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COMPOUND-TYPE SEPARATION AND CHARACTERIZATION STUDIES 
FOR A 370° TO 530° C DISTILLATE OF RECLUSE, WYOA, 

CRUDE OIL 

by 

D, E, Hirsch, 1 J, E, Dooley, 2 J, W, Vogh, 2 and C. J, Thompson 3 

ABSTRACT 

The Bureau of Mines has developed a systematic procedure for separation, 
characterization, and semiquantitative analysis of high-boiling (350~ to 
550° C) distillates of crude oils. Isothermal and molecular distillation 
were used to prepare the 370° to 530° C distillate of Recluse, Wyo., crude 
oil. The distillate was separated into fractions by chemical treatment, 
silica-alumina gel adsorption, and gel permeation chromatography (GPC). 
The fractions were analyzed by use of GPC correlations and mass and nuclear 
magnetic resonance (NMR) spectrometry. The increased knowledge of petroleum 
composition obtained from the data will contribute to improved petroleum 
processing and utilization and energy conservation. 

INTRODUCTION 

This report is the fifth in a series of separation and characterization 
studies on 370° to 535° C distillates of crude oils of widely different geo­
graphic origins. Four previous investigations (1, i-~, 10)4 utilized a GPC 
correlation-mass spectral characterization procedure (11) to study the com­
position of 370° to 535° C distillates of Prudhoe Bay,Alaska; Gach Saran, 
Iran; Swan Hills (south field), Alberta, Canada; and Wilmington, Calif., 
crude oils. 

Compositional data on these five distillates boiling in the 370° to 
535° C range provide information necessary for more efficient conversion of 
this boiling range of petroleum into more useful energy forms (2-2)• These 
investigations of the heavy ends of petroleum by the Bureau of Mines are 
performed in cooperation with the American Petroleum Institute (API) as API 
Research Project 60. Background information (l, 13-14) on methods, limita­
tions (3, 6, 15), and fundamental data on selected crude oils (7-9) is 
available in the literature. The main objective of the project~-to develop 

1 Research chemist (now resigned). 
2 Research chemist. 
3 Acting research supervisor. 
4 Underlined numbers in parentheses refer to items in the list of references at 

the end of this report. 
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Recluse, Wyo. 

Crude oi I 
100.00% 154 . 7 kg 

I 
lsothermol Distillation 

Atmos . Pressure, 100° C 

Dis ti Ila te Residue 
30.50% 47.2 kg 69 . 50% 107. 5 kg 

lsothermol Distillation 
100° C, 5 mm 

107. 3 kg 

I 
Distillate Residue 

9.36% 14.5 kg 60 . 14% 92.8 kg 

7 
Two Rota-Film Distillations 

( 1) 101° C, 280 µ 
(2) 132° C, 95 µ 

88. 0 kg 
I 

I l 

Distillate Residue 
<335° C >335° C 

28. 09% 41. 1 kg 32.05% 46. 9 kg 

I 
Rota-Film Distillation 

237° C, 27 µ 

45. 8 kg 
I 

I l 
Distillate Residue 

335-530° C > 530° C 

23. 17% 33. 1 kg 8.88% 12. 7 kg 

I 7 
Rota-Film Distillotian 

256° C, 5 mm 
5. 1 kg 

I 

I j I 
Distillate Residue 
335-370° C 370-530° C 

4.59 % 1.0 kg 18.58% 4. 1 kg 

Rota-Film Distillation 
296° C, 5 µ 

12.0 kg 

I 
I 7 

Distillate Residue 
530-675° C >675° C 

5. 30% 7.2 kg 3.58% 4.8 kg 

FIGURE 1. - Preparation of distillates for 
Rec I use, Wyo., crude oi I. 

an analytical procedure applicable to 
any 350° to 550° C crude oil distillate 
regardless of the crude oil source--has 
been achieved. Data obtained by the 
project's procedure on the fifth project 
crude oil (Recluse, Wyo.) are included 
in this report. 
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Heavy Ends of Petroleum," which the 
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ing at the Bartlesville (Okla.) and 
Laramie (Wyo.) Energy Research Centers. 

SAMPLE SOURCE AND PRELIMINARY ANALYSES 

The Sinclair Oil Co. (now Atlantic 
Richfield Co.) furnished the sample from 
the Recluse, Wyo. oilfield. Bureau of 
Mines routine crude oil analyses pro­
duced the experimental data of table 1 
and the derived data of tables 2 and 3. 

Preparation of Distillates 

The API Project 60 distillation 
scheme used for preparing distillates 
for investigation has been described (1,
~-1, 10). Figure 1 shows application 
of the scheme to Recluse, Wyo., crude 
oil to produce distillates with the 
following boiling ranges: 225° to 
315° C, 315° to 370° C, 370° to 530° C, 
and 530° to 675° C. 
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TABLE 1. - Data from routine analysis of Recluse, Wyo. , crude oil 

CRUDE PETROLEUM ANALYSIS 
Burenu of Mines _______ B.Cll:tl_e_~~iHe. _______ __ Laborat,ory 

Sample ___ _____ 68169-_____________________ _ 

Recluse field IDENTIFICATION Wyoming 
Muddy, Dakota, Lower Cretaceous Campbel I County 
4,700 - 5,000 feet 

GENERAL CHARACTERISTICS 

0Gravity, specific, ----~:-g~~ --- ---- Gravity, API, _____4l,J__ __ __________ Pour point, ° F ., ----~_9_____ __ _____ __ ____ __ _ 
Sulfur, percent, ---------·----------------- Color, brownish__g_ree n __ _______ ______________ _ 
Viscosity, Saybolt Universal at ZZ~ _f.:_1~--~~~--i ___l _Q_Q~ _f_} ~-~-~-<::__ __ N ·t 0 0311 rogen, percen t, ___,______ ____ __ _____ __ ___ __ __ 

DISTILLATION, BUREAU OF MINES ROUTINE METHOD 

STAGE !-Distilla t ion a t a t mospheric pressure, ___ 742 ______ mm Hg 
First drop , ___ ] ] ________ ° F. 

Fra ction 
No. 

Cu t 
temp. 

o F . 
P ercent Sum . 

percent 
Sp. gr., 

60/60 ° F. 
0 AP I 
60° F •. C. I. 

Refract ive 
index, 

n. a t 20° C . 

Specific 
dis pers ion 

S. U. 
vise'../..

100° 1' . 

Cloud 
test , 
o F. 

1 . .. . . . 
2 . ... . . 
3 . . . . . . 

4 . - - - . . 
5 . . .. .. 

122 

167 
212 
257 
302 

__ __ 3.] --- ___ __ 3._7_______0 ._642 _____ __ _88 ._~----- --------------- -- -----------------
2. 7 6 . 4 . 674 78.4 9.4 1.37815 127.8 

_____6 ._1---- ___ 12._5____ ----- · 718___ _____65._6___ __ -_20 __ __ ______ 1._40058____128. 4 ----
__ ___ 8. 2 --- ___20.]_________ ._748____ ____57._7_____ __?._(} ___ __ __ ____ 1. 41531 ____135. 0 ----
_____ 6 ._3 ______27. o___ __ ____ ._766________53 . 2 __ __ --~- ______ ___ __ 1._42 702 ____143. 2 ___9 

6 ... . . . 
7 .. . . . . 

8 - - - ... 
9 . . . . . . 

347 --- 5 . 7_______ 32. 7____ ----- · 785___ _--- 48._8______ 29______ ____ 1._43595____142. 9 ___ _ 
392 ----1J --- ---~~:-~---- -----:-~~b ___ ---1~:~----- -~~--------- -~:-t~~g----~1t ~-
437 :::-:5. 2__ __ -__4 7. 4____ _____ . 823_______ 40._4 ____ __}9_________ __ l ._45868___ _1_52 ._3 ___482 

10 . . ... 527 --- 4•.8___ __ __ 52•.2_________ ,_832 ________ 38 , 6_____ __29___________ 1._46523___ _1_55. 2 ___ _ 

STAGE 2-Distillation con tin ued a t 40 mm H g 

11 - - ... . 
12 ... . . . 
13 . . ... . 
14 . . . . . . 

15 ... . . . 

Residuum. 

Carbon res idue, Conradson : R esiduum, _J ._.Q__ percent; crude, _Q,_Q__ percent. 

APPROXIMATE SUMMARY 

Percent Sp . gr. 
1
_ =0,.,.A_P~I_ _ 

1
__ V_isc_o_si-"ty'--

_L.,.,, ht "-' .n.:...e.:...·c_··_c·_ · -'-·_• .:...·c_·· · -=-·_.:_·.:.....· ·_c·...c..·.c...·.:....:.....··_c·_:_•_.:_·.:....:....·_c·_:__.:_.:_·c_c...: · -=- · .:.....· ·_c__1- ;..::2 ·:..:. ____ 0 . 686________74 ·-~-------ig"'--'-'ga-=-so:..:.h:..:: - ·-=- · c_ · · · · · · ·-=- · _.:_· :....: · :.:::--:.:..;·1 = 5:.:::--:.:.:--=---
Total gasoline and naph t ha ...... . . . ... .. . . . . . .. . ..

· 

. . .. . . . . . 
_ 

__ 37. 4 ________ __ O. 742 __ . _59.2______ _ 
Kerosine d ist illate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10. 0 . 817 4 1. 7 
Gas oil . ...... . . . . . . . . . .. . .. . . ... . . . . . .. . . . . . . . .. .. . . . . 14.0 .846 35 . 7 

1 50-100Nonviscous lubrica t ing d istill a te .. •• • .• • ••• · ··· · · ·· ···· · ··· · · · __ -_-_ ~: ~-.-_-_-_-_-__- -_: ~;t-_:~~~ ~5:_k~~:l. 
Medium lubrica ting distillate . .. . . .•. . .. .. ..... . .. . .. .. .. . ... 100-200 

Viscous lubricating d istillate ... ... . . . .. . . . ... .. . . . . .. ... . . .. . - - Above 200 

Residuum .. . . . . . . . ...... . . . . . . ...... . . . . . . ..... . . . ... . . -- __1_7 . 9------- -------. 92 7 -·· __ _2 1.__1---- ---
Distillation loss .. . . . . . . .. . . .... . . . .. .•. . .... . .... . . . .. .. . -·- ---3 ._1______ _ 
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TABLE 2. - Supplemental data on Recluse, Wyo., crude oil analysis 

Fraction 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Residue 

Cut point Vol-pct 
o C o F crude 

oil 
50 122 3.7 
75 167 2.7 

100 212 6.1 
125 257 8.2 
150 302 6.3 
175 347 5.7 
200 392 4.7 
225 437 4.8 
250 482 5.2 
275 527 4.8 
308 587 4.6 
336 637 6.1 
364 687 5.2 
392 737 4.9 
420 787 6.0 
- - 17.9 

Crude oil - - -

Aro- Naph- Paraf-
matics, thenes, fins, 
vol-Pct vol-Pct vol-pct 

- - -
3.2 8.5 88.3 
4.1 32.2 63.7 
9.0 44.3 46.7 

16.4 32.3 47.3 

Paraffin- Sulfur 
naphthenes, wt-pct 

vol-Pct 
100.0 -
96.8 -
95.9 -
91.0 -
83.6 -

17.2 42.1 40.7 82.8 -
18.2 40.8 41.0 I 81.8 -I 
19.3 - - I 80.7 -
22.8 - - 77 .1 0.006I
22.4 - - 77 .6 • 015 
23.0 - - 77 .o .026 
26.4 - - I 73.6 .042 
- - - i - .079 
- - - - .108 
- - - - .111 
- - - - .193 
- - - - • 08 

TABLE 3. - Refractive index, density, and molecular weight 
(n-d-M) analysis of Recluse, Wyo., crude oi11 

Rings in Paraffins and Aromatic Naphthene 
paraffins- paraffin-chains rings/ rings/ 

Nitro-
gen, 

wt-pct 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

0.134 
.031 

Total 
rings/ 

naphthenes in paraffins molecule molecule molecule 
pct naphthenes, pct 

Composite, 
fractions 6-7 •••• 21.7 78.3 - - -

Composite, 
fractions 8-12 ... 23.4 76.6 - - -

Fraction 12 ••••••• - - 0.2 1.3 1.5 
1 n = refractive index; d = density; M = molecular weight. 

The 370° to 530° C distillate used in this research was evaluated by 
simulated distillation data derived from programed high-temperature gas-liquid 
chromatography (16). The resultant chromatogram and accompanying data, figure 
2 , indicate that92.0 percent of the distillate is within the assigned 370° to 
530° C ~oiling range. 

Separation and Preliminary Analyses of 370 ° to 530° C Distillate 

The complexity of the 370° to 530° C distillate has been shown for four 
other crude oils (1, i-l, 10). The API Project 60 separation and characteriza­
tion scheme (1, ~,~)was used, and data f or the 370° to 530° C distillate of 
Recluse, Wyo., crude oil are given in figure 3, which shows that wax, acid, 
base, and neutral nitrogen fractions are removed f rom the distillate . Such 
treatment improves t he distillate f rom the viewpoint of separations 



u ;;:. . 
<371 •c- 700°F 4.3 % w"' u u. ... "' ... a,400 °c- 751 •F 12.3 % 2~ 

0 ......429 •c- 804°F 20.5% 
u"' w

455 •c- 851 °F 20.3 % u;;: C 
N 
u.. ' 

486°C- 907°F 20.2% CX) N 
... a, C' 

5 13•c- 955 °F 12.7% ... a, 

...
538"C-l,000°F 6.0% 

u"' 
> 538 •c- 1,000 •F 3.7% 

C' 
z 
0 
.:: a, 
u u 
....J 
UJ "' 

C u. 
UJ 
Cl 

(r 
UJ 
Cl 
(r 
0 
u 
UJ 
(r 

u~ 
• 0 

, a, 0 
"'0"'...: 

55 50 45 40 35 30 25 20 15 10 5 

TIME, minutes 

FIGURE 2. - Simulated distillation by gas-liquid chromatography of a 370° to 530° ( distillate of Recluse, Wyo., crude oil. 

V, 
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Recluse, Wyo . 
d is till a te 

370" to 530° C 
18.58 % of crude 

!0.12 % SJ 10 .069 % NJ 

I W o x 
Dewox 

3.62 % (19.5 %) 

IR;ng, 
Moss 

0Distillate spectrometric )-
free or wax analysis 1 

2 
14. 96 °1,. (80.5 ¾) 3 

4 
5 
6

liquid- sol id chromatography Acids MA 
through onion resin 

(Ambedl A-29) 0.25 % (1. 35 %) 

liqUid- so lid chromotogrophy Bases 
through ca t ion resin 

(Ambedy,t A-15) 0.21 % (1.15 "'o) 

Neutral 
n itrogenChemical treatmen t 

with ferric chlor ide compounds 

0.17 % (0.93 %) 

Distillate 
freed of wax, acids, bases, and 

neut ral n it rogen compounds 
14. 33 '¾- (77.07 %) 

f0.22 's SJ [0 . 043%N 

Liquid- sol id chromatography 
through dual silica­
alumina gel column 

Saturates Monooromotics Dioromotics Polyoromotics-polor 
10. 16 % (54.62 %) 2.09 % (11.27 %) 0.94 % (5.06 %) 1. 14 '¾- (6. 12 %) 

(0. 04 % SJ [0 . 010 % NJ (0 . 10 % SJ [0 . 001 % Nl (0.49 % SJ [1.02 % SJ [O . 100 % Nl 

Mass spectrometric GPC-moss spectrometric GPC-moss spectromet ric GPC- moss spect rometric 
analysis onolysh analysi s analysis 

Carbon no. 
range 

C19-C43 

Rings Wt pct Series Wt pct Series Wt pct Series Wt 

0 2.27 (22.41 -6, -20, - lOS, -14S2 0.25 I11.e1 -12 , -26, -2S, -16S 0.08 I 8 .51 -16,-30,-20S , -IOS2,-24S2 0.11 
1 2.66 (26 .21 -8,-12S,-1652 .32 I 15.21 - 14, -28, -4S, -18S, -8S2 .14 I15.21 -18,-8S,-22S.-1252,-26S:1,-16SJ . 16 
2 I. 93 I 19 .01 - 10,0S, -14S,-18S2 .35 (16.91 - 16, -JO, -6S, -20S, - 1052 .19 (20 .01 -20, - 24S, - IOS, - 28S2 .20 
3 1. 14 I 11.21 -12, -2S,-16S, - 6S2 .37 I 17.91 -18,-22S,-12S2 .19 (20 . 21 -22, -26S, -30S2 .21 
4 1.08 I10.61 - 14, -4S,- 18S , - 8S2 .35 I 16.71 -20, - 24S .16 (16.61 - 24,-1 4S,-28S . 19 
5 0.62 I 6.11 - 16, -6S, -20S, - IOS2 .27 (12.81 -22 . 11 I I I.SJ - 26,-16S,-20S2 .15 
6 .46 I 4.51 - 18, - SS, - I2S2 .18 I 8. 71 - 24,-14S,-18S2 .07 I 7.71 - 28, - 18S, - 22S2 . 12 

MA I --1 

Note: Percentage figures in parentheses ore on d istillate basis, those in brackets ore on fraction basis, and others are on crude oil basis. 

Wt 

2 .52 
0.69 

.14 

.04 

.02 

.0 1 

. 16 

.04 

pct 

I 9.41 
I14.21 
I 17.51 
(17.91 
(16.81 
I13 .41 
(10 . 81 

pct 

169.31 
119.21 
I 3.91 
I 1.01 
I 0.6J 
I .41 
I 4 .51 
I 1. 11 

FIGURE 3, - Separation procedures and related analyses for 370°to 530°( distillate of 
Recluse, Wyo,, crude oil, 

https://�-(77.07
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and analysis. The distillate less waxe~, acids , bases, and neutral nitrogen 
compounds is then separated by the silica-~iumina gel adsorption procedure 
(.g_) into saturate , monoaromat ic , diar &ma tic, and polyaromatic-polar mater ial 
concentrates. Preliminary mass spectral analyses of these , concentrat~s are 
also shown at the bottom of figure 3: Tfie saturate analyses were derived from 
high-ionizing voltage (70 eV) matrices developed by Hood and O'Neal (11)• 
The aromatic concentrates were analyzed by low-ionizing voltage (11 eV) mass 
spectrometry~ The mass spectral Z series designations in figure 3 are those 
derived from GPC-mass spectral correlations developed by the Bureau of Mines 
(10). The weight-percent values are given for each nominal mass Z series for 
each of the three aromatic concentrates. These data on each of the three aro­
matic concentrates will be used later for canparison with the reconstituted 
data from GPC-mass spectral analyses of individaul GPC subfractions of each 
concentrate obt_ained by GPC separation of each whole aromatic concentrate. 
This reconstitution to compare the values on the sum of the parts of a con­
centrate with the values obtained on the whole concentrate establishes the 
internal consistency of the method. 

CHARACTERIZATION STUDIES 

Mass spectrometry alone was used to characterize the saturate concentrate. 
GPC correlations, and mass and NMR spectrometry were used to analyze the three 
aromatic concentrates. The GPC separation technique has been described (1), 
and the three GPC chromatograms of figure 4 are those of the three aromatic 
concentrates from the 370° to 530° C distillate of Recluse, _Wyo., crude oil. 
The chromatograms are plotted as retention volume versus percent sample recov­
ery and are typical of those obtained from 370° to 535° C distillates of other 
crude oils. All of the chromatograms start at about 1,000 ml and end at about 
1,450 ml for the monoaromatics, 1 ,575 ml for the diaromatics, and 1,850 ml 
for the polyaromatic-polar material. The overlap of the three chromatograms 
does not interfere with the analyses of the three concentrates because the 
very selective silica gel-alumina gel separation yields well-defined con­
centrates for the GPC-mass spectral characterization and analysis method. 

The characterization and analysis method employs an average theoretical 
ring carbon number at each ring number. This average theoretical ring carbon 
number is based upon the total aromatic carbon number for each compound type 
and the theoretical average number of naphthenic carbons involved in formation 
of each higher ring number naphthenolog. A set of GPC correlations based on 
model compounds then gives the total alkyl substitution for each compound type 
at each ring number at a given retention volume. The theoretical average 
carbon number and GPC-correlation substitution values together predict a 
molecular weight for each compound type at each ring number for any given 
retention volume. Low-ionizing voltage (11 eV) mass spectral molecular­
weight data are then used to establish the presence or absence of the mate­
rial predicated at each ring number for a given retention volume and to obtain 
a semiquantitative analysis of the material present. Finally, the mass 
spectral and GPC-correlation data are used together to adjust the GPC values 
(the ring number and substitution values predicted from the theoretical ring 
carbon number and GPC substitution values) to give the total carbon number 
found by mass spectrometry. NMR trend data support the GPC-mass spectral 
analysis method results. 
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Saturate Concentrate 

The 370° to 530° C distillate of Recluse, Wyo., crude oil, as mentioned 
previously, was dewaxed with methyl isobutyl ketone to leave a fluid wax-fr ee 
distillate. The saturate concentrate obtained fran the adsorption step was 
analyzed by the high-voltage (70 eV) fragment method of Hood, and O'Neal. The 
values in figure 3 represent an average of those obtained from the C

24 
normal 

alkane and isoalkane matrices. No monoaromatic types were detected, indica­
ting that a good adsorption separation was obtained. The other saturate con­
centrate (the wax) was obtained prior to the adsorption step and contained 
approximately 1 percent of monoaromatics. The bulk (about 89 percent) of the 
wax was n-paraffins and mononaphthenes according to the C

2 5 
normal alkane 

matrix. 

Aromatic Concentrates 

The three aromatic concentrates were individually fractionated by GPC, 
and selected subfractions therefrom were subjected to characterization and 
analysis by the GPC-mass spectral analysis method previously described. High­
ionizing-voltage (70 eV) spectra were also obtained to help resolve the proba­
ble compound types. For convenience in applying the GPC-mass spectral charac­
terization and analysis method, all low-ionizing-voltage (11 eV) mass spectral 
data are presented as plots of mass-to-charge (m/e) ratio versus percent total 
ion intensity for a given parent range in each GPC subfraction. The ring 
number distributions for each whole concentrate analysis were quite similar 
to those obtained for Swan Hills (South field), Alberta,Canada, another low­
sulfur crude oil (~). 

Monoaromatics 

Correlations developed for the GPC system and the mass spectral low­
ionization-voltage profile curves of figure 5 show that long-chain alkyl­
benzene types elute first (-6 Z series is most prominent). As the elution 
progresses, monoaromatics with condensednaphthene rings emerge in order of 
increasing ring number (-8 through -20 Z series, respectively). Figure 5also 
shows that as the elution progresses, there is a continuous decrease in aver­
age molecular weight, from about 580 in fraction 8 to about 290 in fraction 20. 

Data in table 4 show that in addition to alkybenzenes and their mononaph­
thenologs to octanaphthenologs, cyclic sulfides and some diaromatics were found 
(naphthalenes and/or diphenylalkanes and their naphthenologs and benzothioph­
enes and their naphthenologs). Finally, a small amount (<0.1 percent) of 
unknown material was present. Total diaromatics amounted to 11.5 percent and 
cyclic sulfides to 5.1 percent. 

The NMR data of figure 6 substantiate the observations made from the mass 
spectral and GPC data. In the NMR spectra Ha refers to hydrogen in methyl 
groups gannna and farther from the ring system; Hb refers to methylene and 
methine hydrogen, beta and farther from the ring system, and also refers to 
methyl groups beta to the ring system; H refers to methyl, methylene, and 

0 

methine hydrogen alpha to the ring system; and Hd r e f e rs to aromatic hydrogen 
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TABLE 4. - Maximum of distribution for each mass Z series of monoaromatic GFC fractions from 370° to 530° C distillate 

of Recluse, Wyo ., crude oil 

Mass Z GPC fraction number 
series 8 11 14 17 20 Probable type 

-6 540 414 344,358 302 - Al ky lbenzenes . 

-8 552 440 356,370 314 258 Naphthenobenzenes. 

-10 578 466 368,382 326,340 270 Dinaphthenobenzenes . 

-12 604 492 394,408 352 282 Trinaphthenobenzenes. 

-14 616 504 406,420 364 294 Tetranaphthenobenzenes . 

-16 628 530 432 376 306 Pentanaphthenobenzenes . 

-18 - 542 458 388 318 Hexanaphthenobenzenes . 

-20 - 540 470 400 344 Heptanaphthenobenzenes . 

-22 - - - 412 370 Octanaphthenohenzenes . 

-12 - - 380 324 282 Alk ylnaphthalenes . 

-14 - - 392 336 308 Naphthenonaphtha lenes/bi phenyls . 

-16 - - 404 362 334 Di naphthenonaphtha lenes/ naphthenodi phenyla lkanes . 

-18 - - - 374,388 346 Tri naphthenonaphtha I enes/ di naphthenodi phenyla Ikon es. 

-105 - - 414 - - Benzoth i ophenes . 

-125 - - 426 - - Naphthenobenzothi ophenes . 

-145 - - 440 - - Di naphthenobenzothiophenes . 

05 - 550 - - Cyclic sulfides. 

-25 - 548 - - Dicyclic sulfides . 

-45 - 546 - - Tricyclic sulfides. 

-65 - 544 - - Tetracyclic sulfides. 

582 456 - - - Unknown . 

596 470 - - - Unknown . 
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60-MHz NMR spectra of selected GPC­
separoted fractions of a monoaromatic 
concentra te fro m a 370° to 530° C d is­
tillate of Recluse, Wyo. , c rude oil . 

attached directly to the 
ring. The following trends 
are seen to occur across the 
GPC chromatogram: 

1. There is a general 
decrease in percentage of 
integral of Ha and Rb from 
fraction 9 to fraction 21 
and an accompanying increase 
of percentage of integral of 
the He and ~ peaks. This 
indicates a decreasing 
length of side chains and/or 
decreasing degree of substi­
tution about the ring systems. 

2. The sharpness and 
amplitude of the ~ peak 
decreases markedly from GPC 
fraction 9 to fraction 21 
and indicates that the length 
of side chains is decreasing. 

3. The total integral 
of spectral peaks generally 
decreases from fraction to 
fraction as the elution pro­
gresses. This indicates a 
decrea se in the percentage 
of hydr ogen in the fractions 
as elution pr ogresses. 

The location of the Rd 
peak (6.8 ppm below TMS4 ) 

and the division of the He 
peak (an alpha methyl peak 
near 2.2 ppm , and an alpha 
methy lene peak near 2.5 ppm) 
confirm the monoaromatic 
designation of t hese frac­
tions. The Rd peak in frac­
t ions 19 and 21 broadens 
out downfield (below 7.0 
ppm) , c onfirming the mass 
spectral findings of diaro­
matic t ypes in these frac­
tions. Some sulfur types 

4 Tetrame t hyls ilane . 
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may also contribute to the downfield shift of the H,i peak in the later 
eluting fractions. 

Diaromatics 

Figure 7 shows the low-voltage mass spectral profile curves for selected 
GPC fractions of the diaromatic concentrate. Trends similar to those found 
for the monoaromatic GPC f r actions are observed. That is, long-chain diaro­
matic types elute first, followed by types with an increasing number of con­
densed naphthene rings and shorter chains. Again, a sharp decrease in molecu­
lar weight is observed as the elution progresses. 
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Table 5 lists the 
maximum for each mode of 
each mass Z series dis­
tribution in each diaro­
matic GPC fraction. 
Probable types respon­
sible for these maxima 
accompany the listing. 
These data indicate that 
naphthalenes and biphenyl 
or diphenylalkane types 
and their naphthenologs 
predominate. Benzo­
thiophenes and their 
naphthenologs are pres­
ent in small quantities 
and some polyarornatic 
types are also observed. 
Monoarornatic contamin­
ants amount to <0.1 per­
cent, polyarornatic types 
to 5.1 percent, and sul­
fide types to 4.2 
percent. 

The NMR data of 
figure 8 verify the GPC­
mass spectral findings. 
The diarornatics are 
distinguished from the 
monoarornatics by the 
broader ~ peak and by 
its location (7.1 to 7.3 
ppm be low TMS) • In 
addition, the R

0 
peak 

does not have the charac­
teristics of the mono­
aromatic H 

0 
peak (as 

given in the discussion 
of figure 6). Finally 
in the last two frac­
tions (21 and 24-25), 
the presence of small 
amounts of polyaromatics 
with three or more rings 
is confirmed by a small 
peak at 8.3 ppm below 
TMS. 

FIGURE 8. - 60-MHz NMR spectra of selected GPC-separated 
fractions of a diaromatic concentrate from a 370° 
to 530°( distillate of Recluse, Wyo., crude oil. 
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TABLE 5. - Max imum of distribution for eoch moss Z series of dioromotic GPC froctions from 370° to 530° C disti I lote 

of Recluse, Wyo ., crude oil 

Mass Z 
series 8 11 14 

GPC fra ction number 
17 19 21 24 Probable type 

-12 576 450 366 296,310 282-296 254 - Alkyl noptha lenes. 

-14 574 476 392 322 1/294 
y 300 

266 224 ·Nopthenonaphtha lenes/bi phen y ls . 

-16 586 488 404 348 1/306 
2/320,334 

278 250 Di naphthenonaphtha lenes/ 
naphthenodiphenylolkanes . 

- 18 598 5 14 430 360 1/318 
2/ 346,360 

290,304 262 Tri nophthenonophtho lenes/ 
d inophthenodiphen ylal kones . 

-20 

-22 

-24 

- 26 

610 

622 

-

-

526 

538 

550 

562 

442 

454 

466 

478 

372 

398 

410 

422 

344 

356 

368,382 

394 

316 

328 

354 

366,380 

274 

286 

302 

-

Tetranophtenonaphthalenes/ 
trinaphthenodiphenylalkanes . 

Pentanaphthenonaphtha lenes/ 
tetranaphthenodiphenylalkanes . 

Hexonaphthenonaphtha lenes/ 
pentanaphthenodiphenyla lkanes . 

Heptanophthenonaphtha lenes/ 
hexanaphthenodiphenylalkanes . 

- 28 - 574 492 434 406 - - Octa no phthenono phtho I enes/ 
heptanophthenodiphenylo Ikon es. 

-30 - - - - 418 - - Octanophthenodiphe nylo lkones . 

-1 6,~6S - - - 348 306 278 2 50 Phenylolkyl sulfides or 
ocenaphthalenes . 

-1 8, -8S - - - 360 332 290,304 262 Naphthenophenylolkyl sulfides c,r 
mononophthe noace naphthalenes . 

-20,-10S - - - - - 316 274 Dinaphthenophenylalkyl sulfides or 
dinopht he noacenaphthalenes. 

-16S - - - - - 296 254 Dibenzothiophenes . 

-18S - - - - - 322 280 Naphthenodibenzothiophenes . 

- 20S - - - , - - 334 306 Din;:iphthenodibenzothiophenes. 

- 22S - - - - - 360 318 Trinaphthenodibenzothiophenes . 

- 24S - - - - - 372 330 Tetranaphthenodibenzothiophenes . 

-14S - - - 7 - - 256 Thienoindenes. 

-18S
2 - - - - - - 312 Dithienoindenes. 

1/ The lower mass-to-charge ratio is probabl y the diphenylolkane type . 
2/ The higher mass- to- charge ratio is probobl y the naphthalene type. 
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FIGURE 1 0. - 60-MHz NMR spectra of selected GPC-separated 
fractions of a polyaromatic-polar concentrate from 
a 370° to 530° C distillate of Recluse, Wyo., 
crude oi I. 

Polyaromatic-Polar 
Material 

Figure 9 shows low­
voltage mass spectral 
profile curves for selec­
ted GPC fractions from 
the polyaromatic-polar 
concentrate. Trends 
similar to those for 
monoaromatic and diaro­
matic GPC separations 
are found. That is, the 
typical decrease in 
molecular weight as the 
elution progresses is 
observed as well as an 
increase in condensation 
with accompanying 
decrease in chain length 
and degree of substitu­
tion as the elution pro­
gresses. Diaromatic 
types amount to 0.3 per­
cent and sulfides to 
2.5 percent. 

Table 6 shows the 
maximum of distribution 
for each mass Z series 
in selected GPC frac­
tions and the compound 
types probably respons­
ible for these distribu­
tion maxima. Three­
aromatic-ring types and 
their naphtheno deriva­
tives elute first in 
order of increasing ring 
number. Condensed four-, 
five-, and six-aromatic­
ring types are eluted 
subsequently . These data 
also show that compounds 
having up to nine total 
rings (three to six of 
these being aromatic) 
are present. 
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TABLE 6. - Maximum of distribution for each mou Z series of polyoromotic-polor GPC fractions. from 370- to 530- C distillote of Recluse , Wyo. • crude oil 

Mou z 
1t1rie1 11 ,. 17 20 

GPC fraction number 

23 26 29 32 35 Proboble type 

-1 6 488 390 320 - - - - - - Alk ylocenaphtholenes • 

-18 500 <02 332 276 248 - - - - NophthenoocenaFhthalenes • 

- 20 512 <28 358 288 274 246 - - - Oinaphthenoocenaphtholenes • 

-22 524 "'° 370 300 286 258 244 - - Tr!noph thenoacenaphtho lene1 or dibenzoindere1 • 

-24 

- 26 

536 

-
452 ... 382 

39' 

312 

338 

298 

310 

270 

296 

256 

268,282 

-
-

-
-

Tetronaphthenoocenaphtholene1 or mononophth.nodibenzoindenH • 

Pentanophthenoocenaphtholenes or dinophtNnodibenzoinde,-1 • 

-28 - "62,476 <06 350 336 308 280, 29-4 - - Hexonophthenoacenophtholel'lti or tr-inaphthenodibenzoindene1 • 

-30 

-32 

-
-

474 ... 418 

430 

362 

374 

348 

360 

320 

332,346 

306 

332 

-
-

-
-

Heptonaphthenoocenophtholenn or tetronophthenodibenzoindene1 • 

Oetonophthenoacenophtholenn or P9ntonophthenodibenzoinderw1 • 

-34 - - - 386 3n - - - - Hexonophthenodibenzoinct.nes. 

- 36 - - - 398 - - - - - Heptonophthenodibenzoindenes. 

-18 - - - 276 248 220 206 192 Alkylonthracenes/ phen<mthrenn • 

-20 - - - 288 274 246 232 218,232 - Nophtheno(onthracena/pMnonthrenn) • 

- 22 - - - 300 286 258 244 230 - Dinophtheno(onthrocenn/ phenanthren•) . 

-24 - - - 312 298 270 256 242 - Trinophthe no(anthrocene•/phenonthren..) • 

-26 - - - 338 310 296 268,282 268 - Tetronophthena(ontlwocenes/ phenonthrenes), 

-28 - - - - 336 308 280, 29-4 280 - Pentonophtheno(onthro cenM/phenonthrenes ). 

-30 - - - - - - 306 292 - Hexonophtheno(anthrocene•/phenonthren ..) . 

- 16S - - - - 254 2<0 212 - - Alk yldibenzothiophenes • 

-18S - - - - 280 252 238 - - Nophthenodil;,..inxothiophenes , 

-205 - - - - m 264,278 250 236 - Oinophthenodibenzothiophenes • 

-22S - - - - 304 276 262 248 - Trinophthenodibfl'lzothiophen.. « thieno(onthtoeenes/ph-nthren•) , 

-245 - - - - 330 302 288 274 - Tetrono phthenodibenzothiophenes « nophthenothieno(anthtocenes/ phenonthr.net), 

- 265 - - - - 342 314 300 - - Pentonophthenodiberizothiopheri• 0t dinophthenothieno(orithtoa,n./ ph.nonthrenea), 

-28S - - - - 354 326 312 - - Hexonopht henodiber,zothiopher,a « trinophthenothieno(or,thtoa,n•/ ph.nar,threna) , 

-2052 - - - - 324 296 268,282 2<0 - Thie nodiber,zothiopher,es • 

-22S2 - - - - 336 308 294 252,266 - NophtheM>thler,odibemzothiophene• • 

-2452 - - - - 348 320 306 292 292 Oil'IOphtherlOthiel'IOdiber,zothiophe,,... 

- 26S2 - - - - 360 346 332 304 ,31 8 304 Trinophthenothiet'lodibeoizothi oJ)Nloi• or dithier,o(or,thracen•/ ph.nonthrenee), 

- 2852 - - - - 386 358 344 330 330 Tetrol'IOpht henothiel'IOdi beoizothiopl,enes or dithienonophther,a(ar,throcein• / phenonthren• ). 

-16 - - - - 236,250 222 - - - Dinophthenonophtholenes. 

-652 534 - - - - - - - - Thi e noc.ydic wlfide. 

-8S2 532 - - - -- - - - - Thienodicydic wlfide . 

-1052 530 - - - - - - - - Thienotricyd ic wlfide . 

-1252 528 - - - - - - - Thienotetrocydic wlficle. 

-1-4S - - - - - - 298 Oiberu:ocydic wlfiO(ls. 

-165 - - - - - 268 Naphthenodiberu:ocydic wlfidlt . 

-185 - - - - 266 Oinophthenodiberu:ocydic wlride. 

-20S - - - 264 Tril'IOphtheoiodibenzocydic wlfide, 

-22S - - - - - - - 276 276 Te tronophtf.nod iberu:ocydic sulfide. 

-2-4S - - - - - .. - - 302 Pentooiophthe nodiberu:ocydic sulfide • 

-BS - •n 416 - - . - - - - Benzocyd ic wlfide • 

-10S 470 414 - - - - - Naphtheoiobenzocyd ic sulfide • 

-28 - - - - - - - 211),29-4 266 Alk)' lbeoit.op)renes/ perylenes , 

- 26S - - - - - - 286 2n Thienopyrenes • 

-28S - - - - - - - 2911 284 Thienochrysenes , 

-3052 - - - - - - 342 - Oithier,opyrer,es • 

-22 - - - - - - - - 216 Alkylpyreoies • 

-24 - - - - - - - 228 Chrysene , 

- 28S2 - - - - - - - 288,302 Oitnienodioceno~tnoleoie , 

-1653 - - - - - - 276 262 Dithienobenzoc)cliaulridM • 

-20S - - - 320 - - - - Thienoocenophtholerws • 

-2052 - - - - - - - - 268 Thiernx::liberu:ocydic sulfides , 
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In general, the NMR spectra of figure 10 show the same trends that were 
observed for monoaromatic and diaromatic GPC fractions. In addition, the 
early eluting fractions, 9 and 12, resemble the diaromatic spectra, particu­
larly in the shape and location of the Rd peak. This supports the findings 
of some diaromatic types by GPC-mass spectral analysis and is probably also 
partly due to the presence of some polyaromatics that are phenyl derivatives 
of monoaromatic and diaromatic types. After fractions 9 and 12, the charac­
teristic polyaromatic-polar Rd peak is observed (the main part at 7.3 to 7.4 
ppm below TMS and a smaller division around 8.3 ppm). Also, the finer detail 
present in the l\t peak of fractions 32 to 34 indicates that a mixture of only 
a few similar types of polyaromatic molecules are present. Finally, a small 
peak at about 3.7 ppm is indicative of bridge hydrogens of condensed naphthene 
rings on condensed aromatic rings. 

The polyaromatic-polar material contains about 3.0 percent of unidenti­
fied nitrogen compounds, which were barely detectable in the mass spectra. 

Semiquantitative Analyses of Concentrates 

The semiquantitative analysis of the saturate fraction was given in 
figure 3, and no further study of this material was undertaken. 

Semiquantitative data for all three aromatic concentrates are summarized 
in table 7. The data were derived from the mass spectral distributions in 
figures 5, 7, and 9 following application of known GPC correlations. Compound 
type classification is made by mass Z series, and the series totals are com­
pared to the same nominal Z series values of figure 3 for each whole aromatic 
concentrate (prior to GPC separation). The two sets of data agree well, thus 
indicating the internal consistency of the method. 

The quantity of sulfur compounds indicated by GPC-mass spectrometry 
compares favorably with the quantity calculated from the total sulfur value 
for each aromatic concentrate. The calculated values are based on one sulfur 
atom per molecule and an average molecular weight of about 400. Monoaromatics, 
for example, containing 0.100 percent sulfur, calculate to about 1.3 percent 
sulfur compounds on the basis just mentioned. The GPC-mass spectral data 
indicate about 5.1 percent sulfur compounds containing on~ sulfur atom and 
none containing two sulfur atoms per molecule. The cause of the discrepancy 
will be discussed in a later section. The diaromatics, based on a sulfur con­
tent of 0.49 percent, calculate to about 6.1 percent sulfur compounds. This 
compares with the GPC-mass spectral determined values of 5.1 percent sulfur 
compounds containing one sulfur atom and 0.1 percent containing two sulfur 
atoms for a total of 5.3 percent sulfur compounds on a one sulfur atom basis. 
Data on the polyaromatic-polar concentrate suggest 12.5 percent sulfur com­
pounds by sulfur analysis versus 15.1 percent by GPC-mass spectral evaluation. 



TABLE 7. - Semiquant itative mas s Z series distribution from GPC-mass spectra l data of three aromatic adsorption 
f rac tions of 370 ° t o 530 ° C dis tillate of Recluse , Wy o., crude oil 

Wt - pct as Wt - pct as Wt-pc t as Wt - pct as Wt-pc t as Wt-pct as Wt-pct as Wt-pct a s 
derived derived derived derived de rived de rived derived derived 

f r om from fr om from f rom from from from 
z series GPC-mass who l e z series GPC -mas s whol e z series GPC-mass whole z s eries GPC-mass whol e 

spectral aromatic spec tra l aromatic spectral aromatic spectral a romatic 
data concen- data c oncen- data conce n- data concen-

trate trate trate trate 
MONO\ROMATIC CONCENTRATE DIAROMATIC CONCENTRATE POLYAROMATIC - POIAR CONCENTRATE 

-6 ¢11\) ........... . 9 . 1 - - 12 (DA) ••••.•.• 4.7 - -16 (DA) .•... .•• 0.3 - - 24 (PAP) ••.•••• 15.8 -
-20 (MA)•• .• •.•• 
-lOS (DA) ••.••. • 

3 . 2 
. 6 

-
-

-26 (DA) •••••••• 
- 16s (PAP) •••. • • 

3.8 
.2 

-
-

-16 
-30 

(PAP) •..• •• . 
(PAP) •• ••••• 

2. 0 
6 . 5 

-
-

- 24 (PAP) •.••••• 
- 14S (N Cy S) •• • 

.2 
tr 

-
-

Series Series -20S (PAP) ••••• • . 5 - - 28S (PAP) ..••.• .5 -
total. •••• 12.9 11.8 total. •.•• 8 .7 8 .5 - 20S (PAP) •••.•. • 3 - - 28S (PAP) •.•••• tr -

-20S (N Cy S) • . • tr - Series 
-8 (MA) ••••••. •• 
-22 (MA) •••••••• 
-12S (DA) •• • •••• 

15.0 
. 3 
.9 

-
-
-

-14 (DA) •••••••• 
- 28 (DA) •••••••• 
-18S (PAP) •••••• 

13.5 
1.0 

. 3 

-
-
-

-10S (Th Cy S).2 
- 24S 2 (PA P) ••. . .• 

Series 

. 2 

. 8 -
-26 

total. •••• 

(PAP) • • • •••• 

16 . 5 

12.5 

16.8 

-
Series Series total. •..• 10 . 6 9 .4 -16S (PAP) • .•.•• .4 -
total. •••• 16.2 15.2 tota l ••••• 14 . 8 15 . 2 - 16S (N Cy S) ••• tr -

- 10 (MA) ••• •.•.• 
OS (Cy S) ••• . • •• 

15.5 
. 9 

-
-

- 16 
-16 

(DA) • ••••••• 
(PAP) ••••••• 

15.9 
1.9 

-
-

-18 
-32 
- 8S 

(PAP) .••.••• 
(PAP) •••.••• 
(B Cy S) ••.• 

6 . 2 
5.2 

. 5 

-
-
-

- 6S2 (Th Cy S) •• 
-20S2 (PAP) •••• • 

Series 

.2 
1.0 

-
-

Series 
total. •••• 16 . 4 16 . 9 

- 6S (PhAS) ••••.• 
- 20S (PA P) •.•••• 

2.0 
• 2 

-
-

-22S (PAP) • •.• •• 
- 22S (N Cy S) ••. 

1.2 
tr 

-
-

total. •• •• 14.1 13.4 

-12 
-12 

(MA) •• •.•••• 
(DA) ••••••• • 

13.5 
3.7 

-
-

Series 
tota l. •••• 20.0 20 . 0 

-12S2 
-26S2 
-16S3 

(Th Cy S). 
(PAP) ., •.• 
(D Th Cy S) 

• 2 
. 5 

tr 

-
-
-

- 28 (PAP) ••.•••• 
-28 (PAP) •••• ••• 
-18S (PAP) •••••• 

9 .7 
. 5 
. 5 

-
-
-

-2S (Cy S) •••••• . 9 - -18 (DA) ••••.••• 16 , 5 - Serie s - 18S (N Cy S) ... tr -

-14 
-14 

Serie s 
tota l. • ••• 

(MA)• •••. •.• 
(MA) •• •.•••• 

18.1 

12 . 3 
3.2 

17.9 

-
-

-18 (PAP) ••••••• 
- 8S (PhAS) •••••• 
- 22S (PAP) ••••.• 

Series 
total. •••• 

1.9 
1.9 

.1 

20 . 4 

-
-
-

20 . 2 

t otal. •• • • 

-20 (PAP) •• • • •. • 
-34 (PAP) ••.•••• 
- lOS (B Cy S) •• • 

13 . 8 

12.9 
1.2 
1.2 

14 . 2 

-
-
-

-8S 2 (Th Cy S) •• 
- 22S 2 (PAP) ••••• 

Series 
total. •.•• 

. 2 
1.1 

12.0 

-
-

10.8 

-4S 

-16 
-16 
-6S 

(Cy S) •••••• 
Series 
total. • • • • 

(MA) ••••• •.• 
(DA) •••••••• 
(Cy S) •••••• 
Series 

1.0 

16 . 5 

9 . 2 
2 . 3 

. 8 

-

16,7 

-
-
-

- 20 (DA) •••• •••. 
- 20 (PAP) ••••••• 
- lOS (PhAS) ••••• 
- 24S (PAP) •••••• 

Series 
tota l. •••• 

16.1 
.4 
.4 
. 1 

17.0 

-
-
-
-

16.6 

- 24S (PAP) ••• .• • 
- 24S (N Cy S) ••• 
-28S 2 (PAP) ••.•• 

Series 
total. •••• 

-22 (PAP) ••••••• 
-22 (PAP) •••• •• • 

. 5 
tr 

. 3 

16 .1 

2 16 .0 
.2 

I 

-
-
-

17 .5 

-
-

total. •••• 12.3 12 . 8 -22 (DA) •••••••• 11.8 - - 36 (PAP) • • • . ••• .2 -
- 26S (PAP) ••• • •• tr - - 26S (PAP) ••••.• .4 -

-18 
-18 

(MA) •• • •.•.• 
(DA) ••••• • •• 
Series 

6 . 8 
. 8 

-
-

Series 
total. •••• 11.8 11,8 

- 26S (PAP) •••.•• 
Serie s 
total. •• • • 

tr 

16 . 8 

-

17 . 9 
total. •••• 7.6 8 . 7 -24 (DA) •.••••.• 7. 3 -

-14 s (PAP) ..... tr -
-18S (PAP) .....2 

Series 
tr -

total. ••• , 7.3 7.7 
1 Abbreviations shown in parenthese s in the table denote as follows: MA = monoaromatic , DA = dia roma tic ; PAP = polyaromatic polar , Cy S = cyc lic sulfide, 

PhAS = phenylalkyl sulfide , B Cy S = benzocycl i c sulfide, Th Cy S = thienocyclic sul f ide, N Cy S = naphthalenocyclic (dibenzocyc lic ) sulfides , D Th Cy S 
dithienocyclic sulfide . 

2 This number, the largest s ingle total, is lower ed by 0,1 because the tota l of a ll trace components is 0.1. Total is t hen 99 , 9 percent . 
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Discussion of Limitations Inherent in the Analyses 

In the analyses, there are some limitations that result from the workup 
of the data. These limitations result from analyzing only one fraction in 
three, the splitting of modes on the mass spectral plots, the lack of appro­
priate reference compounds for mass spectral sensitivity and GPC correlation 
data, and errors in the total sulfur and total nitrogen analyses. 

The errors in the analyses generally involve types that are low in concen­
tration and that often contain polyheteroatoms. Again, the excellent agree­
ment between the analysis of each whole aromatic concentrate and the analysis 
obtained by reconstituting the analyses of every third GPC subfraction and 
the general agreement between the sulfur values by total sulfur and the GPC­
mass spectral methods further establish that the limitations are of little 
practical importance. 

With the presence of small amounts of compounds containing two sulfur 
atoms, it is noted that the sulfur compounds determined by GPC-mass spectral 
analysis show less agreement with the values determined from the total sulfur 
analysis than if only compounds containing one sulfur atom were present. 

Thus, for the monoaromatic concentrate, 11.5 percent of the compounds 
are more sensitive diaromatic contaminants, and 3.6 percent of the compounds 
contain sulfide or disulfide sulfur which leads to sensitivities much greater 
than those of the monoaromatic hydrocarbons. For the diaromatic concentrate, 
there are 4.2 percent sulfides and 5.1 percent polyaromatics that have greater 
sensitivity than the diaromatics. In addition, 0.9 percent of greater sensi­
tivity triaromatics (dibenzothiophenes) are present. In view of the limita­
tions discussed above, the discrepancy between the total sulfur value and 
GPC-mass spectral sulfu·r value given earlier (6 .1 versus 5 .3 percent) is still 
not unreasonable. For the polyaromatic-polar concentrate, there are 2.5 per­
cent cyclic sulfide sulfur of assorted types and 8.0 percent of one and two 
sulfur atom aromatics which are more sensitive than the analogous polyaromatic 
hydrocarbons to account for the discrepancy. In table 7, the excellent agree­
ment between the whole concentrate analyses and reconstituted analyses of the 
GPC fractions (for all mass Z series) shows the internal consistency of the 
method, and although there are several limitations in the method, as previ­
ously discussed, they pertain to only a small part of the total sample. 

SUMMARY 

Isothermal and molecular distillation produced a 370° to 530° C distil­
late of Recluse, Wyo., crude oil. This distillate was dewaxed and then rend­
ered more amenable to instrumental analysis by removal of acids and bases by 
ion-exchange chromatography, removal of neutral nitrogen compounds by FeC½ on 
cellulose, separation by silica gel-alumina gel adsorption chromatography into 
compound-type concentrates, and separation of these concentrates by molecular 
size by gel permeation chromatography. Characterization was accomplished by 
gel permeation chromatography--molecular structure correlations and mass and 
nuclear magnetic resonance spectrometry. 
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General characteristics of Recluse, Wyo., crude oil were also determined 
by the Bureau of Mines routine crude oil analysis method. 

These data are useful in optimizing petroleum processing methods for 
improved utilization of petroleum, and in gaining a more thorough understand­
ing of crude oil composition which should be of value to researchers inter­
ested in increased energy production and conservation. 
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