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Abstract:
A study was made of the possibility of recovering worthwhile organic material from Westvaco's Green.
River, Wyoming oil shale.

Alkaline extractions of oil shale In the presence of potassium permanganate and of previously air
oxidized oil shale were both studied.

A sealed Parr reaction apparatus was used to make the extractions. The aim was to extract the organic
material from the shale with alkaline solutions. In the alkaline-permanganate extractions, the organic
material in the shale was. oxidized with potassium permanganate during the extractions. In the air
oxidation studies, the shale was oxidized with air previous to the alkaline extractions. Air oxidation
would be used in a commercial operation.

An investigation was made to determine how much of the organic, material in the shale could be
recovered by the alkaline-permanganate extraction and subsequent treatment of the resulting extraction
liquors. The recovery of the organic material was done in two steps. The first step recovered the acid
insoluble material merely by acidifying the extract liquors. The second step recovered the acid soluble
material by extracting it from the liquors with acetone. Approximately 6.7 per cent of the shale was
recovered as organic material. This recovery corresponded to 70-80 per pent of the organic material
available in the shale. A series of statistically designed runs was made to determine the best conditions
for obtaining optimum yields of organic material from the shale.

Air oxidation studies were made using a heated glass air oxidation column, The oxidized shale was
extracted with alkaline solutions and the liquors were treated for recovery of the organic materials they,
contained.

In these air oxidation runs, about 10 to 20 percent of the available organic, material was recovered.
Considerable work was done on identifying the extraction products obtained. Most of the identification
work was done with the aid. of a Beckman IR-4 infrared spectrophotometer. The products were found
to be essentially,complex organic acids with possible lactone or anhydride structures attached.
However, some crystals which were recovered in the second- step of the analytical procedure were
found to be of an entirely different nature. No definite identification of the crystals could be made with
the available comparison charts. The extraction products were essentially short-chain or. cyclic
compounds with very little aromatics present.
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ABSTRACT

A study was made of the possibility of recoyering worthwhile -organic
material from Westvacols Green Riyer, Wyoming oil shale.

Alkaline extractions of oil shale in the presence of potassium
permanganate and .of prev;ously alr oxidized.oil shale were both studied,
A sealed Parr reaction apparatus was used to make the extractlons. .The
alm was to extract the organic material from the shale wilth alkaline
solutions. .In the alkaline~permanganate extracﬁions, the organic material
in the -shale was.oxidized.with potassium permanganate during the-extrac=
tiong. .In the air oxidation studiesy.the shale was.oxidized with air
previous to.the alkaline extractlons. -Alr- oxidation would be used in a
commereial operation.

An investigation was made to.determine hoy much of the organic .
~material in .the shale could be recoyered by the alkaline=permanganate
extractions. and. subsequent treatment of the resulting extractlorn liquors,
The recowery. of the organic material was done in two\steps The first step
recoyered the acid insoluble material merely, by.acidlfylng the extract
.liquors, The second step recovered the acid soluble material by extracting
it from the 1iquors with acetone. Approximately 6.7 per cent of the -shale
was recoyvered as.organic material., This recoyery corresponded to 70-80
per cent -of the organic material -available in - the shale. A series of
statistically deslgned. runs. was made to determine the best gonditions for
obtaining optimum yields . of organic material from the shale.

Air . oxidation studies were .made usingla heated glass air oxidation
-¢olumn, .The oxldized. shale. was.extracted with alkaline solutions and the
liquors. were treated. for recovery of the organic materdals they, -contained.
.In these air oxidation runs; apout 10 to 20 percent of the available
organic. material was recovered. —

Considerable work was done on ldentifying the extraction products
obtaingd, - Most of the identification work was done with the aid.of a
Betkman IR~4 infrared spectrophotometer. -The products were found to be
essentially complex organic acids with possible lactone .or anhydride
structures attached. Howevery some crystals which were recovered in the
sgcond.-step of the-analytical procedure were found to be of an entirely
different nature. - No- définite identification of the.crystals.could be
made with the available .comparison charts. The extraction products were
essentially short=chain or cyclic compounds.with very little aromatics
present.
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INTRODUCTION,

- In recent .years the Westvaco division,of Food Machineryqand»Chemical
Corporation has been producing a very. high~grade~soda ash .from trona~
sodium sesquicarbonate ~ a mineral composed of hydrous sodium carbonate
and sodium bioarbonateu Aithoughuthisisoda:ash which is_produqed in
Green'ﬂiyer4:Wyoming_isuaimost‘loo per oedcisodium carbonafe}}it contains
varying amounts of prganic_impurities..'The trona ‘lies in. large mineral
deposits several.hundred feet.udder the ground. The trona deposits>are

in a bed which is encased above and. below by two beds.or layers.of-oil~

. bearing, shale It.is believed that the. Qrganic impurities in the soda. ash

are derived frem these two beds of shale. WQter draining through the
’ |

upper layer of shale has probablynleached:and washeduout~a_certain,émount
of organic,matterjwhich was then~deposited in the-bed. of trona..-InEyiew
of this, Westvaco recently.decided that it might be worthwhile. to find
out 1f there .are any organicrmgterials in the shaie-or;in:the;soda;ash
impuritiesuwhich are worth recoyering. :This investiggtion,inciudes a
study of recoverlng the . organic material from only the shale itself.
One-portion of the work done-On ldentifying the various organic
macerials found“in.the_ﬁreen Riyer.trona,and,as impurities 1n~the verious

stages of the-Westyaco Soda Ash producpion-was reviewed. (2) . This work ,

-done Dby. the Capcer~Research_Laporatory at the Univyersity. of Utah, in-~

-dieated that.the. organic maperiels in the;trope:and_the3orgqnicumateria1s

which are impurities in the soda ash proeduction contain:




a.:; -Monobaslc acids
b. 'Dibasdc acids
c. Rosin acids

d, Steroids

- In-addition to. the above cempounds, the-organic. matter studied\was}also

found to.contain small amounts of unsaturated fatty aeclds,-and imdicated

.a possibllity. of . containing some sphingomyelins. The amount of -organic

v .
impurities present varied somewhat.at-different.stages of the soda. ash

preduction. The.work.done by the.Cancer Research Laboratory was almed at
identifying .any materials in the trona organic. material or the seda.ash

impurities which might be of value toJWestvacoﬁ_ Quantitative. determina-

- tions haye~been developed.only, on the steroid .fraction of the .organic

maﬁerial. The- Cancer Reseg?ch:Laboratépy_found these sterolds to Be
present in the;trpna;ﬁshale,_soda‘ash;'etc.,.only to. the.extent.of a few
parts. per millien. | |

“As for the-other organig.compognds@lphe~rosin acids might-also be
considered for thelr economic, value, -These aclds héye_beeh found to be
very. similar in nature to.rosin acids found in the -alkaline liquors derived
in, pulp and.paper manyfacture. Thenmonobasic:gﬁd dibasic acids might-also
be:of some-ecggomic;va;ue. | | |

As a result-of the identificatien work done.by the CanQe; Research
Eaboratory.and. similar work done-pnvother-oil-shales, the~Green.River
shale was.suspected_toﬂognpa;n oréanigs quite different from the organic

material in most other eil-bearing shales. Any,difﬂerques probably

.result from the-type.pf-strapa which surxoundsItheushale‘beds.<‘
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- Singe considerable work had .already. been done on the identificatilon

. of the‘organicxmaterial present, in .the natural.shale, it was.decided.that

this inyestigation should include a. study. aimed at discevering, What quana

.tity and what type of organios could be recovered by performing. different

extractions. of the -0il=shale. It was also decided that more- valuable CoMm=—

-pounds than those already. present might .be obtained. by changing the- nature

of the-compounds in.theoshale‘during~the.extractions. It wes felt thag
this change-might be brought about by,oxidizing,the;shale‘either;beﬁore or
during;the~extraetions.

A survey of previous Work done. on the. extraction of oilrshale showed

,that the Bureau..of Mines had extracted Colorado oilushale withlsolutions

.of potassium permanganate and caustic soda (3). In.this work, the investi-

gators found, that the alkaline~permanganate extractions could convert about

80 -per cent of the kerogen* to organic acids“ Approx1mately half of . thesg

-aclds were found to .be of high molecular welght and insoluble In the~acidi%

fied. extraction solutlon, while an equal;amount-were<found.to~be~lower

molecular welight acids.-and.soluble in thetaeidifiedoextraotion selution.

The Bureau of Mines found that.the lower molecular weight acids were mainly
. g, .mixture of oxalic, succinicﬂ glutario, adipic,gpimelio, and. suberic acids

.and a few other.unidentified.acidsw ln.earlier workwdone.bywthe,Bureau of

Mines (4),.acids very simllar to the higher molecular weight'insoluble

*In this.article, kerogen was -defined .as the“organics recoveraple: by:

shale retorting.
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acids were studied, These acids (ﬁegenegéted "humic™ -aeids) were found,
to be Vgry,QOmplex"a¢id‘mi£pur§s. Nozppsiiiveii@entifiqation-could.be
made concerhing-fhe*"humic; aclds.
- Other Work hags.also. been dene.on alkallne permanganate\extractions
of oll-shale by StefanoviC»and-Dragomir (5). In this work the investi~

gators used alkalineupermanganéte solutlons in acetone for the~extract10ns.

 Thess- inVestlgators suggested that the extraotion products cOnsisted
mainly. of long~aliphatic chains which -were ‘partly unsaturated The .prde

'ducts'were~391QIc-and_had.little:or no,aromatlcnstructures_present.

8ince the Green River shale was suspected to contaim different

.organic material than the shale used. in.the Bureau of Mines studies and

Y

other studies, it was -decided that possibly thexalkalineapermanganate

extractions of the Green River. ghale.would:-likewise yleld different

<ﬁr@ducts. -Therefore, this report is an investigation of alkaline. extrac-
-tions.of oxidized Green River oil-shale. In this investigation, however,

.soda.ash was used as the.alkaline. ingredient instead -of cgpsgic.sodaﬂ

Soda ash was used becauée-it i§~cheapvandﬂayailable-to'Westva¢o, xSome
work was algo.done.on air~oxidation. of the. oll~shale followed by alkaline

extraetions. Potassium permanganate would beé -an impractical_pxidizjng

.agent in a commercial extraction. A.study was made onr. ebtalning maximum

yields and dgtermining the best extractidn,ggn@itions.for obtaining these
maximum yiel@s‘qf-opganic_materia;. Also, included in this. report is.an

identifiga$}9n study oflphegorganic.product obtainad,
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EQUIRMENT. USED

A. Extractien Apparatus

In order to extgact the Green Rlyer, Wyoming oll=shale. wlth alkaline

-solutions, a Parr sealed reaction apparatus.was used, ‘This' regetion

appaxatus is. shoyn in-Figure.-l. A-block flow diagram Qf,thezagtua;.eX*
traction procedure .(Figure 3) shows where the reaction apparatus fits.into
the. procedure..,

Figure 1A.1llustrates the sealed reaction bomb. which was wuwsed. The

.extraction starting materials were mixed-dire¢tly in the bomp. The bomp

was. then closed. by placing the.stainless steel. fitted.head.on top.of. the
bomb. This head was héld “in place and.sealed by FThe threaded bemb.cap

containing socket~head sealing. screws. The sealed bomb was then ready to

.be heated.and agltated.

Figure- 1B shows where the sealed. bomb was.placed in the reaction

apparatys. -The bomb was placed ingide-the insulated heating Jjacket. The

heat imput. to this jacket was. supplied by two wire heating .elements . One

‘element -was for- meximum .temperature and. was contr@lled-by‘a,switchyonuthe1

metal swltch box on the base plate.. The:gther-heating,element~was for
smallgrvheating:input and‘was contrgl;ed by‘the«variac on ‘the-base plate.
In this,inyestiggtion%-the'ma@imum.heater wés used tofaqhieye_%hesdeéire@
extraction temperatureﬂ - This heater-ﬁgs then turnedjqfﬂzag@ fhe tempera-:
ture-wgs¢maimtained byzusing,the:smaller heapiﬁgue;ement t@,yglance the

heat losses from the bomb. The bemperature was measured. by imserting.an

iren~constantan thermocouple in the:thermowell in the bomb. The-thermowell

1
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.mgy also. be seen in Figure 1, 'The\thermoqouple leads were-connected. to-a
. Minneapelis~Honeywell -Brown "Electronik" temperabure indicator. -The tem-

perature indicator. used.was.a single~point.precision indicator.

The sealed qubdwas.agitapeé‘throughou£ the heatinggperioﬁ;by-the,use
of a motor~run driye.meehapiém. -In this way, theuextractiéns could. be
garried out for-apconsidérgble length of time.to‘makeﬂsﬁre~thejextractiqn
was complete,

Thé-gpecifipations.and.a description of. the vital parts in the -Parr

reactlon. apparatus aré,as flollows,

Bomb cylinders The“bomp.cylinder'has.a‘nominal size1@§.500,millin

. I -
- liters and an effective charging capacity. of about 275, milliliters. . The

¢ylinder was made from ansolid forging;Qf:stainless<steel-apd‘ig eapable
of withstandiné very high ﬁressurgsm o

ggggiggﬁagg,~The_bomb heaguwas_a;3®—made»ﬁromisoliq forging of
stabilized stainless steel-and.was machined. to it ;he;cylindgr exactly.
It.contains.émsmgll‘groove forfhol@ingfthe»headAggskgt. |

Head gasket: This gasket fits between the head“and thé eylinder and
spreads,wheﬁ the bomp is sealed. It waé made of seam;e5§;annea;edwpop§er

and has.a d;amgn&-shgpeduqn0$5wsgction.

Bomb.-clesure: This plece.of thewParr'appapatus,waglmade,of heat

.treated chromium=nickel -steel .and.was threaded. to -serew on. to, the bomb.

It containg eight soqket-hegq,sgﬁews~which bear against- steel -washers

-onfthevpgmb head and thus compress. the head gasket.
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-Thermowells The thermowell. . is a copper .cup sealéd in the bettom-of

the bomp- cylinder.

- Thermocouple: Thermocouples used.were.made of ironm-=constantan. and
were- connected to the Minneapolis-Honeywell.temperature indicator.

Heater: The heafer. tube-is inserted within .the heating jacket. and

. recelyes the bemp.cylinder. 'This tube. ls wound-with sheathed. wire:elements

controlled by the base_plgte'variac and the maln heater switch. The tube

.1s supported by.a heavy. aluminum ,end,—pla.te-;and;’ heavy sheet asbestos. The

tube is.encased. by another stéel shell .and. the. annular space is.packed

-with thermal ingulatingimateriaim ‘Lead wires, to, the heating elements. are

accessihle: through the rear-aluminum plate.

‘Drive.mechanism: ‘The bomp .drive consists of an.aﬁm.attaghedwpo.the‘

heater trunnion which rocks the pomb assembly through an.arc-of 45 degrees .,

This rocklhg mgves the bomb.contents frem-end to end.at 36 cycles. per

minyte, -A:eramnk.connegted to .2 1/6,hp. motor driyes the connecting rod

. to the rogker arm. A switch on, the metal switchbox. contrels, the motor

indepeﬁﬁently.of~theuheatert
Im.additiph to the apoye vifal.paris of the extraction apparatus,

yarious other aecessories were,ayailable3to,aid,in.l@adingyanglunloaging

the bomb.

+B. Alr-oxidation golumn.

This investigapion includes. seme.studies made on. air~oxidizing.of

the‘Green,Riqer shale Instead.of using*pptassium,permanganaﬁe»in the
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extraction mixture. ~Thé aip-oxidized.shale.was then -extracted with
‘a;kaline solutiong. -For these preliminary studies a.simple.glass air-
oxidation column was'constructeq,as.shoun in'Figure 2. Tﬁe,peiumu.was
heated by one continuous Nichrome colil. of 22 phms resistance from. tep to
bottem. Preyviously. ground and. dried shale. was introduced through the top.
of the glass column. -The.shale was. supported by.a rigidJstalnless,steel
screen in the bottom of the-column - The :column was constructed so. that
-about 200.grams of the—groundxshale eould. be oxidized effectlvely, -The
air stream .for effec&ing the oxldation wag introduced through a 1/4 inch
inside. diameker tube:oonnectedAto.theAbottom,of the‘columnm The»air:stream
passed through 2 section of alundum -balls before reaching: the shale.
Sincersome‘of the~ground shale. particles were.very fine, they had to be
prevgntedlfrgmileaying the. column by,using,a,filtep‘paperytrgpfas_i;;us«‘
.trated in Figure 2, The heat imput.te the. celumn was controlled by:g
Variac@cunuegted to. the Nichrome coil and'the tempefatune~wa§ meusured by
the use of a thermocouple inserted into the shale bed. ‘The Minneapelis~
Heneywell,tempergture~indiqator was .again uged. No atbempt was made to
measure thée air-flow ratés. in these preliminary studies. .The Column was

.operated. conbinupusly for sé&veral hours.

’
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PROCEDURE _AND MATERIALS
A. Procedureé

1. Alkaline~Permanganate Extractions

a. Preliminary Runs

The Green River, Wyominé,Qilrshale-was4obtained in fairly
large pieces (3= to-uyinch'chungs). Thereforey before the
ghale cguldjbe~extfa¢teq4 it had to.be broken down to.a smaller
pértie}élsizéu'.The sharqx.which:also contaiméﬁ.axconsidépablé
amount-gf‘tropa in a crystalline form, was passed through 2,
small jaw crusher and reduded to.piéces approximately 1/ %0
1/2 inch ‘aeross. It Wes found that the shale itself couwld be
eérushed quite éaSily;'hOWéﬁer}.the intér-m;xéd.trémg~crystals
_wére,&ery hard apd difficult to. break, andlremaihed in larger
'pieées tﬁén_the shaleL After passing through the jaw crusher,
the gh@lg,was fed into a Montgomery ward Médel ¢ hammér mill.
The shale at this polht was redueed to,é fine powder,, lAt least
90 per ceﬁt.of ﬁﬁe\milledﬁshalé,was =100 mesh, If was felt
that .this particlé size would give a feirly large surface area
for ‘the extractions without being so fine as to £orm\a eake.

In the,firSt;élkgliné~penmanganate\extr@ctions,Qf.thé shale
an a$tempt waé made. to see 1f anyhappreeiéble am®un$~9f,orggnig
matérial could bhe fecoveréd. It was fouﬁd that the resulting

. exfraction, liquors y;elded:yarying,amqunt of organic magtérial,

depending on’how the liquors were treated. Bihersy-aleohols,
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ketqnes4 and. chloroform were all used to. remove organic
material from the liguors and from the salts left after -the
liguors were evaporated to.dryness. At first, the lidquors
we;e~extracted Just as they were recelved from the bomb, The
same extractions were then made on liquors that had been.'
-acidifled and.on the dried1salts left from the evaporation of
these ac;dified liguors. 1In all cases, it was possible‘to
obtain extracts, the residues of which were mostly. amorphous
and water—~insoluble.

.On the basis of the very small amounts.of organic‘material
obtalned in these preliminary rUns g it was.declded %0 increase
extraction time by a factor of ten (i.e., from 2 to 20(hours).
This increase.in the .extraction . .time made the resulting 1iquors
very black and.somewhat viscous, Acidification of these black
liquors ylelded a black tar=like precipitate which gould be re~
moved by filtration ef the liquors. Wheﬁ tﬁe precipltate wgs
remoyed,, 1t cguld.bg.gbserved that the remaining liquor had. lost
most.of the black color, Howeyver, on analysls it was found
that.the remaining liquor still .centained .organic matter, most
of which could. pe recovered by an acetone extraction. |

From the information gathered in these longer runs, an
enalytical procedure was set up to. find.out -what total .amount
.of organic material was obtainable from the shale by this ex—

traction method. .The analyses were -designed to.determine the
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amount_of organics recevered from the shale under .different

extraction -¢conditiens. Several runs werg made in which the

amount . of potasslum permanganate, the amopmtsqf~pil~sha;e;.and

‘the temperature weré varigd. .The liquors from thése runs wgré

then'agalyzed,for organic material. The analytical progcedurs
is illustrafed in the block flew diagram,im.ﬁigpre 3 and was
¢arried'out‘as.folléw$:
1, The exbtraction mixture obtained from exrcrépctiﬁg the
oil-shale was filtered. The shale résidue .aﬁd eXcess
soda;agh remainedﬂon:thgnfilter paper.
\2\ The bagic.filtrate or liquor was then acidified with
‘cqncenérated HC1_£0 a .pH .of approximately 2. A blagkktayf,
like.precipitate .was obtained on acidificapion of the
filtrate. | ’
3. The precipitate was -separated from phe,;iqubr.and.
~quappitapiye,measgrement,Qf the .amount. of precipitate
_per charge of shaleywaé,abtginedﬂ‘
L, The remalning.liquor was,eyapprayed_tq_ngar_dryngss
-and the resulting resi@ue.wgs extracted with 100, .50, .5Q,
a@d 25umilliliter¢p9;t;ops.of~écetope.
5. The.acetone extract portions were filtered and the’
filtrate eyapQEgted,to\dryngssgsthe~regi@ue_taken up in
acétone, and the new filtrate.again‘eyaporaﬁed to -dryness.

6ﬁ A_quantitative/wgight measgrement of the residue
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obtaineq from the acetone extragtions was then made.
T. The total per cent.regovery pf organic\maﬁerial based on
the amounts.of extraction pneéipitate~and the..agcetone

expracted.residue.obtained was then determined by addition,

&

This.analytical procedure does not take into account .the weight

of oxygen picked up in the oxidation .of the.shale organics.

b. Total Yield Study
 After designing.the.analytical procedure. 1t was.declided. that
an attempt should be made to see 1f all of the.organic material

in the shale, could bé recoyvered by several extractions of .a

.8ingle sample of oilnshalem A batch extraction was made with

1

the following . ingredients:

Potassium permanganate ~ 20 grams

Soda .ash ~ 66 grams

Lower shale ~-133 grams _ ,

. Water ~ 240 grams ‘

0

The»potassium~permanganate.andushale,pprtiops were added to .a
21.5 per cent solution of sodium carbonate in the bomb.cylinder

of the reaction apparatus. The reaction mixture.was then.

agitated in.the_ bomb for 20 .hours at 200° ceptigradeh

The liquor oltained from this extraction was -analyzed by

. the pr@gedurenpreviously~exp;ainedg The shale residue,waswdriéd )

v

andmre#exﬁracted.with-a\duplicate_of theysplution used for the

first extraction. This pattern was followed_uh@il.the_$hale

residue had. been extracted six times. After each extraction,
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the resulting liguor was analyzed for organig material .and the
expraction rgsidue was dried gnd re-extracted. A seventh ex-—
tracﬁion.of the shale.residue.ylelded no appreciable amount of

organlc material-and the extractions were concdluded.

c. ’Statistica;,Design Runs

Anglysils of geveral preiiminary,runs indicated that the
amqunt .of shale,.the amount of potassium permanganate, and the
-temperature-ﬁere not.the only variables which .affected the per
cent recovery of organic material from the @ii—shalé' Runsvof
25.10, 20, and 200 hours were made holding all other extraction
conditions constant. Analysis of these.runs indicated that
aftér 20 hoprs-of éxtracting the per. cent.recovery. of organic
material was.practically unaffected by extraction time. . There-
fore, a. series of runs was made hblding ftime .constant and vary-
ing -the fellowing extractlion conditions:

1. .oxidation level '(amount -of KMnQ4)

2. Extraction temperature

5. Soda .ash concentration.

4. .Ratio of oil-shale to extraction.liquor
These¢ runs.ywere made using .a statistical approach énd the con=—
cept of steepest aséent (1). With thé help.of the qutané State
-Uollege Mathematics Départment and a reséaroﬁ partner, the ryns
were set up to follow a statistilcal pattern as shown in Table II.

The extraction varlables are denoted by.Xn\as indicated in

Table I.
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By analyzing the extraction liquors from the statistical
runs quantitatively, an expression was determined where the per
cent recovery,qf organic material was defined in terms of the
four coded. extraction variables. This expression has the form

Y = BO + ]?lel + BQZZ + B3Z3.+ B4Z4.

where
Zl = X! - 100 s do.= Xg - 20 Z3 = Xé-z-* 200.
53 10 70
Za = Xa = 34

22

.The sign.of the coefflcilents (Bn),of_bhe coded-extraction
variaplés indicates in what dire€etion -the extraction yarilables
must be altered from,the_mean‘yalue.used_in.orﬁgr to obtain the
highest per cent recovery of organic material from the .oil-
shale. .The results of this statistical design are shown later

in the reporg.

2. Air-oxidation -Runs
Using the air-oxidation column shoyn in,Figure 24 runs were made
wherein the.Green River shale was.girpoxidizéd and later extracted

wlth -alkaline selutions, The oil-=shale was. £inely ground (=100 mesh)

.and. dried for several hours in a forcedwalr cabinétndrierm Approxi~

.mately. 150 grams of the.dried.shale were used per run. The shale:

was added to the column through the opén_top. . The .column ﬁas then
pre-heated tQ.-approximately 75° eentigrade and the air was introduced.

The.air entered. the bottom of the column at a rate such that.fhe bed
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of shale was thoroughly fluidized. The temperature of the - eolumn
was then raised.until approximately 200° centigrade was reached,
and the shale was air-oxidized.steadily for several hours.

After.the.oil-shale had been -oxidized., a, desired amount was
added. te an alka;ine~solutiqn in the bomb. The iréyiously Qxidiéed
shale was then extracﬁed for several hours at the desired tempera-
-ture. The resulting liquors from.the§e~runs were analyzed. the same

as the liquers from the»alkalineapermanganate‘exﬁractigns.

B. M?ﬁerials
In the air-oxidations and extractions of the. .Green River oil-shale,
- the following materials were used:

Qilﬁshale: Shale. from the lower Green Riyer bed was used in the
extractions.since it Was.kpown to contain more organic material than -the.
shale in the upper bed, Theushale»uéed in the alka}inefpermgnganate,exﬁ
tractions was gr@und_se,thét itlwguld.a;l.pass a, 40-mesh screen., The

,Shalegused,in,the»aipﬂqxidétionksﬁudieSNWas_ground to ~100 mesh.

Potassium permahganate: Baker and Adamson reagent grade KMrOg4 wég
used .as an oxidizing .agent in the extracflions.

Soda_.ashs Wesiwaco Soda Ash was used as the.alkaline ingredient in

the .extractions. This soda, ash wgs_99.88'per\cen¢ sedium carbonate.
Water: Tédp water was used.as the extracting solvent.
Air: In the .air-exidation studles, the.air was eobtained. from a

Gardner~Denver ompressor.
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‘Hydr@chl@riQrAQid; Fisher reagent grade gpncemtpated_HCl waslugéq

for acidifying the extraction liquers.
Acetone: Redistilled.commercial acetone was used for -extracting

the liquors.

QUALITATIVE ANALYSIS OF PRODUCTS

The:eXtraction products, from .the GreenfBiver.oil-shale,were~ﬂ;ngle@
" in several ways. It was suspected.that.some of fhe products would be
acidic im nature because -the rigprouﬁ_qxidatiénuof,the,organic material
would_ve;y liﬁely result_in‘acidusﬁructures. Also, preyioﬁs work done on
@ilfshalewoxidatign‘CBi 5) had.shown thaf most of theloxidatipn products
were .acids, .In Vigwyof this, the:resinqus.products tha;ned.were_refluxed
with alcehols to try and .esterify apy acids present. In most cases, a
small amount.of llquids with pleasant odors were_@btgiqed. However, mogt
of the»rgsinousgsubstapces were only slightly affected by, this treafment,
Therefore, a selective.solvent breakdown. of theaextra9$ionrp;oductsywas
proposed o try(to,sgparéﬁe\theygifﬁsrént,organic components.

Severglwruqs.wgre‘made,togcplleet.a large amount of extraction liqurf
This. large batch of.liquor was acidified. with concentrated HCL to a pH of
approximately 2. A large mass of. the tar-like precipitafe resulted. The
precipitatg~Wasbwa§hea”and,thgn‘driedwfor several hpgfé, Theﬂpbecipitate
.was then plaped_im a 600~milliliter SQ}hlet,extraqtqr and washed with the

various selected solvents. The order of the solvent extractions .was as

follows:
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1. Benzene

2. Chloroform

3. Acétone

4. Methyl Alcohol

Also, a separate portion of the?preoipitate,was washed. several times with

carbon disulfide., The amount.ef precipitafte which dissolyed varied.direct-

- ly with the order in which the .s¢9lvents were wused. It was hoped that this

procedure would.separate the lower molecular weight portions. of the pre-

.cipitate from the higher ones. The carbon disulfide -was used.separately

in an added effort to extract any, low.molecular weight portions.

Each.of the aboye.extract samples was .evaporated to dryness -and the

.residues_remgininnggrecanalyzed by the use of a Beokm§n IR~4 infrared

.spectrophotometer (see Figure 4. through Figure 7). The infrared.analysis

was used to. find th.whgt structural groups were present in spiyent eXe,
tracted portions of. the precipitate. Some..tests . were mgde toward con~
firming_the‘inf;areé analy&es.' |

The-liqgors remaining .after the tap~like precipitates were. remoyed
were -also-analyzed teo a certain extent, The orggniq,materials_in these

liquqrs.wene~col;eptedﬂas.previdggly«explginedu In most cases., - the organic

nmaterials were in,& resinoyp form, However, sgvgﬁal of the extractions

yielded long needle—;ike;organiéHerstals,a;oqg;with the resineu® preduct.

It was first suspected,that the.erystals were inprganic, Tests were. made

to see if thew¢rys§a;s were organic. First of .all, melting point deter-

.minations made on the.crystals. showed them to melt at,appraximately,l}O“

centigrade.. It is very unlikely.thaf any inoxg@nicvqrys?a;slwould he

present which would melt.at this temperatupe. Also, when placed, in a
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hot flanme; fthe crystals charred and appeared to be carbonaceous. The
crystals were very soluple in sevgra;.quaﬁic;solyents. Affer these tests
it was concluded  that thg\qrystals wepre organic. Beth the crystals and

the resinous product were then subjected to infrared analysis.

DISCUSSION OF- RESULTS

A, Quantitatiye Yields

1l. Total Yield-Study

As mentiloned before, a study was_madé to see)what\tota; per cent
of the .organic material in a §ingl¢nshale,sample;could\be recovered
by seyeral extractions-. This,stﬁdy yielded.ggme;very:en¢ouraging

_results, .The .first extraction of the 133~gram samp;e»yielded_orggnic
material c¢orresponding to.l.54 per cent of the. shale weight. In the
following fiye extractions of thexorigina; sample:a‘censiderable
amount of additienal organic maferials yere recovered (see‘Tgb&e,III).
In 211 six extractions.of the, shale sample, approximately‘6,7aper
cent of the.original shale welght was recovered.as.orgahic matefial
(Runs 31, 50, 51,.52, 56, 58, 59). Bun 52 -was made.yithout adding

cany KMnQ4 to determine what part solubility was.playing in this
study. . In this‘nun:anqadditignal 93379,pernc§nt\wa$ pecgygnedvas
organiq\ma$eria;. This indicated thap,solubility was,a.faetgrsbut
that. most -of the additional recovery, in each successive run was-being
made possible by the additional oxidation taking place. Sincé the

Green River shale is.knqwn toxcontain”abput.Salo per cent toia}

organic material, the 6.7 per cend recoyery corvesponded to about

1
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70=80_.per. cent . of the, total orgahic material available in the shale,
Howevyer, these yields do;ngt-take-iﬁto~agcount the weight of«nggen
picked up in-the process.

The results obtained in this total yield study showed.that
alkaline extractions -of the.oxidized shale.could be_ﬁsedhto;prp@qoe
organic material from the .shale. At this point, . no consideration was
given.to. the specific.organic material desired,

Qflqusiderable intergst-quringqthis study was the fact<that
with the initial .extract, only: 5.7 per cent of the recovered.organic
material -was.obtained by.pree¢ipitation upon acidification of the
extraction ligupr. On the second extraction, 55.5-per.¢ent of the
regoyerad;qrg@piq,ma$eria;-was:gbtained by theracigificatign step,,
and“pn.the_third.extréctiond_65 per cent wag obtained. Aftgr:a
fourth .exfraction made\in.the;ab§ence~of'Kanéz the amount of acld
soluble material recovered was-again greater than the .acid insoluble
material; 'This,reméinedutrqeniorreach of the runs thereafter .and
the ratio;of solppLe.to-insolupleim@terial remained-quite:cgpstant.
It is,posgible that in the .first three extractions.some-of the
oxidizedforgamig‘material§ were left i@ theushale Pesidue~be@amsé
of the. solubility limitations of thé alkaline liquor and.as #hpy
we:e-oxi@i;ed_to\é higher level_in_spbgequent rung*.they were re-~
coyvered as.acid insolubleamateriéls. In the fifth extraction after
theueXCegé oxidized organic . material héqubegn removed and. in the

sixth and seventh -extractions.whepe. solupility was not a factor ben




¢awse.of low yields, this was not the cage, and dgain more_ of the

organic maferial appeared as aeid soluble material.

2. Air-~Oxidation Runs

I

Runsiwgnefmade«in which the.oil-§hal§ was .alr-oxidlized, and.fhen
laﬁerwextraoted-wiph~alkalineJ$Q;utigns. Analysis of these runs
(Runs 55 .and 57) showed that it was also possible to. obtain consider~
abie.amounts of thegorganic:material,fr@m the;oil»shaie by this
method. .In Run 55, a high alka;ine~&@ncentratiom‘Was used in the
-extraction and in Bun 57, g low alkaline concentration -was used. .

(see Table III). In both .¢ases, a considerable amount.of .the avail-
able ‘grganic material was_extracted. In Run 57, the.shale was air-
oxidized.-at a, higher average tempefatune|thanvin Run 55; hoewever,

.in Run 55,.the shale was.oxldized 1/2 hour.longer. The yields in
Runs_554gnd:57 were 1.55 ap@,lflj per cent gf the~shale,sampl64
,ﬁegpectively. This corresponds tQ=about<15f205per>@ent:apd 10~15- per
cent.of’ the ayailable organic material in the ghale. |

Morefaipeoxidatienustugieg,apg~now being . made by another in-
vestigator in a mere eﬂfigient.oxiQa$ién unit, It is heped that

very high yilelds. will eventually be .obtained by this method.

3. Statisfical Design' Runs
In an attempt to.optimize the extraction .conditioms, for the
highest per cent.recovery of organic material per.single extraction,

a. serdes of runs was.made following.a. statistical.design. The runs
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were set up with the help .of a fellow researbh partner and tﬁe
Montana State College Mathematics Department. .The. Puns wefe designed
(see Tables I.and II) tpﬂdetermlne in what general:directiOn the ex~
traction variables shqyld.ﬁe-changed fromfa,mean.yelue\to:obtein-tﬁe
highest yieldxof~organic material ln.a.single extraction. An ex—
pressien in which. the per.cent .recovery 1is d@fiﬁed in terms of the
extraction variables was'determined, This expression was found to be

=.1.669 =~ 0.453%; + 0.266Z2 — 0.268Z5 =-0.104%4
_The per cent.recovery of organic material is denoted as Y.and the
coded .extraction variabples.as follows:

Z1 ~-100 Zs = Xo = 20 2= = Xz .~ 200
; ] E2 2 2 L s 3 . -4
33 10 ' 70

74 = Xg — 34
33 :

Frqﬁ.the-calculated values of the-cqefflcieﬁfs the following
general conclusions were drawn:

To,appr@ech the highest yleld of organic material in a single
.extraction with 240 grams.of solvent, the extraptign,ponditiens
must‘be altered -as follows:

lh Decrease the amount of shale per charge
from 100 graums.

2. Increase the amount-of KMnO4 per charge
from 20 grams.

3. -Decréase oxidation~extraction temperature
from 200°C.

. Decrease the amount of soda ash per charge
from 34 grams.
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. In oxger to.establish optimumvextracting‘conditigns.moré,definitely{
,other sets of statistically designed runs would,haye-to,be madeﬁ The-
above Information was established with the hope.of hayving.an idea_of
what type.of extractlon -condltlons should be used.with later air~
¢xidation studies, At the present time, the depalled.study of the
-alr~oxidation -of the oll=ghale whilch is béing.earriéd'put by- another
investigator is aimed at optimizing both the air«exidation conditions

and. the extraction condltions by the use of statistical .designs.

-B. Qualitative Results

The products obtained in preliminary extractlons were amorphous
@arkmike materials.  These preducts were.suspected. te be complex aeid
mixtures and several attempts were made to estérify. them. It was
eyldent that some esterificabion took place} howeyer, most-of the
tar=like material remained uynchanged. Since high conversions were
Jot-obtained, 1t was .decided that -possibly the tarwlike_materials-
should be left unchanged for identification analysis. Infrared
analysls was chosen for trying to obtain”a,produqt_idenﬁifieation.

.Infrared analysis was made on the tar-like.precipitate obtained
from the agidification of the extraction liguors (sé¢e Figure 4-4).
The numbers of the absorption contributions listed below refer.to
the abserption peaks . which are llkewise numbpered.on the lnfrared
analysis charts. .Interpretation of all .of the infrar¢d<analysis

(
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-charts was.accomplished with the.ald of DPr. @, Baker of the MNontana,
State Cellege .Chemistry Departmemﬁgigpq,thenresulﬁs,obta;nedﬂape as
follows:

1. Broad,bang,speotra;ggntribuiipn of the. OH in a carboxylic
(COOH) . structure. :

2. Aliphatic.earbon~hydrogen strefch or honding.
3. GContribputign ef elther a lactene .or an anhydride structure.
4.7, All broad band spectra ¢ontributions of different types

of .carbenyl structures (i.e,, possibilities are 4. -~ acid;

5. ~ ketone .or ¢yclic; 6. — aldehyde; 7. — ketone .or
aldehyde) .

8. Broad band characteristic of complex acid.structures.
9. The same as 8.

10. Possibly either anhydride or lactene absorptilon or
acdd.contribution.,

.11. Possible methylene or (~CHo-~). linkage.
From.the. aboye -analysis, it.may be.cencluded that the precipitate
is mQre~thgg likely a mixture. of pomp;exlaoidg with the preseﬁCGiof
several types.of. carbonyl groups. AlsQ, the.presence of a lactone Qr
an anhydride is indieated by the.peaks at 5.5 and 5.6 microns, -Since
there is.alse. a.possipility -ef ¢yglic compounds .peing present, the
‘pre¢ipitate was analyzed for sulfur and nitrogen to see. if these
elements qulq be tied ﬁpﬂin heteroéyclic~structgre§j The.gnély§is
showed the precipitate .to centain -0.91 per.cent.nitreogen :and 2,15
per cent sulfur.

A se¢end infrared analysis was made on a parbgn-disulfide

solution obfained. from washing the preeipitate with pure CSz.
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Interpretation of this infrared.chart is as folleows (see Figure 4-B):

1. Broad bhand .spectra contrlbutlons of the OH in a carboxylic
COOH) structure .

2. Aliphatic.carbon~hydrogen strefch or honding.

b . 3. Contribution of either a.lactone or an anhydride structure.’

4. .One type .of carbonyl structure oontrlbutlon (possibly
.aldehyde hut probably acid. carbonyl)

5. Broad hand -contribution of CSp solyent.

6. Possibly either lactoné, anhydride. or acid gontributioﬁﬂ
It may be noticed that in both Figure 4-A and.Figure 4~B there is.a
CQnsi@erable;amount:Q£ ¢arben-hydrogen b@n@ing. Howgvyer, this carbon-~.
hydrogen bonding 1s in ¢yclic cempounds. rather than_strgightﬁghain
.as suggested in other work done on oll-shale.oxldation (5). This,
may. be.assumed because the sharp band of methylene apsgrption gt .2
microns. shows oply~slightly Qi not at all., This is t;ue~with¢all.of
the extragtion<pro@ucts which were,énalyzed in this investigatiou.

The third infrareduanalysis wag made on the benzene..extracted
portion of the ftar~like. precipitate gseeiFigune 5“A)'. in.ea@h.gf
the solyvent extragted.portiogs of’thé»prgcipitateJ the solyént Was
gvaporated and.the~infrare@.aﬁalysis was made.Qn‘the remaining film.
Lnterpretatioﬁ of Figune 5-A 1s a8 follows:

‘1. Broad band .spectra gontributions. of the QH in a carboxyllo
(COOH) structure,

Z. Aliphatic garbgn»hygrogéngbonding.

5»4 Both either a coptribution of a\lactone~or an anhydride
structure
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5. Probably contributien of acid carbenyl structure,
67 .. Bricad band spectra caused by comp%ex acid struetures.
8. -Poé$ibly,a,iac¢onevor gnlanhy@rige-contripﬂ&ioﬁ.
Figuﬁe 5-B is the infnaped:ana;ysis of the.chloreform. eéxtracted.
portion of‘thEpprecipitateuan@-shqwsva;substancé yery. similar to that
shown in Figure 5-A. The interpretation of Figure 5-B is:

1. Broad.band.spectra .contributions of the OH in a carboxylic
(COOH) structure. '

2. Aliphatig,pa:bonAhyergen bonding.

3: Prgpably contribution of acid carbonyl groups.

Y~6. Broad hand spectra caused.by complex acid .structures,

T+ Probably a,small-amopntfafymethylene‘(»CHE;Q bonding.’

The main difference between Figure 5TA'andfFigare 5~Buis‘th&
.absence.of the 1a¢tqneuorﬁanhydrid§~absqrption in Figurg 5-B.

Infrared.analysis charts Figure 6=A .and Fig#re.GsB ageln. show
twe -syubstances of practically,identlcal ﬁa;ure except for the presence
of .the laebone or anhydride. structural absorptien band in Figure b=A.
Figure .6-A shows thé acgebone extfacted.pgrpion-of the»preeipitét@w
yhile Figure 6=B is.an analysis.@i‘theumethyl alcohgl-ext:go@éd
portien, Both portions are essentially very complex aeid mixtures,

-Figure [~A.and Figure 7-B are charts from the analysis of
the:pr@ductsfoptained~fr@m-the,aqetgﬁevexﬁragti@n$'oﬁ the oll~shale
extract liquer after the tap-like precipitate was removed, Figuré
T-A 15 the.anaji.ysis‘ of the ang,needl@Alike-prystals.-@bta;ngd_ in

seyeral .of. the -extragtions. This g¢hart couidﬂpnly be:pértially
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intérpreted with the present information. ,Interpretapion of Figure
T=A 1s as follows:
1. Very 5hérp but unidentified.absorption band.
2. Shows the lack of any carpbon=hydrogen stretch or bonding.

5. Pogsibility. of a small amount of carboxylic (COOH)
- structure. - :

4, TUnknown broad band spectra contribution.
5=6. Possibly different carbonyl structures.
7. -Centribution characteristic of -complex acid.structures.

8. Possibly.an acid .structure but unlikely because. of
its position,

9. Could”be;methylene.absorption~buf this is unlikely
because. of the lack of carbon-hydrogen bonding in 2.

- It may be cqncluded from the.weak ldentification data. obtained in
Y;A, that.a great deal more identificatiop work must be done on the
crystals with more complete facilities. At first, it was suspected’
that the.crystals were amido acid structures (i.e., compounds with
8 «NH«COw.-or eN=C(OH)w\linkage,and~containing_ﬁhe acid ~COOH group) ;

.however, the absorption regions for such structures.are too low in
Figure T=A.  Also, analysis. of the~crystals by the Ninhydrin Test
(6) .showed 'no evidence of =NHs or -NH- groups being present: Angl-
ysis. of the—c;ystals for:elemental.mitrogen and sulfur. showed them
to be 0.201.per cent nitrbgen and 0.228 per cernt sulfur. Melting
innt‘detefminations were made- and found to be quite sharp in the
range 129°#l§3° centigrade, Assuming that ah organigfcompound‘meiting

in this'range has a molecular weight of approximately 1801 thre
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nitrogen and.sulfur determinations.were caleculated on a mole per
eent basis. -This made the crystals a -compound which was approxi;
métely 1.3 mole per cent nitrogen and. 1.3 mole per ecent sulfur, . This
~indicates fthat probably. these two elemgnts were nofg presentfas part
of the crysﬁalline strﬁciure.

Figure 7-B is the infrared analysis of the resinous gum-ebtained
from the acetone extractions of acidified extract .liquors. fhis ,
analysls shows the gum to be quite similar to some. of the extract
portions of .the heavier precipitate. This again seems . to indipate‘
that the.only.difference between éome,qf the extraction products is
some degree of pqumerizétiong - Interpretation of Figure 7-B shows:

1. DBroad band spectra contribution of the OH in a car=
.boxylic (COOH),structure.

2. Aliphatic carbon-hydrogen stret¢h or. bonding. -
3., .Lactone or anhydride contribution.
L. -Probably. acid _carbonyl structure contributions:

5-6. Broad band spectra charvacterigstic of complex
acid.structures.

7..-Either.lactoneLTanhydride-or acid contribution.
Once again, Figure 7~B'i$.another product which is.esséntially a
_cgmplei.apid mixturei

Esterification ¢ould be used to.detérmine whethér the -extraction
preducts contain anhydride -or lactone structural groups. If any
. anhydride groyps were present, esterifipation,would eliminate the

anhydride apsorption. However, K if lactone structural groups were
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present, thelr absorption region would.remain unchanged on

esterification.
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TABLE 1.

Level of Extraction Variables

X = Variable

X1 -

X2 —

X3 —

x4 -

Grams Shale

Grams Permanganate

Temperature OC

Grams Soda Ash

for Statistical Runs

67

10

130

Code and Level

0

100

20

200

34

133

30

270

67
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TABLE 11.

Series of Statistical Runs Made

Code Run No. Xi X2 X3 x4 % Recovery
~1-1-1 ] | (574 10 130 I 2.06
1-1-1 62 133 10 130 6/ 1.13
-1 1-1 &3 6/ 30 130 (%4 2.57
111 4 133 30 130 I 1.99
-1-1 1 39 67 10 270 67 1.62
1-1 &b 133 10 270 1 0.81
-1 1 1- 66 (374 30 270 [ 2.24
111 (374 133 30 270 6/ 0.94
00O 68 100 100 200 34 1.59

000O 58] 100 100 200 34 1.78



Run
No.

50

31

50

51

52

56

58

Remarks

200 hr.
Ext.

Run for
total %
Recovery
Detln.

Residue from
31. (2nd
Extr.)

Residue from
50. (3rd
Extr.)

Residue
from 51-
(Check run)
(No KMn04)

Residue
from 52.
(4th Extr.)

Residue
from 56.
(5th Extr.)

Extr.

Time

(hr)

200

20

20

20

20

20

20

TABLE 111.

Extr.
Temp.

"C

200

200

200

200

200

200

200

Gm.
KMnO04

20

20

20

20

20

20

ANALYSIS OF EXTRACTION PRODUCTS FROM OIL-SHALE EXTRACTIONS

Cm.
Soda-
Ash

66

66

66

66

66

66

66

Cm.
Low—
Shale

133

133

133
(orig.

133

133

133

133

Gm.
H20

240

240

240
wt.)

240

240

240

240

Total
Ext. Vol.

(mb

232

371

333"

346

)00

290

375

PRODUCT ANALYSIS

Aliquot
Vol.

(mb)

119

121

150

150

150

150

150

Gm.
ppt.

0. 141

0.0)8

0.405

0.543

0.124

0.242

0.068

Gm.

Acetone Res.

0.542

0.630

0.325

0.292

0.127

0.713

0.206

Total b
Recovery

0

0.379

0.513



Run
No.

59

53A
53B

54

55*

57*

61

TABLE 111I.
Remarks Extr. Extr.
Time Temp .
(hr) °C
Residue 20 200
from 58.

(6th Extr.)

Low Amount 20
Soda Ash 20

High Amount 20
KNFrio4

Air-0xid. 20
Run

Air-0oxid. 20
Run &

Low Soda Ash

No Soda Ash 20

Statistical 20
Des. Run

*Alr oxidation conditions used

200
200
200

200

200

200

DO

Run No.

Run No.

55

57

ANALYSIS OF EXTRACTION PRODUCTS FROM OIL-SHALE EXTRACTIONS (continued)

Cm.
KMnO

20

20
20

40

20

10

Gm.
Soda-
Ash

58

Alr oxidation for
for

Air oxidation for
for

cm. w , Total
Low- 9o Ext. Vol.
Shale (ml)
133 240 240
133 240 340
133 240 340
133 240 345
120 217 294
(of air
dxid.)
HO 209 410
(of air
oxid.)
133 240 -350
67 240 375

1/2 hour
3 hours

3 hours
6 hours

PRODUCT ANALYSIS

Aliquot
Vol.
()

120

150
150

150

150

150

150

150

at 1100C
at 115°C

at 200°C
at 200°C

Gm.
ppt.

0.036

0.572
0.490

0.276

0.503

0.204

0.612

0.181

in runs 55 and 57 were as follows:

Gm.
Acetone Res.

0.083

0.644
0.640

0.703

0.443

0.248

0.368

0.371

Total %
Recovery

0.179

2.06
1.95

1.70

1.72

2.06



TABLE 111.

Run Remarks Extr.
No. Time
hr)

@& statistical 20
Des. Run

Statistical 20
Des. Run

Statistical 20
Des. Run

Statistical 20
Des. Run

Statistical 20
Des. Run

Statistical 20

Des. Run

@B statlstical 20
Des. Run

@ statistical 20
Des. Run

P statistical A

Des. Run

Extr.
Temp.

oC

130

130

130

270

200

200

270

ANALYSIS OF EXTRACTION PRODUCTS FROM OIL-SHALE EXTRACTIONS (continued)

Gm.

KMno4 & é

=
10 67
30 67
30 1
10 [
30 1
30 67
20 A
D A
10 67

Gm.
Low-
Shale

133

133

133

133

100

100

Gm.
H20

240

240

240

240

240

240

240

240

240

Total

Ext. Vol.

(b

365

405

515

445

330

445

400

425

370

PRODUCT ANALYSIS

Aliquot
Vol .

(b

150

150

150

150

150

150

150

150

150

Gm.
ppt.

0.426

0.034

0.323

0.244

0.347

0.110

0.172

0.248

0.100

Gm.
Acetone Res.

0.197

0.600

0.448

0.117

0.328

0.303

0.425

0.381

0.340

Total %
Recovery

0.805

0.920

1.62
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Bomb Head
Cylinder  thormowel |
— 1
Head Gasket
Bomb Closure
A. BOMB CYLINDER
Heater Tube

Thermowel

Motor

Variac

B. EXTRACTION APPARATUS

(not to scale)

FIGURE 1. PARR EXTRACTION APPARATUS.

136311
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Ilter-Paper Trap
Air Outlet Holes

Thermocouple Thermowell
Leads

Shale Bed Top

Ichrome Coil

Leads

Stainless Screen

Alundum Balls

Variac

Air Stream
(not to scale)

Figure 2. Air-Oxidation Column.
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Potassium Removal
Permanganate of Acetone

from Organic
- Materials
Green River

Lower Shale

Filtration
of Inorganic
Salts

Westvaco Soda Ash

Water Extraction

With Acetone

Evaporation

Sealed Extraction _
of Filtrate

Bomb
to Dryness
Tar-like Filtration of
Precipitate Precipitate
Filtration HCl Acidification
of Extract of Filtrate

Figure 3. Block Flow Diagram of Alkaline-Permanganate Extractions.
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Figure 4-A. Infrared Analysis of Tar-like Precipitate
Figure 4-B. Infrared Analysis of CSg Fraction of Precipitate
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Figure 5-A. Infrared Analysis of Benzene Fraction of Precipitate

Figure 5-B.

Infrared Analysis of Chloroform Fraction of Precipitate
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Figure 6-A. Infrared Analysis of Acetone Fraction of Precipitate
Figure 6-B. Infrared Analysis of Methanol Fraction of Precipitate
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Figure Y-A. Infrared Analysis of Acetone Extracted Crystals

Figure Y-B.

Infrared Analysis of Acetone Extracted Resinous Material
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