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Towson,

The final two tests of the 100 1b/hr Stage 2 PEDY were completed

in September using Pittsburgh seam coal. One test was made to further
determine the effect of changing the position of the coal feed nozzle; the
second test was made to determine the effeet of 2 shorter residence time

produced

by a reducticon in the normal wvolume of the reactor. Preparation

of a firal summary report on these studies will begin this month.

The summary repor: on the coal composition and beneficiation

studies has been drafted and is being edited.

Evaluetion of the bid packapges received from Xoprers on the

fluidized-bed methenzticn and gasification PEDUs is progressing. Plans
ere being developed tc dismantle the 100 lb/hr Stage 2 PEDU to clear the
ares for the new PEDUs. Equipment and instrumentation lists are being
prepared to determine what can be salvaged for continued use.

% ..

Work contimues on cther phases of the experimental program:
The methanstion catalyst evaluation continues; new catalysis
are being screened to determine their potentisl use in the
bench-scale methanator.

A new char has been received from Consclidation Ceal Company
and is being used in the reactivity studies.

Procurement and erection of equipment for the cold Jlow
model studies have been proceeding according to schedule.

THE RESEARCH AFFILIATE OF NATIONAL COAL ASSOCIATION
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Mr. Paul Towson -2 - Octoper 1, 1571

A1 possible assistance is being given Koppers in order that
they may complete the engineering bid packege on schedule.

Yours very truiy,
. . e
-’—7/7.4.- - -/j.-f-cw
S :
Aohn W. Igoe

JWIpjic
8056
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BITUMINOUS COAL RESEARCH, INC.
SPONSORED RESEARCE PROGRAM

GAS GENERATOR RESEARCH AND DEVELOPMENT
Progress Report No. 1

{BCR Report L-432)

I. THNTRODUCTION

This report summarizes progress achieved during the ninety-thisd month of
work on the general program, "Gas Generator Research snd Development," deing
conduected by Bitumincus Cosl Research, Inc., for the Office of Coal Research.
The program which was initiated under Contract No. 14-01-0001-32L December 20,
1963, was transferred to Contract No. 14-32-0001-1207 on August 19, 1971.
Thus, this report represents the first repcrt of progress usnder the new prime
contract.

The overall objective of the program continues to be to develop processes
for gasifying coal to produce Tuel gas and high-Biuw pipelins gas.

Laboratory-scale coal gasification experimentaticn is to be contimmed
together with process and equipment development. Wita the aid of engineering
subcontractor{s}, a multipurpose resesrch pilot plant fecility is to be
designed, constructed, end test operated.

A. Work Schedule

Work on the project is being conducted according to & schedule reflecting
the program outlined under the pew prime contract., This schedols is shown
in Figure i.

3. Monthly Progress Charts

Monthly progress charts reflecting proposed rate of effort and expend-
itures aore shown in Appendixes A-1 and A-2.

II. PHASE IT PROGRESS ACHIEVED DURING MONTH ENDING SEPTEMBER 25, 1071

AL Laboratorv-scale Process Studies

2. Cosl Composition and BeneTficiation Studies (R. G. Moses and R. D.
Saltsman): Experiments] work on this Project was disconbtinued. A summary
Teport on this phese of the work is now being written. It will summerize
work performed sinee Septembar 20, 1970.
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2. Llsboratory Pyrolysis of Coal {(J. E. Noll): A report summarizing work
performed on this phase of the project sizce September, 1970, is in the course
of preparation.

3. Fluidized-bed Gasification (E. K. Diehl and J. T. Stewsrt): Work on
the design of the 100 1b/hr char gasification PEDU 1s nearing completion, and
& specification manual prepared by Koppers is expected October 1, 1971.

Laboratory studies on the reactivity of FMC char with both steam srd
carbon dioxide have been completed and rate equations have been developed.
Similar studies on char which is a product of Consolidation Coalls Cresap
pilet plent have teen initisted.

8. Fluidized-bed PEPU: Koppers has essentislly completed the
specification camual for the uwnit, srd will submit it to BCR for review and
approvali.

Utility, equipment, ani space requirements have been developed, and
Building 3 facilities are being reviewed in light of those requirements.

Flans are being made for disayvsembling the Stege 2 PEDU to make room
for the finidized-bed and methanstion PEDU's. Reusable equipnent, contrels,
and instrumentasion will ve listed =nd held for incorporation into the new
FEDU systems.

P & I crawings for the fluidized-bed PEDU have been received srd are
being reviewed. As indicaeted in last month's report, design for the initiml
wnit covers operation on oxygen/steam anad a2ir/steam only. Operation on carber
dioxide will not be conducted until lzter; only preliminary design of the
carbon dicxide system is being considered now.

Koppers has supplied & revised cost estimste for the detail design
&nd for the purchase and erecticn of the PEDU. Pending OCR approvel t¢ con-
tinue the PEDU brogram, the revised estimete has been incorporated in the
budget projections for calendsr 1972.

b. ILeboratory Investigetions: Complete rete equations heve been
given for the reaction of FMC char with both steam snd carbon dicxide.
Figures 2 and 3 are plots of typical experimental and caleulsted dste and
show the significance of the correlation over z wide range of steam concen-
trations. Similar plots were given in Progress Report No. 92 for a wide
range of carbon dioxide concentrations. :

Studies were conducted during the month of particle size distribution
of FMC char as a function of carton burn-off and as & function of attrition
while in a fluidized condition. I% had been previously shown {Progress
Report No. 85, peges 3345-3347) that the char particles do not shrirk in size
as the reaction proceeds to 80 percert carbon burn-off. TFor the present study,
an es-received sapple of FMC char wes used with an average perticle diemeter
of ©.0087 inches, determined by scree. anelysis.
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This sample was then reacted to 16 percent carbon burn-off end hO percent
ecarbon burn-off. Screen analysis after each reaction gave an average particle
diameter of 0.0087 in.

The LO percent reacted char particles were fluidized with air in 2
l-inch I.D. glass tube at & superficisl velocity of approximately 0.2 feei
par sec. Screen analysis after 4 hours of fluidizetion showed that the
average particle diasmeter was still 0.0087 in. This is further evidence that
the continuous reaction kinetic model is comsistent with experimental cbserva-
tions.

The reaction-rate order of the char/CO, reaction has been given as
0.52 with respect to carbon dioxide. ({See Progress Report No. 9%, p. 3805.)
This fractional order was obtained with carbon dioxide diluted to different
concentretions with nitrogen. There was some doubt as to whether or not thils
same fractional order would spply in the reducing etwosphere that will exist
in the gasifier. To answer this question, the series of 48 cher/CQ, rums
wes duplicated using carbon monaxide instead of nitroger as the diluent.
Initia) results show & fractional order of 0.78 with respect to carbon dimxide.
The date are still being interpreted and further discussion wili eppear in
rext month's report.

Reactivity studies have begun on & new char, from Consolidation Coal's
Cressp pilot plemt. This cher is much higher in ash comteat (50 percent}
und volstile matter {12 percept) than the FMC char previously investigated.
The experimentsl procedure will be the same as thet for the FMC char studies.

¢. Future Work: Immediate future work will concentrate on deteiled
review of the PEDU specification menvel end design drawings submitted by
Xoppers. It is also planned to have the design examined by a fluidization
consultent. Resctivity studies of the Consol char will cootinue.

4, Ges Processing (M. S. Graboski): Work contimued in the aree of gse
processing during the month of Septexber in amccordance with the revised time
schedule given as Figure 4. Work reported covers bench-szsale studies and
PEDU plenning.

a. Bench-scale Studies: The purpose of the bench-scale program is
to investigete methanation catalysts under vaericus condltions of pressure,
temperature, and carbon monoxide conberts. During the month, four nickel
ecatalysts were screened and further work was carried cut on s cobslt molybdenum
catalyst.

The purpose of the sereening operation is to determine whether any
nickel catalysts availsble are acceptable for use under BI-GAS methanation
conditions. Since the fluidized bed type of wnit bas been selected, the
aversge carbon monexide im the reactor might be expected to be low. However,
at the distributor plate, a high carbon monoxide content will exist. Since the
cetalyst may be hermed by such carbon monoxide concentrations, the bench-scale
tests have been geared towards conver:ion at carbon monoxide partisl pressure in
excess of sbout 150 psi. N
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(1) Deta and Results for BSM Test 33: The purpose of BSM Test 33
was to Investigate BCR Lot 2 methenation catalyst at 700 F and 1,000 psig
under a high carbon moncxide partiel pressure to determine whether the cetalyst
would show rapid reactivetion. Lot 2684 is = nickel-slumina formulation
supplied by Catalysts and Chemicals Inc., under the trade name of C-13.

In Test 33, 2.5 grams of Lot 2684 were charged to the reacvor.
The catalyst was reduced with hydrogen jirc situ and, under operating conditions,
carbon monoxide was blended into the remctor feed. Gas samples were teken after
several hours of operation. The results of Test 33 are shown in Figure 5.

(2) Data and Results for BSM Test 34: The purpose of BSM Test 3k
was to investigate BCR Lot 2688 cetalyst at 700 F and 1,007 psig under & high
carbon monoxide partial pressure to determine whether the catalyst would show
rapid deactivation., Lot 2688 is a selective hydrogenation catalyst supplied
by Barshew Chemical Company under the trade neme of Ni-O3CLT. It contains
3% percent nickel oxide on ective slumina.

In Test 3k, 2.5 grams of Lot 2688 were charged to the reactor and
reduced in situ. Carbon monoxide was fed over the cstalyst and batch samples
were taken to determine whether the catalyst would show rapid deactivetion.
The results of Test 34 are shown in Figure 6.

(3) Dsta and Results for BSM Test 35: The purpose of BSM
Test 35 was to investigate BCR Lot 2602 methanation catalyst at 700 F and
1,000 psig under a high earbon monoxide partisl pressure to determine whether
the catealyst would show rapid desetivation. Lot 2692 is a nickel catalyst
supplied by Harshew Chemical Company under the trade name N:.-3210T. It is
composed of 35 percent nickel on a proprietary support.

In Test 35, 2.5 grams of Lot 26562 were chkarged to the reactor.
The catalyst was reduced with hydrogen in situ and carbon monoxide was passed
over the catelyst. Data from batch sample " analysis are shewn in Figure 7.

(L) Deta end Results from BSM Test 36: The purpose of BSM Test
36 wes to investigate BCR Lot 2693 catalyst at 700 F and 1,000 psig under &
high carbon monoxide partial pressure to determine whether the catalyst would
show rapid deactlvation.

Lot 2693 is & nickel cabtalyst supplied by Harshaw Chemical Conpany
under the trade name Ni-32507. No composition analysis is svailable for this
cetalyst.

In Test 36, 2.5 grams of 2604 were charged, reduced :.n situ, and
tested. Initial reaie was extremely high tut the catalyst "hurned” itself up
within about two hours. No dete are tabulated for Lot 2693 catalyst.

{5) Life Test 2637-2: Catalyst 2687 (Barshaw CoiMo) had been
shown to methanate well in past BSM tesis and ir Life Test 2687-1 (Progress
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Report 92, p. 3879). In Life Test 2687-1, however, a fair amount of the carbon
monoxide was shifted to carbon dioxide, reducm.g tihe useful conversion of car-
ton to combustible gas.

Life Test 2687-2 was designed to reduce this unwanted conversion
by adding carbon dioxide to the feed gas. The desired effect of the cerbon
dioxide was to start the methanation reaction under conditions approeching
shift equilibrivm and thus suppress the reaction. The feed gas prepared was
the following:

Volumze,

nent Percent
Carbor Dicxide 12.31
Carbon Monoxide 17.30
Hydrogen 53.04
Litrozen .79
Methane 15.54
Ethane 0.02

Reaction terperature was 830-870 F end the system pressure was at 1,050 psig.

Since it was determined in Life Test 2687-1 thet the activity of
Catalyst 2687 stsbilized after 200 hours, it was fel® that no more information
would be gained by & long-term run., Thus, the catalyst was cperated for
only 42 hours, which was long enough to get two samples taken a day apert.
Ten grams of catelyst were used in the test.

Data for Life Test 2687-2 are given in Table 1. Iz this test,
useful conversion of carbon menaxide was gbout 90 percent while in Life Test
2687-1 it was sbout 70 percent; this resulted from e threefold reducticn irn
carbon dioxide productisn. The ecmleulated shif't constent wes still approxi-
pately the same as the tbermodymsmic constent in the 800 F to S00 F range.

TABLE 1. RESULTS FOR 1IFE TEST 2687-2

Volume, Percent

Product Gas 24 Hours 42 Hours
Carben Dicoxide 18.59 18.74
Cartron Monoxide 8.12 8.31
Hydrogen 36.58 36.93
Fi*rogen 2.36 2.51
Methane 32.68 31.85
Ethane 1.68 1.76

Conversicn to CC, percent £6.4 65.2

CO -+ CH,, percent 70.2 66.6

Co — ,H,, percent 20.5 2.2

Co - CQa, percent 9.3 11.2

Shift Constant K 6.42 6.85
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(6) Life Tests 2684-1 and 2684-2: Of the nickel catslysts investi-
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gated tc date, Catalyst 2604 eppeared to deactivate the slowest in BSM tests.
It was felt that Catalyst 2684 should be tested to determine whetker or not it
would show a reasonsble lifetime at 700 F &nd 1,000 peig. Three grams of
catalyst were reduced in the life tester and the catalyst was opereted under
200 psl carbon monoxide partial pressure. For the first five days of testing,
Catalyst 2684 showed complete conversion. Over a weekend, gas sampling did
not tske plsce. The Monday sample, after 143 hours, showed the catalyst to

be desd. The test was rerun with 1 grem of catelyst. After 66 hours the baich
of catalyst died.

b. Discussion of BSM and Life Tests: During the month, four nickel
catalyste were screened in the BSM unit. These ranged in nickel content and
support type. This work brings to s total of eight the nurber of mickel
catalysts studied. A surmary of tests conducted prior to this month was given
in Progress Report No. 92,

Figures 5, 6, and 7 indicete ihc effect of a short-time test on the
catalyst activity. Repid demctivation is spparent. In BSM Test 36, the
catalyst dled within severel hours of operation. The catelysts from Tests 34
and 35 were analyzed for carbon. The results are giver in Tsble 2.

TABLE 2. RESULTS OF CAHBON ANALYSIS OF CATALYSTS
FROM BSM TESTS 34 AND 35

Catalyst Moisture, percent Carbon, percsnt

Tegt No. Lot Belore After Before Afger
34 2688 0.69 0.6k 2.6 L.o
35 2692 0.80 0.91 0.25 0.60

The pickup of carbon iz epperently the ceuse of catalyst deactivation.
This caerbon formation is due to the reaction:

2C0 » C+ CO

High partial pressures of carbon monoxide make this reaction kKinetically
favored. The equilibrium plot, Figure 831, Progress Report No. 92, indicates
thet & H,/CC ratio of 3 is just about st the carbon deposition boundary et
80 etmospheres. Non-ideal effects in the gas nivture meke the exact locatlon
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of the carbon boundary impossible to locate. However, since the mixture being
fed to the reactor is so close to the critical ratio, it may be assumwed that
scme carbon formation is favorable thermodynamicelly. A second, and probably
compounding, mechanism for the deactivetion is loecal overheetling o the
catalyst surface. Although the gas velccity used in the BSM is high, and hence
the heat transfer from the solids to the gas is good, one can picture a reaction
rate at the surface mnd it the catalyst pores beilng so high that the rapid
relesse of energv in the catalyst particle cannot be dissipeted. The tempers-
ture rise might cause sintering of the catalyst surface, closing off pores

and reducing the activity. The effect of rapid thermel desctivaticn on &
Harshaw caetalyst similer to BCR Lot 2683 has been documented by Pursley, White,
end Sliepcevich'. Their tests showed a fivefold loss in activity sver 100
hours of testing.

The only nickel catalyst tested for extended activity was Catalyst 2854
since it sppeared most favoreble from the BSM screening. A three-gram batch,
initially chosen, proved to be too large a charge for the life tegter and
cemplete conversion occurred. The charge was reduced to ope gram and the test
was repeated in hopes that the conversion would be scmewhat less than complete.
Thic was not the case, however. The three-gram batch of catalyst lasted
longer then the ope-gram bateh due to the excess nickel mass percent. Neither
bateh lasted a significant time under & carbon monoxide pressure of 200 psi.

Several teats with Catalyst 2684 are plmsnned in the life test unit to
define more closely what carbon monoxide partial pressure causes depositicn.

The pertial pressure of carbon monoxide will be reduced systematically
until an acceptable level is found. The test sequence is designed &5 followe:

Total Pertial
CO in Pressure, Pressure (O,
Test No. Gas, Perceni psi psi
2684-1,2 20.0 1,000 200
2684-3 10.0 1,000 100
2684-k 10.0 750 75
2684-5 10.C 500 5C

It is felt that a ecarbon monoxide partizal pressure below 50 psi would yield a
process with a Ligh recycle rete offering no edvantages over cother processes.

Further testing of Iot 2687 cobalt-moly catalyst continued this month
in the life test unit. The purpose of Life Test 2687-2 wes to investigate the
catalyst's mctivity under conditions where the shif‘t rescticn war not promoted.

! Pursley, J., White, R., and Sliepcevich, C., "The Rate of Formation of Methane
from Cexbon Monoxide and Hydrogen with B Nickel Tatelyst ot Eleveted Pressvres.”
CEP Sym. Ser. 4 {48), p. 51-58, 1S51.
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The data for Life Test 2687-2 sre ocutlired in Teble 1. Carbon dioxide-free
selectivities for both Life Test 2687-1 and Life Test 2687-2 have been caleu-
lated. Test 2687-1 rescults were reporied last month. In that test, no effort
was made to comtrol the shift reaction. The methane to ethane ratio for both
tests 15 identical, being 7.2/1 or on & carbon monoxide conversion basis,
3.6/1. The amount of carbon dioxide formed in Test 2687-2 was reduced
substantielly. Test 2687-1 showed & 00 — CC, conversion three times greater
than Test 2687-2. This indicates thaet the carbon monoxide conve=sion by the
two reactions csn be optimized over the cobslt-mely catalyst by controlling
the amount of carbon dioxide in the feed gss.

Tests 2687-1 and 2687-2 were conducted in a sulfur-free environment.
Recent talks with a Texmco staff member who has hed experience with the BASF
cobalt-molybdemm shift cetalyst indicste that zethanstion can also oceur on
the sulfided catalyst at steam-to-dry gas ratios less than about 0.8/1. While
we are rot in a position to evaluste snlfided catelysts st present, this is an
important factor to study in future tests. Since most metharnation catalysts
are exuvremely suifur-sensitive, it is necessary to reduce sulfur content to
the levels required for long catalyst life.

¢. ZFrogrem Planning: Ii is evident from BSM studies that conventionsl
nickel "methanation” cetalysts do rot perform well under the conditions of the
BCR/OC}( BI-GAS process, It is further evident that other potential cetalysts
covld do the job (for example, cobalt-molybdemum). Therefore, a new series of
catalysts has been seiected for study, primarily for two reasons. The first
is based on Sebastian’s criteris® and the second is based on commercisl
Bveiiability. In Sebastian's opinion, the “presence of two catalyst types is
necessary for the reductior of oxygen compounds, e.g., the conversion of car-
bon monoxide o methane: (&) hydrogerstion catalysts, (b) dehydrating
catalysts.” Hydrogenation materials include nickel cxide, cobalt oxide, iron
oxlde, molybdite, molybdenum sulfide, turgsten sulfide, copper chromite,
chromic oxide, copper, platinum, and pslladium. Dehydrators include tungsten
oxide, alumina, chromic oxide, silica, molybdite, and nickel oxide.

The first class of catalysts selected wes nickel catbalysts not
rormslly used for methametion. The two demctivation mechenisms posed for nickel
methanation cetalysts are cerbonization and thermal @esctivation. Both of
these could be mirnimized by the selection of a very low sctivity catelyst.

This could be aceomplished effectively by using & low nickel content on =
low-surfece refractory-tvpe support. The resul? would be a spreading out of
the “active sites" wnich, in turn, would lower the probability of reactiocn
between chemisorbed carbon monoxide mclecules cor sdjacent sites on the catalyst
surface. The low nickel content would also tend to reduce the reaction rate
allowing the suppert %o more easily dissipate the heat of reaction. Catalysts
in this cliass are:

{1) €-i1-9-02: This is a Catalysts snd Chemicsls steam forming
cetelyst. It contsins 12 percent nickel on & refructory support. Surface mres
and pere volumes are low, being 5 to 15 sym/g end 0.2 to 0.3 ce/g, respaetively.

*Sebastian, J., "Cetalytic Reduction of Carbon Menoxide to Methane at
Atmospheric Pressure,” PhD Thesis, Carpegie Tech, May 10, 1535. bp. L.
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(2) ©-36-1-01: This is a Catalysts and Chemicals selective
hydrogenation catalyst. It contalns 2 percent nickel cn 8 low surface area
alwmzine support. .

The second class of catalysts are mrdrogehation catelysts composed
of various metals, These are described as follows:

(3) Cu-0202P: This is & Harshaw copper-chromite catalyst con-
taining 82 percent copper oxide and 17 percent chromic oxide. Tt hes a low
surface ares sud pore volume (10-13 sam/g and 0.5 cc/g, respectively).

(4} Fe-C303P: This is a fluidized-bed microsphercidal catalyst
supplied by Harshos Chemical Co. It conteins 20 percent ferric oxide on high
activity a2 mine.

(5) M-11012: This is a fluidized-bted catalyst supplied by

Harshaw Chemical Co. It contains 11 percent molybdite on high sctivity
slumina,

(6) C=31-1-01: This is & selective nydrogenation catalyst
supplied by Catalysts and Chemicals, Inc. It contains a small amount ot pal-
ladium on a bigh surface alumina csrrier.

Phe third class selected is dusl metal catalysts. The reason for
chooring these is based oz the guccess with the cobalt-molybdenum catalyst.
In both of these selections, nickel was chosen over cobglt since it is &
better methsnator,

{(7) C-20-7-01: This is a nickel-molybdenum catalyst supplied
by Catelyst and Chemicals, Inc. It conteins 3 to U percent nickel and 13
to 15 percent molybdenum cn a high surface alvmins support,

(8) Ni-L301-E: Tkis is & nickel-tungsten catalyst supplied by
Harshaw Chemical Compamy. It contains 6 percent nickel and 19 percent
tungsten on & silica-slumina support.

A 7ingl selection did not quite meet the criteria cutlined by
Sebastian, However, it was imcluded becsuse of its ability to dehlydrogenste,

(9) Cr-1401-P: This is e flnidized-bed catalyst supplied by
Harshew Chemicel Company. It conbains 19 percent chromic oxide on high
getivity alumina,

In eddition to these, Harshaw has informed BCR that it has avallable
for use, seven nickel fluldized-bed catalysts. Purchsse of seversl of these
is being held up until some proof is cbtained that a piekel eatalyst can
performe the job., Two candidates which are similar to the nickels described
sbove, (1) and {2), are 9.6 and 8,7 percent nickel on alundum end sintered
glumina, respectively. These meet the low-nickel, low-surface requirements
hypothesized sbove.

o
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Each catalyst will be tested in the BSM for its ability 1o m2thanate.
Successful candidates will be put into the life test upit for further
screening. The choice of catalysts listed, while perhans not yiclding the
optimum catalyst, should indicate which metals or combination of metels can
supply the methenation needs of the BI-GAS process.

d. Cold Model Unit: Construction of the cold model unit proceeded
during the month. Work in this sres has been slow due to the lack of success
in catalyst studies. The unit is shown in Figure 8. It will be availsble
for studies as cabalysts became available, The unit is currently being tested
with silica.

e. FYEDU Planninz: Effort continuwed during the month ino the srea of
the fluidized-bted methanatiop PEDU design. The latest detailed time sehedule
for the urit is shown in Figure 9.

At present, Koppers is channeling all PEDU efforts inte the preparstion
of & "bid packege." Some major items included in the package have been re-
viewed and were discussed ir Progress Report No. 92, pages 3888 and 3891.

The main technical discussions held tlis month concermed the design of the
gas distributor area. The design agreed upon is showr in Figure 10. The
distributor is conical in shepe with a drilled sjeve plate at th= hottem
{narrow end) of the core to cbiein:

(1) =a spouting effect which would cause poor
sclids and gas contact at the distributor;
this in torn would reduce reaction snd heet
release in the area of the bed not £illed with
cooling coile.

{2) cooling of the entire distributor area by the
therminol oil.

Submission of the compleie bid packege for review is scheduwleé fer
September 30, 1971.

As of September 21, 1971, verbal approval to dismsntle the 100 1b/hr
Stage 2 PEDU has been received fram GCR. Planning is teking place to get the
dismantling underway quickly. The mejor problem areas include the destination
of heavy surplus equipment and the storsge of reusable materials for both
the methanation apnd fluidized-bed gasification PEDUs. Presently, bids are
1o be solicited from three contractors for removal of the coal feed tank,
gasifier, scrubber unit, structursl steel, end the Petrocarb feeder.

Before finsl technical epprovel can be given to the PEDU plans by
BCR personnel, the methanaticn resctor design and the fluidized-bed gasifier
desigr must be reviewed by & consulting expert. It is possible that such
e review could prevent meny protlems in the future. Dr. F. Zenz hss been
contacted and will be availsble in October to visit BCR for several dmys.
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During the month, Koppers was requested to tresk down lebor hours
required for PEDU construction into outside contractor time &nd BCR labor time.
This information has been received. A% the time the bid packege is submitted,
& more deteiled breakdown of labor hours will be supplied.

f. Pilot Plant: To date, there has been little attempt to provide
a high degree of flexibility in the gasification pilot plant in the srea of
gas processing. The mein reason for this was the lsck of dats on methanation
catalysts. In the last report (Progress Report No. 92, page 38%1), an
slternate ges processing system for a commerciel BI-GAS plent involving a
simaltanecus shift and methanstion synthesis was discussed. While research
has not been undertsken to prove the feasibility of such an approasch, the
discovery of a cobalt-molybdenum catalyst which accelerated both the shift and
methanation reactions with a €8s which has been preshifted to = hydmgen/ca.rbon
wonoxide ratio of 3.1/1 has been shown.

In the pilot plent under present design, it bhas been essumed thet a
nickel metrkanstion catalyst cap be used which will convert carbon monoxide
exclusively to methane., To date, po such materiel has been found; however,
this lack of success to date does not admit failure. A remsonsble methanation
catalyst, ‘obzlt-molybdenum, has been examined in some detail. The use of
such & meterial would not yield mccepteble methane contents in the product gas
for pipeline quality. The mejor problem stems from the production of carbon
dicxide by the catalyst. Ts be able to handle suck a catalyst in the MPRF,
the gas processing train should be slightly modified. Such a revised system,
shown in Figure 11, would permit the removal of carbon dioxide either before
or after methanation. Scrubbing efterwards would tend to suppress the shift
resction and improve the product gas quality. Selective catalysts could be
used in the normal processing train.

€. CLonclusions, Recommendations. and Future Work: During the month,
progress wWas mede in all areas of rethanation studies. Good progress wes made
on the PEDV design and development. During the month, significant planning
in the ares of catalyst investigation tock place, which should lead to more
useful yesults in the symthesls ares.

Work outlined for October includes the following:

{1) Completion of studies on Catalyst 268% to determine
the criticel partial pressure for carbonizetion.

(2) Beginning of screening of the new batch of
methenation catalysts.

(3) Increased work in the PEDU ares incInding dismentling
of the 100 lb/hr Stage 2 PEDU.

(4) Further consideration of the pilot plant design based
on results from catslyst studies.
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5. Anelytical Services (J. E. Noll}: During the month 68 samples were
analyzed. The number of samples and types of eralyses requested were as

follows:
Type of Anelysis
Requested

Gas Chromstogyaphy
100 1b/br PEDU

Methanatian Unit

Carbon-1k
Ges
Liquid
Totsl

6. Carbon-1lh Procedures (J. E. Noll):
in this area during the wmonth,

No. of Bemples
Anslyzed

1
34

17

3
68

Ko development work was necessary

7. Gas Chromstogrephic Procedures (J. E. Noll): No development was

necessary in this area during the month.

Future Work: No further work other than routine sspple snalysis

is plenned.



