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COWOL HONIT1 CASiriCATIOW PB0CT33 OEVlLOWiafT

Jaauarjr 1 to 31. IMS

A. a

Ffca— I » yoaalblllty Study

Tbo foaalbllitj study oas coaploted and reportod on Jaimary 13. IMS.
A potential gas pries of 40C/1BI BTU la Indicated.

Fteaoo tl ~ Bench^Scale gaperlaenta

The experleeatal prograa to determine the effect of pretreateent 
conditions aed lignite source on char reactivity has been completed. Final 
ealcnlatieea of the data are nov in progress and elll bo coaploted by February IS. 
sad the eala experimental prograa on the kinetics of lignite char gasification 
will proceed shortly thereafter.

The unusually blgb reactivity ot lignite char as coapared vitb bltuMaoua 
char reportod earlier has been further confirmed during the above prograa.

The unusually blgb reactivity of South Dakota lignite char towards gasi­
fication with pure hydrogen was mentioned earlier. Analysis of the major coastlt- 
neats In the char ash did eoc reveal any obvious catalytic coapoaect which mould 
be reepeaelble for tbo high reactivity.

It is pleeesd to make further studies in February on tho effoot of 
lignite ash on accoptor nativity under regenerator conditions.

Tbo correlation work on the fluldlratioa properties of solids to bo 
bandied la the process has been completed. A detailed data report is boltg 
written covering this work.

Asseably of the model of the gasification unit baa boon coopletod. Food 
materials have been prepared. Leak testing and calibrations of rotameters sad 
solids feeders is in progress.

Flmaoclml

Istimeted expenditures for January wore $13,000 vs. a budget figure of 
$31.$00. Cumulative expenses tv date are $85. $37 vs. a budget of $111. $00.
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Ligatto Gasification 
Progress Beport No. 8 January, 1M5-3-

$. Technical Besults and Program 

Phase I - Feasibility Study (Project Wo. 180)

The lignite gasification feasibility study was issued in two sections. 
A Suaaary Report covering all the major elements was submitted to OCR on Jan­
uary 15 (100 copies). The Appendix to the report, covering all of the details, 
has been duplicated and is currently being assembled. It is anticipated that 
100 copies of this Appendix will be mailed to OCR the week of February 8.
Copies of both volumes sill be distributed within the Coapany at the saae tine.

The conclusion from this study is that lignite-derived gas can be 
delivered to a substantial consuming area at a price of 44-499/HM Btu, If the 
technical assumptions in tho study are proven to be valid by tbo experimental 
program. The projected 1975 city-gate price In this area is S0$/acf.

Phase II - Bench Scale Program

1. Kinetic Studies (Project No. 530.00)

The experimental program to determine the effects of pretreatment and 
of lignite origin on char reactivity has been completed. Final calculations of 
the data from the 23 runs comprising the program are not yot complete. Consider­
able effort was required to refine the correlations of the calibrating factors 
for the on-line gas chromatograph used to measure the concentrations of CO. COj, 
and CHg in the product gas during the steam gasification portion of the run. A 
similar correlating effort was regulred for the thermal conductivity cell used to 
measure the concentrations during the pretreataent period and during the transi­
tion interval boexeeo the pretroatnent and stoaa gasification periods. Tbo 
revised computer program which will perform most of tbo run calculations la new 
fully operational. All final calculations, which load to generation of differen­
tial reaction races, elll be completed by February 15.

The only series of runs whlob tas been completely processed Is that for 
tbo Benner's Cove char at 80% Hs - 4o% I’fO inlot gas composition at 18 atm. total 
pressure and 1500*P. condltlors which correspond to those at the top of the com­
mercial gasifier. The differential rate of total gasification at 20"* burooff is 
170 tiass that of bituminous coal char at identical conditions and 3.5 tines that 
of tbo bituminous coni char at !700*p. The corresponding ratios of differential 
methane formation rates are 8 and 1.2.

Although they are not la final fora, the data show that the Dakota Star 
and South Dakota (Firwstoel Mine) char have about the same level of reactivity at 
the top-of-goslf ler condition;; up to 40% burnoff. and that this level la about 20% 
less than that of tho Renner't; Cove char.

The South Dakota ebur exhibits a remarkably high reactivity for methane 
production in pure hydrogen, ihe rates are higher at 8 atm. Ha presuure and 1400*F 
than are the total gasification rates for Renner's Cove ebar at 18 atm. pressure, 
with 80% Ha - 40% HaO inlet goo composition st 1500°F. This blgb reactivity
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persists aftsr 9% of tho ssh has been rseovM by sxtnctloa vlth vster. Aaalyssa 
vhicb are avsllsbls to data of the ash frcss cho threo chars arc tabulator boloo. 
tboy offer no obvious expiaaadoo of tho dlfforoaeea la reactivity. The tsator 
oxtraetlcas sore not necessarily exhaustive, tut sere parried out uador aoalnslly 
the saae coeditloaa for all three chars.

For Cent by we ight of Ash, SOyFrem Basis

. Total Ash
Nenner's Cove Dakota Star South Dakota

U203 14.9 10.7 9.3
sidg 1T.8 14.4 33.3
»»203 8.T 19.1 9,9
CaO 39.0 37.9 33.3
3*0 9.7 10.9 3.7
X*2<> • 14,7 3.t 4.3
*2» ,9 .3 .9
TiOg .9 .3 .7 .
P20s .4 .9 .1

Vater-Soluble Ash

M2O3 4.9 1.4 •
SiOg 19.7 31 * - .
rnot .09 14 <.l
CaO 3.9 3.9 9.0
*•*0 ... .11 .09 .14
»«2C«(j‘1J 99.3 91.1 47.3
22C0S <l) 1.7 3.3 3.9
TiOg .4 .1 <1
5?*LC.3<2> .3

14.9
1.3

19.0
”

% of Total Ash' removed
by water extraction 39 12 9

(1) Alkalis were assuaed to ha present aa carhoaates, r»et caly 
baeauae tha sus of the coepooeets sill not approach 100% 
slthoui this aasuaptl'oa but beceuse the rater-soluble ash 
fusee at about 800*C.

AsoTiaad to be hydrate voter. The values obese here are by 
difference free 100%. The ceaeured value for the Benner'a 
Cove anh saa 19.2%.

Further experimental sork on ateas>»carbae kinetics dll be deferred 
until the existing body of data baa bean worked up and the results studied trrm 
the viaspolnt of avslustiog the experiaeocal technique to make sure that adequate 
accuracy and reproducibility have been achieved, in this lotorla period experl- 
nenta to study the offset of lignite ash on acceptor activity at regenerator 
coeditloos sill be resumed.

2. Design of the Continuous OaslfIcaMon Unit (Project,No. 931.01)

No sork was' done on'this project during January.

Lignite Gasification
Pregreaa heport No. a

9. dnrknp Studies (Project No. 931.02)

Cnmetruction and Operat tea of the Node!

Const recti cm of the aodel has been eenpleted. Flos calibrations and 
leak testing aro undersay. Abcut 100 pounds of lignite char, carbonised ct 1100*F, 
end aised te 39 s 100 eesh base been prepared. Since char is not eoosueed in the 
ends!, this enouet sill he sufficient for the entire operating program. Also, 
STOchn af closely si aed fractions of Grsenfleld dolonlte in tbs clan range 28 z 
IQS aesfc have bean prepared.

Initial oporations of the nadel will be devoted to the study of tbs 
transfer lines, feeders, and level detectors. The relations among carrier gas 
velocity, feed rate, lime disaster and particle also sill be determined, as sill 
the eptlsna static pressure difference between the regenerator and gasifier 
seaselc at variant acceptor recirculation rates.

The feedem sill be clsaaatled periodically and the sear rates of the 
Teflon retars and sialaleae steel stators sill bn measured. The rate of acceptor 
particle attrition, caused by repeated passage through the feeders, alee sill he 
e^i seared. Dari eg this r*—of tho program single stage fluidised beds sill be 
msmd in che vsgseenter and gasifier vessels. Studies of acceptor retention tine 
in the gselfier amd of two-stage bade sill be deferred until continuous, reproduc­
ible, trothle-free feeding aad recirculation have been doaonatrated.

Fluidisation Studies

The cerrelatloe work baa been completed aad elll be presented in a 
Bute Nap act ace being written. The equations developed suable the bed density 
(or fractional expansion) to he calculated for any material fluidized by any gas 
n% any conditions of pressure and temperature. The correlations sill be vital 
in the tynaslacleo of data obtained during operation of the model with air at 
ambient conditions te the continuous gasification unit operated at elevated 
pressures sad teepemturee.

The yaagen ef the variables investigated sere:

Particle Density 
Particle 3lse 
Fluidizing Cases 
Vassal Diameter

SI to 222 Ib/ft3 
38 z 39 me ah to 300 z 39 aesh 
Ng, Hg. COg 
1“ aad 2”

T^e squat lone predict the flulflxed bed densities with aa averags deviation of 
s« me what lens than 9% of their values and with a maximum deviation of 19% over 
the entire range of the several hundred data points which sere obtained.

4 Supporting Process and Icoconlc Analyses (Project Wo. 953.00)

this project.



Gaslf^c«tioB
Procrmni Report Vo. 8 -8- Jmmmtj, 198V

3. Pttpportlng Poteot end Legal ActlvitAee (Project Vo. 334.OQ)

Tbo curamt laborocory reports sad aeaoraado were xvrleeod for deter* 
olnetloo ef ftibjeet Inventloee.

C. jubjeet Invent loon

D. Statue

emulative tbrougb Drcenber, 1989 
lapnniled la l%rlod

Cuffulatlwe through Jaruary, \935

Actual

9 73.837 
13,000

$ 88.837

Ibe Indicated January expense la an eetlaate alnee acc 
yet ecepleted.

8 90.300 
31.800

SI 11.900 

at let is not

Att. Monthly Profrnsa Chart 
2/13/83

M

1964 1969
SEPTJUNE JULY

Start !Yelin. Start Test*:.
PIGI/<ES At'M.l VASE II r ,iX OMY ^ Irototjpe Unit

 MONTHLY EXPENDITURES 
PREDICTED
ACTUAL

3.OK .“.OV 9 3M __ 9.3M .
•-3M

__19.4K
23.«

___19.41
10. W

___20.1M
Iti.3i:

___21.611
U.*

—
__13*

* *sJ■ • a *•

JUNE JULY AUG SEPT OCT. NOV. DEC. JAN. FEB

PREDICTED 3. V‘A 12. Mi 33.1M 3L.4U| ^O.M’ 70.3?** VO, 3K Ul.!l i22. W
ACTUAL 2.y». 17. IK 3C .K 46.Ml 87-3 73. 83. KM- r ) IT. HI | »■ SO.— t Of . a

CUMULATIVE EXPENDITURES*

* Eipcnditurc* Include All Co*t« a- Feet.
TnrBanKnsCTr
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UOITK CASiriCATIOW PWOCKSS DSVELOPIZHT
Pvbmary 1 to 2B, 1965

h. Sa—ry

Wi—n I - P—tblltty Study

CoapUta.

>G— II - Bnch Sal* faprla—f

Plaai eNlc«l«tlou to dNCoralM dlTf«r*Btl«l rates froo ths initial 
sertos of luoexlcs runs bavs beoa coopleted. Tbm tocbalque used, has beeo proved 
to bo adequate, altlouph expenmntal abcrratloes require that a foe of the runs 
bo rapoa^d On the basis of these results a eooprahenslve profraa of further 
btoetle stodiee la belao plaaeod.

PUrther levestlfatlocs have been aade Into tho natura of the high re­
act in tf of South Dakota lignite to pure hrdrogea. Xt vas found tbat*saall 
ooeeoto of etean auditloo. l.e.. 9 vel. % vas sufficient to reduce the rate to 
**aeranl~ valoes. 4 eataljtlc eeoponeot. possible tone fora of iron, which la 
osaofttlve to steea lo indicated.

fbo pooalblo deact&vatior of doleolte acceptor bp Interaction vlth high 
alkali lignite ask under regeneration coedit loos vas investigated. Little or ro 
deaotlvo'.lon of acceptor van observed in spite of tb# fact that ash fusion occurred 
vitk the highest sodium content lignite (Senaer's rove) under the meet ••vere 
eeadltkeoo tested. The conditions vhlch define the onset of ash fusion are being 
deflaad sore saavpip as a function of 002 partial pressure, tenperecure and ash 
alkali costent At tho present tine, it appears feasible to operate the process 
ulthla tho mage of conditions shore ash fusion vlli not occur.

The node! of tho gasification unit has been leak tested and ftov cali­
brations completed. Circulation of acceptor betvoon gasifier and regenerator 
vessel a has been sitiafactorilp accoapllshed. The feeders operated vlth 150% . 
volumetric effieidcp The najor prohlen encountered to date has been a rapid 
rato ef wear of the feeder rotors, this is being correetrd and the prog ran 
described la the list monthly report will then be carried out.

An additional neneursaeat vas nade on the fluidisation characteristics 
of dslonite under ’ilgh COg pressure ind tenperature to further chock the corrals- • 
tion derived free past verb. Satisfactory ugresnoot vas obtained. The fluidisa­
tion correlation vlll he imported as a Data Report.

Sstlamted expenditures for Pobruary vere $10,300 vs. s budget figure 
of $10,500. Cumulative expeases to fate are $95,637 ve. a budget figure of 
$12$,400.
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B« Technical Assults and Prognm 

Pbass I - Poaslb^tlty Study (Projoct No. 180) 

Coaplstsd.

Phm— H - Bonch Scale Profram 

l. Ktnotlc Studies (Project No. S3C.00)

Pinal calculations of the data froa all the runs to date bare been 
cospleted. A review of the results shows that the run procedure, control of 
the inlet gas composition, product gas analyses, and data workup procedure nil 
are adequately accurate to give the desired differential reaction rates. 
Measures of the adequacy are gives ty the carbon aad oxygen balances for the 
runs, which were sade over fairly wide ranges of burnoffs, hydrogen aad stesn 
inlet floe rates, reactivity level, aad carbon inventory. The bmlascea are 
auanarlzed below:

% Pevlatlco froa ifloq Closure
Average Maalaun

Carbon Balances 1.0 0,0
Oxygen Balances 1,6 4.6

Hie carbon and oxygen balances were influenced by a soall aad variable .’eak le 
the product gas sampling system which was fouad, and corrected, after tie rues 
vere node. Future runs will show esen closures.

Although the general experloental technique has teen found su:teble 
for production of reliable dlffertrulal react 100 rates, *.>ecifie aberravice* 
during 3 of the 17 runs involved have prevented che .;oal «f reliability frai 
being reached The najor difficult:, stesred £ cem tho lal-t gas fluids.ng 
velocity, which was chosen at a vclie about 20'-. roo low to fluidise prof*eriy 
the char-diluent beds1 in the runs having cio largest initial errbon inventory.
In the runs, r.s subnequent investigation shaded, tic uppe'* half af the bed was 
10°-20aP hotter than tho lower half, in vhlch the control thermocouple was 
located. This situation led t>» Che apparent anscoly vher** the iacugrwi races for 
total gasifIcutlon were greater for the runs haviai the 1 irgor .ai;ial earbor 
lnvencor>' than those for the ccap?.nioo runs having t.ie soal Lcr inventor:*. Other 
abermtlons Irteluded: spuriout burr off caused by lea.'^ge of stosa Into the 
hydrogen strerjA usnd during tho standardised pi'evr^ac-cnt period, and a bed * 
temperature error caused by a faulty thermocouple.

* Fhe inert diluent used vas 2iX) x 325 ieosL fused perlclnse 7ho char-dll'aeat 
ratio was rhesen to give a con.'t;nt Inittal fluidised ^ed he. *hJ. iacepencent
of tbs initial crj*bon inveo^ory the feed rbar wa** si-ed o 36 x 65 me&b

- 'iN.neaini

Lignite Gasif Icatioa 
Piegreae Aeport No. 9 Pebxmary, 1965-3-

y%* pigbr nma will have been repeated, and the final calculatioas 
eempleted by March 25th, at which time the experimental program for the 2nd 
Qmmrtmr caa be fevaulatod om a more aouod basis Jian la now possible.

the Boutta Os^mta lignite char (Piresteel Mime) had shown a very high, 
fmmetlwlty for methaoe product ion in pure hydrogen at 6 atm, pressure aad 
14MPP, eoodl rlons which cor rasped to those of tho commercial devolatilizer. 
Pot, at goaificatiam eomdltioas in C0% &2 9 60% steam ita total gasification 
reactivity was somewhat lees than that of the Renner's Cove char. If the high 
■ethame reactivity were to peralat in the presence of a smaller amount of sr.esm, 
mdvsmtage could be taken of the eob*.nced methaao yields in the‘process devola- 
tillamr. ’ To check this possibility. Run 25 was made in which tho Inlet gas 
MS 91% 83-9% steam, the results showed that steam severely deactivates 
whatever catalytic substance (possibly metallic Iron in the ash) which was 
responsible for the high methane ra.es In pure hydrogen. Ron 24 phoned that 
tho catalytic suhatanae vas not rcaoved appreciably by water extraction of cbe 
safe. The reexlra are suMerlsed below:

£S JL 10 9 25 *s

Char •Donor* a 
Gove

—South Dakota- 8.Dakota
Vscer

Ixtmetod

•r 1500 1500 1400 1500 ■ 1400
Total Pressure. Atm.
Gao Compowltloe

16 16 • Id 6

9 MS 60 60 100 91 100
% fiowm 40 40 • 9 •

% ftvmeff
Ossification free. gC Gasif / 

gC is Bed*)£ia x 10*

35 35 11 35 11 35 11

Total to all p re ducts 160 110 150 230 70 15 130
TO not bane, only 31 20 150 230 47 T 130 -

gquol vcI’jbscs of llnglto ^har sah and acceptor \29i safe by weight) were 
pieced in a platlrum capsule and exposed to regenerator candltlcew of toapomvure 
smd CJfc partial pressure for 14 bou.*w. The results are given below:

Ash
pens ef 
Acceptor •P

" “"
•so hseawr's Ccve Car'ioaate 1910
•Si •• >• 1950
43a <• w Oxide 1950
BS2 Coketa Star Carbosatu 1950

Acceptor Activity 
Sid. Carbenutlon ■

pC0a* *tM‘ Puaed? Ratio

11.0 No .64 
11.0 Tos .60 
0.9 No .94 

11.0 No - .68
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la 911 ca*«s, tha aceoptor activities raaalaed bisk aa4 are coaparfible vltb 
thoae attar expoeure to bltualoous coal asb at the saae coadlticea. Tbe '<a>0 
ceoateata of the Raooer a Cove aad IkJiota Star tab— are m ami 4%. respectlvelj

the above data suegeet that fusion of toe ash is ^oot roiled by equlllbnuB 
la a reactloo lavolvloc tarn silicate of sodlua, such ^4

**2*103 * COj * Na£COa ♦ 9102

Aootber rua will be aade eltb Ssnoer’a Cove ash at 7 ate. COj pressure aad 
1990^-eoodltions which correspoad core closely to the actual proceae regeorre- 
tor coodltloos - to detemlae vaecber ash fuaioo *111 bo •liaicatod uader three 
oeodltloiis* If ash fusion still occurs, alnor aiterscioas of the procsss should 
be sufficient to resolve the problem. laoe possiailitim are:

1. Slightly loser the systoe pressure sech that the aegecerator 
teeporature la reducod :o 19O0*F.

2* Operate with a slagging ccahuator aad supply hot flaw gaa to a 
*ei»amte regenerator vosid.

2, Oeelgn of the Continuous CaolfIcatloe t?nvt IFroJeot *0. 531.Cl)

So work eas done 00 this project during February,

3. Sockup Sti’diee (Project So. 531.02)

Operation of the Model

tool; tee ting and floe cal lb rat loos have been completed, ffocacsary 
reslaioas la stoee piping dlaaeteru end locations have beea aade- In the absence 
of eollds, teuts on the feeders afco*ed that they were leat-freo up to a"; least 
a AP of 2.5 psl across the rotors-

0pe:^tions to date have Involved rncireulation of accepter boietwa 
the gasifier r.nd regenerator vessel:;. Circulation racee >t 2 to 30 Ib/hr have 
been achieved at essentially 100% voluaetrlc efficiency o- the faodere- Thu* 
reage covers ihe entire range of recirculation ratoe aati^patod during the 
operation of he contlnuMis gasification unit.

the acceptor recirculation has been fiecoapllshe't, so far. only by 
careful adjustnent of the static prucsurcs in the two vessels to nake the 
pressure drop across the feeder rotors essentially aero. The rotors bod bee« 
severely scored during prelialoary nesting. In this condition, rvea a ulid 
preesura upset causes bachflushing rt gas through the staadlegs above cKe feeders 
ctd consequent: erratic feeding. Af .er installation of net rotoi-s, the pregrsut# 
described In 3ast aonth's Progress report will bo carried out. this progran 
should be ccnpleted by the end of itereh, at which tlae st’ulles of the retention 
tine of acceptor in the gasifier *o<: of tuo-stage beds *111 be started.

Lignite Gasification 
Progress b^ort No. 9 -5- febmary, 1985

It la sepbtsised that coatinucus, trouble-free xeelreulatlon of the 
noeeptor, in a nscser relatively indepeedent of process upsets, nust be denon- 
strnted la the aedol - if only to assure that explosion* will not occur during 
opsretics of the continuous gasification unit.

Plnldisntion Studi—

flats heport No. 1, covering the studies of retention tines of 
partlsloe faltlag through fluidised beds has been written.

As stated last aenth, the correlations of flnidlaed bod dsaslty nth • 
peepsrtloo of the Sellds aad fluitfiaiag gas fit the observed dots very well, 
■soever, the equations d» not contain a tera involving the gae density. This* 
lapllso that the gas floe pattern has the nature of Polseullle floe which - 
generally Is associated with particle fleynolds nuafaere of about 0^3 or less.
Tot aacb of the data were taken at conditions where the Reynold*.nuabors were 
sensldenbly above this level. Purthevaore, all the data were obtained’ at 
enblent onedicions, which precluded independent variation of gas density and 
vtsooslty. Coopletion of the Data deport covering this work oas delayed until 
the correlations could be ccnflnsed exporlsentally at high levels of gas density 
aad ■synelds number, ileaeureeents on a fluidised bed of 28 s 35 aseh acceptor 
U%0.CaCQsi fora), aad* at 18 ata. COg pressure sod 1500*P. shooed good agreesmt 
nth the corrolatloos. Apparently, the particle-particle interactions in a dense- 
phase flnidlaed bed fortuitously allow the use of equations having the toiseallle 
feta. Pork on the Oats Report has been rostised and It should bo eoapletod by - 
■arch 15th.

4. flnssarting Process and flcooeolc Analyses (Project No. 533.00)

No work eaa deae ea tbls project, 

fl. flapportlcg Patent aad Legal Activities (Project Ho. 534.00)

Tbs curt sot laboratory reports ssd asao roads were reviewed for . 
detesednation of Subject Invent ions.

C. fluhject inventions

P*2

ft. Plnaadsl Status

Actual

emulative through January. I96® 4 95,837
Nsijssilsd in Period 10,003

Caul stive through Tabruary, 1555 % 95,837

Budget

$ 111,SCO 
10,500

$ 132,4CO

The ledlcmted February espense is an estteete since accounting Is *ot 
listed.

Att. ftonthly Pregreea Chert 
3/18/55
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MOOMM KIPOBT HO. 10 
oca carrxACT m. i*-oi-oooi-4is 

ctmaat. uwm c*aincation p»ocn« nwnuiwrr

Muck 1 to 31, IMS

CM*lotO

A. St

ikioo 1 - y—olbilltr Study

Mo— II - ■ooch-gcolo »xporto«nt»

•no ct tbo ooro lo—rtant foaturoo of tho kl—ties taohavior of tha 
liffalto eOar oto— arat— hava a— boon olucltfatatf otporloontmlly. A progr— kaa 
ba— fa—ulataO, baaoA — tho— data, ohleh will dafi— tho 1S00*P laothara in 
the ah—a —at—.

Iho f—atl— of aah fual— uador rofonorotor condltlooa of high alka­
li— coo toot ligaitaa w— lavoa ttgatad furthor. Mo aah fual— occura at 
taa—raturoa up to 19M*P, if tho COg partial praaaura don not ozca— tha 
wal— p—illag uador pro— coadltlooa, l.a.. T at— at 20 at— total praaaura.

0—ratloa at tbo aodol e—tlauad to bo tho aaia axpariantal affort 
d—tag tbo aoath. Attrlt.oo rata during eireulati— of dol—ita through tha 
wait a— oh—r»ad to bo guito a—11. Moor — tbo rotora la tha —llda faadar 
a—tlauoa to ha a prohl—. Oparatl—a olll ho —aduet— with a prasauro balanca 
—iataiadd acrooa tho foodora.

Char aad calc 1 nod accoptor fa—lag hava boon auco—afully daa—atrat—. 
•1th char tbora la — aaar — fa— rotora. no calein— —captor haa ba— found 
to ha aubjoet to oaeoaaiao attrltl— — paaalag through tho foodora. the foodor 
la t— acceptor return 11— to tho gaelflcr b— therefore boon replac— by a 
plug aal—.

Tho rolatl—ipa bo too# a prasauro dr—, —llda fa— rataa a— carrier 
g— flan la tbo tr—afar 11—a baa boon data-in—. Tha— data a— naod— for 
ago—tloa of tbo hot unit to —latala tbo proper preeaura bal—ao botooon tho 
g—ifler a— rago no rotor.

D—lga —— — all tho hot voaaola for tha e—tlnunua gaalficati—
—It la —11 uadoraay. Design a— pr—uraaaat of all ita— ahleh a— —t Con­
ti ag net — tha —aulta of tha —Id aodol teat a a— being exp—it—.

Pi—lal

■atl—t— expo—Ituroo la March — *11,000 aa. a budget figure of 
*23,000. C—alatlae a—aa—a to data a— *111,070 ea. a budget figure of *133,430.



Llfalto OMlfleatioa 
Prc*T*m* Stport Vo. 10 -2- IlMfe. 1M

!♦ t»ehalc>l a»»ulf md Progr—

WM— 1 - Feasibility Study (Proj»ct Wo, ISO)

OHplvM.

»— It - 8c*l9 Promrmm

l« Kt—tie Studio (Project Ho. 530.00)

Ol-BaO Klwtlc

____ Ptaal MleulfttioM l*ftdinf to iDtognil rooctloa rotoo for tlM tapoat
**** aatfo <fc»rlnc tte aootb havo boon coaplotod. Proeoool^ of th# borfy of 
latofrol rat# data to givo dlfforootlal roacttoa ratoo la la prqgroao.

tbo baa la of tho latagral rata data, tbo oporatlog progrw tbro^fe 
Jdly. IMS oaa foraalatod. Tbo prograa la of tbo alalaua ostoat aoo tboagbt 
Moaaoary to dofloo tbo klaotlca behavior of tbo lignite char-t20 ayotoa at 
ItOCFT aad foaturoa study of lahlbitloa by CB4 and 00. Aa outline of tbo pmom 
Id glvoa la M-10519.

Issp^etloa of tbo Integral rate data shooed that, for ftoaeer** Cara 
Mar, tbo reaction rates lacrosse by a factor of about too la going froa tap 
to betto»»af-gaa If lor conditions. This situation m favorable to tbo procooa 
•laee tbo carbon inventory per ualt venae 1 voluoe dec re sa os free top to bo t too.

Mar Ash - Acceptor St act ions at Regenerator Conditions

Aa asb-acceptor run (batch) nado at ISSOPp at 7 ata. COg pressure 
oltb blgb*aodlua banner's Cove ash shooed no fusion or agglooeratlon of the nob. 
Tbo eeeeptor activity renamed high at 0.S5 Standard Carbonation Batlo. Tbla 
fOMlt shoes that if ash sggloneration to abovn to bo a probleo in continuous 
operation, it can bn alleviated by a smII reduction la regenerator pres sure 
and tang Tatars.

Another approach is to reeove sodiun by ertraetlon oltb eater. A 
***** °f nm Renner'a Cow lignite currently la being extracted. Although an 
tnaatltatlve data are available yet, the alkalinity of the extract shoes that 
* l*sga proportion of the sodiun la being renoved.

Paelga of the Continuous Gasification Unit (Project Mo. 531.01)

Design eorfc is nearly completed on ail hot vessels that require coding,
l.e., tbo gasifier, regenerator, a to an generator, ate. Procure neat la proeoedl^ 
on long dsllvory itans such as gas compressors. Dsaiga and procurement of all 
itmm ehlck are not contingent upon the results of tbo cold nodol tosta are beiac 
eqpsdltsd.

Lftgalto Gasification
-3- Mareb. IMS

S. Bscbwa Studios (Projoct Vo. 531.02)

Ancontor Maclrculation

About 30 hours of acoaptor recirculation bavo abona that tbs attrition 
rate of ree dolonite and recarbenated acceptor (MgO.CaCQ)) la satisfactorily loo 
at abont 2% por day. aad that attritloa la cauaad solely by repeated passage 
thrisgl the rotary feeder. Tbo calcined acceptor (MgO.CaO). although roalataat 
to attrition la fluidised beds aad transfer liana, la too soft to resist attri­
tion by shearing which occurs during each passage through a rotary feeder. 
Therefore, the feeder la the acceptor return line te the gasifier was replaced 
by a plug valve. The flow rate of acceptor to tbo gasifier la aoo controlled 
by thin valve, which la positioned by tbo regenerator level control circuit.

It la aoo apparent that rotor vaar la the spent acceptor feeder eill 
prevent a gne-tight seal froa being aalntulned beteeen tbo gasifier aad regenera­
tor. gooovor, by holding aa essentially aero pressure differential across tbs 
sera rotor aad across tbo plug valve la tbo acceptor return line, the gas laven- 
terlea af the regenerator and gasifier vessels can bo Isolated effectively from 
cosh other. Pressure balance is achieved by controlling the purge rate into the 
afaadlsgs above tbo feeder sad plug valvn. lbs necessary flee rates were deter- 
alaed by inject loo of COg into the purge linos, then analysing tbo offgas froa 
tbo appropriate vessel (regenerator or gasifier) for its C0g coo tent, lastmasn 
tatiw to nalatala balanced pressure baa been incorporated into the design of 
tbo soBtiaaoua gasification ualt.

Tbo relationships among pressure drop* acceptor recirculation rata, 
mad earrlor gas floe rata la tbo transfer line beteeen the gasifier and rag sears 
tor have boea determined. Kaos ledge of those relationships la vital to tbo 
ope rattoe of tbo continuous gasification ualt because tbo pressure drop across 
tbo transfer line must balance, approximately, the pressure drop aaraae the 
flaid beds and standings of both process vessels.

Deltable recirculation of acceptor ban now been demonstrated. Startups 
aad ■baldness are acsoapllabed smoothly. Vltb pressure balance across the 
■■captor feeder aad plug valve, safe operation during normal proses# upasta can

Char feed and Withdrawal

Char faad to aad withdrawal from the gasifier baa bees demonstrated
............... felly. Wear of the faedar rotors la alight aad gas-tight seals can ba
■slataland. Char attrition la not aa issue since eoc^through operation is
lavelvod.

Pressure drop, char teed rate, carrier gae floe rate relationships for 
tha transfer lino from the feed beppere to tbo gasifier were determined.



G**lfleatlott 
PT0CW« teport Ho. 10 mreh, IMS

Hm 1*v*1 Mtactor prob**, whose oporatio* tfspwatfs upon th# nlnctrtMl 
oontoetlvitj of tbo ©bar, coi-ld not bo ovoluatotf lo tbo nodol. oloeo ebor tmfr- 
atoek for oporation of tbo nodol had boon prepared ot 1100*r aad tbomforo lo 
not a eoedoctor. It was lapraetleal to prepare a largo batch of char at a 
tonporature blgbor than 1100°F. Operation of prototypes of tbo preboo* not up 
la tbo laboratory, with a aaall batch of cnar prepared at 1400*? baa obooa that 
they eill porfora satisfactorily.

4* Juppnrtlng Process and Kcononlc Analyses <Project 4o. S33.00)

Vo work was done on this project.

S, Supporting Patent and Legal Activities (Project Vo. S34.00)

Ike current laboratory reports and asaoraado were levlewed for deter- 
alastloa of Subject Inventions.

C. Subject lawoatlooo

V. rtoanclol Statue

Cuawlatlee through February. IMS 
Bipeodad la Period

Actual
f

11.000
$

13.000

Cuaalatlea through March, IMS $ 111*079 $ US.400

The Indicated March expense is aa estimate since accounting is nut pot 
completed. » .

JAP:we
Att. ~ Monthly Progress Chert 
4/14/OS
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£6p£ H

WCPMWB MTCRr RO. 11 
ocr ooRnucr w>. 14-01-0001-415 

mara oabimcatioh piiooss prrmgMor

April 1 to 30, 1965

*• »■—«r
1 - F—Ibllltr Btudr

It - »«oc>-Scal» tCT«rl—nt»

KlMtle lB*Mtl««tlaas of tko rmto of •salflemtlaa of Ugalto oO»r 
fVQloO tbat tho nto la lafluaaead to aa uaaapaetaO datraa by tha 

partial praaaara of earbaa aaoealda. A teatatlaa avlaaatlaa la that caa la 
Oaall^ bora 01 th aadlua eatalyala and tba praaaaea of CO lafluaaeaa tba 
T-irti-* a to to aad activity of tba catalyat. RBanar'a Cova llpalta la tba 
aaparlar faaBatoab fna tba point of vlao of reaction rata.

Op oration of tba nodal of tba cootlaiioua reaction rye tan baa con- 
tlnaaR auaanaofully. Central of retention tlaa of aeeeptor partlelea falllaR 

tba fluldlnad ebar bad baa bean adatuataly tfaaonatratad. Praaloaa 
aaaralatloaa baaed on alapla partlelea falllap tbroucb tba bad bane bean 
faaad ta be valid far queatltatlve pradlctloaa.

Bailable faadl^, rnelreulatloa aad althdmaal of aollda aa nail 
aa praaaara drop ralatloaablpa la tba traaafar llaaa baa llkaalaa bean 
adaaoataly iliamn T mt 11 Oparation of tba nodal *111 be cDepleted by Ray 21 
at oblcb tlaa It alll be dlaaentled and cone tmetton of tba bat unit bafna.

All daalpa next, draal^a, aad purobaae order* for tba hot aalt will 
ta ^ll■p1atai la early June, IMS. Coaatruetlaa of tba hot unit aboald ba cor 
plated la Aucuat, IMS.

n lal

Batlaatad aapaadlturaa la April are tll.SOO *a. a bud*at flture of 
•13.000. Caaalatina aapanaaa to data ara *124,1*1 *a. a badee* fl*ara of 
•140.400.



Gulflcatloa
>rmrw ■•port Ifo. 11 -3- April, IMA

>. T>chaic*l B—alts and Progr— 

fit— I - risibility Study (Project Ho. 180) 

CWpl«Hi.

Phw II - Bench Solg ProA~

l. Ki—tlo gtiidiOT (Project No. A30.00)

OifforMtlol rot# doto for tho four lignite ehere ot eoadltloee of 
*t*oo ftod bTdrogoa partial pressures corresponding to the top aai bottoa of 
*be eoBBorelal gaslflor have been obtained b/ extrapolating integral react ion 
rates free char beds having initial carbon contents of .67 and .33 gran atone 
of carbon to aero carbon content. Tho Benner's Cove char clearly is the 
staportor feedstock.

Clooor study of tbo Integral rates bae revealed that the reaction 
mtee aro Influoncod by tho partial proaeuro of carbon nonexldo to aa ostoot 
that oswiot bo accountod for by tho procedure of extrapolation to aero carbon 
ooetent. At eono eondltlone CO secas to enhance, rather than Inhibit, the 
reaction rates. Ibis situation Inplles that a catalytic naterlal of variable 
activity and/or variable concent rat ion is present. TT# mterlal preeustebly 
lc oedlun, present la tone unknoen state. The effects of CO are qualitatively 
the sane for all four lignite chars. Including the Bsensr's Cove char free which 
nset of the sodlun had been renoved by extraction vltb water.

Purtber discussion vlll be deferxod until rate date tram rune In 
shlefc CO Is added to tho inlet gae are available. The prog ran is ooe undereay.

*• PMlgn of Oontlnuous Caelflcatlon Unit (Project No. S31.01)

Jhirlng tho past noeth, the folloeieg has been conpletedr

1. Ordered J-2 aad 3*3 Recycle Cos Cobp reason. This Is a long 
lead Iten aad delivery is presently scheduled for tbe second 
weak of August.

2. Ordered all tbs required lastruaents for hot operation of tbe 
unit. Delivery Is expected la 7 to 11 veeks.

3. Construction eas started on one new lastrunent board.

4. Arranged for fabrication of a nee conical sectlpn of the 
luelte gasifier.

A. Designed the outer shells for tbe regenerator and gasifier. 
These vessels and the stean saturator should be code fabrl- 
eated. Drawings have bean senv out to obtain quotes on these

6. Ordered a boiler feed water punp.

LMpiitn Gasification
April, 1965

T. Dselgnsd aad ccapleted drawings on tbs following vessels.

(a) Char lint Down Drua (P-2)
(b) Condensate Receiver (P-4)
(e) Caslfler cyclone
(0 Bust Collector Cyclone (0-2)
(n) BuM Collector ffopper (P-12)
(f> Condensate Knock-Out Pot (P-14)

Tho Mldnisg actions should bo accoapllshed during tbe next noeth:

1. Ordsr the following:

(a) Oenlnermllxer (L-8)
W Chiliad Water Supply (lr9)
(c) Bequlred Bateriais for Vessels
|d> Buqulmd valves, fittings and tubing

S* Benign aad prepare drawings for the follcelng:

(a) Oaslfler Inner axoil
(b) Bigsnsrmtor Inner Shell 
(n) Oae Cooler (C-l)
(d) Char Coaler <C-2)
(a) Acceptor Cooler (C-3)
(f) dee Cooler (C-4)
(g) A so ep tor Cooler (C-5)
(h) Gee Coaler (C-6)
41) Gasifier niters (Xr6)
44) hsgenerator Pllters (!>7)

9. Propers a mvlsed equlpnsnt layout.

Tha onjority of tha required drawlnga can be prepared aad tbe aaterlal 
required for fabrication can be ordered during May aad tbe first part of June. 
Construction of the hot unit should start during tbe latter part of July and bo 
eaapletad around tbe alddlo of August.

3. Becfcup Studies (Project Mo. 531.02)

Acceptor Retention Tint

Tbe retention tine of acceptor particles showering downward through a 
fluldlnad bad of lignite char is prsdlctod accurately by tha correlatlce developed 
fra aeaaurenenta on single particles (RM-10500, Project 531.02). Tbs presence 
of a cloud of partlelea is accounted for by basing the fluidized bed density on 
tha weight of tba char plus the weight of acceptor falling through tbo bed. Tbe 
navi nun deviation of tbe observed retention tlae fra the predicted eas 1%. Sens 
typical results are given below. The lignite char waa 48 x 100 neab la all case*.



April, IMS
UCftie* Garlfieatloa
PratimM Avport Xo. 11 -4-

Aec#ptor
ClreuUtio* 
Mf. Ib/hr

Fluidized Bed 
B*d Dvosity Wt. %

lb/ft^ Acoptor
RetMtlO* Tla» At 

4 ft B»d ■right, 10,

» S 3S ■
ao s 2« ■

17.A 3A.5 18.2
18.2 33.9 17.1
17.0 32.4 10.2
4.40 31.0 S.l
8.44 29.4 5.7

14.A 24.4 10.S

7.»
•#T
4.1
4.0
4.0
3.4

tba tAchnlgM of tlalng th* fall of a aaall alug of radioactlvo aeooptor 
Ujjaatad into tho fluldiaod bod vaa abaodooed boeauso. it vas too tlao1 coaoMlng. 
tho rotootioo tiao of tbo alug of particle* was strongly dopendent on vfelcb portion 
off the fluid bod floe patten tho slug entered. Very short retention tines 
eoaaned if the slug entered the dovnf losing at ream at tbe vessel veil, aad long 
retention tines occurred if it entered the upfloelog stress at the center of tho 
bed. Several hundred alug injections would have been necessary to have obtaiaad 
reliable avenge retention tlaas over the ranges of tbe variables covered la tbe 
above table.

The netbod finally adopted was to establish steady-state recirculation 
off the acceptor through the bed of char at known values of rsclreulatlea rata aad 
fluldlnad bod height, tbea by sinultaneously abutting off all flows, tbs fluidised 
bod was "fransa’*. Tbe bed waa drained off above tbe char acceptor loterfeoe at 
tho hottoa of tho veaeel voA the char and acceptor were separated by sieving.
Tran tho weights of each aaterlal and the recirculation rate aad bed height, the 
average mtee cion tinea ware calculated.

Final Operations of the Model

Tie date, operation of the eodel has deaonstrated reliable feeding, 
rneirulatlcn. and withdrawal of solids and that the acceptor retention tine 
in tan gasifier can be controlled. Sufficient data on tha relatlonsblpe la 
transfer lines and standings snong pressure drop, floe rates, and line disaster 
have been obtained. Tbe reaninlttg studies fall into three categories end will be 
eenpleted by May 21, at which tins the model will be dismantled and construction 
off the hot unit begun:

1. The existing geometry of the bottom of tbe gasifier veeeel la 
not adequate to provide a sharp interface between the char 
bed aod the segregated acceptor. A new bottom, cow being 
fabricated, increases the gas velocity through the segregated 
aeeeptor by reducing the vessel dlaeoter from 4 to 2 inefaee. 
torfonasace vlll be tested during the second week of Kay.

During startup and major process upsets, it baa been found- 
that the Inventory of acceptor falling through th# gasifier 
bod changes rapidly. Xt is therefore necessary to teat the 
oparation of the probe which detects and controls the chav- 
aocaptor interface under these oonsteady-state conditions.

2,

Lignite Qeeifleatlon
Tmgroee Deport Bo. 11 -fr- April, IMA

Several pounds of lignite char cere made electrically 
nandwating by heating to I409*f. Performance of the probe 
aad It* eireuitry will bo tested by inpoeing purposeful
upset* os tbs system.

A, tfferte ss far to operote tw^stsge bode with overflow weirs 
and doonaosars between tbe upper and lover beds haw* shown 
little success. Although stable inventories la both bods 
have been maintained during severe process upsets for a fixed 
threoghpat off aollda, instability occurs whan tho throughput 
is changed. Sons further expcrt**&tatloa lo pleased before 
staging is abandoned. The hot unit will operate satisfactorily 
with single-stage beds, although batter *«ed temperature 
eemtrwl would be peesible if the beds were staged.

4. dnppjrtlug Proceas aod 10000010 Analysis (Project lo. 533.00)

W wash was dome on this project.

A* Aapsortiag Patent end Legal Activities (Project lo. 534.00)

The curtwnt laboratory reports and naneranda were reviewed foe deter- 
ninatien of Subject inventions.

C. guhiset inventions

1. Financial Status

Consistive through March, 1955 
1 fended in Period

Cumulative through April, IMS

Actual Inigst

$ 112,441 A 135.400
11,500 13.000

A 124,141 4 144,4QC

Aft. Monthly Progrwee Chart
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A, Su—ry

ftajam f > F—JlMU-y Study

Cooptet*.

ttmm II - Bench-ScAlg 33tprl—pt»

Ytm peculiarly hich rate of CH4 forvition la pure Bz preriocely fcuad 
with South Dakota char was also noted with Renner Cove char although the magnitude 
of the rate vma less in the latter case. Addition of sterna as in the ease of the 
Smith Dakota char drastically lowered the CB4 rate.

Peculiar reversals in integral reaction rates with decreasing bed height 
la runs eith pure Rj sod in sob* cases with H2-H2O nixturea pointed to volatilise- 
tloa of a catalytic conpooent, presumably a sodlua salt, as a possible cause. A 
survey was therefore node of volatilisation loasea of sodlua during previous kinetic 
runs. The results shoe that the sodlua loss ess roughly independent of the gss 
ecepocltlon and ess relatively saall. Only 3% of the total sodlua in Renner Cove 
ash was volatilised in 3 hours.

Auxiliary kinetic studies shoved that the CH4-H2O reaction occurred at 
negligible rates under conditions used in the kinetic studies, and could be safely 
neglected in interpretation of results. Char ash was not a catalyst for this 
reaction bnt did effectively catalyse the eater gas shift reaction.

■net of the problems foreseen In April la operation of the nodal have 
been favorably resolved. A method has been worked out for BSlntaiaiag a stable 
interface between the char bed and the segregated acceptor. Detectors for aala- 
tenance of bed inventories and the acceptor-char interface were tested and found 
to perforu satisfactorily. Successful demonstration of operation with two-acage 
bads was effected.

A few further testa are planned. Improved procedures for withdrawing 
a char stress uncontasinatsd with acceptor free the gasifier will be worked out.
The rats of attrition of acceptor in the fully ealeined forn on circulation 
through the unit will also be determined. Operations of the node! will cease 
os June Id to perclt full concentration on construction of the hot unit.

All design work on the hot unit has been eoapteted. fetrehase orders 
for all long delivery itens nave been placed. The target data for completion of 
construction renalns late August, 196S.

Financial

Estimated expenditures in May are $18,000 vs. a budget figure of $13,000. 
Cumulative expenses to dato are $145,331 vs. a budget figure of $161,4 JO.
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B. Techateel ftesulf tad prograa 

Pt.— 1 • Feaptbility Study (project Wo. ISO) 

Completed.

Pfcw II - Peocb 3c*l* Program 

1- Rloetlc Stud lee (Project Ifo. 530.00)

Previously Scheduled auos

Det* fro* runs with 100% H2 as the lalet 
llfaite char also has a peculiarly high reactivity 
of the rate la considerably less than that shovn by

gas shoe that the Renner Cove 
toward pure fig. The aspaltude 
the South Dakota char, however.

The results also show that the integral rates are essentially the saee 
at 11 sta and 15 eta sod that the rates are lower for the run having ^be seal ter 
Initial charge of carbon These apparently nacealous results can be explained 
on the bnsis of volatility of the catalytic ash coapooent since the eueep gas 
rates as shown below decrease with incressieg bed weight.

g Initial 
Bad vt.

10
10
5

Total
Press. 1500RF Intagral CH4 a»t». gC tuir./*c in Bad/kf: 0. X l<»«

acn/g
* Burnorr 5 15 25 35 45 Char

16 192 200 104 48 20
204 172 112 48 £0 1.4
138 124 82 40 20 4.0

Addition of IOTj steam to the inlet hydrogen drastically decreased the 
integral C84 rates, as was the case with the South Dakota char. The rates are 
shewn below, along with those for the other inlet hydrogen concentration*.

Total Prassuro: IS ata. Twporaturo: 1500*F 
integral CH, Rates for S g Initial Charge.

t ff2 is 
Inlet Oas

33
62
90

100

% Bumoff
gC gaaif./gC In Bed/Mln. x 10*

10 20 30 40 50

60 56 53 51 48
84 63 47 41 38
40 24 14 8

135 1U 61 30 16

Studies of Extraneous Reactions

The thermal conductivity cell used to nonltor the exit gas composltloi 
during transition from the pretmatcent to the gasification periods failed con- 
pletelv in early Pay. A new cell was ordered and delivery is expected during

-3- ■ay, 1965
Lignite Gasification 
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the sacood week of June. In the interim, studies were made on possible reactions 
which could occur in the upper psrt of the realtor and the exit piping above the

(a) React lone Involving CH4

If CH4 were formed or decomposed after the product gas leaves 
the char bed, interpretation of the ?:lnetlcs of CH4 formation would 
he difficult. Reactor temperatures above the char bed range from 
1500*f to 800°P and the exit piping :emperatures range from 800*F to 
400'P. Gam retention tines are sbou: one second in the char bad and 
about 3 seconds above the bed.

Be thane can be formed or decomposed by reactions such as 

CKg ♦ BgO * CO + 3 R2

To determine the extent of methane decomposition in the kinetics 
reactor system, a steaa-Bg-CBg mixture under the conditions shown 
bolom was passed through beds of various solids.

Total Pressurs: 18.2 ate.
Dry Gss Composition: 23.9% C84 in Rg
Inlet Gss: 82% dry g»s - 38% steam

It is concluded that Renner Cove ash has no specific catalytic * 
effect cm CH4 decomposition. The results showed that the CE4 formed 
from the st*aat>c*rbon reaction during a routine kinetics rue is not 
appreciably decomposed while in the char bed, especially at tempera­
tures ef 1500*F or less.

la tee experiments described below, mixtures of Cfr-COg fig HgO 
mere passed through the system. In no case was CR4 detected ia the 
exit gas, showing that OI4 is not synthesised in the upper, cooler 
parts of the reactor system where synthesis is favorable, tbermon 
dynamically.

(b) The Water Gas Shift Reaction

During the kinetics runs with steaa-Hg mixtures as ialat gas. 
the observed water gas shift ratio of the product gas never deviated 
by more than ♦ 5% from the equilibrium ratio, regardless of the 
laltlal bed vwipht, burnoff level, origin of the lignite, or inlet 
gaa composition, in contrast, the Project 11 work with Disco char 
showed major deviations, predoaiuantly toward the CO side of 
equilibrium.

To help determine the relative effect of the reactor walls sad 
internals and of the Renner Cove ash toward catalysis of the reaction, 
a mixture of the four components was passed through the reactor system 
at conditions shown below;



Llffelt* CastficatiM
yarogif— B*parc Ho. 12 -4-

Totol Proosurtf:
Inlot Dry Q*» Caoposl cloo:

Inlot Oma;

m • (C02KH2>/(C0>(H20)
*1.1.t - -MO

It waa shonm that w»tor c»« shift squilibrlua vss rsached at 
X®O0®F shather or not a bed of Renner Cove ash vaa present. The 
reactor internals clearly catalyze the water gas shift equllibrlue.
The Renner Cove ash. however, is a specific catalyst since a closer 
approach to water gaa shift equilibrium was achieved when it was 
present, i.e., in the lover temperature rune at 1400 and 1500*?.

Tolatillzation of Sodium

It haa been found that the kinetics of the lignite char-steam reaction 
are influenced strongly by the presence of a catalytic material in tha ash 
(presumably sodium) of variable activity and/cr concentration. The sodium lost 
by volatilization from the reacting bed of solids, et the conclusion of ell the 
rune made during Slay, vas determined by washing the reactor sod external piping 
with water and analysing the washings for recovered sodium.

The results have shown that tor a given time and gas rate/unit of 
initial char the loss of sodium was essentially Independent of the gas compo- 
sitlom, which imaged from 100% H2 containing no CO2 to stea»-H2 mixtux*es 
containing CO2 at .002 to .64 atm partial pressure. In three hours, 3% of the 
total sodlua charged with the ash in Renner Cove char was volatilized. On 
continued exposure to process conditions, additions! loss occurred. At the gas 
flow rates and system pressures used in the experiments, the amounts of volatile 
sodium recovered correspond to a compound having a vapor pressure of .03 am fig 
at 19O0?F, assuming 2 atoms of sodium per mole.

The above information is inconclusive because it is not known whether 
tbe volatilized sodium, or any part of it, is the active catalyat. Tne variation 
is activity could also be caused by a change of the font in which tbe active 
sodium exists — e.g., oxide, carbonste, silicate.

The issue cannot be resolved until data from the series of runs in 
which 00 and COg are added to the inlet gas are available. These run conditions 
will presumably stabilize the active sodium as NasCOg.

2. Design of Continuoua Gasification Unit (Project Ho. 531.01)

Designs of the solids coolers end inlet gas preheaters were completed. 
Beet belanee end wall-to-fluld At calculations were made tor high and low levels 
of teed rates and for tbe case where all the process heat is supplied electrically.

May, 1965

16 atm.
7.45% CO2, 11.79% 00. 

80.76% fig
52% dry gas - 68% steam

Lignite Gasification 
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Purchase orders for essentially all the equipment and material for tbe 
hot unit have been placed. The exceptions are for powers tats sad some miscelleneous 
piping fittings. These are short-delivery items.

3. Mochnp Studies (Project Ho. 531.02)

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

1. Tbe proper geometry of tbe bottom of the gasifier vessel for maietoneace 
06 a sharp, stable Interface between the char bed and the segregeted 
acceptor was determined. The full (4**) dlaaeter 60* cone wns retained 
but was aodlfled by sn insert positioned to extend partly into tbe eooe 
end pertly into the straight section. The optimum gas velocity between 
tbe insert end the reactor wall was found to be three times that ia tbe 
4** ill ant far section. The interface is held in the annular specs between 
tbe insert end the reactor wall.

2. The three detectors which maintain the bod inventor!ws in tbe gasifier 
and regenerator end the acceptor-char interface et the bottom of tho 
gasifier were tested and found to perform well under couditlons of
severe upsets.

3. Successful operation of two-stage beds using overflew weirs and down 
oomsrn was demonstrated. The hot unit regenerator has been designed 
as e two-stage vessel. However, the gasifier will be operated as a 
single-stage vessel because it would be difficult to withdrew the 
•pent char, substantially uncontamineted with acceptor, from a two- 
stage bad.

All <**ratioas with tbe model have been with raw Greenfield dolomite.
Tbe attrition rate with this material has been satisfactorily low. Fully cal­
cined dolomite is much less resistant to attrition and has not been tested in 
tbe eedel since it slakes in the humidified air used as the fluid. Defore tbe 
model is dismantled, an attempt will be made te recirculate calcined acceptor, 
using dry Hg, and to measure tho attrition rate. The rotary fender in tho 
acceptor transfer line from the gesifler to the regenerator will be removed 
from tbe system, since laboratory experiments have shown that the feeder crushes 
the calcined acceptor ot a rapid rate. All operatlono of the model will cease 
on June 16th, to permit installation of pressure equipment.

4. Supporting process and Hcononlc Analysis (Project Ho. 533.00)

A paper was prepared and presented at the AGA Operating Conference, 
Buffalo, Hew York, Hay 25, 1965.

ft. Supporting Patent and Legal Activities (Project Ho. 534.00)

The current laboratory reports and memoranda were reviewed for deter­
mination of Subject Inventions.
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RSFOST NO. 13

OOl CGMTMCT NO. 14-01-0001-415 
OQ—Cl, LIONIT1 CA3IFICATI0N PN0CP3 D«ygLOWgNT

JMM 1 to 30, IMS

A. try

ffcooo 1 - yp—tbilitT 3tu4y

Cnploto.

PN—o II - >—oh-Seolo »Kporlooof

Iho ll(Blto Mor-otou klootleo profroo io ohlch 00 oad 00| vl.ll bo 
oOMd to tbo lalot goo vms tfoforrod obllo ovoltlng Solloory of o ooo tbonol 
oooNoetlvlty coll. Tho profro* *111 got uodor ooy in July.

L&gnito ebar froa Buaky-Ooolnloo's Lurgl eorboolsor la North Mkoto 
bao boon cboooa ao tbo foodstoek to bo uood during nont of tbo oporatloa of 
tho hot ualt. A klaatlea rua vltb tbla char abovad that It la eaoparablo la 
reactivity to Dakota Star char.

ProllalBary toatlag for activity aad physical atroegth of tbo co» 
acre lolly available doloaltoa free the North Central States ohcood that oaly 
oaa, frao South Dakota, bad tho desired acceptor proportlea. This ateee alii 
bo oabjoated to repeated cycloa of rageaeratloB aad rocarboaatloe to datoralaa 
ita aullability at procoaa eoadltloaa.

Ugbly aeloctlvo raaoval of sodlua frea Beaaer Cove ash haa been 
daaaaatratod by estractl^ either tho re* Ugalto or char vlth hot voter.

gba attritioa rata of fully calcined acceptor chile clrculatlag thrMgh 
tbo aodel was aoaaurod. Tho rata vaa satisfactory, under tho operating coadl- 
tloas regulred to overcoao tho stroag electrostatlc force* which developed.

Tbo aodel haa been dlsaaatlod and coastruetloa of the pressure ualt 
lo voder way. All purchase orders and drawings for tho ualt have been issued, 
aad deliveries are oa schedule to dato. Tho target dato for cold prassuro 
tooting of tho unit Is August 23rd.

elal

■stloatsd onpoedlturns In June are SM, 500 vs. a budget figure of 
$10,900. Cuaulatlve expenditures to dato are $173,S4S vs. a budget figure of 
$130,300.
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>» t»cli«lc*l K»«ulf »ad Pyogr^a 

X - gwulbiuty Study (»roJ»ct Wo. 1»Q>

21 0>BCh Seal# Progr— •

I. Kl—tie atwtfl— (ProjBCt Wo. 530,00)

OBlay of 4»llv«ry of tbm tbormal eooductlvlt; coll ogoio cooood pool* 
pOMooot of too cfeor-otooa klootles procroo in which oxidoo of corhoo oro oddod 
to tfco lalot poo. Bowovor, the aoo coll hoo boom rocolvod, callbrotod. ood lo
aoo to ooroloo.

of ltd roody ovolloblllty. ligotto char froo Baohy-Doololoo** 
Iwfi volt ot Dlckinoon, North Dokoto, is a good potoatlal source of feedstock 
for tho ooatlauous (asiflcatioa unit. After protroataoot at etaodard coodltioae, 
• kieetlco rua vith a aaoplo of this char shooed that it hee about tbe aaoa re- 
aotlvlty as Dakota Star char. The Husky char baa boon choaaa as the feedstock 
to bo need la tbe bet ualt.

Saoplao of the potentially useful dolooltee la eoeaerclal production 
Id tbe North Central States ears gives a prellalnary tost for activity sad alas 
dagradatloo. The results are shown beLow, along with those for tbe Greenfield 
delcelte ebleb le tbe beat atone found during our earlier studies of acceptor 
behavior.

Palooite Source tor South Dakota Pilot Plant

Origin

greenfield (Ohio)
Pete Lien, alto 2 (S.D.) 
~~ otlaod (by©.)

orete icatorlala (loss) 
(loan)

Activity
ttd, Carb. Satlo

.M

.99

.71

.SS

% Pines 
Produced

l.l
4.9
4.S
7.4
S.O

Of the etooas tested, only the Pots Lien saaple shove proviso froo 
the standpoints of both activity and part ids strength.

Analytical results for the extraction of Renner Cove ash with eatar 
are noe eonplete. The aaaples were extracted exhaustively in a Soxhlst apparatus 
in vbich tbe eater teaperature van held at about SQ^C. Alkalies are extracted 
POTferestlelly, and to a high degree. Tbe sodium axlsta la the ash vastly le 
tbe fen of alllee-alunlnatva. Water extraction of the llgalta thus offers ©ns 
peaalbla solution to the problae ot tab fusion at regenerator eoodltlona. The 
results are suanarised beloe.

Lignite Gasification 
Progress Report No. 13 Jhne. 1949-9-

Ixtractlon of banner Cove Ash eitb Water

Char. Pietrented

ft
ft

Total Ash Dseoved

9iOg
AlaQs
TbsOs
■nao
Kso

39.9

41
ST
14
90
94
-0

9i0s ♦ AiaOa
t * m1#s 1® soluble ash 90

Dae Llinl

“X
33
9

29

.74

9. Design of Continuous Oaaiflcatloe Pelt (Project No. Ml.01)

The doolgn of tbo hot unit has boon eonplated, and all pursbaao wdarn 
and dreelogs have base Issued. Tbo project ees tomlnatod oa Juna 30tb. Aay 
further onglnearlng or drafting work seeded for revlaloea of oqulpeent or layoet 
will ho charged to Project No. 531.03 (Conatructioo of Cootiaooua Ooaifleotioo 
9elt).

9. Dsckup ttudlea (Project No. 531.02)

Baring final operations of tbo nodal, so effort was made to naoaura 
the attrltloo rate of fully calcined Greenfield dolonlto ebilo circulating it 
through tbo regenerator fluidised bod. tbo stoodloga, and tbo transfer lias.
In dry Na. circulation was not possible because of severe aloetroatatle effects. 
9f "bunldlfylng" tbo Ng *lth eethaool, electrification eaa reduced eooaldarnbly. 
hut ooutiauouo clreulatloo still was not peaalbla unless tbs rotary feeder ees 
need to oootrol the floe rote of the acceptor Into the transfer lias.

The ueaoured attrition rets ess 199/24 hours, eoeparod eltb 29/24 hours 
ut similar conditions with tbo raw dolonlto. This rote is considered to be 
odsguatoly low since nest of tbo attrition la caused by crushing in the rotary 
feeder, in the hot unit, only the reeerboaated acceptor passes through the 
fcedar. Furthermore, even this rate is within tbs acceptable Halts for tbo 
process as visuaiisod In tbo feasibility study.

Opsretines eitb tbo nodal ceased on June 11th, sad the nodal has been 
dlanentled.

Vortap and correlation of tbe data obtained eitb tbe nodal 
aftly under way.
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UOim OAHVICATIOR PROCESS DEVELOniDIT
-------------July l to~5r. f£55

A. Biwnr

Eh— 1 - ^MOlUty Study

Pt«— II - Euuch seulu Expurluuutu

lultlul multa un nou uuullubla oa th* ufYuet ot uddltlou ot 00 
'004 OOj oo tbo gooltlcotloo kluotleo. Tha odtltloo of ttldoo ot eorboa ndueod 
to soolfieotloo iota for produetloo of boo oxldoo ot c: ■boo to rtuckly coo 
fourth tbo raluo with bo eoiboa oxldo uddltlos. Tbo of loot is prosuoably duo 
to o atablllsotloB or roduetloo ib oetmty ot tbs todluo eatslyot by lator- 
ootloa with 00a.

iBtoraatl^ly aoouth. tho rats of fotoatloa of aathaoo by tbo 
bydroooa oarboa roactloo was uaattactod by tbo oddltlou ot eattioo osldas.

Ybo otfost of syclluc through slaulotod proeoos ooodltload oo 
ootinty oas atudlad for tbs South Dakota doloolto (Pots Lion). tho loss la 
activity oas groutor tbaa for tbo ataadard Grooaflaid doloolto olthough its 
aaolotaaos to physical dogradotloa was Just as good.

' Attoopts at rsooastltutlag doloolto flaps by Mlting la a stoao- 
sorbno dloaldo ataoopboro uador prosauia am uasuecossful. tbo 11(0 did aot 
aolt aad bobsvsd as solid ostrls which rataiaad tho ooltaa lisa.

■ Eoport orltlag sad conotatla of data la coaaaetloa with fluldlso- 
tloa bohavlor aad tha nodal studios Is coop lots with oao ozeoptloa. tbo lattor 
daals with tho eonolatloa ot tbo friction factor la dilute phasa trua*port.

tbo aaaotiuatloa of tho coatlauous hot'ualt is slightly boblad 
oobadulo. taltlal tooting of tho ualt should-start oa Soptoabcr 13th.

Estiva tod ospaadlturaa for July aro $35,000 va. a budget flgurs 
SIS, 400. Cuaulatlro oapondlturos to data <uo $197,845 vs. a budget figure 

ad $190,700.
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1« ■— Klnotle Studios CProjoet Ho. 530.00)

—■ • Chor Ilootlco

first oorles of klnotle runs in which CO and CO3 woro added to 
thd inlot gas has boon completed. Steaa aad hydrogen partial preeeuree cor- 

* 40 top-of-gaaifier eoodltlona and were kept the aame as for the runs 
preeiouely reported. Carboo oxides eere added to tbe Inlet gas to simulate 
the projected amounts at the outlet free a coaaerelal gasifier as shown beloa

Pnrtlal Pressure. Hole % in Total
Inlet Oas

CD 1.44 7.i4
CO* *M S.94

gasification rates for CO sad CO2 production sere reduced to 20-30% of thoee 
eMerved with no carbon oxide eddliion, shoeing that the powerful cstslytlo 
setlom of sodlun bed boon suppressed. This catalysis ess shown to bo 
—elfie for carboo oxides production sines the rates of CH4 format Ion were 
eenentlally unchanged. The results are susnsrlsed below:

Integral gasification Rates for 15 g Initial Bed Weight 
g C gaslf ./nln/c C in Bed x 10* "

Bun % Burooff
to + COa “CH.

10 20 30 40 £0 10 £6 30 40 £6
I* ♦ S2O only 150 131 124 123 118 ' 55 42 34 28 “sr
Balds# Added 48 38 32 28 23 53 37 33 27 23

** *** o^dc addition runs, the coovwrsloas ware snail enough so that the nboee 
integral rates are eery nearly the differential rates. The study will be -im 
tinned using lower leeels of oxides addition and higher ration of steam to 
hydrogen, i.e., to simulate the condition 9rerailing at the gasifier inlet.

densptor Studies

Mte Lien dolonlto (S. Dakota) ms tested further by subjecting 
14 to repeated calcining and rwcarbonatioo at process conditions. The results ' 
•re shoes beloe la comparison with those from other stones tested previously:

Ho. of
Cyoiee

Total Time at Process 
Conditions. Hrs.

Activity, Standard Carfconatlon Ratio
Pete Lien Virginia Ctoenflel^

S
13

S.ftO
4.75

s

.74

.42
.40
.34

.81

.81

Lignite Gesi flea tic 
Progress Report Ho. 14 Only. IMS

Ail three atom were equally realstast to alee degradation. If the acceptor 
nativity at the level of tbo South Dakota atone proves to be uneconomical, 
senetlvntlon bp conversion to tbo CalQHlg fora followed by calcining to CaO 
nay he sceeeaary. As tine permits a brief study of reactivation of th# South 
Dakota stone will be made.

A possible solution to the combined problems of activity loss sad 
sine degradation lies in the reconstitution of spent acceptor fines by forming 
• aelt followed by cooling, crushing, wnd calcining. The Greenfield dolomite 
from Poe tern Ohio could then be used, si— the freight costs involved would 
he veep small with tho resulting "perpetual" acceptor.

In an effort to study tbe acceptor properties of such n melt. 
several attempts ware made to form a liquid froo tbo South Dakota de.onlte, 
hat without sue—s. At a COg partial pressure of 1.5 atm.sad etnas partial 
presensos of 13, 16. and 19.6 atm. at 16(XPP, tha acceptor agglomerated but 
did net form a liquid. Tbo particles did not lone their ideality aad tbe 
nggloeerntes bad tbe consistency of n sugar cube. Previous-melts which wars 
truly liquids bad been mad* with calcined Uses tone, pure CaO. or nlxtums 
of 680 and Ca<08)2. Possibly, malts which are truly liquid could bo nods 
fram dolomite by starting with mixtures of HgO-Ca(OH>2 and MgO-CaCQg or 
M0*Ca(OH)2 and MgO-CsO. Studies to determine the proper temperatures aad 
partial pressures of steam and CO2 probably would involve a major ospart- 
ssntal progfm.

3. Hoeknp ttudlea (Project He. 531.02)

Bata reports for the correlation of fluidined bod densities with 
fluid aad particle properties and for tbo results of operatloa of tho nodol 
hasa boos vrittoa aad will bo issued la August.

3, Construction of Continuous gasification Putt (Project Ho. 531.03)

Tha eoostruetloa paco baa boon slowed somewhat by donaads for 
shop tins by tho Gasoline projects. Bowevor, tho hot unit should be roody 
far initial —ting by Ssptombor 13th. Dollverles of materialj aad equipment 
hava been adequate and should cause no delay.

4, gpemtloo of Continuous Gasification Unit (Project Ho. 532.03)

Aa Q>eratlng Hernial for tbo hot unit has boon written and will be 
lawisi in August.

Tha Initial shipment of lignite char froo Husky-Dominion in Horth 
Mkota baa boon received. The char bae beea ground to nlauo 21 scab and will 
to asrnonod at 35 nosh in tho Sweco Separator. Tho flans will bw elutriated 
totebwlso la tbo CC 2 prat—ter vessel. These operations will provide about 
3330 lbs. of feedstock for tbo hot unit, sized to 35 x 150 nosh and substantially 
fraa of minus 150 ansb material. This amount should bo sufficient for operation 
of tho unit until December. Additional char will ho ordered from tosky, oad 
pswooeeod. as roqulrementa dictate.



Iftlfftlt* G*aifIcatioa
Bo. 14 IMS

4—ly— of tho 95 z 190 Bo»b froetloa of the char shoved:

Moisture to 900*7 - 3.45
Volatile Loss - 500-1100*F - 3.41
Volatile bees - 1100-1900*7 - 7.7%

- 14.9ft

«. fcpportlPC Proe.,. .od Bconovic Aoalyaes (Project Ho. 933.00)

Bo «e«B was does oa this project.

S. Mpportlng Pateat and Legal Activities (Project Bo, 534.00)

The euifoat laboratory reports aad aeaoraada vers rerleoed for deter- 
alaatioa of Subject Invent loos.

C. Subject Invent loos

P. Financial Status

Mxpunmm Actual

Cuaulatlve through June, 1965 $ 172,846
Kspvaded la Period 25,000

Cbaulatlee through July, 1965 8 197,846

Budget

$ 180,300 
19,400

$ 199,700

Tbe ladleated July expense is aa estimate since accounting is 
set yet ecaplete.

Att: Monthly Progress Chart 
8/13/65
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Start Prolita. £"t.*K Continuous Unit 
Picuaes APPLY TO t-lASB II ^ iOU iAF OM Y

MONTHLY EXPENDITURES

Start Testi;.,; Q.>^plete 
rrotot>pe Unit

PREDICTED

ACTUAL
3. Ml H.9M 9.Ill ___9.3M_

• -SB1
___19.Ml

2J.4M

1
__

lO.TMi
20.111

16.3^'

„ _21.6T.
—

—l3'*
ll.fSl

JUNE JULY AUG. SEPT OCT. NOV. DEC. JAM FEB

PREDICTED 3.94 12. Ml 22.1M 31.411 jO.W' 70.2V| VO, JF 111.! 1' i22. :>
ACTUAL 2.yn s. 3P 17.1M 2C.1M 46.8M 57. Mi 73.KM *9.4* —m it

CUMULATIVE EXPENDITURES*

* Exptndifurst Include All Costs Or Ft*s.
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tiaWTB CAamCATlOR

Aagu* I to SI. 1SBS

I - f—Jlbllltr Stuer

rtmam u - —e> Sc»l« Upri—1»

Mrttor klaatle rMulta uw maw amllabl* oa tba mttmct at 
•Mltlss at osrbos ok1«m at (aalflar lalst ••« •*!» esadltlcM as faal- 
flwtloa istaa at IMS*?. Iha ca« fomatlss rata la ralatlssly saaffaataS 
la festfe eaaaa by earboa ozlSa aMltlos. lbs nts at favsatlcs at sot 
•sitas aslSaa la, bosarsr. ratfuead Iqr faatan at Mast 2 as« 4 at tka 
lalst mat salt easSltlesa raapaetlval;.

MMlasltY aaaaalatatf with aaurlsaa aathssa forsatlaa bp 
hyAaatasstlas at aarbas aasaslSa was eonsataS by salat aa all atalslaaa 
stasl issetar aad pslaaslag tba eatslytls attaat at tba aatal by 
yaaaslfMlat.

All data tatbarad dnrlat tbs opantles of tba cold sadal baa 
baas aarratatad laeludlM tba aallda frlotlos faatar Is yaaiMatla

tba aaaattsatlas ad tba bat salt la bahlad aehadato. Praaaaam 
taatlat at tba salt la aebadalad far gaytOTbar IS aad laltlal aparatar 
tralalat taaa abeald bagla by taytaabar 30.

yiaaanlal

■atlOTtad aayaadltaraa for Aataat am $21,000 as. a bad«at 
fltaro at $10,300. Cuaalatlto aayaadltaraa ta data ara $2ia,«0T as. a 
badta* tlgaia at $210,000.
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1. —tcb Klnotlc atudloo <ProJoct Ho* 550.00)

8to— Char Klaotlo

It* first —riss of carbon oxld— addition runs at bolt—-of- 
C—If lor eoodltlosa oaf sado. Prolislnary ealculatloaa aha—d that tbs 
rat— of c®4 for—tloo —ro uaebadfod, aa —j tho «a— for tbo ni— at 
top1 * * 4 5 of-a—lflor e—dltloas. lotocral f—ifIcatloa ratoa for CO and COp 
produetloa — about 40*60% of tbo— ob—rvod sitb so carbon ozldo 
add! tloo.

fbs.laasdlafto futuro program calls for eoaplotloa of tvo —rl— 
of — at CO3 partial pr—auraa of 0—1—Hr 0.9 and 1.6 ata at both of 
t— abo— conditions. Oapcndlac upon tba affoct of CO3 pros— sbieb is 
ton—, a third sorlaa, at • such lo—r CO3 pressure, will be node to 
as—rtaln lf a threshold lo—1 exists which vlll stabilise the catalytic 
activity of sodiun in the ash. Xn all css—( CO is added to briof the 
inlot gas to —tor gas shift equllibriun in order to ensure eontrol ^ the 
CDs partial pressure which othervi— would he altered by tbo —ter gas 
—1ft reaction occurring on tbo stainless at—1 surfaces of the islet gas 
prsh—tor sad react or eall.

Spurious Hatha— fo—atlon

Noel of tbs —nth‘s —perloantal effort —s devoted to finding 
n —tbod to suppress spurious CH4 which was for—d fron the inlet gas by a 
—action such —

CO + 3 83 * CH4 ¥ BgO

la tbs carbon oeddas addltl— runs which —re made 1—ediately after the 
—actor, and lateraals, had been used in the studies of —It fornatloa and 
of tbs effect of cycling on acceptor activity, spurious CB4 began to appear 
la the product gas. * la the— studies, the —tor systea had he— exposed 
to onidlning conditio— is tbe tenpereture range of IdOCP-lPSO*?. thin 
history apparently activated the —tal surfs—* of the reactor systea, since 
it had been she— earlier that the systea eh— equilibrated to the ate— 
carbon kinetics conditions bed essentially — catalytic activity tesnrd C84 
f—nation.

Xt sae found that spurious C84 for—tloa is totally inhibited by 
ttslag — all-stainless at—1 (Type 310) systea which has be— presulfided 
by treat—at with a 0.9% 828 * 99.9% Bg nlxtu— at 1500*9.

Progress —port no. s*

3* 1—hue Studies (Project No. 531.032

With e—pletloa of tbe correlation for the —lids frlctl— factor 
in p—atxc transport, this project —s ta—1—tad — September 1. Publi­
cation of tba Data Reports covering the work on this project was deferred 
Phils a pap— on the status of the OOg Acceptor Gasification Pro—as. to he 
p—sted at tbo Dec—her A. I.Ch.B. e—ting, was being writ tee.

3.
C—struct ion jt Continuous Gasification gait (Project No. 331.(0)

Caw ctl— again has be— delayed by ds—ad* for shop tl— by 
tbe Ca—11— j^rojects. At p—at, all major equip—at, vessels, a— piping 
a— la pin—. With c—pletloq of the Instnta—tetl— piping, tbs unit should
he ready for cold pr—sure testing by September 19. Slectrlcal and i—t—new
tatlon wiring should ba eonpleted by the a— of Septenber, at ehleh ti— hot 
t—tlag and —Id circulation of —lids st 900 pels can begin.

4. Operation of thn C—tin— 0—Iflcatl— gait (Project No. 333.00)

Bn direct work under this project has b—a do— sin— tbe hot unit 
in still being constructed. Pinal wising of tbs char feedstock is scheduled 

for c—pletlos by Septenber 34.

During the seek of Sept—bar 20, training of the full operating 
e—e will begin, the initial operations will involve callbratlo— and —Id 

—elation of —lids.

>. bepportlng Process and Be—ic Analyses (Project Bo. 333.00)

Be work was do— — this project.

4. aupporting Pat—t and Lcgnl Activities (Project Bo. 334.00)

Tbe current laboratory reports and 
date—1—tl— of Subject lav—ti—a.

1 for

5. Fine-****

Cn—latlve through July, 1943 
I la Period

nlatlve through August, 1968

Actoal

S 19T,98T
31,000

$ 819,89T

Tbo indicated August expen— is — —ti—te sin 
; yet c—plate.

$ 199. TOO 
19.100

0 HO, 000

4119 1*

Att. Monthly Progress Chart
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z.w : .9" 9,2V ^ -9.3»- 19.4M
--------------- r-
___ I9.4Kf_ 20„1M 21.6M
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13.OH
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* Expenditures Include All Costs ft- Fees.
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C5DC -AtPR--/fr

MMMH BBOB HO. IB 
on owiMcr ho. 14-01-0001-415

LIQKTB GASIFICATION PHOCSSa DHVBLOPIffiKT

ir 1 to 30. IMS

A.

»«■» I - Foaaiblllty Study

tham ll - BMeh Scale Hxp«rln«ota

Oooatnetlaa of th« hot contlnuam oolt has boon caoolatod. Cold 
HTMAW* tostlM at tbe trait has bean carried oat and fault? esadltleas cor­
rected. It ia plaaaad to coa»lata cold testing of the unit b? tbe end of 
October, laeladlM circulation of aollda at fall sfatea presaare aad tasting 
wt i—tn—nf, alarwi and protos.

TWO pair* of gasification mas cam aada eormspoadiag ta top and 
Wat tea of tba gaalf lor, raspactlvoij» bat aitb vary log COg cooeoatratloa la 
aaob pair# Variation of COg ooneontmtion bad on affoct oa rata.

latlnatad ospaadlturas for doptanbar ara $33,000 vs. s badgat 
flgnra of $17,900. Coaslatlva axpanaaa to data ara $343,33$ va. n budget 
figure of $339,900.



UfBlt* G*«ifleatloo
Pngr— Btport lo. 16 -2- Iwptmtmr, IMS

>. T»cbalc»l Msaltg and Progr—

» tt - Mach 5c«X» Freer—

X. »M«fc Kl—tic ttudfj (ProJ«ct Ko. 330.00)

W*mr mrim* of ebar^oteaa klaotio nwo ot top oatf bottoa»of*coolf&or 
OooOltlooo. With COa partial proosuros of 0.3 aad 1.0 ataoophero, havo boo* 
ooaplatod. Prollmlaaiy «ork-up of tbo data obooa that the ratoa an 
virtually tbo aaaa at oltbor level of COa partial pressure, aad that the 
latogral rates extrapolate la a straightforward aaaaer to the desired 
differential rates at aero bod weight.

Considerable tlae was speot ia resolving two probleas whleh are 
spaolfie to tbo nms la wbleb carboa oxides are added to tbo inlot gas. As 
reported previously, spurious C84 fornatloa eaa bo prevented by sulfiding tbo 
teeater systse. Boeever. tbe suppression was found to bo iwpernsnent. 
ospoolally dnriag tbe mas with tbe blgbor B3/H2O ratio. Tbo operatic pr^ 
ondnre now has boon aodlfled to Include presulfiding prior to every nm. 
tbe second probleu involved olrewspeet control of tbo CO3 which dissolves 
is tbs uaeoavnrtsd a teas eoadoaaato. Tbs aaouat of dissolved CO3 is large 
coopered with the net sake CO3 aad distorts tbs cooposltioa of tbo product 
gas. Continuous addition of acid to tbo condensate, at systeo pres at: *w, 
•liBiBstod tbs problsu.

». Construct lea of Continuous Gasification Unit (Project go. S31.G3)

Construction of tbo hot unit has been eonpleted, anc. this project 
was terminated on October 1, 1963.

3. Operation of the Continuous Gasification Unit (Project go. 333.00)

Initial Operations

Cold leak testing wmn begun on Septenber 13, end many ulnor leaks 
knvo been corrected. Boeever, aajor leaks in tbe gasifier and regenerator 
prossuro shells, caused by faulty aachiae work by tbo outside fabricator of 
tbo vosaols, precluded reaching systen pressures greater than 100 pal. Tbe 
nacblaiag has boon corrected by our own shop, aad tbo unit is now coupletely 
reasasnfelsd aad randy for further leak testing.

Tbo shift operation casw.snced on Septenber 37, with three-shift 
operation being scheduled to begin in uld-Oetobor.

Tbe laaodlato objectives ara to achieve s leak-free systen at 300 
pel cold hydrogaa pressure aad to circulate tbe solids (cold) to tost tbo 
probes, safety devices, sad slams. By tbo eod of October, tbo electrical 
boaters will bo installed and leak testing at process conditions will begin.

Lignite Gasification 
Progress Bsport go. 16

^aiatsnk Preparation

ilslng of tbo Bosky lignite char to 39 x 130 nosh has bees 
oempletod. Pinas wore rsonud by elutrletloe of tbo char lo 130 lb. 
hatches la tbe 00-2 coal preheater vessel. Three thousand pounds of

4. Oupportlag Process and fcououlc Analyses (Project go. 333.00)

Ms work was damn eu this project.

3* Bnagsrtlng Patent and Legal Activities (Project go. 534.00)

Tbo currant laboratory reports sad nemo rands ooro rsvlsnsd for 
determination of Subject inventions.

C. Bubjset Inventions

M» Financial Status

Cumulative through August, IMS
Mpoudod in Parted

Cumulative through September, IMS

Actual

$ 331.226 
33.000

$ 343,336

$ 213,000 
IT. S00

$ 336,300

Tbo indicated September expense in an estimate since eooouatlag 
mot pot eonplete.

Att. - Hanithly Progress Chart
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PBOCSISS AEPORT HO. IT
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PUPtl1*) LIGRITl CABIUCATIOn PR0CAS3 BByBLOMBHT

Ostokar 1 ta 31. 19M

Coaalata.

aa.^. t - r««BlbllltT Study

»aaa If - Baaeh Seala Baaarlaaata

OaM paaaaaxa taatlac and eallbratlaa aad taatlof of aaat lastraaaai 
oa tha caatiaaoaa aalt has faaaa eoaplatad. Blaetrleal haatara aad tbarao- 
aaaplaa baaa baaa last all ad. Sol Ida circulation aad taatlar of laaal control 
probaa am aoa la procmaa.

Aa initial aarlaa of klaatle aaparlaaata ham baaa eoaplatad ta 
Coat tha lahlbltlac affact of 00 oa aaalfIcatlon rata at conditlona corraa- 
lamdlaj to tha top and bottoa of tha t»» 1 flar. raapaetimly. It la no* 
foaad that CO lohlblta both tha aathaoa aad oarboa oxlda rataa at tha top 
of paalflor conditions, on tha othar haad, oalp tha carbon azlda rata la 
lahlbltad at bottoa of caalflar coadltlooa.

Tlaanclal

■atlaatad azpaadlturaa for October am 323,000 ra. a bodfat fifum 
of BIT. 900. Cuaulatlra azpaaaaa to data am BMb.TlS tra. a bvdeot fifum of 
9393,000,



Ufalta Gasification 
frog rasa IU port Ko. XT -2- Oetobar, IMS

1. Technical Saaulta and Proa ran

Maan XX - Sane* Seale Prenran 

I. Mates. Klnatlc Stud la a (Project to. 530.00)

late data frea tha meant mas In which COj van added to tha mint 
(an at non Inal partial pmssuma of O.S and 1 atn ham baaa pmenssad to plaid 
dlffnrontlal rates. Tha Inlet (aa also contained sufficient CO to aalatala 
aster gas shift aaulllbrliaa. At bottoe-of-pasifler eondltloas, the rataa at 
nuhoa oxldaa production suffer s nodarata, linear decrease with lacreaslnt 
CO partial pressure and the CI4 rates am Independent of the CO partial 
praesura. At the top-of-ianlfler conditions, both rates decrease drastlcallj 
on addition of carbon oxides. The CO partial pressure at these conditions is 
considerably greater than at the bottoe-of-gaalfler conditions. Inhibition by 
CO. rather than stabilisation of the catalytic ash caeponents by CO3, nay be 
responsible for the suppression of the rates, ■ora data are needed to resolve

The results are tabulated beloe. The listed rates for the top-of-' 
gasifier conditions at sera carbon asides partial pressure are Integral rates 
free the i (ran Initial bed might run. In this series, reliable extrapola­
tions ta aero bad salght could not be nads.

Differential CO s CO2 hates

Feedstock: 
Toepe return:
V ♦ *Ga “
■COfCOj >

B*aa*r Gove llgalto char
1500»P
19.0 at*.
fraao C gaslf 1o4/k G In bod/ela. * 10*

♦ «a » .93
Partial !Prassun. eta. H Burooff 0 20 40

coj CO

0 0 199 199 181
.98 1.08 48 SO 48

.91 1.33 27 43 34
■2/H2O ♦ gy « .32

% Buraoff 0 20 40 44 80

0 0 44a 978 •IS 874 710
.92 .28 484 900 911 923 931
.98 • 48 438 450 442 423 394

Dlffanatial CH4 Pitas

■2/H2O 4- R2 * .92
% Bumoff 0 20 40

0 0 97 91 32
• M) 1.08) 5J 29 16
.91) 1.32)

B2/B2O ♦ H2 ■ .32
4 Bumoff 5 20 40 80 80

90 39 33 29 21

Thai# rates are ituiepcadast of carbon oxldaa partial pressures.

. /•

Ugalte Gaslfleatioa
Aaport Ho. 17 -3- Octobnr, 1999

SIMM tba carbon oxldaa productloo rates deeroaso by a factor of 
afeaot 10 la goiag trim bottoo-to^top-of-gaalflar coodltloas, tba asxt 
•aria* of rtma will 6a aada at a 62/820 ♦ 62 ratio of about O.ft la ovdar to 
datamlas tba bobavlor of tba systaa at ald-gaalflar coodltloaa. Bafora 
atarttaf tha a tody af tba ldOO*P laotbaro, oaa aora aarlaa vlll ba aada at a 
CD partial praaaura of 0.3 a to. at tba top-of-gaal f iar coadltlooa to datar- 
adaa if tha rata aoppraaaloa la causad by CO lahlbltloa or bp atablllaatloa 
ad catalyat activity.

3. Oparatloa of Ccotlououa Oaslflcatioa gait (Projaet Po. 332.00)

Tha aatlra ualt is aoo loak-fraa (cold) at 300 palg vltb hydrofaa. 
Callbvatloaa of tha 18 rot ■oaten bava baao collated. Tha rotaaatars which 
Qatar the racyela gaaaa, which vill bava dlfforaat cooposltlooa dapoodltag 00 
tba aoo coadltloua, vara callbnted vlth too dlfforaat gaaaa so that tha 
affaet of oolaeular oalgbt esa ba allooad for.

tba too racyela gaa aystaaa aad tba praaaura balaaca systaata for 
tba raga oars tor aad gaslf lar van taatad at 300 palg at aoblaat taaparatora. 
Oaa flow rataa which vara asod covarad tba aatlra naga of flows to ba oaad 
at praaaaa cooditiens. Aftor aiaor aodlflestloaa. 18 boors of eoatlauoua 
troobla fraa oparatloa vara daaoaatratad. lapoaitloa of parpoaafol opaata 
abovod that tba control aystaaa respond satlafsetwlly.

All alaatrleal has tan aad tbaraocooplaa bava baaa lastallvd, sad 
aald atrealailoa of solid* baa bagua.

Tba ftoaadlatv objaatlvaa ar«: (1) to obtala traaafar llaa AP data 
at ataosphsrla praaaara aad 300 palg at both aabivat taaparatora sad 850^7, 
<*> ta elrealata tbs aocaptor through tba satin systaa at aabisat praaaon 

.aad toaparatuiu, aad (3) to aaha tba unit laak-fraa. hot. at 300 palg Eg 
praaaon vlth tha goal, by tba aad of Hovsabsr, of faadlag aad circulatlag 
aallda at procoss eoadltioas of praaaura aad taapsntun, but lo tba abaaaea 
af air or staao.

* Praaaratlao

Crasaflsld doloalto vaa oat*aeraaaod lato tha following alas 
fractious: 18 x 20. 20 a 28, aad 28 x 3S aaah. About 25 lbs. of aaeh 
frautlou, auffleloat for oua aouth'a opantlou, vara pnpand.

3. Supporting Procsaa sad gcoooulc Analyaaa (Project Po. $33.00)

■a vorh via doaa oa this projact.

4. fupportiag Pat# it aad Local Ac tint las (Project Eo. 534.00>

Tba eurrait laboratory rapoi*ta and aaaoraada vara reviewed for 
datarulaatlou of Susjoet laveatloap.
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15T!C£ CP COAL RESEARCH
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nooms rkpokt mo. is
OCB COMTBACT KO. 14-01-0001-415 

QOMSOL UfflflTg CASIfICATlOK PB0CSS3 PgVgLOTBafT- ^

Mmmtwr 1 to 30, 1945 

A. 8y—ry

9h**m J - r<«»lblUty Study

0£r*T cr Tli

Cooploto.

ffco— II - B»ach Scalo gqulp—nt

Aaraptnr elreulatloa has boom sstlsfactoriljr domoostratod at 13 paig, 
Mhlost toaporaturo asd vlth transfer lino tevpereturea up to 700"F. All Instro- 
maota aad controls verv checked out and found to operate satisfactorily vlth tve 
naceptloua. The electrical conductivity probe used to detect the char-acceptor 
interface, although it operated sntlsfactorily at anblemt taaperatnra, vaa not 
enable at process teaperaturva. The difficulty vaa traced to development of an 
electrochemical Off due to use of too dissimilar aetals in the probe. A aev 
probe la being constructed to obviate this difficulty. The equipment used to 
Ineera o sharp char-acceptor Interface (restrictor) vna also found to malfunction. 
The difficulty baa been corrected.

Qomalderable difficulty baa also been eaperlenced due to faulty eoo- 
etveetloe of electrical beaters by aa outside contractor. The problems vlth the 
beaten aad char-acceptor interface control have delayed the prqgran about three

Kinetic date et 1500*P here baea esteaded to cover e wider range of CO* 
poucentrotlona, l.e., do*n to the equilibrium pressure over CaCOg amd to Hg/Bg ♦ 
■gO ratios representative of the nlddle of the gaalfier coeditloos.

The data show that much highar rates may be expected et the top of the 
gasifier If equilibrium COg pressure can be approached. The gasification rate 
•lam decreases such less than would bo predicted by a llaaar laterpolatlon 1m 
going from the bottom to tbe middle of the gasifier.

Financial

■stlmatadexpendltures for Novenbar wore $20,900 vs. a budget figure 
eg $1T,500. Cumulative expenses to dato are $297,955 va. a budget figure of 
$270,500. The December report will present a revised budget and schedule to 
reflect the contract amendment dated October 19, 1965.



LlffBit* Gasification 
Progmaa Knport No. 18 -3-

B, Technical Maaulta and Program

^aaa 11 -» Baaeh Seala Proaraa 

1. Batch Blaatlc Studio (Projact No, 530.00)

Dlffaratial rates fron two saw aarlaa of nma w«ra obtalnaG. Thm data 
froa ona aarlaa, corresponding to ald-gaalfiar conditlona, show that tba carbon 
oxldaa rataa art higher than those predicted by linear Interpolation between the 
top and botton conditlona. The net hone rataa are about tba aaaa aa thoss for tba 
bottoB»of*faalflar coodltloaa.

Tha othar aarlaa, corresponding to top-of-gaslf!#r conditlona, was nada 
la an effort to determine whether the rate suppression by addition of carbon oxldaa 
la canaed by CO inhibition or by stabilization of catalyat activity by COg. In 
this aarlaa, low partial pressures of CO and CO3 were used, which would be obtained 
if equilibrium were established in the dissociation of CeCps. If stabilization by 
OOg were responsible for tbe ratz suppression, then tbe rates from this aarlaa 
would have been about tba sane as those from tha previous aarlaa at considerably 
higher 00 partial pressures. Hotwver, the rataa were found to be mere then twice 
aa grant.

A tentative correlation of all tha differential rataa shone that tbe 
observed values of Bco+COz ar* compatible with the following mechanlaa adsorption 
and desorption fron active sites on tho carbon surface, where C is an activated 
carbon atom.

BsO ♦ C a (BjO) C <1> 
C ♦ (BaOJC - <H2) C ♦ <0) C (2) 
(0) C - CO (3) 
(Ha) c______ » H2 > C___________ <4)
Bao + c * co H2

If atap (2) above la tbe rate controlling reaction, the rcte expression given below 
for 20% turnoff is . .

983 /PajO - fB^CO 1
,C<,,C02 " <1 + .103 Plj2o ♦ .337 Pb2 ♦ 3.ai rt0)2

where X la the equilibrium constant for the r^mctlon 

■2O v C * CO v fig 

(X » 3.2 at ISOO'F)

Tbe above equation represents tba observed rates with a even error of 18%. Tbe 
correlation la highly specula civ> and more data, especially at system pressures 
of 11 mtn., are needed to confirm it.

Lignite Gasification 
Progress Beport Bo. 18 IMS

Tbe new rate data are tabulated below:

feedstock1 
Tampersturn:
VlfeO ♦ •to, *

■ .

•.mar Cow Lif.lt* Char
ISOO'F
If.0 .tm.

C fuiliw/f C la bof/ala. * 10*

Partial Pia»»ar». .ta.
86f ^

.XT .lO

.« .4*

Bt/BtO ♦ B2

.•2

.4S

.ST .20 .42

.47 .43 .40

% Barnotf 0 20 40 40
■CO^Of

130 1W 131
343 337 303 234

I1**
87 37 2d 19
51 48 43 32

Tbe study of the leoo'F Isotherm will be started in December, after a 
Mafia aeries at ISOO*F aad 11 atn. system pressure, seeded to teat the correlation,
la oenpleted.

1. Operation of the Continuous Caalflcatlon Colt (Project No. 533.00)

Acceptor Circulation

In tba absence of char, and at 13 palg system pressure using humidified 
Bg ambient temperature, fourteen hours of continuous, atibia acceptor recircu­
lation through tho entire unit was demonstrated with rates ranging from 5 to 30 Ib/hr 
Bantiae operations such aa filter changes and suptying of tho reganarator dust 
eel lector were performed without upset. The two-atage regenerator bed waa stable 
when subjected to extrema purposeful upsets.

Subsequently, the acceptor traaafar line esa bemtod to 700*F and the 
regenerator ess boated to eaintaln tbe accentor at SSO^P. Successful acceptor 
recirculation waa again achieved using the temperature-activated probe to control 
Me level in the acceptor return line.

These operations were significant la that pressure balance across the 
entire malt waa dwnoaatrated and that the AP controllers satisfactorily compensated 
for normal variation# la tha acceptor transfer lion AP.

fleetrlcal Beaters

After installation of tho naln boaters for the gasifier and regenerator 
vessels, the lead wires were found to be defective. After considerable time was 
spent Am repairing than, the heaters ears again Installed aad the veaaels ware 
hewMbt to 1500®F. At this temperature, the regenerator haater lead sires failed
again.



Ligalte Oaslflcatioa 
Profrasa Report Ro. IS Bovoabar, IMS

It was foaad that tho eoaoat asod to hold togotbo? tho coraale eooo 
aoetloaa, aad which eoataiaod alualmis slllcatos, bad roaetod with tho potasaloa 
tltaaato lasulation foralng a flux which doatroyod tho load wires. Tho coooat 
had boon carolossly appllod by tho outside fabricator of tho heaters aad sboald 
•ot have boon la coo tact with either tho load wires or tho lasulatloo. Tho 
gasifier boater was constructed wore aeticulously aad fusion of the caooot aad 
laaslatioa is not ospoeted to occur.

Tho rofooorator heater was again repaired aad installed. Both beaters 
aoo have been bold at 1500*7 for several days, eltb no signs of failure. Since 
tha patched regenerator lead wires probably will not withstand tbe 2000*F plus 
t—pemturo required for operation st full process conditions, aa to rial for a new 
baa tar, to be fabricated in the RfeD shop, has been ordered. Tbe existing beater 
should bo adequate for tbo initial operations ehero operability caa be forced 
at 1500-1700*7 by use of lower COg partial pressures.

Char-Acceptor Interface Control

Initial atteapts to circulate tbe acceptor through a bed of char ia tbe 
gasifier were unsuccessful. A stable char-acceptor could not he established. A 
hybrid uodel was constructed using tbe gasifier intenuls of tbe bet wait asd a 
Lueite vassal. Visual observations on a batch cbar-uceeptor systsu la tbe nodal 
shoesd that tho fluidising gas bad bean bypassing tbo acceptor portion of tho 
bod duo to faulty design of tbe restrictor.

After Modification of tbe restrictor, a stable interface aad proper 
operation of tbe interface detector probe veve deeoaxtrated la tbe hybrid eodel 
st aablent eoadltioas. However, sxpermeots in tbe laboratory have shown that 
tbe probe as bow constructed will not perfora properly st tie process temperature 
of ISOO^P. The electrical lead to the probe is e shorted ehroael-aluael tbetwo- 
couple Insulated froa ita surroundings by HgO aad eacaaad in aa laeoael aheatb.
At process temperatures, the lead and the shoath fora a cell eltb lapurlties la 
the HgO Insulation serving as tbe electrolyte. A large beck EM7 is generated 
which negates the desired SU7 iaposed by the circuitry. A nee electrical lead 
has been ordered which uses Inconel as both lend and sheath aad which is insulated 
by high purity aluaiaa.

Prograa

Tbe difficulties with too heaters aad the char acceptor interface have 
dela*-d the prograa by tbou: three weeks. The unit has bean reasseabled vlth 
the erlstlog probe and Deceaber operations have the follwwlrg goals:

1. To deaoastrsto acceptor recirculation through a bed of char la the 
gasifier operated at 12 psig system pressure snd aablent teaperature 
with tha regenerator hold at 1500°7.

4. To complete hot loa'c testing at 300 pslg 82 pressure vlth the entire 
unit at process teaseratures. (Regenerator to be held at 150^1700*7 
to protect the lead vires.)

Lignite Oaslflcatioa 
Progress Report Bo. 18 -5- Bovoaber, 19d5

4. Bupportiae Pmcess sad Rconoaic Analysis (Project Bo. 533.00)

► tls» won spent in systematizing gasification calculations la 
“ ■ ■ —*■ ——sxb aa outside cootrncto

A ■etheaatioa report by Aerojot-tieooral 000 reviewed.

4. zaaeortiaz Pateat and Legal Activities (Projeet Be. 534.00)

The correat laboratory reports and aaaoraada were reviewed for 
dstoiaiaatloa of Sab Joe t lavestloos.

C. RobJect lavontloaa

0. Flaanr**1 ztatua

Bspsasss

ClaMlstive through October, 1965 
If ilil la Period

Oaatlstive through Koveaber, 1965

Actual Bodtet

$ 266,955 f 253,000 
20,900 17,500

6 287,655 ’ 8 370,500

Tho ladleatod Boveabor expense is aa estlaate since accounting is not 
•sagloto. Contract Bo. 1^01-0001-415 was aasnded oa October 19, 1965 to extend 
to June 11, 1967 and include tbe design and engineering of a gasification pilot 
pleat. A revised budget aad progress chart will he Issued la the Ptcoabor report

to ref loot thin change.

Att. • Booth ly Progress Chsrt 
12/10/65
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i

PROGRESS REPORT NO. 19 
OCR CONTRACT NO. 14-01-0001-415 

CONSOL HGRITE GASIFICATION PROCESS DEVELOffffiWT

ItocmwbOT t to 31. 1965 r'p? *r

A. Si—ry

Ph<— I - P»«>lbmty Study

Coaplot*.

Pb»— II - Booch 8c«l« Equip—at

Tbo coocimioua ualt has bsso rtadsrad fr#e of leaks st full*oporstleg 
temperatures sad pressures. Continuing difficulties have been encountered with 
defective electrical beaters and eltb tbe probe used to de.tect the char inter­
face acceptor. These have continued to delay progress.

Tbe former difficulty has aoe been corrected. The electrical probe 
•ad measuring circuit have been redesigned to resolve the latter difficulty.

Kinetic data at ISOO^F have been extended to • lover operating pressure 
of 11 atm. Hie correlation discussed in th* last progress report predicts a rate 
Increase under these conditions which has been confirmed experimentally.

Plaancisl

Estimated expenditures for December were 924.900. Cumulative' expense 
to date is $310,771. This is also the budget figure, revised as of December 31, 
1995. to conform to the amended contract.



Ligait* Gasification
Progress Its port Mo. 19 -2- Oeceeber, 19G5

B. Technical Results and Progrjm

Phase H » Bench Scale Prograa 

1. Batch Kinetic Studies (Project No. 530.00)

The rate equation derived fros the reaction eodel predicts that 
BCtMOs be greater at 11 atm PH2O * *8% than at 10 atm, for a given steam/
hydrogen ratio. Differential rates from t«o nee series of runs at II atm 
cottfim that this is indeed true, at both top and bottcm>of~g3sifier conditions.

These findings are of major significance since the process say aoe be 
operated at a total system pressure of 11 atm, with the gasifier recycle gas 
system eliminated. The lover pressure l-?vel also *111 alio* the regenerator to 
be operated et temperatures as low as 1800“F rather chan 1950°F, thereby easing 
the problems of acceptor activity loss and of ash fusion.

Economically, the ratio of the CHq production rate to the carbon oxides 
rate is of great Importance. Use of the lover system pressure ellt tend to de­
crease the methane rate. The controlling factor la inhibition of the rate by 
approach to equilibrium A reaction model for production of CR4 also has been 
formulated, but it cannot be tested thoroughly until rate date from Cdq addition 
runs are available.

In vie* of the importance of operation at 11 atm, the immediate future 
program vllt be to complete the study of the 1500°F isotherm, featuring CH4 
addition runs, and to evaluate the constants in the rate equations, as functions 
of burnoff level, for Rco*C02 t,nd *084-

2. Operation of the Continuou-i Gasification Unit (Project No. 532.00)

Acceptor Circulation

Recent minor revisions to the unit, vbich included modifications of 
the feeder housings to elLaina>.e unbalanced thrust on the rotors, range changes 
on several rotameters, and installation of an additional pressure tap in the 
regenerator required that cold leak testing be repeated. The unit van then heated 
to operating tesiperaiures and vas leak tested slth i*2 at 303 pslg It is ncs 
leak free.

Stable operation of tho unit Including the recycle gas compressors, 
but In the absence of solids, was demonstrated at normal process gas floes at 
300 pslg and operating temperatures.

The specially designed mountings for the regenerator, gasifier, 
standlegs, and transfer lines properly compensated for thermal expansion end 
maintained alignment of all components when the unit was heated from ambient to 
operating temperatures.

Lignite Gastficatloa 
Progress Report No. 19

Hectritl Beaters

The defective electrical heaters continued to plague the operations. 
The gasifier heater burned out due to reaction of the Ksothsl resistance wire 
elth the cement used to hold together the ceramic core sections. A new heater, 
eeeembled without cement, was fabricated and installed. 80 further trouble with 
the gasifier heater is anticipated.

Char-Ac captor Interface Control

Laboratory studies have resolved the problem of electrical failure at 
high temperatures of the insulation for the leedwlres to the probe plate useo to 
detect the char-acceptor interface at the bottom of the gasifier. The problem 
hex been resolved by improved design of the probe and by modification of the 
electrical measuring circuit to wlialnete electrochemical generated OIF's.

A new probe hss been designed and will be installed by January 14.

Program

Operations during January have the following goal: to dea&nstrate hot 
circulation of solids et normal process conditions of pressure and temperature, 
bat in the absence of steam and air.

3. Supporting Proceas and Bconomlc Aualysia (Project Ho. 533.00)

Syatemlxetioe of gasification calculations has continued, in antlci- 
petlom of Joint pilot pleat engineering work with an outside contractor.

4. Supporting Patent and Legal Activities (Project Ho. 534.00)

The current laboratory reports and memoranda mare reviewed for deter­
mination of Subject inventions.

C. Subject Inventions

p, tmaoclsl Status

Expense*

Cumulative through Hovember, 196*5 
Expended in Period

Actual

$ 285,871 
24.900

$ 310,771

Budget

$ 311,000

The indicated December expense is sn estimate since accounting is o:>t 
complete. The budget figure shown Is a revised number, consistent with the 
coatrsct amendment enacted u October 19. 1965.

Att. - Monthly Progress Chart 
1/17/66
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