COALS CHARGED

Two different types of coals have thus far been tested - g noncoking,
high-volatile, bituminous coal from Rock Springs, Wyo. No. 9 bed, and a
strongly coking, high-volatile, bituminous coal from Bunker mine, Cassvills,
W. Va., Sewickley bed. The former is a low-ash, low-sulfur coal of high
oxygen content, i.e., lower-rank {(younger) bituminous ‘coal, and the latter
is a high-ash, high-sulfur coal of low oxygen content, i.e., a low-grade
bituminous coal of geologically higher rank (clder). Table 2 shows the
Proximate and ultimate analyses, heating values, ash-softening temperatures,
and screen analyses of the two coals used on "as-charged” and "moisture-free"
‘bases. ‘ B '

During the described first stage of process development, Wyoming No. 9
coal was gasified exclusively (runs 1-12); the use of this ccal was continued
throughout the greater part of the second stage (runs 13-37). Gasification
of the Sewickley-bed coal was then begun and continued during the remainder
of the second stage (runs 38-41) ‘and throughout the entire third stage (runs
42-50) of process development .
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TARLE 2. - Analysis of coals charged

Run 334, : Runs 46 and 49,
Wyoming No. 9 Bed Sewickley Bed
i As charged . Moisture- | As charged§ Moisture-~
(moist), . free, | (moist), ! free,
Analysis - percent  percent fpercent _J percent
, ‘ ;
Proximate: : } ! !
Moisture «eeees L5 - 1 2.0 | -
Volatile matter 37.0 38.7 ¢ 34,0 3h.7
Fixed carbon .. 53.6 | 56.2 | 51.9 53.0
ASh ceessassans L.9 5.1 | 12,1 | 12.3
Total seeeew____100.0 100.0 | 100.0 100.0
Ultimate: : | i
MoiSture eoeses b5 | - . 2.0 | -
Hydrogen «eses 4.8 i 5.0 ! 4.8 | k.9
Carbon eeeseess T1.6. | .9 TL.6 73 .0
Nitrogen eeeses 1.5 | 1.6 1.5 1.6
OXYEEN eosevosn 11.9 | 12.5 5.2 5.3
SULFUY eesesoesy B 9 2.8 | 2.9
ASH eeeresanned 4.9 | 5,1 ¢ 2.1 12.3
Total ceveed 100.0 | 100.0 100.0 ! 100.0
Bt le oveed 12,620 ' 13,210 - 12,9k0 ' 13,200
Ash-softening temperature: 2,280° - 2,210° F.
~ ‘Wyoming No. 9 Bed, | Sewickley Bed
Screen analysis "Run 334 - Run 46 . Run 49
Mesh sizess : i |
+ 50 .. 0.1 | 1.2 | 0.1
- 50 + 150 .. ! 2.k ! 2 5.2
- 150 + 200 .. | 6.k g 13.3 | 5.6
= 200 sesenees . 91.1 ] 71.3 | 89.1
Total «e.cos 100.0 % 100.0 100.0
RESULTS

Operating Deta and Results

More than 50 runs have been made, each lasting from 1 to 12 hours. Long
runs have been divided into several periods, marked by A, B, C, etc., after
the run number, signifying changes made in the operating conditions during
the run. However, very few of the runs are truly comparable in the sense of
differing with respect to not more than a single variable. The reasons for
this aret (1) Partial or complete lack of control during the progress of
development over some of the variables, such as feed rate of the pulverized
coal, which was extremely difficult to keep constant until the pneumatic
feeding system was installed. (2) Gradual increases made in the coal
throughput from 5 to 50 pounds per hour resulted in errors in measurements,
ag various instruments reached the limits of their capacities. (3) 'The
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task of developing the Process and the solution of numercus difficulties,
such as the removal of the entrained, extremely fine, carbonaceous residue
from the make gas, necessitated frequent changes in the experimental set-up.
Consequently, most of the runs were carried out under different experimental
conditions, such as temperature and pressure in the generator, oxygen-to-
coal ratio, air leaked into the system, etc.; therefore, they cannot readily
be compared with each other nor grouved together and averaged.

Neverthelegs, the first 20 runs furnished much information that guided
the process development +o the point that, in its present stage, all phases
of the operation are comp etely controlled and the results obtaincd are
reproducible . Furthermore, it is possible to select a Ffew rmns that may be
designated as typical of the coal gasified and axe more or less combarable
with each other. Such typical operating data and -results are showvn in
tables 3, 4, and 5. S :

In these tables, one run (334) is ‘shown for Wyoming No. 9 coal and two
runs (46 and 49) are listed under the Sewickley coal. Runs 334 and 49 were
made with very finely pulverized coal, about 90 percent minus 200 mesh. Tn
run 46, on the other hend, a more coarsely pulverized coal,l3/ about 70
percent minus 200 mesk, was gasified. Thus, runs 334 and 49 are comparable
from the viewpoint of orerating results shown for two different coals of the
same degree of finencss. Similarly, runs 46 and L49.are comparable for
orerating results shown for the same coal pulverized to two different degrees
of fineness. ' . ' ‘ : :

Operating results of variocus individual runs,.carried out during the
course of the development of the‘process, are listed in the appendix. The
occasional lack of data and frequent doubtfulness of values are due to faulty
measurements or lack of control over some of the operating variables. From
time to time, progressive alterations and improvements were made, both in
the gencrator and rurification train, as suggosted by the experiméntal
results obtained. Many baffling operating diificulties have thus besn
eliminated, one by one, thé effects of-the'alterations'being-tested by the
subsequent runs mede. Among the most important improvements, which after
Some 50 runs resulted in a controllable, smoothly operated unit, are (1) the
substitution of a €-inch I. D. silicon carbide lining in the generator for
the former 3-inch I. D. tube, (2) improved cooling of the inlet tube down
to the point of entry of coal and oxygen Into the generator head, which made
Possible charging strongly coking coals into the generator, and (3) replace-
ment of former methods of feeding the coal by an esrecially developed ’
Pneumatic feeding system from a fluidized coal bed.

18/ This degrec of pulverization is generally used in commercial boilers
fired by powdered coal. C -
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TAELE 4,

- Typical cperating data and rosults

Run 334 Run 46 Run 49
Apr. 1948 Jan. 1949 | Feb. 1949
2L, Temperatures of generator wall (av
during run), °F. .
At 10 inches From tOD eseseeassee| 2,457 2,k19 2,365
At 29 inches £rom 40D +evevesenessl 2,312 1,979 1,919
At 43 inches from tOD tesscscsvess 1 1,927 -~ 1,876
At 61 inches from tOD cerecsvasecs 1,831 1,641 1,610
At 73 inches from tOD eevessescacs 774 ,563 1/
25. Gas temperature at outlet, °F. ..... ;/ 1,820 1,800
26. Gas analyses, percent:
COp +oeneerennrersnseassennanacans 17 7. 7.3
02 2 2006 ¢ 098088 O IBREIEELSTOOERTTIOEES - 03
Unsate HC seensceseascnsccrscasnces 2.2

27,

H2 YRR R N RN AN BURC RN B I NI B I

CO 28 5 S S EO P SIB IR EEAGAENIEIRNIOENY

CHu--Iocncl-nnococc.onco.'ltuﬁl-.-

Np eeeerenen

Total ceeses
B.t.. (60, 30, dry, gross)2/ ....
Specific gravity (air = 1)2/

ST e AT NGO R PO ENINITESIN S

LRSI SR AV AN BE L B B LR

Analysis of carbonaceous residue

collected:3/
Proximate analysis, percent'

oUW,
Al TU o
ﬁ§n3c>&>b\¢rc>k> s

- 1.0

100.0 10 100.0

312.5 313 33k.1
- B1 . 75

MOISEUTE eevonesesscnsnssaencans 3.1° 0.7 1.b
ASH teesvenasosasecscssessonssos 13.2 - 25.5 29.1
VMe seveacocarassoananassoacens 6.5 4.7 5.7
Ful. svevenssanncsessoassorannns 77.2 69.1 63.8
100.0, 100 .0 100.0
Bt/ ceviiieiiiiiiiiieiaia 1/ 10,420 9,580
Ultimate analysis, percent:
MOISEUTE soevsocsscsasscancensos - 0.7 1.4
ASH teesavesssasacccecosssenaras - 25.5 29.1
C Ql"o-ool'oin.ccu.t--o.c.;lo" - 7102 67'2
Ho evevnnncnnanncacsoscacosacans - 2 1
S S5 4 I P SPGB NIOEOTRIIIOITIELIOTETYS - 2-14' 2-2
02+N2 tsEscscersesesats st e = - -
TOLALl ssvvenescnssossasosonsa - 100.0 100.0
1/ Not determined.
2/ Calculated from gas analysis.

3/ On weighted average sample from all dust- rnmov1ng Lnlts.

E/ Pe
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TABLE 5. - Typical operating data and results

o ———

, Bun R | Run
| 334 | 4 ¢ L9
: ] T
28. Carbonaceous residue collected in various wunits, »j E ]
rercent: ! ' ;
' : i
Gas-purifying units: : i
2) Dust collector serveerervrnnevecenernnnees 3?.8 24,0 | 16,3
(D)  Knock-out ChAmDET vewurenenennensnnoon, 342 27.4h | 35.8
(¢) Aerotec tubes S 5.9 16.2 29,6
(d)  Dust eXLIACTOT weruverrroneennnsennnnnnn, 1/ i 1k.6 9.6
(e) GlaSS‘ClOth filters L R L R I I I S S O lO.l i 17-8 8-7
100.0 1100.0 [100.0
Total dry residue collected, 1b./hr. evvenevn... 5.6 1 21.1 | 13.8
Combustible residue, 1b./hr.2/ .., v.vuuun.n.... h.g [ 15.6 9.7
Dry residue output, Ib./MCF 285 vevevsven.n.n., 19.1 ; 23.9 | 18.1
Combustible residue cutput, 1b.MCF gas2/ ...... | 16.7 | 17.6 2.7
29. Size consist (mesh/inch) of carbonaceous residues,
percent:3/ -
+ 50 '0""°-'n.-o‘-lo-u-co-..-t.-.on.unn-o--uo lz‘;"oll'g 2.9 3-5
'. 50 + 150 Q..o.nlo.qocy.oooq.-;tgnoscnounonn.- 33'5 z 2401 lht8
“150+200 -o.oo-tc-n-toootn:--ooon-o-.sao-‘n.no- ]202 f‘ 16-8 1507
- 200 .ll'."..l‘l..l'.ll‘.l.0!‘..‘..0'0‘..6.... 39.9 L 56:2 66-0
] . 100.0 1 100.0 1100.0
1/ Purification train contained no dust extractor (perforated-plate type) in
run. 33A. '
2/ on dry, ash-free basis. ,
;/ On weighted average sample from all dust-removing units.

A series of runs was carried out to determine, anmong the effects of
variables, the desirable oxygen:coaljratio, which has been tested and used
subsequently both in this unit and in Pilot-plant gasification. Similarly,
it had taken a number of runs to approach the maximim coal feed rate, which

Proved to be especially important in small-scale gasification for
elimination of excessive heat losses. Precisely due to these reascns, some

of the operating results shown, such as the oxygen requirement in cubic feet
Per MCF of synthesis gas made, aprear to be go unfavorable for the process.
Subsequent runs made after the stage of precision has been reached, the
results of which will be shown in another Report of Investigations now in
Freparation, proved that considerably better orerating results can be obtained
with a prorer combinaticn of exrediently selected variables.

the

The most important operating variables on which the quality (%002 and
%CO + Hé) and yield of synthesis gas, percent of the coal gasified (gasifica-
tion efficiency), percent of steam input deccmposed, and thermal efficiency
derend, appear to be:
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(a) Tegperature of preheated generator at the-start of each run.
(b) Type of coal gasified. -

(c) Degfee of pulverization of the coal chargea.

(d) Feed rate of the coal charged.

(e) Oxygen-to-coal iﬁtip. T

(f) Steam-to-coal ratio.

(g) Pressure maintained in the generator chamber.

Some information as to the effects of several of these variables on
the operating results may be obtained from tables 3, L, and 5. Geveral
diagrams were plotted in an attempt to correlate the overating results and
experimental variables, but, owinZ to the aforementioned reasons, the trends
of the curves obtained were not conclusive. Nor did it appear justified to
extrapolate to distant points with assumed zero and 100 percent gasification
and thermal efficiencies. :

Runs are being carried out in the developed unit with the object of
determining the effects of the -variables listed above by maintaining all
experimental conditions constant except-the . variables whose effect is being
determined. The effect of pressures ranging from atmospheric to about 500
. p.s.i. also will be studied in an-apparatus now under construction.



