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PROGRESS RIPOST NO. 8
OCR Contract No. 14-01-0001-413
CORSOL. LIGNITE GASIFICATION PROCESS DEVELOPMENT
Javuary 1 to 3:, 1963
A, Swmary
Phase 1 - Peasibility Study

The fessibility study was comploted and reported om Jaouary 13, 1963.
A potential gas price of 40¢/MM BTU is indicated.

Pzase II - Bench-Scale Experiments

The experimsatal progran to determine the effect of pretreatsent
ocomditions and ligaite source on char reactivity has beea cosmpleted. PFinal
calculations of the data aroc now in progross and will be completad by Pebruary 18,
and the mein experiseutal program on the kinetics of lignite char gasificatioan
w.ll proceed shortly thereafter.

. The unusually high reactivity of lignite char as comparsd with bitusioous
coar reported sarlier has been further confirmed during the sbove program.

The unusually high reactivity of South Dakota lignite char towards gasi-
fieatios with pure bydrogen was centioned earlier. Analysis of the major coastit-
usats in the char ash did noc revesl any obvious catalytic composent which weuld
ba respoasible for the high reactivity.

It is planwed to make further studies in February on the effect of
ligaite ash on acceptor sativicy under regenerator conditions.

The correlation work on the tiuidi:auon properties of solids to be
handled in the process has besn complated. A detailed dats report is being
written covering this work.

Assesbly of the model of the gasificativa unit has teen cospletod. Peed
materials have been prepared. Leak testiang and calibrations of rotaseters sad
solids feeders is in progress.
~ Haanctal

Estimated expenditures for January were 313,000 vs. a budget f!zm of
$21,400. Cusulative expenses tu date are $85,837 vs. s budget of $111,900.

ek
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8. Techaical Results and Program

Phmse I - Peasibility Study (Project No. 180)

The liguite gasification feasibility study was issued in two sections.
A Summary Raport covering all the major elements wos submitted to OCR ou Jan-
uary 15 (100 copies). The Appendix to the report, covering all of the details,

"has been duplicated and is currently boing assesbled. It is anticipated that

100 copies of this Appendix will be mailed to OCR the week of Pebruary 8.
Copies of both volumes will be distributed within the Company at the same time.

The conclusion from this study is that lignite-derived gas can be
delivered to s substantial cousuming area at & price of 44-49¢/M Bru, 1if the
techbnical sssumptions in the study are proven to be valid by the experimental
program. The prejected 1973 city-gate price in this ares is 50¢/mef.

Phase II - Beach Scale Program

1. Kinetic Studies (Project No. $530.00)

The experimsutal prcgram to determine the effects of pretreatment and
of ligeite origin on char reectivity has been completed. PFinal calculations of
the data ‘rom the 23 runs comprising the progranm are not yet comsplete. Consider-
able effort was required to refiane the correlations of the calibrating factors
for the on-line gas chromatograph used to xeasure the comcentrations of CO, CO2,
apd CHy4 in tha product gas during the steam gasification portion of the run. A
similar correlating effort was rejuired for the thermal conductivity cell used to
seasure the concontirations during the pretrestuent pericd and during the transi-
ticn interval be:cseen the pretroatment and steam gasification periods. The
revised computcr program wnick will perfors most of the run calculatiomns ia now
fully ope:mtionsl. All finsl calculations, which lesd to generation of differec-
tial reagtios races, will be coxpleted by February 18.

The only series of runs which las been complotely processed is that for
the Aenner's Cove char at 60% Ho - 40% li20 inlot gas composition at 16 atm. totsl
pressura and 1500°F, conditiors which correspond to those at the top of the com~
mercial gasifier. The differential rate of total gasification at 207 burnoff is
170 timas that of bituninous coal char nt identical condicions and 3.5 times that
of the bituminous coal ehar ai 1700°P. The correspooding cratios of differcntial
nethane formation rates are 8 and 1.2.

Although they are not in final form, the dats show that the Dakota Star
and South Dakota (Piresteel Mine) char have about the same lcvel of reactivity at
the top-of-gasifier conditions up to 40% burnoff, and that this level is abtout 20%
less than tbat of the Renner's Cove char.

The South Dakota char exhibits & resarkably high reactivity for methane
production im pure hydrogen. The rates are higher at 6 atm, Hz pressure and 1400*F
than are the total gasification rates for Remner’s Cove char at 16 atm. pressure,
with 60% H3 - 40% H20 inlet gne composition at 1300°F. This high reactivity
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persists after 9% of the ash has been recowdd by extrsctiom ¥ith water. Analyses
which are available to dite of the ash from che tarce chars are tabulsted below.
They affer uo obvious explanstion of the differsnces ia reactivity. 7The water
ertracticns were not becessarily exhaustive, tut werc garried out umder seminally
the same couditions for all threc chars.

Per Coent by We:ght of Ash, 50y-Free Basis

- Total Asd
Aenper's Cove Deiota Star Soutd Dekots
Al : 14.9 - 10.7 .3
sxza - 17.6 14.4 . 3.3
Pe30y 8.7 18.1 s.8
Ca0 - 3.0 - 7.8 35.2.
© ug0- 8.7 10.6 3.7
%820 . 16.7 3.9 .3
X0 -3 . e .8
1102 s .3 .3 . R B
P20 & 8 8 3
Yeter-3oluble Ash
.. Ll
Alz03 4.8 1.4 -
- 8107 B 18.7 n7 -
Ye203 . . K: J . iq <.}
[~ ] ) 3.8 . 3.9 3.0
ugo B 3 08 34
Nage0y( 1) 5.3 s1.1 .3
K2co3 (V) . | 1.7 2.3 L K
THO2 B | S SR <.1
Pa0s .3 1.3 . -
1g. Loss(3) : 14.9 18.0 .-
% of Total Ash' removed . .
. by water extractton s 12 R L ]
€1) Alkalis were i o be preient as carhosates, net cmly

because the sux of the components will not approech 100%
withoui this assumpiion but becsuse the waler-soluble ssh
fuses st aboui 800°C. ’

{2} pggumed to be hydrate wator. The values shown here are by
difference froa 100%. The measured value for the Remner’'s
Cove ash was 15.2%,

Furtber experimental work on steas~carbom kipetics will be deferrod
until the existing bedy ol data has been worked up and the results studied frams
the viawpoint of svaluating the exporimenial teckmique to nako sure that adequste
accuracy and reproducibility bave beea achieved. I8 this intorin period experi-
menig to gtudy ithe effact of ligniie ash om aceeptor activity st regenerstor
couditions will be resumed. .

2. Design of the Coatinuous Gasification Unit (Project No. 371.01)

No work was done on this project during Jasuary.

L.gnite Gasification
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3. Nockup Studies (Project No. 3531.02)

Comstruction asd Operaiiom of the Mocel

Coastruction of the model hes been completed. Fiow calibratioms and
leak testiag arc underway. Abcut 100 poutds of lignite char, carbosized at 1100°P,
axd aized te 35 x 100 mesh have been prepared. Since char is not consumed in the
sudel, this snoust will be sufficiemt for the entire opersting program. Also,
srocks of closely sized fracticns of Greenfield dolomite ia the size range 28 x
100 mesh kave boen prepared.

Imitial operations of the sode’l will be devoted to the study of the
tramsfor lines, feeders, and level detec.ors. The relatiocns among carrier gas
weloeicy, feed rate, 1ise dismster and particle size will be determinced, as will
e eptima static p [ 334/ the reg and gasifier
wofsels at varioms wceepior recirculation rates.

The fosders will be ciszantled periodically and the wear rates cf the
Tuflos rotors and siaialoss stcel stators will be measured. The rate of acceptor
particle attritica, caused by repeated passige through the feeders, also will be
:asured. During this phase of the program single stage fluidized beds will be
urad ia tle regescrater and gaciffier vesaels. Siudies of acreptor retention tise
in the gusifier aad of two-stage beds wiil be deferred ustil conticucus, reproduc—
ihle, troxole-fres fesding snd recivculsation bave been demcusirsted.

¥izidization 3Sludies

The currelstion work has been camploted and will be presemted inp a
fnts Woport sow Dilag writtem. The equatious developed euable the bed dersity
(or fractional expansion) i0 de calculated for any aaterisl fiuidized by auy gas
a: amy coeditions af pressure and temperature. The correlations will be vital
in the transliscion of dats odtrinod during operstion of the zodel with air at
ambient couditions te the continuous gasification unit opersted st elevated
| 3 and t .

The raoges ef ibe varisbles investigated were:

Particle Deasity 81 to 222 1b/tt3

Particle 3Sise 28 x 35 mesh to 200 x 35 mesh
" Fluidizing Gases N2, Hy, COg )

Vessel Diameter 1" and 2"

Tie equations predict tbe fluicized bed densitics with am average deviation of
somawiat less thad J% of tietir veiues and withk & mexisum deviation of 13% over
the eutire range of the seversl hundred data points which were obtaiued.

4 Supporting Process and Ecoroxic Acalyses (Project No. 533.00)

Bo work was done ow this project.
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5. Supporting Petent and Legal Activities (Project No. 334.00)

- - . .
The current laborstory reporis and memoranda were revieved for detar-

minatios of Subject Inventions.

€. Subject Inventioms

ST Actual Badget

Cumlative through December, 1964 $ 73,837 $ 90,300
Expended ia Period 13,000 21,600
Cugulative n;rougt: Jaruary, 1338 $ 88,437 111,900

The indicated Jamuary expense 1s 38 estimats since accounting is ast

Yot completed. A .

Att. Mouidly Progress Chart

2/13/68

.

JUNE JULY AUG. SEPT OCT  NOV.

DEC. ] JAN. FEB.

£ s
g .
e |
z 13 t
-
§.l L -
o
; npP— 44— % _
)
0 L -
5
e ° B -1
. i
] - - ——
ool I I N A
—
. e }
p——
[
S U I
g
3 ¢ o> >3 —P5 —po a4 -
s [ - A f /: ,/: - .
= AT A Tt
Y - s ’ yf:n’ ‘A A
2 e pas A AN PP I 7 r,(.. s o5
< A ,' i Ty t: | r'-" I N 'c.
P~ ' X Pt . {“;:._ ‘{»‘::; !‘ o
e ' t st seerheh stiede’e - bode
z | TR B IR
o 'LL'.‘\'.\ - UE1 WR. HTH 70 HIR B ;
Start vetan, Zn 'c Contaisucus Unt atart Testl:, Corplete
FIGUAES AFPLY TN “WASE 11 +.0GAM On1Y * irototipe Unit
MONTHLY EXPENDITURES
T
PREDICTED 3.0M. .o o] os.m | 19.m L__xs.ul —20.1M _z:.euL*u.s
ACTUAL aw] 1 sl vwl el voml qesd oy
| JuNE JuLr  auG. SEPT  OCT. NOV. DEC. | JAN.  FEB
PREDICTED| 3.v:| 2] 224 ataw| o] 70.2] vos] uiexf 22w
ACTUAL 2.9 st ] 11w o .m es.am, a7 w73 es.mel
CUMULATIVE EXPENDITURES

# Expenditures Lnclude All Costs & Fees.




BLANK PAGE

T Ty

MAY
.—3 ;
| j‘
; {
T
N

voen ve

A

N N == i R ane S ST

RSSO & DUFRY S A B N SN S ¢TI
. ‘ [ + i
[ 4 i ‘ . .
it sstade ail Sitaid o
. s AN I S B
MR st 4 i s H H
JR NNV ¢ YIS JURN SOUNE SIS S T I R S
o . : . }
. .

FEB.

L TS~
, ﬂ NN ISR 5
FP JUR NN W ST B RS PR

|
4 -

{
!
e
]

JAN
3
]

A

-4

P

-
e

T

!

i
et -

[ I RETEY

ratenazn

et et s

MAY |

s RN

MAR.

323.00

FEB

i it e I R L R

DEC.

i
- —<+ —
i
Lo
+ i i
_‘;....i_, .
Soaplete

bevnad -
Al

1

1966
o

j ;
N — w -+
[ T B
[~ . '
W ! s B Sapacy
SRS SO
v 3 +

R

oec. | Jan

Pu .8 v hevidioos

NOV.

ocT.

253.00 | 270 5k | Benoun ] 30L
=T

SEPT.

CHART 2
- 415
. NOV.

f . . u. .
; SO Sl S s
+ . . . P S S AR SUTE SR SN 19
v
" ) . . i | 1 ,
« DN M. { : 3
A N *w i S B S DA S 3
i j '

" . Y
ST S S O
PO
[P

JULY

s Detesied

EpLineeyr nj

JUNE

14 - Ol ~ 000!
l
——— S5} F
! G g
VA
S
ne
. A
+
1
Sy T
t
-_;...:z -
|

‘
e -T"—"—-
o
o,
FEUNN SRS SOSNE

f
G nriet

MAY

APR,

HLY PROGRESS

CONTRACT No.

——— b
i
]
i
e
U *
:.
!
I8

3
—

SEPT.

235,94

4-

21508

Cunprryction:
AUG.

JuLy
199, 7&

—tem e

JUNE
int, 3%

3 DAY S

MAY

APR.




DATE:
MAR. APR. MAY  JUNE PREDICTED  ACTUAL
SUPERVISING |
““““““““ - PROFESSIONAL 3
S S S TECHNICIAN o =2
J ;

NN :
A v A v
7 s v A
Py S POV, S i ——]
// ';‘”/ ;
¢ v A /]
A L :
- - 11—
I [ i
e -fv_—:-*—-u— i
; o o
- ;
gv
. LI
28 N B
! l-
i
- - —
|
- r - -
' i
| .
—r- ! . .T -
e b !
¢ B R e

A
1_1 SoBE

MAR. APR. MAY  JUNE |
310, » Is80 J7i. 00 301,38

MONTHLY PROGRESS CHART

OFFICE OF COAL RESEARCH
DEPARTMENT OF THE INTERIOR

CONSOLIDATION COAL CO.

RESEARCH DIVISION LIBRARY, PA.

CONTRACT No. 14-01-000!-4I5

£y

ce0C - MPR--9

PROGRESS REPORY NO. 9 . . .
OCR CONTRACT NO. 14-01-0001-43 .
CONSCE. LIGNITE GASIPICATION PROCESS DEVFLOPLENT
Pedbruary 1 to 28, 1965

A. Sussary

Peasy [ - Feasibility Study

Pase §1 - Beoch Scale Experizents -

Pisal calculations to detersine differential rates from the initisl
series of kisetics runs have been coapleied. The techeique used has been proved
te be adequatas, altlough exper:mental aberratiocas require that a few of the runs
be repeaied . Om tbe besis of these resulis a comprehensive program of further
kimstic studies ta being plamoed. R

Further iavestigatiocs have besn made into the nature of the tigh re-
activity of South Dakota ligaite to pure hydrogen. It was found that “small
amouats of steam aiditiom, 1.e., 9 vol. % was sufficient to reduce tbe rate to
“sersal” valees. A eatilytic camponeat, possidbly some fors of irom, which is
seusitive te stsam 18 indicated. .

T™he pessidle deactivatior of dolomite aceceptor by interactioa with high
alkali ligaite ash usder regeneration comditlons was iavestigated. Little or ro
desstive:ion of ac:eptor was observed in spite of the fsct that ash fusion occurred
with the highest sodium comtent ligoite (Benoer's Cove) under the moei severe
conditions tested. The conditions wiich defice the onset of ash fusiom are being
do’ited nore iharply ss a functicn of C0z partial pressure, tempersture and ssh
alkali comtent. At the present tize, it appears feasible to operate the process
wiidis the recge of conditions vhere ash fuston will mot occur.

The model of the gasiftcstiou unit has been leak tested snd flov cali-
brations completed. Circulatica of acceptor betweon gasifier and regenerator
vessals has deen sitisfagtorily accosplisbed. The feeders operated with 130% . |
velumetr.¢ efficieicy. The major probles encountered to cate has beoa a rapid
rete ¢f wear of the feeder rotors. [his is being corrected snd the prograa
described 1o the 115t monthly report will then be carrted out.

An sdditiomal seesurtsent vas nade on the fluidization ckaracterisiics
of delom:te under ‘1igh CO2 pressire ind temperature to further cleck the correla-
tiom derived froa past work. Satisfsctory ugresmeut was obtatned. The fluidiza-
tiam correlation will be reported as a Data Report.

Pinaacis.
Estimated expenditures for Pebruary were $10,300 vs. s budget figzure

of $10,500. Cumilative expeases to date sre 385,837 vs. o budget figure of
$122,400.
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B. Technicsl Results and Progran

 Phase I - Peastib+ ity Study (Project No. 180)

Completed.

Phase 1@ - Bench Scale Program

1. Kinetic Studies (Project No. S$3C.00)

Pinal calculations of the data fros all the runs to date bave been
completed. A review of the results shoss that the run prooedure, cooirol of
the inlet gas composition, produci gas analyscs, and data sorkup procedure cll
are adequately accurate to give tke desired diffe-~=ntial reaction rates.
Measures of the adequacy are givec Ly the carbua asd oxygen balsaces for the
runs, which were made over fairly wide ranges of burmoffs, hydrogom and stesm
inlet flow rates, reactivity level, and carbon fuvsntory. The balazce3 are
summarized below:

% Doviazion froa 100% Closure

Averuge Maxiscm
Carbon Balances 1.0 3.3
Oxygen Balances 1.8 } 4.8

The carboa and oxyzen balances were influen:ed by a small axd variable lesk ie
the product gas sawpling systen which was found, and corrected, alter the rurce
were sade, Puture runs will show evea Boitor closurus.

Although the general exre-izental technique tas Leen found su:teble
for productica of reliable differcnifal remction rates, srecif\c aberra.fces -
during 8 of the 17 runs iovclved have prevenied che toal 2 meliability from
being reached The major difficuliy slexred (com thy ial:t zas fluidiz ng
velocity, which wa3 chosen at a value about 20 tos low'ts flutdize properly
the char-diluent beds: in the runs iaving cie larg3st ini.isl <orbon inventory.
In the runs, o3 subsequeni investizotion shawed, tie uppe= hall ar the Led was
10°-20°® hotter than the lower half, in which the sonirel therlocoupie vas -
located. This situation led to tke azparent anacoly whar: the :atezral races for
total gasificition wers greater for the runs having the lirger .ai:isl cardor
ioventory than those for the ceoapanion runs haviug the saalles :nvantorr. Other
aberrattons tncluded: spurious burroff cauind by lesiaje of stoan into the
hydrogen streca usad during tho stardardized pretraat.cnt period, and & bed °
temperature error caused by & Jauli; thermsocouple.

* The ianert diluent uced was 200 x 325 mosk fused paviclise ¥ho char-diluent
ratio v¥as chesea to give 3 con:tint iaatinl fluidiced sed holthi, iacepencent
of th> iniilal cearbon invaa.ory the feed char wa” si-ed ¢35 35 x 65 mest

R e T
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The eight runs will have been repeated, and the final caleculacions
eompleted by March 25th, at which tibe the expe *imonial progras for the 2nd
Quarter cas be formulatod on a more gound basis cham is nor possible.

The South Dants lignite char (Firestecl Mine) had skown & very high.
seactivity for methane production in pure hrdrogen at 6 ata, presaure a?d
1400°P, coonditions which corrospond to those of the coamercial devolatilizer.
Yet, at gasification conditions 1o €O% Hp - 40% steas its total gasification
reactivity wai sosewhat less thin that of the Reumer's Cove char. If the high
asthane reactivity were to persist in the presence of « smaller asount of secs,
sdweatage could be raken of the enhiuced methans yields in the ‘procesa devola~
tilizer. To check chis powsibilicy, Run 25 713 made io wkich tho inlet gas
was 91% By - 93 steam. Yde results showed that steam goverely ceactivates
whatever catalyiic substance (poa;illy meiallic tiroa in the ash) which was )
respousible ;or tte bigh meibane ra.cs 18 pure bydrogen. Bus 24 ahowed that
the catalytic substare? was not resioved appreciasbly by water exiraction ol che
ash, The reciiss are summarized beiow:

1 10 sz 24

L .
Char Rooner's wmme=fouth Dakois-——= 8.Dakots
Cove . Vacer
. Extracted
b 4 1800 1300 1400 1500 - 3400
Total Pressure, Ats. 1€ 16 [ 18 . [
Gas Campasition
L 3 7Y 60 o0 100 81 . 1o
% Liven 0 40 - ? -
% burnet? kL as 1m 33 ¥ B 1) 12
Gasificatioa ate, ¢c°‘c.uu / )
&C im Bed,Xia x L <.
Total to all preducts 160 110 180 230 7 18 130
fo methane, ouly 39 20 180 230 17 7 130 -

Bgual wcluses of iingzito rhar ash 2nd acceptor \29% ask by walght) were
placed in a plaiizum cansule and exposed to rogenerstor econditices of tompormiure
smd O% partis)] preéssure for 14 houiu, The rosults are glven belos: .

Acceptor Activity

Yors of Sid. C:zrbmt!on‘.
B Ash Accoptor °p  Pcogr B3 puseqdr Batio
[ __ ] Meuner’s Ccve Caraate 1910 11.0 ¥o .84
1 . - " 1950 11.0 Yes .80
Q38 hd d Ozide 1950 0.9 No .94
1.0 o . .88

532 Cakots Srar Carbogatu 1950 e
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In all cases, the scceptor activities redained high and are comparsble with
those after ¢xposurs to bituminous coal ash at the same coudicices. The a0
of the R ‘s Cove and Mukota Star asbes are 1¥% and 47, respectively.

The above data suggest that fusionof ti ssh i3 zoutrolied by oquilidrium
18 & resction invclviag some stlicate of sodium, sueh .4

Wa28103 + COp = Na CO3 + 3102

Anether run will be made with Renuer’s Cove ash st 7 atm. C02 pressure and
1930°- conditions which correspond rore clocely to the aciual process regencre-
tor conditicns - to determine viechcr asa fusioca will be eliairsiod under these
oonditions. If aah fusion still occurs, :icor alterstioss of the Frocass should
be sufficient to resolve the problen. $ooe possidiiities are:

1. 8lightly lower the systom pressure such thst the mgoreratar
temporature is reducad o 1900°P,

2. Opurate wiih a slagging ccabuitor aad supply bot flow ges to a
separste regeuerator vessel.

2. Design of the Comtinuous Gasificatiom U'mis (Projeat Yo. 331.C1)

Ro work was done oo this project during Pebruary.

3. MNockup Studies (Project Fo. 531.02)

Operstion of the Nodel

Loal; testing and flow crlibraticns hawe Seen cosplesod.
revisions 13 1oce pipiog diameters cnd locacions hawn beea mads. In the abseres
of solids, tests on the feecers shoxed taat skey were leai-f™sc up to i~ least
8 AP of 2.3 poi across the rotors.

Ope:utions to date have irvolved rocirculatiom of acceptir boiweuwn
the gasifior cnc regenmerator vessel:. Circilotion races > 2 to 30 1b./hr have
beer achieved at esseniially 100% vilumetric efficlency o0 the Zaoders. This
Tamge covers Lhe entire range of racirculation 1atas antid patoed during the
operation of ‘he continucus gasificatiom unmit.

The acceptor recirculaiion has been cecosplishedt, so far, only by
careful adjusiment of tre static procsures in the two ves iels to pake the -
Pressure drop acrosi the foeder rciors esgontially gero. 7Tbe rotors Bad been
severcly scorvd during preliatcary teating. Io this cond.tiom, 3vea a wuild

P e upse: backflushing cf gas tarough the staadlegs sdbove ile foeders
&l cussaquent erratic feeding. Af.er instaliation of ner rotoss, the program,
described in last mouth’s Progress leport will be carried out. This progran
should be campleted by the end of Merch, at which tine sindies of the Tetentionm
time of accepior in the gasificr suc of two~stage beds will be started, :

Lignite c.nuu;;us s * Pebruary, 1965

It is emphasized that contlaucus, trouble-freo mtmlu:o:.o:‘;::_
asceptor, s

in & marner relatively i of P up .
strated in ibo model ~ if only to assure that explosions will not occur during
eporation of the coatioucus gasificatiom unit,

Muidization Studies

Dats Beport Wo. 1, covering the studies of retentios times of
particles falling through fluidized beds has beea written.

As stated last meuth, the correlstions of fluidized bed mttyl;uh
preperties of the solids and flutdizing gas fit the observed dats v::y '.nir
Newever, the squatiocas do Bat caantain a tera invelving the gas dens :;ch
isplies that the gas flow pattern has the nature of Potseuille flow w o
gomerally is associsted with particle Beynolds numbers of ubcu_t 0.3 or” “"
Yot much of the dats were taken at conditions whbere the Mynpldn_:unbo“.‘. -
esmsidersdbly above this level. Furthermore, all the dats were obta: e
ambient coeditions, which precluded independent varistioe of gas de::,‘z o
wviscosity. Coapletion of the Data esport covering this vorkm d:‘ sty
the correlations could be coufirmed experimentally at digh lon:s g8 o
sad Reynelds bor. 30 s fluidized bed of 23 x 35 sesh mrz::nt
(g0.CaCO3 forn), made at 16 atm. CO2 preasure sod 1500°P, showed cod‘ : e
with the correlstious. Apparently, the particle-particle ilatemctious e
phase finidized bod fortuitously aliow the use of equations having th: t“s;c
ferwm. Work ot tha Dsta Roport kas bess resuzed and it should be comple Yy .

March 15th.
4. Supportiocg Process swd Zcoucmic Anslyses (Projest Ro. 533.00)

So work vas dene om this project. ) T
8. Sepporticg Patest asd Legsl Activities (Project No. 534.00)

The currest laboratory reports sod memorends were reviswed for
detersination of Sudject Isventicas.

C. _Subdbject Inwsntions ..

D. Prioancial Status

Actusl Budget

e—n.nv; through January, 19635 3 i:.m $ l:‘l',:‘c;:
Expended is Period . ’
Casulative through Pebrusry, 1985 $ 95,837 $ 133,4C0

The indicated Pebruary e:pense is sn estimste 3ince accounting is rot
yot cempleted.

Att. Noathly Progress Chart
13/83
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PROCAESS REPORT ¥O. 10
OCR CONTRACT %0. 14-01-0001-415
: COMSOL. LIGNITE GASIVICATION PAOCESS DRVELOPMENT

Mareh 1 to 31, 1985

A. Susmary
Phase 1 - Pessivility Study
Cemplete
Phase II - Bench-Scale Experiments

———————

Some of tbe sore importaat features of the kinstics behavior of the
l1igaite char steam system have now been elucidated experimentally. A program has
besn fermulated, based os these dats, which will define the 1300°F isotherm in
the above system.

The question of ash fusion under regenerator conditions of high alka-
1ise comtent lignites was iavestigated further. No ssh fusioa occurs at
tesperatures up to 1930°F, if the C0z partisl pressure does not exceed thbe
value prevailing under process conditions, i.e., 7 atss at 20 atms total pressure.

Operation of tbe model costinued to be tbe main experimeutal effort
during the momth. Attrit.on rate during circulstion of dolomite through the
whit wvas obeerved to be quite small. Weer on the rotors is the selids feeder
esutinues to be s probles. Operations will be cend d with & p balarce
saiatsioed across the feeders.

Char and calcined scceptor feeding have beem successfully desoustrated.
With char there is 8o wear ou feed rotors. The cslcined scceptor has been found
to be subject to excessive attritios on passing through the feeders. The feeder
in the scceptor return line to the gasifier has therefors been replaced by s
plug valve.

The relaticaships between pressure drop, solids feed rstes end carrier
gas flows ie the transfer lines has been determined. These dats are needed for
operation of the hot unit to maintain the proper pressure balance between the
gasifier and regenerator.

. Desigu work on all the hot vessels for the contimunus gasification
unit ia well usderway. Design snd procurement of all itema which are mot coa-
tingent om the results of the cold sodel tests are being expedited.

Financial

etinated expeaditures in March were $11,000 vs. a budget figure of
$13,000. Cumlative expeases to date ere $111,979 vs. & budget figure of $133,430.



Liguite Gasification
Progress Report Ko. 10 2= March, 1965

3. Technicsl Results and Program .

Mase 1 - Fessidility Study (Project No. 180)
Comploted.

fhose If - Bench Scale Program
: I: Eipetic Studies (Project No. 530.00)
Char-820 Kinetic Studies

Fisal calculatioss leading to integral reactios rates for the repesat
rune made during the south have been completed. Processing of the bdody of
integral rete data to give differential reactioa rates is ia progress.

On the basis of the integral rate data, the operating progras through
July, 1963 was forsulsted. The program 13 of the misinus extest aow thought
S40sssery to define the kinetics behavior of the lignite char-B20 systea at
- 1300°F sad features study of lnhibition by CHq aod CO. As outlise of the progras
18 given 12 E-10813, ' :

Inspectios of the integral rate data showed that, for Renser's Ceve

char, the reactiss rutes increase by & factor of about two ia goiag from tep

. to bettos~of-gasifier conditions. This situatica is favorable to the process
since the carbon investory per unit vessel volume decreases from top to bottam.

Char Ash - Acegigc Reactions at Peg ator Coaditions

) As asd-scceptor run (baich) made st 1930°F at 7 ats. 00z pressure
with high-sodium Reumer's Cove ash showed no fusioa or agglomerstion of the ash.
The sceeptor activity remained high at 0.835 Standard Carbonstion Batlo. TBis
Tesult shows that if ash sgglomeration fe shown (o be a probles in coatisucus
operation, it can be slleviated by » sasll reduction ia regenerstor presswre
end temperature.

Another approach ts to resove sodium by extractioa with water. A
batch of raw Renner’s Cow lignite curiently ts being extracted. Although me
quaatitative dats are available yet, the alkslinity of the extract shows that
& large proporticn of the sodium is Leing removed.

2. Deeign of the Comtinuocus Gasificatioa Unit (Project Mo. 531.01)

Design work is uearly completed on all hot vessels that require coding,
1.e., the gasifier, regenerator, steam generator, etc. Procuresent is proceedisg
o' long delivery items such as gas compressors. Deaign and procurcsest of all
items which are vot coatingent upon the results of the cold medel tests are beiag
oxpedited.

e s A i e 40

Lignite Gasification .
Progrese Meport No. 10 -3~ March, 1965

3. Nechup Studies (Project No. 531.02)
Acceptor Becirculatioa

Absut 30 hours of acosptor recirculstios have shown that the attrition
sete of rew dolamite and recarbonated acceptor (Mg0.CaCO3) is satisfagtortily low
ot absut 2% per day, aad that attritiom is caused solely by repeated passage
threugh the rotary feeder. Tbe calcined accaptor (Mg0.Ca0), slthough resistsst
te sttrition in fluidized beds and trsusfer lines, is too soft to resist attri-
tios by shearing which occurs during each passage through a rotary feeder.
Therefore, the feeder ia the P return line to the gasifier wvas replaced
by & plug valve. The flow rate of acceptor to the gasifier is nmow controlled
b9 this valve, wvhich ia positicoed by the regenerator level costrol circuit.

It 19 0w apperemt that rotor weer in the spest scceptor feeder will
prevent 8 gas-t:ght seal from being maintained between the gasifier and regenera~
ter. Nowever, by holding sa essentislly zero pressure differential across the
weern roter and scross tke plug valve in the accepter returs line, the gas inven-
teries of the regenerator and gasifier vessels can de isolated effectively from
eash other. Pressure balaace is achieved by coutrolling the purge rate iato the
stendlegs sbove the feeder and plug valve. The cecessary flow rstes were deter-
sined by isjectios of COz into the purge lines, them saslyzing the offgas from
the apprepriste vessel (regenerator or gasifier) for its COz content. Justrumen-
tatia te maintatn balanced pressure has been iucorporsted into the desige of
the ssstimucus gasificstion unit.

The relatioaships amoug p drop, » recireulation rate,
ond carrier gas flow rate ia the transfer line between the gasifier and regewers-
tor have been determined. Knowledge of these relatioaships is vital to the
eperation of the continuous gasificstios unit becsuse the pressure drop across
the trsmsfer line sust balance, app 1y, the p drop asross the
£luid beds and standlegs of both process vessels.

Reliable recirculatiom of acceptor has mow been demonstrated. Startups
and shutd are 11ished hly. Wich p balance the
asoeptor feeder aad plug valve, safe operatios durisg normal prosess upsets oan
e assured.

her Peed and ¥ithdraval

Char feed to and withdrawal from the gasifier has been demonstrated
swocesefully. Vear of the feeder rotors is slight and gas-tight seals cen be
msietaived. Char attritiom is sot ac issus since cuce-through epsration is
snvelves.

Pressure drop, char feed rate, carrier gas flow rate relstionships for
the trassfer line from the feed boppers to the gasifier were determimed.



Liguite Gasification * .
Progresa Report No. 10 -4 Narch, 1963 . “(
. . - -« .
The level detector probes, whose operstios depends upon the electrical 1964 1965
ocosductivity of the char, could not be evaluated im the model, since char feed~
stock for operation of the sodel had been prepared vt 1100°F and therefore is .:- 18 JUNE JuLy AUG. SEPT ocT. Nov. DEC. JAN. FEB.
20t a cogductor. It was tapractical to prepare s large batch of char at &
temperature higher than 1100°F. Operstion of prototypes of the probes, set up 7 .
in the laboratory, with a small batch of cnar prepered at 1400°F has showa that ~
they will perform satisfactorily. g 3 L .
4. Supporting Process and Economic Avalyses (Project No. 3533.00) '§- . ) P
No work was done on this project. : 12 - -
5. Supporting Patemt and Legal Activities (Fraest No. 334.00) ; " 4
The current laboratory reports n.nc sescrands were reviewed for deter— 10 ‘ {
atmation of Subject Inventions. - :
€. Subject Inveations § 9 — : v
[ .
Nowe. e |
Actual ﬁ 7 - - —_
Cusulative through Pebruary, 1965 s 100, ¥7s s 133, ] . H
Bxpended ia Period : 11,000 13,000 ¢ _ )
Cummlative through Marck, 1965 $ 111,979 $ 138,400 - s T
(23
The indicated March expense is an estimats since accouatiog is met yet =
completed. - S
» 3
E e
- «
x
- ]
2
o
[¥]
) \ deart Pralan, en, ' Cont iiuous Uit stars Testl -, Corplaete
PIGU. &S APPLY TO «MASE 11 } 10G AM O1Y . % frototyve 't
- MONTHLY EXPENDITURES
PREDICTED !
VAL .o 274 | 9.3 19, __19.4 r__ﬂu.ll | _21.6’1:__ _ 1‘)4311'
ACT am]l LD TN 1o.ped  ge kil 1s.oul  ra.oew
| sune sy SEPT  OCT. NOV. O€fc.| Jan.  FEB
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Att. - Moathly Progress Chart v . Lval Zexy ATL aaw| ol eaw| wewf
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PROGRESS REPORT NO. 11
OCR CONTRACT NO. 14-01-0001-415
CONSOL LIGNITE GASIPICATION PROCYSS DEVELOMMENT

April 1 to 30, 1985

A, Summary
Foase § - Feasibility Study
Complete.

Phase II - Bench~Scale Rxperimsnts

Sisstie izvestigstions of the rate of gasificatioa of liguite char
Save Tevealed that the rate is influseced ta an uasxpected degree by the
partial pressure of carbes ide. A ve explanation is that owe is
Asalisg bere with sedius catalysis and the preseace of (O influsices the
chemieal state sad activity of tbe catalyst. Resoner's Cove lignite is the
superior fesdstosk from tbe point of view of reaction rats.

Operation of the model of the countiauous reactiom systes has cow-

4 fully. & of retection time of acceptor particles fallleg
threugh the fluidised char bed has been ad 1y ted. Previous
esrrelations bused on single particles falling through the bed have beea
found te be valid for quantitative predictioms.

Relisble feeding, recirculatiom and witbdrawsl of solids as well
a8 pressure drop relsticnships is the trsasfer lines has likevise bees
adequately demcustrated. Operstica of the model will be completed by May 33
at which time it will be dissentled and construction of the bot usit begun.

All deeign wark, drawings, and purchase orders for the hot umit will
be completed is early Juse, 1965. Constructios of the hot unit should be com~
pleted tn August, 1963,

Piasacial

Estimated expenditures in April are $11,500 vs. a budget figure of
$13,000. Cusmlative expenses to date are $124,161 vs. a budget Ligure of
48,400,



Lignite Gasification
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8. Techaical Results and Program

————

Mase I - Feasibility Study (Project No. 180)
Coupleted.

Phase II - Bench Scale Progras

1. Kimetic Studies (Project No. 530.00)

Differential rate data for the four lignite chars at conditioms of
steam and bydrogen partial pressures corresponding to the top ant bottom of
the commercisl gasifier have been obtained by extrapolating integral resctiom
Tetes from char beds baving inmitial carbon contents of .67 and .33 gram atoms
of carbos to zero carbon content. The Renner's Cove char clearly is the
superior feedstock.

Closer study of the integral rates has revealed that the reactioe
rutes are influenced by the partial pressure of carbom de to sa
that cannot be accounted for by the procedure of extrapolatioa to =zero carbes
coatent. At some conditions CO seems to enhancs, ratber than inbibit, the
Teaction rates. This situation implies that a catalytic materisl of varisble
activity and/or variable ratiom i3 p t. Tre miterial presumably
is sedius, p in some unk state. The effects of CO are qualitatively
the same for all four lignite chars, iucluding tbe Recnsr's Cove char fros which
st of the sodium bad been removed by extraction with water.

Further discussion will be deferred until rate data from runs im
shich CO 1is added to the inlet gas are avzilable. The progras is now undereay.

3, Design of Continuous Casification Unit (Project No. 531.01)

During the past moath, the followicg bas been completed:

1. Ordered J-2 and J-3 Recycle Gss Compressors. This is s long
lead item sod delivery is p tly scheduled for the d
week of August.

3. Ovrdered all the required instruments for bhot operation of the
unit. Delivery is expected ta 7 to 11 weeks.

3. Construction was started cn one new ianstrumeat board,

4. Arranged for fabrication of & new conical sectiom of the
lucite gasifier. .

3. Dosigoed the outer shelis for the rogenerator ard gasifier.
These vessels and the steam saturator should be code fabri-
cated. Drawings have beem sent cut to odiain quotes on these
1tens. : .

6. Ordered a boiler feed water pump.

O

Lignite Gasification
Progress Meport No. 11 -3 . April, 1963

7. Desigued and completed drawings om the following vessels.

(s) Cher Let Down Drunm (F-3)

(d) Condensate Receiver (PF-4)

{ec) Gasifier Cyclone

(d) Dust Collector Cyclone (G-2)
(o) Dust Collector Hopper (F-12)
(1) Condensate Knock-Out Pot (F-14)

The fellowing actions should be accomplished during the next momth:
1. Owder the following:

(a) Demineralizer (L-8)

(b) Chilled Water Supply (i-9)

(e) Doguired Materials for Vessels

(d) Mequired valves, fittings and tubing

2. Besigs and prepare dravings for the following:

(s) Gasifier Iover Shell
(d) Wegenerstor lnner Shell

(e) Gas Coesler (C-1)

(€) Cuar Cosler (C-2)

(e) Acceptor Cooler (C-3) .
(f) Gas Cosler (C-4) )

(g) Asceptor Cosler (C-5)

(d) Gas Cooler (C-6)

(1) Gasifier Filters (1r6)

€)) Negemerstor Pilters (L-7)

3. Prepare s revised equipment layout.
he sajority of the required drawings caa be prepared and the material
required for fabrication can bs ordered during May and the first part of Juze.
Coustruction of the bot uait should start during the latter part of July aad be
cemploted around the middle of August.

3. Bockup Studies (Project No. 531.02)

Acceptor Retention Time

T%e retention time of acceptor particles shosoring downward through a
fluidised bed of lignite char is predicted accurately ty the correlatiom developed
from measurements on single jarticles (RN-10500, Project 531.02). The presence
of & cloud of particles is accounted for by basing the fluidized bed density oa
the weight of the char plus the weight of acceptor falling through tbe ded. The
saximum deviation of the observed retention time from the predicted was 7%. Some
typical results are given below. The lignite char was 43 x 100 wesk in all cases.
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Acceptor Fluidized Bed
Circulation Bed Denszity wt. % Retention Time at
Sise - Bate, 1b/hr 1b/e¢3 Acgeptor 4 _ft Bed Beight, ainm.

L. B X ¥} 17.8 35.8 18.2 7.8
W™ 18.2 33.9 17.1 [ 2% 4
WxEmx 17.0 32. 10.2 4.1
8.40 .o 3.1 4.0
8.89 29.4 5.7 4.0
18.8 28.4 10.3 3.8

The technique of timing the 7zll of a small slug of radicactive acceptor
injested i1uto the fluidized bed was abandoved because it was too tine~consuming.
The retention time of the slug of particles was stroogly dependent on which portiom
of the fluid bed flow pattern the slug entered. Very short retsation times
escurred if the slug eutered the downflowing stream at the vessel wall, and lomg
retention times occurred if it entered the upflowing streas at the ceater of the
wed. Several hundred slug injectiocns would have been 'y to have obtained
reliable average reteation times over the ranges of the variables covered in the
above table.

The method finally adopted was to establish steady-state recirculation
off the soceptor through the bed of char at known values of recirculatiom rate and
fluidized ded height, thea by simultanecusly sbutting off all flows, the fluidized
bed vas "frosea”. The bed was drained off above the char acceptor isterfsee at
the bottom of the vessel and the char and acceptor were separated by sieving.
From the weights of esch msierial and the recirculation rste and bed height, the
average retencioa times were calculated.

Fimal Operations of the Model

To date, operstion of the model has demonstrated reliable feeding,
resir ulation. and withdrawal of sclids and that the acceptor retention time
im toe gasifier can be conirolied. Sufficient data om the relationships in
traasfer lines sod standiegs among pressurc drop, flow rates, and line diameter
Mave beeu obtained. The remaining studies [all inio three categorios and will be
completed by May 21, at waich time the model will be dismantled and comstructioa

. of the hot unit beguan:

1. The existing geometry of the bottom of the gasifier vessel is
not adequate to provide a sharp interface between the char
bed and the segregated sccepior. A new bottom, tow being
fabricated, increases the gas velocity through the segregated
seceptor by reducing the vessel diacoter from 4 to 2 inches.
Perforasnce will be tested during the secoud week of May.

3. During startup and major process upscts, it has teea found.
that the inventory of acceptor falling through the gasifier
bed changes rapidly. It is therefore necessary to test the
operstion of the probe which detects sand controls the char-
acceptor interface under these noastsady-state coaditions.

Liguite Gasification

Progrees Beport No. 11 -8 April, 198$

Several pounds of lignite char were made electrically
osaducting by beating to 1400°F. Perforuzaunce of the probe
ond its eircuitry will be tested by imposing purposeful
upsets on the system.

3. Efforts so far to operate two-stage beds with overflow weirs
end downsomers between the upper and lower beds have shown
1ittle success. Although stable iuventories in beth bads
have beew maintained duricg severe process upssis for a fimed
threughput of sclids, instability oecurs when the throughput
1s changed. Some further sxperizsentation 1s plaaned before
staging is absadoned. The bot unit will operate satisfactorily
with sisgle-stage beds, although better .ed temperature
eentrol would be possible if the beds were staged.

4. Supporting Process sad Bconomic Analysis (Project No. 533.00)

%o verk vas dene on this project.

3. Supporting Patent aod Legal Activities (Projeet No. 534.00)

The current lsboratory reports and mesorands vere revieved for deter-
atastion of Subject Inventices. :

[ ¢t Inventions

3. Pinesctal Status

Actusl  Bodget
Cumslative through March, 1983 $ 113,861 $ 133, 400
Expended 1n Period 11,300 13,000
$ 124,181 $ 148,400

Cumlative through April, 1985

Att. Moathly Progress Chart
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PROCRESS REPORT WO, 12
OCR CONTRACT NO. 14-01-0001-415
COMSOL LIGNITE GASIPICATION PROCESS DEVELOPMEXT
. Way 1 to 31, 1968

A.  Summary

Phase I ~ Peasibilicy Study

Coaplate.
Paane 11 -~ Bench-Scale ‘E’.‘Qtrﬂmts

The peculiarly high rate of CRq formation in pure Hz previoisly found
with South Dekota char was also noted with Renner Cove ¢har although the magnitude
of the rate was less in the latter case. Addition of stesm as in tie case of the
South Dakota char drastically lowered the CHg rate.

Peculiar reversals in integral resction rates with decressing bed heigit
ia runs with pure H; and in sooe cases with Hy-H20 mixtures pointed to volatiliza-
tiae of a catalytic component, presumably s sodiun salt., ss a possible cause. A
survey was therefore made of volatilization loases of sodium during previous kinetic

The results show that the sodium loss was roughly independent of the gas

runs,
Only 3% of the total sodium in Renner Cove

conposition and ves relstively saall.
ash was volatilized in 3 hours.

Auxiliary kioetic studies showed that the Clg-Hz0 resctiom occurred at
negligible rates under conditions used in the kinetic studies, and could be safely
neglected im interpretation of results. Char ash was not & catalyst for this
reaction but.did effectively catalyzs the water gas shift reaction,

Most of the problems foreseen in April in operstion of the rodel heve
been favorably resolved. A method has been worked out for maintainiag s stadle
interface Detween the chbar bed and the segregated acceptor. Detectors for main-
tenance of bed inventories and the acceptor-char interface were tested and found
to perfora satisfactor:ly. St ful d ration of operstioca with two-stage

beds was effected.

A few furtker tests are plsaned. Improved procedu for w:thdrawing
8 chay stress uncontazinated with acceptor from the gasifier will be worked out.
The rate of attrition of accentor in the fully ealcined form on circulatiocan
through the umit will slso be determined, Cperations of the model will cease
on June 16 to perrit full coacentration on comstruction of the hot uait.

A1l design work on the hot unit has been completed. Purchase orders
for all ilong delivery itecs nave becn placed. The targ.t date for coupletion of

coustructicn remains late August, 1963.
Financial

Estirated expenditures im May are $18,000 vs. 8 budget figure of $13,009,
Cunulative expenses to date are $145,331 vs. & budget figure of $161,4.0,

BB e SR e ek St T
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B. Technical Results ind Program - . -
Phase I - , the second week of June. In the interis, stud.es were made oa possible reactioes -
Poasibility Stucy (Project No. 180) which could occur in the upper part of the rea:tor and the exit piping above the
Completed. char bed. i : .
Phase I ~ Bench Scals ram ¢a) Beactions Involving CHg ) ) .
1. ZKinetic Jtudies (Project No. 330 00) ’ If Clgy were formed or decomposed after the product gas leaves
g . . the char bed, interpretation of the :inetics of CHg formation would
Previously Scheduled fuas X be difficult. Reactor temperatures above the char bed racge from
1500°P to 800°F and the exit piping :emperatures range fros 800°F t3
’ 400°F. Gas retention times are abou: one second in the char bed and
lignite ch:t:lix-?:'p:::;w? :z; :. et ooy 823 show that the Menuer Cove ‘sbout 3 secoude above the bed : ’ ’
arly high reactivity toward pure 3. The :
' 4 2 ragnt tude
of the rate is considerably less than that shown by the South Dakots char, howsver, Sethans cen be formed or decomposed by reactions such as *
The resulta ala> show that the integral rates a . )
re essentially ¢ s X
::x::‘:ahnd lst." sod that the rutes are lower for the run baving :L ::.::: Clig + 820 = CO+ 3 Wy
¢ rbon - .
oo the basis of wolatilss, ::.::.» 8tly enosslous results can be explained To deternine the extent of methane decomposition in the kinetics
rates as shown below d s catalytic ash compovent since the suesp gas : reactor system, s stean-Hz-CHy mixture under the conditions shown
OF decruase with increasicg bed veight. . below was passed through beds of various solids. .
Total ’ :
Init acru/, ] Total Pressure: 18.2 ata. .
Tadw  aem mElotesral Cig fate, € guaif /ec in bediin. x 10 faseial Dry Gas Composition:  21.9% CHg in By
: 3 13 23 35 Char Talet Gas: 62% dry gas - 35% steas
10 16
10 11 : ;zi :g b Pod 20 2.0 It is concluded that Reaner Cove ash has no specific catalytic
3 16 : 138 12 12z 45 20 1.4 . effect oo CH4 decomposition, The results showed that the CEq forsed
4 82 0 20 4.0 from the steam-carbon reaction during a routine kimetics rut is uvot
reciably decomposed while in the char bed, especially at tempera-
tntegral c:ddlnon of 107 steanm to the inlet hydrogen drastically decreased the :::.. ot 1:oo'r or less pe Y
shows bﬂ.ov‘ r:tel, 48 was the case with the South Dakola char. The rates are ‘ ) : i
» &long with those for the other inlet hydrogen concentrat:oms. In the experiments described below, mixtures of co»eornz-n'zo
Total P . . were passed through the system. In no case was CHy detected ia the
tntegn?;;:':"“w‘“'; Tesperature:  1500°F exit gas, showing that CHg is not synthesized in the upper, cooler
S for 3 g Initial Charge. parts of the reector systes where synthesis is f ble, tk
:ugit‘;u % Bu §C gasif./gC in Bed/din. x 10% e dynanicelly.
ots 1 23 40 50 (b) The Water Gas Shift Resction
32 y . -
62 :2 ssg :-7 2 o During the kinetics runs with stean-Hy mixtures as inlet gas, X
90 ©0 24 14 “ s ’ the observed water gas shift ratio of the product gas rever deviated .
190 135 111 81 8 - . by more thaa + 5% from the equilibrium ratio, regardless of the
: 3 18 : : initial bed weight, burmoff level, origin of the lignite, or iolet
Studies of Extransous Reactions ga8 cowposition. In coatrast, the Project 11 work with Disco char i ‘
: showed 3ajor deviations, predomjiuantly toward the CO side of ‘
equilibrium. -

The thermal conductivity cell used to m=on
itor the exit gas composit :
during transition from the Pretreatrent to the gasification periads "ul:d eo-u‘ »
Fletely in early May. A new cell was ordered and deli apec ot ’ 2212”004 o tne Beoner Cove A Sarard saaiyais of fhe e ‘“Am |
= vory is e. ted during internals and of the Renner Cove ash toward catalysis of the reactiom, J
. & mixture of the four P was p d through the reactor ays i
|

at conditions stown delow:
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Total Pressure: . 16 ata.
Iulet Dry Gas Camposition:

Inlet Gas: : 32% dry gas - 68% stean

K = (CO2)(H2)/(C0O)(Hz0)
Ejnler = -240

It was shown that water gas shift equilibrium was resched at
1600°F whether or not a bed of Renner Cove ssh was present., The
resactor internals clearly catalyze the water gas shift equilibrium.
The Reaner Cove ash, however, is a specific catalyst since a closer
approach to wster gas shiit equilibrium was schieved when it was
pressnt, i.e., in the lower tempersture runs at 1400 and 1500°P,

VYolatilization of Sodium

It has been found that the kinetics of the lignite char-steam reaction
_are influenced strongly by ihe presence of a catalytic material in ths ash
(presumably sodium) of variable activity and/cr concentration. The sodium lost
by wolatilization from the reacting bed of solids, at the conclusioa of all the
rung made during May, wai deterained by washing the resctor and exterunal piping
with water and analysing the washings for recovered sodium.

The results have ahown that for a given time aud gas rate/unit of
inittal char the loss of sodium was essentially independent of the gas compo-
sitiom, which ranged from 100% Hz containing no (0 to stean-Hs mixtures
comtaining CO2 at .002 to .64 atm partial pressure. In three hours, 3% of the
total sodium charged with the ash in Renner Cove char was volatilized. Oa
comtinued aexposure to process conditions, additional loss occurred. At the gas
flow rates and system pressures used in the experiments, the snounts of volatile
sodium r d ccrrespond to a P d having a vapor pressure of .03 mm Hg
at 1500°P, assuming 2 atous of sodium per mole.

The above information is imconclusive because it is not known whether
the volatilized sodium, or any part of it, i3 the active catalyst. Tne varistion
i activity could also be caused by a change of the form in whick the active
sodius exists -~ e.g., oxide, carbonate, silicate.

The issue canaot bo resolved until data from the series of runs im
which CO and CO; are added to the inlet gas are available. These rum conditions
will presunably stabiliza the active sodium as NapC0Oj.

2. Design of Continuous Gasification Unit (Project No. 3531.01)

Designs of the solids coolers and inlet gas preheaters were completed.
Beat balance ang wall-to-fluid At calculations were made for high and lov levels

of foed rates and for the case where all the process heat is supplied electrically.
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Purchase orders for essentially all the equiprent and materisl for the

‘Bot usit have beem placed. The exceptions are for poverstats and sose miscellaneocus

piping fittings. These are short-delivery items.

3. Mockup Studies (Project No. 531.02)

The three problems, foreseen in April, were resolved during the month.

1. The proper geometry of the bottom of the gasifier 1 for aai
of & sharp, stable interface between the char bed and the segregated
scceptor was deternined. The full (4") dianeter 60° coue was retained
but was sodified by an insert positioned to extend partly into the cooe
and partly into the straight section. The opticum gas veloeity between
the insert and the reactor wall was found to be three times that in the
4" diamster section. The interface 13 held ir the anmuular space between
the insert and the reactor wall.

2. 7The three detectors which maintain the bed {nventories in the gasifier
and regenerator and the acceptor-char interface at the bottom of the
gasifier were tested and found to perform well under conditions of
severe upsets. :

8. Sucoessful operation of two-stage beds using overflow weirs and dewn-
was . The hot unit regenerator has been designed
a8 a two-stage vsssel. Nowever, the gasifier will de operatad as &
single-stage vessel because it would be difficult to withdrax the
spent char, b ially inated with acceptor, from a two-

stage bed.

All gperations with the model have been with raw Greentfield dolomite.
The attrition rate with this material has been satisfactorily low. Fully cal-
cined dolocite is much less reaistant to attrition and has not been tested in
the model since it slakes in the hunmidified air used as the fluid. Before thke
model is discantled, an attempt will be made to recirculate calcined accsptor,
using dry N2, and to measure the attritiow rate. The rotary feeder in the
acceptor trausfer line from the gasifier to the r tor will be d
from the system, since laboratory experiments have shown that the feeder crushes
the calcined scceptor at a rapid rave. All operaticns of the model will cesse
on June 16th, to permit installation of pressure equipzeat. .

4. Supporting Process and Economic Auslysis (Project No. 533.00)

A paper was prep d and p d st the AGA Operating Conference,
Buffalo, New York, May 23, 1963,

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

The current laboratory reports and remorinda were reviewed for deter-
mination of Subject Inventions,
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D. PFisancial Status
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Expended in Pericd
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CONSOL LIGNITE GASIFPICATION PROCESS DEVELOPMENT
Juse 1 to 30, 1965

Phose T - Peasibility Study

Canplete.

Paase 1T - Beuch-Scale Experiments

The lignite char-steam kinetics progras is which CO and CDy will be
sdded to the inlet gas was deferred while avaiting delivery of & Bew thermal
soaductivity cell. The program will get under wey im July.

Liguite char from Busky-Dominioa's Lurgi carbomizer in North Dakots
hae beew cb as the k to be used during most of the operatiom of
the bot usit. A kinetics rua with this char showed that it s comparable is
resstivity to Dakota Star char.

Preliaminary testing for activity snd physicel stremgth of the com-
wsreially available dolomites from the North Central States skowed that oaly
one, from South Dakota, bad the desired acceptor properties. This stome will
bo subjected to repeated cycles of regenerstion aod recarboastios to determine
1te suitability at process conditions.

Righly selective removsl of sodium from Reaser Cove ash has been
demonstrated by extracting either the raw liguite or char with hot water.

The attritioa rete of fully calcined acceptor while circulating through
the model was measured. The rate was satisfactory, under the operating coadi-
tions required to overcome the strong electrostatic forces which developed.

The model has been dissantled and coastruction of the pressure usit
is wader way. All purchase orders snd drawings for the unit have beea issued,
and deliveries are om schedule to date. The target date for cold pressure
testing of the unit is August 23rd.

Pinancial
Estimsted expenditures in June are $26,300 vs. a budget figure of

$18,900. Cumulstive expeuditures to date sre $172,846 va. & budget figure of
$180, 300.
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8. Techaical Results and Progras

Mase I -~ Peasidility Study (Project No. 180)
Conpleted.

Fase 11 - Bench Scale Progran -
1. EKisetie Studies (Project No. 330.00)

Delay of delivery of the thermal conductivity cell again caused post~
PoRGnent of the char-stesm kinetics program in which oxides of carbon are added
te the inlet gas. Rowever, the new cell bag been received, calibrated, and is
Sev in service. :

Becsuse of its resdy availability, ligaite char from Busky-Deminioa's
Largi sait st Dickinson, North Dakots, is a good potemtial source of fesdstock
for the comtinuous gasificstion unit. After pre at standard couditions,
& kinotics rus with a sample of this char showed that it hss about the sese re-
Sgtivity as Dakota 3tar char. The Husky char has been ch a8 the feed
%o bo used is the hot umit.

Semples of the potentislly useful dolomites in cossercial productiom
in the North Central States were given a prelimivary test for activity and aise
degradation. The results are shown below, aloug with thoss for the Greeafield
dolomite which is the best stous found during our esrlier studies of scceptor
behavior.

Dolomite Source for South Dekots Pilot Plast

Activity - % Fines
Origia 8td. Card. Ratio Produced
Greenfield (Ohio) .98 1.1
Pete Lien, site 2 (3.D.) .93 4.3
Wheatlsud (¥yo.) .n 4.5
Cosgrete Materials (Iowa) .88 7.4
Fort Dodge (lowa) .88 8.0

Of the stomes tested, only the Pete Lisn sample shows prouise from
the staadpoints of both activity snd particle strength.

Asslytical results for the extraction of Renner Cove ash with water
are Low complete. The samples were Ixtracted exhaustively in a Soxhlet apparatus
im which the water tesperature was hald at about 80°C. Alkalies are extracted
preferestially, and to a bigh degree. The sodium exists in the ash sostly in
the form of silico-sluminaies. Water extraction of the ligaite thus offers one
Pesaidble solutiom to the problem of ash fusion at regenerator condittions. The
tovults are sussarized delow.

Liguite Gasification
Progress Report No. 13 -3 Jume, 13905

Extraction of Reaner Cove Ash with Water

- Char, Pretreated

_atiowr s
£ of Total Ash Besoved 2.5 141
% of Compowent Remaved =
8103 2
Alg03 s
Pog03 14 - J
Mazo 20 t
4 =
Ca0 +» g0 r~0 0

'%‘I—Ai;-oﬁ- . moles in soluble ash .80 .74

3. Design of Comtinuous Gasificatiom Umit (Project No. 331.01)

The design of the hot uait has been cospleted, sud all purchase orders
ood drewings have been issued. The project was terminated on June 30°h. Amy
further engineering or drafting work ueeded for revisiocns of equipsent or layout

‘will be charged to Project No. 331.03 (Constructios of Contimious Gesifieatiom

Unit).
3. Meckup Studies (Project No. 331.02)

final raticas of the model, ss wffort wvas made to measure
the ntntz‘:u of lmy calcined Gresufield dolomite while circulatimg it
through the regemerator fluidized bed, the stsndlegs, and the transfer u;:. .
In dry N3, circulation was not possible becsuse of severe electrostatic :-;l..
By "busidifying” the Nz with methanol, electrification was reduced cousi Y,
but cematinuoue circulatiocn still was not possible unless the rotary feeder wes
used to control the flow rate of the scceptor into the trsnsfer line.

The asasured attrition rste was 19%/24 bours, compsred with 2%/24 hours
ot sinilar conditions with the rav dolomite. This rete is coansidered te be
sdequately low since most of the attritios is csused by crushing in the :tm
feeder. In the hot umit, omly the recard d P through the
fesder. TFurtbermore, even this rate is withim the acceptadble limits for the
process as visualizod in the feamsibility study. .

Operations with the wodel cessed on June 11th, and the model has Deen
dismantled.

Worknp and correlation of the dats obtained with the model are
ocurveatly under way.
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4. Comstructios of Comtinuous Gasification Unit (Project No, 331.03)

ey 1964 1965
val of the P unit was initiated on June 13th to permit the FEB
start of y of the p apparstus. Delivery of equipment is pro- T JUNE Juy AUG. SEPT.  OCT NOV. DEC. JAN.
®ooding as scheduled. The target date for initiating of cold pressure testing = 13 \
is August 23rd. . § : ‘
14 + ’
8. _Supperting Process and B ¢ Analysis (Project No. 533.00) ~ 3 !
1] e
B vork was done oa this project. £ 3 i t
s iug Patent and Legal Activities (Project No. 534.00) § 12 - -
. ]
The curreat laboratory reports and aesorsada were reviewed for deter- z —— L—
aination of Subject Inventicus. s " -t - V
]
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MONTHLY EXP.NDITURES

1
PREDICTED 3,.0M wov| 9wl e 19.44) 19,4 20.1M _21.&1[___ n.ar
ACTUAL 2,5 a 9.2 o owm jexl isew aiew
| JuNE JuLr  AuG. SEPT  OCT. NOv. DEC. | Jan  Fep

PREDICTED soou] azoem] 2| sl o] eaw|  wo.w] uia e
. : 2

ACTUAL 2.9% w3k | 17| 2c.iM es.e|  S7.3]  78.em]  msax 1> ow !
CUMULATIVE  EXPENDITURES ™
# Expenditures Include AN Costs 8 Fees.
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COMBOL LIGNITR GASIPICATION PROCESS DEVELOPMENT
uly

A. Bumary
Fhase I - Peasibility Study
' e-ilm. )

Paase I1 - Beach Scale RExperimeats

Iattial results are now availsble om the effect of additiom of CO

‘and OOy on the gasificatios kinetics. The adiitioca of ixides of carbon reduced

to gasification rate for production of new oxides of c:-bon to roughly cae:
feurth the value with no carbon oxide sdditicn. The effect is presusably due
te & stadbilization or reduction in sctivity of the sodium catslyst dy iater-
estion with C03. .

" Interestingly emough, the rats of formation of msethawe by the
hydrogen carbos resctios was unsffected by the eddition of caitos oxides.

‘l‘. oltect o( gyecling through simulated process mitu-‘- on
astivity was studied for the South Dakots dolomite (Pete Lien). The lose is
astivity was greatsr than for the stasdard Gresafield dolonite sltbough its

" sesistasce to physicel degradation was just as good.

Attespts at mtuunl‘ dolomite fimes by mltu; in & steam
esrbos dioxide atmoep under pr wore ful. The MgO did Bot
melt snd bohsved as solid matrix which retainsd the moltea lime,

" Report writing sad correlatics of data i coamection with fluidize-
tien buhavior and the nodel studies is complets with cne excepticn. The latter
deals with the correlation of the frictios factor iw dilute phase tramsport.

The commtructios of the costiouous hot umit 1s slightly behind
sshedule. Imitial testing of the umit should start ou Septender 13th,

ﬁn'-nul
. Jinaaeoisl ,
Estinated expeaditures for July are $25,000 ve. a budget figure

af $19,400. Cumulative expenditures to dete are $197,846 vs. a budget figure
of §199,700, . ’ .
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B. Techuical Results aad Progran

FPhase I1 - Bench Scale Program

1. Batch Rinetic Studies (Project No. 330.70)

L

Steam ~ Char Kivetics

The first series of kinetic runs im which CO and
the inlet gas has been completed. Stean and aydrogen pnrtl?!hp:::uﬁ.:o:
respond to top-of-gasifier conditions and wers kept the saze as for the rums
Previcusly reported. Carbon oxides were added to the inlet gas to simulate
the projected amounts at the outlet from a cocmereial gasifier as showa below:

Partial Pressure, Mole % in Total
atm, Ialet Gas
(-] 1.44 7.88
coz .98 s.24

Gasification rates for CO and CO, production wers reduced to 20-30% of those
cbeerved with no carbon oxide addiiion, showiag that the powerful catslytic
actioa of sodium bad beea suppressed. This catalysis was shown to be
specific for carboa oxides production since tae rates of CHq formation were
esseatially unchanged. The results are suzmarized below:

In Gasification Rates for 15 z Initisl Bed Weight
= ~ g C gasif./nin/g € jn Bed T 104
% + CO2 ?_!
«un % Burvoff 10 20 30 40 10
L)

3 » 220 oaly 150 131 124 122 118 5 4
42 34 28 2 !
Ontdes Added “» 38 32 23 =] 3 37 33 27 3 '

In the oxzide additiocn runs, the conversions ware smal

N 1 enough so that the above
integral rates sre very nearly the differential rmtes. The study will be con-
timued using lower levels of oxides addition and higher matios of steam to
Sydroges, i.e.., to cimulate the condition prevailing st the gasifier imlet.

Acesptor Studies

The Pete Lien dolomite (S. Dzkota) was tested furth
. ¢ . er by subjecti
it to repested calciniag and recarboration at process conditions. The nsull‘:s '
1% shows bolow iR comparisoa with those from other stones tesied previously:

Ro. of Total Tise st Process Activity. Standard Cartonation Ratio
Cycles Comditions, Hrs. Pete Liea Virginia Gresafiel
E ] - 3.80 74
3. . .60
12 4.78 .62 .38 '::

[ETE W RPN

2k
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All three stooes were equally resistamt to sise degradation. If the acceptor
sstivity at the level of the South Dakota stose proves to be unecomomical,

tion by sion to the Ca(CN)3 fors followed by eslciniag to Cad
may be necessary. As time permits s brief study of reactivation of the South

- Dakots stome will be made.

. A pessible solutiom to the combined preblecs of activity loss aand
sise degradatios lies in the reconstitutiom of speut acceptor fines by forming
& melt followed by cosling, crushing, and calcining. The Gresafield dolomite
frem Western Ohio could then be used, sinoe the freight costs iavolved would
be very smell with the resulting “perpetual” acceptor. .

In ea effort to study the acceptor properties of such & celt,
seversl attempts were made to form a liquid frowm the South Dakota do.omite,
but without success. At a COz partisl pressure of 1.5 atm.snd stear partial
pressures of 13, 16, and 19.6 atw. at 1600°P, the acceptor agglomerated but
@id net form s 1iquid. The particles did uot lose their ideatity aod the
agglomerates had the consistency of & sugar cube. Previcus melts shich were
truly 1iquids had been rade with calcined lizestons, pure Ca0. or mixtures
of Ca0 end Ca(ON)3. Possidly, melts which are truly liquid could be sade
frem delomite by starting with nmixtures of Mg0-Ca(0H)2 sud MgO-CaCO3 or
MgO-Ca(ON)2 sod MgO-Ca0. Studies to determine the proper temparatures asd
partial pressures of stean and COz probably weuld involve & major experi-

msntal progres.
3, Seskup Studies (Project No. 331.02)

Dats reports for the correlation of fluidized bed deusities with
fluid and particle properties and for the results of operation of the model
bave beea writtea and will be issued in August.

3. Comstructiom of Costinuocus Gasificatiom Unit (Project No. 331.03)

The comstruction pace has beon slowed somewhat by denands for
shep time by the Casoline Projects. EHowever, the hot unit should be reedy
for initial testing by September 13th. Deliveries of materisls and equipment
have been adequate and should csuse oo delay.

4. Operation of Continuous Gasificatiom Unit (Project No. 532.00)

A» (persting Manusl for the hot unit has been written snd will de
1issued i August.

The imitial shipment of lignite char fros Husky-Dominjom is North
Dakets has been received. The char has bess ground to mipus 2) mesh and will
bo screensd at 35 mesh in the Sweco Separator. The fines will be elutriated.
Matebwise im the CC-2 pretreater vessel. These operations will provide adout
3300 1ds. of feedstock for the hot umit, sized to 33 x 130 mesh and substantislly
free of mimus 1350 mesh material. This smount should be sufficieat for operatioa
of the umit umtil December. Additiomsl char will be ordered from Husky, and

prossssed, as requirements dictate.
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1964 . 1965
JUNE  JuLy AUG. SEPT. OCT NOV. DEC. ] JAN. FEB

Amalyses of the 35 x 130 mesh fractioa of the char showed:

Moisture to 300°F 3.4

- X
Volatile Loss - S500-1100°F - 3.& =S
Volatile Loes - 1100-1500°F - 71.7% 8
- 14.5% g L)
$. Supporting Process and E: c_Anslyses (Project No. 533,00) ‘2 13
-
So work was done on this project. 5
12 -
§8. Supporting Patent and Legal Activities (Project No. 534.00) ?
F 4
The currest laboratory reports and memorands were reviewed for deter- g "
mination of Subject Inventions.
10
C. Buhject Invemntions - !
Fowe. § 9
u
D. Pinancisl Status w 8
Expeuses Actual Budget 5 7
Cumulative through Juoe, 1965 $ 172,846 $ 180, 300
Expeoded im Period 23, 000 19, 400 L) ﬁ =
Cumulative th July, 19638 197,848 199, T00 b N
rough y s » $ . 8 3 7{ > y
The indicated July expeuse is an estimate since accounting is [ 4 s - ’ ’; //j A
-~ » P >N ). __ kS ] : .
mot yet complete. a 4 7 > > i P 7 27 = e
' % A -1 A § z -
H - A A - A s i s s <
»n 3p o I P 7 7y R ! TI7RS
[ - /] A vz /] A L l i
7, /] - S G x‘ L 1L N
g e ] f > 2t ’ ;
” HU 7 7 M . o
5« : ’/ l’ t ' "‘:_- | ' o, G ?\ {i_.-‘
. ¢ Ly 0 188 LRSI AR IR Nt AAes (AR o3 H o t?
z i (B IElEA 1110005 TR o I N
o o it oo I In A 1.5 ' ‘ul& SN
dtart Prelin, En,'g Continuous Umg Start Testl: Corplete
PIGUAES APPLY TO rASE I1 ©10GAM OuIY % Frototsve Unit

MONTMLY EXPENDITURES

- Y T
FREDICTED oM woovl ooaml e.am | 19.e| 9.4 20.mi _21.6n_ 103
ACTUAL 2.9 ST A 5.3 20,400 107 je.3)  15.6M 114

i

| JuNE ULy Aue. SEPT  oCcT. Nov. DEC. | yan  FER

PREDICTED a.9u) 12.em] 22.n :u.uaL so.wv|  zo.av|  wo vl aled] 2200
ACTUAL 2. 9% N3 1T M 2048 68.8] S7.5M; 73.:M] s 4w 1w

CUMULATIVE  EXPENDITURES *
# Expenditures Lnclude All Costs 8- Fees.

Att: Moathly Progress Chart
8/13/63
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DATE: o .3 . >
MAR., APR. MAY JUNE . PREDICTED® ACTUAL
T 1 SUPERVISING () ) acx COTRACY WD, 14-01-0001-415
} — — —_ . . - b
} i | ) PROFESSIONAL 2777 [ COMSOL LIGHITE GASIPICATION PROCRSS DEVELOPICENT
1 - A S MI TECHNICIAN Im [2eteze2e Amgust 1 to 31, 1968
L . .
: ey b~-
_ﬂ__ ;-»-J - .: ; E’;‘; . . A
- g_ BN S s R A0 , Foase 1 - Fessibility Study
”2 :: -1 g "—-7 : ST , Conplets
e~ i gl
!'"Z T A : Fhase I - Beuch Scale Experiments
f {. R - ' Purthber kimetic results are mow availshle on the effect of
A i s A : . adgition of carbom oxides st gasifier islet avd exit comditions om gasi~
A B i ) fieatios rates st 1300°F. The Clig formatios rate is relatively usaffested
N H I - : 18 Doth cases by cardos oxide additics. The rate of formatios of wew
et ] : : . . shos oxides is, b , reduced by factors of about 2 and 4 st the
Co ! ) . . inlet and exit comditiocns respectively.
a’L T - . . Sifficulty associated with spuricus msthane forsstiom by
‘ i O . hydrogesation of carbom monoxide was corrected by using am sll stainless
> ; . : stesl resctor and poiscaing the catalytie effest of the metal by
f 3 ) presulficing.
o . 1 . . A11 data gethered during the operstiom of the cold medel has
| . B . ’ : . . bosn gerrviated including the solids friction fagstor im pnsumatis
RIS b ] . ¥he eoustrustion of the bot uait is behisd schedule. Pressure
T Coe testing of the umit is scheduled for September 15 sad 1mitial operator
T T : v _ traiaing rems should begia by September 30.
ook et ' : :
) x:‘;i k;’i: Sy 3 . . Pivancial
i P Lol [ - —
- : ' . " - Betinated enpenditures for August are $21,000 vs. & budget
) figure of $18,300. Cumulative expenditures te date are $218,387 vs. a
. Sudget figure of $218,000.
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B. Techaical Results and Prograas

Phase IT - Bench Scale rom

1. Batch Kinetic Studies (Project No. 530.00)

Stess-Char Kimetics

The 2irst sertes of carbon oxides addition runs st bottom-of-
geeitier conditions was made. Preliminary calculatioas showed that the
rates of Cliy formation were unchanged, 2s was the case for the runs at
top-of-gasifier conditions. Integral gasification rates for CO and
broduction were sbout 40-60% of those observed with po carbon oxide
addition. e

- The i diate future prog calls for completion of two series
of runs at OO, partial pressures of nosinally 0.5 and 1.0 ata at both of
the adove conditions. Depending upon. the effect of €02 pressure which i3
found, a third series, at s much lower €Oz pressure, will be made to
Asoertain if a threshold level exists which will stabilize the catalytic
Setivity of sodium in the ask. In all cases, CO is added to driug the
inlet gas to water gas shift oquilibrium in order to ensure coatrol of the
€0z partial pressure which otherwise would be altered by the water gas
shift reaction occurriag o the staiuless steel surfaces of the inlet 89

b sad wall, ’

rious Methane Pormation

Most of the wonth's experimental effort was devoted to finding

& method to SUppress spurious CHg which was formed from the imlet gas by &
reagtion such as :

CO+ 3 M »Cly+ B

Is the carbon oxides addition ryuns whieh vere sade immadiately after the
Teactor, and tuternsls, bad been used in the studies of selt formation and
of the effect of oycliog on seceptor activity, spurious CHy begaa to appear
in the product gas. 'In tbese studies, the resctor system ‘had been exposed
to oxidizing conditions is tbe tempernture range of 1600°-1930°F. This
history spparently activated the metal surfaces of the resctor system, since
it 2ad beeu shown earlier that the systos vhen equilibrated to the stesm-
carbos kinetics couditions bhad essentially no catalytic sactivity toward CHg
formation, .

It was found that spurious CHy formation {s totally inhibited by
usiag an all-staialess steel (Type 310) systes which hes been presulfidad
5y treatsest with a 0.5% H28 - 99.9% H; sizture at 1500°P.

Progress Report mo. o -

2. Mockup Studies (Project No. 531.02)
I,

conp seter
with letiocn of the correlatioa for the n;:d: .:::!:n :‘ arer
pusumatic transport, this project was terminated om Sep T saterred
- of the Data Reports coveriog the work on this projec T e
::::.l paper on the status of the CO2 Acceptor auttlu:::‘ Process,

4 at the ber A.I.Ch.E. meeting was being wvr -

] .03
3. Comstruction .2 Costinuous Casification Unit (Project No. 531.03)

) Come. .ruction agsin 2ss been deluyed by demands :::':hc’“ :-'z“‘

Gasol );vjoctn. At pressut, sll sajor equipment, th; reoftain A
prnd l.::: with completina of the instrussutation plpiu;u e et
:‘mil y for‘cold pressure testing by Septeader mtr:‘ L “-m‘“
tation wiriag should be completed by the eod of 3

ia.
tosting and cold circulation of solids st 300 peis csm begin

t (Project No. 533.00)
the Coatinucus Gasification Usi
4. Operation of

unde: hesn dous bot uait
g coaytract T ratae ot i char t“ﬁ-t: ?:Mu
48 still deing constructed. Final sisiog of the

for completion by Septesber 24.

FUS ting
20, of the full opera
'ul imvolve calibrations sad cold

During the week of P
erew will begin. The iaitial operations w
sireulation of solids.

8. Supporting Process snd Economic Asalyses (Project No. 333.00)

No work was dows on this project.

t No. 534.00)
6. Supporting Patent aod Legal Activities (Projec

The current lgboratory reports and sesorands were reviewed for
@otevmination of Subject Inventions.

€. Subject Inveutiocas

Nows
D. FPinemcial Status
.
Expenses Astusl Smdget
$ 199,700
Comu rough July, 1983 $ 197,887
»l‘:::':lirlo‘ i 21, 000 18,300
19,000
Cumslative through August, 1963 $ 218,887 L N
is on since sccountisg is

The indicated August
uot yet complete.

Att. MNoathly Progress Chart
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L . l : SUPERVISING Y @ e 0CR GOTIACT R0, 14-01-0001-415
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:_ . i- - - - TECHNICIAN mmm m Septembar 1 to 30, 1968
: m | o b5 _ - .
| g' ,:}_— : /7‘ ,’,, A V7 . ) 5._____2.-
oA geAd L] g ] Phase I - Foasibility Study
r. v A 4 T
A4 1 101 1A Cosplete.
i b e —
gl i o i Passe IT - Bench Scale Experiments
1T % o Construction of the Bot continucus unit bas beea cospleted. Cold
i 5 t pressure testing of the wnit has been carried ocut and faulty eomditicas cor—
1 T . . rected. It is plomned to compleie cold testing of the unit by the end of
! i Ostober, iseluding circulation of solids at full system pressure and tosting
. i of imstruments, alarss and probes.
. il Two pairs of gasification ruus were made correspundiag te top amd
TN t dottom of the gasifier, respectively, but with veryiang CO3 couceatratioa im
i o each pair, Variation of COz concentration had no effect oa rats.
i T; " pinesctsl
t
1B - ; Estimated expeaditures for September are $22,000 vs. s budget
| i figure of $17,500. Cusulative expensaes to date are $243,228 ve. a Dwigst
I 7 figure of 3233,500,
P [
Tl.u»- : "
L;L i L' Lo
[ _enn i_ 7. *1_ PT.¥ L SN MONTHLY PROGRESS CHART ' . . .
OFFICE OF COAL RESEARCH -
MAR.  APR. Mav  JunE | DEPARTMENT OF THE INTERIOR
LT RS LA A CONSOLIDATION COAL CO.
i RESEARCMH DIVISION LIBRARY, PA.
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. Liguite Gasification

Progress Report No. 16 -2~ September, 1963

B. Tecboical Results and Programs

—

Phase IT - Sench Scale Program

1. Bateh Kinetic Studies (Project No. 530.00)

Tour series of char-steam kinetic ruas at top and bottow-of-gasifier
osnditions, with COz partial pressures of 0.3 and 1.0 atmosphere, have beenm
ecmpleted. Preliminary work-up of the data shows that the rates ere
virtuslly the same st either level of COz partial pressure, and that the
integral rates extrapolate in a straightforvard manner to the desired
differential rates at zero bed weight.

Coasiderable time was spent in resolving two problems which are
specific to the runs in which carbos oxides are added to the imlet gas. As
reported previcusly, spuricus CHg fermatios can be preveated by sulfiding the
seactor systes. However, the suppressioa was found to be impermesent,
ospecislly during the runs with tbe bigher Hz/N20 retio. The opersting pro-
esdure oow has been modified to 1aclude presulfiding prior to every rum.

The seoond prodlem iavolved circumspect comtrol of the COz which dissolves
in the ted steam & te. The of dissolved CO2 is large
eompared with the net make CO2 and distorts the composition of the product
ges. Contisucus addition of acid to the condemsate, at system pressce,
eliminated the problesm.

- 8, Coastruction of Coatinuous Gasificatiom Unit (Project No. 531.03)

Coastruction of the hot uuit bas been completsd, ani. this project
was termiuated ou Ostober 1, 1963,

3. Operstion of the Continucus Gasification Unit (Project No. 532,00)

Isitisl Operations

Cold leak testing was begun on September 15, and many minor leaks
have been corrected. However, major leaks in the gasifier and regeterator
pressure shells, caused by faulty machine work by the outside fabricator of
the vessels, precluded reaching system pressures grester tham 100 psi. The
machiaiag has been corrected by cur own shop, and the unit is aow completely
Foassenbled and ready for further lesk testisg.

Two shift operation d on Sep 27, with three-shift
operstion being scheduled to begin in mid-October.

The immediate objectives are to schieve a leak-free system at 300
poi cold hydrogen pressure and to circulate the solids (cold) to test tbe
probes, safety devices, and alarms. By the eud of October, the electrical
Wsaters will be installed and leak testing at process conditioms will begim.

Liguite Gasificatioa
Progress Report No. 18 -3 . September, 1963

Peststosk Preparstios

Sizing of the Busky ligunite char to 35 x 130 mesh has beea
esupleted. PFines vere removed by elutristiom of the char is 130 1b.
batehos fa the OC-2 cosl prebeater Yessel. Thrwe thousand powads of

were p
4. Supperting Process aad Bcouncmic Analyses (Project No. 333.00)
o werk was dens om this project.
8. Supperting Patent and Legal Activities (Project No. 534.00)

The curreat uhontoq reports and memorsnda were reviewed for
dotervination of Subject Inventioms.

[ -5 ost Inventioas
Seae.
B._Fisascis) Status
Bxpenees Asvent Budget
Camlative through August, 1965 s, 38,00
Bxpended in Periocd 33,000 17, 300
Cumnlative through September, 1965 $ 243,220 $ 238,500
The fadi d Sep xp is an estimate sivee scocuatiag is

st yet complets. !

Att. -~ Nouthly Progress Chart
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DATE: ladlcde Vo
v
MAR. APR. MAY. JUNE PREDICTED  ACTUAL
’ PROGRESS RRPORT NO. 17
' SUPERVISING NN . OCR CONTRACT NO. 14-01-0001-413
b e e b CONSOL. LIGNITE GASIPICATION PROCESS
PROFESSIONAL 2222 3 ‘
SN SN S TECHNICIAN m m October 1 to 31, 1968
{j \ 7; - 1T V7 A, Summery
YN Y 7 Phase I - Pesstbility Study
,; 7 N Ay I A Complete
A : R, A .
Phase II - Bench Scale Rzperiments

Cold pressure testing snd calibratiom sod testing of most iustruments
om the comtimmous unit has bees completed. Zlectricsl hesters snd thermo-
couples have been imstalled. Solids circulation sud testiog of level coatrol

N {
. probes sre ace in progress.

= N N ! o
A fmitisl series of kinetic experiments have been completed to
H test the ishibiting effect of CO ou gasification rste at conditions corres~
: ponding to the top and bottom of the gasifier, respectively. It is now
- fomad that CO fuhibite both the methaue and carbon oxide rates at the top
of gssifier conditions. Om the other hand, ouly the carboa oxide rete is
ishibited at bottom of gasifier conditioms.

i N
SR SN Y
Pt

1
7 Tl e
Yimsnctel

!
|
4
i b
s L Estimsted expenditures for October are $23,000 vs. s budget figure
z . of $17,300. Cumulative expenses to dute sre $268,7135 vs. s budget figure of

$3283, 000,

I
7

——1

T o . MONTHLY PROGRESS CHART
OFFICE OF COAL RESEARCH

APR MaY  JUNE | DEPARTMENT OF THE INTERIOR
33505 37,. M| 3hd.3M CONSOLIDATION COAL CO.
RESEARCH DIVISION LIBRARY, PA.

- CONTRACT No. 14-0Ol-0001-4{5
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Ligaite Gasificsticn )
Progress Report No. 17 -2- October, 1963

B. T 1 Besults sod Program
Paase 11 - Bench Scale Program

1. Batch Kinetie Studies (Project ¥o. 530.00)

Rate data from the recent runs 13 which CO, was sdded to the imlet
T gas at 1 partisl p of 0.5 and 1 ats have deen processed to yield
differestial retes. The imlet gss 3lso contaived sufficient CO to maintsia
nt‘r ‘u -hut equilidrium. At bottom-of-gssifier conditioss, the rlm ot
ductios suffer s sodsrate, linear 4 with g A
CO partisl pmoun and the CH4 rates are independeut of the CO partisl
pressure. At the top-of-gesifier cooditions, both rates decrease druue-ny
oa sdditiom of carbom oxides. The CO partial pressure at these conditiocas is
comsidersbly grester tham at the bottom-of-gssifier comditious. Inhibitiom by
€O, retber tham stsbilizstion of the catalytic ash components by CO2, may be
responsible for tie suppression of the rates. MNore dats sre needed to resolve

the isaue.

The results sre tabulated delow. The listed rstes for the top~of--
gasifior coaditions at zero csrbos oxides partisl pressure sre integrsl rates
from the 5 graa imitisl bed weight run, Iu this series, relisble extrapole-
tices to merc bed seight could not be msde.

Differential CO + CO2 Rates
———

Fesdstock: Renner Cove ligmnite char .

Teuperature: 1500°F .
O + Py, = 16.0 sta.

o ? . grame C gesified/g C in bed/min. x 104

o B3 = .62
Partial Pressure, ztm. T umot% ) 20 40
m [=]

[} [ ] 169 198 181 - .
.58 1.08 44 S0 48
.9 1.33 7 < 38 :
E3/H20 + By = .32 —
T hurnof? 0 20 40 60 80
o o . 40 378 18 874 710
.52 .28 434 800 sl 523 £ <1}
.98 .48 438 450 442 <23 396
Differential CH4 R:tes
82/H20 + B3 = .62
. ¥'Purnott ] 70 40
] o 7 N »
.38) 1.08) .
.81) 1.33) w s 1e
B2 + Ho = .32
80
s 3 32 26 21 [

The e retes are independeut of carbon oxides partial pressures.

K4
i & .
Lignite Gasification
Progress Meport Bo, 17 -3~ October, 1983

Simce the carbon oxides productiom rates decreasse by a factor of
shout 10 1a goiag from bottow-to-top-of-gssilier comditions, the mext
ssries of runs will be made at 8 N2/H20 + Hz ratio of sbout 0.5 ia order to
deternine the behavior of the system at aid-gasifier conditions. Before
startiag the study of the 1600°F isotherm, one more series will be sade at s
€D partisl pressure of 0.3 ats. st the top-of-gasifier conditiomss to deter-
nine if the rte supp is by €O imhibitiom or by atabilisatioa
of estalyst activity,

3. Operation of Ccutimuous Gesificstion Usit (Project No. 532.00)

The eutire usit is now leak-free (cold) st 300 psig with hydrogen.
Calibyations of the 18 rotameters have beet completed. The rotamsters which
sater the recycle gases, which will have different compositious depsuding oa
the res coaditioas, were calibrsted vith two differeat gases so that the
effect of molecular weight csn be allowed for.

The two recycle gas systems and the pressure balsuce systess for
the regenerstor anc gesifier vere tesied at 300 psig st ambient temperature.
Gad flow rates vhich were wsed covered tbe eutire range of flows to be used
&t process conditicns. After nuor sodifications. 18 hours of continuous

tirouble-free operstion were descustrated. I tion of purposeful upeets
shoved that the y satisfactorily.
All electrical d» and ples have been instslled, and

esld etrculation of solids has begun.

The tmmediate odbjectives are: (1) to obtaia transfer live AP data
at stasspberic pressure sad 300 psig at both smdisnt teapersture aad 850°F,
(3) to circulate td» acceptor through the entire system at axmbient pressure
.amd temperature, and (3) to make the unit lesk-free, hot, st 300 psig Ea
pressure with the goal, by the eud of Novemder, of feeding and circulatisg
selide at process conditioas of p aod temp » but in the sdseace
of air oF stess. -

- Fasdstock Preperatiom

) Greenfiell dolonite was wet-scresned into the following size
frecticns: 18 x 20, 20 x 28, and 28 x 33 mesh. About 25 1bs. of esch
frastion, sufficient for ome souath's cperetion, were prepared.

3. _Supporting Prociss snd B ic Analyses (Project No. 333.00)
v Mo work wis dono on this project.
4. _Supporting Pateit snd Legal Activities (Project Wo. 534.00)

The curreit laboratory reports and -ou-&n were revieved for
deteraiustion of Surject Iaveantions.

ST e 2 AT £ i AR T e T S i ST R g B S, T e e
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Lignite Gesificatioa : ® ’
Progress Report No. 17 -l  October, 1963
€. Subject Inventions . . .
o ' 1964 )
_B. Fineacial Statms T g |JUNE_ ULy AUG. SEPT OCT. NOV. OEC } JAN. Fi
Expeteve Actual Sudget § 14 '
Cmmlstive through Sept., 1965 $345,715 . $295,500 o v{
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Att. - Moathly Progress Chart
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CUMULATIVE EXPENDITURES
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DATE: o (ks roés
IfIcS CF_COAL RESEANCH
FEoel 0

MAY  JUNE PREDICTED  ACTUAL . T ocm conTRAGE Yor 14-01-0001- 415

SUPERVISING [ ] CONSOL LIGNITE GASIFICATION PROCESS DEVELOPWENT- . [ -
P - PROFESSIONAL 2222 -] ' : Roveaer 1 10 30 BB mwier

ot - TECHNICIAN [T =2 A:_Susmary
"'-Y_‘i i Phase I - Fessibility Study

e
j Complete.
S G—
3 Phase I1 - Bench Scale Equipment

<t

- -
RN N

7 Asceptor circulation has been sstisfactorily demonstrated st 12 paig,
1 - ambient tesperature snd with transfer line temperstures up o 700°F. All iustru-
wonts and controls were checked out and found to operste satisfactorily with two

! B . emoeptions. The electricsl conductivity probe wsed to detect the chsr-acceptor

5 . tnterface, slthough 1t operated sntisfactorily at smbient temperature, was oot
wesble at process teaperstures. The difficulty was traced to development of an

eloctrochenical DMF dus to use of two dissimilar metals in the probe. A dew

. probe is being constructed to obviste this difficulty. The equipment used to

IS X iasure s sharp ctar-acceptor interfscs (restrictor) was also found te malfunction.

. The difficulty bas dees corrected.

t

|

~
O ‘7, g md oy v x 14

I
PR
b

‘ : Congidersble difficulty bas also been experienced due to faulty con~
e .tllltttol of electricsl heaters by an outside contractor. Tue problems with the
and char tor interfsce coatrol have delayed the progras about three

{4

wvosks.

Kinetic dats st 1500°P heve been extended to cover s wider range of CO3
eoncentrations, i.e., down to the equilibrium pressure over CaCO3 and to H/Hz +
520 rstios represeatstive of the niddle of the gaaifier counditions.

I
{
g .
i . The dats show that much higher rates msy be expected et the top of the
gesifier if equilibrium CO2 pressure csa be approached. The gasificatiom rate
T " . also decreases such less than would be predicted by a linesr laterpolation in
! : : going from the bottoms to the middle of the gasifier.

Finsncial |
SaBannies

Estimstedexpenditures for November were $20,900 vs. a budget figure
of $17,300. Cumulative expenses to date are $287,833 va. s budget figure of

MONTHLY PROGRESS CHART $270,500. The December Teport will pressat a revised budget snd schedule to

- reflect the coutract amecudment dated Octuber 19, 1963.
OFFICE OF COAL RESEARCH

May  June | DEPARTMENT OF THE INTERIOR
REUCLENE RUSR | CONSOLIDATION COAL CO.

RESEARCH DiVISION LIBRARY, PA. |

CONTRACT No. 14-01-000I- 4I5S
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B. Techuical Results and Progras
Puase II ~ Beach Scsle Program

The new rate data sre tabulated below:

Pood * » Cove Liguite Char
1. Batch Xinetic Studies (Project No. 530.00) Temperature: 15007
mo » '.3 = 16.0 atm,
Differential rstes from two new series of runs *«re obtained. The dats R = grams C gasified/g C in bed/atu. X 104
from oue series, corresponding to mid-gasifier comditiocns, show that tde carbom
oxides rates are higher than those predicted by licear iaterpolstion between the
top and bottom conditions. The mothane rstes are about the same se those for the Partisl Pressure, ata. Hp/H20 + B2 % Burnoff ] 20 40 [ 1]
bottom-of-gasifier coaditions. w_ . Bo0eC02
The other series, corresponding to top-of-gssifier conditions, was msde 27 .20 .62 139 18 11 -
in an effort to determine whether the rate suppression by sddition of carbon oxides v 43 .45 48 T 303 ass
is caused by CO inhibition or by s:tabilizstion of catslyst activity by CO2. 1Ia
this series, low partisl pressures of CO and CO2 were used, which would be obtaived 3
if equilibrium were estsblished in the dissocistiom of CaCOy. If stsbilizatiom by eug
€02 were responsible for the rat: suppression, thea the rates from this sertes
would have been sbout the same as those from the previous series st cousidersbly 27 20 .62 7 E 4 26 19
higher CO partisl pressures. Hovever, the rstes were found to be more than twice -7 A3 .48 L “ e 2
8o grest. The study of the 1600°F 1sotherm will be started in December, sfter s
A tentstive correlatiua of sll the differentisl rates shows thst the siugle series st 1500°F and 11 etm. sy p » teedsd ta test the correlstion,
observed valuas of RCo.C0z Are compatible with the following mechsniss sdsorptios 18 ocempleted.
and desorption from sctive sites on the carbon surface, where C is an sctivated 3
carbon stom. 3. Operatien of the Continucus Cssification Unit {Project No. 532.00)
820 + T = (8200 € w * Acceptor Circulction
C+ _('l30)c = (H) C+ (O C €2) In the shsence of char, and st 12 peig system p re using bumidified
(0) c- = ¢ - 3 N3 at asbient tompersture, fourteen hours of comtiauous, stible aceceptor recircu-
(H2) C = H+C L] lation through tho entire unit was demonstrated with rates ranging from 8 to 20 lb/br
- Routine operstions such as filter changes and emptying of the regenerator dust
Hz0 + C = €O + Hy sollector were performed without upset. The two-stage regunerator bed was stsble

when subjected to extrexe purposeful upsets.
If stap (2) ahove is the rate coatrolling resction, the rite expression given below

for 20% burnoff is Sud tly, the ptor transfsr line was heatad to TOO°P and the
933 [Pu20 - Pu,Pco . regessrstor wss hested to maintain the acceptor at 350°F. Juccessful acceptor
Co+Coz = 2 - recirculation was again achieved using the temperature-sctivated probe to control
. (1 + .100 Pyyo + .337 Pag + 3.27 ¥co) the level ia the acceptor retura line.
where K i3 the equilibriuw constait for the resctiom h ‘ These operstions were significant in that pressurs balance scross the
entire wait was demoustrated snd that the AP coatrollers satisfactorily compensated
B0+ C = CO + H3 for wormal variations in the acceptor trausfer line AP.
(K = 9.2 st 1500°F) Electricsl Heaters
The above equation represents tha obrerved retes wiih s meen error of 18%. The “..,’ installstion of the msiv heaters for the gasifier sad regenerator '
correlation is highly speculativy aad more data, especizlly st system pressures wessels, the lead wires were fourd to be defective. After considerable time was
of 11 atm., sre needed to confira it. spent in repairing them, the heaters were sgsin iastalled add the vessels wore
Mought to 1500°P, At this temperature, the regenerator hester lesd wires tsiled
agein. )



Ligaite Gasification
Progress Report Fo. 18 -4 Bovember, 1963

It was found that the cement used to hold togethezr the cerasic cone
sections, and which contained aluminum silicstes, had rescted with the potassium
titsnste iasulation forming s flux which destroyed the lead wires. The cemsnt
had been carelessly applied by the outside fabricator of the heaters and should
Bot heve been in coutact with either the lesd wires or the imsulatiom. The
gasifier hester was constructed more aeticulously and fusion of the cement and
issulation is not expected to occur.

The regenerstor hester was agsin repsired sud installed. Both hesters
fow have been held at 1300°F for ssveral days, with no signs of failure. Since
the patched regenerator lead wires probably will ot withstand the 2000°F plus
tempurature required for operstion st full process conditious, materisl for s bew
bester, to be fabricated in the RLD shop, has been ordered. -The wxisting bester
should be adequate for the initial operations where operability caa be forced
st 1500-1700°F by use of lower COz partial pressures.

Char-Acceptor Interface Control

Initisl attempts to circulate the scceptor through s bed of char in the
gasifier were unsuccessful. A stable char-acceptor could not be established. A
hybdrid model was constructed usiog the gasifier internils of the bot uait aod a
Lucite vessel. Visusl observations on a batch char-ucceptor systes in the model
showed that the Zluidizing gas bad besn bypsssing tho scceptor portios of the
bed due to faulty design of the rsstrictor.

After modification of the restrictor, s stable interface acd proper
operation of the interface detectsr probe wewe demonsirated in the bybrid wodel
st ambieat counditions. Howover, sxporiments in the laboratory bave showa that
the probe as now coustructed will not perform properly ai ite process teapersture
of 1500°FP. The electrical lead t3 the probe is s storted chromel-alusel thermo~
couple insulated fros its surrouadiogs by MgO and d inan I 1 sheath.
At process temperatures, the lead and the shoath form a cell with impurities in
the MgO insulation sorving as the electrolyte. A large hack IMF is genersted
which negates the desired EUP iuposed by the circuilry. A cew electrical lesd
has been ordored which uses Incomsl as both lead and sheath and which is insulsted
by high purity slumina.

Progres

The difficuliies with the heaters and the char acceptor iamterface have
dels, -d the progrua by abou: thres weoks. The unit has be«t reasienbled with
the existing probe snd Decenber operations have the folluwirg gosls:

1. To demoostratc accestor recirculatiou through a ded of char iz the
gssifier aperated ai 12 psig systcas pressure snd asbient temperature
with the regenerator hcld at 1500°F,

2. To complete hot lost tasting st 300 psig Hz pressure with the entire
unit at process temjeratures. (Regenerator to be held at 1500-1700°P
to protect the lead wires,)

te Gasification
wm Report No. 18 -8 : Novenber, 1965

3, Supporting Process sod Economic Anslysis (Project No. 533,00)

tion cslculatious {8
Some time was spent in systematizing gasifica

aaticipation of joimt pilet plant engiveering work with an outside comtractor,
e caleulatios procedure has been "computerized” for grester efficlency ia

Suture vork.
A msthanstion report by Asrojet-General wss reviowed.

4. sepporting Peteat and Legal Activities (Project No. 534.00)

The curreat ladorstory reports snd mesoramis vere réviewed for
deternination of Subject Iaventioas.

€. Subject lnvestions

Yens
B._TFinaucisl Status
m Actusl Dudget,
Camlstive through October, 1968 $ 266,958 $ 23,%
Sxpeaded iu Period 20,900 2
Camlative through Noveader, 1965 3 287,883 ' § 270,500
The indicated K D is an te since ing is not

13 was smended on October 19, 1965 to extend
neeriog of 3 gasificatiom pilot
be issued in the Decesber report

ocemplete, Comtract No. 14-01~-0001-4.
to Jume 11, 1967 and include the dosiga sod ongt
pleat. A revised budget and prog=7ss chart will
to reflect this change.

Atg. - Boatbly Progress Chart
12/10/63
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Lignite Gasification
Progress Report No. 19 -2~ December, 1965

B. Techoical Rusults and Program

. Phase 1l ~ Bench Scale Programs

1. Batch Kinetic Studies (Project No. 530.00)

The rste equation derived from the resction madel predicts that
00«0z will be greater st 11 atm Piz0 *+ P52 than at 16 atm, for a given stesm/
hydrogen ratio. Differential rates from two new series of runs st 11 stm ’
confirm that this is sadeed true, st botb top and bottom-of-g3sifier conditions.

Taese findings are of major significance since the process nay Bow be
operated at s total systes pressure of 11 aim, with the gastfier recycle gas
system elimicated. The lower pressure lavel also #ill allce the regeaserator to
be opersted at temperatures as low as 1800°F rather thaa 1950°F, thereby esstng
the problems of scceptor activity loss and of ash fusion.

Bcosomicslly, the raito of the CH4 production rate to the carbon oxides
rate is of great importsace. Use of the lower system pressure will tend to de-
crease the methsne rate. The controlling factor is jubiditioa of the rate by
approach to equilibriue. A reaction msodel for production of CR3 also bas been
formulated, bul it cennot be tested thoroughly until rate data trom Cdy sddition
TUuns sre available.

In view cf the importance of operstion st 1l astam, the immediate future
program will be to complete the study of the 1500°F fsothers, fealuring CHy
addition runs, snd to evaluate the constants i the rate equastions. as functions
of burnoff level, for Rcoecoz ond Reny.

2. Operation of the cOn-nnuous Gasification Unit (Project %o. 532.00)

Acceptor Circulation

Recent minor revisions to the unit, which included wodifications of
the feeder houaings to eliainaie unbalanced thrust on the rotars, range changes
on several rotameters, and inscallation of an additional pressure tap in the
regenerator ruquired that cold leak testing be repeated. The unit vas then aested
to operating temperaiures aud vis leak tested with Hp at 309 psig it 18 ucs
leak free.

Stable operation of the unir including the recycly gas coapressors,
but in the absence of solids, w¥as demonstraied at normal pracess gas flows at
300 psig and operating tesperatures. .

The specially dasigned mountings for the reogemerator, gasifier,
standlegs, and transfer lines properiy compensaied for thersal expansion and
maintained alignment of all components when the unit was heasted frum ambieat to
operating temperatures. .

e

Ligaite Gasification

Progress Report Wo. 19 -3~ Decesber, 1865

Klectrisl Heaters

The defective electrical hesters continued to plague tbe cperations.
The gasifier hester buruved out due to reaction of the Kaathal resistance wire
with the cement used to hold together the cerumic core sections. A nev hester,
sssembled without cement, was fabricated snd installed. No furtber trouble with
the gasifier heater is suticipated.

Char-Acceptor Interface Coatrol

ubdntor, studies have resolvcd the problem of electrical fsilure at
high temperstures of the insulstion for the leadwires to the probe plste usea to
detect the char-acceptor iuterface at the bottom of the gesifier. The problem
has been resolved by improved design of the probe and by modification ot. the
electrical measuring circuit to eliminate electrochemical genersted ir's.

A new probe has been designed and will be installed by Jsouary 14.
Progras

Operations during Janusry have the following goal: to desonstrate hot
clreulation of solids st normal process conditions of pressure snd temperature,

but t{n the sbience of steam and air.

3. Supporting Process snd Economic Aualysis (Projact No. 333.00)

Systemizetion of gasification calculations has continued, in aantici-
pation of joint pilot plent engineering vork with aa cutside contractor.

4. Sapporting Paten: spd Legal Activities (Froject No. 534.00)

The curreat laboratory reports asud cemoranda were reviewed for deter-
wination of Subject Inventions.

C. Subject Inveations

Howe .
lgms .‘E‘_“Sl ;".'3'.!
Cumulative through Noveaber, 1963 $ 285,871
Expeaded in Period 24, 500
Cumulative through Decomber, 1963 $ 310,771 $ 311,000

The indicated Decemder expense 16 an estimate since accountimg is ndt
c&plcte. Toe budget fagure shown is a revised aumber. consistent with the
coatract amend zent enacted wn October 19 1963,

Att. - Monibly Progress Chart
1/17:66
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