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DEI~ELOPMENT OF IGTHYDROGASIFICATIONPROCESS 

Progress Report -- January ~967 
to 

Office of Coal Research 
Contract No, 14-01-0001-381 

Summary 

1, Six hydrogasification tests were conducted in January, 

2, The test series on West Virginia No, 5 Block seam coal was 

completed, 

3. Gasification of Pocahontas coal3 using the normal procedure 

~ith ~-hich other coals have been testedj tends to be diffi- 

cult, F2oblems encountered a~e probably due to pretreat- 

ment procedure. 

Four coal pretreatment runs were made with Illinois No, 6 

coal. These zmns complete the pretreatment ~ork for t.his 

specific coal, 

4. 



Hydrogasificati0n 

Six hydrogasification tests were conducted this month in the 

balanced-pressure pilot unit. One test (Run HT-!%9) was made 

~ith a lightly pretreated West Virginia No. 5 Block seam bitum- 

inous coal. This test concluded the basic test series for eval- 

uating the fluid-bed hyd~ogasification performance of this coal 

in the pilot plant. ~o teats (Runs HT-150 and HT-151) were 

conducted with a lightly pretreated Pocahontas No. 4 seam low- 

volatile-content bituminous coal from West Virginia. In the 

other three tests (Runs HT-15e~ HT-153, and HT-154), the feed 

was a lightly pretreated Pittsburgh seam bituminous coal from 

the Ireland mine. The test with the West Virginia coal was suc- 

cessful. In both tests ~.n[th Pocahontas coal, the coal agglom- 

erated in the ~eactor tube, halting further operation. A par- 

tially successful operation was obtained ~-ith Ireland mine coal 

in Run HT-!54. in the two other tests with this coal, excessive 

reactor press1~e rises, caused by a partially plugged product 

gas filter, resulted in plugging of the top of the coal feed 

tube. 

Rut% HT-149 is the fourth test of the series conducted with 

pretreated West Virginia No. 5 Block coal. Fed at a nominal 

rate of 65 Ib/bz.~ the coal was reacted in a 3-1/2-foot-deep 

fluidized bed with 530 SCF/hr of hydrogen and 25 lb/hr of steam. 

At these flow conditions the hydrogen/coal ratio was 20% of the 

stoichiomet~ic ratio, and the steam concentration in the hydro- 

gen-steam feed gas was 5O mole percent. Reactor pressure was 

lO00 psig. The coal bed temperature was controlled to a nomin- 

al 1700°F. ~%is very successful test lasted 4-1/2 hours, l-l/2 

hours at steady state. The run was terminated when the 'coal 

feed supply was used up. 

Run HT-150, the first test ]~ith Pocahontas coal, ~as conduct- 

ed at 1000 psig with a 3-1/2-ft fluidized coal bed controlled to 

a nomir~l temperature of 1700OF. The coal was fed at a nominal 

46 lb/hr and reacted with 530 SCF/hr of hydrogen (25% of the 

stoichiometric hydrogen/coal ratio) and 25 lb/h~ of steam (50 
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mole percent of the hydrogen-steam feed gas). About 45 lb of 

coal was fed for 1 hour before the run had to be terminated. The 

coal had agglomerated in the 4-inch-diameter reactor tube, and 

could not be discharged. Agglomeration of the coal was noted 

throughout the reactor tube. 

Run _RT-151 was conducted at conditions similar to those of 

Run HT-150. The start-up procedures, ho~¢ever, ~¢ere modified to 

eliminate or substantially reduce the agglomerating tendencies 

of the coal. From the experience of Run HT-150, it appeared 

that the reactivity of the Pocahontas coal ~as lo~zer than that 

of the median-volatile-content bituminous coals hydrogasified in 

previous tests. To keep the rate of reaction high, the hydro- 

gen/coal ilatio at the start ]~as at least 50% of stoichiometric. 

Also, the temperature at the top of the reactor was' about lO0°F 

higher than the usual 1300°F. This r~u was terminated after l- 

1/2 hours ~hen coal agglomerated in the reactor. About 34 lb • 

of coal ~Tas fed during this per{od. Considering the quantity of 

coal and the size of the agglomerates formed, agglomeration in 

this test was not as serious as in ~ HT-150. The pretreated 

coal feed of Runs HT-150 and HT-151 was found to be free-flowing 

~¢hen subjected to the standard laboratory agglomeration tests. 

The three ~us made ~r!th the Ireland mine bituminous coal 

~ere attempts to reproduce the results of a previously conducted 

test ]~lth this coal at 1500 psig. By reproducing these results, 

the effects of operating at 1500 psig would be verified. 0per-. 

ating conditions for these fluid-bed tests ~.zere similar to those 

of the p_~evious test at 1500 psig (Run HT-129, August 1966 Prog- 

ress Report). ~..To of these tests, Runs HT-152 and HT-153, had 

to be terminated before steady-state operation could be estab- 

lished because of plugging of the coal feed tube. In Run HT-152, 

~.~hich lasted l-l/2 hours, a relatively large leak at the coal 

feed hopper closure contributed to the plugging by disturbing 

the smooth flow of coal from the hopper. In both tests the out- 

flo~.~ of product gases was restricted by a partially plugged met- 

al filter. This resulted in a progressive rise of the reactor 
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pressure of 75 psig in Run HT-152, and 135 psig in Run HT-153. 

We believe that this peessu~e rise contributed partially to the 

pluggir~ of the coal feeder in Run HT-153. 

A new product gas filter ~Tas installed for Run HT-154, ,,~icn 

~as effective in keeping the reactor pressure from rising. But 

this test was only partially successful as the steady-state poe- 

tion was interrupted by temporary plugs in the coal feed tube. 

The stirring rod in the coal feed tube, used to Rromote ~he flow 

of coal, had snapped at the shaft sometime during the test. This 

caused the coal, being fed at 65 lb/h~, to choke in the tube. 

The test lasted 3-1/2 hours, about 3/4 hour at steady state. 

Coal Pretreatment 

Four pretreatment tests were run in the fluidized-bed pretreat- 

er to study minimum peetreatment conditions and to supply the hy- 

d~ogasification unit with nonagglomeeating feed cha~. 

Table 1. NCMINAL CONDITIONS FOR PRETREATMENT TESTS 

Avg Solids Res Feed Gas Rate, Oxygen Conc, Avg Bed 
Run No. . Tim% hr SCF~ % . Tern o, °F 

FP- 102D 0.28 1296 21.0 775 

FP- I03 O. 26 1288 21.0 813 

FP- I04 0.24 1252 21.0 794 

FP- 105 O. 25 1222 21.0 800 

Bituminous coal, crushed and screened ~o --16+80 mesh, was used 

as feed for all four runs. The coal ~as from the Illinois No. 6 

coal bedj supplied by Freeman Coal Mining Company's Crown mine. 

These runs were made to "2 termine an optimum bed temperature with 

a minimum coal residence time. 

Runs FP-IO2D and FP-103 ~re made with predried coal; Runs 

FP-104 and FP-105 used ~et coal (12-13% as received). The ~et 

coal reduced the capacity of the unit somewhat because of the 

amount of heat needed to flash off this moisture. 



Run FP-102D ran for 5-1/4 hours; it was terminated when the 

feed supply ran out. The product char was found to be free- 

flowing with 25~ volatile matter. Run FF-103 was terminated 

after l-l/2 hours when the outlet to the reactor became plugged 

with tars and fine solids. The plug developed because the top 

reactor furnace failed a.t the beginning of the run. One hour 

of steady-state data were obtained. ~e char was found to be 

free-flowing with 24~g volatile matter] Rthn FP-105 ran for over 

7 hours; it ~¢as stopped when the supply of feed was depleted. 

The char was found to be free-flowing with 23% volatile matter. 

The stemm muffler was received and installed to heat the 

scrubber water, starting with Run FP-103. The .muffler has ef- 

fectively eliminated the steam hammering in the system. The 

scrubber system did not show any signs of plugging after the 

muffler was installed. This series of rum.s is the last to be 

made on the Illinois No. 6 coal. This coal also appears to be 

similar to the other high-volatile-content bituminous coals: 

It can be pretreated at high capacity at 800°F with a ].5-20 

minute ~esidence time. The volatile matter .~za the free-flo~¢ing 

Illinois No. 6 chsm is in the 25 to 26% range for minimum pre- 

treatment. 

Methanation 

Methanation kinetics studies and life tests are being run 

now with the following feed gas composition, which simulates 

the feed gas expected in the pilot plant metha~mtor: 

CO ~.0 

H2 17.0 

OH4 71.5 

COg 0.5 

C2H6 3- 5 

N2 3.5 

Total 100.0 

Stirred reactor runs ~th Girdler G-65 catalyst and this feed 



have covered temperatures of 650°-950°F and product gas CO com- 

positions of 0.5 to 2,4  mole percent. ~__~_e rate of reaction of 

C02 is too lo~.r to measure accurately. Ethane conversion to 

methane increases ~_th temperature, but not as rapidly as with 

Harshaw nickel-on-kieselguhr catalyst. 

Another life study using c~ushed Girdler G-65 catalyst ~as 

begun. The space velocity is about 3000 SCF/cu ft-hr ~.Thich 

simulates the space velocity expected for the pilot plant. 

~Te are no~.z startin~ an investigation on the use of hydro- 

desulfurizirLz catalys~s for conversion of organic sulfur com- 

pounds to H2S in the gas cleanup system. One of" the require- 

ments of such a catalyst is t_~t it be a poor methanation cata- 

lyst to prevent temparature rise in the re~.ctor. 

Coal C.haracterization 

Calorimetry 

Determination of the heat of reaction of the pretreatment of 

coal (ireland mine) -~.las completed for 700 ° and 800°F. Experi- 

mental data cover a range of pretreatment i~om 9 to 18%. Th..e 

heats of reaction of hydrogen ~:~_th North Dakota lignite and ~.~th 

Ireland mine co.~l is being meast~ed at 1500°F. 

~ineering E cono~c.s Studies 

The study on the gasification of char ~.zith electric heat for 

hydrogeu production is nearly complete. The total fixed in.vest- 

ment whore power is generated in the plant using rotating mach- 

inery is $185,410, OO0, ~hereas the total fixed investment with 

purchased power is $103,270,000. The state-of-the-art design 

(hydrogen by steam-oxygen) has been modified to base the p±pe- 

llne gas section on pi]ot plant data so it is on a con~non basis 

~..Tith the cases in this study. The total fixed investment for 

this revised state-of-the-art design is $142,600, O00, compared 

to SlY.l, 000, 000 for the previous state-of-the-art design. 



Dumins the monbh no inventions were made in the course of 

~h.,_s work. 

Frank "-~chora, Assistant Director 
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DEVE!DPMENT OF IGT HYDROGASIFiCATi0N _PROCESS 

Progress Report --February 1967 

to 

Office of Coal Research 
Contract No. 14-01-0001-381 

S~m~m~y 

1. Five hyd~ogasification tests were conducted in February. 

k~,ee tests ~ere n~de with Illinois No. 6 and two with 

indiana No. 6 coal. 

2. Five pretreatment tests ~ere attempted, one of ~Jhich ~as 

terminated early because of equipment problems. The coal 

being studied was lludiana No. 6 from the Minnehaha mine 

of Republic Coal & Coke Company. 

3. A hydrodesulftu~ization catalyst is being evaluated for 

probable use in the forthcoming pilot plant. 

4. A brief study is now be~_ug undertaken to examine the sev- 

eral alte~natives for producing hydrogen using purchased 

electric power or a fuel cell as the power source. 



}Ivdrogasification 

Five hydrogasification tests were conducted this month in the 

balanced.-pressu~e pilot unit. Three of these tests (Runs HT-155, 

HT-156~ and HT-157) were made ~th a l'i~htly pretreated Illinois 

No. 6 lligh-volatile-content bitum//%ous coal. All tb_?ee of these 

fluid-bed tests were successful. In the other two tests conduct-. 

ed this month (Runs HT-158 and HT-159) the feed coal was a light- 

ly pretreated Indiana high-volatile-content bituminous coal from 

the Minnehaha mine's No. 6 vein. The fiPst test ~¢ith the Indiana 

coal was successful, but in the second test the coal caked at the 

end of the coal injection tube. 

"" Run HT-155 was the first test of the series to evaluate the 

fluid-bed h~drogasification of Illinois No. 6 coal in the pilot 

unit at a pressure of 1000 psig and a coal bed temperature of 

1700°F. At a nomdxlal feed rate of 56 lb/hr, the coal was reacted 

in a 3-1/2-ft fluidlzed bed with 530 SCF/hr of hydrogen and 25 

lb/hr of steam. At these flow conditions, the hydrogen/coal ra- 

tio was 25% of the stoichlometric ratio, and the steam concentra- 

tion in the feed gas was 50 mole percent. The dur&tion of the 

test was 5-1/4 hours, ~-lth 3 hours at steady-state conditions. 

About 34% of the carbon in the coal was gasified ~n producing a 

gas of 549 Btu/SCF (nitrogen-fk~ee basis). 

In Run HT-156~ the Illinois coal was reacted at the same pres- 

sume, temperature~ aad coal bed height as in Run HT-155. However, 

the nominal coal feed rate vas 79 lb/hr, the hydrogen rate was 

743 SCF/h~, and the steam rate was 15 lb/h~. At these flow con- 

ditions, the h~drogen/coal ratio ~as 25% of the stoichiometric 

ratio, and the steam concentration in the feed gas was 30 mole 
J 

percent. Three hours of steady-state operation ~ere obtained in 

this test that lasted 5-1[~ hours. A p~oduct gas with a heating 

value of 595 Btu/SOF (nitrogen-free basis) ~as produced. 

In the third test of the series with Illinois bituminous coal 

(Run HT-157) the p~essure, temperature, and coal bed height were 

slmilam to those of Run HT-155. With a coal feed rate of 70 lb/ 

hr and a hydrogen rate of 530 SCF/D_?, a hydrogen/coal ratio of 
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20% of stoichiometric was maintained. The steam rate ~Tas 2' Lb/ 

~L~ for a concentration of 50 mole percent in the feed gas ~his 

test lasted 5 hours. During the 3 hours of steady-state opera- 

tion a product gas of 549 Btu/SCF ~as produced. 

The operations with Illinois bituminous coal were followed by 

a successful test with a lightly pretreated Indiana bituminous 

coal (Run HT-158). The coal was reacted in a 3-1/2-ft fluidized 

bed at a pressure of lO00 psig and a nominal coal bed temperature 

of 1TO0°F. It was fed at a nominal 54 lb/h2 for reaction with 

530 SCF/hr of hydrogen and 25 lb/hr of steam. Total test time 

was 5-1/2 hours~ with 3-1/4 hours at steady state. A product 

gas of 554 Btu/SCF was produced. 

Again~ the lightly pretreated Indiana coal was used as feed 

in Run HT-159. This material showed a slight tendency to agglom- 

erate when subjected to the standard laboratory agglomeration 

test. Ho~ever, as this tendency was only marginal, and the 

analysis of the pretreated coal indicated sufficient pretreat- 

ment, the coal ~as used as feed in the hyd~ogasification pilot 

unit. It ~as fed successfully for 2-1/2 hours before it caked 

at the end of the 1-inch-ID coal injection tube and jammed the 

feed screw. 

Additional coal had agglomerated on the walls of the reactor 

tube about 5-1/2 ft belo~ the top of the _~eactor. Contributing 

to the plug in the coal feed tube ~zere 2eactor pressure varia- 

tions resulting from a partially plugged product gas bayonet fil- 

ter. Although the nominal coal feed rate for this test was 76 

lb/hr, the actual rate at the time of the plug was 95 lb/h2. ~he 

hydrogen rate was 743 SCF/hr, and the steam rate was 15 lb/hr. 

Reactor pressure, coal bed temperature, and coal bed height wer.~ 

similar to those of Run HT-158. 

Coal Pretreatment 

Five pretreatment tests were run in the fluidized-bed pre- 

treater to study minimum pretreatment conditions and to supply 

the hydrogasification unit with nonagglomerating feed char,. 
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Table I. NOMINAL CONDITIONS FOR TBE PRETREATMENT TESTS 

Avg Solids Res Feed Gas Rate= Oxygen Avg Bed 
Run No. T'z~me, h~ . . . . .  SCF,/hr . ~ T..emp,°F 

FP- 106 0.27 1216 21.0 797 

FP-107 0.29 l')19 21.0 777 

FP-108 0.15 l#19 el. 0 81~ 

FP-109 . o.15 l#18 21.0 824 

FP-ll0* 0.15 l#e5 el. 0 820 

* Intended run conditions, but not attained. 

Bittmtinous coal, c~ushed and sc~'eened to -16+80 mesh, was used 

as feed for all five runs. The coal used was from the Indiana 

No. 6 vein, Supplied by Republic Coal & Coke Company's Mir~nehsha 

m:Lue. The runs were made to determine an optimum bed tempera- 

ture with a minimum coal residence time. Runs FP-106, FP-107, 

sad FP-108 were made with undried coal. Runs FP-109 and FP-110 

used coal that was predried in batch dmiers Just enough to pre- 

vent bridging in the feed hopper. 

Run FP-106 ran for 5-3/4 hours, terminating when the feed sup- 

ply ran out. The product char was found to be f?ee-flowlng with 

23.5% volatile n~tter. Run FP-107 was tez~unated after 5-3/4 

hours ~hen the feed was depleted. The product char ~as found 

to be very ligbfcly c~2:zed-with 24.5% volatile matter. The coal 

feed for Run FP-108 was so wet f~_om sumface moisture that bridg- 

ing caused the s1~utdown of this Z~Ln after 3 houms. The chat was 

found to be very lightly caked with 23.5% volatile matter. Hun 

FP-109 was a repeat of FP-108 with the coal dried. The rum was 

terminated after 5 hours ~h_en the feed supply was used up. The 

char was found to be f~ee-flov/_ug with 23% volatile matter. Run 

FP-110 was temminated before steady state was ~eached because of 

a mechanical failure at the air compressor and alr-regulating 

system. The last three runs were attempts to again increase 

capacity of the unit. For the Indiana coal, a residence time 

of 9-10 minutes at 800°-Se5°F appesms sufficient to pretreat 

the coal and make it non agglomerat~_ng. An increased air feed 

rate to a superficial velocity of 1.75 ft/sec ~educes the 



fluidized-bed density enough to cut down the coal residence time 

and produce enough agitation to prevent agglomeration in the bed 

at 825°F. The Indiana coal appears to be free-flowing only when 

the volatile matter has been reduced to 23.5%. This is slightly 

lo~er than the volatile level needed to render previous high- 

volatile-content coals nonagglomerating. 

High-Pressure Methanation 

We have made several runs with Harshaw Co-Mo-0601 (cobalt 

molybdate) hydrodesulfurization catalyst to check its methanating 

ability. At space velocities of'about 3200 hr -~ and temperatures 

from 600 ° to 800°F the methanation mate is low. The possibility 

of using this catalyst in a hydrodesulfurization step prior to 

the metDmaator in the pilot plaut depends on its ability to con- 

vert organic sulfur compounds such as COS and CS2 to HaS without 

having simultaneous methanation cause heat removal problems. The 

hyd~?odesulfurizing ability of this catalyst at run conditions 

T.~.ll be checked in the life test unit after the current test is 

completed. 

The life study with Girdler G-65 catalyst, mentioned last 

month, was terminated after 168 hours on-stream. Carbon deposi- 

tion (due to ~high temperatures ) and sulfur poisoning were sus- 

pected causes of the deactivation. We are now testing Harshaw 

Ni-O1O4T catalyst in the life study system. 

We have received another rLickel-on-kieselguhr catalyst, Hat- 

shaw Ni-0116T. Its crush strength is about three times as great 

as that of Harshaw Ni-0104. lge are compsming the activities of 

these two catalysts in the stirred reactor. 

Coal Characterization 

Petrography 

Feed and residue samples from the fluid.-bed hydrogasification 

of Ohio No' 6 and West Virginia No. 5 Block coals and North Dako- 

ta lignite are being mounted and polished for petro~aphic ex- 

amination. In addition, the agglomeration of the Pocahontas 

coal in attempted hydrogasification runs is being investigated. 
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The surface area of Ireland mine coal at different stages of 

fluid-bed hydmogasification was detezmiined. 

Calor,imst~y 

• Determination of the heat of reaction of hydrogen and North 

Dskota lignite was completed at !500°F and I000 psia. The heat 

of reactions of hydmogen and Ireland mine coal and chars are be- 

Lug measured at 1500°F and 1000 psia. 

Because of the process economics sensitivity to the cost of 

hydrogen, we are now making a brief study of possible methods of 

producing hydrogen. This study is based on evaluation of sever- 

al alternative ~outes for the production of hydrogen, using elec- 

tric power p2oduced both by rotating machlne~y and fuel cells. 

Ho new inventions were made this month in the coumse of this 

~¢ork. 

, t  I ' / 
iS" t / ,i , ." 
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DEVELOPMENT OF IGT HYDROGASIFICATION PROCESS 

Progress Report --March 1967 

to 

Office of Coal Research 
Contract No. l#-Ol-O001-381 

S ~ y  

1. Eight hydroGasification tests were conducted during March. 

Two tests were made with Indiaua Sixth vein high-volatile- 

content bituminous coal, four with West Virginia Sewell 

seam medlum-volatile-content bituminous coal, and two with 

Pocahontas No. # seam low-volatile-content bituminous coal. 

2. Ten coal pretr~atmen~ tests were conducted: three with 

Indiana Sixth vein coal and seven with West Virginia Se- 

'well seam coal. 

3. The life study of a methauation cata.lyst has exceeded 500 

hoursj P~oducing, at a p~essure of 1000 psig, a gas with 

less than 0.1% carbon monoxide. 

4. A preliminary economic analysis of an electrothermal hy- 

~ogen producer~n.d hydro gasifier combination indicates~_~_ 

gas~,ice of 50~-51~/million Btu_at an elec_tric power cost 
• I | II ! H| I 

of ~-~. 5 rmills/kwb_~. 
-- i I I 



H.ydro~asification 

We conducted eight hydrogaslfication tests this month in the 

balanced-pressure pilot unit. Two tests (Runs HT-160 and HT-161) 

were conducted with a lightly pretreated Indiana Sixth vein high- 

volatile-content bituminous coal. Four tests (Runs HT-162, HT- 

163, HT-164.. and ~Yf-165) were conducted with a lightly pretreated 

West Virginia Sewell seam medlum-volatile-content bituminous coal. 

In the remaining two tests we conducted this month (Ru~ HT-166 

and HT-167), the feed coal was a lightly pretreated Pocahontas 

No. 4 seam low-volatile-content bituminous coal. Both of the 

tests conducted with Indiana coal were successful. Of the tests 

conducted with West Virginia coal, one was successful. In the 

three other tests with this coal, the coal agglomerated iu the 

reactor. One test with Pocahontas coal was successful, while 

the other ~as unsuccessful because of agglomeration of the mat- 

erial in the reactor. 

Run HT-160 was the t~dmd test in the series conducted in the 

pilot imit with lightly pretreated Indiana bituminous coal. We 

reacted the coal in a 3-1/2-ft fluidized bed with a hydrogen- 

steam mixture at i000 psig axed a nominal coal bed temperatume of 

1700°F. The hydrogen/coal feed ratio was 25% of the stoichio- 

metric ratio, and the steam concentration ~_u the feed gas was 30 

mole percent. ~e test lasted 5 hours, with 2-1/4 hours at 

steady sts.te. About 30% of the carbon was gasified, producing 

a gas of 560 Btu/SCF (nitrogen-free basis). 

We conducted the last test in the current series with Indiana 

bituminous coal (Run HT-161) in a 3-1/2-ft fluidazed bed at a 

pr.essure and a temperature similar to those of Run HT-160. How- 

eveP, the hydrogen/coal feed ratio ~Jas 20% of the stoichiometric 

ratio., and the steam concent~ation in the feed gas was 50 mole 

percent. The total and steady-state test durations were similar 

to those of R~m HT-160. Carbon gasification was about 35%, and 

the product gas heating value ~as 560 Btu/SCF (~_itrogen-free 

ba~_is ). 
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~dn HT-162 was the first hydrogasification test with a Sewell 

seam West Virginia bituminous coal. In this test, we fed the 

coal at a nominal 48 lb/hr and reacted it in a 3-1/2-ft fluid bed 

~ith 530 SCF/hr of hydrogen (25% of the stoichiometric hydrogen/ 

coal ratio) and with 25 lb/l~ of steam (50 mole percent concen- 

tration). The coal bed temperature was a nominal 1700°F, while 

the free-fall section above the bed was controlled to 1300OF. 

About 45 minutes after the start of coal feeding - some 30 min- 

utes before the time estimated fop the coal bed to reach this 

level - the coal bed radiation gage indicated a coal bed at the 

3-1/2-ft level. We turned on the coal bed discharge screw soon 

after thls~ but the coal would not flow. The coal removed f~om 

the reactor after shutdown of the test was only lightly agglom- 

erated. ~glomeration was estimated to have started 2 f~ above 

the hydrogen-steam feed tube. laboratory tests showed that the 

bulk of the pretreated coal used in this test was nonagglomerat- 

ing. 

Test conditions fop Run HT-163 were similar to those of Hun 

HT-162, except that the free-fall section of the reactor tube 

was heated to 1500eF. We modified the stawt-up procedure So 

that, initially, the hydrogen/coal ratio would be 75% of the 

stoichiometric ratio and the hydrogen concentration in the feed 

gas would be 85%. The objective of the 1500°F free-fall temper- 

attire and the start-up modification was to increase, as much as 

possible, the reaction of the coal in the free-fall zone and to 

thereby reduce the chances of agglomeration when the coal par- 

ticles reached the coal bed. The temperature and st~t-up modi- 

fications were partially successfal. A coal bed was established, 

and one coal discharge cycle was completed. Foll~_ng thisj an 

agglomerated layer of coal formed at the top of the coal bed 

w.hich kept coal from moving past this level. We terminated the 

run 2 hours after coal feeding was started. 

For Run HT-16~ we made chauges to allow a lor~er free-fall 

reaction time before the coal reached the coal bed. ~ne f~ee- 

fall section of the reacto~ was increased by lowe1~Ing the top 



.of the hydrogen-steam tube 31 in. Alsoj we "Tlimited the coal bed 

depth to 2' ft so we could add an additional 18 in. to the 

length of the free-fall zone. The test was started as a free- 

fall operation. About 1/2 hour after we started coal feeding, 

and before the full coal and steam feed rates were reached, coal 

began to agglomerate about 2 ft above the end of the hydrogen- 

steam feed tube. We had to stop the test because coal would not 

flow past the level of agglomeration. 

Following the same procedures established for Run HT-164~ Run 

HT-165 ~as a successful hydrogasification rtui with medium-vola- 

tile-content West Virginia bituminous coal. In the first part 

of the run, the coal was hydrogasified in the free-fall zone for 

a steady-state period of 1 hour. In the second part of the run, 

the coal was ~eacted in a ~-~c fluid bed for 2-1/2 hours. 

We resumed the hydrogasification of a Pocahontas bituminous 

coal in Run HT-166, which was based on the demonstrated success 

of 'the test procedures used in Run HT-l~5. In two earlier at- 

tempts at hydrogasifying Pocahontas coal (Runs HT-150 a1~d HT-151, 

January 1967 Progress Report), agglomeration occurred to a mod- 

erate degree in the ~eacto~. Run HT-166 was~ the~efore~ con- 

ducted at test conditions~ and with procedures similar to those 

of Run HT-165. Within a period of l-l/2 hours, the coal feed 

rate was 48 lb/hr, aud the steam rate was 12 lb/hr (25 mole per- 

cent). In the next l0 minutes, while the steam rate was being 

increased to 18 lb/hr, the radiation bed-level gage indicated 

holdup of coal in the reactor. The coal had agglomerated in 

the vicinity of the hydrogen-steam feed tube. However, the ag- 

glomeration was much less severe than in the two earlier tests 

~.~ith the Pocahontas coal. About 37% of the coal was processed 

before shutdown. 

Test conditions foz o Run HT-167 were similar to those of Run 

HT-166. Howeverj to maintain a high hydrogen concentration un- 

til a smooth free-fall operation of at least 1 hour was obtained, 

we kept the steam rate at 6 lb/hr (12 mole percent) for this 

period. The steam rate was increased by 6 lb/hr at 25 minute 



intervals until the 95 lb/bm rate was reached. TTzis was follow- 

ed by a success.~l free-fall test lasting 1 hour. For the sec- 

ond phase of the run, a 2-ft fluid bed was established. However, 

l0 minutes after this bed height was reached, the coal would no 

longer discharge f~_om the reactor, and the test .h~d to be shut 

down. As in Run }rlu166, the coal had agglomerated at the hydro- 

den-steam feed tube. 

Coal Pretreatment 

We rs~n l0 p~etreatment tests in the fluidized-bed l~etreater 

to study minimum peetreatment conditions and to supply the hy- 

drogasification unit with non~gglomerating feed char. The re- 

sults of these tests sine shown in Table 1. 

Table 1. NCMI~_L CO~ITIONS FOE THE PRETREA~%~.NT TESTS 

• Avg Solids Res Feed Gas Bate, Oxygen Avg Bed 
Run No. ~ Time, !~ ~ ~ ~ S_CF/h~ Conc, % 

FP-110A O. 16 1427 21.0 813 

FP-111* 0.20 1450 21.0 810 

FP-111A O. 20 1479 21.0 806 

FP-112 O. 32 1484 21.0 817 

' FP-II3 O. 33 1378 21.0 844 

FP-114 O. 15 1538 21.0 863 

FP- I15 O. 26 1328 21.0 81~4 

FP- ll6 O. 30 1194 21.0 785 

FP-117 o. 17 131~ el. 0 851 

FP-118 o.20 1~75 18.67 843 

" intended run conditions, but not attained. 

Bitund~nous coal, crushed and screened to --16+80 mesh, ~¢as 

used for all 10 ~uns. For the first three runs, high-volatile- 

content coal from the Indim%a Sixth vein ~as used. For the re- 

maining seven inlus, a medium-volatile-content blt1~inous coal 

from the West Virginia Sewell seam was used. ~i~ coal was ob- 

tained from the New River Coal Co. 's Lochgelly mine. The runs 

~rith the India~ coal were to supply the hydmogasifier with 

nonagglomerating feed and to com_firm the best conditions for 



pretreating this coal. We made the runs of the West Virginia 

coal to find operating conditions that would pretreat the coal 

and make it x~ee-flo~ing, and then to optimize these conditions 

for minimum pretreatment and ~axirmnn capacity• 

Run FP-110A ran for 5 hours and was terminated when the feed 

supply ran out. The product char was free-flowing with 23% 

volatile matter. We stopped Run FP-111 before steady state was 

reached because the feed coal bridged in the hopper and caused 

the reactor temperature to rise rapidly~ causing agglomeration 

in the coal bed. Run FP-IllA was to repeat FF-111 and was 

stopped after 4-3/4 hours when the feed ran out. The char was 

free-flowing ~th 23% volatile matter. These three runs con- 

clude the pretreatment investigation of the Indiana coal. 

Because the chemical analyses of West Virginia Se~ell coal 

is somewhat different f~om those of the high-volatile-content 

bituminous coals, ~e subjected it to four exploratory runs to 

find a set of conditions that would bo.th pretreat it and make 

it nonagglomerating. Duming the third run, we had some diffi- 

culty controlling the bed temperature. Run FP-112 ran for 4- 

3/~ hours and was stopped when the feed ran out. We ran the 

bed temperatume at t-go levels that averaged 817°F. The pro- 

duct cha~ was lightly caked with 1g.5-18% volatile matter. Run 

FP-113 had run for 2-1/2 hours ].zhen the bed began to defluidize 

and chsmnel. The char was lightly caked with 16.9-17.3% vola- 

tile matter. Run FP-11# had temperatume control problems after 

l-l/2 hours and ~as shut down after a hot spot occurred ]¢hich 

agglomerated the bed. Ho~ever~ 1 hotu, of steady-state data was 

obtained. The char ~ms lightly caked with 15.3% volatile mat- 

ter. The coal residence time ~¢as very short compsmed to Runs 

FP-112 and FP-113; thus, the high temperature was not enough to 

pretreat the coal. Run FP-ll5 ran for 5 hours until the feed 

ran out. We had no control problems. The product cha~ was 

free-flowing with 16.5% volatile mmtter. We combined the chars 

from Runs FP-112j FP-113, and FP-114 to use as a feed for Run 

FP-II6, in which we wanted to make some free-flo-~ing coal for 



use in the hyd~ogasifler. However, the conditions used were not 

quite severe enough; the product char was very lightly caked 

with 16.5-17.5% volatile matter. Run FP-117 was an attempt to 

reproduce the conditions of Run FP-115, but after 1-3/4 hours 

t.he bed bottom developed a hot spot, causing a shutdo~m. At- 

tempts to control the temperature in the bed included using a 

very high coal rate near the end of the run and also decreasing 

the air feed rate. Apparently, once the hot spot has stsmted, 

it cannot be controlled by either of these two methods. The 

product char was lightly caked with 15.4% volatile matter. Run 

FF-118 -gas again an attempt to reproduce Run FP-115 and again 

a hot spot occurred early in the irma. We used a small flow of 

nitrogen to control the temperature. Rather than adjusting 

either the coal rate or air feed rate, the nitrogen rate ~as 

adjusted throughout the run to control the temperature. The 

product char was lightly caked with 15.6-16.8% volatile matter. 

This medium-volatile-content coal is definitely harder to pro- 

treat than the high-volatile-content coal that we have p~evious- 

ly Pretreated. Pretreatment conditions for this coal are as yet 

not well defined because the temperature control problem has 

not allowed us to reproduce a good r~n. 

High-Temperature Me.tha.nation 

~Te have checked the ability of the Ni-0116T catalyst to meth- 

anate a gas mixture expected in the proposed pilot plant. The 

Ni-OlleT catalyst is more active than the Ni-OlO4Tj probably be- 

cause it contains more nickel (65% compared to 58% for Ni-01OST) 

and its specific surface area is higher. A major advantage of 

Ni-Oll6T over Ni-OlO4T is its higher (by a factor of 3) crush 

strength. 

The life study with Harshaw Ni-0104T 1/8 in. catalyst, men- 

tioned last month, has exceeded 500 hotLrS at a space velocity 

of 2500 hr -I and a maximum bed temperature of 850°F. The #% CO 

feed is being methanated to O. 1% CO. lghen we increased the 

space velocity to 5000 h~ -~ on two occasions, the product gas 

CO composition reded at O. 1% CO at steady state. 



t ~ ~ i ~. , N.i,t * . . . . . .  f 

Coal Characterization 

Calorimetr2 

We completed our determination of the heat of reaction of hy- 

drogen and coal (Irelaud mine) and chars at 1500°F and 1000 psia. 

The results indicate that the exothermic heat of reaction at 

1500°F is about 10% higher than that at 1300°F. The materials 

studied are the raw coal, pretreated coal~ end low-temperature 

and h_igh-temperature residue from the hyd~ogasifier. The heat 

capacity of coal is being determined at 1500°F. 

Economic Studies 

We made some rough estimates to evaluate the effect of pro- 

cess changes on the cost of pipeline gas made from coal by hy- 

drogasification when the hydrogen used is made by the electro- 

thermal fluid-bed gasification of char. Our estimates are based 

on figures i~om earlier, more detailed cost estimates. The ma- 

jor modification is the feeding of hot synthesis gas directly 

to the hydrogaaifier. On the basis of equilibrium calculations 

and the availability of electric power to the gasifiers at pro- 

cess voltage at 3-3.5 mills/k-ghr, a 20-yesm average gas price 

of 50# to 51#/~.~!lion Btu is possible. This includes by-product 

credit for sullk~ and coal fines. 

During the month no inventions were made in the oourse of 

the work. 

Approved Si@ued ~__. 

Jack Huebler, Associate Director Frank Schora, Assistant Director 
L o  

8 



PK~tS[ I 

I~ It vllrl,II S I l l  ¢ l t l l l l  

h COIi lllllllI1141it 

¢. el lkal i f l  M 

II. P.III C i l t l c I W l l l l l l l  

PHASE D 

i .  Axalplls of [ l p l l l i | d i l  D i l l  

l .  P~O<:IIS Coe~lpI Dlvelollmlnl 

C, Ilell;l=l I~lestgn 511~IIs 

d. [ i IA I I I I |  r v i l u I I I I .  

pH~3Et-rr 

I 

i .  P~l l t iOl ly  pIII I  PleAt DIllon 

TOTAL 

Plo=m,I 

C.+ulatlm 

.., + R O G R A M  F O R  . , .+ ,EVEL,  O P M I = N T  O F  ! G T 
", "OCR: Contract No. 14.01.0001-381 

x.t  

" ' - - - G - I . .  °' '  I " "  I °'o I , , ,  I , , ,  .I ,,,. I , , ,  I..,.,. I~:n,+ I +" l ~ " l  ,,, I 0=, iM,,, .,..I ~',. I "~ I "-'; 
~'~ | S t  YIPII 2lid ~ t l r -  

I 2 3 4 S • 

Ir Sll~l/+h #~ll-Cl~tfOll~o 
I#gl l  I !  Iplrll+lla 

E .13 
T*311 

D5 - t l+ ,100 
ODC* IS, S00 

~111 llfltCl Study e fll~lO =I r l~ I l i l e l  
=f degree Cl 10 IPSllblilh klr~t[~l gl 
hr{UllllPtlt filea*blm system 

E -  t E . 1 3  
T - 1! • "r*)~ 

D$ -17,500 DS - SL%100 
O0C .51,500 00C - ~4.04D0 

5t~Y |Klllt1|J|llm i ~ i  
IrlAMllll.tl m ~ '  
flultOed m l k m  | ~ y s m  I 

,:-zo'-,, I +'-3 | 
T-Z~ T -I) 

5PiCky lllrllehP Sli t  
elliot I l l  I l t lh | l ied 

1/4 lhl kl-bed OWIIIOP 
£ -  q 
T -Z~ 

Ds -31:.300 
ODC- +.2,000 

i 
Ilkld+PI I;Iml Irlttealment un/l 

T - f1  
95-$I,;15C 

ODC- 5k,05't 

Stilt 

2 

+ +  . . . . . . .  - + + -  E__ T,22~ T- i~  
05- $I0,4~3 D5-$3 

OOC- 54.0410 ~ ~ O : D . ,  : 

f e l l l l l lC t  I l l l l l S l  e l l U i l l i O  101 l a l+ l l r ogas l l l eb t l l l  tuns 

, |  
l l l ~ l l ~  Stile I f  | ~  1111 
l l l l  dl$l in l ib ta i l  Lmlt 

E - ?  
T - 0  

DS-S3,I0~ 
OOC=0 

2 

411lid lad shake dOWn 
l i b  unit 

E , 3  
T - 5  

05-~1,150 
OD r -53,5])0 

, , ,, 
Lit) $Cldl l:ll, l l | ' l l  I'II]IIM.II~ I 511~ l l f l~ t !  | IS ¢l~l|llSllllX1 

I [ -  5 135 ~+,15= 
£ -  5 J - -  T ' | D  ODG-Sl,+g+ 
T . l l  

[)5 - S& 150 [ 5 Det~l  ~ Cm+llrlt¢! S I I I I  llllol roll  

ore..:.0 l +:5| m....+ 
,,, ooc .wo0  

0Pisellp Iechnlqlms aid st sly llelrogtlpnl¢ charlcterlzlIcs o|  ce l l .  ¢kal+ lind 
lpt4~ h~Jt0gl$1+le~ +'(~l~ I~. Dete~atlne Mi t s  or l#l~llOl~ 01 COIll i#D Cllil~l 

£ - I )  
"~- 5 

D5 - SO,~10D 
ODC, $Z0,500 

E$~OIIIK tesls I H  |IVllO~l l 
elll~atl0n ¢! wol~ ¢I colt 

E - 14 
T - l l  

0 5 - $ 1 ~  

I ,,.,, . , 
AKllyle led ¢0el~llll d i l l  |l~el h~i l~ i lh l lk l l lM.  CNI lleli~llll41~l, a~l llleIUllltiOlS . w k .  lnll 

llCOe~mlnd c0~dlIIIR$ l~' m l h u l l  t l l l l .  DI~II m ktmlk  m t ; q x s  Io Ull In I I I ¢ I i i  +eslgn 

T. II 
DS.t43.M41 

ODe- 

0~Y+IIOD $111H ellis 
| I  I |  lilt~liS lilSld 

05 I~lrSell! d l l l  
In .5  
T=0 

DS - 5~,30+ 
ODC -0  

Umll=~l and l l l l q l l  ~tdt l  l ~ t t  l~ill[Igl+ d l l l  k C l m l  available a m  unti l+lee/<eat  + ~ l e  almJll;onal 
d i l l  I l l  eledlll. Ulmlll]f ~I~i11  l l lS~l l |  i i  lll,~e$Sl+y llt~ k i l l  IlKC$$ fr=-sNels ~rl~att= 

S-20 
T -  0 

OS- 5q~.20~ 
0CC -$1,5|0 

~3'5~ 

to~o 
to,ooc 

2 ] 

Ilaw sneel energy a~d I 
E "2 05 = q[q00 mll+¢lal llitanciPs 
T-0  ODC -0 j E - )  

/ T-I; 
D$ - $5,200 ~S- |1,400 

0De-0 .L 0DC.a 

d Mite ~ e l l l l  I l K I I +  | l l~( l  

C|a| llala 
t++Ikw and ea l~'nlom 

4 - I  
T - 0  

4 S 4 ? '++I +--'''N 
Ol vlrl0uS $|¢tlOlii I N  ll~Ifll[l~g ~Piei$1Ol iltd UO<llt]l O Ol l[0wShllr! 

r .  4 ex=ense's 
T-O E-J r . i  

05-$1 100 T*0 T ,0  
ODC-O ' DS. S1,40O 05-]2.lD~ 

0DE • 0 ODC-C 

23,5o0 

Io,ooo 
25poc 

23,500 23,800 

~ , ~  J 4 , 5 0 0  

4,9,30( S2,BO r 

22,400 2~,100 24,3~0 24700 2 3 , ~  23.309 23 ,1~  

123,ooc 21,is0 f9,B3( 28,90c ~.4oo .~too ~%soo 
85,8DC 06,90<. 126,70C ,155'e0C I "/9,000,2~.00, e~,+'d+o 

tdazlpo=ef sh~un In total mJn menlkl: E - Ee41aeefs 
T - Tecb~lc=aps 

"~OTAL COSTS TO OCR [IflCL.UOES OVERI+tEAD AHn FEEl 

i 30,300 , 2f.300 27,100 27.a00 Z1,100 ~ . I ~  23.30o 23,3O0 

22,,]00 4D,..qOO 21.9OOI41,900 I='r.llOO z z , 3 0 0 i 2 3 , 4 0 0 1  z21301 

i2|4,40C ZO~',IOQ 394~II~1330,I I0[  $515,'/00 aSi,OOl) 4~4.40nJ428,70' 

Coils slsaw,'= i~e cell+, l :  0CR of one-i+alf ii; ts l l l  



H Y D R O G A S I F I C A T I O N  P R O C E S S  
A . G . A . . P B . 2 3 a  - 

1 9 6 6  

Yecr-  - 

?. 

$1ud 1 h~i~ i i l l l c i l lon al villous coils. Iiinli~. 
U~II  moil SUII4~Ii Conditions 

[-11% 
• l . i .  I 

DI-II7,lO0 
OOC- I?,OnO 

, l q k ?  

3 
r l~l l~i propeftllS Of VIllous COILS 

E -  S½ 
',,r -27% 

o5 - l zz , l o  
oco. ~4_,.~ 

"i" 
31d Year 

pilrci,.i any iulporl llorl ~ l f i l i l , #  I~l l o l l  I'l'r 
0 ~ll~ t chici di l l  I Ihlc~ lllPl l l l~ l  Is ~elni l l s l i n l l  

I I 

ll~,~llli I l l l l i l i  I ~ fl~' I l l '  irl~lll~ll I l l i  I l l l l  l l l i l  

p~Om ISny SsRCmrt seOd~ 
i~l~lil i l if IM liRHi I"I'1" 

d develop cerrl l l | l~l l  td I~lblt  
rttl OI coal for hydr~oaslllcitlo~ 

T-11 
OS*SlO.200 

0DC-$500 

I .a~n~ l r  umJ Rint Plr~4 
I ~  PhlmS l.aJ. 14, ci 11'12 

I I m ! i ! I m 

[ l~ Imk~ 24 5111~llS ~40,4(~ 
T ~  ILls I~J Ot~f  D~IKI C~lts 1~400 

~'t(~r~ Ib'.llylls Of past ~l~l and ~ dilJl I i  I ~  wl ts ;tl~irlSl/~ ~or rlllaO 1ffTio~ 

!" Hate l~elleI~l~ riiptol' design |i lICl 
~. OKICeI! Oanc~.pl pfl4 ['l~S'p~silflclili~n reS'~lls 

.E -6  

.~ 05=$l,$00 
;' O©C-O 

" _ _  , .  _ _  ,,, 8 

I Revision lnd le/laemenl ol 
¢iollal and oleriiing COILS 

,~.6 
T.O 

0S- $Z,800 
ODe-0 

llork lick SU~Oltr'.~f 0ii d N l ~  of r~i~tml 
f~r hy~rlgll l lksll~l ind Illhl~,lU~n 

( - 1  
T-O 

OO¢-O 

q 

lOd vlih Iu~Coqlr|Clm on ¢11p|~,111 pod ooellllng CdtL~ 
for pl| l | olint 

F.-9 
T-O 

Is-IS.100 
OOC-O 

- I  

I 
J 

g, } 

l 
Oeveloppll=t~pla. - I II[Ih aSSISLZnCe al suDcofl[racic~ wo~k on O,~iSeT T? 
II~lsllect wllh hi l t  iS ouilln~d In ConUaol No. ).I-0~*0001-315|.* 

and material billni'.cs 
E-14 E.3d 

¥ . 0  
T -  0 | 05-S15.300 OS- S7,700 

OOC- 0 1 O D C .  o m .  , 
5eliot ircfll(~ct.englaetr 

SuIb¢or~'iClOl * $85,S00 available It :  irchltcct*englniel SL~CQ~ZCI¢~ End cR~lfleellrlg CO~SuILC~$. 

i £ ~ -  1 2~.]~ a . ~  "23,3~ 13,3~" ~.~o ~3,~ 15,~ 15,~oo 15.~ 2~,~ ~,7oo 23;® 23,~o ~ , ~  23,7~ ~ ~3.~ 2~,~ 

. l~,qO001 2-',300 25,000 32,G00 25,000 2 . , . 0£  27.20O 22,9D0 2..7001 , . , | 0 0  21.BOO! 2 , .400 2~..0C ~S9.200! 40,800 

o ~ 0 ; . . 0 0  I . . . . . .  42(;,700 ~. , ,? '0 ,  4 ,4 ,~00  ~¢)9,.0C 5:S,,,O( e6~,OQ ,'~6,000 ( ;09,?00 ~28,9Q0 $i~0,700 672,10~ 5. , ,0( ] (  ~'34.200 775100G 

O¢: ~' • Oilier Dhecl Costs. S 

L 

; 



DEVELOPMENT OF IGT H~])ROGASIFICATi0N PROCESS 

Progress Report- April 1967 

to 

Office of Coal Research 
Contract  No. lg-01-0001-381 

i. Six hydrogasiflcation ~uns were conducted du~ing the month. 

All ran until their scheduled shutdown. 

2. Initial ~uns with a synthesized ra~ electrothez~al reactor- 

type gas (no preshiftiug) indicated that operation is simi- 

lar to that with a hydrogen-steam mix.are. 

3- Three pretreatment runs were made with West Virginia Sewell 

medlum-volatile-content bituminous coal. Hot spots in the 

bed developed in two of these runs. The third zq~u produced 

sufficient material for hyd~ogasificatlon zqms -v~_th this 

coal. The present series of pretreatment runs has been con- 

cluded. 

4. A life study on our selected methanation catalyst was vol- 

untarily ter~,inated after 1419 hours on-stream. No decrease 

in activity was noted du~ing the _~un. 

5. A p~elimina~y economic analysis indicates a gas p%ice of 38# 

per million Btu based on 8~ per million Btu lignite. 



Hyd~o~asification 

We conducted six hydrogasification tests this month in the 

balanced-pressure pilot unit. Tb_ree tests (Runs HT-168, h~f-169, 

and HT-171) were conducted ~rlth lightly pretreated Pittsburgh 

No. 8 seam bituminous coal from the Ireland z~tue "and a simulated 

p~oducer gas, ]~_th steam as the gaseous feed medium. One test 

(Run HT-173) was conducted ~ith the same lightly pretreated Pitts- 

burgh No. 8 seam coal, but with a hydrogen-steam feed gas. .~.~0 

tests (Runs HT-170 and HT-172) were conducted ~.rith a lightly pre- 

treated West Virginia Sewell ses.m medium-volatile-content bitL~- 

inous coal. The feed gas in these tests was a hydrogen-steam 

mixture. All six tests were successful. 

Run HT-168 was the fi1~st test in a series conducted in the 

pilot unit ~lth e~ producer gas-steam mixture as feed gas. The 

simulated producer gas was prepared by mi ~x!ng hydrogen, carbon 

monoxide, sm.d carbon dioxide into k.~gh-pressume storage. Mole 

fractions of these gases were as follo~.ys: hydrogen 58%, carbon 

monoxide 37%, and carbon dioxide 5%. The objective of this test 

~vas to study the effect of a typical producer gas on cembon gasi- 

fication and on the hydrogasification product gas heating value. 

The Pittsburgh seam bituminous coal was fed at a nominal rate of 

52 lb/l~ and reacted with 530 SCF/_b_w of the simulated producer 

gas and 25.3 lb/hr of steam. Tests were conducted with 3-1/2- 

ft and with 7-ft fluidized coal beds in this r~. Although we 

wanted a coal bed temperature of 1700°F, a temperatume of 1600°F 

was actually realized. The reasons for this were the relatively 

low feed gas preheat temperature of 1000°F, and inoperation of 

the lowest reactor furnace heating zone. The run lasted 4-1/2 

hours. Prelimi~my results showed no significant difference in 

the results of the ope~.ations at the two investigated coal bed. 

levels. At both coal bed levels about 20% of the carbon was 

gasified, and a product gas of 460-#65 Btu/SCF (nitrogen-f~ee 

basle) was produced. About 57% of the carbon monoxide in the 

feed gas was shd.fted to hydrogen. 
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C..~,l.; +: -,..~. , ...... -~.¢.,r +.,-~ "-4:+,~ "" ' .~D.e 0.%?.1 ...... ~._ ~.,,~-, ..... ~,~,,...~ ...... tO cai~bo. ~. con,; e.~s!o~s. 

feed -~,at~ ~.zn-.',~ a no~'l__na! ~6 !b/h~ so that ~..,ith a dmy ~oduce~ 

feed Cos -~at,:: ~'~-.f' 530 SC'.,,'/'.,u,, the h:;'~ogen/coa! .~atio was e59 of 
the ~ ~. ." .i • i..'. ..... "~" ~ ' i  - _. __ o~u_C.,,'-O;~:U~-C i'atio. ~.,oduceP gas composition was s4m41am 

• to ti~t 9f Run "--:,.'T-!6,J. Step-in concent!,~tion in the feed gas was 

• 50 .,ilo!e ,,.~.~cent. The "---,kin lasted 6 hours, ".:.~ith 2-1/4 ho,.~s of 

this at steady state. ~,el~,_4na_~ mesu!ts indicate on!~-a m~m- 

gi_na! ino_~gase in the c~bon E.asified cve.~ tha,t of Ru/~s 9.~?'-!68 

and ]~.T- 169. 

Since %,e expemienced difficulty in gett~ng the coal bed tem- 

pe_~atu~e.up to !700°F ~,_~ the three tests ~.~_th simulate~ .vcoduce~ 

gas, we wanted to establish ~.;ith some certainty wh~t effect the 

inoperation of the lowest x,eactom heati~.~ zone h~d on this. ~ban 

HT-173 was tl%erefome conducted with pretreated Pittsburgh seam 

coal and a hydrogen-steam feed gas mixture. E~.e lowest reactor 

he~ting zone ~;as not operating. Coal s~nd gas feed mates weme 

simila~ to those of Run ~T-168. Temperatures of 1700°-1800°F 

were easily maLntained in the 3-1/~-9t fluidized coal bed through- 

out the test. This indicates that in the tests with the simulated 

p~oduce~ gas, the exothermic hydrogasification reaction rates, at 

the conditions investigated, were too low to hold the coal bed 

temperature at 1700°F. 
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The study of the hydrogasificatio~ of a medium-volatile-content 

bitt~minous coal from the %gest Virgilnla Se~ell seam was resumed in 

tests conducted in Runs HT-170 and HT-17e. In previous tests with 

this coal, px, etreatment ~.las inadequate', and the coal agglomerated 

• L~. the hydrogasifier. The batch of coal prepamed for the c,merent - 

l~" reported z~r~s ~ras pretreated to a sufficient degree so that it 

did not agglomerate. In both tests, the coal ~as reacted in a 3- 

1/2-ft fluidized bed, controlled to 1700°-1800°F, with a hydrogen- 

stee~m feed gas mixture. In Run HT-170, the hydrogen/coal ratio 

:.yas 25% of the stoic_hiometric ratio, and the steam concentration 

~.~as 30 mole percent. In Run HT-172, the hydrogen/coal ratio was 

reduced to 20% of the stoichiometric ratio, and the steam concen- 

tration was increased to 50 mole percent. Duration of both runs 

;.'as about 5" hours ~.tith 2 to 2-1/2 .~m of this at steady state. 

Coal P~etreatment 

Dur~_ng the month three pretreatment tests ~gere made in the 

fluidized-bed pretreater to study minimum pretreatment conditions 

axed to supply the hydrogasification unit with nonagglomerating 

feed char. We also used the pretreater as a fluldlzed drier for 

a subbittuminous coal. Results are shown in Table 1. 

Table 1. NOMINAL CONDITIONS FOR PRETREATMENT TESTS 

Avg Solids Res Feed Gas Rate, Oxygen 
Run No. _ Time, bm J SCF/h~ - C onc, % 

FP-119* o. 30 1200 21.0 835 

FP- llgA* 0.30 llO0 21.0 83O 

FP-i20 0.37 1188 21.0 817 

* Intended ru~. conditions, but not attained. 

.Avg Bed Temp, 
o F 

l,;est Virginia Sewell medium-volatile-content bituminous coal, 

crushed and sc.reened to -16+80 mesh, was used for all three runs. 

We dried the Colorado subbitun,~nous coal, crushed and screened 

to --16+80, in the pretreater in an extended run. This coal was 

from Colorado's Erie District No. 16; it was obtained from Im- 

perial Coal Co. 's Eagle mine. 
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In Run FP-II9 we attempted to overcome temperattt~e-control 

problems by cuttir~ doom on the air feed rate and the bed tem- 

perature. The run was shut down before steady state was at- 

tained when a hot spot occurred at the bottom of the bed. In 

Run FP-119A we again tried to control temperature by further 

cutting the air feed rate and the bed temperature: but again 

~¢e were unsuccessful. 

The feed for Run FP-120 was lightly caked residue from Runs 

FP-11L FP-118, ~d FP-119. The run, which lasted 8-1/4 hours, 

produced 800 lb of free-flowing char for the hydrogasifier. We 

decided to suspend i~ther testing of the Sewell coal because 

Run FP-120 produced enough char for hydrogasifier testing. The 

Sewell coal can be made free-flo~iug by reducing the volatile 

matter to a conservative level of less than 15%. 

The pretreater was run continuously for 32 hours as a fluid- 

ized drier for the Colorado subb!tuntinous coal. The coal was 

dried from 20.6% to 3.1% moisture content at 225°F, using hot 

nitrogen as the fluidizing gas. 

This completes the pretreatmeut IX~og~am. No more Fdns are 

planned at present except to supply the hydrogasification unit 

with feed as needed. 

I~gh-Pressu~e Methanation 

The life study with Harshaw Ni-0104T 1/8-in. catalyst was 

ended after l~19 hours on-stream. No change in activity was 

noted du~ing the study. At llO0 hours the feed gas space velo- 

city was raised from 5000 hr -~ to 6800 hr ~. At 1200 hours 

it was increased further to 8700 ..br -I. CO and CmHs conversions 

remained essentially complete after these two space velocity 

increases. There was some C02 breakthrough, however; about 

o.$% C02 was ~?ound in the product at 8700 hr -~ space velocity. 

.The feed gas contained about 1.0% C02. ~e plan to save this 

catalyst for possible further testing. The life study system 

is now to be used to evaluate a hyd~odesulfurization catalyst. 
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The stirred reactor Fans have indicated theft a pore diffusion 

resista~.ce becomes important at higJaer temperattu, es for large 

catalyst pellets (I_/4 in. ). We crushed 1/4-in. pellets of nick- 

el-on-kieselg~hr catalyst Ni-0101 (wh_Ich is the tmreduced form 

of Ni-010#) to check the effect of particle size on the methana- 

tion rate. This effect appes~s to become unimportant at 550°F 

for _~ticle sizes in the range between 20 and 40 mesh. The use 

of particles of this size will allo~.r us to study the true meth,, 

anation kinetics. 

Calorimetry 

We completed the determination of the heat of reaction of hy- 

drogen and North Dakota lignite and that of hydrogen and pal,- 

tially gasified North Dakota lignite at 1500OF and 1000 psla. 

We also completed the calibrations required for the determina- 

tion of the heat capacity of coal and chars at 1500°F. The mea- 

surements of the heat capacity of Ireland mine coal and chars 

continue. 

Process Economics 

The study of the economics of producing hydrogen by means of 

an electrothermal fluidized bed is continuing. A rough cost 

estimate was made for the production of gas from lignite at a 

250 million CF/day level. Based on 8#/million Btu lignite 

price the cost of producing gas is approximately 38#/million 

Bt~. 

The program is now about l-l/2 months ahead of schedule. 

Based on the present rate of effort, funding under the current 

contract will be exhausted in mid-June. 

During the month no inventions were made in the course of 

the work, 

'/..,.. k: { 
Approved, ; , j i . . .  t ~ . .  

Jack Hueble~ Associate Director Frank Schora, Assistant Director 
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DEVELOF~NT OF ~ IGT h~q3ROGASIFICATION PROCESS 

Progress Repm~t- May 1967 

to 

Office of Coal Research 
Contract No. 14-01-0001-381 

I. Eight hydrogasification tests were made during the month. 

2. West Virginia Sewell seam coal has been run successfully 

~_th pretreatment. 

3, Colorado subbitt~minous coal has been run successfully with- 

out pretreatment although it does show some agglomerate_rig 

tendencies under certain conditions. 

4. A hydrodesulfurization catalyst has been established as 

being a poor methanation catalyst - a desirable feature 

for a desulfurization system. 

5. Work on the preliminary design of the hydrogasification 

pilot plant is on schedule, 



Hyd~o~asification 

We conducted eight hydrogasification tests this month in the 

balauced-pressure pilot unit. One of these tests (Run HT-17#) 

was the last of the current series conducted with lightly pre- 

treated West Virginia Sewell seam medium-~volatile-content bitum- 

inous coal. The seven other tests (Runs ~-175 through HT-181) 

were conducted with an untreated, but dried, Colorado subbitum- 

inous coal f~om the Eagle mine. ~o of the eight tests were 

successful: the test with the West Virginia coal and one of 

the tests with the Color-ado coal. Two other tests with the 

Colorado coal were partially successful. In the other four 

tests ~-lth this coal, the coal agglomerated before steady-state 

operation could be established. 

The current studies of the hydrogasification of a medium- 

volatile-content bituminous coal from the West Virginia Sewell 

seam were completed with Run HT-174. In this test the lightly 

pretreated coal was reacted in a 3-1/2-ft fluidized bed with a 

hydrogen-steam feed gas mixture. The coal was fed at a rate of 

48 lb/hr and reacted with 530 SCF/hr of hydrogen s~ud 25 lb/.hr of 

steam. At these flow conditions the hydrogen/coal ratio was 25% 

of the stoichiometric ratio, and the steam concentration in the 

feed gas was 50 mole percent. The run lasted ~-3/4 hours, 2 

hours of this time at stead~ state. A product gas ~lth a heat- 

ing value of 496 Btu/SCF (nitrogen-free basis) was produced as 

28% of the carbon was gasified. 

~e initiated studies of the hyd~ogasification of untreated 

Colorado subbituminous coal in the reactor with Hun HT-175. Be- 

fore using this coal it was dried f~om an as-received moisture 

content of 19.5% to one of 3.1%. Nhen tested in the laboratory 

it showed only minimal tendencies to agglomerate. Operating 

conditions of Run HT-175 called for reaction of the coal in a 

3-1/2-ft fluidized bed with hydrogen and steam. The steam con- 

centration in the feed gas was 50 mole percent, and the hydrogen/ 

coal ratio was 25% of stoichiometric. Shortly after the 3-1/2- 

ft coal bed was established, the coal began to agglomerate in 
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the reactor tube and ~ould not discharge. The coal feed rate at 

this time ~as only one-half of the planned rate of 55 lb/hr; the 

elapsed feeding time ~,~as 2 hours. ~glomeration of the coal 

started near the top of the feed gas distributor. 

For Run HT-176, the planued flow rates ~.zere similar to those 

of Run }~-175. Ho~.~everj the start-up procedure ~ras modified so 

that free-fall operation at the full flo~z rates ~ould be estab- 

lished first before continuing on to a fluidized-bed operation. 

After 55 minutes of feedir~ coal, the test had to be terminated 

~,Then the coal agglome_~ated ~t the end of the coal injection tube. 

A reduced p~ge nitrogen flo~ rate throu6h the coal injection, 

occassioned by a moderate-size leak. in the coal feed hopper vent 

line~ allo~¢ed th~ coal to hang up in the injection tube and ag- 

glomerate, 

For the nex~ run ~{ith the Colorado coal~ Run HT-177~ the top 

heating zone of the reactor ~.zas controlled to 1200°F instead of 

1300°F as in the previous runs. This ~,~ould reduce the rate at 

&Thich the coal ~as being preheated and the rate of the hydrogasi- 

fication reaction at the top of the reactor. Agglomeration of 

the coal at the end of the coal feed tube ~as again e&1?erienced 

in this best after ~8 minutes of feeding coal. Pa.~tially res- 

ponsible for this agelomeration ~as the inoperation of the mech- 

anically driven spiral stizz#er used for promoting the flo~ of 

coal t1~ough the coal injection tube. 

~¢e obtained partially successful hydrogasification operation 

~¢ith the Colorado coal in Run HT-178. Run conditions ~ere simi- 

la~ to those of Run HT-175. The rtu~ ~as started up ~.~ith the coal 

being z, eacted in free-fall as it v~s fed ~t 30 lb/hr. Holdup of 

the coal in the reactor ~,.~as indicated by the coal bed level g~ge 

1-3/# hr after coal feeding ~as sts~ted. A coal bed began to 

build up as the coal ~ould no longer flow t]~ough the reactor. 

Operation tTas cont~&ued for another hour till the coal bed 

reached 11.25 ft. The ~tu~ was shut do~a ~.zhen the coal ~ould 

not discha~o~e from the reacto~ ~. Responsible for the coal holdup 

~.zas the acct~ulation of oversized agglomerated coal particles 
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on the discharge screw. There was no evidence of bridging in 

t.ho reactor by agglomel~ated coal. 

For Run h~-179 we lowered the position of the hydrogen feed 

dist1~ibutor by 31 ~.uches M~ order to obtain a longer effective 

['re.e-fall reactor lengt1~. We also modified the operation condi- 

tions from those used in the previous tests. The uppe~ two re- 

acto~ ...,eating zo'_..~es were controlled to 1200°F. The hydrogen/ 

coal ~,atio ~...'as increased to 33% of stoichiometr!c and the steam 

concentration ~.ras reduced to 30 mole percent. Flow rates fo% 

this l--tin were 55 lb/l~ coal, 743 SCF/hr hydi-ogen, and 15 lb/hr 

stesm. _~ne r~m. was started and continued with the coal being 

reacted in. free-fall. The run was completely suc~,essful as no 

c:ifflculties developed with agglomeration of the coal or ]~lth 

coal i'eeding ~%d discharg~_ng. It ~.las te.~minated after 6 houms 

when the coal feed suppl]. ~ was depleted. %~.TO free-fall steady- 

s,,~-~,~ opel~at~mg conditions were obtained iu this run, one at a 

coal feed ~ate of 3O :~o/hm and one at 55 lb/l~. 

Ai~ez- de:nonstrat~'-: successful free-fall ~peration ~.~ith un- 

treated C~'..orado subbit~mlinous coal ]..Te resL,uuc~] ".]~ attempts, in 

Ru_u HT-180, at reacting.' -ch~s coal in a fluidiz~.~d bed, Flow con- 

ditions and start-up wG!~c s~nilar to those ",~ Run HT-179. Suc- 

cessful free-fall operation at full flow r~te~ T..zas established 

and cont~_uued for 1/2 hr. The rate of coal discharge from the 

reo~ctor was th~n reduc~:~} -..o that a coal bed v:m~id be established, 

Soon after, thic ~u'thcr .]ischarging of coal ceased as coal be- 

.~:.~:~ to hold up in the re.~oetc.~. A coal bed o~? 7 ft was reached 

~...uhcn fi]:a coal feed scr.,:~.-.~ ztopped. Agglome~.'~,uz~,n of coal near 

the coal injection tube -.hoked off flow from ~,i-~c tube and jammed 

t~..e feed scre~...~. The ~]"~ !a~ted _o-1/2 hours, 20 minutes of this 

at fi!uid-be~ conditions. 

To mir~Lze chances fo~ coal aggi:mle~atJ.:~n :..": the top of the 

rc:~':tor fo! ~ Rtu% _~-lS.1, ~.Te set the control te~::V..'..rature of the 

_ ~'" ~ ~t IIOOOF. TILts wouL, lowe~ the rate ~OO teat'tot hea~ zone 

of coa]. preheat and move the zone of hydrogasification ~eaction 

,re:., the coal feed tube. Conditions for this run were 
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similar to those of Run HT-179. The test was started ~-ith the 

coal fed at 30 lb/!~ and reacted in free-fall ~lith 530 SCF/h~ of 

hydrogen and 6 lb/hr steam. Within 1 hour after the start° the 

hydrogen rate was incmeased to 650 SCF/hr, and the steam rate 

to 15 lb/h~. Before any increase in the coal feed rate was made, 

the coal feeder jammed and the run had to be tez~.inated. Coal 

had agglomerated in the reactor tube near the coal feed tube and 

stopped the coal flow. There ~as no coal agglomeration in the 

lower sections of the meactor. It is difficult to establish the 

influence of the hydrogen/coal ratio on the agglomeration of the 

Colorado coal expemionced in Runs HT-180 and HT-181. In both of 

these runs, the l~yd~-ogen/coal ratio ~as over 55% of stoichiomet- 

tic. Theme is a possibility that the availability of hydrogen 

~s sufficiently high to extend the hyd~ogasification zone into 

the upper parts of the reactor, accompanied by a temperature in- 

crease of the upper zones of the meactor. 

Coal Characterization 

Ca..lomimet _r.y 

The heat capacity of coal and chars ~.zas determined at 1500°F. 

Measul~ements continued at 1300°F. 

Petmo~aph~ 

l~Tomk on the petmo~'.raphic eF~nination of coals, pretreatment 

pmoc~ucts, and hydrogasification residues continued. Mounting 

and pollshi~g ~.~or~.~ on ~hc. five .high-volatile-content bituminous 

coals is nearly completed. Point-cotmt analyses of the maceral 

composition of coal from the ireland mine, Broken Arro~¢ mine, 

and No. 5 Block were r.lade. Photo.~!cro.._~aphs of the Broken Arrow.7 

and No. 5 Block coals L~zere o1~ta~_ued. 

Me thai]at i on 

We ~have begum a more detailed study of the ~_u_etics of the 

~eactions iuvolved in methanation. The study consists of sys- 

tematic variation of total p~essuz-e and -partial pressures of the 

components rudder low conversion conditions. The effects of 

these changes on the reaction rate allo~ • us to develop a more 



reliable mathematical model of the kinetics. To attain low con- 

verslonsj a differential reactor system has been devised. Con- 

vetting the present reactor system to this system required minor 

equipment modifications. 

The first hydrodesulz~u~ization tests ~ith 13% CO feed show 

that the methanation rate on cobalt-molybdate catalyst is lo~. 

Desul~urization data have not been Dally analyzed. 

Girdler l~as sent a sample of G-41 chromla-alumina desulfu~i- 

zation catalyst for our tests. This catalyst converts organic 

sulfur compounds to HmS in the presence of appreciable concen- 

trations of CO and C02. It has special application for removal 

of COS and CS2 from producer or coke oven gas. 

Engineering Economics 

Preparation continued of the detailed report on the economics 

of pipeline gas production with hydrogen made by electrothermal 

gasification of spent char. Tables, graphs, and flow sheets have 

been dra~.~% and a d~aft of the text is largely completed. 

Calculations of the economics of pipeline gas production for 

the C02 Acceptor, BCR 2-Stage, and Kellog~ Molten Salt processes 

have been made followin~ the A.G.Ao accounting p~ocedure via the 

computer program. The various calculations have been approved 

by the respective contractors. These ~Till be tabulated together 

with IGT's process and submitted to 0CR and the other contrac- 

tors ~rith a set of recommendations for a con~.on bases for costs 

of sRu~thet!c gas plants. This ~rork is sn outgrowth of the con- 

tractors' meeting January 17-18~ 1967o 

Because of the change in computers from an ~ 1620 to an IBM 

1800, the A.G.A. accoun~a~g procedure was reprog~ammed. It has 

been made more flexible and the output so arranged that all num- 

bers are clearly labeled, making the calculation suitable for 

inserting in a report. 

No new ~ventions were made during the cotu~se of this work 

during the month of May. . : 

l ~f.,d~ p' r, , 
Approved . ~ ,  .M.. ~_ ~/~.~ ~, S i g n e d ~ / . ~ d  .c;VC 
Jack Huebler#IAssociate Dir~ct0r Frank Schora, Assistant Director 
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DEVELOP~NT OF T~E iGTH~DROGAS!F!CATION PROCESS 

Progress Report - June 1967 

to 

Office of Coal Eesearch 
Contract No. 14-01-0001-381 

Surly 

1. Four hydrogasification tests using Colorado subbitund_uous 

coal were performed during June. 

2. Colorado subbituminou~ coal has been run with complete suc- 

cess only afte_~ pretreatment at 650°F with ~alr. ~glomera- 

tion without pretreatment is only slight. 

3. Work h~.s started on the design of the 100-~, high-pressure 

electrothermal hydrogen producer. 

~. ~e initiL~l design study ~th Bechtel is nearing completion. 



~ydrogasification 

~e conducted fou~ hydrogasification tests this month in the 

balanced-pressure pilot unit. The hydrogasification perforn~nce 

of Colorado subbituminous coal, from the Eagle mine, ~zas studied 

in these tests (Runs HT-182 through HT-185). In two of these 

tests, the feed was ~uuntreated, but dried coal. Performance 

of the raw coal in these tests ~as only marginal because of a 

tendency for light agglomeration. For the t~o other tests, the 

coal was lightly pretreated ~ith air at 650°F (Pretreatment Run 

FP-122). The tests ~ith the pretreated Colorado coal were com- 

pletely successful as there were no difficulties with coal hold- 

up or agglomeration. 

With Run HT-182 we continued our efforts, started last month, 

tc hydrogasify untreated Colorado subbituminous coal in a fluid- 

ized bed. To mi1~h~ize chances of significant coal agglomeration 

before the desired feedrates ~ere reached, we controlled the 

rate ~f reaction of the coal during start-up. The control tem- 

peratures of the top two reactor heating zones were set for 

1200°F to reduce the rate of coal preheat. .glso, the hydi~ogen - 

to-coal ratio ~as continually adjusted so as not to exceed 30% 

of the stoichiometric ratio. These measures were effective for 

l-l/4 hours, after which the coal began to hang up in the reac- 

tor tube and would not discharge. We continued the test for 

another 1-1/~ hours until agglomeration of the coal near the 

coal feed tube stopped further coal feeding. During this per- 

iod, operating data were obtained for a fixed coal bed hydrogas- 

ification operation. For this period the coal feed rate was 55 

lb/hr, the hydrogen rate was 600 SCF/hr (a hydrogen/coal ratio) 

of 28% of the stoichiometric ratio), and the steam rate was 15.3 

lb/hr (a concentration of 36% in the feed gas). 

Flow ~ates for Run HT-183 were somewhat altered from those of 

Run HT°o182 in an effort to better control the coal reaction rate. 

The hydrogen-to-coal ratio was set at 25% of the stoichiometric 

ratio (55 lb/hr of coal and 530 SCF/hr of hydrogen), and the 

steam rate ~¢as set at 50 mole percent of the h~drogen-steamfeed 
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mixture (25 lb/hm of steam). We started establishing steady-state 

free-fall operation at these rates before proceeding to fl~.~id-bed 

operation. After about l-l/2 hours of free-fall operation, coal 

began to hold up in the reactor tube about 2 ft above the hydro- 

gen-steam feed tube. This plug soon broke, and free-fall opera- 

tiou continued. However, 1 hour later, the coal began to agglom- 

erate at the top of the reactor tube where it eventually choked 

off further coal feed. Approximately 1 hour of f~ee-fall opera- 

tion at steady flow conditions was obtained in this 3-houm run. 

During this 1-houm period, the coal rate was 42 lb/h~, the hydro- 

gen rate was 530 SOF/h~, and the steam rate was 25 lb/hr. A 

screening of the coal residue from the reactor showed that 8.7% 

of the 22.2 lb removed was of 1/2-in. size or Ismger, indicating 

light agglomeration. 

The mamginal performance of the untreated Colorado subbitumin- 

ous coal in eight out of the nine tests conducted in the hydro- 

gasification pilot unit indicated that the coal would have to be 

pretreated for fluid-bed hydrogasification operation. The coal 

was lightly pretreated in the pilot plant fluidized-bed pretreat- 

er with air at a temperature of 650°F. This pretreated coal was 

used as a feed in Runs HT-184 and HT-185 with completely success- 

ful results. 

In Run HT-184 we fed the coal at 55 lb/hr and reacted it in a 

3-1/2-ft fluldized bed with 530 8CF/hr of hydrogen (25% of the 

stoichiometric hydrogen/coal ratio) and with 25 lb/hr of steam 

(50 mole percent of the hydrogen-steam mixture). The bottom of 

the coal bed was 31 "in. above the furnace bottom so that as much 

of the reactor length as possible would be available for free- 

fall. The coal bed was controlled to l?00°F, while the reactor 

above the coal bed was held at 1200°-1300°F. Over 2 hours of 

steady-state operation was obtained at the planned conditions 

in this 5-1/2-hour run. 

The free-flowing performance of the pretreated Colorado sub- 

bituminous coal showed that a long free-fall reactor length was 

no longer necessary for operation. Accordingly, for Run HT-185 
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the hydrogen-steam feed tube was returned to the standard level 

of 62 in. above the bottom of the furnace. The pretreated coal 

~..~as fed at 78 lb/hr and reacted in a 3-1/9-ft fluidized bed with 

745 $CF/hr of hydrogen and 15.1 lb/hr of steam. At these flow 

conditions, the hydrogen-to-coal ratio was 25% of the stoichic- 

met.~ic ratio, and the steam conce.~.tration was 30 mole percent. 

Afte~ nearing 2 hours of steady-state operation, we voluntarily 

terminated the test. Total operating time with coal feed was 

" hours. 

Coal Pretreatment 

DurLug the month we conducted two pretreatment tests in the 

fluidized-bed pilot plant pretreater to destroy the agglomerat- 

i_~ tendencies of a Colorado subbittLminous coal and make it a 

suitable hy~ogasification feed. Earlier studies at IGT in a 

laboratory-size pretreater showed that subbituminous coals re- 

quired only mild pretreatment to destroy their agglomerating 

characteristics. We therefore pretreated the coal with air at 

temperatures in the range of 600°-g50°F. Nominal pretreatment 

conditions are sho~u in the table below. 

Table 1. NOMINAL CONDITIONS FOR PRETREATMENT TESTS 

Avg Solids Res Feed Gas Rate, Oxygen Conc, Avg Bed 
Run No. Time, hr SCF/hr % Temp~ °F 

FP-122 O. 39 1200 21.0 650 

FP-123 O. 37 1200 21.0 600 

_~.e pretreated coal from Run FP-122 was successfully fed and 

gasified in the pilot plant hydrogasification unit in Runs HT- 

184 and HT-185. 

.Coal Characterization 

Calorimetry 

The heat capacities of coal (Ireland mine), chars, and lignite 

have been determined at 1500 ° and 1300°F, and are being deter- 

mined at 1000°F. 



Met _hanat ion 

Sulfu~ analyses for the runs made with Ha~shaw cobalt-molybdate 

catalyst indicate that there is not much conversion of COS to HaS 

at space velocities of 500-1000hr -~ and temperatumes of 550 °- 

85O°F. We plan to test Girdle~ G-41 chromla-alumina catalyst this 

month. 

Engineering Economi~cs 

Work on the cost estimates associated with the use of an elec- 

trotherm~l fluidized hydrogen source is nearing completion for a 

250 million CF/day plant. 

Work Planned 

A detailed work plan is now being prepared to cover the work 

associated withAmendment No. 1 of the contract. 

!. The specifications for a nominal 2-Mw power source for use 
in the pilot plant sme now beingprepared. 

. A lO0-kw, Digh-pressu~e electrothemnal reactor is now being 
designed. Initial studies indicate that a metallic reactom 
wall with a c~ral electrode may be the preferred configur- 
ation for this reactor size. ~e have held discussions with 
people from Iowa State. 

3. An area at our Crawford Avenue pilot plant is being cleared 
for installation of the electrothermal reactor. 

. Work is underway on an investigation of a slurry feed ~ys- 
tem for the pilot plant. The use of such a system is being 
considered because of the problems associated with a lock 
hopper system. Both water and benzene are being considered 
as slurry media. 

Two additional tests on Colorado subbituminous coal are being 
planned for the pilot unit hydrogasifier. After these runs, 
this unit will be used to start investigation of the pro- 
ducer gas generator to be associated with the MHDgenerator 
po~.le~ source. Also further evaluation of the direct use in 
the hydrogasifier of a CO-H2 mixture as generated in the 
electrothermal reactor will be made. 

Prior to this work, however, we plan to make some fluidized- 
char-bed resistance measurements necessary for the design of 
the electrothermal reactor. 



6. An alternate design of the hydrogasifier for the pilot 
plant is now being evaluated. Bechtel's initial design 
has lead to a hydrogasifier configuration that involves 
internally insulated piping in the second-stags hydrogasi- 
fief, which we believe will lead to high costs. ~_n alter- 
nate design is being considered in ~¢hich the flrst-stage hy- 
drogasifler with its associated solids transfer lines is 
enclosed in a pressure shell, thereby allowing use of exter- 
nal insulation. We believe this is a considerably less ex- 
pensive system. 

7. Au ecouomlc evaluatiou of a 400 ~l!ion CF/day plant .sing a 
lignite feed -~ill be developed. This estimate ~ll be made 
assu~iug am i~]~ generator supplying power to an electrother- 
ma! hydrogen producer. 

During the month no inventions were made during the course 
of the work. 

Approved ~ - ~ "  
Jack Hue~r, AsSociate Director F2ank C.i~chor&, AsSistant 

Director 
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DEVELOP~:'~,NT OF IGT HYDROGASIFICATION PROCESS 

Progress Report - July 1967 

to 

Office of Coal Research 
Contract No. 14-01-0001-381 

S~_~ ,ayy 

1. ~.~o runs during the month with Colorado subbituminous coal 

completed the tests with this coal. 

2. Three pretreater runs were made to supply material to the 

hydrogasifier. 

3. I4ork on finding a suitable hydrodesulftu~ization catalyst 

continues. 

A. We have completed the design of the 500-k~.T high-pressu~e 

electrothermal reactor. 

5. A design study for an alternate hyd~ogasifier confi~.~ration 

was initiated. 



!l~] ~ d~ O g~ S I ifi O at ! on 

Iku~ing the month of July, we made two hydrogaslfication runs 

~,.~ith Colorado subbitumiuous coal. Run HT~186 was set up to 

use a hydrogen-to-coal ratio of 20% of stoichiometric reacting 

with a lightly pretreated coal. Blockage of the coal feed tube 

with lightly agglomerated char caused termination of the r~u~ at 

the end of the first hour. Because laboratory tests showed the 

pretreated coal to be agglomerating, it was passed through the 

p~etreater again and a duplicate of Run HT-186 was attempted. 

This r%un, HT-187j was successful and lasted for a period of 6 

houms. 

The next run planned will use a mixture of synthesis gas re- 

acting with lignite to establish a hyd?ogasifier effluent com- 

position for use in the cost estin~te to be made for the hydro- 

gasifier electrothermal system with lignite feed. 

Pretreatment 

In association with the above two hyd~ogasifier runs, two pre- 

treatment runs were made with Colorado subbituminous coal. We 

conducted a pretreatment ~dn with Ireland mine coal to produce 

char for forthcoming runs with synthesis gas. 

Methanation 

We have tested Girdler G-41 desulfurization catalyst at tem- 

peratures of 550°-850°F and at a low space velocity. At the 

lo~.Jer temperatures there appears to be more conversion of COS 

~.N_th this catalyst than with cobalt-molybdate. The higher tem- 

perature data have not yet been fully aualyzed. 

Engineering Economics 

The final draft of the economic analysis for the hydrogasifier 

electrothermal configuration is in prepsmation. We sme no~ pre- 

paring a process description for a study based on lignite using 

the new configuration- i.e., hydrogasifier, electrothermal reac- 

tor, ~r~D onsite power system. 
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Electrothermal Reactor 

'ihe design of a 6-in.-ID high-pressure reactor: was essentiall~- 

completed. This reactor will be based on the use of a nonconsum- 

able clectrode and will have a 500-k~ power source. We have or- 

de~,ed a t~_talum electrode for testing at Iowa State. 

Power ~ource 

We have prepsmed specifications for an I¢~D power SOURCE to be 

used onsite in the pilot plant with the electrothemma! gasifier. 

_Pilot Plant Preliminsmy Design 

Plans sine under way to inve.q[,igate an alternate design for the 

pilot plant hydrogasifier. The ~mitial design was based on the 

use of lock hoppers and individu~!!y internally insulated 

first-stage reaotom and associated transfe~ lines. The nE~ con- 

cept to be studied ~-~kes use of a slurry feed system and meloca- 

tion of the first-stage rsactom and associated transfer lines 

with external insulation into a icress%t?e vessel located above 

the second-stage hydrogasifier. 

During the month no inventions weme made it, the COURSE of the 

womk. 

.,, /' / /  
Signed " ~ "  ' ~ ~ - - - - - ~ ,  

Frank Scrota, Assistant Directo~ 
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I N S T I T U T E  OF" G A S  T E C H N O L O G Y  - I I T  C E N T E R  - C H I C A G O  B O 6 1 B  

Project Status Report 
For 

OFFICE OF COAL RESEARCH 
and 

AMERICAN GAS ASSOCIATION 

R~port For  Third Quarter, 1967 

Project Tille Pipeline Gas From Coal- Hydrogenation (IGT HYdr0- 
gasification Process ) 

0CR CoD_tract No. 14-O1-0001-381(1) A.G.A. Project No. IU-4-1 

I. Project Objective "\ 

The overall objective of this project is a process for produc- 

tion of pipeline gas f~om coal that is economically attractive 

for supplementing natural gas supplies. The present objective is 

the design, construction, and operation of a large integrated pi- 

lot plant to obtain scale-up data and operating experience. De- 

velopmental research, engineering studies, and economic evalua- 

tion are in progress to help attain this objective. 

II. Achievements 

COAL CH~ACTERIZATION 

The surface a~ea of coal increased from 150 sq m/g in the pre- 

treated coal to 500 sq m/g in the hydrogasified char. The high 

reactivity of the cha~ is traceable to the large surface area. 

Maceral analyses and reflectance meas~ements were completed 

for the seven coals studied in the pilot plaut, including five 

high-volatile- content bituminous coals. 

Investigations of coal-water and coal-benzene slurries showed 

that benzene (or light oil) should be an excellent choice fox the 

slurry medium. A slurry system for introducing coal into ou~ 

high-pressure system should cost less to constz~ct and operate 

better than a lock hopper system. Such a feed system will be in- 

cluded in the large pilot plaut being designed. 



The heats of reaction of bituminous coal and hydrogen have been 

determined at lO00 psi~ between 1300 ° and 1500OF. " The heat re- 

lease during pretreatment was meastmed as a function of the degree of 

pretreatment. The heat capacities of bituminous coals at various 

stages of gasification have been measured between 600 ° and 1500°F. 

ENGIneERING ECONOMICS STUDIES 

By feeding hot synthesis gas from the electrothermal gasifica- 

tion of char to the hydrogasifier instead of hydrogen, a 20-yes~ 

average gas price of 50~-52~/million Btu is projected. This as- 

sumes electric power available at 3-3.5 mills/kwh1~ and includes 

by-product credit for char, sulfttw, and coal fi~.es. A report on 

this study is being prepared. 

The economics of all the carrent gas-from-coal processes were 

calculated according to A.G.A. accounting procedures using !GT's 

computer program, and issued as a separate report. A common ba- 

sis for costs is suggested to simplify comparison. 

HIGH-PRESSURE METHANATION 

The life test using Hsmshaw Ni-01Oh.T catalyst was successfully 

completed after 1420 hours. The catalyst performed excellently, 

showing no deactivation. Full CO conversion was achieved at a 

space velocity of 9000 h~ -~ • The space velocity was limited by 

the existing equipment and gas supply, not by the catalyst. This 

catalyst will be used for methanation in the large pilot plant. 

The results of tests ~N_th Harshaw Co-Mo-O6OIT and Girdler' G-41 

chromia-alumina catalysts indicate no conversion of COS to H2S. 

These were considered for use as part of the sulfur removal train 

for the large pilot plant. Other catalysts are being tested. 

PILOT PLANT sELrDI~ES 

The coal pretreatment program was completed in April, and no 

further pret~eatment tests are plauned. However, additional p.~e- 

treatment runs ~ll be nmde to furnish feed for the hydrogasifier. 
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The hydrogasification program for evaluating various coals was 

completed in July. We are currently making a detailed study of 

the hydmogaslfication behavior when synthesis gas is used in place 

of hydrogen. Four tests were made with lignite this month. 

Equipment is being ordered for the construction of an electro- 

thermal gasifier system with a maximum power input of about 300 

I~¢. 

DESIGN OF lARGE PILOT PIAzN.T 

The preliminary design by Bechtel is complete, inspection re- 

vealed several areas in the design where modifications and im- 

prcvements could result in substantial cost reductions. These 

are being examined. A specification book for bids is being pre- 

pared. 

PROJECT STATUS CHANGE 

An amendment of this contract was signed by the Secretary of 

the Department of Interior on June 12, 1967, for the design, con- 

struction, and operation of a large pilot plant. This amendment 

extends the contract by 5 years at a budget of $12.27 million. 

A.G.A. will continue to participate in the program at a funding 

re:be of $300,000 per year, on a year-to-yeem basis. The 3-year 

program started in August 1964 terminated, and the amended con- 

tract became effective on or about June 12, 1967. 

III. Problems 

No major problems were encountered during this period. 

IV. Recommendations 

We recommend that the project proceed into the areas defined 

in the contract amendment. 

V. Status of Fund i~.g 

I. A.G.A. Funding 

A. 1967 Fun.ds Allocated $324, 626 

B. Funds Expended This Month (estimated) $ 16,737 

C. Funds Expended to Date (estimated) $274,400 
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2. 0CR Funding 

A. Funds Expended This Month (estimated) $ 35,714 

B. Funds Expended S.ince Contract Amendment $133,487 
No. 1 (estimated) 

As a result of personally reviewing the pertinent data and in- 

formation reasonably available, it is ou~ opinion that the proj- 

ect's objectives ~ill be attained within the contract term and 

the funds allocated. 

Frank Schora, Associate Director ~zq~ard S. Lee, Marmger 

Jack Huebl~/ Resea1~ch Director 
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Appendix. Achievements in September 

COAL CHARACTERIZATION 

Coal Slur~y Pro~ert.ies 

Investigation of coal properties that may affect coal feeding 

as a slurry was continued. We expect to use a process in which 

the pretreated coal is slurried with light oll (probably benzene) 

produced in the hydrogasification process: The slurry is pumped 

i~nto a fluid bed at 600°F where the benzene is vaporized by the 

hot hydrogasifier product gas, the gas mixture is cooled with 

quench water, and the condensed benzene is separated and recycled. 

The separation of benzene and water in the presence of coal fines 

~ras investigated. Tentative conclusions are as follows: 

1. The coal tends to be wetted preferentially by the benzene 

whether it is wetted first ~ith rater or with benzene. 

9. The ~ater and benzene rapidly separate (within 2 minutes) in- 

to a benzene layer and a water layer. 

3- The benzene layer contains suspended coal that settles to the 

bottom of the layer. 

4. The slurry has a tendency, especially on standing, to form a 

benzene-coal sludge that has about the same density as the 

water. This sludge may float on top or sink to the bottom 

of the water layer. After the coal is filtered out, the wat- 

er and benzene quickly separate. 

The be_harlot of tar produced during hydrogasification in hh~ 

slurry f~,ed process wa~ also investigated, kTe expect that when 

the product gas is cooled to 600°F, part of the tar will condense 

on the feed coal. The characteristics of a typical tar obtained 

in Run HT,185 with Colorado subbituminous coal are summarized as 

follows: 
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Specific Gravity, 60/60 

Distillation 

IBP, 80°C 

IBP - 160°C 

160o-20000 

2000-30000 

3000-3550C 

Pitch 

Recovery 

1.031 

21.5 ~-t % 

9.6 "~, % 
28.8 % 

l?.5 % 
20.  % 
97.8 wt % 

A flash vaporization curve was estimated for this tar, assum- 

ing that t~¢o parts (by weight) of benzene or light oil are re- 

quired to slurry one part of pretreated coal. About 22 weight 

percent of the ta~, equivalent to a cut point of 160°C, remaLued 

in the vapor phase at 600°F. Therefore, the recycle slurry 

liquid will consist mostly of benzene and alkyl benzenes. Di- 

cyclic and higher boiling aromatics, which have greater solubil- 

ity for coal than benzene and its homologs, will not be present. 

In the pilot plant under design, where first-stage hydrogasi- 

fication of the coal ~¢ill be cocurrent rather than countercurrent 

as in the present pilot plant, the liquid products are expected 

to contain much less of the higher boiling constituents. 

PetrogPaphy 

Work on the petrographic examination of coals was continued. 

Analyses of the Sewell and Pocahontas No. 4 coals awe reported 

in Table 1. 

.CalorLmetry 

The heat capacities of raw coal (Ireland mine), pretreated 

coal, high-tsmperature residue, low-temperature residue, and North 

Dakota lignite were determined at 1500 °, 1300 °, 1000°, 8OO °, and 

600°F. The results are being analyzed. The heats of reaction of 

hydrogen and Colorado subbituminous coal~ ~est Virglnia coals, 

Illinois coal, Broken Arrow coal, and Indiana coal a~s be~ug de- 

termined at 1300°F. 
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Table I. PETROGRAPHIC ANALYSES OF SEW'ELL A~D 
POC~_HONTAS NO. 4 COAI~q 

Maceral Analysis, vol % 

Vitrin/.te 

Exinite 

PMsir_ite and Semifusinite 

Granular Micrinite 

Other Inertinite 

Total 

Vitrinite Reflectance, % 

1.20 tO 1.29 

1.30 to 1.39 

1.40 to 1.49 

1.50 to 1.59 

1.60 to 1.69 

1.7o to 1.79 

1.80 to 1.89 

1.90 to 1.99 

2.00 to 2.i9 

No. of Readings 

Avg Reflectancej % 

Sewell Pocahontas 
Seam No. 4 

82 89 

2 Trace  

5 5 
4 2 

i00 I00 

1 7  - -  

28 -- 

iI -- 

32 -- 

4 I0 

6 55 

! 24 

i 8 

---- 3 

102 149 

I. 45 I. 78 
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Table 2. FEATURES OF HYDROGASIFICATIONTESTS 

Fegd. Zglids: Dried North Dakota LiKnite,.Glenharold ~zine 

Feed Gas: Steam-H~ogen-Carbon Monoxide-Carbon Dioxide 

Run No. 

]~-188 

]F/'-!S9 

}~-190 

}~-191 

Purpose of Run 

To establish the level of car- 
bon dioxide produced when h ydro- 
gasifyln~ lignitej at 1700~F, 
with a feed gas contair.~ng.. 50 
mole percent steam, and the re- 
mainder a mix-trine of CO, C02, 
and Ha, in a fluidized bed 

Same as HT-188 

Same as HT-!88 

Same as HT-188 

Results 

Psmtially success- 
ful. Feed screw 
Jammed after brief 
period of steady- 
state operation. 

Feed screw jammed 

Feed scre~r jammed 

Feed gas preheat 
coil plugged 

Before the lignite was hydrogasified, it ~as dried ~_th air at 

225°F in the pilot plant coal pretreatment unit J_u a fluidized 

bed. The moisture content was reduced from the as-received level 

of 33% to 5%. The synthesis gas was prepared by compressing the 

gas components in the desired proportions and storing the pre- 

pared mixture at pressure. The prepsmed gas had the following 

composition: hydrogen 50%, carbon monoxide 45%, and carbon di- 

oxide 5%. This composition approximates the composition of a 

gas from an electrothermal char gasifier. 

Run HT-].88 lasted 2-1/2 _hr }z[th a steady-state period of l0 

minutes. The test ~¢as stopped ~.yhen the lignite feed screw jammed. 

The jamming was mechanical in nature and was caused by binding of 

the screw in the housing between the feed hopper and the reactor. 

Since binding of this nature was not experienced when feeding ra~t 

or pretreated bituminous and subbituminous coals, the shape of 

the lignite particles may have contributed to the screw' s binding. 

Test conditions for Run hT-189 were similar to those of Run 

HT-188. To reduce the chances of feed screw binding, we operated 

with the temperature at the top of the reactor at llO0°F, instead 



of 1200°F as in Run HT-188. We also increased the initial feed 

screw speed from ii to 18 rpm. Ho~ever, after only 7 minutes of 

lignite feedin~ the feed screw jammed. 

Before ~¢e started Run HT-190, we installed wate~ cooling coils 

around the outside of the feed sorew conveyor housing to keep the 

lignite from being heated, and possibly devolatilizing in the 

housing. To promote the flow of lignite through the ho~,~sing, we 

polished the surfaces of the feed screw flights, in this test we 

~,Tere able to feed the lignite for i hr before the feed screw 

began to bind and forced termination of the test. After this 

test, ~e ex&mined the feed scre~.r and the intemior surfaces of the 

scre~.z housing. The moot shaft of the scre~ was slightly bent so 

that the screw flights scraped the walls of the housd_ng. For 

most of its length, the bottom of the housing ~.~as gouged, to depths 

of 1/64-1/32 in, 

For Run ET-19I, we smoothed and polished the interior surfaces 

of the screw housing and installed a new feed screw with a tapered 

root shaft so that the volume between the flights gradually in- 

oreases from the feed end to the discharge end of the screw. Be- 

fore the run, we tested the operation of the screw with lignite 

at atmospheric pressure. A temporary binding of the screw oocur~.-ed 

soon after the screw was filled ~n_'.th lignite, but the binding was 

o!eared by increasing the rotational speed of the screw to 25 rpm. 

After this, the screw operated well at a speed of II rpm. The re- 

sults of this feeding test indicate that the screw's binding during 

lignite feeding is prLmamily a mechanical problem. During the 

test, however, after steady-state operation was attained, the fum- 

nace coils for preheating the feed gas plugged, apparently because 

of carbon deposition from the carbon oxides in the gas. 

~e hydrogasification results of Run HT-188 -mill be p~esented 

when the analyses of t~his test are completed. 

The operating conditions and results of ~au }~-183 (June 1967 

Report), Runs HT-184 and HT-185 (July.1967 Report), and Hun HT- 

187 (August 196Z Report), are presented in Table 3. Chemical 
n 
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and screen analyses of the feeds and residues are given in Table 

4. Liquid yields and compositions are shown in Table 5. 

The feed for Run HT-183 was an untreated Colorado subbitumin- 

ous coal. Because this untreated coal had a slight tendency to 

agglomerate, its performance in the hyd~ogasification reactor was 

only marginal, even with free-fall operation as in r~un HT-183. 

Consequently, for the next three tests (Runs HT-184, HT-185, and 

~-186), the coal was pretreated with air before hydrogasifica- 

i ion. 

The carbon gaslflcation (34 weight percent) obtained in Run 

~-183 is high for a free-fall operation, even though the hydro- 

gen/coal ratio was 33% of the stoichiometric ratio. This may be 

explained by the somewhat higher reactivity of the raw coal, com- 

pared to the pretreated coal. There was no measurable feed steam 

decomposition. 

With pretreated Colorado subbituminous coal, the highest car- 

bon gasification and the highest hydrocsmbon ~eld ~¢ere ob- 

tained in Run HT-185 when it was h~rdrogasified ~.rlth a hydrogen/ 

coal ratio of 24% of the stoichiometric ratio, and a steam con- 

centration of 31 mole percent in the feed gas. The carbon oxides 

yield in Run }[f-185 was lower than those obtained in Runs HT-184 

and BT-187 ~¢here the steam concentration in the feed gas ~as 51 

mole percent, This lower carbon oxides ~.eld is explained by 

Run I-~-185's Icn~er feed steam decomposition compared to Runs B.~- 

184 and HT-187. 

Table 5 illustrates the difference in the oil yields obtained 

~;dth untreated and pretreated Colorado subbitttminous coal. With 

the ra~¢ coal (Run HT-183), over 6% of the csmbon in the coal was 

conv.;rted to oil, compared to 2.0-3.9% of the pretreated coal 

(Runs m~-lS~, ~-185, and m~-187). 
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Table 3, Cont. 0PE.~TING CONDITIONS AND PZSULTS OF 
HYDROGASIFICATION TESTS I.~TH UNTREATED AND PRETREATED 

SUBBITUMINOUS COALS IN HIGH-TEMPEEATDq~E ADI~]BATIC REACTOR 

a, 

b. 

d. 

e. 

f. 

g. 

i. 

j. 

k. 

m. 

n. 

q. 

From start of coal feed. 

Tube wall temperatures. Bottom of coal bed at 31 in. in Run 
~-18~; 62 in. in Runs HT-I85 and HT-187. 

Operating conditions and results based on weight of dry feed. 

Hydrogen. 

Percent of the stoichiometric hydrogen/char ratio -- the net 
feed hydrogen/chain ratio required to convert all the carbon 
to methane. 

Coal bed vo!ume/(CF/min feed gas at reactor pressure and 
temperature). 

(CF/sec feed gas at reactor pressume and temperature )/cross- 
sectional area of reactor. 

By ash balance. 

Includes condensed~ undecomposed steam. 

100 (wt of product gas-wt hydrogen in-wt decomposed steam-wt 
nitrogen in/wt of moisture-, ash-free coal). 

Computed as difference between steam feed rate and the mea- 
sured liquid water rate leaving the reactor. 

Computed as .diffe1~ence bet~een the total equivalent steam 
feed rate (includes moisture content of feed char and 
bound water col~responding to oxygen content of feed char) 
and the measured liquid water rate leaving the reactor. 

Gross, gas saturated at 60°F, 30-in.-Hg press'~e. SCF: dry 
gas volume in SCF at 60°F, 30-in.-Hg pressure. 

Free-fall length of 15.5 ft. 

Based on 1.3702 cu I~ free-fall volume. 
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Table 5. COMPOSITION OF HYDROGASIFICATION LIQUID PRODUCTS 

Rtm No. HT-183 HT-18~ R?-185 HT-187 

Sample Condenser Condenser Condenser Condenser 

Licuid Products,* 
Ib/lbcoal 0.703 0.337 0.206 

Composition of Liquid 
Products, ~t % 
1#at er 
Oil 

Total 

O. 271 

Composition of Oil 
Fraction, ~r5 % 
Csmbon 
Hydmogen 

Total 

91.9 93.0 83.0 93.6 
8.___ll 7.o 17.____qo 6.~ 

I00.0 I00.0 lO0. O !00.0 

82.8 81.9 81.6 83.7 
...... 5.41 6.63 6.,69 6.42 

88.21 88.53 88.29 90.12 

Carbon in 0il Fraction 
lb/lb coal 0.0470 0.01937 0.02857 0.01455 
wt % of csmbon in 
coal 6.34 2.65 3.91 1.98 

" Includes condensed, ttudecomposed steam. 
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Table 6 summarizes the tests made in the third quarter of 1967. 

With the completion of the coal evaluation program, gasification 

studies will be designed to simulate various portions of the large 

pilot plant to provide needed design data. For this reason the 

bar chart summary used in previous reports during the coal evalu- 

ation program has been discontinued. 
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DEVELOPMENT OF IGTHYDROGASIFICATION PROCESS 

P~ogress Report -August 1967 

to 

Office of Coal Research 
Contract No. 14-01-0001-381 

S'drp~mary 

1. Three hyd~ogasification tests ~ere attempted during the month 

using lignite feed ,and a synthesis gas. All three tests were 

unsuccessful because of mechanical blndi~ in the feed screw. 

2. Design, procurement, and construction of the high-pressure 

electrothermal reactor are no~ well under way. The late~Qt de- 

livery date -- that of the steam generator-superheater - will 

be December 1R67° 

3. The hydrogasifie~ design study, in cooperation ~ith Bechtel, 

is now well under ~ay. 

4. P~oposals on an ~ powe~ package a~e expected f~om three or- 

ganizations~ and there is a possibility that there rill be a 

fourth ~espondent. 



~Kydmogasification 

We conducted three hydrogasificatlon tests this month in the 

balanced-pressure pilot unit (Runs HT-188, HT-189, and HT-!90). 

In these tests an untreated, but dmied, North Dakota lignite from 

the Glenhsmold mine was hydrogasified with a synthesis gas. The 

objective of these tests was to obtain experimental data on the 

concentrations sr~d quantities of carbon dioxide in the product 

gases. This data is needed to design the proposed 3 ton/hr pilot 

plant. C~ly one of the three tests (Run HT-188) was partially 

sucoessful. In the two other tests, binding of the feed screw 

in its housing terminated the tests before steady-state operation 

was established. The probable cause of the binding apResmed to 

be entrapment of lignite pamticles between the outer edges of the 

feed screw flights sad the feed screw housing. This might have 

been caused by the deposition of oils and tams in the feed screw 

conveyor housing by the slow devolatilizatlon of the lignite as 

its temperature was raised when it entered the reactor. 

The llgnite~ after crushing to a-10+80 mesh size, was air- 

dried at 22.5°F in a fluidized bed. This reduced its moisture 

level of 35% as-received to 5% before hydrogasification. We re- 

acted the lignite in a 3-1/2-ft fluldized bed with a feed gas 

mixture of steam and synthesis gas. The synthesis gas was pre- 

mixed and then stored at pressure. It consisted of hydrogen, 

carbon monoxide and carbon dioxide, in molar concentrations of 

50, 45, and 5%. The steam concentration in the feed gas vas 50 

mole percent, while the hydrogen/lignite ratio was 25% of the 

stolchiometric ratio. The m~xlmum lignite bed temperature reached 

in Run HT-188 was 1500°F, althoug~h we 9~d planned to run at 1700°F. 

This run, which lasted 2-!/2 hrs, with l0 minutes of this time at 

steady state, was ended when the lignite feed screw began to bind. 

On a nltrogen-f~ee basis, the product gas contained ll. 1 mole 

percent csmbon monoxide and 35.2 mole percent csmbon dioxide. 

Test conditions of Run HT-189 were similsm to those of Run 

HT-188. To reduce the possibility of the feed screw binding, we 
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operated with the top-of-the-reactor temperature at II00°F, in- 

stead of 1200°F as in the previous run. We also increased the 

initial feed scre~ rotational speed from ll to 18 revolutions 

per minute so that li~qite particles would not be so easily 

trapped bet~een the screw flights and the conveyor housing. How- 

ever, after only T minutes of feeding the feed screw jammed. The 

cause of the binding appeared to be the same as in Run _~-188. 

We made a third attempt at hydrogasifying the lignite with 

synthesis gas in Run }~-190. Before this ran, we installed wat- 

er cooling coils around the outside of the screw conveyor hous- 

i~ to keep the lignite from devolatilizing there. To p~omote 

the flo~ of the lignite through the housing, the surfaces of the 

feed scre~ flig%uts ~ere polished. In this test, we were able to 

feed the li~=~ite for 1 hou~ before the feed screw began to bind 

and the test had to be terminated. The feed screw and the inter- 

ior surfaces of the screw housing were examined. The root shaft 

of the screw was found to be bent slightly so that as the screw 

rotated the flights scraped against the walls of the housing. 

For most of the length of the screw housing; we found the bottom 

of the housing interior to be gouged to depths of 1/64 to 1/32 

inch. Before we make any more tests with lignite, we will re- 

place the feed scre~ with a screw having a tapered root shaft, 

so that the space between the flights will be longer at the dis- 

charge end of the screw than at the feed end. Mechanical mis- 

alignment of the screw may have been the primely cause of diffi- 

culties encountered in the three tests. 

High-Pres su.re M ethanation 

Runs ~zith Girdler G-41 desulfurization catalyst at tempera- 

tures up to 850°F and 1500 hr -~ space velocity, did not show sig- 

nificant conversion of COS in a t~qoical methanator feed. We are 

contacting several catalyst mauufacturers for other trial cata- 

lysts. 

Elect1~othermal Gasification 

The vessel design and layout of the pilot unit have been com- 
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pleted ~nd fabrication of the primsmy vessels is in progress. 

Construction of the barricade is completed and the servicing 

decks ;~.r.e no~,~ being installed. The steam generator and super- 

heater have been ordered with December 1967 set as the delivery 

dato. neveral firms are preparing estimates and bids for the 

powe~ supply and sssociated controls. A study to find a suit- 

able nonconstunable electrode material is bei_~ conduoted ~zlth 

the assistance of Iowa State University. 

Prelim inemv }!ydrogasifier Desi .g4% 

A revision of the initial hydrogasifier configuration is now 

well under ~ray. The design concept is to use a %Tater-jacketed 

pressure vessel which ~ill contain both hydrogasifier stages and 

a coal slurry drier. [~e feed system will be based on a light 

oil-coal slurry, pressurized through a mud pump, and dried at 

~ressure. Solids "..~_ll be discharged by first slurrying them 

with water and then reducing the pressure throu@h a line constric- 

tion. By using these two systems, ~e will avoid the problems 

associated ~.rith lock hoppers. 

Power Source 

We have received definite word that three organizations will 

bid on the 2-megawatt power package ~_th a possible fourth bidder. 

.T~e three sine Avco, Atomics international, and Dicks A~sociates. 

Dick Associates, we understand, ~lll bid based upon a team which 

will include a division of Chrysler Corporation. It is possible 

that M. Jones, Associates,~ill also present a proposal, although 

t_his is not yet definite. 

Du~ing the month, no ne~ inventio~ ~gere made during the 

course of the work. 

Jack Hueble Resesmch Director Frank Sc~oraj Associate Director 
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DEVELOPMENT OF IGT }~/DROGASIFICATION PROCESS 

Progress Report -- ~ 1967 

t o  

Office of Coal Research 
Contract No. l#-01-O001-381 

Summa~r 

!. During the month, t~o hydrogasification z~u&s ~.Tere made em- 

ploying an electrothermally produced type of gas to gasify 

lignite. One of these two z~uus was completely successful. 

2. We have encountered difficulty in the use of hydrodesulf~ri- 

zation ca.t.alyats to convert COS to HaS. Such a scheme had 

been considered as a possible cleanup approach for the hy- 

drogasifier effluent. Further work will be done in this 

~L~ea. 

3. Construction of the development-scale electrothermal fluid- 

ized-bed reactor is continuing, with the reactor proper 

nearing completion. 

4. The preliminary design of the hydrogasification section of 

the plant should be completed before the end of October; 

bids will be requested at that time. It now appears cer- 

tain that three organizations ,mlll present proposals for 

the fabrication of a 2000-kw MHD system for incorporation 

into the pilot plant. 



H~vdrogasification 

DurJAng September, we conducted two hydmogasifieation runs in 

the Y.~gh-pressume reactor to evaluate the use of synthesis gas 

as the hsTdrogasification medium. Prior to these runs, the prob.- 

lems with the coal feed system were corrected. The problem with 

this feed system in previous runs was caused by the mechanical 

binding of the scre~¢. 

The first of the t~¢o runs, HT-191, was terminated aftem 2 

hours because of a carbon blockage in a gas-fired preheater in 

~.Thich the premixed s~uqthesis gas underwent preheating. Under 

the conditions of operation, carbon deposition by reversion of 

csmbon monoxide to carbon dioxide and csmbon can easily occu2. 

The second of these rims, HT-192, ~zas completely successDal. 

It lasted a total period of 4 ho~ms, 2 hours of which weme at 

steady-state conditions. Both runs were carried out usir~ lig- 

nite as tl%e feed material. After completion of these z~ms, the 

top of the unit was modified to enable some test work necessary 

to establish the electrical characteristics of a fluidized bed 

of char at high pressume. These resistance measurements a~e 

necessamy to propemly specify the electrica.1 conditioning sys-. 

tem to be purchased for use with the process development-scale 

electrothermal reactor now under const~uctlon. 

Electrothemmal "Gasification 

Initial pip~]g ~ork has started in the area in ~.~hich the elec- 

trothermal gasifie~ ~ill be located, s~%d specification of con- 

tmol equipment and instmumentation is complete. %~e have been 

informed that the reactor is ready for shipment from Houston and 

should be recslved in Chicago during the first quarter of 0cto- 

bet. Work at Iowa State .University has indicated that a molybde- 

num electrode appears to be resistant to attack during the gasi- 

fication of oum cham in the electrothemmal gasifier. ~Teight lost 

from this unit over a several-hour Em was not detectable. This 

appears encouraging. Ho~ever, a search for possible electrode 



materials will be continued. IJe have obtained an electrical en- 

gineering consultant -- D~. Ralph A~mington, a professor at IIT -- 

to assist with the electrical aspects of the electrothermal gas- 

iflcation study. 

P__ower Package 

Proposals for a 2000-kw MBD power package have been received 

from Avco Corporation and Ato.mics International. These propo- 

sals a~e no~¢ being reviewed. A third proposal is expected from 

Jo B. Dicks and Associates, Inc., in conjunction ~.~ith Chrysler 

Corporation. ~e expect to receive this proposal on October 17, 

1967. M. Jones and &ssociates has declined to present a propo- 

sal because of insufficient time. Discussions with Dr. Jones 

indicate ti~t his orgauization does not have a clesr concept of 

a channel design • at this time. Discussions ~rill be held with 

respondents in the meat future prior to recommending a contrac- 

tor for this section of the pilot plant. 

Methauation 

~ork is being tmdertaken to identify a hyd~odesulf~ization 

catalyst capable of converting COS to HaS under the conditions 

to be enco~u~tered in the hyd~ogasification gas-clem~up area. 

F~gh-temperatu~e runs with COS-co~lair_ing gas indicate that con- 

version to H2S does not occur at space velocities of 1000 to 

2000 hr-a using Girdler G-41 chromia-alumina catalyst. It is 

possible that carbon monoxide in the gas may be inhibiting the 

catalytic activity of this material. 

Coal Characterization 

In the a~ea of coal characterization, we s~e studying the 

properties of the slu~y produced by slurrying pretreated coal 

and raw coal ~.~ith the light oil produced in the hydrogasifica- 

tion process. In ou~ process configuration, we plan to p~np 

this slurry into a ~gh-pressu~e fluidized bed where the oil 

will be flashed off at a temperature of 600°F. This oil is then 

recovered and reused for slurrying. In establishing some of the 



initial properties of these slurries, we fo~d that coal tends 

to be wTetted preferentially by the light oil and that a water- 

light oil mixture ~.~_th minor amounts of coal entrained sepamates 

rapidly into t~¢o distinct layers. 

Calorimetry 

The determination of the l~eats of reaction of coals of var- 

ious origins and hydrogen is continuing so that ~ze can obtain 

data on the various coals used in our hydrogasification program. 

Preliminsmy Design 

The finalized preliminary designs are no~z being p~epsmed by 

Bechtel Corp. based on the new hydrogasifier configuration. 

F.~chtel should have this womk completed by mid-October. Based 

on this design, the pre ~liminsmy design book is being completed 

and will be finished by mid- to late October. ~fe will then re- 

quest proposals for the detailed design, procu~ement~ and con- 

st~uction of that portion of the plant covered by. the prelimi- 

namy desigr,. 

During the month, no new inventions ~-r~.~e made in the course 

of the work. 

Approved . ~ . ~ / ~  s 
J ok  r£tor 

Signed . . . .  

Frank Schora, Associate Directo_ ~ 



s, 

PILOT PLANT AREAS 

a. HYDROGAS~FIC~,TI0~I SECTION 
(HG) 

b, ELECTROTHERMAL GASIFI- 
CATION SECTION 

l E G )  

C. POWER PACKAGE SECTION 
( PP ) 

d. SECTIONS INTEGRATION 

SUPPORT STUDIES 

a, COAL CHARACTERIZATION 

b, CATALYTIC METHANATION 

C. ECONO~IIC EVALUATION 

d. GASIFICATION STUDIES 

e. ENGINEERING DESIGN 
OF COMMERCIAL PLANT 

PILOT PLANT PROGRAM OF I GT HYDROG. 

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

- - - - -  1967 " - - - ' -  1968 L , T969 . . . . .  " 

t ~1 1 ! 1 i ~-~ o ~ 1 • - -  ," , -- =- - ~ , =  " = l  0" 

I .., 2ND YEAR --  ~ ~ 3RD YEAR 1ST YEAR - I - ~ 

1 I ,,.~,, i . . . . . . .  
Bid Specification Detailed Design, Procurement, and Construction HG ]Shakedown I Plant Operation 

and Selection __ 

, ~  , j , ,  , , w 

Design, Construction I l Small Pilot Gasifier Operation Small Pilot Gaslfler 
i 

Bids and Selection 
PP 

i l l  

Bid'Sneclfi-[ 
cation and~ 
Selection 
_EG I 

Detailed Design, Procurement, and Co,Istructlon 
EE'. 

Development, Design, Construction, and installation 

Plant 
Sha:<edown 

PP 

, ,  , , , . , , , i  = 

Design a~d Construction of Prodt,cer for PP I Ope 
. : I , n i l  

= ~  _ ,  , ,  i i i 

Petrographic and Calorimetric Studies, , ,  I 

MeihanaUon anc Desulfurization Studies 

I Evaluation of Pilot Plant Data 
i 

-Catalyst Evaluation and Pilot Plant 
Data Collection 

i 

Cost Eshmate Based Qn Current Concept I 

Tests withEG GasSimulated J ,Pr°ducer "rests I 

Updating apd Correlation or Data 

I 



~,AH OF I GT H Y D R O G A S I F I C A T I O N  P R O C E S S  

,01 - 0001-  381 (1 )  AGA : I U - 4 - 1  
,J9 - -  . . . . .  1970 1971 . . . . .  1972 ): 

~ I °1 ~ ~1~ ~ = i ~ I~ I" ' ] I ~1o~. °1~ ~ = ' "  = ~ 

ZL__ 3RD YEAR - I ~  , ....... 4TH YEAR ~ i-~ _ 5TH 'tEAR ~ t  

L HH|~ 

Plant 
,~hakedown I Plant Operation 

J,: 

"~ent, and Construction Plant 
~" Shakedown J ~ 

=~=_l , , , 

, J  I 

4' 
~ .Constructton, and Installation PP 
# 

:~for PP I 

}. 

.~, 
L - -  ' '  

~, Evaluation of Pilot Plant Data 

~;~,, Catalyst Evaluation an~ Pilot Ptant 
-~L Data Collection ..... 

~itlng and Correlation of Data 

. , - ~o  :.+:. 

i , i 
I 

t 
Operation Producer 

Int 1 i-:~?~ "l~a~-I 

I Plant / 
Shake-I-- ~ 

I Ti~in I ! 
with PPJ I 

Operation . . . . . .  HG & EG ] ~ 

Updating and Correlation of Data,, I 

IJpcfating and Correlation of Data 

Operation HG& EG & PP 

~4~ !ntegration HG & EG & PP 

Cost Estimatepilot Base'dpiant Data°n Integrated J 

2 
I 6ids and Engineering Design. of 

Comme¢ial Plant 

D- ~ 7 1 5 6 9  



,..,;- . j  

DEVELOPMENT OF IGT HYDROGASIFICATION PROCESS 

Progress Report - October 1967 

to 

Office of Coal Research 
Contract No. l#-Ol-O001-381 

'!! 
f 4  

",2: 

~;umma~y 

I. Tests ~e continuing to determine the electrical conductivity 

characteristics of a fluidized bed of char at high pressures. 

2. The electrothermal reactor vessel has been received and is 

being assembled. The high-pressure steam generation system 

is on order. 



}lydro~asification 

The furnace used both to generate steam and to preheat the 

feed gas is being repaired for leaks in the tubes. The two 

tube sections will be replaced. To minimize carbon deposition 

in the tubes ~.~hen synthesis gas is the feed gas, the outlet of 

the steam-generating tubes will be joined to the inlet of the 

feed gas preheat tubes so that the synthesis gas will be pre- 

heated in the presence of steam. The furnace insulation sup- 

port frame is also distorted and will be rebuilt. 

We made additional tests in the hydrogasification pilot unit 

to establish the electrical conductivity characteristics of a 

fluidlzed bed of char at high pressure. Twelve tests were made 

in which resistance, voltage, and current measurements were 

taken ~lth electrode immersion depths of 2-1/2 and 6 ft. The 

char ~¢as fluidized ~th nitrogen as the bed temperattt~es var- 

ied from 1300 ° to 1600°F, depending on the nitrogen flow rate. 

Electr.othermal .G.as.ification 

The reactor vessel has been received from the Gray Tool Co. 

and is being assembled. Mounting ..supports for the reactor and 

auxi!ia~y vessels are being constructed. The high-pressu~e 

steam generator and superheater have been ordered. With the 

assists_uce of our. consultant, Professor Ralph Armington of the 

liT Elect1~ical Engineering Department, we are conducting tests 

in the 4-in, hydrogasification reactor to define the electrical' 

properties of the proposed system. The tests are beir~ Fan at 

conditions simulating those of the electrothermal gasifier, The 

effects of electrode immersion depth, unit pressure~ fluidizing 

gas velocity, end temperature have been studied. The purpose 

of these tests is to provide information that will enable us to 

acquire the most economical end versatile power supply for the 

test program. Several electrical companies are preparing bids 

using the ~zLformation that is R~esently available, and we should 

have a po~er source ordered within a month. 



Methauation 

We have solved the problem of catalyst deactivation in the 

stirred reactor by placing a bed of nickel-kieselguh~ catalyst 

and zinc oxide in the feed hyd~ogen-~Itrogen stream before ad- 

ding CO. Appsmently a trace impurity in either the H2 or Nm 

poisoned the small amount of catalyst we use. We are ready to 

check the effect of particle size on the kinetics. 

Calorlmetr~ 

The heat of reaction of hydrogen and the following coals 

were determined at 1300 ° and 1500°F. 

1. Illinois coal 

2. West Vimginia Sewell coal 

3. West Virginia Block No. 5 coal 

4. Colorado subbituminous coal 

The initial ~esults indicate that the heats of reaction of 
% 

these coals are about 2500 Btu/(lb coal reacted), comDsmed to 

1800 Btu/(lb coal reacted) for Ireland mine raw coal. These 

1~esults are being analyzed further and additional data are be- 

ing obtained. 

Dumi~4 the month, no inventions were made in the course of 

this work. 

I 

Jack Huebl~ Research Dimector F1~ank Schora, Associate Director 

3 
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DEVELOPMENT_ OF iGTHYDEOGASIFICATION PROCESS 

Progress Report - November 196? 

to 

Office of Coal Research 
Contract No. 14-01-0001-381 

]~ydrogasification-Electrical Conductivity Tests 

We conducted four electrical conductivity tests in the balanced- 

pressure hydmogasificatlon reactor. These tests ame a continua- 

tion of a study to establish the electrical chawacteristics of a 

fluidized bed of char at high pressure. The char in these tests 

~as a partially hydrogasified Pittsb~gh seam bituminous coal from 

the Irelsnd mine. It was fluidized ~th an equal-volume mixture 

of steam and nitrogen in a 2-1/2-ft bed ~mintained at temperatures 

of 1300 ° to 1700°F. Electrical flow measurements were made ac- 

ross the bed over a range of applied voltages, and over a range 

of linear gas velocities, so that char bed resistances could be 

computed. We conducted these tests at atmospheric pressume and 

at 200, 500, and 1000 psig to establish the effect of pressure. 

Before We started the electrical conductivity tests with steam 

and nitrogen, ~Te repaired the steam-generating ar, d feed gas pre- 

heat ~ce, and installed two new tube bundles in the reactor. 

One of the tube bundles is for stesm generation, the other for 

feed gas preheat. The original set of tubes was deformed from ex- 

cessive temperatume ~-'.posu~e, and the steam-generating portion 

had a hole near a return bend that could not be repaired. 

Electrothermal Reactor 

All major items have been ordered with the exception of the 

po~.Ter supply. This item should be placed on order in December. 

Supports are no~¢ being installed for the reactor vessel. 

EnF~ineer'~ng Economics Stu.dies 

Work is proceeding on the process design and cost estimate for 

a "plant to make 500 billion Btu/day of pipeline gas from lignite. 



~ detailed material balance based on North Dakota lignite is near- 

ly complete. This desig,u includes sltt~ry feed and a hydrogasifier 

system similar to the large pilot plant. Raw hot synthesis gas, 

generated by electrotherm~l gasification of lignite residue, will 

be used. 

Methauation 

Stirred reactor runs are continuing in order to determine more • 

accurate kinetics fo~ the reactions occurring in the methanator. 

The effect of pressure is being studied. 

Calorimetry 

The experimental program is near completion. A final report 

on the heat of reaction of hydrogen and coal and the heat capaci- 

ty of coal is being prepared. The heat capaclty of A1203 is be- 

ing determined from 600 ° to 1500°F to check the calibrations at 

the beginning of this project. 

P_ower Package 

The three proposals received on the MHD power package were re- 

viewed in November. 0rganizations submitting proposals were vis- 

ited to talk with the people who would 6onduct the work. Our 

evaluation and recommendations will be submitted in December. 

Pilot Plant 

A prelimims~y screening of six engineering-construction firms 

was conducted to sel(.:c~ organizations to bid on the detailed de- 

sign: procurement, and construction of the p~.lot plant. These 

organizations were- 

Ralph M. Parsons Company 
Bechtel Corporation 

Stearns-Roger Corporation 
Bla~-Knox Company 

J. F. Pritchard Company 
Procon, Incorporated 

All these organizations were invited to bid with the exception 

of Stearns-Roger Corp. We felt that this organization had very 

little experience in solids fluidization, which is a vital part of 

our system. 
2 



Du~ing the month, no new inventions were mad.c in the course 

of the ~o~k. 

/ .  ~, ~.~ 

Jack Huebl sea~ci Director F~auk SchoOl, Associate Di~ecto~ 
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DEVELOP~NT 0~ IGT HYDROGASIFICATi0H PROCESS 

Prog2ess Report --December 19g'7 

to 

Office of Coal Research 
Contract No. 14-O1-0001-381(!) 

Nydrogaslflcation -- Electrical Conductivity Tests 

As a part of the study to establish the electrical character- 

istics of a fluidized bed of char at high pressure, we completed 

a series of five electrical conductivity tests in the balanced- 

pressure reactor. These tests are to establish power supply re- 

quirements for the 300-k~ reactor. In these tests the char was 

fluidized with an equal-volume mixtttre of steam and nitrogen. 

Meastt~ements were made of the resistivity of the char bed as 

electric power was applied to a 1/2-in.-diameter stainless steel 

rod i~mersed in the ~har to a depth of 1 ft. In four of these 

tests, ~e made measurements over a rsmge of voltages up to 120 

volts and over a range of fluidization gas velocities. To estab- 

lish the effect of pressure, ~e conducted these tests at 200, 

500~ and lO00 psig. 

To determine the electrical resistivity of the char bed at a 

hi~er voltage~ we conducted several tests with 230-volt ac ap- 

plied. At this high voltage, we measured an initial current flow 

of 250-800 amp for about 1 sec, followed rapidly by a rise to 

1000 amp and above. These tests were conducted to examine the 

voltsge-current ~elationship on an oscilloscope to determine if 

breakdown or arcing occurs at high current densities. It ap- 

pea~s that such breskdo~n is not present. 
L_ 

Electrothermal Gasification 

Discussions were continued with potential suppliers of the 

d-c power supply. We have requested quotations from three sup- 

pliers of used 600-volt d-c~. lO00-amp motor generator sets. Such 

unit appears to be best suited to match the los~ characteris- 

tics of the electrothez~nal reactor. Because of length of deliv- 



er~ s~id the initial cost, it is advisable to p~chase a recondi- 

tioned unit. Such a unit will have a 1-year guarantee. 

P(.u, rer_ E_ackage 

We completed the revie]¢ of proposals r~ceived for the MHD 

po~.-or package in December. Avco Corp. ~zas recommended as the 

supplier. 

Methanation 

We are continuing runs to determine the effect of pressure on 

methanation rate. In the course of these rtuns we have noticed 

that C02 production is low and appears to decrease with increas- 

es in pressure. No ethane is formed with the 10% CO, 30% Ha, 

and 60% Na feeds over nickel-kieselguh~ catalyst: Some evidence 

c.f a strong intmapsmticle diffusion effect has been noticed. 

Coal_ Chsmact er%zation 

The bituminous coals that we have tested were reviewed by 

ra.~k. This review showed a gap in the series between the West 

Vil~ginia No. 5 Block with 39.0% volatile matter and the Sewell 

seam with 20.0% volatile matter. This occurred because the sam- 

ple of Sewell seam coal that we obtained is of higher rank than 

expected. A 3-ton sample of Sewell seam coal from another m~ne, 

which is expected to have above 30% volatile matter, has been 
l 

l~rdered. 

We are obtaining reflectance readings on the hydrogasification 

residue from the Ireland mine, Illinois No. 6, Colorado subbitum- 

inous., and lignite coals. 

Investigations of the solution of coal in benzene and any 

possible effect of solution on agglomeration after slurry feed- 

ing were continued. 

During the month of December, no new inventions were made in 

the course of the work. / / ~/~ 

S~ora,  
/ 

Associate Director J ok   ebl# 
. , -  
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