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Abstract

An experimental study on the hydro-cracking of recycling oil obtained from refused
plastics was performed for up-grading of its fuel characteristics. Major experimental
parameters were reaction temperature (300 °C ~ 700 °C) and presence of catalysts
(Al-Si, activated carbon, zeolite). The effect of the experimental parameters on the liquid
product characteristics such as flash point, kinetic viscosity, and solid content was
investigated. The hydro-cracking reactions of the recycling oil at 300 °C ~ 400 °C
improved the oil characteristics of the liquid products. Activated carbon was revealed as
a stable and active catalyst in the hydro-cracking reaction at a temperature range

Investigated.
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(pyrolysis)= HFAAEIY FAAQA FH wety TUds £4z2AL 7130, A4 HAA
EfE AdsE F3FHL NELE 400 °C ~ 600 °C, ¥Hge+¥ 0~30 barolA LA ul
SEEY TF, 187 BHY 283 EuAbg AR wekx HF zzo] ZA €. RPFY 4¥
AFE T2 RYPEHE A4 EHow Yign, AL HAdE B7sn BA3 0
2 483 Bio] o]RolxA ¥ olfE ELEHN WAl WS & U 2L vFAT
TAEE R A7l "otk dE Eo], PETY PBT GEAFANAN BAs=
terephthalic acide &350l Wg7] Fo|T} W AHNEL FAATDY. F2 PE, PP &3
BAAA ol WAsE gHBL WHFAol wl$ Fop A2ME HA mEAWNS
(polymerization)& %3t El29 ZL nFEAL FATY g2t 29 wgdod YJAFS
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Aol AHEE WEEFAL Fu DAY RPF &3 AMAERolth B AAdEdFE 259
e HEUE W Hit F3 2xAME A FEAC UNT, 4¥E 2= 19 °CAA
8.16 cP(Brookfield A} model DV- 1+ Viscometer)2 WElton ¥ E§aFo] #x3A Fol vt
SR ARHoz FU3t7] oYt WA ARE WA 6,000 rpmolA 25 £ T AAE
AT F F5AE Hstd FgHH 4Y ANRZ oj&dYth FF A T FEE 16 °ColA 33
cPE ER3 HAFHL2E10 °C ~ 18 Ol 4 %X & nFEFFS Ase 32T 2
o A9 MErE gk

Aol AHEF 9HEFX 9 NFTE Fig. 10 EAEAT & AXE HEA FAF, H3ER
dEF, WHEE, AHEFD WH 9 RYFE FAH Utk AYIER ANEY FYL2 LMI
MiltonRoy AF¢] metering pump(model P133-297)& AM&3 3, 4% 42 L 31¢(120bar) 4
AN FFANZ A (regulator) & T3t FAATE Bl HAME A" FHHE A
o] A e Uy er Byt AT FAREL ARF 232 st Aed 29
AE o]&dtd ZANY, F4 € A9 FAFES FFAE T3 FAHNAG A A
g ABAERFE AT S 27 dE BE d97], 987, 287, € tube lines & F2
o &% SUS316 AMAZ AFsHh AAAER 718719 7tE dE7], BHerle g 4T

-41 - The 2006 Intemational Symposium on the Recycling of Polymers



7V Z A (furnace) & ol &3te] 718, EF7]= heat jacketS T3t AT L& /A3
At 53 EF7] WFd FH9 bafflesE HX 3 E8 AYIERK Aag 720t d7E ¥
BFozM ol & )FARNEE PG, #HE7] WHde FAE FuiFel F FAE F U=
E AANE AU 7187], 4], #gr1e EHE 47 1256 mLE AFEAL, 4P
FEAGE 25 F AFe FA3Y) A3t FANT/C) B 4HAE 44 HA A

APL de R, FE0 £ 28, o £F 28 #8o dEog FPyen 4w
A 259 FFE AW JFEAUG HEEE FE 3 HELE ¥AD 300 °C ~
500 °CE& HA&AL, FeqEL ATARY AEH A FTA7LAE FLed ¢AH A
o] &old Fde YAt BHEEH FYRKEE 600 g/hE, ¥4 FYFELS 600 NL/hE 73
AT A AL FulEL dEH EE FH QRN W&o FHE = ST FAAA A
L 7tAe] AP Flo] & FA A AARSA Vg £V 2= & 250 °C
o3& FA st WEA 7R ge] JAHEE

oA AAE A3 de YU B¢ £ AAREE FAHAAL, 1L FEgd B
o FRAo2 HWHI ©F 4 °Cd EH#AI}AYG AYAER Ag FLEA( Leco model
CHN-1000 Elemental Analyzer), &34 (Leco model SC-432DR Sulfur Analyzer), 2832 %€
#ZFE A (Parr model 1261 Calorimeter)2 #FoUA71¢AdT Y ABASH/MAE A =5t AA
gt AAede AFgHKS M 2014), FHE(KS M 20100 7171532 ddT+4e 93
o] BAEg 1, 1Y EFFL 0.2 ym nylon filter(Watman)E o] €3t AF A4 =&
uhgo A dAF 7k2E 1 L gas bag (Tedlar)dl £33te) TCDS} FID7F F& =0l & 7t&E
A 7](Donam Instruments model DS6200)E o] &3l9 HAE& EA33th

3. 2% ¢ 1%

DAt A FFEe AAFER 49 484 25 A7t 53 FFAHol Rob vb&7d &
U3 FEoz FYE £ ez $4 6000 pmolA 25 £ ¢ 4AEHE F AFAL F
3t uhg Alg2 o] &3 Art YA Nge J8AH AREAYE Table 19 Yetliith 9714
‘boiler oil’ & AAFALE LA (H2005-123%)e] 2AF FHAER F BYIFTHE vt €
AEMoE FAT Y99 H/C EvlE o 1642 vl¢ BA Jewd ol ddE T4 £
AE R ol wBrgyo] e oFAFoIY AFEAY FHE EATL gr i A EHH}A &
< Alge H/C BHlE LI22 O dolru. BHl9 Zie 13 W £AEC] A2 23
LFEAR EAYE dAE Y 3d AARY 0, AF BAES AF 4dFEHE FH
AFEFAZ ol Q7] HELZ Atagy. dAEY st Fe th AAHAJeY A2TFL
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AL A gotxnt ol AR RE FARIZE AVAERY 2HEE AAY & A
o g, THE, TRELEF F HYHSRY F2 FAVEE ¢FAE FE QS ¢
F At

AYAEFR dEdo] dg 2=9%¢S Fig. 29 Yok w257 500 °CE2 EoHAE
AR EY Aol Zadtn FHEE HolAE 2L 2gu. 8@
dEHH AF BEAECl Bol 4HH wWEeZ Aggrh AHL 300 °CAM 13 L @
€ BT olF MM ZAsTrt 600 °ColA ZA Dolzt wd, FHEE PR gL
=0 vl Frtste AEE BAD, nHE FFLS 700 CAAM AAHE B wEA 500
°C ol =M ABAEF E33H Hee v ¢ A2 gddnt,

ABAaR N5 438y Ao sty gL dAY YAHAEH A3, FHE, 282 1Y
E &g nlAe Zuje FgL BgLeM2 2ASY Fig. 3 ~ Fig. 59 YJelAt 424
o AHLE 13°C ~ 26 °C HYEAN RE #$zAqA ANgET 5 g BYoy 2Y8yF
F9 Z1EX A E fAA ZHAh 53] ALHo|EE 300 °C ~ 400 °C ¢#&2=dA 4 &
ol o3t JHARRY QFHE Foled THV Yt AR JEPd FIEE 3344
Ao st ZA AMAH] PREY HgzANN BdFH JEANE BESHE G BA
ok 2, 400 °C o3t W2 EA A ZEolE FHujurolA A2 MY FTHEE VT
ANE F AT 442 de HE FFe BE BHExAA Agd HEH F 70 %
A%t AgHolE FujutgE & Fojubgd] H3te & ¥ IFE FFE EU
olge] ANE FHU ANAERE ALIUE Fu) oM ZEAF BMEE FEe A= @
dEh £Aue Aol nEAI g FAse WP AMAAEF] 4F ¥ ¥
gFo] WE SAHY & Utk E dFNE FIFER 2L 3o FIAYY 9% 4
HEAY 289 FF EHE A=dRoY olgdAE ANErt ARAMes ATt Fol £4d 4
A T, G4 SojoM Q& AN YL EE w2 EoA Blnd T3 AAFE U
$ BYon FAEE BYHSH 7IEX FRAAAUL 1FE FFE WA UENEH

e g At A4S Table 201 ettt g &8 &S B¢ F27H A
A A e ng &5 dRH O Fi A4EE FAY F Aok 300 °CAMT Fat
A3 BAEHR Fgod, =7t Ll wel wAlFol Frkated 500 °ColA 36 volns 7%
sk AA7ME AR Fole A2l dasietadd ojageart A% EEH A B4
steta 2 ol itgda AL AE Fol Ahdo] EASAY, A& FARAAN F7] Fo A
A7 EEHA7] WEQd, R ez od Aol Ath FI=t g FE Ha Aol Al

dl

828 FUT A& uolE o AYLER Dol Aol EANG TheAo] ot Tt Fa
AEL 4 g dARoR AY, 22, g, o o2 A ekt Y7 Tl
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X3 935a FFol 52 A& Agd gHEY Ze ukgAo] & JEo] BWol EAsI
HEoltt. Y72 F9 FQ @dFLEY FAHHE 2k @ tE £IE Btk =2
BS AYE ZE g3i5d JtAEY o] 227t St o Zadte %S BAY 149
U 3 R Feoe, 257 Ut me digdA Z2aztA EE valsid g%l
7t e 53 den T29d gFo] AA F7H5tHTable 3~5]1. ole AdolME AT
g 2x R oA FAIIAI ABAERS BT E HAFE Aot de EE
Me digiga e ojisgAd §Fo] 2t FUMEFE G #e B &AW Fojukg
M Gisteas ojidstetA EF 400 °ColA Ao FFE BT 53] AHolEE Fu
o] &3 WEAME F &Y FFol ¢ EA JelwdtHTable 51. ol AHE Evf Fnf
o] #3 EEAA WNFEERT oy wgI|FAE & JFE VAL YL ¢ F JH &
i 7t2gY 2L Fd9 FHd g g £X& Bt Al-Si Eu] w39 B $[Table
3], viets Z2gde 2% wWigte A#Aflol 25 vol% ~ 30 vol% WA wjnd AAR3A
FAHAUL. g vt Ao, L WMEIEoA vgd T2gd F§Fo] BF & 3
£ 718381%9en, £3 Zz2ygdL 300 °C, 30 vol%olA 500 °C, 13 vol%®E ZA FojFth d
g, 229 5o 23} @5ed §%E F 0 3§ 2R 32E Aed @ S8k 73
FE BYon, 53 VAN FHEET w4 Uetwth olgi@ AdE Al-Sigt 4ol 4
& FANZ 9T ARAERY ne ge@s oA FuizA ARHoE AEE F &
& YJEIY.
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AEGodozRE Azd AAAZF D9 6000 mmilA AAEURA de FFAL A
B4, A%, AFGLUF 5 JREHNA 2IASH A2 gL Aot AU o8 A
Aama ARd 3 dRe Pe TAAT. AYAES Fa YIS WS LEEW °C
~ 700 °C), &oN(FFEIU-AA%t, A, ALFo|E)E HAHAL oFo] A YYBY A
H, $HE, 2YE ¥ UAL 9L ZASET 300 °C ~ 400 °C LEANA £3 dEHe
AYAERS] AEEHS AMSHE TF7 AT 500 °C olF Lol E GRARSo) us
A A} Y& AFHol FAE Relych FoiE =dste] 4B AHHE ¥Y F 9
Aed olE Fuisk £ANS S YANARY) WEOE ARYD FAEE FEu BIA s
2E g, ALHIE FulolA bR B RS RAT 1FE AAEL EE Wg2dA 70
% olgolith. AgTolEE ARY AP W$e FAsE Aoz duyrh 2AG ZuE
ZFoN BHYo) ARYEHY FALR B8 71 FAHM & FHL BYUT 500 °C
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Table 1. Fuel characteristics of the recycling oil and feedstock.

Table 2. Composition of the gaseous products from thermal-cracking of the recycling oil.

Table 3. Composition of the gaseous products from hydro-thermolysis of the recycling oil on

Al-Si catalyst.

Table 4. Composition of the gaseous products from hydro-thermolysis of the recycling oil on

activated carbon catalyst.

Table 5. Composition of the gaseous products from hydro-thermolysis of the recycling oil on

zeolite catalyst.
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Fig. 1. Schematic diagram of the thermo-chemical treatment system: 1. reactant tank, 2.
balance, 3. metering pump, 4. vaporizer, 5. hydrogen tank, 6. gas regulator, 7. check valve, 8.
gas flow meter, 9. gas preheater, 10. Tee, 11. mixer, 12. reactor, 13 heat exchanger, 14. first

gas~-liquid separator, 15. back pressure regulator, 16. second gas-liquid separator.
Fig. 2. Effect of thermal-cracking temperature on the oil characteristics of liquid products.

Fig. 3. Catalytic effect on the oil characteristics of liquid products obtained at 300 °C. A
feedstock, B: thermal-cracking, C: hydro-cracking, D: hydro-cracking with = Al-Si, E:

hydro-cracking with activated carbon, F: hydro-cracking with zeolite.

Fig. 4. Catalytic effect on the oil characteristics of liquid products obtained at 400 °C. A:
feedstock, B: thermal-cracking, C: hydro-cracking, D: hydro-cracking with Al-Si, E:
hydro-cracking with activated carbon, F: hydro-cracking with zeolite.

Fig. 5. Catalytic effect on the oil characteristics of liquid products obtained at 500 °C. A:

feedstock, B: thermal-cracking, C: hydro-cracking, D: hydro-cracking with Al-Si, E:
hydro-cracking with activated carbon, F: hydro-cracking with zeolite.
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Table 1. Fuel characteristics of the recycling oil and feedstock.

ite . i dstock! boiler oil
m recycling ol feedstoc (standard)
- elemental analysis (wt%)
carbon 85.45 88.25 -
hydrogen 11.65 9.23 -
nitrogen 0.23 0.66 -
sulfur 0.02 0.01 0.1
- heating value (kcal/kg) 10,150 10,100 -
- Kinetic viscosity (mm?s @40°C) 0.22 0.18 0.9-1.8
- flash point (P.M, °C) 41 12 =40
- carbon residue (wt%) 0.47 0.43 £0.15
- solid content (wt%) - 10.13 -

Table 2. Composition of the gaseous products from thermal-cracking of the recycling oil.

gaseous product reaction temperature
(vol%) 300 °C 400 °C 500 °C
H, 0.00 17.27 36.10
CO 11.23 6.13 3.48
CO2 12.01 9.96 4,52
CH, 32.97 25.69 23.84
CzH4 21.46 13.23 7.21
CqHs 10.10 9.42 6.84
CsHs 10.03 15.59 16.36
CsHs 2.18 2.71 1.65

Table 3. Composition of the gaseous products from hydro-thermolysis of the recycling oil on

Al-Si catalyst.

gaseous product reaction temperature
(vol%) 300 °C 400 °C 500 °C
He 66.57 (0.00)! 84.30 (0.00) 78.46 (0.00)
CO 1.40 (4.19) 1.05 (6.69) 1.07 (4.97)
COq 1.38 (4.12) 1.32 (8.38) 1.67 (7.75)
CH4 9.43 (28.21) 4.33 (27.60) 5.60 (25.98)
CqoH4 6.66 (19.91) 2.34 (14.87) 2.99 (13.86)
CqHs 3.55 (10.62) 1.64 (10.44) 2.61 (12.11)
CsHs 10.17 (30.43) 4.36 (27.80) 6.44 (29.89)
CsHs 0.84 (2.52) 0.66 (4.22) 1.17 (5.44)
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Table 4. Composition of the gaseous products from hydro-thermolysis of the recycling oil on

activated carbon catalyst.

gaseous product reaction temperature
(vol%) 300 °C 400 °C 500 °C
Ho 76.35  (0.00)! 84.68 (0.00) 79.26 (0.00)
CO 0.96 (4.06) 1.32 (8.61) 2.15 (10.36)
CO; 0.69 (2.93) 1.77 (11.54) 2.38 (11.49)
CH,4 14.00 (59.20) 5.98 (39.03) 7.94 (38.26)
Cz2Hy 0.03 (0.12) 1.62 (10.55) 1.80 (8.66)
C2Hs - 0.02 (0.07) 1.63 (10.63) 2.42 (11.67)
CsHe 7.29 (30.82) 2.22 (14.47) 2.75 (13.25)
CsHs 0.67 (2.82) 0.79 (5.16) 1.31 (6.31)

Table 5. Composition of the gaseous products from hydro-thermolysis of the recycling oil on

zeolite catalyst,

gaseous product reaction temperature
(vol%) 300 °C 400 °C 500 °C
Hs 93.95 (0.00)! 92.97 (0.00) 76.70 (0.00)
CO 0.33 (5.53) 0.98 (13.94) 1.70 (7.31)
CO2 0.13 (2.14) 1.70 (24.23) 1.50 (6.42)
CH4 2.66 (43.91) 1.60 (22.72) 5.28 (22.66)
CaHy 1.16 (19.13) 1.07 (15.28) 3.04 (13.06)
CoHs 0.92 (15.26) 0.49 (6.99) 2.55 (10.94)
CsHs 0.76 (12.60) 0.98 (14.02) 8.17 (35.07)
CsHs 0.09 (1.43) 0.20 (2.83) 1.06 (4.54)
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Fig. 1. Schematic diagram of the thermo-chemical treatment system: 1. reactant tank, 2.
balance, 3. metering pump, 4. vaporizer, 5. hydrogen tank, 6. gas regulator, 7. check valve, 8.
gas flow meter, 9. gas preheater, 10. Tee, 11. mixer, 12. reactor, 13 heat exchanger, 14. first

gas-liquid separator, 15. back pressure regulator, 16. second gas-liquid separator.
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Fig. 2. Effect of thermal-cracking temperature on the oil characteristics of liquid products.
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Fig. 3. Catalytic effect on the oil characteristics of liquid products obtained at 300 °C. A:
feedstock, B: thermal-cracking, C: hydro-cracking, D: hydro-cracking with Al-Si, E:
hydro-cracking with activated carbon, F: hydro-cracking with zeolite.
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Fig. 4. Catalytic effect on the oil characteristics of liquid products obtained at 400 °C. A:
feedstock, B: thermal-cracking, C: hydro-cracking, D: hydro-cracking with Al-Si, E:

hydro-cracking with activated carbon, F: hydro-cracking with zeolite.
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Fig. 5. Catalytic effect on the oil characteristics of liquid products obtained at 500 °C. A:
feedstock, B: thermal-cracking, C: hydro-cracking, D: hydro-cracking with Al-Si, E:

hydro-cracking with activated carbon, F: hydro-cracking with zeolite.
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