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SUBJECT: Monthly Progress Report No. b
OCR Conmtract Ne. 14-32-0001-1207

Dear Mr. Towson,

Phase II studies cn process and equirment development continue
according to schedule. The 10C 1bh/hr Stage 2 PELU is being dismantled in
preparetion cf the area for the new PEDUs. A final summary repert of the
Stage 2 PEDU work is ready for editing. Editing of the summary report on
the coal composition and beneficiation studies should be completed et an
early date.

Equirment for the first phase of the ccld flow model studies of
Stages 1 and 2 of the two-stsge gasifier has been installed and some data
have been obtalned fcr feed nozzle orientation in an integrated gesifier.
Charscteristics of chars to be fed are now being studied.

In the bench-scele work cn methanation csielysts for use in the
BI-GAS precess, evaloation studies have shown that further work is justi-
Tied on non-nickel catalysts. In bench-scele work on char gazification,
char obtained from the Stage 2 FEDU is being studied.

While autherizasticn to commit funds for FEDU erection has not yet
been received from OCR, further engineering and plaenning for procurement cf
equirment for the two FEDUs continues. Estimates regarding design and equip-
ment changes reguired to wmedify the fluidized-bed gasifier to (a) prouess
coal, and (b) operate with & second bed in series are being developed with
assistance from Koppers.

The draft of the bild packege for the Homer City pilot plent &s sub-
mitted by Koppers on December 3, 1971, was revised under dete of December 17,
1971. As approved by OCR,. the first meiling was weade December 30, 1971.
Yours very truly,
8 S g

ohkn W. Igoe

JUT rmmw
Book

THE RESEARCH AFFILIATE OF RATIONAL COAL ASSOCIATION

HERTIETE
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BITUMINCUS COAL RESEARCH, INC.
SPONSORED RESEARCH SROGRAM

ZAS GENERATOR RESEARCH AND DEVELOPMENT
Progress Repor: No. U

{BCR Report L-LuT)

I. INTRODUCTICH

This recort summarizes progress achieved during the ninety-sixth month of
work on the general program, "Gas Generator Research and Development,” being
condueted by Bitwsinous Coal Resemrch, Inc., for the 0ffice of Coal Research.

The program which wes initieted under Contract No. 1L-01-00C1-32k Decemter 20,
1963, was transferred to Contract No. 14-32-0001-1207 on August 1G, 1971. Thus,
this report represents the fourth report of progress under the new prime Contract.

The overall objective of the prograr continues to be to develop processes
for gasifying coal to produce fuel gas and high-Biu pipeline gas.

Laboratory-scele coal gasification experimentation is to be continued
tegether witk process and equipment development. With the 2id of engineering
subcontractor{s), a nultipurpose research pilot plent fecility is to de
designed, constructted, and test operated.

A. Work Schedule

Woerk on the project is being conducted according to a schedule reflecting
the program cutlined under the new prime contract. This schedule was shown in
Figure 1, page 2, Progress Report No. 1.

B. Merthly Progress Charts

Monthly progress charts reflecting proposed rate of effort and expendibures
are shown In Appendixes A-1 and A-2.

II. PHASE II FROGRESS ACHIEVED DURING MCNTH ENDIWG DECEMBER 25, 1571

A. Laboratory-scale Process Studies

1. Coal Composition and Beneficiztion Studies, and Laboratory Pyroiysis
of Coal (R. G. Moses, R. D. Saltsman, and J. E. Noll}: The summary report
covering the work performed since September, 1972, i3 in the final editing
process. The report should be issued in Jenuary, 1972.

P T
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2. Fluidized-bed Gasification {E. X. Diehl and J. T. Stewart): %crk on the
project COBEinued during December. neactivity SLudy on Lhe COnSol char was com-
pleted.

Detail engineering on the PEDU has been postponed pending Kcppers' prepa-
ration of severasl design changes for further consideraiion.

a. Fluidized-bed PECU: BCR was given permission to proceed with
obteining bids on the major pieces of equipment for the FELU without ccmmitting
the governzent, and aiso tc have Xoppers do the essential draffing and detail
engineering needed for construction. A meeting wes held with Koppers on
Tecember 22, 1971, for the purpcse of establishing a pricrity list for esczential
PEDU deteil engineering. It was reemphasized at the meeting that the present
FEDU design provided for both the oxygen-steam and air-steam gasification of
varicus process chers.,

Ag & result of the December 22 meeting., the PETU detail engineering was
postpored to give Koppers time to comsider the following:

(1) that additionel equipment and changes to the present design
are necessary so that the FEDU will be zble to process coel as well as cher.

(2) Wwhat additionel equipment and changes to the present design
are required tc¢ add e second gasifier stage in series.

It should be noted that the above two concepts could add substantislly
Yo the FEDU cost. In addition, as discussed previcusly, no additional design
data could be gathered from & second gesifier that would Justify the added in-
vestment. As currently designed, the PEDU can be used to study second-stage
cpergtion if required. The fluidized bed stucies for producing industrial geses
are important in snticipation of the need for g method of wtilizing char that
will be avaiiable as = by-product from the many ccal conversicn processes under
development. It is doubtful that a medium pressure fluidized-bed gesifier woulid
be competitive with other processes for gasifying coal.

b- Laboratory Imvestigetion: BReactivity studies were concluded for
the reaction of steam with a char from Ccnsolidation Cosl's Cresap planmt (BCR
Lot No. 2469). Sixty-eight experimentel rurns were made at temperatures of 80,
1000, and 1100 C, and st reacting gas concentrations of 32.7, 70, and 100 per-
cent steam in nitrogen. The complete rate sguatiorn for the reaction of thils cher
sacple with carbeon dioxide may be expressed as:

(1-x) = Ash + (1-ash) eX(CH,0)-70% o)

and k = 8.64 x 10° ¢1.93 x 10% /¢ (2)

o el
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where
x = TIracticn cf chaer reacted
T = terrerature in °K
C = cencentration of rescting gas
t = time in minutes
. L { 1lb. € reacied )
z = arrerent reactivity \ 5 ¢ inventory -oin
Ash = wright percent of ash in unreacted char

Froz Equation 2, an activation energy cf 33 kecal/mole and a pre-expo-
rential Tactcr {Arrhenius ccrnstant) of 3.6L4 x 1C° min™ can be found for this
reaction. These values correspend to 34 keal ‘zcle amd §.5 x 10 win™! previ-
cusly reported for the FMC cher-steam reacticn. In both cases, the rate was
fourd t¢ be propertional to the steex concentration to the .58 pewer. Figure 66
shcws a typicel plet of Zguaticms 1 and 2 with the correspending experimerntel
dete.

Tabie 63 is & cemparison of the spparent reactivity, k value from
Zguation 2, for the two chars. The Cecnzcl char is more reactive than the M
char in the tecrerature range of interest. This is sisc shown in the Arrhenius
Tlct ie Figure 67.

This study tc dete has resulited in a rrocedure tc evaluate the relative
reactivity of varicus chars. Chars frcm both the BI-GAS and the HY-GAS process
will De investigated next. The guaiitative value cf the reactivity test has been
demcastreted, but unly actusl FEIU oreraticn will Zetermine the quantitetive value
¢ the complete rate eaueticn in fluidized-bed reactor design.

¢. Fuiure Vork: Desigo chenges fcr the PEIU will be evalusted to
detercine whether their inclusicn will add substantielly tc the research rrogran.
Revised cost estimetes will be made.

Char reactivity situdies will continue. Immedlate werk will invelve the
evaluaticn cf several chers produced in the BI-GAS FET.

3. Gas Prccessirg (M. S. Grabcski): ‘ork scntirnued in the area cf geas
rrecessing during the month of December in accordance with the tine schedule
shovn in Figure %4, pege T of Progress Rerert Ne. 1 (Septecber 1571). TVork re-
rorted tere ccvers btench-scale studies ané PEDU plaoning.

2. 3Banch-scale Studies: The purrose of the tench-scale trcgran is to
investigete methansticn catalysts under conditions imposed by the BI-GAS process,
=4

turing the nmonth, twe catalysts were tested for activity in the B3 unit. Life

esting ccntinued cn Lot 29C3 molybdenun catalyst.
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Figure 67. Char Reactivity as a Function of Temperature
‘or the Char Plus Steam Reaction
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(1) pDeta and Results for Bgj Test L6: B34 Test 46 was conducted
on BCR lot 2912 catalyst. This material is commercielly sold by Catalysts and
Chemicals, Inc., as C-36-1-0k. Tt is coaposed of € percent nickel on e very lcw
activity alumina.

Three grams of catalyst 2012 were charged and pretreated. The
systen tempersture was raised to 485 F and synthesis gas was introduced over the
catalyst mass. At 55C F, reactisn was initiated as evidenced by water in the
catchpot. However, within a short pericd of time, the reaction ceased. The

temperature was then slowly inereased to 700 F with no signs cf reaction reappear-

ing.

(2) Data and Results for BSM Tests 47 and LB: BSM Tests 47 and 48

were carried out oan BCR Lot 2013 catalyst. THis meterial is merketed by Catalysis

and Chemicals, Inc., as C-31-1-01. It is cowmposed of 0.3 weight percent palla-
diurm on an alumina support.

In Test 47, five grams were charged and pretreated. Synthesis gas
was inmtroduced at L6S5 F. The temperature was slcwly raised to 750 F without any
signs of reection.

Since paliasdium is known to be 2 highly active hydrogenation
catalyst, Test 48 was carried out as a repeat cf Test 47 except that 15 grams of
2013 were charged. &t 400 F, scoe activity appeared mcmentarily. The tempera-
ture was increased to 65C F with no further signs of remsction.

(3) Discussion of B Tests 4 to 48: In the BCR methanatica
catalyst screening prograr, two more potentlal catalysts were tested this month.

Test 46 invclved Lot 2912 nickel methanetion catelyst. While
standaerd nickel catalysis heve been ruled out for BT-GAS use, it was feit worth-
wkile to investigste 2912 on the basls of the postulate presented in Progress
Report Wo. 1, page 14. This deslt with catalyst deactivation by local over-
heating. Sinee 2912 is a very low sciivity nickel catalyst, it was felt that
the support might dissipate the heat sufficiently to prevent desmctivetion.

Test L6 irdicates, rowever, that just diluting the cstalyst mass will not enhance
the stability of the nickel catalyst.

Tests 47 and L8 were conducted on a palladium-based catalyst
(Lot 2013). The noble metals are normally more active catalysts for hydro-
genation than nickel. This is also true for methanation as witnessed by the
low initiasticn temperature of reection., However, deactivation was even umore
repid fer paliadium thar for nickel catalysts. Apparently, noble mefal cetelysts
will nct suffice for the highly excthermic and repid metharation synthesis.

(L) Life Test cf Cetalyst 2903: Date were reported last momth for
life testing of molybdenum cxide catalyst Z903 $iil 1100 hours of cperation.
During the past month, date were collected beyonad 1500 hours as shown in Figure
68. A% 144C hours, the space velocity was decreased for Fhase £ of the test as
described in Progress Report Hle. 2, page 118. Throughout Fhase 1 and Phase 2
periods, the activity haos remained statle.

I
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Product selectivity dete are shown in Figure 69. Increesing the
conversicn has increased the useful amount ¢f products slightly at the expense
of carbeon dioxide. It is very possible thet the carbon dioxide could be shifted
back and methanated with a sufficiently large charge of catalyst. This will be
studied at a lster date.

Gas for Fhese 3 of the life test has been mixed. + contains
roughly 30 percent carben dioxide with proporiionelly reduced amounts of carbon
monoxide, methane, and hydrogen. This will simulate the methanation of the
shifted and desulfurized gas from the gasifier. Phese 3 will begin early in

January.

Phase 4 has been added to the life test program. This involves
sulfiding of the molybdenum catalyst under the Phase 3 gas compesition with one
rercent hydrogen sulfide added. Sulfiided operation is important from seversl
aspects, but the area of greatest importance is whether sulfur poisoning will
occur or whether the catalyst will be enhanced in metivity.

b. FEDU Program: Work continued in the erea of FETLU planning, and
rreliminary tests were sterted on the cold model program.

(1) PEDU Status: During the month, there were several major
developments in the area of the methanatiorn PECU program.

{a) On Tuesday, December 1, & work crew tegen dismantling
The Stage 2 PELU in prederation for the methenetion and char gasification PEIUs.

{b}) By phone on December 14, BCR obtained approval to soliecit
bids on FEDU equipment.

(¢) By phore on December 1L, BCR cbtained clesrance tc permit
Koppers to do detzail engineering on the wethanator.

As 2 direct result of tThe latter two clearences, BCR and
Koppers met on December 22 to outline the detail engineering and to determine
which vessels and major equirment items are already sufficiently detailed for
biddirng purposes. Presently, Koppers is supplying BCR with specification sheets,

{2) Cold Model Program: During the month, the cold model unit was
extended to 10 Teet in height. Fressure tests were conducted on the unit and
some preliminary studies were carried ocut with air. Work was limited due fto a
shift of wanpower to thke dismentling operation.

The unit was routinely opersted at LS psig and pressure-tested to
75 psig.

The tests carried out suggested several modifications of the unit.
The pressure tap above the distributor has been eliminated snd grid pressure drop
will be determined in the empty bed as a function of flow rate. The pressure tap
in the bed sbove the distributcr constantly plugged =nd was therefore useless.

T S O T L
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Figure 69. Selectivity Data for Lifle Test 2903 Cotalyst

VI

SRR ¥ FTY R



Y ek B e I AT e

y——a

———n sy
. +

————y

i

206,

The zctual bed drop will he caleulated by subtracting the grid pressure drop
from the total system pressure drop. Also, the distributor cone has Leen modi-
fied to permit cone to watch the grid plate., This has been accomplished by lin-
ing the cone with FPlexiglas and cutting a pertion of the cone away. A new three-
hole distributer plate is being constructed to model the grid selected for the
pilot plant methanstor.

C. Cther Vork

(1) Status of BCR Sugeestion 193: BCR Suggestion 193 dealt with
operation of a combined shift converter and methanator. A report is being pre-
pared on this suggestion. In addition, material balance data have been developed
and a complete literzture search is underway pertaining to the subject matter of
this suggestion.

(2) &tatus of BCR Suggestion 194: BCR Suggestion 194 dealt with
modificaticons to the pilot plant gas processing scheme to hendle different types
of methanation catalysts. A report is in preparation and will soon be submitted.

d. Future Werk: Work will continue according to the gas processing
schedule during the coming month.

At the bench-scale level, kinetic measurements will be made in the B3
unit on 2 corper chromite catelyst. Further rate data will be gathered on the
molybdenum (Lot 2903) catalyst and on the chrome (Lot 2904) catalyst. In the
Life Test Program, Phases 3 and 4 will be carried out on Cetalyst 2003. These
involve operztion under conditioms designed to suppress the shift reaction under
both unsulfided end sulfided conditions.

Work on the FEDU will continue. Bids on equipment will be solicited
and Koppers will cornduct detail engineering. If epproval for construecticn is
received early in January, the time schedule 2s outlined for the FPEIU can still
probebly be met {cperation by Jan. 1, 1973). TFurther delay will cause setbacks
in the program.

FEDU wodel stndies will continue.

Work on focllowup reports on BCR Suggestions 193 and 16% will be econ-
ducted.

L. Tlasborztery Pyrolysis of Coml {J. E. Noll): Work performed on this
phase of the project since September, 1970, is being summarized, together with
work »n ceceli composition.
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5. Analytical Services (J. E. MNoil): During the past month, 19 semples
were analyzed by gas chromatography and I samples by specisl procedures. The
menner and type of analyses requested were as follows:

Tyre of Anaiysis No. of Samples
Hequested Anelyzed

Gas Chromatograpky

Methanation Unit 19

Speecial Procedures

Appareni particle L

density for

fiuidization —
Total 23

6. Gas Chrometograrhic Frocedures (J. E. Nell): Ne work was reguired in
this aree during the past wmonth.

Future Jork: Performing sample snalyvses is the only work plenned.
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3, Stage 2 Process and Equipment Develsoment Unit--100 1b/hr (R. J. Grace
E. E. Donath, and R. I, Zahradnik

During the month, time was distributed beitween: checking process des-
eriptions and piping and instrumentaticn drawings from the Koppers Company for
the bid package for the multipurpose resesrch pilot plant facility (MERF);
Dreparation of a report for the Subcommittee Work Group for the AGA Materials
Evaluation progrem; supervision of dismentling operaticons of the Stage 2
100 lb/hr PEDU; and preparation of the final summsry report. Also, checking
speciel "equirmert" design by Foster Wheeler Corporation as reguested by OCR.

1. Inspection of Reactor Refrsctories and Internsl Metal Surfaces in PETU:
Turirg dismantling cperations of the PEDU, the flange covering the Stege 1
section was reroved for ipspection of the intermsls of Stage 1. Sleg in the
base of the 6-inch dismeter, 18-inch leagth of the cylindrical Stage 1 section
had accumilated to a depth of sbout two inches. Figure 70 is a view through the
front of Stage 1 showing the slag accumulation. Above the base area, the slag
covering averaged sbout 1/2 inch in thickness over the entire surface.

The berds in the eooling water tubes in Stage 1, shown in Figure 71, vwere
corroded most extensively in the upper section just sdjecent to the covering
flenge, Apparently the seal in this sres was not tight snd moisture peretreted
the area which, along with other gaseous components {air and combustiorn preducts),
promoted a highly corrosive condition.

Figare 72 is 2 close-up view of oae of the twe tube bends shown in Figure
Tl and indicates the exient of the surface corrosion. Filgure T3 shows the
average condition of most of the other tube bends, which Figure T is a close-
up view of one of these three tube bends and indicatbes relatively iittie surface
getexricration.

Specifications for the cooling coils were given on Blaw-Kacx Reactor
Iwg. 2239-35001-1, Rev.-5 as: colls are to be 1 inch O.D. with minimum well
thickness of 0.16 inch.

Jnspeetion of the refractory btrick inner lining, Berbison and Walker Co.,
Xorundal XI, aside from the slag covering over all areas, showed very Little
deterioration, and slag penstraticc into the brick wes slight. Figure 75
pietures the refractory lining after removzl of & portion of the brick fram

Stage 1 and shows the slight penetration of the slag below the surface of the
brick.

Arrangements have been xade for dr. J. Bialosky, Metallurgy Section,
Koppers Co., to inspect the Stage 1 corponents at & leter date, when B compiete
section of the Stage 1 water cooling coils hes been exposed. It may be that a
complete sectlon of the cooling tuls will be cut from Stage 1 to provide for
& more complete metallurgical irspecticn by Koppers.

2. Future Work: Future work will include:

a. Further inspection of the internals - cooling colls and refrscto~
ries - of Stage 1 of the PEDU by Koppers Zo. personnel,

b. Necessary work o expedite final dismantling of the 100 lb/hr PEDU,
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Corroded Cooling Water Tube Bends, Stage 1

.

61

4
q



N .
8016P262

Figure 72. Close-up of Cooling Water Tube Bends, Stage 1

Figure 73. Average Condition of Cooling
Water Tube Bends, Stage 1
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Figure 74. Close-up of Average Condition Tube Bends, Stage 1

8016P265

Figure 75. Refructory lLining Conditien, Stage 1
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