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Abstract

The field-ionization mass spectral hydrocarbon data from F-45 (Wyodak
coal-derived SRC) and F-51 (Kentucky 9/14 coal-derived SRC) were recalculated so
ﬁhe'various hydrocarbon fractions could be compared directly on a weight percent
"basis. A computér' program was developed which allows the field-ionization mass
spectral hydrocarbbn data to be compared in a three dimensional fashion. This
approach provides for a rapid general comparison of all the field-ionization
hydrocarbon data. The solubility of preasphaltenes was tested in several
solvents. The preasphaltenes-2 were found Eo be largely soluble in
pyridine:chloroform 9:1(v/v) or 7:3(v/v)' and pyridine:chloroform:tetrahydrofuran
7:1:2(v/v/v). Experiments were carried out in which Chromasorb T was tested as
a replacement for Fluoropak in the~ Fluoropak-basic alumina procedure.  The

results indicated Chromasorb T would be an adequate substitute for ‘Fluoropak'.'

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

characteristics of numerous hydroxyl aromatics, nitrogen hét,erocycles., and
. aromatic amines were obtained on several nofnal-’-phase and reversed-phase

" high-performance liquid chromatographic systems.
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A. Cgr_nggiisoﬁ of F;ﬁgld—,‘;oni'zétion Mass Spectrometry (FIMS) iiyé;ocart_:gn*

Results from F-45 (Wyodak Céal—ggriﬁed SRC) and F-51 (Kgntucky 9/14

Coal-Derived SRC)

In the prévious qua%terly report, field ionization mass spectra from F-51
and F-45 were presented for preasphaltene and hydrocarbon fractions. The FI.MS'
results of the hydrocarbon fractions were discussed in detail. However, as .
explained in the previous quarterly report, the FIMS data for the hydrocarbon
fractions from F-45 and F-51 could not be compa;ed on "a direct wt% basis because
the wt% values were different for a given pair of hydrocarﬁon_ fractions. The
iesults reported earlier. for the hydrocarbons were compared on a mole % basis.
However'. the FIMS data from SRI'Intj_ex:national could be reéalculated so a direct
comparison could be made between spectra on a wt% basis. This conclusion was

| reached after discussiohs with Dr. Buttrill of SRI Intérnational and ﬁr.
Séheppele of Bartlesville Enérgy Technology Center. All of the FIMS hydrocarbon
results reported in the pre.viouslquarterly report were re&almléfed and
_reev_aluated so comparisons‘bgtween hydrécarbon fractioné frcm‘ F-45 and F-Si
coulé be compared on a wt% basis. The remainder of this section discusses the
calculations.used in the cdm.rersion of mole % ‘data‘Ato wt% data, and the results
analyzed Lo the w&mr@s in F-51 and F-45.

It has beeﬂ reportéd by YoShida et al. ( .1)' ‘that theblad:‘ual‘wei.ghtsoi‘f

components in a fraction analyzed by FIMS can be calculated by Equation 1.

mj(actual) = W x (MijI;)/ IiMiIj | (1) -

where mj(actual) = actual weight of component i

=
]

weight of fraction

R
il

mass of i

L
[V
(

= intensity of a mass spectral peak



Equation (1) can be modified to give Equation 2, which gives wt%;.

Wt = (Wthopa)) (MiI5/2 {M515) (2)
* where wt%; is the weight percent of an individual hydrocarbon and wt%iotay

is the weight percent of the entire hydrocarbon fraction .
The number average molecular weight (MW,) is defined by Equation 3.
MV, = iMiT5/54T4 : (3

Values for MW, and ZiI; are supplied with the data from SRI Internatlonal.
,thus z 1M111 can be found from Equation 3. Also. as reported by SRI
International, ’

Equation 4 is valid.

RIj = (I3)(10,000) /% I; o ()

" where RI; = relative intensity of a mass spectral peak
Equation 2, 3, and 4 can be.combined to givelEquatior'x 5.
wthi = (Wwtheora1) (Mj X RI;j/10,000 x MAp) (s)

Because some of the hfdrbcarbon‘ fractions run by FIMS wére not 60mplete1y
volatilé. it waé necessary to correct the wi:'b values in Equation 5. Thus, the
equation used to calculate wt% of the individual hydrocarbons 1n F-45 and F—51
is given by Equation 6.

wth; = (wthrota)) (fractional volatility)(Mj x RI;/10,000 x Mip) (6)

A computer program based on the above equations and used in processing the FIMS
~‘data was written by Mr. Todd Allen of our research group. Using the new



computer program, the mole % data for the hydrocarbon fractions from F-45 and
F-51 were converted to wt% values. Sixteen tables of computer data were
obtained; however, this data is not presented in the report.

Table 1 surmarizes the_wt% values obtained for. the hydrocarbons from F-45
and F-51 and also relates the wt% values to the various Z series. The general
formula that defines the Z term is given by CpHap+z. These datd are canp;iréd
ﬁore readily in giaphical form, as in Figures 1-9. In Figures 10-18, piots of
wth versus mass are prééehtgd for the various Z series in the saturate and
double bond fractions from F-45 and F-51. As explained in the previous .
quarterly report, the conclusions for the data in that report weré.. j;ent:a_ﬁ;éi.ve,
because the wt® values for a given pair of fractions were not the same.'The "
A Gata for F-45 and F-51 in Table 1 and Figqures 1-18 can be compareddlrectly -
" because all the .résults are based on wt%. Speéifically the wf?b j._is based on the
wgight of the" particular SRC saﬁmple. Below .are some of the conclusions which |
can be made from the information in Table 1 and Figires 1-18. These conclusions |
- are more ,rel_iable than the dbnclusiqns Areac_h.ed m _the,’lasit:.quarterly report
-bécauée' éanparisohs were made ~direétly between F-45 and F-51 fractions on the

basis of wt%h.

§'afturat‘es (Figures 1 and 10)
a) Tﬁe Wyodak SR-C sample contains 3.1 times more saturates that the
Kentucky sample. _ .
" b) 'i‘he Wyodék SRC sample has more materiai in every Z series compared to
the Kentucky sample (Figure 1).
c) in the +2, 0, and -2 Z series, the maxima are shifted to higher -

moiecular\weights in the Kentucky SRC sample (Figure 10).



Table 1. Wt% of Various Z Series in Hydrocarbon Fractions fram F-45 and F-31

saturates. 33,5, 54.b, 63,5, 1d.b. 8d,b, 9d.b, 10-11 d.b, 12+ d.b,
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Figure 1. Wt7 in SRC vs. Z series for saturates isolated from Wyodak and Kentucky SRC.
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and Kentucky (F-51) SRC.
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Figure 12. Partial FI mass spectra of the five double bond PAH fraction isolated from

Wyodak (F-45) and Kentucky (F-51) SRC.

REE -
m@f) 2 =-12 2= -12
= e COD e
= 22}
[ \
1 ’ 1Nl
° v ll“llulllll“ll|II”I|H||“II]]111!I!.. N “““Lul‘l'l.llLLl[L“““ldlunn
100 2ee Jee 400 .300 600 700 e 160 200 e aQe o0 €00 TOo EQQ
HRSS (N2> MRS 11 3
" -14 -14
o
2 e L \
; - 168 ne ! ) o
| 159 I 2 . L
. , A
o ||lu.mmmullll.]“H“Hlu;.... 7 “'ILl!mmnnnulluu'-“-L-
100 200 30 B 400 s00 €0 700 800 100 200 Q0 an0 S0 €00 700 eon
HASS <n-2)> - MASS +n -2
‘.02
a3 -16
a2
2 a0
" ' :
° Jo : “““HllIllllllllllllllu
teo 200 300 409 3aQ [X.X-] 700 eee 100 00 00 400 %00 € TOO0 ece
nASs c<nr 2> MASE i 2
Wyodak Kentucky



. Figure 12

<

23
= a4t
a3y
@ 1
ive &co

;;.ol”)".!fimﬁﬂﬂﬂﬂ”“,'&v

Z=-18
P ce sl

zzia*f’/,mm”l

Z = -18
Jucng

HHHHHHIHH

. coa
. ~
! -~
- 65. ,5).
. : <’

4 l-m(%

LAl |

. (continued)

| 1,” /I“ “l“HHIHHHHH




19

.213

. 2 = =14 ) . 2 =-14

- - w CD mm

113 Om

3
+ -
9
° Y hllpe, aledaasaalios A L |l“_ll“x“llllhll“llmllllillullllnllu
10e z0n | 300 400 seo éec 7ee €ec100 zoo 200 aco so0 é00 Ton seo
NASS «n-2I> ’ . HALS <n .2
.0z - -
5o -16 : -16

' Hwe
- o0 - = 0
7 . :
11 .
' 1o O:? ) A 232
E i 208 . i L4 : O’O\Q
X " /

aaa
= . - - 110
‘ T %4 ||I .
e 1h [N 1 " sl 1 1 x'llllnunnn“uuuu“.u..\..

100 zeo 200 aQa sec 6oe 7ee0 LLTEY-Y] zeo 3ce a00 seo 600 700 see
MASS M/ nASS (n-2> -

.013

' ' . | ' :vv‘ S A
: )
| | aab"\ '.
-|In-‘nlllll“”““““h- 4 ul “H““lllul““““lUInn..

av
100 loo 300 apn 200 600 7eo 600 100 200 3e0 PY-X Z00 600 7e0 eee
MASE N2 nASs N 2.

"ty
]
-t
¥
b

Wyodak ' . o o Kentuckv

Figure 13. Partial FI mass spectra of the six double bond PAH fracuon isolated fram
o Wyodak (F-45) and Kentucky (F-51) -SRC.



20

I

2= =20

&

ag

3

cr¥- N

n i “ CO‘(IE)
Sl | L=l “lflﬂmuumtumm.l.

Figure 13. (continued)

&9 g5 Al '”
F5 w0 ) T |
il Al g
AN Bl LI
« 3ee a0 see 600 7ee - sQ@ 100 ee . 400 soe 600 ' 7080 800
nnnnnnnnn nASS (ns2)
Wyodak ~ Kentucky '




.08

21

178
o Z = -18 - . 2 =-18
|HA
f_l' - ’ 192 : -
o (L7 o
il [ |
o I l!lm 4 1 1 I J_lllux " i i 5 L
106 teo 300 400 00 - €00 Ton To01e0 zo0 | 200 400 =00 oo Too soe
nNASS (n. 2 i nASS (R,
-1 au T
L -20 | L o -20
- E ¥ . - - u .
. . | an :
= o 18 ans - ’
[ a0y
r~ Lo . =
° J llll.ul daasiaad s L A ] 1]1_[14;_L 4 1 I
100 200 30@ PY Y IR Y .Y €00 7e0 eco 100 200 300 «e0  seo ceo Teo a0
nASE <n-2; HRSS (Nn-,2)>
.as
. 286 -
74 =22 A2 -22
n L ast |, ave
as® : " .
2
ot T, 5o -
= | avy @ . L a1
G5
s U] il i III ~
[ i l lIlIll[llLl llllll 1 i l ll!'lllll‘llleLlulil Al
1o0 zoo 300 400 sS00 s00 Tee goe 100 200 30 PYY Y Y JY ¥ 700 eco
. NAS3 <n.-2) MASS (N2
css -
312
. -24 33 -24
L ; - an
- ’ FLly . =
) ase :
S 4 - g .
= a0 . l s | Im ) .
” Ll " It
o | RELNINRTTTI | U s
100 200 300 400 00 €00 r00 se0 100 zoo0 a0 400 mo00 €oe  Ten eeo
MASS an. 2 nASS o1 T
Wyodak Kentucky

Figure 14.- Partial FI mass spectra of the seven double bond PAH fraction isolated from

Wyodak (F-45) and Kentucky (F-51) SRC.



22

Wyodak (F-45) and Kentucky (F-51) SRC.
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‘"Figure 17. - (continued)

Kentocky

EX11 . .
. 344 )ﬂ»% Z = -34 Z=-34
RS T
B | &
_. p PR
3 [~ 3n - 373 arn
36
L& ok
B l : i M, -
30 “ I ' 3 “
. . | l
[ i 1 Illtlljl 1 1 (. \! ““l\nnuu.--..v,_“
igce TR see <60 Sé0 euvuy 700 vae 100 209 o ann b330 E0Q TON SO0
HASS (he/TD ' . "age sn 3
.03 . - I
310 4t -36 | . =36
— { -
s @ .
. 3af I Lgﬁj ) [ F114 ETTY
= ¥se V * na
i | . m g
2av .
° A Lxll ¥ ui ,“.\“llll 1 1 M W ullIJ_l | IJLUIJ!I.AHIA-;.:;_L‘.
100 2ea 300 ac0 soe 600 700 eee 100 200 200 400 weo éce Toc 8GO
. HASS <n-2> . NASS «n- 2
Wynrdak



wee,

(TR I

Z=-34 7= =34
1 L a5 :
i ?) - o i &:‘.’I}’Q)
o &
I~ 302 BLL B J'“\
IHH ] I |
L . L 309 , | |
o PSR N l l ““lLUM 1 Lombas j | |||Hl ‘ ‘ '|II||'Lll[!|l'
100 200 3eaq 100 ze0 600 Too eco10C zeo 3¢ aon £ €00 7o0 ece
AASS <nsZ. NASS cm-2,.
[ .
-36 : -36
o o5 &3
aar w2 I
L L F1t]
¢ ) Jlo\\ T
35
_ il ' il
o ‘ . AII Jlllm““h“ll IS Iy ....llll | -HHHI:““H”I{‘!U
100 zee 3ee 400 cea €oo Tee eco100 20e 300 ace see €0 Tee cao
NASS CMs2)> . NASE (ns2>
[} T - N
-38 -38
- . aur gmg -
354 : . Il MmN
o 1 AllI, H“ ll“““lll“ll 1 1 Lullll y “ 1“|“L“1“Uﬁ'll!l|
160 200 100 400 seo €00 700 eec100 200 . 300 400 soc €00 reo few
HASS cn-2> ‘nAass an-2 .
Wyodak Kentucky

27

Figure 18. Partial FI mass spectra of the twelve + double bond PAH fraction isolated
from Wyodak (F-45) and Kentucky (F-51) SRC.
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In Figure 10 in fhe -4, -6, and -8 Z series, the '"biological marker"
compounds are much more evident in the Wyodak SRC sample (masses 136,
262; 372, 400; 370, 398, 412),

In the -6 and -8 Z series, lower molecular weight material in the Wyodak

SRC sample is absent in the Kentucky SRC sample (Figure 10).

Three Double Bonds (Figures 2 and 11)

a)

by

c).

d)

The Kentucky SRC sample contains 1.5 times more three double bond
compounds than the Wyodak SRC sample.

The Kentucky SRC sample'has more material in every Z series compared to
the Wyodak SRC samples (Figure 2).

In the -8'and -10 Z series, the Wyodak SRC sample has more lower MA
ﬁaterial while Kentucky SRC sample has more higher MW material. Initial
masses present in Wyodak SRC sample are missing in Kenﬁucky SRC sample
(Figure 1), | |

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

SRC sample is more intense at nearly all masses (Figure 11). -

Five Double Bonds (Figures 3 and 12)

a)

b)

c)

Overall., the Wyodak SRC sample has 1.1 times more f1ve double bond
‘compounds than the Kentucky SRC sample.

The Wyodak SRC sample has more of the -12 and -14 Z series, while
Kentucky SRC sample has ﬁore of the other series. The -22 and -24 Z
series are nearly the same (Figure 3).

In the -12 Z series, masses below 184 are missing in Kentucky SRC

sample, but are praminent in Wyodak SRC sample (Figure 12).
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d)» The -14 Z series are similar, but Wyodak SRC sample has more material
(Figure 12).
e) In the Kentucky SRC sample, the -16, -18, an-d -20 Z series dominate, but
the appearance of the series are similar with one except:fon: ‘
1. A second "hump" around mass 560 is more pronounced in Wyodak SRC
sample. This "hump" also appears for the Wyodak SRC sample for the
-12 and -14 7 series. | |

. Six Double Bonds (Figures 4 and 13)’
a) The Kentucky SRC sample has 1.8 times more six double bond édmpounds

Y

than the Wyodak SRC sample.

b) The Kentucky SRC sample has more material in every 2 series (Figure 4).

c) Although Rentucky SRC sample hés mbre material in the -14 and -16 2
series, Wyodak has more material in the initial masses in théseﬂ series
(Figure 13). )

d) The —18'. -20, énd -22 2 series are similar in appearance.'"%vith Kentucky

' SRC sample dominating in each case. The Kentucky series 'ha\}e‘ma:éima. at
one Qiz unit greater than Wyodak.
Seven Dol ‘;g. Bonds (Figures S and 14) ‘

a) The Kéntucky SRC sample has 1.1 times'mc_n:e seven double bond campounds
than the Wyodak SRC sample.

b) The kentucky SRC sample has more of the -18 Z series and more of the -20
A serieé. The Wyodak SRC sanxple has more of the -22, -24 and -26 Z
series; The amounts of the -16 and -28 Z series are essentially the
same in both samples (Figure 5 and Table 1).

c) The -18 Z series is 'very differerl_t; with Wyodak SRC sample having

relatively small amounts of phenanthrenes and anthracenes (Figure 14) .
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d) The appearance of the -20, -22 and -24 % series in the Wyodak

and Kentucky SRC samples are similar, differing mainly in intensity.

Eight Double Bonds (Figures 6 and 15)

a)

b)

c)

-4

e)..

The amounts of eight double bond compounds in the Wyodak and Kentucky
SRC samples are about the same.

The Wyodak SRC sample has much more of the -22 2 series. Kentucky has
slightly more of the -24, -26, -30 and -32 2 series. Both samples have
the same amount oflthe -20 Z series (Figure 6 and Table 1).

Although both samples have the same amount of the ~20 Z series, the

distribution is quite different. The Wyodak SRC sample dominates at the

lower masses (Figure 15).

JIn the -22 7 series, it appears to be a matter of intensity, as both

series are similar in shape except the Wyodak SRC sample contains more
mate:;al (Figqure 15).
The -24, -26, and -28 Z series also appear to differ mainly in

intensity.

Nine Double Bonds (Figure 7 and 16)

- a)

b)

c)

a)

Both Wyodak and Kentucky SRC samples contain the same amount of double
bond compounds.
The Wyodak SRC sample contains much more of the -24 and -26 2 series,

and more of the -28 and -30 Z series. . The Kentucky SRC sample contains

- more of the -22, —32 and -34 3 series (Figure 7).

The diﬁferenCe in the -24 Z series, which contains chrysene types, is

~ mainly in relative amounts. The Kentucky SRC sample has much less

chrysene and/or tetracene compared to 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 series are similar in

shape and amounté for both samples (Figuré 16).
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Ten and Eleven Double Bonds (Figures 8 and 17)

a)

b)

c)

a)

e)

The Wyodak SRC sample has 2.3 times as much ten and eleven double bond
compounds as the Kentucky SRC sample.

The Wyodak SRC sample has much more of all Z series (Figure 8 and
Figure 17).

In the -28, -30 and -32' Z series, the Kentucky SRC sample maxima are at
one CHy unit higher than Wyodak SRC sample.

In the -34 Z series mass 302 is almost missing in the Kentucky SRC

sample. Again, the Kéntucky SRC maximum is at higher masses.

‘The -36 Z series are similar except for intensity and maximm. -

Twelve and Greater Double Bonds (Figues 9 and 18)

a)

b)

o))

d)

e)

The Wyodak SRC sample has 1.3 times as much twelve and greater double

- bond compounds as the Kentucky SRC sample.
The Wyodak SRC sample has more of every Z series (Figﬁ:e 9).

In the Kentucky SRC sample, the maxima in all series are at higher
masses than Wyodak SRC sample (Figure 18). |

The shapés of the -34, -36, and -38 7 series‘in_both samples are similar
except for intensities. This is true also of the -30, -44 and the -32,
—4§ series.

The appearance of the -42 Z series is quite different in bpth samples.

The Kentucky SRC sample has small amounts of the -=28 homologous series

" present. 'ThisA series is absent in Wyodak SRC samples.

Using the data in Table 1 and Figures 10-18 the total amount of arcmatics,

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

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

the Kentucky (F-51) sample is.a better liquefaction medium than the Wyodak
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(F-45) sample when blended with other coal derived components (2). It is
interesting that the aromatic, hydroaromatic, and saturate content of the F-51
sample is less than the F-45 sample. To make any definitive conclusion on these
results and their relationship to coal liquefaction, the composition of other
coal liquid samples would have to be obtained experimentally. These coal liquid
samples would have to be run under well defined coal liquefaction conditions.
Also, it is important to realize that the results in Table 2 account for

relatively small portions of the entire SRC samples.

Table 2. Estimated Wt% of Aromatics, Hydroaromatics, and Saturates in Wodak and

Kentucky SRC Samples

Sample = Aromatics ‘ Hydroaromatics Saturates
Kentucky 1.94 - 5.11 0.13

With the large amount of data obtained from the Wyodak and Kentucky
hydrocarbon samples, it is difficult to make easy compositional comparisons
among the samples. Because of this difficulty, it was deéided to develop a |
. computer program that would plot the data in a three dimensional fashion. |
.Figufes 19-21 show the. iesults obtained. .These Fiqures are a great heip in
summarizing the hydrocarbén data. The numbers above "K' and "W' refer to a .
particular Z series. Mas-é is defined by tﬁe axis labeled "Mass'. The heights
of the lines perpendicular to the mass axes are in terms of wt%. With Figures
19-21, it is relatively easy to make rapid hcompar_ison among the wvarious
hydrocarbon fractions. Also, one gets a general overview of the hydrocarbon
content in the W$/06ak and Kentucky sm@les; This is virtually impossible when
evaluating each FIMS spectrum in detail. Thus, we have the capability of
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Figure 20. Comparison of nominal mass 2 series in six double bond, seven double bond and
' elght double bond hydrocarbons isolated from Kentucky (K) and Wyodak (W) SRC.
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obtaining detailed compositional hydrocarbon data or obtaining a general profile

of the hydrocarbon content in coal liquid samples. ~

'B. Solubility Tests and Preliminary QOpen-Column Chromatography Results for

Preasphaltenes-1 and Preasphaltenes—2. ‘

The pyridine solqble—chlorofofm insoluble material, defined as
preasphaltenes-2, was tested for solubility in various binary and ternary
solvents. The main reason for the solubility test was tc find solvents that
could be used in the open-column adsorption chromatography of preasphaltenes-2.
As discussed in the last quarterly report, preasphalfenes—ﬂchloroform soluble)
were solﬁblé in several binary solvents. Table 3 gives .the' results obtained for
the solubility of preaspha.léenes-z from F-45 and F-51. The results in Tablé 3
are somewhat encouraging because binary solvents and a ternary solvent can be
used to dissolve preasphaltenes-Z. Same of these solvents will be used to
fractionate the preasphaltenes-2 with silica gel as a stationary phase.

Work was begun in determining the chranatog-raphic migration characteristics
of several model compounds 1n open—column silica gei chromatography. The model
compoimds were chosen because of their multiple functionality and the
possibility they would appear in the preasphg;téne fractions. 'The model
compounds are: S-hydroxyquinoline; 2-hydroxycarbazole; 1,7-dihydroxynaph-
thalene; 2,4-quinolinediol; phenazine; 3-(2-pyridyl)-5,6-diphenyl-1,2.4-
triazine; 1.4,9,10-tetrahydroxyanthracene; 2, 3—dihydrdepyriéine ;
i.s—dihydroxyanthraquinone: 1,3—-dihydroxynaphthalene; and 4,5,7-
trihydroxyflavanone.
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Table 3. Solubility of Preasphaltenes—2 from F-45 and F-51 in Various Solvents

Solvent | ~ Solubilityl
pyridiné:n—heptane | | 1:9(v/V) I
5:5(v/v) PS
7:3(v/v) | PS
9:1(v/v) B -5
pyridine:chloroform 5:5(v/v) PS
7:3(v/Vv) MS
9:1(v/v) MS
p&ridine:chloroform:tetrahydrofuran 6:3:1(v/v/V) ) PS
C6:2:2(v/v/v) ?“PS
6:1:3(v/v/v) PS
6:0:4(v/§/v) PS
7:1:2(v/v/v) M

1 1 = jsoluble, PS = partially soluble, MS = mostly soluble (some fine solid

material settled after sitting overnight)

C. Other szgrimenfs with Pgeasghalteﬁes

As mentioned in the previoﬁs quarterly report, infrared and proton NMR
spectra were obtained from the preasphaltenes~1 and preasphaltenes-2 from F-45
and F-51. The samples were dissolved in deuterated pyridine and the proton NMR
spectra we were obtained with a JBOL FX 270 MX NMR Spectrometer. All the NMR
spectra appeaﬁed’thé same and no distinqﬁishing features were noted.

Infrared spectra of the P-1 and P-2 fractions fram F-51 and F-45 were

obtained from KBr pelléts of the samples. The infrared spectra were very
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similér; 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 indicate_ed.
c) The P-2 fractions were distinctly more aromatic than the P-1 fractions.
d) The P-2 material 'in F-45 appears to be somewhat more aromatic than the
P-2 material in F-51. | |
¢) The P-1 material in F-51 appears to bs somewhat more 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 from the infrared spectrum and weighing the
corr‘é_sponding paper from . the spectrum. Obviously, this apéroach only gives an
approximate measure of the aliphatic and aromatic content in the fractions.
f‘igure 22 shows the,partia]: infréred spectrum of P-2 fraction from F-51. The

other infrared spectra were similar.

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

Preasphaltenes of F-45 and F-51.

Wt_of Spectrum Tracing, mg

Fraction | aliphatic aromatic Alighatic[Aronatic Ratio
F-51.P-2 39.9 118  0.34
F-45,p-2 ' '23 .8 86 .4 ‘ 0.28
F-51,P-1 - 39.8 88.7 ‘ 0.45

F-45,P-1 ' 70.8 141 . 0.50"
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- D. Replacement of Fluoropak yzit.h. Chromasorb T in the Fluoropak-Basic Alumina
P ‘océdu e “ |
Chromasorb T was investigated as a substifute for Fluoropak in thé

Fluoropak-basic alumina procedure because Fluoropak is no longer available.
Chrqnasorb T is ménufactured by Johns-Mannsville, Inc. and was -purchased from

K Supeléo.' Inc. Both Chr‘oma-so.rb T and Flt‘Jor‘opak afe néde of Teflon 6, but the
++ Chromasorb T is a finer mesh size (30/60) compared to Fluoropak (20/40) .
‘Table 5 shows the resﬁlt; for duplicate runs 1;sing‘ Chramasorb T and
-,‘Fluor_opak. .'I‘he prooedtire e_mployed has been described in the literature_ (3,4).
| C&xtparison of the Chromasorb T results with the Fluofopak résuits shows
| reasonably gooa agreerhent. Based on the results in Table §. Chratasorb T is an
éideéjuate substitute for Fluoropak. However, ad.ditionai experimehts will be run
’ in-the future in whiéh these two materials (Chromasorb T and Fluorépak) are

cbnipéred. It is important to mention that sample hamogeneity ié an .inportént
| f'aclA:or,- and some of the .disc‘repancy, of the data in Table 5 could be due to this
faétor. | '



‘Table 5 Comparison of Results Obtained with Chromasorb T and Fluoropak Using F-45
: 4

. Chramasorb T 19.2 ° 37.4
Chramasorb T 19.1 36.7

~Average 19.1 37.1
Fluoropak 17.2 36.8

Fluoropak  16.6 . 35.6
‘Average 16.9 36.2

- Asph = asphaltenes. Preawh preasphaltenes. HC= hydrocarbons. N = nitrogen compounds

CH = hydzoxyl aromatzcs

1ojls
2psph

N(Asph) + OH(Asph)

32reasph = chloroform soluble + pyndme soluble(pyndme soluble obtamed by difference)

4obtained by difference

HC(Oils) + N(Oils) + OH(Oils): -

47.6

46.8

Qils
9.0 4.8 5.4
8.7 4.8 5.7
8.8 4.8 5.6
8.4 4.0 4.8
‘7.9 3.6 5.1
8.2 3.8 5.0

HC+N

12.6

12.6

e

12.6

13.5

13 '1

13.3

OH
24.8

24.1

24.4

23.3

22.7

———

23.0

Preasph,
chloroform pyridine4
soluble soluble

11.9 31.5

11.7 32.5
11.8 32.0
12.5 33.5
12,7 34.9
12.6 34.2

ev
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E. High Pergdmce Liquid Chromatography
1. Hydroxyl Aromatics

As discussed in' the last quarterly report, the chromatographic
characteristics of ﬁhirty—six hydroxyl aromatic standards were investigated by
normal-phase chromatography. The same standards have been investigated by
, reversed-phase chrohwatography using a C-18 column. Table 6 gives the mobile
'phases investigated. It was found that linear rélationships were obtained
between iog (capacity factor) versué volﬁme percent of the strong solvent in the
mobiie phase, and log(capaciigf factor) versﬁs solubility parameter of the mobile-

o phase. The 1inear're1ationships have been used in optimizing the mobile phases

‘ for the "best”" resolution of hYdroxyl a'r_oma'tic-s'. Two optimization methods are

being employed, nameiy. a solubility parameter method (5) and a 'window diagram
method (6). 'The results from the opimization methods are very encouraging. It
éppears that the "best" mobile phase for the separation of hydroxyl aromatics
‘using reversed-phase chranatogr“aph‘y. can be predicted a priori. In addition, the
~ limitations of th;e chromatographic systems are defined by the optimiéation
methods.. The same optimization method.s.will be appiied to normal-phase |
chromatographic systems. Detailed results for the rev_ersed—phasé and
:-nornél—;ixase chromatoraphic systems will be given in future réports.
) 2, Nitrogen Heterocycles and Aromatic Amines

Thé chromatographic characteristics of thirty-five nitrogen heterocycle and
aromatic arftine standards were investiqatéd on seVe;ai normdl-phase
'chromatography systems. Table 7 lists the canpounds studied and Table 8 gives
the chramatographic sygtems investigated. The results fram these experiments
are still being interpretéd.. More details on the fesults will be givén in later

" reports.
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Table 6. Reversed-Phase High Performance Liquid Chromatography Mobile Phases

Investigated for Hydroxyl Aromatics with a C-18 Column

1. Ternary mobile phases investigated for three monohydroxyl compounds .

methanol :acetonitrile:water(v/v/v) methanol : tetrahydrofuran:water(v/v/v)

50:10:40 ) v 50:10:40

35:20:45 35:20:45 .
20:30:50 20:30:50
5:40:55 5:40:55

2. Tefnary<mbbile phases investigated for three dihydroxyl compounds

methanol:acetonitrile:water (v/v/v) methanol : tetrahydrofuran:water (v/v/v)
10:10:80 4 : 10:10:80
.15:15:70 A » 15:15:70
20:20:60 : 20:20:60

25:25:50 : ) ) 25:25:50

3. Ternary mobile phase investigatea for tﬁenty—one monohydroxyl compounds
anol:tet uran:water (v/v

30.0:21.5:48.5

4. Tbrnaryfmobilé‘phase investigated for fourteen dihydroxyl compounds

thanol: tetrah 'ofu‘an: te /
: 9:20:71 ' ’
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Table 7. Standard Nitrogen Heterocycles and Arcmatic Amines in High Performance

Liquid Chromatography Experiments. .

1. 2,7-Diaminofluorene

2. 13H-Dibenzola,ilcarbazole
3. 5-Aminoindole

4., 5-Aminoisoquinoline

5. 5,6-Dimethylbenzimidazole
6. 5,6-Benzogquinoline

7. Benzolclcinnoline

8. 2,6-Dimethylquinoline

9. 2,2'-Biquinoline '
10.

6,13-Dihydrodibenzolb, i]Jphenazine
11, 5-Aminoguinoline , .
12. 3-Amino-Y-ethylcarbazole
13. 3-Aminofluoranthene
14. ‘i-Azaindole
15. Carbazole
16. 1-Azapyrene
17. 1-Aminoanthracene
18. 5-Aminoindazole
19. Iminostilbene
20, 4-Phenylpyridine
21, 4-Azafluorene
- 22, Acridine
23. .7.8-Benzoquinoline
24, 4.,5-Diphenylimidazole
25, 1Indole
26. 4-Azabenzimidazole
27, 1,2-Ris{4-pyridyl)ethane
28. S5-Aminoindan
29. 6-Aminoindazole
30. Tminodibenzyl
31. 7-Methylindole
32. 2-Phenylbenzimidazole
33. 2-Phenylindole
34. 1,2,3,4-Tetrahydrocarbazole
35. 2,3,4,5-Tetraphenylpyrrole
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Table 8. Normal-Phase Chromatographic Systems Investigated for Nitrogen

Heterocycles and Aromatic Amines

Stationary Phase n-Heptane:2-Propanol(v/v)Mobile Phases

p—Bondapak NHj . 60:40
u-Bondapak NHp . 75:25
p-Bondapak NH; - | 85:15
p-Bondapak CN | 70:30
n-Bondapak CN » _75:25
p—-Bondapak CN _ 80:20
.p-Bondapak N | 85:15
p-Porasil ' 85:15
u-Porasil , A 95:5

p-Porasil 99:1
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3. Compound Class Sepaiation of Polycyclic Aromatic Hydrocarbons,
Nitrogen Heterocycles, and Hydroxyl Aromatics

Compound class separation of polycyclic aromati;: hydrocarbons, nitrogen
heter‘ocycles. and hydroxyl aromatics in heavy coal liquid samples has not been
.accomplished' yet by high performance liquid chromatogrpahy. In this work, both
mobile phase optimization and prediction of retention are particularly important
- because of the possible overlap of compounds in the various compound'classes.
Several mobile phases and high-performance chromatographic columns afe being
Vinvestigated to determine thé best chromatographic systems to éeparate co;ﬁpound
classes.b Table 9 lists i:he stationary phases and mobile phases studied;
' Experiments with other columns aﬁd mobile phases are still being carried out and

. definitive results and conclusions will be reported in later reports.

"~ .F. Manuscripts

1. A manuscript entitled ''Composition of Distillate Recycle Solvents
Derived from Direct Coal Liquetaction in the SRC-1 Process’ will be submitted to
) Fuel for review in the near future. The manuscript is attached to this report
as Appendix A. The 'r'esulté described in this manﬁsctipt were obtained under the
. previous DOE contract (No.DE-AC22-79ET14874).

2. A manuscript is being written in which the hydrocarbon composition of
moderately and severely hydrogenated F-45 is compared. The data were obtained
during the previous DOE contract period.

3. A manuscript is being written in which the hydrocarbon composition of
F-45 and F-51 are compared. Same of the ‘data were obtained during the previous

DOE contract period.
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Table 9. Stationary Phases and Mobile Phases for Compound Class Separation-

p-Bondapak NH; (normal-phase)

n-heptane, chloroform, n—heptane:chlorofom} 25:1(v/v), n-heptane:chloroform
15:1(v/v), ri—hep‘tane:chloroform 10:1(v/v), n-heptane:chloroform 5:_1(v/v)','
n-heptane:2-propanol 25:1(v/v), n-heptane:2-propanol 100:1(v/v),
n-heptane:methylene dichloride 25:1(v/v), n-heptane:methylene dichloride

10:1(v/v), n-heptane:ethyl acetate 10:1(v/v)

p—Porasil (normal-phase)

n-heptane, 2-propanol:n—heptane 1:100 (v/v)
Basic Alumnum Oxide (normal-phase)
n-heptane, dioxane:n—heptane 21:79(v/v), n-heptane:dioxane 100:1(v/v§.

n~heptane:chloroform 95:5(v/v)

p-Bondapak C3g (reversed-phase)

methanol :water 60:40(v/Vv)

p-Bondapak CN (normal-phase)
n-heptane, chloroform i
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Brief

Liquid chromatography and field ionization mass spectrometry were used
for analysis of coal-derived 260-427°C distillatc recycle solvents from direct

coal liquefaction processes.
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Abstract

The qualitative and quantitative compositions of 260-427°C distillate
recycle solvents derived from direct liquefaction of subbituminous Wyodak
coal and bituminous Kentucky 9/14 coal in the SRC-1 process a%e discussed.

A liquid chromatography method which involves.a column switching'tech—
nique was used to provide'solubility chafacteristics and compound-class compo-
sitions. The compound-class fractions of hydrocarbons,’nitrogen‘compounas, and
hydroxyi aromatics were sepérated from hexane soluble '"oils" and tolﬁene
soluble-hexane insoluble "asphaltenes'. The hydrocarbons were further separated
into saturates and mono—througﬁ tetracyclic aromatics using high performance
liquid chromatography (HPLC). »

Field ionization mass speétrometry (FIMS) was used to analyze the compound-
class fractions. The apparent concentrations for various homologous series
(Z series) of compound-class fractions from the two coal-derived distillate

recycle solvents are compared.
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- Many attempts have been made in the past to correlate the effectiveness
of coal liquefaction recycle solvents with their chemical and physical proper-

ties (1-15). It is known that a good recycle solvent must be compatible with

"the products of the thermal dissolution of coal and it must also provide a

readily available source of hydrogen. The liquefactioﬁ solvent may function
as a direct source of hydrogen (hydrogen donbr), indirect source of hydrogen
(hydrogen shuttler), or as a hydrogen abstractor. In a commercial process, the
solvent is derived from coal and must be suitable for recycle‘operatioq;

-"In order to fully understand the chemistry of coal liquefaction and the
performance of coal-derived recycle solvents a thorough knowledge of their
chemical composition is necessary. In recent years, considerable progress has

been made in developing methods for separation and characterization of coal

<derived liquids (16-28).

The objective of this work was to provide details of the composition of

two 260-4279C distillate recycle solvents derived from a direct liquefaction

.of a subbituminous Wyodak coal and a bituminous KentucKky 9/14 coal in the

SRC-1 process. These two solvents were selected because of their different
coal liquefaction performance; the Kentucky 9/14 coal derived distillate being

the more effective coal liquefaction solvent.

EXPERIMENTAL ' I

Distillate recycle solvent samples.

Wybdak coal derived distillate recycle solvent was produced from a sub-
bituminous coal from the Canyon Anderson seams in the Amax Coal Co.,.Bell Ayr

Mine in Wyoming. The recycle solvent sample was supplied by Catalytic, Inc.

from the Southern Company Services, Inc., SRC pilot plant located at Wilsonville,
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AL. This sample was redistilled using-ASTM D-86/1160 procedures to remove a
low-boiling fraction.'

Kentucky 9/14 coal derived distillate recycle solvent was produced.from a
bituminous Kentucky 9/14 coal. The sample, supplied by the Pittsburgh and
Midway Coal Mining Co., SRC pilot_.plant near Tacoma, WA, was analyzed as
received. .

Some analytical data on the two distillate recycle solvents have been

reported elsewhere (29).

Separation into solvent-derived and compound-class fractions. ,

A coal derived distillate recycle solvent sample was coated on an inert
fluorocarbon support material. An Altex glass chromatographic column was then
packed with the sample-coated support material, and the column was connected

to two basic alumina columns. Solvent-derived fractions of "

oils" (hexgne
soluble) and "ésphaltenes" (toluene soluble-hexane insoluble) weré.directly
introduced into a respective basic alumina column for further éeparapioniinto
three compound-class fra;tions - hydrocarbons, nitrogen compounds, and.hydroxyl
aromatics. A toluene insoluble-pyridine soluble fraction of "preasphaltenes"

was eluted with pyridine directly from the inert support material in ﬁhg first

column. The detailed procedure was described elsewhere (24, 25).

HPLC separation of hydrocarbdns

The liquid chromatograph uéed was a Watefs Model ALC/GPC 244 equipped with
a.Model U6K injector, a Model 6000A pump, a Model ALC 201 differential refrac-
tometer and a Model 440 UV absorbance detector, a strip chart recorder, and a
ABasEom—Turner Model 8120 computerizgd recorder. |

The hydrocarbon fractions isolated from hexane soluble oils of each dis-
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tillate recycle solvent were further separated into saturates and the following
"double'bond" (d.b.) aromatic hydrocarbon fractions: 3 d.b., 5 d.b., 6 d.b.,

7 d.b., 8 d.b., and'9 + d.b. A 10 um particle size u-Bondapak NH, semiprepar-

2
ative column from Waters with n-heptane as a mobile phase were used to separate

the hydrocarbon fractions. The details of the HPLC procedure were described

previously (27), and yields of the fractions were determined gravimetrically.

Field Ionization Mass Spectrometry.

FIMS was used to analyze the compound-class fractions separated irom wyodak
and Kentucky 9/14 coal-derived distillate recycle solvents. Field ionization |
(FI) mass speétra were obtained from samples submitted to SRI International in
. Menlo Park, CA. . The spectra were obtained by‘repeated mﬁltiscanning. The con-
version from ion counts to corrected relative intensity was automatically per- -
formed by the compdter. The relative intensities were normalized for each
sbecttum to a total of 10,000 and‘may easily be converted to mole percent of
material (30).

FIMS produces unfragmented molecular ions and théir isotope signals. Com~
puter programs were devised which allow for correction of peak'intensities for
material abundance of carbon-13 and subsequent conversion to weight percent of
the sample. An HP-87 computer with an HP Model 82901M flexible disk drive and
an HP Model 82905B printer were used to evaluate the FIMS data obtained from

SRI.

Infrared Spectrometry.

A Perkin-Elmer Model 621 grating infrared spectrophotometer was used for
the analysis of functionalities present in the fractions. The infrared spectra

were recorded in methylene chloride using 0.5 mm NaCl cells:
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RESULTS AND DISCUSSION

Compound-Class Composition.

A separation method originally-developed for solvent refinéd coal (24, 25)
was applied in this work to separate the diétillaté recyéle.solvents into
solvent-derived and coﬁpqund—class fractions. .The separation scheme is shown .
in.Figure 1. The average results from triplicate sebarations are given.inTTaBIe 
1. Precautions were taken to prevent -loss of volatile components during
removal bf sol&ents from chromatographic fractions. Data in Table lfshow that

hexane soluble oils are the predominant solvent—defived fractions in both Wyodak
. and Kentucky coal-derived distiilate recycle solvents, accou&ting for.94.5 and
91.8 wt7, respectively. Toluene soluble-hexane insoluble asphaltenes are
represented by 4.3 wt%.(Wyodak) and 5.9 wtZ (Kentucky) while pyridine solublef
toluene insoluble preasphaltenes account for 0.6 and 2.3 wt¥, resbectively,
ResﬁltS'in Table 1 also show that hydrocarbons are the‘majorlcomﬁound—class
componentsfiﬁ b&th Wyodak and Kentucky coél—derived recycle solvents,.accbﬁnt-
ing for 63.1 aﬁd 61.7 wt%, respectively. The Hydrocafbons are‘present almost
: entirely in hexane soluble oils. Hydroxyl aromatics are the next 1arges;_
compound-class fraction, éccouqting for 26.8 wtz (Wyodak)Aand 23.6 wtZ (Kenfucky).
Nitrogen compounds in Wyodak and Kentucky coal-derived recyéle éolyentslare |
representéd by.8.9 and 12.4 wtZ, respectively. The hydroxyl'aromatics agd
nitrogen compounds are distributed among both oils aﬁd asphaltenes."

. In terms of solubility characteristics the Wyodak coal derived solvent.‘
coﬁtains ﬁore oils and iess asphaltenes and preasphaltenés than the Kentucky
9/14 coal derived solvent. In terms.of compound-class’composi;ion the Wyodak
coal derived solvent éontains more hydrocarbons and hydroxyl aromatics but léss

nitrogen compounds than the Kentucky 9/14 coal derived solvent.
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HPLC/FIMS Analysis of Hydrocarboms.

The hydrocarbons separated from hexane soluble oils in Wyodak and Kentucky
. coal-derived distillate recycle solvents were analyzed using a previously
Adgscribed HPLC/FIMS method (27, 28). Hydrocarbons in toluene soluble-hexane
.insoluble asphaltenes were present in too sméll amounts to justify further
characterization of these fractions. The HPLC techniﬁue provides separation
according to the number of double bonds in aromatic ring systems while FIMS
separates according to molecular mass and Z number corresponding to the general
.formula, CnH For example, C

-pyrene and lLiexaliydirobenzpyrene both would

2n+Z° 4

be represented by the CnH furmula and & single peak in FI mass spootrum

. 2n-22
at M/Z 258, ‘HoweVer, the first one has 8 double bonds in the ring system while
the other one has only 7 double bonds. With an HPLC separa;ion step pfior to
to the FIMS analysis, the two compounds would be present iﬁ different fractionms
and thus éoﬁld be ideﬁtified. ‘The interpretation of the FI mass spectra is
~based on an assignment of the initial structure to the lowest molecular weight
homologue in.the spectrum. The peaké following the lowest molecular weight
homologue, at every .14“units-(;CH2—)£ Fofrespond to alkyl-substituted
homnlogues.

Alkanes. Data in Table 2 show that saturates (SAT) account for 5.7.and
4.4 w;% of disfillate recycle solvents derived from Wyodak (W) and Kentucky
(K) coal, fespectively. The FI mass.spéctra of the SAT W and SAT K fractions
are shown in Figufe'z. The apparent concentrations for various Z sgries in
FI mass spectra of these fractions are given in Table 3. The data show that
saturates consist of various homologous series ranging from acyclic alkanes
(Z = +2) through pentacyclic (Z = -8), and possibly hexacyclic (Z = -10) alkanes..

The latter, however, may interfere in the FI mass spectrum of monoaromatics
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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 (27, 28). Acyclic alkanes (CnH ) in both distillate recycle

2n+2

solvents range from about C,_. through C32; with the C25 (M/Z 352) being most

15
abundant in the SAT W fraction and the C19 M/z 268) in the SAT K fraction
(Figure 2). Oyerali'concentration of monocyclic through hexacyclic alkanes in
the SAT W and SAT K fractions are fairly similar (Table 3). However, there are.
cpnsiderable differences between molecular weight diéfributions of various
homologous series in both samples. Cycloalkanes in the SAT W fraqtion cover

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

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

Monoaromatics. Data in Table 2 show that monoaromatics (3 d.b. fraction)

account for 3.2 wt% Wyodak (W) apd 6.2 wt¥ Keﬁtucky (K) in the distillate
‘4reéycle sglvents, Figure 2 éhows the FI‘mass spectra of the 3 d.b.W and

" 3 d.b.K fractions. (Note the differences in intensitf scaief) The apparent
concentrations for various Z series in the FI massisﬁectra of the 3 d.b;
fractions are‘given inATasle 4. Alkylbenzenes, CnHZn—6’ are represented by
0.3 wt% in bqth the 3 d.b.W and 3 d.b.K samples. Homologous series CnHén—B

and CnH dominate in monoaromatics from both coal-derived solvents.: The

2n-10

CnHZn—B series with initial peaks at M/Z 146, 160,'174 etc., can be assigned

to alkylindanes, alkyitetralins, and cyclohexylbenzenes. _This’homologous series
accounts for 1.1 and 2.2 wt% of 3 d.b.W and 3 d.b.K samples, respectively. The
.CﬁHZn—lo series, with initial peaks at M/Z 158, 172, 186 etc., (Figure 2) can

be assigned to tetrahydroacenaphthenes, hexahydrofluorenes, and octahydrophen-

" anthrenes/anthracenes. A better liquefaction solvent, derived from Kentucky
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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 wtZ 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
dominéte in both Wyodak (19.8 wt%) and Kentucky (24.4 wt?%) coal-derived
solveots. Two major homologous serles? CnHZn-lz and CnHZn-lA’ are presentAin

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

series are given in Table 5. The C H2 -12 series, with initial peaks at M/2Z
128, 142, 156 étc., (Figure 2) can be assigned to naphthalenes. The'Cé;naphtha-
- lene (M/Z 170) being the most abundant. The C HZ 14 series can-be assigned

to acenaphthenes (M/Z 154, 168, etc.) and tetrahydrophenanthtenes/anchracenes
(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, reépectively. The.C H series can be assigned to

2n-16
'tetrahydrocyclopentaﬁophenanthrenes, héxahydropyrenes, hexahydrobenzfluorénes,
and,octahydrobenzophenanthrenés/aothréceqes. :,‘ |
The 6 d.B. dicyclic'afomatics account for 9.4 and 6.2 wr2 of qudak and

Kentucky ooal—derived soloents, réspectivoly (Table,2).. The apparent concen-—
trations for yorioos Z series in FI mass spéctr; of 6 d.b. fractions (Figure"zy
are given in fable'6. The C H2 -16 series dominates. The initial peak at M/Z
166.can be gssigned to fluorene and a following peak at.M/Z 180 can be assigned
to Cl—fluoreno ano/or dihydrophenanthrene/antﬁracene. ‘Other r;og—types, suchAas
phenylindans - (M/Z 1945 and phenyltetralins (M/Z 208) may overlap with alkylflu- |
ofenes. The C H2 14 series overlaps with the C H2 160 seriés and accounts for
3.6 wt:A of the6d b.W fraction and onlyl.2wt% of the 6 d b.K fractlon. A very

low intenslty of the peak at M/Z 154. (blphenyl) as compared with the inten51ty
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of the peak at M/Z 168 (dibenzofuran and/or Cl—biphenyl) implies that dibenzo-
furans dominate in this series.

The C_H series, with initial peaks at M/Z 206, 220, 234, etc.,

2n-18
(Figure 2) can be assigned to tetrahydropyrenes, tetrahydrobenzfluorenes, and
hexahydrobenzophenanthrenes/antbracenes,'respectively. Cyclohexylfluorenes
M™/z 248) and cyclohexyldihydrophenanthrenes/anthracenes (M/Z 262) may also be‘

present. Data in Table.6 show that the C H. series is represented by 0.8

2n-18
wt%Z of the 6 d.b.K fraction and 0.6 wt% of the 6 d.b.W fraccion.

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

account for 13.5 and 11.2 wt% of Wyodak and Kentucky coal-derived recycle
solvents, respectively (Table 2). The FI mass spectra of the 7 d.b.W and 7
d.b.X fractions are shown in Figure 2. Please note che differences in incensity{
ecale; The apparent cOncentrecions ofithe homologous‘series in the FI.mass
spectra of these,fraccions are given:inATable 7; The CnH2n~18 series dominates
in'both 7 d.b.W (9.4 th),end 7‘d.o.K (5.4'th) frections7 Interestingly,
phenanthrene and/oranthracene alone (peakvac M/Z 178) accoUnts for 6.3 wt% of

7 d.b.W and only aoout 2. 6-wt7 of -7 d.b.XK. However, the concentratlons of
alkyl-substituted phenanthrenes/anthracenes in both 7 d.b.W and 7 d b.K are

" very similar and rapldly decrease w1th the increase of aliphatlc carbon number‘
about 0.3 wt%,.and C

C, about 1.7 wt%, C, about 0.6 wtZ%, C about 0.2% wtZ.

1 S 3 4

The C H2 -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 C H seéries is. slightly higher in 7 d.b.K (2.5 wt%)

2n-20

than in 7 d.b.W fraction (2 2 th) The CnHZn—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 includes heka—
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hydrobenzpyrenes, hexahydrodibenzfluorenes, and octahydrodibenzophenanthrenes/

anthracenes. Small amount (0.6 wt% in Table 7) of unsubstituted through C44

alkyl substituted dibenzothiphenes (M/Z 184, 198, 212, etc.) were also found.

Tetracyclic aromatics. The HPLC method enables separation of tetracyclic
arogatics into 8 d.b. and 9 d.b. fractions. Because the concentration of 9 d.b.
tétracyclic aromatics and greater polycyclic aromatic hydrocarbons was less
than 2 wt% in both distillate recycle solvents (Table 2), only the é d.b.W and
8 d.b.K fractions were analyzed by fIMS. These two fractions account for 4.2
arid 2.4 wt%, respectively. The FI mass spectra are.shown in Figure 2. The
_apparent concentrations of the homologous series in the 8 d.b.W and 8 d.b.X
are given in Table 8.

The C.H
n

2n=22 series accounts for 2.6 wt% in the 8 d.b.W fraction and 1.4

.. wt% in the 8 d.b.K fractioh, The initial peak at.-M/Z 202 in this homologous

. series can be aséigned to pyrene and/or fluoranthene. Similarly as in the

case of tricyclic aromatics, the concentratién of unsubstituted pyrene/fluor-
anthene . (M/Z 202) is higher.in the 8 d.b.W (about 1.4 wt%) than in 8 d.b.K
(about 0.5 wtZz). Alkyl Substiﬁuted‘pjrenes/fluoraﬁthenes nay ovérlap with benz-
fluorenes (M/Z 216) and dihydrobenzophenanthrenes[anthracgnes (M/Z 230). The

CnHZn—ZA'
d.b.K fraction. This homologous series includes tetrahydrobenzpyrenes (M/Z 256)

series is represented by 0.5 wt% of the 8 d.b.W and 0.4 wt% of the 8

and . tetrahydrodibenzfluorenes (M/Z 270). An overlap with benzophenanthrenes/

 anthracenes (M/Z 228, 242, 256; etc.) is also possible.

FIMS Analysis of Nitrogen Compounds.
Nitrogen compodnd fractions separated from héxane soluble oils (02W and
'02K) and from toluene soluble-hexane insoluble asphaltenes (A2W and A2K) in

each coal derived distillate recycle solvent (see Figure 1 and Table 1) were
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further analyzed by FIMS. The FI mass spectra of the‘02w, 02K, A2W and A2K
fractions are shéwn in Figure 3. The apparent concentrations of various homol-
ogous series in the fI mass spectra of the 02W and 02K fractions afe given in
Table 9. Nitrogen compounds belonging to hbmologous series from CnHZn—SN
(alkylpyridines and/or cyclohexylpyrfoles) through CnHZn-27 (dibenzcarbazoles) .
were found in oils of both distillate recycle solvents. This is consistent with
the earlier fesultsApublished by Schiller (17). Indoles (CnHzn—9N5; carbazoles’
N), and benzcarbazoles (CnHZn—Zl
N series dominates in both the 02W (1.3 wt%) and 02K (1.6 .

(CnHZn—ls N) are the major nitrogen ¢ompound

types. The CnHZn-lS

wt%) fractions. The initial peak at M/Z 167 can be assigned to carbazole which
‘alone accounts for almost 0.2 wt% in 02W and 0.3 wt% in 02K. The peaks at M/Z

C -alkylcarbazoles, respec-

17 €70 Gy

;ively. Alkylcarbazoles up to about C8 are'present. The FI masglspectra alone,

181, 195, 209 and so on, correspond to C

however, do not allow one to distinguish between various coﬁpound types within
a given homologous series. For example, a peak at M/Z 181 can be_assign;d to
methylcarbazole,_dihydrobenzquinoline,'and/or aminofluorene. - All three compound
types belong to the CnHZn—lsN séries. The infrared spectra'of the Ozw ang 02K
fractions, which éhoﬁed a strong absorption band at 3460 cmfl,y p;bvided further
support that carbazoles déminate in this hbﬁologous series, Howeﬁer, the infra-
red spectrﬁm does not allow one to identify.pyridine—typg N as the cha;acteristic
absorption band around 1600 cm-lAinterferes wifh the oﬁe for aromatic C-C. No
absorption baﬁds characterigtic of -NH2 were observed. The CnHZn—17N series,
represented~by acridines/phenanthridines and tefrahydrobenzcarbazoles, accounts
for 6.7 and 1.0 wt% in the 02W and 02K fractlons, respectively.

Quinolines and/or phgnylpyrroles, CnHZn—llN’ account for 0.4 and 0.5 wtZ
in the 02W and 02K fractionms, resbectively. The results in Téble é also- show

that there is an overlap between some of the homologous series in the FI mass
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)

spectra. For example , .a peak at M/Z 229 can be assigned to C_-indole (CnH

8 2n-9"

and/or to dibenzquinoline (CnH ). A bimodal distribution of peaks in ﬁhis

2n-23"
series implies that both homologous series are present. Similar interferences
were found in the case of other homologous series (see Table 9). The nitrogen
compound types identified in the FI mass spectra of the 02W and 02K fractioms
account for 4.8 and 6.6 wt%, respectively.

Non-nitrogen compounds found in these fractions are mostly represented by
various alkyl éubstituted hydroxyl‘aromatics ﬁhich_interfere with nitrogen com-
poﬁnds during the.cthmatographid separation.. Thils Is alsu suppurted by infra-
red spectra of the 02W and 02K fractions which éhowed small absorption bands at
about 3585 cm-1 characterisitc of frée phenolic OH. Data in Table 9 show that
hydroxyl arom;tics which eldted'together'with nitrogen compounds are mainly
represented by'hydfoxyl monocyclic aromatics. Stefic hindrance of the hydrqul
group is a mo;t likély ?eason for the earlier’elution of these compounds.

Small aﬁéunts of arométic ketone-types'which.probably result from oxida-
tion'of aromatic hydrocarbqns may also be present in the 02W‘and‘02K fractiqns.
The infrared specfra showed characteristic absorption bands ataboutlZOO.cﬁ-lJ
The quantitative interpretation of FI mass spectra of A2W and A2K fractions
(nitfogen compounds in asﬁhaltenes) in Figure 3 was not attempted because of
the complexity of these spectra. iHowever, two prominent even-numbered nominal
mass homologous series can be distinguished in both spectra. These imply the
presence of diaza compounds. The first, with initial‘peaks at M/Z 132, 146,
160 etc., can most likely be assigned to diaza compound types described by

the general_formula CnH Four different diaza compound-types can be

2n-8V2°
assigned to a peak at M/Z 132:
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CH; NH,,

\

J o O

I II : ' IIT : v
Compound~types I and IV seem to be the most likely ones. The. concentrations of
the CnHZn—SNZ
series with initial peaks at M/Z 182, 196, 210, etc., can be assigned to the

series in A2W and A2K fractions are about the same. The second

C diazacoﬁpounds. The peak at M/Z 182 can be represented by the

al2n-14N2

following diaza compound-types:

CH; . NHa | “ -
A Ny
sewlivonlintanlisee

II I1I IV

]

" Again compound-types I and IV seem to be the most likely ones. The concentration

of the CnH series is considerably higher in the A2W than the A2K fraction.

2n-14%2
The same odd-numbered nominal mass homologous series ;hat were found in
the 02W and 02K fractions (nitrogen compounds in oils see Table 9) were also
found in the A2W and A2K fractions (nitrogen compounds in asphaltenes). The
major differences were concentrations of components within oﬁerlapping hbmologous
'séries. A more gromatié (lower Z number) series prevailed in the A2W and A2K
fractioné. fhe FI méss spectrum of the A2W fraction in Figure 3 shows a promi-
nent odd-numbered noﬁinal mass series with initial peaks at M/Z 339, 353, 367,

etc.,, which is not present in the A2K fractionm.

FIMS Analysis of Hydroxyl Aromatics.

Figure 4 shows FI mass spectra of hydroxyl aromatic 03W, 03K, and A3W, A3K

fractions which were separated from oils and asphaltenes in Wyedak and Kentucky
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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
'strong infrared absorption band ‘at 3585 cm"1 that is charaeteristic of free '
phenolic-OH group. In addition, infrered spectra of these fractions showed a
very broad band around 3200 cm_l which is due to hydrogen bonding. The apparent
" ‘concentrations of various homologous series in FI mass speccrs of the 03W and 03K
fractions from C H 0 through C_H

2n-6 n 2n-24

'a better liquefaction solvent which was derived from Kentucky 9/14 coal has a

0 are given in Table 10. Interestingly,

much higher concentration of the C H 0 serles than Wyodak coal derived solventj

2n-8
2.1 and 0.9 wt%Z in 03 fraction, respectively. The initial peak at M/Z 134 in this
-indanol’

series can be assigned to indanol and a following peak at M/Z 148'to Cl

and/or tetrahydronaphthol. The >C, indanols and >C, tetrshydronaphthols M/z

218, 232? 246, etc.) overlap in the FI mass spectra with the C Hé 220 series

;.(hydroxypyrenes and hydroxybenzfloorenes). The C H2 60 series, including C2

through C, alkylphenols, accounts for 0.6 wt% in 03W and. 0.9 wt% in 03K fracglon.

8

The 399 algylphenols oyerlap with the CnHZn-ZOO series. The latter can be assigned

to phenyloaphthols,'hydroxydihydropyfenes, and hydroxytetrahydrobenzphenanthrenes/

anthracenes. The c H2 lo0 series with initial peaks at M/Z 174, 188, 202, etc.,

can be assigned to hydroxytetrahydroecenaphthenes, hydroxyhexahydrofluorenes, and
hydroxyoctahydrophenanthrenes/anthracenes, respectively. Components of this

homologous series overlap with the C H2 240 series. The homologous series

n 2n-14 s n 2n 160’ and C H2 18 s, show very broad monomodal molecular weight

distrlbutions indlcatlng considerable alkyl substitution of hydroxyaromatic ring

CH

systems. The C H2 140 series with initial peak at M/Z 170 can be assigned to

phenylphenols and/or hydroxyacenaphthenes having alkyl substituents up to about

C The C H

20° 2n-16

anthrenes/anthracenes (M/Z 196). Again, alkyl substituents up to about C20 are

0 series with the initial peak at M/Z 194 can be assigned

0 series includes fluorenols (M/Z 182) andvhydroxydihydrophen—

present. . The CnH2n¥18
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to hydroxyéhénanthrenes/anthracenes. This homologous series may also include
such compound types as hydroxytetrahydropyrenes (M/Z 222), hydroxytetrahydrobenz-
fluorenes (M/Z 236), and hydroxyhexahydrobenzphenanthrenes/anthracenes (M/Z 250).
The»hydroxyl aromatics identified in the FI maés spectra of 03W and 03K fractions
account for 15.6 and 14.7 wt?%, respectively.

Figure 4 aiso 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 A
detailed interpretation and quantification of the results. Howevér, two
prominent mass-seriés can be distinguished. Both can most likeiy be assigned
to dihydroxyl aromatics. The first, CnHZn—IAOZ’ is represented by biphenols.
TheAinitial,peak at M/Z 186 is assigned to unsubstituted biphenols. Alkyl
substitutgd biphenols (peaks at'M/Z 200, 214, 228, 242, 256, 270, and so on)
prevails with the Cz—biphenol (M/Z 214) being the most prominent'one. The

‘disﬁribuﬁion of biphenois in the A3W and A3K fractions is very similar; The
second series, CnHZn;l602’ is reprgsented by dihyd;oxyl fluorenes. tThe‘initial
peak at M/Z 198 is assigned to ﬁnsubsfituted dihy§roxyifluorgnes. The C,=
dihydroxylfluorenes (M/Z2 226) prevail in the A3W and A3K fraction. However,
the concentration of the CnH2n91602 séries in the A3W ffaction is-highe; thpn
in the A3K fraction (see Figure 4).

A Qeﬁailed comparison be#ween the FI mass spectra of hydroxyl aromatics
in oils and in asphaltenes (Figure 6) showed ﬁhat the same homologous series
are present in both solvent-derived fractions. For example, the CnHZn—BO and
CﬁHZn-éZO homolbgous series are present in both oils and asphaltenes. Asphal-
ténes, however, contain significantly greater amounts of components iﬁ the

C Hy,.990 series. This trend was also observed for other homologous series.
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SUMMARY 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 adquate compositional informétion. The yields of solvent-derived and
compound-class fractions alone do not éxplain the differences in liquefaction
behavior between tﬁe two coal-derived distiilate recycle solvents. The use of
HPLC and FIMS for analysis of hydrocarbon fractions was essential to reveal the
impéitant cémpositional differences between the two solvents. The better,
Kentucky Y/k4 coal-derived distillate was shown to have a high concentcration ol
varisus hydroa;omatic types (good hydrogen donors) and a low concentrétion of
unsubs;ituted p%enanthreﬁes/anthracenes and'pyrenes/fluorahthenes: Hydrocarbon
~data iﬁ Taﬁles,4 through 8 were combinéd to find_the ratio-of'arématic types to
ihydféaromatié types, resulting in approximate values of 0.9 énd 0.5 for the
Wyﬁdék and Kenfﬁcky distillates, respectively. The FIMS analyses of nitrogen
compound fractions éeparﬁted from‘Wyodak gnd Kentucky coal derived distillate
_recycie soi&énﬁé show conéiderable similarities between theltwo samples; Indoles?
carbazéles, and benzcarbazoles dominate in both éolvenfs.: The FIMS analyses of
hydfoxyl aromatics révealed that the better Kénthcky 9/14 coal derived recycle
soivent.contéiﬁs higher concgptrations of various h&dfoxjhydroaromatics: Data
in Tables 9 and ib were cambined ;9 find ghe rétiq of hydroxyarqmatig types to
hydroxyhydroaromatic types, resulting in approxipéte‘values of 0.9 and 0.7 for

" the Wyodak and Keptucky distillates, respectively. The FIMS analyses of nitrogen
‘compounds and hydroxyl aromatics also show that further sepération into various
éompound types would be needed'in order to facilitate the interpret;tion of the

FI mass spectra.
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Table 1.. Results of separation of coal-derived distillate recycle solvents

into solvent-derived and compound-class fractions.

Fraction1

WeZ in distillate recycle solvent derived

Wyodak cbal

“from

Kentucky 9/14 coal

Hydrocarbons, Fr. 01

i Nitrogen compounds, Fr. 02

’:;?Hydroxyl aromatics, Fr. 03

-Hexane soluble oils

Hydrocarbons, Fr. Al

3}' Nitrbgen compodnds, Fr. A2

. Hydrdxyl aromatics, Fr. A3

E:Tolﬁéne soluble-hexane insoluble

asphaltenes

f-Pyridine soluble-toluene insoluble

‘preasphaltenes

62.9
8.3

23.3

94.5

0.2
0.6

3.5

4.3

0.6

 61.5
11.4

18.9

. 91.8 -
0.2
1.0
4.7

5.9

2.3

'lsee Figure 1.
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Table 2. Results of separation of hydrocarbons on semipreparative p-Bondapak

NH2 column.

Compound-Type Fraction Wt% in distillate recycle solvent derived.
from
Wyodak coal Kentucky 9/14 coal
Saturates SAT 5.% 4.4
Moﬁoanomatics 3 d.b. .3.2 6.2
Dicyclic aromatics 5 d.S. i9.8 24.4
| 6-d.b. | 9.4 - 6.2
Tricyclié aromatics 7 d.b. 13.5 11.2
Tetradyclic aromatics 8 d.b.- 4.2 | 2.4
ot d.B. 1.5 1.8
TOTAL: 57.3% 56.62

91.1% recovefy

2 91.92':écovery
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Table 3. . Apparent concentrations for various Z series in FI mass spectra of ..

SAT W and SAT K fractions.

2 wtZ
= ‘ (in distillate)
in:CQH2n+Z Compound Types SAT W SAT K
+2 Acyclic alkanes : ) ‘ 4 1.0 0.9
-0 v‘ Monocyclic alkaﬁes | 1.0 0.7
-2  bicyclic alkanes eg. hexahydmiudahes, s 0.8 0.5
- decalins, bleyeluliesanes | .
=4 .” fricyclic alkanes eg. perhydrofluoreneg, | . . O;QA 0.6
. perhydrophenanthrenes/anthracehes,'
tricyclic terpanes
—6§‘-» . Tetracyclic alkanes eg. perhydropyfenes/ . 0.8 0.7
fluorantﬁenes, perhydrobenzfluorenes,
pe:hydrobeﬁzpheﬁanthrenes/anthraceﬂes,
steranes '
-8 Pentacyclié alkanes eg. perhydrobenzpyrenes, 0.6 0.5
perhydrope;yienes, perhydrodibgnzphenanthrenes/
an.thracenes, i’lopanes l z
-10 Hexacyclic alkanes (possible overlap with ' 0.4 0.3

tetrahydroacenaphthenes, hexahydrofluorenes,

and octahydrophenanthrenes/anthracenes

TOTAL: 5.4 4.2
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Table 4. Apparent concentrations for various Z series in FI mass spectra of

3d.b.W and 3 d4.b.K fractions.

_ WtZ
Z . (in‘distilla;e)
in CnH2n+Z_ Compound Type | N 3d.b.W . 3 d.b.K
-6 B Alkylbenzénes o '.A S : 0.3 - 0.3
-8 Indaﬁés,:tetrélins, cycléhexylbenZenes N . ;.l. o 2.2
-10 Tetrah&dfoaéenaphthenes, hexahydrofluofenes, 1.0 2.5
oétahydrophénanthrengs/anthraceneé
-12 : . Decahydropyienes/fluoranthenes dodecahydro- Q;4 o 0.7
-benzofluoreneé, dode;;hydrobénzopheﬁantEQ
renes/anthracenes, octahydrocyclopentanophen-
_ anthrenes |
’~-14 ' Tetradecahydrodibeniphenalenes, hexadeca- : 0.2 0.3

- hydropicenes, and overlép'with.acenaphthenéé,

tetrahydrophenanthrenes/anthracenes

TOTAL : 3.0 6.0
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Table 5. Apparent concentrations for various Z series in FI mass spectra
of 5 d.b.W and 5 d.b.K fractions
we%
yA (in distillate)
in C H, Compound Type 5d.b.W  5dbuK
=12 Naphfhalenes 6.3 7.4
=14 Acenaphthenes, tetraﬁydrophenanthrenes[ 9.2 11.0
‘anthracenes
-16 :Tétfahydrocyclopentanophenanthrenes, 2.5 _ 3.7
hexah?dropyrenes/fiubranthenes, hexéhydro-
géﬁéofiuofenes, ;ctéhydroben?ophenanthrenes/
anthracenes
-Ié Hexahydrocyclopentéﬁopyrenes, decahydro- 0.6 0.8

benzopyrenes, and overlap with hexahydro-

benzophenanthrenes/anthracenes

TOTAL 18.6 22.9
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Table 6. Apparent concentrations for various Z series in FI mass spectra of

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

wtZ

oz . ~ |  (in distillate)
in an2n+é Compound Type o 6 d.b.W " - 6 d.i:.g
-14 Biphenylg and dibenzofurané (CnHZQ_lso) : 3.6 1.2'
?16 h Fiuorenes; dihfdrophenanthrgnes/anthraceneSg 4 4.4 3.0
-18- . Tetrahydropyrenes, tetrghydfobenzfluorengs, ) 0.6 0.8.
| hexahydrobenzophenanthrénes/anthracenes ’
(possible small oﬁerlap with>phenan£hrenes/
anthracenes)
;20 " Most likely ovérlap with tricyclic aromatics 0.4 - 0.5

TOTAL . 9.0 3.5
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Table 7. Apparent concentrations for various Z series in FI mass spectra for

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

Wt%
Z (in distillate)
in C H2n+Zl Compound Type 7 d.b.W 7 d.b.K
418A Phenanthrenes/anthracenes 9.4 5.4
=20 Dihydropyrenes, dihydrobeﬁzfluorenés, 2.2 2.5
tctrahydrobénzophenanthrenes/anthracenes,v
éyclopantanophbﬁﬁﬂrﬁranes' |
=22 Dihydrocyclopentanoaceanthrylenes, tetrahydru- 6.7 1.2
cyclopenténochryseues, hexahydroﬁenzpyrenes,
hexahydrodibenzfluoreneé, octahydrodibenzo-
_ phenanthrenes/anthraéenes
=24 "Dihydrodicyclopentanopyrenes, hexahydrocyclo~ 0.3 0.5
ﬁehtanobenzﬁyrénes, octahydrocyclopentano-
picenés,'&ecahydrodiben;pyrenes
-16S Dibenzothiophenes (C H?n 16 S) 0.6 0.6
TOTAL 13.2 10.2
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Table 8. -Apparent concentrations for various Z series in FI mass spectra for -

8 4.b.W énd 8 d.b.K fractiqns.

‘ A Wt7 :
2 _ (in distillate).
in CnH2n+Z : Compound Type : 8.d.b.W ‘ 8 d.b.K
=22 Pyrenes, fluoranthenes,,benzfluorenes 2.6 . 1.4
~24 Cyclopentanopyrenes, tetrahydrobenzpyrenes, 0.5 . 0.4
teﬁrahydfodibenzfluorenes
f26 Dicyclopentanopyrene;, octahydrodibenzpyrenes 0.4 0.2
~-28 Tetrahydrodicyclopentanoperylenes, decahydro- 0.2 - 0.1

benzanthanthrenes, octahydrocyclopentanodi-

benzpyrenes

TOTAL 3.7 . 2.1
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Table 9. Apparent concentrations of various Z series in FI mass spectra of

:nitrogen compound fractions 02W and 02K.

TOTAL Hydroxyl Aromatic Types

. WtZ
Z _ (in distillate)
 3§er1e$ M/Z range C H, . N Compound Types 02w 02K
-5 121 - 191  Alkylpyridines, cyclohexylpyrroles 0.1 0.1
- 205 - 443  above overlap with CpHop-19N eg. 0.4 0.6
phenylquinolines, diphenylpyrroles
=7 133 ~ 189. Tetrahydroquinolines, dihydroindoles 0.1 0.2
203 - 441  above overlap with UpHpp-21N ég. 0.5 0.8
azapyrenes, benzcarbazoles
=9 117 - 215 Indoles. 0.3 0.2
229 - 453  above overlap with CpHpp—23N 0.3 0.5
eg. dibenzquinolines :
-11 129 - 241 Quinolines, phenylpyrroles 0.4 0.5
255 = 451  above overlap with CpHy,—25N eg.. 0.2 0.3
phenylbenzquinolines, biphenylindoles
-13 169 - 253 Benzylpyridines, dihydrobenzindoles 0.3 0.5
. 267 - 449  above overlap with ChHy,.o7N 0.2 Q0.3
T " ' eg. dibenzcarbazoles
=15 167 - 433  Carbazoles, dihydrobenzquinolines 1.3 1.6
-17 179 - 445 Acridines/phenanthridines, tetrahydro- 0.7 1.0
- henzcarhaznles
EE TOTAL Nitrogen Cohpound Types 4.8 6.6
-z - ‘
Series M/Z range Interfering CnH2n+Zo Compound Types'

. =6 (-20) 122 - 444  Alkylphenols 0.5 0.4
':*8;(;22) 148 - 442  Tetrahydronaphthols, cyclohexylphenols 0.5 0.5
‘:ifldé-ZQ) 174 - 440 Hydroxytetfahydroaéenaphthenes, hydroxy- 0.4 0.4 -

SR octahydrophenanthrenes/anthracenes
-12 186 - 438  Alkylnaphthols, > Cy’ 0.3 0.3
-14 184 - 436 Benzylphenols 0.4 0.4
=16 182 - 434 Fluorenols 0.4 0.5
2.5 2.5
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Table 10. Apparent concentrations of various Z series in FI mass spectra of
hydroxyl aromatic fractions 03W and O3K.

. WtZ
2 . : : (in distillate)
Series M/Z range n 2 +z0 Compound Types 03w 03K
-6 122 - 206 .Alkylpheno-ls C, through Cg 0.6 0.9
. 220~- 500 above overlap with C,Hp,_700 eg. 2.2 1.5
Aphenylnaphthols hydroxydihydropyrenes ‘
-8 134 - 204 Indanols, tetrahydronaphthols, cyclohexyl~ 0.9 2.1
: phenols ‘ : :
218 - 498 ~ above overlap with C H, . eg.’ : 2.2 1.7
. b 2n- 22
hydroxypyrenes :
-10 174 - 244‘> Hydroxytetrahydroacenaphthenes hydroxyocta— 0.3 0.5

hydrophenanthrenes/anthracenes,

hydroxyhexahydrofluorenes :
258 - 496  above overlap with CuHon-240 eg. hydroxy- ‘. 1.5 1.2
' : benzphenanthrenes/anthracenes Co

-12 . 144 - 494 . Naphthols, hydtoxydihydroacenaphthenes,' 1.8 1.5
: hydroxyhexahydrophenanthrenes/anthracenes
=14 - 170 - 492 Pﬁepyiphenols, hydt0xyacena§hthenes, A 2,2 2.2
‘ hydroxytetrahydrophenanthrenes/anthracenes :
-16 182 - 490 ' Fluoronolo, hydroxydlhydruphenanthrenes/ 4 2.2 2.0
. ‘ anthracenes .
-18 194 - 488 Hydroxyphenanthrenes/anthracenes 1.7- ’ 113

TOTAL hydréxyl aromatic types’ } 15.6  14.9
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FIGURE CAPTIONS.

Figure

Figure

Figure

‘Figure

Separatioﬁ scheme for coal derived liqpids.

FI mass spectra of saturate (SAT) and monocyclic (3 d.b.) through
tetracyclic_(8 d.b.) aromatic hydrocarbon fractions in Wyodak W)

and Kentucky (K) coal derived distillate recycle solvents.

FI mass spectra of nitrogen cohpound fractions in hexane soluble
oils (02) and toluene soluble-hexane insoluble asphaltenes (A2)
from Wyodak (W) and Kontucky (K) coal derived distillate recycle

solvents.

FI mass spectra of h&droxyl aromatic fractions in hexane soluble.

oils (03) and toluene‘soluble—hexaﬁe insoluble asphaltenes (A3)

from Wyodak (W) aﬁd_Kéntucky (K) coal -derived distillate recycle

solvents,’
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