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INVESTIGATION OF THE. FUNDAMENTALS OF QIL~-SHALF '{E‘"CRTI'\TG-

(In cooperation with the State of Colorado)

By Martin J. Gavin, (Refinery enginaer, Bureau of Mines) -
Leslie H. Srarp, (Chemical enginear, State of Colorado)

Those of the oil-shale operators in this country whe are sincerely
attempting to malte a real industry out of oil-shale developments, are anxious
to obtain fundamental data on the retorting of oil-shale; particularly as
regards the effect of certein variable factors in tihe process of retorting -
on the quantity and juality of products yielded from oil shales when they are
subjectod to destructive distillation. Prom careful examination of a con-
siderable number of suggested processes for treating oil shales and the con-
flicting ideas on which they are designed, it séems probable that accurate
information of a fundamental nature is highly essential to the successful
establishment of an oil-shale industry in this country.

Accordingly, the United Statazs Bureau of Mines, in cooperation with
the State of Cclorado, is wundertaking to furnish some definite and impartial
ormation of this type through investigations now under way at the University
Coloradec, Zoulder, Cclo.

A retort for tha distillation of oil from oil shale has been desizsned
and installed, to -nt:;r with tho necessary auxiliary equipment for controllinz
and determining variable factors of distillation, and for recovering and de-
termining the quantity and quality of the products ylelded from the shales.
The retort is of such a nature that conditions of retorting can be accurately
ard completely controlled, and varied at will. It "s not desiemed as a com~
mercial retort, but only for research purposes. A testing laboratory with
eguipment necessary for the examination of the s‘nam s, physically and chemic-
ally, and the products yielded by them, has also been fitted up.

o

The materiai used in the investigations is oil shale obtainei from
he DeBeque, Colorado, shale field. It yields on d stillation in the Burean
riines testing apperatus, about 42 gallons of oil tc the ton, and is there-
e a fairly representative sample of the shales that probably will be first
worked in Colorado. The shale used will be as uniform as possible in chsaracter
andi il yield and will all be obtalned from the same seam at the same point,
in order to avoid the introduction of unnecessary variable factors in the
tests and to render rasults strictly comparable.
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Effort will Yo made, as f.r a5 tho vpuipmont and capitel at hand
. malcos possibie, to datermina the offect of tiha [folle ring variables factors in
' ratorting on the quality and gquantity of the products produced from this sials.

Rete ol hoating to & i:finito final tamparaiure.
Thickmess of the shila layar in tha rotost.
Size of individual sarticles of shala.
Vacmm or raducsd prossura.
Various pressuraes above atmospheric.
Steana atmosphere at variovs pressurcs and tamporatures.
L Other atmospheri:s, sucl as carben dioxidsz, carvon monoxide,
. hydrogen, illuminating zne, otc.
3. Actual temperature reachad.

4
e e

B I« BN STIE S IRV S

In each case ths rate of formation of preducss and thr total time
necessary to bring the retorting process to complation -will b2 determined.

It is doubtiul whathcr all theso determinatiors can be made satisfactori-
ly with tho limited personn:l and sqipment available for the year, but it is
hoped that sufficiesnt valuable data may bo obtained to bo a raal contribution
to tho prasant lmowledge regardingz oll shalas and to justify a continmation and
espar.sion of the work. As far as possibla the effect of cach variable will be
taker. up by itgelf, and thorouzhly studied before passins on o another.

Carcfuliy conducted worl. along the linee above indicated shenld ba of
valua in giving iAformation on i3 followin: points:

| 1. Are olls of different ¢ualities formed from sh:les consscutively

' as their boiling points are reached, the so-callel "Iracticnal sducation theory",
or doos the shale yiald a single, more or loss uniform crude oil throvghout the
courge of the distillation?

2. If the froctionation above mentioned tales =mlaca, to whal sxtent
does it prograss and hence to whai citcat may cconoulss be introdueesd in
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rafining shale oils, if th: various Jractions ore dirasctly recoverable from
the retortc?

3. Tha time necessary &t a given temparaturs to 2ffect complate
digtillation. of the s-ala and the cuantity and guality of products so produced.
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&« Tha efioc' 21 steam and other «imospadl éa in rotortiag —-

&) In formin; vulosirabls emulslions witlh the olls;

(¢) On the sacovary of the nitrozen of the shales as amionia or
other nitrogen containing compounds;
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(d) On the combusticn or utilization of the carbon remaining
after the oll has bveenn distilled, to provide comdustibles
gas for retorting,

(e} On guality and jquantity of gas formed;

(f) On heating efficiency c¢f the retort;

(g) Om capacity of the retort, that is, time of completed
distillation under most favorable conditions.

5. What is the most favorable size of shale to retort?
- - f
6, Uhat quality and guantity of finished products may be expected

from shale oilT?

7+ How are the mitrozen and sulphur of the shale distributed in the :
products, and how may they best be removed or pravented from forming? !

8. Physical and chemical constants of the shale and products, par-
ticularly those of value in the desizn and operation of commercial plants,
will also be determined. Vork is under way on the determination of specific
gravity, weight per unit volume when crushed to different sizes, heat of
combustion, specific heat, heat of conductivity and chemical analysis of the
shale, and specific and latent leats of the crude ¢il and its various dis-
tillatior products.

Summarized, the purpose of tha investigation is to determine with
scientific accuracy, the conditicns of retorting oil shale to produce the
hizhest yleld of the best products.

these conlitions when 3¢ determined may net be

r %o lerre-scale retorting operations, but the
work should indicate what tho best conditions actually are and these can de
applied to large-scale ; in so far as practical commercial censideraticns
permit. If fundamental work on oil-shal gtorting is to be done at all, 1t
rust be conducted on such a scale and in such apparatus and equipment as will
enable conditions to be regulated at will and controlled accurately; otherwise
the results will be of little value.

It is realized tlat
applicable in their entirety
t &
woTk

gpecially for the work
. Xarrick, juior refinery engi
of the Bureau of lines, and after consultation with many engineers interssted
in, and in many cases, worlktiag on, oil shale. The retort proper is a casti-
iron, extsimally-heated, horlzontal, rotary, cylindrical retort, designed to
insurs even distributiscn of the heat i le charge duriﬂ' treat-
ment. Its capacity is approximatel; e at 2 charze. The
ratort is fired. Stufiing ;g::s, d to function :1thout Lm’king at

The apparatus being used has been
by the writers, with the assistance of L
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high tex ures, enabls statiorn. and outlet pipes to be con-
nzcted to ths retort. The inlet pyromater, and permits the
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introduction of stean or various pases. The outlet pipe leads to A two-stage
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condensar, the first stago teing cooled by Air or hot rator, and the szcond 3
by cold water. From tha condenser, tha geses aro forced throush oil ond water |

scrubbers b a swall rotary pump. The oll scrvbber i3 for removing e ur
conaensed light oilg, andi the water scrubber for rovoving ammonic. Srom itha .
uncondensed gasos. .knometers at various points permit the regulation of
pressury in. tho rotort and in tho condensing ‘and scruching systam. The
1 pyrometer system is also so aquipped that en automatic temperature control

can be uscd if this scoms desivable.

t The andig of tac retor: are well insulated and the whole set in a
fire-brick furnace, from which it may bo ramoved casily. Ths rotort ia rotated

by a 5-horsu power eleciric motor throuzh a belt and worm goer &rive.
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It is felt that the worlkk 1s almost td be considered pionocr work in
tha scientific investigation of oil ghales. A material is beirg dealt with
recarding which little iz lmowm, both as to methods of trea mant and its prom"
dactes. For these roasons, the Buareaun of Mines invites suggesiions or ciiticiem
of 2 copatructive nature &s to tha conduct of the worlk. It is hopod that
rasults can be presented to the public es rapidly as obiained through the various
trada jourpals. The completed worl is to be the sudject of a bulletin of the
Burean of Mines.-- U.§. Bureau of Ilines, Reyorts of Investigatlons.
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