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BITUMINCUS CCAL RESEARCH, INC.
SFCHSORFED RZSEARCH PFROGRAM

GAS GERERATOR RESEARCH AND DEVELOFMENT
Frogress Report No. €

(BCR Report I~-L57)

I. TINTRODUCTION

This report surmarizes progress achieved during the ninety-eighth month
of work »n the general program, "Gas Generator Reseerch and Develcrment,” being
conducted by Bituminous Coel Research, Inc., for the Cffice of Coal Research.
The pregram which was initiated under Contract MNo. 14-01-0001-32L4 December 20,
1963, was transferred to Contract No. 14-32-0C01-1207 on August 19, 1971. Thus,
this rerort represents the sixth report of progress under the new prime Contract.

The overall objective of the program continues to be to develop processes
for gasifying ccal to produce frel gas and high-Btu pipeline gas.

Laboratory-scale coal gesification experimentation is to be cortinued
together with process and equipmrent develorment., With the aid of engineering
subcontractor(s), a multipurpose research pilot plant facility is to be
designed, constructed, and test operated.

A. Work Schedule

Work on the project is being conducted zcecording to a schedule regflecting
the program outlined under the new prime contract. This schedule was shown in
Figure 1, rage 2, Frogress Report No. 1.

B. NMonthly Progress Charts

Monthly progress chaxrts reflecting proposed rate of effort and expenditures
are shewn in Appendixes A-1 and 4A-2.

II. PHASE IT FRCGRESS ACHEIEVED DURING MONTH ENDING FEBRUARY 25, 1972

A. Laboratory-scale Process Studies

1. Coal Composition end Beneficiation Studies, and Laboratory
of Coal {R. G. Moses, R. D, Saltsman, and J. B. Noll): The summary report
covering the work performed since September 1970 will be mailed during the
week of March 6, 1972.
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2. TFluidized-bed Gasification (E. K. Dienl and J. T. Stewart): Work on
the two-phase project continued during the rmonth of rebruary witk a propcsed
design for a three=stage fluidized-ted coal gasificatior FEDU teing sutmitted
to OCR. lLabcratory investigatiors began on a fluidized-bed vtatch reactor.

a. Fluidized-bed FEDU: A meeting witk OCR wes held cn February 16,
1972, to dlscuss the PEDU prograr. ECR went to the meeting to seek approval
of the alterrate PEDU design as discussed irn last month's progress report.
ECR propcsed to add arn additiorel gasifier in series tc the gasifier described
in the September 30, 1971, Koppers Specificatior and to add the necassary gas
washing system. The purpose of this two-gasifier desigr was to simulate the
first and second stages and, in turn, the second and third stages of tke
carrrercial gasification concept proposed ty OCR during a January 20, 1972,
visit to BCR.

The idea of using ore or twc gesifiers to simulete, in turr, each
stage ol a three-stage gasification process was deemed unsatisfactery by CCR.
Further, the FZDU design presented by BCR did nct accurately reflect the prccess
currently envisioned by CCR as the one warranting study in tke time frame under
consideration. The estimated cconstructed cost of the FZDU, as presented, was
Jjudged by OCR to De in excess of the amcunt necessary to conduct the reguired
research. Following this discussion, BCR asked for additioral time to
reexamine the PEDU concegpt.

With the aid of Xoppers' engineers, =z prelimirary design based on the
flow concept shown in Figure 95 wes prepared and preserted to OCR in a letter

dated February 25, 1972. The following criteria were used as the design
bases:

1. The program cbjective is to study the gasification of
coal, with the orly product being a clean, low-Btu
fuel gas, rich in carbon mcnoxide.

2. COxidizing gas is oxygen, with carbon dicxide as the
moderator.

3. Namipal throughput is 100 pounds of coal per hour.,

L., Gasification is condusted in series with regard to
flow of coal and char, and with gas flow directed
to transfer heat and destroy tars and oils.

5. Equipment and instrumentation are considered to
be minimal for the conduct of an experimental
program,

Iter (5) above can be expanded to point out the following important
cbservations:

1. In addition tc the three fluidized-bed reactors, only those

vessels considered absolutely essential for the operation of the unit are .
included.
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2, By excluding electric heating of the reactors, which for
three reactors would represent an appreciable cost for the eontrols and equir-
rment, experimental flexibility bas teen sacrificed. Generaticn of heat for
the system is ncw sclely determined by the carbon-oxygen reaction, and
experimental eltering of the oxygen-carbon ratio is limited,

3. Yhile three-bed operation is anticipated, initial study will
have to be centered on the Stage 1 reactor which will receive raw coal. Thus,
It is necessary to supply a simulated Stage 3 gas to this vessel. Further,
provision must be made for directing gas frem this vessel through a cleanup
system in order to meet local pollution control codes.

L. In keeping instrumentation to a minimum, cepability to acquire
and process data by means of the ccmputer that would be availatle has been
deleted.

The total constructed cost of the proposed PEDU is no less than the
previously estimated cost for a single-bed unit to study char gasification.
Nevertheless, it is believed that the presert system provides the minimum
amount of process equirment and instrumentation consisteat with the objectives
of the program. While gasifier design has been simplified, the inclusion of
three gasifiers iz the system requires additional piping, controls, and
instrurentation.

b. Laboratory Irvestigations: The results of the char reactivity
tests ir the TGA were used to develcp rate equations for the reaction of
various chars with steam and carbon djioxide. To test the applicability of
these derived rate equations to fluidized-bed reactor design, a laboratory-
scale fluidized~bed batch reactor has been constructed.

Figure 96 is a photograph of the reactor and allied equipment. The
reactor was constructed frem a piece of 1-1/h-inch schedule 18C, type 316,
stainless steel pipe. The overall length is 20-1/4 inches, including a sight
glass mounted or top of the reactor. Reactor pressure is set between 1 ard 5
atmospheres and maintained by a Masoneilan Model 77-7 back-pressure regulator.
Temperature is measured by means of a chromel-alumel thermocouple irmersed
in the bed. Temperatures up to 1100 C can be achieved by placirg the reactor
in the Marshall furrace that is part of the TGaA arparatus descrited in
earlier reports.

Twernty-gram batch samples of char are placed in the reactor end
brought to temperature and pressure in an inert atmosphere. The reaction is
then allowed to proceed at a controlled reacting gas partial pressure for
some predetermined time. The reacting gas is then turned off a2nd the char is
subsequently weighed tc determine the mass of carbon gasified. Enough data
should be collected for discussion by the next report period,

c. Future Work: Additional design and detail engineering for the
fluidized-bed PEDU will comtinue if approval is granted by OCR.

The laboratory-scale batch reactor studies will continue.
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3. Gas frocessing (M. S. Graboski): Work continued in the area of gas
vrocessing methanation studies in accordsnce with the time scheduie shown in
Figure 82, Frcgress Report No. 5. This report summarizes progress achieved
ir tke bench-scale and FEDU gas processing programs during the month of
February.

a. Bench-scale Studies: The purpose cf the bench-scale program is
to investigate methanation catalysts under conditicns imposed by the BI-GAS
process. These include high carborn monoxide concertrations, high pressure,
ard a 3/1 kydrcgen to carbon meroxide ratio.

Tkree processing scherwes are currently urder investigation. These
are summarized ir Figure 97. Scheme A reflects current planring where
rethanation follows shift conversion and acid gas removal; Scheme B considers
bydrozen sulfide removal before and carbon dioxide remcval after methanation;
and S¢heme C shows both bydrogen suifide and carbon dioxide remcval afier
methenatiorn. Benche-scale tests are being conducted tc determine which scheme
is optimal for the BI-GAS process.

(1} BsM Tests: Durirg the & ath, four BSM tests, Nos. 52 trhrough
55, were conducted using Lot 2903 molybder.:*oxide catalyst. The rreviocus
berch-scale tests rad irdicated activity and effect of terperature on reaction
rates at high carbor mercxide partial pressures. Impetus has now been directed
toward rroduct distribution studies at high conversion levels in e fluidized-
ved system.

The pench~scale apparatus used in these tests is skewn in
Figure 98. The current BSM syster has beer modified to harndle a single pass,
1.25 inch 1D fluidized-bed reactor. Tke reactor itself is ecuipped with twe
porous plate dises toc contain the catalyst and is extern2lly heated to
supplexent the gas preheat, While the methanaticn reacticn is very exothermic,
little probtlem with temperature contrcl is presemt in the reactor. Thermo-
couples are located in the bed just above the distributor ard at 2 bed depth
of about T inches.

{a) BSM Test 52: The purpose of BSM Test 52 was to
investigate carbon moroxide comversion over 2903 molybdenum cxide catalyst in
2 fluidized-ted unit under Case 4 (Figure 97) conditicns. In Test 52, 73
grams of catalyst were chaxged *to the unit and syrthesis gas of the foilowing
composition was used:

Veluxe,

Cecroonent Percent
Kydrogen 61.62
Carbon monoxide 20.48
Methane 15.71
Nitrogern 2,11

Etlane 0.08
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The test pressure selected was 100C psig and test terperatures
varied frcx 7CC F tc 1CCO F.

Physical FPropertiss of lataiyst: Physical property data for
2903 catalyst were meastred ir sir, The resu.ts were:

Mirimm fluidization velocity in eir, Upp = 0C.0C6 £ps
Bulk density at minimur fiunidizatior, 9 = 38 ib/eu £t

Thus for Test 52, the minimm fluidization velocity as
scaled by the ERGUY equation was

Unf = Unf x Bair - (0.006){0.028) = ¢.0Ck fos
Hgas 0.0125

Where p = gas viscosity
Uoe = minimee fluidizaticn velceity in syrntresis ges
The unexparded bed height for Test 52 wes 15.C czm.

Test Cerditiorns and Notes: During Test 52, four preduct
sarples were collected representing three differert temperatures. These were
arproxirately 700 ¥, 86C F, and GCGC F, respectively. However, difficulty was
encountered in maintairing an iscthermal reactor due to & lack of heat tracing
at the distritutor area cf the reactor. Characteristically, the temperature
difference rarged frem 150 F to 220 F throughout the reactor. The system
rressure tkroughout the test varied frem 10CC to 1C18B psig. Froduct flow
rate was about 10 to 20 scfh, representing reactor velocities in the range of
C.CL to C,03 fps.

P

Results for Test 52: The material balance dzta for Test 32
were ccrputed based cn ncrmalized carbon balance and the outlet reacter flow
rate. These data for Feriods 1 through L are surmarized in Teble 7h. Table
TS5 presents an overall sumpary cf resclts for Test 52.

The data as analyzed in Teble 75 show the effects of
terperature cn the product distribution, conversion, ard shift ratio for Test
52. As the tempersture is increased, the useful cenversicn of (0 + E.)
increases repidly, btut the corversior to ethane is decreased. In each case,
the shift constant is about 100 te 150 F lcwer in termperature than the reactor
ocutlet.

(b) BSM Test 53: 3si Test 53 was corducted with 125 g of
ot 2003 relybdenum oxide catalyst a2t pressures and temperatures comparable to
those ugsed in Test 52 and under Czse A conditicns. A distributor aree heater
was installed fo provide more iscthermel cornditions.,
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DATA ANT RESULTC FTR BSM TzZZT Sz, PERICD 1,

CCHOUCTED AT €15 to 735 F AND 10C0 PSIG

MOLYBDENUM ¢
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TABIE 74, DATY AND RESULTS FCR ESM TEST 52, PERIOD 2,
CONDUCTED AT 710 to 870 F AND 1018 P3IG
NOLYDBENUM OXIDE CATATYST NQ, 2803

A, Yotex»isl Bzlarce

Feed Produet
mole male

Ccrponent percernt g moles/br percent g moles/hr
Certon Moncxide 20.48 4.02 8.03 1.26
Carton Dioxide 6.96 1.09
Eydregen 61.62 12,21 52.62 B.25
Nitrcgen 2.11 c.h2 2.73 C.43
Methare 15.71 3.09 - 28.72 k.50
Etkane 0.08 0.02 0.9% 0.15
Jater c.8L

Total 1C0.00 19.07 300.C0 15. 68

Total Moles Carbon T.16 7.15

Total Moles Hydrocgen 36.70 37.08

Total Moles Cxyger .03 .28

B. Conversion Dzta

co - Products 2.77
3 — Products 3.66
Reactants — H,0 0.84

co - CH,-_

1
co - C,H; 0.26
O - Co, 1.09
«, Percent k0.6
9, Percent 8.5
X shift (experimerntal) ** 12.3
K shift {thecretical at ocutlet) €.k

* Theoretical water is 0.58 g moles
¥*¢ Theoretical water used for calculation
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TABLE Th.

DATA AND RESULIS FOR BSM TEST 52, PERICD 3,
CONDUCTED AT 780 to 1010 F AXND 1012 PSIG
MOLYBDENUM OXIDE CATALYST NO. 2903

A. Material Balance
Feed Product
mcla - pcle
Cexzpornent percent g moles/hr percent g moles/bi

Carton Moroxide 20.48 5.62 1.71 c.27
Carbcn Dicxide 7.13 1.12
Bydrcgen 61.62 16.92 32.95 5.1
Nitregen 2.11 D.58 3.73 ¢.58
Methane 15.71 4,31 5L.00 8.Ls
Ethane 0.08 .02 0.L6 0.08
Water _ 2,10

Totel 100.09 27.55 160.00 18.76

Totel Mcles Carbon 9.97 iC.00

Total Moles Hydregen 51.20 5¢.80

Total Meles Cxyger 5.62 5.62
B. Ccrversicn Data

g moles/hr

co — Products 5.35

g, — Products 11.77
Reactarts - K.,0 3.11

ce - CH. L1k

co - G3 0.12

ce - C0, 1.12

os percent
a, percent

X shift (experimental)

X shift (theoretical a2t cutlet)
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TABLE 7L. TATA AND RESULTS FOR BSM TEST 52, PERIOD 4,
CCNDUCTED AT 785 to 1005 F AND 1012 PSIG
MOLYBDENUM OXIDE CATATYST NC. 2903

A. Material Balance

Feed Product
role mole

Coamponent percent g moles/hr  percent g moles/hr
Carbor Monoxide 20.48 5.49 1.71 C.26
Carben Dicxide T.07 1.07
Hydrogen 61.62 16.51 32.58 k.95
Nitrogen 2.11 0.56 3.7% 0.57
Methane 15.71 k.21 54 L6 8.27
Ethane 0.08 0.02 0.4 0.07
Water .11

Total 100.00 26.79 100.00 18.30

Total Moles Carbon 9.70 9.74

Total Moles Eydrogen L%0.98 kg .62

Total Moles Oxygen 5.49 5.51

B. Conversion Data

g roles/hr

ce — Products 5.23
H2 — Products 11.56
Resctants —» B0 3.11
co - CH, 4.06
co ~ C,EH, 0.10
o - CO, 1.07
¢, percent 75.2
&/, percert 1.2
K shift (experimental) £.55
K shift (theoretical at outlet) 3.6



MCLYBDENUM (XIDE CATALYST NO. 2903

TAELE 75. SUMMARY CF RLCULTS FCR BSM TEUT $2.
Pressure, Space U/Un
Period Temp, F vsig Ve loci ty! Inlet Cutlet o? q°
1 610755 1000 6300 6.5 7.0 8.2 2.2
P 710-570 1018 3900 4.3 4,0 ho.6 8.5
3 780- 1C10 1012 5h00 6,2 5.2 7.3 1.h
I 7€5-100% 1910 5300 (.0 5.0 75,0 1.0

! Standard volumes/volume catalyst/hr nt inlet conditions

? x, useful corversion, 100 x (molea (CC + H,) converted to

hydrocartons)/(total moles (CC + M,) fed)

7 a, selectivity, moles ethane produced/total meles hydrocarbons produced

¥ KB’ shift constant, (PC(\“) (Pl{a)/(PCC) (P”‘QO) at outlet

® 1, reaidence time assuming 30% bed expansion and U = (U, + Ugye)/7

e




In Test 53, the molybdemum oxide eatelyst was fluidized
with a syrthesis gas of the following camposition:

Volume,

Component Percent
Hydrogen 61.33
Carbon wonoxide 20,64
Methane 15,84
Fitrogen 2.12
Ethane C.07

The catalyst physical properties used for calculations
were the same as those used in Test 52, namely, Upr = 0.CCL fps and og =
38 1b/eu ft.

Test Conditions: Tests were made to atterpt to reproduce
Test 52 data in an isothermal reactor. To this end, with a system pressure
of 10C0 psig to 1018 psig, the temwperature was veried fram 870 F to 970 F.
The lcw terpereture point in Test 52 was not reinvestigated because of the
low conversion achieved.

Resuits for Test 53: Material balance datz for Test 53
were based on norrmalized carbon balarce and the outlet flow rate. Data are
summarized in Table 76. A swumary of test results is given in Table 77.

Data for Test 53 show relatively high useful ccnversions
over the molybdenum oxide catalyst. For Periods 1 through 3, gaseous hydre-
carbon production accounted for 75 to 77 percent consumptior of (CO + H,).

327.

Ethare selectivities were low duve to the high temperature. A trace of propane

was feurd in the preduct ges, and cil was apparent in the product water.

Fluidization velocities were fairly higk in Test 53, and
the system could possikly kave slugged. Residence times for the gas were
higher than for Test 52.

It appearz from these test results that 2 pseudo equilibrium

has been reached with respect to the hydrogenation reaction. The very high
stear partial pressure at the reactor outlet in Test 53, 160 to 180 psi, has
Probably caused suppressicn of hydrogenation by the mechanism:

Twater
nb’dmgenation = — Iree ()
(PH,O/
Vhere T = reaction rate
X = constant
\PH.,_O. = partial pressure of water



TABIIE 76 -

DATA AND RESULTS FOR BSM TEZST 53, PERIOD 1
CONDUCTZD £T 670 F znd 1010 PSIG
MOLYBDENUM OYIDE CATAIYST NO. 2903

Material Balance

mole
Ccxponent percent

Carbon Mcnoxide 20.64
Carborn Lioxice
Hydrogen 61.33
Nitrogen 2.12
Methane 15.84
Ethene 0.07
Hdater

Total 100.00

Total Moles Carborn
Total Moles Bydrogen
Totel Moles Oxygen

Conversicn Data

Co

H,

Reactants

Co
Co
Co

v, Percent
7, Percent

il

11!

Products
Products

H,0
CH,

CoBs
CC,

K skift (experimental)

K shift (theoretical at sutlet)

Product Gas
role

Dercent & roles/hr

1.70 0.26

6.95 1.05

32.75 L.oy

3.7k 0.56

5L.20 5.17

0.66 0.10

2.8€

100.00 17.¢4

5.68

43.88

5.22
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TABTE TA. DATA AND RESULTS FOR BSM TEST 53, PERIOT 2,
COKTUCTED AT 875 F AND 1010 PSIG
NOLYBLENIM OXTDE CATATYST X0, 2603

A. Material Balance

Feed Product
role moie

Component percent g roles/kr percent g roles/hr
Carbon Monoxide 20.64 5.31 1.72 Nn.25
Carton Dioxide 7.21 1.06
Hydrcgen 61.33 15.79 33.06 4.88
Nitrogen 2.12 0.5k 3.73 0.55
Methane 15.84 L.08 53.63 7.92
Ethene 0.07 0.0z 0.65 Q.10
Water 2.88

Total 160.00 25.7% 1G0.00 7. Fan

Total Moles Carbon 9.43 9.43

Total Moles Hydrcgen 48.02 LT7.80

Total Moles Oxygern 5.3 5.25
E. Conversion Data

moles/ky

co -+  Products 5.06

H, -  Preducts 10,61
Reactants » H,0 2.88

Co - CH, 3.8%

co > GH 0.16

co - G, 1.06

oy Percent 75.4

%, Percent 2.1

K shift {experimentsal) 7.2

K snift (theoretical at ocutlet) 6.4



TABLE 7€. DATA AND RESULTS FOR BSM TEST 53, PERICD 3,

CONDUCTED AT 970 F AND 1010 PSIG
MOLYBDENUM OX"DE CATALYST NC, 2903

A. Megterial Balance

Feed Product
role mole

Ccmponent percent g mcles/Er percent g moles/hr
Cerbcn Mcroxide 20.64 5.22 2.09 0.2%
Carbon Dioxide 6.32 0.8¢0
Hydrogen €1.33 15.50 30.97 L.36
Nitrcgen 2.12 0.5h4 3.89 0.5%
Methare 15.8h4 L. oc 56.16 7.91
Ethare C.07 0.0z Q.57 0.c8
Water 3.C6

Total 100.0C 25. 22 iCo.0C 17. 1%

Total Moles Cearbcn 9.2€ Q.25

Totel Moles Hydrogen L7.12 L6.96

Total Moles Oxygen 5.22 5.13
B. Conversion Data

& moles{hr
co -  Products 4,93
=  Products 21.k

Reactants = H,0 3.06

co - CH, 3.91

co -~ CE, 0.12

co = CO, 0.89

¢zy Percent 774

a2, Percent 1.5

X shift (experimertal) L.k

X shift (theoretical at cutlet) 4.2




TABLE 77. SUMMARY OF RESULTS FOR BSM TEST 53, MOLYDDENUM OXIDE CATALYST NO. 2903

Pressure, Space U/Ups
Period Temp, F psig Velocity?! Inlet Outlet cf g3 K& 1, sec®
1 870 1010 3300 6.5 k.5 76.9 2.0 7.0 50.9
P 875 161y 2950 6.5 k.5 75.4 2.1 7.2 50.9
3 970 1010 2900 6.7 h.7 77 .4 1.5 b L 8.8

! standard volumes/volume catalyst/hr at inlet conditions

v, useful conversion, 100 x (moles (CO + H,) converted to
hydrocarbons)/(total moles (CO + H,) fed) .

8, selectivity, moles ethane produced/total moles hydrocarbons produced

Xg, shift constant, (Peo,) (Py,)/(Pgy) (Py o) at outlet

& 7, residence time assuming 30% bed expansion and U = (Uj, + Usyg)/2

“TEE
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Ag the steam partizl pressurs increaees, the bydrogenation rate falls. BSM
tests irdicated thket this effect cn cocalt-melybderur cata’ysts reduces the
activity by cne balf., The saxme trernd on molybdenum oxide skould be true,
aithough to what externt is urknown.

Conversicrs throughout Test 52 ccmpare well with Test 52
results even though Test 52 was operated at slightly shorter residernce times
and ccmperable exit shift constants. However, tke approack to skift egquilit-
rium was much closer in Test 53 tken in Test 52, Comperison cf results for
the twn tests iz impossible because of the temperature gradient in Test S2.

{c) BSM Test 5k: BSM Test 54 was cozmducted with 125 g of
~ot 2903 molybdenum oxide catalyst. Thke purrose of the study was to deterxire
conversion with a simuiated 1/1 recycle gas in & small (1.25-inck) fluidized
reactor system operated under Case A conditions. The apparatus used was
described in detail in sections repeorting Tests 52 ard 33.

Tn Test Sk, the following gas feed was used:

Volure,
Comprorent rercex
Hydrogen 31.31
Carbon mcnoxide 10.27
Metkane 53.9k4
Nitrogen 4,36
Etkare D0.12

Catalyst 29C3 has a minimur fluidizetion velceilty of
C.0Ck fps at reactor corditiors and a pcured bWk dersity of 38 1lb/cu f£t.

Test Conditicns: Tests were made in the isothermel reactor
ted at 865 F and 700 and 13T psig. In all cases, tke velocity of tre ges
was keld constant; the space velocity was thus lower in inme 70C-pound pressure

test run. Reactor gas velocity was in the range of 3 to 4.5 times rinimm
fluidizing velccity.

Results for Test SL: Material talance date for Test Sk

are sumrarized in Table 78. These results are tased cn the ocutlet flcw rate
and a normalized carbon balance.

Data fcr Ferlods 1 througk 4 show a definite trenmd with
respect to error in the hydrogen balance. As tke sarple period nuxber increases,
the hydrogen imbalance decreases. In Period 3, tke oxygen balance is slightly
high indicating that the product water weight is in error. Review of the
reactor system showed two areas where bkydrogen cculd accurulate and thus mix
with the feed gas by diffusionm, resulting ir a variable carposition feed with
respect to time. Thus the total balances were a icrzd to reflect additicnal
hydrogen in the feed gas at the sawpling times. 7Tnis was mot a rroblex in
Tests 52 and 53 where the feed gas was lower in molecwlar weight end conteineé
€C percent kydrogen,




TABZE 78, TATA AND RESULTS FCR BSM TEST 5k, PERIOD 1,
CONDUCTED AT 865 F AND 1015 PSIG

MCLYEDENUM CXIDE CATALYST NC, 2903

Feed Product
mele moie

Compozent percent g moles/hr  percent g mcles/hr
Caruen Menoxide 10.27 1.72 0.83 0.12
Carbon Dioxide 0.00 2.39 0.33
Eydreogen 31.31 5.28 18.95 2.65
Nitrogen k.36 0.73 5.36 0.75
Methene 53.9% 9.09 70.91 9.%1
Ethare 0.12 0.02 1.c6 0.15
Prcpare .00 0.CC .50 0.07
Waser _ 0.00 1.01

Total 1350.0C 16.85 1CC.C0 13.98

Total Moles Carbon 10.8€ 10.87

Total ioles Hydrogen L7, 0k L8, L2

Total Moles Oxygen 1.73 1.7
B. Ccnversion Data

Raw Data 0, Normelized
g moles/hr z rales/ar

Co ~  Products 1.51 L.6L

K, -  Products 2.63 3.32
Reactants - H,0 1.01 1.0l

ce - Cr. 0.82 0.82

co A 0.26 0.26

co - Gy 0.21 0.21

ole] -  CC 0.33 0.33

o, Percent 69.8 63.5

8, Percent 1.6 19.6

K shift (experimental) 6.6 6.6

K shift {theoretical at cutlet) 7.2 Tl



TABLE 78, IZATA AND RESULTS FCK BSH TEST Sk, PERICD 2,
CONDUCTZD AT 865 F AND 1015 PSIG

VCLYBDENUM OXIDE CATAIYST MO, 25032

A. VMateriel Balance
Feed 2rocuct —
mole mcle

Corporent percent £ moles/ar percert z mcles/hr
Carbon Moroxide 10.27 1.03 ¢.97 0.15
Carbon Dioxide 0.00 2.57 0.40
Rydrcgen 31.31 5.85 18.39 2.85
Nitrogen L.36 0.82 5.39 0.84
Methane 3,6h 10.15 71.1k 11.03
Ethene 0.12 0.02 1.0k 0.16
Propene 0.00 0.50 C.08
Water 0.00 0.00 1.01

Total 1cc.00 18.81 100.00 16.52

Tetsl Moles Carton 12.12 12.14

Tctal Moles Hydroger 52.50C 53,44

Total Moles Cxygen 1.92 1.96
B. Corversion Data

Raw Date X, Normelized
= moles/hr g moles/hr
co =  Products .78 1.78
=  Products 3.04 3.51

Reactants @ K0 1.01 1.0

co - CH, 0.88 0.88

co - C.E 0.28 0.28

co - GRK 0.2k 0.24

co - o, 0.40 c.ko

oy Percent 67.7 63.8

n, Percent 20.0 20.C

K shift (experimental) 6.6 6.6

K shift (theoreticel at outlet) 7.5 7.5




TARLE 78.

DATA AND RESULTS FOR BSM TEST Sk, PERIOD 3,
CONDUCTED AT 865 ¥ AND 1015 PSIG
HOLYBDENUM OXIDE CATALYST NO. 2903

A. Material Balance

Product

nole

percernt g moles/hr

Feed
mole

Cemponent percent g moles/hr
Carbor Monoxide 10.27 1.86
Carbon Dioxide 0.00 0.C0
Kydrecgen 31.31 5.67
Nitrogen 4 .36 0.79
Methane 53.94% 9.76
Ethane 0.12 0.02
Prcpzne 0.00 0.00
Water 0.00 0.00

Total 100.C0 18.10

Total Moles Carbon 11.66

Total Moles Eydrogen 50.50

Total Moles Oxygen 1.86
B. Ccnversion Data

Raw Data
24 moles[hr
<o -  Products 1.7C
~  Products 3.05

Reactants - H,0 l.01

co - CH. 0.83

W o CE 0.26

O - G 0.21

co -  C0, 0.40

o, Percent 65.5

3, Percent _ 19.k

K shift (experimental) 6.6

K shift (theorstical at cutlet) 7.2

1.05 0.16
2,69 0.40
7.7 2.62
5.38 0.80
71.65 10.59
1.02 0.15
0.50 0.07
0.06 1.01
100.00 15.80
11.66

51,08

1.97

¥, Normelized
g moles/hr

1.70

3.34
1.01

0.83
0.26
0.21
0.40

63.1
19.4
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TARLE 78.

DATA AND RESULTS FOR BSM TEST 54, PERIOD 1,

CCNDUCTED AT 865 F AND 705 PSIG
MOLYBDEKUM OXIDE ZATATYST XO. 2603

A. Material Balance

Feed Product
mele role

Cormernent percect g moles/hr  percent £ xcles/hr
Carben Moncxide 1c.27 1.37 1.11 0.12
Carbon Dioxide 2.77 0.30
Hydrogen 31.31 L.1i7 7.86 1.95
Nitrogzen L. 36 c.58 5.38 0.59
Metbene 53.94 7.19 71.39 7.7S
Ethane 0.12 c.02 0.99 0.11
Prcpane 0.50 0.05
Hater 0.00 0.84

Totsal 160.C0 13.33 1C0.C0 11.75

Total Moles Carboxn 8.60 8.58

Tctal Moles Bydrcgen 37.22 37.80

Tetel Moles Cxygen 1.37 1.56
B. Corversion Deta

& moles/nr

Cco - Products 1.25

H, —  Prcducts 2.22
Reactants™ H,0 0.8%

cC "~ CH. 0.60

co - GE 0.18

co = CE 0.15

co - ce, 0.30

oy Fercernt £

8, Perceat 1

K shift (experirwental)

K shift (thecretical at outlet)

336.
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The data for Test 54 are summarized in Table 79. Results
fcr Test 5k indicate significant coaversion to ethane and propsne even at the
relatively high terperature of 865 F. The useful conversion and selectivity .
resained constant over the four weriods. The decrease in pressure during
Feriod 4 was compensabed for by ircreased residence time resulting in the
same conversion percentage.

The significant propane conversion is interesting. At
copparable termperatures and a 20 percent carbon monoxide feed, much less
propare was azpareni. The longer gas residence time and higher methane partial
pressures ccuid expieain this fact. In any event, higher hydrocarbons are
desirsble since they increase the quality of the product gas.

The useful conversion of Test 54 is lower than for Tests 52
ard 53. This may be attributed to several reasons. First, the Test 53 reactor
was probebly slugging due to the higher ’J/Umf ratio, In a slugging systern,
all gas sees scme catalyst and hence, higher conversion is achkleved. A seccnd
rossible reason is the Fact thet the carben menoxide partial tressure in
Test S5k was lcwer than in Test 53, While the reaction is zero order at high
partial pressures of carbon monoxide, it becomes first order at low pressures.
Thus, the Test 5L gas mighkt have been in tke first order regicn for a lenger
veriod than that for Test 53, and conversion could thus have beern reduced.

(d4) BSM Test 55: Data reduction for Test 55 is not
corpleted. Results will be reported next month.

(2) catalyst Life Tests: During the past month and a balf,
life testing of BCR Lot 29Ch, chromic Axide methanation catalyst, has been
conducted. Results for this study, as currently availsble, are reported here,
In addition, a new life tester has bzen designed and is currently in the
eonstruction stage. This unit improves the flexibility of the life test
system by providing the ability to test four catalysts simultaneously.

Test 2904: Catalyst Life Test 2904 has been underway for 800
hours. The conversion data during this time are indicsted in Figure 99. It
is readily evident that the useful conversion, o, over the chrecme catalyst
achieved a nearly stable value after about 200 hours of operstion. Slight
deactivation may have been occurring after that time; however, the conversicn
data to 450 hours do not indicate this as a definite trend. At akout 5CC
hours, a power failure occurred. The duration was such that the catalyst was
subjected, under synthesis gas flow, to a slow c¢ooling and sheck heating cycle.
It is almost certain that the texperature fell close to ambient before rower
was regained. Since the temperature controller is not on & programmed heating
cycle, the bed would thus bave been returned to 800 F rapidly (15 minutes to
30 minutes).

Catalyst activity was reduced by the cycle, but conversion was
reestablished after several hundred mcre hcurs of operztion. A possible
mechanism for this occurrence is the formation of wax cr heavy oil at colder
terperatures during the power failure, resulting in the plugging of catalyst.
pores, After sufficient time under high temperature and hydrogen, the wax or



TADLE 79. SUMMARY OF RESULTS FOR BSM TEST 5. MOLYDDENUM OXIDE CATALYST NO. 2903

Pressure, Space U/Ung
Pariod Temp, F psig Velocity! Inlet Outlet o n? K.* T,50C°
1 865 1015 4830 bl 3.5 63.5 19.6 7.2 70
2 865 1015 Ihoo 4.8 h.1 63.8 20.0 7.5 64
3 865 1015 L620 L.€ 3.9 63.1 19.4 7.2 66
L 865 705 6360 3.3 2.9 63.8 19.0 7.8 90

a

A

Standard volumes/volume catalyst/hr at inlet conditions

«, useful conversion, 100 x (molas (CO + Wy ) converted to
hydrocarbons )/(total moles (CO + Hy) fed)

9, selectivity, molcs ethane produced/total moles hydrocarbons produced

K5, shift constant, (Pcoa) (PHQ)/(PCO) (Puao) at outlet

7, residence time assuming 30% bed expansion and U= (Ugp + Ugut)/2

(VY]




a, PERCENT
24.07
*d= Moles {CO+H9) Converted to Hvdrocarbons
Moles (CO+H9) in Feed
20.0- .
®
[ ]
Power Failure .
s ® s a e -"“".
16.0 * “e / .
Pressure: 1000 psig o« om0 —"*
Temperature: BOOF
Feed Gas Voiume,
Component Percent

12.0+ co 20

Ho 62

CHy 16

N2 2
8.0 | ] )

Q 100 200 300 400 500 600 700 800

LIFE TIME, HOURS

Bituminous Coal Research, Inc. 8040G49

Figure 99. Extended Activity Data for Life Test 2904 Using Chromic Oxide
on Alumina Catalyst (BCR Lot 2904)
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0il was decorposed ageir, exposing the ertire surface for -ezcticn. Tke lacx
of effect of temperature on catalyst stability is not urexpected sizce chremic
cxlde is used a2s a high terperzture reforming catalyst., Zven at 27CC 7, repi.
crystallire growth 2nd cinterirg are not proclems., Chrexic oxide is also very
stable in the presence of hydroger. Eguilibrium calculations indicate the
ckroric oxide will net ve ckhemically reduced a2t 8C0 F.

Product distribution over chremic coxide shows cethane, ethene,
and carbon dioxicde as main rroducts. Since the test is rot teing cperatecd at
high conversions, actual product distritbuticns are not indicative cf whket
might be obtained fer higrer alrhe (~) values. T2 catalyst dces rrcmote tkhe
skift reacticn readily as do 21l the cther tydrcgernaticn catalysts studied tc
date.

Kew Life Test Unit: ©TPzrts beve been ordered to permit tke
ccrstruction of a new 1ife tester contairirng four reactors. These will te
cerstructed of 0.08-inck ID stainless sieel tubing and tke overall design will
be the same as the current unit. 411 four rezctors, however, will cperate frem
the sare feed system and a ccaren beater-contrcller systex. 4 sketch of the

- wes's
unit is presented in Figure 100. lMass transfer caleulaticas indicate that
the syster will te kiretically ccntrolled as is the currernt reactcr syster.
The unit should be corrleted in about = zcnth.

b. PzIU Studies: Significent prcgress was acnieved cr the metrhane-
tion FEDU during the mcrth of February.

(1} Desigrn Erpineerirg: The rasic desigr of tre ¥FZTU systex
kas teen ccxrleted for scme time. Recerily, tte system ccaceri bas beex
mcdified tc handle fezd gases cortairnirg not only the rain sy-thesis gas
eccmperents, carben xoncxide, nydregern, and cethaze, but alsc tke adéitica of
carben dioxide and nydrcgen sulfide sc as tc permit operaticn under Trocess
scberes shown as Cases 4, 3, and C of Figure 97. The rertirernt material belance
cate rave been supplied by Keppers in the form of drawirgs 2415-2427 and 28.
Since the issuing of tke F & I drawings for the FETU, several aiteraticns have
been made in tre syster. These include addition ef hydrcger. suifide and cartern
dioxide (4-ton) systems, mcre detailed alarr and arnurcistor systexs, addftion
cT arcther CC-azlarm safety system for the cubical area, erd additicr cf ritrcgen

rurge system. Xoppers is makirg pencil charges in these drawings a=d will rot
relssue ther until they are so motified.

The locaticr cf the hydrogen sulfide and carton dioxide storage
tarxs has been finalized., These will be _ocated in the nortreast correr of
Euilding 3 across the road frcm the nitrogen and oxygen systems. The tanxs
are to be ccmpletely ferced in, and any cortrols fer the kydrcgen sulfide
system will te located in a locked ccmpartrent.

Koppers is designing a Lydrogen sulfide remcval syster for the
FZLU to be included in tke system ahezd cf the thermal oxidizer.
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Figure 100. Revised Life Test System (2-72)
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(2) Detail Zrgireerirg: To permit the scliciteting of guctes
cn FEDU itexs, Yoprers has had to perPorm sare detall engineering cn vessels
and ecuiprent. Currently, they are on irterim fundirg until final appreval
of the detail ergireering prcposa’ and schedulz is given.

Ir the area cf vessel and equiprent detai’irg, Xorrers has
provided services in reviewing specificatiors for bidding purposes and
suprlying necessary sketches tc be included with gquotes, The fcllicwirg drawings
have Tteern recelved for guotation purpcses:

2415-GA701 and 702 Fenel board design and specifications
2L15~24700 ard 2ATL Metherator detail érawings. (Cn

this vessel, BCE aitered the design
terperature to 1050 F to rrcvide
safety margir. )

2L15.24722 PDerister detail drawing

2415-24721 Zceling water told tark detell
drawing

2k15-2a72k Vater metering tank detail drawing

2415-22723 Fiiter btlcwbeck reater Jetail

drawing (Holding fzr further review)
Other drawings are being prerared by Kcorers.

Zuring the past several weexs, Kcprers has beer developirg a
detail engineering program for the methanation rIIU. A prelirinary scrtedule
and cost estirste was previded tc BCR on Fetruary 11, 1972. This estimate is
teing reviewed ard Koppers is currently rzducirg the mandiy- recguirements for
the jcb based cn BCR's reccmmerndaticns.

(3) status ef Quotaticns: Pids cr a mumbter of iters have peer
requessed, The remainder of the iters will te handled &s scon as drawings
and specifications bteccme available fror Xoppers.

quotations on the follcwirg iters have been received and are
teing reviewed:

MY 720 Stear rPoiler

¥E 7CO Water Cocler

MP 710 Cocling Vater Fump
MX 750 Demineralizer

MX 5C0 Theyxinol System
ME 405

A& B Feed Gas Heaters
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(4) other Work

(z) Ruilding Permits: Fequired forms are oeing rrepared.

(b) Air Pcllution Permit: Prelimirvary contacts have been
rade, but more cazrot te dore umtil a firal desigr and quotation for the
thermal oxidizer system are available.

Ce. Cold Model Studies: Tata were reported last menth for several
€-irch cold zodel tests using a sand~frecn system, ihile data from these
studies have been encouraging, it bas been apparent that the fluidizatiocn
rroperiies of the send mix used are such thei extreme chamneling occurs in the
bed. Tkerefore, cold wodel tests have been temporarily pestpored until a batch
of Harshaw (BCR Lot 2903) mclybdenum oxide catalyst car be obtained, Upern
receiving the catalyst, cold wodel tests will be reinitiasted.

d, Otker Work: BCR Suggestions 193, 194, {M. S. Gratoski), and
196 (3. E. Denath), bave been reviewed by the BCR attorray. He has racommended
that these be corbined and a2 single irventicn disclasuve be prerared covering
all three. Cn this basis, a report will be submitted to OCR in ike near future.

e. Future Werk: The following work will be conducted acccriing to
the gas processing schedule during the ccming month:

At the bpench-scale level, fluidizaticn tests of Lot 29Ch chromic
oxide catalyst wiil be conducted under Czse 4 and Jzse B conditiorns, Life
testing of chromic oxide will continue, and the new life test will be con-
structed.

FELU work will continue. Bids on equipment will be solieited ard
evaluated; approval to purchase items will be reguested frar CCR. Koppers
will continue detail erngineering; a final cost and scope of work will be
determined. Contirued emrhasis will be placed on acquisiticn of the recessary
perrits for construction.

Model studies will be corpleted pending the early arrival of the
Lot 2903 catalyst.

L.  Avalyticel Services (J. E. Noil): Durirg the past month, 45 sarpies
were avalyzed by ges chrcmatography. The types of analyses reguested were as
follows:

Type of Anz2liysis No. of Sazxgles
Reguested Analyzed

Gas Chkremetography

Kethenation Unit
Gas Sarples L5

TCTAL L5



N
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5. Geas Cihrcmatcgrarhic Frecedures (5. Z. Hcll): lic werk wes recuired
this ares durirg the past mentk.

Tuture Uerl: Perforzing sawple enalyses is the enly vwerr rlanned.
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. Stage 2 Process and Equivment Develcpment Unit--10C lb/hr (R. J. Grace,
« B, Jonath, and R. L. Zabradinik)

=110

Saring the month, time was distributed between attendance at the Subcommittee
Work Group for the AGA Materials Evaluetion prcgram, answering requests from
bidders for clarification of wvarious items in the MPRF bid package, discussing
prossible application of mathematical modeling to our cold model experiments &s
suggested by representatives of United Aircraft Research Laborateries and Dynamic
Sclences Inc., completion of supervision of dismertling cperations of the Stage 2
100 1b/hr TEDU, and preparation of the final stmmary report, Fhase II, Process
end Zquirpment Develorrent.

1. Dismentling of the 100 Ib/hr EEDU: Dismantling of the 100 1b/hr FEDU
equirment wes essentialiy comuleted during the wonth of Februasry. However, 8is-
pesition or relocation of the four mzjor items located in the safety cubicle,
remely the reactor, scrubber, scrubber cooler, znd steam superhester, requires
en Immediate decisien in order to clear the arees for the new PEDUs.

2. Inspection of Stage 1 Cooling Coils and Refractoriss: As discussed in
Section B, Item i, page 276 of Progress Report No. 5, porticns of the refractories
and a secticn of the Stage 1 cooling coil were delivered to the Koppers Cempany
for inspecticn and analysis. Kopper Company letter report of February 7, 1972 oa
the cooling ccil is swrmarized as follows:

A uniform rusting and scale, visible or the outer surface of the
carbon-steel ccoling coil, was probably the corrosion that oc-
curred when the wet refractory cement was applied during fabril-
cation. No water-side corrosion or scale wes observed.

Metallographic specimens were vrevared represerting (1) the
metal nearest the outer flenge, (2) the midwall erea, and

(3) the point nearest the reactor cenmter line. The structures
were that of annealed, low-carbon steel, Macrcetching indi-
cated seamless pive.

No evidence of carburizatior oxidation or excessive temper-
ature excursions was observed. Hardness values of 53/58
Rockwell B were measured which are well below the maximum
RB 77 permitted by ASTM A 192 for carbon-steel boiler tubes,

Based on these observations 1t was concluded that the
coollng coil was fabricated from seamless, low-carbeon steel
boiler tube and that under the conditions of service in the
PEDU the tubes were satisfactory.

The refractory samples were submitted to Mr. D. M. Mitsak
for examination by others. Resulis are not available at
this time.

3. Status of Fhase II Summery Revort: Typing of the first rough draft of
the Fhase II Summary Report keas been completed. Editing and assembly of graphs
and figures is progressing. The final draft should be completed early in March.




k, Future Worr Future werk will include:

a, Rewort of Kcpuvers Ccmparny findings relative to inspection of
Stage 1 refractories.

b. Allocztion of surplus items frem 100 1b/kr PETU,
c. Ccmpletion of finel Araft of Fhase II Summary Fapert.

C. _Cold Flow Mcdel Exveriments--5 ton/hr Two-stage Gasifier (R. J. Grace,
J. 2, HMoll, R. D. Farris, R. L. Zabradnik, and E. 2. Doneth)

¥Wnrk during the month consisted of modifying the cold flow model to ellow
operatien of the Stage 1 sectiorn of the model at higher air rates, which simulzte
the expected vilot plant characteristics near the reactor walls.

The model studies to be carried out in the following moaths are expected to
indicate both the location znd size of nozzles and the shape of the rezctor which
will avoid excessive localizing of temperatures near the reactor walls. Siages

1 2nd 2 of the gasifier are to be stuéied independently zat first, followed by
tests of the two stares together,

The Stage 1 studies zeve been divided intc three pkases, now underway:
(I) single-burner tests, (IT) multivle-burrer tests, and (III) wultiple-burrer
tests plus simulzted slag. The experimental requirements for the third phase
were considered to be more difficult than those fer the other pheses. Provi-
sional Phase III work wes therefcre being undertzken to solve scme of the ex-

perimental protlems so that FPhase IIT data can be obtazined immediately following
Fhuse II tests.

The Fhase II and III studies for Stage 1 of the two-stage gasifier were
prcceeding as planned and satisTaciorily when it eppeared exredient to review
scme ol the assurntions on steam 2nd char flow rates.

The model constructed to date consists of the shell for Stege 1 ani the
iower part of Stage 2 and a set of burners for Stage 1. Tke burners are socket
mounted so that they can be aimed horizontally and at the center line and can
be pointed downwards ard to the right of the certer line.

1. Initial Model Tests: The Stzge 1 model was first overated at air retes
corresponding to the feed rates (cu ft/sec) of the steam and oxygen to the pilot
plant. These tests were conducted princivally to develop tke tecknigues required
for Fhase III, For these tests, a single 200 sefm blower was used. The test
set-up was skown in Figure 62, page 199, of Progress Report Mo. 3. Tests were
conducted using 100 to 200 scfm air with fine vlestic tracers, ccarse plestic
flow indicators, and glycerol spray from a compressed air atomizer. Tte testis
indicated that rotation cf the air in tre & ft high-2 £t diemeter chamber could
be induced ty aiming the burners horizcntally and 1-1/2 irches frem the center
dre. The air stream frcm the three burners appeared to mix reedily at the
center and Leavier particulates readily migrated to tke periphery. Tests witk a

glycercl stray frem a nozzle selected to produce 25 micren drcplets indiceted .
that the droplets were gquickly collected 2s a film on tke interlor surface.
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This film readily drained into the simumlated slag ccllecting vessel and nmost of
1/2 gallon of spray meterial was recovered.

Trese provisional tests indicated:
(1) The burners should be aimed horizontally.

(2) The streams from the three burners blended and produced rotabion
as desired.

(3) Fine droplets were readily deentrained and made to coalesce on
the surfeces,

(Tt should be pointed cut that the effeets of 2 horizontal burner aligrment
in the model would be obbained in the pilot piant with a burner aimed down to
cozpensate for the buoyancy of the hotbter reaction products.)

The tests described above were principally for the development of experi-
mental techniques. More detailed investigation was interrupted by the investi-
gation of the properiies of the FPEDU chars. During the course of these investi-
gations, the model test progrem was reviswed and it was concluded that two
important easpects of the operation of Stage 1 needed to be investigated.

(1) The proper mixing of particles to enable adequate reactions.

(2) The possibility of severe slag build-ups near the entrance to
Stage 2,

It was decided to defer consideration of particulzte mixing since the size
of the char to be fed to Stage 1 was uncertain. It was also decided that the
tangential forces that setisfactorily deentrained the glycerol droplets in {the
preliminary tests were lower than those expected in the pilot plant. It was
therefore concluded thet the slzg droplet produced in the pilot plant would be
readily deentrained. However, the lateral and upwerd forces on the simulated
slag layer were also lower than those expected 1n the pilet plant. It was,
therefore, concluded that it would not be realistic te assume thet tke slag layer
in the pilot plant could be drained effectively without such problems as 2 film
being Induced upwards along the crowa and thereby being reentrained in the out-
let gas stream or freezing at the cooler throat.

2. Further Model Tests

a. Modificaticns to the Equipment: Calculations indicated that the
xost ssvere conditions for entraining slag droplets and inhibiting slag drainage
could be simulated by operating at 1,600 scfm to simulate the mcmentum a2t the
burper exits and at 1,150 scfm to simulate particulate lifting velocity. These
rates could not be supplied by availzble blowers so plans were mede to operate
at 575 sefm to simulate the Stage 1 lifting velocity at 50 percent of rabing.

These air rates were supplied by using a larger available blower to
feed two burners and the inltial blower to feed a single one. Largsr bore burners
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ik mushroom shaped heads were also fabricated to provide the appropriate
velocities 2t the turner heads. The revised instellatior is shown in Figure 1Cl.

b. Test of Higher Camacity Unit: To date the unit has been tested
once to deterrine the requirement for nkotographing particulate and droolet in-
Jections. The unit was operated with 2ir and with the simultanecus injecticn cf
water frem the spray nozzle and small increments of Elkol zhar. Figure 102
shovs the effects of a water spray frcm the atcmizing nozzles. Sma2ll emournts of
Elkol subbituminous coal char were also beirg injected but the particles were

apperently dispersed too ranidlr to be seen on any of several sequences cf
similer pictures.

3. EPuture Ycrk: Greeter blower capacity than presently evaileble will
eventuzlly be necessary to ccmplete the vresently planned model pregram. In
order to acecrzodate 2 likely need for an expanded model program, a2 search is
now under way for a switatle blower that could be immediately installed.

If such e blover is scon fournd, the tests of simulated slag drainege will
Te conducted at kigher zir rates then the 600 sefm nresently tlanned.

D. Dzta Processing (R. X. Youmg and D. R. Hauck)

1. Autcrated Datz Acquisition: The PDP8/E cemputer and veripherals were

delivered cn February 16, 1972. Irstallation ard initisl checkout of the equip-
ment is in zrogress.

Several ccmputer vprogrems are beirg written ‘o demenstrate the system's
cepabilities. These programs will be ready for use during March, 1972. Tke
software system (computer programs) necessary for interfacing the bench-scale
methanation unit with the ccmputer is being written and sheuld be completed
during the next two monthrs. )

2. Future Work: Plans for the next repcrt period include:

a. Continue writing the software system for interfacing ths bench-
scale methanation unit with tke corputer.

b. Generate simulation runs with subroutine GASIFY as requested and
authorized.

E. Engineering Design and Evaiuation

1. BI-GAS Process: There wers no requests fer gesifier simulation runs
during the period.

No further work was requested regarding the determination, by equation form,
of oxygen requirements for gasificztion of selected ccals. Information pertinent

to West Kentucky No. 11 seam coal, Pittsburgh seam coal, lignite, and Elkol coel
was presented in Progress Report No. 5

2. OCR/BCR Gasification--Fower Generation: At the request of Mr, Neal
Cochran, a meeting has been sckeduled for March 3, 1972, with representestives of
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Figure 101. Stage 1 Model Showing Added
Larger Capacity Blower

8016P269

Figure 102. Stage 1 Model Showing Water
Spray from Simulated Burner
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OCR, 3CR, Westipghouse, Consolidation Coal Cempany, and Bechtel Corporztiom, to
discuss the two-stage air-blcwn gasifier.

F. _ Multipurpose Research Pilot Plant Facility (MFFF)

A transcript of the rroceedings »f the bidders conference held Jemuary 19,
1972, was mailed %o ell bidders or February L together with photographs of the
process area model and the plot model.

During the conference, bidders were advised that questions sutmitted ia
wrlting would be distributed, together with BCR's answers, to all bidders. We
reve received seven questions to date, and by letters dated February 1C,
Februery 18, and Pebruary 25, 1972, question and answer-type letters have been
distributed to 211 bidders with copies to CCR. In resvense to an incuiry re-
gerding water quality in Two Lick Creek ot the pilot plezi siie, an analysis of
stream samples was also sent to biddars.

Februery 1€ end February 23 were the dates selected for plant site visita-
tions by interested tidders. Four ccmpanies visited the cite on the first date
end two ccrpanies visited the site on the last date.

By letter dated February 7, 1972, BCR transmitted tn OCR e copy of Koppers
vemorandum, "Review cf Zapital Cost Estimates."” This review was prepared feor
the purvose of compering vreliminary estimates of capitel costs as presented in
Volupme VI of the Engineering Bid Package dated Jamuery 14, 1972, and in the base
proposal contained in Keppers Eveluation Report for a Multipurpose Gasification
Research Fecility dated Jamuary 19, 197C. The review points out tke major dif-
ference in basis, design, and scope vertinent to the estimates.

An updated bidders 1ist was sent to OCR on February i7, 1672. Tris list
alsc indicated these bidders who have advised BCR tkat tlLey are unable to bid
on construction of the pilot plant. When notified of an organizetion's decision

not to bid, BCR has requested tkat copies of the Englneerirg Bid Fackage be
returned,

l. Meterials Eveluation Program: A& meeting of the Task Group on materiel
cata for coal gasification equirmert wes reld at 10 2.m. Jamuary 26, 1972 , &t
the Pittsburgh Airport Eotel to review tre revort sutmitted by the ed hoc working
g¥oup. The objective of this meeting wes to formulate the program for meterials
evaluation of coal gasification equirment vrogram.

Phase I on high-pressure and high-temperazture evaluetion of materials of
construction for coal gasification has been drafted and aporoved by the Task
Force. BCR has been requested end rac reissued additioral copies of the report
"Report of Ad Eoc Workirg Grour, Task Group cn Materials Design Date tor Coal
Gasificaticn Eguirrent, Subcomxittee 8 on Corrosion, Metals Prorerties Courcil,

Jarmary 4, 1972" to the Task Group members, 10 copies te AGA, and 10 ccries to
the chairpan of the Task Group.

Detajled pinutes of this meeting will be sent tc all Task Force members.
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2., Model Status: The process pilot plant model (1/% inch = 1 foot) and
the overall site model (1 inch = 20 feet) were completed and delivered te BCR
on January 17, 1972. ’

3. Desk Type Model: During this report period, Visual Industrial Products,
Inc., of Indianola, Pennsylvania, was authorized to construct a desk-top scale
model (1/32 inch = 1 foo%). Approval to purchase this model was given by
Mr. Neal Cochran per telephone conversation of Februery 7, 1972; a letter con-
firming the converssation was sent to OCR or the same date.

The desk top model is based on the following design: A 250 MM scf/day
SNG plant based on the process design as given in the Air Products report en-
titled, "Ergineering Study and Technical Evaluation of the Bltuminous Coal
Research, Inc., Two-stage Superpressure Gasification Pracess,” (OCR R & D
Report No. 60).

The model is schefuled for completion om February 26 and will be delivered
to OCR in Washington, D. C., on Monday, February 28, 1972.

4. Follution Control Permits - Homer City, Pa.: Cn Monday, February 1k,
. 1972, initial contact was made with the Pennsylvania Department of Envirommental

Resources in preparstion for an industrial waste permit for the Homer City pilot
vlant,

¢. Iiterature Search (V. E. Gleason)

Annctated literature references completed diuring the month are listed in
Appendix B,

H. Other

l. Prime Contract Matters: Additionel surplus eguipment lists are being
corpiled and will be submitted in March. Early actizn is requested for the list
submitted In September, as well as the lists to be submitted, because of limited
storage facilities and the need for space for ths new FEDUs.

By letter deted Jamuary 12, 1972, Mr. Howard E. Thunberg requested BCR to
submit deteils regarding estimated costs for fiscal years 1972 arnd 1973 under
ConSrzct 14-32-0001-1207 for his use in submitting a statistical report to the
Netional Science Foundation. This informatiom was transmitted to GCR or
January 24, 1972.

2. Cutside Engineering and Services: Koppers contimues to provide
engineering assistance as required and as reported in thelr Frecgress Report
Fo. 31 in Appendix C.

Actisn by OCR on the request for apprcval of proposed Amendment No. 7 to
Subcontrzet Wo. 2, signed bty Koppers and submitted to CCR on October 20, 1971,
hes not been received.

. 3. Brighem Young University: The project entitled "Study of High Rste,
Iigh Temrerature Pyrolysis of Ccal” with joint funding by Brigham Young University
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and BCR is now in its eleverth month. Figure 103, Yonthly Progress Chart,
Expenditures, sheows the current budget status. The letier report of progress
by BYU is as follows:

During February a series of test runs were :ade with the 3/k-inca reactor.
Serious plugging of the reactor was encountered under the feed conditions
selected, nemely 3.3 pounds per hour of coal and 1.0 pounds per hour oxygen-
hydrogen ccmbustion gas, but some dzta were obtained on the perceat coal gasified
and the gas composition for short duratior runs. Representative data are listed
in Table 80. Comparisor of these data with prior data obtalned with near the
seme feed rate in the 1-1/2-inch reactor shows tket the percent coal gasified ard
the yleld of hydrocarbsn gases from these runs are lower than cbtained previously.

These tests ere continuing, varylrg the feed rates of both coal and combustion
gas.

The porous ceramic filter elerents for use in the effluent sample collection
bottle have rroved satisfactory in the test runs.

A problem with the electrical heating elements shorting nut 72s been en-
countered. The elemants were replaced and better instvlated tc rrevent this
rroblem. ?Prodlems with air contamiration of the g2s samples have also been en-
countered, Eettsr procedures fcr ccllectirg the samples are being developed.

L. FPC National Gas Surver - Econamics of Memufacturing SNG from Coel: 3BCr

hes ccrpleted a regort, Econorics of Manufacturing SNG by BCR/CCR BI-GAS Coal
Gasification Process," to produce 25C MM scf/éay cf pipelire gas. Ceries of this
report have teen distributed to 211 Task Force rembers frr their review in orep-

aratinn for tke mext syntrtetic gas-cozl Task Force reeting set for Februery 17,
ig72.

5. Reports end Papers: A talk on thre status of the BCR/CCR BI-GAS Process
will be presenied Ty J. W. Tieman or Mareh 23, 1972, at a regional Meeting of the
Alr Pollution Comtrol Associatica in Buffalo, New Yo-k.

6. Patent Matters: TVorthuhile ideas contimue to Te written ur 2s irnven-
tion disclosures for subtmission to OCR for consideration.

a. OCR-866 and CCR-1078: A U.S. petent application based or the new
process concept (E. E. Lonath, Decermber 11, 297C) has teen filed and Ziven Serial
NMuxber 182,552. The applicetion, emtitled "Gasificztior of Carteonaceous Solids,"
contains nine clafms. The appropriate docimert assignirg rights to tke U,.S.
Sovernment was flled with the tatent application on Sevxtecter 22, 1971. 3=CR has
arplied for ard received a license for forelgr £iling. Cn February 23, 1972,
vatent applications were forwarded for filing Ia Australla, Irdia, Soutk ifrica,

and Great Britain. Applicaticps are also being prerared Tor filing ir Canada,
Frence, Japar, and West Germany.

Confirmatory license to the goverrrent was exectted by BCR and returned
to Mr. Ernest Cohen, Assistant Solicitor, Brarck of Patents, under date cf
January 12, 1972,




$25,000+

- = = == Projected ’
Actual i

20,000~

15,000+
PHASE 1

BUDGLY
EXPENDITURES

10,000+

5,000+

0- ¥ T T T
April Juns August

T T T T

T i ) |
October December February April

19714 1972
Bituminous Coal Research, Inc. 8016G 287

Figure 103. Monthly Progress Chart, Expenditures, Brigham Young University

*gce




TABRLE &C. AVERAGES CF DATA FROM TERZE RUNS
ZITH 3/4-INCH DIAMETER BYJ REACTOR

Feed Kates, lb/br Scf/bour 1%/ hour
Corbustion Gas
OxXygen i0 c.9
Bydrcger 20 0.1
Entraired Coal
Hydrcgen 20 c.k
Cozl -- 3.3
Nitrogen Purge 5 0.k
Reactor Temxperature 17CC°F
Gas Anelysis, Mole Percent (dry)
Eydrogen 61.4
Carbon Moncxide 13.5
Carben Tioxide 2.8
Methane 2.9
Ethane ———
Zthylere ———
Acetylere 0.8
Oxygen 2.5
Nitrogen 15.6
Percent Coal Gasified 30

Note: Temperatures measured and saxples withdrawn at a
location 2 inches belcow pcirt of cecal injection.




T. Yew Invertion Disclosures: Formal Inverntion Disclosures (Form

DI~1217) for six irndividual BCR suggestions were subtmitted to CCR on May 7,
1971. These were listed in Progress Revort No. 1.

Ingsmuch as 90 deys have elapsed since the submission of these dis-
closures, in accordance with the patent clause under Contract 14-01-CCCL-32L,
BCR is proceeding, as revcrted last montk, to develop patent zpplications for
filing in the U.S., first obtaining the epproval of the Solicitor's Cffice.
Action taken on these disclosures is as follows:

(1) OCK-1850 and OCR-1861: As previeusly revorted, Disclosures
1860 end 1861 have been combined imbo & singie patent application entitled "Twa-
stage Gusification of Pretreated Coal." A copy of this spplicetion was mailed to
Mr, Howard Silverstein, Branch of Patents, on December 6, 1971, for his review
and suthorization far filing by BCR. The eprropriate documernt assigning rights
to the goverrment has beern prepared. -

By letter dated December 28, 1971, Mr. George Fumick authorized
BCR to file a foreign pabent epolication on the subject inventicen. This letter
was signed by John W. Igoe and returned tc Mr. Fumich under date of Jamuary 11,
1972, =greeing that BCR will file and trosecute applications; the govermment will
ray the patent fllirg and issue fees. Other excrenmses ircurred by BCR, including
Preparation and prosecution of applicetions, are non-reirmbursable.

Juring the menth this patent aprlication was reviewed egain by tke
inventer and certair revisions heve been made. Copy of the revised arplication
will be forwarded to Mr. Silverstein,

Confirratory licemse will be prepared after aprlication is filed
in U.S. Patent Office and serisl number is received.

(2) oCrR-1862: as previously reverted, a U.S. patert application
has been rrepered on Disclosure 1862 entitled “Tkrse Stage Gasification of Coel."
A copy of this applicstion was sent to Mr. Howard Silverstein, Branch of Patents,
On Decexber 13, 1G71, for his review and suthorization for filing by BCR. The
appropriete document assigning rights to the U.S. Goverrment hes been prepared.

By letter dated Decerter 28, 1971, Mr. George Fumich autkorized
BCR t» file & foreign patent application on the subject irventior. As stated
above, this lstter was signed by Jctn ¥W. Igoe arnd returned to Mr, Fumich on
January 11, 1972.

Thils patent application was reviewed again by the inventor and
revisions heve been made. Copy of the revised application will be forwarded to
Mr, Silverstein.

Confirmatory license wlll te rrepared after the application is
Tiled in the U.S. Patent Cffice and serial number is received,

(3) ©CR-3i863: As previeusly reported, e U.S. vetent applicetiorn
has also been prepared on Dlsclosure CCR-1863 entitled "Two-stage Downflow
Gaslficetlion of Coal." A copy of this applicetion was forwarded to
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Vr. Howard Silverstein, Branch of Fatents, nn ILecerter 13, 1971, fer his review
and authorization for filing by BCR. The apvoropriate document essigning rights
to the U.S. Geoverrment hLas been trecvared.

By letter dated December 23, 1971, lMr. George Fumich authorized
ECR to file a forelgn petent apnlication on the subject inverticn. L£s stated
zbove, this letter was signed ty Jobkn V. Igoe and returned to Mr. Fumich on
Jaruary 11, 1972.

This patent application was reviewed agein by the invertor end
certaln revisions have been mzde. Copy of the revised aprlicaticn will be fer-
warded to Mr. Silverstein.

Confirmatory license will be vrerared after arplicaticr is filed
in U,S. Petent Office end serial rumber 1s received.

(4) OCR-1864: 4s previously reported, a U.S. patent arplicaticn
vaS prepazred on Disclosure OCR-186L entitled "Two-stzge Gesification of Coal witk
Forced Reactart Mixing and Stean Treatrment of Regycled Chaer.” A copy of this
apblication was meiled to Mr. Howerd Silverstein, Branch of Patents, on December
8, 1971, for n s review and approval for filirg by BCR. Thke acrprepriate document
assigrning »ights te the U.S. Goverrzent has been prerared.

By letter dated December 23, 1971, Mr. George Furich autkerized
BCR to file a fcreign patert aprlicetion on the subject invention. As stated
abcve, tiis letter was signed by Jokn W. Igce 2nd returzed tec Mr. Fumich on
Jenmuery 11, 1972.

Tkis petent erplication has elsc teen reviewed again by tke in-
ventor and revisions made to the origiral aprlication. Copy ¢f the revised
application will be forwarded to Mr. Silverstein.

Confirmatery license will be precvared efter erpilcaticn is filed
in U.,5. Petent Cffice and serizl nurber is received.

Ce Invention Disclosure--Frigkam Young University: During the course
ol work under Sutecrtract No. 3, rrcfesscr R. L. Costes, Brigram Yourg University,
develcped a new concept of ryrolyzing ccel which mey be vatentadle. An Invexntion
Disclosure (Form DI-1217) entitled “Process for Higk Temgperature Pyrclysis of

Ccal," was prepered and subrmitted to Mr. George Tumich or January €, 1972, for
his consideration.

I. Visitors Durir - Februery, 1972

February 1, 1972

Mr. R. Hinderliter Mr. Nelson Gardrier
Pittsburgk & Midway Ceal Minipg Co. Mr. Z. Saruels
9CC9 W, 67th Street Mr. Xarl Wilks
Verriam, Xanses 66202 Mr. R. Cwiklinski

Case Western Reserve Uriversity

Mr. D. M., Mitsek Cleveland, Chio UL1CS

Mr. A, E, Miller
KXoppers Cempany, Ine.
Xotpers Building
Pittsburgh, Pennsylvenia 15219




February 7. 1972

Mr, James W, Clark
United Alrcraft Corroration
Eest Hartford, Connecticut 061C8

Mr. 5. M. Tyniak
Mr. F. L. Brown
Koppers Company, Ine.
Koppers Bullding
Pittsburgh, Pennsylvania 15219

February 11, 1972

Mr, D, M, Mitsak
Mr. S. M. Tymiak
Koppers Company, Inc.
Korpers Building
Pittsburgh, Pennsylvania 15219

Februsry 23, 1972

Mr, W, J. Kerr
Koppers Ccmpany, Inc.
Koppers Building
Pittsburgh, Pennsylvenia 152189

February 2L, 1972

Mr, Uzi Helevy
Project Menmager
The Iitwin Corporaticn
P.0. Box 282
Wichita, Kensas 67201

Mr. D, M, Mitsak
Koppers Company, Inc.
Koppers Building
Pittsburgh, Pennsylvanie 15219

Kopvers Company, Inc.
Koppers Bullding
Pittsburgh, Pemnnsylvanie 15219

Trips, Visits, and Meetirgs during Februery, 1972

February 15, 1972

Requests for Information

Mre, Anita Pencook
Ccmbustion Engineering, Inc.
Windsor, Comnecticut C6095

Mr., Jemes Rooney
UsS5 Agri-Chemicezls
10 E. Temple
S21t Lake City, Utah &L111

Cffice of Coal Research
Washington, D. C.

E. K. Diehl
J. T. Stewart

Mr. Joseph Ilague
Assistant Frofessor
Departiment of EZconcmics
Bryant College
Smithfield, Phode Island 02917

Continental 0il Company
Research and Develorment Dept.
Drawer 1267

Ponca City, Oklshcma 7h601

IIT. WORK PLAWNED FOR MARCH, 1972

The work plemned for March will basiecally be a continuation of the on-going
Progrzin which has been underwey for the past few months.

The final summery report on the coal composition and beneficiation studies
vwl1ll be meiled during the first full week in March.
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Ls a result of the Februar- 16, 1972, meeting with CCR ccncerning tae
fluidized-bed PEDU gasifier, and sutmissicn of 2 rreliminery design on Feb-
ryary 25, 1972, besed on these discussions, no work is planned durirg the comirg
morth until 2 decision by CCR is reached. Tests in the laberatory-scale tatcek
reactor will, however, continue.

Tests in the bench-scale methanator will continue in crder to eveluate
suitable catalysts. Tests are planned in the 1life-test unit ard corstruction of
the new unit will proceed. Bids on equipment for the methenatior FEDU will be
Solicited and, after evaluation, approvel to purchase will be requested, Work
on the model studies is planned vroviding the c=%alyst is received.

The first dreft of the final summery report on the Stage 2 FEDU (100 1b/hr)
will undergo finel editing. An eerly mailing date is plarned.

Installation of a large blewer is planned for the model studies of tke
5 toa/kr twoc-stage gasifier. Higker air rates than 6C0 ofm will be reaguired for
tests of simuieted slag drainage in the first stage.

Installation and checkout of the FDES/E cexputer and peripherals will cca-

tinue, Several programs will be written tc deronstrate tke systex's cepebilities.
Daba from simuletion ruans will be evaluzted as needed,

With respect to the Homer City vilot plent, meetings are planned with or-
ganizations interested in providing project management services to BCR.

A, Trips and Meetings Plenned

Arril 10-14, 1972 163rd Naticrzl Meeting of J. W. Tieman and/or
American Chemical Society E. X. Diehl
Division cf Fuel Chemistry
Bosteon, Massachusetts

B. Papers tc be Preserted

None

C. Visitors Expected

Kone
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MCMTHLY PROGRESS CHART
PART 1 MANHOURS

Aug Sept Oc¢t Nov Dec Bituminous Coal Research, Inc.
72 350 Hochberg Road Monroeville, Pa.
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Monroeville

Homer City

Total

1971 1972
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NOOOOCX
MONTHLY EXPENDITURES (All Costs, in D
Sept Oct Nov Dec Jan Feb Mar Apr
Predicted | 129,501 | 129,961 | 129,991 | 129,991 | 323,486 | 382,228] 558,454 | 105,058 | &
Actual 63,610 | 121,696 | 146,83l | 1kk,590] 103,147 | 86,250%
. : —— ——— —
Predicted 154,
Actual u
Predicted | 129,991 | 129,991 | 129,991 | 129,991 | 323,486 382,228 | 558,454 | 259,058 | 3
Actual 63,610 | 121,696 | 146,83k | 14k ,590"| 103,147 | 86,250%
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PART 2 EXPENDITURES

Bituminous Coal Rcsoar_ch, Inc.
350 Hochberg Road Monroeville, Pa.

OFFICE OF COAL RESEARCH
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CONTRACT NO. 14-32-0001-1207

Expenditures,Cumulative

@ Actual, Monrcaviils
D Actual, Homer City

Predicted Expenditures, Cumvulative

e==m= Total, Monroeville
and Homer City
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65,813

65.813 | 7h,7h6
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62,273

62,275

215,&0

534,300 | 444,400

760,600

760,600

760,800

L]

301,838

366,6k0

510,123

531,113 | 519,146
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Four Zzmeztic gosificaticn orocesses cre coasileved to
to the mest likely to te adble to cozpete with Joreigz
techmolicey, ..a:"‘c*...arq the cterclelly a 'ai-ab.e
Lurgl osrecess. The four, 3CR's BI-GAS, Fureen of Mirne
Synthane, INT's HYGAS, and ¥elloge's mcltexm szlt
wrocecsses, are revie--_ ani their latest fevelicrmments
sum=nriged,

Tornguist, Z. L. (to Dorthern Illinoiz Ges Con.), "Gasificetics of curtcnacecus

solid fuele,™ U.5, Pat. 2,0CL,53¢ {Cet. 17, 2981). 1Z zc. 5LC.0CC €1-2

P‘.e.h:ne is creducesd c:,- aydregernation ¢ zcal or other
Sciid fuel at ztcut LC estmostieres pressure and at
tezpersiures in the renge of 15(C-17CC F. The gas-
ificzticn agparatus res two rewcticn zores in 3frect
keat tranclfer relaticr so thet the evother—is heet
of the reaction cen te usad in oroducing Zeat for
the process. Additicnal keat thet zay be rnecessery
is suprlied by burning scme of the SNiel witk oxygec.
Aiternative steps are tropnsed 1o adjust the ccncern-
tratior of tke reastents, to seperate snd vemove the
reactiox: producte, and to adart tte systec to use
oy seXing cozls.
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AFTENDIX C
FRCGRESS REFCRT #31

Bitumircus ZJoal Research, Inc.
Coal Gasification

Februvary 1972

Kcrpers Contract 2L15

. SIATUS JT CONERACT

4. Pilct Flant Zngineering Bid Packeges

| et S RIS ) s o e R b VRS a WX, o e SO Ty = 1 e

f..en Xo, 1: Pilct Plart for oxyger-blcwn, two stage ccel gas:.*"lca.ticn
system, ircluding general facilities: design ard wodels.

{Wexrk Zcxpleted)
tep Nc. 2: Fluidized bed system.
(Wor¥x Teferred)

B, ZIZngirsarivg Assistance and Reconmendations fer FZLU Program

1. Imforral review cf PZIU Frograr was made at BCR on February 11,
1972 and repcrted in Koprers letter C-31

2., Kcppers centinued to provide engineering assistance for Fluid Bed
Xethapation PELU, Trcllewing items were cempieted:

z. Fanel Boasd arrangement was ccrpleted, arproved by BCR and
released for bids.

D. TIrawings cf vessels fcor fabrication were ccrrleted, approved
o¥ BCR and released for bids.

¢. Revised design and materials of construction of methanation unit
to rermit addition of H.S and CO to feed gas and to increase
design temperature frem QCC°F. to 1050°F. was approved by BCR
ard released for bids.

d. ECR and Xcppers reviewed sites for storage of €0, ard H.S.
A site was selected, subject to addition of a fence and other
safety measures.

e, Koppers reviewed H,S removal syster and prcposed inclusion of
two (2) 3 ft. 6 in. by 15 ft. high ircn oxide towers to be
installed before thermal oxidizer. 4Additional costs submitted
to BCR for their approval.
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f, Reviewed Ingireering Mancay Sckedule ard reduced the sccpe
of work to sprroximately GCO Mardays. Aweiting BCR's approval
cf tre revised score cf detail engineering.

3. Revised sccpe cof worx tc provide for three-stage Cocal-Char Fluid

Bed Gasificatior FZDU (includirg estimated capital ccsts) was
subritted to BCR in Koprers letter C-321 cof February 22, 1972.
Much of the flexibility erd control included ir the crigiral design
was elirinated to reduce costs. Fowever, ircreasing tke nurber of
vessels required from cre (1) to three (3) resulted in a ccst about
egual tn that o the original design.

L. TNo furtker work is beirg verfcrmed on tbe Crhar Fluid Bed Gasificaticn
PELU rerding receirt of further directiorn frr= RCR.

CONTRAGT (JYATIATIOM

Four (4) copies of Amendment.Nc. 7 to fmended Subcortract Ho, 2, in-
cluding Arpendices I through VIII, signed by Fr. J. D. Rice, Vice
President, Zrgineerirg ard Constructior Divislen, ¥eppers Cc—pazxy, Inc.,
were trarsritted to BCR in our letter C-183 dated COciober 18, 1971.
Receipt of these copies was ackrcwledged by BCR in their letter dated

October 18, 1971. .

J. F. Farmsworth
Prcject Manager




