Figuwre 16 i3 a view of the slag-tap opening in the primary zone aPtepr test
34, This shows ths comparatively amall amount of ercsion of +the basge refractory and
slag-tap hols.

Figures 17 and 18 are views of the sidewsll refractory In thai zone after the
same test. The eroded arcas in the northesst gector of figwre 17 and the southwest
sector of figure 18 correspond to *those shown in the cross gectlon (fig, 10).

Flgure 19 is a view of the bottom side of the throat beotween the primayy and
secondary zones, The reactant-injection burners sre shown In the scuthwest and
northeast sectors, It will be noted that the support coil in the tlroat is wmiformily
covered with refractory and 8lag end thet no srosion ocourred in the refractory at
the points of bwner entrancs,

The bulldup of Fluffy £ly ash on the platen coils in the tpper part of +he
gagifier is shown in figure 20. This material was eaglly blown off and in lerge
plant equimment, steam lances or svot blowsrs would keep the tubes ¢lean, The deposit
of agh an the sidewalls of the gecondary zone has shown no tendency o buillad up past
1~ or 2-inch thickneas,

RESULTS

Princlpal rsgults

Table 1 presents, In cironologleal order, the Irincipal results through run 34
on etmospheric gasifier 4, Runs 1, 2,3, 8, 27, and 32 have been omitted fron the
tabie because opereting conditions were not satlsfactory, end the numerical date
vbtained were of no value For deglgn purposos, The firsl three (through rim 3)
proved useful for training personnsl and testing euulment cperation, especially
for Indicating sdventages of two reactent burners cover onse, but were regarded as
preliminary rether than dats rws, Rums 8 ang 32 were ended premeturely by fellure
6L & reactant bturner and a heat-trap call, rospectively, and riun 27 was short
because opsration was net satisfactory with +that burner deaign,

Bewlckley-bed coal was usgsd for sll test mms, the finer size (90 percent
minus-200-mesk) througk rua 18 snd the coarser size (70 percent nious-200-mesh)
teginning with run 19. The other resctants were gtesm end oxygen. The steam was
superheatsd to about 1,000° ¥, through mm S (except rm 5), and agrin for runs 33
and 3b, steam and oxygen were heatsd together to about £00° F. for runs 10 through
31, and the coal was hested to about 300° F. comencing with run 10, One reactant
burner was used for rms L and 2 (not reported), and two reactant turners were used
for all rune reported,

Colum 1 gives the run number end the basgls for calculating results. Single-
reriod runs are designated by Arabile numerals, such as 7 for run 7, Separste lines
ere shown for individual periocde and the overall averages of mltiperiod rung, for
oxample, lines I4A, 14B, 14C, and 14 for the three-perlod rw 14, F indicates that
1temws in columng 16, 18, 29 +o 34, 47 to 52, and 6 ere calenlated from {or based
on) carbon belances uslng product-gas flow date, R Indicates that these items arc
calculated from cerbon belsnces uzing residuc date, and A indicates an averagze of
flow and resldue dete, Except where only ons basis was avallzble, the method of
selectlon, explained in footnote 1 to the table, depends on wkich tasis gives the
best agreement between calculated and reported coal reguirements. TFor further
detalls see footnote 1 under table 1.
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Footnotes for Teble 1

1/ F izdlcates that ltems In colurms 16, 19, 30-34, 56-53, and 62 were celculeted
from {or based on) carbon belences uslng product-gas flow dats, R Indicztes
that these ltems were calculated using residue data, and & Indlcetes average
of flow and resldue deta, Except for & few runs were date were availsble
for only one basls of celculation, the basis selected wazs the one tast gave
the best materlal balance, Judged by the agreement bebween the reported coal
requirement znd the calculatsd coal requiremsnt according to the following
eguation :

To, coal per 1,000 gtd., c.f. (CO + Hp)

500 {1b. coal/lb, carbon)

§ ~ . 02 §td. net Ho ~ 5 St [CHp) T Sta. (O
3158 - 55 —camwen T Y2 B -oarhon To. carbon Tb. carvon

where f = fraction of cerbon In cosl gasified end the ather quantities are
expressed per pound of csrbon enterdng in the coal, Sid, Op refers to process
oxygen introduced (see footnots 3 belaw) s =21t4. net Hp refers to net hydrogen
ir the coal, and Std, CHL4 and Std, CgHk are calculated from the product-gaa
output and analysls. The derlvation of the abtove eguatlon, and sinmliar ones
for oxygen and carbon requirements, may be obtained from the suthors,

In those Ingtences where a particulsr basls glves ths best agreement for the
majority of periods of a multipericd run and reasonable agreement for the other
periods, that basis has been ugsed throughout the rwe., In rims 14, 15, and 16,
viere resldues were not separated by perlods, flow data have been uamed for the
individual pericds and the average date for the overall runs,

2/ The verious reactent burners are discussed earlier, and thelr distinguiehing
characterlstica are summarlzed in table 7, .

3/ Process stesm end procesa oxygen include only quantitles metered as such and do
not dnclude moisture or combined water in coal or cxygen in coel, The oxygen
1s expressed on the 100,0 percent basls, calculated from 99.6 percent oxygen
for the Cascade storage unit (runs 4 through 32) and $9.6 - 99.8 percent for
the new oxygen plant (runs 33 and 34).

4/ The dry product ges output (colwmn 16) and the product-gas anslysis (colume 20-24)
ere ag deltermined, without adjustment for inert feed gas with the cosl or -
purge gag to the gagifler. Materlal-balance ard hest-balsnce data (appearing
leter in this table) are based on the ss-dobermined Plows and =nalyses,

5/ The inert gas {colwm 17) comsisted of mbout 12 percent C0p and 85 percent Wo
(from Inert-gas generators) for rums 3 through 33, and about 94,5 percent Np

(from the new oxygen plant) for rup 3k,
&/ The figures underlined (colwmms 27-29) indicate the basis selected (flow, residue,

or average) for calculating test resulte. For example, &a may be conflrmed

from colwmm 1, average data were used for runs L snd flow date for mm 5.

_’{/ The steam decompositlon iz the average culculated from hydrogen and oxygen
balances, The figures shown In column 30 were obtalned by dividing the average .
steam-decomposition values (X 100) by the process-steam Inputs of column 6.

§/ Slnce several sasumptlons have been used in calculating the regidecce tims,the
reported values should be regarded sa only appmroximate,

9/ Colums 39 and LO show the rengs of positions for thermocouples ¢, 10, snd 11,

: Thermocoupls 9 was 1 Inch fram the lnner face for yuns 3 through 20, 1.5
loches for the next 3 runs, 3 inches for runs 2k througu 30, and I Inches for
runs 31 threugh 34, Thermocouples 10 and 11 were 1 inch from the lmmer face
through run 20, 3 incheg for the next 5 rumns, 5.5 inches for runs 26 through
30, and 8.5 inches for the lmet b yums, Thermoscuple 6 was out of place
(6.5 Inches from the immer facc) for runs 5 through 12 but thermacouple 5
(Instead of the average) has been used =g the stendard for these runs.
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The wmaccounted-for heat loss 1s determined by difference so that the heat
output (columm 61) will equal the heat Input (columm 45).

The calculated heat loss through refractory (colums 63 and &%) is hased on
refractory temperatwres and thermel conductivity of refractory.

The total preheat to reactents, B.t.u. per pound of ccal, is the gum of the
preheats given in columms 42 through 4k divided by the coal input given in
colum 5,

The total heat loss from the gasificatlon section, B.t.u. per powmd of coal,
18 the sum of the heat losses of colwma 55 through 59, divided by the coal
Input of colum 5,

\s
e

& &

Colum 2 gives the date on which the run was made, colums 3 through 10 give
‘run conditlons, end columms 11 through 14 glve Inmut ratlos - expreesed per pound of
raw coal and per poumd of carbon in coal,

Colum 15 shows temperatures indlcated by thermocoupls 13, located wlthin the
gecondary reactlon zone 8 iInches below the bottom of the heat-trap coils. This
thermocouple 1s consldsred of spsclal significance becsuse 1ts temperatures are
proportional to the theoretlcal product-gas outlet temperaturs, even though the

' thermocouple is affected by radlation from the reactlon zones end radistlon to the
eat-trap coils,

Column 16 gives the output of dry product gas in thousemds of standard cubilc
eet per howr on the as-determined bagls, that is, without adjustment for Inert gas
sed to convey coal to the gmsifier or as purge gas at the Bleg-pot cobeservetlon ports.
olumn 17 shows the Inert-ges Input so that = readsr may adiust the product-gas output
and emalyses (columms 20 to 24) for all or part of the inert gas added, No edjusitment
&8 been made here since it 1s doubtful thet the use of conveying gas would be
entlrely eliminated in & commercial-size process. Material-balsnce snd heat-balance
alculations are based on the as-determined (or wmadjusted} flows and analyses, The
seful oulput of synthesis gas (CO + Hp) is shown In colum 12, the product-gas
eating value in colum 25, and the Hp-CO ratio in colum 26,

The conversion of carbon in coal to geses 1s shown in colums 27 through 29,
talculated from flow date, residue data, and average of flow and resldue data,
respectively, to indlcate the degree of agreement by the three methods., The "stand-
ard” figure for each vvn is underlined.

. The percentage of process ateam decompogsd, shown in column 30, ia the average
obtained from hydrogen snd oxygen balsnces, A comparisor of these results with those
‘determined from the water vapor In the gas 1s glven later, Colums 31 to 33 expresdg
sthe compsrative econcmy of the process by showing the coal, process oxygen, and
droceas steam requirements per thousend standsrd cuble feet of synthesis grs (CO + Hp).
Column 34 shows computed equilibrivm temperatures of the water-gas shift reaction,
baged on product-gas date of colums 16 end 20 o 24 and st decompoeltion date of
folvm 30, using Bureau of Stendards egullibrium constents ?-._527

: Colum 35 gives the residence time in the geslfier, calculated from the moduch-
€28 guantltles in colums 16 and 18, a reactor volume averaging ebout 35 cublc feet,
2 outlet temperature proportional to (150° F, higher than that registered by)
Thermocouple 13 (colum 15), and en sstimated temperature of 2,400° ¥, at the slag
“roat, .
197 Wegmen, D, D., Kilpatrick, J. 5., Taylor, W. 3., Flizer, K. 5., Sossimi, ¥, D.,
v Heats, Free Energies and Equilibrium Congtants of some Reactlons Imvolving Os,
Hz, H2G, C, CO, CO2, and CEy: Nat, Bureau of Stendsrds Research Paper 163k,
February 1945, 19 pp.
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