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ABSTRACT

Reactivity of chars obtained by physical mixing of coal with
catalyst additives followed by nyrolysis show incrcased reactivity
with K4803 additive, but not with CaC. The Ty for (02 reactiien with
char-additive X»(0s is 20,000cal/molc in the temperature range
6920-800°C, and Teactivity has increased 5-10 times. Coution shownld be
used in interpretation of these results becausc of complications from
narticlc size cffects and from variations in char oxygen with

PYTOLVSiS
temlperaturc.

&

The LED-1lig¢ht nrobe for hubble detection in fluidised beds has
been shown to work cffectively. llowcver, non-uniform gas distribution
and non-vertical bubble rise make the use of the probe complicated.

Future work will center on char reactivity, pore und surface aren
development with conversion, and measurcment of offective diffusivities.



Expenditures in Thousand Dollars

SUMMARY OF PROGRESS

Below is a visual summaxry of expended effort and costs on the
contract ET-78-5-01-3253.
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General

Three tasks were to be studied initially during the present
report of this contract. The catalytic effects of Ca0 and other
additives werc to be investigated. A study of reactivity with COs
and other gases at temperaturce and pressure was to be started; and
the flow characteristics of a coal and char particle will be in-
vestigated in cold fluidized beds.

The effects of physical admixing of lime or KoCOs3 and coal (200-50Cx)was
investigated and comparcd with undoped coal and solution impregnated
coal. The reactivity of undoped coal with CO, at 900°C could be
reached at 650°C with an admixture of K2CO3 and coal pyrolyzed and
then reacted. With Ca0 admixed, the reactivity was only slightly
increased, if at all.

The rate with K;CO03-solution-impregnated (1.25%) coal was found
to increase by only a factor of two over undoped cozl. The expansion
of coal in these physical admixtures upon pyrolysis was found to in-
crease the diameter by about 20-40%.

Shakedown runs of the high-temperature TGA system found that,
through the arm introducing the frequency coils, natural-convection
air currents introduced oxygen which could quickly consume the car-
bon present for induction heating when the system was between Tuns.
The specizl brass flange msut be tightly sealed in order to obtain
useful temperature-constant runs with no impurities.

Screening runs to mcasure hubbling phenomena in a sand/char
fluidized bed werc completed for several different bed velocities.
Bubble-time duration and fregquency were measured at various pesitions -
in the bed using the LED {light) probe. It was determined that dif-
ferences in pressure as a function of gas velocity, in gas-distribu-
tion through the bed and non-vertical movement of rising bubbles
made interpretatlon of results tenuous. The pressure changes are
primarily duc to outlet &P, The cyclone for the pressurized fluidized
bed has been redesigned and a new unit is under construction in order
to minimize pressure changes and 2id in determination of the bubble
phenomena.

Steps are proceeding to begin investigating changes in pore area
and pore sizes with conversion for differcnt coals. A TGA unit is
being modificd to also be uscd for surface arca determination by
measuring weight changes from adsorption of CO, at various partial
pressures. A coxputer model is being developed for pore size and pore
arca expansion based on an initial pore-size distribution to include
diffusional cffects.



Details, Work Accomplished:

Catalysis:

Pittsburgh-seam coal particles (200-300 um in diameter) and
K2C05 or Cz20 were physically mixed, pyrolyvzcé and reacted with CO>
for samplc sizes of 10-60 mg. The pyrolysis temperature was the
reaction temper:ture, as samnpies were heatced to temperature in CO»
so rzaction immedintely folloued pyrolysis. The temperatures cm-
ployed were 600-900°C. The ratio of cczal to K5CO5 (Ca0) was roughly
1:1 or 3:1. Not much difference was roted betwecn the recactivity
induced with the two ratios (Table 1). As can be seen from Table 1,
little char rcactivity increwssc was noted with Ca0, while KCOs pro-
duced @ 5-10 increase in char reactivity at each temperature. It
should be noted that KaCO3 melts at 891°C and produces a mobile
species which can meve to interact with the char matrix. Below that
temperature some vajyor movement may be possible.

A solution-impregnated cozl, doped to a 1.25 wt% K, as deter-
mined by atoimic absorption spectroscopy, was also reacted at 200°C.
It increased the rate by a factor of two, similar te increases found
by Exxon. A crude check on whether the presence of inerts (K2C03,
Ca0) would inhibit frec swelling was conducted (Table 2). Swelling
through pyrolysis was still present, bcing 20-40%. A check,on whether
the act of pyrolysis swelling was necessary to cause catalysis, was donc
by reacting wood chins mixed with K2C05. A high reactivity (Table ID
obtained for the non-swelling wood char, indicating the probability
that swelling was not required for catalysis.

wns

Figure 1 indicates an activation energy of 16-20,000 keal/erole.
However, as the last contract showed an increase in char oxygen at
lower pyrolysis temperaturcs and which dramatically affect reactivity,
a lowcr activation energy would be expected for char alcone at T =
600-800°C than at 900-1100°C. A dircct comparison with the activation
energy of 65-70,000 kcal/gmole for Lituminous char at these higher
Ttemperaturces must be treated with caution. Interprctation of these
results 1s still procceding. Variations in particle size from free
swelling also complicate the interpretation. However, a significant
increasc in rate was observed, and the rate obtained at 900°C can be
obtained at 650°C.

Fluidization:

The LED (1ight) probe (Figure 2) for bubblcs was tested and used
in determining the presence and duration of bubbles at a specific
point in the 2' x 2' fluidizad bed. Bubble ircquency and duration at

-



Table 1 ~ Reactivity of Physically Mixed Components.

(b) TECINIQUE  REACTANT INITIAL
SOLID REACTANTS PROPORTION USED GAS TEMPERATURE REACTION RATE (X=0)
1. Coal-KZCO3 1-1 Physical CO2 600°C 0.033 mg/mg-min
Mixing
2. Coal-K2C03 3-1 " CO2 600°C 0,037 "
3. Coal-K,COg 1-1 " co, 700°C 0.077 i
4, Coal-CaO 1-1 " CO2 700°C 0.0065 n
5. Wood Chips-K,CO, 1-1 @) co, 800°C 0.15 »
| 6. Undoped Coal mmmm e co, 800°C 0.025 n
7. Coal-Cal 1-1 Physical C02 800°C 0.028 "
Mixing
S. Coal-K2C03 ) 1-1 " C02 800°C 0.21 "
9. Coal-K CO3 1-1 " CO2 800°C 0.185 "
(Rerun?
10. Coal-K2CO3 3-1 " CO2 800°C 0.11 "
11. Conl—K2C03 1-1 Solution ) 002 900°C 0.11 "
tmpregnation
12. Undoped Coal mm—— mmmmeo CO2 900°C 0.055 n

(a) Wood Chips were not crushed when mixed with coal.
{b) The coal was crushed to 2-500 p.




Table 2
Particle Sizes BEcfore and After Pyrolysis

Mixture Before Pyrolysis After Pyrolysis
{wicrons) {aicrons)
1:1 Coal-Cao 494 +144 614 +251
1:1 Coal-K,C0, 3.6 +128 462 +200
Figure 1

Char-002 Reactivity as a Function of Reciprocal Temperature

for 1:1 Physically Mixed Coal-KZCO3
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Electrical Insulation
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Elcctrieal Leads

(a) (b {c)
FIGUKE 2. Subble probe Dcsi;z: a) lefr end view, b) cross sectiomal view, and
£} right end view of the optical probe {Dimensions indicated are in mm).
L = Light fmitting Dicde; P = Semi-~Conductor; $ = Solid Encaserment

The presence ofgas gaps xs detected by allowing a signal connection bcrheen
L and P.
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Figure 3. Schemeatié of Bubble Probe Output
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various points in the 12" deep bed were determincd at 100-300 SCFM
by output on a fast dynograph. Figure 3 is a typical output. Fig-
ure 4 presents data of bubble frequency versus flowrate at three
ascending positions in the bed. At low gas feedrates, the variabil-
ity of the data indicate uneven, changing gas distribution through
the bed. Growth of bubbles by combination seems not to have occurred
as the bubbles transverse the height of the bed. Extreme scatter,
both in magnitudes and changing trends with gas velocity, in gas bub-
ble time at a particular point in the bed sccm to indicate that
bubble risec is not always vertical and bubbles risc at various angles
with the vertical leading to the scatter. Bubbles arec not present
adjacent to the wall, and a distonce of at lecast three horizontal
inches into the bed is required beforc any stable bubble development
is noted. An experimentzal program to position a series of probes
above cach other and to statisticalliy consider thesc facts must be
developed in order to adcquately analvze a2nd correclate bubble si:ze,
velocity and growth in an all-char fluidized bed.
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Bed pressure = 1 + atm,; sand perticles, 400 microns;
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Future Work:

Plans call for an emphasis on char reactivity studied. The
arcas to be specifically investigated initially include (1) char-
H20 reactivity at both 1 atm and vressure, (2) catalytic char re-
activity of both impregnated and natural mineral matter, (3) devel-
opment of surface area and porc size distribution with conversion
of the above reactions, and (4) mecasurement of cffective diffusivity
in small pores by moment analysis of gas chromatocraphic adsorption
of gases. The last area nccds to be studicd in order to develop 2
reactivity model to include diffusivity limitations at high reacti-
vitics or pressures.

Equipment will include an ir-situ TGA system for measuring ad-
sorption of CO; onto char for surface area analysis, and a char-
packed column in 2 gas chromatograph for effective diffusivity deter-
mination. The large pressurc TGA will be utilized for high pressure
runs to compare with the reactivity model.

Immediate model devclopment will center on a pore-dcvelopment
model based on unifcrm recactivity of surfacc area includes porcs to
about 4 diameter and development differences duc to diffusivity
will be incorporated.

Fluidization work will center on develepment of an experimental
procedure and analysis for mcasuring bubbie distribution, velocity,
and size in char fluidized beds. As mentioned earlier, the mal-
distribution of gas through the grid plate and non-vertical rise of
bubbles complicates the accuratc quantitative analysis. In order to
reduce a pressure variation with gas flow due to high cyclone pressure
drop, a new cyclone has becn redesigned and is being constructed. A
careful program must be develoned, so screening data on pure char

fluidized beds will first be performed to detect other possible trouble
Spots.
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