level alarm; system control means connected to the
flow-rate sensing means for the témperature moderator
feedstream and to the gas analyzer means for providing a
first signal corresponding to a determined adjustment to the
temperature moderator flow rate regulating means oOr
alternétively for providing a second signal corresponding to
a high or low level of temperature in the reaction zone to
said temperature high-low level alarm in accordance with the
signals from the temperature moderator flow rate sensing

means, and the gas analyzer means; said system control
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means includes a storage &nd averaging means connected to

the gas analyzer means for providing a signal corresponding

. to the average mole fraction of CH4 (dry basis) in

accordance with the signals from the gas analyzer means;
first signal means connected to the storage and averaging
means for providing a signal corresponding to the actual
temperature in said reaction zone in accordance with the
signals from the storage and averaging means and signals
representing constants as provided by direct input signal
means; second signal means connected to the first signal
means for providing a signal corresponding to the relative
difference between the actual and desired temperature in the
reaction zone in accordance with a signal from the first
signal means representing the actual temperature in the
reaction zone and a signal from a direct input signal means
representing the desired temperature; comparator means
connected to said second signal means for providing a signal
corresponding to the % change to be made in the current flow
rate for the temperature moderator feedstream in order to
bring closer the current and desired flow rates for the
temperature moderator feedstream or alternatively for
providing a signal to said reaction zone temperature
high-low level alarm in accordance with the signal from said

second signal means; means connected to the comparator means
and to the temperature moderator flow rate sensing means for
providing a signal to the temperature moderator flow rate

regulating means when an adjustment to the flow rate of the



10

15

20

25

30

35

v

0082634

temperature moderator is required in accordance
wiith a signal {rom the comparator means and a signal
from the temperature moderator flow rate - sensing
means; and programming means cénnected to the storage

and averaging means for controlling its operation.

20. A system according to Claim 19 characterized
in that the first signal means for providing a signal
corresponding to the actual temperature in said
reaction zone includes means Tfor ©providing said
signal in accordance with the following equation:

T = A - 460 '

B + Ln (CH,)
where: T 4is the actual temperature in the reaction

zone (°F.);

(CH4) is the average mole fraction of CH4 (dry
basis);
and A and B and constants.

21. A system according to Claim 20 characterized
4n that the 1liguid hydrocarbonaceous fuel is petroleum
0oil, the temperature moderator is Ii20, A = 56,562.7,
and B = 20.295. ’

22. A system according to Claim 17 characterized
in that the signal to the flow rate regulating means
for the free-oxygen containing gas feedstream resets
a flow recorder-controller means which provides
an adjustment signal to regulate a control wvalve

for the free-oxygen containing gas feedstream.

23. A system according to Claim 19 characterized
in that the signal to the flow rate regulating means
for the temperature moderator feedstream resets
a speed coﬁtrol means which provides an adjuétment
signal to regulate the speed of a positive displacement

pump for the temperature moderator feedstream.
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