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PREFACE

Thie report ls subtmitued im nocardance wibh the provioiono of the Bymtretic
Liguid Fusls Act <of aApril 5, 1okl {30 U.8.0, 321-373, a4 umznded), which ragquire
that: "The Sesretary of the Toterlor ghall ronder o Congre2sd oo o sefars the
Fipat dey of canuary of soch Fear a rapoart ¢ £1L cperetims urdsr thia Lek,"

Ming to U broad scope of the ecntemt and the diveralty of intersstd
reprapented, fac amrmal Remord for 1990 hoas been iivided in%o four asperate puo-
1ications. Xash hen heern peblighed ty the Purean of Mines aa n Bopord of Investi-
gations, and the rocpeztlve titlea Follow:

R. I. W7F0, Jert T - ULl from Ccoml.

&, I. 477l, Part IT - 011 “rom 021 Shuale.

. I. #7i2, Part 777 - Liquid Fusls from sgrionltirel Besidies. '

H, 1. 5773, bert v - Qi1 [rtm Secondary Reoovery and Refining.

Tdeo=ical in mach peport, tre introduictisn gomnarlzes ressarch prugrsss Jadae
in 1450 under ghe entire Symthetic ui gquid Puels mroorem.

& Free copy of sny of treas publicaticne nmay be obtained by a wrllbten request
to the Buresl of Mines, Piblicatlons Distributien 3ecticn, LECO Forpes Strset,
Pittaburgh 13, P, The H. L., mmoer enl Litle of tho wabifcation desired chowod
be indicetsd.

Repert of Imwestigations 4770
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INTRODUC T TON

The Vnlted States has not begun zommercisl vperas fone to tap its largest poten-
tial sources of ofl supply - oil ghalo gnd coal, The reason is that domesatic ypetrol-
anm hes tbeen plent iful iz the past snd 1liqu:d products probably could e produced
frem 1= 8t the Lmieat cost,

fa view of the over-ipcreaslrg meed for petroletwm in the Tnited States, the
sritical intermaticnal sjtuation thresiesafng Foreign supplisa, the growing demends
far stesl, and the heevy costs to industry of constantly dAiscovering snd develcplng
new oil Tislds, it is belicved that the prompt develnpment of a symthetic fuel
tndustry based on ofl shale und coal 1s net enly requizize to safsguard cur oll
gupply tut 1= an seonomicslly sound courde for tae Z“oresocabls future. To peglect
1tg Aderelopnent 15 tc closa Cur eyes gnd minds to cur own resources at B time when
they are neeced oritleally, It wlsve 1s apparont now thet nodither +he Oorernmens nor
industry wonld be taking any consldarmble pecnem’ e Tlsk i starting Lhe Iniziel
plents, cepecially == measured sgainst theiy potsrtisl velue in meeting critical oil
and chemical dsmnds aad in Wwilding & new Irdustry n the Wes:t.

il Elmle

Owing to research advanses in the extensive syalled fe 1liguid fyels prograen,
which tee becn carried on by 1ndustry and the Department of the Irterlor since ey
it fow is belisved that gssolinc snd cil canp Be produced fTom shale af rozte olosa
to these for petroleum products. The eieel reguired for oil-anmle mines and plants,
as wzll &s the capital irmrestmernt, appeare to e less Than ncow regnired by the
petralsum industry for cach barral day of sdéed capaci=y. 211 gtels plants zan be
Wit in ore to two yeara and snongh coserves San b prov id=d to pormit operatlon at
)l rapacity for 20 or 30 years, This contrasts sharply with perrolevm operellons
‘n which the averaszc oil field spprosmches dapletion in 10 to 1% yeare and older
Fielis mast be replaced corlineally by ihe discovery and deovelopment of new reserves.

Progress made in the oll-chale developmens progran during 1950, wiich iz sum-
morized in a later sect?on of this report, greatly strowttrened the romrercial
feaz1bility of thete cperations. lthe shale mivirg cperacluns were fmproved further,
It ic now estimsted tkat the raw zhale for one aellon of cruce shale oil will cost
1,5 cants, crushed amd delivered st Lhe rotortimg plant. The revorting procsef WAs
lesn imoroved &s to both metaod and cost by Lhe development of the gzs combuast lon
Tetort., This iz a ainpls upr-ight crlindrical vegsael that prehszats the inccmitg air,
retorts the shale, mnd condonoes the ol aiven of ff withoat the ure of wvater. 3ingle
unite of the rewart can be bailt with large cawcolty, and the preocess i comtisuour,

The eombined ronenrch ef<ort of industry and the Jrwernment was now dsvelopod
refining procesees for crmds shale o1l that will yield aigh quality motor gasollne,
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czt fael, dissel oil, ard w11 grades o7 heating oils. These refining methodls hava
hmen oxamired thorcaghly Lolh by fodusyy end the Bursau of Minas,

The Zepartoert o The Iaterior, will giwe Ii= full syupport te competent organ-
izaviond o0 groups of organiszations pusting forward scuri propesals to stert com-
tercisl cperations in this field. The Departmenl bwlisves <hat it is ‘n the best
matioral lrterest To push this oil stale progran Porward as rapidly as poasible,

Lcal AxEirogendst ool

The Birean of Mines Cna” -Aplrcgeration Temonstrat ion Flant at Loulsisna, Mo,
row has bsem in oporal fom Mor about 1-'L_£rF'.' years, A completed sories of rrns on
Wyoning wonl is deseribed in detall In the bedy of this report, DLew Tuhs AT9 oW
being atarrai on Kentucky cosl, and these will Te f3llowed by fests on coale from
otnet atates., The major product has besn gasoline which s Taing used o Teot
purpcecs, rarticularly bty the armed forees, Taving ro counterparct in pravious
fmecricar syperience, thia new hlgh prersure plent has presezted mumercus operating
probleme , ¥Tach hae been enlved as 1t aroso, however, and squiptent and opersticons
wre mixd i77ed conbizuvgsly te foprovs the plant economy,

The szperiernze gained in this work, combinsed with records of rarating ewper -
epos MPog Jerman plances, Be besn used as a basis for reestimstirg the initial
ot of certrin sections of 4 commerclal coal-hydrosenaticon plant, a2 well A tho
eoel of the products, This new work ig net completed and will not be published
uatil thesc est metes ars reviswed by the Synthclic Liguid Fuels Subcommittees of
+he Katiopal Petrolsuo Gempcil. AT the reduest of the Secrstary of cthe Interlor,
Thiz greap s working with the Bureau of Mines +o dsvelop cost estimates muiually
aciaplatls to induatry and the Goverament on all of the cynthetic fuel procaessss,

At the presant timo, it appesrs the'l the cest of oroducing zssoline from coal
ts nomewkat greoator Skan it i from ehals, Ik many instances, however, the coal
rlarts will mave a outer’s]l wlvenoage over shale for they carn be pilacsd coar impor-
tant consuming centeors where product-trarsportation costs will be relatively laow,
Ts same srteni, this offseis the advantage of lewer productlsn costs for shals
products.

The #:udlsa of ke last two yosrs, howsver, have btromght cut cne peint of major
mporleoce i Lhe pregenl etereensy: That the mmount of stesl required for initisml
corasruct ior per werrel per dav of gasoline 8 about the seme “or ooal hydrogemacion
az iz i& for petrzlewnm, Aleo, 1Ff a roal aylrogenstion plent is waed for 20 years,
the olusl ewcury of 2lheel conguned per berrsl of produoct mde is lass than that
required for petrolevm, These fazts mAF eppsar surprising, at first glance, it it
mict be remembtered that the sil iodustry estimates 1ts steel raguirsments for 1991
ai appreximgiely 10 perceant of the steesl zroduct ive capaszicy of the Unlted Etezes,

Turing tke past few years, detmnd for such wremalic ckemicals as benzene and
shennl has outstripoed prodact ive capaolty. These metsrisls ars used 1n plasties,
=¥lon, Imsecticldse, ani many other sessentia’ chamical producté, Bahzens redulre-
merte dnecreaasd st 3§11 further whem the sy-thetic rukber plaris wers reopensi, “or
it is used to make s<yrene which is one of the dasic componente of aymihetic rubber.
The shortage of benzene 18 now acite and 1t price has been advancing rapidly,

This sizuaticn crestes favoratle economic copditiors for tke constiruction and
cperation off cns or —wo coal-hydrasgetmtloa plants, Along with gascline, such zlanta
sar produre A high percentaga of arometis chamicals, A& torel hydregemation ranacity
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of 30,000 barrels a day, Por example, weald Incrasue the counfrr'o bensene prcdan-
tfon by about 2C zercent, ita phenol outint by abous 1 werpeat, st proviie sub-
giantial emoumts n? Zolucrne sod xylens Sor avietliuc tuels, as well ss £ pew courcs
o wolur gRsolire ani liguwefied petrcloun gas, lr edditieon, sbous L0, 0O0C tonz of
gulfur would pe recoversd cach roor to help meel growing shordages In thila Ticld,

The smowf of steel ussd for the Inftial plant conatrietion in abtout e sELD
gn required to ke thezc aromatiod from petrolean. This approxiwetior imcludco
tha sisel nmed for minlng ond senveviog eoal to the Aydrogenstlcon plante and 1o
the cess of pokroleum the steel rsed for mroducing nnd transporting the srude oll,
pt November 1530 ariges for the chenicels, gaseline, and other producte, & conl-
pydregenatlon nlant wolld far out fn sbout 10 reare, attsr meoviaion Iz mede for
gales sxhenAc, managemsmh, interest, taxes, and ~ll divent operstiny costa.

Tt most be rememaerad further that the hydrogenation plants wi21 ol comzase
in tine of smevgency for poaw meteriale that 2re already In ahort suprly. -n &1cl
eritisul perluds, peirslsan most 2131 s vaet neod Jor aviatior graoline, mooor
gacoline, Jet fuel, Dissel oil, hseting ©l1l, und chwnicals. Each of theas prodicto
proomes (voresainglry vital durirg wovar grd !mpartant eomoeting necds clemor o 3G
gupplisd. Wkzls %he demando for coal aleo frerease, throse can ha supnlied from tho
gapt reaturces of the Jrnlted States: slons, D ing Werld War IT, coel produetion
roe Fram sbout 50C millisn tonz per year t0 a weximum of sbout 65C miilicn tors,
Mhir or & groator exyanslom san be ackieved ageln wher it beRcrman nensssary. fihe
tullding of hydrogenstlon planks 15 the Zirst atep io allow conl, the largest Juel
regerva in the Imited 3¥ates, to be;gln to carry same of The heavy desmonds for
liguid fuels,

Ore of the major scyantagas of coal hydrogenatian plurts is Mhelr greas T_exi-
ity and contrel of the type o troedsct. They osn be coaratad to Fieih & Jlc:ild
prodagt that 2= slmest scticely eviation gaeollne bace whock, or evization snd motor
gueoline Jet fuel end Dleacl ol In wilely mdjuatacls sropcrtions. Undor otbor
cperating conditicsms, they wilt 2°ve & hipgh ylcld cof araee®le chemiesls, inclading
svintion wenoline tlsndlng agenta, and motor gesoline, IT Anmirad, they moald
prodics large smournta of DZessl cll snd feallng oil, This Plexiiility aw-ds mrent
ptrates’ c advantage in time of war., I pencctlme auch plants aguin cen e spaerated
ta gapply the wroducts most neoded for 2 eivillion econdity,

The Demarinent of the Interlor will encourape ile conatruction ol ure v two
¢oal hydrogenetion planta, If Covermment aseistance 1a ragzired n thelr indlial
finspe’ng, it 1% believsd thubt these funda will 2l te rescvercd wilk iztsrasi in
reletively few years, If the prizes of srometic chemicala gomblnme to rlas, RIGET
plants will be a moat profitabls bugineas vernhurs.

Gas 3vnthesiz Proceas {from coal)

The Oms Synthezis mrocess is aloo o te demonstrated by the Buresa of Mines ot
Loulnizang, Mo, This proosss diffars from hydregerat-on Ir o khabt seal le comorbed
ﬁirat to & zyTthesis gua (cordon nomezide arcd hyderczen) and *har to eymthetlc lguia

usle,

Mnepdcen Industry, mrinelpally companies representing the 21l industry, have
bean Interested im tals methed, atarting with sither ratiral ges or coal & thie
baaic paw muterisl, COne comnerelsl olant of 7,000 harrels per day catacity Lnas heon
conabracted by weivate industry whick udes natoral gas a3 the startlng motsr'al,

The Bursau of Mines gas syniiesic demcmatrat’on plans which uscs eoal 45 a raw rate-
rial will be cumpleted In %he early port of 1950,
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Designs of commerclal plawts based oo tha vrocess from coal are taing drawn
up and zost eetimetas ars being wsdo, This work will he Teviowed Ly bbe Naticral
Perrcoleum Couvncil sukcoemmillge,

I'he BtuATed and demonstrst ion of the Oee Synthosis process Prom coal are ot
B& far advanced as stuties of Lhe ccel fdregenat:on cr tha mhale Procesaes,  Jon-
vlus long as fto timo and degres of commereisn)izatico o this Erocess mwa il the aom-
Pletion of studies ard Aeroustratilon work to oe atarted or pew in TrogE=ns,

A SLMEATY Gf 1H00 opsraticms at each of the syothetic 1{quid Tuels la“ora-
Loriszs ard demopetration plerts folloes: !

0I1 from Coml

demaretral ion Flants, Touisisna, Mo,

AZ & proving groumd for American coals, equipment, and process ing merthode, the
twu Coal-to-011 Deronstration Pluntes nesr Leaisiana, Mo, - firat of their kind in
Thie courtry - employ different pracesses o coovert eosl and lignite to high-gualit
syrmthetfe liguil fusls, ‘U'hese sre knowrn e the coal-hyirogenatior and gre -Aynthesis
Frocesses,

Im 2950, ils first full year of operations, the Coal-Hydrogenstico Demoratra=-
Tior “lant completed five runs with a comkinnd "on-stresz” time of about 100 Anyy,
In faur llguid-phaso ape¥ratlons, approximmtely 3,000 tors of Back Springas, Wya,,
coal was corvertsd vt 200,000 gallcne of vapor-phess cherging stock, Then, ina
vapor-phese run of l-month duraticn, this cil was procesced into a very satisfoctory
witar gasoline of 72 sctane ratirg (motor method ), Arrernvoments have been meds e
vae the bulk of this yraduct in fleet romd tosts., This orogram is in progress and
2ariyr reyporte are sat’slactors,

Ligjuid-—phase coal aydrosenation runes Nos, 7 and 3, corducted B8t preasuress af
10,200 pounds to the square irch, were hampered g=riously by Injestiaw Tump, fogtru-
Ment, apd comwertar cokiog diffienlties, Thece troublca were greatly alleviaiad
during liguid-phase rine MNes, & and 3, hoewever, by inereseing the gas tlow through
the pazte preheater and comverters, and by cpersbirg the systam as 7,000 to 8,200
rounds per square inch,

4% bhe beginning of the vapor -phase run, which was copdusted at 19 N30 pounds
ressure, a cross ledk in the feed preduct #xchanger gpoilcd the produst amd neuws-
ETteted a shatdown, The plant fimctionsd smeothly fur the full memth after rosum-
tion o Lhe run, and good results were obtained, During all rans, the refinery and
hyirogel-zas mahufactur ng areas were nperated continumsly on 4 routine hasis,

In tuilding the Gas-Synthesis Demonstratior Plant, favorable waather, zood
lator relations, ard ezcellent supervislon of the construetion workers evabled

Eoppers o, Ine,, to complete the sycthesis asd diatilialion uynits aarly in the
SUMY= T

L] -
LUperation of the Lirde-Frank] cxygen plans wes routine whewsver orygen was
nscaseary for gasificaticu work, -

Test runs were continued fp o Eoppers powdered-caml was Ifier to improve the
negree of reaction achieved be-wwer carbon and stean, A totel of 44 teets was mede
vefore the unit wee shit down in May., OCme of thase runs waz extardad over mn 1l-day
Eerlod to test the mertan’cal performance of tho voit,
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Following the Koppers gaslfier rums, & Eurpely gaa producer was operated -
twe sires of coks, and then with Disco Lew-temperature char, The tests,
copducted 1o vaoperatlon with ths American Ges Associatlon and Eopper Co., Tne.,
yeve made with air ard with S0, 73, and 91'3 pervent oxXygen-nitrogen mizxtures, Thoy
Prwgd quite anceesaful and very Informet ive,

tirsl with

A vertical coal gasifisr of Lhe Morgentown-sype alsoc bes been inatallsd and is
being preparsd far the first rub,

Fronomic atudlss fur commercial-s tale plent aperatlems contimued, Comsiderable

effoxt wWAS devoted to the preparatlon of an eatimate for a 10, QOZ-terrel -a-day coal

gif icatlon and gae symthesin plans which, rlthough not wet completed, is now being
raviewed By 8 copmittes appointed by the Fotiomal Petroleum Council.

Laboratoriss and Pilot Plants, Bruceton and THittsburgh, Ta,

Recoarch of the laborstory and pilot plant staff wl Erusetcn, Fa., was contered
in 1950 on developirg mew or impreved processes for producing liguid fuele from coal
Lty (1) syuthesis of *ta pasifisation products [Fischerirvopsch and releted I:r"nnp.rssas:l;
(2] direct high-pressurs hylrogeration {Bergiue prucess at 3,000 to 12,000 prands per
pquare inch}; and (3] mediun-pressure [luidized coal hydrogeration {abous 1,000

piEIi!jl

In pilst-plant synthesis atudiss, inmterrally=-coaled Teactora {rooled by oil cir-
mulaticn trreush a cetalyst bed) were apereted to dastermine the practicabllity of
us ing fused-lron eatalysts, To e_inluele a catelyssw cemuntatlom problem socowntored
in spereticrs with a Frxed bed of catalyst, a “movisg-catalyst-bad” process was
dsveloped that ofers sush additiomal advantages us LKigher space-t ime yizlde, lass
patalyst regulred, lowsr opsrating Uewmoeraturssa, end zronter eass of adding ard with-
drawing catalyst. Various prozees modificat ions, sl1ch 85 recycle-gas scrutbbing for
oarbon diozido rewsval ard ccontinucar removal of owmygensted compovrmds from the total
ufl-gas, alao were investigatsd,

Tha sutstitutior of nitrozen for carbon in the cryatal lattice cof éarbided 1rcn
ﬂynthet.ic-amﬂﬂ.—t:}-pe cazalvste zas been cxplored, A study of the effect of wvarious
atructural prdmoters In tiaese nitrided catelysts om wmesivily mud product distr itu-
ticn, bas shown that relatively low tethame plis elhane, Sow wam, and maxlmim geso-
line preoduction i3 posciblo, Stwdisa also were mAde of the changes coour't ing In
fused-1ron cetalysts Auring such treatments as reducllon, oxkizffon, and nitriding,
These stulles havs resulted in catalysts of creatly irprovesl durabllity,

Erocess dovoloprent and cetwlysl rescarch weres cerried out in connection with
cthe eirgulating slurry yrocess, in which synthessis ges 1s babbled through & suspan-
alon of finaly powdered catalyst ir a high-boiling oll.

In the course of r study of the mechanism of the Fischor-Tropsch synthse is 6ome
fundaments]l werk weas Acre on the OX0 procnss, in which aldehyies anl alcchole arg
Produced from olelinile hpdrocarbons end by & etudy of the perlmary cRygenated projucts
chtained trom iron cate’yste,

Speeinl mmalytical techniquea combired wlth vhe application of known spactro-
werie epd physical skemical procsdures havs been used in deterwining the sonetitu-
tlen of mroducts from the ges synthesis process,




The 1igu‘d-phase cosl-hyirogenwt ok piles plant wue opereted ma yizld inform-
ticn on prececs variables, catalysts, and sesdntocks, When hydrozenated a< 1,530
p.g.l. with apmoninm molybdate catelyst, coal from Bock gprings, Wyc,, ylelded a
heewy fuel 21l and & middle oil, Although this rrassure is mich iower than that
normlly used in sosl hylrogenatliom, the proesgss is opsrable.

The 1ijuid-phass coal-gpdrogeraticn plant was converted 1rto a fimed-Ded-
ealalyst unit oz hydrogenat irg coker distillate from #hele oil. AT 1,300 v.B. L.
us irg & zokalt moxyhdrse catalyat, atout 20 barrels of jet fual and Dlesel oil wars
oroiuced .

The Fapcr-phase bydrogsnes ion anit wea cperatad to Lesl the af ficiencies of
vurivus catalyzts, and & lerge wimher of Patoh autonlave exper ments were carrisd
cat. In the search Tor now calalysts and in the imvestigation of soal-hydrogens? ior
reaption mechanisms. Process varietiona gnd deslyn modil leaticma wers investipa-ed
iz bench-zcale urite such as the £33 ized-bed hyirogenaticn unit and tThe var i=ble
contact—time un’t, FPreliminary reeulte indicmse thet Flunidized-bed or ary=-ooal
hirogeration COEQEres tfavaravly with hlgh-pressure liguid-phaare hydrocenat Lon and
offers dcofinilis scomomic posaibilities. Thas, tkis process i being developsd on o
pilet-plant s¢ale, :

4 stuay is ¥eing mds of the raturs of tha cxygen limkmgss present in ccal, &
compar1scn wus mede of thy products obtained fram the hydregenation et LOO¥-hs0® 0.
oF amal and those Prom a 3imilar tresluernt of suger, the former subetazce taving a
precumably arsmtlo structure sod the latter, an allphnabic struceure. Ths products
frop hoth substancos were proved to be sgnentinlliy The tale,

In Pittsburgh, the gesificeticn of coml with ofyren w-d stean was studied in an
gxoer ineptal unit ol the vortex typs wsiing 4 sperially deglgred coal digtrituluor,
Tea—g wele padz walch resu’ted im med iCices jons of the gesificatior unit des lsgn, and
wdd *tionel studiee of the rsleticn betwesn reactor design end carbon comverslon ave
being carried ouat,

Syntkesiz-Gns Latoratcry and Fiald Teste, Morguotowm, W, Ve, ond Zoress, Ald.

At Morgantown, W. Ve, pilst-plant experimencs ir “he gasiticaticr of pulverlzed
scal heve helped to solve e mmber of prohlems glanding in the way of producing at
ronco=abls cost th: syrthesls zas rogquired In making gynthetic Tdquid fuels BY the
Fisrner-Tropgch progess.  As synthesls mes now monet itutes 60 to 70 percent of the
T nel profuct opgt, gompetitive gynthetic Miels depend largely upon finding A WAY
cor obtaining this hylrogen-carbon menczide mixtire at lower cost, Cual graif lca-
ticn also i soployed it vrodveing the hydrogen weed 1 the direct sral-bydrogens-
Lior procesa.

In stis experimectal program, fone in rooperat ion with West Virginia Uriversity,
several new procasses are being creslbed and svolved ayotemmtically, and data eszen-
tiel to the desien of large-scale plants are Delng otnained, Experimental umits 8%
the Morgartown statfon includs:

(1) A small-scale exparimental plant for geelfyirg A0 pounds of pulwerized
conl par hemr, Oporeted suceceselally for gewvaral years, this plant 1s beli'wed to
have beer tae Tirst pulverized-coal gasificetion univ cayable of contlricus Spere-
riom, Iks operation supplied data rejuired {or the dasign of largsr units, The
plant hee gaei’ed successfally wp to 35 pounde of dried, mlverized, subboitumincous
soml par cuble foot of gererslor volume per hour, Aboub b= parcent of the carkon in
the coal was gudifled in s aingls pasa,
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{2} & larger-scals nilol plant for gas ifyring pulverised conl with cxtremely
pigh-terparaiure steam and oxygen et pressures pear stwoepheric, More than Lo
rounds o pulvorized ecal per hour hae Teen gasifiad successfully in this plant,
aml symthes 1z gag of excsllant quelity produced, Stcar has besn heoated ho more
than 3,5[}00 F. - an ungrasadected high tewparature for the lerge volumes used,
arerall plant performanee, RS measured by corgwmt lon of cxysgen, steam, and oosl
par unit of syolhsais gas produced, Io very good,

{3} An experimental pilet plant is now in operatlen for studying the puriti-
cation of synthesi= gy, using arganle solvents to rameove the pulfur . Standardis
of porlty required in the finished BYNLhesis gas are so high that it was nscessary
to develop n=w mathods for purification,

{4} Constructior is D0 percent vomplete on sn sxperimental pilot plent for
gag 1fying pulverized coal 1n stesm and oxyeen under s pressure cf 430 wounds ner
gquare inch. Frolimizary coet studies heve iriicated thar, “f m plant of this
type can be made to work, very cooe lderable reinet iors in the coet of synmthssis
ge 11 be for-boomirg, As planned, the ash will he removed s 1lijuid slag from
the penerator, Thie plant alsc interests the chemical industries, for It appsars
ezpacially promising fur Lhe production of synthesis gas for making swmesis and
alcrhol.

The procese fur gasifring tulverized coml, aa developed st Mergentown, ie
fiexibls both in the coatrel of Hydrogenicarbton moncxide rat ivs wmd i the uss of
witely differant soals. Thiz flexibility maree the proeess applicebls to a variety
of uses in the aynthssis field,

Fecent work has cemnstrated that suiteble refracteries for n=ating steem to
3,5&09 ¥, are aveilatlc; that slag formsd in the opereticy of the zas ifier can he
—apped rontimouzly; and thet e sgatlsfactory Auet-recevel pystoem can be made frem
standard aguipzent,

it Gorgas, Ala,, the Alubum Power Co. and the Jureeu of Mines have Jointly
oparated for 20 months a field-ecale experimert in gasifying coal undergroacd.
feoes prodzced by turning unmined coal woder controlled cowdftions offer a possible
low-gost fuel For generaring eleclrlc power as woll as waterdlals for comversicsn to
ligquid fuels.

Two parallel splrilsa were driven into & coal bed Ceor 1,200 Peet and & eingle
shtry for an add’ticnal 300 feet, At crosscuta linking these entries, the under-
Froupd workings wera connected wit™ the surface Ly lve large btorsholes through
which compressed alr may be admitted or product grees withirawn,

Oferarion was mintedined in the sectlon between boreholes I end II for 1E
aepthe, during which 5,300 tons of coal wers consumed. An area of the coal hed
YArFing betwesn 100 apd 150 foet In width was lbuzned cut. The total heat in the
product gas rerched a maximum for the eighth month of about 70 percent of the
beet ing waluc of the coml conawmed.

The secticn betwsen borehole IIT and aew borehcle ¥ il was cperated for 4
montha, Gas of appreciskla calorific value was oboeined for the first several
weeks, Lut the gas guallty dsclined as the coal near the bereheles was consumed,
The rate of coal comsumption at comparable alr input rates was ruch greater 1n
this section, and the beating valus of Lbhe gar, ewpress=d as parcent of the voal 's
combuetion beal, was higher.
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A gas turbine installation was operated for a short period, using some of the
energy cof the hot product gas to provide additiomal air for the system.

By-passing of the hot carbon faces by unreacted air has been the chief diffi-
culty encountered. Some success has been achieved in controlling by-pessing by
£illing void space urderground with fluidized sand.

011 from 0il Shale

Experimental Mine, Rifle, Cclo,

Again in 1950, improved methods and lower costs were demonstrated for mining
the oil-rich Green River shale formtion of the Rocky Mountain area, while estimates
of potential reserves in northwestern Colorado once more were revised upward.

Based on informetion now available, it was estimated that Colorado's oil-shale
beds alone would yield nearly 500 billion barrels if all of the oll were recoveratle.
Of this, 126 billion barrels would come from the richer Mahogany ledge. The oil
shale extends well into Utah and Wyoming, but the formaticn in these states has not
been as Intensively explored, ~

Underground operations in the Experimental Oil-Shale Mine, on Naval 0il-Shale
Reserve No, 1, near Rifle, Colo,, were carried on during 1950 in two sets of work-
ings - the Selective Mine and the Underground Quarry. The processing plant used
shale mined from the Underground Quarry, and activities in the Selective Mine were
limited to test room research. Shale broken and transperted from the Underground
Quarry during the year amounted to 58,500 tons.

Emphasis was placed on drilling and blasting research in the Underground Quarry.
Percussion-drilling studies led to a one cent per ton reduction in operating costs,
principally by increasing the life of drill rods through improvements in heat-
treating procedures. Comparetive tests of numerous types of percussion drill bits
resulted in the selection of one which has drilled more than 1-1/2 miles in oil
shale.

Rotary drilling experiments were conducted, using a rotary test drill developed
at Rifle. This drill offers a wide range of operating conditions end is supplying
data for use in designing an effective drill bit and in determining optimum oper-
ating characteristics.

Three types of blasting research were conducted. Instrumented blesting experi-
ments were made in studying millisecond detomation, depth of destructive penetration,
and amount of dyramic strain developed in rock at various distances from the explo-
sive charge with different types of explosive and lomding procedures. Individual
blast hole experiments completed on the middle bench of the Undergrcund Quarry pro-
vided data for selecting the best type of explosive and blast-hole diameter,

A new series of blasting experiments is under way involving the application of
gtatistical engineering btoth in designing the procedures and amalyzing the data.
They show promise of greatly reducing the number of experiments necessary to obtain
a given amount of informtion, -

Investigations of stresses in mine structures yielded data useful in determining
safe room spans and pillar dimensions., A study of Diesel exhaust gas scrubbers
resulted in the design of a unit capable of removing as rmuch as 85 percent of the
aldehyde content of exhaust gases from a 150-hp. Diesel engine,
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product ior mining equipment used in the Underground Quarry was designed ard
uilt 1o 1948 and 1945 and has bgen deecrlbed prev louely, Three new nnite of aux-
11iary gquipmﬂb ware added 1a 1950, however, 'I'!::-Ensa ineluded: 1) An accepualble
DMesal-povered CONvEyRNCE for traeporting explosives to the undergreynd working
places; {2} =a Iiesel-pewerad water truck, equipped with a 1,300 -gallor flat-bedded
tapk and & 50-gallon-per -plrut e pumE, for wetiing down piles of Troksn ehale before
1cad ing, sprinkling heulageways, Lransporticg ws.‘lae:* to a portatle utilizy steticn,
ana pumplng weter from underarcund sumps; ard {3, & portable electric substatios
which provides awitching equipment, Tow voltage snd overlead protectier, and trars-
pormer facilitles at remote locaticns in the mine,

A negw cost sstimete wad made in 1050 for commercisl-scale mining ot tie
Mehogany ledge of the Gruen River formotion, This estimete was hacad on mining
15,200 tons of ofl elele daily at cme of & muober of posaible sites in the Rifle-
Dailequa area of wessern Colorade. The mine site weuld be 1.4 square miles in area
and would supply for 20 years the raw weTcrial requirements ol A proneRs ing plant
producing 11,700 barreis of ghals oll deily.

Motal eapltal expenilture for the wine was estimated at B4, 75C,00C, and it is
palievsd that “ull productien could bte achisved io -5 months. The esTimeted cost
of mining, crushing, end comveying the shale 10 The retort stockpile was 2.6 vents
par ton. Thim £ lEure included mEnagemstt, depresiaticm, taxes, and lasurarce, wut
dfd not provide for devletior, Irteresl ul {rreatmert, prefit, ner expendlitures
for off-aite fecilitisz,

Demoratration Flent, Fifle, Colo,

A oil=shale industry was krought closst to reality in 19%0 when £ now &nc
promising process Tor contincus extraction of oil from chale was demorstrated ia
6 pllat plant et =he Puress's 0il-5hale Demohstratlon Plant oear RIfle, Cola,

The new development, called the "zZee-combuctlon rotort, " gete ite name from
the diptinguishing teature of the process - combzstion of a low B,o,u, gaa to pro-
vide the heat Por retorting. The combustible componsnts - carbon menoxids:, hydrogen,
Bnd gRgecuE hyirccartone - &rs svclved from the shale duringz retorting.

Arother importans feature is thet no waler or nir sogling iz raguirec, for ail
henl vxuliogs takes tlace between goc and shals wizh’n the retort, The fact thet no
¥atsr iz required ie s distinct advantage, for water ls a Boarse ard valuakle cowmrod -
ity in =ho semisrid region of Colorade, Trah, and Wyomirg, where the mtion's mJor
0il-ghale reserves exist.

Moet impor-ant of all, investmeut azd producs coste for the now procees will be
substant 1nlly lower, orcordizg to & recent cost estimata, than for other retores
such a5 the "gas flow” on wiich previcus cost estimatra were hazed,

Orushked ravy oll shale iz Fed ‘ntc the top of The vertical retort and acves
ﬂ"jwmar-i by gravity agaimsl s rising etream of ga3, Heer the center of the veseel,
Bir is 1njected and the sRe burned to provide hest for relor.lng. As the rising g=e
Trom the combustion zone grdl the dﬂw‘[ﬂd’ﬁ,]"ﬂ—mcﬁriﬂg chale peaz =3 Rl i} 5""1.]5'].!31"{.| the shrle i&
beatod and the gag is covlsd. Upon leaving che retort, the ZAE DABERE tHroigh BD
.Dil-recovary eystem, Part of it i returmed to the beLtesn o this retort where it
‘18 prehested hy spart rhale before enteing the coubusticon zome, The remmfnder, oT
. ®meeee, coi1ld be burnsd to genersle heat and power,
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Anolher highlighl ol Ll yess's aol ivillos was a demwonetracica in which, far
the firset timg inAmerica, a rallroad train was ovowered by shale-cil THasal Luel.
The Mual was mamtacturel in ths Purean's dsmonsirat iom shele-oi] vefinary and vas
baraed in tae Dizsel locomotives of the 'Frospector,’ A passenser lrair of the
Nerver und Rio Urande Westert Ballread, during its reguler trip from Salt Lekes Clty,
Utam, in Ternver, Tolo., on Septemker 1.

Ixperimental Cperetlcn of the gas-Tlow ronort has been concimied, and a valu-
atle tund o engineering knowledgs has bech accuml:lated that can be u=el in project-
irg this rercrt Lo a lerger Bcale or applisd to the design of cther typss of retorts,

Refining operations kave demonetreted bhat pascoline meating rogular-grado spec-
iricationz ard = gond grade of Disdel fue]l can be oroduced by cok?xg and nthar theT-
mel vracklny processes, Tclliowed Ty acid treating, rerunniog, and swestsnlng. Tetra-
sthyl lesd blending e3uipmenut is being nstalled so taat Pinisked gesoline can be
produced for rowd tesla, B2ale Diosel fuel s taeen used cortinusasly in trucks and
cther Ddosel cguipternl on Lho pro'cct for morce than &fx montls, Peorformance has basn
excellant,

For & shale-cll industry of anr significart magnitude, my 100,000 berrsls a day
or more, 1t eight be advantageous bto pips the <1l Lo the =rsa in which wos: of Lhbe
tinished troductz are to be murketsd before refining i1, Accordingly, studles heve
bacn wade to deztarmine hos the pour polpt exd viscosizy of crude shels oll Tight be
lowsred erough to yield & suiltable stock for plp=ilns transportation, Eilther
viecos Lby-treakline or coXing, sz denonstrated by rsfinery opsrativzs et Rifles, would
produce s oaymonetic crude 211 that cozld be pired to & marketing area suck ss the
wegT coast or Clhizago,

Tyenty conpormtive Agresmenzs hAave been addsd teo those that were in efffect wizth
induptry mai universitize at the teginning of 1%%0, Trkepe agrespents mre of two
types . Under ons, Lbe Dureau off Mlnes supplilea 11 sn-ale, abals 071, and shals-oil
products to cooperators Tor gRperimental work in sxchenze for the resulte of ithelr
experimonts, In the other, the cooporateor cuprlies oduipment to the Bureau for
tesTing to determing whot erplication the equipment may find in an oil-shale irdue vy
and in return ne rocelves the resulis of the tests.

A cagt estimate for the produeticn of gascling and fuel cll from cll slals was
orevered frowm preilmicary date avai_able on the oes-comimet ion retorting proecesg and
from recycle crAcking snd acil treating —ecte in the demonstration refinory, A plant
wig deslgned to consume the astpoet af an oil-abale mine of the most efficdent s5l:zo,
we izg the pizning pelhod developsd apd demonstralted aw Bifle. This estimete Indicases

B w-out time for the comefructicon inveesment, befors income taxes and gensral overs
u 1

hend expemses, of belwsen 5 ownd % yedre, I gusocline values syuilvalent Lo posted tapk-

celr prices at nearby refineri== In the Wyoming-ltal mres are aspumsd.

Lekbecratories ard Fllot Flante, Laramiz, Wvo,

At year's erd, Intens lve development work was under way in the Ofl-£hale Fzperi-
e Itation @y Laredie, Wyo,, ua m shale relorbiog process Lol appesred mriiculacly
prouls irg i view of current shortege:z arnd Zncreasing requlrements for strategic chem-
Teals and high-cctane btlemding s-ocks,

4 pilot plant rapidly was tekine form on the drafting boards afier bench-acelo
experiments Alscleead that 8 highly apomatie ofl ie prodvced when pulverized oil ahele
is retorted almest inslanlaneoizly sl high tenperalures l:l,.,":':'DG T.). This crule olil
consalned 15,5 volute percant of Eenzane, required in moufacturing synthetic rutber,
pimgtice, nylon, and insecticidas,
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The Lmlsaded gasalime fractlon from the orade cil hed Rm AS,T.M, motor wsethod
ootans naesr of af and contednod 520 peroant benrene, 2 &5 percent toluene, and
ot het highsr arcimt fes, Ewlrocartoen consdituents of the gas profaccd ic tos progass
were largely sthylene, hydrogen, and mevdsne, together with smaller guantitles of
pr{:.pj‘lenE', wohane, butylotes, gnd tuatedlens,

Boteortirye research in 29530 was dirested toward establishisg Lbe o foectes of tem-
perature wid hesting time on the quality end uantity of gasedus and 11xuid prodecte
forped from oil shale, =nod whe effects of thess variebles on tlre decoampoaition of
miveral carbonatos in the ganle, RBesults indfcated an oprimim releaticn tilme at sach
gpecific temperaturs from B50% £5 11002 F. | sbove and below which the Finld aof Lignid
prcd.uct-ﬁ dgcroases, Zigher temperatures and ghortar retert fon times favor mmrlmim
11gquid product 1o1. {rrer the rang=s ot vopditions etudied, It supzared that. the quality
of ths oil wee 8 function of The artent of crackirg in the reteri, and that wariations
yp retorting temperalure s rebeaticn time had ar effact only on the exlent and not
o the fundavental neturs of the coovers lon rewctlons,

Eef inlng research Includsd studies of ratelytic eracking, hElroegenat ion of cride
phale nil and ccker distillate, cazalyt 1e reforming of hydrogenated anc ~hormmlly-
srucxzed maphthas, so’vart extrartion of astilletes, and compesiticn of “lerrmlly-
oracied naphtliaa,

Eydrogeration of abont 49 tarrels of ccksr dlstIllate fros crude shale ol at
pressures LodeT 1,50 poo. i, raduced the sulfur and nitrogen contenss and yislded
Dies=l and et fuslis thet feet militury specifisatisne with miror additive blending,
Feforming womld b necsssary Lo producs gatistactary gasalines, Hydrogemmitor of
rrude shale oil undar cimiler eord itiona was not ertirely satilsfactory beceise of
poke depositien and frsufficient removal of nitragen, A pearan for better cetalyste
iz heing mede.

golvent exlractilon of shale-2il gac oil wsing Turfural and some o herr aalvents
also praduced good guality Diessl luels and catalytic crucking stacks with low au-fur
and pitrogon contewts sod lTov carhon resilues. Sptalytic treaving of therme' y-
cracked maphlbms over bauxite cr zimilar catalyexe reduced thelr nitregen and sulfur
comtents and Imroved their coctans reting and tetraetlyl lesd suscepribilities.

McTs than 3,000 adiit'omsl assaye wore made of a2il shale rammies, rrincipally
from core and oil-well drilling operetfons in the Green River formatico, awd fall
clemiral amlysre ware colplsted oo skales from each off the distiarctive Teds in <he
Experimental H1-Shale Mine at Rifle, Colo.

Research on shale-nll compasition vag emphasized in 1950, with studies Inslud ing
comprehens ive analyees of hizh-—emperaturc retort nfls, naphthas from recyole therm.
crRCHing of gas oil, and the sepuration ard identifization o the nitrogen, sulfur,
and orygen compounds that cmuse many of the probtlons in shale-oll process log.

Reacarrh on methods for emalycing shale oils ernd their products resalted in the
development and pablicet ion of two applicatione of s=lective adscrptlion Lechnlgues
el of & couwparison of the bromine mumber, nitrogen tetrmc!de, and ellica-gel methods
For delermizing olsfins in maphehas, Reliable metheds wers daveloped for determining
nitrogen ic samples comteizning retrastory nitrogon compounds ard For titrating beas 1o
pitregen compounds .,

I're yields and propertizs of waxes ex.rmoled from skare-cil woy distillats ware
determined and the resnlts published. Shals-oil waxes meeting specif lcatfon reyulre-
mewts Tor commercial saraffin wax were mede,
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"ar Arlda Aapd tear bases, byproduct materisle from shele-oil refining cperatiom
were separated apd purifiled to determine the quantlby wod guelity of these producos
availatlse, Resulte indirated thet ¢omwerclel guality prodicis can be meds 1n sufti-
cient quantity to affert favorably the economies of oil-sheles prozessing.

Freiiminary tegts alse showed that opped shals cil can o8 reduced by sir Blow-
ng to asphalt ic res{duuns of suizable penstration consistensy,

Liguid Fueds from agricultural Besidues

Semiwerke Flawto |, Pecris, I11,

from appropriations autherized by the Symthetie Liouid Fusls Aet, the United
Ctates Departoent of the Intaricr trancfarred, for flaeal peara 139 tao 1020, inetu-
2ive, $510JDG0 te the TTnited Gtetes Department of Agricul.ure for reseerch and devel-
cpmoent on the production of aleohol and ohher 1'9u1d fuels from euch eerieultural
resldued aa corncobs and the lulls of cottonseed, cata, and rice. With these Zunds,
the Buresy of Agricultursl and Industrie]l Chemistry comst=uzted and eguipped a smll
lmdustrial plent at Peoris, I1l., amd started cperaticns So dsternine the sarafac-
tur-ing sters and costs of & process of its owm developmens. Theas operations wers
terminated at the end of the Tfisenl poar 1950 3ue to lack of fucds,

The Liguid Fuels Flant was located on the £ite of the Nortbern Begiorel Ramsarrh
Tahoratory at Psorias to permit coordizmetior of tha prozrums of the two groups And
mote rapid evalustion o Lhe possibilities of the procsss, The Forthern Regilonal
Basearch Laboratory Iz studying the kinetics of comverslon of the zylese 1w the
Dentoaan hydrolyzates to furfural and the fermentation of the pentose and dextroac
cugard ts Siguid fuels,

Baalcally, the hydtolye is process irnvestigeated consists of comverting ona of the
tractions of agricultural roaidues - pertosans - —o pontose sugars and subssquerntly
comwrerting the cellulose Prectlon to dextrose. 'he pentose suxare mey te Termented
to the llquid fuels Eutenzl, leopropancl, acetona, apd fthanol. cr they may be com-
vertad to furfural, Deglrose, on the other kand, way be converted to zhe 1ligquid
fuel elhunol, Thoe Tundamsrtal scorchic advantage of tile partimu_ar process ie thet
ettt 2e augars and dextroae can be saparased almort guart itat ively: ther=fore, @ach
cne Tn its turn can be comverted to moximge yislds of erd preducts.,

At the t1me operetion of the semiworks plart wae termirmtad | the stufy of the
hydrelyzat lon progses as originmally sutlinsd bad been ccmplated, Every single ocper-
Btlomal step Mor Lhe degradaticn of the veotosars to xylose amd the celluloes to
glucoee on & semfwoerks scale had been perfected to such an extent that the Elant was
aperating esntimiorsly urder routirs corditions et an hourly cepac ity of 4550 pourcs
of coba.  The lLimal produsts obtained from this operation ware two types of hydro-
lyzaves, owe containing chiefly xylese from the pentosens, the other glunnss frem
the cellulose, and, es residuee, lignin, combined with remmacte of polysaccharides
which remin uchydralysed,

From tha moutins operaticn of the FroceEs, & puffisicnt amiund of production
date wwes ascombled to permit an acoursle evaluslion of the performazce of each
uperatlonal ster amd of the entire process. Based on these deta, a mterial halance
diagram for both phasne of the rrocese wae preparsd, Thie 4 fagram revesled that
under the precant operating cord 1 Do » 1 ion of sir-dry corvesta yields y=p Eouizls
of zylese in the pentosan bpdrolyzate, 205 pounds of glucose mixed with 94 pourds of
xylose ip the celluloss hydrnlyzate, a1d4 429 pounda of resddue. Certain o jor
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* the procent procsss amd procedurs ave strongly reccumerded In ordar to

alterations © e E
fnereaga the pver-all elfffzisncy,

with thess alterations, 1t ls estimated that zylnme aan be prodused at & price
s1ight Ly balow 2 cenls & pound which 18 eompetitive with the sugars in tlacketrap
molassas at 2 rrice goove 13 cents per gallem,

ginudlee of Lhe kinstica of the comwers icn of z¥lose in penhosar kydrolysate led
to the development of & conversion proceds on & laboratory E-CE..:LE. With ihis prouess,
pur=yrel yislds of A3-66 percsnt of the theurstical wers obtaimed,

4 geriles of large-deale fermentatlons with renicsen hydrolyesle and corpma ag
aubstrete in 3,000-gallon pilet-plant runa was rmede in order to sludy tke productlon
ot butwnol, ecators, apd atrancl, Thess runs were conducted with a fermentetion
afficlency of £0-85 percent, A Terzenlualion period of ) lours wea required,

Secondary Beccrery and Eelining Rosoerch

Thrmieh & azendment to the first Synshetic Ligquid Fuels Bxtensien Act, funds
wers medc svailable cn July 2, 1343, to conduch vedssreh on secondary recovery frou
strippsr =11 fielis anpd on refin‘rz probiems ., Issulta of the firet 15 momths work
were presented im the 1S40 and L%4Y Aumaal Repcrts, Since June 30, 1930, tris
research heE baen fimnced frowm cther appropristioms; hetoe, the current repart is
conf ined tu operations Jduring the Tirst half of 1970,

Engimeering field gtadler of seconiery-recovery operations were condustsd in
the Mli-Cuntinent, Texas, Jalifornia, and Azpalachian regiors. Information on tle
productico historiss and the reservolr corditlons of representetlve strippar fl=li=
woa eollectad, analyzed, and pub’iahed, ernabling ocher producers to zecertain a=d
apply the stimclative mothods thar have proved most officlent in profucirg cil
upder glven corditions,

fA4gnificant advances wers meda in fundementa]l reeearch cn the netare of the
foraes that bold cruds pstroleas ?n the underground rescrvetr rocks!: 1) & new
method was developsd for measuring precisely the permeability of pacszed beds o
sanle end powlers of flewing liqutds: {2] devices were under constrictist for
ecrurately measuring slrowwlng pslentials, gas ateorption, and iuterfacisl tenslcms
of ayetewm conteining purfrce-meotive ccnetituerts; and |:3§' gurface -g2tive Apl 1+ I1mkm-
formng subatancss were ewtracted from crude petrolenm of two fielids,

Although cozeernsd with mumerous imdividuel provlems, the wnginsering resesfrchk
O decondary recnvary 1niforoiy was directsd Towverd obteinirg mocre cil from stripper
Tislda by ecilentifically plamned and crglincoered methods of ctimalation. Froblste
Bleountered in shooting oil and gas wells with explosives, for sxample, Were undar
ttack on twr fronte: (1) Throagh ressarch oa cxplomives and their blast eftfechs;
and (2] tkrough & survey of the physizal propsrtes of ofl-bearing rocks from repre-
Beutut’ve figlds, which waz mmde poeslble by zhe provision of dArill rores by mny
ioterasted ¢il and gas compenies, Other projects ard investiget ons included selec-
tiva Plugging of air-infection wellse; studies o©f eartl tempcratzures, reservolr oil
Eﬂ'ﬁplas, ol poTe pATLErnE; ways by whiclh 011 wallis may ke made to low on gas-
Injection projects: cable-tool coring with imroved drilling fluds) means of
19E-E.t1_ng abardoned wells: and 4ludies of bovh water condifilcning for subkeurfaca
njucticy und of the sffecls of disrolved guses oo ecrrosion of metsl Ly water.
Hau.mrhl_l.e, work fegem om o the use of radic-active trocers Cor vater injected into

011 sandg durfng locding oporetions, The effect of hest on 21l rsecvery als:c wos
Bxplorad ,
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Spreinl techniques erd leboratory analyses, of course, wers 8L indispsnsab’e
werl of this essconiary-reaovery research, Poinols of mejcr emplesle were core g1
water analyses, electricel logging in shallow flolds to fird the ueper snd lower
limita ol oll-bearing formations, and the provislom of special towele, An ACITELF
needed amall-dlameter well ealiper was developsi and now ie belng shop tested in
reperatlon far early fisld festc.

The me jor objsctive of the petroslsun chemlstry and refining progras has been
to improve the usefulasass of the margiral cruie cils, marticulerly these havirg high
splfur comtents, Meberlal progrese was made In 19%0 toward dstorwmining the sharsc-
—eristics of sulfuwr-bearing dircillates frow selected crude ofle,
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Figure 2. = Liquidg=phase hydrogenation unit = typical operating conditions - Rock 3prings coal hydregenation.



