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| 2 SUMMARY

This Progress Report is the thirty-fifth since the awarding of the contract.
It is concerned with the first phase of the contract and summari:e: the progress
that has been made in the three principal areas now heing studies: Process
Research, Chemical Engineering Studies, and Mechanical Development.

An attempt was made to study the affect of carbon dioxide and steam mixtures
and their pressures on the solubility of silica in a sodium carbonate melt. The
particl pressures of both gas phase components appear to affect silica solubility,
but additional data will be obtained to determine the relationships more fully.

One atmosghere of carbon dioxide was found to completely prevent solubili-
zation of either bituminous or anthrac te ash in sodium carbonate at 1840 F. When
nitrogen was used in place of carbon diox.de, the freezing point of the melt
dropped substantially (indicating that ash was dissolving.) However, when the
carhon dioxide was switched back, the freezing point rose back to its initial value,
thereby precipitating the ash back out of solution.

Since preliminary experiments indicated that sodium sulfate may build up to
rather high concentrations in the ash removal step, an experiment was run to
determine whether this material could be selectively crystallized out from the
bicarbonate solution. The results proved negative indicating that such techniques
will not allow sodium sulfate to be removed from the system,

In an attempt to determine the predominant form of sulfur in the gasifier,
an experiment was carried out in which sodium sulfate was charged to a sodium
carbonate melt and sampled. Following this, a charge of anthra.ite was added and
samples taken. The results indicate that essent‘ally all of the suifate was
converted to sulfide by carbon reduction within one hour. When air was addec to
the melt, the sulfide was almosi immediately converted back to sulfate. When
steam was added, to the sulfide-containing melt, a slow conversion back to sulfate
occurs as the carbon level decreases. No sulfur-containing gases were detected
during any of the above operations.

Another experiment was conducted to determine the disposition of sodium sulfide
during carbonation. The results indicated that practically all the suifur is
liberated in the form of hydrogen sulfide. '

An attempt was made to further confirm the earlier finding that steam and
carbon dioxide oxidize sulfide to sulfate in a carbonate melt. Great precautions
were taken to insure that no oxygen was present in the feed gases. The results

indicated that there is indeed a siow, but steady, oxidation of the sulfide to
the sulfate.



THE M. ¥, KELLOGG COMPANY PAGE NO. 2
A DIVISION OF PULLMAN INCORPORATED

REICARCH & DEVELOPMENT DEPARTHUENT REPORT NO, 35

et ———————————————
e e e}

The Status Report and Proposal were completed and forwarded to the OCR.

Some process revisions were made to the Ash Removal section of the pilot
plant to ailow for a concentration of the quench solution prior to the ash
filtration step. Tests had indicated that a more concentrated ash slurry was
desirable for filtration. These changes have been made with little, if any,
effect on the process.

Work on the preparation of the Process Release was begun, and the process
design of the synthesis-gas-from~ccal plant has been resumed.

A plastic model of the pilot plant gasifier-combustor has been constructed.
The purpose of this model is to erable process simulations to be made to allow
visual observation of the internal circulation within the vessels. Such informa-
tion will help to insure that proper deaerating space is provided in the regions
of melt withdrawal and that there is sufficient agitation in the melr.

Corrosion test #12 of Monofrax A, a simulated gasificetion test, was termin-
ated at 515 hours. The average corrosion rate for this period was 0.276 in./yr.,
with @ maximum of 0.423 in./yr. measured across a pitted surface which prevented
precise measurement. Surface pits were found in the sides of the specimens which
nad been on the outside surface of the original block. These pits were found o
be extensions of bubbles which were originaliy present in the block as a result
of casting. Simiiarly, several cracks were also present in theoriginal samples
which were enlarged scmewhat by the action of the melt. A sample of diamond cut
Monofrax has been obtained, free from such flaws, and will be used in further
tests. It is anticipated that this sample should show much lower rates of
corros.on.
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11. PROCESS RESEARCH

A, Accomplishments

1. Additional Study of NajCo3- S5i0 Melt under Pressure

The attempt was made to study the effect of pressure of carbon dioxide
and steam on solubility of silica in a melt of 8% silica in sodium carbonate at
1840°F and two atmospheres total pressure. The following results were ootained
and are compared to cthers reported last month.

°F Freezing Point Lowering

Melt pCOZ (atm.) pHZO (atm.) over Pure Na,CO3
NaZC03 0.5 C.35 L6
8%5.0 in Na co3 0.5 0.5 84
B%Sioz in NayCOy i.0 1.0 TN
N32C03 1.5 0.5 26

In the first series with a 1 to | ratio of carbon dioxide to steam, an increase
in total pressure to two.atmospheres eliminated the solubilization of silica.
However, two atmospheres of total pressure did not eliminate siiica solubilization
when the carbon dioxide content of the gas was increased. At this time the effect
of the pressures of carbon dioxide and steam on solubility of silice in sodium
carbonate melts cannot be defined and wiil have to be redetermined.

2. Effect of Ash on N32C93 Melts

Bituminous coal ash at the 8% ievel was mixed in NapC0, and held at
1849°F for ! hour in 1 atmcsphere of carbon dioxide. The freezind point was the
same as pure sodium carbonate indicating no solubilization of any ash components
had occurred. When nitrogen replaced the carbon dioxide and afte .5 noursg, the
freezing point was lowered 37 *F showing some ash had dissolved. < ter repiacing
the nitrogen and blowing carbon dioxide through the melt for one i:our, the freezing
point returned to that of pure sodium carbonate.

With an B% anthracite ash in sodium carbonate melt the results were quite
similar. One atmosphere of carbon dioxide was sufficient to prevent solubilization,
but in N, after 2, 4, and 6 hours the freezing point lowerings were 21, 55; and
62°F, respectively, showing the slow but steady solubilization of ash. One
atmosphere of carbon dioxide was enough to precipitate the dissoived ash out of
solution.
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3. Disposirion of Sulfur in Process

AlthougH the complete determination of the disposition of the sulfur
{in coal) in the process has not as yet been fully determined, very good indi-
cations are now available. In addition, considerable work has been done on the
removal of sulfur from the system. As soon as an exhaust system over the
laboratory reacior is installed, coal will be able to be fed to a melt 0 deter~
mine the extent of sulfur uptake by the melt. )

Coal contains essentially three types of sulfur compounds ~ pyrites
(FeSz), organicaily bound sulfur and some sulfur as sulfate. One would expect
the sulfate sulfur to enter the melt directly as sulfate; pyrites ro react with
sodium carbonate to form sodium sulfide; the organic compound-containing sulfur
to be thermally decomposed and further attacked by the steam., It is felt that
this sulfur will ultimately become sodium sulfide and perhaps a smail amount
will escape from the melt as carbonyl sulfide and/or hydrogen su’fide, With
about four percent carbon present in the melt, the suifate sulfur should reduce
to sulfide. As soon as this melt enters tne combustor, the sodium sulfide should
be immediately oxidized to sodium sulfate. The present flow sheet calis for ash
removal from the melt exiting from the combustor. Thus the initial work was done
on sodium sulfate in the melr.

a. Crystallization of Sodium Sulfate in Ash Removal Section

Some preliminary experuments established that sodium sulfate would build
up to s fairly high concentration in the sodium carbonate-bicarbonate solutions.
A solution was prepared at 190°F which simulated the filtrate : “ter removal of
the ash; this solution contained 6.7% NaHCO3, 10.6% NapC03, and 14.5% NapS0y.

The solution was cooled to 85°F, a solid fx%tered off in hopes that it would be
sodium sulfate but it turned out to be sodium bicarbonate. It was concluded that
crystallization techniques would not allow excess sodium sulfate to be removed
easily.

b. Behavior of Sodium Sulfide in Ash Removal Section

First it was necessary to prove that sodium sulfide would be the major
sul fur compound .in the melt from the gasifier. A sample of a frozen melt con-
taining 8% ash and 4% carbon made at 1900 F was found to contain mainly sulfide
sulfur and a trace of sulfate sulfur. The sulfur introduced in the ash was
mainly su]fate, thus the carbon must have reduced the suifate to sulfide in the
meir,

A direct determination was made by preparing 2 melt of 4% sodium sulfate
in sodium carbonate at 1740°F. This melt was sampled, then 4% carbon as
anthracite was added and the melt sampled at 5, 10, and 55 minutes. Nitrogen
was bubbled through the melt at all times. Gas samples were analyzed for sulfur
compounds by gas chromatography. The gas analyses did not detect any sulfur com=
pounds present.. Qualitative analysis on the melt samplies showed sulfate to be

strongly present in the first sample, as’‘expected, before the carbon addition



A& DIVISION OF PULLMAN INCORPORATED

i W, COMPANY A PAGE NO. p)
THE & KELLOGG @@@

RESZAACH & DEVELOPMENT DEPARTUCNT REPORT XO. 35

and only a trace present in the 5, 10, and 55 minute samples; sulfige was
not present in the original sample but present to a large extent in the
other samples. This quite conclusively established that sulfate is easily

and

quickly reduced to sulfide by carbon in the melt.

Experiments were continued on the melt from above to establish the

disposizion of sulfur during gasification. Steam and carbon were reacted,
samples of melt and gas analyzed as shown in the following tabulation.

Qualitative

Melt Test Gas Analysis - %
Time-min Note s 50y, €0, co H, N,
k-4

- €0y in o 71 29 - -

- Air in for 5§ minutes - it 1.2 - - 80

9 Steam in 5 minutes, then anthracite added (time zero)

g Gasification + 23.0 15.0 3.5 8.5
15 Gasification +— + 25.0 10,0 51.5 13.5
45 Basficiation  and + 23.0 L.0 50.60 23.0
75 Basification -+ ++ 15.5 .0 Li.5  42.0
95 Gasification - -+ 12.5 1.0 37.5 u8.0
110 End, freezing point 1306°F

These results show that air oxidizes sulfide to sulfate extremely fast, that
carbon does reduce sulfate to sulfide during gasification evan in the presence
of a large excess of steam but that as the carbon becomes de;l-ted, the steam
and/or carben dioxide tends to reoxidize the sulfide to sulfate (qualitative
test only). Although all gas samples were analyzed for sulfurous gases, none
were detected at any time. The level of detectability was 0.01 to 0.1%

Consideration was now given tc what wouid happen to the sodium sulfide in
the ash removaji-sodiun reccvery section. tnitially, the melt is quenched and
the sodium compounds dissolved in a 7-9% sodium bicarbonate solution from which
the ash is removed by filtration. The next operation is carbonation to convert
the dissolved sodium carbonate to bicarbonate. Preliminary qualitative experi-
ments quickly eszablished that solutions of sodium sulfide with and without the
presence of sodium bicarbonate or carbonate liberated hydrogen sulfide when
treated with carbon dioxide. A literature study verified this. A solution of
7.8% sodium bicarbonate, 13.7% sodium carbonate, and 2.6% sodium sulfide was
prepared at 150 F and carbon dioxide bubbled in through a sparger in a graduate.
Hydrogrensulfide was liberated over a period of 2.5 hours even after all the

sodium carbonate had been converted to bicarbonate and all the excess bi:arbonate

precipitated out of solution. The final solution showed practicaily all the

suifide had been liberated. This indicated a quantitative experiment should be
performed.

*in a qualitative manner, the number of plus signs indicates the amount of the
componant present.
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Using the flowsheet for the pilot plant (4/18/867) and the sulfur ccntent
of our bituminous coal it was calculated that about 1% sulfur was present in
the melt going te the ash removal-sodium recovery section. The filtrate from
the ash removal filter was then calcuiated to contain 78.2% Ho0, 7.7% NZHCO3,
13.7% NasC0,, and 0.4% Na,S. A sclution weighing a total of EGS grams simulated
the above filtrate composition. With an inlet meter to measure COp gas in and
an outlet meter (kerosene filled) to measure COy and Hgs out 3 rate of sulfur
removal under carbonation conditions with the above soTuticn was obtained -
gas analysis for HyS were made every five minutes on the outlet gas from the
carbonation tower. The uptake of carbon dioxide and the evolution of hydrogen
sulfide placed on an outlet basis are shown in Figure 1.

_ The significant break in the hydrogen sulfide curve represents the point

at which most of the carbonate had been converted to bicarbonate and the carbon
dioxide was now displacing the bulk of the sulfide. This is further substantiated
by the break in the carbon dioxide curve.

These data suggest that the carbonation tower should be run almost to the
break in the HgS curve in order to recycle the carbon dioxide with a low concen~
tration of hydrogen sulfide. This solution should then be further carbonated in
a separate zone to complete the precipitation of sodium bicarbonate and drive off
the majority of the hydrogen sulfide to give a kigh enough concentration of
hydrogen sulfide in the exit gas which will aid its separation from the carbon
dioxide. Although the final solution contains a low concentration of sulfide it
will be recycled to the quench zone thus causing no difficulties. Methods of
removal of hydrogen sulfide from carbon dioxide will be literature searched before
experimentation.

c. Oxidation of Sodium Sulfide by Steam-Carbon Dioxide

As reported last month, it was indicated that steam-carbon dioxide oxidized
sulfide to suifate in a carbonate melt. Further verification of this was obtained
by @ similar experiment. In case oxygen from the gases, although of high purity,
or from the freezing of the meit sample in air may have caused the oxidation,
greater precautions were taken. The hydrogen, nitrogen, and carbon dioxide gases
were passed through a copper deoxygenator, the water deaerated completely before
use and the melt samples taken into a carbon dioxide atmosphere. Over a three hour
period with 50/50 steam/carbon dioxide passing into a 5% sodium sulfide in sodium
carborate melt, melt samples progressively showed higher sulfate and lower sulfide
content. The reaction does not appear to be fast. It is possible that the Inconei
reactor may play a role in this behavior., Thus the experiment will be repeated
using a McDanel alumina refractory tube in place of Inconel.




35

PAGE NO,
REPORT KO,

KELLOGG COMPANY
2ORATED

THE M. W.
A DIVISIOK OF PULLMAN INC"

REIEANCH & DR VELOPMENT DEPARTMENT

Q
]
o
~
e
=

on 001 06 Oo 0L 09 0§ 14

o
4
e
o
o

-
3

0L

09

T

06! (o] 1] Dab.,. 09) 0 oL _ ,
T T SRER R P e e ¥ N RSN IDSIUETS (RSl OURSTSS I S IR B BNSR 7 C S
HH ] S Wil M m;z_z Nt INL T FEnd it REel sy s NuEnd syns ke
1 ;— ' Y “ | [N | Y-..‘ - m_. ll|l|‘.4 lel.l. T.nJlln rlﬂ:n - ..,..m... et o P S 4 = 1o
+ N R E L i AR -t — qT-L! RSN A AT S .
] dEEs s RSN AR v.”‘..u_.uu.__#: S i AN SENTq unm g
PH | A BRnaasPCctlERERR RN 00 P
u I IR U, 1l 1 ; 5 -
Tt 4 A1 = --HA ] s
I L ! pq L] “ ! Ry S -
AT | S,
e adEAEESRasex flas “. g
V Y L T 1 N .
e HH - _ g
J.IJ_U_J L - —_ 1 ) ! [z
i t A i | l S Jdov
i 1 i T =3
T RN * ) o .
SO I B - g
St caad B = oS
[ N I o=
IIIII M T oy
0 .
=
-~
m
<
=
=
o~
n
(=]
b -

. b=
206

e —— e = -

00l

i

- ey -

¢

|
|

!
]
3
~

= b

|

[

: - bt e B SR Dy B—
=" walld IVAOWEY HSY WOMA 31vMilld 40 NOILYNO®MYD . | 7y 74
e R T 3unoid e
‘ — = T ot M RS WG e =
- i wlei i A it Rt IR At 1 o | ASAILR M AT A gt




THE M.W. KELLOGG COMPANY FAGE NO. - 8
A DIVISION OF PULLMAN iINCORPORATED .

RESEARGCHN & DEVELOPMENT DEPARTMERT . REPORT NO. 35

W

B. Projectlons:

The following remain to be investigated:

1. Does all -the coal sulfur stay in the meit when coal is bottom fed
during gasification?

2, Is sodium suifide in the melt oxidized by steam-carbon dioxide?

3. When pyrites, FeS;, is reacted with a melt, what is the chemistry?

4. Prepare 8% ash, 4% carbon, 1% sulfur in a melt at 1900°F in an aiumina
tube to eliminate contamination from Incenel., Study ash removai,; sulfur
removal and sodium recovery. This coculd also be done by starting from
coal and gasifying until the ash is built up in the melt,

5. lInvestigate suifur recovery methods for 2~10% hydrogen sulfide in carbon
dioxide.

6. Effect of steam-carbon dioxide pressure on the solubiiization of silica
and alumina in molten salt.
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181, CHEMICAL ENGINEERING STUDIES AND DEVELOPMENT

A, Accomplishments
1. Pilot Plant

The Status Report and Proposal were completed and forwarded to the OCR
during June.

Procese<' révisions were made to the Ash Removal section of the pilot plant
to allow for a concentration of the quench sclution prior to the ash filtration
step. Tests run by a filter manufacturer (Eimco) indicated that filtracion rates
could be greatly enhanced by increasing the ash content of the solution to the
filter from the previous two percent level to about 30 percent. This has been
accomplished using a pre- filtratlon thickener and will not result in an appreciable
cost change in this section.

Work has'begun'to prepare process load sheets for inclusion in the final
pilot plant Process Release.

2. Flowsheet Studies

Work on the process design of the synthesis gas plant, temporarily susperded
due to the press of preparing the Proposal and Status Report, has been resumed.

B. Projections

1. Pilot Plant

Work on the Process Release, with particular emphasis on the preparation of
load sheets, wili continue,

2. Flowsheet Studies

Process design of the synthesis gas plant will proceed. In addition, work
will commence to complete the hydroger fiowsheet so that the ''process package''
for hydrogen can be completed.



THE M.W. KELLOGG COMPANY PAGE NO. 10
A DIVISION OF PULLMAN INCORPORATED |

RESEARCH & DEVELOPMENT DEPARTMENT <REPORT MO. 35

jV. ‘MECHANiICAL PSVELOPMENT

A. Accompiishments

1. Mechanical Characteristics Testing

A transparent plastic model of the proposed pilot plant gasifier-
combustor has been constructed. This modei, when operated with materials
simulating the properties of the molten salt, will allow visual observation
of the internal circulation within the vessels, Information of this sort is
needed to insure that proper deaerating space is provided in the regions of
melt withdrawal, and that there is sufficient agitation in the molten bed
itself. Some observations will also be made as to the overhead space required
to minimize melt carry-over from the vesséls into the gas outlet piping.

2. Corrosion Testing of High Temperature Materials

Corrosion Test #12 of Monofrax A was terminated at 515 hours during
this repurt period, and the specimens exzmined. The average corrosion rate
for the 515 hours was found to be 0.276 in./year, with a maximum of 0.423
in./year measured acioss a pitted surface which prevented precise measurement.
Rather severe surface pits were found in the sides of the test. specimens which
had been the outside surface of the original Monofrax block. These pits, on
further examination, were found to have started as small "bubbles' which had
been formed when the ceramic was cast; the molten salt penetrated these and
enlarged them, but caused no pitting unless these bubbles were present initially.
Several small cracks that were present in the samples pricr to testing were found
to have been enlarged by the action of the melten salt, but not enough to endanger
the integrity of the block.

This test verifies the premise that it is important to have Monofrax A
that is as free from flaws, both voids and cracks, as possible. To this end, -a
sample Diamond Cut Lug (DCL) block of Monofrax A has been obtained, and will be
used for further tests. This version of Monofrax A is free from internal defects
that have been present in all specimens of th’; material tested to date. To
insure the soundness of future test specimens, . they will be ultrasonically inspected
prior to testing.

B. Projections
1. Mechanical Characterisgics Testing

Visual observation of Tlow patterns obtainsble In the simulated reactor
will be made to check circulation and general operation.

A test facility wiil be constructed to investigate the possibility of
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using a slip=joint in molten salt at process temperature. This construction Is
proposed for use in the pilot plant, and must be avalyuzted as to realiability.

2. CLorrosion Testing of High Temperature Materials

Testing of Monofrax A will continue, using DCL specimens that have
been ultrasonically inspected for soundness. In addition, a program will be
started to investigate the suitability of INSULAG as a thermal insulation behind
the Monofrax A, This program will involve primarily the investigation of INSULAG'S

strength at temperature, and its susceptibility to crushing due to repeated
thermal cycling.
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V. MANPOWER AND COST ESTIMATES

Figure 2 shows the projected breakdown for Phase 1 for 1967 as
well as the actual effort that was made. It can be seen that a 12.8 man-
effort was made during June. Figures for May have been revised to in-
clude charges which were erroneously omitted from May's billing.

Figure 3 shows expenditures during June. For the month $21,664
was expended, not Tncluding fee and G & A. The total expenditures through
June were $695,018. (Again, figures for May have been adjusted to include
the previous omission.). Including fee and G & A, the total expenditures
were $792,230, This is 72% of the encumbered funds.
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