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Slurry Reactor. The vziues obtained for the

parameters shown in Table 3 are listed in Table 7. The
concentration profiles predicted by the slurry reacter
model are shown in Pigure 44. Also shown are the results
of a similar model developed by Deckwer et al. (1982) for
comparison. The models made use of many of the same as-
sumptions and correlations but used different solution
techniques. The concentration in the gas phase does not
decrease significantly in the 168 cm reactor. Many
Fischer-Tropsch test reactors are as tall as 7786 cm.
Figure 45 shows the profile for one of these larger
columns. Note that the conversion is much more complete.,
The height limitations that the simulator demonstrated with
respéct to fluidized beds do not apply to slurry reactors.
Comparison with Pigure 33 shows that the slurry reactor has
a lower hydrogen conversion at any given height than the
fluidizeéd bed reactor. Thus the increased ease of opera-—
tion obtained when a slurry reactor is used is achieved at
the expense of column height.

The temperature profile in a slurry reactor is
important. Slurry reactors are not as efficient as
fluidized beds at dissipating heat. Thus the bed has the
potential to produce hot spots. Pigure 46 shows the tem—
perature profile in the reactor. Note that the reaction is

sufficient to offset the heat losses in most of the bed at
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Table 7. Values calculated for the correlations for small
scale phenomena occuring in a slurry bed.
Earameter Value Principle Independent

Nariable |
7 3
Be 1.96 x 12° kPa cm”/mol T
€c 9.8352 u(';
a 2.99 em™t ul
kl 4.8254 cm/s E ’ p_ ¢ T
h 42.17 2J/cm25 K ’3' . [.-L ’ ué, T
D, 123. cm“/s ué, dy
3 -
xax -3.22 x 19 J/Cﬂl s K Der r cp
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the expected operating conditions. Temperature alsc has an
effect on the concentration profiles as is shown in Figure
47. As in the fluidized bed, higher temperatures result in
higher conversions. There is a double ganger in the slurry
reactor, howéver, when using higher temperatur. =. The
catalyst is deactivated by heat so if the reaction cempera—
ture is raised to the point where the reaction proceeds
faster than the reactor can dissipate the heat of reaction
the catalyst will be destroyed. The second danger is
similar to the” that in the fluidized bed. The higher
temperatures produce less desirable products. Satterfield
et al. (1985) fou.nd that 529 K was the optimal temperature

for operation of a slurry reactor.

Scrubber

The scrubber model was effected by three of the four
variables examined. The inlet gas temperature was the only
variable found to not have a major effect on the bhehavior
of the scrubber. This was primarily due the large dif-
ference between the heat capacity of the gas and the
liguid. Figure 48 shows the effect that the flow rate =f
the feed water has on the outlet gas temperatnre. Even at
very small water flow rates the outiet gas temperature is

brought down to that of the water. Studies of the outlet
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the concentration profile for hydrogen in
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Figure 48 . The effect the flow rate of water has on the
outlet gas temperature in the scrubber.
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water temperature showed that for any reasonable gas flow
rate and temperature the water temperature is fairly
congtant, Figure 49 shows the effect of gas f£low rate on
the outlet gas temperature. For achievable flow rates the
temperature does not exceed the temperature of the water by

more than 18°C.
Lombustor

The combustor model showed that the four parameters
tested all bad a significant effect on the behavior of the
combustor. The temperature of the reactor, the external
temperature, the outer diameter, and the inner diameter
were all important. Figure 5@ shows the effect of the
reactor temperature on the heat reguired to maintain the
temperature of the reactor at a desired level. The model
predicts that the heat requirement will increase linearly
with the temperature. PFPigure 51 shows the effects increas-
ing the external temperature has on the heat regquizements.
Since the heat loss through the outer wall is determined by
this pa:;meter the heat reqguired fell with increasinc
external temperature. Figure 52 and Piguie 53 show the
effects of varying the ounter and inner diameters of the
combustor respectively. The larger the exterior diameter

the greater the heat required to maintain the pyrolyzer.
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The effect of the gas flow rate on the
serubber outlet temperature.
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The effect the temperature of the pyrolyzer
has on the heat requirements of the combustor.
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Eventually however the leffect decreases due to the increas~
ing volume to surface area ratio of the reactor. The
larger the inner diameter the lower the temperature of the

combustor has to be to supply the needed heat.



CONCLUSIONS AND RECOMMENDATIONS

The computer models and the simulator indicate that
the use of a staged reactor merits continued examination.
It has the capacity to improve the usefulness of the in-
direct liquefaction technique t2 the point where it may
become a commercially viable energy source.

The main conclusion that can be obtained'from the
computer models is that the staged reactor system is
capable of achieving conversions at least as good as those
obtained in the current system. Hydrogen conversions of
90 % are within the capabilities of the Fischer-Tropsch
reactor. The pyrolyzer can produce an synthesis gas with
the same concentration as the current pyrolyzer. The
combustor model indicates that it will take considerably
less energy to maintﬁin the pyrolyzer at the desired tem—
perature than in the current system. In the current
system, the combustor must operate at from 58 to 188°¢C
above the desired pyrolysis. The staged reactor on the
other hand only reguires a 2 to 3% temperature
differential.

The models also indicate that the use of a fluidized
bed reactor for the Fischer-Tropsch synthesis would be

preferable in a portable system because the fluidized bed
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reactor requires less height to reach a given conversion
than the slurry reactor. However, if the reactor is going
to be stationary the improved ease of operation and product
characteristics that are acheived when using a slurry
reactor beccmes the determining factors. The reactor
dimensions for a portable unit can be derived from the
models. These key dimensions are shown in Appendix C.

The simulator studies indicate that though the
staged reactor is difficult to ocperate it c¢carn be success-
fully controlled. The major operational difficulties
encountered are due to the interaction between the various
operating parameters. For example, the pressure drop
through the Fischer-Tropsch reactpr determines the flow
rate throunghout that reactor. It also determines the
pressure of the pyrolyzer. The pressure of the combustor
must match that of the pyfolyzer in order to prevent gas
crossflow. The pressure in the combustor is controlled by
the inlet pressure, the size of the exits, and the gas flow
rate through the combustor. Thus the flow rate through the
Pischer—-Tropsck reactor cam have a significant effect of
the flow rate in the combustor.

The simulator also demonstrated that adequate solids
transfer can be obtained by the use of transfer tubes that
essentially catch the alumina and channel it to the other

reactor. The transfer of the solid particles is not an
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essential feature of the reacteor. If the solids are not to
catalytic the system can be simplified by eliminating the
transfer holes. This modified system would be considerably
easier to operate than the proposed staged reactor.

The proposed reactor will be portable so a fluidized
bed Fischer-Tropsch reactor was used. A diagram of the
reactor and the associated control systems is shown in
Figure 54. The pyrolysis and combustor stages can be
fluidized with either air or steam. The air would be used
during start up. The flow rate of both these components is
controlled. Propane is supplied to both the pyrolyzer and
the combustor. The pyrolyzer will burn propane during
start up. After the reactor is running, only the combustor
will be supplied with propane. In addition the combustor
burners are supplied with oxygen in order te¢ provide a
hotter flame. The biomass is introduced through an insu-
lated tube into the pyrolyzer. Steam is used to propel the
biomass through the tube.

The ¢gas exiting the combustor passes through a
cyclone and then a contrel valve. The control valve is
operated based on the pressure differential between the
pyrolyzer and the combustor. The gas then passes through a
scrubber and is wvented.

The synthesis Eas from the pyrolyzer also passes

through a cyclone. It then moves to the scrubber stage.





