. )‘11"‘!;“.‘:""‘!.‘3‘_‘;-‘_- -

e N RSN

GAF GFNERATCR RESEARCH ANT DEVELCTMENT

Progress Report No. 2
fHetober 1971
\RCR Report L 434}

Frepared Ty

R. A. Glenn
Assistart Director cf Resesrch
and
v. W. Tieman
Assistant tc the President

Submitted tc the

affice of Cecel Research
Derertment of the Interior
Washingten, D. C.

Nevemter 15, 1371

Bituminous Ccal Research, Inc.
35C Hcechberg Reoad
Monroceville, Fennsylvania



BiTuMiNoOus COAL RESEARCH, INC.
PITTSSLRGH, PENNSYLYANIA

JAMES R. GARVEY PLEASE ADDRESS REPLY TO:

PRESIDENT 130 HOCHBERG ROAD
SOHN W. IGOE MONROEVILLE, PA.
EXECUTIVE VICE PRESIDENT 13146

PHONE: 412 32716800
. PAUL MCCLOSKEY
SECRETARY AND TREASURER

Nevember 1, 1971

Mr, Trul Towson, Engineser
Mivision of Utilizatien

nffice of Coel Research

U.5. Department cf the Interior
Washingten, D. C. 2C2LD

SUBJECT: Monthly Progress Report Ne. 2
~CR Centract No. 1L4-32-0001-1207

Dear Mr. Towson,

Phese II studies on process and eguirment development ccntinue
sccording to the new work schedule. The final two tests of the 100 1b/hr
Stage 2 TEDU have beern evalueted. Plans are being made to diswmarile this
unit in preparation of the ares for the new FETUs. A final summary repert
of the Stage 2 TEDU work is being rrepared. Erection of equipment for
cold flow model studies is underwey in order to ctiain data fer feed
nozzle oriertaticn in en integrated gasifier. Editing of the summary report
on the coal compesition and bereficiation studies continues and sheuld be
completed st an early date.

In the bench-scale gas processing studies, to find a suitable
catalyst for use in the RI-GAS process, evaluation of methanetion catalysts
hes shown thet non-nickel cetalysts should be studied. Work in this area
is being planned. In bench-scale studies con char gasificetion, reactivity
studies of & mew char received from Consolidation Coal Compeny have begun.

Tveiustion of the fluidized-bed methanation snd gasification FEDU
bid packages received from Xoppers is in progress. A private consullant,
Dr. F. A. Zenz, was engaged to aid in this eveluatlon. Planning for procure-
mert and erection of eguipment for the twe PEDUs conmtinues.

In the plarning fer Phese III, the preparaticn of the engineering
bid package by Koppers for the Homer Tity pilot plant continues teo rewmsin
on schedule.

Yours very truly,

JWL zinmrw

THE RESEARCH AFFILIATE OF NATIiONAL COAL ASSQOCIATION
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BITUMINOUS COAL RESEARCH, INC.
SPCNSORED RESEARCH PROGRAHM

GAS GENERATC.. RESEARCH AND DEVELCPMENT
Prograss Repcrt No. 2
{BCR Report L-43h)

I. INTROCDUCTION

This report summarizes progress achieved during the ninety-fourth month o7
work on the genersel program, "'Gas Generatcr Reseerch and Development," being
conducted by Bitumircus Ccal Research, Ine., for the O0ffice of Ceal Resesrch.

The program which was initisted under Cemtract No. 1b~01-0C01-32% December 20,
1953, wes transferred to Contract No. 1h-32-C001-1207 con Augest 19, 1971. Thus,
tkis repcrt represents the second repcrt of progress under the mew prime comtract.

The overall cbjective of the program ccntinues tc be to develop processes
for gasifying coal te produce fuel ges and high-Btwv pipeline gas. -

Laboratory-scale cosl gasification experimentzticn is tc be comtinued
together with process and egquirment develorment. With the =id of engineering
subcontracier{s), a multipurpose research pilct plant facility is to be designed,
constructed, and test cperated,

A. Work Schedule

Work on the project is beirg conducted according to a schedule rellecting
the program outliined under the new prime ccntrect. This schedule was shown in
Figure 1, Progress Repcrt No. 1, page 2.

B. Morthly Progress Charts

Monthly progress charts reflecting preoposed rate of effort end expend-
itures are shown in Avpendixes A~1 and A-2.

II. PHASE T1 FRCGRESS ACETEVED DURING MONTH ENDING JOCTOBER 25, 1971

A, Laboratory-scala Process Studies

1. Coal Composition and Beneficiation Studies (R. G. Moses and R. D.
Saltsman}: The summsry report on thls phase of the work now being written,

summerizing work performed since Sephember 20, 1970, is expected tc he completed
next month.

2. ILsboratory Pyrolysis of Coal (J. E. Noll}: No work was done on this
project during the pest month, pending eveluaticn of previous results, A report
sunmarizing work performed on this phase of the project since September, 1979, o
will be completed next month. ;
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3, Fluidized-bed Gasificacion (E. X. Diehl and J. T. Stewart): Work on
the 100 1b/hr fiuidized-bed FEDU design 1s contimuing, with exphasis on
establishing Tinal cost estimates and freezing design in enticipation of
beginning detell deslgn work.

Char reactivity studies, using other chars, ere continuing.

a., Fluidized-bed PEDU: Activity during the month consisted primsrily
of a detsiled review of the specification manual sutmitted by Koppers cn
QJctober 1, 1971.

on October 19 and 20, the PFLU design ané proposed experimental pro-
grem were discussed with Dr. F. A. Zenz, consultant, who was reteined by BCR
to review the Fluidizetion aspects of the methanstion end gesification programs.
Dr. Zepz hed cnly winor comments concerning the fluidized-bed gasifier. He
supperted our selection of FEDU size, and indicated that we heve provided for
sufficient flexibility in operstion to develop cptimum conditicns fer gasify-
ing char. He suggested a minor change in the grid bole diameters tc assure
the desired pressure 2rop through the grid at the lower superficlal ges
valocities that we may attein under some experimental operaticn. TIr. Zenz
agreed thet the cverall design is soun? for the type of experiments we plan.

Further work during the month involved a detailed cost analysis,
pased oz urdated informaticn from Koppers.

b. Lgboratory Investigaticus: Rezctivity studles were initiated
on char froc Consolideticn Coal's Cresap plant. As yet, insuvificient data

nave been developed. It is anticipated that dete will te eveilable for next
wonth's report.

¢c. Future Werk: Decisicns regarding finel design of tk. PELU
should be completed within the next report pericd, as well as final cost
estimetes.

Cher reasctivity stodies will continue. Flens will be mede to obtain
g sample of char from IGY.

L. @as Processing (M. S. Greboski): Wcrk continued in the sres of gas
processing Guring Lhe month of October in zccordsnce with the time schedule
skown in Figure b, vage 7 of Progress Report No. 1 under the new prime
conmtrect. Work rercsrted covers bench-scale studles and FETU planning.

&. Bench-scele Studies: The purpose of the bench-scale program
ig to investigehe methanetion catalysts under conditicns imposed by the BI-GAS
process. During the month, four catalysts were screened in the BSM test umil.
In =ddition, the life test program centered sbout the test outline given in
Progress Report No. 1 for Lot 2584 nickel catelyst and & new program was
initigted on Lot 2903 catalyst.
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(1) Data and Results for 384 Test 37: The purpose of BRI Test 37
was to screen BOR Lot 2736 cati&lyst for activity and stability at high carbon
moncxide partial pressures. Lot 2731 is e prototype nickel catalyst developed
by the Harshaw Chemical Compeny.

In Test 37, 2.5 grems of Lot 2731 catalyst were charged and reduced
ir the BS4 unit. The cetelyst was then tested at 645 F and 1,000 psig for
activity.

Initial conversion was high but the catalyst showed a rapid de-
eline irn activity. Composition data for the test are given in Teble 23.
Figure 34 shows the rate of water production during BM Test 37.

(2) Deta and Results for B Test 38: The purpose of B Test 38
Wwes L0 screen BCR Lot 2601 catelyst for sctivity and stability st high carben
monoxide partial pressures. Lot 2691 is e catalyst supplied by Harshaw
Chemical Company. It contains 68 percent nickel on & prcprietary support.

In Test 38, 1.0 gram of Lot 2691 catalyst wes charged ard reduced
in the BSM unit. The cetalyst was then tested at 760 F and 1,000 psig to
study the activity.

Initial activity was high and the catelyst shewed scme deactiva-
tion. Reaction rate date for Test 38 are given in Table 24. Figure 35 shews
the rate of weter production during the test.

(2) Data and Results for BSM Test 39: The purrose of B
Test 30 was ¢ scresn BUR Lot 2903 catalyst for ectivity and stability at high
carbon moroxide partisl pressures. Lot 2903 is =z catalyst surrzlied by
Hershew Chemicel Company. It is e fluldized-bed hydroferming and dehydre-
genation catalyst cowtaining 11 percert molybdenum trioxide cr high-sctivity
alumina., The size distribution for Lot 2903 ricrospheres, as supplied, is
given in Figure 36. Catalyst bulk density is 68 1b per cu £t, and the appareunt
particle density is 110 1b per cu ft.

Yhree grams of Lot 2003 were charged to the reactcr and pre-
treated under hydrogern.. The temperature was oprecught to 650 F and gyntkesis
ges was introduced imto the system. Reaction was initieted at 700 F.
Temperature was raised to 8CO F ard = reaction rate wes measured. The temter-
ature was Turther increzsed to 850 P and arcther measurement was teken.

Weter production data are given irn Figure 37 and reaction rates are given in
Table 2.

(%) Data end Results for BSM Test 4C: The purpose cf B
mest 40 was te screern BCR Lot 2005 catalyst for sctivity and stebility at
high carbon paritial pressures. Lot 2905 is a catalyst supplied by Harshaw
Chemical Company. It is composed of & percent nickel ard 19 percent tungsten
mounted on Silica-alumina. This catalyst is generslly used for hydrogepaticn
where & cracking function is desired. Three grams of Lot 2005 extrudites
were crushed to minus SO plus 170 mesh size and pretreated undsr hydrcgen in
the B unit.

KN



TABLE 23.

Component
Hydrogen
Nitrogen
Methene
Ethane
Carbon Monoxide

Cerbon Dioxide

GAS CCMPOSITION DATA FOR BSM TEST 37

Fesd
£2.93
2.21
15.52
C.02

19.33

100.00

Period 1 Period 2
{(First dour) {Second Hour)
sh.29 59.28
2.91 2.45
26.82 20.13
0.38 0.17
15.41 17.78
_0.39  _017
100,00 100.00
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RATC OF WATER PRODUCTICN
g moles/hr g

2.00
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»
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1.00_ e &
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70T T ] | I I T |
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

TEST TIME, HOURS

Bituminous Coal Research, Inc. ED40G 246

Figure 37. Rate of Water Production for Lot 2903 Catalyst
at BCO and 850F and 1000 psig {Da'a from BSM Test 19)
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Reaction began et ebcut 635 F and retes were measured at 7CY F
and 800 F 2t 1,000 psig. Measured rates are given in Table 26 and water
production deta are shown in Pigure 38.

(5) Discussion cf BSM Tests: During the month, two nickel
catalysts, one nickel alloy catalyst, and a mclybdenun catalyst were tested
in the B unit. In Tests 37 and 38. the nickel catalysts were studied.
Lot 2731, in Test 37, deactivated as shown in Figure 34. Ir Test 38, Lot
2691 did not show such extreme deactivation, but loss of activity was apparert,
as shown in Figure 3I%.

Date for the melybdenum cztelyst, studled in Test 39, Bre pre-
sented in Figure 37 and Table 25, Reection restes appear ccastant cver the
stort intervals shown. Fer the twe temperatures studied, an activation energy
of gbout 35 kcal is sprarent.

Rete date for the nicxel-tungsten catalyst, studied in Test 4C,
are presented in Figure 38 and Table 26. This catelyst also shows epout &
35 keal energy of sctivetion.

To obtein scme idea of kinetic rates over these lztier Two
catelysts, Figure 39 was develored. Data frcm Tests 39 and LO are cempared
with the results for niczel catalyst apd for cobelt-molybdenum catalyst,
respectively. Lines are sketched in parallel since £11 the mctivation znergies
are presumed to be the same. Both meliybderur and nickel-tungsten catelysts
extiibit rates intermediazte between those for rickel and cobalt-moiybdenun.

Product distributicns for these catalysts are given in Teble Z7.
For the molybden'm catzlyst, incressing temperature iacreases the hydrocartcn
vield end reduces carbon dioxide fermaticn slightly. This occurs since
2quilibrium favors carton dioxide formeticns zat low tempersiures. The same
is true for the nickel-tungsten cetalyst. Beth accelerate the shift to a
large extent; and, in & wet envirorment, each would form appreciable caruon
dioxide.

b. Catzilyst Life Tegts: The purpose of the catalyst life test
progren is to eveluete methenstion catalysts based on their ability to zein-
tain activity under BI-GAS precessing conditicrs.

(1) Catelyst Life Test 2684: In Progress Rerort Ne. 1,
September, 1971, a test sequence was outlined for catalyst 2684. This materiel
wes seemingliy the best nickel catalyst screened in the BEM unit in short
duration tests. The purpose of the sequence was to systeratically reduce tke
cerbon monoxide partial pressure until an accegtable level was found;
pressures below 50 psi carbon monoxide were ruled out. The results for the
test series are giver in Table 28,

Resvlts for all tests were of the same character., The catalyst
charge and space velocity were varied, but the reaction rate was sc rapisd
thet at no time could s partisl conversion be obtained. At the point where
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RATE OF WATER PRODUCTICN

g moles/hr g

1.40*-]

1.20-

1.00

0.80-

0.607

0.40

0.204

800F

0.00

0.5

1.0

| 1 1
1.5 2.0 2.5 3.0 3.5

TEST TIME, HOURS

Bituminous Coal Research, Inc. 8040G25

Figure 38. Rate of Water Production for Lot 2905 Catalyst
at 700 and 800F and 100C psig {Data from BSM Test 40}
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REACTION RATE
g moles/hr g

g 4.0~ Nickel Catalyst
{Initial Rote)

3.0~ Nicke! Tungsten

I/ Molybdenum

2.0

9.3 9.0 8.5 8.0 7.3
650 F 850 F

1
T, rx10%

Bituminous Coal Research, Inc. 8040G24

Figure 39. Relative Reaction Rates of Several Methanation Catalysts
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TABLE 27. PRODUCT DISTRIEUTICK DATA
FOR 38M TESTS 3¢ ANWD Lo

Test 39
Terperature, F
Pressure, psia
Percent CO -: Produets
Percent CO -: Methane
Percent CO -~ Ethane

Percent CO -» Carhcn Lioxide

Test 4O
Temperature, F
Pressure, psie
Percerit CO -»Products
Percept CO -: Methane
Percent CC -* Ethene

Percent CC —: Carbon Dioxide

116.

Period
1 2 _3
805 810 850
1015 1015 1015
55.5 58.5 73.5
83.1 82.2 8.5
11.9 12.4 12.1
5.9 L.L 3.k
Period
1 2

T02 800

1025 1025

22.5 58.7

79.5 82.3

12.k 2.3

7.1 L.8
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TARLIE 28. RESULTS FOR LIFE TEST SEGQUENCE CN
BCR LOT NO. 2684 NICKEL CATALYST AT 7CO F

CC in Partiel Pressure

Test We. Gas,fercent Co, psi Result

2684-1,2 20.0 200 Deactivated
Repidly

2684 -3 10.6 100 Deactivated
Reridly

268k -k 10.0 75 Deactivated
Raridly

2685-4 in.0 50 Not Run
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the conversion declined belcw 100 percent, it tcok only a day for complete
catalyst failure. This indicates thet the deactivatic.: front moves rapidly
down the bed in z piston-like manner, eventually destroying the entire cetelyst
mass.

(2) Catalyst Life Tes. 2303: Catelyst 2203 showed good activity
in B®M Test 39. An important factor was the fluidizable form of the catalyst.
Life Test 2903 was started at 800 F and 1,000 psig to determine the long-term
activity of the catalyst.

Three grams of catalyst were charged toc the reactor and pre-
cocditioned. The test schedule selected was as fellows:

Part 1l: The first portion of Test 2503 was to determine the
stable activity of the eatalyst. Nc asttempt was mede to cbtain either complete
cenversion or tc optimize selectiviby.

Pert 2: Once stable esctivity was crbtained, the gas feed rate was
to be reduced to raise the conversion., The purpose was to determine what tyrpe
of overall product dlstribution cculd he cbhtained.

Fart 3: At the conclusion of Part 2, a new synthkesls blend con-
taining 15 percent carton dioxide was to te passed cver the catalyst. The
purrose was tTo suppress the shift reesction, shoulé this cceur to an asrrreciable
extent.

Tc date, Part 1 is still being confucted., The cetelyst has been
in the fest urnit for almost 430 hours. The results for the test are shown in
Figures 4O and kl, wrich depict cverell conversion ard vroduct selectivity,
respectively. Duri g the test, all conditions have teen kept constant.
Conversion has, however, corntinved to increase. It is hypothesized that the
incresse is due to reduction of the cetalyst to metal molybdenum by the follow-
ing reactions:

Hp H,

Moz - Mo, + H.CT = Mo+ HyC1T ()
co co

Mo, — MoOp + C0p T — Mo+ COp 1T (2)

Deta in the literature cn the cermercizl reduction process irndicate that the
trioxide is reduced to the dioxide st 6CO to 700 C. The reduction to the
metal oceurs at 950 Lo 1100 €. This is generally cerried cut =t etmospherie
pressure under diffusion-contrclled conditions. A semple of catalyst was
enalyzed using BCR's TGA unit under pure hydrogen at atmospheric pressure.
No reaction occurred at 800 F. The unit was programmed to increase in
temperature. At 1300 F (7CC €), noticeable weight lcss began.
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Since the reduction potential in the life tester is so high, it
is fairly evident that slow chemical reduction is vaking place. The literature
indicates that metallic molybdenum is more catelytic thaen the oxide. The in-
creased conversion under seemingly constant conditions is the result of an
incressing catalyst mass,

While conversion has been increasing, catalyst selectivity has
been constant. The degree of shifting by the reaction

CC + H,0 2 ¢o, + H (3)

is significant. Tests conducted later will miiempt to suppress this functlon.

The major hydrocarbon products are methane and ethane. No traces
of higher hydrocarbons have been found in any semples to date. Product water
kas elmost ne organic odor.

¢, PV Studies. Effcrt continued during the month in the area
of the fluidized-bed PEDU methapator. Work reported here centers about sub-
mittel of the "bidé package.”

The bid peckege document was submitted to BCR on September 30, 1971.
It was reviewed and comments pertaining Lo the design were returned tc Koppers.
As & part of the review, a consultent, Dr. Fredrick Zenz, was asked o evalu-
ate the reactor design, His comments azre currently being evaluated and chenges

‘ will be made in the reactor configuration.

Indicaticns from Dr. Zenz are that the cold model program should be
expended. His calculations indicete that slugging should occur in the PEIU.
A plesiic medel is being constructed along with the high pressure steel model
to study this phencmens slong with other necessary data which need to be
gethered. The plastice wunit will be studied using sand and freor to get scme
gross estimetes of the slugging regime. More refined studies will be carried
out with sectuzl catelyst end argon in the steel unit. Iz the plastic system,
the ratioc of particle to gas density will be made the same s in the PEDU,
while 1n the steel unit identical particle Reynolds numbers will be meintsined.

é. Conmelusions, Recommendations, and Future Wark: The results of
life tests on nickel catzlyst 2545 indicate that & nickel catalyst is not
suitsble for BI-GAS processing conditions. Work will thus be directed to
studying the non-nickel catalysts described in Progress KReport No. 1.

During the coming momth, BSM tests will screen severel new cabalysts.
The lifz test on 2003 cetelyst will be continued. Work on the FEIU progran
end model progrem will be continued,



lz2.

5. Analytical Services (J. E. Noll): During the past month, 69 samples
were analyzed. The nurber and type of enalyses requested were as follows:

Type of Analysis No. of Samples
Requested Arglyzed

Gas Chrcmatoggaphy

100 1v/hr PEDU 2
Methanetion Unit 3
Carbon-1k
Gas 18
Liquid 3
Total 69

6. Carbon-14 Procedures (J. E. Noll): Thke licuid scintillation courter
wes discantled and removed Irom the laberatery. There are nc rlans fer its
use in the future.

7. Gas Crromstograrhic Procedures {J. E. Ncll): 4An on-lire ges chrozato-
graphic analytical systen was set up for ccid flow model experiments. Thke
system 1s descrited under Sectiocn IX-C, Cold Flow Mcdel Experimerts, of this
report.

Future Werk: Meodification of the above eguipment, ss negessary, and
perforuning rcutire sample mnalyses are the oriy werk planned.



