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B. _Stage 2 Process and Equipment Development Unit--100 I1b/hr (R. J. Grace,

E. E. Donath, and R. L. Zahradnik)

During the month, the major portion of time was devoted to checking
rrocess descriptions and piping and instrumentation drawings from the
Koppers Compeny, preparatory to finalizing compilation of the engineering
bid package for the multipurpose research pilot plant facility (MPRF}.

Assembly of dats and evaluation of overall results from the complete
series of 58 tests in the 100 lb/hr PEDU are progressing. In this regard,
dispersed tests relative to nitrogen distribution in the products frem seversl
FEDU tests and one 5 lb/hr CFR test were assembled, The data and tentative
conclusions are presented in this report.

1. Nitrogen Distribution in Products from PEDU Tests: Table L8 shows
the distribution of nitrogen in the products from several PEDU tests and one
test from the 5 lb/hr CFR unit. Although the deta are very meager, certain
tentative conelusions can be drawn: (a) For the various coals tested, the
nitrogen retention in the char averaged sbout 30 percent of the nitrogen in
the coal; (b) Nitrogen retained inm the water (black liquor), which was
recovered as ammonia, in most cases was greater than that retained by the
char and ranged from about 25 to about 70 pereernt; (¢) Considering only
CFR Test 76 and FEDU Tests 3k, 35, and 37, the unaccounted for nitrogen, wkich
is considered to be free nitrogen, increased with increased carbon conversion.
PEDU Tests 19 and 20 were not considered since the anslytical evaluaiicn for
nitrogen in the water may have been in error. PEDU Test 52 was not considered
becanse of the very low operating pressure and the faet that with lignite a
large percentage of carben is evolved as carbon oxides (00 + CO. ) with the
volatile matter comporents. Low pressure operation would slso tend to
diminish ammonis formation.

2. Linde Oxygen and Nitrogen Installation: Arrangements were made with
the Linde Co. to place the oxygen-nitrogen installation in standby condition.
The procedure was complsted during the week of Novexber 1, 1971. At this
time, the immersion prrp in the liguid nitrogen sphere was removed and the
cpening capped. The unit may be placed back in service for future FEDU work
on very short notice.

3. Carbon 14 (C-1k) Cleanup: All liguids containing C-1k were disposed
c¢f by combustion in the PEDU. All C-14 cortainers were triple-rinsed with
cyclohexane and the ligquid was disposed of through combustion, As a conseguence
of the &bove operaticns, the containers were well below the required AEC
specificatiors for minimum radicactivity.

L. Disposition of Surplus Concentrated Carbon 14 (C-14): During the
visit of Mr. Neal Cochran om October 1, 1971, it was verbally agreed that eny
surplus of concentrated C-1b tagzed materials would be placed on an OCR
disposition list. The present surplus of (-1L materials, amounting to 1h
millicuries, is as follows:

L vials, tegged benzene x 3 mc ea. 12 me

8 vials, tagged Xylene x 0,25 mc esa.

2 mc

TCOTAL 1k me



Pt Sl “J - .Jmm.-.%@s_ﬂ.‘»ﬁu_..i......‘

X,

= ; ; y T N g B ;
O T T TE T T P TN, e \w,ﬁ\ .\.\;......-.«Aw.uuu.ﬂtnp....&,.,.:.‘ B e .,.f.umﬂhf%iw..nur,fr.ﬁphfh

183.

(440) a040wsYy #OTJ SMONUTHUO) AY/AT §

64 £e L9 ot 123 oce 009°T 6°0 fl 9TudyT a6
wasy
BuruuegyTy (o00T)
it 1€ 69 49 e 000°T  OELST T €9 AOHOT LE
vigsg
o IR 65 ot 62 6es 018‘1 91 £9  ydamqsygid 9
ueay
15 Ly €5 62 g2 000°T  00p‘t 9'T gL  4danqs3yid 1t
&z ST & 85 2 000°T  oTg‘T A0 ume/8 ot ToqTE ¥94, 0D
£h - 301 -7 HE 00T 095°T 1 " TONTH 0z
£q T 66 89 € 000°T  005°T T'1 43 ToNTE 61
1840% I0J 189705 J89%f G Hrad d o Ju3axad  (Lap) ad4], *ON
Pa10aulo]) U0qIE) %  PIYUNCIDBUN gEarl  OTHN0  UaBoxjIN n:\pﬂ 48],
TBO)H 190D uy UaEOXRTN Jo 9 s% usdoaqIN J0%080Y a8y
T8 00

SISAL T WOMd SINNAOUd NT NCTLNGTHISIA NADOMAIN *qn ATAVE



|
O SR

o

AL

rre— Ha—r Rty i ey Sl 220

- a——n

184,

5. Inspection of Reactor Internal Metal Surfaces in PEDU: During
dismantling operations of the PEDU, an obportuniiy will be provided for
inspection of the condition of the internal metal surfaces of the reactor.
The operation will include an inspecticn of the ceoling coil surfaces as well
asg the internsl suriace of the reactor shell. Initial inspections will be
made in the Stage 1 section where maximum temperatures were develcped.

Such an inspection will provide information as to how well the particular
metals withstood their enviromment,

€, Future Work: rFuture Work will imclude:

a. Evaluaticen and consolidation of the results for the complete
series of 58 PEDU tests.

b. Preparation of a sumpary report.
¢. DNecessary work to expedite dismantling of the 100 Ib/hr PEIU.

d. Completion of the design of the 5 ton/hr pilet plant gesifier
and of equipment for the integrated pasification system.

e. Development of appropriate patent disclosures and preparation
of technmiecal papers.

L. Cold Flow Model Experiments--5 ton/hr Two-stage Gasifier {R. J. Grace,
J. E. Noll, R. D. Harris, R. L. Zahradnik, and E. E. Donatkh)

work continued during the month on the cocld flow model studies in
accordance with the schedule presented in Trogress Report Ko. 92, page 3912.
The rodel studies are expected to indicate both the locaticn and size of
nozzles and the shape of the reactor which will avoid excessive localizing
of temperatures nezar the reactor walls. Stages 1 and £ of the gasifier are
to be studied independently at first, foliowed by tests of the two stages
together, )

The Stage 1 studies have been divided inio three phases, now underway:
(1) single-burner tests, (2) multiple-burner tests, and (3) mulitiple-burner
tests plus simulated slag. The experimental requirements for the third phese
are considered tc be more difficult than those for the other phases.
Trovisional Phase ITT work is therefore being undertsken to solve some of the
experimental problems so that Phase ITI d=zta can be obtained immediztely
following Fhase II tests. :

1. Phase I Model Tests: The Initisl work planped for Fhase I has Deen
completed and the results are presented as follows:

3. Sumnarv: The podel tests so far conducted confirm that the burper
designed for Stage 1 of the S ton/hr two-stage gasifier should perform as
expected. The steam-chzr and oxygern emitted from each burner was projected
in a pnarrow streem traveling in the direction of the steam flow. This stream
mixed repidly, but expanded and lost velocity gradually as it traveled from
the burrner. The burners can be directed at relatively wide angles frem the
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center line of Stage 1l without risking high oxygen concentration near the
reactor walls, either at points near the burner inlets or at the poizts at
whick the burners are directed.

From the test results it was also concluded that, despite the rapid
mixing of the two streams from the burner, oxygen would also readily mix and
react with the hydrogen, carbon monoxide, or char in the ambient gas. It was

concluded, therefore, that most of the char recycled from Stage 2 will have to

react with steam and carbon dioxide in the ambient gas rather than directly
with the oxygen.

The test results showed that there was no significantly improved
mixing of the ocuter and inner nozzle gases by angling the cuter nezzle jets
15 degrees or 30 degrees imwards. Mixing of the outer nozZzie gas with air
from the center nozzle was possibly erhanced by remeving the diffuser ring
to similate a low momentum outer nozzle jet. It was, however, felt that a
low momentum oxygen nozzle weould have the inherent disadvantage of producing
high reaction rates near the reactor wall at the nozzle outlet in case the
entraining steam-char jet became blocked. It is therefore recommended that 2

15-degree jet be used with the pilot plant burners on the basis of satisfactory

PEDU overstion with this jet angle.

bt. T=escription of Eguirment:

(1) Prototype Burner: Approximately 1/2 mol of oxyger is provided

for each mol of cerbon in the char residue from the coal reacted in Stage 2.
It is desirable tc react as much of the oxygen as possible directly with the
shar, A burner with an annular char nozzle around a central oxygen nozzle,
suck as with Xoppers' Totzec unit, would probably promote a high rafe of
cxygen-char reaction.

However, for practical considerations, it was decided thet the
burner should be camprised of a simple central steam-char nozzle surrcunded
by a ring of smaller oxygen ports. DPractical considerations also prescribed
relatively high steam and oxygen velocities. High steam velocities are
required <o entrain the recycled char, and high exygen velecities to minimize
the blockage of the nozzle purts by slag droplets.

The prototype burmer was shown in Figure 8h0, p. 3914 of Progress

Report Ne. 92. Xt was designed to satisfy the conditlons for modeling the
burners proposed for Stage 1 using tests at rocm temperature andé atmospheric
pressure. The oxygzer distribution was simulated by having 12 x 5/32-inch
ports arrarged eround a 5/8-inch diameter port simvlating the steam and char
nozzle. The cxygen ports were drilled in removable nozzle rings with ports
parallel to the steam fiow and facing 15 degrees and 30 degrees imeard.

The rings ere shown in Figure Lk, p. 141 of Progress Report Ho. 2,

A blower was set up to provide a separate air supply to the
simleted steam and char imlet and to the simlated oxygen inlet. A carbon
dioxide cylinder was also provided to supply csrbon dioxide to the simulated
oxygen stream.



ity

Y

v e b ek e

i

186.

(2) Test Vessel: The prototype burner was mounted in the eenter
of the bottom of an open 55-gallon drum. The drmm was extended b;- the addition
of a second bottomless drum, and a comical end piece with a L-inch diameter
outlet was alse added.

Holes at L-inch intervals were provided along the drum for
sampling. The drur was set horizontally with guides provided to fix the
location of the sampling probe. The set up wac shown in Figure 43, page 1Ll
of Progress Report No. 2.

(3) Sampling and Apalysis: Air velocity measurements were made
with a standard pitot tube® comnected to & variable-slope manometer.

Carbon Qioxide measurements were made using a Gow-Mac gas
chromatograph ecoupled t¢ & Vidar integrator. The analytical procedures were
descrited in more detail in Progress Report No. 2, p. 1hO.

Conditicns were set with respect to air flow, carbon dioxide flow,
and type of outlet. Anelyses were mede in duplicate =t each position outward
from the source towards the outer surface and towards the end of the unit.

In leter tests, when constant velues were obtained at succeasive positions,

that series of analyses wes terminsted. Duplicate readings agreed within
three percent.

The gas chromatograph was operated with = heliun flow of

50 milliliters per minute rather than the 507 williliters per minute reported
last montk.

¢. Test Procedure: All the tests consisted of successive measure-
ments made under steady state conditions. Before each test, the air rate to
the center nozzle and the air, or air and carbon diexide, rate to the outer
nozzle ring were set. The air velocity or the carbon dioxide ccncentrations
were then measured at selected points. The points selected were modified
as the test programc progressed.

Alr velocity determinations were made with 100 percent air fed at
13.9 cim to the inner nozzle and at 5.6 cfm to the outer nozzle ring. The
tests were repeated with all three ocuter nozzle rings and with no ring.

Carbon dloxide measurements were initially made over widely separated
points using the parallel and the 30-degree outer nozzle ring. Further
carborn dicxide measurements were than made at locations slose to the burrner
to determine possible differences ir the iritial mixing between the inmer
and outer nozzle gases. Finally, tests were made to include the points close
to the burner and additional points further out. This arrangement of test
points was used in tests to characterize operation with the outer nozzle ring
removed and operation at ( variety of flow rates with the 15-degree nozzle
ring.

} Bulletin No. 110, Standard Test Code for Centrifugal and Axial Fans,
1038, NAFM.
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Cperation with all 3 rings and with nc ring was characterized with an
air feed rate of 13.9 cfm tc the center nozzle and air with 10 to 12 percent
carbon dioxide fed to the cuter nozzle. Three additional tests were also made
with the l5-degree nczzle: & test at a reduced raling wito btoth gas streams,
e test at an increased rating with both gas streams, and a test with the air
rating to the cuter nozzle decressed.

d. Test Resulis: The pitot tube data are given in Table 45 for
the parellel peort nogzzle ring, in Tsble 50 for the nozele ring with 15-degree
ports, in Table 51 for the 0-degree port ring, and in Table 52 with the
nozzle rimg removed.

The date on the carbon dioxide measurements, taken over widely
separated points, are giverp in Table 53 for operation with the 30-degree port
nozzle ring and no cone at the end of the drum, in Teble Sk for the ssme
arrangement with the cone in position, and in Table 55 for operation with
parallel ports in the nozzle ring.

The data on carbon dioxide measurements taken close to the burner are
given in Table 56 for operaticn with the 20-degree port nozzle ring and
Teble 57 for the parallel port ring. The data for carbon dicxide measurements
taken with the outer nozzle ring removed are given in Table 58.

The data on carbon dicxide measurements taken with the 15-degree port
outer nozzle ring are given in Tables 59 to 62. The data in Table 59 were
obtained at normal air and carbon dicxide settings. The data in Table 60
were cbtaired a2t 50 percent of the normal air and cerbon dicxide settings.

The data in Teble 61 were obtained at the normsl center nozzle air setting
but with reduced air supplied to the outer nozzle, The date in Table 62 were
cbtained with the maximm center nozzle air rate possible with the availsble
blewer and a proportionate cuter nozzle setting. ‘

e. Interpretction of Results: The data in Tables 49, 50, and 51
were plotted in Figure 45, p. 142 of Progress Report No. 2. The data and
curves show that the downstream wvelocity patterns are not significantly
influvenced by the outer nozzle ring. The data in Table 52 are simiiar to
the data in Tsbles kg9, 50, and 51.

The curves indicate that the burner nozzies form a gradually widening
and decelerating cone-sheped jet propelled in the direction of the center
nozzle, At )2 inches from the nozzle, where the jets frcm the three Stage 1
burners could combipne at tkhe center of the 2-foot reactor, the velocities
would be approximately k5 ft/sec at the cemter lire, 32 ft/sec 1 inch sway,
and 9 ft/sec 2 inches away. If it is assumed that most of the reactants are
confined in the cone-shaped jets emitted at 100 fi/sec initial velocity, the

residence time for the reactants to reach the vortex at the center will be
gbout 0.02 seec.

Even if it could be shown that the mixing betweep the inmer and outer
nozzle gases could be significantly modified by using different outer nozzle
rings, the overall effects of the mixing in jets comverging on the central

. e ————a e e o
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TABLE 49, ETOT TUSE DATA. PROTOTYPE STAGE 1 BURNER
YITH PARALLEI. PORTS IN OUTER MOZZLE HING
Center Line 1 in. from Center Line 2 in. from Center Line
Distance frow velocity, velocity, velocity,
Burner, in. in. weter fps in., water fps in. water fos
2-5 L.25 140 - - - -
0.5 2.25% 106 0.0k 13 - -
10.5 0.63 33 0.38 42 0.02 g
14.5 0.38 L2 .22 27 ¢.o2 S
18.5 0.19 28 0.12 2L 0.03 bl
22.5 0.11 22 0.07 18 o.02 9
Inner Nozzle 13.9 efm
Outer Nozzle Ring 5.5 cfm
TABLE 50. PITO% TUBE DATA. TRCTOTYFE STAGE 1 BURNER
TETH 157 PORTS IN OUTER NOZZILE RING
Center Line 1 in. frow Center Lire 2 in. froao Center Line
Distance from velocity, velocity, velocity,
Burner, in. in., water fDs in. water Tps in. water fps
2.5 L.2s 14 - - - -
€.5 2.45 105 0.C3 1t - -
10.5 0.73 58 C.17 28 0.01 7
14.5 0.29 34 0.31 23 0.01 T
18.5 0.13 24 .1 23 0.03 1
22.5 Q.10 20 0.G2 19 0.0k 13
Inner Nozzle 13.9 =fm
OQuter Kozzle Ring 5.6 cfa
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TABLE 55. CARBON DIOXIDE MEASUREMENTS, FPROTCTYPE STAGE 1
RURNER WITH PARALIEL PORTS IN CUTER NOZZLE RING

5/8 in. from Center Line L in. from Center Line 8 in. frem Center Line

Distance from Mixing Mixircg Mixing
Burner, in. CC, , percent Factor CC, , percent Factor CC., percent Faclor
2 L.o6 1.72 2.96 1.01 2.83 0.97
1k 2.97 1.02 2.92 1.00 2,87 0.99
3C 2.90 C.99 2.94 1.00 2.90 1.00

Cen*er Nozzle 13.9 cfm 100 percent Alr
Quter Nozzls 5.0 cfm’  10.60 percent CO,
Fully Mixed CO, 2.91 percent

TABLE 56. CARBON DICXIDE MEASUREMENTS, FPROTOTYPE STAGE 1
BUENER WITH 30° PORTS IN CUTER NQZILE

Center Lire 5/8 in. from Center Line 1-1/hk in. from Center ILine
Distance from Mixing Mixing Mixing
Burcer, in. CO,, percent Factor CO,, percent Fagtor CC_, percent Factor
2 0.04#* 0.0} 3.3 1.06 3.00m 0.9
6 l.92* 0.69 3,30 1.06 2.99%* .25
10 2.7L* 0.99 2.81%= 1.01 2.07% 0.95

Center Nozzle 13.9 efm 100 percent Alr
Cuter Nozzle 5.9 c¢fm 10.8C percent CC,* 11..6€ percent CO_¥*
Fully Mixed CO, 2.78 percent® snd 3.12 percent **
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vortex would not be significant compared to the effects cbtained in 2 to &
seconds total residence time in the 2-ft diameter, L-ft high reactor.

The carbon dioxide data taken over widely separated points in the
drum show that the air and carbon dioxide are uniformly mixed except in the
immediste vicinity of the burrer. The date in Table 53, tzken near the end
of a 6-ft long open drum show that the secondary mixing is sufficient to
insufflate approximately twice as much air from the open end of the drum as
is injeeted by the burner.

The additicon of the cope eliminated the insufflation of secondary
air. The data in Tables 54 and 55 are plotted in Figure 58. This figure
shows that the zir and carbon dioxide are not completely mixed in the Y-inch
radius cylinder which extends 1% inches from the burner.

There is merit in trying to optimize the mixing of the outer nozzle
gas with that of the inner nozzle instead of with the arbient ges so as to
optimize the reaction of the recycled char with the oxygen. The mixing factors
deterrined at the center line with three different outer nozzle rings and with
the ring removed as plotted in Figure 59.

From Figure 59 it would appear that the design of the nozzle ring
does not influence the rate of mixing between the inner and outer nczzle gases.

The data in Tables 59 to 62, all taken with the 15-degree port nozzle
ring, indicate the effects of changing flow rates. The mixing ratios at the
center line for the four corditilons tested are plotted in Figure 60, which
shows a slight improvement in center line mixing with lower flow rates through
the outer nozzle.

2. Phase TJ Model Tests: Assembly of equipment has been completed,

3. Fhsse IIT Model Tests: The eguirment for preliminsry Thase III tests
has been assembled and tested.

Figure 61 shows the installation below the inlet to tke oil mist
separatcr descridbed in Progress Report No. 2. The large blower in the fore-
ground can supply six metered =zir streams to two inlets on three prototype
burners. The burner to the left of the picture is connected to an air
injector for powder injection. The prototype reactor consists of twe 2-ft
Qiameter, 2-ft high plastic cylinders connected to steel conical end pieces.

The cylinders, end pieces, and burners comprise a full-scale mock-up of
the current design of Stage 1 of the 5 ton/hr two-stage gasifier.

Figure 62 shows & close-up of the three-burner installation. As showm,
the burners are set borizontally and are aimed at the center line of the
model, The burrers are swivel-mounted to 2llow testing of a variety of burrer
angles.

AR M Rt e e e o
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Figure 61. Overall View of Equipment for Testing

Full Scale Mode!l ot Stage 1 of the
Two-siage Gasifier
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- Figure 62. Close-up of the Three-Burner
- Setup for Stage 1
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Details of the swivel mounting are shown in Figure 63, which also shows
the prototype burner eguipped with an atomlzing nozzle that wiil use glycerol
or heavy oil to simulate slag droplets. Figure &% compares the front view of
a stripped gas-only prototype burmer with a burmer equipped with a center air
atcmizing nozzle and an anonular outer nozzie.

L, Future Work: The preliminary Phase IIT work should be ccmpleted in
December, and Phase II should be started. Construction of egquipment for
Stage 2 tests {Phases IV, V, and Vi} will also be started in Decexber.

D. Data Processing (R. K. Young and D. R. Hauck)

1. Cemmercizl Gasifier Modeling: Gas yield expressions which will be
incorporated into subroutine GASIFY have not yet been satisfactorily revised.
Ihise tesk should be campleted during the next report period.

This computer program has, however, been utilized to generate gasifier
simuiztions by arbitrarily setting various carbton oxide and methane yields
{fixed yield mode). Thirty-six sets of data were generated for each of four
coels: Pittsburgh seam, Elkcl, West Kentucky No. 11, and lignite, These
simlations covered a range of 0 to 25 percent char withdrawal, 0.6 to 1.2
steam/coal ratie, 12 to 25 percent methane yield, and 10 to 25 percent
carbon dioxide yield. These data will be evaluated during the next report
period. Methane yield and carbon oxides yield information for each of the
four cosals will be presented in a series ¢f grarhs.

2. Avtcmated Data Acquisition: Delivery of the FDFB/E computer and
peripherals is expected in late December, 1571, or early January, 197:2.

As indicated in Progress Report No. 2 (p. 1L5), two weeks of formal

schooling at Digitel Equipment Corporation's home office were campleted during
this report period.

3. ture Work: Flans for the next report peried include:

&. Generation of gasification yield expressicns to be incorporated
in subroutine GASTFY.

b. Generation of gasifier simmlation runs as recuested.

c. Evaluation of the 36 sets of data for four coals and rresentation
of methene and carbon oxides yield information.

d. Contimuing familierizatiom with operation of the FDFS/E computer
and periphersls.

E. Ergineering Design and Eveluation

1. BI-GAS Process: The commercial gasifier computer program fsub-routine
GASIFY) was used to generate data on four different coals: Pittsburgh seam,
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Figure 63. Exploded View of Swivel Mounting for
Gas ond Qil Injection Burner

8016A-P3
Figure 64. Front View of Model Test Burners
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Elkol, West Kentucky No. 1l, and lignite. Yields of carbon oxides and methane
were set at varicus levels. As indicated in section D of this report, the
results will be presented iz the monthly progress report for December, 1971.

At the request of the Foster Wheeler Corporation, subroutine GASIFY was
utilized to generate several sets of data for a char derived from a Pittsburgh
geam coal in West Virginia. Toe objective of this werk was to delineate
operating conditions for maximum production of hydrogen with minimum methane
yield.

2. OCR/BCR Gasification--Power Generation: Discussionz continue with
industry on this application of the two-stage gzsifier. The QCR report
(R & D Report Ne. 20, Supplement No. 1) on the economics of a retrofit system
for an existing utility plant has stimulated considersble discussion concerning
the practicality of such an application for the air-blown, two-stage gasifier.
Use of the gasifier for combined-cycle power generation appears to be of
greater potential.

3. Fischer-Tropsch System: No further development occurred in this
area this month.

F. Multipurpose Research Pilot Plant Facility (MFRF)

Every assistance is being given to Keppers to ensure that design
engineering for the research facility by Koppers Company, Inc., is completed
by the end of November, 1971l. Progress achieved in preparation of the
engineering bid package for the 5 ton/br oxygen-blown system (BI-GAS Process)
and the MPRF genersl facilities is giver im Koppers Progress Report. (See
Apperdix B.) Koppers plams to submit the first draft of the report Deceumber 3,
1971.

The process pilot plant model (1/L inch = 1 foot) under construction by
Visual Industrial Produets, Indiancla, Permsylvania, is about 90 percent
complete, It is estimated that the process pilot plant model will be
caxpleted on or ebout December 17, 197}. A photograph of the process model
taken by BCR during the construction stage will be submitted to OCR. Only a
preliminary laycut of the overall site model (1 inch = 20 feet) is in progress
and this is scheduled for campletion by December 31, 1971.

On November 11, 1971, the deed for the land on which the pilot plant
will be built was accepted by the United States governxment.

A list of potential bidders on the MPRF is being developed.

On November 12, 1971, & Task Group on Materials Design Data for Coal
Gasification Process Fquipment met at the Intermational Nickel Company offices
in New York City. The purpose of the meeting was to define task group
objectives and to initimste action to meet these cbjectives. It wus agreed
that the objectives of the task group would be:
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(1) Define potential material problem areas in the
verious coal gasification processes as related
to selection and lack of data,

{2) Formulaste and oversee programs directed towards
developing useful engineering data as defined
by (1) above.

(3} "o formulate these programs, & working group,
consisting of Frank C. Schora, Jr., R. A. Glenn,
and C. Schulz, was appoirted teo provide a written
report by the end of the year defining zreas
for programs,

4 meeting of the work group is scheduled for Decerber 9, 1571, in
Pittsburgh, Fz., zand the next meeting of the tmsk group is set for
January le, 1972, in Pittsburgh, Fa,

G.  Literature Search (V. E. Gleascn)

Annotated literature references completed during the morth are listed
in Appendix C.

H. Cther

1. Prime Contract Matters: There were no new developments during this
report periocd.

2. Outside Engineering and Services: In additior to working or the bid
package for the MFRF, Koppers continues to provide engineering assistance as
required and as reported above.

Copies of a proposed Amendment No. 7 to Subcontract No, 2 signed by
Koppers were submitted to OCR for approval on October 20, 1971.

3. DBrighem Young University: The project entitled "Study of High Rate,
High Temperature Pyrolysis of Coal" with joini funding by Brighsnm Young
University and BCR is pow in its eighth menth, TFigure 65, Monthly Progress
Chart, Expenditures, shows the current budget status. The letter report of
progress by BYU is as follows:

During Hovember, two tests were completed in the reactor using 2 mixture
of coal and fly ash. These tests were made to determine the suitability ef
using a rather inert solid diluent to prevent caking in the reactor when tke
unit was operated at low pressure and,/or high coal-to-coambustion gas ratios.
The fly ash was cbtasired froem the Uriversity Cenotral Heating FPiant, the same
source as for the coal. With a mixture containing 50 percent fly ash, con-
tinuous operation was obtained with a solids (coal and fly ash) to oxygen
feed ratio of 2.4, During previocus operation with cral only, the reactor
plugeed after adout two minutes operation.
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Some Qifficulty has been encountered with the present reactor. Shorting
of the electrical conpections to the heater has occcurred on three occasions
due to carbon buildup. This difficulty should be eliminated in the 3/4-inch
reactor because of better sezling of the view and sampling ports. The
fabrication of the new parts for the 3/k-inch reactor is essentially complete.

The quench and char collection is being redesigned such that sampling
of the reactor effluent stresm can be made during the ccurse of a test, A
three-way valve will be installed in the effluert line to permit diversion
of the flow long emough to fill a small sample container. This procedure
will eliminate the time-consuming operation that has been employed in the
past. GQuenching and scrubbing of the gas at one point using fresh water rather
then using separate quench and scrubbing sprays of recycled water will also
be employed. A spray mozzle, gas filters, and containers for this purpose
have been ordered. '

The Chemical Engineering Department has decided to purchase a new gas
chramatograph for use on botkh this project and air pollution research. Funds
for this purchase will be provided entirely by the University. An order has
been placed for a Model M-150-G Chramatograph manufactured by Tracor
Corperation; delivery is expected by January 15. This equipment will greatly
reduce the ges enalysis time and will alsc improve the accuracy of this part
of the work.

During Decerber, the E/h—inch reactor will be assembled along with
fabrication and asserbly of the new guench system. Check-out tests of this
equipment glso will be made.

L. Reports and Papers: As reported last month, the revised manuscript
of the paper entitled "Gasifiecation of Lignite by the BCR dwo-stage Super-
pressure Process," by R. J. Grace, R. A, Glenn, ard R. L. Zahradrik, was
returned to INDUSTRIAL & ENGIIEERING CHEMISTRY quarteriies. Zarly publication
iz expected.

5. DTPatent Matters: As reported in Progress Report No. &L, December,
1370, all worthwhile ideas are being written up as inverntion disclosures for
submisslon to OCR for consideration.

e. OCR-865 and OCR-1078: A U.S. patent application based on the
new process concept (E. E. Denath, December 11, 1970} has now been filed and
given Serisl Mumber 182,652, The sppiication, entitled "Gasification cf
Carbonacecus Solids,” contains nime c¢laims. The avproupriaste document assign-
ing rights to the U.S. Govermment has been prepared.

b. New Invention Disclosures: Formal Invention Disclosures (Form
DI 1217) for six individual BCR suggestions were submitted to OCR on May 7,
1971. These were listed in Progress Report No. 1.

Inssmuch 8s 90 days have elapsed since the submission of these
invention diselosures, in accordance with the patent clanse under Contract
14-01-0001-32%, BCR is Troceeding, as reported last month, to develop patent
applications for filing in the U.S., first obtaining the approval of the
Solicitor's office.
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I. Visitors During November 13G71L

Noverber 2, 1971

Mr. Raymond Dorsey
Koppers Company, Inc.
Koppers Bullding
Pilttsburgh, Pa. 15219

Neverber 10, 1971

Mr. D. M. Mitssk

Mr., A, Kroeber
Koppers Company, Ine.
Koppers Building
Pittsburgh, Pa. 15212

Noverber 11, 1971

Mr. D. M. Mitssk
Koppers Company, Ire.
Koppers Building
Pittsburgh, Za. 15219

November 17, 1971

Mr. Rudelph Bins
Koppers Ccmpany, Inc.
Koppers Building
Pittsbturgh, Pa.

Hoverber 18, 1971

Mr. D. B, Meleom

Dr. M. C. Cheng
Dravo Corporation
Beville Islend
Pittsburgh, Pa.

15219

Noverber 19, 1971

Mr, Gene 7. Hilton

Mr. F. G. Palcanis

Mr. Frank S. Chelmers
Arthur G. McHKee & Company
526 Penn Avenue
Pittsburgh, Pa. 15222

Mr. A. Kroeber

Mr. D. M. Mitsak
Koppers Ccmpany, Inc.
Xoppers Bullding
ittsburgh, Pa. 15215

November 22, 1971

Mr. A. Kroeber

Mr. D. M. Mitsak
Kcppers Compeny, Inc.
Koppers Bullding
Pittsburgh, Pa. 15219

November 23, 1971

Mr. Puul Towson, Engineer

Mr. Jack E. Ryan
Office of Coal Resesrch
U.5. Department of the Interior
Washington, D. C. 20240

Jae Trips, Visits, end Meetings During November

Noverber 12, 1971

Meeting of Tesk Group

R. &. Glenn

on Materials Dete for
Coal Gasjification Eguipment

X. Recuests for Informstion

Heinorich Kcppers GmbH
P.0.B. 8

43 Essen 1

GERMANY

New York, N. Y.

Steuffer Chemical Co.
New York, New Tork

Michigen Wisconsin Pipeline Co.

Detroit, Michlgan
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Mr. Ike Heitlinger
Koot Hill Apartments
Blackwood, New Jersey 08012

Mr. Erwin J. Unger

Ecoromic Planning Depertment

Coluzbie Gas System Service Corporation
20 Meontehanin Road

Wilmington, Delaware 19807

IZT. WORK PLANNED ¥OR DEC=MBER, 1271

The work planned for December will besically be & centinuation of the
on-going program which has been underway for the past few months.

The final summary report on the coal coxpositicr and beneficiation studies
has been edited and will be completed this moopth.

The review of the bid package from Koppers for the fluidized~bed gasifi-
c¢ation PEDU will continue. A list of usable instrumertation and equipment
from the Stage 2 PEDU will be compiled with the jidea of using es many of these
items &s possib.e irn the new PEDU installation. Reactiviity studies of the
Cernsol char will continue, and s suzmary report of the procedure and develop-
ment of the reactivity ecustlons will be drafted.

Tests will continue in the bench-scale methanator to evaluate suitable
catalysts. Zmphasis will be placed on non-nickel catelysts as g result of
previous experience. Evaluation and review of the bld package from Xoppers

Tfor the methanation FEDU is planned, as well as ccrntinued work on the model
studies,

The test work on the Stage 2 PEDU (100 1b/hr) was officially termineted
on September 30, 1971l. Data are being compiled in prepersticn for writing a
final summary report to cover work complete. since September £0, 197C. A
schedule is being developed for the dismantling of the Stage 2 PEDU equipment.

Tests in Phases II and III of the cold flow model studies for the 5 tor/br
twe-stage gasifier will begin. Construction of equirmert for Phases IV, V,
and VI (Stage = tests) is also planned.

Gas yield expressions will be revised and incorpcrated into subroutine
GASIFY in order to obtain simlation runs for Pittsburgh seam, Elkol, and
lignite comls. Operation of the PDPE/E cerputer will continue to be studied.
Dats from sirulation runs will be evaluvated.

A Irips and Meetings Planned

Decerber 6, 1971 Office of Coal Research R. A. 2lern
Washington, . C.
Decerber 9, 1971 Meeting of Materials Design R. A. Glenn
Task Group J. P, Tesscney

Consolidetion Coml Co.
Library, P=.

v



B. Visitors Expected

None

C. Pavers to be Presented

Ncne

RAG:v
8006

208.




MANHOURS

1971 . 1972

Sept O«ct Nov Dec Jan vreb Mar Apr Moy June July Aug Sept Oct n

J |
153 ‘
- _::: [ 7
i = 3. e - { )
— o e s — --‘l—'-';‘-—_:
T .




Appendix A-l 202,

pt Cct Nov Dec

72

[-3-]

60

54

48

42

30

24

r 18
"‘IF-H—----- 2

o

<

MANHOURS
IN HUNDREDS

MONTHLY PROGRESS CHART
PART 1 MANHOURS

Bituminous Coai Research, Inc.
350 Hochberg Road Monroeville, Pa.

OFEIC

t OF COAL RESEARCH
DEPARTMENT OF THE INTERIOR

CONTRACT NO. 14-32-0001-1207

smmm Predicted Professional and
Nen-professional

= m Predicted Professional

D Actual Non-professional

KX Actual Professiona!




— P Nopmmerr pn—_—

1971 1972 __.
Sopt ©Oct Nov Dec | Jan Feb Mar Apr May June July Aug Sept:
i | [ J\i I i A 1 1 _r\lf ] Lo~
i
m“
]
i s il
|
NN — x
- 1
o e et i
MONTHLY EXPENDITURES (Al Costs, in Doilan
Sept Oct Nov Dec Jan Feb Mar Apr M_
Monroeville Predicted [129,001 129,001 129,501 [ 120,991 [ 323,486 | 382,228] 558,45k | 105,058 | 86,2
Actyal 63,610 | 121,696 | 146,834 -
dicted €
Homer City Predicte 154,000 f5"'*‘§\
Azrval ) ‘
Total vredicted [ 129,991 | 129,901 | 129,99z | 129,991 | 323,486 | 382,228 | 558,45k | 250,088 | 301,¢
Actual 63,610 | 121,606 | 1L6,83%




speandix A-2

- o CUMULATIVE EXPENDITURES
C ~av Gec 25.000
e - - : .
—- ~— MONTHLY PROGRESS CHART
kl““—']““ PART 2 EXPENDITURES
6400 Bituminous Coal Research, Inc.
! 600C 350 Hochberg Rocod Monroeville, Pa.
] [ —
5600 OFFICE OF COAL RESEARCH
DEPARTMENT OF THE INTERIOR
5200
m—t CONTRACT NO. 14-32-00601-1207
4800
. 4400
.
4000 Expenditures,Cumulative
_:_:_ 3600 % Actual, Monroeville
3200 E Actual, Homer City
2800
m—— Predicted Expenditures, Cumvlative
Ep—— 2400
2000 e Total, Monroeville
ond Homer City
‘609 amome= Monroeville
! 1200
300
400 G
- DOLLARS IN
l o THOUSAMNDS
wotlars)
May June July Aug Sept Oct Nov Dec
B6,238 | 86.240 | 65,813 | 65,813 | 7h, 746 | 62,273 | 62,273 | 62,275
25,600 | 280,400 | 4hk,300 | Lbk,300 | Lk, koo | 760,500 | 760,60C | 750,800
= 3]366,660 | 510,113 510,113 519,146 | 822,873 | 822,873 | 823,075
|

210.




« s b e ap s s e

APPENDIX B
B-211.

PROGRESS REPORT #28
BITUMINOUS COAL RESEARCH, INC.
COAL GASIFICATION
NOVEMBER 1971

KOPPERS CONTRACT 2415

1. STATUS OF CONTRACT

A, PILOT PLANT ENGINEERING BID PACKAGE

(1)

(2)

(3)

(4)

(3}

On November 4, 1971, Koppers submitted to BCR (by letter
C-203) for their review and appropriate action a memorandum
prepared by Mr. J. M. Bilalosky of Koppers Metallurgical
Laboratory in which he suggested further in-depth studies on
materials of construction required for certain problem areas
in the coal gasification process. TN

The proposed contents of the Bid Package were submitted to
BCR for their review and approval on November 9, 1971
{letter C-212).

Information received from Ralph M. Parsons Company in their
letter dated November 5, 1971 concerning the sulfur recovery
plant (Claus} and the secondary clean-up Beavon sulfur
removal plant was transmitted to BCR by Koppers letter C-231
dated Novernber 1o, 1971,

On November 18, 1971 (letter C-239) Koppers requested BCR's
permission to release applicable drawings and specifications of
the pilot plant Bid Package to responsible suppliers to obtain
the necessary guotes or cost data required for the preparation
of definitive cost estimates.

On November 17 and 18, 1971, Mr. C. W. Fisher of Koppers
Monroeville Research Center met with OCR and BCR represen-
tatives to review and revise certain aspects of the pilot plant
effluent treatment plant. Following this meeting Koppers
transmitted to BCR additionzl data on November 23, 1971

-1 -
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B-212.

{letter C-249} to be incorporated by BCR in the final Environ-
mental Statement. This information was requested by BCR in
their letter dated November 5, 1971 and by Mr. Howard Smith
of OCR during a meeting at BCR held on November 11, 19271.
For details see Conference Report #202 transmitted by Koppers
letter C-252 dated November 24, 1971,

{5) By letter C-253 dated November 29, 1971, Koppers questicned
the customer's decision to defer the work on the soils investiga-
tion. Delaying this work is inconsistent with general practice
in the engineering and construction field, and will result in
further delay of start of construction anc increase in the cost of
the pilot plant.

B. ENGINEERING ASSISTANCE AND RECOMMENDATICONS FOR PEDU

PROGRAM

(1) Koppers submitted to BCR detailed estimate sheets for con-
struction cost of Methanation and Char Gasification PEDU's,
Sumrmnary of cost estimates was attached to Conference Report
£200, identified as Encls. (1)} and (2) and transmitted to BCR
in Koppers letter C-209 dated November 8, 1971.

{2) Koppers was requested by BCR to review cost estimates for
both PEDU's and to revise the scope of work with particular
emphasis to the reduction in cost of instrumentation and
piping. The result of this study was reported in Conference
Report #2011, transmitted to BCR by Koppers letter C-222
dated November 15, 1971,

CONTRACT EVALUATION

Four (4} copies of Amendment No. 7 to Amended Subcontract No., 2,
including Appendices I through VIII, signed by Mr, I. D. Rice, Vice
President, Engineering and Construction Division, Koppers Cornpany,
Inc., were transmitted to BCR in our letter C-183 dated October 18, 1571.
Receipt of these copies was acknowledged by BCR in their letter dated
Cctober 18, 1271.



Koppers is completing the Bid Package in accordance with the scope of
work stated in proposed Amendment No, 7 {par. III, A.5 of Appendix I).
Transmittal of the first draft of the Bid Package will be sent 1o BCR for
their approval on December 3, 1971.

J. F. Farnsworth
Project AManager
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APFENDIX C

ADDITIONS TO ABSTRACT FILE, NOVEMEER 1071

Bund, K., Henney. K. A., and Krieb, XK. H., "Comgbined ges/steam-turbine gen-
erstirg plant with bituminous-coel high-pressure gasificetion plant in the
Kellermann power station st ILUnen,” The Eighth World Energy Cenference,

Bucharest, Rumanis, 19¢71. Pasper 2.3-71l. 20 pp. S540.000 621.
w927

The ccmbined gas/stesm turbine generating plent consists of a
gas turbine with a gross capability of 74 Mw, two pressure-
fired steam generating units with an asggregate stesm rate of
340 toms/br without intermediste superheat, and one stesm
turbine with = cepacity of 95 Mw. The two pressure-fired
stear generators are arranged shead of the ges turbine. The
fuel for the gas turbine is produced by Lurgi cosl gasification
at & pressure of 20 atm geuge in a mixture of compressed air
from the compressor of the gas turbine and of stesm. The
generetor is charged with slightly caking lump coal centalning
up to 30% mireral matter. Cost advantages are discussed.
(Authors! synopsis adspted)

"Eccnomics of genersting clean fuel gas from coel using an gir-blewn two-stage
gasifier,” Biturminous Cozl Research, Ine., Final Report - Supplement No. 1 to

U.S. Offize of Coml Research, R & D Report 20 (Avgust 5, 1971). 13 pp.
540.00C OCR - B

Estimates are presected from two engineering studies of the
capital and coperating costs of ar air-blown version of the
gasifier for in-plant generstion of beiler fuel gas. The
studies were not intemded as process cptimizations. Dif-
ferences in cosl feeding, removael and recycle of char,
estimation of necessary labor, end in handling steem and
electric power requirements lead to a significant overall
difference in cost. A medificstion of one of the systems
to lmprove its economies is presented.

"Mamufacture of substitute pipeline gas using the CRG process,” Humphreys
acd Glasgow Limited, London, England, uadated. 4 pp. 5LO.000 71-8

This brochure includes a flow Jisgram and description of the
process which uses Catalytic Rich Gas (CRG) technology of the
British Gas Council. Composition and combusticn cheracteristics

of gases produced fromw naphtha, LPG or metharnol and subjected to
different steps in the process are tabulated. Informstion is also
given on utilities needed for production of substitute pipeline gas.

Ty
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Strom, A. H. and Eddinger, R. T., "COED plarnt for cosl conversion,’ Chem.
Eng. Progr. 67 (3), 75-80 (1971). 540.000 Journal

A new commercial evaluation incorporating modificgtions of pre-
vious eveluations of the COED process is presented. The design
and preliminery cost estimate given in the article are based on
orocessing 25,000 ton/day of dry Colorado Bear coal. Synthetic
crude oil, char, and, with a process modification, producer gas
will be the chief products of the multistage fluidized-bed
pyrolysis of coal.
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