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Hvdrogasiiication

, Five hydrogasification tests (Runs ¥T-89, HT-90, HI-

91, HT-92, and HT-93) wesrs made in the balancsd-vressure piiot
. tnit modified for fluid-bed opsration. Tests were conducted
with lightly pretreated Pittsburgh seam bituminous coal from
the Tralsnd mine as the feed.. The coel was reacted in & 5-1/2-
ft-deep bed at 13500°F with a fsed gas containing 45 mols per-
. cent hydrogen, 25 mole. percent methans, and 30 mole. percent
steam. .In Runs HT-89 to HP-92, the reaction was conducted in
‘s fluidized bed; in. Run HT-93 the reaction took place in 2
moving ‘bed. All the tests were too short to reach steady-state
‘bperation, having had to be terminated in less. than 1 hour
because of -difficulties in Teeding the .coal through the reactor
fead tube. ' oo . v B i

- -+, . The reasons for these difficulties varied fcr each
pun... ITn Run HT-88; reacted coal became compacted at che anmi-
1us between the. feed gas’ distributing disk and the rsactor well.

To remedy this.situation for Run HT-R9, the annulus was enlarged .

by reducing the gas distributor disk from 3-1/2 to 5-5/16 inches.
And to eliminate coal agglomeraticn-as a factor, the Tfirst 50

1b of -coal fed to the reactor was. &. bituminous ¢oal char with

' only 17% volatile matter.. Alter about 1/2 hour of coal feeding,:
. the coal injection tube became clogged and the feed screv

jammed. The ‘dovnward f£low of coal through the injection tube,
apparently, was . sulficiently . hindered by thermal updrafts in the
resctor feed tube to.creats bridging in the tube. The normal
nitrogen purge ges rate, of 120 3CF/br to the top of the reactor
‘wsg not entirely adequate to keep the coal flowing.

co In Run HT-90, the nltrogen purge ra

-+ was increased to 350 SCF/hr. Other operating conditions were

' similar-to those of Run HT-89. The test had to be terminated

1/2 hour after  coal feeding when 'an O-ring seal ruptured on one
of the product gas filter -bodies. Although the test was short,
ths incressed nitrogen purge rate did improve the coal feeding,
‘as, coal did not.plug in the injection tube..

_ Runs HI-91 and HI-92 were conducted at the same condi-
tions as hun HT-88,. except thet The nitrogen purge raete to tne

te to the feed tube -

top of the réactor was; 350 SCF/hr: In both tests, the coal in- ﬁ

jection tube clogged.1l/2 hour after the start of coal feeding.
In Run HT-91, sharp varistions in the reactor pressure were. -
' helieved to be’ responsible for the blockage. In Run HT-92, a
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regse in the resd pez rate, vhich foll
?em_ to t’..e veactor, was apperer :w the’eczuse of plugsd

2=

Ruit HT-93 was conducted s & znomﬂv“-%’d test 2t coal
and feed. gas rates one- c‘urd of the those in the preceding fluid-

ized-bed tests. The nif trogen purge rate wes Z50. SCF/hr. The ob-
jective of ulze ‘test vas to establish if the plugging oi‘ the coal
injfecvion tubs, &s € e'f‘lmmed in. flyidized-hed opsrazcicn, was

cuzocieted ».LT,’: hi "‘1 oal Tew 1 rates, or if other I&C‘LOI’S waTS .

responsible. - The run procecdcd smoothly for 53 minutes before
the coal fesd tube Plugged, as previously. There were no
pressurs or Ilow dwsburhances that could acecouni for the plug-
ging. Apperently. the Durgs nlurogen did not provide the coal
injection tubs with su_Pllm ent .gas swesp to eep the coal mov_t
To remsdy this, the nitrogen vllJ_ .be m;;euted tl“"oar‘h a noz

&t the top of the cozl. .,u’oc.

Coal Pretreabment

Pour pretreatment. “tests were conda'cted in the fluid
zad-ned pretrestment pilct wndt to subol“ The hf;droge.s'f'j cat
u:ﬂ'“ with rxon.c.gg'l omerating <.1n<,1" '

Nominal conditions for the '-"ou_f tests are .:.s '-_"ollows:
Solids Rate, Avg Solids Res Feed Ces Rate, Oxygern B°d
Run Ho. Io/hr Time, 111:' SCF/hw Gone, %
FP-50 in, X . 1,03 1S o,k 75k
I - - . )
FP-51 59.8 . .35 - . . 579 9.8 Tk
¥p-52 4l.% 1.55 , 589 . 2.8 . 750
TP-53 13.0 : 1.57 573 10.0 36
. [relend mine bituminous coal of =16, —80 mesh was usea
=8 the feed in the four tests. An air-nitrogen m;&tu:—*— of a2pproxi
rmetely 107 oxy ysen concentrabion was used as ThP precreatmsnt ge.s.
Tams PP-50 and Fr-51 were operaticnelly successiul, and were
cermingted szt the depleticn of the coel feed supply. Iaboratory
agelomeration tests showed the resi I.U. s to bs lightly r-al«:ing but

acceptable as feed for fluidized-hed t :ytfl:'_"ngas1 ficatiocn tests.

The desired run conditions during Run FP- bd were not rsached due

Te the n'!agg ng o of the internsl crelone. This caused errsiic

fFluidizstion of the solids and snkbs aquent iLermination of the test.

Run"TP-5J was conducted successfully: the. laboratory sgglomeration
ests showed the char to h2 vrM—Uom ng.

The cyclone ha s'bc—:en pléced outsids the reactor in ths
Droducs c*“s off= tale Iline between the reactor top ani Imockout |
drum. The cyclone and pn.duc.t. lines are heated Lo facilitate
solids sepu:f'e.’t.'l o of the alf-take zas and to prevent the cyclone
from plugging with solids.
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'Coal Charac,erl a¢¢on

‘ " Dynatech Corp. continued callbratﬁon of the heat-of-
reaction calorlmeter. An IGT staff engineer was sent to Dynd-
tech for the initial celibration. At 1500°F and 1500 psia, the
calorimeter body indicated nonuniform temperature. The instru-
ment was modified by inserting & manually controlled heater
.Dlaxe st the bottom of the calorimeter receiver. Heat ca apacity
the calorimeter was calibrated in & helium atmosphe: The
callbratﬂon curve exhibited.an exponential decsy 1nst~~u of an
expected straight-line decay, indicating the presence ol con~-
vective heat transfer in the ca10fimetev and vossible nonumni-
form temperature distribution around the calorimeter bodw.
Calibration was also carried. out in vacuum. The results were
better than that in the heliuwm calibration although exponential
decey was &lso observed. The seal ring of the ca10r1meuer body
failed during deoéen callbratwon. The qalorimnter is being :
-reassembled. . : .

The drop calorlmetev was calibrated for ueﬂn=ratura
rises of 119 and 5°F." It was then calibrat ed with alumina at
1200° and 1800°F. The calibrated heat capacity of alum_na de-
viates from published values by less than 5%.

.Coal Petrogravhy

- . Residues ;rom frée-fall hy dfoga<1¢1catwon Runs’ HT-38.
and HT- 39, in which untreated Montour L coal was fed, were ex-
amined petrographically. The appearance of the particles, par-
ticularly the presence of. many exterior.wall perforaulons, is
further evidence, by contrast, of the low reactivity of the
Dwetreatment skln of Dretreaued feed particles.

: . A descrlpbvon of our apvaratus and Drocedure for vecuum

mounting of coal has been prepared and subm iitted to the ASTM D-5.

. task group thdt is Worklnc on standardization of coal petrographic
methods. ' .

Methanation

Purther kinetic runs were made with Harshaw N17010HT
catalyst to determine the dependence cf the reaction rate on. the
partial pressures of the reactants and products.’ ‘Datz sre now
oelna unaly/ed

Prellmlnary results indicate that the activity of:
Cdtaljst & Chemicals, Inc., nickel catalysts, .Ci3-3 and Cl5-L,
is much less than the activity ol the Harshaw Ni-0104T.

De51gn has begun on a small f_fed—bed ‘reactor to

tudy cataivst life. 'A tubular reactor of about l-inch diameter
should suffice.for catal st 1llfe study.
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Enminesrine Bconomics

The shudy has been 001np1eted on the effeeu of carbon
conversion 6on the 2C-yeer axrewace gas price (Teble 1). - The by-
produc:u cher varied from 16.3% of the conal feed to 55. Q% “The

as pr:n.co reaches & minirmm at about 35% byproduct. char. ' Vary-
J.n the cred:.t uaken Por the byproduct char shifts the minimum
or\‘!-f slightiy. A seperate wemorandum will ‘be ﬂssued with the
conplete “results of this study.

Teble 1.-EFFECT OF CARBON CONVERSION ON GAS‘_PRICE

g~ 33 o . . - - - ' - ! =
Tl Tuvities Greygswvs s, o g 25 . 3C =

25 Y 2 kL -} 52
~epi 30,80 26,433 23,16¢° 19,812 17,316 15,612 13,2%
Zppr-doer Clee, tongfdanr 17,216 13,24 16,264 7,007 4,488 2,352 0
Reemweduey Cher, T 3f cs.':.l

Yead =0 =20 = = =

P2 55.2 3G.1 Lhi3 3.k 25.9 15.% 0

i58.08 145,52 1o 1E8.9k 15,71 14%.k5 147.22

58.3 55.6 5%.0 53.7 5:.8 55.0 57.8

L During the month of J: a.nuary, no 1 _nventlons were made
in the course of this work.: '

, /:,. / . - // /l /.!/ {7

o - / - /J : Ol O s

Bpproved 7L L ;L] vy Signed __; eyt fritar
Jack Muebler, Associste Divector ' f’:%nk C. bchora, Manager
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Hydrogasification

Five hydrogesification tests (Runs HT-94, HT-95, HT-96,

- HT-97, and HT-98) were conducted in the balanced-pressure pilot
unit modified for fluid-bed operation. A lightly pretreated Pitts-
burgh seam bituminous coal from the Ireland mine was reacted &gt .

a nominal temperature of 1300°F with a feed gas containing 45 mols
percent hydrogen, 25 mole percent methesne, and 30 mols percent
steam. Runs HT-95 and HT-96 were conducted with a 3-1/2-ft fluid-
ized coal bed, Run HT-94 with a 3-1/2-ft moving coal bed, and Runs
ET-97 end HT-98 with a 7-ft moving coal bed. The cozl feeding prob-
lems encountered in the earliser fluid-bed tests were, in general,
eliminated in these tests by mainteining an adequate nitrogen purgs.
rate to the cozl injection tube. As a result, overating times for
most of the tests were sufficiently long to yield operating data.

. . Run HT-S4 was conducted with a moving cozl bed to estab-
lish an adequate operating procedure that would remedy the earlier.
coal feeding problems encountered in the coal injection. tube. A
nitrogen purge tube, 1/8-inch ID, was installed to provide e high~
veloeity nitrogen jet at the mouth of the coal injection tube. TFeed
gas entered the reactor through a 3-5/16-inch-diameter porous metal
disk at a velocity below that required for fluidization. Cozl.was
fed et a rate of 22 Ib/hr. The test lasted 3-1/2 hours and was ter-
minated when difficulties developed in discharging solids from the
reactor. Suspension of coal particles between the reactor walls:
and the gas distributor disk was found to be the cause of the diffi-
culty. However, the test was long enough to indicate an improvement
in the coal feeding techniques. N : '

- - *With successful coal feeding demonstrated in Run HT-9%, a
return to £luid-bed operation was made in Run HT-95. The 3-5/16- = -
‘inch-diameter gas distributing disk was replaced with a 1/2-inch-
diameter disk in order to increase the annular srez between the 4dlsk
and the reactor walls. However, when the small-diasmeter feed disk
became partialliy plugged, the high feed gas rate required for coal-
bed fluidizaticn could not be maintained without an excessive pres-~
sure drop across the disk. A gas rate of approximately 80% of that
required for fluidization was maintained in the test for % hours. -
The test was terminated when an adequate steam flow rate could no
longer be maintained due to increasing pressure drop across the
distributor disk. ‘ o : SR ‘
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, "For Run HT-96 a 2-7/8-inch-diameter fséd sas dibisibuilins
disk was installed. ' Operating conditions were similar Lo tlusz of
'HT-95. 'Thé objective was to operate at fluldization gas valoclilar
starting with a coal feed rate of 22 ib/hr and vo eventually inurease
the coal feed rate to 65 Ib/hr. The test was only partially sccosss-
ful, for it had to be terminated after 1-1/2 hours when the product
gas line upstream of the bayonet filiers became plugged with ccal.
The most likely cause of the plug was the ilow of vroduct gas with
“entrained coal particles up the solids return leg of the interpnz.
cyclone. . I :

o
HLE

: - . 'The objective of Run HT-97 was to partially hydrogasify,
in a moving bed, a sufficient amount of coal to be used zs feed in
 high-temperature fluid-bed tests. A 3/8-inch Teed.gas tube with
eight. 1/16-inch-diameter holes at the end was used, the tube ex- .
tendihg up to the bottom of the furnace section.. The solids return
. leg of the cyclone was removed and the opening was plugged. Approx-
. imately 7O 1b of coal was processed in 3-1/% hours befors the hLest -
~was stopped, due to an unexplained pressure upset in the reactvor -
which caused the coal feed screw to: jam. S :

, Run HT-98 was a repeat of Run HT-97, with the. same ob-
jective. . The test lasted 9-3/4% hours — tke longest hydrogasifica-.
tion run conducted in the balanced-pressure pilot unit. It was '
shut. down when' the product gas line upstream of the bayonet {ilter’
became filled with:coal and restricted the outflow of the product
gases. - o .

 Coa1:Pretreatment

' Three pretrestment runs were conducted in the fluidized-
bed pretreatment pilot unit to supply the hydrcegasification unlt
with nonagglomerating char. T

| ' Nominal conditions for the tests were:

Solids Rate, Avg Solids Res K Feed Gas Rate, Oxygen Bed Temp,

. Run No. __ 1b/hr ~ Time,hr SCF/hr Conc,% __°F
FP-54 - 38.1 197 - 635 19.8" 735
FP-55 - .38.00 .. 2.05 - 615 - 2.7 721
FP-56 . 37.8 .1.85 652 9.8 . - Th2

, ~ Ireland mine bituminous coal of —16+80 mesh.was used as
the feed in the three tests. An air-nitrogen mixture of approximate-
- 1y 10% oxygen was used as the pretreatment gas. Tests FP-54% and TP-56
were operationally successful and were terminated at the depletion of
the .coal feed supply.  Iaboratory agglomeration tests showed the char
. ‘from FP-54 to be lightly ceked, whereas the FP-56 char was free-flow-
ing.. . A S : . : . o B}
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During 'Run FE- 55 errazwc bed mc’ ement and p
‘gas channeling csused the bed to plug, which forcea & shuuvd i

the test after 5 hours. Leboratory agglomeretion tests showid the
chzr to be caksd ' : : ‘

'7

Coal Cheracterization '

: Dynatech Corp. continued calibration of the hegt-of
reaction calorimeter. The seal ring at the bresk of the csa
meter body has been a problem since testing begen. FPressur
£iiled O-rwngs, vented O-rings, C-rings, and J#rlnga neve at best
taken the temperature cyele only three times before failuras. On
this basis, the downmtime will be frecuenz end lorg. . Also, part

of the nommifori temperature d1stribatwon in the caTo:*meuer bedy

. could be due to the O—vrnzs which are szndwiched betwsen the

upper and lower body helves. The adventage of this design is-that
cleaning is ,6esy. - ATter careful evaluation of all the cperationsi
problems, 1t was decided that the calorimeter body halves should . -
be welded-into one viece. An onenlng Tor c1ean_ng will be provided
at the neck of the calorimeter drop tube at the lover pert of the
"cold zone. The calorimeter has bee1 modified and is now being
essembTed and pressure tested.

Cozl Petrocranhy

. Arrangements have been made with J. A. Harrison end ‘
H, J Gluskcter of the Illinois State Geological Survey to inves~-
tigate etching of polished residue sections by mearis of slectroni-
cally excited oxygen. This method for low-temperature ashing of

organic materials has been used at the Survey on coal.? Applwca-"
tion of this techniaque to polished sections of residue may meke
it possible to differentiate gttrital vitrinite (vhich. contains a.

great many smalT partlcles of 1norgan_c metter) from non-attrital
v1tr1n1te.

An examinetlon of prouucbs from both successful and un-
successful pretreatment runs was initiated. The mode of agglomera-

tion and particle properties characterﬂsnlc of successful preureaL-'
ment w111 be studied. o .

During the month a patent memorandum was written which
described an apparatus and method for determining the pore structure
of porous solids. ' In this apparatus -the amount of gas that flows
into and out of the pores of a sample of a solid such as coal is .
instantaneously measured as the pressure of the surrounding gas is
cyclically increased and decreased at-a controlled rate. The size
“and volume of pores are determined from measurement of this flow,

at different rates of pressure 030111atlan.

1 Qluskoter, H. J., "Electronrc lpw—“emperature Ashlng of B&tumlnous
Coal," Fuel 4%, 285-91 (1965) July
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. Methanatlon

. Methanation runs contlnued w1th Harshaw Nj OthT nickel
_on kleselguhr and Girdler G-65 nickel on aluminag catalysts. High-
er temperature runs were emphasized (700°-900°F) to investigate
possible carbon.deposition and catalyst activity change. Nb ’
noticeable. carbon deposition was.found with either- catalyst up -
to- 900°F ‘No data on activity .change could be obtained because
of an’analytical equipment failure.. At lower temperatures’ (500°-
700°F) there is some production of ethane and propane. Above
70C°F these hydrocarbons are cracked at a much higher rate than
they are produced. At .low space velocities (100 SCF/hr-1b cat.)
and 900°F the ethane and propane” were removed .from the product |
with Ni~0104T as catalyst, w1th G—65, the product contained both
'hydrocafbons. .

o Four runs u31ng 1/4—1n alumina spheres as catalyst were
carried out-with the 10:30 CO/H> feed gas at temperatures of 505°,
5959, 700°, and 804OF.. These blank runs-indicate that CO and CO-

. are not hydrogenated on alumlna, but hydrocraok_ng of. ethane and
propane does’ occur '

A new method of mountlno catalys+ pelle in the.reactorj
has been investigated. ' Catalyst pellets are laced in a statiocnary
annular. screen basket which is placed in. the reac+lon zone. TwWo
propellers and a radial impeller. are mounted on the shaft for gas.
circulatior. With the catalyst .stationary it is-possible to. measure
the catalyst temperature accurately. The effect of .agitator speed
was checked by introducing feed at a constant rate to the resctor
(Nl—OlO&T as catalyst) and varying shaft rpm at conditions to
.give high conversion of CO.. No effect.on conversion was. found
until the shaft speed was reduced to.below 500 rpm. Pulse tracer
.tests indicate perfect- m1x1ng with thls errangement.

- Fqulpment for catalyst. life study is being ordered and
'construction of this iacmllty has begun at. the pllot plant.

. A 0.5% ruthenlum on. y-alumlne cdtaly 3t is now being tested .
An’ ammonia synthesis catalyst, capable of producitg longer chained
hydrocarbons with low-temperature methanator feeds, has also been
obtain.edth Results of teSuS w1th these catalysts Will be availaolc
next month. . Co )

Jack Huebler, Assoelate Director . Wrank chora, Mensger

‘
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DEVELOPMEN’I' O'ﬁ‘ IGT HZDROGASIFICATION PROCESS
' Progress Report - March 1966
to

Off_‘ice _of Coal Researoh :
Contract No.-1%-01-0001-381 ..

ﬁmrogas 1flcation |

Seven hydrog331fication tests (Runs HT-99, HT-100, HT-

1004, HT-101, HT-102, HT-103, and HT-104) were conducted in the

‘balanced—pressure pilot unit modified for- fluid-bed operation.

- Three of these tests were. conducted with a partlially hydrogasi- -
fied Pittsburgh seam bituminous coal in a simulation of the high-~
temperature hydrogasification: stage. The coal was reacted in-a

. 3-1/2-Pt fluildized bed with a hydrogen-steam mixture containing
50 mole percent steam. In the four other tests, a lightly pre-
treated Pittsburgh seam bituminous coal from the Ireland mine-
was reacted in a 3-1/2-ft fluidized bed with a feed gas contaln-
ing 45 mcle percent hydrogen, 25 mole percent methane, and 30 mole
percent steam. These four tests were a simulation of the low-
temperature hydrogasification stage. Two of the tests (Runs
HT-99 and HI-1004A) with partially hydrogasified .coal, and one.
of the tests (Run HT-104) with lightly pretreated coal, were
successful. The.other tests were terminated before steady-state
operation was reached because of excessive leaks in the equip-
ment or because of solids plugging in the reactor.

: Run HT-99 was the first completely successful flu:.d—.
bed test. It lasted 3-3/4 hours and ended when the coal feed
supply was used up. Although the target tempersture for this
run was 1700°F, the average bed temperature .reached only 1310°F.
The reasons for this were the high throughput rates, the limlta-
tion of the reactor. furnaces, and the limitation of the feed gas
preheat. -The coal feed rate was 50 1lb/hr, the hydrogen feed rate
€35 SCF/hr, and the steam rate 30.2- 1b/hr. Feed gas could not be

' preheated sbove 1000°F because of heat losses in the long feed
gas transfer line. A modification of the product gas filtering
equipment was made for Run HT-99.. The internal cyclone was re-
moved, and two 18-in.-long, porous.metal bayonet filters were -
installed inside of the reasctor. The outside bayonet filters
were bypassed, and the product line -was connected. d:.rectly to
the condenser fro'n the top of‘ the reactor. ‘

To :anrease feed gas preheat, the feed gas transfer
-1:Lne was shortened and run directly from the gas-fired steam
generator and gas. preheater o the bottom of the reactor, by-
passing the intermediate electric superheat furnaces. Auxiliasry
heating and insulaticn of the transfer line were J_mproved so that
the feed gas would enter the reactor at 1200°F.. To improve heat
transfer between the downflowing solids in the rea,ctor a.nd the
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feed gas, a 5108-1/2'—in.—'lor.1g, 1/2-in. -diameter U-tube was installed’

inside the’ reactor. between the feed gas inlet and the feed. gas dis-

“tributor. "The first test mcorporatmg this modification had to.be

terminated 1/2 hr after coal feed was started because of excessive -
leaks in the new feed gas transfer line. ' However, the test demon-

- strated that a feed gas inlet tempera.’cure of 1250°F could be ob-

tained w:Lth the new pr-eheat system.

L After the 1ealcs were fixed, Run HT-lOOA was conducted

' at condltlons similar to those of Run HT-99. The test lasted

4-1/% hr, and was terminated when the coal. feed supply was ex-
hausted. . A coal feed rate of 50 1b/hr was maintained for about '
5 hr, and during this time the temperature of the- fluidized bed .
reached -1500°F. The coal feed rate was then reduced to 40 lb/hr
for the remaindev* of the test to. 1nvestigate its effect - on the
bed temperature. After this reduction in.the coal feed’ rate,
the bed temperature :anreased “to 1650°F, ‘and vas still rising
when the test e"lded. . . .

_ . For Run HT-lOl, an annular feed gas d:.strlbutor (3- 1/2-
in. 0D X: l-3/ 4-in. ID) with a. "Rigimesh" sintered disk was in-
stalled. ' This aistributor replaced a. 2-7/8-in. -diameter disk that :

'was damaged.in Run HT-100A. Run conditions for this test m.th

11 htly pretreated bituminous coal were: .1000 psig, 1300°F. 3~
1/2-ft .coal bed, 65 lb/hr coal feed rate, and hydrogen-methane-
steam feed gas rate of 1640 SCF/hr. - The run was started success-
fully at a coal rate of 22 Ib/hr. After 40 min, the coal rate
was' increased to 65 1b/hr. Twenty minutes after this increase,

“and before the 3-1/2-ft. coal bed level was. reached, the coal

feeder Jammed. Packed .coal at the throat of the coal feed tube
caused: the jamming. Agglomerated coal partlcles (as big as 1 in.)

.were also found' in the reactor-.

. To prov:.de .for a higher rate- of coal hydrogas:.flcation
in suspension, and to lessen the tendency .for agglomeration,
the, annular feed gas distributor was lowered from 108- 1/2 to 62 -
in. above the bottom of the furnace for Run HT-102. | This, in
essence, " increased the free-fall distance in the reactor. This
test was conducted at conditions similar to those of Run HT-101.

‘The test  was shut down after 1 hr when coal agglomerated in the

reactor just above the gas distributor. The agglomeration caused
brldglng and kept. the cozl from moving down in the reactor.

. For Run HT~103 the anmular gas distributor was removed

" and a 3/8-1n. pipe, with a.capped end,  and with twelve 1/16-in.-
‘diameter ports in the upper wall of the pipe, was installed.

This was changed to minimize coal bridging due to agglomeration. '
The internal U-bend heat exchange tube in the feed gas line was
removed to increase the free cross-sectional ares in the lower

-end-of the reactor. This tube was:no longer necessary, since

adequste pr-ehea,t was provided by the gas-fired preheater afteér
the transfer 'line was modified. . The test was started at a coal
feed rate of 22 lb/hr, and after 1 hr, it was increased to 65 lb/hr.

-2-
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The run was shut down 15 min later because coal would no longer
discharge from the reactor and the bed level began to rise.” As
in Run HT-102, agglomerated coal near the end of the feed gas
tube caused brldglng and stopped the coal flow

Analys:.s ‘of hydrogas:.f:.catlon data from the low-temp-
erature runs with pretreated bituminous coal and hydrogen~methane-
steam feed gases in. the current series of tests ‘showed that car-
bon hydrogasification rates in the free-fall section of the re=
actor were apparently too low to keep some of the coal from '
agglomerating before. it reached the bed. = To increase the hydro-.
gasification In the free-fall sectlon, the temperature would
. ‘have to be raised to at least.1300°F. To. attain this tempera-

ture level, . the reactor was preheated to 1500°F for Run HT-10%.
Furthermore, to maintain this temperature in the initial stages :
of the operation, the run was started at one-third of the coal and
feed gas rates required for fluidized-bed operation §22 1b/hr
coal, 380 SCF/hr. hydrogen-methane,” and & lp/hr steam). This
minimized reactor cooldown during the bed buildup phase of opers- -
tion. The run was.continued at these low feed rates for 4 hr
through gbout eight bed discharge cycles. The coal and feed: gas
.rates were then increased, in two stages, to two-thirds of the
usual fluldization rates. The test continuved with these inter~
mediate rates for 1 hr and then the rates were increased, again
in two stages, to the fluidization rates. Successful fluid-bed
operation was maintained for -3-3/4% hr until the test ended when
the coal feed supply was exhausted. The test lasted a total of
8-3/4 hr. The reactor temperature in all three stages of ‘the
" test was 1500°F. This temperature was maintained in the finsl
fluidization stage with very little heat input from the furnace
heaters, because most of the necessary heat was supplied by the .
preheated. feed gas and the heat of the exothermic reaction.
Residues from this run showed only negligible agglomeratw on of
coal particles.  The weight of the residue recovered indicated
that spproximately 30% of the coal was converted to gaseous
- products and to a small amoant of 1iquid progucts.

Coal Pretreatment

_ Four pretreatment tests were conducted in the finidized-
bed pretreatment pilot unit to study minimum pretreatment condi-

tions and to supply the hydrogasification pilot unit with non-
agglomerating char. . .

Nominal conditions for the tests were'
. Solids Rate, Avg Solids Res Peed Gas Rate, Oxygen Bed Temp,

Run _No.. ___1b/hr Time,hr _SCE/hr  Cone,%

FP-57 Lo.2 ‘ 1.53 62U - 9.72 749

FP-58 ko.o 1.54 577 9.64 - 47

FP-59  49.% i.21 635 - 5.28 37

FP-60 45.3 l.27 600 k.65 T4S
-3
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- Treland mine bituminous coal of —16+80 mesh was used
as the feed in the four tests. Runs FP-57 and FP-58 were made
with an air-nitrogen mixture having approximately 10% oxygen..
The purpose of the two tests was to supply the.pilot ‘hydrogasi-. . -
fication unit with nonagglomerating char. ILaboratory agglomera-

" tion tests showed both residue chars to be slightly caked. _—

. .. The objective of Runs FP-59 and FP-60:was to study .the
effect of .a.two-stage pretvreatment process on the volatile ‘con-
tent and agglomeration characteristics -of the char produced. The
tests . were conducted with an oxygen/coal feed ratbio of. approxi-
mately one-half that of previously conducted one-stage tests
(about 0.7. SCF/1b). The oxygen concentration of Run FP-59 was
5.28% -and’ the Og/coal feed ratio was 0.680 SCF/1b.. The test was
terminated when enough char was produced to ‘conduct the succeed-
ing tests. Laboratory agglomeration tests showed: the char to be
caked, and proximate analysis of the char indicated a 27.5%
-volatile content. T S . S

_ Run FP-A0 was the second stage of this series of tests.
The oxygen concentration .in the pretreatment gas was 4.65% yield-
ing-an Os/coal feed ratic of 0.617 SCF/1b. Laboratory agglomera~
. tion tests showed the char to be free-flowing. The volatile con-

tent of the char was 24.3%. oo :

Coml. Characterization

‘ The heat-of-reaction calorimeter was assenmbled, pressure--
. tested, temperature-tested, and calibrated. The calorimeter was
held at 1500°F for 3 weeks, and the mCp (mass X heat capacity) of
. £he calorimeter was calibrated ohce in a vacuum.of 43 microns,

- twice in helium at 1500 psig, and twice in hydrogen at 1%00 psig.
The results correspond within 8%. An alumina sample was dropped

into the calorimeter ai 1500°F and 1500 psig of hydrogen. The

messured heat absorbed is within 107 of the .published heat

capacity values. ‘Two n-decane samples were dropped at 1500°F

and 1500 psig of hydrogen, and temperature rises of 3.5° and -

6.5°F were observed. ' Gas samples have been taken and the runs .

- are now being analyzed. . S Co :

L The instrument.was shipped from Cambridge, Massachusetts
at the end .of March and should arrive in Chicago during the first
week of April.. ‘ : ‘ Lo )

. The agglomerating tendency of Ireland mine pretreated
coal was investigated. There was no indication of a cementing
medium other than the coal particles themselves.. It appears
' that the surfaces of some of the particles become liquid enough

for them to partially fuse with other particles. '

. Particle densities and true densities were determined .
for several sieve fractions of pretreatment and hydrogasification
residues, as part .of a systematic. examination of the coal at
different stages of the process. " S ' .
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E Work to.improve mounting and polishing pi*ocedures Was
continued. ‘ .

Methanation

. Catalyst evalustion continued with the study of two
catalysts capable of producing longer-chained hydrocarbons at -

low temperatures: 0.5% ruthenium on y-alumina,and an anmmonia
synthesis catalyst. The yields of long-chaln gaseous hydro-
carbons with both catalysts were low (less than 2%), with the
ruthenium outperforming the ammonie symthesis catalyst. More '
liquid products were obtained with the ruthenium, although liquid
yields were low. Reaction.temperatures with both. catalysts
varied between 350° and 900°F, and both low- and high-CO feed
gases were used. At the same temperatures and feed rates, 9%
grams of the ruthenium catalyst removed much more CO than either
a 222- or 283-gram sample of the ammonia synthesis cstalyst.

A The low yields of longer chained hydrocarbons caused
speculstion that hydrogenolysis of these hydrocarbons might be
occurring on the reactor walls. To study this effect.,runs are
being made without catalyst with both the regular feed gases
end with a 50% Ha/50% natural gas (containing considerable Ca+)
.feed at 500°-~9Q00°F. " ‘ '

BEquipment for catalyst .life testing has been ordered,
and although some equipment will not he received before June 1,
preliminary operation of the unit should be.possible by next.
month. . - ' ‘ o :

: : Investigation has begun on & preliminary determination
* of the type of equipment necessary for combustion of the spent
hydrogasifieation char. Combustion of this char ls necessary for
both steam and- hydrogen production. The possibility of rumming .
preliminary burning tests to establish combustion characteristics.
of the char was discussed with Dr. Essenhigh of Pennsylvania State
University. Other people competent in this area are also being
contacted. - R ' .

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

. / . : ‘ ’ .
- Approved M Signed.

Jack Hueblers/ Associate Director Frénk C. Schora, Mansger
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 DEVELOPMENT OF IGT HYDROGASIFICATION PROCESS
Progress Report — April 1966 .
, ( . to . '
Office of Coal Reséarch
Centract No. '14-01-0001-381

. Hvdrogasification

- Six fluidized-bed hydrogasification tests' (Rurs HT-105,
HT-100,  HT-107, HT-108, HT-109, and HT-110) were conducted in the
modified balanced-pressurs pilot unit. In five of these tests a
lightly pretreated Pittsburgh seam bituminous coal from the Ire-
land mine was reacted in a 3-1/2-£t fluidizeéd bed with a feed gas
contzining 45 mole percent hydrogen, 25 mole percent methane, and
30 mole percent steam. The sixth test was set up for hydrogasifi-
cation of untreated Pittsburgh seam coal following start-up and
2-2 hour operation with pretreated cozl. All of these tests were .
a simulation of a low-temperature hydrogasification stage. Suc-
cessiul fluid-bed operation was achieved in three of the tests
(Runs HT-105, HT-106, and HT-109). The other tests were terminat-
ed before steady-state opsration was reached because of solids
plugging in the reactor. o . :

Run HT-105 was started up following the same procedure
used successfully in Run HT-104 (First Quarter, 1966, Project
Status Report). This procedure involves preheating the reactor
tc 1500°F and starting the operstion at-one-third the coal and
feed gas rates required for fluidized-bed operation (65 1b/hr
coal, 1140 SCF/hr hydrogen-methane, and 23 1b/hr stsam, at fluid-
.ized conditions). When fluidized-bed operation is reached, the

reactor temperature is reduced to the desired temperature of _
1300°F. The run lasted 7-1/2 hours with ebout 1 hour of opera-
tion at the fluidized-bed feed gas rates and a coal rate of 55
1b/hr. About 1/4 hour after the coal rate was increased to 65
1b/hr, the feed screw jammed when coal plugged in the l-in.-diam-
eter coal injection tube. :

: To improve the flow of coal through the coal injection
tube for Run HT-106, the nitrogen purge tube to the top of the
reactor. wvas increased from 0.125 tc 0.152 inch diameter.  Run con-
ditions and start-up for this run were the same es.for Run HT-105.
This run lasted 5-1/2 hours;, terminating for the same reason as ‘
Run HT-105. Termination agein was within 1/%4 hour after full
coal and feed gas fluidization were established.

Only brief periods of fluidized-bed operations at the
desired coal feed rates were achieved in both Runs HT-105 and

- HT-106, but the start-up procedures were demonstrated to be effec-
Ctive. . ' _



. o For Runs’ HT 107 and. HT 108 the coal 1nJectlon 1eed Lubo
-and the insert body supporting the ‘feed tube yere removed. As
. this provided & full 4-inch-diameter cross-section for the coal

© t0 flow through from the end of the feed screw to the heated sec-
" tilon of -the reactor tube, any holdup in the feeding of coal would
be minimized. Run conditions and start-up were the same as for
Run HT-106, except that in Run HT-108 the reactor was preheated
t0 1700°F. Also, the upper product gas bayonet filter was re-
moved for Run.-HT-108 ta reduce.product gas-coal contact near the .
feed: screw outlet. Both ‘tests were stopped within 45 minutes of
starting the coal feed because of coal plugging in the unkeated
portion. of the reactor tube. -The apparent cause -of pluoglng was
a too rapid heatup of the coal.by-product gas .in the upper sec-' .
-tion of the reactor tube nedr ‘the bayonet fllter ' e

As operatlon w1thout the ooal anECb70n ‘tube was shown
unfeasible, the coal injection tube was again installed for Run
HT-109. Three.product-gas sampllng ‘probes and thiee internal -

.coal béd thermocouples, extendlng from .the top of the reactor o o

the coal bed, were removed.: ¥We found that ‘these had coiled; they .
" were probably partially responsible for intermittent céal hold-
-ups. in the reactor in previous operations. -Reactor heating Zone
"3 (from the top of the reactor), 'which we found not. operating,
. .was repaired by eliminating a short in a power input electrode.
.Run HT-109.was conducted at the same. conditioris as Run HT-106.
It was fully successfil in that a 1- 1/2 hour steady-state opera-
tion at -1300°-1350°F bed temperature was achieved. Based on the
weight of the residue recovered, approx1mately 35%. of the coal -
had been reacted. .Total operating time for the test was 5. hours.
- Shutdown was due to an inadvertent shutoff of the steam generator:
. gas burner because.of a faulty interlock device. This caused a '
partlal condéensation of the steam in the feed gas "line, result-.
ing in a pressure apset tnat caused a blockage 1p the coal 1n]ec-.
tion tabe , .

After the successful demonstratlon of fluld-bed opeva—
tlon with pretreated bituminous coal, consideration was given to

" ‘the use of untreated bituminous coal for fluid-bed. hydrogasifica-’
tion. The scheme for untréated bituminous coal hydrogasification

"involved a start-up and the establishment of a fluid-bed regime

. using pretreated coal, to be followed by the addition of the raw

coal. Run HT-110 was set up to do this by charging the bottom

of the coal .féed hopper with pretreated coal sufficient for 2-3

hours. of operation, with untreated coal on top. Run conditions

and start-up were the same 'as for Run HT-109. The test lasted

only 1 hour; it was termlnated wheén the feed screw jammed. This

was caused by raw coal plugglng in the coal.injectlion tube and

in the reactor tube about f't below the top of the heated zone.

- Feeding of the raw coal apparently started about 50 minutes after
the coal feed screw was.started. Disarrangement .of-the original

.stratification of the coals in the hopper vas the probable cause
for the short time 1nterval before the raw coal reached the feed




‘screw. This loss of stratification occurred when the feed hopper.
was being pressurized from the bottom. . ' ‘

Cozl Pretreatment

Four‘pretreatment tests were .conducted in the fluidized-. -
bed pretreatment pilot unit to study minimum pretreatment condi-
tions and'to_supply,the hydrogasifier with nonagglomerating char.

Nominal condition$ for the tests were:

‘Avg Solid Res Feed Gas Rate, - Oxygen  Bed_Temp,

Run No. _ Time, hr SCF/hr Cone, % - op
FP-61 - 2.19 © . 1609 L. '9.79 . Th6.
FP-62 .- 2,21 .- T 602 g, 3k 7ho
FP-63 1.23 _ 595 -, 9.67.. . T8
FP-64 Ll _ 597 9.77 7

Bituminous coal from Consolidation Coel Co.'s Ireland
" mine was crushed o —16+30 mesh and used as the feed for these
four runs. The operating conditions used were about the same
as those used in FP-56 which produced a fres-flowing char. Run
FP-61 lasted for 3-3/4 hours; then the feed screw jammed ageinst
its housing. The residue char wvas found to be very lightly caked.
Run FP-62 was. stopped after. 12 hours when the bottom of the
fluidized bed began to defluidize.. The.char wes found to be .
very lightly caked. In .Run FP-63.the feed rate was incressed | -
to ‘give a shorter solids residence time, while the other operat- . -
ing conditions remsined the:same. The run was terminated after
12 hours when the unit. ran .out of feed. The agglomeration test
showed the char to be very lightly caked. The last run for this
period was FP-64 which was a duplication of FP-63 with the run
sgain being stopped when the feed supply was exhausted.’ The .. @
char was found to be free-flowing. S e
 yith Run FP-G4, some immovations to the gas cleanup
systems were made to protect the product gas meter from damage
‘caused by entrained oils and tars. The wyeter used for scrubbing
" in the venturi scrubber was changed to continuous Tlow rather
than full recycle. The olls and tars that are being scrubbed
- gut sre now being collected and reported as part of the pre-
treater residues. A second Cuno-filter was  installed in parallel .
with the first t0 allow for the changing of filter cartridges
during a run.. . I o .

Methanation

The possibility of longer chained hydrocarbons being
hydrogenolyzed on the reactor walls was investigated. A feed
.of 2.1% ethane, 0.4% propane; 47.7% hydrogen, and. the balance -
methane and Ca+ was fed at low flow rates to the empty reactor
over a temperature range of 790°-1010°F. Qver 90% conversion
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of ebhare is p0351b1e with this feed and gas comp031tlon There .
were no changes. in the etvhane, propane, or Cu.+ compositicns. This
indicates that the absen e of appreciable amounts of 1onger chained
.nydrocarbons in runs. using iron and ruthenium catalyst 1s probably
due to hydrogenoly31s occurring simultaneously with the Fischer-
Tropsch synthesis. Irodn catalysts are known to catalyze hydro--
.genolysis.at high pressures and tnmperatures WWth high. hydrogen
concentratlons

Catalyst react1v1ty data indicate the Harshaw Ni—OlOM
nizkel on kieselguhr is the best commercial catalyst for cleanup
-meuhanation of hydrogasifier product. We:wlll begin experiments
to establish a rate model for cleanup methanation using this cata-
lyst. ‘ . : .

'Further construction of the caualyst 1_fe testlng reactor

are expected this month.

depends on delivery -of controll_ng and recoralng 1nstrumeuts, whlch"

Coal Characterlzatlor

The heat- of—reactlon calorlmeter was assembled at IGT

and was vacuum and pressure tested. The mCp (mass X heat caua31ty) ‘

of the calorimeter is being determined at various temperatures.
This calibration is'to determine the behavior .of me over the tem-
perature range within which the heat-of-reaction of hydrogen and
coal will be determined. - Also, the s1ngle calibration performed
at Dynatech Corp w111 be double checked

- The prev1ous n—decane test was found o have an h (heat,
of reaction of- n-decane and hydrogen) value of 3575 Btu/Wh Based
on the heat of Tormation of methane at 25°C, the calculated: hy, value

is 3223 Btu/lb.’ This difference of 10% may be due to the- 1naccuracy :

.of the estimnted value of the heat of formatwon of methane at ‘the
actual experimental condlulons

Petrographic work oh the systematic examination. of coal

at different stages of hydrogasification was continued. HWdrogaslf_

. fication residue is belng examined by X-ray diffraction to deter-
mine vhether any conversion to graphite has occurred. . It was found’
thet mineral matter,: particularly clay, interferes W1tn the deter-
mination and must flrst be removed. .

We are now planning to include in the hydrovaswfler run
' schedule several tests to 1nvestwgate producing a preducer gas
from spent hydroge31rler char at high pressure. We plan to fluid-
ize the bed of spent char with steam, nltrogen, and air to estab-
_ lish the rates of the reactions involved in production of carbon
monoxide and hydrogen. This information will be very useful for-
better dezlnino a program for nhe production of hydrogen Zrom’
char.
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- No mvent:n.ons wers made dumng April in the course o:[‘
this work. :

Approved P 4'//al'—/’u /. Signed (“7’-—7’- Al ;-;---,-’r. £
- .Jack Huebler Assoc:.ate DlI'GC'tOP * Pr énlc C. \chora, Manager

//
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DEVELOVIENT OF IGT HYDROGASIFICATI(N PROCESS
Progress Heport — May 15506

Office of Coal. Research
Contrpct Ho. 4-01-0021-3G1

Five hydreogasiiisciiss fosiz (Runs MHP-111, HT-1114, H7-

L 112, HE-113, end HT-11M) were conducted in ihé belanced-pressure
pilot undt. Two of these tests wewe conducted with 2 pertislly
nyérogesifisd Pitishurgn seawm dbiltwsinous coel in e simmlation of
2 hign-tomperaiurs hydrogssilication stage.. Tne coel wes rescied
in g 3-l/2-li-deep fluidized bed with & hvdrogen-steem mixture
comealining 50 wmole percent steam. In the three other tests, e
lisnily pretrested PLiLshurgh somn bituminous cogl wes rescied in o
& T-fi-Geep fluidizad bed in which the tempersture st the top of

the Dod wes held ai 1300°T, and the temperaiure at the bottom at
1700°F. " The purpose of these iests was {0 cowbine the low-tem-
‘perature and the ndgh-tewpersiure stages i 2 single operatlon.
Cne of the high-temperature fesis {(Run H¥P-1112) snd one of the
dusl-temperature fividizedsbed iests (Run HT-113) were success-
inl. The other tests were temminsted vefore sieady-stete opers-
#ion was rgached bBecsuse of nluss in the cosl injection tube, or
a2 plug in the product zes line. T

: In Run HT-111, pewtielliy hydrogesiiied Pittshurgh seem.
bituminous cosl from low-temperature Runs HT-10% and EP-105 wes
reacted oL 17OCCF in a 3-1/2-7% fluidized bed with e mixture of
hydrogen and steam. The cozl feed rete was %0 lo/hw; the hydro--
gen/cosl ratio was 30F of stoichiomeiric; and the steam concen-
tretion was 50 mole percent. This tast hed to be shut down 15
minutes after starting vhen the coal injection tube plugged. The
plugging was caused hy the caking of 2 smell ¢uentity of unpre-
treated bituminous cosl thet had remeined in the feed screw hous-
ing from the previcus test (Run HT-110) and. was conveyed into the

feed tube. - . i :
- Run HT-111& was conducted under the ssme . conditions eas
Run HT-111. It was a completely successiul high-temperature run,
which was terminated after 5-1/2 hours when the coel feed supply
was nearly spenit. EBesed on the weight of the residue recovered,
eporoximately 25% of the coel wes converted. ‘ :

: The objeciive of Run HT-112 wes to hydrogesify e light-
1y pretreated Pitisburgh seam co2l in 2 single stege with = tem-
perature of 1300°F at the top end 1700°F at the bottom. . In this
test, the low-temperature and high-temperature stages were carried
out in one operation. "o do this, the top three zones of the
reactor tube were prehested to:1300°F, and the bottom four zones
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were prehested to 1700°F. 'The coal feed rate was 40 1b/hr; the
hydrogen rate was 530 SCF/hr (35% of .stoichiometric); and the |
stean rate was 25.0 1b/hr (50 mole percent of the feed gas mix-
ture). After 1-3/U hours the test had to be ended when the coal
jammed 'in the injection tube.  The jamming was ceused by & pres-
sure -upset in the readtor induced by hydrogen-steam. feed pulsa- -
tions. Partially plugged distributing parts in the hydrogen-steam
feed tube were responsible for the feed pulsations. Examination '
~ of the feed tube after the run shoved that the parts were plugged
by metal scale. | :

Run HT-113 wes. conducted under the same conditions as
HT-112. It wes a successful test of 5-1/2 hours duration. Ter-
mination was voluntary-after a 3-1/2-hour steady-state period.
~ Bpproximately 50% of the coal .was converted to gaseous and liquid
progucts, vesed on . the weight of the recovered residue.

The objective of Run HT-11% was to maintain. a tempera-

- ture gredient through the coal bed as in HT-113, but to hydro-
gasiiy at a lower hydrogen/coal ratio. To maintain fluidization
veloclties, coal and hydrogen . .throughput rates were corresponding-
1y increased to 60 lb/hr and to 600 SCF/hr, respectively. The
hydrogen/coel ratio at these raies was 25% of stoichiometric.

The steam rate was 28.6 1b/hr (50 mole percent). The test pro- . -
ceeded ‘smoothly for 2-1/2 hours when a sudden failure of the pro-
Guct ges beyonet filter caused a.shutdown just as steady state -
was being reached. . : . . :

Coal Pretrestment

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

Nominal conditions for the tests were:

Avg Solids Res' Feed Gas Rate,' Oxygén Beg'Temp, :
5y

Run_No. Time, he . SCF/hr Cone,%

FP-65 =~ 0.85 "~ - 589 .01 738
CFP-66 © 1.07 - 689 . 3.81 - 738
" FP-67 - 1.22 . . 618 4,34 - 740

FP-68 ' C.66. . : 831 ir.0r . T34

Bituminous. coal crushed and screensd to —16+80 mesh from Consoli-
dation Coal Co.'s Ireland mine was used as the feed for three of
“the runs. Run FP-67 used the char produced in Run FP-66 as feed.
Run FP-65 was an attempt to start a two-stage test, but the run
wvas stopped prematurely when the reactor top product line plugged
with tars and fine coal particles. We found that the strip .
heaters around the reactor top had burned out and allowed the
tars to condense on the reactor top and outlet. ' The char was
caked. 'Run FP-66 was essentially a repeat of FE-65 but vith a
higher gas feed roie. Since fluidization during the start of the

PN S T 1T U1 E o ¢ 6 A s T E C H.N O L O G ¥




" run was not satlsfactory Lh° &cS rets was. 1ncreaaed 0 correct
this condition. Run FP-66 waes shut down aiter 15- )/4 hours when
the coal feed ran out. The char was found to be caked. Tt had
25-26% volatile matter. The second stage of this test was FP-67,
which was operated at conditions similar to those of Run FP-66.

The run was stopped after 14-1/2 hours when the feed char was used

up. - The product char was found Lo be free flowing and haa 22-2kg
volatlle matter.

The coal was subjected to the Iollowlng cono_t*ons dur-
ing the two-s tage run:

Total Solids Res Total Oxygen/Coal Totel Gas/Coal

- Run No. ___Time, hr -Fed, SCF/1b -~ TFed, SCF/1b
FP-66-67 2.29 o 0 1.16 - 25,02 -
FP-59-60 ! 1.85 : . 1.58 , -16.09
FP-56 ' - ‘2.48 ‘ - 1.30 25.02

These combined condltions are somewvhat 1ess'severe Lhéﬁ those of
. the previous two-stage run (FP-59-60), which also produced a free-
-Plowing char.. But there does not seem to be any advantage in two-

stage operatlon over the s1ngle-Suage Run FP-56 which produced a
free- flow1ng char.

Run FP-68 was made at high gas and solids rates and high

oxygen concentration. The high oxygen concentration allowed the
. pretreater to run without any heat input beczuse .of the amount of -
- exothermic heat produced during the reactor at these conditions.
~ The run was terminated when the bottom.of the fluidized bed began

to defluidize and cool. The air-metering system would not allow
the higher gas rates needed to correct the poor fluidization and
still maintain temperature snd oxygen concentration. The char was
found to be 11ghtly caked and had 27 2% volatile matter

Methanstion

Isothermsl kinetlc runs are being made with Harshaw Ni-
0104T nickel-on-kieselguhr catalyst. Data obtained from these
runs will be used to develop a methanation rate applicable to the
three typlcal feed gases.: The effects of temperature and Pressure
on the parameters of the rate law Wlll then be determined.

The equlpment for the catalyst llfe study was received,

enabling completlon of the unit. we expect catalyst llfq studies
to begin in June. : . . ' ‘ :

Coal Characterlzatlon :

'  The' heam-of—reactlon calorimeter was calibrated at 1000
psia hydrogen and temperatures of 800°, 900°, llOO°, and 1500°F
- The results were- satlsfactory ‘
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The heaus of* reaction of rav coa'i ( Ireland: mne) with

. hydrogen at 1000 psia were measured at 1000°, 13009, ‘end 1500°p
' Data are beﬁng analﬂ,.aea.

* The coal was a.naly,aed both before and a.xt.er the reaction
to obtain information on the percent of coal gesified. (as samples
were taken af‘ter each I-eact'lon to dezerm_ne uhe gases nroducecl

The first ser::.es ol tests is to swvudy the e;‘fect of tr_em-'.
verature on the neait of reaction of hydrogen and cozl. A sescond:

series of tests will sbudy the effect of Dc.I‘L'ally gasified coals
-on the heat: of. reactlon 'hlu'l hydro;f,en.

Dr. Essenh:.gh has been retained to perform some char

reactivity tests to develop informetion for the design of a char
. producer. Also in this arez of activity, Babcock & Wilcox

%Operata.ons) Limited has been contacted regerding its work with
pulverized coal vortex combustion systems. .In the U.S., all vor-
tex units have keen run as cyclone combustors with coarse coal. .
Due to the need for a small combustion volume (because of pressure
considerations), a vortex system appears attractive at this t:.me.

No. invent:.ons were made this month in the course of

this work.
/ /
signed 7 o pul €1 / e
Fgank C Schora., Ma.nager
e
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DEVELOEMENT OF IGT HYDROGAS I'ICA”ION PROCESS

Progress Report —-June 1966
' to
Oi'fice of Cnal Resezrch
Contract No. 14-01-0001- 381

‘ Hydrbgasifzcatlon

Six hydrOﬁa31f_catlon tests (Runs HT-115, HT-116, HT-
117, HT-118, HT-119, and HT-120) were conducted in the balanced-

- Pressure pilot unit modified for fluid-bed operation. In these
tests & 1ight1y pretreated Ulttsburgh seam bituminous coal was
reacted in a. fluidized-bed reactor maintained at two temperature
levels. The top of the reactor (the free-fall space sbove the .
‘bed) was controlled at 1200°F, and the bottom of the reactor. (the-
fluidized~bed portion) was controlled at 1700°F. Feed gas was a

- mixture of hydrogen and steam containing 50 mole percent steam.
Four of these tests (Runs HT-115, RT-118, HT-118, and HT-119)
were partially successful in that steady-state operatlon was
attained, but they were either of short duration, at a bed height
below the desived 7 feet, or with fleed gas rates less than those
required for fluidization. Run HT-119 was terminated because of
plugged feed gas tube ports, while the remaining tests were shut
down because of coal feed injection tube plugglng

To help in preventlng blockage of the coal. feed, as ex-.x
perienced in the recent series of tests, a motor-driven stirrer -
was installed in the coal feed tube for. Run HT-120 and run at a
low speed (5-10 rpm). ' It extended .the length of the feed tube
and projected beyond the end by 1 inch. The stirrer was a 1/8--
inch-dlameter stainless .steel rod formed into a spiral 9/4 inch
OD with a 3-inch pitch. By operating continuously while coal was
being fed, the stirrer would prevent deposits from bulldlng up
inside of the feed tube. In this test, a plug developed in. the
feed gas transfer line snd the run had to.be terminated after
1-1/4 hours. The plug of metal scale developed at a feed gas
transfer line flttlng

Coal Pretreatment

- Six pretreatment tests were run in the fluidized-bed
pretreater to study minimum pretreatment conditions and to supply
the hydroga31flcatlon unlt w1th nonagglomeratlng feed char

" Nominal conditions for the tests were:
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'Avé-Solide'Res Feed Gas Rate, . Oxygen Avg Bed Temp,
- P

. Run No., - __ Time, hr SCF/hr Conc, %
FP-69 . ‘0.55 - 800 21.0 . T26
FP-70 0.52 , : 1003 21.0 © 707
FP-71* 0.30 , 800 . 21.0° 775
FP-7T1A 0.34" - . . 789 19.2° " 76T
. FP-72% 0.50 = . 700 : 21.0 775
FP-T72A . 0. 49 ; © . BT . 21.0 . . 775

co* Intended run oondltlons, but not attalned

Bituminous coal rrushed to —16480 from Consolldatlop
Coal's Ireland mine was used as tHe feed Tor these runs: All
six tests were attempts to produce free—flowwng chars with a re-
latively high volatile content (26-28%) with only air as the
- feed gas. This seriés of runs demonstrated the higher through-
© put-capacity that the pretreater unit is capable of acb1ev1ng

: Runs FP—69 and FP-70 had a bed height of 7 feet. r"h,e‘
remaining ‘four runs had a bed height of only 4 feet to reduce - :

the coal residence time and the amount of gas needed. for good
fluidization. These runs further demonstrated that the amount

of exothermic heat of reaction produced with high oxygen concen- .

trations 'is sufficient" to malntaln .the bed tempevature t:thout

addltlonal heat 1nput . . o

: . The first 100% ‘air run was FP- o9 Whe run was termlna-
_ted after 4 hours because the product.line begame plugged with con- -
..densed tars and fine solids. The chal was found to be heavily

. caked Wlth 27 - 28% volatile matter.

Methanation . _ _ .
L Methanatlon runs’ at 550°F have been carrled ouv us ng

. .the three typical hydrcgasifier products as feeds. These runs -
. cover-a range of CO comp051t10ns in the methanation.product of -

- 1.0 to 4.5%. Several rate models are being tested for' fit to

‘these data. More data will be needed in the regions below 1.0% -
CO and above 4 5% CO at .550°F for acourate rate model deuermlna-
tion. . .

i The catalyst 11fe test unlt oonstructlon is complete '
and equlpment callbratlon has begun :

Coal Characterlzatlon

The. heat’ capaoltg of the calorimeter metal was deter-
mined &t 200°, 1000°, 1300°, and 1500YF with the drop calorimeter.
The results are sllghtly 1ower than- those obtained from the heater
oallbratlon. . . .

. The heat-of-reactlon calorlmeter was alsassembled for
cleanlng operatlons and thermooouple repairs. It was then re-



assembled and pfessure tested. The heat of PeaCE1OP cf pretrested
coal with hydrogen is be1n@ deteﬂm_ned

nnﬁlneerlngﬂﬂconomlcs Studles

A modification of the cost estimate for D”CQuCuWOD of
high- Btu gas by the IGT hydrogasification process is now under
- way to. estaol,sh the effects of new efpewwmentaW results on gss
costs. Most changes. are & result of uswng a fluidized bed rather

than a moving bed for. COﬂtaCu_“g gases and SOl‘dS.Lﬂ uhe hyavo-
.,g431fler section.

3

Prellmlnary contacts have been made: UWuh several engln-

eering firms concnrn_.nD the prelwm_nary design o: a 1 > EDH per
hour pllot Dlant erms con tacted are . .

. C B, braun & Co.
. Bechtel Corp. . =
Fostér-wWheeler Corp.

" Cemeron and Jones, Inc.
Stone and Webster, Inc.
Fluor Corp., Ltd.

The Lummus_Company

" We plan to invite two of these Tfirms to submit formel nronosals.‘-

- Our selection of the two firms will be based. on’ thelr experience
with fluidization, solids -handling, and high-pressure operauwo

' Their interest .in working in the area of “ecal teﬂhpo1cgy vill

also be considered.

, No‘new-invenuwons vere made durlng uhe month in the
_course of this'work._ :

Slgned ;jﬁ FRRE
Jack Hu 1erj Associate Director o Frans C Schora, Manager

Approved
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DEVELOPMENT OF IGT HYDROGASIFICATION PROCESS
Progress Report — July 1966
to '

Office of Coal Research .
Cont_(ract No. 14-01-0001-381

" Hydropasification

‘Seven hydrogasification tests (Runs HT-121 to HT-127) were conducted
in the balanced-pressure pilot unit. All'were conducted with a lightly pre-
treated Pittsburgh seam bituminous coal (Ireland mine) which was reacted
with a hydrogen-steam feed gas mixture in either a 3-1/2- or 7-ft-deep fluid-

" ized bed. Temperatures at the top of the bed-and in the free-fall space above
the bed were held at 1300%F; the temperature at the bottom of the coal bed was
_controlled at 1700°F in Run HT-121 and at 1800°F in the other tests. The pur-
. pose of these tests was to combine the low-temperature and the high-temper-
ature hydrogasification stages in.a single operation. 'Nominal coal feed rates
for the first six tests were 53 lb/hr, the hydrogen/coal ratio 25% of stoich-
jometric, and the steam concentration 50 mole percent. For Run HT-127
the corresponding nominal feed rates were.74 lb/hr of coal, 25% of the stoich-
iometric hydrogen/coal ratio, and 30 mole percent steam. Two of these dual-
temperature tests (Runs HT-121 and HT-126) were completely successful; one -
(Run HT-125) was partially successful. The other tests were terminated be- -
fore steady-state operation was reached because of mechanical difficulties.

Run HT-121 was a successful dual-temperature test conducted witha
7-ft-deep fluidized bed. After initially establishing a 3-1/2-ft coal bed,_
the coal bed height was increased in stages to 5 ft and finally to 7 ft. The
entire test lasted 6 hours, of which nearly 3 hours was with-a 7-ft coal bed.
Carbon gasification was 34% of the carhen in the coal. A product gas of
568 Btu/SCF (nitrogen-iree basis) was produced. . :

‘Hydrogasification conditions for Run HT-125 were similar to those.
for Run HT-12l, except that the bottom of the coal bed was controlled at
1800°F to check if additional steam reaction could occur. This test was par-
tially successiul in that steady-state operation was established with a 3~1/2-
ft fluidized coal bed but not at the higher bed height. Carbon gasified in the
3-1/2-ft coal bed was about 38% while producing a product gas of 534 Btu/
SCF (nitrogen-free basis). o o o :

" Run HT-126 was conducted to check if the bed behavior and tempera-
tures along the entire reactor length would reach steady values at extended
duration. The entire test wass; therefore, conducted with a 3-1/2-ft coal
bed. The test was completely successful, lasting over 6 hours.

Coal Pfetreatrnent

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

A;\ré Solids Res Feed Gas Rate, Oxygen Concy Avp 'Bed..Tcmp'.'

'Run No, " Time, hr SCFE/hr g - o
FP-73 - ' 0.46 C 783 . 16. 47. ' 772
FP-74 - .  0.56 \ 765 : 16. 19 769
'FP-75 0.35 : 578 © 210 . 726
FP:=76 0.43 . - 778 16. 04 736 -
FP-77 . 0. 40 C 727 16.44 -, 738 .
. FP-78% , 0. 20 . -. 1000 o 210 715

% Intendegi run conditions, but not attained, '

: Bituminous coal crushed and screéned to ~16+80 mesh from Consoli-.
dation'Coal's Ireland mine was used as the feed for Runs FP-73, FP-74, and
FP-78.. The feed for the remaining three runs were chars produced in pre- .
vious runs that were found to be highly agglomerating: In these runs, the .
chars were fed through the pretreater again at high solids rates and high oxy-
 gen concentration to bring down the volatile matter and make the chars non-
agglomerating. The table below compares thé [eeds to the three runs and

the resulting product chars.

Avg % Volatiles Agplomeration

" Run No. in Feed in Product ' Feed Product
FP-75 | 27.8 26.2 .. Fused'. . Free-Flowing'
FP-76 - 25.2 . . 24.1 "Caked Free-Flowing
Fp-77 . 25.9 24,3 ' - Caked . Free-Flowing
Methanation ' ' '

Kinetic runs were made with Harshaw Ni-0104 T nickel on Meselguhr
at low.space velocities and temperatures of 550°.to 800°F. It was possible
to reduce the CO content of the low-CO feed gas (2.8% - CO, 11.8% Hp) to
about 0.1%% atas low as 5500F. A maximum dry product gas heating value.
of 996 Btu/SCF was.obtained at 550°F '

To study the: metha.natloz. reaction at high CO concentrations (5 10 %),
h1ghe:r: space velocity runs are bemg r.xade this month.

" The catalyst life test unit is in operation. An iron-ammonia synthes1s
catalyst will be studied first in an attempt to increase higher hydrocarbon
production through fixed-~bed operation.

Coal Characte rization

: We are continuing the study of the.agpglomerating tendency of pretreat-
. ed coal'with the hypothesis that particles having no oxidation skin are the ones
that agglomerate. Results of measurements on two samples of Ireland coal,

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

“that this agglomeration test was in error.
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Minor modifications are being nfade on the heat-of-reacticn calori-
meter to eliminate the effect 5f heat input to the calorimeter bomb. Some
carly tests show that the first-phase hydrogasification reaction of the most

‘reactive carbon is definitely c:-.othermlc. '

IGT consult'ant. Professor'R., H. Essenhigh of Pennsylvania State
University,repc rted on the first combustion tests of the hydrogasifier re-
sidue. The char showed excellent burning behavior with a stable flame. -
The peak wall temperature on the furnace was between 1300° and 1350°C,
comparable with the best run.on raw Pittsburgh seam bituminous coal. He
sees no reason, therefore, why there should be any difficulty with ignition,
even under pressure, of this residue in a char producer.

Enpineering Economics Studies

Modifications «f the cost estimate for productmn of high-Btu gas by
~the IGT hydrogas1£1cat1on process are contmumg

Two ContIaCtOIb, Bcchtel Corp. and Foster Wheeler Corp., have been

asked to submit:proposals to conduct prehmmary design and cost esnrnates
of the 1-3 ton/hour pilot plant.

No new invenrions were made during the month in the course of this

work. -
Approved Szgned E/UML C S E’/L%
- Jack

bler, Associate Director Frank C. Schora, Manager

N 5 T I T U T E ©o F . 6 A S . T ECHNUOILO G ¥



PROGRAM FOR DEVEL.OPMENT OF I1IGT H‘l

" OCR: Contract Na.14- 01.0001:381 agad

‘ 1964 . 1965 He
v ¥ . . lp“
Aug l Sep } Oct l Ko ] Qec l Jana l Fep I Var I Aor | ‘way ] Jun ] Jul ' Aug I Sep I Det ] n“J Dec l Jan l Feb . l Har -ll
R
' v s nay
o _ ‘ st venr - — l ' X . T ear ’;""]
OHASE 1 i 2 s . . R ) . Jﬂ
. L Estaninn ratesconiroihing Study eileet o1y of vanEbiey Sudy Huwdization and Study Sludy panicle size
L * areas of ogeration u!“dl’gl!:n! s::ney“enf“; Cinetics of estapiith aies for H0-0:C eliect lot both Lised sl h‘uf::v‘ l‘n‘:‘li.l‘
E-1 pretrediment fizedebee systen {luid-ed operation Sysiem and fluid-beg operatior . . g
2, Nvdrogasificatien Telb Y : £-13 E-10% ey £« 9 L
' DS - $15,000 . T-1K * ¢ T-38 Te27 T9 Te21 s .
0pC - 15,500 . 05-87,500 0$-$15,800 DS -512,500 DS-$2200) D5-$11,300
obe - 52,500 oDC- $4,000 opc - 33,000 0DC+51000) obt - 51,000
' 1 2 3 )
to . ot \ ' Sludy ¢ltects of pre X ‘;, on ¢nat propi Establish pulrulmem properties of .m“
¥ coal pretreaiment valt ' - - . X
Y ’ " n’s" ﬁ:)' 400 n’s‘ n;' 400 té
«3 ~310, =312, .3
ot et £ b e sz
-S4, -
u&?-?méés Pradace material required for hydrogasitication rdns '-‘::3
. S . ]
1 2 3 a . 33
. Review state of the art, Quild and shake down “Lap scale catalyst evaluation Swudy elects of gas composition flun smalf |
- and deslgn [ab lest unit tah uni B 5 s pS- $5,150 L, klnul:
e N 8 R S PR N L H 3
Pl I o5 -aa.150 DS « $5,850 Design and cansuuct small ailal unit ey
800 ., % o0¢ - 31,250 €. 5 05 -58,500 B
oDCe0 00C 83,500 . £ one it . 8
R 1 . 2 v
Develop i and si b Ics of canl, char, and - gatablish tests ang develod correlations 181
N spent hyumulsllled rnld- e. Oetesmine Neats o! reacilon ol coa) and :hns estinstion af warih af codt for NW'GI““}j
.+ 4. Caat Chancterteation E u . . $ {: ':H%l
h [}
' . DS ! . 05 -510,200
ooE: 2000 AR . . oDC~3500 i
PraSE IO - 1
. Analyae éng data from hy tication, coal p! ané work, and
' , L] for lests. Uevelap ilnell: equalicns 1o use in reactor deslgn - .
2, Anslysls of Experimental Data ! T . ' c-az . ,
o, . us- uz.auo X .
: . o0L- ¥ i
1 2 B
s Develop simpte math Inteove ang expand model when addittonat dala becomes and arexs where additional RS
. «m;e;lzl,o::‘!:.!::nu , . wala are needed. undl(y process concepl as necessary 3nd hzeu pracess flawsheets updated 7\91
b. Process Cencept Develepment Ees . ' €20 ) .,;."ﬂ
T+0 . o
. ns-:o,znn X :
I o 0DC =$1:500 * X . "k
£o Reactor Dealpn Stedies
)
1 L] 3 [ 5 5 7 A
Oevelop sisple tailed flow sheet, H Cost esumaie of
[tow sheet geud n!uquoa'n et Pracess d"'?n equipment, plant R'W‘, : R:i
: . data Nenz  Dsaseno | marerial batances | °F various sestions | and ing Revision ang upsatinp of flowsheet . Leapd
d, Economic Evalustion review md nlcnslm Te0 QODC.0 Ee3 E-a ugensu $.§ et b
. T.0 30 Too M T-0 o
E=7 D5 ~33,200 DS$1.400 .« D$«51,000 M 053990 DS~ 37,800 . .
70 0D¢-0 obc-0 onC 0 N 5t L L 0BE~0
PHASE I ' o , ' . .
B ;'—..
a, Prellninary Pilat Plant Design _?
. . [y
TOTAL TOTAL COSTS TD OCR (INCLUDES OYERHEAD AND FEE) . ]
* Planned rsss.mo 23,500 | 23,500 | 23,500 ] 23,800 | 22400 20,100 | 26,300 | 24700 | 23,700 | 23,300 23,800 | 30,300 | 20,300 | 27,800 | 27,400 | 28)00 | 28100 23,300 | 23,300 | 230 -::1;3
T T 0 i
Actoa!l 10000} 15000 |23300|14,500 23,000] 21,100} 19,800, 28,900] 23400| 30200 24,500 | 22,900} 25a00) 21,500 | 26,900 | £2,800) 22,300 || 23,400 22,300 25,000}
I - 110,00026,000,48,30 62.80085,80(106.90’::26,70 155,600{ 178,000 | 209200|233, 700}26.600] 282,(00{ 304,00 330,900 358,70 261,000 |ls04.400] 42¢,700(431,70 {
. . Manpower shawn in total man manths: E - Engineess B Costs shown arr: eosts to ocn or oneshalf of total costs, ns“!_
' . . T ¢ Technicians . . ong ’
(- ' 4 " . B .

3






, '
a0

ST HYDRO
381 AGA. PB.23a

o

GASIFICATION : PROCESS

189

)

Rp—

1982

e [ o [ [ [ [

Aug s09_| 13} l luq] Sec l lan l fed l Nar l Apt l way l Jun rlul

"
Eling vear
&
&
&

. i

7

Jra vesr

$tudy Ryaragas ficahon of vaiious coals, hignte, .
. w0 1088 TuvAble CORtONY
Ex2lly
Thd
DS » $27,200
onC .+ $2,000

Perlorm any support work wecessary for pnase X
+ . Doudle eNeck fata on which palol plant 13 beang designed

3.

CRAMENL STeDRTIIEN HI waTICUD COBLS
Ee S4

Vo Teny
. DS«$12,100
5CD- 5500

e e man m— —— —— . w—

Produce malerlal nseded for soy hydrogasitication nns

L)

Run amall pilo unil a0 develay

i
& Kinetie equatisns tor gesign
';‘-3‘ E-I0 Pertorm any support eoi
e T-1 necessary for phase [T
=) ps - 31,300 i )
& <0DC - 35,250 .
o 2 .

' ang develop canefaticas to enatle
Vol mertn of coal for nyaragasification
Bis N

-3 E-} .
£

£+ ' pS-310.200 .

L 00C » 3400 .

b > v wman s — e —— —— o — — — —— —
RN : I, Latworatory ang Phlor Plast X + Englneers W Salaries 349,400

ﬂn i Prase I-26, b4, ¢7  Hen2 Techalchana 165 Dther Dlrect Costs 13,800
e,

R ) Perform analysis of prst data and new data in any MRas Aecessary for phase 11 wark

g B

K. ‘

-

D . . .
S-dditignn : '

‘sted . f

e .

I 1 2
%{' ' Maue otellmingry rexctar design based on wotk with subconiractor on design of sesstors
4 process concent and hygrogatification results . for hydeogasiiication and methanation
W ' E-b 4 E-a
o . T=0 . ‘ Te0
£ D5« 52,800 05=91,800
' Q0C.0 .ODC-O .
Wit ! ‘ ] 9
e . . .
l}" Revision and refinementof . ° Lgoch with subCOntrRCtar on CApItal ana aperating cosls
L : capital and agerating costs for plict plant .
g Esb E«9 o .
10 T-0
0 -$2,800 . DS - 14,100
oo =0 ’ Q0C -0
b3 2
’ ' Devetop pliat plant witn asaistance ol subcontracior werk on phase ITT .
licwsheet with heat «0le .
i Ir:d Taterial palanses as wum.eu In Coniract No. 14-01-0001-361.°
. 33U : E=3d .
LA obosie30”
. -57, . - .
. . .o ooc- 0 .
' “elect architecteengineer .
N snbcontracter » $a8,500 ste Tor arch 1 and - 1 )
2,300 | 23,300 | 23,300 | 23,300 | 22300 | 23,300 | 15.800 15800 | 15800 | 23,700 | 23700 | 20700 '23,703 2,700 | 23,700 | 23750 | 23,700 | 23,700
22,200 2%,000| 32,600 | 25.00C; 28600| 27.200
426,700 481,700]484,300] 509,300}833,800 563400) : ‘

bs - Dlrect $alaries, 3
GDC o Other Direct Costs, $




| DEVELOPMENT OF IGT HYDROGASIFICATION PROCESS

Progress Report — August 1966
. to :

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

Hydrogasification

Three hydrogasification tests (Runs HT-128, HT-129, and
HT-130). were conducted in the balanced-pressure pilot unit. In
the first two of these tests the feed was a lightly pretreated’
Pittsburgh seam bituminous codl (Ireland mine); HT-130 used a
lightly pretreated Chio No. 6 seam bituminous cecal (Broken Arrow
mine) as feed: These coals were reacted in a 3-1/2-ft-deep fluid-
ized bed wiih a hydrogen-steam feed gas mixture contsining either
30 or 50 mole percent steam. Temperatures in the free-fall sec-
tion above the coal bed, were held at about 1300°F; the temperature
at the bhottom of the coal bed was controlled at 170C%F in Runs HT-
129 and . HP-130, at 1800°F in Run HT-128. Runs HT-123 &nd HT-130
were conducted at the standard reactor pressure of 10M0 psig, Run
HT-129 at 1500 psif. These tests are a part of the series investi-
gating hydrogasification in a duval-temperature operation. Nominsl
coal feed rates were T4 1b/hr in the first two tests. and 55 1b/hr
in Run HT-130. * The hydrogen/coal ratio in all these tests was 25%
of stoichiometric. All the tests were successful and of suificisnt
duration for evaluation of test conditions. : .

_ In Run HT-128, the cosl bed was successfully maintaincd
at 1800°. The relatively high coal feed rate of T4 1lb/hr and the
reduced steam concentration of 30% in the feed gas helpad in keep-
ine this temperature level.  The test lasted 5-3/4 hours, and was -
terminated when the coal feed supply was spent. Of the carbon in
the coal, 37% was gasified. A product gas of 564 Btu/SCF (nitro-
gen-Tree basis) was produced. - L

_ Run HT-129, conducted at 1500 psig, is the Iirst hydro-
gasification test made.in the-balanced-pressure pilot unit at a
pressure higher than the standard 1000-psig level. The objective
of the test was to see if improvements in carbon gasification and
in the -product gas heating value could be realized at rressuras
zbhove 1000 psig. The run was ended after 5-3/4 hours when the
coal feed supply was used up. Carbon gasification was about 37%.
A product gas of 581 Btu/SCF (nitrogen-free basis) was produced.

' Run HT-130 with Ohic No. 6 seam bituminous coal was con-
ducted at the standard fluldized-bed dual-temperature run condi-
“tions. Earlier in the program this coal was hydrogasilied in a
men Ing coal bed at one temperature level (August 1965 Project Sta-
tus Report). The objective of the test was to evaluate the per-



Powmance of the Onlo No. C seam coal mE fluidized-bed conditicns.
. Tho hylvogas?L icaticn test was succpss“ul, lasting over i Lours.'
The run had o be terminated somewhal ShOPL of’ the Dvoevummcu 5

1/2 hovrs whon a larse leal: mnvn1cned in the connector 1LLuh' at
vhie uOD oi" the reactor. ' " :

Gunl Pﬂetv atm

Ninge DV“BIS Lm nt tests wore made Lﬂ the § lulaLubp-de

mretreater to study minlaum protreatment condlitions and to supply
Lhe hydrogasiiication wiits wiih H"V"“¢70N€Paclng feed rha-.
Nom: nal conditions for the tesis vere:
; - Avg Solids Res Feed (s Rauc, OAyteq CUnu, e
Run No. . Time, hr ' 3CF/hy G- Temm b
LPP-1SA . 0.30, o 1251 T 21.0 . s
Fr-70 G330 : Ny . 21.0 T8k
FP=-00 | T Q.24 1152 21.C T
FpP-81 o Q.26 . 1C8C 21.C¢- guh -
PP-G2- '0.25 1100 21.0 815 -
FP-82A- 0.25" R 2l1.0 815
#r-82B" . 0.25 S 110U '21.0 815
FP az2¢ 0.25 1128 z1.0 8175
PP~ 35 C.27 1077 21.0 515

« Intended run COﬂalurons, hut. not attained.'

Bituwninous coal. crushed and¢ screened Lo —16+G0 mash
or1 Consolidation Cozl's l;--and mine, was use? as ithe eed for
&11 .in mmns. Thest runs Wers aztompbs to increasc Lhe capncli-
ty of the wli as well as to achieve stavle runs with. only air
as the oretreaiment gas. Considersble daiificulty was met vhen
Lrywnc to ooerate the unit esbove 800°F. Cr.trel of the resction
can pe sitained at.800°F with & 15-minute r.sidence -tima. This
fpuears at pre sanm uo be the practical limit of pretreator czps:-

b.y-

h "ch&natl on

A SUudy of the methanmtfon reaction caLalyqol by Har-
-0104T nickel catalyst .has reveaWed that; at hiyher 'CO
rations (5 10%):

2. Formation of Nw(CO)4 mvght oceur signif ;cantly at
temperauures above 550¢ F, ard _ .

b Di rLus‘OD of rcacLants dnd products into the por-
ous' catalyst might influencs the observed rate of
the methanation rcaction. '

.\ comparison will be made of the ohserved reaction rates for scv-
eral catalyst particle: SLZGS &t higher temperatures (above B50°T),
and in the 5-10% Co rang

PN S T LT U T E o ¢ 6 A S T ECHNGOLGO G Y



The catalyst 1life test unit was used for a melhanation
i using iron-ammonia synthesis catalyst. The feed gas conlain-
cd 12.379 €0, 29.5% Haz, 1.2% CzHg, and the balance CH. and inerts.
Two steady-state periods werc attained with space velncdlities of
824 and 226 SCP/cu It catalyst-hr, 1000 psig, and & imucimum bed
temperature not exceeding 500°E.: With the lower space velocity,
©.1% CO was removed, -hut heavy hydrocarbon content .of the product
a5 did not exceed 3%. Of this, about %0% was composcd of -ole-
fins. The heating value was low — about 840 Bbtu/SCF ~ due Lo the
product containing sbout 4% COz .and 20% He. 'Similer results wure
~attained,with the higher space velocity, but with higher CO end
lowver Cz' in the product gas. The successful incressc in heat-
ing value of methanstor product gss by use of iron catalyst de-
pends greatly on the follow-up nickel catalyst reaclor yldch.omist -
- methanate the CO2 and Ha without hydrogenclyzing the Cz% paralfins.

Coal Characterizaition -

’ Connection shields of & bevter design were instelled in
the heat-of-reaction calorimeter. This modification reducos ihe
heat loss to a minimum and permits much ‘better reproducibility of
axporimental results. Work on Ireland mine.coal is being contin-
ued. - S o . : ‘ :

. Rozincering Economics Studies

.. A process design and cost estimate for a 250 hillion
" Blay/day pipeline gas plant has been completed. This design dif-
iors from the state-olf-the-art design in that the hydrogasilica-~
tion step is bhased on fluidized-bad pilot plant .data. The hydro-
gen is supplied by the steam-iron process. Totzl capital invest-
ment is $105,300,000 and price of gas, with $4.00G/ton coal, ranfes
from 50.2¢ to 54g/million Btu,. depending on by-product fuel crs-
Cdits. ‘ : ' o o

‘ Bechtel Corp. &nd Foster Wheeler Corp. have submitted
proposals, by invitation, for the preliminary design of the hy-
drogasification portion of the proposed pilot plant. These pro-
posals are now being revieved. ‘ ' o ' :

. No new inventions were made during the month in the
course of this work. ’ , ' ' L

« ) ’.‘ . . . g /. . . ‘
Approved éécfg Serenig Signedﬁ”‘LZ:g gt

Jack Hueblsy, Associate Director Frank sénora, Assistant Director
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DEV“LOPMENT OF IGT HXDROGASIFICATION PROGESS

Progress Report —-September 1966
to’

. Office of Coal Research S : -
Contract No. 14-01-0001-381 " ' :

Hvdroga51flcatlan

Six hydroga51f1catlon tests (Runs HT- 131, HT—132 HT-

133, I-IT- 134, HT-135, and HT-136) were mede in the balanced- .
pressure pilot unit. The first two were conducted with a light-
1y pretreated Ohio No. 6 seam bituminous.coal (Broken Arrow mine).
The coal was reacted in a fluidized bed with a hydrogen-steam
feed gas mixture containing 30 or 50 mole percent steam. Tem-
peratures in the free-fall section above the coal bed were held .
at about 1300°F; the temperature at the bottom of the coal bed
was controlled at 1800°F in Run HT-131 and at 1700°F .in Run HT-
132. In the four other tests, an untreated but dried North Da-
. kota lignite was reacted with a hydrogen-steam feed gas mixture
containing 50 mole percent steam. In Runs HT-133, HT-134, and -
HT-136 the lignite was reacted in a fluidized bed; in Fun HT-135 .
it was reacted in a moving bed. Hydrogen-to-lignite feed ratios

were 25% of stoichiometric in all the tests except Run HT-132,
in which it was 20% of stoichiometric. The two tests with Chio
No. 6 seam coal and the moving-bed test with lignite were com-
pletely successful. The three lignite tests conducted at fluid--
ized-bed conditions were terminated before steady-state operatlon
could be established due to plugs in the coal feed tube.

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

In Run HT-132, Ohio No. 6 seam coal was. gaSlfWGd in &
3-1/2-ft coal bed when fed at a nominal rate of 66 1b/hr. A .
steady-state operating period of nearly 1-1/2 hours was obtained
. before the coal feed screw jammed, due mainly to product gases
working up to the feed screw. Two openihgs in the coal feed
tube insert were 1nndvertently left open allow1ng product gases.
to rise to the screw. ,

Runs HT-133 and- HT-134 were the first two attempts to .
hydrogasify an untreated North Dakota 11gn1te in the balanced-~
pressure. reactor. The 1;§n1+e reacted in a 3-1/2-ft-deep fluid-
ized bed operated at 1700°F, with a temperature of about 1300°F
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in the free-fall section above the sollds bed. The feed rate
was 53 1b/hr in Run HT-133, and 79 1b/hr in Run HI-134. The
feed in both runs conbained about 21% moisture. Both tests
lasted a little over 2 hours. They were terminated when the

. feed screw jammed after a serles of reactor pressure flucuua—
tlans and upsets. : . AR

The North Dakota llgnlte was successfully gasified in
Run HT-135 by reacting it ih a 3-1/2-f% moving bed with a hydrogen-
steam mixture. Iignite and gas feed.rates were reduced to ‘about
. one<half of-those in Run HT-I34. " The lignite feed rate was.a
" nominal 40 1lb/hr, and the hydrogen and steam rates were both .
265 SCF/hr. The entire test lasted 7-1/4 hours. - For the: last .
. 1-1/2 hours, the lignite and gas feed rates were doubled, and
-fluid-bed operation was established. The fluld-bed opsrating,

© . Pperiod was characterized by significant. pressure fluctuations .

but these did not effect the screw feeder. The Tun was termlnat-,
ed when the 1lgnlte feed supply was used up.

- The fluid—bed hydroga31f1catlon of llgnlte was again

‘tried 1n.Run HT-136. . Conditions were similar to those of Run.
HT-134, except that the llgnite feed rate.was adjusted.to 66 lb/
hr to compensate. for 5% molsture in the lignite. Within 3 min-

utes of the start of lignite feed the screw feeder jammed and
could not be cleared. This extremely short feed period indicated .
that the. feeder was already partially jammed before the screw was
turned on., There were-two interruptions during pressurizabion
of the unit to 1000 psig when the pressure had to.be reduced to
atmospheric -from about 50'psig to clear obstructions in the feed
gas line. During these times lignite had been suddenly drawn .
from the feed hopper at a hlgh rate into the coal feed: tube where
it bridged. .

Coal Pretreatment’
' Eight pretreatment tests were run in the Iluldlzed—bed o
. pretreater to study minimum pretreatment conditions and to supply
the hydroga31f1catlon.unlt with nanagglomerat¢ng feed char. -
’ Nomlnal conditions for the tests were

" ' " Avg SOlldS Res . Feed Gas Rate, Oxygen Conc, Avg Bed .
Run No. .’ Time, hr T . SCF/hr_ % Temp, °F

FpP-84* - 0.25 ‘ 1000 21.0 800
FP-84a . 0.26 - S 952 - © - 21.0. + 801
FP-86 Q.42. - . 675 21.0 720
FP-87 0.30 . 9ok . . 21.0 778
FP-88 - 0.30. . 902 " 21.0 801
FP-89*% 0.30 . 875 21.0 - 800
© TP-89A 0.30 . 867 21.0 . 8ok

. * . Intended run conditions, but not attained.

i\ N S T 1T U T E o ¢ & A - T EC HNOTLOG Y



Bituminous coal, crushed and screened to —16+80 mesh, .
was used as feed for. six of the.runs. Runs FP-84, FP-844, and
FP-85 used Pittsburgh No. 8.coal from Consolidation Coal's Ire- .
land mine. The remaining runs used an Ohio No. 6 coal from
Peabody Coal's Broken Arrow mine. Runs FP-85 and FP-86 used
. Various, previously pretrested char as feed material. A -

Thesé runs were made mainly to supply the hydrogasifier

- with nonagglomerating feed char, but different conditions for -
pretreatment. are being investigated on the Ohio cozl as time per-

mitss Ths Ohio No. 6°coal at this time seems to-be very similar
to the Pittsburgh No. 8 coal in the amount of pretreatment nec-

- essary to render it free-flowing. .. ‘ ‘ - -

Methanation

A life study was made using a new lot of Harshaw Ni-
"0104T nickel catalyst -to check variations in the manufacturer's
_-samples. -Three weeks of steady operation were achieved at low
space velocity, with the highest bed temperature sbout 1025°F.
Carbon monoxide was reduced to less than 0.1% in the product,
- but data on methanatlion of COz were not obtained due to a
deficlency of hydrogen in the feed gas. All the ethane and _
. heavier hydrocarbons (3.4%) were converted to methane. The cata-.
lyst did not appear to deactivate. A similar test is plamnned
for CGirdler G-65 nickel catalyst. |

-Coal Charécteriiation

I The heats of reaction of hydrogen and coal were mea-
sured at 1300°F and 1000 psia. The coals.and chars measured were
Ireland mine raw -coal, pretreated.coal, low-temperature hydro-
gasifier residue, and high-temperature residue. The samples .and
results of the runs are being analyzed. : '

_ The heats of reactibns of hyﬁrogén and coéls'are now
being measured at higher pressures and temperatures.

 Engineering Economics Studies

: : The report on process design and cost estimate of a
pipeline gas plant using the steam-iron process for coal gasi-
‘fication was distributed. B : ‘

We .have made some preliminary cost estimates of the
cost of pipeline gas with hydrogen derived from a synthesis gas.
This gas 1s generated by gasification of spent char using élec-
trical resistance to provide the energy for gasifiecation.

. An invention was made this month pertaining to the

operation of the hydrogasifier. T our present concent of the
process, the hydrogen/carbon monoxide ratio of the gas going to
“the catalytic methanator is governed ty the amount of steam de-

TN S T L T U T B o F 6 A S T E C H N OULOG Y -



composed in the hydrogasifier. and the -amount of extermnal hydrogen
fed to the hydrogasifier. A shift reactor is avoided. TUnder cer-
. tain conditions it may be difficult to control the Ha/CO ratio at
3.5 — an ideal ratic which enables conversion of essentially all
the .carbon monoxide and hydrogen to methane. In our, present con-
cept, should the ratio tend to be higher, CO2 is methanated to re-
move the Hz. . This is somewhat’ undesirable because it wastes hy= .
drogen. The invention involves the use of electrical heating
either by resistance, arc, or induction methods to supply addi-
+ional heat to.-the fluidized-bed -portion of the hydrogasifier.

By supplying this heat, additional..steam will be "decomposed,which

- lowers the Hz/CO ratic. This makes it unnecessary to methanate

. ‘00z to .produce a high-Btu gas. '@ . -~ C . v

.. .' , ' N ) . ‘. . / " . . . )
Appr_ov_ed <M -~ Signed & } WM/’ L

Jack Hueb}ey,. Associate Director = Frank Sehora,, . Assistant Director
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DEVELOPMENT OF IGT HYDROGASIFICATION PROCESS ‘

Progress Report - October 1966-
: to

Office ‘of Coalt'ﬁesearch .
Coritract No.'1#-01-0001-381

: Swmnerj

. Three h}fdrogasification runs were attempted. -All ‘three were

terminated . before steady-stotc operation begen.. There were
mechanical problems with the feed system in two and a steam
leak at the base of the reactor.in the third. .These 4iffi-
cult:.es have been corrected. . s

Becaiuse of gradual fallure of thermocouples dur.Lng 18 months.
of opera.t:l.on, temperature control was lost in the lowsr sec-
tion of the tv 2, resultlng in failure of the tube wall due . .
to overheating. . .The h_ in,-dism rea.ctor tube was replaced
with a new tube equipped with a nev set of wa.ll thermocouples.

Six flu:.d:.ze,d—bed coal pretreatment runs Were attempted. OF
these, five were successful. These tests were made on No. 5

. Block coal from West Virginia to determine minimum pretreat-

ment condltn.ons, and -to supply material for hydroga.sa_flcatﬂ on

‘ tests.

.In the catal ytlc methanatlon progranm, the react:Lon rates for

Girdler G-65 catalyst are being determined. This work is

' prov1d:_ng deta for the preliminary pilot plant design.
. The economic study report. "Evalustion of the Effect of By-

Product Char Production .on the Economics of Pipeline Gas .
Manufacturd was- submitted. . This. study, which was based on -
the original state-of-the-art design, indicates that gas

cost can be reduced by about 4 cents when by-product char

amounts to 35 40% of process coal feed.

. We are now cooperat:.ng with Bech+e1 Corporation to def:.ne
the pilot plant flow sheet on which Bechtel's fixed price

estimate for the prellmme,ry des1gn work will be based.
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Hydrogasification

- Three hydrogasification test start-ups were made in the bal-

anced-pressure ‘pilot unit -(Runs HI-137, HI-137b, and. HP-137c¢).
The objective of these tests was to hydrogasify an untreated:.
North -Dakota lignite in'a 371/2-ft—deep~fluidizéd bed with a°
hydrogen-steam feed gas mixture. containing 50.mole percent steam.
Wominal lignite feed rates were 66 1b/hr, and the hydrogen/coal
ratio was 25% of the stoichiometric ratid of 34 SCF hydrogen per
1b lighite.. The temperature in the free-fall section above the
-lignite bed was held. at about 1300°F; the temperature at the
bottom of ‘the lignite bed was held near 1700°F. Two of these :
. tests (Runs HT-137 and HT-137t) were terminated soon after start-
up because of mechanical difficulties with.the lignite screw
feeder. In Run HT-13Tc, cteady-state operation was established,
but, ‘because the lignite could not be discharged from. the bottom
of' the bed, the test had to be terminated. .

About 3 min after the.start of lignite  feed in Run HT-137,
the feed screw jammed.  Efforts to clear the screw by reversing,
by reducing and stopping gas end steam feeds, and by depressur-.
izing the reactor falled. After shutdown, we discovered that
the pressure-equalizing rupture disk between, the reactor and the
reactor shell was ruptured. This suggested that the screw jam-
. med because of a lignite plug in the feed tube caused by -a pres-

sure upset induced by the ruptured disk.

. ITn Run HT-1357b, the lignite feed 'screw jammed agaln.after
about 3 min of operation. No lignite plug was found after this
-test, which indicated that the feed screv jamming was essentially

mechenical in nature. ' This was confirmed by a series of feed :
“tests at atmospheric pressure in which the screw jamming during

" the tests was duplicated. 'The screw began to bind in the screw:
housing soon after, the housing filled with solids. The: binding -
gappeared to be primarily in a section near the comnection be-

. tween the screw housing and the hopper. . To correct this, the
diameter .of the Tlights in this section was reduced by 1/8 .in.;
“Also, 10 reduce the possibility.of '‘binding at other points, the

. front edges of the flights of the forward 13 in. of the screw

were beveled. After these modifications, the lignite feed mech- a

anism was tested again. .No binding occurred dQurirg operaticn
with a variety of feed rates. o L

In Run HT-137c, the lignite bed reached -3-1/2 ft, and the lig-
nite, Hydrogen, and steam rates were stablilized as steady-state
operation was being established. However, lignite would not dis-
‘charge from the bottom-of the bed, so the test had to be shut
down .after 2 hr of operation. This difficulty was.caused by a’
_leak at the base of the hydrogen-steam feed tube. The leaking
" steam condensed in the discharge housing, wetting the lignite -
'so it would not flow. . ; e
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After Run HT-lB?o, we found tha.t the feed £as tube, the ther-
mocouples, and the gas sample probes. vere. damaged by fusion of
the metal at two points. At the lower point, corresponding to
the bottom of the furnace, they were fused to the inside wall of

' the reactor tube. After the damaged components were removed, a.

. pressure test revealed that the reactor tube had also been dam- .
‘aged, so it was also removed from the shell. There was .one large .
% 2.in.) hole -and:four smaller holes .in the wall of the rezc-
tor tube. These were formed by fusion of the metal near the - .
hobttor of the furnace section.” At a level correspondlng to the
top of the solids' feed bed, there were about six' small-diameter
. holes (1/8-1/% in.). . These holes resulted from attack of the
“metzl from the inside of the tube. ' The fusion of the reactor.
tube ‘and of the internal components vas prlmarlly caused by the:
‘loss of temperature control in the bottom.zone of the reactor

furnace which resulted from failure of the thermocouples :Ln th'rs
zZone. .

A Yep'iaoement 4—1_n.-p1 pe, Type 4% 6 steel’reactor tube, and
22 wall thermocouples ‘have been installed. Reassembly of the-
pilot unit eoulpment components at the top and the bottom of
the r actor is continuing.

Coal Prei tree, ument

. Six uretreatment tests ‘were run in the lu5 dized-bed bretree.t— ‘

cr to study minimm pretrec,ument conditions and to supply the

h\rc‘row s:_:L:Lcat:Lon um.t with nonagglomerating leed char
I.‘Ionu_nal condit ulOIlS for ‘the tes ts were:

. 'Avg Solids Res . Feed Gas Rate, O:éyg;en Avg Bed

Run_No. Time, hr . SCF/hr Cong,% - Temp, °F
FP-90 0.3 880 . 21.0 803
FP-91 0.32 C o7k . 21.0 775 .
FP-02. .. 0.28 . ! 1114 . 21.0 800
FP-93+ .. 0.25 1200 : 21.0- - 800.
FP-93a . :0.25 ‘ 1181 21.0 - 801

FE-9% . 0.40 - 657 21.0 726

~

Run ooncu_t'- ons 1ntended, but not & tulned.

- Bituminous coal crushed and screened to —16+80 mesh was used -
as leed for five of the runs. Run FP-94% was fed the char made
in I'?~91. The coal used wes a high-volatile bituminous from the

No. 5 Block of West Vlrgmla. The coal was obtalned from Union
Carb:.de 's Hanawha mine. ‘ '

o Runs FP—OO end FP-9OL xvere wade to determine the best reactor_.
~ten'perature for this ccal. The best temperature again appears
0o be 800 F Runs I"P 92 and I"P 99& were made to determ:me

R U
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" anproxnnately the minimum residence tlme necessary at 800°F.
This. appears to be about 16-17 min. Run FP-94 was made to ren-

der FP- 9l's char free- flow:.ng W:Lthout cons:.de:m.ng m:m::_mum condi-
ti ons '

The pretreater was. a.lso used as a Tluidized-bed drier for ;

" North Dakota lignite that is being tested.in the hydrogasifier.
The' lignite was predried .in batch driers to 21% moisture, and
then run through the pretrea,ter at 220°F with hot air as the .

© fluidizing gas. The moisture was. reduced.to 575, ‘making the lig-.

e nite suitable for bydrogasifier feed:

: ’\'l°t11aham on

Catalyst deacm vatlon 1n stlrred—reactor tests :Ln the past
ua.S proba’o - caused by the small amounts. of sulfur present in the .
fred gases. These gases are used for both stirred-réactor and.-
1me suudy runs. Sulfur removal systems using a Zn0O catbalyst at
G50°F have been installed and. ueS'LS m_l'l begin next month..

Seve'wa‘l_ stirred-reactor runs were made us:.ru‘ the Girdler G-65
'cz‘talyst This catalyst, which is less active than Harshaw Ni-
01.04T, would.be more practical for the higher- (5-13%) CO concen-
trations now expected in the methanstor. The Harshaw catalyst
ywould be better suited for rinal clearup (less than’ 5% CO). Data.
indicate that the rate of CO me thanation is roughly first-order
in CO up to about 12% CO for the Girdler cata lyst. . Additional
‘mna are necessary becauss of some qulfur pO.LSOI’]_Lo. o

Coal Charactew zatlon

g ’ The measurement of the. 1qéat reaction of ‘wdrogén and coals
is wontimiing. The heat capacity of chars is being measured for
Lemoeratures from _"LOOO° 15000“ :

Wlo nev inventions were mde during the month in the course of
this work. .

Dum.ﬂg the” month we have .been working with Bechtel Corp to
clclz.ne the flow sheet for the hydrogasa_flcatlon plant. .This

© flow sheet will bhe used by Bechtel in establishing. 1ts flxed

prlce for the preumnary des:.g;n work.

o kil

. Approved

i Jack Hueblfh,: Assdciate.Director ., Frank Schore; 'Assistant Diréctor: °'.
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" DEV'ELOFMENT 0/ IGT HIDROGASIFICATION PROCESS
' Progress Report —-December 1966
‘to

Of‘f:.ce of Coal Research
Contract No. 14 01—0001-381

| -Sunmar}[ |

1. Seven hydrogasiflcatlon tests were conducted durlng the
month _ ) SR ‘
2. The test series for the. evaluatlon of ]_'Lgnlte hydrogasl- ‘
' ficat:.on was comp_v.eted . _ o
'3. The . test serles for “the evaluatlon of West V:Lrglnia I\To. .
-} Block seam coal is nearing complet:.on. ) '
F:.ve pretreatment runs’ with Illinois. I\To. 6 coal’ were
. attempted to find su:Ltable opera+1ng conaltlcns for pre-
treagtment of this coal.. .The fluidized. bed operated '
‘ successfully for only one - run _
. A life study of the G-65 methanat:u.on catalyst was ter-

. m:s.nateﬂ after- 10 days ‘because of carbon deposﬂ::.on, pre-. ,‘

sumably due to the loss of temperature control :Ll'.l the

. catalyst bed
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' Bydrogasification

Seven hydrogasification'tests'were conducted this month in
~ the. balanced-pressure pilot unit. Four of these tests. (Runs.
‘HT-142,. ‘HT-143, HT-144, and HT-145) were conducted -with North

- Dakota lignite from.the Mercer County DlStrlCt-u These tests

concluded the basic test serles for evaluatlng the fluld-bed
hydrogasificatlon.performance of Algnite in the pllot unlt.

. The other three tests (Runs HT- 146 HT-147, and ET-148)" were,f
conducted with a lightly pretreated West Virginia No. .5 Block
seam bituminous coal. Iast month, hydrogaeification.of this
coal was Pipst attempted 1n two unsuccessful tests. In both
of these tests, the coal Ieed tube plugged before steady-state
operatlon could be establlshed. :

With Run HT-142 the study of the throga51f1catlon of un- -
treated llgnlte in a fluid béd was contimued. . Lignite, at a
nominal feed rate of 93 lb/hr, was reacted in a’ 3-1/2-foot-deep
fluidized bed. At these flow conditions the’ hydrogen/llgnlte
ratlo was 25% of the st01chiometric ratio, and the steam con-
centratlon in the hydrogen-steam feed gas was 30 mole percent.
The reactlon was conducted at 1000. p31g with the. llgnlte bed,
temperature controlled t0 a nominal 1700°F, whlle the free-fall
zone above the- bed was regulated to about 1300°F.. The test had
to ‘be termlnated after about 1 hour of lignite feedlng when lig-~
nlte agglomerated at the 'end of the coal feed tube. and the screw
feeder Jammed Agglomeratlon of the llgnlte appeared to have
.started in the 4-1nch reactor, tube near the coal feed tube.
Thejprdbanle cause of 11gn1te aoglomeratlon Was the hlgh.heat
release at the teop of the reactor, whlch was occasioried by ‘the
high reactivity of the 11gn1te, “the hlgh feed rate, and an ini-
tial hlgh hydrogen/l_gnlte ratio before the lignite feed rate
was 1ncreased to 93 lb/hr._

Run HT- 14) was conducted at condltlons 31m11a% to Run HT-142
To minimize chances for agglomeratlon, the . top >0 1ncnes of the
.reactor tube Were controlled to lEOO°F, and‘to allow a nearly
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constant hydrogen/llg:nlte I-atlo of 25% of sto:.chiometric to be
maintained at all times, the hyd:eogen rate wa.s increased in
proportion to the ln.gnlte rate. Steady-state operation in this
‘test was just being established after 2- -1/2 hours of lignite.
feeding when the coal feed tube plugged as the 1ignite agglom—
erated at the end -of the tube. Although steedy-state opera.ting
data were not obtained in this test, the run did establish the
~ valldlty of the modifled sta.rt-up Trocedure for minimlz:mg
chances of lign:l.te agglomeratlon. _ -

In Run HT-144&," the 11gni'be was reacted Wluh 8 hydrogen—stear

ure containing 50 mole percent steam. The hydrogen/lignite
;ﬁo was 20% of the stolchiometric. The nominal lignite feed
" rate was 20% of '=to:.ch:x.ometric, the hydrogen feed rate was a
‘nominal 530 SCF/hr, and the steam rate was 25.3 1x/ The
reactor pressure, temperasture, and lignite bed helght were sim-
“iler to those of Run HI-1%¥3. The test was completely success-
ful. Tt was’ ‘terminated after 5-1/2 hours when the :h_gnite feed
: cha.rge was used: up : , :

Run HT-lllB was conducted at cond:.t:.ons s:u.mn.lar to those of
Run HT-1%2. The features of thJ.s test were a hydrogen/hgnite
”rat:.o that was 25% of stoichiometric and a steam concem,ratlon
of 30 mole percent in the hydrogen—eteam Peed gas. The run
lasted 5-1/4 hours with about 2 hours of steady-state operation.
- It was shut down when the feed supply was used up. This run
‘concluded the - current series of lignite hydrogas:.f:.cat:.on stud- -
ies in the p:Llot um.t at fluid-bed cond:.tlons-

The three tes ts with pretreated West Virgj‘.nla bituninous
coal were conducted with a 3-1/2-foot fluidized coal bed at ‘
1000 psig. The coal bed temperature was controlled to. a nom-
inal 1700°F, while the free-fall zone above. the bed was regu-
lated to s@bout 1300°F. In Run HT-146, the coal was fed at a
nominal rate of 53 lb/hr and reacted with a hydrogen-steam
, mixture. conta,lmng 50 mole percent stean. _The hydrogen/coa..r.
ratio was 25% of the stoichlometmc rat:.o. The test was com-‘
'pletely successful, none of . the plugglng di:t"flculties exper-‘
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" ienced with this’ coal last month in the initial hydrogasifica-
-tion trials were encountered. The duration of the test was 6
hours. - .

‘ In Run HT-:Llr/, the coal feed rate was a nominal 72.3 1b/hr
The h'ydrogen/ coal ratio was 25% of the sto:.ch::.ometr:.c ratio,
and the steam concentration in the hydrogen—steam feed gas was
30 mole percent. This test was also successful. . It lasted 5°

- hours with, 1-1/2 neurs at steady-state operation. .

In the third test with West Virginia coal, Run HI-148, the
hydrogen/ coal ratio’ was reduced to 20% of sto:.cha.ometric, vhile
the steam concentrat:.on in the hydrogen— steam feed gas was ad- .

: justed to 50 mole percent. The coal i’eed_rate was & nominal

64.5 1b/hr, This run was only partially successful as the coal
feed screw jammed after 1/2 hour of steady-state operation. Ag-
glomeration of the coal in'the feed tubewae responsible for the
. screvw's jamming. Total coal feeding time was 3 hours. ' '

Coal Pretreatment

Flve pretreatment tests were run in thé fluidized-bed pre-
treater to study minimum pretreatment ‘conditions and to, supply
. the hydrogas:.f:.cat:.on unit m_th nonagglomeratmg feed char. The -
. pretreater was also again used as a drier for llgmte to be used
in ‘the hydrogasz.f:.er. :

Table 1. . l\T@fLLNAL GOI}DITIONS FOR THE PBEIREATNENT TESTS
Avg So1ids Res Feed Gas Rate, Oxygen © Avg Bed

Run No. .- . Time, hr SCF/hr . Conc,%  Temp,°F

FP-101B . 0.33 ~ .. 1283 .. ' 21.0 - 798
| FP-102% 0.30 : 1150 ©o.2L.0 775

- FP-102A* . -0.30 . . 1150 21.0 775

FP-102B* -+ 0.30 - 1150 21.0 775

FP-102C* 0.30 . 150 21.0 775

* TIntended run conditions but not attained.

Bitwnineu:% coal crushed and screened to —16+80 mesh was used '
as feed for all five runs. The coal used for all the pretreat-
ment run= was f'rcn the Ill:.no:.s No. 6 coal bed and was, suppln.ed .
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by Freeman Coal Mining's Crown mine. North Dekota’ lignite with
35% moisture was dried to 5% moisture using both air and nitro-
gen as the fluidizing gas. The drying temperature was 215°-
230°F with a feed rate of 25- 15 Ib/hr -of wet —1o+80 mesh’ lig-
nite. The pretreatment runs on Illinois coal were attempts to .
operate at meximum capaclty ahd +to overcome problems associa.t-
.ed with the h:.gh amounts of tars in the scrubbing system. The
scrubbing water in the last month has cooled somewhaet and caus- .
"es the tars to plug up the serubber drain system and the liquid-
level controller. This problem ce.n be overcome by heating the
scrubblng water to a temperature’ level similar to that of the
summer months: . 75°-80°F. Both s’cea:m injection and electrical .

Heating of the water were tried, but neither has been- comple’ce-
1y successful as yet. . :

‘The four failures of Run Fp-102 were caused by dif’ficulty
in sealing a new porous plate into the reactor. The problem
was overcome by welding a support ring into the reactor ;bottom
and using leaded gaskets on both the top and bottom of the
aolate to prevent feed gas from gomg around 11:. -

Me tha.nation

- A 1ife study was made using Girdler G—65 catalyst crushed
to —10420 mesh in the new reactor described last month. Space
velocity was 3000 hr™%, and. the maximum bed teémpersture was o
about 1050%F. CO conversion decl:l.ned with time on-stream angd,
after 10 days of running, the run was terminated. We believe .
the failure was. due to the inability to control the feed gas
tenperature, which was about 835°F when the gas entered the
reactor. The feed gas .contained 12.5% CO, and cerbon deposi-
tion occurred, thus fouling the catalyst.

Eng:.neerlng Economics Studies

Further work has been necessary to complete the plant ener-
gy balance in the study of the manufacture of ‘hydrogen for .
pipeline gas production by the ga',sifi‘cat'ionl of ceal cha.ri;eing \
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'.elec’cric resistance to subpljr the heat Tor gasification'; We
-are a,wau'._ng the costs of the electric generating: eqmpment
'before completing our investment summary. : :

Calorlmeter

The hea.t of react:.on of 'bhu pretreatment of coal is complet-
-ed for the range of 8-18% pretreatment at TOOCF. Experunents
are being conducted at 800°F for the same range of pretreat-
ment. : :

No J_nventions were made th:Ls month under th.ls contract.

Approved ) M[éu . igﬁed ~

Jack Hueble /ASSOC:Late D::.rector Franl Schora, Assisbtant Director
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