
Igepal CO-710 on sand  (6) and generally a r e  of t h e  Lang- 
muir type. A s  a resul t  of more ex tens ive  study, i t  is con- 
cluded tha t  t h e  final i n c r e a s e  i n  adsorption reported for 
t h i s  detergent is not val id  and is a ref lect ion of t h e  la rge  
experimental error c a u s e d  by t h e  suspens ion  of f ine  cal- 
c i t e  par t ic les  identified i n  t h e  sand  sample. 

T h e  effect  of electrolyte  concentration on t h e  adsorpt ion 
of t h e s e  detergent s e r i e s  is similar  t o  t h e  effect on t h e  
cr i t ical  micel le  concentrat ions of t h e  Igepa ls  (7). T h e  
maxima i n  adsorpt ion a r e  not increased  markedly, but they 
occur a t  much lower concentrations. High electrolyte  
concentrat ions decrease  t h e  hydrophilicity of t h e s e  deter- 
gents. Therefore, for comparable resul ts ,  detergents  u s e d  
in  s a l i n e  water should have  a higher e thylene oxide  content 
than  t h o s e  u s e d  i n  f resh water. T h e s e  r e s u l t s  ind ica te  
that  t h e  detergents  could b e  used effectively i n  strongly 
sa l ine  water, a s  well a s  i n  f resh water. 

ACKNOWLEDGMENT 
T h e  author is indebted t o  R. T. Johansen  of t h i s  s ta t ion  

for determinations of sur face  a r e a s  and t o  R. Q. Gregg, 
Phi l l ips  Petroleum Co., Bart lesvi l le ,  Okla., for x-ray 

diffraction inves t iga t ions  of t h e  puri t ies  of adsorbent 
samples. 

LITERATURE C I T E D  
(1) Brunauer, S . ,  “The Adsorption of Gases  and Vdpors,” 

Princeton University Press ,  Princeton, 1945. 
DeVault, D., J .  Am. Chem. S O C .  65, 532 (1943). 
Dunning, H. N., Gustafson, H. J., Johansen, R. T., Ind. 

E n g .  Chem. 46, 591 (1954). 
Dunning, H. N . ,  Hsiao, Lun, Johansen, R .  T., Ibid., 47, 

2147 (1955). 
Dunning, H. N . ,  Johansen, R .  T., Walker, C .  J . ,  Powell ,  

J. P . ,  Watkins, J. W., Oil Gas J. 54, No. 19, 115 (1955). 
Hsiao, Lun, Dunning, H. N.,  J. Phys .  Chem. 59, 362 (1955). 
Hsiao, Lun,  Dunning, H. N . ,  Lorenz, P .  B . ,  Ibid., 60, 657 

Jelinek, C. F . ,  Mayhew, R. L., Textile Research J. 24, 

Johansen, R. T., Dunning, H. N., Beaty, J. W . ,  Soap and 

Mayhew, R.  L., Hyatt, R. C . ,  J. Am. Oil Chemists’ Soc.29, 

Preston, F .  W., Calhoun, J .  C . ,  Producers Monthly 16, No. 5, 

(1956) 

765 (1954). 

Chem. Spec. 31, No. 10, 41; No:l1, 53 (1955). 

357 (1952). 

22 (1952). 

Rece ived for review June 30, 1956. Accepted December 3, 1956. 
Division of Petroleum Chemistry, 130th Meeting, ACS, Atlantic 
City, N. J., September 1956. 

Comparison of Brazilian and Colorado Shale Oils 

G. U. DINNEEN, C. S. ALLBRIGHT, AND JOHN S. BALL 
Petroleum and Oil-Shale Experiment Station, Bureau of Mines, Laramie, Wyo. 

L ack  of uniformity of retorting operat ions on s h a l e s  from 
various loca l i t i es  h a s  made i t  difficult to  separa te  the  ef- 
f e c t s  of retorting from t h o s e  contributed by t h e  nature of t h e  
oi l  sha le .  Analyses  of oils obtained from Colorado s h a l e  by 
var ious retorting methods and of o i l s  from a number of coun- 
t r i e s  have been  published (11). T h e s e  la t ter  o i l s  in general 
resul ted from commercial retorting, so did not give informa- 
t ion a s  t o  t h e  range in product composition obtainable  by 
different retorting methods or different operating condi t ions 
in  t h e  same retort. In  t h e  present  invest igat ion,  o i l s  ob- 
ta ined by retorting P a r a i b a  Valley s h a l e  from Brazi l  in s ix  
experimental re tor ts  have been  analyzed. Comparison of 
s e l e c t e d  properties with those  on a s imilar  s e r i e s  of Colorado 
o i l s  affords an  opportunity t o  dis t inguish between t h e  ef- 
f e c t s  of s h a l e  composition and retorting conditions. 

T h e  content  of low-boiling d is t i l l a te  in  o i l s  from Colorado 
or Brazi l ian s h a l e  showed subs tan t ia l  differences,  which 
depended largely on retorting method. T h e  quantity of 
residuum in an  oi l  from Colorado s h a l e  w a s  a lways  greater 
than in  t h e  corresponding oi l  from Brazi l ian sha le ,  an indi- 
cat ion of an effect of s h a l e  composition. T h e  structure of 
the  organic matter in t h e  two s h a l e s  differs with respec t  t o  
the  nitrogen l inkages present ,  as evidenced by da ta  on t h e  
oils produced from the  s h a l e s .  T h e  proportion of nitrogen 
in t h e  organic matter in  Colorado s h a l e  that  appeared in  t h e  
oil w a s  substant ia l ly  higher than for t h e  Brazi l ian sha le .  
T h e  nitrogen in a l l  t h e  Colorado o i l s  analyzed w a s  con- 
centrated in  t h e  higher-boiling fract ions,  a s  h a s  been found 
for other o i l s ,  but i t s  boiling range distribution in four of 
the Brazi l ian o i l s  was  relat ively uniform. T h e  su l fur  con- 

t e n t s  did not show an  effect  of s h a l e  composition s imilar  to  
that observed for nitrogen. When produced under equivalent 
conditions, t h e  Colorado o i l s  contained more saturated and 
correspondingly l e s s  aromatic hydrocarbons than t h e  Brazilian 
oi ls .  

E XP E RI MENTAL 
T h e  a n a l y s e s  d iscussed  were obtained by t h e  Bureau of 

Mines method (11) for the ana lys i s  of crude s h a l e  oil.  T h e  
composite fractions indicated in  t h e  out l ine (Figure 1) are  
designated for e a s e  of d iscuss ion  a s  naphtha (fractions 1 t o  
T) ,  light dis t i l la te  (fractions 8 to  lo) ,  and heavy d is t i l l a te  
(fractions 11 to 14). A summary of resu l t s  pertinent to t h e  
present  d i scuss ion  i s  given in  T a b l e  I for e ight  o i l s  from 
Brazi l ian (Para iba  Valley) s h a l e  and four o i l s  from Colorado 
sha le .  Complete analyt ical  da ta  on  t h e s e  o i l s  have  been  
published (1, 11). 

T h e  Brazilian o i l s  for th i s  work were obtained from ex- 
perimental operat ions in s ix  different retorts which may b e  
grouped into three types  according t o  t h e  method of heat ing 
used. T h e  Union (7) and G a s  Combustion ( 2 )  retorts were 
internally heated; t h e  entrained so l ids  (9) and F i s c h e r  a s s a y  
(IO) retorts, and for one run t h e  Parry ( 6 )  retort, were ex- 
ternally heated. T h e  remaining runs on the  Par ry  retort and 
t h e  Otto (4)  retort used a combination of t h e s e  methods of 
heating. T h e  Union, G a s  Combustion, and Otto retorts have  
lump s h a l e  moving countercurrent or t ransverse to  the  gas  
phase.  T h e  entrained s o l i d s  and Parry retorts treat finely 
ground s h a l e  in  t h e  entrained s t a t e .  T h e  F ischer  a s s a y  re- 
tort i s  a small  laboratory unit in  which a charge of sha le ,  
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Figure 1. Properties determined in crude shale oil  analysis 

ground to minus &mesh per inch,  i s  heated a t  a controlled 
rate. 

Colorado o i l s  were avai lable  from four of t h e s e  same re- 
torts: the G a s  Combustion, Union, entrained so l ids ,  and 
F i s c h e r  assay .  Published a n a l y s e s  (11) on Colorado o i l s  
f r o m  other retorts a l so  were utilized in es tabl ishing the  ef- 
fec t  of nitrogen. 

DISCUSSION 
The  crude sha le  oil ana lys i s  method is not a comprehensive 

composition study, but g ives  some data  that can b e  corre- 
la ted with the  var iables  of production. For the  present  com- 
parison, boiling range distribution, nitrogen content, sulfur 
content ,  and hydrocarbon composition were considered. 

B o i l i n g  Range Distr ibut ion.  Crude sha le  oil i s  usually 
obtained by thermal conversion, a t  a temperature of 40OoC. 
or higher, of the insoluble, nonvolatile organic matter oc- 
curring in oil shale .  Oi l s  obtained from the  same s h a l e  by 
different retorting methods show differences in boiling range 
distribution (Figure 2), which are  most evident for the  naph- 
tha fraction, boiling below 200°C.  For both Brazilian and 
Colorado o i l s ,  the  G a s  Combustion, Union, and Otto retorts 
give products containing 540 or l e s s  of th i s  fraction. T h e  
low value may be due in part to  failure to condense al l  t h e  
low-boiling material produced. T h e s e  retorts have  a moving 
bed of lump s h a l e  and large volumes of sweep g a s  that pre- 
sumably remove the  oi l  a s  soon a s  i t  i s  formed. When o i l s  
are  produced by retorting in the  entrained s t a t e  or by the  

B R A Z I L I A N  SHALE O I L S :  
PARRY h\\\\\\\\\.Q3 
ENTRAINED S O L I D S  

F I S C H E R  ASSAY 

GAS COMBUSTION 

U N I O N  

O T T O  

C O L O R A O O  SHPLE OILS: 
E N T R A I N E D  S O L I D S  

F I S C H E R  ASSAY 

GAS COMBUSTION 

UNION 

25 M 75 
V O L U M E  P E R C E N T  

N A P H T H A  H E A V Y  O I S T I L L A T E  

0 L I G H T  D I S T I L L A T E  = R E S I D U U M  

Figure 2. Dist i l lat ion data 

Fischer  a s s a y ,  which depends entirely on  dis t i l la t ion of the  
pyrolysis products for their removal from the  retort, t h e  crude 
s h a l e  oil contains  substant ia l ly  greater amounts of naphtha. 
T h e s e  resu l t s  a re  in agreement with the concept that the  
first products of conversion of the  organic matter in t h e  
s h a l e  are  high-boiling mater ia ls  and low-boiling const i tuents  
a re  produced largely by secondary reactions. 

T h e  Colorado oil from any given retort h a s  a substant ia l ly  
greater quantity of residuum than the corresponding Brazilian 
oil. T h i s  consis tent ly  greater value may result from dif- 
ferences in composition of the  organic matter in the s h a l e  
which affect the  character is t ics  of the  o i l s  rather than f rom 
the condi t ions used in retorting. A poss ib le  explanation i s  
the higher content of nitrogen compounds in Colorado o i l s  
a s  these  compounds are  difficult to degrade thermally to 
lower-boiling materials. 

Nitrogen Distr ibut ion.  T h e  crude s h a l e  oil ana lys i s  g ives  
the  nitrogen content of t h e  crude o i l  and of each  of t h e  four 
composite fractions. It i s  therefore poss ib le  to  determine 
both the  variation in  nitrogen content among different o i l s  
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AUSTRALIA 
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SCOTLAND 
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AUTUN 
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ST. H ILAIRE 0 
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Figure 3. Relation of nitrogen in crude shale oil to 
organic matter in shale 

and the distribution of nitrogen with respect  to  boiling range 
for a given oil.  

The  total nitrogen contents  of both t h e  Colorado and 
Brazi l ian o i l s  show a range of va lues  a s  illustrated in T a b l e  
I. T h i s  variation may be due to retorting method, but no 
correlation with c l a s s  of retort seems evident. Although 
the  retorting method can  c a u s e  a substant ia l  difference in 
nitrogen content, the general l eve l  of t h e  values  for t h e  
Colorado o i l s  i s  about twice that  for the  Brazi l ian oi ls .  T h e  
difference may b e  attributed primarily to  variations in t h e  
s t ructures  of the  organic mater ia ls  of t h e  two sha les ,  as 
the nitrogen contents  of the  organic mater ia ls  a re  about equal ,  
being 2.58 for the  Colorado s h a l e  and 2.32 for the  Brazi l ian 
shale .  Colorado s h a l e  o i l s  may b e  considered to  differ in  
th i s  regard a l s o  from al l  other s h a l e  o i l s  on which ana lyses  
have been published by th i s  laboratory (3,5,8,11-13). A s  
shown in Figure 3, the  nitrogen contents  of o i l s  from various 
par t s  of t h e  world range from about 0.5 to  1.0%, correspond- 
ing to a range of 1.0 t o  2 .3% of nitrogen in t h e  organic ma- 
ter ia l  from which they were derived. Several interpretations 
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Table  I. Summary of Analytic01 Results an Braz i l ian  ond Colorado Shale O i l s  

Brazilian (Paraiba Valley) Shale Oils  Colorado Shale Oils  

Entrained Entrained Parry Run 
solids, Fischer  Gas 

1 2 3 1120'F. assay Combustion Union Otto 
so lids, 

1100'F. 

1.069 
0.56 
1.94 

( 5  

3.4 
4.0 
4.4 
4.6 
3.5 
4.9 
7.9 
6.4 
5.1 
3.9 
3.8 
4. 1 
1.3b 

43. 1 

0.709 
0.744 
0.773 
0.792 
0.814 
0.846 
0.879 
0.901 
0.923 
0.942 
0.964 
0.975 
0.980 

0.63 
2.0 1 
2.69 
3.12 

11 
62 
27 

33 
23 
44 

22.3 
25.0 
28.3 
29.9 
29.3 
36.4 

C 

Fischer Gas 
assay Combustion Union 

Properties of crude oil 
Gravity, 60/60 O F .  

Sulfur, wt. 7 0  

Nitrogen, wt. 7, 
Pour point, OF. 

0.911 
0.35 
0.78 

65 

0.4 
1. 3 
3.9 
8.7 
6.9 

10.5 
12.2 
10.7 

0.912 
0.48 
0.70 

35 

0.3 
1.7 
4.4 
8.9 

11.0 
12.5 
12.7 
13.8 

0.928 0.951 0.888 0.919 0.930 0.906 
0.46 0.69 0.41 0.68 0.73 0.68 
0.74 1.22 0.98 1.06 1.43 0.79 

15 ( 5  80 90 80 80 

0.9 18 
0.64 
1.95 

70 

1. 7 
1.0 
2.5 
3.5 
5.0 
4.8 
5.8 
6. 2 
6.9 
7.8 
7.7 

12.6 
34.6 

0.732 
0.756 
0.772 
0.798 
0.820 
0.854 
0.868 
0.889 
0.905 
0.926 
0.939 
0.951 

0.74 
1.49 
2.04 
2. 34 

33 
56 
11 

23 
47 
30 

30.2 
30.6 
31.3 
32.9 
31.6 
33.7 
38.2 

(1. 943 
0.69 
2. 13 

85 

1.5 
2.9 
3.2 
5.7 
5.7 
5.9 
7.6 
7.6 

10.2 
49.7 

0.806 
0.831 
0.849 
0.867 
0.889 
0.899 
0.915 
0.935 
0.945 

1. 17 
1.37 
2.03 
2.47 

27 
51 
22 

27 
42 
31 

32.4 
33.5 
34.4 
34.8 
33.6 
32.9 
38.3 

0.945 
0.76 
1.89 

75 

0 .1  
2.6 
3.3 
6.0 
5.0 
7.8 
6. 5 
8.9 

11.5 
48.0 

c 

0.823 
0.854 
0.869 
0.882 
0.891 
0.912 
0.930 
0.943 

d 
d 
d 

d 

21 
55 
24 

d 
d 

d 

32.8 
32.0 
35.4 

d 
d 
d 
d 

Volume of Distillation Fractions, 7, 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Residue 

Temp., 
OC. 
50 
75 

100 
125 
150 
175 
200 
150 
175 
200 
225 

Pressure,  
mm. 
760 
760 
760 
760 
760 
760 
760 
40 
40 
40 
40 

0.5 
3.2 0 . 1  
6.3 0.4 

0.9 5.7 2.1 
3.6 5.9 3.2 
6.0 ' 4.9 4.2 0.6 
9.4 6.8 6.4 1.4 2.7 4.9 

10.6 9.4 4.0 1.9 4.2 7.2 
8.9 8.5 12.5 5.3 7. 1 6.2 

11.7 6.3 8.4 8.6 9.7 9 .1  
10.5 5.5 8.7 9.6 9.1 10.0 

9.5 5.2 8.8 9.8 9.6 10.1 250 40 11.8 10.3 
275 40 8.8 7.3 
300 40 10.1 8.9 

13.5 7.7 

7.1 4.4 9.6 11.5 12.3 12.3 
8.4 4.6 12.0 16.4 7.4 a 

10.2 24.8 24.6 34.8 34.6 36.5 

Gravity of Distillation Fractions 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

0.702 
0.710 
0.749 
0.782 
0.805 
0.826 
0.859 
0.906 
0.918 
0.929 
0.944 
0.961 
0.973 
0.985 

C 

0.736 
0.758 
0.782 
0.807 
0.833 
0.852 
0.865 
0.877 
0.887 
0.897 
0.900 
0.902 

C C 

0.773 0.821 
0.813 0.829 
0.849 0.853 
0.871 0.876 
0.884 0.892 
0.896 0.904 
0.906 0.915 
0.920 0.931 
0.926 0.938 

0.781 
0.806 
0.834 
0.862 
0.884 
0.899 
0.912 
0.927 
0.947 
0.961 
0.993 

0.807 
0.827 
0.854 
0.867 
0.879 
0.891 
0.903 
0.908 
a 

0.843 
0.861 
0.870 
0.881 
0.888 
0.899 
0.905 
0.90 7 

0.837 
0.862 
0.877 
0.891 
0.901 
0.911 
0.927 
0.932 0.935 0.958 

0.70 
0.64 
0.65 
1. 10 

1 2  
51  
37 

9 
44 
47 

9.5 
16.5 
24. 1 
32.2 
38.5 
48.0 
45.7 

Nitrogen in Composite Fractions, Wt. so 

0.73 0.49 1.17 1.06 0.84 0.89 
0.61 1.01 1.02 0.98 0. 76 0.72 
0.72 1.41 0.93 0.99 1.14 0.74 
1.10 2.03 0.91 1.16 2.18 0.82 

Naphtha (fract. 1-7) 0.85 
Light distillate (fract. 8-10) 0.77 
Heavy dis t i l la te  (fract. 11-14) 0.71 
Residue 0.92 

Analysis of Neutral Naphtha, Vol. % 

11 6 19 C c 25 
38 54 60 C c 49 
51 40  21 C C 26 

Saturates 
Olefins 
Aromatics 

15 
60 
25 

Analysis of Neutral Light Distillate, Vol. 7, 

10 12 18 23 11 16 
35 31 48 41 53 44 
55 57 34 36 36 40 

Saturates 
Olefins 
Aromatics 

1 2  
45 
43 

Aniline Points  of Fractions, 'C. 

No. 
8 
9 

10 
11 
12 
13 
14 

15.3 
21.0 
28.0 
36.9 
45.4 
53.2 
57.8 

5.8 11.0 26.2 27.9 34.4 27.2 
11.2 13.1 32.5 31.5 37.7 31.6 
18.9 22.4 36.3 37.2 42.3 37.5 
25.6 32.0 43.2 43.7 47.0 43.9 
32.8 40.3 52.8 50.1 50.5 48.8 
40.5 52.4 57.5 57.0 54. 1 56.9 
38.9 58.4 65.4 60.6 60.2 e 

:No fraction obtained because of foaming. 

'Insufficient sample for analysis. 
dSarnple analyzed before these  determinations were included i n  this  method 

Distillation stopped at 278OC. because of cracking. 
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Figure 4. Nitrogen contents of fractions from crude shale o i ls  

of these  data  are possible ,  but the simple one which as- 
sumes that the Colorado sha le  i s  unique seems preferable. 
For  clari ty of presentation and because  in general the o i l s  
were not derived f rom exactly the same sha le  sample on 
which elemental analysis  of t he  organic matter was  made, a 
s ingle  average value for each  s h a l e  is given in Figure 3. 

T h e  distribution of nitrogen with respect  to boiling range 
shows some variation among the Colorado oi ls ,  but in a l l  
cases the s lopes  of the curves shown in Figure 4 are steep. 
Previously published (11) data  from this  laboratory show 
that this  sharp increase in  nitrogen content with increase in 
average boiling point of the fraction also is true for other 
o i l s  from Colorado and from foreign countries.  A s  indicated 
in  Figure 4,  only the entrained so l id s  and Union o i l s  from 
Brazil ian sha le  show this  same general  nitrogen distribution 
and even the Union oil  h a s  about the same nitrogen content 
for the first  two fractions,  naphtha and light dist i l late.  The  
curves for the other four o i l s  are approximately level,  with 
the F ischer  a s say  oil  actually showing a slightly negative 
slope.  T h i s  distribution of nitrogen i s  particularly important 
from a refining standpoint,  a s  the nitrogen content of a 
particular dis t i l la te  to be processed  rather than that of the 
total  crude oil  i s  significant.  

Sulfur Dist r ibut ion.  T h e  sulfur content of the crude sha le  
oi ls  a l so  i s  shown in Table  I .  Relat ing the sulfur content 

PARRY N0. I  

PARRY N0.2 

PARRY N0.3  

0 25 50 75 io0 
VOLUME PERCENT 

SATURATES n OLEFINS SSJ A R O M A T I C S  

Figure 5. Hydrocarbon groups in combined naphtha and light 
disti l late fractions from Brazil ian shale o i l s  

Table  II. Conditions of Three Runs on Parry Retort 

Rate, S.C.F./Lb. 
Run No. Temp., OF. Entraining Medium Shale 

1 900 Recycle  gas  2.0 
2 900 Air 2.0 
3 950 Air 2.0 

Table  111. Hydrocarbon Analysis of Combined Naphtha and L ight  
Dist i l la te  Fractions from Colorado and Brazil ian O i l s  

Hydrocarbon Composition, V o t  % 

Retort Shale Source Saturates Olefins Aromatics 

Fischer as say  Brazil 18 54 28 
Colorado 27 5 1  22 

Entrained sol ids  Brazil 9 46 45 
Colorado 20 46 34 

Gas Combustion Brazil 23 4 1  36 
Colorado 27 44 29 

of the oil  to  that  of the s h a l e  i s  more difficult than with 
nitrogen, a s  t he  sulfur in the s h a l e  ex i s t s  in both inorganic 
and organic forms. However, the sulfur contents of the 
Brazil ian and CoIorado o i l s  are in the same general range, 
an indication that the structure of the organic matter in 
Colorado sha le  does  not differ f r o m  that in  other sha le s  with 
respect to  sulfur as it does  with respect to nitrogen. Sulfur 
is usually distributed evenly throughout the boiling range in  
sha le  o i l s  (11). A similar distribution was  found for the 
Brazil ian oi ls .  

Hydrocarbon Composi t ion ,  Resu l t s  published (11) on Col- 
orado oi ls  have shown that retorting can have  a pronounced 
effect  on hydrocarbon composition. For  example, a sub- 
stant ia l  increase in  retorting temperature will give a highly 
aromatic oil .  For  the Brazil ian o i l s  only the Parry retort 
w a s  operated under more than one s e t  of conditions. Three  
of the o i l s  were obtained by t h i s  retort under the conditions 
l is ted in T a b l e  11. T h e s e  runs w e r e  designed to show the 
effect  of temperature and type of entraining gas.  T h e  hydro- 
carbon analyses  of the combined naphtha and l ight-disti l late 
fractions from these  o i l s  (Figure 5) indicate that the oil ob- 
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Figure 6. Anil ine points of vacuum fractions from Brazil ian o i ls  
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tained from run 1 at  900" F. using recycle  g a s  for entrain- 
ment is the  l e a s t  aromatic. T h e  oi l  from run 2 a t  the same 
temperature but using air  for entrainment is somewhat more 
aromatic. The air  decreased  t h e  over-all oi l  yield by 20 t o  
25 % and t h i s  dec rease  may have  been differential according 
to  hydrocarbon type. T h e  oil  obtained a t  t he  higher t empera  
ture  of 950" F. and a l s o  using air ,  is t h e  most aromatic, 
showing the  combined e f f ec t s  of t h e s e  two variables.  T h e  
oil yield on t h i s  last run w a s  equivalent to  the run using re-  
cycle  gas.  T h e  anil ine points  of the individual fractions ob- 
tained i n  the  vacuum dis t i l la t ions of t hese  oi ls ,  plotted in 
Figure 6, show that  the differences in composition of the 
o i l s  are a l s o  evident in  the higher-boiling fractions where 
hydrocarbon group determinations could not be made. 

Figure 6 includes ani l ine points for the entrained so l id s  
oil  and an  average curve that is taken a s  representative of 
o i l s  produced in the F i sche r  a s s a y ,  G a s  Combustion, Union, 
and Otto retorts. T h e  curve for the entrained so l id s  oil  ap- 
proximates that  for t he  medium aromaticity oil  from the Parry 
retort, although the entrained so l id s  oi l  was  from a run 
having a nominal retorting temperature about 200' F. higher. 
Although retorting temperature i s  an important variable that  
may b e  correlated with composition for a given retort, other 
factors such  a s  residence time affect composition. O i l s  from 
retorts in which the products are  removed by a sweep g a s  
and from the F i sche r  a s say  retort have  much higher ani l ine 
points,  as indicated by the upper curve in  Figure 6. 

A s  the Brazil ian and Colorado s h a l e s  differ with respect  
t o  nitrogen content,  t he  hydrocarbon compositions of several  
oils were compared to see if  differences were indicated. T h e  
F i sche r  a s say ,  entrained sol ids ,  and G a s  Combustion retorts 
were used on sha le s  from both sources .  Hydrocarbon ana lyses  
of the combined naphtha and l ight d i s t i l l a t e  fractions after 
removal of tar ac ids  and tar b a s e s  are  shown in Tab le  111. 
T h e  sa tu ra t e s  for t he  Colorado oils are consis tent ly  higher 
and the  aromatics correspondingly lower, with only small  
differences in the olefin contents .  T h i s  trend is apparent 
even if t he  tar  ac ids  and tar bases ,  which are generally 
higher for the Colorado o i l s ,  are considered a s  aromatics. 

SUMMARY 
Oils  obtained from Brazi l ian and Colorado s h a l e  by several  

different experimental retorting methods have been analyzed 
by the  Bureau of Mines method for crude sha le  oil. T h e  
proportion of lower-boiling d i s t i l l a t e s  was  primarily a func- 
tion of the retorting method, but the Colorado o i l s  a lways  
contained larger amounts of residuum. T h e  retorting method 

caused  a variation in the total  nitrogen and sulfur contents  
of the o i l s .  T h e  average nitrogen content of the Colorado 
o i l s  was about twice that of the Brazil ian oi ls .  T h i s  dif- 
ference apparently resul ts  from variations in structure of 
organic matter, as total  nitrogen contents  were about the 
same. Most of the Brazil ian o i l s  had a different distribution 
of nitrogen with respect to boiling range than the Colorado 
oils.  O i l s  produced from the two s h a l e s  by the same re- 
torting method showed regular differences in hydrocarbon 
composition, the Colorado o i l s  having a greater content of 
s a tu ra t e s  and a lower content of aromatics. 
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Distribution of Nitrogen Compounds in Wilmington, Calif. , Petroleum 
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N itrogen compounds in petroleum are known to have  properties of nitrogen compounds in  petroleum i s  important 
deleter ious effects  on cracking c a t a l y s t s  in  refining in combating t h e s e  undesirable effects .  To procure funda- 
operations (6, 8 ,  22, 26) and on the s tabi l i ty  of petroleum mental data  on the structure and properties of t h e s e  com- 
products (5 ,  25). Knowledge of the occurrence,  types,  and pounds, t he  American Petroleum Inst i tute  Research  Project 

52 on nitrogen const i tuents  in  petroleum was  establ ished 
'Present address, U. S .  Air Force, San Antonio, Tex. July 1, 1954. The  init ial  s tud ie s  of one phase  of Project 
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