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Abstract : Globally, the amount of waste plastics has been occurring to environmental problems. As a result, it is necessary to
research methods that utilize waste plastic pyrolysis oil (WPPO) produced by pyrolysis. One such method being studied is
utilizing WPPO as a naphtha feedstock. In this study, five types of WPPO were analyzed to determine whether they can be used
as raw materials for naphtha. Because of their wide boiling point range, the WPPOs were fractionated into light and heavy
fractions through vacuum distillation, and the separation and purification techniques were analyzed using GC-VUV to determine
the content of paraffin, olefin, and other compounds. All WPPOs showed high olefin content regardless of the source and
fraction. Aromatic and paraffin content varied depending on the source, and oxygen and other compounds also varied
significantly by source and fraction. In addition, the light fraction showed a carbon distribution similar to that of naphtha, whereas
the heavy fraction showed a carbon distribution of C;; ~ Cj4. In conclusion, additional processes and raw material selection are
required to utilize waste plastic pyrolysis oil as a raw material for naphtha.
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Table 1. Waste plastic pyrolysis oils from domestic producers

Sample name Sort Resource Type
WPPO-1 O Fish net Fixed-bed batch (rotary kiln)
WPPO-2 O Rope Fixed-bed batch (rotary kiln)
WPPO-3 O Mixed plsatic Fixed-bed batch (rotary kiln)
WPPO-4 X Mixed plsatic Fixed-bed batch (rotary kiln)
WPPO-5 X Fish net Fixed-bed batch (rotary kiln)

28 275K FEOR KS M 20279] wek o] i) B4XA
A 7](energy dispersive X-ray fluorescence, ED-XRF)(SLFA-

AUl HAEL Tak ololo] Aba W thop

S A
l ot

6800, HORIBA)Z A5t FH<(Cd, Pb, Cr, As) F5E gl 23s 02 F4950) 97, 44489 §Eolt 34 52

AZ&AE &4 5ol mAE T2 24511 f1s) AST™M Esto] 3HES 2} wEbA] oW ATAE AlEo Ui

D71119f w2} S 4%t ZetZu} 235417 (inductively coupled
plasma optical emission spectroscopy, ICP-OES)(Optima 2100DV,
Perkin Elmer)Z 34519},
2.3 HZ2HAE SRS 225515 S4
WA B971% olgolE NBetad ARR) et
= HAREF(simulated distillation, SIMDIS),
Ao, 9, 8E, A%k, 54, 299Y, 13EeE,
= ST AEe Ay GRS TR
sherEo] g0l Q7] wEo] A9AES ek 44 sob
< 9I5te] BAREEE ASTM D28879] Wt GC(gas chromato-
graphy)(GC-2010 plus, Shimadzu Co.)2 EA5}l%c} HZA
g dEoifFe AR 1A WS B "9 f&
o] EAstaL, o] F T4 207} o2 gAE ERst] A
59 AAZE ol-&sto] Uzer Ya® AR 4 7] dzol
Shos QRS KS M 21160] whet Zgsteich. Wet I 5
A%, 9B 5 A9AES RE4I ABEEs gEonA
KS M ISO 121850] wa} WX A|E 7| (DMA-5000, Anton Paar)
2 459D, SUEE 4945 &4 9 BT 5o an
5 g&olH KS M ISO 31049 w2} 5-EAE7](CAV-2100,
Cannon)Z 74511, AL HFAES sHAAE ol
Au|EelE AR e Ao rs & 4 3oH ASTM D38289]
whe} 41489 Q1514 A1 917] (Optiplash, PAC)Z Z4 3T} Yui
[29] FEod2 &4 S0l AEHEA ARAEC] FeHA &
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wfe} EFAH 7] (Parr 6400, Pam) 2 S A FFE
AFAIES da Al AaABHEZ of7|A7]7]o] wE7F 28
o}, KS M 21129] w2} AAEA7](TN-110, Mitsubishi)2 =
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[a] Sample Flask
[b] Heating Mantle
[c] Thermometer
[d] Packed Column
[e] Condenser

[f] Sample Receiver
[g] Vacuum Pump

[h] Chiller

[i] Heating Panel

Figure 1. Schematic design. Vacuum distillation apparatus for
fractionation of waste plastic pyrolysis oil.

Table 2. Method and setting of GC-VUYV analysis used in this study

Factor Setting
Column DB-1(60 m x 0.25 mm % 0.25 Uum, max
temp 350°C)
Carrier gas Nitrogen
Column flow 2 mL/min
Split ratio 300:1
Inlet temperature 275°C
Oven temperature 50 ~ 200°C
range
Analysis time 75 min

Table 3. Spectral filters and relative response factors for
hydrocarbon classes

Hydrocarbon Spectral filters Relative response
class (nm) factors range
n-paraffin 125~160 0.697 ~ 1.00
iso-paraffin 125 ~ 160 0.713 ~ 0.850
Olefin 170 ~ 200 0.330~0.511
Naphthene 125 ~ 160 0.680 ~0.879
Aromatics 170 ~ 200 0.206 ~0.370

detector(VUV  Analytics, Inc)2.&2 Z} JLAJAJE(n-paraffin, iso-
paraffin 5) B F55= AHME-(120 ~ 240 nm)yZ +oFAT
GC-VUVE HEF AZHEE A4 IE s+ AY

AEetaE uolgel

gg7iol THHE VLY AT 265

A

Edo WAz sEe] AdUEe BAA AUusAs
(relative response factors, RRF)E ZAAsta Z+ FLAJE9]
RRFS VUV Analytics®] 2ol2ele)2 53] l4S siuch
TAAEE AHMED 9 RRFE Table 30 LFEFQITH37-40].

3.1 HZIAE HEGHQ HM ZUEM A
5%(Table 1, WPPO-1 ~ 5)9] H|Zg}AE RS A7
gt TEISREY AR, [ER 59319 ¥A FA7E
AHATE Table 4] LFEFJITH4A1]. WPPO-59] Ao th=
o] v A2ets, S8 e = R =QA|u RE §)
g m"'j—f"ﬂvﬂ Unel S Mol Ee dazo] A
82 AT /e Aoz yehgth

3.2 HS2tAE ERolir Sd-sfetd E4=EA 21t

5&(Table 1)9] wl&2tAE B A=l it &2 -5FoH4]
54 A9Z3E Table 5o Uehgich41]. SIMDISE B3 ]
HS AEEH 4 152°C ~ Hf| 485.8°CE 5&9] A&7}

2% 09 o ¥R Bxro] glojH HWe Helggos
et gz Weg 43 B¥o] WeY Aoz W o)
2 Qlsto] QIS 27 ~ 6°CE "% 21, f58% 54 ~
—15°CZ& o Urq- ESE AR LA TEFLS 1% nuto g2 A0
A YEETE 2o ZES eI, WE L 750.33 ~ 817.84 kg

Si O]H}zq?l ]4___\;]_‘]:/]_7 _'_]]:ﬂ—o ) H_H;_Tq— _l_.;_]_ ﬁ o O HEE]'
© B2 AT WISl ol 1 3E 9] 3% WPPO-1
I} WPPO-2914] 0.1 wt% 42| Axjr} UrE}‘,;t;qUh Qutz Q]
Uet AR AMg7HsT EhL BAV} 9g Fos we
Hoh it SdETAES ARSSE WPPO-3JJr WPPO-49]|
A 1 KOH/g o|Wj|& YEFEal, WPPO-594 2F 29 KOH/g&2
el E5EX] &2 PET 22 44ske g7 98 =
=] = Zos wH

33 HB2AE FEHQ HA U SIS 24 2N
5(Table 1o} HEALS ARAF Azel it 6 3

234 ARENE Table 60 ERRTHA1). Bk 2 AbE

AuAQl AGAET FAE AVE VERIAE, Aagiol

Table 4. Results of requirements in enforcement decree of the waste control act

Property Unit requirement WPPO-1 WPPO-2 WPPO-3 WPPO-4 WPPO-5
Carbon residue wt% Max 0.15 0.002 0.002 0.002 0.002 0.097
Water and vol% Max 0.5 0.05 0.02 0.01 0.02 0.09
sediment
Ash wt% Max 0.05 below 0.01 below 0.01 below 0.01 below 0.01 0.0083
Sulfur wt% Max 0.2 0.0169 0.0159 0.0139 0.0162 0.0224
Cd below 0.1 below 0.1 below 0.1 below 0.1 below 0.1
Pb . below 0.1 below 0.1 0.102 below 0.1 0.184
mg kg’ Max 1
Cr below 0.1 below 0.1 below 0.1 0.116 below 0.1
As 0.891 0.194 0.260 below 0.1 0.449
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Table 5. Results of property of WPPOs

Property Unit WPPO-1 WPPO-2 WPPO-3 WPPO-4 WPPO-5
IBP 15.2 17.3 16.1 16.6 16.4
10% 67.9 64.5 70.5 70.7 71.6
SIMDIS 50% °C 136.0 125.0 134.5 134.7 141
90% 267.3 231.9 248.4 250.7 311.6
FBP 450.6 459.2 430.0 4479 485.8
Wax Content wt % 0.53 0.64 0.37 0.42 0.51
Density at 15 °C kgm? 775.53 750.33 772.27 774.07 817.54
Kinematic viscosity at 40 °C mm’ s’ 0.7596 0.6711 0.6938 0.7206 0.9641
Flash point . -27 -19 -10 -14 -6.5
Pour point ¢ -38.0 -54.0 -38.0 -43.0 -15.0
Calorific value MI! 44.4421 45.4123 44.7615 45.1745 42.8747
Solid content wt% 0.1459 0.1213 0.0067 0.0434 0.0253
Total acidity KOH/g 0.1020 0.0730 1.1754 1.6417 29.5033
Table 6. Results of elemental composition of WPPOs
Property Unit WPPO-1 WPPO-2 WPPO-3 WPPO-4 WPPO-5
C 85.69 85.32 85.67 85.61 84.52
H 13.17 14.10 13.36 13.44 12.16
(0] wt% 0.66 0.44 0.69 0.71 2.83
S 0.017 0.016 0.014 0.016 0.022
N 0.46 0.13 0.27 0.23 0.47
P 20.264 36.130 25.987 29.956 4.968
Na 46.432 51.430 48.009 44.463 1.737
Ni mg kg'! below 0.1 below 0.1 below 0.1 below 0.1 below 0.1
\Y% below 0.1 below 0.1 below 0.1 below 0.1 0.788
Cl 157.6 48.3 450.5 632.2 370.3
WPPO-5= 9F 2.83 wt%, ThE A|&2E 9F 0.6 wt%= LFEFGE: 3.4 Ut== AW [IE A|2Y 22l
o, ol 47t St 7 HRA & PET &2 H=E4 53t 2 5%Z(Table 1)°] HETFAE FEF S A ZE 9Ho| x3HE

2 A 4R 45 ZFE] Qe Ao o E‘r%‘i} L2
ok, & =T 9F 0.014 ~ 0.022 wt% = UEG=Y 97 5 &
2] 89 dZ(polyphenylsulfone, PPSU) &2 ZE&|o ] HE
(polyethersulfone, PES) 59 452 Qst Aoz HoHch
A4 FEEL 0.13 ~ 047 wi%E LFERF=1] o] pvce] 7}
AR AFE-EE= YEZ 315 (nitrile butadiene rubber, NBR) 5-0]
E3E A0 WkEH, 2% e 4Rz Agsh] a4
L A79 A4 ko] Ao 5 mg kg'o]2E Y7 A 9 A
ZAo] "Qest Aoz WELh Table 49] TABA S &
& AEst & (Cd, Pb, Cr, As)2 T% 1 mg kg 0]51Q]
A% Ni, VE 1 mg kg olst2 A&tk olo] Ea}é
el A gl 71 Sos doj re o
~ 36 mg kg, oI 5 HITECIY FAE o] ¥R 2YH
31‘% 7FsA 07 QI5lo] Nat= 9F 2 ~ 51 mg kg'o] eyt o
2AYXAQ] CI oF 49 ~ 632mg kg'&E Y& B2 Fo]A PVC
2 ZAE 59 olEAE st w2 Alow HHET42].
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2(Light Fraction)& WPPO-1
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Recovery volume (%)

Figure 2. Results of atmospheric equivalent temperature of vaccum
distillation.

& 59| AAH yzer dr &80l 7T 5719 Light
Fraction(WPPO-1 ~ 5-L)& E415}0] Figure 322 e T}

GOVUVE BHT FH4E 2AE7E Sg02 s
A Light Fraction®] F-AdAE S0 A & Wo] 63.29 ~ 59.72%
O F 71 =11, HEFEL 21.24 ~ 6.04%= UEFGTE E3L n-
paraffin 1221 ~ 3.27%0°]9, iso-paraffin ¥ UYZH2 747+
481 ~3.48% 9 5.82 ~ 4.46%0° 2 YEIGT E3, HEgAg

299 QaRAolH 47t e AAY, HAET 5
FHEL 172 ~ 0.02%, UEY 52 135t 7|ef SI3HE2 4.24
~ 1.61%=% YERGT

7 Az AR E A= light fraction®] +444E= H
WH|RH Hojgoz AAE WPPO-1-LOJA] cyclopentaneone
5 AE 32 tert amyl ethyl ether 5 A AE ALY Z-2 WPPO-
4-LO| A Tetrahydrofuran 5 F+A4| 29| H=A4] 52 &3 3
< 4 AEEE Aba skghEol 47 oF 1.7% 2 9F 1.3% oy
2 A&HAh gEo 2 gk WPPO-2-L9| &Sl 313

100% 2.35% 0,02%

6.04%
90% 5.68%

80%
70%
60%
50%

40%

COMPOSITION (VOL%)

30%

20%
4.16%
10%
12.81%

0%

WPPO-1-L WPPO-2-L

WPPO-3-L

29 o] £, 1 o WaHo| P e Ao e
o E% dolgoz MAET olBAe AANA e
WPPO-5-Lo] thg F&3fi-foll Blsko] benzonitrile 5 7]EF o}
T2 QWIS &t o2 AAH WPPO3Lo] ol o]
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Figure 3. Detailed chemical compositions by GC-VUYV to light fraction.
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Figure 5. Detailed chemical compositions by GC-VUV to heavy fraction.
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