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Figure 1. - Gas-purification unit of new Gas-Synthesis Demonstration Plant, Louisiana, Mo.
Here harmful sulfur compounds and carbon dioxide, obtained in gasifying row
coal, are removed from compressed synthesis gas before it is fed to reactor for
conversion into synthetic oil.




INTROLUCTION

Tncreasing demands for liguid fuels and the sritical scate of world af-
fairs emphasize the lmporteance of the Bureau of Minea ayothetic liquid Juels
PrOITEM.

Before World Wear II, the United States produced all e oll necezsary to
mest domeslic demands and, in additlon, hac 2 comfortables excess productlon
thet was used to supply & large portion of the world's n=eds. Soon after the
war, however, domectic demands increased sharply, placing s severe burden om
America’s oil resources, No longer wes thils country able to export large
gquantities of oll; in fact, foreign ofl was {mported in increasing quani’ties,
In spite of an increase In exploratlon and drilling sctivities, Tmports can-
timed to rlse; and last year, over 10 percent of the total demand was met
with forelzn olil,

There is strong evidence that dependence on forelgn 0il will cembtinmue to
{neveage and soguner or later may create a securdty problem. &lthough it 1s 1m-
posgsible to prove that this will occur, the mere posslbllity of & sscurity
problem wikth s material ss essentlal as o1l mekes 1% Imperative to develop
rll paesible new scurces of domestic cil,

The Fect thut the TUnited States 15 mow in & position to desigm and con-
gtruet piomeer synthetic fuels plants 1s a tribute to the cooperetlve efforts
of Americen industry end Govermment. It wlll ke rememberad thet in 1344, waen
the Buresu of Mines syntietlc liguid fuels program got wmderwey, thers wse na
production of synthetlc fuels In the Tmited States, &nl the technlesal infor-
metion awvallahle was meager Indeed.

AR & result of the Buresu of Mines program and the increased activity of
private industry, signiticent progress has been wade during the past 7 ycoars,
Qne commerciml synthetic fuels plant using natwral gas has been constructed;
oll-shale provesces are neumring commercisl expledtation; coal hydrogenation
has been demongtrated with American-bullt equipment and commercisl plants have
been propossd; in 1951 the Buresu successfu ly demonetrated a new gas-synthe-
816 process; and significant advances have been mede in developing direct
coal-gasification processes,

The Bureau of Mines and the Netional Petroleur Coumcll heve cogperated in
making studies of operating coete for coal hydregematicn and oll-shale reters-
ing. Bath the Bureau end intuscry have Lenefized by the reaultcs of this
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cooperative effort. The Bureau end the N.P.L. have been In gowd egreement on
many pointe in Lhese cost estimates, On some items *here has hecn wide diwer-
gence, and 1t 1s belleved advisable to conllnue the studicc.

011 Shale Ready for Exploitation
Some of the most gutstanding achievements hmve heen in the pll-zshale
phase of the program, While initislly, oll shale geemingly offersd only &
slight promise of suceeee, today, 1t zenzrally is consldersd to be the most
promising large-scale 3ource of syothetic 1liguid fuels,

Frogress in Shale Technology

dreat strides have beeh nade in a1l pheees of the oll-shale develoumant
program, from mining the chale mnd extracting the crude oll to refinirg the
gil into finished products,

One of the lmpostant develoaments has been the demonshration of practical
melhods for mining oil shale urderground at the very low cost of approximately
% cents per ten, When this cost Figure was sct a3 a gosl at the outaest of the
rining ressarch program, few tecnrical experts czpected Lhat it would be
reached,. It was reached, heowsver, despite an infiatipnary trend that bas
nearly domhled coats of lador and material since the work was ctarted.

Considerable progress albo has been made in retorting shale. Only T years
ago na eccnomlesl retorhing process WAB kngwn that was suiteble for American
shales., Tt was & yuestlon of detcrmining the fundamental principles invelved
ani learning how best to apply them., Todsy, Lwy cconolicael robortlnm processes
are available. Doth have heen developed through the pllos-pilant stage, one by
the Bureat of Mines and one by Lhe petrolewm industry. Each retort 18 @ rugged,
oric-vesee. unlt tallored ta fit tae par-icular conditions of the oll-skals regions
Nelther process regulres cooling water, and both provide highly effiglent, 2d0m-
<inugus operanion.

At the atart of the eynthstls fuels program, refining the crude shale oil
poged mumerous proolema, some nf which appearsd to be almost insurmountable.
The general opinilon waz that high-grade products could be nade from ¢rude shale
51} enly undsr the mo3t severe operat ng conditlions and mt very high costa,
However, concerted develppment afforts since have produced several sultavle
refining processes which yleld high-grade producte and yet operate at moderate
conditions and rcaseonable coBt.

Shele-oi. producte are uwsed regularly in the Bureau's motor care acd
Diegel trucks and perform entircly eatisfactorily. Tikewlse, larpe-s¢ale
tects in Diesel locomotives have proved shale-oll Diesel fuel to be wholly
suited [ar this uas.

Shele Eccnomice Are Good

By virtue of these technicel advences in minine, retorting, nnd refining,
oll shale now oc:zuples & very interesting sronomic poaition. The Bureau estil-
mates that, with & cepitalilzaticn of =0 percent egulty and 50 percent borrowed
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funds and with all products selling at market values, the rate of return on

the equity capital would be 11.2 percent after interest charges and income
taxes. Thils return is based on an industry-scale operation and inciudes the
cost of a pipeline to the west coast. Although this return is less than the
average return of the petroleum industry, as indicated by published figures,

it is high enough to warrant serious attention. Furthermore, oil-shale coper-
ations would not involve the exploration risks incident to crude-oil producticn,

Shale Bequires Less Steel Than Petroleum

An industry-scale ocil-shale cperation, including a pipeline to the west
coast, as well as all plant facilities, would reguire sbout 3 tons of con-
struction steel per barrel of product, This means that substantially less
steel 1s required fto produce fuels from oil shale than to establish new fuels
production from petroleum, including exploration and driiling. The fact that
oil shale could be utlilized to expand liguild fuels production with actual sav-
ings in steel is particularly significant now, when the foreign situation is
unstable and the defense program is placing s heavy drain on our steel
supplies,

Construction of Prototype Plant Encouraged

Sooner or later this Nation will rely in part on synthetic liquid fuels,
and from the standpoint of security it is essential that it be fully prepared
when the time comes,

The Department of the Interior believes that it would be prudent for
private industry to establish a pioneer commercial oil-shale plant. The vast
oll-shale rescurces, lying ss they do within our own borders, assure a steady
flow of 0il in almost any emergency. Such a plant would prove the potentiali-
ties of America's oil shele resources and would Justify increasing present
estimates of proved oil reserves by many billions of barrels.

New Gas-Synthesis Process Developed for 0il-from-Coal

The progress made in developing methods for converting coal into liguid
fuels parallels that for oil shale.

The gas-synthesis process, by which gas from coal, consisting of hydrogen
and carbon monoxide, is converted into liquid fuels, was used commercislly by
the Germans, However, their plants left much to be desired. Sweeplng techni-
cal improvements were necessary before the process could be considered for use
in this country, because the German reactors required large guantities of
steel and were very expensive., Furthermore, the largest reactor they used had
& capacity of only 20 barrels a day, which meant that a commercial plant of
several thousand barrels capacity would require & multitude of reactors with
attendant high requirements of menpower and materlals,

Opinion in the Bureau held that successful development of an acceptable
gas-synthesis process depended on finding an efficient, rapid method of remov-
ing the tremendous quantities of heat evolved in the reaction, If this problem
could be solved, permissible throughputs would be increased greatly; and as a
result, material and manpower reguirements would be reduced,
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Approeching the problem with thia in mind, the Buresu began experimenting
on m small scale in ita ressarch laboratories at Bruceton, Pa. Rather than at-
tempt to remove the heat from the resction indirectly, as the Germans had done,
the Burean decided to dissipate the high heat of reaction directly by circu-
lating cooling oll through the catalyst bed. Huwergus problens were emcoun-
tered in the ‘nitial experiments, and early results were discoursging. When
exrperimenis le the small, bench-scale equipment proved that the heot could be
removed by this method, lerger pilet plants of a j-gallon-a-day capaclty were
puilt. Final'y, cuccessful development of s new process depended on the soln-
tZon of one major probLem. After the converter had been operated hriefly, the
bed of catalyst particles hecame cemented together, the circulating cil could
oot remove Lhe heat generated, and, as a result, throughputs fell off sharply,

This difficulty was overcome hy epeeding the £low of cacling oll enough to
keep the indiridual particles in constant motlon, therehby preventing the hed
from cementling together.

Upon gaining the necessary experience on the smaller pilot plants, the
Fureau next consbtructed a larger l-barrel-a-dey pllot plant at Bruceton. This
plant operated very satlsfaciorily and substantiated the previcus development
wark,

Design and esnstrcticn of a 50-barrel-a-day demenstration plant at
Louilsiana, Fa., were undertaken a3 repidly as possible, and the plant wag
completed during the summer of 1$%1. A shake-down run was started oo Septem-
ber 12; ond, after necessary miner revisions were made, 4 comprehenalve test
run was started on Qctoher 23, This mm, lesting 27 days, wes entlrely satis-
factory. Some 75 te 85 percent of the ayntheslis gas wea corverted to llgald
products In a single pass at & througoput alx times grester then that attalned
in Cermar reactore, end substantlal quantitics of gasoline and Diesel fuel were
made ,

High-Fressure Coal Gaaificetion Advanzing

Progrecs kas been made toward developing an sconemical procees for gasl-
fying coal to mekc zynthesis gas for the Fischer-Tropsch converslion and far
gererating hyirogen for direst hydrogenation of coml,

The latest and most imporlant development 18 the gaalfication of powlersd
mpal under pressure, 4 S500-pound-per-hour pulverized-cosl gasifier using gteam
and oxygen and deajgned to operste at a pressure of 450 pounds has been con-
stricted, Preliminary runs st 100 pounds pressure have been successful, and
opcrating preseures ere being incressed grajuslly.

In sddition to being the basic process for coal-to-oil operatlons, gasl-
Tication alsoc li the key to economical production of fertillzers from coal,
The development of an inexpensive coal-gasitication process very provably would
open the door for large-scale fertilizer pperaticoe using coml as the reaw
material.
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Compercial Coe-Syuthesis Planta

After analyzlng the progress that has been made, 1t '8 evident that the
ipformation necessary for designing commercisl gas-synthesls plants atarting
with eoal will he qva’lable soon. Demonstrailem of a high-precoure apal gasi-
fication proceas iz the noot important problem remaining., A low=-rcost gasifica-
tion proress would make an impartanl conbtribution teward economicel productien
af liguid fucle Trom coal by the gas-synthesls process.

American Equipment Used Successtally in Coal Eydrogenation

teal Fydropgenaticr, which lovolves dlrect reaction of coal with hydrogen
to produce ligquid fuele, slreedy w2 & proved process When the Buressn's synthe-
tig 1iguid fusls program wWas slarted, as the Germans had ueed it to produce
virtually all of their aviation gasoline for Werld War II. However, coal
hydrogznatian was not in use in tho Undted States; end, hecause the TYQCess
aperates at higher pressures than ordinary fuels pluots, much of the cpecial-
{zed egquipment nad ncver been made in thir country.

Probebly the greatest anhievernent in cosl hydrogenatien has been the de-
gign and fabrlicatlion uf new, and in many instances, improved equirment by Amer-
4epn industry, and the use of this equipment in bullding and cperating the
Ruresu of Minee Demonstrebion Flant at Loulsiana, Mo, Although it would nave
been mueh essler to obsaln the highly specislized equipment from Germany, it
was decided to build s completely Americarn plant, This required the coopere-
tion of mumerouis manufacturers. AS 8 reault, irdustrial concerns are now 1o &
position to #upnly sueh equipment. Improvements over Gsrmau plants, ezpeclally
in lmstrameriation end control, bave been {ncorporated in the 200-to-300-bar-
rel-per-day demonstration piant et Louislana, Four American coals have heoen
syceessfully prozcszed in the plemt, and the gascline produced has been exten-
sively tested by ths Armed Forces and found to be very satlafactory.

Coal-Eydropenation Jost Estimstes

Buresy of Mines estimates for coal-hydrogenation productlon ¢asts far two
agsumed locatliens, Rock Springs, Wyo,, aul weshern Kentucky, were completed
during the year, The Bureau contracted with Ehasco Services, Inc., a prominent
englneering, management, and consulting firm, to make an Independent revievw of
some of the more important costs included in these esslnates,

Fhasco's evalusbion included a detalled study of twe impertant items of
conshrucsion ¢osts; an extensive pnalysis of six malor gperating cos=L fuctors;
a comprehensive sudy of the marketability o chemical coprodusts; and an ir-
veatipation of rempany-Tinenced houslng requirements, Iuesto also agudicd
method: of finarcirg initial plants.

The Ehascs studles supported many of the important cost factors previcusly
estimated by the Bur=su. Follawing 1& a comparioon of some of the factors
eEtimated by Fhasco and the Bureau for an assumed plant al: Bock Springs, Wyo.,
based on January 1951 condillons:




Comparison of cost estimates for & coal-hydrogenation plant
at Rock Springs, Wyo.

(A1l figures are based on conditions as of January 1951)
Bureau Ebasco

Plant-capacity basis - barrels per calendar day .... 30,000 30,000
POWET DLANL +eeeessesasenesonssssnsnasrasraenssrasss $55,500,000 $51,400,000
Hydrogen compression and purification facilities ... 57,948,000 56,184,000
Company-financed housing and community facilities .. 5,000,000 250,000
Percent equity capital c.se.vecseacaseeonmaarrerans 4o 50

Other important comparisons have been developed by ad justing the Bureau's
rigures to take account of the Ebasco findings as follows:

Bureau flgures

Bureau revised to include
original BEbasceo findings

Total capital investment ...cseseeocececeres $l1k,L440,000 $403,827,000
Annual production costs including

depreciation seoeevesessecearsenrorntenates 53,199,500 58,753,500
Annual value of fuels and chemicals, includ-

ing gasoline at 11 cents per gallon .eeees 79,859,000 76,180,700
Average return on equity capital with gaso-

1ine at 11 cents per gallofl c..eceecsserces 6£.98 percent 3.59 percent
Production costs (before net income, inter-

est charges and income taxzes), per gallon 1/

of total Product ..eeseesesscnsasaasanness l/lO.2 cents ='11.4 cents
T/ After credits of $6,254,000 income from sale of ammonium sulfate and

suifur. .

Tt should be emphasized that the Ebasco evaluatlons represent its best
Judgment , based on tndependent studies. Fbasco obtained information from a
wide variety of sources, including discussicns on housing with individusls at
the sites; information on equipment costs from industry; information from rail-
roads and other agencles in product handling; jnformation from the chemical in-
dustry and defense agencies on chemical demands; sand information on mMaNpower
requirements from specialized industries, such as synthetic amonia, petroleum
refining, and others.

As indicated in the foregoing table, Fpasco's independent estimates for
the power-plant and hydrogen campression and purification facilities, which
account for about 25 percent of the total investment, were lower than the Bu-
reau previously estimated. In its report Ebasco gtated that these estimates,
"sonstitute a close check of the Bureau's figures for these facilities and in
effect confirm the original estimates and the accuracy of ad justments made by
the Bureau."

In the matter of company—financed housing, previous Burealu studies had
indicated that no provision for community facilities or employee housing would
nave to be included in the caplital requirements of & coal-hydrogenation plant

at Rock Springs, Wyo. However, the Bureau estimates did include an item of
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$7,000,000 to esslss the Burrounding zommunities in providing the necessary
facilitlies, After careful exemination of all the factors Involwved, Fhasco

cencluded that exdating commanitiez neer the plent site would be ¥itling to
provide the necessary Tgeilities and tihst only $250,000 need e included in
the capital requirements to nssist local plamning sroups snd to protect the
interesste of the planmt and its emplcyses.

To Insure an mcourate sppraisal of operatirg ceste, the Buresu reyuested
Ebasco to drew up complete manpower tebles, including meintenance snd opers-
ting lebor &f well as adminietrabive, supervisory and clerical help, and to
base related operating coats on these manning ablez. Ehazco's firdings ox
theee items ralsed the Puresu's estimatos of over-sll operating cosLy by 15
percent.

It 15 of interest to compare actual productlon costd, belare net income,
interest charges, and lncome taxes, per gallon of total product because the
nontecianizal factors of Pinapnciel nrrangements and income taxes on whieh there
1g a greater variation of' opinion are not involved. On th's basis, the Fhasca
findings inrereased the Bureau's previous estimate of 10.2 cents per gallon ol
total product to 1l.4 cents, after credits for the sale of amonium aulfate
and sulfur.,

Bagfed on chemice!l market surveys, the Bureau, in 1t= previous retimates,
tack advantage of the verzeiility of the coal-hydrogenatisn proceses tu produce
arcimatic hydrocarbons spd ocher chemicals ag well as fuels, Production of
these materdals Improves the eccnemics of the operation becsuse thoy 2on be
readlly cold wt prices much higher thun moscr fusl. Thie Surean a8i5g Included
facllities for producing ammonium sulfate and sulfur frem the waste stresms,

Ebasco made a thorough study of the chemical market sotentiels over the
next several yesars and, with only one exception - namely, m-p-crczol - con-
currcd with the Bureau's estimstes of the marketability of chemicals ®rom a
singles plant,

It is appurenl, from the factors discussed, that the independert evalus-
tion of Ebasco lends considerahle support to the correetnese of the Burean' s
codl-nydrogenation cost estimates,

It must be empliacized that all of ths estimates compared are for a4 sg-
called convenilonal plexnt the design ot which is more or less frozen as af
Januery 1921 end does not irclude important lmprovenente that new ars con-
sldered feasible as a result ol the Bureau's teshnical studies an toal hydro-
genAtion. Uheze imprgvements, cambined with additionsl fucilitles farp LTO-
ducing grester quantitiec of valushle chemlcals, would mske Lhe £1rat
commerclal planls more atiractive investments.,

The Burepu of Mines is mnow proceeding with detsiled stodies of w moderr-
ized plant, including recent technical Improvements and Tasilizies for ir-
tressed production of chem?cals to determine coal=hylrogens: lon necnowios
wnder these more Tavorable conditions.,
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Steel Reguirements for Coal Hydro Not Bxcesaive

There 1s g widespresd impression that steel requirements for ceal hpdra-
genatlon are ewcessively high., Actuaslly, on en equivalent product basis, coal
hydrogenation requires aboul Lbe same anount of steel per daily barrel of
product ae the petroleum irdustry, inciuding expioration snd drilling, Cosl
hydrogenation ylelds higher-grads products than those noroally obtelned froom
petroleum, For example, hydrogenation yields no residusl fuel oll, but rather
motor fuel, LP3, and substantial qusntities of valuable chemicals suck as
benzene, toluens, xyleue, phenol, and others. Considering the type of prod-
ucta, steel reguirements for caal hydrogenation are reasonable,

Commerciat Zgal-Hpdrogenation Plents Needed

Jome of the besic cooslderetlons of gecurlty that apply to oll shale are
alsp appliesble to coal khydrogenatisn, Thero is 11lttle guestion but that come
time in the futurs domestic crude ofl will have Lo be dupplemented with 1iguid
fuele from both cosl and @il shale, The Job will not be dane with eithar
rlomne ,

nited States coal resourans are plextiful and widely distributed aver
many sectione of the country. Ceal-hydrogenation planls could be lacated in
feveral large comsmumlrg areas, Taking advantage of the flexibility of ceoal
hydrogenation by produclrg meximum quantities of chemicals would, Inmprowe the
economlcs of Lhe process greatly, The immediste establisiment of one or two
cgal -hydrogenation plents hy orivate Industry, as adwvocated by the Departmort
of the Interler, could make a major conbribution of needed gkemicals apd would
kelp lay the groundwork for large-scale prodiuction of 1iguid fuele from coal
should this Lecame necessary for nasional seeurity. It appears, however, that
spmethlng 1n the way of Govermment incentives to private Indusiry may be re-
quired at thia time., Fhasceo in 1te findinge rade the following siatement:
"We do not belleve 1t would be fessible to finance the projects élscussed in
the Buresu of Mines report dated Oectober 25, 1951, with private capi=al under
conditions prevalling at Janusry 1, 1951."

A smmmary follows of 1951 operations at each of the synthetic 1igquid
fuels laboratories and demonstration plants of “the Burean of Mines:

Sumnary of 1951 Operstlons

0il from Coal

lemonstration Flants, Louisiana, Mo,

uring the past year, constructlion was completed and aperstions were
started in the eecond of two Comli-to-071 Demonstration Fiants om the benks of
the Minsissipp? near Loulsiane, Mo. Prototypes of a new industry, both plants
convert coal or lignite to high-quality synthetie liguid fuels and chemicsals.
However, they employ fundamentully different processing methods - coal hydro- ¢
genation and gas synthesis - in gerving ms proving grounds for American coals,
eguipment, and process modificeticns.

ERTT
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The Cosl-Hydrogcnotion Demonstration Flant, 8 two-stage unit that oper-
atez at nigh tempcratures and preseures, cogpleted itz pecond full yesr of
experlmental production, TWo eztended tiguid-phase operaFions And One Vepor-
phaze oreratlon Were carr-ed out iast year, and a third liguid-phese run wes

atsrbed for a totnl cperating time of 150 "stream" days to December 1.

Fi=st, approzimately 2,500 tons of weslorn Kentucky zoal was converted in
twy steps bo nearly 350,000 gallaorns of gasoline, which wes shiyped tc the mili-
tary nerviges Tor testing, HNexw, 2,500 sems of Illincie MNo. & coal was proc-
psged into vanor-phase charging gtark, Tken, lig:icd-phase processing of 4, 400
4ons of westeTu Wyoming subbitumingus coal was begun iate ir OJctoher, Tha
products o7 thege latter Swo liguid-phase operatiocs will be zonverfed to
gasoline during the next vapar-phasc ruc,

Fasr run was saccersivl and achisved itz okjectiives, FProfucts wers eval-
ugted 1m Bureau and comercial leberatories ond aleg passed rosd tesiz without
difficulty, both in Burema-operatod wehizles anc mil ltary flest speratlians,
ke zood gusiity of the gusoline, togstasr with the quantity of aromatics and
+ap meids in the products, was slgniflcant.

fwa integrotod runs wers mads in the Gas-Syrthosils Temenstration Flant.
The first, startzd on September L and terminuted on September 12 adter achiev-
ing ali ubjectives, was an oricntation rum to determine the plont's operabil-
1ty, complose the training of opsrator:, obaerve the funclicning of equlpment
sl Ainstmimontation, and reach as hligh a ronveraion rate as possibkle, The
second, started on Ocuoher 23 und completed November LB, chowed thet the Bu-
res's proceoss I frasible, the sy pment workable, the catulyst apparently
long-lived, and the conversiore In acgord with those anticipated on the basis
of pilat-plant results at Bruceton, Fa, The gasoline and Diesel oil produced
during the run nov are being eva_uated.

Coa.-gasification studies were uonilnucd at Loulslena, Ma., on a dexon-
stralipn scale, and test runs in the oxygen-blown coul gasifier devenioped hy
+he Bureau at Morgantown, ¥. Va,, proftuced promising resulls. The syntaesis-
gad puriflcatise unit a/so wus testod and proved capaole of conbinucrasly re-

dneing the imparities in the feed gas Lo leas than Z percent carber dlexide
and well wmder 0,05 grain total sulfur for cach 100 2zkic Fest off gas,

In angthncr operatian, 75,500 pounds of lren oxide syclhesis catalyst wes
produced st s zess of 1A cents a porrd, not insluding plart anortization,
Tests in benca-scale, pilot-plant, ard demonstration-plast operations have
cratm this wmeserial to be as sablsfactory as any catslyst previpusly tested.

Three major sralrnesring cost cotimates werc made durliisg the year, The
original coai-bydrogeration plenl cost estimate, based on & dally capacity of
30,000 barrels, wag revized Lo comply wita higher 1951 zgsbs and with the ad-
vAncns 14 trehmical ooowledge achicved in 3 years of demonstration-plant work,
Tws obheor cost estimates werce made Sor 13,000-barrel-per-dey plants, one sing
a soutrern Colorado aituminous ooal ard tac osther 1 noerbhern Wyoming subhitumi -
noue oonl.,

- Market survers wers contirucd to establish prlee and capacity trends for
arcomatic hydrocarbone, tur acids, and tar hases,
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Laboratories and Pilot Plants, Bruceton and Pittsburgh, Pa.

Research at the Bruceton, Pa., lsboratories and pilot plants on the syn-
thesis of liguid fuel from gasified coal (Fischer-Tropsch and related proc-
esses), on the production of liguid fuel by hydrogenation of coal (Berglus
and related processes), and on the gasification of coal in a vortex reactor
has led to developments of theoretical as well as practical importance.

0il was synthesized from hydrogen and carbon monoxide in a barrel-per-
day pilot plant, using an internally cooled moving-bed reactor and a fused-
iron catalyst. Although this plent was 13 times as large as those previously
employed, no unusual difficulties were experienced during its operation.

The same catalyst was used in a number of slurry tests in which gas 1s
bubbled through a catalyst powder suspended in oil. A problem of the catalyst
settling was solved by adding modified bentonite to the slurry, increasing its
viscosity. Uninterrupted experiments lasting 2 and 3 months thus were made
possible.

Experiments on the Fischer-Tropsch synthesis at 500 to 1,500 p.s.i.g.
pressure, with a nitrided fused-iron catalyst, showed little change of product
distribution as compared to 100 to 300 p.s.l.g. pressure. The rate of the re-
action, however, WwWas not as sensitive to pressure changes in the higher range
as it had been in the lower range of pressures.

Addition of alkali %o iron Fischer-Tropsch catalysts was found to decrease
the rates of carbiding and rereduction and to increase the rate of carbon depo-
sition, after carbiding was essentially completed. A method of preparing falrly
pure Hagg iron carbide has been developed.

A combination of various physical and chemical analytical techniques was
used to determine the constituents of the Fischer-Tropsch synthesis products.
A scheme of mathematical analysis was devised to correlate the product compo-
sitions obtained with various catalysts and over a wide range of operating
conditions. This correlation also predicts the maximum amount of any fraction
of the product - Diesel oil, for example - that can be obtained under the most
favorable conditions.

A pilot plant has been built for a continuous process of hydrogenating
coal in a fluidized bed. Several coals also were tested in small autoclaves
+o determine their suitability for hydrogenation in the demonstration plant at
Louisiana, Mo. BSome were acceptable as received, while others first had to be
dried and cleaned.

A study of the operating variables of the coal-hydrogenation process has
shown that nickel, as nickel chloride, is the most suitable of the catalysts
tested. It may be used in low concentration and produces a large amount of
oil. A method for quantitative evaluation of the gquality of coal-hydrogena-
tion catalysts was developed.
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For bekter wtilization of the less-desirsble produchs of coal hydrogens-
tion, studies also ars undier way to £ind the best ronditiona (1) for chtaining
pasoline by hylrogenetion of the middle oil and {2} for recovering oil from

tre heavy-oll purge stream by stesm stripping or ccking. Frelimipary resulte
are promising Iin both Instenccs.

New analytical procedures were devised for determining the camposZtion of

the proftucts from coal hydrogenstion, particularly that of the gascline, tar
acids, and tar bases,

Many of the warlables of coal gasificeticon, using steam and oxyeen in s
vortcx reactor, have been explored snd correlated, Imtreduction of part of
the oxygen with the cosal resulted In incremsed production of gas under other-
wise equal conditionz. The gasification reaction wes diffusion-contro.nled
above about E,EDGG F., and complete gesificatlen of coal appears possible In
ar adliabatic resctor umder such conditions. With an optimum ratio of 7 to 7.3
cubic feet of oryesn per pound of coal, it 1s ectimated that 3h,2 pounds of
2onl Bnc 247 cuble fest of oxygen st stAandsrd temperature and pressure are

needed to produse 1,000 cubic feet of synthesls pas, s carbon monoxide-hpdro-
gen mixture.

Asstracts of srticlea and patenta perteining to synthetie ligquld fuels
were compiled and published unbil recently, when lack of Funds compelled sus-
pension of thile activity., A book on the Filacher-Tropach reaction was pub-
lighed, and = bibliography on this process la heing completed, The first two
parts of = similar bibliography on coal hyirogenmtion were izauved and the last
part is belinkg resdied for prioting, EBevlews oo the status of wvarigus aspects
of this yprogram were cootributed to several Jjouwrnals, and translations of
fors=ign articles of unususl Interest in thie field were made available me
Bur=sn of Mines publicetions.

Synthezia-Gas Laborstory, Morgantown, W. Vu., snd Field Poests, Gorges, Als.

Plarmins for commerciml-scele plants requirving large yuantitiles of aymthe-
gis gas, both 1o this country and abroad, has emphasized the ilmportance of the
new developments in coal gasification. At Moreantown, W. Va., intenslve work
hes besn conducted on experimental development of pulverlzed-coa” geusilficatlion
with oxyeen and steem. A high-pressvre powdered-cosl gasification progese now
belig developsd promises substantial reductions Io the cost of synbhesis gas,

B major item off expense 1n mandacturing synthetic liguid fuels, ammorla,
Blcohal, and other chemicsl intermediates,

Feperimental powlered-coal gasification unlts st the Morgantown staticon
fnclude:

(1) & emall-ecale gasifler handling about 50 pounde of powdered coal an
hour and conaisting essentially of a vertical tube aboul 6 feet high aud &
inchaes in internal diameter, This gasifiler has provided date on the condi-
tions undsy which corlz cen be gasified efficlently ernd slsg has proved valu-
ghle for svalgatlng the sultahllity of varlous types of coal for gasiflcatica.

{2) A new mtmospheric-pressure gasifler, hundling shout 500 pounds of
coBl an hour, was completed during the year. Ita design was worked out in
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soopergtion with Baboock & Wilcox Ca,, whica slso fabrizated the unit. The
performance of thlc gaslifler with various arrangenenhs of burners ls beling
atudied.,

(3] A pressure gasi¥ier compieted ‘n 1951 promises substantisl economiles
in syathesis-gas production through reducing gas-conpression vaosts, Degisned
to zasify 500 pouncs of cosl an howr sl an operatling pressure raoging up Lo 30
slmanpierss or epproximetely 450 p.s.i., thisz undt in prelimiowry runs at 7
atmosphu:rss showsed high capacity, bub rather severe ercsion of the refractary
Ining gocoerreoo,

4] TInltisl test runs 7 & pulsating fiow or vibratory gasifier achieved
sxtrem=ly kigh —hrougnput ratocs on the order of 1,000 pounds of coml an hour
for each cubis oot of gasifier volume. However, evgsion of the refractory
lining again was sxperlenced.

Gag-purdflcation vwork at Morgantown Includesd bomch-scale cEperiment:s al
glevaled pressures to study the performance of {1' A copper-cnronium-vanadinm
catalyet For éimallancous removal of hydrogen: 5ulfide and organic sulfur from
syrkhhesls gas and {(2) 8 copper catalyst For removal of soa’l arounts of oxyoen
from syrbheslis gas,

As Lthe recovery of sa’fur must be @ feature of the pas-purdificatlan sysRtem
in any farge Hischar-Tropscl: plant, puriiicaticn pilot-plant rand wers made ab
G pon.ileg. to study the s=lective removal of hwdroeen sulfide fron gases oon-
tzining rolatively lnrge gquantisics of carbon dioxide,. JAmorg the purifyinog asb-
Sorbents sladied were triethianolaning, sodium and potagstuyn carhonate, and Tri-
polassivm plospliste, Cerbon digxide is believed fto have a deleterious effect
on Lhe fischier-Tropsch synlhesis, wrd parl of Loe puriflicalion program dealt
witzi ke remzval of Lhls compound from oiynbhesis mas by wsing diethinno’amine,
Throwgiiout most of the operaticone in the purificetion wilot plant, the total
sulfur comcent »f raw syntlesis gas was reduced to less than U.0% o a graln
fer 108 oukls foel,

A% Goreas, Ala., the szoond underercand sasification experinmert was com-
pleted, Continucns gperation had boom matinteinod for 20 montho, and tke conl
underiying 2 acres ot lend ad jacent to the original L,450C-toot entry wag conr-
sume=d,  Zrilllrgs neow inicts or outlets tangent to the perimcter of the burned-
Qul doce mpade TL pouslile to oexXxternd the ganification over areas of cosl iand
arl aleg Lo irnrovc toe gquelity of the oroducts. The experiment showed the
importence of attaining good contact beoetwesn thoe ir or oxygen and the roeact-
irg moal Facess . AL foc conzluzion of the soceod experdment, the undergroand
syeien was filaoded with wetcer and thz Tire extireculshed.

A YhIrd sxporimeat wes startad at Gorzes o whish all undergrourd mining
wan elim'nated BF ufiay un elsctrolinking prosess Lried esrlier by the Ginclair
Toal Uo, s=rd the Missorl School of Mines. Electropdes were inserced in Lhe
2oal ood throug: boreaolee drilled hHoth for their instaliation and Tor suboo-
qurept 2 o olr or gag inlerd ars oollzts, 4 potential won appli=d to a pﬁir
of elecirqdes, cauding A curreat to flew. Trho clectris current heated ond
zerbomizel the coal, and the Fermelioo of coke loceesssd e permeability of
Lhe coal bed. Wher Lng rosliztance of tae z2ystem was recuced sufficientlw, Lhe
clornr’c eurrent was arub off and s« 0 waz pumped undereround Lo cuarcy on
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gasification. An initial elestrical linkage was “ormed hetweon borehpoles £7
feet apart and subsejuently between horehcles 200 feet apart.

Hapifleation a° a 67-faot section opened by elertrolinking a8 been zon-
finued Tor 4 months witk the production of combusblible games. AS the throwss-
gat has beer small, sdditlcnal elertrolinkiag will bs attempted In the immedi-
ate Tutare to increase the through.ut snd develop the aystom furtner.

311 from 0ii Shale

Experimental Mine, Rifle, Cola.

f= proklems asspcieted with mining all shale at oW coet are nearer solu-
tjon than other phases of the program, the scope of Work was redurad consider-
ably in 1951 at the Experimental Oii-Shale Mine on Naval Shale BReserve No.o 1
nesr Rifle, western Coloredo. Regearch activitles were curtaiisd, end opera-
tione were directed primarily toward suppoylmy the procesesing plant with ¢il
chale.

fal cotion of drill cuttings frem oil wells penetrating the Green Rlver
07 shale Formaticns in the Rocky Mountaln area was contioued, bui no eddi-
tiopa. dats on potentia. reserves are avallable yet, 45 repcrtad Im 1350, an
ares of 1,000 equare miles in Colgrado eould yield 200 billics barrels of
chale oil fram an oll-shuale wessure averaging 17 gallons per Lon. Withir this
measure 15 the richew 30-gallon-per-ton Mshogany ledge that could yield nearly
100 oillicn barrels of shale oil,

The two cets of workinge ot the Experimertal O1l-kBhale Mine are hoown ao
the Selective Mine and the Undergroamd Guarry. Ieitial production was froa tae
Zelecsive Mire, hut the Tndepgroad Quarry has Deen suppiying shale ror the
frocessing plant since 1549,  Approximately 50,000 tons wes mined from the
Indergrourd Guarry iz 19%1, and some 19,000 tona of thiz was Lrensported Lo
the procescivg plant,

Ir. tie mining and resesreh program emphasiz has been shirted to fundanen-

tal researcu, To this end, data were collected on the action of pxplosivesn by
means of instrmentated tests and motion-picutre studies.

The driliing phase of the mining-resesarch program invol ves two soparate
investigatisne, percussion Amd rotary drilling. Beveral factus were reeorlsad
gz percuss ion-drilling fundamentals, and the study of Ieat-treating procedures
Tor minlmlzing drill-rod faillures was contlpued, with notabie wuucwss.

Rotary-drilling research showed Luut the bench level of a commereial oll-
shale wmine could be drilled by rotary methods at u consldersd.e saving over
percustuion melhols, Estimates are that bit and drill rod costs for vonary
methode would be shout 30,00 per foot, compared to aboul 20,028 per foot hy
persuseion metiods. In additlen to the direcl saving in bits and drill reids,
the higher drilling retes achieved Ly rotary metbods would lead <o gavings In
such iteme ar Llabor mod power.
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An exhaustive and continuous study of roofstone behavior has been con-
ducted in an experimental test room in the Selective Mine since early 1947,
when specialized equipment and apparatus were installed. By November 1348
the test room was 80 feet wide by 100 feet long. An extension to thils room
wag completed in June 1951, making the total length 200 feet. Two rock falls
occurred in the original section of the enlarged test room in August 1951,
each consisting of a uniform slab 18 to 22 inches thick. Stratascope exami-
nations of the roofstone in the Underground Quarry showed that no partings
had developed at the 18- to 22-inch level,

In November 1950, a cost estimate was prepared for mining, crushing, and
conveying 19,200 tons of coll shale daily to a processing plant, During 1951,
revisions of this proposal were made to raise cost items to the January 1,
1951, price level. The revised estimated total cost of mining, crushing, and
conveying oil shale to the retort stockpile is 47.63 cents per ton, This
estimate includes management, depreciation, and taxes, but does not include
depletion, profit, nor expenditures for off-site facilities,

Demcnstration Plant, Rifle, Colo.

Pilct-plant activities in 1991 were concentrated on the gas-combustion
process, a development of the Bureau's 0il-Shale Demonstration Plant near
Rifle, Colo. In this continuous method of retorting oil shale, combustion of
low-B.t.u. gas generated in the retort provides most of the necessary heat.
All heating and cooling teke place between gas and shale within the retort.
Thus, neither exterior heat-exchange equipment nor cooling water, a scarce
commodity in the West, is required. Furthermore, good yields are obtained
at high retorting rates.

To evaluate the performance of the 6-ton-a-day gas-combustion pilot re-
tort, a 4-day run was made on shale averaging 30 gallons a ton by Fischer
agsay, or about the grade that would be charged in a commercial operaticn.
During the evaluation run, a yield of 99.7 percent by voiume of Fischer assay
was achleved at a retorting rate of 229 pounds an hour per square foot of
cross-sectional area in the retort.

Related pilot studies included developing means of controlling oil-mist
formaticn in the product cooling zone of the retort, investigating gas-air
mixers, and testing equipment for separating the oil-mist from the gas stream,

Plans for a demonstration-scale gas-combustion retorting plant with a
nominal capacity of about 300 tons a day were undertaken as soon as pilot-plant
investigations had demonstrated that the process was sound technically.
Through competitive bidding, the Blaw-Knox Construction Co.,, Chemical Plants
Division, was awarded a contract for the design, fabrication, and erection of
the demcnstration unit, and it is anticipated that the new plant will be ready
for operation in the summer of 1952.

Demonstraticon refining cperations in 1951 provided much of the information
needed for successfully adapting conventional thermal refining technigues to
the processing of shale ¢il, Earlier runs in the experimental refinery had
demonstrated the suitability of three thermal processes - visbreaking, recycle
cracking, and coking - for making a virtually full range of liquid fuels from
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the vrude material, Logically, the next step wes to assertain, for those proc-
e3ams, the exact procedurss and cperuting conditicons that would give the best
prodact quality ard yields. Test operations also were conlucted on thermal re-
Formirg, & process not Investlgated previoudly,

In an operation simdatlng the production of 1izwid fuels from oll shale
pn ma industrial scale, a crude oll sultahle far pipeline transportstinsn was
produced by visbreaking. Recyele cracking is an sttractive mothod of refining
the vishroken cruode, because this process glves high yi=lds of masolins and
permits the wse of avallahle thermal equipment st existing refineries. In a
recycle cracking run on crude shale ofl, 2 zephlha yield of 49.6 velums per-
crnt of the charge was at,aLnEd, together with 45.9 volume percent regiduum.

Frperirental treazing opsratiors were centinued In an effort to dstermine
PrgceduLes and operating conditions by waich the minimum ampunt of reagents
consdistenl wilh desired reszults womnld te consumed. Recent sddinion of tetbrs-
ethyllead blending “scilitles to tae nlant made possible the production of
shale-oll gasgline thas 1= belng used in automobiles =nd buses at the station,
Shale [Mefel tfuel has peen in use or the profect Tor almost 2 years. The per-
formanre of both appoars to be egqual to that of ke vorreeponding petroloum
products.

Through cwoperabive agreements, interessted organilzaticns cootribubed waluo-
able widltioms to oll-shkale technolegy. Sixteen now agreemnents were negotiated
during the year, and four exicting agrecmentn wore orxtonded,

Under one new agreement, the Gensva Stesl (o, tested a high-melting-point
shale-gll piuzh to determine Its sultabiiity as o blecding componenl for pre-
paring netaliurgiosl coke from el ceosl, Under angthe=, shale Diezel fuesl
was teosted in o= lgecomotive of the Donver % Eio Gruads Western Hailrosd aver a
period of Y5l hours, In both instances, results were encoursafing.

DetuiZed cost estimates wore made during Lie year ffor o nominal 25C,000-
harrel-per-day industry-scale oil-shale aperation ulbilizing 4he newsst dewclop—
mente in minirg, retorving, and rofining, The estimastes include transpertetich
2oets te the weil coasi and are bascd on the Bureau's oll-shale-mining demon-
stration work and the gas-comhustlen reteors developed by the Bureau, TwWo re-
fining plans were considered, voe incorporsling buasic Lhermual crackino and the
other using a mild hydrogzrnation process doveloped hy Tnien 01 Ce. of Cali-
fornia. Both refining optione Fie d spocificotion products; and, =2 would be
expected, the Iyirogenation process prﬂauccu high ¥leld:s of premium gasoline
and Diersnl oil,

Based on & cepliallvntion of 90 psreent cgquity and 50 percent borrowed
Tunde, and wXth all produsts selling ot current prices, thne raitc of roturn on
the eyulty capital is cstimated to he 8.4 persent at'ter income <axes tor the
plan incorporeting “hermsl refining and 21,2 nercont when using mild hydro-
gemution to relfline tiw crule oil, Allhouch the thermul refining oplion is
leas eecpnomical, it has tie advantage of utilizing refining proceases that
are in uge at the precent time and therefore would perm’t processing vIlocosity-
broken crude shale oil in exlsrving retineries,

Steel rvaguiremsals [or the indusiry scale ovoration, “neluding mining,
reforting, refinirg, and ¢ pipeline to the west coast, are 479,000 tons, or
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about 3.0 tons per daily barrel of liquid fuel for the thermal cracking option
and 555,000 tons, or about 2.8 tons per daily barrel of liquid fuel for the
mild hydrogenation option, The thermel-cracking plan requires a larger pipe-
line, hence the higher steel requirement.

Laboratories and Pilot Plants, Laramie, Wyo.

For two major reasons, the attention of the staff at the Bureau's 0il-
Shale Experiment Station in Laramie, Wyo., was centered during the past year
on development of a process for retorting oil shale at high temperatures:

(1} Critical chemical products now in short supply can be produced in this
manner, and (2) the type of retort that appears most suitable for this high-
temperature operation also shows promise of extremely high throughputs in the
normal retorting temperature range.

Before tentative design for a small pilot plant was developed, three
methods of retorting at high temperatures were studied: (1) The inclined-
surface retort, somewhat similar to a conventional coal-carbonization retort
except that the retort tube was set at an angle to permit continuous flow of
shale; (2) a single-vessel fluidized-bed retort; and (3) an entrained-solids
retort in which the shale-is carried into and out of a heated, vertical fur-
nace by an entraining gas or steam. Of the three methods, the entrained-
solids retort appears to offer the best possibility of enlargement to pilot-
plant and commercial-plant size, and a small pilot plant employing this
principle is now being constructed.

In refining research, efforts were directed toward developing methods for
treating thermally cracked shale gasoline and improving distillate stocks for
use either as Diesel fuels or catalytic cracking stocks. As background for
the gasoline treating research, extensive studies were made of the properties
of this type of gasoline and the polymer formed when it is acid treated. This
work has resulted in a catalytic treating method that appears to have advan-
tages over those previously used. It indicates also that low-temperature acid
treating itself may be essentially a catalytic-treating process and suggests
lines of investigmtion that may result in improved acid-treating techniques.

Soglvents have been found that are more effective in preparing catalytic-
cracking stocks and Diesel fuels from shale-oil distillates than those studied
in the past. Equipment has been constructed for use in extending the study of
nydrogenation of shale oll and shale-oil distillates to pressures above 1,500
p.5.1., the maximum safe operating pressure for equipment previously available.
Now virtually ready for operation, this new equipment will permit more-complete
evaluetion of the hydrogenation process as a method for refining shale oil.

Compositions and properties were determined for two series of 0il shales
from the Experimental Mine that assayed from 10.5 to 75 gallons of oil a ton
and were representative of minable beds in the Mahogany ledge, The data, pub-
lished in a Bureau of Mines report of investigations, included the results of
petrographic and X-ray examinations, determinations of shale properties, ulti-
mate and oxide analyses, assays and examinations of assay products, and
weathering tests,
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The ronatitution of organis material in Colorads ail siale was ssudicd by
degrgding 2t Iato soamller urgun%u Frogmenls for 2nalysis spd ifenkitication,
The degradation methods lnclided oxidetlion by alkaline potusaium permAangsnate
and nitric geld, nydro_yels with hydrociloric acid and petusszim hydrcxidE,
extraciion with grganic solwvents, end destructive disilillucies, or Leating,
The results Tndizated that the organlc material conciooed sropendurately ﬁF
ronbenzenold ztructures,. Aromatilc and Terpepe sTouclures ayppearcd -p he pres-
ent ir minayr amounmts, but they were sithar of low moloonlar welisnt or gere
readlly susceptible to oxlislicn.

Enowledge of toe composition of chale oil still is shetoby, tut is s
vastly greater toan that available a few years ago. Tt has been auemented
duricg the past year hy publications on pyrroles [dentified ic shale-oil naph-
tha, gum formation in zhale-0ii naphtha, and detormiel’lar of oiorogen ic skale
mll. Fresenlationa before techrnical zocistles Znecluded papers on muas apoctral
sorreiations in componition Studics, composiiion of crude shale olls, and oils
from high-temperature retcrsing,

Recerf analytical research bus eophssived composilbion studies on threc
typas of srale-oll products, the gile from nigh-temperature retorting, snd the
primary naphtha and heavy gus-oil fractions from H-T-U crude oil, In atdiiiom,
work has becon donc on the development of analylical methods,

Tar aclls recovered in reficing Lhermally cracked gasoline from N-T-1T
crude zhele pi! were purffied by removireg the nitregen- and suifur-containing
censtitucats, tar beass, carbozylic aclds, water, and polymers to praduce
phengl, eresals, and xylenel: of commercZal guarity.

Tur beses, also 8 hyproduct of shale-oll gasellne refining, were Lreated
to remove impuritizs and stabiilieed to reduce gum and onlar formation.  Pents
shgwed that the purified vusesz, when adied to refined szale-o?l gasoline, had
he detrimental ofFzct on its stability, and an ‘neresse in the octane rating
of the gaszoline wez resllzed.
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