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Determination of Optimum Reaction Conditions for Pyrolytic
Coprocessing of Waste Plastics with Waste Motor oil by
Statistical Experimental Design

Wang-Lai Yoon, Jong-Sco Park, Heen Jung, Ho-Tae Lee, Sung-Hyuk Ko* and
Sung-Hyun Kim*
Conversion Process Research Team, Korea Institute of Energy Research
*Department of Chemical Engineering, Korea University

2 o

wg o7}aAl  ZelsE(polyethylene(PE), polypropylene(PP), polystyrene(PS), polyethylene-
terephthalate(PET), acrylonitrile-butandiene-styrene(ABS))#} -840 BAxe] &S AEE 5
s1ated ). wr2-A13-8 40 m/ £2ke) 3] 8-4] w]EHkg-7] (microreactoryE 0]4gk A%} 12)8] {22 au-
toclave S o] 48 AR 2] F 7pA| 5 Fiate] fslgivh. At A9 FAH A5 A R (statistical ex-
perimental design)®] shubal 3] AF A (rotatable  design experiments).. 24 2.7ts A FAH
(pentagonal experimental designyel] 21718 W4 A1gg a3k F whEE (response surface)S 3
Sleae] olated EAgo M Hejs] 0ol FEe VL gl M wgEze 4, AYsgc
Autoclave WFEAE ] 7|2l B AAl daFAe] glolsl dEal vy AEE BA] A%
A 2A 2A] 258 AR B85 Fale] o] of Y4E dufe] AAH EHESHEESA, Al
22 J)ARA, 948, dde wF ) YPoEd daf eE o FAE LRI e B o+
th, ulgukgy] Afel 9lold F 8 4drtad4A]Ql PE, PP 18] 3 PSiz Z47te] #Aukg-2zisell
7|9} 100%9) 717HAl 2.8 A= KA D &5+l PET2} e EFEgeR el ABSS] edE
& 7}17) 78% 2 90%2A A o2 | vebstel. Autoclaved o] £8 A¥ 9] S EREEAH S
3 Soff thate] 40 wi% E3Fste] dEaslal S o, 80 wi% 2., 15 wt% F4-3, a3 e R] S wt%
L gh8la 27| A (C-C)E ARSIt A F2F(252°C, 2 torr) A, 7]/4-Fe| % 3024 o] A4
2.9 75 wi%7} AR A ZHCHER, 5 AR 25 ek

Abstract— Coprocessing of common thermoplastics of polyethylene (PE), polypropylene (PP),
polystyrene (PS), polyethylene-terephthalate (PET) and acrylonitrile-butandiene-styrene (ABS) with
waste lubricating oil has been carried out. Statistical pentagonal design experiments in microreactor
system (40 m! capacities) to find out the optimum cracking conditions for each plastic/waste oil
mixture as well as the experiments on the commingled plastics/waste oil with a 1 liter capacity
autoclave to further analyse the characteristics of product oils and hydrocarbon gases by simulated
distillation, vacuum distillation, gas chromatography, elemental analysis, heating value and specific
gravity have been conducted. From the microreactor experiments, it was shown that the oil yields
from common thermoplastics such as PE, PP and PS reached nearly complete conversion under
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their respective optimum pyrolytic conditions, suggesting the ease of thermal cracking of each
polymer into oils. Meanwhile both PET as a condensation polymer and ABS as a graft copolymer
gave relatively lower yields in oil compared to the above mentioned common thermoplastics. It was
demonstrated from the autdclave tests that the coprocessing of commingled plastics/waste oil gave 80
wt% of oil yields, 15 wt% of coke and 5 wt% of hydrocarbon gases consisting mainly of C,-C,.
Vacuum distillation of the product oil under 252°C, 2 torr revealed vapor/liquid separation ratio of 3
suggesting that about 75 wt% of total oil can be vaporized as light oils of gasoline, kerosene and diesel.
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Table 1. 2} HIAE|S| ®a|X BMAX|.

o)A =4

= = Td

c T o W% (gml) AP (T.)

LDPE 722, gkefslsl, §ixk= 0.92 82°C
71 4 mm

HDPE JH 910, D-E61395, - 0.96 129°C
F ’lA=7] 4 mm

PS GP 143E, £4, ¢lx}= 1.05 88°C
7] 4 mm

PP H-360F, 5%, A= 0.93 155°C
7] 4 mm

ABS HF-350, LG, {J*}=27] 1.05 250°C
4 mm

PET &84 &, 7l2xAd2= 1.39 250°C
1.5x0.5 cm

22, HRER AR

Hfdhfe AAFHA 2 AR 15 Avldad
adaitellx =2 3% A8 o433t
223 Alge] 7|8l vlSHEE 542 Table 20|
Bal wie} o] 2 FAF HAE2F FA=HS gloh
webd B e AE B3 ubel ofste] E
= A fs SR YRS f5 5 Ao 2
o G- AHAl9] ARSI SR 1.8484] o F
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5+ 5% dER 7EEAS Tz vk B
Ut

2-3. giEef HIEAE

A Eetagst 44879 FAMHE A 28
LA1%]& 40 ml Ske] 3] 84] w]Euhe7] (microreactor)

Table 2. Properties of Feed Waste Oil.

Analyses Values
elemental (as received), wt%
82.75
H 12.67
N 0.18
S 0.41
ash 0.1
heating value, cal/g 10,660
°API 28.89
boiling point range by
IBP 161
10 vol. % 376
20 403
50 442
90 489
FBP 538

o
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BTl 48 1000 mie) THke | & Abes}
stk HhE7] %= 9527716l oJsie] A=,
Hh&7] Wiell B8 338+ U=F A AlzhE
At E=Z wks7) Ul &% Y ukeEe| Ege A
A FAE 4 U= dat wikr)s) Ak wghe
7124] Autoclave Engineers Co. A= elw]: Xytel)o|t}.
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o, ZepAEl o] gL S 8fol disted 09 40
wi%hR2 DA AIZen] AMAel vreF AL Table 354

250 rpm o & A sPHA 9her1e] x5 250°CHt
A AeAA F Hx: EFARE 71522 1088 f7

Table 3. Reaction conditions in Autoclave.

reaction temp. (°C) 460
reaction time (min) 30
impeller rotating (rpm) 250
feed weight (g) 300

plastic contents (wt.%) 0, 40
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G EXxE S BEE o83l FHAsllon, o=
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L gAkEFsle] Rlxo] R¥E &3 18 HPA}e]
*1 A gshe Baest vEHTY A8 E o] 43l £
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oL 2!7301 0.53mm, Zle| 7.5me] HP-1 capillary
columng ARg-3leich. B4 A 7ha mBRlE 7]
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Table 5. Conditions of gas chromatography for
SIMDIS.

detector FID/375°C

Table 4. Conditions of gas chromatography. column 7.5m, 0.53 mm ID, 2.65 um HP-1
detecter FID/275°C initial 100°C
column activated alumina(60/80mesh), 5', 1/8" injector rate 70°C/min
injector 150°C final 350°C
carrier gas He 20 m//min carrier He 19 ml/min

initial 100°C initial 35°C

final 300°C final 350°C

Energy Engg. J (1999), Vol. 8(1)
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HAFTEF Table 7. Parameter estimation by multiple 2nd order
B 7192592 ASTM D-1160¢ A3 71¢} 3toll regression.
A ARAAES] EESFHEA 2dd¥e] 2tor, mixing
252°CUFaFloll A= 454°Cel] T3 o) Bt 4] ZFH ra'tio. items Al A2 A3 A4 A5 A6
€ FRRS & AR Astel ol et S HDPE 91.12 39.72 40.1 -39.09 -59.75 23.52
o g4 o gedek 34 2T SRR R
o waful-go] ol5te] WA H AE-So} HgBee] = LDPE 95.50 16.29 41.63 -22.29 -54.90 7.32
o shelaly] 9lske] wreler sa wha, 3, Aol 101 PP 9575 -6.06 30.28 60.06 -41.55 23.24
Srepe BAlEglch olm] Bha, 4o, Mzo] ghere PS 89.12-14.7917.10 642 -29.76 23.77
Leco CHN-1000, 32 Leco SC-432DR 2dl 347]7] ABS 83.38 -8.60 -6.07 -1.53-3.1211 -3.29
= o) &aalc), PET 77.12 1.4635.07 -0.34 -45.10 11.56
HDPE 90.87 33.46 41.10 -34.59 -64.45 24.79
4. ,énl' i‘ It LDPE 94.99 10.00 37.64 -16.50 -53.09 13.42
2.3 PP 9550 -5902356 065 -33.84 11.78
41, O|EEIST| YR EIS A PS 88.62-11.57 527 220 -1535 8.88
41-1, 7+ Zak el 99) 7% dBa B4 ABS 82.12-10.21 -8.54 -2.40 -1.64 -6.36
olv] M&qh whe} 3ro] whel FopaEe £/ 9 F PET 7825 1211013 -9.71 -17.08-13.22
Bp Bl S 8-0] Ba-gol ThEF B A AL o HDPE 90.37 28.65 41.65 -36.03 -61.54 3.13
A o7ty HNAARANLS sl on o] Eale] LDPE 90.16 13.40 41.31 -20.23 -52.75-12.34
a3olzl Al AL Table 6o A2lsbeict. ukE A8 1.2 PP 9233 -9541586 253 -41.60 -1.41
Q] ZAIF@E50°C, 302)e) A1) ARAEE Ao vl s PS 81.99-1551 9.86 7.84 -18.38 15.70
w2 Aldle] vje- AL A SaE AL Ak ABS 82.33-12.28 -531 -1.04 -7.48 -0.95
o2 Holat & olch. mekd] o] ARE B 23 PET 76.50 -3.8720.17 -4.95 -36.30 -0.63
Table 6. D|EHI27| Mg (eUT).
vl 77 450°C 480°C 459°C 426°C 426°C 459°C 450°C
Plastic &-%-§ 30min 30min 58min 48min 12min 2min 30min
1:1 92.25 91.75 91.25 25.50 -7.25 -20.00 90.00
HDPE 2:3 90.25 89.75 86.00 31.25 6.50 -6.75 91.50
1:2 90.67 83.00 80.67 45.33 -0.67 -4.00 90.00
111 95.00 89.50 90.50 69.75 24.75 7.00 96.00
LDPE 23 93.75 88.50 88.25 73.50 42.00 8.75 96.25
1:2 90.33 83.33 80.33 78.00 17.67 9.00 90.00
1:1 95.75 95.75 92.50 97.00 83.50 21.25 95.75
PP 2:3 95.75 90.25 89.00 97.25 80.75 37.25 95.25
1:2 93.00 85.33 66.67 97.33 77.33 37.33 91.67
1:1 89.00 80.75 81.50 93.75 96.25 35.00 89.25
PS 2:3 88.00 79.25 79.00 93.00 95.25 63.75 89.25
1:2 83.33 74.33 75.33 91.67 95.00 47.33 80.67
1:1 78.00 78.25 73.50 75.25 45.50 4 25 76.25
PET 2:3 77.00 69.75 68.00 77.25 52.75 56.50 79.50
1:2 76.67 67.67 61.00 76.00 51.67 23.00 76.33
1:1 83.00 73.25 71.00 86.25 90.25 84.50 83.75
ABS 23 82.00 69.50 67.25 86.25 90.25 87.25 82.25
1:2 81.67 69.00 66.33 86.33 91.67 77.00 83.00

ofldX)Z5 M8 M1%E 19994 28
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AR 2 LA1Ze o A4kd 7} parameter?] FH&
Table 7ol A 2lsleict.

£ APeMe $gEge] Fdog Jehd Aoz
pebse] 22 23 Y& =ysidn). B9 AR
e Y=at+aX +aX+aX +aX +aX X, [97]4,
X,=(T-450°C)/30, X,=(t-30min)/30, Y=24&, wi%)]
olvd 23} 3] B3] W7} B whg2w) AR

Table 8. Analyses of Variances.

factor S ¢ V Fo*F0.05 R
regression 15834 5 3166 244 230 0.9991
error 12,9751 12.975

factor S ¢ V Fo*F0.05 R
HDPE [[:3| regression 11469 5 2293 1540 230 0.9998
error  1.488 1 1.488
factor S ¢ V Fo*F005 R
1:2| regression 10613 5 2122 2279 230 0.9999
error  0.9311 1 0.9311

[

factor S ¢ V Fo*F001) R
1:1j regression 8073 5 1614 3229 230 0.9999
error 05 1 05

factor S ¢ V Fo*F0.05 R
LDPE [2:3 regression 6472 5 1294 414 230 0.9995
error 312 1 312

factor S ¢ V Fo*F0.05 FR
1:2 regression 7376 5 1475 2562 230 0.9999
error  0.5758 1 0.5758

V Fo* F) R
917 1

factor S ¢
1:1| regression 4587 5
error g 1
factor S ¢ V Fo*F005 FR
PP [2:3|regression 2699 5 539 4318 230 0.9999
error  0.125 1 0.125

factor S ¢ V Fo*F0.05 R
1:2 regression 2620 5 524 865 230 0.9997
error  0.6053 1 0.6053

factor S ¢ V Fo*F0.05 R
1:1) regression 2642 5 528 2669 230 0.9999
error  0.1980 1 0.1980

factor S ¢ V Fo*F0.10) K
PS [2:3regression 708 5 141 206 57.2 0.9990
error  0.6873 1 0.6873

factor S ¢ V Fo*F0.10 R
1.2 regression 1468 5 293 83 572 0.9975
error  3.5378 1 3.5378

o ©tE Ld4gE Ao o] AulE ulelow
HAubg A AR ZdEs LdeE4 AA s
At

T Sl A ik 2 87 A 2] A = (precision)
7b = AR FL 7R gUs] $sld EAHEA
(analysis of variance}S- 3§35 214 ©]E Table 8) A z]
sle] Jehligic). o] BAEAMECX HFe] Adx
90~95% AtolofA] Ldggo] F-Eo] M= 1 ¢S
4 o 5 vk A5 449 FFubgae o) AlF
Fdel A SPRFUMRE, HRSARAIZD F4
T(RAFEyke] BAE Asted iy £ HRE
AHEsky ok & 4= glok

#3202 HDPE 7%l gleir] Eepad/d{9
3] 8ol }E U89 contour diagramel] tjs}e]
Fig. 1)) vtebfiodct.

A A A AE s 223l 7k Fuiadl
HhSZZ o ub2 24§ M EAS Al iy Eela
| /9] &-81-5-2] E£5H8-oll BAgle] HDPE, LDPEE ¥h&-
EH 2ye] SAHMAS0C, 308 A L S ES
VeSS B 5 gl3 WRS2 R (426°C)7) U AL
k-2 xrl Folx HRSAFA L] UFE #®HE AS
(459°C, 2E)ell= ol F2 28] &5 BT £

Table 8. Continued.

factor S

vV Fo* F(0.05) R’
1027 850 230 0.9997
1.208

1:1|regression 5138
error  1.208
factor S VvV  Fo* F(0.10) R’

PET [2:3iregression 60 132 42 572 09952
error 312 1 3.12

factor S ¢ V  Fo* F(0.01) R’

1:2|regression 2276 5 455 7878 5764 (0.9999
error  0.0578 1 0.0578

factor S ¢ V Fo* F0.05 R

1:1|regression 293 5§ 58 236 230 0.9991
error  0.2480 1 0.2480

factor S ¢ V Fo* F(0.01) R

ABS [2:3|regression 475 5 95 41853 5764 0.9999
error  0.002 1 0.002
factor S ¢ V

1:2|regression 500 100
error  0.9454 1 0.9454

statistical nomenclatures: S(variance), @(degree of free-
dom), V(mean sequare), Fo*(VR/VE), VR(regression
mean square), VE(residual mean square), F(critical value
in F-test)

wn | = S

Fo* F(0.10) R’
105 572 0.9981
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Fig. 1. Oil yield contour of HDPE with the ratio of
plastic to waste oil.
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EFAUH480°C, 304%) ol A] AFAzte] Aot 7+
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71314 'hsherane] et 7]alshs Ao {53
4 glou} PEel| Hls)M AbthA o2 2313 w2 A1S
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U585 vpehfiR] 2 Foixl WA 2 M AY =
Abe A7 A 7R 7R e 3]l 80% WlkE
o] 29 485 vjehdn}. ol v o R JP U ¥
gz GRS drkaderdE et 23
PET A= &ghibgoll 23t ik SR 24 d¥
82 £3 PETS| A|2-4-2 18] AvAo]A] 4f 72
2 BQth PETE whg £59 ofA] drjaAde] W&
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) orom o8 FhE A9 o 3 oA A3
5 AAe Zrech?. njebd PETS] dEsfie W =
% 223 g dAlstn ke f=3he el
%93} ¥, A4 PET9} 2= A drtaids= 9
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28] Eol wet 74 FFE Fepage
e A2 o2 e e Sgel B} FuA=
(contour digram)g 48 4 qlo}. A= & 18742 52
M%7} Poix|w ) £A o g HDPE/H&SF2 38
o @& FuAEE Figure 4ol Hehsic}. B Fu4
EE 2 98%°] £UFEE Mole o S 1A
& 4 qlisd AA R FATAA 71EA
o2 24 7F53 w4 $)(430~460°C, 30 min o] 5}l
AgEAE Fa AL Zohhsln.

olAke] Axtz y¥ AI-s-2A s el ke Ee}
28 /AR Egel w2 HAug2A olue
7]l =]t # o2 U528 Table 9o 2] 8} viehigd
v} o] oA B 5 olRe] dlEekay A HAE
o} 40%% AXsHe PES] 7§ ATEAMUIC <
S5 <460°C, AFAIZE <308 )04 2l edeig

Table 9. Optimum oil yield.

W27 o reaction  oil yield
Eie ©mPCCO) fime(min) (%)
, 460 995
11 (430) 30 43
HDPE | 53 460 30 98.1
12 460 30 95.6
, 460 98.6

Lope L1 (430) 0 (53
23 460 30 96.5
12 460 30 92.5
, 430 99.9

11 (460) 30 (94-4)

_ 430 99.7

PP 23 (460) 30 (93.6)
' 430 99.8

12 (460) 30 (89.3)
» 432 8 100

' @60)  (30) (849
- 430 29 97.3

PS : (460) (30) (85.0)
, 430 95.8
12w X g1y
11 460 30 776

, 452 782

PET 23 (460) 30 (78.0)
, 438 772

12 | @y 0 (gae)
1 430 1 89.3

: @60)  (30)  (803)

430 2 90.4

ABS 23 @60)  (0)  (780)
12 430 21 90.7

: @60)  (30)  (78.1)

£ R L(460°C, 3048) 02 viehte], o] 7idf
£ U5 8 uhehy ke Apelrt 9l
712] 95% o} 100%¢) o) 2A] ¥ HolFz vt
PP2] 7§ Wh-g-25 0} 97k PEe]| ulse] Alvia]e
2 32(430°C, 308 )0l A A 2g Holn] olujo] 4
&2 & BAe] A 100%9) o]2A R}, o]
£ olv] ol F§l vle} Zo|PES vlEle] Eauh&wr}
AE o2 #2-8 A 0 g AlAFEke)

PS o] EgLgo upe} oF7ke] RUSE Ao)7t 9L
LH430°C~432°C, 28~30%)9] uhg-zeA HAxAE
vlelie] o]ufe] 482 A 2] 100%e] FE BAFS
ZH3 PPe} AR Ea) A8 Bk

ABSHX| & PP ¥ PSx|e} vhatriz| 2 #Aube-2
X7} PEd) v]sled AdiA o2 e 430°CE P82 3}
2 ab AUk AEE E3Hgo) wlebd 22188 8
2 3he olaf 9] 282 °F 90% A=/} "t

PET®] 7-¢ &§&o W oudt A zHddMx
80% wlate] 2.9l 488 viepj o Hawr) efF
elago| u]ste] AfH o2 F8-g ¥oFc)

A, BTl AME-E 59 H-g<x]9 PETE i
A dEaukee] FH¥FHE] wF AFh-gEA
(430°C <BF3-2 % < 460°C, A|F-A]7} <304) W3 Ve
FAE HFv] B wAsSyels] & o PP 8
PSe cke] gto] ALY <F 53% H L) = PE
£ % 40%8A o]E52] jlo] HAFe] HE-E& AA
g o)E% vAte R EgEelad ] Az
AAshaiz) st op 4 #HAURS-E2-8-(460°C, 308,
PE)¢} (430°C, 303, PP} PS)e} 5 712] 718 o=
ASE Y ALNE w2 a6 E o £xE s}
A g A4, PEe oF 30~40%9] S LY5ES e}
Y v RS AAE A -foll= PP} PSe A4
FRrhz oft Yol A7k 80~95%2] ¥& 2UFEE
Yehe 2 g #Hele 7o) eadsicia 7=
o} meba] AR gASE 7o 3 EFEead e
2 AW 27-2(460°C, 308)22 A s Autoclave
£ o] 83t MY & Frl o7 Sasgict

LT

to

4-2. Autoclave g R8I

A&k upe} o) W) RukE7E o] fsle] 7 el E
2}~ (HDPE, LDPE, PP, PS, PET, ABS) J43] &4
< 3% As FEeiage] A HA vhgEde
(460°C, 308 )] HAFTS o 5 Adrh "t o) uks
Ao EFEeLEY wfel Ui EGEE 09
40%3 dAs}] Autoclave od B3 WA M- S35}
gom HAHE H¥A9E Table 104 A e]ste] vehl
gt} o] HollA HEo] slfiAltAls ©iar|A(6.2
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Table 10. Results of thermal cracking of waste oil
and blends containing waste oil and mixed plastics at
460°C, 30 min.

mixed plastics in waste motor oil, wt% 0 40
hydrocarbon gas yields, wt% 6.2 5
Ci(methane) 07 0.6
C,(ethane, ethylene, acetylene) 1.1 13
Cs(propane, propylene) 1.9 14
Cq(n-, iso-butane, butene, butadiene) 1.4 0.9
Cs(n-, iso-pentane, C, isomers) 07 05
Cs(n-hexane, Cs; isomers) 0.4 0.2
gasoline 153 26.2
kerosene 145 153
diesel 21.7 208
heavy oil 18.6 183
coke 23.6 144

wt%), AA(51.5 wi%), F2-5-(18.6 wt%), 28] 1}
wAE Z92(23.6 wt%)Z A= e FA vk
27 slollA] E3Eet S HlFol dsle] 40 wi% 3
ke 7 %ol 9lelA] 2 ALe] AL 5, 623, 183, 14.
4 wt%o)Slch. & FEAE & o freof £t oz FA
82 o] AAL R F71RE v o] 29T E-29
4 2318 FoHS At o) Fekad Eggo]
40%0)| 22 60%2] dF2ve A" 9l 292
2] oL 236 wt% x 0.6=14.2 wt%7} ¥}, wpebr] Z$-
Ay Fol3 w27 slellA] ALl dAF-2 e A
Hel Fefago g ne A= 22 A9 givla 8l
A48 4= 9]}

4-2-1. A7) A 24

&) wkgA] AAE ®3lpar] A RS B4R
Z 3= Figure 29} Zrom] 7} 39| 7EA| 7kl
B3hp 9] FAAEE Table 110 Jelligdc). o &
29 ghakol] FAYe] C-C, W99 293 slelge]
7| A e A E o FAAREL C-Coolgith

4-2-2. R YA R 54

ZF vhgEA e whE s ARE Fpetstaat A
g eqde] G4 LE SIMDISE F3le] BAL 253}
sk 3 2719859l ol w3t EA st 2] wke
£ Ao vimgozn HIelade] Fafe] wE
2 dAAke) WEE v wslg] o 7 A3l= Figure 39|
el vlel 2ok WA A {9 Sag $EE B ®
429 207 o]3h]l ¥tElrA A RS g 4dfe] EAls)
v o RE BhAge 25-359] Wjo)u] HEH g whA
3R FAR FARE e & 5 2l 9
g = G RaEl S o ¥ 6~40719) s

)

il

ofL{X|ZE M8 M1% 19991 28

sTant

. e2e

24,227

£1:133
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Fig. 2. Retention time distribution of standard gas.

Table 11. Identification of peaks.

retention time (min) components
0.449 methane
0.882 ethane
1.354 ethylene
2.362 propane
4.526 propylene
5.802 iso-butane
6.427 n-butane
9.206 acetylene
9.533 butene
10.041 butadiene
11.077 iso-pentane
11.715 n-pentane
16.968 n-hexane

= EgEE HM3Eged AAede AR e RS
S& Wl 7Y, T A TR vES 218, 20.
7, 31.0, 265 wi%olgl e FelAEE dfoll tiste]
40 wt% E3tste] ¥ Ao 325 19.0, 25.8,
22.7 wt% 2 vebhdtt. 243 FelagL Aol 33st
o Helgrozd HA AARE Fgo] G1H4% A
=) Z4E S s §8e Adder) oF 10%
o]} FolA| & b el A F32] A E-E0] YolA =
7S Bydrk 273 Figure 39l 9lojM Faodeoez
polystyrene(PSy& -2} F-Alell dial3ldS ol
2] =S AuiRg o 72% o|Ade] M AR
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feed waste oil
-
--;ll'“".lun...
— T T
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Fig. 3. Carbon number distribution of the waste lube-
oil feed and pyrolysed oil in an Autoclave reactor.

2 A8d-E o 5 e ol PS7F A ol
MpApee) e R ARYS fuig AAR
grxelsele] 2AJE ubAN] 7)Fo g Eelelo]dle]
36 wi%r} T =] olow Fe|selolale] A& F
A EE WA, BT, seholdlr e o] SlEUAE
o] 2 AR|eHe Aoy g glrpe. meba Ze}
28 H7bel whE 7hER AR F7he F2 PSe] ¥
ol 71 she Ao R w2 4 gt
4-2-3 AF5F

hg-5ral sllfabA o} 7k k-2l wheb o EsiE

%—r‘ﬁﬂ 52 252°C, 2 torr(Aatel| A= 454°C sl|vd)el]

A AA AF 573 A3 Table 126 vl vle} 2t
o} B HfA A E AR AlEeE A% 5w
£ dE 5 Uk F W EEs AAE B A =
e FAE glou g the B S Fol 2sle] 3

A - B b R R B = B o 2 R R o=
HEgtd iae] S s AELF BE 75 wid%
E 9E 4 ULt olu) dofAl FBAage] B E A}
Zete] galsledoh 323l AEA o7 Fig. 3¢
webd vle} o] BASrl 6~24024, FFE o144l
7} 96.5% 5 staleae] EER 3o

i

Table 12. Results of vacuum distillation.

bottom product top product

(Wt.%) (wt.%)
waste lubricant oil 94.9 5.0
plastic contents: 0 wt% 244 75.6
plastic contents: 40 wt% 255 74.5

Table 13. Elemental analyses and heating values of
product oils.

H/C  clements (wt.%) heating
Vi

. alue
WO C H N S ()

feed waste oil 1.84 82.7512.67 0.18 0.41 10,660
plastic con-

product tents: 0 wt.% 1.64 86.10 11.76 0.06 0.10 10,500
oils plastic con-

tents: 40 Wt.% 1.58 86.19 11.36 0.08 0.04 10,370

i

‘2 T Axich. o] ake] A= o é‘r%zo*l ﬂ%ﬂéi’a‘—?rr
o] &3t} FARFE &
ZMI 3-8 o mighch

4-2-4. R4 9 wed=k 24

el s wfel 2R e FRE
1300—-12000 ppm o2 HFA o2 6650 ppm, Ao

£ 300~6,000 ppm %7 3150 ppme] ), B o Fof|
*1 AHRE S Eel ARl 3R o] ek Table
13¢]] v}eby uhe} ko] A 4 1800 ppm, & 4100 ppm o]
EE 712 et o] &8 &3fo] Az &3t
He 7 ARl 281 Helv] 53] R A$
o ¥-sl A A A Bfrof FFA5E4] 3,000 ppm o] 3kE

A A=l oo} ghot.

AEAN, o f g A& 3 AP, Ao o] 5
EE 7b7] 600, 1,000 ppmoE 7F4F 9o g/}
2 Eftd Rl 7471 800 2 400 ppm2o2A| Y
T'Hﬂzlg A dEe 7o vepdr}. uteby Hxe

a3ba2] FAe| %ME Az GEEF T Ax
9Jr AR s oS A A ¢ Udg e
ActE s v Lol W Fetaw e gakg FoiAl7) ¢ wlet
A ge] pEe v ZaE Aes dadd. a2y
o] A4 A o FHELE Hasold] v $HA 7fng
EE 2R HHRA ZHedd wheA] 2535 el Fe]
o} glr}.

AEE e Fa/mis Jﬂwﬂhﬂ(l 84)ol| |3}
7} e £2](1.64~1.58)8 Ho|n o)l QR3] A
A 71A(C-CHR A g st Ald] whahg=tel
71RlE Aoz B 4 aM a2 a JARE Felle &

A9 gekel Fot mas o1 stel| A7t Al wEa
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W2 AYHA ehonzy hEAYe YAt &

HE2EE A7) g5k o] *3*451 Hew
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