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Abstract 

The field-ionization mass spectral hydrocarbon data from F-45 (Wyodak 

coal-derived SRC) and E-51 (Kentucky 9/14 coal-derived SRC) were recalculated so 

the various hydrocarbon fractions could be compared directly on a weight percent 

basis. A computer. program was developed which allows the field-ionization mass 

. . spectral hydrocarbon data to be compared in a three dimensional fashion. This 

apprcach provides for a rapid general comparison of all the field-ionization 

hydrocarbon data. aPle solubility of preasphdltenes was tested in several 

solvents. The preasphalte~es-2 were found to be largely soluble in 

pyridine:chloroform 9:l(v/v) or 7:3(v/v) and ~rk&ne:chloroform:tetrabydrofuran 

7 1 v v / v  . ~xperhnts were carried out in which Chromasorb T was e'sted' as 
a replacement for Fluoropak in the Fluoropak-basic alumina procedure. !he 

results indicated Chranasorb T. would be an adequate substitute M Fluoropak. 

but additional experiments will be run to confirm this. The chromatographic 

characteristics of numerous hydroxyl aromatics. nitrogen heterocycles.. and 

aromatic amines were obtained on several nonnal'phase and reversed-phase 

high-'wrf ormance 1 iquid chromatographic systems. 
. . 
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A. C m r i s o n  of Field-Ionization Mass Spectrometrv (FIMS) Hvdrocarbon 

Results from F-45 (Wvodak Coal-Derived SRC) and F-51 (Kentucky 9/14 

Coal-Der ived SRC 1 

In the previous quarterly r e p r t ,  f i e ld  ionization mass spectra from F-51 

and F-45 were presented for preasphaltene and hydrocarbon fractions. The FIMS 

results  of the hydrocarbon fractions were discussed in  detail. However, a s  . 

explained i n t h e  previous quarterly r e p r t ,  the FIMS data for the hydrocarbon 

fractions f r m  F-45 and F-51 could not be compared on . a . direct wt% basis because 

the wt% values were different for a given p i r  of hydrocarbon fractions. The 

results  reported ear l ier  for the hydrocarbons were mmpared on a mole % basis. 

However, the FIMS data from SRI International could be recalculated so a direct 

canprison could be made between spectra on a wt+  basis. This conclusion was 

reached a f te r  discussions with Dr .  But t r i l l  of SRI International and Dr. 

Scheppele of Bartlesville Energy Technology Center. AU of the FIMS hydrocarbon 

results  reported i n  the previous quarterly report were recalculated and 
. . 

reevaluated so canpr i sons  between hydrocarbon fractions from F-45 and F-51 
. . 

could be a m p r e d  on a wt% basis. The remainder of 'this section discusses the 

calculationsused i n  the  conversion of mole % data t o  wt% data, and the re su l t s  

i u & z d  Lor Uie hydrocarbons in F-61 and P-15 .' 
It has been reported by Yoshida e t  al. (1) t h a t  the . . actualweights of 

components i n  a fraction arialyzed by FINS can be calculated by Equation 1. 

where m i  (actual) = actual weight of c a p n e n t  i 

W = weight of fraction 

Mi = mSS of i 

Ii = intensity of a mass spectral peak 
.. . . 



Equation (1) can be. modigied to give Equation 2, which gives &%i. 

where wt%i is the weight percent of an individual hydrocarbon and wtWtotal 

is the weight percent of the entire hydrocarbon fraction . 

' The number average molecular weight (MW,) is defined by Equation 3. 

Values for kWn and CiIi are supplied with the data from SRI International; 

.. , . thus C iMiIi can be found from Equation 3. Also, as reported by SFU 

Equation 4 is valid. 

where R I i  = relative intensity of a mass spectral, peak 

. . 

-tion 2, 3, and 4 can be. combined to give' Equation 5. ' 

' 

m u s e  some of the hydrtkarbon' fractions run by FIMS were not completely 

volatile, it was 'necessary to correct the wtk values in Equation 5. Thus, the 

equation used to calculate wt% of the'individual hydrocarbons in F-45 and F-51 

is given by -tion 6. 

WtSi = ~ w t ~ ~ ~ ) i f r a c t i ~ n a l  v~latility)(Mi x RIi/lO~OOO x EW,) ( 6 )  

A computer program based on the above equations and used in processing the FIMS 

'data W wrqtten by 'Mr. Tbdd Allen of our research group.. Using the new 
. . 



computer program, the mole % data for the hydrocarbon fractions f r m  F-45 and 

F-51 were converted to  wts  values. Sixteen tables of computer data were 

obtained; however, this  data is not presented in the report. 

Table 1 sunmarizes the w t %  values obtained for. the hydrocarbons from F-45 

and F-51 and also relates the wts values to  the various Z series. The general 

formula that defines the 2. term is given by CnHzn+z. .These &ti' are canpared 
. . 

more readily in graphical for&. as  i n  Figures 1-9. In Figures 10-18. plots of 

wt% versus mass 'are presented for . the various Z series in  the saturate and . .  

- . - :  L .  ,.' . . . - ,. 

double bond fractions £ion F-45 and F-51. A s  explained in the previous 
. . ' . I '  : 

quarterly report, the conclusions for the data in  that report were-.. tentative. .,. 

because the w t %  values for a given pair of fractions were not the -e. .''The.;' 
. " .. 

( I  .. 
data for F-45 and F-51 in  able 1 and Figures 1-18 can be &red' directly 

. . .  . : .  . . . . 

because al l  the resul t s  are hased on wt%. Specifically the . i s  based on the 

weight of the. particular SRC sample. Below :are some of the conclusibns which 
< ;-: 

can be: made from the irforxktion in Table 1 and Figures 1-18. These conclusions . 
.. . 

are . more . rel iable  than the conclusions reached in  the las t .  quarterly report 

because conpatisons .were made directly between F-45 and F-51 fractions on the 

saturates ( ~ i ~ u r e s  1 and 10) 

a) The Wyodak SRC sample contains 3.1 times more saturates that the 

Kentucky sample. 

b) The Wyodak SRC sample has more material in every Z series canpired t o  

the Kentucky sample (Figure 1) . . . 

C )  In the +2. 0. and -2 Z series. the maxima are shifted t o  higher 

molecular. weights in  the Kentucky SRC sample (Figure 10) .  



. Table.1. W t S  of vari& -2 series in Hydrouuh Fractions fran F-45 and F-51 

rates. 3d.S. 5d.b. 6d.b. 7d.b. 8d.b. 

z 
9d.b. 10-11 d.b. 1 

W K W K W K 

2*  d.b, 

W K W K .W ' K W K W K  W I( 

+2 . -047 -027 





-12 
Z. series' 

Figufe 2. Wt% in SFC vs. Z series for three double bond h~ydrocarbo~~.  isokted from 
Wyodak and Kentucky SIC. 
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Figure 3. Wt% in SRC vso Z series for five double bond hydrocarbons i s o l a t e d  f m  
Wyoddc and Kentucky SRC. 



Figure 4.  Wt% in SIC vs. Z series for skk dotble bond hydroc.&m isolated from . . . . .  
Wyodak and Kentudcy SIC. 
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Figure 5.  C J ~ %  in SFC vs. Z series for s e w n  double bond hydrocarbons isolated £rum 
Wyoaak and Kentucky SRC. 
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Figure 6. Wt% in. SRC vs. Z series for eight double bond hydmcaans isolated from 
Wyodak and Kentucky SIC. 
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. Figure. 7. Wt% in SIC vs. Z series for nine double bond hydrocarbons isolated from 
. .. W-&. and Kentucky SIC. 



Figure 8. Wt% in SIC vs. Z series for ten and eleven double b n d  hydrocarbons 
isolated fmm Wyodak and Kentucky SRC. 
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Figure 9 .  ~ t %  in S E  vs. 2 series for twelve and greater double bord hydrmzbns  
. . 

isolated f r o m  Wydak and Kentudqr SIC. 
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Figure 10. P a r t i a l  FI spec tra  of the sa turates  f rac t ion  i s o l a t d  f m  I*' (F-45) 
and KentuCky (F-51) SX. 
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rigye 11. P m a L  FI mass spectra of t h e  three double bond PPH fraction i so lated  from 
l$kxhk (F-45) and Kentucky (F-5-51] SRC. 
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Figure 12. Partial FI rmss spectra of  the five double bond PAH fraction isolated f r o m  
Wyodak (F-45) and Kentucky (F-51) SK. 





e 
100 200  300  ;e@ 5 0 q  600 700 e@OlR@ 2Qe 3 r 0  400  50.0 680  7B0 BbC 

n h s s  , . n , : ,  n h s s  r n e z ,  

e  

IC.2-  :r.F 300  40O 0  600  ?(I0 800  l e e  t o e  3ee 400 360 608  TE0 
PIASP. r n , : r  n h s s  t n  :r 

wYdak Kentucky 

. - -18 
' Jl? 

- U* @. 
210 

"' Cod3 i.1 

I I I ~ ~ i ~ l - l r l n l l l .  

Figure 13. partial FI mass spectra of the six double bond PAH fraction isolated frcm 
Wyoaak (F-45) and Kentucky (F-51) -SIC. 
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Figure 14:- Partial  M m s  spectra o f  the seven double bond ?AH fraction isolated from 
ylcdak (F-45) and Kenntuckjr (F-51) SE. 
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Figure 15.  (wntinued) 
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Figure 17.  Part ia l  M -5 spectra o'f the ten 'md eleven 'double bond PPH fraktion 
isolated from itycdak (F-45) and Kentucky (F-51) SIC. 
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d )  In Figure 10  i n  the -4,  -6, and -8 Z s e r i e s ,  the  "biological marker" 

compounds a r e  much more evident i n  t h e  hvodak SRC sample basses 136. 

262; 372,  400; 370, 398, 4 1 2 ) .  

e l  In the -6 and -8 Z se r ies .  lower molecular weight material i n  the  Wyodak 

SRC sample is absent i n  the  Kentucky SRC sample (Figure 10) .  

Three Double Bonds (Figures 2 and 11) 

a) The Kentucky SRC sample contains 1 .S tiks more three double bond 

compounds than the Wyodak SRC sample. 

b )  The Kentucky SRC sample has more material i n  every Z s e r i e s  CCsnplted t o  

the  Wyodak SRC samples (Figure 2)  . 
C)  In the  - 8 ' and -10 Z s e r i e s  , t he  Wyodak SRC sample has more lower FM 

material  while Kentucky SRC sample has more higher MW material. I n i t i a l  

masses present i n  Wyodak SRC sample are missing i n  Kentucky SRC saniple . 

(Figure 11). 
. . 

dl In  the  -12 and -14 Z series the  . shapes . are very similar,  but Kentucky 

SRC sa.~ple is more intense a t  nearly a l l  masses (Figure 11 . 
Five Double Bonds (Figures 3 and 12 )  

-, 

a) Overall, the Wyodak =C sample has 1.1 times more f i v e  double bond 

,cornpun& than the Kentucky SRC sample.. 

b) The Wyodak SRC sample has more of t h e  -12 and -14 Z series, while . 

Kentucky SRC sample has more of the  other ser ies .  The -22 and -24 Z 

s e r i e s  are nearly t h e  same (Figure 3 ) .  

C)  I n  the  -12 Z se r ies ,  masses below 184 a r e  missing i n  Kentucky 

sample, but are p r ~ n i n e n t  i n  Wyodak SRC sample (Figure 1 2 )  . 



dl  The -14 Z s e r i e s  are similar. but Wycdak SRC sample has more material 

(Figure 1 2 ) .  

e l  In the  Kentucky SRC sample, the -16, -18, and -20 Z s e r i e s  d d n a t e ,  but 

the  appearance of the series are  similar with one exception: 

1. A second "hump" around mass 560 is more pronounced i n  Wyodlak SRC 

sample. This "hump" a l so  appears for the Wyodak SRC sample fo r  the  

-12 and -14 Z series.  
1 r. 

s i x  Double Bonds (Figures 4 and 13) 

a )  The Kentucky SRC sample has 1.8 times more s ix  double h n d  chpunds 

than the  Wyodak S I C  sample. 
. :I , 

b) The Kentucky SRC sample has more material i n  every Z series (Figure 4 ) .  

C) ' Although Kentucky SRC sample has more material i n  the  -14 and -16 2 - .. 
series, Wyodak has more material i n  t h e  i n i t i a l  masses i n  these series 

(Figure 13)  . 
d) The -18, -20, and -22 Z series are- similar i n  appearance, -'with Kentucky 

SRC sample dcaninating i n  each case. The Kentucky series have at  

one CH2 unit  greater than Wyodak. 

&ven Double Bonds (Figures 5 and 14)  

a ' The Kentucky SRC sample has 1.1 times more seven double bond ccanpounds 

than t h e  Wyodak SRC sample. 

b) The Kentucky SRC sample has more of t h e  -1 8 Z series and more of the -20 

2 series. The Wyodak SRC sample has more'of the  -22, -24 and -26 Z 

series. !he amounts of the  -16 and -28 Z s e r i e s  are  essent ial ly ' the 

m e  i n  both samples (Figure 5 and Table 1). 

C) The -18 Z series 'is very different ,  with Wyodak SRC sample having 

re la t ive ly  sndll. amounts of phenanthrenes . and anthracenes (Fi'gure 141 . 



dl  The appearance of the  -20, -22 and -24 Z s e r i e s  i n  the  Wyodak 

and Kentucky SRC samples a r e  similar,  differing mainly i n  intensity.  

Eisht Double Bonds (Figures 6 and 15) 

a)  The amounts of eight double bond compounds i n  t h e  Wyodak and Kentucky 

SRC samples a r e  about the  same. 

b) The Wyodak SRC sample has much more of the -22 Z series.  Kentucky has 

s l ight ly  more of the -24, -26, -30 and -32 2 series. Both samples have 

the same amount of the -20 Z s e r i e s  (Figure 6 and Table 1). 

C)  Although both samples have the  same amount of the  -20 Z series, the 

distr ibut ion is qu i t e  different .  The Wyodak SRC sample dominates a t  the 

lower masses (Figure 15) . 
d) .In the  -22 Z series, it appears , to be a matter of intensity,  as both 

series are similar i n  shape except the  Wyodak SRC sample contains more 

mixrial (Figure 1 5 )  . 
el.. The -24, -26, and -28 Z se r i e s  also appear t o  differ mainly i n  

intensity. 

Nine Double Bonds (Figure 7 and 16) 
- - 
a) ~0th-'Wybdak and Kentucky SRC samples contain the  same amount of double 

bond cmpunds. 

b) The Wyodak SRC sample contains much more of the  -24 and -26 2 series, 

and more of the .  -2 8 and -3 0 Z series. . The .Kentucky SRC sample contains 

more of the -22.. -32 and -34 Z series (Figure '.7) . 
The difference i n  t h e  -24 Z series. which contains chrysene types, is 

mainly i n  re la t ive  amounts. The Kentucky SRC sample has much less 

chrysene and/or tetracene ccanpared t o  Wyodak SRC sample (Figure 16) .  
. . 

The appearance of the -26 and -28 series is very similar with the Wyodak 

SRC sample containing more material. The -30 2 se r i e s  a r e  similar i n  

shape and amounts for both samples (Figure 16) . 



Ten and Eleven Double Bonds (Figures 8 and 17)  

a )  The Wyodak SRC sample has 2.3 times as  much ten and eleven double bond 

compounds a s  the Kentucky SRC sample. 

b) The Wycdak SRC sample has much more of all  Z series (Figure 8 and 

Figure 1 7 ) .  

C) In the  -28, -30 and -32 Z series, the Kentucky SRC sample maxima are a t  

one CH2 unit higher than Wyolhk SRC sample. 

d)  In the -3.4 Z series mass 302 is dhmost missing i n  the Kentucky SRC 

sample. Again, the ~entucky S I C  m i m u m  is a t  higher masses. 

e l  TKe -36 Z-series are similar except for intensity and m&imum. .. 

Twelve and Greater Double Bonds (Figues 9 and 18) 

a)  The Wyodak SRC sample has 1.3 times a s  much twelve and greater double 

bond compunds as the  Kentucky SRC sample. 

b) The Wyodak SRC sample has more of every Z ser ies  (Figure 9 )  . 
C) In the  Kentucky SRC sample,. the maxim i n  all ser ies  are a t  higher 

masses than Wyodak SRC sample (Figure 18). . . 

dl ' The shapes of the -34, -36, and -38 Z series i n  both samples are similar 

except £.or intensities. This is true also of the -30, -44 and the -3.2, 

-46 series.. . 

e)  The appearance of the -42 Z series is quite different i n  both samples. 

The Kentucky SRC sample has mall amounts of the -28 hcimologous series 

present. This ser ies  is absent in  Wyodak SRC samples. 

Using the  data i n  Table 1 and Figures 10-18 the t o t a l  amount of a r m t i c s ,  

hydroaromatics, and saturates can be estimated. Table 2 gives the results  

obtained. Based on work done i n  the previous DOE contract (DE-AC22-79ET14874) 

the Kentucky (F-51) sample is a better liquefaction medium than the Wyodak 



(F-45) sample when blended with other coal derived components ( 2 ) .  It is 

in teres t ing  tha t  the aromatic, hydroaromatic, and saturate  content of the F-51 

sample is less than the F-45 sample. To make any defini t ive conclusion on these 

r e s u l t s  and t h e i r  relationship t o  coal liquefaction. the composition of other 

coal l iqu id  samples would have t o  be obtained experimentally. n e s e  coal l iquid  

samples would have t o  be run under w e l l  defined coal liquefaction conditions. 

A l s o ,  it is important t o  real ize t h a t  the r e s u l t s , i n  Table 2 account for 

r e l a t ive ly  small portions o f . t h e  en t i r e  SRC samples. 

Table 2.  Estimated W t %  of Aromatics. Hydroaramatics, and Saturates i n  Wodak and 

Kentucky SRC Samples 

sa!Ek . ,  Borrrat ics Hvdroaromatics Saturates 

Kentucky 1.94 

With t h e  large amount of data obtained from the  Wyodak and Kentucky 

hydrocarbon samples, it is d i f f i c u l t  t o  make easy compsitional comparisons 

among t h e  samples. Because of t h i s  d i f f icul ty ,  it w a s  decided t o  develop .a 

cosnplter program tha t  would p lo t  the  data i n  a three dimensional fashion. 
. . 

.Figures 19-21 show the-  r e su l t s  obtained. These Figures are a great  help i n  

s w m r i z i n g  the hydrocarbon data. me numbers above "g' and "d' refer  t o  a .. 

par t icular  Z series. Mass is defined by the ax i s  labeled  ass". The heights 

of t h e  l i n e s  perpendicular t o  the mass axes a r e  i n  t e rns  of wt%. With Figures 

19-21, it is re la t ive ly  easy t o  make rapid cormpar ison among the  .various 

hydrocarbon fractions. Also, one 'gets a general overview of the hydrocarbon 

content i n  the  Wyodak and Kentucky samples. T h i s - i s  v i r tua l ly  impossible when 

evaluating each FlMS spectrum i n  detail. Thus. we have the  capabili ty of 



. I . . 
3 d o u b l e  bonds  

Figure 13. Conprison of nominal mass Z scrics i n  sa tu ra tes ,  three double bond and f i v e  
double bond hyckocamns isola ted  f ron Kentucky (K) and Wyodalc (W) SRC. 



~ i g u r e  20. Canparison of n&al iws Z series in six double bond, s e w  double bond and 
e igh t  double bond hydrocarbons i so la ted  frum Kentucky (K) and (w) SB. 



9 d o u b l e  b o n d s  

18-11 doubAen bond 

Figure 21. -ison of  nominal mass Z series in nine double bond, ten and eleven 
double bond, and > ttlelve double bond hydrocarbons isolated fm Kentucky (K) 
and Wyodak (k7) SZ. 



obtaining'detailed compositional hydrocarbon data or obtaining a general profile 

of the  hydrocarbon content i n  coal liquid samples. 3 

B. Solubilitv Tests and Preliminarv Ooen-Column Chromtwra~hv Results for 

Preas~haltenes-1 and Preas~haltenes-2. 

The pyridine soluble-chloroform insoluble material. defined as 

- preasphaltenes-2. was tested for solubility i n  various binary and ternary 

solvents. The main reason for the  solubil i ty test was t o  find solvents that  

could be used i n  the open-column adsorption chrmtography of preasphaltenes-2. 

A s  discussed i n  the l a s t  quarterly report, preasphaltenes-l(ch1oroform soluble) 

were soluble i n  several binary solvents. Table 3 gives the  results  obtained for 

the  solubility of preasphaltenes-2 froin F-45 and F-51. The results  i n  Table 3 

are somwhat encouraging because binary solvents and a ternary solvent can be 

used t o  dissolve preasphaltenes-2. Sane of these solvents w i l l  be used t o  

. . fractionate the  preasphaltenes-2 with s i l i ca  gel as a stationary W s e .  

Work was begun i n  determining the  chromtographic migration characteristics 
. .' 

of several model compounds i n  open-column s i l i ca  gel chrcanatography. The model 

campounds were.chosen because .of thei r  multiple functionality and the 

possibil i ty they would appear i n  the  preasphi$t&ne fractions. The model 

compounds are : 5-hydr oxyquinoline ; 2-hydroxycarbazole ; 1 ,7-dihydroxynaph- 

. . 1.8-dihydroxyanthraquinone; 1.3-dihydroxy~phthalene; and 4.5.7- ' 

:. . :.. . 

.. . . , tr ihydr oxyflavanone . 



Table 3. Solubilitv of Preasphaltenes-2 from F-45 and F-51 in Various Solvents 

Solvent 

pyridine :chloroform 

- .  

pyr f dine : chloroform : tetrahydrofuran 6 :  3':l(v/v/v) PS ' 

--. ' 

' 6:2:2(v/v/v) ':: PS 

I = isoluble, PS = partially soluble, MS = mostly soluble (same f ine solid 

material set t led af ter  s i t t ing overnight 

C. @her Emeriments with ~~-easvlmlte i~es  

As mentioned i n  the previous quarterly report, infrared and proton M3R . . 

spectra were obtained frcin the preasphaltenes-1 and preasphaltenes-2 from F-45 

'and F-51. The samples were dissolved i n  deuterated.pyridine and the proton NPlR 

spectra we were obtained with a JD3L EX 270 MX MMR kpectrmeter. A l l  the NNR 

spectra appeared the same and no distinquishing features were noted. 

M r a r e d  spectra of the P-1 and P-2 fractions fran F ~ 5 l  and F-45 were 

obtained from KBr pellets  of the sanples. . The infrared spectra were very 



similar; however, some important information and differences were noted in the 

spectra. These are listed below: 

a) The hydroxyl group absorption band was obvious in all the spectra. 

b) No aldehyde, ketone, carboxyl. or ester functionality was indicated. 

C) The P-2 fractions were distinctly more aromatic than the P-1 fractions. 

dl The P-2 material in F-45 appears to be somewhat more aromatic than the 

P-2 mater ial in F-51. 

c) The P-1 material+ in F-51 iappwrs to hs smwhat mre aromatic than the 

P-1 material in F-45. 

The last three conclusions are supported by the data in Table 4. Also included 
' 

in Table 4 is data on the aliphatic bands'. The data in Table 4 was obtained by 

cutting out the appropriate bands frm the infrared spectrum and weighing the 

corresponding paper fronthe spectrum. Obviously, this approach only gives an 

approximite measure of.,the aliphatic and aramatic.content in the fractions. 

Figure 22 shows the.plrtia1 infrared spectrum of P-2 fraction frm F-51.. The 

other infrared spectra were similar. 

Table 4. Approxhte Amounts of Aliphatic and Aromatic Material in the 

. . 
. . Preasphaltenes of F-45. and F-51. 

JR of Sbectrum Tracina, mg 

Fraction aliuhatic Aliuhatic/Aromatic Ratio 

0.94 
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22. Partial infrared spectrum of pyridine soluble-chloroform insoluble pr&~phaltenes isolated from 
Kentudq (F-51) SRC. Spectrum obtained from KBr pellet. 



: D. Replacement of Fluoropak wi th  Chromasorb T in the Fluoromk-Basic Alumina 

Procedure 

Chromasorb T was investigated a s  a substitute for Fluoropak i n  the 

Fluoropak-basic alumina procedure because Fluoropak is no longer available. 

Chromasorb T is manufactured by Johns-Mannsville. Inc. and was purchased £ran 

,.Supelco, Inc. Both Chromasorb T and Fluoropak a re  made of Teflon 6, but the 

, . Chrcxnasorb T .  is a finer. mesh s ize  (30/60) compred t o  Fluoropak (2q/40) . 
. . 

"Fable 5 shows the resul ts  for duplicate runs using' Chromasorb T and 

.Fluoropak. The procedure employed has been described in  the l i tera ture  ( 3 ,4 ) .  

. ' canprison of the  Chrmsqrb T results w i t h  the Fluoropak results  shows 
. . 
, reasonably good agreement. Baked on the results  i n  Tab&e 5,Chromasorb T is an 

' 
a d e t e  substitute for ~luoropak .    ow ever , additional experiments w i l l  be run 

' i n  the  future i n  which these two materials (Chromasorb T and Pluoropak) are  
:. 

' : compared. It i s inpor tan t  toment ion tha t  samplehanogeneity i s a n i n p r t a n t  

' : factor, and some of the discrepancy, of the data i n  Table 5 could be due t o  t h i s  

. .' factor. 



. - 

.Table 5. Comparison of. Resul ts  Obtained with Chromasorb T and Fluoropak Using F-45 

chloroform gyridine) 
Column Packinq gi1s1 m h . 2  & .  ;= J- 2 Eai? _OH sisaUUS ' solublg 

Chranasorb T 19..1 36.7 44 .2 8.7. 4.8 . 5.7 12.6 24.1 11.7 32.5 - - - - -  - - .  -- - - 
Average 19:l 37.1 . 43.8 8.8 4.8 5.6 12.6 '24.4 11.8 32 .O 

~ i u o r  opak 16.6 . 35.6 47.6' .7.9 3.6 5.1 13.1 22.7 12.7 34.9 - . -  . - - - - -- - - 
' Average 16.9 . 36.1 46.8 8.2 3.8 5.0 13.3 23.0 12.6 - 34.2 5 

b p h  = asphaltenes,  Preasph = .preasphaltenes, HC= hydrocarbons, N = nitrogen compounds 

33,-easph = chloroform soluble + w r i d i n e  soluble(pyridine soluble obtained by di f ference)  . , 

40btained by. d i f fe rence  ... 

. . 



E. Hish Performance Liauid Chromatwraphy 
. . 

1. Hydroxyl Aromatics 
. . 

. . A s  discussed i n  the l a s t  quarterly report, the chromatographic 
. . .  . . 

. . .  . ' ... .:. characteristics of thirty-six hydroxyl aromatic.standar& were investigated by 
. . . . . . .  

. . . . 
norm&-phase chr mtography . The 'same standards have been investigated by 

. . .. 

' . reversed-phase chromatography using a C-18 column. Table 6 gives the mobile 
. . 

,. phases investigated. It was found that  linear relationships were obtained 

between log (capacity factor)  versus volume percent of the strong solvent i n  the 

mobile phase, and log(capacity factor) versus solubiiity parameter of the m&ile 
. . . . 

.. . . phase. The linear relationships have been used i n  optimizing the mobile phases 
. . 

: ' , . . for thewbest" resolution of hydroxyl a&matics. Two optimization methods are  
. . .  

" being employed. namely, a solubi1i.Q parameter method ( 5 )  and a window diagram 

' , . method ( 6 )  . The resul ts  frcan the opimization methods are very encouraging. It 

appears that the "best" mobile phase for the separation of hydroxyl aromatics 

using reversed-phase chrcmatography.can be predicted p priori .  In addition, the 

. . ..- . limitations of the chromatographic systems a re  defined by the optimization 

. . : methods. The same optimization methods w i l l  be applied t o  normal-phase 

c h r a ~ t o g r a @ i c  systems. Detailed results f o r  the reversed-phase and 
. . 

' .  n o d - p h a s e  chrmatoraphic systems. w i l l  be given i n  future reports. 

. . 
2. Nitrogen Heterocycles and Aromatic Amines 

The chromatographic characteristics of thirty-f ive nitrogen heterocycle and 
. . 

. . ,  ;;' aromatic amine standards, were investiqated on several nonndl-phase .. . . 
. . 

. .. ' . chr-tography systems. Table 7 lists the canpounds studied and Table 8 gives 
.. : .  .. ' 

the  chrcaoatographic systems investigated. The results  £ram these experiments 
. . 

: ' '  are  still being interpreted. More deta i ls  on the results w i l l  be given i n  l a t e r  
. .. . . 



Table 6. Reversed-Phase High Performance Liquid Chrwtography Mobile Phases 

Investigated for Hydroxyl Aromatics with a C-18 Column 

1'. Ternary mobile phases investigated for three monohydroxyl compounds 

~thanol:acetonitrile:water(vlv/v~ methanol:tetrahvdrofuran:water(v/v/v) 

2. ~einary. mobile phases investigated for three dihydroxyl compounds 

3. Ternary mbile *ase investigateh for twenty-one monohydroxyl compounds 

4. T ~ K M ~  mobile phase investigated for fourteen dihydroxyl compo&ds 



Thle 7, St;rndard Sitrogen Heterocycles and Aromtir, >-mines in High Perfomwce 

Liquid Chrmtography Ekperiments. 

2.7-Diaminof luorene 
13H-Dibenzo [a. ilcarbazole 
5-kninoin&le 
5-Aminoisoquinoline 
5.6-Dimethylbenzimidazole 
5.6-Benzapinoline 
Benzo[clcinnoline 
2.6-Dimethylquinoline 
2 ,2 * -Biquinoline 
6 ,l3-Dihydrodibenao [b, ilphenazine 
5-Aminaquinaline , 

3-Amino-9-ethylCarbaz81e 
3 -Aminof luoranthene 
7 -Uzain&le 
Carbazole 
1-Azapyrene 
1-Paninoanthracene ' . 
5-lminoindazole 
Iminost ilbene 
4-Phenylpyridine 
4-Azafluorene 
Acridine 
7,8-Bcncoquinoline 
4.5-Diphenylimidazole ' . 

Indole. 
4-Azabenzimidazole 
1 , 2 - ~ 5  s (0-mr.i dyl ) ptrhan~ 
5-Aminoindan 
6-llminoindazole 
Tmi n d i  k n z y l .  
7-Methylindole 
2-Phenylbenzimidazole 
2-Phenylindole 
1,2.3,4-~etrahy&ocarbazole 
2.3 ,4.5-Tetraphenylpyrrole , 



Table 8. Normal-Phase Chrmtographic Systems Investigated for Nitrogen 

Heterocycles and Aromatic Amines 

stationarv Phase p-He~tane:2-Pro~anol(v/v)Mobile Phases 

p-Bondapak NH2 60: 40 



3 .  Compound Class Separation of Polycyclic Aromatic Hydrocarbons, 

Nitrogen Heterocycles, and Hydroxyl Aromatics 

Compound c l a s s  separation of p l y c y c l i c  aromatic hydrocarbons, nitrogen 

heterocycles, and hydroxyl aromatics i n  heavy coal l iquid samples has not been 

accomplished yet  by high performance l iquid  chromatogrphy. In t h i s  work, both 

mobile phase optimization . . and prediction of retention a re  part icular ly important 

, .because of the possible overlap of compounds i n  the  various compound classes. 

Several mobile phases and high-performance chromatographic columns a r e  being 

investigated t o  determine t h e  best chromatographic systems t o  separate compound 

classes.  Table 9 lists the  stationary phases and mobile phases studied. 
. . 

Experiments with other columns and mobile phases 'are still being carr ied out and 

def in i t ive  resu l t s  and conclusions w i l l  be reported i n .  l a t e r  reports. 

. .. . . . 
. . . . F. m u s c r i u t s  

1. A manuscript en t i t l ed   canpo position of Dis t i l l a t e  Recycle Solvents 

berived f ran Direct Coal Liquefaction i n  the  SRC-1 ~r'r60ess" W i l l  be suhrdtted t o  

Nel for  review i n  the  near future.  The manuscript is attached t o  t h i s  report 

as Appendix A. The'resul ts  described i n  t h i s  manuscript were obtained under the  

previous BOE contract (No.DE-AC22-79ET14874). 

2. A manuscript is being wri t ten i n  which the hydrocarbon camposition of 

moderately and severely hydrogenated F-45 is cornpired. The data were obtained 

during the  previous DOE contract period. 

3 .  A manuscript is being written i n  which the ,hydrocarbon composition of 

F-45 and F-51 a r e  compared. Sane of the -data were obtained during the previous 

DOE contract period. 



Table 9. Stationary Phases and Hobile Phases for Compound Class Separation- 

1. p-Bondapak NH2 (normal-phase) 

n-heptane. chloroform, n-heptane:chloroform 25:l(v/v), n-heptane:chloroform 

I~:I(v/v). n-heptane:chloroform 10:l(v/v), R-heptane:chloroform 5:l(v/v). 

n-heptane : 2-pr opanol 25 : l (v/ v) . n-heptane : 2-pr opanol 100 : l ( v/v) , 
n-heptane:methylene dichloride 25:l(v/v). n-heptane:rnethylene dichloride 

lO:f(v/v). n-heptane:ethyl acetate 10:l(v/v) 

2. p-gorasil (normal-phase) 

n-heptane. 2-propano1:n-heptane 1:100 (vlv) 

3. Basic Alumnun Oxide (normal-phase 
. . 

n-heptane. dioxane:n-heptane 21:79(v/v), n-heptane:dioxane 100:l(v/v), 

n-heptane : chloroform 9 5 : 5(v/ v) 

methanol :water 60: 40(v/v) 

5.  P-,?%mdapak. CN (nonnal-phase 

n-heptane , &lor oform 
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.Br ie f  
L i q u i d  chromatogr.aphy and f i e l d  i o n i z a t i o n  mass s p e c t r o m e t r y  were used 

f o r  a n a l y s i s  o f  c o a l - d e r i v e d  260-427OC d i s t i l l a t c  r c c y c l e  s o l v c n t s  from d i r e c t  

c o a l  l i q u e f a c t i o n  p r o c e s s e s .  



Abs t r ac t  

The q u a l i t a t i v e  and quan t ' i t a t i ve  compositions of 260-427OC d i s t i l l a t e  

r e c y c l e  s o l v e n t s  der ived  from d i r e c t  l i q u e f a c t i o n  of subbituminous Wyodak 

c o a l  and bituminous Kentucky 9/14 c o a l  i n  t h e  SRC-1 process  a r e  d iscussed .  

A l i q u i d  chromatography method which invo lves  a column swi tch ing  tech-  

n ique  was used t o  provide s o l u b i l i t y  c h a r a c t e r i s t i c s  and compound-class compo- 

s i t i o n s .  The compound-class f r a c t i o n s  of hydrocarbons, nitrogen'compounds, and 

hydroxyi a romat ics  were sepa ra t ed  from hexane s o l u b l e  "o i l s "  and to luene  

soluble-hexane i n s o l u b l e  "asphaltenes".  The hydrocarbons were f u r t h e r  s epa ra t ed  

i n t o  s a t u r a t e s  and mono-through t e t r a c y c l i c  a romat ics  'using h igh  performance 
I 

l i q u i d  ,chromatography (HPLC) . 1 

1 

F i e l d  i o n i z a t i o n  mass spectrometry (FIMS) was used t o  analyze t h e  compound- . . '  

c l a s s  f r a c t i o n s .  The apparent  concen t r a t ions  f o r  va r ious  homologous s e r i e s  

(Z s e r i e s )  of colqpound-class f r a c t i o n s  from t h e  two coal-dGrived d i s t i l l a t e  

r e c y c l e  s o l v e n t s  a r e  compared. 



Many a t t e m p t s  have been made i n  t h e  p a s t  t o  c o r r e l a t e  t h e  e f f e c t i v e n e s s  

of c o a l  l i q u e f a c t i o n  r e c y c l e  s o l v e n t s  w i t h  t h e i r  chemical and phys i ca l  proper- 

t i e s  (1-15). It is  known t h a t  a  good r ecyc le  so lven t  must be compatible w i t h  

' t h e  p roduc t s  of t h e  thermal  d i s s o l u t i o n  of c o a l  and i t  must a l s o  provide  a 

r e a d i l y  a v a i l a b l e  sou rce  of hydrogen. Tlie l i q u e f a c t i o n  so lven t  may func t ion  

! 
! 

a s  a  d i r e c t  source  of hydrogen (hydrogen donor) ,  i n d i r e c t  sou rce  of hydrogen 

. . 
, . . . (hydrogen s h u t t l e r ) ,  o r  a s  a hydrogen a b s t r a c t o r .  In. a  commercial p rocess ,  t h e  

. , s o l v e n t  is de r ived  from c o a l  and must be  s u i t a b l e  f o r  r e c y c l e  ope ra t ion .  

. - I n  o r d e r  t o  f u l l y  understand t h e  chemistry of c o a l  l i q u e f a c t i o n  and t h e  

I :::, . . performance of coal-derived r e c y c l e  s o l v e n t s  a  thorough knowledge of t h e i r  
.. . . 

chemical composi t ion is  necessary .  I n  r e c e n t  y e a r s ,  cons ide rab le  p rog res s  has  
< 

i 
I been made i n  developing methods f o r  ' s epa ra t ion  and c h a r a c t e r i z a t i o n  of  c o a l  

. .  . . . de r ived  l i q u i d s  (16-28) . 
. . ,  : I:: . .. . . . . : .  . ,; 

, The ob j ' ec t ive  of t h i s  work was t o  provide  d e t a i l s  of t h e  composition of 
I _ ,  . . I .  

! .  . . : 
. . ! : . .  two 260-4270~  d i s t i l l a t e  r e c y c l e  s o l v e n t s  der ived  from. a  d i r e c t  l i q u e f a c t i o n  

! . .  . o f  a subbituminous Wyodak c o a l  and a bituminous Kentucky 9'114 c o a l  i n  t h e  

! SRC-1 process .  These two s o l v e n t s  were s e l e c t e d  because of t h e i r  d i f f e r e n t  

I c o a l  l i q u e f a c t i o n  performance; t h e ' ~ e n t u c k ~  9/14 c o a l  der ived  d i s t i l l a t e  be ing  

t h e  more e f f e c t i v e  c o a l  l i q u e f a c t i o n  s o l v e n t .  

. . EXPERIMENTAL 

. . D i s t i l l a t e  r e c y c l e  s o l v e n t  samples.  

Wyodak c o a l  de r ived  d i s t i l l a t e  r e c y c l e  so lven t  was produced from a sub- 

i 
I b i tuminous c o a l  from t h e  Canyon Anderson seams i n  t h e  Amax Coal Co., B e l l  Ayr 

14ine i n  Wyoming. The r e c y c l e  s o l v e n t  sample w a s  supp l i ed  by C a t a l y t i c ,  Inc.  

from t h e  Southern Company Se rv ices ,  Inc . ,  SRC p i l o t  p l a n t  l oca t ed  a t  Wi lsonvi l le ,  



AL. This  sample was r e d i s t i l l e d  us ing  ASTM D-8611160 procedures t o  remove a 

low-boil ing f r a c t i o n .  

Kentucky 9/14 c o a l  der ived  d i s t i l l a t e  r e c y c l e  so lven t  was produced from a 

bituminous Kentucky 9/14 coa l .  The sample, suppl ied  by t h e  P i t t sbu rgh  and 

Midway Coal Mining Co., SRC p i l o t . . p l a n t  nea r  Tacoma, WA, was analyzed as 

rece ived .  

Some a n a l y t i c a l  d a t a  on t h e  two d i s t i l l a t e  r ecyc le  s o l v e n t s  have been 

r epor t ed  elsewhere (29) .  

Separa t ion  i n t o  solvent-derived and compound-class f r a c t i o n s .  

A c o a l  der ived  d i s t i l l a t e  r e c y c l e  s o l v e n t  sample was coated on an i n e r t  

f luorocarbon support  m a t e r i a l .  An Al tex  g l a s s  chromatographic co lum 'was  then 

packed w i t h  t h e  sample-coated suppor t  m a t e r i a l ,  and t h e  column was connected 

t o  two b a s i c  alumina columns. Solvent-derived f r a c t i o n s  of " o i l s "  (hexane 

s o l u b l e )  and "asphal tenes" ( t o luene  soluble-hexane in so lub le )  were .dLrec t ly  

in t roduced  i n t o  a r e s p e c t i v e  b a s i c  alumina column f o r  f u r t h e r  s e p a r a t i o n  i n t o  

t h r e e  compound-class f r a c t i o n s  - hydrocarbons, n i t r o g e n  compounds, and hydroxyl 

a romat ics .  A t o luene  inso luble-pyr id ine  s o l u b l e  f r ac t&on  of "preasphal tenes" 

was e l u t e d  wi th  py r id ine  d i r e c t l y  from t h e  i n e r t  support  m a t e r i a l  i n  t h e  f i r s t  

c o l u m .  The derai led  procedure was descr ibed  elsewhere (24,  25).  

HPLC s e p a r a t i o n  of hydrocarbons 

The l i q u i d  chromatograph used was a Waters Model ALC/GPC 244 equipped wi th  

a Model U6K i n j e c t o r ,  a Model 6000A pump, a l4odel ALC 201 d i f f e r e n t i a l  r e f r a c -  

tomete; and a Model 440 UV absorbance d e t e c t o r ,  a s t r i p  c h a r t  r eco rde r ,  and a 

Bascom-Turner Model 8120 computerized recorder .  

The hydrocarbon f r a c t i o n s  i s o l a t e d  from hexane s o l u b l e  o i l s  of each d i s -  



t i l l a t e  r e c y c l e  s o l v e n t  were f u r t h e r  s e p a r a t e d  i n t o  s a t u r a t e s  and the  fo l lowing  

"double bond" (d.b.)  a romat ic  hydrocarbon f r a c t i o n s :  3  d .b . ,  5 d.b. ,  6 d.b . ,  

7 d . b . ,  8 d .b . ,  a n d ' 9  + d.b .  A 10 u m  p a r t i c l e  s i z e  p-Bondapak NH2 semiprepar- 

a t i v e  column from Waters w i th  n-heptane a s  a  mobile phase were used t o  s e p a r a t e  

t h e  hydrocarbon f r a c t i o n s .  The d e t a i l s  of t h e  HPLC procedure were descr ibed  

p rev ious ly  (27),  and y i e l d s  of t h e  f r a c t i o n s  were determined g rav ime t r i ca l ly .  

F i e l d  I o n i z a t i o n  Mass Spectrometry. 

FIMS was used t o  ana lyze  t h e  compound-class f r a c t i o n s  separa ted  trom WYodak 

and Kentucky 9/14 coal-derived d i s t i l l a t e  r e c y c l e  s o l v e n t s .  F i e ld  i o n i z a t i o n  

(FI )  m a s s  s p e c t r a  were ob ta ined  from samples submit ted t o  SRI I n t e r n a t i o n a l  i n  

Menlo Park,  CA. . T h e  s p e c t r a  were obta ined  by repea ted  mult iscanning.  The con- 

v e r s i o n  from i o n  counts  t o  c o r r e c t e d  r e l a t i v e  i n t e n s i t y  was au toma t i ca l ly  per- 

.' formed by t h e  computer. The r e l a t i v e  i n t e n s i t i e s  were normalized f o r  each 

spectrum t o  a t o t a l .  of 10,000 and may e a s i l y  be  converted t o  mole percent  of 

m a t e r i a l  (30) .  

FIMS produces unfragmented molecular  i o n s  and t h e i r  i s o t o p e  s i g n a l s .  Com- 

p u t e r  programs were dev i sed  which a l low f o r  c o r r e c t i o n  of peak i n t e n s i t i e s  f o r  

m a t e r i a l  abundance of  carbon-13 and subsequent  conversion t o  weight percent  of 

t h e  sample. An HP-87 computer w i t h  an HP Model 82901M f l e x i b l e  d i s k  d r i v e  and 

an HP Model 82905B p r i n t e r  were used t o  e v a l u a t e  t h e  FIMS d a t a  obta ined  from 

. . 
SRI . 

I n f r a r e d  Spectrometry. 

A Perkin-Elmer Model 621 g r a t i n g  i n f r a r e d  spectrophotometer  was used f o r  

t h e  a n a l y s i s  of f u n c t i o n a l i t i e s  p r e s e n t  i n  t h e  f r a c t i o n s .  The i n f r a r e d  s p e c t r a  

were recorded i n  methylene c h l o r i d e  us ing  0.5 nun NaCl c e l l s .  



RESULTS AND DISCUSSION 

Compound-Class Composition. 

A s e p a r a t i o n  method o r i g i n a l l y  .develope'd f o r  so lven t  r e f i n e d  c o a l  (24, 25) 

was app l i ed  i n  t h i s  work t o  s epa ra t e .  t h e  d i s t i l l a t e  r e c y c l e . s o l v e n t s  i n t o  

solvent-derived and compound-class f r a c t i o n s .  The s e p a r a t i o n  scheme i s  shown 

i n  F igure  1. The average r e s u l t s  from t r i p l i c a t e  s e p a r a t i o n s  a r e  ,given ,in:::Tabl'e ' 

1. Precau t ions  were taken t o  prevent  . l o s s  of v o l a t i l e  components dur ing  

removal o f  s o l v e n t s  from chromatographic f r a c t i o n s  . Data i n  Table l.'.show t h a t  

hexane s o l u b l e  o i l s  a r e  t h e  predominant solvent-derived f r a c t i o n s  i n  both  Wyodak 

. and Kentucky coal-derived d i s t i l ' l a t e  r e c y c l e  s o l v e n t s ,  accounting f o r  94.. 5 and 

91.8 wt%, r e s p e c t i v e l y .  Toluene soluble-hexane i n s o l u b l e  asphal tenes  a r e  

r ep re sen ted  by 4.3 w t %  (Wyodak) and 5.9 w t %  (Kentucky) wh i l e  py r id ine  so luble-  

. t o luene  i n s o l u b l e  p,reasphal tenes account  f o r  0.6 and 2.3 wtW, r e s p e c t i v e l y ,  

Resul t s .  i n    able 1 a l s o  show t h a t  hydrocarbons are t h e ,  major dompound-class 

~~~~~~~~~~~~~~in bo th  Wyodak and Kentucky coal-derived r e c y c l e  s o l v e n t s ,  account- 

i n g  f o r  63.1 and 61.7 w t % ,  r e s p e c t i v e l y .   he hydrocarbons a r e  p re sen t  almost 

e n t i r e l y  i n  hexane s o l u b l e  o i l s .  Hydroxyl a romat ics  a r e  t h e  nex t  l a r g e s t  

compound-class f r a c t i o n ,  account ing  f o r  26.8 w t %  (Wyodak) and 23 .6  w t %  (Kentucky). 

Nitrogen compounds i n  Wyodak and Kentucky coal-derived r e c y c l e  s o l v e n t s  a r e  

r ep re sen ted  by 8.9 and 12.4 wt%,' r e s p e c t i v e l y .  The hydroxyl a romat ics  and 

n i t r o g e n  compounds a r e  d i s t r i b u t e d  among both  o i l s  and asphal tenes .  

. I n  terms of . s o l u b i l i t y  c h a r a c t e r i s t i c s  t h e  Wyodak c o a l  der ived  s o l v e n t  

con ta ins  more o i l s  and l e s s  a s p h a l t e n e s  and preasphal tenes  than  t h e  Kentucky 

9/14 c o a l  de r ived  so lven t .  I n  terms of  compound-class composition t h e  Wyodak 

c o a l  de r ived  s o l v e n t  con ta ins  more hydrocarbons and hydroxyl a r o m a t i c s ' b u t  less 

n i t r o g e n  compounds than  t h e  Kentucky 9/14 c o a l  der ived  so lven t .  



HPLC/FIMS Analysis  of Hydrocarbons. 

The hydrocarbons sepa ra t ed  from hexane s o l u b l e  o i l s  i n  Wyodak and Kentucky 

. coal-derived d i s t i l l a t e  r e c y c l e  s o l v e n t s  were analyzed us ing  a  prev ious ly  

desc.ribed HPLCIFIMS method (27, 28) .  Hydrocarbons i n  t o luene  soluble-hexane 
. . 

i n s o l u b l e  a spha l t enes  were p r e s e n t  i n  too  smal l  amounts t o  j u s t i f y  f u r t h e r  

c h a r a c t e r i z a t i o n  of t h e s e  f r a c t i o n s .  The HPLC technique provides s e p a r a t i o n  

according t o  t h e  number of double bonds i n  aromatic  r i n g  systems wh i l e  FIIG 

s e p a r a t e s  accord ing  t o  molecular  mass and Z number corresponding t o  t h e  gene ra l  

. formula, 'nH2n+z For example, C -pyrexie aud l~exal~y.di.olei~zpyrene bsch would 
4 

. . be represenccd by the CnH2n-22 ~ ~ l l l l ~ l d  an3 a s i n g l e  penlc i n  F I  maaa apoafrum 

a t  PI/Z 258. .~oweb ,e r ,  t h e  f i r s t  one has  8 double bonds i n  t h e  r i n g  system whi l e  

t h e  o t h e r  one has only  7 double bonds. With an  HPLC s e p a r a t i o n  s t e p  p r i o r  t o  

t o  t h e  FINS a n a l y s i s ,  t h e  two compounds would be  p re sen t  i n  d i f f e r e n t  f r a c t i o n s  
. . 

. . and thus  could be i d e n t i f i e d .  The i n t e r p r e t a t i o n  of t h e  F I  mass s p e c t r a  i s  

based on an assignment of t h e  i n i t i a l  s t r u c t u r e  t o  t h e  lowest  molecular  weight  

homologue i n .  t h e  spe=trum. The peaks fo l lowing  the  lowest  molecular  weight 

homologue, at. .:every . 1 4  . u n i t s  (-CH2-) ; correspond t o  alkyl-Y ubs t l r u t e d  -. .:: 
. . 

. . homol.ogi.ies. 

Alkanes. Data i n  Table 2 show t h a t  s a t u r a t e s  (SAT) account  f o r  5.7 and 

4.4 w t %  of d i s t i l l a t e  r e c y c l e  s o l v e n t s  de r ived  from Wyodak (W)  and Kentucky 

(K) c o a l ,  r e s p e c t i v e l y .  The F I  mass s p e c t r a  of t h e  SAT W and SAT K f r a c t i o n s  

a r e  shown i n  F igure  2. The apparent  concen t r a t ions  f o r  v a r i o u s  Z s e r i e s  i n  

F I  mass s .pectra  of t h e s e  f r a c t i o n s  a r e  given i n  Table 3.  The d a t a  show t h a t  

s a t u r a t e s  c o n s i s t  of v a r i o u s  homologous s e r i e s  ranging from a c y c l i c  a lkanes  

(Z = + 2 ) t h r o u g h p e n t a c y c l i c  (Z = -a), and poss ib ly  hexacyc l i c  (Z = -10) a ikanes .  

The l a t t e r ,  however, may i n t e r f e r e  i n  t h e  F I  mass spectrum of~monoaromat ics  



which would contain tetrahydroacenaphthenes, hexahydrofluorenes, and octahydro- 

phenanthrenes/anthracenes. Some degree. of chromatographic overlap between 

pentacyclic alkanes and monoaromatics was likely to occur, as was discussed 

elsewhere (29, 28). Acyclic alkanes (CnH2n+2) in both distillate recycle 

solvents range from about C through C with the C25 (M/z 352) being most 15 32 ' 
abundant in the SAT W fraction and the C (M/Z 265) in the SAT K fraction 

19 

(Figure 2). Overall 'concentration of monocyclic through hexacyclic alkanes in 

, Che SAT W and SAT K fractions are fairly similar (Table 3). However, there are. 

considerable differences between molecular weight distributions of various 

homologous series in both samples. Cycloalkanes in the SAT W fraction cover 

a wider molecular weight range and show lower concentrations of the low ,molec- 

ular weight species than those .in the SAT K fraction (Figure 2). 

Monoaromatics. Data in Table 2 show that monoaromat~cs ('3 d.b. fraction) 

account for 3.2 wt% Wyodak (W) and 6.2 wt%  ent tuck^ (K) in the distillate 
'r'e=ycle solvents. Figdre. 2 shows the FI' mass spectra of the 3 d.b.W and 

.. . 

3 d.b.K fractions. (Note the differences in intensity scale,.) The apparent 

.concentrations for vArious Z series in the FI mass. spectra of the 3 d.b. . 

fractions are given in Table 4. Alkylbenzenes, CnH2n,6, are represented by, . 

0.3 wt%.in both the 3 d.b.W and 3 d.b.K samples. Homologous series C H n 2n-8 

and 'nH2n-10 dominate in monoaromatics from both coal-derived solvents.. The 

'nH2n-8 series with initial peaks at M/Z 14.6, 160, '174 etc., can be assigned 

to alkylindanes , alkyltet.ra1in.s , and cyclohexylbe~zenes . This 'homologous series 

accounts for 1.1 and 2.2 wt% of 3 d.b.W and 3 d.b.K samples, respectively. The 

'iH2n-10 series., with initial peaks at M/Z 158, 172, 186 etc., (Figure 2) can 

be ,assigned to tetrahydraacenaphthenes, hexahydrofluorenes, and octahydrophen- 

anthreneslanthracenes. ,A better liquefaction solvent, derived from Kentucky 



9/14 coal, has a higher concentration of these compound-types (2.5 wt% in 3 

d.b.K) than the Wyodak coal-derived solvent (1.0 wt% in 3 d.b.W). 

Dicyclic aromatics. Data in Table 2 show that dicyclic aromatics were 

separated into 5 d.b. and 6 d.b. fractions. The FI mass spectra of the dicyclic 

aromatic hydrocarbon fractions are shown in Figure 2. The 5 d.b. aromatics 

dominate in both Wyodak (19.8 wt%) and Kentucky (24.4 wt%) coal-derived 

. solvents. Two major homologous series, CnH2,n-12 and CnH2n-14 y are present in 

:. . 5 d.b.W and 5 d.b.K fractions. The apparent concentrations of the homologous 

series are given in Table 5. The CnH2n,12 series, with initial peaks at M/Z 

128, '142,. 156 etc. , (Figure 2) can be assigned to .naphthalenes. The 'C ' naphtha- 4- 

: lene.(M/~ 170) being the most abundant. The CnHZnwK4 series can-' be assigned 

: to acenaphthenes (M/Z 154, 168; etc.) and tetrahYdropheninthfen~s/atlchracenes . 

. . 

. . (M/Z 182., 196, etc.) . These homologous series account for 9.2 and, 11.0 wt% of 

. . 5 d.b.W and 5 d.b.K, respectively. The.CnH2n-16 'series can be assigned to 
. . 

tetrahydrocyclopentanophenanthrenes , hexahydropyrenes , hexahydrobenzf luorenes , 

and .octahydrobenzophenarithrenn~s/anthr~cenes . ' . 

The 6 d.b. dicyclic'aromatics account f6r 9.4 and 6 .2  w r X  of Wyo.dak and 

Kentucky coal-derived solvents, respectively (Table 2). The apparent concen- 

trations for various Z series in FI mass spectra bf  6 d.b. fractions (Pigure-21; 

are given in  able 6. The CnH2n-16 series dominates. The initial peak at M/Z 

166 can be assigned to fluorene and a following peak at M/Z 180 can be'assigned 

to C1-fluorene andlor dihydrophenanthrene/anthracene. Other ring-types, such as 

phenylindans . (M/Z 194) and phenyltetralins (M/Z 208) may overlap with alkylflu- 

orenes. The CnH2n,14 series overlaps with the CnH2n,16 0 series and accounts for 

3.6 wt% of the6d.b.W fraction and onlyl.Zwt% of the 6'd.b.K fraction. A very 
. . 

lpw Intensity of the peak at M/Z 154. (biphenyl) . . as compared with the intensity 



of the peak at M/Z 168 (dibenzofuran and/or C1-biphenyl) implies that dibenzo- 

furans dominate in this series. 

series, with initial peaks at M/~'206, 220, 234, etc., The 'nH2n-18 . 

(Figure 2) can be assigned to tetrahydropyrenes, tetrahydrobenzfluorenes, and 

hexahydrobenzophenanthrenes/anthracenes, respectively. Cyclohexylfluorenes 

(N/Z 248) and cyclohexyldihydrophenanthrenes/anthracenes (M/z 262) may also be 
' 

present. Data in Table.6 show that the CnH2n-18 series is represented by 0.8 

wt% of the 6 d.b.K fra'ction and 0.6 wt% of the 6 d.b.W fraction. .. 

Tricyclic aromatics. The tricyclic aromatic hydrocarbons (7 d.b. fraction) 

account for 13.5 and 11.2 wt% of Wy.odak and Kentucky coal-derived recycle 

solvents, respectively (Table 2). The FI mass spectra of the 7 d.b.W and 7 

d.b;K fractions are,shown in Figure 2. Please note the differences in intensity. 

scale. ,The apparent concentratiorls of the homologous' series in the FI mass 
. . 

spectra of these. fractions are given. in Table 7. The CnH2n-18 series dominates 

in both 7' d.b.W (9.4 wt%) .and 7 'd.b.K (5.4 wt%) fractions. Interestingly, 

phenanthrene and/or anthracene alone (peak at M/Z 178) accounts for 6.3 wt% of 

7 d.b.W and only about 2.6 wt% of-7 d.b.K. However, the concentrations, of 

alkyl-substituted phenqnthrenes/anthracenes in both 7 d.b .W and. 7 d .b .K are 

very similar and rapidly decrease with the increase of aliphatic,carbon number: 

C about 1.7 wt%,'C about 0.6 wt%, C about 0.3 wt%,,and C about 0.2% wt%. 1 2 3 4 

The CnH2n-20 series includes unsubstituted and alkyl-substituted dihydro- 

pyrenes, dihydrobenzfluorenes, and tetrahydrobenzophenanthrenes/anthracenes as 

major components. Small amounts of cyclopentanophenanthrenes are also present. 

The concentration of the CnH2n,20 series is.slightly higher in .7 d.b.K (2.5 wt%) 

than in 7 d.b.W fraction (2.2,wt%). The CnH2n-22 series accounts for 0.7 wt% 

in the 7 d.b.W fraction and 1.2 wt% in the 7 d.b.K fraction, and inc1ud.e~ hexa- 



hydrobenzpyrenes,  hexahydrodibenzfluorenes,  and octahydrodibenzophenanthrenes/ 

anthracenes .  Small amount (0.6 w t %  i n  Table 7)  of unsubs t i t u t ed  . . through C 
4- 

a l k y l  s u b s t i t u t e d  dibenzothiphenes (M/Z 184,  198,.  212, e t c . )  were a l s o  found. 
. . . . 

T e t r a c y c l i c  a romat ics .  The HPLC method enables  s epa ra t ion  of t e t r a c y c l i c  

a roma t i c s  i n t o  8 d.b. and 9 d.b. f r a c t i o n s .  Because t h e  concen t r a t ion  of  9 d.b. 

.. t e t r a c y c l i c  a romat ics  and g r e a t e r  p o l y c y c l i c  a romat ic  hydrocarbons'was l e s s  

t han  2 w t %  i n  both d i s t i l l a t e  r e c y c l e  s o l v e n t s  (Table 2)., only t h e  8 d.b.W and 

8 d.b.K f r a c t i o n s  were analyzed by FIMS. These two f r a c t i o n s  account f o r  4.2 

and 2.4  w t % ,  r e s p e c t i v e l y .  The FI  mass s p e c t r a  a r e  shown i n  F igure  2. The 

, a p p a r e n t  concen t r a t ions  of t h e  homologous s e r i e s  i n . t h e  8 d.b.W and 8 d.b.K 
. . 

i r e  g iven  i n  ~ a b l d  8.  
' I  . I  

, . The C,H2n,22 s e r i e s  accounts  f o r  '2.6 wt% i n  t h e  8 d.b.W f r a c t i o n  and 1 .4  

,'..: wt% i n  t h e  8 d . : b . ~  f r ac t ion . ,  The i n i t i a l  peak a t  . M / Z  202 i n  t h i s  homologous 
. . . . 
. . . . 

. 
. s e r i e s  can b e  ass'igned t o  pyrene and/or  f luoranthene .  S i m i l a r l y  a s  i n  t h e  . . 

. . .  c a s e  of  t r i c y c l i c  a roma t i c s ,  t h e  c o n c e n t r a t i o n  of unsubs t i t u t ed  pyrene / f luor -  
, . 

, 
an thene  . (M/Z 202) is h i g h e r .  i n  t h e  8 d .b .W (about 1 .4  wt%) than  i n  8 d .b .K 

. . 

. - (about  0.5 wt%) . Alkyl  s u b s t i t u t e d  py renes l f  luoranthenes  may ove r l ap  w l t h  benz- 

... . . . . .  
. .  . .. . f l u o r e n e s  (M/Z 216) and dihydrobenzophenanthrenes,anthracenes (M/Z 230). The 
. . 

'nH2n-24 
s e r i e s  is  rep resen ted  by 0.5 wt% o f ' t h e  8 d.b.W and 0.4 w t %  of  t h e  8 

d.  b.. K f r a c t i o n .  Th i s  homologous series inc ludes  te trahydrobenzpyrenes (M/Z 256) 

a n d .  te t rahydrodibenz  f luo renes  (M/z 270) . , An 'overlap wi th  benzophenanthrenes / 

. . an th racenes  (M/Z 228, 242, 256, e t c . )  is  a l s o  poss ib l e .  ' 

FIFE Analys is  of Nitrogen Compounds. 

Nitrogen compound f r a c t i o n s  s e p a r a t e d  from hbxane s o l u b l e  o i l s  (02W. and 

0 2 ~ )  and from to luene  soluble-hexane i n s o l u b l e  a spha l t enes  (A2W and A2K) i n  

each  c o a l  de r ived  d i s t i l l a t e  r e c y c l e  s o l v e n t  ( s e e  F igure  1 and.Table  1 )  were 



f u r t h e r  analyzed by FIMS. The F I  mass s p e c t r a  of t h e  02W, 02K, A2W and A2K 

f r a c t i o n s  a r e  shown i n  F igure  3. The apparent  concen t r a t ions  of va r ious  homol- 

ogous s e r i e s  i n  t h e  F I  mass s p e c t r a  of t h e  02W and 02K f r a c t i o n s  a r e  given i n  

Table 9. Nitrogen compounds belonging t o  homologous s e r i e s  from C H N 
n 2n-5 

( a lky lpy r id ines  and/or  cyc lohexylpyrro les )  through C H n 2n-27 (dibenzcarbazoles)  . 

were found i n  o i l s  of both d i s t i l l a t e  r e c y c l e  s o l v e n t s .  This  i s ' c o n s i s t e n t  w i th  

t h e  e a r l i e r  r e s u l t s  publ ished by S c h i l l e r  (17) .  Indo le s  (CnH2n-9N), ca rbazo le s  

('nH2n-15 
N), and benzcarbazoles  (C n H 2n-21 N) a r e  t h e  major n i t rogen  compound 

N . s e r i e s  dominates i n  both  t h e  02W (1.3 wt%) and 02K (1.6 types The CnH2n,15.. 

wt%) f r a c t i o n s .  The i n i t i a l  peak 'at M / Z  167 can  b e  assigned t o  carbazo.le 'whfch 

a lone  accounts  f o r  a lmost  0.2 w t %  i n  02W and 0.3 w t %  i n  02K. The.peaks a t  M/Z 

181, 195, 209 and s o o n ,  correspond t o  C1-, C2-, C3-alkylcarbazoles,  respec-  

t i v e l y .  Alkylcarbazoles  up t o  about C8 a r e  p re sen t .  The F I  mass, s p e c t r a  a l o n e ,  

. . however, do no t  a l low one t o  d i s t i n g u i s h  between va r ious  compound types  w i t h i n  

a g iven  homologous s e r i e s .  For example, a peak a t  M/Z.181 can b e  ass igned  t o  

methylcarbazole,  dihydrobenzquinol ine,  , and/or  aminofluorene. . A l l  t h r e e  compound 

types  be long  t o  t h e  CnH2n,lS N series. The i n f r a r e d  s p e c t r a  of t h e  02W and 02K 

f r a c t i o n s ,  which showed a s t r o n g  abso rp t ion  band a t  3460 cm-l, provided f u r t h e r  

suppor t  t h a t  ca rbazo le s  dominate i n  t h i s  homologous s e r i e s .  However, t h e  i n f r a -  

r ed  spectrum does n o t  a l low one t o  i d e n t i f y .  pyridine-type N as t h e  c h a r a c t e r i s t i c  

- 1 
absorp t ion  band around 1600 cm i n t e r f e r e s  w i t h  t h e  one f o r  aromatic  C-C. No 

N s e r i e s ,  abso rp t ion  bands c h a r a c t e r i s t i c  of -NH2 were observed. The CnH2n-17. 

represented'by acridines/phenanthridines and tetrahydrobenzcarbazoles, accounts  
, . 

f o r  0.7 and l . U  wt% i n  t h e  02W and 02K f r a c ~ l o l i s ,  r e s p e c t i v e l y .  

Quinol ines  and/or  phenylpyrro les ,  CnH2n-11 N,  account ' for  0.4 and 0.5 w t %  

i n  t h e  02W and 02K f r a c t q g n s ,  r e s p e c t i v e l y .  .The r e s u l t s  i n  Table 9 a l s o ,  show 

t h a t  t h e r e  i s  an ove r l ap  between some o f  the homologous series f n  t h e  FI  mass 



s p e c t r a .  For example , . a  peak a t  M/Z 229 can be ass igned  t o  C - indole  (C H N) 
8 n 2n-9 

and/or  t o  d ibenzquinol ine  (C H N ) .  A bimodal d i s t r i b u t i o n  of peaks i n  t h i s  
n  2n-23 

s e r i e s  i m p l i e s  t h a t  both homologous s e r i e s  a r e  p re sen t .  S imi l a r  i n t e r f e r e n c e s  

were found i n  t h e  c a s e  of o t h e r  homologous s e r i e s  ( s ee  Table 9 ) .  The n i t r o g e n  

compound types  i d e n t i f i e d  i n  t h e  F I  mass s p e c t r a  of t h e  02W and 02K f r a c t i o n s  

account  f o r  4.8 and 6.6 w t % ,  r e s p e c t i v e l y .  

Non-nitrogen compounds found i n  t h e s e  f r a c t i o n s  a r e  mostly represented  by 

v a r i o u s  a l k y l  s u b s t i t u t e d  hydroxyl a romat ics  which i n t e r f e r e  w i t h  n i t r o g e n  com- 

pounds du r ing  t h e  chromaeographie separarion: Thls 1s a l s u  suppui-ced by infra- 

r e d  s p e c t r a  of t h e  0 2 ~  and 02K f r a c t i o n s  which showed small abso rp t ion  bands a t  

about  3585 cm-' c h a r a c t e r i s i t c  of f r e e  phenol ic  OH. Data i n  Table 9 show t h a t  

hydroxyl  a romat ics  which e l u t e d  t o g e t h e r  w i t h  n i t r o g e n  compounds a r e  mainly 

' r ep re sen ted  by ~hydkoxyl monocyclic a romat ics .  S t e r i c  hindrance of . t he  hydroxyl 

group i s  a most l i k e l y  reason  f o r  t h e  e a r l i e r  e l u t i o n  of t h e s e  compounds. 
, - 

Small amounts of a romat ic  ketone- types  which probably r e s u l t  from oxida- 

t i o n  of  a romat ic  hydrocarbons may a l s o  b e  p r e s e n t  i n  t h e  02W and 02K f r a c t i o n s .  . . 

-1 .. 
' ' The i n f r a r e d  s p e c t r a  showed c h a r a c t e r i s t i c  abso rp t ion  bands aC.about'lZOO..crn . 

The q u a n t i t a t i v e  i n t e r p r e t a t i o n  of  FI mass s p e c t r a  of  A2W and A2R f r a c t i o n s  

(n i t rogen  compounds i n  a s p h a l t e n e s )  i n  F igure  3 was n o t  a t tempted because of 

t h e  complexi ty of  t h e s e  s p e c t r a .  However, two prominent even-numbered nominal 

m a s s  homologous s e r i e s  can  be d i s t i n g u i s h e d  i n  both s p e c t r a .  These imply t h e  

p re sence  of  d i a z a  compounds. The f i r s t ,  w i t h  i n i t i a l  peaks a t  M/z 132, 146, 

160 e t c . ,  can  most l i k e l y  be  a s s igned  t o  d i a z a  compound types  desc r ibed  by 

t h e  gene ra l  formula C H N Four d i f f e r e n t  d i a z a  compound-types can be 
n 2n-8 2' 

a s s igned  t o  a peak at  M/Z 132: 



Compound-types I and I V  seem t o  b e . t h e  most l i k e l y  ones. The concentrat ions of 

N s e r i e s , i n  A2W and A2K f r a c t i o n s  a r e  about the  same. The second ' . 
the 'nH2n-8 2 

s e r i e s  with i n i t i a l  peaks a t  M/Z 182, .196,  210, e t c . ,  can be assigned t o  the  

N d i a r a  compounds. The peak a t  M/Z 182 can be represented by t h e  
'nH2n-14 2 .... 

following diaza  compound-types: 

Again compound-types I and.IV s e e m  t o  be t h e  most l i k e l y  ones. The concent.ration 

N s e r i e s  is considerably h igher  i n  the  A2W than the  A2K f rac t ion .  L. 
the 'nH2n-14 2 

The same odd-numbered nominal mass homologous s e r i e s  t h a t  were found i n  

the  02W and 02K f r a c t i o n s  (ni trogen compounds i n  o i l s  s e e  Table 9) w e r e  a l s o  

found i n  t h e  A2W and A2K f r a c t i o n s  (n i t rogen compounds i n  asphaltenes) .  The 

major d i f fe rences  were concentrat ions .of  components within overlapping homologous 

s e r i e s .  A more aromatic (lower Z number) s e r i e s  prevai led  i n  the  A2W and A2K 

f rac t ions .  The FI mass spectrum of t h e  A2W f r a c t i o n  i n  Figure 3 shows a promi- 

nent odd-numbered nominal mass s e r i e s  with i n i t i a l  peaks a t  M/Z 339, 353, 367, 

e t c . ,  which i s  not  present  i n  the  A2K f r a c t i o n .  

FIMS Analysis  of Hydroxyl ~ r o m a t i c s .  

Figure 4 shows FP mass spec t ra  of hydroxyl aromatic 03W, 03K, and A3W, A3K 

f r a c t i o n s  which were separated from o i l s  and asphal tenes  i n  Wyodak and Kentucky 



9/14 coal derived distillate recycle solvents. The structural assignments for 

hydroxyl aromatics were based on initial peaks in the FI mass spectra and a very 
- .  - 1 

. strong infrared absorption band .at '3585 cm that is characteristic of free 
. . . . 

phenolic-OH group. In addition, infrared spectra of these fractions showed a 

I very broad band around 3200 crn-1 which is due to hydrogen bonding. The apparent 
. . 

.. 'concentrations of various homologous series in FI mass spectra of the 03W and 03K 
. . .  

fractions from C H 0 thro.ugh ~ i ~ ~ ~ - ~ ~ 0  are given in Table 10. Interestingly, n 2n-6 
- .  
-: a better li.quef&ctiori solvent which was delived from Kentucky 9/14 coal has a 

. . 

much higher concentration of the C H 0 series than. Wyodak coal derived solvent:;' 
n 2n-8 

2.1 and 0.9 wt% in 03 fraction, respectively. The initial peak at M/Z 134 in this 

. series can be assigned to indanol and a fbllowing peak at M/Z 148 to cl-indanol 

and/or tetrahydronaphthol. The >C indanols and >C tetrahydronaphthols (MIZ - 6 - 5  .. 

218, 232, 246, etc.) overlap .in the FI mass spectra with the C H' 0 series 
n 2n-22 I .  . 

' .(hydroxypyrenes and hydroxybenzfluorenes). The CnH2n-60 series, including C2 
. . 

through C8 alkylphenols, accounts for 0.6 wt% in 03W and. 0.9 wt% in 03K fraction. 

The >C alkylphenols overlap with the CnH2n-20 - 9  . , 
0 series. The latter can be assigned 

to phenylnaphthols ,. hydroxydihydropyrenes, and hydroxytetrahydrobenzphenanthrenes/ 

anthracenes. TF 'nH2n-10 0 series with initial peaks at M/Z 17&, 188, 202, etc., 

can be assigned to hydroxytetrahydroacenaphthenes, hydroxyhexahydrofluorknes, and 

hydroxyoctahydrophenanthrenes/anthracenes , respectively. components of this 
. . 

homologous series overlap with the C H 0 series. The homologous series 
n 2n-24 

'nH2n-14' ' 'nH2n-16 0* and CnH2n-18 0, show very broad monomodal molecular weight 

distributions indicating, considerable alkyl substitution of hydroxyaromatic ring 

systems. The 'nH2n-14 0 series with initial peak at M/Z 170 can be assigned to 

phenylphenols and/or hydroxyacengphthenes having alkyl substituents up to about 

C20 ' The C*H2n-l$ 0 ~eries includes f luorenols (M/Z 182) and' hydroxydihydrqphen- 

anthreneslanthracenes (M/Z 196). Again, alkyl substituents up to about C are 
20 

present. The 'nH2n-1.8 0 series with the initial peak at M/Z 194 can be assigned 



to hydroxyphenanthrenes/anthracenes. This homologous series may also include 

such compound types as hydroxytetrahydropyrenes (HIZ' 222.);hydroxytetrahydrobenz- 

fluorenes (M/Z 236), and hydroxyhexahydrobenzphenanthrenes/anthracenes (M/Z 250). 

The hydroxyl aromatics identified in the FI mass spectra of 03W and 03K fractions 

account for 15.6 and 14.7 wt%, respectively. 

Figure 4 also shows FI mass spectra of hydroxyl aromatic A3W and A3K 

fractions which were separated from hexane insoluble-toluene soluble asphaltenes 

(see. Figure 1 and Table 1). The complexity of these spectra does not allow a 

detailed interpretation and quantification of the results. However, two 

prominent mass series can be distinguisheil. Both can most likely be assigned 

to dihydroxyl aromatics. The first, CnH2n-14 0 2, is represented by biphenols. 

The initia1,peak at M/Z 186 is assigned to unsubstituted biphenols. Alkyl 

substituted biphenols (peaks at M/Z 200, 214, 228, 242, 256, ,270, and so on) 

prevails with the C2-biphenol (M/Z 214) being the most prominent'one. The 

distribution of biphenols in the A3W and A3K fractions is very similar. The 

second series, 0 is represented by dihydroxyl f luorenes. The initial 'nH2n-16 2' 

peak ,at M/Z 198 is assigned to unsubstituted dihydroxylfluoreneb. The C, . L- 

dihydroqlf luorenes (M/Z 226) prevail in the A3W and A3K fraction. However, 

the concentration of the C H 0 series in the A3W fracti.nn is .higher than n 2n-16 2 

in the A3K fraction (see Figure 4). 

A detailed comparison between the FI mass spectra of hydroxyl aromatics 

in oils and in asphaltenes (Figure 6) showed that the same homologous series 

are presenc in both solvent-derived fractions. For example, the CnHZn-80 and 

CnH2n- 2 2 0 lrumol'ogou~ series are present in both oils and asphaltenes. Asphal- 

tenes, however, contain signiffcantly greater amounts of components in the 

'nH2n-2 2 0 series. This trend was also observed for other~homologous series. 



SUbDlARY AND CONCLUSIONS 
, . 

Results of this work demonstrate the necessity for a high degree of sample 

separation followed by a detailed characterization of the fractions in order to 

provide adequate compositional information. The yields of solvent-derived and 

compound-class fractions alone do not explain the differences in liquefaction 

behavior. between the two coal-derived distillate recycle solvents. The use of 

HPLC and FIFIS for analysis of hydrocarbon fractions was essential to reveal the 

important compositional differences between the two solvents. The better, 

Kentucky Y/k4 coal-derived distillate was Shorn to have a high c o n c e n ~ r a t f u n  u1 
, . 

various hydroaromatic types (good hydrogen donors) and a low concentration of 

unsubstituted phenanthreneslanthracenes and pyrenes/fluoranthenes: Hydrocarbon 

: data in Tables .4 through 8 were combined to f iild the ratio ,of. aromatic types to 
, . . . 

'hydroaromatic types, resulting in approximate values of 0.9 and 0.5 for the 

1Jy.odak and Kentucky distillates, respectively. The FIMS analyses of nitrogen 

compound fractions separated from Wyodak and Kentucky coal derived distillate 
. . . .  

. . . recycle solvents show considerable similarities between the two samples. Indoles, 

carbazoles, cindbenzca&azoles dominate in both solvents. The FIMS analyses of 

hldroxy~ aromatics revealed that the better ~ent'uck~ 9/14 coal derived recycle 
, < 

solvent contains higher concentrations of various hydroxyhydroaromatics : Data 
. .. 

in Tables 9 and 10 were combined to find the ratio of hydroxyaromatic types to 

hydroxyhydroaromatic types ,' resulting in approximate' values of 0.9, and 0.7 for 

the Wyodak and Kentucky distillates, respectively. The FIMS analyses of nitrogen 

compounds and hydroxyl aromatics also show that further separation into various 

compound types would be needed in order to facilitate the interpretation of the 

FI mass spectra. 
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. - .  . . . . . . : 
Table 1.- Resul ts  of sepa ra t ion  of coal-derived d i s t i l l a t e  recycle  s o l v e n t s  

. . . . . : ,  
. . . ... . .  . . . . . i n t o  solvent-derived and compound-class f r a c t i o n s .  

-: -1 .. . .  ... _ . . .  . . . . . . . 

Frac t ion  
1 

Wt% i n  d i s r i l i a t e  r ecyc le '  so lven t  derived 
' from 

% . .  
Wyodak coal  Kentucky 9/14 coa l  

. ~ydrocarbons ,  Fr .  01  62.9 61.5 

Nitro-gen compounds, Fr. 02 8.3 
.. . 

11.4 
. . . .. . . 
. .. . ' ~ ~ d r o x ~ l  aromatics,  .Fr. 03 23.3 

". . . . . .Hexane so lub le .  o i l s  

.,. Hydrocarbons, Fr. A 1  

. . . .: . . . .  
. . .  . . .  . , Nitrogen compounds, Fr.  A2 

. . 
. . 

Hydroxyl aromatics,  FL. A3 3.5 4.7 

I .  . , . 

' r '  ~ o l b e n e  soluble-hexane i n s o l u b l e  4.3 . ' 5.9 

asphal  tenes  

. . Pyr id ine  soluble-toluene i n s o l u b l e  0.6 2.3 

preasphaltenes, 

. . 

' "see Figure 1. ,. ' 

. . 



Table 2. R e s u l t s  of s e p a r a t i o n  of  hydrocarbons on semiprepara t ive  p-Bondapak 

NH column. 
2 

Compound-Type F r a c t i o n  W t %  i n  d i s t i l l a t e  r e c y c l e  s o l v e n t  de r ived  
from 

Wyodak c o a l  Kentucky 9/14 c o a l  

S a t u r a t e s  SAT 5.7 4.4 

D icyc l i c  'aromatics  5  d.b. 19 .8  24.4 

6 - d . b .  9.4 . 6.2 . 

, T r i c y c l i c  aromatic 's  7 d.b. 13.5 11.2 

T e t r a c y c l i c  a romat ics  8  d.b. 

TOTAL : 



Table 3. Apparent concentrations for various Z series in FI mass spectra of 

SAT W and SAT K fractions. 

Compound Types 

Wt% 
(in distillate) 

SAT W SAT K 

+2 Acyclic alkanes 1.0 0.9 

.O Monocycl.Zc alkanes l,.O 0.7 
. - 

. . - 2 Uicyclic alkanes eg. hexal~yd~uln~lants, 0.8 0.5 

decalins, blcyclul~exd~~r~ 

-4 Tricyclic alkanes eg. perhydrofluorenes, 0.8 0.6 

. . 
tricyclic terpanes 

. . 
- 6  , - . Tetracyclic alkanes 'eg. perhydropyrenes/ 0.8 

fluoranthenes, perhydrobenzfluorenes, 

perhydrobenzphenanthrenes/ anthracenes , . . 

' . steranes 

-8 Pentacyclic alkanes eg. perhydrobenzpyrenes, 0.6 

perhydroperylenes, perhydro.dibenzphenanthrenes1 ' 

anthraceaes, hopanes 

-10 Hexacyclic alkanes (possible overlap with 
. . 

tetrahydroacenaphthenes , hexahydrof luorenes , 

and octahydrophenanthrenes/anthracenes 

TOTAL : 5.4 4.2 



Table 4. Apparent concentrations for various Z series in FI mass spectra of 

3 d.b.W and 3 d.b.K fractions. 

Compound Type 

Wt% 
(in' distillate) 

. . - 6 Alkylbenzenes . . 0.3 0.3 

-8 ~ndane's, tetralins , cyclohexylbenienes 1.1 2 . 2. 
-10 Tetrahydroacenaphthenes, hexahydrofluorenes, 1.0 2.5 

oc tahydrophenanthrenes Ianthracenes. 

0.7' -12 ~ecah~dro~~kenes/f luoranthenes dodecahydro- 0.4 
. - 

benzofluor'enes, dodecahydrobenzophenanth- 

reneslanthracenes, octahydrocyclopentanophkn- . . 

. . 
. . anthrenes 

-. 

-14 ~etradecahydrodibenzphenalenes , hexadeca- 0 .'2 0.3 

hydropicenes, and overlap' with. acenaphthenes, 



Table 5. Apparent concentrations for various Z series in FI mass spectra 

of 5 d.b.W and 5 d.b.K fractions 

Compound Type 

Wt% 
(in distillate) 

-12 Naphthalenes 6.3 7.4 

-14 Acenaphthenes, tetrahydrophenanthrenesl 

anthracenes 

Tetrahydrocyclopentanophenanthrenes, 

hexahydropyrenes/fluoranthenes, hexahydro- 

benzofluorenes, octahydrobenzophenanthrenes/ 

anthracenes 

Hexahydrocyclopentanopyrenes, decahydro- 

benzopyrenes, and overlap with hexahydro- 



Table 6.  Apparent concentrations for various Z series in FI mass spectra of 

. 6 d.b.W and 6 d.b.K fractions. 

Compound ~ y p  e 

Wt% 
(in distillate) 

. . . . 
-14 Biphenyls and dibenzofurans (CnH2n-16 0) 3.6 1.2 

'-16 ' Fluorenes; dihydrophenanthrenes/anthracenes.. 4.4 3 .0 -  

-18. . Tetrahydropprenes, tetrahydrobenzfluorenes, 0.6 0.8 

(possible small overlap with. phenanthrenes / 
. . 

anthracenes) 

-20 ~ o s t '  likely overlap with tricyclic aromatics 0.4 0.5 
. . 

. . 

TOTAL . , 9.0 5 ..5 



Table 7. Apparent concentrations for various Z series in FI mass spectra for 

7 d.b.W and 7 d.b.K fractions., 

compound Type 

wtx 
(in distillate) 

-18 Phenanthreneslanthracenes 9 . 4  5 .4  

Dihydropyrenes, dihydrobenzfluorenes, 2.2 2.5 

Dihydrocyclopentanoaceanthrylenes, Cecrahydru- 0.7 

cyclopenranochrysenes, hexahydrobcnzpyrenes, 

hexahydrodibenzfluorenes, octahydrodibenzo- 

phenanthreneslanthracenes 

'Dihydrodicyclopentanopyrenes, hexahydrocyclo- '0.3 

pentanobenzpyrenes, octahydrocyclopentano- 

picenes, decahydrodibenzpyrenes 

Dibenzothiophenes (Cn~H2n-l S ) 

TOTAL 13.2 10.2. 
- - . . - .  -- - 



Table 8. -Apparent concentrations for various Z series in FI mass spectra-for" 

8 d.b.W and 8 d.b.K fractions. 

Wt% : 
. Z (in distillate). 

in 'nH2n+z Compound Type 8 'd.b.~ ' 8 d.b.K 

-22 Pyrenes, fluoranthenes, benzfluorenes 2.6 . 1:4 

-24 Cyclopentanopyrenes, tetrahydrobenzpyrenes, 

tetrahydrodibenzfluorenes 

-26 Dicyclopentanopyreneg, octahydrodibenzpyrenes 0.4 

-28 Tetrahydrodicyclopentanoperylenes, decahydro- 0.2 

benzanthanthrenes, octahydrocyclopentanodi- 

benzpyrenes 

TOTAL 3.7 2. 1- 



Table 9. Apparent concentrations of various Z series in FI mass spectra of 

nitrogen compound fractions 02W and 02K. 

. . . . 
I :  

:.. . Wt% 
Z (in distillate) 

. . . . . . Series M/Z range 'nH2n+z N Compound Types 0 2W 02K 
. . 

. . 
. . 

.-5 
. . .  

-121 - 191 Alkylpyridines, cyclohexylpyrroles' 0.1 0.1 
205 - 443 above overlap with CnH2n-1gN eg. 0.4 0.6 

phenylquinolines, diphenylpyrroles 

. . . '-7 133 - 189 Tetrahydr,oquinolines, dihydroindoles 0.1 0.2 
,2U3 - 441 above overlap with CnHzn-iiN eg.  0.5 0.8 

azapyrenes , benzcarbazoles 

Indoles. 
above overlap with CnHzn-23N 
k g .  dibenzquinolines 

Quinolines, phenylpyrroles 
above overlap with CnHzn-25N eg., 
phenylbenzquinolines , biphe~lylindoles 

Benzylpyridines, dihydrobenzindoles 
abovo ovarlap'wifh 6nH2n-27N 
eg. dibenzcarbazoles 

Carbazoies, dihydrobenzquinolines 

-17 179 - 445 Acridineslphenanthridines, tetrahydro- 0.7 1.0 
ben7carba7nl P S  

. . TOTAL Nitrogen Compound Types 4.8 .6.6 
- 

';z 
. Series M/Z range Interfering CnH2n+Z0 compound Types 

- ~ - ~  - ~- 

. .. '1 -6 . (-20) . 122 - 444 Alkylphenols 0.5 0.4 
' . . . . .  . 
. . : - 8  ('-22) 148 - 442 Tetrahydronaphthols, cyclohexylphenols 0.5 0.5 

. .. 
. . . .  

-lo(-24) 174 - 440 ~~drox~tetrahydroacen~~hthenes , hydroxy- 0.4 . . 0.4' 
. .  . . .  octahydrophenanthrenes/anthracenes 

. . 

-12 ,186 - 438 Alkylnaphthols, . . 0.3 ' 0.3 ' C3 
-14 184 - 436 Benzylphenols 0.4 0.4 

. . . . .  
-16 . 18.2 - 434 Fluorenols . . 0'. 4 0.5 

. ., 
. . . . . , . . . . . . . . . 

. . TOTAL ~ydroxyi Aromatic Types 2.5 ' ' 2.5 
, . I "  



Table.10. Apparent concentrations of various Z series in FI mass spectra of 
hydroxyl aromatic fr.actions 03W and 03K. 

Series M/Z range 0 compound Types 
'nH2n+z 

Wt% 
(in distillate) 

-6 122 - 206 , Alkylphenols C2 through ' c ~ ,  0.6 0.9 
. 220-.- 500 above overlap with CnH2n_200 , eg. 2.2 . 1.5 

phenylnaphthols, hydroxydihydropyrenes. . 
. - 

- 8 134 - 204 Indanols, tetkahyd~~na~hthols, cyclohexyl- 0.9 2.1 
phenols 

218 - 498 Hbdve overlap with C H 0 eg., 
hydroxypyrenes . 

n 2n-22 . 

-10 174 - 244 Hydroxy'tetrahydroacenaphthenes, hydroxyocta- 0.3 0.5 
. hydrophenarithreneslanthracenes, 
hydroxyhexahydrofluorenes 

258 - 496 above overlap,with CnHzn-240 eg. hydro-xy- . 1.5 1.2 
benzphenanthreneslanthracenes 

' .: . : 

-12 . 144 - 494 . Naphthols, hydroxydihydroacenaphthenes, 1.8 1.5 
hydroxyhexahydrophenanthreneslanthracenes . 

. . . . 
. . 

.. . . . . . 

-14' 170 - 492 ~~enylphenols , hydkoxyacenaphthenes , 
hydroxytetrahydrophen8nthrenes/anthracenes 

-16 182 - 490 ' ~ l&ono lo ,  hydruxy~lll~ydru@henanthrenes/ 
anthracenes 

. . . . . . TOTAL hydroxyl aromatic types 15.6 14.9 



FIGURE CAPTIONS. . . 

Figure  1. s e p a r a t i o n  scheme f o r  c o a l  de r ived  l i q u i d s .  

. . .. . . . . Figu re  2 .  F I  mass s p e c t r a  of s a t u r a t e  (SAT) and monocyclic ( 3  d.b.)  through 

t e t r a c y c l i c  (8 d.b.)  a romat ic  hydrocarbon f r a c t i o n s  i n  Wyodak (W) 
. . 

. :  . . . .. and Kentucky (K) c o a l  der ived  d i s t i l l a t e  r e c y c l e  s o l v e n t s .  

: :.. 
. . 
:, Figu re  3.  F I  mass s p e c t r a  of n i t r o g e n  compound f r a c t i o n s  i n  he i ane  s o l u b l e  

. . ' . .  
. . o i l s  (02) and to luene , so lub le -hexane  i n s o l u b l e  a spha l t enes  (A?) .. . 

a ,  

f r o m  Wyodeb (IJ) and Kontuclcy (K) c o a l  dc r ivcd  d i o t i l l a t c  r c c y c l c  
, . 

s o l v e n t s .  
.. . 

. . . , 
7 .  

.. . 

F i g u r e  4. F I  mass s p e c t r a  ;f hydroxyl  a roma t i c  f r a c t i o n s  i n  hexane s o l u b l e  
. . 

. . . . o i l s  (03) land t o l u e n e  soluble-hexane i n s o l u b l e  a s p h a l t e n e s  (A3) 

from Wyodak (W) axid a en tuck^ (KT c o a 1 , d e r i v e d  d i s t i l l a t e  r e c y c l e  

. . s u l v e n t s  . 
- .. 

. . 
. . . .: . '.. . 

. . 
. . 

. . 
. . 
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