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The Destruciion of the Cakin, Froperties of Coal
By Pretreatment in & Fluidized Bed

A. J. Forney, R. F. Kenny, S. J. Gasior, and J. H. Field

U. S. Bureau of Mines, 4000 Forbes Avenue,
Pittsburgh 13, Pennsylvania

INTRODUCTION

Gasification of coal to make a synthesis gas that can be converted

to fluid fuels is a means of suprplementing the country's liguid and gaseous

fuel supplies while at the same time increasing the merket for coal. i
lerge market for these fuels exists near the eastern coal-fields, but,
unfortunately, castern cosals do not readily yield to gasification in
comlercial filed-bed and fluidized-bed  asiflers. They become plastic
and sgglomerate hen heated to the pasification temperature, the
rermesbility of the bed Lo gas iz reduced, and objecticnable chonneling
oceurs., The Bureavw »f Minec is ilnvestigating methods of pretreating
coalcs to destroy ir caking properiiec in Oider “o Qrcraone theee
obstaclas to La Lo1r, The ultin j is to develor a lov
cost procezs. 7The Tirst phase of the -rorlt zonsisted of pretreatment
studies in a fluidized bed using vericus fluidizing geses and operating
conditions. The stuldies were conducted with strongly caking coels,
typical of those in the East. The results of the study and the operating
requirements necessary to destroy the caking properties of the selected
coals are reported.

2 objecti

Other research has been done on methods to destroy the caking
properties of these coals. Chansbasappa and Linden}_/ pretreated coal to
make & char for hydrogasification. They operated at 400® to 700° F
using a steam feed of 4-5 standard cubic feet per ,pound bituminous coal.
The time of treatment was 60-75 minutes. Nathanglpatented‘a fluidized
process for pretreating coal at a temperature of 316° to Lkl° C, re-
quiring 10-60 minutes and using 0.02-0.08 pound of oxygen per pound
coal feed. Char was recycled for temperature control. Kerl3/preheated
bituminous coel to less than 4%00° C with a gas containing oxygen.
Sylvander_lf/ also preheated coal, to a temperature below the plastic range,
using oxygen. Welinskyé operated a fluidized cerbonizer, the first siage
at temperatures within the plastic range of the coal (725° to 825° F).
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Recygle char from the second stage is added to the feed in the first.
Foch‘_’}car‘bonized coal in a three-stage sysitem. He dried and rrehectec
coal to 570° to T50° F in.the first stage using gases resulting from
partial combustion of pyrolysis gases from the second stege. The pre-
heated coal in the second stage is cerbonized using preheated zir. The -
char is cooled in the third stage.

When a caking coal is heated it becomes viscous and plastic at a-
given temperature range that is characteristic of the coal. This property
nakes caking coals nonusable in fluidized-bed and fixed-bed gasifiers
because the coal sticks to the walls and the particles agglamerate. The
Bureau investigated a cambined thermal and mild oxidation treatment to
destroy in a fluidized bed the caking properties of typical coals found in
the eastern United States. Although the method described in this paper was
successful it is not known definitely why the pretreatment mokes the coal
nonagglamerating. It cannot be attributed entirely to oxidation of the
surface of the particles, because the resultant char contains less oxygen
than the original coal. (See table 1.) Rapid thermosetting of the liquid
phuse as it forms may be an explanation, but this needs to be confirmed by
experimental studies that are beyond the objectives of the investigation.

A variable study was made to determine operable conditions for pre-
treating the coal to a nonagglomerating state in the minimum time with the
least loss of valuable components. ’

APPARATUS AND EXPERIMENTATION

i flowsheet of thc bench-scale unit is shown in figure 1 and a photo-
graph of the unit is shown in figure 2. The reactor is & l-inch diameter
stainless steel tube with an effective length of 18 inches. It is surrounded
by electric heaters capable of heating the reactor to 900° C. Thermocouples
are inserted both from the bottam and the topr of the reactor. The usual
nethod of operation is ‘o heat the reactor while setting the proper gas
velocivy to give fluidization. This 7elocity was determined by experi-
nentation in a glass tube at atmospheric temperature and pressure and then
was corrected for the operational conditions. A4fter the desired temperature
is, reached, the coal is charged to the reactor. The gases are collected
aiter leaving the reactor and passing through a condenser and flask to
remove the tars. When inert gas is used for treating the coal, the exit
gas is not collected because the gss originating from the coal is too
hignly diluted oy the inert gas to give significant results.,

Different conditions of operation were tried in the develoyment of
the process. The follewing fluidizing gases were used:
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Steam

Steam plus air

Inert gas (N2 + COp + 0.1-1.0 percent Op)
Nitrogen (contains 0,1-0.3 percent 0p)
Prepurified nitrogen (essentially Oz-free)
Helium (essentially Oz-free).

Heat was transferred to the coal through the reactor wall (gas entering
cold) and fram the preheated gas (reactor wall maintained at the same
temperature as the bed). '

Pittsburgh seam coal from the Bruceton mine was used principally,
but Pocahontas, Illinois, Sewickley, and Taggart coals also were treated.
The rank and analyses of the coals are shown in teble 1. The free swelling
indices of these coals range fram 4.5 to 8.5. The free swelling index is
indicative of the caking quulities of the coals. If the index is reduced
below 2 by pretreatment, the residue is usually noncaking.

‘To supplement the indicated results from the free swelling inde:: .,y
another test was devised to verify that the char was noncgzlomerating
sample of the char was placed in a cersmic boat and the boat placed in a
quertz tube in an electric furnace. The char was heated to 600° C while
pure hydrogen was passed thirough the tube. The char wvas considered noncaking
if after hydrogen treatment it flowed freely out of tne boat. ILater, to
test it more severely, the char vas exposed to hydrogen at 900° C. Usually
if the free svelling index was less than 2, the hydroge:n test indicated
noncaking also.

Because tnis pretrcatment process was developed pirimarily to make s
nomagglomerating fuel for o pasification process, thz hydrogen test is more
pertinent than the free swelliny index test. As the chor is fed into tle
gasification unit, it will come in contact with hot hyd.ogen-containing wro-
duct zmses of the gasifier, & conditicn simlated by the h,drosen test ab
500° or 7007 C.

DISCUSSION OF RESULTS

Initially Pittsburgh seam coal, 10-1k mesh, vas uced vith inert g
or nitrogen as the treating gas. The gas velocity for fluidizing at
atmospheric pressure was about 2.5 feet per second, and the expansion of
the bed was about 100 percent. Early tests showed that the individual coal
particles expanded 100 percent or greater at temperatures of 400° to 450° C.
Because-of the expansion of the treated particles and the fluidized bed, the
size of the charge was limited to 35 grams (60 cc). Vhen the fluidized bed
of coal was heated indirectly by transfer through the reactor well, the
coal particles agglamerated and adhered to the wall, making the unit in-
operable. However, vwhen the heat was supplied by direct transfer from the
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gas vhile the reactor wall was maintained at a temperature for adiabatic
conditions, the coal's caking properties were destroyed by the treatment
and the unit was operable. The coal particles swelled and became globular.
Pretreatment was successful vhen inert gas, steam plus air, or nitrogen
wvas used, whereas sgglameration occurred at the same operating conditions
whén helium, steam, or prepurified nitrogen was the treating gas. This
difference in results was traced to the presence of a small quantity of
oxygen (0.1-0.3 percent) in the inert gas and nitrogen, and the s.b.,ence of
a measura‘ble quantity of oxygen in the other gases. ;

The effect of temperature on the caking progerties of Pittsburgh seam
coal is shown in fipgure 3. [our mesh sizes of coal were fluidized with an
inert gas containing 0.8-1.0 percent oxygen. Plotted are the increase in
volwume, the weight loss of the coal, and the free swelling index of the
resultant char -rith voriation in treatment temperature. . These results are
more relative than ebsolute, but the trends of the aifferent sizes are
realistic. The lorger particlec were exposed to more o:ygen than the smaller
ones because the linear velocity was higher for the fluidization of the
lerger particles. The coal was maintained at the test temperauure for 30
ninutes in all tests. Poor fluidization o"*mred in all tests &t kso° ¢,
and with the 8-10 and 10-1k mesh sizes at L25° ¢. The 28-48 and 48-100 me
were successfully pretreated at 425° C, as were all sizes at 400° C. While
the fluidization of the coals was setisfactory in the reactor at 375° C,
the chars caked vhen they were tested at 600° { with hydrogen, indicating
insufficient treatment. The free swelling index test corroborates the
hydrogen tests because the index wes highex th._n 2 at 375° C and no higher
than 2 for all tests at L00° C, and below 2 =t 425° and 150° C. As the
temperature of treatment increased, the vem,hu loss increased as more of
the volatiles were removed. There was & greater increase il bulk volume
with increasing temperature. These tests chowed that the caking gquality
of Pittsburgh sean coal of 28-43 and 48-100 mesh wes destroyed at 400° to
425° ¢ in 30 minutes.

The effect of pressure on the caking properties of Pittsburgh coal is
shown in figure L. During these tests a 48-100 mesh size coal was fluid-
ized with an inert gas conteining 0.8 to 1 percent oxygen for 30 minutes
at L0O° C. Chars made at all pressures were noncaking. The volumetric
expansion became less as the pressure increased from O to 300 psig..

The weight loss decreased as the pressure was increased from O tb“75'psig, )
then did not change with further increase in pressure. A lihear gas velocity
of about 0.k foot per second was necessary for fluidization of 1#8 100 mesh
coal at all the pressures, so that at the higher pressures a larger quantity
of gas flowed through the coal. Generally, there was no significant change
due to pressure. The only novel effect occurred when the pressure was re-
leased when the char vas removed fram the reactor. Some of the particles
seemed to explode, probably because trapped gas was released due to de-
pressurization. This effect was observed at all pressures above atmospheric.
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Varying the time of pretreatment of Pittsburgh seam coal of 18-100
mesh produced the results shown in figure 5. Nitrogen containing 0.2 per-
cent oxygen was the treating grs, and operating temperatures were 400°
and 425° C. As shown in this figure, the char made by treating at 425° C
for five minutes could be subjected to a hydrogen atmosphere at 900° C
without caking. The free swelling index of this char was 1.5. The weight
loss of the coal was 10 percent. Pretreatment for only 1 minute at L25° C
was enough to produce a char that did not agglomerate at 600° C with
hydrogen. However, the free swelling index of the char was 6-1/2, still
indicative of a caking coal. Apparently the test with hydrogen at 600° C
is not severe enough to determine if the.coal has been rendered noncaking
throughout. Same difference between the free swelling index and hydrogen
exposure tests can be expected because the char is ground for the free
swvelling index test but is used in its original state in the hydrogen
tests. The weight loss in the l-minute test was 8 percent. When the
coal was treated at 400° C, the minimm pretreatment time was ‘20 minutes
for the char to remain nonagglomerating in the hydrogen test at either
600° or 900° C. The free swelling index was 2, indicative of noncaking.
The weight loss vas 10 percent. Since the weight loss at both 400° and
425° C vas about 10 percent, the higher temperature is more desirable
because less time is required for treatment.

The effect of temperature on the volume and composition of the gas
made during coal treatment with pure steem for 30 minutes at 375°, 400°,
and 425° C is shown in figure 6. As the temperature increesed, the hydrogen
yield increased fram about 5 to 2 cubic centimeters of gas per gram of coal
charged. The methane yield increased from about 1 to 5 cubic centimeters
per gram, and the Cz yield increased also. The yields of carbon dioxide,
nitrogen, carbon monoxide, and oxygen remained relatively constant. A gas
of higher heating value was made at the higher temperature of operation.

The effect of varying the temperature of pretreatment of Pocahontas
No. 4 (1vb), Taggart (hvedb), Illinois No. 6 (hvbt), and Sewickley (hvab)
coals is shown in figure 7. Nitrogen containing ibout 0.2 percent oxysen
was used at & linear velocity of about 0.8 foot per second to fluidize the
28-48 mesh perticles. Chars, made fram Pocahontas or Illinois coal that
had been treated at 375°, 400°, or 425° C, did not cake when subjected
to a hydrogen test at 900° C. Taggart coal required treatment at 425° C
to be satisfactory, while Sewickley could be treated at LOO® only, as it
agglomerated during pretreatment at 425° C and was ineffectively pre-
treated at 375° C. Taggart and Sewickley coals are similar in rank to
Pittsburgh seam, all being hveb, ’
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Pocehontas No. 4 and Illinois No. 6 require less drastic treatment
than the hvab coals. This is not surprising for the lower rank Illinois
coal, vhich has a free swelling index of 4.5 compared to 8-8.5 for the
hvab coals. While the Pocahontas coal has the highest rank, it may
respond to milder pretreatment because of its low volatile content.
Taggart coal required treatment at L25° C. This coal also showed a drastic
change in expansion as plotted in figure 7, having O percent volume in-
crease at 375° C and 100 percent at L25° C.

These tests showed that the technique of pretreatment utilizing
fluidization with gases containing small quantities of oxygen is applicable

"to several caking coals. However, conditions of pretreatment cannot be

fixed exactly by the rank of coal; each coal must be tested to determine
the most satisfactory temperature for pretreatment.

CONCIUS IONS

The caking properties of coals tested could be destroyed by fluidizing
the coal with a gas such as nitrogen, nitrogen plus carbon dioxide, or
steam, containing at least 0.2 percent oxygen at 400° or 425° C. In a
batch system, a thoroughly nonagglomerating char could be produced at
L425° ¢ in a S-minute treatment using 18-100 mesh size coal. The caking
property cannot be destroyed by the treatment described if oxygen is
absent. It is desirable and may be necessary to heat the coal internally
by the itreating gas to prevent the particles from adhering to the wall of
the reactor. :

To obtain deta that vwill permit 2 more exact evaluation of the process
and estimate of the cost of this method of pretreatment, a study of a con-

_tinuous system is needed. We plan to modify the bench-scale equipment for

continuous feed of coal and remcvel of char. This will allow a -realistic
determination of the optimum feed gas-to-coal ratio and minimum average
residence time required for pretreastment. In a fluidized bed all the coal
is not pretreated for e uniform length of time because of the repid mixing
of thce raw coal and treated char. The discharged solids will contain
particles treated to different degrees because the residence time of the
individuel periicles varies., The regults of the batch study will be used
es & guide for the contimious studies, but the optimum solids residence
time and conditions of oreration uay be different frcm those cobtained in
the present invectigation. :
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The treated or processed coal is designated as char in this repors.
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Figure 5-The effect of time of pretreatment on the coking properties

of Pittsburgh seom coal (i8-100 mesh)
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Figure 7.-The effect of temperature of pretrectment on caking properties of various coals nnvrm
Figure 6-The effect af temperoture on the off gas mesh. (Time of pretregiment 30 minutes.) .

made during steam pretreatment of Pittsburgh . « -

segm coal of 28-48 mesh. (Time aof pretrea?-

ment 30 minutes).




