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heater e¢oil., As soon as satisfactory operation is attained, the slurry—feeding o
tem will bs used %o supply the steam-coal mizturs for the high-preossure gasifier

The steam-pickup equirment will be installed in 1955 and exverimsntal work D
gunt &5 soon as possible. Although preliminary cstimstes show thal this methog of
coal feeding is promising costwlss, an extensive program of equirment davelopment
will be needed to obtain = seiisfactory device to feed coal into the pressurizeq
hopper.

The meumatic fecder is now the most rractical known way of feeding cogl to
Iresgsure gasifiers for expsrimental purposes. Thsre are several Inherent weak-
nesses of the gystem, howevsr. Intcrnsl disturbances prevent goed control oF feeaf
rate, and frequent refilling is nacessery. Also, sn excassive amount of coal dust.
is cuarrisd over from the fesder into the fluidizlieg gas-recycls lins, Experimentaig
work on a 'two-zone foeder” is unde way (see fig, 26). By providing lower Cluig~ o
izing gzas velociiies in the stece outside the 13—inch.tube, coel-dust curryover ig
reduced and the totel feedable coal ¢harge increased from 2,500 pounds to h,ooo,
To obtain better control of the fead rate, the entire fsader as now instzllsd is
supported on two Monsell mmeumetic welght trepsmitters. Additional work will be
done, In connection with the high-pressure-gasificalion tests, on improving the tw
zone feeder. Colneidental with the work doms on the pneumatic cogl feader, some
data have beon oblained om the rlow cheracteristics of luidized coal In long linss

Prelimlnary etudies have fndicated Lhet this method of cozl transport may be feag-
ibls in some cases.

Oxzygen Plant and Coal-Preparaiion Fecilities

The oxygen plant described in the 1952 snnual report has been moved to the nes
station and placed in operation (sve Fig, 7). Additional high-pressure storage i
contemplated so that longer runs can be made with the high-pressurs gasifier.

All compresging facilitics <o supply air, insrt gos, natural gas, and synthesigiy
gas have been combined in one building. Figure 28 shows soms of the COMPI'Ees50TS .

The coal-preparation plant has been ezypsnded and imvroved, In asddition to the
equimgent shown in Plguare 1%, a ¢oal drier wus rrovided to prepare lower rank coal
for tegh use. Additionsl storage hoppers are being installed so thet large babtches

of coal of uniform compasition can bhe brepured. Figure 29 shows pert of the coal-’
Prepargcion facilities, '

Gag Purification

Analytical Methods

Crude synthesis gae made from rulverized coal instead of coke contalins a high,
concentration of dust. Thus, dust determination and remcvel are importent. In pre
vicus years a method was developed for determining the dust agd molsturs concentra=
ticn ir bot, crude synthesis gas containing & high concentration of solids. Methdd
algo were developed for determining gravimetricelly the dust concentration in highly:
mrified gas or atmospheric air by accurale welghing procedures end large=-area
filters. Attention then was turned to particle-size determination, wnd & method
has beesn developed for obtaining & uniform dry dust dispersion across a microseore |
slide. The standard deviation 1s only 2 psrcent. This makes it possible to deter-

mine agcuratsely the perticle-size distritution in a dry state after a1l szzlomerates,
are dlspersed by a liguid,
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More importsnt from a practicel standpoint, however, is the zize of the agglom-
eretes as they actually exlst in the gas stream, Thils, rather than nitimate parti-
cle size, 1s the true criterion of parformance of dust-removing equipment. The
poving-ted filter, for instance, gzave far better results on dust-laden elr streams
than on sctual synthesls gas conteining much larger particles, probably cwing to
cgglomeration of the perticles in the alr stream.

After meny methods for determining the perticle size as it ezxists in the alr
gtream Wers tried unsuccessfully, plastic filiers known as moleenlar or millipore
filters were found eifective, The particles and agglomerates remain where they hlt
the filier. Pore size of the filter is fine enough to retwmin the smallegt parti-
¢les, end, mors importent, the surface is smooth encugh so that they can he viewed
end measured in the microscope. In the filters previously tried, particles were
embedded some distance into the matte of fibers so that viewing was difficult,
Alse, the perticles concentrated at preferentisl spots instead of remeining where
they hit The filter. Although black perticles are readily seen, white particles
of small sizs are almost invisible on white filters. This problem was solved by
‘dyeing the filters blue, & procsdure that doss not seem to affect their filtering

‘ackion.

Bench~Scals Experiments

To test dust-removing equipment, 1t oftern 1ls necessary to prepare a dust-laden
e gtresm. Work iz the past has been handicapped by lack of a satisfactory method.
“A countertlow feeder now mmder investigation shows grest promise as a solutlion te
his provlem, Reproducibilities everege about 5 percant, except &b very low dust
concentrations. This idee mey have meny other applications, such as in feadlng coal

o gaslfiers.

The effectivensss of the high-rregsure scrubbing tower for dust removel wes
escribed in the 1953 snnual report. This tower consists of a wet cyclonle chember
t the bottom and = rinz packed column above, To ascertain the effectlveness of
ach, the dust ccncentrallon betwcen the sections was determined, The dust concen-
ration was reduced from about 2,000 grains per 100 std. c. £. to T7 gralng by the
eyelonic section end piping szhead of it, and from this to 4 grains in the ringed
packed serubbing section. As the lagt of the dust is much harder to remove, the
ing-packed tower was the xors effective of the two. It was impossitle io obtain
any design data, however, because variables were adjusted to determine information
N gagifisr cperstion. Smeller scele equlpment is being designed to dstermine the
ffect of waber and gas retes, types and height of packing, stc.

Investigations in the past on possible disposal of the solid residue from gasi-
fication operatlons ss a compounding agent for rubber showed that 1t hed some Ta-
"inf'Orcing power, asnd might be used es a filler, but would be no competiter for

" earbon black, Use of residuc zs a soil conditioner is now being investigated.

1y ash is reported to bes used for this ypurpose.

Fisld exzperizments at Gorges, Alz,, have demonstrated that the electrolinking-
carbonizetion of cosl is physically and chemically feasible. This process eldimi-~
ates the nzed of underground mining and materially reduces the overall cost of
‘Producing synthosis ges by undsrground gesillcation, Laboratory experiments aTe
being initiated tc study furthsr the theory of the rrocess, Including the effect
of anigotropism on the resistivity of coal and the bime rcquired to attaiu a
Satisfuclory broakthrough (electrolinkege). ZExperiments also will ke conducted

t0 Getermine the rate of power application, optimum time for the alectrocurbonirea-
¥ion Period, and fastors affecting the direction of the electrical path.



Pilot-Plant Operstion

It has been demonstrated that Taw synthesis gas produced direct iy from coa] C&n
be purified o meet tenbativa specifications estahiished for the Fischar-Tropgen
synthesls. The tolal sulfur content, organic and inorganic, can be reduced to legy
than 0.1 grain psr 100 8td, ¢. £., carbon dioxidc to 2 to 4 percent by volume, ang

ust to less than 0.25 grain rer 100 std. ¢. f. before entering the gynthesig Plant
To attuain this purity with Tespect to sulfur and carbon dioxide, the bulk of ths
hydrogen sulfide and carbon dioxide is removed with Lo percent diethanolemine ip B
Packed or bubble-cap colimm, residual hydrogen szulfide 1g absorbad on 1lron oxide
shevings, and organic sulfur is removed by adsorption on ackivated carbon. Ahout
80 porcent of ths total cost 1s represented by the diethenclamine scrubbing, ang
sbout 60 percent of this cogt lies in the sheam required to regenerats the foul
saluticn. Tew sevings cau be realized by improvements in the ironm cxlde and acti.
vated carbon steps. Howsver, a substantial redicticn in burification costs may pe
mossible in the liquid scrubbing stern,

Mder a cooporativa agreemsnt betwsen the Rureay end General Americen Trang-
rortation Corp., small-scals rilot plant experiments have heen initiated to reduce -
steam and invesiment costs inm which the conventional packed colum is replaced by & -
turbomixer type gus-liguid contactor. Tt is telieved that sincs absorption of cap-
bon dicxide and hydrogen sulfides ig controllad almost entirely by liquid-film re-
elatence, 2gitstion of +he liquid Fhass, resulting in g Spray of fine liguid dropletg
would Increess the rabe of mass transfer and alsc result in a greaster nickup of
cerpon dloxide per volume of dietharolamine clreuleted,

The contactor consists of a UP-inch length of 18-inck schedule 80 carbon-steel
pips, Y vertieal taffles 1 inck wids ana equally spaced, 9-1nch-T.D, 1litt tube,
sanular ring, and impeller (see fig. 30). A 1-hp. metor (1,750 r.pwm.) 1s used to
drive ths impeller, ind the diametsrs o the sheaves are chosen teo giver the shaft
a speed of 500 to 900 r,.p.um,

Experiments to dete have been made with inert gas contalning verying amounts
of earbon dioxide. The gas is fed into the bottom of the contector to the right of
the 1ift impellsr so that it Pusses through e spray of l1quid distributed by the
inpeller. A LO-percent gsolution of dieshanolamine enters ut the top of the absorber -
aud is distrituted by & sparger. The isvel ol the solution in the contector ia
meintalined above the anniilar ring, for Loaming oceurs whenever the level iz below
this point, Otherwise, the amine solution isg free of foam, Purified gas leaves
the top of the contuctor through a geparator that Yemoves entrafned liquid from the
gas.

Any increase in the rats of mass transfer will result in greater gas through-
rats. Present compressor facgllitieg have limited ths Operating pregsure and gas
Tlow, axnd it hes not been possidle +o determine the maximum capacity of the agita-
tor. The highagt gas rate studied to date has begn 3,000 std. e, P, per hour at
250 p.s.i.g.

The prineciple of agltation mey effect an Increase in the amount of cerben di-
oxids absorbed per volume of solution circulated, or, in otker words, reduce the
ligquid-gas retic =g low a8 posgivle, Any reduetion in solubion rate regults in
less solution to be regenerated and, psrhaps, less stcan consumption. The following
rreliminery dsta indicete that thers 15 g 30- to 50-percent greater pickup of carbon
diozxide per volime of solution using the contaclor than with the packed or bupble-ca?
column ,
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COs removed per
COp 1In, COp out, gallon solution, Ahsorber preg

surg}
percemt  percent cu. T, 2.8.d.g,

Morgantown Packsd Column 20.8 5.1 3.40 300
Bubkle-Cap Column ...vue 18 .4 3.0 5.29 2o
Morgantown Agitator .... 8.2 3.6 07T 250

These initlal experiments were conducted primarily to study sbsorption charag
terigtics of dlethanolamine in & gas-liguid contactor. As it has beon shown that !
abaorption cun be improved, experimental data will be oblalned so that a correlaty
can be made between the carbon dloxide pickup per gallon and the regenersiion effi
clency {defined as carbon dicxide removed per pound of steam), L

Assuming only chemical reaction, one gallon of L0 percert diethsnoleming sonj
tion will ahsoTh, theoretically, about 6.3 cu. ft. of corbon diozide if the carbon
dioxide is converted completely to the amine carbonate and ahout 26 e, PL. iF t
carbon dioxide is converted to the amine Wicarbonate. As only & small amomnmt of --_'_”"
bicarbenete reportedly 1s formed In the amine process, it is velieved that in runs
whers 7 or more cu. ft. of carbon dloxids 1s absorbed, the theorsticel pickup has:
been attainzd. This indicates the need for investigating higher amine concentra-
tions, The ability to use concentrated sclutions is sn importent adventegs of the
contactor over the conventionanl columm. Highly concentrated sclutions of amine arel
too vizcous to he uesd in packed columnms.

Dust concentralions lesvlng lhe pllot-plent clectrogtatic precipitator nomaﬁ
varied from 0.02 to 0.3 grain por 100 std. e, £., rising cccasionally as high as 3
grains when it was not operating properly. The gas fed contained 10 to 40 grains,

The moving-bed coke filter, as previously reported, reduced the dust concentr
tion from 30 to zhout 1.5 grains per 100 std. c. £., a removal of 95 percent. Whe
used after the precipitator, howsver, it was able to remove 85 to 95 percent of th
remaining dust, ylelding extrsmely pure gas contuining only 0.004 to 0.07 grain pe
100 std, c. £. Thils was possible probebly hecause the electrostatic precipitator .
leaves In the gas many of the larger particles which are eusily remcved by the
tiller.

Laboratory-Scaie Regearch - Exploratory Studies

Kinetic Study of Steam~Carbon Rezction

In industrial processss based on chemical reactlons, such &s the gasificatlion
of pulverizsed cosl entrained in stesm and oxygen, knowledge of the mechanisms and
rateas of reactlon ars most important.

A kinetic study of the steem-carbom resction was made z& = partisl solutiom t0,
this problem. &n lsothermal reactor wes bullt for the gasificatlion of 200~ to 230
megh petroleum coke end electrode graphite with a high excess of stsam, Under su
conditions the changs in composition of the g=s phass surrounding the Tine fuel
particles was negligible, and the reaction could proceed frees from retaerding f-'ffectf--
of such changes, The apparatus and cross-sectional views of the slectirically heate
6-1/2-foot verticsl reactor tube of 3-inch internal dismetsr mre shown in figures
and 32.

Corbon particles wers dropped at a constant rete of 4 to 5 grems per hour IXOF

B vibrated fesder howl through a 23-inch-long refraciory feed tube of S5-mm. d1emete:
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