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DEVELOPMENT OF IGT IVfDROGASIF!CATION PROCESS 

Progress Report - January 1969 

• ~ to 

Office of' Coal Research 

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

Summam~ 

1. The second ~uccessful hydrogasification test with Montana 

lignite was made. 

2. Four hydrogasification r~us were made to produce char for 

the electrothermal gasifier. 

3. Threo tests were made in the electrothermal test reactor at 

the 200-250 psig pressur, o level. 

4. Long-delivery items for the pilot plant are being identified 

and successful bidders selected. 

5. Work has started on process studies associated with the 

hydrogasification process. 
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I I~drof,:~s i ~'] a:~t i on Tes t  P r ~ , r ~ n  

T h i s  month wr: c~J(luctr:( |  ~tl~ secraJd s u o a e s s ; ~ !  hTdrol~rLsi.flca- 
[,.i(m tes t ,  (]~lEj il'l'-;"'l;~) w i t h  M(ml,:Eja .l.Jl~n]te Zn t h e  bal,~ncod- 

p r e s s u r e  dnvo. lopmnnt ~n i . t .  Thn d r i e d  ] i f ~ i . t n  was E a s i f i e d  w i t h  

a mixture of hydrogen and sto~m in a f'luidized bed at a nominal 

temperature of 1700°F ~%nd a pressume of I000 psig. This test 

is a portion of our study of the hyd~ogasification behavior 

of a Montana lignite designed to investigate operations with 

a hydrogen-to-lignite ratio of 25 percent of the stoichiometric 

ratio and a steam concentration of 30 percent in the feed gas. 

The test lasted about 5 houms with 3-1/2 hours of this time 

at steady-state conditions. Based on the weight of ~esidue 

recovered, about 60 percent of the lignite was gasified. 

1.[e also conducted foum other hydrogasification operations 

in the balanced-pressume development unit for the purpose of 

producing a residue feed for tests in the electrothermal gasifier. 

In these operations (R~ns HT-EG-I, HT-EG-2, HT-EG-3, and HT-EG-4) 

we gasified a lightly pretreated Pittsbumgh seam bituminous 

from the Ireland mine with a 50:50 hydrogen-steam feed gas at 

standamd hyd2ogasification conditions. 0nly a limited amount 

of residue was produced in the first three runs because of 

mechanical difficulties. In the fourth test we produced 223 

ib of residue, this quantity being limited only by the size of the 

feed hopper. Total residue production in the four runs was 

3O0 lb. 

Eleqtrothermal Test Progr~n 

Following the heat-up tests to check the current-limit 

controller of the generator, the test unit was dismantled for 

cleaning in preparation for further testing. Inspection of the 

6-in.-diamete~ T:De 316 stainless steel inner reactor liner 

~evealed several breaks in the .~all. Removal of the tube showed 

it to be severely eroded in the ares of the cham-bed interface 

to the depth of the electrode's inm,e~sion into the chsmbed. 

There were several large holes (3 to 5 in. dim~uLer) in the 
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w:,j i axzcl most ~i' the tlLol~noc,):.plcs were severed. 

Because of the initial tholmlocouples used wore of the grounded 

type, stray current flow th~ou~h the couples made it difficult 

to obtain an accurate temperature read:~r4~. A review of past 

power inputs when nitrogen, wLdch gives no ondotho~nic reaction 

heat sink, was used indicates temperatures ,:;ere st times well 

in excess of 1700o-1900°F, the plar~ned operating range. 

The liner ,:;as replaced with a 6-in. Schedule 5, T~pe 410 

stainless steel tube with nonszrounded thormocouples attached 

to the outer wall for bed temperature measurement. The test 

unit was assembled, leak-tested, and three tests conducted 

with Ireland mine h~'drogasified char as the feed. Nominal 

conditions for the runs eme given below. 

'.': ,%:" , '~  ~-. f:.- 

Y".'" '..,,'..! "','h '° :' [...a-: r ..",." .";'.'.~'.-':~ ~'.-r.%i~ ." .-." ",'- " ;.:" " 

l~. ~.~ : "L" , ' ,  ~ ' a "  ' , S ? . - p ,  .: : " ' s z . ,  " : " ,  ".: '~ ,..~.s : ,  . "  ' s  . s  . a . .  ; ~ D ~  r . ~ ,~  ;: ' .  ' ~ " ' i . a r  
; ; ' , .  . :  : " .~. : . . -  .~..s'.,_" ' :  • - : . .  " : . ~  " . " : . " , , . ~ ' ~ d  ' ; a . s !  : ' : , : . !  

. " . ' ~ " , '  " - : '  " ' ; '  : • -~,.l  2 ~ . Y  • . '  ~ . ;  ' • ."-i ~ . -~"  , 

,T . . : . , , z  : , . , , . , , -  : . ~  , , - ; .  : , .  . : : .  . .  , . ,  ; & , . ~  

~ ' ; - ! P  , . . i  " "  ' " ' : "  ; '  " '-- ' . "  ' . ' ' . "  " '~ - .  ~ 5 ~ ' . ~  

Du~ing Run EG-IO the unit '...,as successfully operated for 

9-1/4 hours 1~uder steady-state operating conditions and con- 

tinuous feeding and discharging of char. The power required to 

maintain an average bed temperature of 1835eF in the top 

44 in. of the bed ".ras 17-20 kilowatts while the overall resis- 

tance of the system averaged o. 55 ohm. The -might percent 

o[" the char fed that was gasified corresponded to 23.3%, 

and 5G.1% of the steam fcd was decomposed. The product gas 
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hydrogen yield :..,as 55.3 mole percent on a purge nitrogen- 

free basis. 

Ruzj FD-I1 w:-.s conducted ullc]er similar conditions as Run 

T~O-]O c:zcc:Dt for a~ tncreaso ir~ the ste~m feed rate from 

2'(.5 lb/~m to 41.0 lb/hr. The fluldization and heat transfer 

in the lower section of the char bed was improved by the 

higher superficial velocity of the steam feed. Several minutes 

after beginning the continuous flow of cha~, the discharge 

screw jammed and could not be restarted due to the overheating 

of the pump motor in the hydraulic system. The run was con- 

tinued as a batch test for 2-1/3 hours at steady-state condi- 

tions at power levels of 30-35 kilowatts and with indications 

of an average overall resistance of 0,63 ohm. 

The average bed temperature, in the top 44 ~n, of the bed 

:-Jas 1823°I~ and y~.oldod 53.3 mole percent hydrogen on a purge 

nltrogon-1~oo basis in the product gas. The weight percent of 

the steam that decomposed was 49.5 and the cambon gasification 

r~,te "..:as 11.76 lb/hr. 

Run EC;-12, a repeat of the Run EG-11 conditions, was success- 

fully conducted L~der continuous steady-state conditions fop 

2-3/4 hours at po;.:er levels of 30-35 kilowatts and an average 

overall resistance of 0.63 ohm, Be, d temperatures averaged 

1840°F in the top 44 in. of the bed ~,*ith a hydrogen yield of 

53.3 mole percent on a purse :.itrogen-free basis in the pro- 

duct gas corresponding to 50. ~ by :-:eight of the steam fed 

boir~z~ decomposed and approximaZely 50% of the char f.ed gasified. 

Due to the shortage of Ireland .:".ne hydrogasified cha~. 

the no~ series of tests "..rill be run using 9~,~C char resi., ,e 

from the COED process. If the results are similaz ) to those 

of Ireland :::ine chain tests, the use of the readily available 

FMC char will be incorporated in the project. 

Fabrlcatio~, of the replacement coil for the steam super- 

heaters is in progress and installation is expected to be 

completed within a month. 
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b l r : t h ' t n - L %  [,,~1~. T o : s t  !"r ,  :~'r:..m 
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5'l'b°l ,' at 300 ant: (,o0 ps~~. Init].aJ results indicate the raft: 

of methane formation at 5','5°! .. is lower by about '~%. due to 

the presence of 60-80 nolo percent methane in the feed gas. 

Pilot Plant 

Details of the design ,~.nd construction of the pilot piant 

a r c  c o v e r e d  i n  P r o c o n ' s  P r o g r e s s  R e p o r t  I ' I o .  6. P r o c o n  h a s  s u b -  

mitt~d its .:ua:.anl.oe~ tr,~:,-'..'~t.;::: p.~:.ce .~'o.~, t~!c; '.~r:srruction off 

the plant, "::hich :.:ill be revie'..:ed with OCR in the near future. 

Items having lone delivery times are being identified and 

successful bidders are beir~, selected so that orders can be 

placed to prevent a delay in plant completion. 

Process Studies 

Preliminary Flow sht;ets ~rr: b e i . . ~  prop,~med for the pipe.line 
) 

r#JPa~-PUre- carbon combinr,d pz+)tlttcl, pqant. '.k'.. :~.re al.so propari/~; 

,% Flow sheet for :, . . . . .  ].ow-presst,ro synthcsls [:as ..,.,, a l:/t ", t: 

methanation system f'or '..:hich we will prep~o an economic an:~!ysis 

for comparison with the costs developed fern the hydmo[.~asil'ication 

system. _~:r, f!o':: sh:'.et f":r t'.: ..... ~.cd'u, ct pl[unt should be ready 

in a month and that for the low-pressure system in 2 months. 

Dum~_ng the month no new inventions were made in the course of 

the work. 
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Progress Report No. 6 

W-1784 

Coal Hydrogasification Pilot Plant 

I. SU[~RY 

A. DEVELOPMENT OF THE GUARANTEED MAXIMUM PRICE W-1784 X-I 

B. 

The estimate for the Guaranteed Maximum Priue is complete 

and has been preliminarily reviewed with IGT. The Finalized 

Guaranteed Maximum Price will be submitted to IGT on 

January 20, 1969 for their review with OCR in Washington, D.C. 

DESIGN ENGINEERING W-1784 

Reactor design problems will be discussed with Stru~hers-Wells 

on xa~,~v 20 in Des Plaines. 

Supplementary refractory proposals have been submitted and are 

being evaluated. 

Final evaluations of major equipment are proceeding with 

emphasis on the long delivery items. Construction of the 

warehouse is underway. 



Coal Hydrogasification Pilot 
Project No. W-1784 

Progress Report No. 6 
Page Two 

SCHEDULE 

A complete project schedule will be finalized when the 

results of IGT's forthcoming meetiDg on the GMP with 

OCR are known. 



Coal Hydrogasification Pilot 
Project No. W-1784 

Progress Report No. 6 
Page Three 

III. CONTRACT FINANCIAL REPORT 

Procon's portion of Form No. 80R0178 has been completed 

and reflects actual costs incurred through the last 

calendar month; estimated costs during this month; and 

the estimated total oumulative cost through this month. 

All costs have been rounded off to the nearest thousand 

dollars. 
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DEVELOPMENT OF !ST HYDROaASIHCAT!0N CEPT~pROCESB~ ~ INTEr;oR 

Progress_Report - February- 1969 

t o  
Office of Coal Research 

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

SU~iMARY 

. Two hydrogasification tests were performed during 
the month, one on Montana lignite and the other 
on FMC char. 

2. Four electrothermal tests were performed, one being 
our first test at 500 psi. 

. A computer program has been completed ~¢hich will 
predict pressure drops in 2-phase flow (gas-solids). 
Initial results indicate pressure drops will be 
reasonable. 



H~rdro~asification Test Program 

We conducted three hydrogasification tests thismonth in 

the bals~ced-pressure development unit. Two of these tests 

(Runs R72-219 and HT-220) were a continuation of our study of 

the hydrogasification behavior of Montana lignite at selected 

operating conditions. In one of the tests, the lignite was 

gasified with a hydrogen-steam mixture~ in the other test, 

it was gasified ~ith a synthesis gas-steam mixture. In the 

third test conducted this month (Run RT-221), we hydrogasified 

a bituminous coal char obtained from FMC Corporation, Project 

COED. This initial test ~lth the FMC char was designed to 

test the reactivity of the char to hydrogasification with a 

hydrogen-steam feed gas. 

In Run ~-219, the dried, but otherwise uatreated, Montsna 

lignite was gasified in a 3-1/2-ft fluidized bed at a nominal 

bed temperature of 1700°F with a mixture of hydrogen and 

steam. T~le hydrogen-to-lignite ratio was 25% of the stoichio- 

metric ratio; the steam concentration in the feed gas mixture 

was 50 mole percent. Based on the weight of residue recovered, 

we convertsd nearly 55% of the lignite in this 4-hour run. 

In Run HT-220, the Montana lignite was gasified at conditions 

similar to those of Run HT-219, but with a synthesis gas-steam 

feed gas. Lignite conversion in this test was about 50 weight 

percent, based on the weight of residue recovered. The test 

lasted ~-3/4 hours ~rlth 2-1/2 hours at steady state. 

The objective of Run HT-221 was to determine the reactivity 

of the FMC char to hydrogasification. This low-volatile-content 

char (4.0%) is the residue char from the Project COED operation. 

It ~as produced from an Illinois No. 6 seam hlgh-volatile C 

bituminous coal, Crown mine. In the initial hydrogasification 

test -rith this char we gasified it in a 3-1/2-ft fluidlzed bed 

with a hydrogen-steam feed gas containing 50 mole percent steam. 

Reactor bed temperature was a nominal 1700°F, and the unit pres- 

sure *,;as 1000 psig. The hydrogen-to-char ratio :,;as 30% of the 
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stochiometric ratio. Unit operation was very smooth ',~ith this 

char for the entire 4-1/2-hour duration of the test. Based on 

the weight of hydrogasified residue recovered, we converted 

15.5% of the char. 

Electrothermal Gasification Test Program 

Four runs were conducted during the month in the electro- 

thermal gasification pilot unit. Char residue from the FMC 

Corporations Project COED pilot program was used in three of 

the tests for comparison with test results of Ireland mine 

char. The ~C char originates from a high-volatile bituminous 

coal (Illinois No. 6 seam, Crown mine) as does the Ire3and 

mine char, and its chemical analysis approximates that of the 

Ireland char. The fourth test was conducted with Ireland mine 

char at 500 psig. 

Nominal conditions for the runs are as follows: 

~, :: -_~" F..e ~ . 

EG- I: -- 

ES-I a =c. 

E~-!6 -=.c 

.:,~,ac- :r Rma=-.-r Pc'~er :'.'er=~i "- Ste~.= .'.~.,~ 

2C5 !o.'~: 2~.. = : • : . . . .  

Run EG-13, the first test conducted with FMC char, was 

terminated before stead~-state conditions were attained because 

of a plug in the ga0~ offtake system. The electrical behavior 

of the char durip~ reactor heat-up closely resembled that of 

Ireland mine char. The overall resiste_uce at the start was 

5-6 o]~ns, but it decreased to a nominal 1.C o!~n at 1600°F. 

!..*e had operated R~tu EG-I~ for I-I/2 hours at steady-state 

conditions when the overloading of char residue in the conden- 

.~er collectin,~ tank forced shutdown. The majority of the 

char residue had been carried from the reactor by the make 

cas into the cooling- section, but at a relatively constant 

, ,~ '* : u ! ! 0 r G A $ ! [ C N N 0 L ~.] G 



rate. Preliminary data indi.~ate a char gasification of 50-60% 

and a steam decomposition of 50%. A power input of 41.6 kW was 

required to maintain au average bed temperature of 1806°F (top 

2.75 ft), accompanied by an overall resistance of O. 57 ohm. 

The steam feed rate was decreased during Run EG-15 to 

lower the steam superficial velocity through the reactor in an 

effort to prevent the solids entrainment in the make gas. 

.~fter operating 30 minutes at steady-state conditions, a plug 

in the make-gas exit line caused the termination of the test. 

An average bed temperature of 1824°F (top 2.75 ft) was main- 

tained by a power input of 37.2 kW. The overall resistance 

of the system was 0.57 ohm. Initial data indicate that 40% 

by weight of the char feed was gasified and that 80% of the 

steam was decomposed. 

Because of the ease with which the FMC char particles break- 

down during handling and the subsequent pl~g~ug problems en- 

countered in tests, we decided to 1~sume testing with Ireland 

mine char at 500 psig. Modification of the present gas offtake 

and cooling section of the pilot uuit will be required for 

operation at lO00 psig. The new quench system needed to haudle 

the increase in quench duty will also be able to remove from 

the m~ke gas the entrained solids that appear ~o be inherent 

in the process. Except for the problems in handling the FMC 

char, test results and operating characteristics are nearly 

identical to those of Irels~ud mine char. We plan to continue 

to use it in the program. 

~u EG-16 ~tas the first test conducted at 500 psig. Irel~ud 

char was used as the feed. During the run, carry-over of char 

fines into the condenser collecti~ pot was observed, but the 

test was continued for 1-I/3 hours at steady-state conditions. 

Th~ average overall resist~uce during the test was a nominal 

l° ~ .Qhm, ~zhicn approximates results of tests previously per- 

formed at IGT on the effect of pressure on the resistance of 

a fluidized bed of hydrogasified che~. ~ 
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Preliminary data show 60% of the char feed gasified and 

90% of the steam decomposed. The average bed temperature was 

1817°F (top 2.75 ft) at a po'..ter input of 72.9 kW. The effect 

of the higher pressure (500 psig compared to 200 psig) on the 

stemm-carbon reaction equilibrium was ev_~dent by the make-gas 

yield and undecomposed water during the test. in previous 

tests, at 300°F-400°F, approach to the steam-carbon equilibrium 

composition in the make gas ~.zas usually attained, ".~hile Run 

EG-16 showed indications of a less than 100°F approach. 

The char residue collected follo,:zing the test consisted of 

noticeable smaller sized particles than the feed char. A 

volume decrease of about one-half the original char fed was also 

observed. Residues from previous tests had little change in 

particle size or volume and resemble the feed char in appearance. 

The highest carbon gasification rate so far, was achieved in 

Run EG-16 and apparently caused the disintegration of the 

porous particles. 

We will conduct several more tests at 500-psig pressure and 

at various reactant feed rates and bed temperatures using 

Ireland mine char. The unit ~.~ill then be shut do~n for the 

modifications necessary for operation at lO00 psig. The 

replacement coil for the superheater ,.<ill be scheduled for 

installation during that period. 

Me___thanation Test Pr.ogram 

Investigations of the reaction order of methane in the 

methanation reaction have been completed at 575°F and 600 

psig for a methane concentration of 50 mole percent In the product 

gas. The results indicate that the rate of methane formation 

becomes low when the H2/CO ratio in the feed gas is less than 

2 and that the activity of catalyst decreases after the lo,.~, 

H2/CO ratio runs. The rate of methane formation decreases 

with decreasing temperature, but does not decrease as much 

as when helium was used in the feed gas. 

r~ $ t I ! U I E 0 I: 
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The lowest temperature run tested to date was at 525°F. The 

catalyst is still active after zhe low-temperature runs. 

Engineering-Economics 

Work is proceeding on the economics section of the coal 

gasificationbulletin which summarizes work done prior to 

1964. This section consists of a discussion of the effect of 

processing changes on gas price for specific design cases. 

The discussions covered will include the effect of the use of 

a large excess of hydrogen in the hyd~ogasifier and the pre- 

!imina~y effect of steam. 

Work is also proceeding ~ the correlation of data on 

heat transfer coefficients a~.d C0a removal plants for our 

designs of pipeline gas plants. 

P__i!ot Plant DesignandConstruqtion 

The enclosed Proton report gives the information on pilot 

plant design ~d constz%Iction. A time schedule fo~ the con- 

struction and completion of the plant will be presented next 

month. 

P__rrocess Evaluation Studie~ 

The computer program to calculate pressure drop losses in 

gas-solids pipelines is being debugged. Indications are that 

abnormally high pressure dmops wall not occur with reasonable 

solids !oadings. ~ are awaiting confirmation of this program 

before using it to size the various systems that will make up 

ou~ gas-solids process flow sheet. 

":~ plan to obtain data for confirmation from work done 

at the Bureau of Mines. 

, : u I i 0 s 
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I. Tr~e, B.Z., P;.,'rocioc!:, E.j. and Schora. F.C., .It., "The 
~r~_~-, ; o - •, " • :,. ,, Elecl,r~.cal R ...... tx/xt, of a ][i:~b-Pre~ure Fluidized Bed. 

Papel, precente,-~ at the 61st Ag~qual MeetinE of' A.I. Ch.E., 
[~o An~elez, December 1-5, 1968. 

Duz, in,:- the month no new inventions were made in the course 
o f '  t.he ' o r k .  

, 

'Jack: Hueoier, ~e~earch Director -"~a-~_~/Sc~ora5 ~sbcia~-e D±r~c~r 

~ e r n ~ d  S. Lee, M,.~nager - 
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Progress Report No. 7 

I. 

W-1784" 

Coal Hydrqgasification Pilot Plant 

SUMMARY 

A. DEVELOPMENT OF THE GUARANTEED MAXIMUM PRICE W-!784 X-I 

B. 

IGT's review with OCR of the guaranteed maximum price 

was postponed from the week of January 20 to February 14. 

DESIGN ENGINEERING W-1784 

All majordesign problems have been finalized with Struthers 

Wells on the reactor, with the exception of the design 

of thermo-sleeves, which is under study. The following 

equipment has been evaluated and submitted to IGT for 

approval: (I) high pressure boiler (2)chlorination unit 

(3) sulfur plans (4) coal mill (5) demineralizer, and 

(6) service elevator. All other major equipment evaluations 

will be submitted to IGT during the week of February 17, 

with the exception of the pumps and compressors which will 

be submitted the following week. 

Layout of a major portion of the material handling equipment 

has been finalized. Layout. of the entire site has recently 

been revised with respect to electrical area classifications 

and revised drawings should be completed within this report. 

The final building permit for the warehouse has been secured. 



If. SCHEDULE 

A preliminary schedule was made to indicate engineering procure- 

ment and construction dates. Detailed preliminary CPM schedule 

is underway. Procon will have an internal scheduling meeting 

during the week of February 17. 

A scheduling meeting will be held with Struthers Wells within 

the next two weeks to determine exact delivery date of the rea=tor. 

When this date is applied to the project schedule, a project 

completion date can be determined. 



III. CONTRACT FINANCIAL REPORT 

Procon's portion of Form No. 80R0178 has been completed 

and reflects actual costs incurred through the last cal- 

endar month; estimated costs duri~g this month; and the 

estimated total cumulative cost through this month. All 

costs have been rounded off th the nearest thousand dollars. 
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.;To~re.ss ..qopo.~t - :.'-_r,~h !~9 

9ff!ce uf Coal Feseamch 

Contmact I[o. !a-01-000!-35! (!) 

I. Txo h~'dmogas!f'!cat!on tests wore conducted d'~!ng the 

month us!rZ :,q,~C COED chain as fee~&. 

2. ~ee electrot.he~! meactor tcsZs were conducted at pres- 

sures of 500 psi. 

2. A preli~._~nv.ry schedule has been submitted for construction 

of the plant. Test!r4~ and st.~mt-up oper.--t!ons sic scheduled 

to begin in ..'4arch 19YO with p!,-.nt completion b~, May !, 1970. 
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l:;dr,',casi I'ic:..t i on /1'cst Pr~rmll 

';!~: conducted twc~ hydro~:asi t'ic:,~t.[on tests this month in the 

b:~l:u~ced-press[me development m~].1.. Both of these tests, Ihms 

!iT-22~ ° and 1~'-223j ame a continuation of the study ir,~tiated 

last month on the mnenabi!!t}" of % bit[~minous coal char from 

the FMC Corporation's Project COED to hydrogasification. In 

these tests, we investigated the reactivity of this low-volatile- 

content char to gasification ~.~_th a s~u%thesis gas-steam feed gas 

to doter~nine if it could be considered an acceptable feed fop a 

hydrogasification system. 

~e chain in both tests was hydrogasified in a 3.5-ft fluidized 

bed with a synthesis gas-steam feed gas. Synthesis gas composi- 

tion was sLmilar to that used in ea~!ier tests with other feeds. 

Ste~n concentration in the feed gas was 50 mole percent. Flow 

rates were set so that the synthesis gas-to-char ratio was 20 

SCF/Ib, representing p~q He + CO-to-cha~ ratio of 43~% of stoichio- 

metric. Char bed temperature was held at I700°F. 

Run HT-R22 was limited to 1 hour of steady-state operation 

because of erratic char feeding. Preliminary results show that 

about 10% of the char was gasified. @~em 2 hours of steady-state 

operation was obtained in Run HT-223. Char gasification was 

simi!am to that in Run HT-222. These levels of char gasification 

are lower than the !5~ chsm gasification obtained in an earlier 

test when the char was gasified ~.M_th hydrogen and steam. 

Maintenance work was done on the pilot plant coal pretreater 

so that the pretreatment of Pittsburgh seam bituminous coal 

could be conducted. This coal ,...,ill be used as a hyd]?ogasifica- 

tion feed to provide residue for the electrothermal gasifier 

studios. 
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Electrothermal Test Program 

Three ~_~ns were conducted during tho month at 500 pslg and 

1750°-1810°~ bed temperatures. '2~o tests '...,ere conducted using 

lightly gasified electrothermal reactor residues from ~uitlal 

tests at atmospheric pressure. One run ~-Jas conducted using 

FMC char from the COED pilot program. Nominal conditions 

for the tests are as follows: 

~.u:. I~'.. ~ - . ~ . ' " ' " - "  .~"~0~ : . . . .  . . . . . .  "": '~'-',..,'~ ~'~"'+";.z,:~ ~ "  r,,S'+., ~-~.-."~"'~'" ,-, +-:-P-" , r + . _ _  ''" . ,~"  ~";.'~Ce,~ .~;'.",vers'. ~ . : . , . .  . ".;rtsi .~'~:~,;... 

• ,-~;- ! " , . ' , ~ .  • ;.:" :. ~ . - . c  I . F  , .~ L,C~ 

F/;- !:" . '  - .  :.- , ~ . . . :  . .~. . L ,.-,, 

Reproduced from I 
best  avai lable  copy I 

I 

The steam feed rate during Run EG-!7 was lowered below 

previous feed rates in an effort to reduce the solids c~rryover 

into the make-gas cooling section. The char feed rate was also 

lowered to maintain a l:l steam to char feed ratio. ~ne test was 

conducted for l-l/2 hours at steady-state conditions and was 

terminated when a lesk developed in the water-collecting-pot 

drain valve. Electrically the system operated smoothly, main- 

taining an average overall resists~ce of 1.2 ohms at a power 

level of 54.0 kW. The average temperature of the top 2.75 ft 

of bed was 1809°F. Initial data indicate 40.0% gasfication 

of the char feed and 63.0% decomposition of the steam. 

Du~ing run EG-18 the char bed level was held 1 ft lcwer 

to increase the freeboa~i space in the reactor and minimize the 

solids loading in the make gas. The electrode was extended 1 ft 

to m~intain an in~nersion dept"~ of 24 i n . ,  as in previous tests. 

The run was terminated after l-l/2 hours of steady-state opera- 

tion when the overall resistance increased from 1.0 to 5.5 ohms 

3 

G A S , N $ ~ I r U l E 0 ~ I E C M N 0 I Q G ~r 



, + . j .  : : O P O  ; ' ~ " : t X O  l @  ~' ,", . . . .  , r . . . .  + " , b : + , . i  . . . . . . .  - ~ _ . , ~ . _ . ,  - ! + 9  te'::perature at l:-:('O°i. ' :.."[tit 

~.z'. "~ppl;.e~'- ";o!t::.+'e " + "  '-'50 ", : .  '[~ e uccurrence 'Of th.tS h!i'.h-resls- 

• ,".z.':,. ,:,::;,l!:.t.,_-: !:: ")r'+','o:,s :,":~;s ~',-+'su].tr:d ;.z: :'L ,:~o]tod e/outrode 

tip -~:z,:l .+;t:z,-,-;_:~.: . tz:  [},e i,:,c;.. "[':spr'cti >:.t 3"+." t!:e e]ectP~)de l"~]'[ow- 

t.q.+- t!.o run si,o'...'ed :.t !:ad beet: :::elt.od ++|.:+;:;- one side f;y.tenclhiJ- 

I0 in. Prom t'.,:e t!p. Bed temperatures e-!onc t'.,:e wall belo'..: the 

:ne!Zed e!eo~.rode section :..'ere less than ]_OOOeF, !nd!ca.tiz~ a 

settled bed in t!.a,_ area and c!:a.~meiln:," u."" the ste~...,, throv~h one 

side of its lo.;er so+t!on. +'.:re!-m'nar; results obtained duripi+- 

Run EQ-16' indicate cigar 2a+d stee_'n conversien of 43.O and 65.0?. 

A power .input ~,." 5~.. 3 kW maint~_~ned em average temperature of 

!80"-°F in the top 9.'.'5 ft oF the bed. 

.Run EG-19 was conducted usin!~ ;..-.:4C ch~+_P For comparison w!th 

results of Ireland mine c!-ar e.t 500 pslg. ~.'~e test was operated 

for 60 minutes at stead:f-state conditions +~nd -.:as terminated '...,hen 

conditions similar to those in Rtu~ EG-!8 occurred. The overall 

reslstance increased _erom ! to 5 o.h~ms, and we :+,ere unable to 

maintain the bed temperature. 

Dismantlir~ of the unit revealed the same damage to th~ elec- 

trode. ~d~,ther inspection showed the stea~rl inlet nozzle had 

been off-center at the reactor bottom and was leaning against 

the reactor ,:+all. This prevented the even distribution of 

ste~/u into the char bed and contributed to the channeling which 

was evident in Runs EG-18 and EG-19. 

Pmeliminamy data indicate a char gasification Pate of 45,% and 

steam decomposition of 509. The average bed temperature ,,:as 

1750°F maintained by 49.5 kt.~ at an overall resistance of 1.8 ohms. 

Testing in the pilot unit was completed at the lower pressures. 

Modifications necessary- for operation at i000 psig are in progress, 

as well as the installation of the superheater coil. Testing 

will resume upon their completion schedu, led in 3-# weeks. °.° 
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; : l c . t t : ' l n~z t . ] ,n l  - . ~ t  i'r")K'Z"'~[l 
• , , , ,  , ,  , 

':'f:r~ ,,et{..Lr;:d.]OIj :~pp:~r:Ltl~S ,,,r~S m, Jd[I']ed so tha~. stenm celn be 

;.n.]:.,:l.ed [nt.,, t.~:,: [,er:ctrj~. f'ee, l i':-s t,~ s',.,ld:," !.}it; Po:~ct]orJ order 

oi" ztc~ur, in Li:e :::et:..~,~:t[o, re:~ction. "i'h,; apparatus is also 

bel~.~" m,odi;'!ed so t!,at traces o!" be..~ene can be ca~mied into 

the reactor ~o s~ud., t}~ activ!tv of the catalyst used in the 

presence of benzene. 

Pil¢,t P!i,~ant Design and Construc~iol] 

J:eta!Is o]' the procress made dur!r~ the month on r.he design 

-~nd constrLtctioz.~ of" t.~:e p!lot plant nine shown in the aceompanyir~- 

Pr.ocon Pro~jress Report ~.b. "~. In this area, IGT's activity 

".,:as been to reviez the design and equipment specifications, and 

to stud:. ~he f'eas!b'_,lit[," of' fi!te_~i.ng_ the ::atem-char slurry to 

obt~-in a de'.-.'atemed char cake. 

Process Evaluation Studies 

l.le are now in the process of optimizing the solids-gas pipe- 

line s:,'stem. Our computer progmam to calculate pipeline lm2es- 

sure drops for 2-phase flow ~:~s checked agai_hst data obtained 

f~om the ,.lom~antot.na Station of the Bureau of Mines. This data 

were f'.,r somewhat larger coal particles them. we propose, in a 

nitrogen-COa cammier gas. Our computer model predicts a some- 

what higher p~essul, e drop than reported by the Bureau. Use of 

this model to p~edict pipeline pressure d~ops indicates that 

the pressure drops :.:ill not be excessive. On this basis, we 

believe that cure approach to 2-phase pipeline transmission is 

feasible. We are now establishing the gasifier configuration 

for the pamtial gasification of' the lignite that ".~ill be necesssmy 

to produce the pipeline gas. 

R e p r o d u c e d  f rom I 
bes t  ava i l ab le  c o p y  J 

I 
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We are now investigati~ the possibility of upgrading the 

gas produced by our process by removal o~" the small mnount of' 

residual hydrogen by physical methods. 

During the month, no new inventions were made in the co~se 
of the work. 

/ j 
., /'/ 

/ -."J'./l.:/~,.. 
~ Schora, Associate DireJtor 

Bernax~ So Lee, MarLa~ez~_ 
,,,, LJL 
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PROGRESS REPORT NO. 8 

W-1784 

Coal ;~ydrogasification Pilot Plant 
_ , ,,, 

I. SUMMARY 

A. Development of the Guaranteed Maximum Price W-1784X-I 

As a result of IGT's review with OCR, the project will 
continue on a reimbursible basis until October I, 1969 
at which time Procon will submit a guaranteed maximum price. 

B. Design Engineering 

Revised Piping and Instrument Diagrams for the process areas 
are being issued. Utility P&ID's are underway. Finalized 
site and plot plans are scheduled to be issued April ist. 
Vessel orientations and piping plans have been started. 
Compressors/Pumps and Flare~Incinerator are the remaining 
major equipmenu evaluations to be submitted to IGT. 

IGT and Procon met with the City of Chicago Air Pollution 
Control Department and established the basis for setting 
stack heights. Still pending with the APCD is permission 
to install a flare to be used to burn off excess product ~as. 

Procon is presently recommending finalization of the boiler 
feed water system based on total demineralization of make 
Up water. 

C. Procurement 

Purchase orders or subcontracts for the following major 
equipment have been issued: 

Reactor 
High Pressure Boiler 
Material Handling 
Warehouse 
Service Elevator 

Approval has been received from IGT to issue orders for the 
following major equipment upon finalization of purchasing 
details, is. terms and conditions: 

Hydrogen Plant 
Refractory Material 
Refractory Installa=ion 
Reactor Valves 
Reactor Expansion Joints 
Sulfur Plant 
Coal Mill 



I. SUMMARY 

C. Procurement (cont' d) 

As of March 17th, the following other major equipment will 
have been evaluated and sent to IGT for approval: 

Chlorination Unit 
Demine~alizer 
L.P. Boiler 

Exchangers 
Heaters 
Vessels 

Deaerator 
Vessel Internals 
Process Filters 
Agitators 
Spent Slurry Filter 

Approval of several of the above equipment items is being 
held pending reevaluation of some of the utility and 
process systems. 

The present project schedule is based on all major equipment 
purchase orders being issued by the first week in April. 

D. Construction 

The warehouse is the only item presently under construction. 
The subcontractor has been working(on a fixed price contract) 
as weather permitted during the winter and is scheduled to 
complete the buzlding structure and floor by April ist. 

The present project s~hedule indicates an August 18th date 
for opening the field office. 

If. SCHEDULE 

XGT and Proton attended a scheduling meeting with Struthers- 
Wells to establish a shipping date; it was not set at that 
meetzng but should be finalzzed during the week of March 17th. 
The present schedule is based on a 12/15/69 shipping date. 

A Precedence Diagram Method (PDM) schedule wall be run on 
the computer by April 4th. It is anticipated that future 
Project Progress Reports will include the results of the 
latest compute~- run tabulated as a status of Mileston Events. 

For this report, a listing of Milestone ~vents is included 
and is based on the attached preliminary bar chart schedule. 



I I. SCHEDULE (cont ' d) 

MILESTONE EVENTS 

Based on preliminarLry bar chart schedule attached. 

Award of Contract 
Reactor Vessel Purchase Order 
High Pressure Bo~ler Purchase Order 
Compressors & Pumps Purchase Order 
Hydrogen Plant Purchase Order 
Major Equipment Purchase Order Complete 
Finalization of Plot Plan 
Process P&ID Complete 
Utility P&ID Complete 
Receipt of Vendors Drawings 

Issue Drawings for Electrical Subcontract 
Complete Piping Drawings 
Open Field Office 
Finish Foundations 
Delivery of Piping 
Delivery of Major Equipment 

Delivery of Compressors & Pumps 

Delivery of High Pressure Boiler 
Delivery of Hydrogen Plant 
Delivery of Reactor 
Erection of Reactor Complete 
Refractory Installation Complete 
Testing and Start-Up 

Completlon 

7-15-68 
11-19-68 
2-19-69 
3-21-69 
3-25-69 
4-4--69 
4-1--69 
4-1--69 
4-15-69 
4-15-69 tC 
5-15-69 
6-1--69 
8-18-69 
8-18-69 

10-15-69 
11-1-69 
9-1--69 to 

10-31-69 
9-1--69 to 

11-31-69 
12-15-69 
i-i -70 
1-15-70 
2-1 -70 
4-15-70 
3-15-70 to 
4-30-70 
5-1 -70 

III. CONTRACT FINANCIAL REPORT 

Procon's portion of Form No. 80R0178 has been completed and 
reflects actual costs incurred through the last calendar 
month; estimated costs during thls month; and the estimated 
total cumu1~tive cosu through r.his month. All costs have 
been rounded off to uhe nearest uhousand dollars. 
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DEVELOP~TOFIGTHEDROG_~SIFICATIONPROCESS 

Progress Report No, 55 -- April 1969 
to 

Office of Coal Research 
l 

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

SUI~IARY 

. Five separate runs were made for pretreatment of Pittsburgh 
seam coal for use in subsequent test work. Mechanical trouble 
with the air-distributor disk or control system gave us 
problems !nthe oReration of these tests. 

. Attempted operation at I000 psig in the electrothermal reactor 
has resulted in repeated shorti~ of the high-pressure elec- 
trical insulating seal ring. The ~usulating closure is being 
ch~ngedto avoid this problem. 

3. Procon reports engineering for the pilot plant is approximately 
30% complete and purchasing approximately 5C% complete. 

I N S T I T U T E O F G A 5 T E C H N O L O G Y 



Hydro~asification Test Program 

During the month of April we conducted five separate operations 

in the pilot plant coal pretreatment unit to prepare a pretreated 

Pittsburgh seam bituminous coal for use in the balanced-pressure 

hydrogasification development unit. 0nly a limited quantity of 

nonagglomerating coal was produced in these operations. Each time 

we experienced either equipment component or instrument and control 

failures. These failures led to a loss of bed fluidizatlon, 

partial caking of the coal, and curtailment of the operation. 

Maintenance and repair work, beyond the routine, was rec.uired for 

the following equilm~ent components: 

1. Gas distributor disk: Radial cracks in the disk were repaired 
by brazir~. As this proved ineffective for sealing cracks, 
a ne~.r disk had to be machined and installed. 

2. Pretreater bottom flange gasket: This 10-1nch gasket in the 
heated zone of the pretreater had to be replaced. 

3. Gas seal at distributor disk and standpipe: Ne~ packing wa~ 
required to maintain a seal. 

4. Product gas line: This 2-inch line required extensive cleaning 
of oil and tar deposits to reduce back pressure on the unit. 

The following maintenance work on unit instruments and controls 

was performed: 

1. Nine thermocouples sensir~ temperatures in the coal bed were 
replaced. Tney "~ere either totally inoperative or of marginal 
reliability. ~T~ee of these thermocouples are sensors for 
the pretreater ~nace temperature controllers. 

2. A faulty relay in one of'the pretreater furnace controllers 
was replaced. 

Coal pretreatment will be resumed as soon as the operation of 

the unit is checked following the above changes. 

I N $ T ! T U T E O F G A S T E C H N 0 L O G Y 



E.lectrothermal ' Test Pro~am 

Since modifications of the electrothermal gasification pilot 

unit have been completed, two tests at lO00 psig have been 

attempted. Both tests were terminated because of the failure of 

the insulated seal ring in the pressure closure through which the 

electrode enters the reactor top. The failure resulted in a 

dead short in the system, overloading the current-limit controller 

as it decreased the voltage output of the generator. In both 

tests, the residual voltage in the armature coil arced to the 

generator casing before the circuit could be opened, causing minor 

damage to the SCR controller circuit and several contact brushes 

on the generator. The probable cause of the electrical breakdo~m 

of the insulated seal rlng is the inability of the insulating 

material to resist cold flowing at the higher pressure. 

The continued failure of the closure has necessitated the 

design of a more reliable closure for use at lO00-psig opera- 

tion. Information obtained by IGT indicates a flanged closure 

with nonconducting gaskets and bolt sleeves should be satisfactory 

for our application. The flanged closure and special gasketir~ 

material have been ordered. Fabrication and installation will 

proceed as soon as they are received. Once that is completed, 

testing at lO00 psig will resume. 

Net hanation Test Program 

Analysis of experimental data made for the determination of the 

reaction order of methane in .the methanation reaction indicates 

that additional e.x~erimental work is needed to better establish 

the o~der. The apparatus ,,~as further modified so that the feed 

gas may be saturated with benzene at various saturation tempera- 

tures and the analysis of benzene in the product gas can be made 

more easily. 

I N $ T I T U "r E 0 F 
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Pilot Plant Design and Construction 

Details of the progress made during the month on the design 

and construction of the pilot plant a~e presented in the accom- 

panying Procon Progress Report No. 9. Engineer~g is appro'~Imately 

30% complete and purchasing is approximately 50% complete. The 

Procon completion date is May 19TO, which does not agree with the 

attached progress chart. Our overall chart will be updated in the 

ne~ progress report. 

Process Evaluation S t:udi.es 

During the month, studies were conducted to establish the 

optimum operating conditions for a typical pipeline to handle a 

pipeline gas-carbon mixture. A preliminary report on the results 

of this pipeline study will be presented next month. 

A preliminary economic analysis was made of the approach of 

producing hydrogen with a high-temperature shorted-electrode fuel- 

cell-type system. This analysis, based on a system to produce 

hydrogen for 250 million CF of pipeline gas per day, indicates 

that such a system does not appear attractive, even when considering 

future potential improvements in electrode construction. 

During the month no new inventions were made in the course of 

the work. 

Approved 
Frank C. Schor~a, A~ssodiate Director 

jack F~, bler, Research Director 
// 

~i~'~ed 
Bernard ~. Lee, Manager 

I N S T I T U T E O F G A $ T E C H N O L O G Y 



PILOT PLANT PROGRAM OF I GT HYDRO~ 

OCR CONTRACT Ho. 1 4 - 0 1  - 0001- 381 (11 ";~ 

- - - - -  1967 --- - - - -"  ' , 1968 - 1 9 6 9 -  "~ 

J t  1ST YEAR ~ ! . . .  2ND YEAR _ z -  3RD Y E A R - - . . ~  ~, 

PILOT PLANT AREAS .. ; 

a. HYDROGASIFiCATION SECTION Bid Specification Contract Detailed Design, Procurement, and Construction HG Plant J~ 
( HG I and Selection Negotiati~ Shakedown 

b. ELECTROTHERMAL GASIFI- 
CATION SECTION 

( E G )  

C, SECTIONS INTEGRATION 

SU~'~ORT STUDIES 

COAL CHARACTERIZATION 

b, CATALYTIC METHANATION 

c. ECONOI~IC EVALUATION 

d, GASIFICATION STUDIES 

Design, Construction i 300 - kw G.nsifier Shakedown Operation 300 - kw Gasi(ier 

i i i  

Petrographic and Calorimetric Studies 

Methan.ntion and Desulfurlzation Studies 

Bid Specification I 
and Selection EG ! 

Cost Estim.nte Based on Current Co.cept Updating ana Correlation of Data 

Tests witll Simtdated EG Gas Producer Tests 

Detailed Design, Procurement, and C 

2- Mw EG 

I 

, I  
} 
1 

I 

i 

"I 

[ ,  Evaluation of Ptlot Plant Data " ] 

I Catalyst Evaluation .nod Pilot PI) 
, Data Collection 

i 

.] 
i 

1 'i 

I ' 

e. ENGINEERING DESIGN 
OF COMMERCIAL PLANT 

b. 
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1970 --- 1971 

~ ' ~ " ' ~  I° I~ I ....... ~1~,,, ='1 ~1 I _ _  - - _ o =  . ~ g  ' = = "  14 ,: - I -  =~.,.-: = =- , < ,= ~ ~ 

: . . ' ~ - - - - - - g - ] ~  - -  4TH YEAR 
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~P,a.t I 
lakedown J Plant Operation 

' ~  iii 

lent, and Construction Shakedown 
~EG and integration 

1972 

h '  
I 
I 
I 
I 
I 
I 
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I 
I 

- } ~  _ ST. YeAR 

Operation HG & EG 

--I 

at Data 

J 

Pilot Plant 

Updating anti Correlation of O 

Updating .~nd Correlation of Data 
|on 

I, 

Cost Estimate Based on Integrated 
Pilot Plant Data 

E-881 ,394  

I Bids and ] EngineeriHg Design of I 
l SelL'¢tion I Commercial Plant l 

f 
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Progress Report No. 56 --May 1969 

to 

Office of Coal Research 

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

. 

. 

. 

SO~@t~RY 

Two tests to study the effect of system pressure on gasifi- 
cation were conducted in the hydrogasification test program 
during the month. 

A partially successful first run at i000 psi was made in the 
electrothermal gasifier test um.it, having a 40-minute 
steady-state period. 

Procon has started work at the pilot plant site. 
is 33% complete, and purchasing is 60% complete. 

Engineering 

I N S T I T U T E  O F  G A S  T E C H N O L O G Y  



Ij~LdrogLasi~ication Test ~ro.~ram 

~e conducted two hydrogasification tests this month in the 

balanced-pressure development unit. In these tests (Runs HT-224 

aud ~-225) we gasified a lightly pretreated Pittsburgh seam 

bittLminous coal from the Ireland mine to study its reactivity at 

pressure levels other than the standard pressure of I000 psig 

used in most other tests. At selected conditions for the study, 

the coal was reacted with a hydrogen-steam feed gas at a reactor 

pressure of 500 psig in one test, and with a synthesis gas-steam 

feed gas at 1500 psig in another test. 

In Run .HT-22~, conducted at 500 psig, we evaluated the 

reactivity of the bituminous coal in a 3.5-ft fluidized bed 

controlled to a temperature of 1700°F. The coal was fed at a 

rate of 36 lb/h~ for reaction ,..~lth 345 SCF/hr of hydrogen and 

8.8 lb/hr of steam. At these flow conditions, the hydrogen-to- 

coal ratio was 25% of the stoichiometric ratio, and the steam 

concentration in the feed gas was 35 mole percent. The test ~ 

lasted 5-3,/4 hr with 4-1/2 hr at steady state. Perlim~ 

indications are that 26% of the carbon was gasified, and a product 

gas of 510 Btu/SCF (nitrogen-free basis) was produced. 

Nominal flow rates in E~_ ]~-225, conducted at 1500 psig, were 

45 lb/~ of coal, 680 SCF/hr of synthesis gas, and 32 lb/hr of 

steam. Tho equivalent hydrogen (hydrogen plus carbon monoxide)- 

to-coal ratio was 35% of the stoichiometric ratio and the steam 

concentration in the feod gas was 50 mole percent. The coal was 

gasified in a 3.5-ft fluidized bed controlled to a temperature 

of 1700°F. T_hree hours of stead~j-state operation were obtained in 

this successful test of ~-hour duration. Based on the weight of 

residue recovered, over 30% of the coal appears to have been 

converted to gaseous and liquid products. 

I N S T I T U T E  O F  
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Electrothermal . g;@:si_~ication Test Progr.am 

Three tests ~ere conducted during the month, one of which was 

partially successful. ~4C char was used as feed in all three 

tests. The first run (EG-22) was conducted at 500 psig since 

the insulated seal ring and clamp-t~qoe pressure closure had 

functioned at that pressure in previous tests. Two tests 

(EG-23 and EG-24) were conducted at I000 psig after the installa- 

tion of the flange-type insulated pressure closure. 

Nominal conditions for the partially successf~l test sine am 

follows: 

• ° ,, . - . .  : . ' "  , . I j  a J . . = : -  . - , "  

I Reproduced from 1 
best available copy 

As steady-state conditions were being approached during Run 

EG-22, the steam superheater high-temperature safety interlock 

cycled the superheater off. ~.~hile attempting to manually re- 

start the superheater, the temperature in the lower section of 

the char bed decreased er.ough to defluidize that portion of the 

bed. A hot spot developed in the bed and the run was terminated. 

Examination of the reactor following the test showed that the 

electrode had melted about one-half thmough from 8 to 18 inches 

from the tip. The reactor wall had melted through in the area 

corresponding to the electrode bur~ng, and most of the thermo- 

couples along the outside of the reactor tube were severed. The 

damage necessitated the replacement of the inner reactor tube 

and thermocouples. A 6-in., 14-gauge, Type 316 SS tube and non- 

grounded thermocouples were installed. 
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During the reactor heat-up period of Run EG-23, a plug de- 

veloped in the water drain line of the make-gas quench vessel. 

In clearing the heavy char slurry from the line3 the drain valve 

could not be closed properly bocause char particles trapped in 

the valve seat prevented a satisfactory pressure seal. The 

was terminated before steady-state conditions were attained. 

Run EG-24 was the first partially successful test at lO00 psig, 

with steady-state conditions being maintained for 40 minutes. 

Problems in steam delivery to the reactor, inability to maintain 

temperatures in the lower section of the bed, and the flashing 

of the quench water and undecomposed steam when being drained led 

to the early shutdo,,a~. The steam nozzle has been rearranged for 

better flow controlj and a larger water collecting tank with 

additional cooling capacity has been installed to correct these 

problems. 

Preliminary data indicate nominal char gasification and steam 

decomposition of 50 percent by weight. The average power input 

was 103 kW, and the overall resistance of the system was O. 54 

ohm. 

Methanation Test. Program 

Additional experimental data were obtained at 575eF and 600 

psig for the determination of the reaction order of methane in 

the methanation reaction. The results were satisfactory. 

Experimental runs with a feed gas consisting of Hz, CO, C02, 

and CH~. saturated with benzene at 100°F have beg~uu, and the 

sample collection method is being tested. 

Pilot .Plant Design an..d Constructicn 

Details of the progress made by Procon during the month for 

the detailed design and construction of the pilot plant are 

covered in the accompanying Procon Report No. 10. Engineering 

is approximately 33% complete and purchasin~ is about 60% 

complete. Initial field work began d1~ing the last week in May. 
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We ,~e now working with Procon to ensure that the electro- 

thez~nal reactor crnq be installed with a minimum of" upset to the 

remainder of the pls.nt. The additional superheated steam line 

required for the electrothermal gasifier will be installed during 

the initial construction phase. 

P~ocess Evaluation Studies 

V82ious approaches for the gasiflcatior, of lignite fom pro- 

duction of a pipeline gas-solid csmbon mixture were studied 

during the month. Also considered was the operating pressume 

fern the pPoducer gas generator-csmbon deposition system. 

The accompanying time schedule was updated to reflect the 

schedule predicted by Procon and cure revised schedule on the 

electrothercnal reactor test program. 

No new inventions were made duri~ the month's wo~k. 

./ : ' / .  
< _// ........ 

F. ~. Sohora, Jr., Associate Director 

. . . . . .  

• -.. ~ .  Leo, 
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to 
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SUM~SLRY 

Three 5o0-psi hydrogasification tests were attempted during the 
month. A steady-state period was not achieved in any of these 
runs because of mechanical problems with the feed system. 

Three electr~he~ual gasification tests at 1000 psi were con- 
ducted during the month, one of which achieved steady-state 
conditions° Insulationproblems occurred during two of the 
tests; also, we experienced problems with limit switches on the 
steam superheater. We believe these problems are now corrected. 

Tests indicate that benzene in the feed gas at the concentrations 
expected in the process has little if any effect on the catalytic 
methanation rate. 

Procon figures for the pilot plant indicate 40% of the engineering 
and 65% of the purchasing is now complete. 
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Hydrogasification Test Program 

We conducted three hydrogasification test operations this month 

in the balanced-pressure development unit with a dried North Dakota 

lignite feed. The objective of these tests~ Runs HT-226, HT-227, 

and HT-~28, was to study the reactivity of the lignite to hydro- 

gasification with a mixture of hydrogen and steam at a system 

pressure of 500 psig. All three of these tests had to be termi- 

nated before steady-state operation was reached when trouble was 

encoLmtered with the feed system. The feed screw Jammed in all 

three runs, which we believe resulted from a plug in the product 

gas condenser (Run HT-226), and a failure of the mechanical stirrer 

in the lignite feed tube (Runs HT-227 and HT-228). 

In these tests, the lignite was fed at a nominal rate of 52 

lb/hr to a 3-1/2-ft fluidized bed,. with a hydrogen feed rate of 

345 SCF/hr and a steam feed rate of 8.8 lb/hr. The lignite bed 

temperature was controlled to 1700°F. These tests were to have been 

compared with tests at similar conditions but at lO00 psig to 

evaluate the effect of pressure on lignite conversion. 

An additional factor affecting operation in the three tests 

was a partial contamination of the lignite feed with untreated 

bituminous coal. Although not primarily responsible for shutdown 

of the tests, the bituminous coal was present in an amount suffi- 

cient to cause significant agglomeration of the lignite in the 

reactor. Petrog2aphic examination of the lignite feed revealed 

that it was contaminated with bituminous coal. Contamination, 

estimated at about 5%, apparently occurred in the coal handling 

and conveyirg equipment where the lignite picked up isolated 

pockets of Ireland mine bituminous coal still left in the equip- 

ment. To prevent future contaminations of a similar nature, the 

coal conveying, crushing, and screening equipment will be cleaned 

more thoroughly between the handling of different coals. 
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North Dakota lignite feed for the three tests was prepared by 

fluid-bed air drying at 275°F in the pilot plant coal pretreatment 

unit. The lignite was dried from an as-received moisture level of 

36% to 2% in a 2-stage operation. 

Electrothermal Gasification_Test Program 

Three tests were conducted during the month, two of which were 

terminated before steady-state conditions were attained (EG-25 

and EG-27), and one which was partially successful (EG-26). The 

tests were conducted at lO00 psig with ~C char from the COED 

process as feed. 

Nominal conditions for the partially successful test are as 

follows : 

Cha~Feed ~teaoFeed Reactor ~eactor Povor Overall Yte&m Ch~ 
t~te .  lqate, T e : r p ,  PPe=s., ~ n ~ ,  Reststemce, Converslo;;, Conver~t~, 

EC-26 135 135 !6~o Ic2o 76 O.6fi 3? 30 

During the reactor heat-up period of Run EG-253 a short circuit 

occurred at the ~eactor top, creating a severe leak in the system. 

The test was then terminated. The failure, which occurred in the 

cooling section at the reactor top, was apparently caused by the 

collection of condensed steam and cha~ • in the annulus between the 

electrode and cooling-section inner wall. A new cooling section 

was fabricated and installed, but with the addition of a Teflon 

sheath to fill the annulus in the water-cooled section. 

During Run EG-25j the steam superheater cycled off aud could 

not be restarted. The test was continued until a current surge 

occurred in the system, followed by a decrease in the overall 

resistance from 1.0 to O. 4 ohm. While depressurizing the unit, 
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a leak developed in the pressure closure at the bottom of the 

water, cooled section. Inspection of the closure showed the seal 

ring and closure surfaces had been melted but did not leak until 

the unit had cooled. Also, the electrode was melted at the point 

where the feed chs~ enters the reactor; molten metal flowed down 

the electrode and ~,nto the char bed. It appeared as though the feed 

char had bridged between the electrode and the 6-in. inner reactor 

tube, creating a low resistance path at that point. A replacement 

closure was installed, and a high-temperature insulating sleeve 

(Mullite) was placed over the electrode and extended to below the 

point where the char enters the reactor. The manufacturer of the 

superheater attributed the malfunction of the unit to the over- 

heating of a solenoid, which prevented it from cycling during the 

test. The superheater was repaired following the test. 

Run EG-26 was contJ_uued for 45 minutes following the super- 

heater failure. Results from data collected indicate a steam 

ccuversion of 37% and a char conversion of 30% by weight. The 

power inl~It was T6 kW, accompanied by an average overall resistance 

of 0.65 ohm. A temperature gradient of 5000F through the bed was 

caused by the low steam inlet temperature. The average bed 

temperature of the top 2.5 ft was 1580°F. 

While s~-ltching from fluidizing nitrogen to steam during Run 

EG-27, we again .were unable to start the steam superheater. The 

run was terminated when the inlet steam temperature could not be 

maintained above the boiling point of water at that pressure. A 

check of the superheater control circuitry showed that dust par- 

ticles on several relay contacts had prevented the unit from 

cycling. The relay contacts were cleaned, and the steam system, 

tested for several hours, operated satisfactorily. Measures have 

been taken to prevent the collection of dust in the control cabinet 

during downtime periods. 
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Methanation Test Program 

Analysis of the experimental data indicates that methane in the 

feed gas has a negligible effect on the rate of methane formation. 

The test apparatus ~tas modified so that feed gas could be saturated 

with benzene. Preliminary results at 575°F and 600 psig indicated 

that benzene present up to 7% in the feed h~S very little effect 

on the rate. More data are being taken to study the effect of 

benzene at higher concentrations and different operating 

conditions. 

Pilot Plant Construction 

The progress of pilot plant engineering and construction is 

covered in the attached Procon Progress Report No. ll. Based on 

current ~ork schedules, a May l, 1970, completion date still 

appears reasonable. 

Progress Investig.ations 

A preliminary process study on a dual carbon-pipellne gas 

plant is nearing completion. The basis for this study is a product 

ratio of 5 lb of carbon/lb of pipeline gas, a gas production rate 

of 500 billion Btu/day. a~_~ a plant location ~n the Dakotas with gas 

and carbon delivery to Chicago. Results of this preliminary study 

should be ready next month. 

No new inventions were made in the course of this month's work. 

Approved ~~'-~~.....---~ 
Frank C. Schor~, ~sso~late Dlrecto'r 

" I  f ~ .  . . . .  ,--.;.... !-'2.- 
• T ~ Y ~ ' ~ e b l e r ~ -  R e s e ~ c ~  D i r e c t o r  

I 
t 

' L 
• ,v 

Signed ) (:"~ ':' " ~''" " ' ' ~ ' ~ -  
Bernard S. 'Lee, Manager 
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SL~.,9,1ERy 

One gasification test was performed during the month to 
establish the minimum, degree of gasification of lignite that 
can be e..~o, ected. Preliminary data indicate that 37q of the 
predried lignite was gasified or converted to liquid products. 

T~o successful steady-state tests ~ere conducted in the elec- 
trothermal gasifier test reactor, qhese t~sts were conducted 
at lO00 psig. 

Procon estimates that ~9% of the engineering and 70% of the 
purchasing for the pilot plant are accomplished. 

I N S T I T U T E ,  O F  G A S  T E C H N O L O G Y  



II.,/drom~.sification Test Program 

We conducted one test this month in the ba!anced-pre.'.sm~e 

hydrogasiflcation development un.it (Run IIT-228). "[n tll].s te.~t, 

we thermally gasified a dried but othemwise tmtreated Montana 

lignite that was free-falling through the h~'drogasification reac- 

tor. Lignite conversion :~as entirely due to thermal actlon as no 

reactant gas or steam was used. The ob.]ective of this test ,2s 

to investigate the limited conversion of' lignite by a mild car- 

bonization at. short residence time, and temperatures not exceeding 

1500°F. 

For this test, the upper half of the reactor tube ~s pre- 

heated to a temperature of 1300°F, and the lower half to 1500°F. 

The heated length of the reactor was 15.5 ft. These temperatures 

were also maintained during the test by the reactor furnace 

heaters. Lignite was fed at a nominal mate of 20 Ib/hr to the 

top of" the reactor maintained at a pressure of I000 psig. A 

nitrogen sweep gas ~s fed to the bottom of the reactor at a 

nominal rate of 250 SCF/hr to keep product ~ases from diffusing 

into the residue receiver. Operationally, the run was successful, 

lasting neatly 5 hr -~rith ~-I/2 hr of steady-state operation. 

Preliminamy data indicate that 37~ of the lignite was converted. 

It is estimated that 13~ of the lignite ~as converted to liquid 

products, and 24% to gaseous products. 

We conducted two sepamate coal pretr.eatment operations (Runs 

FP-139 and FP-140) in the pilot plant coal pretreatment unit. In 

these tests, we prepared 825 lb of nonagglomeratiD~ Sewell seam 

medium-volatile bituminous coal from Dante, Virginia, for use in 

hydro~asification tests. The coal was pretreated with air in a 

fluidized bed at temperatures of 850°-900°V ~n two stages. The 

prJrtially treated coal of Run FP-139 was ~zJven final treatment 

in Run FP-!$O. 

The pilot pl~nt %es shut down fox, vacation during the last 

2 weeks of the month. 
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E l r ; c t ro l , t l c : r ,ma  L C;an'T l ' [ c a t . ~ o n  '"lc,.~t,, " } 'roF, r ~ r J .  

Three tests were conducted in t11e electrotherma~ ~asifier 

during the month. T~.so of the tests., in which FMC char was the 

feed, were successful; one test with hydrogasified ireland mine 

char was terminated before steady-state conditions were a,,ta_n_d,~ ~ .~ 

I'~'~minal conditions for the; successD.~l !:ests are as fioiio-:~: 
:.a. ~, ..,,e,: .'-,'~:~-.. F~r:d |"":c'"r .~...'.e:zr .=cwc.:. ".'era'.! "e~.-.. C!.ar 
l:.~, r., ~:.a'.:.., .~[p, Fress., 7.:.~n/t, ]:::=iut~...uu, • nverc:on, C'Jr.ve.~.--lon, 

.:~.'.. : : ' . -  ._...=.:...=__~' " '  " ~.",/.-. . Ds ' - , ~  kW n,~m. _. "~.. -.'t 
..~ . L j  ' . 

E';-2 ", l., ""~, i",". = -~C~ "'i ,. :: ;.~ ]. 

Steady-state operation was maintained for 1-1/2 hr during 

Bun EG-28. ~ne test was terminated when indications of plugging 

in the quench tower drain line were observed. Inoperation of 

the drain follo~ng the run showed that the liquid level sight 

gage had plugged rather than the drain line, causing erroneous 

level ind] cations. 

Data from Run EG-28 indicated nominal char gasification and 

steam decomposition of 47 and 66~ by weight, respectively. The 

average power input during szeady-state operation was 61 .k]-,; 

accompanied by an overall resistance of O. 54 ohm. 

At the start of the heat-up period of Run EG-29, the overall 

resistance of the system was 20 ohms, about 3 times that 

observed in previous tests. The bed height was increased to 

lower the resis~a,nce during this period. As the bed temperature 

approached 900°F, the resistance decreased to ~. 0 ohms and con- 

tinued to 0.94 ohm during the 1 hm 20 min of steady-state opera- 

tion. InJtiai data from the run indicate a char gasification of' 

37% and steam decomposition of 68~; by weight. The average power 

input was 71 kW, and the overall resists~nce was 0.94 ohm. 

R~u EG-3O ~s the first attempt to gasify hydrogasified Ire- 

land mine char at !000 psig. During the heat-up period we again 

experienced the high-resista/qce (20 ohms) condition as in the 

previous test. It ~as necessary to raise the bed height again 

to lo~er the resistance during heat-up. Forty minutes after 
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the sto,~l~ Clew into the reactor was started, L1~e resistance 

rapldly decreased to approximately 0.2 ohm, indicating a nhort, 

circuit, and the r~m ~as terminated before st,ead.v-state condi- 

tions were attained. 

Inspection of the reactor following the run revealed a plug 

of char in the top 2 ft of the 6-in. reactor tube, which created 

a lo~-resistance path from the electrode to the reactor wall. 

Several .holes were burned in the reactor wall ac a point .iust 

belo~.z the ~.~allite insulating sleeve of the electrode, and a 

portion of the electrode melted. ~en the reactor tube was re- 

moved from the pressure shell for further inspection, the inner 

~.~ll ~.ms fotu~d to be coated with a se~.~iconductor material of 

e:ther ash or metallic o::!de. The coating accunm~lated during 

test!ng ~d resulted in the hitch-resistance conditions that 

occurred. Several sections of the tube ~ill be sent to an out- 

side laboratory for metallurgical analyses of the coating. A 

replacement 6-in. tube of 31~ SS with a 3-ft expanded section of 

mullite (7-3/4-!n. !D) at the reactor top is being fabricated. 

The inci~eased cross-sectional area of the mullite section will 

decrease the superficial velocity of make cas t~ough the reactor, 

m:.n.i~:~ize the ca~ry-over of char into the make-~.--as system, and 

prev-nt t!~e occurrence of short circuits at the reactor top by 

its electrical insulatinc c!.aracterist!cs. 

:'uooort .~:tudies 

:.[e are investizau!ng ihe loss of char from the electrogasifica- 

t.:on "'!uid bed by entrair~ent. Characterization of feed and 

fez[due by fractional ~_ir elutriation is plmLned. 

A proEre.T, o:' [n "estigat'on of" the .h[zdrocaslf!cation react_~v[t:: 

o" coal r..ace.'.,a!s is beir~3 developed. The !C-T h~i].-pre.~sure 

ih..-.~r.zoba!~ce ',:ili be used -n this work. A.-.'sizt,.%nce of coal 

p-:iz, q:'..;x.aphers at Pennzy!vanla Ctat, rk,[verzity in obta[nin:- 

• :ppr~p~,;:~te z'unp].ez .has been so].!clted. 
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Methanation Test Pr0~ram 

The effect of traces of benzene present in the feed gas on 

the rate of methanation was studied at 300 pslg and 575°F. 

Benzene ~ms added to the feed at concentrations up to 6000 parts 

per million. For a set of data, a run was made without benzene, 

and the s,~me run was repeated with benzene in the feed• Most 

of the benzene passed unreacted through the reactor. No notice- 

able change in the rate of methanatlon was observed due to the 

presence of benzene during a particular set. However, the sub- 

sequent set of' runs ",~-th the same catalyst and at the same con- 

ditions indicated a slight decrease in the rate. The cause for 

the deactiv%tion of the catalyst., possibly due to exposure to 

benzene, is being investigated i~ther. 

Process Evaluation k'crk 

Because of the rather large alr-compressor requ'.rements and 

the large C02 rejection indicated in our study on the deposition 

of' fine carbon for dual pipelining of a gas-carbon mlx~ure, we 

amo ]ook!nE at, alternative schemes for the conversion off char to 

,.,sh-l~ee f l n e  carbon. 

p1 lot P]~nt ~q.Finee~in~ ,~d.Construct-~on 

Procon's progress on she engineering and construction of the 

pilot plant is covered in its _Prug.,.ess Report L:o. 12. 

P~cause of  problems with the thlcl~ess of the h~;dro~aslfler 

reactor shell and insulation on the second-stage !-<.'drogasif~er 

and the flu!dized-bed heat exchanger, %.~ have chs.nged bed-level 

zens!n~ fmom radlatlon-t~-pe systemn t o  differential pressure 

measurement inst~ments. Provisions "~zill be made to pumge t: e 

pressume taps and to keep the system sepsmate from other sensing 

zystems to avoid erl, oneous level readin&s. 
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DEVELOPMENT OF IGTHYDROGASIKICATION PROCESS 

Progress Report No. 59 - August 1969 

to 

Office of Coal Research 

Contract No. 15-01-0001-381 (1) 

SUMMARY 

. 

. 

. 

Two hydrogasification tests were conducted during the month 
using Sewell seam medium-volatile-content bituminous coal. 
Both tests were successful. 

Two tests were conducted in the electrothermal test unit. 
One run was partially succsssful with a 30-minute steady- 
state perlod. 

Detailed engineering for the pilot plant is 55% complete. 
Purchase of all major equipment has been made, and total 
purchasing is estimated at 74% complete. The field work phase 
has been started. 
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Hydro~asificatlon Test Program 

We conducted two hydrogasification tests this month in the 

balanced-pressure development unit (Runs }~-230 a~ud HT-231). In 

these tests we gasified a medium-volatile-content bituminous coal 

from the Sewell seam, Dante, Virginia, with a hydrogen-steam feed 

gas. The objective of these tests was to study the hydrogasifica- 

tlon performance of a typical medium-volatile-content bituminous 

coal. In earlier tests in the development unit hydrogasification 

test program, we had studied the performance of a Sewell seam 

bituminous coal from the Lockgelly mine in West Virginia. However, 

petrographic studies of this coal showed it to be similar to a 

low-volatile-content bituminous coal and, therefore, not repre- 

sentative of a typical medium-volatile-content bituminous coal. 

In the two tests conducte~ this month we hydrogaslfied the 

lightly pretreated medium-volatile-content bituminous coal in a 

3.5-foot fluidized bed at a system pressure of lO00 psig. Temp- 

eratures in the reactor tube were controlled to 1300°F in the upper 

free-fall section and to 17OO°F in the coal bed. In Run HT-230 

the hydrogen-to-coal feed ratio was a nominal 30% of the stoichio- 

metric ratio; the steam concentration in the feed gas was a 

nominal 35%. In Run HT-231, flow conditions were set so that the 

hydmogen-to-coal feed ratio vas a nominal 20% of the stoichiometric 

ratio, and the steam concentration in the feed gas was a nominal 

50%. Both tests were successful, each lasting from ~-1/4 to ~-l/~ 

hours. In Run HT-230, with ~ hours of steady-state operation, T~e 

converted 39% of the coal, based on the weight of the residue re- 

covered. In Hun~±~-231, with 3 hours of steady-state operation, 

the coal conversion was about 36%. 

A special heat input test was conducted in the hydrogasifica- 

tlon development unit to measure the electrical heat Input to the 

reactor heaters necessaryto maintain the r~actor tube at typical 

hydrogasificatlon temperature~ of 1300°-1700°F. The reactor was 

pressumlzed to 1000 pslg for this test in ~ich there was no coal 

or gas fed. Wattmeter readings measuring the electric power input 

I N S T I T U T E  O F  G A S  T E C H N 0 L - O  G Y 



to the reactor furnaces were taken over a 5-hour period at the 

reactor was controlled to a near].y constant temperature profile. 

Data from this test will establish the heat loss level from the 

reactor shell and will be useful for approximate heat balance 

calculations on hydrogasif!cation runs. 

Electrothermal Ga_sification Test Program 

Two tests were conducted in the electrothermal gasifier durlng 

the month. Hydrogasified Ireland mine coal was the feed in both 

runs. One test, EG-31, was partially successful, having a 30- 

minute steady-state period, but Run EG-32 was terminated before 

steady-state conditions were attained. 

During Run EG-31, erroneous bed height indications allowed an 

excessively high char bed to accumulate, causing abnoz~nal solids 

ca~y-over into the quench system and subsequent plugging of the 

quench system drain line. The test was terminated when we were 

unable to discharge the cooling ~ter and undecomposed steam from 

the system. Nominal conditions of the run a~e as follows: 

t'~.~a" : . ,e , :  .'.',.,-:~ . . , , ~  ÷:,,,a,",,z, E, '~--~-r  P~-a~r ~ ,e r '~ : !  F.'en.m r.~,ar 
f i l l '  , , .  i ~ "  . " t .~p. ~l,r!,.~ , .T.n p ' . t  ~PS'- S~ UE:"'.', ~" ~.:'e:PS' On, .~ .':IV~.;P'J .~ 'Op,, 

F . : ; - ' I  I"  ",; ! , "  l.'~l I (3c  " , I .  , ~." 5 55 ~.c 

During the preparation of the unit for the next test the quench 

water supply valve was accidentally left open over a weekend and 

flooded the unit vessels. Several days were spent attempting to 

dry the reactor insulation with a hot nitrogen purge. 

As steady-state conditions were bu.in~ approached during Run 

EG-32, the char feed screw would not deliver solids to the reactor. 

We believe residual water from the reactor insulation had condensed 

in the hopper bottom during the heat-up period and prevented the 

flow of solids to the screw. To overcome this problem we again 

purged the reactor with hot nitrogen and installed a nlt1~ogen 

psrge llne at the hopper to prevent the condensing of water in 

that vessel duri~ig subsequent testing. 
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Pilot Plant Engineering and Construction 

During the month we have placed major emphasis on specifica- 

tion and selection of control valves and controllers. Certified 

prints of the control valves sme necessary to complete the iso- 

metric drawings for piping. It now appears that process piping 

is critical to plant completion. Engineering is estimated at 55% 

complete and purchasing at 74% complete, q~ne material receipt 

and oonstr~ction phase have just started. 

Details of this work are covered in the accompanying Procon 

Progress Report No. 13. 

Process Investigations 

Work is continuing on the concept of producing a finely 

divided carbon to transport %rith synthetic pipeline gas. During 

the month investigations were centered on minimizing air 'tom- .:' 

pression requirements and on reducing the amount of carbon lost 

as cambon dioxide. Ve are attempting to reduce carbon lost as 

COa by recycling the CO= to the gasification system. We are also 

investigating the recovery of fine carbon f~om a gas-solids mixtu~-e 

at the delivery end of a gas-sollds pipeline. 

Because of the need to hold plant water requirements to a 

minimum, next month we plan to stsmt a study of maximizing the 

use of air. cooling ~n the plant to reduce cooling water requirements. 

During the month no new inventions were made in the course of 

the work. 

Approved " [ 7  "' ._,/g/4<,,.,,.__ .. 
7. C. Schora,/As~ociate Dil, ector ~/--~.l~e, Manager 

~ ./ 

,I I U. .,/ ' 
" e l  . ' : l ' " . ,  ~-'i~L oI" i .~ . . . .  

Jack Huebler, R~seax~Ch Director 

/i 

I N S T I T U '[ E O F 

4 

G A S  T E C H N O L O G Y  



PILOT PLANT PROGRAH 0 r  I GT HY 

OCR CONTRACT No. 1 4 - 0 ]  - 0 381 ( 1 )  

J e l m l J m m m  1 9 6 7 -  | 9 6 8  . . . . . . . . . . .  1 9 ~ ' g t m m m i = e  

=~ ~ ~1'  ~- ~l~ ~ ~1 ~- ~' ~1~ ~ ~1'- ~ ~1 =~ = ~ '1~- ~ == ~1~ ~ ~1 ~- ~=< ~1~ ~ ~ == 
- 1ST YEAR _ t _  I 2HD YEAR . . . .  ~ 3RD YEAR-- 

_ PILOT PLANT AR.EAS . . . . .  

I 1 ...... .... 
a. HYDROGASIFICATION SECTION Bid Specification Contract 
_ ( HG ) and Selectio~ Negotiation Detailed Design, Procurement, and Construction HG 

. . . . . .  i i = 

b. ELECTROTHERMAL GASIFI- 
"CATION SECTIO~I" " 

( EG)" 

C, SECTIONS INTEGRATION 

SUPPORT STUDIES 

:L COAL CHARACTERIZATION 

b. CATALYTIC METHANATION 

C. ECONOMIC EVALUATION 

d. GASIFICATION STUDIES 

e. ENGINEERING DESIGN. 
OF COMMERCIAL PLANT 

ii i i 

Design, Construction i 
300- kw Gasifier Shakedown Operation 30b - kw Gasifier 

i mll  I f l  I 

I Detailed Design 

- - 2  - MW EG" 
/ 

Petrographic,,,, ~d Calorimeb'ic Studies I 

Methanati¢,n and Desulfurization Studies 

Evaluati~ of Pilot Plant 

C'~taiyst Evaluation and P 
Data ,Col}~q:tion 

Cost Estimate Based on Current Con,'ept 
i 

Updating and Correlation of Dat 

Tests with . . . . .  Simulated EG Gas I Producer Tests 

6 Reactor must be pmchased during design period bocailse of time recluirod for fabrication. 

I 



--~.T HYDROGASIFICATION PROCESS 
Z 
• (1)  A G A :  I U - 4 - 1  ;.. 
• y- -i~7~- 1971 1972-- 

~ ~ <' ~1 ~ ~ ~1~ ~ ~l~.~ ~1~ ~-~,,1~--~ ~1~ ~.~{~..~_~l~_ ~ 
YEAR 

Z , 

.;HG 

I 

t 

I 4TH YEAR ~--~i~.~ 

l i i i  i i 

,i I F Plant Plant 
I Shakedown Operation 

i _ m i l l  t i m  

5TH YEAR~,,,,,~ 

l 

L 

Procurement and Shakedown 
Construction and 

, Integration 
' i 

~-. ,_ 
"lot Plant Data 

, 
L 
l "  .on and Pilot Plant 
.~ollection 
¢ 

L _  

~ n  o; Data 

"." e r Tests 

i 

I , , , ,  Updating and Correlation of Dat'a I 

• l i 

I Updating and Correlation of Data 

Operation HG & EG 

Cost Estimate Based on Inlegrated 
Pilot Plant Data 

I Bids and I 
Selection I Commercial Plant I 

E-881094  

2 



DEVELOPMENT OF IGT IIYDROGASIFICATION PROCESS 

Progress Report No. 60--September 1969 

to 

Office of Coal Research 

Contract No. 14-01-000!-381 (1) 

SUMMARY 

I. Three hydrogasification tests were conducted. 

2. Four runs were conducted in the electrothermal reactor test unit with 
one run having a steady-state period of over 2 hours. 

3. A check on methanation catalyst deactivation indicates that the initial 
partial loss of activity levels off after several days to nearly constant 
activity, 

4. Progress in the construction of the pilot plant continues satisfactorily, 
with the target date for mechanical completion being June l, 1970. 
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H y d r o ~ a s i f i c a t i o n  T e s t  P r o g r a m  

Wc c o n d u c t e d  t h r e e  h y d r o g a s i f i c a t i o n  t e s t s  th i s  m o n t h  in the b a l a n c e d -  

p r e s s u r e  d e v e l o p m e , i t  uni t  (Runs H T - ~ 3 2 ,  H T - 2 3 3 ,  and H T - E G - 5 ) .  In the  

f i r s t  two of t h e s e  t e s t s  we g a s i f i e d  a l igh t ly  p r e t r e a t e d  m e d i u m - v o l a t i l e - c o n t e n t  

b i t u m i n o u s  c o a l  f r o m  the  Sewe l l  s e a m  wi th  a h y d r o g e n - s t e a m  f e e d  gas .  Th i s  

S e w e l l  s e a m  c o a l  has  been  p r o p e r l y  i d e n t i f i e d  as  be ing  f r o m  the S e w e l l  No.  1 

m i n e  in  N i c h o l a s  Coun ty ,  W e s t  V i r g i n i a .  In the Ju ly  and  Augus t  1969 P r o g r e s s  

R e p o r t s  we  r e f e r r e d  to th i s  coa l  a s  be ing  f r o m  Dante ,  V i r g i n i a ,  w h i c h  is  the  

l o c a t i o n  of  the C l i n c h f i e l d  C o a l  C o m p a n y ,  the  s u p p l i e r  of th i s  coa l .  In the 

t h i r d  t e s t ,  Run H T - E G - 5 ,  we g a s i f i e d  a l igh t ly  p r e t r e a t e d  P i t t s b u r g h  s e a m  

h i g h - v o l a t i l e - c o n t e n t  b i t u m i n o u s  coa l  f r o m  the I r e l a n d  m i n e  fo r  the  p u r p o s e  

o f  p r o d u c i n g  a r e s i d u e  f e e d  f o r  t e s t s  in the e l e c t r o t h e r m a l  g a s i f i e r .  

The  r u n s  wi th  the S e w e l l  s e a m  coa l  a r e  a p a r t  o f  the s e r i e s  of t e s t s  

c o n d u c t e d  to s tudy  the h y d r o g a s i f i c a t i o n  per,.*ori,~ance of a t y p i c a l  m e d i u m -  

v o l a t i l e - c o n t e n t  b i t u m i n o u s  coa l .  Run H T - 2 3 2 ,  the  t h i r d  t e s t  of  t h e  s e r i e s ,  

had to be t e r m i n a t e d  b e f o r e  s t e a d y - s t a t e  o p e r a t i o n  was e s t a b l i s h e d  when a 

plug d e v e l o p e d  in the  p r o d u c t - g a s  r e a c t o r  o f f t ake  l ine  r e s t r i c t i n g  the  ou t f low 

of  p r o d u c t  g a s e s .  The  plug w a s  f o r m e d  by the  c o n d e n s a t i o n  of t a r s  in the 

l ine  fo l lowing  a f a i l u r e  of  a s e g m e n t  of  the  prod~tct  l ine  h e a t e r .  

Run H T - 2 3 3  was  c o n d u c t e d  a t  c o n d i t i o n s  s i m i l a r  to t h o s e  of Run H T - 2 3 2 .  

The  coa l  was  r e a c t e d  in a 3. S - f oo t  f l u i d i z e d  bed  wi th  h y d r o g e n  and s t e a m .  

F e e d  r a t e s  w e r e  ad jus*ed  so t ha t  the h y d r o g e n - t o - c o a l  r a t i o  was  2 5 ~  of 

s t o i c h i o m e t r i c ,  and  the  s t e a m  c o n c e n t r a t i o n  in t he  f e e d  gas  was  50 m o l e  

p e r c e n t .  The r un  l a s t e d  4 - 1 / 4  h o u r s  w i th  2 - 3 ] 4  h o u r s  of  th i s  a t  s t e a d y - s t a t e  

c o n d i t i o n s .  B a s e d  on the  w e i g h t  of the  r e s i d u e  r e c o v e r e d ,  33% of  the  c o a l  

was converted. 

The.production o£ partially hydrogasifi.ed bituminous coal residue for use 

in the  p i l o t  p lan t  e l e c t r o t h e r m a l  g a s i f i e r  was  the  o b j e c t i v e  of  Run H T - E G - 5 .  

This run was conducted at standard hydrogasification conditions to get a coal 

conversion of 35~o. Over 150 pounds of Ireland mine coa! ~esidue ",t'as pro- 

duced during this 5-I/2 hour run, which was terminated when the feed ran 

out. 
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F o u r  runs  we:re c'cJnductcd in the; e l e v t r c ~ t h e r m a l  ~ a s i f i e r  d u r i n g  the mon th .  

We used  h y d r o g a s i f i e d  v i l e r  {bigh-w~la t i le  b i tuminous}  as  the f e ed  in the f o u r  

t e s t s .  One of  the t e s t s  was  s u c c e s s f u l ,  wh i l e  t w o w e r e  p a r t i a l l y  s u c c e s s f u l  

but w e r e  t e r m i n a t e d  b e c a u s e  of  o p e r a t i o n a l  p r o b l e m s  and one  was  t e r m i n a t e d  

b e c a u s e  of an e q u i p m e n t  f a i l u r e .  

D ur ing  thb r e a c t o r  h e a t - u p  p e r i o d  ~f Run E G - 3 3 ,  the  s t e a m  supe rhea t e : c  

c y c l e d  off  and cou ld  not  be r e s t a r t e d ,  c a u s i n g  us to t e r m i n a t e  the  t e s t .  The  

p r o b a b l e  c a u s e  of  the f a i l u r e  was  the o v e r h e a t i n g  of the  c o n t a c t s  of  the 

c o n t r o l  c i rc tz i t .  To  r e d u c e  the  a m b i e n t  t e m p e r a t u r e  b e h i n d  the p r o t e c t i v e  

b a r r i c a d e ,  the  f l u i d i z i ng  n i t r o g e n  p r e h e a t  f u r n a c e  was  m o v e d  to an a d j a c e n t  

b a r r i c a d e d  a r e a  a n d  a v o r t e x  coo l ing  tube  was  p l a c e d  in the  s u p e r h e a t e r  

c o n t r o l  c a b i n e t .  

P~un E G - 3 4  was  the f i r s t  t e s t  a t  1000 p s ig  of a h i g h - v o l a t i l e - c o n t e n t  

b i t u m i n o u s  h y d r o g a s i f i e d  c h a r  in which  an e.,:tended s t e a d y - s t a t e  o p e r a t i n g  

p e r i o d  was  m a i n t a i n e d  ( o v e r  Z hours~ .  P r e l i m i n a r y  da ta  i n d i c a t e  a c h a r  

c o n v e r s i o n  and s t e a m  d e c o m p o s i t i o n  o£ 30 and 51%. An a v e r a g e  bed t e m p e r a -  

t u r e  o f  1 8 4 5 ° F  was  m a i n t a i n e d  by 83 kW of  p o w e r  input  wi th  an o v e r a l l  

r e s i s t a n c e  of  1 .57  o h m s .  The  c h a r  f e e d  r a t e  was  118 l b ] h r ;  the  s t e a m  f e e d  

r a t e  was  12S l b / h r .  

As s t e a d y - s t a t e  c o n d i t i o n s  w e r e  ap. ,~roached in Run E G - 3 5 ,  e r r a t i c  b e d -  

l e v e l  c o n t r o l  and  e x c e s s i v e  so l id s  c a r r y - o v e r  in to  the q u e n c h  s y s t e m  cou ld  

not  be c o r r e c t e d .  The  run  was  t e r m i n a t e d  when the  o v e r a l l  r e s i s t a n c e  

i n c r e a s e d  to o v e r  2 o h m s  and we w e r e  u n a b l e  to m a i n t a i n  the  bed  t e m p e r a t u r e  

above  1800°F  at  a p o w e r  input  of  lZ0 kW, the  h i g h e s t  p o w e r  l e v e l  a t t a i n e d  

thus  f a r .  

Run E G - 3 6  w a s  c o n d u c t e d  a t  t he  s a m e  cc~nditions as  E G - 3 5  and  was  

t z ' r m i n a t e d  due to the  s a m e  p r o b l e m s  as  e n c o u n t e r e d  p r e v i o u s l y :  e r r a t i c  

b(:d he igh t  c o n t r o l ,  high r e s i s t a n c e ,  and s o l i d s  c a r r y - o v e r  into the  o f f - g a s  

m e t e r i n g  and v e n t  s y s t e m .  F o l l o w i n g  the  t e s t ,  we found  tha t  t he  s t e a m  o r i f i c e  

p re r~sure  d i f f e r e n t i a l  t r a n s m i t t e r  was  m a H u n c t i o n i n g .  T h u s ,  d u r i n g  the  p r e -  

v ious  two test~, t he  s t e a m  f low r a t e  was  p r o b a b l y  m u c h  h i g h e r  than  i n d i c a t e d ,  

the  e x c e s s  s t e a m  f low co r . t r i bu t ing  to  the p r o b l e m s  of  e r r a t i c  bed  he igh t  and  

s o l i d s  c a r r y - o v e r  due  to t.he i n c r e a s e d  s t e a m  s u p e r f i c i a l  v e l o c i t y  t h r o u g h  t h e  
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reactor and accounting for the water in the off-gas piping by exceedin~ tile 

cooling capacity of the quench system. The steam orifice pressure differ- 

ential transmitter has since been repaired and recalibrated, and a lar~er 

capacity water pump has been installed in the quench system for Further 

testing. 

Methanation Test Prq~zram 

A continuous run was made to check the rate o£ deactivation of the catalyst 

being used in present catalyst studies (Harshaw Ni 0104-T). The feed gas 

w a s  c o m p o s e d  o f  I0 m o l e  p e r c e n t  CO and 90 m o l e  p e r c e n t  H z. The" r e a c t o r  

w a s  a t  a t e m p e r a t u r e  of 5 7 5 ° F  and at  a p r e s s u r e  of 598 ps ig .  

At  a c a l c u l a t e d  s p a c e  v e l o c i t y  of  8 0 , 0 0 0 - 9 8 , 0 0 0  S C F / h r - s q  f t  c a t a l y s t ,  

the activity of the catalyst decreased 12 ~ after 16 hours. The activity re- 

mained essentially constant until the end of the experiment (5-1/Z days). 

Catalyst volume was based on catalyst weight divided by bulk density. 

Pilot Plant Construction 

Details of the engineering and construction of the pilot plant are covered 

in Procon's Progress Report No. 14 which is enclosed. Procon now estimates 

e n g i n e e r i n g  to be 6 0 ~  c o m p l e t e  and p u r c h a s i n g  76% c o m p l e t e .  We h a v e  been  

r e v i e w i n g  P r o c o n ' s  w o r k  and  have  had s e v e r a l  m e e t i n g s  with v e n d o r s  o f  

p a c k a g e d  s y s t e m s  to e n s u r e  c o m p a t i b i l i t y  of  c o n t r o l  s y s t e m s .  

P r o c o n  has  c o m p l e t e d  the r e e s t i m a t i o n  of  the  g u a r a n t e e d  m a x i m u m  p r i c e  

and has  s u b m i t t e d  i ts  p r o p o s e d  f i g u r e  f o r  a p p r o v a l .  

Dur i ng  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  w o r k .  

A p p r o v e d  " ' ".;4 ~ - - -  S igned  
• • , o 

F .  C. S c h o r a ,  D i r e c t o r  B . S .  L e e ,  M a n a g e r  

4 
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PILOT PLANT AREAS 

a. HYDROGASIFICATION SECTION 
(HG)  

b. ELECTROTHERMAL GASIFI- 
CATION SECTION 

( E G )  

c. SECTIONS INTEGRATION 

SUPPORT STUDIES 

a. COAL CHARACTERIZATION 

b. CATALYTIC I~ETHANATION 

C, ECONOMIC EVALUATION 

d. GASIFICATION STUDIES 

e. ENGINEERING DESIGN .. 
O F"CE.MM ERCIAL PLANT 

PILOT PLANT PROGRAM O r. I GT HYO 

O C R  CONTRACT No. 1 4 - 0 1  - 0 381 ( 1 )  

1967 - - - - - - -  ' 1968 . . . . .  196"9----- 

~1 ~ ~ ~!~ • ~l ~~ -~ '~  ~ ~1 ~1 ~ I~ ° ~'~ ~ 
r -  1ST YEAR " _ I _ , - -  v I - 2ND YEAR. . - - -  _ , _  - 3RD YEA,~--.-. 
i - - "  

. . . . .  I J i ..... Bid Speci/icatian Cent|act 
i and Selection- Negotiation Detailed Design, Procurement, and Construction HG 

i i i i , i i  i i i i i  i 

| i i , , ii , i  , , , 

Design, Constructlun I 
30D- kw Gasifie, Shakedown Operation 300 - kw Gasifier 

- i i i i 

Detailed Design I 

, 2 - M~ EG 

i i  . i i  i 

Peb'ogtaphic and Ca;orimeb'ic Studies 

. . . . . .  , ,  , , ,  

Methanatio: and Desuliurization Studies 

Cost Estimate Based on Current Concept 

I 
Evaluation of Pilot Plant Data 

i i 

- Catalyst Evaluation and Pilot P 
Data Collection 

Updating and Correlation of Data 

r , |  i i ,  ii i 

Tests with.,Simulated,,, EG Gas ,,,, ] Producer Tests 

* Reactor must be purchased during design period because of time required for fabricaUon. 

/ 
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I,R-- --=__-I: "- 4TH YEAR',---,,~I=~ 5TH Y E A R , , ~  

Shakedown Operation 
_ _ _ , , , ,  , 

Procurement and Shakedown 
Conskuction and 

= Integration 

¢ 

~ lant Da:a 

~l-PIInt Plant 
::tion 

H I - ii i 

Operation HG & F.G I 

Updating,,.and Correlation of Data I 

" . . . . .  i 

Updating and Correlatinn of Data 

:, Data 
~ - ~  - -  

~ests 

¢, 
C 

! 

I Cost Estimate Based on integrated i 
. . . . . . . . . . . .  Pilot Plant Data 

I Bl~s an~ I F..oi~e.,ing Oe;iT;;J I 
Selection ~ Commercial Plant I 
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W-1784 

Coal Hydro~asification Pilot Plant 

1. SUMMARY 

Engineering 60% 
Purchasing 76% 
Material Receipt 3% 
Construction 3% 

A. ESTABLISHMENT OF THE GUARANTEED MAXIMUM PRICE 

The cost of the project has been re-estimated based on =he latest 

specifications and current commitments. A Guaranteed Maximum Price 

has been given to IGT and is presently under review. 

B. ENGINEERING 

The Piping and Instrument Diagrams have been reviewed and revised 

again and can now be considered as finalized "for construction" and, 

therefore~ will be used in checking =he detailed cons=ructlon drawings. 

Piping plans and details are 45 percent complete. The reactor structure 

detail drawings are 80 percent complete. All foundations are complete 

except for the building and s o m e  of the packaged plant foundations. 

Instrumentation and electrical specifications are complete and detailed 

instrument piping drawings will began upon selectic- of field instrument 

supplier. 

Total pro~ect detailed design and drafting is 55 percent complete. 

C. PROCUREMENT 

The Ingersol-Rand strike is over. It has delayed delivery of three 

compressors (as shown on the Bar Char~ Schedule in Section If), but 



C. 

D. 

Page 2 

PROCUREMENT (continued) 

these delays will not affect the project completion dat~, 

We have been notified by the ma~.ufacturer of the steam and hydrogen 

superheaters that they have obtained the reqt~Ired Incoloy 800 tubing 

and that the originally scheduled delivery date will be met. The 

nickel strike is affecting our purchasing of some Incoloy 800 pipe 

and valves. We are, therefore, buying stainless steel material to 

be used as a substitute in case the strike continues into 1970. 

Instrumentation proposals are presently being evaluated with IGT 

and critical equipment is being purchased. 

Receipt of material has begun and will increase through ~.eptember 

and October. 

CONSTRUCTION 

Major field activity has begun and the underground plph~g and e!ectrical 

work is underway. The erection of the control house will begin shortl 7. 



II° SCHEDULE AND S-CURVE REPORT 

The project PDM schedule was updated and run on the computer. The 

result confirms the project completion date of June i, 1970. The 

details of this schedule are presently being discussed with IGT. 

This Progress R~por= includes an updated Bar Chart Schedule and 

S-Curve Report. 
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DEVELOPMENT OF [GT HYDROGASIFICATION PROCESS 

Progress Report No. 61 --October 1969 

to 

Office of Coal Research 

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

S UMMAR Y 

o .H.~drogas,f2cation t e s t  w o r k  at low p r e s s u r e  i s  under  way  us ing  N o r t h  
Dakota li~ rote. 

o F ,ve  t e s t s  w e r e  p e r f o r m e d  in the e l e c t r o t h e r m a l  t e s t  un i t .  I n v e s t i g a t i o n s  
i~,tx'c s : a r t e d  on L-nd-to-e,*d e l e c t r o d e  corff~gurat ions .  

o E f f t ,  c t s  of s~H,tr  and benzene  on c a t a l y s t  a c t i v i t y  w e r e  i n v e s t i g a t e d .  

• Et ont,:nic a n a l y s i s  c o m p a r i n g  co~t of l ign i te  f r o m  o p e r a t o r - o w n e d  and 
u t [ l , ty- , ,wned m i n e s  ind ica tes  an a d v a n t a g e  for  u t i l i ty  o w n e r s h i p .  

D e t a t h : d , : n ~ i n e e r i n ~  o ~ t h e  p i lo t  p lan t  ]s 75°,':, c o m p l e t e .  F o r t y  p e r c e n t  
,Jr the fot~ndations and esscn t : . a l ly  al l  u n d e r g r o u n d  piping a r e  c o m p l e t e .  

I I  
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III. CONTRACT FINANCIAL REPORT 

Procon's portion of Form No. 80R017B has been completed and reflects 

actual costs incurred through the last calendar month; estimated costs 

during this month~ and the estimated total cumulative cost through this 

month. All costs have Been rounded off to the nearest thousand dollars. 



H y d r o g a s i f i c a t i o n  T e s t  P r o g r a m  

O n e  t h o u s a n d  p o u n d s  of  N o r t h  D a k o t a  l i g n i t e  w e r e  p r e p a r e d  a s  a f e e d  f o r  

the  h y d r o g a s i f i e r .  T h i s  p r e p a r a t i o n  c o n s i s t e d  of  d r y i n g  t h e  l i g n i t e  in  t he  

p r e t r e a t e r  t o  a m o i s t u r e  c o n t e n t  o f  l e s s  t h a n  3 . 5  ~'~. 

A f r e e - f a l l  r u n  w i t h  t h e  N o r t h  D a k o t a  l i g n i t e  a t  250  lb  p r e s s u r e  w a s  m a d e  

w i t h  o n l y  n i t r o g e n  in t h e  r e a c t o r .  R e s u l t s  w e r e  n o t  a v a i l a b l e  f o r  t h i s  r e p o r t .  

A n  a t t e m p t  to  r u n  t h e  N o r t h  D a k o t a  l i g n i t e  a t  500 lb  p r e s s u r e  u s i n g  h y d r o -  

g e n  a s  t he  f e e d  g a s  w a s  u n s u c c e s s f u l .  A f t e r  a b o u t  45  m i n u t e s  a n d  b e f o r e  t he  

b e d  w a s  e s t a b l i s h e d ,  t he  l i g n i t e  f o r m e d  a c a k e  a b o u t  1 f t  b e l o w  t h e  t o p  

h e a t i n g  z o n e .  T h i s  t e s t  w i l l  be  r e r u n  u s i n g  a n  i n c r e a s e d  n i t r o g e n  down p u r g e  

in t h e  f e e d  l i n e .  

E l e c t r o t h e r m a l  G a s i f i c a t i o n  T e s t  P r o g r a m  

F i v e  t e s t s  w e r e  c o n d u c t e d  in t he  e l e c t l - o t h e r m a l  p i l o t  un i t  d u r i n g  the  m o n t h .  

One  o f  the  t e s t s ,  E G - 3 7 ,  w a s  c o n d u c t e d  a t  1000 p s i g  w i t h  a h y d r o g a s i f i e d  

h i g h - v o l a t i l e  b i t u m i n o u s  c h a r  a s  t h e  f e e d .  F o u r  t e s t s  w e r e  c o n d u c t e d  w i t h  

a n  e n d - t o - e n d  e l e c t r o d e  c o n f i g u r a t ~ - o n  to o b t a i n  d a t a  o n  t h a t  m o d e  of  o p e r a t i o n .  

A s t e a d y - s t a t e  p e r i o d  o f  1 - 1 / 2  h o u r s  w a s  m a i n t a i n e d  d u r i n g  R u n  E G - 3 7 .  

" T h e  s t e a m  f l o w  r a t e  w a s  142 l b / h r  a n d  the  c h a r  f e e d  r a t e  w a s  1 3 1 . 5  ] b / h r .  

C o m p l e t e d  d a t a  i n d i c a t e  a c h a r  c o n v e r s i o n  a n d  s t e a m  d e c o m p o s i t i o n  of  

3 1 . 5  a n d  42-. 9 %, r e s p e c t i v e l y .  A p o w e r  i npu t  o f  9 5 . 2  kW m a i n t a i n e d  the  

b e d  t e m p e r a t u r e  a t  a n o m i n a l  1 8 0 0 ° F ,  a c c o m p a n i e d  b y  a n  o v e r a l l  r e s i s t a n c e  

o f  O. 87 o h m .  

I t  w a s  n e c e s s a r y  to . - e m o v e  t h e  i n n e r  r e a c t o r  t u b e  f o l l o w i n g  t h e  t e s t  to  

r e p l a c e  the  t h e r m o c o u p l e s ,  s o  w e  d e c i d e d  to s , " i t c h  o u r  m o d e  o f  o p e r a t i o n  

at that time from a concentric electrode configuration to -n end-to-end 

configuration. With thls configuration, the current flow is parallel to the 

reactor wall from an inner electrode in the upper portion of the bed to the 

reactor bottom. 

A 6 - i n .  - I D  mt ' - l l i t e  r e f r a c t o r y  t u b e  w a s  i n s t a l l e d  in  t h e  p r e s s u r e  s h e l l .  

T h e  1 - I / Z - i n ,  s t a i n l e s s  s t e e l  r o d w a s  e x t e n d e d  to 12 in.  a b o v e  t h e  m e t a l  

c o n e  a t  the  r e a c t o r  b o t t o m .  W i t h  t h e  i n l e t  g a s  n o z z l e  e x t e n d e d  to  t h e  top 

of  t he  m e t a l  c o n e ,  t he  c h a r  b e l o w  the  n o z z l e  i s  in a s e t t l e d  s t a t e  a n d ,  w i t h  

Z 
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the  mt:t-',l c~Jnu, a c t s  a s  o n e  u l e c t r o d c :  ~n the  s y s t e m .  T h e  f i r s t  he - ' , t - up  

tc:st  w a s  c c m d u c t c d  a t  a t m o s p h e r i c  p r e s s u r e  u s i n g  n i t r o g e n  a s  t h e  £1uid iz ing  

g a s .  Wi th  1Z- i n .  S p a c i n g  ~ff e l e c t r o d e s ,  the  o v e r a l l  r e s i s t a n c e  of  the  

s y s t e m  w a s  a b u u t  50 o h m s .  A t  t h e  m a x i m u m  v o l t a g e  (550 V) f r o m  the  M . ' G .  

s e t ,  w e  w e r e  u n a b l e  to  h e a t  t he  r e a c t o r  b e d  a b o v e  7 0 0 ° F .  T h e  1 - 1 / 2 - i n .  

s t a i n l e s s  s t e e l  e l e c t r o d e  w a s  e x t e n d e d  to 6 in. a b o v e  the  m e t a l  c o n e  a t  t he  

r e a c t o r  b o t t o m  f o r  t he  s e c o n d  h e a t - u p  t e s t  to l o w e r  t h e  r e s i s t a n c e  b e t w e e n  

e l e c t r o d e s .  At  t he  b e g i n n i n g  of  t he  h e a t - u p  p e r i o d ,  the  o c e r a l l  r es i -~Lance  

o f  t h e  s y s t e m  w a s  a n o m i n a l  14 o h m s  a t  t he  m a x i m u m  v o l t a g e  o f  550 V.  

W i t h  t he  c~x r r en t  f l o w  of 40 A,  t h e  p o w e r  inpu t  w a s  22 kW,  w h i c h  s h o u l d  

h a v e  b e e n  s u f f i c i e n t  to  h e a t  t he  c h a r  b e d  and  r e a c t o r  to  1 7 0 0 * F .  H o w e v e r ,  

s e v e r a l  t h ~ r m o c o u p l e ~  i n d i c a t e d  a ho t  .~pot a~ the  r e a c t o r  b o t t o m ,  a n d  the  

t e s t  w a s  t e r m i n a t e d  ~ ' hen  t h e  o v e r a l l  r e s i s t a n c e  d e c r e a s e d  s h a r p l y ,  i u d i -  

c a t i n ~  a s h o r t  c i r c u i t .  F o l l o w i n g  t h e  t e s t ,  w e  found  the  i n l e t  g-'-s n o z z l e  

m e l t e d  a t  the  t ip ,  a s  w a s  a b o u t  1 / 2  in.  of  the  1 - 1 / 2 - i n .  s t a i n l e s s  s t e e l  r o d .  

A l s o ,  s e v e r a l  s p o t s  o f  e i t h e r  s l a g g e d  c h a r  o r  m e l t e d  e l e c t r o d e  m e t a l  w e r e  

on  t h e  r e f r a c t o r y  w a l l .  

T h e  i nh : t  g a s  n o z z l e  w ~ s  s h o r t e n e d  so  i t  w o u l d  no t  e x t e n d  to  t h e  t op  of  

t he  m e t a l  c o n e  a t  the  r e a c t o r  b o t t o m  to  p r e v e n t  t he  a p p a r e n t  h i g h  c u r r e n t  

d ~ . n s ~ y  a t  i t s  t i p  t h a t  p r e v i o u s l y  c a u s e d  it  to m e l t .  Dur~no  b o t h  t e s t s  a t  

a t m o s p h e r i c  p r e s s u r e ,  t r o u b l e  w a ~  e n c o u n t e r e d  in c o n t r o l l i n g  t h e  c h a r  b e d  

h e i g h t ,  a n d  the  f l u i d i z a t i o n  of  t h e  c h a r  b e d  w a s  e r r a t i c .  T h e  t h i r d  t e s t  w a s  

c o n d u c t e d  a t  the  s a m e  e l e c t r o d e  s p a c i n g  (6 i n . ) ,  bu t  a t  500  p s i g  to 

t a k e  a d v a n t a g e  of  the  p r e s s u r e  e f f e c t  on f l u i d i z a t i o n  b e h a v i o r .  A t  t h e  

beg i ,~n ing  o f  the h e a t - u p  p e r m d ,  t h e  o v e r a l l  r e s i s t a n c e  w a s  a n o m i n a l  14 

c~l',ms. It d c c . ' e a s e d  to l e s s  t h a n  3 o h m s  i-,l 1 h o u r .  T h e  b e d  t h e r m o c o u p l e s  

m d ~ c a t e d  t h a t  t e m p e r a t u r e s  v a t t e d  f r o m  600 ~ to 1 7 0 0 ° F  in 2 i t ;  t h i s  i nd i -  

c a t e d  ~ h o r t  c i r c u i t i n g ,  s o  t he  t e s t  w a s  t e r m i n a t e d .  

D i s m a n t l i n g  t h e  r e a c t o r  b o t t o m  s h o w e d  the  i - l / Z - i n ,  s t a i n l e s s  s t e e l  r o d  

to  b e  u n a f f e c t e d  by  the  s h o r t - c i r c u i t  c o n d i t i o n ,  b u t  the  m u l l i t e  r e f r a c t o r y  

w a s  s~,vert . . ly  m e l t e d  f o r  a l e n g t h  of  12--15 in. f r o m  t h e  b o t t o m  o v e r  o n e - f o u r t h  

~Jf t he  c i r c u n f f c . r e n c e .  A l s o ,  t he  r r m t a l  c o n e  w a s  m e l t e d  2 in. f r o m  i t s  t o p  

a t  i l s  j u n c t i o n  w i t h  t h e  b u r n e d  s e c t i o n  of  m u l l i t e ,  

3 
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R e p r o d u c e d  f r o m  I 
b e s t  a v a i l a b l e  c o p y  I 

I 

T h e  bot.t(+nl ~ v c t i o n  o f  m~; i l t t c  w,t.~ ct.i.,la¢ ,.d I)y ,t 5 - l / 2  × 6 " i n . - O D  5t.t:tlo,~ 

,,f m u l l l t e .  A n e w  n ~ u t a l  con~, wd.,, i n s t , ~ l l , . d ,  w i t } ' ,  .~ ~ t : t m h ,  s~ s i t ,  e l  c r o s s  

:nsert,,d at "he = top ¢,f the ~ont,. Tht: cro-:~ ~its :w(, il(~ stainh.ss steel bard, 

~n. h ) n g ,  ] / Z  in. w: .de ,  a n d  3/-1 ~n. t h i c k .  It a d d t : d  4 - 1 / 4  sq  in. ,)f c -on t ac t  

,trc'a a ~. the  reactor bot:,}n,. 

Th+. ,it,xt test, Run EG-31!, was c:,nductt.d a t  ~()[) ps~g with 6 in. betxvt:vn 

the l-l/2-in, stam.:ess steel rod a n d  ton of tht' ,'-',,.~s st:orion of the :nt:ta] 

,.<,no, A f t e r  the'  l a o a t - u p  of  the  reactor w a s  ; ~ t ' c o t n p l : s h t : d ,  ,t s t e a t h , - s t , t t t '  

p, ' .rt,}d ,f 40  r n t n d t t ,  s ~. 'as n%ain, a i n c d  ¢lur~,ag t h e  r u n .  t > r t . J i m i n a r y  r t . s u l t s  

,}f t he  '.--st a r e  s i m i l a r  to  p r c v : , o u s l y  c o n d , : c t c d  r u n s  t~ncler s . : m i l a r  c o n c B t i t , n s ,  

T h e  v e t * a g o  ,.lur:,n£ s t e a d y - s t a t t :  , 3 p e r a t : o n  w a s  34.t V; the  c u r r e n t  ~ ' a s  I l l a l l l -  

t 'au~ed a t  i .~:~. A .  Th , :  p,~.,,'¢-r +nput w a s  47.  5 k W .  w i t h  a : . . . , v e r a l l  r t - s i s t a n c v  

,+f 2. =, t;hp.'ts. 

Tht." reactor temperature during the run was a ntnn:nal 1700"F. "i'ht. 

I t : s t  ,,: 'as t e r n ' l : n d t e d  w}:t:n t h e  tt:t~a.:),.r. 'ttur,: al,~n.c o n e  s i d e  t.ff th , :  n ' : , . ' ] l i te  tub , :  

ltlrltCttr.,'d a h o t  s p o t .  Inspe, . t i+~n ~:f tilt: I n n e r  rt.a,.-t~Jr fu lhw. ' inK t i le  r u n  s h o w e d  

: r e  mutlb, . . ,  t u b e  t o  be  st, vt . re ' - 'y  n~.ei ted,  a s  v.,a= :he* b u l k  c e r a m " c  i n s u l a t i o n  

i t :  t}::c a n n u l u s  o f  tht.. pre. , , .~. i re  s h e l l  ovum" . ) n t - - t h i r , i  , ,f t h e  c l r c u l l l ~ ' c r v = l c  f' , tnd 

z it alc, ' :~ t'.',¢, w a i l .  

".r'ht. m e t a l  c o n e  w a s  a l s o  m e l t e d  s e v e r a l  m c h t : s  f r o m  t h e  t o p ,  b u t  t h e  c r o s s  

s , . v t i o n  a n d  t h e  l - 1 / 2 - : . n ,  s t a i n l e s s  s t e e l  r o d  w e r e  u n a f f e c t e d .  A p p a r e n t l y  

d u r i n g  R u n  E G - 3 8  a n d  t h e  p r e v i o u s  h e a t - u p  t e s t ,  t h e  m u l l i t e  t u b e  c r a c k e d  

-'.nd al iwx,  c d  c h a r  p d r t + t ! e s  to  a c c u m u l a t e  a h , n g  t h e  inn<:r  w a l l .  T h i s  c o n d i -  

; : , ~  cr~';xt¢.r; a low r e s : , . t a m : c  p a t h  a n d  a h . g h  , - u r r c n t  dt, t ' ,s i ty ."-: 'ca,  w h i c h  

,=,., r}t.,..zcd f,.r the tu,.-h :a~ uJ ~.h(: wall. "i'.~, . ,tt.;ttla. ~ n'It)de o.: current fl,,w was 

; , I , ,n~ th,-  =.,_'ninth o f  the i - I / i - u : ,  t . le,:tr ,~¢:,- to  t h e  t nz t e r  w a l l .  

S , . v t . r a ]  , ; , . s i~ : t a  t'r,r t h e  : ¢ . a e t : , r  b,.,ttt, m conf t~ :u ra ; . i cm a r e  b e i n g  c o n s i d e r e d .  

A : ' t . ; . t t tur  ~ui )e  o f  '..'y,"..= :=. t)t.in~ :r .st , . l l~. , .  f , , r  f u r l . h e r  t e s t i n g  o f  t h e  e n d - t o -  

end  el,:ctr,,dc c ¢ , n f i ) / t : r a t i o n .  

.t 

I N £ T ~ 7 U T £ 0 F G A ~. T E C H N 0 L 0 G Y 



R e p r o d u c e d  f r o m  I 
b e s t  a v a i l a b l e  c o p y  I 

I 

i r • 

D,;Z': ;~-  tr . ,  i l ; c J ; ~ t ~  t h , -  t . ; ; , ' ~ ' t  ~,t + , ; ; : , ; . ~  ,L::,: i , , - ~ ; . ~ - 7 ; , .  : , : ;  ;h i"  r ~ , t e  o~" :l:el . .~laJ~+- • 

l'(.:lI11[ *+i;+ll it'.far !';tL¢* ~)~" -'~1,'~.h~lt:t" ~c, ." ; :~. . l ; t , l l l  ~'l ' .~}l;t:!;t '¢~ , ~'J::.%l+;t.tlt ~'+Jr If) }~.++U."~ 

• :Z'I+'P .t:'. l ' , : t : ; + l  d , ' ~  : '~ ' -~>, -  , ; +'+- | ' ;  ,, :t .~+;i+tl~t+ ]+~: 3"L-, ;¢I~II+A, .{ | ,  ]It+'A'C"~.'P, t h " t  

• I :' , ,; .~.~'.~.'~- ~'~'~,.'vl.~ : ; | , t ' ,  ¢ : , ~ l ' . h , - , "  +.:;t" • , ~ | . ~ ] ~ ' ~ , | .  .'!: ~ .%,~+t'rl:,rl ~ . " l l . 0 b ,  t | l l . ~  l'~+'t:(~ 

• 11 t]*.t" t %z! +:." .I .~'-1!,{': : ' . ; : : .  

I '+'.~.;lt.~ ;+." ;h , -  ~ t , :+ i .  +.'+ "..+r,,;'-'x:,'t~,.. ~,:;t:, , , f  N~+P:+: 2").+.;'tA,t l t g f : t t t "  +: ta t | l -  by 

.t '~d,,:] ~,** . ' : : "  +~, , .  . : , ' . t : ' t "  '+.'1*.~. |;**.;¢*t| *.~, + , , : : : : , : : i t -  ; , : ' , c~ . . ' ,  : ! : . , : .  : : ; z g ' ; t  b~: ch;~rL~ed I I )  

W:t'- 'I ;t t.:t-.t,it,tt(~:t : t ] l t~w.l . : ; t  t ' ,  ~.t,t" t.~rtlt't* ,)~ i : t t : : t t~ -  ~'t~l" t h e  ~.t.~ p ia l~  t , I v e r . t g t - . - ;  

~ ] .  ~ : , / t u . ,  ".'t,r ,i .- ' f i t : : ' .-° :.~;~:~';ti o~" .t : l : : ; ; t '  +if,, r d : t , . , . .  ~', : t | l  u t : l i t y  , " l t l a - t c l n g ,  

t : :+ t z ty  ,+'~':,,_':'+.t::.t>. It ~II~+;¢+tl ~'l" .~J,,;ntc.ti o t t t  t ' ! t t t  It ; t ,  : v i a ! i r e  cc, s t s  ; t s s . c i a t e d  

'+.'tL]t t T ' p : c a |  t~tint" c , . : )u r , t t l+m - ' ,nd wi l l1  u t + l l t y  , , w , t c r . ~ h : p  i t r t -  I m p o r t a n t ,  a n d  

t i t a t  a b s t ~ l u t t "  c o s t $  d U l ) t . n d  o n  t h e  p a r t ~ c u I i t r  ; t s : ; t t t ' . a l ) t i o i l s  c o n c e r n i n g  t h e  

ii+,.:nitt: t u  t)e m i n e d .  

P i l + , t  P ] a t ~ t  C+)n.~tr t l¢ . :  t:+':, 

-+3t-:..:lt-c! e t l - t l i t - , , = " : l :  +++.....~til:x:t:t-d t+. !.t : - ~ "  . ' o : ax ;~ l t : tv ,  a a d  ! ) t t r ~ t x ~ + : n g  

"+ . "+ .  ~.'+,!11;.~ctt-. Ix: t.tlt • l l t ' J r : ,  t h e  , ' n d , ' . ' , . ' : ' , ;  : n ,  ~. p.p'-'.'~2 :~ t ' ~ s c t " . i & l l y  + 'uZZ: l ) l c t e .  

V',+,Ir.t!i:ti ,}::~ , t r t '  +dmt : t  ;0  ". , m l t i , ! t ' : ~ .  

~"n~i~,~ua:-~ h a s  b e e n  })kz~'~.d oz'~ I.i,t' t | v . ' , ,~ . :  t+ e t i~c d u $ t  ruVtlov- ' - l  s y S t e l l " l  

; t ~ , t  IO. ted  w i t h  th+_ • ~ .oa ]  |~Ft+'p-~ raLic ,  l£ . .+t 'c t .o ; ; .  i~]&Sl.,; aft ."  t o  5h t t ' r~"  t h e  d u s t  

"x ' ; th  w.-tt.£" a n d  f i l l e r  st <+x'cr :h~: ~'h;tz" ~ ' . l t c r  c , t ~ : , .  A l < o ,  d + , t ; t i l s  o:" t h e  a s r  

d t s t r d ) u t t , r  lit. t h e  b a s e  o f  t h e  p r c : r c a t t . r  w e r e  r t . . ~ o l v u d .  . S c h e d u l e s  s t i l l  

i ~ c l i c a t o  that!  t h , .  m . ' , i n  r u a c t u r  w l i l  ht: : ' e i ,  d y  J't~r s h i i m x e n t  b y  m i d - D e c e m b e r ,  

D c t . , i l s  .l£'t: t o r t : r e d  in  P r o c o ] ~  ! ' :o . . . : -~ . . s~  R c p t ) r t  X o .  l ~ .  

i N $ T I T U T E O F G A 5 T ~ C H N O L 0 G Y 



D u l ' : n g  lh~, I n m ' t h  thL. r e  w , ~  : l  .)--w¢:vk .~tr:k¢. o f  the  n ~ a i n t c n a n c c  Lmion 

,~t l G ' r .  T h u r e  w a s  a s l i g h t  sl¢*w¢l,~wn in tc,st  r u n g  b e c a u s e  ¢~f the  p r o b l e m  

c~f gt'tti:x.~, n.~trogen t h r o u g h  the  p i c k e t  l ,ne ,  

No n e w  hwent~on~  w e r u  m a d e  in the  c o u r s e  o f  thu  m o n t h ' s  w o r k .  

j ! /  
A p l~ row.d  . (fi'~".. , ,~'~.,~*~ ~'~//. 

F .  C:. S c r o t a ,  J r .  J , D i r e 6 f o r ,  
.7 

i$ P r o c e s s  R u s e a r c h  ,,. 

' 2  • . / j  

• • ...~?~,_,. 
B. S. L e e ,  M a n a g e r -  
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PILOT PLANT PROGRAM O r I GT HYDRO 

OCR CONTRACT No." 1 4 - 0 1 -  0 381 ( 1 )  

I-- 1967- 1960 . . . . .  196"9 

,~>-,o~o,~°=~ooo=~1~, ~1~ ='0~1 ~1 =: I¢ "~1 "1 = 1~ ~,1,-> i I - =  I - < o 1 = ~  . :, ~ - - ~ _  < ~-~ . = ~ - - ~ . 0 = ~ = ~  o ~- 
I L I 2ND YEAR ¢- 3RD Y E A R - -  IST YEAR i " s  - -  " ~ - -  

• HYDROGASIFICATION SECTION I Bid Specification Contract ( HG ] I and Selection- Negotiation Detailed Design, Procurement° and Construction HG 

• " I I  

3. ELECTROTHERMAL GASIFI- 
• CATION SECTION 

( EG)" 

:. SECTIONS INTEGRATION 

SUPPORT STUDIES 

a, COAL CHARACTERIZATION 

b. CATALYTIC METHANATION 

C, ECONOMIC EVALUATION 

d, GASIFICATION STUDIES 

e, ENGINEERING DESIGN 
O F-C"OMM ERClAL PLA~IT 

Design, Construction J . . .  
300 k w . ~  f=er 

i 

PrOcUl 
Detailed Design Con= 

2- M EG 
i i  i l l  

Petrographic and Calorimetric Studies 

i i 

I Evaluation of Pilot Plant Data 
=== i n  mnm 

, , , ,  , , ,  

[ Metbanation and Desulfurization Studies Catalyst Evaluation and Pilot Plant 
Data Collection 

Cost Estimate Based on Current Concept I 
, ,  , , ,  I , = , , ,  , 

Updating and Correlation at' Data 

,,,, , ,  

Tests with Simulated EG Gas I Producer l'ests 

=' Reactor must be purchased during design period because of time reqltired for fabrication. 

I 
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- HYDROGASIFICATION PROCESS 
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DEVELOPMENT OF IGT HYDROGASIFICATION PROCESS 

P r o g r e s s  R e p o r ~  No.  62 - -  N o v e m b e r  1969 

to 

O f f i c e  o f  C e a l  R e s e a r c h  

C o n t r a c t  No .  1 4 " - 0 1 - 0 0 0 1 - Z , 8 1  ( 1 )  

SUMMARY 

• F o u r  h y d r o g a s i [ i c a t i o n  t e s t s  w e r e  p e r f o r m e d  u s i n g  N o r t h  Dako ta  l ign i te  
to  i n v e s t i g a t e  h y d r o g a s i £ i c a t i o n  a t  500 p s i .  D i f f i c u l t i e s  w e r e  e n c o u n t e r e d  
w i t h  f e e d i n g  in the f i r s t  t h r e e  r u n s ;  h o w e v e r ,  in the  f o u r t h  run  a m o d i f i e d  
s t a r t - u p  p r o c e d u r e  l ed  to a s u c c e s s f u l  5 - I / 4  h o u r  t e s t .  

• F i v e  t e s t s  w e r e  c o n d u c t e d  in the  e l e c t r o t h e r m a l  g a s i f i e r  d u r i n g  the  m o n t h  
to i n v e s t i g a t e  the  u s e  of  e n d - t o - e n d  e l e c t r o d e s .  

o I n v e s t i g a t i o n s  of  the  e f f e c t  o£ t r a c e  a m o u n t s  o£ o r g a n i c  s u l f u r  c o m p o u n d s  
on  m e t h a n a t i o n  c a t a l y s t  a c t i v i t y  a r e  be ing  u n d e r t a k e n .  

e An investigation was made of various cost factors as they may apply to 
- a  . . . . . . . . .  g ! - ~  

o E n g i n e e r i n g  and p u r c h a s i n g  f o r  the  pi'.ot p l an t  a r e  80 ~ c o m p l e t e .  Al l  
u n d e r g r o u n d  w o r k  and f o u n d a t i o n s  a r e  e x p e c t e d  to  b e  c o m p l e t e d  by the  
e2~d of  D e c e m b e r .  
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H v d r o g a s i f i c a t i o n  T e s t  P r o . ~ r a m  

We c o n d u c t e d  f o u r  h y d r o  g a s i f i c a t i o n  t e s t s  th i s  m o n t h  in the  b a l a n c e d -  

p r e s s u r e  d e v e l o p m e n t  uni t  (Runs H T - 2 3 6 ,  H T - Z 3 7 ,  H T - 2 3 8 ,  and H ' r - Z 3 9 )  

wi th  a d r i e d ,  bu t  o t h e r w i s e  u n t r e a t e d ,  N o r t h  D a k o t a  l ign i te  f r o m  the  

G l e n h a r o l d  m i n e .  T h e  o b j e c t i v e  of  t h e s e  t e s t s  w a s  to s tudy  the  r e a c t i v i t y  

of the  l ign i te  to h y d r o g a s i f i c a t i o n  w i th  h y d r o g e n  and  s t e a m  a t  a s y s t e m  

p r e s s u r e  of  500 p s i g .  The  f i r s t  t h r e e  t e s t s  had  to b e  t e r m i n a t e d  a f t e r  a b o u t  

I h o u r  of f e e d i n g  l i g n i t e ,  bu t  b e f o r e  s t e a d y - s t a t e  o p e r a t i o n  w a s  a t t a i n e d ,  

w h e n  the l i gn i t e  w a s  h e l d  up a t  the  top  of  the  r e a c t o r  tube  c a u s i n g  the  f e e d  

s c r e w  t o  j a m .  

The  e x a c t  c a u s e  of  the  l ign i te  h o l d - u p  in t h e s e  t e s t s  h a s  no t  y e t  b e e n  

e s t a b l i s h e d ,  bu t  a p p e a r s  r e l a t e d  to the  c o m p o s i t i o n  o f  the  f e e d  ga s  and  i ts  

l i n e a r  v e l o c i t y .  A l t h o u g h  the d r i e d  l i gn i t e  w a s  s h o w n  to he n o n a g g l o m e r a t i ' n g  

in l a b o r a t o r y  t e s t s~  f u r t h e r  e x a m i n a t i o n  of  the  l i gn i t e  f e e d  u s e d  in the  

d e v e l o p m e n t  h y d r o g a s i f i c a t i o n  ~mit s h o w e d  a s l igh t  p a r t i c l e  a g g l o m e r a t i o n  

w h e n  h e a t e d  in a h y d r o g e n  a t m o s p h e r e .  

Run  H T - Z 3 9  w a s  s u c c e s s f u l l y  c o n d u c t e d  u s ing  the  s a m e  l i gn i t e  f e e d  a s  in 

the  t h r e e  p r e v i o u s  t e s t s ,  bu t  w i th  a m o d i f i e d  s t a r t - u p  p r o c e d u r e .  Feec l  

s t e a m  w a s  no t  i n t r o d u c e d  to the  r e a c t o r  un t i l  a~ter  a l ign i te  b e d  w a s  e s t a b -  

l i s h e d .  T h e  l i gn i t e  w a s  g a s i f i e d  in a 3 . 5 - f t  f l u i d i z e d  bed  w i th  a h y d r o g e n -  

s t e a m  f e e d  g a s .  S t e a m  c o n c e n t r a t i o n  in t h e  f e e d  ga s  w a s  a n o m i m a l  35%.  

The  h y d r o g e n - t o - l i g n i t e  r a t i o  w a s  a n o m i n a l  2 0 ~  of  s t o i c h i o m e t r i c .  The  

test lasted 5-I/4 hours, with Z-I/4 hours of this time at steady-state. 

Based on the weight of the lignite recovered, 51"% was converted to liquid 

and g a s e o u s  p r o d u c t s ,  A d d i t i o n a l  r e s u l t s  f o r  t h i s  t e s t  a r e  no t  y e t  a v a i l a b l e .  

E l e c t r o t h e r m a l  G a s i f i c a t i o n  T e s t  P r o g r a m  

F i v e  t e s t s  w e r e  c o n d u c t e d  in the  e l e c t r o t h e r m a l  g a s i f i e r  d u r i n g  the  m o n t h .  

The  t e s t s  w e r e  a c o n t i n u a t i o n  of  the  s t u d y  o f  o p e r a t i n g  c h a r a c t e r i s t i c s  o f  

e n d - t o - e n d  e l e c t r o d e s  in the  p i l o t  uni~-:. A l l  the  t e s t s  w e r e  c o n d u c t e d  at  500 

p s i g  u s ing  h y d r o g a s i f i e d  c h a r  f r o m  h i g h - v o l a t i l e  b i t u m i n o u s  c o a l .  

The first two tests were conducted with a 3-ft long Vycor tube (6 x 5-3/16 

in. ) in the  l o w e r  s e c t i o n  of the  r e a c t o r .  The  V y c o r  tube  w a s  s h e a t h e d  in a 
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2 - f o o t  s e c t i o n  of  S c h e d u l e  80 s t a i n l e s s  s t e e l  pipe to p r e v e n t  b u r n o u t  of  the  

i n s u l a t i o n  in the a n n u l u s  wi th in  the p r e s s u r e  she l l  sou ld  a s h o r t  c i r c u i t  

occur.  

The top electrode was the i - ! / 2 - i n ,  stainless steel  rod and the bottom 

electrode consisted of an 8- in .  long section o£ 1 -1 /2 - i n .  stainless steel rod 

attached to the metal cone at the reactor  bottom, A 4- in .  long and 1 /2 - in .  

w ide cross of stainless steel was attached to the bottom rod to increase the 

surface area of the electrode. The spacing between electrodes was i n i t i a l l y  

6 in.  At  550 vol ts  t h e r e  w a s  no m e a s u r a b l e  c u r r e n t  f low and  the  t e s t  w a s  

t e r m i n a t e d .  The e l e c t r o d e  s p a c i n g  w a s  d e c r e a s e d  to 3 - 1 / 2  in. f o r  the  

No.  4 r e a c t o r  heaL ,up  t e s t .  At  550 v o l t s  we w e r e  unab l e  to ob ta in  the p o w e r  

l e v e l  r e q u i r e d  to h e a t  t he  bed due to the  h igh  o v e r a l l  r e s i s t a n c e  of the s y s t e m  

(175-275 ohms). 

Fo r  the No, 5 heat-up test  the bottom electrode was changed to the metal  

cone at the reactor bot tom and the sett led bed below the gas in le t  nozzle 

w i t h  the  d i s t a n c e  f r o m  the  top of  the  cone  to the  u p p e r  e l e c t r o d e  a t  3 - 1 / 2  in.  

A g a i n ,  a t  550 vol t s  we w e r e  unab le  to h e a t  the  c h a r  bed  due to the  h igh  o v e r -  

T h e  t e s t  was  t e r m i n a t e d  w h e n  a sudden  d e c r e a s e  in r e s i s t a n c e  o c c u r r e d  

i n d i c a t i n g  a s h o r t  c i r c u i t .  A 1 - in .  ho le  h a d  been  b u r n e d  t h r o u g h  the  V y c o r  

t ube  and m e t a l  s h e a t h  and  was  p r o b a b l y  c a u s e d  by a b r e a k  in the V y c o r  tube  

w h i c h  c r e a t e d  a h i g h - c u r r e n t - d e n s i t y  a r e a .  

F o r  the  No. 6 h e a t - u p  t e s t  the  V y c o r  tube  was  r e p l a c e d  wi th  a 3 - f t  long ,  

5 - 1 / 8 - i n .  I . D . ,  5 - 1 / Z - i n .  O . D .  m u l l i t e  tube .  The  e l e c t r o d e  c o n f i g u r a t i o n  

w a s  s i m i l a r  to t ha t  in  T e s t  No. 4, excep t  the  c r o s s  s e c t i o n  a t  the  top of  the  

b o t t o m  e l e c t r o d e  w a s  r e m o v e d  and  the  s p a c i n g  be t 'ween  e l e c t r o d e s  w a s  s e t  

a t  2 i n c h e s .  

A t  550 vo l t s  we w e r e  s t i l l  unab le  to a t t a i n  a p o w e r  input  l e v e l  wh ich  w o u l d  

h e a t  the  c h a r  bed, and the  t e s t  w a s  t e r m i n a t e d  when  i n d i c a t i o n s  of a r c i n g  

o c c u r r e d  a f t e r  a s u d d e n  d r o p  in the  r e s i s t a n c e .  T h e  tops  of  both  e l e c t r o d e s  

w e r e  s l i g h t l y  mel~ed,  p r o b a b l y  c a u s e d  by c h a r  lodg ing  b e t w e e n  the  s m a l l e r  

s p a c e  (2 in.  ) b e t w e e n  the  e l e c t r o d e s ~  or  b e c a u s e  the  n i t r o g e n  v e l o c i t y  w a s  

n e a r  the m i n i m u m  ~lu id iz ing  v e l o c i t y .  A l - i n .  ho l e  w a s  b u r n e d  t h r o u g h  the  

m u l l i t e  tube  n e a r  the  top e l e c t r o d e  t ip.  
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The  m u l l i t e  tube w a s  r e p l a c e d  w i t h  a 6 - 1 / 2 - i n .  I . D .  x 8 - 1 / 2 - i n .  O . D .  

p r e c a s t  r e f r a c t o r y  (high a l u m i n a )  a n d  the No. 7 h e a t - u p  t e s t  w a s  c o n d u c t e d  

a t  the  s a m e  c o n d i t i o n s  as the  p r e v i o u s  t e s t ,  b u t  the  n i t r o g e n  s u p e r f i c i a l  

v e l o c i t y  w a s  m a i n t a i n e d  b e t w e e n  0 .3  a n d  0 . 4  £ t / s  ( c o m p a r e d  to 0 . 1 - 0 . 2  £ t / s  

in Run  No. 6) to  e n s u r e  a w e l l - f l u i d i z e d  bee! ~.n the  a r e a  of  t he  e l e c t r o d e  t i p s .  

At  550 vo l t s  the  o v e r a l l  r e s i s t a n c e  (50-70 ob :ns)  w a s  h igh  e n o u g h  to p r e v e n t  

r e a c t o r  h e a t - u p  and  the  run  was  t e r m i n a t e d .  H o w e v e r ,  no s h o r t  c i r c u i t i n g  

o c c u r r e d  and  the  e l e c t r o d e s  a n d  r e a c t o r  w a l l  w e r e  u n a f f e c t e d .  

T e s t  No.  8 w a s  r u n  a t  the  s a m e  c o n d i t i o n s  as  No. 7,  e x c e p t  we a t t e m p t e d  

to l o w e r  the  o v e r a l l  r e s i s t a n c e  by v a r y i n g  the  n i t r o g e n  f low r a t e  be low the  

m i n i m u m  f l u i d i z i n g  v e l o c i t y  to enab le  h e a t - u p  of the  bed .  H o w e v e r ,  we  w e r e  

unab l e  to m a i n t a i n  a s t a b l e  o p e r a t i o n  and  the  r u n  w a s  t e r m i n a t e d  w h e n  an  

a r c i n g  c o n d i t i o n  o c c u r r e d  in the  q u i e s c e n t  bed .  

F r o m  the  t e s t s  c o n d u c t e d  wi th  the  e n d - t o - e n d  e l e c t r o d e  c o n f i g u r a t i o n ,  we  

c o n c l u d e d  t h a t  i t  w i l l  n o t  be p o s s i b l e  to  c o n d u c t  t e s t s  u s i n g  th i s  c o n f i g u r a t i o n  

in ~./~e p i l o t  un i t .  An ove r s /1  r e s i s t a n c e  of the s y s t e m  f r o m  50 to Z00 o h m s  

h a s  b e e n  o b s e r v e d  a t  v a r i o u s  e l e c t r o d e  s p a c i n g s ,  and w i t h o u t  a m a x i m u m  

char bed. The unit is beii~g modh~ied for the change-over to the concentric 

electrode co~isurat ion. 

lv~etha~..~.tion Test Program 

To determine the l i fe and activity of a catalyst (Harshaw Ni-0104T) in 

the presence o£ sulfur, a gas mixture (5~ CO, 15% H 2, 80% CH4) containing 

0.3 ppm propyl mercaptan and 0.8 ppm thiophene was used in experimental 

runs. The activity was not changed at the end of a 67 hour run. Although 

it could not be accurately measured, there was appreciable breakthrough 

of s u l f u r .  

A p a c k e d  bed  r e a c t o r  w h i c h  can  be u s e d  to s i m u l a t e  e i t h e r  the  l i n e a r  

v e l o c i t y  o r  the  s p a c e  v e l o c i t y  of the  p i lo t  p l a n t  m e t h a n a t o r  w a s  d e s i g n e d  and  

is be ing  bu i l t  to s t u d y  the e f f e c t  of s u l f u r  (HzS) on the a c t i v i t y  of the  c a t a l y s t .  

Th i s  un i t  w i l l  a l s o  be u s e d  to c h e c k  out  the  o p e r a t i o n  o£ the  s u l f u r  c h r o m a t o -  " 

g r a p h ,  w h i c h  w i l l  e v e n t u a l l y  be i n s t a l l e d  a t  the  p i lo t  p lan t .  
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_Coal Characterization 

Plans are being made to study the reactivity of various macerals during 

hydrogasification. Maceral concentrates, which will be supplied by the coal 

research group at Pennsylvania State University, will be tested in a small 

thermal balance which has been used in the past for kinetic studies. 

En~ineerin~ Economics Studies 

An investigation was made to establish the effects of varying financial 

factors on the price of pipeline gas as compared to the A.G.A. accounting 

procedure used in all past economic studies. Debt fractions ranging from 

0.5 to 1.0, interest rates of 5-7~, and return on ,'ate bases of 7-9~were 

investigated, Variations of these factors caused changes of +Z. 19 to--l. 79/ 

million Btu of gas, compared to the cost of gas calculated from the standard 

procedure. 

Pilot Plant Construction 

Engineering and purchasing are both 80~ complete. The bulk of engi- 

neering w o r k  r e m a i n i n g  is  d e t a i l e d  d r a w i n g s  f o r  i n s t r u m e n t a t i o n  and  e l e c -  

work should be completed by the end of December. Most of the vessels have 

been received on the site with the exception of the main hydrogasifier vessel. 

Schedules still indicate that this vessel should be in transit by the end of 

the year. 

imrocon is now undertaking a new estimate of schedules and any revisions 

in the present schedule should be known by the end of December. 

Further details of the pilot plant cons%ruction are given in Procon's 

Progress Report No.  16. 

During the month no new inventions were made in the course of the work. 

A p p r o v e d  S igned  
F'. q/.' Schor~1 D i r e c t o r  ' B, S. L e e .  M a n a g e r  
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OCR Contract No. 14-01-0001-38l (I) A.G.A. Pro_~iec_t No. IU-4-1 

I. P r o i e c t  Ob,~ective 

The o v e r a l l  ob jec t ive  of this p r o j e c t  is a p r o c e s s  fo r  product ion  of pipe-  

line gas from coal that is economically attractzve for supplementing natural 

. gas supplies. Thc present objective is the design, construction, and opera- 

tion of a large integrated pilot plant to obtain scale-up data and operating 

experience. Developmental research, engineering studies, and economic 

evaluations arc in progress to help attain this objective. 

If. Achievements 

COA L C I-IARACTERIZA TION 

Petrographic examination of the residue from electrothermal gasification 

indicates that the reaction occurred uniformly throughout the particle. The 

particle structure probably collapses when sufficient gasification has tahen 

place. This mechanism is consistent with the observation of large fines pro- 

duction at high carbon gasification. P-ntrainment of particles can also be due 

to the low density of the particlcs. A fractional air elutriation technique is 

being used to investi/;at~ the causes of particle entrainment. 

Project COED char before and after electrothermal gasification shows no 

anisotropy and less vesicle formation than IGT's hydrogasified char due to 

the stage-by-stage heating basic to the COIED Process. 

We have begun a program to study the reactivity of rnacerals in hydro- 

gasification. Samples of macerals or maceral concentrates will be supplied 

by the coal rcscarch group at Pennsylvania State University. Four such 

samples have been p r e p a r c d .  



t I m 

I-IIC. ;- P R  ESSU R E METHA NATION 

. D e a c t i v a t i o n  of  c a t a l y s t  o c c u r s  I) a f t e r  o p e r a t i o n  a t  t e m p e r a t u r e s  b e l o w  

5 2 5 ° F  o r  Z) w i th  f e e d  g a s e s  of a H z / C O  r a t i o  of  <2. 

Reaction rate studies in regions f a r  from equilibrium show that methana- 

t ion  r e a c t i o n  r a t e s  a t  600 p s l a  and 5 7 5 ° F  and in the p r e s e n c e  o f  l a r g e  c o n c e n -  

t r a t i o n s  of  m e t h a n e  of  up to 85% a p p e a r  to be  compa"cable  to t h o s e  u s i n g  he l ium 

a s  the  d i luen t .  M e t h a n e ,  t h e r e f o r e ,  a c t s  a s  an i ne r t .  At 300 p s i a ,  h o w e v e r ,  

the p r e s e n c e  o f  m e t h a n e  d e p r e s s e s  the  r a t e  of  m e t h a n e  f o r m a t i o n  s o m e w h a t  

more than helium does at the same concentration. 

Tests of 4-5 days duration showed that after a few hours the fresh catalyst 

became stabilized in its activity. These long-term tests show no noticeable 

e f f e c t  of  b e n z e n e ,  up to I~7. c o n c e n t r a t i o n ,  on the r a t e  of  m c t h a n a t i o n .  Ana ly -  

s i s  of  the  c a t a l y s t  a f t e r  such  t e s t s  s h o w e d  no n o t i c e a b l e  c h a n g e  in c o m p o s i t i o n ,  

p a r t i c u l a r l y  in c a r b o n  and su l fu r  c o n t e n t .  T h e s e  c o m p o n e n t s  w i l l  s e r v e  a s  

indications of any carbon deposition or sulfur poisoning, respectively. Initial 

tests to measure sulfur poisoning showed that 0.3 ppm propyl rnercaptan and 

0.8 pp.-n thiophene in the feed gas did not reduce the rate of me*.hanation. 

Regression analysis of data based on all reproducible runs to date at 575°F 

and 600 psig strongly confirms the previously reported order of CO and H z, 

namely, I and 0.5, in the methanation rate expression. The CO order is main- 

tained in runs where a large excess of hydrogen is present. 

ENGINEER.TNG ECONOMICS STUDIES 

A brief study of lignite mining cost was prepared by Paul Weir Co., con- 

'sulting mining engineers. It estimated a cost of $1.4Z/ton without investment 

return, of which Z0~ is for United Mine Workers of Amez,.ca Welfare fund and 

18~ f o r  r o y a l t i e s .  By  c a p i t a l i z i n g  the  m i n e  b a s e d  on u t i l i ty  f i nanc ing ,  a 500 

b i l l i on  B t u / d a y  l i g n i t e - b a s e d  gas  p l a n t  p r o d u c e s  ga s  at  3 8 ~ / m i l l i o n  Btu.  The 

cost of lignite mining would be $1.55/ton. 

A preliminary study of hyd--'ogen production by oxygen t1"ansfer through 

shorted zirconia electrolyte cells indicates that the cost o£ hydrogen would 

be considerably higher than that from the steam-iron process. The main 

reason for ths cost difference is the high investment cost of the cell system. 

A brief study was made to correlate cost data of acid-gas removal systems 

with the concentration of acid gas in the feed stream. The recovery of sulfur 
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f r o m  II,S and SOz f r o m  the ]IYGAS plant  was  e x a m i n e d  in a re:cent s t udy .  A 

p a p e r  bas~:d o,i t h i s  s t u d y  was  p r e s e n t u d  in S e p t e m b e r .  

The  e f fec t  o£ v a r y i n g  f i n a n c i a l  f a c t o r s  on the  p r i c e  of p ipe l ine  gas  i s  c a l -  

c u l a t e d .  The r a n g e s  of  v a r i a t i o n  of t h e s e  f a c t o r s  a r e -  

Debt Fraction 

Interest Rate 

Return on Rate Base 

0.5 to 1.0 

5, 6, and 7~o 

"7, 8, and 9~ 

• F o r  the base  c a s e  of p r o d u c i n g  p ipe l ine  gas  f r o m  b i t u m i n o u s  coa l  u s i n g  p u r -  

c h a s e d  e l e c t r i c i t y  fo r  the e . l e c t r o t h e r m a l  g a s i f i e r ,  v a r i a t i o n s  in the a b o v e  

f a c t o r s  caused  a c h a n g e  of +Z. 15 t o - - l . 7 ~ / m i l l i o n  Btu f r o m  the b a s e  g a s  p r i c e .  

DEVELOPMENT UlkrlT STUDIES 

An evaluation of Montana lignite for hydrogasification was completed which 

showed it to be comparable in reactivity to North Dakota lignite. Hydrogasifi- 

cation of the char from FMC Corporation's Project COED was successful. 

This char, already gasified quite severely, showed a lower reactivity, as ex- 

pected, than pretreated or partially gasified bituminous coal from the Ireland 

m i n e .  

In a s h o r t - r e s i d e n c e - t i m e ,  f r e e - f a i l  t e s t  a t  I000 ps i  and 1300°F ,  3 7 ~  o£ a 

d r i e d  Montana  l i g n i t e  w a s  c o n v e r t e d  to g a s e o u s  and  l iquid p r o d u c t s ,  of  w h i c h  

13% was  l iquid and  the  b a l a n c e  gas .  

An  e v a l u a t i o n  o.  ~ p r e t r e a t e d  m e d i u m - v o l a t i l e -  con ten t  Sewel l  s e a m  b i t u m i n o u s  

coa l  w a s  c o m p l e t e d  t h a t  shows  the  coa l  to be c o m p a r a b l e  in r e a c t i v i t y  to p r e -  

t r e a t e d  I r e l a n d  m i n e  coa l .  We have  j u s t  c o m p l e t e d  a s tudy of the e f f e c t  of 

p r e s s u r e  on the r e a c t i v i t y  o£ l ign i t e .  F o u r  t e s t s  wc-'re conduc ted  th i s  m o n t h .  

The  e l e c t r o t h e r m a l  g a s i f i e r  h a s  been  s u c c e s s f u l l y  o p e r a t e d  a t  540 p s i g  wi th  

I r e l a n d  mine  h y d r o g ~ s i f i e d  c h a r .  R e a c t i o n  r a t e s  a p p e a r  to be m u c h  h i g h e r  a t  

the higher pressure; the desired carbon gasification can be readily achieved. 

A p o w e r  l eve l  of  73 kW w a s  a t t a i n e d .  Bed  r e s i s t a n c e  showed an  i n c r e a s e  o v e r  

o p e r a t i o n  at Z00 ps ig ,  ~vhich is  h igh ly  d e s i r a b l e  b e c a u s e ,  fo r  the s a m e  p o w e r  

input ,  h i g h - v o l t a g e  o p e r a t i o n  i s  m o r e  e f f i c i e n t  t han  h i g h - c u r r e n t  o p e r a t i o n .  

C a r b o n  g a s i f i c a t i o n  o f  o v e r  50% and s t e a m  d e c o m p o s i t i o n  of o v e r  8 0 ~  w e r e  

a c h i e v e d  in i / Z - h o u r  c h a r  r e s i d e n c e  t i m e .  
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T e s t s  with the P r o j e c t  CUED cha r  showed that i t  b e h r v e d  s imi l a r l y  to I r e -  

land mine  both in chemica l  and e l e c t r i c a l  c h a r a c t e r i s t i c s .  Continued tes t ing 
i 

of this  cha r  io planned. 

O p e r a t i o n  at 1000 psi, a f t e r  c o n s i d e r a b l e  mod i f i c a t i ons ,  encoun te red  a num-  

b e r  of  m e c h a n i c a l  d i f f icul t ies ,  p a r t i c u l a r l y  n e a r  the e l e c t r i c a l l y  insulat ing 

p r e s s u r e  c l o s u r e .  After  mod i fy ing  the c lo su re s ,  s u c c e s s f u l  opera t ion  at lO00 

p s i  wi th  CUED char  was  ach ieved ,  with carbon g a s i f i c a t i o n  of  4 0 ~  and s t e a m  

c o n v e r s i o n  of 6 0 ~ .  Opera t ion  w as  smooth.  

After severe] unsuccessful attempts, o F oration at I000 psi with IGT hydro- 

gas i f i ed  c h a r  was  s u c c e s s f u l l y  ach i eved  in S e p t e m b e r .  At a char  feed r a t e  of 

1Z0 l b / h r  and a s team r a t e  of 125 l b / h r ,  30~o of the c h a r  and 45~o of the s t e a m  

w e r e  c o n v e r t e d .  The power  input  was  85 kW. 

The pilot unit was converted to operate with end-to-end electrodes, A num- 

ber of tests were conducted which showed that, with our present power supply, 

the high bed r e s i s t a n c e  made  it  I m p o s s i b l e  to a c h i e v e  the p o w e r  input r e q u i r e d  

f o r  the gas i f i ca t ion  r eac t ion .  M e a s u r e m e n t s  w e r e  ob ta ined  of  vol tage g r a d i e n t s  

"and bed resistivity with this type of electrode configuration. The reactor is 

being returned to the concentric electrode arrangement for further testing. 

Pressure letdown tests of the char-water slurry from I000 psi to ambient 

gave very encouraging results in that no noticeable wear was observed after 

Z4 hours of operation on either a simple mild-steel nozzle or a flow-control 

v a l v e .  The flow ra t e s  th rough the va lve  can be r e a d i l y  con t ro l l ed .  The s l u r r y ,  

a f t e r  le tdown,  can be eas i ly  f i l t e r e d .  These  r e s u l t s  w e r e  u sed  to des ign the 

l e tdown and s l u r r y  d i s p o s a l  s y s t e m  of the l a rge  p i l o t  p lan t .  

T e s t s  m a d e  with a F i s h e r  b u t t e r f l y  valve, i den t i ca l  to the ones to be  

used in the HYGAS pilot plant for solids flow control, showed that the limiting 

t o r q u e  of  600 in.- lb  on the b u t t e r f l y  shaft  will  not be  a p p r o a c h e d  under all  f low 

cond i t ions .  The valve,  h o w e v e r ,  cannot  be safe ly  o p e r a t e d  if it is  i m m e r s e d  

in unf lu id ized  sol ids .  T h e r e f o r e ,  we have i n c o r p o r a t e d  t o r q u e  l i m i t e r s  on the 

v a l v e  o p e r a t o r s  and providt~d taps  fo r  int roducing f lu id iz ing  gas  to the p ipe  

a b o v e  and below the va lve .  

NEW PROCESS STUDIES 

A preliminary study has been made to evaluate the feasibility of simultane- 

ously producing synthc~tic pipeline gas and finely divided carbon from lignite 
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and t r a n s p o r t i n g  both p roduc t s  as  a m i x t u r e  by pipel ine.  The s tudy  is based  

on a gas p r o d u c t i o n  r a t e  of 500 bi l l ion B tu ]day .  In the r ange  of v a r i a t i o n  

studied so far,  a d r - i n c h  pipel ine c a r r y i n g  5 pounds of c a r b o n / l b  of  gas  shows 

an e n e r g y  t r a n s p o r t a t i o n  cost  of O.48~/mi l l ion  Btu-100 m i l e s  with capi ta l  

charge:~ a s s u m e d  a t  1 5 % / y e a r .  The cos t  of gas  and carbon  p r o d u c t i o n  is being 

fu r the r  i n v e s t i g a t e d  a s  a function of s e v e r a l  p a r a m e t e r s ,  such as  b y - p r o d u c t s ,  

d e g r e e  of  c o n v e r s i o n ,  and opera t ing  p r e s s u r e .  

A b r i e f  e x p l o r a t o r y  e x p e r i m e n t a l  p r o g r a m  was  conducted to e v a l u a t e  the 

p o s s i b i l i t y  of  s e p a r a t i n g  m e t h a n e - h y d r o g e n  m i x t u r e s  in a v o r t e x  tube .  With 

a feed gas  of  8 2 ~  m e t h a n e  and 18~  hydrogen ,  no s ignif icant  s e p a r a t i o n  was  

noted under  a wide  r a n g e  of opera t ing  condi t ions .  As we conc luded  that  the 

m a s s  ra t io  of  m e t h a n e  to hydrogen  is  a p p a r e n t l y  too sma l l  to p e r m i t  s e p a r a -  

tion by this  technique ,  we t e rmina t ed  th is  s tudy.  

A p r e l i m i n a r y  eng ineer ing  study is  be ing  conducted to e x a m i n e  the f e a s i -  

bi l i ty  of us ing  a m o l t e n  ca rbona te  fue l  ce l l  in a 4 0 0 - m e g a w a t t  p o w e r  plant  to 

supply p o w e r  to the e l e c t r o t h e r m a l  g a s i f i e r .  The power  plant  spec i f i c a t i ons  

w e r e  e s t a b l i s h e d  at  5000 volts,  us ing  a p r o d u c e r  gas g e n e r a t e d  f r o m  spent  

char .  S i n g l e - c e l l  spec i f i ca t ions  a r e  0.75 volt ,  ZOO A/sq ft, and 1 0 - s q - f t  ac t ive  

a r e a  pe r  cel l .  B a s e d  on this, the p o w e r  p lan t  wi l l  cons i s t  of  44 p o w e r  units, a 

power unit w£11 contain 67 batteries, each battery will contain 20 modules, and 

each module will consist of 5 ceils. The optimum stacking arrangement o¢ eight 

batteries in a package was selected. 2he preliminary cost estimate, based 

on conservative cost/actors, shows $82/kW for the purchased equipment cost. 

The to*~al plant investment and the power cost will be developed next. 

PILOT PLANT CONSTRUCTION 

Approval  w as  r e c e i v e d  f rom OCR to e s t a b l i s h  the gua ran teed  m a x i m u m  

p r i c e  of the p i lo t  p lant  a t  $6,724,000.  Inc luded in this p r i c e  is  a l a b o r  con- 

t ingency of $240,000 for  " local  condi t ions  and p r e m i u m  p a y . "  P r o c o n  wil l  

not sha re  in any sav ings  in field c o s t s  unti l  such savings e x c e e d  $Z40,000.  

Eng inee r ing  is 8 8 ~  comple te  and p u r c h a s i n g  is  8 t ~  c o m p l e t e .  Equ ipmen t  

has  been a r r i v i n g  a t  the si te;  27% has  a r r i v e d .  Cons t ruc t ion  of  the u n d e r -  

ground and foundat ion  is  e s sen t i a l l y  c o m p l e t e ;  total  cons t ruc t i on  is  17% com-  

ple te .  

A g r o u n d b r e a k i n g  c e r e m o n y  was  held at the s i te  on May an, 1969. 
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The p ro jec t  schedule  has been updated based  on cons t ruc t ion  t ake -o f f  of 

de ta i l ed  piping spool sheet: ,  and the an t ic ipa ted  m a n p o w e r  avai labi l i ty .  Indi-  
g 

ca t ions  a re  that the p r o j e c t e d  June I, 1970, comple t i on  date will  be  d e l a y e d  

by about  a month.  

I l l .  P r o b l e m s  

No major problems were encountered this q u a r t e r .  

IV. R e c o m m e n d a t i o n s  

We recommend that the project proceed into the areas defined in the con- 

t r a c t  amendment. 

1. A.G.A. Funding 

V. Status oi Fund£n B 

A. 1969 Funds Allocated 

B. Funds Expended This Month (estimated) 

C. Funds Expended to Date (estimated) 

Z. OCR Funding 

A. Funds Expended  This  Month ( e s t ima ted)  

B. Funds .Expended  Since Cont rac t  A m e n d m e n t  
No. 1 ( e s t i m a t e d )  

$ 300,000 

$ 16,700 

$ 300,000 

$ 580,000 

$ 3 , 4 0 0 , 0 0 0  

-As a r e su l t  of p e r s o n a l l y  reviewing the p e r t i n e n t  data  and i n f o r m a t i o n  

r e a s o n a b l y  avai lable ,  it is our  opinion that the p r o j e c t ' s  object ive has  b e e n  

a t t a ined  within the c o n t r a c t  t e r m  and the funds  a l loca ted ,  

| 

Signed *{.t. ~ " 
IBe rna rd  S. L e e  
M a n a g e r  

• ." r/ J / ~  

A p p r o v e f l / ~ l  • ["/~/j/.' '--~ / 
FrVnk Schema, Jr./)/ 
D i r e c t o r  IS// 

, / 

~ ;  . Le " 
, Jack lhleb[~r, V ice -Pres i c Jen t  

/ 
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Append ix .  A c h i e v e m e n t s  in D e c e m b e r  

COA L CHA R A C T E R I Z A T I O N  

P e n n s y l v a n i a  S ta te  U n i v e r s i t y  h a s  p r e p a r e d  f o u r  s a m p l e s  fo r  d e t e r m i n a -  

t i on  of  r e a c t i v i t y  on the t h e r m o b a l a n c c  and wil l  s end  t h e m  to us a f t e r  a p o r -  

t ion  h a s  b e e n  a c i d - w a s h e d  f o r  r e m o v a l  of m i n e r a l  m a t t e r .  T h r e e  of  the  

s a m p l e s  a r e  v~t r in i te  c o n c e n t r a t e s  f r o m  a l igni te ,  a s u b b i t u m i n o u s  coal ,  and 

a h i g h - v o l a t i l e - c o n t e n t  b i t u m i n o u s  coal .  The f o u r t h  is  a f u s i n i t e  c o n c e n t r a t e  

f r o m  a s u b b i t u m i n o u s  coal .  

M e t h o d s  of d e t e r m i n i n g  the  e l u t r i a t i o n  and a t t r i t i o n  c h a r a c t e r i s t i c s  of 

c h a r s  a r e  being deve loped .  

DEVELOPMENT UNIT STUDIES 

Hydrogasification Tests 

We conducted four hydrogasification tests this month in the balanced- 

pressure d~,velopment unit (Runs HT-Z38, HT-Z39, HT-240, and HT-Z41). 

Feed in these four tests was a dried but otherwise untreated North Dakota 

lignite from the Glenharold mine. Two of the tests, Runs HT-Z39 and HT- 

241, were successful. The two other tests had to be terminated before 

steady-state operation was attained. In Run HT-Z38 the lignite plugged in 

the feed screw. In Run HT-240, the feed-gas preheat coil plugged. The 

feed lignite was prepared by crushing and screening to a -10+80 mesh size 

and air-drying in the fluidized-bed coal pretreatment unit at ZZ0"-~40eF. 

Significant features of the four tests are given in Table I. 

Table I. FEATURES OF HYDROGASIFICATION TEST RESULTS 
FOR RUINS HT-Z38 TO HT-Z4! 

Run No. Temperature, °F Purpose of Run 

F e e d  Solids:  D r i e d  N o r t h  Dakota  Ligni te ,  Glen  h a r o l d  Mine 
freed Gas: Steam-Hydrogen 

HT-Z38 1300- 1700 To study the hydrogasification reac- 
tivity of a Nor th  Dako ta  l i g n i t e  with 
h y d r o g e n  (20~  of s t o i c h i o m e t r i c )  and 
s t e a m  (35~  c o n c e n t r a t i o n ) a t  a sys -  
t e m  p r e s s u r e  of 500 p s i g  

Results 

P l u g  in 
l i gn i t e  f e e d  
screw 

HT-Z39  1200- 1700 S a m e  a s  HT-Z38 S u c c e s s f u l  
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Tab le  I, Gen t .  F E A T U R E S  OF H Y D R O G A S I F I G A T I O N  T E S T  R E S U L T S  
F O R  RUNS H ' r - z 3 8  TO HT-Z41  

Run No. Temperature, °F Purpose of Run Results 

F e e d  G a s :  S t e a m - H y d r o g e u - C a r b o n  M o n o x i d e - C a r b o n  D i o x i d e  

H T - 2 4 0  1 2 0 0 - 1 7 0 0  To s tudy  the  h y d r o g a s i f i c a t i o n  r e a c -  P l u g  in  
tivity of a North Dakota lignite with f e e d - g a s  
a synthesis gas (35% of stoichiomet- preheat 
tic) and steam (50~/o concentration) coil 
at a system pressure of 500 psig 

HT-Z41 IZ00- 1700 Same as HT-Z40 Successful 

In Runs HT-Z38 and HT-Z39 we fed the lignite at a nominal rate of 50 Ib/ 

hr for gasification in a 3.5-£oot Iluidized bed controlled to 1700"F. Hydrogen 

was fed to the bottom of the reactor at a rate of 345 SCF/hr so that the hy- 

drogeu-to-coal ratio was Z0% of the stoichiometric ratio. Steam was fed at 

a ratt~ of 8.8 Ib/hr, giving a steam concentration of 50 mole percent in the 

hydrogen-steam mixture. Lignite feeding stopped in Run HT-Z38 after I hour 

when the f e e d  s c r e w  j a m m e d  a s  the l i gn i t e  p l ugged  ix: the f e e d  tube .  P a r t i a l  

c a u s e  of  the  p lug  w a s  too r a p i d  a h e a t - u p  of  the l ign i te  in flee u p p e r  p o r t i o n  

of the r e a c t o r .  To i m p r o v e  t e m p e r a t u r e  cont~-ol a t  the top of the r e a c t o r ,  we 

i n s t a l l e d  t h r e e  a d d i t i o n a l  t h e r m o c o u p l e s  i n s i d e  the  4 - i n c h - d i a m e t e r  r e a c t o r  

tube .  T h e s e  t h e r m o c o u p l e s  w e r e  p o s i t i o n e d  a s  fol lows= l) o u t l e t  of 1 - i n c h -  

d i a m e t e r  c o a l  f e e d  tube,  Z) p r o d u c t - g a s  b a y o n e t  f i l t e r ,  and 3) 30 i n c h e s  b e l o w  

end of coa l  f e e d  tube .  Run HT-Z39  w a s  c o n d u c t e d  s u c c e s s f u U y  wi th  no l ign i t e  

f e e d  i n t e r r u p t i o n  o v e r  a p e r i o d  of  5 h o u r s .  O v e r  a s t e a d y - s t a t e  o p e r a t i n g  

p e r i o d  of 2 - 1 / 4  h o u r s ,  b a s e d  on the w e i g h t  of  r e s i d u e  r e c o v e r e d ,  w e  con-  

v e r t e d  o v e r  50% of  the  l i gn i t e  to g a s e o u s  and l iquid  p r o d u c t s .  

N o m i n a l  f e e d  r a t e s  in R u n s  HT-Z40 and H T - 2 4 1  w e r e  a s  f o l l o w s :  Zl l b /  

h r  lignite, Z65 SCF/hr of synthesis gas (54% hydrogen, 41% carbon monoxide, 

5% carbon dioxide), and 12.6 lb/hr steam. The lignite was converted in a 

3.S-foot fluidized bed controlled to a temperature of 1700*F. During the 

start-up of Run HT-Z40, we fed no steam to the reactor with the synthesis 

gas to maintain a high concentration of feed gases and thus reduce the chances 

of  l ign i te  p lugg ing  at the top of the r e a c t o r .  H o w e v e r ,  p r e h e a t i n g  the  s y n t h e -  

s i s  gas  wi th  no s t e a m  r e s u l t e d  in c a r b o n  d e p o s i t i o n  in the f u r n a c e  p r e h e a t  

t u b e s  that  e v e n t u a l l y  p lugged  the t u b e s  and s t o p p e d  the ga s  f low.  A f t e r  c l e a r i n g  

the f eed  ga s  p r e h e a t  tubes ,  Run HT-Z41  w a s  m a d e  wi th  the s t a n d a r d  s t a r t - u p  
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p r o c e d u r e  of  a m i x t u r e  of  feed  gas  and s t e a m .  With p r o p e r  c o n t r o l  of  t e m -  

p e r a t u r e s  a t  the top of  the r e a c t o r  (1 i50 ° - I Z 0 0 ° F ) ,  the  t e s t  was  s u c c e s s f u l l y  

c o n d u c t e d  with no l i g n i t e  p lug .  T h e  t e s t  l a s t e d  o v e r  5 h o u r s  wi th  ~ -3~4  h o u r s  

a t  s t e a d y - s t a t e  c o n d i t i o n s .  B a s e d  on the w e i g h t  of  r e s i d u e  r e c o v e r e d ,  o v e r  

50~/o of the l ign i t e  w a s  c o n v e r t e d .  

Complete hydrogasification results of Runs HT-Z40 and HT-Z41 will be 

presented when analytical results are completed. 

To complete the record, Table Z gives significant fe..tures of four hydro- 

gasification tests we conducted with North Dakota lignite during the month of 

November to study the effect of pressure on lignite conversion. 

T a b l e  Z. FEATURES OF HYDROGASIFICATION TEST RESULTS 
FOR RUNS HT-234 TO HT-Z37 

Run No. Teml-erature, °F Purpose of Run 

Feed Solids: Dried North Dakota h'~gnite, Glenharold Mine 
F e e d  Gas: None 

R e s u l t s  

HT-234 1300 To study the limited conversion of Partially 
North Dakota l i gn i t e  at 250 psig in successful 
free-fall 

HT-Z35 1300-1700 To study the hydrogasification reac- Feed screw 
tivJty of a North Dakota lignite with jammed. 
hydrogen (20~ of stoichiometric) 
and steam (35~ concentration)at a 
system pressure of 500 psig 

HT-Z36 1300-1700 Same as HT-235 Feed screw 
j a m m e d .  

HT-237 1300-1700 Same as HT-Z35 Feed screw 
jammed. 

Run H T - Z 3 4  was  d e s i g n e d  to o b t a i n  a l i m i t e d  c o n v e r s i o n  o f  the  l ign i t e ,  Z0% 

o r  less if possible, by thermal treatment of the lignite while in free-fall through 

the reactor tube with no feed gas. The lignite was fed at a non~inal rate of Z0 

Ib/hr and gasified in the 15-1/Z-foot heated section of the reactor tube. To 

keep the lignite from hanging up on the walls of the reactor tube, we fed 185 

SCF/hr of sweep nitrogen to the bottom of the reactor. The test lasted just 

over 3-i/4 hours. During this period, lignite feeding was interrupted 4 times 

by minor plugs at the top of the reactor. Because of these lignite feed stop- 

pages and the relatively lin%ited steady-state operating period of less than 

! hour, this test we& only partially successful. Based on tentative results 

? 
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w e  e s t i m a t e  tha t  1 0 ~  of the  l ig , , i t e  w a s  c o n v e r t e d  to l i q u i d s  and Z 5 ~  to g a s -  

e o u s  p r o d u c t s .  

Test conditions for Runs HT-235, HT-Z36, and HT-Z37 wore similar to 

those of Runs HT-~38 and HT-Z39 already discussed. Each of these three 

tests was terminated after about 1 hour of lignite feeding when the feed screw 

janRrned. Lignite holdup at the top of the lignite feed tube %yes responsible 

for the feed screw jamming. The lignite holdup appeared to be caused by a 

combination of too low of a nitrogen purge rate and physical compaction of 

the lignite. There was no evidence of any further holdup of lignite in the 

reactor tube when the unit was cleaned after each test, 

Complete hydrogasification results of Run HT-Z34 will be presented when 

analytical results are completed. 

We are presenting the complete test results of two hydrogasification tests 

conducted in September 1969 in the balanced-pressure, high-temperature 

development unit. One of these tests, Run HT-Z33, was conducted with a 

lightly prctreated medium-volatile-content bituminous coal from Sewall No. 

I mine in Nicholas, West Virginia. The other tests Run HT-EG-5, was con- 

ducted with a lightly pretreated high-volatile-content bituminous coal from 

the Ireland mine to produce residue for use in the pilot plant electrothermal 

gasifier. Operating conditions and results of these tests are presented in 

Table 3. Compositions and screen analyses of the feeds and residues are 

given in Table 4. Liquid products and compositions are shown in Table 5. 

.As shown in Table 3, Z6.7~/o of the carbon in the Sewell No. 1 mine bitumi- 

nous coal was gasified in Run HT-Z33. Methane (hydrocarbon) yield in this 

test was 4.39 SCF/Ib coal. The results of Run HT-EG-5 -- conducted at the 

standard hydrogasification conditions of Z5~ hydrogen-to-coal stoichiomet~-ic 

ratio and 50 ,nolo percent steam concent.'Rtion-- comfirm the results of pre- 

vious tests at these conditions. 

For purposes of comparison Table 6 summarizes ]~ey hydrogasification 

results of Run HT-Z33 and those of two earlier tests, Runs HT-Z30 and HT- 

Z31, reported in the September 1969 ]Project Status Report, conducted with 

the same Sewell No. 1 mine bituminous coal. 

The largest carbon gasification, 31.7~a, was obtained in Run I-IT-Z30 when 

the Sew~ll No. 1 n~ine medium-volatile-content bituminous coal was hydro- 

gasified with hydrogen at a hydrogen-to-coal ratio 33.5% of the stoichiometric 
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Table 3, Part i. OPERATING CONDITIONS AND RESULTS OF THE 
HYDROGASIFICATION OF PRETRI.~ATED MEDIUM- AND HIGH- 

VOLATILE-CONTENT BITUMINOUS COAL IN HIGH- TEMPERATURE 

Coal  

A D I A B A T I C  REACTOR 

S e w e d  No. 1 Mine 
Nicholas,  W.Va. Bit. Coal 

Source 

Sieve Size, USS 

Run No. HT-233 

Duration of Test, hr 4-I]4 

Steady-State Operating Period, rain a 95-259 

OPERA TING CONDITIONS 

Bed Height, ft 3.5 

Reactor Pressure, psig 1016 

Reactor Temp., ° F b 
Inches From Bottom 

62-i/2 1000 

•7-314 1380 

73 1480 

78-1/4 1480 

8 3 - I / 2  1605 

89 1555 

94-I/2 1510 

100 1705 

104 1720 

A v e r a g e  1490 

Coal Rate, [b/hr c 46.21 

Feed Gas Rate, SCF/hr 485.5 

St,,ana Rate, I b / h r  25.36 

Steam, mole % of hydrogen- 
steam n-,ixtu re 52.3 

Hydrogen/Coal Ratio,. 
o£ stoichiometric a 23.7 

Hydrogen/Steam Ratio, mole/mole 0.9 ] 1 

Bed Pressure Differential, in. wc 64.0 

Coal Space Velocity,  Ib/cu ft-hr 149.4 

Feed Gas Residence 'rime, min e 0.340 

Supe r f i c i a l  Feed  Gas Velocity,  f t / s  f 0,172. 

11 
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IGT Pretreater l~P- 140 

I re land  Mine 
Bi tuminous  Coal 

I G T P r e t r e a t e r ,  FP -138  

--I 0+80 

HT- EG- 5 

5-1/z 
75-330 

3.5 

1022 

26.2 

0.912 

- - u  

168.7 

0.32.8 

0.178 

1 1 4 0  

1505 

1605 

1555 

1640 

1560 

1510 

1690 

1665 

1540 

52.19 

493.6 

25.75 

52.3 
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Table  3, Part Z. OPI~RATING CONDITIONS AND RESULTS OF THE 
HYDROGASIFICATION OF PRETREATED MEDIUM- AND HIGH- 

VOLATILE-CONTENT BITUMINOUS COAL IN HIGH-TEMPERATURE 
ADIABATIC REACTOR 

Run No. HT-Z33 HT-EG-5 

OPERATING RESULTS 

P r o d u c t  Gas  Rate ,  S C F / h r  939.6 

Net  Btu R e c o v e r y ,  1000 B tu / lb  4.163 

P r o d u c t  Gas  Yield,  S C F / l b  Z0.33 

Hydrocarbon Yield, SCF/Ib 4.39 

Carbon Oxides Yield, SCF/Ib Z.05 

Net R e a c t e d  Hydrogen ,  S C F l l b  Z.94 

Res idue ,  l b / l b  coa lg  0.667 

Liquid  Products, Ib/Ib coal  h 0.500 

Net MAF Coa l  H y d r o g a s i f i e d ,  xvt %i 3Z.8 

Carbon  Gas i f ied ,  wt % Z6.7 

S t e a m  D e c o m p o s e d ,  l b / h r  j 2.65 

S t e a m  D e c o m p o s e d ,  % of s t e a m  fed 10.47 

Steam D e c o m p o s e d ,  ~o of to ta l  
e q u i v a l e n t  fed k 26.0 

Overall Material Balance, % 98.6 

C a r b o n  Ba lance ,  ~0 100.8 

Hydrogen  Ba lance ,  % 99.3 

Oxygen Balanc tb  ~o 95.5 

907.6 

3.402 

17.39 

4.07 

2.26 

4.07 

0.678 

0.478 

41.5 

31,7 

1.3Z 

5.1Z 

26.Z 

100.8 

108.6 

96.6 

98.4 

PRODUCT GAS PROPERTIES 

Gas Composition, m o l e  % 

N i t r o g e n  30.8 
C a r b o n  Monox ide  6.6 
C a r b o n  Dioxide  3.5 
H y d r o g e n  37.Z 
Methane  21.2 
Ethane  0.3 
P r o p a n e  0.1 
Butane  - -  
Benzene  0.2 
Hydrogen  Sul f ide  0.1 

Tota l  I00.0 

I lea t ing  Value,  B t u / S C F  m 366 

Spec i f i c  GraviLy (Air  = 1.00) 

Ni t rogen  P u r g c  Rate,  S C F / h r  

0.571 

289 

Nz- f r  e e 

9.5 
5.1 

53.9 
30.6 

0.4 
0.1 

0.3 
O.1 

100.0 

5Z9 

3Z.4 
7.1 
5.9 

31.0 
Z3.0 

0.3 
0.1 

mm 

0,Z 

100.0 

366 

0.633 

294 
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T a b l e  3, P a r t  3. OPERATING CONDITIONS AND RESU121','; OF THE 
I - IYDROGASIFICATION O1." P R E T R E A T E D  M E D I U M -  ANI) I I lGH- 

VOLATIL[,~-CON'I 'EN'I" BITUMINOUS C O A L  IN HIGH-TI,:Iv]I 'I ,~RATURE 
• ADIABATIC REACTOR 

a .  F r o m  s t a r t  of  coal f e e d .  

b.  T u b e  w a l l  t e m p e r a t u r e s .  B o t t o m  of  coa l  bed  a t  62 in. 

c. Operating conditions and results based on weight of dry fu,.,d. 

d. Percent of the stoichiometric hydrogen/char ratio- the n,,t feed hydrogen/ 
char ratio required to convert all the carbon to methane. 

e. Coal bed volume/(CF/min feed gas at reactor pressure a11d temperature). 

f. (CF/s feed gas at reactor pressure and temperature)/crouu-sectional 
area of reactor. 

g. By ash balance. 

h. Includes condensed, undecomposed steam. 

i. I00 (wt of product gas-wt hydrogen in-wt decomposed stc~im-wt nitrogen 
in/wt of moisture-, ash-free coal). 

j .  C o m p u t e d  as  d i f f e r e n c e  b e t w e e n  s t e a m  f e e d  r a t e  and  the l l~easu red  l iqu id  
w a t e r  r a t e  l e a v i n g  the r e a c t o r .  

k,  C o m p u t e d  as  d i f f e r e n c e  b e t w e e n  the  t o t a l  e q u i v a l e n t  s t e a m  f eed  r a t e  ( in-  
c l u d e s  m o i s t u r e  c o n t e n t  of  f eed  c h a r  and bound  w a t e r  c o r , ' e s p o n d i n g  to 
oxygen content of feed char) and the measured liquid water rata leaving 
t h e  r e a c t o r .  

m. Gross, gas saturated at 60°F, 30-in. Hg pressure. SGF: dry gas volume 
in SGF at 60°F, 30-in. Hg pressure. 
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T a b l e  4. 

Run No. 

Sample 

Proximate Analysis, wt 

M o i s t u  r e  

V o l a t i l e  M a t t e r  

F i x e d  C a r b o n  

A s h  

T o t a l  

U l t i m a t e  Analysis (dry), wt 

Carbon 

H y d r o g e n  

N i t r o g e n  

O x y g e n  

S u l f u r  

A s h  

T o t a l  

S c r e e n  Analysis, USS, Wt 

+Z0 

+30 

+40 

+6O 

+80 

+ I 0 0  

+200 

+3Z5 

--3Z5 

Total 

CHEMICAL AND SCREEN ANALYSES OF HYDROCASIFICATION 
FEEDS AND RESIDUES 

HT-233 HT-EG-5 

Feed R e s i d u e  F e e d  R e s i d u e  

1.8 O.9 Z.Z 0.7 

19.4 3.4 ZI.7 Z.l 

74.0 88.5 60.7 74.1 

4.8 7.2 15.4 Z3.1 

100.0 100.0  1()0.0 100.0 

80,8 88.6 66.3 73.9 

3.54 1.52 3.05 1.15 

1.60 0.95 1.31 0.53 

8,63 1.51 10,53 0.00 

0.56 0.12 3.02 1.74 

4.87 7.30 15.79 23.29 

I00.00 I00.00 I00.00 100.61 

10.9 15.3 21.5 14.3 

15.4 Z0.0 19.8 19.7 

21.2 25.5 21.5 23.7 

3 I .  3 26.8 22.7 25. I 

16.I 8.4 9.7 10.4 

4.0 2.2 2.7 3.3 

I.I 1.4 1.7 3.I 

0.0 O.Z 0.2 O.Z 

0.0 O.Z O,Z 0.1 

100.0 100.0 100.0 100.0 

I N S T I T U T E  O F  
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Table 5. COMPOSITIONS OF HYDROGASIFICATION LIQUID PRODUCTS 

Run No. HT-Z33 HT-EG-5 

Sample Condenser Condenser 

Liquid Products, :~ 

Ib / Ib  coal 0.500 0.478 

Composition of Liquid Product, 
wt % 

W a t e r  98.25 97.88 

Oil  1.75 Z. lZ 

Tota l  100.00 100.00 

Composition of Oil Fraction, 
wt yo 

Carbon 89.00 85.60 

Hydrogen 6.10 6.36 

Total 95. I 0 91.96 

Carbon in Oil Fraction, 

Ib/Ib coal 0.00779 0.00868 

wt ~ of carbon in coal 0.96 1.31 

Includes condensed, undccomposed steam. 

I N $ T I T U T E O F T E C H H O L 0 G Y 
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Table. 6. COMPARISON OF SEWELL NO. I MINE BITUMINOUS COAL 
H YDROGASIFICA TION R ESU LTS 

HT-Z30 HT-231 HT-Z33 

996 1045 1016 

1345 1330 1490 

3.5 3 .5  3.5 

40.97 56.58 46.ZI 

596.3 506.0 485.5 

15.94 Z7.33 25.36 

0.389 0.483 0.549 

33.5 Z0.5 Z3.T 

36.0 53.2 52.3 

35.4 28.6 Z6.0 

31.7 Z6.7 26.7 

41.9 35.2 32.8 

4.88 4.05 4.39 

2.68 Z.Z7 2.05 

10.6 II.0 9.5 

4.3 6.2 5.1 

57.7 51.7 53.9 

26.6 30.1 30.6 

0.4 0.4 0.4 

0.1 0 .1  O.1 

0.3 0.4 • 0.3 

0.1 0.1 

I00.0 I00.0 I00.0 

503 525 529 

J 

Run No. 

Reactor Pressure, psig 

Coal Bed Temp Average, °F 

Coal Bed Height, ft 

Coal  Feed Rate, l b / h r  

Hydrogen Feed Rate, SCF/hr 

Steam F e e d  Rate ,  l b / h r  

Steam/Coal Ratio, l b / l b  

Hydrogen/Coal Ratio, 
% of stoichiometric 

Steam Concentration in Feed Gas, 
mole % 

Steam Decomposed, % of total 
equ[valent steam fed 

Carbon Gasified, % 

MAF Coal Gasified, 

Hydrocarbon Yield, SCF/Ib 

CO + CO z Yield, SCF/Ib 

Product- Gas Composition, 
n i t r o g e n - f r e e ,  mole % 

Carbon Monoxide  

Ca rbon  Dioxide  

Hydrogen 

Methane  

Ethane 

Propane 

Benzene 

Hydrogen Sulfide 

Tota l  

P r o d u c t  Gas  Hea t ing  Value, 
nitrogen-free, Btu/SCF 

I N S T I T U T E O F 
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ratio and with steam at a steam/coal ratio of 0.389 Ib/ib. A somewhat lower 

carbon gasification, 26.7~, was obtained in Runs HT-Z31 and HT-233 when 

the hydrogen-to-coal ratio was in the range of Z0.5-23.7~ o£ the stoichio- 

metric ratio. The heating value of Run HT-230 is lower than those of Runs 

HT-231 and HT-Z33 because of the gre~ter dilution of the gas by unrented 

hydrogen from the higher feed hydrogen-to-coat ratio. The hydrogasification 

results obtained with this medium-volatile-content bituminous coal are not 

significantly different from those obtained with Ireland mine high-volatile- 

content bituminous coal at similar operating conditions. 

ELECTRO THERMAL GASIFICATION 

Five tests were conducted in the electrothermal gasifier during the month. 

All the tests were conducted with end-to-end electrodes at 500 psig and IGT 

hydrogasified char as the fluid-bed material. 

The reactor configuration of Test No. 5 appears in Figure I. The bottom 

section of the reactor was the 5-13/16-inch ID x 6-inch OD Vycor tube that 

was used in the previous test. The bottom electrode consisted of the metal 

" cone at the r~actor bottom and the static char bed below the gas inlet noz- 

zle. The upper electrode, 3-1/Z inches from the ~ottom electrode, was a 

l-l[2-inch stainless steel rod. 

At the maximum voltage output of the d-c generator (550 volts), we were 

unable to heat the char bed above 600°F because of the high resistance of the 

system (50-100 ohms). The run was terminated after a sudden decrease in 

the resistance indicated arcing in the bed. Inspection of the reactor following 

the test showed that the Vycor tube had been severely cracked and melted 

through in several places. Again, we suspect the low-resistance condition 

occurred w h e r e  the ¥ycor tube cracked and allowed char to collect along 

the  wa l l .  

The  V y c o r  s e c t i o n  was  r e p l a c e d  wi th  a 3 - f o o t  l eng th  of  5 - i n c h - I D  x 5 - 1 / Z -  

i nc h  OD m u l l i t e  tube  b e f o r e  No. 6 h e a t - u p  t e s t .  The  e l e c t r o d e  c o n f i g u r a t i o n  

c o n s i s t e d  of  an l - I / Z - i n c h  s t a i n l e s s  s t e e l  r o d  a s  the  u p p e r  e l e c t r o d e  and  an  

8 - i n c h  l eng th  of I - I / Z - i n c h  s t a i n l e s s  s t e e l  r o d  m o u n t e d  on the  b o t t o m  cone  

a s  the  l o w e r  e l e c t r o d e  ( F i g u r e  Z). The  s p a c i n g  b e t w e e n  e l e c t r o d e s  w a s  d e -  

c r e a s e d  to 2 i n c h e s  to  l o w e r  the o v e r a l l  r e s i s t a n c e  of the s y s t e m .  At  a 

v o l t a g e  ou tpu t  o f  3b0 v o l t s  the  r e s i s t a n c e  w a s  a b o u t  50 oh ,n s  and the  c o r r e s -  

p o n d i n g  p o w e r  i n p u t  did not  i n c r e a s e  the  bed  t e m p e r a t u r e .  The v o l t a g e  w a s  
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791:5 VYCOR TUBE 

VYCOR SEVERELY 
CRACKED 

I-in~DIAM HOLE BURNED 
THROUGH VYCOR AND 
METAL TUBE 

2 SECTIONS OF 
MULLITE MV 50 

(6.O-in. ID x 6.5-in. OD 
x 55-in. LONG) 

LW FIRECRETE 

CASTABLE 
REFRACTORY 

FIBERFRAX 
INSULATION 

VYCOR 7913 TUBE 
(5.8125-in. ID x 6.0-in.OD 
x 36-in. LONG) 

316 S S TUBE 
(6.625-in. OD x 6.125-in. ID 
x 24-in. LONG) 

:516 SS ELECTRODE 
ROD, 1.5-in. OD 

3.5 in. f/ " 
} 4.0 in. 

A,o2i 

Figure I. END-TO-END ELECTRODE CONFIGURATION FOR 
HEAT-UP TEST NO. 5 
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7913 VYCOR TUBE 

L 

316 S S ELECTRODE 
ROD, i.5-in. OD 

MULLITE CRACKED 
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• I .~r .  

. . . . . .  )i,,'"" 
,e , 

. . . . . . .  -~:'-: FIBERFRAX 
, e ~ S  
. . . .  ~ INSULATION 
.... .- o.-.;-;: 

e . # l  

. , , , , , " "  ~ , , , .  15.125-in. ID x 5.5-in. OD 

. . . . .  o . . . . .  x 55-in. LONG} 
j ~ o o  I 

. . . .  SMALL HOLE BURNED 
. . . . . . .  IN TUB~" ~ 

e e . . ~  

" : ' "  ~'  1 "  " - - "  316 SS CONE 2.0 in. ; ' ;~ ; ; ' ;  , . . . , ,  o l ¢ ' • l ~  

t z ; ; ; : ~  .";;;; I -,_ WITH CROSS 
t i t t l ,  ~ t l l t O  
OA, Oel, 't~¢I• 
..... ..... m. . ; . . ,  . . . .  , 

~ CONSIDERABLE AMOUNT OF 
~//~ SLAG BURNED INTO TUBE 

SURROUNDING BURN. 
A - I O 2 3  

l'igur= Z. END-TO-END ELECTRODE CONFIGURATION FOR 
HEAT-UP TEST NO. 6 
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i n c r e a s e d  to 375 vo l t s  w h e n  the a p p e a r a n c e  of  a r c i n g  o c c u r r e d  and  the o v e r -  

a l l  r e s i s t a n c e  d e c r e a s d d  to 5 o h m s  in s e v e r a l  m i n u t e s .  The t e s t  w a s  t ~ r m i -  

h a t e d  when the a r c i n g  c o u l d  not  be a r r e s t e d  by d e c r e a s i n g  the v o l t a g e .  T h e  . 

a r c i n g  caused  s l i gh t  m e l t i n g  of the t ips  of both  e l e c t r o d e s  and b u r n e d  a 1- 

i n c h - d i a m e t e r  ho le  t h r o u g h  the m u l l i t e  tube n e a r  the tip of the u p p e r  e l e c t r o d e .  

The bo t tom s e c t i o n  of  m u l l i t c  was  r e p l a c e d  wi th  a high a l u m i n a  c a s t a b l e  

r e f r a c t o r y  ( Johns  M a n s v i l l e  H. T. F i r e c r e t e ,  2808°F )  for  h e a t - u p  T e s t  No. 7. 

P r e v i o u s  e x p e r i e n c e  wi th  c a s t a b l e s  of th i s  t ype  h a s  shown t h e m  to be m o r e  

d u r a b l e  than m u l l i t e  o r  V y c o r .  A 3- foo t  l e n g t h  of 6 - 1 / Z - i n c h - I D  x 8 - 1 / 2 -  

inch-OD tube w a s  i n s t a l l e d  as  shown in F i g u r e  3. The  e l e c t r o d e  c o n f i g u r a -  

t i o n  and spac ing  w e r e  the  s a m e  as  in T e s t  No. 6 e x c e p t  the e l e c t r o d e  a s s e m -  

b ly  w a s  r a i s e d  6 i n c h e s  in to  the r e a c t o r .  D u r i n g  the run,  to o b s e r v e  the  

e f f e c t  of  the i n c r e a s e d  f l o w  r a t e  on the o p e r a t i o n ,  the  n i t r o g e n  s u p e r f i c i a l  

v e l o c i t y  was  m a i n t a i n e d  b e t w e e n  0.3 and 0.4 f t / s  a s  c o m p a r e d  to 0 . 2 - 0 . 3  f t / s  

in  p r e v i o u s  t e s t s .  At  550 v o l t s  the o v e r a l l  r e s i s t a n c e  was  50-75 o h m s  and  

p r e v e n t e d  us f r o m  o b t a i n i n g  the power  input  r e c e d e d  to r a i s e  the bed  t e m -  

p e r a t u r e  above 7 0 0 ° F .  T h e  t e s t  was  t e r m i n a t e d  a f t e r  s e v e r a l  h o u r s .  No 

i n d i c a t i o n s  of a r c i n g  had  o c c u r r e d .  E x a m i n a t i o n  of  the e l e c t r o d e s  and  r e a c t o r  

b o t t o m  fol lowing the  r u n  showed  them to be  in  good condi t ion .  

In hea t -up  T e s t  No. 8 the  s a m e  e l e c t r o d e  c o n f i g u r a t i o n  and s p a c i n g  w e r e  

maintained. During the test we attempted to control the overall resistance 

of the system by varying the nitrogen flow at a rate below minimum fluidizing 

v e l o c i t y  that  wou ld  e n a b l e  the  a t t a i m n e n t  of  a p o w e r  input  s u f f i c i e n t  to h e a t  

t he  r e a c t o r  but  would  a l s o  p r e v e n t  a r c i n g  f r o m  o c c u r r i n g .  Howeve r ,  we  w e r e  

unab l e  to m a i n t a i n  a s t a b l e  o p e r a t i o n  and t e r m i n a t e d  the run  when  a r c i n g  

occurred in the bed. Observation of the electrodes fo l lowing the test showed 

that the tip of the upper electrode was slightly melted but that the bottom 

electrode was unaffected and the refractory wall was undamaged. 

The fifth test, No. 9, was conducted with the same electrode configuration 

a s  the p r e v i o u s  two t e s t s  e x c e p t  with a l - i n c h  spac ing  be tween  e l e c t r o d e s .  

T h e  p u r p o s e  of  the t e s t  w a s  to d e t e r m i n e  if a v o l t a g e  gr~tdient could  be r e a c h e d  

in the bed if breakdown across the bed material had begun. We also 

hoped to obtain from the voltage-current relationship fl~e overall resistance~ 

before the occurrence of arcing, to compare with previous measurements at 

various e l e c t r o d e  spacings. At 550 volts the resistance ]lad been 50-I00 ohms 
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for  20 m i n u t e s  when,  soon a f t e r  the f i r s t  s i gn  of a r c i n g ,  a r a p i d  s h o r t - c i r c u i t  

o c c u r r e d  and  the  run  was  t e r m i n a t e d .  The s h o r t  c i r c u i t  d a m a g e d  a s e t  of 

con t ac t  b r u s h e s  in the g e n e r a t o r  and m e l t e d  the m e t a l  a t  the  ends  of both 

e l e c t r o d e  t i p s .  Al though  we a r e  no t  c e r t a i n  of the c a u s e  of  the a r c i n g ,  the 

vo l t age  g r a d i e n t  b e t w e e n  e l e c t r o d e s  was  550 v o l t s ] i n .  

F r o m  r e s u l t s  o f  the e n d - t o - a n d  elec..'.~'ode t e s t s  we conc luded  tha t  wi th  o u r  

p r e s e n t  p o w e r  supp ly  it is  not p o s s i b l e  to a c h i e v e  the r e q u i r e d  r e a c t i o n  h e a t  

input  in the p i l o t  u n i t  b e c a u s e  of the  high o v e r a l l  r e s i s t a n c e  of the s y s t e m .  

The pilot unit has been dismantled to change over to a concentric elec- 

trode a r r a n g e m e n t  to e m p h a s i z e  o b t a i n i n g  a d d i t i o n a l  o p e r a t i n g  d a t a  for.  de-  

s ign s p e c i f i c a t i o n s  of  the Z - m e g a w a t t  e l e c t r o t h e r m a l  r e a c t o r .  

F U E L  C E L L  ENGINEERING STUDY 

.Stackin s A r r a n ~ e m e n t  

The basic design of the components of a unit cell was reported in last 

month's report. Five such unit cells are placed one over the other to form a 

m o d u l e .  An e x t r a  h e a t  t r a n s f e r  gap is p r o v i d e d  to comply  wi th  h e a t  t r a n s -  

f e r  r e q u i r e m e n t s .  T w e n t y  m o d u l e s  a long  wi th  end p l a t e s  and t ie  r o d s  con-  

s t i t u t c  a b a t t e r y .  A b a t t e r y  o c c u p i e s  abou t  50 cubic  f ee t  and p r o d u c e s  150 

kW of p o w e r .  E i g h t  of t h e s e  b a t t e r i e s  a r e  s t a c k e d  in a p a c k a g e .  F i g u r e  4 

is  such an  e i g h t - b a t t e r y  p o w e r  p a c k a g e .  Al l  the b a t t e r i e s  a r e  c o n n e c t e d  in 

series to produce a terminal voltage of about 600 volts. Selection of this 

design is based on trade-oils between the following considerations: 

I. Minimum number of gas connections and, hence, minimum number of 
, valves, a t e ,  

Z. M i n i m u m  p o s s i b l e  p r e s s u r e  d rop  in the gas  ma,~ifolds  a t  a m i n i m u m  c o s t  

3. E a s e  of  c u r r e n t  c o l l e c t i o n  and m i n i m u m  a l l o w a b l e  p o w e r  l o s s e s  

4. C o m p a c t n e s s  

5. I n s u l a t i o n  c o s t  

6. A c c e s s i b i l i t y  f o r  m a i n t e n a n c e  and  c o n t r o l  

Ca thode  gas  f r o m  the m a i n s  e n t e r s  the c e n t r a l  m a n i f o l d  and g o e s  to the 

i nd iv idua l  c a t h o d e s  of the e igh t  b a t t e r i e s  t h r o u g h  e n t r y  p o r t s .  The  gas  fol -  

lows a " W "  f low paLtern .  Ca thode  e x h a u s t  gas  i s  c o l l e c t e d  in the two m a n i -  

fo lds  that join together the downstream mains. Part of cathode gas also 
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F i g u r e  4. STACIi lNG A R R A N G E M E N T  F O R  EIGHT B A T T E R I E S  IN A P A C K A G E  

p a s s e s  t h rough  a h e a t  t r a n s f e r  gap £n a "U"  f low pa t t e r f l .  Anode g a s e s  a r e  

m a i n f o l d e d  in a s i m i l a r  f a sh ion ,  bu t  they  f low in the c o u n t e r c u r r e n t  d i r e c t i o n  

within the cel l .  

Type-316 stainless stool is used for current collection, Gas streams are 

separated from one another by alumina spacers. The casing is made of ~nild 

steel sheets lined with a refractory and insulated externally. Refractory 

lining, insulation, and battery supports are not shown in Figure 4 for simpli- 

city, 

P a r a s i t i c  P o w e r  R e q u i r e m e n t s  

A good s t a ck ing  a r r a n g e m e n t  should  y ie ld  r e a s o n a b l e  p a r a s i t i c  power  

r e q u i r e m e n t s  fo r  h a n d l i n g  v a r i o u s  gas  s t r e a m s .  It  should  a l so  e n s u r e  a r e a -  

s o n a b l y  u n i f o r m  gas  d i s t r i b u t i o n  to each  i n d i v i d u a l  ce l l .  P o w e r  r e q u i r e m e n t s  

f o r  the e n t i r e  p l an t  a r e  e s t i m a t e d  to be about  9% of the g r o s s  d - c  p o w e r  gen-  

e r a t e d .  Some p a r a s i t i c  p o w e r  can  be s a v e d  if  h i g h - p r e s s u r e  i n t e r f a c e  s t r e a m s  

f r o m  the  HYGAS p lan t  a r e  u s e d  to a d v a n t a g e .  

Z3 
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Preliminary Cost Estimate of Power Package 

The cost of a package of fuel cell batteries contributes significantly to the 

total capital investment cost of a power statiok:. Costing is therefore made 

for the components of a package. A bill of materials is prepared for all major 

components of the package. Weight of each component is calculated from de- 

sign specifications, and the material cost of each component is calculated. 

Purchased equipment cost (PEC) is then obtained by using cost n~ultipliers 

based on knowledge of the cost of similar products and experience, Table 7 

lists multipliers for various components and conventional multipliers. We 

have revised some of these conventional multipliers to obtain more realistic 

cost figures. The purchased equipment costs for various cost centers are 

summarized in Table 8, For a power density of 150 W/sq ft, which is pre- 

sently achieved in our laboratory, the PEC for a package is estimated to be 

$eZ/kW (Estimate A). This estimate is somewhat higher than the estimate 

obtained by conventional multipliers (Estimate B). Estimate C gives a cost 

of $52/kW for a forecast power density of 300 %q/sq ft. It should be em- 

phasized here that further improvements in the present design are possible 

and that they will bring down the cost figures to a still lower level. 

Estimates of PEC for other subsystems will be mad~ with the help of 

rough designs. An estimate of the total capital investment will then be ob -~ 

rained by adding installation, utility, and civil engineering costs. We also 

plan to obtain operating cost per kW of energy generated. 

PILOT PLANT CONSTRUCTION 

Ensineerin 8 

A major portion of  the engineering ~ffort during this report period has 

been on the piping plan and isometrics. Eighty percent of the piping plans 

and details have been issued. Electrical detail di'awings are 90~0 complete, 

and instrument drawings are Zb~0 complete. Total pro~ect detailed design 

and drafting are g0~ complete. 

Procurement 

Repair of a minor crack in a reactor rnanway has caused a delay in the 

shipping date. The reactor is now scheduled to be shipped January 9, 1970. 

Major equipment is arriving as promised; no items have been delayed so 

as to affect the project schedule. 
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Table 7. COST MULTIPLIERS (M) FOR OBTAINING PUBCHASED 
EQUIPMENT COST (PEC) OF INDIVIDUAL COMPONENTS 

P E C  = (Wt of componen t  in lb X cos t  in $ / lb )  X Mul t ip l ie r ,  M 

D e s c r i p t i o n  

Cel l  Componen t s  

Anode 

Cathode 

E l e c t r o l y t e  

Dis t , ' ihu tor  Plate 

Module Components 

Spacer (Heat Tranfer Gap) 

Battery Componen t s  

End Plate 

Tie  Rod 

Casing Components 

Anode Stream Separator 

Cathode Stream Separator 

Insula t ion  Between Batteries 

Interhattery Current Collector 

Interhattery C u r r e n t ' B o t t o m  

I n t e r b a t t e r y  Current Top 

Term inals 

Casing Inner Lining 

Casing Shell 

Thern~al Insulation 

M a t e r i a l  

IGT Cost Conventional Cost 
Multiplier Multiplier 

M, M2 

/Wi fel t  8.0 4.0 

Ni fel t  8.0 4,0 

Li- Na- K :COs 5.0 1.7 
+ AIzO 3 

SS 316 L Z.0 I~7 

SS 316 L Z.0 

SS 316 1.5 1.7 

SS 316 1.5 1.7 

Alumina 5.0 1.7 

Alumina 5.0 1.7 

Alumina 5.0 1.7 

SS 316 1,5 1.7 

SS 316 1.5 1.7 

SS 316 1.5 1.7 

SS 316 1.5 1.7 

Fireclay 5.0 1.7 

Mild Steel 5.0 1,7 

Kaolin Wool 5.0 1,7 
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P u r c h a s e  o r d e r s  have  been  i s s u e d  fo r  the c a r b o n  s t ee l  p ipe ,  va lves ,  and 

f i t t ings .  The  a l loy  va lve  p u r c h a s e  o r d e r  has  been  i s s u e d .  The  a l loy  p ipe  

and f i t t in / ,s  wi l l  he i s s u e d  d u r i n g  the week  of D e c e m b e r  15th. The e l e c t r i -  

ca l  subcontract bid package will be sent out during the week o l  December 

15th. 

C o n s t r u c t i o n  

The founda t ion  w o r k  is  a p p r o x i m a t e l y  82% comple t e ,  wi th  s o m e  of  the  

p i p e  r a c k  foo t ings  and t h r e e  bu i ld ing  founda t ions  r e m a i n i n g  tn be p o u r e d .  

The  c o n t r o l  house  i s  a p p r o x i m a t e l y  70% c o m p l e t e ,  with the  heating~ l ight ing.  

and interior trim remaining. Field fabrication of piping has begun, as has 

the  se t t ing  of e q u i p m e n t .  

Tile p r o c e d u r e  fo r  e r e c t i n g  the r e a c t o r  has  been  c o m p l e t e d .  The p r o -  

cedure is based on the use of two gin poles. The reactor platform struc- 

ture will then be immediately erected. 

Schedu le  

The p r o j e c t  s c h e d u l e  has  been  upda ted  on the  fol lowing b a s i s :  r e v i s e d  

r e a c t o r  de l i ve ry ,  d e t a i l e d  l a b o r  h o u r  t a k e - o f f  of  p ip ing  work,  and g e n e r a l  

r e v i e w  of a l l  c o n s t r u c t i o n  ac t iv i ty  and s e q u e n c e ,  

C o n s t r u c t i o n  ac t i v i t y  d u r a t i o n s  have  been  b a s e d  on e x p e c t e d  .avai labi l i ty  

of  manp, ' ,wer  in the v a r i o u s  c r a f t s .  By F e b r u a r y  ISth P r o c o n  wi l l  know if  

~hese expectations a r e  correct. 

Indications 'are that the June I, l?70j completion date will be delayed by 

abou t  a m o n t h .  
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