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Severel methods of oblaining check weights on water flows to the superhester
durlng runs have been suggested, but none of them appear feasible for this partic-
ular installation. Also, no satisfactory method for direct metering of 1,000° F,
steam has heen found that would fit our installation, nor for the £00° F. steam-
oxygzen mixture. Hence, no inderpendent method of verifying steam flows during rums
is operating &t present, and calibration checks beilween rme must be relied on,

Coal Flow

Instentaneous coal-feed rates are determined by reading the "delta P" across
the calibration ceil coal-feed line between the coal fegler and the gasilier and
referring to the calibration chart {fig, 17) for that coal. The results should be
accurate within 3 percent, provided that the same type and size of coal, the samc
quantily of comveying gus, and the same static Eressure were used as during calibra-
tion runs. To safeguard egainst the effect of variatlons in coul type, carrying
gas, pressure, or other conditioms, the "hydrostetic head" of the {luidized feeder
i5 resd st periodic intcrvals as a measure of the quantity of the coal remaining in
the feeder, snd appropristc sdjustments are made when neceszsary. Also, a record is
malntained of cosl added to the feeder, and the feeder 1s empticed at the end of the
run, and unused coal is weighed, Thus, independents checks of coal consunption are
provided, and the adjusted consumption rate should be aecurate within 2 percent.

Product-Gas Flow

Product gas flov is determined with an orifice-type meter, whose orifice plate
is Instelled in the exhaust line where the gas 1s at epproximately atwospheric pres-
sure and room temperature, Product-gas flows used in this report are based on theo-
reticel orifice caleculations as no independent mesns was used to calibrate the
orifice meter. A positive-displacement-type Roots-Connersville meter is now avail-
able and will be used in series with the orifice meter during future rus. Alsc,
plans are wunderway to calibrate the orifice meter against a critical-rlcow prover,
Irregular operation of the water-letdown valve produced surges In the product-gas
flow snd undoubtedly affected the accuracy of product-gas measurements, Taking
these surges into account and correcting for them by utllizing experience gained
from tests on the atmospheric-pressurc gasifiers, the reasults obtained with the
uncalibrated orifice meter gre probably accurste to about 5 percent., The effccts

of these ervors are discussed lator under Comparison of Preduct Gos-Flow Deta and
Residuc Data,

Besidue Measurement

It was menlioned earlier thut gasifier residues are collected at the bottom of
the gasifier and at the hottom of the scrubber, and the overflow water from the
Scrubber is metered and sampled for conmbent of sclids., Proximate analyses are made
Tor the separate residue gamples, and proximste and uliimate analyses for the

- Welghted average camposlte samples. MNo systematic sampling for dust content of the

exhaust gasee going out the stack has been possible. However, such deta on the dust
content of the gas ae has been obhtained indicuste that it is prohahly under 5 grains
Per 100 euhic feet., The effeet on material balences of such an emount is negligible.,
The greutest source of error in residue dsta probably cccurs in measuring the over-
flow water and samplirg thic water for solids content, The measurement of residue
quantities at the bobttom of the gasifier and scrubber is believed eccurate within
Percent. The effeets of errors in residue measurements are discussed in the
following section, along with the offects of errors in product-gas measurement,
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Cther Measurements
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Other messurements of importance for calculating run results are the measure-
ments of ftemperature and moisture content of the product gas lesving the gasifics-
tion chamber, of the interval volume of the gasifier, of tempereture relstionships
within thg gasifier, and of meisture and dust contents of the product gas passing
out the eziaunst steck.

Among these, the direct measurement of the temperaturs and moisturc content of
the gas leaving the gasification zone offers the greatest problem; thermocouples
rapidly deteriorate in the exit-gas stream, and the dust content of the product
gas makes the messurement of moisture content very difficult, especially with the
gasifier under pressure. The presence of & "support coil" near the gas outlet
rendered the calculated exit-gas tewperavure even less accurate, end the resulting
STTOY May have beer ms great ss 200° F, The error in calculating exccss stesm
(moisture coatent of product gss) by use of the material balance may be well over
5 percent, ‘

For example, assuming 75 pounds of excess (unreacted) steam or 25 pounds of
decomposed (reacted) steam per 100 pounds of process steam introduced, &n error
of 5 percent in the excess steam would represent 15 percent in +he steam decom-
posed, and the true percentage of steeam decomposed would be 25 plus or minus
3.T5 percent;,

The interior volume of the gasifier, celecuwleted from interior measurements
before and after runs {sees figs, 7 and 8), should be sccurate within 2 or 3 percent,
A grester error in calculating the average gasifier volume would occur if the gasi-
fier volume hag changed apprecisbly during the run. Measurements of the moisture
end dust content of the product gas rassing out the exhaust sitisck should bte mccurate
to within 5 or 10 percent. For these tests, however, the exit gas was assumed satu-
rated at the exit temperature, and the dust content of the exit gaz was neglected in
the residue balance. With the exit gas at about normal room tempersture, the error
from assuming 1t saturated probebly would not exceed that in measuring its moisture
content. Also, results from previcus runs indicated that the dust content of the
gas leaving the exhaust stack represented less than 1 percent of the welght of resi-
due leaving the gasifier.

Comparison of FProduct-Cas Flow Date and Residus Data

Iwo general methods have been usged for determining carbon gasification and
other material balance items, namely, calculetions based on direct measurement of
product-gas flow and celculutions based on residue data and carbon balance, It has
been found to be a useful procedure to determine msterisl balances by both these
methods, particularly in the early steges of opersting the pilot plants, Since
originally no exsct data were availsbie on which product and resctsnt flows could
be caleuiated, quite frequently the orifice meters were operated well past their
designed ratings, Also, because of space limitetions, 1t has not always been possi-
ble to instail metering equipment under optimum conditions. Duta on the nature of
the residues obtained sre necessary to determine proper design of scrubbing and
waste-disposal systems. By extending the waste sampling procedure, to defermine
amounts also, an independent check on the results cbtained from flow meter caleula-
tion is obtained, which has guitec frequently detected errors in thess measurements
that might not otherwise have been noted. To determine the amownt of product-gas
by the method based on residue data end carbon balsnce the amount of carbon in the
gas 1s determined by subtrecting the amount of carbon in the residue (uslog residue
welght snd residue analysis) from the emount of carbon in the coal (using cosil weight
and coal snalysis), The amount of carbon in the gas, so determined, is divided by
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tke amount of carben per unit of gas (determined from gas analysis) to find the
total emount of gas. Any consistent units may be uwsed. An inert-gas correction
is then applied il ncceesary. Columms 21 and 22 of tahle 1 were included to pro-
vide a comparisen of the carbon gasification caleculated by thesc two methods snd
thus show the overali result of errors in meacurements. The same data are eX-
presgcd graphically In figure 19. Ezcept for run P-21, the carbon gasified, based
on resicue dats, is seen to be higher tran that based on gas-flow data.

A probable source of error in the residue date weg indicated esrlier (in the
discussion of table 2) by the fact that, buscd on ash balance, the sctual residue
might be one-sixth greater than that messured, This discrepancy was due in part
to the irvepular cperaticn of the water-letdown valve, which caused surges in the
overflow water leaving the scrubber as well ss in the product-gus fiow. These
surges rendered the messurcments of Tlow rates and solids conbent of this overilow
water lese reliabie. If, however, the full suggested correction of approximately
one-sixth (see ghove) were sppiled to the amcunt of residue recovered, the average
carbon-gasificetion figurc of about 90 percent (based on residue data) would be
changed to 88 percent, s differernce of only 2 percentege points,

Most of the remaining discrepancy between results based on flow data and

those baced on residue data is probebly the result of inacecuracies in the measure-
ment of product-gas flow., The grestest probebly source of error is the mentioned
surges Ln the product gas, caused by the irregular operation of the watcr-letdown
valve. PFPreliminary results have shown that wiih overflow water leaving the scrub-
ber, at aboul 200° F., the sbsorption of LU, £0s, and Hy hes only a relatively small
effect on the quantity of product gas metered, The total volume of absorbed gases
ig sbout 0.20 percent of the total gas made,

Results basced on residue Gaba are helioved at least as relisble as those based
on flow data for the simple reason that an error in residue messurement has much
less effect om the materisl balance than sn error of the same magnitude in flow
megourements., Referring to the cxample cited gbove, whereas an crror of 17 percent
in residue measurerent would change the carbon pasificetion by oniy 2 percentage
points, an error aof 2 %o 3 percent in product-gas {low meacurement would have the
same effect. Concequerntly, the averages shown in table 1 will probably tend to be
very slightly lower (or poorer) then the true values. Since the preparaticn of
tgblc 1, a new walcr-letdown valve has heen insiallcd, and much better agreement
has been shewn Cor results calculated by the two methods.

DISCUSIION OF REBULTS
Ume ]imited amount of test data asvailable fer thls preliminary report and the
lack of duplicate or check tests maze it difficult to draw final or exget conclu-
sions as to the effect of the opersting varizbles. However, the general trends

shown in the graphs are believed to be accurate.

Effcet of Oxygen-Cozl Ratio

Figure 20 has been prepared to indicate the effect of oxygen-cvarbon ratio,

that s, stenderd cuble feet of cxygen supplied per pound of cerbon In the coal,

on the percentage of carbon gasified for runs P-10 through P-22 in the nigh-pressure
gasifier. The data were taken frem tables 1 snd 2. The oxygen-carbon ratlio was
uged {instead of the oxygen-coal ratia) to zliminate the effect of Ailfferences in
carbon content of the verious batches of Sewickley coul. The solid line shows a
substambisl increage in cerben gacification with Inoresse in oxygen-carbon ratio,
and the gemeral shepe of curve is seen to hold for the three gasifier pressures.
(The polnot for rm P-19 is cut of line owing to the wnnsusl comditions of that Iun.)
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Because of differences 1n cosl-feed rate and types of lining that affect the heat
loss for the groups of tests at the different bPressures, separate curves have not
been drewn for the various Pressures, Comparison of these data with Lhose from
atmospheric pressure gasifier {No. 2) shows essentially the sume curve but with a
8lightly steeper slope for the high-pressure gasifier, indicating slightly higher
carbon utilization for oxygen-carbon ratios gbove 13 std. c¢,f, per poumd. {The
atmospheric-pressure results were with varying steam-cosl retic and pressure-gasi-
fication results were st constant steam-coal ratic).

Figures 21 and 22 indicate the effect of oxygen-coel ratio on cosl reguiremcnt
and oxygen requirement, respectively, per 1,000 std. ¢.f. of (co + H2) produced. As
would be expected, the cosl requirement per 1,000 std, o.f. of (CO + Hy) decreuses
with increase in oxyeen-coal ratio, and the general ghepe of the curve holds true
for gasch gasifier pressure, What might not be expected is thuat the oXygen reguire-
mente per 1,000 std. c.f, of (Cco + HE) increases only slightly over the range of 9.0
to 10,0 std. ¢.f. oxygzen per pound of coel. The best place to operate depends upon
relative costs of ocxygen end coal, proper operating temperatures, snd overall 1ife
of equipment. TInasmuch as 211 the runs (EXcept P-19} were made gt = steam-coal ratio
of about 0.3 pound per pound, the optimum oxygen-coal ratio for thie stesme-coal ratio
could be determined from figures 21 and 22 a& that ratie giving the lowest total cost
of cozl and oxygen per unit output of synthesis gas, other conditions being constant.,

Relationship Between Pressure and Capacity

In comparing the throughputs of coal and the gas outputs obtained gt various
pressures, the volume of the refractory-lined space has been used as s bese, It is
possible that the gasification resction continues for a short distance below the
slag throst, that is, in the space sbove the spray ring {see fig. &), It has not
been possible to cbtain accurate €38 tempersture records Just below the slag throat.

Thermocouples inserted here are quickly coated or dameged by slag and are
affected by radistion to the wall coils and Spray rings. The few temperature read-
ings that werc obtained schowed that the spray from the spray ring reached up very
close to the slag throat. Consequently, it is very probsble that the gesificaticon
reaction stops very quickly after the g€as stream leaves the slag throst. In any
event, the use of thils volume does give a relstive figure for capacities gt various
pressures for this particulsr unit,

Figures 23 snd 24 have been prepared as & preliminery irdicetian of the rels-
tionship between gasifier Pressure and capacity. The dotited lire on Tigure 23 1a
based oun an assumed cogl throughput rate of 25 rounds per hour per cubic foot of
gasifier volume ah atmospheric pressuyre and 85 to 90 prercent carbon gasificeticn,
with & theoreticel incresse in cosl throughput rate proportiorsl to the 1.0 power
of the gbsolute pressure, For example, at 450 P.s.l.g, the thecretical cosl
throughput rate indicated by the dotted line is almost 800 pounds per howr per
cubic foot of gasifier volume. 8imilarly, the dotted line or figure 24 is based on
an assumed CO + H2 output rate of 625 std, c.f. per hour per cubic foot of gasifier
volume at atmospheric Pressure and 85 to 90 percent cerbon gasification, with s
theoretical incresse in CO + Hy output rate proporticnal to the 1.0 power of the
absolute pressure,

These theorstical pregsure-capacity values are influenced by recent tests in
our atmospheric-pressure gasifier {No. 4) and of the high-pressure gasifier (No. 3),
and conseguently are higher than those used ir the original design of the pressure
gagsifier,d3 For example, the original celculations were based on an assumed gasi-
fication rate of 20 pounds cosl Per hour per mibic foot of gasifier volume =t gtmos-
rheric pressure, with an ineresse in gasification rate proportional to the 0.6 powver

13/ See footnote k.
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of the absolute pressure. At the present time, it is by no means certain that the
meximum gasiricsticon rate varies with the 1,0 power of the sbsolute pressure.

Probable Capacity sl Higher Pressure

The atmospheric-pressure values in figures 23 and 24 asdmittedly are based on
recent data obtalned in the pilot-plant stmespheric-pressure gasifier and do not
reprezent the ultimate that could be obtained with improved gasifier design. Alsao,
the data shown by the dots at 100, »50, =nd 300 p.s.i.g. gesifier pressure repro-
gent actusl results obtained in test runs P-10 through P-22 znd are not necessarily
maximum capacity outputs. So far the cepacity has been limited omly by the rute at
which coal could be charged., No clear-cut relationship has been obtained to date
between percentage of carbon gasilfication snd coal throughput. It appesrs reason-
gble that, ai 450 p.s.l,z. gasifier pressure, actual capacities considerably over
800 pounds of cosl or 20,000 std, c.f. of (CO + H.) rer hour per cubic foot of gasi-
fler volume are obtainable. In luct, recent runs at 300 p.s.i.g. show capacities
considerzbly shove those indicated by the theorcticel curves (fig, 23 snd 24).

Heat losses and Probable Economic Eftect in Larger Units

The enormous oubput per unit volume of gasifier obtained with pressure gasl-
Tication results in lawer heat losses when cxpressed per peund of cosl or in per-
centage of the heat of combustion of the coal, For example, during runs P-15
threugh P-27, in spite of using high-conducltivity silicon carbide refractory
throughout and water-ccoled shell, the calculated heat loss through the refractory
lining represcented ouly 600 to 900 B.t.u. per pound of coal or 5 to 7.9 percent of
the heat of combustion of tke coal.

The percentage heat losses through gasifier walls could be expected to be much
Lower, vnd in fact slmest negligible, in lurger units, This would makc posaible the
- nee of water-cooled refractory lininge, or even the uses o hare water-cooled inte-

rior coils on which the cosl ssh slag would form its own refractory. With this
arrangement the maintenance cost of gesifier lining refractory could be reduced to
-8 very low value.

Fature of Sulfur Content of Froduct Zas

Analyees of product ges for sultur compounds indicate thet no umususl Ferms
of sulfur exist and that the demande madc Iu the purification rrocess will be
‘Bimiiar to those encaountered in the mamrfacture o wsler gas from coke in fixed
beds., Ho gpecial problems in gas puriticatlon have been encountered.
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