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ABSTRACT

o .
J, 2’A lchLaLure burvey of HPLC methods for hydrocarbon-type

rseparatlon was carried out to determine their suitability for appllcation

T DN

‘té,to theAanalys1s of synthetic fuel middle and heavy dlstlllates. A procedure

- n:applylug the methods of Dark and Sautoni wherein the ‘sample is first
P ' ,separhted on an Nll2 bonded statlonary phase was proposed. 'The aromatic
fractlon would be further separated &n a p-Porasil column and the polar
fractlon on a phenyl bonded stationary phase. Lvaluation of various pg;ar

gbouded,staLlonary phases was also recommended. ﬁ
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INTRODUCTION

A reliable method for the separation of heavy oil dlstillates into

. saturates, mononuclear aromatics, dinuclear aromatics and combined poly-

nﬁclear aromatics-polar material has been developed by the U.S. Bureau of

Mines din coﬁjunction with API project No. 60 (1). This process is time

consuming because-elution takes place under gravitional force and the weight
perdentAof hydrocarbon types is determined gravimetrically, which requires

evaporation of solvent.
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{‘ A lhlS method has béen modified at the Energy Research Laboratories

zhby scallng down sample size, gel and solvent volumes by a factor of 10 (2).

The time- 1£ analysis was reduced considerably (typically 2 days per sample)

o by applylng prcqaurL to speed up elution, yet quantitation of the hydro-

_carbOIAconcentrdLes was sL%ll done gravimetrically which requires evapora-

'tlon of solvent.

The objective of this report is to investigate the possibilities

‘of acc&mplishiﬁg hydrocarbon-type separations using high performance llquid

chromatography to further reduce the:analysis time.

N . F.('_.- .
_ LITERATURE SURVEY OF PRESENT METHODS FOR HYDROCARBON-TYPE SEPARATIONS
N L i ‘
4 : o
- In 1972 W.A. Dark (3) outlined a procedure for separating petroleum

.

Jisti]lafes into aliphatié (straight chain, branched paraffins), aromatic, .

naphthenlc (cycllc) gnd blphenyl compounds on a 4 ft x 2.3 mm I.D, column

wipacked with Porasil T. No mention was made of polar compounds which would

: *fbe retained on the column and could have been eluted with methylene chloride.

In 1978 Dark (4) separated coal liquids into saturates, aromatics,
aﬁd.polar compounds on a p-Bondapak NH2 column. There was some evidence of

the'separation of aromatics on the basis of the number of condensed rings,

* but the resolution -was poor. The columm was backflushed to clute the polar

K compoundq as ‘an unresolved peak. The palar fraction was then further

fractlonated on a: reverse phase - Bondapak phenyl ¢olumn.
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buther separation of the aromatic fraction according to the
uumber of condensed rings was also accomplished by Dark (5). -PLaLLions
from a preparative chromatographic run on a W-Porasil column were

characterized by LC-MS. A reverse phase ulBondapak C18 column was used

for the separation. The mass spectral data confirmed that the scparations

performed on p~Porasil columns were according to ring number.

Suatoni and Swab have applied HPLC techniquces bo;h preparatively
(6) and analytlenlly (7) to separate crude oils, middle diétillates, gaso-
1iges keroslnes, fuel oils, residuals, lubricating oils and‘synthetic
credes derlvcd from coal liquids, shale oils and tar sands into saturates,
aromaLlcs and polar fractions. A p-Porasil column was used for the analy-
tical sebbration and a Biosil A column for the preparatise separation. In
the anely;ical soparation, the saturates were eluted after which the column

0

L was batkflushed to-elute, thd avomatic fraction in a single sharp peak.

., Without, backflushlng a broad unresolved peak occurred. For the prepérative

.'scale separ tion, polar compounds were eluted with a- -50:50 CH2C1 /acetdne

mobile phase. No attempL was made to resolve the aromatic peak.

“Matsunaga and Yagi (8) have separated aromatic compounds on an
alumina column. The model compounds (tetralin, biphenyl, naphthalene, .

anrhracﬂne, acenaphthylene, phenanthrene, anthracene, 1,2- benzopyrene, i

chrysene) were well resolved, but the 011 samples were not.

T -+ %, Chumakov and Lopatenko (9) obtalned a separation of saturates,
- mono- and di- aromaL1cs from mldgle dlstlllaLLS on a Y-alumina column. There

was some ove1lapp1ng of the saturates and monoaromatic fractions.

C. Reichert and L. Grant (10) separated bitumen into asphaltenes,
resins, and a mixture of aromatics and saturates by using a normal phase
(Aerograph Micropak Cjp) and a reverse phase (Acrograph Micropak CN) column

in seriles:.



Quantitative analysis of aromatic compounds, when ultraviolet
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1 ‘d . -"~ QUANTITATION OF HYDROCARBON-TYPES

w- ) detection is used, is difficult as each compound has its own absorptivity.

W Callbratlon .curves can be drawn using modLl compounds or by determining
calibration factors from standard fractions (6). When an isocractic mode
is used, the refractive index response can be related to concentration.

A calibration curve is prepared from the response of standards at various
"L . -_‘J‘.

concentrations. e

A : ) :

s " A moving wire detéctor can also be used to detect organic carbon.

i

aDrﬁshelﬂ(ll) found that the results were not as reliable as the results

from the'refractive index detector.
N R ¥

. ,Athourh it would be more convenient to determine the Wleht

- percentaqo of the hydrocarHon fractions from the chromatograms, quantitative

determlnatlon can be made gravimetrically after the retention volumes havc
been determlned
‘W ;
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SUGGESTED SQPARATION SCHEME

For the separation of fossil fuel products into hydrocarbon—types

RCN, ROR) be

'

Y . it is 5tggested that polar bonded sationary phases ((NHZ)Z,

f . ‘ovaluated. Some commonly~used statlondrygphases are shown in Table 1. g

.| » ':{ Trom the l;terature ﬁurvey it would appear that either the method

';developed by W. A, Dafk (4,5) fok chemical characterization of coal liquids
”for the method of Suatoni and Swab (6,7) devised for coal liquids, shale

o ' oils, crude oils, could be successfuliy applied. Tor information on the

‘ . aromatic ring distribution within the aromatic fraction, a yu-Porasil column

‘ 1: coﬁig be used. A comparison of retention data obtained on a normal phase

| \'~ﬂ column wity that from a reverse phase column for oil samples in conjunction

"} with standard compounds will aid in the analysis of peak components.

', AESChemhtic describing a suggested hydrooarbon—type-separation

. V‘.
. proceduré!for a synthetic crude is shown in Fig. 1.
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. TABLE 1
' | HIPLC Columns Commonly Used for llydrocarbon=Type Scparation
H L, i A ]
ﬁameJ 8 Phase, Functionality Base Material ParFlcle
.:p " . l;, Slze
A Iy _¢
‘| “H-Bondapak NH2 Normal Phase amino -Porasil ' ?10 Um
s . . . 1.
‘W-Bondapak Phenyl | Reverse Phase phenyl ~Porasil 1'10 pm
u-Bondapak Cig Reverse:Phase octadecylsilane | -Porasil 10 um
u-Porasil . - .ta - irregular#* silica ?10 pm L
Biosil: A - - irregular® silica |2%10 pm -
(RNHZ)ZJZ; Normal Phase diamine Lichrosorb £10 pm
\ . X
ROR e Normal Phase ether Chromegabond 10 um
N :? Normal-Phase -nitrile Chromegabond 10 pm,
. lr s i
. ) 7. A
+* non~-spherical particles Kl
I‘ ||I . , .
"
:.\ ' ‘ ii'




[}

SYNTHETIC FUEL

DISTILLATION

NAPHTHA
UP_TO 200T

DISTILLATION
RESIDUE > 2006°C

h
PENTANE DEA SPHALTENING
P
; _ |
OlL AND RESINS E . ASPHALTENES
L HPLC - |/L EONDAPAK NH, 3
| 5:
¢ I L I'
IsaTURATES AROMATICS| . POLAR
L | 3 : COMPOUNDS
PR ) 7/
: lLLB,ONDAP}\,K Cis ,/g ,LL PORASIL
REVERSED PHASE K NORMAL PHASE JLBONDAPAK PHENYL
v /, l‘r
SEPARATION ON BASIS OF AR RATNN
NUMBER OF CONDENSED RINGS TOPOLARITY

I-RING = 2-RINGS 3-RINGS 4-RINGS 5-RINGS

! |

S"U_GG‘ESTED SCHEMATIC FOR HYDROCARBON-TYPE
SEPARATION IN SYNTHETIC FUEL FRACTIONS

FIGURE -1




