To date the materisl taken frem the unit has been small enough to psss reedily through
a %-inch plug valve, Data on the nature of the regidue cbtained ars given in tebles
2 Bnd 3 in the secticn on Results.

The product pas, water, and remaining ash-carbon mixture pass to the belton of
the scrubber through a water-Jjackeled line. The gas is scruhbed with water as it
passes upward throusgih the ring-packed scetion. The water level In the hese of the
scrubber 1s kept conetant with a float-contrelled letdown valve., The water, contain-
ing fine ash and carben, is blown Into a2 letdown tank, and the stream from this tank
is measured and campled for residuc coutent.

The scrubker (fig. 10} is a simple shell designed for pressure operation and
contains a section filled with ceramic Raschig rings. The gas and water stream from
the gasifier erters the scrubher tangentially., A renewable baffle to protect the
shell from abresion is provided. The gas is washed with cold water; all the water
and residue leave through a float-controlled letdown valve (fig. 11), Examination
has shown thet the Raschig rings remain clean and tkhat no residue is retained in tie
scrubber. From our present knowledge we cen say that the residues produced by thie
process probably can be handled with adeptations of cquipment now availsble,

The exit ges leaves through an automstic valve that controls the gacifier pres-
sure, Eecause of its design pressure limitations, the Theisen disintegrator (fig.
12) cernot be used at more than 250 p.8.i.2. Consequently, & second letdown valve is
uged sfter it to keep the pressure at that point., Between the scrubber and the dis-
irtegrator are pressure-rellef valves that will act should tke regular gas-letdown
valve fail.

A scparate linc was provided so that the gas could be hypassed around the dis-
Integrator and measured in a positive-displasccment rotery metcr vt 20 p.s.i.g. and

anl orif'ice meter at stmospheric pressure.

The varicus high-pressure water pumps uscd to swupply spray and cooling water
are all standard items.

Reactant Nozzlc Development

The resctent nozzle has undergeone several changes, nececsitated because of
changes in reactant preheating end opersting pressures, Using a low-velocity coal
stream carried by a minimwu quantity of inert gas, there is an optimum velccity for
the Jjots of combined stesm wrd oxygen if best mixing is to be chtained. Changes in
lhe pasifier pressure affect the actual resctant volumes, ss do charges in the re-
actant ratios, that is, pounds of steam to pounds of oxysen in relstion to pounds of
coal fed,

The present noszle (fig. 4) is designed for coal-feed rates of 700 pounds per
hour at 3259 F., oxygen rates of 7,000 std. c.¥. per hour and steam rates of 210
pound per hour when the steam and oxygen sre at G00° ¥. end the rcactor pressure
300 p.s.i.g. This sets the maximum velocity for the oxygen-stesn mixture, leaving
the small nozzle orifices at 300 feet per secomd. Experimentsl work has not pro-
ceeded far encugh to allow more exact shatements as to the opbimum nozzle discharge
conditions or the elfect of nozile design on gasification results. The number of
variables affecting nozzle design are such that an extended experimental program
Will be required. For the present, the problem is complicated, inasmuch as the
mozzle is used as s preheat burner aleo,

Referring to figure 4, coal enters tube L, and the stegm-oxygen mixlture enters
through tube €, mixing teking place at the nozzle orifices, An insulated spasce
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Surrounds tube C to prevect vndue cooling of the steam and is Tollowed by the water
Jacket, The threaded orifice Piecve shown in thig drawing has beer replaced by an
ali-welded type of construction. When the unit is hegted under atmosgheric Dressurc,
natural gas is wused in tiube D and air-oxygen or straight oxygen in tube C.

Steam-Oxygen Superhegter

The Steém—oxygen superheater is showm ir figure 13. Water under pressure is
introduced to the lower coll, of type 304 stainless steel, Oxyzen enters the wnit
end is partly preheated before meeting the steam at the point indicated by TC{T2-4)
on drawing. The oxygen coll is slso type 304 8S5. The tteam-oxygen mizture coil is
made of SA 213 typc 316 85, Using these alloy materisls it is rossible to prehest
the steesm-oxygen mixture to 9009 F. in the superheater unit.

The it ic ecguipped with valves on the cutlet side so that it may be brought up
10 spproximete test rates on steam with C0o in the oxygen coil before the gasifier
is pressurized. The mixture is heated withk = stendard premix-type burner, using sir
and notural gas,

Coal Prcheater

The coal preheater is o simple pinc coil hested externally by 100 p.8,i.g. steas
through which the cosl flows., Experimental work now in Erogress indicates that the
¢osl, in the fluldized stete, may bc heated to gbout &O00 F. or Just below the plastic
gstage. By such preheating sbout 14 B.t.u. rer pound of coal fed may be recovered and
reburned to the process., It appears that use of the prcheated coal is bereficial be-
tause, for one thing, it decreases the reaction iime, msking smaller vessels rossible.
Such a reduction in reactor size alsa reduces the overasll heat loszes from the process,
When lignites and ccrtain subbitwninous coals are used, the moisture content of the
air-dried, pulverized fusl would supply a1l or most of the sicum for the resction,
Consequently, Plans are underwuy to carry out a test program to determine how cosl
Preheating can best be utilized in large-scale units,

Safety and Conilrol System

Operation of any pressure vessel, particulerly cne handling potentially explo-
2ive miztures at high temperatures, talls for careful examination of protective
devices and systeme. In designing the safety eystem, shown schemabically in figure
1k, it was desirea to cover the following possible emergencicg:

(1) Failure of coml flow, which could set up an explosive condition owing
tc oxcess oxygen.

——
%
P

Steam-genesrator failure or steam-line fellure, which could cndanger
Fersonnel from steam and/or gllow gas to escape into the operating aree,

(3} Oxzygen-supply failure or line rupture, which could cause fire in seversl
WaFSE .

(1) High-pressure tooling-waler failurc, which could allow development of
excessive shell temperatures.

Since in eny plant operating on electric power such pover may fail, the cmergsncy
Syatem and the normsl operating controls were devised so thet the plant would he placed
in a safe condition automatically if such failvre occurred. Also, provision was made
for emergency shutdown of the Plant from outside the operating ares if necessary. In
addition to the routine checks on this system made beforc any run, there have been
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ceversl occasions when i+ wes uged during a rum, for example, steamtine locgks, momen-
+tary stoppage of coal feet at startup, esc., and it hss Funciioned satisfactorily

every Lime. i

Wnerever axn unsafe conditlon can build up grsdually - Tor example, line stozpaze
from sludge or overheating of a piecc of equipment - visual andfor zudible alarms

are used. These permit correcticn of the cvondition before a complete shutdown would
1%

he needed.

Tn designing the cafety system, the uim has been, in any perticular case, to
chonse s methot of control that would it into eny geheme Tor meking remote, auto-
matic control of the process nogsible. In this early decvelopmentel stage ot the
work, the decision to meke an operational change, in mest instences, must be made
. by en individual. But wherever possiblc, tae control mechanism sctuated by the in-
3 dividual is of & type that could be activated by some kind of master control wunit.

Broadly speaking, all materisls being handled in the plant - from the introduc-
tion of the pulverized cosl imto the first pressure hopper to the final product -
behave as Tluids. Consequently, it sppears thet, by using equirment now in existence -
such as flow controllere, +elenghbers, continuous gag-analysis woperatus, and even
television (to check on ignition and malztenance of eame as in boller practice),
ete. - the process can be controlled so thal exposure of persannel to hazardous con-

aitiens is st 2 minimum.

The syslem is dual. Any candition that would creatc en immediate danger 1is
detected by the safety system, and, through a network of relays and interlocks, the
entire system is placed in a standby or voafe" condition., In additlon, menual
gwitches may be actuated by the operators to open PUrges, cte., or place the gystam
in stendby. In general, it is impossibkle for en operator, by throwlag the Wwrong
awiteh or meking some otler error in opersting the unii, to cause sn unsafe condi-
tian. TFor example, if the cosl flow snould be insdvertently cub off, Lthe oxyzZen
Figw would also be irmedistely cut ofl by the sufety systen.

The oxygen end wster flows to the cxygen-stesm superheslcr &re metered by con-
ventional pneumetic differential tremsmitters crploying orifice plates as primery
elements. The cozl flow is metcred ny observing the pressure drop across g cali-
brated section of the coal-feed line.

In either an oxygen- oY coal-flow failure, the safety system immediately cuts
off the flew ot the other rcactant and opens vaive VA-5, admitting carbon dloxide
into the oxygen piping, Stean fgilure presents no danger to perscomnel, However, it
does cause damage to the superhcater roils. For this reason, if the steuan fails,
heat to the superheater 1s cut off through alatm P-42-4A and colencid valve VE=2,

Excess-temperature alarms T-1-4, T-3-4, T-4k-A, and T-H-A on the superiested
oxyeen-steam line and in the weter in both gasificer and scrubber do not shut down
the equipment if actuaicd. Abmormal temperatures indicated by these slatms give
both visuel and audible signals, enabling the operator to rectify the condition be-
fore damage results.

The letdown or emergency button ES-1 iz installed in s promineni plsce on the
control penel. This hatton, when pushed, culs off the cosl and oxygen Tlows, admits
purges to the vessels, and quickly brings the system to atmospheric pressurc. It
should be emphacsized that in any Failure of cosl or oxygen, failure of the instrument
air, or electricul failure the gesifier gmd reisted eguipment are placed in a "safe’
condition automatically.
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Not shown in tihe drawing is an emergency button, ES-13, which is outside the
building houeing the eguipment. 7This control is in pearsllel with ES-1 and can bo
used In the ssme way,.

This safety system is carefully checked hefore each triel run. Possible sbnor—
mal conditions are simulated, end the actions of the various alarms and interlacks
are obscrved.

Coal-Feeding Equipment

The instrumentsticn flowsheet for the coal-feeding system from the continuscus
coal feeder up to the coal prehester is shown as fizure 3, TFor morc detsiled de-
scriptions ol this method of fesding coal, the rcader muy refer to the following
rublications:

MeGee, J. P., Schmide, L, D., Danko, J. A., and Pears, C. D., Pressure-
Gesification Filot Plunt Designed for Pulverized Cosl and Oxygen at 30
Atmospheres; Pres, before Am. Inst. Min. and Met. Fng., New York, M, Y.,
Feb. 20, 1952, Gasification and Liguefacticn of Cozl, Am, Inet. Min. and
Met. Eng,, New York, 1953, pp. B0-108,

Albright, C. W., Holden, J, H,, Simons, H. P., and Schmidt, T. D., Pressurc
Drop in Flow of Dense Coal-Air Mixtures: Ind. Eng. Chem., vol. 43, No, 8,
August 1951, pp. 1837-1840.

Barker, XK. R., Sebastisn, J. J. 8., Schmidt, L., D., and Simons, I. P,,
Pressure Feeder for Powdercd Coal or Otker Finely Divided Solids: Ind.
Eng. Chem,, vol, 43, No. 5, May 1951, pp. 1204-1709,

Dotson, J, M., Holden, J, H., Seibert, C, B,, Simons, H, P., and Schmidt,
L. D., New Method Measures Solid:Gus Ratio in High Solid Flow: Chem,
Eng., vol. 56, October 1949, pp. 128-130.

Albright, C. W., folden, J, H., Simons, H. ¥,, and Schmidt, L. D,
Fneumatic Feeder for Finely iMvided Solids: Cuem. Eng., vel, 56,
June 1949, pp. 108-111,

The continuous feeder is supplied from the batech fecder ss needed during the & -
test run, the batch feeder being rofilled pericdically. TInert gas enters through i 2
control valves FR-1 and PR-2 in quantities nceded to Fluidize the coal, bring the E
units up to operating precsure and, during runs, make up for the conveying gas R
lesving with the coal, These valves are controlled to meintain constunt feeder- '
gasifier differentisl pressure. 3

To fluidize the coal, the inert ges In the Ffeeder is recirculmtzd by the re-
cycie compressor, which is controlled to maintain g superticlal upward velocity of
0.1 to 0.2 foot per second through tlie coal bed, This recycle gas is dedusied by
g2 cyclone-type separator in the feeder and the knock-owut chamber in the regycele
line. Heat of compression is removed by the heat exchanger,

The Fluidirzed cozl ie withdrewn from the fesder tharough an extrection funnel
wonen vaive VA-3 is opened. The ccal-flow rate 15 mcasured by the pressure drop
through the calibration coil. The coils ere calibrated by feeding imto = Eressure
chamber from which the cosl may be withdrewn end weighed. Pressure taps (fig. 15)
have been developed that use a micrometallic filter element. These allow Lrans-
mission of pressure impulses without filling the impulse lines with coal, They can
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be Xept free by periocdic blowback, A similar pressure tap {(fig. 16) is used inside
the feeder, This is xept free from plugging by the movement of the Tluidized gas.,
From the coll the coal stream goes to a sightglass, which serves as a visual indi-
catlon of coal flow and also as a pressure tap for the differential pressure alesrm
FD-2-A and shutdown ceontrol PD=3-A, At the gightglass 2 very small esmount - about
120 cu, ft. per hour - of sweep gas 18 used 4o keep the glass clean. The gction of
the olerm and shutdown controls is explained in the description of the safety system,

When runs are made in the gasifier at pressures over 200 0.8,i,8., the procedure
has boen to bring the coal feeder up to the pressure necded for the test and to be-
gin the test with the gasifier at slightly under the test pressure. To keep the

coal flow at the begimning at, or slightly less than, the test rate, 1t is necessary f
to 2dd "control” gas through flowmeter FL-10, {See fig. 3) This reduces the smoumt %
of coal fed for a given presaure drop across the calibration coil. As the gasifier 4

pressure builds up, the contreol gas flew is reducced and finaliy cleged off completely,

Figure 17 is a set of typical flow-coztrol curves used during operation of the e
coul feeder, These show Low, by varying the amount of control gas from 0 to 500 std. p
c.f'., the smount of coal fed, pounds per hour, for any given "delta P" across the
calibration coil cen be changed, '

The smount of conveying gas used per pound of cosl varics with the operating
pressure used (fig. 18).

Furthcr czperiments are bei carried out with z device that may make the usc
of the sightzlass unnecessary,ll/ This wnit, which has been designated =s Cepaci-
tometer, gives a positive indication of coal flow, which is achieved by messuring
the change in capacity of a condenser installed in the feed line, The chsnge in
capacity is effected by the variancec in the coal - conveying-zas ratio of the fiow
through the condenser, This effech ig transmilied to an oscilloseope and can be
used 8 a posltive indication of flow. By combining this unit with the prcssure-
differcntisl controllers, it is believed that fully sutomstic comtrol of the flow
may he achicved.

; i
For any given sice consist of coel that can be figidized, the welght of coal g{
conveyed per unit of btime with given line sizes and preseure drops does not vary i
more than 3 percent,
OPERATING PROCEDURE g

On completion of any tests, the gasifier is opened for imspection, the scrubber
base is drained and cleaned, and any equipment item thst has not functioncd properly
is removed for checking. Periodically the steam unit is scid cleaned, and the re-
cycle pumps ere inspected for asccumulstion of dust and evidence of wear in rotating
parts, To date it hus been necessary to rcmove the reactant nozzle cach time, since,
as fecd rates and operating pressures are changed, the nozzle requires modificuation
Lo mslntain suitsble resctent velocities, Congegquently, befeore each test run, the 18
individual units and the plant as & wmit are given a conplete pressure test and
checked after reascembly .,

Preheating 1s carried out at a pressurc slightly above atmospheric, sbout B
1 p.s.i.g. at the gasifier. During the early cteges, z steam ejector is employed :
to exhaugt the products of coxmbustion from fhe scrubber. A4s tlhe preheating procceds,

137 Dotson, T, M. Bolden, J. H., Seibvert, C. B., Bimons, 3. P., end Schnidt, L. D.,
New Method Measures the Solid:Gas Ratio in High-S0lid Flow: Chem, Eng.,
vol. 56, Ockt. 19kg. pp, 128-130. g
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thie ejector is ciosed off, and the products of cambustion are Forced oub both the
gas-outlet line gnd the water-outlet line frow the scrither by carrying a low water
level in the scrubber, which asllows the water-outlet line to serve &z & stack,

The temperasture of refractory surface in the upper part of the gasifier is
brought to approximately 2,200° 7, before startup. Because of the rapid loss of
heat to the cooling coils, the teomperature of this surface at the time the coul and
oxygen sre introduced is sbout 1,800° F. At present feed ratcs 10 to 45 minutes is
required after reactent flows are started to raise the refractory to equilibriumr run
temperatures.,

Before startup, the coal in the feeder is fluidized and raised to run pressure,
and the betch feeder is pressurized. The gteam-oxygen preheater has been raised ta
temperature with steam flow through the coils, the steam exbausting to the atmos-
phere. When the heatur burner is shut off, the scrubber and gasifier are reised to
gpproximately run pressure by sdultiing inert zas &t the scrubber, the gasifier
sightglass, and the coal-feed line. The incrt gas admitted through this last line
consists of the sweep gas usced to keep the sightglass free of dirt snd the contral
gas (fig. 3) uscd to temporarily reduce the rate of soal Tlow st startup.

With the gesifier and scrubber rressurized, cteam fiow 1s started to the gasi-
fier at the test rute or sorewhat less. Coal feed ic started at approximately the
test rate or less and the oxygzen flow at greater than the test rate, generalliy =t
the ratic of 11 cu., ft. of ocxygen per pourd of coal. This is done to essist in
quick igniticn and to insure rapid heatup of the refractory Lo run tempersturcs.

Because of the rapid pressure rise in the gasifier when the oxvgen flow is
started, the inert-gas flow to the scrubber is shut off automatically when the
oxygen is turned on, The inert-gas f£flow to the sightglass 15 reduced a2t this time
to the minimum needed to keep the port open or closed off entirely,

The control gas flow is gradually reduced gs the gasifier reaches run preseure
and finally is shut off. The amowit of inert g3g used at the sighiglass is about
120 std. c¢.f. per hour, snd the amount entering as fluidizing or carrying gas with
the coal 1s approximately 1.0 std, c.f, per pound of coal, at 300 p.s.i.g.

As gasification proceeds the oxygen snd steam flows are ed justed to the desired
ratios or, ir some of these cariy tests, to the cooditioms that appcer to be satis-
Tactory as Judged by twe thinzs:

(1) Maintenance of adequatc carbon gasification, and

{2) Mainterance of reaction temperasturcs sutficient to obtein suck
gesification without excessive fluxing of refractory,.

In these tests It hus not been possiblec to set exact rates Tor all the regctents
In advance lor the following ressons:

(1) Lack of exact konowledge ae to the relstionship of the temperatures as
irdicated by the thermacouples in the refractory and the refractery

Tace temperature,

{2) Variation, generally increase, in interior volume of the gesifier
during the early runs.

(3) Vuriations in nozzle design between runs.

(&) Veriations in type of refractory used for lining the gasifier, which
exlisted up fo test 15.
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To insure flow of slag it is necessary to maintain the exit gas and ash at
about 2,4000 F. while not overheating the refractory at the top. Until seversl
short teste have been made and termperature data obtained (both from preheat perlod
and test run), along with examination of the refractory, the temperature gradisnts
cannot be exsctly kmown for control purposes. After experience with the initisld
lining and the second ome of B, & W. 80 Firebrick (fiz. 7) two thermocouples were
placed in each thermocouple opening, and were designated TC 1-5, TC 2—6, TC 3-7 and
TC 4-8. I the refractory should flux or crode so that the thermocouple ncercst
the refractory surface is damaped, the second can be used for control purposes in
future tests, since the temperature gradients will be kmeown. Changes in nozzle
design, coupled with varying reactont rates, also complicate the problem of deter-
mining corrvect control temperatures, becmuse these changes aff'ect the location,
vertically, of the point of maximum heat release.

Until congiderably more data are available on capacity-volume (or, more exactly,
capacity and diemeter-length) relationships, estimastes of maximm feed retes for any
volume cannot be set in advencce with much precisiom; therefore, it wus necessary to
make feed-rate adjfustments as the test progressed,

As shown in figures 7, 8, and 9, the refractory hes tended to develop and ovoid
shape, which reflects the vertical temperature gredient in the gasifier, Far any
lining, at & given gesilfler operating pressure, there is a meximum pressure drop
through the slag throat that, at least under ocur present equipment conditions, can-
net be exceeded, becsuse above that pressure differential excessive quantities of
gas will be bypassing to the wall, with development of hot spots on the shell.

At the precent atapge of the experimental work, it hasg been necessary to arrive
at a working halance smong all these factors by a8 frial-znd-error method during the
sarly part of the run,

It has been found by experience that it is possible to Jjudge quite clogely -
within 5 to 10 percent - the probuable percentuge of carbon gusiticelion prevailing
at any given time by exemining the residues carried cub in the serubber water and
from the spot gas samples. A residue that settles quickly and gives no evidence of
carbon black flosting on the water indicates high ssh content wnd good gasificaticn,

The heavier slag and ash particles settle in the gasifier base and can be re-
moved periodically from the slag pot, There is some settling action in the scrubber
bagse, and this material can be removed periocdically by & device (not shown on flow-
sheets) similar to the gasifier slag pot. ‘ '

Mast of the remmining fine dust is washed cut with the scrubber water. Accurste
testing of the dust content of the gas leaving the scrubber has not besn possible as
yet, Bimple impingment tests on filter paper and the nonlumingus character of the
flsre-stack flame shaows that the dust content 18 very low, probably under 5 grains
per 100 std. c.f. The material collceted in the gasificr and gcerubber bascs is
weighed and snalyzed. The water from the scrubber base ie messured and sampled, so
that the amount of ash und unreacted carbon caerried out can be determined,

The make gas iz sampled continuously, spot tests for COp, Op, snd CO are mmde
with sn Orsst on the job, additional =pot samples are taken for complete enalysis,
and a composite sample representative of the entire run is obtained for complete
gnalysiz, All of these samples are taken at the outlet of the scrubber.

All inert- or purge-gus streums are melered, snd bhis gas is sampled so that
correcticng can be made for i%s use.
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A1l coal fed to the unit is welghed; ut the end of the test, Lhe coal feeder is
emptied and the remsining coal weighed,

Coal Preparation and Neture of Residues Chtaired

For all of the test runs shown, Sewickley-bed run-of-mine cozal from the Bunker
mine, Monongaiia County, W. Va., has becen used, This coal was choszen, sgince it is
avallable in large quartities and has an ash-Fusion peoint that is about aversge,
2,300° 7,

In tsble 2, page 20, analyses of cogls of various betches are given, The coal
is prepared by being crushed in & harmer mill to l/h—inch lze and then pulverized
in & standard Raymond mill., TFeor these early tests cosl of thc fine size showr {90
bercent through 200-mesh) was used, since it was belicved fineness would increase
the speed of reaction. Other work on tie atmospheric pressure gasifiers has shown
that a coarser fuel, minug-Z0-mesh with about 25 percent through 200-mesh, probably
will he satisfactory. 4c the experimental work procceds and the equipment consztrue-
tion stebilizes, tests will be made with the vosrse grind., Use of 20-mesh fuel
would reduce grinding costs considerably.

Representative samples of each batch of cocl prepared are ohtained at tra tine
it is put through the hammer m*11. A1l coal charged to the feeders for these tests
was weighed - placed in drums on platform scales. At the end of esch run, any coel
remaining in the feeder is discharged to drums and weighed, Tests made on the feeder
used for both the stmospheric- and high-pressure gasifiers have sizown that cosl re-
maining in feeder can be checked by measurirg the "equivalent hydrostutic head.”

On tests that use over 3 tons of coal, uny error introduced by using this measurement
to determine the amount of cosl remaining is negligible,

The residues that settle out in the gasifier base or slag pot and the socrdbber
base have been collected and weighed st the end of the test, In future tests the
slag pot will be emptied veriodically and the materisl welghed, The residues coi-
lected are screened, dried, and analyzed. The rcsuits Bre given in tables # and 3
{ shown later),

The fire material carried out by the water leaving the scrubher is checked &5
follows:

(1) The flow rate is wmessured every 10 minutes.
{2) BSamples of the residue-boaring water gre taken every 20 minutes,
(3) The filtered residue is composited, weighed, dried, and anelyzod,

Trere is one element of error in this method, In some of the tests the agction
of the water-letdown valve has been erratic because it jums under the higher pres-
sures, This, of coursc, has caused periodical release of "slugs" of water and resi-
due, which are not truly representstive of the sverage flow copdition. The valve
action hes bheen improved, and eguiprent is being prepared for later tests that will
make it posslible to collect ail the resldue discherged in the water.

The representative screen analysis of these residues {table 3) shows that the
material is of suck size that it can be bandled through small Plug valves, At higher
fced rates the residue might be more like that obtuined in slag-tap furnaces., Hgw-
ever, 1t now appears that, if the rresent mothod is used (that is, withArawal of all
the gzas at the slag port and using Tine water spray at that point), the slag obtainead
will not be difficult to remove from the eguipment,
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