the desgign of tho bebble heaterg or Royster pebble stoves, allows for
i investigation of the relative advantegeg of supplying the heat noedod for th

: steam:carbon reaction Trom clther highly guperhezted “etesm or from partig] '%

| combustion of the coal with oxygen, B : -

i . C

! . . . wp
Discussicn of Subsidiary Problems Involvad

J To carry out the process as dogeribed, scveral problsms had to bo - e

! solved. The production of steam at terporatures above 53,0002 F, has requirsg

f & study of refractories suitable for use a8 pebbles and for lining the

l stoves. Also, to be certein that the best materialg for lining +the gensraton

T would ba chosgen, studics havs bosn made of the action of varioue coal slegs

’ on refractories at high temperatures, This work will ber described move fully
in a later roport on ths hoyster pebble stoves, -

In any process for gagifying pulverizsd coal, the method usscd for .
! introducing the coal into the reaciion Zons Assules rajor importance, The
i method must allow for continuous, stoady, controllsble Flow of the cosl in

¥ such a8 way that Tlash-backe are roduced to g minimn, As a regull of ths
oy study of this problem, a pneumatic cosl Yoeder wag  devoloped and used

b successfully in the gasification runs. Thig fseder kas besn described in
B '

' the literature,15/16/17/18/

h When a gas has bosn hested above 3,000° ¥., the problem of securing an .
4 accurate measurenent of ita tempsrature ig very Qlfficuls. Pyromator ro- .
1 tecting tubes suitabls fer ingeriion inte the steam: stream in the tomporature
A range 3,5000-4L 000CF, are not commsreially available because of refrastory

A problems, Our work here has followed o lines ~ (1) sttempts to develop

§ protecting tubes that could be Ingerted in the stesm gtream amd (2) attompts
4 to detormine guch relationships ag mey coxlet between the steam temperature and
3 the top pebble-bed terporature thet can be moasured with an optical ryro-

L mater. S

8ince opcraticn of the steam superheaters or pebbls stoveg ig cyclic
(that is, they are heated for 5 minutes and then steamed for 5 minutes), 1t
1s necessary to prevent the ©low of the products of combustion from the stove
being heated into the gencrator, Also, gince the materiale used in the
refractory linings of the stoves and in the pebbles are partioularly subject
to slag attack, 1t is necestry to provent any fine dust from the Sensrator
blowing Dback into the gtoves during the revergal periods,

15/ alvrignt, C, W., Holden, J. H,, Simons, X, P., cod Schmiat, T, D,
Prioumatic Fecder Tor Finely Divided Solids: Chem. Eng., vol. 58,
June 1949, pp, 108-111.

16/ Dotson, T, M., Holden, J, H;, Seibert, C. B., Simonds, R, P., =nd Schmidt,
L. D., Nev Mothod Moasures the Sclid:Gas Ratio in High-Solid Flow:
Chen. ZEng., vol, 56, October 1949, Pp. 128-1%0,

&Z/ Sgorctary of the Interior, Synthetic Liguid Fuels 1548 Anpual Report:
‘Bureau of Mines Rept., of Investigations 4456, 1949, pp. L1-s9,

18/ secrctery of the Interior, Synthetic Liguid Fuele 1949 Ammual Reports:
Burean of Mines Ropt. of Investigations Les1, 1gs50, Pp. 13-59,
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“or the The original design of the unit called for use of rofractory valves
Eial in the steam lines from the stoves to the gensrator. Ths difficulties
encounterad with these will bBe desgeoribed later in this roport. The hot
valves proved unsatisfactory and wers climinetsd before any gasifying runs
woere ade, No lmmodiaste solution te the rroblem was available, so 1t was
docided to equip the unit witha differentiel-pressurs-control dovise zo
grranged that the prossure on the top of tho pebbls stove, while heating,
quirs would bz kept slightly above (approximately + 0.05 inch E50) thet in the
generator. This, of course, cansed soms glight contamination of the "malke
leraton gas" with P.C.C., but, what was move serious, apparently permitied occasicnal
slagg blow-bhacks of dust from the generaicr into the pobble astove. Consequently,
y fully, a water-cooled valve that will be doscrited later has been designed for this
o gervice. ' :
E From the naturc ¢f the process chosen, it would be expectcd that the
The agh from any ccal would be heated above the ash-Tusion temperaturs, Con-
Cin saquently, the gensrator dosign allowed for removel of part or all of the
he ash as sleg. EHowever, nc method of determining, in advance, the amount of
slag to be romoved oxists, 2nd in the oorly work such glag as formed was
in edlowed to accumlate in the base of the generator and was rercved periocdic-
_ ally after the generator hnd cooled.
g aﬁ1} _ It was apparent esrly in tho investigation of the various processes
ro,,f“ ueed ¢r advocated For tho gasification of pulverized ccal that the problem
rature: of dust removel Trom the gag was very difficuit. It was also evident that
oryuﬁ% the physical nature of the dusts wonld depsnd upcen the particular method of
op -gasification used as well as upcen cperating variables - for example, steamicoal.
U and oxygen:icoal ratios. - znd the kind of coal used, Copaequently, the
re an cquipment found satisfactory in. onec instence might not be sultable in another.
om Tt was, thersfore, considered advigable to make some prelimirary runs with
Very elmple squipment for ccoling end washing ths gas in order to obtain
sore indlicaticns of the nature and quantities of dust that wewld be obtained.
. Another pert of the dust-removal problsm iz digposal of the meterial recovered.
l“iﬁ_; The sconcmic answor to this probleom depends uvon the valus of the residue
’ o Obtained, and this in turn determines the method choson for itas recovery, If
stovel the carben comtent of the rosidue is high enough and if the amount is such
bjecf thet to send it to waste would congtitute a scricus cost chargo againzt the
Loy - Mrocssg, tho dust should be removed from the gas in the dry ghtate, Dry
Tecovery of the residume facilitates rocyeling the residue in the process or
ta trenspert and use ag boiler Tuel, 'the cogt of dispopal of waste mugt
aleo be cengidered, and dry recovery is egain indicated so that the residue
Y be used as boiler fuel if for nothirng else. Teosts have shown that this
, Aust in the dry state can be easgily fluidlzed and transported in the pneumatic
chmid feeder, so that uilization in 2 large plant is simplified by dry recovery.

Te provlem of removing dust from the gas steam is being concurrently studled
O a laboratory znd bench scalc, as well ng on & pilot-plant scale.

, The prchlom of purilication of the make gases after dust removal is
alzo belng studled. Scome of the analytical methods used to determine the
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sulf'ur content and types of compounds in the gaszes from the pilot~plant
generator have becn described.ly/20/

DESCRIPTICH OF PILOT PLANT

Royster Pebble Stoves and Superheated-Steam Flow Sheet

The errargement of the pilot plant is given schematically in Figure 6.

In order to conserve space, the alr heater criginelly planned was eliminated, .

Natural gas is edmitied through a flewmeter to the stove burner, and hand
regulation of the flow t¢ secure the dssgirsd pebble-bed temperalurs is done
at the burner, The combustion alr is sent to the burner from the rotary
blower, its flcw rale being controlled 0 sccurc the desired airigas ratic
by an Askania dlffercntiel flow controller actusted by the gas flow. To
cbtain pebble-bed temperatures over 3,000° F. the combustion-air supply is
enriched with oxygen admitted alter the flow controller. The proportions of
oxygen and alr used are determined by the tempsraturs necded and adjusted

to maintain a glightly oxidizing atmosphore. In a lsrge-scale plent the
combustion air would, of course, be prelsated and not enriched with oxyzen.

The products of combustion leaving the pebbls stoves go throuzh a spray
cooler and then to an sxhauster, This arrongsment vas used merely because
the exhavsiter avallable for the work was not designed for operation in the
S500°F, range. During the gasifying rung ths pressures in the stoves and
gensrator were cuch that tile exhauster weas bypassed and the gases sent _
dirvectly to the stack. The exbaust gases are nct metered tut are reriodically
analyzed and temperatvrc and other data secured so that heoat balsnces m2y be
obtained. The ccoling-air blower was used during rreliminary heating up of the
gtoves to prevent the bottems from becomirg teo hot,

Figure 7 chows the Royester pebble stoves end generator in the carly
stages of construction of the plant. Figure 8 chows a close-up view of tho
stoveg with the valves used for hend reversal befors ingtallation of the
automatic reversing cquipment, Figures 9 and 10 chow the stove lining and
the burner used in the work reported here.

To control timing of the stove reversing cycle and the air-actuated
valves, Teylor Flex-O-Timer equipment is used. This ie composed of thres
gtandard Flox-O~Timer units, one Tor each ghove and cne gpare unit. Eoch
unit is arrangsd go that reversals may be effected by hend operation if
necegsary and the cycle times can be variled from approximstely 2 minutes to
L0 minutes, - Thneo units are equipped with the usual slgnal devices to show

19/ Sends, A, F,, Wainwrignt, H, W., end echmidc, L. D., Purification of
Synthesis Gas Produced from Pulverized Ceel: Ind. Eng. Chem., vol, 40,
April 1948, ¢, 607, _

gg/ sands, A, E,, Grafius, M, A,, Vairweight, H, V. end Wilson, M, V., The
Determination of Low Concentration of Hydrogen Sulfide in Gas ty the
Methylene Blue Method: Bureau of Mines Rept. of Investigations hﬁh?,
1949, 19 po.
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i4, - Pneumatic coal feeder: small vertical cyllnder In rlght rear
is continuous feeder.
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