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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 , ." 

Approved ~,,SL~ " .  ,. ~.~..!'-~.,. I . _ Sigr, e~-i~-J, :.'-.':'" ( .  " - - - - - - - - - ' ~ .  
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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  
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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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