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INTRODUCTION 

The p roper t i es  o f  f u e l s  have been s tud ied  ex tens i ve l y  i n  r e l a t i o n  t o  the 
e f fec ts  o f  processing on them and t h e i r  e f f e c t  on thermal and/or storage 
i n s t a b i l i t y .  Studies i n d i c a t e  n i t rogen  species i n  hydrot reated f u e l s  de r i ved  from 
shale o i l  have de le te r i ous  e f f e c t s  on f u e l  s t a b i l i t y  (1) .  The spec ia t i on  o f  n i t rogen  
compounds a t  ppn l e v e l s  i n  f u e l  prov ides i n fo rma t ion  regard ing f u e l  s t a b i l i t y  and 
a l l ows  poss ib le  s e l e c t i o n  o f  an t i ox idan t  add i t i ves .  However, l i t t l e  i n fo rma t ion  i S  
a v a i l a b l e  regard ing spec ia t i on  o f  n i t r o g e n  compounds a t  t r a c e  l e v e l s  i n  fue l s .  

Comparing physicochemical p roper t i es  o f  an o i l  before and a f t e r  processing has 
provided i n s i g h t  t o  processing e f f e c t s .  Ni t rogen compound-type d i s t r i b u t i o n s  i n  
crude shale o i l  and i n  fue l s  produced by c a t a l y t i c  hydrotreatment have been stud ied 
(2,3). Cata lyst  s e l e c t i v i t y  toward hydrodeni t rogenat ion o f  d i f f e r e n t  n i t r o g e n  types 
has been determined. Other o i l - upg rad ing  schemes have incorporated a c i d  treatment 
o f  shale o i l s  (4). In 1979. Standard O i l  o f  Ohio (Sohio) hydrot reated shale o i l  t o  
remove 80 percent o f  i t s  n i t rogen;  however, about 3350 ppn n i t r o g e n  remained i n  the 
hydrot reated products (5).  These products were subsequently t r e a t e d  w i t h  a c i d  and 
c l a y  t o  remove res idua l  fuel-bound n i t r o g e n  and c o l o r  bodies, making the f i n i s h e d  
products storage s tab le.  F in ished j e t  f u e l  conta ined l e s s  than one ppll n i t rogen ,  and 
f i n i s h e d  d iesel  f ue l  conta ined 23 ppn n i t rogen.  Sohio repo r ted  t h a t  ac id -c lay  
treatment a l so  removed non-nitrogen con ta in ing  compounds. 

With the development o f  high r e s o l u t i o n  gas chromatographic c a p i l l a r y  columns 
and computer data base reduc t i on  systems, a n a l y t i c a l  techniques have al lowed e f f i -  
c i e n t  spec ia t i on  o f  n i t rogen  compounds i n  f u e l s  (6) .  The f o l l o w i n g  work presents the 
spec ia t i on  o f  n i t rogen  compounds i n  hydrot reated and f i n i s h e d  f u e l s  der ived from 
shale. A comparison o f  these compound types i s  used t o  discuss e f f e c t s  o f  ac id -c lay  
treatment o f  the fue l s .  An ana lys i s  o f  t he  n i t r o g e n  types i n  the f i n i s h e d  f u e l  i s  
discussed i n  terms o f  t h e i r  r e a c t i v i t y  toward f u e l  i n s t a b i l i t y .  

EXPERIMENTAL 

Hydroprocessing o f  Shale O i l  

Shale o i l  from t h e  Paraho d i r e c t  heat r e t o r t  was hydroprocessed by Sohio under 
a con t rac t  w i t h  the  U.S. Departments o f  Energy and Defense (5).  Whole crude o i l  was 
c a t a l y t i c a l l y  hydrot reated over d nickel-molydenum c a t a l y s t  and then f r a c t i o n a t e d  by 
d i s t i l l a t i o n  t o  maximize y i e l d s  o f  m i l i t a r y  t r a n s p o r t a t i o n  fue l s ,  j e t  f u e l s  (JP-5 
and Jp-8) and d iese l  f u e l  marine (OFM). Each hydrot reated f u e l  was t r e a t e d  with ac id  
and c lay.  About 10.8 kg o f  93 weight percent  s u l f u r i c  a c i d  was used t o  con tac t  each 
bb l  of f u e l ;  the ac id - t rea ted  fue l  was separated from the a c i d  sludge and passed 
through c l a y  f i l t e r s .  a c l a y  contactor ,  and f i n a l  f i l t e r  t o  product storage. An 
a n t i o x i d a n t  was added t o  the ac id -c lay  t rea ted  fue l .  The e f f e c t  o f  a c i d - c l a y  t r e a t -  
ment on n i t rogen  compound-type d i s t r i b u t i o n  was inves t i ga ted  by ana lyz ing  the com- 
pos i t i ons  o f  the hydrot reated OFM and the  f i n i s h e d  DFM. 

355 



F r a c t i o n a t i o n  by Adsorpt ion Chromatography 

prepara t ive  alumina adsorp t ion  chromatography was used t o  f r a c t i o n a t e  the  
hydro t rea ted  OFM and f i n i s h e d  DFM i n t o  hydrocarbon and n i t rogen  f rac t i ons .  An accu- 
r a t e l y  weighed amount o f  hydrotreated OFM (about 10 grams) was d i l u t e d  w i t h  100 m l  
of hexane and pumped o n t o  bas ic  alumina i n  a 0.9 cm i.d. x 50 cm glass column. An 
add i t i ona l  100 m l  o f  hexane e lu ted  the hydrocarbon f r a c t i o n  from bas ic  alumina. The 
n i t r o g e n  f r a c t i o n  was backf lushed from t h e  column w i t h  40 volume percent ethanol i n  
to luene. Because some n i t r o g e n  compounds remained i n  t h e  hydrocarbon f r a c t i o n ,  t h i s  
f r a c t i o n  was chromatographed again on neu t ra l  alumina i n t o  hydrocarbon and py r id ine  
. f ract ions.  An a c c u r a t e l y  weighed amount o f  t h e  f i n i s h e d  DFM (about 174 grams) was 
d i l u t e d  w i th  1800 m l  hexane and pumped onto  neu t ra l  alumina. An add i t i ona l  100 m l  o f  
hexane e lu ted  t h e  hydrocarbon f r a c t i o n  from t h e  column and the  n i t rogen  f r a c t i o n  was 
backf lushed from the  n e u t r a l  alumina w i t h  40 volume percent methanol i n  benzene. 
Rates for  sample charg ing  and f r a c t i o n  e l u t i o n  were 6 ml/min. Solvents were care- 
f u l l y  removed from f r a c t i o n s  under reduced pressure. So lvent - f ree  f r a c t i o n s  were 
weighed and s to red  under n i t r o g e n  i n  r e f r i g e r a t e d  amber g lass  conta iners  u n t i l  
compound-type analyses. 

Ana ly t i ca l  Methods 

Elemental n i t rogen  i n  t h e  fue l s  and t h e i r  f r a c t i o n s  was determined by chemi- 
luminescence de tec t ion .  Standard so lu t i ons  ranging from 3 x 10-2 M t o  5 x 10-5 M 9- 
methy lcarba to le  i n  t o l u e n e  were used as ca l i b ran ts .  Amounts o f  bas ic  n i t rogen  were 
determined by p o t e n t i o m e t r i c  t i t r a t i o n  ana lys is  us ing  acetoni  t r i l  e-to1 uene and 
a c e t i c  anhydr ide-toluene w i t h  pe rch lo r i c  ac id  i n  dioxane as t i t r a n t  (3) .  These 
repor ted  values are  accura te  w i t h i n  f 3  r e l a t i v e  percent. I n f r a r e d  spec t ra  were 
obtained with a Perkin-Elmer model 621 g r a t i n g  spectrophotometer. The n i t rogen-  
c o n t a i n i n g  f r a c t i o n s  were d i l u t e d  i n  methylene ch lo r ide ,  and spectra recorded i n  t h e  
absorbance mode us ing  s o l v e n t  compensation w i t h  a matched p a i r  o f  potassium ch lo r i de  
i n f r a r e d  c e l l s  o f  path l e n g t h  0.5 mm. 

High r e s o l u t i o n  gas chromatographic ana lys is  (HRGC) o f  t h e  n i t rogen-conta in ing  
f rac t i ons  was done with an HP model 573DA equipped w i t h  a c a p i l l a r y  column i n l e t  
system. A 60-meter DE-1  fused s i l i c a  c a p i l l a r y  column was used w i t h  a g lass  e f f l u e n t  
s p l i t t e r  ( 1 : l )  f o r  s imultaneous flame i o n i z a t i o n  (FID) and nitrogen-phosphorous 
d e t e c t i o n  (NPD). Hel ium was used as c a r r i e r  gas. Column l i n e a r  f l ow  v e l o c i t y  was 
20 cm/sec. Samples were d i l u t e d  w i t h  methylene ch lo r i de ,  and s p l i t l e s s  i n j e c t i o n s  
hav ing  a 45-second delay t ime were used w i t h  a 3OoC i n i t i a l  oven temperature f o r  t he  
n i t rogen-conta in ing  f r a c t i o n s  from the hydro t rea ted  DFM. A 14OOC i n i t i a l  oven tem- 
p e r a t u r e  was used f o r  t h e  n i t rogen  f r a c t i o n  from the  f i n i s h e d  DFM. Oven temperature 
was programed t o  300'C a t  Z°C/min. 

S i m i l a r  gas chromatographic cond i t ions  descr ibed above were employed f o r  com- 
pound-type ana lys i s  by h i g h  r e s o l u t i o n  gas chromatography/mass spectrometry (HRGC/- 
MS). An upgraded HP model 5985 was used w i t h  an i n t e r f a c e  temperature o f  300OC. 
Source temperature was 2OO0C, and i o n i z a t i o n  vo l tage was 70V. A mass range from 45 
t o  500 amu was scanned. 

RESULTS AN0 DISCUSSION 

Concentrat ion of N i t rogen Compounds by Chromatograph1 

The n i t rogen  compounds i n  t h e  f u e l s  were concentrated t o  f a c i l i t a t e  d e t a i l e d  
compound-type c h a r a c t e r i z a t i o n .  Two n i t rogen-conta in ing  f r a c t i o n s  from the  hydro- 
t r e a t e d  DFM and one n i t r o g e n  f r a c t i o n  from t h e  f i n i s h e d  DFM were generated by a lu -  
mina adsorpt ion chromatography. A py r id ine  f r a c t i o n  from the  hydrotreated DFM was 
i d e n t i f i e d  by i t s  d i s t i n c t  i n f r a r e d  absorbances a t  1598 cm-1 (C=C s t r e t c h )  and 
1557 cm-l (C=N s t r e t c h ) ,  suggest ing the  presence o f  p y r i d i n i c  compounds. The absence 
of these absorbances i n  t h e  f i n i shed  DFM confirmed t h e  lack  o f  a p y r i d i n e  f rac t i on  
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as Well as p y r i d i n i c  compounds. The n i t rogen  f r a c t i o n s  from both f u e l s  d i sp layed  N- 
H s t r e t c h i n g  a t  3460 cm-1. suggesting the  presence o f  p y r r o l i c  compounds. 

Ni t rogen compounds comprised 6 weight percent and 0.13 weight percent  o f  the 
hydrot reated DFM and f i n i s h e d  DFM (Table 1). respec t i ve l y .  The low n i t r o g e n  
contents  i n  the p y r i d i n e  f r a c t i o n  (2.92 weight percent)  and i n  the n i t r o g e n  f r a c t i o n  
from the f i n i shed  OFM ( 1 . 6 2  weight percent)  suggest the presence o f  non-n i t rogen 
con ta in ing  compounds. However, exce l l en t  n i t rogen  recovery was obtained. About 99 
percent and 91 percent o f  the n i t rogen  from the  hydrot reated DFM and f i n i s h e d  DFM. 
respec t i ve l y ,  was concentrated i n  t h e  p y r i d i n e  and n i t rogen  f rac t i ons .  

Amounts o f  bas ic  n i t rogen  were determined i n  each o f  t he  n i t rogen-con ta in ing  
f r a c t i o n s  and are presented i n  Table 2. A l l  t he  n i t rogen  i n  the p y r i d i n e  f r a c t i o n  
was weak base (pka 7 t o  9). suggesting the presence o f  py r id ine  de r i va t i ves .  The 
po ten t i omet r i c  t i t r a t i o n  ana lys i s  o f  the n i t r o g e n  f r a c t i o n  from the  hydrot reated DFM 
ind i ca tes  no t  on l y  p y r i d i n i c  compounds but  a l so  the presence o f  arylamines and 
hydrogenated indoles and/or qu ino l ines (pka 2 t o  7), and indo les  and carbazoles 
(nonbasic n i t rogen) .  The n i t rogen  f r a c t i o n  from the f i n i s h e d  DFM conta ins predomi- 
n a t e l y  nonbasic n i t rogen  which does no t  undergo extens ive a c e t y l a t i o n  ( 2 7  percent)  
i n  ace t i c  anhydride; t h i s  suggests the presence o f  nonactive hydrogens i n  i ndo le -  
and/or carbazole-type compounds. 

HRGC/FID/NPD and HRGC/MS Analysis 

HRGC w i t h  simultaneous de tec t i on  by FID and NPD was used t o  e s t a b l i s h  opt imal  
gas chromatographic cond i t i ons  f o r  the HRGC/MS ana lys i s  presented below. Acceptable 
peak r e s o l u t i o n  w i thou t  t a i l i n g  was achieved on the apolar  chromatographic column. 
I n  Figure 1. the one-to-one peak correspondence o f  each de tec to r  response t o  the 
components i n  the n i t royen  f r a c t i o n  from the hydrot reated DFM suggests t h a t  t h i s  
f r a c t i o n  contains compounds w i t h  a t  l e a s t  one n i t rogen  atom. Phosphorous i s  mot 
expected t o  be present i n  these f r a c t i o n s .  However, i n  Figure 2 the FID/NPD r e -  
sponses o f  the species from the  f i n i s h e d  DFM i n d i c a t e  few n i t r o g e n  compounds which 
have long column r e t e n t i o n  times ( i n i t i a l  oven temperature, 140°C). FID/NPD r e -  
sponses f o r  species i n  the p y r i d i n e  f r a c t i o n  i n d i c a t e  the presence o f  non-nitrogen- 
con ta in ing  compounds. The n i t rogen  species i n  the p y r i d i n e  f r a c t i o n  a re  d i s t r i b u t e d  
about in termediate column r e t e n t i o n  t imes compared w i t h  the longer  times f o r  species 
i n  the n i t royen  f rac t i ons .  

Ni t rogen i n  the p y r i d i n e  f r a c t i o n  i s  p r i m a r i l y  found i n  the isomers o f  a l k y l -  
subs t i t u ted  d ihydropyr id ines,  py r id ines ,  qu ino l ines,  and te t rahyd roqu ino l i nes  shown 
i n  Table 3. It i s  noteworthy t h a t  many d i f f e r e n t  isomers o f  a l ky l t e t rahyd roqu ino -  
l i n e s  are i nd i ca ted  r e l a t i v e  t o  fewer a l ky lqu ino l i nes .  The bui ldup o f  t e t rahyd ro -  
qu ino l ines i s  i n d i c a t i v e  o f  t he  r a t e  determin ing s tep i n  the  hydrogenation o f  quino- 
l i n e .  The la rge  number of isomers o f  a l k y l p y r i d i n e s  has been observed p rev ious l y  
( 7 ) .  Not l i s t e d  f o r  the p y r i d i n e  f r a c t i o n  are non-n i t rogen-conta in ing compounds 
which i nc lude  a l k y l - s u b s t i t u t e d  benzenes, naphthenes, b iphenyls ,  and 9-H f luorenes. 
Because compound-type s e n s i t i v i t y  f a c t o r s  were no t  a v a i l a b l e  a t  the t ime  o f  analy-  
s i s ,  q u a n t i t a t i v e  data were n o t  obtained. 

Large numbers of isomers o f  alkyltetrahydroquinolines and a l k y l p y r i d i n e s  are 
i nd i ca ted  by HRGC/MS ana lys i s  o f  t he  n i t r o g e n  f r a c t i o n  from hydrot reated DFM. These 
r e s u l t s  are l i s t e d  i n  Table 3. I n f r a r e d  absorbances a t  3375 (N-H s t r e t c h )  and 
1612 cm-1 and po ten t i omet r i c  t i t r a t i o n  ana lys i s  (pka 2 t o  7 )  suggest t h a t  arylamines 
a r e  a l so  i n  t h i s  f rac t i on .  Because chemical i o n i z a t i o n  was no t  done, ana lys i s  by 
e l e c t r o n  impact i o n i z a t i o n  cannot d i f f e r e n t i a t e  arylamines from py r id ines .  Previous 
work (8) showed about 15 percent o f  t he  py r id ines  may be comprised o f  arylamines. In 
add i t i on ,  a l k y l - s u b s t i t u t e d  pyrro les.  i ndo les ,  and carbazoles are present. 

The r e t e n t i o n  t ime  o f  carbazole i n  the  t o t a l  i o n  CUffent chromatogram (TICC) of 
t he  n i t rogen  f r a c t i o n  from the hydrot reated DFM i s  i nd i ca ted  i n  Figure 3. The ex- 
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t r a c t e d  i o n  cu r ren t  p r o f i l e s  (EICP) of methylcarbazoles and dimethylcarbazoles are 
shown i n  F i g u r e  4. These compound types have long column r e t e n t i o n  times, and they  
comprise minor amounts o f  n i t rogen  i n  the  f u e l  as i nd i ca ted  by t h e i r  i o n  i n t e n s i -  
t i e s .  

The HRGC/MS a n a l y s i s  o f  the  n i t rogen f r a c t i o n  from the  f i n i shed  DFM was f a c i l i -  
t a t e d  by matching i t s  FID/NPD chromatograms (F igure  2) with t h a t  o f  i t s  T I C C .  Mass 
spec t ra l  f ragmentat ion pa t te rns  o f  t h e  few n i t rogen-conta in ing  compounds i n  t h i s  
f rac t i on  a re  t e n t a t i v e l y  i d e n t i f i e d  as carbazole,  methylcarbazoles, and dimethyl-  
carbazoles. Except f o r  t he  i o n  i n t e n s i t y  o f  carbazole i n  t h e  f i n i s h e d  DFM, r e l a t i v e  
i n t e n s i t i e s  o f  t h e  a lky lcarbazo les  i n  t h e  f i n i s h e d  DFM agree very we l l  w i t h  those i n  
t h e  hydrotreated DFM. No o the r  n i t rogen  types were i d e n t i f i e d ;  however, t h i s  does 
not preclude m i  nor amounts undetected a t  base1 i n e  l eve l s .  The non-ni t rogen-contain- 
i n g  compounds were a1 k y l  - subs t i t u ted  naphthalenes and 9-H f luorenes. 

E f f e c t  o f  Acid-Clay Treatment on Nitrogen Compound D i s t r i b u t i o n  

A comparison o f  t h e  n i t r o g e n  compound d i s t r i b u t i o n s  i n  f u e l s  be fore  and a f t e r  
acid-clay t reatment demonstrates which n i t rogen  types are suscept ib le  t o  removal. 
Acid-clay e f f e c t i v e l y  removed 99.3% o f  t h e  n i t rogen  from t h e  hydro t rea ted  DFM. As 
expected, bas ic  n i t r o g e n  compounds such as arylamines form s a l t s  i n  reac t i on  w i t h  
ac id ;  py r id ine  d e r i v a t i v e s  adsorb i n t o  a c i d i c  medium and/or p a r t i c i p a t e  i n  e lec t ro -  
p h i l i c  s u b s t i t u t i o n  reac t ions ,  and both compound types are removed as ac id  sludge. 
A py r id ine  f r a c t i o n  was present only i n  t h e  hydrotreated f u e l  and was completely 
removed by the  a c i d - c l a y  treatment. Very weak base and nonbasic n i t rogen  compounds 
such as indo les ,  which experience adsorp t ion  and/or a c i d  c a t a l y s i s  and 
po lymer iza t ion  r e a c t i o n s ,  are e f f e c t i v e l y  removed by ac id -c lay  treatment. 
I n t e r e s t i n g l y ,  some carbazo le  de r i va t i ves  s u r v i v e  ac id -c lay  t reatment.  E a r l i e r  work 
(8 )  showed carbazole d e r i v a t i v e s  c o n s t i t u t e d  about 66 ppm n i t rogen  i n  the  
hydrotreated DFM. Therefore,  ac id -c lay  removed almost two- th i rds  o f  t h e  carbazole 
d e r i v a t i v e s  f rom t h e  hydro t rea ted  DFM. Nonbasic carbazoles are  s o l u b l e  i n  mineral  
acids;  t h e i r  r e l a t i v e  u n r e a c t i v i t y  al lows some t o  remain i n  t h e  f i n i s h e d  fue l .  

I n  the  a c i d - c l a y  t reatment o f  j e t  f u e l  (JP-8), n i t rogen  was not detected i n  the  
f i n i s h e d  f u e l .  High r e s o l u t i o n  mass spec t romet r ic  ana lys i s  o f  t h e  hydro t rea ted  JP-8, 
which contained 3000 ppm n i t rogen,  i nd i ca ted  s i m i l a r  n i t rogen- type d i s t r i b u t i o n  t o  
t h a t  i n  the  hydro t rea ted  DFM, except carbazole d e r i v a t i v e s  were no t  detected. Acid 
and c l a y  e f f e c t i v e l y  removed a l l  n i t rogen  types from t h e  JP-8 fue l .  Carbazole de r i v -  
a t i v e s  i n  t r a n s p o r t a t i o n  f u e l s  a re  the  n i t rogen  compounds l e a s t  a f fec ted  by acid- 
c l a y  treatment. 

The importance o f  determining res idua l  n i t rogen  types i n  f i n i s h e d  fue l s  re la tes  
t o  fuel  s t a b i l i t y .  Aromatic n i t rogen  compounds have measurable sediment under low 
temperature s to rage cond i t ions .  Work repor ted  (9) on model compounds has i nd i ca ted  
t h a t  s-pwtric.!,  h igh ly  :ondensed aromatic n i t rogen  compounds appear l e s s  reac t i ve  
than the  p a r t i a l l y  hydrogenated counterparts or  h i g h l y  a l ky la ted  he terocyc l i cs .  
These model compound s tud ies  suggest carbazole d e r i v a t i v e s  do no t  p a r t i c i p a t e  as 
s i g n i f i c a n t l y  i n  sediment format ion as do p y r r o l e  and indo le  de r i va t i ves .  Syner- 
g e s t i c  e f fec ts  a l so  p l a y  an important r o l e  i n  sediment format ion p a r t i c u l a r l y  as t h e  
hydrocarbon m a t r i x  becomes more complex: n-decane<jet fue l  <d iese l  f ue l .  The 
n i t r o g e n  d i s t r i b u t i o n s  i n  t h e  f i n i shed  DFM and JP-8 f u e l s  i n d i c a t e  these f u e l s  may 
be Storage s tab le .  However, non-ni t rogen compound types i n  these f u e l s  may very we l l  
a f fec t  fuel s t a b i l i t y .  

I n  summary, t he  a n a l y t i c a l  techniques presented have been app l ied  success fu l l y  
t o  t h e  ana lys is  o f  moderate and t race  q u a n t i t i e s  o f  n i t rogen  i n  fue l s .  The determi-  
n a t i o n  o f  n i t rogen  compound d i s t r i b u t i o n s  a i d  i n  understanding t h e  e f f e c t s  o f  fue l  
processing and i n  d i s c u s s i n g  f u e l  s t a b i l i t y .  
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Table 1. N i t rogen  Content i n  Fract ions from Fuels Derived from Shale 

Weight Percent Weight Percent Ni t rogen (Weight 
F rac t i ons  Sample Ni t rogen Percent o f  Sampler 

Hydrotreated DFM 

Pyr id ine F rac t i on  1.46 

Hydrocarbon F r a c t i o n  91.5 
Nitrogen F rac t i on  4.58 

Recovery (I) 98 

Finished DFM 

Nitrogen F rac t i on  0.13 
Hydrocarbon F r a c t i o n  94.2 

Recovery (%) 94 

2.92 0.043 
6.31 0.289 

11 P P  10 ppm 
NA 99 

1.62 
2 Ppm 

NA 

2 1  PW 
2 Ppm 

100 

Table 2. D i s t r i b u t i o n  o f  Basic Ni t rogen Contents i n  Fract ions from 
Fuels Derived from Shale 

Weight Percent o f  Ni t rogen 
Weak Base Very Weak Base Nonbasic Ni t rogen 

F rac t  i ons pka 7 t o  9 pka 2 t o  7 

Hydrotreated DFM 
Pyri d i  ne F rac t i on  2.92 
Nitrogen .F rac t i on  4.70 

_-  
0.76 

-- 
0.77 

Finished DF14 
Nitrogen F r a c t i o n  0.04 0.06 1.52 

360 



Table 3. Compound Classes i n  Frac t ions  from Hydrotreated DFM 

No. o f  Isomers No. o f  Isomers 
i n  F rac t i on  i n  F rac t i on  

\ Compound C1 assa Py r id ine  N i t rogen Compound Class Py r id ine  N i t rogen 

\ 
D i  hydropyr id ines 

c 7  

C 8  

C9 

c 2  

c 3  

c 4  

c 5  

c 7  

C 8  

C 9  

c 10 

C l l  
1 c 1 2  

Pyri d i  nesb 

c 6  

c 1 3  

I 4  

Tetrahydroquinol  i nes  

C l  

c 2  

c 3  

c 4  

c 5  

c 7  

C 8  

c 6  

6 
4 
4 

-- 
-- 
4 
10 
15 
29 
24 
30 
19 
21 
17 
9 
2 

-- 
-- 
3 

11 
13 
9 
2 
1 

_- 
-- 
-- 

3 
21 
28 
44 
42 
33 
21 
26 
39 
33 
11 
2 

-- 

11 
19 
30 
22 
37 
28 
13 
-- 

Q u i n o l i n e s  

CO 

C l  
c 2  

c 3  

c 4  

c 5  

C l  

c 2  

c 3  

c 4  

c5 

c 7  

C 8  

P y r r o l e  

C I O  
Carbazoles 

CO 

C l  

c 2  

Indo les  

c 6  

Acr id ines /  

Phenanthr id ines/ 

Benzoquinolines 

1 
1 
2 
6 
4 
2 

4 
5 
8 
16 
18 
24 
18 
2 

1 

1 
3 
1 

-- 

I 
a L i s t i n g  o f  C, re fe rs  t o  t h e  number o f  carbons i n  s u b s t i t u e n t s  on t h e  

heteroaromat ic compound. 

A lky la ry lamines  a re  inc luded w i t h  py r id ines  i n  t h e  n i t rogen  f rac t i on .  
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Figure 1. HRGC Chromatograms of Nitrogen Froction from Hydrotreoted DFM 
(Initial Oven lemperoturo, 30°C) 

FID Response 

d 
NPD Response 

Time (min) 

Fiaura 2. HRGC Chromatoprams of Nitrogen Fraction from Finirhad DFM (Initial Oven Tomparaturo, 14OPC) 
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Figure 3. HRMS/GC Analysis of Hydrotreated DFM 
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Figure 4. Extracted Ion Current Profile of Alkylcarbazoles 
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