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I SUMMARY

The information in this report relates to a mini-rum carried
out on the 3/4 MWe continuous CAFB pilot plant during July-August
1976. These tests represent the first step in a 3 year research
and development programme funded by E.P.A. to extend the CAFB
process to operate on coal. This research effort is seen as a
necessary back-up to a 20 MWe demonstration plant to be constructed
in 1977 at San Benito, Texas.

The entire report is based on about 8% hours of gasification
on Texas lignite and Illinois No.6 coal. Neverthless the results
do represent the best information available to date on coal gas-
ification using the CAFB process.

No major barriers have yet been identified in conversion of
the process from o0il to coal. The quality of the gas produced is
similar and the desulphurising efficiency on coal can be expected
to match or exceed that on oil. The target of 88% lignite utiliz-
ation set by Foster Wheeler Corp Ltd for the Texas demonstration
plant is seen as realistic and was approached in the mini-run under
conditions which can be considered far from optimised. Because of
the need for more air to gasify coal the CAFB converted boiler
dimensioned for fuel o0il will probably be downrated by 30% on coal.

Satisfactory regeneration while gasifying on lignite was
demonstrated by slowing the bed transfer rate compared with oper-
ation on fuel oil. This mode of operation does not in any way
impair gasifier performance but may result in the need to control
regenerator temperature for example by stear injection or flue
gas recycle.

The new fines return system appears to have reduced the burden
of limre into the boiler by a factor of ten but did little to reduce
the 'fly-ash' level in the boiler during coal gasification. Further
work in this area is obviously needed.

Successful operation of the pilot plant on an intermrittent
basis as opposed to round-the-clock operation was clearly demon-
strated. This opens up the technical possibility of using a CAFR
converted boiler on a peak shaving rather than a base load basis
but obviously the economics of conversion will largely determine
the extent this is practicable.

An extensive programme of work on lignite gasification is
scheduled to begin in Mid November 1976.



II INTRODUCTION

Considerable background of knowledge of CAFB operation on
heavy fuel o0il

A 3/4 MWe pilot plant was built in 1970 to study continuous
operation of the CAFB process using high sulphur fuel oil. Essent-
ially this process gasifies and desulphurises heavy fuel oil
producing a clean, virtually sulphur free gas which can be com-
busted in a conventional gas-fired boiler. Since 1970, nine runs
totalling approxirately 2,700 hours of operation on fuel oil have
been carried out. In November 1975, a new gasifier/regenerator
unit was built and a run of approximately 300 hours duration (Run
10) was carried out by the end of that year. A report on the
findings of Run 10 is currently being written while reports covering
earlier work are available (EPA-650/2-74-109; EPA-650/2-75-027b).
The success of the pilot plant studies has led to the first commer-
ical demonstration of the process being built under licence by
Foster Wheeler Development Corp in Texas. This involves conversion
of a 20 MWe boiler currently fired on natural gas and is scheduled
to be completed by mid 1977.

Only limited information is available on extending CAFB process
to run on coal o

A prime condition imposed by Central Power and Light owners
of the Texas power plant for conversion of their boiler to CAFE was
that the process should be capable of operating on coal. Prior to
the mini-run, information on the operation of the CAFE process on
coal was limited to batch studies carried out on a 7" diameter
reactor. Experimental work is continuing on this unit.

Recently completed Min-Run represents first trials of
3/4 MWe continuous unit on coal

A mini-test run on the 3/4 MWe continuous unit has recently
been completed in August 1976. This run is the forerunner of a
major study of coal gasification (Run 11) scheduled to start
November 1976. '

The main objectives of the mini-test were:-

(1) Test all new subsystem equipment incorporated since Run 10
under actual running conditions.

(2) Gasify and regenerate with Illinois No.6 coal and also
if possible lignite selected by EPA for Run 1l.

(3) 1Identify problem areas associated with coal gasif@cation
which may necessitate major structural changes prior to
Run 11 e.g. need for two cell regenerator.



(4) Carry out tests specifically requested by Foster Wheeler
Corporation i.e.

e Test Commercial SOg sample probe
e Test silicon carbide coal injection needles.:

The generation of quantitative information was not a prire
objective of the mini-run but during the final week the unit was
operating sufficiently trouble free for this to be obtained. While
it is not claimed that the system was in any way optimised the
results presented in this report represent the best information
to date on coal gasification using the CAFB process.
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III EXPERIMENTAL

Day-time running as opposed to round-the-clock operation
was successfully demonstrated on the Mini-run

Previous runs on the continuous pilot plant involved round-
the-clock operation of the unit carried out on a shift basis.
However, during the mini-test the unit was run during the day,
shutdown overnight and cooling of the unit was sufficiently slow
to allow it to be restarted the next day without any problems.
Figure 1 shows an example of the cooling curve obtained. Initially
the unit was restarted on heavy fuel oil and the temperature of
the bed material was not allowed to drop below 650°C. Later,
however, the unit was successfully restarted at 390°C on coal and
this meant that the unit could be left shutdown and unattended
at weekends and still be successfully restarted.

The flexibility day-time running of the unit allows should
result in manpower savings and more efficient tackling of any
technical problems which may arise during Run 11. The need for
continuous round-the-clock running of the unit to finally prove
the process on coal will still remain but probably for shorter
periods than in earlier runs.

Perhaps the most important point about the method of operating
the unit during the mini-run is its implications for the Texas
demonstration plant. The thermal inertia of the bigger unit in
Texas will undoubtably be greater resulting in a longer time lag
between shutdown and the need to restart. This opens up the poss-
ibility of using a CAFB converted boiler on a peak shaving rather
than base load basis. Further work to explore the flexibility of
the unit in this area is planned for Run 11.

New subsystemr equipment incorporated since Run 10 greatly
improved operational reliability

Several new features were incorporated since Run 10 to over-
come problems of equipment reliability during that run. An
irportant objective of the mini-run was to test these systems
under actual running conditions and identify areas where improve-
ments could be made.

Coal feed system

After Run 10 was completed on fuel oil the limiting factor on
testing the unit on coal was the absence of a coal feed system.
To overcome this the existing limestone handling system was modi-
fied to handle coal. To accommodate the higher feed rates this
entailed, several improvements had to be made and Figure 2 shows
a schematic diagram of the system which was evolved.

The system was fully automatic, the sequence being controlled
by two micro-switches fitted to the weigh-cell recorder. When the
low limit switch was actuated it operated a solenoid valve which
admitted compressed air to the actuators of valves Vi, Vg and Vg3.
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Valve V, opened whilst valves V3 and V5, were shut but a flow
restricgor in the line to V3 ensured that V; and Vo closed before
V3 opened. This enabled the pressure in the lock hopper to rise
and prevented a sudden fall in pressure within the coal metering
vessel while it was being filled with coal. Such a surge was
found during testing to cause blockages in the coal injector
because the pressure differential between the feed system and the
gasifier was momentarily reversed. When enough coal had entered
the weigh hopper to activate the high limit switch on the recorder
this deactivated the solenoid valve and valve V3 shut whilst valves
V1 and V9 opened. In this case a flow restrictor was used to
delay the opening of Vj; and Vo until V3 was shut. A third micro-
switch controlled the power to the vacuum cleaner and was made by
the closing of valve V3. This ensured that at no time was the
vacuum cleaner switched on when valve V3 was open. A level
detector switched off the vacuum cleaner when the lock hopper was
filled with coal. Should the level detector not be actuated with-
in a set time after the actuation of the high 1limit switch then

an alarm indicated that the coal dispenser was empty and this was
replaced.

During the mini-run the automatic coal handling system worked
well but some problem was experienced with the coal injector. In
response to Foster Wheelers wish to test self-bonded silicon car-
bide as an injector material a sample tube supplied by Carborundumr
Ltd. was used. This tube penetrated the gasifier wall at a posit-
ion 20" above the distributor and was angled downwards so that it
extended into the middle of the gasifier a few inches above the
distributor. Unfortunately, during the course of the mini-run
tests the brittle silicon carbide tube snapped off at the gasifier
wall. Figure 3 shows the remains of the silicon carbide tube
whereas figure 4 shows pieces of the broken tube found in the
distributor pit.

The information on coal gasification found in this report
relates to a period of operation after the coal injector was broken.
Consequently the feeding of the coal at a position 20" above the
distributor and flush with the wall of the gasifier cannot be
considered optimum conditions and hence the results presented should
be viewed in such a light.

In the forthcoming Run 11 tests a KT-silicon carbide injector
supplied by Foster Wheeler will be tried and also injection of the
coal into the distributor pit via a duct in the distributor. In
order to be able to feed both limestone and coal simultaneously
to the unit a second coal handling systemr similar to the existing
design but incorporating a screw feeder instead of a vibrator is
to be constructed before Run 11l.

Fines Return System

A major source of problems during Run 10 and previous test
runs has been the drainage of fines from the gasifier cyclones and
their subsequent re-injection into the gasifier bed. During Run
10 a lock-hopper arrangement was used, the valves being operated
on a cyclic sequence. Trouble was experienced with these valves,
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which ran at a high temperature and were consequently poorly lub-
ricated. Also all of the fines were re-injected into the gasifier
and continued use of the system may have led to problems of ash
build-up while operating the unit on coal.

With these points in mind and also the need, due to restricted
height, to positively inject the fines in the Texas unit a valve-
less system was designed with the following attributes

(a) Provision for the removal of large chunks from the system
which may break loose from the cyclone walls during burn-
out.

(b) Provision for fractionating the fines so that a coarse
fraction may be re-injected whilst a finer fraction may
be discarded.

(c) Provision for re-injecting the coarse fraction of fines
at a position remote from the gasifier cyclones and near
the bottom of the gasifier bed.

A schematic layout of the new system is shown in figure 5.
Fines from the two gasifier cyclones enter a Y-shaped duct which
drains into a pot the contents of which may be fluidised by means
of radially disposed gas nozzles. When the pot is not fluidised
the fines accumulate in the Y-shaped duct but when fluidising gas
is provided the contents of the duct drain into the pot and over-
flow a weir into an eductor, being conveyed to two small cyclones
in series, by a circulating stream of gas supplied by a small blower.
The fluidisation of the drain-pot is intermittent and is cut out
when the height of solids held in the Y-shaped duct falls below a
set level. 1In this way a seal is maintained and it is possible to
recirculate fines at a chosen pressure.

The new fines return system operated successfully throughout
the mini-run with only a few minor teething problems. Sore improve-
ments to the system were made during the run and a few more are to
be incorporated before Run 11. Essentially this new system repre-
sents a considerable improvement in terms of reliability compared
with previous systems.

Fractionation of the fines is made possible by having the 1lst
fines return system cyclone relatively inefficient compared with
the second and thus it allows finer material to pass through and
be collected in the second. No attempt was made during this mini-
run to explore and optimise the partition between the two cyclones
but this is obviously necessary and should be investigated in Run 11.

An analysis of the performance of the fines return system in

reducing the dust losses to the boiler can be found in the discuss-
ion section of this report.

Flue Gas Recycle System

The bag filter which was incorporated in the flue gas recycle
system for Run 10 was replaced by a high efficiency cyclone and the



dust content of the incoming flue gas was reduced by moving the
take-off point downstream of the stack cyclone. The recycled flue
gas was fed directly into the fluidised bed via four 1 11/16"
diameter firebird blue tubes.

This system was tested during the mini-run for several hours

while gasifing on fuel o0il and no problems were experienced. No
change in the system is proposed for Run 11.

Bed Transfer System

To avoid problems with poor bed transfer experienced in Run
10 two improvements were carried out:-

(a) The rodding ports were enlarged

(b) A Ng purge was introduced into the regenerator and
gasifier during shutdown with a sulphided bed to avoid
agglomeration of bed material contacted with air.

No problems with the bed transfer system were experienced
during the whole of the mini-run. Any sluggishness experienced
when transferring relatively cold beds was counteracted by increas-
ing the transfer nitrogen pressure. To avoid free-wheeling of
the transfer system the horizontal pulser injectors were progress-
ively moved into the transfer pockets. Good control was obtained
with the injectors protruding approximately 13" into the pockets.

Minor Modifications

Several minor modifications td the unit were made which also
proved successful during the mini-run:-

(a) New main gasifier air blower.

(b) Tapered nozzles were fitted to the gasifier and regen-
erator pressure tappings to increase the bleed velocity
and inhibit blockage.

(c) All manometers were replaced by differential pressure
gauges.

(d) Elimination of kerosene corbustion from warm-up procedure.

New analytical system still has some problems to be ironed
out before Run 11 :

With the exception of the Wostoff analyser which was re-
tained as a back-up low SO, meter, the entire analytical system
was replaced by new equipment supplied by Hartman and Braun.

In addition a new stack gas sampling line was installed downstrean
of the point at which the regenerator tail gas is vented to the
stack, at a position where the SO content of the stack gas should
be uniform over the cross sectional area of the stack. This was
incorporated to enable a better sulphur balance to be obtained.

A schematic diagram of the analytical system is shown in Figure 6.
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Both the Wostoff analyser and the Hartran and Braun infrared
ana}yser simultaneously monitored the SOs emission from the boiler
during the mini-run. Table 1 compares the averaged daily results
obtained from both instruments. This shows the Wostoff consis-
Fently read higher than the Hartman and Braun analyser by approx-
imately 10%. This would give a reasonably small difference in the
measured % SRE of about 3% and therefore is acceptable. Part of
the discrepancy between the two instruments may be due to the slow
response of the Wostoff and for day running when readings were

taken at short intervals of time the fast response infrared instru-
ment is preferred.

TABLE 1

Comparison of Wostoff and Hartman and Braun SO»o
Analysers during mini-run

. Average . Average

Run No. of Hartman & Braun Wostoff A
Day Readings (ppm) SEEm;

1 5 - 367 392 25

2 10 | 309 363 54

3 9 287 316 29
MEAN 8 321 357 36

Boiler COq

Table 2 compares the analytical measurements of boiler COg
with the calculated values based on the fuel consured. During days,
2 and 3 the measured values were consistently lower than the cal-
culated values both with oil and coal. In the case of coal the
calculated values incorporate a correction factor for the percent-
age coal utilised (see page 20). Boiler COg is a useful measurement
particularly in the case of coal gasification since it provides a-
more direct route to measure utilization in the boiler than the
calculation based on boiler Co. However, because of the obvious
inaccuracy of the measured values of boiler COg9 they were not used
in subsequent calculations. However, work is in hand in improve
the reliability of this measurement before Run 11.



TABLE 2

Comparison of Measured and Calculated Values

for Boiler COo

Average Average
No. of Measured Predicted
Run day Readings Fuel CO9 (Vol %) C0o (Vol %)
1 2 0il 11.7 10.2
2 5 0il 6.6 9.0
2 4 Coal 6.9 10.3
3 5 0il 7.3 9.0
3 4 Coal 5.9 8.4

Sulphur Balance (gaseous streams)

At equilibrium conditions with sulphur levels on both gasifier
and regenerator bed material constant then the sulphur added to the
system from the fuel should balance the sulphur found as SO gas in
the exit streams i.e. boiler flue and regenerator off-gas. In other
words the sum of these two measurements expressed as a percentage of
the feed sulphur should equal 100%. However, it is possible to
operate the unit for short periods of time under conditions where
sulphur is being stripped from the stone (i.e. giving values greater
than 100%) or sulphur is being laid down on the stone (i.e. values
lower than 100%).

During the mwini-run this sulphur balance measurement could be
calculated via three independent routes i.e.

(a) Stack SOg analysis (Method A)
(b) Boiler flue and regenerator off-gas analysis (Method B)
(c) Solids analysis for sulphur (Method C).

Table 3 compares the averaged sulphur balances obtained via
all three routes. During days 1 and 2 when the regenerator was
largely inoperative because of high carbon levels on the stone
all three methods appear to give good agreement. However since the
regenerator off-gas was low in SOg all this meant was that the
analyses of the boiler flue and stack SO5 were largely in agreement.
During day 3, however, when the contribution to the sulphur balance
by method B from the regenerator off-gas SOg analysis was high the
agreement was poor particularly during coal gasification. Obviously
the analytical measurement of regenerator SOg9 was spurious during
the final day and this should be investigated before Run 11.
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TABLE 3

by three Independent Routes

No. of
Readings

Fuel

B w0 W

0il
0il
Coal
0il

Coal

Sulphur Balance (% of Feed)

Method A " Method B Method C
45.5 42.5 -
46 .0 49.8 -
56.6 60.3 66 .6
146 85.3 105.8
291.6 142 150.4
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IV COAL QUALITY AND SIZE

Lignite quality fed to Continuous Unit was fairly accurately
defined but Illinois No.6 coal quality less so

Two different coals, Illinois No.6 and Texas Lignite were
tested on the continuous unit. The Lignite chosen was that pre-
sently earmarked for use in the Texas Demonstration Plant and will
also be studied exclusively on Run 11.

A major problem with any coal studies is the variability of
coal quality. Consequently, in order to obtain representative coal
analysis and hence realistic mass balances (see Appendix II) periodic
sampling of the coal actually fed to the unit was carried out and
sent for analysis. A complete listing of the sample analyses
obtained is contained in Appendix I, Tables I and II while Table 4
below gives the average values for each coal.

TABLE 4

Analysis of Texas Lignite and Illinois No. 6

fed to continuous unit

Illinois No. 6 Texas Lignite
ACTUAL DRY BASIS ACTUAL DRY BASIS

% % % %
Moisture 4.63 - 14.02 -
Ash 7.36 7.8 18.5 21.5
Carbon (corrected) 70.3 73.64 51.2 59.5
Hydrogen (corrected) 4.61 4.83 3.6 4.2
Sulphur (total) 1.78 1.9 0.82 0.95
Nitrogen 1.44 1.5 1.0 1.2
Oxygen + errors (by 9.85 10.4 10.9 12.6

difference)

Gross calories/GM 6936 7260 5004 5817
Gross BTU/1b 12486 13068 9007 10470

Coy % 0.16 - 0.51 -
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Compared with Illinois No.6, lignite has a higher moisture and
ash content but a lower sulphur content. Actually the moisture
content quoted (14 wt%) relates to the level fed to the unit while
tpat analysed prior to grinding and some drying was 35%. Seven
llgpite samples and three Illinois No.6 coal samples were taken
durlng'the periods of operation and the standard deviation in the
gnalys1s results listed in Table 5 gives a measure of the uniformity
in quality of the coals.

TABLE 5

Standard Deviation of Analysis Results from Lignite

and Illinois No. 6

Measurement Lignite Illinois No. 6
wt % % Standard Deviation % Standard Deviation

Carbon 3.5 10.5

Hydrogen 4.1 8.7

Sulphur 15.5 20.0

Ash 5.3 ' 51

In assessing the validity of any mass balances which are pre-
sented in this report the standard deviations presented in Table 5
are of paramount importance. Obviously in the case of lignite the
quality is fairly accurately defined and reasonably precise mass
balances should be possible. However, the numbers generated for
gasification on Illinois No.6 should be assessed in the light of the
low accuracy in defining the feed quality.

Several different coal feed size ranges have been tested on
Mini-run

The gasification of coal introduces a new variable not relevant
with fuel o0il gasification namely feed particle size. Obviously.
the more finely divided the coal the larger the surface area and
hence the more rapid the gasification. On the other hand, small
coal particles are likely to be elutriated more rapidly fromr the
bed and hence the residence time available for gasification should
be shorter. In practice, there may well be an optimrum feed size
for good gasification. Foster Wheeler have stated a preference for
feeding coal ground to 3" down and one of the tasks in future coal
runs will be to specify coal sizes acceptable for operation by the
CAFB process.. For the mini-run, coal was ground to 1/8" down and
subsequently sieved into various size ranges. Table 6 lists the
feed sizes used for both Lignite and Illinois No.6 coal. In future
references to coal feed sizes in this report the general descript-
ion given in Table 6 will be used.
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TABLE 6

Coal Feed Particle Size Distribution (wt %)

Sieve Size in Microns
General 3200 2800 1400 1180 850 600 250 150 100

Coal Description 2800 1400 1180 850 600 250 150 100
Lignite 800u down 0 0] 0 o] 5.5 37.7 32.6 4.4 19.7
Lignite 1405y down O 0 0.1 2.6 9.5 46.8 15.6 5.1 20.3
Lignite 1/8" down 3.9 4.3 4.9 9.8 10.5 25.5 11.3 5.0 25

H1InolS 14054 down 0.0 0.8 0.8 1.3 10.7 31.8 15.0 5.9 33.7
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\' RESULTS AND DISCUSSION

Both Texas Lignite and Illinois No.6 coal were successfully
gasified on Continuous Unit :

Two different coals, Illinois No.6 and Texas Lignite were
gasified for the first timre on the continuous unit during the
mini-run. Initially the unit was gasified on heavy fuel oil and
gradually changed over to coal gasification by slowly increasing
the coal feed rate and backing off fuel o0il. Subsequently, however,
startup entirely on coal was found to be equally efficient and
trouble-free and this method was used in later experiments.

Visual inspection of the flame through a viewing port at the
back of the boiler showed a stable, yellowish, smoke-free flame
indistinguishable from that produced from heavy fuel oil gasificat-
ion. Figure 7 shows one of several photographs of the boiler
stack taken during coal gasification which shows a clean flue gas.

Corparison of the gasifier gas quality obtained from heavy
fuel o0il and both of the coals tested are shown in Table 7. Apart
from a tendency towards a higher proportion of simple organic
molecules such as methane in the product gas from fuel o0il and a
lower quantity of hydrogen gas, the gases are remarkably similar.

TABLE 7

Comrparison of Gasifier Gas Quality from
Fuel 0Oil and Coal

Gasifier Fuel Heavy Fuel Illinois No.6 Texas

Oil €oal Lignite
Nitrogen + inerts 58.4 59.2 59.0
Carbon Monoxide 10.2 12.2 12.2
Carbon Dioxide 10.2 9.9 12.1
Methane 7.7 4.2 2.2
Ethylene 5.0 0.8 0.7
Ethane 0.1 0.1 0.1
Hydrogen 8.4 13.6 13.7

In total approximately 8% hours of continuous gasification
were carried out but quantitative information is confined to three
periods of gasification totally slightly under five hours. In
general readings were taken every 30 minutes and a complete list-
ing of the important measurements is contained in Appendix III,
Table I. In the present discussion the results of all three periods
of gasification will be looked at together and discussed under four
headings, gasification, desulphurisation; regeneration and combust-
ion efficiency.
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Gasifier conditions can be expected to be leaner and cooler
on Lignite compared with fuel oil

Table 8 sumrarises the salient operating conditions for the
three periods of gasification.

No attempt was made to explore different operating conditions
gnd consequently the conditions for all three periods of gasificat-
ion were relatively similar. The difference in gasifier temperature
between Illinois No.6 and Lignite is due entirely to the cooling
effect of the higher ash and moisture content for the Lignite feed.
No fresh bed material was added during any of the periods of gas-
ification which were carried out on separate days. The drop in
bed depth shown in Table 8 is almost entirely due to bed material
falling back through the gasifier distributor while the bed was
slumped overnight and little or no change in bed depth was noted
when gasifying on o0il and a slight increase in bed depth on coal.
The air/fuel ratio in the gasifier for both coals was similar and
compares with typical figures for heavy fuel oil of 20-23% of
stoichiometric corbustion. This reflects the need in the case of
coal for more oxidation and less cracking compared with fuel oil.
While the effect of air/fuel ratio has still to be explored it is
unlikely that the gasifier will be operated successfully on coal
at air/fuel ratios significantly richer than 30% of stoichiometric
combustion. This means that CAFB converted bodler dimensioned for
fuel o0il will be derated in the region of 70% on coal.

Desulphurising efficiency on coal can be expected to match
that on fuel oil

Table 9 summarises the more detailed information on sulphur
removal efficiency (% SRE) found in Appendix III, Table I. This
compares the mean % SRE for the three gasification periods on coal
with the expected result for heavy fuel oil under the same con-
ditions. Since % SRE for fuel o0il in the region 80-90% can be
attained under specific operating conditions, the conditions the
unit was run with coal were far from ideal from a desulphurising
point of view. Nevertheless, the results do show that coal can
be desulphurised as efficiently if not more efficiently than fuel
0il under the same conditions.

Also included in‘'Table 9 are the SO5 emissions calculated in
terms of 1lbs SOg per 106 BTU for each of the gasification periods. -
This shows the final period of gasification on 1/8" down Lignite
was be&ter than the New Source Performance Standard of 0.6 lbs 802
per 10° BTU (EPA).

Satisfactory regeneration while gasifying on Lignite was

In adapting the CAFB process to operate on coal the part of
the process expected to cause most problems was the regeneration
step. Two problems were anticipated:@-

(1) At -high carbon levels on the lime, regeneration does not
take place because the oxygen in the air fed to the



TABLE 8

Summary of Gasifier Operating Conditions during Mini-run on Coal

Air /Fuel

Duration of Gasifier Gasifier Gasifier
Gasification Coal Temperature bed depth bed velocity Fresh bed Ratio
(hours) (type & size) 0°C (inches) . (ft/sec) feed (lbs) (% Stoich)
Illinois No.6
1.0 (1405} down) 970 42 | 3.7 0] 30.3
Texas'Lignité
2.25 (800u down & 896 39 3.5 0 32.2
1405 down)
1.5 Texas Lignite 895 35 /3.5 0 31.6

(1/8" down)




TABLE 9

Summary of Desulphurising Performance during Mini-run on Coal

Duration of Mean )
Gasification Coal % S.R.E. Expected Result SO, Emission
(hours) (type & size) on coal on 0il (% SRE) (1b SO per 106 BTU)
Illinois No.6
1.0 (1405y down) 74.8 73.8 0.73
Texas Lignite
2.25 (800u down & 64.0 68.5 0.76
1405y down)
1.5 Texas Lignite 82.4 67.2 0.42

(1/8" down)
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regenerator preferentially attacks the carbon to the
exclusion of the sulphur, resulting in an off-gas con-
taining high concentrations of COs and low SOg.

(2) At the high operating temperatures necessary for Tegen-
eration (>1050°C) some fusion of ash particles from the
coal feed may cause agglomeration to occur in the bed
or alternatively coat the lime particles so as to make
them inactive to regeneration.

It was expected that both these problems might dictate the
maxirum coal feed particle size in the gasifier since carbon and
ash levels in. the bed would be expected to be higher with a larger
particle feed.

Table 10 summarises the regenerator operating conditions
during the periods of gasification on coal. During the first two
periods of gasification little attempt was made to bring the
regenerator into action and consequently the high carbon level on
the stone rendered the regenerator virtually inactive. In order
to counteract the high carbon levels on the stone the bed transfer
rates were reduced during the final period of gasification and
effective regeneration was made possible. This result is par-
ticularly encouraging since it was achieved during gasification
with the largest particle size tested. It implies that Lignite
sized at 1/8" down may well be eminently suitable for the CAFB
process and suggests the need to explore larger coal feed sizes
in Run 11 in order to define the upper limit on coal feed size
which still avoids problems in the regenerator.

Two independent techniques were used to measure the bed trans-
fer rate:-

Transfer Rate (lbs/hr)
(a) From sulphur balance in Gasifier 114.2

(b) From carbon balance in Gasifier 135.6

This should be compared with figures of 400-600 1lbs/hour normally
encountered with oil gasification. One consequence of the lower
transfer rate is the need to operate with high sulphur levels on
the bed material. For example the sulphur level in the gasifier
during the period under discussion was 9.3 wt%. Another result
of the low bed transfer was a high temperature in the regenerator
and the possible need to cool either by flue gas or steam inject-
ion. This aspect of the problem needs to be further explored in
Run 11.

Target of 88% Lignite utilization by CAFB process was
approached under conditions far from optimised

Perhaps the most important question to be answered with coal
gasification is how much coal is actually gasified and burned in
the boiler. This is not such an easy question to answer as it
first appears particularly when dealing with comparatively short



Summary of Regenerator Operating Conditions during Mini-run on Coal

TABLE 10

Coal Type Regenerator Regenerator Regenerator
Duration of fed to Temrperature Bed Depth Bed Velocity Regenerator Output
Run (hours). gasifier °C (inches) (ft/sec) (% of Feed)
Illinois No.6
1.0 (1405u down) 1070 52 6.1 2.7
Texas Lignite .
2.25 (800u down & 1075 37 7.1 24.3
1405y dpwq)
1.5 Texas Lignite 1002 44 6.8 124.4

(1/8" down)
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i

periods of gasification when full equilibrium conditions have not
been established.

Provided the following information is available the weight of
fuel combusted in the boiler can be calculated:-

(a) Total air fed to the boiler.
(b) Oxygen concentration in flue gas.
(c) Carbon/hydrogen ratio of fuel.

An alternative method involves the measurement of boiler COg but
these readings were shown to be inaccurate (see page 9) during

the mini-run. In order to obtain an accurate measurement of the
boiler air the unit was calibrated on fuel oil for several hours
and the air supply left untouched on transfer to coal gasification.

The carbon/hydrogen ratio of the gasifier product gas was
assumed to be identical to the carbon/hydrogen ratio of the coal
as a first approximation. However, there was some indication from
the product gas analysis shown in Table 7 that some hydrogen enrich-
ment occurs. Nevertheless this should not significantly alter the
conclusions regarding coal utilization and hence for the purposes
of this report was ignored.

Table I in the Appendix III lists the percentage of the coal
combusted in the boiler calculated in this way. Table II summa-
rises the results for the three periods of gasification. Carbon
balances presented in Appendix II show that some of the coal not
combusted in the boiler can be accounted for by an increase in bed
carbon in the gasifier and fines return system. The final column
in Table II corrects for this and gives the % coal utilised during
each of the periods of gasification. Unfortunately, in the case of
gasification with Illinois No.6 coal the change in bed carbon was
not recorded.

The overall % coal utilised for the two periods of Lignite
gasification achieved under conditions which can be considered far
fror optimum was 87% which compares favourably with the 88% coal
utilisation target set by Foster Wheeler for the Texas Demonstrat-
ion plant run on Lignite.

New Fines Return System reduced burden of lime into boiler by
factor of ten but did little to reduce the 'fly-ash' during
coal gasification

Prior to each period of coal_gasification the unit was run for
several hours on fuel oil and Appendix III, Table II gives the
results of these tests. Analysis of solids during oil gasification
was also carried out and this is listed together with the coal data
in Appendix IV.
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TABLE 11

Average % Combustion Efficiency in Boiler during

Coal Gasification

Duration of Average % Average
Gasifipation Coal Combustion % Coal
(hours) (type & size) Efficiency Utilised
Illinois No.6
1.0 (1405u down) 101.3 -
Texas Lignite
2.25 (800u & 1405y 88.8 89.0
down)
Texas Lignite
1.5 (1/8" down) 78.8 84.9

Table V, Appendix II gives a solids inventory for the period
of o0il gasification on day 3. Throughout this period the material
collected at the various exit streams was high in ash and carbon
despite the fact that -no ash was being added to the system. Table
12 gives the proportions of ash, carbon and lime (by difference)
found at the various sources.

The only explanation for this is that these 'fly-ash'’ particles
were generated during the previous day's gasification on coal and
were being slowly elutriated from the gasifier bed. This implies
that the carbon on these particles was virtually inert to oxidation
in the gasifier. At 3.1120 the carbon content of the bed totalled
24 1bs and this was probably made up of carbon coating the lime
particles together with discrete ash/carbon particles. Since at
the end of the o0il period 20 lbs of carbon was recovered as 'fly-
ash' in the exit streams from the gasifier the implication is that
little of the carbon was present as carbon on lime particles but
that the majority was associated with the ash in -the bed. This can
be easily confirmed by analysing the various sieve fractions of the
bed material during this period of operation. Scrutiny of the stone
analysis from the regenerator bed particularly for the period of
coal gasification on day 3 indicates that these 'fly-ash' particles
although virtually inert to oxidation in the gasifier cannot be so
in the regenerator.

Another interesting aspect of this period of oil gasification
is the lime losses fror the system. Table V, Appendix II shows
that during this period the lime losses totalled 12.9 1lbs for the
3 1/3 hour period i.e. 4 lbs/hour. This compares favourably with
a figure of approximately 6 lbs/hour for a period of 68 hours gas-
jfication during Run 10 with no limestone make-up. The significant
difference in this case however is that 90% of the lime is captured
in the 2nd cyclone of the new fines return system (see Table V,
Appendix II). Neglecting for a moment the 'fly-ash'’ generated
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TABLE 12

Analysis of Solids from Exit Streams of Gasifier
(Period 3.1120-3.1440)

Source Time Carbon Ash Lime

(wt %) (wt %) (wt %)

Stack KO 3.1140 48 46 4.7
3.1340 51 44 3.7

Stack cyclone 3.1140 46 50 3.3
3.1340 38 53 7.1

Boiler Back ) 3.1140 53 38 7.9
& Sides ) 3.1340 44 38 16.1
Regenerator ) 3.1140 52 48 1.8
Cyclones ) 3.1340 34 52 11.3
Fines Return ) 3.1120 45 42 11.2
(2nd cyclone ) 3.1340 28 27 41.7
) 3.1420 27 28 41.3

from the coal this means that under purely oil gasification con-
ditions the dust burden into the boiler can be reduced by a factor
of ten by incorporation of the new fines return system.

During the periods of coal gasification few of the 'fly-ash'’
particles were recovered in the 2nd cyclone of the fines return
system. This was probably because a large quantity were not in
fact captured by the gasifier cyclones and hence were not avail-
able to the fines return system. Obviously a move towards larger
coal feed particle size will improve this situation but it may
also be necessary to improve the efficiency of the gasifier cyclones
perhaps by operating the unit with one cyclone instead of two as
at present.
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VI CONCLUSIONS

The conclusions which are presented below are entirely based
on about 8% hours of gasification on Texas Lignite and Illinois
No.6 coal carried out on the 3/4 MWe continuous pilot plant and
therefore may well be subject to some modification when more in-
depth studies are carried out. Nevertheless the results do
;epresent the best information available to date on coal gasificat-
ion during the CAFB process and must be viewed in that light.

No major structural changes in the existing pilot plant
are necessary before Run 11. A new coal feed system
similar to the existing design is considered desirable to
allow both coal and limestone to be fed simultaneously

to the unit if and when this is necessary.

Bo?h Texas Lignite and Illinois No.6coal can be gas-

ified using the CAFB process to produce a clean, virtually
sulphur-free gas which can be fired in a conventional gas
boiler.

Target of 88% Lignite utilization set by Foster Wheeler
for' the Texas Demonstration plant appears to be realistic.
This figure was approached in the mini-run under con-
ditions far from optimised. '

The desulphurising efficiency of both coals can be ex-
pected to match or exceed the perforrance obtained on
fuel 0il under similar operating conditions. Flue gas
SO02 emission levels better than the New Source Perfor-
mance Standards of 0.6 lbs SOg per 106 BTU (E.P.A.) were
achieved with 1/8" down Lignite.

A CAFB conversion boiler dimensioned for heavy fuel oil
may well need to be downrated by approximately 30% on
coal. This arises from the higher air/fuel ratios
necessary in the gasifier when operating on coal.

Satisfactory regeneration of bed material while gasifying
on Lignite can be achieved provided the transfer rate
between gasifier and regenerator is comparatively slow.
This mode of operation does not adversely affect gasifi-
cation or desulphurisation but may result in the need to
cool the regenerator for example by steam or flue gas
injection.

An upper limit on coal feed particle size has not been
determined but gasification and regeneration on 1/8"
down was successfully demonstrated.

Intermittent operation of the pilot plant as opposed to
round-the-clock operation was successfully demonstrated.

The unit was successfully restarted after a shutdown of
3 days by injecting coal into the bed fluidised at 390°C.

The new subsystem equipment incorporated since Run 10, in
particular the valve-less fines return system, greatly
improved operational reliability.
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® The removal of fines from the 2nd. cyclone of the new fines
return system should reduce the burden of lime fines into
the boiler by a factor of ten but modification either to
the gasifier cyclones to improve their efficiency or the
move to larger coal feed particle sizes may be necessary
to reduce 'fly-ash' in the boiler.

VII FUTURE WORK

The work presented in this report represents only the start
of a major exercise to discover the important features of coal gas-
ification with the CAFB process. Listed below are only a few of
the many avenues which need to be explored before this work can
move into a commercial situation with any degree of confidence.

° Explore the effect on gasification, desulphurisation and
regeneration of operating variables such as bed depth,
bed velocity, bed temperature, air/fuel ratio, added
water etc.

° Explore the effect of coal feed particle size and if
possible demonstrate the feasibility of operation with
4" down Lignite.

) Determine the constraints of intermittent operation of
the unit.
o Explore the limitations on regenerator performance of

various carbon and ash levels on the bed material.

) Determine optimum conditions for maximum Lignite utiliz-
ation in terms of boiler efficiency.

) Compare coal needle injection with injection directly
into the distributor pit. Assess the suitability of
self-bonded silicon carbide as injector material.

° Explore distributor nozzle design to prevent bed material
falling back under slumped bed conditions.

o Determine contribution of fines return system to comr-
bustion efficiency and coal utilization. Explore methods
of improving 'fly-ash' capture by the 2nd cyclone of the
fines return system.

° Explore the possibility of coarser gasifier beds and the
need for a fines return system at all with oil gasificat-
ion.
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APPENDIX I



TABLE I

Analysis of Illinois No 6 Coal Feed to Continuous Unit

AR, DRY A.R. DRY AR, DRY
Moisture Te12 - 2.14 - 4,64 -
Ash 10,42 11422 3,18 325 8.48 8489
Carbon (Correc-|
ted) 63.56 68.44 78419 | 71949 69421 72,58
Hydrogen
(Corrected) 4,21 4453 5002 | 5413 4,61 4,83
Sulphur (Total)| 2,03 2,19 1237 | 1440 1495 2,05
Nitrogen 1420 1429 1671 175 1440 1.47
Oxygen & Errors
(By Differencel) [11,46 12433 8.39 8.57 9.71 10,18
Gross Calories/ . .
oM, 6155 6625 7780 7950 6875 7205
Gross BTU/1D 11,080 [ 11,925 14,005 [ 14310 12,375 12,970
002% 2.4 - Oo 32 - O. 16 -

NOTE: A.R. = As received




NOTE

TABLE II

Analysis of Texas Lignite Feed to Continuous Unijt

AR, |DRY AR, [ DRY [ A.R. DRY AR, DRY TA.R. DRY AR, DRY + A.R. -} DRY
Moisture 14,15 |- 15,78 - 11.68 | - 16,70 | - 11438 | - 14,85 | - 13.59 | -
-Ash 1972 122497 | 17e03] 20622| 17643 | 19473 | 19616 | 2340 [ 1913 | 21,59 | 18e75 | 22,02 18,38 | 21,27
Carbon .
(Corrected) 49.66 | 57487 | 50438 | 59482 53457 | 60.65 | 48,64 | 58,39 | 52.52 | 59426 | 50468 | 59451 52,6 | 60,87
Hydrogen
(Gorrected) 30 53 40 1" 3.59 4026 3.80 4030 3.39 4007 3073 40 21 3066 4030 30 45 3099
Sulphur(Total) | 0,80 | 0,93 | 0.83] 0.99| 0.88 [ 1.00| 0.76 | 0.91] 0.81 | 0.91| 0,841 0.99| 0,81 ] 0.94
Nitrogen 0,94 | 1.10] 1,04 123} 0.91 1,03 1.15 1.38] 1,06 1.20] 1.04 1022 1,08 1.25
Oxygen &Errors
(by Difference) | 11418 | 13402 | 11.35] 13448 | 11473 | 1329 | 10,2 12425 | 11637 | 12.83] 10,18 | 11,96| 10,09 110681
Gross Calories /|
GM 4980 |5800 | 4865 5775 | 5210 5900 | 4710 5650 | 5120 5715 | 5030 5905 | 5110 5915
Gross BTU/lb 8965 | 10440 | 8755 10395 | 9380 10620 | 8480 10170} 9215 10395 | 9055 10630 9200 10645
coe% 005 - 0078 - Oe 29 bad 005 - 0. 41 - 0.55 - 0.53 -

A.R. = As received
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APPENDIX II

Mass Balances for Carbon, Sulphur and Ash

Table I lists the carbon and sulphur inventory for a section of the
first period of lignite gasification with 800p down and 1405p down feed,
The information is presented 1n terms of the weight percent of the feed,identified
»t the various sources, Consdering the errors involved (see table 2 main
report) the carbon and sulphur balances are satisfactorye

TABLE I

Carbon and Sulphur Invento for Lignite Gasification
§Period 2.144%12.E40)

Source Carbon Sulphur
(% of Feed) (Z of Feed)

Solids Inventory 6.8 66,6
Boiler Flue Gas 88,8 36
Regenerator Gas 3.9 o 2463 (1)
Total ©99¢5 12649

(1) From Stack S0,

Peed:= Carbon 514.,6 lbs; sulphur 8,33 1lbs

measurement

A detailed breakdown of the solids inventory for carbon, sulphur and
ash is presented in table II, Poor recovery of the acid insoluble ash is
evident with the ma.,]or proportion being recovered at the stack cyclone after
the boiler,

TABLE II
Solids Inventory for Lignite Gasification (Period 241440 - 2.1640)

Source Carbon Sulphur Acid Insoluble Ash
iz of Feed) ZZ of Feed) (% of Feed)

Stack Knockout 10 : 101 6e1
Stack Cyclone 4,2 360 2549
Boiler Back & Side 0e6 1«7 1481
Regenerator Cyclone O 0.4 0.6
Fines Return System

change - 069 3.6 -~ Oe1
2nd Cyclone (Fines
Return) 0.9 360 305
Gasifier bed cha.nge 101 6849 Te2
Regenerator bed
change - 0e2 - 151 0e3
Total 6.8 6646 45¢3

Feed:~ Carbon 514,61bs; sulphur 8,331bs; Acid insoluble ash 143.7 1lbs
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Table III lists the carbon and sulphur inventory for a section of the
second period of lignite gasification with 1/8" down feed,

TABLE III

Carbon and Sulphur I‘nvento for Lignite Gasification
“Period 1540=3 , 1640 -

Source Carbon Sulphur
( % _of Feed) ( % of Feed )

Solids inventory 1446 - 504
Boiler Flue gas 78,8 155
Regenerator Gas 168 126.5( 1)
Total 9542 91e6

(1) From Stack S0, measurement

Feed:= carbon 2381 1lbs
sulphur 3,86 1bs

Again the balance for carbon and sulphur is acceptable, Table IV gives
a detailed breakdown of the solids inventory for carbon, sulphur and ash, The
larger coal feed size has resulted ina better ash recovery and a higher
proportion found in the gasifier,
Table IV

Solids Inventory for Lignite Gasification (Period 31540 —=3,1640

Source arbon Sulphur Acid Insoluble Ash
(% of Peed ) ( §of Feed ) ( L of Feea )

St:.ck Knockout 0.8 1.3 305

back Cyclone 3.4 3.9 19.0

Boiler Back & Side 4.3 52 117

Casifier Bed change 53 =282 35¢3

Regen Bed Change - 0e5 =259 148

Fines Return System

Change 1e3 -'607 53
Total 1446 ~50e4 T6e6

Feed:= Carbon 23841 1bs; sulphur 3,861bs; acid insoluble ash 66,5 1lbs



Solids Invento for Hea

Source

Stack K.Oe
Stack Cyclone
Boiler Back &
Side
Regenerator
Cyclone

Fines Return
(2nd cyclone)
Fines Return
System Change
Gasifier bed
Change
Regenerator
Bed change

Total

Feed:~ Carbon T84,8 lbs; sulphur 23,9 lbs; Ash Olbs, lime O 1lbs

Carbon
1lbs

3.0
0.84
3e4
0s6
12,2
Oe35
~1240
=0¢ T

TeT
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TABLE V

Fuel Oil Gasification (Period 341120

Sulphur
1bs

0.08
0403
Oe 1

0003
109
0e24

=440
1405

~1438

=351

1148

~0e35

187

[
-
B
(]

1bs
028
0602
0.84
0e 12

1146

1249
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Appendix IIT (Table n
Experimental Results of Mini—Run on Lignite & Illinois No 6 Coal

Time 141530 241500 2, 1600 241630 241655 31530 | 3.1600 | 3,1630 | 3.1645
1.1630
Coal Type Illinois Lignite Lignite Lignite Lignite Lignite| Lignite| Lignite | Lignite ’
No.6
& Size -800 n -800 p -1405 p | =~1405p | -1405 p | - 1/ | -1/8n | -1/8" p -1/8"
Gasifier ‘
Temperature .

° 970 890 885 890 920 915 900 885 880
Gasifier Bed :
Depth ‘
(inches) 42 38 39 T 39 39 34 35 36 36 i
Gagifier !
Bed Velocity ;
(£t/sec) 3¢7 3¢5 3¢5 3.5 3.6 3.6 3¢5 345 3¢5 |
Gasifier '
Air/Fuel !
(% Stoich) | 3043 299 322 3349 3247 3163 | 2946 | 3147 307
Caps Feed

| Mole Ratio 0 0 0 o] 0 o] 0 0 0
Regen T‘emp |
UC 1070 1065 1075 1080 1080 1080 1090 1095 1110
Regen
Velocity
(Ft/sec) o1 Te6 6.9 740 649 6.7 6.5 6.7 7.2
Regen
002
(vé1 %) 12.4 1746 1740 1648 16,4 6.0 5.6 1040 10.0
' Regen R R T !
SO,
(Vgl%) 0.15 0.4 0.9 0.3 04 7-5 608 Te3 705
Regen S
Output
(% of Feed) 2.7 1600 3505 12-6 1600 270.8 216-9 27504 341c1
‘Regen Hed
Depth
(inches) 52 36 36 38 40 44 44 42 44
% S.R.E, 788 %442 5645 T3¢7 1.5 9546 | 86.9 | 18s5 768
Z SRE
Expeocted
On 0il 7348 6844 69.1 68.9 6745 6548 66,8 6749 6749

A +140 =442 -1246 +449 - 6,0 +29,.8 +204 1 +944 +849
Stack
Sulphur
-(;101‘ Feed) | 142 62.4 7847 3949 39.7 16346 12442 128.8 150
Sulphur
Balanoce

__(% of Feed) | 27.8 5148 79.0 3849 5445 275.2 | 230 296,8 36443
% Combustion
in Boiler 10143 84.3 8440 89.1 9747 T3.6 7249 79.1 89.7
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Appendix III ‘Table II)

Time

16 1220

141330

141435

241130

24 1200

241230

241330

2+ 1430

Gasifier
Temperature

(°c)

930

940

950

945

940

975

970

960

Casifier
Bed Depth
(Inches)

41

41

42

39

38

40

38

38

Gasifier
Bed Velocity
(Ft/sec)

3e6

346

3T

37

3e7

3¢8

3e8

3.8

Gasifier
Air/Fuel
(% Stoich)

1849

2062

1849

2242

2242

2242

2242

2242

Ca/S Feed
Mole Ratio

Regen
Temnerature

(°c)

1040

1060

1055

1080

1079

1100

1070

1065

Regen
Velocity
(Pt/sec)

6.2

6e3

6e1

5¢6

5e5

8.2

Te0

TeO

Regen CO2

(Vol%)

1840

152

1246

1840

174

18. O

1446

1642

Regen 802

(Vol%)

0.8

0e25

0.2

162

Oe3

0e5

0.5

0e4

Regen S
Output
(% of Feed)

15

448

364

23e 1

56

1346

1144

9¢2

Regen Bed
Depth
(inches)

50

50

52

52

52

44

% SeReEe

5945

63.8

63¢3

5645

7849

733

62,1

6241

Predicted
% SeReE.

T244

7248

T0e7

13¢5

7346

69.4

6947

T1e2

A

-1249

=9e1

-Te4

~1649

+3a7

+3e¢5

~Teb

— 9.0

Stack Sulphuy
(% of Feed)

5249

397

3540

1440

47.4

37.4

498

4045

Sulphur
Balance
(% of Feed)

555

4140

4040

6646

2648

40,3

4942

47.0
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Appendix III (Table II Cont'd)

Experimental Results of Mini-Test on Heavy Fuel Oil

Time

361030

361130

341230

341330

301430

Gasifier
Tgmperature
(¢)

955

.950

930

940

940

Gasifier
Bed Depth
(Inches)

36

37

36

35

34

Gasifier
Bed Velocity
(Ft/sec)

3¢ 7

3.6

5¢2

5e2

5¢4

Gasifier
Air/Fuel
(% Stoich)

20e5

20¢5

2441

2349

2445

Ca/S Feed
Mole Ratio

Regen
Tgmperature
C

1020

1075

1070

Regen Velocity
(Ft/sec)

646

Te0

66

Regen CO

(Voig) 2

1848

170

1444

1148

Teb

Regen SO

(Vol %) 2

0.8

340

348

DeT

6e5

Regen S
Output
(% of Feed)

1842

6843

8445

12543

13267

Regen
Bed Depth
(Inches)

48

40

% SeReEs

5948

5Te6

60,4

538

557

Predicted
% SRE

69.4

1004

152

73.8

7348

A

-9.6

—1248

~1448

=199

-1841

Stack Sulphur

(% Feed)

4446

68,8

752

8749

10961

Sulphur
Balance
(% of Feed

58¢4

11066

124

1715

1770
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Appendix IV ‘Table I)

Stone Analyses of Gasifier Bed Material

Time Sulphur Carbon Acid insoluble Sulphur

Ll fn Oid) =m0

R Al
141440 422 56 3e2 < Oe1
141540 4.74 6T 2.8 O 1
24 1400 6.86 2.6 4o Oe 1
241500 7467 2.6 442 0o
2. 1600 8429 245 56 Oe 1
241700 8e 12 346 Se 1 0o 1
301120 941 248 3,6 < 0a1
341240 1042 31 342 < Ou1
361340 945 245 3e3 Os1
341440 9.24 Te4 4.6 < Qe 1
3¢ 1540 9436 169 37 < Ou1
341640 9e23 34 645 < Oe1

Appendix IV gTable II)

Stone Analyses of Regenerator Bed Material

Time Sulphur Carbon Acid Insoluble Sulphur
= wh TN 4—@4_ 0
16 1440 4.28 101 3e4 O 1
11540 446 0e8 345 <o 1
241400 7e8 16 344 Oa 1
241500 9405 148 3.9 Oe 1
241600 736 0e9 346 - Oe 1
241700 Te42 0e9 4.3 O
341120 842 10 343 Oe 1
341240 749 0.8 54 0e3
341340 845 1ed 342 Oe 1
341440 Te31 0.4 349 0e3
341540 6622 1e1 3e1 0e9

341640 5045 0.2 4.0 0.9
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Appendix IV ‘Table I11)

Stone Analyses from 4st Cyclone Fines Return System

Time S hur Carbon Acid Insoluble Sulphur
5590 4sh [wi?) \<%%E§§§E.
T wt %

141520 3043 41 14 <0e 1
141540 202 54 22 Oe 1
141620 © 1,32 37 45 Oe 1
241340 3074 29 22 0e 1
241420 1448 56 35 Ce1
241520 1657 45 41 . Oe1
201540 1019 61 39 <O 1
241620 4435 23 28 Oe1
261700 2,06 36 41 Oe 1
361120 1475 46 38 <Oe 1
361340 4441 26 19 <Oe 1
361420 3o 12 48 36 <Oe 1
341500 3.82 27 27 0o
361540 2,68 28 28 <Oe 1
341620 1419 46 48 Oe 1

Appendix IV STa.ble IV}

Stone Analyses from 2nd Cyclone Fines Returnm System

Time 3:1 hur Cé.ion t:; d.winsoluble Z:lgsgur
X : el N
101520 2422 49 21 Oe 1
11540 2447 57 15 Oe 1
141640 2.18 61 25 Oe1
21340 3406 36 22 Oe1
241420 2,03 45 34 0e2
241520 2436 51 34 O
241540 1468 46 38 <Oe 1
241620 209 32 47 Oe 1
21700 22 40 44 Qe 1
31120 18 45 42 Do 1
341340 3633 28 27 <0a 1
341420 1472 27 28 <06 1
301500 329 31 27 Qe 1
341520 3047 36 24 0.1

341600 2,77 21 24 0.2
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Appendix IV ‘Table V}

Stone Analyses from Stack Knockout, Stack Cyclone and Boiler Back

& Sides
Source Time Sulphur Carbon Acid Insoluble Sulphur
wt Z wtz Ash wtz as SO
wt %!
Stack KO 1. 1500 1¢59 59 40 Oe 7
" 161700 1409 64 36 0e?2
" 201330 1¢35 84 13 0e3
" 261640 0e65 38 62 Oe 1
" 341140 1e3 48 46 Oe 1
" 341340 135 51 44 0e5
" 3.1620 095 45 52 0e3
Stack Cyclone 141500 2646 45 25 ' 1e2
" 1e 1700 1¢09 5T 40 O3
" 201330 TeT 66 30 Oe3
" 241640 0e4 36 64 0e2
" 361140 0e75 46 50 <Oe 1
" 341340 1¢93 38 53 1¢0
" 361620 OeT1 39 60, Oe?
Boiler Back 1._1500 1093 41 31 005
& Sides 1.1700 0098 53 41 Oe1
" 21330 1e33 68 29 0e?2
" 24 1640 19 43 37 O0e3
" 3¢ 1140 1¢13 53 38 O 1
" 3¢ 1340 194 44 . 38 Oe3

" 301620 1405 5T 43 O 1
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Appendix IV "I‘a.ble VI)

Stone Analyses from Regenerator clone

Time % Q% | ﬁcS:;.ld ‘l'[:;soluble il;lgsléu::c
141500 3.98 37 22 0.6
141700 2.23 63 31 Oa 4
21330 3451 43 32 -
241640 147 40 54 0e3
3,1140 1,78 52 48 Oe 1
341340 2468 34 52 0.7

361620 2036 20 60 Te4
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