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Abstract : The characteristics of product materials obtained from thermal degradation of low-quality pyrolytic
oil were investigated in this study. The reactants were produced by pyrolysis of mixed plastic waste with film
type in a commercial rotary kiln reaction system. The properties of reactants were measured by elemental
analysis, calorimetry analysis and SIMDIST analyst. The result of degradation experiments with different
reaction temperature programs was discussed through product yields, cumulative yields and production rates of
oil products. The multi-step reaction temperature program resulted in higher yields of product oils and lower

- vyields of residues than one-step reaction temperature program. The product characteristics such as production
yield and the rate of oil products etc. were influenced by reaction temperature program in the continuous
thermal degradation. '
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1. N, cylinder 5. Feeding pump 9. Receiver 13. Heater
2. Raw oil storage tank 6. CSTR reactor 10. Condenser 14. Thermocouple
3. Roadcell 7. Furnace 11. GC 15. Mechanical stirrer

4. Mass flow controller

8. Low temp. bath circulator 12. Pressure gauge

16. Pre-heater

Figure 1. A schematic diagram of experimental pyrolysis system.
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Table 1. The conditions for GC and GC-MS analysis

Irems GC analysis GC-MS analysis
Apparatus Agilent 6890N Agilent 6890 GC/MSD
Detector FID (Flame ionization detector) MSD (Mass selective detector)
Column HP-5 (30m X 0.32mm x 0.25/m) UA-5 (30m x 0.25mm X 0.25/mID)
Carrier gas Helium, 30 ml/min Helium, 30 ml/min

Injection amount
Injection temp.
Detector temp.

Oven temp. programming

Ion source temp.
Interface temp.

Mass data acquisition
Scan rate (s/scan)

Mass scan range

2 ub
250C
310C

30C (for 10 min), heated to 310°C by 10C/min,

and kept the temp. for 10 min.

2l
250C
320C
30°C (for 10 min), heated to 310°C by
10C/min, and kept for 10 min.
230~250C
250C
Scan
2
20~300

A dEefe] dgd QHDE 24T I BAE g LM A AdEel oA @E wel w7l
T, WRHEE A2 £2F 22T F A HUok d_ﬁ* & AREY Yoz FHYN WFEY FEE zéo}%ﬁni,
F whg] o] RREL wEA7)7) g8 9o w B AA 100%04 8479 83 IF2 T& T W Uy
of WBE BN, HEAYPo] AAFE Fdol 74 ¥ A #E A EY FEE A
9 2= W3S &AAst7) st 5hE1Y) viRel 47) ¢} ﬁi 2 AR F A FHo OE WSk Z2IY0R 747
A7) 142 KE QHEAE FEste] QAo g FHEAY A A 25 T2 T3]3 TPL : 194)S
+ YEF 3Agith 1L WV12& PID LEA0)7]E 0] g3t 450C7H 10C/mine 2 AF3HA 52 F, 52 I3k
AT HAEER F2AT), LN F2E FR8) ok F AA L2 T8} TP2 : 4T T2 e AIAFL
=5 Aofetict. v 2 RE YHE e e i 2 420C7HAE 10C/min 82 WA 2713, 420~45
1+ B s szERlel $5718 A, o] 37 0°cv}7<lh 10C 407 A4 A3t 528 FAE F A7)
9 2EE dAsHA 24s7] A8 el Fo ezt X s B S Btk A Al Z2I3(0)8) TPS : 62A)S A
or, 59 298 TR A 24718 ARk of &*OJ eeds S F o AL 4AVEH ddeRA2EE
71 BAE = Ao b2 4 2 AR A4S ) g, e 350T7HA = 10T/mine 2 A73HA
7 BA7)E AREG) S2A713L, 350~450 Tl A= 20T HF 02 YA B2&
fFAE ¥ S22l P& Fssih

2.2, ABiahy
A% dpslae

Aartad FYste] rdA P leak testyS AAE T, o
ol PIDZAE7|E ol&sto] dal= Fefe] w2 22
= ARkt W37 W w9 S3SE 100 rppmO R
AR, AFze] AFe dedfrs IF =8 ol 83
o dBFA W3]l F3t] ﬂHH&—ﬁ At ¥
o] A== Tt W) g A2l HAE 5749 A
o] g3te] 108 AL R 747ke] 2ug SAFUN B E
EL Hmﬂ?)r*lﬂf’ﬂ WE NG ES RS dPFR
F ARFALFE Az A9 224 01830 £ 4
T SR THE FANAL, 2" PP EY 2
T71H 0% Fste] AT P& F ANFOE QZ* ahsict.

TUFS V1€t WP 2ds ARl &= A3
, WEFTE F O ol A eE = 1%‘4 1 £

.
o dlo

0

¢

a2

f

¢

¢ I

lﬂrl

o=
o

A ARaAf SYE Qobuy] A3 YAEH % AP
¥4, SIMDIST 24& 4Asgth £8 AF Q¥af o
7] B BgeE TRl doiz BPRHESY 3
4 8 e FAS) A3) GCSh GC-MASSZ B4 E A
3905, #HEAS Table 1] ebith 4 A% 334
Pojxi o BB 1Y, BH+EH, 1AL FARE
et go] FREG &, RS @aF7t 54eIA 10
A Aole] Yrolw, Fhek e BaFIE 1IARE 2070
Afol9) o, FA G Badh 217 o1 ROz 3
slsteiet.



Clean Tech., Vol. 15, No. 3, September 2009 189

Table 2. Characteristics of raw heavy pyrolytic oil and commercial oils

Elements (wt%) Heating value
Carbon Hydrogen Nitrogen H/C ratio (kcal/kg)
Heavy pyrolytic oil 83.35 13.78 0.34 0.165 10,855
Gasoline 83.87 14.03 - 0.167 8,300a
Kerosene 85.20 13.97 - 0.164 8,700a
Diesel 86.35 13.18 - 0.153 9,200a

* The data reported by Korea Institute of Petroleum
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Figure 2. The SIMDIST patterns of the heavy pyrolytic oil
and the commercial oils.
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Figure 3. Variations in the cumulative amount of feed and
the cumulative yield of the liquid product for
reaction temperature program 1 (TP1).
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100 500
- 400
13
£ 300
£ E
L g
g &
MN 200 g
=
- 100
—0— Liquid product
Temperature program 0
0 T v T r T T

0 50 100 150 200 250 300 350
Time (min)
Figure 6. Variation in the rates of the feed and the liquid

product for reaction temperature program 2
(TP2).

730 Figure 49} §AMS AL Hol
AQl AF AzelAs dE dRFFO
Mg FRSLG 2oj7t AZoE Fojt=
th o)l B g2 E ZE e g g3
29 Y7} 7lA @ AAERTE= 9YU4go)
= ot} web dEs] F33A oA 2" S,
3 AL g2 2R Ay 1
Qlt}. Figure 504 WH-8-A17F O—r—ﬂ]-E]- _46]_

R
32
e
ok
B

b

N
4
oz R o

ot A
2

[
2L

T
Y oo o e

=2
R

Flo
pod
o

)1 tlo o
)
>

11_.
ME

© AT FEHE Rolx itk
Figure 72 ¢49) F uhg2% 22 73R} W 25 99
FE o & 2% 2 20T 1702 o 25 A|AH
S FEA7 6TA wHe 2T T2 TP o APE A
100 500

80 A

60

- 200

40 4

Temperature Co)

20

—6— Feed
—&— Liquid product
Temperature program

Cumulative yield of liquid product (wt%)

T

0 100 200 300 400

Time (min)

Figure 7. Variations in the cumulative amount of feed and
the cumulative yield of the liquid product for
reaction temperature program 3 (TP3).



Clean ;Tech., Vol. 15, No. 3, September 2009 191

Table 3. Product distributions obtained from thermal degradation of low-quality pyrolytic oil by three different

reaction temperature programs

Temperature Temperature Input Product distribution
program € (8 Liquid Residue Gas

TP1 (1 step) 450 12,640 10,679 g (84.5%) 1,284 g (10.2%) 677 g (5.3%)

TP2 (4 steps) 450 11,060 9,629 g (87.1%) 396 g (3.6%) 1,035 g (9.3%)

TP3 (6 steps) 450 14,274 12,420 g (87.0%) 630 g (44%) 1,224 g (8.6%)
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