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Abstract−Kinetic investigations on the pyrolysis of a mixture of waste ship lubricating oil (WSLO) and waste fishing

rope (WFR) were carried out using a thermogravimetric analyzer (TGA) at a heating rate of 0.5 oC/min, 1.0 oC/min

and 2.0 oC/min. WSLO and WFR were mainly decomposed at the temperature of range of 400 oC to 455 oC and 370 oC

to 410 oC, respectively. The WSLO/WFR mixture was mainly decomposed at the temperature range of 300 oC and

450 oC, which is a lower temperature than that for the WSLO or the WFR alone at each heating rate. The ranges of

apparent activation energies of the WALO/WFR mixture were between 137 kJ mol−1 and 197 kJ mol−1 at conversions

in the range of 10-95%. The mixture of WSLO and WFR was pyrolyzed in a micro-scale tubing reactor at 440 oC for

60 min and 80 min. The yield of pyrolyzed gases increased from 2.13 wt% to 2.29 wt% with reaction time. The selec-

tivity to C7 hydrocarbons was shown in the pyrolyzed oil of the mixture.
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bution

INTRODUCTION

Ocean pollution from waste fishing nets (WFN) and waste fish-

ing ropes (WFR) is a serious environmental problem in Korea. For

the last three decades WFN and WFR have been dumped without

restriction either accidentally or purposely into the oceans near Korea

[Choi, 2001]. Nowadays, marine waste is cleared from the bottom

of the ocean in the coastal regions of Korea.

The marine wastes recovered from the ocean are now buried;

however, a suitable method is needed to recycle troublesome waste.

One recycling option is pyrolysis. This technology will not only solve

the marine waste disposal but it will convert a potential waste to a

valuable product such as pyrolysis oil. Pyrolysis research on WFN

and waste fishing tackle has been conducted in Korea [Kim et al.,

2001a, b, 2003a]. Many researchers have studied the conversion of

waste products into fuel or chemical feedstock, particularly waste

products such as polystyrene (PS), polypropylene (PP), polyethyl-

ene (PE), nylon-6, and solid waste [Kim et al., 1995, 1999, 2004a;

Bockhrn et al., 1998; Cardona et al., 2002; Holland et al., 2000; Jha

et al., 1998; Lee et al., 2003; Park et al., 2002]. WFN and WFR are

made mainly from polyamide and polypropylene resin, respectively.

Numerous studies for PP have been conducted to maintain environ-

mentally compatible economic growth and to determine the kinet-

ics of thermal degradation [Ballice, 2002; Bockhorn et al., 1999].

Although waste ship lubrication oil (WSLO) is one of the main ocean

pollutants, it is a good source for renewable resources. In 2001 in

Korea, 109,000 kL of WSLO was produced, according to the Korea

lubricating oil industries association bulletin.

From an engineering viewpoint, low heat transfer rates and high

viscosity of the melting polymer can hinder commercial applications

for waste plastic recycling by pyrolysis. WSLO can decrease the

viscosity of mixtures and, when mixed with waste plastics, it can

lead to improved heat transfer. WSLO also can be employed as a

solvent to swell waste plastics. Thus, it might serve to decrease the

decomposition temperature of a mixture of waste polymeric material.

The main purpose of this work was to determine the global kinetic

parameters of the pyrolysis of a WSLO/WFR mixture, and to ana-

lyze the products of the pyrolysis. Pyrolyzed oil was characterized

by carbon number distribution and FT-IR spectroscopy. Although

many papers have been published relating to thermogravimetric

analysis for waste plastics and polymeric materials, most of the liter-

ature has focused only on a single material or a fresh polymeric mix-

ture. Our study on the pyrolysis of a WSLO/WFR mixture provides

a unique comparison of pyrolysis characteristics.

EXPERIMENT

A thermogravimetric analyzer (TGA; Cahn, TG-2171) was used

for the pyrolysis of the mixture of WSLO and WFR. We obtained

the experimental sample of the WSLO from a ship, and the WFR

from a place that stores WFRs recovered from the ocean on the east

coast of Korea. Table 1 shows the results of an elemental analysis

of our sample, and Table 2 shows the properties of WSLO. The spe-

cific chemicals such as antioxidants and pigment are added during

the processing of fishing ropes to enhance the physical characteris-

tics. Those kinds of inorganic materials, however, could produce

ash when the fishing rope is burning. The WFR had been repeat-

edly immersed in seawater for fishing and then abandoned for a

long time at the storage location. We expected the WFR to contain
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salt and ash from the fishing and from being abandoned at the stor-

age location. Kim and Park [2001a] analyzed the metal content of

a WFN for ICP/MS by using distilled water for 3 days. The net had

higher levels of sodium and chlorine than other materials. The short-

fall of 2.80% for the WFR from the elemental analysis may have

been due to the specific chemicals such as antioxidants, pigments

and salts. The WFR showed a lower H/C ratio than the WSLO, and

that the oxygen content was 1.75% for the WSLO and 0.24% for

the WFR.

A sample mass of 400 mg was employed for thermogravimetric

analysis in TGA, and the mixing ratio of WSLO and WFR was 1 : 1.

To make an oxygen-free atmosphere, nitrogen was introduced into

the reactor with a flow rate of 20 ml/min. To minimize the temper-

ature gradients, the heating rate was controlled at 0.5 oC/min, 1.0 oC/

min and 2.0 oC/min from 20 oC to 500 oC.

A tubing reactor was employed to elucidate the pyrolyzed liquid

products of the WSLO/WFR mixture. The volume of the tubing

reactor was 40 ml. The details of the experimental apparatus have

been reported elsewhere [Kim et al., 2000]. A sample mass of 5 g

was charged into the tubing reactor, and the mixing ratio of WSLO

and WFR was 1 : 1. The pyrolysis temperature of the tubing bomb

reactor was 440 oC, which we determined on the basis of the ther-

mogravimetric analysis. The pyrolysis reactions were performed

over two different reaction times: 60 min and 80 min. With sam-

ples taken from each of these reaction times, we then analyzed the

reaction products for the amount of gas and oil formed. Tubing reac-

tor was opened after cooling at room temperature to allow the gases

to evolve gently. Gas yield was obtained by weighing the tubing

reactor before and after the gases were vented. The gas yield is de-

fined as (gas weight)×100/(sample weight), while the oil yield is

defined as (100-gas yield). Pyrolyzed liquid products include small

amounts of solids such as coke, char and ash. In this work, the prod-

ucts we obtained from the WSLO/WFR mixture were limited to

the gas yield and the liquid yield.

Liquid products from the tubing bomb reactor were analyzed by

gas chromatography (GC; Young Lin-M600D) with a flame ion-

ization detector. A capillary column HP-1 of 0.53 mm i.d, and 5 m

length was employed with the oven temperature programmed of

between 70 oC and 370 oC. The peaks were identified when reten-

tion times were matched with the reference compounds from a nor-

mal paraffin mixture (C5-C44). The carbon number was analyzed

by ASTM D 2887. One of the liquid samples was analyzed by FT-

IR (Thermo Nattson-60AR) to identify specific stretching bands.

RESULTS AND DISCUSSION

1. Thermogravimetric Analysis Results

The degree of conversion (X) is defined as Eq. (1) for pyrolysis

reaction of the WSLO/WFR mixture in TGA.

(1)

where W0 is the initial mass of the sample, W is the mass of the

pyrolyzed sample, and W
∞
 is the final residual mass that corre-

sponds to the final residual mass of the solid by-products.

Fig. 1 shows the degree of conversion versus temperature for the

dynamic experiments at the different heating rates of 0.5 oC/min,

1.0 oC/min and 2.0 oC/min in a TGA. The pyrolysis of the WSLO

was slowly carried out above 250 oC, and then rapidly carried out

at a temperature range of 300 oC to 360 oC. The slope was almost

linear at a temperature range of 325 oC and 400 oC, and 70 percent

of WSLO was decomposed at this range. The pyrolysis of the WFR

was initiated at 320 oC, and then rapidly carried out at a tempera-

ture range of 370 oC to 460 oC. The pyrolysis of the WSLO/WFR

mixture, on the other hand, was initiated at 240 oC. The mixture

decomposed at a lower temperature than either the WSLO or the

WFR alone at heating rates of 0.5 oC/min, 1.0 oC/min and 2.0 oC/

min. It is considered that the WSLO had a role as a swelling agent

for the WFR. Accordingly, heat transfer in the mixture could be

improved in comparison with the WFR. The WFR could be easily

X = 

W0 − W

W0 − W
∞

--------------------

Table 1. Elemental analysis of waste ship lubricating oil (WSLO)
and waste fishing rope (WFR)

Sample
Element (%)

H/C ratio
C H N O S

WSLO 82.67 14.63 1.37 1.75 - 2.12

WFR 83.22 13.74 - 0.24 - 1.98

Table 2. Properties of waste ship lubricating oil (WSLO)

Test Items Test results Test method

Dynamic viscosity

(mm2/sec)

040 oC 099.8600

KS M 2014-1999100 oC 013.4900

Viscosity index 135.0000

Sulfer content (wt%) 000.2700 ASTM D 1552

Ash content (wt%) 001.1300 KS M 2044-2000

Density (15 ℃, g/cm3) 000.8819 KS M 2002-2001

Fig. 1. The effect of pyrolysis rate of the mixture of waste ship lubri-
cating oil (WSLO) and waste fishing rope (WFR) on heat-
ing rates: 1, SLO : WFR=1 : 1 wt ratio; β=0.5 oC/min; 2,
WSLO : WFR=1 : 1 wt ratio; β=1.0 oC/min; 3, WSLO :
WFR=1 : 1 wt ratio; β=2.0 oC/min; 4, WSLO; β=0.5 oC/
min; 5, WSLO; β=1.0 oC/min; 6, WSLO; β=2.0 oC/min; 7,
WFR; β=0.5 oC/min; 8, WFR; β=1.0 oC/min; 9, WFR; β=
2.0 oC/min.
a: Kim et al., 2004b, b: Kim et al., 2004c
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decomposed in a lower temperature after being swelled with the

WSLO. As such, the WSLO/WFR mixture could be pyrolyzed in

a lower temperature compared to pyrolysis conducted separately

for each component. The decomposition patterns of the WSLO and

the WFR were more rapid than those of the WSLO/WFR mixture

at the thermogravimetric curves (Fig. 1). The curves for the WSLO

and the WFR have a smooth slope and tends asymptotically to the

maximum degree of conversion. The curves for the WSLO/WFR

mixture increased more slowly to the maximum degree of conversion

than those for the WSLO and the WFR. As can be seen in Fig. 1,

the decomposition temperature of the WSLO was lower than that of

the WFR. For the WSLO/WFR mixture, the decomposition at lower

temperature seems to be attributed to the dominant of the WSLO,

and decomposition at higher temperature to the dominant decom-

position of the WFR. All three heating rates yielded the same pat-

terns of thermal decomposition.

An instantaneous rate of conversion (dX/dt) is shown in Fig. 2,

which is obtained from differential thermogravimetric analysis (DTG)

at the given reaction temperature. As shown here, the height of the

peaks gradually increases with increasing heating rates. Also, the

position of the maximum peak is shifted to higher temperature, and

the peak height is directly proportional to the reactivity. Thus it appears

that as the heating rates increase, higher instantaneous thermal en-

ergy is released into the reaction system, and results in a higher rate

of conversion. The results of Fig. 2 also indicate that a larger fraction

of WSLO/WFR mixture is decomposed at a temperature range of

300 oC to 460 oC. Pyrolysis of a single component (WALO and WFR,

respectively) displays bilateral symmetry in Fig. 2, and one maxi-

mum peak occurs at a specific reaction temperature for each heat-

ing rate. The WSLO/WFR mixture, however, does not display bilat-

eral symmetry, but shows an asymmetrical curve with tail section

in the main decomposition range. It is considered that the slope of

the flat-tail section is mainly attributed to the thermal decomposition

of the WSLO in the mixture because the WSLO decomposes at a

lower temperature compared to the WFR. The maximum rate of

the WSLO/WFR mixtures occurred at 405 oC, 436 oC, and 448 oC

for heating rates of 0.5 oC/min, 1.0 oC/min, and 2.0 oC/min, respec-

tively. The maximum rate of WSLO occurred at 328 oC, 342 oC, and

359 oC, and that of WFR occurred at 412 oC, 421 oC, and 430 oC

for each heating rate [Kim et al., 2004]. The temperature of maximum

peaks for the WSLO/WFR mixture was higher than the WSLO and

the WFR. The conversions of maximum peak for the WSLO and

the WFR were 48% and 59%; however, those of WSLO/WFR mix-

tures were approximately 85% for each heating rate. It is consid-

ered that the swelling effect of WSLO on WFR might be attrib-

uted to higher conversions at maximum peak for the mixture.

2. Activation Energy

We followed the differential method to derive the pyrolysis kinetic

data from thermogravimetric analysis. Friedman [1963] suggested

this approach to analyze thermogravimetric data. The rate of con-

version (dX/dt) in the thermal decomposition is expressed by

(2)

The reaction rate constant k is expressed by the Arrhenius equation

(3)

A function of the conversion that is independent of temperature,

f(X), is expressed as

f(X)=(1−X)
n

(4)

Substituting Eqs. (3) and (4) into Eq. (2) and taking a natural loga-

rithm, the above equation yields

(5)

The activation energy E, which is based on Eq. (5), is determined

from a relationship between ln(dX/dt) and 1/T. Consequently, the

activation energy (E) corresponding to the specific conversion could

be obtained from a family of parallel straight lines of slope −E/R.

For example, when the conversion of the WSLO/WFR mixture was

10%, temperatures were 283.49 oC, 292.17 oC and 297.17 oC with the

heating rates of 0.5 oC/min, 1.0 oC/min and 2.0 oC/min, respectively.

The values of ln(dX/dt) were −11.1488, −10.5271 and −10.1225,

where the corresponding values of 1/T[K−1] were 1.7965×10−3, 1.7689

×10−3 and 1.7534×10−3. Ln(dX/dt) vs. 1/T[K−1] at conversions be-

tween 10% and 95% for the mixture of WSLO and WFR is shown

in Fig. 3.

The intercept ln(A·(1−X)
n

) can be calculated from Fig. 3 at each

conversion. There are many analytical methods to determine kinetic

parameters from thermogravimetric data. Most reaction orders are

determined such as 0
th

 and 1
st

 when analytical methods such as dif-

ferential and integral method are applied to thermogravimetric anal-

ysis. In this work, reaction order was fixed to 0
th

 and 1
st

 to deter-

mine the pre-exponential factor. If the apparent order is fixed at 0

or 1, the pre-exponential factor (A) is obtained by curve fitting based

on Eq. (6).

dX

dt
------- = kf X( )

k = A
− E

RT
-------⎝ ⎠

⎛ ⎞exp

dX

dt
-------⎝ ⎠

⎛ ⎞ln  = Z 1− X( )
n

[ ] − 

E

R
----

1

T
---ln

Fig. 2. Variation of the instantaneous reaction rate with tempera-
ture at different heating rates for pyrolysis of the mixture
of waste ship lubricating oil (WSLO) and waste fishing rope
(WFR): 1, WSLO : WFR=1 : 1 wt ratio; β=0.5 oC/min; 2,
WSLO : WFR=1 : 1 wt ratio; β=1.0 oC/min; 3, WSLO :
WFR=1 : 1 wt ratio; β=2.0 oC/min; 4, WSLO; β=0.5 oC/
min; 5, WSLO; β=1.0 oC/min; 6, WSLO; β=2.0 oC/min; 7,
WFR; β=0.5 oC/min; 8, WFR; β=1.0 oC/min; 9, WFR; β=
2.0 oC/min.
a: Kim et al., 2004b, b: Kim et al., 2004c
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ln(A·(1−X)
n

)=lnA+nhn(1−X) (6)

Fig. 4 shows the variations in the activation energies as a func-

tion of conversion for the WSLO/WFR mixture. The range of ac-

tivation energies for the WSLO/WFR mixture was between 137 kJ

mol−1 and 197 kJ mol−1. Activation energy of WFR/WSLO mixture

showed similar values with WFR at a conversion of 0.1. However,

the activation energy of the mixture showed lower values than

each component when the conversion was over 0.2. It is consid-

ered that higher activation energy of mixtures at a conversion of

0.1 is attributed to the different pyrolysis temperature of each com-

ponent at the same conversion. The average activation energy for

the WSLO/WFR mixture was 157 kJ mol−1, while that of the WSLO

and the WFR was 133 kJ mol−1 and 211 kJ mol−1, respectively [Kim

et al., 2004b, c]. The average activation energy for the mixture was

lower than that of the average value for the WSLO and the WFR.

Lower values of activation energy resulted from the synergetic ef-

fect such as swelling effect of WSLO on WFR and improvement

of heat transfer.

The pre-exponential factor can be obtained from Fig. 3 and Eq.

(6). The intercept ln(A(1−X)
n

) can be calculated from Figure 3 at

each conversion. When the apparent reaction order is fixed at 0 or 1,

the pre-exponential factor (A) is obtained from Eq. (6) at the specific

conversions, and those of values are listed in Table 3. The pre-ex-

ponential factors decreased with the conversion in the range of 0%

to 80%, and then increased with the conversion in the range over

80%. The orders of pre-exponential factors were between 106 sec−1

and 1013 sec−1.

3. Analysis of Oil Products

A micro tubing reactor was employed to elucidate the pyrolyzed

products of the mixture of WSLO and WFR. The pyrolysis tem-

perature of 440 oC in the tubing bomb reactor was selected from

the results of thermogravimetric analysis. The reaction products

were analyzed for the amount of gas and oil including small amount

of coke. The amount of coke produced from reaction, however, was

not analyzed. The yield of gas compounds was 2.13 wt% and 2.29

wt%, respectively, for the different times of 60 min and 80 min. The

yield of gas compounds increased with the increase of reaction time,

whereas the oil products decreased.

Fig. 5 shows the carbon number distribution of the pyrolyzed oil

after reaction at 440 oC (60 min and 80 min). In this work, a closed

system, namely the tubing reactor was used without a catalyst at

440 oC. Most of the pyrolyzed oil from the WSLO (440 oC, 60 min)

was hydrocarbons below C24, and the selectivity of specific hydro-

carbons was not detected. For the WFR, most of the pyrolyzed oil

was hydrocarbon below C21, and it showed the selectivity to C7 hy-

drocarbons. The carbon number distribution for the WSLO/WFR

mixture showed the selectivity to C7 hydrocarbons, and the fraction

of light hydrocarbon below C15 was higher than that for the WSLO

or WFR alone.

Fig. 6 shows FT-IR spectra for the pyrolyzed oil of the WSLO/

WFR mixture (440 oC, 60 min). Table 1 shows that the WSLO and

the WFR mainly consisted of carbon and hydrogen atoms. The band

of that of C-H stretching was shown at the wavenumber between

2,800 cm−1 and 3,000 cm−1, and C-H scissoring was shown at the

wavenumber between 1,350 cm−1 and 1,500 cm−1. No band assigned

to a bond including nitrogen atom could obtained. Because the py-

rolyzed oil of the WSLO/WFR mixture does not contain nitrogen

atoms that can be a source for NOx, it can be considered as an al-

ternative fuel for a boiler. Consequently, the recovery of pyrolyzed

Fig. 3. Application of Eq. (5) with heating rate of 0.5, 1.0 and 2.0 oC/
min. The conversion values are: 5, 20, 40, 60, 80 and 95%.

Fig. 4. Calculated activation energies at different conversions for
pyrolysis of the mixture of waste ship lubricating oil (WSLO)
and waste fishing rope (WFR).
a: Kim et al., 2004b, b: Kim et al., 2004c

Table 3. Pre-exponential factor for pyrolysis of the mixture of waste ship lubricating oil (WSLO) and waste fishing rope (WFR)

Reaction

order

Conversion (%)

10 20 30 40 50 60 70 80 90 95

0
th

4.13×1013 8.18×1091 3.95×108 6.67×107 1.79×107 6.93×106 3.73×106 5.58×106 1.28×108 1.09×1010

1
st

4.59×1013 1.02×1010 5.65×108 1.11×108 3.58×107 1.73×107 1.24×107 2.79×106 1.28×109 2.17×1011
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oil from the WSLO/WFR mixture seems to be promising method

from the standpoint of a sustainable environment.

CONCLUSION

A WSLO/WFR mixture was mainly decomposed in the tem-

perature range of 300 oC and 450 oC, which is lower than for the

WSLO or the WFR alone at the heating rate of 0.5 oC/min, 1.0 oC/

min and 2.0 oC/min. Because the WSLO had a role as a swelling

agent for the WFR, the WSLO/WFR mixture could be pyrolyzed

at a lower temperature compared to pyrolysis conducted separately

for each component.

The apparent activation energies for the WSLO/WFR mixture

were between 137 kJ mol−1 and 197 kJ mol−1 at the conversions of

10-95%. The average activation energy for the WSLO/WFR mix-

ture was 157 kJ mol−1, whereas that of the WSLO and the WFR

was 133 kJ mol−1 and 211 kJ mol−1, respectively. The orders of pre-

exponential factor for the WSLO/WFR mixture were between 106

sec−1 and 1013 sec−1.

The fraction of light hydrocarbons below C15 in the pyrolyzed

oil of the WSLO/WFR mixture was higher than that of the WSLO

or WFR alone. The selectivity of C7 hydrocarbon was confirmed

in the pyrolyzed oil of the WSLO/WFR mixture.
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NOMENCLATURE

A : pre-exponential factor [s−1]

E : activation energy [kJ mol−1]

k : pyrolysis rate constant [s−1]

n : reaction order

R : gas constant=8.314 J g·mol−1 K−1

t : pyrolysis time [s]

T : pyrolysis temperature [K]

W : weight of sample at time t [g]

W0 : initial weight of sample [g]

Wt : final weight of sample [g]

X : conversion of samples

REFERENCES

Ballice, L., “Classification of Volatile Products Evolved during Tem-

perature-Programmed Co-Pyrolysis of Low-Density Polyethylene

(LDPE) with Polypropylene (PP),” Fuel, 81, 1233 (2002).

Bockhorn, H., Hornugn, A. and Hornung, U., “Stepwise Pyrolysis for

Raw Material Recovery from Plastic Waste,” J. Anal. Appl. Pyrol.,

46, 1 (1998).

Bockhorn, H., Hornung, A., Hornung, U. and Schalwaller, D., “Kinetic

Study on the Thermal Degradation of Polypropylene and Polyethyl-

ene,” J. Anal. Appl. Pyrol., 48, 93 (1999).

Ceamanos, J., Mastral, J. F., Millera, A. and Aldea, M. E., “Kinetics of

Pyrolysis of High Density Polyethylene. Comparison of Isothermal

and Dynamic Experiments,” J. Anal. Appl. Pyrol., 65, 93 (2002).

Choi, D. H., “A Study on the Practical Effect for the Acting of Protec-

tion Policy of Marine Environmental,” Korea Maritime Institute, 5-

56 (2001).

Friedman, H. L., “Kinetics of Thermal Degradation of Char-Forming

Plastics from Thermogravimetry. Application to a Phenolic Plastic,”

J. Polym. Sci.: Part C., 6, 183 (1963).

Fig. 5. The effect of residence time on carbon number distribution
for the pyrolysis of the mixture of waste ship lubricating
oil (WSLO) and waste fishing rope (WFR).

Fig. 6. FT-IR spectra for the pyrolysis of the mixture of waste ship
lubricating oil (WSLO) and waste fishing rope (WFR): (440
oC, 60 min).



578 S.-H. Kim et al.

July, 2005

Holland, B. J. and Hay, J. N., “Thermal Degradation of Nylon Polymers,”

Polymer International, 49, 943 (2000).

Jha, A. and Bhowmick, A. K., “Thermal Degradation and Ageing Be-

haviour of Novel Thermoplastic Elastomeric Nylon-6/Acrylate Rub-

ber Reactive Blends,” Polym. Degrad. and Stabil., 62, 575 (1998).

Kim, S. D. and Chun, H. D., “Analytical Techniques Estimating Kinet-

ics Parameters for Pyrolysis Reaction of Scrap Tire Rubbers,” Korean

J. Chem. Eng., 12, 448 (1995).

Kim, S. D. and Park, S.-Y., “Pyrolysis Reaction Characteristics of Spent

Fishing Ropes and Nets,” J. Korean Solid Wastes Engineering, 18,

397 (2001a).

Kim, S. D., Jun, J.-G. and Yoo, K.-S., “Pyrolysis Reaction Mechanism

of PE, PP, NY of Major Components of Spent Fishing Ropes and

Nets,” J. Korean Solid Wastes Engineering, 18, 410 (2001b).

Kim, S. S. and Kim, S. H., “Pyrolysis Kinetics of Waste Automobile

Lubricating Oil,” Fuel, 79, 1943 (2000).

Kim, S.-S. and Chung, Y.-J., “Pyrolysis Characteristics of Nylon-6 from

Fishing Nets,” J. Korean Ind. Eng. Chem., 14, 793 (2003).

Kim, S.-S. and Kim, S. D., “Pyrolysis Characteristics of Polystyrene

and Polypropylene in a Stirred Batch Reactor,” Chem. Eng. J., 98,

53 (2004a).

Kim, S.-S. and Jeon, J.-K., “Pyrolysis Characteristics of Waste Ship Lu-

bricating Oil,” J. Korean Ind. Eng. Chem., 15, 564 (2004b).

Kim, S.-S. and Jeon, J.-K., “Pyrolysis Characteristics of Waste Fishing

Rope,” J. Ind. Eng. Chem., Submitted (2004c).

Kim, Y. S., Hwang, G. C., Bae, S. Y., Yi, S. C., Moon, S. K. and Kuma-

zawa, H., “Pyrolysis of Polystyrene in a Batch-type Stirred Vessel,”

Korean J. Chem. Eng., 16, 161 (1999).

Korea Lubricating Oil Industries Association Bulletin (2002).

Lee, C.-G., Kim, J.-S., Song, P.-S., Choi, G.-S., Kang, Y. and Choi, M.-J.,

“Decomposition Characteristics of Residue from the Pyrolysis of

Polystyrene Waste in a Fluidized-Bed Reactor,” Korean J. Chem.

Eng., 20, 133 (2003).

Park, J. J., Park, K. N., Park, J.-W. and Kim, D. C., “Characteristics of

LDPE Pyrolysis,” Korean J. Chem. Eng., 19, 658 (2002).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


