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1. INTRODUCTION

The work to be performed to meet the objectives of the contract
(14-01-0C01-380) has been divided into three sections. These include:
Process Development, Prccess Research and Mechanical Development. The
work completed up to August 31 and the work planned for September are

reported for each of the three sections of the project.
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1l. PROCESS DEVELOPMENT

A. Objectives

The objectives of the Process Development portion of the project
are the following:

1
[

To coordinate flowsheet development and evaluation with
experimental work conducted by the Chemical Research and
Mechanical Engineering Development groups and with pilot
plant design work to assure that all are proceeding in
concert.

To provide maximum possible guidance for the experimental
work by investigating a range of operating conditions and
processing combinations to:

a. determine those areas critical to economic success, and

b. delineate the range of each veriable in which experimentation
will be most beneficial to the overall program.

To create conceptual designs, including estimated investment
and economics, for commercial-scale plants to produce:

a. pipeline gas

b. hydrogen

c. synthesis gas

d. pipeline gas, hydrogen, and synthesis gas

e. a fuel gas suitable for use as a transport vehicle.

B. Accomplishments

1.

Selection of Raw Materials

Four coals -- an anthracite, a high-volatile bituminous, a
sub=bituminous, and a lignite -- were chosen as the basis for all
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experimental and process evaluation work. Characteristics of these coatls and
typical ashes are summarized in Tables | and I1.. Major criteria used
in the selection were:

a. Availability, as indicated by current production statistics.

b. Reserves sufficient to supply a large-scale coal
gasification effort.

A coal char to be specified by OCR and supplied by another OCR
contractor will also be considered.

2. Product Gas Specifications

Product gas specifications that we have established as reasonable
goals are summarized in Table 111,

Specificaticns for pipeline gas are subject to a review of the
state of methzne synthesis technology and may have to be revised at &
later time.

Specifications for hydrogen will permit its use for chemical
synthesis, hvdrogen processing of petroleum fractions, or in the
hydrogenation step of Office of Coal Research Project Gasoline.

Synthesis gas specifications have been set so that it may be used
to produce gasoline (end other liquid fuels and chemicals as co=-products) .
This is a potential large-scale consumer of coal, since 250 MM SCFD
of synthesis gas is zquivalent to about 6,000 barrels per day of
gasoline, or shout 0.15% of present U. S. refining capacity. It should
be noted that this synthesis gas quantity is equivalent tc about 10%
of existing U. S, synthetic ammonia capacity or about 60% of present
methanol production; pointing up the fact that chemicals production
can never be a very big consumer of coal. Large-scale markets must
be in the energy field.

3. Preliminary Screening of Ash Removal Methods

Several methods have been proposed for removing coal ash from the
melt (mixture of molten salt catalyst and molten ash) of the Kellogg
Gasification Procass:

a. Purging (discard a portion of the melt and make up for
catalyst losses by fresh additions of salt).



THE M. W. KELLOGG COMPANY Page No. _ . .
Resasarch & Oevelocmant #
Department
Report Ne. .. 1 —
TABLE |
COAL CHARACTERISTICS
High-Volatile Sub-
Anthracite Bituminous Bituminous Ligrite
Rank
Source:
North
State Pennsylvania W. Virginia Wyoming Dakota
County Schuylkili Logan Lincoin Bowman
Seam Southern Coal! Cedar Grove Elkol -
) Field, Panther
Froximate Analysis, wt. %: Creek Dist.
Moisture 6.3 2.8 21.7 52.4
Volatile matter 3.7 36.0 33.5 24,6
Fixed carbon 81.7 53.4 41.8 26.2
Ash 8.3 5.1 3.0 6.3
Total 100.0 100.0 100,0 1080.0
Ultimate Analysis (dry Basis), wt.%:
c 83.9 75.4 73.0 62.5
H 2.6 5.2 5.1 4.3
0 2.9 7.5 16.0 19.5
N 1.0 1.4 1.4 [
S 0.7 1.3 0.7 1.0
Ash 8.9 5.2 3.8 11.C
Total 100.0 100.0 100.0 100.0
Gross Heating Value, Brtu/#
As received 12,620 13,990 9,960 6,230
Dry 13,470 14,350 12,720 10,820
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TABLE [!
ASH CHARACTERISTICS
digh-Volatile
Coal Anthracite Bituminous  Sub-bituminous Lignize
% Ash in Coal (dry) 8.9 5.2 3.8 11.0
Softening Temp., F 2,980 2,750 2,060 z,180
Composirions, wt. %:
¢id 56.5 51.6 39.7 33.0
Al,8; 36.0 33.3 15.6 13.5
Fe 03 3.8 8.1 18.9 7.3
116, 1.2 1.4 1.1 6.6
Cal 0.8 1.5 11.3 4.5
Ag0 0.3 0.8 3.7 L4
Na,0 - - 1.6 12,1
K25 - - 3.5 1.0
503 - 0.7 i2.2 13.6
Total 98.5 97.3 89.9 100.0
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TABLE 111
PRODUCT GAS SPECIFICATIONS

Product Gas Type Pipeline Gas Hydrogen SvnthesisSas Transport Gas
Quantity, SCFD < 250, 000,00C S,
Temperature, F 100 100 100 100
Pressure, psig 1000 500 400 1000
Composition, mol %: ¥

py’ 355 Ha/CO = 2.3

e, (10 o max 5 ay

CHy, 85-90 (1.5 5 max

N [ S -

S Compounds 1 ppm max 1 ppm max
Gross heating value, 930 min. - - 300-400

Bru/SCF

* Raw gasifier effluent after cooling and, if necessary, (0, removal.
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b. Prior de-ashing of the coal so that an ash-free fraction
may be gasified.

c. Quenching a portion of the melt with water to :issolve
the salt catalyst, filtering to separate the salt solution
from undissolved ash components, and evaporating to
recover the salt.

d. Precipitating asn components with carbon dioxide.
e. Settiing, centrifuging, or filtering.

f. Flotation.

-~

Preliminary screening work on these & ternatives is discussed briefly.

a. Purging

The cost of salt makeup was calculated as a function of salt price,
ash content of coal feed, and ash content of the gacifier melt. The
results are presented in Figure 1. We have concluded that purging alone
is not likely to be the solution to the ash removal problem becsuse:

(a) most coals contain more than 5% ash, (b) the salt will probably
cost more than 1 cent a pound, and (c) the gasifier is not likely to
operate as desired with upwards of 50% ash in the melt.

b. Prior De-Ashing

Solvent de-ashing, such as the process being developed by Spencer
Chemical Company for OCR, will be considered when cost data become
availabile.

Low temperature carbonization of coal feed to produce an ash-free
fraction to the gasifier was studied. This could be a solution only
if a Jow-cost carbonizaticn process were developed that converted at
least 30% of the coal feed to ash-free liquid and if the resultant
char product could be sold to a power plant as fuel at the same price
per Btu as the coal costs. Even then the cost of ash removal wouid be
equivalent to more than 5¢/MSCF of pipeline gas, and the adjacent power
piant would be larger than any thermal power plant in the United States.

c. fQuenching

This alternative appears feasible, although there are technical
problems to be solved, Tor a total ash removal cost in the range of
2-5¢/MSCF of pipeline gas. More detailed designs and cost estimates
will be made,
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COST OF PURCING ¢/NSCF CF PIPELINE GAS

FiG 1

EFFECT OF ASH CONTENT AND
SALT COST ON THE COST
OF PURGING

-

e ——

— T ve
4 b 4 L & -
———t ) S e e o
R EREEE SR T
2R E =
= SALT COST
—
Ty y - -
6 — : —
* 4 y oy e —
: S i
S PR} e o T o =
" - — —
:_.......l¢l# |¢l# —— =
 o— -—r
- - > =
- -~ — - - =
X -
t X ]
T - ¥ +
} =3 ve * X ——r—
— x —
- X
+ - s
- ar3 ——
PR - — - . o
1= 3 por e
5 X
-
T z — x
t > 4 T =1
3 - 3 —
=Y ~ = =
- > —
e G » Sw— —r 1
T r
> v X
| ) i § et pre .
=X —tt v — } -
A1 — + -
- e - .y
. — ¢ — -
—_— X y—u t — ~ —
i - "D St vion — _n W
) SRR 3 - | ve .
' 5% ASHE
4 et
1% ASH e =
-3 ==t
— -
- - o = _—
- - - -
T  om 1 T - X
& 3 X paron w
X
e < X X
* X —
—" + X — =
- ) 6
- X
X X
e Sty 3 re
e X -~
b 1 )
. X
- A
+ X
¥ + -
X \ —
X o 3 Y-
= e »
- -y A S
X o o
> X v
X
e
b & - 4
-l "
X
— -
- b Sy - o T
) ey . -
i -5 — b —
2 X A X
) —
T —
> - -
- e
-
T
T  RAREAAS SRR N R SR EE R R AR R LR EEs by T vt —
! COAL FEED :
—
1 5% ASKR 1IN f
H
- 4 ~— - - =
T . T -——— ld A H 1B COAL FEED e o
P LRl o s o rom
- =
— i 4 . .
o ? o S maars 1 =t - —rli e
+ o T T ve
< ot T ™Y
e
T oY : m e
- -y e
+ —— + - - —
= commve. -
+ sy s ™ T
4+ + o ——a - >
= vt T e T oo amwa:
0 < =t = =

o o 20 30 40 50 60 70 80 90

PERCENT ASH I MELT



Page Neo. .. . ..

Department

THE M. W. KELLOCGG COMPANY
Rasaarch & Do

Report No. .. ... cevvevrnnne

d. Others

Investigation of the feasibility of precipitation, settling,
filtering, etc. must await the results of experimentai work.

4, Optimization of Methods of Heat Supplv

Various methods were studied for supplying to the gasifier the
endothermic heat of the gasification reactions:

2. lndirect heating (through tubular surface):

1). Gas medium
(a) Superheated steam
(b) Flue gas
(c) Recycled Synthesis gas

2). Liquid medium
(a) Liquid metail
{b) Gasifier melt
(1) Circuiation of melt through external
- fired heater
(2) Coémbusticn inside tubes immersed in the
gasifier melt

b. Direct heating (no tubular surface):
1). Combustion of fuel in the melt
(a) Combination gasifier and meit heater
(b) Gasification and melt heating in separate vessels
Z). Electrical heating
Cases a2(b} (1) and b1(a) & (b) were judged to be most attractive and

nearly equal in cost considering the precision of the figures daveloped.
These three cases will be studied in more detail.

5. Prelimirary Evaluation of Alternative Methane Removal Schemes

When hydrogen or synthesis gas are the desired end products, methane
ts an undesirable constituent of the gasifier effluent stream. This
methane concentration can be reduced by altering gasifier operating
conditions or by subjecting the gasifier effluent to catalytic




1

THE M. W. KELLOGG COMPANY
ch & Devaiopmont o
Dsoartment

Report Ne.

Page No. ..o

reforming or partial combustion. Preliminary calculations have shown
that the costs associated with reforming ard partial combustion are
very nearly the same and that choice of the best method is dependent

on specific gasification conditions. High steam/coal ratio in the
gasifier and high methane concentration in the effluent gas favor
reforming. Whether either reforming or partial combustion is superior '
to changing gasifier conditions i< not known. Further design and cost
estimating work will be carried out.

6. Process Flowsheet Studies

A series of flowsheet studies has been started for the purpose of
further narrowing the range of operating conditions and the variety of
processing alternatives that must be investigated experimentally.

These studies will include preliminary equipment design, cost estimating,
and economic calculation and will serve as the first step in the
creation of conceptual designs for commercial=-scale plants, which is

a major objective of the program. All combinations of raw materials

and end products will be considered,

C. Projections - September

1. Process Flowsheet Studies

These studies will be continued.

2. Methane Synthesis

The state of the technology of methane synthesis will be reviewed,
sgecifically the work conducted by the Bureau of Mines and the Institute
of Gas Technology, with the objective of choosing the optimum methanation
scheme for all future flowsheets. The chcice will be based on stage
of deveir-ment, economic attractiveness as determined by detaiied
process uesigns and cost estimates, and potential for future improvements.

3. Gas Purification

A review will be started of the many g3s purification schemes
(for removal of carbon monoxide, carbon dioxide, and sulfur compounds)
that might be considered in the production of pipeline gas, hydrogsn,
synthesis gas, and transport gas. The objective will be to find the
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optimum processing scheme for each end product, which will then be
used in all future flowsheets.
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it1. PROCESS RESEARCH

The reactor to study the rate of gasification of various coals
has been designed. This is shown orn Figure 2. This is essentially a
2" diameter Inconel pipe reactor 24'' high with a coa! feeding section.
The c2al will be dropped into the molten salt reactor bv means of
quick operiing valves. Parameters that will be investigated will be
pressure, temperature, ash content of molten salt, particle size,
steam rate, contact times, bed height and others. Batch tests are
planned for primary evaluation of gasification rates. In addition,
design of bench-scale continuous gasification is being studied to

evaluate the possibility of making continuous feed runs on the bench
scale.

Concurrently with the kinetic study, investigation on the physical
properties of NaZCO3-ash and NaZCOB-NaCi-ash systems will te performed.

Specifically during the next period work will be performed along
two lines:

a. Solubility of ash components in molten sodium carbonate as
a function of temperature and ash composition. Melting point
curves will also be developed.

b. Studies will be made to determine the gas velocities required
to mix molten salt and coal. This will be simulated by using
wood charcoal and water.
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[V. MECHANICAL DEVELOPMENT

A. _Environmental Testing of High-Temperature Alloys

An environmental test program has been initciated having as its
objective the selection of construction materials to be used for plant
components. The test apparatus is shown in Figure 3 and is designed
to fit inside an 8" ID X 25" long electric furnace. The apparatus
will have DSD temperature - compensating quick-disconnect type cornections
at each end to facilitate loading, unloading and internal inspection.

While it is recognized that corrosion may be accelerated by
high fluid velocities, it is considered premature at this time to
propose a pumped circulating loop. However, the test apparatus is
designed to cause a general circulation of the melt and thus the test
coupons will not be in a completely stagnant environment. Since con-
tamination of the molten sal: by ash, sulfur and otker constituents of
the coal may significantly affect the corrosivity of the melt, it will
be necessary to conduct tests with contaminated, as well as pure, melts.
The types and extent of the contamimants will have to be detemrmined
from further process studies.

Corrosion data from prior pilot plant work with molten salt

yielded promising results on some alloys, as follows (231 hours of
exposure) :

Material Composition Inches/Year
Incoloy 8OO 20 Cr = 33 Ni 0.00
AlSt 310 25 Cr - 20 Ni .01
50/50 Alloy 50 Ccr - 50 Ni 0.0l
Al1S] 309 25 Cr - 12 Mj 0.02

On the basis of these results, the above test apparatus is being con-
structed from Incoioy 800. The above listed alloys, and other
corrosion-resistant, high-temperature alloys will be checked out for
suitability with this environmental test apparatus.
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In considering material suitable for industrial plant applicatios,
it is necessary to give attention to welded joints, since the weld metal
may not be equal in corrosion resistance to the parent metal. For
example, Incoloy 800 is generally welded with Inco-weld ''A'' electrodes,
but in some environments better corrosion resistance is obtained if
AlSt type 312 or 310 electrodes are used. Accordingly, in addition to
testing plain coupons, test samples made by welding two half-coupons
together wili be used. Another practical problem worthy of attention
is the determination of the type of joint connection suitable for
molten salt service. The test apparatus will permit an appraisal of
the DSD, metallic O-ring joint, in this environment.

In addition to metal alloys, refractory materials for vessel linings
are also being investigated. Major refractory manufacturers have been
contacted and test samples of commercially available refractcries
considered sujtable for this service will be obtained and evaiuvated.

B. Coal Feeding Mechanism for Bench Scale Experimentai Work

Methods of controiling the very low flow of coal into a bench
scale set-up are being studied. Two schemes are being pursued, both
relying on intermittent, rather than continuous, feed. Figure & shows
a device which intermittently feeds spherical slugs by action of a
perforated rotating plate. Figure 5 shows a design utiiizing an
intermediate chamber between the storage hopper and the reactor feed
tube. This chamber alternately communicates between the hopper and the
feed tube by proper sequencing of the pinch-type valves. By this
action discrete quantities of coal are periodically fed to the hopper.
For tests performed at pressures from atmospheric to about 120 psig,
the valves and hopper will be maintained at a temperature above the dew
point so that the pulverized coal should flow freely. For tests run
above 120 psig, special elastomers for the valve elements will have to
be considered or a condensate removing device will have to be placed
between the reactor and the lower valve.

Conventiona! feeding devices such as the star feeder and the screw
conveyor have been considered, but past experience at Kellogg with
these devices have shown them to be unsuitable and unreliable for very
low feed rates.
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FIG. 5 GRAVITY TYPE FEEDER
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V. MANPOWER AND COST ESTIMATE

Figure 6 shows a breakdown of development costs excluding fee
and 6 & A. The three phases will cover a period of five years.
Phase | will be completed in 18 months. The second half of the second
vear pilot plant construction will increase cost to over $600,000.
The third and fourth years will be primarily concerned with pilot plant
operations. The fifth year will be devoted to commercial projection
studies,

Figures 7 and 8 show the projected manpower breakdown for Phase 1.
It can be seen that a six-man effort has been reached in August. A
seven-man effort will be attained in September and will continue until
the end of Phase |.

Figures 9 and 10 show expenditures and cost estimates for Phase .
Through August the expenditure was $21,597.41 not including fee and
G & A. This represents 10% of the estimated development cost for
Phase |. It is estimated that about $14,000 will b2 spent during
September. By the end of 196k it is estimated that $67,000 will be
spent. This represents approximately 31% of Phase |.
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FIGURE 6

KELLOGG GASIFICATION PROCESS
ESTIMATED ANNUAL DEVELOPMENT COSTS

{ EXCLUDING FEE ANDG & A)
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FIGURE 3
WATER EXTRACTION OF ASH-CARBONATE AT 100 °C
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FISURE &4
WATER EXTRACTION OF ASH-CARSONATE AT 100 °C
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FIGURE €
WATER EXTRACTION OF ASH-CARBONATE AT IGO0 °C
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A. Environmental Testing of Hich-Temderazure Materials

Tes: samples of high-temperature, corrosion resiszant slloys
kave been procured Trom three incepencen:i sources and wil! be subjected
10 Our corrcsion resistance test. The alloys are as foliows:

Interngsional Nickel Company

Inconel 600

Inconei 702

incoicy 800

Incoioy 804

AlSt Type 305

AIS! Type 310

50-50 Alioy (5C% Nicke! - 50% Chrome)

Srzellite Divisiaon - Unign Carbice

Hastelloy B
Hasteiloy C
Muitimet

haynes Alloy 25

Rollec Alloys. lnc.

RA 30¢ (Rolled Alloy's eguivaient of AIS! Type Stainiess Steel)

RA 310
RA 330
RA 333
Rayonei 600 (RA's equivalent of lInconel 600)

In addition to plain coupons all of these ailoys will de testec
witn welds made in accordance with the suppliers' recommended procecure
for high-temperature corrosion resistance.
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a5t samples of refroctory materials are being supplied by three
majocr manufecturers. The refractories are as foliows:
Carscrundum Corsany
Yellfrax W - fused mullite grain
Mglifrax H
Zircofrax 0 - zirconium oxide
Magnairax
KT Silicon Carbide
Harbison-Welker Refrectories Companv
Chromex B
Herkiase
Herbide
Rorundail XD
Varnon SF
Generel Refractories
Chrome Magnesite
Magnesite Chrome
Figure § is & scnemaetic diagrem of the test ser-up. The specimens
wiil be Immersed in the sait bath, mainigined st 1600 F, and remain
there for & total of 500 hours. The test will be interrupied at the
end of 250 hours so that the corrosion rate at the intermediate point
can &lsoc be determined. xhus, "avsﬁg Two corrosion rate points, the
corrosion rate change with time can be noted.

The corrosion rate will be determined on the basis of wwo
onzservations -=- weight chance anc iinear dimension change. The
corrosion rate based on weight loss will be calculated by the use of
tha following formula:

faa 1

Corrosion Rate = S X ¢ ¥

ol loss of weight
S = surface area

= time of test

ot
I

& = density of material
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INTRODUCTiION

The equipment Tor the gasification rate tests has been received

and is now being commissioned.

Work was continued on process development studies, bench-scale
experimentation on physical propertv determinations, and the coal
feeding mechanism for bench=-scale experimental work. Each of these

areas are discussed below.
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11. PROCESS DEVELOPMENT

A. Accomplishments

I

Process Flowsheet Studies

The continuing study of alternative procass fiowsheets for the
gasification section of the pipeline gas plant has the objective of
narrowing the range of operating conditions and processing alternatives
that must be investigated experimentally. Some recent results of these

studies are presented in Table !.

These results are based on preliminary

process designs of the gasification szction, reasonably complete
material and erergy balances, and verv approximate estimates of plant

cost.

-

Several features of Table | merit elaboration:

a.

Coai ash is allowed to accumulate in the molten salt catalyst
to the level of 20% by weight. The ash is . .moved by
Gquenching a siipstream of melt with water to dissolve the
NaZCOB’ Tiltering out the ash particles, and recovering

Na CO3 from solution by one of several schemes to be mentioned
be%ow. Recovery of N5,C0; is assumed to be 95%. Experimental
results to date have indicated that a 20% mixture of ash in
melt will probably have acceptable fluid properties and that
water quenching of melt is a promising method of separation.

Contact time of gas with melt in the gasifier has been set

st 10 seconds. This is presently expected to be more than
adequate, but the actual requirement must await experimental
measurement of gasification rates. Although the rate will
vary with different gasifier operating conditions, the contact
time has been held constant for all cases in Table !.

A range o7 superficial gas velocities in the gasifier has
been considered. Permissible velocity will depend on quality
of gas-melt contacting and entrainment of melt experienced;
these factors will have to be determined experimentally,
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d. Three methods of heat supply that were nynd to be most
promising in previous screening studies'!) were evaluated:

{1) Direct combust’on of coal in the melt at
high pressure (gasifier operating pressure).
In this case the melt can be circulated
between gasifier and combustion chamber by
utilizing a gas 1ift or the kinetic energy
of the entering gas streams. Thus no melt
pump is needed. However, it is necessary to
compress combustion air to the high pressure
and later to expand the fiue gas to recover
as much energy as possible, The scheme requires,
therefore, a large and rather costly compressor=
expander (in effect, a gas turbine) and an
efficient means of removing entrained melt from
the flue gas to protect the expander.

(2) Direct combuszion of coal in the melt at low
pressure. This scheme avoids air compression,
except as required to get through the combus-
tion chamber and heat recovery equipment, bu:
requires a high-head pump for circulating the
melt between gasification pressure and
combustion pressure.

(3) Circulation of melt through fired-tube heater.
While requiring a minimum of air compression,
this method needs a melt circulation pump and
a metal heat transfer surface capable of with-
standing corrosion by the melt at a temperature
somewhst higher than that prevailing in the
gasitier. Finding a satisfactory material of
construction for these heater tubes will pose a
major problem.

e, Gasifier diameters of 12 feet, about the largest that can be
shop-fabricated and shipped to the site, and 25 feet were
considered. Even larger diameters may be feasible, the major
limitation probably being the maximum metal wall thickness
that can be fabricated in the fieid. The larger-diameter
units are expected to offer economics in both first cost
and operating cost.

(N Progress Report No. !, August 31, 1964, page 10.
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f. Flowsheets I-C, D, and £ show steam credits because the flue

cas from combustion need not be expanded to recover power.
The erergy is used instead to generate steam, and it is
assumed in calculating this credit that the steam can be
used to advantage elsewhere in the plant. This can be
verified only by a complete plant design and overall energy
balance.

Some conclusions may be drawn from Table I:

a.

The gasifier must operate at high pressure, in the range of

400 psia. Case |-E shows that the cost of compressing synthesis
gas generated at low pressure up to a level satisfactory for
synthesis of methane is prohibitive.

1¥ satisfactory materials of construction can be found, the
best methcd of supplying heat is the fired-tube heater.

Case |-D offers the lowest gas production cost, which may be
further reduced by almost 2¢/MSCF by, using fewer, large-
diameter gasitiers.

The second-best method f heat supply is direct combustion
in the melt at low pressure. Case l-C will be better than
1-5-3 i¥ given the advantage of larger gasifiers.

Severe investment penalties will be incurred if allowable
superficial gas velocity in the gasifier falls below about
0.5 feet per second.

Increasing steam/carbon ratio from 2 to 3 increases product
gas cost significantly (Case I-F vs. Case 1-A-2) . The lowest
ratio consistent with satisfactory gasification rates shouid
be smployed.

Increasing temperature of gasification has little effect on
gas cost (Czse 1-B-1 vs. 1-A-2), neglecting the fact that
materials ¢f construction will be more severely tested at the
higher temperature. If rate of gasification is markedly
improved by an increase in temperature or if melt handling
becomes much easier, such a change may be advantageous.

fficient utilization of heat by overall integration of the
rocess is important, as indicated by the significant steam

£
o)
credits in cases I~C, D, & E.
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Utiiizing the figures for Case 1-D of Table | and the results of
orevious Kellogg designs for converting coal into pipeline g3s, the
total production cocst of pipeline gas can be estimated. These figures
are pressented in Table ll. Even though costs may be expected to change
as more precise plant designs are developed, it is evident that the
target gas procuction cost, 50¢/MSCF, is within reach.

2. Methane Synthesis

The status of the methane synthesis evaluation is virtually
unchanged. Choice of the optimum methanation system is awaiting cost
estimates for the four aiternatives that have been designed.

3. Gas Purificacion

Evaluation of gas purification processes is continuing. Process
designs have been compieted for monoethanolamine and Vetrocoke preparatory
10 estimating plant costs. Design and cost information have been
requested from Fluor, Sheil, and Lurgi to perfit & comparison with
tneir purification processes (Fluor Solvent CO, Remcval, Sulfinol,
and Rectisoi, respectively).

L. RayCl3 Recovery

The currently-favored scheme for sepsrating coal ash from molten
sodium carsonaie catalyst is to quench a slipstream of melt from the
gasifier with water to dissoive the NaZCOB’ then filter off the ash
constituents, and finaliy recover the N32C03 from solution. The
best method of recovering the salt from aquedus soiution is not obvious,

although the solubility curve for Nazco3 presented in Figure | suggests
two possibilities:

a. Cooling to temperatures below about 80°F to crystallize
the decahydrate.

b. Heating to high temperatures (at high pressures) to crystallize
anhydrous Na2C03.

These two routes, along with evaporative crystallization, are being
investigated to determine likely operating protlems associated with
each and to estimate costs. The most attractive Na,C0; recovery
scheme will then be incorporated into the flowsheet studies previously
discussed.
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TAZLI
PROJICTIS 22zl CAS PRCSUCTICN COST
S2sis: Sltuminous cogh at Sk/ton
250 4 SCF5 of pipeline gas
- . .o~
Fiowsheet o, =V
Maintenance anc Tixed charges

=
a1t iZ% of Investment

Ozeration

Cos'i storsge & preparation
Gasivication (Table 1)
Water - gas shift & gas purification

Methanation & procguct gas compression

Pipeiine Gas
Procduction Cost
¢ /MSCF

*Figures based on pricr Kellogg plant designs.
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2. Proiecticns
5. Florshee: Szucies
The evgluation of alternative process Tlowsheets will be continued,
erilizing the conclusions of screening studies made to date. Specifically,
future Tiowsneets will incorporate gasifica :io at nhigh pressure, heat
suppiy by either {ired-tube heater or direct combustion at low pressure,
and =h re“ovol by water quenching., Within this context the effect of
cos. SuS:AICo~-OW rate, of methane content of raw gas, and of degree
To which ash Is pc.m.tted o accumulate in the melt will be studied.
Sy means of more compieta design, more precise material and energy
balanges, and more detailed cost estimates, glus a careful evalustion
of experimental data &s it becomes available, the optimum combination of
oparating conditions for the gasification szction will be more clearly
celiinaeted,
2. Xezozne Swazhes.s .
Tne comparison of alternative methane synthesis processes will
be compieled, end the oprimum one wili be chosen Tor inclusion in a1}
Tuture Fiowsh@els procucing pipeline gas.

5. ZJz2g 2 " *izzxign

Toe svailwstion oF gas purification processes will be continued as
InTormaiion reguest=d on the several proprietary processes is received.
Plant costs Wil be estimsted Tor those processes designed by Kellogg.

L. liacwa RETLoW2RTV

Costs wiil be estimatec for recovering sodium carbonate from
aGuzOLS sC.ution using the several methods proposed. The best scheme,
coasicering both operabilicy and cost, will be incorporated into the
Tiowsheet siucies.
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1. _INTRODUCTION

Two gasification runs were made with anthracite in molten sodium
carbonate at 1700 F. With 1.2% anthracite and a steam rote of
50 Ibs./hr./100 1bs. of carbon, an initial gasification rate of 23 lbs.
carbon gasified/hr./100 1bs. carbon was obtained; with 0.7% anthracize
and 174 Ibs. steam/hr./100 lbs. of carbon, the gasification rate was
125 1bs. carbon gasified/hr./i00 lbs.

Work was continued on process development studies and bench-scale
experimentation on physical property determinations. The test vessel
for environmental testing of various materials has been received and
is being set up for operation.
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11. PROCESS DEVELOPMENT

A. .Accomglishments

1. Process Flcwsheet Studies

The effect of methane concentration in the raw synthesis gas on
the economizs of producing pipelire gas from bituminous coal was
investigated. This methane can be : roduced by two mechanisms:

a. Decomposition of hydrocarbon materials present in the coal
b, Synthesis reactions, such as:

CC + 3 Hy ———d CHy + Ho0 (1)

C +2Hy — CHy (2)

Two methzane concentration levels were considered.

a. Assuming that 21! hydrogen in the coal feed appears as methane
(the maximum that could be produced by decomposition rcactionms),
yielding about 8% CHA in the wet synthesis gas.

b. Assuming that reaction (1) is at equilibriumywhich yields
about 3.5% methane at 1800 F and L00 psia.

The major change from case a to case b is that the gasification reaction
is more highly endothermic so that more combustion coal must be burned
and the cost of raw synthesis gas increases by about 0.5¢/MSCF of
pipeline gas product. Most of this in¢rease will be recovered during
the methane synthesis step because more heat will be liberated.

t was concluded thar the maximum probable variation in methane
content of raw synthesis gas will have an insignificant effect on the
cost of pipeline gas product. For other product gases (hydrogen,
synthesis gas, transport gas) the effect must still be investigated.
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2. Gas Purificaticn

A purification system employing acetene as solvent is being
designed for the comparative evaluation of gas purification processes.
Design and cost information are being awaited cn the Fluyor Soivent C0p
Removal, Sulfinol, and Rectisol processes.

3. Na,C03 Recovery

Another scheme is being studied, in addition to the four discussed
in the previous progress report, for recovering solium carbonate from
the aqueous solution produced by quenching the gasifier melt. This

scheme involves precipitation of the bicarbonate according to the
reaction:

Nay €03 (ag.] + H0 + €Oy (g) —> zNaHCD, (c) (3)

There is plenty of carbon dioxide available from the gas purification
step; the sodium bicarbonate will be returned to the gasifier, where
reaction (3) will be reversed. The guantities of steam and (02 thus
produced are small when compared with the quantities of theses gases
takine part in the gasi©ication reactions. One big advantage of the

scheme is the absence of major hea: &zffects; lower operating costs are
expectzd for this reason.

B. Projections

1. Flowsheet Studies

The economic effect of adding potassium and lithium carbonates
to the gasifier to lower <he catalys: melting point will be investigated.
This could be an important factor in the search for satisfactory
materials of construction.

The effect of gasification rates in the molten salt system will be
studied more thoroughly. To date, in the absence of experimental
data, approximate gasifier sizes have teen estimated by selecting a
superficial gas velocity and a gas-meit contact time that seemed
reasonable, though no ailowance coulc be made for the effect of these
factors on coal utilization or equilibrium concentration of carbon in
the melt during gasification. As appropriate experimental data become
available, these factors will be studied tc assist in guiding both the
process designs and experimental programs.
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2. Methane Synthesis

The comparison of alternative methane synthesis processes will
be completad.

3. Gas Purification

Evaluation of gas purification processes will continue.

4. NayCO3 Recovery

The comparison of alternative sodium carbonate recovery schemes
will be completed, except for estimates of capital investment, and
the most attractive scheme from the standpoint of both operabilizy
and economics will be chosen. £fapital cost is not expected to be a
major factor in this choice, sc it will probably not be necessary to
wait until such cost estimates are obtained. Experimental work will

be recommended, if necessary, to support the cnosen carbonate recovery
flowsheet.
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A. Ac;cmglishments

Coal Gasificazion Kinetics

Experimentation on the gasification of coal in the bench-scale
reactor has begun. The apparatus, previously shown, is a two-inch
1. D. inconel tube supported in a two foot, high temperature Kanthal
furnace. Steam and nitrogen are bottom fed and pellets of coal pre-
pared from various mesh sizes top fed through two quick opening gate
valves. Initial experiments are being performed on a batch basis
with continuous coal and steam addition planned for the future.

Results of the first tests sre tabulated in Tables | and 1] and
production of CO, COz, Hy and unreacted water given in Figures 1-5.
The initial rate of carbor gasification is taken as the slope of
initial linear portion of the CO + H, curves in Figures | and 3 For
runs J-9650 and J-965} respectively. Neglecting the small correction
involving the initial hydrogen content of the anthracite the rate of
CO + H, evolution (total reducing power of the gas) is equal to the
rate at which carbon in the bed is gasified. In both runs J-9650
and J=-9651, the steam consumption during these linear sections was
high, although error may be involved during this time period due to
equilibration of the following reaction which is a steam consumer:

NaZCO3 + Ho0 ———>= 2NoOH + COz

This equiiibrium however, does not influence the total reducing power
(CO + Hy) of the gas.

Using this calculation procedure the rate of coal gasification
atr different steam rates hias been computed and the results of
runs J~9650 and J-9651 plotted in Figure 5.

Physical Properties

Meliting point time relationships for mixtures of bituminous coal
ash and molten carbonate have been developed. The change in meltiag
point of pure carbonate with time was also studied. The decrease in
the melting point of these mixtures is shown in Figures 6 and 7. The
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TADLE X
GASIFICATION - TEST UNIT RESULTS

Run No. - J=9650 w===w
Date . ————— 11/23-24/64 ~
Run Tima, mins, m—— mmamsmsees 3P0 mmemm e m e
Salt Chaxrge @ =000 —e=ee- ———— 114 gma NayCoz
Carbon Sourca ——— - - 5.0 gm3 Anthracite (minus Golmenh) - —————
Operating Conditions '
Temporature, °F —me- ———- ===~ 1700 - = ————
N2 Rate, cc/min, —— = 40 wreemenen-
;0 Rata, cc/min o d emmamen e ——————————— -
Prlesaura, psig mr D e e e e e e e
Sample Timo, Mins. 10 20 35 S5 A0 Q5 120 . 120 190 240 10 360 390
Gus Compouition; mole 2 th
ty 22.90 45,0 66.0 60.8 56.5 69.0 70.0 52,0 G6.0 74.8 8.0 75.0 70.5
co 33.5 17.0 21,5 25,0 23.5 4.5 16.5 15.5 1.8 3.0 3.0 1.8 2,0
coy’ 3.7 14,5 8.0 10.8 11.9 6.0 5.3 9.5 13,2 12.5 11,5 10.6 12,5
H2 12,8 23.5 4.5 3.4 0.2 11.5 8.2 23,0 15.0 9,7 7.5 12,6 7.0

(1) Run interrupted and continued next day.
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fun No.,

Date

ftun Time, mins.
Salt Chavyo
Carbon Source

Cperating Conditions

‘Temperatura, °F
My Rata: ce/nitn.
11,0 Rata, cc/min.
Prassure, pslg

Semplo Tima, Mina.
Gaa Cowpoaltion, moleo %
Hy
co
€O,
tty

TADLE IX
COAL GASIFICATION - TEST UNIT RESULTS

10 20 4a 50 60 80 95
44.0 39.0 47.5 68.5 75.0 68.5 79.0
1.3 il.5 9.8 5.0 2.0 4.7 3.2
J.2 3.0 .7 2,0 6.6 6.6 5.0
41.5 46.5 39.0 24.5 16.4 20.2 12.0

------------------------------- wemmmweemne Al ym3 NayCO,y
B e e L L L L PR LT 2.9 gmu Anthraclte (minus 69

195§ 215
17.5 86.5
1.4 0.l
10.¢ 5.6
10.6 7.6
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FIGURE 6
MELTING POINT OF BiTUMINOUS ASH

IN
SODIUM CARESONATE
WITH TIME

1560 @~ T T T— - - -

T ry I r =
wery o e  Rmeas mmwe N ) —-_sre e o e ¢ o

i

v;§xv1 s o T N S eammreas srsossoeve ceous AR AL IAAREARRRE Lo T svuss v ves RRAY R 2] Yﬁ IA c T LT'T -
— e :
Smcmees =——— |0 PARTS ISLAND CREEK NO. 27 BlTU\hNOUS COAL B e e s e
o o = =t . -
o ASH AMD 00 PARTS OF Na,CO_ e e
P : e
- TN T esemmaen e —rr e —
- — 8 s o —
E s SSTETEe Semes s, i‘ I s = ’
20 B e —— T == = = =
o
1520 B = =0 = , : = 3
E: soas: —F L :s ~t T Aty = T
SS ST e e et =F
1500 = : e mea - : : = —— Amnns
~ S Sobr Tt == s Sxa : es uensames T T —
= . rmaa T vae na e t : - T =
== - - = : ¥ H—rr - T
Saponomomesae hes s S o =
=3 e Tan: i+ o T oon —
1480 EzL — - v -+ —r—— . -
ddbuins lll' - I" e g =+ - J N Sy $ ~ I .J - -
s om 12w e o o awwe o s om: e e s e b
-
4 -+ ety HOURS AT |800 OFJ s et - e
r i T Mo TTYPITIINeT. o oo - — -+
s s =T et A Hor +

1460 x ! T4
0 2 4 6 8 {e] 2 4 16 s 20 2z 24 26




Page Ne. e 35—

THE M, W. KELLOGG COMPANY
Rasearcn 4.5 B
Separtment -

Report Mo, .. &%

FIGURE 7
MELTING POINT OF SODIUM CARBONATE
IN AIR WITH TIME
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behavior of the melting point of these mixtures under one atmosphere CO
pressure is shown in Figures 8 and 9. The dissociation of Na,C03 and
the solubilization of Si0; and/or Aiz03 in the coal ash is apparently
completely supressed by the imposition of a CO; atmosphere.

Corrosion Tests

Preliminary corrosion tests have been carried out using new
310 stainless stgel crucibles for each run. In each test the crucible
was held at 1800 F for four hours, dumped, -poled, cleaned and inspected.

Previous qualitative information indicated thet lignite ash was
the more severe corrosive agent. The high content of sulfur in the
lignite ash was suspected. Tests were therefore performed using lignite
ash in molten carbonate in 310 ss crucibles. Test specimen A, {Figure 10)
showed very severe corrosion. The preserce of graphite, B, {as reducirg
agent) greatly reduced the corrosion and the presence of graphite and
steam dramatically reduced corrosion as shown in test specimen C., Tests
using Na-SOy, Na-S or NapS03 in molten sait also showed serious corro-

sion, which cou\é aiso be reduced by the addition of graphite and steam.

Thermodvnamics

Compi lation of pertinent thermodynamic data from the literature
has begun. The first dats compiled involving the reduction of sulfur
compounds has shown rather large negative free energy changes. The
reactions tabuiated to date are given in Table IlI. The high corrosive
effect of sulfur compounds coupled with the large effect of carbon and
steam appear tc indicate a sulfate or sulfide corrosion mechanism.

B. Projections

Future work will continue in the aresa of gasification kinetics,
measuremert of viscosity of ash/carbonate mixtures, investigation of
possible 5i0, and Al,03 corrosion mechanisms and further compilation
of thermodynamic data especially oxidation-reduction reactions
involving iron, chromium and nickel.



THE M. W. KELLOGG COMPANY Page No.

naseae & Brisonear

Report No.
FIGURE 8
‘MELTING POINT OF SODIUM CARBONATE
IN CARBON DIOXIDE
WITH TIME
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FIGURE ©
MELTING POINT OF BITUMINOUS ASH
IN SOD{UM CARBONATE WITH CARBON DIOXIDE
WITH TIME
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FIGURE 10
CORROSION OF 310 STAINLESS STEEL

Molten Sodium Carbonate - Lignite Ash

1800°F, Four Hours

Sample /1/ A B ' c

Melt Composition ==-=--10% Lignite Ash in Molten NazC0O3~==--
§ Graphite 0 10% 10%

CoO,; Atmosphere 760 mm 760 mm. 735 mm.
Steanm Atmosphere o . . © ) 25 mm.

/1/ Not shown: px:ire NasCO3, which resulted im little, if
any, corrosion
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TABLE III
FREE ENERGY CHANGES ASSOCIATED WITH
_ _SELECTED REACTIONS

"AF @ 1300°K -
Xcal/mole

1. NapSO4 + 2C —>NayS + CO; -39.7
2. Na2SO4 + 2C —> 2NaOR + %CO, + CO + %Cs, -35.0
3. NaySO4q + C. + Ho0 —> Na2CO3 + CO2 + H2S -31.0
4. 2NaOE + COp —>Na,C03 + HyO ‘ -16.2
5. €O + Hy0—3 CO, + Hy + 1.45
6. CO + S—> COS + 2.54
7. €O + EyS—> COS . H, + 8.8
8. NazS + 2H,0—>2NaOE + HyS +24.9
9. CO + 3Hp—> CHg + B0 | +25.6
10. NaC03—) Nas0 + CO, +34.2
1l. NayS + Hzo.—.-é Naz0 + HyS +42.9

All &ata except NassOs from JANAF thermochnemical data; all
compounds in the liquid or gaseous states.

ta for NasSO. averaged from:
a) X, X. Kelley, Bur. Mines Bul., 584, p. 174

b) D. M. Ginzburg, J. Gen. Ch. USSR, 26, 968~70,(1956) .
c) A. A. Fotviev, Zh. Prikl. Khimii, 35, 2402-2409 (1962)
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1V. MECHANICAL DEVELOPMENT

A. Work Accomplished

1. Environmental Testing of High Temperature Materials

The test vessel and all other special components havz been received
and are being set up for operation. A tentative plan for the initial
test has been established which will closely simulate anticipated
process conditions (other than pressure) and thereby yield pertinent
data. Figure 11 schematically shows the arrangement and test operating
conditions, The appropriate gas composition and flow rate and graphite
feed rate are presently under study and will be based on maintaining
a stable composition of the melt during the test period. Although the
temperature on the figure is indicated at 1800°F, the temperature of
the test may be reduced to 1700°F if results of current process
experimental work warrant this reduction.

2. Coal Feeding Mechanism for Bench-Scale Experimental Work

The coal feeding mechanism, described in the previous report, is
being set up for operation in conjunction with the corrosion test as
shown in Figure 11. In this application a controlled rate of graphite
will be fed into tha test vessel in 3 continuous automatic fashiorn.

B. Work Projected

1. Eavironmental Testing of High Temperature Materials

Upon completion of the test setup, the first test will be
initiated. The materials to be tested first are:

Inconel 600 AlS] Type 310 , -
Inconel 702 50 - 50 Alloy

Iacoloy 800 Hastelloy B

Incoloy 804 Hastelloy C

AlSl Type 309 Rayonel 600
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2. Coal Feeding Mechanism for Berch-Scale Experimental Work

The coal feeding mechanism, operating in coriunction with the
corrosion test, will be subjected to an endurance test permitting an
assessment of the ability of the device to maintain 2 constant feed
rate over an extended period of operaticn. In addition, the mechanism
will be tested under conditions closeiy resembling a continuous feed
bench scale coal gasification operation.
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V. MANPOWER AND COST ESTIMATES

Figure 12 shows the projected manpower breakdown for Phase | for
1964 as well as the actual effort that was attained. it can be seen
that a seven and one half-man effort was sustained during November.
This is a slight decrease from the eight-mzn effort in October. Due
to the holiday shut-down in December, the average msn hour effort
for the month will be much lcwer.

Figure 13 shows the expenditures during November as well as the
cost estimates for Phase | for 1964. For the month of November $12,200
was expended not .including fee and G. &€ A. The total expenditures
through November were $60,40C. This represents approximately 29%
of Phase 1.
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FIGURE i2
MANPOWER FOR PHASE I
1964
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FIGURE 13
COST ESTIMATE FOR PHASE I

1964
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. 1, INTRODUCTION

The viscosity of a 30% anthracite ash-79% sodium carbonate at
1800°F decreases rap:dly with time; from 40,000 centipoise intially
to 7,000 in four to six hours. Tests of the rate of gasification of
anthracite czoal at contact times of 4,5 seconds indicate that the steam
conversion tc synthesis gas is directiy proportional to the concentration
of coal in the molten suspension.

ork was continued con process development. The recovery of
CO by precipitation with CO, and water to form inscluble bicartonate
segns to be the most attractive.

The environment test facilities have been set up and the metering
devices were calibrated.
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1. PROCESS DEVELOPMENT

A, Accomplishments

1. Na,C03 Recovery

Five meihods have been evaluated for recovering sodium carbonate
catalyst from the aqueous solution produced by quenching gasifier melt
with water It has been aSSLmed in makung the evaluation that bituminous
coal is gasnfxed at 1800°F and 400 psia, that heat is provided for the
gasiTication by means of a fired-tube melt heater, and that ash is
permitted to build up in the circulating melt to a level of 29% by
weight. These conditions correspond to flowsheet No. 1-D (Progress
Report No. 3, page 4), which offers the lowest gasification costs if

the associsted tecnnical problems can be solved.

1

he five salt recovery methods studied are the following:

a. Hich Pressure Evaporative Crvstallization {Case [-D2)

As in all the schemes, hot melt from the gasifier is quenched
with cooling water at atmospheric pressure to dissolve most of
the sodium carbonate catalyst and leave the insoluble cecal

ash constituents in suspension, so that they may be removed

by filtering. Five percent of the carbonate is assumed to be
lost with the ash. The filtrate is heated at 400 psia to
precipitate anhydrous Na,C0,, which is separated and returned
to the gasifier. The major advantage of this scheme is that i
the large heat requirement for evaporating guench water is

not wasted, but is used to produce steam at 400 psia for
gasivication. The major problem would probably be the fouling
of heat exchanger surfaces by precipitated salts. Because

of the inverse solubility curve of sodium carbonate in this
temperature range (Progress Report No. 3, page 8) it will
precipitate at (or on) the heat exchanger surface, where
temperature is highest.

b. Low Temperature Crystailization (Case {-D3)

After the melt is quenched and insoluble ash constituents
filtered off, the Na, CO, solution is cooled to LO'F by
'evaporatlng water at sug -atmospheric pressure in a steam-jet
chiller. The decahydrate of sodium carbonate is precipitated
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and separated Trom the solution by centrifuging, and the
water of hydration is then driven off in a rotary dryer using
not flue gas from the gasiTication section. Dried Na2C03 is
returned to the gasifier.

The large heat requirement for removing water of hydration is
the major disadvantage, because this energy is then largely
unavailable for further work. Alsc, fouling of exchanger
surfaces Is a possible problem, although this could be
avoided at some increase in operating cost by treating the
refrigeration less frugally.

Low Pressure Evaporative Crystallization (Case 1-D4)

The hezat exchanger fouling problem associated with Case [-D2
is avoided here by direct contact of aqueous solution with hot
flue gas to evaporate water. However, the heat consumed is

~degraded to & ievel -where it can no longer be used, so the

operating costs are significantly higher than those for
Case 1-D2.

Hiak Temperature Precioiiation {Case 1-D7)

This scheme makes use of the inverse solubility of scdium
carbonate at high temperatures. After quenching and filtration
of ash compcnents, the Na,C0; solution is heated in a series
oF exchangers to precipitate aahydrous NaéCO . The crystals
ere separated by centrifuging, while the motger liquor is
cooled and recirculated to the quench drum. Heat costs are
minimized by recuperative heat exchange, but the problem of
surface fouling wili probably be severe.

Precioitation of Bicarbonate (Case 1-D10)

After quenching and Tiltering of ash components, the 20%

sodium carbonate solution is contacted with carbcn dioxide

at about 25 psia. Insoluble sodium bicarbonate is formed
according to reaction (i) and, after separation by centrifuging,

Na,CO3 + €O, + Hp0 —3 ZNaHCO3.) (1)

is returned to the gasifier. There reaction (1) is reversed,
producing CO» and Ho0, but the quantities are small and have
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litzie effect on gas composition. The bicarbonate decomposition
is encdothermic, so gasifier duty is increased sligntly in this
case 9ad a littie more co&sl must ba burnod in the firod=tube
heater. This salt recovery process yields a low operating

cost because no heat is required. Further, operating
difficuities should be minimized because the flowsheet is

simpie and there are no exchanger surfaces to foul.

The estimated cogt cf ash removal and catalyst recovery according

to the five Tlowsheets just ciscussed is summarized in Table i. The
incremental coel cost For Case !~-D10 represents that hea:t recuired to
cecompose sodium bicarbonate. Total operating costs in Table | do not

include fixed charges because capital investment has not yet been
estimated. However, tnis is not expected to affect the relative
position of the several cases.

Cases 1-D3 and 1-D& vield high costs because of their wasteful use
of heat, as already discussed. These have been given no further study.
For the remaining three cases it is of interest whether their relative
position will be affected by changes in the underlying assumptions. For
1his reason the effect of 10% ash in the entering melt (instead of 20%)
and of 1C% NajC0; losses (rather than 5%) were investigated. The
recults are also presented in Table 1. It is found that salt recovery
costs do increase signiticantly under these conditions, but the relative
positions of Cases =02, [-D7, and 1-D10 do not change.

It is concluded tha: Case 1-DI10 is the most attractive of the salt
recovery methods considerec because it is simple, its estimated costs
are among the iowest, and a minimum of operating difficulties is
expected.

2. Methane Svnthesis

Thae comparison of alternative methane synthesis processes has been
substantially completed. This study was interrupted so that maximum
effort could be devoted to making a preliminary estimate of hydrogen
costs. Results of (e methane synthesis comparison will be reported
next month.
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TABLE 1

PUT T TV
oq 2 u>.

COST OF_ASIL_REMOVAL AND_CATALYST RECOVERY

Basls: Raw Material: Bituminous Coal
Producl: Raw synthesis gas equivalent to 250 MM SCFD
of pipeline gas
Na,CO3 Losses: 5% per poss through recovery system
Me{'hod of heat supply: Fired-tube heater
Entering melt composition: 20% ash, 80% Na2(203

ANYSIIOD 22001

Case Ho. . 1-D2 1-D3 DI 1-b7 1-D10

Cost of Ash Removal and Catalyst
Recovery, ¢/MSCF of Pipeline Gas

Incremental coal - - - - 0.3

Heat at hOoe¢/HM BIU - 2,0 2.3 0.1 -

Cooling water - 0.4 - - -

Power at 0.7¢/kwh 0.2 - - 0.1 0.2

NaCo, losses at 1.56¢/{ 1.2 1,2 1.2 1.2 1.2

Laboi* and overhead 0.2 0.2 0.1 0.t 0.1

Total, excl, Fixed charges® 1.6 3.8 3.6 1.5 1.8

Total Cost, ¢/MSCF, with 10% ash 3.4 - - 3.2 3.9
In entering melt ? §’
Total Cost, ¢/MSCF, with 10% ash in 6.1 - - 5.9 6.6 e w
melt and 10% Na,CO3 loss per pass > 2
° i

5

\Val

*NOTE: One million dollars of investmenl adds 0.13¢/MSCIF of pipeline gas.
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¢ in the heater to liberate this heat is only

Quentizy oF cozl burne
melt circulation rate. Now considering the direct
n

aaout 0.4% of the mel
ombustion casa, if t
D Am carbon, combustion wu.l be nnconple;e a1d excess carbon w:ll be
prasent in the melt. In Tact, iT equilibrium for reaction (3) is
achieved, the carbon will be burned predominantly to C0, not to CO,.

o, + ¢ == 200 (3)

Secause combustion to (0 iiberates only about 30% as much heat as
combustion to coq at 1800'F more combustion air must be supplied and
more coal must bé burned to provide the required heat. The CO-containing
Tlue gas is a reather poor fuel and besides is produced in such large
quantity that it can not be utilized by the plant. The net result is
that the incressed coal consumption will add about 9¢/MSCF to the cost

o7 pipeline gas, which is clearly unacceptabie.

in order o have less than 0.4% carbon in the melt entering the
heater and still retain @ gasifier of reasonabie dimensions, coal
gasiTication raztes must be higher than corresponding uncataiyzed
rates by savaral orders of magnitude.

This problem caused by excess carbon in the melt disappears in the
case where nheat is supplied via a fired-tube heater because the flue
gas is not In contact with the melt.

gurations Of interest require pumping .
en sodium carbcnate, coal ash, and
severe case, that of gasification at
T “ea.:q, o7 melt at Tow pressure, the
2inst & head of several hundred pounds
het e pump can be developed For
material of construction can
ay :re ﬂelg, bu; which is not
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Reproduced from
best available copy




Pege Now e S
T T e W SELRS ST SOMPANY — g¢ o -
—— e
Avenalid o SuVe .G3Munt N .L._..\_.-- -
wwIarmon o =
Reperz No. 2
ST melT SEnnsT Se ascoToiishec with & voive DUt must &lsc be donme via
1oZ8 RC32ers, Then 10IdL S0sT Tor meli Irenster wouil Se esout
2-38/333F oF pizsiing Sos, or 0.0-.¢/MSCF of nycrogen. This method of
Seit trensfer reguires @ multituce oF Cok hicpsers anc an elaborate,
cxzensive plping sysiem, Qcwever, SO simpie pumping is much (o De
creterrec 1T it is techanicaiiy feasidble.
2, Pro‘azricons
J. EHvdroczznm Prgductics Cfosts

.cing hydrcgen From
ves listed will be

. Mztwgs2 Svrthes's

The results of the eveiuation of eliernative methane syathesis
Drocessas wi .. @ fepcruec.

3. Flcwsheza: S-ullas

fzudles ©F =sconomic effect of gdding poiessium and/er lizhium
CerIongTe 1o the meii end oF the &ffect of varying rates of gesification
Sn The Srecess were (ncerrupted by the iaterest o hyorogen costs.
These stidl VLose resumed.

5. feas Zurificezics

The evaiuation o7 gas purit.caiicn processes wili contiaue.

Reproduced from
best available copy




oS CO

(]

=
Scaarimn

o

[
x
i
<
‘e
.

e

he
the

qy

2

lum

-

re
e

sC

y due o

<t
/5

I
-3

€.3S.
=3
zsh=70

ng & sizndard

—

i

whe

W o4 Qo
Ohee 0] Yo e {2
O n.Q 120
330D s-e 82 12 o= I

N Q Y
N~ 1 Q
0™ H

@ 0N 0

Jds fe

W ") ..m 13 e
(VI SR P

3ot W) e

I T s

363 Ve W) o1l

LICH S I A S ) )

Reproduced from
best available copy




]

€ NG et

i
>

No. ...

s

;'
epert

R

3o
«
",
oo
0 3
3
1
[
43
33
Na e
dog ot
e
<54
L ]
N
LA )
.3
!
K
1

ere CC2

tmossh

"

rlCOd)

(

)

W

oy

)
o)

O

«)

<l
LY)Y
AR
AFA}

<«
<«

(@]

Uy
)
LPAY

7S On D

e

Se e

grs

n,

0

best available copy

Reproduced from




Reproduced from

best available copy

|
m
'
!

1

oPr.

DEVEL

SooammLns

n

<)
ol

(1))

=»




Reproduced from
best available copy

H 1

i !

! i

i : 0
. _m o

: W (¢)

H h [ by
o~ [TANR & o= re AL
i , oW _..“

H ; I .
.
K 4
“z 1
’ 1"
o h
a Y ‘
-~
.
. \ '
Lo ~. (B} I B
: i ub Y .. [ O 4
H _ [P "y
LIA T B
. R D T D
~ .o w)
O




filling your order.

1-888-584-8332 or (703)605-6050

info@ntis.gov

P Phone

f we have made an error
P E-ma

ive or i

Please contact us for a replacement within 30 days if the item you receive
defect

NTIS strives to provide quality products, reliable service, and fast delivery.

SATISFACTION GUARANTEED

IS

Reproduced by NTIS

National Technical Information Service
Springfield, VA 22161

This report was printed specifically for your order
from nearly 3 million titles available in our collection.

For economy and efficiency, NTIS does not maintain stock of its
vast collection of technical reports. Rather, most documents are
custom reproduced for each order. Documents that are notin
electronic format are reproduced from master archival copies
and are the best possible reproductions available.

Occasionally, older master materials may reproduce portions of
documents that are not fully legible. If you have questions
concerning this document or any order you have placed with
NTIS, please call our Customer Service Department at (703)
605-6050.

About NTIS

NTIS collects scientific, technical, engineering, and related
business information — then organizes, maintains, and
disseminates that information in a variety of formats — including
electronic download, online access, CD-ROM, magnetic tape,
diskette, multimedia, microfiche and paper.

The NTIS collection of nearly 3 million titles includes reports
describing research conducted or sponsored by federal
agencies and their contractors; statistical and business
information; U.S. military publications; multimedia training
products; computer software and electronic databases
developed by federal agencies; and technical reports prepared
by research organizations worldwide.

For more information about NTIS, visit our Web site at

http://www.ntis.gov.

NTIS

Ensuring Permanent, Easy Access to
U.S. Government Information Assets



U.S. DEPARTMENT OF COMMERCE
Technology Administration
National Technical Information Service
Springfield, VA 22161  (703) 605-6000




