SOMMARY AND CONCIUSIONS

e Koppers powdered-coal gasliler and 1ts ruxillaries
Thie unit was designed to convert 1 ton of coal per
primarily carbon monozlde

The design and operation of th
at Iouisiana, Mo., are described.
hour with oxyegen and superheated sieem into synthesis gas -

and hydrogen.

The first run was made on May 4, 1949, After this, 4h short runs (less then 8
hours each) end 1 long run (lasting Il days) were made, Total gasificatlon time was
420 hours. The gasifler was not cooled down during the year when these mms were made.

After an Initial periocd of test cperatlons and equipment proving, during which 12
rins were made, theo effect of numerous varlsbles on gasifler performance was gtudied,
' The long run was made primarily to check the equippent in sustained operation. Detailed

. date from these rms sre Iresented.

Tnepections of the gasifier lining while hot after rns and cold after shutting
: 4t down showed some sroslon in the conleal end sections.

From the performence of the gasifler the following conclusions were reached:

(1} The prime operating variable 1s the ratic of oxygen to coal, The Increase
in cenverslon of carbon ls nearly linear with increase in oxygen-ccal ratlo,

(2} The combined oxygen snd coal requirements per unit of synthesis gas reach
A minimum in the rangs of ¢ to 10 cublc feet of oxygen per pownd of coal,

In this range the carbon ccnverslon was 80 to &5 percent,

(3) Some imdicatlon of an improved gesificatlon efficlency was obtalned when
i using a very fine coal grind or tncreased turbulence through the use of stesm Jets.
Mechenical diffliculties prevented further studles of this nature.

(4) Other mechenicel and process varisbles tried had either little or an
adverse effect on performence.

the wit could be operated for sustained perlods at

(5) With scme alterations,
to give the most efficlent gasgification,

the oxygen-ccal ratlos that were indicated

The operating results indicated that, due to short circulting, more of the coal
had been pasaing unreacted fram the gasifler than otherwise would have been the casa,
It wvas beliaved that & change in the gscmetry of the musifier to minimize short cir-
tulting would improve performance. Work done at the Morgantown, W. Va., station of
the Dureau of Mines supported thls contentlon, end, because of this and as & reosult
of pofractory sthudies that hed been made, 3t was declded to intervupt further work on
the Koppers unit end construct a vertical, cylindrical up-flow gasifier lined with

high purity elvminum oxide refractory.
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ACENCWIBDGMENTS

The work reported herein l1ls the result af ithe comblned efforis of many pecple,
The contributlons of porscunal of the Kuppers Co,, Inc., and of ‘the Heinrich Eoppers
Co. were numerous and lmportent. Burssu of Mines smployees at Louisiana In the
Operating, Planning, Anslytlcal, end Engineering Sectlons all played thelr part
In this prolect.

IHTROLUCTION

Under Public Lew 290 the Bureau of Mines at Loulsiana, Mo., was charged wlth the
responsibility of building plants o demongtrete the converslon of coel to oll - Ilrst
by means of coal hydrogenatlon and, gecond, by meana of gasification of the coal, ’
followed by Filscher-Tropsch synthesls., An importent part of the Ges-Synthesls Demon-
gtretion Pisot is the coal-gueification step. At the tlme that thls work was under-
teken Buresu of Mines engineers made an intensive sindy of the information availsble, .
which was then mainly of German origin. On the hasis of this study, they reached
the declmion that the gasification of coal dust in gugpsnelon with oxygen and stesm
wos best suited for the needs of the program and best adaphed to demonsiration-scale
operation. It wes recognilzed at that time that pressure gasificatior might be the
ultimate solubion but thet the end result might be achleved more economically and moTe.
repidly 1f the first gasifleatlon work were done at atmespheric prescurs and, with
the primary problam sclved, the process ndapted to pressure operation later.

A Tinde-Frenkl ozygen plsnt of approximately 1-ton-per -hour capacity, which had '
been trenoported to this eowntry, rocondltloned, and erscted at Loulslana, Mo,, a8
a part of the demonsgtration plant, was availsble for thly work, The oxygen-plant
capacity then established the basls for sizing the coal-gasification wnit, and all
dsslgn was based ox the use of & meximm of 1 ton of oxyge per hour. The process
for coal-dust gasification In euspension develaped by the Helnrlch Eoppers Co, in
Qermany was chogen for several reasons; Resulbs reported by Totzek and by the Eelnrich
Koppers Co. concerning the performance of this unit were very fevorable, and it was
found %hat the Koppers Co., Inc., Pitisburgh, Pe., was already well advanced on the
preliminary engineerlng of a pilot plent of a slze compsxyable to that proposed for
Loulsisna, Mo, It was agreed that 1t would be bemeficial tc both partles tc teke
advantage of the design and engiveering work siready doms and the material purchages
that hed In some instances alreedy been made, On this basls, & contract was let on
March 17, 1948, for the engineering and congtriction of the entire Gas-Synthesls
Demonstration Plant, Construction was begun on the gasification soction in June 1948,
The plans were dresm to permlt completion of the plant sectlon by sectlon end to make
possible the testing emnd preliminary operation of ome while construction was stlll in
progress on the others, Eecause Jesz information was mvallable on the gaaificaticn o
step, this unit was chogen a8 the Flrst to be constructed snd tezted. To save
further time, it wes declded thet the iniltlal comstruction wouwld bypass the waste-
heet toller and cyclone-type Gust remover, which were plemned Ior the final Instella-
tion, and procced with the operation without waiting feor the completion of these '
units. The eonstructlon wae virtually complete by Jume 1, ighg, Tue inltial rmm
on the mit actually was mede on May L, 199.
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DESCRIPTION OF EQUIPMERT

a block dlagrasm ghowlng the flow of material through the system,
al ig recelved by rall and fed from = ‘wack hoppsr on cemveyor belts elther grs!

storage or to the primary cyngner, This ls sn Amerlcen Ring mill, which reduces
b e coml to 3/h-lnch top size. The cpushed coal is raised in @ bucket elevalor fo &n
orage bin of approzimately B0 tons capaclty. From thig hopper the coal ig

fed at & rate controlled Tty & tahle feeder into & Babeoock & Wilecox wind-swept tall mill
(type B, No. 138} in which it ls dpied as pulverization proceeds, Approzimately 4,500
aiblc feet per minute of fresh air ls draym through & gtesm heater and then through a
_flred heater in which the temperature i rmimed to sbout 400° F. Firing on thia
ysater ig controlled by the temperature of the air-conl mixture cut of the mill. The
pulveriz.ation can be regulated for varlious throughputs and size consists, but most of
£4he work reported here was done on coal grovnd to 65 or 90 percent through 200-mesh.
e alr-coal mixture DASSES fpom the top of the mill to 2 primary cyclone und then
five Dracco bag filters in pasrallel, The geparated alr is sxhausted from the sysiem
y en induced-draft fen, with e damper In the digscharge, regulated T contrel the alr
low throuwgh the mi 11, The coal is fed from the bottoms of the cyolone and the bag
ilters through star-wheel feeders on & common Grive shaft fo a screw conveyor, which
dlgcharges Into the pulverized-coal storage hopper. This hopper ig divided at the
er poart, snd each leg supplies & coal aystem feeding one cnd of the gasifier; the

g o systems are duplicates.

Flgure 1 is

The first wnlt in the system 15 a welgh hopper, which ig in an antomatlc seguence-
wntrol pystem that dlscharges welghed coal aa required by {tg feed hopper, und after
2 gultable time lag the closing of the dlacharge gals actuates a star-wheel Tesder,
Yaich puts a new cherge of coal into the welgh hoppsr until a micreswitch on the scale
beem gtops the feeding when the predstermined welght hes beer peached, Nermal hatches
sre about 500 pownds, The feed hoppers have & working capacity of about 1,500 pounds
ch. The lovel la indicated by & high and low "Bind! cator.” The upper onc actuates
ithe charge mecheniom when the coal level falls below this polnt, The lower one oper-
tes en emergency shutdown when the coal reaches 2 dangercusly low level, The coal ls
syried from the bottom of this nopper by three pexallel sorews cf = speclal desim

a ocormmon drive shaft, whose speed 1= remotely controlled from the panel

three screws 1s plcked up by peparate sireams

The coml fed from the enda of the
cepried through three l-1/k-inch copper pipes to & three-port,
nozzle get through the sheanm duct inte the end of the gasificr.

-bed pebble heater f lred with natural
concerning its operaticn have been

the upper one approximately
by 7-1/2 feet high, con-
The pebbles are heated by
on sectlon, which surrounds the bed
ustion pass from the combustion

'The process steam is guperheated in a moving
. A description of this it and Information

wblished .=/ The Leat
feet 1.d. by 10 fest hlgh and
ected by a vegtriched throat 3 fest long &an
tring with natural ges and air in the combustl
ust shove the restricted threat. The producta of oOoTID
¢tlon through redial ports snbo snd up through the pebhle bed In the upper sechticn.

The hested pebbles pasg Gown through the throst into snd through the lower sechion
igainst an upward flow of low-prossirs gtesm, The guperheated steam leavea by ports
Bt the top of the guperheater sectlon, from which 1% passes into the atesm duct to the
gagltier. The pebbles, cooled by the lncoming steam, are discharged from the Pottom
f the superheating gecticn at a rate ocntrelled by & warigble~-speed table feeder into
i pipe to the oot of ths bucket elevetor. At the top of the slevator the pebblss are

3

Batchelacr, H. R., and Tngols, H. A., Performance T a Febbie Beater Steam Super-
tigetiona 4781, 1951, 8 pp.
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delivered to an Inclined pipe, whick feeds them into tke top of the heating ssction,
thus completing the coyele, Ir thls dslivery pipe there 1s provigion for sweeping
the pebolec with part of the flue gas, which then goes tlrough & cyclone separator tq
Temove pebhle dugt and back Into the mein flue-ges stack, Tis mein atreum of Flue
ges passes lhrough a control damper operated by a &iffersntial pressurs controller o
meinteln a presed pregsire difforenticl secross ths throst bstweon inhe combustion and.
guperkeeting sections.

The steam flow & controlled by a recording Flow controller, The Temperature
of the stesm leaving 1s conirolled by a recoriing temperature contreller working
on the combustion alr to the furnemce geciion. Tho fuel-gas flow Iz vegulated by
a ratio Tlow controller in presct relation te the air flow. The stomm duct leaving

i

the pebble heater is divided into 2 sechicns leading to the 2 ends of the gagifier,

The cxygen nlant, as was mentloned atove, was criginally operated at Rochet,
Germany, for about & yoars before 1t was trought to this comtry. It is in most
respects e conventional Tinde-Frankl plemt and need not be desoribed In detail here
A speclal featuwro of the plant is a secondary columm for further purificetlon of
purt of the nitrogen produced. From this, apmreximately 7,000 cubile feet per hour
of nitrogen containing leas than 1/2 percent oxygen is avallable, This nlitrogsn
le used for maintaining an inerd almespuere 1z the pulverized-coal bins and for
prrging varieus procoss lines In emergenciles, The oxygsan, wolceh is prodiuced st a
98-1/2~percent: porlty, 1s sent to a 5C,000-cublc-foot sterage helder, from which
the gaslifier is supplied. TFor pumplng the supply cxygen there is a Hash Hytor
(type K5} hooster,

The ozygen is normally supplied at pressures of 5 to § pounds per squere inch
througk a recording flowmeter.. Tne streem 13 then divided and is admitted o the
2 control headsrs to maintain a preset mressure on each through ? recording pres-
sure controllers. From ewck control header separate Iines run to cach of the three
coal screws feeding that end of the gasifior. A schemstlic diegram of the oxygen
fead syatem Iz ghown In figure 2. Foualizing erifices arc installed in each
Indivliéual exygen lins 2 dlvide the flow to the 3 8crews at a rate controlled by
the pressurc on the hieadsr, An Indicating flowmeter is instulled at sach oriflce
to glve visgual indlcatlon of the fiow in each line, A fleme arregtor is installed
Just upstreem from {ie coal screws, Fach oxygen line is cquipped with a solencid
valve, which camnct be opened wnless the coal-screw drive motor ls running and the
oclutck on that partlcular screw is engaged, Palred with these sre solenoid valves
n a zitrogen supply syetem, which eutomatically cpen if the oxygen solencld valves
ere closed, This szrangamcnt provlides an Immedlate and sutomatic purge of the system
In the event of any trouble,

The gasifier proper 15 a refractory-lined, horlzontal steel gheel, fired at
each end on {he norizontal axis of the oylinder; the gas leeves approximately from
the ton cemter, Flgwre 3 1g & drawing of this wilt, The shell ig lined on the
1zs1de with 2 courses of sllica brick backed with I course of first-quality fire-
Lrick and 1 courss of Super X asbestos magnesia Insulation, making a total wall
thlcdmess of epproximately 15 inchss,

The inglde dlameter of the bdrickwork is 6 feet 6-3/4 inches., In the lower pard,
as mey be seen from the drawing, the sides of the cylinder are straightened somewhal .
to lsad to the three ash-removal legs, Thess legs are gpaccd everly along the longl-
trdinal axzis of the geslifier, are 20 inches 1.4, and sre meparated by slllca piers,
whick slope unifermly toward each of the wsdjoining =sh legs, Cones are fitted on
eack end of the cylinder with lining similar to that of the mein barrel and approxi~-
metoly 3 feet 1.4, at the wide end and 13 i.4. st the small end. The length of the
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eylindrical scetion Is 9 fesl 10-1/4 inches, snd each cone 1s 3 feet 1-1/4 inches
deep. The Intermal volume of the gasifier 1s 380 cublc feet, The steam ductas dis-

- gharge Into the small ends of the cones through emnular rings constructed of silicon
carbilde, The center of esch ring is accupled by 2 water- jacketed burner nozzls
cerrylong the coal-oxygen mixtures. The outslde of the ring is Titted with silicon
cerbide vanes to Impart & twisting motion to the incoming steum. The gas offtake

. is = waber-jacketed, 2h-inch 1.4, steel pipe, centered on snd at 90° to the axis of
the cylinder but at an angle of 450 to the vertical, In tne brickwerk are verious
ports for ingerting pemperature-neasuring fsvices and for observing the Interilor.

A 12-inch weter-Jacketed pipe capped with & hinged cover leads outaide the building

for exploaslen rellef.

. The make gos leaves the geaifier through a wetor-jacketed plpe leading 0 the
bottom of & brick-lined vertilcal dust leg, Imediately after leaving the gesifler
‘s streem of washed and cooled recycle make gao is added, amoumting usually to =zbout
60 percent of the make volume. Ths purpese of this addition 1la twefold. First, 1t
gerves to reducs without 1méue heat loss the temperature of the hot gas hefore 1t
enters the rest of the system; meke gaa leaving at 2,200° to 2,500 F. 1s reduced

gt to about 1,800° F. by thia sddition. Second, 1t provides combugtible materlal to
g react with any oxymgen that might be present as a result of a coal-feced fallure.

B In the early work the meke snd recycle geses went from this dust lsg directly to the

T washer-cocler, I[n later operations It went from the dust leg through the waste-heat
oller, in which the temperature of the gZas was reduced to about TOOO ¥F.; through a
cyclone for removal of dust; end then to the washer-cooler. This 1s a wooden ~hurdle-
packed tower, §-1/2 feet i.d. by £l fest high, through which water 1g pumped at a
rate of approximately 200 gallons per minute. An exhaupter tekes suction on the
washer-cooler gas ocutlet and discherges the gas through ax orifice-type flowmeter to
the atorage holder or to the flare gtack for disposal. The exhauster is a Spencer
turbine-type with a reted capacity of 2,500 cuble feet per minute at 35 lnches water-
colurm differentlal. A butterfly velve In the dlagcherge of thls exhausier 18
actuated by & pressure contraller o mainlain +0 inch water column on the gasifier
mroper. The waste-heat boller =and wosher -coolor thus nermally cperate under
8light vacuum, The mske-gas recycle lire 1o the gagifler putlet is teken off the
exhauster discharge Just shead of the pressure-control demper. Trere ls urovision
for sdmission of purge gas both 1o the washer-cocler and to the gesifier {using the

recycle line) as a safety measure in the event of trouclo.

The water Ffor the washer-cooler is pumped from 8 cooling tower to the top of
the washer-ccoler. The warm, dirty water 15 then used for slunlcing ash and dust
;from the gah legs, cyelone dZgcherge, and other pointa, From thess it flows o two
settling basins, each 6 feet desp, 1l feet wide, and CO feet long. Thece are equipped
. with decanting baffles and with graded send filter end under-draln system. Ths

 dirty water can thug be decanted or Tiltered depending on the character of the dust
.and agh it contains. The cleaned warm water 18 pumped over the cocling tower, and

. the cycle im repeated, Pericdically, the settling raging are drained and cleaned
f the accumulated refuse.

The gasifier unlt was kept kot between operating periods with air-natural gas
urners fiping into the stoam duct from the pebble heater to the gagificr, snd, in
general, the perbble heater was kept at normal operating loads,

Refore cach schednled period of operation the pabale heater was brought to the
degired gtesm Flow and cutlet temperature. Tnovgh purge gas wes adnitted through
the emergency Tlooding line bo permil starting the exhauster and placing it on
autematic pressure centrel. Uhe coal- scrow motors, which activated the panelbosrd
tontrols, were then started. With the speed control set at zero, the clutches wore
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engaged o the screws that wsre to be operated. EFEoough alr flow was established
through the mix hsaders and the oxygsn plpss to ths gas'lfier tc maintain a velocity
of at least 70 fest per second thrcugh the oxygen-coal pipes, The coal screws wers
then broughtto 2 low rate, and in guccesslve gteps the alr was displaced by oxygen
and the coal screws were brought to the dealref rate. When the heatup burnors were
ghut off, the brickworx temperature dropped steadlly, It was necessary that ths
preliminaries be completed ard eoal sent to the gasifler before the Trlck tempereture
hed dropped below about 1,700° F, Above 1,70C° F, imition of coal from the hot
brickwork waz rellable.

Mosgt runs were begm with 1 screw only on 1 end of the gasifler, then 3 screws
on tie other end, and firally 3 screws cn sach end, During the rum period ths tem-
pereturss were maintained by sdjlusting the zoal or oxygen feed rate=s, Readings
were taken of the temperstures, presswrea, and flows throughout tne system perilodleally
and samples were taken of the coal and oxygsn fed and the gas produced, At ths end
of the scheduled periad of operation the unlt was shut down elther by a recversal of
the startup procedure or by shutting of £ the coal-screw motora, which antomatlcally
Interrupted the oxygen supply ard admitied purge gas to the s;ystem. The standby
burners were then relighted, and the unit was held foxr the rext opsration,

The make-gas samples were analyzed by mass epectrometer and the oxygen samples
by mbsorptlon In cuprous chloride. It was found, In general, that after not more
thean 2 hevrs' operation the lemperatures, rate of gas production, and gag composition
yere conetent, Calculations were usually made covering the perled from this point 4o
the end of the rua.

OPERATICONS

Initial Heatlng

When the interlor brickwork hed beem completed, natural gas burners were ingerted
through the cones at each emd to dry the hrickwork and bring it to operating tem-
peratures., The pebblce heater aloo was gtorted on o very low rate of alr through the
ateam section to carry additicnsl hemt Into the gasifler and remove ths molsture,
Becange of the sllica lining, particular care was necessery to avold spalling as the
temperature passed through the silloa transition pointa. Heating was first commenced
on Merch 21, 19L9, and by May 1 the temperature had been raised to 1,5000 F, From
this time m t1l the ghutdown of the unit on April 27, 1950, the temperatura of the
briciwork wes maintained st 1,500 F, or above without irterruptio*l.

Preliminary Tests

While the rast of the wnit was belng completed, preliminsry tests were made -
firgt, to calibrate the coal screws for delivery rate as a function of apeed, and,
second, to test the oxygen transport of coal and the actual combustion of the oxygsn-
coal mixture. A brick twnnel wes constructed cutside the bullding, approximetely
2-1/2 fest mguars by 15 feet lomg, 1n 1 end of which 1 of the water-jacketed burmer
nozzles wes insgerted, fed by 1 ccal ant oxyger pipe from the Wo, 2 screw on the soutd
end, These teats Fusw inhed mich information regarding the minlmum ellowsble veloclty
m the tra.nspor plpes, the allcwable oxygen-coal ratios, ete, It wes found that if

the veloclity in tre c‘ual bipes dropred below ebout 70 fest per second, the hurner
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