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Tt 1s snticipated that the large-scele gasifier now being buils by a Chamicg
company, which embodies muny features of the design descritbed her ; Will ba ip
operetion in 1955,

High-Pressure Gasification Pilot Plant

Operation of the high-pressure gasiflcatioz pilot plert described in the 195
report continued during early 195k, Twenty-three tests were made involving aboyt
100 periods of varying operating conditions, Thege experiments, with Sewickley
bituminous coel, were designed to dotermine more accurately the eflect of restdep
time and heat loss on the material requirements per 1,000 cu, ft, of product gag!

Previous work with the refractory-lined reaction chember had not rroduced
satisfactory results, for ercsion of the refractory caused a rrogressive increage
in reaction volums., With a water-cooled resction sbace, the reaction volume weg-
kept virtually constart. However, it was not peossible te build up & thick layer
of slag on the water coil, Heat losses were high, averaging about 900 B.t a1, per
pound of coal., This 4id not vitiate the experimental work, and the gignificant
effect of residence time on results was demonstrated. Modifications are being made
80 that the offect of heat loss may be determined. Flowsheets of the preumatic ..
coal feeder snd pilot plant used In these tesghts were shown in ths 1953 -report.

A few tesgts were made with a high (35-percent) ssh contert snthracite cﬁlm_
The results werse unsstigfactory due to slag uildup In the gasifier amd showed %

the reaction-chamber coll design should be modified for zuch particular coal being:
gagified. :

The tests of Sewickley-bed coel wers arrangsd as & factorial experiment, ‘using
3 oxygen-coal ratlos, 3 coal rates, and L pressures., The steem-coal ratio was h
constant at 0.3 1b. per Ib. By use of the cocorreletion technigue it was found tha
the oxyzen requirement, expressed ag std. cu. £+, per thousend std. cu. ft. CO +Hay
wes a linear function of the heat loss, expressed as B.t.,u. per thousand std. cu
CO + Hp, The slope of this relation was found to be 3.0 std. ou, ft. oxyzen pet
1,000 Byt ., heat loss. When results of the experiment wers corrected by this relg
tion Yo & constant heet loss, it was found thet the residence time hed & gignifi
effect on both coml and oxygen requirements, Residence time was the gas-regidsnee
time, the volume of the reactor divided by the gas throughput rate at reactor exl
conditions. Consldering the turbulsnce in the reactor, gas regldence time is the
best epproximetion of particle residence tims,

From results of the factorial experiment corrected to comsteant hest loss, em
pirical equations were derived for both coal end the oxygen Tegulrements snd the !
results plotted as figures 16 and 17. Pigure 18 was obtained from the two previo 1
flgures and & material balance. Both coal and oxygen requiremsnts were approximately
linear functions of the reocirrocal of residence time .

The optimm gasifier is that requiring the minimm oxyzen and coal per unilt Of
CO + Hp produced. As the size of the gasifier is increassd for & glven through
residence time becomes longer; however, at the seme time, heat loss also is incre
by the increase in externsl area of the gasifler. These two chenges have opposit
effects on the oxymgen and coel requlrements. Therefore, to determine optimm gas:
fier design, = balance must be mede between the inecreass in reguiremsnts produceﬂ._._
an incresge in heat loss and the decrease produced by an increase in regidence timg

Satisfactory methods were developed for obtalning gas semples from the gasifiels
enobling a more accurete determination of the actual reaction volume. Informabtiod
also was obtained that will make Possible better designs of slag-removal equiment
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in the pllot plant. The control equipment functioned very well, sand it aDpears ip;
a plant of this tyre can be operated by remote contrel, thus grestly increasing
safely.

Experience with the water-cooled reaction space showed that, to obtain a gagj,
Tactory thickness of slag buildup on the water-cooled coll, it 13 NECessary to es.
tabligh an interrslatiomnshlp hetween ths following factors:

1. Retc of heat input %o the reaction space {this depends on coel fead rate, -
oxygen-coal snd steam-coal ratics).

2. Rete of hsat loss To the coil (this depends on coil design, coolent rete,
and temperathre)

3.. Ash~fusion characteristics,

The implication is that, to obtain a satisfactory sleg deposit and thus keep
heat losses atl a2 minimum, the reactant-chember coil design should be modlfied for
gach particular coel teling gesified.

Projected Exverimental Program

At present (November i95h) the high-pressure pilot plant and suxiliery squip-
ment ars heing rebullt and installed &t the Morgentown Experiment Station., Further
studies will be made of the effect of residence time and heat loss on the gasifier -
capecity, and of various methods for coal feseding es described later in this report

A cross sectlon of the redesigned gasifisr is shown In figure 19 end details of
the new refractory-lined reaction chamber are given In figure 20. The new lining
provides for higher heat transier at the point of reectant entry than at the exit,
It is belleved that, with this design, the reactant-chamber volume of sbout 2.4 :
cubic feet can be held reasonably constant. The relationship between heat loss ang :
the oxygen requirement, per 1,000 cu. fU. of CO + Hp produced, has been found for
an aversge heat loss of about 35 B.t.u. per std. cu. £t. (CO + Hp). If other polnts
can be found at & heat loss of ebout 10 to 20 B.t.u, per std. cu. ©t. (CO +Ep),
gxtrapalation to still lower values of heal losg in the range te be expected in
large-~scale eguipment will be poseible.

The bottom of the gasifier has becen medified to permit betier slag removal
(sce fig. 21), and provisions have been made for trying auvtomatic sisg-removal
aquipment if that appears desirable.

In figure 22 the high-pressure gasification pilot plemb i3 showr wnder ersction

The program of experimental work now outlined will requirs ssveral years to
complete, It follows:

1. By repesting previous tests with the mew refractory-lined reaction chember,
ottain more data on the effect of pressure, contact time, and heat loss on the per-
cent carbon gasification and material requirements.

2. UObtain more information on the effect of diameter-length relatiornships of t
tha resctant space. This is a coordinated study with that of reactent injection i~
turner design.

3. Obtaln additiomal datz on the effect of cosl renk or the completeness of
carbon uhtilization under given conditions. Theose dabs cun be correlsted with those
obtained previcusly using the low-pressure gasifier,
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L, Obtain more deta on high-pressure water scrubbing for dust remocval,

5. Try out various coal-feeding methods.

Invemtigations of Coal-Feeding Methods

Tn the 1993 report ezperimental programs were outlined on coal slurry feeding
(see fig. 23) and on a pickup system for adding paulverized coal to a flow of steam
{see Tig. 2h) ., Because of the demends mede by other research progreams gnd the move
to the mew station, only preliminary data wers obtained in 1954,

. A gmalli-gcale gystem was set up to test the feasidility of pumping cold slurries
containing 50 percent or more of coal in water, It conslsted of a mizxing tank, cen-
trifugal recycle pump, two piston mumps in parallel, end oriflces for creating a back
pressure against the piston pumps. BSewlckley-seam coal and anthracliie were used,

_ The work has sdvanced to a pilot plant system for feeding a cogl-gteam mixture
{nto & pressurized vessel. This unit (see fig. 23) 1s designed to mix, pump, vapor-
1ze, and superheat 1,600 pounds per hour of slurries containing es high as 50 per-
‘eent coal in water. OSubsequently the finel mixture of gteam and coal is fed iote =
"pressure gasifier coperating at 50 p.s.i.g. The system congists of:

5 1. A slurry miz temk, completc with turbomixer for obtaining intimaste coniact
between the coal znd water. The capacity of this mixing tenk is 1 tom of sluryy.

3 2. A slurry pump of the stemdard commercial duplex reciprocating type. The
‘output may be varied from 1 to 5 gallons of slurry per minute =t 600 p.a.di.g. The
pistons and ball-type valves are made of 1808 stainless steel.

3 3. A slurry heater resembling a monotube boller, which uses a continuoug coil
yound in two concentric helices made of 530 lineer feet of l-inch scheduls 80 carbon-
stesl pipc. This coil is Instaulled in a refractory~lined shell and heated with
atural gas. The design assumed an overall heat transfer of 10,000 B.t.u. per hour
per squere foot of inside tube surfacs. Rating is 1,600 pounds per hour of 1:1
lurry st e pressurs of 450 p.s.i.g. snd a temperature of 800° F, Figure 25 shows
he glurry-feeding system.

7 This cquipment has besn placed noxt to the high-pressure-gasification pilot
‘plant to facilitste its use with that eguipment. The following Information is to
.be oblained:

1, Heat-transfer deta, using water only, at heater-dischargs pressures of 50,
00, 200, and 300 ».s.l.g,, water-flow rates up to 2,000 pounds per hour, end dis-
harge temperaturce up to 800° F.

2. Bimilar data using varicus ccal-water miztures. Coals usad in preparing
he slurries will be of varying degrees of fineness to determine the coarsest slze
hat cen be fed.

3. Data on the size distribution of the coal in the cold and heated slurry.

When satistactory informstion at 800° F. has boen cbtained, higher heater-dis-
cherge temperatures, to the Tractical limit of the wnit, will be tried. As prelimi-
ary sxperimental work indicates that it is impossible to lower the water content of

: ke slurry enovgh faor the stesm-carbon reaction, an Intensive program is snvisioned
o design s satisfactory separstor for reducing the gbeem conecentration in the
Steam-cogl mixture. Also, a study will be made to find the best alloys for Lhe siurry
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