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PROGRESS R£rO!rr NO. 41
OCR CONTRACT NO. 14-01-0001-415(2)

COSSOL LIGNITE C\SIFrC\TIO.V PITOCE^S nElTXOPMFNT

£K.-Ar*--

January 1 to 31, 19G8

A. 3ugn*ry

Phasa I - Feasibility Study

Complete.

Phasa ll - Bench-Scale Fy.periaonts

Studies on operabllit> liwitalions in the CO2 acceptor process 
vere extended to otlier sub-bltu^.inous coils. Culstrlp coal trout Montana 
was run at the conditions vlth results summarized In the tabic below.

Gasifier Regenerator
Deposit Deposit
*t.5 of *l.% of

Temp. Ash Fed Temp. Ash Fed

1525 Hone lot operated
1600 0.4 1900 Very sli
1500 None 1900
1500 None 1940 39

Run and Type 
8-16

Bjrdrodevolatillzation of
LTC Char

D-4a
8-4c 
0-5

It cannot be said that operation mlth Colstrlp is completely 
operable. The ash deposition, hovever, was small, especially in vice of 
the loar fusion point of the ash in the feed.

Fundamental studies to diseem the relationship between ash deposi­
tion and the ash composition of the feed coni arc continuing.

Rlcetroh mlcroprobe studies have shown that the Ca and Mg deposited 
from the coal ash on the outer shell of the acceptor are present largely as 

oxides.
Phase III- Pilot Plant Design

Engineering and review of final documents will be completed in 
February. Catalytic has requested an extension of their contract to March 1, 
IS64, and an increase In the contract budget 1> $369,000.

Financial

X.U.otcd expenditures In January were 569,000. Cu-ulative 
to dato are $1,510,495.expenses

Lignite Gasification 
Progress Report No. 4-1 -2- January, 196 $

B. Technical Results and Program
1, Operation (If the Continuous Gaslficatlon Unit (l>rojcct No. 532,00)

Alt derations during the month were concerned with Colstrip

sub-bituminous coal.

a. Run 532-11-16, Hydrodc-volatilizatlon of LTC Colstrip Char

To Insure a dense char, the Colstrip coal was precarbonized at 
925°F in the ane.e e.ntmcr as described last month for the Rosebud coal. No 
deposits were found after 425 lb. had been fed at 1525°F hydrodevolatilfxer. 
conditions. Run conditions and results are shown in Table I. The product 
char density ass high (80,0 Ib/ft3).

b. Run 532-l>-4. Operations with Colstrip Char at ISOO^F Regenerator
Temperature

During the first part of this run D*4(a), the gasifier vas operated 
•t IGOO’F in the absence of acceptor to r.akc a stock of regenerator fuel char, 
Run conditions and results are shown in Table II. After 96 lbs. of Run B-16 
char had been fed, an iron-rich deposit amounting to 0.4^1 of the ash fed was 
found on the gasifier walls, in contrast with Run 11-13 in which no deposit 
formed at tho lower temperature of 1525°.

A peculiar behavior of the Colstrip char was revealed during 
Run D-4. During the early part of Run D-4(a), the Greenfield acceptor 
was circulated at 150Q*F. On raising the gasifier bed temperature toward 
the desired 1600s level, the ecccptor-char interface probe could no longer 
distinguish between char and acceptor at 15S0SF. The acceptor was then 
drained from tho vessel, and the sms was continued to produce regenerator 
fuel char. ' . ‘

In Run X>-4(b), the Tymochtee acceptor wr.s used on the presumption 
that some impurity in the Greenfield acceptor had caused it to become elec­
trically conducting at temperatures above 1580s. Kosever, the same behavior 
was observed on heating the gasifier to 1600SF.

Since the purpose of the run was to determine the behavior of 
Colstrip char in the regenerator, no further effort was cade te use this 
material In the gasifier. In Run I>-4(c), the spent char from Run A-25 
(Husky II) was used as gasifier feedstock. After ascertaining that the 
Interface probe functioned normally at 1600SF with this material, the gasi­
fier temperature was reduced to 15009F for the remainder of the run.

Combustion of the Run D-4(a) char ws; carried out at 1900SF 
regenerator temperature for 31 cycles at which time the acceptor could no 
longer be withdrawn from the regenerator. After disassembly of the vessel, 
the bed was lightly egglonerated. A v<ry slight deposit amounting to.0.0!*: 
of the ash fed was on the regenerator walls. The bed agglomeration apparently 
was caused by sintering of the outer shell on the acceptor. Run conditions 
and results arc shc.ii in Table III. r

I



Lignite Gasification 
Progress Report No, 44 -3- January, 19G8

c. Run 532-K-3 Production of Regenerator Fuel Char

Id this run, the gasifier vas operated in the absence of acceptor 
to produce an additional stock of Colstrip regenerator fuel char. The run 
vas similar to Run D-^a) except that the inlet gas partial pressures were 
changed sottcrbai to obtain another gasification kinetics data point. Condi­
tions and results are given in Table II. A total of 171 lbs. of Run H-16 
char was fed. v

d. Operation o* Electrothermal Heating Plato

During Run K-2, the i'* x 8** heating plate vas operated for 27 
hours at a gasifier bed temperature of IBOO^F. The heat flux vas 40 watls/in^, 
the same as the design condition for the Rapid City pilot plant. The piste. 
Made from Type 310 SS,suffered no damage whatever.

e» Run &32-D-5, Operations with Colstrip Char
at 1940°F Regenerator Temperature

Since the Colstrip char gave only a very slight deposit at 1900*7, 
this run vas made at 1940° to djtenuinc the effect of temperature on ash 
deposition. The gasifier vas operated at exactly the same conditions as in 
Run 0-4(c), ,,

Combustion cf the Run K-2 char vas carried out at-1940* regenera­
tor temperature for ii cycles, at which time the acceptor overflow' voir 
plugged. The regenerator vails and Internals vere coated vith a thin, 
uniform ash deposit amounting to 3.0^ of the ash fed. Tho acceptor bed vos 
not agglomerated, in contrast vith (tun D-4{c> at the lower temperature of 
1900°. The weir was plugged by flakes of the deposit vhich hid sloughed 
off the vessel vails. Run conditions and results arc given in Table 111.

The acceptor activities vere the same am in Run D-4<c)# shoving 
that increasing the regenerator temperature to 1940* has no adverse effect. 
The activities were somewhat lower than, at 1670°, hovever. The comparison 
is shown below.

Gasifier Conditions:
Acceptor:

Husky II Char at 1500°F 
Tymochtee Dolomite

Run D-4(c) D»5 A-21
Regen. Temp., °F

Cycle
1900 1940

Activity
1870

5 .90 •80 .90
10 .68 •68 .82
20 .55 .55 .66
30 .45 .45 .55
40 .39 .49

. 1

' ^ //..
;'SV’ , Y

Lignite Gasification 
Progress Cepurt No. 44 January, 1968

f. Program

All experimental work will be devoted to solving the regenerator 
ash deposit problem. The program is outlined in If?-11678, Project !?o. 532.

2, Batch Kinetic Studies (Project No. S30,0Q>

a. Properties of Char Feedstocks and Products

Analytical data on ail the raw coals sad gasifier and regenerator 
feedstocks and products used to date are being compiled and will be presented 
next aonth.

b. Ash Studies

To aid in the understanding of the Bcch&nisn of ash deposition, 
tvO techniques have been applied to the raw, dried coal feedstocks. In 
the first, pristine ay)\ from three samples of Glenharold lignite wore obtained 
by low-temperature ashing (LTA) and various inspections vere performed on 
the recovered ash. In the LTA process, the coal samples are oxidised by 
atomic oxygen at s temperature not exceeding 300°F. Literature references 
show that none of the cordon ash components are altered chemically or 
physically at LTA conditions, vith the exception of partial or complete 
dehydration of gypsum (CaSO^.J HyO). Results of the inspections made so 
far are sl ovn in Table IV.

In the second technique, the dried, sized, raw Glc&harold and 
Rosebud coals, ms fed to the continuous unit, vere separated into specific 
gravity fractions by ffrart-slnk. Results of the inspections are shown in. 
Table y«. Similar data for the Colstrip subrbitusinous cool are nearly 
eompleic and will be given next month. - -

Interpretation of the data in Tables IV and V vill be deferred 
until they can be coordinated vith results of X-ray diffraction studies, 
and vith results of operation of the continuous unit regenerator in which 
tho conditions vill be varied in a systematic manner.

c. Carnegie-Mellon Studies

Electron bean microprobe studios of the Run A-26 regenerator 
deposit skov that the major elements present (Ca, Si, Al, Fe, S) are 
distributed more diffusely than was expected from optical inspection. Only 
Fe showed any appreciable segregation. There vas no evidence that any of 
the elements vere concentrated as a grain-boundary material or cementing 
agent. Study etf tho X-ray micrographs and line scans is continuing.

Computerized processing of X-ray diffraction patterns of Husky I, 
Husky II and Glenharold char ashes, acceptor shells, and ash deposits has 
boon completed at Penn State. A bewildering array of possible compounds 
In these materials confronts us. Interpretation vill be time consuming.

■*■3 .xqwgqy.wiMyov *
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Lignite Casification 
Progress Report No. •I-I -5- January, IOGS

After a rapid study of the results, the sost significant finding 
Is that the Ca and (mhich chemically are the cajor components of the 
acceptor shells and regenerator ash deposits) arc present tin inly as oxides.* 
There is very little evidence that the Xg and Ca are combined with silica, 
alusina, or iron.

\ Phase If! - Pilot Plant Engineering (Project No, 533,30)

The engineering work at Catalytic Construction was 95£> complete 
as of January 31, 1968. The only remaining work included 33 piping drawings 
and 12 structural drawings. As of January 31. expenditures were $359,000. 
Final cost Is estimated to be $369,000. An extension of contract time to 
March 1. 1968 is requested by Catalytic to permit review and approval of 
final drawings.

A meeting to carry out said review is scheduled for early February 
at the Catalytic offices.

Catalytic has provided a preliminary estimate of 8.8 1C! $ as the 
cost of completing the installation of the pilot plant.

C. Subject Inventions

Hone.

D. Financial Status

Expenses Actual

Cumulative through December, 1967 
Expended In Period

$ 1,441.495 
69,000

Cumulative through January. 1968
t • $ 1,510,495

Budget

$ 1,415,000 
40,000

$ 1,455,000

*In some cases, in conformity with the conditions in the continuous 
gasification unit, some of the calcium is present as CaS.

Att. - y.ontbly Progress Chart 
2/14/68

TABLE 1

Run Conditions and Results 

Em No. e . '

System Pressure, atm
«89-K»l*

Temp.. •P 1525
Feedstock UC Colstrip SobbittsKisotB Otar

Feed Rate. Ib/hr

In lot Gas (Bottom of Bed)
Stesm, SCFB 
Recycle, "

Fluidizing Cas 
Added H2, SCFH 

*2.
. Composition. Partial Pressure, atm

‘ MaO ---------------- :----
a2
ch4
CO
coa
*2

.Outlet Cas (Top of Bed)
Composition, Partifel Pressure, atm
r- H20 ~ "'T -' ------

«2 -
04
CO
CO2
J«2

Dry Exit Gas, SCFH 
Kg Purges! *•
Condensate, **

90.5
19T.4 
IT.3

9.99 
7.59
1.99 
9.10 
0.9T 
9.00

9.20
2.53
2.99
1.24
1.79

99.7
5.9

91.9
Recycle Gas Composition, mole 5

Si -----------
O4
CO
CO3
»2

Avg Fluidizing Velocity, ft/sec 
Avg Vapor Retention Time, sec

wm.ww
15.09
19.02
7.41
12.50

.190
19.5

Tielda
Char, Wt 5 UT Feed
Carbon Bearing Gases, lb cv'100 lb UF Feed

«4
CO
COg

Char Particle Density, lb/ft^

. • r r ■

75.3
13.94
5.49
5.90
2.9^

• v • • :»• " • /'



TABLE II

Gasifier Run Conditions and Results

*■» *». 932-D~4(a) 532-K-2

System Pressure, atm 20 20

Gasifier, Temp., °p i 1600 1600

Char Bydrolicvolatilizcd LTC Colstrip
Cksr Feed Rate, Ib/hr 4.00 4.20

lelet Gas (Bottom of Bed)
Steam, SCFH
Recycle, H

122.4 162.9

Fluidizing Gas 291.7 283.5
Char Carrier Gas (Middle of Bed)* 55.6 61.0

Added H2, SCHI 14.7 21.0
COg, " 5.2 0
»2. " 2.0 2.0

Composition, Partial Pressure, atm
B2O 5.61 6.94
H2 6.87 7.64
CH4 0.74 0.85
CO 2.83 2.55
COg 1.52 1.07
*2 2.43 0.75

Outlet Gas (Top of Bed)
Composition, Partial Pressure, atra

BgO 3.67 4.11
HZ 7.61 9.20
ch4 0.93 1.12
CO 3.56 4.08
002 1.61 , *■«
»2 2.41 0.78

Dry Exit Gas, SOU 91.3 96.9
Hy Purges, M 14.0 3.5
Condensate, ” 95.5 113.9

Recycle Gas Composition, mole %
»2 46.30 57.47
CH4 5.51 7.00
CO 21.12 21.10
C°2 9.57 8.83
ll2 17.5 , 5.6

Avg Fluidizing Velocity, ft/sec .293 .313
Steam Conversion, % 22.0 30.1

^Contributes to outlet gas only.

KegCTerator Run Conditions and Results

Run HO, 93*-P-4{e> 532-D-5
Duration, Cycles 

Hours
31 
91.s

43
•tm. m

Acceptor Trnchteo-3
Dolaatte Dolwlte

Acceptor Circulation Rate, Ib/hr (raw basis) • 10.16

SyatCB Pressure, atu ' 20
10.20

Regenerator
Temperature, °p 
Puel Char

fuel Char Fed, lb
Fuel Char Peed Rate, Ib/hr
Atoms C burned/mole KgO'Ca

1900 1940
Colstrip Subbittaftlnous Char

20% Burnoff (Run D>4) 
10.1 
0.85 
.915

30% Burnoff (Run K-2) 
23.5 
0.91 

. .907
Inlet Gas

Recycle, SCFH 
Added #2, **

C02. "
Air

359
35
-0-
94

Recycle Cas COwposition. Hole r« 
Kj
CO2
02
CO

Air in Inlet Gas, Mole %

Balance ' Balance
20 * 30
0 9

0.5 - 0.7 0.5 - 0.7

*«.2 34.0
COj Partial Pressure, atm 
Equilibrium CO2 Partial Pressure, atm 
£P Driving Force, atm 
Fluidizing Velocity, ft/sec

4.00
5.90
1.90
1.11

4.00
9.00
3.00 
1.15

Acceptor Activity «• .55

...■«;’uv irt >

•, _^ ■ -
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TA6LS tV l » t

Properties of Lo»~Tottporatura A»hed 8a«ple»

Source; Oleoharold Lignite Core*

Core Xo.
Ash Fusion. *?(!)

M607 Top MOOS ISO TopStart FIrat Totally Start yir*.- Totally Start Tlr.t TotallyContraction Liquid iieltod Controction LiQuld Melted Contraction Llould Uoltad
«8 1400 2070 2120(2) 1650 2260 1060 2080 2200(2)
n2 1400 2100 2140 1650 2250 2300 1960 2030 2210(2)
Cp2 1540 2010 2080 2010 2160 2180<2> 1S30 2010 2170

Components Present, 
by X-Ray Diffraction Major Minor Major Minor Major Minor

CaS04 y-CaSOaj CaS04 I'-CaSO. y-CaSO, CaS04
«-.Si02
illite

kaolin!te 4-siog keolinite O-SlOj keelinite

Ash Composition. Wt. %

AlgOg 13,7 10.4 *.2
SiOa 43.6 17.8 64.4
FctfOa 6.0 15,0 14.6
CaO U.B 34.2 13.6
r.:gO 5.4 7.1 3.8
Na.>0 7.2 13.2 3.8
k25 l.S 0.75 0.74
TiOj 2.1 1.5 0.89
^“s 0.04 0.09 0.05

^^Uuaaurad In hot wire nlcroacop., purged with gna im•*«w3 <a)0a» .volution.

ImuHiUf Al2Sl||Os<ail)4, (AlgOs.2 SIO^.S Hjfl)

UHto )UAl2(AlSl30io>(Oi»2, [NagO.S A2O3.* SlOj.J Ugg)

y-CaSOd Ctlclua aultata darlvad trom tb* dahydratioo at gypawa, CafiOa,! HpO.

Progrose Beport Xo. 44 
2/14/68

TABLE V

Inspections on Float-Sink Frictions

<---- s'
Specific Gravity 1.25 x 1 .50 x "1 J V ■1

1.50 x1.36 1.36 x 1.50 l 70 >1.70 1.25 x 1.36 1.36 K 1.50 1.70Slxo, Tyler Mesh -28 28x36 35x48 48x65 65x100 -100 -28 -28 26x35 36x08 -48 28x48 -48 -26
% A.ih, Dry Bagla 6.70 5.71 5.00 6.03 6.17 6.67 11.40 56.75 2.55 2.57 2.48 4.33 4.77 34.00

Alv03 10.4 11.0 10.4 0.6 10.0 6.7 13.0 0.9 24.3 24.0 24.3 26.8 26.4 20,4SlOv 25.1 15.8 15.1 15.2 16.4 17.5 31.5 37,7 16.3 14.7 13.8 36.2 36.6 45.510.3 7.6 7.4 7.2 7.3 8.4 0.4 41.7 5.4 5.7 6.2 4,3 5.3 11.0CaO 31.5 41.3 43.0 42.7 40.7 39.8 28.6 2.9 34.6 35.1 33.0 10.5 80,2 4.0M,;0 6.6 6.8 0.3 0.3 8.9 0.9 6.4 1.3 10.7 11.1 10.4 6.1 6.3 1.6.N-30 7.2 12.1 11.8 12.3 11.0 10.6 7.1 0.78 0,72 0.61 0.27 1.2 1.3 0.40K^O 1.3 1.7 1.5 1.5 1.2 1.0 1.3 1.3 0.20 0.17 0.23 0.63 0.61 0,157l0g 0.06 0.40 0.45 0.46 0.63 0.46 0.47 0.16 2.2 2.3 2.7 2.1 2.3 l.lPgOj 0.74 0.32 0.26 0.35 0.30 0.12 0.32 0.50 0.45 0.66 0.60 0.25 0.41 0.35
Wt. % at Gravity
yractloo 100 9 38 28 15 10 100 100 25 31 44 56 44 100

Weight % of Total Cosl
(1) fa)

1.25 x 1.36 3 72
1.36 x 1.50 68 23
1.50 x 1,70 5 6

>1.70 4 0

Progress Beport Xo. 44 
3/14/0X
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Ar—gBWig

PhMMO I - F«amlbility Study

Caaploto.

P9«— II * mmch-Scalc Expcrincats

19* Caroocle-Mcllon subcontract on identification of the 
ftndftoeetele of ash deposition has been completed. A final report la 
la preparation.

A aonber of runs were made in the continuous unit to seek 
regenerator conditions under which the ash deposition problem could be 
alleviated. Lover regenerator temperatures, lover carbon burnout, 
higher fluidising velocity, and use of excess air were all helpful in 
reducing the amount of deposit formed. The Low burn-out runs gave the 
•oat encouraging result, but even here the formation of a slight deposit 
was observed. Additional runs are planned to further define the factors 
Influencing aah deposition in the bench scale of operation.

Phase It! - Pilot Plant Design

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

Soanary Information on the Catalytic pilot plant estimate of 
$9(900»000 is attached. Preliminary examination by Consol suggests this 
figure la at least 10% high. .

Financial

Estlaated expenditures in February were $35,000. Cumulative 
expenses to date are $1,546,513.



LI Cal t* Gatslflcatloo
Procress Keport So. 45 “*• fl»fcnw«T*

>. IVchiilesl Besalts sod ProcrM
1* Operation of the Cootimioua Csslficoiloa Cult (Project So, 533.0Q>

C. Btgucrstor rsrlsble Studies

Daring tbs aoatbp four rua* warm mmda to deteraioo tho effect of 
v**7lnc the roxencrmtor conditions on the fomatloo of ssh deposits. Tbs 
■osky II llcnlte ebsr was used as rccenerstor fuel on the presunptlon that 
if sap of tbs process chances prove to be successful with this trouble sou* 
■stertsl, then the ash deposit problcu will have been solved for the core 
tractable lignite sod sutr-bltuainous chars.

All the-runs shared these co

Systeo Pressure 
Gasifier Teuperature 
Gaaiflsr Feedstock 
Acceptor
Isgsnsrator Flbidlsinc 

Velocity

■» operatine coadttioas:

11 ate 
1S09»F
Snaky II Char nada la Baa 532-C-9 
U a 2* mh Tymhtoe-G dolenlts

______ _ 1.43 - 1.52 ft/sec.
AH shutdoeas vere voluntary after the desired 

fuel had been burned.
at of

The acceptor activities all vere essentially the sane sad vere 
nearly Identical vlth those of Run 532-A-21, reported In September, 1957. 
Ihe results* with respect to fonsatlon of recsaM’at0? ash deposits are 
souasrlaed belov. Gasifier conditions and results are ahova la Table I 
and slallar data for tbs regenerator are shovn In Table II.

Bun 532-D-6 532-0-7 532-0-8 532-0-9
Lower Low Carbon Kxcess Duplicate of
tn*. Burnout Air 532-A-26

Tnp*rstur», *F 1530 4---------- — 1570 --------- ►
Fluidizing Velocity. 1.43 i.SO 1.53 1.50
Offcas Composition, mol %

CO 0.3-0.6 3.5 0 0.3-0.6
02 0 0 1.4 0

Carbon Burnout, % d*w90 TO 96 am* 90

Deposit, % of Ash Fed 2.7 o.« 3.0 6.0
All three process variants vere beneficial la-reducing the ash 

deposits. Sulfur rejection trom the acceptor vas couplet# in all mas 
except D-8 in which a snail buildup of 0aS-CaSO4 (4.5% of the CaO) occurred 
after 52 cycles. Further discussion of the implications of these runs vlll 
be deferred'until next oonth vhen results of further variations la regenerator 
conditions vlll be available.

was* ~ «>

ms>

Algal te Gasification 
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TM neat three rune will involve the following chances la 
ragsasrator eooditlsne:

Baa D-tOs

»>Us

3, Batch Kinetic Studies (Project So. 530.00)

Tables of aaal>tical data have been asseubled for the naterlals 
tinted below. Btcsuso of the large voluee of this inforwatloo, the tables 
*111 be issued to a separate eeKorandun.

1* regenerator fuel chars 
3« gasifier product chars
3. gasifier feedstocks
4. devolatilizer feedstocks
5. acceptor feedstocks 
#• acceptor outer shells 
T. regenerator ssb deposits 
B« gasifier ash deposits
9. uuarbesd asb froa regenerator

Increase regenerator temperature to 19103P 
Increase fluidizing velocity to 1.9 ft/sec.
Add 2% (-200 nesb) acceptor fines to recirculating 
usceptor inveatory

Bsaults of vashablllty studies on the Colstrip sub-bltuainoos coal have 
been reported la R*4-11692, Project Xo. 530.00. The behavior vas about the 
aaue aa for the Rosebud coal reported last aoath in that, for a given speci­
fic gravity fraction, properties change only slightly with decreasing particle 
size and that vide differences in ash cocposition occur betveea the specific 
gravity fractions.

The Carnegie-Mellon subcontract vas completed la February, sad a 
final report will be written la March.

3. Supporttag Patent and Legal Activities (Project Xo, 534.00)

The current laboratory reports and aeaoranda were reviewed for 
detorwlnatlao of Subject Inventions.

Pfcise IIT - Pilot Plant gnpineering (Project So. 533.30)

1. Catalytic Design

The engineering work at Catalytic C >cst ruction Con poor vas 
cooplcted by March 1, as per the most recent schedule. Catalytic has 
submitted the original tracings and oae reproducible copy of the general 
Standards, process specifications, line tabulations, original calculations, 
vendor's data, estimates, as per contract. Xo further work or charges are 
anticipated. Copies of the Catalytic work are being prepared for OCR.
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2. Pilot Plant Estl—te
A detailed estimate of the pilot plant coat vae provided bp 

Catalytic aad Is suaaarlscd oo Tables HI A-H.
A preliatnary analysis of tbis estimate indicates that the total 

of $R,M2,000 is probably 10-I5r» bicb. Seferrinf to Table lll*Av Coasol 
project# the following reduction#:

Itce

Major Bciulpeont and Freight 
Pevedatlooe and Supports 
Vaatanmenta t Ion 
Balldings 
Site Preparation
Field Charges, Teep. Const., h Vise, 
fngineerlngOverhead and Fee (nt 6% of above)

Total Reduction, ex contingency 
Contingency Beducw.ca

Wdoctlon

0
40.000
70.000 

■140,000
40,000

000,000
130,000 

. 40.000

$ TCO.OOO
70.000

Total 0 004,000

The oae of 10% contingency seen# blgb; hcaerer, until further 
cbeeklng can be done, Consol rcconcends the figure of $0,000,000 for 
budRetarp purposes. This is about twice the estlaated coat included' in 
the budget eatlaate for this project in I960.

A conparison of the 1966 estinate and the Catalytic eat teat#

19M
Catalytic

720.000
3.380.000

880.000
380,000

1.110.000
1,330,000

follo«tn*: 1968
Consol

SMtlon ISO
SMtioa 200
Mctlon 300
Metioo 400
SMtioa 330
Buildln,. uhI Site Pr.p«

477.000 
1.*75.000

37*. 000 
*0.000
530.000
570.000

, 3.*20.000 % 8,000,000
In the tine interval between the two estivates, the basic process 

concept was not changed and no sore than 10% escalation occurred. Accordtntly, 
the disparity between the two estimates is prinarily attributable to:

1> Recognition of the prevailing winter conditions at
Rapid City and provision for basically indoor construction 
and store elaborate solids receiving and storage facilities 
(Section 10O and Buildings).

vrf*' v

■ -7 7.^,
<--y '•*V,-* if' ^
'j* ^ /

. . >■ .*-V

Lignite Gasification
Progress Report No. 43 -5- Vebruary, 1968

2) Frovision of added operating flexibility by cooling and 
compressing gasifier offgases for feed to the devola- 
tlllser and by cooling, scrubbing, and recycling 
regenerator offgases (Sections 200 and 300). .

3> Fhllure in the earlier cstiRatc to recognize the cost 
and complexity of providing mechanically adequate and 
safe eguipeemt for the extreme conditions required for 
acceptor regeneration and recirculation (Section 200).

4) The decision to pilot two nethanation systems (Section 4U0).

A more detailed examination of the Catalytic estimate and consider­
ation of pilot plant revisions to reduce the investment cost will be carried
ont ac tlae permits.

C. Subject Inventions

P. Financial Status

gvpcases

Cheulative through January, 1968 
Expended in Period

Quttlative through February, 1968

Actual

8 1,511,313 
35,000

$ 1,346,513

Budget

8 1,435,000 
20,000

8 1,475,000



TABU! I

CimIXler Conditions and Boults

_ ftua Ho, 532-D-6 532-D-7 532-l>-8 532-0-9
Cycle as 20 r 34

Acceptor Tynocbtee-6 Dolomite _ 5Acceptor Circulation Rato
(res basis), Ib/hr 9.02 9.17 10.49 10.56System Pressure, ate <------------------ 11 . ------—y

Caalfier, Temperature, ®F «----------------  1500 -------- >

Char «------- — Husky 11 (Rub C-9) --------- £
Char PeaA Rato, Ib/hr I.M 1.90 2.23 2.59
Inlet Gas (potion of Bed)

Stcan, SCF1I 1W.4 122.0 134.2 133.2Recycle, **
Plaid izing Gas 152.2 157.2 160.5 159.0
Char Carrier Gas (Middle of Bed)* 34.0 35.1 35.8 35.5

Added Rg. SCTU 19.2 19.2 19.2 19.2«2. " 15.0 15.0 13.0 15.0
*2- 1.9 1.9 1.9 1.9

Cenposltion, partial Pressure, atn
H20 4.25 4.29 4.46 4.46
«2 3.51 3.72 3.67 3.68
CtLt .19 .17 .19 .17
CD •99 .99 .76 •66
COg 1.29 1.15 1.03 1.17

.92 .■2 •99 .69
(hitlet Gas (Top of Bed)

Composition, Partial Pressure, atn
»z° 2.91 2.79 3.06 3.10
■a 4.39 •*.7, 4.71 4.64
CB, •24 .26 .29 .25
CD 1.52 1.37 1.19 1.32
®2 1.19 .97 .63 1.01
»2 .99 .68 • 92 .66

Dry Exit Gas. SCPII 94.7 87.9 94.3 95.6
H2 Purges, n 10.1 10.4 12.8 9.0Mg " . - .
Condensate^ ” 99.6 91.4 107.2 110.6
Recycle Gas Composition, mol

«2 51.6 55.6 56.7 57.0
Oil 2.67 3.06 3.49 3.10
CD 17.81 16.03 14.30 16.21

13.65 11.44 10.01 12.43
.Xg 14.0 13.9 15.5 11.3

%» Steam Conversion 24.3 25.1 20.2 17.0
Fluidizing Velocity, ft/scc

Boot .66 .90 .95 .91
Avg, Bed .35 .36 .38 .38

• Contributes to outlet gas only.
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Mur xii-a
tg for Pilot Plant

■Rjor SqulpMot 
Fralffet
Few4«tiof» and Supports
Faus» Wiring
Frocoss Piping
Instnuntstlon
Balldlngs
Slto Work

Totml

tappllos snd Tools 
Tnopormry Coastmetlon 
Woldor Qusllf.
Wise. Directs 
Winter Work
Dotal Direct

9 3,997,379 • 192,999
19,109 •
•Op 333 •1,320•9,20ft 123,049•03,760 290,900
937,990 169,919
•37,91ft 302,019
140.400 49*390

9 4,742,939 3 1,179,990

9C,490 .
47,790 47,790- 29,000
94,900 104,100
17.000 31.000

9 4,131,223 $ 1,407,430

Mmet II + t * •,3M,«»s
tunrue* and Tax** 97,009
Payroll Burden 193,430
field Supervision, Tools, etc. 940,000
KaBlneerlng and Accounting 424,000
Overhead and Fee 494,990

Total Coat 9 9,009,000
Contingency  904.000

$ 9,949,000

1

table III-b
100 Aram Suenary

■njor Iqulpnent .freight *
Foundations L Supporta 
feeer Wiring
froceaa Piping Incl. Insul. 9 Stean Tr. 
lestrueentatlon

■sterlsl
209,930

4.020
17,240
9,780
6,375
21.190

3

Labor
26,480
33,695
14,140
3.829
24.790

3 424,009 9 104,890
tabu II1-C

900 Ares Sunnary
Lajor Equlpnant 

freight
foundation* 9 Supports 
foeer Wiring
froeeaa Piping incl. insul 
leatruusutntlon

*

. fc Stean Tr.

1,393,740
5,575
14,470
99,995

490,975
339.630

~ 3 99,935
4,750

28,390
148,329
102.480

• 2,147,335 9 341.880
tabu iii-o

300 Ares «*i—ify
■njor Equipment

Freight
Fenadstions 0 Supports 
F«»er Wiring
Process Piping incl. Insul.
Xnstmneatstlon

t

9 Stean Tr.

424,045
390

5,460
3,340

73,950
61.575

9 28,935
4,700
11,415
24,700
18.740

« 966,760 9 86,490



TA2ZJC III'E 

400 Area Stanaary

Mmfrlml haboe

V^9r BqmpMkt ^
Prsight

.Vomdatioos h Supports
Favor Viring
Prouai* Piping incl. Insul. k Steam Tr. 
iMtmaatatl oa

147P91S
3,250
5,340
4,605
6,920
60.345

» 11,610

' 5,470
10,470 
5,235 
16.370

* 229,375 $ 51,155

TABLE III-F

500 Area Suomarv

■ajor Equipment e
Freight

PotmdatiORS k Supports
Foeer Wiring
Process Piping incl. Insul. k Steam Tr.
Insti i—utation

342,355
2; 670 
17,625 
43,595 

153,540 
17.650

• 35,595

32,705
56,630
110,495
5.575

» 576,035 * 243,000

TABLE III-O

Buildings Siiiinr

Material Labor
Administration

Architectural
Beating h Ventilation 
Lighting k Power Wiring 
Plumbing k Service Pipe 
Sprinklers

9 103,925
22,695
39,130
10,795
3.500

* 49,860
7,805
42,305
7,690

Total 9 179,245 * 107,660

Process Structure 
Architectural
Boating k Ventilation 
Lighting h Wiring (incl. 
Bousing k Service Pipe 
Sprinklers

Admin. Bldg.)

391,715
14,265

6,200
3.400

162,225
4,410

5,695

Total • 3W.600 » 172,330

Unloading Bldg. 
Architectural 20.610 B.M5
total * 2»,C10 * 9,665

Material Handling Bldg. 
Architectural 24.915 11.540
total $ 24,915 s 11,340

mac. Service Buildings 7.145 2.400
total * 7,145 9 2,400

total Buildings 927,515 s 302,615
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PROGRESS REPORT XO. 46 
OCR CONTRACT XO. 14-01-0001-415(2)

COMSOt LIGNITE GASIFICATION' PROCESS DEVELOF.-ENT

Karch 1 to 31, 1968

A, SUMiary
PR#»» I - Feasibility Study

CovpUt*.

Hi#— II - Bench-Scale Experiments

Tb# procra# to determine the mechanism of formation of ash 
deposits In the regenerator and to develop operating techniques for 
overcoming the problem has continued.

It Is clear from work carried out to date that the formation 
of • 1 oar-melting transient eutectic involving CaS and CaS04 in the fuel 
char ssh plays a major role in the formation of the deposits. T*o 
methods of alleviating 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 regenerator under reducing 
conditions (i.e., with CO in the outlet ga#)«

Phase HI - Pilot Plant Engineering

The Catalytic design work Is being assembled into a collated 
"package"; a copy will ha sent to OCR for approval.

Financial

Estimated expenditures in Slarch were $90,000. Cumulativa 
expenses to date are $1,631,454.
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>. Technical Heaults and Progran

Phase II - Bench-Scale Research

1. Operation of the Continuous Gasification Unit (Project So. $32)

Beginning with the runs reported this month, the gasifier feedstock 
need In the experimental program for study of regenerator ash deposits sill 
be Disco char which was produced in Run C~10, Operations will be at 1500°P 
and top-of-gasifier conditions. Under these circumstances, very little 
carbon will be gasified and the product from one run will be used as feed­
stock to the succeeding run. C02 will be added to the inlet gas to allow 
recarbonatlon of the acceptor. Gasifier conditions snd results are shown 
in Table I.

a. Run S32-P-10, Regenerator Operation at 1910°F

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

M lS30*r
D-9 and A-26 1870
A-25 1890

A shutdown after four cycles was caused by a cracked fitting in the acceptor 
return line between the regenerator snd gasifier. The regenerator was 
•xantned at this point and a deposit amounting to 5.0T- 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 a heavy shell which had caused the agglomera­
tion of the acceptor inventory.

The shell was mttrited from the acceptor and amounted to 11 wt.% 
of the total acceptor, which corresponds to 35% 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-p-H, Regenerator Operation at a Greater Fluidising Velocity

In this run, the regenerator fluidizing gas velocity was increased 
from 1.5 to 1.94 ft/sec. which gave about twice the bed expansion normally 
ussJ. 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 
retentive of the feed char particles, and the carbon burnout dropped to 
69% compared with 90% in Run D-9. The run was terminated after 24 cycles

Lignite Gasification 
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whan the regenerator recycle gas compressor failed. Examination of the 
regenerator showed a uniform deposit on the vessel walls and internals 
which amounted to 3.8% of the ash fed. A thin, soft shell cm the acceptor 
amounting to an additional 1.8% of the ash fed brought the total ash 
deposit to 5.6%, compared with 6.0%in Run D-9. ^

c> Run 532-D-12, Regenerator Operation with Acceptor Fines Added

This run was made at the same conditions as Run EH9 except that 
2% of -200 mesh raw Tymochtee dolomite was added to the circulating accep­
tor inventory. The fines addition increased the superficial surface area 
of the acceptor by a factor of about three. The purpose of the run was 
to determine whether the stlckyash deposit would adhere preferentially to 
the acceptor fines and thereby be swept from the vessel.

The run ended after only four cycles when the acceptor overflow 
weir in the regenerator plugged. Examination of the vessel showed 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 walls.

The deposit was mostly acceptor fines which bad been cemented 
together by the sticky ash. Table II shows the regenerator conditions and 
results for the three runs described above.

d. Conclusions from the Regenerator Variable Study

When the regenerator is operated with Husky II fuel char at 
"neutral" conditions, l.e., essentially stoichiometric combustion of the 
Inlet air to CO2 “ the following conclusions are drawn:

1. Massive deposits form at all temperatures in the range 183O-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 ana internals.

3. At temperatures above 1870°F, the deposit tends to remain on 
the acceptor as an outer shell, until, at 1910°F the deposit 
is exclusively on the acceptor.

4. Increasing the regenerator fluidizing velocity and bed expansion 
has almost no effect on deposit formation, in the range studied.

•
5. Low burnout of the fuel char carbon (70% vs. 90%) 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-lOtA confirms this conclusion 
because a vessel deposit formed in the early stage of the run 
(tour cycles) when the fresh acceptor was attriting rapidly as 
the sharp edges of the particle were being rounded off.

1
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7. 11m coppositions of the recovered deposits are reearkably sinilar, 
regardless of the regenerator conditions and the origin of the 
fuel char and acceptor. The netting points of the as-recovercd 
deposits are very high 2800*F). The attrited shells fron the 
acceptor and the vessel deposits have slnost identical conposltions.

At non-^neutral** conditions, l.e., when either Og or CD is 
present In the exit gas in appreciable anounts, tvo nore con* 
elusions nay be drawn.

8. Excess Og dlsinlshes the deposit (2.Oft vs. 6.0%) but still gives 
a nassive deposit.

9. The only drastic reduction in the amount of deposit occurred is 
tun D-7 In which a deficiency of air was used to give 3.9% CO 
content In the exit gss.

e. Proposed Mechanism of Ash Deposition

A mechanise which is consistent with all of the above conclusions 
is that a low-aelting liquid fonas during the combustion of the fuel char. 
Ifela liquid diffuses rapidly fron the char particles, then adheres to the 
acceptor, which in turn (at temperatures < 1870*7) smears it uniformly 
over the vessel walls and internals. The liquid must exist only transiently 
sad its decomposition product must be CaO or CaSOq to account for the 
observed conposltions snd melting points of the as-recovered deposits.

The source of the transient liquid very likely Is CsS. Some of 
the line In the ash of both lignite and subbituminous chars is converted 
to CsS in the gasifier. In the regenerator this CaS is oxidised to CaS04 
by either Og or CO2 at "neutral" or excess oxygen conditions. Thus, the 
liquid forms when CaS and CaSO^ are present simultaneously. The amount 
and nature of the resulting deposit is determined by the temperature and 
the lifetime of the transient liquid.

The CaS-CaSOq transient liquid has been confirmed experimentally.
A sample of Tymochtee dolomite was converted to the MgO.CaS formed and 
heated in the hot-wire microscope in order that the following reaction 
would occur:

CaS * 2 SO2 » CaSOq + S2 <D

This reaction does not occur at process conditions because the SOe partial 
pressure is too low, but was used experimentally to insure that CaS04 was 
the principal end product. At an initial content of 100% CaS the sample 
melted, then froze within two seconds, at 2i50°F. Vith a sample having 
both CaS and CaSOj initially present (ratio unknown), the same phenomena 
occurred at 1750°F.

Lignite Gasification 
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f. Run 532-C-ll. Production of Desulfurized Husky II Char

To test the above mechanism of ash deposition, a run was scheduled 
in which no sulfur, in any form, would enter either the regenerator or 
gasifier. As a liecessary preliminary. Run C-ll was made to thoroughly 
desulfurize the regenerator 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 
listed below were used:

Temperature, °F 1300-1400
Outlet Partial Pressures, atm.

HgO 4.7-8.0
Hr 2.9-6.2
CO2 .07-.59
CO .06-.29

Desulfurization proceeded rapidly at all conditions through the reaction,

CaS + RgO + CO2 * CaCOs + H2S (2)

g# Run S32-D-13(B), Operations in Absence of Sulfur

(hiring the Initial operations in Run D-13, a stock of Disco 
®har for use as gasifier feedstock was desulfurized. The total sulfur 
content 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.

t .
Run {^^(A) was terminated after three cycles, due to a leak in 

the acceptor discharge feeder. Examination of the regenerator showed no 
deposits of any nature. An unusual behavior of the acceptor was 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 have 
prevented the acceptor from showering through the gasifier bed.

In Run D-13(B), a fresh inventor)' of 16 x 20 mesh acceptor was 
used, rather than the normal 16 x 2S nesh size consist, in an effort to 
■•intain the showering. The Tymochtee dolomite contains 0.2% total 
sulfur. In both Runs and D-13(B), the acceptor was circulated
through the unit in the Mg0.CaC03 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 been burned in the regenerator. There were no deposits on the 
vessel wall. The Internals had a slight deposit amounting to 0.06% of the

, j /i

1
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aak fad. This mn shcaad a one hundredfold reduction In the amount of 
dapoait over that in Bun I>-9 mhlch vaa a comparable run except for the 
snifter level Involved. Regenerator conditions and results are shovn in 
Table IX.

The acceptor, saapled periodically during the run, vaa notice­
ably softer than usual and the attrition losses, caused ealnly by the 
grinding action of the inlet and discharge rotary feeders, were twice 
the normal losses.

flucldation of the ash deposit Mechanism bas two major process 
inpllcatlons:

1. Process operability can be maintained by desulfurizing the 
regenerator 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 substantially 
suppressed by operating the regenerator with GO In the exit 
gas as in Run D-7.

h. Program

1. The entire unit will be operated at 1 atn. system pressure to 
determine 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 vith Colstrip fuel char at 1940°P and GO 
in the exit gas will be made to prove that suppression of 
transient liquid formation.can be accomplished at this higher 
temperature.

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 in 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% buraoff Husky IX ash, 
while supplying the regenerator heat requirement by combustion 
of CO in order to determine vhat influence the vessel wall 
temperature and local (high) temperature of the burning char 
particles have cm the amount and nature of the ash deposit.

2. Batch Kinetic Studies (Project Xo. 530)

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

The final report on the Camegie-Mellon studies is being 
written and is expected during April.

Lignite Gasification
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3. Supporting Patent and Legal Activities (Project Xo. 534)

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

4. Supporting Process and Economic Analysis (Project Xo. S33)

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

Phase III - Pilot Plant Engineering

5. Catalytic Design (Project Xo. 333.30)

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

Soma time waa spent in review of Catalytic fs process piping
drawings.

The above "package** consolidates all of Catalytic*s work to 
Alto. It is not planned to solicit bids from potential construction 
companies until an acceptable solution to the ash deposition problem has 
been found snd its impact on process economics and pilot plant design 
baa been established.

C« Subject Inventions

P. Financial Status

Expenses Actual Budget

Cumulative through February, 1968 $ 1,541,454 8 1,475,000
Expended in Period 90.000 70,000

$ 1.631,454 3 1.545,000

4/12/68
Att. - Monthly Progress Chart 

Tables I and II
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TABLE 1

0—IfiT Run Conditions and Results

Sun So. 532- 
CycU

P-10A D-10B
2 9

D-ll f>-13(B)
22 9

Acceptor <■ IS x 28 itesh--------# ; IS x 20 u
4 i i. i ■ Ty»ochtee-6 Oolo«itc i -. . >Acceptor Circulation Rate (raw. basia), Ib/hr 8.93 12.05 9.59 \ 9.28

Sjratea Preaaure, atm C 20 ■ - 1 > 11 11
Caaltier, Temp., °F

Char
Char Feed Rate, Ib/hr 
Inlet Cae (Bottom of Bed)

Steam, SCFH 
Recycle, **

Fluidizing Gas
Char Carrier Gaa (Kiddle of Bed) 

Added 83, SCFH
00»‘ ^
»2.

Compoaitlon, Partial Pressure, atm
■*0
Ba
0*4
CO
002
»2

Outlet Ocs (Top of Bed)
Couposltton, Partial Pressure, atn

HjO
■2
CHt
CO
C02
*a

Dry Exit Gas, SCFH 
*2 Purges,
83
Condensate, ”
Recycle Gas Composition, mol T*

CO
CO3
*»

% Steam Conversion 
Fluidizing Velocity, ft/sec 

Boot
Avg. Bed

1500
• Disco Char •

2.86
-10---
2.86

Run D-10 
3.20

Run 0- L3 
2.32

68.9 82.8

280,0 258.8
57.1 52.8
19.3 19.3
13.4 12.4
1.5 1.5

4.42 4.41
7.03 5.86
1.91 1.51
0.96 1.33
1.18 1.87
4.52 5.22

4.20 4.33
7.14 7.76
2.25 1.51
1.12 1.33
0.66 1.67
4.63 5.22
49.3 52.3
14.2 18.0

98.8 95.6

43.51 35.05
13.70 10.92
8.85 9.60
4.04 7.23
31.9 37.2
ee ee

.633 .880

.254 .238

104.3 114.0

118.2 131.8
33.1 38.9
19.2 19.2
15.0 15.0
1.6 1.6
4.44 4.45
3.20 3.65
0.20 0.13
0.42 0.21
1.26 0.60
1.46 1.76

4.27 4.02
3.35 4.16
0.29 0.19
0.59 0.30
0.90 0.31
1.60 2.02

39.4 40.8
9.0 11.5

115.1 114.2

47.44 56.36
4.05 2.55
8.34 4.11
12.67 4.26
27.5 32.7
e* ee

.740 . 794

.291 .310

'ee
Contributes to outlet gas only.
Steam conversion negative due to low gasification rates 
and eater gaa shift reaction.

Regeneration Conditions and Results

Run Ho. 532* IP* 10(B) 0-11 0-12 O-13(B)

Duration, Total Cycles 24 24 4 37 •
Hours 20.1 17.1 5.6 16.6

Acceptor 4--------- - 16 x 28 Sesh---- * 16 X 20 K
>

Acceptor Circulation Rate
(res basis), Ib/hr 11.26 9.59 8.S2 • 9.28

% Acceptor Fines Addition 0 0 2.0 0 .
System Pressure, atm 20 11 U 11
8e|enerator

Temperature, °F 1910 1670 1870 1870
fu.1 Char V-49 M Bushy 11 l,ignite^£har—^ -48 2 Husky 11

desulfurized
Fuel Char Feed Rate, ib/hr 0.87 l.U 0.87 1.16
lb Fuel Char Fed 17.4 20.4 4.5 19.8 .

Inlet Gaa
Recycle 235 256.7 178.8 -192.r
Added n2 35 20.0 20.0 20.0 '

cos 8.0 5.4 0 3.0
Air 106 99 94 94

Recycle Gaa Composition, mol % * •
*a
co2 20.0 22.3 22.3 22.3
CO 0.3*0.6 0.3-0.6 0.3-0.6 0.3-0. 6
"a 0 0 0 0

Air in Inlet Gas, mol 5 27.5 26.0 32.1 30.4
COj Partial Pressure, atm 4.00 2.45 2.45 2.45
Equilibrium COj Partial Pressure, atm 6.30 4.90 4.90 4.90
AP Driving Force, atm \ 2.30 2.45 2.4ft 2.45
Fluidizing Velocity, rt/sec 1.10 1.94 1.49 1.58
Acceptor Activity 0.44 0.66 0.67 0.81
^Corresponding Cycle No, 12 22 '2 9

..... .
... .
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•oife kaa coatloaod an ttao proproo to doflao tbo ■tebfloo of 

nonwAter ooh Sopooltloo oad to onlaato altonato potoocial mao* of 
oliotaotlap tho problt*.

Tbo eonoBt oort baa sbom that dopoalta of CaS-CaSOf outoctle occu­
lta tba aba coca at rtAnolBR psa to th« lapanoratoa) zapaMlaaa at abatbar 
tM CAR la pioaaat la char ash or to aseoptor., nia auppaata that Oaaol> 
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• t ' • . .fteytlw atadM arv-jrlraaad to <Jef!»• tte CO cjaf at ta maa 
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Pfcaaa III * -Pilot JHwt gnalpaartng

Ba aoak «aa daaa oa tba Rapid city daalga la April.

Fldaaclal

Kstlaatad a^paadltares la April rvra *£,000. CaMlatlva 
a^aaaaa to data aaa $1,665,403.
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B. T4Chnlc>l aBSalto and Progrfc*

H - Baae!>»ScaXo Rcsg«rca

1, Oporotloo ot tho Coatlnjoas Oa»tflcatlon La It (Frojoct No, 532)

%, gun 332-^14, Oooratlona at l eta Proodurc

Tte parpoM of tbit ran waa to dotorslao tbo asb doposltloa bohavior 
of Kuaky II fuol cbar at ooalaally 1 ata aystea pressaro. In tba re^narator*
Op vaa added to tba Kp Haidiiinj and carrier ?a* atraaaa to giro aa lalat gaa 
coopoattloa nearly tba ease aa air. Vitb thle llnltation oa tbo Op content, tbe 
total gaa floe rate required to £ivo ti& nano fluidised bod oapanalon aa used in 
tbe rune at II aad 20 atx syatei areasara reduced tbo beat release to about 60ft 
of aoraal. Tbe circulating acceptor -vaj recarbonated m tbe gaaifier boot at 
U00*F ebile being fluidised eitb COp. No cbar oaa used in tbe gasifier.

Hm ebar coabuatlon proceeded acoothly during tbe run. . Severer, 
tbe cbar aab stripped frou tbe regenerator bod caused restrictions la tbe exit 
gaa piping vlth tbe result that tbe syatca pressure began to increase. After 
about one hour, tba pressure has risen to 12 pslg. Since tbe pressure balance 
spates was not In operation, thn run wr.s suspended to prevent rupture of tbe 
thln-vallad regenerator vessel. Tbe outlet piping was cleaned out ar.d tbe run 
free res need. After tbe second hour, the pressure bad increased again and the 
rua vaa abandoned. One acceptor cycle had been completed. Tbe re8trlcti<w aloe 
occurs la tbe routine coobustion runs xada at 11 or 20 ata systca pressure, but 
tbe resulting pressure drop across the outlet piping Is of no consequence at tbo 
higher pressures. Reponorstor conditions and results (before tba pressure 
buildup) are sheen in Table II.

Inspection of tbe regenerator revealed a ualforc ash deposit on tbe 
vessel valla and internals which arcuated to -5f, of tbe ash fed. Tbe amount and 
nature of this deposit shoe tha'^ the gas partial pressures have no rsjor 
Influence on tbe formation and decoopcsition of the transient liquid derived 
free CaS In tbe fuel char. * *

b. Run 332-C-12, Production of Des ’Lf irlnod ?uel Char

In this run, another stoch of thoroughly dssulfurised Hus/.y II fuel 
cbar vaa Bade. The feed to the run was a blend of previously gasified product 
cbar froa Run D4C and 25 and the final char bed material drained fro-.: the 
gasifier in Runs 06 and 08. Since nearly all of the organic sulfur *-n this 
feedstock bad bees renoved, tho total sulfur conten; cas alsost exclusively in 
tba fora of CaS.

As in Run 0*11,. tbs char cos desulfurized baterriia in gesifier. 
Cbar samples were taken paricdically from the gasifier bed by raising tho 
fluidising velocity temporarily and allowing char to spill over tbe discharge 
velr.

Llgalte Gasificatxoo 
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tba sets ad coed it ions were used is order to ffrteln 
data for tba raoetioe. kiaetics

CM ♦ 003 v flgO rn CeCDy e 
i Ceeditiaea are sbova belovs

tu

Ryetoe freaaurv, ata 
ft A la ^adateab

Rsit Osa Coaooeltloe
■gO. sts
H
CO

fetal Sait Osa Rata,
ft t la Plaal Product 
ft Carboa Bumoff

••07
.3SR

2.51
.05

0.05
200

7.75
2. 45 
.17

0.00
5
90

fea rates of desulfurizatlos are illustrated la Figure 1 vt»rv tbe sulfur 
aaataata of tbe ebar saaplos are plotted va tine. Both rues were prolongs* 
fefoad tba time of tba last staples sbovn in Figure 1, but tbe final fulfur ” 
•safest in both cases vaa 0.09ft. Apparently, tbore ia sove refractory mieeln 
oulfur in this cbar which is aot removed at tbm coaditioom used.

Figure 1 indicates that equilibrium for tbe reaction con be used 
for design purpoeoa, la that tbe required solids retention tine can ba taken 
•• about 50ft greater than tbe theoretical retention tlse based on equilibria' 
la tbe eyaten under consideration. Equllibriua constants for Reaction (1)
arm abevn balovi

iture.

1500
1400
1500
1600

145
234
490

lonor temperatures favor sulfur rejection aad also prevent excessive carton 
bumoff. ^

Ojoifter Ceoditlona .
An emplaiiied last month, the gaa if ier feedstock for tbe ash deposition 

Study runs in Disco cbar. Oaaif ier conditions and results tor tbe runs reported 
to lev are shew*, in Table I. Since tbe Disco char baa toceva deaulf urisod to a 
lev level, the acceptor would not become sulfided while passing through the 
gnoifier. TO insure that the acceptor roes throat tba sulfur cycle, feS nae 
added to the gasifier islet gas beginning with tbe runs reported this month* ito 
mount added van stffieleat to convert about one nel ft of tm Mcaptnr Cab to CM oa each cycle.

- ■
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c. Run 532-»P»I5, Ccobastion of Coletrlp Fuel C&ar with CO In tbe Regenerator

Tbla rua was a coupaaion to Rm IKS la which Colstnp subjitjbIaous 
cbar was boned la tbs regenerator at 1943*?. Xa Rua IK 19 the fuel char rate was 
increased while holding tbo sere air rate es in Run (Kft in order to operate with 
about SR 00 in tbe rssoseretor product gas.

Tbe rua proceeded without incident for 42 cycles, wbea the desired 
Mount of fuel cbar bad beea burned* The regenerator contained a deposit 
Mounting to O.SR of the anb fed, compared with c G.CR dopcslt in Run 0-9.
This swall deposit was localized at tho bottoe of the vucsol valla aad Internals.
Hear tbe air inlet apparcatl? sens oxygen reaches the inca^iag CaS. oven wbea 
tbe bulk gas contains 3% CO. The resulting ozlc!atlca of CuS to CaS04 led to 
tbs forastion of a snail aaouat of transient liquid*

Analysis of the gasifier product gsc for 823 shored that tbe acceptor 
bad beea sulfided by tbe HgS aided to the inlet gas to the ectoat of 0.9 nol % 
of tbs CeO during each cycle* After 42 cycles, the accepter in the re-^aerater 
contained essentially no sulfur, nhc-i-g that the acceptor Cu3 is rejected 
comally la the presence of oR CO in the b-ulk jns. Begecerator data are la 
Table IX.

d. Run 932"ZK1'5, Operations vlth Desulfurized Fuel Char and Sulfided Acceptor

Ibis run was a companion to Sun D-11B in which Ccsulfurlscd Husky XI 
cbar was burned in tbe regeceratcr at neutral conditions and at ItfTO*?* Its 
purpose was to deteraine tha expects 04 tho nccuptor sulfur cycle csx ash doposl* 
tioa aad on acceptor physical strength.

Thu run was ended vol*_utarily after the cesirod srouat of the Run C-13 
desulforlhed fuel char had seen h^rccd. Tha regenerator coat&lcsd a rassivw 
deposit, ‘iniforaly distributed ever tae vessel nallo and internals, which 
anouated to 9.3% of the ash fed. ?ue acceptor vas ccataJ a thic .. soft shell
wblcb aao-unted to 15R by we4.;;'*: cf tho total acceptor, rhich ccrrtsp.cdn to 20.dR 
of tbe ash fed.

This totally unexpected result roans that the SCj rejected froa the 
acceptor reacts with CaO in the char aah to fcrvi Cr.Z cod CaSCu, vltb ccoseqjent 
formation of the transient liquic. /.p.jareatly, inside the char particles, 
equilibria in the reactions,

1/4 CaS * COj - 1/4 CaS04 + CO (2)

3/4 CaSOu 1/4 Ca3 » CaO + SC2, (3)

are displaced sufficicatly to aliar fcraatlon of the sulfur cocpounds. In the 
bulk gas end inside the acceptor particles, CcQ is the only stable solid component 
at the conditions used.

In tbs desulfurized f'-el char nost cf the cclclun in the ash enters 
the regenerator as CaCOj, which calcinus to fora CaO. Analysis of t:ue ovarhead 
ash shewed that ChS indeed had fcrrec.

Runs 933»lK17t C-m. aad S-13. Opora.lons in Absence of 7ual

la these runs no f jel chsi* ves used in tho regenerator. Tbe normal 
teat nlaas. of 4000 Bto/br [200,CCO z;V(hr) (ft3 of bod)] oss .applied by 
combustion of CO with air. Ti'.'j purpose cf tbe rtins was to determine, in the 
light of -Le R*n D-16 results, vhet cvr.crlbition the acceptor-derived CaS 
os deposit formation in tbs co plvlc# stsenco of char safc# Regenerator coaduticcs 
are shows la Table XI, Za the gasifier, the accepter ves sulfided to the extent 
•been below:

la tho feasibility study, tbe conversion is 0.S1R*

Is Rua 0-J.7 at neutral conditions end at 1270*7, after two cycles tbm acceptor 
could no longer bo withdrawn frou she reyotorator. A aasslve, uniform deposit 
had foivSil on tfco ••■?a.*el valla auJ ir.icrr.cls and the acceptor overflew weir wan 
plugjod with chvdSls of Ucpcult v^ich laid aio-ighed off.

The deposit was vcaovcd aad t^o rvc* van eontlniad. nc^cver, it 
third eye .0 tbo cLar—sccuptor interface preie m the sacif ier_faiied* The 
rc»or.orat«>r vaa icst^8ctud durin-T ah.;-'ivWm cad z unifor:: depcsit 2jain was
found, bcc of lender cvituct tiui-; pi/v-cjaly. Ai ;cr rovcval of this c2pcsit 
run was cor.tlcujd threarh 21 cycles -'itn ;hutdcm ras vol mVcry. Tie extent 
of tho deposit Xorrntion is cacvn haloot

Cycle
S-?cJitf

5 cf /ccrptcr Fad

, C-2; 1.2
2- 3 C.Sl
3- 31 O.OCd

Tteso data icply that a ceutral cc.vditlcss zte trarsiuat liuuid ferxei from 
acceptor CoS is iotrircatai ouly i.:riny the first few cyelau when tho acceptor 
attrition rate is hit;a, as the sharp e<-jaa of tba particle* are tola^ rcusdod* ' 
At this t^uo Che transient liquid cuients tngather the attrited fines*

In Rua C-l-3 the CC rata won increased to give 2. -i. CD la the 
rwssoorstur exit jas aaH the acceptor was sulf ided to a greater exteet than in 
Rua 3-17. 2uforo tho corb*:stic:n par loci was bejua, tha fetcaamtcr was Inspected 
after all of -the acceptor had hsen fed through if ar.d .after the initial bed 
inveatary had been calcined cfe i:.rie7. 5c deporit ras fo'lad, thereby sll^lrat- 
ing tho "rre-ran’ eperationa an a .'puree of the initial deposit found vn Rot 
D-1T
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Aftor oerea cycles and a volantary sbutdcra, no deposits ecre found 
in tbe regenerator, showing that 03 in the regenerator also is effective in 
suppressing the transient liquid duriag the hl^h attrition rate period.

Xa Sun 0-19. the regenerator temperature eas raised to 1940*F and 
CO conbostlon vas carried out at neutral ccsditione. /.ftar seven cycles the 
regenerator contained a massive deposit but, la contrast vlth the imitora 
deposit formed in Rua 017, this matsrial rras highly localized in tho region 
four to six inches above tbe bottom of the vessel. This local deposit vas oa 
all tba istsrnals as veil as on the vessel vail. This result shoes that the 
kinetics of forrpation end decmposltica of tho transient liquid is temperature 
dependant.

t. Pteoussion and Copcluaions

The results of JUna i>>lG, 0-17, and 0-19 imxdiately raise xbe 
question of vby no regenerator de-xisuts tovc a the early ocerat«ons when
tbe regenerator beat vas supplied electrically cad vhaa Husky X fuel char vas 
used. Tbe iaollcstion is that i?'. these r‘..D3 thf* ccc,?ptr'r t^os r.ot ^oinr' SnII— 
fided in tbe gasifier. Recent incight gainud oa the reaction.

CaS e %0 + 002 « CaCOj e BfeS,

in Runs C-ll snd C~12 confirms tl.1^ farther ulll
deferred until next ncath rhen tbo sulfur contcats cl the various feed and 
product stream* froa all tbe runs trill have become available.

Tbe folloeing conclusions ere drsmt

1. Run l^lo proves the futility cf desulfurizing the regenerator 
fuel char as a neons of ellninailng esh deposits.

2. Runs 0-15 and 0-18 show that cpevaticc cf the regenerator vltb 
00 la the product is ca affective may o£ s -mpressisg tho 
transient liquid, end therefore the rsh ceyesit, ragardloss of 
tho origin of CaS. R-:n >>1S res especially ir..;crtaat in that 
it slicked that the su?:)ressian is cffoctiva at tet.paraturos up 
to 1S40*7, and that ‘oith Colstrip char, at least, gross ash 
fusion does aot occur at this temperature level.

2. Prosraa

Rua 0-7 (coabustioa of Husky II char vith CO in -the regenerator) 
will be repeated under gasifier conditions ■.riiore the acceptor assuredly is 
sulfided.

Subsequent effort Trill he devoted to finding the Binlaua CO contest 
of the regenerator predict gas cs IsflLienccd ky char typo, tenporaturc. aad 
extent of acceptor sulfiding.

Lignite Gasification 
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2. Hatch Elastic Studies (Project V.z. 630)

As la tbe recent peat, no see expcrirontal vork vas undertakes. All 
effort vas devoted to routine prcccssiny of samples free tbo continuous gasifi­
cation unit. The final report on zts Caruo^ie-i^lloa studios has beea delayed 
and is nev expected la Juno.

3. Supporticzl Patent and Loyal Activities (Pro.lect go. 534)

Tbs current laboratory reports and roaoraads rero rev loved for 
determination of Subject lavaatioas.

4. Supporting Process end gcononlc Analysis (Project Ko. S33)

Xa Zoteric Report No. 1. "Review of 002 Acceptor Process Bneloposat*** 
April 3, 19o8, a esabiaed pro^ran of catch-scale erperiseats and ecoooric 
appraiaal vas outlined. Tbe ccr,b'rch rvcgraa vns debi^ood to «*^cluato tbe oost 
attractive of several commercial solutioas to the ash deposit problem.

Tbe detailed calculations required to evaluate the iapect oa ecacsrel*! 
plant (250 121 SCS7>) costs are net; boirg node. L'oat emphasis will to placed on 
up-dating the basic feasibility ica-rd In 1235, and in evalustlcn of the
inereuental cost to operalo tla rajeacrator under reducing cordltions (at a 
lover plant thermal efficieacyj, or to ysaeraic prodxcr gas froa char and operate 
tba regenerator in the abceacs cf char ash.

Phase HI - pilot gloat SnTlnaerlag

5. Catalytic Oeaiqn (Project Ho. 33C.C0)

Ho e02lasering vorU vas parfarred under this project during April.

Five additional copies of tho "Invitation to Sid" package have bean
prepared.

C. Subject Invmtiora

Hone.

D.

Excenaea

Cumulative through l^reb,
Zspesded In Perlcl (2 

Cumulative through A::ril, 1:

Plcazcial 3tutus

Afctual

'-3 3 If-^2, :03 
tinate) 32.ICC 
-^ 8 1,GC5*jG3

5/13/63
Att. - Monthly Pro.Tress Chart 

Tables l azx) II 
Figure 1

Sudqot

$ 1,545,000 
70.000

2 1.315.CC0
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CONSOL tlCXlTB CASITiaATION PROCESS KYPOPUNT

N»y 1 to 31, 1968 

A. Surogry

Pba— I - Feasibility gtudy

Coopl«t«.
tt - Bench-Scale Esp»rt*ents

Farther studies vere cade on the efficacy of operating the regenerator 
eith a reducing outlet condition (CO in offgas) in preventing ash deposits. It 
vas deoonstrated that this technique was successful in caintsluing operability 
at 1870®F with a high sulfur fuel char (Husky II char) even when the acceptor 
feed was presulfided. The limiting temperature at which this technique could 
be successfully applied with Husky II char was deterelned to be about 19409F.

Studies were cade with a sub-bituminous char (Colstrip) on the possi­
bility of operating the gasifier as a gas producer at 20 ate. andl?00°F. The 
interest here is in the possibility of the avoidance of ash fusion problems by 
—ns of a tro-stage regeneration process. The tests were unsuccessful due to 
slagging of the ash at the point of air injection. Higher fluidising velocities 
and the presence of an endothermic gasifying agent may be helpful in establishing 
opebabllity. Such tests will not be carried out, however, because of lack of

time.
So— results on hydro devolatilization and integral gasification 

kinetics of Colstx^p char are reported. These were obtained incidental to feed­
stock preparation for the gas producer run.

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

Phase 111 - Pilot Plant Engineering
An evaluation of the impact cm cuuMtercial plant economics of operating 

the regenerator under reducing conditions has been completed. An incremental 
cost ?f about 3f/iU4 BTU pipeline gas was calculated.

Evaluation of the Catalytic Construction pilot plant design was continued. 
The investment associated with staged construction of various portions of the plant 

has bev<* calculated.
Financial

Estlaated expenditures in May .ere *28.000. 
date mn *1,699.164.

Cumulative expenses to

Lignite Gasification 
Progress Report No. 48 -2- **y, 1968

>. Technical Results and Program

phase II - Bench-Scale Research

1. Operatlow of the Continuous Gasification Unit (Project So. 532)

a. Acceptor Sulfiding During Early Operations

As motioned last month, it had become apparent that in most of the 
runs made before Run D-15 (April, 1968), when HgS was added purposefully to 
the gasifier, the acceptor was not being sulfided. Sulfur balances around 
the gesifier, coupled with the partial pressures of H2O and 002* show that im 
general the equilibrium in the reaction,

CaCOj + HgS = CaS + CO2 + B2O .

vas displaced toward the left and therefore little or no sulfur was picked up 
by the acceptor. In only three runs was the acceptor sulfided appreciably. 
The— conclusions were confirmed by the sulfur analyses of the acceptor, 
sanpled periodically from the gasifier during all the runs.

The —in reason for this situation is, that in order to conserve the 
hydrodevolatllized feedstocks to the gasifier, low feed rates were used with 
the result that relatively little total sulfur was present in the gasifier. 
Fortuitously, in the first two runs (Runs A-25 and A-26) made with Husky IX 
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 
Increased by a factor of about four in anticipation of the enhanced gasifica­
tion kinetics. The third case of appreciable sulfiding occurred in Run MOB 
when fresh Disco char was used as gasifier feed, kith the low lice content of 
Disco ash most of the sulfur was rejected rather than being retained by the 
char ash, as was generally the case with the lime-rich Vesteni 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 Oo coeditions in the 
regenerator Is shown in Table I.

As In the past two months, the gasifier feedstock was Disco char 
used in previous runs. H2S vas added to the inlet gas to give 0.7 moT con­
version of the acceptor CaO to CaS on each cycle. Conditions and results for 
all the acceptor runs made this month are shown in Table II.

b. Run 532-P-2Q, Repeat of Run P-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 IV20 were to deter­
mine what impact the additional acceptor CaS would have on the amount of CO 
required to suppress formation of the transient liquid and to deter*i— the 
effect of the acceptor sulfur cycle on activity.
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V During the first six cycles, the average CO content in the regenerator s vas 2.6%. On the sixth cycle, s shutdown vas required to unplug the 
stems generator inlot line which had become choked with scale caused by use of 

HgS in the inlet gas. Inspection of the regenerator shoved a uulforaly distri­
buted deposit aaounting to 4.5% of the ash fed. After renovel of the deposit, 
the nm was resumed 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 shoved no deposits. Sines 
too little char had been burned to prove conclusively that no long-tern deposit 
night have forned. the run vas continued with the CO content raised to 4.0%.
The run was ended voluntarily after 52 cycles vhen the desired amount of fuel 
char bad been burned. No deposits of any kind had forned.

Regenerator conditions and results arc in Table III. This run vas 
Isportant because it showed that the acceptor activity Is at least as good, 
with sulfiding of the acceptor, as in Runs 0-7 and A-21 in vtiich little or no 
sulfiding occurred. ITie data are plotted in Figure 1.

C. Run 532-D-21 - Effect of Sodium on Acceptor Activity

. In Run A-17, cade vith hlgh-sodiun Glenharold char, the acceptor had 
picked up 1 nol % NayO after 27 cycles, and the activity vas the highest observed 
up to that tine.

Run D-21 vas made to determine whether purposeful impregnation of the 
acceptor would provide enhanced activity. The Tymochtee dolomite in the 
UgO.CaCOs formed was impregnated with an aqueous solution of XagCQs to give a 
1.0% Na20 content on the fully calcined (ItgO.CaO) basis.

t .
During the initial circulation of the impregnated acceptor In the 

UgO.CaCOs form, the attrition rate of the acceptor as measured by the amount 
of overhead fines removed by the regenerator cyclone, vas unusually high. Ylth 
the hope of stabilizing the acceptor, the entire inventory vas circulated 
through the unit three more times, until the attrition rate had dropped to nearly 
aero.

After the first combustion cycle, the acceptor activity had dropped to 
0.72, the lowest value ever observed at this stage for a dolomite acceptor. From 
about the seventh cycle the rate of decline in activity vas about the same as for 
an unimpreguated acceptor. 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 III.

d. Run S33-P-22 - Operations with Husky II Char at 1940°F

This run vas made to determine the efficacy of the CO mode of regenera­
tor operation for Husky II char at the higher temperature of 1940*F. It vas 
therefore s comparison run to Run D-15, made vith Colstrip char.

Lignite Gasification 
Progress Report No. 48

During Run D-22A, as In all the runs made with 3% or more CO in the 
regenerator product gas, s pronounced temperature gradient of about 50°F existed 
across tho regenerator bed, with the highest temperature about 2-4‘inches above 
the bottom whore the air, char, and recycled 00 enter the vessel. At neutral 
conditions the gradient is typically no more th&r 10»F. Hie gradient apparently 
is caused by rapid combustion of the incoming CO and Og ndar the inlet. Then 
the upper part of the bed tends to be chilled by the endothermic reactions

CaCOy - CaO + CO? and 

C + COg - 2 CO

During the fifth cycle the temperature at the bottom of the bed suddenly Increased 
to 2000®/1 Indicating a buildup of an agglomerate vhich had interfered vith the 

floe pattern of the fluidized bed.- To prevent acceptor deactivation by 
exposure to this high temperature, the run vss discontinued. Inspection of the 
regenerator showed that a conglomerate of transient liquid deposit, acceptor 
and fused ash. had indeed formed In the lover six inches of the vessel.

For the D-22A conditions, if the assumption is made that all the CO 
entering with the recycle gas is burned Immediately to CO2, then carbon and 
oxygen balances show that nearly one-half of tbe carbon consumed in the~ regen­
erator is by 4he .reaction, ' . _

C+ C02 » 2 CO

In Run D-22B. after removal of the deposit, the amount of recycle gas vas 
decreased and the amount of added CO2 and S2 increased to the maximum 
allowed by the existing rotameters. Tho result of the changes-vas to decrease 
the amount of CO burned by a factor of two. The teeperature profiles reflected 
this change, and the gradient was within 10®T. The run proceeded without 
incident while holding the CO content between 3.5 and 4.0% (average 3.77%} 
until the fifteenth cycle, when the supply df fuel char was exhausted.. The 
regenerator contained no deposit derived from the transient liquid but a small 
aggregate of acceptor, cemented together vith a brown, glassy material vas 
found on the internals about six inches from the bottom. Thus, 19409F is 
about the borderline of operability with respect to gross ash fusion for tbe 
Husky II char. In Run IV13, vith Colstrip char at 1940°F, no gross ash fusion 
occurred.

•• Run S32-U-17 - Additional Stock of Hydrodevolatllized Colstrip Char

As in previous runs with sub-bituminous coal, the raw material was 
carbonized at 925aF in the five foot diameter rotary kilo prior to hydrodevola- 
tlllxatlon. In this run, 350 lb. of the LTC char was fed. Conditions and results 
are shorn in Tabic IV. This feedstock was a new shipment (Colstrip II).
Analytical data on the new material are not yet Complete and will be reported 
next month. <•-a-.

iciWri.

■ *
r»-■ r~
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tm fcm 533-K-3 - C—lfic«tloo of Colstrip II Char

Hits ran was —<to to provide • stock of precssified char to be used 
la the succeeding run in vhich the gesifier vas operated as a producer.

To obtain sons gasification kinetics data, six different conditions 
vere need which Involved operation at 1500 and 16OO0F and 11 and 20 ata. system 
pressure. The inlet Bg/RgO 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 S32-P-1 * Operation of the Gasifier as a Producer

The mala purpose of this run vas to determine the amount and nature 
of say ash deposit vhich may form under producer gas conditions. The gasifier 
was operated at V700°F and 20 atm. pressure with recycle product gas and air 
as the inlet gas. Recycle gas vas used to simulate the upper section of a tall 
fluidised bed. At this condition the air had to be injected through a separate 
lalet line aad thus entered the bed at 20 atm pressure. Dilution by mixing 
with the recycle gas vas not possible since combustion of the CO would have 
melted the preheating coil.

la Run P-1A all tbe air was added at the bottom of the gasifier.
After feeding 27 lb. of Run K-3 char in 6.3 hours, the teeperature profile 
sheered that an obstruction had occurred near tbe bottom of the vessel. 
Examination of the vessel shoved 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-18, another sir inlet tube was installed to allow about one- 
half of the total air to be injected halfway up the bed. After feeding 37 lb. 
of char in 6.9 hours, the same situation developed as in Run P-IA. Examination 
of the vessel shoved two nearly identical deposits in the region around both 
dlptubes. 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 air injection is 
the principal problem to be resolved. The presence of an endothermic gasifica­
tion agent, i.e., COg,. HgO or CaCOg mixed with the air may be helpful in 
reducing this problem.

h. Program

Previous experience has shown that rev, dry sub-bituminous coal 
cannot be fed to the system at hydrodevolatilixer conditions without the 
occurrence of massive coking. The next operations will be devoted to deter­
mining what the minimum preoxidation conditions are vhich vill prevent coking.

After establishing these conditions, a run vill be made in vhich 
the preoxidized coal vill be fed directly to the gasifier, to simulate single 
vessel operation.

All experimental work vill cease os Juae 28 and report writing vill 
begin immediately thereafter.

Lignite Gasification 
Progress Report Xo. 48 ■ay. 1968-6-

2. Batch Kinetic Studies (Project Xo. 530)

The batch differential rate data for the steam-carbon reaction at 1500°F 
were reviewed critically, revised, and rccorrelatcd in preparation for a paper to 
be given at the September ACS meeting.

The final report on the Camcgic-Uellon studies has been delayed again 
by pressure of academic duties, but it is expected im July.

8. Supporting Patent end Legal Activities (Project Xo. 534.00?

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

4. Supporting Process and Economic Analysis (Project Xo. 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 
eoMerdal aspects of these studies was authorized. The most promising solution 
discovered in the bench scale work was to opera te the acceptor regenerator under 
reducing conditions vith 3-4 volume per cent CO in the regenerator offgas. Under 
these conditions, the formation of the transient liquid phase is inhibited and 
the ash deposition problem is eliminated. There is, of course, some additional 
carbon loss in tho regenerator. For a fixed output of pipeline gas, more lignite 
id required, and the plant operates st a lover overall thermal efficiency.

The evaluation of the cotmncreial-scalc economies of this node of 
operation vas completed in May, Results will be issued in a formal report to 
OCR in early June.

This solution to the ash deposition problem increased the cost of 
synthetic pipeline gas (at 250 Mil SCF/D) by about BTU.

Phase III - Pilot Plant Engineering

5. Pilot Plant Design (Project Xo, 533,30)

The major work done during May vas Involved vith evaluating the 
Catalytic Construction Company engineering package and investigating various 
alternates In plant design before making final recommendations to OCR.

Primarily Consol is considering building the Rapid City pilot plant 
im stages, in order to minimize investment r»*k until basic operability is 
established.

Basically, Consol is considering omitting devolatilization, gas 
cleanup, gas shift conversion and final methaniaatiom from the first version 
to be built.
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CaaifiT Conditions and Wr»ult» '

i 19o« SSS »-S0
Crel* 4 20 10

Aeooftor M a 2S Meah Tyaachtee 6 Ooloalte 16 x 28 Hesk '

Acceptor Ctreulattoo late (no ba«i»)lb/hr 10.15 8.42 11.91
Syatoc Prcacvra, ate. «-------u —

Guttlar. TaaMratim, *r <
■ Dli

Cbar 4. Xua d-1, . <-----
Char Fead lata + — 2.14 — *-----
Inlet Gaa (Bottoc of Bed)
Steac, 8CPH 109.P 100.1 91.9
■acyola, SCfR

Fluldialttf Gaa HO.t 108.9 100.0
Char Carrlar Caa (Middle of Eed)* * 34.2 34.1 35.9

Added H3 KIM 2t.2ee 21.20# 21.2*e
C02 30.9 15.7 19.4

i . ■» " l.S 1.8 1.8
Coepoattlon. Partial Preaaure. atta.

HjO 4.44 4.44 4.31
■» 3.20 3.30 3.60
«d ■■ ■ o.u. 0.13 o.to
CO - - • * 0.33 0.32 0.31
«»2 1.28 1. >4 1.26
»2 1.97 1.77 1.42

Outlet Gaa (Top of Bed)
Cocpoaitiod, Partial Pressure^ ate.

H20 4.05 4.09 3.83
b2 3.74 3.65 4.22CB4 0.17 0.20 1.17CO 0.30 0.50 0.50

. coa 0.43 0.53 0.56
»2 1.91 2. )» 1.72

Dry Exit Gaa, SCPH 41.1 41.4 40.7
M2 Purgea, 11.3 12.6 9.7
Ha »
Coodeoaata, 101.5 99.6 89.0
Recycle Gaa Coapoaitlon, aolc %

H2 50.55 4M.76 33.52
«4 2.33 2.68 2.20
CO 6.70 6.64 C.64
Oh A.92 7.14 7.44
■a 31.90 34.80 28.20

Plutdlslnc Velocity, ft^sec.
Boot 0.737 0.711 0.670
Bod, av;. 0.283 0.276 1.260

•Oboilltbat*^ to outlet ^»s only 
**tnelatfa* 0.2 sen H2S

-Jt-I
iisSl^lfe^ V - - -

• • - -■’ -" '** •->* • • ‘nA**<-u**-.***

r-i^ssAt.

it*

r fl
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« XX 
How aad

10 “

f
V

D-21
14

I Utah Tyooebtoo 4 Dolooito loprogwtotf with VajCOs 

11.01 12.97 14.2912.97 
-11 —

1900 *
' 01 too Cbor •

O’22 
10

19 x 29 aosh 
Tyooebtoo Dolootto 

10.29 
20

TftBUr IX 
tor Conditio*

Run D-21

•1.9 95.6 94.5 91.0

00.0 100.5 92.3 267.9
29.9 35.7 33.6 57.4
21.2** 21.2** 21.2** 22.3**
10.4 19.3 14.4 17.0
1.9 1.9 1.9 1.9

4.31 4.43 4.34 4.55
3.60 3.56 3.37 7.65
10.10 0.11 0.10 0.42
0.31 0.31 0.39 0.95
1.26 1.22 1.22 1.37
1.42 1.37 1.59 5.09

3.93 3.86 3.82 4.00
4.22 4.18 3.72 8.13
0.17 0.17 0.16 0.52
0.50 0.30 0.62 1.18
0.56 0.61 0.78 0.64 -
1.72 1.68 1.90 3.53
0.7 42.4 44.8 43.7
9.7 U.O 12.4 14.4

^.0 91.3 84.2 89.7

5.52 55.28 48.05 48.H2
2.20 2.29 2.11 3.12
5.64 6.62 8.02 7.09
7.44 8.01 10.12 3.87
%.?.o 27.80 31.70 ^37.10

9.670 0.679 0.613 0.630
9.260 0.264 0.242 0.246

2o. 532-
Ountion.'

Cyclo#
Hours

Accoutor
Silt, rath 
Cireulation Rstt. 

Ib/hr (rat bttia)

Syttoa Prttaurt, >to

EtCtnorttor
Tetptratart. *T

0-20

0 tfevu 4 7 thro 11
2.53 2. *7

d—i. - i 7yoocIit*o-6 Dolcolto ■ 
+. —. 16 X 29----

11 thru

10.15 10.35 

-11 —

*.4

1970 •
Aitl Chtr f...

rB l
Fwd lUt*, Ih/br 1.29 1.37 1. P
Ibt ftd 7.15 3.»4 24.3

Itldt Gat
Bteyelt, SCTIl 170.1 165.0 ITr'. 1
AMwl Sj, 30.0 20.0 20.0

' - 00a- " 3.6 2.5 7.1
Air, ■* 94.0 80. * 99.5

Btcycit Coaipotit ion, po! ;
"t — •alma »Uoc» alai.t
jxtg . 23.S 23.5 23.5
CO 2.57 3.07 3. Ml
°2 0 0 0

Air in Inltt Gta, aol Z 51.69 30.22 30.0;

CO2 Partial Prttturt. at - 2.59 2.59 ;.3
EAUitibnua GO^ Part.al ?res*.ir». at: 4.30 4. >0 4. j*
OP Orivina Forca. atu 2.31 2.31 2.3
Fluidising Velocity, ft/sac 1.51 1.51 1.51

PAcwptor Activity 
• | Currtapoodlnd Cyclt

.*9 ->1 .r
4 9 20

2 I
s,'* r'i&S 1 - ' • X’S?'

• •*• • - v-v-yfe^ni .. •-■ w '• -
.. . -..t • ':• •••• ' „■«»*«»-'A'te.e--



"i
li

,

—d

P-21
D-22 » ’^1

44
31.1ft

Sodiua lopr*seated 
TymocbtM«-C Doloctlt* 

16 X 28

11.91

11

0 thru ft 
6.17

ft thru 19
10.10

Tynochte*-® Dolootto —^ 
^ — 19 X ^ — ■ M--n-^

8.76 11.16

1870 1940
Ite Char------- --------> ■j
Runa D-6,7,4,9 48X63 8 Runs o-r.,7,,<»9 • -H' 

■ i1.37 1.38 1.26
42.ft6 a.34 12.72

^ i

179.3 314 ^ 176
20.0 36 84
5.7 12.4 31-. • -- - - ■ ' ' i

66.5 94.0 97.8 . ' •- 1
r5«

Calaoce Balance Balance- :‘i
23.5 22.3 21.3 - :i.

2.70 3.11 3.77 -if
0 0 0 -V

30.10 20.33 2ft. 15 ■j

2.59
4.90
2.31
1.50
.64

10

4.46 
7.30 
2.34 
1.32 
.30 
3

4.26 
7. CO 
3.04 
1.12 
.63 

14

P -r "1

y-rJ':-'"1
its.'.

IW»»«- v ^

i

TABU IV

BOX CONDITIONS AXP RESULTS

■no Xo.
Xjrxtoai Proa*ur+, atu.
ToMforotttro, °F

Foodatock 
Fowl Sato

lolot Caa (Bottom of Bed)
Steam, SCFH 
Saeycle, **

Fluidizing Gaa 
Added Ho, SCFH

Compoaltion. Partial Pressure, ata.
«2<>
»S
CHg
CO
coa
Ha

ftitlot Gaa (Top of Bod)
Coaposition. Partial Pressure, ata

ft»-*-17

SO
152ft

WC Colstrip Subbiti 
7.B7

urnimoos Char

189.1 
17.3 
ft. 4

ft. 98 
6.7ft 
2.09 
3.3S 
1.03 
1.S3

HgO 4.06
■s 7.29
e»4 2.72
CO * 3.01
CO, 1.34
*» 1.56

Dry Exit Gas, SCTH 99.06
Xg forges, ” 6.3
Condensate 72.27
Becycle Gas Composition, cole *>

H, 44.79
«4 16.70
CO 16.51
cos 8.24
»* 11.76

Avg. Fluidizing Velocity, ft/sec. 
Avg. Vapor retention tine, see.

Yields
■ Char, Vt. % \F Feed 
Carbon Bearing Gases,

lb C/100 lb UK Feed
CH4
CO
COa

Product particle density, lb/#ft3

.194
16.1

68.4

16.96
6.53
7.23
3.22

77.5



VMM V
, and Rr»Ult»

tua Xo. M»-C-3 

SjrstMt PT9—vr+, at*.

OaatfiT, Taeparatura, *F 

Char

Char Faad Rata, Ifc/hr

lolat Caa (Bottoa of Bad)
Staaa, SCFH •
Racycla,

riuldlslac Gaa 
Char Carrlar GAa 

(MlcMl* of Mf 
Ad<M &2> sen

®°»' 1
Sj,

Cowpoaltiog. P«rtt«l Prwur*. •tm.
BJo ——
■a
ou
CO

' C0a 
-- *2 
Outl»t G^i (Top Of B»d)

Co»p»»tttQfi. P»rtI«I Prejawre, «t».
HjO

SCFH

aa
CH«
CO

- COj
"a

Dry Exit Oia,
N2 Puri**.
CondMinta,
R«cycl« G— Cowpoxltlor, xul* 1

Ua
ch4
CO
coa
»2

Fluldlxlnc Velocity, tt/aec. 
Steea Coaeerslor., >

•Contribute* to outlet (*■ oaly.

A

«• .

iaoo
y

8
30

1800

C

11

1500

V -

4.33 5.0T 4.14

134.3 141.9 119.3

384,2 384.1 96.5

Mel 54.9 33.4
14.T 9.4 9.0
4.2 0 0
3.0 2.0 2.0

9.74 8.88 4.83
4.40 4.03 2.30
0.79 0.74 0.13
3.09 3.47 0.45
1.97 1.33 0.37
3.34 2.10 0.62

3.73 4.03 3.59
7,37 7.37 3.99
1.00 1.01 0.29
3.43 3.74 1. M
1.70 1.79 1.19
3.39 2.09 0.‘7
90.4 97.2 79.0
13.9 13.9 8.3
95.3 * 99.0 91.2

42.23 44.59 50.69
' 9.94 4.12 3.56
33.34 22.43 17.17
10.09 10.47 IS. 18
n.« 14.00 13.40

.399 .275 .333
33.4 30.1 31.4

t V'"-' •

r*1
>.<

'•1
M
M

iHCijfc-

..•v»i)aaaaaiitaiiTH>ai.i ^: -

r-

»~Ui>.
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1X9

- D t r
11 30 20

1600 MOO 1600

Colatrlp Subbltmiaous Char ——
fim 1-174.44 4.13 4.05

0

30

1600

r---- >

4.10

130.1 130.4

63.9 362.3

33.6 53.6
5.0 14.7
0 5.3
3.0 2.0

6.93 6.00
1.94 6.20
0.14 0.77
1.06 3.02
0.44 1.60
0.48 3.41

2.24 3.77
4.13 7.10
0.36 1.00
2.66 3.91
1.10 1.77
0.49 2.39

124.3 98.3
10.4 15.5
53.9 97.3

44.66 42.54
3.91 5.93
29.21 23.22
12.02 10.51
10.00 17.80

.254 .291
55.1 25.4

156.2 140.0

209.6 210.0

55.2 56.3
14.7 9.5
0 0
2.0 3.0

8.17 8.01
5.92 5.64
0.66 0.63
2.40 2.36
1.15 1.31
1.78 1.95

4.56 4.46
7.41 7.58
1.00 0.90
3.52 3.37
1.69 1.73
1.80 1.96

113.3 107.5
15.3 15.4

107.6 103.7

46.11 46.83
6.19 5.54
21.92 20.77
10.48 10.67
15.30 16.20

.261 .254
31.1 30.6

«?

i

TABLE Y1

OOKDITIONS AM) RESULTS 
Run 532-P-l

Run Ro. 532

Miration, Hour. 
•yRtu* pressura, atn 
BnH Tenperaturo, *F 
Foodatock

Food Rato, Ib/hr

Inlot Gaa (Botton ot Bod)
••dycio SCPH
Air, Botton of Bed, SCFH 
Air, Middle of Bed* ”
Added COg

•»
^"Foaltioiig Partial Pressure, atn.

00
ce»
%

Outlet Caa (Top of Bed)

CO
CCS
"a

bit Caa, SCFH 
1*2 •'•rfea, "

Recycle Caa Connoaitlon.
CO
“2
»»

Mole r.

Fluidizing Velocity, ft/sec.
Bottoo of Bed 
Top of Bed

F-1(A) P-KB)

B.03 9.87
------------ 20 —------------

------—1700 ------ —---
Colatrlp II Char
bn R-3, D. p. 6 G
4*4 3.8

378 291
119.5 60.5
— 62.0
13.1 4*5
2*0 2.0

1*22 0.71
4*12 3*87
1*60 1.21

13. OB 14*21

—
6*25 4.98
1*46 1.23

12*29 13*79

170.0 169.5
9.4 19.4

30.50 23*63
7.16 5*86

62.25 70.29

•265 *230
•282 •263

*Dooa not contribute to the Inlet gas composition.
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PREDICTED

SUPERVISING rm
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Includes Clerical.

MONTHLY progress chart

OFFICE OF COAL RESEARCH
DEPARTMENT OF THE INTERIOR

CONSOLIDATION COAL CO.

CONTRACT Na 14-01-0001-415

CCOA-MPH

PROG HESS REPORT 50. *53 
OCR CONTRACT NO. M-OI-O'JOI* t15<2#

CQ5S0I. EJGXITE C\SIf ICATION* PP.OCTSS 5^:ELOrr.E5T

June 1 to 30, 1968

A. Su—<ry

Ph88» I - Fea»1biHty Study

Co«pl«te.

IT •*• fiewch-Scale Erpgrjgerta

D«t» from R'jo D-22 s2ick- that tha carbon burnout in the regenerator 
Increased from 73-86~ at a constant CO !vvcl up^n reducing the fluidizing 
velocity from 1.32 to 1.12 tt/tec, .\ hi^h retention of char in the bed at the 
lorer velocity aas shuen to be the cauae of the inproved combustion efficiency.

Integral rate data are preremed Irou runs conducted earlier %ith 
Colstnp char in the continuous unit. The results indicate a loner reactivity 
relative to Ru^ky lignite char.

A series of tests were carried out to determine the minimum amount 
of prvoaldatioii required to render Colstnp coal operable in the bydrodevola­
tilisation step. The results shoe that operability can be^awstained with as 
little as 4T preostdatien.

A naterisi balance run vas conducted to simulate single-stage ~ . 
gasification of lightly preoxidised (•T’d Colstnp coal at ca l hour residence 
tine. This vas done by circulating acceptor through the hydrodevolatilizer 
and eliminating extrinsic hydrogen addition. Material balance shooed smilar 
results (char yield vas 52.R") to those obtained eith other feedstocks in the 
standard h>drodovolatllization runs without acceptor addition or preoxidatioo. 
The yield of CO vas sorevhat lo*vr and that of Ho vas sifnificantly higher, 
hovevor, as vas expected due to acceptor action. ITore extensive gasification 
could bate been-achieved by use of higher acceptor circulation rates and higher 
steaa partial pressures. Experimental sork has nor been terciaated and report 
writing is proceeding.

Phase III - Pilot Plant Engineering

A proposal for continuing the COo Acceptor development procraw through 
pilot plant construction and operation vas submitted to OCR on Jure 28.

Solicitstlor.s for proposal^ for pilot plant construction and/or 
operation of the Rapid City facility are being prepared for review by OCR in 
July.

Financial

Estimated expenditures in June were 831,000. Onmlstive ewpe»se* to 
date are $1,732,321.
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Progress Report Ho. 40 -2- Jam, 1968

. B. Technical Results and Prograg

Fh»»c 11 - Bench-Scale Research

1. Operation of the Continuous gasification Unit (Project Xo. 532.00)

pi.. Addittonol Data frog Previous Runa

(1) Rug S32-IH21. Use of Sodluw * Impregnoted Acceptor

Results on activity loss of acceptor in this run were Riven in 
the Uay report. Data on godluu loss arc reported here.

la this run the acceptor vas circulated four tines through the 
unit in the HgO.CaCQj form with the gasifier at 1500®F and the regenerator at 
1600°P. During this period the activity declined sharply, even though no cal­
cining had occurred, and most of the sodium vas lost from the acceptor. The 
sodium loss continued on subsequent process cycles. The date are shown bclov:

HsgQ Content, ilgO.CaO Basis

As Prepared 1*0 et. %
After 1 MgO.CaCOj cycle .SB
After 4 MgO.CaCOs cycles .28
After l process cycle .19
After 20 process cycles .11

The natural sodium content of the rax acceptor is 0.23r-. The overhead attrited 
fines from the regenerator during the early MgO.CaCOj cycles vill be analyzed for 
sodium. If this material shovs no sodium enrichment, then the loss must have 
occurred in .the gasifier.

(2) Run S32-D-22, Operations vith Husky II Char at 194Q*r

Analyses of the overhead ash from the regenerator during Run D-22A 
showed that the carbon burnout was 73ff. In Run D-22B, after reducing the fluid­
ising 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% vas maintained in the exit
gas.

At the end of Run D-22B, the fuel char feed vas stopped and the 
combustion air and most of the recycle gas flows were removed in quick succession, 
thereby "freezing" the regenerator bed. The residual fuel char vas recovered from 
the bed by screening at 48 mesh. Based on the weight and composition of the 
recovered material and compositions of the feed char and overhead ash as produced 
during the run. ash balances gave the fuel inventory range as shown bclov;

Lignite Gasification 
Progress Report No. 40 -3- Juoe, 1068

Rageaerator Fuel Inventory, 
Wt. % 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

Based on the ash contents of the recovered material and. feed char and the feed 
char input rate, the average retention time of the fuel char vas calculated as 
14 minutes. TMs time is greatly in excess of that required for complete burn­
out at any appreciable Og partial pressure. The observed burnout at the long 
average retention time suggests that all of the incoming O2 is consumed quickly 
•t the bottom of the bed and that the remaining carbon burnout occurs in the 
upper part of the bed by the alow reaction, C + COg » 2 CO.

(3) Run M2-K-3, Kinetics of Colstrip II Gasification

Compositions of the hydrodevolatilized Colstrip I and II sub- 
bituminous chars are shown in Table I. Char from the first shipment, Colstrip I. 
vas ua*d in Runs H-16, D-4, K-2. D-5 and D-15.

Integral gasification rate data are shewn in Table II-A. Gas 
partial pressures were given in Table V of the Eay report. As with the lignite 
chars, the rates are enhanced, in general, by operation at 11 ate. ^otal pressure 
rather than at 20 atm. However, the lower reactivity of the subbituainous char 
means that the gasifier would have to be operated at about 1600SF. At this 
higher temperature level the system pressure would have to be about 20 atm. in 
order to maintain heat balance via the acceptor reaction. Therefore, no advantage 
can be taken of the enhanced reaction rates at the lower system pressure.

Run K-3C vas vade at I5003p and provided rate data which can be 
compared with those from the Husky II lignite char. The pertinent data ate 
shown in Table II-B.' A crude evaluation of the relative reactivities of the 
tvo chars may be made by comparing the ratios of the observed integral total 
gasification rates and the differential rates (obtained with Renner Cove lignite 
char) calculated at the exit gas partial pressures. On this basis, the Colstrip II 
char la 3.5 times less reactive at ISOO^F.

h« Gasification of Preoxidized Colstrip II Coal

Run R-13, made with Rosebud coal, showed that raw, dry subbitumin— 
o®* coel cannot be fed directly to the hydrodevolatilizer without the occurrence 

massive coking. The entire, effort during June vas devoted to determination of 
the minimum amount of preoxidation required to prevent coking, and to making a 
J’®1* simulating single-vessel gasification with the preoxidized Colstrip coal.

<U Drying

To prepare a stock of dry coal for the preoxidstion runs, the 
raw Colstrip Coal v»s dried in the gasifier at -SOO’F. Since our earlier work 
on preoxidation of Eastern bituminous coal showed that oxygen reacted preferen­
tially with the -100 li fine coal; the -2s 1! coal, after being partially dried in 
•ir at less than 200*Ftwas screened at 100 mesh. The coal as received contained
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31$ aotaturo and the *28 3J a^erial vas not fnec-flaving. The coal bccaae free* 
{levlng after being air dried to a Moisture content of Hft or bulov.

In order to achieve coapletc drying and to avoid spurious prcoxl* 
datlon. the coal vas dried in S2 in the gasifier at 400aF. A systev pressure of 
13 a tv. van used, not because of any process consideration, but because the 
syatvv heeaae insensitive to pressure upsets caused by temporary blockages in 
the exit piping (vhich are created by elutriated fines) at this pressure level.
A total of 570 lb of dry coal vas produced.

Analyses of the exit gas shoved no detectable H2, CH4, or CO at 
However, COj vas present to the extent of 0.09^ of the dry coal.

Preoxidation

Since the required level of preoxidatioa to prevent coking vas 
uakncvn, throe relatively small batches of about 80 lb each vere prepared at 500°P 
and at the noalnal levels of 4. 6, and 8^1 preoxidation. Conditions and results 
are sttovn in Table III. A system pressure of 20 atn. vas used to achieve freedom 
from pressure upsets and because the process could be operated at this pressure 
level.

Bach of the three batches vas fed to the gasifier operated at 
hydrodevolatllizor conditions vhich vere nominally the same as in Run H*ll.
After each run, the vessel vas inspected for signs of coking. All three materials 
vere completely operable vith no coking whatsoever. The 6 and 8^ char particles 
vere not rounded or svollen, as was the case in Rea B-14. A fev of the 4r: char 
particles shoved some rounding. The mercury densities and size consists of the 
product chars are shown in Table IV. Tne mercury density of hydrodevolatilized 
LTC Colstrip II char vas considerably greater (78 lb/ft3> than those of the chars 
derived from preoxidized coal. The difference is caused, not by swelling due 
to Intumescence, but by cracks which developed along the bedding planes. The 
cracked particles are sufficiently rugged to insist attrition in the f* :idized 

Cross fracture of the particles did not occur.

In view of the incipient rounding and lover levels of particle 
shrinkage and mercury density, the preoxidatioa level was taken as the mini* 

t vhich vould give freedom from coking. A large batch of coal (238 lb) for 
feedstock to the gasification run therefore vas prepared at the A*- level. 

Another small batch of 8S material also was prepared vith the intent of deter* 
mining the effect of preoxidation level on char yield and i^seous product 
distribution. Conditions and results for these runs also are shown in Tabic III.

The yields of H2O, CO2 and CO are relatively independent of the 
preoxidation level over the range investigated. Analysis of the offgas shoved 
the presence Of 0.C3T« CII4 at 500°Ft which corresponds to 0.01'« by veight of 
the dry coal.

viitvr " -
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of acceptor. The relatively low temperature level of 1525°F was chosen in the 
hope that, vith simultaneous hydrodcvolatilization and gasification, the reacti­
vity of the freshly-created subbltuminous char vould be enhanced.

The original gasifier vessel, having the flow restrictor configu­
ration at the bottom, vas used because Its longer length provided a greater 
retention time for decomposition of the tar vapors.

In previous runs (H-l through H-17) in which LTC char or raw coal 
vas fed to the gasifier vessel, no acceptor was used. The feedstocks were intro­
duced through the normal acceptor discharge port at the bottom of the vessel in 
order to maximize the tar vapor retention time. The use of acceptor in the gasi­
fication run (532-G-l) introduced two problems: (1) The only available coal inlet 
line was the normal char Inlet line which enters from the top and extends, as a 
dlptube, 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 retention 
time. The first effort at feeding preoxidized coal through this line, using the 
nomal carrier gas velocity, resulted in a plug caused by heavy pitch which was 
formed as the coal passed through the hot diptube. By increasing the carrier gas 
flow to decrease the coal retention time in the diptube. pitch formation vas 
suppressed and no further trouble was experienced. (2) Because of the low fluidizi 
velocity needed to assure adequate retention time for decomposition of tsr vapor, 
it wae uncertain whether sufficient velocity vould be available to fluidize the 
acceptor layer below the char-acceptor interface. To aid this situation, the 
acceptor inventory size consist was reduced to 20 x 35 mesh, compared with the 
normal 16 x 28 mesh size range. Although it vas desired to use the highest 
possible inlet steaa partial pressure ('■^—11 atm), the inlet partial pressure 
vas reduced to 8.5 atm. to avoid agglomeration due to incipient melt formation 
in case fluidization could not be maintained in the acceptor layer.

As a result of the tvo problems, the effective inlet steam partial 
pressure at the bottom of the char bed was only 5.9 atm., a level much too low 
to prove out the single-vessel operation. It was found that a stable char- 
acceptor interface could be maintained and that a higher inlet steaa partial 
pressure could have been used. Run conditions and results are in Table V. along 
vith those from Runs H-14 and H-ll which are included for comparison.

Die yields of char and total gaseous carbon are similar in all 
three runs. Compared with the other runs, the yield of CO2 in Run G-l, which 
Includes the C0g picked up by the acceptor, is increased at the expense ef CO. 
ns vas anticipated. Another consequence of the use of acceptor was an increase 
in the amount of hydrogen made. In Run G-l the partial pressures of both CO 
and COg were relatively high when the normal acceptor circulation rate of about 
10 Ib/hr. was used. The next step was to operate with an increased circulation 
rate in order to reduce the CO2 partial pressure, which in turn would reduce 
the severe CO inhibition of the gasification rate by virtue of the waier-ga* 
shift reaction.

Four efforts were Made to continue the run at a higher acceptor 
circulation rate. Xo data were obtained because an unusual sequence of mechan­
ical malfunctions terminated all attempts before steady-state was achieved.
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Hovevor, freed on froa colttug^t the 4^ preoxidation level vee confined, since 
no coke vas found after feeding-170 lbs of the coal.

Throughout the operations Involved in gasifying preoxidized coal, 
the regenerator heat requirement vas supplied by combustion of CO. The regenera­
tor bed temperature and CO content of the exit gas purposefully vere aliened to 
vary between the limits of ISSO-lO-iO0? and 0.5-2.0^. respectively, in order to 
demonstrate that high acceptor sulfur loadings such as occurred at the conditions 
used in the gasifier can be accommodated at a relatively vide range of conditions 
vithout the formation of a deposit derived from the transient liquid. (The 
lover levels of CO content vere used only after the initial high rate of acceptor 
attrition had ceased.) Heat releases as high as 300,000 BTU/(hr)(ft3) of bed 
vere used. There were no deposits.

Vere more time available, the original goat could be attained, 
since there is no inherent reason vhy a high acceptor circulation rate and con­
tinuity of operation vith preoxidized coal cannot be achieved. However, the 
scheduled shutdown of the unit prevented any further effort.

c. Frog ram

No further operations are planned. A final report on the bench- 
scale vork vill be prepared.

2. Batch Kinetic Studies (Project No. 530.00)

Sanples from the continuous unit operations vere processed
routinely.

As vith Project 532.00, all future effort vill be devoted to 
report vriting, covering the results obtained during the past four years.

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

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

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

No vork vas done on this project.

Phase III - Pilot Plant Engineering

A proposal for the continuation of the 002 Acceptor Development 
through pilot plant construction and operation vas submitted to OCR on June 28. 
1968. After some discussion, Consol was directed to prepare solicitations for 
proposals from subcontractors for pilot plant construction and/or pilot plant 
operation. A list of companies to wIiom solicitations vill be sent vas approved.

Consol is now preparing drafts of these solicitations for review 
by OCR in July. The construction plan involves a two-phase program vith the 
Initial plant to bo limited to the facilities required for raw water gas 
production.

Lignite Gasification
Progress Report No. 49 >7- June 1968

C. Subject Inventions

None.

D. Financial Status

Expenses

Cuaulatlve through May, 1968
Expended In Period (estimate)

Cumulative through June, 1968

Actual Budget

$ 1,701,321 S 1.735,000
______ 31,000 220.000

$ 1,732,321 $ 1,955.000

Att. - Tables I - V
- Monthly Progress Chart 
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♦ TABLE I ; " r

Coaposltiuna of Colstrlp Subbliueaeous Cliar

»y4rod>vola.ttltaed Char, Celstrlp | Oelatn*
Wmdm In Kim Number ■•16 6-17

B, «t; % dry basin .65 .66
C • .64.62 62.06
X •46 •45
O (dlff.) .66 2^39
S •56 .63
An6 13.39 13.70

Sulfide Sulfur .!• .66

Axb Coepoxition. Sulfur-Free Bxaln

AljOS. *t. % 34.1 32.4
S102 3B.4 36.6
*•203 4.1 5.4
CaO •0.7 31.0

_ UgO _ < „7.0 9.3
-XaaO .5 .3
*20 * •2
Tt02 * k.O 1.3
P205 - •7 ~ .4
s»o * - • ’ _____ i. .1

.67.6 64.6

T 
if
f,
*'

|.tc»ral Castfic»tlon Bate Paf

am 333-0-

■ • lb C (•siricd/ain./lb C In bed x Iff*

•r
MOO 20 29
1900 11 20
1000 11 471 20 30

I >

*C »CT^ «T°»1

27.4 6.2
23.6 3.0
54.6 5.7
22.5 6.2
33.7 7.6
31.6 6.6

At*. % Buraoff

TABLE II-B

CmpmriMm of Keaetlvltie* at 1500°F at 11 At* Pressure

Bum D-6 A-21 E-3C
Exit Partial Pressures, At*.

*20 2.61 2.72 3.58•2 4.36 4.90 3.9500 1.52 1.48 1.34«4 .24 .33 .26
S 6ur*uff 46 46 26
Oban nil Bates

*c 29.7 28.4 23.8
*°«4 3.6 4.2 3.0
■r 37.3 36.8 29.8

Calculated By 29 26 77

ft*
?.

*1
??



TABLE III

Condition* and Results of Preoxidatlon Runs

Bod Tofcpornture 500°F
System Pressure 20 stn
Feedstock Dry Colstrlp II Subbltuninous Coal

Bun

Total lb Fed
Feed Bate, Ib/hr, dry basis

Inlet Gas

I

83
9.78

II

80
9.71

III

82
9.94

♦ IV

238
9.91

V

58
9.93

»a ' '
Air 34.5 22.8 45.6 .2 49.7

Inlet Oa Partial Press., Atn. .24 .17 .31 .16 .34

Bait Gas Bate, SCFU 70.0 59.6 83.5 59.4 84.3
Flukes, 12.1 12.5 15.6 12.1 12.2

Becycle Gas Conposltlon, nol ^

*1 95.34 96.33 94.63 96.16 93.73CO .81 .68 .98 .68 1.01cog 3.80 2.98 4.19 3.16 5.04
.05 .01 .20 0 .22

Fluldlalng Velocity, ft/sec .171 .167 .174 .167 .175

Distribution of O?. 3 -

to RgO 58.8 58.7 57.4 55.4 53.4
to C02 • 36.7 37.0 36.6 40.3 40.7
to CO 4.0 4.2 4.3 4.3 4.1

* not reacted .5 .1 1.7 0 1.8

% ’Preoxldatlon* 6.1 4.1 7.8 3.9 8.5

*lb Oa reacted/lb dry coal x 100

MW.tv

<%*p Properties after Hyclrodevolatlliaatlon of Preoxidized Coal

% Preoxldatloe
Dry Bav Coal 4 6 .8

2S s 3» moth. wt. ' 14.0 7.0 5.9' 6.0

35 x 18 88.8 28.3 27.0 25.6

48 a 65 24.6 27.3 27.8 27.1

65 x IOO 17.0 17.8 18.6 19.5

100 s 150 ia.t 12.7 13.7 14.6

-150 5.5 6.9 T.u 8.2

■sen dlaaeter, inches .01061 .00994 .00970 .00949

* aferlakae* - 8.0 10.3 12.2

■ercury density, lb/ft^ ~w78 58.9 59.4 62.6



TABUS V

Bun Conditions and Results

Bun Nuaber
Cycle
Acceptor

H-ll

Acceptor Circulation Rate (raw basis), 
ib/hr

Syatee Pressure, atn.
Acceptor Activity

Tynoeh tee-6, 
20 x 35 U

•.3

•67

Caalfler, Teeperature, *f 
Coal Peed

Feed Bate, Ib/hr, dry basis

Inlet Gas (Bolton of Bed)
Steau, SCKH
Becycle, **
Added Hj, M

£sses> Itlon, Partial Pressure, atn.
H20
“a
«4
CO
COa
»a

Outlet Cas (Top of Bed)
Conposltlon, Partial Pressure, atn.

sent

HjO
«2 
<*4 
COcoa
»2

Dry Exit Cas,
*2 Purees, "
Condensate, ”
Becycle Cas Conposltlon. nol *!.

h2
CD,
CO
C02
s2

Pluldizin)' Velocity, ft/sec. avp. 
Avg. Vapor Retention Tl’**, sec. 

Helds
MF FeedChar, Et.

Carbon Bearing Cases, lb C/100 lb UF Fd
«4
CO
CO*

Product Particle Density, Ib/lt^

1535 1535 1510
6S Preox. Rosebud Glenbarold
Colstrlp

7.53 '6.66 ' 7.56

66.9 71.8 75.5
100 179 172
0 0 15.0

6.6 11.3 5.4

5.93 5.56 ' 5.64
5.71 4.93 6.53
3.36 ^ 1.00 1.96
1.40 ■ 2.67 3.01
.95 _ 1.39_ 1.40 7

1.76 3.60 - 1.56

3.09 3.47 9.49
7.40 6.10 7.11
1.91 2.53 2.44
3.11 3.37 3*95
1.13 1.69 . 1.84
3.25 2.84 1.17

117.4 105.0 117.3
13.0 9.8 6.0
55.5 56.7 62.0

41.9 35.6 43.2
16.57 14.78 14.47
17.63 19.66 23.47
6.99 9.88 10.91
16.9 20.1 ' 9.0

.193 .171 .163
17.7 16.5 18.2

53.75 50.3 51.5
34.75 31.68 25.51
8.03 7.33 7.56
8.54 9.63 12.23
6.19 4.83 5.70
29.1 33.7 60.0 -

I'
* t

'.-.V

SEPT OCT.

2 120
Z 110

K 40

----4..

MONTHLY EXPENDITURES
103. 7 H ; 72.2 M ‘ 92.0 a 94.0 H 94 0 l»
79. S M j 79.0 ■ lOCSIi •49 M 97. I W 99.4 « 70.0 W

JULY SEPT

PREDICTED
ACTUAL

1455 on 1475 on 154*0 0 It 
ISII .S M 1541.4 M ' 15543 U * 4•51.3 M. 1055,3 n 11(5.1 n i25i.o n 1346. in i44i.sn

CUMULATIVE EXPENDITURES*
Expenditure* Include All Costs Et Fees.
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OfTICE OF COAL RESEARCH 
DEPARTMENT OF THE INTERIOR

CONSOLIDATION COAL CO.
RESEARCH DIVISION UMARt, PA

CONTRACT Na 14-01-0001-415

PROCRESS REPORT KO. 90 
OCR CONTRACT NO* 14-01-0001-415(2)

CORSOL LIGNITE CASIPICATXOX PROCESS DEVELOPMENT

July 1 to 31* 1R68

A. Su—ry

Vtkmmm 1 - Feasibility Study

Coup lot#.

Fha— II - B#nch-Sc*l# Exp#riu»ot»

Piupuratory work bos been curried out prelloinury to writing 
the formal re porta on Phase XI of this development. This baa included:

1. Preparation of outlines of the reports.

2. Completion of processing of experlnental data carried
out in prior months.

3. Completion of data correlation work.

A limited amount of experimental work on further development of the. melt _ _ 
process for ecceptor manufacture has also been in progress.

Phase III - Pilot Plant Engineering

Solicitations for proposals for construction of the Rapid City * 
plant and for supplying services during operations were approved by OCR 
on July 29. Documents will be mailed to 13 interested contractors on 
August 5, 1968.

Financial

Estimated expenditures in July were $27*000. Cumulative expenses 
to date are $1*759*868.

- ''- 'l^y •' ^ ••

• - -en-.-.v*-

-/5»* 1»
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». Tochnicol Reaults and Procroo

Ph—o II * Bench-Scelo Re—arch

1. Botch Kinetic Studios (Project So. 930.00)

la preparation for writing a final report oo tfcia project, tke 
followlnc work warn done: |

a. Tbe fluidized bed correlatioo eaa revieeed eritleellr aed 
Modifications were cade to include recent data take* at 
process conditions in tbe continuous unit.

b. A correlation was developed for prediction of tbe incipient 
fluidising velocity free existing literature data eu pressure 
drop through the packed beds.

e. The correlation for prediction of pressure drop la tbe 
poeuaatlc transfer lines was codified to allow for tbe 
effects of particle accelerstion snd of beeds le tbe liee.

Sons laboratory work was done oo Modifying tbe properties of 
frosen aelts la tbe CsCQj-Ca(011)2 systen. Since Run D-21 showed that 
sodlun was ineffective in enhancing acceptor activity, tbe work so far baa 
been devoted to addition of Si02. Liquid phases have been found to exist 
at noderate teaperatures and stesa pressures in the systecs. Ca£O3-C*(G0)g*SiOb 
and Ca(0H)2~SlO2# Dlealclun silicate also fores through the reaction

2 Ca(GH)2 + Si02 - 2 CaO-SlOj + 2 RgO*

Two separate reports are under preparation on this subject
entitled

s. "Studies on Mechanics of Fluo-Solids Systeua" 

b. "Laboratory Physico-Chemical Studies**

Outlines of the above reports have been prepare**.

2. Operation of the Continuous Gasification Unit (Project So. 922,00)

The following important %orL was done in preparation for writing 
s final report on operations of the continuous gasification unit.

Tbe number of calcining-rccarbonatlon cycles achieved in sny run * 
bas been reported routinely in tem^ of noatnal cycles. One nominal cycle 
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 than 
the Internal Inventory, a nominal cycle is equivalent to an actual cycle.

However, in all the runs, the internal inventor)' increases coa 
tlnuoosly because the particle density increases as the acceptor loses

Llgnitw CsslflcatloM 
Frugres* Report Ho. SO My, 1MR

activity. Sine# tbe total inventory remains approximately curstast (no 
Makeup was added), tbe external inventory decreases continuously. The 
decrease in external inventory is further aupnehted by losses due to 
soap Hag and attrition. The end result of theso processes is that in 
nearly every Turn the number of actual cycles is laps them tbe aumber of - 
nominal cycles.

Tbe netbod for calculating the actual nnaber of cycles Is rather 
caaplleated and s tedious to execute. The details will be given in full 
In tbe final report. Tbs calculations have been completed for all 36 runs 
in which an acceptor waa used. Tbe, largest number of actual cycles were 
achieved ia Runs A* 13 snd A-21. The most extreae difference between actual 
and Mcainat cycles occurred in Rqn A-9, made with Fete Lien dolomite. In 
this case the physically weak atone caused very large attrition losses.
A comparison of actual and nominal cycles is given below:

tr of Cycles
Momiaal

T9
tt 
•9

Am outline of tbe final report baa boon prepared.

Actual
A-13 
A-T1 
A-P

3. lu—erttac Patent and Legal Activities (Project Ho. 934.00)

TbC currant laboratory reports and memoranda mere reviewed for 
dotorniaetiea of. Subject Inventions..

4. tupoorttag Process and Economic Analysis (Project Ho. 533.00)

Mo work one done on this project.
gbose III - Pilot Plant Engineering

levitations for proposals on the construction of the Rapid City 
Pilot plant and om supplying requited services during tbe pilot plant 
operation wore approved by OCR on July 29 for transmittal to qualified 
coat roc torn.

Thirteen "packages'* of documents, each 'Weighing 90 lbs. were 
praps red in preparation for mailing oa August 5. Tbe-list of contractors 
tote rested in proposing oa this Job is attached is Tbble I; ooe company 
(Lu—us Company) expressed lack of interest. Proposals are to be sub­
mitted to Consol on or before October 7, 1969.

Catalytic is embellishing the model of tbe Rapid City pilot 
plant la preparation for a display in the Interior Building eu 
September 9-13. 196S.

idblka

'SiXM&x
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Mona.

Kxpanaa

Cnattlatlva throuch June 
lapandad la Period

Cuaulatlva through July

Subject Inventions

D» Financial Status

Actual

$ 1,732,868 
(astluate) 27,000

$ 1,799,868

My, 1968

$1,955,000
220,000

$ 2,175,000

Enel. - Table 1
Monthly Progress Chart

PROPOSED COmCACTORS 
90ft GSG GASIFICATION PILOT PLANT 

CCMST2CCTI0N AND OPERATION

Bach tel Corporation 
Brasiaa Construction Conpany 
Catalytic Construction Conpany 
FUrd, Bacon A Davis, Inc.

V. Kellogg Conpany 
Pater Lien $ Sons, Inc.
■ortboasters Eaglneeriag Coa^any 
Freeea, Inc.
Stearns-Bogar Corporation 
Pater Kftecit A Sons, lac.
Drava Corporation 
BalpA ■. Parsons Conpany 
C. F. Braun A Conpany

- • -v^s.
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DATE:

PREOICTEO ACTUAL 

SUPERVISING f~~l

professional E23 

TECHN4CI AN CIK3
® Includes Supervisory Exempt Technicians 

Includes Clerical.

CT3 *
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OFFICE OF COAL RESEARCH
DEPARTMENT OF THE INTERIOR

CONSOLIDATION COAL CO.
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amaL LIGNITE GASIP1CATX0W PROCESS DEVELOPMENT

Mocumt l to 91, 1959

1
I

ffc— I - y»«»lMllty Study

Co«plf .

Photo II - B4nch-Sc>l« Experlmnts

All •ffort In this is davoted to tbo preparation of a
final report oa Pbase XX activities. An outline of this report has been 
approved by tbe Office of Coal Research.

Pfcnae III - Pilot Plant Engineering

Various questions froa contractors preparing proposals for tbe 
coastnsctlon of the Rapid City pilot plant have been anseered; a briefing 
session was declined by the individual contractors. As of August 31. 
alaa coatractors continued to be interested in subalttiug proposals.

A taaetlng was held with specialists frou Conoco to review 
tbe feasibility of the COj Acceptor Process and its application in tbe 
Rapid City pilot plant. It was concluded that the process is technically 
feasible, and no najor pilot plant modifications were suggested.

Catalytic has continued to prepare an improved version of tbe 
■odel of tbe Rapid City pilot plant, for publicity purposes. Catalytic 
will supervise tbe installation of the aodel in the Interior Building 
daring the week of September 9.

Financial

Estimated expenditures in August ware $17,000. Cuanlativw 
expanses to date are $1,769,684.

}

I k



Llgatt* Guiflcatloa 
fragf — toport Vo. 51 -2-

B. Ttchnleal R««ult» and Progf

>fc— II - B>nch-3c»l» to—rch

I, txpTl—nfl Projects (Proj«ct> 530, 532, •tc.)

All work has eossod sad efforts are under way to
prepare a final report oa this phase of the CO2 Acceptor developaeat.
Ike target couplet ion date for the first drsft of this report, which 
esaoapeaeee three years of experleeotal effort, is December 31, IMS.

1. Supporting patent rad Legal Activities (Project Bo, 534,001

The current laboratory reports and uauoreads were renewed 
for deterelnation of Subject Inventions.

3. Supportins Process and Economic Analysts (Project So. 533.00)

The OCX has requested that a portion of the final report oa 
the beoeh~seale effort include a section devoted to an updated aaalysis 
of commercial economic feasibility. The same subject will be presented 
at the Cleveland meeting of the A.I.Ch.C. la May, IMP; draft of this 
paper is required in November, 1968.

Phase III - Pilot Plant Engineering

4. Catalytic Design (Project No. 533,30)

Vine contractors remain on the list of those supplying propmaals 
for the construction and/or operation of the Rapid City pilot plant; 
Bechtel, Ford, Bacon It Davis, Parsons, and Peter Klewlt have declined.
■inor questions from the various contractors are being handled by mail, 
with tbe provision that copies of all such questions and answers are 
nailed to all of the contractors.

Catalytic Construction has completed the embellishment of the 
Bapld City pilot plant model. Catalytic will assume the responsibility 
for installing the model In tbe Interior Building during the week of 
September 9.

A group of specialists from Ponca City visited Library for an 
in-depth review of the technical feasibility of the COj Acceptor Process 
as 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. Vhile several areas were ear-marked 
for further consideration, no najor revisions of the present pilot plant 
design were recommended.

Llff.it. Culflc.ttoo 
Praffma Raport No. si -3- wue

C. Sub.1«ct Invention.

1. tff. ** •"“tUd "*'«“<•»"« of Ash Deposition
SSHlTiS.! “*Acc*p,ortoth.

ncl.l Status

Actual
Caaulattvu thrranh July S 1,752,684

Ispsadsd la parted (.sttaac.) 17.000

Oaaalatiea throuch Auffoat $ 1,764,684

Badcat

9 2,173,000 
220.000

9 2,345.000

Att. - Deathly Procress Chart
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MONTHLY PROGRESS CHART

OFFICE OF COAL RESEARCH 
DEPARTMENT OF THE INTERIOR

CONSOLIDATION COAL CO.
R£SCA*Crt DIVISION UB***r, PA.

CONTRACT No. 14*01-0001-415

. ' - •

, • '■ AVif‘y:

nOGRBSS REPORT SO. 52
oat coktract xo. h-oi-oooi-ii5(2)

0QS90L UCX1TE GASIFICATIO!; PROCESS PEVEtORagyr

Sapt^br 1 to 30, 1968 *

9aammrj

Ooaplato.

I ~ FwibiXlty Study

report on U ,toTOt*, ^ ^

»*■»» UI - Pilot Plant EnglwwrlnK

Coatact wna mintaiaed vlth the various contractors preparing 
proposals, oe pilot plant construction and operation. Proposals are 
expected in early October Iron four najdr contractors.

Financial

. ”feBaiture* 1x1 September eere $11,000. CttMtlativeto dat. are 51,777,353. .

........... 1
^

. .■ i.^1



Lignit* GftslXicatioa 
Progress Report Xo. 52 -2-

>, Technical Results and Prograa

Ihss# It - Bench-Scale Research

1. faperleentsl Projects (Projects 530, 532, etc.)
i

All experimental voztk has cessed and efforts are under eajr to 
prepare a final report on thlsl phase of the COp Acceptor developmit.

2» Supporting Patent and Legal Activities (Project Xo. 534.001

The current laboratory reports and oenoraada eere revleved for 
deterulnatlon of Subject Inventions.

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

At OCR's request, a paper entitled, "An Interim Study of the 
economics of Pipeline Gas Iron Lignite" vas prepared for presentation at 
tbs A.I.Ch.E. Resting In Cleveland, Oi.io in Ray, 1969.

The paper has been approved by the Consol Publication Conmltten 
and *111 be submitted to OCR on October 4, 196S.

Phase III - Pilot Plant Engineering

4, Catalytic Design (Project Xo. S33.30)

Kellogg and Braun have declined to submit proposals om tte Rapid 
City pilot plant. Thus proposals from major contractors are mov limited to 
Catalytic Construction, Oravo, Procon, and Stearns-ttoger. Minor qunstlona 
from these contractors were handled during the month.

C. Subject Inventions

P. Financial Status

lacpense Actual

Cumulative through August
Expended In period (estimate)

$ 1,766,353
11.000

Cumulative through September $ 1,777,353

Budget

$ 3,395,000
220,000

$ 2,615,000

Att. - Monthly Progress Chart
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l

OcJ»b*<r (RfcP

Hl*»e I - FeaalbUl ♦*-
Collet*.

Study

B»»«» II - Bench-Scale txperlm,n,.

nport on Pb»a dcvoted to th* PrepAMtion at a final

a«— m - Pilot Plant Engin,.ytT

Proposalm were received tn early October trem four e»^or 
eootractore Cor the. final engineering, construction, and operation of 
the Rapid City pilot plant. The original proposals have been supplemented 
by Meetings with each of the contractors, and recocraendstions concerning 
contractor preference will be submitted to OCR in early Foveeber.

Financial



Lignite Gasification 
Progress Report No. 53 -2- October. 1968

>, Technical Results and Prograta

Ffiaae if - Bench-Scale Research

1. Kxperlnental Projects (Project 530, 532, etc.)

All experimental work has ceased and efforts continue to prepare 
a final report on this phase of the COg Acceptor development. It is non 
projected that the final report will be submitted to OCR for approval on 
or before February l, 1969.

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

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

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

No work was done on this project during the report period. It 
is planned in mid-November to initiate the preparation of an economic 
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 Xo. 533.30)

Detsiled proposals for pilot plant construction and operations 
were received from Catalytic Construction, Oravo, Procon, and Stearns-Roger. 
During the month, clarification meetings were held with each of the contractors 
to review the proposals, to solicit opinions concerning potential savings or 
improvements 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 contractor preference for further 
negotiations will be submittcu to OCR for approval in early November.

C. Subject Inventions

None.

D. Financial Status

Expense Actual

Cumulative through September $ 1.776,270
Expended in Period (estimate) 10,000

Cumulative through October $ 1.786,270

Budget

$ 2.615,000 
320,000

$ 2.935.000

11/11/68
Att. - Monthly Progress Chart
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CcwpWt*.

A» Suwaary
Ph«»€ I - Feasibility Study

M PIMM II activities■

Say m - Pilot Plant Encicc,^.,.

«ub«ilttcd to OCR or. ^ovesber 11, 1968, contains an •valuation of construction and operation proposals lor the Rapid City 
pilot plant. It vas recommended that negotiations be initiated vitb
•teams'Roger to arrive at an acceptable guaranteed eaxiviai, split 
savings contract.

Financial

expanses to date are 31,794,682. emulative



Lignite Gftsiflcatiou 
Progress Report Xo. M Xoveeber, 1968

B. Technical Results and Program

Ptisse II - Bench-Scale Research

1. ga^eriosntel Projects (Projects 530, 532, etc.)

Work continues on the preparation of s final report on this phase 
of COg Acceptor development. It is projected that the final report will be 
•ufaaltted to OCR for approval on or about February 1, 1969. '

X. Supporting Patent and Legal Activities (Project Xo. S34.00)

The current laboratory reports and neDoranda vere reviewed for 
dietemlnattoo of Subject Inventions.

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

Work vas started in late Novcaber on the preparation of an ecooonies 
motion for the final report.

Phase III - Pilot Plant Engineering

4. Catalytic Design (Project Xo. 533.30)

Consol*s spprslsat of the construction and operation proposals for 
the Rapid City pilot plant were submitted to OCR on November ll, 1968, with 
the reconuendation that negotiations be initiated with Stcaros-Roger for a 
naxlnun price, split savings contract. It vould appear that the cost of the 
Rapid City pilot plant construction will be between $7.8 - 8.0 ITM. The esti­
mated cost for the 30-month operating program as set forth in our Invitation 
for Operating Proposals is approximately $4.5 &l.

During Xovenber, a further review of the hot piping, valves, and 
associated insulation in the dolomite transfer lines was Initiated. This 
study is continuing with the help of equipment vendors.

The CSC pilot plant model was shown at the AGA Meeting la Pittsburgh 
on Xovember 21 and 22. The model is now stored in Library.

C. Subject Inventions

Wooe.

D. Financial Status

Expense Actual Budget ,

Cumulative through October $1,785,682 $2,935,000
Expended in Period (estimate) 9,000 320,000 •

Cumulative through Xovember $1,794,682 $3,255,000

12/9/68
Att. - Monthly Progress Chart
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A> Su—arr

ttmm 1 - Ibtlity Study

Coaxl«t«.

XjjMg^II^Bgnch^Scal» Expertm»nt«

_ •ffort to this area la davotad to praparatioa of a final
*** Pfcaaa XI actlvltlaa. Thla Includas vork to updata tha potao- 

tial eoMarclal acoooalca of tba llgalta (aalflcatlon procass.

ffcaaa III - Pilot Plant Englnaarln^

Vo vorfe «os doaa in tkla araa.

yiaanclal

Xatiaatad axpanditura* in Daeaabar vara $8,900. Ciaolativa 
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>. Tseholeat Results and Program

Pha— II - Bsneh-Seals Research

Ispert—ntal Projects (Projects 530, 532, etc,)

York oontlmies on the preparation of a final report oa this phase 
of the CO2 Acceptor development. The coepletlon of this report *111 be 
delayed, because of the continued absence of Ur. Curraa for personal reasons.

3, Supporting Patent and Legal Activities (Project Vo. 534,00)

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

3. Supporting Process and Econoalc Analysts (Project So. 533.00)

York consists of the updating of potential coweerelal ecoooelcs 
of the lignite gasification process. The design bases hsve been reviewed 
in light of the experimental work completed sine# 196d and equipment 
reslsed accordingly.

Ike correlated results from the expertwental prograa suggest 
that the optimum commercial operating conditions may be different than 
those set forth in the original Feasibility Study (Fourth Quarter. 1964). 
Accordingly, consideration is being given to an engineering and economic 
study to redefine the preferred commercial operating conditions.

Phase HI - Pilot Plant Engineering

4. Catalytic Design (Project So. 533.30)

Discussion with vendors regarding the hot piping, valves, etc..
In the Rapid City pilot plant is essentially completed. So negative com* 
elusions were drawn from these dtecusslons, 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 plant. Such effort has been 
deferred until the decision to proceed with the pilot plant design and coo- 
structlon is made.

C. Subject Inventions

Rone.

P. Financial Status

Rxpense Actual Budget

Cumulative through November
Expended In Period (estimate)

$ 1.794.049 
9,900

3 3.355.000 
320.000

Cumulative through December 3 1,903.949 3 3.575.000

Att. - Monthly Progress Chart 
1/13/69
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