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DEVELOPMENT OF IGT HYDROGASIFICATION PROCESS 

P~og~ess Report - Januamy leG5 

to 

Office of Coal Research 
Contract No. I~-01-oooI-381 

HydroKasification 

Rebui!di~ of the hyd~ogaslfication, reactor heating 
furnace was continued. Three of the ftu~ace heating elements 
have been installed in the meactom shell. Installation of the 
~e.~ fou~ heating elements, meceived from an outside 
fabmzcatom at the end of the month, was resumed immediately. 

To complete the hyd~ogasification pilot unit modifi- 
cations outlined in the Novembem 196% Womk Repomt, fabrlcat~on 
and const~ction womkwas continued. 

Fabmicatlon of the majo~ assembly components fo~ the 
elimination of the .~e.ductlon in c~oss-sectionat the ~eacto~ 
bottom and fomthe sc~ew-feeddischa~gem has been nearly 
completed. A4-in.-diameter e xgatmlon bellows, to match the 
diameter of the new ~eactom tu~e, has been ~ecelved f~om the 
fabricator, Installation of a coal ~esidue ~eceive~ with a 
!a~ger capacity than~he o~igir~l ~eceive~ has been stsmted, 

InstEimentation sad control valvlng of the pressure- 
b~e~iC~a-~ve s~stem 15se~W~endth%~eea~t~catU~~ the outer 

of the system 
was begun. 

Coal P~etreatment 

Five coal p~et~eatmen~ tests were conducted in the 
continuous-flow fluid ~ret~eate~. The Du~pose of these tests 
is to define minimum ~retreatment cond~.tlons for p~oducing 
nonagglomeratlng chsm fo~ the hyd~ogasifier. 

Nominal conditions fo~ these tests sine given below: 

~ ,  NO. 

9 
lO 
l l  

Avg 
Solids Rate, Solids Resld~nce Gas Rate, 

lb/hr _ T.'tlmej., h.~ SCF/h~ Oxygen, % _Temp, OF 

131 0,45 800 4 755 
86 0,43 834 21 68O 
71 0.67 599 2! 3o5 
50 I, 14 603 21 7o0 
49 0,89 603 21 765 
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_ Oxygen concentrations were increased to 21 percent . 
(air) when it was found that treatment with ~ percent oxygen did 
not produce a nozka~lome~atlz~ char. Because the increase in 
oxygen concentration alone was not sufficient for making the 
coal no~lomeratim~, the coal residence time was increased 
to about ~-hott~, ImSoratory tests of the char at conditions 
Simulating those in the h~IroEasifier showed t h e  char of . 
Run I0 to be nonagElomera£ing. Test results of the char pro 
duced in Run II are not ~t available. 

Methanatlon 

A meetlt~ was held with E~, carberry, consultant on 
this work, to complete the design details for the reactor and 
to be~in planning the test t~ogram. The ~Jor pieces of equip- 
m?nt_£ave been designed fc~-£he laboratory scale methauation 
s~udies, sutmliers were Selected for the purchase of the major 
pieces of eq~pmen~, D~ai~ of the barricading and other 
racilities~ which will b. requi~ed before the equipment can be 
operated J/l the new buildi~ was completed. 

Coai characterization 

of Dynatech Corp, ¢o mgleted prints thepresSureeqUipment 
instrumentation for the hi~-tm~erature, high " - ' ~ t -  ~ d  
of-reaction calorimeter and submitted them for revision 
approval, Plans were made fo~ a 
the design details, The ' meeti~ with them towhichflnallZewill unit, ~cades for this 
be located in the new imi were designed, 

t 
Work on establishment of a coal petrographic labora- 

ory was continued.. United states Steel ~Vplied Research 
Laboratories were visited to obtain information on thei~ 
methods and al~. tus. Deliver~ of the microscope was completed 
except for two objectives6 Tra~ in maceral recognition 
and ~olnt cotter a~is wls startea, and work on mo~ati~ and 
polishing c o@l (pi.tt~burEh No. 8 seam and Ohio No. 6 seam~ and 
~_oa_ ~ t r ~ a t m e n t  l~odUc,ts was continued, Shop f a b r i c a t i o n  
or a ~ , - , a m m  . l ~ s  fp~, the ,Pef!ecSance dete~tion was nea~ly 
comp_ lewes. , Wore on thiS,  aspect will be ccmtim~ed when the re- 
rAec~ance ataOzlard~ atld teataamples are received from Bitu- 
minous Coal Researchj T~c, 

_proce.ss. C qnce~t..Devglo~ment 

• The c c e ~ l t e r  model fo~. catalytic cleanup methanation 
was used to develop data t o  establish probable best areas of 
operation, it was decided to incorlx~ate into the model tests 
for ~obable ca~b~e~sition on t~e catalyst based.on s~stem 
condltioms. This will enable a better definition of 
the best conditions for achieving o~e~billty of the catalyst. 
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Eqo~omlc Evaluation 

Work was coflt~ed on select .Ing favo-~able conditions 
for the state-o~-the-a~ desi2n, Pipellne g~s compositions 
.have been d~te~mined ~o~ the 6o percent totai carbon conversion 
cases, This series o~ cases also shows an increase in hydrogen 
Imqui~ements with an increase in the ~empe~atU~e of the high- 
t emperattti~ zone, 

The b~e cost o~ the hyde. ogen~ oxygenj and methauation 
sections has been c.omPleteda Cost of the hy~LT, ogen and oxygen 
sections increased with a~ inc~ase in temperature and total 
carbon conversion, There is no ~al cost %~end for the methana- 
tion sectionj since seve2al of the gases had to be p2ocessed 
differently to obta/n the desired ~roduct gas~ 

P~ocess m~e~ials fo~ the gaslfier and hyd~ogaslfle~ 
h~ve been determined, The coal .and steam for the hy.d~ogasifie~ 
decrease as the temperature and total carbon conversion ~uc~ease, 
bUt all o~b_~ materials Increase, 

No invenhlons ~e~e made du~ing the month of November 
on this p~oJect, All equipment deliveries fo~ the reacto~ 
furnace ~e back on schedule, Heating element wirej delayed 
aboard an inbound f~e!ghte2 F~om Sweden by the dock strike~ 
~as r~p!aced by a second shipment ~hlch was flown i n ,  

/17 / / /  ,! 
Jack ~-e~I~;- 'A~sociate Dimecto~ 

/ /  

• 7 '  it 

~ho~aj Manage~ 
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~~(E~T OF I0T H~DROGASIFICATION PROCESS 

P~o~n Re~ort - Feb~.u~ 1965 

tO 

Office of Coal Research 
Contract No. i~.-01-0001-381 

~d~oeaai~i~atlon 
The h~h~oEasification ~e~tor heatin~ fU~ce ~eSuil~- 

was completed with the installation of the ~ fou~ 
ting elements. All furnace sections were tested for o~e~a- 
lity and were found to ~erform normally. 

A new ~-in.-diameter reactor tube of tT~e ~6 alloy w~# 
installed in the ful~mce~ and the ends of the tube welded to 
the top and bottom reactor Shell closures° Reactor tube-wall 
thermocouples were drawn through the shell wallj sealed in 
glands, and connected to the appropriate temperatnn~ recorder. 

. Electrical wir i~, of the differential pressure control 
sys~em~as c ~ p l e t e d .  Whi~e Sai!u~e of the control s~stem is 
unll~.el~', r~p~,ure. (~IS~ .w+~+re i n s t a l l e d  in the 1:~smn'e-eqlmliz- 
rang imue ~e~ween the reac.or tube and the shell as backup 
protection. 

c•h• 
t A ~l~3er capacit~ char residue receiver (7.17 ¢u f% 

• ~n~o %ne.r~celver a t  smoother a~d higher 
i~tes~ a s o W ,  dtsc h ~ g e r  ~ i n s t a l l e d  in P l a c e c f  ,the ~ -  
v i a ,  Sly %~ed s t ~  valve. The co4~1 feed. ho~e~ a ~  the  coal 
~eeder melee l~e~se~bled to the tol) of t ~  ~eacto~. P ipi_~ of 
~ne h~L~O~en ~ Line and steam ~eed llne to the bottom of 
the reactor was started. 

l>~et~eatment 
.__ Foum coal lnwt~eatment t e s t s  were c ~ U c t e d  ~ the 

~onti~uc~.i-Tlow..flUid ~et~eater us.i~ PittMb~ #1-~i~- 

N~I co~itions fol, the  t n t s  ~ as ~ 1 1 ~ ,  

t N | T ! T U I ir 0 ¢ • A S t k ~ # Ji 0 t 0 Ib t 



Solids Rate, Avg Solids Gas Rate, 0rygen, 
No. Ib/hr Residence ,T~9, ~ SCF/.hr ~ TemD~OF 

I~ 72 1.27 ~13 2.1 ~0 
13 73 i. O0 602 2.2 536 
I# 78 !, 0 590 9.8 666 
15 7~" !. 0 600 I0 708 

Pretreatment gas in these tests was a mixture of r~Itro- 
n an~ air, It was found that "~_th 2% oxygen concentration in 

gas, sufficiently ~gh bed tempe~tures could not be malntalned 
for adecp~ate coal pretreatmento F~rlier tests showed that the 
tl~ature necessary for pretreatment could be ma~ntalned with 

oxygen (air). To better defi~e oxygen requ~ements, further 
tests were conducted ~th a !0% oxygen cc~centration. It appes~ed 
that ade~cate temperatures ~.;ere maintained ~,~-th this concentration, 
laboratory evaluations of the chars of these tests for agglomerat- 
ing c.haracteristics have not yet been completed. 

Methau~ t!on 

P!anni~ of the test program continued. Design of minor 
pieces of equipment began.. Quotations were obtained for most of 
the major e'quipment and iastX~mentation, and orders were placed 
for some major pieces of e mllpment. The materials for the 
barrica ~ding were ordered and receivedj ar~ construction was 
begun. Dra'~Imgs of Dart of the emu!pment to be fabricated by 
_VGT were submitted to the machine"shop. 

Service facilities for the new laboratory area were 
selected, and their design begun, 

Coal Chmracterizatio n 

A m~et~ng "~as held ~tth Dynatech Corp. to discuss re- 
visionsmade ~ ~ne ~eszgn of the hig~n~temperature, hlgh-prgSsure 
heat of ~action calorimeter. As ment_oned in the Methamation 
section above, service facilities for the new laboratory area, 
to be sha~ by the calorimeter and the methauation equlpmentj 
were selected and design was begun, 

A-review of the literature on coal petrography to 
establish how it may be applied to coal hydrogasif~ca~ion has 
la~EelN been completed, A report on this topic has been pre 
~ by Dr. G. H, Cady, consultant, on the ~oJect, 

• Meth B f o r  detez'  true density ahd a  are t 
~ i c l e  density for coal a~d,ehars have bee~ revieWe~, This 
determination is desired for developing re&ction kinetics as 
applied to ,the period of f~ee fall, Apparatus a~d p~ocedureS 
for these determinations will be set u~ next mo~th, 

! I I  t t I t g t t: O 
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Reflectance standsmds and reflectance test sample weme 
~ece!ved fmom Bituminous Coal Research, Inc. Ou~ a t~a~atus f~ 
this det~l~minatlon ,;Ill be checked out next month, 

P~ocess Conce~t Develo/%ment 

krork continued du~ir~ the month on the mathematical 
model o? the cleanup methauatlon step. Au ~alysis oC 
varlous o~erat.~ng conditions for the methanatoP ~as conducted 
to investS_gate pouential carbon-depositing side reactions in 
order to indicate areas of best p~obable operation f~om this 
St andpolnt • 

Economic E~. "alpation 

The total "here costs have been calculated for all the 
cases being considered for the state-of-the-art design. They 
va~?:, f~om $108, ~30, 000 to $12~,308,000. Although there 
man-,- conflicting cost trends, the overall total base cost does 
vat3'  sq_igjutly in a pa1~ticula~ pattern. 

The cost of the total coal requi~ed for all the cases 
~uder conslgeration has been determined. Again, there are 
conflicting trends i~n total coal usage. As the coal reau!rement 
for the hydrogaslfier decreases, the coal required for both 
hydrogen production end wo'~er generation increase. The annual 
cost varies ~om $23, ~95~ 000 to $28,526,500. If cha~ byproduct 
credit is taken into account, ho~,,ever, the cost varies only 
$22,734j200 to $2~,651,000. Taking coal byproduct c~edlt into 
account, the~e is a szi~ht ~_ncrease in coal cost ~_th an increase 
in carbon conversion. 

All this data will be p~esented in the Febz~aary :..~ork 
Report. Since the~e is no overall t?end in plant cost, the 
conditions for the state-of-the-a_~ design can_not be established 
until gas pPoduction costs ~ve been calculated. 

No ~nventlor2 ,,.,ere made du~ing Feb~ua1~y on this project. 
A complete ~eview of patents in this 8A~ea of technology i s undeP- 
~.:ay so that patentable ideas _I ,-ure ~eadily identified. 

! 
,~, i . I  / : f 

Jack Huebler, Associate Dlrecto~ /" 
r ,/ 
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Prank C. Schorai Manager 
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ABSTRACT* 

E~ineer i~ .  ,Eop~cmlcs 

The total bare blant costs ~d gas production Costs . 
have been calculated for ~he cases ,being considered for the state 
of~-the-art desig~ study..The toSal ba~e ~iaut costs for a 250, 
MMCF/day plaut vary from $117,126, ooo to $133,67~, ooo. Although 
there are .many conflictln~ cost trends, the overall total ba~s 
cost tends to vary sllghtiy, in.a ~_pa~icular pattern. Gas produc- 
tion costs vary from $0.59 to $o.~6/My~tu. 

• Total coal requ~ements for the cases under consldera- 
$io~ have been determined. Again the~e a~e many con~licti~. . 
t~nds i n  total coal usage,. The annual cost_for coal based-o.~ " 
a, $5/~on ~rice varies from $23~7~5j000 to $28,5z5~0o0. Ass t~ 
@ha~ b~oduct c~edit, thecoal cost varies fro~ $23j397jooo to 
$.25j60~ 00o, %her@, be~ only a slight increase in coal usage 
with an i~crease in carbon conversion. 

Except for coal ~retreatmen% the process design Vill 
follow the form outlined in Fig. I, A total carbon conversio~ 
of ~P~0ximately, ~0% will be requi~d in the hydrogasifier to 
avoid the production of excess cha~ An operatir~ te~geratu~e 
of 1700 F ~iII be used in the high-$emperature zone. Ten % 
co~verslon will be used in the low-tem~erattt~e zone in the 
state-of-the-art design. 

 ±!ot,.. iaut studies 
, Reconst~uctlon of the hyd~ogasi~icat~o~ ~ilot unit 

reactor furnace was completed. A new ~-in.-diameter reactor 
tube with s.ttached thermocouples was installed. 

Electrical wlri~g of the new reactor-shell dlfferent~al- 
p resStu.e.control s~stem was. completed. Rupture disks were in 
stalled in a pressure eq~allzi~ line between the reactor tube 
and the shel l  to ~rotec£ the t~Se. f~o~ overpresstLrization in  the 
event of fa i lu re  of the d i f fe ren t ia l  pressure control system. 

di A larger catmclty residue receiver an~ a residence 
scharge screw ass em~iy were installed. The coal feed ho~er 

and the coal screw feeder were reassembled. 

Four coal pret~eatment tests were conducted in the 
continuous flow flui~ Oretreater as~t of the ~rogra~ for 
developing minlm/m ~re~reatment cond~tlo~. 

. . . .  T : ii l • 

* Abstracts are omitted fo~ those sections whose re~or~s a~e 
brief. 
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W~ IN PROSPECT 

~o~ ! C~ac t er~t±o~ 

i~ teoh o~p- w i l l  complete the revision of the design 
of the calorimeter, CThe new barrlcadLug will be completed, 

our equipment for determination of reflectance will be 
checksd out, Apparatus and procedures for determlnation of t~e 
and apparent particle density w~ll be set up, 

En~In.eer.ln~ Economics 

Work will begin on the detail process design for the 
state-of-the-art design, 

Hi~-1>l~ sSUPe, Me thanmtion 

Selection of equipment will be completed and the 
itmtrument panels will be fabricated, The new barricading will 
be completed, 

Pilot Plant Studies 

t The ~h~rA ogasification pilot unit ~rll ! be pressure 
ested and shakedown operations will be conducted. Hydrogasl- 
fication tests will be resumed in the pilot unit -with hydrogen- 
steam mixtures. 

, . Coal pretreatment tests will be continued in the fluid 
~retreater to define optimum l~etre~tment conditions and to 
~roduce feed char foe the hy~ogasification pilot unit 

t k S t * t U t i 0 ~ 
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RE~ORT ON WORK DURING PERIOD PB-23a 

Coal characterization 

Caiorimetr~ 

. Dyrmtech Co~, continued modification of the original 
calorimeter design ~d o~ders were placed for all major pieces 
of ir~trUmentation. 

• The materials for barricading were ordered and some 
were delivered; co~st~ctlon of the barricading ~.~as initiated. 

Coal PetrograPh~ 

Reflectance standards and a test sample were received 
from Bituminous Coal Researc~ Inc. 

True Density.a~d Apparent Particle Density of Coal and Cha~ 

Enowle~ge of these ~roperties of the hydrogasificatlon 
feed material is reqUi~ed for calculation of free-fall residence 
times occurring in the experimental gasification studies. Methods 
of deLrmination are reviewed here. ~uis review ~¢as made in 
preparation for selecting procedures to be used in our dete~mlna- 
tions. 

TO determine the density, the displacement of a fluid 
that ~lll fill all the poxes of the substance must be measured. 
Helium, water, methyl, alcohol#, and other fluids have been used 
for this purpose from time to tlme. Because the helitum molecule 
is smalle1~ than most other molecules and thus can more easily 
penetrate Pores, and because it has little tendency to be 
adsorbedj its determination is generally considere8 to give 
the tr~e density. 6 However, several investigators s' 4, s have 
show~ that heli~ is adsorbed at room" temperature by high density 
carbons in amounts sufficient to cause appreciable er2or in the 
density. The effect is attributed to the elect2icai conductivity 
of grapD~'tized carbons; it has been shown to be a~oreciable for 
carbons with densities of 1.9 g/cc and greater, stud to be negllgi~le 
for a number of carbons ~th densities iesS than 1.5~ g/cc. . 
Determination at elevated temperatttre is recommended for high 
density carbons. Ita~ears, however, that little, erro~ should . 
be encountered from t~is source in measurements at room te~b~ra 
ture on hydro~asification feeds and ~esidmes, whose densities 
are not expected to go much above 1.60 g/cc. 

Helium densities can be deter~llned with the Beckma~ a~ 
comparison pycnometer, ai~eady ava~iabie in the Instltute~s ana- 
lytical laboratories. Some at,.ention will have to be given to 
procedures for drying and evacuation of the sample. 

P~rticle density of !oo mesh and coarser cau be 
determined by displacement of mercury. The high ~face ten- 
sion of mercur~ prevents ~netration of small po~es. At atmos- 

i N S t I t U t ~ 0 ) l A $ t | ¢ H ~ 0 L o o T 
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heric pressure, pores down to about 14-micron diameter are pene- 
ated. However~ the same effect restricts the filling of. small 

volumes fo2~ed about points of contact of the particles. For & 
given volume of solids, the number of these contact points in- 
creases rapidly as the averse particle size decreases. Thus the 
pressure of mercury needed to decrease the sum of these contact 
volumes to a negli~ble amount increases ~s the pamtlcle size de- 
creases. According to Camtan and Curtis, pressures greater than 
atmospheric a~e required for particles smaller than 20 to ~0 
mesh, while :~Ith a pz~ssume of i00 psi the density of 100-mesh 
particles (of alumina) have been measured successfully. At this 
pressure, pores of about 2-micron diameter are penetrated. Higher 
pressures are probably not feasible with our samples because coals 
and residues are likely to ~have appreciable porosity in this size 
range (< ~ ). 

Particle density of finer particles can be determined 
and results from the merott~y disDlacement method on coarse 
tlcles checked by means of ~h~gunls gas flow method. ~ This me~hod 
is based on measurements of t~9 pressure drop vs. ad~ flow across 
beds of the powder packed to several different bulk densities. 
The apparatus is notdifflcult to construct or run, but requires 
about i00 grams of a sieve fractlon as sample. 

I. 

, 

. 

4. 

. 

. 
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Enzinee~in~ Economics Studies 

Survey of Pi~eiJsqe ,, , G a ~ ,  P la~t Economics 

In order to select a favorable basis for making the state- 
of-the-a~t design of. a plant that ~ill make pi~e!ine gas from coal, 
a pre~m~,~j ec.onomic sur~ey of OPerating variables has been com- 
pleted. The design under study ~.z~ll use a hydrogen-steam feed to 
an autothermic hyd~ogasifier. The study of ~he effect of.total 
carbon conversion and temperature lewl in the hydro~asifier on 
pipeline gas costs was ma~e practical by the availability of a 
computer p~og~am to calculate effluent gas composit.ions for a ~ . 
large number of cases. Because of th e rmtu~e of this su~. ey, de 
tailed designs ~ere not made for each case, Instead, unit costs, 
as a function of capacity, were used to determine investment for 
a number of sections of the plant such as coal storage, g~inding, 
gas Wre~ification, oxygen production, hydrogen production, and 
util~ties. These unit costs were derived from a previous stu.dy of 
coal hyd~ogaslfication using hydrogen ra~her than a hydrogen steam 

~ i ] d c ~ . ~ , e .  

D~.si~n Bas.is 

This study is based on the process sho~.-m in Fig. I. It 
• .~as assumed that pret~eatment of the coal fed to the hyd~ogasifler 
was not req~d, in a fe~ cases, ~ ~ortlon of the carbon monoxide 
had to be shifted because the hydrogen concentration ~as too lo~oz 
for methanation. 

In this study, the cost of the coal was assUmed to be 
$5/ton. The char credit was based on the equivalent cost of heat 
from coal at $5/ton. The gas prices were calculated according 
to the A.G.A. accounting procedUi~, 

Coal StDrase 

This section consists of equipment _ol ~ receiving, sto~ingj 
and I~claim/xlg incoming coal. No detailed process design ~.tas - 
undertaken on this section. The cost was determined f~om costs 
from the previous study. 

Coal ~ ~ a t t p .  
Ln this study, the only prepa~atlon considered ;.ras gp.i~d- 

Lug of the coal feed to the gaslfler and hyd~ogasifier. Actua.l 
pretreatment of thv hyd~ogaslfler feed .coal E~s not considered as 
the study was comparative in nature a~d free fail devolitillzation was 
assumed. The coal burned as fuel for steam generation was a~t~e~ 
usable as received, ~dth0ut grinding. No t~eatment or further 
grinding of the hyd~ogaslfier char fed to the ~asifier, or ~sed 
as fuel, ~ms considered, The bare cost ~.~as estimated from the 
costs determined in the earlier hyd~ogamlficatlon study. 

- 6 -  
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H ~  sasificat!on 

This section consists of feed hoppers, hydrogasifiers, 
residue hoppersj vent-gas surge drumsj vent-gas compressors, &nd 
hydrogen steam preheat furnaces. Hoppers and vent-gas equipment 
were sized directly on the basis of volume of solids .handled. 
Hydrogasifiers ~.~ere all the same size, with the design consisting 
of a coal preheat sectionj free-fall devolatilizatlon zone, and 
a hlgh-temperature reaction zone. The number of hydrogasiflers 
was set by the allo~.n~ble solids throughput "_n the high-temperat~e 
reaction zone. There is no pilot plant data available which 
permits an estimate of the effect of temperature on solids con- 
version rate. However, data obtained from H. F. Fe!d/drc.hner's 
tests in a semiflow reactor showed that a b/gher reaction rate 
will occur as the gasification temperature.rises, m T~Is correla- 
tion showed that specific carbon gasificatlon rate is a fu_nczion 
of temperature, percent of carbon gasified, and percent of steam 
in the feed stream. At the design hydrogasifler cor.ditiorm used 
in the current study, the above correlation showed that carbon 
conversion rates for the 1900 ° and 2000°F cases are severalfold 
higher than for the 1700 ° and 1800°F cases. However, it ~:~as f ~  
that at hydrogasifler conditions in our study, each pair of tempera- 
tures represented similar rate levels. 

Rates based on semi. flow data do not account for effects 
of mazs transfer that would cccur In a countemcurrent reactor. 
These effects would reduce the rate of conversion; to account for 
them and still show the relative rate advantage of 1900 ° and 
2000°F temperoatures inothe high-temperature zone, residence times 
for the 1700 and 1800 F cases are based on 0.5 hour for 50% 
carbon conversion~ with relative mates for 40% and 60% conversions 
being adjusted in accordance ~..dth the semiflow data correlations. 
For 1900 ~ and 2000UF operation, the rates at corresponding con- 
version levels were doubled, thus halving the number of hydrogasifiers. 

Hydrogasifier calculations were based on steam and 
process hydrogen entering the reactor at 1200°F. Heat was assumed 
to be recovered from spent charj with the difference between 
required and recovered heat being obtained in a set, state ~ e ,  
The cost of this unit ~ms based on heat transfer duty. Table I 
shows the composition of the hydrogasifier effluent and the 
pipeline gas. 

Gas P re~2ification 

This section consists of hot carbonate scrubbing and 
adsorption by activated carbon and iron oxide. Table 2 shows 
the operating conditlor~ for the hot carbormte process. The 
target C02 concentration remaining .~n the gas was 2% %o_'th varia- 
tion from 1%-3% de~ndlng u~on the methan~tion equilibrium and 
pipeline gas heati~ value. The cost for the hot carbonate 
p~ocess was estimated from an article by H. E. Bensom. ~ The 
cost for the activated carbon and iron oxide boxes was c~lcul~ted 
from the earlier study, s Since the total gas flow rate did not 
vary significantly in this study, the costs of these items were 

-7 -  
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co~idersd cor~ta~t, 

Met1~mtlo_~ 

., The me~h,od .of e~t i~at i t~ the co~t of the metbanation 
~ect io~ was de~o.~ibed i~  the ,Jar~ai~, !9~,5,Work Re~o~t. The 

h~ a' ;: ,on ~eactor wa~ ~ized. b~ e~ui~ib~i1~ col~re!atio~s 
,~L'E e,L from t'he Git~tlet~ C o ~ v ,  'Ibe~e oor#e.'l.ations 
ed on data obtai~IC~1 f~o~l low-bi4eBl~ttt~ ~ a s e S  , ~ th  a small 

ccncent~atlon, ~he hea~ of" ~eac{ion i~ assumed to 

~~E ths~ati°n talned ~, 
on d~: 
e n  C, :: 

be t'~emoved by cooling a ~o~tion of the effluent and recyclln~ 
it back to t~e inlet of ~he i~actor° The cost of the individual 
co~onents of the section was estimated to obtalu a b~e cost, 

• This section co~SlStS of a complete oxygen ~lant; the 
cos t  for i t  ~ based on i60o-ton/da,v ~ n ~ s ,  I ~ e ' s  l ~ e s t  
bian~ to dat., used 1250 tons/da~, T~e~ representative in.cared 
~h~t a 1600-ton/.day unit would be ~easonable by the lR70's when 
thi#~ ~lant would be built, in this study, two 16co-ton/day 
plants ~E~. used aion~ with a sm~lle~ unit, (For one case, however~ 
three 1600 ton/day plauts were used. ) 

The oxygen costs were determined for two cases according 
$o tghe,A,G,A., acc6untln~ procedure, The oxygen plant contributes 
$0,06 $O,lO/~.tu to the gas price, The total cost for oxygen 
is about $5,70/ton, Approximately 650 hp-h~/ton of oxygen is 
re~Lred. 

The be~e e~t fo~ this section wa~ calculated from 
Fi~,  3 in  the Januai~ Feb~ 1~6~ Work Re:port, 

This sectlon v i i i  ~oduce t~e h~Irogen to be used i~ • 
t~he h~L~o~asifle~, The S~ste~ used~ in the J a t ~  .Feb lz~iT. 1964 
Work Report warn also used in this. study, . Table 3 sho~ the ~ e ~  
~ a .  fo~ the b~o~en p]a~t: ~be t~e cost was estimated f~om i ~ ,  I 
of the J a r ~  196~ Work Re~ort, 

i~ about $0,~7/~CF, . 1~e cost 9 f h~l~o~en ( t~ciU~L~ Oe) co/~- 
~t i tu tes  ~0~-~0~ of the  ~ Price, 

Offlite Fa~il~tie~ 

This Sectto~ consists of a ste~. Eenera~ion ~lat~j 
eleotl, lcal gene~atlon ~Is~t, a rater ti~atr~nt ~lat1~ 
ooollt~ water facilities. 

~ l e  ~ shovs the varlous u ~ i l l t l e s  ~ t L ~ d  it, each 

i I I  ~ t ~ t U t | 
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of the sections. The cost estimate for this section was based 
on the unit costs used in the J~-February 196~ Report° 

Conclusions 

Tabl3 5 shows the materials required for the plant. 
Figs. 2-4 and Table 6 show the bare cost for the entire plant. 
The total bare cost increased as the total carbon conversion 
increased from 40% to 60%. With regard to temperature, the 
bare cost reached a maximum at 1800°F. 

The ~as ~rices are sho~.-m as a function of total 
carbon converse_on in Fig. 5. The gas price increases as the 
total carbon conversion increases from 40% to 60%. Since 
there was considerable excess char in the 40% cases, no cal- 
culations ~.~ere made to try to obtain an optS_mum below 40%. At 
the present time, it is planned to base the state-of-the-art 
design on a system with little or no excess char. 

The 10% carbon conversion in the low-temperature zone 
is more attractive. In the com~ter program used for calculating 
the hydrogasif:er operation, the assumption was made that there 
was no heat produced in this zone. Therefore, not as much steam 
decomposed so more external hydrogen was required. 

At present, 1700°F appears to be the most economical 
operating temperature. If the system i SotO operate ,.,~th little 
or no excess char, the total carbon corrcvrsion would hav.e to be 
about 50%. If the excess char is not objectionable, the 40% 
case "gould be more economical. 
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T a b l e  I . - S U M M A R Y  O F  H Y D R O G A S I F I E R  O P E R A T I O N  W I T H  S T E A M - H Y D R O G E N  F E E D S  A N D  
C A L C U L A T E D  P I P E L I N E  G A S  C O M P O S I T I O N S  ( Q u a n t i t i e s  B a s e d  on  1 0 0 - L b  C o a l  F e e d )  

T z e • r • t • e e  In K14h-~empermture 
O~O, u ~  

Fraution Feed Carbon Converted 
in Low-Teml=erature Zone 

Total Fraction Feed Carbon 
Converted 

g'~,drogen/Ooal R&tto, ~ of 
stolohio~etric 

Moles Sydro~en Feed 
Moles Steam Feed 
Feed Steam Decomposed, 
Moles Hyd~ogasi£!er Effluent 
C~sitton, mole ,~ 

CO 
COn 
Ns 
~a 
~30 
Total 

~ ~lpellne ~as 
omposition, mole ,~ 
C~ 

CO 
COo 

Tots;. 
Plpo~L'~e Gas HeattR¢ Value, 
atu/SCF 
.~=4Btu/lO0 lb ooal 

:Oleo K;dro~erV:-5~tu 

],~'oo 
O.l 0.2 0.i 0.2 0.1 0.2 

o.*~ o. ~, 0.5 0.5 0.6 0.6 

15 17 23 ~6.o 31.o 
2.1278 
1.287~ 2.378 2.39~ 3.8855 3 .S8o2 

43.3 20.8 ~6.6 29-2 %2.0 ]0.5 
~.L2~2 3.61~8 5.~16~ 5.3~6 7.~09 7.~53 

59-3 %1.1 . 18.15 ~2.18 
(<0.111 • i~$ 3.g3 1.55 

II.0 9,,.9 ~.i lO. i  11.32 9- 15 
0.9 1-]. 0.8 0.8 0.59 0.59 

LI L.3 1 ~  1 ~  ~28"2 _~]oo.0 ~°"62 ~°"62 

18oo 

o.l o.2 o.J. 0.2 o.1 0.2. 

o.~ o.g 0.5 0.5 0.6 o.6 

;.6 m 23 26 ~.o 36.0 
~.0027 2.2530 2.879 3.25~,3 ~.2557 ~.5060 
1.~586 !.~4 2.539 ~.~8~6 ~.6707 ~.5155 
'~i.0 18.5 ~i.0 25.8 ~2.6 33.3 

%.3~I~ 3.7932 6.025~ 5.80~5 7.?960 7.~,226 

~,3-5 ~0.65 
2~.81 16.69 

~.9 56.5 ..~ ~ ~5~5~ 
I~.0 2.9 2~.8 

.7 o.5 ~-5 88 2.07 
~ o ~  9.0 ~ ~ 6  o 7 , 6  

0.5 0.9 ~.o o.~ 8:~ o.5~ o~o 1~o 1.2 0.8 0.62 
21.2 

~ - ~  ~-~ ~N.o~ ~ ~-~ ~ -  

93.0 95.9 9~.~ 9%.3 8 90.7 
~.2 0.3 3.6 ,.2 8"8 . 7.8 

<0.I <0.1 <0.I <0.1 (<0.1) (<0.i) 
2.0 2~0 1-5 0.9 0.~ 0.2 

~ F . o - ~ -  ~ - ~ - ~ - ~  ~ ~ 
9 ~. 96~.o ,~.~ 9,~.~ 0L2~ 9~6.~ 0.7997 0.968O 1.0161 I. 177~ 

2.35 2.59 2.~6 2.8~ 2.763 

9L9 96.1 90.2 8T.8 
5.0 l.g 6.1 IQ.; 

<0.i <0.1 <O.l <O°l 
1.~ o . r  1-3 o ,~  

9~ 3. ~ 9~6.3 977-9 932.8 922.3 
1.23:2 0.8128 0.83%8 1.0255 L06~ 
3.1~ 2.~7 2.70 2.81 3.05 

83.9 87.2 
I; .8 11. 5 

< 0 . 1  <0 .  i 
1.2 

897.7 920.3 
I. 28 Io I. 30 I~ 
3.322 3. ~62 
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Table  i . .  Cont,  SUMMARY O F  HYDROGASIFIER OPEIRATION WITH STE;AM HYDROGEN FEEDS AND 
C A L C U L A T E D  P I P E L I N E  GAS COMPOSITIONS #,Quantities B a s e d  on 10 0 -Lb  Coa l  Feed)  

Tempe~ture In H l ~ - T e m ~ r . e  
Zor~, oF 

P~ctton Feed Carbon Converted 
~n r~-Tempe~ature Zon~ 

Total Fra~tlon Feed Carbon 
Convo~:od 
Hyd~o8~I/Ooel Ratio, ,~ of  
mint o£ol~iometz~.o 

lq02~ Hyd~Beti Feed 
Mules -~team Feed 
Feed 3te~m Decomposed, 
Moles Hyd~ogaetflel, ] ~ f l a e n t  
C ~ a f t t o n ,  mole 

co 
C0~ 

~o 
Tote~  
~ t lmlane  ~aa 

~omposttton, mole .~ 

GO 

Toted. 
P1pelln~ @as He~tlng Vel~e, 
Btw'~'~ 
~ ; u / i O o  ~b o oal  

Mole~ H~d~-o&~w'~Bt u 

. ,  19oo . . . . .  

o.1 o.~ o.I o.~ o.~ 

o.~ o.g 0.5 0.5 0.6 

19.o 2o.0 26 a8 36.0 
~.5o6o 3.5o~7 2.5o~ 

. o.8o911,661~ 1.5526 2.127~ 
g7.1 22.5 52.o ~6.o 55.8 

~.~T16 ~.488~ 5.596~ 5.1169 6.7867 

RS.b T.9 2T.g 17.8 2 9 
7-~ %.8 ~ - 7  7 1 

8.0 7 . 2 ~  
o.~ = 1  o.T 0.8 o . ~  
• .1 ,.3 ~:~ o~._ o.6~' 

_ = _ 2000_ . . . . . . . .  

o.2 o.1 o.~ o.1 o.2 o.1 0.~ 

0.6 o.~ 0.4 0.5 0.5 0.6 ~.6 

~8.1 21 2~ ~9 

~.oo~o~.;~.:~ o.'r~.~. ~6.o o.,~.~ x.o?6o64, o .9~  L~-Ygu6Z.5 L ~  
6 . ~ 6  ~.]~89 ~.~o ~.~9~o ~.8~ 6 .8n~  6.~s~o 

%6.69 g%-9 6"..2 42.8 5~*.5 40.96 ~ .67  
)5.23 

4.60 lO.~ 11.,  . 

7.200.69 o.95"~ 1.1 0.8 05:~ 0.65 0.70 
0.72 1.1 I,,~ I..o 0.66 o.7~ 

8 . 6  
IOO.O0 1o0.0o 

92.,- ~ . 8  90.9 93.~ 9o.~ 
gZ. 2.T 5.5 ~.6 6.9 

<0,1 <0.Z <0.1 <0.i <0.i 
2.1 0.8 2.~ LT 1,6 
1.6 1.61.3 l.g 1.2 

~-676 ~ o~5K5-, o ooT6~.o oT657~.o 

945.T 968.9 9~8.9 955.5 935.2 
0.8~860.85961.05".@ I~0765 1.3966 

2,80 ~-91 3-09 3.26 3. ~75 

~O.T. 90.0 95.0 9 p g  9~ .z  89.~. 9o.~ 
7--, 7 . 1  1.8 . ~-5 7-3 7-7 

(<o.i) <0.i <0.l <0.I <0.i <0.1 <0.i 
ol.2 .z t .~ ~6~ . 0=8.9 ~ .o 2z.2.0 0.9 

9~2.1 93g.5 967.6 957.6 95g.g 929,3 9)8.6 
1.321~ O.87g60.88311.08911,1/2.9 i.~691 1.)819 
3.600 3.01 3.12 3.3~ 3.~8 3.840 3.895 
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U~ 
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Table 2.-OPERATINI~ DATA FOR THE PREI=UI%IFICATION sEcTION 

Fraction of 'ro'ta~ Ca='bo~ Co~ve2"~ed C.~ 
Tz,~e~atu.~e in H!~h-Tempe~tu~ 
Zone, OF --1700-- -- 

I ~ a c t i o n  of Carbon Convet%ed in 
Low-Te~tu~e Zone O.l 0.2 

C0a Remt,ved, 
mole~/100 ib c~al 0.~7 0,~0~7 

]~eS Re~ved, 
mo!e,/lO0 Ib coal 0.O~53 0.0~5~ 

C0z ÷ K~S Femora, 
moles/hi" 6,122 ~J ~3~ 

C0a ~ I~5 to be ~emove~., 
moles/d~': i~6.9)1 106, )96 

COz + K~.3 Removed, 
MCF/day 55,613 a0,a71 
Co~ ÷ ~:S in Feed. ~ 12.1 11.2 
Z0. ~ - H;S i~ Effluent, ~ 1.0 2.0 

--~800------ --I?0~-- 

O.l 0.2 0.i 0.2 

o. ~858 o. ~179 0.)012 0.29-18 

o.o~,55 o.o~5) o.o~53 o.o~5.~ 

5,5~5 % 5 ~  ~,259 3,2~5 

13a, 597 108,769 1C~,208 77.391 

50, 188 ~.1,169 ~8,686 29,29~ 
11.3 lO.2 8.9 9.5 
2.0 1.0 !.0 1.0 

--.----.,2OO0.------ 

0.! 0.2 

0.38?3 0. l.C~ 

0.0~53 o. 0~53 

~,7-0 2.~Ci 

~,:~88 6,",2.-5 

25,166 25, ~8 
~-5 7.1 
!.c !.o 

P~&ction o. ~ Total Cal-bon Conve~t~ 
?em~e~atu~ L-. Hl~-Tespe~%u~e 
Zg~e, OF 

P1"~ctlcn of Carbon Co~e~ in 
Imv-T~stu~e Zone 

C0e ~t~.ove~. 
mole~.//00 lb coal 

moles/leO Ib coal 
COe .,- F.~S I~-,mmd, 

C0a + ~S to be R ~ ,  
Imles/daN 
CO= + F,~S Remmred, 
MCF/de7 

COe -" l~S in  Pm.e~, 
CO~ + F,=5 In Effluent, S 

IT~ctlon cr Total Cal.bcn Ccnve i~  
T ~ T ~ t u l ~  in  ~ - ~ t ~  

I ~ - ~ ~  ~ne 
toe Removed, 
• oles/lO0 ib coal 

• oles/lO~ Ib co~l 

soles/~ 
~e • ~ S  to be Remowed~, 
~oI~/~ 

COa • ~S Re.ac~e~, 
l*c~ / ea :: 
CO~ * P~S in Fe~a, 
CO~ + R~S in F/~luent, 

--1700-------- --1800.---.---- 

0. i 0.2 o.i n.2 

o. 6237 0. ~770 0. ~9~3 o. a ~02 

O. 0~70 O. 0~70 O. 0~70 O. 0~.70 

8,7~6 6,637 5,478 ~,658 

209,66~ 159,~88 131j a72 IIi,7~ 

79, ~58 60, 291 ~9,762 "2, 31~ 
I~.0 10.9 10.9 9. a 
2.0 2.0 ~.0 2.0 

., , | 

--~7oo-- - - , . 8 o o - -  

o.l o.~ o.1 c.~ 

o.7561 o.600~ 0.5793 0.~869 

o.oa61 O . O k 6 A  0.0"50 o.o~59 

7,095 5~a~5 5,077 ~,~6~ 

170,280 130,680 I~I,8a8 I0~, ~6 

6~, ~,0 ~9,~64 ~6,128 38,7.-'6 
11.9 9.8 9-3 6.~ 
2,0 2.0 2.0 2.0 

o.5 

~ 1 9 ~  ~ 2 C r ~  

0.1 '~.;~ o . ]  n.2 

o. o~?o o.  o~7o o.  o~7o o. o~,'; o 

~,;~86 3 , a ~  3 ,5~9  2,67~ 

Io~,86~ 82, 5L? 85,656 6~,I-5 

~,97.a 31,2}! ~2,a21 2a,2Qc 
~..8 8.9 8.8 . . "  "- 
2.0 3.0 ~.0 1.0 

0.6 

~ I  ~C<T--------- -----~OOO------- 

0.I 0.2 0.1 0.2 

0.~8~3 0.3667 0.1900 e . ~ t o ~  

o.o~55 o . o ~  0.0~52 0 . ~ 2  

3,~52 3,256 1, ,'~9 1,8~'v~ 

82, 8~8 78, I~# &2, 9~6 ~. o6. a 

.~I,~8 29, ~r~8 16,2~8 1~,656 
7.9 7.6 5.2 5.- 
2.0 2.0 2.0 2. C 
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Tal)le 3 . O P E R A T I N G  DATA FOR  I iYDROGEN P R O D U C T I O N  S E C T I O N  

P1~otion oC 7otml C~rbon Con~ez, ted a,~ 
Te~p�~atu~ LnlH~-'rcmpc|'~tuzm 
Zone, °F - - 1 7 0 0 - -  - - 1 8 0 ~ - -  - - l � 0 & - -  

l~'sotton of  Carbon C:nve~o~ ~n 
Lo~-Tem~ratu~eZone 0,I 0.2 O.t O.g 0,I O,g 

Cha~C~]pos~t~n, wl; 
C 0.7~9@ 0.799~ 0.79~ 0.7998 0.79~3 0.79/38 

O,0~IB O,0218 O.OZlO 0.~16 0.0~18 O.O~18 
Oe OoOlk2 O.01~ O.01k2 O,01~2 O.Olk~ O.OIN~ 
~a 0.0057 0.0057 0.0057 O.005Y O.0057 0,0057 
$ 0.0009 0.0009 0.0009 0.0007 0.0009 0.0009 
Ash 0,1576 0,157§ 0.1576 o,1576 0.1576 o.1576 

Mo les t / 100  Ib Coal 1.8775 2.1278 ~.C027 2,25~0 2.)7~5 ~,5033 
IJ} C~'/1O0 lb C~al 5~.3~52 56,3~5~ 5~.)k52 ~6,)~52 56.3~52 5~.~52 
~'I~ ~a:a,e~lp FactoP . 13,025.8 12,666.2 12,815.8 1 7 . , ~ 7 8 . 1  12,~75.~ 12,118.1 
lToceee Hydx'~g~n, ~ol~e/lW 25,160.~ ~7.'127.5 ~6,~05.0 28,9~.O 30,01~,~ 31.2C5.~ 
Total Cha~Avatlable, Ib/Im 7~3,9tt 713,679 722,109 7o3,081 691,6~b 682,797 
P~oees I~'drosen, ~oles/h~ 

co 75.60 8~.31 79.3~ 86.90 90.2~ 9~.76 
E~ 2~,~5.@ ~6,951.1 ~5,665.7 ~8,11~.~ 29,190J; 30,331.6 
CF.4. 125.u }~5,6 13~.o 11~.6 150.2 15o.o 
~a 2~6,~ ~9,5 2)7.6 ~6o.3 ~70,~ 280.8 
I~0 25.~ ~7.7 26,~ 28.9 ]0.0 ~1.2 
co~ 251.6 ~7T.3 ~6~.o ~89.O ~o0.3 31~.1 

Cha~ Requtred, lb/h~ ]0~,216 335,a5p ~19,765 ~9,710 "_A~,89J 3"~,~07 
Ex:ess Chaz% I b /~  ~29,725 ~76,~ae .O~,O~ 35~,)71 328,755 ~05,~90 
Coal Re~Lt~d, Ib/l~ 0 0 0 0 0 0 
P~ooese O~;~en Req~iPed, lb/hl~ 2~,2~6 ~58,1~6 ~1~5,8~ ~69,~77 ~79,~8 290.5~6 
Steem Required, lb/h~ 121,686 I)~,I02 I~7,7~ I~9.e8~ I~5,15~ 150.9~3 

- - - - - - - ~ o ~  

O,1 

n.799e 
O.O~18 
O.OIN2 
0.0057 
0.0009 
o,1576 
2.~285 

56.~k5~ 
11.910.2 
~2.~07.8 
671,0~2 

.~.v7 

16].o 
~9.9 
~2.2 

369.~2"~ 
281,656 

0 
299.659 
155,"~0 

~'aot ion at  Total Carbon Converted 
TezlPemture In K~g~-Tempe,.~ture 
Z~;ne. vF 

F~'aettcn ot  Ca..~on Con';e;,~ed in 
n':'-Te=pez,ztuz~e Zone 

Chaz. Composil;ion -.-t 
C 
It, 
Oe 

, /~,h . 
::,'=le, ]-'.a/lO0 15 Coa l  
I,b Chni,/lo0 lb C=al 
I~:ul~ly Scaleup Faoto:, 
Pr~oese H}'~z.ogen, ~.oLes/hz. 
T:.~al Ch~ AvsLlable, lb/h~" 
Fr~csss l ~ ' o ~ ,  =oles/lu- 

CO 
K~ 

Chem" R~:p.da.ed, lb/lu~ 
Excess Chs.t', lb/~-'T 
C:tl Re~a;l'ed, lb/~'.- 
Process Ox::~en Re~!b~d, l b / ~  
S;e~m Requi~ed. l b / ~  

O.5 

- - 1 7 o o  . . . .  1 8 o G - -  --19o0-------- 

o.1 o.~ o,1 O,P o,1 0.2 

0.77113 0,7711~ 0,7711) 0.7711~ O."?It~ 0.77113 
0.0~52~ 0.0~§~ 0.0~5~ 0,0~5~ 0 . 0 ~  0.¢25~ 
0.016~ 0 . 0 1 ~  0,016~ 0.01~4 C.OlG~ 0,016~ 
0.00~8§ 0.00~85 0.0c~85 0,00~85 0 . ~ 5  0,co~5 
o.ooooo o.ooo00 o.ooooo o.o~ooo o.oc~co o.ocooo 

~.~7~ ~a879 ~.8'~9 ~.~5-~ ~.~ 3.5C~" 

10,7~I.I 10,~5!.~ 10, I~?.'! P,';&O.~ 9.~%1.1 ?,~'~.~ 

79.11 91.~  ?0.~o 78.19 9~.:,: ! c ~ . ~  

~6.3 ~o.~ ~o.1 ?~." ~ . ~  ~ . 9  

0 O 0 C e 

12~,5~ 1 ~ , ~ 0  I~,C~O 1~0:~5~ I~,~" i ' / i , " ~  

0.I  

0,7711.', 
o. o~.5~ 
o.oV~,  
O.OC~8~ 
0.0~C£0 
o. 1F~35 

L6P..~O 
',8 .c.9'65 
9,5',:'..~ 

JS, 650. 
~,5."67 

1o", I~ 

)~o..'., ~ , . .  

R?.,"f, 
c 

];~9. "~t 
I"5. ~,'" 

0.2 

o. 0218 
o. 01~ 
0.0057 
o. 0009 
o. 1576 
2.7537 

56,3~2 
11,795,6 

lo l .  9k- 
• ?, 975 • 8 

169.6 
)o5. 
33.9 

~39.3 
~'10,199 
25~,4E6 

0 
3]5,8~3 
16%, 080 

0.2 

0.77113 
0.02523 
0.016:;I; 
O. 00~85 
O,O000O 
O. 18P35 
3.8821 

48.6~,55 
9,~60.0 

~55.8~9 

] |?..~,', 
"~, ~'y,.7 

]86 Ji, 

~. 5"P, 
~k~.518 
1 8 ) ,  7~3 
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Table 3..Co,~t, O P E R A T I N G  DATA F'Or I;YI)ROGL;:N I ) I [ODUCTION S~'-CTION 

.. ~ 0.6 ., Praot ton oF ¢ot~L Ce~t~m CoMert~d 

Prsat[on of  Carbon Co~vert.~d In 
l,~v-l, mper~t,mPe Z . ~ ,  o. I 0.~ O. t 0,;I' 0, 1 o.~ 

c , . + ~  ,.'~:m,'Js , . ' , ~ s  oo.~.~| o.',.,,m,. , . ' , ~ s  
, .  o .+ ,+ . ,  o . o , , +  0 . + , , , ,  * ' * ' " '  
oe +.01,948 0,0124+ O,Ol')tll 0.OD~ 0.01)I,! 
IIi O,OOJT| 0,00)7 |  o.0~)71 0.DOT?I +.+O|' t l  

0.00 Q. , O.00000 0,+I ,~04 O.~10~0t O,~0~l "04 O, O<F.¢,O O, ¢(P~P4~ O,+p;0l O,P|Sgt ~llh o,+160~ 

fh Che~/lO0 lb CO:t1 k l ,  lOiS 
Hourl,:r ~:s leup ~ o.I" ,,+_ 8.844 S.4~o 0 , l ~  +i,00.t ,~,o.t,,1 " . . - . -  
Pr,'JOeSl I~dr,~i~en,. ~o;ost~ ,m" " a'~eGtO. I .'Uo6|?.+ ~S, COt.t; )1,105,0 J",+~t.B .+.,9, 5;'11. ) 
To+.eL Char ~v~t lao]ee  W/he ~ ) , 5 1 9  ~ 6 , 0 ~ !  S.~, :St  ,¢,'0, 7 ~  l;O, t~J ~ l , O 4 o  
PPooesl H $ ~ ,  molos/l~P CO m . 8  I+;79,  I r a , +  111. '9 I 11.~q XIg. 7;I 

LII8.1 
. ,  ~:~ ~o. ,  .,+, J.  '~ , s s . ,  J','~'. + 

char ~lequtrm:i, l.b/hr ~ , 5 1 9  J~G*O'r)l J~4,;";~ 3"+'O,',t~ .~JO, li'.+ . 
• .~xcellu ClxaP, l b /h r  0 0 0 0 0 O 
Cost I~q lu t r~ ,  lb/lu- 5,4+81 6"I, 150 21,/4(, l;~5,<~J 131, t '+'S ItO.O'+,'h~, 
P~oce~ Or/IL'~t l~qu.Lrq~, tb /hr  265,6450 2~t,S,t~ .'A~,04~ ~t,,~450 ~5,~I~0 .~.*~.1~i~ 
~teme Rsqutz~d, l b / l ~  117,600 1~%~9~ 170,000 I+l,+O0 I+O,+;O+ 18%dr+ 

. - - . - - , - - - a l } o o , . m - -  

O. IL 0 . 2  

o. c~N9 

0 , 0 0 ~ !  

O, ~ | ( 0 4  

7.~,~ 

.'" 1011,7 

~1. I M . ' I  
~I|.~ M~.4 

o 0 
t~ | .077 .  J 190t IOO.O 

.',~o, ~ 1') M~.gS9 

'I"I 

X 

0 

o 

0 

,4 

03 
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Tab le  4.-UTILITY ~QUII~N~S FOR THE PLANT 

PB-Z3a 

~---P.-~-~:-- ~, : ~-17oo 18oo-------- ---------19oo 2000------ 
~.":m~tI-"~. c f  Ca~'eon Co~- 

,. 4~4 ~... . -- -._.".. in 5~ T.~c@e.-~ 
:_ Zc~.e 0.% 0.2 0.I 0.2 0.I 0.2 0.1 0.2 

b.p 27,900 27.2~10 27,a50 ~6..v~7 26.293 25,956 2"5.51I 25,265 

~ ,2~ 5.065 5,821 5 , L  ~b , a.�k5 ~'. 2]0 3.~1 ~ ~.937 
?~"-~.r .---'~ C..z?~-~....~:~d. uc'.~.Cm, 
hp 76,56~ 8~,012 79,52a ST. a~O 91,197 9~,O69 9:.6~'5 102. ~-'a8 

~.-n~-J. sc~, h~ I~, ,-2T 20.6~8 19o 65~ 21.5~7 22. ~9 2~.2~6 ~. 972 25.251 

Ste,= re:-..mc~e_~m 
Ibt.~.- m ¢ 5~5 ~'.m 1,2~7,!~O 1,297,~00 1,269,8OO I,.~59,~70 i,~69.51e I,]9~.49o I,~2a,~9o 1,a~2,~In 

:.~/P..- ~*. 5~-.~ ~.~*.a ! 2 1 , ~  1 ~ ,  102 127,706 1.~9, 8 ~  1~5.157 15n. 92.~ 155,770 16~. PB~ 

~...~..- i, 520, 509 1.609.593 1.56.'. 198. 1,665, )28 ~..':07.5~.- ~, ;50.155 1.787. OO. ~ i, 82 ~'. ala 

l~./.~z ._ ~-. IO25 ps ' .n  ~9,635 29),780 ~9..q60 ~4Y2.39) 2aT,9~T 576.6~0 ~59,~$7 ~.093 

~.~ S.a=. ,%~'./~ 1,-'9~.66 1,5S2.03 1.5~0.~7 1.6~6.76 1,6"rS.18 I,'19.9T 1,756.12 1,792.78 
He,*. ."C~" =~,.t" .=~'eh~a'., 
:.':~t~t%-- 

T-:~3 :--'.~a t ~='.-"~.-,  
):-~t':,~." i',6~,5..~6 1,92~.50 1,959-55 1,9~c~.80 1,971.65 1,9k0.61 1,918.58 1.89).16 

Fe~" .-'k'rm.-=-.xc_,~. Cb.ju~, 
.%~-'~" a,a22.50 },8.~4.7 ~, a.!~,6.o7 3.5~.5.9o 3.~8.3.5 h ) .1~ , . lO 2.898.7 m ~.5.~R:~;n 

---~'.:.'~:~,-~ ~ ' ~ ,  ..'.'~u/~-m" 2,5)7.1~ 1,a68.2~. 2,"-86.52 1 ,5~.10 1,~.1].89 1.20~.~.9 aS, n . 2 1 .  ,"~5.ab 

:.~! C--~1, , . ~  0 0 o o 0 9 o n 
C=~I ReT-'-'2e4., to~ * O 0 O 0 O 0 0 0 

hp ZO, TST 9,&92 I0,~00 9,~'95 9,2~5 8,a65 8,079 8,06n 
. '~:eSS ",'a=e~- to Coal 
.:'--~!Z.- 4' ~ Zb/~ 1.156 1.12a l.l~T 1.107 1.089 ~.~T5 1.05T ] nat 

~.~'..."-¢at'o'n.., ~ lb/."n'. 0.860 0.752 o.E~8 0.."57 0.8)9 0.676 n.789 0 6~6 

~Zf=, . 0.52~ 0.575 O.5~9 o.601 o.62a o.6~9 0.670 n.7o5 

Ta~al ~z'ecess Wa~.~P, 
~ ,  Zb,t..~ ~.658 2.~6~ 2.699 2.602 2.69 a ~.5~8 2.659 2.5~9 

Bo'-Ze~" ~eed Water', 
~,n=. ~ ~.g~.~o ~ 2.~_~ ~ ~ ~ 2soa 

~'otsl Pz~cess Knd 

~. lb/b~ 5.582 5.~8~ 5.668 5.~6~ 5.657 5.~51 5.605 5.~5~ 

Boiler .=eed Wa=e11 ~ Llsl6~ 10,768 II,~6 10,~8 iI~I~ I0,702 11,210 ]0,706 
Coc!Lt~ W~t~ f~ 
?J~.ndlI.n~, ~m: ~,,850 ~5,900 ~J~, ~50 ~,* '00 ~ ,800 ~2, z~50 ~ l ,  g00 ~1,6o0 
Coo~2J~ Water ~'c~ F/dmo- 
I~.£!~, ~ ~7,1o0 ~5,6oo ~6, 5oo ~5,50o ~5, ooo ~150o 33,8oo ~:% 550 

CooLtn¢ Wate~ ."oz' i>~elm.,d.- 
.~:.ca'~lon, &~pm 18~ 500 Z~, 590 16,680 Z~,690 I~860 9,7~0 8,380 8,~60 

COo.7~.~ Watea ~ .oz* Metb~- 
t*-Cn, ~ lOj 080 O I0,080 ), I150 10,080 5~5~O 10,080 10,080 

C~O1:~ Ws~e~ ~O~ O~*n 
.~luc="_on, ~pm 118,800 i~O, 800 I~ 6~0 1.36,520 1151,670 II~7, ~00 15~, O~ 16C., l~O 

To=al P~ocess C ~ l l ~  
~te.~,, ~ ~,SgO 2~O, ~O 2a7,710 ~61,850 ~59~6~C 267,280 2.'6, 5~0 250, ~50 

Total Cooltz~ Watt, gpm 7].2, 540 71b~ ~O 

* ~ea an 80~ fuel efticlcncy 
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PB- 2 3 a  

Table 4 - C o n t  U T I L ] I Y  R.E.CUIR2.~M~NT5 F O R  T[-IE PL.%NT 
]~1~cti~ of T=ta/ Ca~ 
Converted o. 5 • 

~%uI~- Zcme, "~ --.170~" 180C- --I~0G 
IT~eEion o~ Ca~o~. Con- 
vested in Lo~ .Te~m~-  
tuPe Zone 0.1 0.2 0.I o.~ o.! 
Pm,~r f~- Coal Ran~n~ 
ph~o~e ~ ~761 3,58~ ~,5~0 3,~1! 3,'~5~ 

fo~ 
P-~---u~cr ~o~" P1~pU1"!Ylc~.ion, ~!,~1 20,8~ E0,6~3 !~,88' 20,129 
hp 8,0"1 ~,590 5.7E8 5.221 %900 

power for- Oly~m P~:)ductio~, 
hp ~'0,5~I ~5.T~-~ =6.~!3 50,~03 52,50 .~ 

~ow~r :os" Hyd~o~m COB- 
D1~ss~]-, hp !9,5~5 22,600 22,393 2'-, ~ 2",~2~ 
Pow'.~r t"~ FIuO~" l~'~:eSs, 

i~2,5o2 130,-'01 I ~  i ~  

Ib/h~ &; 5~5 pei~ !,218,190 I,~5,6~0 !,}07,00~ -,?r%~o~ i,~-o7,58~ 
Ste~m to Ge~iti-.1",P~- 
ib/h~ at 5~5 psla I~9,58~ I~9,~S~o 1~8,o9o 16o,85~ i~2,~ 

~fce~ ~o I~ Shi~t, 

Tota l  5~5 Psia S~ea~ 
l~/h~ 1.516, ~ 1.671,219 1.6~8,;~m5 1,7~9,~78 !,783,0~0 

St,~ to H~-~eo~ui~te~ 
Ib/h~ at IC~ psla ~1,0a8 ~,!55 ~',6~0 ~,918 2~5,7aI 

psia Steam. I, MB~a/h~ ~7.99 "29.65 c51.50 A2=.5~ ~87.~ 
~es~ ~ fcm ~ 5  

~ i a  Stel~, K~u/h1" 1,~96.06 1,6~8.19 1,625.7~ 1,725.37 1,758.~6 
~&t i~oI • ~ 1~m~t~ 

TotL% I~8t ~e 'm~'ed, 
)O~%u/tu. 2,123.05 2,2T?.80 2,277.T3 2 ,~6 .9 .  ~ 2,20k.8', 

Beat Prom Excess C~vu., 
~ u *  2,0~3.&6 1,28~..62 1,270.8~ 7~7.5~ 755.76 
E~cess Heat ~ Ik~ 
Im~/n~ Clu~, 14~hdhP* o o o 0 0 
Heat ~ ~ ~I- 

Coal Requi~e~, ton~* . ~5.9 ~ ~6.~ 73.37 66.8~ 
?ota~ Po~:P ~ r ~ t e d ,  
~ S S  11.802 10,173 9,~ 8,6~ 5,353 

W~te~ to Co~l 
piN l ~ d l ~ , ,  ~ lb/h? O. 995 0. 910 0.901 O. ~56 O. 8,'7 

~ s  ~t~T t o  P~- 
pu~i~Ic~tlo~, ~ l~Au- 0.932 0.877 0.979 o.go7 o.87~ 

~ e e e  ".arm" to l~t 
Shi1~t~ N~ Ib/hl, 0.5~7 C.631 0.626 0.679 0.688 

~t~ to 

TOtal l~-ooa8 ~te~. 
lb/h2' 2.5~9 2.5~2 2.6~9 2.607 2.596 

Bolle~" Feed Water', MM 

Total Process and 
~ile~ Feed Wats~, 

Ib /~"  5.628 5,6A5 5.6~6 9.567 5."~5 
Total P:,oce~s ~,~ 
~oile~ Feed ~t~, R~B 1.1,256 11 .290  11 ,272  I!,i~ 10,890 

Coo14J~ ~ te~ fo~ c o ~  
coo:u.,=~-~~"=~u"~"~"=r~oo:u~ ~ ~8,8oo ~ , ~ o  ~,~oo ~,z~o ~6,~oo 

flcat~, ~ 26,~0 20, 0~,2 16, 5~2 I~, 066 12, 9~2 
COO1/Z~ wares" to~ M~:.hm~- 
coo u ~ i - = ~ "  ~= t  ,_o, o80 6, ~oo zo. 080 ~, ~oo zo, 080 

r~r c~tT~ 
1~uction, ~ 123,190 142,100 140,770 152,910 156, 8~0 

~,ocess Coolin~ 
Waf,~, ~ 2~0,2~0 2~9j 572 2~7,602 258,1~ 262, ~,52 

TotAl Cool i~  "aate~, ~ 

2000-------- 

0.2 0. I 0.2 

19, .-12 ~9, ~8-" 19, 058 

~ ,  ~ 5-:. 5,'~ 5-% 

~5.~9 ~,5~5 2~,8!o 

!,&U2,!? ~ , I,&7~,780 1,5!9,,~7,0 

171,7)'} !75, ~"7 18),va~ 

1,6)9,13~ Le,--r,360 l ,  gas,SN~ 

270,667 185, =Io 156, o50 

263.oI 18o.17 151.5a 

1,813.79 ij851."9 ~,9(~9.6T 

2,221.80 2.1b~.5~ Z , ! 9 1 . l l  

~;27.78 276.5~ 0 

0 0 0 

L7~,.02 1,887.0~ 2,191.11 
52 • 66 87. I0 !01.1~ 

7,760 7,811 7jl~ 

0.859 o.8~9 o.83~ 

0.792 0.810 0.725 

o.'r25 0.7~1 0.,--'7 

~ o._A~ 1 

2.541 2,569 ~-5L3 

5.~72 5.k~5 5.~6) 

10, 7~1~ 10,870 lOj 726 

25,850 25,600 25,100  

23,800 ;~, 550 S~,O00 

I0, ~82 10, 7"r; '  8,075 

10j 060 10, 080 IO, 080 

16~,250 166,810 17~,670 

~7,oo~ ~rj~ 197 ;~76,955 

• Bused on 80% ~el efficier.cy 
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P I ;  - -' ,., 

- ' : : :  !~" 4 - C o n L  U T I L ! T Y  R E C U I R E ; X l E ~ T S  F O R  THE P L A N T  
1 , t t ~ i . n  o¢ Tet~l Ct t~ t t  

Comm~.~ 0.6 

trope Z c ~  0.1 0.2 0.1 0.2 
?o,e~ .~o~ Cca2 1 ~ d ! i ~ ,  

!7,096 16, L~F$ 15. ,-EO 15~ ~7.~ 
Pow~ f'ot' IP~etm~tri=att~, 

~P 86,129 .*6,620 .~9, O~ 106,527 
Fc~e~ :¢1P ~ COB- 

l~,sto~*, hp ~ , 0 ~  25,,018 E~. 501 27,517 
?~'~e." .'c~P F'.u0t" Pt.ocees, 

;b/P.JP at, 525 ~s~a 1,2~7,,~90 I,~55,690 I,~97,~10 Ij:52,210 
Stelm to  GmliDIIT, 
Ib/h~ at 5~5 l~a !~7,~00 165,296 170,000 181,600 

Stilt tc Pnd 5htt~¢. 

Tcta! 525 ps~a ~telm, 
!b/hP Ij585,285 I~7~6~996 1,796,~25 1,872,~70 

S~l~_d t~t~_~L_, - -  o ~ t , . ,  619, I~ 5~8,601 52W, 69~ 506,935 
~ t  ~ o u - , ~  I ~  ~oe5 
~ t a  S'Celll, ~ 601.65 571.96 5~2.a9 ~.60 

imia Ste~, R~tu/I~ 1~56~.~ 1,713.06 1,77.1.67 1,~6.~7 
l~mt fox" t~ Pt~fl~It, 

~ t - 1  ~ t :  RequLt,ed, 
Nl~tu/h~ ~j~75.17 2,6~0.O2 2,616.68 2~6~i.07 

o o o 0 Eteams l ~ , t t  P~,om ~ -  

~ t t ~ q u ~ "  ~ ! ~ -  .l~"om Add 0 o 0 o 
t l tma!  COS!, ~ 2,;75,17 2,620.02 2,616.68 2,6~1.07 

Co~I Requit'ed, t ~  II~.25 120.99 120.78 121.~i 

i~ 10,017 8,9~ 8,67~ 8,18~ ocees ~'at~P to  CoLI 
RlMl/r~, ~4 Ib/h~ 0.785 0.7J~7 0.722 0.710 : t~eSS "d&tet, t o  ltY~- 
_Im~I/ieatlott, ~ I~/~ 1.05~ 1.003 1.01~ 0.951 P~ocetl ~ a ~ t -  to ~t 
~o~'~,  ~ Ib/h~ 0.616 0.699 0.7~0 0.77! 

¢~Is Wgt~ to 

~ml P~._,eeSS klteJ~, 
 608 

Toml l~ocess ~ma 
t l~P ~eed Watmt.. 
lb~P~occeilll I ~  5,¢t;? 5.~71 5,55; 5.~,77 
t" Pee~ t~t~, ~ 1o,89a 1o~9r~ 1!,1o8 IO,95~ 

Cooli~ mtt~ to~ Co~ 
R a n ~ l l i f  23,650 22, 550 21,750 21,~00 

~Ulit'te:P, ~ . -  Ytt~ ~ . 1B, ~,00 17~ 500 16,900 16,600 

rtc~tIom, ~ 2ao~9 16, ~ 5  i % 3 ~  a2, 8.v8 
Coolh~ w a ~  ~o~ ~ m ~ .  

Pl '~u~tou~ ~ . 125~ a30 150~850 155,1~0 165,730 c ~ L ~  t.tte~ t~e 

~ t l e ,  

Z .~oc. - - -  - - ~ o ~ - . - - - - -  

o.! 0.2 c.Z o.~ 

15,527 ".5. ~,~0 i~.70] !:.5~'2 

105,221 Z.~;.-~C5 loT. ~-15 ~08oE~0 

!e0,600 !8~,~L" 1.~.~?o 199.~5 

1,866,277 1,9.~2,0~ 2,016,5~-15 2,0~2,5:;6 

~07, 8~.5 28~.TE6 202. r'F;7, 182. ,"~1 

29~. 11 276.7} 1.~ .0~ 177.56 

1,8~0.56 1,905.&0 1..~90.,"2 2,01-'.~.0 

~ ~ az~.oo 

2 , ~ . O T  2,}77.1~ 2,a0~..26 2,•05.96 

0 0 0 0 

0 0 0 0 

lO8.62 109.78 110. ~8 1!I. 06 

7* 6~-8 7,~99 6,528 6.569 

0.71~ 0.700 0.675 0.669 

0.87,! 0.809 0.829 0.766 

0.774 0.802 0.855 0.868 

2.535 2.1tga 2.55 ~, 2.5Ol 

2 ~ # a  &J2u  a.so~ 

5.2~; 5.~T 5.~5 5.252 

I0,6~3 !0,~7~ 10,726 Io,50~ 

21,500 21,1oo ~0,~*00 20,200 

16,650 16,350 15,800 15,600 

10, ~,L~6 9, 82~ 5, ttO~ 5, 5~5 

I0,080 I0, 080 I0, 080 I0, 080 

16~,820 174,510 18~,7~0 185, 0~0 

$59,376 269, 07; 27~, 083 276,705 

" ~ e d  oo 80~ -~'~el e r i ' i = i~ -7  

- 2 2 -  
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] ' a b i ( -  5 MATgR] .+ \ I_ .S  1"(-)!{ !1 ~. D l ¢ O O , \ S i l : l ~ [ t  A N D ( ; . \ S I I : i l : : I , ~  
' Q u a n l t t m s  I3a: ; t .d  +,,~ I l i t  O])~.r:,l~¢+~t ;tt 250  IJxiIntm I ~ l t , : l ) , t ' f ,  

~ c t l o n  o~" Tctal CL-bon CcnvePted 

Z:ns, "T  ~ - - l T 0 0 - - - - - - -  
Pract~cn oF Csrbon ConwPteJ in 

bov-Ta,~l~rstux~- Z o ~  0 . l  0.2 
C c s l  t o  H y d r o g a s i f l e r ,  t o n  ~51 .29  6 )~ .~1  

Cc&l to  Gs~iCler .  ¢cn 0 o 
To ta l  P r o c e s s e d  Coal, ton 551.39 6 } } . ~ I  
Ccal f o r  P:~eP, ton 0 0 
7=Lsl  Coal, t e ~  651.~9 6~ . } I  
P r c c e ~ e d  H~dl,c~-'en ~o Hydrc- 

~t~SiP!er, m l e s  25,160.~ 27,727.5 
l~ ,~ee~e~i  0~7~9n t o  GUZCIoP, 
.~c.n II7.L~ 129.o7 

8tecm to  HydlPOc-~airter, lb  348,6~5 293,7+0 
g t ~  to Oes t f t ~ r ,  Ib 121,6£~ I}~,I02 

O. :c 
~ - - -  ~ C + : . - - -  - -  ;,)ce+.- . -  . . . .  + c ~ ' : . - - -  

0. I o.2 0. I C.2 t , "  +.:. 

c 0 O 0 0 0 
~ 0 . 7 9  6-~. )O ~ ;.3. % "~O~. ~O 'Lq ", • 'J 1 58~."~ 

C 0 C ¢ (" 

6ko .  +":~ ~2" .  ~0 4L~.-T ,'C5.9o 595.5~ 5( %, '.~ 

2~.qC5.0 2P . .9~ ] . 0  ~ 0 , C l J . ~  Y~..~0.~. + .*2,~0"/.P ]~ ,~2" ; . "  

122.92 I~.£~ 199.71 ~_ k~.  ~,j ;~ ~. "1. ~ 15".  :: 
) 5 9 , ~ 0  }02, ~9~ ~ 7 , ~  17.;,~C l~,~, ~T ' ) , , e 4 '  

1~7, T(~ U ) ,  8~- :~ t~5,15" *.~. O, ~ "  %5,770 16" ,,:~¢ 

- -  0 / * -  

. . . . .  17~:. . . . .  lPO0-- - - - - -  

0 . !  0 . ?  O. ~. n.  ~ . 

5 ~ . O l  ~I~ .SP  50~'.~ ~1~8,0'. 

0 ~ C o 
' : .~ .0 ;  51;',5~ ~O".8B ~'~6 ,C" 

l ~ l . ~a  1,0.1, ~ 1 ,~8 .83  150.8Ol 
',6 I. OPd ~ .  1')5 Ut;~,,~k¢ a, N~, 91~:+ 

1~9, . ~ 8 6  lq,),:*6O D P ,  090 If, O, L%~ 

.~.sct~.cn c/" Tots! C~ebcn Converted 0..~- 

Z~no, "F ~ ] 9 0 0 - - - - - - - -  
Pr~a: tcn ~.~ Ctrbon Converted tn 

~'.'~ * Ie.~.po ra t.uwo Zone 0.1 O.P 
Ccml Lo KydJ~.~asl~lol', ~cn ~9~.06 ~8],P.~ 

~ce.~L to  ( l ~ . ' . f l ~ ' , .  tc.n 0 0 
? o r a l  Proces~.ed C c s l ,  t c n  ~gb.O~ ~'8~,8; ~ 

• : - .~I  ."or t - . ' e r ,  ~.orl 6 ,~ .~k  82.(~6 
T :~1 C ' q l ,  t~.'~ 560.)0 556.t18 

P l ~ e s s e d  f~yde~.~en to  ~ y d ~ : -  
C~.~Ifler+,+ ~.cLoa ~},C82.~ , " , 8 ) 0 , ~  

i:~.."eoaae::! C.~£on to ~esi :" -or ,  
t o n  15t.66 141,00 

$t,oJe to  Hyda, c ~ u 1 C i e r ,  Ib 2.~5,741 ~70,d~T 

Steam to O u t l i e r , ,  ]Ub 16;),8}7 tTl,7~5 

~ ' a o ( , o . . - . -  - -  - - ;  7 r . o ~  

0.1 0.2 0.1 0.2 
~78o2p 4 ~ . 0 0  ~;k2.20 -~2!.CO 

0 1.77 ~ .7~ ,~.~.~8 

8 " .  LO I 0 1 ,  I t  l l ;~ .  25 120..~9 
545,  ]P 5 7 0 , 9 !  559. I )  5 " ' , . 5 "  

.~5,650.'~ Y t , ' ~ } * 9  29 ,6 |0 . :  }~,65~.~' 

164.51 1 ? ~ .  ~.6 I ):% ~E L"8 .77  
IE~,~,IO 1~,',,050 (." 19, l ~FJ ¶,~3,']0| 

0 . ~ -  

0.1 0.~ 0.1 0.2 0.1 0.2 
" ~ , 6 0  ~0c.20 401,60 39q.20 .'80. ~0 ~TG,~o 

t~.87 62.50 60,69 70,0~ ,)0.55 95.05 
4~,2.4, ' ".;2.?0 It;2. P*) t~ l l .  2 ,~ k'lO.~5 q?l.  q'.', 

1 ~ 0 . ' 8  121 .91  iN~.6~ 1 ( ' 9  'F ! 1*% QB t ~ 1. r'~, 
57,*.2~ 59k.~) ] 5".'0. q |  .~"k. o |  .~,, | .,'~ 585.,~1 

:5,~04.6 ?.7,105.0 JT,,~)k,e .~0. ~Ttl. 9 .t t ,  : :/'., 0 eli.'t~O, 0 

LS}.O0 Id3.~,k 162.54 17~, i'~ 180,21 ;.q2. ~8 
5~?.6)~ ~06,9~5 M)7.8|5 20&.'/85 ~02. 777 tH~.,T~I 
l ' fo,ooo $81.60~ 180,6o0 t85,648 tO?, 4,)o 1')% ~ .  r, 

p, 



Z 

-e 

-4 

o 

Tai.~lc~ 6. S U M M A R Y  Ol:  COST D A T A  

F~aatlon of Totsl Carbon Convert8~ 
Te~pera_Lu~e /.n HtEh-Te~ePatu~ 
Zone, °F --170~-- 

F~aotlon o~ Carbon Converted in  
Low-Tempe~atu~e Zone 0,1 O. 2 

Coal Sto~e, $ million ~.6~ ~.5~9 
Coal a~ndL~, ~ mlll~an 8.5~0 8. 357 
l{~0~osasLficatLon, ~ mill1.en ~2.6.~0 22.720 
PrePu~i££cat!on, $ million 9.721 8.~5~ 
@h~, $ mil~an 0 0 
~!~thanatlone ~ million 0.78~ 0.~01 

13.?~5 H(~en l~oduotton, $ ~/lllon 16.~56 
ydroEen Pa'oduotIon, $ mil l ion  22. 300 2~. I00 

Of~e~te FaO~litles~ $ million 

Coal Cast, $ ~&11~on/y~ 28.~265 ~7.73~0 
Char Credit, .$ m~llto~'~ 5.1~9 3.9@0 
Oes l~Lce, ~/:.."~BtU 0.589~8 0.60052 

- -  ISOo-------- 

0.~ 

--1900-- 

O. 1 O.R 0.1 O.g O. 1 O.g 
~ .~o  ,~.~o~ ~ . ~  ~.@~ ,,.~o ~ 

22.~o 22.~oo r,.~oo 17.,eo ~ : ~  ~.~,o 
~ . ~  ~.~o ~.189 ~.~o7 ~.7~ 

o o o o ~.o~o o ~ o  
o. 9o~ o.e~, o. 99"~ o . r ~  l .  o~  0.600 

15. C~6 16.718 17. 511 17. ~ 18.@~@ 18,8.09 
3.200 2~. 900 25.~00 ~6.500  S'¢.~O0 28.~,0u 

~. ~21 3.116 2.855 g. ~33 . 1 , ~ 6  
0.59597 0.61110 O.5999~ O.5~56 0.59605 0.6GO85 

o 

Z 

! 

PrsctZon o f  Tota l  Caxton Convo~ed 
Te~pera tu~ £n HIEh-Te~atu~ 

Zonep °F --iv00 - 
~at£on of Ca~oon Converted in 

Lov-Temperatu~ Zon~ 0.1 O.g 
Coal $to~a~e, $ ~ . t l l l o n  ~ • 123 ~. 133 
~o~i O~ind[ng, ~' million 7. ';52 7.203 
Hycu~ogeslflcatlon, $ m i l l i on  ~3.500 ~3.~50 
P~epu1~fl0~:tlon, $ r~lllon 12.,591 9.@21 
Shi~, $ mil l£on 0 0 
r~.ethan~tlon, $ milllon 0.786 0.65~ 

~f~ on Product ion,  $ mi l l ion  15,C~6 17.577 
oEen EToduct/on,,$ million 23.300 ~6.000 

s~-te Faollltins, ~ m~l]!on 
To~'*.I ~ Cost, ~ mi l l l on  ~ 
Co~1 COSt, ~ ~,tlllon/Tr ~3.725 23.6,70 
O~ ~r~dlt, ,$milllon/Ez, O O 
Oas P~_ce, @/:,~O~tu 0.60530 0.6253~ 

--180o---- 

0. I 0.S 
@. 115 ~,. 1~1 
r. 159 6.9~2 

8. ~7~ 8.019 
0 o 

0.89~ 0,627 
17.181 18 .~"~ 
25."G0 27.6C0 

23.:;95 ~3."3~ 
0 0 

0.6165~ 0.629~6 

0,5 

--~.19oo---------- 

0 .1  o.g 0.1 0.2 
~. I~i  ~. 159 ~, lab ~,.70o 
7.02g 6 • ~ 6.867 6.78~ 
17. 770 t7.7~.0 16.750 16.680 
7.609 6.625 6,971 6.67@ 
O. O60 0 O. 0~o 0 
!,o80 0.820 1.gSo 0.8~8 

28.899 19.163 19. ~28 ~.0,088 
,o7.800 29.10o 29.600 30.8O0 

23.676 ~3.907 23.61~ ~. o31 
0 0 0 0 

0.61301 0.61799 O. 614~7 0,6g53~ 

o 
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0.2  O, O . I  O, 1 O.e O.I.  O. 
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Kimh-~esstu~e Metha~atlon 

I~borator~ Met~thanation St~ud7 

Quotations were received for most major equipment; 
selecting and orderip~ major equipment and other equipment having 
a long delivery t~ne was continued. 

A survey was made of ways to continuously analyze the 
feed and product gases for carbon monoxide and carbon dioxide. 
Because of the 0.10 mole percent limit set for synthetic pipe- 
line gas, speclal analytical technlques are required for analyzing 
exit gases. In addition, a dual-range analyzer is required to 
operate accurately at composition ranges of 0-2 mole percent and 
0-20 mole percent. For these reasons, a continuous process moni- 
toring-type infrared analyzer was decided upon; the appropriate 
manufacturers will be contacted and quotations obtained. 

P~1 o~ Plant Studies 

The objective of this study is to investigate the 
hydrogasiflcatlon of suitably treated coals ~u a continuous-flow 
pilot unit in order to develop data for the design of an inte- 
grated pilot plant. In the present phase of hydrogasification 
studies, tests are being conducted in a high-ten~erat~.e, 
balanced-pressume pilot unlt. Gas-sollds contactlng is achieved 
in ~ 4-Lu.-41ameter reactor tube, the hydrogen or hydmogen-steam 
mixture flowu_n~.upwa~d andthe coal flo$ing downwsmd as either 
a moving or fluid bed, o~ ~u free fall. 

~Lvd~ o~asl fication 

Rebuilding of the hydrogaslfication ~ilot unit reactor 
heating fumnace was completed with the installation of the re- 
malning four heating elements. 'The entire furnace was tested fo2 
operation to a temperature of 600°F. 

A new 4-in,-diameter reactor tubej type 446 alloy, and an 
e xpsasion bellows was installed in the reactor shell. Before 
installation, the reactor tube was wrapped with a 1/2-in.-thiok 
layer of Fiberfrax insulation so that temperature profiles could 
be recognized. The lower 31 inches of the reactor was left 
unlnsulated to improve heat transfer to the tube in this zone 
where the heat loss is high~ and final preheati~4~ of the steam 
and hydrogen feed is accomplished. 

. Reactor tube-wall the~mocouples were drawn through the 
shel- s,ud sealed iu glands against pressure. Six of the 31 reacto~ 
tube ~nermocouples were pos_'_Loned on the outside of the Fibe2frax 
insulation at approximately 31-inch iutervals, and at nesmly ~he 
midpoints of each of the top six heatlng zones. TemDe~attt~es 
sensed by these thermocouples, and those sensed by t~el~mocou~les 
on the tube wall at corresponding levels %-ili be used to determine 

i I I t  t ~ t ti t i 
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temperature gradients across the insulation to establish direction 
of heat flow. Location of the reactor tube thermocouples is 
shown in Fig. i. 

Electrical ~iring of the seven solenoid valves for the 
new reactor-shell dlfferential-pressure control system was com- 
pleted. Rupt~ disks were installed in a pressure-equallzing 
line between the reactor tube and the shell. These disks are 
designed to r~pture and equalize the pressure between the reactor 
tube a~.d the shell in the extreme case of failure of the differen- 
tial-pressure control system. 

The modified pressure vessel, which will serve as a 
temporavy resldue receiver, was installed in the pilot unit. 
This receiver has a volume of 7.7 cu ft compared to 5.1 cuft in 
the original receiver. The reactor discharge screw housing, the 
discharge screw, drive shaft, and the variable speed drive were 
installed. A feed calibration of the screw ~w.s made, correlating 
weight of coal discharged with screw rpm. 

Piping the hydrogen and steam feed lines to the bottom 
of the reactor was started. 

The coal feed hopper and the coal screw feeder ~re 
reassembled to the top of the reactor. Reconnection of the 
six gas-sampling p~obes was started. 

Coal Pretreatmgnt 

Four coal pretreatment tests were conducted in the 
continuous-flow fluidized bed pretreater. Thes~ tests az~ a 
part of the program for defining minimum pretreatment conditions 
for producing nonagglomeratir~ char for the hydrogaslfication 
pilot unit. 

Nominal conditions for these tests az~ given below: 

Feed 
Solids Rate, Avg Solids Residence Gas Rate, Oxygen, Temp, 
~ l ~ / h r .  ~ ~ _Time, hr ..... SCF/hr , ,  ~ ~ _  

 -12 72 1,27 6!3 2.1 
FP-13 73 1.0 602 2 . 2  536 
FP-14 78 1.0 590 9.8 666 
FP-15 74 1.0 6OO I0 708 

It was found that with a 2% oxygen concentration in the 
pretreatment gas, sufficient!~I high bed temperat~res for adequate 
coal pretreatment could not be ~intained in test Runs FP-12 and FP-13. 
In eem!ier tests, it was shown that sufficiently high bed tempera- 
tures for pretreatment coul~ be malntained with 21% ox~gen (air). 
To investigate oxygen concentrations with respect to oxidation rate, 
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fumther tests (Runs FP-!~ and FP-15) were calductedwlth a 10% 
oxygen concentration. Bed temperatures in these tests were 
maintained at a level adequate for pretreatment. Chams produced 
in these tests have not yet been evaluated for agglomeration 
charactemistics. A more detailed data presentation of these 
tests will be made when other analytical results are co~-ioleted. 

.Operating conditions and results of four coal pre- 
treatment tests conducted last month are presented in Table i. 
Chemical and screen analyses of the feeds and residues of these 
tests are given in ~"~ble 2. 

Pittsburgh seam bituminous coal obtained from Consolida- 
tion Coal Company was pretreated in these tests. In Run FP-? 
the coal was from Montou~ 4 mine; in the other tests the coal 
was f~om the l_v~land mine. 

When it was found that ~n oxygen concentration of 
4% and coal residence times of 27 to 40 minutes vere nct 
sufficient for adequate pretreatment, the oxygen concentration 
was incmeased to 21% in the p~etreatment gas; the average coal 
~esidence time was incmeased to about 1 hr by increasing the 
bed height to 5 ft and by decreasing the coal feed rate to 
50 ib/hg. 

Laborato:,/ evaluations of the chains produced in these 
tests (procedure descrfbed in the Januamy 1965 Work Report) 
showed that only the char of Run FP-11 may have been sufficiently 
treated to prevent agglomemation when hydrogasified. As shown 
in Table 2, there ~s a significant reduction it. the volatile 
matter and in the hydrogen content of the char produced, com- 

L1d_~ to the feed content. The reactor residue aualyses do not 
~eflect the pmetreatment operating conditions because 

these ~esidues ~emalned in the reactor during the cooldown 
k 

period for about 18 hours. 
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- , %  ,~ ,r • , ] ~ ) ~  .--% , .~ 
., .,,,.,.,,~ .~.-.D_ .,~ .,,...TIN~ ..RESULTS OF THE P R . E T R E A T M E N T  OF 

[~;ONYOUI~ l BITUMINOUS CO.-.L IN CONTIA'OUS-FLOW PILOT UNIT 

Sieve ~ z e ,  N3S" 
Pl, e t rea tment  Gas NitrA ogen Ai r  Ai~ Ai~ 

Pur~e Gas ~ t r o g e n  A i r  A i r  A i r  
IAu~ation of Testj h~ 2 2-I/2 ~ 2-3/~ 
St es4yoS~ate 0~-~mtlm~ 
Period, mln 4o-11~ 99-159 51-123 - -  

OPERATING CORD'rTIC~3 
Standpipe 

co, Lu. 3 5 3 3 
Height, ~ 3 3 3 5 
Bed Luven~,oI-/, Ib 58 • 90 37. ~9 47 ~ ~ I 56.50 

Beactor P~e~suz~, _pslg 1.50 3.40 1.25 7.25 
Bed Te--~eratu~Te, ~F 
Bo~om 656 833 239 700 
=/a f~ 777 560 239 7oo 
i f~ 773 510 2~6 
i-1/2 i~ 777, 8~ 266 700 
2 ,~ 773 -- 370 705 
2-1/2 f~ 781 6#3 ~62 705 
5~ . . . . . . . .  
Ave.-age , 756 678 30~ 702 

Coal .Ra:e [4.~}, Ib/tm I~I.~ 86. ~ 71.2 ~9.6 
Air Ra~e, SC'F/hA" 167.9 833.6 598.8 602.8 
Nitrogen Ra~e, ~ / ! u "  632.5 . . . . . .  
Or~, .n Co~cemt~atlon, mole % a.~ 21.0 21.0 21.0 
N~troEen ~ Rate, ~CF/h~ ~.0 . . . . . .  
Air/Coal reed  Ra~io, SCF/Ib I.~78 9.6~ 8.41 12.15 
Atr/C~a! Bed Ratio, SCF/h~-Ib 2.851 22.2k 12.63 10.70 
Coal Bed Pressure Differential, in. HE 1.88 1.8~ 1.80 2.~8 
Coal Space Vel~city, !b/cu f~-h~ 88.31 58.10 ~7.86 20.8A 
Coal R~sideuce Tim~, ~ 2S.9 26.0 ~0.0 68.2 
P~etmea~n~ Gas Residence Time, mln 0.0570 0.0585 0. lOB6 0.1565 ~ rf!cial ~Te.~.~ea~ment Gas Velocity, 

/sec 0 • 878 0.852 0 • #60 0.511 
OPERATING RESULTS 

Pz~xluct Gas R-,~e, SCI~/~x • 771.2 952.8 606.0 601.2 
.~esidue Char (drT), wt % ~ coa l  96.0 92.5 88.8 76.8 
Knock.cut Drum Residue, wt ~ dry co~l 0.3 0.I 0.6 5.8 
Co~denser and Fi!ter Residue, 
"~ % ~--y ~oal ~ ~ ~ . 8  

"2o~al Residue Cb~, wt % dl"y coal 9b.9 ~ . ~  90.2 
",~ter and ~.L'P..-", Cendensates, 2.1 (LI.muicl) 

v~ ( ~_-~, c~ (~ce, ~ ~-6 ",o0.7 . . . .  ~ . 8  1.8 ('a~z,'l 
C','e.~rll Mater'_a! 94 - .  
Carbon Balance, I00.0 93.1 90.2 85:8 d 

FR0~UCT. GAS P R 0 ~  
No Gas 

Gas Comg~s!tlon, mole % Samples 
N2 94.0 8%.I 79.5 
co 0.9 -- 1.5 
CO~. 0.9 0.7 I. 
Oz I.~ 14.5 16.8 
}{2 1.9 . . . .  
/u, O,B9 0..7~ . . .  0.93 
To~al 99- 99 IO0. O~ I00.03 

.qeatir~ Value, B~u/S .~ b 8.9 0.0 ~.7 
Nitrogen an, d A~on-FI~e Heatlr4~ 
Value, Btu/SCF 17.# 0.0 2a .2  
SpeClflo G~vi%5", Air = I.~ 0.965 0.g97 1.005 
Laborato~ AC~!ame~ation Test o f  Residue 
~-k'e/uat ion 

1350°F -- Fused Fused ~a1~lall~ 
C~ked 

1700°F Fusc'd ~;sed . . . .  

a. Car~on in llquids no~ included 
b .  C~oss, ~as s a t i a t e d  a t  6o°F, 30 in .  Ng Pressure .  SCF - d~y gas volume i n  SCF a t  6O°F, 

3o In.  ~ l ~ . s s u r e  
c .  Feed and product  Bases not  inc luded 
d- Cau.bon i n  l i q u i d s ,  ta~  and product gas no t  inc luded 
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T a b l e  2- - C H F _ , M I C A L  A N A L Y S E S  O F  P R E ; T R E A T M E N T  C O A L  F E E D  A N D  ~ R O D U C T  C H A R  

c l~m llo. 

Froxl~mte A ~ I ~ I ~ ,  v~ 
m Moletuz~ 

V o l a t l l e  Ms~et- 
FLed Caz~on 
A~h 
Tote1 

o 

Csz4~on 

Nitrogen 

| 

+I0 

- - l o o  
Total 

o NOC mm17zed 

1,0 
~:~  

100.0 

67.~ 

16.}7 

.-~ 7 :':',-8 
I~mo~c,~ ~ Re~to~ Res14ua 

Reoetve~ Feed [~esldu~ ReceLvez, Feed 

;0.:~.. 0.7 0.9 o.~z 0.5 0,;~ ~,,..~ ,. .~ ~ .  ~,,..~. ~..~ 
~5.1 ~ , 6  50.5 5~.8 50.5 5 1 . 9  

~oo.o ~ o . o  !oo.o 1oo.o 1oo.o ~oo.o 

~g.5 7~.:~. 69.8 71.6 68.7 61:95 
~.6~ 5.~ ~.~ ~.~ 

.'T-9 .'T-:O 
lteaotoi- Itoalduo Reaoto~ R e ~  

e~LqJ~Lr._ Feed Heaidue ~ e l v e ~  

~i{ ~':7 6°'3 ,,.1°'~" g2.TO"1 ,I~.1"1g 
~ : 7  51.5 - 6~.o 

lOO.O lOO.O lOO.O lOO.O 1oo.o 

3.86 3.67 

2o.~,~ 1~.~ ~ . ~  z~.~ ~ . ~  

O.O 0.0 O.0 ¢.0 O.0 0.O 0.0 0.0 
O.1 0.3 0.0 0.0 O.0 0.0 0.0 0.0 
g.~ ~6.  1.8 1.8 0.3 0.9 1.9 1.5 

1o.5 19.8 9.0 3,7 5.3 8.5 
g9.7 17.7 9 . )  10.5 lo.7 
2~.7 L~.9 17.9 12.6 13.2 I1.1 16.6 

~..~,o 20.9 ~19.9 ~ . g  53.5 ~7.7 36.q ~2.6 

100.0 100.O I00.O 100.0 ).O0.0 100.O 100.O 130.0 

o.o 0.0 1.3 1.g 
0.0 0.0 2 .9  o.8 
1.2 1.2 8 .9  
6 0  5 ,  ~.o~ ~:~ 

. 9  , o  . 5 ,  
1 ~ 6  ~ 2  1 ~ ,  5 ,  

- 3T.5 27.0 1~.o 

100.O 100.0 100.0 I00.O 

0;  
i 



DEVELOPMENT OF XGT HYDROGASIFICATION PROCESS 

~rogress Report- March 1965 

to 

Office of coal Research 
Contract No, 14-01-000!-381 

H~dro~asificatio~ 

• Reassembly of the hNdrogasification pilot unit was com- 
Pleted, Hydrogen and steam feed piping to the bottom of the 
reactor waS~ installed along with gas-sampllng probes for samp~ 
gases at different levels inside the reactor. For sensln~ coal 
bed temperatures, three thermocouples were installed inside the 
reactor, The pilot unit was pressure tested and readied for 
Shakedow~ tests 

. Calibration and setting o~ the radiation-type coal 
bed level sensor by a ~epresentatlve of Nuclear-Chicago~ su~lie2 
of the level gage~ is in pro1@~ess, The use of a radiatio~ gage 
for se~slng solids-in a small diameter tube with a relativel~ 
large diameter outer shell and insulation represents a novel 
a~pilcation of the g~e, The ampllficatlon {mlt ,for detec~i~ 
~ne coal bed level has required extremely fine adjustments for 
sensitivity. To improve the sensitivi~F level~ changes in the 
amplifier circuitry are being made, 

Three hy~ogasiflcatlon runs were made in the pilot uDit 
vhen the reassembly of the unit .was comDleted (Runs ~T-53, HT-5~, 
and HT-55), These runs were made with ~he Iow-t~eratUre . 
bStuminous coal char used in previous tests, a~d wl%h hydrogen 
steam feed mixtures, . The pL~pose of these r~ns was. to shake 
down the rebuilt reactorb ~d to check results of the last 
made in the pilot unit prior to i~ture of the reacto~ tube, 

Coal ~t~_atment 

. ,  F o u r  c o a l  pre'~i"eatmen'b tests l~ere.co~duc~ed :fltt '~he  
contlnuous~flow flui~Ized-bed ~treate~ t l s . ~ ; ,  Pittsbttg~ se~ 
coal from the Xrel~ ~i~e. ~e ob.lec~ive of ~hese t e S t S  ~ S  
to contlnu%inve~tigation for defln~ug mi~ Pre~reat~e~t " 
conditions rot producing nonagglome~a~ing cha~ for the pilo% 
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Nominal conditions fcr the tests are as follows: 

Solids Rate, . Avg Solids Gas ~te, 
~ Residence. Time,. I~ _ S C F L h r  

FP- 16 73 I. 34 567 
FP-17 89 I. !! 580 
FP- 18 73 i. 39 567 
F1 ~- 19 68 O. 77 55~ 

5.1 6.58 
2.7 629 
2.9 587 
9.7 706 

A mixture of nitrogen and air was used as the pretreatment 
gas. it was found that with 3%-5% oxygen concentration in the feed 
gas, temperatures above 600°F could be maintaLned. Laborator~ 
evaluations of the chars produced in these tests showed that the 
char of Run HT-16 was fused, that of Run HT-17 lightly fused, and 
that of Rtuu HT-18 was free flo-#_ng, when heated to l~00UF at 
atmospheric pressure Lu a hyd_~ogen atmosphere. Evaluation of the 
char of Hun HT-19 has not yet been completed. Based on the above 
results there does not seem to be as yet a correlation between 
pretreatmezt conditions and laboratory test results. The reason 
may be because of fluctuation in composition of feed material. 
Further analysis on char and feed ccmposlt!ons should show this. 

About a-year ago, the same laboratory evaluation for 
agglomeration was made on four chars pretreated at !000 psig in 
another reactor. These chars we1~e found to be free flowing 
when originally tested at IO50°F° They were also found to be 
free flowing in this test at 1400°F. 

Methanation 

Work continued on planning t he  test Program and on 
d esign and ordering of major pieces of equipment- . Construction 
Work on the barricading -aas given top priority so that the 
laboratory area will be ready when the equipment arrives 

Design of service facilities for the new laboratory area 
was continued, 

Coal C~. acterlzatlon 

Dy~atech Corp. continued redesigning the hlgh-te~npera- . 
ture, h i~ pressure heat-of reaction calol~ime~er. As was ~tio~ed 
in the Meth~uation section above, work on construction of the 
barricading and design of the service facilities for the new 
laboratory area was continued. 

Apparatus for determination of the reflectance of coal 
macerals was checked out this month. Light filters for the micrc- 
scope and a constant-voltage.transformer for the mlc~oSC~ot~er 
we~ received, The constant vol~mge transformer in the 

i ~ I | I t U t | 0 J 
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was found to be defective and a 2eplacement has been 2eqaes%ed. 
Tests with a borrowed conshau~-vol%age transformer were made 
to "iron out" procedure and apparatus problems. On the basis 
of the observations made so fa~, i% appea~s that the appsmat~s 
will be satisfactory. 

Apparatus for determination of particle density by 
mercury displacement was built except for s.hop fabrication of 
a pressume vessel. Precision-bore.glass tubing for determina- 
tion of particle density by a gas flow method was ordered; 
this will be used on psmticle sizes smaller than about 80 
mesh. 

2~ocess C~onceDt Development 

Work has involved deve!oglng a mathematical model 
coal describing the state-of-the-a~t of ThlsPSmtial oxidation or 

suspension gasification processes, work to aid the 
economic study is in prepamatlon for estimating operating 
pa2ameters when using spent cha~ f~om the hyd~ogasifier as 
feed for these processes. 

Economic Evaluation 

in preparation for design of the hydrogen Section of 
the pipeline gas plant, a study is being made of synthesis gas 
production by suspension gaslfication.of coal: Contacts ~J-.th 
Texaco Co!~p. and Babcock and Wilcox Co. w!ll be made for state- 
of-the-~t ~_nfo~ tlon. These hwo compan~-es havedeveloped 
presstt~ized gasiflcatxon processes (300-~00 psig). Gasifica- 
tion at atmospheric p~essu~e -~ould not be economical for ou~. 
p~ocess because of the need to compmess hydrogen to I000 ps!g. 
A study of basic gasification meactions is being made. 

• Fluidlzed-bed ~asification will also be considered. 
Spenh chsm from hydmogas[fication would be a good feed for this 
p~ocess since there would probably be little tendency toward 
agglomeration. The flu~dized aasif!cation Drocess has ~.ome 
advantages over suspension gasification ~ the operatior, at 
ncnslagging conditions, Possibly givlng higher ylelds per 
unit of reactor volume. -However, csmbon gasification efficiencies 
would Imobably be lower for fluidized operations. 

No inventions were made du2in~ the month of Msmch; 
however, we ame now rev~ewukng our work ~o establish auy patentable 
aspects of the process as it is presently envlsioned. 

Jack~ebler, • Associate Directo-~ ~2ahk Scho#~, Manager 
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DEV~T--~OP~KNT OF iGT}n~DROGASIFICATTON PROCESS 

Progress Report --April 1965 

to 

Office of Coal Research 
Contract No. lh-O1-000!-~S1 

l~dro~as ificat! o n  

AnalTtica! results have been completed for ~un :--~-53 -- 
the first test made last month in the rebuilt hydmogasification 
reactor. A !ow-temperat'~e bittt~d_nous coal cham was hydmogasifled 
in this z~an at I000 psig and an average reactor temperature of 
I~85~F, with a hydrogen-steam mixture conta! ~namg 36 mole percent 
steam and a hydrogen/ ham rat_o ~ percent oi s~o_ch=o~_~__~ 
Results show that 52% of the carbon was gasified, ~.nd 41% of h. t = 
steam was Peacted. 

Five hydrogasification tests (Runs _--.~-56, EY-56b, i-_~_-56c, 
HT-S7, and HT-571~) were attempt~.d, in the p±l~t unL~ t~ 6as-'~Y a 
li6htly treated Pittsburgh s~am (Ireland mine) bit ~umi_,nous coal, 
These tests are being rim to establish the ~-'.~_L-~.. amount of 
pretreatment required for sat!sfactor~j operation in the ~-ir.. 
reactor. The pretreat.ed coal was prepared in the pilot plant pre- 
treater in ~ FP-15 (February 19o5 Report) and was sho~..m to be 
nonagglomerat~ng based on our laboratory test. 

Three of these tests lasted only up to 7 minutes, as 
difficulties were encountered in feedLngthe coal. ~ine coal 
feed tube eventually became plugged at the screw. To correct 
this problem, the feed tube was er_la~ged from 0.h in. to 1.0 in. 
!D, ar~ was shortened to keep the discharge end somewD~t cooler. 
After these changes, two hydrogasification tests were ~ for 
34 and 27 ~_Luutes. These tests were terminated when the coal 
eventually bridged in the 4-in. reactor tube, and the coal level 
built up to choke the :oal feed tube. Product gas samoles were 
taken during these tests; a partial evaluation ~,~ll be made 
when analytical results of the tests are completed, 

~oal Pretreatment 

?go cor~l pretreatment tests ,;ere conducted in the 
continuous flu!'/ized-bed pretreater with a Pittsburgh seam coal 
from the Irel~md mine. These tests continue the study for de- 
fining mim/mum pretreatment conditions necessary for producing 
a nor~%gglomerating char for the pilot unit hydrogaslfier. 

l ~i $ ? ! T U 1 & @ I~ • A $ t t c N ~ o L 0 e • 



N ~  conditions fo~ these tests are as follows: 

Sc!ids Rate, Avg SoLids Gas Rate, 0xyge~, 

FP-20 67 1.26 582 I0.! 
. = ? - 2 1  ~ - - -  , ~  ± . ~  6 0 0  ! 0  

649 
7OO 

P~etreazmer~ gas ~.~as a mi~xZ'~e of r~trogenand air. 
Tnese %ests :~ere desi~ued to increase the de~ee of pretreatment 
zvem Zha: in eamlier tests by usi~a h!~qer temperatume end e-n 
c:q~gen ccncem~ration of 10%. Laboratory evaluations of the chars 
for agglomeratlr~ characteristics h~ve not yet been completed. 
A ~ "~ t ~T -~'" ~ " we" th= .. _ao~.a.o.~ e~_=,.at_on she .a _~ chsm produced in ~anFP-!9 
(Xa~zh 1965 Report) at 706e~ to be nonaggiomeratLng, 

The pilot plant swing hammer mill, Vnich pulverizes 
coal for Zhe pretreater~ has beer_ modified to produce a smaller 
_.ac~ -~ .... of fines, ~e_. speed of the m&!! was reduced am.d the 
screen removed. 

Wi:h const~actlon of the b~mricading neari.¢ completed, 
--ork :~zas be~u_n on the instrument pem.e!s. Nearly all the m~jor 
pieces of "nstF&me.ntation were received. 

Desi~n of service facilities for the new laborato~- 

~cal Charac~emizatiDm 

'..-he ~gh-temperature, high-pressure heat-of-~eaction 
c~lor~eter redesi~was completed by I~.atech Ccrp, Baz~ica~diug 
for the calcr!_~-eter was completed. 

Constz'actionand assembly of apparatus for determination 
of particle density by mercumydisplaceme~t was completed. D@.ter- 
~_/mat!ons on the coarser sieve fractions (100 mesh and 1Eeger) of 
feeds and residues from several free-fallroms were started. 

Development of procedures for detez~inat!on of reflectance 
of ccal macerals ~ms continued. Determination on an amea of only 
2.8-micron diameter appears feasible with_ the addition of a recover 
or outv~t meter ~havlng somewhat greater s~nslt,,v~ty than that which 
the ~_nstzmment now provides° This will make !t possible to read 
reflectance on vitr~nite and other macerals ~ attrital coal grains 
that L~ve only small a~eas of uniform reflectauce, 
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Process Ccncep~ Develo_oment 

Duri.~ the month integraZicn of prese~iy developed 
kinezic equations into the process model was begun, the ~aroose 
of which is directed to Lmprove the accuracy of the model i~ 
predictir~ process operation. 

~c onom_ ~ c R~za!uation 

Texaco has been contacted about their gasification 
process for .ma~<!ng hydrogen. They Ludicated that it may be 
possible to operate at 1000 psig. 

A study is under way to deterrkne the effect of the 
hydrogasifier feed composition cn the e~erna- hydrogen re~_~ired. 

An economical evaiuat-on of the various me,hods cf 
ccntrc~lL~ the temperature for meth~uation is also in progress. 

No inventions were made dur~.__ug the month. Tr~ work 
tc establish patentable aspects of the process is cor_~inui~,E. 

~ack ~f@oler~,, Agsociate Director 
" g" " ~ c _ . . . . . - - - ~  

Fra&k-Scho~a,- ~anager 
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~EXDFMENT_ OF IG~ HYDROGASIFICATION PROCESS 

Progress Report- May 1965 

to 

Office of Coal Research 
Contract No. i~-oi-0ooi-381 

Nxdrogasification 

HT 
seven h~ogasification tests (Runs HT-58, HT-59, HT-6 O, 

-61, P~-61b, }~-61c, and HT-62) were attempted in the balanced- 
pressure pilot unit to gasify lightly treated Pittsburgh seam bi- 
%umlnous coal. Coal from the Montour ~ mine ~s used ~n Ruu ~r ~; 
the other tests used coal from the Ireland mine. The Montour 
coal was pretreated at iO00-psig Pressure in tests conducted in 
the early, part of 1964. The Ireland ,mine coal was Pretreated in 
the fluidized:bed pilot ~lant pretreater at atmospheric pressure 
(Runs 1~-22, FP-E3, and FP-24). These pretreated coals were non- 
agglomerating accordln~ to laboratory test. 

f u  
Two of the h~rogasification tests were completely success- 

i, one with coal char in free-fall, and one with a movir~ char bed. 
In these tests, no o~rational difficulties were ex~rienced in feed 
ing the coal char or in disc~~ the residue. Three of the tests 
were only Dartially sUc.cessful. After falling through the heated , 
reactor ~u~, the coal bridged in the lower end of the reactor tube 
below the furnace and could not be discharged. The brid~ing l~robably 
resulted from steam condensation rather than from stickiness of the 
coal char. Two of the tests had to be terminated shortly afterthe~ 
were started due to difficulties in the operation of the-reactor-shell 
differential control system. The trouble was traced to a pneumatically 

valve operated control that was sticking. The faulty valve was re- 
iaoed, Evaluation of the successful h~Irogasificatlon tests will 
made when analytical results of the tests are completed. 

Coal Pretreatme~_t 

Three coal Dretreatmemt tests were conducted in the fluid° 
ized-bed pretreater wlth a Pitt.burgh seam bituminous coal from the 
Ireland m~ne. The primary objective here was to produce a nonagglcmer- 
ating char for the Pilot unit hydrogasifier and, at the same time, 
stud~ pretreatment conditions. 
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Nominal conditions for these tests s~e as follows: 

Solids Rate, 
B u n  _ l b A - m  . .  

FP-e5 

Be Avg Solids Gas ~ate, TeoFmP ~, 
sidenceTime~ h~ ~ 

I. 5o 597 9.6 76~ 
i. 89 830 9. e T38 
1.86 760 9.8 7~9 

A mixture of nlt~o2en and a~ was used for 1~etreatment. 
The solids ~ate was 2educed ~o half of that of previous tests in 
order to increase the coal ~esidence time and thus inc2ease the 
degree of pretmeatment, laboratorq evaluations at I~0o°F show the 
chains prgdRced to be no~iome~ating~ The chsms of ~uns F~-~3 
arid FP-~ we~ used as fee~ to the pi_ot unit hyd~ogaslfie~, 

t ?luidization tests we~ conducted in a bench-scale g.lass 
ube to study the fluidlza~ion chamacteristics of I0 to ~0 mesh 
and -lo mesh coal, and to define more accurately ~ fluidiza- 
tion ~ates. These tests a t ' e  to provide information for img~oved 
operation of the pilot pla~t 9~t~eater. 

Methauatlon 

The methsaation reactor test p~og~amwas foi~mulated 
a meeting withDr. James Ca~ber~y, consultAnt to the Institute on- 
this work. The ba~Picade sad insti~ment Danel structures were 
completed .or the test ~rog~am. The ~eac~o~ and most of the 
Instm/mentation were ~eceived. 

DoalOharacte~i~ati~n 

. Dynatech co~D. continued construction of the heat-of- 
reactor calorimeter. The d~ calorimeter has been essentially 
completed; the insti%iment console is beiz~ consti~/cted. 

• Characteristics re qYl/med o f  a~eco~derto be tmedwlth 
the~efiectance apparatus in,he coai get~og~a~hic wo~kwe~e 
determined. Feeds and~oducts of 9retreatme~t Runs FP-~A aUd 
FP-8 were analyzed~etrographically. ~o si~z[ficsa~ difference 
between feed audp~oduct was evident in eit~e~. Small 
differences between the two feeds, one of Montoum ~ coal a~d the 
other Ireland mine coal, were found. ~smticie densities of two 
sieve fractions of the feed and residue of a free-faiihyd~o~asi- 
fication~un were detelmztued. 

~ocess Conceot Development 

The work on integratir~ the kinetic equations fo2 the two 
stages of hyd~ogasification into the p~ocess model is continuity. 
Although the kinetic ~quatlons describing the hydmo~en cha9 sad 
steam-char reactions will undergo modification as t~e ope2ation of 
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the pilot unit continues, integration of the kinetics into the 
~rocess model will provide significant insight into the variation 
in equipment size wlth various operating parameters. 

~conomic EvaluatioD 

During the past month the study to determine the effect 
of h~irogasifier feed composition on the required amount of external 
h~irogen has been completed. A study .has now been undertaken to 
determine the total carbon conversion that will e1~m~n,te the 
production of excess spent char. 

Determinations have been started on the design criterion 
for the pret~eatment section to be used in the state-of-the-art 
design. 

Gasification ~eq~ehts for hydrogen production from 
sOent cha~ have been discussed with the Texaco Development Corp. 
C}mr ~%ial combustion a~ears feasible. Texaco has given us 
tentative synthesis composltion and reactant requlrements. We 
have calculated synthesis gas costs as affected by oxygen/carbon 
and steam/carbon ratios. 

. No invBntlcms were made during the month. Some ~ob!e~S 
on delivery of the s~cial heat-of-reaction calorimeter are autici 
pared. Dy~atech cor~oratlon informs us that, due to problems in 
~ickel pl~ti~ one of the large enclosures, the delivery date of 
July 1 ~t~ht not be met. ~ plau to keep in close touch vlth 
D~tech To ex~te this item. 

?rank Schora, ~ r  
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~;J~ir- 0A [ RES:Ab,. DEV~_OPM~INT OF IGT :~[DROG~IFICATION ~a~_C~;~,£~ ..... 

Progress Report - June 1965 

Office of Co~_i Research 

Conzract No 1#-0i-0001-38i ~2.~.~ 0~ [~ .:,.-:--.-~ 

HydrogasSfication 

Seven hydrogasification tests (Buns HT-63 to HT-69) were 
conducted in the balanced-pressure pilot unit to study the gaslfi- 
cation of lightly pretreated Pittsburgh sea~. bituminous coal f.~m 
the Ireland mine. The coal was pre~reated in the fluidized-bed 
pilot plant pretreater with nitrogen and air at 750°F (Rtuns FP-25, 
27, 28j and 29). When tested In the laboratory at conditions 
simulating hydrogasification operation, these pretreated coals 
were found to be nonagglomerating. 

The partially hydrogasified residue from one of the tests 
conducted at 1300~F was used as a feed for a following hydrogas!fi- 
cation test designed to simulate the ~igh-temperat.~re reaction zone 
of a twostage hydrogasification^process. The test was conducted 
at a nominal temperature of 1700~F with a hydrogen-steam feed gas 
containing 50 mole percent steam. Approx~_mately 20% of the caz.bon 
in the already partially hydrogasified feed was gasified. A 
product gas having a heating value of #14 Btu/SCF on a nitrogen- 
free basis was produced. 

In four other tests, the low-temperature reaction 
zone of a two-stage hydrogaslfication process was si~alated. 
Lightly p retreated I~e!and mine bituminous coal was reacted at 
1300OF wlth feed gas of ~he following composition: hydrogen, 
45 mole percent; methane, 25 mole percent; and steam, 30 mole 
percent. This composition approximates that of a gas leaving the 
high-temperature zone. Two of these tests lasted only 30 minutes, 
as coal caked at the top of the reactor tube and plugged it. The 
feed coal for these tests, pretreated in I%~n FP-27, apparently did 
not have its agglomerating characteristics entirely destroyed i,n 
pretreatment. In the other two tests, pretreated coal fh-om Bans 
FP-28 and FP-29 was used. Both tests were completely successf'ai, 
lasting 8 hours. Bed-level control was ideal, and the coal did 
not cake. To develop data for studying reaction rates within the 
coal bed, product gases were sampled in these two tests at levels 
of 6, 18, and 42 inches below the top of the 7-ft bed. 

Ths partially hydrogasif±ed residue from the two 
successful, simulated low-temperature tests was hydrogasified in 
another test simulating the high-temperature zone of a two-stage 
operation. The coal feed rate was reduced Lu proportion to the 



fmacZion of coal already converted to approximate the rate at 
~zhich coal would be entering the high-temperatume zone. The coal 
was meacted az 1700°F with a hydrogen-steam feed gas containing 
50 mole percent steam. Approximatel~ 20% of the remaining carbon 
Ln the pa~t!a!ly hyd~ogasified feed was converted in this second- 
stage test. 

Components have been machined for adapting the h~zdrogasi- 
fica~ion reactor to fluid-bed operation. These include a feed gas 
distribuZcr &ud a sectional support tube for positionlr~ the gas 
dlstributor at diffe~nt levels "~lthinthe reactor. A reactor 
head asse~fo!y was machined to accommodate an internal cyclone 
• ~" " w~! be ~cn __ necessamy fop gas-solids separation in flu!d-bed 
opemation. The head assembly also has accommodations for a coal 
feed tube, product gas off-take tube, gas sampling probes~ and 
there_occupies. 

Fgo~ication of lamger capacity coal feed hopper and 
residue ~eceiver vessels for the hydmogasification 9ilot plant is 
prcceedi~2 ~ the IGT shop. Ma4or ~elding of tb~ residue receiver 
has been comoleted. Hydrogasificat~on te~ts at higher coal feed 
mates and of longer duration will be possible when these larger 
vessels are ~_nsta!led. 

Coal Pretmeatment 

Four pmetreatment tests were made in the pilot unit 
f!uidlzed-bed pretreater using a Pittsburgh seam bituminous coal 
from Consolidation Coal Co. 's Ireland mine. The objectives of 
these tests were to oroduce a nonagglomerating char fo~ the pilot 
hyd~ogasifica~ion unit and to study minimum pretreatment require- 
ments and conditions. 

Nor/m~l conditions for these runs are as follows: 

Solids Avg Solids Fee< Gas 
Ratej Res Time, Rate~ Oxygen BedoTemp~ 

~.Lu No. ~.!b/hi ~ b_~ SCF/f'm Conc,  % F 

FP-26 3! !. 73 987 9. ! 731 
FP-2T 31 -- 1325 8.5 719 
FP-28 34 1.85 637 9.8 744 
FP-29 3~ !. 61 609 9.9 756 

6 , ; .  
An air &ud n~rogen mixture was used as the feed gas. 

The c c~_l feed ~ ~" l oem~c_e size for Runs FP-26 and FP-27 was-I_0 + 40 
mesh. Fluidization ~zas erratic with this particle size distribution 
even at subs~anti ]ally increased feed gas rates. Because of plugging 
in the reactor the computed average solids residence time for 

• ] ~. FP-27 was urmeliable. The coal feed part~c_e size fo~ 

I N S T ! : u I ~" 
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R~ns FP-28 ~nd FP-29 was ch~ed to --20 mesh ~-~ --16 + 80 mesh, 
resoe~otlve!~,. The szandpipe for these runs was increased from 
5 ft uo )ft Zo o~event solids residence tir.e from dec~easin~ 
due ~o E~ea~er bed expansion of the s~!ler sized particles. 
Th_ere ~ere no coerational, difficulties aur~ng' either of these 
tests. Laborato_~j agglomemation tests showed FP-26 c.ham to be 
fused &nd FP-27 char to be lightly caked, whereas FP-28 a~ F~-~9 
cha~s ~e~e no~mgglomerating ~nd were successga!ly ran in the pilot 
:&ni~ i~<rdrogasifier. 

Co~ C .... act~r_za~_on 

~_~_e product frcr., pretreatment Run FP-22, which was used 
successi'a!ly as feed for. hydrogaslficatlonj -gas ex~mined pe~ro- 
grapb_~cal!y. Substantial modification of the coal, with 
appearance of vesicles, disappearance of exir~te, Increase ~. 
the ~eflecta_nce th_~ou~hout the particle, and appearance of a skin 
of still h'_~her ref!ec~ance, was observed of many but not all 
paz.tic!es. 

A comparison of our ~efiectance dete~nation with 
~hat at Bit'~m~nous Coal Research, Inc. ~msmade on two coal 
s~_~p!es. Reasonably good agreement, ~iti~_n 0.02% on a D.igh- 
volatile zoa! and 0.0#% on a low-volatile coal, was obtained. 

Appematus is be--ng constz~acted for detez~Ination of 
particle density by the Fmgtun gas flow met_hod. 

Dynatech Corp. continued construction of the heat-of- 
reaction calorimeter. Tb_e drop calorimeter and ~he -'._m~tz~ment 
console have been completed. 

fi~ . . . . .  m" 

LustF~ments for the meth~nation reactor ~ere installed 
and are being tested. Water and ~ supplies ~nSd~a~_n facilities 
~Tere Lnstalled in the barricade. 

Dar~n~ the month of june, no inventions ~.;ere made Ln 
the course of this work. To ensume max/..-a~n efficiency Ln the 
pilot pl~nt work, the pilot plant prog~am~.~ll be suspended 
for the first two weeks in ju![- for vacation purposes. 

B • ~ 

Approved _ ~A .... . . Si~.ed ~ .i. "t ~.~_'-~:. __~ 

J~~.ck ]!uebler, Aszoc'_~.%~ Director .-~ar£< C. ~chera, Z.ia_nager 
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DE%~LOP[:~!~.T OY iGT !_~VDROC:&S~!CA:fI_0N PROCESS 

__ o_~ .... Report- Ju!~: ~965 

u~ ~_c= of Coal Reseaa~ch 

Contract !';c. 14-Ci-0001-38! 

~.{:~dr o~ras i :'i c at i on 

?.-:o hyd_~oyasif'cat!on tesv.s (Runs h~_-70 ~nd ~!T-71 ', 
we.~e conducted in the be.] ~ ~ ~.ez-D._ ~_ss"u_ -e Di!ot_ tunit to s t. :! 
~.e ~=____,__~_o-~:'~-a-~'~ of ~C~-,i]:, pretreazed Pittsb~h ses_m "~,': : ~ 
nous coal from ~!-,e -~-=~.,d ,.~:~,c. ~ne coal -~as Dretreate(] ;., 

at 750°F (~ans FP-2;Z. = "" • _ _ P-, ~, and F?-~l) ~_ese Drear'eared coals 
:,;ere f'o'~ci tc oe :!ona~.-Z~'~,~cr-a~ing when tested in ~'~e laboratory 
at tonally.ions si~ulati_~_~ !</drogaslficaZion operation. 

Both hydr-ogasif!cation tests were conducted at sir.i- 
lar ccn.diticns to simulate the upper-, low-Zemoez.~_ture r~act!or_. 
zone of a two-stage ..,hvd.~o;as~ e{caD-:on_ g .... Process,_ add to Dr,.,~:,'.e 
a sufficient ~as_ntity_ of Dart!ally_ --..~'-s~n=~ e~ e£__~=~ ..... coal to use 
~s feed for a ~" -'~ ~ ~-~= . _ : c r o g a s _ _ _ c a . _  . test. ~.igh ~mpe_ a~u~ ~ h-- ~ ,~ "~ on The 

b1~ ...... ou~ coal :.;as reacted =t ~O0°F ,:..~_th lightl?i pretreated " -~'~ " - 
a feed gas containing z'5 mole percent hydregen, 25 mole percen~ 
meths_ue, e~:d 50 mole percent stearin. _7~_!s gas is t~.-gical of one 
-~hat -;ou!d be !eav~_ng the ionizer, hi~n-te_.~-rperat'~e hydrogasiflca- 
~ion zone. ?~:e two tests were completely successf,~l; each 
lasted about 6 hours and hydrcgasified about 130 lb or coal. 
Product ~ases also ~-.~ere se.mo!ed ~_n these tests at levels of ~, 
18, ~nd ~'2 inches below ~n- ~op of ~he 7-ft coal bed to develop 
data for studs~ing reaction rates within the coal bed. 

Installation of a feed gas distributor ir~ide the 
h~drogasificaticn reactor ~,~as started. Tne gas distrib~'or ~_s 
a 3-inch. pnr~us: s~<~in]ess steel disk that ~.~!i also e~ ~n 
coal bed support plate ~o keep the bottom,, of the coal bed ~:ell 
within the heated portion of the reactor tube. Lns%al!ation 
of t~e gas distributor is necessa~ ~- for fluid-bed hydrogasifi- 
cat ion operations. 

To facilitate the handiL~ and convey!m~g of hi~h-moiszure-~ 
content coals after beir~ crushed, a used, rotary-t~e drg-er vas 
p~mrchesed. 'Yne gas-fired dr~-er has a !2-ft-iong double shell, 
the irne_: shell having a i7-1nch !D. it will be installed out- 
doors for drying coals used in pretreatr.ent and hyd~ogasification 
tes%s before they are ground Ln the he_~m_..er mill. 



qoal  Pret_~eau--er t 

Fc-~ pretreazment tests were conducted in the fluidized- 
bed mrez.~eat~.ent oiioZ "cm_~t, A Pittsbum~h seam bituminous coal 

C~...sc__.,a~a Coal Co_~oany's Imeland ~..e was used as the 
feed ~__n the first ~wo z~m~.s" (FP-30 ~.nd FP-31), The purpose of these 
~ests was zo continue Drovidi!l~ a nonagglomerating chem for the 
pilot hydrogasification ~mnit. laboratory a~Elomemation tests 
showed Zhe cb2~s to be i~ee-fio~.~,a.nd both ".~ere success'2aiiy 

z/% ..e c.jd2o:as___cat_oL lLn/.u, 

Yr. the lat~er t~¢o ~ests (FP-32 and r-?-33), the study 
of the Broken Arrow .~.ne coal was initiated. It is a h--~u- 
volatile bi~u_nd_nous coal ~like the Pittsbumgh seam coal but of 
a sli~r_tly b_~ner ra~l~. The coal was acq~-J/med from the 0~o 
No. o seam (t.~ddle Kittazming) ~_d is one of t>e seven coals 
selected ~o ~ evaluazed in the hydmogasification project. The 
~a.~pcse here is to study ~tni~m pretreatment conditions and 
~c supply ~D.e pilot hydmogasificaticn unit ~.~_th nona~_-glo-eratir~ 
cha~, 

A typical proximate analysis of the Broken Arrow coal 
is as follows: 

HeatLn= Value, 
~4oisture, % ,Vo,latiles~ ~ Fixed C~_mbon,_ ~ Ash, % Bt-,~71b ..... 

a. 0 39.0 5!.6 5. '4 12,400 

i,[or'.nal conditions for tDm foum tests are as follo-.~: 

Solids RaZe, Avg SoLids Res Feed Gas Rate, 0x~-gen Bed Tezp, 
~.~n i'[c-- ...ib/bm ..... T~%e, bm __ S_CF/~m C onc, ~ _ _OF .... 

:-?-30 19.5 3.23 598 !0.1 756 
FP-31 18.2 3.80 584 9.9 750 
~-~P-32 28.4 2.56 589 10.9 702 
~-~P-33 28.2 2. O1 630 !0.2 7~9 

~_ ~ ~nd nitrogen ~"._ix~ume -.ras used as the pretreatment 
gas. Coal feed psmzicle size was --16, + 80 mesh for the foum funs. 
~_u K9-50 ::ras terr~_m_ated %~hen solids pl~ged the cyclone, thus re- 
stricti.~ the gas -~low from the reactor. ~ue re~zir/m_E t~ee tests 
eperazed success~a'_ly and were voltm_tem .y t~atedo 

Laboratory a-~!omeration tests showed the char from 
B~c_n FP-32 zc be ce/<ed, ~.fnereas chain ~'~om ~ FP-33 ~.yas free- 
flo~#_r~. ~nese results illustrate the effect an increase in bed 
~en_~erat~e has on the severity of pretreatment. 
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Cca! Characterization 

Problems of meunt!~.Z pretreated coal, ..ahich consists 
~el~, of relatively fragile hcl!ow spheroids, ,;ere ~nvest~- 
~a~ed. D~. apparatus a~nd procedure for mou_n~L~ the coal ~rithout 
particle hreal<a~e by attr?_tion or b u  applica~ior_ of hi~u p~essume 
,<:as a . . . . .  d. A low-power oil i.~ersi~n objective ,~as received 
:,L:, ~ ~ ,.'h~; ........ _ohotographs of whole particles so motunted were made. 

The behavior of zJ_ncral constituents of the Ireland 
- .~ . ~ . ~  . ~  

: "__ a~ .... ~ p~etreatment "..:as investizated. ~ne coal contains 
-'- .... . ~. V O ~IL~e o..a_~ Particles u_nassociated ,W_th 
,.' ,~l: t::ese tend t- acctu~.:iate in ti-.e reactor, as sh~.cn by a 
12 -.c!t~-..e percent conzent found, bb' petrograp_hic e)mm~ination, 
in r.he reaczor residue from }b~n FP-3!. Coal particles high 

o . _ _ , . ,  also concentrate in ~he reactor. About b~%lf of the 
~bTite in the ~. FP-31 ~eacmor- residue had ~eacted with oxygen 
~c form a product tentat!ve!F identified as magnetite. 

D:~_auech Corp. contL~-.~ed ccnstruction of the heat-of- 
reaction calorLme~er. Most of the parts b~ve been cc~pleted 
~_n< ~z-e oeLng asse~oled• The -rater, drain, air,and vent 
facilities have been Lnsta!!ed Ln the barricade amea. 

Metkmna+~! on 

rl'he insemts for the methe_na~ion reactor were fabr!- 
: - a z c d  and --nstal!ed. Lns:~-_ents :..,e~=_~ ~nszailed and tested, 

S~ ate- o:"-the.-#_~t Des L=~__ 

Daring J u n u  ar.d July, the follo~_~ was accom~_lishedl 

_.~ne pre~reatmen~, hydrogasification, end methanat!on 
sec~-'._ons ".:ere designed. Dra~.-..~_n~s were Wen to C.~_~cago Bridge 

• 'T ' - ' .  - "  - ,  , ~ - T ~  . ~  ~ ~. ~ ~ . . . . ~ . ~ 4 . ~  . . - ~  _~ . _~ . , .~ ,  ~. - -  c . .  ~ c - ~ a n . .  _ ~ r  _ s ~ _ . . ~ _ . _ _  ~ne c o s t  o -  v e s s e l s  - o r  ,._..ese 
s e c t  Lor .s .  

Discussicr-~ wer~ held ~d_th er_E~neers cf 7he Tn~vm.q Co., 
~'~.~ f'!~- .... recc..-~...ended to us bF Texaco. They .have made an estimate 
cf capital ez:d cperat~ costs for ~roduc~ the ~rocess hydrogen 
"<: partial exldaticn of" spent h~.~iro~as!fication c~m.~, 

Daring the month of July, no irventions were r~ade in 
th- course of this work. 

@; 
j a c k  _:~,~-'~'=~~.__ Associate Director Fr&n/< C. Scbo~a, Manager 
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Office of ~ ~tese~h 

Oon£~ot I~o. 1;-o1-ooo1-~81 
L'L?T GF -~[' ~,":TZ~i,L~ 

%estecl~ i~ the l~bo~atol~ a~ cc~L~ic~ n , ~ i ~ .  ~oSU~-fie&- 
t~i~t~.i~tion, the i=~e~i~ate~ ~o~1 wes fcnJ~1 to be tlctUq~lo- 

t ~ o e ~ , ~  s o o ~ • 

of  15 lb / t~  ~ J. ?- i t ,  ~ ,  I~ I ,  '~be, b ~ t ~ ,  of t ~  coal ted. 

i~stlaR o,i S ~ dlsti*ibtlta~-diek. ~ t~o tests ~ ' ~  art.~oCenal'ti.]., 

fo~ e ~  ~¢~ian r~tes vltEEn the oott/bed, ~ o t  ~ e e  

b~lov t~ ta~ of the 7-#t a~i bed, 

, , ~ J~-'r~ v u  the i ' i . ~  ~ i f i = a ~ i = ~  ~-.+. ~ v~L~ 
~,l~et~e~te~U]li~ H~, 6 se~l~1~iJb.v~l~tI1e bitUgLiflmm ooal 
1~ocessed, ~e test ~ ~esi~i~61 to. si~i111f.e tbe,itbtm~. Iovo 



~i! pieces of c~ked coal io.dged in the annulus between the 
reactor Walls a~ the gas distributor disk~which kept coal from 
fiowi~. 

. The feed ~as distributor described in the July 1965 
o~eSS Re~x~t was, ins%aiied ~ ~he hydrogasification reactor 

ube, . This-distributor will e~ble more tCnifoi~ feed gas dis 
ributi~i for f!tti~4~-~bed oDeratiot~ as well as move the bottom 
of the coal up into the mldPoint of £he reactor tube~ which will 
permit better tem~rature control, O~mrabiilty of the gas dis 
tri~uto~ s~stem was demonstrated in t~e three £ests cited above. 

• . Six p~etreatment tests were co~ucte~ in the fluidized- 
bed. ~etreatmeht Pilot unit. The feed was Broken Arrow mine bi 
t!~Inous coal from the Ohio No. 6 seam (Middle Ki~t~). The 
obSectlve of ~hese tests was to study ~ pretreatment co ndi 
~Icms~ and. to supply the pilot hyd~ogasificatlon unit with non 
a~lome~atiug char. 

Nom~i conditions for the six ~ are as follows: 

~ Solids ~ate, AvE solids ~es, ~esd Gas Be%Temp, 

~9.7 il~i 6~ ei, o 7~9 

~i~i ~ * * 570 ~i, o 650 
56, ~ i. 9~ 57~ zl, o 6~ 

* Not caicalated because of erratic coal feeding caUsed by 
reactor pit~ 

in the f ~ s t  two tests, an af~, . ~  =~trogen mixture . 
WaS used as the p i~trea~ment ,gas. ~ ~'-3Dt h~L tO be te~l~ 
ted before stead~ state condi£ions wer~ att~hled,, due tO solids 

he--~free fiowiz~, 

For the I~9-35 series of tests, ai9 was 1~sed as the 9~e- 
treatment gas, These tests were made %o i~vestigate ~he. oxyggn 
breakthrou~, if a.,-~,'.j, due to the hi~her oxyge~ cc~ce~trat~o~ in 
the feed ~as,. t~zler similar bed tem~ratu2~sj ~as .~.~d. coal z'eea 
ra~es, ~ soii~s residence %trees, Oo~sider~BIe dlfficulty was 
encouhtered in t~ir~ to control the bed tem~ra~it~s in She 
taupe desi~e~(7oS°-75o~)~ due to the increased exothermlc 
reaction contribute~ by the higher oxyge~/coai fee~ ratio. 
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Runs FP-35, 35A, and 35B were terminated before steady- 
state cc~Itior~ were reached, due to erratic bed temperatures 
ar~ subsequent plu~dm~ of the reactor. Xr:~esti~ation of the 
reactor foiiowi~ ~Hes~ runs Showed the bottom portion to be 

o plu~ed with a s lid coke*like formation. From these attempts it 
~as~ound that the exothermic reaction would continue even ~Ith 
~ ex~~h~t supply to the reactor turned off at 600°-650°F. 

in~ Run FP 350, the heatuP rate to the reactor was reduced in 
an effort to ,,prevent plugging. By discontinuing tlge external 
heat, the bed temperatures were chutrolled in the 650~F tern&W. 
without upsetting the operation..However, analytical anal~sis 
of the residue char aud mass spectroscopic analysis of the pro 
duct gas gave evidence of very slight pretreatment in this 
ten~erature range. Also, laboratory agglc~eratlc~ tests of the 
residue chs~ showed that it was agglomerating. 

• in view of the results of these tescs it was decided 
to continue pretreatment studies with ai~ and nitrogen mixtures 
asthe feed gU in order to investigate minimum ~etreatment re- 
quii~ments a~d to prepare nonagglcmeratlz~ char for the pilot 
Hydrogasification unit. 

A newly designed ~yclone, which will facilitate cleamlng, 
is belr~ fabricated in tr~ IGT shop to alleviate the problem of 
solids i5 . 

tests with standard gases were carried out and 
bratlan curves for the CO and C02 analyzers were constructed. 

atic~ for feed gas storage and tramsfer was completed. 
The feed gases are being prepared by The Matheson Cc~y, Inc. 

The purpose of the first series of tests to be con- 
ducted in the reactor will be to establish which combinations 
of feed ~ates and basket speeds will provide perfect mixing. 

c,~i Ch~acterizatian 

Dr~atech Corp. is ~earlng completion of the heat-of- 
reaction ca~o~Imeterj it will undergo shakedown operation in 
Sel~tember. 

Reflectance standards for determination of reflectance 
of chars amd h~gasification residues are being investigated. 
Thes~ products have higher reflectances than coal and the standards 
developed for use on coal. 

"3- 

• ~ 6 A | I N S t ! t U t | t | ~ H II 0 I. 0 S Ir 



~eerln~ Economics. St~c~tes 

~ocess design and cost estimates for the state-of-the- 
art pipeline-gas-f~om-coal plant continued. Designs for the 
h~id~0gen and ~epu~ification sections were completed; those for 

lities and process heat recovery were pa~t~ally completed. 
All tables for material balances ar~ the overall flo.~ dlag~am 
of the block flow process, with gas stream compositions, have 
been finalized~ Drawings of other sections are ~n various stages 
of ~Pa~ation. 

Three patent disclosures were made during this period. 
The first concerns improvement in the fluidized-bed Oretreatment 
ope~tic~ TO reduce the residence time and the degree of pre- 
t~ea~m~n~, while re~alnin~ the desired heat transfer characteris- 
tics of a fluidized bed, ~t is suggested that a two (or more) 
sta~e fluidized bed be considered in which both stages are at the 
pre~eatment temperature and pret~eatment gas is .introduced to 
each. Alte!matively, a fluidized bed with tapered walls should 
reduce axial ~ of solids and reduce back mixing. 

The second disclosure pertains to pret~eatment of coal 
in a slu~ form. ~ pumping the coal as a slurry, costly lock 
hoPPers for solids introduction to the high-pressure gaslfier 
can be eliminated. P1~~y experiments have shown that a 
~Tee-flowing coal can be obtained by pret~ating it at !000 psig, 
500~F with oxygen ~u a water sltUTy. 

Th~ third disclosure deals with a device for de,catering 
the coal slurry prior to its introduction into the gas~fler. Re- 
ducing the amount of water added with the coal would reduce both 
the quenchir~ effect on the gaslfier effluent and the loss of 
high-avsilabIlity heat. The dewaterir~ unit consists typlcally 
Of a conical sec%ion that prevents the dewatered coal from 
b~id~. This coal can then be fed~ for examplej by a screw 
feeder Into the gasifier. 

As a result of an acute illness of our code welder, some 
de!aF has been encountered in mod!flcatlons for convertlng the 
hydroEasifier reactor for fluidized-bed operation. Attempts were . 
made ~o obtain outside help but welders with the desired capabilitles 
~ e in short supply, our welder will return to work in September. 

cause of the delay, we have been undertaking moving-bed 1~_.s with 
Ohio No. 6 coal rather than going to fluldized operation. Since 
ohio No. 6 coal is to be ~uvestigated as a hyd~ogas!f~_er feed, no 
time has been lost in the overall ~og~am. 

AP~oved ~ Signed ~ ~ ~ ~ ~ . ~  ~ 
Jack H u e b ~  Frank C. Scno~a, Nauager 

i ~ • @ * @ i |  @ ~ m /. 
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DEVELOPM~T9 OF IGT EEDROGASIFICATION PEOCESS P'..:C~i,:~D 

Progress Report- September 1965 

to 

Office of Ccal Research 

Contract No. 14-01-0001-381 

' ~ ' =  .,-m- 2r ]  " !~ /~ ;  t i , O d . ~ ,  

~Lvdmo~as,i f~ c@t i on 

Study of the hydrogas!flcation of lightly pret.reated 
bituminous coal Ln the balanced:pressure pilot uni~ contznued 
with six tests (Runs HT-75, HT 76, HT-771 RT-78, HT-79, s.nd 
RT-80). C~io Nc. 6 seam b!tumino'~s coal from the Broken Arrow 
mine, pretreated in Runs 9?-32, FP-33, and FP-}4, was the feed 
in the first three tests. Feed for Run HT-T8 was a Pittsburgh 
se~m bituminous coal from. the L~el~.nd ~"~m.e, pretreated in Rtu~. 
FP-37. The partially hydrogasified residue from .Run .k~/-78 ?,'as 
used as the feed for Runs RT-79 and HT-80. 

Run HT-75 was designed tc simulate the upper, l~-temp- 
erature reactzon zone of a two-st~s hydrogaszfmcation proc-,ss, 
an.d to produce partially hydrogaslf!ed coal for a suosequent _ 
hi~=h-temperature hydrogasificat!on test. Pretreated 0h~o No. 6 
seam coal was reacted at 1300°F ~_th a feed gas cQntai~_tng 45 
mole percent hydrogen, 25 mole percent methane, and 30 mole per- 
cent steam. The test ended before steady-state operation was 
reached when the coal in the reactor could not be disc~ged 
past the gas distributor disk. The armulus between the reactor 
walls andthe gas distributor disk, t~2ough which the coal _m~st 
flow, became clogged with flaked pieces of caked coal. This 
caked coal formed on th~" upper walls of the ~eactor tube iu the 
previous high-temperattu.e mats and flaked off dumir~ ~an HT-75. 

Runs HT-76 and ST-77 were cor~ucted at the same condi- 
tions as HT-75, and used the same coal feed. Because of the 
difficulties in discharging coal past the gas distributor d/-;k 
in Runs HT-74 sad HT-75, the disk was not used in Runs HT-76 and 
HT-77. The feed gas was fed thr.o~h a Ixveviously used 3/8-inch 
gas feed tube that e~ends 16-1/2 ~%ches above the bottom of the 
lower futmace section. Both runs were successful. ~an HT-76 
lasted 4-1/2 hours and was terminated because of a gas leak 
that developed at the screw feeder pac'~king gland. Rim HT-77 
lasted about 5 hoursj and was terminated when the coal feed was 
exhausted. The partially hydrogasified residues from these 
tests will be combined for use as a feed in a later high-tempera- 
ture test. 

In Run HT-78, llghtly ;metreated Pittsburgh seam coal 
was hydrogasifled at 1300QF with a feed gas of the same molar 
composition as in Runs HT-76 and ET-77. To develop hydrogasifi- 
cation data at low hydmogen/coal stoichiometric ratios, the test 



was conducted at a hyd~ogen/coal ratio 28% of stoichiometric. 
G~er 125 lb of coal was processed in t.hls test In 7 hottws. 

The partial!y hydrogasified residue of Run HT-78 was 
the feed for Run ._~f-79, Conducted at 1ZOO°F, t,his test was 
desi~.ed to si~alAte the lower, hi~z-temperatume zone of a two- 
sta~e hydrogasification pmocess. Feed gas was a ~2/d~ogen-steam 
">Z ~.~'~ conta~. ~n~rg 50 mole r, zrcent steam, fed t.bmough a gas 
d~_st~'!~utor d~_sk pos~_tioned ?all-way up the reactor tube. The 
disk also supported the bottom of the coal bed. The coal bed 
ne-~h~ .¢as 3T1./2 feet so tn~t operat~_n~ results could be com- 
pares" ~_th s~_r., ±sz" ~ ~ues~-~- conducted -_n a Z-foot bed, The run 
~;as Ze~-'~-~te.d after 50 mim.utes when a plu~ foz~ned in the pro- 
duct gas l~ne upstre~.m of the filter. Solids lodged in the 
line fo!lo-~i~ s~n tmcontrollable gas surge in the reactor shortly 
After steam ~;as introduced to the reactor, 

Run HT-80, a repeat of ~-T9~ was conducted at similar 
conditions, usingz the smme feed• The test was successful, and 
~as ter~_/~.ated after 4-1/2 hours w~n the coal feed supply was 
e:~hausted, 

Fabrication of the increased-capacity coal feed hopper 
;zas resumed upon the return of oum code welder. %~elding of the 
hopper =_nd reactor head assembly are neamly completed. X-rays 
of the ~ze!ds and stress reiiew_ng of the hopper _have been mched- 
uled. 

Coal ~etreAtm~nt 

~hree pretreAtment tests were conducted in the fluidized- 
bed o~etreatment oilotunit. The objective of the tests WAS to . 
study~_t_.-.t~m~oret~eAtment conditions andto supply thehydrogas~- 
ficiatzcn p~lot unit ~,~th nona~l~meratmug chem. 

No ~minal conditions for Lhe three rims are as follows: 

Sol!as RAte, Avg Solids Res Feed Gas Rate, Oxygen Bed empj 
!?o/hm _ .  . _ _ _  SCF_/h _ _ . . . .  

FP-36 55,4 i, 07 596 9,7 722 
FP-3T 43,0 1,26 605 9,6 74~ 
FP-38 58.3 1.18 609 9.8 723 

The feed for R~ns FP-36 and FP-38 was a--16, +80 mesh 
Broken A2-~o~¢ r~im.e biturinous coal from the Ohio No. 6 seam 
(~ddle Kittarm~_~). ~-u air-nitrogen mixture was used as the p_~e- 
~r_~ment =_s. Bo~ t_ tests were operat~ona!ly success~al and ~ere 
tear'hated voluntarily t iaborAtory a~glomerat!on tests of the 
rest_due char from FP-36 sho-~ed that it was lightly caked, indi- 
catin~ t~ha~ pretreAtment ~as not se~{ere enough to ensure a free- 
flooding f~ed for the hydrozas~ficAt~on p!lot unit. Kowever~ since 
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the chmm was only lightly caked, mir._im~m pre~reatme~.t co_nditions 
were approached, FP 38 ~zas rtu: t~ .... s_~_zar .c.~ ......... 
compare results of the residue char -.T!th ~ha~ of _--?-56. Zabora- 
tory agglomeration tests showed that the cha_~ was also ca/z.ed. 
%Therefore, the ccnditio~ of the t;,,o tests ,,zere i.~:adequa~e for 
producing a free-flowlng char. 

Test FP-37 was run :~_th Imele_nd ~_tne bittum-'rous ce-i 
from thePittsburgh seam, Coal feed ~ticle size ~-a:- --16, -80 
mesh. ~ue test was conducted to supply the hydmogasifica~ion 
pilot unit with Ireland mine char for tes%~ng Ln the modified 
reactor, An air-nitrogen md_xture :..zas the pretreatmen~ gas; the 
oxygen concentration was 9.6%, The _~n ~zas successD'-I and ~.as 
terminated when sufficient cham for the hydro~asificatlon ~.sts 
was obtained, Iaboratory agglomeration tests showed Z!~t t1~.c 
char was free-flowing; t.his was verified by a successful ran in 
nhe hyd~ogasification urL;. :~. 

The new ?yclone for the ~ e t r e a t m e n t  oilot "~-~it h2s 
been received and !s in the process of bei_~ installed Ln the 
product gas offt~{e ~line. 

Coal Characte.r.izatlon 

Th.e heat-of-reaction calorY_meter is beir~E cali.brated 
s.nd undergoing acceptance tests at 15O0 psi~ emi 1500°F at the 
Dynatech Corp. facilities in Cambridge, ~'~ss, The calibration 
and testing proced~e includes drop heazer, al-&-./mm, ~nd ..q- 
decane tests, The drop calorimeter is be~_r~ calibrated R./_th 
alumi/~. 

t cry. 
T~ carbon monoxide alarm was -~talled in the labora- 

The combustible ~as detector is presently be~_n~ ~--~.stalled, 

Use of strontLum titanate as a reflectance star_dard 
for hydmogasification residue samoies is being_= investigated ~_~. 
the petrography !rrogram. large s~ngle crystals of this metewlal 
are obtainable commercially, Petrograp-~_~c e~tion of r si- 
dues from both hi@h- and low-tempera?are hydrcgasification runs 
was star~ed. 

Flowmeters in the apperatus fcr dete~nation cf parti- 
cle density by the Ergun gas flow methcd ~re calibrated. De- 
tez~inatlon of the particle density cf sieve fractions cf the 
feed to ~ee-fall hydrogasification ~r_ No. HT-60 ~s sta_~ed. 

The contlnuous-flow, s~il-red-tank catalytic reactcr 
~s tested to establish the farces of flo~ ~ rates ~nd catalyst 
basket speeds for which "perfect mixing" of the gas phase is 
realized. 

I N S T I T U ? E  O ~  
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Calib_~ations ~zere prepared for the vsmious measurlng 
devices. Catals:sts sine be-:__ng obtained from several suppliers 
-:_n va_~ieus formulations and sizes. The test pPogr~m D~s been 
....... a and metha~nation tests sine no~ being initiated. 

State-of-~he.-Amt Design e~i Ekraluetion 

~_~.e state-of-the-.--z ~- aes±gn and evaluation ~¢as com- 
pleted and sent for fir~l ea'..~.ug and printS, 

I~ari~ Septembe_~ no ~_nven~!o~-~ were made in the 
c o ' ~ r s e  of ~h_~s ~,,ork, 

Ao~o~c,-ed Si~ed . v~'" ~ . . . ~ . . . r . M " r ' - - ~ . . _ .  - 

jack :-ue" ssoc~_ate Director F~,~_k C; Manager .. ~er, Ass co late Dirscto Schora, 
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D~,FELOP:':~I~ OF lOT R~ROC-ASIF!CATIOK PROCEss:FF:~[ 9F CO£L ~[.~5:..R'::-I 

~~-.~::U~ = ~ _  _ .:-_ .._. Report_ -- October !96~5 

: c  t'5~U: 2 " "  " " "  

~:'"" ~= : Coal Resea_~ch 
Contract ~_i i4-01-00Ci-38! ~ K P 7  & T;;~ ; rCE . : ; 5~ .  

}['..~ d r ,  o r _ a s  i f~caticr- 

Fc~.~ ~ hydrogasifica~icn tests (Rur~ ~ p "  -_-~ ±, h--_,-82, Ef- 
t= end -_,-~. ) were ccr/iucted "~ ~.-.= ba!anced-Dressure Dilo~ ' .  j • - - -  ° _ _ 

~, t in a ccr_ti~:,~aticn of tL~'e study or the hy~--rogas!fication of 
iL=!-~i:- pretreated b!t'~-_incu- coals. Partla!!y.hyd~cgas!fied 
01~o T,~. g seam b!~ur.--nous cca_ ~ (~r.cken #_~row .~.e) from Rt~ 
HT-76 ~.d HT-77 w a s  ,-~,= <'=ed " "  ...... -_._ ~'~_n ~-8!. P!ttsburE~h seam b!- 
~&~.-ncus coal (L~e!e.~i z~[9:o), pr~treated ~n ~,Ln FP-37, was the 
. . . . . . . .  " ~  }'-"T-~ 3 " _ - - -  -~e~.~ "~ ~.~ -_-82 and ; ~hat cret~eated ~ ~n FP-43 ,;as 

--~ C h ,,he f'eed in I~cr.. n--~. 

~% i~-8i sL.~.aiated the io~-:er, ~_~_-temperature reac- 
tion zone of a two-stage hyiz~ogaslfica~ion process, 0.qio ,.No, 6 
se~_. ~. coal, already oartia!!y ~-drcgasified at !300c_ ;, was re- 
acted at i700OF :.~t~- a hydrogen-ste~,m feed gas .--'.xture cor.te/_~!_ng 
50 mole percent steer.. %'me coal was reacted "_n a 3-!/2-ft bed, 

• : ....... was located at a ~ distributor disk "-~m].f- 
":~ay up the reactor tube, Resu!ts of tb--s test ~!l be cc~d 
~.:!Zn those of tests conducted i_n a 7-ft bed to determ_i'ne the 
effect of coal bed depth, ~. HT-8! lasted 5-1/2 hours, ~e~-_l_~a- 
tinC ~zhen the coal feed ~<as spent, About ~% of -h~ camber. ;~ 
t.-:e feed was gasified. 

Runs h~-82 ~nd h~-83 were ccnducted at s~!ar cor~li- 
t!ons to s~_.--..a_a~" ,] ~= t~__ upper, !ow-te.mDerat-ure. reaction zone of a 
t-,,o-sta~e hydrogasif!caticn process. Li&ht!y pretreated £!tts- 
ou~gh sea_~ coal ~as reacted at Z30OOF in a 7-ft bed %~_th a feed 

__~cz%e_., .o ~o_~ oercent =ethmue, 
, ..... 1!e ~e_ce,.. s~ea~.,... To oozedm._ aaa~t~_crml hydrogas!fica- 

tie_"_ ; "  . . . .  - ~-" -q/ ~=.~ ~ .... hydroge coal stcicD.iometric ratios, the tests 
-:ere ccnducted at a hydreEen/coa! ratio !2% of sto!cD_~cmetric. 
R,z~ -~_oc..~ ~_ -:.'~s ter~/_nated after 2-!1'2 hours a_~ before steady- 
~:~ ;.~- o'ograt!on :-as reached, ~.~hen coal-- ,]" . . . . . . .  : - : , 7 ~ . c  not discD~rge z~om 
-._L.~ _"~actor. .~n "nternai lea~ Lu ~he bottcm coz_nection of the 

~ ~-~'o~ ~. the relative- 3/~-[nc'.,._ feed gas tube allc~,~ed ste~_-. ~'" ~a~..se 
~" ~col se~'~on,~ abcve ti':c discharge screw, T--no conder~ation 
~..;e~.t.ed the tea! s~-,_d ke~t it from fl~:~_~ do~-m to the discharge 
~crc-:. A£tcr ~he !ea~n~ cor_nection ..:as reoaired, _~m ~-83 
was ccncucted successful!\;. ~ue test lasted 5-1/2 h c ~ - m s  a r i a - . ~ a s  

shut dc'.m vci'~%tari!y when the coal feed supply was e~$~zusted. 
~euldue from this _~n ~.~II be used as feed for a later "~_~gh- 
t e'.:.,~crature test. 
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R~n _~_-2_,-~4 ~'as ~_notne~ low-zemper~_tume hydmogasification 
%es% wi~h a li~D:t'[. pre~r.eated Pittsbtu~Eh se'~m coal. The coal ~as 
?eaczed at !~O0"F i_n a 7-f" bed ~-_th a feed gas containing 45 mole 
percent h~'~cz~n, -5 mole percent methane, a~_d 30 mole percent 
ste~. ?he feed ~as h~;drocen conce.ntra~" on :.;as D_~_er than in 
, ~ .  _~2 .. s..t . . . . . . .  : .~- ~ - - - ~ ,  - ,o:=,,=_~ ___e , . ~ a ~ o = e . ' / c o a l  _a~_o  was 
s t i l l  io~-.~ a :  1~% c f  s t c i c - d o . . T . . e t r i c ,  ~ne  t e s t  l a s t e d  5 - 1 / 2  h o u ~ s ~  
! nc !ud i .~_~ a 3-bourn  s t e a d . ~ / - s ~ a t e  p e r i o d ,  ~ q e  t e s t  was " t e r m i n a t e d  
;:ne~, a ~as leak ~="=" ~=~. a~ t De ~ ' ~ ' - ' ~ r ~  sore:: feeder oac !~_r~  gland ~..rh_~ ch 
oo~!d not be ~ ~=; r~pa~_ ~ urger zest conditions. 

A larger ca_oacit~v residue receiver, ~ecently fabmicated 
in ~l~ IGT shop, vas ~_nst~lled ~ the hydrcgasii'gation pilot unit. 
~r~e ~ . ~ .  . _ ~ . ~c~_,er has a capaci-cy o f  ~8. { cubic feez for .:oldi~ the 
!amger quantities of residues =,£~.!ch %~_!! be omoduced ~hen fluid- 
bed tests ~,~th ~.~ ~h coal feed rates are lD_~z~_aLea." "' ~ ' ~ $~nce the ~- 
sZa!!ation req~i~ed moderate modification of tb.e support f~.~_J~e- 
~.zork s~i the cot~.te~oa!a~nci.~ s~-uem~ the pilot ~-It ~¢as shut 
do~,m_ for nearly 2 ~.;eeks. 

Additional outdoor feed gas storage capacity- 16 hi-~- 
r.r~ssure ~as cyl~.~e~s -- D~s been ~eceived. ~nese cy!ix:ders ame 
motun~ed hor~_zonta!!T. . J..~. fo"um bam/<s adjacent to the pilot ~lent, 
Each cy!/~.nder is 21 feet long ~_th an i.ntemr~! voi-~me of 5_4, I_71 
cubic inches. 

The recently fabricated 17.5-cubic foot capacity coal 
ze~d hoooer ~.zas X-rayed to determine the so-~.dness of the -¢elds, 
~ud then stress relieved. ~_~s hopper ~M_ll be installed ":then 
fabrication of Zhe modified reactor too is co~oleted. 

,Coal. Pre.tr~a~.-..en t 

Fo-~m pretreatment tests -:;ure conducted ~a the fluidized- 
bed pretreatment pilo~ u~_~t to study ~.~n-i__~.~u pretreatment condi- 
tions a~d tc suppl~ the hydmogasification pilot tm_~t ~.~_th non- 

2.To.hal conditior~ : = o r  ~h~ fo~ E~ - , ; e ~  as  follows 
,.o" 

Solids Rate, Av== Solids Res Feed Gas Rate, O.~-Tgen Bed Te~o, 

FP-39 46 • 7 !. 64 663 9.3 739 
FP-40 ~_.,"n v 1.6"~ 583 9.1 711 
FP-4i 6~.8 0.80 602 9.3 733 
FP-42 65.~. O. 94 589 9.5 712 

The feed for Ru~.s FP-39 a~i FP-40 was -16, +80 mesh 
Broken A~ro~.T me blt~nous coal. A n  air-nitrogen mixture ~;as 
the pret~eatment ga~. The tests were conducted to pro-¢ide the 
p!lo= D_ydro~asification ,tu~_~t %%th "k'ee-f!oL~_'r~ Broken ~mrow mine 
char. Both ru~ ~-ere made "o~ier conditions tb~.t had produced 

I N $ ¥ 1 T u T ~  O ~  
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Reproduced from J 
best available copy 

; - - o n a ; j . / ! c . - . . e r a : : ' _ , n C  char "~ . . . . . .  e~- ,-~ =- =~- - . FP-39 -.. _~-'= • ..... :CD . . . .  := lq  ~ S RI/D. w a s  
_ _ ..... . _ce~=_~_, ~h was ter.=_"r~ted :.~,~=~ the coal feed 

suoc,_y. _ --a~.. ~ de~!e~ed._ Laboratory = - - - - ~  ~ - - ~ - - . ~ r . "  , - ~ _ _ ~  . . . . .  ~ .... ._. ~ests sho~d the 
che_r- t c be :'-~= - c '~ , - - . : -  - y ~ a __ ~e-__~, ...... Dumir@ R~Ln z_-C the desimed bed te _mpera- 
t=re (7~COF) c-;uid not ~ r~intained due Zo e_~r-atic bed movement 

and sqbsequent pl-a--rir:~- of" :he reactor.. ---::e average bed te_.-~era- 
fare dur--m" "'~= zest [.,'as 7 ~ ' : =  .~g~.c-er--*t{c~ tests ~ --; s::o,,e, the 
r'-.1.-,~-,.', ZO b e  .,&~..~i-~ = ' ~ q - -  c a k e d .  

_R',,..un ~P " ~  " " - . --_ vas .mace -..: -16, +8C mesh T~e!e.~! r./.~ae 
Oit~=inous coal as the feed. .:c: air-_~--tmcgen . ~ . - ' . : . .% ' , .~e  :~as the 
R--.ezmeaZ:r.ent cas. The cb:'ective of the tes ~ . :..:as -c sim?a!ate 
Zne firs-c s'ca~e of a Z-...-c-sta[e _:=.e<r.eazmer.z process. 

~=.e coal ' ~ = ~ ' d = - c " -  -i-.e and c:.c:=~erJcoal feed raZic 
-.:ere cne-h~if tb~ required *.o 9_~cduce fr-ee-f!o--,~_~ cbm_r Ln p~e- 

.-.--hated after 2-1/2 hcums -,~ ~ :...e~. the LnZerm_~l -=-c, o ~ "  Diumged 
end t?e back pressure in the reactor- caused the cca! ~__~_ the bed 
tu ÷ ' ~ , - - ,  t h ' - - . " , - . : ' ~  the c " c  ~ ' , ' ~ =  ; ,  ,: + " " - ~_D !.g o the ._-~.ocncuz d_~-.. FP-42, 
r-~_n -~under. the so_me conditions as FP-4i, was successD,:i end was 
ter..-.:inated when enou~: cha~ :.zas oroduced_ for use as feed __~-. +:'.~: 
succee~Ji!~ -- second-s'ac~= zest. .'-~.g_,omera~- o n "  " tests shc.-zed 4.h~ : 

"~;~" .... Z=: " ic~ caked. 

' ? - : e  second-stage test :..:ill he ccnducted :-J_th FP-42 
--=at as feed, o~her- o Der-az--ng ccrditior.s r-em~'__nL.~_~ the s~_~_e, 
. . . . . . . . .  o___~ coal residence tLmes end oxq:~en/coa_; -~eed ratios 
-: +:'-- t-.-c tests -,~=___ ecua! that of orevious~-: cor.ducted or~- 
~ - ~ - ' : ' - '  " . . . . .  ~=~='" test ~. ~r~_.,mr-0 "~_+._.~_t -'~ Zh'~ series 

2 f  tests is to study the e-_.'yecz of t:...'o-sta~e pretreatment on 
%he volatile content of t "~= r-esr!t~-:Z ch~_r, 

Cca! C~macter-iza~ion 

~a~ech Corp. ccntL~:,:es ~c have difficul~-es with 
. . . . . . . .  e~.=l P_~ $~- ~e=Derasure ' ~ _ 0 _  ' ' ~  ~ _  * '~'~.e 

- '- - -- ~ -- ~_ O'.Li.~.~ .... ~ .... ":'~= still ~hcr.t to :-he heater s:---elds. _.no ~. -'-~= 
f:~_s %con ~maced to residual orc~_"c .-..a:e~ia!s i n  the '.m.~u!a- 

'-"~- "~-m'--, enter the vapor phase emi t '_:: ' .  "<::.'._c'~, ~ : c , ~ .  ! : i f h  . . . .  ~ - . ,  

cr-aei[ to ~"O ~- ca_~bc:l ~= __ • ..... ~-~ the heater- ~ad juncZic.~-~ Tc correct 

this s ~- ...... ~ ~..-~ ,~_.,-~ ,:~aq~,~ech is Dref-:~L~_~. _ %he insulazicn tc des- 
~r-cy <he or zmnlc m~zter and insta!!L~,~ sb'.'e!ded leads. Any 
:~: .... ~. cart,'..', deposit!on would therefore oD-iy create a short 

--- both ~-~'~;=~ "" . , ' h : :~m ~ - - ' ' . ~  - : - ~ " - - ~  - ~  heater shield, ::~--ch ~.-~ _ . . . .  .~ ....... u._ ,~Je 

be!le-'e this will solve %'ze problem, ~i"ter reasse",_bly and per- 
f'cr:r.ealcc c_ ~" satisfactory "_.~-decane h[.-drogen~tion tests, the ur._i,t 

~' - :  ~ ~ - " c  $[.Inoed • .--4.-. . * * 

Reactor residue s~mples frcm hydmogasification of p,_~- 
treated ir-ei~qd m~r:e coal were ey~mined .~etro~ap.hical!y. Sig- 
,~." :': ca_n~ iucrease in the ref'lecte_nce of coal s~_mp!es ~as obse~¢ed 
~.~_'<h =f:e decree of gasificstion, cha~ir~ Prom ~Dout ~ for _D~e..- 
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treated coal ~o 2.5%-5.5% fo~ low-temperature hydrogaslfication 
residue, emd tc '-'%-6% fe~ ~ ,~_"~q-tem.pe_~atu_~e hjd~ogasification re- 
sidue. _~r_ogress ~f gasification ~¢as sho~.m by the partial dis- 
appearam.ce of the ->'_terio_~ vesicle wai'_' pattemn. The exterior 
~.~alls appeared ~o b~ve _~eaoted less them_ the interior; this may 
be ~he _~esult of lo~.f reactivit~- of the s!-~'n fo_~med duri~4~ pre- 
treatment. Co~ide_~a'o!e v~_miation amoD~ pa_~tic!es in-deg_~ee of 
~asification was noted, 

Particle densities were detez~./__ued on each of two 
sieve ~actions of the feed s~nd residue f~om f~ee-fall hydmogasi- 

Ze ~ he_~t ! cn 

Pulse tests were conu~aed -:__.n a n  effort to determine 
the ~z-d~ chemacte~istics of tD~ meactor at conditions of syn- 
thesis. Several p~elLmi_.~.~- metb~,~ation _~u_~ ..~ere cemmied out 
~o dezerm!.ne the r~e of operation, ~--~gh conversio_~ to met.barge 
:~7ere found for the tbmee feed mixtures %~ith no carbon deposition 
az tempe_~at ~tt~es z~--_om 700 ° to 800°F and at a reactor pressure of 
!CCC psi~, C-~'~_~d!er G-65 catalyst was used, 

Ev~_!uation of the effect of reduced carbon conversion 
~__~. the h[drogasification step on the overall process econo.mics 
~.s oroceecn_ng. Reduced Gas?bop_ conversion produces an excess of 
sperA bjdz-ogasification ohe~. %,;ith the state-of-the-a~t desi~n 
as a basis -- at 539 carbon conversion- est~_Lmates mine beLng 
made of the cost of pipeline gas prodL~ction ~,W_th carbon con° 
~- ~ ~ ~ ~ ,,5 ~ ~e_s_o.m __ tb~ hydrogasifiem _e~om -~-:: to 20%, 

Du~_r._g October no Luvent!ons were made in the course 
of ~h~s work. 

I 
4 

° .. j • • 

jack 9:ueble/, Associate Directo~ ~-Ja_~/< C. Sc.hor&j Manager 
• o. 
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DEVELOPMENT OF IGT HYDROGASIFICATION PROC~!CE~.-r 
~ESE '.,P.CH 

Progress Report- November 1965 

to ~ ~ 2~ ~:' ~'~ 

Office of Coal Research 

Contract No, 14-01-0001-381 D[~; C.: ~.~:. i:'.:.~.;:.~ 

.Hydroy.as~ ficat~o ~ 

Three hydrogasification tests (Runs HT-85, ~-86, and 
HT-87) were conducted in the balanced-pz~ssure pilot unit in a 
continuation of the study of the hydrogasification of li@htly 
pretreated bituminous ccals. Lightly pretreated Pittsburgh seam 
bituminous coal from the Ireland nnze was the feed &n Run B.~-85; 
partially hyd~ogasified Pittsburgh seam bitumi_nous coal from 
Runs HT-S2 and HT-83 was the feed in Run HT-86; and residue from 
Runs HT-84 and HT-85 was the feed in Run HT-87. 

Run HT-85 was a low-temperature test in which pretreated 
Pittsburgh seam coal was reacted in a 7-foot coal bed at 1300°F 
}zith a feed gas containi.ug 45 mole percent hydrogen, 25 mole 
percent methane, and 30 mole percent nitrogen, Steam, normally 
used in hydrogasiflcatlon tests, was not used. TD_~s test was 
performed to determine if steam has any effect on hydrogasifica- 
~ion results when present as a diluent in the low-temperature 
rtuus. Although there is only very little, or no net reaction 
of steam ~rith carbon at low temperatures, the.role of steam may 
nct be that of a completely inert gas, since it is also a pro- 
duct of the reaction of feed hydrogen and the o_~gen in the 
coal. A~ter 6-1/4 hours of trouble-free operation, the test :~.ms 
terminated when the coal feed supply was used up. The pea~tially 
hydroo~aslfied residue from this test was used as a feed in a later 
hi~b.-temper ature test. 

P artlally h~drcgasified Pittsburgh. seam coal (residue 
of Runs HT-82 and HT-83) was used in Run H~-86 at a nominal bed 
temperature of 1700°F with a mid'cure of hydrogen and steam. The 
steam concentration ~n the feed gas was 35 mole percent, ~.d the 
hydrogen/coal rat!o was 28% of stolcD~ometric, T~.,is b~gh-tempera- 
ture test was conducted in a 3-1/2-foot coal bed and ±asted 4-1/3 
hours, The test was terminated when the coal feed ,.~as consumed. 

Run HT-87 was also a :o_igh-temperature hydrogasification 
test with partially hydrogasified Pittsburgh seam bituminous 
coal as the feed. Residue from hydrogaslflcation 1~ans HT-84 
and HT-85 was made to react at 1700~F in a 3-1/2-foot bed w!th 
a mixture of hydrogen and steam. The steam concentration in the 
feed gas was 30 mole percent, and the hydrogen/coal ratio was 
about 28% of stolchiometric, The test was suc'cessDal, and was 
terminated after 7 hours of operation. 
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After the completion of Run HT-87, ~%L~ther testing in 
the pilot unit was delayed until necessary equipment modifica- 
tions for fluld-bed operation could be completed. ~ese modi- 
fications allow hydmogas~f~cation operation at gas th_woughputs 
three to fcur t~es the prevzous rates used, with proportional 
increases in coal feed rates. 

The present coal feed hopper was removed from the 
pilot unit and the recently fabrigated 17.5-cubic-foot-capacity 
pressure vessel installed, This ~nstallation required modifl- 
ca~_on o~ the supporting framework and serv~c!r~ dec_~¢o~k. 
Coal H~ll be fed from this pressurized hopper to tDe reactor by 
a machined !-7/8-1nc.=-diameter feed screwj w~ch re,laces the 
original 7/8-iuch-diameter screw. 

A.h/gh-capacltyHills-McCaunawater feed p~mmp was 
installed. This pump will feed water at operat~ugpressure to 
the steam generator, Piping of water ~es to and from the pump 
is nearlng completion. 

UTbend return heat-exchsnge tubes were fabricated to 
handle the ~ucreased steam generatlng and hydrogen preheat loads 
associated with the higher feed gas rates expected in fluid-bed 
operation. The heat exchange tubes were ~_nstalled in a gas-fired 
_~hn~nace, Piping of the tubes to the unit is nearly completed. 

A lsmge-capaclty Rqckwell gas meter was installed. It 
has a capacity up to3000 CF/hmj and will meter product gases 
leav~ug the hydmogaslf~cationunlt. 

Manifo!diw4 and piping of the recently installed 
battery of 16 his~Tp~.essure gas storage cylinders was completed. 
T.nis involved welding of short line sections and fittings. Hy- 

@ A drogen and hydmogen-methaue feed gas znn~ur~s ~ll be stored in 
these cylinders at pressumes up to 3500 psig. 

Coal i>~etreatmer&t 

Thmee pretreatment tests were conducted im. the flui- 
dized-bed pretreatment pilot unit. The objective of the tests 
was to study minlmumpretreatment conditions and to supply the 
pilot hydrogaslficationunit ~-ith :zonagglomemating char. 

Nomiual conditions for the three r~uns are as follows: 

Solids Rate, Avg Solids Res 
lb/i . . . . . .  Timej _ 

FP-43 36.5 1,56 
FP-44 ~8,7 1.13 
FP-45 49.6 1,30 

Feed Gas Rate, Oxygen Bed Temp, 
• _ scy/  __ ° _ _ 7 _ _ . _ _  

6 08 9.6 742 
60o 9.6 733 
611 9,1 728 
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Run FP-43 "~as conducted using partially pretreated char 
from Run FP-42 as the feed material. Run conditions were set so 
that the combined oxygen/coal feed ratios and residence times of 
tests FP-42 and FP-#3 would approximate those of previously con- 
ducted one-stage pretreatment tests, The run was operationally 
successful and was terminated when the feed supply was depleted. 

The purpose of this series of tests was to observe the 
effect of two-stage pretreatment (as discussed in the October 
1965 Report) on the volatile content of the resultant cD2r. Pro- 
duction of a high-volatile content (approx 27%-28%) nonagglomera- 
ring char }~as of particular interest, Laboratory agglomeration 
~ests showed the c.~mr to be free-flo,m~ng but the volatile content 
(2h,0%) was similar to tD~t of previously conducted one-stage 
tests, 

Runs FP-#4 and FP-45 were conducted primarily to suPPly 
the pilot hydrogasification unit -~_th suitable feed. A 16, 480 
nesh Ireland mine coal was used as feed with at. air-nltrogen mix- 
ture as the pretreatment gas, 

Both tests were operationally successful. Agglomera- 
tion test results of the FP-44 char showed some of the smaller 
particles to be lightly ~aked~ whereas all the char from FP-45 
:ras lightly caked, iT~e reason for this ~.~ms the decrease in re- 
sidence time in the conditior~ of the two tests. Although the 
runs were primarily conducted to produce a free-flowing char for 
hydrogasification testsj we were still attempting to lower the 
minimum requirements for pretreatment, The two chars ~ll be 
stored for possible use in the fluidized-bed hydrogasificaticn 
test series, 

A Schutte-Koerting venturi gas scrubber has been in- 
stalled ~u the product gas line for further clear~ing of the pro- 
duct gas to prevent the carry-over of mist to the gas meter. 

C.o~.l, Characterization 

Testing of the heat-of-reaction calorimeter is con- 
tinuing at Dynatech Corp, Leaks were found in a welded portion 
of the calorimeter bomb. The calorimeter was disassembledj re- 
~elded, and examined by X-ray. The heater leads on top of the 
calorimeter shield again burned out. Arcing from the leads to 
the s~ield was suspected. This ~cing apparently occurs because 
of off-gassing from the !nsulation within the heater shield during 
chamber evacuation. Under the low pressures in this system, the 
gases ionize, which melts the heater leads. The heatir~ elements 
are being modified to eliminate this problem. 

Particle density was determined on additional sieve 
fractions for the feed and residue from free-fall hydrogasifica- 
tion Run HT-60, True density by helium displacement was also 
determined on these sampSes and on the two sieve fractions whose 
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particle densities were determined last month. Porosity calcu- 
lated from these measu~.ements rar~ed from 56%to 59% on the feed 
and 67% to 73% on the ~esidue, 

A ~em-quality diamond %ms obtained for use as a re- 
flectance standamd in the ~high reflectance mange. A strontium 
tltanate slngle-crystal boule has been ordered for the same 
purpose. 

9mrangements have been made for m~ electron microprobe 
exmmination on a cross-sectioned sample of residue from hydro- 
gasification. This should provide information on the inherent 
ash of individual mesidue particles. 

Means for improving our photomicrog~aphic equipment 
is being iuvestigated. 

Additionalmixin~ tests were conducted to assure that 
complete mixing is being achieved. These miFdm~ tests were 
carried out by the step input technique at various reactor shaft 
rotation speeds and different feed mates. The results indicate 
complete mixing, 

Kinetic studies ~.Tere performed ~th three different 
feed gases, Table 1 shozs the conditions of these studies at 
flow rates from 5 cu ft/h~to 30 cu ft/hr, 

Table I.-METH~NATION STUDIES ~!TH_ GIRDLER G-65 CATALYST 

Feed~Gas ComD~QsitiDns, % __ 
CO ~i% COrn CH4 Total 

7,2 26,9 2,45 63.45 I00o00 
9.9B 34.48 2.1 53.44 I00.00 
2,6 13,25 1.95 82,20 100,00 
2,6 13,25 1,95 82.20 !00.00 

P2essurej Temp, No. of 

lO00 700 3 
IOOO 700 5 
I000 700 8 
lO00 80O 3 

Data obtained from. these tests are bei~4 analyzed. 

~inee2inz Economics 

Evaluation of the effect of the deg2ee of carbon con- 
version in the hydro~aslfier on the economics of pipe~ine gas • 
p~oduction is continuing. The state-of-the-art design was based 
on a carbon conversion of 53%. Using this design as a basis, 
six cases are being evaluated in the range of 20% to 45% carbon 
c ozlvemslon. 

J ~ S T I T U T E  O ~  
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To date, process stream quantities and compositions 
have been deter~iued for all cases. Equipment for coal grind!mg 
~ud pretreatment, with the exception of conveycrs, .has been sized 
an~ costs estimated. Prepurification vessels and methanation 
reactors have been estimated; costs for o~ygen and hydrogen pro- 
duction have been determined; and most of the po~er and steam 
requirements have been calculated. 

During the month, no inventions ~ere .made in the per- 
fo~mance of ~hls work. 

/ / i ,  

Jack Huebl Associate Director 

Signed _ j ~- - .~  ~ "  j/~./-c4".--.~....~_ 
Fr . c. Sc . ra, 

N S T t T u T E 0 I :  
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~o:.cuc-- .~'~ .~e~ 4 -~ define md_~!m'&m oreZreatment, conditions ~:or- t ~.,. 
. . - e s t  Vir-cinia ~:oa!. 

Coal Cha2.ac_t emizaSioz: 

l~atech Corp. continued testin~ of the heat-of-reaction 
calorimeter-. Dcrir~ e 4-day test, all heaters f~anctior_ed oro- 
per!y at !500OF. ~ne Lnsu]a~ion ~.:as renacked to red~;.e he~_~ 
leaks. Hob, ever, the C-r-i_n~ failed a ~ . iSOOCF and iSCC psia, due 
pres'~w,~b!y to lack of sufficient vent holes. ~ne ca!orLmeter 
~as reassembled with new 0-rings and calibration has begun. 

Ca!ibra%ion of the drop calorb_~eter was completed. 
The results are satisfactory. 

Ccai 2etro_Qraoh~: 

Preparation of samoies for a s-:svematic exa~!m_ation of 
Lhe coal at different staces" of the hvdrogasification orocess 
:.-.'as star-~ed. Feed and product from oretreazment .Rum. FP-3! e_n5 

=._-,2 have been chosen %o c:onstitu%e such a series for ire!em.d 
.~._-:ne coal. Mountin~ end oolisb_~ng of se!ec:~ed sieve fractions 
of these samples h~s been" started. Helitnm density end porosity 
":'ill also be determined on so.~.e cf these sieve -~-zctions. 

Lmproved s~mpie po!ishi_n~ and ohozograob!c techniques 
...=ere developed. Polishing of pz:etr.eated" coal-a_nd hydrogasifica- 
tion residues is difficult oecause of the voids in these oamticles. 
.-..T.cch better pc!ish has been obtained by reimore~.ating the 
mounted sample surface after rouzh grind~_ng ~.~_th opt_kS: resin 
under vacuum. Photc~'_'crczraohic-techr--cue ~.-as reviewed with a 
c cnsu!ua_nt t c obtaLn better acut~nce, or "sha~or:ess, and better 
e:d~_~biticn cf slight differences in s&~ole reflectance. The 
laz%er ~../_!l a!lc:z iilustration of the remnants of pretreatment 
s'_:Lu found in hvdrcgasification residues. 

A sam o!e of residue from a free-fall hydrogasification 
r~n~ (UT-3:}), :-n --.<~_ich raw (not p_~etreated) toe! had been fed, 
:.,at p:-epar-e. 4, ft-r petrofrapl-,~c examination. Joservations .on 
t-it sample "..:Ell be reported ne.x~ month, pem~icu!a_~!y on ~osence 
cf -he effect of the >_~.e~reatmen~ skin on reactivity. 

A prism has been cuL from a sLrontiur, tita_nate s~ng!e- 
cr?,stai bcu!e for- use as a ~ - ' - ~ - ~ = ; ] ~  ~ ---~ ........ c ~a%ce sta~nda~. Po!isDing 
- f  the su-~-faces is nct Tet completed. 

~'_.gt h~nati on 

Methanation studies continued with Girdler C--65 and 
fb~sha:.: f[i-0!CaT p~ckel ca%a!vsts. For com~ab!e space velo- 
cities the _-4~rsha~- catal~rs~ gave conversions equal ~o those 

i '~ $ T I T U T E 0 
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a iOOC? !:i~he_~ ~emper-a~,e. :'--no lo,-.=e_~ !i::~~t cf" activiz~:, f.?r" 

.... ~e • ";"-o~c L''~ :..~as steady " " - ~t~ time on- ~cz~v~_z I. .~_ -6"ze :,~ ~_-._. .-..oi~e C.:d_~_p.£ _ _ 
sz~=~ zha.n was the G-,.'5 .... °iysz. 

Ca+~ait:st scmeenin..'_: tests are centinui.~ and w-!i in- 
-.!ude ~udLes of a z±ckei m~t~]y.~i f'.~om Catalys~ & Chem-cals, 
~nc., ~nd a 0.5@ =~theni~ c'~ ai~_~_:na catalyst from Er~.Te"-.ard 
Ludustries, Inc. 

~ineerLn~ Ec ono~_!cs 

Evaluation of t~,e__ effect of the de.sa~_ee of ca~oon con-, 
ve_~sion "~, the ~-''~-~ "::'~=~ on ~ ._. ___. -.. ~:jC~.~--S--,_~_ ~'.~ eocno.,T-:cs Of" D-:~]i~e cas 
D_~Cd~CZ-OP. is ],~.-e i-" c~~,...!D_e_ ~' ÷~e~ ~. ~=~--ie~ ~..~_7 ~__ "oe p-~..s~.~~-- ~-~-~ "~, 
a ~emor~n~c~m t o A.G.A. - OCR. 

l / " 

• i . / 
. ~ . . . / ,  , . . ~  -~. .  .." . . . .  - 

A p p r o v e d  . . . . .  , . . . .  ,.- . . . .  " . .  ~ S - g n e d  " "  ..- . - . ,, l . .  " 
- ~ - -~ . - - . .  • , 

Jack ~-'''=" l = ,.~o_.~, :-"~sociate Direczor "-" Schora, ~:~e.na~.-~ 

}, 

! N 5 ~ p T U T E O I: G A 5 T E C H N 0 L O G 



• - . ~ . l l m l , i , i  i i ,  I . 

i l l o o ( r i l  C ~ * ~ l l  3 ~ l , * l i l . q l  

& I ~ ' l l i l . l l ,  P * l l l  |11~I', ~ l ; ~  

P R O G R A M  

~ ' ~ ¢ -  Y, .S3=  

i 

[ .  : 

,~0" i i J W  

F - O R  t ~ I = ' v I = - - L o I = M I = ' N ' I "  o t = "  t i : t ' t "  ' 
OCR: Con#act NO ! i  0 i  O00l .~S1 A.t 

4 t S ~  

' - ~  . . . . . . .  . i . . ,  I , .  I ,- 
~ = ~  

7 -  

~_ ( . : . ,  

"~:" ~ ; : :  GOC.  1 ! . : = 0  
i Ill 

: l * l  • e l e - -  

s 
. • ,,,, ml un • ,, , , ,  

- "  ~ ,  I I : . ¢ ' P  

• : ~ ¢  - i : r - . ~ '  

II 
~,  t .~ 

| I i l  • :  , f •  # Ii1~1111| l l l l , i l l | ! l l  S I . l ,  I t ~ : ~  I [  l i b  ; l l l i l l - !  ¢~ 
i r .  t =% ~ . * *~¢  

~.._, 
j ~ t l  l ~  i m l  li.'l.l~.,cl s l t l l  • ~ @.~ 

& l  i 0 ~ -  *SIILSI~ 

{.- 

(4-:).I~ 
ODC * 

:0~ @, !  

[ - J  

m 

09C - C  

; ? I 
] 

] , ~ 1 1  

I ( - ,  D ~ - , 1 4 ~  [ . . . . .  ~ l  . . . .  ] 

u 

[ . t ?  
? -  : 

o s . ~ i x  
: l I C -  : 

i l l  I 

1 - ~  
' 4 

:iS - p .ZOr,  
O~ • | 1 . 901  

I I  II I 

L I I I I  

1 la j . . . . . . .  

. . .  - . 

. , 



t I--t~I::Ii=II:3GASII='iCATION P R O C E S S  
~I AG+~ P B 2 3 a  

- - +  - -  - - -  - l . i  I I - l ' ; ' t ' . l + , , l ' . , l , - - t  + . , ' . - + l + + . l . , , l . . - l o + ,  + . - l + . o l . . . l - . , l  .. I+--I,  ,., 
• I l l .  ,,, . . . . . . . .  ~+ ~ , . ¢  V . . . - -  

r ~ 
I 

- -  ? 

-113 

i i i , ,  

' IC* S~ 
' P .  yq 

+ 1 5 -  I ~  

, ,  , [ 

i 

m,.,l+,c ¢4kdkl,ml, ~ ill~l+llm 

£ .+tO 

, k , ,  41t,,,I,a~6 c~. ,~.~ .aml ~ ,I, WIlq+ 

[ =14 t  

i • 

I 

I 

I I I 

s 
m 

I+r'oo+m ++i +, ,I .  T M  + ~ l  ~c.esol.-.  ++m, ~ i s ~  
Pm~ll+ J , l< l  ++Sl o~ .mtC~ =,.,;: ~ ira: ,~ ~m,% O~'+ll'll~ 

t 

I . I I I l l l l l l l~l ,  I,'11 Pnlqll Pi lot  l l q l l l l l l ~  + i  511111111 I I 0  I ~ I  
1 . 1 , l i e  

Z 

PldOPil l i ~ l i ~ l l  ~ ;MII i l l l l  ~ill . i l  d i l l  m I11 I ~ 1 6  II~IPIMI~ lot  I IIMP ~ ~ 

I l l l l  l ie  l I ~  

iii 

: ~:km 

¢ l l d l t  J i l l  I l te l t . .41 +.u+,ml 
I~o'. 

g:k,~ 

I 

i o n  e l m  ~ ; . u  e~ ~ ~ rl iCWlr, 

, | i  i 
~,~II+;I  ~ i | | l  IiI I I~  • + 
fl~S.'blPel I ,  IL~ Is141! | 

3+'11 lllt4P+,l! l l l t l ~ l ~  + I~- t l  
T -  0 

I~= l : l ~  o l N I  
. , q  
; o 

l l l l t  l l i l l tLl l l¢ l  Ill ~IIIXtIMIII4111 ~ l l l ~  
I I ,  *t4+tllPll~ In r l i l l l K l  IIo. | | - | | - | | - ~ I L "  

IZo~I 
r o  .+ 

0 5 - 1 1 L l ~  
o ~ -  g 

• ~5o500 d l l  l|ll~kp f~r 41~fl ItJl~ | .41f~MII~' $11~li'ilk'1111 l i i  ~ 

z+.m i n J  n J  ~++m ~ : ,_+:m Is.,,+ I ~s.~ 
i 
J 

00¢ - ~ Oi~<t c m 1 ~  5 

I $ . 1 ~  Z] ,R0 i ~ . 7 ~  23 ,~1  23,7~1 ~ I .RI )  Z I . ~ I I  71~11 23.~ I I  2J.~ID 

! 

+ I  . . . . .  • i ] 
L 



(') 

in 

e z , s  
oo_w 

(,~ ~ Ikm g) m 
lk,, .~ 

D' , -  w _m ~ 

g 

,.m n_ 

e 

Reproduced by N T / S  
National Technical Information Service 
Springfield, VA 22161 

This report was printed specifically for your order 
from nearly 3 million titles available in our collection. 

For economy and efficiency, NTIS does not maintain stock of its 
vast collection of technical reports. Rather, most documents are 
custom reproduced for each order. Documents that are not in 
electronic format are reproduced from master archival copies 
and are the best possible reproductions available. 
Occasionally, older master materials may reproduce portions of 
documents that are not fully legible. If you have questions 
concerning this document or any order you have placed with 
NTIS, please call our Customer Service Department at (703) 
605-6050. 

About NTIS 

NTIS collects scientific, technical, engineering, and related 
business information- then organizes, maintains, and 
disseminates that information in a variety of formats- including 
electronic download, online access, CD-ROM, magnetic tape, 
diskette, multimedia, microfiche and paper. 

The NTIS collection of nearly 3 million titles includes reports 
describing research conducted or sponsored by federal 
agencies and their contractors; statistical and business 
information; U.S. military publications; multimedia training 
products; computer software and electronic databases 
developed by federal agencies; and technical reports prepared 
by research organizations worldwide. 

For more information about NTIS, visit our Web site at 
http:/lwww.ntis.gov. 

Ensurm PermNa"entT~Eas A c c e s s  to " g  , Y 
U.S. Government  Informat ion Assets  



U.S. DEPAETMENT OF COMMERCE 
Technology Adminishation 

National Technical Information Service 
Springfield, VA 22161 (703) 605-6000 


