INTRODUCTION

For the pest ten years, under the authorization of ths Synthstic Liguid Fuels

- Act of April 194k {30 U.8.C. Secs. 321-325 end ammendwents), the Bureau of Mines has
carried on an extensive research and developmsni Trogram to establish methods for the
. production of ¢il from coal asnd oil frcm shale.

_ This law originally was pussed by the 78th Congress under the stress of wartime
demands for liquid fuels to supply our armed forcss, It was extended when peacetime
- demands for oil and cil products surpassed peak reguirements of World War IT,

Although the demend for liquid fuels seemed to level off in 1945, it has since
" {nereescd steadily to a new pesk in 1953. Figure 2 shows that, in the ghort span of
one decade {1943 to 1953}, consumptlon of liquid fuels has nearly doubled, increas-
ing from about 1.7 billlion tarrels psr year in 1943 to nearly 3 billion barrels per
year in 1953.

3ince World War II supply hes kept pace with ever-increesing demund, but only
through imports of more end more oll, These imports approached one-half hilliecn
barrels of oil in 1953. Most of the increased use has been in the fisld of motor
and other distillate fuels which probably wlll be used in stlll grester guantities
in the immedlate future. An ostimate of this derard and how it will be met was made

by Ayres (fig. 3).

Lecording to his predlciions, imported oll will continue to meet the demand for
digtillate fvels for some time. However, he expects shale oil to begin to make up
the difference between rreoduction and demand es carly =3 1957.

Other auvthors have different opiniona as Lo when synthetic liquid fuels will
coms into the market, but all sgree that this time will come eventuelly, probably
within the next{ decade.

In its research and development program om synthetic liguid fuels, the Dursaw
of Mines 1s obtaining enginesring and cost data for the day when industry will re-
quire such Tigures and has increased its more basic research work during the past
Year 4o le=rr more sbout the nature of the raw materisls and their suitability for
New processee 0 convert both coal and shale to oil.

To accemplish this purpose, the Buresai of Mines has bullt end operated three
leborstories and two enginsering plants, The first laboratory was srected at
L&I'Elmie, Wyo., and is dedicated to the study of oil shale and related problems;
the second laboruatory wes comnstructed at Brucetom, Pa., =nd deals with the broad
@’?ﬁ_ Froblem of coal-to-o0il processing. More recently a new laboratory, which is con-
i CeTned with the econversion of coal to gas, both for direct use as fuel and for
tEynthesis of liguid iuels und chemicals, hes been completed and aceupled at
Orgentowm, W. Va.
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An experiment station at Rifle, Colo., wes bullt to demonstrate methods fop
mining and retorting oil shals end for converting crude shale o1l to cthepr fuels .
refining. A station at Louislana, Mo., was used to demoustrate on & semi-go
scale the conversion of coal to oil by direct hydrogenstion and the tonversion op +
syuthesis gas (mede from coml) to ligquid produchts by means of the Fischer-Tropgey -
process. This station wag closed in Juwne 1953 and turned back to the Bermy fop
disposal,

Perey

Begides the installations mentioned, at Gorgas, Ala., on mroperty of the
Alabama Fower Co., a joint investigation hag been conducted on the Zesification o
20al underground. This projsct was scheduled to end in July, 1954, but it hag
reactivated with the help of the Alabema Power Co. and the Stanolind 041 apg a
to lnvestigete a promising method of undsrground fracturing

baen
a8 g

Frumeration of the physical facilities glves some 1dea of the scope of the
Bursau's program on synthetic liguid fuels, Summaries of the year's accomplish-
ments at each of the operating stations are given in the sections that follow,

Summary of 1954 Operations

Cil From Coal

Laboratories snd Filot Plants, Bruceton, Fa,

AT laboratories and pilot plante in Brucston, Pg., research was continued on
Producing eynthetic fuels from coal by gas gynthesis end hydrogenation. The struc
ture of coal has been gtudied to obtain fundemental dats on its behavior in chemicgl

processes. Analytical mothods were developed for process control snd product
charucterization.

Longevity tests woere mede on gteel turnings which are excellent catalyats for
the Fischer-Tropsch oll-cireulation procegs. After long periods of synthesis, :
changes in composition of the Iwroducts indiceted that the catalyst had becoms de- -
Ticient in alkali, The quallty of the catalyst was restored, however, by injecting
an alcoheolic solution of Potasgium hydroxide.,into the reactor. The active surface
layer was found 4o be largely converted to Eagg iron carbide early im the synthesis

The carbide content then remsined gssentially constant, but metalliec iron was slowly:
oxidized to magnetite,

Small-scale ezpesriments wsre made to develop improved methods of activating an
pretreating iron turrings and steel wool, At 800° . the turnings were completely:
oxidized in & relatively short time. At 6000 C » oxidation was rapid initially but ;
became very slow after about 20 Percent of the iron had been oxidized, Turnings
that were carbided or nitrided bafore gynthegis had relatively low ect ivity, but
subsequent oxidation and reduction of the catalysts resulted ir high sctivity.
Activated turnings of a varisty of steels hed gbout the same activity, However,
higher activity was observed with = gteel contalning copper and with ozidized turn _
ings of carbon-gteel impregnated with copper nitrate. Ozidized astesl wool mlao was
very active in the syathesis., Availsble dsta Indicate thet the activity of steel
turnings increases approximately linearly with surface area,

Borides of iron have structures similer to carbides of iron. Experiments are -
baing made to produce borided catelysts by tresting iron with diborane .

Tae Fischer-Tropsch slurry process was studied in bench-gscale urits designed %0
maintain a high velocity of oill-cetalyet slurry to minimize agglomeration of partis
cles. This troublesome Phenomenon ig brobabtly associated with the complex colloidﬁj-
neture of the slurry. EHigher alcohols added to the oil decreassd the tendency



&ward_ peparation. A method wes developed for reducing finely divided catalysis in
“ary, fixed-bed reactor before slurrying the catalyst with oil,

gtudles were made in pilot-plant squipment of the rrocess for removing carbon
'-3"1011&3 from synthesls gas by mesns of a hot, concentrated solution of potassium
srbonate. They confirmed ecarlier resulis obtained in smaller apparstus , showing
hgt substantial savings In steam and cepital investment can be achieved as compared
fyith conventional methods.,

Hydrocarbonyls of {ron end cobalt have chemical mroyerties snd structures that

ppear to be similar in many respects to those of intermedistes postulated for the

jgcher-Iropsch synthesiz. To gain further insight into the mechanigm of the syn-
sis, the structure and reactions of such hydrocarbonyls have been studied.

Hydrogenation of coal to liguid fuel at high temperatures, a departure from
he conventionsl method es only one step 1s required instaad of two, has been
udied in continuous reactors rather than batch-type operabion. Rock Springs
4 jfyo.) coal, impregnated with ammonium molybdate, wes used with = volatile vehicle
311, Bench-scale studies at 525° C. of rates of flow of gas snd coal paste showed
thet they caused only small differences in conversion smd product distribution.
able quantities of heavy oil and relatively small yilelds of gasoline end gasecus
drocerbons were produced. Conversion of coal to 0il waa nearly complete, =znd the
i1z contained only 1 to 2 percsnt of ssrhaltencs.

Similer products were Obtained im a pllot plant where a varlety of difficulties
ue to overheating were encountered. The plent was opersted with moderate success
tomperaturss =s high ag 510° C. On the basis of these experiments, the reactor
;g{{a.s redesigned. The present aystem employs a paste preheater followed by an adia-
ic reactor that will he cooled by recycling hydrogen.

: Research on the struclure and chemistry of coal, supported by both Bureau of
ines and cooperative funds, included heating of carbohydrates, cellulose, and
guin (with or without hydrogen) or trestment with sulfurlc or phosphoric acid to
B duce conllike chars, Polymsrization reacticns lesading to the formation of these
fgh&ra require the rregence of a carbonyl group in the molesculs, The coallike char
its precursors can be hydrogenated in the mresence of tin chlorige to productsa
JEical of coel hydrogenstion,
F
: Infrared sbsorption spectra of enthrexylon from bituminous coal, asphaltene

T coal hydrogenation, petrolewm asphalt, and gilsenite were found %o be similar.
frared spectra also were used to follow structural chsnges during cerbonization
L coal., Exeminstion of coal by conventional end small-sngle X-ray diffraction
cated the presence of crystalline sbructures gbout 14 A in diemeter. To obtaln
Ormation on factors that influencs the sclubility of coal, the characteristics of
fveral polycyslic molecules were determined in & series of solvents. Research was
Bgun on microblal degredation of ¢oal and releted substences. These studles may
»}g-nﬂd to the understending of the structurs of coal and lesd to different methods for
Verting coal to more useful substances, EKinetic studies of the reacticms of
AThon with carbon dioxide and steam will rmovide date regarding reection mechenism
d reactivity of different types of carbon,

Continued development of snalytical methods was necessary to meet requirements
he research program, A platimm spiral heated to 800° to 1,000° C. converted

x 8nle gulfur compounds quantitatively to hydrogen sulfide. Methods were developed
LT snalyzing miztures of aslcohols or phenols by formsticn of trimethylsilyl sthers
Sad, gubgequent testing by mass spectrometer. Structurasl-group snelysis has been
died with a view to epplying 1t to eveluation of high-molecular-weight olls.
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Mass specira of alcohols end ketones have been determined, and analystie of glmple
miXtures 1s now possidble,

Synthesis Gas from Coal Pilot Plants, Morgantowz, W. Va.

Acceptance by & rrominent chemtcal manufacturer of s coemmercial-scals cogl
gagifier, operatling at etmospheric pressure end baszed onm devglopments made at the
Horgantown Statlon, has coincided with conclusion of experimentsl work on this ¢
of gasifier. The develomment vrogram ended with a factorisl experiment that evaly.
ated mporea fully the effscts of verisbles in the process,

Develomment of the high-pressure gasifier is continuing, and 1t appeers that,
when this process is brought to the seme point of commercial acceptance, 1t will
have even wider passibilities than the atmospheric procesa. A factorial exXperiment .
with this gusifier has indiceted & need for further mechsnical improvements, and
thege changes ere beilng mads as equipment is reerested in the new Morgantown Experi
ment Station building. When cperations ars resumed, the ghatistical method again
will be uged to determine more Precisely the effects of verisbles that control the
process. Similer design improvements are being made in the experimental coal fead-
ing units, oxygen plant, and coal preparstion facilities an they ara indtalled in
the new quarters in preparastion for further teghs.

Gas-purification work at Morgantown included further improvement of the dry disah
Persion method for dstermining the particle glze of dust and development of o nethod
using millipore filters for determining the size of particlss or agglomerstes ag the
actually ezist In a gas stresm., Bench-gzcale develorment work has been gtarted on &
counter-flow dust feeder that wlll be used for testing dust-removal equipment. Ra-
producibilities average sbout 5 percent exceyt st very low dust concentretions,

In cooperation with General Americsn Transvortation Corp., pllot-plent studies
ware initiabcd to study the effectiveness of a gas-ligquid contector of turhomizer
type for removing cerbon dioxide and hydrogen sulfide from raw synthesis gas, As
abgorption of carbor dioxide and hydrogen sulfide 1s controlled almost ontirely
by liquid-film resistance, it is belleved that agitation aof egueouz golutions of
digthenolumine, resulting in = spray of fime liguid droplets, would not only in-
crease the rate of mass transfer but algo result in a greater plck-up of carbon
diczide per volume of diethenclamine circulsted,

Bench-geale ressarch wes done on the Preparation of mlcronized cosl suspended
in steam for gasification with ozygen. Coal-water slurries were flashed to stesm
in heeted metallic coils, causing size reduction (micronization) of the coal.

Rates of steem-carbon reaction wers studled in & specially developed, slactri-.
celly heated, isothermel reactor, A few grams of finely powdsred fuel were charged
at o constant rate and reacted with excess steam, with or without inert gases or
oxygens. Thepe studies proved that the Aifferentisl timing technique is s ussful
method for determining reaction retes st verious temperatures, A meliminary study -
has been completed on the effects of amell concentrations of oxygen, and the effects |
of particle-gize now are being Investigated,

Exploratory ressarch wes begun on the selective sorption and recovery of cxygst
from alr. A small gless apparatus end a bench-scale metellic apparatus have been
constructed. Both are being used for fmdamental gorption studises of various metal
chelstes and other chemical type Oxygen carrigrs. Results obteined are correlsted
with simlteneous polarographic studies of the same gorbents .
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Layouts were made for all equipment in the Morgantown Experiment Station. A&

- gontract was drawn up for moving and reerecting the principal pleces of equimpmsnt
and thelr utilities. At present, the reerection of mll facilities ig approximately
‘90 peToent complete.

A rreliminsry invegtization has been startsd on the Possibllity of using heat
from nuclear gources to promote the gtesm-corbon resction,

_ Testing and improvement of component parts of the high-ratio centrifugal com-
pressor is contlnulng.

‘Mnderground Gastification Project, Gorges, Als,

: Since 1946, the Bureau of Mines and the Alabems Powsr Co, together have com-
ducted e series of fisld-scale experiments on the wmderground gasiflicetion of coal,
The first two experiments used mined passeges within the coal Ted. Operations
"ghowed that the cross-sectlonal areas of thege Dagaages were too large to maintain
ood contact beiween the gasmaking flulds =nd coal bed, which led to a gsseous prod-
uet of poor quality even though a ussble product wes obtained at times,

_ A group of expsriments was conducted next, using a @moceas known as ¢lectro-
‘1inking-carbenization to prepers a ragsfge In the coal bed. This Irocess, originally
aveloped by the Sinclalr Coal Co, and the Missouri fchool of Mines, wae mdapted to
the work at Gorgas. Three satisfactory passages were made by this method end, during
operations, rmroducts of good guality were obtained. The method appears to be wall
edapted to wmderground gesification work; nevertheless, sdditional procedures for

preparing Imsgages in the coal Led are desirable,

: In June 1951+, cooperative agreements signed by the Buresu of Mines, Alabama
Power (o ., Stanolind 011 and Gas Co., and Halliburton 01l Well Cementing Co. pro-
vided for a joint investigaticom applying = hydraulic process for fracturing the coal
bed. A process of this typs, Inown as Hydrafraec, had bBeen developed by the Stanolind
01l and Gas Co, %o ilncresse the Troductivity of o1l wells.,

A gite was chosen st Gorgas 370 fest west of the old gasification workings and
B Injasction well rrepered. This well was cased with steel Plre to = point 12 inches
¥ithin the coal bed, the casing cemented, snd a 7-inch depth of coal exposed for
Ireatment telow the caging. The Hydrafrac treatmsnt was applied by pumping into the
¥ell, in turm, 500 gallons of kerosene, 9,550 gallons of a viscous residual fusl oil
to which 15,000 pounds of Ottowa flint shot sand hed been added, and then 4,040 more
€allong of kerosene. The hesvy oll-gend was injected in 22-1/2 minutes at a flow
Tate of 425 gallong per minutse end pressures remging from 70O to 900 p.s.i. =t the
fumps, The follow-up keroscne was pumped st a rate of 165 g.pam. over a 24-minute

Permezbility tests using comprasged eir were made befors snd after the Hydrafrac
tre&tment at the injection well, These indicated en 85-P0ld incresse in permesbility
°f the coal bed. At an injection pressure of 65 p.s.i., this repregents zn lncreass
H alr-injection rate from 6 to 520 a.c.f.m,

The extent end horizon over which the coal wag Practured have not yet been coOm-
Yletely determined. Test holes drilled on the line of the face cleats, 150 and 200
feet in opposite directions from the Injection well, show the fracture o be in the
=l bed., 011, kerosene, snd an air flow were found only at the horizom of the
®al. sn air flow and odor of kerosene vepor were noted at the outlsts from the old
Busifi cation workings, indiceting the Practure had extended some 370 feel in this
Tection. There 15 & possibility that the fracture extended 670 Pest in suother
_ retﬁ:ion, intersecting an shandoned mine in the America coal bed. XNo signg of the
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fracture have yct been found at the cosl outcrop whosa nearest point is B50 feet
from the injection well. EHowover, tests completed to date Indicate that a large
aren of coal bed has been fractursd by the process.

Tt is plenned to svalusate the extent of the fracture more thoroughly and thep
to ignite snd gasify at least a portion of the treated coal bed.

011 from 011 Shale

0i1-8hele Mining Branch, Rifle, Ceolo,

The mining progrsm at the oil-shale mine comprises both research and producti
activities.

A lower adii driven to develop the bench level oDensd the full 73-foot height
of the Mshogany ledge. &hale minsd from elthsr the 39-foot top heading or the 34
foot bench 1s of the same grade, oliminating the need for blending. One section ¢
the mine road wes timber cribbsd to sbate sloughlng snd subsldence., The main pover
substation was reloceted, and new electric and blasting circuits were installed i

the mine,

Collection, assayirg, and logging of samples from the Green River formation we
continued. BSamples from 30,320 feet of drilling were collected from 26 cors dril
holes and 7 oil end gas wells in Colorsde end Uteh. A mesting with oll compsny
reprecentatives was held to stendardize the terminology and wethods for estlmating
Teserves.

Research on rotary drilling included the use of stebistical methods for test
ing rotary drill bits. The dats were used in designing = rotary-drill heading Jumb
now inder construction. (ost estimetes for commercial mining =nd paper studies of
mining systems were prepered. :

0il1-5hale Engineering Branch, Rifle, Colo.

Most significant of the changes made to the §-ton-a-day zas-combustion plant
was Teplacement of the original refractory-lined retort with an ilnsulated stainless
steel vessel. This alteration reduced heat losses and improved the fiow of shale.
Certain modificetiona in the cil-recovery equipment lmproved rscovery efficlency
ond facilitated oll measurements. Effccts of the changes wers evaluated in a serle
of standard tests. ¥

Scecondary cracking of vil during retorting was studled. By secondary cracking
15 meant wyrolysis of oil in {the retort mmder certain conditioms after oil has besn
formed. Secondexry cracking, if uncontrolled, is undesireble both in operabllity ©
the process end oil yield., A number of crude oils, rerresenting different degrees
of secondary oracking, were produced in the 6-ton-a-day retort, and selected cmes
were snalyzed to determine which methods, 1f any, can be used to measure the degree.
of cracking. As part of the same study, & seriss of fests was mads to /1) show ik
effect of rate of Tecycle gas upon secondary cracking and (2) investigate the effe
of adding condensation nuclef., TFor the latter tests, sodium chloride waes added in
water sciution to raw shals.

Comstruchion of s 2%5-ton-a-day gas-combustion retort was completed. A mwmber ©
exploratory operations were conducted in this plent. '

A study of briquetbing shale fines (minus 1/k-inch material) wag initiated 0 |
develop means of rebtorting such fineg which are now discarded. Briquets were pro-
duced with and without additives, but retorting of such briquets has not been B‘bﬁ-rtig,
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Several oparations were conducted in the 150- to 300-ton-s-day gas-combustion
plent to complete the shakedown and persomnel training program. Approximately &1
operating days wera required for this work., Following the shekedown rms, ths plant
was in operation for 59 days (on stresm 94 percent of the time) without serious
dgifficulties. Cuwrrent studies are directed toward imrrovement of oil yield at
reagsonably hlgh rates of shale throughput.

During shekedown oreraticns, s study of devices for injecting air to the retort
waa carrlied on. Threa such deviceg were designed end tested. The first, a rather
bulky elr-ges mixer patterned after that developed in the 6-ton-a-day pilot plant,
vwas not entirely satisfactory, psrticularly becasuss of metal deterioration and
warpage caused by the high temperatures snd lerge tempersturs gradients encountered
in the retort. The originel alr-gas mizer wes replaced by a simple injsction device
consisting of a perforsted pipe covered by an inverted "v". This deslgn was much
better than the first with respect to warpege snd deterioration of metal, but was
troublesome owing to plugging of perforations in the pipe. Subsequently, the pips
wvas eliminated, end the third injector device consisted of the inverted V" only.
This type wroved more mractical In opsrotion, although there were indications that
oil yield may be slightly lower than when using the perforated pips and cover design.

Two problems have been encountered with both the secend and third type injection
devices. Tempersbture control in the injector itself hes been Aifficul: under certaln
conditione, and depositiom of carbonaceous materials has fouled the injectors. The
~gource of the deposits, and possibly sn importent factor in the temperaturs control
problem, was thought to be the small amount of wngeparated oil in the racycle gas.

A series of tests, substituting oil-free flue gas from the station's steem plant for

that portion of the retort gas normally Iantroduced to the asir-gas inJectors, improved
the tempersture control. BSeveral disadventages were appexrent, however, for this pro-
cedure complicated the process and dsgraded the heating value of the product Zas.

_ An exploratory etudy was made on rates of feedlng raw shale, varying from 177
to 328 pounds per hour per square foct of retort bed ares (approximately 230 tons
rer dsy}. There were no apparent process limitations threughout the renge of rafes
tested, and the efficiency of rotorting remasined high as judged by oil content of
the spent shale,

_ An 0il recovery study was conducted to determine the effect of various factors
Yon the efficiancy of items of equiment . Ofther speclel studies to incrsace effi-
tlency included one on the patterna of shale and gas [low through s retort vessel
under nonretorting conditions.

Refining studies consisted mainly of runs $0 establish operability or run-length
factors for shale oil in thermal cracking equipment. A recycle cracking standardiza-
tion run was made in the thermal unit on a California petroleum stock to obtedn a
tomparison between the Rifle plant snd a commercial installstion. Following this an
¢xtendaq vigbresking run on gas-combustion shale 01l was made to study visbreasking
OPerability end to prepere a guantily of churge stock for a planned extendzd mm
®n recyele cracking. Difficulty was encountered with hester-tube coking in this

bsequent recyele-cracking run while charging the total naphtha-free visbroken oil,
B0 the stock was distilled to yield a broad gas-oil fraction. This zas oll proved
to be & satisfactory charge stock for recycle cracking, and results indicated that
8004 oparsbility could be expected. Thermal refining snd chemicel treating studies
8 Rifle were concluded at the end of fiscal 195k, A complete report is being
¥ritten of all experiments on thesge mmits during their 5 years of operatlon.

In addition 4o routine control and evalustion work, the laboratory utilized
;V&ilable time and manpower to dstermine the epplicability of sstablished procedures
£°T malyzing shale and its moducts and to develop new technlques and methods for
“98ting guch materinls.



An AFIM vacuum distillation method for use ou crude shale oll was evaluatea
congiderable effort was mads to develop a rapid method or methods to detect reflux
conditions in gag-combustlion retorts,

a-ml

A cooperative program with the Atomic Energy Commission to sssay ©l1l shals from
the Chattancoge area in eastern Tennesgee added conslderably to the Enowledge of the
quality of oll shale in that region, .

To assish in the guldance of experimental and development programs, economie
sveluations are carrisd out as required on Individual segments and completely inte
grated systems of oll-ghale and ghale-oil mrocesesing. Estimatlon of the total cost E
of producing ligquid fuels end related producte from oil shale on a commercial grale =
ig another function of the evalusilon group.

During the past year emphasis hag been placed on the study of retorting proe-
esses. The economlc effect or major operating verisbles of the gas-combustion proge
es8 wa3d recxamined, An ovaluation was completed on several methods of processing +n
oll-ghale fines rejected from the charge material to the gas-combustion reterting
process. A preliminary evaluation was completed on the entrained-solids retorting
process being developed by the Oil-Shale Rescerch Branch at Laremie, Wyo. The in-
vegtment and opersting costs for conatructing s commercial-goale gas-cormbustion
retort near the present Burean mine site at Rifls were estimabed. A study was mad
to determine the physical foctors which would lin:it the glze of o future ¢il-ghale
industry in northwestern Colorado,

A revised estimate 1is being made of the coat of preducing liguid fuels from oil
shale, which willl incorporate the lalest advencements made by the Bureau of Mines
rotary-drilling methods. FPrevious estimates of mining costs for oll-shale and sha
oll processing systems have included percussicn drilling methods.

Laboratories and Pilot Plants, Larsmie, Wyo,

Regearch om retorting small partlcles of ©ll shale &bt high iLemperatures in an
entralned-sollds system was advenced in 1954. Although steam normslly was uzed &5
the entraining medium, a few experiments wers made with alr which oxidized part of
the shale to provide the heat required for the reactiom.

A series of experiments was completed in which retorting temperetures were vars,
ied between 1,000° and 1,650° ¥. Although the yield of liguid product decreased with
increasing temperature, its quality improved as measured by voletility eand aromaii
content . More gas is produced at increasing temperatures, a lerge portion of which:
conalsts of Cp to Cy olefins. If these comstituents can be processed further, sev-.
eral additional gallons of liguid will be obtained from each ton of oil shale.

Degtructive hydrogenation 1s en effective method for decomposing sulfur, nitre-
gen, and oxygen derivatives of hydrocarbong found in shele oil. Thus, these dele-
terlous elements are removed and the hydrocarbon portion of the moleculs rstalned.
During the past year, recycle hydrogenstion wes studied to prepare maximum quanti-
ties of gascline end catalytic cracking stock from oruds oil,

More than 5,700 tests wers made to determine the oil yields of cores =nd drill’
cuttings provided largely by oil compnles and others interested in o1l shele re-
sources. A Bureau of Mineg Report of Invegtigeations wag published on agsay loga of .
202 gections of oill shele ir Colorade, Utah, and Wyoming, asgayed or pracured from
1945 through 1952.
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Reasearch studies continued on the determination of the characteristlcs and com-
position of oil shale, particularly 1its organic component, uslng extraction, con-
trolled pyrolysis, hydrogenation, and oxygenation procedures.

Composition studles on shale oil originally had been planned to characterize
the low-boiling naphthe or gasoline fraction, =nd 0 obtein sn smalysis of the
nigher-boiling gas-oll which would be the charge stock for cracking processes.
Both alms were to be realized with shale il produced in the N-T-U retori from
rolorado oil chale. Retorting regearch later indlcated that high-tsmperature rs-
torting of shale might also be degirable. A third project then wes started for
comparing the composition of oils from high-temperature eand low-temperature (N-T-U}

retorting.

The naphthe study was completed, and a report is belng rrepared. The gas-oil
gtudy bhas proceceded into the goparation stage. Charecterization of fractions will
_be facllitated by mewly available analytical tecmliques, such as masa apectra of
" high bolling compounds determined by the recently modified mass spectrometer. Data
on gas 01l have bsen obtained from infrared and ultraviolet spsctra, elsmentzl
snelysis, and molscular weight determinationa. Work on the composition of high-

" tempersture olls wes started, and oil from retorting at 1,200° F. has been studied.
‘ Work on oils produced at 1,000°, 1,400°, and 1,600° F, will follow.



