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1　Introduction

Condensed polynuclear aromatic resin (COPNAR), 
generally called the pitch resin, has emerged as a novel 
adhesive and heat-resistant material that has attracted 
considerable attention and has been used in a wide variety 
of potential applications. In 1986, Otani[1] firstly in the 
world synthesized COPNAR, which demonstrated various 
advantages such as high thermal stability, beneficial 
affinity, good lubricity, high mechanical properties, and 
mouldability. N. Kazunari, et al.[2] prepared laminate from 
COPNAR and glass fiber woven fabrics, and the obtained 
laminate exhibited higher reliability compared with that 
of epoxy resin. K. Katsuki, et al.[3] synthesized COPNAR 
from pyrene, phenanthrene, and 1,4-benzenedimethanol, 
which was then used as a coating on the outer surface of 
a porous α-alumina support tube. The permselectivity of 
the COPNAR-based carbon membranes was found to be 
similar to that of the polyimide-based carbon membranes. 
COPNAR was also used as the catalyst and electrode of 
electrochemical double layer capacitor[4-5].
Ethylene tar (ET), a byproduct in ethylene production, 
was normally used as fuel oil for boilers or cracking 

furnaces, and yet has not been further developed for any 
technology-added applications. Theoretically, ET is an 
ideal raw material for COPNAR thanks to its versatile 
properties, namely: 1) high content of aromatics, 2) low 
content of branched chains, 3) low level of heavy met-
als, and 4) small steric hindrance. Based on this rationale, 
we have synthesized COPNAR from ET using 1,4-ben-
zenedimethanol (PXG) as the cross-linking agent and p-
toluenesulfonic acid (PTS) as the catalyst. In order to gain 
a clear insight into its synthesis mechanism, the properties 
of the resin were then comprehensively characterized by a 
series of means such as FT-IR, 1H-NMR, TGA and SEM, 
etc. The resulted resin has been found to possess superior 
heat resistance, which signifies its promising applications 
as binding materials with superior heat resistance[6-9].

2　Experimental

2.1　Raw materials
ET (liquid, industrial grade) was provided by the Taide 
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Petrochemical Company, China. PXG (A.R.) and PTS 
(A.R.) were purchased from the Sinopharm Chemical Re-
agent Company, China. Toluene (C.R.) was supplied by the 
Tianjin Chemical Reagent Company and quinoline (C.R.) 
was provided by the Tingxin Chemical Reagent Company.

2.2　Preparations of COPNAR
50.32 g of ET, 7.48 g of PXG and 2.55 g of PTS were 
thoroughly mixed and then heated in a stirrer until so-
lidification of the mixture was formed, with the heating 
continued up to 160 ℃ under temperature programmed 
control, if necessary. The whole process mentioned above 
was carried out under a flowing nitrogen stream at a flow-
rate of 30 mL/min to avoid oxidation of the samples. The 
temperature programmed control on the reaction was set 
as follows: the reaction mixture was heated to 130 ℃ at 
a temperature rise rate of 5 ℃/min, and then the system 
was maintained at this temperature for 1 h; then the reac-
tion mixture was again heated from 130 ℃ to 140 ℃ at a 
temperature rise rate of 1 ℃/min, and then the system was 
maintained at this temperature for 1 h; then the reaction 
mixture was heated from 140 ℃ to 150 ℃ at a tempera-
ture rise rate of 1 ℃/min, and then the system was kept 
at this temperature for 1 h; and finally the reaction system 
was heated to 160 ℃ at a temperature rise rate of 1 ℃/min 
until the reaction product was solidified.
As the reaction proceeded, it was observed that the vis-
cosity of this system steadily increased, which was indica-
tive of a gradual deepening of the polymerization process. 
At the end of reaction, the highly viscous and black melt 
COPNAR was obtained.
This COPNAR, with a relatively low degree of condensa-
tion, is herein categorized as COPNAR-B based on the 
above preparation steps. To improve its condensation 
degree and heat resistance, COPNAR-B was heated at 
120 ℃ for 20 h, followed by heating at 200 ℃ for 2 h un-
der a nitrogen flow at a flowrate of 50 mL/min. At the end 
of reaction, a black solid with high condensation degree 
(categorized herein as COPNAR-C) was obtained.

2.3　Characterization
The raw material ET and the obtained COPNAR samples 
were systematically analyzed by TGA, FT-IR, and NMR. 
For conducting TGA measurements, 10 mg of sample 
was placed in a platinum crucible in a Shimadzu DTG-60 

thermo-gravimetric analyzer, and heated to 900 ℃ at a tem-
perature rise rate of 10 ℃/min under a nitrogen flow of 
50 mL/min. The FT-IR spectra of the prepared COPNAR, 
along with ET, were recorded on a Shimadzu 8400S FT-
IR spectrometer in the transmittance mode. The scan 
frequency of each spectrum was 15 s-1. A Bruker AV500 
1H-NMR analyzer was used to characterize the state of 
hydrogen atoms in ET and the prepared COPNAR. Four 
mg of ET or COPNAR was dissolved in chloroform to pre-
pare the sample for the measurement of 1H-NMR spectro-
gram. The solvent used was deuterated chloroform, and the 
internal label was trimethylchlorosilane. The sweep length 
was 10000 Hz, and the resonance frequency was 500 MHz.
The elemental analysis was performed by a Vario EL or-
ganic element analyzer. Analysis of four components of 
ET was conducted in accordance with the method NEQ 
JPI-5S-22-83. The levels of ash, toluene insoluble (TI) and 
quinoline insoluble (QI) substances were determined ac-
cording to international standards ISO 6245—1982, ISO 
6376—1996, and ISO 6791—1981, respectively. The soft-
ening point of the obtained COPNAR samples was achieved 
in accordance with the test method ASTM D36-66.

3　Results and Discussions

3.1　Properties of ET
Table 1 summarizes the basic properties of ET. Elemental 
analysis shows that the mass fraction of C and H in ET 
were 91.5 % and 6.2%, respectively. The level of satu-
rates in ET was as low as 1.79%, whereas its aromatic 
content reached up to 54.51%, which, based on our previ-
ous studies, had been regarded as a favorable indicator for 
resin synthesis.

Table 1　Properties of ET
Items Data Items Data

Average molecular weight 342 Water content, m% 4.49

Density, g/cm3 1.003 Quinoline insoluble (QI), m% 0.12

Ash content, m% 0.15 Toluene insoluble (TI), m% 0.25

Arbon residue, m% 19.75 (TI-QI), m% 0.13

SARA composition, m% Elemental analysis, m%

Saturates 1.79 C 91.50

Aromatics 54.51 H 6.20

Resins 12.15 N 0.10

Asphaltenes 31.55 Other elements 2.20
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3.2　Properties of COPNAR

3.2.1　Basic properties of COPNAR
Table 2 shows the basic properties of COPNAR-B. Tables 
1 and 2 indicate that after being heated for 2 h at 500 ℃, 
the Conradson carbon residue in COPNAR-B dramati-
cally increased to 33.59% from 19.75% in ET. TI and 
QI values of COPNAR both went up, while TI-QI value 
dramatically increased from 0.13% to 11.82%. It is note-
worthy that the TI-QI value is a critical parameter that 
determines the binding performance of any kind of spe-
cific resins. When the TI-QI value is greater than 8.0 %, 
our experience tells us that the resin is normally deemed 
a qualified product for industrial application such as bind-
ing materials[10].

Table 2　Properties of COPNAR-B
Items Data

Softening point, ℃ 112

Conradson carbon residue, m% 33.59

Ash content, m% 0.90

TI, m% 16.96

QI, m% 5.14

(TI-QI) , m% 11.82

3.2.2　FT-IR analysis
The FT-IR spectrum of ET is shown in Figure 1(A). The 
peak at 3 049.5 cm-1 is attributed to C—H stretching of 
ethylene units in the ET compound (as seen in 1H-NMR 
spectrum of ET, Figure 2(A), with resonances at chemical 
shift 5—6). The pronounced peak at 1 097.5 cm-1 is nor-
mally thought to be resulted from C—O stretching vibra-
tion. The relatively weak peaks at 750.6 cm-1, 810.4 cm-1 

and 860.9 cm-1 belong to the out-of-plane bending vibra-
tions of 2, 3, 4-substituted aromatic C—H bonds. Like-
wise, the peak at 700.1 cm-1 is attributed to the out-of-
plane bending vibration of 5-substituted aromatic C—H 
bonds. By taking into consideration these peaks together, 
it is clear that these FT-IR spectra clearly confirmed the 
availability of active sites in different positions of ET aro-
matic ring for possible aromatic substitutions[11].
The FT-IR spectrum of the obtained COPNAR sample is 
shown in Figure 1(B). As it has been mentioned above, 
the peaks between 650 cm-1 and 900 cm-1 were ascribed 
to the out-of-plane aromatic C—H bending vibration, and 
the peak at 3048.3 cm-1 was attributed to the aromatic C—
H stretching vibration. Direct comparison of Figures 1(A) 
and 1(B) shows significant intensity reduction in peaks 
between 650 cm-1 and 900 cm-1 and at 3048.3 cm-1, which 
would correspond to the decrease in aromatic C—H con-
tents when the compound changed from ET to COPNAR. 
In other word, these intensity changes reflected that the 
aromatic ring indeed participated in the cross-linking re-
actions and the aromatic H atoms were partly replaced by 
the cross-linking agent. The peak at 1099.8 cm-1 belong-
ing to C—O stretching vibration in Figure 1(B) was stron-
ger, the occurrence of which was likely related with the 
formation of C—O bond resulted from self-aggregation 
of PXG. These results clearly revealed the occurrence of 
cross-linking reactions between PXG and ET.

3.2.3　1H-NMR analysis
The 1H-NMR data of ET and COPNAR-B are shown in 
Table 3, where HA refers to the total number of H atoms 
in aromatic ring. Hα denotes the total number of H atoms 
in groups of α-CH3, α-CH2 and α-CH that are connected 
with the aromatic ring. Similarly, Hβ refers to the total 
number of H atoms in β-CH2, β-CH, and Hγ in γ-CH3 that 
are connected with the aromatic ring. The observed levels 
of changes in Hα, Hβ, Hγ, and HA reflect the degree of ac-
tual substitution reaction on different positions of ET. The 
data given in Table 3, which correspond with the various 
H forms, decrease in the following order: HA> Hα>Hβ>Hγ. 
This order of different H forms in ET clearly shows that 
ET has high content of aromatics and low content of 
branched chains, which makes ET an ideal raw material 
for preparation of COPNAR.Figure 1　FT-IR spectra of ET (A) and COPNAR-B (B)
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Table 3　Number of H atoms in ET and COPNAR-B

H forms
Atom ratio, %

ET COPNAR-B

Hγ 2.0 2.4

Hβ 15.9 21.2

Hα 31.4 29.4

HA 49.6 42.0

1H-NMR spectra of ET (A) and COPNAR-B (B) are 
shown in Figure 2. The peaks between δ7.0 and δ9.0 refer 
to the absorption resonance of hydrogen atoms on aro-
matic ring, and absorption resonance peaks of α-H, β-H 
and γ-H are identified at δ2.0 to δ4.0, δ1.0 to δ2.0, and 
δ0.5 to δ1.0, respectively.
Figure 2 and Table 3 consistently demonstrate that the 
condensation reaction contributes to a decrease in HA 
and Hα values, but an increase in Hβ and Hγ values. These 
changes can be interpreted as follows: the reduction in HA 

signified the substitution of the aromatic hydrogen by the 
cross-linking agent. On the other hand, the increases in Hβ 
and Hγ values were an unambiguous reflection of the re-
action happening between the cross-linking agent and the 
aromatic ring of ET.

Figure 2　1H-NMR spectra of ET (A) and COPNAR-B (B)

3.2.4　Mechanism on synthesis of COPNAR
Based on the results of 1H-NMR, elemental analysis and 
average molecular weight analysis of ET, the average 
structural parameters including CT, HT, fA, HAU/CA, σ, RT, 
RA, RN, and CR were obtained by the improved Brown-
Ladner method described in the following equations[11-13]:
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CR=4RT+2     (7)

Elemental analysis given in Table 1 suggested that the 
S, O and N levels were negligible. The obtained average 
structural parameters of ET are calculated by the im-
proved Brown-Ladner method and are listed in Table 4. 
The calculated average molecular formula is C26.08H21.20, 
the most reasonable structure of which should be 

.

Table 4　Average molecular structural parameters of ET
Parameters Data

CT 26.08

HT 21.20

fA 0.80

HAU/CA 0.66

σ 0.24

RT 6.05

RA 4.71

RN 1.33

CR 26.19

Consistently, the FT-IR and 1H-NMR spectra both sub-
stantiated the occurrence of the above reaction for synthe-
sis of COPNAR from ET. These results revealed an acid-
catalyzed positive ion-typed condensation reaction. The 
reaction mechanism proceeds as follows:

3.3　Heat resistance analysis
The heat resistance of ET (A), COPNAR-B (B), and 
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COPNAR-C (C) was examined, with the results presented 
in Figure 3. It is clear that ET experienced a significant 
weight loss even at a temperature as low as 100 ℃. For 
COPNAR-B, the onset of degradation temperature was 
150 ℃, and at 250 ℃ the weight loss percentage was 10%, 
which was remarkably lower as compared to that of ET. 
Unlike COPNAR-B, COPNAR-C required much higher 
temperature (390 ℃) to lose an equal weight. Even after 
the temperature was raised to 600 ℃, the residual char yield 
of COPNAR-C still remained at 29.5%, which was higher 
than that of ET (10.0%). It is worth noting that the onsets 
of degradation temperature and weight loss ratio are criti-
cal parameters which could mostly determine the quality 
of any kind of heat-resistant resins. Based on these crite-
ria, the results mentioned above revealed that COPNAR-
C exhibited a highest favorable heat resistance, followed 
by COPNAR-B, and ET. The advantage of improved heat 
resistance of COPNAR-C over that of COPNAR-B was 
contributed by the further polymerization during the heat 
curing process.

Figure 3　TGA curves of ET (A), COPNAR-B (B), and 
COPNAR-C (C)

4　Conclusions

ET as an industrial byproduct, is readily low-cost, and 
yet has rarely been developed into any economically and 
technically rewarding application. With short side chains, 
lower steric hindrance and high aromatic content, ET has 
been for the first time successfully utilized to synthesize 
the heat-resistant COPNAR. To gain a definitive insight 
into the condensation mechanism, the critical characteris-
tics of ET, including the average molecular structure and 
relative hydrogen contents at specific molecular locations, 

were thoroughly explored and deducted. ET containing 
high aromatic content (>50 %) is proved to be a promis-
ing raw material for COPNAR synthesis. The reaction 
mechanism is confirmed as an acid-catalyzed positive 
ion-typed condensation reaction. Heat resistance of the 
resulting resin, as a key factor which determines the qual-
ity of these materials, is found to be highly desirable. The 
resulting COPNAR prepared in this work, if customized 
in the future, can be a very promising new generation of 
low-cost and heat-resistant binding material.

Nomenclature
CT—Total carbon number of average molecule;
HT—Total hydrogen number of average molecule;
fA—Carbon aromaticity index;
HAU/CA—Condensation degree parameter of average mol-
ecule;
σ—Rate of replaced hydrogen atoms surrounding aro-
matic rings of average molecule;
RT—Total rings per average molecule;
RA—Aromatic rings per average molecule;
RN—Naphthenic rings per average molecule;
CR—Carbon number on the rings of average molecule.
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Jilin Petrochemical Company  Makes Breakthroughs in Key 
Technology for Separating C5 Hydrocarbons

The commercial test unit for separating C5 hydrocarbons 
developed independently by the Jilin Petrochemical 
Company (JPC) has been operating smoothly throughout 
the process flow diagram, which has verified the break-
throughs in key technology for C5 hydrocarbons separa-
tion.
The C5 fraction is the by-products obtained during steam 
cracking for manufacture of ethylene. Separation of C5 
fraction can yield isoprene, piperylene and dicyclopenta-
diene, among which isoprene has most broad applications 
and is an important starting material for manufacture of 
isoprene rubber. The commercial test unit for manufacture 
of dicyclopentadiene, which is one of the key construction 
projects of JPC, consists of such sections as dimerization, 
pretreatment of C5 fraction, and extractive rectification 
and is a revamp project based on retrofitting two butadi-
ene extraction units at the Organic Synthesis Plant of JPC. 

Currently measures on further retrofitting are being caried 
out coupled with setting up an additional dicyclopenta-
diene reactor in a bid to extend the reaction duration for 
enhancing the conversion of cyclopentadiene. The design 
operating time of this test unit is 8000 hours a year, and 
its commissioning will realize a reasonable scale of com-
prehensive utilization of C5 fraction emanated from steam 
cracking.   
The commercial test project for separation of C5 hydro-
carbons at JPC, which has tackled technical problems and 
revamped process equipment uninterruptedly, was started 
up on April 17, 2012, while realizing smooth operation 
throughout the whole process flow diagram and crank-
ing out successfully major products and byproducts to 
achieve breakthroughs in key technology for separating 
C5 hydrocarbons in compliance with the expected targets 
to attain the achievements of a specified stage.


