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Iaboratory-gealc Powdered-Conl Zasificaetion

A siopls, ceally gontroelled mothod wae devsloped for she gasificat& n of 10 to

10 pounds of pawidered coul per hour 1o eotreioment in oxyeen sod steemn. This unlt wae
puilt te §tucy the operating varisbles on whith the efffciency and cost of gusifica-

¥ (oo doyert. The most sssenticl of thess verlahles are the type of coal ard lta da-

L roe of pulverization, vosal Lhrousbrut per unlt time, caygen:oce]l and stoam:ccal

f potios, and temperature ard prossure maintained in the greirication chamber. Optimam

} process efticfency and prodiuection cpat should result from the mest fevoreble combina-
tion of these cperating comdlitions, The apperntus developed can be operatsd coobima-

| en=lY, using viripus typss of fuel, such as hlgh-volatile or ow-volatile, high- or
Jow-ssh, coking or noncaking conle, for the purposz of studvlng their srnthesle-ges-

gaking rreporties.

L flow Alagrem [(fig. 58), which zrbodies a few eseentisl modifications on the

: ppparstus ured balore itz present staze of development, shows tihe coal-Fesding sys-
tom, tie generator chamber, and the aubeequent dry-gas puriflcatleon syessm belors

¥ the syathcesls gas die metared, tested, and sither stored or wented. The goe-pampling
erranpement and instrumentation are Ahwewn on a separate flow diagram {(fig. 5%}.

3 Toe coal, pulverdzod so thas 80 tg 90 percent peases & 200-mesh-per-inch scraen,
E 1z charged irfo the genarator by meanz of a Synbtron feedor. From a 1.25=cuklc foot

¥ coplonl Tecd boppor, In which the zoal iz keps in a mederaszely turbalent stats by
means of rluldizing nitrogen or rcetural gas, the charge 1s fed Inlo a 2-lnch-2lam-
‘ater horizontal tubulsr trowgh, Both the hopper azZ ths t-oush are vibratod by &

f pulsating . O, currsnt, wWhich moves the charge znd drops it et A uniformm rate Inte
the weter-Jacketsd pensralor heaud.

The Fluidizing nitrogen or natural gzus iz conductad through a le-inzh cipe nto

f the too of Gthe generator hesd, prevenbing thozoby the upward curge of =beom o oxfoen
toward the mouath of the feed tube, A scaile on which ths feeder machire rests indi-
rates the weigkt of zos=l charged In each I-minute pericd., Fluidization of the chargs
in the feed hopper wnu founé to improve the vsristicns izm sha feed rate from 425 percent
Eto +5 to 1C percent over any 3-mirute pericd,

Before each rum, the 7-foot-long, S-inch-intericr idsmeter ganerator chamber,
whoee uppur G-lool length 1s lined with silicoo carbide, is prehested bF two Eonp

E induatri{al bwrners, using prezized nabural ges and oxpgsr.. When the upper half of
the a2i1licon carhbide lining zenrhes a tonperacure of gbout E,HGOG F., tna ™ is

F bogun by shatting the bupmers of Ff and cterting the feedirg of the coal send the Intro-
dagtion of ecxygen. Stoam can be added by pasgicg the oXysen used for uelification
§ Wrough weter at constent Semperature, whizr poruliz a clese conbral of She ratioo
etesm <o oxypen,

The fine-coal particles charged inte ibke geperatsr rapid.F become entreined In
F tirbulent addy currents resulting from the “mpingement of the two oxyeen-steam Jets.
f The tnxbon 1n the conl roscts Witk oxygen to tore corbon monoxide and with siesm to
florm carbon monoxide and hydrogewn, in addition bo scme carboc dloside,  Carber in
:the ¢oal beiwmg in excess, the carbomaceous resldue af gaziffcatlon is carrled aloug
ein ent-einment by the dowmward flow of "make" gac. Particles of slag snd cosrse

¢4/ Bebastium, Jorm J. 5., Edsturn, B, W., fonar, F., and Schmidt, . D., develap-
i ment of Synthesis-Gas Process in Expzriuwental Unit Operating o Entrained
Powdepad Coal: Faper precsented bafor: the Gaz end Buel Chem. Jiv,, AT Chem.
Soc, meeting, 3t. _culs, Mo,, Sert. ©-9, 1943,
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Figurg 58. - Flow diagram of small plilot plant far powdered-coal gasificatioen.
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Laboratary-geale Powdered-Coal FasificAbion

; a simple, saslly controlled nsthed wes devoloped for the gasificatﬁ n of 13 4o

b 4o pounds o pqw?cred goul per hour in entralmment 1o oxyeen s=nd steams,Zf This unit wue
- puilt B0 study the operatins variasies on which the esflcisney and cost of geasifica-

3 $ian depend. The most sgasntlml af these wTarishlec ape the type of coal and 1tz de-

L gree of pulwerlzatlon, ceal througaput pur unll Lime, coxygen:cowl and steam:coal

ratios, 2R LEmDerAiure and pressurs maintained In the gasification chanber. Optittm

F procese efficiency an® producticn cost shonid result from the most favorable combina-

E pion of these gperating coniiticns. The apparatus developed coy be aperated conting-

. ously, using varicus types of fuel, such a= higa-volatile or low-walatile, high- or
jgw-aph, ccklng or noncoking eonls, Tor the purpose of studying tkeir synthesls-gas-

making propoertlss.

- A flaw dlegram (fiz. 58}, whick smbodies & fev esgentinl modifications on the

. appaTatus uasd before lte present stegs of development, ghowa the coal-fesding sys-
8 tem, the gercrator chember, snd Lhe suisequent dry-ges pur!flcation syotem before
the syrthesis gas iz metered, testsd, and either stored or vented. The gas-sempling
b orrangoment and Instrumentetlen are shown om A drpamita Tlow disgron ({2a, 59).

: The coal, pialverized so that 30 o 0 percert paszaes & 2c0-mesh-per-inch doreen,
- 1k gharged into the gererstor by means of & Syntron feeder. From a 1,25=-z1bic foot

¥ oonicul Peed hopper, In which the ool {5 Zept ir & moderately turbalent astute hy

b poane of fluldiring nitrogen or natural ges, the charge 1s fad into o 2-luch-dism-

. ster horizontal tubular trouwsh. Both the hopper and the trough are vibrated by a

¥ pulsating I, O, current, whizh movar —he chargs and drops 2% at a uniform rate inie
tha water- jacketed gensrator nead.

} The fluidizing nitrogen or retural gas 1s zonducted thronga a lerin:h pipe into
& the top of she geperator heed, preveniing thereby whe upward curge of steir or oXygen
t +eward the moath of the feed tube. A szele or Weklch the feeder mechlne reste indi-

b cates the weight of coal charged Tn each 3-mirute peried. Fluidizstionm of the chorge

E 1 the [eed hoppsr wes foumd te improve the varlations in the feed rate frcm.iﬁﬁ parcent
b to 45 to 10 rercert over any I-vimute period.

] Before caoch run, the T-foot-long, &-inch-intarior dismeker gemarntor chamber,

P whose uwpper $-Foot lensth dis linsd wilh silfcon carbide, s prehestsd e twe Komp

b industrial burners, cning premixed natural gae snd oEygen. When the upper half of

- the s11dicom carkide lining reashos & temnerature o7 about 2,be0” Fo, the rm is
‘begun by shutting the burhers off and startirg the feeding of tha coal and the Intro-
duction of oxygen. Sican can be qdded by passing the oxyger ussd Jor gl lvation
througn water at conetant temperature, whisk permite a olose control of the ratis of
stoom Lo cxygen.

_ The tine-coal particles charped Into the generabsr rapidly becore entrained 0

E turbulent eddy carrents resulting frow the impingerent of the two oxyeen-steam Jeis.

-_Thﬂ carbon in the coul ruscls with oxrzen to fore cerbon mopdxide and with 2tear to
form carbon moncxide snd hydrogen, in addition to scme carboan dlowlde. Carben In

F the roal being in excess, the carbonacecus residue of gaeificetlon 1= carried along
1n eotrylomenl by Lhe cowmward flow of "make" gas, Farticles ol slag and zoarse

EE Sebastian, Jotn J..5., fasturn, P. W., Eomar, F,., end Pearidt, L. D., cevelop-
ment of Synthesis-Jas Frocees [= Frrerimental TRit Cpersting oo Entrained
Powdered Ugal: Paper presented zefore the Gz and Fasl Chem, Dv., Am, Chen,
Bec. meeting, SE. Lowis, Mo., S=rh, 6-%, 194d.




R. I. 4o

residus drop inte the "dust zollector" below the gerarator, and resfdne of zediwn
sotrsensss 15 reroved by impact sgeinst s halfle in the subeeguent Mknock-cut
charber,”" while the finc residue with same fly Aaesz id réemevad 1r the followirg
bderctan tubas aqd fiherglass f1lters, placed in s=ries.

Grareching out from the krock-out chember 1 a 2-inch elector pipe for dls-
chargirg the products of masification to the cutside atmeesphers wrtil condéltilcns
at tke beglimning of esch run beeoms stebil{ized.

The generatcr iz rm under s oalighlt pogitive preasura (up to 3 1nches of mercu-
rr) autoratically maintained constent by means of &n exhauster, at the end of the
train, controlled by o zpegsurs repulator (see fige. Eo-£1).

The dry-gas surificatlss systeos has goveral advantages over the wel mathod of
handling (scrubbers), such as complete recovery of the carbonaceoma residus, which
may he recyolel back Inia the gereratcr or otherwise ubillzed., Alss, for experi-
wsvtal work on i Ilmbore-ory 3dcals requiring complete materis’ ard bkeat ba’ances,
1t 15 erEont?ul nat to soeub cut any of the impurities or carbor dioxide from the
"make" mes, To accomplisk thacsoe obleckives, 1t wes nesessary to change over to
the dry-nsndiing gyztem.

For tho developmens of the proceszs, s noncoking, high-wolatila hitamirnous noel
from Rosk Sprlozs, Wyv., Nu. 9 seen was used. The coml as chapged contained 4,5
marcent moisture, 4.9 percont ach and 37 percent volatlile matter, and its ultimate
analysis showsd 11.% percent cxygen apd C.5 parecent anlfur,

More than + runs hawve seen made, eack lastizg - te 12 hours, under varied
sxparimertal conditicns. Charging 10 to 40 pounds of 208l per hour, & gaz yield of
o0 ko 2% cubfc feet per pound of Ary coal wae usually sktained, The gas mads gener-
ally sontained 29 to 30 percant of hydrogsa, 4% e 90 percert of coarbon monoxide,

1 to 2 percent of nethane, 0.9 to 1.0 persent of oxygen, .2 to 0.9 percent of ue-
caturated hydracarbons, 10 to 18 percent of carbon dioxide, end 7 to P percent of
nitrogen, The neating vsius aud specific gravity of the "make" gas rangsd from
240 to 310 and frem 2,72 to 0.21, respectively.

fwing to wmaveidably high heat lesacs in intermally heated zaa genarators of
puch comparatively scall size, the oxysen cansunstlon, 300 to 400 pubic feet por
1,000 putic Tast of "make"pgms, was high as expected. In large-scale productlon
by the come prozese, the consumption of oxygen would be comsidersbly less, prokably
culy half as much., The totel slesa cousunpiion, ineluding stean from the moieture
eriginally In tie coal and thst resulting from the comblnation of owyzen and equiv-
alent Medrogem fn the coal, wes 0.18 to C.22 pound per patnd of coal.

The coal consumptlon Was generally 27 to 31 2omd  per 1,000 oyulkilc Feet of eas
rmde, whizh means 51 ta 67 pzreent of the coal charged actually gasified. The low
percentege of comverslon of coal inte ges 1 dus to the Intenticral use of excess
carbor and & corresponding deflcisncy of oxygen, which allowed = considersble sav-
ing ir the cost of oxygen ani thus reduced produstiom cost, Ta= intenzler of the
procoess {3 recyeling of fhe carbonacecus reclidus feor further sasification., Howewel,
the resicue obtainaed from the gausiticwlion of Wroming Ro. S-seem coal was found €o
be £0 egsrexely fine and fluffy (ite bulk density being 2.0 to £.5 pounds per cuble
foot) thst 1fs wtillzaticn for atner Industrisl purpesss ia not excluded. An exan-
inaticn under wlectron microscope revealed that its particles approach the character
istic shape, structure snd size of certain cemmerzially used carbon blecks (ase £18.
ibout S50 percent of the particlas are leas than 7.2 nlcrone In z2ize,
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61, - Lawer section of smal! pilot plant for gasification of vulverized coal.



Photomicregrapha

Original Coal Carbonaceous resldye
91% through 200-mesh from "Dust Lollector”

Electron Photomicrographs

b0, S00 X I, 140 X
Carbon Black Carbonaceous residue
Explosion of Acetylens from
and Natural Gus "hust Collecter”

Fisure 2. ~ Photomicroscopic views of carbonaceous residue cbtained in pul-
verized-coal gasification.
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R. I. ihsg

Heat-baiance celoulatlons snowed that the thermal efflalency of the Irocess
(100 times metlo af R.E.u. in gas plus residus to B.t.u. 1n coa} was Th o B2 per-
cent, notwizhatanding the high heat lnsses encounterzd due to the couparasively low
throughpat . The terpsraturs of the generatar during the runs was 2,200° o 2,450° F,
an the tor and 1,2509 to 1,730Y ¥. at the outlet on the bottom, depending an the com-
ploation of axparimentel wvarisblee. Under these conliticns the total stemm d=zemposed
was alweys at leagt 50 percent.

Synthesis-Gas Treating and Toasting

b pnelytical Work

The Gas Preating and Teszing Leboratory carried out the nmessseary snalyti-al
 york for the experimeato’ work on pulverized-coal gealficetion as well es under-
ground gasification., Berviee ai2 in tha instrmentation for tha station also wes

Pgrf‘armcd .

Mz jor effort conmtinued to be devatod ta the improving o dsveloping of enalyt-
jeal methods reqgulread ir gas purification. Work coobtlnued om the msthod for dstermin-
Ing thiophene dullfur. With ithig mellcd, LlLlophene [s scrubbed from Lhe gay with
. autfuric aczid, apd as littla as 0.0001 grein of thicvhene sulfur can bhe determined

in approximatezly 50 milliliters of acid,

Studied of the determinatioy of very _ow concentratlsna of organiz suifur in gaa

[ were combtinusd. These studiss ireluded 4 method whereby otgande sulfur 4= converted

f to hydrogen 2ulfids by wmeans of o hot platioue epdenl and the regulting hrdrogsn soifide
b jg determined Ly the uitra-zensitiye methy.ene-hlue Zest, as developed by thiz labora-
torr.

g Further studlee were made gf methods for determining organic sulfur In Zas by
combustion fallowed by turbidimstric cesermination of barium sulfate, This work ino-
¥ pluded application of the spestrophotometer for turbidimetric messuremsnt.

; Bxisting methods for sampling and determination of dest 1n gas were studied to
learn the =ffect of various varisbles on their reliability (fTie. 53:1.

_ Bench-3eale Puritfication Experiments

tmall-scele exrperiments Were mede to detearmine the efficacy of variocus methods
} for ges purification. These [ocluded work wilh catumlysis for bhe removal or colwer-
j 8ion of organic eulfur [fig. &4, with active carboms for removal of thloghene and

E gum-forming sonstiuwents, and semibhing solusioms for hydrogen sulfide remcwval. A

f Prolininery study of the prrolyeis of thiophene was undertaken to dstermine the ez-
f tent of guch decomposition at temperatures thet may prevail in the pulverized coal
@aaificatisn proceas.

Qe commerclial ce.‘t-a.l;;rs't. was Investigated which, whille not giving sufficvlently
complete comversion of organic sulfur, s comaldered worthy of further study. This
eatalyst g capable of wramoting the conversion of ergaple sullur to bydreogen aul-
fT1da in the presence of high coucentrations of hydrogen sulfide, Ia pure hydrogsn,
tto whicn arganls suwlfur and bydrogen su fide bave beer added, conversien ig subatarn-
_Iﬂ.]_‘l_:; completa, leaving less than (1,1 grain of organiz sulfur imconvarted per hun-
Xl gubic feet of grzE. With symtheals gee contalning coarbon monoxide, howaver,

] rozimﬂtaly 2 gralns of orgenic sultur (cerbonyl sulflde} per hundred cublc fest
L ga8 remains unccaveriad. The cetalyst manufzctursr is making further studies

L the cstalyst to dAmprove 1ts performance,
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