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I. SUMMARY

This Progress Report is the thirty-fourth since the awarding of the
contract. |t is concerned with the first phase of the contract and
summarizes the progress that has been made in the three principal areas
now being studied:

(1) Process Research
(2) Chemical Engineering Studies
(3) Mechanical Cevelopment

Experiments have been carried out to study sodium carbonate melts
containing silica and alumina and the effect of various qases on melt
composition. Both carbon dioxide and nitrogen (at one atmosphere total
pressure) were used to contact an alumina-sodium carbonate melt. The
results, as indicated by a freezing-point depression, showed that with
nitrogen as the aeration gas alumira goes into sclution fairly quickly.
In addition, the solution process can be reversed by switching back to
carbon dioxide.

In addition, exper®ments were carried out with varying concentrations
of carbon dioxide in nitrogen in an effort to establish the lower limit of
carbon dioxide needed to prevent alumina solubility in sodium carbonate.
The results indicate that about 0.4 atmosphere of carbor dioxide is re-
quired to effect this, at 1B40"F

The effect of steam concentration in the aeration gas on the solubility
of alumina was also investigated. Steam was found to greatiy affect the
freezing point of sodium carbonate (through the formation of sodium hydroxida),
although there was no apparent effect on the sclubility of aiumina.

The presence of silica in the melt was found to greatly affect the
freezing point of sodium carbonate with nitrogen as the aeration gas. However,
this solubility is quite reversibtle as tne melt freezirg point could be raised
to its initial level upon contact with one atmosphere of carbon dioxide. As
was the case with atumina about 0.4 atmosphere of carbon dioxide in nitrogen
was required to prevent silica from dissolving. The addition of steam to the
aeration gas indicated that in addition to the freezing point lowering due to
sodium hydroxide formation, there is an added depression due to silica
solubility.

Some experiments have been made to determine the disposition of sulfur
in the melt. Addition of Na,S to sodium carbonate and subsequent contacting
of the melt with carbon dioxide-air and carbon dioxide-steam mixtures resulted
in complete conversion of the sulfide to sulfate,
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An experiment was conducted to determine the efficiency of ash
removal which can be achieved with a melt composition comparabie to that
used in the commercial design (8 percent ash and & percent carbon). The
results indicated that in the laboratory apparatus using wash rates and
residence times comparable to those proposed commercially, a sodium re-
covery of about 96% (versus 97.5% assumed in the conceptical design) can
be attained,

The Status Report justifying Kallogg's recommendation to proceed to
the pilot plant and a Proposal for the cost and schedule of such a pilot
plant have been completed, Both of these documents will be forwarded to
the OCR during June.

Analysis of the deposits obtained from the melt entrainment tests
indicated that they contained 92 to 98% sodium carbonate and 1 to 3%
silica. It is difficult to explain these results in terms of volatility,
and it appears as though the great majority of the carryout may be
attributed to physicai entrainment.

Corrosion Test #12, a simulated gasification test, has continued to
a total of 34C hours. The test is- planned to be terminated at about 500

hours.

An ultrasonic technique has been devised to enable the inspection of
Monofrax A for voids and flaws. The method has proven gquite successful
and it is anticipated that automatic inspection is quite Teasible for a
commercial operation with currently available egquipment.
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11, PROCESS RESEARCH

A. Accomplishments
1. 35tudy of NasCO3 Melts

THe freezing point of NaZCO3 with 1 atmosphere of COZ was found
to be 1567 F (853°¢C). Changing the atmosphere to 50/5C carbon dioxide and
steam at one atmosphere pressure yielded a freezing point of 1521 + 8°F
(3 results). Increasing the steam to give 10% carbon dioxide in 90% steam
at | atm. pressure produced a melt of 1433 + 5°F freezing point (2 results).

A 1961 French article in which the sodium hydroxide - sodium
carbonate system was studied indicated a 13, 4°F change per percent of NaOH
present in the NazC03 Using this correlation, the composition of the melts
with 50/50 and 10/90 carbon dioxide to steam correspond to 3.4% NaOH and 10. 0%
NaOH in NazCO3, respectively, The aforementioned article gave 1569 for the
fusion point of Na2C03 it very good agreement with our result of 1567°F.
Equilibrum is established by the reaction:

N32C03 + Ha0 = 2NaOH + €9,

a. Na2603 - A1203 System

A Norton Company X - alumina was used to preparz an 8% Al1,0; in
Na2C03 melt, All tests were made at atmospheric pressure. Inltnally carbon
dioxide was used to agitate the melt and maintain the Na CC, 2t 1840 F, then
the freezing point was determined. MNitrogen followed in plgce of the carbcn
dioxide and at various time intervals the freezing point was determined. Two
rechecks with carbon dioxide then followed. The results are shown in the
following tabulation.

chrs.at

Gas Used 1840°F  Fresz. Pr. F AF
COZ 0.5 1565 -
No 1.25 1560 5
N2 1.25 . 1558 7
Ny 17.5 1550 15
€0, 1.0 1562.5 -
co, 1.5 1662.5 -

The results indicate that some alumina goes into solution fairly quickly
but that the process slows down with time. It also indicates the freezing
point lowering for dissolved alumina is low. The overall rzaction for
dissolving alumina is:

NagCO3 + Alp03 = 2NaAl10z + CO2
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After dissolving some of the alumina, the effect of CO0, and the reversal

of the equatiom is very pronounced and appears to be rapid. The difference
in freezing point between the first 1565 F and the final 1562.5°F cannot be
attributed to solubility since it was found that the thermocouple was giving
trouble and required repiacement. e

A melt prepared with L.9% alumina as solium aluminate dissolved in
sodium carbonate showed a 20 F lowering of the freezing point. Thus in the
above experiment after 20 hours, the 8% alumina does not appear to be all
dissolved since the freezing point lowering was only 16°F.

The next experiments employed various amount of carbon dioxide in
nitrogen at one atmosphere with the intent of establishing the lower limit of
carbon dioxide needed to prevent alumina solubility in a melt of 8% Al 03 in
NayC03. The results of these experiments show clearly that about 0.4 a%m.
of carbon dioxide is needed to prevent alumina from dissolving in sodium
carbonate melits.

Next, an attempt was made to determine what influence steam would have
on the amount of carbon dioxide needed %o suppress solubility of alumina.
Steam can form some sodium hydroxide which may have a higher rate of reaction
with al'mina than does sodium carbonate. . Also the equilibrium amount of
dissolved alumina may be higher. The very large lowering of the freezing
peint by the formation of some sodium hydroxide was found to be the same as
for a melt of NaZCO indicating little or no alumina solubility. The results
are shown in the fo?lowing tabulation. .

F Fz, Pt, Lowering

C0,/Steam Melt over jure Na,C0,/1/
50/50 NazC03 48 + 6

50/50 8% A1203 in N82c03 S]

10790 Na,C03 134

10/90 8% Al05 in Na,CO 134

/1 Using one atmosphere of carbon dioxide

b. NaZCO3 - Si0, System

A similar investigation of the §5i0,-Na;C0, system was made. Initially
5% Si0p (ex. Davisor Co.) in Na,CO, melf was uSed. Using nitrogen to mix and
allow silica to dissolve according” to the equation,

Na CO. + SiD = Na Si0. + CO
Gg7T3 T ST T eI T,

gave a freezing point of 1510 + h'F, 8 lowering of 58°F. The freezing point was
easily brought back to that of Na.:CO3 by using 1 atmosphere of carbon dioxide
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for 1.5 hours. Addition of 3 morae percent of silica to give a total of eignt
and mixing with N, for two hours, lowered the freezing point to 1469°F, a

Q9 F lowering. %IS was not a linear response to the additional s:l:ca.
Silica solubilization had a greater effect on the lowering of the freezing
point than did alumina (58°F vs. 20°F for 5% solubilization).

The next exreriments employed varying amounis of carbon dioxide in
nitrogen at one atmosphere with intent of establishing the lower limit of
carbon dioxide needed to prevent silica solubility in a melt of 8% Si0
(ex: Berkley Sand Co.) in NaCO The results are shown in Figure 2, igain
the curve shows, just as wut ?um:na in Figure i, that 0.4 atmosphere of
carbon dioxide is needed to prevent solubilization of silica in sodium car-
bonate melts.

The attempt was now made to determine what influence steam would have
on the amount of carbon dioxide needed to suppress solubility of silica.
The results, shown in the following tabulation, indicate that besides the
influence of hydroxide formation from the steam, there was a significant
lowering due to silica solubility. .

F Fz. Pt, Lowering

COy/5team Melt over pure Na2003
50/50 N32C03 L8

50/50 8% 5102 in Nazc03 81’.

10/90 Na,CO, . 134

10/90 8% $i0, in Nazce3 175

During some of the silica - NaZCO studies, other freezing points were
observed at 1680 - 1650°F. A check®of the literature indicated this may have
been due to sedium disilicate.

c. Na a,5 - Na C03 System

A melt of 8% NayS in Na,C0; was prepared and found to have a
freezing point in N, of 1508° F a B9 E lowering from that of pure Na co_.
Addition of 40% car%on dloxnde in air for two hours rajsed this Freeznng
point to 1548 F. A sample of the melt, removed at 1840°F and immediately
frozen, showed no sulfide - only sulfate was present. It was concluded that
oxidation of sodium sulfide occurred by the oxygen in the carbon dioxide-air
mixture:

Na,$S + 20 = Na,S0y

Another melt of 5% Na S in NayC03 was treated with 50/50 carbon
dioxide to steam which showed no hvdrogen sulfide was evolved and that all the
sulfide had been oxidized to sulfate. Oxidzetion of the sulfide occurred by

either the steam or the carbon dioxide or both. This point will be investigated.
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From these experiments, it appears that the suiflide that gets Into the
melt from the coal in the gasification reactor may be oxidized to sulfate
even before it reaches the combustion reactor where it certainly wiil go to
sulfate. Based on this, consideration has been given to removal of sulfate
from the melt which goes to the ash removal section.

2. ‘Recovery of Sodium in Ash Remoggl

. A melt was prepared of LlOg. NayC0,, 40g. of island Creek bituminous
coal ash and 20g. of 20/4G mesh coke from islan- Creek bituminous coal to give
8% ash and 4% carbon in the melt. This was held at i906°F for 1/2 hour after
introducing the coke and with I atm. of carbon dioxide being used for mixing.
The melt was frozen, ground to powder, and used in the following.

a. 100 grams was treated with 9% WalCO3 at 6/1 liauid/solid ratio
for @ 10 minute boiling period and fultered The residue was dried, weighed
and analyzed.

b, 100 grams was treated similarly except the residue was reslurried
in 50cc of hot water and rafiltered. The residue was dried, weighed, and
analyzed. The results are tabulated in the following:

MELT RESULT a RESULT b
% Na 36.5 i1.8 12.8
% Si02 2.35 23.27 22.32
% Al 0 3.05 22.66 25.25
Weight-gms. 100.0 11.8116 . 11.4850
g. Na 36.5 1.39 1.47
g. Si0, 2.35 2.75 2.56
g. Ala03 3.05 2.68 2,90
% Na Loss - 3,81 4,03

It can be concluded that reslurry of the ash residue after retracting the
N3,C03 had no effect on further sodium removal. Thus 96% Na recovery was
achieved with & melt composition comparable to commercial operation. Further
investigation of this will be made.

Another 40 gram sample of the melt prepared above was lntentlonally held
3 hours at the boiling point of the extracting 9% NaHCO3 solution instead of
the standard 10 minutes. The dry residue of ash weighed 4.7178 grams and con-
tained 5.27% of tne total sodium, Thus the sodium recovery is now oniy 94.7%
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indicating a disadvantage to proionged extration time.

" B. Projections

The effect of more than one atmosphere total pressure of steam and carbon
dioxide on solubilization of silica and alumina wiil be studied. Some
freezing point studies on melts containing coal ashes will be made.

_ Investigations on the overall sulfur disposition in the process have been
initiated and will contirue, Sulfate removal from the system and recovery of
sulfur will also be investigated.
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I1i. Chemical Engineering Studies and Development

A. Accomplishments

1. Pilot Plant

Efforts during May were directed towards preparing a Status Report
justifying Kellogg's position to proceed to the pilot plant and also a
proposal for the cost and schedule of such a program. This proposal has
been completed in its final form and the Status Report has been completed
in draft form.

B. _Projections
1. Pilot Plant

Both the Status Report and the Proposal for the gasification pilot
plant will be forwarded to the OCR by mid-June.

In addition, work will begin to prepare a complete "Process Release'
for thepilot piant. Items to be incorporated in this release include a com-
plete process flow diagram, process ioad sheets for furnaces, exchangers,
machinery and special equipment, analytical sketches of reactors, drums, and
towers, recommendations for materials of construction, and utilities require-
ments., :

2. Flowsheet Studies

Efforts will be made to compliete the hydrogen flowsheet in its final
form so that the complete ''process package' for hydrogen can be submitted,
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1V, MECHANiCAL DEVELOPMENT

A. Accomplisnments

l. Mechanical Characteristics Testing

The analysis of cdepcsits found in Test §3, conducted
to determine entrainment in the aeration gas exiting a sodium
carbonate melt bed nas been completed. Table 1 below shows
the analysis of four samples of deposits taken from the exit
line cooler and filter. The term "inlet" refers to the piping
from the reactor exit to the first bottom elbow of the cooler.
The term "bottom"™ refers to the bottom pipe of the cooler in-
cluding the two elbows. The outlet line includes the remainder
of piping to the filter.

Table 1

Location Deposit Wt. % Na2g93* % Si02* $ Misc.*
Inlet 3.74 gms. © 96.6 1.90 1.5
Bottom 3.62 gms. 95.9 2.84 1.26
Outlet 1.6 gms. 92.0 2.18 5.82
Filter 3.72 gms. 98.2 0.96 0.84

12.68 gms.

Aeration Gas - Carbon Dioxide
Bed Height - 2 Ft. 6 In.
Bed Superficial Velocity 2.0 Ft./Sec.

-~

(* Lry Basis approximate.)

The melr bed contained 8% ash. Analysis shows this ash
tc contain 38.3% Si0,. The deposits appeared to be uniformly
distributed on the wills of the exit pipes and it would appear
from the- data that the great majority of carry-over resulted
from physical entrairment in the exit gas. Volatile carry-
over could not be reasonably predicted by this test.
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2. Corrosion Testing of High-Temperature Materials

Run #12, as described in the last report, has been restaried
and has now been in operation for approximately another 200 hours, for a
total of some 340 hours to date. 1t is anticipated that this test will be
terminated at 50C-hour point and the total corrosion rates determined.

An attempt has been made to ultrasonically inspect the Monofrax
VA" fopr yoids and Flaws. A sampie of the results appear as Figures 3 and 4.
Figure 3 is the trace obtained when examining a flawless, two-inch-thick
block of Monofrax """ using ultrasonic techniques. Figure 4 is the same
except the Monofrax has a flaw at the midpoint, i.e., one inch below the
surface. In bothk cases, the trace obtained i5 clear and easy to interpret,
so that ultrascnic inspection of the refractory material would seem quite
feasible. Discussions with the vendors of untrasonic equipment have indi-
cated thatthis material lends itself to good ultrasonic inspection with no
problems or special techniques required. Automatic inspection is quite
possible with currently available equipment.

8., Projections
1. Mechanical Characteristics Testing

Further testing will be undertaken to better demonstrate the
carry-over that may be expected. This information will aid in design of
the pilot plant overhead piping.

2. Corrosion Testing of High Temperature Materials

Run #12 will be continued to approximately the 500-hour point.
The test will be terminated and the specimens examined at this point. The
results of this test will help to determine the future course of the test
program, :

. To date, all the Monofrax 'A' tested has been from ordinary
blocks of Monofrax, and, as such, have had a wide variety of grain size
and structure as well as internal voids and cracks. !n the near future,
testing will begin on DCL Monofrax ''A', which should have a far more uni-
form internal structure, and thus, even better corrosion resistance. This
DCL Monofrax A" will further be inspected ultrasonicalily prior to testing
to insure a uniform quality of test semple. This technique has not been
used on the previous test specimens.
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‘Figure 3

ULTRASONIC TEST 2-1NCH MONOFRAX ''A' BLOCK
NO FLAWS BOTTOM SCALE Xl
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Fiqure 4
ULTRASONIC TEST 2-INCH MONOFRAX UAY BLOCK

ONE_INCH BELOW SURFACE BOTTOM _SCALE XI
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