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T« SUMMARY

This progress report is the thirtieth since the award-
ing of the contract. It is concernad with the first phase of
the contract and summarizes the progress that has been made in
the three principal areas now being studied: process research,
chemical engineering studies and mechanical development.

Seven new combustion runs have been made in an effort
to determine the effect of melt height on combustion rate of
bituminous coke. This effect was found to be greater than was
previously found for gasification. In increasing bed depth from
two to six inches, combustion rate was found to just about
halve. However, the rate appears to level off at bed heights
beyond six inches,

The effect of initial carbon concentrations from two
to eight percent on combustion rate was also studied, This
effect was found to parallel the effect on gasification but at
lower rates. There arpears to be an approximately linear effect
on rate over the range of carbon levels studied.

Process design of - the hydrogen-from-coal plant has
been completed and eguipment specifications have been submitted
for cost estimation. Design work on the synthesis gas plant
has been continued,

Work has been begun on the preparation of a preliminary
process design of the one-tone~per-hour pilot plant in order to
provide the basis for a detailed mechanical design and to
delineate the most important problem areas yet remaining.

Studies were made of the time required for a simulated
nelt to degasify after the bed was aerated with carbon dioxide
at velocities up to three feet per second. Such data are
required to determine the size of the stilling section redquired -
above melt withdrawal outlets in order to minimize cross. flow
contamination. Degasification times up to about 45 seconds were
observed at high aeration rates, although additional experiments
are required to confirm these results,

. Tests on cross flow contamination for water and ethylene
glycol with bed superficial velocities of 2,0 feet per second have
?een completed., The results of these tests continue to be encourasg-
1L
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IT. PROCESS RESEARCH

A. Accomplishments

The effect of melt height on the rate of combustion
of bituminous coke was studied in the 2" ID Inconel reactor,
This effect was found to be greater for combustion than was
previously found for gasification. The results indicated a
leveling off with increasing height at about 12 to 13 1lbs.
carbon (as coke) combusted/hr/cu ft of melt. The effect of
initial carben concentraticn of 2 to 8% in the melt on combus-
tion ¢f bituminous coke was found to parallel the effect on
gasification but at a lower rate. The summary of the eleven
combustion runs is presented in Table I and discussed below,

1. Effect of Melt Height on Combustion of Bituminous Coke

A series cf seven runs, numbers 149 to 155, completed
a study of the effect of melt height in the 7" ID reactor on
the combustion rate of bituminous coke, one ¢f the least
reactive feedstocks, The results had to be corrected to 1740°F
average reaction temperature ‘in order to allow a direct comparl-
son, The actual and the corrected rates are presented in the
fcllowing tabulation.

Melt Height Avg. Run Temp, Combustion Rate-lbs C/hr/cu.ft,
inches °F For Fun at 1740°F

2 1758 32.7 28.8

3 1749 21,7 20,3

4 1752 17.4 16.1

5 1757 15.8% . 14,1

6 176% 15.6 13.1

6 1819 22.8 13.1

8 1801 1846 12.7

The first five runs were made with the reactor in the
usual posztzon relative to the furnace. Bed expansions durzng
combustion did not appear to be as high as during yas;f;catlon.
However, to make sure that the temperature profile was not inter-
ferring with the results, the furnace was moved 5 inches up so
that the bottom of the reactor was even with the bottom winding
of the furnace. This height adjustment influenced the average
temperature and the rate, but the rate corrected to 1740°F
was identical with the previous run.
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The adjusted combustion rates are plotted in Figure I
against melt height and compared to previous results for gasifica-
tion at similar conditions. Although the results at 2 inches
are about the same, increasing melt height has & much greater
effect on combustion than gasification. Notably, the leveling
off effect at 6 to 8 inches at about 12«13 lbs C combusted/hr/
cu ft melt may be of interest when considering larger beds at
commercial heights of 10-20 feet.

2. Effect of Carbon Concentration in Melt on Combustion
Rate.

A series of four runs, numbers 156 to 159, studied the
effect of initial carbon concentration in the melt on the com-
bustion rate of bituminous ccke. The results of these and a
priocr run (H-1l41l) are shown in the following tabulation,

Combustion Rate lbs C/hr/cu.ft.(l)
$ C Init, % Ash Temp, °F at Temp. at 1740°F & 2% Ash
2. 2.0 1740 4.8 4,8
4 (H-141) 2.0 1740 8.3 8.3
4 : 2,1 17u0 8.9 8.9
6 2.4 1745 19,9 17.7
8 2.8 1783 34,4 23.0

(1) Basis initial carbon concentration shown.

These adjusted rates for combustion are compared in
Figure 2 with rates of gasification at equivalent conditions.
Rates of gasification are twe to three times the values for
combustion, The two curves show essentially a linear relation-
ship with perhaps an indication of slightly better carbon utili-
zation at the low carbon level.

B, Projections

Evaluation of the effect of pressure and the effect of
superficial gas velocity on the rate of combustion of anthracite
will be determined. DBoth of these variables had little or no
effect on the rate of combustion of bituminous coke. Further
investigation of the combustion mechanism will be made,



Run No. B«
Date - 1967

Tood
¢ Fized Carbon
$ Total Carbon
§ Vol. Matter
§ Ash
Oas. Charge
Mesh Bize
4 C in Melt - Inttial

:-m.e - Tnches

Ccnutl:nl
Teap "F - Inftial
- Averags/2/
- Hazimm
Pressure- psia
Bup. Gas Vel. - f£t/se0

Combustion Rate Constant

$ Fized Cardon Consumed

fate - Lbs C/Br/ Cu Pt
at bf cardbon tntt.

#$ Total Carbon - Devalntilized
- Combusted
- Laft ¢ Loss

TABLE 1

BUMMARY OF COMAUSTION RIS IN HOLIEN SODIUM CARBOIIAHll/

/1/ Used 2+inch ID Inccomal reactor. Coke charged in Wy et 0.1 ft/sec 8.0.V., 5-ainute devolstilizatin pericd before air inm.

/2] Aversga tempersture in 50§ carbom consumed pericd.
/3 Reused mals fivm previcus run.
/o/ Tlug developed at repulator vhich terminated rua.
/3/ WPurnace moved 5 inches, bottam reastor sl bottas fumace.

149 150 151 152 153 15k 155 156 157 158 159
N 1/5 1/6 1/9 1/10 /1) 12 117 1/18 1/19 1/2%
< Bitusinous Coke >
93.2
0.6
6.2
18.5
1p/20
< ] —p 2 | 3 [ 8
202. 4+ 100 + N2 4 106.4 ° 1064 /3/ 43 .66 7 3 Fa)
TR RIOA SRAY SR AT L B
2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.1b FRYY 2.8L
3 L} 5 6 6 8 4 s Y
5/ /5t
174 by 17N 1740 1737 pyLT 1738 1739 1Tho 1742
gsg g;g 1752 1757 1768 m19 g}' g:o rTrho gzs b
b 17 b
Eh.'{ Uh,7 TR.B ﬁ.’l A4 ﬂ .7 lf.'r ﬂ.’( lj.7 k.7
1.02 1.01 0.98 0.96 0.96 0. 0.96 0.98 0,94 0.98 0.97
20 25 30 Ls ko 13/ 35 60 6 55 55
271 26.9 25.9 25.3 25.5 23.3 25.3 26.0 25.0 26.0 25.8
3.6 [ %3 5.5 6.2 7.9 n.9 13.2 1.6 3.0 6.6 u.7%
- - - 1. 2.0 - - 0.8 1.5 2. 1.9
1.2 1.6 1.6 0.6 1.3 .5 1.9 R Q.5 0.85 0.29%
175 17.0 16.0 1.0 2.5 5 8.0 19.0 il.s 15.0 9.T%
- - - 19.0 18,0 - - 19.3 .5 5 18.0
19.3 19.5 19.5 19.0 19.5 13.0° 18.5 20, 20.2 19.% 19.5
2.1 1.8 1.8 1.35 1.32 1.9% 1.58 0.8% 0.753 1. 1.bL
105 97 100 10 7 10l 100 88 100 14
”.7 2.9 17.4 15.9 15.6 e2. 18.6 9.9 8.9 12.9 16.6
1. 8.1 7.9 1.5 6.8 6.9 5.8 9.4 5.9 2 .9
9.9 88.9 9.1 ”.1 95.0 72.1 95.4 90,3 Oe.g 9 91.9
- 3.0 3.0 0.k - e1.0 - 0.3 n. - 3.2
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I1I. CHEMICAL ENGINEERING STUDIES AND DEVELOPMENT

A, Accomplishments

1. TFlowsheet Studies

Work has been completed on the process design for the
hydrogen-from-coal plant. Equipment specifications have been
drawn up and have been submitted for estimating the capital
cost. Efforts have also been continued on the preparation
of the flowsheet for a plant ecapable of producing synthesis
gas from bituminous coal.

2, Pilot Plant Design

Preliminary work has reen begun on the preparation of
the process design of the one-ton-per-hour gasification pilot
plant. Emphasis is currently being given to delineating the
most important problem areas encountered in this design so that
the existing experimental programs of Process Research and
Mechanical Development can study them and thereby provide the
necessary information required for the final process and mechani-
cal designs,

B, Projections

Efforts will continue to prepare the process design of
the eynthesis gas-from-coal plant. In addition, cost estima-
tion of the hydrogen plant will begin.,

The preliminary process design of the gasification
pilot plant will be completed and recommendations for possible
further experimental work will be made.
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iV. MECHANICAL DEVELGPMENT

A. Accomplishments

1l, Mechanica. Characteristics Testing

The time required for molten ssdium carbonate with
eight percent ash to degasify was measured using the experi-
mental test setup for determining bed expansion as previously
described. The electrical dip stick was placed 1/u4 inci: above
the 3-foot still bed height, Carbon dioxide was used to
aerate the bed at superficial velocities up to three feet per
seconrd,

The expanded bed made contact with the dip stick.
After approximately two minutes the gas flow was stopped and
the time required to break contact with the dip stick was
recorded. The results cf this test are shown on Figure 3.
It should be noted that slirht differences in dip stick height
created a substantial difference in the reccorded deaeration
times., At about 1/2 inch above the bed, times as low as three
seconds were recorded with bed superficial velocities of 2.0
feet per second., The longer times may have been the result
of melt arip from the dip stick, or froth.

Additional work is required in this area to confirm
the resuits and isolate the reasons for wide variations in time
with smzll charges in dip stick settings. This data will be
usefui in determining the size of the stilling section required
above melt withdrawal outlets in the coal gasification reactors
to minimize crost flow contamination.

2, Melt Circulation

Teste on cross flow contamination fer water and
ethylene glycol with bed superficial velocities of 2,0 feet
per second have been completed. The resulits cf these tests
are shown on Fipgure 4% and Figure 5. The results of these
tests continue tc be encouraging.

B, Projections

1. Mechanical Characteristics Testing

Bed degasification tests similar to those previously
conducted will be made with the dip stick at three different
heights above the bed. This shculd provide a better indication
of bed deaeration time and can be conducted in such a way as to
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eiiminate or identify drip or froth preblems if they exist.

Similar tests will be conducted for water and ethylene
glycol with the view of poss;bly u51ng degasification ddta to
predict cross flow contamination in the circulating melt system,

An experlnental test setup to determine entrainment
in the aeration gas exiting a sodium carbonate melt bed is
being constructed, Entrainment data will be obtained for a
three-foot bed in a 5-3/4" I, D. vessel. It is planned to
determine both amount and deposit temperature. This data
will be helpful in the design of reactor overhead equipment.,

2, Melt Circulation

Previcus work on prediction of melt circulation
with an air Jift pump will be extended to the case of essenti-
ailly zero 1lift, Experlmen*al work will be used to confirm the
predicted flows with zerc lift. The prcposed pilot plant
transfer lines will be sized and gas rates predicted for
the required flow rates.
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