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Abstract : In this study,the coal tar pitch (CTP) from a coking factory of Shanxi was extracted with nine organic sol-
vents including petroleum ether, methanol and carbon disulfide under ultrasonic wave condition. Comparing the extract
yield and solubility parameter of solvents, it could be found that the solvent with solubility parameter of 9-10 ( cal/
em’ ) "? have a good solubility for CTP. Polycyclic aromatic hydrocarbons (PAHs) in the extracts were quantitatively
analyzed using gas chromatography ( GC). Furthermore, the extracts were examined by FTIR spectrometry, and the
spectra were fitted ,in order to investigate the dissolution characteristics of coal tar pitch in organic solvents. The results

indicated that toxic PAHs except acenaphthylene preferentially monitored by Environmental Protection Agency ( EPA)
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were detected in each extract. Moreover ,the content of fluoranthene was the highest,and petroleum ether and hexane

had a good extraction selectivity for fluoranthene, suggesting that pure fluoranthene may be obtained by next separa-

tion. PAHs in each extract mainly consisted of highly carcinogenic PAHs with 4 -5 rings, such as benzopyrene and

dibenzanthracene , and cyclohexane could extract these PAHs with high selectivity, indicating that cyclohexane could

be used as the solvent for achieving the effective detoxification of CTP. According to the fitted peaks of the FTIR spec-

tra,the aromaticity of each extract, and the condensed degrees of aromatic rings were compared , respectively, and it

could be concluded that the carbon disulfide and toluene extracts have a high aromaticity and these aromatic rings have

a high condensed degree, suggesting these extracts may be a good precursor for producing carbon materials.
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Table 1 Proximate,ultimate analysis and softening point of CTP

Tk 54/ % TLE T/ % Ak,
M, Ay Viar C N S 0® B/C
0.47 0.20 62.24 92.07 4. 15 0.85 0.51 2.42 87.00
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Table 2 Principle properties and relative potency factor (RPF) of PAHs preferentially monitored by EPA !

ZHFkRE A SRR srFiE Wh/C RPF HE ESI5 5 X ST S F i Wh/°C RPF 45
Naphthalene ~ CjoHg 2 128.16 217.9 0 NAP Benzo[ a | anthracene CigHy, 4 228.29 438 0.033 BaA
Acenaphthylene Ci, Hg 3 152.20 275 — ACY Chrysene CigHypy 4 228.29 448 — CHR
Acenaphthene Cj,Hyy 3 154.21 279 — ACP Benzo[ k ] fluoranthene CyoHyy 5 252.30 481 0.010 BkF
Fluorene Ci3Hg 3 166. 22 298 0 FLR Benzo[ b ] fluoranthene CyH), 5 252.30 481 0.100 BbF
Phenanthrene C4H,, 3 178.23 340 0 PHE Benzo[ a | pyrene CyH), 5 252.30 500 1.000 BaP
Anthracene  C,H), 3 178.23 345 0 ANT Indeno[ 1,2,3—cd]pyrene  CyHj, 6 276.00 — 0. 100 IcP
Fluoranthene CsH;q 4 202. 26 367 0.034 FLT Dibenzo[ a,h ] anthracene ~ Cy Hyy 5 278.35 — 1.400 DhA
Pyrene CisHio 4 202.26 393.5 0 PYR Benzo[ g,h,i] perylene CypH), 6 276.60 542 — BgP

= RPF:n K3 [ o] B0 S ANX 30 R KL

FIH] GC AMRER T 16 Flt PAHs FOFRIEITZE
BRI .

(1) $HW 3L 1) 200 me/L 1) 16 F PAHs 1B &5
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Table 3 GC analysis standard curves of 16 kinds of PAHs preferentially monitored by EPA

W g MIXRFE PRI ]/ min ST L WE MXAE PRI/ min
Naphthalene y=17 568x+80 225 0.999 5 3.518 Chrysene y=19 695x+28 487 0.998 4 27.298
Acenaphthylene  y=18 343x+60 343 0.999 4 8.526 Benzo[ k] fluoranthene  y=18 628x+1 450.6 0.993 4 31.697
Acenaphthene  y=18 619x+52 313 0.999 3 9.294 Benzo[ b]fluoranthene  y=20 209x+40 018 0. 998 9 31.785
Fluorene y=18 658x+46 604 0.999 2 11. 406 Benzo[ a ] pyrene y=19 397x+19 379 0.998 5 32.846
Phenanthrene  y=19 226x+40 847 0.999 4 15.437 Indeno[ 1,2,3~cd ] pyrene y=19 587x+12 480 0.998 0 36. 835
Anthracene y=18 051x+65 239 0.999 3 15.630 Dibenzo[ @ ,h ] anthracene y=19 817x+27 794 0.998 2 37.071
Fluoranthene y=19 431x+25 895 0.998 6 20.714 Benzo[ g,h,i]perylene  y=19 175x+41 256 0.996 9 37.580
Pyrene y=19 144x+23 915 0.998 9 21.587 Benzofluoranthene (mixed) y=19 287x+57 030 0.998 0 32.128

Benzo[ a]anthracene y=19 267x+12 604 0.998 6 27.137

BT CTP 7EA )R] A A U
Images of the extracts of CTP in different solvents
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Table 4 Solubility parameter and extract yield for

Fig. 1

CTP of organic solvents
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1 Hexane 5.78 7.3
Petroleum ether 3.86 —

Toluene 44.70 8.9

Ethyl acetate 46.70 9.1

: Carbon disulfide 57.10 10.0
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Fig. 6 FTIR spectra of extracts in three kinds of solvents
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Fig. 7 Curve fitting of FTIR spectrum of petroleum ether extract
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Table 5 Fitting peaks of FTIR spectrum of petroleum ether extract

Peak WE/ em™! Assignment
1 2 960 Asymmetric stretching vibration of CH;
2 2 925 Asymmetric stretching vibration of CH, in alkanes
3 2903 Stretching vibration of CH in alkane
4 2 875 Stretching vibration of CH in alkane
5 2 850 Symmetric stretching vibration of CH, in alkanes
6 1 600 Stretching vibration of C = C in aromatic rings
7 872 Out—of—plane deformation vibration of = C—H in aromatic structures with isolated aromatic Hydrogens( 1H)
8 828 Out-of—plane deformation vibration of = C—H in aromatic structures with two adjacent Hydrogens per ring(2H)
9 818 Out-of—plane deformation vibration of = C—H in aromatic structures with two adjacent Hydrogens per ring(2H)
10 804 Out-of—plane deformation vibration of = C—H in aromatic structures with three adjacent Hydrogens per ring(3H)
11 788 Out-of—plane deformation vibration of = C—H in aromatic structures with three adjacent Hydrogens per ring(3H)
12 744 Out-of—plane deformation vibration of = C—H in aromatic structures with four adjacent Hydrogens per ring(4H)
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O HIIE £ e R 2 HOH) v 57 e 0 5 55 B4 18] A 5
PR ITHRSEH Y BB BB, M S kB 2, 1, TR
MEFF ISR SRR E | LR SR W D7 R 48 & BE B 7
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Table 6 Fitting parameters for FTIR spectra of extracts

in three Kinds of solvents

I sl Iy I Iy

Petroleum ether 1. 89 0.69 18.22

1 Cyclohexane 1.25 1. 81 9.75
Hexane 1. 84 1.16 13.82

Acetone 6.53 4.63 7.02

Toluene 5.93 5.17 8. 16

2 Ethyl acetate 7.62 4.58 6. 56
Carbon disulfide 6.28 5.13 7.38

Methanol 9.80 4.31 9.62

’ Ethanol 8.73 4.33 10.78
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