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PROGRLSS REPORT NO. 44
OCR COXTRACT NO. 14-01-0001-115(2)
CONSOL LIGXITE GASIFICATION PRCCESS DEVFLOPMENT

January 1 to 31, 1968

A. Sucmary . A
Phass T - FPeasibility Study

Complete.

Phase Il - Beuch-Scale Experimcats

Studies on operability limitations in the €Oy acueptor ‘proeeﬂ:!
were extended to other sub-bituninous cocls. Colstrip coal frow fontana
was run at the conditions with results suncarized im the table below.

Gasifier Regencrator
Deposit - Deposit
Run and Type ¥t.% of ¥t.% of
#-16 Tewp. Ash Fed Teup. Ash Pcd
—————— AST =2 e, ash
nydmdemhtiuzntio:rglmu 1525 None Xot operated
4a 1600 0.4 1900 Ve:y s‘ught
:qu 1300 Xons 1900 i
D-5 1500 Nonc 1940 3%

It cannot be said that operation ~ith Colstrip is completely
eperable The ssh deposition, hovever, was suall, especially in vive of
the loz fusion point of the ash in the feed.

Pupdamental studies to discern the relandnship be’F\'cun ash deposi-
tion and the ash composition of the fced conl are continuing. .

Electron wicroprobe studies have shosn that the Ca and Mg de:os::cd
from. the cozl ash on the outer shell of the acceptor are present largely

oxidcs.

Phase III- Pilot Plant Design

3 E ts will be completed in
Ensinecring and reviev of final -documen
FPebruary C:talytir-nhas requcsivd an extension of their contract te Narch 1,
1568, and «n im rease in the contract budgct 13 $369,000.

Financial

Estiwated cxpenditures in Junuary were $69,060. Cuveulative
expeuses to date are $1,510,495,

e e i Pt o -
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B. Technicnl Results and Program

X .
1, Operation ‘f the Continuous Gasification Unit (Project So. 532,00)

Alt rations during the month were concerned with Colstrip
sub~bituminous coul,

&, Run 8532-Hi-16, Hydrodcvolatilization of LTC Colstrip Char

To insure a dense char, the Colsirip coal was precarbonized at
925°P in the sace uanner as described last conth for the Bosebud coal, Xo
deposits werce found aficr 425 1b. had beean fed at 1523°F hydrodevolatilixzer.
eonditions. Run conditions and results are shoxn in Table X. The product
char density was high (80,0 1b/ft3).

b. Run 532-p-4, Operations with Colstrip Char st 1909°F Regenerstor
Tempurature

During the first part of this run D-4(a), the gasifier was operated
at 1G00°F tn the abscnce of acceptor to rake a stock of regenerator fuel char.
Run conditions and results ore shown in Table I¥., After 96 1bs. of Run H-16
char had been fed, an iron-rich deposit amounting to 0.4% of the ash fed xas
found on the gasifier walls, in contrast with Run H-15 in which no deposit
formcd at the lower temperature of 1325°,

A peculiar behavior of the Colstrip char was revealed during
Run D~4. During the early part of Rua D-4(a), the Grecnfield acceptor
was circulatcd at 1300°F, On raising the gasificr bed temperature toward
the desircd 1600° level, the scceptor-char interface prode could no lonzer
distinguish between char and acceptor at 1580%F, The acceptor was then

draived from the vessel, and the gyun was continued to produce regenerator
fuel char, * .

In Run D-4(b), the Tymochtee ncceptor x:s used on the presunption
that somc icpurity in the Grecnfield acceptor had czused it to becoce elec—
trically conducting at temperatures above 1580°, Hosever, the same behavior
was observed on heating the gasifier to 1600°F.

Since the purpose of the run vas to determire the behavior of
Colstrip char iu the rcgencrator, no furtler effort xas cade tc use this
material in the gasifier. 1In Run D-4f{c), the spcnt char from Ruan A-25
(Husky II) was used as gasificr fecdstock. After ascertaining that the
interface probe functioned normally at 1600°F with this material, the gasi-
fier tcmperature was reduced to 1500°F for the remainder of the yun,

Comlusiion of the Run D-1(2) char w2; carried out at 1900°F
regenerator temperature for 31 cyeles ‘at xhich tize the acceptor could no
longer be withdrawn from the rejgonerator. After disassembly of the vessel,
the bed was lightly seglomerated. A viry . sltighe deposit acounting to. 0,01
of the ash fed was od the rogencrator wolls. Tihe bed sgglomeration appavencly
was caused by sintering of tre outer shell on the acceptor. Run conditiovns
and results are shoun in Table ITI, e
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c. Run 532-x-2 Production of Regenerator Fuel Char

In this run, the gasificr wvas operated in the absence of acceptor
to produce an additional stock of Colsirip regenerator fuel char. The nn
was similar to Run D-4{a) excepl that the irlet gas partial preasurcs were
changed somcrchat to obtain another gasification kinctics data point. Condi~
tions and results are given in Table Il. A total of 171 lbs. of Run H-16
char was fed.

d. Operattion o” Electrothermal Heating Plato

Duri.g Run K-2, the 17 x 8" heating plate was operated for 27

hours st a gasifier bed temptraturc of 1600°F. The heat flux was 40 satl:/in

the same as the design condition for tle Rapid City pilot plant. The plate,
uade from Type 310 S5, suffered no damage whatever.,

e. Run 532-D-3, Opcratjons with Colstrip Char
at 1940°F Regencrator Temper:ture

Since the Colstrip char gave only a vory slight deposit at 1900°F,
this run was made at 1940° to d:termine the cffect of tomperature on ash
deposition. The gasificr was operated at exactly the same conditions as in
Run D-4(c). : >

—

Combustion <2 the Run K~2 char was earricd out at-1940* regenera- -

tor temperature for X cycles, at which tice the acceptor overflow weir
plugged. The regenerator walls and intemals sere coated with a thin,
uniform ash deposit amounting to 3.0% of the ash fed., Tho acceptor bed was
not agglomerated, in contrast with Run D-4(c) at the lower tewporature of
1900°. The weir was plugged by flakes of the deposit which had sloughed
off the vessel walls. Run conditions and results arc given in Table 11X,

The acceptor activities wore the same as {n Run D-4(c), showing
that increasing the regencrator temperature to 1940° has no adverse effect.
The activities were socewhat lower than at 1870%°, however. The comparison
is shown below, ’

Gnsuier Conditions: Husky II Char at 1500°P
Acceptor: Tymochtce Dolomite

Run . D-4(c) D-3 . A-21
Regen, Teu:p. , °P 1900 1940 1870
Cycle Activity
~

s . .80 .80 . .90

10 .68 .68 .82

20 T .58 .55 .65

30 T .45 45 .55

10 - a9 .49

L Y ey e . L e . e e et e
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£, Program . R

All Oxporiuntnl work will be devoted to solving the regererator
lvh deposit problem. The program is outlined in R°-11678, Projcct Xo. 532,

3. Batch Kinetic Studies (Proicct No,. 530,00)

&, Propertics of Char Fcedstocks and Products

Annlxtical data on 21} the rax coals and gasifier and regenerator
l’nd:toclu and products used to date are being coapiled and will be presented
wext wmonth.

6. Ash Studies

To aid in the understiandinrz of the vechaniso of ash deposition,
two techniques have been applied to the raw, dried cozl feedstocks., In
the first, pristine ash from three sauples of Glenharold lignite were obtained
by low-temperature ashing (LTA) 2nd various inspectionx were perforred on
the recovcred ash, In the LTA process, the cozl sacples are oxidized by
atomic oxygen at a tenperature not exceeding 300°P. Literature references

.show that nonc of the cotinon ash conponents are altered chemically or

physically at LTA conditions, with the exception of partial or complete
dehydration of gypsum (CaS04.2 H20). Results of the inspections made so
far arc slown in Tsable IV, : :

In tho sceond technique, the dried, sized, raw Glca!nrold and
loselmd coals, as fed to the continuous unit, were Separated into specific
gravity fractions by float-sink. Results of the inspections are shown in.
Table V.. Siunilar data for the Colstrip sub~bituminous coal are nearly
eompleic and will be given next month, .-

Interpretation of the data in Tables IV and ¥ will be deferred
‘umtil they can be coordinatcd with rcsults of X-ray diffraction studjes,
and with results of opcration of the continuous unit n‘enerator in which
the condnxons uu be varied in a s}steutic manner.

c.. Carnegie-ellon Studies

!lcctron bean microprobe studih of the Run A-26 regenerator
deposn skow that the major eleucnts preseat (Ca, 3z, Si, Al, Fe, §) are
distributed more diffusely than was expected from optical icspection. Only
Pe showed any appreciable segregation, There was no evidence that any of
the olcmcnts were concentrated 2s a grain-boundary waterial or ccmenting
sgent, Study of the X-ray microzraphs and line scans is contiouing,

Computerized processing of X-ray diffraction patterns of Husky I,
Husky J¥I and Glemharold char ashes, acceptor shells, and ash deposits has
bogn corpletcd at Penn State. A ‘bewildering zrray of possible conpounds
in these materials confronts us. Interpretstion will be tive consuming,
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*  Run Conditions and Rbsults
After a rapid study of the results, the most significant finding R Yo . . . . . Coee e
is that the Ca and Yg (which chemically are thce major components of the - .- . L : o S3R-B18
scceptor shalls and regenerator ash doposits) are present mainly as oxides.* 8 . * . .
There is very little evidence that the Xy and Ca sre combined with silica, ystom Pressure, atm 20
qt-lna, or iron. o ’ B : .
\ Tewp., °F . ) : B 1523
Phase III - Pilot Plaut Engincering (Project No, 533.30) ' :
FPeedstock . . . LIC Colstrip Subbituminous Char
The engineering work at Catalytic Constsuction was 95 complete ' . °
as of January 31, 1968, The only remaining work included 33 piping drawings Feed Ratc, 1b/hr . R 7.68
and 12 structural drawings. As of January 31, expenditures were $359,000, g y . *
Final cost 1s estimated to be $369,000. An extension of contract tiwe to Inlct Gas (Bottom of ped) . R
March 1, 1968 is requested by Catalytic to permit rcview and approval of team, - SCTH . . . 20.5
final draxings. : Recycle, .
: Pluidizing Gas . . . 197.4
A meeting to carry out said review is scheduled for early February Added - M2, scsn . 17.3
st the Catalytic offices. : k2, . ) . s.4
. Composition, Partial Pressure, stm
Catalytic has provided a preliminary estimate of 8.8 IO $ as the Hz0 ; . . .38
cost of completing the installation of the pilot planmt. g - 7.59
¢ 4 . . 1.98
C. Subject Inventions o : ’ o . 2.0
. cop i : » o.97
- w2 - : : 2.00
Noune. — Outlct Gas (Top of Bed) . A -
D. Financial Status B Composition, partial Pressurc, stm - — T . -
- . E0. S B X
Expenses Actual Budget B2 T LT ) R X T
. R -7 - R Lo - 2.52 -
Cumulative through December, 1967 $ 1,441,495 $ 1,415,000 - B - co - T .- ' 2.68
Expended in Period 69,000 40,000 } - 002 - : - - 1.
2 1.76
Cumulative through January, 1968 $ 1,510, 495 $ 1,455, 000 Dry Exit Gos, SCFH . I "7
v - K2 Purges, . 5.8
* - Condensate, " . s1.8
Recycle Gas Composition, mole & °
Hz . 48.98
ayy . 15.08
. o o - 16.02
*In some cascs, in counformity with the conditions in the continuous oz . 7.4 -
gasification unit, some of the calcium is present as CaS. ] R 12.30
' Avg Flutdizing Velocity, ft/sec - ’ . 190
~ ; Avg Vapor Rctention Tine, scc - - ' 16.5

Yields
Char, ¥t % UF Feed .
Carbon Bcaring Gases, 1b c/100 1b UF Feed

o .. . o

Att. - lonthly Progress Chart Wy . . .
2/14/68 Char Particle Density, Jov/eed i . ’

. I P e e
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TABLE Ii

TABLE 111
Gasifier Run Conditions and Resclts - .
Regenerator Run Conditions and Results
Run No. 532-p-4(a) 532-K-2
. : . . R %
System Pressurc, atm 20 20 Run No, : 332-D-4(<c) 532-L-5
T Kl a4
! .
Gasifier, Tomp., °F | 1600 1600 Duration, Cycles X 3 . o . .
: nL - Houry 2.3 ) 25.8
Char Bydrodcvolatilized LTC Colstrip -
Char Peed Rate, lb/hr 4.00 4.20 Acceptor Tymochtee-3 °  Tymochtee S
Dolomite Dolomite
Inlet Gas (Bottom of Bed) : .
Steam, SCFH 122.4 162.9 Accoptor Circulation Rate, 1b/hr (raw basis) 10.16 10.30
Recycle, .
Fluidizing Gas 291.7 283.5 System Pressure, atm : 20 20
Char Carrier Gas (Middle of Bed)* 55.6 61.0 i .
Added Mg, SCHII ©14.7 21.0 Regencrator .
cog, " 5.2 [ Temperature, °F * 1900 ° 1940
Nz, " 2.0 ’ 2.0 Puel Char .

Colstrip Subbituminous Char .
20% Burnoft (Run D-4) 30% Burnoff (Run K-2)

Composition, Partial Pressurc, atm Pucl Char Fed, 1b - 18.1 . 3.5
0 5.61 6.94 Fuel Char Peed Rate, 1b/hr 0,85 . o.91
Az 6.87 7.84 Atoms C burned/mole 3g0-Ca : .915 967
cHq 0.74 0.8s . : ;
‘co 2.83 2.55 Inlet Gas » z ’ "
02 1.52 1.07 Recycle, SCFH o 239 © . ase
N3 2.43 0.75 Added X2, *~ . ) I T o -
oz, ~ IR SR ,.{,-lr— M
Outlet Gas (Top of Bed) Alr 94 - - e o -
Compogition, Part.al Pressure, atm - - . =TT o
H20 3.67 4.11 Recycle Gas Composition, Mole ' - ST - e
Hy 7.81 9.20 N2 : - Balance -  Balance
CH4 0.93 1.12 0y ] e . Mamee
co 3.56 4.08 02 . © e o
02 1.61 , . a1 c© 0.5 -~ 0.7 : 0.5 - 0.7
Ny 2.4 : 0.78 . : . - ‘.
Dry Exit Gas, SCF¥iI 81.3 8.9 Alr in Inlet Gas, Mole % - ) 24.2 34,0
N2 Purges, " 14.0 3.5 ) : .o .
Condensatc, " 95.5 113.9 COz Partial Pressure, atm . 4.00 4.00
Bquilibriuwm CO2 Partial Pressure, atm 3.90 ’ .60
Recycle Gas Composition, mole %, 4P Driving Porce, atm 1.%0 3.0
g 46.30 : - 57.47 Pluidizing Velocity, ft/scc 1.11 : 1.15
iy 5.51 7.00 _ .
co . 21.12 21.10 Acceptor Activity : .66 : 55
coz 9.57 8.83 : : :
Mg 17,5, i 5.6 ~ :
Avg Fluidizing Velacity, ft/sec .293 . .313
Stcom Conversion, % ’ 22.0 . 30.1

*Contributes to outlet gas only, f

~a
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TARLE IV orr
) Properties of Low-Tompoerature Ashed Bampies
Source; Dlonhnrt"n'd Lignite Cores
Core No. ’ M807 Top Me08 180 Top
Ash Fusion, °p(1) Start First Totally Start ¥irs® Totally start First Tolaily
’ Contraction Liquid Melted Contraction Liquid Melted gontncqg Liquid Molted
Hy 1400 2070  2120(3) 1650 2260 - 1680 aou0  3260¢3)
No 1480 2100 2140 16%0 2350 2300 1960 2050 2210(3)
€0y 1540 2010 2080 20¢0 2160  3180(3) 1830 3010 2170
Components Prosent,
by X-Ray Diffraction Major Minor Major Minor Major Minor
Cas04 Y=CasS0y4 CaS04 Y=-Casoq Y-Casog Ca80,
«-8109 kaolinite a-5103 kaolinite a-810; kaolinite
illite
Ash Couwposition, Wt, %
Alp03 13.7 10.4 9.3
8104 43,6 17.4 84,4
Feu0y 6.9 , 15,0 4.8
Ca0 18.8 34.8 13.8
Mo 5.4 7.1 3.8
Na,0 7.3 13.2 3.6
K20 1.8 0,78 0.74
T10, 2.1 1.8 0.6
P40y 0.04 0.00 0.08
(Uygauured in hot wire wicroacope, purgod with gas as listed, (z)cu evolution,
kuol fnite Algsigos(at) g, {A1203.2 8103.8 Had
: illite FaAlz(A1853010) (0)3, [Nag0,3 Az03.8 8103.3 Had
Z-Cnsoﬂ Calcium sulfate derived from the dehydration of gypsum, Ca8O4q.3 NgO.
Progross Report No. 44 - - ™y -
3/14/68 ’ s : .
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. TABLE V
Inspections on Float-Sink Practions
< Glenharolda{1) > < Rosebud(?)
Specific Gravity 1.25 x _ 1.50 x 1,50 x
1,36 1,36 x 1,50 1.70 >1.7 1,25 x 1,36 1,36 x 1.30 1,70
S3zo, Tyler Mesh ~28 28x35 35x48 48x35 65x100 ~-100 -28 ~-38 28x35 35x48 ~48 28x48 ~48 ~38
% Ash, Dry Basis 6.79 5.7 5,89 6,03 6,17 6.67 11.49 36.78 2.55 2.57 2.48 4,30 4.77 34.00
41,03 10.4 1.0 10.4 9.6 10,0 - 6.7 12,0 2.9 24.3 24.0 24.3 26.8 26,4 20.4
§10; 258.1 15.8 18,1 16,2 16.4 7.5 3.8 37.7 16,3 14.7 13.8 36.2 34.6 45,3
Poy03 10.3 7.8 7.4 7.3 7.3 8.4 9.4 41.7 5.4 5.7 6.2 1.3 8.3 1.0
Ca 31,8 4.3 43,0 42.7 40,7 39.8 24,6 3.9 34,6 38,1 33.9 19.5 80,2 4.0
A e] 6.8 8.8 2.3 2.3 . 8,9 9.9 6.1 1.3 10,7  11.1 10.4 8.1 6,3 1.8
Na20 7.2 12.1 1.8 13.3 11,9 10.8 7.1 0.78 0.72 0,61 0,27 1,2 1.3 0.40
K20 1.3 1.7 1.5 1.8 1.2 1.0 1.3 1.3 0,20 0,17 0,23 0.63 0,01 0,15
10y 0.06 0,49 0,45 0,46 0,53 0,48 0,47 0.18 3.2 2.3 8.7 2,1 3.2 1.1
Pyos. 0.74 0,32 0.26 0,35 0,36 0.12 0,32 0,50 0,45 0,66 0.690 0.2 0.41 0.33
Wi, % of Gravity
Praction 100 [} 38 28 15 10 100 100 % 31 44 -] 4“ 100
Weight % of Total Coal
1) ()
1,38 x 1,36 3 74
1.36 x 1,580 88 a3
1.5 x 1,70 5 ]
>1,7 4 Q
Prosress Report No, 44
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@ Includes Supervisory Exempt Technicians.
&@& Includes Clerical

.expenses to date are $1,546,513.

MONTHLY PROGRESS CHART

OFFICE OF COAL RESEARCH
DEPARTMENT OF THE INTERIOR

CONSOLIDATION COAL CO.

RESEARCH DIVISION LIBRARY, PA.

: CONTRACT No. 14-01-0001-415

PROGRESS REPORT X0. 45
OCR CONTRACT XO. 14-01-0001-415(2)
’ Q05508 LIGNITE GASIFICATION PROCESS DEVELOVRENT

/ February 1 to 29, l§68
A. Sozmary
Phase I ~ Poasibility Study
' Complete.

Phase II ~ Bench-Scale Expericents

The Carncgie-licllon subcontract on identification of the
fundamentals of ash deposition has been coampleted. A final report is
in preparstiom. .

A sumber of runs were made in the continuous unit to seck
regenerator conditions under which the ash deposition problem could be
alleviated., Lower regencrator tomperaturss, lower carbon burmout,
higher fluidizing velocity, and usc of e¢xcess air were all helpful in
reducing the amount of deposit formed. The low burn-out runs gave the
wost oncouraging result, but cven here the formation of a slight deposit
was obsorved. Additional runs are planncd to further define the factors
influencing ash doeposition in the bench scale of operation.

Phase IIT ~ Pilot Plant Design

Toe Catalytic design work is completed; copies of the design
dravings and documents are in preparation for OCR.

Stmmary information on the Catalytic pilot plant estimate of
$8,800,000 is attached. Preliminary examination by Consol suggests this
figure is at least 107 high. .

PFinancial

Estimated expenditures in Pebruary were $35,000. Cuxulative
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B. Techuical Results and ram
[

1. Operation of the Comtinuous Gasification Unit (Project Xo. 532.00)

8, Regowerator Variable Studies

: During the month, four russ were made to determine the effect of
wvarying the rogencrator conditions on the formatlionm of ash deposits. The
Busky II lignite char was used.as regenerator fuel on the presusption that
1f any of the process changes prove to be successful with this troublesome
wmaterial, then the ash dgposit problcw will have beea solved for the sore
tractable lignite and sub-bituminous chars.

All the -runs shared these common opsrating counditioms:

Systea Pressure 1l st
GCasifier Tempersture 1500°7
Gasifier Feedstock Busky II Char made in Bum 532-C-9
Acceptor . 16 x 28 mesh Tymochtee—8 dolosite
Regeverator Fluidizing

Velocity 1.43 - 1,52 ft/sec.

All shutdowns were voluntary after the desircd ameunt of
fuel had been burned. .

- The acceptor activities all sere essentially the same and were
_npearly identical with those of Run 532-A-21, reported in Septewber, 1967.
© . The results, with respect to formation of regenerator ssh deposits sre
summarized below, Gasifter conditions and results are shows im Tabie I
‘and similar data for the regenerator are shown in Table II.

- sun I 532-D-¢ 532-D-7 532-p-8  332-D-9

Purpose . - Lower Low Carboa Excess Duplicate of
) . Teup. Buracut Ar 532-A-28
Temperature, °F . 1830 <€ 1870 -
Pluidizing Velocity, ft/sec 1.8 T 1,50 1.53 1.50
Offgas Composition, mol % ’ : ‘
) co 0.3-0.6 3.5 ] 0.5-0.8
02 : . ° o W °

Carboh Burnout, % ’ ~90 ‘70 96 -~ 90
Deposit, % of a.\sh Fed . . 2.7 0.8 2.0 8.0

All three process variants were beuneficial im -reduciag the ash
deposits. Sulfur rejection froa the acceptor was cozplete in all iuqs
except D-8 in which & suall buildup of CaS-CaS04 (4.5% of the Ca0) occurred
after 52 cycles. Further discussion of the ieplications of these runs will
be deferrcd until next mouth shen results of further variations imn regencerator

conditions will be available,

T I M NN P s e
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The mext thyee runs will 1 v
rator oy ; ovolve the following changes in

Bun D-10: Incresse rcgenerator tecperature to 1910°F
B-11: Incroase fluidizing velocity to 1.9 ft/sec.
P-12; Add 2% (~200 mesh) scceptor fines to recirculating
atcoptor invontory

2, Batch Kinetie Studies (Project Yo. 530.00)

Yables of anal;tical data have been assewdl the
ed for the eate
1isted below, Because of the large volice of this information, the :;:’
will be isswod in a scparate mexoranduam, ’ *

1. regemorator fuel chars
3, gssifier product chars
/ 3. gasifier feedstocks
4. devolatilizer feecdstocks
8. scceptor feedstocks
6. acceptor outer shells
7. wegenerator ash deposits
8. gasifier ash deposits
9. woverbesd ash from rogenerator

Results of vashability studies on the Colstrip sub-bituminous coal have

boen reportod in K-11692, Project Xo. 530.00, The behavior was about the

;a-o‘ -a8 for the Roscbud coal reported last month in that, for a given speci-
S gravity fractiom, properties change only slightly with decreast rtict

size and that wide diffcrences in ash coeposition occur betw th iy °

Sravity fractions. oo the specitie

The Carnegie-Yellon Qubcontnct was com|
final report will be written in Narch. pleted 18 Februiary, and

3. mninc. Patent and Legal Activities (Project Xo. 534.00)

The currcat laboratory reports and mmnda ewed
deterninatioa of Subject Inventions. o revt for

Phase IIT - Pilot Plant ingineering (Project Xo. 533.30)

1. Catalytic Design

The eugineering work at Catalytic C .cstruction
cospleted by March 1, as per the most receat schedule. ;::::{c‘::s
submitted the origimal tracings and ove reproducible copy of the general -
ltlndnfds, process specifications, line tabulatioas, original czleculations
vendor‘s data, estimates, as per contract. Xo further work or charges are. .
anticipated. Copies of the Catalytic work are being prepared for (El
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2. Pilot Plant Estimate
A dotatled estimate of the pilot plant cost was provided by ) S e

Catalytic and is summarized on Tables III A-H.

A preliminary snalysis of this estinate indicates that the tntal
of $8,842,000 is probably 10-13% high, Referring to Table 111-A, Coumsol
projocts the following reductions: .

Ites Aeduction
% $ -

Major Equipmont and Freight [ . ()

Poundations and Supports 29~30 . 40,000
Tastrusentation 10 . 70,000
Buildings 13 . 140, 000
Site Preparation 20 40,000
Field Charges, Temp, Const., & Mise. 30 300,000
Engineering . 33 150,000
Overhead and Fee (at 6% of above) - . 43,000
Total Reduction, ex contingency - § 788,000

Contingency Reduoi.ua
Total $ 884,000 '

The use of 107 contingency seces higb:/ honever, until further
checking can be done, Consol recommends the tigure of 48,000,000 for . 3
budgetery purposcs. This is about twice the estisated cost tocluded tm- < T
the budget eatimate for this project in 1966, . - -
. A comparison of the 1966 estimate snd the Catalytie estimate B
shows the following: | A - . .-

1988 . 1968
_ Comsol Catalytie
) Section 100 E 1,000 720,000

Section 200 1,675,000 . 3,380,000 .
Section 300 278,000 880,000 .
Section 400 90,000 380,000 ,
Section 320 530,000 1,110,000 .
Puildings aod Site Prep. $70, 000 1,530,000 -

$ 3,820,000 $ 8,000,000

In the time intervcl betwxeen the two estimates, the basic process’
concept was not changed and no more than 107 cscalation occurred. Accordingly,
the disparity between the tvo estimates ts primarily attributable to:

1) Recognition of the prevatlirg winter conditions at
Rapid City and provision for basically indoor coastruction
and wore elaborate solids receiving and storage gseilities
(Section 100 and Buildings).

=g
e
oo
A
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2) Provision of added operating flexibility by cooling and

g eompressing gasificr offgases for feed to the devola-
L e tilizer snd by cooling, scrubbing, and recycling
'mm offgases (Sections 200 and 300). .

3) mlm in the earlier estimate to recoznize tke cost
— cosplexity of providing cechanically adequate and
e aquiprwent for the extrerme conditions required for
aseesptor regencratios and recirculation (Section 200).

4) 7The decision to pilot two methanation systems (Sectiom 400)

A wore detailed coxamination of the Catalytic estimate and consider—

ation of pilot plant revisi
o p i peratee. ons to reduce the investment cost will be carried

. €. Subject Inventions

D. Finascisl Status

Bxponses ' . Actual

: Budget
Cumulative through January X
- 1968
Expended in Period $ 1'5;;::3 s 1:4:.:::
— I
—  Cemla :
tive through February, 1968 . $ 1,545,513 $ 1,475,000

- . -

Att. - Tables I, II,
I A-B : .

- Honthl .
3/13/68 y Progress Chart
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Cycle s 2 7 ) "
Acceptor € Tymoctites-6 Dolomitc —— 3y <
Acceptor Circulation Rate ‘ | -] < [ - o 282932
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Gasifier, Tempcraturc, °F . = 1500 > a ] ind 53 - [
- []
Char &————— husky 11 (Run C-9) ~—— > é _ -3
Char Peod Eato, 1b/hr 1.84 1.80 2.23 2.59 2 =§
Inlet Gas (Bottom of Bed) . = 5 .
Stoam, SCPH 118.4 122.0 134.2 133.2 fo4~4
te, - : .
Flutdizing Gas 152.2 157.2 160.5 159.0 l 2 &3 . mowoo
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) 4.25 4.26 4.4¢ 1.46 -
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o0, 1.28 113 1.03 L7 b : °
3
s -2 82 -8 .- yi = glsge = o fa 3 4 23823
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N2 Purges, " 10.1 10.4 12.8 9.0 -
Hg - . - - - - . - :
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- . . .



TAMLE IIX-A

) o TABLE III-B
Summary Estimate for Pilot Plant
) 100 Ares Sunmary
Eajor Equipment '8 3,587,518 $ 162,558 Najor Equipment : $ 308,520 $ 25 40
Preight T/ 18,108 - Preight . 4,020 pig
Foundations and Supports 60,335 81,320 Foundations & Supports 17,240 . 33,885
Power Wiring : T 83,288 123,045 Power Wirtng 5,780 14,140
Process Piping . 683,760 290, 580 Process Piping incl. Insul, & Steas Tr. 6,375 3,825
Instrumentation ‘ ; 887,550 169,915 Instrumentation _ 81,150 24,750
PBuildings 627,513 302,815 "
Site Work 148,400 49,350 $ 424,085 $ 104,89
Total $ 4,743,525 $ 1,179,580 TABLE II1-C
200 Area Susmary
Supplies and Tools 58,4% -
Tewporary Comstruction 7,750 4,750 Kajor Equipwent $1,33,790 3 s
Welder Qualif, = 35,000 Freight i 5,875 -
Misc. Directs &4, 300 184,100 Foundstions & Supports M40 . 473
Winter ¥Work ) 17, 000 31,000 Pover Wiring 25,965 28,390
. Process Piping incl. Insul. & Steam Tr. 420,975 1.'3@5
Total Direct $ 4,991,223 $ 1,487,400 Instrusentation 338,630 ma',no
) $ 2,167,338 $ 341,880
Direct M + L $ 6,398,638 .
Iasurance and Taxes 37,0238 TARE III-D '
Payroll Burden : 183, ©30
Pield Supervision, Tools, etc. 340, 000 ‘300 Area Summary
Fugineering and Accounting 424, 000
Overhead and Fee 454,890 "-’;"”f"‘::"”"- $ @400 $ 26,935
380 -
Total Cost $ 8,038,000 Foundations & Supports 5,460 . 4,700
Contingency 804, 000 Power Wiring 3,310 : 1,415
———t P Process Piping incl, Insul, & Steam Tr. 73,950 24,700
$ 8,842,000 Instrumentation . 61,575 18,740

$ 368,750 3§ gs,m0

F VRO P VU [




TARE I1I-E

400 Area Summary

Material Labor
o35 Buipmert ) s 1,918 $ ‘1,6i0

Preight 32,250 -
Foumdations & Supports 5,340 ‘8,470
Power ¥Wiring 4,605 10,470
Process Piping incl. Insul, & Steam Tr. - 8,920 5,238
Inatrumsatati cn 60,345 18,370
$ 229,375 $ 51,155

TARE 11I-F
500 Area Suemary

Najor Equipment $ 342,355 $ 33,508

. Preight : 2,870 -
Poundations & Supports 17,825 32,708
Power Wiring 43,595 38,6830
Process Piping incl. Insul. & Steam Tr. 153, 540 110, 493
Instrumeatation 17,850 3,578
$ 818,035 $ 243,000

TARE III-G

Buildings Summary
Material Labor
Aduinistration
Arehitectural $ 103,925 $ 49,860’
Neating & Ventilation . 22,895 7,805
Lighting & Power Wiring 38,130 42,303
Plumbing & Service Pipe 10,795 7,690
Sprinklers 3, 500 -
Total $ 179,245 $ 107,660
Process Structure
Architectural 361,718 182,225
Mesating & Ventilation 14,288 4,410
Lighting & ¥iring (incl. Adsin, Bidg.) - -
Nousing & Service Pipe 8,200 35,695
Sprinklers 2, 400 -
Total » $ 396,600 $ 172,330
Unloading Bldg.
Architectural 29,610 8, 885
Total $ 29,810 $ 8,885
Naterial Handling Bldg.
Architectural 24,915 11, 540
Total . $ 24,915 $ 11,540
Misc. Service Buildings 7,145 2,400
Total $ 7,145 E 3 2, 400
Total Buildings o $ 627,515 $ 302,815
. foo e S P ey
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- A.__Summary

Phase I - Feasibility Study
Complete.

Phase I1 - Bench-Scale Experiments

The program to determine the mechanism of forvation of ash
deposits in the regencrator and to develop operating techniques for
owrcoming the problew has continued.

It 18 clear from work carried out to date that the formation
of a low-melting transient eutectic involving CaS and CaSOj in the fuel
char ash plays s major role in the formation of the deposits. Twxo
methods of slleviating the problem have been explored. The first method
involves desulfurization of the fuel char prior to its use as regenerator
fuel; the second involves operation of the regenmerator under reducing
conditions (i.e., with CO in the outlet gas).

Phase II1 - Pilot Plant Engineering

The Catalytic design work is being assembled into s collated
"puckage”; & copy will be sent to OCR for approval.

Financial

Bstimated expenditures in March were $90,000. Cuculative

' expenses to date are $1,631,454.
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8. Technical Results and Program

Phase II - Beuch-Scale Research

1. Operation of the Continuous Gasification Unit (Project No. 532)

Beginning with the runs reported this month, the gasifier fcedstock
used in the experimental program for study of regenerator ash deposits will
be Disco char which was produced in Run C-10, Operations will be at 1500°P
and top-o!-gisiticr conditions. Under these circumstances, very 1ittle
carbon will be gasified and the product from one run will be used as feed-
stock to the succeeding run. CO2 will be added to the inlet gas to allow
recarbonation of the acceptor. Gasifier conditions and results are shovn
in Table I. .

a. Run 532-D-10, Regenerator Operation at 1910°F

- To continue the study on the effect of temperature on regenerator
deposits from Husky II fuel char, this run was made at 1910°F. Previous
runs in this series were:

D8 1830°r
D=9 and A-26 1870
A-23 1890

A shutdown after four cycles was caused by a cracked fitting in the acceptor
return line between the regenerator and gasifier. The regenerator was
examined at this point and a deposit amounting to 5,0 of the ash fed was
removed. The deposit was distributed uniformly over the vessel walls and
internals. After repairs were made, the run was resumed and continued
until the 24th cycle when the regenerator bed agglomerated. Inspection

of the vessel showed that there was no deposit on the walls or internals,
The acceptor was coated with 2 heavy shell which had caused the agglomera-
tion of the acceptor inventory. )

The shell was attrited from the acceptor and amounted to 11 wt.%
of the total acceptor, which corresponds to 350 of the ssh fed to the
regenerator. By ash balance, based on the overhead ash from the regenera-
tor, the deposit on the acceptor was 37% of the ash fed.

b. Run 532-D-11, Regenerator Operation at a Greater Fluidiging Velocity

In this run, the regemerator fluidizing gas velocity was increased
from 1.5 to 1.94 ft/sec, which gave about twice the bed expansion normally
uszJ. The combustion air rate and exit gas composition were kept the same
as in Run D-9, However, the more highly expanded acceptor bed was less
pretentive of the feed char particles, and the carbon burnout drosped to
€9% compared with 0% in Run D-9. The run wag terminated after 24 cycles

Lignite Gasification
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when the regencrator recycle gas coumpressor failed. Examination of the
regenerator showed a uniform deposit on the vessel =zalls and internals
which amounted to 3.8% of thc ash fed. A thin, soft shell on the acceptor
amounting to an additional 1.8% of the ash fed brougkt the total ash
deposit to 5.6%, compared with 6.0%in Run D-9.

€. Run 332-D-12, Regenerator Operation with JAcceptor Fines Added

This run was made at the same conditions as Run D=9 except that
2% of -200 mesh raw Tymochtee dolomite was added to the circulating accep-
tor iaventory. The fines addition increased the superficial surface area
of the acceptor by a factor of about three. The purpose of the run uas
to deterwine whether the stickyash dcposit would adhere preferentially to
the acceptor fines and thereby be swept from the vessel.

The run ended after only four cycles zhen the acceptor overflow
weir in the regenerator plugged. Examination of the vessel shoned a
uniform, massive, soft deposit which amounted to 18% of the ash fed. The
weir was plugged by chunks of the deposit which had sloughed off the wxalls.

The deposit was mostly acceptor fines which had been cemented
together by the sticky ash. Tasble 11 shoas the regenerator conditions and
results for the three runs described above.

d. Comclusions from the Regenerator Variable Study '
p-CE

When the regenerator is operated with Husky II fuel char at
"seutral” conditions, 1.e., essentially stoichiozetric combustion of the
inlet air to CO2 - the following conclusions are drawn:

1. Massive dcposits form at all temperatures in the range 1830~1910°F.

Increasing temperature increases the severity of the deposit. . .

2. At temperatures of 1870°F and below the deposit forms almost
. exclusively on the vessel walls and inrternals.

3. At temperatures above 1870°F, the deposit teuds to reeain on
the acceptor as an outer shell, until, at 1910°F the deposit
is exclusively on the acceptor. .
4. Increasing the regenerator fluidizing velocity aod bed expamnsion
has almost no effect on deposit forwmation, in the rarge studied.

- '

S. Low burnout of the fuel char carbon (707 vs. 30%) leaves a
carbon skeleton which is ineffective in retaining the sticky
ash which forms. .

6. Acceptor fines contribute to the deposit by being cemented
together by the sticky ash. Run D-10A confirms this conclusion
because a vesscl deposit formed in the earlyr stage of the run
(four cycles) when the fresh acceptor was attriting rapidly as
the sharp edgee of the particle were being rounded off.
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7. The compositions of the recovered deposits are remarkably siwilar,
regardless of the regenerator conditions and the origin of the
fuel char and acceptor. The melting points of the as-recovered
deposits are very high (2> 2800°P). The attrited shells froo the
scceptor and the vessel deposits heve simost identical compositions.

" At mon-"meutrsl” conditions, i.e., vhen either O2 or OO is
present in the exit gas in appreciable amounts, tvo wore con-
clusions way be drawn.

8. Excess Oy diminishes the deposit (2.0% vs. 6.0%) but still gives
& magsive deposit.

9. 7The oaly drastic reduction in the smount of deposit occurred in
Run D-7 in which a deficiency of siy was used to give 3.3% CO
content in the exit gas,

¢. Proposed lechanism of Ash Deposition

A wmechanisa which is consistent with all of the above conclusioms
is that s low-melting liquid forms during the combustion of the fuel char.
This 1iquid diffuses rapidly from the char particles, then adhcres to the
scceptor, which in turn (at temperatures < 1870°F) smears it uniformly
over the vessel walls and internals, The liquid sust exist only transiently
and its decomposition product must be CaC or CaSOg to account for the
observed compositions and melting points of the as-recovered domt_u.

The source of the transient liquid very likely is CaS. Some of
the line in the ash of both lignite and subbituminous chars ts converted
to Ca8 in the gasifier. In the regenerator this CaS is oxidized to CaSO4
by either 02 or COz at "neutral” or exccss oxygen conditions. Thus, the
1iquid forus when CaS and CaSOj are present simult ly. The
and nature of the resulting deposit is determined by the temperature and
the lifetime of the transient liquid. :

The Ca$-CaSO4 transient liquid has been confirwed experimentally.
A sample of Tymochtee dolomite was couverted to the 3g0.CaS formed and
heated in the hot-wire microscope in order that the following reaction
would occur:

CaS8 + 2 SO, = CaS04 + S2 - 1)

This reaction does not occur at process conditions because the SO> partial
pressure is too low, but was used experimentally to insure that CaSOj was
the principal end product. At an initial content of 100% CaS the sample
melted, then froze within two seconds, at 2150°F. With a sample having
both CaS and CaSO4 initially present (ratio unknown), the same phenoaena
occurred at 1750°F.

e et 8 ¥

Lignite Gasification
Progress Report No. 46 -5 Narch, 196w

f. Run 332-C-11, Production of Desulfurized Husky IX Char

To test the above mechanism of ash deposition, a run was scheduled
in which no sulfyr, in any form, would enter either the regenerator or
grsifier, As a izcessnry preliminary, Run C-11 was made to thoroughly
desulfurize the negenerator fuel char,

The gasifier was operated batchwise at 11 atm. pressure with
the char product from Runs D-4C and D-5 as feedstock. This char, which
previously was the char product from Run A-25, had a low organic sulfur
content (0.23%) and a high sulfide sulfur (CaS) content of 1.27%. During

the run, several combinations of operating conditions within the ranges
1isted below were used:

Tespersture, °F 1300-1400
Outlet Partial Pressures, atm,
H20 4.7-8.0
H2 : 2.9-6.2
Co2 07-.58
co .06- .29

Desulfurization proceeded rapidly at all conditions through the reaction,
Cas + B20 + CO2 = CalO3 + HpS (S

g-_Bun 332-‘0-13(8)1 Operations in Absence of Sulfur

During the initial operations in Run D-13, a stock of Disco
char for use as gasifier feedstock was desulfurized. The total sulfur
coutent of the product was 0.12%. At the gasifier conditions used in
Runs D-13(A) and D-13(B), no sulfur could have been transferred from
this feedstock to the acceptor,

r .

Run D-13(A) was terminated after three cycles, due to 2 leak in
the acceptor discharge feeder. Examination of the regenerator shored no
deposits of any nature. An unusual behavior of the acceptor xas observed .
in this run in that the average particle size had decreased rapidly. Con-
tinued decrease at that rate over the first three cycles soon would kave
prevented the acceptor from showering through the gasifier bed. ’

In Run D-13(B), a fresh inventory of 16 x 20 mesh acceptor wxas
used, rather than the normal 16 x 28 mesh size consist, in an effort to
wmaintain the showering. The Tymochtee dolomite contains 0.2% total
sulfur. In both Runs D~13(\) and D-13(B), the acceptor xas circulated

through the unit in the Vg0.CaCO3 form in order to desulfurize the inven—
tory by reaction (2), above. .

Run D~13(B) proceeded smoothly until the desired amount of fuel
char had becn burned in the regencrator.- There were no deposits on the
vessel wall, The internals had a slight deposit amounting to 0.06% of the
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ash fed. This run showed a3 one hundredfold reduction in the amount of

deposit over that in Run D~9 which was & comparable run except for the

sulfur level involved. Regenerator conditions and results sre shown in
Table II.

The acceptor, saspled periodically during the run, was notice-
ably softer than usual and the attrition losses, caused mainly by the
grinding action of the inlet and discharge rotary feeders, were twice
the sormal losses.

Elucidation of the ash deposit mechanism has two major process
implications:

1. Process operability can be maintained by desulfurtizing the
regensrator fuel char., This route may be too costly, More
design data for desulfurization via reaction (2) will be
obtained so that a cost study can be made,

2. The formation of the transient liquid can be substsntially
suppressed by operating the regenerator with €O in the exit
ges as in Run D-7,

XI. The entire unit will be operated at 1 atm, system pressure to
deteruine the nature of the ash deposit at this pressure, which
would be used in a proposed low-cost, interim pilot plant.

2. A demonstration run with Colstrip fuel char st 1940°F and CO
ia the exit gas will be made to prove that suppression of
transient ligqutid formation. can be accomplished at this higher
tewmperature,

3. A run similar to Run D~13(B) will be made in which the acceptor
will be allowed to go through the sulfur cycle im order to
_ determine: (a) any interaction of acceptor-derived CaS with
the desulfurized fuel char, and (b) to determine whether the
acceptor strength will be maintained.

4. A series of runs will be made using 100% burnoff Husky II ash,

while supplying the regenerator heat requirement by combustion .

of CO in order to determine what influence the vessel wall
temperature and local (high) temperature of the burning char
particles have on the amount and nature of the ash deposit.

2. Batch Kinetic Studies (Project No. 530)

The entire effort was devoted to routine processing of samples
produced during operations of the continuous gasification unit,

The final report on the Carnegie-llellon studies is being
written and is expected during April.

Lignite Gasification .
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3. Supporting Patent and Legal Activities (Project No. 533)

The current laboratory reports and memoranda were reviewed for
deterwmination of Subject Inventions,

4. Supporting Process and Economic Analysis (Project ¥o. 533)

A draft of an interim report on the COz Acceptor development
was prepared, in shich the status of the technology aud the remaining
problems sere reviewed. A combined experimental design, and economic
analysis program is recommended prior to decision on pilot plant construc—
tion on or sbout July 1, 1968. This report will be issued to OCR in April.

Phase IIY - Pilot Plant Engineering

8. Catalytic Design (Project No. 333.30)

All drawings and specifications for the gasification pilot
plant were received from Catalytic Construction Company. An "Invitation
to Bid" package for the plant was completed and will be sent to tha
Office of Coal Research for review and approval.

Some time was spent in review of Catalytic’s process piping
drawings.

The above "package” consolidates all of Catalytic's work to
date. It is not planned to solicit bids froa potential construction
companies until an acceptable solution to the ash deposition problem has
been found and its impact on process economics and pilot plant design
bas been established, -

€. Subject Inventions

lm.'
' D. Financial Status B .
Expenses _ Actual » : Budget
Cumulative through Pebruary, 1968 $ 1,541,454 . $ 1,475,000
Expended in. Pertod 90,900 70, 000

$ 1,631,454 $ 1,545,000

4/12/68
Att, - Monthly Progress Chart
Tables I and IY




- TABLE 1

Gasifier Run Conditions and Results

Run Xo. 532- D-10A D108 D-11 D-13(8)
Cycle 2 9 22 . 9
AMcceptor ¢ 16 x 28 Yesh ———> |16 x 20 X
e . Tymochtee-~6 Dolomite —
Acceptor Circulation Rate (raw basis), ib/hr 8.93 12.05 9.59 \ 9.28
System Pressure, atm — 20 ———> 11 11
Gasitier, Temp,, °F 1300
: ¢~ Disco Char
Char €—— Rum C-10 — Run D~10 Run D-13
Char Peed Rate, lb/hr 2.88 2.86 3.20 2.32
Inlet Gas (Bottom of Bed)
Steanm, SCFH 8.9 82.6 104.3 114.0
Recycle, " -
Pluidizing Gas 280.0 238.6 118.2 131.8
Char Carrier Gas (Middle of Bed)* 57.1 52.8 33.1 36.9
Added Hz, SCPH 19.3 19.3 9.2 19.2
0og, " 12.4 12.4 15.0 15.0
N2, " 1.5 1.5 1.8 1.8
[~ ition, Partial Pressure, atm
Bg0 4.42 4.41 4.4 4.45
Hy 7.02 3.88 3.20 3.6%
CRy 1.91 1.51 0.20 0.13
(] 0.95 1.33 0.42 6.21
002 1.18 1.67 1.28 0.80
- Ny 4.52 3.22 1.46 1.7¢
OQutlet Gas (Top of Bed)
Composition, Partial Pressure, atm
H20 4.20 4.33 4.27 4.02
By 7.14 7.78 3.35 4.16
CHy 2.28 1.51 0.29 0.19
(o] 112 .33 0.59 0.30
coz 0.66 1.67 0.90 0.31
. Ny 4.63 5.22 1.60 2.02
Dry Exit Gss, SCFH 49.3 82.3 39.4 40.8
N, Purges, ” 14.2 18.0 9.0 1.3
h ” " - - - -
Condensate, " 98.8 95.6 115.12 114.2
Recycle Gas Composition, mol %
. Hz 43.31 35.05 47.44 56.38
CHy 13.70 10.92 4.05 2.35
o4} . 6.83 9.60 aM 4.11
Cog . 4.04 - 7.23 12.67 4.26
N . 31.9 37.2 27.3 32.7
% Steam Conversion - .- L ..
Pluidizing Velocity, ft/sec
Boot .633 .880 . 740 794
Avg. Bed .254 .238 294 .310

* Contributes to outlet gas only.
as Steam conversion negative due to low gasification rates
and water gas shift reaction.

TABLE II

Begeneration Conditions and Results

D~13(B)

Run No. 532~ D-10(B) P11 D-12
Duration, Total Cycles 24 24 4 37
Hours 20.1 17.1 .. 5.6 16.8
Acceptor €~—r—— 16 x 28 Yesh ——> 18 x 20 X
. — Tyaoch 6 Dolcrite ey
Acceptor Circulation Rate . .
(rax basis), 1b/hr 11.28 9.59 862 - 9.28°
% Acceptor Fines Addition [} (] . 2,0 ]
System Pressure, ate 20 11 ' 11 11
Regenerator '
Temperature, °F 1910 1870 1870 - 1870
fuel Char A8 N Husky 1I leutc/ctar—, -48 A Husky XI,
. - . - desulfurized
Pusl Char Feed Rate, lb/hr 0.87 t.18 0.87° 1.18
1b Fucl Char Ped 17.4. 20.4 4.8 ‘19.8 .
Inlet Gas . : ) -
Recycle 235 - 258.7 178.8 “192.7
Added N, - 3s 20.0 20.0 20.0 -
[+ 8.0 3.4 [] - 3.0
Atr 108 3 94 N
Recycle Gas Composifion, mol % : : - - -
N3 &~———————————Balance ——————-——).
oo, 20.0 22.3 22.3 22.3
co 0.3-0.8 0.3-0.6 0.3-0.6 0.3-0.6
0y . ° 0 ‘o o
Air in Inlet Gas, mol % 27.8 26.0 32.1 30.4
Partisl Pressure, ata 4.00 2.45 2.45 2.43
Equilibrium COp Partial Pressure, atm 6.30 4.90 4.90 1.90 .
AP Driving Porce, atm ~ 2.30 2.45 2.45 2.45
Pluidizing velocity, :t/sec 1.10 1.94 1.49 1.58
Acceptor Activity 0.44 0.60 0.87 0.81
Corresponding Cycle Xo. . 12 22 2 9
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B, __Techuical Results aod Progreim

Phase II ~ Bench-Scale Resesrch

1, Operstion of the Continuous Gasification Unit (Froject No. 532)

8. Run 532-D-14, Onerations at 1 atn Presiure

The purpose of this run was to dctcmn\c the ash depositicn behavior
of Busky 11 fuel char st noainally 1 atn gystem pressure. In the regenerator,
Og was added to the M» fluidizing acd carrier 3as streaxs to give an talet gas
composttion nearly the saze 33 air. With this limitation on the Oz coatent, the
total gas flow rate required to zive tiw saco fluidized bod cxpansion 3s ased in
the runs at 1l aand 20 atz syste: pressara reduced the heat release to adout 60%
of nornal. Tbe circulating a2cceptor vas recarbonated in the zasifier boot at
1300°P while being fluidiced with CD2. Ko char was usad in the Zasifier.

The ehar combustion procesedod ssootaly during tbe rua. . However,
the char asbh stripped frou the rejcucrator ted caused restrictions 1a the exit
gsa piping with the result that tbe systen pressure bezon to increase, After
about one hour, tks pressure has risen to 12 psig. Since tiae pressuce balance
systes was not in operatiom, thko run was suspended to prevent rupture of the
thin-walled regenerator vessel, The ou:tlet piping was cleszed out ard the rua
was resumed. Aftar the seccad hour, tae press.wre hed ircroased again cnd the
rus was sband Cas ptor cycle insd been cocapletad. The Sestriction slse
occurs in the routine conbustion runs zade st 11 or 20 ata systes pressure, but
the resulting pressurc drop across tke outlet pipir; is of o cctssquence at the
higher pressures. Regzensrstor conditions ond resul:s (before tka pressure
buildup) are shown in Table 1lI.

Inspection of the regencerator revealed s unirorm ssh deposit on the
vessel walls and internals which ascunted to 3% of the ash fcd. TRe acount and
nature of this deposit show thav the ;as partial pressurcs haze po major
influeace on the foraation and deconpcsitinsa ol the traasient ].Lquid darived
from CaS in the fuel char, -

b. Run 332-C~12, Productiol of Des:1f:irized Zuel} Char

In this run, anotber stock of thoroughly dzsalfirized Hisky II Zuel
char was nmade. The feed to the rem waj a blund of areviowsly zZasilicd product
char from Run D4C aud 5 nrd the finpl char bed zatorial drsired frow the
gasifier in Rung D5 ard DS. Since nearly ail of thc organic aulfur ‘n this
fesdstock had beer removed, the total salfuar conten: was alzost excluisively in
the form of CaS.

AS in Run C~11,. tEe char vas cesullurized batciwile in ti2 ;osifier,
Char samples were taken pericdiczlly from the gosifisr bed by raising ize
2luidizing velocity temporarily and ollowing char to spill over the discharge
weir.

PR ST
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o sets of conditions were muwuwmmmtm
data for the reaction,

Ca8 < % *» ho - M » &.
fun Conditions sre showm belows

Sy

L L2,
Teupersture, °F . 1310 ' 1300
Systen Pressure, sts e 1n -
S 8 ia Feedstosk € S 1.87 >
Exit itios
., ata . 8.07 7.7
g .383 . JJ08
u, 2.5L 2.43
d . .08 17
Total Exit Gas Rate, 3CFR ’ e 298
% 8 is Piaal Product : 0,08 .00 .
% Carbea Burnoff 9 - s
Buratiocs of Rua, sin. 200 9

The rates of desulfurization are illustrated in Pigure 1 where the sulfur
soutents of the char samples are piotted vs tine. Both runs were prolonged
boyond the tims of the last sasples shown in Pigare 1, bat the final gulfar = -
eouteat in bothk cases was 0.0C9%. Amunzly. there is some refisctory mr
sultur ia eul char which is not removed at the camditions used.

Pigure 1 indleates that equilibriun for the Feaction cas be u‘-u

fer design purposss, in thet the required solids nmnm tine can be takes

a8 about 50% grester than the theoretical retention tice based om equilibrius
ia the system uader consideration. Equilibrium constants for Beectiocn (1)

are shown belows ‘ )
h-;nﬁm, ’ ' K, = %

1400 148 )
1500 334
1800 , 490

Lower tsmperatures faver sulfur rejection and also preveat wxcessive ml.
burnott. ~ '

Gasitier Conditions

A8 explained last month, the gesifier fesdstock for the ssa deposition
study runs is Disco char. Gasifier conditicns and results for the ruxs repoeted
below are shown in Tadle I. §ince the Disco char bas become desulfurised to a
los level, the acceptor would not become sulfidad shile Jassing throuzh the
gesifier. To insure that the scceptor Joes through the sulfur cycle, igS was:
sdded to the gasifier inlet gas bugincing with -the runs reported this mowth. Ihe
amount added was »:Ificient to comvert nbout coe mol % af the asceptor ub to
u oa each gycle. .
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C. Run 832-D-15, Combustion of Colstrip Puel Char with €0 in tho Regencrator
LU LR s

This run was a coupsalon to Rin D=5 in wiich Colstrip s4biituminous
cher was burned in the regezeraier at 1942°F. [In Run O=15 tha fuel char rate ves
increased while bolding tbe saze air ratc £s in Rum D~3 in order to opartte with
about 3% OO0 in tho regoneraior product gas.

he run proccedsd without incident for 42 cycles, when tix desired
amount of fuel char had been burncd., 7The regencrator containcd a dejosit
asounting to 0.3% of tie ash fed, cozpered with o 3.0(% dopcsit ia Xaa D=8,
This small deposit was localized at tlie bottom of tho vessol walls aud intermals,
Near the sir inlet apjarcatly scme cox; 323 reackoes the ircacing €23, cven when
the bulk gas contains 3% CO. The resaliing oxicatica of Cu3 to CaSO4 led to
the formstion of a small azounst of transieat liquid.

Analysis of the zasifier nroduct gas for Nz3 shoucd that tke sccedtor
had hees sulfided by the HoS aided. to the inlet 3a0 to the estuat of 0.9 mol &
of the Cad during each cycle, After 42 cycles, the ccceptor in the rersnerator
contained e3sentially mo sulfue, sacviig tiat the ecceptor Cu3 is rejccted
normally in the presence of 3% CO i tle bulk (28, 3Reseceraior dats are In
Table 1I.

d. Run 532-D-13, Operaticns with Desullurizod Zwl Char and Sulfided Acceptor

This run was a co=pacion to Run D-1lB in wilch desalfurized Husky 11
char wes burned in the regetoratcy ar Zedtral conditicss and at 8707, Its
purpose wag io cetzrmire tia eilects of the cccuptor suldar cyjcle on ash doposi~
tiou and oa ecceptor phy=lcal ctreoagia.

Tho run was ended voliniarily after the desired crount o the Raa C-12
desulfuriced fiel ckar kod zeesz tirmed. T3 rozereiator contained a vassive
deposit, uairoruly distributcd cver taz voessel valls zad iatcrzals, vwiich
amouated to 3.5% of tde ash Th@ 22cI3tOor Vo3 cuatad with a thic:, scft shell
which azounted to 15% by weti 1S c® the total zccoptur, vhich corrisy.cids to 20.4%
of the asa fed.

This totally unexzecied res3ilt reans that the 502 rejssiad from the
acceptor reacts with €20 in the clar ash to fora Cn2 cad CoSCy, ¥1ith coasaqgieat
formation of the transient ligulc., adparently, inside the char pacticlus,
equilibria in tbe reaccions,

uacas“x:z»a 1/4 €s50, + CO 2)
3/4 CaS0x + /4 Ca3 = €20 + SCq, (3)
are displaced sufficlcatly to aliory forzztion of the suifur campousds. In the
bulk gzas cnd inaide tia succoptor particles, €cO is the quly c*able solid cozponent
at the coxditions used.
In thse desulfuriced fucl char nost «f the calctua in ike gl eaters

the regencrator as C2COj, which caicizes 0 foth Ca0. Azalysis of tleo ovariead
ash shcwed tbat €38 indecd had Zermec.

Lignite Gasilication

Progruss Report No. 47 -5 Azril, 1968
i : :

Tue acceptor physical strength was norrzal in fun D-18, showing that

tis Cz0 fcrred frow: Ca3 Jrohably o3:3 a3 3 “cexent” for the crystalliias. Razem-

srator dats nro in Tablo II.

[ Rins 532-D-17, C-13, and D-17, Cacra.'ons in Abscnce of Picl Chas

Ia these runs no Z.el chwr v2s used in tha rejeneratcr. The norsal
best reloase of $000 Bew/br {250,000 Biw/ (r) (23 of bed)] wes supplied by
combustion of OO with air, Th2 surpsce cf the runs wos 0 determine, in the
light of .Le R.a C-16 rusalts, wazt coriribition the sccoestor-derived £ao§ bas
on deposi. forzaticn in the co plste zizoace of char ash, Rejezerstor condirtiiong
are shown 1a Table II, 1Ia tha zasilier, t:2 accepter 7zs sulfided to the extent
sbown beluw:

Yol % Cocversion cf

aun C20 to C=8 por Cycles
p~-17 .67
D-13 .99
D~19 .15

* I tto fouwsibility study, the couvarsion is 0.31%.

In Bun D=-'7 st agutral conditioas aad ot il70°7, alter t7o cycles the acceator
could no longur o vithdramn Yiow i rz3lierator. A ==s3ive, unifors depostt
had foit#:i on ke vasel walla aud lzceonels cond the zcozator overflcw Deir was
pluggod with clupka of Jepesit viiel ind 3iougihed off. |

Tte desdsit was wcmoved and toe sur was eoatiacad, Hozver, 11 the
third cyc:ie the charescee; Freze 1n the gasilicr Zailed, The
regonurator Tas inspecied ¢ 3 ond ¢ ounifori: felegit zrain uwzs
found, bu: of lesrer extunt k& . ALier e Y of zhls (2331 tha
run was contlpced tharcuzla 21 crelang v itdevn was volwntery. Tie extent
of the deoesit forration 18 zzoun Dalows :

-e€3lt,
Crecls % c2 Jccooter Fad
C-2 .2
' .
2-3 .51 =~
3-21. 0.0C3

Treao ¢ata izply tiat a ceutral cerditiczs ke trapsiez: 1i3vid fosTes froa
sceentor Ta3 1s detwiceatal cair daring 232 IInst fex cyelal Theo thx aceelior
attrition rate is higa, o3 $ho siard e a3 of tia portlcles ace telng rounded.
At tais tioa lhe traaslaat_ lizaid ca:zenls tagmthar ¢ke stirited Zizes.

In [ua D=13 the €O rotz 723 incressed to give 204% €O An the
regenurator exit 08 2ad the scecnior vas 3al¥iced to 3 greater cxtent tasa ia-
Rua D=17. Zsforo t02 corbasticn rariac was Soua, fka pescasvator wos iosdcoted
altor all o2 e ~ovioccestor Lad Ssea Jod throuzh it angd 2ftor tae initial ded
inveatsry hiad boon ealoined ot %P, %O depurit vas foizd, tieselr alininate
ing tho “rre~rin” cperatioas 2o = sdunce of the inlilel ceposit foazed s
ne17 L ' -
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After seven cycles arnd a voluntary shutdesn, no deposits were found
in the regensrator, showing that CO in the regzece:ator also is effective in
suppressisz the tradsient liqaid during tae hizh zttrition rate period,

In Bun D-19, the regenerstor te=jecraturs was raised to 1940°F and
CO combastion was carried out at rmeuiral ceaditions, .5ftar suven cycles the
rsgenerator contained a zassive denssit bot, ia contrast with 4he umifora
deposit fersed in Rua B=-17, tais :zatzrial vas hizhly lucalized in tho region
four to sixz inches above the bottcs of tae vessol. Shis local deposit was oa
all tbe intarnals as vell as on tia vessel wall, This rasult shows that the
kinetics of formation snd decompositicn of Lo traasicat liquid 8 tennerature
dopeacaus.

£. Discussion and Copclusions

Tae resuits ol Runs D~1G, D-17, ard D-19 i—cdiately ratse the
question Of Why 20 FEZALGr8tOr G2»0sSLiS LOWE JUwwi i3 LGd Carly Orerat:ons when
the regenerator heat was supplied clectirically sa4 whan Hasky I fuel char was
used, The implication is that in these rin3 ihe cceentor vas not heing siale
£i4ed in the gasilier. Recent incight gainod oa e reactiom,

CaS + BgO + €O, = CaCOy + B3,

in Runs C~1l1 apd C~12 cotliius cnis sojpilcalilon. Juriles ¢iscwwadloua will i
deferred until next =cuth vhen tka sullur conicats cf tie varilous fecd and
product streama fyce all tke russ will have teccse available.

The following conclusicns sre growm:

1. Run D=0 proves t:ie Zutilily cf dasulfurizirz the regeceratesr
Zusl char as o rezns of elinirsiirg csh degeslis.

2. Runs D~15 aud D=18 skow that creiaticr of Tic rejcaerctor with
€0 ia the product :ns is g1 2ifective =2y of s5:inpre3sinz tho
trzepsient liquicd, ead therafore tle rsh cderesit, rogariless of
tha origia of Cas. @ =18 wos 2zpoeinlly dssercand iz thag
it sacred that the reszier ic elfectivra av temperciires up
to 1540%P, snd tunt with Coistriy chow, ot lazat, Jross 3sa
fusioa does 10t occur ai tals terperaicre ievel.

e Prozras
Run D=7 (combustion of jfusiy II chor 7ith CO ia -tte regencrator)
will te repected uncar gosiller conditices wiore tic sccepdtor smasuradiy is
suliidead, .
Susacqueant e2fort will Le dcvoted to Z2indiz; ths minimun O conteat
of tha rejeaerator prodict gas oo .nfloenced by char tyne, teaperature, end
extent of accentor sullidinsg.

| e o v+
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2. Batch Kinetic ftudies (Project Ns. 630)

A3 in the rocent past, =0 new experirental work ¥as undertzken. All
effort was dsvotad to rouilre proceasiny of sxunles Zrom the continuous Zaifi~
catioa unit. The fimal repost oa thbo Carzggic-lellod studics has been delayed
and is ncw e:pd'etod iz Juna. ’

3. Sugmrtuis Patent and Loyal Jctizities {P-olect Ko. 534)

The curreat laboratory rerorts aad romoraada Tere revigwed for
deternination of Subject Invortians. ’

4. Supporting Prccess ond Foonoiie Azzlysis {drolect M3, 533)

———

In Interte Report No. L, "2zview of 00y Acceptor Pm Devel "
April 5, 19E8, a coabined Prozren of ic¢zch-geale erzarimeats srd econa=ic o
sppraisal vas outlinad, The coulired rTeren was desizuzd to evaluate the nost
attractive of seve-al com-arclal soluttoas 0 tiwe as: depesit problen,

The deotatlad caleuin::.o:s seguired to evaluste the iavect on ecowe:

E reinl
plant (250 1M SC¥D) cosis arc noy briry nede.  Uost ex=phasis will be placed on
up~datinsy tia btasic Feasiallity Stoliy iz3oad in 1238, ant ip gvclusticn of tle
inereuantal cost to oporzio tle ra ererator wder reducing corditions (et a

loger plant tigraal @liiciencr), or ts zazsraic oroducer gas Yrom char and opsrats

the regcasrator ia iLe ebsoscy of cLar agh,

Prase II1 - pilc: Plaxt sa2tingsring

3. ialytic Dssica (Project Mo, 332.29)

No eaginesring work was perforzed uzder tais project daring April.

Pive additisnal coples of tie "Inviisiiom to 314" Fackage have dean

prepared.
r .
C. 31-!:3.:::-:: Izvreatiors -
¥ore.
D. Picazeisl Slatuc
Exvenses ’ Astual Budzet .
Cumulative through Mareh, 1513 $ 1,732,103 $ 1,545,000
2xenied in Fer!Fd (Z:%inzse) 32,38C 70,500
Cuaulative tbrouga Azril, 1273 % 1,508,503 “$ 1,315,500
sny/6s

Att. - Houthly Prozress Caars
Tables I arnd I3
Pigure 1
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@® Inciudes Supervisory Exempt Technicians.
@& Includes Clerical.

MONTHLY PROGRESS CHART

OFFICE OF COAL RESEARCH
DEPARTMENT OF THE INTERIOR

CONSOLIDATION COAL CO.

RESEARCH DIVISION

LIBRARY, PA.

CONTRACT No. 14-01-0001-415

e IO

Rum No. 532~
Cycle
Acceptor

Acceptor Circulstion Rate (raw basis), 1b/ar
Systen Pressure, ata.

Char Food Rate
Jalat Gen (Botton of Deg'
Stees, SCPH '
Recycle,
Fluidising Gas
Char Carrier Gas (Middle of Bed)*
Added m,, scrm
»
¥, "
Hg0
ny
cu,
co
€0,
Ny
Outlet Gas s'l'Q of Bed) Comp . Pertis} Pressyre atm
4,0 '
[N
cn,
co
co,
My
Dry Exit Gas, scym
Xy , .
Hy
Condensste, "
{1} o8, mo
Uy
a,
co
Co,
Ny
Flutdising Velocity, ft/sec
Boot
Bed Avg.
* Coatributes to outlet gas only.
"*  Iacludes 0.20 SCFH ) O
' "% Includes 0.27 SCFH M,s.

—_—is -
\ 4 338
G——-16 x 20 mesh
9.88 9.71
- 20 -
€ Bun D-12—3p -
e 1 .25 ———p s
87.9 84.1 1c
270.5 261.5 12
57.3 55.4 a
22.3* 22 .0 2
16.4 12.4 1
1.3 1.5
4.41 4.40 4
7.51 7.20 3
0.58 0.74 0
0.62 1.25 0
112 1.42 1
5.78 4.99 1
!
3.95 4.04 3
7.93 7.31 3
0.5} * 0.89 (]
0.76 1.51 o
0.37 0.93 o
| 8.28 5.32 S s
4.4 42.6 31
17.1 13.8 1n
-5 87.4 107
47.13 H.02 s
4.25 5.38 2.
4.52 3.n é.
2.18 5.59 6.
41.9 35.90 32.
627 G0} R
.245 238 .3
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P18 017 s p-19 2
s 23 8 13 s 3 % ,
Tymochtes-6 Doloaite > ¥ ] . ’
—e® @16 x 38 meuh : » bt Run No. 333- p-14 © s
s , ——
.38 o 11.98 10.38 " 11.70 xo.r: 9.: . % Dursiiue, Total Cycles . N "
. H o Bours - 2.05 an.¢
. 1500 » . K :
ML E—— P VT 1T > . ﬂ‘%‘i‘ . “... . e - Tyw
o= Rl D=13 ——— a-Runt D-1¢ ———>p Rus D-17  Run D-18 i : Circulative Rate 16 x 2 16 x 20
e 1 .08 g " a—1.03 ————p 1.10 2.51 Lrey
] 1 in/hr (rav vasis .83 10.62
e S Pres.
.. 108. 106.5 103.7 104.9 se.4 i ystem Pressure, sts 1.34 2
.9 123.9 11.9 109.8 100.8 263.1 H "&1‘%3_"'_" .
8.0 M7 _ 8.7 M. 4.2 56.3 H 'O-P.l:ltur., r .70 19490
0. 21.3%% 21.2%% 23.4%% 21. 9% 23 0w ] Yuel C.or Husky 11 Colstrip Char  Musk
18.4 13.0 - 16.4 20.5 2.3 8.3 i Lignite Char ‘Run k=2)
1.8 1.8 1.8 1.8 1.8 1.8 : Foed Rate Lb/tr 0.73 1.4
: ! ibe fed 1.30 3.7
- 4.48 4.44 4.0 4.48 4.0 ! Inlet G
3.47 3.40 . 3.6 3.32 3.3% 7.48 ! =
0.14 0.14 0.11 0.12 0.12 0.45 ; ecicle. scru Nune 316
0.31 0.20 0.22 0.29 0.32 1.00 dded . SCHH 42.5 36
1.00 0.78 0.87 1.26 1.30 1.51 Coy. SCTH Nore 10.6
1.69 3.03 1n 1.61 1.58 5.16 Co. scrit Xuze
‘ Atr. SCPH 0.~ 100
3.97 _ 4.4 3.89 4.07 4.02 3.93 Recycle Gas Compositivn, dole &
388" 3.64° 4.26 “a.70 3.73 7.88 Na - Balance Balarce
0.3l 0.20 0.18 0.19 . 0.20 0.5¢ Co, 33.4 2.0
0.48 0.29 0.3 0.47 0.52 1.25 co L3-8 2.9
0.51 . 0.35 0.29 0.62 0.63. 0.72 O3 o Py
197 ~ 2.3 2.08 1.95 1.88 5.68 . A
. 35.2 42.1 4.9 45.7 431 Atr in Inlet Gas. \wle o 19.7% 9.1
.8 n.s 12.2 12.0 12.8 14.3 €O, Partial Pressure. ats 0.35 3.00
— —— - — — — Zquilibrius CO,; Partial Pressure, atm 4.90 7.60
.5 -100.6 101.1 102.3 102.4 8s.1 AP Oriving Force, atm 4.45 3.50
~ . Fluidizing Veloeity. ft,vec 3 =
s1.02 " 49.78 56.18 9.9 50.08 41.07 A g - 47 1.31
2.83 . 3.79 2.3 3.50 2.68 3.34 ceptor Activity 1.0 .35
€.20 101 4.38 6.30 6.9¢ 7.47 [Correspunding Cycle No. L 35
6.83 a.82 3.83 5.38 8.31 4.33
.20 38.60 33.30 32.90 31.9 37.8 -
) 0y fluw

*#% 0, in inlet gas. mole &
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OCR CONTRACT NO. 14-01-0001-415(2)
COMSOL. LIGXITE GASTFICATION FROCESS DEVEIOPXENT
pro RS

ey 1 to 31, 1968

A. Suzoary
phase T - Feasibility Study

Complete.
Poase 1Y ~ Bench-Scale Experiaents

Further studies were made on the efficacy of oyel.'ating the ngenen;:r
ith a reducing outler condition (CO in offgas) in preventing ash deposits_;“
:u demonstrated that this technique was successiul in mintnninthopenb;wry
" Lsky hen the acce
a high sulfur fuel char (Husky II char) evea w!
::«:nmo"p:::lﬁde:‘: The linmiting temperature at which this technique ::;\;;d
be successfully applied with Busky II char was determined to be about 19 .

Studies were made with 2 sub-bituminous char (Colstrip? on :he p:::i—
bility of operating the gasifier as a gas producer at 20 atae. and 1700’ :io‘s o
interest here is in the possibility of the avoidance of ash fusion ptr::1 bl

ts were vnsuccess
o~stage regeneration process. Tre tgs v C
::;:: :!’t:he :s: at the point of air injection. Higher tlu:d;zinz v:-l.:;:i;::::
ify t may be helpful in es

sence of an endothcrmic gasifying agen

:l:::l‘i’:; Such tests will not te carried out, however, because of lack of

time.
ilizstion and imtegral gasification
Some results on hydro devolatiliz e x _
kinetics of Colstrip char are reported. These were obtained ipcidental to feed
stock preparation for the gas producer run,

An unsuccessful attempt was made -to confirm earlier indications that
the presence of sodium stabilizes the acceptor against activity loss.

phase !11 - Pilot Plant Engincering

An evaluation of the fmpact ou cuuswercial plant econo:ic: o:‘.e::::::ing
the regenerator under roducing conditions has becen coupleted. n inc.
ccst af about 3¢/ BTV pipeline gas was calculated.

Evaluation of the Catalytic Construction pilot plant design wa: :::t;t;:::.
The investasent associated with staged construction of various portiods o
has bevs calculated.

Financial
fR Akl

gstimated expenditures in May were $28,000. Curulative expenses to
date are $1,699,164,

a s bt 22
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B. Technical Results and Progras

Phase II - Pench-Scale Research

1. Operation of the Continuous Gasification Unit (Project No. 532)

&, Acceptor Sulfidinﬁ During Early Operations

As wentioned last wmonth, it had become apparent that in most of the
runs made before Run D-15 (April, 1968), shen H2S was added purposefully to
the gasifier, the acceptor was not being sulfided. Sulfur balances around
the gasifier, coupled with the partial pressures of Hz0 and (D, skow that is
geveral the equilibrium in the reactiom,

CaCO3 + HpS = CaS + COz + H20 ,

was ¢isplaced toward the left and therefore little or no sulfur was picked up
by the scceptor. In only three runs was the acceptor sulfided appreciadly.,
These couclusions were confirmed by the sulfur analyses of the acceptor,
sampled periodically from the gasifier during all the runs.

The main reason for this situation is, that in order to counserve tke
hydrodevolatilized fecdstocks to the gasifier, lox feed rates were used with
the result that relatively little total sulfur was present in the gasifier.
Portuitously, in the first two runs (Runs A-25 and A-26) =made with Husky II
fuel char the gasifier char feed rate was increased above the normal rate.
This was especially so in Run A-25, made at 1600°F, when the¢ feed rate was
incroased by a factor of about four in anticipation of the enhanced gasifica-
tion kinetics. The third case of appreciable sulfiding occurred im Rua D-108
when fresh Disco char was used as gasifier feed. With the low lire content of
Disco ash most of the sulfur was rejected rather than beinz retained by the
char ash, as was generally thecese with the lime-rich ¥Vestern coal feedstocks.

A summary of the sulfur loading to the regenerator and the extent of
ash deposits for all the runs made at neutral or excess O2 covditiocns in the
regenerator is shown in Table I.

As in the past two months, the gasifjer fcedstock was Disco char
used in previous runs. H3S was added to the inlet gas to give 0.7 wor S con~
version of the acceptor Ca0 to CaS on each cycle. Conditions and results for
all the acceptor runs made this month are shoen in.Table II. ’

b; Run 332-D-20, Repeat of Run D~7, with Sulfided Acceptor

Run D-7 was the first in which a deficiency of air was used in the
regenerator to provide CO in the product gas. However, little or no sulfiding
of the acceptor occurred in this run. The purposes of Run D-20 were to doter—
sine what impact the additional acceptor C2S would have oa the arount of €O
required to suppress formation of the tramsient liquid and to detervine the
effect of the acceptor sulfur cycle on activity.
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: i .
\mring the first six cycles, thc average CO content in the regencrator
product gas was 2.6%. On the sixth cycle, s shutdown was required to unplug the
steam generator inlet line which had become choked with scale causcd by use of
H2S in the inlet gas, Inspection of the regenerator showed a vuiformly distri~
buted deposit amounting to 4.5% of the ash fcd. After removal of the deposit,
the run was resuwmcd with the CO content increased to 3.1%. On the eleventh
cycle another shutdown occurred when the fuel char transfer line plugged because
of a pressure upset. Inspection of the regenerator shoxed no deposits. Sincs
too little char had been burned to prove conclusively that no long-term deposit
uight have formed, the run was continued with the CO content raised to 4.0%.
The run was ended voluntarily after 52 cycles when the desired smount of fuel
char bad been burned, No deposits of any kind had formed.

Regenerator conditions and results are in Table III. This run was
iwportant because it showed that the acceptor activity is at least as good,
with sulfiding of the scceptor, as in Runs D-7 and A-21 in which little or no
sultiding occurred, The data are plotted in Figure 1.

¢. Run 832-D-21 - Effect of Sodium on Acceptor Activity

In Run A-17, made with high-sodium Glenharold char, the acceptor had
picked up 1 mol % Na20 after 27 cycles, and the activity was the highost observed
up to that timo.

Run D-21 was made to determine whether purposeful irpregnation of the
acceptor would provide enhanced activity. The Tywochtee dolomite in the
Mg0.CaCO3 formed was imprcgnated with an aqueous solution of Xa2003 to give a
1.0% Na20 content on the fully calcined (330.Ca0) basis.

| RS

H
During the initial circulation of the impregnatcd acceptor in the

Mg0.CaCO3 form, the attrition rate of the acceptor as measured by the amount

of overhead fines rcwoved by the regencrator cyclone, was unusually high. ¥ith

the hope of stabilizing the acceptor, the entire inventory was circulated

through the unit three wore t.unes, until the attrition rate had dropped to nearly

zero.

After the first combustion cycle, the scceptor activity had dropped to
0.72, the lowcst value ever observed at this stage for a dolomite acceptor. From
about the scventh c)cle the rate of decline in activity was about the sawe as for
an uniwpregnated acccptor. The reason for the abrupt loss of activity during the
early circulation is not apparent yet., The activity data are plotted in Figure 1
and the regenerator conditions and results are shown in Table IIX.

d. Run 532-D-22 - Operitions with Husky 11 Char at 1940°F

This run was made to determine the efficacy of the CO rode of regenera~
tor operation for Huskr II char at the higher terperature of 1940°F. It was
thercefore a conparison run to Run D-15, made with Colstrip char.

Lignite Gasification : :
Progress Report No, 48 . : s -4 : ’ Ney, 1968

During Run D~22A, as in all thc runs made with 37 or more CO in the
monontor product gas, a pronoynced tomperature gradient of about 50°F existed
across the regencrator ‘bed, with the highest terperature about 2-4 “inches above
the bottom whore .the sir, char, and rccycled OO enter the vessel. At neutral
conditions the gradicnt is typically no wmore thar 10°P. The gradient apparently
is causcd by rapid vombustion of the inconing CO and 02 néar the inlet. Then
the nmr part of the bed tends to be chilled by the endotherwlc reactions

CaC03 = Ca0 + €03 snd .
C+C0z = 200

During the fifth cyclo the tempcrature at the bottom of the bed suddenly increased
to 2000°P, indicating a buildup of an agglowerste which had interfered with the
normal flow patiern of the fluidized bed.: To prevent acceptor deactivation by
exposurc to this high teuzperature, the run was discontinued. Inspection of the
regenorator showed that a conglomerate of transient liquid deposit, acceptor
and fused ash, had indced formed in the loler six inches of the vessel.

]

i Yor the D~227 conditions, if the assumption is made that all the CO
antoﬁng with the recycle gas is burned irsmcdiately to €02, then carbon and
oxygen balances show that ne-rly om,--half of the earbon consumed in the reger—.
erator is by (ho _reaction, . - - -

T c#éoz' . _z'co

In Run D-22B, alter nnov:l of the deposn. the armcunt oY recyclo £as was
dccreased and the amount of added OO and X2 was incrcased to the maximum

"allowed by the existing .rotamcters. Tho result of the changes-was to decrease

the amount of CO burned by a factor of two, The tecpersture profiles reflecred
this change, and the gradient was within 10°F. The run proceeded without
sncident while holding the CO content between 3.5 and 4,05 {average 3.777%)
until the fifteenth cycle, when the supply 6f fucl char was eshausted.. The
regencrator contained no deposit derived from the transfent liquid hut a small.
sggregatoe of acceptor, cemented together with a brown, glassy material was
found on the internals sbout six inches from the bottom. Thus, 1940°F is
about the borderline of opcrability with respect to gross ash fusion for the
Husky II char., In Run D-13, with Colstrip char at 1940°F, no gross ash fusion
occurred, : o -

®. Run 532-u-17 - Additional Stock of Hyvdrodevolatilized Colstri; Char

As in previous runs with sub-bituminous coal, the raw aaternl was
rlrbonhed at 925°F in the five foot diareter rotary kiln prior to hydrodevola-
tilization. In this run, 350 1b, of the LTC char was fed. Conditioss and results
are shorn in Tablc IV, This fcedstock was & new shipoent (Colstrip II).
Analytical data on tho new utcrtal are l\ot yet conplete aml vxn be reported
next nonth. a
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£. Run 532-K-3 ~ Gasification of Colstrip II Char
. /, N
' This run was made to provide a stock of pregasif{ied char to be used

41m the succeeding run in which the gasifier was operated as a producer.

To cbtain some gasification kinetics data, six different conditions
were used which involved operation at 1500 and 1600°F and 11 and 20 atm, systes
pressure. The inlet H2/H20 ratio also was varied somewhat. Conditions and
results are shown in Table V. Rate data will be reported next month, after the
bed carbon inventories have been calculated.

g. Run 532-P-1 - Operation of the Gasifier as & Producer

Thbe maia purpose of this run was to determine the awount and nature
of any ash deposit which may form under producer gas conditions, The gasifier
was opersted at 1700°F and 20 atm, pressure with recycle product gas and air
as the inlet gas. Recycle gas was used to simulate the upper section of a tall
fluidized bed. At this condition the air had to be injected through a separate
inlet line and thus entered the bed at 20 atm pressure., Dilution by mixing
with the recycle gas was not possible since combustion of the CO would have
melted the preheating coil.

In Run P-1A all the air was added at the bottom of the gasifier.

vAtur feeding 27 1b. of Run K-3 char in 6.3 bours, the temperature profile

showed that an obstiuction had occurred near tbe bottom of the vessel.
Exanination of the vessel showed that a dense, glassy blob of slagged ash
had formed in the region surrounding the air inlet tube. The slagged ash
amounted to 22% of the ash fed.

In Run P-1B, another air inlet tube was installed to allow about one-
half of the total air to be injected halfwsy up the bed. After feeding 37 1b,
of char in 9.9 hours, the same situation developed as in Run P-1A. Examination
of the vessel showed two nearly identical deposits in the region around doth
diptubes. The total slagged ash amounted to 27%; of the ash fed. Run conditions
and results are in Table VI, Other than the slagged ash, no deposits of any
kind were found on the vessel walls, showing that producer conditions do not
introduce a new breed of deposit. Slagging at the point of sir injectiom is
the principal problem to be resolved. The presence of an endotherwic gasifica~
tion agent, i.e., CO2, H20 or CaCO3 mixed with the air may be helpful in
reducing this problem.

h. Program

Previous experience has shown that raw, dry sub-bituminous coal
cannot be fed to the system at hydrodevolatilizer conditions without the
occurrence of massive coking. The next operatioas will be devoted to deter—
wmining what the minimum preoxidation conditions are which will prevent coking.

After establishing these conditions, a run rill be made in which
the preoxidized coal will be fed directly to the gasifier, to simulate single
vessel operation,

All experimental work will ce2se om June 28 and report writing will
begin immediately thereafter.

Lignite Gasification
Progross Report No. 48 -8~ May, 1968

3. Batch Kinetic Studies (Project No. 530)

The batch differential rate data for the steam-carbon reaction at 1500°F
were rovicwed critically, rovised, and rccorrelated in preparation for a paper to
be given at the Septembuer ACS meeting.

The final report on tho Carncgic-lellon studies has been delaved again
by » re of demic dutties, but it is expccted im July, .

3. Supporting Patent and Legal Activities (Project No. 534.00)

The eurrent laboratory reports and memorands were reviewed for deter—
wination of Subjoct Inventions.

4. Svpporting Process and Fconomic Analysis (Project No. 533)

In April, 1968, a combined program of experimental bench-scale work
directed toward solution of the ash deposition problem and an evaluation of the
ecomnorcial aspects of thesc studics was authorized. The most promisinz solution
discovered in the bench scale work was to operate the acceptor regenerator under
reducing conditions with 3-4 volume per cent CO in the regencrator offgas. Undey
these conditions, the formation of the transient liquid phase is inhibited and
the ash deposition problem is climinated, There is, of course, some additional
carbon loss in tho regonerator, For a fixed output of pipeline gas, more lignite
is required, and the plant operates at a lower overall thermal efficiency. .

The evaluation of the commercial-scale economics of this wode of
operation was completed in May, Results will be issucd in 8 formal report to
OCR in early June,

This solution to thc ash depostition problem increased the cost of
synthetic pipeline gas (at 250 MM SCF/D) by about 3¢/AT! BTU,

Phase JI1 -~ Pilot Plant Engineering

3. Pilot Plant Design (Project No, 533,30)

The major work done :!uring May was involved with evaluativg the
Catalytic Construction Company engincering package and investigating various
slternatos in plant design before making final recocmendations to OCR.

Primarily Consol is considering building the Rapid City pilot plant
in stages, in order to winimize investnent rigk uatil dasic operadility is
establishod,

Basically, Consol is considering omitting devolatilizationm, gas
cleanup, gas shift conversion and final mcthanization from the first versioa
to be built.
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J ) R, S
‘Bum Wo. 532 % : ’ : T gese i "y S . /
Cycle . . . 20 10 ;
- Acaeptor T 16 x 28 Nesh Tymechtee 6 Dolomite 16 x 28 Mesh Tywoehtee
Acoeptor Circulation Rete (rew tasis)id/he 10.18 5.« 11.91 .
Syatem Pressure, stw. ) < 11 > . I
Gasitier, Teapersture, °F L 1800
s - - Disco Cher
Cher . < Rus D-19 —p
Char Peod Rate & 3.18 -
Inlet Gas (Bottom of Bed) .
Steam, SCFH 103.9 100.1
Becycle, SCFH . -
NMuidising Ges . 110.1 100.3 D
Chapy Carrier Gas (Middle of Fed)e .t 3402 J4.1 B ,
Added H2z cm 2].200 21,200 2 . .
. Coz " 20.8 15.7
] - 1.8 1.8
Composition, Partial Pressure, atm,
. - R0 4.4 4.44
. Hg T - . 3.2 3.30 ]
By ) - 0.1 A3 :
- - . s - 0.32 - 0.32
S e0g - 1.28 1.4 . '
T M2 _1.87 1.77
Outlet Gas (Top of Led) :
Cowposition, Psrtial Pressire, atuw.
H20 4.05 4.0 3.A3
By 3.74 3.65 4.22
CHy 0.17 0.20 117
co . 0.30 0.3 ", 50
.. COg 2.63 0.53 0,58
N2 1.91 2.9 1.72
Dry Exit Gas, SCPH 41.1 - 41.4 4.7
Nz Purges, " 11.3 12.8 9.7
-Hz " " . ’
Coudensate, " : 171.8 99.6 89.0
Recycle Gss Composition, molec %
Ha ' 50.58 48 .70 33.52
a, 2,33 2.68 . 2,20
[~ ] 8.70 6.64 G.54
Co2 8.53 7.14 7.44
Na . 31.90 34.80 28,20
Piutdising Velocity, ft/sec.
Boot 0.737 0.1 2,670 .
Bed, avg. ) . 0.253 9,276 ).260 N
- eConthtbutes to ovtiet gas only «' oo ¥
“#%Imcludes 0.2 SCPH Hz2S - : £
et ‘ a
‘ !
nt"“'f“":" -

e WUS L . . i e
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tions and Results :
D-21 D-22 4
10 -~ 14 ) 10 ;
3 llesh Tymochtee § Dolowite Impregnsted with Na2COg 16 x 28 cesh ' . 4
Tywochtee Doloatte <
.o 12.87 14.39 1.38 :
« 1u ” 20 : i
: 1300 -7
== Disco Cher -7
i BB D20~ Run D~21
€ 3.15 —> 2.54 :
b
.9 9s.6 84.5 .o ,
bo.o 100.5 . 82.3 267.9
335.9 35.7 33.6 87.4 :
21.3%e 21,29e 21,200 22.30e :
1.4 18.3 14.4 17.9 . :
1.8 1.8 1.8 1.8 K
|
lan w8 34 4.3
'3.60 3.56 3.37 7.65
|0.10 0.11 0.10 n.42 B
‘8,31 0.31 0.38 n.95 .
1.26 1.22 1.23 1.37 ,
‘1.4 1.37 1.89 s.08 L
3.83 3.86 3.82 4.0 - -
.22 418 3.72 %13 - -
.17 017 - 0.16 n.52
@.30 0,30 0.62 1.18 )
0.56 .61 0.78 .64 .
1.72 1.88 _ 1.90 5.53
».7 ©«. 4 . ' 44.8 143.7
9.7 10.n 12.4 14.4
.0 ) 91.3 84.2 88.7
5.52 ss.28 4.5 48 82
2.20 2,29 . 2.1 3.12
.64 6.62 8,02 7.99
.44 8.01 10,12 3.87
.20 27.80 31.70 ~37.19
\
8.670 0,679 0.613 2.630
».260 0.264 0.242 0.248
B ]
;-
i
_ ;
4
-

B R Tl Ir

- Added Xz,

Acceptor
Saze, xesh
Circulation Rate, °
\o/hr (raw basis)

System Pressure, ats

narator
Temparature, °F
Pusl Char

Foud Rate, 1b/br
1be fed

inlat Gas
Bueycle, SCFU
"

.
Atr, "7 o
* fiscycie Composit.on, sol
Ny ! -

Qy .

[+ .

Oz L
Alr in Inlet Gas, mol S

COg Purtisi Pressure, at-
Equilibrium CUg Part.sl Presmure, at::
AP Driving Force, atu

Pluidizing Voloc.ity, ft/sec

Acceptor Activity

Curresponding Cycle

Regemerstor Conditios
i D-20
A 3 C
0 thru 6 7 thra 11 11 thru
5.53 2,47
& oy 6 Dolomhte ———re————
- o x 23
10.18 10.35 3.4
€ 11
% 1470
< Hus.
. 0% TRSL
1.29 1.37 9
7.15 3.4 24.3
170.1 18,0 170l
30.0 20.0 20.0
3.6 2.8 7.1
94.0 3,3 38.3
Setlance - alance B alane
23.5 23.5 23.5
2.57 J.07 - 3.
o
S1.68 3o.22 30.00
2.5 2.39 <3
4.30 4.0 L W
2.2 2.31 29
| B3 § 1.351 P
.39 3 s
4 9 20



and Besults
D-22
D-21 A B
2 + 0 thru & 5 thru 16
31,15 6.47 10.10
Sodium Inpregrated
—y Tymochteeo-G Dolonite ¢— Tynochtce-6 Dolonite = R
—p 16 x 28 & 16 x &« —y
i 11.91 8.76 . 16
o 4 1 L 20 —>
-» 1370 - 1940 ~— —
¥ II Lisnite Char Y
=P <45 M Runs D-6,7,3,9 4B8x65 M Runs 0~G5,7,3,9
b 1.37 1.38 1.28
¢ 12.56 8.54 12.72 .
i
179.3 314 ~ 17¢
20.0 36 . . 84 . P
5.7 12.4 e
‘ 8.5 .0 97.8 - R
» Calance Balance . Balance- B -
23.8 22.3 21.3 . . . -~
2.70 3.4 3.717
o o ’ o - 3.2
30.10 . 20,52 - 25.15 . %‘
) E
N “2.59 4.46 - - 4.26 o . A
4.90 7.30 7.20 . -f
2.31 2.34 3.04 ) 4
1.50 1.32 1.12 .
.64 .30 .63 e
10. 3 . 14
~ . -

)

s b bbb e . e v Al

ad

IPIPIROEE S Ty

o snens 1 il ol B

St —————————— ¢ 1 o

TABIX 1V

RUX CONDITIONS AND RESULTS

P e A R il ~ A

Run No,

S32-3-17 -
Systems Prossure, atn, 20
Tewperature, °F 1523
Feedstock LTC Colstrip Subbitumi
Feoed Rate 7.87
Inlet Gas (Bottom of Bed)
Steam, 8Cr¥H 90,3
Recycle, "
Fluidizing Gas 189.1
Added #iz, SCPM 17.3
n, 5.
Composition, Partial Pressure, sto.
30 5.98
Hy 6. 73
Clig 2,09
co 2.2
C0g 1.03
Ny 1.83
Outlet Gas (Top of Bed)
Composition, Partial Pressure, ata
120 4.08
uy 7.29
CHy 2,72
co “3.0
_ Ccog .34
b 1.56
Dry Exit Gas, SCTH - - 99.08
Nz Purges, " 6.3
Condensate " 72.27
Recycle Gas Composition, mole % ’
) ¥z .79
o, 16,70
co 18.51
cop 8.24
No 11.76
Avg. Fluidizing Velocity, ft/sec. <194
Avg. Vapor retention time, scc. 16,1
Yiclds
-Char, Wt, % \F Peed 68.4
" Carbon Bearing Gases,
1b C/100 1b X¥ Fecd 16.98
CHy €.53
- CO 7.23
cop 3.22
Product particle density, 1b/ft3 7.5



TABLE ¥
Run No, S39--3 : A . » c
System Preseure, atm. ° [ 20 |V 8
Gasifier, Tempersture, °F 1800 1600 1500 1
Char e~ Nydrodevolatilized C
Char Feed Rate, lb/hr . . 4.33 8.07 4.14
Tnlet Gas (Bottom of Bed) .
Stean, . 124.2 " b6 - 118.2
Recycle, . :
Fluldising Gas 4.2 254.1 .5
Char Carrier Gés .
(Middle of Bedf se.1 54.3 3.4
Added Hz, SCm 14.7 9.8 : 5.0
0y, " 8.2 0 ]
Ny, " 2.0 2.0 2.0
Composition, Partisl Pmlm, atm, . .
Hz0 .78 6.9 .83
8y 6.w €.03 2.20
[~ . ; o.78 0.76 0.13
.o ! 3.08° 2.82 0.68
—~  €0g 1.97 1.33 0.57
Nz i .39 2, 0,62
Ouu-t Gas (Top ot Bed) . .- - o - _ -
Composition, Psrtial Pressure, nl. R e . -
H20 = 3,73 . 4.03 - 3.58
- Y T - . 7.27 7.3 3.9
cBy - : - 1,00 1.0% — 0.8 i
co 3.2 _ - 374 1.14
. COog 1.70° 1.76 1.1s
Nz 2.38 2.00 0.47
Dry Exit Gas, SCFH - . 0.6 7.2 78.0
N2 Purges, " 13.8 13.6 8.5
Condensate, " 9s.2 ‘990 1.2
Recycle Gas Composition, mole % . : :
H2 2.2 44.58 30.69
CHy ©8.94 6.12 3.36
co 23.34 2263 17.17
[ ] 10.09 10.67 15.18
Ng 17.40 : 16.00 - 13.40
Fluidizing Velocny, lt/.oe 288 P 1 -] .2333
Steam Conversion, 3.4 30.1 31.4

sContributes to outlet gss only.
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TABLE VI
1t ~ COXDITIONS AND RESULTS
Run 532-p-1
: Run No, 3532
_ ] ' r e ; ) P-1(A) P-1(B)
n 20 20 20 ] Duration, Hours
! ::‘;‘ pressure, stm .03 20 9.87
. o ‘enperatu ° e
1800 1600 1600 1600 . K ’ “:: re, °F """‘f et
Azed Colstrip Subbitusinous Char — - > : Colstrip II Char
y tum -:1 . Poed Rats, 1b/hr :": k3, D, F, G
. 412 4.05 4.10 In1 o 3.8
AInlet Gas ;Botto- of Bed)
] SCFH
120.1 130.4 156.2 148.0 Atr, Bottom of Bed, SCFH 278 291 -
. . . K ,
' Alr, Middle of Beds " 119.5 0.5
.9 282.3 209.6 210.0 Addod :’Oz " 13 . ci.o
. " - s
12.6 3.8 5.2 58.3 Composstion, Partial Pressure, atm. =0 2.0
s.0 14.7 14.7 9.5 Og .22
] 8,2 (] [} co 4.13 o.n
2.0 2,0 2.0 2.0 ;‘:1 160 ::
..92 6.00 8.17 8.01 outl 13.08 14.21
1.94 6.20 5,82 s.84 Qutlet Gas (Top of Bed)
0.14 0.77 0.68 0.63 02 _
1.08 3.02 2.1 2.36 co .15 -
0.44 1.60 1.15 1.21 Coz 148 4,98
0.48 2.41 1.78 1.93 . N 12,29 x:lf’r:
Exit Gas, SCFR - 170
2,24 3.77 4.3 4.48 - i Nz Purges, "“’ 169.5
413 1.16 7.41 7.58 R - 19.4
0.3 1.00 1.00 0.90 Becycle Gas Composition, Yole %
2.68 3,91 3.52 3.37 co . 2050
1.10 1.77 | 1.69 1.73 €Oy : 1'16 23.83
0.49 2.39 1.80 1.96 L1 u'zs S.88
124.3 98.3 113.3 107.5. riud _ +2S 70,29
10.4 13.8 15.3 15.4 uidizing Velocity, ft/sec.
53.9 97.3 107.6 102.7 . Bottom of Bed 2
: Top of Bed +265 230
44.86 42.54 16,11 46.82 +382 .281
3.91 5.93 6.19 5.5 *Doe,
29.21 23.22 21.92 20.77 8 not contribute to the inlet gas compositi
12.02 10.51 10.48 10.67 ; on. .
10.00 17.80 15.30 16.20 ‘
.254 .291 .261 .254 !
ss.1 25.4 3.1 30.6
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OCR CONTRACT NO. 14-01-2301- 115(2; .
COXSOL. LIGNITE GASIFICATION PROCESS DEVELOD. ENY

June 1 to 30, 1958

A, Suwmary

Phese I - Feasibility Study
Coaplete.

Phase 31 - Sench-Scale Esperirerts

Deta from Bun D-22 show that the carbom buracut in the regencrator
ineressed [ros 73-867 8t a constant CO luvel upon reducing the fluidizing
velocity from 1.32 to 1.12 tt/sec, A high reteation of char in the bed st the
lover velocity was shusn to be the cause of the improved combustion efficiescy.

Integral ratc dai: are prercanled frow runs conducted earlief with

Colstrip char i1n the continuous unit. 7The results indicate s loser reactivizy
relative to Husky lignite char.

A sertcs of tests were carried oiut to determine the winimum awount
of prvoxidation requiced to render Colstrip coal operable in the hrdrodevola-~

tilizstion step. The results show that operabili:y cap de sustained with as
1tttle as 15 preoxtdation. o A

A waterisl halarce run .as conducted to sizulate single-stage .
gasification of lightly preoxidized {4%) Colstrip coal si ca 1 Lour residecce

time. This was done b5 etirculsting acceptor through the h;\'drodevoxatili_z-r
and eliminating extrinsic hydrogen addition, Naterial balance showed ‘sizilarp
results (char jield nas 52.87) to those obtained with other feedstocks in the

standard hydrodevolatilization runs xithout acceptor sddition or preoxidatiom.
The yield of CO was somewhbat lower and that of Hz was sipnificactly higker.
however, as was expected due to acceptor actiom. lore extensive gasificatioa
could hate been-achieved by use of higher acceptor circulation rates and higher

steam partial pressures., Experirental vork has nor been tercinated avd report
writing is proceeding.

Phase III - Pilot Plant Enzineering

A proposal for continuing the CO» Acceptor developmont prograw hroug
pilot plant construction and operation was sutwmitted to CCR on Jure 28.

Solicitatiors for proposals for pilot plant construction acd/or

operation of the Rapid City facilitr are being prepared for review by OCR in
July.

Financial

Estimrted expenditures in June were sn.mo.' -Oummlstive evpewses to
datc are $1,732,321. ’ o .
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B, Technical Results and Prograa

Phase 11 ~ Bench-Scale Research

1. Operation of the Continuous jasification Unit (Project No. 532,00)

‘Addjtional Data from Previous Runs

‘ (1) Run 532-D-21, Use of Sodium - Impregnated Acceptor

X Results on activity loss of acceptor in this rum were given ia
the Msy report. Data on sodium loss arc reported here.

! In this run the acceptor was circulated four tiwes through the
unit in the 3g0.CaCO3 form with the gasificr at 1500°F and the regencrator at
1600°F. During this period the activity declined sharply, evean though no cal-
cining had occurred, and most of the sodium was lost from the acceptor. The
sodium loss contiuued on subsequent process cycles. The dats are shown below:

¥az0 Content, 3g0.Ca0 Basis

As Prepared 1.0 wt. %
Atter 1 Yg0.CaCO3 cycle 83
After 4 )g0.CaC03 cycles 28
After 1 process cycle .19
Atter 20 process cycles <11

The natural sodium content of the rax acceptor is 0.23%. The overhcad attrited
fines from the regenerator during the early 3Mg0,CaCO3 cycles xill be analyzed for
sodium, If this material shows no sodium enrichment, then the loss must have
occurred in the gasifier.

(2) Run 532-D-22, Operations with Husky II Char at 1940°P

Analyses of thc overhead ash from the regencrator during Run D-22A
showed that the carbon burnout was 73%. In Run D-22B, after reducing the fluid-
izing velocity from 1.32 to 1.12 ft/sec., the increased retentivity caused the
burnout to increase to 86% while a CO content of 3.8% was maintained in the exit
gas.

At the end of Run D~22B, the fuel char fced was stopped and the
combustion air and most of the recycle gas flows were removed in quick suceession,
thereby “"freezing” the regenerator bed. The residual fuel char was recovered frow
the bed by screening at 48 mesh. Based on the we.ght and couwposition of the
recovered material and compositions of the feed char and overhead ash as produced
during the rum, ash balances gave the fuel inveniory range as shoxn below:

i
t
x
i
i
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Regenerator Fuel Inventory,
¥t. % of Acceptor In Bod
Total Char Carbon

Assuming char inventory bed composition of feed char 16.7 11.7
Assuming char inventory bed composition of overhead "ash”™ 6.3 1.7
Bagsed on the ash contents of the recovered material and feed char and the feed
c¢har input rate, the average retention time of the fuel char wxas calculated as
14 minutes. This time is greatly in excess of that required for couplete burn-
out at any appreciable Oz partial pressure. The observed burnout at the long
average retcntion time suggests that all of the incoming O2 is consumed quickiy
ot the bottom of the bed and that the rezaining carbon burnout occurs in the
upper part of the bed by the slow reaction, C + CO2 = 2 CO.

(3) Run 532-K-3, Kinetics of Colstrip II Gasification

Cowpositions of the hydrodevolatilized Colstrip I and II sub-
bituminous chars arc shown in Table I. Char from the first shipment, Colstrip I.
was used in Runs H~16, D~4, X-2, D~5 and D-15,

Integral gasification rate data are shosn in Table II-A. Gas
partial pressures vere given in Table V of the Yay report. As with the lignite
chars, the rates are enhanced, in general, by operstion at 11 atm., ‘otal pressure
rather than at 20 atm. However, the lower reactivity of the subbituminous char
weans that the gasifier would have to be operated at about 1600°F. At this
higher tewperature level the system pressure would have to be about 20 atm. ia
order to maintain heat balance via the acceptor reaction. Thercfore, no advantage
can be taken of the enhanced reaction rates at the lower systenm pressure,

Run K-3C was wade at 1300°P and provided rate data which can be
compared with those from the Husky II lignite char. Tte portinent data are
shown in Table II-B." A crude evaluation of the relative rcactivities of the
two chars way be made by comparing the ratios of the observed integral total
geasification rites and the differential rates (obtained with Renner Cove lignite
char) calculated at the exit gas partial pressures. On this basis, the Colstrip II
char is 3.3 times less reactive at 1300°F. :

b. Gasification of Preoxidized Colstrip Il Coal

Run H-13, made with Rosebud coal, showed that raw, dry subbitumin-
ous coal cannot be fed directly to the hydrodevolatilirer without the occurrence
of wagsive coking. The entire effort during Jure was devoted to determination of
the minjmum awmount of preoxidation required to prevent coking, and to making a
run simulating single-vessel gasification with tie preoxidized Colstrip cecal.

(1) Dryimg

To prepare a stock of dry coal for the prcoxidation runs. the
raw Colatrip Coal was dried in the gasificr at 300°F. Since our earlier vork
on preoxidation of Eastern bituminous conl shozed that oxygen reacted preferen~
tially with the -100 X fine coal; the -24 % ccal, sfter reing partially dried in
air at less thaa 200°F, was screcncd at 100 wesh. The coal as received contained
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31% woiature and the -28 M miierial was not free-flowing. The coal became free—
Llcming after being air dried to a wmoisture content of 18% or below.

. Ia order to achieve complete drying and to avoid spurious prcoxi~
datiom, the coal was dried in N2 in thc gasifier at 100°F, A system pressure of
11 atwm. vas used, not because of any process comsideration, but because the
system becase insensitive to pressure upscts caused by tecporary blockages in
the exit piping (which are created by elutriated fines) at this pressure level.
A total of 570 1b of dry coal was produced.

Analyses of the exit gas shosed no detectable Hp, 014; or CO at
400°F. However, COz was present to the extent of 0.09% of the dry coal.

{(2) Preoxidation

Since the requircd level of preoxidatiom to prevent coking was
unknown, throe relatively scmall batches of about 80 lb each xere preparcd at 500°F
and at the vominal levels of 4, 6, and 87 preoxidation, Conditions and results
are shown in Table III., A system pressure of 290 atm, sas used to achieve (recdom
from pressure upsets and because the process could be operated at this pressure
level. .

Each of the three batchcs was fed to the gasifier operated at
hydrodevolatilizer conditions which were nominally the saae 2s in Run H-11,
After each run, the vessel was inspected for signs of coking. All three materials
were coapletely operable with no coking whatsoever, The 6 and 8% char particles
were not rounded or swollen, as was the case in Bua H-14. A few of the 4% char
particles showed some rounding. The mercury deasitics and size consists of the
product chars are shown in Table IV. The mercury dersity of hydrodevolatilized
LTC Colstrip II char was considerably greater (78 16/2t3) than those of the chars:
derived from preoxidized coal, The difference is caused, not by swelling due

" to intumescence, but by cracks which developed alonz the bedding plancs. The

cracked particles are sufliciently rugged to resist attrition in the f. :idized
bed. Gross fracture of the particles did not occur.

In view of the incipient rounding and lower levels of particle
shrinkage and wmercury density, the 4% preoxidation level was taken as the wini-
wum which would give frecdom from coking. A large batch of coal (238 1b) for
use as feedstock to the gasification run therefore sas prcpared at the 4% level.

. Another small batch of 87 material also was prepared with the intent of deter—

winiog the effect of preoxidation level on char vield and ;aseous product
distribution. Conditions and results for these ruans also are shoen.in Table IIX.

The yields of 20, CO2 and CO are relatively independent of the
preoxidation level over the range investigated. Aralysis of the offgas showed
the presence of 0.03% Cllg at 500°F, which correspocds to 0.01% by weight of
the drv coal.

© (3) Gasification

: The intent of this run was to sisulate single-vessel operation
of the gasificstion step wherein 4% preoxidized Colstrip II coal was fed to the
gasifier at the highest practicable inlet steam partial pressure and with the use

Lignite Gasification
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of acceptor. The relativcly low temperature level of 1525°F was chosen in the
hope that, with simultancous hydrodevolatilization and gasification, the rescti-
vity of the freshly-created subbituminous char would be enhanced.

The original gasifier vessel, having the flow restrictor configu-

ration st the bottom, was used because its longer length provided & greater

retention time for decomposition of the tar vapors,

In previous runs (-1 through H-17) in which LTC ch;r or rawx coal
was fod to the gasifier vessel, no acceptor was ised. The fcedstocks were intro~
duced through thc normal acceptor discharge port at the boltom of the vessel in
order to moximize the tar vapor retention time, The use of acceptor in tke gasi-
fication run (532-G-1) introduced two problems: (1) The only available coal inlet
line was the normal char talet line which enters from the top and extends,as &
diptube, to the middle of the fluidized bed.  This line was lengthened to just
above the char-acceptor interface in order to increase the tar vapor rezen..ion
time, The first effort at feeding preoxidized coal through this line, using the
mormal carrier gas velocity, resulted in a plug caused by heavy pitch wkich xas
formed as the coal passed through the hot diptube. By increasing the carrier gas
flow to decrease thc coal retention time in the diptube, pitch formation was
supprossed and no further trouble was cxperienced. (2) Because of the lowr fluidizing
velocity needed to assure adequatc retention time for decomposition of tar vapor,
it was uncertain whether sufficient velocity would be available to fluidize the
acceptor layer belos the char-acceptor interface, . To aid this situation, the
acceptor inventory size consist was reduced to 20 x 35 uesh, compared with the
sormal 16 x 28 mesh size range. Although it was desired to use the highest
possible inlet steam partial pressure (——11 atm), the inlet partial pressure
was reduced to 8.3 atm. to avoid agglomeration due to incipient melt forwation
inm case fluidization could not be maintained in the acceptor layer.

As & result of the two problems, the effective inlet steam partial
pressure at the bottom of the char bed was only 5.9 atum., a level much too lowx
to prove out the single-vesscl operation. It was found that a stable char—
acceptor interface could be maintained and that a higher inlet steam partial
Pressure could have becn used. Run conditions and results are in Table V. along
with those from Runs H-14 and H-11 which are included for cowparison.

The yields of char and total gaseous carbon are similar in all
three runs. Cowparcd with the other runs, the vield of €02 im Rua G-1, which
includes the CO: picked up by the acceptor, is increasced at the cxpense of CO.
&s was anticipated. Another consequence of the use of acceptor was an increase
in the amount of hydrogen made. In Run G-1 the partial pressures of both CO
and CO2 were relatively high when the norumal acceptor circulation rate of adout
10 1b/hr. was used. The next step was to operate wxith an increased circulation
rate in order to reduce the CO2 partial pressure, which in turn would reduce
the severe CO inkibition of the gasification rate by virtue of the waler—gas
shift reaction.

Four efforts were wade to continue the run at a hig{xel; 2ccepror
circulation rate. No data were obtained because an unusual sequence of wochan—
ical walfunctions terminated all attewmpts before steady-state was achicved.
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lo'énr. frecedom from cok ‘at the 4% preoxidation level was confirmed, since
no coke was found after feecdi 70 1bs of the coal.

Throughout the operations involved in gasifying preoxidized coal,
the regenerator hcat requirement was supplied by combustiom of CO. The regeners—
tor bed tcmpersture and CO content of the exit gas purposcfully were allowed to
vary betwcen the limits of 1830-1940°F and 0.5-2.07, respectively, in order to
demonstrate that high acccptor sulfur loadings such as occurrcd at the conditiouns
used in the gasifier can be accommodated at a relatively wide range of conditiomns
without the formation of a deposit derived from the transient liquid. (The
lower levels of CO conteni were used only after the initial high rate of acceptor
attrition had cezsed,) Heat releascs as high as 300,000 BTU/(hr)(£t3) of bed
were used. There werc no deposits.

Were more tiwe availablc, the original gzoal could be attained,
since therev is no inherent reason why a high acceptor circulation rate and con~
tinuity of operation with preoxidized coal cannot be achieved. lowever, the
scheduled shutdorn of the unit prevented any further effort.

¢. Program
No further operations arc planned. A final report on the bench-
scale work will be prepared.

2. Batch Kinetic Studies (Project No. 530.00)

Samples from the continuous unit operations were processed
routinely, ’

As with Project 532.00, all future effort will be devoted to
report writing, covering the results obtained during the past four ycars. -

3. Supporting Patent and Legal Activities (Project No. 534.00)

The current laboratory reports and¢ memoranda were reviewed for
determination of Subject Inventions. .

4. Supporting Process and Economic Analysis (Project No, 333.00)

No work was done on this project,

Phase IIT - Pilot Plant Enginecring

A proposal for the continuation of the CO2 Acceptor Devcloprent
througk pilot plant construction and operition was subuitted to OCR on June 28,
1968, After some discussion, Consol was directed to prepare solicitations for
proposials from subcontractors for pilot plant construction and/or pilot plant
operation. A list of companies to whom solicitations will be sent was approved.

. Consol is now preparing drafts of these solicitations for review
by OCR in July. The construction plan involves a two-phasc program with the
initial plant to be limited to the facilities required for rax water gas
production.

Lignite Casification
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C. Subject Inventions ’

Nome,

D. Financial Status
Expenses Actusl Budget
Cumulative through May, 1968 .$ 1,701,321 $ 1,735,000

Expended in Perio@ (estimate) 31,000 220, 000

Cumulative through June, 1968 $ 1,732,321 $ 1,955,000

Att. - Tables I - V »

= Monthly Progress Chart
1/12/68




. o . TARE I : e : : T mmEIRA
Compositions of Colsirip Subbitumisous Char 3 . . ’ mtegral Gasification Rate Data’ )
- . ) R = 1b C gasified/min./1b C in bed x 109
Rydrodevolatilized Char, Colsirsp 1 Colstrip I3 .
Made In Run Number : u-16 »-17 Rus 332-3- °r Atw. . % Burnoff Rc Bong RYotal
B, wt. %, dry basis ) S .85 K ) L4 1600 20 29 27.4 6.2 39.8
o . . ) . sam .0 [ 1500 1 26 3.8 - 3.0 29.8
] B 45 b 1600 11 1 54.8 s.7 66.2
© 0 (aife,) ) .8 2. b 20 30 22.5 6.2 34.9
. 3 . e - r “ 33.7 7.8 a3
Ash : ] 1.3 13.70 e 36 31.8 6.8 45.2
Sulfide Sulfur ) . e 40 -
: . ' . TABLE 11-B
Ash Composition, Sulfur-Pree Basis !
‘ ——— ) Comparison of Reactivities at 1500°F at 11 Atw Pressure
Alz03, ¥t, % ' 24.3 =.4. :
ne . e . . 4 3.8 . Bus D-6 A-21 K-3C
Pez03 - : 4.1 3.4 ’ ‘
7 Ca0 ) 2.7 2.6 Exit Partial Pressurss, Aim.
R 7 oo L . _7.0 - 3.3 . .
Eeird S . . ) s -y o 30 2.81 2.72 3.38
K20 | F o - - -z 3 ¥z X 4.38 4.90 3.95
L . ] . - e 12 ] ; co - . 1.52 1.48 1.34
- ""25 ) . _ i T ¥ . o ) gy T .24 33 .28
$10° i : T - - .1
— - - % Bursoff L] % 26 .
K X ] .6
ke Observed Ratcs
. ' - L ' ' " 29.7 28.4 n.8
S, 3.8 . 4.2 3.0
By 37.3 36.8 298
- Calculated By 29 . 26 ™
' A
‘ %




TABLE III

Conditions and Results of Preoxidation Ruas

Bed Temperature
Systems Pressure

Feedstock
. Run
Total 1b Fed .
Pecd Rate, lb/hr, dry basis
Inlet Gas- =~
RBecycle, SCFH
N2
Atr
Inlet 02 Partial Press., Atm.

Exit Gas Rste, SCFH_
Purges, N3

Recycle Gas Composition, mol %

2
(=]

) €0z . _ oL
. 02
Flutdizing Velocity, ft/sec

Distribution of Oz, %

to H20
to CO2 °
to CO

* Dot reacted

% Preoxidation*

‘15 02 reacted/1b dry coal x 100

500°F
20 atm
Dry Colstrip II Subbituminous Coal
1 IX 11 v v
83 80 82 238 58
9.78 9.71 9.94 9.02 9.93
530
27.4
34.3 22.8 45.6 .2 -49.7
.24 17 3 .16 .34
70.0 59.6 83.5 59.4 84.3
12.1 12.5 15.6 12.1 12.2
95.34 96.33 94.63 96.16 93,73
.81 .68 .98 .68 1.01
3.80 2,98 4.19 3.16 5.04
.05 01 .20 (1] .22
In .167 174 .167 175
58.8 58.7 57.4 55.4 53.4
36.7 37.0 36.6 40.3 40.7
4.0 4.2 4.3 4.3 4.1
.5 .1 1.7 0 1.8
8.1 4.1 7.8 3.9 8.5

- )
Cuar Properiies after liydrodevolatilization of Preoxidized Cosl

28 x 35 mesh, wt, %
33x 18
ﬁ;‘&
€3 x 100
100 x 150

-150

wean diawmcter, inches

% shrinkage

" mercury density, 1b/ft3

2.8
24.6
17.0
12.1

5.8

.01081

-.78

Dry Raw Coal
14.0

% Preoxidation

A
1.0
2.3
77.3
1.8

12.7

£
5.9
27.0
21.8
18.6
3.7

7.0

.00970
10.3

0.4

3

6.0
25.6
271
18.5
14.6

12.2



YABLE V

Run Conditions and Results

Run Number

-1 _n-14 .53 ) S
Cycle - :
Acceptor Tysochtee-6, Noae '
20 x35 % !
Acceptor Circulation Rate (raw basis),
1b/hr ) 9.3
Syatem Pressure, atm, 20
Acceptor Activity .67
Gasifier, Temperature, °F 1525 ©1528 - 1510
Coal Feed 4% Preox. Rosebud Glenharold
Colstrip :
Foed Rate, 1b/Mr, dry basis 7.52 ‘6.66 - 7.56
Inlct Gas (Bottow of Bed)
Steam, SCFH 96.9 7.8 5.5 .
Recycle, " 200 178 172
Added Hga, " 0. o 15.0
¥, " 6.8 1.3 - 8.4
Composition. Partial Pressure. atu,
H20 3.92 5.568 - 85.64
g 8. 4.83 6.53 '
N, 2.28 2.00 1.86
co 3.40 2.67 3.01 .
€02 95 W34 . rao 7
N2 2.7¢ 3.60 - . ‘1.5
Outlet Gas (Top of Bed) . - -
Composition, Partial Pressure, atm, -
H20 3.09 3.47 3.8
Hz 7.40 6.10 7.11
ay 2.92 2.5 2.44
co I8 3 3.37 3.95
_Co2 1.3 1.69 . 1.84
‘N2 a.2s 2.84 1.17
Dry Exit Gas, SCFH 117.4 ' 108,.0 . 122.3 .
N3 Purges, " 13.0 9.8 6.0
Condensate, " 33.8 6.7 62.0
Recycle Gas Composition, mol % v
Hp 4.9 35.6 42.2
CH, 16,57 14.78 14.47
co 17.63 19.66 23.47
[~ 6.99 9.88 10.91°
Ng ~ 16.9 20.1 © 9.0
Fluidizing Velucity, ft/sec. avg. .i93 171 .183
Avg. Vapor Letention Time, sec. 17,7 16.5 18.2
Yields - :
T "Char, ¥t. % MF Fcod 52.75 50.3
Carbon Bearing Gases, 1b C/100 1b WF Fd 24.73 21.68
CHy : 8.02 7.23
co 8.54 9.62
€0z 8.19 4.83
Product Pariicle Density, 1b/n3 Bl 2.7
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H Phase II - Bench-Scale Experiments
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—4- -
l 1. Preperation of outlines of the reports.
| A
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8. Techaical Results and Progras

Phase I1 - Bench-Scale Research

1. Batch Kinetic Studies (Project No, 530,00)

In preparation for writing a final report om this project, the
following work was done: \ .

s. The fluidized bed correlation was reviewed eriticatlly snd
modifications were made to include recent data takes at
process conditions in the continuous uait.

5. A correlation was developed for prediction of the iscipiest
fluidising velocity from existing literature data OB pressure

drop through the packed beds. .
e. The correlation for prediction of pressure drop in the

pueumatic transfer lines was sodified to sllow for the
effects of particle acceleration snd of bends ia the lime,

Sows 1sboratory work was done oa modifying the properties of
grozen melts in the CaCO3-Ca(vil)z systew. Since Run D-21 showed that
sodium was ineffective in enhancing acceptor sctivity, the work so far has
been devoted to sddition of SiOz. Liquid phases have been found to exist
st moderate temperatures and stesm pressures in the systeas, Cal03-C2(Ql1) 3-3103
snd Ca((H)2-S103. Dicalcium silicate 2lso forus through the reactios
2 Ca(OH)2 + S102 = 2 Ca0.5102 « 2 M0.

Two separate reports are under preparstion oa this subject
entitled

a. "Studies on Mechanics of Pluo-Solids Systews”
b. "Laboratory Physico-Chemical Btudies”
Outlines of the above reports have been prepared.

3. Operation of the Continuous Gasification Unit (Project Xo. 532.00)

The following important work was done in preparatioa for writing
s final report on operations of the contiuuous gesification uait, .

The number of calcining-recarbonation cycles achieved in sny rum’
pas been reported routinely in terms of nominal cveles. Onme nominal eycle
occurs each time the external acceptor inventory is fed through the unit.
As long as the weight of the external inventory is equal to or greater thas
the internal inventory, a nominal cycle is equivalent to an actual cycle.

However, in all the runs, the internal inventory incrcases com~
tinuously because the particle density increases as the acceptor loses

Lignite Gasification g ’ -
Progress Report No. 50 -3= : . -hl 1968

) . . 3 1
setivity, Since the total invento at ont :

Ty resains approxiast
;hup wss added), the external tnventory daer::us eon:::u:::gnt'r::o
) r::n 1o external inventory is further augmchted by losses dno to
llq"l:'::: :::r:;:w. The end result of these processes is that in’
r ol a

.-c:-.‘ g Sy ‘ numbe t ctlu\_cyclos is leps than :he mumber of -

’ The method for calculating the actusl samber .
:.u.“l:c:::‘ou -# ‘tedious to execute., ‘- The details nl:‘h:y:}::ni:nr;:::r
prgeofidnn .::’o:t. The calculations have been completed for all 36 runs
berbpierion m:’nf;:'" used. The largest number of sctual cycles were
pooibt et and A-21. The most extreme difference between actual
tats case the occurred in Ryn A-9, made with Pete Lien dolowite. In
h physically wesk stone csused very large attritiom los: e
souparison of actual and nominal cycles is given below: ' o

* - Fumber of Cycles .
= © Homimal Actual
13 . ' ’ .
o - -
i s . pad

As outline of the final report has been prepered

3, Supporting Patent ard Legal Activities (Project Yo, 534.00)

Toe current lsboratory reports .
doternination of. Subject ;,m“”.” 8nd semoranda were reviewed for

8:_Supperting Process and Feohomic Anslysis (Progict ¥o. '533.00)

l./vort wvas _da.c on :tM.s ptpjoét.‘

DN i

Phase III - Pilot Plant Engineering
- Iuvitations for proposals on the 0
. . construction of the Raj
::::t:::.:.::‘.“ ':'u::l‘y’ing requibed services during the pﬁot P:::t(:i_ty
peabiubiootiong PP y OCR on‘Jul’ 29 t¢.n: transsittal tq qualified

Thirteens “peckages™ of documents, each-wei
. . ghing 50 1bs, were
m‘.“':u:.;n preparation for wailing oa August 5. The list of coatractors
) in proposing on this job is sttached tw Table I: ooe company
-‘(Ll—n Compasy) expressed lack of interost. Proposals aré to be sub- -
tted to Comsol on or before October 7, 1938. .

. Catalytic is embellishin )
& the model of the Rapid Cit
plant tm preparation for s display f{n the Interior Nil:inc al! priot
Septenber 9-13, 1968,
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- Progress Report No. 50 -4~ . ) o
- €. Subject Inveations ’ ‘ : L ) . TARE I
o - ‘ . .. POR C3G GASIFICATION PILOT PLANT - .
) D. Pinancial Status . . . mm AND OPERATION
. . “ "o - - e . .
Actusl Budget . : :
nse ==
Expense . ] Bechtel Corporation
- 000 . ’ Brezina Construction Coupsn -
Camslative through June $ 1,732,868 $-1,955, ] peny
Expended in Period (estimate) 37,000 220,000 . Catalytic Construction Cowpany
. . Pord, Bacon & Devis, Inc.
lative th h July $ 1,759,868 $ 2,175,000 . . M. ¥. Kellogg Company ]
Cumu roug ’ Peter Lien & Sons, Inc. : .
N Northwestern Eugineering Company .
Procos, Ine. : e .
Stearne-Roger Corporation -
- : Peter Kiewit & Sons, Inc. -

Dravo Corporation
Ralph M. Parsons Cowpany
C. F. Braws & Coupany

Encl, - Table I
Monthly Progress Chart
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PROGRESS REPORT XO. 51
OCR CONTRACT NO. 14-01-0001-415(2)
CORSOL, LIGNITE GASIFICATION PROCESS DEVELOMENT

August 1 to 31, 1968 I\
\ Sumsa
‘ ~ recumcian [0 0ZA W gr—
\ #———T‘“ - » Phase I - Peasibility Study

. . s
] q ® Includes Supenisory Exempt Techniclan Complote.
il - 3
| “‘ 3‘ @\5‘ Inciudes Cleri Phase II - Bench-Scale Experiments .
'T”— .

All effort in this area is devoted to the preparation of a
fimsl report ou Phase II activities.

Ap outline of this report has been
approved by the Office of Coal Research.

Phase IIT - Pilot Plant Emgineering

VYarious questions from contracors preparing proposals for the

. coastyuction of the Rapid City pilot plant have been answered; a briefing
session was declined by the individual contractors. As of August 31,

nine coutractors continued to be interested in submitting proposals.

A weeting was held with specialists from Conoco to review

the feasibility of the COy Acceptor Process and its application in the
Rapid City pilot plant., It was concluded that the process is techmically
feasible, and no mejor pilot plant modifications were suggested.

Catalytic has continued to prepare sn improved version of the
model of the Rspid City pilot plant, for publicity purposes. Catalytic
! EER e will supervise the installation of the model in the Interior Building
; /’/ 2 durtng the week of September 9.
A .
;
JROTp S — ! h Financial
T
O 3‘ 1 Estimmted expenditures iu August were $17,000. Cummlative
ol ; P expenses to date are $l,6769,684.
PR i 1
TN
al L

MONTHLY PROGRESS CHART
3.0 ' \23.? -:”!13‘0:_‘

' RCH
T - OFFICE OF COAL RESEA
- DEPARTMENT OF THE INTERIOR

CONSOLIDATION CCAL Co.

PA.
RESEARCH DIVISION LiBRARY,

BPR.  MAY  JUNE

T
RO03.0M ! I!!OO{ .!500.0,:

[}
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Ligaite Gastfication
Progress Report No. 51 -2- X August, 1968

B, Technical Results and Progras

Phase II - Bench-Scale Resesrch

1. Experimental Projects (Projects 530, 532, etc.)

All experimental work has ceased and efforts are under way to
prepare & final report on this phase of the 002 Acceptor development.
The target completion date for the first draft of this report, which
ougonpasses three years of experimental effort, is Decewber 31, 1968.

2. Supporting Putent and Legal Activities (Project ¥o. 334.00)

The current laboratory reports and sssorsnda were revieved
for detersinatioa of Subject Inveanttons. .
3. Supporting Process and Econouwic Analysis (Project ¥o, $33.00)

The OCR has requested that a portion of the finasl report om
the bench-scale effort include a section devoted to an updated analysis
of commercial economic feasibility. The same sudbject will be presented
st the Cleveland meeting of the A, I.Ch.E. in May, 1969; draft of this
paper is required in November, 1968, .

Phase IIT - Pilot Plant Engineering -
4. Catalytic Design (Project No. 533.30)

Nine coatractors resmain on the list of those supplyisg proposals
for the construction snd/or operation of the Rapid City pilot plaat;
Bechtel, Ford, Bacon k& Davis, Parsons, and Peter Kiewit have declined.
Mioor questions from the various contractors are being handled by mail,
with the provision that copies of all such questions and answers are
mailed to all of the contractors.

Catalytic Construction has cospleted the eubellizhment of the
Rapid City pilot plant model. Catalytic will sssume the respoasibility
for installing the model in tbe Interior Building during the week of

September 9.

A group of specialists from Ponca City visited Lidbrary for am
in~depth review of the technical feasibility of the €02 Acceptor Process
a8 well as detailed consideration of the process design, mechanical
design, safety provisions, and start-up and shut-down provisions incor-
porated in the Rapid City pilot plant. While several areas were ear-marked
for further consideration, no major revisions of the present pilot plast
design were recomwmended.

s e B e p e

Liguite Gasification
Progress Report No. 51 -3-

C. Sub ject Inventions

Subject Invention Xo. 2, entitled "Avotidance of Ash Deposition

1 mz cceptor Proces: was tran:
8 the Regenerator of the A t P .88, t switted to the

1

D. ﬂ%ul al Status

Expense Actual Budget |
Cemulative through July $ 1,752
» 684
Bxpended ia period (estimate) 11:ooo 3 2,;;:,3::
Cumulative through August $ 1,769,684 $ 2,395, 000

Att, - hthly Progress Chart
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@® Includes Supervisory Exempt Technicians.
@@® Inciudes Clerical.

propossls oa pilot plant construction and o Proposals
peration.
oxpoctnd 18 early October fron four major contractors. -

expenses to date are $1,777,353.

MONTHLY PROGRESS CHART

‘OFFICE OF COAL RESEARCH
DEPARTMENT OF THE INTERIOR

CONSOLIDATION COAL CO.

RESEARCH ODIVISION LIBRARY  PA.

CONTRACT No. 14-01-0001-415

PROGRESS REPORT X0, 52
. OCR CONTRACT XO. 11-01-0001-415(2)
COXIOL LIGNITE GASIFICATIOX PROCESS DEVELOPLENT

WImm,'m .

8. Swmary
Phase I - Peasibility Study

Complete.

Phase II = Bench Scale Experiments

A1l effort in this area is d

to som
repurt on Phase II activitles, the prey of a final.

!h’io 1II - Pilot Plaat Engincering

Contact was maintained wi

Pinancial

L
Bstisated expenditures in Se

.

th the various contraeioxl preparing

ptember were sn,ooo. Cumulative



Lignite Gasification
Progress Report Xo. 352 -2~

B, _Techuical Results and Progras

Phase II - Bench-Scale Research

1. rimentsal Projects (Projects 330, 532, etc.)
i

All experimental work has ceascd and efforts are under way to

prepare a final report on this! phase of the CO2 Acceptor devel

2. Supporting Patent and legal Activities (Project Yo, 334.00)

The current laboratory rcports and memorands were reviewed for
determination of Subject Inventions,

3. Supporting Process and Economic Analysis (Project Xo. 533.00)

At OCR's request, a paper entitled, "An Interis Study of the
Economics of Pipeline Gas from Lignite” was prepared for preseatatioa at
the A.I.Ch.E. Meeting in Cleveland, Ol.io im lay, 1969,

The paper has been approved by the Consol Publicatioca Committes
and will be subnitted to OCR on October 4, 1968,

Phase II1 - Pilot Plant Engineering

4, Catalytic Design (Project No. $33,30)

Kellogg and Braun have declined to subait proposals oca the Rapid

City pilot plant. Thus proposals from ma‘lor contractors are now lisited to

Catalytic Construction, Dravo, Procon, and Stearns-Roger. Minor questions
from these coatractors were handled during the month,

C. Subject Inventions

Noae. !

D. _Financial Status

September, 1968

Expense Actuxl Budget

Cumulative through August '$ 1,766,353 $ 2,395,000
Expended in period (estimate) 11,000 220,000

Cumulative through Septeuber $ 1,777,353 $ 2,613,000

Att., ~ Monthly Progross Chart
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PROGRESS REPORT NO. 53
OCR CONTRACT XO. 14-01-0001-415(2)

ONSOY., LIGSITE SASIPICATION PRCCESS DEVELONENT

A, Su—a
Phase T - Peasibility Study

Complete. °

T Phase I1 - Be

nch-Scale Experiments
S==—s———002 e Experiments

All effort tn this area ig devoted to the Preparation of s final
report on Phase II sctivities, .

" Phase IIT - Pilot Plant Engineering

Proposals were received in early October fros four w3 jor

eontractors for the fina) engineering, construction, and operstion of

the Rapid City pilot plant. The original proposals have been supplemented

by Beetings with each of the contractors, and recomzendations concerning
submitted to OCR in early Fovexzber.

Hn-nci_al

Bstimated ol':pindtturgs, in October were SIQ,OOO. Cuuulative




Ligunite Gasification

Progress Report No. 53 -2- October, 1968

B. Technical Results and Prograa
Phase II - Bench-Scale Resesrch

1. Experimwental Projects (Projcct 530, 332, etc.)

All experimentsl work has ceascd and efforts continue to prepare
a finsl report oun this phase of the COp Acceptor developsent. It is now
projected that the final report will be submitted to OCR for approval on
or before Fcbruary 1, 1969.

2. Supporting Patent and Legal Activities (Project No. 534.00)

The current laboratory reports and semoranda vere reviewved for
determination of Subject Inventions.

3. Supporting Process and Fconomic Analysis (Project No. 533.00)

No work was done on this project during the report period. It
is planned in wmid-November to initiate the preparation of an econoaic
section in the final report which will define the impact on potential
commercial economics of the results achieved in the bench-scale
experiments.

Phase III - Pilot Plant Engineering

4, Catalytic Design (Project No. 533.30)

Detailed proposals for pilot plant construction snd operatious
were reccived from Catalytic Counstruction, Dravo, Procon, snd Stearns-Roger.
During the month, clarification mcetings were held with each of the contractors
to review the proposals, to solicit opinions concerning potential savings or
iuproverents in the present design, and to define the basis whereby the
contractors would assume responsibility for the structural and mechanical
integrity of the plant. Recommended r~ontractor preference for further
negotiations will be submittcu to OCR for approval in early November.

C. Subject Inventions

None.

D. PFinancial Status

Expense Actual Budget

Cumulative through September $ 1,776,270 $ 2,613,000
Expended in Period (estimate) 10, 000 320, 000

Cumulative through October $ 1,786,270 $ 2,935,000

11/11/68
Att, - MNonthly Progress Chart
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\ Al Suwmary
Phase T - Feasibility Study

Complete,

Phase 171 - Bench-Scale Experizents

<&@ Includes Clerical.

Al effort in this arca is devoted to Preparation of a final
¥oport on Phage II activitics.

Phaso YIT - Pilot plant Enzineerins
RU4-11920, submitted to OCR on November 11, 1968, contains an
evaluation or construction and opceraticn proposals for the Fapid City
pilot plant, ¢ vas recontended that negotiations be inftiated with
Stearns-Roger to arrive at an acceptable guaranteed "axinum, split
savings contract,

ﬁlnnc_i:l

hﬁuted expenditures in Xovenber were $9, 000. Cumulative
eXpenses to date are 81,794,632,
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Lignite Gasification

Progress Report No. 54 -2- November, 1968

B, Technical Results and Progran

Phase II - Bench-Scale Research

1, Experimental Projects (Projects330, 532, ete¢.)

Work continues on the proparation of & final report on this phase

of C0z Acceptor devclopment, It is projected that the final reporx will be
submitted to OCR for approval on or about February 1, 1969.

3. Supporting Patent and Legal Activities (Project Xo. 534.00)

The current laboratory reports and semoranda were reviewed for
determination of Subject Inventions.

and Economic Analysis (Project Yo. 533,00)

3. Supporting P

Work was started in late Novcnber on the preparation of an ecotomics
section for the final report.

Phase III - Pilot Plant Engincering

4. Catalytic Design (Project No. 533.30)

Consol's sppraisal of the construction and operation proposals for
the Rapid City pilot plant were submitted to OCR on Novewber 11, 1968, with
the recommendation that negotiations be initiated with Stcarns-Roger for a
maximum price, split savings contract. It would appear that the cost of the
Rapid City pilot plant construction will be betwcen $7.8 - 8.0 M. The esti-
sated cost for the 30-month operating program as set forth in our Javitation
for Operating Proposals is approximately $4.5 1Tl

During November, a further review of the hot piping, valves, and
associsted insulation in the dolomite transfer lines was initiated. Tuis
study is continuing with the help of cquipment vendors.

The CSG pilot plant model was shown at the AGA Neeting in Pittsburgh
on November 21 and 22, The model is now stored in Library.

C. Subject Inventions

Noune.
D. PFinancial Status
Expense Actual Budget
Cumulative through October - $1,785,682 $2,933,000
Bxpended in Period (estimate) 9,000 320, 000
Cumulative through November $1,794,682 $3, 255,000

12/9/68
Att. - Monthly Progress Chart
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PROGRESS REPORT NO. 53
OCR CONTRACT NO. 14-01-0001-415(2)
CONSOL LIGNITE GASIFICATION PROCESS DEVELOPLENT

A, Susmary

Phass I - hu:bu‘.tz-smdz
Coaplete.

Phase 1Y - Bench-Scale Experiments

All effort in this area is devoted to preparation of a final
roport os Phase II sctivities. This tncludes work to update the poten-
tial cial cs of the lignite gasification process.

Phase IIT - Pilot Plant Engineering
No work was done in this area.

Financial

Esti d ditures in D ber were $9,900. Cumulative
Sxpenses to date are S1,803,949, .



Liguite Gasification
Progress Beport Xo. 55

-3~ Decenber, 1963

B. Technical Results and Program

Phase II - Bench-Scale Research

1. Bxperimental Projects (Projects 530, 532, etc.)

Work continues on the preparation of a final report on this phase
The completion of this report will be

delayed, because of the continued absence of Nr. Curran for personal reasous.

of the COz Acceptor development.

Supporting Patent and Legal Activities (Project Xo. $34.00)

The current laboratory reports and memoranda were reviewed for
determination of Subject Inventions.

3. Supporting Process and Econoaic Analysis (Project Yo, 3533.00)

Work consists of the updating of potential commercial ecomomics

of the lignite gasification process.
in light of the experimental work c

resized accordingly.

The design bases have been reviewed
ompleted since 1968 snd equipment

The correlated results from the experimental progran suggest
that the optimum commercial operating conditions may be differeat than
those set forth in the original Feasibility Study (Fourth Quarter, 1964).
Accordingly, consideration is Ceing given to an engineering and ecoaomic

study to redefine the preferred commercial operating conditioms. .

Phase II! - Pilot Plant Engineering

4, Catalytic Design (Project No. 333.30)

Discussion with vendors regarding the hot piping, valves, ete.,

in the Rapid City ptilot plant is essentially completed.

Xo negative con-

clusions were drawn from these diecussions, although it is apparent that
it will be necessary to expend additional funds for consulting, detailed
design work, and possibly experimental development to arrive at the precise

definition of specific, novel items for the plamt.

Such effort has been

deferred until the decision to proceed with the pilot plant design and coo~

struction is wade.

C. Subject Inventions

D. Financial Status

Expense

Cumulative through November

Expeuded in Period (estimate)

Cumulative through Deccmber

Att. - Monthly Progress Chart
1/13/69

Actual
$ 1,794,009 $ 3,235,000
3, 900 -320, 000
$ 3,575.000

$ 1,803,980
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