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CHARACTERIZATION OF COAL TAR PITCH OILS BY

NUCLEAR MAGNETIC RESONANCE

H.D., Schultz

Energy Research and
Development Administration
Morgantown, West Virginia 26505
and

R.R. Smith

West Virginia University

Chemistry Department
Morgantown, UWest Virginia 26506

ABSTRACT

Nuclear Magnetic Resgnance (NMR) spectrometry has
been used to characterize coal tar pitech oils, which
had been obtained from a low-temperature carbonization
of high volatile bituminous coal. NMR provides data
on hydrogen distribution in coal oils and structural
correlationyg estahlished on elution chromatographic,
on distillation fractions, and on the residues re-
maining after distillation. This reasearch is the
firat repart on the hydrogen distribution of coal

tar pltch aills by NMR.
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468 SCHULTZ AND SMITH

INTRODUCTION

Characterization of low temperature coal tar
oils are important because of coal ligquefaction programs,
Pitch olls is that portion of the pitch that is soluble
in @ saturated hydrocarbon solvent; in this research cyclo-
hexane being the splvent, Pitch oils constitutes about
sixty per cent of the pitch and forty seven per cent aof
the total tar. It is the binding material of the pitch.

Many researchers have investigated the properties
of high temperature pitech, but little work has been done
on low-temperature pitches, and characterization of these
pitches, that is, the identification of the major com-
ponents in the pitech. Franck (1) isolated fifty-Ffive
individual compounds in a high temperature pitch., Delalt
and Morgan (2) determined chemical structure of six coke
oven pitches and one low-temperature piteh., The atruc-
ture of higher molecular weight material in the neutral
oils of four low-temperature pitches was gstablimshed by
the nuclear magnetic rescnance (3).

In this work nuclear magnetic resonance is used for
tha identification of the hydrogen distribution of elu-
tion fractions of low taﬁperuture coal tar pitch oills,
Additionaelly, th; elution fractions four to nine were
further subjected to vacuum distillation. Both the dis-
fillation fractions and the distillate residues were analy-

zed by NMR,

EXPERIMENTAL
The tar was obtained from the low temperature car-
bonization of a West Virginia bituminous coal in a flu-

idized bed at a temperature between 4800 and 5100 C, The
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tar ues distilled at 3500 Centigrade at one atmosphers pressure,
yielding a plteh that representad 79.2 per cent af the tar,
The thus obtained piteh was axtracted with three consecutive
portions of cyclohexane, giving pitch o0ils representing
aixty per cent of the pitch and 47.5 per cent of the tar,

The pitch oils were sluted through a bed of acti-
vated alumina with solvents af increasing strength and yielded
twenty seven fractions. Elution fractions four to nine
were diastilled under vacuum in a Piros-Glover distillation
apparatua, The diatillate fractions and 2lution chroma-
tagraphic fractions were analyzed by nuclear magnetic
resonance epectroscopy on a Varian Associates Model HA-G0-EL
with external lock at a magnetic field of 14,092 gauss and
a frequency of 60 megahertz.

The samples were dissolved in carbon diaulfide with
tetramethylsilane (TMS) as the internal reference. The
NMRIH spectra were obtained at room temperature from 530
to O hertz, at a sweep time of 250 secaonds. The radio,
fraguency fi=ld was 50 milligauss with 8 filter
band of 5 hertz and a receiver gain equal to
one. The spectra were recorded at a spectrum amplitude
of 10. The area under each assigned spectral region was
measured by electronic integration. These values were used
to calculate the relative per cent of the various hydrogen
structural types., Tables 2 to 10 list the relative per
cent aof hydrogen distribution as calculated from NMR integral

values,

DISCUSSION

Careful correlation with NMR spectra of pure com-

pounds and spectral datalogs ia essential. NMR spectra
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were obtained on twenty six pure compounds, available at
MERC, representing hydrogen bonding models in coal pitch
oils. Additionally, the NMR catalogs of Varian Assaciates,
Manufacturing Chemists Asenciation, and Sadtler Associates
were used to correlate pure compound spectra with hydrogen
structural types in coal tar pitch oils, The pure com-
pound NMR spectira were used to establish the limits of the
PPM values. Table 1 lists the name and structure of the
pure compounds {investigated in this research, Additionally,
the spectral data for the hydrogen distribution is tabu-

lated. With each compound the theoretical structure agrees

with the experimental structure, according to the interpretatlve

scheme aof Bible (4).

Interpretation of the NMR results ware beaad on
Table 2, which lists the types of hydrogen bonding, caor-
responding symbala, and PFM value range. First, the type
of hydrogan structure was assigned to each peak in the
spectra. Faor example, the NMR peaks in the FPM range from
7.90 to 6.65 was assigned to hydrogen in the aromatic ring

(HA). In pure compounds the aramatic rasaonance consists

of sharp multiple pesaks, In coal tar piteh oils the NMR

aromatic resgnanca is a broed peak, accasionally with sharp

peaks superimposed on the main pesk and multiple side peaks.
The PPM r=gion for phz2nolic OH is 3,30 to 7,7C.

Tha pheanolic OH hydrogen often appears as a smaller

side peak attachad to the largar aromatic pezks. The

aromatic nitrogen-hydrogen chemical shifts are resolved

from the arcmatic peaksa, requiring off-set spectrometer

ot eratian (down flald from HA) an the arder of fifty

hertz. Wwith pure compounds and binary 3nd
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TABLE 2.
MR 1H symbol Key

Symbol Hydrogen Structural Type PPM Range
Hy Hydrogen on aromatic nitrogen 9.00-8,30
Hoy Phenclic hydroxyl 8.30-7.70
Hy Aromatic hydrogen 7.90=6,65
Hp Benzene 7.15

Ho Olefinic hydrogen adjacent to ring 6.65-6.50

Hp Methylene hydrogen alpha to two }.20-3.20
aromatic rings

a Hydrogen on carbons atoms alpha to 3.20-1.85
aromatic ring

Ha Cyclohexane 1.55

iﬁg Hydrogen on carbon atoms beta to 1,85-1.05
aromatic ring

Hyf Hydrogen of paraffinic methyl 1.05-.50
groups and methyl gamma to aroma-
tic ring

ternary mixtures the spectral resolutiaon of phanolic JH
appears as a sharp side pesk attached to the main aromatic
raglon. Nitrogen-hydrogen bonding in aromatic campounds
affers apactral resslution, and appears as a sharp peak
=ametimee overlapping with the eromatic structure.

uUith coal ligquids the phenclic OH is a sharp slde peak
superimposed an the main aromatic resonance, whereas the
nitrogen in amines is spectrally resolved from the aromatic
region even in a polymixture such as coal ogils., However,
since the hydroxyl NMR resonance s congzntration dependent,
and i3 suspectible %o hydrogen honding, it may appear gver

a wide range of spectral values and conms=guently may overlap

with the reonances in aromatic amines.
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1 TABLE 3.

NMR "H Distribution of Elution Chromatography Fractions

o B b
Fraction Hy Hy Hp Hy Hp HQHB HYHA/Hali CH3#CH/CH,

Number 3
EC-1 75 25

2 3 10 58 29 .031
z 3 8 58 31 .0%
4 10 15 55 25 .1l
5 12 19 53 16 .136
6 1 24 30 3213 .333
7 1 25 1 313210 .351
8 2 39 1 36157 .69
9 2 39 2 35166 .65
10 1 %5 2 36206 .563
n 2 353 3 35157 .587
12 3 373 2 35155 .667
13 2 36 2 %217 .613
14 2 362 1 3k 207 bh9
15 1 373 1 32197 .515
16 2 292 2 3 2312 .13
17 36 2 3613 %4 370
18 38 6 2 3614k 370
19 27 8 1 37216 .38
20 27 5 1 39235 .hkey
21 265 1 39245 Jbkh
22 30 6 1 35226 .43
23 28 6 3 36215 .389
2k 28 3 b 35237 .600
25 213 5 3 38204 463
26 33 3 3 331814

27 25 7 2 36183

a) HOF was not spectrally resolved in the chrorato=-
gfaphic fractions, and is included as Hy and/or H,.

o) HA/Hali = aromaticity index ig not synonynous with
scussed in ref.l,2Z2.

the eromaticity factor, fa’ as di

Olefinic hydrogens adjacent to an aromatic ring are
spectrally resolved from the aromatic region in pure
compounds and are sharp peaks occuring 8t 6,65 to 6.50
PPM. However, in complex mixtures like the samples in

this work the olefiniec rescnance broadens and appears

as g side peak on the aromatic resonance.

.33

2%

.

. . . .
WO OO WO @
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1 TARLE 4
MR “H Distrivution of Distillation Fractions

Fraction H., H, H H,/H4_,, cdstcu/cy
Fracuion Hoy By Bo g FyFalMars O3 2

Ack 3246175 JATL 3,00
2 2949184 408 2,94
3 2648265 351 2,04
L 23 47 24 6,299 2.21
5 1 1940328 ,250 1.50
6 1 1738369 .270 1.3
7 1 15 3638 10 .190 1.21
8 15 35 40 10 ,176 1.13
9 i 33 40 13 163 1.15
10 i 30 Lk 12,163 .95
1n 13 31 44 12 ,1h9 .98
12 13 31 46 10 149 Eo

1 TABLE 5.
NMR T11 Distribution of Distillation Fractions

Fraction Hy Hy Hy Iy }{p iy H,MHop c53+CH/c1{2

Number 5

1¢5 431 b1123 754 3.67
2 361 4614 3,563 3.50
3 321 49153 470 3.47
I 291 48184 408 2.89
5 271 kg9 k  .369 2.79
é 26 2 48195 .351 2.79
7 251 46253 333 1,96
8 oh 1 46245 316 2.13
9 b1 k5255 ,316 2.00
10 222 hao85 282 1,68
11 211 40 326 .266 1.lh
12 1 201 k2324 .250 1.4k
13 1 202 3933 .250 1.20
14 1 191 39373 .25 1.14
15 1 171 3387 .205 1.13
16 1 171 3 415 .20 .98
17 1 161 36397 .190 1,10
18 1151 3 b7 76 1.00

Hydroaromatic hydrogens (HH) occur in the spectral
range 6.,5-6.0 PPM and are multiple sharp peaks due to
coupling. In coal liquids, peaks broaden and overlap

with the olefinic region, but spectrsl integration
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TABLE 6.
NMR lH Distribution of Distillation Fractions

Fraction Hy Hy Hp Hy x-b }s,HA/Hali CH3+CH/CH2

Number 6

1c6 56 39 2 1.222 L ,00
2 ho s 11 2 .72k h.27
3 31 49123 .538 4,33
L 321 L4816 3 JTL 3,19
5 312 LB 163 Ao 3.19
6 313 4617 3 Ahg 2,88
7 29 3 45 20 3 408 2,40
8 1 292 4 213 RY-) 1.1k
9 282 45 21 3 408 2,29
10 1 263 40 26 %4 356  1.69
11 1 263 L2ah b 356 1.92
12 1 253 422k s .338 1.96
13 1 252 40275 .338 1.67
1 1 232 L2275 299 1,74
15 2 222 k2275 .289 1.7
16 2 212 383 6 273 1l.k2
17 1 212 39307 260 1.53
18 2 202 36337 .256 1.30
19 1 202 3 339 253 1.33

permits resolution. The hydrosromatic content is important
in coal liquids because of its formation during hydro-
genation processes (5).

Reading in descending valu= of PPM the next major
peak in coel tsr pitch oils is at 3.63 which is the

methylene bridge structure, indiceting = CH linkage between

2
aramatic rings; however, aliphatic NH, NH_, and

2
aliphatic OH may also be present in this region of
the NMR spectrum,
NMR praoton resonances in the PPM region 3.20 to
0.50 are assigned to aliphatic suhstitution on arometic
rings. Resanances in the spectral range 3.20 PPM tn 1.85 PPM
indicates hydrogen structures on carbon atoms which are

alpha to aromatic rings. i.e. o-CH-Me. Signals in the PPM

range 1.85 tp 1.05 are assigned to aliphatic substitution



04:20 30 January 2011

Downl oaded At:

476 SCHULTZ AND SMITH

TARLE 7.
MR 1H Distribution of mistillation Fractions

Fraction Hy H, Hp Hy I—b 1-17,1{1\/Hali CH5|-CH/CH2

Number 7

107 313 47172 RS He] 2.88
2 323 47162 470 3.06
3 373 b4 1k 2 587 3,29
L 36 3 4h 15 2 .562 3,06
5 35 3 uh 15 3 538 3.13
6 334 43173 493 2.7L
7 313 4319 4 Ly 2.47
8 304 4319 4 L29 2.47
9 1 313 k1213 456 2,09
10 2 313 38215 463 2,05
11 2 323 Lo1g b L8 2.32
12 1 293 k1225 L1k 2,09
13 1 281 43235 4 » 3% 2,04
ik 2 281 4325 400 2.29
15 3 292 haz2ok A26 2,30
16 2 291 k1225 420 2,09
17 2 212 W1235 .380 2,00
18 3 271 1235 .386 2.00
19 3 51 40256 ST 1.8
20 3 252 39267 31 .77
21 3 222 39277 .20k 1,70
22 2 213 38288 273 1,64
23 2 213 38288 273 1.6+
2k 2 202 3328 .256 1.38
o) 1 192 3 3%9 .236 1.29
26 1 191 3 3510 .237 1.26
27 1181 3 427 222 .30

in the hetm positian to the sromamitic (W3) ring. The peaks

at the Tau 1.05tn 0.50 indicates terminal methyl

structure on a chain of (CHz)x' where x>?. The aliphatic

region of the NMR spectrum giveas highly characteristic

atructural data on compounds. In coal ter pitch oils

the aliphatic resonances are somewhat broaden, but still

pive information about the structure of the pitch oils.
Praton magnetic resonance measurements have been

usad to determine the distribution of hydrogen in coals,

especially the smount of hydrogen prasent in methyl plus

tertiary CH to the amount prasent in methylene groups,
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TABLE 8
NMR lH Distribution of Distillation Fractions

Fraction Hy Hy, H, Hp Hy H[j HYHA/Hali CH3+CH/CH2

Number 8

1c8 7€1 16 6 1 3,166 2.83
2 553 3% 8 2 1,128 4,50
3 2 532 3 7 1 1.226 5.1h4
b 31 513 338 1 1.133 k.25
5 3 1 4k 35101 .920 3,60
€ b 1 463 378 1 .780 L .75
7 8 47 3 338 1 1,04k 4,25
8 8 b7 3 34 7 1 1.044 5.00
9 5 ka5 389 1 792 L, 33
10 G k1 6 3¢9 2 JTTH L, 22
11 9 k32 378 1 .89¢€ L.75
12 8 bo2 418 1 770 5.25
13 7 Lol 19 2 .755 4,78
1 5 38 2 4211 2 LE67 4,00
15 I3 352 43122 .593 3.75
16 N 3 3 44 13 2 S48 3.54
17 7 334 41131 550 3.23
18 N 322 L4i 15 3 .500 3.13
19 6 313 U314 3 Ag2 3.29
20 3 302 k615 4 R4 3.33
21 5 304 4018 3 L62 2.39

1 TABLE 9.
NMR H Distribution of Distillation Fractions

Fraction Hy Hy Hp Ha}b HYHA/Hali CHzHCH/CHp

Number 9

1¢9 €32 259 1 1.705  2.89
2 3 513 287 1 1.179  L4.14
3 L 513 338 1 1.222  L4.25
4 L 51 3 Lk 1 754 5.00
5 5 503 347 1 1.222 5,00
€ L 443 388 1 1.000 4.86
7 3 453 399 1 ST b LU
8 bk 3 41111 688 3.81

CH3+CH/CH (6-7). This ratio is an important parameter

2
to estimate the amount of aliphatic substitution in coal

liquida. The secaond moment for a complex hydrocarbon
is as follows:
52- SXHX /H

x= 13O0
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It is reasanable that in coal ligquids the number af
hydrogen forms making a significant contribution to the
second momant may be limited to five. Therefore equation

1 can be reduced to:
2)
H ° HA + HCH + HCH s

aH 3 CH

Homy,
2
H H

With the use of this eguation it i{s possible to calculate

SziiA

the varicus structural parameters. from nucleasr magnetic
resonance spactra. sugh as CH3+ CH / CH2 which detarmines
numerically the amount of aliphatic branching on poly-
nuclear aromatics (8-11).
Small smounts of residual benzene used as the
carrier solvent in the elution chromatographic phase
was faund to be prement in elution fractions 11, 12,
14-25, and was analyzed as a conatituent. Cyclohexane
which was the extraction solvent to obtain the pitch oils
from the coal tar was analyzed as a canstituent in three
of the residues (R-5, R-7, R-8), remaininp sfter distillation.
Duplicate NMA analyses were performed on all eighteen
distillation products of elution fraction number five.
The calculated values are reproducible within one per
cent.
The appendix is a graphical representation of the
NMR date, epecifically showing the change 1n aromatic content.

RESULTS AND CONCLUSIONS

This data demonatrates the ahility of proton nuclear
magnetic resonance to measure structural parameteras
on coal tar pitch oils, The aromaticity index gives a
direct indication of the number of rings per molecule

in cosl liquid structures,
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TARLE 10.
NMR 1H Distribution of Distillation Residues

Residue H, H, H. H H, Hp/H.14 CHz#CH/C
Number NTAE (IHC §3 Y AT T3 / o

R=b 7 8 5 56 20 ,078 L46
5 1 105 16 5116 113 .628
6 1 12% 2421 B2k 1bo .86
7 1 12 262 4415 .1m .931
8 1 213 325 299 287  1.k12
9 1 29 43 215 Lk 2,284

The aromaticity index of the elution fractions
show & maximum at fraction eight through fifteen (.635-
«613) giving positive proof that the middle fractions
are of higher aromatic character with considerable
branching (high Wzvnluea). The initial fractlons are
mostly of straight chain aliphatic sturcture (low ﬂ:and
high 73values). The later elution fractions contain
heterocyclic substituents and aliphatic branched structures
(high Wzvaluea and low 73values): but with less total
argmaticity than with the middle fractiona. (Appendix A-1).
With the distillastion products the aromaticity
index ia alwaya higher for the initial diatillation,
as compared to the higher fractions, with much aliphatice
branching (high WI values), The later fractions of
the distillates have a higher heterocyclic substituentas
with alkyl groups. The middle fractions contain a higher
amount of oxygen-containing structures and olefinic hydrogen
attached to the aromatic ring system. The diatillation
residues show low aromaticity and small amounts of
branching for the initial distillation and a constant
incrzase for both aromaticity and aliphatic branching

according to ascending fractions (Appendix R«2, R-3),
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Abgut seventy-five per cent of the elution chroms-
tagraphy and distillation products can be accounted for
in terms of branched chain alkyl-substituted poly-nuclear
aramatic molecules, Hydrogen atoms ares also located in
hydroxyl and aromatic amines substituants; and in the
CHp groups of fluorene, acenaphthens, diphenylmethane
and 9, 10 dihydroanthacene typee.

This research demonstrates the importance of frac-
tionatlon of ceoaloils to increase spectral resolution,
of NMR data, in comparison to mere solvent extraction of
coal, permitting more detailed structural assignments,
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Fraction Numter V2-Aromatic Content
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APPENDIX B

Representative MR Spectra
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