4444444 Catalytic Pyrolysis of Waste Plastics p W sgngy2a

HE259] =il S=0H
Review

2003. 3. 7

MEAIZetn g3t
o o) A



SIT
wl"“ | 4

Catalytic Pyrolysis of Waste Plastics p W sgngy2a
e

+« HJIE9 S3TH2 Hd (22 Tl JI=)

- 21t HDIE2 2 JIsd RS

=X =2

)19 HESRO| Jhsy S

» LSO MAMEO| 28 I ¥ 880l 53
- HAUR0| 2Y HHIHNEE AIRIHs
HE 2 0I5 5 5840 8

< AZXF HII=2 UM 0l XI2} XA E8
- iU Xl =2 =z Sl

- HYIE2 X021 0|18 X 23298 =Ml Md




Catalytic Pyrolysis of Waste Plastics — TUELLT

— 3 HEIAY NEY NET
. =
ABS
PS 2.30%

9.10%

PVC

15.70%
PE

46.20%

PP
26.70%

* Ref : &2 XA THA S AL (2000)



Catalytic Pyrolysis of Waste Plastics p W sgngy2a

HIS )| WH (SIS, HI|2AY
i e

N,

Teflon Bag s 1 2 3
1
Water(In) \\-N?_D——D_LJ Veanl
_.’ ~ad 2
Condenser
11
8
—»
Reactor \ J-()ut
Furnace 11
I Al
o8
n =l | 10
Polymer & Graduated  Seal-pot Q;,{u.

Catalyst Samples  Cylinder
Thermocouple



RO Catalytic Pyrolysis of Waste Plastics p W sgngy2a

e S| H (UE8F, 7SS

& T

Thermocouple — e He I y

Polvolefin -T !&)
Heater i s

q
Thermocouple |
Heater —— : . I éz 4.
Thermocouple 1 Capillary } %3
Catalyst : % } e
< I
Furnace »
rnac .
He : |
o > E— ¢
- /
| L \
| q] ||
| t {
2 | A
Liquid nitrogen
Gas bag — -4 "

trap




Catalytic Pyrolysis of Waste Plastics p W sgngy2a

2 B (244, J| A

i/

Catalyst in
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MNon-catalytic

liguid phase

Table Product vield (wt%) for thermal and catalytic degradation of PP at 30T [Ref.

Catalyst in
vapor phase

61]

Contact phase of|Non-catalytic Silica—alumina Silica-alumina
catalysts (thermal) (vapor phase) (liguid phase)
Product vield

Liquid 64.9 54.5 6.8

Gasepus 24.7 35.0 4.8

Residues 10.4 105 6.4
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i[Cable Effects of catalysts on the activation energy Ea for cracking of polyolefinic
plastics [Ref 78]

Catalyst Ea (k]J/mol) by Ozawa model
HZSM-5 (17) 118
HZSM-5 (70) 114
HY 119
HUSY 118
MCM-41 (AD 74
MCM-41 (Si) 209
Silica-Alumina 128
No catalyst 255
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Fig. 7. Liquid-phase degradation of HDPE over
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_~ Pure silica form - MCM-41 (5.1 nm),
B B 0200

Table Composition of gasesous product [Ref. 4]

Temp.|Gaseous product composition (wto%) (C4P)/|GC4=)/
Catalyst |y o1 ez Jc2= o3 [c3= o G4 |mcap) |ecas)
MCM-41(1)" |450 0.6 |05 023 078 1249 080 (362 [0Y95 051
MCM~-41(2)" |450 029 (109 050 160 151 (099 (149 000  [0.07
MCM-41(3)" 1450 0.2 (034 019 065 207 078 358  |LO0 045
MCM-41(3)" |410 004 (011 008 030 215 [072 (360 531 [049
MCM-41(3)" 1430 002 (006 004 022 (158 082 (297 350  [050
None 410 040 (L11 [028 134 |1.33 (081 (095 [004 011

None 430 044 129 044 175 194 1101 (126 |00l 010
None 450 011 071 025 (134 145 1083 (106 000 009

® Synthesized by conventional method,
b Synthesized by microwave, degree of crystallinity is 75% of that of MCM~41(3)



SIT
qtﬁ | 4

’ y Catalytic Pyrolysis of Waste Plastics ™ HaNEYZa
:=mm % Degradation of PE fuel oil by using pure silica i
: et al

L N -
Mechanism of polymer degradation over a MCM-41 by Seddegi et al

Wall of MCM-41 channel

P a4a D 4
('-')/Si\"/Si\"/ Si\../Si'\.. W

WWWWWWWWW

N PEAN VAN TR
HoH lx H H ) H
4 N > \ i H
Al \ .‘/
R\C./C\C_/C\:C/SC‘\C\
7, 4 y
W % 0 % W % H

Polyethylenic fragment
or molecule

=
0|58l

O|ASEHICA/NCA=5.3)2 HISMMEZ A3 - MM

ol

= HIK2XE A

A
< Channel W2l silanol group0] At& 9]

ofat
e It ohas AR PE S AL =4 HAS2HE2 a2 HE2 =2 Qloll Jt=HLI& Ol
=0 OFEGIH MEE ) Z2=2 AS0H0AS 22 8IS0 S OILHCH ) A OF




Catalytic Pyrolysis of Waste Plastics p W sgngy2a

0 2 4 & B 10 12 14 186
Accumulation time {hr.}

., .. Pure silica form - MCM-41 (4.8 nm], Jalil et al.
L i B
3.00
2.00 -
E _ _
H - I2MHEC 240l ME
2 1.00 - - 123010 B H=20
z A0l IEHLC 2%
0.00
i ¥ MCM-41
i » Water-impregnated HP'W
i ® Methanol-impregnated HP'W



k4
®y00®

>

Catalytic Pyrolysis of Waste Plastics p W sgngy2a

=0 A Al 220U Xl DIS3)1 &)

plastics [Ref 78]

Catalyst Ea (k]/mol) by Ozawa model
HZSM-5 (17) 118
HZSM-5 (70) 114
HY 119
HUSY 118
MCM-41 (AD 74
MCM-41 (Si) 209
Silica-Alumina 128
No catalyst 255
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A10] &) - Uemichi et al.

Tablse Tields of products from thermal and catalytic degradation of polyethylene [Ref -
63]
Thermal H-Ga-silicata |[H-Ga-silicats [HZSM-3 SI02-ALRCE
== (°C) 925 400 5239 929 523
Tield (wt.2%)
Gas 7.6 40,3 23.0 98.0 51.2
Liquid 13,1 59,4 72.0 42.0 42,1
Aromatics -t 44,1 71.6 408 9.5
BTX -* 30.1 61,8 33.5 3.7
Wax 79.2 -4 -4 -4 -4
Cole 0.1 0.3 -& -8 0.4
1 2 3
Polyethylene —> High-molecular-weight fragments —>  Liquid —> Gas
(partly correspond to wax) Ce, Cq C ,C,-C ﬂ ;g:kl [
‘] ;SL s 0l 5,627
claxoz
Aromatics (GalOll Al &5)

Scheme 1.
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b, . ASE0 3 - Si/Al HI [HZSM-3), Park et al.

for 1h [Ref 62]

Catalysts Gas Liquid Residue RON
) 109
HZSM-5(22") 88.4 , 07 933
(aromatics:75.6wt>%)
) 21.5
HZSM-5(44") 78.5 0 851

(aromatics:50, Twt%%6)

® SifAl ratio

444444
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Figure 6. Effect of the Si/Al molar ratio on the conversion of PE wax in
the catalytic degradation over the MOR catalysts at 380°C
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e QIEHHAO| ABE (N-HZSM-5 > HZSM-5)

Table 1. Physicochemical and Textural Properties of the Catalysts

catalyst n-HZSM-5 HZSM-5 HBeta HY HMCM-11 Si0,—-AlL 05

SiVAL 24 31 39 3 45 36
pore size (nm) 0.55 0.55 0.64 0.74 24 2—12
BET surface area (m?g ') 430 361 613 583 1164 261
external surface area (m? g ')* 81 7 25 9 73 -
pore volume (cm® g ')* 0.48 0.18 0.35 0.26 0.79 0.97
micropore volume (cm? g ')* 0.15 0.17 0.24 0.23 -

crystal size (um) 0.075 3 0.20 0.50 0.2-2 o
acidity (mequiv of NH; g )¢ 0.38 0.52 0.32 0.37 0.22 0.24
Tnax (°C)* 462 470 422 300 338 302

4 Obtained by application of the t—plot method. » Measured at plpy = 0.995. < From ammonia TPD.
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Plastic mixture (MCM-41, nHZSM-5])
i e B 020202 e

1 a II - rl"-‘r
p 10, - 0y —_— 3™ Light paraffins

islelins 0, -

Enid « choin crocking

Folyisleling ——iw

Jajsmng - |

Bamdom crucking

e Wanes —pe Gasail =—  Aliphalic e Aromatic
(Cyy - Cpd hydrocarbons hydrocarbons
(G =€) (€ = Cy)




Catalytic Pyrolysis of Waste Plastics p W sgngy2a

> QUESXO| Hek (HISE (PP -Corma et al. )
NS

100 0,045 —T T
t === HUSY 500! :
90 0,04 4 n R : : :|[=——HUSY 712} .
SRS P il —HusY7eo] !
80 1 " 003"
2 — y
= :', 0,03 P
(=] - L
[ =~ 0,025
: — ¢t
[=3 2
o / S 002 ]
o 1
s 2 ;
< & 0,015 it
3 ' 1
£ _—t ¥
[3) e 0,01 - L
0,005 - .
0 4 :
7€ 10 100 1000
0 ' ! ! ! N ! Pore Diameter (A)
0 10 20 30 40 50 60
Fig 3. Pore size distnbution of zeolites in the mesoporous range
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Fig. 2. Catalytic cracking of PP at 380°C with zeolites (plastic/catalyst = 35/1.5 w/w): H-USY 500 (O), H-USY 500-SC (+), H-USY 712

(A) and H-USY 760 (<). Thermal cracking (x) for companson.
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Fig. 4. Catalytic cracking of PP at 380°C with mesoporous catalysts (plastic/catalyst=35/1.5 w/w): MCM-41 (O), Si-Al 13% (C Fig 5. Catalytic cracking of PP at 380°C with Resoc-g using various amounts of catalyst (plastic =35g): 1g (©), 15g (O), 1.75g ()
25% (A) and MSA (©). Thermal cracking (x) for comparison

and 2g (A). Si-Al 13% (H) and H-USY 712 (A) have been represented for companson (plastic/catalyst = 35/1.5 w/w)
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LDPEE £ H olefin A - Zhibo et al.
B e S

Table Fractions of oils from polyethyvlene on solid acids and bases [Ref zhibo et

,,,,,,,,,,,,,,,,,,,

Components Catalytic degradation (wt%%) T hermal
HZSM-5 silica-alumina |Zn0O ;e)gradation(wt

1-olefins 7 4 34 24

n-paraffins 12 30 51 44

Aromatics 35 13 0 3

Others 46 53 15 30
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.. .. LDPEE 5 H olefin #& (H-Borosilicate}- Uemichi et al.
A4y a®
R B B

Table 1. Yields of products obtained from degradation of
LDPE at 525 °C

Catalyst ;; ]

H-B-silicate H-ZSM-5 $10-A1203 Thermal 25 | —:g:f;'f

Yield / wt% 52} ___A___Nm;‘t‘i‘cs
H; 0.1 03 02 tr” 25}
C1+C, 39 94 1.3 2.5 =10 b
C3-Cs olefins 75.5 402 533 5.1 s 1
C3-Cs paraffins 52 219 97 1.7 0 .
Ce* aliphatics 122 74 278 11.4 0 2 4 6 8 10 12 14+
Aromatics 3.0 20.8 6.8 trt Carbon number
Wax 02 0 0 793 Figure 1. Carbon number distributions of the products obtained
Coke r? tr? 0.9 tr® rom degradation of LDPE over H-borosilicate at 525 °C.

*Less than 0.05%
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Polystyrene
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rnoas

_1HE v

.. PS i SE0H

Table Selsctivity of aromatics formed in the degradation of PS at 400°C for 2h [HH A

=240 E]
Aromatics Thormal N2 HNZ  [SCLZ  |HSCLZ |HZSM-5 | o®
-alumina

Benzene 0,04 0135 018 0,08 0,035 11 1.9
Tolusne S.7 5.2 6.3 8.7 8.0 8.4 4.7
Ethylbenzene 6.6 101 12.8 &0 1862 10,3 228
Xy lene 0.01 0.02 0.02 0.02 003 0,14 0.01
Styrens 2.2 308 481 3.2 471 307 36.1
[so-propylbenzens 1.6 2.5 2.8 19 29 2.1 0,04
a-methylstyrens 1.9 13 9.2 7.8 7.7 8.4 7.6
trimethylbanzena 025 026 003 0,34 029 034 0,40
[ndans 0,01 0.30 0.01 0.01 0.08 0.12 0,05
C10-C1§ 019 0.37 0.65 037 0.55 12 1.3
C16-C21 173 16.0 137 158 142 132 182
C22-C30 82 10 8.3 3.8 43 3.8 3.9
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THE b
rno‘!"

. PO HIl S0 (EJ150H)

Yield of styrene monomer and dimer(wi%)

Yield of styrene monomer(wi%)

40 L 1 A L L 1 e i A L i A I i i A 40
Catalyst

Fig. 2. Recovery of styrene monomer from polystyrene on various
catalysts.
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B i B 0200
— Clay, Al-Clay
— SAPO-37, natural zeolite (B&=2% F), H=0H

— Activated carbon

— Titania, Ti—Beta
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