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Abstract-Liquid-phase catalytic degradation of waste polyolefinic polymers (HDPE, LDPE, PP) over spent fluid
catalytic cracking (FCC) catalyst was carried out at atmospheric pressure with a stirred semi-batch operation. The effect
of experimental variables, such as catalyst amount, reaction temperature, plastic types and weight ratio of mixed plastic
on the yield and accumulative amount distribution of liquid product for catalytic degradation was investigated. The
initial rate of catalytic degradation of waste HDPE was linearly increased with catalyst amount (4-12 wt%), while that
was exponentially increased with reaction temperature (3502338pent FCC catalyst in the liquid-phase catalytic
degradation of polymer was not deactivated fast. The product distribution from catalytic degradation using spent FCC
catalyst strongly depended on the plastic type. The catalytic degradation of mixed plastic (HDPE : LDPE : PP : PS=3:
2:3:1) showed lower degradation temperature by abo?® 20an that of pure HDPE.
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INTRODUCTION Table 1. Molecular weights of various waste plastics
_ o Reactant type Mh Mw® Mw/Mn
Waste plastics are mostly landfilled or incinerated; however, these
methods are facing great social resistance because of environmen- HDPE 22600 367500 16.3
tal problems such as air pollution and soil contamination, as well LDPE 21000 212800 10.1
PP 57600 281700 4.9

as economical resistance due to the increase of space and disposal

costs [Bueken and Huang, 1998]. Accordingly, recycling has be- PS 73900 171000 2.3

come an important issue worldwide. This method can be classified @slumber average molecular weight.

energy recovery, material recycling and chemical recycling. Among'Weight average molecular weight.

them, one of the prevalent alternative methods is the production of

converted fuel and chemicals by means of the thermal or catalytic

degradation of polymers [Walendziewski, 2002; Sakata et al., 1997jsed in this study were palletized to a form of 1/8 inch (O.D.) X a few

Bockhorn et al., 1998; Songip et al., 1993]. These products couldim (L); their molecular weights are presented in Table 1. Spent FCC

be changed into valuable raw material by the petroleum refiningatalyst, supplied by SK Co. Ltd., is received as a fine powder form

industry. Furthermore, hydrocarbon production from polymer haswith the size of a few ten-micrometers. Before being used in this ex-

a great advantage on the catalytic degradation process rather thperiment, spent FCC catalyst was treated with air stream for 4 h at 400

thermal degradation process, due to the hydrocarbon products wific. The BET surface area of this catalyst was g, mhich con-

high-quality and low energy requirement operating at low tempersisted of micropore area of 7&/grand mesopore area of 79gn

ature [Jeong et al., 2001; Lee et al., 2001, 2002; Park et al., 2002]. The degradation experiment of waste plastics was carried out
The main objective of this study was to investigate the effect ofin a stirred semi-batch reactor (volumell 4t 400°C under at-

catalyst amount, reaction temperature, plastic type and weight ratimospheric pressure [Lee et al., 2002]. The experimental conditions

of mixed plastic, and also the deactivation of catalyst in the catawere as follows: reactant of 200 g, catalyst of 10-25 g, nitrogen stream

lytic degradation of waste plastics using spent FCC catalyst with @f 20 cc/min, impeller speed of 200 rpm, heating rate of als@it 7

semi-batch reactor, based on the results of yields and yield distribumin and reaction temperature of 350-430Gas products were

tions of liquid product as a function of lapsed time. vented after cooling by condenser 7 Liquid products were
collected in a reservoir over a period of lapsed time and were meas-
EXPERIMENTAL ured by weight. Solid yield was determined by dividing the solid

amount produced by the initial reactant amount. Accordingly, gas
The waste plastic samples (supplied by Duck Shin Co., Daejeonyield was measured by the difference between initial reactant amount
and the total amount of liquid and solid products after reaction.
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To investigate the effect of catalyst amount on the catalytic dedn the range of initial lapse time the yield distribution of liquid prod-
gradation of waste HDPE using spent FCC catalyst, the catalytizict changed with catalyst amount. The initial rate of degradation of
degradations in the range of 4-12 wt% catalyst amount were pemaste HDPE calculated from Fig. 1, as a function of catalyst amount,
formed under the same experimental conditions. Spent FCC caté& shown in Fig. 2. Here the initial rate of degradation is defined as
lyst used in this study was fine powder type, which was the catathe slope of accumulative amount of liquid product versus the ini-
lyst regenerated after use in the fluid catalytic cracking (FCC) prodial lapsed time. Here the accumulative amount of liquid product
cess. Reaction temperature was changed from room temperaturertaultiplies the yield of liquid product by 2. In the range of 4-12 wt%
400°C with 7°C/min of heating rate and then maintained at that catalyst amounts, the initial rate of degradation of waste HDPE lin-
temperature for a few hours. Fig. 1 shows the yield distributions ofearly increased from 0.4 g/min to 1.1 g/min with the increase of
liquid product for each catalyst amount as a function of lapsed timecatalyst amount. It means that the initial rate of degradation of poly-
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Fig. 1. Yield of liquid product as a function of lapsed time for cat- Fig. 3. Yield of liquid product as a function of lapse time for cat-
alytic degradation of waste HDPE using spent FCC cata- alytic degradation of waste HDPE at different reaction tem-
lyst at different catalyst amounts, 400C. perature, 9.1 wt% catalyst amount.
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Fig. 2. Initial rate of degradation as a function of catalyst amount  Fig. 4. Initial rate of degradation as a function of reaction tem-
for catalytic degradation of waste HDPE using spent FCC perature for catalytic degradation of waste HDPE using
catalyst at 400°C. spent FCC catalyst at 9.1 wt% catalyst amount.
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mer depended on the catalyst amount of spent FCC catalyst. 500
2. Effect of Reaction Temperature

Fig. 3 shows the yield distributions of liquid product by catalytic
degradation of waste HDPE at each reaction temperature as a fur 400
tion of lapsed time. The catalyst of 20 g (9.1 wt%) was mixed with
200 g of reactant in the reactor. At different reaction temperature:
the yield distributions of liquid product clearly differed. The slope
of the accumulative amount of liquid product versus the initial lapsec
time (defined as the initial rate of degradation) as a function of re
action temperature is shown in Fig. 4. Here the accumulative amout
of liquid product multiplies the yield of liquid product by 2. In the
range of reaction temperatures below “@ahe initial rate of de-
gradation of waste HDPE was slowly increased with the increasi
of reaction temperature, while that was sharply increased from 1 ¢
min to 6 g/min with the increase of reaction temperature from 40C
to 430°C. This result showed a great effect of reaction temperature
on the catalytic degradation of waste HDPE, compared to that ¢
catalyst amount as shown in Fig. 2. Lapse time (min)
3. Deactivation of Catalyst Fig. 6. Reaction temperature programming as a function of lapsed

Fig. 5 shows the lapsed time for the accumulative amount of lig- time for thermal degradation (@) and catalytic degrada-
uid product obtained on both catalytic degradation and thermal de- ~ tion using spent FCC catalystill) of waste HDPE at 436C.
gradation as a function of yield of liquid product. The deactivation
of catalyst in the liquid-phase catalytic degradation of waste HDPEactivity of spent FCC catalyst in the catalytic degradation. Accord-
at the reaction temperature of 480and catalyst amount of 9.1 ing to the increase of yield of liquid product, the lapsed time of ther-
wit% can be explained by the difference of lapsed time between twmal degradation was sharply increased, whereas that of catalytic
processes. The reaction temperature programming of two processdsgradation was smoothly increased by the slow deactivation of
is shown in Fig. 6. Here the maintenance for 3 hrs at 300 (catalyticatalyst. If the catalyst is deactivated fast on the catalytic degrada-
degradation) or 35 (thermal degradation) involved melting the tion, its curve pattern of lapse time as a function of yield of liquid
waste HDPE as the reactant and also partially deactivating the catroduct will be similar to that of thermal degradation. However,
alyst before the main reaction. At the main reaction of above 22@he difference of lapsed time of both thermal degradation and cat-
min lapse time, the reaction temperatures of two processes weadytic degradation was gradually increased with the increase of yield
conducted under the same conditions. In Fig. 5, the catalytic degrasf liquid product. This can be explained as the spent FCC catalyst
dation process shows shorter lapse time at a constant yield of ligacluded in the catalytic degradation process not deactivating fast
uid product than the thermal degradation process, due to the higiccording to the progress of reaction.

4. Effect of Plastic Type
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320 — In the catalytic degradation of polyolefinic polymers (HDPE,
] LDPE, PP) using spent FCC catalyst (9.1 wt%) af@Dthe yields
T of individual samples are shown in Table 2. In all cases, the yields
300 4 of liquid products were more than 80%. Furthermore, the total yields
i of gas and liquid product that can be used as a fuel were about 99%.
- . Among various plastics, waste PP showed higher liquid yield and
é 280 lower gas yield than waste PE (HDPE, LDPE). The initial rates of
Py i waste LDPE and PP were about two times and three times faster
E . than that of waste HDPE. According as thermal degradation in the
i 260 type of plastic occurred at lower temperature, a higher initial rate
S q of catalytic degradation of waste plastics conducted under the same
] reaction temperature programming was obtained [Lee et al., 2002].
a0 # We thus know that the catalytic degradation for various plastics was
] Table 2. Product distribution for catalytic degradation of waste
220 Jrr — polyolefinic plastics on spent FCC catalyst at 40@
0 20 40 60 80 100 Reactant Ligquid Gas  Solid Initial rate of
Yield of liquid product (%) type (wt%) (Wt%) (wt%) degradation (g/min)
Fig. 5. Lapse time as a function of yield of liquid product for ther- EDDPPIIEE 2(2) 2 Jl_; 2 (J)' g i g;;
mal degradation (@) and catalytic degradation using spent ' i ' '
FCC catalyst (M) of waste HDPE at 430C. PP 86.4 13.1 0.5 3.308
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60

graded to liquid products with over 80% yield and also solid product
with below 1% yield. In the type of plastic, waste PP showed higher
liquid yield and lower gas yield than waste PE (HDPE, LDPE). The
initial rates of degradation of waste LDPE and PP were about two
times and about three times faster than that of waste HDPE.

The initial rate of degradation of mixed plastic (HDPE : LDPE :
PP :PS=3:2:3:1) was much higher than that of pure HDPE, and
also the catalytic degradation of mixed plastic occurred at lower re-
action temperature by about®Dthan that of pure HDPE plastic,
because plastics of low degradation temperature were included in
the mixed plastic.

4 Solid line : HDPE . 370°C
Dotted line : mixed plastic -

Yield of liquid product (%)
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