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I. SUMIARY

This progress report is the twentyv-ninth since the
awarding of the centract. It is concerned with the Ffirst phase
of the contract and sumnarizes the progress that has been made
in the three principal areas now being studied: process research,
chemical engineering studies and mechanical development.

Three new combustion runs with bituminous coke defined
the effect of temperature on rate with 2% ash present. This
ash had been recalcined because the original material was found
to be incompletelv calcined. Rates obtained with the completelv
calecined material were about twenty percent lower than with the
original material.

. Four additional runs were made to better define the
effect of varying amounts of sodium sulfate on the rzte of com-
btustion of bituminous coke. Addition of from 0.5-1.0% sodium
sulfate produced a fourfold increase in rate over a sulfate-free
Tun,.

One gasification run was made with 2% sodium sulfate
added to the melt. No significant difference in rate was noted
over a similar run made without the additive. Thus, as previouslv
pestulated, sodium sulfate has no effect on gasification.

Additional ash settling experiments were carried out in
order to investigate the effect of melt temperature on settling
rate, The results indicate that the rate increases with temper-
sture up to about 1,84C°F bevond which it tends tc fall off, most
probably due *to reaction of ash with melt.

Flowsheet calculations weire continued for plants capable
of producing hydrogen and synthesis gas from bituminous coal,

Bed expansion tests at 1,800°F using melt ccrntaining
8% ash were completed. As was the case with the other materials,
(water, ethvliene glycol and 100 ¢p. glvcerine-water) there was
considerably less splashing with the higher bed Jdepths than with
the lower ones. Measured bed expansion for the melt was lower
than for any of the other systems studied.
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Crogs flow contamination tests have been completed for
ethylene glycol. A lower level of contamination was obtained
for glycol than for water when there was no bed aeration. How-
ever, the effect of bed aeration was greater and at the highest
aeration rate the contamination was apnroximatelv that obtained
for water, Contaminations with both svstems are still of the
order required for satisfactory commercial operation.
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II. PROCESS RESIARCH

A, Accomplishments

1. Combustion Rate of Bituminous Coke

The bituminous coal ash which had been added to recent
nelts was found to have a 15.6% weight loss at 1,300°F., Con-
sequently, the ash was recalcined at 1,300°F. A redetermination
was made of the effect of temperature (average) on the combustion
rate of bituminous coke using this recalcined ash at the level
of two percent in the melt., The results are depicted in Figure 1.
it does appear that the recalcination has had an effect on lowering
the combustion rate by about twenty percent. It is believed

. that possible loss of sulfur during recalcination of the ash
occurred which could account for this effect., Sulfur analyses
on the ashes have been requested.

2. Lffect of Sodium Sulfate Concentration in the Melt
on twhe Combustion Rate of Rituminous ‘.oke

The amount of sodium sulfate in the melt was varied
from 0.5 to 4% and rate of combustion of bituminous coke was
determined. The following tabulation shows the effect on rate
and on averasye temperature of combustion. All the runs started
at 1,740°F initiallvy.

Run No. % Nag30y Avg. Temp. Combustion Rate
H- in Melt or ibs. C/hr./CT

129 0 1740 8.0

1ug 0.5 1758 23.1

iLb 1.0 1761 24,7

1s3 2,0 1829 54,5

iu0 2.1 1839 45,2

147 4,0 185y >70
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The addition of 0.5 to 1% sodium sulfate produced a
fourfold increase in combustion rate of bituminous coke over
the sulfate-free run. Higher amounts of sulfate increased the
rate of combustion further which caused an increase in the
meclten salt temperature:. This complicated the results., HMore
runs will be made to allow correlaticn of the data. Tentatively,
an increase of 1 to 2% sodium sulfate may increase the rate
from 25 to0 30 1lbs. C/hr./cu.ft.at 1760°F,

3. Effect of Sodium Sulfate in Mel* on Rate of Gasification

In run 142, 2% sodium sulfate was added to the melt
to determire if it would enhance the rate of gasification of
bituminous coke. Under similar conditions but without ash, the
pasification rate was 21 1bs C/hr./cu.ft, This value asrees quite
well with 19 1bs C/hr./cu.ft., obtained ir the above run, Thus,
it is concluded that sodium sulfate has no effect on gasification,
An equivalent run containing 2% ash rsave 25 1lbs C/hr./cu.ft. rate,
further proof that sodium sulfate had no effect.

Some hydrogen sulfide was qualitatively noted in the
product gas indicating that reducticn c¢f sulfate can occur under
gasification conditions. The amount of sulfur lost nust have
been small since the same melt on reuse in a combustion test
(H-143) gave a high combusticn rate of about 55 1bs C combusted/
hr./cu,ft. compared to an earlier test which gave a rate of about
45 - a reasonable check in this rapid combusticn resion.

Measurement of freezing points of 1, 3, 5, and 10
weight percent sodium sulfate in sodium carbonate indicated that
the sulfate dissclves in the melt.

- % Nazsou in Na2C03 -

& X 3 s

Freezing Point, °F 1563 1561 1562 1857 15840




THE M.W. KELLOGG COMPANY - PAGE XO. 5
A DIVISION OF PULLMAN INCORPQRATED

28

RESCARCN 8 DEVELOPMENT DEPARTMENT REPORT MO,

srvoane
e

4, Ash Settling Studies

A melt compesition of 88,4% NapC0j, 7.7% bituminous
coal ash and 3.9% CaC03 was held at 18u0°F without agitation
for 10 minutec before sampling the top and bottom of the melt.
The following tabulation shows the ash content in these samples
and in an earlier test reperted last month at 1740°F. The
increased settling rate with increasing temperature is most
probably a function of the decreasins viscosity cf the melt

with increasing temperature.
¥t. % Ash in Sample

Temperature
°F 5-5" off Bottom Bottom
1740 6.5 13.0
1840 2.9 15,4
. Additional settling experiments were performed &t
1849° and 1940° for an 8% ash containing melt and ccapared in the

following tabulation with a prior result at 1740°F. The loss of
settling at 1940°F, along with the observatien that carbon
dioxide was being evolved from the guiescent melt in the 10
minute settling period, indicated that reaction of ash and melt

was interfering.

Temperature ¥t, % Ash ia Semple

°r : L-5% ol Hotton Bottom
1780 3,1 9,2
18u0 2.1 12.8
1940 5.0 1in.8

The last ash settling test was performed with 4% coke
(20/40 mesh) present ir an 8% ash containing melt to establish*
the effect, if any, cf coke on settling. At 1840°T and a 10
minute settling time, the top sample showed 4.7% residue and
the bottom 19.2% residue, Magnetic corrosion products were
observed in both residues which complicates interpretation.
However, the coke does not prevent settling of the ash and it is
believed that the coke had no effect on the ash settling rate.
The observation was made that the coke floated on the surface
of the melt in the quiescent periocd, in agreement with the rela-

tive densities.
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3. Projectrions

Additional cembustion tests on the offects of mels
heifht and carbon concentration remain to be done, as well as
other runs to complete the combustion work.




TADLE }

SUMMARY OF CASIPICATION AND COHAUSTION RUNS IN MOLYEN 50DIUM cAmmomars/!/

Run Ho, Ii-
Daxa = 1966
Fead

% Total Carben

% Vul. Hatter

% Ash

Gma, Chargs

Mesh Site

% C in Malt =~ Initial

Melt
Gms Nazf£Ojy
gms Ash or Cmpd.
Compound Added
% Ash or Cmpd in Melt
fleight - inchas

Conditlions
Temp °F - inttial
- avarage/2/
- may tmum
Pressure - pala
Sup, Gams Vel. - ft/aec
% Steam in N
Steam presasurs - psia
Run Time -~ filn
Alr Rate - litara/min
ee H0/hr
cc Hz/min

Rosults
Comhustion Gaa
% C03 - 5 min
35 min
and
5 min
35 min
end

% 02 -

Gasification Rata Constant
Gagificatlon Rata - lbs C/hr/CP

combustion Rate Constant
Combustion Rate - lbs C/hr/CP

% Total Carbon
pavolatilized
Combusted or gagified
Remaining or Loss

141 142 143 144 145 146 147 148
xi/22 12/8 12,79 12713 12/14 12/16 12719 12/20
< pitusinous Coke >
9).2
0.6
6.2
18.5%
12720
4
A405,7 405.7 F274 4058.7 V74 403.9 /3/ 411.9
8.3 8,) a.) 4.1 +12.4 2.1

- NAj604  N32504 - Na504  HB 504 Nazs0,
2.0 2.0 2 2.0 2.3 .0 1.0 0.5
4 3 4 4 4 4 4 4

Comb. casif, . ——— Combustion ~——- <

1740 1740 1745 163S 1044 1741 1740 1740
1740 1740 1029 1640 1849 1761 1054 1739
1753 - 1978 1645 1866 17688 1916 1785

44.7 4.9 44,7 44.7 44,7 44.0 44.0 45.0
0.98 1.03 0,98 0.96 1.07 0.99 0.90 0.99
- 9n.8 - - - - - -

- 40.0 - - - - - -

55 10 15 95 25 30 H] 25

6.0 - 26.0 26,7 27,1 26,1 25,9 26.1
- 1196 - - - - - -

- 2499 - - - - - -

/4/
3.3 - 12.5 1.6 6.1 6.8 18,0 6.7
1.3 - - 0.9 - - - -
0.9 - 1.2 0.4 2,0 0.7 - 1.8

18.0 - 7.5 20,0 15,0 14.0 2,0 15.0
19.0 - - 20,5 - - - .
19.5 - 18.5 20.0 19.0 19.1 - 19.0

- 1.64 - - - - -

- 19.4 - - - B -
0.70 - 4,62, 0.36 1.61 2.09 96 1.96
8.3 - 54.5 4.3 19.0 4.7 »70 23,1
7.0 12,2 9.6 3.0 9.1 9.0 14,5 7.6

73.3 88.1 91.6 76.6 90.% 91.0 70.3 91.1

19.7 - - 19.6 0.4 - 15.2 1.3

/1
72/
73/
14/

Uead 2-inch ID Inconcl reactor.

Reausad melt from previous run.

In combustion, coke added in Ny at 0.1 ft/sac, 5 ninute devolatilirzation period befura aix in.

Avarage tempo:ltﬁro in 50% carbon consumed perfod,

Plugged in 5 minutes, analyscs are for composite gas not 5 minuto sample.
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TT7I. CHEEMICAL FENGINEELRTNG STHDIRS AND DIVILOPMLINT

A, ANccomnlishments

Preparation of the process flowsheets Ior plants capabdile
¢f producing hvdroren and svnthesis gzas from bituminous coal
continued during December, For the case of the hydroren plant,
final heat and material balances were made in accordance with
our concept of preparing "process packages" for the various
oroducts under consideration.

B. Projections

Process designs will be continued fox the two end
products currently beinsg studied. 1In addition, efforts will
be continued in an attempt to define the most critical and
sensitive areas of these designs, as well as those for pipeline
gas, to determine what, if any, further experimentation is
necessary before beginninpg the process design for the proposed
one-ton-per-hour pilot plant.
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iV. MECHANICAL DEVELOPMEINT

A. Accomplishments

1. Environmental Testing of liph Temnerature Materials

Corrosion Test #10 will resume shortly,

2. Mechanical Characteristics Testing

The melt bed expansion tests have been completed.
Figures 2 through 4 show the results of this test for a cne,
two and three foot bed at various bed superficial velocities
up to three feet per secend., These tests were conducted in a
5-3/4 inch I.D. vessel approximately six feet hign. The
vessel was heated in an electric furnace t¢ approximatelv
1840°F, producing & melt temperature of 1800°F,

Bed aeration was accomplished bv a central sparger con=
sisting of a 1/2 inch pipe inserted from the top of the vessel
to within two inches of the bottom. TPed heifht measurements
were made using the electrical dip stick method nreviously
described. Again, the lower curve represents the -oint vhere
nearly continuous contact is maintaired between the din stick
ard the bed, the upper curve shows where substantlal initial
contact is fzrst made with the bed,

Comparing the three bed heights it will ke noted that
the nearly continuous contact curve does not substantially change
with bec height. However, the upper or initial contact curve
varies censiderabiy with bed height. Directicnallv, this
effect was also noted in the other materials similerly tested
and previously reported (water, ethylene glvcol, 100 cp.
glycerine-water mixture). Corresponding to these results at
the higher bed levels a significant reducticn ir sglashing and
bed loss on the vessel wall was noted.

The table following briefly summarizes the results of the
bed expansion tests. The summary is limited to the results
obtained with three fcot beds as this is considered the most
significant for future application.
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BED EIXPANSION (PERCENT EXPANSION)

Bed Superficial Velocity

Material ‘ 0.5 f/s 1.0 {/s 2,0 £/s
Water 18=-25 32-42 56-66
Ethylene Glycol 26-25% 33-41 558-85
106 cp. Glycerine-Water 15-18 27-36 4L5-55
Melt 1800°F 8% Ash 11-16 21-29 38=50(E)

3. Melt Circulatien

Tests on cross flow contamination simiiar to those
conducted for water have been completed ‘or ethviene glycol,
The final results of this test are reported in Firure 6. The
final results of <the water tests are shown in Fipure 5. As
previously reported, based on the preliminary data, a lower
level of cross flow contamination is cbtained for the ethylene
glycol where there is no bed aeration. Iliowever, the effect of
bed aeration is gsireater and at the highest rate of aeration
the contamination is approximatelv that ohtained for water.
Both show a contamination level with the inlet extentions
in the order of 1,02 cubic feet of contamination gas per cubic
foot of liquid transfierred, fcr transfer rates less than
10 feet per second for water and 5 feet per second for the

ethylene glvcol.

As previously stated, these results are encouraging
and within the crder of magnitude of contamination levels
currently envisioned for the actual process. Additional work
is required, however, before extrapolation of this data may
safely be made to a circulating melt system. The solubility of
nitrogen in ethylene glycol and the contaminating gases in
the melt will have to be determined.
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B. Projections

1. Envirecnmentel Testing of tish Temnerature Materials

Corrosion Test #10 will continue¢ to completion.

2. MNechanicz) Cheracteristics Testing

Consideration will be piven to the determinetion of
entrainment in the aeration pas exiting a sodiunm carbonate
melt bed. Previous work in this area has been linmited to shallow
beds of about one foct or less and relatively small diameter
vessels. With the vessel used in the bed expansion test, it
should be possible to develop some useful entrairment cata for
two or three foot pbeds in a 5-3/4 inch.I.D. vessel. This data
will be helpful in the design of the reactor overhead equipment,

Methods c¢f <Zetermining solubilitv of nitrogen or
oxygen in ethylene plvcol and carbon dioxide or other contam-
inants in sodium carbonate melt will be explored.

3, Melt Circulation

The cross ficow contamination results for both ethylene
glycol and water will be extended to aeration surerficial
velocities cf 2.f feet per second to include prorosed design
deration rates.
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V. MANPOWER AND COST ESTIMATES

Figure 7 shows the projected breakdown for Phase 1 for
1966 as well as the actual effort that was made. It can be seen
that a 9.5 man-efforti was made during December.

Figure 8 shows the expenditures during December, For
the month, $16,335 was expended, not including fee and G & A, The
total expenditures through December wepe $561,0487, Including fee
and G & A, the total expenditures were $641,3u6, This is 58% of
the encumbered funds.
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