FESRARCH AND DEVELOEMENT, SYNTHES1S-tis LABORATCRIRS AND PITOT FLANTS,
MORGANTOWN, W. Th,, AND GIRGAS, AL,

Erperlmertal Work on Syntieals-Gas Produsllon

i aeher-Irotech gasollns la gxperoive bscause of the high cost of eynthesis geg
L ja TTOT poal. L%t 18 proving & omeur undecbeklug to develop a new conl-ganification
f_“ Arasa that will eut slem? fioaztly the cost of 3ynthesls gan Por ths Hlschsr-ITopsch
pOC@ES LT the zcat of hydrogon for the RBergiug progecs, Erxtemsive sxperimental pro-
L pama ArE teing carrisd cuwt on all scales from laboratory to demonsteotlon plant o
 gvo1ve gyotomatlcally bat rapldly a new, gucrenstul, cotl-gnalificetion proceaa,

: ation of eXpsrimentel graification aquipmsnt furnishes data requlred for Jesign
bof 1args plants cnd a’laso dlzclogss new sroblems requlring wolution, All data ave

b pralyzed to polnt cut msthods of sutting coeta,

The two gaoiflceaticn sroceasss gulested for maJor study and experl=mecnt are:

1, Gagification of finely pilterized raw poal, entrafned 1n nuper-
heatzd ateun containicg oxymer,

s, Qagifleation of coal 1n piacs, wnderground,

Tndersround Jaslficatior Project, Gorgea, Alu,

-

E. I'te underground gastfilcation of zcal ia ong of the processzes that Mag haan

slected for both laooratery atudy ani fleld-aesle exporiment, Sugeesslfal aprlico-
op of this process would maks srnilanls £ source o8 enaTLy Tor sleotrls puwer
sneraticn wal gasscus producte gulfable ae Ire rEw mataricls for epritbetlo-liguid-
ifuele manufacturs, It oftera & methed of wtllizloy coal veins new Alfficult or
meconomic S0 mine, anf (T may ba poaaible by tue Drodett applicstion af Thle procois
6o rocowsr Ghe snergy sob rema'ning undergrourd in razions vhore the coal has boo
winad cat. This would enta’l burning coel pillars left yndergromd In old, worked-
f oat rining averations,

; Tirinz the malandar year 13340, constructlon of trho cocend flcld-scele expsr’ -
mant Jn underground gasificatlon wes complated, ard gperation of the prolscl was

§ ctarted (gos Tig. 57). Work during the firet Quarher of the year was cemfined 0
the completicn of +a8 yroject ifoslallstizn, and tke final thres szavtors wers devotod
40 operating. The coratruction and cperation of thio Droject wots ﬁla.rmeﬂ_ and gapar-
vleed by Purcsn of Mlnsa enginsera. Indsr a Aonprcilt comtract with tho Goverommert,
the Alsbems Puwer Co. provided the parsommsl and equlpment aecedairy for somatrasztlion
and sperstizs. The Jorgss siie, Including the nrfoce Area arl the vnderlying eosl
bed, waz providsd by the Alatsme Fower Co, withcut zoas o Lhe Joverrment,

: Tils experiment vn sndergrecnd gasificstion of coal is belng condiicted 14
! sectim of the Fratt coal bed isciated from the mein body of the seam bF natural
tarrals consisting of szmroxlmetely 100 acreos, Tha aoal tad 1a 2 ineohea thick and
relatively level, Ji lles ander an average cverburden of 150 Jocd, A the worthern
®ond of the prodect, the coml o1hercd was sguered up =md A entry wnd SIF pOUrye wore
delven couth for 1,500 foat, Ihe entry and the air course are sech 10 feet wide und
ATy geparated by a4 coml pilisr 10 feel toick. Tvery 300 fost they cre intercommected
by means of erogecuts driven througs the coal pilllasr, TFrom the snd ol the dowsle
entry 5 cinglo entry was santinced For 350 Teet, the last 50 Faet being uzed za a
'Mp Por coloectlng wabsr. At 300-Foob intervals along the 117e of tha inderground
develomment, & borehcio waa drillcd from the surfacs Lo the unlcrgrounl presags,
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o of these torekslss sre 18 Inehsn fn dlameter ad ara wlined, Thres o the Lore-
holes wers driliec @5 ‘nehes in dismeler snd Tithed with a refractory Ining |, inches
<hick, FEuct oF +he tarskcles iz Fitted with water- Jacketed atesl pipe za a eurfsos
connestion either te o octack or the =ir manifold. (e hndred fopty feet rn from
the morts cuteroz e 2oAl wes condlruweted acrosd bhe extry nrd the olr courze, A
nlaee was ariven 4 Teot wide ard extending o> Teat berond the colly ries of the
sntery erd the elr course, 8Slx feet of Top rock ond £ fast of lottom rogk were e~
moved, and a 3-courss flro-lrick well or aesl 50 foet long anl 12 feat high wad con-
atructed. Telg Firg-hrlck vell was seslsd by pressurs grouling from the surfnce by '
mepna of G-lmch horehoisa, wao cacked by ateel buck atays aac the ronldual oparing
‘roth*a p-fuot plage then wan filled wlth coneresta. Twenty-Lnir-1reh-diamster ouh- '
let plpes wers =238led In the well In 1ire W th Buth 1w ebtry ol the nlr couarse,
Tress pipaa oan bo utllined as pag outlete from the syater cr, am doring the OpeTE- -
tion te dely, Lhey have beer fitted with blow-vut diske ao shet they wlll relicva o
mreaure formed during any nooaliblo pxplosion tnlergronei,

On the surface & 20-inckh cheel flpe manttcld (dea Fig, 530 nas been constricted
parallsl bo tne iins of the underground worongs, and connocting the five borshoeles
wAtE the a'r sourcs loceted In the compreozor house {14, “4}. The primary air sap-
poy for the project comoists of a 7,500-c.f ., Teciprocating cumpredscr (fig, %)
with a maximm dlocharps prosscrs of 33 pounds yor oguare inch gwpe. Twe atardby
sumpresacrs Lave dsen installed, tke first e 2,000-c.f.O., 10-11. dlacherge procoroe
welh, and the mecond a4 7,000, f.m, , 2-1h. Al schargs toressurse unit, ALL cOMEreasurd
arc driven ty eleclric wosors, =rnd powsr lo sbtained frum e 1,000k Zowatt subatetlon
comrected with ome of the digfribution lines o Lhe Alabene Towsr Co.

OFF the line of the 300-f2ot oingle enlry snd nenr ke aorithern end of the pra-t
Ject, a aeries of L tost hole3 wan drilled at varyl.s Atatances from the entry and .
sxtend from tha oarfecn to the coal hed, EFack of thero test holes 48 fitied wlth
Lurperaturc-neaguring sculpment, eo that the eorras of the combugtion andergrouwrd
can e Sollovad, .

& aszond, aysiem hon boon ingtelled for “Ase purpaze of followirg the couras of
comlmstion of cosl cnderground, Al polrta 166G feat nrrtn of the Slret sod third
woreholos oo the wesd rib of the artry, Z-lnch-diareter holes wero dr:iled horizon-
tally 30 fset into ths cosl seam. Meroury wad snaled inte amall ateel .capeles ond o
tpoerted in these ¢rill holea, 'The capscled weye spsced 5 foel apart” and saperated
by perractory material. o mercory detector was installed on the $urfacs and a pudl-
ale of gon from the cutlet steck pumped aontlrmonsty throngh it, When cozbustion
Feacies one of thoie capsules 17 szrpleoden, and tho detector indicates the arasanns ’
of meroury n the sfflient pas, Thuz the mercury papaules make it poeshle to
measure the advapcs of the oarning feca In inorementa of 5 feeb.

T Marck of thla year, orolect conatrucbicn was completod, D[rozen cofl wad
piled Tr the single sntry adizcent to the borehole &% the sontherrmost end off the
mrofert, The rits of the single sntxy were andereut to a depth of apmroximately 15
Tnehes. direwood was piled on tep of the broken coul aund the tosg setursted witn
fuel cil erd ignited {ass £ig, 36) Ly drcpplng a thermite grenals from tha surlaoe
down the burenuls, AT was ouptlisd o the agstem st = roo of 2,003 o f,x,, and
the product gasss werce removed by menna of ths aacumd birehole, 300 Tfeet north of
the polmt of igniilon, Sines Msrah the entlre operaticm of the troject bhas beel
coilined o the olugie-soiry vessego botween these two southernmoss horeholed.

rollodng the “gniticn, alr waa diown from the flret to ths aecond torahnls 10
n nouth bo north dircekien for a pertoed of 10 days, daring which time the Tlow ratd
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Figure §53. - Twenty-inch air manlfold looklng south from bare hole

In foregrournd.

Flgure 54, - Alr manl|feld, flowrator, a:r receivars, and compresser house.



discharge).

¥ p.5.0.9.

free alr,

reciprocating compressor (7,200 ¢.f.m,

-~ BQQ-ho.

Figure B&.
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YB3 ,;Er,f_»d‘f‘rr_:m 2,005 fe 5,000 .:..f".m. , Ef trn m..d r.'lf‘ltliﬁ Ferlsi, tempernture o -

\Temens dipeleasd that the replion adlecs-t ho the firet Loreliclo wrez nonlinge whf e
y that sdleoelt to the sescad borehols wns Zoasing, lodlcatiau Rt the oomibes .
y gl LS being dvriver dommz-reean,  Foroa Tew dayd after imitlion, cas anzes evsleen
froT he n:rg'tr;r_'-, Aanowsd -:].r;:;'asm'n;{ pc-rc-;::_t.'.;égam al' oergem nad ar redally Rorsantois
E ¢ carhon cis®ide,  After & dage of opovotian, the Torodulene oF Gxrgen “n +heo
mant mee bogon Lo lncerenac end zmartor & oxtdo to decersege, b ddrao-don o

pff L t
£1ow was ravoracd Ir an olfford ko dialeibula compuzllon ovor thne sntire {oo-Ioos
paaeage., From Zhe flegs of Ape?l crtill The pragant tTime, dircslicon of 1Tior hes Saen
pevarazd perlcdionlly o maintaln the temperature level of iho J0G-fool persavs at
a5 Ligh = valae na 1s poeaihis. Another vorpoze of the porlodic rsverscle In flow
y pan o aTors =2 maximm amont o7 hant amdoraround fo inoreszs blie rate ol ro-

haa
£ aotiom and o reduce the poreoontazc of axygen in the effluvent ooz Lo oo miwimon walue,

Bl o

pfoer 2 Tocthe ol cyolle wperabion, Lho olffluendi goses 21011 cozlaced Zaree
wolumas of excoza oxyEen, and 21 bocams alparant thas deor comtact was being obtalned
peswoen the air and bhe xot coal Taces, Tt wos trought Jikely fnch & boerfior of Jhe
¥ pir wud suntactiing hot corbomaceduw: matevial an the condl plibs but Het s lerae wr-
CeentAgms was Tozslfng throug: the broksn rozk olcnz the corbar of tae orleibs]l entrry
vizhout cobackine coal Taces, o A-imon shurm-3rill holss wers dpilled e” o tha
.11115 ef the oxlgicel enitry 100 wnd 200 Tezt, resnectlively, morln &l tke Tieus bare-
bole, VOLC $EQesd were encourtersd at polrts G2 4 Teet obldva e orisnal hop of
i ke acel eeam, #nd it waa showr that a larse volume of unreachizg alr wisg peasslng
ttwrongh theas spaces, 1t waa decidsd then ¢ block of I ke void apaco wluoyy the
Hua of tse exntry throuigh the Las of some finely dlv: ded scl’a medlun, Somd was
¢hossn Tor thia mirpsae, ard It wee mized w10 e, T10dd med, mnd Bhen hilcwn doees
{hess horelolsa into the vold., Tlailized eand 5till e being =2dded o the owabom

B8 A mesna ol goitroliing the cootact botwenn ths alr and tno conl Jacen, and thaz
pomircllirg the combustica. A short t2me afdar the use of Flotdized maxd wng Loeurn
dncwsencd ronliatonce Lo flow won noted, and whs Incroods Lcomms @geon ol ng mors and
more 9A0d was 2dded,  Ag the presasoame drop tarcugh the syzien I1nsroozed, the Dor-
-eanbara of cerbon dlsx’de in 1he =ffluent geaez llkewlse lporesssd. MeamwXlla, bhe
-percamboacs 0 oxyusn decliized and thes rats of 2ol combusticn advancsd.

TABIE 1%, - Zack-pregsurs develommant

Ave, bozk pressure ot (200 o,0.0, air £flin,
rounda par oiinre inch o gapre
L ol
JU T s asinerirarsarantsana 6.0
F AT ac 1 A LB
SN 1Y S st
L e T s 0.

i,a" Lémiagion of fo:1ldd=ad sard was atartad Fino 22,

During the Cirast § meptha' oscraiicn, theo ofr Zlow wan inorsasad to 7,200
b.fum,, the full capacity of tho roeiprcecting compreansr, Coal consumed in fais
Briod everpged aporoximotely 10 tonz por dey on oo meiaturs- and zsh-froe bosda,

OB atanco fo Flow averartad approsimaisely B, 5 poundz ter sqnarc Loch @#A2a. T h Lha
REL o Tenthe, the rate of coal cormmmpd?or dncreased 5o l;+..’§ tony per cay, ard, the
PElatance to flow avoragsd 7,0 poitda pory Aousre inek,  During Tie 2 mominn follow-
02, the rete of coal croosmotion sgain ineressed to Prim 25 Lo 20 tons nor day, and
PUE brel preseore to approximately 22,3 poonds per aquere dnek. At tho preoont time
Docert: er 1543Y , coal coraumphion 10 betwsen 20 mnd 25 tonn ner dey, anc tre
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peslgtance to Tlow 10 pounds 1er sCuars

- hesp tarmed in glace EQ foar,
that the cesl now huy pomdumad fram an arsas ar

‘back
and

20
300 feet tong.

inch,

Tha risa o the orl

TATTE 15, - Conl consumption and aves of hed sonaumod

Approximataly 4,000 fons of oool huve
giral -O-foot ent>y haww ueen hurrfiedd
proximately 70 to T2 Faot widg-

Averapa wiith] o
Zoal Rate of conl | of ares from Averags dedly
Tmys of |conewmat,, comermpilom, whnict coal |adwvanca of reacting
Parliod gparatlicon tonal tone par ia:;i;‘ wa s cooaumed, face, fool
Afi T 430 Lk 38 7.5 .4l C.Co
w1t Tyl s 315 10.1 300 I
ST R 50 ENTS i L1z L 1-
7/l to 7iaL 31 ol Li, s BT L1
Hf1 to 831 3l Ly 14,3 7,20 i
s/n to 930 30 el 1=,8 5, i L1g
tafl to 19/20 20 Loy 20,2 4.8 .2k
Total R ] J ~

1

T/ Badim of molzture- and sab-fres coel.

As the regigtance
nf eombustible conotltunents hegan tiv wppear
tent of the effluent geasd Arcreassd and the
Erdlvddaal ayele PrOEreBAnt,
with tire durlng o glven cyoele.

4o Plow mné ths eosl ecnmumphion increased, mmall peroentugaed
i the offlucnt gases.
aarkon Alozide content inerssgpes 4g Em
gases elan Ineresses LY

penar @ valus between TEOP and 2009 B.,

molal he sprexinnbely
arafor el weent O thea

oIoTE

s, wix wila eXeonos 4l
b= mrovgiat ohove ground,
aon roha emoald mRve oocalor
and aamples teksr A58 near
aaloritic valus vorles from 80 to 110 B.E.T.

o a =3
a,an0M T,

taga of the cutlet borehole.
Prodiser suses arc bel

ars over the sheck {ase fig. 3T

The temper=ture of ths at & Lueoy
At pressnt, when ths efflua

i

41

viow 1

)

The vxygon oom-

rt gea hempoeratareos

tne temuersburos rapld prize 'rom thin
L P

nddleet g & combustl

r before Shey laave ths goal 3=em, an
Oaloilzticone gnow
svip valus of approzimately 11 S
ihe mpning riba we poasible show OF
por zubln foot.

that ths gagss helng wodused oo tie
t,u, par cukin foob, =Y
amslyais that the

TABLE 17. - Analynisg of gae C1owing neer turnlng coal ribs

Hopmple poInb.sasssssessaamararse:

Ta3 enalysia:
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i A product gas kaving the foliowing average compooltion was cbieinsd for a
8 pind of 42 hours:

Mversgo percent

Do surassmssasaranrtsninasarrsanes 5.8
T1ll.iuivusavanannmarsnnsnsnasnnnrse «3
Doe st aaprsuaibianiiagnaat i nnans 1,0
IErirllllll!f!iit*ilifll‘lvtll*!llil 2!6
s st tnsarnaasasanasernsassanans 2.0
THls bstsasansssssansuntnosnvanans )
-\EEl-llll!ll-liiltliirill‘iiliillll Trjlﬁ
demting walus, B, %1, per cu, ft. 25

The averagme berperatire of tac goses leaving the srstem wua hop® F., and tre
wiaet rete wag E.J S00 o.f.m. Water wea mresent in the effluent gases to the exten-
o 0,12 mol poxr mal of dry gaa., During this part of the cycle coal {modature =nd
gah free tadlz) wae telng consumed At the rate of 22,14 toms per day. A heat bolarce
o tha oporesion showad Yhat of fhs hant of eomtuation of the molsture- nnd ash-free
goal telug comgimed, 12 nercent was preaent In the dry mraduct gassa 8= Bensiile

e gest, 9.C percent roepreaevited total heat condent (ineluding heat of vaporizaticr) of
. +Ater Tapor azcompasying %he dry gnaaa, 1.7 percert wea present as combtmetihia
e onat tuents in tic dry sns, and 3007 porsant wen winccowtted for snd precmmed o be
; prad undfrgrﬂund-

Whan tke temporaturae =f tie gazes In the owtlet stack resched 5050 F., the come
Justible constituents began -o bura, and the compositicr of the e’fluent gases for
phe nezt 2 hours of <he oycio averaged &3 Joliows:

Averegs percent

B ssassaaarassnsatatsansrnvnnar 15.4
g O
Oca e ss twaunmsaanerpaisasansnsnants 2.6
HE#-!f!itit-tltlrlii!!rvtltl-rl!l -D
Bl seacncasasastrassarsnsmarsnan .0
P s wwatarsassasascisaasarsanaann 2
EE%---i--uiiilumiu!i!liitiiliiitl 5l-h
Heaxing vAlue, B,t.u. per cu. ft. =

The average bemperstire of tha eff luont gmoes wan 1,-FEJ.':' Ha., and the rate of
Looal conmmption waa 27.5 tona per day. A hest halance on this part of 4he opera-
'!‘.iun ahowed that, of tie keat of combustion of the meolzturs- mnd ash-froe coel, 37.7
L percent, wam Treaent as gseneible hest of the dry pes, 11.C parcert was the total heats
s content, of tha wmber vapor sccorprny” ag Tha dry gaaea, 2.3 perrsnt rezrcsented com-
tustidle conetlituonte, cnd W4 percent was unaccomnted for and premumet to be
Atired underground,

The blast rate waes decreased to 4,000 c.f,m. for 15.6 howrs and the averade
mpoaltion of the gmeesd svo_vod Hecams:

Lverage, »orcent

cce---lllllurritrlilicriiliiliiilll l'?le'
-EllillllllllllllllllI!III-I‘IIII!I .‘D
D\:E"“..ll.l‘l'lliilil-llillI}III 1'-]‘
HE'|..tq.|-|-|.1|.1-.1|l¢-p1¢lp-l|.-lltt¢ll "-j
CDi!IIiilriiiltrlttlilliilliiiill 'O
HE---.-----.c----q--------t--ttIl BD'G
Heating value, B.t,u. per cu, It 3

Sk1 - Ly -




The aversgs tempsratiurs of the effluent gasca wan 2,065¢ F,, tna nfoal etnmimp.

tom was 15,0 buns per fgy, 2nd thke molsture cortent of tﬂc prroduct gao wao S, 30 moC
por Ol 0F dry gas. A koat helsnes cm this pard of ths cyeie zhuwed thet of the

hant of combration of the modatire= snd ashedrac coal, L.l.Efr vercort wea pregent aa

gematble heul in Lhe d&F gas, 25.1 porceent wea the tohal hoat contont of the weior

vapor scoompanying the dry puges, 2.9 peroent wed prescnt s corbustilos copsbltw-
enta, and 27,7 sarecnt wan unacooanted for and presumsd to he atored underground,

A hoat belapoe was made for the ectixa cyele ond ehowsed thet, of Lo heal cf
cmbnation of ke molastire- srd ssh-free oca’, 20,.¢ zercent wea ]Jregaﬁlt nz aenzible
hsat ir tac dry ganeo, 1L, = perr;,e*rt vee tne totsl Reat of the wetsr velnor H"I‘Lﬁ']‘l}_’ﬂ_n_y-
1:15_: vk Ary gassn, 20,% percert wap precent ar combuetllle conatitusnts, and ELRLE

seragnt wag vAscined Dol TrE: mmed tz e atorod wnderground, At thls afnge In
bhe irveol pation uf ths procoss of wndsrgrovnd gexificatlor, 24 = apperennth. that

conl can pe buiraei wolsteround and the smargy broisht to the swrface In tiao form of
aoreilble heat which can be utilizsc for atesn ralsing at the outlehs from the oyotam,

The operatiun w’ the projech to date, o indicated by the forsguling teot dota, o
hoz shown thet the major AfTieulsy to be swrmourted 1e the bypasaing of alr thruugn-
norpasctive material snd sthsequent combistion of the prolunt gases befars they can
be ropoved Tam the aystem, A& meassre of success ‘n confrolling o preventling tkis
bypaszsing of air hes tean eckiaved through e ‘ntreductlos of fluidized zand Intw
the void apases along the line o« the original emtry. The indieatioms ara thet roof
sctlon in thie ares {3 unfPevoratle to the proccey of mmderground sseiflicatlion,

Two teat bolea have besn drilled intc areas where the ceal has bsen consumed,
In nsither Imsteance was any aroroeirzle vodd apaos found, Thaze test kEoles lndiezis
thet root sotlon sway Trom tie lire of the criginal entry 1s fevereble Lo the proc-
gng, Cormusbion of the voal snd 2iheration of head aoso croaght about sucl chasgss
ac facinm and wwelling 'n the mecf, a¢ that no sporscialla woli apeces sre left
wlespround end the gos-mekisg constliuenta ars forged Loward Lhe coal feces by the
oo motisn.  Drtll gotdines from cach of thens holsas shcwed A zcoleration dus 43
Toat offocta st ow level 1 foet ebewvs the top of the ccel bod,

Ihring operation of the pro2ect, observatlonn have basn made with reference e
ire permeapi ity of tlra cverlying strata fimd in this aren. Sefore the projecs was
astarted, sevural coru-lriil holes were put down end the cores cltalred. 1lsesate of
thene cores ehow that the sirata overlying tiie coal bed are themselves impsrmeable.
“hig indicates that ary lenksga from e undsrground system would take placs only
througt cracka or wlips sbedsst in the atrata and through thce cenl bod, the perme-
erility of which iw oot known, After the project had Dbeen operating for mevsral
mantaa, it w=a noted thal on the west oeterop at & point approzimatoly 500 f=et wosl
cl the ascond norehule, sir wea soopirg thireugh the 25al ved and the ztrata lrmedd-
eioly below 1t, Thdp fiow wae mmall and variod with the gressure apolled Lo the
underground ayetem, Tha £Iow waa thtough ams dlacontimzity or fauld in the strats
adjazent to this coal bed, through the cleats of the vosl bed, or alerg the line
tetwzen the oobsom of the bod and the sdjucent strata.

Several sxper-memts wers wmide uning the teat holes dellled along the ine of
tae J00-Yoot mingle entry a3 oxtloss end maintaining the entry under mrossure, Gas
flomm ware manasrad from teese holes erd annlyaia of the offlpent matarlal made.

The cnalygea ahowed that the gneca swerging wore cdanposfed of producte of combuation,
ceal-dfatillatlon produsts, and air, It wap appurert thuat the air had seseed
through o nesr 2 high-temperabire zons where coibusblon was ta<ing place, then
through or near a esrbondeing ore whers the ooal wes belng coked, and thenece to the
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tost nO_8. In mll casze the flows menpursd were low reiative Lo the qrentity -f s
pelng adml tred Lo the sysbcwm, “he data obtuined from sich ounorvationg are of it
garesl 171 coanection witn developmert of o percolation sygtem of wndersroamd

L 1fiastion, .

Hu 1imit has a3 yet becn Touad oo +he quastity of coel thet ern be gEoliied
from &30 ‘s tinl comboeticn mone, Lt tas boen posaible Lo malniein eombuettor it
opt AILCiculty.

The varioas types o=f couipmens |patalled st Lhe proJect bave opersted satiofac-
tarily, Doth the refractory-linsd ard the uclined tursrvles Lave Aarved wall as
hot-2Re cutlesa, ~he pomelmictisn of the emtry aes: nes wean modarately stccesaful,
altkough 1t hes reoquired apvoral plterativns, Al oompresiors sxd other masharioal
jrptullatiore have upereted satlafactorily,

The optimum —erncth of passage in the soal bed recilrel in wnderground gesifice-
+icn aes 0ot yet boen agtabliahad, All oporatloma L2 ante have Loen cunl ined be oo
I00-Fort Pasnagd, and it le wimrmed to uge = ghorisr =ati 1n the nesr Daurs.,

Sumo succees hes bsen ancileved boward directing and contreliing She comrastion
of cosl in plece vy drilling honco end introducing flaldlzsd =ond into thiy ryetem at
peirts whors tne cosl faces IS being yoeascd.

Poiverized Conl Gasificsidon P1lot Plans, Momgentown, W, Y,

The puergose of the Moargantowr pilet plant for #eslflculic a* atmoopheric ymoo-
gurs ELd the general schems [or ceX»ylng on thy axpsr mentsl woirk nave baen witlined
in the symhaesic Fusls repcrtie af e Secretary of the lnterlcr for 1oy ond 1348,

Early in loho inptellatioe of the cutamatic sontrsl sgafThant S restlug the
petble stoves woel completed, add & mirificnsion traln frr plmdrlng the problem of
dagt removal wad built.

The 7Jebble dtovos wWelw opsrated with the criginel ratractory linings axo with
the "asa-water peric_aie Jebblas", S0 vercenl nagnediim wxtde, dessribed in the GG
raport.

Sterting in April 1915, geaificatlon rusd Lave besn Lads with strorgly-noking
fewlckloy-tad coml from the hucker Hill mirs nesr Caszaville, W, Ve, Tp to the wime
af writing thils renort, 55,000 pourds 27 acal Fmg Teen gasifled at ratea up o =30
tounds per hewr. The pgasifier has wperatsd amcothly, and tonere has heen no diffi-
gulty in starting vruna or sentirning them tor the ccnednled pericds.  As the pebkle-
atove linlngs could not be hested above 3,600° F., the om pebble ted and otoun

tenporstores were limitsd o this temperature.

For the LU runs vaimg steam inlst tonperatures 2T '»_'-',T{JO'J to 3,50{‘;0 T, end eoal
ratgs o 180 Lo 350 pounds por howr, tha stemm:ons. ratios were varied over a wide
rsngs, 1.6:3.1. The percentage of geolllcaticn of the tobel carsm somtant of the
eoal wea vary gatisfactory, ranging from 7O to YU percent, Tae procssn allown oort-
eldmpruble contrsl of tho hydeogon:cerdom momoxlie ratios in the gas, In the rune
cited, thege ratiecs wers varied [rom *.5 4o 2,0, The oxygen raquired psr thousend
atandsrd aubic Feet of symtheais gaa {00 + Ho ' produced ranged from 121 o 265
standupd oikle feet, Thlo lov oxygen recuirement 1s dus 1n pert to the high steam
temperature empioysd end la mach lower than any reported for othar plants. The
folloing date 11lustraie thie palat. -
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dxrgor. requirement for voarious obeam;coal ratloe end inled stean temsereture

A E c D E F g
SCF 0./1,090 80F 00 + Hovwuwyuu | 133 181 153 1oz | 315 | 338 | 38
s}'team?coal, b, /Iy vaiarvnerns 2.07 2.l 2,36 2,28 | 0,10 | C.38 | 0,58
Steam temperaturs, “F. ....... | 3,350 | £,900 | 3,020 | 2,960 237 230 | 235

The lowost vxygen requirement uwaing iow-tempersturs efeam ia 318 (col. &) SGF
per 1,000 SCF of 00 + Hs, whorasa that uzing high-temperature stesm iz 133 [ool, _EL},
a saving of S8 parcent, The table alec showe that se tho goemmrocal ratic lneorsnsss
tor high-tempersburs atesm, the oxygen reguirement decreassa; (cola, B, ¢, and D)
whereas fer lowotemseratiurs shesm the oxyrgen regalrement ![nerecgea vwilth Increasing [
stoam:coal ratios (gola, L, ¥, azd o), :

Uhe materlala cogt of aynthesln gas i1s the aum of the ccots of coel, ugeen, |
ard abesm, Ag, on a welght hasts, oxygen laz the moat expena’ve ‘naredient, a fo-  :§
sreoans 1n the oEygen roquiremant wiil provide a cosi mergin f'or aupcrhesting etesm )
Tre best Cerman practlcs st atwéspherlc proedas Lo the szygen gaslfization of coal 3
irdicated an oxygen requlrement of 250 307 or 1,000 SCF of OO0 + Hy Tfor larme-dcals
operation, It may be sest from the detbts clted thai this Doromu procesa aa A cim- 5
alderaply luwer wayvgen raguirescol, s provldizsg a cosh margdin for supplying
reaction heat In tha Torr of Elghly suparkhceatcod steam.

Tatle 18 pressnts somo of tks resulte obtained with kighly svperhsoted ateam,
ALz the oxyeen rogalrement of the mrucess s luw, bhe pounds of slewn reasting with
ke goal mast he high 1f the coel iz to be subslant’z21ly ell sosified, That the
cteam rescting with the cosl fa high ir triz mruceas mar be vesn from the colimm
shinri=gr powides of 2 leun roaebing per pound of cosl ‘o laple 15,

The CCn prroduced by thes rrocess m'pht e thovght Yo be high, 4s a nigh hydro-.
gen ges 19 dosired for the manulfacture of gyuthetiec IZgulé Zuels, huowever, m goo -
sonbalnicg leaz 00 might recuirc abkitting to Srereana the hydrogen:carhor monoxids
retin, The snd restit could ke the sane after the ahifi, Thara ia e tondency for
high 0 guntent In the gep whern the atesm;coml retlo is hlgh, for asm the water 897
ahif't remction eosentimlly resches gguliiorliy et an equilizrlum conatant of abuit
9.4, =nd aa the hyd=ogen:earbor meoroxide watio ig ahout =, the OD2:VWpl ratia In the !
grntkesis gaz s shouk 0.2, or the 0Cz resulting from the high stsemicoal ratio 1z
Aboait 20 pereont o« the dry gynthozla gae.

—F .

Durlng the cowrge of the gaslfleatlon runa, cate wers Cbbainsd om the wechlam
of dust removal and the motlon of the verious refractoriss under righ temperaturses A
Dealan of & new dust-removal train, new pebhle sbove comstraction, and = rof valve. &
Por ugo In the obeam linee Trom the stoves tc the generators have been completed. -+H
The tew squimment will allow for heating steem o 4,C00% F. and far continuous
operation of the dust-removal trains =¢ thet longer cpersilng perlols can ke 3
malnteined, Y

Conptruction woirk on the new dagt-remoral 4reln and atoves startsd 1n Hovembet
Igh3. Whila this work 1s under wey, & ssriea of teata le belng mads wlth steam at
temperaturcy of £30° to 2,500% F. to obtain further data on gemershor cmpscitles.

Flow cheets end a photograyh of the new equiment arre-gement are presented 10°K
flgures 58 tc 60. s
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Figure 59, - Flow sheet of dust-removal and cooling system,
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CARFE 13.

- Zummary of aome hign femperaturse =teom rinm of the

Mopgartown pulverized-zosl men’FPicy

ﬁ, ERNEREERERRIE R -1 2 3 ':'I' 'j" _|" E J_DI ll
contl rate, Abftr, ... | 22| 200| Egh| 33| 299 ¢ 235 | 200 | lag | el
gxggen coalz/, 1b. A, oo | W7 | LR AT J4s | W0 51T sl | Ladal| s
atpem coalzl "1b. f']. vee | 228 |28 2,51 20k [ 252 [ 3.k | 2 lo sy | 256
o tasm temparatwa ‘:F. v. | 2960 | 3000 | 2000 | 2500 | 3000 | 04T | Iz 3330 | auw
pxit #ynthesis gas temp. 1803 | 1gsk 2000 | 2b0 | 2099 | R3S | 180D 1790 | ioys
ayrthesle gae analyais,
PBI"L'!EIlt: i _ .
R v idstdasarasaara 2l.: a1 AT.T 1{;._? 20,54 e lE’-.l 17 5 17,5
O wrasarrannanansene | Shot [Boa2 (03,80 55, [ hé,e | 550 | 5002 51,2 | 2.
CO v ravaurananessanes |08 (27,5 27,9 27,0 22,3 | 27,. | E7.6 [25.2 | 28,5
T EPPEEETRRE TP, B | 3.0 A3 2,1 1.4 =y I 0,8 3.0
carbon gasifled, porcent, sS4 e} By SE 55 2h 7 g i
Lb. =te re&.ctlnpfl_. _ i
P KL S = B R R L O I 0 st L5l !
SeT 0pf1,030 5CF €O + I, | 153 153 93 3L 206 218 Leve ) 156
Th. eoalil/1,000 SCF B
BO + Hovvuwraoosnnannan | 3W7 [ 3P0 | 3340 | 3309 | 2048 | 30,8 | 258 |90 ) 37
Het: heating value of gas /
net heating vaius o
coell/ . ieiiiean s [BOLL | TLA P OTL | TR | BRG] TILE | TELE [E7.1 | D11
1; feal on onn rersived baslsa with followilne annlyaia: Motsturs, 0.@0; ek, 11,1%:

carbon, T3.04; cmygon, 5.9%; hydrogon, 5.0%; ritroges, L.oE; sulfr, 2.0
and net hsating veino of 12,600 B.t.u. Jer It. :

Fluidized Coal Peeding ULnit
The firat test runs @ the pilot-plant generatcor emulsred s scal-feedlns apsten
ganeiating of & single batsh-typo fluidized fesder.

L mscord coel-feedsr syutem of Dureo: dealgn was comstricted o oninta'n 8 more
umtform eoal level in the malx feeder epnd o permilt continscus rathar then baten
preratlion of the gonerator. This syatem comelste of o Tlildizera, the Jirss beving
4 caparity of 1,000 poumde of coal snd the sscond 130 2cunde of coal, Both 1l0ce
lzers gre equipped with FEriztol prasanre cortrallers —o nalntn’r acizlAnt Tressuras
within the FIuldizsra, Ths firet le operated ma o bazch focder and svpplies coal o
the segcond, which iz operated contiruwously, The second reodsr has encugh capecity
Bc that it can operste crmbinuously while tha F1rat 1a ahut down for cherging.

lovestigationa haye anown thalt slout 20 pounda of coal are goimVeysd lkrotgh fue
feed linea hy 1 ecublc foot of alr.

Furthor {nvesblgatlons ‘ndfgate that tle lfnw baclansol: ccal-esd rate Lo d7-
rectly proporticnal to the mrescurs drop acrose s zlver zectlon of e Pesd lino =nd
Independent of tha élpcharge preszire if the oxygen flow and generotor pressilva fre
bald cunstart. Ths inatartaneoss rate ' Ceed to the generator 13 delerminsd by
reflarence to curvea for coal flow vs, the 1ifferertisl presaurs meadaread betwoon the
rntlmous feeder and a feod line sight glaes,

Zafety mnd Coutrel Devlcoz

47 A vesult of axperiarce with the vnit, certaln safety and conirel devicos
Wwere added to impruve the sperstlon =nd decresss the danger of accldents,
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The Tluldized cosl-feed um’t witk the anfety-device pare” ‘rdiseted by Lhe
dotted iimew io shown ln figurn 61 ac well =3 o cotailed dlayrom of the mafaty
devices 1n Figur: e, zafetr devigae 1 glves o viaudl wod pudlhle wernizeg of a
presgure docrendn at the slphs glaos die o a 3lfght decreasze of coal-fsed or
oxygen-Coow rate, afety dovieo 2 ptors the soml flow and cxyooe flow erd Aatnrta
the carbon coaxids purge to the cual injeclor when the prossure éiffarentlal hotween )
tke #lgbt wlasn and the goncrator falls off exossalvsly owlng o fallurce ol cosl -
fecd sr oxygon oupply. Dafety devise 3 oatops the ceal Teed Ard cxrpen flow ané
storts e percon Aioxide rirme when the wighs glass presdirs riasd sxzosolvely
swing to plusgging or Tlaghbnek within the sonl Injector, Gafety asvice L4 z1ven a
werrtng of faultr opevaticn of the [Muidiz’ng 21T or pontroaliler csaolnge £ Tigs Ic
Tressure n the conbimiona Zesdar,

The “nlector copatass of a sishfi-glass unlt with an atieched water-cocled 4ihe
end'ny ul the imeide wmll of tre gencretor. The olght-giess vnit honses thr end of
ths noal-Szed Llna gtacod a satrk dlatanss from the entreaneoo tu the wu e -cooled ]
i he or nozzla. The Fuadized coal 1z ted through the coal Feed lire Yo the slght 7
glary, ard process Eiren iz wdm tted to the olght sglaza, As ths -zyger enters the
fime . —sheped noZ2ic ontrarce It caxriase the cowl inle Lhe awzzle, and the mizture -

r=

oasic: Tory raptilly hiroagh ths Tube ints the ge-arotor, A

"

Sloetrurdis Kethod for Measorlny Pulic of 8clid to Gaa in Slow -‘:{

Ir tho colras of ctudier om the flow of zztremsly denae ecal-alr miztires &%
welgat retlcs of aboat 200 puurd of coal per zound of convering alr, a mothod &f
meas P ng “he iunafantamesus rotio of coel 4o oalyr was denirsd,  Thoe purpese of the )
coan -Tloe gtidics wes bo esgurs o comotent rake of aoal supply Be o roachor in whldh
tho ooal 13 gasllled will = luan and wEygon, “Fe purpsee of the dealred inategrent
waz Lo meadtrs Sus ratlc of cosl to cooveylong sir over short time Intervals =i lhat
the ateadizcasz of the son?! tlov sould ne determincd, ths LltZmate aim teing £ of-
tair = corplebcly whondy rate of sonl suzply to ths geelliar,

ite me=hod -f reasmonent selectad w03 the onarge in 4he ddclsctric constant af™
tle soel-a’r miEtare we | flowa bosween the plates of a cemdenger. The chemer In
dfelecirio cometans Jpor 2l =5r t0 20 perzent coal ent £0 wersuvml afr by volums 10 4
atuort 2.7 mefd, , = changs lerge snough to make menaurenents a0es’ble In the ccnisnAd
thai wen cood, I

Degeription of Clrculth s

The messuroTons of cepacify rogquirsd an sseillaling oiresit. Thae clrconit useril':
it tho lpstrumert described in il erifele 10 =n adaptation {rom ons deacribed BY
Tobler, i Tats ofreuit seploys two symeiron’ sed cacillatls sirenita thet are
snzled inductively {ose flg, ©3). Whsn the two eosclllakcrs hevs tko asme :f'relg_‘lﬂﬂﬂlf .
andd ThREZ, a6 surrent tlows In 4ee Inductively courpled clreult, The laifer 13 ah
in the dirgram sbove Lha caedllating ciraulis, the couplirng belng obtained Gy wind- |
ina 2y nng Ly or tme form and Tg md L! or snother form., If ike eapacity off 03, 4
wviick 1a n the olvonit of azelllator I, “a changed, the two uvselllatire wro ne
Zomger in phese, A eurrsrt is suboequently induzed ip kho counling elresit, whe
indaeod current being profporsions] 4o thr phass AfTerence, and thersfors belng B
merire oF the chemge n osasacity oFf condsnser ). T highfreguency current in.
tho scupling cirsuit 1a rect’Plel by dods T1, and the voltage drop scross a resls”
tor, B2, iz vasd to moacure thio gurrezt,

L5 Pattsr, B V,, fn Zlectrieal Teancducer ircu’t for soe with fepecity PLoE-UD
Dev'oea:; Lev, Gei, lnatr., vol. id, 18bs, p. 130,
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Figure 63. - Simplified circuit diagram.
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VOLUME PERCENT COAL IN COAL-AIR MIXTURE

Figure 68. - Effect af volumetiric percent of coa! in coal-air mizlure on dielectric
constant of mixture.
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vre sompiete. clrouly oonelsbs of Lirew walio [ees 2ol Clle (1) & nomess o
adt W loh mrovides s constwnt vollage Inmuk for che ozoillotoes srd She smeli-fop:
{2] +wg wHs) 1latorz and the gouzling circw’t, which measire e ~zpacity ahnrpes
and .“J]- A Afreoct-owmrort annlliisr whick u.Lu:"_J_['faﬂ Lhie vl bge iroat e She cuot | Lo
acahe - e Frequensy of the copllator airculte la 1.5 meppeyeless,  The ~ordsnsoe
-l;,hI'OU-Eh waich tiha cma_—g*r' mixture f_owzs 19 Oy, Oy Tw !dent’orl with D.;. L5 I
the otier cpellletlor civenil, Condenssra 0 and £, waich are froozwelTel with o
and (], Tedbectively, wore nacd in callwrating tne appavaluy, 2lonece s chanes I 03
1y aguivalent to r change In Q.. The voltage oros in the u:'n‘.lp'__ir'_-g: o' =20l te meong.
gred scrodd Ky, 3ince orly & Ghange 1o pouectial is macosdary Lo nomsurs e oooa-
pity chamgs, bﬂ.t'rer‘,' By wea usgad Lo oppoaa tha wotentlal chorgs Iotho ooipling
cipeulit &nd o agjuss the fnput voltams 27 bha Bm:lli.'f__ar tu the reqgs ovor weh

the uubput from the ampl’lier wee linear,

The coal condennora, [Z'._E Anc 0 fwse Tlp, SR] ) webs made of slumirum ponios
pepurabed by belelltw L_%L'.""ir"‘l The panoems Wwough whizh cosl ard alr rixiurs fcws
jg aaout 0.1 lnch sguere 1in cross zeotion By 7 oinghen Ix lengin,  From Zoe dimen-
nionz, ¥he capaclty of the effective part of thiz cordonanr was caloutsted tu he

1,176 mrd, when it comtelned ate,

elibratiorn of mutrumsrt wi bk Toa”

A conl-air miztire wes Tlowr throsgh the momdssmsar from s moumsts o feodor
gevaloped in the Dureauw leboratories at Mormaniows for fead’ng coal to 4 roactor
e “eedor onoratod h;.r formiag 2 Zluidfend wod of cual smasr pregsurs, blesding F:l_':
moat of tas Fleldlzing =17 Jrom he Top ol e corlalnsr, and osuelnog Lo occn”-ulr
mixtizes Lo Tlow fl"l:fﬂl Lrle had throsgh o coal-delivery ftune to the ooint of atillicow-
tion, Around tha entrance Lo tho gos’l-édclivery tohe 13 & shield 62 Poqmoa bed ol
rmifore denslty by partlal ettt ns of the cosl. The zoel from tue delivsry Laos
flows throwst con’ conderaer ["q In the ces’ st ne otronit. Uhe Subpot voltees
which 1z recoried on the owclllosco Do, messzuray the coelielr ra.'tl, in tke tubte, At
the rates of [low used I Lhe caper J_T"lLfI Lis, Lhe Lime any perllicle o ooal wes In ks
rondeneer variad bestwesn 0,0% and C,1 cccm.d_

The dielectric constunt of e mlztire of finely divided solld racdomliy =taced i
8 gae has esn repcrsted to Follow the scuntion log Uy = ¥, Log D2

whars Ip ~ the dclecirlc ceondtant of the miztae uof aclid snd zas,
Vo = ths volumetric fracticn of aolid in the mixture, and

I = tho d7elestriz comotant of the =2ciid,

To feat tas applicability of thls relabicu ts coal-nlr mizturca (sce ta
5'3“ elnultaneous Eau:ﬁlwamunt cf tre ponl;elr retlic and def'loction on tho coolillso.

Eeope were medc, Tho conl-nir wizture from the feeder waa prased thrcigh tle con
denger und the averags doflcotiom or the oae? Lcoepcme dsterm'nsd.  “he cool wna
- Buhsequently ceugtt arsd walghad (o o containar mmd the converlng alr meossorod by

'_“51:- text meter,

The data are plotled as the logarithm o tho dielostrdic conctart ol the rizitars
B0 con) asd adr agatnat tae volumeetric bergestage of cosl in the mlzbtars [sos Fig,
ll,  The axperimortel datz are marksd with dotn, The pGl‘“‘l‘t" mEraed with oirc_ss
ATe doborminctiong meds on oA grmple of tho czal by tho Hatiomal Puresan o Sla-derds

-_ Argie, G. I. oacd Maaza, 7., Memsuromcnt of the Vardeticn of Dislectric C:-*wt.a:.n'L

uf Wator with Extent of Adsoephtion: Canadliem Jonr, HEeoaenwek, volo L3R, .955,
BL. 13616,
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through the couwtesy of Charlas Muon, chief, Inductance mnd Capacltance Sectior,
Diviglon of Blectricity and Optizo. The logonrithnic reletimm 1s shown to hold an
least far the coal uged Iln heme experiments. A wraph (fig. £9} ahows the deflec-
tlon on the omcilloscope 1 inches ssainat She volumetric tragtlen of coel in the
poal—slr mixturs paeaing through the candenser,

Ups of Instrument

The ingtriment was used tu determine the effect of the shield arcund the coal-.
alr inlet on the coalislr retio of the miztnre flowing through the coal-dellvery .
tubte Trom the pneumetic feedsr, M photograps: of the deflaction on the caglllioacure. oy
uping varicas okislda ard Gelng no skieic Za skown (tig., 70V, The time regquired for
the spot to move aeroas the £isld of tke oacillcecope was in all cassy 1 aecond,
The velumetric frastion of coml 1w the mixture i3 Found from the diatance of tae :
sput alove the dutum line, The offzet of the ghield ¢n the wn'formity of the mlz-
tirs flowing through ths tube mey be deen by cumparlrg lhe lower right pdcoture with i
the other thres, No snield was eed when the lowsr rlght picture wae Seken, whersas :
ahizlds wers uged when the other three were teker,
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The nae of the nstrment ja restricted 4o aclid:gas ratios high enough to
cause a mespurotlo change \n tho ecepecity of the confenmer, Oreater Bensltlvlty can
te obbalned ty incresslng the amplificatlan ratic, by increasinz the length <of ths
nordenser, or by decreaalng the inductlve coupling in Lhe goupl'ng clrculs. Hiw-
aver, srrury are alaoo miliiplied; =nd lneressing ihs genattlvity of the 1nstriment
mesnn tras extreme care would Le necesasry 1r eliminating orrora psused by lne- .
voltage change, temperature charge, etc. The eftectlve Tangs of Eolid concentreblonss
1o ehove sbout 5 pereent wollids By wvolwma, when the sclid has a dleleckrlic comstant .
smilar Lo that of cuel, o mindmm effective rarge may be lowsred, however, br

H R d ke

o I

qeic a @olid sush A8 blSanium cicxide, which hea = dlelestric consbut of 80, ar \
shoct 10 times tha® of cosl. The trotsblie minimum veristion In & high dlelsctric e
oot b omler?s. tont couwld be detesiad 1o mpout 0,01 percent solid by volwmme, AL -
higk aclid conceniradiora, howsver, the Instrunscl has mrovad 4o us very effoctive {
1= meagurlngy sheoess In the aolidogas rotlo. i
»
Faginearing and Dealpm Work :
Bt

Procoura Gaslfdzaticn
Design wori 18 about 40 percert complets on & pilot plant to gaslfy >UD pounds
of cosl par hour et mresoures up to 450 pes.l.g. i
Preliminary lesigns were made uz for the following pleces of apiaratus: T
1
1. & ohean gemerator and superhewlber o deliver 1,000 mounds of owomm per howr ?
at L,400Y 7, -
. An osygen preheualer to deliver 5,000 =.c.f.0. of Oxypen 4t l,Dmﬂ F, 4

3. A flutdized feeder tc hold %000 poarda of coel and to be capalle of foed-
g et 600 p.s,l.g. aod &t Tates wp to 1,000 pounds por heyr, HFegdor is
32 reet hlgh end 3 feet in diamster,

L, & Freiflcetion chomber comaistlng of a witor-o¢oled reactdon chambar with
6 weter-cooled gleg kopgper Torr the genmeration of '_E;DEIU g,c, he ol syo-
thealis gan. ISire of veaciion chamhar, 1 £+, in diamster by I 2%, Lorg,
Cver-all vesael dimensicna, 30 dnches in diemctor by 12 fest long.

3541 i
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Figure 70, - Oscilloscopre photographs showing effect of injet shield
on uniformikty of flow.




+to cool and partly clesn the generated syntaemie gas, Teseel 1m

£, A sorupbor
o4 inckas in Alemeter ty 13 fest lung.

uspta for bids wers aollcited, and the Fabcock & Witeox Co, wos awarded Lhe

Eeg .
the dwlalled dezign ard Pabricaticn oFf the Toanels and superiesters,

in addltion, the Followlng pleces of squipment heve been ordered:

f 1, A cUmprezacr to CcAIpress 100 o, f.m. of syzthesla gas tc 2 discherge
' preszurs of*650 p.e.l.2.

: ':"2_ A recyels cutipressor, whlch iz m gpeclal dovelopment of 2 certrifugal
eampreaacr, o circulate 5,200 8.c.f.m, of fluldlzling synlheslis gea.

3. A boller feed mmp uvf 3 g.p.m. capaclty &t a dioshsrge preosure of
750 p.a.i.g.

' L, A& high-pressurs walsr pmp of 30 g.p.t, cepscity =nd digchargs presdura
of 600 p.e.l.Z.

Plpe fitilngs umnd valve crders ara o0 percent complets for the pilct plant,

Tnatr-ment ordera sre £0 percsnt complets,

genatructlon of the actaal mreagure ganificetion pilot plont 1s gchednlad o
fatart Folrusry 1, LES0.

Atmoapherle Gepifivaticn

2 Complete voeasel-decign lay-outs and piping drawvings wsre made for & dust-

f urificasion trelo Lo cloan 20,000 s.2.0.0, of gyntkesis gao, This train comalsta
¥ of o fogglng chamber where the gas is zowled by direct weter adm’ssiun to simalete
k the cocling dore in a lorge plant by = waste neat hoiler, After leaving thoa

P chamber, the ges goea through u battery of "pepoias’ ayalone ssparetors and a
fuspher~anoler packed wlith Raschlg rioge,

f -, Final dust removel is sccomplished oy & Cothre 1l precipltator. Tha cleaned gas
is meapured 1n a lobe-type meter.

Migenllangoue

: Mads up lay-cuie and piping drawvings Tor a SANpreRaor IO for the Murgunlowe
statdon to house three air comprafscre anc che high-preamra gaa comMpIrosaor,

Detailad a propoesd stmeepherls fesdsr to be uaed in conjunetlicn with w coal
Fmp to fesd the combustion chamber in Lecomstive Deovelopment Comittse's paa-

turbine locomotlve.

Conferred with Ordnsncs Department of tra Unlted States Army and the Hoydern
Chemlcal Corp, on the scasldblllliss of wsing pressure gaciflcation from conl o
Poduce the coat of smmonle syothesis gas now made from coke,

L1 55 -




Gaa Treating and Testlng

Analytical Work

d 4o perform tha uzual comrol tests and roublne anee

Mig ‘anoratory contloule
For currelsting data obtalned from the pulverized-coal

1rsicsl deserminatlon neadsd
waaificaiion grperimanto.

Hany of the analybleal methods tEat had been develozed selng & aimplated afn-
thesis zas required addttions” irvestigntion du wasabllzh keir valldity when
apnlted to rew aymthenla gas a2 produced st this station. Tpeaturated Lydrocaricng,
suck ea3 ethylsne and butilene, &re \nown to witlsta the isatln beas for thiopheas
milfur; but lahorstdry teghe at Morgantown showoed that theos pompounds, if present
i@ the mms in smounbo leas then 1 pereent by voluma, ‘do nut uffect the nceureey of
—ko method, oimilarly, she zistirsm apirel method for grigaml o aunltfue detorringtiom
}ed bzer devalopsd usirg a S0-3C hy ArsgeiL-cAar bot monex)de mixturs az the carrler E
pran,  Further ctudy ahowed that oue pyrthesls gas, 43 pruduced, does nob precluda
t¥e usz of the spiral method, atnes l00-nercent converzion of crganle guifur com-

courda ho RyAregsn gqultide is obtslned i the gas mder tast contslne as little ea

15 wergent hydrogon,

Tma doserminaticn of solld and liguid Impuritles in synthesle gaa has been
fomi sopacially WTTioult owing +o water drcpety mizcd wlth ths dnzt in erude and
rarsly puriilel waess. Siltabla metrods hava hesn derraloned and TumeTrous tets made

on tre raw and purificd ammilesle ZA3.

work lo progreseslng o & phos

colestr o metrod ror dust cetermination on highly ®
parifisd pasnce. _

Berch-Gecale Purificetion Exzer iments

Turio 3 methods for desnifurlrlng aythesis gas have teen irvestigeted. Theee's
studica tnolndo catelybic comvern—on axperimerte, employloy both fixed and floldizes
teds, snd cetivated-carbon 2dsorph.cn toats st mimoszheric snd slsvoted Treadures. -

oma typa of deanliurizatiom eptelyat that has teen shudlsd 1o & metarin] which
whas rediaced crnil sulfidaed, reects catalyticalls, oomvertling Jrgenlc aullur ‘3
gon aulfide in the presspce of high concentraticns of hydrogsn sulfile. The crgAanlc 3
ralfar, wlibough oot nrmpletely removed, 1s 20 groatly reduced thet activated carbdry
cxn ba uged sconomioally for fine qurdf] caslorn. i

fpwther Sype of eatelyst which la being iqvestlgated and whicgh, from prelimind,
cost egtlmates, appeard to bo more promteling chen the former 3 one thab removed th'f
Fydraaen oultide and crganic sulfur slmultarsously by mesna of cztalysl shacr phiom’
Wharswer the eatalyast tecomen fouled with qulfar, 1t te revivifled ty means of 84T

gd Bhesm,

Twe cntelysts of thia —abter typs have oeen tested, At azace yelooitisg 28
nlgn 4l 3,930 a,c,f, par ou. Ot matalyst per br, and with & -zatelysb ted tampalrs
Lirs of 4500 ¥, , Dotk catulrets canmplotely eonvertsed nll the organie slfur (wi
tte exceptlon of thiophene) %o hydrogsn qulfids, =nd untll ‘he pate yet bhecans
foaiwd haé removod §9 peresnt of the hydrogen aulflds from-+the gag, At the go.8
apren velecities mut witi e lower catalrat bed tomperatire of 3007 C., the outled
@ea is nonyletely freo of hydrogem aplf lde wut the srgenic sulfur comveralon is
amswnnt insg, averaglig no .= perssat, Wiensver tha catulyets ars rovivified,
approximately 50 peroont af the sulfur abaorked 18 turmed off sa sulfur Auxlds;

2541 - BE -
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Flgure #1. - Fluidizer used in simultanecus catalytic ramoval
hydrogen sulfide and srganic sultut,




Flgura 72. = Ylew of top saction of mgging—bad flltar ugead In Fﬂﬂ.ﬂviﬂﬂ
dust from gas.




Figure 73, - Bottem section of maving-bed filter.




Figuea 74. - Banch-scale apparatus for reverse-shift-reaction tests.
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fie remzining goes te the sulfate of the meisl, Upon subesyuent reduetion the sul-
sute i3 decumposed fo tte metal and aulfur dioxide, Iabkorebory exzerlimesta bave
gnown that the sulfur dicxlds given up Ty frechly ravlvif’ies catalyst cen be affeg-
tvelr remcved from ths #aa by peosing it over aome fouled cetalyst.

Fixedi-ved cperation 2°f itnesa zatalyets hes the dlaodvantage of btedwmg = ayel’s
oeegd, Lhershy Incroesing cetalyet coet, Prellmirsry svadies have wsen made to
Jetermine the effiecasy of this tyre of catalysb In a fluld bed (T:g, 71]. I=mttiel
regilbs socwed that nors thuz 9% vergent of the hydroger evlfide snd 97 verosnt of

the orgenic suliwr are removed,

Funercug tezta khave beer meda o tre remdoval of organin gaifur from gne with
agtivated carbun at sfmuspheric ad well as g svatod presgures. Tho offect of cawhom
diox’ds on the gdzcrption of curbom oxyeulflde Za belng lrvoatigated,

Fxtensivs tesla were mads oo rendring duoh foor gas tasing o moving bed £Iiger
deelgnsl after trz Gorman shaft filter, The Yilter (Ziga, {2 =rd 7%), which con-
zisto easentlally of o moving ted of coke or pumine =2a tha filtering meciium, han
peen found part?culsely saccedsful, reducing dust concentratlons Srom 1,000 e
igap than 0.1 grain zeor 100 cuble foet.

Experiments on the reverss siift reasilon (fig. L] ara eleu undervay, IT
gach & mrocesg aroves esoncmiczal 1t may be adviesble to produce gas wil Ll m niuh
kydrogen:aerbon moncxide ratio ard then obiein the dsairel ratic oy means of the
raverde aklift,

Purifigation Pilat Flant

A maa-pirlfizetlcn pllut plent hus Teen constructsd (fig, 73) ard iz rendy Jor
eparoticn. It has o capeclty of 300 cuw, T, of g=s an howr et aimocipberis prassurs
end hao provieicora Pop sbidying satalytle comwersim of Crganic atrifur, lsquid puri-
fiesticn, and dry box remeval of hydrogen sulfide, and activated charcoal aectivitlios,
The piping arveogemeat 8 suck shat any of < the progesasa which apposar promlsing on A
laboratory-scale beals gan be tried om the pllot-plant gacale,

AE pressrt orovioicna =we belng made to coerate the plant st elevated oressarea.

Foams

Latcretory=Scale Powdercd-Coal Gaglllgatlon

fonatdarenie imorevemente mede in the laboratory-gseale nilot plact for the zor-
tineota prodiction of amthicsin geo from powdsred cowl rosulted in = simgle, easlily
samtrclled procens that 2z w2ll-sulted lor besbine warlous typea of Fuels for thelr
utility in mak’ne Ziymtiedis gan on a commerclsl scele,

More thun &7 @ealfisatlor runs  have been carrled oot te date, Un fo 1,200
cubic fest of high-queldty asyminesis gag, contoining £ 4o ' percont carnin diczldz,
hay been produced ir on hovr from the wgasification of 29 to 55 pounds of finely
Powderoid cuui, Subsbitvtion of a posumatls coal-fesding aystem (Flg. 76) far tko
farmer Syntron fecdor permitted cherglng the cosl lnbe the genarstor =t & mope con-
Btamt rate and a considerstly inceasnsad tavoughpus, These, ard very thorovgh mizirg
with oxyger before injestion irto the generster, roculted in mubstentlal Immeove-
menta in the quallty of the synthedis gaz produced, in the percenlowe of conl gaal-
fied var pass amd in tho thormal efficisccy of tho mrocass.

L%
-1




5 geoll-sxnlanntory flow dlagrem (f1g, 77} skows the piillcom-carblds lined,
¢ _fmehodinmetor geceratsr it T Peet 1n longth, in whieh virtuelly sny typs <
soml irsgardleas of 1te ask or snlfur comtent], Twiverizcd so that Ta, 80, or G0
parcel; pEaggy 2 sotemest sopacr, may b zoaifisd, Ihe BA0OS flme ghzet aleos showe
thz symttesis-gas purifle=tlon hgln snd the scceapory unisa. Two Yemp low-[ressura
spdrosrisl Wamers fnatalled in the water -cuolud gemsralar head, uaing rrertized
otural oas and alp, are uzed 0 [renent the gengratir belors sach run Lo Sompers-
—ures ronging 1Tom 2,4cQ” F, oo the tep te 1,600°% 7. 2t the boutom,

Terh ram te abarted by grutting I the protisat Surncet und choarging tre
omwidared ceal, cmrv! ed by the oxygon l-wto e geperetor head At & yeloclty of about
J20 feet par fecind, wItL or witheut sscem in addition to thai Pormed frow the mole
tire snd anrhinel woter I the conl, The corl ls Fesified in exsrainmant { gnapen-
g2or) i e furbulont atmseghers, and the renidnal eztremcly [re carboracsous
reaidue ules f_y-aoh pre carrind along by the vaw gyntheals gas loto the pubssquarnl
Augt recovery urlts, Uwo ploturna ff1gz, TE and 723 ohow the extornel avpearanca of
Lhese unsto rocated =n B0 flacrs helow pech othsr and lhe control toard on the
wppel ioor.

In &pite of Zhe aorparasively amall size gencretor, the hoat logsed ward Ia- !
duned 1o Aasoul © Jsrcent whon ccal wa3 cvarped at s rate of 50 pouwnd per hoar. Thig - |
hrs permi ttod {hertod Foepd.c coloslulbion of the cperating resulta, auch =8 cHnposl-
ticn of lho gas mada, oxyEgon roculresent ser 1,000 cukic foot of aynthesls g8a, ste.,
rrdar mesned ners hoat leosa conditiimg &s chtaining 1a gesifleat.on on cummerelal
arslo,  Calsalstions =lso hove basn ampdr of the percentegs of zarbon iz coal gaal-
++ad and other ocperating regntts urder thsrmel-telsnce conditlona upeon tha Apnap-
timm of chwrginu superhested steom At varioud raton or introducing oxFRon 4ot vArdous
ratioy to soal geeilled.

Tivse, it waen fourd, for examplc, thal, [ ko L. f=parcent heat fosd obtainsd In
82 @iven rond/ wars cliwicsted, the porocent I in tha zma woild drop T 7.1 to
2,2, the velume ratio of Ily:Uo would decreasc from 0.5% to 045, the cuilet temperde .
4 of Lho meke-gas would ircorzage from 1,820 K, t0 3,20!3"”‘ F., the ozygex requires a
memt would dseresse aligbtly from 3150 to 3&5 suhic feet per L,000 cuble Twet o
O+ Tlay gqd the otesam dpcorEponitlon wviould -degraess from £ to 6T peroesnt, I owearvery-™
nper. incrsacing the alcamrdry roal welght retlo from 0,00 to 2.23% undar Lhermal
boosrso comditluns, the persent CCo would lrorsass +o 21,1 percert, hut the velmie
ratio of Ha:CD would ineraase 1o ou), 'The cutlot temperatiura of the meke-gea world
aroy back to L,%00% ¥,, the cxygen requirensnt would @scrozse further to 20l eupic
»aet per 1,000 cvhic fess of 20 = T, enly 36 tercent of the steam would dsoomposs,;
ard 3 porsent ©f the carnoa In +he eoal woull meaify,

The gilleon carbids lindng of the generctor was fomd 1o have 8 llmitod DAfe
ander the aeverc corditions to Wiz 1t 1= oxscasd, such 33 mepeated heabing ard
cosling, sbrsaloa, effeche o sleselng coal ash, and strongly cxidizing atmoaphered -
at “re top, Tie upper part of the lining (2ig, 50) maet, therefore, ke replaced
aftsr g oarlod eguivalert Lo spogt 100 dagya of conbimpuous use, :

Mg cprhonececas recldso, nontaining 25 ko 30 percent af ash, can be rocyelad :
2or £ 3ecomd pasg Shroagh the generator, elthor s.oms or in adeixture with freah R
conl, Towever, cwing to tta extremely fine particle amlize (50 zersent leas than Tad -
migrome  and highly fluffy conalatercy (bulk density) #.0 to 2.5 pounda peT Cl. Ftob-

e
3",5 Bun 4o, (oal Tesd-rates: Ly, £ “i./he,; oxygensoal ratin, 0,55, and toem:coat.
ratiz, 0,00 1k, /1%, of dry ccal. ALL thege are fized, ani the peresning?
_ cartuIl i conk gaelfied [59.5{!{.} 1g apammed to remain conntant,
L/ A tempsrature of = 200" F. masuued for the otaam infroduced,

:
S
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Flgure 80. - Silicon carbide generator 'lning, arlginally | inch
thick and & inches |. 0., bafore and after 114 days
af mguivalent continuaus uwne.

Figure 8], - Elactron micrograph of extremely fine carbonacesols
regldue at high magnifigation (44,000 X} eollected
in an kerotic tube of labaratory-scale pilot unlt
fur powdered-ceal gesificatlon.




the resldiae misght fina Industrial utilizetlon for certain puwposez at a lower coat
' carbon black, ILlectron microsrapha (wee flg. §1) wevesl m vary clome gimilor-
sty te erpmerclal carson blackd. The carbomacecusn reeidue alao can be burned 1n

L o tanderd agaipment, waling powderad corl Por mderflring bodlsrsa.
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