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• Hvdro~asification .... 

F i v e  h y d r o g a s i f i c a t i o n  t e s t s  Ru~,s ~,m-89,  ~ ~ - 9 0 ,  ~ -  
91, HT_'- 92, and HT- 93) ~.~ere m~de ~ the o=_anc ~a-p~ ~s su~ e , __ot 

• ~nit modified for fluid-bed operation. Tests were .conduct@d 
j ~-J- with .lightly oret~eated P_~sburgh se~.m bitt~wXnous coal from 

- -  - ~- ~ .  ~ ' ~  _ .  3 - 1 / 2 -  t h e  I m e l s a ~ d  n i n e  a s ,  ~he fe,  e d . '  T h e  . c o a l  was  _ ~ac  ~ &  "~ ~ '  a _ 
rt-deep bed at 1300°F vith a z~ed gas co.r,.tai_~~ng '45 mole per- 
cent hTdrogen, 25 mole. oercent .methane, and' 30 mole. pei~cent 
steam...7u Runs HT-89 to HT-92, the r~acz_o._~ '~ ~: was conducted in 
a flu/dized bed; in. Ru_n"HT-93 the reaction took place in a 
mov~n~ .bed. All the tests w e r e  too short to reach st~ady-state~ 
operation, l~avi_ug had to be terminated in less. than .I. hour 
because 'of.difficultles in feeding the .coal tDmou~q the reactor .. 
f e e d  t u b e .  ,. 

• , ,  ~ne .reasons for these difficulties varied for each 
-~un.; .'~. Run HT-88',' reacted coal becmne compacted at the • annu- 
lus between . the. feed gas' distributi~ dis!~ and the reactor ~.-,-m.l&. 
To z~em.ed~ '~ tkis., situation for Run HT-~9, the &~ul-as was en~argea . 
b~ '~ r e d ~ d ~ n ~  the gas disti~ibuto- ~ disk fro.~..3-1/2 to 3-5/16 Lnches, 
'And to .el~_m~.ate coal agglomeration.as a factor, the first 5'0 
lb of .coal fed to ~he react.or was. a.bitt~.minous coal chsr ~_th 

, only "17%..volati!e matt'er.. After about I/2 houm of coal feeding, 
the co~! i~_jectio_n tube bece~.e c!Qgged e~_d the feed scre~.z 
.ia~med. The .'dot.re_ward f!o~¢ of /-oal through the in.jection tube, 
appmrent:ly, was'sufficiently.hindered by thermal updmafts in the 

~= ~ ~ ~ ~n the uube TT~e normal reactor feed' uube-to.creau~, brid~i'n~.i_ . t • , ~- , 
_nitrogen purge gas rats. of 120 SCF/_~ to 'the top of the reactor 
'was' not entirely adequate to keep the coal flo~.~_'ng. 

. . .' In Rtun ~ cO ohe ni~-~os'~n Durg~ ~ oe ~o uhe ~e~a cube 
~$ms increased" to ~0 8C~/_hr. Other oDerat~_n~, condemn_ors were 

• s~m~]&~.t.o'those of R u n  HT-89. The test l%~a .to. be ~errn_nated 
3../2 hour after •cQal" feeding when'aD O-ring seal ruptured on one 
'of 'tb.e' or6duc't gas filter •bodies. Although the test ~¢as short~ 
the' increased nitrogen !mrge rate did improve the coal feeding, 
'as, coal did not .plug in the injection tube.. " 

Runs ~2-91 and HT-92 were conducted at the s~me condi- 
t±ons as' Run HT-88,. except' that the nitrogen Ird'_~ge rat@ to the 
t ' ' ~ - .... l~ bo~h oests, .the coal ~n- op of the reacuor was...p50 SCF/h~'. -" ~" ~" " " ' 
• jec.tion tube clogged. 1/2 hour a~6er ohe s uart o~ coal ~eed~ng.. 
In Run }~191, sharp variations in the reactor pressure ~¢ere. : • 
beiieved to be" reiponsible for the blockage., in Run HT-92, a 
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o~ad~_ increase ~n the <'~=~~ P,:.~. ra-oe, ,.zh~c]~ f~,.!].owed the ad.~'~'b-;o TM 

of ste~.u to the -~eactol~ was apFerently the~ .~ause o£' plus~i~_~. 

R-~%-~-93 ~,~as con@a~cted as a mov~_ngibed test at Coal 
~.ud feed: =as rates one-third of the those LE the ol, eced.ip~, fluid -• 
ized-bed r~ests, The nit:~ogen purge mate ~.zas 350 SCP/b/P.-The ob- 
jective of the:test was to establish if the plugging of the coal 
infection tube., as expe-~ienced in. f]uidized-bed operation, ~..;as 

_ _.=~_ f~--~: rates, ~-~ if otiuer factors were. ::zccciated with h~ .~:h cbal .... 
responsible..Tb._e run proceeded smoothly for 53 m_~nutes before 
t1~e-coa! feed tube plugged, as previously. Thez, e ~;zere no 
pressure or flo~..r disturbances that could account for the plug- 
=i~P Apparently.. the. purge ~itrogen did not provide the coal 
~njection-tube ~-th suacfioient .gas s.weep to keep the coal moviz~, 
To memed~- this, u_,_~ nitrogen ~.zili .be i_~_~ected th~o'a~h a nozzle 
at the top of the coal tube. 

Coal =f ."~ ~ =~'- . Pr ~ u_ ~a om~_. u 

Fo~ur pretmeatment tests were conducted in the fluid- 
!zeal-bed pr_eti~eatment pilot ~nit to supply the _h~-drogaslf_ioation 
~:u~.!t %~ith nonagg!omeratL~ char. 

Nomad_a! conditions for the foux. tests are as follows: 

Solids Rate, Avg Solids Res Feed Gas Rate, 
_.Rtu~_ .No. ib/~.~'- T.~ne; bm SOF/b ~ 

FP-50 '-'.5.4 !. 0 3  646 
FP-S1 " 39.8 1,35 . . . 579 
FP-52 41. ~' 1.55 ~89 "T -- • • 

FP-53 41.0 1.57 573 

Oxygen Bed -~mlo, 

• 9 . 4  • 7 5 4  

9- 8 7'-'. ~. 
9,8 730 

i0.0 736 

ire!a~nd mine bituminous coal of --!6, +80 mesh was used 
as the feed in the .four testa. !~n air-m!t-~ogen .~x~m'e of app~o~- 
ma~e!.y i0% oxygen concentration ~,;as used as the pre~reatment gas. 
~qs FP-50 anr3 PP-S1 ~-~ere operationally suocessf~1!, ar, d ~.Tere 
term-:_uated at the deoletien of the coal feed supply. T_aborato~y 
agglomeration tests sb.~.red the "~esidues to be lightly cak'ing but 
acceotable as feed for fluidized-bed h.ydrogasification tests. 
~ne desired run conditic~s cluri!~c R,m~. FP-52 ,:Tere not reached due 
to the p!ugg~-g of the ~.te_~-na! c?zclone. E~utS caused erratic 
fluidization of the solids a'cd s!fl;sequent Ue~nation of the test. 
Rm% FF-53 ~,.~as conducted successfully-; the laboratory agglomeration 
tests sho~.zed the cha'- ,~ to be ('ree-f!o~./._~.~g. 

~e c,~'clone has bean pl£ced outside the ~eactor in Zhe 
~_~oduct =a~ off-take -~i!_ne bet-~een oh~ ~eactor top and ~,~ockout 
dr~n. The cyclone and prodnct lines are heated to facilitate 
solids separation of ohe ~'~._,-~a!~.e gas and to p.~event tl~e cyclone, 
from pl~ggip~ ~./ith solids. 

- 2 - -  

14 S T l T U T E O ; G A S T E C H N O L O G Y 



Coal Characterization 

I>~matech Corp. continued calibration of tl~e heat-of- 
reaction calorimeter, _~ IGT staff engiheer ].ras sent to D~, ~-- 
tech for the init'ial calibration.• '.At 1500°F and 1500 psia, the 
cs,lorimeten body indicated nonuniform temperature. The instru- 
ment was modified by. inserting a n~nual.ly controlled heater , ,  
.plate. at the bottom of the calorimeter receiver. Heat capaciSy 
of the calorimeter was .calibra.ted in a helium atmosphe"..'. Tl-e 
calibration .curve exhibited.an exponential, decay instead Of an 
expected strai&ht-liD, e decay, indicating the presence of con- 
vective heat transfer in the calorimeter and possible nonuni- 
f.orm'temperathre distribution arotund the calorimeter body. 
Calibration was also carried, out in vacuum... ~_e results ~.Tere 
better tha~. t.hat in the heli~ ca!ibratio.n althoug..~ exponential 
decay was also observed. The seal ring of the c.&lorimeter body 
failed duri_~_~ hydrogen calibration. The calorimst'er is being 
.reassembled. 

The drop calorimeter was calibrated for .temperature 
_~ises of 14 ° and 5°F. ' It -,las then' calibrated ~.N_th alumina at 
120o ° and 1800°F: THe calibrated heat capacity of alt~mina de- 
viates from published values by less than 5~. .. 

_Coal.. P_e'.tro~ra,ohy • ' 

" Residues from free-fa!l hydrogasification Runs' HT-38. 
and HT-3'9, i~_ w_'hich tuntres,ted Montour 4 coal was fed, were ex- 
amined petrograpb~cally. The appearance of the uarticles, par- 
ticularly the presence of'. many exterior.~all perforations, is 
• _eur~h~r evidence, by. contrast, of. the low reactivity of the 
pretreatment skin of pretreated feed particles. 

• A description of o-~_~ aooaratus and orocedu~e for vacuum 
motuntin= J of coal has been prepared and submitted to the AS~'4 D-5. 
task gr.oup that is working on standardization of coal petrographic 
methods. . • 

Methanat ion " 

Further kinetic rtuns were made wi~h Harshaw Ni-010a.T 
catalyst to determine the dependence of the reaction rat@ on. the 
_r~,rtial'pressumes of the reactants and products. ''Data are now 
being analyzed. 

Preliminary results indicate that the Activity of. 
Catalyst 6. Chendcals, Inc., 'nickel 'catalysts, . C13-3 and C13-~., 
~-s much less than the activity of' .the .Harshaw Ni-O104T. 

. .' Design has begun, on a small fixed-bed~reactor to' 
reactor o~ abou~ .!-inch diameter o~udy catalyst life. 'A tubular ' ~' ~ 

should suffice .for catalyst .life study. 

q 
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E,n~:.ineerin~ Economics 

The stud7 has been completed on the effect of carbon 
conversion o n  the 2c-year average gas price (Table 1). . T h e  by- 
product char varied from 16.3% of tlne coal feed to 55.9%. :The 
gas price reaches a minirmmm ~t about 35% byproduct char.. Vary 
ing the credit taken for' the b,Tp~.oduct char shifts the minimum 
only slightly. A separate memorandum will :be issued with the 
c~mlplete results of ~his study, 

Table !.-EFFECT OF O#/qBON CO~SION ON GAS PRICE 
L 

=-:n'~'du'J:;_.._.. 3 ' . ~ - . ~ ,  ~ :f coal 
i b e ~  ' -  

,:" =--iiign 

• 2C'-Y-----'a:'. A"cr, aL-.e Gas Pmice,. .. 
.7 :-Z!!;sn 5t;: 

• " L ; -  ~ , ,_,= 2o, 2~ 5__0 .:,~ 4~ ._. 

3c,80'-.' 26, h~5 23,160" 19,8i2 .17,~!6 15,612 i3,29~ • 

17,2!9 13, 2~6 1.0,26~ " 7,007 4, "86 2, 55?. O 

55..3 50.! .,=. ~.'- 25. o 16.3 0 

158.O'-.'' I45.5~ !~'0."5 !~S 9 i. 1'-'5.7i 14~,.4'5 la7.29 

,8., 55.6 54.0 53.7 5~.o 55.3 57.8 

Duri~ng the month, of J~uuary, no inventions were made 
in the course of this work.. 

• . . . - ,  ,!  i' i' / 

Approved • .<."Z'..'-S " -';'~:;:_ a<...,. ~ S i ~ e ~  ,, ..-.,<<._.y# C., . /~,~-- '- ' -------- 
jack Hueb!er, Associate Di'~.ector ~'a~rLk-O, Schora, Manager 
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DEVELOPMENT OF IGT}~/DROG~.SIFICATION PROCESS 

Progress Report -- FebE~a~y !966 

to 

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

Hyd~o~asificat]ion ' 

Five hydrogaslfication tests ~(Eu~.s HT-94, HT-95, _~T-.96, 
h~T-97, and HT-98) were. conducted in bhe balar~ced-~ressure pilot 
tuuit modified fort fluid-bed operation. A lightly-pretreated Pitts- 
burgh seam bituminous coal from the'Ireland mine ~,Tas !~eac~ed at 
a nominal temperature of 1300°F ~.~_th a feed gas containing 45 mole 
percent hydrogen, 25 mole percent methane, a~_d 30 mole Aoercent 
steam. Runs HT-95 and h~-96 were conducted ~th a 3-1/2-ft fluid- 
ized coal. bed, Run HT-94 ~ith a 3-1/2-ft moving coal bed, and Rt-ns 
HT-97 and HT,98 ~ith a 7-It moving coal bed. ~_e coal feedi~ p_~ob- 
lems encotun.tered in the ea_~lier fluid-bed tests ~..~ere~ in general~ 
eliminated in these tests b~- ~mintaining an adeo~aate nitrogen purge 
rate to the coal injection tube. As a result, operating times for 
most of the tests were sufficiently long to yield operating data. 

Run RT-94 -was conducted ~ith a moving coal bed to ests:o' 
fish an adequate operating procedure that -~7ou18 remedy the eariier 
coal feeding problems encountered in the coal injection•tube. A 
r_~trogen purge tube, 1/8-inch ID, was installed to provide a high- 
velocity nitrogen jet at the •mouth of the coal injection tube. Feed 
gas entered the reactor tD~0ugh a 3-5/16-inch-diameter porous metal 
disk at a velocity below7 that required for fluidization. Coal Was 
fed at a rate of 22 lb/h_~. 'l~ne test lasted 3-1/2 hours andwas ter- 
minated when difficulties, developed in discharging solids from the 
reactor. Suspension of coal" particles between the ~eactor ~alls , 
and the gas distributor disk was .found to be the cause of the diffi- 
culty. However, thetest was long enoughto indicate ar~ improvement 
in the coal feeding techniques. 

• With successful coal feeding demonstrated in Run HT-9$, a 
return to flu!d-bed operation was made in Run HT-95. The 3-5/15- 
'inch-diameter gas distributing disk was replaced with a 1/2-inch- 
dlamete_~ disk in order to increase the s_unula~ ~_,~ea between the disk 
and the reacto~ walls. However, when• the small-diameter feed disk 
became partially plugged, the high feed gas rate required for coal- 
bed fluidizaticn could not be maintained without sn excessive pres- 
sume drop across the disk. A gas rate of approximately 80% of that 
required for fluidization was maintained in the test ~ for 4 hours. 
The test was terminated when an adequate steam flow rate could no 
longer be maintained due to increasing pressure drop across the 
dist~ibut or disk. 
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'For Run HT-96 a 2-7/8-inch-diameter f~(~.d gas dJ.?'Lz.ibcti.<.:-' 
dfsk was installed. 'OPerating conditions ~ere si:,~.!a~ to t ; ' ¢ ~ . : ~  o..." 
HT-95. 'The objective was. toomerate at fluidizatlon g~a~ velc~cii.ie., ~' 
'starting with'a coal feed rate-of 22 lb/hr m~.d ~.o eventually" J.~cr'e.~.se 
the coal feed rate to 65 lb/hr. The test was only p~tially ~u(-ce~s- 
fiil, for it had to be terminated after l-l/2 hours when the p~,oduct 
gas line umstream of the bayonet filters bec~me plumged with coal. 
The most likely cause of the plug was the flow of p~odu£t gas wibh 
entrained coal particles up the' solids return leg of the 'int'e~1)a['.. 
cyclone. ' .  

'The' objective of.Run HT-97 was to ~'~" " psm ~i~_, m~ hydrogasify, 
in a moving bed, a sufficient amount of coal to be' used as feed in 
high-temloeratu~e fluid-bed tests. A 3/8-inch feed• gas tube with 
eight. 1/1G-in,h-diameter hole's, at the end was •used, • the tube ex- . 
tendi.hg up to the 'bottom of the furnace sectibn.. The solids ret~d,n 
leg of the cyclone • was 'removed and the opening. 'was pl.t~ged. Aop~,o':-- 

: imately 70 lb of coal was proce.ssed in 3-1/.~ houms before ~he ]test . 
was stopped, .due to an unexplained pressure upset in the .~eactoz, 
which_ caused the coa! .feed screw to. jam. 

• ' Run HT-98 'was a repeat of Run HT-97, with the. same ob- 
jective... The test lasted 9-3/#'hours- the longest hydrogasifica-. 
tion 9un conducted in the balanced-pressu_~e .pilot unit. it was . 
shut• do.wn when' the pr'oduct gas line upstream of the bayonet filter • 
became filled with:coal and restricted .the outflow of the product 
gases. 

Coal,'Pretreatment . . 

Three p~etreatment r~_ns were conducted in'the fluidiz~dr 
• I,.I.% ~ c, bed pretreatment pilot unit to supply the ~drogasification ~ ' ~ "  

with nonagglomerating 'char. 

Run No. 

FP-54 
FP-55' 
FP-56 

Nominal conditions for the tests were: 

Solids Rate, Avg Solids Res , Feed Gas Rate, 
.... ib/hr. , ~ Time~ hr SCF/Pm,'. 

38 .I i. 97 635 
38.o .. 2.05 615 
37.8 . i. 85 652 

Oxygen Bed Temp: 
Cone,'% OF 

• . 9 . s "  735 
9.7 721 
9.8 742 

g 

Ireland mine bituminous coai of --16+80 mesh .'was used as 
the feed in the three tests. An air-nitrogen mix.ture of approximate- ' 
ly 10% oxygen was used as the pretreatment gas.' Tests FP-54 and F.P-56 
were operationally successful and were terminated at .the depletion of 
the .coal feed supply. I~boratory 'agglomeration tests showed the char 

, from FP-54 to be lightly caked, whereas the FP-56 char was freeiflow-. . 
ing.,.' . ' • , " ". ' ' ., ' . • . ., . ' 
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During ~ FP-55 erratic bed mov,~men.~ end pret-~.eatm~,~n 
gas cham_neling caused the bed to •plug, ,~h~Ich forced a shutdo~.7~~ of 
t~e test after 5 hours. Laboratory agglomeration tests "~ ~-'." ,~ "' 
chem to be Caked: 

Coal Cha~acter~ zat~ On 

D~atech Corp. continued calibration of the head-on- 
reaction calorimeter. Tne seal rir~ at the break of T.he ca'!c~i- ~. 
meter body has been a problem since testi_~ beg~n. Pressurs- 
filled O-rL~s, Vented O-ri.~4~s, C-ri~s, and V-ri~s have at best 
taken the temperature cycle only t_bree times before faiiu_~e. On 
this basis, the do~time ~ill be fresuent ~_ud lot@. Also, pa~t 
of the~ nohuni~orm tempe_~atume distriSution in the calorimeter bcd2- 
could be due to the 0-rings: ,:~hich ar~5 sand~.ziched be.%~een the 
upper and lo-~er body halves. The advan..tage of this desi~n i~•th~t 
cleaning is easy. After careful evaluation of all the operational 
problems, it was ~ecided that the calorimete_~ body halves should 
be ~.~elded into one piece. An openlr~ for cleaning ~zill be orovided 
at the neck of the calori~.~ter d~op tubs at ~he lowe_~ oar~ of the 
cold zone. Tb_e calorimete~_~ has been modified and is nd~.~ bei_~ 
assembled and pressure tested. 

Coal Petro=~aohy • 

Arrangements have been made ~ith J. A. };~mrison ~nd 
H~ J. Gluskoter of the I!li~nois State Geological. Sumve~i to inves- 
tigate etching of polished residue sections by means of elect_~o~_~, 
cally excited o£vgen. This method for loW-temperature ashi_ng of 
o_~gs_ulc ~te~ials has been Used at ~ the Stmvey on coal. ~ Applica- 
tion of this technique to polished sections of ~esldue _.may .make 
it possible to differentiate attrital vitrinite (~!ch contains a 
g~eat m~uy small particles of ~_~uo~ga_uic ;r.'~tter) from non-attrital 
vit~inite. 

An examination of products from both successful s_ud un- 
successful pretreatment runs was initiated. The mode of agglomera- 
tion and particle properties characteristic of successful pret_~eat- 
ment will be studied. 

Du~ing the month a patent memorandum was ~.itten wh_~ch 
described an apparatus and method for determining the pore structure 
of porous solids. In this appsmatus the s~mount of gas that ~ flo~rs 
into and out of the pores of a sample of a solid such as coal is 
instantaneously measured as thepressure of the surrounding gas is 
cyclically increased and decreased at a controlled rate. The size 
and volume of pores are determined from measurement of this flow 
at different rates of pressure oscillation. 

J 

i Gluskoter, H. J., "Electronic Low-Temperature Ashlng of Bituminous 
Coal,,' Fue___~l 4_~4, 285-91 (1965) July 
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Methanation ' •. 

• . .Methanat'io~ runs continued with.Hats'haw Ni-0104T nickel 
on kieselguhr and Girdler G-65 nickel on alt~mina catalysts. }~gh- 
er temperature runs were @mpNa~ized (70.0°-900°.F) toinvestigate 
possible carbon.deposition aud catalyst activlty ch&uge. No " 
noticeable, carbon deposition was. found .~ith either' catalyst .up. ', 
to"900°F.. No data on activity" .change could be obtained..because 
of 'an:' analytical equipment failure.. At .lower temperatures" (500 °- 
700°F) there is some production of ethane and propane, Above " 

700°F these hydrocarbons sine cracked at a much higher rate than 
they are prbdu'ced.." At' .'low space velocities .(100 SCF/hr-lb cat-) 
and 900°F the ethane and p.ropgne" were removed •from the.pl oduct 
with' Ni-01'04T ~s. catalyst; with G-65, the product contained .b.oth 
' hydrocarbons. ".. . . . . .  :. 

• F o u r " r ~ s '  u s i n g  " l / 4 - 1 n .  a l u m i n a  s p h e r . e s  a s  ' c a t a l y s t  w e r e  
c a r r i e d  o u t ' - ' w ± t h . t h ~ - 1 0 : 3 0  CO/H2 f e e d  g a s  a t  t . e m p e r a t u r e s  o f  505 ° ,  
595 ° ,  7 0 0 o ,  . a n d  8 0 4 ° F . .  T h e s e  b l a n k  r u n s . ' i ~ M i c a t e ,  t h a t  CO a n d  C02 
a r e  n o t  h y d r o g e n a t e d '  on  a ' ]umina j  b u t .  h y d r 6 d r ~ . c  ~k!ng o f .  e t _ ~ n e  and  
p ropan . e  does '  o c c u r .  : .  .. . 

. . ' .  . 

" ' A n e w  m e t h o d  o f  m o h u t i ' n g  c a t a l y s t  p e l l e t s  i n  t h e .  r e a c t o r  
has been investigated, Cat&lyst pellets are placed in a stationary 
annular, screen basket which is p.l~ced in. the reaction zone. T~o 
propeller's' and a radial impeller., are mounted on the' shaft for gas. " 
circulation. With the catalyst .stationary it is"possible to. meas~e 
the catalyst temperature, accurately. The effect of .agitator speed 
was checked by .introducing fe@.d at a' constsa'~t rate to th@ reactor 
(Ni-OlO4T as catalyst) and varying shaft rpm at' conditions to 
.give high c6nversion of C0,. No effect.'on conversion was. found 
until the shaft speed was reduced to. below. 500 rpm. Pulse tracer 
tests indic&te.perfect ,mixing. with ~his ar.rang.ement. 

" 'Equipment for catalyst, life study is .being o~dered and 
construction .of this .facility has begcm at. the pilot plant. 

, .  A 0.5% ruthenium on. ~-aldmina catalyst is"now.being tested,. 
An' ammonia synthesis catalyst, capable of produci~ longer chained ..: 
hydrocarbons with low-temperature methanat.or feeds, .has also been 
obtained. Results of tests' with these catalysts will be available 
next month. ' . ,' . ' . . . .  ' • 

@ 

• . . • °' . 

Jack Hueb r ,  Associate Director 
. .~/~ ' ; . ' . 
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DEvELoP E   OF ZST   DROGAS ZCATZO  PROCESS 
• Progress Report - March 1966 

0ffice of Coal Resesmch 
Contract No. : 1#-01-0001-381 • 

Hydro~asifica~ion 

/ 

Seven hydrogasiflcation tests (Runs HT-99, HT-!O0, HT- 
100A,~ HT-101, HT-102, HT-103, and HT-104) were conducted in the 
balanced-pressume pilot unit modified for. fluid-bed operation. 
Three of these tests were conducted with a partially hyd~ogasi- 
fled Pittsburgh seam ~ bituminous c6al in 'a simulation of the high- 
temperature hydrogasificationstage. The coal was reacted ~ in a 
3-1/2-ft fluldized bed with a hydrogen-steam mixture containing 
50 mole percent steam. In the four other tests, a lightly pre- 
treated Pittsburgh seam bituminous coal from the Ireland mine ' 
was ' reacted in a 3-1/2-ft fluidlzed bed with a feed gas. contain- 
ing A5 mole percent• hydrogen, 25 mole percent methane, and 30 mole 
percent steam. These four tests ~re a simulation of the low- 
temperature hydmogasification stage. Two of the tests (Runs 
HT-99 and HT-100A) with. psmtially hydmogasified .coal, ~ and one 
of the tests (Run HT-10~) with lightly pretreated coal, were 
successful. The •other tests were terminated before steady-state 
operation was reached because of excessive leaks in the equip- 
mentor because of solids plugging in the reactor. 

Run HT-99 was the first 'completely successful fluid- 
bed test. It lasted 3-3/$ hours .and ended when the coal feed • 
supply was used up. Although the target tempsratume for this 
run was 1700°F, the average bed temperature ~reached only 1310°F. 
The reasons for this were the high throughput rates, the limita- 
tion of the reacton fumnaces, and the limitation of the feed gas 

~ reheat., The coal feed rate was 50 lb/hm, the •hydrogen feed rate 
35 SCF/h~, and the steam rate 30.2 lb/h~. Feed gas • could not be 

preheated above 1000°F because of heat losses in the lor~ feed 
gas transfer line. A modification of the product gas filtering 
equipment was made for Run HT-99. The internal cyclone was re- 
moved, and two 18-in.-long, porous metal bayonet filters were 
installed inside of the reactor. The outside bayonet filters ' 

were bypassed, an d the product Line was connected directly to 
the condenser from the top of the reactor. , ~ .  

To increase feed gas preheat, the feed gas transfer 
• llne was shortened and run directly from the gas-fired steam 
generator and gas preheater to the bottom of the reactor, by- 
passing the intermediate electric superheat fumnaCes. Auxiliary 
heating and insulation of the transfer 31ne were .improved so that 
the feed gas would enter the reactor at 1200°F. , To improve heat 
transfer between the downflowlng solids in the reactor and the 
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• feed gas~ a :108-1/2'-in.-long, I/2-in.-diameter U-tube was ~stalled' 
inside the' reabtor.between the feed' gas inlet and the feed• gas dis- 
'tributor. The first test incorporat'I/Ig this modification had to .be 
terminated 1/2 h~ after coal feed was stsmted.because of excessive 
leaks'in .the new feed gas transfer line.' However, the test .demon- 
s'trated that a feed gas inlet tempe~att~e of IRS0°F could be ob-. 
rained with the new .preheat system. '. 

. After the 'leaks were fixed, Run HT-100A was conducted 
" at oondftlons slmilsm to those of R0n ET-99. The test lasted 

4-1/~ .hr, and was' tezmtinated .when the coal. feed supply was ex- 
hausted. • A coal feed rate .of 50 .Ib/b_~ was ~maintained for about ' 
3 h~, and during this time the temperature of the. fluidized bed. 
reached .IS00~F. The' GOal feed rate was then reduced to 40 Ib/hr 
for the .remainder. of the test to .investigate its effect, on the . 
bed temperature. ' After this reduction in .the. coal feed' rate, 
the bed temperature inoreased..to 1650°F, 'and was still rising 
when the test"ended. '' .... 

•   -iOl, an  ul=  eed  strlbuto  (3-1/2- 
'in', 0D X.'l-3/~-in~' ID) with a. "Rigimesh" sintered disk .was in-. 
stalled.' This aiStributor replaced a'. 2-Z/8-in.-diameter disk that' 

'~as damaged'...in Run HT-100A. Run conditions for this test with ' 

~ htly pretreated bit u~n" cue coal wePe: ..i000 psig, 13co°F, 3- 
-ft .coal bed, 65 lb/h9 coal feed rate, and hydrogen-methane- 

steam feed gas rate of 1640 SOF/hr.. The.~un was stsmted success- 
fully at a .coal' rate of 22 ib/h~. After #0 rain, the coal 'rate 
was'. increased to 65, ib/hr. Twenty minutes after this increase~ 
and before .the 3-1/2-ft. coal bed.level was. reached, the co~.l 
feeder Jammed. Packe'd.coa'l at the throat of the coal feed tube 
caused, the Jamming. Agglomerated coal particles' ('as.. big as 1 in. ) 
were also found'.~ in bhe reactor. • 

To provide .for a higher rate 'of coal hydrogasification 
in .suspension, andto •lessen the tendency .for agglomeration, 
the. amnulsm feed gas distributor Was lowered from 108-1/2 to 62 
in. above the bottom of the'fumnace for Run HT-'I02. 'This, in 
essence," increased the. free-fall distance in the reactom, This 
test was conducted at condition's 'similar to those of Run HT-lOl. 
.The test. #as shut d6~ after 1 hr when coal agglomerated in' the 
reactor just' ahoy4' the gas distributor. The agglomeration caused 
bridging and kept .'the ' coal f~om moving down. in the reactor. 

• ForRunHT-103 the 'annular gas dlstr'ibut614 was removed 
and a 3/8-in. pipe~ with a.'capped end, .and with twelve "I/16-in.- 
'diameter ports in the upper wall of the pipe, was Znstalled. 
This was changed to .minimize coal bridging due to agglomeration. 
The internal U-bend heat exchange tube in the feed gas line was ~ 
removed to increase the free cross-sectional' area in the lower 
end. of the reactor.' This tubewas: no .longer necessary, since 
adequate preheat .was provided by the gas-fired preheater after 
the .transfer .line was modified.. The test was started ~.t a coal 
feed'rate of 22 lb/hr, and after 1 h~, it was increased to 65 lb/h~.. 

, ' • ,.. , 
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The run was shut down l5 min later because coal would nolonger 
discharge from the reactor and the bedlevel began to rise.' As 
in RunHY-102, agglomerated coalnear the end of the feed gas 
tube caused bridging and stopped the coal flow. • 

Analysis':of hydrogasification datafr6m the low-templ 
erature runs with•pretreated bituminous coal and hydrogen-methane- 
steam feed gases in the current :series . of tests showed that car & 
bon hydrogasification ratesinthe free-fall section oflthe re= 
actor were apparent!ytoo low to keep'some of the coal from • 
agglomerating before it reached the bed. To increase the hydmo- 
gasification in the free-fall section, the temperature would 

have to be raised to at least 1300°F. To attain this tempera- 
turelevel, the reactor was preheated to 1500°F for EunHT-104. 
Furthermore, to maintain this temperature in the initial stages 
of theoperation; the run was started atone-thirdof She coal and 
feed gas ra~es required for fluidized-bed operation (22 lb/hr 
coal, 380 SOF/hrhydrogen-methane, and 8 lb/hr steam). This 
minimized reactor 6ooldown during the bed buildup phase of opera- 
tion. The run wascontinued at these low feed rates for 4 hr 
through about eight bed discharge cycles. The coal and feed. gas 
rates were then increased, in %wo stages, to two-thirds of the 
usual fluidization rates. The test continued with these inter- 
mediate rates for 1 hr and then the rates were increased, again 
in two stages, to the fluidization rates. Successful fluid-bed 
operation was maintsine~'for3-3/$ hx~until the test ended when 
the coal feed supply was exhausted. The test lasted a total of 
8-3/4hr. The reactor temperatureinall three stages of the 
test was 1500°F. This'temperature was maintalp~d in the final 
fluidization stage with very little heat input from the furnace 
heaters, because most of thenecessary heat was supplied by the 
preheated feed gas and the heat of the exothermic reaction. 
Residues fromthis run showed only negligible agglomeration of 
coalparticles. ~ The weight of the residue recovered indicated 
that approximately 30% of the coal was converted to gaseous 
products and to a small amount of liquid products. 

Coal Pretreatment 

Four pretreatment tests were conducted inthe fluidized- 
bed pretreatment pilot unit to study minimumpretreatment condi- 
tions and to supply the hydrogasification pilot unit with non- 
agglomerating chem. 

Nominal conditions for the tests were: 

Run No. 

FP-57 
FP-58 
FP-59 
FF-60 

Solids Rate, Avg Solids Res 
.... lb /hr ,  Time, hr 

#0.2 1:53 
40.0 I. 54 
49.4 1.21 
45.3 I. 2? 

Feed Gas Rate, 
SCF/hr 

624 
577 
635 
6OO 

Oxygen 
Conc= 

9.72 
9.64 
5.28 
4.65 

Bed Temp, 
o F 

749 
747 
7 3 7  
745, 
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Ireland mine bituminous coal. of --16+80 mesh was used 
as the feed in the'four tests. Runs FP-57 and FP-58 were made 
with an air-nitrogen mixture having approximately 10% oxygen,. ,. 
The purpose of' the two tests was to supply the .pilot :hyd~ogasi-., 
fication unit with nonagglomerating cha~. Laboratory agglomera- 
.tion tests showed ~ both residue chars to. be. slightly caked. " 

.... The objective of Runs' FP-59 aud.FP-6O'~.wa~, to.stUdy.the 
effect of .a.two-stage pret~eatment process on .the ~olatile 'con- 
tent and agglbmeratiOh 'characteristics .of the char produced. The 
tests '. were conducted.' with an oxygen/coal fee~ ratio 'of. approxl- 
,mately one-half, that of previously conducted one-stage tests 
.~about O. 7 SCF/lb). The 'oxygen' 6oncentration.'of Run FP-59 was ' 
5.28% .and'the 0m/coal 'fe.ed ratio.was. 0.680 SCF/.lb.. The test'was 
terminated when enough char was produced to"conduct the succeed- 
ing tests. 'Laboratory. agglomeration' tests showed ~ the char to be 
caked~ .and proximate analysis of the char indicated a 27.5% ,. 
• volati'le content, . . . . . .  

' • Run FP-60 was' the second stage of this series of tests. 
The oxygen concentration .in the pretreatment gas was .4.65% yield- 
ing.-an Ore/coal feed 'rati6 of 0.617 SCF/lb, Laboratory agglomera ~ 
tion tests showed the char to be free-flowing. The volatile con- 
tent of the char was 24.3%. ., " ' 

Coal:. Characterization. ' • 

' The heat-of-reactlon calorimeter was assembled, pressure- 
tested, temperature-tested, and calibrated. The calorimeter was 
.held • at 1500°F for 3 weeks, and the mCp (mass X heat capacity) of 
the calorimeter' was calibrated once in a vacuum..of 43 microns, 
twice in helium at 1500 psig, and twice in .hydrogen at 1400 psig. 
The results 'correspond wit h~ ° 8%. An altm~_ua sample' was d~opped 
into the ca1'orimeter at 1500 F and 1500 psig of hydrogen. 'i'ne 
measured heat' absorbed is within 10% of the .published heat 
capacity values'. 'T~o .n-decane samples were dropped at 1500°F 
and 1500 psig of h~l~o~en, and temperature rises of 3.5 ° and' 
6,5CF were observed. 'Gas samples have been taken and the runs 
are now beiflg 'analyzed. 

The -instrument .was shipped from Cambridge, Massachusett,~ 
at the end .of March and should arrive in Chicago during the "first 
week 'of April. :. .. 

The agglomerat~ug tendency of Ireland mine p~etreated 
coal was investigated. There was no indication of a cementing 
medium other then the coal. particles themselves.. It appears 

that the surfaces of some of the ~rtlcles become liquid enough 
for them to partially ~use.with other particles. 

Particle densities and true densities were detez~ined 
for several sieve fractions'of pretreatment and hyd~ogasificatlon 
residues, as part .of a systematic.examination of .the coal at 
different stages of the process. , : . 
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Work to improve mounting and polishing procedures was 
continued. 

Meth~_uation 

Catalyst evaluation continued with the study of two 
catalysts capable of producing longer-chained hydrocarbons at 
low temperatures : 0.5% ruthenium on T-alumina,and an ammonia 
synthesis catalyst. The yields of long-chain gase.ous hydro- 
carbons ~-ith both catalysts ,gere low (less than 2%), with the 
ruthenium outperforming the ammonia sYnthesis catalyst. More 
liquid products were obtained with the ruthe.~um, although liquid 
yields were low. Reaction. temperatures with both catalysts 
varied between 350 ° and 900°F, and both lo~7- and high-CO feed 
gases ~ere used. At the same temperatures and feed rates, 9# 
grams of the ruthenium catalyst removed much more CO than either. 
a 2 2 2 -  or 283-gram sample of the ammonia synthesis catalyst. 

The low :yields of longer chained hydrocarbons caused 
speculation that hydrogenolysis of these hydrocsmbons might be 
occtu~ing on the reactor walls. To study this effect,z~nas are 
being made without catalyst with both the regulsr feed gases 
s_ud with a 50% H2/50% natural gas (containing considerable C2+) 
feed at 500°-900°F~ 

Equipment for catalyst life testing has been ordered, 
and although some equipment will not be received before June l, 
prelint~qa~y operation of the unit should be possible bynext 
month. • 

' Investigation has begun on a ~ preliminary determination 
of the type of equipment necessary for combustion of the spent 
hydrogasifieation char. Combustion of this char is necessary for 
both steam andhydrogen production. The possibility of running • 
preliminary burning tests to establish combustion characteristics 
of the char was discussed with Dr. Essenhigh of Pennsylvania State 
University. Other people competent in this area are also being 
contacted. 

During March, no inventions were made in the course 
of the work. 

Fr~',.k C.. Schora.,, Fmna~er 
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D V'ELOmE  0F ZGT  -ZOR0aASiF!CAT 0  PROCESS 
: ProgreSs Report±iApril !966 

to 

. •Office'of Coal•Research 
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Hydr o~asificati0n 

Six f!uidized-bed hydr0gasification testsl (Runs HT-I05, 
HT-IO0, HT-107~ HT-108, HT-109, and HT-110)were conducted in the 
modified balanced-pressure pilot, unit. In five of these tests a 
lightl.~ pretreated Pittsburgh seam bituminous coal from the Ire- 
land mine was reacted ~_u a 3-1/2--t fluidized bed with a ~ feed gas 
contai_~._hng '45 mole percent hydrogen, 25 mole percent methane, and 
30 mole percent steam. The sixth test was set up. for hydrogasifi, 
cat!on of untreated Pittsburgh seam coal following start-up and 
2-3 hour operation with pretreated coal. All of these tests were 
a simulation of a low-temperature hydrogaaification stage. Suc- 
cessful fluid-bed o~eration-gas achieved in t_hree of the tests 
(Runs HT-105, HT-lOo, and HT-109). The other tests' were terminat- 
ed before steady~.state operation was reached because of solids 
plugging in the reactor. 

• ~ . u u  HT-105 was started up following the same procedure 
used successfully in Run .HT-104 (First Quarter, 1966, Project 
Status Report). This procedure Luvolves preheating the .reactor 
to 1500~F and starting the operation at. one-third the coal and 
feed gas rates required for fluidized-bed operation (65 lb/_h~ 
coal, ll#O SCF/.hr hydrogen-methane, and 23 lb/l~ steam, at fluid- 

. ized conditions). When fluidized-bed operation is reached, the 
reactor temperature is reduced to the desired temperature of 
1300°F. The run lasted 7-1/2 hours with about 1 hour of opera- 
tion at the fluidized-bed feed gas rates and a coal rate of 55 
lb/.hr. About 1/4 hour after the coal rate was increased to 65 
lb/hr, the feed screw js]umed when coal plugged in the 1-in.-diam- 
eter coal 'injeotion tube. 

To improve the fl0w of coal through the coal injection 
tube for Run I~-106, the nitrogen purge tube to the top of the 
reactor, was increased from O. 125 to O. 152 inch diameter. Run con- 
ditions and stm~t-up, for this run were the same as. for Run HT-105. 
This run lasted 6-1/2 hours, terminatinE for the same reason as 
Run !~i'-105. Termination again was within 1/4 hour afte~ full 
coal and feed gas fluidization ~..;ere established. 

Only brief periods of fluidized-bed operations at the 
desired coal feed rates were achieved in both Runs HT-105 and 
HT-106, but the start-up procedures were demonstrated to be~effec- 
rive. 
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"" For Runs' HT2107 .~_ud. HT-108 the coal injection feed tube 
• and.the inserb body supporting the 'feed tube were removed. As " 
this 'provided 'a f~fl1"r 4-1nbh-diameter cross-section for the coal 
to flow through' from the end of the .feed 'screw to the heated sec- 
tion of .the reactor ,tube, any holdup in the feeding of coal would 
be r~_nimized. Run conditions and start~uo were the 's~mle as for 
Run HT-106, except that in Run HT-!08 the-reactor was .preheated 
to .1700°F, Also,' the upper' product gas bayonet filter was re- ., 
moved for Run. HT-108 to reduce.product' gas-coal contact near the. 
fe~d:'screw outlet. Both tests .were stopped within 45 minutes of. 
s tarti~ug the coal feed because of coal plugging in the ~dd'eated 
portion, of the reactor 'tube' ..The apparent cause of pluggi~g was 
a too rapid heatup of the coal.by-product gas .in. the upper sec-' 
• ~ion of the reactor tube near :the bayonet' filter.. 

As operation without the coal .injection .tube 'was shown 
unfeasible, the co~l-injection fube was again installed for Run 
HT-]09, Three.product-gas sampling'probes and thr6e internal• 
:.coa~ bed the~mocouples, extending' from .the top of the reactor to 
the coal bed, were removed.' ~.re found that •these ha'd coiled; the, y 
were probably partially responsible for intermittent coal hold- .. 
ups. in the react'or in orev'ious operations. .Reactor heating' Zone 
'3 (from ~he 'top of the-reactor•), 'which we found not. operating, " 
• was repaired by eliminating a. short in a power input electrode, 
Run HT-109.was conducted at the same .. conditiofi~ as Run HT-I06. 
'i~ was' fully successDdl in that a l-1/2'-hour steady-s~ate opera-.' 
tion at 130.0~-1350~F bed temperature was achieved.' Based on .the 
weight of the residue recovered,'approximately. 35,~.'of the co'al '. 
had been re&cted.. Total .operating time for" the test .was 5'.hours. • 
Shut~own was due to an inadvertent shutoff of the steam.generator' 
gas burner because.of a' faulty interlock device. This caused a" 
partial condensation of the s~eam in the feed gas" line, result-. . 
ing in a preserve upset that caused • a blockage in the .coal injec-. 
tion tube. • • 

After t_~e successful demonst'ration of fluid-b'ed opera- 
tion with pretreated bituminous coal; 'consideration was given to 
'the use of untreated'bituminous coal for fluid-bed.hydrogasifica-' 
tion. The scheme .for untr@ated.bituminous coal hydrogasificat'idn [ 
involved. a start-up and the establishment of a fluid-bed regime' 
.using pretreated odal,' to be followed, by the addition of' the raw 
coal. Run HT-IIO .was .set up to do"this by " charging the bottom .'.. 
of 'the coal.~6ed hopper with pretreated coal sufficient for 2-3 
hours, of oper@tion, with untreated coal on top. Run condit'ions 
.and start-up were the same 'as for Run HT-109. ~ne ,test lasted 
only 1 hour; it .was terminated ~hen the feed screw jammed. This 
was caus'ed by raw coal' plugging in the coal. injection tube and" 
in the reactor tube about 5 ft below the top of. the heated zone. 
Feeding of..the raw coal apparently sta~te~ about 50 'minutes after 
the coal feed scre~ was...started. Disarrangement .of'.the original 
• str'atification of the coals'in'the hopper was the probable cause 
for :the short time .interval before the raw. coal reached the feed. 
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~crew. Tb_is loss of stratification occurr'ed-when the feed hopper 
was being pressurized a__om the bottom.. 

.Coal Pre.treatment 

Four pretreatment tests were conduoted in the fluidized- • 
bed pretreatment Pilot unit to study mi_nimttm p~etreatment condi- 
tions and to supply, the hs~d~ogasifier with nonagglomsratlng chaP. 

~ Nomi~%l c6ndit!on~ for the tests were: 

Rim No. 

FP~-61 
FP-62 .. 
FP-63 
FP-64 

'Avg Solid Res 
_ Time, hr 

2.19 
2.21 . 
1.23 
!. !9 

Feed • Gas Rate, 

1609 ,.. 
' 602 

595• 
593 

" 9.79 
9.34 
9.67. 
9-77 

746~ 
749 
748 
747 

Bitum-inous Coal from Cons01idationCoal Co, 's ireland 
mine was crushed to --16+80 mesh and used as the feed fo_~ these 
~four runs, The operating conditions used were about the sam.e 
as those used in FP-56 which Droduced a frse-f:lowing char, Run 
FP-61 lasted• for 3-3/4 hours ;- t~en the feed screw j~med against 
its housing. The residue chs~ vas found to .bevery lightly caked, • 
Run FP-62 was. stopped after. 12/hours when the bottom of the 
fluidlzed bed beg~u to defluidize,. The.cha~ was ~ found to be 
ver~-li~%tly caked, In .Run EP-63. the feed rate was inc,eased 
to give a shorter solids mesidence time, while the other operat- 
ing conditions rem~ii'~sd the; same. The. run was teL~_minated afte? 
12 hours when the unit .ran .out of feed, The agglomerati0n test 
s~ .... ~ +~ ~ +.~ ~e ve~v li~htlw caked. • The .last run for thi's 
period was FP-64 -which was a duplica~!on ~ oI ~'r-op w~u~ ~ _ ~  , 
again being stopped when the feed supply~was e_~mau~zea.~ 'l~ne .. 
ohal- was found to be f~ee-flowing. " .,. 

"With RunlFP-64, some innovations ~.o the gas Cle~up 
.~ystems were n~de to protect the product gas meter from. damage 
caused by entrained oils and tars. The wate~ used for .scrubbing 
in .the ventu~i scrubber was changed to oonti_uuous 'flow rather 
than @all recycle. The oils and tarsthat are being scrubbed. 
out a~e now being co]iected arg re0orted as osmt of the pre- 
treate~ residues., A second Curio. filter waS. installed in pa-~allel • 
with the first to allowfor the changing of filter cabtridges 
during a run. 

Methauat £_on 

The'possibilitY of lo~'~r chained hydrocarbons being 
hydrogenol~zed on the reactor Walls was investigated. A feed 
of 2.1% ethane~ O, 4%. propane, •" 47.7% hy~ogen, and. the balance 
methsne and C4÷ was fed at low flo~¢ ~ates to the empty reactor 
over a temperature range of 790°-lO10°F: Over 90% conver.sion 

i ' 
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of ethane is .possibTe with this feed and gas composition. ~ere. 
were no chahges in the e~hs~nej propane, or C,+ compositions. This 
indicates that ,the absence of appreciable amounts of longer chained 
hydrocarbons '. i~ runs. using iron and ruthenium catalyst is probably 
due to hydrogenolysis occurring simultsneously .with the Fischer'- • 
~opsch synthesis. Ir6n catalysts sine known to catalyze hydro-.. 
o~enolysis .at high pressures and temperatumes with high. hydrogen 
concentrat ions. 

Catalyst reactivity data indicate the ,Harshaw Ni-0104 
nickel on kieselgubr is the best commercial catalyst for cleanup 
methanation of hydrogasifier product. We will begin experiments 
to establish ~ rate model for clearmp methanation using • this cata-' 
.!yst. ' : 

'F~ther constE1ction of 'the catalyst life testing reactor 
depends on delivery .of controlling and recording in. struments, 'which 
are ~xpected this month. . 

Coal Characterization 

The heat-of-reaction calor~eter was assembled at IGT ' 
and was vacuum and pressure tested. The mCp (mass X heat c'apacity) •' 
of the calorimeter is being determined at various temperatures. 
This calibration is to determine the ,behavior of mCp over the tem~ 
• peratume range within which the heat-of-reaction of hydro=~en and 
coal' will be determined.. Alsoj 'the single calibration performed 
at [z~natech Corp. ~!7 be double-checked.. 

. ' The previous" n-decane test was found .to have 'a~"hr Cheat " 
o'f. reaction of'n-decan~ and hydrogGn) value of 3575 .Btu/!b. Base'd 
on the heat of ~.ormation of methane at 25°C3 the calculated, h r value 
is 3223 Btu/ib.' This difference of 10% may be due to the 'inaccuracy • 
of the' estimated value of the heat of formation of methane at ithe 
actual experimental conditions. 

Petrographic' 'work on the systematic ex/mlnation, of co&l 
at different stages of hydrogasification was continued. Hydrogasi'- 
fication residue is being examined by X-ray dif~actlon'to deter-''.. 
mine ~zhether any conversion to graphite has occurred.. It was found' 
that mineral ~tter, [ particulamly olay~ interfemes with.the deter- 
minatibn and must first be removed. 

We are now. planning to include in the hydrogasifier run 
schedule several'tests to 'investigate prbducing a producer gas 
from ipent hydrogasifier char at hTgh pressure, We plan to fluid- 
ize the bed of spent cham.with steam, nitrogen, and air to estab- 
lish the .'rates of the reactions involved in production of carbon 
monoxide and hydrogen. This information will be .very useful for. 
better defi_nd_ng a progrm~ for the production of hydmogen from' 
char. 

I i 
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No inven.tions veme made du~ir~ April in the course of 
this work. 
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D~;_OH~iT Oi~ iG'p i~XDROGASiPICH,2IO!'~ PROCESS 

P-~odress Repo.~ - l,',.ay !~6 

to 

Off£ce o~ Coal Reseamch 
ContPact He. !~-0i-000!-~i 

_.2~ , , ~ - - - 2 ,  a~ . . . .  , . . . .  ) ,,.2.,e cO,.~uC~..¢ _,, t . . e  , '~ l~-~,~. ,  p~es . .uz . .  
• ~i•!o~ ~t.-~t. ']=~0 of these tests weave conducted with z Damtia!!~ 
hs, d~o~asified Pi~%sbu~-,Eh se~. • b~.~nous coal in a sL,.-m!ation of 
. . . .  ~ ;  ~.. , ,~pe. ~ .~u  . . . .  :~cz o s a s _ - _ c a ~ _ o . ,  s ~ a ~ ; e  . . . . .  e coa_  was . e a c o e a  
-.. a ~ -/ .~ dee...,u_c__ d oea ,_t.. a ..:,¢~oge.. s~ am... .... x=uze 

. . .............. ~,_ ~em.,.,pe.~u~. at ~he top of 
th~ hod was held at !300~F, ald the Zempe~.~a~u.~e at the bottom at 
!700°P. The V~pose of these tests was to combine the !ow'tem- 

~e of the hi@~.-tem.~..-atu~_-e tests ".,~ B~-!!!.a.) ~d O ~  r Of the 
dtle!-tel,IDe~atu.-e f!u!dized~bed tests (R~n B."E-113) were success- 
:~x_. oZhe~ tests we.~e t.e~mXre~ed befo.~e sZead~'-sZate ope_~a- 
tie.-. ~as _~eached bee.a~se of p!uSs Ln t.~:~ coal injection tlfoe, o~ 
a p!u S ~ the ~oduc~ ~aS line. 

. . . . . . . . . . .  ~ .~  oSas i . .  _ca 
b i t ~ . 3 . n o u s  c o a l  f ~om !ow- tempera tu .~ -e  /~uns ".-.~-i0~ and  H T - ! 0 5  was  
~eacted at !70O°F ~_n a ~-!/2-~ fluid!zeal be.d ~_th a m.~'-xtt-~-e of 
h,vd_~osen e.nd ste~.n~. ~.e coal feed .~te was ~.0 !b/b~; the hyd~o- 
~e.n/coa! !,atio was 30% of stoicb--~o~et~ic; ~.-~ the steam, concen- 
tration was 50 mole ~.~Cent. ~-~s test had to be shut do~n !5 
minutes aftem st.~t~ when tile coal injection tube plugged. The 
p!Ug~i.~.S was caused b.v the caV~.~ of a sm2_!i ~antit~[ of tunp~e- 
~ea~ed b,~ni.~ous coal that .rod _emained In ~h~ teed .c~-~ hous- 
il~ f~om the previous test (Run HT-!IO)am..d was conveyed into the 
feed t u b e . -  

R~n HT-!IL~. ' ~¢as conducmed tunde~ the s~me conditions as 
Rt~ HT-II1. It was a completely, success~l hiE/t-temperature run, 
which was te~nated aft, e~ 5-1/2 hours whe.n the coal feed shpply 
was nesml~- spent. Based on the ~..,eiEht of the ~esldue mecovemed, 
app~o"~,~atel~.-25% of ~he coal was converted. 

~%e objective of Run HT-!!2 was to hydrogasify a light- 
!~: p~et~eated Pittsbu~] ~e~m coal ~_n a sir~le sta~e with a tem- 
pematu_~e of !300°F mt the top and 1700°F at the bottom. In this 
test, the low-tempe~att~e and hi~%-tempem~t~e stages %~i,e caddied 
out in one operation. To ao this, the top tbmee zones of the 
reactor tube were preheated to 1300UF, ~nd the bottom foum zones 
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were.preheated to l'~oo°F. 'The coal feed rate was 40 Ib/hV; the 
.~vdrogen mate was 530 SCF/I~ (35% of .stoichiometric); and the .' 
ste&m ~ate was 25.3 ib/bm (50 mole percent of the feed gas mix- 
fume). A~.Ler 1-3/4 hoursthe test had to be ended ~hen the coal 
jmm~.ed'in the injection tube. The jamL~ng was caused by a pres- 
stu~e .uDset in the reactor induced by hydrogen-steam .feed pulsa- . 
tions.- £amtia!ly plugged distributing parts in the hydrogen-steam 
,?eed tube were responsible for the feed pulsations. Ex'aminati6n 
of the feed tube afte~ 'the run sho~¢ed that the parts were plugged 
by metal scale. 

R u n  B.~-!I3 w~s. conducted under the same conditions as 
HT-112. It was a succes'Sful test of 5-1,~2 bourns duration. Tem- 
mAnation ~4as voluntary.: after, a 3-1/2-hour' steady-state period. 
Approxd_mztely 50% of the coal .was converted to gaseous and liquid 
products., based on•the weigh~ of the recovered ~esidde. 

The objective of Run HT-11~ was to r/aintain, a tempera- 
ture gradient thmough the coal .bed as in HT-113, but to 'hydro- 
g~si,_-~- at a !o~em hydr6gen/coal ~atio. To maintain fluidization 
velocities, coal and h.ydmogen.th~ou&hput' rates were corresponding- 
lv-~_m.crea.sed to 60 lb/bm and to 6OO.SCF/h~., respectively: .The 
h~dmogen/coal' ratio at .these rao,.es was 25% of stoichiomezr~c. 
The steam rate :~.ms 28.6 'lb/_hm (50 mole percent). The test pro- 
ceeded smoothly zor 2-1/2 hours ~.;hen ~ sudden failure of the pro- 
duct gas bayonet filter caused a .shutdo~.m just as .steady state 
was bei.n~ ~eached. .. 

Coal P~etmgatment . .. 

" Four p~etreatment tests were run in the fluidized-bed 
pretreater to study m~__ ~nLmum pretr.eatment conditiohs and to supply 
the hyd~.ogasi'f~cation tunit ~{ith no,nagglomerating .feed char. 

Nominal conditions for the' tests 'we~e: 

Avg •So'lids Ees' Feed Gas' Rate, Oxygen Bed' Temp, 

F 2 - 6 5  ' 0 . 8 5  " 589  4 . 0 1  738 
FP-66 • I, 07 689 3.81 • .738 
FP-67 1 . 2 2  • . 6 1 8  4 . 3 4  '740  
FP-68 C.66.. 831 17. Ol' 734 • • 

Bitu~Linous. coal crushed and screened to--16+80 mesh from Consoli- 
dation Coal Co. 's Ireland mine was used as the feed for thmee of 
the runs. Run FP-67 used the char produced in Run FP-66 as feed. 
'Run FP-65 was .an attempt to stsmt a two-stage •test, but the run 
was stopped prematurely when the reactor top product llne plugged 
with tars and fine coal particles.' We found that .the strip 
heaters around the reactor top had.bumned out and allowed the ' 
tars to condense on the reactor top ~d outlet. 'The chsm was 
caked. Run FP-66 was e'ssentially a repeat of FP-65 but with a 
.higher gas. feed rate: Since fluidization du~ing the 'start of the 
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run ~as not satisfactory, the gas rate was. Luc~eased to correct 
this condition. Run FP-66 ~.~as shut do~.m a~er 15-3/~ hours ~.rhe~ 
the coal feed ran out. Th@ cb~r ~,ras found to be caked. It ,had 
25-26% volatile matter. The second stage of this test ~.~as FP-67, 
which was operated at Conditions similar, to those of Rkm FP-66. 
The ram was stopped after 14-1/2 hours when the feed char ~.~as used 
up. The, product char ~ras found robe free flo~.~r~ ~ and had 22-2~% 
volatile matter. 

The coaiwas subjected to the f011o~rLug Conditions dur- 
ing the t~7o-stage r u n :  

i 

Total Solids Res Total Oxygen/Coal Total Gas/Coal 
Run .No. _ Time~ ?m . Fed~ SCF/lb ...... Fed, SCF/lb 

FP-66-67 " 2.29 !. 16 25'. 02 
FP-59-60 i 1.85 1.58 16.09 
FP-55 2.48 1.30 25.0~ 

Thesel combined conditions are some~.yhat less severe th&u those of 
the previous t~ro-stage ran (FP-59-60), which also produced a free- 
• flowing char. 'But there does not seem to be any advs,utage in t~.m- 
stage operation over the single-stage Run FP-55 ~.zhich ,produced a 
free-flowing char. 

Run FP-68 ~.ras made at high gas ~ud solids rates and high 
oxygen concentration. The high o:,~gen concentration allowed the 
p~etreater to ~un without any heat input because .of the a~_ount of 
exother~niC heat p~oduced du~ing the reactor at these conditions. 
The run was termAnated ~,~hen the bottom .of the fluidized bed began 
to defl1,Adize and cool. ' Tl~e air-metering system would not aIlo~.T 
the higher gas rates needed to co~rect the poor fluidization and 
still maintain temperature and oxTgen concentration. The char ~as 
found to be lightly caked and had 27.2% volatile matter. 

Methanation ~ " 

Isothermal kinetic runs are being made with Ha~shaw Ni- 
Ol04T nickel-on-kleselguh~ catalyst. Data obtained from these 
zanas ~lll be used to develop a methanation ~ rate applicable to the 
tDree typical feed gases. • The effects of temperature and pressure 
on:the parameters of the rate law ~,~ill then be. determined. 

The equipment for the catalyst life Study ~¢as received, 
enabl±ng, completion of the unit.. We expect catalyst lifs studies 
to begin in June. ' .  

Coal Characterization : 

The heat-ofl~eactibn calorimeter ~las calibrated at 1000 
psia hydrogen and temperatures of 800°~ 900°, ll00 °, and 1500°F. 
The results were. satisfactory. ~ 
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. The heats of reaction of !~aw coa! (Ire!and. ,,~ine) with : 
hydrogen .at IOOO psia were meastu~ed ' at !0oo ~, 130o °, ~n6 !.500°F. 
Data are being ap~!yzed. 

'.' The coal was a~!yzed both before and after the reaction 
to obtain information on the p~rcent of coal gasified. .Gas' seanp!es 
were taken after each r'eaction to deter:nine the gases produced. 

The first series of tests is to s~udy the effect of tern-. 
peratume on the heat of reaction of hydrogen and coal. , A Second'. 
series of tests ,~,~_!! study the effect of pa~t'[ally gasified coals 
on the heat. of .reaction with h~'d~ogen. 

Dr'. Essenhi'~h has been retained to !29rform some chsm 
meactivity tests to develop information for t.~e desigp" of a cham 

~ roduce~.. 'Also in this area of activity, Babcock .& Wilcox 
Ope~ations) limited has been contacted regarding its work with 

pulverized coal vortex combustion systems. .in the U.S., all vor- 
tex units have been 'run as cyclone combustors with cosmse coal. 
Due to 'the need for'a small combustion volume (because of pressur'e 
considerations), a"vortex system appears attractive at this time. 

No. inventions were made this month in the course of 
t~is work. 

S i g n e d '  ( ' ' " " " ' ~  / /  ~ ' _ 

F~ank C. Schora, Manager 
.- 
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DEVELOE.~NT OF IGT }rfDROGASIFICATION PROCESS 

P~ogress'Report -- June 1966 

to 

Office of Coal Resea_~ch 
Contract No. 14-01-0001-381 

H.vd~. ogasificat !on 

S_~zz hydrogasification tests (Runs HT-1!5, }If-!!6, h~f- 
llL HT-Ii8, HT-IIg, and HT-120) were conducted in the balanced- 
pressure pilot unit modified for fluid-bed operation. In these 
tests a li&htly pretreated Pittsburgh ses_m bituminous coal was 
reacted in a fluidized-bed ~eactor maintained at two temperature 
levels. The top of the reactor (the free-fall space above the 
bed) was controlled at 1300°F, s_nd the bottom of the reactor (the 
fluidized-bed portion) was controlled at 1700°F. Feed gas was a 
mixture of' hydmogen and steam containing 50 mole percent steam. 
F ou~ of these tests (Runs HT-II5, HT-IIS, HT-I18, and HT-1!9) 
were partially successful in that steady-state operation was 
attained, but they were either of short duration, at a bed height 
below the desired 7 feet, or with feed gas rates less than those 
required for fluidization. Run HT-II9 ~as terminated because of 
plugged feed gaS tube ports, while the remaini~ tests ~ere shut 
down because of coal feed injection tube plugging. 

To help in preventing blockage of the coal feed, as ex- 
perienced in the recent series of tests, a motom-driven stirmer 
was installed in the coal feed tube for Run HT-120 and rc_n at a ~ 
low speed (5-10 rpm). It extend@d the length of the feed tube 
and projected beyond the end by i inch. The stirrer was a i/8- ~ : 
inch-diameter stainless steel rod formed into a spiral 3/4-inch 
OD with a' 3-inch •pitch. By operating continuously while coal was 
being fed, the stirrer would prevent deposits from build/rig up 
inside of the feed tube. In this test, a plug developed in:the 
feed gas transfer line and the run _had to be terminated after 
l-l/4 hours. The plug of metal scale developed at a feed gas 
transfer line fitting. • 

Coal Pretreatment 

Six pretreatment tests were run in the fluidized-bed 
pretreater to study minimum pretreatment conditions and to supply 
the hydrogasification unit with nonagglomerating feed char.. 

Nominal conditions for the tests were: 
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Run No. 

• FP-69 
FP-70 
FP-71* 
.FP-71A 

• FP-72 .* 
FP-72A 

Avg .Solids Res 
T.ime t hr 

0,55 " 

0.52 
o.3o 
o.3~ ' 

0.50 
o.~9 

Feed 'Gas Rate, 
SCF/hr ..... 

8OO 
lO03 
8OO 
789 
700 
674 

Oxygen 
Conc,% 

21.0 
21.0 
21.0 
19.2 
21.0 
21,0 

Intended run condltions, but not attained." 

Avg Bed Temp, 
O F - 

' 7 2 g  
707 
775. 

" 7 6 7 ' '  
775 
775 

Bi'tuminous coal cr~shed to--16+80 :f~om Cohsoiidation' 
Coal's Ireland mine was used as the feed for th@se ~uns: All 
six tests were attempts to produce free-flowing chars with a re- 
latively high volatile content • (26-28%) with only air as the . 
feed gas This series of runs demonstrated the higher through- 
putcapacity that the pretreater unit is capable of achieving. 

• ' Runs FP-69 and FP-70 ha~ a bed height of "7 feet,. The 
remaining 'fou~ runs had a' bed height of only. 4 feet to"reduce • 
the coal residence time• and the amount of gas' needed, for good 
f.lufdization. These runs fumthe~ demonstrated' that the muount .. 
of' exothermic heat of' reaction produced ~ith hitch oxygen concen- . ' : 
t~ations 'is sufficient 'to maintain .the bed temperature 'without 
additional heat input... '': " '' " 

The first 100% 'air run 'was FP-69'. The run was termina- 
ted after 4 .houms because..the product, line.begame plugged with c'on-, 

.' .densed tars and fine. solids. The 'cha~ was found to be heavily' 
caked with 27.-28% volatile matter . . . .  

Methanation .. • ., .. 

' ' ' Methanation ~uns' at' '550°F ' have been carried • out using 
the three' typical hydrcgasifier products as feeds. These ~'~s " 

" cover .a. range of CO compositions .in the methanation, pro~:act of. 
• .'l.0 to 4.5%. Several rate 'models are being tested for' fit to 

'these data. More. data wil,1 be needed in' the ~egions below I. 0% 
CO and above '4.5% CO at .550°F fo~ accurate' rate. modelldetermina- 

The 'catalyst life • test uf/t, construction is complete 
a~nd equipment calibration has begun., .. 

Coal Characterization .. • 

The. heat' capacit.~ of•the calorimeter metal was deter- 
mined at 200 °, i000°, 1300 °, and • 1500OF with'the drop calorimeter. 
The results ame slightly lowe~ than those obtained from the heater 
calibration. . : ' ,', 

"' The heat-of-rea~6tion c&lorimeter was disassembled for 
clean/r~- operations and the rmocouple repairs. It was then re-' 

:- : : : ' ' "' -2-... 
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assembled and pressure tested. • The heat of reaction of pretreated 
coal ~.rith hydrogen is being determined, • 

Enaineerin~Economics Studies • 

A modification of the cost estimate for orcduction of 
high-Btu gas by the IGT hydrogasification .process is no~..z unde~ 
way to :establish the effects of' near .experimental results on gas 
costs. Most changes: are a result of being: a fluidized bed rather 
than a moving bed. for. contacting gases and solids in the hyd_~o- 
gasifier section. ~ , : . 

• Preliminamy contacts have been "made. ~,Tith several e.~in' 
erring firms c0ncsrning the preliminary design of a 1-3 ton per 
hou~ pilot olant.' Firms ~ '=~ - • , C O H ~ a c ] ] ~  a r e :  " 

C. ~ ,  B r a u n  ~ co .  
. Bechtel Corp. • • 

• .Fost er-~eeler Corp. 
. ~. Cameron and Jones, T_nc. 

Stone and Webster, • Inc 
Fluor Corp. ~ Ltd. 
The Lunm~s Comp~uy . 

We pla,u to invite•two of these fi~msto submit formal .proposals. 
Our selection of the. t~o firms ~ill be based, on. their e~,per-" .... ~=~c= 
~Ith fluidiza.tion, s01ids..handling, and .~,_~h-pressure operation. 
Their interest ,in %-ofFing in the a_~ea of' ccal tec.b_nology ' ~,,ill 
also b e  considered. ..: 

No ~ne~ inventions ~,zere made.d~ring the month ~"t~e 
course of .tkis ~Tork. 

. . . .  - . . , . /  S .  
A p p r o v e d  j " _." , S i g n e d  • -...Y". _.',..... :. ,;" , ; . ;  

Jack . Associate Director . Frank 0..Schora, Manager 
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DEVELOPMENT O1 ~ IGT HYDI%OGASIFICATION PROCESS 

Progress Report- July 1966 

to 

Office of Coal l~esearch 
Contract No, i~-01-0001-381 

Hydro8asification 

seven hydrogasificati0n tests (P~uns HT-121 to HT-I27) were conducted 
in the balanced-pressure pilot unit. Allwere conducted with a lightly pre- 
tl-eated Pittsburgh seam bituminous coal (Ireland mine) which was reacted 
~ith a hydrogen-steam feed gas mixture in either a 3-1/2- or 7-ft-deep fluid- 
ized bed. Temperaturesat the top of the bed and in the free-fall space above 
the bed were held at 1300°F; the temperature at the bottom of the coal bed was 
controlled at 1700°F in Run HT-IZl and at 1800°F in the other tests. The pur- 
pose of these tests was to combine the low-temperature and the high-temper- 
ature hydrogasification stages in.a single operation. Nominal coal feed rates 
~or the first six tests were 53 Ib/hr, the hydrogen/coal ratio Z5% of stoich- 
iometric, and the steam concentration ~ 50 mo!epercent. For l~un HT-IZ7 
the corresponding nominal feed rates %yore 74 Ib/hr of coal, Z5~, of the stoich- 
iometric hydrogen/coal ratio, and 30 mole percent steam. Two of these dual- 
temperature tests (Runs HT-IZI and HT-126)were completely su'ccessful; one 
(Run HT-125) was partially successful. The other tests were terminated he- 
fore steady-state operati0n was reached because of mechanical difficulties. 

l%un HT-IZl was a successful dhalltemperature test conducted withe 
7-ft-deep fluidlzed bed. After ir~itially establishing a 3-1/.Z-ft coal bed, 
the coal bed height was increased in stages to 5 ft and finally to 7 ft. The 
entire test lasted 6 hours, of which nearly 3 hours was withe 7-ft coal bed. 
Carbon gasification was 34% of the carhen in the coal. A product gas of 
568 Btu/SCF (nitrogen-free basis) was produced. : 

Hydrogasification conditions for Run HT-125 were similar to those 
for l%un HT-IZl, except that the bottomlof the coal bed was contro1.1ed at 
1800°F to check if additional steam reaction could occur. This test was par- 
tially successful h% that ste;~dy-state operation was established ~vith a 5-1/Z- 
ft fluidized coal bed but not at the higher bed height. Carbon g&sified in the 
3-1/2-ft coal bed was about 38~ while produc~-ug a product gas of 534 Btu/ 
SCF (nitrogen-free basis). 

l~un HT-IZ6 was conducted to check if the bed behavior and tempera- 
tures along the entire reactor length wouldreach steady values at extended 
duration. The entire test was, therefore, conducted with a 3-1/2-ft coal 
bed. The test was completely s~/ccessful, lasting over 6 hours. 

Coal Pr etreatrnent 

Six pretreatment tests were run in the fluidized-bed pretreater to 
study minimum pretreatment conditions and to supply the hydro gasification 
unit with nonagglomerating feed char. 
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N o m i n a l  cond i t i ons  f o r , t h e  t e s t s  w e r e :  

R.un No. 

FP-73 0.46 
FP-74 0.56 
FP-75 0.35 
FP-76 0.43 
FP-77 0.40 
FP-78::' 0.20 

::: Intended r u n  

~-Avg Solids Res F e e d  Gas Rate ,  
Time, h*" SCF/hr 

783 
765 
578 
778 
7Z7 

• 1000 

conditions, but not attained. 

O.,~y~ en C'onc,' 

16.47. 
16.19 
21.0 
16.04 
16.44 
Zl. 0 

Avg Bed .Tem!~,' 
o. F 

772 
769 
726 
736 
738 

• ' 775 

B i t u m i n o u s  coa l  c r u s h e d  ~'nd s c r e e n e d  to -16+80 m e s h  f r o m  C o n s o l ' i -  
datioh'Coal's Ireland mine was used as the feed for Runs FP-73, FP-74, and 
FP-78.. The feed for the remaining th'ree runs were chars produced in pre- 
vious r u n s  t ha t  w e r e  fo{lnd to be h igh ly  a g g l o m e r a t i n g ;  In t h e s e  runs ,  the 
c h a r s  w e r e  f e d  t h r o u g h  the p r e t r e a t e r  aga in  a t  high so l ids  r a t e s ' a n d  high oxy-  
gen concentration to bring down the.volatile matter and make the chars non- 
a g g l o m e r a t i n g .  The t a b l e  be low c o m p a r e s  the feeds  to the  t h r e e  runs  and 
the r e s u l t i n g  product c h a r s .  

Run No. 

FP-75 
FP-76 
FP-77 , 

Avg '% ~rolat i les  A g g l o m e r a t i o n  
in  F e e d  in  P r o d u c t  F e e d  P r o d u c t  

27.8 26.2 .' . Fused' Free-Flowing' 
25.2 Z4.1 ' Caked ' ' Free-Flowing 
25.9 24.3 : Caked FJ:ee-Flowing 

iViethanatioh '. 

K i n e t i c  r uns  w e r e  m a d e  wi th  I-Iarshaw Iqi-0104T ~lickel o'n "kieselguhr 
a t  l o w , s p a c e  v e l o c i t i e s  and t emper~ ' t u ' r e s  of 5500,to 800eF. It  w a s  p o s s i b l e  
,to reduce the CO content o£ the low-CO feed gas (2.'8%, CO, ii. 8% H~ to 
about 0. l~ at as low as 5500F. A maximum'dry product ga,s heating value, 
of 996 Btu/SCF was,obtained at 550°F. 

To study the,methanatior.' reaction at high CO concentrations (5-10 %), 
h i g h e r  s p a c e  v e l o c i t y  r u n s  a r e  being m a d e  th i s  month'. , . 

The catalyst life test unit is in operation. A_~ iron-ammonia synthesis' 
catalyst will be. studied first in an attempt to increase' higher hydrocarbon 
production through, f i x e d -  bed operation. 

Coal Characterization 

We are continuing the study of the•agglomerating tendency o£ pretreat- 
ed coalwith'the hypothesis that particles having no oxidat:'on skin are the ones 
that agglornera~e. Kesul£s of measur'ements on two samples of Ireland coal, 

.. one that caked in the agglomeration test, and one that did not, agreed.with this 
hypothesis. "A similar test on Broken •Arrow coal did not agree, but it appears 
• that ~thls ,agglomeration test was in error. 

Z 
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,%/tin0r modifications are' being rxfade on the heat-of-rcacticn calori- 
meter to eliminate the effect ,bf heat input to the calorimeter bomb. Some 
early tests show that the first-phase hydro2asification reaction of the most 
reactivu carbon is definite.ly exotherrnic. 

IGT consultant, Professor R. H. Essenhigh of Pennsylvania State 
University,rope rted on the first combustion tests of the hydrogasifier re- 
s idue .  The c h a r  showed e x c e l l e n t  burnin• b e h a v i o r  with a s t ab le  f l a m e .  
The peak  wal l  t e m p e r a t u r e  On the f u r n a c e  was  be tween  13000 and 1350°C, 
comparable with the best run.on raw Pittsburgh seam bituminous coal. He 
sees no reason, therefore, why there should be any difficulty with ignition, 
even under pressure, of this residue in a char producer. 

Engineering,  E c o n o m i c s  Studies  . 

Modifications o£ the cost estimate lot production of high-Btu gas by 
the IGT hydrogasi/ication process are continuing. 

Two c o n t r a c t o r s ,  Bech te l  Corp.  and  F o s t e r  W h e e l e r  C o r p .  have  been  
asked to subnRit:proposals to conduct prdliminary design and cost estimates 
of the I-3 ton/hour pilot plant. 

work. 
No new inven t ions  w e r e  n~.ade du r ing  the  m o n t h  in the c o u r s e  o£ t h i s  

Approved ~e 

" J a c k I ~ / b l ' e r ,  Assoc ia te  D i r e c t o r  F r a n k  C. Schora ,  M a n a g e r  

I H S T I T , U T E O F 
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DEVELOPMENT OF IGT HYDROGASIFICATION PROCESS 

Progress Report - August 1966 

to 

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

Hydrogasification ' ' : 

Three hydrogasification tests (Runs HT-128° HT-!29, and 
HT-13O) were conducted in the balanced-pressur-e pilot u~;t. In 
the first two of these tests the feed was a lightly pretreated ~ 
Pittsburgh seam bituminous c6al (Ireland mine); HT-130 used 
li~htly pretreated Ohio No. 6 seam bituminous coal, (Broken ~_~z-ow 
l.Ltne) aJ feed. ~lese coals ~.~rereacted in a 3-!/2-ft-deep fluid- 
ized bed with a hydrogen-steam feed gas mixture contai.~!n.v, either 
30 or 50 mole percent steam. Temperatures in the free-fall sec- 
tion above the Coal bed. were held at about 1300°F" the temoerature 
at the bottom Of the coal bed was cont~olled at 1700°F in ~hms HT- 
].29 and HT-130, at 1800°F in Run HT-128. Rims HT-128 and HT-i30 
were conducted at the standard reactor pressure of lr, e,O psig, Run 
HT-lO9 st 1500 pslg. TT~ese tests are apart of the s~-~_-ies invests_- 
gating hydrogasification in a dual-temperature operation. Nomd_ual 
coal feed rates were 74 lb/hr in the first two tests, and 53 lb/!~ 
in Run HT-130. The'hydrogen/coal ratio in all these tosts was 25% 
of stoichiomctric. All the tests were successful and of .~,~'~c_e..t~ 
duration for evaluation of test conditions. 

In Run HT-128, the co~l bed was successful!~, n~_ntaincd 
at 1800%'. The relatively high coal feed rate Of 74 Ib/bm and the 
redl,ced steam concentration of 30% in the feed gas hel~ in keep- 
i~,' tl~is temperature level. The test lasted 5-3/4 hours, and was 
terminated when the coal feed supply was spent. • Of the carbon in 
the coal, 37% was gasif'ied. A product gas of 564 Btu/SCF (nitro- 
gen-f~ee basis)was produced. " • 

' Rtu~ HT-129, conducted at 1500 psig, is the first hydro- 
gasification test made .in the.balanced-pressure pilot unit at a 
pressture l]igher than the standard 1000-psig level. The objective 
of the test was to see if improvements in cambon gasification snd 
in the .product gas heating value could be realized at presstu~es 
above lO00 psig. The run was ended after 5-3/4 bourns .when the 
coal feed supply was used. up. Carbon gasification was about 37%. 
A product zas of 581 Btu/SCF (nitrogen-free basis ) was produced. 

R~Lu HT-130 }n[th Ohio No. 6 seam bit~v,~nous coal was con- 
ducted at the standard fluidized-bed dual-tempe~atume rm~ condi- 
tio~]s. Earlier in the progrs~n this coal ~as hydrogasified in a 
too: iI~ coal bed at one temperatume level (August !965 Project Sta- 
r.us Report). The objective of the test was to evaluate ~heper, 
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formance of the •Ohio No. 6 seam coa'l at f'luidized-bed conditions. 
,'.The h~'d~_~ogasificaticn test {,:a,s successz~!, lasting over 4 l~ours. ' 
The !~un had tc be _._.:._.t~'~-~.~,__~_ somewh~.t short of" the. m:odr~'mmod 5- 
~/.o_ _ ho~s:s when a _..]=~.'e':~. leak'developed ....~,~ the co:~_necto~ f'.ittin~', at 
the top of the reacto!~. '. 

Coal P:~etz~oatmbnt 

"' Nine Dre~rea'Ln!cnt tests wor.'e made in the flu)_d'Lzed-bed 
r)~",-'t~.~eater to study mini.:~ "~+~-~,*,'~=~+' conditions a~.]r] to s'qppl~ 
l ~,e... l,yd~'o:~as!, i~c~,_"~ ~ ~ ~ ore_. . . . . . .  ~[r,!ts ~.,/ii h : v~o ¢.~1. ....... O~:le!-a'b~ ,~ feebl cha. ~ . 

• ' Nominal conditions for the iA:si.;s wel, e: 

" ._~:¢g Solids Res Feed' Oas Ra;.c-, "O;qz~en Co:w, ~:v,," B..n 
~l:~. No. Time, bl • ,SOF/'.,m ": '~ "" :~ ;~ • ' 5:e!~!Yb 'i- 

'.'RP-YSA 
PP-79 
PP-80 
PP-8! 
FP-82'" 
PP-S2A: 
FP-82B" 
FP-820 
FP-83 

0 . 3 0  
• 0.30 
• 0 . 2 ~  

. t 

O. 2o 
o .  25 
0~25' 
o.~5 
o. ~5 
0 .23  

!~5!. 
m33 

].15. ° 
109.6 
.llO0 
!!co. 
! !co . 

1128. • 

IO'TT. 

21.0 
21.0 
21.0 
2!.0 • 
2i.0 
21.0 
'2]..'0 
21.0 
21.0 

7 8 ' - :  

7 O , 7  

815. 
815 
o].;, 
81;] 
815 

• Intended _ ~ - m !  conditions, but not attaLned. 

Bituminous coal. c~ushed an6 screened to -16+80 mesh 
. ~ _  IL',e From Consolidation ('o~l's !9-,iand m_~no, was use:] as _:., food fol ~ 

~'--v.~ attempts to inc_~easc t]:o capac].- c.ll p.ip..e _~uns. These z.uns :.~_~ 
t}f of" the "o_~_it as well as to abhiev~ stab!c.: rLU~ %Tit.h, O'-.'L!5" air 
as the Dretreatment gas. Considerabie difficu]ty ~..ias met when 
t~y!ng to .ooer-ate bne unit ~7oove 800°F. "'" ] _ ~'" C~.:u~o_ of %]-:e' :~oacti.on 
can be attained at, 800°F with .,:, 15-minute z.,.:~idence .time. This 
.'~ppeams at present to. be the p~.ctJ.ca! limit of Im~etr.eator.- c~.p:-:- 
,':; ty. 

Mcthanation ' . " 

A study • of the methap~ticn reaction catalQjzc.d by .Hem- 
• • shaw NA-OIO4T nickel catalyst .l~%s revealed that; at'h.L~'."'.n,'-,'.z .'CO 

concentrations (5-!O[J) : 

a. 'For~.~tion of Ni(CO)4 miE)~t occur si~nlficaotl~; at 
• tem.peratumes above 5500F, . and . . 

b. Dill\Is!on' of ~eact'ants.and products into the por- 
ous' catalyst m . i g h t  influenc-e'~ the obser~Jed r a t e  of 

.' . Lhe__ methanation ros.ction, 

A c'omparison will'• be m&de of t h e  obsemved meaction rates' for sev- 
eral catalyst particle.sizes a~; ~r,~ temperatures (,~bovo 55o°F), ' 
and in the 5-1o% CO range. ,. 

2' 

, % 

\ 
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The catalyst liTe test unit was used for a meth~_~.tion 
m,a -usi1~ iron-ammonia synthesis catalyst. The feed ~as contain- 
e~ 12.3% CO~ 29.5% H2, 1.2% C2Hs, and the balance CH~ and inerts. 
Two steady-state periods were attained with apace ve].ocities of 
894 and 226 SCF/cu l'i; catalyst-hr,; i000 psig, and a ma.~m1~m bed 
temperature not exceeding 500°F. . ~$ith the lower space v.elocity, 
(.'. I% CO was removed, ~bt~t heavy :hydrocarbon content ,of the product 
gas did not exceed 3%. Of" this, about 40% ~¢as composed of ole- 
i"ins. TIse heating value was low - about 840 Btu/SCF - due ~to th¢~ 
product containin~ about 4% CO~ .and 20% H2. :Sin~lar ~e~u!ts,wc~e 

attained+with the higher space velocity, but with ~ hithe_~ CO ~nd 
lower C2 ~ the Droduct gas. The successful increaso i~.~ heat- 
ing value of msthanat~or product ga~ by use of iron catal~:st de - 
ponds -g~eatly on the follow-up nickel catalyst reactor wl:ich~mL1st 
mcthanate the C02 s~nd H~ without hydrogeno!yz~ng the ,¢"-'2"" o a r a f f ' ; _ _ n s , _  . 

r 

Coal C.h~acterizati.on ' ,, 

Connection shields of a better design " ~ , : e l ~ e  zns~a.].led in 
the 1~eat-of-~eaction calorimeter. ~",..n!s" modifY-cation reduc,es the • 
heat loss to a minimum, and permits much .b~ter ~eOroducibility of 
:~xocrimental results.. Work, on Ireland mine.coal is being contin- 
ued. , .  • ' 

. .F, nr~..LncerLng Economics Stu.di~.s 

A process design and cost estimate fo~ a 250 billion 
Bta~,/day pipeline' gas plant has been completed.. _~]is design d!f- 
fr:.rs from the state-of-the-a~t desi~ in that the _hydrogasif!ca- 
tion step is based on fluiclized-bed pilot plant .data. ~-~e hydro- 
~:en is supplied by the ste~m.-lron process. Total capital invest- 
~eu~ is $1.05,300,000 and price of gas, v ! t h  $4.00/tor, coal, ~an2;es 
from 50~2~ to 54~/million Bbu, depending on by-preduc:t fuel cr~- 

• dits. . .  • . ,  , 

Bechtel Corp: &nd Foster ~leeler COrp. have submitted 
p~oposals, by invitation, for the preliminary desi~n of the hy' 
dl~ogasification Rorti0n of the propQsed pilot pls_nt. Uihese pro- 
posals are now being reviewed. ' • 

: NO new inventions.were made during the month in the 
course of thiswork. 

oved c/"7,~. : ' ,  ,: ' ;  : . ~ / , - - - "  Signed"~_ " • : ' - t :  - - - - -~: -_  

Jack Sueb~', Associate Di,ector Frank Sc/hora, Assistant Director 
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DEVELOPMENT OF IGT H~gROGASIFICATION PEOCESS 

Progress Repo%t- September 1966 

to • 

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

H~drogasification ~ ~ 

Bix hydrogasification tests (Runs HT-131, HT-132, HT- 
133, HT-134, HT-135, and HT-'136)were made in the balanced- 
presstu~e pilot unit. The first two were ' conducted with a light' 
ly pretreated Ohio NO. g seam bitumlnous coal (Broken Arrow mine). 
The coal was reacted in a fluidized bed with a hydrogen-steam 
feed gas mixture containing 30 or 50 mole percent steam. Tem- 
peratumes in the free-fall section above the coal bed were held • 
at about 1300°F; the temperature at the bottom of the coal bed 
Was controlled at 1800°F inBun HT-131 and at 1700°F in Run HT, 
132. ~ In the four other tests, an untreated but dried North Da- 
kota lignita was reacted with a hydrogen-steam feed gas .mixture 
containing 50 mole percent steam. In Runs HT-133, HT-13@, and 
rHW-136 the lignite was reacted in a fluidized bed; in Run HT-135 
it was reacted in a moving bed. Hydrogen-to-liguite feed ratios 
were ~ 25% of stoichiometric in all the tests except Run HT-132, 
in which it was 20% of stoichiometric. The two tests with Ohio 
No. 6 seam coal and the moving-bed test with lignite were com- 
pletely success~al. The three lignite tests conducted at fluid, 
ized-bed conditions were terminated beforesteady-state operation 
could be established due to plugs in the coal feed tube. 

• In Run HT-131, Ohio No. 6 seam coal, fed at a nominal 
rate of 75 lb/hr, ~Tas successfully gasified in a 2-ft-deep coal • 
bed. Following 2 hours of steady-state operating° the .bed depth 
was increased!to 3-1/2 ft in order to determine the effect of 
coal bed depth on .hydrogasification. One hour after the 3-1/2- 
ft coal bed was established the coal feed screw jammed when some 
of the coal agglomerated near the end. of the coal feed tube. The 
operation with a 3-1/2-ft coal bed ~as too short for a reliable 
evaluation of the results at that depth. 

In Run HT-132, Ohio No. 6 seam coal was gasified in a 
3-1/2-ft coal bed when fed at a nominal rate of 66 lb/h~. A 
steady-~state ~ operating period of nearly l-l/2 hottws was obtained 
before the coal feed screw jammed, due mainly to product gases 
working up to the feed screw. Two openings in the coal feed 
tube insert were inadvertently left open allowing product gases 
to rise to the screw. 

~Ahnas HT-133 aud • HT-134 were the first two attempts to 
hydrogasify an untreated North Dakota lignite in the balanced- 
pressure reactor. The lignite reacted in a 3-1/2-ft-deep fluid- 
ized bed operated at 1700~F, with a temperatume of about 1300°F 
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in the free-fall, section above the solids bed. The feed rate 
was 53 lb/_hr inRun HT-133, amd 79 'lb/h~ in Run HT-134; The 
feed in both runs contained about 21% moisture. Both tests 
lasted a little over 2 hours. They were t6rminated when the 
feed screw jammed after a series .of. reactor pressure fluctua- 
tions and upsets. . '  ' • - 

• The North Dakota lignite Fas successfully gasified'in ' 
Run HT-135 by.rea'cting it 'in a 3-1/2-ft moving bed with a hydrogen- 
steam mixture. Lignite ahd gas feed,rates were reduced to 'about 
one-half of. those in _Run HT-134. • The lignite, feed rate was. a 
nominal 40 lb/hr, and the .hydrogen and steam' rates were both 
265 ;SCF/hr.' The entire test lasted 7-I/.4 hours.. For the' last 
• 1-i/2 hours, the lignite and' gas feed.rates were doubled, and 
.fluid-be.d operation was established. The fluid-bed 9Perating. ' , ' 

Period .was characterized by significant..pressur'e fluctuations. • 
but' these did not' affect the screw feeder. The run was terminat- 
ed when the lignite feed supply was used up.. " ' '' 

The fluid-bed hy~L~ogasification of lignite..was 'again 
'tried in Run HT-136.. Conditions were siniilar to those of Run. 
HT-134,. except that the lignite feed rate..was adjusted, to 66..lb/ 
hr to compensate, fo~ 5% moisture in the lignite'. Within. 3 min- 
utes of the start of lignite feed the screw' feeder jammed and 
could not beclea~ed. This extremely short feed period indicated 
that the. feeder was already partially jammed before the screw was 
turned on. There were. two interruptions during pressurlzation 
of the unit to lO00 psig when .the press'~e had to .be reduced to 
atmospheric .from about 50' psig to clear obstructions in the feed 
gas line. During these times lignite had been suddenly drawn 
from the feed hopper at a high rate into the coal feed •tube where 
it bridged. 

Coal Pretm. eatment ~ . .  

Eight pretr@atment tests were run' in the fluidized-bed .' 
pretreater to study mlnimum.pretrea~ment condit!6ns and to supply 
the hydrogasification unit with nonagglomerating feed char. • 

I 

Nomir~l conditions for the tests Were:. 

Run N o . .  

FP-84* 
FP-84A . 

FP-85 
FP-86 
FP-87 
FP-88 • 
FP-89* 
FP-89A 

* • Intended run c6nditions, 

Avg Solids Res 
Tim.e ~ h~ 

0.25 
0.26 , 
o. 43 
0.42... 
o . 3 o  
0.30., 
O.3O 
0.30 

Feed Gas Rate, Oxygen Conc, 
S C F / h r  , . . . . . .  

i000 21'. O '  

952. • 21. O. 
649 17.3 
675 . 21.0 
904 2 i .  0 
902 " 21.0 
875 21.0 
867 21.0 

but not attained. 

Avg Bed . 
Temo, °F 

80'0 • 
8 O l  

• '~714 
72o 
778 
8Ol 
8oo 
804 

i.. 
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Bitt~inous coal~ crushed and screened to -16+80 mesh, 
was used ~ as feed for six of .the-rqms. Runs FP-8"4, FP-84A, and 
FP:85 used Pittsburgh No. 8coal from Consolidation coal.s Ire- 
land mine. The remaining runs used an Ohio No. 6 coal from 
Peabody Coal's Broken Arrow mine. Runs FP-85. •and FP-86 used 
various, previously pretreated char as feed material. 

These runs ~rere made mainly to supply the hyd-~ogasifier 
with nonagglomerating feed char, but different conditions for 
pret_reatment are being investigated onthe Ohio coal as time per- 
mits_' The Ohio No. 6coal at this time seems to-be very similar 
to the Pittsburgh No. 8 c0al in the amount of pretreatment'nec- 
esssa~y 'to render it free-flowing. 

Methar~tion • ' • 

A life study was made using a ne~¢ lot of Harshaw Ni- 
• 0!04T nickel catalyst to check variations in the manufacturer's 
samples ~. • Three weeks of steady operation weme achieved at io~¢ 
space velocity, with the highest bed temperature about i0250F. 
Carbon monoxide was ~educed to less than O. I% in the product, 
but data on methanat!on of C0a were not obtained due to a 
deficiency of hydrogen in the feed gas. All the ethane and 
heavier hydrocarbons (3.4%) were ~converted to methane. The cata- 
lyst did not appea~ to deactivate. • A similar test is planned 
for C-ira-diet G-65 nickel catalyst. 

Coal Character~ Zation 

• The heats of reaction of• hydrogen and coal were mea- 
sured at 1300°F and 1000 psia. The coals and chars measured were 
Ireland mine raw .coal, pretreated coal, lo~-temperatttre hydrO- 
gasifier residue, and high-temperature residue. The samples •and 
results of the runs are being analyzed. 

The heats of reactions of hydrogen and coals are no~ 
"being measured at higher pressures and temperatures. 

• L 

Engineering Economics. Studies , 

The report on process design and cost estin~te of a 
pipeline gas plant using the steam-imon process for coal gasi- 
fication was distributed. 

We ihave made some prelimlnarff cost estimates of the 
cost of pipeline gas with hydrogen derived from a synthesis gas. 
This gas is generated by gasification of spent char using elec- 
trical resistance to provide the energy for gasifieatlon. 

An invention was made this month pertaining to the 
operation of the hydrogasifier. T-q. o~]~ present concept of the 
process, the hydrogen/csmbon monoxide ratio of the gas going to 
the catalytic methanator is governed by the amount of steam de- 
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composed ~n the hydrogasifier, mud the 'amount of "exter:~al hydrogen 
fed to the hydrogasifier, A shift reactor is avoided. Under cer- 
tain conditions it may be difficult to .control the .H2'/C0 ratio "at 

,,3.5 -:an ideal ~ati6 which enables conversion of essentially all 
the, cawbon monoxide and hydrogen to methane. In otto, preBent con- 
cept, Should the ratio tend to be higher, C0m is methanated, to ~e-. 
move • the ~The' This is somewhat' undesirable because it.wastes hy-. 

' invention involv'es the use of electrical heating drogen. 
either by resistance', arc, or' induction methods to supply addl- 
• tional heat to .the fluidized-bed .portion of the hy.drogasifier. 
By supplying ,this heat, additional•..steam will be "decomposed'~ which 
lowers the H~/C0 ~atio. This makes 'it unnecessary to methanate 
• C0~ to .p~.oduce a high-Btu gas. 

Approved _~,~_ Signed 

Jack Hueb~., Associate Director Frank t • Schoral . ' A s s ~ s t a u t  Director 

¢* 
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DEVELOPMENT OF IGT HYDROGASIFICATION PROCESS 

Progress Report " October 1966 

~. to .. 

Office of Coal ~Eesearch 
• Contract No. ' 14,01-0001-381 • 

i. Three hyd~ogasification runs were attempt@d, ' All 'three T.~ere 
termlnated.before steady'stato.'operation began.. There were 
meoha~uical problems with the feed system in. two a~.d a steam 
leak at the.base of the,reactor.in the third. .These diffi- 
culties have been corrected. 

2. B~cause of gradual failure of thermocouples during 18 months 
of operation, temperature ,control was lost i_u the lowe~ sec- 
tion of the tv" 4, resulting in failure of' the tube wall due .. 
to overheating. • .The 4-in.-die~n reacto~ tube was replaced 
~.~th a new tuba equipped .~ ~_~,~ a new set of wall thez~aocouples. 

3. Six fluidized-bed coal pretreatment runs were attempted. Of 
these, five were successful. .These tests were made on ~o. 5 
Block coal f~om West Virginia to determine minizTam pretreat- 
ment conditions, and .to supply material for hydrogasification 
t e s t s . . .  " 

4. In the catalytic methanation program, the reaction ~ates fc', ~ 
Girdler G~65 catalyst are being determined. This work is 
providing data for the preliminary pilotplant design, 

5. ~le economic study.report, "Evaluation of the Effect of By- 
Product Char Pr.oduction .on the Economics Of Pipeline Gas 

• Manufacture" was submitted. This. studyj which.was based on 
the original state-of-the-art design, indicates that gas 
.cost can be .reduced by about 4 cents when by-product char 
amounts to 35-40% of process coal feed. 

6. We a~e ,now .cooperating with Bechtel Corporation to define 
,the pilot • plant flow sheet 'on which Bechtel' s fixed price 
estimate for the prbliminary dbsign work will be based. 
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H~rdr oga s i f i c  a~t .i~on . ., . 

'T_~mee h y d r o g a s i f i c a t i o n  t e s t  s t a r t - u p s  w e r e  made i n  t i e  b a l -  
a n c e d - p r e s s u r e  • pilot' unit . (Runs HT-137~ HT-137b, and. HT-137c ): 
The objective of' these tests was tQ ~ydmogasify an untreated'. " 
North .Dakota lignite in"a 3-1/2-ft-deep.fluidize.d bed with a' 
hydrogen-steam feed • gas mixture, cbntai.nir~ 501mole .percent steam. 
Nominal lignite feed rates were 66 lb/br~ and the hydrogen/coa± 
ratio ~as 25% of the stoichiometric rati6' of 34 SCF hydrogen per 
lb lignite.. .The temperature in the free-'fall section above the 
-li~_ite bed was held• at about 1300°F; the tem peratu.~e at the 
bottom of ithe lig~_ite bed was held near 17OO°F. .Two '.of the.se' 
tests (Runs HT-137 and }~-137b)were terminated soon 'after s~art- 
up because 'of mechanical, difficulties .with .the lignite screw 
feeder. In. Run HT-13Tc, 'zteady-state operation was established, 
but, .becAus@ the lignite could 'not be discharged from. the bottom' 
of the bed, 'the test had to be terminated.. 

About 3 l~in after the.~ start of lignite .feed .in Run'HT-137~ 
.the feed screw jamued. • Efforts to clear the screw by reversing, 
by reducing and stopping gas and steam •feeds, and by depress~Jm -.. 
izing the reactor failed. After shutdown, we discovered tha~. 
the pressure-equalizing rupture disk between, the reactor and the 
~_~eactor shell was' ruptured. This suggested that the screw jam- 
med because of a lignite .plug in the feed tube caused by .a pres- 
stu~e' •upset induced by the ~uptu~sd disk..' 

• in Ru_u. h~f-137~ the .li~aite feed .screw jammed again after 
about 3 rain of operation. No lignite plug was found after this 

-test, which indicated that the feed screw jammihg was essentially 
mecha_nical in natume. 'This ~.las confirmed by'a series of feed 
'tests at atmospheric pressure in which the screw jammttng during 
the tests, was duplicated. 'The screw began' to bind in the screw' 
housing soon after, the hohsir~ filled with solids. The. bindin~ 
appeared to be primarily in a section near the connection be- 
tween the screw housing and the hopper:. To. correct this,., the 
diamete~ .of the 'flights 'ih' this' section was reduced, by 1/8 .in." 
"Also, 'to •reduce the. possibility.of ~ind~ug at other points, the 
front edges of the flights of the foz~a~d 18 in. of the screw 
were beveled. After these modifications, the lignite feed mech- ' 
anism was' tested again. .No binding occurred durlng operation 
~.~ith a .variety of feed rates. 

In•Run HT-.137c'~' the' lignite bed reached .~-1/2 ft, and the lig- 
nite, hydrogen, • and steam rates were stabilized'as steady-state 
operation 'was. being established. However, .lignite would not dis- 
'charge from the bottom• of the bed~ so the test had to be shut 
dm, m •after 2 hr of operation. This difficulty was. caused by. a' 
leak • at the base. of the hydrogen-steam feed tube. The leaking 

'" steam •condensed in the discharge housing,, wetting .the lignite ' 
'so it ~.Tould not flow. 

. : t 
I 
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After Run HT-137c, we found that the feed gas tube,• the ther- . ,  
mocouples~ and the gas sample probes• were• damaged by fusion of 
• ICho  metal at two points. At the lowe~ point, corresponding to. • 
the bottom of the furnace, they were fused to the inside wall of 

the reactor tube. After the damaged components ~.mre r~em0ved, a 
pressure • test revealed that the reactor tube had also been dam- 

aged, so it was also removed from the shell There ~Tas one lsmge 
(6 X 2 in. ) hole .and: four smaller hbles .in the ~all of the reac- 
tor tube. These were formed by fusion of the metal near the 
bobtom of the furnace section.' At a level cor~espondi~4 to the 
top Of the solids: feed Bed, there were about six~ small-diameter 
• holes (i/8-'1/4 in. ). These holes resulted f~om attack of the 
metal from the inside of the tube. " _~_e i~sion of the reactor 
• tube 'and of the internal components was primarily caused by the 
loss of temperature Control in the bottom, zone of the reactor 
flirnace ~¢hich ~eshlted from failume of the t hermocouples in this 
Z O!1~ • 

A replacement 4-in,-pipe, Type 446 steel'reacto~ fiube, sm~i 
32 wall thel~mocouples have been installed, Reassembly of the 
pilot unit equipment components at the top and the bottom of 
the l~eactor is c0ntinuir~. ~ 

Coal Pret~eatment. 

.~-" pretreatment •tests were ~un in the fluidized-bed pretre~t- 
c~ ~ to study ~.~ini..mum pretreatment conditions and to supply the 
hydrogasification in, it with nonagg!omerating feed c.hsm. 

Nomil~l conditions for the tests were: 

Rm~ No. 

FP-90 
FP-91 
FP-92 
FP- 93 :~ -. 
FP-9~ a 
FP-94 

Avg Solids Res 
Time~ 1~ 

0.31 
0 . 3 2  
0 . 2 8  ' 
0 . 2 5  

' 0 . 2 5  
0.40 

Feed Gas Rate, 
~ SCF/hr ~ 

' 8 8 0  

. 97#. 
i114 
120o 

llS1 
•657 

@~gen 

2 1 . 0  
21.0 
21.0 
21.0, 
21.0 
21.0 

i Avg 
.Temp, °F' 

8O3 
775 
8OO 
8OO. 
801 
726 

Run conditions intended, but not attained. 

Bl~unu.nous Coal crushed and screened to -16+80 mesh was used 
as feed for five of the runs. Rim FP-94 was fed the chaz; made 
in FP-91. The coal used was a high-volatile bit~minous from the 
No. 5 Block of West Virginia. The coal was obtained from Union 
Cm~bide ' s 'Hanawha mine. 

Runs FP-90 and FP-91 ~ ~ere made to determine the best reactor 
,temperature for this coal. The best temperatume again appears 
tO be 800°F. R~ms FP-92 and FP-93a were made to determine ii 

• ' • " • " • ,3" • ' " " • ( " 
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' a'ppro..'.ximately the 'n~nimum residence time necessary at 800°F. 
..T!~s. appea_~s 'to be about' '16-1? rain. Run FP-94 was made' to re'n- 
de? IFP-91 ' s char ,free-flowing without con, s'idering "minimunJ condi- 
tions.. • ',. 

The pr'eir~ater' ~as. also used as'a fluidized-bed drier for ' '' 
North 'Dakota lignite that is being tested', in the hydrogaslfier. 

'" The' lignite was predried :in' batch driers to 21% inoisture, and 
then run .tl~bugh the pretreater at 2.20°F with hot air as the .. 

• 5~, . making the.. lig-'. flu±dizin.g gas .The moisture, was. reduced, t o ~'~ 
_nits suitable for .hydrogasifier feed, 

• Metha[~aiion " 

Catalyst deactivation in stiPred-reactor tests .in the p&st 
was probably, caused by the small amoum~s, of sulfl~ present in the' 
,_f'~--~.',,~..~ •gases. These gases a._~e used _eor '.both.stirred-react6? and. • . " 
life-study rur~, Sulfu~ removal systems using a ZnO catalyst at 
650°F have been'installed and .'oests .].~il! begin next month.. 

Sever&l stirred-reactor ru_ns "were made' usirms the Giddier G-65 
• c~o~alyst. This catalyst3 which is less active than Hamshsm .Ni- 
0.,.0~,T, would,be more practical for the .higher .(5-13%) CO concen- 
trations now expected .in the methanator.. The Ha?shaw catalyst ' 

wo%lld be bett'e~ suited fo~ final cleanup (less than'5% CO). Data 
indicate that' the rate of C0 meth~.nation is roughly first-orde~ , 
in. CO up .to ibout 12% CO for the Girdler catalyst• . Additional 
'imhs a~e necessa-~y because of so~ sulfur, poisonir4~... .: 

" Coal Chsmac'temization .. 

The meas.urement of the..heat 're&ction of hydrogen and coals 
is contiutti~. The heat capacity of chars is be.'.uag measured for 
tem'pe~att~res from 1000~-I500°F.. 

'. :i. 

No n@w inventions were n~de"during the.month in.t~e course of 
this worW. . -- . 

" .'During 'the"mor.th we have'.been working with B@chtel Corp. to 
define.the flow sheet for the :hydrogasification plant. .~n~nis 
f;low sheet will be used by Bechtel in es.tablishing, its fixed 
price for the preiimina~y design work, 

• , .° j;_, 
, ..'i ":: .Jack H.ue,b,l~.j'.' A'sjso'ciate.',,Di~e.ct.or :'Fr ,ank ~ohora]. ~ .As'.sisZant Di,rec'tor:. ': '. ,. 
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P~ogress Report , December 1966 ' " 

"to 

Office of. 0oal Research ". ':', 
Contract  No. 14-01-0001.381  . 

1, . Seven hyd~ogasification tests ~ere conducted during the 

month. ' ' 

2. The test series .fo~ the ev~.luation of lignite hyd~ogas!- 
' d : " fication w~s co ete . . . . 

3, The 'test • series -for 'the evaluation of. West virginia NO, 

. . . .  5: Block seam cb~l is neaming completion, " • . 

4, Five ~et~ea.tment runswith' Illinois NO, 6 Coal'were 

attempted .to"find suitable opegating c0nditions for pre- 

treatment of .this Coai",.. The .flui'&ized. be..d operated I 

successfully f0~ on.iF .one • z~un, .'. " 

5, A life study of..the G-65 methaa&tion catalys t was ter-. 

m/nated aftem.. 10 dzys .because of. csmbon deposition,, pre-.. 
suu~blydue to t~e loss oftemperztd~e Cont~olin the 
catalyst bed,. " ' ~ 
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H.vdro~asification • 

Seven hydrogasification tests were conducted this month in 

the balAuced-pr@ssure pilot unit. Four of these tests. (Runs 

.HT-!42,. HT-I#3, HT-14~, and HT-145) were conducted with North 
Dakota lignite f~om the Mercer 'County District. These tests 

concluded the basic test series for 'evaluatihg the fluid-bed• 

hydrogaslf~'cation performance of lignite in the pilot unit. 
The othe$ three tests (Runs ~Er-146,' HT-147, and HT-148)were 
c6nduct@d ~lth a lightly pretreated lgest Virginla No. 5 .Block 

seambituminous coal. Last month~ hydrogasification of this 

coal was first attempted in two unsuccessful tests. In both 
of these tests, the coal feed tube plugged heroine steady~state 

. . . .  .. ' . ' . . , 

operation could be established~ 

With Run HT-142, the study of' the hydrogasification of un- 

treated lignite in a fluid bed was. continued. Lignite, at a 
... nominal feed rate of 93 lb/D ,.~, was 'reacted in~'3-1/2-foo't-deep 

Tluidized bed. At these ~low conditions the hydrogen/lignite 
~ ratio was 25% of the stoichiometric ratio~ and the steam con- 

centration ~ the hydrogen-steam feed gas was 30 mole percent. 
The ~reaction'vas conducted at lO00 psig with the lignite bed 

• temperature controlled to a nominal 1700°F, while the free-fall 
zone above the•bed was re~llated.to' about !300OF. The test had 
to be terminated after about 1 hgur of lignite feeding ~hen lig- 
nite agglomerated atthe end of the coal feed tube a~_d the screw 

feeder J amm@d. Agglomeration of the ~gnite appeared to have 
.started ~_u the 4-inch reactor, t-abe near the coal feed tube. 

The proSable cause of lignite ~lomerati6n Was the high he.at 
release at th@ top of the reactor, which was occasioned by the 

high ~eactivity of the lignite, "the high feed rate, and an ini- 
tial high hydrogen/ligni'te ratio before the lignite feed rate 

was increased to 93 lb/h~. 

Run HT-143 was conducted at conditions Similar to Run HT~14'2'. 

To minimize chance~ for agglomeration, the top 30 inches of the 

ne • reactor tube Were controll@d to 1200°F, an@ to kllow~ a a~ly : 
' ' . ' : . , , • , °' 2.' " ', "/ ' ' ' "~ ., ' 
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constant hydrogen/lignite ratio of 25% of st0ichiomstrlc to be 

maintalned at all times, the hydrogen rate was increased in 

proportion to the lignite rate. Steady, state operation in this 

test was just beir~ established after~ 2-1/2 hqtt~s of lignite 

feeding when the coal feed tube plugged as the lignite agglom- 

erated at the end of the tube. Although steady-state operating 

data were not obtained in this test, the run did establish the 

validity of the modified st~t-u p ~urocedu~e for minimizing 

o.hauces of lignite agglomeration. 

In Run HT-14~, the lignite was reacted with a hydrogen-stea~ 

ure containing~50 mole percent Steam. The hyd~0gen/llgnite 

o was 20% of the stolohiometric. The nomir~l lignite i feed 

rate was 20% of stoichiometric, the hydrogen 'feed rate ms a 

nominal 530 SCF/hr, and the Steam rate was 25.3 lb/h~. The 

reactor pressure, teml~ratu~e, and lignite bed height were sim- 

ilarto.those of Run HT-143. The test was completely success- 

ful. It was teEnlnated after 5-1/2 hours when the lignite feed 

charge was used up. 

Run HT-145 was conducted at conditions simila~ to those of 

Run HT-142. The features of this test were a hydrogen/lignite ~ 

~atio that was 25% df s toichiometric and a steam concentration 

of 3o mole percent in the hydrogen, steam feed gas. ~ The run 

lasted 5-1/4 hours with about 2 hours of steady-state operation. 

It was shut down when the feed SupPlY was used 'up. This run 

concluded~the current series of lignite hyd~ogaslfication s'~ud- 

ies in the pilot unit at fluid-bed conditions. 

The three tests with pretreated West Virg~i'a biu~amlnous 

coal were conducted with a 3-1/e-foot flnidized coal bed at 

1000 psig. The coal bed temperature was controlled to a nom- 

i~l 1700eF, while the free-fall Zone above the bed was regu- 

lated to about 1300°F. In Run P~-14g, the coal was fed ~t a 

nominal rate of 53 lb/hr a~_d reacted with a hydrogen-steam 

mixture: containing 50 mole percent steam. The hydrogen/coal 

ratio was 25% of the st.oichiometric ratio. The test was com~ 

pleteiy suCcessful; none of.the pluggingdifficulties exper- 
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ienced %M_th this' cbal last month in the initial hydrogasifica- 

tion trials were encountered. The duration of the test was 6 

ho~s. : , .  ' 

In Run HT-i#7, the coal feed mate was a nominal 72.3 Ib/~. 
The hydrogen/coal ratio was 25% of the stoichiometric ratlo, 

and the steam concentration in the hydrogen-steam feed gas was 

30 molepercent. This test was also successful.. It lasted 5 "  . 

ho~s with !-1/2 hours at steady-state operation. 

In the third test ~-ith ~est Virglnia coal, Rim HT-!~8, the 

hydrogez~coal ratio w~s reduced to 20% of stoichiometric; while 

the ste~ 6oncentrati6n in the-hydrqgen-steam feed gas was ad- 

Justed to 50 mole percent. The coal feed rate was a nomlrm! 

64.5 lb/hm. This ~un was. only pamtlally'successful as the coal 

feed screw jammed .after, 1/2 hour of steady-state operation. Ag- 

glomegation of the coal in' the feed tube .was responsible for the 

screw's jammlug. Total coal feeding time was 3 hotms. 

Coal' Pl~etreatment 

Five pretreatment tests• .were run in th@ fiuidized-bed pre- 

treater to study minimum pretreatment conditions and to. supply 

the hydr.ogasification .unit with nonagglomerati6g feed char. The 

pretreater was Also again used as a d~ier for lignite to be •use d 

in the hydrogasifi@r. • . .  '~ " 

Table I. . NOMINAL OONDITIONS FOR THE PRE~NT TESTS 

Avg Solids Res 
Run No. Time, 'I~ 

FP-101B O. 33 

FP-102 W 0.30 

FP-102A* .0, 30 

FP-102B* 0.30 , 

FP-102C* 0,30 

* Intended ~ conditions but 

Feed Gas Rate, Oxygen 
.... S CF/hr Conc, % 

" 3 . R 8 3  .. 2i. 0 

i15o ; 21. o 
ll50 el. 0 

115o 21. o 

i15o 2 1 : o  

'not attained. 

" Avg Bed 

• 798 
775. 
775 
'775 

775 

Bltuminous coal c~ushed and screened to --16+80 mesh was used 

as feed fo~ all five rqms. The coal us@d for all the pret~eat- 

merit'runs was from th@ Illinois' No. 6 coal b@d a n d  was. supplied" 
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by Freeman Coal Mining's Crown mine. North Dskota li~uite with 

35% moisture ~s d~led to 5% molst~e using both air and nitro- 

genas the fluidizing gas. The d~ying temperattt~e was 215 °- 

230°F with a feed rate of 35-45 lb/h~ of wet --10+80 mesh ~ llg- 

nite. The p~etreatment runs on Illinois coal were attempts to 

operate at ~xlmum capacity and to overcome problems associat-i 

ed with the hi~ amounts of tars in the scrubbing system. The 

sorubbing Bter in the last month has cooled somewhat aud caus- 

es the tars to plug up the scrubber drain system and the liquid' 

level controller. This Problem ca~ be overcome by heating the 

scrubbing ~t~r to a temPerature ~ level Simil~ to that of the 

summer months: 75°-80°F. Both steam injection and electrical 

heating of the water were tried, but neither has been complete- 

ly successfal as yet. , ~  " 

The four failures of Run FP-102 were caused by difficulty 

in seallzg a ne~ porous plate into the reactor. The problem 

was overcome ~ by weld~g a support ring into the reactor ~bottom 

aud using leaded gaskets on •both the top ~ud bottom of the 
l 
! 

~plate to prevent feed gas from going around it. 

Methanation 

A life study was made using Girdler G-65 catalystl c~ushed 

to -10÷20 mesh in the new re~ct0r described last month. Spac e 

velocity ~as •3000 hr- ~, and the maximmm bed temperature was 

• about 1050°F. CO conversion declined with time on-stream and, 

after I0 days of Emning; the run was terminated. We believe 

lhe failure was due to the inability to control the feed gas 

temperature, which was about 835°F when the gas entered the 

reactor. The feed gas contained 12.5% C0~ and c~rbon deposi, 

tion ~ occurred, thus fouling the catalyst. 

En. gine'ering Econpmics Studies 

Further work has been necessary to complete the plant ener- 

gy b a l a n c e ,  i n  t h e  s t u d y  o f  t h e  m a n u f a c t u r e  o f  h y d r o g e n  f o r  . 

plpeline gas production by the gasification of eeal chs2 Using 
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.electric resistance to supply the heat for gaslflcation', We 

,are a~¢aiting the  cos ts  o f  the  e l e c t r i c  generat.~_.ng'ecluS_pment 
before completing, ou~ investment summary. : ' .  

Calorimeter "" "." ' ' 

The heat of reaction of the pretreatment. Of coal is comp1et- 

.ed for the range of 8-18% pre.t.~eatmen't at .700°F..'Experiments 

are b e i ~ g  conducted a t  800°F for  the  same range o~" p r e t ~ e a t -  
ment. • " 

'No inventions were ~de this month under this" contract. 

:... '.. .~ . " .,. .....,/",,.,"i" .. 

Jack Hueble,~%,' ~asociate" Director Fra~"fichora, Assistant Directo~ 
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