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DEVELOPMENT OF IGT HYDROGASIFICATICN PROCESS
Progress Report - January 1565
to

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

Hydrogasification

Rebuilding of the hydro%asification reactor heating
furnace was continueds Three of the furnace heating elements
have been installed in the reactor shells Installation of the
remaining four heating elements, teceived from an outside
fabricator at the end of the month, was resumed immediately.

To complete the hydrogasification pilot unit modifi-
cations outlined in the November 196% Work Report, fabrication
and construction work was cohtinued.

Fabpication of the major assembly components for the
elimination of the pedtiction in cross-section at the resctor
bottom and for the screw-feed discharger has been nearly
completeds A U-in,-diametep expatision bellows, to metch the
diameter of the new pesctor tiube, has been received from the
fabricators Installstion of & coal Pesidue receiver with a
labger capacity than the original Peceiver has been started.

Instrumentation and cotttrol valving of the pressure-
baishcing siv)stem between the resctor tube and the outer
shel% have been installeds Electflcal wiring of the system
was begun.

Coal Pretrestment

Five coul pretpesttent tests were concucted in the
continuous~flow fluid pretreaters The purpose of these tests
is to define minimum pretreatment conditions for producing
nonagglomerating char for the hydrogasifier.

Nomihal conditions for these tests are given below:

Avg
Solids Rate, Solids Residence Gas Rate,

Run No. 1b/hr Time, ht SCH/ht ~ Oxyeen,% Temp, °F
7 131 0.45 800 i 755
8 86 0.43% 834 21 680
9 71 0.67 599 21 205
10 50 124 603 21 TOG
11 49 0.89 603 21 765

1 N 3 t 1t U t & o ¢ 8 A 4 t Ec H N O L O G ¥



Oﬁgen concentridtions were increased to 21 percent

(air) when was found that treatment with 4 percent oxygen did
not produce & nohagglomeputing chars Because the increase in
oxg%en concentration alohe was tiot sufficient for making the

coal no lomerating, the coal residehice time was increased

to sbout 1 hour. Isaboratory tests of the char at conditions
simuilating those in the hydtogasifier showed the char of

Ruh 10 to be nohagglomepating: Test pesults of the char pro-
duced in Run 11 ate hiot yet available.

Methahation

A meeting was held with Drs Carberty, consultant on
this work, to complete the desigh details for the meactor and
to be%in blanning the test progham: The major pleces of equip-
ment have been desighed fot* the lauboratory-scale methanation
studies. Suppliers wepe selected for the purchase of the major
pleces of e uhfment. sighs of the barricading and other
facilities; ch will be Pequired before the equipment can be
operated in the new bulldihg, was completed.

Coal Chavacterization

tech Cofps completed prints of the equipment end
Instrumentation for the -t rature, highepressubre hesit=
of-reaction calorimeter submitted them for revision and
approvals. Plahs were inde for & meeting with them to finalize
the design details. ‘The cades for this unit, which will
be located in the new bud y were desighed.

Wotrk on establishment of & coal petrographic labora-
tory was contimied. Enite% States Steel applied Reseanch
luboratories were visited to obtain information oh theip
methods and apparatus. 1ivery of the mictoscope was completed
except for two objectives:. Tp in maceral recognition
and point count ﬁalysis wis stanted, and work on mount and
polishin% coal (Pittsburgh No. 8 seam and Ohio No. 6 seamm) and
coal vretpeatmenit products was continued. Shop febrication
of arparatus parts fop the reflectanice detetmination was nearly
combleteds Wotk on this aspect will be contimmied when the re-

flectance standahds ahid test samples are received from Bitu-
minous Coal Research, Inc.

Process Concept Development

The computer tiodel for catalytic cleanup methanation
was used to develop dats to establish probable best areas of
operation. It was decided to inco ate into the model tests
fggdgrobable catbol deposition oft the catalyst based on system
c tions: 'This model will enable & better definition of
the best conditiotis for achieving operability of the catalyst.
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Ecotiotttc Evaluation

Work was cotitined on selecting favorsble conditions
for the state-of=the-stt desigm Pipelitie gas compositions
have been determined fob the 60 pebcent total carbon conversion
cagseds This seples of cases also shows an increase in hydrogen
requivements with sh inetesse it the tempeptature of the high-
temperatuve zohes

The bate cost of the hydrogen, oxggen, and methanation
sections has been completeds Cost of the ogeh ahd oxygeh
sections increased with ah itickesse in temperature and total
carbon convevsion: ‘there is no real cost trend for the methana-
tinfi sectioh, since several of the gases had to be processed
differently to obtain the desired product gas.

Process materisls for the gasifier and hydrogasifier
have been determineds The coal and steam for the hydrogasifier
decrease as the ¢t rature and total cerbon conversion increase,
but all other matepisls dticvesse.

No ifwentions wete made durin% the month of November
on this project. All equipment deliverlies for the resctor
furnace were back on schedules Heating element wirve; delayed
sboard an inbound freighter fPom Sweden by the dock strike,
was replaced by a second shipment which was flown in.

Safollle

Frdnk Schord; Mianager
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DEVELOPMENT OF IGT HYDROGASIFICATION PROCESS
Progress Report — Februatry 1965
%0

Office of Coal Reseanch
Conttacst No. 14-01-0001-381

Hydrogasitication

The hydrgfasification veactor heating furnace sebuiild-
ing whs completed with the installation of the remmining fous
heating elements. All furnace sections wete tested for operse
bility und were found to perfotm normally.

A new ld-in.-diameter peactor tube of t B46 alloy wis
instelled in the furnace, and the ends of the welded to

the top and bottom reactor shell closures. Reactor tube-wall
thermocouples were drawn through the shell wall, sealed in
glands, and connhected to the approptiste temperature recordes.

Electrical wiring of the differential pressure control
system was completeds While failube of the control system is
unlikely, rupture disks were installed in the ppessure-equaliz-
ing e between the reactor tube and the shell as backup
protection.

A lapzer capaciti char residue teceiver (7.17 cu ft
instead cf the ord 15:1 cu ft) was installed. To dischargze
char from the peactor into the peceiver ut smoother and highes
tates, a sctew discharger was installed 1ﬁ;n lgc:hgf the phre-

opb et st iy R ot e bl el
8 (o] e (o) ctor. o)
the hydtogets Feed 1ine and steam feed o the bottom of
the tedctor was started.
Coa] Pretvestment

Four coal gretreatment tests were conducted the
contitmious-tiow flud treater uazng P oMt

tta s ﬁ?mi-
fious codl firoit the Ite mine. These tests a the
progeay for darinlog ninimn st:r;zré::}am%m:@m

Noinal conditions for the tests ure s follows:
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Solids Rate, Avg Sclids Gas Rate, Oxyzen,
Rub No. _ 1b/hts Residence Time, hr _SCF/ar Z___ Temp,°F

12 72 1.27 613 2.1 440
13 73 1.00 602 2.2 536
14 78 1.0 5990 a.8 666
15 T4 1.0 600 10 708

Pretrectment zas in these teatd was a mixture of nitvo-
%en and air. Tt was found that with 2% oxygen concentration in
he gas, sufficiently high bed temperatures could not be maintained
for adeguate coal pretrestment. ZEariler tests showed that the
temperatute necessary for pretreatment could be maintasined with
21% oxygen (air). To better define oxygen requirements, furtherp
tests were conducted with a 10%Z oxygen concentration. It appeatred
that adequate temperstures wvere maintailned with this concentration.
Isboratory evaluations of the chers of these tests for agglomerat-

charzcteristics have not yet been completed.

Methasnation

Planning of the test program continued. Design of mihon
vleces of equipment began. Ouotations were obtalned for most of
the major ecuipment and imstrumentation, and orders were pleced
for some major pleces of equipment. The materials for the
barricading were ordered and received; and construction was
begun. Drawings cof part of the equipment to be fabricated by
IGT were submitted to the machine shop.

Service facilities for the new laboratory arsa vere
selected, and their design begun.

Conl Charactetization

A meeting was held with Dynatech Corp.to discuss re-
visions made in the design of the highe-temperature, high-pressure
hest-of-pesction caiorimeter. As mentioned in the Methanstion
section above,; service facilities for the new 1a:borator¥ ares,
to be shated by the calorimeter and the methanation equipment,
were selected and design was begun.

A previev of the literature on conl petro?'aghy to
establish how it may be applied to coal hydro%asif eation has
1at-ge1% been completed. A rveport on this topic has been pre-
pared by Dr. G. H. Cady, cohsultant on the project.

Methods for deterdifiinig tvue detidity and sppuvetit
papticle density for codl &nd chars have beatl peviewed, Thisg
determination 18 desived for developing resciion kinetics as
applied to the period of fpee-full. Appuratus and proceduves
for these determinations will be set ub next mohth.

¢t N3t 1t Ut ¢t o ¢ & A s t £ c H N 8 L D & v



Reflectance standards and refiectance test sample were
received from Bituminous Coel Research, Inc. Our erperatus for
this determination wlll be checked out next month.

Process Concept Development

Work continued durinzg the mont:: on the mathematical
model of the cleanup methenatlon step. An analysis of
various operating conditions for the methanator was conducted
to investigate potential carbon-depositing side reactions in
order to Iindicate esress of best probable operation from this
standpoint.

Teonomic Evaluation

The total bere costs heve been celculated for all the
cases pel consicered for the state-of-the-art design. They
vary from $108,%30,000 to $124,308,000. Although there are
men: conflicting cost trends, the overall totel base cost does
vary slightly in a particular pattern.

Tne cost of the total coal required for all the cases
under consiceratlion has besen determined, Again, there ere
conflicting trends in total coel usage. As the coel requirement
{for the hycrogesiiier decreases, the coel recuired for both
hydrogen production ané power generation increase. The anmual
cost varies from $23,495,000 to $28,526,500. If char byproduct
credit 1s taken Intc sccount, however, the cost varies only from
$22,75%,200 to $24,631,000., Taking coal byproduct credit into

account, there 1s & silght increase in cosl cost with an increase
in carbon conversicn.

411 this data will be presented in the February “iork
Report. Since there 18 no overall trend in plant cost, the
conditlions for the state-of-the-art design cannot be established
until gas production coste have been calculated.

No inventions were mede during Febtuary on this project.

A complete review of patents in this area of technology is under-
vay so that patentable ideas will be mcre readily identified.

~Frank C. Schora, Manager
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Project Work Repott

institute of Gas Technology & 11T Center o C*ucago 60616
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ABsTRACT*

Engineepinpy Toonotities

The total bave gia.nt costs and gas production costs
have beent calculated fob the cames belnhg cohsideped for the state-
of-the-art desipgn study. ,'The totul bave plant costs for a 250
MMCF/day plant vary from $117,126,000 to $133,678,000. Although
there are smahy COni‘lictin% cost trends, the overall total bare
cost tends to vary sl%ght y in & papticulad pattern. Gas prodiuc-
tion costs vary from $0.59 to $0.66/MMBEU.

Total coal vequitetents for the cases under considers-
tioti have been detersiined. A%iin thebe ate many conflict -
trends in total coal usages e anhtial cost Por coul based ot

8 $5/toh price varies Ffrom $23,725,000 to $28,525,000, Assutiing
heat byproduct credit; the coal cost varies from $23,397,000 to
322,6 ; 000, there bein% ohly 8 8light incresse in coal usage
with an itictesse in carbon convepsion.

Except for cosl pretreatment, the process desipn wiil
s I Tt M e I O g o o 7
! o e e require e ogasifier to
avoid the produgtion of excess chat., An operaginggtemperature
of 1700°%f will be used the high-tempepature zofie. Ten %
conversion 1 be used the low-temperature zone it the
gtate-of-the-att design.

Piiot Plant Studies

Reconstiuctions of the hydvogasification pilot unit
veactor furnsce was completed. A hew 4ein.-diameter resctor
tube with sttached thermocotiples was irstalied.

Electrical wititip of the new pemctor-shell differentisl-
pressure control system was completed. Rupture disks were ine
stalled in a pressute-equaldiz lihe between the resctor tibe
and the shell to protect the tube fiom overpressurization the
event of failude of the diffeprentisl-pressube cotitrol systett.

A lappep capacity vesicue receiver and & vesidetice
discharge screw assembly webe inistelled. ‘The cozl feed hopper
ahd the coal scvew feeder wepre Peassetibled.

Four coal pretieatment tests wete conducted it the
cotitinuous-flow fluld pretieater sy pant of the program for
developing minimin pretreatment conditions.

* %Egt?acts are omitted fop those sectiond whose reports are
Els

D
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WOEK IN PROSPECT

o8, t e

Calorimetry

Dynatech Corp. will complete the revision of the design
of the calorimetgr. e new bagggcading will be completed.

Coal_Petrography
Our equipment for determination of meflectance will be
checked out. Apparatus and procedures for determination of tiue
and apparent particle density will be set up.
Engineering Economics

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

Hipgh-Pressure Methanation

Selection of equipment will be completed and the
instriment panels will be fabricated. The new barricading will
be completed.

Pilot Plant Studies

The hydrogasification pilot unit will be pressure
tested and shakedowh operations will be conducted. Hydrogasi-

fication tests will be resumed in the pilot unit with hydPogen-
steam mixtures.

Coal pretreatment tests will be continued ih the fluid
petreater to define ogtimum pretreatment conditions and to
podice feed char for the hydrogasification pilot unit.

i K 8 t 1t Ut @ o ¢ & A s t E & H N O L © 8 ¢



REFORT ON WORK DURING PERTOD PB-238

Coal Chavactenization

Calopitetny

Dyhatech Copp. continued modification of the original
cllorimeter design ahd obdeds were pleced for all major pleces
of instiumentetion.

The materdals for paprricading were ordeted and some
were delivered; constiuction of the barricading was inttiated.

Coal Petrogtaphy

Reflectance standards and a test sample webe becelved
from Bituminous Coal Research, Inc.

True Density and Appavent Papticle Density of Coal and Ches

Knowledge of these properties of the hydtogasification
feed material is Pequited for calculation of free-fall residence
times occurring in the experimental gasification studies: Methods
of determination are veviewed here. This heview was made
gfeparation for delecting procedures to be used in our determins-

ions. .

To determine tie densitys, the displacement of a fiuid
that will £111 all the pores of the substance must be measuted.
Heldum, water, methyl, alcohol, and other fluids have been used
for this purpose from time to time. Because the helium molecule
is smaller than most other molecules and thus can more easily
penetrate pores,; and because it hag 1ittle tendency to be
adsorbed; 1ts determinstion is geterally considered Eo give
the true density.® However, several investigators3!44S have
shown that heliutt i8 adgorbed at toom temperature by highedensity
carbohs in amounts sufficient to cause apprecisble erdor in the
density. The effect is attributed to the electiical conductivity
of graphitized catbons; it has been showh to be appreciabie fop
carbons with densities of 1.9 g/ce and greater, and to be negligihile
for a number of carbons with dehsities Iess than 1.5% g/ce.
Determination at elevated tempersture is tecommended for high-
density carbons. It aggears s however, that 1ittle etrob ghould
be encountered from this source in measurements at Poom tempera-
ture on hydro§as ficationh feeds and besidues, whose densities
are not expected to go ttuch sbove 1.60 g/ce.

Helium densities cah be detertined with the Beclman aip
comfarison pycnometer, alteady avallable in the Institutets ana-
lytical labovatories. Softe attention will have to be given to
brocedures for dbyihg and evacustion of the sampie.

Particle densitg of 100 tesh and coatsed can be
detemmined by displacement of metctity, The high surface tene
sion of mercury prevents peniettation of small pobes. At attios-

9
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gheric pressure, pores down to about lh-micron diameter are pene-
rated. However, the same effect restricts the filling of small
volumes formed a.{uout points of contdct o the particles. For &
given volume of solids, the number of these contact points in-
creases rapidly as the averdge particle size decreases:. Thus the
pressure of mercuty nheeded to decrease the sum of these contact
volumes to & negiigible amount incresses gs the particle size de-
creases. According to Cartan and Curtis,® pressures greater than
atmospheric are required for particles smaller than 20 to 40

mesh, while with a pressure of 100 psi the density of 100-mesh
particles (of alumina) have been measured successfully. At this
pressure, pores of sbout 2-mlicron diemeter are penetrated. Higher
pressures are probébly not feasible with our samples because coals
and residues are likely to have appreciable porosity in this size
range (<2u).

Particle density of finer particles can be determined
and results from the mercurgmdis?lacement method on coarse par-
ticles checked bty means of s gas flow method.® 'This method
is based on measurements of the pressure crop vs. air flow across
beds of the powder packed to several different bulk densities.
The ap}ia.t-atus is not difficult to construct or run, but requires
gbout 100 grams of a sieve fraction as sample.
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Engineering Economics Studies
Survey of Pipeline Qus Plant Fconomlcs

In order to select a favoreble basls Por making the state-
of-the-art deslgn of & plant that will make dipeline gas from coal,
a preliminary economlc sutvey of operating varisbles has been cotn-
pleted. The desigh under study will use a hgdrogen-steam feed to
an autothermic hydtogasifier. The study of the effect of total
carbon conversion and temperature level ih the hvdro§asifier on
pipeline gas costs was tade practical by the avallab ity of &
computer program to calculate effluent gas compositionsg for a
large number of cases. Because of the nature of this survey, de-
tatled designs were not made for each case. Instead, unilt costs,
a8 8 function of capacity, were used to determine investment fob
a nunber of sections of the plant such as coal storage; frind s
gas prepurification, oxygen production, hydrogen production, an
utilities. These unit costs wete detived from a previous study of
c?:% hydrogasification using hydrogen rather than a hydiogen-steam
wmixture.

Desigh Basils

This study 1s based on the process shown in Fig. 1. It
vas assumed that pretreatment of the coal fed to the hydrogasifien
w8 not required. In a few cases; a porticn of the carbon monoxide
had to be shifted because the hydrogen concentiastion was too low
for methanation.

In this study, the cost of the cozl was assumed to be
$5/tons The char credit was based oh the equivalent cost of heat
from coal at $5/ton. The gas prices vere calculated according
to the A.G.A. accounting procedute.

Coal Storage

This sectioh consists of equipment fot receiving, stobing,
and reclaiming incoming cozl. No detailed process design was :
undertaken on this section. The cost was determihed fPom costs
from the previous study.

Coal Preparation

In this study, the only preperation consideved was grinda
ing of the coal feed to the gasifier and h{drogasifier. Actual
pretreatment of the hydrogasifier feed coal was hot cohsidetred ag
the study was compsrative in nature snd free-fall devolitilization was
assumeds The cozl burned as fuel for steam generation was assuted
usable e3 received, without grinding. No tieatment ob fubthep
grinding of the hydrogasifier chat fed to the gasifien, or used
as fuel, was considered. The bare cost was estimated Trom the
costs determined in the earlier hydrogasification study.

-5
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Hydtogasification

This section consists of feed hoppers, hydrogasifiers,
tesidue hoppers, vent-ges surge drums, vent-gas compressors, and
hydprogen steam preheat furnaces: Hoppers and vent-gas equipment
were s8ized directly on the basis of volume of solids handled.
Hydpogasifiers were all the same size, with the design consisting
of a coal preheat section, free-fell devolatilizetion zone, end
a high-temperature preaction zone. The rmumber of hydrogasifiers
was Set by the allowable solids throughput in the hi%h-temperatm‘e
reaction zone. There is no pilot plant deta avallsble vhich
permits sn estimate of the effect of temperature on sollds cone
version rate. However, data obtained from H. F. Feldkirchner's
tests in a semiflow reactor showed that 2 higher reaction rate
will occur as the gasification temperature rises.® This correla-
tion showed that specific carbon gasification rete is a function
of temperature, percent of carbon gasified, and percent of steam
in the feed stream. At the design hydrogasifier conditions used
in the current study, the above correlation showed that carbon
conversion rates for the 1909° and 2000°F cases are severalfold
higher than for the 1700° and 1800°F cases. However, it was found
that at hydrogasifier conditions in our study, each pair of tempepa-
tures represented similar rate levels.

Rates besed on sem!flow data do not account for effects
of mass transfer that would cccur In a countercurrent reector.
These effects would reduce the rate of conversion; to account for
them and still show the relative rate advantage of 1900° and
2005°F temperatures in the high-tempereture zone, residence times
for the 1700° and 1800°F cases ere based on 0.5 hour for 50%
carbon conversion, with relative rates for L40% =nd 60% conversions
being adgusted in accordance with the semiflow data correlations.
For 1900° and 2000°F operstion, 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 char, with the difference between
pequired and recovered heat belng obtained in a separate furnace.
The cost of this unit was based onh heat transfer duty. Table 1

shows the composition of the hydrogasifier effluent and the
pipeline gas.

Gas Prepurification

This section consists of hot carbonate scrubbing and
adsorption by activated carbon and iron oxide. Table 2 shows
the operating conditions for the hot carbonate vbrocess. The
target COz concentration remaining in the ges was 2% with varia-
tion from 1%4-3% depsnding upon the methanstion equilibrium and
pipeline gas heating value. The cost for the hot carbonate
process was estimated from an article by H. E. Benson.! The
cost for the activated carbon and iron oxide boxes wes calculated
from the earlier study.® Since the total gas flow rate did not
vary significantly in this study, the costs of these items uere
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considered constant.
Methanatd ot
the method c{ne!timatihg the cost of the methanstion

section was desepibed the Jamitaty 1965 Work Report. Th
mgg o tion rgactor wall 8ized by gﬁgi briug corie'goations °

ii'diei’ s Thede coi‘t'elat ong ate
ed on data o t ﬁ'ﬁ OWe i‘eéﬂﬂi‘e %ases with o small
Refi concerthatiot, e heat of teactiont 12 assumed to
Pemoved cooling & portion of the effiuvent and tecye
it back to the inlet of he beactors The cost of the indivi el
cotttponents of the sectioft was estimated to obtaln a bare cost.

Oxypen Production

This sectioh consists of & comblete Oﬁggn plant} the
cost for it was based on 1600-to da; gr 'y large
to date used 1250 tons/da e repi'eezentative inéica ted
t & 1600-ton/day unit would e tensonsble by the 1970t whetn
8 plant would 'be built. TIh this study, two 1600-ton/day
iante wete used alohg with a smeller unit, (For one case, howevet,
thiee 1600-ton/day plants wete used.)

The oxygen costs were determined for two cases according
§o the A.G.A. sccounting procedube. The oxygen plant contributes

g,.

0.06~40.10/MMBtu to the gas pplices The total cost for oxyeen
rg a.boug $5.70/tons Approximstely 650 hp-hr/ton of oxygen is

e bave cost for this sectioh was calculated from
g, 3 in the Januapy-Febiiaty 1964 Work Repotrt.

Hxdbomen Sectioh

Th:LB sectioh will phoduce the hydrogen to be used in

th hgd.t‘o i’ith !Ph gysten tsed i the Jatiuspy-February 1964
wogk y eedyin hiee tudy. e!rable 3 shows the pi*ocess

ogothh nlant Lh bd.i‘e ost was estimpsted foi .
of the Jamgryygig‘g wogkhﬁo N ¢ ° =d from Fig

The cost fop the & ditogett prodiced by this pt'ocess
is about f hydpogenr {in Xu fHe
stitites i‘mg.aa of t eegggsﬁ.ice. gefi (iticluding Oa) co

Qffalte Facliitiey
This section ists 4 stesm generation Etiﬁ‘ht’

electirical generationt a wa er thedtment plant
cooling vatgg faoilitite,s. ) ’

Teble 4 shows the various utiiities veditted in ench

. 8-
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of the sections. The cost estimate for this section was based
on the unit costs used in the Jamiary-February 1964 Report.

Conc )

Tablzs 5 shows the materisls required for the plant.
Flgs. 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 & maximum at 1800°F.

The gas prices are shovn as a function of total
carbon conversion 1n 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 were made to try to obtain an optimum below 40%. At
the present time, it is plenned to base the state-of-the-art
desigh on a system with little or no excess char.

The 10% catrbonh conversion in the low-tempeprature zone
is more attractive. In the computer program used for calculating
the hydrogasifier operation, the assumption was made that there
was no heat produced in this zone:. Therefore, not as much steam
decomposed 30 more external hydrogeh was required.

At present, 1700°F appeat's to be the most economical
operating temperature. If the system 18 to operate with 1ittle
or no excess chery; the total cavrbon comversion would have to be
sbout 50%. If the excess char is not objectionable, the 40%
case would be more economical.

REFERENCES CITED
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Table 1.-SUMMARY OF HYDROGASIFIER OPERATION WITH STEAM-HYDROGEN FEEDS AND
CALCULATED PIPELINE GAS COMPOSITIONS (Quantities Based on 100-Lb Coal Feed)

Teupevawro in High-Tempsrature

Zone,

°F
Fmotion Feed Carbon Convertad

in Low-Temperaturs Zone
Total Fraction Feed Carton
Converted
Kydrogen/Coc.L Ratio, % of
stoichiometric
Moles Hydrogen Feed
Moles Stear Feed
Feed Steem Decorposed, £
Noles Hydrogasirier Effluent
c::mgisitlon, mols ¥

Ha
Co

Dry Pipeline Qas
Cm:posir,.on, rolas &
CHe

Ha
cao
COg
Ne
Total
Pire s'c\g Gas Heating Value,

Bty,
ABtu/100 1b coal
Moles Hydrogen/:IHtu

1800

0.1 0.2

0.4 0.k

15 17

1.8 2.1278

4856 1.2874
3.3 20.

h.12h2 3.6138

':2.2 59.3
6.8 0.2
k6 (<0.1)
11.0 9+9
0.9 11
L1 1.3
20,4 _28.2
K .0

93.0 95.9
3.2 0.3

<0.1 <0.1
2.0 2,0
0.0 .
952.5 952-3
0.7997 0.822
2.35 2.59

9
.9080 1.0 161

0.2
0.6
31.0

943.4%
l.2372
3.126

J

1.7

.0
9l6.3
0.8128

0.1
0.4
16

2.0027
1.?586
l

1.0

k.331%

'ia -9
00
T
10.3

0.9
21.2

-

0
<0.1
1.,

2.47

0.2
0.4

E]O

3. 7932

977.9
0.8348 1.02
2.70

0.2
Q0.5

- 26
.3343

25.8

5.8045

43.5

18
o

i

8r.8
1.4
<0.1

°¢l"

0.0

922.3

3.05

8r.2
<0.1
%.2
.0
920.3

1.301%
3.462

rEZ-gd
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Table 1.-Cont, SUMMARY OF HYDROGASIFIER OPERATION WITH STEAM HYDROGEN FEEDS AND
CALCULATED PIPELINE GAS COMPOSI'I'IONS {Quantities Based on 100-Lb Coal Feed)

Tempsrature in High-Temperature
Zone, °F 1900 2000

Pmctlon. Feed Carbon Convepted

in low-Temperature Zone G.1 0.2 2.1 0.2 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.2

Tatel Fraction Feed Carbon

Converted Ol 0.4 0.5 0.5 0.6 0.6 o.k . 0.5 0.5 0.6 0.6
Hydrogen/Cosl Ratio, % of -

stotchiometric 19.0 20.0 26 28 36.0 38.1 22 29 31 Yo.1 43,
Molss Hydrogen Feed 2.378 2.503 3.2503 3.5047  4.5060  4.7563 .6285 2.7537 3.6230 3.8801 5.2570 @ 5.3802
Moles Steam Feed 1,.1214% 0.8091 1.6613 1.5526 2.1272  2.0050 O.7¥32 0.4522 1.0760 0.9254 1.4798 1.3455
Fead Steam Decomposed, # 47,1 22,5 52.0 36.0 55.8 4303 56,0 22, 64 6l. 2
Moles H: dmgauifiex- Effluent 4,2716 3.4882 5.5264 5.1169 6.7§67 6. #156 4.1:589 3.3680 5.2030 4.8403 6.8 6.3540

C ai ion, mole £

oggi 43,5 61.8 4n.8 49.%  }o.2 46.69 .9 6h.2 42,8 52.5 %0.96 4T.67
25.6 Te9 2T 17.8  29.5 22,39 29.6 12.8 31.8 23,1 35.23 2 ﬁ%
T3 1.8 g.’r 3.7 7.78 k.60 10.2 3.9 11.2 6.4 3.62 6.

co, 7.8 8.2 .1 8.0 7.23 7.20 Sk 6.3 5.1 Se .52 4.93
Na 0.9 1.1 0.7 0.8 0.65 0.69 0.9 1.1 0.8 0. 0.65 0.70
HaS 1.1 1.3 (K 0. 0.67 0.72 1.1 1.3 0. 1.0 0.66 0.73

Fefota1 W Toe Tow. W0 Vo TBeAE Tho Do W o mode W

Ory Fipeline Gas

Gmosﬂ:mn, mle ¢
CHe. 92.1 94.8 90.9 93.2 90.2 90. 90.0 95.0 93.2 3.1 89.4 90.2
k1 2.7 5.5 3.6 6.9 T 7. 1.8 . 3.5 T TT
CO <0.1 <0.1 <0.1 <0.1 <Q.1 (<0.1) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
R SR S S B S ST B |
. . . . . 1. 1. 1. 2
0.0 0.0 0.0 T100.0 0.0 0. 0.0° T196.0 T106.0 . 0.0 0.0

Total
Pipg}ins Gas Heating Value,

190 )b coal

91;?5'( 968.2 938.2 955.5 935.2 942.1 9345 96T7.6 957.6 95H4 92043 938.6
Moles Hydrogen/MMBtu 2,80 2.01 3.05  3.26  3.475 3.600 3.01  3.12 0 3.33 0 3,48 3.840 2.895

0.8526 1.0542 1.0765 1.2966 1.3213 00,8746 0.8831 1.0891 1.1129 1.2691  1.3819
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Table 2.-OPERATING DATA FOR THE PREPURIFICATION SECTION

irac:ion of 'foti';l Ca':;'bon Cc:gvez'ted o e
Terperature in -Temperature
Zone, °F & 1700— = a1 800——— 1900— ) 2000——
Fraction of Carbon Converted in
Low-Temparaturs Zone c.1 0.2 c.1 0.2 0.1 0.2 c.1 0.s
€02 Peomcved,
moles/100 1b coal 0.5257  0.30%7 0.3858 0.3179 0.3012 0.2218  0.1873  0,1922
K2S Removed,
moles/100 1b coal 0.0453 0.0452 0.0453 0.0453 0.0453 0.0453  0.0453 0.0453
€02 + HeS Removed,
moles/hr 6,122 4,433 5,525 %,532 4,259 3,225 2,770 2.B0:
COz2 + H2S to be Removed,
moles/daxy 146,931 106,396 132,597 108,769 102,208 77,391 66,388 67,235
CDz2 + M3 Removed, .
MCF/day 55,613  %0,271 50, 188 41,169 38,686 29,292 25,166 25,48
CO» + EzS in Feed, ¥ 12.1 11.2 131.3 10.2 8.9 Q.5 5.5 7.1
20z ~ Hz3 In Effluent, € 1.0 2.0 2.0 1.0 1.0 1.0 1.¢ 1.0
Fraction of Total Carbon Convested 0. 5
'r;u::rag;?e in High-Temperature
2 '] 00— fald
P]!:':ct}rcn of garbon Converted in 17 18 190e. 2000
v-Teaperature Zone . . .
co-ln=7oved.b a 0.1 0.2 0.1 n.2 0.1 a2 01 n2
woler/ 00 1b coal . . W8 Ryl R . . . T
H:SIF zoved, ‘ 0.6237  0.4770 0.5923 0.83c2 0.4011 0.3009 0.3261 (.2
Eoles/1C0 1b coal . . . . .08 . 047 . .04
co’f ,/_;; . o 0.0370  0.0%70 0.0%70 0.0870 0.0370 C.0470 0.0870  0.0870
nole - L=
CO:I*S?S to bs REMVed, 8.7% 60637 5.'78 3,658 hozee 3. "38 3.559 ¢o515
poles/da; 5 -
Cﬂ’ ;s].-,;"' Removed, 209,664 159,288 131,872 111,792 102,868 82,512 B%,656 64,175
CF/dax 7 60 49,762 42, ,9% 1,231 42 3,200
COr 4 KeS in Feed, £ A% us i ;o B v R I
€0z + ¥>S in Effluent, % 1.0 2.0 8 EN 2.0 a0 2.0 1.0
Fraction of Tetal Carbon Converted — 0.6
T;upengp\n-e in Righ-Teperature .
one —1700—— bt 10 e 2 OO O
Praction of Carbon Converted in 170 foo 180
Lov-Temperature Zohe C.l 0.2 0.1 .2 0.1 0.2 0.1 0.2
CO2 Removed,
52129/100 .lb coal 0.7%1  0.6003 0.5793 0.4369 0.3643 0.366T ©.1300  £.207%
moles/100 1b coal - i
COz + HoS Pemoved, 0.0461  0.0M64  0.CU50  0.0M50  0.0355  0.0MS3  0.0832  0.0k52
cggl:sér;g to be Removed, 7,095 5,845 5,077 4,264 3,882 3256 1,78 1.8%
moles/day
C%F ;dms heaoved, 170,280 130,660  121,Bu8 102,336 £2,848 78,14 32,936 44,044
8 64,480  49,k64 46,128 38,7% 3,3 29,568 16,248 15,656
ke n B, ¢ 119 ‘9.8 ‘3.3 '83 7.9 7.6 5.2 e
0z uent, % . 2.0 2.0 2.0 2.0 2.0 2.0 z.0 2.¢
-17-
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Table 3 -OPERATING DATA FOR HYDROGEN PRODUCTION SECTION

Fraction of Total Carbon Converted
Texparature in {igh-Texperuture
Zene, op

Fraction of Carbon C:nvertod in
Low-Tewperature Zone
mmnCCowpouuun. Wt T

ils
Oz
Na
s

Ash
Noles Hp/100 1b Conl
Ih Chur/100 1b Coal
Hourly E£caleup Factor
Process Hydrugsn, coles/ne
Total Char Avatlable, lb/hr
Prccggs Hydrogen, moloy,

Ha

179

Na

120

COp
Char Requtired, lb/hr
Excess Char, lb/hr
Ccal Rsquired, 1b/he

Prooass Oxygen Raquired, 1%/he
Steam Required, ib/hr

Fragtton of Total Carvon Converted
're::eraguro In H!gh-Tésporature

Zcong, °F

Fraction of Carbon Conveuted in
lcweTozperature Z<ne
Charccam:!uon ot 7

Ha
On
s
3

Ash
Hsles Fa/lcu 1b Conl
> Char/109 1b Coal
Hzurly Scaleup Factop
Process hydrogen, moles{hr
T:tal Char svatlable, lb/hr
chass Hydropern, Toles/hr

é{.}v{
>
N2

HaO

Cla
Char Raquired, 1b/hr
Excess Char, lb/hr
C:zel Rezufred, 1b/rr

Process Nxygen Required, 1b/hr
seam Requ!ged. n?/l'rr » o/

0. 4
1700 1800 BUSUU |1, S— 2000~

o1 0.2 0.1 0.2 0.1 0.2 0.1 0.2
0.7999 0.79%3 0,7958 0.7998 0.7568 0.7988 0.7998 0.7998
0.0338 0.0218 0.0Q10 0.0218 0.¢218 0.0218 0.0218 0.0218
0.01k2 0.0142 0.0142 0.0142 0.0142 0.01k2 0.01%2 0.0
0.0057 0.0057 0.00%57 0.0057 0.0057 0.0057 0.0057 0.0057
Gotg g nem sw pay gwh el o
1.8715 213 7.0027 zizézo 2.3765 2.503 24282 2.7557
56,3452 56, 3452 50, 3452 £6, 352 56. 3452 5, 14ED 56, 3452 6. 3452
it Boe Bt Rity pint gl gk i
753, 941 712,675 782,109 05,081 691,54 6h2, 707 671,002 shedsn

Zs. 83.31 79,35 86,90 90,24 95.76 9.7 101.
24,455, 26,951.1 25,665.7 28,113.2 23,190.L 20, 231.6 51, 206.0 32,975.8

125. )ia. 132,0 114,56 150.2 ‘g°-° 161.0 169.
226.4 289,5 37.6 260. 3 270,3 280.8 28%.9 305.3
25.2 27, 26,4 28. 20.0 31,2 22,2 33.9
251.6 277.2 264,0 209.0 200.2 3312.1 22,1 39.3
304,216 335,25 19,255 49,710 %i2,801 317,307 185, 427 410,199
9.723 3 .’620 02.048 353.313 528.753 305, 98 281.653 25'-.'023
234,246 258, 146 215,828 269,277 a7y, 528 290,526 299,859 3!2.853
121,686 134,102 127,76 135,880 185,157 150,923 155,770 164, 080

0.5
1700 ~.1800 1500 2000-

0.1 0.2 0.} c.1 0.2 0.1 0.2
0.77112 0.77112 0.77113 0.7314 0.17113 0.77113% 0.77113
0.02523 0.0252% 0.02524 0.0252°2 0.¢252% 0.02527 0.02522
0.0165% 0,0154% 0.216%h C.01GkE 0.61654 0.01545 0.01644
0.00485 0.00485 0.0038% 0.03LE5 G.COHES 0,004€h 0.00485
0.00000 0.00000 0.00000 0.0¢0¢0 0.6C0C0 0.000C0 0.00000
Qe 18235 0,323 0,18235 n.1622¢ 0.162125 0. 1€2725 0,18235

3,175 8,879 2,679 2557 3,6C47 1,62 3,880
48.59735 48.6775¢ 48.65755 W, 55755 L8.60755 Le,£97EE 48.69755
10,751:1 10,2515 xa,é;'-:.'_.' 7,851 RN Dgliih 9, %0.0
26, 027.1 20, 254,6 20,08C.5 PIALTI 3§,690,2 35,650, 37.365.9

523,039 437,228 « %%, %55 w81, 148 3", 222 adg," 455,009

'!g.u 21,43 70, 8z 1C5,82 197,18 112,27
25,5 9-2 29,513.% ?7'2.=-° i 23,0180 4h, 652, %l.‘ﬂl"v"

124, 51,8 150, 4 & 148, 178.1 1€6.4,

2%5.9 23,3 270,68 . 21%.0 20,6 2%,

25.13 2.4 0.1 KT 3,9 L 37.4

23,3 2016 360,9 12,5 259, h [T s'ra.vi

121,506 w3640 29,025 T2 w23, 208 Ay sk, fion
200,03 125,53 125,510 LY 31,008 27, g I
232,% 250,23% 2 erg 15 315 122,003 129, -2¢ -ui'_:‘,'{g
20,237 e 35,98 122,00 129, -2 .
129,583 142,350 148,030 R 115 175, 4 193, 783

¢r-dd
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Table 3 -Cont, OPERATING DATA FOR LIYDROGEN PRODUCTION SECTION

Fraotion of !T:tll Carbon Converted 0.6
urer M-’lwm

Zone, } ] et | 7 (PO eammmcmes ——-—]QQ&—-——— l')‘:-(L——-— g (0O am—-
Pnction of Carbon Convortad in
1ou-Temperature Zone 0.1 0.2 0.1 0.2 0.} 9.2 9.1 0.2
Char Compostition, vt $

¢ 0.7%045 o.'ggs o.'ugas o.w 0.73048 o.'ru’;gs 0.7 0.7%085%

He o.omx 0. 3 0.02 ‘ 9. 0. e.0d 3 0.0% 0.02

Os 3.0 0,010 0,0} N o.wr 6,619 o.oi;l 0.0 0.0}

ra(. g.oom -33!71 g.oom g.oo 71 g.g&)'.‘l :.go " g.go!g :.00 1

Ash 0.21604 o.zlm o.zlaot 0,21604 0.2314500 o.nioa o.a%u o.g"'ao;”
{oles Ha/100 1b Coal 3.25%3 2503 5.9508 12548 3.2548 3.253% 3,253 3.394)
Ibh Char/100 1b Cral \1.102'; L1035 h1,103%5 4,103 31,1035 ""ﬂ 41.10%% 8. ¥
Hourly Scaleup Paotor 3,80h 8,420 8,132 8,08 4,08 , 1,600 1.5
Prcess liydragen, molos 29,610.1 33,637.2 43,6084 37,105.0 17,290, 4 ,578,) 1), n.‘
;otll cn?‘rmublo lb/hr 3,519 ws,0m 1,200 LR 300,10} 123, A0 LIEI S ] 09,
rocens moLlos.,

7 ’ £4.8 90, 1. A 123;42 1184 13,7 123.6¢ 125.82

Ha 28.78&.0 s2, Hl 33,607, %, 066, 1 %.1R.2 ATAY X, 39,9402 +9,571.)

CHe 148.1 176.0 185.4 \85.2 12,9 05, 204.7

s ?66.2 m.g 0.4 353.9 135.1 2 38,2 9.

He0 2% 33. 35.6 3.1 3.2 .ia.h A).) 8.7

COz 296, Y.l 362.1 3?\.0 32,8 hs.8 "é“ 417,48
Char Required, 1lb/hr 43,519 346,071 ISk, 258 108,rR 330, 13 ¢ v, 0 n2,033 )0‘).‘?!
gmgna’c%lbmm 5 iﬂ(l, 67 1*8 21 'm? 125 oog 121 t"g 148,099 : 8, 092 g 190, 100 3
08 » ) ) . . o 0 ) . .
Process Oxygen Raquired, lb/hr 265,680 23'0‘:'3: 406,000 326, 880 %25, ohe ,m.au‘: Ve, u 63, 959
Stear Required, 1b/hr 147,600 16%,2% 170,000 11,600 R0, n00 A5, 608 197,04 §99,97%

7fZ-9d




PB.23a
Table 4.-UTILITY REQUIREMENTS FOR THE PLANT

Fraction of Tetel Carbon

Conwertad . : 0.5

TreprrAtuee in Highe

Temnnratuse Zomal OF e =1 7 (o 1800 1500 2000~
Trailsn cf Cardken Com-

Serled (n Low-Tezpera-

ozmn Tome 0.1 0.2 0.1 0.2 0.1 0.2 Q.1 0.2
Pewmr for Coal Handling,

) 5,553 5,427 4,879 4,35 5,200 1,233 1,153 1,123
Foanp Iow Hydmogasifiar,

1) 27,900 27.13%0 27,350 26,727 25,293 25,956 25.511 25,255
Foaor Ton Prepurifization, . .

ny §,2 5, 065 5,821 5,13 4,985 4,230 3.91F 3.937
Prwnre for Oxyaen Produciicoh, o P

hp T8,55€ 83,012 79,524 87,3860 91,197 gk, 052 97,645 102, M8
Fower Tor HEydroxen Come .

TreaRsr, R 18,727 20,628 19,0553 21,527 22,329 23,226 23%.972 25.251

Pouwmr fop Fluor Process,

» e, 731 209, % 8,0 0! 5 31 E87 3,153 3,218 35,643
201 powers o LR e fr R S R = AR

Stenxz fer Power,

S’.bz‘h:- A stﬂpu:n 1,237,130 1,297,300 1,269,800 1,339,570 1,%5.51¢ 1,308,400 1,424,250 3,442,310
senm 20 Sasifler, *

th/he Az 525 pula 121,885 134,302 127,706 139,8R% 145,157 150,923 155,770 164,030
Suen= o 2nd Shife,

:b,*.:.:- g: £25 oalp iZnsor 178,101 159,502 185,37k 192,880 200.382 2uh, 363 2]R.c2h
Totnl 325 pala Staam,

i ne 3,520,308 1,809,553 1,567,198 1,565,326 1,707,547 1,750,155 1.787.003 1,628,418
Joenm te HrdeogesiTier,

/= az 1025 psla 38,635 203,780 50,850 302.303 247,987 178.5%0 159,487 A, 093
Hont Fequimed for 1025

PIin Stens=, ¥MBtu/hr 328,70 285.57 3%0.68 29384 230.97 17].5% 158,08 03,18
Hont Bequired To» 525

"'””rf:'ﬁ:‘?:;{:’ 1,33%.66  1,382.03 1.540.%37 1.436.76 1.6'rs_.18 1,712.97 1,756.12 1,792.78
£ 52.00 Sa.00 58,30 55.20 52.50 ka. 00 7.48 7.00
1,B885.% 1,9@5.5¢ 1,952.55 1,7205.80 1,971.65 1,940.61 1,918.58 1.693.14
4,522.50 3,804.73 3,185.07 %,53%.90 3A383.5F 3,144.10 2.898.79 2,508.An

An® Tpmct
nt Segelired,

=aining Chawr, MEmu/hee 2,537.1% 1,958.2% 2,:86.52 1,541.10 1,%11.8¢ 1,203.%9 ofn.21 705,48
Hont Becufped Troz fddt.

tional Coal, MMBRu/t o [ o o Q o 0 n
Coai Persulred, Ton/hre ] e} ] [y} [ 0 0 [
Totel Fruwer Genmerated,

hp 10, 7ET 9,852 10,300 9,485 9,235 8,165 8,079 8,060

Process Water to Conl

Hondliline, MM 1n 2.135 1.12% 1.137 1.107 1.080 1.075 1.057 1 04T
Pracass sator to Pre-

mriilcatlon, MM 1bh/hr 0.850 0.732 0.868 0.757 0.829 Q.676 0.789 0 €36
Pecoosl Water to st

Shify, MM Ib/hr 0.523 0.575 0.549 0.601 0.524 0.549 0,570 n.Tes
mceg‘s”mtg ig/h:- Q139 0:.132 0.2 o] 42 148 53 16

Scrubbex, X4 . Q. . . %5 0. 0. 0.1 0.161
Tatal Process water,

M In/am 2.658 2,564 2.699 2.602 2.694 2.548 2.669 2.549

Soller Feed Water, ¥
b

iy,
Total Process snd
xner Zmad Water,

" hy
Totsl Process and

2,524 2.820 2.969 2.862 2.063 2.803 2.936 2.80%
5.582 5.38% 5.668 5,464 5.657 5.351 5.605 5-253

Boller Feed Water, gpn 11,16% 10,768 11,336 10,828 11,314 10,702 11,210 10,706
Cocling Jater for Tosl "

Eandling, gpm 24,850 33,900 3,350 33,400 322,800 32,450 31,900 31,600
Cooling wWater for Kydroe-

gasifler, gpm 37,100 35,600 36,500 35,500 35,000 34,500 33,800 33,550
Cooling wWaler for Prepuri-

fication, Spm 18,500 13,390 16,6B° 13,6% 12,860 9)7240 8)380 8,1360
Ceoilny water for Methana-

tion, Spm 10,080 o 10,080 3450 10,080 53550 10,080 20,080
Coollrg Water for Oxyzen

Production, spm 118,800 130,800 124,640 135,520 141,670 147,300 152,020 16C,140
Couling Water for Hrirogen

Production, spe Q8,200 2H,7HQ 2/ H60 274800 28,5440 30,090 31,050 22,710

Total Process Couling

Water, 283,500 2%0,430 247,720 250,450 261,850 259,63 267,280 275,540
C:olin‘;; %er for Pouor " 433} " l:z A 150,550 352’830 > " 0' 80

gom K19 310 432,300 heé,;tso ég.ﬁég 5,3 E,E 462,500 la; 5]
Total Cooling Water, gpm 662,900 bTL, 720 674,470 94,010 712,540 TI6, 480 729,780 720,

* 3Sased on BO® fuel efficiency
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Table 4 -Cont. UTILITY RECUIREMLNTS FOR THE PLANT

PFraction of Total Carbon
onv

PB-23a

c el o Sy
T 'ttwé.igaﬁ?‘% 1768 1E06— 1706 ~200G-——
Frac tgn !gf I‘oc:x-t:w.‘r. Con-
ture Zone - i 0.1 g.2 9.1 c.2 c.1 0.2 0.1 0.2
Power for Coal Handling, _ ) . " .
Php R 't 3,761 3,582 3,550 2,511 3,452 3,322 2,252 2,283
2 > o mu er
by r° - . 21,%1 20,885 20,693  15,86% 20,120 13,712 19,485 15,038
Power for Prepurification
i P * 8,041  &,590 5,788 %, 22 5,300 4,38 &,k48 3,239
Power for Oxygen Productlon,
hp e 0,531 45, TS 45,313 50,.03 52,307 32,365 .57 5%, 656
Power for Hrdrogen Com-
press-y, hp 19,53 22,600 22,332 2%,z2% 2%,523 25,%9 25,535 27,210
Pow-r ta¢ Fluor Process, p . < . qi7 . o &
~ RIS T L~ 5 - ~ 2>
e ) Pouat, bp SE5 EE BE S N G e B8
Steam for Pouer .
1b/nr at 525 peia 1,218,190 1,325,620 1,207,002 1,37°,50F 1,207,562 1,452,175 1,372,750 1,516, 770
Steam to Gasifier,
1b/hr at 525 psia 129,583  1k9,%50 1%€,090 150,853: 182,837 171,73 75,877 183,743
Steam to 2nd Shift,
1%2‘?’5; 522 sil 282,280 Aalle  Jonuish 200,016 212,600 225,222 222,103 230,110
psia Steam,
1b/hr 1,516,965 1,671,219 1,548,585 1,749,478 1,783,030 1,639,133 1,877,360 1,982,832
Stear to Hydrogasifier,
1b/hr at 1025 psia 41,028  uk2,135 464,580 434,918 2¢5,7h1 270,667 185,310 156,050
Heat Required for 1025
peia Steam, WMBtu/hr 447.99 429.65 £51.50 L25.55 237.3%¢ 263.01 13c.17 151.53
Heat Required fok 525
’Eia Ste?hn.mmw{m- 1,896.06 1,548.12 1,625.73 1,72%.3T 1,758.36 1,813.79 1,851.45 1,908.87
at »
—179.00 200.00 200.50 187-00 159.00 155.00 13190 130.60
Total Beat Required,
MMEty 2,123.05 2,277.8k 2,277.73 2,336.93 2,204.88 2,221.80 2,153.56 £,191.11
feat From Excess Char,
MMBtu* 2,083.86 1,282.62 1,270.8§ ' 74T.5% TSE.T6 427.78 275.54 0
Etcess Heat Prom Me-
Heat mquired'nou Mdi. ° ° ¢ ° ° ° 0 °
‘ -
tional Coll, W 79.5¢ 095.22 1,006. 6: 1,589.39 1,448,08 1,794.02 1,887.02 2,151.11
Coal Required, t g 3.67 45,94 46,18 7557 66.84 82.66 B7.10  101.1%
Tohgu Fover Generated, 11,802 10,1 38 8,6 8 € 8
T 7,760 7 x
“ “"‘tg §g/gg‘1 2173 9,3 .a:? »353 » ,811 7,133
0.955 0.810 0.901 0.356 0.877 0.8 0.8 0.83
Proc-ss aater to Pre- % % ! 59 i 3
patification, ¥ 1b/hr 0.932 0.877 0.979 0.907 0.874 0.792 0.810 0.725
Process Water to 1st
Shift, Md 1b/hr 0.547 C.631 0.626 0.679 0.688 0.725 0.741 0.777
msam;“ﬁ ngm- 2.125 Q.1 Q.43 2,155 257 2:.255 Q.169 177
2 . 5 0.
hﬂ?%b/,;:; e2u vater, 55 56 64 &
2.559 2.562 2.649 2.607 2. 2.53 . 2.
Boléler Feed Water, MM 5% 4 2.569 513
Total Process and 2566
Bollet Feed Wnter, )
Tm Ibm " et 5.628 5.645 5.63% 5.567 5.445 5.372 5.435 5.363
Hoiler reed Wates, 1,2 290 1,2 11 10,8 0 TR
c m e 8,856 1::4 26. T2 26.13# »890 10,7 10,870 10,725
28,800 26,450 200 5
Coo ; H;tgl;nfof 6:]‘ » 45 ) »150 26,%00 251250 25,600 25,100
?‘fn gm 26,400 25,200 25,0 25,000 23,300 2 5
Cg;! 'Ua'tﬂ‘ o . » 5 5, 000 » » 30 3,800 23,550 23,000
cégcatio?‘ tgr-for Nethana. 26.?;0 2:.ou2 16,542 14,066 12,042 10,382 10,777 8,075
10,080 00 bl
eoom Bates for Otygen » 45 10,080 9,500 10,080 10,080 10,080 0,080
Productim. .’.R’ stydrogen 123,190 142,100 1%0,770 152,910 156,830 163,250 166,810 174,670
ugt,ég:;s Cooling :
water, 250,280 249,572 247,602 258, 262,452 s 271, 1! 276,955
Coong ter for Pover gpa L] 42% L83 |3 %4 3 B8 46 =37 4
ToARL GhoTing water, g Zaght et m?fmfmi‘ﬂz- s TRbE FEer 88

-

Based on 80% fuel efficlency

-21-
8 A S

Tt E C W N O L

o & v




“nlle 4 -Cont. UTILITY RECUIREMENT

h-utlon“of Tetal Cardon

* Based on 80% fuel efficiency

t N 5 T ot ¥tk

Temparatire in wen;
i ture Zobe, °F 1700 e
"raction of Cardbon Cohe
verted !n .mum
ture = 0.1 0.2
Php -ee Cca. 3,230 %178
Power Tor Hedscgasifler . .
tp 17,09 165,277
Povet for mtn:ﬂ.laﬂ.
rp 6,907 5,756
Poeer for Oxzger: Produstion, .
®p 86,129 25,520
Foreater 13 com- 22,039 25,018
90
Pgi::* + FPuor Process, y *
=p 1Y, 4 5, 2?3
‘I‘otul ?c-"r, hp 1s¢, 739 2,209
ear for 90-"!"
;b/‘.r at 525 1,247,390 1,255,690
et at 255 "z" 37,600 165,296
& {3 2
secdt o e
-l =
Tﬁ,)‘u- 5;5 puinr:teu:. 2,585, 28
2 2 7
St to ”‘ } ] 5‘ 5 1’ %.995
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Hlgh-Pressure Methanstion
tory Met tion St

Quotdtions webe received for most major equipment;
selecting and ordering miajor equipment and other equipment having
a8 long delivery time was continued.

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

Pilot Plsnt Studies

The objective of this study is to investigate the
hydrogasification of suitebly treated coals in a continuous-flow
pllot unit in order to develop data for the dssign of an inte-
grated pllot plante In the present phase of hydrogasification
studies, tests are being conducted in a high-temperature,
balanced-pressure pilot unit. Gas-solids contacting is achieved
in a 4-in.-dlameter reactor tubes; the hydrogen or hydrcgen-steam
mixture flowing upwidrd and the coal flowing downward as either
a moving or filuid bed, or in free fall.

Rebuilding of the hydrogasification pilot unit reactor
heating furnace was completed with the installation of the re-
m four heating elements. The entire furnace was tested for
operation to a temperature of 60C0°F.

A new 4-in.-dismeter reactor tube; type 446 alloy, ahd &h
exptnsion bellows was installed in the reactor shell. Before
instellation, the reactor tube was wrapped with a 1/2-in.-thick
layer of Fiberfrax insulation so that temperature profiles could
be recognized. The lower 31 inches of the reactor was left
uninsulated to improve heat transfer to the tube in this zone
where the heat loss is highy and final preheating of the steam
and hydrogen feed is accomplished.

Reactor tube-wall thermocouples were drawn thbough the
shell and sealed in glands against pressure. Six of the 31 peactop
tube thermocouples were pos_-_oned on the outside of the Fibepfrax
insulation st approximately 31l-inch intervials, and at nearly the
midpoints of eéch of the top six heating zones. Tempepatutes
sensed by these thermocouples, and those sensed by thermocouples
on the tube wall &t corresponding levels wlll be used to determitie
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temperature gradients a&cross the insulation to esteblish direction
of heat flow. Iocation of the reactor tube thermocouples is
shown in Fig. 1.

Electrical wiring of the seven solenoid valves for the
new reactor-shell differential-pressure control system was come
pleted:. Rupture disks were installed in & pressure-equalizing
line between the reactor tube snd the shell. These disks are
designed to rupture and equalize the pressure between the resctor
tube and the shell in the extreme case of fallure of the differen-
tizl-pressure control system.

The modified pressure vessel, which will serve as a
temporary resldue receiver, was installed in the pllot unit.
This receiver has a volume of 7.7 cu £t compared to 5.1 cu £t in
the original receiver. The reactor discharge screw housing, the
discharge screw, drive shaft, and the varisble speed drive were
installed:. A feed calibration of the screw weas 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 cozl feed hopper and the coal screw feeder were
reassembled to the top of the reactor. Reconnection of the
six gas-sampling probes was started.

Coal Pretrestment

Four coal pretreatment tests were conducted in the
continuous-flow fluidized bed pretreater. Thes= tests are a
part of the program for defining mininmum pretreatment conditions
for producing nonagglomerating char for the hydrogasification
pilot unit. :

Nominal conditions for these tests are given below:

Feed
Solids Rate, Avg Solids Residence Gas Rate, Oxygen, Temp,
Run_No. 1v/hr Time, hr SCF/hr %
Fp-12 72 1.27 613 2.1 440
FP-15 > 1.0 602 2.2 536
FP-14 78 1.0 590 9.8 666
FP-15 T4 1.0 600 10 708

It was found that with & 2% oxygen concentration in the
pretreatment gas, sufficlently high bed temperatures for adequate

coal pretreatment could not be maintained in test Runs FP-12 and FP-13.

In earlier tests, it was sh~wn that sufficiently high bed tempera-
tures for pretreatment coul. be maintained with 21% oxygen (air).
To investigate oxygen concentrations with respect to oxidation rate,

1 N S t U 1 ¢t o ¢ @ A t E C H N O L O & Y
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further tests (Runs FP-14 and FP-15) were conducted with & 10%
oxygen concentration. Bed temperatures in these tests were
maintained at a level adequate for pretreatment. Chars produced
in these teats h#ve not yet been evaluated for agglcmeration
characteristics. A more detaliled datas presentation of these
tests will be made when other analytical results are completed.

Operating conditions and results of four cozl pre-
treatment tests conducted last month .are presented in Table 1.
Chemical and screen analyses of the feeds and residues of these
tests are given in Table 2.

Pittsburgh seam bituminous coal obtained from Consolida-
tion Coal Company was pretreated in these tests. In Run FP-7
the coal was from Montour 4 mine: in the other tests the coal
was from the Irelsnd mine.

When it was found that an oxygen concentration of
4% and coal residence times nf 27 to 40 minutes were nct
sufficient for adequate pretreatment, the oxygen concentration
was Increased to 21% in the pretreatment gas; the avorage coal
residence time was increased to about 1 hr by increasing the
ggdlgiéght to 5 ft and by decreasing the coal feed rate to

ILeboratory evaluations of the chars produced in these
tests (procedure described in the January 1965 Work Report)
showed that only the char of Run FP-11 may have been sufficiently
treated to prevent agglomeration when hydrogasified. As shown
in Teble 2, there was & significant reduction irn the volatile
matter and in the hydrogen content of the char produced, com-
gered to the feed content. The reactor residue anslyses do not

tuly reflect the pretreatment operating conditlions because
these residues remained in the reactor during the cooldown
period for about 18 hours.
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Wable 1.-OPZRLTING RESULTS OF THE PRETREATMENT OF
AMONTOUR & BITUMINOUS CO.L IN CONTINOUS-FLOW PILOT UNIT

g';:vgoéize. ity 1% E—% E;;i% EL:.%
Alr Alp Alp

Pretreatment Gas Nitig!g‘en

Purge Gas Nitrogen Alr My 2ip

Durstion of Test, he 2 2-1/2 2 2-3/4
Steady-State Operating .
feriod, min 40-113% 93-159 51-123 --

OPERATING CONDITIONS
Standpipe

Heleht, ft 3 3 3 H

G »

Bed Iaventory, 1b 58.90 37.49 47s41 56.34
Heactor Preasure, psig 1.50 3.40 1.25 Te25
Bed Terperature, °F i

Bottomn 656 833 239 700

1/2 It 7 560 239 700

o 4 77> 510 2k6e -

i-1/2 1t ™ 844 266 700

2t 773 == 370 705

g-%&.‘ by 781 543 462 763

Average 756 €78 304 702
Coel Rate {drv}, lb/hr 131.% 86.% . Tia2 59,6
Air Rate, SCF/hr 167.9 832.6 508.8 602.8
Nitrogen Rate, SCF/hr €32.5 -— - -
Oxysen Concentration, mcle % L4 21.0 2.0 21.0
Nitrogen Purge Rate, SCF/hr 3.0 - - -—
Alr/Coal Feed Ratic, SCF/1b 1.276 9.64 8.41 12.15
Air/Cosl Bed Ratlo, SCF/kr-1b 2.851 22.24 12.63 10.70
Coal Bed Pressure Differentlal, in. Hg 1.88 1.84 1.80 2.25
Cozl Spece Valpelty, lb/cu ft-hr 85.31 58.10 47.86 20.84
Coal Residenc2 Time, min 25.9 25,0 30.0 68.2
Pretreatrent Ges Residence Time, min 0.0570 0.0585 0.1085 0.1565
Superficial Pretreniment Gas Veloclity,

ft/sec 0.878 0.852 0.460 0.511
OPERATIRG RESULTS
Product Ges Rete, SCF/hr 772.2 952.8 606.0 601.2
Residue Cher (dry), wt € dby cokl 9%.0 ga2,5 88.8 76.8
Kaockout Drum Residue, wt $ dry coal 0.3 0.1 0.6 5.8
Condenser and Filter Resldue,

@t % dry coal 0.6 8.5 -8 2.
Total Besidue Chav, wt % dry coal 95.9 93.1 0. o7
Water and Othear Condensates, 2.1 squuid)

wt % dry coal == - - 1.8 'i‘a.rg
Cverall Materlal Bglance, % 95.6 100.7 %.8 u.sd
Carbon Balance, & 100.0 Q3.1 5.2 85.8
PRODUCT GAS PROPERTIES

ton, molc % Somas

Ges Comrposition, mole &

Na Po 9%.0 £4.1 7.5

& 0.8 0.7 13

Coz . . .

02 1'“ 11‘-5 1608

Hz 1.9 - -

AP 0.89 0.74 Q.93

Totel 99.99 100.0% 100.03

Heating Value, Btu/SCF? 8.9 0.0 5.7
Nitrogen and Arpon-Free Heating

Value, Btu/SCF 17.4 0.0 28,2
Specifls Gravity, Air = 1.00 0.965 0.997 1.005
Laboratory Agglomeration Test of Residue

Eveluation

1350%F —— Fused Fused Partinlly

Cnked
1700°% Fused Fased - _—

a. Carbon in ILiquids nst inecluded

b. Gross, gas saturated at 60°F, 30 in. Hg pressure. SCF = diy gas volume in SCF at 60°F,
30 in. Hg pressurve

¢. Feed and product gases not included

d. Carbon in liguids, tar and product gas niot included
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Table 2 -CHEMICAL ANALYSES OF PRETREATMENT COAL FEED AND "RODUCT CHAR

Run No. E-7- Fp-8 PP FP-16-
Resctcr Residus Reactor Resldue Reaotorr Residue Reactor Residue
Sarple Fead  [Desfdue Roceiver [Joed v Bosigquo  Rece Reslduo Fecolver
Proximate Analysis, vt %
Molsture 1.0 o.g 0.7 0.9 0.3 0.5 o.a 0. 0.3 0.% 0.1 1.1
Volatile Matter %.0 ez. %, 3 3.3 35. 3.1 . eg 5.6 33.1 22.7 2.2
Flxed Carbon .8 5.1 52.6 50.5 52. 50.9 51.9 .1 .7 51.5 . 62.0 .
6.2 21,8 Q2. Qé3 L2 0 Q%9 15:6 . 20,2 . QM4 2 -12:2
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Ultimate Analysis ) vt 8
i aalyute (dr). 6.3 625  70.5 6.0 L6 7 6[.a  6n2  6lo B2 6.6 6T
rqdmgen .50 8.67 .94 5.15 4,95 4.86 .85 .52 4,680 4,76 3.86 3.67
g trogen® -_ -— - - - - .- -- -- .- - --
b e - - o = = = = - = = - s
Ash 16.37 21.87 12.51 14,47 11.21 15.02 15.75% 20.23 1%.39 15.05 15,17 16.27
Soreen Analyels, USS, wt £
+10 P 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 1.3 1.2
+ _ 0.1 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.9 0.8
+1 2.4 M6 1.8 1.8 0.3 0.9 1.9 1.5 1.2 1.2 8.9 2.3
+20 10.5 19.8 9.0 .9 3.7 5.3 8.5 Z'T 6.0 5.8 :{g.) 3.
33 21.3 29.7 17.7 .3 9.3 10.5 10.7 14.6 11.9 11.0 .0 5.4
2k, 23,7 22.9 17.9 12.6 13.2 11.1 16.6 %2.6 12.2 18.4% 5.3
+100 .0 20.9 35.9 33.2 $3.5 37.7 3.4 42.6 .3 37.5 27.0 18.0
~100 6.6 1.0 12.7 6 20.6 3.4 3.0 17.90 33,0 32,3 12.2 66,4
Total 100.0 100.0 100.0 100.0 )00.0 100.0 100.0 120.0 100.0 100.0 100.0 100.0
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DEVELOPMENT OF 1GT HYDROGASIFICATION PROCESS
Progress Report = March 1965
to

Office of Cotl Research
Contbact No+ 1%-01-0001-381

Hydrogusification

Retissermbly of the hydrogasificsition pllot unit was com-
pleteds Hydrogen and steam feed piping to the bottom of the ]
reactor was installed along with gas-sempling probes for samplinhg
ghses at different levels inside the resictors For send codl
bed temperstures, three thermocouples were installed inside the
retictors The pilot unit was pressure tested #and retdied for
shakedowt1 tests.

Calibration and setting of the radistion-type cosl
bed-level senisor by & representative of Nucleanr-ChicHgo, suppliep
of the level ghge, is in progress. The use of & radiitioh ghge
for sensing solids in 4 small-diameter tube with a relatively
large-diumeter outer shell shd insuldtion represents & novel
agplication of the ﬁgge. The tmplificdtion unit for detecting
the codl bed level has redquited extremely fine adjustments fob
gsensitivity, To imppove the sensitivity level, changes in the
amplifier circuttry are being mede.

Three hydbogisification mihs webe made in the pilot uhit
when the pesssembly of the uhit wis completed {Runs HI'-53, HI-54,
and HT-55). 'These mins wete tinde with the low-temperatiive
bituminous coal chér used in trevious tests, ahd with hydtogen-
gstetim feed mixtures, The purpose of these tine was to shiake
down the rebuilt retictor, &fid to check vesults of the last pun
made in the pilot unit prior to Pupture of the tedctop tube.

Conl Pretientment

Four cotl pretiestmerit tests wete corducted iH the
conttitmous~flow fluidized-bed pretrester using Pittshurph seai
codl ﬁ‘iﬂ the Ire e, e objective of these tests wasg
to continue investipgdtion for def mindmum phetrestient
conditions for producing nonagglomerating char Ffor the pilot
uhit hydrogasifien.
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Nominal conditions fcr the tests are as follows:

Solids Rate, Avg Solids Gas Rate, Oxygen,
Run No. ___1lb/hr Residence Time, hr _SCF/hr % Temp, °F
FP-16 73 1.34 567 5.1 658
FP-17 89 1.11 580 2.7 629
FP-18 73 1.29 567 2.9 587
FP-19 68 0.77 554 S.7 706

A mixture of nitrogen and eir was used as the pretreatment
gas. It was found that with 3%-5% oxygen concentrstion in the feed
gas, temperatures above 600°F could be maintained. Leboratory
evaluations of the chars produced in these tests showed tnat the
char of Run HT-16 was fused, that of Run HT-17 lightly fused, and
that of Run HT-18 was free flowing, when heated to 140CG°F ot
atmospheric pressure in a hyd-ogen atmosphere. Evaluation of the
char of Run HT-19 has not yet been completed. Based on the above
tesults there does not seem to be as yet a correlation between
pretreatmert conditions and lsboratory test results. The reason
mey be because of fluctuation in composition of feed material.
Further analysis oh chér and feed compositions should show this.

About & year ago, the same laboratory evaluation for
sgglomeration was made on four chars pretreated at 1000 psig in
snother reactor: These chars were found to be free flowing
when originally tested at 1050°F. They were also foundé to be
free flowing in this test at 1400°F.

Methanation

Work contirmued on planning the test program and on
design #nd ordering of major pieces of eqnigment. Constfuction
work ot the barricading was given top priority so that the
laboratory ares will be ready when the equipment arrives.

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

Cosl Characterization

bytistech Corps continued redesi the high-tempera.-
ture, high-pressure hedt-of-reaction calorimeter. As was mentiohed
in the Methanationh section above; wotk on constiction of the

barricading and desigh of the service facilities for the new
laboratory dres was contitied.

\ Apparatus for determination of the veflectance of coal
miceruls was checked out this month. Iight filters for the micerc-
scope &hd & constant-voltage transformer for the microscgge umg
were teceived:. The constant-voltage transformer in the photometer
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was found to be defective and & reglacement his been tedquested.
Tests with & bortowed constant-voltsge transformer were made
to "iron out" grocedure and appardtus problems. On the basis
of the observdations made so far, it appears that the spparatus
will be satisfactory.

Appardtus for detemnination of perticle density by
mercury displacement was built except for shop febrication of
a pressure vessel. Precision-bore.glass tubing for determina-
tion of particle density by & gas flow method was ordered;
'l:hils‘1 will be used on particle sizes smaller than zbout 80
meshs

Erocess Concept Development

Work has involved developing & mathematical model
describing the state-of-the-art of coal partial oxidation op
suspension gasification processess, This work to aild the
economlic study is in prepasration for estimating operating
parameters when using spent chzp from the hydrogasifier as
feed for these processes.

Economic Evaluation

In preparation for design of the hydrogen section of
the pipeline gas plant, & study is being made of synthesis gas
production by suspensionh gusification.of coal. Contacts with
Texaco Corps and Babcock and Wilcox Cos will be made for state-
of'-the~ait information. These two companies have developed
pressurized gasification processes (300-%00 psig). Gasifica-
tlon at atmospheric pressure would not be economical for oup
brocess because of the need to compress hydrogen to 1000 bsig.
A study of basic gasification pesictions is being made.

Fluidized-bed %asification will also be considered.
Spent cher from hydrogasification would be & good feed for this
process since there would probably be little tendency toward
dgglomerations The fluidized §asification rocess has some
advantages over sustension gasification in the operatior at
nehslagging conditions, possibly giving higher yields per
unit of reasctop volumes However, carbon gisification efficiencies
would probably be lower for fluldized operations.

No inventions were made durihg the month of Marchi
however, we are now reviewing our work to establish ahy patentable
agpects of the process as it is presently envisioned.

Jack /—[uebler,?Associate Dipector atik Schota, Mahagedp
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DEVELOPMENT OF IGT HYDROGASIFICATICN PROCESS
Progress Report =— April 1965
to

ffice of Coal Research
Contract No. 1L-01-0001-281

Hydrogesificaticp

Analytical results have been coxpieted for Run XT-52% =
the first test made last month in the rebullt nydérogesification
reactor. A low-temperature biturinous cogl char was hydrogesiiied

this run at 1000 psig and an aversge reactor temperature of
485°F, with & hydrogen-steam mixture containing 36 mole percent
steam and & hydrogen/char ratio 41 percent of stoichicmetric.
Results show that 52% of the carbcn was gasified, and 41% of tae
steam was reacted.

Five nydrogasification tests (Runs ¥7-36, ¥T-3£p, HT-55¢,
BT-57, and HT-57b) were attempted in the pilst un't to gesify e
lightly treated Pittsvurgh seam (Ireland mine) bitumincus coel.
These tests &are being run to establish the minimur amount of
pretreatment required for satisfactory coersticn in the L-in,
reactor. The pretreated coal was prepared in the pilct plant pre-
treater in Run FP-15 (February 1955 Report) and wes shown to be
nonagglomerating based on our laboratory test.

Three of these tests lasted only up to 7 minutes, as
difficulties were encountered in feeding the coal. The ccal
Teed tube eventually became plugged at the screw. To correct
this problem, the feed tube was enlarged from 0.t in. to 1.0 in.
ID, and was shortened to keep the discharge ené somewhat ccoler.
After these changes, two rtydrogasification tests were run for
34 and 27 minutes. These tests were terminated when the coal
eventuae.ly bridged in the 4-in. reactor tube, and the coal level
bullt up to chcke the zo0al feed tube. Product gas samples were
taken during these tests; a partial evalustion will be made
when analytical results of the tests are completed.

oal Pretreatment

Two conl pretreatment tests were conducted in the
continuous fluidized-bed pretreater with a Pittsburgh seam coal
from the Irelend mine. These tests continue the study for de-
fining minimun pretreatment conditions necessary for producing
& nonagglomerating char for the pilot unit hydrogassifier.
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Nominel conditions for these tests are as follows:

Sciiés Rate, Avg Scliids Gas Rate, Oxygeh, Teomps

o Do, lo/aw Residence Tiwme, hr _SCE/hr A Oy
FP-20 3T 1.26 582 10.1 549
FP-2L 72 1.23 500 10 700

Pretreatrent ges was a2 mixture of nitrogen and sir.
Tness tests wers designsd to increase the degree of pretreatment
svey thet in sarlier tests by using a2 higher temperature esnd an
cxygen concentrwation of 10%. Ieboratory evaluations of the chers
Zor ezzlomsreting cherecteristics have not yet veen completed.

L “eooratory eveiuation showsd the char produced in Run FP-19
(March 1355 Rsporit) at 706°F to be nonagglomerating.

The pilot plant swing hammer =ill, which pulverizes
coal Tcr the pretresier, has been modified to produce a smaller
Zrecticn ¢f finess Trne speed of the mill was reduced and the
screen removed.

With construction of the berriceding nearly compieted,
¥OrK was bezun on the instrument panels. Nearly 211 the major
pieces of instrumentation were recsived.

Desizn of service facilities for the new laboratory
area was ccrpleted.

The nigrn-temperature, high-pressure heat-of-vesction
calorimeter redesign was completed by Dynatech Corps Barricading
for the calcrimeter was completed.

Construction and assembly of apparatus for determination
cf particle density by mercury displacement was completed. Deter-
minations on the coarser sieve fractions (100 mesh and larger) of
feeds and residues from several free-fall runs were started.

Development of pbocedures for determinastion of reflectance
cf ccal macerals was continued. Determination on an area of only
2.8-micron dlameter appears feasible with the addition of & Pecorder
or output meter having somewhat greater sensitivity than that which
the instrument now provides. This will make it possible to pead
reflectance cn vitrinite and other macerals in attrival coal grains
that nave only small areas of uniform reflectance.
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Process Ccne=pt Development

During the month integreticn of presently develope
F

-t =L -

T f;
xinetic ecuations into the process model was begun, the purpcse
of which s directed to improve the accuracy of the model in
predicting process operzticn.

concmic Evaluatig

Texaco nas been contacted esbout their gasification
process for maxing hydrogen. They indicated thet 1t mey e
possible to operate at 1000 psig.

A study i Lnder way to determine the effect of <he

drogasifier feed compcsition cn the externss myérogen reguired.

el

An economical evaliuation of the various methods of
ntrclling the temperature for methanation is also irn progrsss.

0
O

No inventions were made during the month. Tne work
tc establish patentable aspects ¢f the process Is cortinuing.
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bevEtoPMENT OF TG HYDROGASIFICATION PROCESS
Progress Report = May 1965
to

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

Hydropasification

Seveni hydrogasification tests (Runs HT-58, HT-59, ET-60,

Hh-61, HP-61b, HT-6le, and HT-62) were attempted in the balanced-
ressure pilot unit to gasify 1lightly treated Pittsburgh seam bi-
uminous coal. Codal from the Mont 4 mine was used Run HT-58;
the other tests used coal from the Ireland mine. The Montour 4
coal was pretreated at 1000-psig pressure in tests conducted in
the eatrly part of 1964. The Ireland mine coal was pretreated in
tge fluidized{'ged pilot plant pretreater at atmospheric pressure

{ Fp-22, #P-23, and -21&%. These pretrested coals were non-
agglomerating according to laboratory test.

Two of the hydrogasificatioh tests were completely success-
ful, one with codl char ih free-fall, and one with a moving chat bed.
In these tests, ho operational difficulties were experienced in feed-
ing the coal char or ih dischargj.z% the residue. Three of the tests
wete onlzug:rtiaily successful. ter falling thr the heated
reacton s the coal bridged in the lower end of the reactor tube
below the futrnece and could not be discharged. The bridging probably
tesulted fiom steam condensation rather than from stickiness of the
coal char. Two of the tests had to be terminhated shortly after they
webe started due to difficulties in the operation of the redctor-shell
differential control system. The trouble was traced to & pneumatically

rated control valve that was sticking. The faulty valve was te-

g sced. Evaluation of the successful b gasificatzon tests will
e made when analytical tesults of the tests are completed.

Coal Pretreatment

Three coal treatment tests were conducted in the fluid-
%‘:?;gead etre%ger th a Pittsburgh seam bituminous coal from the

e. e primary cbjective here was to produce a nohagglomer-
ating char for the pilot Lmitdhydrogasifiet- and, at the same time,
study pretreatment conditions.
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Nominal conditions for these tests are as follows:

Solids Rate Avg Solids Gas Rate, Oxygen; Temp
ib/hn ’ Besidegce Time, hr _SCH/hp ’ xy% j_ ) ’

O

Fp-23 ';‘R 1.50 597 9.6 764
Fg-au 1.89 830 9.2 738
FP-25 a7 1.86 760 9.8 749

A mixture of nitro%en and alt was used for pretreatment.
The solids pate was peduced to half of that of previous tests in
order to increase the cosl residence time and thus incredse the
degree of pretreatment. Isdborstory evaluations at 1400°F show the
chars produced to be nonagglomerating. The chapbs of Runhs FP-23
atd FP-24 were used as feed to the pilot unit hydrogasifier.

Fluidization tests wete conducted in & behch-scale glass
tube to study the fluidizsation charscteristics of 10 to 40 tesh
and =10 mesh coal, and to define tore sccubdtely minimuim fiuddizs-
tion pates. fThese tests are to provide informstion for improved
operation of the pilot platit pretredter.

Methanation

The methanation ptedctor test program was tormulsted in
a meeting with Db, James Carberry, consultant to the ITnstitute on
this work. The barpicade and insthument el stiuctures were
completed for the test program. The preactor and most of the
instrumentation were preceived.

Coul Chapacterization

Dynatech Corp. contimued constiuction of the heat-of-
reactor cdlorimeter. e drop cdlorimeter has been essentially
completed; the instiiment console is being constiucted.

. Characteristics reduired of & precopder to be tised with
the reflectance appabatus ih the coal petrogi'aghic work webre
determined. Feeds and products of preirestment kins FP-4A and
FP-8 were analyzed petrographically., No si icant diffepence
between feed and product was evident ih either tun. Smaiil
differences between the two feeds, one of Montoutr 4 coal and the
other Irelsnd mine coal, wepbe foutd. Papticle densities of two
sieve fractions of the feed and residue of & free-fall hydtogasi-
fication run were determined.

ttgcess Coticept Evelgmnt

The work on itttegrating the kinetic egua.tions fop the two
stages of hydrogasification into the grocess model is contihuing.
Although the kinetic cquations describing the hydtogen char and

steam-char reactions will undergo modification as the operation of

-2.
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the pilot unit contimies, integration of the kinetics into the
cess model will provide sighificant insight into the variation
equipment size with various operating parametetbs.

Ecotomic Evaluation

buring the past month the study to detetmine the effect
of hydrogausifier feed composition on the required amount of external
hydtogen has beeh completed. A study.has now been undertaken to
detetmihe the total carbon conversion that will elimitnate the
production of excess spent char.

Determinstions have been started on the desigh critetrion
for the pretbeatment section to be used in the state-of-the-ant

dESim s

Qasification requirements for hydrogen production from
spent chap have been discussed with the Texacg Degze‘lopment Corp.
C 14l combustion appears feasible. Mexaco has given us
tentative synthesis ¢ sitioh and reactant requirements. We
have calculated synthesgs gas costs as affected by oxygen/carboh
and steam/carbont tatios.

No inventions wetre made durj.n% the month. Some problems
oh delivery of the special heat-of-reaction calorimeter are antici-
pated. tech Corpordtion informs us that, due to problems in
hickel platinhg one of the &:rge enclosures, the delive date of
July 1 mi%ht not be met. Plan to keep ih close touch with
Dynatech to expedite this item.

ebler, Associate Director  Prank Schora, Mahager
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DEVELOPMENT OF IGT HYDROGASIFICATION PROCESR-IALRESZAbCH
Progress Report — June 1955

to S L3 i "
Office of Cozl Research
Contract No. 14-01-0001-38% OCFTCF 102 wtznisy

Hydrogasification

Seven hydrogasification tests (Runs HT-53 to HT-59) were
conducted in the balanced-pressurs pilot unit to study the gesifi-
zation of Lightly pretreatec Pittisburgh sear bituminous coal from
the Ireland mine. The cozl was pretreated in the fluldized-bed
pillot plant pretreater with nitrogen ané air at 750°F (Runs FP-25,
27y 28, and 29). When tested in the laborastory at conditions
simulating hydrogasification operation, these pretrested cosls
were found to be nonegglomerating.

The partially hydrogasifiec resicdue from one of the tests
conducted at 1300°F was used as a feed for a following hycérogasifi-
cation test designed to simuliate the high-tempereture resction zone
of 2 two-stage hydrogasification process. The test was concucted
at a nominal temperature of 1700°F with a hydrogen-steam feed gas
containing 50 mole percent stesm. Approximately 20% of the czrbon
in the already partizlly hydrogasified feed was gasified. A
rrocduct gas having a heating value of 414 Btu/SCF on 2 nitrogen-
free basis was producec.

In four other tests, the low-temperature reaction
zcne of a two-stage hycérogasification process was simulatec.
Lizhtly pretreatec Ireland mine bituminous cozl was reacted at
1200°F with feed gas of the following composition: hydrogen,
45 mole percent; methane, 25 mole percent; ané steamy, 30 mole
percent. This composition approximates that of a gas leaving the
high-temperature zone. Two of these tests lasted only 30 minutes,
2s cogl caked at the top of the reactor tube and piugged it. The
Tfeed coal for these tests, pretrested in Run FP-27, spparently dicd
not have its agglomerating characteristics entirely destroyec in
pretreatment. the other two tests, pretreated coal from Runs
FP-28 and FP-29 was used. Both tests were completely successful,
lasting 8 hours. Bed=level control was ideal, anc¢ the coal éid
not cake. To develop data for studying reactlon retes within the
ccal beds product gases were sampled in these two tests at levels
of 5, 18, and 42 inches below the tor of the 7-ft bed.

Tk= partially hycrogasifiec resicdue from the two
successful, simulated low-tempsrature tests was hydrogasified in
another test simulating the high-temperature zone of a two-stage
operation. The coel feed rate was reducec in proportion to the



Traction of cogl aiready conveltted to approximate the rate at
which coal would be entering the high-temperature zone. The coal
was rezcted at 1T00°F with 2 hydrogen-steam feed gas containing
50 mole percent steam. Approximately 20% of the remaining carbon
in the vertizily hydrogasified feed was converted in this second-
stege test.

Components have been machined for adapting the hydrogasi-
fication resctor to fluid-bed operation. These include & feed gas
distributor and & sectionsl support tube for positioning the gas
distributor et differsnt levels within the reactor. A reactor
heal essembly was machined to accommodate an internal cyclcne
which will be necessary for gas-solids separation in fiuid-bed
operation. The hsad zssembly also has accommodations for a ccal
f2ed tube, procduct gas off-take tube, gas sampling probes; and
thermocouples.

NEA

i

Pebrication of laerger capacity coal feed hopper and
residue receiver vessels for the hydrogasification Ppilot plant is
preocesding in the ICT shop. Major welding of the residue recelver
nhes peen complsted. Hydrogasification tests at higher coal feed
rates ané of longer duration will be possible when these larger
vessels ars instzliled.

Coa’l Prestrsatment

Four pretrsatment tests were made in the pilot unit
fiuldized-bed pretreater using a Pittsburgh seam bituminous coal
from Consolicdation Coal Co.!s Ireland mine. The objectives of
these tests were to produce 2 nonagglomerating chaer for the pilot
hirérogesifiicetion unit anéd to study minimum pretreztment require-
ments ané conditions. )

Nominsl conditions for these runs are as follows:

Soliés ALvg Solids PFeed Gas

Rzte, Res Time, ate Oxygen Bed Temps
Run To. ib/ar hr SCF/ﬁz- Concs % °p
FP-23 21 1.73 987 9.1 31
FP-27 31 -- 1325 8.5 719
FpP-28 Sk 1.85 037 9.8 T4y
FP-29 L 1.51 509 9.9 755

{3-3

1 21ir and nitrogen mixture was used as the feed gas.

The ccal feed particle size Pfor Runs FP-26 and FP-27 was —10 + 40
mesh. Fluidizetion was erratic with this particle size distribution
svern at substantlially increased feed gas rates. BRBeczuse of plugging
In the reactor the computed averzge solids residence time for

Rur: FP-27 was unrelizble. The coal feed particle size for

¥
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S ané FP-2% was changed tc —20 mesh and —15 + 80 mesh,
ralr.  The standripe for these runs was increased from

T X
co 7 It tc prevant sciids residence time from decreeasing
sreater bad expansion of the smalier sized particles.
ers nu cperationel difficulties during either of these
5. ILa2boratory agglomeration tests showed FP-25 char to pe

[
gt and FP-27 chaer to be Lightly czked, wherees FP-28 gné FP-29
™

£y

g

vt
n MMy
ct

L

O
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3 ot

s wsre nonagglomereting and were successfully run in the pilct

—_ s oF
OTCrcSesilier.

Ccel Chzrecterizetion

The procuct frcexn pretrsatment Run FP-22, which was used
zeszully es feed for hydrogesificetion, wes examined petro-
rephicalily. Substantial modification of the coal, with
opeerance of vesicles, ciszppearancs of exinite, increase in
eflectance throughcut the perticle, end sppesrence of a skin
still hlzher reflectance, was observed of meny but not ell
ticles.

'g O ck oy
U‘l
o
1]

|-ll C

» Reasonzbly good agreement, within 0.02% on 2 highe
2 zogl and 0.0L% on & low-voletile coal, was obteained.

Apperstus is being constructed for determination of
verticle density by the Ergun ges flow method.

Dynstech Corp. continued construction of the hezt-of-
rzzction czlorimeter. The drop calorimeter and the Instrument
console heve been completed.

e A
Mothorstion

N LR=mn{ = =

Instruzents for the methanation resctor were instelled
and zre being tesied. Weter and zir supplies and drein facilities
were instzlled in the berricade.

During the month of June, no inventions were made in
the course cf this work. To ensure mexiramm efficliency in the
pilot plant worxk, the pilot plent progrem will be suspended
for the first two weeks in Jul:- for vacation purposes.
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DEVELOPFMINT Cr ICT HXDROCASIFIVAPTO PROCESS

(@)

e
Jrfice of Coel Research
Contrect Hc. 14-C1-00C1-381
H-rdromasilication
™

70 hydrogesif'icetion tests (Runs HT-70 end W7

were conduceed in the oulunfof—nvnssu”e pilot unit to sini)

the gesilicgilon of lizhil; proetresated P’uuSCLrgh seem v orule
nous coel from ihe Zreland minc. The coel was tretrestad o
the Tluildized-wad pilot unlant prelresater Wluh nitrogen and zir
at 75C°F (Runs FP-28. FP-1y, and FP-31). These pretrsailec coels
were fowrnc SC nhe noregclancrating when iested in the l'boratory
2t conditicns siruleting fivdrogasificaiion operstion.

Beth hydro gesification tests were conductsed &t simi-
cndticns to szmu’auc the uoper, low-tempereture rrzzilon
zone oif a two-stege ! Tcwogasi:ication DPCTESS, &nd TC Drueiuce
2 sulficient cuantiiy of partielly ﬂ*drocasi__ec coel to use
zs feed for a “1gh- emparaturse L"qrogaSLflca ion test. The
lightly pretreeted bitumirncus coel “as r2acited &t 13007 witn
g feed ges conth11¢n5 L5 mole percent nydreger, 25 mcle pe-c=n:
ethane, and 30 mole percent steam. This gas is typicel cf one

i

i

~hat would be leaving the lower, high-tempereture hydrogasilfice-
Tion zone. The two tests were comnlete¢* successiul; each
lasted zbcut € hours and hydrcgesified about 130 Ib of coal.
Product gases 2130 were saﬁDWec in these tests et levels of &,
18, ané %2 inches below the Top of the 7-ft coal bed to éevelop
data for studying rescticn rates within the cozl bec.

Instellation of & feed gas cdistributor inside the
~"drora3111c°t~on resctor was started. The gsas disuribiior is
a feh, derous, stainless steel disk thet will elso &~t 75 g
COal bed suppori plate to keep the bottom of the coal ded well
within the heated portion of the reactor tube. Insteliletion
of the gas dlstributor is necessary for [luid-bed hydrogasifi-
cation operations.

To facilitate the handling and conveying of high-moisture-
content coals after oe'ng crushec, 2 used, rovery-tyve Arysr wes
purchesed. 'The gas-ii ired dryer has a le-ft-long dcuol° shell.
the irner shell laving a 17-ineh ID. It xl¢1 be instezlled out-
doors for drying coals usec in p“etweau nt and hydrogasification
tests before they are ground in the hadher KLLl-




Coal Pretrestiiery
o rocur pretrestment tests were conducted in the fluldized-
oed rretreatment plilot unit. 4 Pittsburgh seam bituminous cocel

Dm e,

Zrom Censclidated Cczl Company's Ireland mine was used es the

Z2sd In the Dirst two runs (FP-30 and FP-31). The purpose of these
TESTs ves To continue providing a2 nonagglomerating char for the
viict hydrogasification unit. Igboratory agslomeration tests
showed the chars to be free-flowing,ané ooth were stecessfully
Testad in the hydrogasification unit.

In the latter two tests (FP-32 ani FP-33). the study
o the Broken Arrow mine cozl was initiated. It is a high-
volatile bituminous cozl like the Pittsburgh seam cozl but of
2 sligntly higher rank. The coal was accuired from the Ohio
JNo. 5 seam (Middls Rittarning) and is one of the seven cozls
selected to ve evaluated in the hycérogesification project. The
varncse ners Is to study minimum pretrestment conditions and
ic stpply the pilot hpydrogasificeticn unit with nonagglomerating
Crgr.

¥

4 trpiczal proximate enaliysis of the Broken Arrcw cozl
is as follows:

_ Heating Value,
Voisture, & Volatiles, & Fixsd Corbony & Ash, £ +11/1h
L,0 2C.0 51.6 5.4 12,L00

lominel conditions for the four tests zre zs follcws:

Sclids Rate, Avz Scliids Res TFeed CGzs Retey, Oxygen 3Bed Temp,
Run THe. io/hr Time, hv SCE/hr Conc, & _ °F
rP-30 19.5 3.23 598 10.1 756
FP-51 18,2 3.80C S84 2.¢ 750
FP-32 28.% 2.56 58¢ 10.5 702
FP-33 28.2 2.01 5630 10.2 740

An glr =nd nitreger mixture was used &s the pretrsatment
zes. Coel feed parcicle size was =15, + 80 mesh for the four runs.
Rur FP-30 was terminated when solids plugged the cyclone, thus re-
stricting the zas flow from the reactor. The rermeining three tests

cpereted sucesss™ully end were voluntear .y terminested.

Iehoretors agglomerstion tests showed the char from
Run FP-32 <c bs caked, waeress chzr from Run FP-33 was free-
Slowing. Those results illustrete the effect en increase in bed
Temperasture has on the severity of pretreatment.

t N 5 T 1 T U t E o ¢ e A 3 T EC HNO L DO &8 Y



Ccel Craracterization

Problems cof mounting pretreated coal, which consists
larzely of relatively fragile hcllow spheroids, were investie-
zeted. An gppercstus and procedure for mounting the coeal without
perticlie zreakage by attriticon or by application of hizgh pressure
was devised. A lcow-power cil immersion objective was received
with which photezraephs of whole perticles so mounted were made.

e denevior of mincral constizuents of the Ireland
= pretreatment va ‘1v93u1:;tva. The cosel contains
ltme rcenu cf shale particlss unsssoclisted with

U JO
ool toese tend 1o cuﬂelate in tie rescicr, 2s shown by 2
12 volume vercant eonuenv Tounc, oy Deerogranh_c elamlnALLQn,
I whe reacicr residue Trom Run rP-~1 Coel particles n.gh
In porite alsc cencentrate in The reactor. About half of the
i
<Cc T

Saly

i

in the Run ¥P-31 reactor resicue had reacted with oxygen
& product tentetivel; identifled as megnetite.

Q ke

Dinztach Corp. concinued ceanstruction of the hegt-of-
ction calorimeter. Most of the parts have been completed
an 2re being assemoLec. The water, drein, air,and vent

e

Tec litles neve been instelleZ in the barricade areza.

Metiensticn

’Le inseris Tcr the methenation reactor were fabrie
zated and Instelled. ‘*s troments were instealled ané tested.

Stete-0f-the-Art Des

-t
i

“

During Junc ané July, the following was accomplisheds

he preireatment, H"drocasificau’OH, end methanetion
sections wers ces*gned Dravwings were g:ven to Chlcaso Bridge
& Ircn Correny Jor estimaiins the cost of vessels for these
secilons.

Disﬂussicns were neld with engineers cf The Iummus Co.
18 s

tne Ilirvm recexmended to us br Texacc. They have made an estimste
ol canlta¢ ard coe rat_né costs for producing the process hydrogen
o partlel oxidaticn of spent hidrogssificaetion char.

During the month of July, ro inventions were made in

-V, -~ - - -
Lnd course of this work.

7 . . Y
l/ ’l' /-'./ b g
Approved C 4ol { - Signed _- i )
Jack lusnlep,’ Assoclate Director Frenk C. Schora, Mensger
o/
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smaii pleces of ctked cosl lodged in the antidrs between the

volctor wills and the gus distributor diskswhich kept cosl from
f lowiﬂga

The feed gas distr butor described in the July 1965
Pi'ogress Report was instaile the hydvogesification teasctor
tube. s stributor will eha‘ble more uniform feed gas dis-
tr ‘nﬁtion or fiuld-bed operations;es well es move the bottom
the ¢ 3Lh o the midpoinit of the rea.c‘hor tube
+. be er te rature cotittol, g ﬂe gas
ti' butch system was demonstrated in the three ests cited above.

Logl Pretentimelt

Six pretrestment tests were conducted inh the fluldizede
ged pretreatment pilot unit. The Pfeed was Bpoketi Abrow e bi-
utitious coal from the Chio No. 6 seam Mde e Kit ani-ling + ‘'The
objective of these testa was to study mutn pretreatment condie

ichs to su ply the pilot hydrogasii‘ication unit with nohe

agglomerating
Nominsl conditions for the six runs abe as follows:

Solids Rate, Avp Solids Res, fFeed das  Oxygeh Bed Temp
b/t . time, hn - Rete; SCR/hp Soney@ . oF

i.92 591 T
2 B B &
: S Hs B8
ss 3 1.94 57k 210 634

+ flot ce.lcalated becatise of erra.tic coal feeding ceused by
Pesctor plug

In the first two tests, aig nitro en i xtube
wig used &8 the pretreatmen %as. 1i%-um a.nﬁ g terminge
tid before stesdy-stute coriditions weibe attained, due solids
yeloge in the product %as offtake 1line. a34A
3‘}; er the same cohditi ons 85 FP-3L) was t erminated after 4
en the cyclone bepani to plug. However the test was lohg
eno to obta.in & residue chap pepresentetive of steady-state
{ons. Isboratory agglomeratioh tests showed the cher to
be free-flowitig,

Fop the FP-35 series of tests, &ip was used =s the pre-
treatment ga.s. these tests were mude to investipate the oxyegen
bre f aty, due to the hi er oxygen concenbrat on ih
the feed as, er similar bed te §as din feed
pates, solids residence times, Cons dera.b f icu t
encountared t to cotitpol the bed tempepe: e
ringe desibe 700°-750°F‘); & to the increa.aed exoth rmic
pection contiibuted by the h.igher oxygeti/coal feed ratio.

-2‘
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Runs FP-35, 35A, and 35B were terminated before steady-
state conditions were reached, due to erm iric bed temperatures
and subse ﬁn plt:%ging of the reactor. vestigation of the
reac tor fo ese runs showed the bottom portion to be
p ha solid coke-1ike formation. From these attempts it

oun that the exothermic resction would continue even with
B%ie‘ B mheat sugplg to the pveactor turned off at 606°-650°F.
350, t eatup prate to the reactor was reduced in
an effort to preven lugging. By discontimiing the external
“zat, the be empera 8 were controlled in the 650°F range
thout upsettﬁ.ngar opera.t on. However, analytical analysis
he pesidue and mass spectroscopic analysis of the pro-
duc as gave evidence of very slight pretreatment in this

ature range. Also, laboratory lomeration tests of the
mﬁue char showed that‘i t was agglo:anggating

In view of the presults of these tests it was decided
to continue pretreatment studies with air and nitrogen mixtures
s the feed gus in order to investigate minimum pretreatment re-

Quirements ahd to prepare nonagglomerat chap for the pilot
hydrogusification unit. ing w

designed cyclone, which will facilitste cleaning
is being fabricaged in the 10T sho{: to alleviate the problem of ?

Mzthamm

Mixing tests with standard gases were carried out and
g"e alitration curves for the CO and CO2 anslyzers were constiucted.
paration for feed gas storage and transfer was completed.
The feed gases are befng prepared by The Matheson Campany, Ine.

The purpose of the first series of tests to be con-
ducted in the resctor will be to establt*sh which combinations
of feed prates ahd basket speeds will provide perfect mixing.

Sonl Chargcterizaticn

b{natech Corp: is nearing completion of the heat-of=-
ggctti nrca orimeter; t will undergo shakedown operation in
8 s

Reflectance standards for determination of reflectance
f chars hygrogasification residues are beir% investigated.
oa

'i cts have higher reflectances than c and the standsards
developed for use on coel.

t N 8 ¢t 1t Ut & B¢k 8 A S t t c W N O L OB v



Snedneerdng Economles Studieg

Process design and cost estimates for the state-of-the-
art plpeline-gas-from=-coal plant contirmed. Designs for the
hzdrogen and prepurification sections were completed; those for
utilities and process hest recovery were partially completed.

All tables for muterisl balances and the overall flow dlagram

of the block flow processs; with gas stream compositions, have
been finglized. Drawings of other sectlions are in various stages
of pi‘epa.t'ation.

Three patent disclosures were made during this period.
The first concerns improvement in the fluidized-bed pretrestment
operation: To reduce the residence time &and the degree of pre=
treatment, while vet the desired heat transfer characteris-
tics of & fluldirzed bed, It is sugsested that a two- (or more)
stage flutdized bed be considered in which both stages ate at the
pretreatment temperature and getreatment gas 1is .introduced to
each. Alternatively, & fluidized bed with tapered walls should
reduce axial mixing of solids and reduce back mixing.

The second disclosupe pertains to pretreatment of coal
in & slurpry form. By pumpir% the coal as a slurry, costly lock
hoprers for solids introduction to the highepressure gasifier
can be eliminated. Preliminary experiments have shown that a
free-flowing coal can be cbtained by pretreating it at 1000 psig,
500°F with oxygen in a water slurty.

The third disclosure deals with & device for dewatering
the coal slurry prlor to its introduction into the gasifier., Re-
ducing the amount of water added with the coal would reduce both
the quenching effect on the gasifier effluent and the loss of
high-availsb litg heat. The dewastering unit consists typically
of & conleal section that prevents the dewatered coal from
btd + This coal can then be feds for examples; by & screw
feeder into the gusifier.

As & tesult of an acute illness of our code welder, some
delay hes been encountered in modifications for converting the
hydrogasifier reactor for fluldized-bed operstion. Attembts were
made to obtain outside help btut welders with the desired capabilities
e in short supply. Our welder will retubn to work in September.
Becsuse of the delsy, we have been undertaking moving-bed runs with
Ohio Nos € cosl rather than going te fluidized operation. Since
Ohio No. 6 coul is to be investigated as a hydrogasifier feed, no
time has been lost in the overall program.

’ . !
Juck HuebPPr, Associate Director Cs Schorb, ager
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Hydrogasification

Study of the hydrogasification of lightly pretreeted
bituminous coal in the valanced-pressure pilot unit continusc
with six tests (Runs HT-75, HT-76, HT-77, HT=-78, HT-79, anc
HT-80). Qhio Nc. 6 sean bituminous coal from the Broken Arrow
mine, pretreated in Runs FP-32, FP-33, and FP-34, was the feed
in the first three tests. Feed for Run HT-T€ was a Pitisburgh
sezm bituminous ccal from the Ireland mine, pretreated in Run
FP-37, The partially hydrogasified residue from Run ET-78 wss
used as the feed for Runs HT-79 and ET-80.

Run HT-75 was designed tc simulate the uvopper, low-temp-
erature reaction zone of a two-stage hydrogasification process,
and to produce partially hydrogasified coal for a subsecuent
high-temperature hydrogasification test. Pretreated Chio No. 6
seam coal was reacted et 1300°F with a feed zes containing 45
mole percent hydrogen, 25 mole percent methane, and >0 mole per-
cent steam. The test ended before steady-state cperation wes
reached when the coal in the reactor could not be discharged
past the gas distributor disk. The annulus between the reactor
walls and the gas distributor disk, through which the ccal —ust
flow, became clogged with flaked pieces of ceked coal. This
caked coal fermed on the upper walls of the reactor tube in the
previcus highetemperature runs and flaked off during Run HT-75.

Runs HT-76 and HT-77 were conducted at the same condi-
tions as HT-75, and used the same coal feed. Because of the
difficulties in discharging coal past the gas dlstributor 4 sk
in Runs HT-74 and HT-75, the disk was not used in Runs ET-76 and
HT=77. The feed gas was fed thr a previously used 3/8-inch
gas feed tube that extends 16-1/2 inches sbove the vottom of the
lower furnace section. Both runs were successful. Run HT-76
lasted 4-1/2 hours and was terminated because of a gas leak
that developed at the screw feeder packing gland. Run ET-T77
lasted about 5 hours, and was terminated when the coal feed was
exhausted. The partially hydrogasified residues from these
tests will be combined for use as & feed in a later high-tempera-
ture test.

In Run HT-78, li%htly pretreated Pittsburgh seam coal.
was hydrogasified at 1300°F with & feed gas of the seme molar

composition as in Runs HT-76 and HT-77. To develop hydrogasifi-
cation data at low hydrogen/cozl stoichiometric ratios, the test



was conducted at a nydrogen/ccal ratio 28% of stolchiometric.
Over 125 1b of cozl was processed in this test in 7 hours.

The partially hydrogasified residue of Run HT-78 was
the fe=zd for Run HT~79: Conducted st 1700°F, this test wes
desigrned to sirmmlate the lower, high-temperature zone of a two-
stege nyérogasification vrocess. Feed gas was a hydrogen-steam
it contelning 50 mole sircent steamy, fed through a gas
dlstriiutor disk vositioned rzlf-way up the reactor tube. The
disk =2lso supprorted the vottom of the ccal bed. The coal bed
helght was 3-1/2 feet so that operating results could be com=-
vared with similar tests conducted in & 7-f20ot bed. The run
was termineted aiter 50 minutes when a plug formed in the pro-
duct gas line upstream of the filter. Solids lodged in the
line followling an uncontrollable gas supge in the reactor shortly
arter stean was introduced to the reactor.

Run HT-80, & repeat of HT-7S; was ccnducted at similar
conditions, using the same feed. e test was successful, and
was terminated after L-1/2 hours when the coal feed supply was
exhausted.

Fabricstion of the increased-~capacity coal feed hopper
was resuzed upon the return of our code welder. Welding of the
hoppoer end reactor head assembly are nearly completeds ZX-pays
of the welds and stress relieving of the hopper have been sched-
TS0

Coal Pretrestuent

Three pretrsatment tests were conducted in the fluldized-
bed vretrestment pilot unit. The objective of the tests was to

study miniwum pretreatment conditions and to supply the hydrogasi-
fileiaticn pilot wnit with nonegzglmerating char.

Neminal conditions for the three runs are as follows:

Sclids Rete, Avg Solids Res Feed Gas Rate, 8xygena Bed Temb,
4 )i o

K No. . Jb/br ~Timey br o o SCE/p  Concy 2

FP-35 55,k 1,07 596 9.7 722
TP-37 13,0 1,26 605 9.6 744
FP-38 58.3 1.18 602 9.8 723

The fezd for Runs FP-36 and FP-38 was =2 =16, +80 mesh
Broken AYrow mine pituminous cecal from the Ohio No. 6 seam
(Midéle Kittanning). An 2ir-nitrogen mixture was used as the pre-
trzatment ga2s. Both tesis were operationally successful and were
terminstad veluntarily. Iaboratory agglomeration tests of the
residue cher from FP-36 showed that it was lightly caked, indi-
cating that pretrestment was not severe enough to ensure a free-
flowing fsed for the hydrogasification pilot unit. However, since

D
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were approached. FP-38 was run undsr similer cordit e
compare results of the residue cher wwith that of 77-35. Ilaovors-
tory agglomeration tests showed thet the cher wes alsc caked.
Therefcore, the cenditions of the two tests were inedecuzie for
producing a free-flowing char.

Test FP-37 was run with Ireland mine ditwrnirnus ceo-l

from the Pittsburgh seam: Coal feed perticle size was =18, +80
meshs The test was conductec to supprly the hyérogasificetion

\
LR N

pilot unit with Ireland mine char for testing in the modirfied
reactors An aire-nitrogen mixture was the rretrestment gzs: the
oxygern concentration was 9.5%. The run was successful and =zs
termineted when sufficient char for the nydrogasificstion tzstis
was cobptained. Isboratory agglomeretion tests showed that tho
char was free-flowing: this was verifizd by 2 successful run in
the hyérogasification uni:.

The new cyclone for the pretreatment vilct unlt hes
been received and is in the process of being instzlled in thre

product gas offtake line.
Coal Characterization

The heat-of-reaction calorimeter is being celibrated
and undergoing acceptance tests at 150C psiz end 15C0°F st the
Dynatech Corp. facilities in Cambridge, Mass. Tne celibration
and testing procedure includes drop heater, sluring, and n-
decane testss The drop calorimetesr is veing czlibrated with
aluminsg.

e carbon monoxide zlar~ was instelled In ithe laboree
tory. The combustible vas detector is presently being installed.

Use of strontium titanate as a reflsciznce sterndard
for hydrogasification residue semples 1s being investigated in
the petrogrephy program. Ilarge single crystals of this meteriel
are obtainable commercially. Petrographic sxaminstion of r 'si-
dues from both high- and low-tempereture hydrcgasificsetion runs
was started.

Flowmeters in the apperatus fcr determinstiorn cf pzrti-
cle density by the Ergun gas flow methcd were calibreted. De-
termination of the particle density c¢f sieve frections cf the

feed tc free-fall hydrogasification Run Hc. HT=-60 was sterted.
Methsnatlop

The continuous-flow, stitrped-tank catazlytic rescicr
was tested to establish the ranges of flow rates end catalyst

basket speeds for which "perfect mixing" of the gzs phase is
realized.

1 N S t 1t T U t ¢ [ I e A S Tt EC H N O L © & Y




Calibretions were prepared for the various measuring
Gevlicas. Cztalysts are being obtained from several suppliers
In waxlous Torrulstions and sizes. The test program has been

s

Tinalizad and methanation tests are now being initisted.

2t

The state-of-the-urt cesign end evaluation was com=
vietcd and sent for finel editing and printing.

During Sspienber, no inventions were made in the
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DEVELOPYENT OF ICT HYDROGASIFICATION PROCESS™ -~ U5
Prerress Repcrt = Octcber 1965
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-C TeTI 2

Qifice .7 Ccel Research
Contreet L. 1k-02-0CCl-3E1
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PLPT OF TLZTEIER

nydrozasification tests (Runs ®T-B1, Er-82, HI-
were ccnducied in ths baTanced-pressure pilot
mugticn of the svudy of ths aydrogesification of
toc O”ud"anL" ~oels. Periiells *y**c*asi-ie*
m bituminous coz. (Irc<ern Lrrow mine) from Runs
was the fzed in Run H7-81. Plitsturgh seam bi-
(Irelans mine), preireated In Run hP-,/, waes the
¥T-62 end IM-83; thzt uvreiresisd in Run FP-13 wes
gl

Run HT-Z1 sirmlatecd the 70"=“, Tighetempereture rezCe
tlon zone of a2 t*o-s:aae ”d"”hﬁgs_;‘uat'Cﬂ process. Onio No. €
scem cogl, alvesdy partialT nydrcgesified et 1300°F, was re-
zcted st 170C°F with = hydrogen-stéam fead ges —ixture ccenteining
S0 mole percent sicem. The coa‘ was rsscted in o ;-;/ -t bed,
sre bLotiom of which wes iocated at = ges distributor disk nelf-

ey LD whe resctor tube.  Results of tnls test will oe compered
with those of tests conducied in & T7-74 bed to dstermine the
effect cf cozl bed deptn. Run FT-81 lested 5-1/2 hours, ber:Lna-
tins when ths coel feed was s»ent. About 3% of the carben ir

ized wes zesified.

EK\U'I

uns L1-82 end ET7-83 were ccnducted at Sﬂﬂ*Ta. cong?!-
UYOQS 0 sirmilat tne Lnner, low-temperature resction zone of 2
ro-stage "yqrﬂﬁa iflceticr process. Lightly pretreested Pitts-
aur51 seam coel was reacted 2t 130CCF in 2 7-ft ved with & Teed
~u5 contelining 3€ mole percent rhydrogen, >C mole percent methans,
2né 4% mole vercent steam. To oouair acéditicnel q"crogasi.ica-
tion dzte g7 locw hycrogen /coa- stcichicmetric ratios, the tests
ware conducied et = n?drC”en/coa_ retic 12% of stoichicmetric.
Ao BT-82 was terminsted efter 2-1/2 houwrs znd before stealdy-
sistn operaetion wes reasched, when coal would not discherge from

s r. An internal leak in Ihe Jottcm cornection of the
2/ . feed res tube allcwed stean to ccndense in the relative-
ir cocl sechion ancve the dlscharge screw. Tne condensetion
wotted the cecgl and kenl 1t from :l:w:ng dowm tc the discherge
scraw. After the leaking ﬂonnectvo* wes repeired, Run FT-83
was conoucted successfullv. The test lasted 3-1/2 hours end we
sihut dovmn volunterily when the ceoel feed supoly was exhausted.
Posidue “rom tnls run will be used 2s feed for a later high-
Taumerature test.




was ancinsr low-tempsrzture hydrogasification

Tast w - grecrested Pitisbhurgh seam cozls The cozl was
ragzeTal in & 7-%t ted with 2 Feed gas containing 45 mole
vercent ndrooon, -5 mols narcent methane, and 30 mole percent
steem.  Tng feed gas hydrogen concentrauion was higher than in
Run ET-8Z {30 moie vpercent), nowever, the hydrogen/cosl ratio was
still Jow at 15% of stoichiometric. The test lested 5-1/2 hours,
ineluding e 3-hour steady-stete vericds. Thne test was ‘terminated
wnén a gas lsek developed zu the scruw feeder packing glend which
could not be repveired under test conditicms.

4 lzpyger capacliy residue recelver, wscently fabricated
in the ICT shop, was insiaz:led in the hydrogasii‘zation pilot unit.
The recaiver ras a capecliy of 14,7 cuoic fest for .:0lding the
larzer cuantitiss of residues which will be »roducad when fluid-
bed tests with high cozl feed »at ¢ initiaied. Since the in-
stellation requirsed moderete modification of the support frame-
werk: and the counterbalancing system, the pilct unit was shut
down Tor nearly 2 weeks.

Additional outdoor FTeed ges stcrege cepacity = 16 highe-
Tressure gas eylinders = hses been recsived. Thess cylinders are
mounted horizentally in four henks =zdjzcent to the pilot plant.

_—
Kt

cn cylinder is 21 fest long with an internsel volume of 14,171
cunic Inches.

Tme recently fabricaied 17.Z-cubic foot capacity cozal
Peed nhovper was X-reyed to detsrmine the scundness of The welds,
znd then stress ralisved. This hoposr will be installed when
Tabricetion of the modified rsactor tcy is complsted.

Coel Pretrestment

5

Four vretrestment tests wers conducted in the fluidized-
bed vretrestment pilot wnit to study minirnm pretrsztment condi-
tions and tc sudply the hydrogasiiicetion »ilot unit with non-
agsiomerzting cher.
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Mominel congt runs were as follows:

Solids Rete, Lvg Soiids Res Fead Ges Rete, Oxysen Bed Temp,
Run Tio. 1b/hr Tire, hr SCr/kr Concy % )
FP-39 L8.T 1.6% £55 9.3 739
£p-1 LT .5t 585 .1 711
FP-L1 blts c.&0 £02 9.5 7335
FP-42 £5.% C.0% 559 9.5 712

The feed for Runs FP-3Q and FP-10 was =16, +80 mesh
Brolien Arrow mine bliuminous coal. An air-nitrogen mixture wes
the pratreatrent gas. The tests werse conducted to provide the
pilot aydrogasification unit with free-Slowing Broken Lrrow mine
cnar. tn runs were mede under corditions that had produced
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traated coal ©o 2.5%-5.5% for low-tempersturs hydrogasificstion
residus, &né ic L7‘5-9,. Zor r.i:c—te:nparauurs hydrogaesification re-
ique. Progress of gasificetion was shown by the partial dis-
apoezrancs of the literior vesicle weil patiern. The exterior
wells eprearzsd to hovs reactad less than the interior; this may
be the result of low rsaciivi Tty of the skin formed dur_ng pre-
treetment. Considsrevls varigtion among particles in-degree of
a3 ification was noted.

Particle densities were determined on sach cf two
sigve “r cm ons o_ the feed and residue from iree-~fall hydrogasie-
Tleast

Pulse tests were contiiued in an s2fort to determine
Ting characteristics of ths rsactor st cond:.tions of syn-
sis. S=‘«'=:r*al Treliiminayy methanati on runs were carried out
determine The range of _ore au on. High cconversions to methane
rere Tound for the "“ree :eea mbures with no carbon deposition
Lz
C

cl cl F':
o0
ij

s

oLy

empersiures Trom T0C® to BOOCF and at 2 resactor pressure of
psiz.  Girdler G-65 catalyst was used.

Bvralustion of the effect of raduced carbon conversion

in the & varoé...s'lﬂ caticn step on the overall process economics
is proceec_ng. Reduced carbcn conve: rsion projuces an excess of
spent -vc:ro*as*zw catwo char. Wit h the stzte-of-the-art design

...s z basis = at 53% carbon conversion - estimates are being
age of tne COSU of pipsline geas Drocx;r-w ion with carbon con=-
ve*’swons in the hydrogasifier Zfrom 157 o 20%.

) During Ocicker no inventions were made in the course
o this work.
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TEIZE AT C2AL PESEARCH
DEVELOPMENT OF IGT HYDROGASIFICATION PROCE?SE 20T
Progress Report = November 1965

to e 0T 27 B 3 07
Office of Coal Research
Contract No. 14%-01-0001-381 LEPT €F 152 TRl

Hydrogasificatio

Three hydrogasification tests (Runs HT-85, HT-86, and
ET-87) were conducted in the belanced-pressure pilot unit in a
continuation of the study of the hydrogasification cf lightly
pretreated bituminous ccals. ILightly pretreated Pittsburgh seem
bituminous coal from the Ireland mine was the feed in Run HT-85;
pertielly hydrogasified Pittsburgh seam bituminous ccal from
Runs HT-32 end AT-83 was the feed in Run HT-86; and residue from
Runs KT-84 and HT-85 was the feed in Run HT-87.

Run HT=-85 was a2 low-temperature test in which pretrested
Pittsburgh seam coal was reacted in a 7-foot coal bed at 1300°F
with a feed gas containing 45 mole percent hydrogen, 25 mole
vercent methane, and 30 mole percent nitrogen. Steam, normally
used in hydrogasification tests, was not used. This test wes
performed to determine if steam has any effect on hydrogasifice-
tion results when present as a dlluent in the low-temperature
runs. Although there is only very little, or no net reection
cf steam with carbon 2t low temperatures, the rcle of steam mey
nct be that of a completely inert gazs, since it is alsc a pro-
cuct of the reaciion of feed hydrogen and the oxygen in the
coal. After 6-1/4 hours of trouble-free operation, the test was
terminated when the coal feed supply was used up. The partially
hydrogasified residue from this test was used as & feed in = later
high-temperature test.

Partlally hydrogasified Pittsburgh seam coal (residue
of Runs HT-82 and HT-E3) was used in Run Hr-86 at a nominsl bed
temperature of 1700°F with a mixture of hydrogen and steam. The
steam concentration in the feed gas was 3% mole percent, and the
hydrogen/coal ratio was 28% of stoilchiometric. This high-tempera-~
ture test was conducted in & 3-1/2-foot coel bed snd lested L-1/3
hours. The test was terminated when the cozl feed was consumed.

Run HT-87 was alsc & high-temperature hydrogasification
test with partially hydrogasified Pittsburgh seam bituminous
coal as the feed. Residue from hydrogssificaticr Runs HT-84
and HT-85 was made to react at 170C°F in a 3-1/2-foot bsd with
e 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 stoichiometric. The test was successful, and was
terminated after 7 hours of operation.



After the completion of Run HT-87, further testing in
the pilot unit was delayed until necessary equipment modifica-
tions for fluld-bed operation could be completed. These modi-
fications allow hydrogasification operation at gas throughputs
three to four tlmes the previous rates used;with proportional
increases in cosl feed rates.

The present coal feed hopper was removed from the
pllot unit and the recently fabricated 17.5-cubic-foot-capacity
pressure vessel installed. This installation required modifi-
cation of the supporting framework and servicing deckwork.

Cozl will be fed from this pressurized hopper to the reactor by
a machined 1-7/8-inc.-diameter Ffeed screws which replaces the
original 7/8-inchn~dismeter screw.

A highecapacity Hills-McCanna water feed pump was
installed. This pump will feed water at operating pressure to
the steam generator. Piping of water lines to and from the pump
is nearing completion.

U~-bend return heat-exchange tubes were fabricated to
handle the increased steam generating and hydrogen preheat loads
associated with the higher feed gas rates expected in fiuid-bed
operation. The heat exchange tubes were installed in a gas-fired
furnace. Piping of the tubes to the unit is nearly completed.

A large-capacity Rockwell gas meter was installed. Tt
has & capacity up to 3000 CF/hry; and will meter product gases
leaving the hydrogasification unit.

Manifolding and piping of the recently installed
battery of 16 high-pressure gas storage cyiinders was completed.
Tnis involved welding of short line sections and fittings. Iy~
drogen and hydrogen-methane feed gas mixturss will be stored in
these cylinders at pressures up to 3500 psig.

Cog etreatment

Three pretreatment tests were conducted in the flui-
dized~-bed pretreatment pilot unit. The objective of the tests
was to study minimum pretreatment conditions and to supply the
pilot hydrogasification unit with ronagglomerating char.

Nominal cornditions for the three runs are as follows:

Solids Rete, Avg Solids Res TFeed Gas Rate, Oxygen Bed Temp,

3

Rup, No. lp/hr Timey hr SCE/hr Cone,; % o

FP=U43 36.5 1.56 608 9.6 T42

P-bk 48,7 1.13 600 9.6 733

FP-45 49.6 1.30 611 9.1 728
-2a
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Run FP-43 was conducted using partially pretreated char
from Run FP~42 as the feed material. Run conditions were set so
that the combined oxygen/cozl feed ratios and residence times of
tests FP-42 and FP-43 would approximate those of previously cone
ducted one-stage pretreatment tests. The run was operationally
successful end 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 resultent char. Pro-
duction of a high-volstile content (approx 27%-28%) ncnegglomerse
ting char was of particular interest. Ileborztory agglomeraticn
tests showed the char to be free-flouin% but the voletile content

(24,04) was similar to that of previously conducted one-stage
tests.

Runs FP-44 and FP-45 were conducted primerily to suggly
the pilot hydrogasification unit with suitable feed. A =16, o]

rmesh Ireland mine coal was used as feed with an air-nitrogen mix-
ture as the pretreatment gas.

Both tests were operationally successful. Agglomers-
tion test results of the FP-44 char showed some of the smaller
particles to be lightly caked, whereas all the char from FP-45
was lightly caked. The reason for this was the decrease in re-
sidence time in the conditions of the two tests. Although the
runs were primarily conducted to produce z free-flowing char for
hydrogasification tests, we were still attempting to lower the
minimum requirements for pretreatment. The twc chars will be

stored for possible use in the fluidized-bed hydrogasificaticn
test series.

A Schutte-Koerting venturi ges scrubber has been in-
stalled in the product gas line for further cleaning of the pro-
duct gas to prevent the carry-over of mlist to the gas meter.

Coal eriz o)

Testing of the heat-of-reaction calorimeter is cone
tinuing at Dynatech Corp. Ieasks were found in a welded portion
of the calorimeter bomb. The czlorimeter was disassembled, re-
welded, and examined by X-ray. The heater leads on top of the
calorimeter shield again burned out. Arcing from the lesds to
the shield was suspected. This arcing apparently occurs because
of off-gassing from the insulation within the hester shield during
chamber evacuation. TUnder the low pressures in this system, the
gases ionize, which melts the heater leads. The heating elements
are being modified to eliminate this problem.

Particle density was determined on additlonal 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 samnles and on the two sieve fractions whose

N 5 Tt 1T U 1 E o F & A S t E C H N Ot 0 & ¥




particle densities were determined last month. Porosity calcu-

lated from these measurements ranged from 56%.to 59% on the feed
and 67% to 73% on the residue.

A gem-quality diemond was obtained for use as a re-
flectance standard in the high reflectance range. A strontium

titenete single-crystal boule has been ordered for the same
purpose.

Arrengements have been made for an electron microprobe
examination on a cross-sectioned sample of residue from hydro-

gasification. This should pvov1de information on the inherent
ash of individual »esidue particles.

Means for improving our photomicrographic equipment
is being investigated.

Methanatio

Addltlonal mixing tests were conducted to assure that
cowplete mixing is being achieved. These m_x1ng tests were
carrizsd out by the step input technique at verious reactor shaft
rotation speeds and different feed rates. The results indicate
complete mixing.

Kinetic studies were performed with three different
feed gases. Teble 1 shows the conditions of these studies at
Pow rates from 5 cu £t/hr to 30 cu £t/hr.

Teble 1.,-METHANATTON STUDIES WITH GIRDIER G-65 CATATYST

eed fas Compositions; % Pressure, Temp, No. of
CO  Ha COg CHs [Tota psig % _ Steady-State Tests
T.2  26.9 2.45 63.45 100.00 1000 700 3
9.98 3L.48 2.1 53.4% 100.00 1000 700 5
2.6 15.25 1.95 82.20 100.00 1000 700 8
2.6 135.25 1.95 82.20 100.090 1000 800 3

Dsta obtained from these tests are being analyzed.
Epgipeerins Feopomics

Evaluztion of the effect of the degree of carbon con-
version in the Pydroga51f_er on the economics of pipeline gas
production is contlnulng The state-cf-the-art design was based
on a carbon conversion of 53%. TUsing this de31gn as a basis,
six cases are being evaluated in the range of 20% to 45% carbon
conversion.
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To date, process stream quantities and compositions
heve teen determined for all cases. Equipment for coal grinding
and pretreatment, with the exception of conveycrs, has been sized
and costs estimated. Prepurification vessels and methanstion
rezctors have been estimated; costs for oxygen and hydrogen pro-
duction have been determined; end most of the power and steam
requirements have been calculated.

During the month, no inventions were mede in the per-
formance of this work.

Approved

Jack Hueblep, Associate Tirector renx C. Schorzs, Maneger
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Methanetion studie
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Yershew Ni-O1CAT nickel catalysts. For
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wment skin on r

Dynetech Corp. continued testins of the neat-of-rescticn
celorimeter. During e “-oav vest, all nesaters functionsed pro-
verly at 1500°F. The 1mu aticon was rspacrad 1o redire hast
Geevs., Fowever, ‘e at end 15CC psie, cus
Dresumably to lack of i nt he calcorimeter
was reassembled with new O-rin é nzs bsgun.

Celibraticn oi the drop calorimeter was completed.

The results ere setisfaciory.
Cc Petrocreohy

Preparation ol samplas for & sysvemetic examinetion of
wng cozl gt different staras of the aydrogasificaetion process
wes started. Feed and product from pretreatment Run FP-31 and
Tgsi end resicue Trom hi:b—temperaturé nhydrogesification Run
HT-T2 neve heen onstitute such 2 series for Ireland
rine coel. Mount lish ci selected sieve freciions

Helium density end porosity
thess sieve fractions.

Dnotogravhic technigues

traated coel and hv‘rozasiiwca-

tion rasiduses i o} ¢ the volds in thess perticles.
& much betier O‘Llsh La; heen orbained by reimpregnating the
ﬂoun:ed sample surfeace afisr rouzh grinding with €POXy resin
wndsr vacuum.  Pho toricregrapnic tecnr_guz waes reviewed with a
cenisuliant tc cbiein veiter scutencz,or snerpness,and besier
9"4’D’ulCi e slight differences in sawnle reflectance. The
latter allcw iilusiratior of the remmants of pretrestment
siin Tound in hydrogzasification residues.

residue Trom e Tres-Fall "vdrogasification
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