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A

FUEL OIL CLASSIFICATION BY GEL PERMEATION 
CHROMATOGRAPHY 

Kare l  Lenda 
Research D i v i s i o n ,  Det norske Ver i t as  

P . O .  Box 300, 1322 Hsvik 
Norway 

ABSTRACT 

The use o f  the gel permeation chromatography (GPC) i n  the  
petrochemical l abo ra to ry  i s  demonstrated by experimental op t im i -  
z a t i o n  o f  the separat ion,  de tec t i on  and r e s u l t s  c a l c u l a t i o n  f o r  
f u e l  o i l  samples. A chromatographic response based on the  f u e l  
o i l  GPC separat ion and de tec t i on  i s  compared w i t h  r e s u l t s  o f  
Conradson carbon res idus (CCR) determinat ion - which i s  one o f  
t h e  standard petrochemical t e s t s  f o r  res idue fue l .  The l i n e a r  
r e l a t i o n s h i p  between the  r e s u l t s  o f  both t e s t s  was confirmed. 
The coincidence o f  t he  chromatographic method w i t h  the CCR deter-  
m ina t i on  i s  b e t t e r  than 41.5% i n  the  range 7.5 - 18.5% CCR. 
Comparison o f  r e f r a c t i v e  and UV de tec t i on  f o r  f ue l  o i l  c l a s s i f i -  
c a t i o n  i s  presented. 

INTRODUCTION 

GPC i s  considered as general method i n  petroleum analyses 

( 1 ) .  The goal of the GPC methods development i n  petrochemical 
l abo ra to ry  i s  t o  ob ta in  molecular d i s t r i b u t i o n  due t o  a column 

separat ion w i t h  consequent detect ion o f  the components. 
f u e l  conta ins residues from var ious processing u n i t s  t h a t  can 
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606 LENDA 

vary  from d i f f e r e n t  r e f i n e r i e s  and f r e q u e n t l y  these res idues  are  

blended w i t h  low v i s c o s i t y  components t o  meet the  requirements o f  
t h e  market. The i d e n t i f i c a t i o n  o f  chemical i n d i v i d u a l s ,  even n o t  

groups o f  hydrocarbons i n  f u e l  o i l  i s  no t  t h e r e f o r e  t h e  reason o f  

t h e  i n v e s t i g a t i o n .  The chromatoqraphic r e s u l t s  p resented  i n  form 

o f  t he  petrochemical  parameters are more s i g n i f i c a n t  f o r  ’ 

t e s t i n g  o f  t he  f u e l  q u a l i t y  than the  separa t i on  and i d e r , t i f i c a -  

t i o n  o f  the  chemical components. E x i s t i n g  approaches t o  the  fuel  

o i l  t e s t i n g  use measures o f  d i s t i l l a t i o n s  and py ro l yses  res idues  

as descr ibed i n  t h e  D 189 ASTM method - t h e  Conradson carbon 

res idue  de te rm ina t ion  ( 2 ) .  

The essence o f  t he  chromatographic i n f o r m a t i o n  i s  i n  m l e c u -  

l a r  w e i g h t l s i t e  d i s t r i b u t i o n .  The h igh  mo lecu la r  p a r t  o f  a f u e l  

o i l  i s  considered as a reason f o r  carbon and coke depos i t s  formed 

under the  combustion. The d i r e c t  c o r r e l a t i o n  between carbon and 

coke depos i ts  presence and c y l i n d e r  wear o f  the  d i e s e l  engines 

was conf i rmed ( 3 ) .  

Here i s  repo r ted  a GPC method f o r  r o u t i n e  c l a s s i f i c a t i o n  o f  

f u e l  o i l s .  The chromatographic system used i n  t h i s  study compri- 

ses an i s o c r a t i c  e l u t i o n  by te t rahyd ro fu rane  as mob i l e  phase and 

s t y r e n e - d i v i n y l  benzene gel as s t a t i o n a r y  phase. The c o r r e l a t i o n  

between chromatographic r e s u l t s  and r e s u l t s  o f  t h e  CCR de te r -  

m i n a t i o n  are descr ibed. 

EXPERIMENTAL 

Apparatus 

The apparatus cons is ted  o f  P e r k i n  Elmer models: s e r i e  2 / 1  
L i q u i d  Chromatograph, 7010 septumless sy r inge  i n j e c t o r  (6  111 

sample l oop )  and 65 v a r i a b l e  wavelength UV de tec to r .  The 
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FUEL OIL CLASSIFICATION 607 

r e f r a c t i v e  index de tec to r  was Showa Denko SE 11 model. A com- 

p u t i n g  i n t e g r a t o r  system Supergra tor  (CSI, Aus t in ,  TX, U.S.A.) 

was used f o r  cumula t ive  area measurement and data t rea tment .  

Shodex A 803 S I25cm x 8.0 mn i .d.  1 a n a l y t i c a l  column (Showa 

Denko K.K., Tokyo, Japan) was used i n  t h i s  study. 

Standards, reagents and samples 

The i n d i v i d u a l  standard s o l u t i o n s  were prepared from t h e  

P e r k i n  Elmer Standard k i t  of monodispersed po lys ty renes  by 
d i s s o l v i n g  i n  mob i le  phase. The standards used f o r  t he  

c a l i b r a t i o n  and t e s t i n g  o f  t he  column had molecu la r  we igh ts  600: 

800: 2200: 4000: 9000 and 1 450 000. 

Tet rahydro furane and acetone, o f  HPLC grade, were ob ta ined  

f r o m  Rathburn Chemicals L td . ,  U.K. 

The samples used i n  t h i s  study come from t h e  V e r i t a s  f u e l  

qua1 i ty t e s t i n g  program. 

RESULTS & DISCUSSION 

R e f r a c t i v e  index ( R I )  and UV d e t e c t i o n  were at tempted t o  

d e f i n e  op t ima l  c o n d i t i o n  f o r  t he  c o r r e l a t i o n  between t h e  CCR 

de te rm ina t ion  and the  r e s u l t s  o f  t he  GPC separa t ion .  

F ia .  1 shows the  e l u t i o n  p r o f i l e  de tec ted  a f t e r  e l u t i o n  by 
te t rahyd ro fu rane  (THF) w i t h  R I  de tec to r .  It i s  noteworthy t h a t  

compounds o f  h i g h e s t / l a r g e s t  mo lecu la r  we igh t / s i ze  have R I  lower  

t h a n  THF and they  are de tec ted  as an i n v e r s i o n  maximum on t h e  

chromatogram (peak A-Fig. 1). The area o f  the  i n v e r s i o n  peak 
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0.2 FS J 
1 I 1 

min 10 0 

FIGURE 1 

Chromatogram o f  the fue l  o i l  sample, CCR = 14.5%. R I  
detector :  2 x 10-5 RI/FS, room temp. E luen t  THF: f l ow  r a t e  
1.0 ml/min. The sample d i l u t e d  1:lO by THF(w/w). 

i s  very c lose t o  l i n e a r  func t i on  of the CCR. 

peak has, unfor tunate ly ,  very h igh de tec t i on  l i m i t  and f o r  f ue l  
o i l s  t he  CCR under 11% i s  not c l e a r l y  detectable.  

The inve rs ion  

Fig. 2 shows the e l u t i o n  p r o f i l e  w i t h  mobfle phase con- 

s i s t i n g  o f  THF-acetone (9:l: v/v) .  I n  t h i s  experiment the 
response fo r  the compounds o f  h igh/ large molecular weight /s ize on 
t h e  p o s i t i v e  s ide o f  the record was obtained. 

(F ig .  2) i s  e luated w i t h  h igher  r e t e n t i o n  t ime and even the 
response i s  wel l  detectable,  t he  c o r r e l a t i o n  between t h i s  

response and the CCR i s  not  l i n e a r .  The maximum B and C moni- 
t o red  by R I  detector  are e luated f o r  both presented chroma- 
tographic systems w i t h  the same r e t e n t i o n  time. 

The maximum A 

Table 1 i l l u s t r a t e s  the r o l e  of d i f f e r e n t  wavelengths 
(220-400 nm) on the detect ion i n  UV region. The h ighest  absorp- 
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FUEL OIL CLASSIFICATION 609 

I I I 
min I0 0 

FIGURE 2 

Chromatogram o f  t h  fue l  o i l  sample (see F ig .  1). R I  
de tec to r :  2 x RI/FS, room temp. E luen t  9:1, THF: 
acetone (v / v ) ,  f low r a t e  1.0 ml/min. The sample d i l u t e d  
1:lO by mobi le phase(w/w). 

t i o n  f o r  the h igh/ large molecular w e i g h t l s i t e  compounds o f  f u e l  
o i l s  i s  obtained us ing the de tec t i on  a t  220 m. 

Fig.  3 shows the chromatogram o f  t he  fue l  o i l  sample e luated 
w i t h  THF and detected a t  220 nm. 50 f u e l  o i l  samples were ana- 

l y z e d  by t h i s  procedure. A l i n e a r  r e l a t i o n s h i p  y = a + bx + i x  
( a  = 1.3: b = 10.2: i = 0.41 o f  the cumulat ive area (area f o r  
t R  < 5.5 min corresponds t o  molecular weight  over 2500 f o l l o w i n g  

polystyrenes standards c a l i b r a t i o n  on the  CCR determinat ion 
e x i s t s  f o r  the f u e l  o i l s  w i t h  7.5 - 18.5% CCR. The p r e c i s i o n  
expressed as coincidence of both methods i s  i n  ranae 7.5 - 14.5% 

CCR 21.5%. 

cedure i s  7% (7.5 - 13.0% CCR) and 5% (13.0 - 18.5% CCR). 
The c o e f f i c i e n t  o f  v a r i a t i o n  f o r  chromatographic pro- 

I n  conclusion, the GPC procedure was found t o  be a valuable 
method f o r  analyzing and c l a s s i f y i n g  res idua l  f u e l  o i l s .  Using 
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Tab le  1 

Absorbance a t  r e t e n t i o n  t ime corresponds 

(MW) 4000: 2500 and 2000 f o r  t he  f u e l  o f  

20.1. 

t o  

S 

molecu la r  we igh ts  

n=5) w i t h  CCR = 14.2% 

Absorbance 

x a t  MW 

nm 4000 2 500 2000 

220 

2 30 

240 

2 50 

2 54 

260 

280 

3 00 

350 

400 - 

.307 -533 

.256 .451 

.287 .471 

.256 .405 

.297 .502 

.205 ,405 

.338 .471 

.266 .445 

.133 .220 

.072 .135 

.737 

.645 

.626 

,533 

,645 

.522 

.579 

.543 

.261 

.149 

I I 1 

min 10 0 

FIGURE 3 

Chromatogram of t he  f u e l  o i l  sample (see F i g .  1) mon i to red  
by UV v a r i a b l e  wavelength de tec to r  a t  220 nm: 1: 256 
AUFS, room temp., e l u e n t  THF, f l ow  r a t e  1.0 m l h i n .  The 
sample d i l u t e d  l:K9 cy THF ( w / w ) .  
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FUEL OIL CLASSIFICATION 611 

IJV abso rp t i on  a t  220 nm r a t h e r  than R I  d e t e c t i o n  gave a r e l i a b l e  

c o r r e l a t i o n  o f  chromatographic r e s u l t s  w i t h  CCR de te rm ina t ion  f o r  

t h e  50 f u e l  samples tested. The descr ibed method i s  e s p e c i a l l y  

a t t r a c t i v e  s ince  i t  can be made f u l l y  automat ic and t h e  t ime 

r e q u i r e d  i s  very shor t ,  12 minutes, compared w i t h  t h e  CCR t e s t  

which takes 40 minutes. 
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