which stoves are operating snd to Indicsate any failures of the mechanisn
(sec fig. 11); this thotograph shows the panel-board arrangemsnt, ALl the
valves on thz gas, ateem, air, snd cxygen lines supplying the stoves ere’
gtandard air-cperaisd diaphragm wotor type., Flow scntrol iz by hand valves
and Tlowmeters.

The crlglinal refractory hot valves In ths superheated agteam linsg
betwecn the stoves and the generator ware fabricated from Earbison-Walker
fo. BWHCO-hrard megnesite bricks, XHach brick wag drilled for a shaft and
plinad to it as shewn in figure 12, design 1. In the preliminary steam runs
the valves wers revorascd by hand. The bricks lested for sbout 8 heurs before
ghattering, '

A czeond desisn was trisd, using a watesr-cooled ghaft extending
through the brick with the brick held by washers welded to the shat't
(fig. 12, design 2). %This design algo Tractured after a fev hour's ues.
Using the watcr-ccoled shaft, seversal other types of refractories were tried,
among thom Krore-cast cement mamufeactured by Babeool & Wilcox Co., tut
none weire gatlefuctory. Fallure of theee valves sscnmed to be dues to a
combination of thermal snd mechanical chock,

Ccal Fseder and Flow Shests

The coal fecding system, {fig. 13}, consicte of twe fiuldlzers - the
first or batch Toedar having a capacity of 1,000 pounds of coal and the
seccnd or centinucusz fecder, 150 pounds {lator increascd to 400 pounds).

- Both Tluldizers are squipped with Bristol pressure contrclilers tc maintalin
constent prescsure within the fluidizers, The sscond feeder has snough
capacity zo that it can cwerate continucusly while the first is shnt dowmn
for chavging., Investigetions have shown that abeut 20 poundas of coal are’
cenveyed through the feed lincs by L cubic feot of air at cur working
Irescsuros and that the instentenccus coal-feed rate ig dirsctly proporiional
to the pressuro deop across a given section of the feed line and independent

¥ the diszcherge przesure if the oxygen Flew and gencrator rressurs arce held
constant. In opsraticn, the ilngtsntenscus rate of Teed to the generater is
datﬁrmjnad hv refn*ance +0 Drnv1ou@lg rreparet calibraticn curves for coal

'*cedﬂr and ire ;eodlina sight glass. The unit with cuntrcl panel iz shown
in figure 1L,

Az a vesnlt of expericnce with the freder, certain asafety and control
devices {(sev fig. lj) wore added to lmprove tﬁe opsraticon and dscrease the
-darger of acoidents, Safety device L gives a visuzl and audidle warning of
& prosaure 4ecrease at ths sight glass caused by a slight decrease of ceoal
Teed or oxygen flow rate., Sarety device £ stops the oxygen flovw and starts
the carbon dioxide purge to the ceal injector when the pressure differsntial
between the sight glass and the geoncrator fallp sxcessively from Tailure of
Conl fsed ¢ oxygen supely. Safety devics 3 stops the oxygen flow and
8tarts the cerbon dicxide purge when the sight-glass pressure Yrisca excescively
bocanse of plugging cr flash-back within the ccal injector. Safety device

gilve n . warning of faulty operation of the Tluidizing air or controllex
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cauging a rise in pressure in the centinuocus fesder. In the development stage
is a =olenoid emergency coal-Teed shut-off valve, which will be installed a3
irdicated in figure 15, to operate In conjunction with the oxygen and carbog .
dioxide solencid valvss. '

The injector conslsts of a sighit-glass unit with an attached water-ccooled
tube ending at the inside wall of the gensrator, The sight~glass unit honges
the end of the coal feed line gpacsd a short distance from the entrance to
the water-cooled tube o1 nozzle. The fluidized coal is Ted through the coals
Teed line to the sight glase, and Trocess oxygen is admitted at the sight 3
glacas, As the oxysen cnters the fummel-shapsd nozzle entrancs it carries the
coal Into the nozzle, and the mixture passes very rapidly through the tube
into the gensrator,

Generator Construction

Considerations of a sultable design of the gensrator as regards the
method of introducing the resctants led to the selection of tangential inlst -
lines for the coal and stesm., Thess are tangential to a 2h-inch-djiamster '
circle, its center bsing a2t the center of the generator. By introducing
the reactants Iin this way, the cemirlfugal forces irvolved cause the largar
coal particles to be thrown to the generator wall, where they mey bo held by
the slag and the rcaction with ths steem and ocxygen completed.

The rerractory-lined generator has a stsel shsll 8 reet 6—5/8 inches 0D -
by 20 fest 7-inches high to the vent valve Tlangs, and an effectlve internal
volure of 86 cubic fest between the peint of introduction of the reactants
and the gas off-teke. Lining dotails are shown in Figurs 16, and locations
of the various test openings are given in flgure 17. The tubss for steam
adml ggion are made of Harbilson-Walker Co,, BYWRCO magnesite composition.
Betwoen them and the Inside lining (The Carborundum Co. Carbofrax, silicon
carbide brick), a ring of Farbiecn-Walkeor Co. EWRCO chrowe brick was used.
Both silicon carbide and chrors brick were laid using Thermelith cermcnt.

Dugt Traln end Flow Shect

The dust-removel train (sse fig. 18) conoisted of o wet-type cyclons
dust collsctor followed by three Asrotec-type cyclons separvators, operated
dry and each squipped with a hopper., From the last Asrotec the ges snisre
a sprayed standplpe and a standard wagh box, such as is used on vater-gas
setz, The gas, which still contains fins dugt, 1s motered through a Reobg—
Cornersville meter and thon flared. fny material waghed out in ths wot
cyclone and thal entering the wash box from the sprayed standpips is ccllected
in a sludge tank. The overflow water from the sludgs tank is wetercd over .
a welr and periodicelly sampled., Dust tests arc run on the gaz lwaving the
reter.

The ferctec cyclone collschors are of two designs., ‘e first two in
line have 5 fubes 3 inches in diametor and the third 1l tubes 2 inches in
diameter. The units have 8-inch inlet and outlet connections end are made
of No. 309 stainless steel in snticipation of use at temperatures over
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train: generator outlet at right.

Figure 20. - Vlew of steam superheater used in runs 26-31.
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Figure 21. -~ Refractory detail of steam superheater used
in runs 26-3}.




1,000°F. Because of moisture condensation in the sterting up of the unit,
1, n

“they corroded badly.

The use 0f wWaber eprays of the fogging type in the wet cyclone was &n
cdient adopted to lower the gas temperaturs from approximately 1,800%F.
jeaving the gensrabor, to LOOC-5007%, entering the Aerolec collectors, In
o largs-scalec plant o waste-heat voiler would probable be used Tor this
pose. 1n pparaticn, n cmall emovnt of raterial iz collected in this wel
s and washed to the cludge tark by & water stream In the base conc.
pigure 19 showa part of the dus —vemoval train. The water-sprayed cyclene

at the gencraior cutlot may be seen and perts of the Asrotec Loppers.

Modificationg of Unit for Runs 15-2%

i steam at line temporatures, 240°F.,
ghoves W&o umnecessary and the stoves
were discornected from the generater. One stoam inlet to the gemerator was

blanked off, and steam at 10 peundg gafge Prossure Was paszed through a nolstue

goparater and sdmittod through the other steam iplet. Stean Tlcwg Were
régulated by hand end measured by flow meters. No changes were made in the

gencrator oOr dust train.

Tnasmich as these runs emplaye
superheating by the Royster pebble

Modificaticns of Unit for Runs 26-31

A texporary stecam suporheatsr, illustrated in Pigures 20 ard 21, was
connected to one. of the steam inlets end used to supply superhsated steam

 at 1,6000-2,0000F, for theme runs. Thig superheater ccnelisted of a refractory
lined chamber aquipped with a netursl gas-oxXygen burnor and steam. inlet

‘ports end provided with nocessary openings for pressurc and temperature
resdings. Gas, cuygen, and steen £7owe Wore regulatod by hand valves and
masured by standard Plew meters. 'The turner was one that had been dcatigned
0 supply high-temperabure (4,0000F.) stoam Por another experlment. At the
lower temperatures used hers, it was found necegsary to use considerable sxcess
oxyzen to reduce the emounts of unburned gases 1o under a few Ttercsnt.
Products of combuation, principally carbon dicxide snd stcam, sntered the
generator with the superheated pteam and reguired certaln adjustmsnté in the
material sné heat balances, No other changes were nade in the generator or

dust train.
PROCADURES USED

Preliminary Stesm Runs on Roystsr Tebhle. Stoves

Bolore making any gasiiying runs it was necessary o mske extensive
tests on the Royoter pebble stoves to try out various materials for pebbles
and to test the operation of reversing eguipment. After each change in type
of pebble material or modifications of the reversing-control squipment this
“Work had to be repeated., Scme of 1t was done Just bofors making gasliying
Wns; and some of the test work as regards msthods for determining stean
tempevatures, for example, was carried on during the gasifying runs. This
Work will be completely described 1n the subsequent report of investigetions
on the Royster pobble stove. Becsuse of the wey in which the experimental
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unit was, congtructed, it was necessary to carry on concurrertly the de"ﬂlop— :

ment of opﬂretlnc procedurss for the entlre unit and the study of suitable
refractories for the stoves, ae wsll as ths study of the actual gasification
rrocess, This has meant that to date 1t has not been posaible, except in
a Tew ingtances, to make check rune in which all operating variables could

be exactly duplicated, During thess lests, the top of the psbble bzd in- the:f

stoves was held at about 3,6000F, for several months., Steam has bsen heated
to about 3,L0CC0F, The officicney of the Royster stoves is generally greater
thar 80 percent.

Fir GamAYHA Runs

Durirg the preliminary stove tecsts, work was done on the development
of a satisfactory coal feeder, and in October 1548 the pilot plant vas ready
for triel. During these and SubSLQ1 ent triasls, the pilot plant gave an
excellent performsnce. Twelve test runs were made, using Upper Freeport bod
coal Trom Presten County, W. Va,, ground to 70 percent. through 200-mcsh.
This coal was used in spitc of thc Tact that its characteristics, high ash,

approxlmately 12 percent; high-ash melting point, epproximately L,guODF., and;

strong coking propertiocs, made it cne of those probably meet difficult to
gaslfy. Thesc runs were made to study: (1) Operation of the coal Teeder,
{(2) method of intreducing oxygen, and (%) intogration of the pebble-stove
cperation with that of the generator. As a rosult, the runs were brief,

end the data Were not sufficient for oxtensive calculatlcns. Alsc, the gas

mede was not of the quality to be sxpecied under stable operating conditions.

These rung indicated that the coal-feeding srrangemcnt was &8t38¢abt0;y S

and that, with the provision of an auxiliary feeder, coal flows could bo
malnualned over long periods. Three mathods wers tricd for intrcducing
process oxygen, namely, all with the coal, all with the steam, and most with |
the stoam and only thai nesdsd to sceoures gafc injection velocities in the
feed line with the coal., Since there was no apparent diffeorence in results
with these different injection methods, it was decided, as & matter of
convenlience, to introduse 21l the ox JS&H with ths coel as 1s indicated in
the fiow ghoot (fig. 13), and this proccdure was usod for all subscquent
runs,

Thecae tests also showed that the refractory lininzs in the stoves could

nov be operated at top temperaturcs of over 3,6C0YF., and this was the maximm

temperature used in runs 1 - 1%, inclusive,

Dust tests were made on the oxit gas, and the sludges from the spray
cocler were samplcd. The resulis, while not guantitative, gave useful
Information for deSlgnlng a more complete dust-~removal train.

Suparhcatcd-Steam Runs {(1-1L)

Tho experimental unit, previously described in figures 6 to 17, was
cemplsted using the 1nforma tlonm obtained in the first gacifying muns on
Upper Freeport bed coal. Stean runs wsre then made, and, after adjusiment
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£ the Royster-stove instrumsntation, coal runs were begun using the procedure
‘stlined below. (Refer to figs. 6, 7, and 18.)

' (1) The generator, vented at the tcp to the stack, was heated to
'&pproximately E,EOOOF., as measured by a thermocpuple extending about 6 inches
into the reection chamber at the 5-foot 9-lnch level, over a 58 - 72 hour

{2) Preceding the run, ths pebble stoves were heated to approximately
3,0009F. top pebble-bed temperaturs.

(3) Shortly after sterting to raise the stove temperaturcs, S-minute

o ‘cyelic operation was begun, and steam was ussd at approximately the rate to
roady be used during the gasifying runs. L

2 bed ~ The purpose of these three steps was to have the stoves at nearly stable
o 55 perating ccnditicns as regards temperaturc gradlents through the beds and

wsh, “to "soak™ heat into the gencrator brickwork, Because of the limited

I 5 generator heat-up bwrner capacity, 1t was not pcasible to prehsat the generatar
to . higher than 2,2000F,, although the temperature conditicns near the end of the
r, ‘yuns indicated that 2,L00°F, would heve been better. Consequently, during

7e . the early stages of the runs, heat wag beirg added to the gensrator brickwork.

{k) The genorator heat-up burner was shut off, spray-water flows were
tadjusted on the dust train, the gencrator vent was clossd, and the flew cf
‘hot steem, plus COp addod at cyclone.znd Aerotec hoppers, was started through

;. the dust train te purge it.

_ (5) When tests at the Tlaring stack indicatcd that the unit was purged,
the cozl feed was sterted at tho desired rate with the process oxygen added
“at the coal-Teeder sight glass (fig. 13).

.. (6) Steem, oxygen, and coal rates were then adjusted to those deslrsd.
Stin1] pressure changes in the gensrator when gesification sterted caused
mnor changss in the necesesry stove adjustments fto sécirs ths desired stéam
*rates ond top pebble-bed temperatures.

59“}ﬁ n (7) Temperaturs readings were taken at 15-and 30-mimmte intervals, and,
21T, Sxcopt for skin-temperature roedings on the generator and stove shells, were
algo recorded on Brown 12-point electronic recorders. '

(8) All steam, air, matural-gas, and oxygen flows were reoorded on
standard flow meters, The meke gas was metered through a Roots-Commersville

ay

b3

= (9) The wash waters collected In the settling tank were sampled every
B to 30 mimutes to determine sludge content, and the waste was msasured
OVer a weir., The heevier residucs goettled out in the tenk and werc collectcd
5 the end of the run. ' -
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residucs were collected for analysis.

All weter used in any of the dust-train equipment wag metered, using
"Rotamgters" or standard rotery disc-iyre water moters.

(10) fThe products of combugtion from the stoves were analyzed with
an Orgsat apparatus every 30 to U5 minutes., Samples of the make gos were
collscted every 20 mimutes for complete snalysis.

(11) The gac was slsc pamplsd for dust and moisture content at both
the stack and generator ocutlet,

(i2) At the conclusicn of the rung, which wore limited to a throngh-
put of about 2,500 pounds of coal by the size of the Aerotce hoppsre, all

(13) After the coal and oxygen food was shut off, the entire wnit wag
steam purged for 5 to 10 mrutes, then vented. Before any Loppors containing’.
fine dust werc opensd, they were purged with COp :

The usual temperature distribution throughout the unit Tor these runs’
(1 through 14) was as follows (Bee figures 22, 23, and 2k for generator
temperatures): :

D IP.
Steam-inlet temperature.., 3,000~3,500 B
Coal and oxygsn in at..... Atros, temp,

Outlet CYClone, vennncsaes 500
Qutlet No, 3 Asrotec....,, 425
Oublet wash BOX,..0senn... 130
Gutlet meter....vevuvauv.., 170

The Acrotecs were run at the temperatures shown to kesp the dust
collected as dry as possible,

When gasification was steried, the presoures in the genorator and atOVes'g
wers approximately 1.5 inches to 2.0 inches KEg, which was sufficient to i
force the products of combusticn, during a stove heating eycle,directly to the :
stack, and the POC exhuaustor was Dbypassed wntil the run wag discontinued. 5

All manomefer lines were equipped Ter blow-back with Clp, as they plugge&:
quite quickly due to ths dirty gas,

It was necsésary during thése runs to bypass the Roots-Connersville netéi
pericdically and flush it out with water.

Low—Tbmpérature Stean Rung (15-25)

On completion of run 14, the condition of the stove linings was such )
that they needed complete rebullding. This noccd Tor rebuilding resulted From
abnormal use of the stoves durirg the carly work on testing of. refractery
pebbles and development of suitable orerating procedures, The msgncsite
trick lining performsd very well, coneldering the severe tempsrature changes.
to which it wag subJected, and undsr usual operating procedures for refractory
1incd cqulprent 1t has becn ghown that & very economteal life can be expscteds
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