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DEVELOPmeNT OF IGT R~ROGASIFICATION PROCESS 

Progress Report - Janua_~y 1968 

to 

Office of Coal Research 
Contract No. 14-01-0001-38~1) 

i !ydr ogas ificatio n 

~e conducted one hydrogasification test this month in the bal- 

anced-pressure pilot unit (Run HT-193). A lightly pretreated 

Pittsburgh se~n bituminous coal from the Ireland mine ~-~as hydro- 

gasified in a fluidized bed ~.zith a mi,~.-ture of s~thesis gas and 

steam. This test was an extension of earlier studies of the hy- 

drogasification behavior of bituminous coals with s~u~thesis gas 

instead of hydrogeu. The objective of this test ,.~as to increase 

carbon conversion to methane over that obtained in the earlier 

• tests. To get this increased conversion, ~.re added the coal in 

a 7-ft bed instead cf a 3.5-ft bed for increased coal residence. 

To reduce heat losses and to allow for higher average coal bed 

temperatures, ~¢e adjusted the bottom of the coal bed to 62 inches 

above the furnace bottom, in contrast to that of an earlier 7-ft" 

bed test ~lth synthesis gas (Run ~Ff-168B) in which the bottom of 

the bed was only 31 inches above the furnace bottom. Run HT-193 

lasted 4 hours, and was terndalated after 2 hours of steady-state 

operation when the feed gas supply ~.zas used up. Preliminary re- 

sults indicate an improvement in carbon conversion compared to 

Run HT-168B. Total carbon gasification increased from 20.8 to 

28.4%, ~v'hile the hydrocarbon yield per pound of coal increased 

from 3.67 to 4.08 SCF. Some of this increase ~as due to a some- 

whaZ higher hydrogen-to-coal ratio of Rhnu' ~1'-193. 

Coal feed for Run HT-193 ~¢as prepared by pretreatment with air 

in the pilot plsnt fluidized-bed coal pretreater at the standard 

pretreatment conditions (Run FP-127). Synthesis gas, as for ear- 

lier tests, was pre~.~xed and stored at pressure. 
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PILOT PLANT AREAS 

• a. FIYDROGASIFICATION SECTION 
( F I G )  

b. ELECTROTHERMAL GASIFI- 
CATION SECTION 

(EG } 

C. POWER PACKAGE SECTION 
{ PP)  

d. SECTIONS INTEGRATION 

SUPPORT STUDIES 

a. COAL CHAR.ACTERIZATION 

b. CATALYTIC METHANATION 

C, ECONOMIC EVALUATION 

d. GASIFICATION STUDIES 

e.  ENGINEERING DESIGN 
OF COMMERCIAL PLANT 

PILOT PLANT PROGRAM OF I GT HYDRO 
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Methanation 

Upon measuring the methanation rate in the range of 5-20 arm, 

we found that the rate increases with increasing pressure. The 

reaction rate is close to first-order dependence on CO partial 

pressure. The rate of C02 formation is lowered by increases in 

pressure. We are now checking higher pressure ranges. 

En~ineerinF. Economics Studies 

The study of the pls, nt for 500 b-Lllion Btu/day pipeline gas 

from lignite is continuing. The present material balance is 

based on calculated hydrogasifier effluent by reacting Eorth 

Ds.kota lignite with synthesis gas. lie are making conta@ts with 

vendors on the solids handling and drying equipment. We ame al- 

so contacting suppliers of silica gel, molecular sieves, and ac- 

tivated carbon for removal of light oil (benzene) left in the 

gas after condensation and absorption. The concentration must 

be reduced to a sub:'ero hydrocarbon dew point. 

We ~-rill await tests on Montana lignite before finalizing the 

material and energy balances. 

Electrothermal Test Unit 

Assembly of the electrothermai test reactor system, is now well 

under way. We have placed the order for a 500-Ic~ motor generator 

set to supply the d-c po~.~er for the unit. This set ~ill be de- 

livered in 45 days. We are no~, requesting bids from contractors 

for hookup of the power supply for the 500-hp driver. Adequate 

power at voltage is available ~.~ our transformer bank. 

We plan to investigate char-~:2ter slurry letdown using the 40- 

hp mud pump which will ultimately be used in the char removal 

system associated with the electrothermal test uni.t. 

Pilot Plant 

Bids were received from five companies for the de.~ign, procure- 

ment, and construct!on of the hydrogasifler poi-tion of the pilot 

plant. Bids ~ere received from- 
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Bechtel Corporation 
Procon, Incorporated 
Biaw-lqnox Company 
Catal~vcic Construction Company 
Ralph M. Parsons Company 

A bid is expect:~d from J. F. PPitchard ;.- Company by ~'ebFa~,v 15. 

We plan to have a recommendation to 0CR by the end of February. 

Power Package 

Negotiations were started with Avco Ccrpcration to decide on 

the ~.K~D unit specifications. We plan to send a draft of th~ ~ pro- 

posed purchase order to your offices in February. 

Duming the month, no inventions were made in the cour.se oi" ~he 

work. 

" 

Jack Hue , Research Director Frank_ Schora, Associate D.ireet,:.r 
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DEVELOPMENT OF IGT HYDROGASIFICAT!ON PROCESS 

Progress Report - February 1968 

to 

Office of Coal Research 
Contract No. I#-01-0001-38].(I) 

Hydmogasification 

We conducted two hydrogasification tests this month in the bal- 

anced-pressume pilot unit (.Runs HT-194 and h~-195). Both of these 

tests were an extension of a series of earlier studies on the use 

of synthesis gas in the place of hydrogen for the hydrogasifica- 

tion of bituminous coals end lignite. The objective of the tests 

was to define the operating conditions leading to increased carbon 

conversion to methane above that obtained in the earlier runs. 

In Run HT-19#, we reacted a lightly pretreated Pittsbttwgh serum 

bituminous coal with a s~uuthesis gas-steam feed gas containi_~_g 30 

mole percent steam. By operating with a steam concentration belo~:. 

the normally used 50 mole percent, it ~.2s easier to maintain the 

desired coal bed temperature of l?O0°F that is necessaz~: for con- 

vetting a substantial portion of the bed csmbcn. To ".hrthe'~ pro- 

mote carbon conversion, we increased the coal residence t~_me by 

reacting the coal ~_n a 7-ft bed instead of the nozm~lly used 3-1/2- 

ft bed. The test lasted 3 hours, with 45 minutes of this at steady 

state. The steady-state period was cut short :.'hen our liqui5 d~ain 

]!ne became plugged with ammonium carbonate crystals. The results 

of this test show that 21% of the carbon in the coal was gasified, 

a conversion level below that of the earlier tests. 

In Rur~ }Vf-195, we reacted a dried North Dakota lignite from the 

Glenhsmold mine with a synthesis gas-steam feed gas containing 50 

mole percent steam. The synthesis gas-to-lignite 'ratio was held 

at about 8 SCF/lb of lignite. This is one-half the s~qthesis gas- 

to-lignite ratio of a previous synthesis gas-llgnite test. Because 

of the relatively high reactivity of lignite, we expected that car- 

bon conversions could be ~mlntalned at acceptable levels, even with 
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the reduced s~nthesis gas-to-lignite ratio. The entire test last- 

ed 4-3/4 hours; of this, 2 hours ~as at steady-st'ate conditions. 

Preliminary indicatio~'..s, based on the weight of residue recovered, 

are that the conversion level ~..~as similar to that obtained ,%t t!-e 

higher feed gas-to-lignite ratio. 

Electrothe~rzl React or 

Construction of' the electrothermal reactor test facility is cox.- 

tinuing. IM.livery of the motor generator power supply and the 

steam generator-superheater is scheduled for the first part of 

March. The liner and insulation are no~..~ bei~ installed in the 

reactor. The fabrication of the feed system is complete ea~.d ~.ri].l 

be installed after receipt of the steam generator-superheater be- 

cause installation of these units requires access t.~mough the space 

to be occupied by the feed system. 

Producer Gas Cenerator 

We are now formulating a concept that :.ze .believe ~.~ll be the 

best approach for generating producer gas for the conversion' of 

char to a hot combustible gas to be used as feed to the [:~D com- 

bustor. ~,le plan to run a series of tests in the hydrogasifier 

reactor to establish the reactor size ~nd to ensure the feasibil- 

ity of our approach. These runs are planned after the present 

series of hydrogasification runs ,,zith synthesis gas. 

Methanation 

We have ~.~de a series of runs over the pressure range of 5-7"0 

atm with 10% CO, 30% Ha, and 60% He feed and ~.zith 1/8-in. Hsmsha~.1 

Ni-Ol04 catalyst. The methanation reaction rate appears to depend 

upon some fractional power of the total pressure at 575°F. A 

similar result ~zas found e.%rlier with Girdler G-65 catalyst. TD..is 

dependence of the rate on pressure definitely r~lles out product 

desorption and probably reactant adsorption as rate-determining 

processes. ~e are getting data now on smaller particles to check 

the above pressure-rate f~uctionality and to check the pore diflla- 

sion i~fluence. 
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Engineeri1~ Economics Studies 

As requested by George ~,taber of 0CR, an analysis and compar-;- 

son was made between the Bureau of l.~Anes'method of calculating the 

price of gas ~ud the "A.G.A. Accounting Procedure" used by IGT. 

i!umbers used ~,,ere derived from the Bureau's economic analysis sent 

to us. This analysis was for a plant to make 250 million CF/day 

of" hi~n-Btu gas from the Kellogg gasification process. Based on 

the same input data, the Bureau' s method calculates a gas price 

of about 5~/million Btu higher than ours. Its proced1~re u.~e~ 

a 6.5C return and a 50% Federal income tax. rate, while ours uses 

a }'f" return and a 48% income tax rate. At the same values for 

these t~.ro factors, the IGT price will be 6#/million Btu lower. 

The ,major reason for the difference is that the factors added to 

installed e .cuipment costs (total construction or "bare" cost) 

are laz.ger in the Bureau's method than in the A.G.A. procedure. 

The Bureau' s factors for engineering overhead and azLministrat!on.. 

contin~,ency, and fee add a total of 27.1% to the base cost, com- 

pared to a total of 13. lC by our method. The larger capital in- 

vestment figL~, e also results in higher investment-dependent op- 

erat!ng costs. A sep-~_~ate memo~audum has been written on this 

subject. 

An initial estimate received from Link-Belt, Ltd., to dry' 4.1 mil- 

lion Ib/hr of ligm.ite feed for a 500 million Btu/day pipeline ~.-_as 

pls_nt from 35 to 5% water content indicates about $!4 million will 

be nceded for 17 fluidized-bed dryers, excluding the costs for 

foundations, electrical connection to plant, and feed-dischsmge 

conveyors. %.[e ~.7ilI investigate other sources to see if the cost 

can he reduced by using larger units or combird_ng the grindi~7 

e~d drying steps. Link-Belt has had problems ~ith ligr~ite and 

m~y be overconservative. We are holding up completion of the 

flow sheet until the results of our present series of hyd~ogasi- 

fler runs are available. 

Power Generation 

~e purchase order in draft form has been submitted to Avco 

Corp. for comments. After receiving comments, this order ~rlll 
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be completed and submitted to 0CR for approval. 

Pilot Plant 

Meetii~s were held ~¢ith all organizations sub.mittL~T propos~..lz 

on the detailed design and construction of the pilot plant. ~r 

letter recommending an engineering-construction firm and a request 

to proceed will be submitted to 0CR in March after ~.re have eval- 

uated the various organizations. 

Dur~_ug the month, no ne~¢ inventions ~.~ere .made in the course of" 

this work. 

/ / / ,  

Frank Schdra, Associate Director 
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DEVELOPMENT OF IGT HYDROGASIFICATION PROCESS 

Progress .Report - March 1968 

to ~Z4z~ 

Office of Coal Research 
Contract No. 14-01-000!-,~81(I) 

Hydro~asificat ion 

We conducted two hydrogasification tests this mon~ in the 

balanced-pressure pilot unit (Runs HT-196 and ~Kf-197). In these 

tests we continued the study of the hydrogaslfication o~" a No'.~th 

Dakota lignite ~.~ith a mixture of synthesis gas and ste~_m. The 

objective of these tests was to estab!ishthe effect of the syn- 

thesis gas/lignite ratio on the gasification of carbon in the 

lignite, and on the relative yields of carbon oxides and methanc 

in the product gas. 

In both tests a North Dakota lignite from the Glenharold mine, 

dried to a 5% moisture content, ~.Tas reacted with a "~thesis gas- 

steam mixture containir~ 50 mole percent steam. The synthesis 

gas composition was similar to that used in previous tests, l.le 

reacted the lignite i~ a 3-1/2-ft fluldized bed at a temoerature 

of 1700°P and a reacto~ pressure of lO00 psig. Fach of the tests 

lasted 4-1/4 hours~ ~..~ith over 2 hours of this time at steady state. 

Lignite fed at a rate of 34 lb/bm reacted with zjrnthesis gas 

fed at a rate of 13 SCF/lb in Run HT-196. With this gas/llgnlte 

ratio, about 45% of the carbon in the lignit-o was gasified. This 

resulted in a net carbon oxides yield of 4.2 SCF/lb of lignitej 

and a methane yield of #. 4 SCF/lb of lignite. 

In Run HT-197 we operated with a synthesis gas/lignite ratio 

of 7.5 SCF/lb as we fed lignite to the reactor at 47 lb/hr. At 

these conditions, ~e gasified 44% of the carbon in the lignite, 

resulting in a net carbon oxides yield of 4.2 ~0CF/lb of lignite, 

and a methane yield of 4.2 SCF/lb of lignite. The results of 

these two tests show that reducing the synthesis gas/lignite 

ratio from 13 to 7.5 SCF/lb had little effect on either the total 

carbon gasified or the methane yield. One resson for this is the 

relatively ~Igh reactivity of lignite to hydrogaslfic.~tion. 
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Met hanat ion 

Results of runs on various catalyst particle sizes indicate 

that the methanation .rate becomes independent of particle size 

for particles smaller than about 30 mesh. This particle size 

correlation is approxhr.ate and must be che~:,.,~ further. We also 

.. - '" " and larger pet- have some evidence that for t1,e 1/8-in., -/~.-_n., . .  

lets, the rate ~zLgilt be inversely proportional to particle size. 

TbJ.s behavior is expected fo:: ~ larger particles, but we don't yet 

have e.~oaglq data to tell at what pal.hicle size the transition to 

particle size dependence occurs. 

Ecenom!cs 

The flow sheet conditior~fcr the economic study on the 500 

-fi.llion SCF/da~r hydrogasification plant have been frozen. Tb_is 

study is ~-I: ~.- proce~.._.,~, and equipment s~zing is now under way. 

Electrothermal Reactor 

Essentially all equipment has been received, and the 300-k~.; 

heater system is now beil%E asser4oled. The hooh:p between our 

main transfo~er bar~: and the motor ge~erator set is being made 

by an outside contractor. 

P.ilot Plant 

We a.r~ complct!nV our .revie'.-zs with Avco on the purchase order 

fol ~ the .r,~D Luuit. U:-~ are awaiting authorization to start neco- 

tiations with Proccn for the detailed design, procurement, .an~ 

construction of the pilot plant. 

Schedule and ~n~]in.~ 

a revised t2nc ~,,~-~,~,.l~. fin five copies) is attached and 

sho~ys ou~ phasic7 of the various~ segments of the program. A re- 

vised estimate of c,,u • total lu'o~'r~n cost tbmough !972 is pre- 
sented ~n Yable~. ! thro[~h 5. 

Duri:%~ zhe month no new inventions were made in the course of 

zhis work. 
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Table 1. 

Fiscal Year 1968 

Fiscal Year 1969 

Fiscal Year 1970 

Fiscal Year 1971 

Fiscal Year 1972 

TOTAL 

ESTIMATED SCHEDULE OF F~fPENDIkWJRES 

$ 723,000 

o, pc5, cO0 

6,019,000 

2,550,000 

__ i, 964,000 

$!7,8:.'-!., 000 

Table 2. BUDGRT EST!M&&~ BY SECTION ..:'S OF M/RCH ',-'- 

H)rdroRasif$catign Section 

Capital 
Staff 
~,~terials 

Section Total 

~5,777,000 
l, 300,000 

ooo 
~O, 01i, OOU 

Electrothermal GasificatJmn Section 

Capital 
Staff 
Mat erials 

S~ction Total 

$ 87.0,000 
i, 030,000 

=67 000 
~2,267, 000 

Advanced Power Package Section 

Producer 
Capital 
Staff 
Materials 

Section Subtotal 

$ 476,000 
379,000 
,,65 ooo 
920,000 

~D Systom 
Capital 
Staff 
Materials 

Sectio,~ Total 

$4,685, ooo 
369, O00 
158,000 

$0,132, OOO 

Support Studies Section 

Subcontract 
Staff 
Materials 

Section Total 

$ 312,000 
959,000 
160~000 

%z,43i, ooo 

PROJECT TOTAL $!T,841,oo0 

.J  
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Table 3. 
E~UIP[¢~T, AI,~D SUBCONTRACTS 

B~zdrogasif~ cation Pilot Plant 

Electrothermal Gasification 

7;00-!a,' unit 

20O0-k-:.~ pilot unit 

Advanced Power Package 

",!~]I) System 

P1~oducer and ~.~ID Bldg. 

E1~ineering Design of Comuercia! Plant 

Subtotal 

Contractor' s Fee 

Total 

--~p n BRK~kT~KN OF ESTII'.ATED NONEXPE~E)ABLE MATERIALS, 

$ 5,555,  ooo 

90, 000 

746, 0o0 

h r- ~, ~05,000 

458,000 

300,000 

$l!,654, ooo 

..... 466~ 000 

$12,.120,000 

Table 4. 

Direct Costs 

Salaries 

Other Direct Costs 

Mat e rials, Sup plle s, Tray e! 

Eonexpendab!.:- .Materials, Equip- 
ment, Subconsz, act 

Indirect Costs 

Overhead 125~ of" Sala:,ies 

Subtotal 

Contractor' s Fee 

Total 

BUDGET EST]~,~TE BREA_~V_D}~I BY 0CR COST CATEGORIES 

~' 1,725,000 

!, G] ), 000 

!I, ;':, =''. _,~, 000 

2~157,O00 

$17,15b, 000 

4. -, 01 ~,! r ,  ,.,-Ii, 000 
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'i aJole 5 COVP_:.~ISOH OF BP~]-~Ok~_,.~ k,-IT.H BL©GET EST]].tn.TE 
OF [.[~-RCH, 1967 

._"' ,.' "']-... ,!;.diner ~.,a- .~~ mate._.. 

~-g6 (4.'" -~ee) 

~-(1' (:-,ljusted to 4..'-'.. Fee) 

Inc~ea-~e 

':17,£~'~ 000 

.?13~ 608,000 

~, 233, 000 .: 

Increase Ael--~ ~--,t-;-I = 

-~dvanced Po:.:er ~acka£e 

;, 7~ ?,::stem 

Pz.oducel, and :.~!i. B]~:-. 

:'Tc-z~oCa:'!:'.i.eat. "'-,n, kle:~- 
< z:.sz]'er:r~.d (~£.::" "'ic.~.: ~ e:-.: 
• u:d 2upport Stud'es 

• " u b t  ui" .%1 

"'. D-: I .L 

Canina! Staff and Material 

? 1,5,:5,000 " "=" 000 

~--'< OOC " : ~ 3 ,  O00 

',.: [, OOC _ d~2tOOC-. 

:CA 000 .[ q.':27 - , , - , , - ,  " '  . : .  ~ .  . .~ ~- ". ,. 

. . . . . . . .  ~'.' : . . . .  e . . . .  " , " , : - ÷  e , ; r . , ~ .  -,, , . , i -  -7 . . . . ,- 

' ' ' /  
, ' / / 
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DEVELOPMENT OF TGT HYDROGASIFICATION PROCESS 

Progress Report- April 1968 
to 

Office of Coal Research 

Contract No. 14-Ol-O001-381(1) 

Hydrogasificat ion 

This month we conducted four hydrogasification tests in 

the balanced-press1~e pilot unit (Runs HT-198, HT-199j HT-200, 

and F.T-201). The ptu~pose of these tests ~.Tas to prgvide ad- 

ditional information on the reactions in the high- and lo~.~- 

temperature zones of a hydrogasification reactor when a bi- 

ttLminous coal is gasified with a mixture of synthesis gas and 

steam. In these tests, we first simulated the low-temperature 

zone by reacting a lightly pretreated Pittsburgh seam bituminous 

coal from the Ireland mine with a gas mixture representative 

of the off-gas leaving the high-temperature zone of the lower 

part of the coal bed. We then simulated the high-temperature 

zone by reactirg the partially gasified residue from the low- 

temperattLre zone simulation with a synthesis gas-steam feed 

gas mixtc~e. 

Experimental data from these tests will be used in some 

fundamental studies of the kinetics and equilibrium of the 

relatively complex coal-synthesis gas-steam reaction s~stem 

A better understanding of this reaction system'will serve to 

identif]~ operating conditions for optimum methane production, 

when hydrogasifylng with a s~u~thesis feed gas. 

In the first three of the above tests we simulated the low- 

temperature zone by reacting the bittumlnous coal at 1300°F in 

a 3-1/2-ft bed with a gas-steam mixture containing 30 mole 

percent steam.. The dry gas composition of this feed mixture, 

on a mole basis, was 21C carbon monoxide, 17% carbon dioxide, 

38% hydrogen, and 24:~ methane. Coal was fed at a rate of 42 

lb/hr. The gas rate w@,a set so that the ratio of csmbon monoxide 

and hydrogen to coal was lO SCF/lb. 
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In Run HT-198, the lightly pret1~eated bituminous coal, although 

free-flowing for the most part, agglomerated just. enough in the 

reactor after l-l/2 hours of operation to cause a shutdown before 

steady-state operation was reached. 

The Ireland mine bituminous coal wa~ given additional pre- 

treatment after which it was used as the feed for'Run HT-199. 

This run was shut do~n after 1 hour when the coal feed tube 

plugged and the feed screw jammed. A low nitrogen purge flow 

through the coal feed tube was responsible for plugging the 

tube. 

Run HT-200 ~as a successful simulation of the low-temperature 

reaction zone. The ~ lasted 5-1/2 hours, with 3-1/4 hours 

at steady state. Based on the weight of the residue recovered, 

we converted 32% of the carbon in the coal, while producing a 

p~'oduct gas containing 36 mole percent methane on a nitrogen- 
free basis. 

In Ibm HT-201 we successfully simulated the high-temperature 

zone when we reacted the residue coal of Run h~-200 in a 7-ft 

fludized bed with a mixture of synthesis gas and steam. The 

steam concentration in the mixture was 53 mole percent. The 

composition of the synthesis gas was 42% carbon monoxide, 5~ 

carbon dioxide, and 53% hydrogen. ~e operated the run for 

2-1/~ hot~s at a steady state before shutting it do~na. Pre- 

liminary data indicated a coal conversion of about 20 weight 

percent. 

Methanatlon 

~le have received a new sample of a methanation catalyst 

from Catalyst and Chemicals, Inc. ~e had previously found 

that the samples this company sent us were of poor activity. 

A check ofthis sample, CCI-C13-~ nickel-alumina, showed that 

its activity lay between the acti,Jities of Harshaw Ni-0104-T 

and Girdler G65. The CCI-C13-4 became active at about 600°F 

compared with about 550°F for Harshaw a~d 650°F for Girdler. 

I H $ t ~ [ U t E 0 F 
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Econcmics 

Present plans indicate that the economic analysis of 

a 500 million SCF/day pipeline gas plant ~rill be completed 

by the end of June, with submission of the report by the end 

of July. The schedule of work for preparirg this estimate 

is shown in Figure 1. 

m..t,, {l~6s} 

TAS.._~K 
OverAll Material  Ba l lnce  
and B lock  Flow Dla~rarn 

Procesu  S t r eam  Cornpoai- 
t ion and Flow Rate • 

Energy  Balances 
Utility S u r n m a r | e l  

P r o t o n  F lo~  DiaEram 
L i | n l t e  S iora lo ,  Grinding-  
Dr / l ag  

S lu r ry  Feed Sys t em 

Hydrolasification- 
E l e c t r o t h e r m a l  Re lc to rs  

CO Shift 
Queoch-Tower ,  Oil S epa r l t o r  

Prepurification 
MatlmmLtion 
MHD ChAr Producer 
OHsites 
Cost Ea~maUon 
R e . r e  Prel~aratiou and 
Pr in t ing  

41L5 4130 5115 S131 61LS 6130 ?I15 7131 

t 
I 

I 

| . .  I 

| ! 

! 1 

t 
I 
| 

I 

I ,  
i 

I 
A - 5 8 6 7 6  

Figure I. TI~,~. SCHEDULE OF ECONO~[iC .~ALYSIS 

Electrothermal Reactor 

~]e 2~00-v.olt 3-phase power supply has been installed from 

the power house to the pilot plant. Connections to the magnetic 

stsmter and controls P_~e now in progress. 

The lower reactor zection, the char dlscha~ge screw housing, 

the controlsj and the chain receiver have been installed on the 

3OO-kw test m]it. Work ]]as begun on the quench system and feed 

hopper assemblies. 

Pipirg and electrical connections for the steam generator 

and superheater are complete, with ,Jtsmt-up and shakedown of 
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the system to begin next month. 

Electrode materials to be tested that have been received 

are 316, 17-~PH, and 44FSE stainless steels; molybdenum; 

silicon carbide; and carbon -- all as rods of l-l/2 inch di- 
ameter. 

Petrography 

An informal cooperative program on petrographic analysis 

is being carried out with the Penn State coal research lab- 

oratory. Reflectance determinations were found to agree well. 

Work is continuing on maceral analysis. A paper on our petro- 

graphic work is being prepared for presentation at the September 

1968 meeting of the Division of Fuel Chemistry of the ~.mericsn 

Chemical Society. 

Pilot Plant 

Our evaluation and results of preliminary negotiations with 

the responsive engineering-construction firms for the detailed 

design, procurement, and construction of the pilot plant have 

been submitted to 0CR. We are now awaiting authorization to 

negotiate with the selected contractor. 

During the month no new inventions were made in the course 

of the work. 

Approved ~ ~ /  

Jack Huebl Research Director A s s o c i a t e  
Directo~ 
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DE\~LOP~T OF IGT RXDROGASIFICATION PROCESS 

Ib2ogress Report- May 1968 

to 
Office of Coal Research 

Contract No. l~.-ul-O001-381 (1) 

Hydx.o~asificatiQn 

We conducted fouw hyd~ogs.sification tests this month in the 

balanced-pressume pilot unit (Runs HT-202, I~T-203, HT-20#,and 

HT-205). In these tests we hydrogasified a lightly pretreated 

Pittsburgh seam bituminous coal from the Ireland m/_ne ~zith a 

mixt~e of synthesis gas ~d steam. The objective of these tests 

w~m to define the operating correlations leading to sx~ increase in 

cambon conve'.~sion to methane above that obtained in tests to date. 

S~u%thesis gas, ~.zith a nominal composition of 54% hydrogen,41-~ 

csmbon monoxide, and 5% carbon dioxide, was reacted .vl.bh the coal 

in a 3-1/2-ft fluidized bed at a nor~d_nal te~perature of 1TO0°F. 

The feed ratio was 8 SCF carbon monoxide plus hydrogen per pound 

of coal. Steam concentrations in the feed gas ~.~e 30 mole percent 

in Runs HT-202, HT-204, and HT-205j and 60 mole percent in Run 

ItT-203. The lower steam concentration would tend to keep the coal 

bed temperature high, which would prcmote the steam-csmbon reaction~ 

On the other hand, the higher steam concentration would increase 

the extent of the water-gas shift reaction, which would mainto_in 

the hydrogen concent1~ation at an adequate level for reaction ~th 

carbon. 

t.[e attained only partial operational success in these tests 

because of diffic~lties in feeding the coal through the upper 

preheat section of the reactor. The coal feed contained about 

25% fines or less than 80 mesh. size compared to the normal 10-15%. 

The suspension of this high concentration of fines at the top of 

the reactor and their devolatilizing in an atmosphere of low 

hydrogen concer.tration was the apparent cause of the feeding 

problems. In individual tests ~ experienced certain minor or 
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.::u jot equipmer:o di.t.'ficulties that, at the time of the tests, 

,ppeared to cortribute to the coal feeding problem. 

Run i~-203 was the most successful of the four tests. We fed 

coal at a rate of 42 ib/bm for nearly 3 hr and attained a steady- 

state operating period of 1/4 h~ before shutting down after the 

coal feed tube plugged, in this test we had a small .leak within 

the reactor at the base of the synthesis gas-steam feed tube that 

affected the contacting of the coal and gas. Tentative results 

L~,dicate a carbon gasification of 259.'.. 

Runs ~T-202 and H~-20# ~.2re conducted at slmiliar coal, gas, 

ol%d steam rates. The coal feed rates were a nominal 72 ib/hm, 
and the gas feed rates, a nominal 720 SOF/I~. Each e? these 

tests lasted about 2 hr ~..~ith only a brief steady-state period 

of 15 min before shutdo~n ~-[as caused by a plug in the coal feed 

tube. In Run HT-202 there was inadequate heat input to 'the upper 

portion of the reactor (69_ in. ) because furnace heating zones 

i, lo. 2 ".t~d 3 shorted out. 

Ln ~ h~-205 the feed ratios were slmilism to thos~ of 

-Runs B~-202 and h~_-20#, but the throughput rates were reduced. 

The coal feed rate was a nominal 53 ib/hr, and the gas feed rate 

a no ~minal 530 SCF/-~m. We expected to have less difficulties ~.~_th 

coal plugs at the lower feed rates. Ho~ver, the coal feed tube 

still plugged and we had to be shut do~nq after 9.-1/4 hr of operation 

with 15 rain of steady-state operation. 

Refore using the remainder of this batch of Pittsburgh seam 

coal for hydrogasification tests, we will screen out the fines 

below 80 mesh and control the fraction of fines in subsequent 

coal batches to less than 10%. 

Methanation 

We continued work on the development of a model for the 

methauation kinetics on _40+60 mesh particles at 575°F and 

various presm~es. We are also oontinulng the development of 

a computer model of the methanation reactor that will include 

~:,:~-:" f.m,: ~.~ass transfer effects. 
2 
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.EEc OnOl]lic S 

Work is proceedin~ on all phases of the pipeline-gas-f~om- 

li~Tutte estimate. The flow scheme ~ms revised to include a quench 

to.~.To~ and hot c~bonate scrubbing prior to the CO shift step. A 

second carbonate scrubber and benzene removal follo~¢ this step. 

This arrangement reducos shift catalyst requirements to cne-fourth 

i .he ortgina!ly estinlated requirement. 

~_e designs for the hydrogasification system, quench to~.yer, 

first carbonate ur.~t, CO shift, and lignite-drying systems have 

been ~rorked out. Preliminary plant steam and utility balances 

have been completed for submission to Avco CorD. The plant ~.~ll 

require ~hout 710, 000 id.4 of which 620~ 000 is for the elect_~ogasif"_.~r. 

At a 55% conversion of spent electrogasifier char to poser, a 

total of l, 240,000 Id.f can be generated, leave_rig 530, 000 kW for 

export. 

Vendo~s 1;ave ]seen contacted concern~a~ feed slurry l~mps, 

scrubbip~E liquid pumps, lignite crushers, and benezene recoveryo 

Electrgt.her_mal Gasification 

The electrical system to the MG set ~.yhich ]~ill po~.~r the 

300 kW electrothermal gasification test unit was completed .and 

the NG set ~as aliffnod and started. Work is bein~ finished on 

the char feed syste:~t, and system piping is in progress. We expect 

to i~z[tiate shakedo~..m of the system in the latter part of .Tune. 

Pilot Plant 

~-ro are no~J in thc process of negotiating contract terms ~.~th 

tlu~ee organizations, Blew-Knox, Procon, and Ralph M. Parsons, 

as requested by 0CR. The contract draft previously submitted to 

0CR is being used as the basis for these negotiations. We plan 

to again submit our recommendations in the latter part of June. 

Du~Jisg the month no inventions ~2re made in the course ~f 

the w.-,rk. 

J,~cJ.. ]luebie~ Research Directoz 

3 

Frank Sch~ra, Associate Director 
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DEVELOPMENT OF IGT HYDROGAS!FICATION PROCESS 

Progress Report _ June 1968 

to 

Office of Coal Research 

Contract No. 14-01-0001-381 (1) 

H~rc~asification 

We conducted two hydrogasification tests this month in the 

balanced-pressure pilot unit (Runs HT-206 and HT-207). These 

tests continued our study of the h~irogasification of pretreated 

Pittsburgh seam bituminous coal from the Ireland mine with a mix- 

Lure of synthesis gas and steam. The objective of these tests was 

to define the operating conditions for increased carbon conversion 

to methane, and to provide additional information on the hydrc- 

gasification" reactions in the high-temperature zone of the reactor. 

In Run HT-206 we reacted lightly pretreated Irelaud mine coal 

in a 3-1/2-ft fluidized bed with a synthesis gas-steam mixture 

containing 30 mole percent steam. The synthesis gas compositiou 

was similar to that used in previous tests, namely, 54% hydrogen, 

41% carbon monoxide, and 5% carbon dioxide. The temperature of 

the coal bed was controlled to a nominal 1700°F, while the temp- 

erature above the bed was 1200°-1300OF. Before using the pretreated 

coal we rescreened it to remove -80 mesh particles. In previous 

• tests, this same batch of coal, which contained up to 25% of -80 

mesh fines, did not handle too well in the reactor because fin,~0s 

suspended in the upper part of the reactor interfered with coal 

feeding. The coal used in Run HT-206, with its -80 mesh fraction 

reduced to about 10%, was fed and discharged from the reactor without 

difficulty. There were no ot~er operational problems in this test, 

which lasted ~-1/2 hr ~rlth over 3 hr at steady-state conditions. 

Preliminary results indicate a carbon conversion of about 15%. 

The relatively low steam concentration of 30% appears to be re- 

sponsible for the low carbon conversion. 

The high-temperature zone of a two-temperature hydrogasification 

process was simulated in Run HT-207 to provide data for kinetic 

and equilibrium studies of the hydrogasification reactions at 
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!-O0°F. Psmt!all:; h;,dro~-.asit'ied_ Irela~.d ::~ne ;-'.,..~u,-.~,,-,:-.~ c~:~..._ w~z 

reacted in a 7-ft fluidtzed bed with a. s~u~ti.es-s gas-ste:u:. ::..'xt :re 
containing 53 mole percent steam. The s~u~t.hes'_,s gas,whose com- 

position was s~.mila~ to that used in Run }~-206.. was fed at a 

rate of 366 SCF'/bm for react!on with the pa_~tiall~.- ~, ," --~. ~ "+ ; 

coal fed at 24 ib/bm. A steady-state operatiru3 period o f  3-i/4 '."~ 

WaS obtained in this test, which lasted 5 .hr. A tentat've carbon 

gasification of !8~.-'of the carbon in the partially h~:dro.~;as!!"od 

char is indicated. 

_~go coal pretreatment operations (R~.s ~'P-131 and ~.~ ]xo~ were 

conducted ~ the pilot plant coal pretreatment un!t. Approxi:.~.ate!~.- 

1400 ib of P-ttsbumgh seam bituminous coal from the irel~_nd m_~:'.~e 

was pretreated to provide a feed mzterial for the pilot plant 

hydrogasification unit. The coal was pretreated with air at a 

temperature of 750°-800°F. 

Methanation 

Runs were made with CO-He m_~xtures without a heli~um diluent 

in an effort to determine the rate dependence of the methanation 

reaction on carbon monoxide. As the mole percentage of CO was 

increased from 1 ~o 7~ at 40-arm total pressure, the rate in, 

creased and then decreased. This effect, which we observed before 

in some runs with mixed feeds, indicates that at high CO con- 

centrations the adsorbed CO begins to inhibit the reaction rate. 

The rate would be close to first order at low CO concentrations, 

which is what we observed, and then would change to roughly neg' 

ative first order at higher CO concentrations. 

One other important effect was noticed in these runs. With 

H2 as a diluent, the rates averaged about four times as high as 

when He was used as the diluent. Apparent!5-, the hydrogen con- 

centration accelerates the reaction. 

Coal Characterization 

Informal cooperative test programs on petrographic analysis with 

the Penn State Coal Research Laboratory and the Homer Research 

Laboratory of Bethlehem Steel Corporation were completed. Results 

I N ~ ' l r U ! E O I. G A ~ ! E C H N 0 L O G Y ~ 



slow that our macera! ~.nalyses no~..z agree s a ~ i s - ' a c t ' ; z ' . i l T .  :z'.~]- tni.so 

.J. other lnboratories. 

A paper on our petrcgrap;-..ic t:ork was completed for presentation 

• -t the September 196.~ meeting of the ACS Division of Fuel Chemistry. 

Electrothermal Test Unit 

The high-press'~re electrothermal test reactor is now essentially 

co..~p~ete, and some prerun tests -.~re under w~T. initial electrical 

2-.eatir~z, tests Will be undertaken .using nitrogen as ~he fluidizing 

:jas as soon as completion of " '" aec~. weldin~ ailcws access to the u_ui~. 

P-; iot Plant 

Negotiation sessions were held with Blaw-F~cx, Procon, and 

Ralph M. Parsons to establish their ratings after for~..~l nego- 

tiations with these firms. Results of these negotiations did net 

alter our original rating of Procon, first; Ralph M. P~_rsons, 

second; and Blaw-Knox, third. Based on a meeting held in Washington 

on june 28 the subcontract fo..~m fol ~ the detailed design, procurement, 

~d construction of the pilot plant is being completed for final 

negotiation and execution with Procon upon authorization by OCR. 

Dur-Lug the month no new inventions were made in the course 

of the work. There may be a 1-2 week delay in finalizing oum 

economic study, which is due in the first pamt of July, because 

of a delay at Avco on ~D ccst estimates. Also, we have been 

slightly delayed on a stress analysis of the hydrogasifier reactor 

vessel. 

Jack Hueb~, Research Director 
C/ 

Frank C. Schora, Associate Director 
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DEVELOP~.'~-%~f OF IGT HYDROGASIFICATION PROCESS 

Progress Report -- July 1968 

to 

Office of Coal Research 

Contract No. 14-Ol-O001-381(1) 

}i>:dro~asification 

~@e conducted two hydrogasification tests this month in the 

balanced-pressure pilot unit (Runs HT-208 and HT-209) in a con- 

tinuation of the study of bituminous coal ~ hydrogasification with 

mixtures of synthesis gas and steam. The objective of these 

tests was to define the operating conditions necessary to increase 

the conversion of carbon to methane. Lightly pretreated Pittsburgh 

seam bituminous coal _eros the Ireland mine was the feed in" both 

tests. 

In Run B_~-208 we investigated the effects of a 60 mole percent 

steam concentration and a synthesis gas/coal ratio of l0 SCF/3b 

on the hydrogasification of the bituminous coal. The coal was fed 

at a rate of 42 lb/hr and reacted in a 3-1/2-ft fluidized bed with 

425 SCF/hr of synthesis gas and 30 lb/h~ of steam. Temperatures 

in the coal bed were controlled at 1700°F9 and temperatures above 

the bed were controlled at 1300°F. Three hours of steady-state 

operation were obtained in.this test, which lasted 4-3/4 hr. Results 

show that more than 28% of the carbon ~_n the coal was gasified and 

that over 16% of the steam fed was reacted. 

In Run HT-209, we studied the effects of a 50 mole percent steam 

concentration and a feed gas/coal ratio of 15 SCF/lb on carbon 

conversion. Hydrogasification with the increased gas/coal ratio 

would be expected to lead to increased cawbon gasification. Except 

for the feed rates, the operating conditions were similar to those 

of ~ HT-208. Coal was fed at 35 lb/hr, synthesis gas at 530 SCF/hr, 

and steam at 25 !b/hr. T%le test lasted 4-1/4 bm with 3-1/4 hr o~" 

t_his at st@ady-state conditions. Preliminary results indicate that 

the carbon gasification was similar to that of Run HT-208. 
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:-~ethanati~u 

kTe are continuing runs ~lth C0/H2 mixtures and C0/H2 mixtures 

diluted ~ith helium in an effort to find the reaction orders with 

respect to both CO and H2. Present studies with 1/4-in.psllets 

of Ni-0104T definitely indicate a CO order slightly under 1 for 

less than 5% CO. Increasing amounts of helium were added to the 

feed gas ~hich caused the hydrogen partial pressure to vary. The 

rate without helium ~as about the same as that ~.Tith a H2/He ratio 

of 4 in the feed at the same CO partial pressure in the product. 

~zZn.en the H2/He ratio dropped to 1.5, the rate dropped also. Ap- 

parently the rate equation is such that at high hydNogen partial 

pressures the reaction rste is not very hydrogen-sensl.tive, kre 

are making more runs ~.~th various h~drogen partial pr~:~suros this 

month. 

~lec.trotho~mal Reactor 

Initial shakedo~ of the ste~n generation and superheater 

sections of the test reactor system ~-~as conducted. A safety 

system was fabricated and installed to detsct potential breakdo~.m 

of the electrical insulation ~.~hich isolates the center electrode 

~om the shell as it passes t~ough the high-pressure vessel. The 

remaining deck work ~.~as co:~oleted, ~d the hydraulic system for 

driviz~ the scre~.~ feeders was installed. 

Process Economics 

The investment s~ud operating cost estimate for the !r~D portion 

of the 500 ~Allion SCF/day plsmt was received from Avco. Some 

adjustments in the process stre~m conditions were necessary to 

~.te~ate this facility with the electrothermal gasifier and the 

hydrogasification reactors. The report is no~ in preparation and 

should be completed in August, 

~!!ot Plant 

A revie:.~ of the plant layout and piping and instEmuent diagrams 

has been int!ated. Plot plans are now being studied. ~.0~e plan to 

complete the hydrogasifler reactor design and place an order 

2 
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for that unit at an ea._~ly date. As requested, we ~..7i!! include a 

sulDdr recovery unit to recover sulfur from the }{~S-C0a stree.m 

leaving the scrubbing system regenerator. A work schedule will 

be submitted by Procon in mid-August with its first report and 

invoice. 

Lk~ing the month no ne%T inventions ~re made in the course 

_ - - _ .... gned ~. 

Fm~~.,....". ;'u./.,.orr,. Associate Director Bernard S. ice, i.~anager 
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D E V E L O P M E N T  OF IGT HYDROGASIFICATION PROCESS 

Progress Report- August 1968 

to 

Office of Coal Research 

Contract No. 14-01-0C01-381 (1) 

Hyd roga sification 

We conduc ted  t h r e e  c o a l  p r e t r e a t m e n t  o p e r a t i o n s  (Runs  F P - 1 3 3 ,  F P - 1 3 4 ,  

and FP-135 )  in the  p i !o t  p l an t  f l u i d i z e d - b e d  coa l  p r e t r e a t m e n t  unit .  A p p r o x i -  

m a t e l y  1200 Ib of Pittsburgh seam bituminous coal from the Ireland mine 

was lightly pretreated to provide a feed material for the pilot plant hydro- 

pRsification unit. The coal was pretreated with air at 750°-800°F. 

Methanat . ion 

We cont inued  runs  to d e t e r m i n e  the d e p e n d e n c e  of m e t h a n a t i o n  r a t e  on 

h y d r o g e n .  At c o n s t a n t  t e m p e r a t u r e ,  p r e s s u r e ,  and  a CO c o n c e n t r a t i o n  of 40/0, 

the hydrogen reaction order is about 3/4 at hydrogen concentrations below 

ZO°/o. At higher hydrogen concentrations the hydrogen order approaches 

z e r o .  

An a p p a r e n t  a c t i v a t i o n  e n e r g y  of about  6 kca l  was  d e t e r m i n e d  f r o m  r u n s  

a t  c o n s t a n t  CO c o n c e n t r a t i o n  ( t .  S°/0), c o n s t a n t  p r e s s u r e ,  and at  t e m p e r a t u r e s  

b e t w e e n  5750 and 7500F.. T h i s  a c t i v a t i o n  e n e r g y ,  found  f o r  l / 4 - i n ,  p e l l e t s ,  

is  v e r y  low and i n d i c a t e s  p o r e  d i f fus ion  i n f l uence .  

In o u r  next  se t  of r u n s  a l l  c o m p o n e n t  p a r t i a l  p r e s s u r e s  wi l l  be v a r i e d  

independently and the  da ta  wi l l  be f i t  to c a n d i d a t e  r a t e  e q u a t i o n s  i n s p i r e d  by  

the  r e s u l t s  "-f the CO- and H 2 - o r d e r  d e t e r m i n a t i o n s .  

Eu~ine ,er in~.  E c o n o m i c s  

The  e c o n o m i c  e v a l u a t i o n  f o r  a 500 bi l l ion B t u / d a y  p i p e l i n e  gas  p l a n t  

b a s e d  on Nor th  Dakota  l i g n i t e  was  c o m p l e t e d .  T h i s  is  a d e t a i l e d  s tudy  of 

p l a n t  e q u i p m e n t  and o p e r a t i n g  c o s t s ,  p r e s e n t e d  in a f a s h i o n  s i m i l a r  to the  

1 
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state-of-the-art design. Total investment is $Z55,193,000. Of this amount, 

~3n/. is for hydrogasif]cation-electrogasification quench, 37°/, for the MHD- 

steanl-power system, 9.7O/o for lignite feed preparation, ll.8°/o for upgrading 

of hydrogasifier effluent, and 7.5°/0 for other offsites and working capital. 

With lignite at 8d/106 Btu, the 20-year average price of pipeline gas 

is 32, 96/106 Btu. A I•[I06 Btu change inthe lignite cost changes gas 

price by 1.74/I06 Btu. By-product credits are worth 7.96/106 Btu. 

E l e c t r o t h e r m a l  G a s i f i e r  T e s t  R e a c t o r  

F i n a l  s h a k e d o w n  of ~he c o m p o n e n t s  of the e l e c t r o t h e r m a l  g a s i f i e r  t e s t  

s y s t e m  w a s  c o m p l e t e d  in Augus t .  A m a l f u n c t i o n i n g  of the  SCR c i r c u i t  

c o n t r o l l i n g  the  g e n e r a t o r  f i e ld  s t r e n g t h  was  e n c o u n t e r e d ;  t h a t  c o n t r o l  c i r -  

cu i t  is now be ing  r e p a i r e d .  The  i n i t i a l  r uns  wi l l  be m a d e  wi th  n i t r o g e n  to 

e s t a b l i s h  h e a t - u p  r a t e  and t e m p e r a t u r e  con t ro l .  A f t e r  e s t a b l i s h i n g  these  

c h a r a c t e r i s t i c s  of the  s y s t e m ,  s t e a m  w i l l ' b e  u s e d  as  a f l u i d i z i n g  agen t  and 

s tudy  of the  s t e a m - c h a r  s y s t e m  wi l l  be i n i t i a t ed ,  

H y d r o  ga s i f l c a t i o n  P i lo t  P l a n t  

P r o g r e s s  R e p o r t  No. 1 by P r o c o n  is  a t t a ched .  Th i s  r e p o r t  i n c l u d e s  a 

b a r  c h a r t  of the  w o r k  to be done to e s t a b l i s h  the G u a r a n t e e d  M a x i m u m  P r i c e  

and a s c h e d u l e  of the c o n s t r u c t i o n  w o r k  to be done th is  y e a r .  

Dur ing  the m o n t h  no new i n v e n t i o n s  w e r e  m a d e  in the  c o u r s e  of the 

work. 

$ 

A p p r o v e d  , ~ / ~ ,  " / 

J a c k  Hueble ' r , '  R e s e a r c h  D i r e c t o r  

/ . , ,' 
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F r a n k  C / S c h o r a ,  A s s o c i a t e  D i r e c t o r  
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Progress Report #i 

I. 

W-178b 

Coal Hy~rogasification Pilot Plant 

SU~.~ARY 

A. DEVELOPMENT OF THE GUARANTEED MAXIE~! PRICE - W-178h X-1. 

B, 

Piping and Instrument Diagrams for the Coal Handling and 

Pretreating, Reaction, Gas Purification and Methanation 

Sections will be ready for review with IGT during the week 

of Augus% 19, 1968. 

A p re l im ina ry  gene ra l  arrangement drawing has been pre-  

pared.  Work on the several area plot plans has been ini- 

tiated. 

A flow diagram and detailed plot plan has been prepared 

for the material handling sections. These drawings will 

be included in the preliminary quotation request that will 

be sent to vendors. 

Organizational and procedural documents are being issued. 

DESIGN ENGINEERING - N-178b. 

A preliminary requisition for the HydroEasifier Reactor, 

together with IGT's reactor drawing has been sent to vessel 

manufacturers for quotations. Discussions are underway with 



Procon Job W-178~ Page Two 
Progress Report ~ #i 

refrzctory manufactures t o  determine a basis for the Reactor 

refractory specification. 

Quotations are being solicitated from building suppliers for 

the Control House and Warehouse. Approval will be requested 

from IGT on the Control House arrangement drawing during the 

week of August 19, 1968. 

Studies in progress for earlyinstallation of major foundations 

and underground services distribution. 

II° 

Numerous vendors have contacted PROCON with reference to the 

design and supply of various items of equipment and phases of 

the project. 

BAR CHART SCHEDULE 

The following schedules outline the work to be done in estab- 

lishing the Guaranteed Maximum Price. 

The breakdown o f  work i s  by s e c t i o n s  o f  t h e  p i l o t  p l a n t  and 

f u r t h e r  by equipment c l a s s i f i c a t i o n .  

The ~ bar charts reflect only "early start" and "late finish"" 

da t e s  f o r  t he  work t o  be done.  

Also inc luded  i s  a schedule  o f  t h e  c o n s t r u c t i o n  work t o  be done 

this year. 
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DEVELOPMENT OF IGT HYDROGASIFICATiON PROCESS 

Progress Report - September 1968 

to 

Office of Coal Research 

Contract No. 14-01-0001-381 (1) 

Stum~ary 

• Hydrogasification tests were made with Montana subbituminous 

coal ~¢ithout the need for pretreatment. 

• The electrothermal test reactor program ~¢as started. 

• Reactor temperatures up to 1800°F were attained. We used 

initial power inputs oF 20 kW. 

• The economic study for a 500 billion Btu/day hydrogasifica- 

tion plant was submitted to OCR for publication. 

• Th_e first phase of the work by Procon, in wh_ich the Cuaran- 

teed Maximum Price will be established, is estimated to be 

204 complete, 
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.Hydr.0~asification Test Pr.ogram 

~e conducted three hydrogasification tests thLs ~ ,.ionth in ~.:o., 

balanced-pressure pilot unit (Run HT-210, HT-211, and ~.~ o~o; . L ~ - - ~  £ - , • 

Run HT-210 was an extension of our study of the h~'~c~"~.~'T_ .-'" c~:[~: c~: 

of a lightly pretreated Pittsburgh seam bituminous coal f-,~:,:i, t~<. 

Ireland mine with a mixture of synthesis gas and steam, q°ne 

objective of this test was to obtain data at comparative!-.. :.. .... 

coal conversions for use in our basic kinetic studies of the 

s~-nthesis gas-steam-coal hydrogasification system. In F::,uls 

}~-211 and HT-212 we began our studies of the hydrogasiftc~-t;:-:~: 

behaviol ~ cf a Montana subbituminous coal wlth hydrogen and st.~o::L::. 

This coal was obtained from Montana Power Cc,'s Colstrip m-'..ze. 

It was drLed to a 3% moisture level for h~drogasificatlc~.: ~,s.-., 

but otherwise wa~ untreated. 

Operating conditions of ~an HT-210 were set to provide a cca.~ 

~esidence time of close to 1 hour and a hydrogen/coal ratio oi' 

50~ of stoichiometric. The coal was fed ~t a nominal rate c.f 

14 lb/h~ ~md reacted in a 7-ft fluidized bed with 530 SCF/hr ci" 

s~mthesis gas (54% hydrogen, 41% carbon monoxide, and 5% c~,rbon 

dio:<ide) and 25 lb/b_ ~ of steam. Steam concentration J.n the ~'¢:e~ 

gas mixture was 50 mole percent. Temperature of the coal bed "...~:~s 

16OO°-1700°F. This was a successful run of over 6 houz-s, ~:,~ith 

hours of steady-state operation. Resu.lts showed that 42C of the 

carbon in the coal was gasified, and nearly 2% of the carb'~n was 

converted to liquids. 

In Runs HT-2ll and HT-212, the successful feeding s~id h~,dro- 

gasification of an untreated Montana subbibuminous coal was 
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demonstrated. The coal, after drying, reacted in a 3-1/2-ft 

L'luidized bed with a mixture of hydrogen and steam without aggi:zz.- 

erating. Run HT-211 was terminated after only 2 hours because of 

reduced power input to the reactor heaters, which was caused by 

a burned power supply cable. Tne reactor bed temperature aver- 

aged only ll25°F at the reduced heat input. In Run HT-212 the 

coal was fed at a nominal rate of 50'lb/hr and made to react with 

530 SCF/hr of hydrogen and 25 lb/hr of steam. Coal bed tempera- 

tures were in the desired 1600°-1700°F range. This run lasted 

over 5 hours~ about 3 hours of this time at steady state before 

voluntary te~nination. Based on the weight of the residue 

recovered, over 50% of the coal was converted. 

Methsnation Test Program 

All measuring and analyzing instruments were recalibrated to 

improve precision so that experimental work carl be carried out 

to determine a more ezact generalized rate equation. From prev- 

ious studi*s, we found that at constant temperat~e and pressure 

the hydrogen reaction order is about 3/4 and the CO reaction 

order about 1. We are now also investigating the reaction order 

of other components: CH4, C02, and H20. 

Economic Studies 

The completed economic study of a 500 billion Btu/day hydro- 

gasification pilot plant was s~omitted to 0CR for publication. 

A supplementary study was started to determine the effects on 

gas price of capitalizing the mining operation with the gas~fica- 

tlon plant. 

, N ~ t m T U % E  O ~  
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E!ectrotherma! Gasification Test Program 

Following the repair of the SCR control regulator, sev,~r,s.! 

tests were conducted to determine the operating characteristics 

of the elect1~otherma! pilot unit. The reactor ~,ras filled ~-" ...4 .'I : .  L. - ' ,  

hydrogasified char and the bed was fluidized wi~h nitrogen. A 

l-I/2-in.-di~m Type 440 stainless steel electrode ".,'as s-..~'t:ers'." ' 

18 in. into the fluidized bed. To begin the heatin.E:, iCO w.Iv.s 

..,e,~s,.r~., was a p p l i e d  a c r o s s  t h e  b e d .  The o v e r a l l  r e s i s t a n c e  we.s ,~- ~ . . . .  : 

as  2 . 0  ohms. D u r i n g  t h e  h e a t - u p  p e r i o d  t h e  r e s i s t a n c e  deore :ased 

until it fluctuated between 0.75" and 1.50 ol~.ns. ~e po~.:er _..!~..~;," .... ~,. 

::'as varied from 2.0 to 20.0 kW, and reaction of the bed temper;:- 

tures to the v~ious power levels ~as observed. The bed ~,.:as 

heated to 18O0°F during the tests. 

A batch test was then attempted with ste~1 Ln place "" ~. nitr.o- 

gen and hydrogasified chaJ2 as the reactants. _~.e unit ::,'as brou.-]:t 

to 1800°F using nitrogen as the Lnitia! fluidizip~" gas. ~.'[ueu :,o 

switched from nitrogen to steam at the reactor inlet, a r-.,,ul~l..;. 

sudden loss In gas flow through the superheater caused the hich- 

temperature safety interlock to trip out, which shut doom that 

unit. The superheater could not be restsmted due to ~. overhe~te: • 

solenoid on the air prepurge dampener which prevented the starting 

sequence from operating. Also, the steam flow control valve did 

not operate properly at this same time and allowed the full flo:.r 

of steam from the generator to enter the reactor. The surge of 

gas carried solids from the bed into the make gas outlet pipint; 

and caused a plug. At this point the run was terminated. 

4 
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Several changes were made prior to the next test. These 

included i) placement of a bayonet-type sintered metal fi!te_~. ~t 

the make gas outlet of the reactor to prevent solids ca~yover, 

and 2) rearrangement of the nitrogen line to the superheater so 

the changeover from nitrogen to steam could be made without an 

interruption of gas flow. 

The ne:.~ test, Run E.G.-I, was made as a batch test under the 

same conditions as the first batch test, with the objective of 

observing the operation of the system while feeding steam. .~ne 

reactor was heated to !800°F with nitrogen as the f!uidizing gas. 

The applied d-c voltage was I00 V at a power input of 12 kW. The 

steam feed rate was 31 ib/h~; a nitrogen purge at the top of the 

unit was 75 SCF/hr. The bed temperature decreased to 1650°F in 

15 minutes after the addition of steam. The voltage was increased 

to 120 V~ which resulted in a power input of 18 kW. The bed 

temperature increased to 1720°F, and the system reached a steady- 

state operating period. After about 1/2 hour of steady operation 

the overall resistance of the system rapidly decreased, allowir~ 

the current flow to reach 2000 A. The power to the reactor was 

immediately switched off and the run was terminated. 

Inspection of the unit following the test indicated that a 

portion of the ceramic sleeve that insulates the electrode from 

the reactor shell had broken and fallen into the reactor. Coal 

particles then filled the void, causing a low-resistance path 

from the electrode to the reactor wall. The 1-1/2-in.-dis~ 

electrode was melted about halfway ti~ough, and a 1-in.-diam 

hole about 1 in. deep was burned out of the top reactor hub. The 
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a.~,,a,.e to the reactor hub will not prevent furthcr tc:~..',:..' ,..', 

l o w e r  pressures ( 0 - 2 5 0  psig) because it occurred at a p-)"-t  "-,.-- 

.-~ 5, in. +~'~.,_~,: -- where the temperature is below 500°F ~_...~.~" -~",' " 

-oeration.. A renlacement, has. been ordered for use at ~,~..,.:-" -} ,- 

temperatures. 

..~ product Eas s~mp!e t~,~-en du1'i~ the steady-state op~au~ -~ ..... -~, 

- ; "  i -hm E.G.-I is as follows: 

Nitrogen 

C~_rbon i.;onoxide 

Carbon Dioxide 

Hydrogen 

Nethar, e 

To~al 

21.7 

14.@ 

13.1 

i.6 

i 0 0 .  C 

.~-'" =, e analysis an~ product ~as flow rate, ~h!s e-.~-~.-~) ....... 

~--.. -3-'" ~.~",-~"~r ~,~ -" c~..~ ...... the steam fed d"~in,3 ti,e ~/* ~,': ..... :, 

~ , ' - . /  a' ,- '~ ~" ' - ~  ~.Z "T t]~ . r...ss~r~ . . . . .  coztinuous feed!n@ o£ ~ ' ~  ~.~ : "~4 . ,,~,..roc~s_ f,.~u c:.5~,, 

[:?:drocasif'cation PI iot Plant 

r ~ report Ho. .r..~,n progress II (included)covers the w=r:. dur- 

"rz the last 30 days. 

Earl.%Z tbe.. month no new inventions were made in ~he c.~,., ........ ~e ..-,'" 

: . : 'D . r ' ) vo~  
Jaft: l{uebler 
R~e&rch Director 

F~'ank C, Sthora 
Assoc [ate Director 
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F. Schora 
E. Beer 
A. Lee 
T. S~ramanima 
D. Tajbl 
H. Dirksen 
J. Arora  
T. Joyce 
L. Pimente! 
C. Tsaros 
A. Attari 
J. Chisholm 
J. Lundquist 
E. Maeda 
A. Mikulic 
J. Nagel 
N. Pe~rulis 
A. Somora 
D. Mason 
J. Budz 
D. Hunecke 
M. M~nka 
E. ~jrciooh 
V. Kavlick 
J. Marscalek 
J.. Meek 
R. Romero 
L. Toomey 

Salary Charg~ for 
Regular 
Hourly Hours 
Charge Charged 
5.0511 7 

3.5277 136 
4.2029 152 
4.8584 16o 
3.1142 13 
8.8088 16 
4.8177 12 
8.5817 20 
4.1683 9 

16.7164 24 
12.6486 148 
7.3892 15 
6.2052 8 

14.1955 i00 
7.1131 32 
8,5486 12o 
6.2124 76 
8.7786 64 
9.5549 37 
5.8725 50 

14.1955 24 
3.7500 8 
9.7080 76 
7.8861 62 
8. 0474 8 
5.2O77 Ii 
4.5609 7 
4.4039 63 
3.0812 62 
3.5887 89 
5.2767 2 
8.7143 102 
4.5868 78 
4.9318 !4 
4.5824 12 
?.7683 160 
7.1727 152 
5.2326 6 
8.0996 136 
4.1154 160 
3.6476 152 

the Month of Septembe~ 1968 
Premium 
Hourly 
ch  ze 

8. OlOO 
4. 6037 
5.3766 
6. 2327 

HOURS 
Charged 

14 
24 
8 

21 
29 

Amount 
$131.12 
192.24 
489.39 
751.75 
958.09 
40.48 

140.94 
57.81 

171.63 
37.51 

401.19 
l, 871.99 

II0.84 
49.64 

i, 419.55 
227.62 

I, 025.83 
472.14 
561.83 
353.53 
293.63 
34O. 69 
3o. co 

737.81 
488.94 
64.38 
57.28 
31-93 

277.45 
!91. o3 
319.39 
lO.55 

888.86 
357.77 
69.o5 
54.99 

l, 242.93 
I, o£0.25 

31.4O 
l, 101.55 

658.46 
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PILOT PLANT AREAS 

a. HYDROGASlFICATION SECTION 
( H G }  

b. ELECTROTHERMAL GASIFI- 
CATION SECTION 

( E G )  

C. SECTIONS INTEGRATION 

SUPPORT STUDIES 

a. COAL CHARACTERIZATION 

b. CATALYTIC METHANATION 

C. ECONOUIC EVALUATION 

d, GASIFICATION STUDIES 

e. ENGINEERING DESIGN 
OF COMMERCIAL PLANT 

PILOT PLANT PROGRAM OF I [ ;T  HYDROGAS 

1967 - 1968 ..... 1969- 19~ 

• == i ' ~  , ,  , = ¢ :  ~ ' ¢  I : "  , , ,¢  

]ST YEAR - ! . . .  . 2ND YEAR = ~ c 3RD YEAR ; - i '  

Bid Specification Contract ! II Plant and Selection Negotiation Detailed Design, Prcc.flrement, and Construction HG I Shakedown 

Design, Construction J 
300- kw Gasifier Shakedown Operation 300 - kw Gasifier 

I Bid Specilication I 
and Selection EG I 

I 
Detailed Design, Procurement, and Consbrucl 

2- Mw EG 

Petrographic and Calorimeb'ic Studies 
, , , , , ,  ,,, , 

Methanation and Desulfurlzalion Studies 

Cost Estimate Based on Cu.-re~t Content 

Tests wlth Simulated EG Gas 

i 

Evaluation of Pilot Plant Data 

Catalyst Evaluatio~l and Pilot Plant 
Dale Collection 

Updating and Correlation of Data 

Producer Tests 
i 
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~RAM OF I[-T HYIIROGASIFICATION PROCESS 

. - 0 1 -  0 0 0 1 -  381 ( i )  AGA : 1 U - 4 . 1  

";~ - -  1970 ~ 1971 1972 - -  
~ '  , , ,  

'=" . . . . .  ~ oz-<~~'~ ~ Iv " = -  ,~'" ~ ~ ~-=- I~ o> . . . .  ~ i ~  " ° ~ ' 1  _ . . . . .  ~ ~ ~ = :- :> ~ 1  ~ = -~1 ~ o "1 ° ;  . . . .  °'~~,~ ~ ~,~='~ ~ ~ 

Construction HG 

3RD YEAR L , ~  4TH YEAR ~ ' -  , ,, ~TH YEAR T t - r I - -  

"~ Det.'dled Des;gn. Procurement, and Construction 
~t 

-~ 2 - Mw EG 
i , 

{ 
/ 
4 

i 

,~. 

i 

- .  , ,  t l 

!:,~; Evaluation., • of Pilot Plant Data I' 

, . L _  . . _ _  

Plant Ox}eration 

Shakedown 
and 

Integration 
i u 

Updating and Correizztion of Data 

1 
I 
I 
I 
I 
I 
I 
t 

"1 

I Operation HG & EG 

Catalyst Evaluation and Pilot Plant , I 
::._ . Data .Collection I 

I " . 

L 

~atlng and Correlation o! Data 

L 

Updating and Correlation o1 Data 

i 

J Cost Eslifnate Based on Inlegrated 
Pilot Plant Data 

E-881094 

I Bids and I Engineering Design (~f"l 
Selection ~ Commercial Plant I 

2 
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