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$ 
Oxidation is one nethod of converting +he insoluble organic Ioaterial (comonl;r 

The anount of degradation and the m l e c u l a r  weight of the products 
cal led kerogen) present i n  o i l  shale t o  soluble degradation prcducts f o r  conctitu- 
t i o n a l  studies. 
depend upon the extent of o-xidation and sever i ty  o f  the wact ion conditiocs. 
v a r i e t y  of oxidants caz? be used t o  accorcplish this degradation, out sone are more 
s i l i t a b l e  than others. 

ir A 

In a previous s t u e  (i), organic mater ia l  from Colorado o i l  shale yms oxidized 
t o  high-iioleculzr-rreight acids by a boiling solution of a lkal ine potassi'm pennan- 
ganate under controlled conditions, and to carbon dioxide and oxalic acid by exhaus- 
t i v e  oxidation f o r  130 holirs. 
large o r  s d 1  amounts of intermediate acids ::ere octaiqed. 
possiole  to obtain conplete conversion t o  in temedia te  acids vcitnout s h l t a x e o u s l y  
prcducing carbon dioxide and oxalic acid. I n  general, s!raU yields  of f i n a l  o.uda- 
t ion  prudu-,ts were associated ycith large yields of high-molecular-vreight intermediate 
acids and vice versa. 

Sy choosing difzerent  r a t i o s  of  ;cslO& to kerogen, 
Hoxever, it xas not 

In another report  (s), the nature of the organic acids that xere obtained by 
o N d i z i 3 ~  rax o i l  shale f r o 3  the Ziahogariy-zone beds of the Green Fiver fomation 
ne= Efk, I ~ G ~ c . ,  $.{as studied. The oil shale assayeyed appro-ximatcw 55 gallons of 
o i l  Per ton of shale and containad about 3& kerozen. An oxidation pro&& ;vas pre- 
aared by t r s a t i r g  each p a r t  of organic carbon present i n  t!!e kerogen n5th eight, par t s  
of ;r?inOb. The organic acids obtained were converted to n-butyl es ters ,  fractionated 
by d i s t i l l a t i o n ,  and ident i f ied,  where possible, bj mass and inf ra red  spectra of the 
e s t e r s  and by X-ray dSTraction o f  selected deri-Jatives. 
organic acids i n  the oxidation product vas ident i f ied  as C2 t o  Cg difunctional acids 
of zhe aUa.ne series.  The renaininz 41% of the orzanic acids were not  ident i f ied by 
t h i s  mthocl -=cause o f  tkir conrplex nature. Ident i f icat ion or  c lass i f ica t ion  of 
this na ter ia l  xould contri'sute 'uo the !awrlec&e of the s%zr;cture o f  kerogen and might 
sug;ast nex comercia1 ilses f o r  o i l  shale. 

A t o t a l  of 59% of the 

I n  this ski@ bjr the Federal Bureau of :15nss,  c;?arasterizatior, of the reiiai-Lng 
of the organic acids i n  this 0-xidatim pro&.xt ~ i a s  accsnpplished by reduzi?g the 

carbo:c:rl groups of the acids throidgh a s e r i e s  of reactions. 
carbon-like raterrfs ls  vere menable t o  f r a c t i o n a t i m  and cnarscterization. Sone of 
t h ~  usuai m t n o d s  of decarbo-yrlation nere *zier?, hut extensive t;nemal debgradation 
rcsxlted.  

The resul t ing hydro- 

I\ The o-kidation product a l so  contgned n-paraffinic, isopazaflinic,  aronztic, 
naphthenic, and heterocyclic acids. The naphtheric and heterocyclic acids ;;redoxi- 
nated, h i c h  sidggested t h a t  the s t ruc ture  of Colorad3 kerogen i s  nainly al icp2i .c  
and hetemcrcl ic ,  with smaller amounts of straight-chain and axomtic  o t r u c t m s .  

XCP3RILEWAL PKCE 3URE 
i 1 

i, 
3 

preparation of Orxaiic Acids. 
oil sha ls  using a method described i n  e a r l i e r  ry330z-5~ (2,i). 
oxidized in two steps by an aqueous s o l u t i m  o f  al!<aline ICaOh. 

Kerogen oxidation products -;rere prepzred Iron raz 
The rax o i l  shala xas 

The f i r s t  s tep ;vas 
> t r e a b e n t  of 1 p a r t  of organic carbon of the kerogen wit:? 6 parts  of g!no~, 1.6 
\ 
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par t s  of KOH and 3h parts  of water at  70' t o  90' C. until the  Ian04 was reduced. 
The t r e a t n e ~ t  w a s  repeacad in the second step except t h a t  only 2 par t s  of 'X?.Sn@q 
w e r e  used. 
with 1 t o  1 sulfuric ac id  2nd evaporated t o  dryness. Nonvolatile organic acids 
were extracted from this dr ied p r o d x t  using m e t h y l  e thy l  ketone. 
t o t a l  carbon, the kerogen a a s  oxidized t o  58% nonvolatile acids,  15% carbon dioxide, 
a t race of v c l a t i l e  acids, and 27% remained moxidized. 

The alkaline solut ion was separated from the shale residue, ac id i f ied  

Eased upon 

Preparation of n-5utyl Esters. 
n - h t y l  es te rs  bj reacting 250 gram (0.8 mole) of the acids with 1275 d. (Ur mole) 
of n-butyl alcohol and 25 ml. (0.5 mole) of concentrated sulfur ic  acid under reflux 
cordi t ions for  abcut 100 horns. 
tcbe mounted above the reaction f lask.  
alcohol was removed by d i s t i l l a t i o n o  
-ias washed f ree  of ac id ; r i th  a solut ion o f  Sodium carbonate, and f i n a l l y  Bas dried 
Over anhydrous sodim sul fa te  and recovered. 

preparation of tUcohols. 
i n  the follovring manner (1): 
mole) of I,iAl.Hb i n  2500 d. (23.6 mole) o f  anhydrous e ther  in f i v e  d i f fe ren t  batches. 
&I ether  solution of the es te rs  was added slowly t o  an e t h e r  solution of UAlH4, 
then refluxed 
w a t e r  t o  the reaction rcixture. 
mith 1% su l fur ic  acid and the reduced product was recovered from the ethereal  
layer. 

Preparation of Iodides. 
alcohols with U5 grams (0.8 m o l e )  of P205, 216 ml. (3.2 mole) o f  85% Hap04 and 530 
grams (3.2 mole) of KI ( 7 ) .  After the reaction mixture was heated at 160" t o  120" C. 
f o r  3 t o  5 hours, the io?hdes were extracted with ether. 
washed w i t h  sodium thiosulfate  and sodium chloride solutions, dried over anhydrous 
sodium sulfate ,  and the e ther  was d i s t i l l e d  from the iodides. 

Reduction of Iodides. 
chloride gas ( 2 ) .  
ace t ic  ac id  soiution of the iodides, *ich vias constantlJ s t i r red ,  
mixture was s t i r r e d  and heated a t  90" t o  95' C. f o r  an additional 2b hours and was 
saturated with dry HC1 gas every h hours. 
bath, w a s  connected t o  the e x i t  gas tube t o  condense any hydrocarbons with low boil- 
ing points formed during the reduction, After conipletion of the reaction, the nix- 
ture  m a s  di luted x t t h  ;rater, and the product was extracted with ether.  
ether solut ion was washed f r e e  of acid, it was dried over anhydrous sodim sulfate,  
and the  e ther  was par t ly  d i s t i l l e d  from the product. 

Fractionation of the  €?,educed Product. 
placed i n  a spinning band d i s t i U a t i o n  coliunn and d i s t i l l e d  a t  atmospheric pressure 
(5'80 wo mercury) up to a head temperature o f  70" C. (pot  temperature o f  175' c.). 
After the r e d x e d  product cooled t o  r o o m  tenperature, the d i s t i l l a t i o n  vizs continued 
a t  1 m. mercury Pressure with a head tenperature up t o  130" C. and a pot tenperature 
of  2oQ0 c. 

The nonvolatile organic acids  were converted to 

Y a k r  was removed by using an enlarged Eeul-Stark 

The result ing product vias dissolved i n  ether, 
After completion o f  the reaction, the n - k t y l  

W thus recovered n-butyl es te rs  were reduced t o  alcohols 
The e s t e r s  were t rea ted  w i t h  a t o t a l  of 61 gram (1.6 

to  5 hours. Excess hydride was decomposed by cautiously ad&? 
After gas stopped evolving, the complex was t feated 

The alcohols inre comerted t o  iodides by reacting the 

The ether  solution was 

The resu l t ing  iodides were reduced with zinc and hydrogen 

The reaction 
Zinc &st was added over a period of 2 hours t o  a warm glac ia l  

A trap,  subnerged i n  a dry i c e  and acetone 

After the 

The prodwt and a smll quantity of ether were 

A flw diagram of the fract ionat ion o f t h e  d i s t i l l a t e  .ad d i s t i l l a t i o n  residue 
is shorn in figure 1. The d i j t i l l a t e  and residue fract ions xere dissolved in a h0 
t o  1 volune r a t i o  of pentane, allowed t o  stand overnight a t  0" C., and then fi l tered.  
The insoluble material  ivas washed inth a small quant i ty  of cold pentane, freed cf 
solvent, and weighed. The pentane-soluble m t e r i a l  was fractionated on prewetted 
columns of alumina (25 t o  1 weight r a t i o  of tllcoa XF-21 almina) using pentane, 
benzece and a 10% methanol-YO% benzene mixture as elut ing solvents. The benzene- 
e luted m t e r i a l ,  referred t o  as nonpolar resins,  ,and the  benzene-mthanol eluted 
resins ,  referred t o  as polar resins, were freed o f  solvent and weighed. 



7% ms separated by ciisscdving *%.e pentane-eimed fraction ( o i l  31~s xax) i n  
a h0 to 1 vG.une r a t i o  of methyl e thyl  ketone ( I S X ) ,  allw&ig it t o  stand a t  -5" S. 
f o r  1 hour. The w a x  'xas filt.i.ed from the ?E3K--soluble o i l ,  ,freed o f  s o l ~ e m ,  and 
-ceighed. 
saturated solution of urea i n  nethm-ol. 
a d  6 or 7 d r o p  of benzene, were added. 
ture for 211 hows. 
tke adduct w a g  then decoqosed witt  hot, water and extracted - ~ t h  ether. 
t ions were freed of solvent by d i s t i l l a t i o n .  
t i l l a t e  fraction. 

ikea adducts xere  prepared by reactbag each gran  o f  wax x i t h  21. d.. of a 
access urea, 1.5 grass per  g r m  of 'NZC, 

The adduct and nonadduct waxes were separated by f i l t r a t i o n ;  
T'his mixture was s t i r r e d  a t  r o o m  tsssra- 

30th -frac- 
Xax was not  separated from the dis- 

The d i s t i l l a t e  o i l ,  the wax fraction, and t i e  d i s t i l l a t i o n  residue o i l  ivere 
fractionated by a method similar to  t h a t  reported by M a i r ,  Uarculzrtis  a i d  Xossini (2). 
Zach f rac t ion  was placed on a prewetted colum o f  s i l i c a  ge l  (25 grms of Davidson 
analyt ical  grade S i l i c a  ge l  t o  1 gram of saxple) and eluted successively W i t h  2,2,1- 
t r ixe thyl  pentane, benzene, and 2-propanol. The f rac t ions  were freed of solvent, 
weighed and identified as p a r a f f i r  o i l ,  aromatic oi l ,  and p o l a r  o i l  respectively. 
The paraffin o i l  from the  d i s t i l l a t i o n  residue was adducted with urea oy the sazz 
technique used for  waxes. 
t h e r  fractiocated on a prewetted c o l m  of alumina us ing  a 25-ta-1 r a t i o  of a ldn . ?  
t o  sample. Eluting materials were a m u r e  of iso-octe?es, benzene, a d  2-pmpanol. 

Feduction x i t h  Hydriodic Acid. The wax and paraf f in  o i l  f rac t ions  were corzple+aly 
rechcea by concentrated hydriodic aci2. 
sea l ing  t h m  i n  glass anpoules x i t h  15 ml. of concentrated hydriodic ac id  (sp. gr. 
1.9) and heating a t  175" C. f o r  2 h  holirs. 
benzsle ana washed O e e  of  iodine ivith a solution of sodim thiosulfate.  The bmzene 
solution was washed with water ana f ina l ly  dried over anhydrous sodium carbonate. 
Cenzene xas d i s t i l l e d  from t;ne reduced product a t  reduced pressure. 

P m i c a l  ar,d Ckmical Properties. 
of  t h e  f ract ions viere detelmined by macro methods a t  the Bweaufs laboratory arrd 'q 
micro metnocis a t  a commercial laboratory, using conventional methods. 
hydrogen were determined by combustion, nitrogen by the  Qeldahl  or 
s u l f u r  by igni t ion i n  a Parr oxygen bomb, oxygen by difference o r  by the Unterzaucher 
d i rec t  method, saponification equivalents by hydrolysis and hydroxyl groups by acetyla- 
t ion.  
p i n t  method using benzene as solvent. 
dif&?action, were used t o  characterize the various ,fractions. 

The a-omatic o i l  f ron tqe d i s t i l l a t i o n  residue was fur- 

Sanples of 0.1 t o  0.5 gas m e  redcced by 

The t rea ted  saiiples were dissolved in 

The elemental ccicposition and functional. gmcps 

Carbon and 
xethods, 

I.Iolecular weights were detemkqed f r o n  mss spectra a i d  b.. the rise-in-boiling- 
Irf-ared and nass spectra, as w e l l  as  X-ray 

RESULTS AND DISCUSSIOB 

The total yield of reduced product from 250 g r n s  of kerogen acids amounted 
t o  36 gram a f t e r  removal of a l l  solvents, o r  approxinately 15 -might percent. 
t h o r e t i c a l  yield,  based on data from a previous s tcdy (s), was 196 gams o r  79 
weight percent. 
3ii.mctiomd acids containing 2 to L carbon atoms per  molecule. 
method used i n  this studg. converted these acids t o  gases that were not rscovmed 
i n  the reduced product. 
was 365 of the theoretical .  e s t e r s  - 95%, alcohols - 752, 
iociices - 95$, and hydrocarbons 50%. 
than to w e a c t i v i t y  of t h e  components. 
occurring did exist and some unreactive parts  of the oxidation prodwt  my hava been 
eliininated from the reduced material. 
resul ted iii a yield of 8.5% d i s t i l l a t e  a i d  91.5$ d i s t i l l a t i o n  resi&Je. 

The 

However, qpr0xinatel.y 5@ of the oxidation p r o h c t  consisted of 
The r e d c t i o n  

Because of this l o s s ,  t h e  overal l  y ie ld  of reduced product 
Typical f ie lds  were :  

Losses were probably due to  handling rather  
However, the p o s s i b i l i t y  o f  fractionation 

Vacum d i s t i l l a t i o n  of t h e  reduced prochct 

Comosition of the Distillate Fraction. 
& s t i l l a t e  obtained by atmosoheric d i s t i l l a t i o n  contained t race amounts of -,enta.iizs, 

I n  addition t o  the  solvents used, the 

hexanes, hexenes, and cyclohexanes. 
(8.5% of the total reduced product) was fract ionated by the nethod described ear l ie r  

The d i s t i l l a t e  obtained Q v a c u  d i s t i l l a t i o n  
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a d  shown in f igure 1. 
p ~ a f f b ~  o i l ,  aronatic oil, polar  o i l ,  nonpolar resins,  and polar resins. 

isoparaffins and cycloparaffins, x i t h  the l a t t e r  predominating. 
conckined 1 t o  5 rings per  molecule vrith dinuclear material const i tut ing the la rges t  
s ingle  
incianes/tetrzlins and naphthaler,es 

Yearly equal amom.tS of five fract ions were obtained, namely 

 ass spectra analysis of the paraf f in  o i l  f rac t ion  showed t h a t  it consisted of 
The c j ~ c l i c  p a r t  

.material. The mjor coaponents Of the aromatic f rac t ion  were benzenes, 

Infrared analysis of the nonpolar res ins ,  po la r  resins, and po la r  o i l  indicated 
t h a t  these fract ions were predominantly cyclic becaxse a'asowtion in the 13.7 and 
13.9 iaicron region vas very 7.Teak. They a l s o  appeared highly saturated as shown by 
strong absorption i n  the 3.b5 and 6.8& micmn r e g i o x .  
teminal (E3 groups was suggested by inediun to strong absorption i n  t h e  7.3 micron 
region, Absorption ii t i e  aromatic -region was weak. 
presence of OH groups and other oxygen fmctionals ;  however, the strong aoso-3ti.m 
i n  t k e  5.70, 5.73, and 5-95 micron region may be due t o  C=O groups of unreduced 
e s t e r s  . 
%mposition of tne Dis t i l l a t ion  _Residue. 
from t h e  d i s t i l l a t i o n  residue, which represented 91.5% of the reduced product, i s  
shmn i n  i a b l e  1. 
wax, c o r n t i c  oil, polar o i l ,  and pentane-insoluble material  were present i n  srraUer 
anounts. 

The presence of considerable 

There was indication of t b  

The amount of each of the various fractions 

The major f ract ions consisted of resins and paraffin o i l ,  iqhile 

Xolecular weights ranged from about 300 . t o  1200. 

Table 1. Distribution and XolecJlar &eights of the Dis t i l l a t ion  Residue Fractions 

Percentage Percentage 
Df Total  of Total  

M s t i l l a t i o n  2edmed Molecular 
3eskiue Product ';;eights 

Pentane-ixjoiuble material 3 .D 2-7 3220 

?&?sins 
Xionpolar res ins  
? o h -  Tesixi 

:;fa.. 
Urea adduct 
Urea nonadduct 

11.9 
25 -9 

3 *Q 
l0.L 

10 -9 530 
23 07 a00 

O i l  
Pazaffin o i l  adduct 1 S 1.b 310 
Paraff in  o i l  nonadduct 30 e 5  27 -9 WO 
Aronatic o i l  (iso-octene eluted) 9.5 8 -7 270 
Aro.mtic o i l  (benzene eluted) 0.3 0 -3 3hO 
Arcxitic o i l  (2-propanol eluted) 0 03 0 e3 3k5 

3 .!I - Polar o i l  - 3.7 - 
Total  100 .o 91Sa 

9 h e  remainin g 8.5% consisted of t h e  '~acu*m d i s t i l l a t e  fraction. 

Ultimate analyses shown in tab le  2 indicated t h a t  the  recovered fract ions con- 
t a ined  appreciable amounts o f  o m e n .  It m s  necessary to  detensine t he  nsta- of 
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this oxygen and t o  eliminate the cnrygen from portions of tne fract ions by HI reduc- 
t ion,  so that  mass spectra  data f o r  r i n g  analysis and carbon chain length would have 
meaning. 

Table 2. Elemental Analyses of Dis t i l l a t ion  Residue Fractions 

A t  oai c 
C H 0 N S H/C 

wax 
U r e a  adduct 83.6 4.2 1.P 0.2 0.2 2.94 
Urea nonadctuct 82.9 ll.1 5 0 -2 0 .rc 1.61 

O i l  
Adduct paraffin 84.2 u.3 1.2a 0 e 2  0.1 2 *ob 
No-dduct paraff in  81.1 11.1 7 .6b 0 00 0 e2 1064 
Mono/di4mmt i c  86.2 ll.2 - 2.6' - 1.54 

1 04 1.2 1.511 
. .o 0.1 1.64 

%ired  oxygen (mterzaucher) . 
b-en was determined by difference. 
W o t a l  oxygen, nitrogen, and sulfur determined by difference. 

An estimate of the type and amount of oxygen functional groups f o r  various frac- 

As this difference 
t ions  was obtained by analyse$ f o r  hydrowl, ester ,  and alkaxy oxygen. Other ether,  
carbonyl and unaccounted f o r  ovgen  was determined by difference. 
value was large in all cases, infrared analyses xas used t o  indicate  the  nost likely 
type oxygen present. 

Mass spectra data reported f o r  the o i l  and wax f ract ions we= obtained from the  
HI-reduced material. By contrast ,  infrared spectra was determined on the oil, wax, 
and resin fractions before reduction with hydriodic acid; a l s o  the aroinatic o i l  was  
not  reduced with H I .  

Adduct Wax.  Based on mass spectra data, this fraction, which represented 2.7% 
of tse t o t a l  reduced product, contained mostly isoparaff ins  and normal pazaffins with 
smaller  amounts of cycloparaffins ( t a b l e  3).  
over normal paraffins; the  normal paraff ins  r q e d  from C18 t o  c36 carbon chains with 
an average chain length of q . (Average carbon chain length of t h i s  wax, detenrcined 
by X-ray diffraction, was 28.9 These d a t a  showed the presence of long carbon chains, 
which suggested tha t  the  or ig ina l  oxidation product contained a smal l  amount of fatty 
acids 

Isoparaff in;  appeared t o  predominate 

ultimate analyses ( t a b l e  2) showed t h a t  the adduct w a x  was highly saturated with 
Infrared analyses of the f rac t ion  before reduc- 

The average molecular  weight of the addact wax befom reduction with &XI 

hydrogen and contained 1.9% w g e n .  
t i o n  with a, s h m  in table 4, confinned the presence of a predominance of chain 
S t N C t m S .  
was  405. 

of the t o t a l  reduced product, contained predominantly cycl ic  s t ructures  and only a 
smal l  amount of normal paraffins and i s o p a a f f i n s  ( t a b l e  3) .  The cycl ic  portion 

Nonadduct Wax. 9s contrast ,  the nonadduct wax i h c t i o n ,  which represented 9.5% 
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consisted of ammtic and naphthenic rings n i t h  a padomj-mnce of the raphthecc 
rings.  
3 rings p e r  molecule. 

The number of rings per  no1ac.de ranged from 1 to 6 with an average of 2 t o  

Table 3. Constitution of the %-reduced ylax and Parafx- Oil Fractions 
Obtained f r o m  Lbe DLstiUation Resi6ue 

n-T.waf'fiii 

.lverage Coxposition, mole $a 
Tiax Paraffin O i l  

Nonadduc t Adduct h'onadduc t Adduct 

27 Irb 

Napkthenes 
Mono and noncondensed 

Condensed naphthenes 
naphthenes 

2 r',?gs 
3 rings 
h rings 
5 rings 
6 rings 

3 

1 
1 
i 
1 

u 
19 
Ilr 
5 

19 
4 

18 

22 
13 

3 
7 
6 

25 

Total  100 100 100 100 

- 3 - - 22 - - Aronatics 

alktennined from mass spectra. 
T o t a l  normal and isoparaffins. 

~ 

W g e n  functional p u p s  viere determined by the methods described e a r l i e r  and 
the  r e s u l t s  a r e  sham i n  table  5. The fract ion contaiced 5.u oxygen ( table  2 ) ,  
which appeared t o  be mostly in the forn of e ther  o r  carbonyl o r E e n  with smaller 
amounts of es te r ,  but no hydrox3l oxygen. 
XI, shcm i n  tab le  h, indicated nedium to weak absorption f o r  es ter ,  ketone, alcohol, 
and aniq-c&de oxygen suggesting a predominance of ether w e n .  The presence of only 
mall mcrunts of long carbon c h d n s  was also confirmed Sjr infrared analyses; hmrever, 
strong absorption in the 7.3 plicron region indicated ths presenca of considerable 
terminal CH3 groups. T h i s  f r a c t i o n  had an average molacular vieight of &OO before 
reduction n t h  HI and 360 a f t e r  reduction. 

Infrared spectra before redxction with 

Adduct Paraffin O i l .  The adduct paraffin o i l ,  one of the smaller &actions 
representikg o n l j  1.h$ of the reduced product, v i a s  ccnposed largely of no& 
paraff ins  wit,h smaller amounts of cycloparaffins and isoparaff ins  ( tab le  3). The 
n o d  pazaffins ranged from cl6 t o  C 0 carbon cha ins  with an average chain length 
of C23. (The average c b i n  length deze-ed by X-ray diffract ion was C22.) The 
naphtnenic xlaterial contamed 2 t o  6 rings per molemle. 

with hydrogen and contained 1.2% orEen,  
oxygen functional groups i7e1-e not datemined by chemical methods. 
of  ti is  fraction, s . m  i n  ta'ole h, indicated the presence of vw-y li%tlf? oxygen 
functicnal groups. ThLs suggssted tha t  most of the  oxygen sas ether  oxygen. Strong 
absorption in the 13.7 and 13.9 micron region confirned the presence of considerable 

Ul t imte  anal-vses ( tab le  2 )  snared tnat t h i s  f ract ion was high* saturxted 
Becaiise of l i n i t e d  s ize  of tre fraction, 

Infrared spectra 
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Ba?d 
Locations, 
Microns - 

2 -9 
3 -15 
5.73 
5.78 
5 095 

6-25> 6.35 

6.94 
7 e 3 0  
7 055 

8 015 
9 .s5 

l l .25 
u.5 
12.7 
13 A.5 

a .io 

13-79 13.9 

Table h. 11rfrarea Spectra of Tax and O i l .  F?acticns Obc&ned 
From tke  Dis t i l l a t ian  Eeziam 

Intensitya 
Ad& c t  Xona dduct 

S S 
M-x s 
W M 
w M 
W Y 
w M 
W M-7 
.n M 
EI ?4 

None :$one 
S a 

aW - weak, Ll- mediu  and ' s  - strong. 

S 
I4 
i7 

None 
None 
v 

X-TI 
w 
M 

bone 
S 

S 
S 
-ti 

Wone 
Xone 
None 

%i 
2-J 
y2,v 
None 

i? 

c'o (es te r )  
C';o, aromatic 
c;c (aromatic) , 

carbor j la te  i m  
cfI23 cH3 crI3 

Ester,  
ketone , alcohol, i anhyckide 

AroIoatic 

Aromatic 
Alkyl chains 

- 

Table 5. Oxygen Functional Groups of Various Fractions 

Percent of Total  O q y g e i i  

WdrOxYl Ester U O K Y  and Othersa 
%her, Carbonyl 

Nonadduct wax 0 36 - 6L 
Nonaaduct paraff in  o i l  2 27 3 68 
N o q o l a r  rasins 0 Irs 15 40 
Polar resins 6 27 3 61r 

aDetermined by difference . 
n o d  paraffins. 
groups. 

There was a l s o  some evidence for the presence of tenninal a3 
The molecular weight of this f rac t ion  was  310 before reduction Prith E. 

Nonadduct Paraffin Oil, T h i s  fraction, which was  the la rges t  s ing le  f rac t ion  

The ;la#- 

The noma1 paraff inic  and isoparaff inic  const i tuents  representtd ~ 2 2 ~ -  a 

and amounted to 27.92 of the or ig ina l  reduce2 product, was predominantly xpkthenic  
with smaller amounts of  a r o m t i c  and paraff inic  cors t i tuents  ( table  3 ) .  
thenic material  had 1 to 6 r ings per  molecule with an average of 2 t o  3 r i n g s  per 
molecule, 
s d l  portion of the total f r sc t ion ;  however, about 25$ of the  mater ia l  was Gf 
aromatic composition. 
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m - g m  f l ; r ,c t iond g r c u p s  m r o  dezemined by the mtiiods &scr!oed e a r i i e r  and 
the E s u l t s  arc shown i;l table  5. 
( t a o l e  21, the r l a j o r i t y  appearea t o  be present i n  E% ?om of etner  c r  carcony1 
o:qzsn wi th  s m l l e r  azoums of  es te r ,  hydroxyl and a l k o x y  functional emup.  
predcninaice af etner c;;-gen xas h a c a t a d  by infrared analyses ( tacle  i t )  sLme 
+,:?e abvcrption f o r  carbcy/l an2 other o.yy,oen v:as -ireaka iuso, weak absorption i n  
t h e  13.7 ana 13-9 lIlicron aegicn indicate6 'he absence or' long a l e 1  chains; h m -  
e-Ter, strong absorpticn k the 7.3 region iri6icated 'the presence cf ccxiideracle 
ternir.al Cd2 groqx.  T h i s  ??action con+&ned very l i t t l e  nitrogen and. su l fur  s?d 
had ap. averdge n o l e c d c  reight  of 410 before reduction x i t h  i i7  and 353 after re- 
duction,, 

O f  the ?& ox-jgen preser t  in this fract ion 

Momxic O i l .  The zroruat ic  fraction, ~ h i c h  represerrted 9.3% o f  'As to%al  
reduced pmauct, w a s  separated i n t o  3 addi t ional  f ract ions;  nmely, iso-cctenes, 
benz..ne, and 2-propanol e luted mater ia l  ( f i b w e  1). 
t o  2s nonojrx, txi, m.d t e t r a  inc lear  aromtics ,  respectively, 
colcr t e s t s  indicated &&at the  iso-octene eluted nater ia l ,  vhich was tke major 
a r m a t i c  f rac t icn  ( tab le  1) , m s  predorninaitl,jr mono/& nuclear zronatics. 
vas confinned by rsass spectra  data shovin i n  table 6, Tihich ix?icatea that tine 
material  i'ias nost ly  indanes ar.d t e t r a l i n s  v;itk s c a l l e r  amounts of  the o t h e r  series 
of aroa&ic compounds. T'ne benzene s e r i e s  had large ce&s 8t tn/e 268 and m/e 259. 
The YJe 258 peak xas a parent peak tii,at l o s t  an e t b - 1  radical  t o  f o L m  r /e  259 ar.d 
rzj' rep-resent +he nolecular ,iei&t of  I cczpvxid or several  isomeric coq,our.ds. 
2. aoiecular  -.veelgnt ol" 258 i r -d iczf~d  c l l t  15 carbon atcns in a l ~ l  groups l a r g s r  
than n-2ropyl *:#ere ateached t o  the bencena m g .  
tut ions and el iminat~ng sone ty inl rared analyses, 3etnylpropjrl  subst i ta t ion 
appeued ncst  l ikely,  In &&cion t o  t r i -subst i tuted benzezes (201. wt. S8) 
there  was evidence of di-substituted 'cenzenes (Xol, .rt. 21s), di-substituted indanes 
(1:oL. rt. 258)/di-substituted tetralins (hiol. Kt. 272), and di- a d  tr i-substi tuted 
indenes (ilol. x-t. 256, 326). 
r'igcre 2 .  The location of the s u b s t i h t e d  grocps is  not lmmn; hoirever, there i s  
some evicbnce f o r  the presence cf s p e t r i c a l  tr i-substi tuted benzenes. u s o ,  it 
is  no2 meait t o  k ? l y  L i t  ot-her s e n e s  o f  aromatics with the sane tlX-nuircerfl are 
not pmsent, but the ones indicated appeared t o  be the best poss ib i l i t i es .  It 
was a s s u e d  t h a t  the aromatic coqounds i so la ted  were degraded from kercgen and 
viere not formed d c r i ~ g  the oxidation o r  reduction prccedures. Therefore, each 
subst i tuted group may represent a ruptured rirg o r  r ing system and suggests the 
p r e s e x e  of carbon skeleton s t r u c t w s s  i n  !terogen similar t o  that present i n  these 
coorpow-ds. 
subst i tut ion on arciratic nuclei  a f t e r  reductian 2re cyclopentancne, cyclopenfanol, 
cyclopmtene or otkers. 

Tnese fract ions are referred 
Piperonal c j lor ide 

T:?is 

Considering a l l  possible substi- 

These substi tutions are  shorn. diagranmatically in 

Ring s y s t e m  tiat would be readi ly  n q t u r e d  bj :3;"04 t o  produce s a k r  

Table 6. Constitution of Aromatic Oil FTactions .Won %!e Dis t i l l a t ion  fksidue 

?ioime, za 
1s o -o ct cEe e lu te  do 3eEzene eicted' 

Eenzenes 
Indanes and t e t r a l i n s  
Indenes 2nd dihydronapktkalenes 
:Iag:it:?alel! es 
Xcer.a?hthmes 
.k.cPr.+iti:yleixs 
.Uit:rzcCile 3 and phenanthrenes 

Total  
$%C,smired f r o n  mass snectra. 

12 
L1 u 
10 
8 
5 
10 m 

;mi. ~ r a t i o  of calculate? t o  cbse,yed tokl iordzaticn vas 0;6j. 
C T t s  r a t i o  of calculated to observed total ionization xas 1.09. 
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&sins. The resinous r a t e r i a l  obtained from the or ig ina l  product consisted of 

Elemental analyses ( tab le  2) of each f rac t ion  
n o n p o m ! o l .  x t .  530)  and ~01ar res ins  (901. wt. 800) and represented 12  and 26% 
of the t o t a l  material, respectively. 
showed that they contained large amounts of oxygen and smaller amounts of nitrogen 
and suLrUr. 
( tab le  5 )  and appeared to be present as e s t e r  and ether  or carbonyl oxygen viith 
smaller mounts of alkoxy oxygen. The polar res ins  contained some hydroml and 
l i t t l e  a l h x y  oxygen. 
table  7. 
region, indicating few carbon chains with more than four methy1w.e grol~ps. 
absorption i n  the 7.3 ,zicron region indicated the  presence of considerable teniihal 
CH3 gmups. 
t e r i a l s  appeared to te composed predominantly of saturated cycl ic  structures.  
Infrared spectra showed evidence f o r  hydroxyl, carbonyl and other oxygen functional 
groups, some of wEch was due t o  unreduced ester groups. 

Oxygen functional groups vrere determined by the previous methods 

Infrared analyses of the two r e s i n  f ract ions a r e  shown i n  
30th f ract ions showed we& or no absorption i n  The 13.7 and 13.9 micron 

S b o n -  

Absorption in the aromatic region vias weak; consequently, these Fa- 

Table 7. Infrared Spectra of %sin Fractions Obtained 
Fron the  Dis t i l l a t ion  Residue 

Band In  tensi  t9 
Location, Nonpolar Polar 
Xicrons ileSinS F s s i n s  

2.9 
3 .L5 
5 075 
5 095 

6.25, 6.35 
6.8h 
7 e 3 0  
8.1C 
8 -9 

ll.4 
11.5 
13 e& 

13-77 13.9 

II-R 
s 
s 

None 
7r 
S 

s-r 
s-;: 
;rone 
Xone 
w 

?lone 
:{one 

Possible Interpretat ion 

03 (bonded) 

C?3, aromatic 
C=C (aronatic),  carboxylate ion 

c"' alcohols, ankydrides 
Aronatic 
Arorratic 
&omtic  
Alkyl chains 

cF2, CH3 

Esters, ketones, 

Polar C i i  and Pentane-insoluble Uater ia l .  No analyt ical  data were obtained f o r  
these fractions.  

Conposition of the O r i g i n a l  Acids. 
t i o n  was ident i f ied by a previous study (4). 
was characterized as shown i n  table  8. These conplex acids, -hose molecular weights 
have a w i m m  of more than 1200, consisted o f  small amounts of straight-chain and 
aromatic acids, hut were predoninantly saturated cyclic and heterocyclic acids. 

A p p r o W t e l y  59% o f  the original acid frac- 
In  the  present study, the remirib?.& a 

T P E ~  was evidence t h a t  the oxidation product contained appreciable amounts of 
e ther  o x j ~ e n .  Fractions of the m t e r i a l  obtained by the  reduction of the oxidatior? 
product contained 7 to 19% oxygen, of which b0 to 70% may be ether  oxygen. A quan- 
t i tat ive estimate was obtained f r c n  the remainder of the reduced product and a com- 
F&son of the oxygen present i n  the or ig ina l  kerogen from which these prochcts w e r e  
obtained. The total owgen accounted f o r  i n  the  reduced product equaled 22% of the 
oxygen present in the or ig ina l  kerogen, which indicated that at least 10 t o  15% of 
the  oxygen present i n  kerogen m y  be e ther  oxygen. 
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Table 8. Composition of Acid Fraction Obtained P a m  Kerogen 
by Alkaline Permanganate Oxidation 

Percentage 
of Reduced 
Product= 

Percentage 
of T O M  
Acidsb 

Cycloparaffin acids 
( 1  t o  6 r ings)  

(1 t o  2 rbgs) 

3etwocycli.c acids 

Aromtic acids 

59 

2 

2 

34 

15 
h7 - 

1 

1 

6 

19 - 
To= 100 103 

aCetaArrzined from m a s s  spectra. 
b a s e d  on analyses obtained f r o m  data 'presented i n  this report  and a previous 

report  ( k ) .  

By ckoosing other oAdation conditions different  yields of c o q l e x  acids could 
have been obtained. For example an 8-step-oxidation procedure produced @ oxalic 
acid, 17% 0 2 ,  2% vola t i le  acids and 7% complex organic acids. About 50% of the 
organic acids had molecular weights frcm 1200 to a00 and did not undergo the re- 
act ions used i n  this study. Consequectly, the oxidation used i n  the present study 
appeared to be a ccnprozise betvreen the wo extremes and no attempt vras made to ob- 
tain naxirmun yield of any one type of constituent. 

SLX+fWIY XJD COi~CLUSIC3S 

The oxidation woduct obtained fro-, Colorado oil-skale kerogen consisted of 2- 
paraff inic ,  isoparaffinic,  a r o m t i c ,  naphthenic and heterocyclic structures;  the 
naphthenic ana heterocyclic types predominated. 

1 to 6 rhgs per molecule irith di- and tri-nuclear raaterial being s o s t  prevalent. 
&c, cono/di-nuclear aronatics appeared t o  predoniirate over compounds having pore 
rings. The aromatic f rac t ion  contained nuclei %xith 3-ethylpropyl substi tuticr,  a t  
two and three points. The presence of t h i s  ty-pe of compound in the degradation 
products suggested t h a t  the permanganate oxiddatior. cleaved +mubered  ring systems 
such as cyclopentaqe, cyclopentanone, o r  cjclopentanol that were substi tuted on 
benzene, tetralin, iiidane or indene nuclei. This s t ructure  has not been ident i f ied 
preoiously in kerogen degradaticn products. 

,D-idence was found for  the presence of e t i e r  oxygen in the or ig ina l  kerogen. 
The fmr  major fractions obtained by the reduction of the oxidation product s t i l l  
contained appreciaole w u n t s  cf orjgen, nost of ahich was unreduced es te r  and ether 

The n-paraffins ranged frCn C2 t o  c38 conpounds. The cycloparaffins contxked 
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owgen. 
oxyper?. 
any of the treatnent procedures. 

This indicated t h a t  Colorado kerogen contains some cycl ic  or bridge ether  
It s e w s  unlikely that s tab le  e ther  g r o q s  would have 'been f o n d  during 

In  general, these data s h w  tha t  Colorado oil-shale kerogen is pre6oainantl.y 
a cyclic material, h ighly  saturated with hydrogen and c o n c h s  oxygen, nitrogen and 
sulfur a t o m  associated with r ing structures.  There i s  evidence f o r  the  presence of 
sor,e arorat ic  and long-ckiain s tmctures ,  each representing srnall portions of the 
kerogen. The nature of the oxidation products suggests t h a t  the kerogen i s  coqosed 
nostly of r ing system connected through short carbon chains, bridges or hetero 
ato,m and is  not composed of highly condensed r i n g  s t r u c t n w s  ( 2  t o  3 rings predoni- 
nate). These conclusions are in agreenent x i t h  those obtained f r o m  prev',ous s tudies  
(4,5,$) 
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F 1  
l 3 O ' C . . l m m  Ha.  , .  , 

1 

Residue 

Urea I 
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column Paraffin o i l  

nomdducl 

Arornolic o i l  Aromal ic  oil 

P o r o i l t n  oil 
OddUCI 

FIGURE 1.- FRACTIONATION OF REDUCED PRODUCT 

di- and fri- substifuted di- subst i tuted 
benzene tefrai in 

di- subsliluled d i -  and l r i -  w b r l i l u l e d  
indone  indrrr 

FIGURE z.-?cssieLE STRUCTURES PRESENT IN THE M,INC/DI- 
NUCLEAR AROYPTIC CIL. 


