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Project Code: MRG5180162

Investigator: Dr.Duangamol Nuntasri
E-mail Address: Duangamol.n@chula.ac.th
Project Period: 15 May 2008 - 14 May 2010

MCM-22 was able to be hydrothermally synthesized by rotating crystallization and using
hexamethyleneimine (HMI) as a structure directing agent with the gel composition 1.00 SiO,:
0.15 Na,O: 0.033 Al,O3: 0.9 HMI: 40 H,O. The gel was crystallized at 140°C for 7 days. The
MCM-22 catalysts with various SiO,/Al,O; molar ratios were synthesized and the organic
template was removed from as-synthesized samples by calcination in a muffle furnace at
540°C. The del-MCM-22 was prepared by swelling and exfoliating the MCM-22 precursor. The
del-MCM-22 consists of thin sheet with an extremely high external surface area. The proton
form of MCM-22 and del-MCM-22 catalysts could be obtained by treatment with 1.0 M NH,CI
solution under reflux. The synthesized catalysts were characterized using X-ray diffraction,
inductive coupled plasma atomic emission, solid stage 27AI-NMR, nitrogen adsorption and
scanning electron microscopy. Catalytic cracking of PP waste over Na-MCM-22 and H-MCM-22
catalysts are studied. The optimum polypropylene cracking condition was set to reaction
temperature of 380°C, 10 wt% of catalyst and under N, flow of 20 cm3/min. Using H-MCM-22
as catalyst, the conversions of PP waste greatly increase compared to that in the absence of
catalyst. The conversions, gas and liquid fractions depend on the SiO,/Al,O; ratio in catalyst
and the reaction temperature. The product selectivity is affected slightly. The gas fraction
obtained by PP waste cracking mainly consists of n-butane, C5+ and propene and in the range
from C; to Cg for the liquid fraction with the same boiling point range compared to that of
standard gasoline. The catalysts with various SiO,/Al,O; ratios after the treatment with
ammonium chloride provide higher yield of liquid fraction and lower yield of coke than that
before the treatment except H-MCM-22(30) catalyst. The used H-MCM-22 catalysts can be
regenerated by calcination, the obtained product composition close to the fresh catalyst but the
activity is lower. In case of del-H-MCM-22 catalyst, it shows the polypropylene conversion

slightly higher than non-delaminated one in the range of 87 % - 92 %.

Keywords: MCM-22, delamination, catalytic cracking, polypropylene
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MIFWIT % conversion LAT yield F1NTOEIWIT IAAIRNANT

) (mass of liquid fraction + mass of gas fraction ) x 100
% Conversion =

mass of plastic

mass of gas fraction = mass of the reactor with plastic and catalyst before reaction —

mass of the reactor with residue and used catalyst after reaction

mass of product fraction x 100
% Yield

mass of plastic
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" ' Thermometer 2
Thermometer 1 ~/ (vapor temp.)

(heater temp.)
| —

Round bottom flask +
crude oil + glass bead

Heater top + Receiving flask

heater

3N 2 wsesgdnininlglunmsnaumaldgyaimea

AANIINAa El\illﬁ&ﬂﬂ%%'ﬁﬂi

NAFDUANTANWNILNINVBIAILIILU) A8 MCM-22

[ [t

avRdUANBMYBIALU I3 eNdoasilanismaiansidglunaesSedang

XRD patterns 289 MCM-22 Afsanadnlaslusve SiO,/AlLO, LYINNL 30 AawiINIILNT
18I ULL LA ARINNNNITHRN B RITA UL LLaqugﬂ'ﬁ' 3 Tagfi XRD pattern 189 MCM-22
dawimawnlamsduuuy uaaslugy 3(a) azUnngduniizas peak 720 =322 6.72 uas
714 9:19UDNAY SwU [001], [002] was [100] eMuEGU @eaumassnmmelasairefidn
Layer Hulas [8, 9] lugﬂﬁ 3(b) RRIIMNYNMTLEN LEFNTABULY WUINGURUS peak fivzwy
[001] waz [002] azwne'll) we intensity Va9 peak A3zwIL [100] (vie 20 ~ 7°) gaﬁu WzLia

"3 form @aIlaTIgTuLuY 3 FANNERAINLNT FERITAWLLLT WA



100

Intensity (a.u.)

001 002 100 310

0 5 10 15 20 25 30 35 40
2 Theta (degree)

37 3 W&Ad XRD patterns 284 (a) MCM-22 zeolite fiauyinnItH laRISAULLL Laz (b)
MCM-22 zeolite #aIvinMSENlaaIduuuy  (@anaulaslualy gel wad
SiO,/AlL,O5 YA 30)

SEM images 289 MCM-22

AW SEM 283 Na-MCM-22 uaz H-MCM-22 ugaslugul 4 evinmaiSouifisunw
SEM 99NANALLAWI 10annaveInaislfizen MCM-22 alifinsAsuudaamasani
M3 reflux @28 NH,Cl §%IUawsIURsesia Na-MCM-22 uaz H-MCM-22 azlanmmuetin
ue 9 waslzUhslaudiuen swmeeumafianuondszanm 0.8 lulaswas anumwyszanm
0.4 lulasiuas
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517 4 7w SEM vesauslgnsemiasniniimswn laensdunuy (A) Na-MCM-22(30), (B) H-MCM-

22(30), (¢) H-MCM-22(60) tta (d) H-MCM-22(120)

nIavdaulaasvaargiitsanlgmaita “A-NMR

MINANLFA  aluminum  GRenadia a:gﬁl,ﬁwﬁamﬁUﬁmmu@mﬂmmwﬁﬁm%'u
FOuzUaIds  FINIIAVANIAINGIWAUS  aluminum  atom ﬁﬁag’lu‘[maa{wfuﬁmmu
framework %38 non-framework 31 5 uaz3Ll 6 LFAS “Al-MAS-NMR spectra 1846133057381
MCM-22 ﬁiyfy’lmﬁ@‘mmm 50 ppm L4UBNHY aluminum AR tetrahedral coordination (Tq)
wyoLu aluminum 'ﬁ'a%ﬂu framework WuLa4 LLazﬁaujtyﬁmﬁ@‘hme 0 ppm 9zUaNHY aluminum
ﬁ@‘i”ll,mmoctahedral (On) wsatdu aluminum ﬁaguaﬂ framework (non-framework aluminum)
[10] #1930 Na-MCM-22 3:1U31ng) aluminum atoms ﬁy/\‘iﬁayﬂu framework Lazwan framework @4
31 5 (a) FaRdansruszninsrSanos tetrahedral aluminum (T) WAz octahedral aluminum atoms
(138 I/lg) Winnu 1: 0.23 adhalsianaldsansaventSim H wia  Na' ﬁﬁag’luﬁuio
Ul driusaduiluatnibefiazdondiouain sodium ions lnanuilu protons form Lt
Frofinamwanuduninres MCM-22 & %3uU ~A-MAS-NMR spectra 104@L390FATe1 H-
MCM-22 #a391n¥in1T reflux daaa13azane NH,CI a:uamlugﬂﬁ 5 (b) anﬁu"l,@i”dwé'tympmﬁ
durud 0 ppm § intensity @‘iﬁﬂhéfus’aﬂﬁﬁ%m"nﬁ@ Na-MCM-22 Lan#as wag I/l is 1: 0.18
Ganassnanaasavenlain aluminum Aunis octahedral 8A8INEINNTIINT reflux @28
NH,CI

o L= 27 = 1 a A L o v
§ M3~ ALMAS-NMR spectra 289@2139U7f580 MCM-22 %8931nvin reflux  @ae
A [ ' . ' { & oy {
gIazany NH,Cl Dalldanaiulaslusas SO ALO; 619 9 zuaadlugun 6 aziulddiie

o ! . a & Y a . % &
E]@Ii']ﬁ’]%I@]ElINﬂ?lQGSIOQ/A|203 WNNABLAY 1IN aluminum  TRARI LRSRTYTUITWNIRD
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duniaaauTwdIin adnelifiann aluminum atoms SnazUTIngagfidunils tetrahedral

4NN octrahedral

i

(a)

200 150 100 50 0 -50 -100 ppm

gﬂﬁ 5 ugaJ- A-MAS-NMR Spectra 183 @331 7Jn381 (a) Na-MCM-22(30) uae

(b) H-MCM-22(30)

On (c)

(b)

(a)

200 150 100 50 0 -50 -100 ppm

gﬂﬁ 6 W&AI 27AI-MAS-NMR Spectra 2830343905381 (a) H-MCM-22(30), H-MCM-22(60) uaz
(c) H-MCM-22(120)
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nsgagululasianzasdssljisen MCM-22

ﬁw%'ugﬂ‘ﬁ 7 ug@d N, adsorption-desorption isotherms 284a34391U7A381 H-MCM-22 @
faandnlasluauas SiOJ/ALO; 619 9 RAIIINTINMITLHN lEFTAULLL WuaLsjsemn
FIZUEAISN B isotherm TLTULLL type | %uﬂugmmwaa microporous Laz&UTAAS § Va4
Gus9fizen H-MCM-22 uaadluanswdl 1 Wefiesonanduin ddendulaslus 289
SI0/ALO, IRNTUINN 60 and9 400 %zﬁﬂﬁﬂ%mmvluimmuﬁgﬂg]wﬁ‘ua@m vadiiasan
micropore volume AARITLEY ﬁ’sdoﬂﬁﬁ%mnnﬁ’mzﬁ pore size distribution L¥inAL 0.6 W1lu

WY UAzALTIUATIN H-MCM-22(60) aziifiuniunnfiga

Volume adsorbed (Valcm® (STP)g™)

‘.H—H HH—HH I‘ it I‘I LU — I‘I |
0 0.2 04 0.6 08 1
Relative presure (p/po)
Ell‘ﬁ 7 wa@d N, adsorption-desorption isotherm 4838313915381 (a) H-MCM-

22(400), (b) H-MCM-22(250), (c) H-MCM-22(120), (d) H-MCM-22(30)
uaz (e) H-MCM-22(60)
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@137 1 UWEAIFNUAVBIALIIUHATEN H-MCM-22 nasaniman lasnsauuuy

Total specific External surface Micropore Micropore

Sample sureface area” area’ distribution” volume”

(m’rg) (m’g) (nm.) (em’rg)
H-MCM-22 (30) 487 60 0.60 0.18
H-MCM-22 (60) 540 56 0.60 0.21
H-MCM-22 (120) 362 41 0.60 0.14
H-MCM-22 (250) 202 42 0.60 0.07
H-MCM-22 (400) 32 12 0.60 0.01

*wamlagld BET plot method, “Fwiauslaals t- plot method, “druaaslaels MP- plot method

mManadgauaNaiadhaasansslisenlunsuandaguaznaradnaianadlnsian

= . . s P L aaa
ANBINAYDYI sodium ion ﬂNBgi%@nLiﬂﬂgﬂﬁﬂ’l

&1V % conversion W&z product yield ﬁvl,@ﬁﬁﬂﬂﬁﬁ%mnﬁumﬂziawﬂzwmaaﬂ“nﬁ@wa
alwsiau lagld Na-MCM-22, H-MCM-22 uaz thermal cracking flaamail 380°C drausaslu
M99 2 AT H-MCM-22 samlwgjazlst % conversion figenin Na-MCM-22 sniiu H-
MCM-22(30) uaz Na-MCM-22(30) fil#duandrsiutosann tiafansmn product yield 7ildan
Ujisennsuandesrpzwaadnsianedlninau laslddusadjisen MCM22 ynzila az
WU HaaAmE A nes uwudmnnninnaas e luwrasmar Felduamimasssfiadeny
nadfild zsm-s  1udnisUfAzen1] % yields mwamﬁmﬁﬁlﬂuuﬁmza%islmi’m 32-54%
lummzﬁ'Nﬁmﬁmﬁﬁ'Lﬂumaamma:a%ﬂuma 24-38% uazifiadansulaslus 289 SiOLALO,
gd"fumnﬂdﬂ 30 @as9Ufisenafia H-form azl# % conversion ﬁgoﬂiﬂ Na-form naiillunan
nmatdadiann Na” ion Tassilyin NH,CI treatment dnsudsslAsoAdsanaulas
Tuauad Si0,/ALO, YA 30 %3 H-form waz Na-form 9=l % conversion 7laiuandnari vad
iz lulanaiievesdiisl jAsenddiano aluminum content g4 wiadld3anak acid site ann
BOIER @390 %81 H-MCM-22(120) 9<1W % conversion ﬁgaﬁq@ﬁa 92% RaLIuNRaA T
Huufa 54% ussndanminiduvesnan 38% uazdUSinmdefinae (residue) LAnduiagann
SanamInasasasnaaasaatung e H-MCM-22(120) z{d331% aluminum Adumils

octahedral sites dnid9U§ATEN A H-MCM-22(30) Lo
14



HANINAEIAINA1INILSIT e LEaIWLARIT MCM-22 snansnldiduaatssdizenle

miuandasrszwaadnsianadlnaiauuazld % conversion figs nMthdIslJAsen MCM-
Y d v @ ' [ . &
22 14 reflux shpaazais NH,Cl Aiflanuidudu 1 lua§ az3ald % conversion gadulunsdi
A ¥ 1 aaa a d'd [ 3 1 dd' ¥ 1 aaa a . A A
nlrassdisenviienfanudunseias udlunsdinldaasslfizenivsanm aluminum wiad
anudunsagsaznuimaninansif idazliuan liuandraiu sznindiisljisosia Na-
' =3 = O A a + a & @ o ' aaa 1A o

form uaz H-form agglafieny fsuddnezduianm Na igadndouluansslfizen uddunaria
Tanwiashiluwdjisenmavendesusswana@nsianadlnsiauanss  §wsuaasslnsen
799 H-MCM-22 azldwfanmsinidu light oil 41037 heavy oil WazEVBIVBILARIN LHRAIAN
Ufisenminandesagzdinaanisdjisen  H-MCM-22 a:iifdouninveansif laany iz

MILANLBLVZAIBALTIUSATE Na-MCM-22

2

. A o A £ -
Selectivity @awa@ﬂm‘ifﬁladmm |Ight oil LLNNUYUANURINAUAIW A H-MCM-22(120) ~

H-MCM-22(250) =& Na-MCM-22(120) > Na-MCM-22(30) & H-MCM-22(30) > Na-MCM-22(250)

]
=

. A a J v o ad . . 1 =3 aaa
luamen heavy oil Mifindnazassdrununsmidu light oil agslsfiewlAsenmuanass
a { K a 13 e 1 aaa v oA { a J U d I
waa@niild MCM-22 Nnrdadudnssdjizen wlidanawesnaiifaduaunnninsdiiguy
thermal cracking Residue & iuvasinasagniulu reactor sniudaiialjizonazdsznauly
v . dl Idl a 1 aaa aaa dl v . |2 dl
@t solid coke fimzagfidalizeua: wax UJATenAlh % conversion geanasuasfi

LARONITAAR
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a9n 2 L&AIAT conversion uaz product yield IMNUJAssmsuangasvazwagAnTRanaf lnsWaw
lagldanssljisensiia H-MCM-22 nRaandulaslusvad Si0/ALO, @19 § (Mldlumnasas:

10%wt catalyst of PP waste, 8aTM711#aad N, ¥y 20 cm’/min, 380°C Limfildlunaving §izen 40

W)
SiO,/Al,O; ratios in catalyst
Thermal
Na-MCM-22 | H-MCM-22 | Na-MCM-22 | H-MCM-22 | Na-MCM-22 HMCM-22 cracking
(30) (30) (120) (120) (250) (250)
Conversion” (%) 82.40 81.50 86.10 91.60 56.90 83.87 23.60
Yield® (%)
1. gas fraction 51.40 52.20 49.60 53.60 32.90 46.60 12.20
2. liquid fraction 31.00 29.30 36.50 38.00 24.00 37.27 11.40
- % distillated oil 55.15 64.97 51.68 57.99 51.08 52.34 54.87
- % heavy oil 44.85 35.03 48.33 42.01 48.93 47.66 45.13
3. residue 17.60 18.50 13.90 8.40 43.10 16.13 76.40
- wax 5.86 5.48 6.04 5.05 7.65 7.50 -
- solid coke 11.74 13.02 7.86 3.36 35.45 8.63 -
Total volume of
3 2.05 2.00 2.50 2.63 1.70 2.55 0.45
liquid fraction (cm)
Liquid fraction
3 0.75 0.74 0.73 0.73 0.71 0.73 0.72
density (g/cm’)

®Deviation within 0.40 %

®Deviation within 0.50 %
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{ Qs =) Qs (22 { =) J /aAaa 1 =) =)
gﬂ‘ﬁ 8 UEAINTINIZLAIVBINRAA U ARNIAAIRIINUHATINIUaNL sz WA EANTHA N
Slwsnan laglraasljizen MCM-22 wiiasng Namnnd 380°C lunsmnls MCM-22 13w
asalisenldmanszasaivasndanmiudsnuanar ldannsdinidu  thermal  cracking

- ' a a 6 1 A a é/ ad« . A
Wae selectivity @aNamﬂmﬁmmuImymnmﬂummmﬂu thermal cracking 8 propene LaZ n-
pentane TuwnizNndanmaisrulngiiiaannsdinldaasslisen MCM-22 (30) fa n-butane

o L L 1 aaa a { ~ Y A = 1 1 +
§MILANIIUH N8 MCM-22 sfiaduiaz landanmsisinlng@ia Cs, propene Uaz n-butane

50
—-=— Thermal 3800C
45 + —=— H-MCM-22(30)
40 - —8— Na-MCM-22(30)
35 | —e— H-MCM-22(120)
—o— Na-MCM-22(120
30 + ez
—%— H-MCM-22(250)
25 T —+— Na-MCM-22(250)
20 +
15
10 -
0
Q Q 3 2 3 3 Q Q 3 Q 3 Q 3 $ x
NN NN R\ NS N R N R NI
) > Q 2 Q Q Q) Q> > N
NN N SRR RN O
& C O FFY P PP XD S P
] N AT Y N AT K
< S
N
@Q}

= o a o o da X Ao aaa ' a a a ac
37 8 usaamInszdvasninnueiiaiialui ldannljisemuandessszwanadinofianadlnaiau
laglddusadjisensiia Na-MCM-22 uaz H-MCM-22 flgmangil 380°C (annazflElunianasas: 10%wt

[ o 3 . { o aaa
catalyst of PP waste, 80313 8189 N, LYy 20 cm /min uaztaafldlunmsid isenun 40 wifl)
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3N 9 usaInMINTENL@TaIRAadvaaraf ldanmInak  ludjitenmuendasune
wana@nzilawedlwiRan lasldaisa e MCM-22 silads 9 figunni 380°C nAaATUI
° | ' S v o o . ° o
voawarazgniuunaaniduen C,, T9rzFuRUEALIAHaAVad n-paraffin [73] 193U thermal
. Y a g 6 ' ' ' A & a g ed a J [l
cracking 9z ldnfadmvivasnadulngjad Cy — Cyo laufl Gy iunAadmsifiiinluninating
3 v o s ] 9 o o aaa aaa i
Wnlataan SvazuandannIminls MCM-22 uaatsadfiten iwnzludjisennienss
Un3enwiia Na-MCM-22 uaz H-MCM-22 a:ldnfanmsimasnarniuwiliulnaifissns dude

¥ A [ 6 1 [l [l A [l [} .
alinfadmsisulngjet C-Cq T9atilutazal gasoline

80.00 Thermal 3800C
70.00 —m— H-MCM-22(30)
—B8— Na-MCM-22(30)
—e— H-MCM-22(120)
—o— Na-MCM-22(120)
—%— H-MCM-22(250)
—+— Na-MCM-22(250)

60.00
50.00
40.00
30.00 ~
20.00
10.00 ~

0.00

+
A
@)

3N 9 usaININIzNE@YBINaAIsiTaInaIN ldnaIINMINARTaI fisenmIuandesvozwaadn

Aa

whanadlwindulasldaisal jitensiia Na-MCM-22 uaz H-MCM-22 igmnnd 3800C (annaziilglums

nanad: 10%wt catalyst of PP waste, 8@51MTMazad N2 1AL 20 cm3/min Laztaaf kElunnIvin

UPATe1UU 40 W)
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dnwn1suenTUs MCM-22

aefmanzanlumsuensi  (Delamination) MCM-22 tieldiliu del-MCM-22 Usznaude
samamlassiwinues gel ¢9f 1.00 g MCM22 : 11.90 g H,0 : 5.64 g CTMABr :12.02 g
TPAOH 9 ntiulianuioudt 80 °C uan 18 57 uauazrIunszuIwmMs ultrasound 1luaan 5
T lu99ld de-MCM-22 nniuasIaRaUanEMzIanzI8d de-MCM-22 Tiadoulddaimaiia
XRD wuinasfiasonladlnseanouuy MWW Qmmn%umaa MWW sheet a9u&ad XRD pattern
gﬂﬁ 10

delamination (d)

3 Swollen (c)
E 001 002 310
= 101 22 MCM-22(P) (b)
100
Calcination (a)
0 5 10 15 20 25 30 35 40

2 Theta (degree)

31]"?1 10 LL&a3d XRD patterns 984 (a) MCM-22 A lassauuuy (b) MCM-

22(P), (c) swollen product AawiNMILeNTHILAS (d) del-H-MCM-22

PNNMIATIIROUANBIULLANIZVDY del-MCM-22 NiaTauldsainafia nitrogen adsorption Wuin
Ao LY 2 & . 2
RINFILATIZA bR total surface area = 530 m” / g LJuen external surface area =205 m” / g
. € oa, 2 .
21N MCM-22 ®131awnIuanTwilen total surface area = 487 m' / g \Juein external surface

2 o S 1 .
area = 60 m / g WUIIA external surface area ﬁmfﬁwuﬁd 3.4 1N
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ﬁimgﬂiwmgmﬂmao del- MCM-22 ¥innsasiagaualsinaia SEM wudﬁmiﬁm%wvlﬁﬁgﬂ

auNALLY platelets NINMINTzABEININNT MCM-22 813096 WaY lag del-MCM-22 Juua

auMAlasiady = 0.6 x 0.3 m UaAIGIFUN 11

15kU ®15, 8ea lam BEBB4 B3 38 S

31]"?'1 11 UgAININ SEM pasaatssdfiseniduwmakn ldansduuuy (A) H-MCM-

22(30) U8z (B) del-H-MCM-22(30)
NAFaUANIBI [DVBIAIIUHNTHN del-MCM-22

fwinUfATemauandasvozwed lnaRauldnammanasduaadduansed 3 dves %
conversion LA product yield 7ldnndFATonsuandivasezwaadnsianadlnsian lasls
M3sUfAsensfia del-H-MCM-22(30) uaz del-H-MCM-22(60) fiaanadl 380°C %4 del-H-MCM-
22(30) 2=1# yield 1uf§fmﬁLﬂumﬁmﬁmﬁuﬁaﬁgaﬂ'j'} wa=d5nm wax Aeduwiaaninnsdinle
H-MCM-22(30) +Jua3t39dasen Tuwaed  yield vosnaadmwaImaIuaz3u o coke 7
Aaduilanliuandnein asand1mwin acid site #3016910 NH.-TPD method Sanlndidesiu
Gt wavasmsnameuauisshlunsuangosuszwanadnle lURUESY acid site udas
SUWWSNU external surface area ‘ﬁg\‘l %Géf’ui\‘lﬂﬁﬁ%m del-H-MCM-22(30) 2z dU3u1 % external
surface area (205 m’/g) figonin H-MCM-22(30) Ssflenuszanms 60 m’/g luamefidnuau acidity
Tﬂdﬁ’)Lﬁdﬂﬁﬁ%mﬁg{la&%ﬁ@ﬁﬁﬁLL@ﬂﬁﬂdﬁuﬁaﬂuﬁﬂ 91t del-H-MCM-22(30) 39lsinan s oain
Duufgannnin H-MCM-22(30)  uazanwadilanananuddnadn  salunssuiieswian
external surface area ‘ﬁgoﬁmaa fwsumnnasauaNNies hoasdfisomuendeguas
WaNE@AN Tuanaifizwalnglisansarnwdnld Inssudaiiamsuandey e weanay

A aaAaa dl v 1
\inUATen7 external surface lawnnnin

§MIU del-H-MCM-22(60) 9z external surface area figafigaudludunauasnisv
. . & ° v 1a . { | @ = [ ' g ° [Z
delamination #uaz¥lAUIaNm aluminum Nilaglulasiashianas[s] Tanadanaraanitazluvinly

acidity lugat39uiisonanas 9lUdinansznusad % conversion U89 del-H-MCM-22(60) Uaz
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H-MCM-22(60) fiienliuaneaniu smunsnedunlddiosiunm acidity 109 H-MCM-22(60)N9
A91 wae external surface area V89 del-H-MCM-22(60) ARNIANINTULALING FLHINA LA
. A v A o ) A Aa A a [ 6 & a A a J '
conversion 1@ NRLALINUKULEY HaRNTINNNRAA MU RLAZUSIND coke TLAATU WU
a J OI 1 { v (=4 Qs 1 aAana
del-H-MCM-22(60) 9ztiadudninsdinls H-MCM-22 (60) tHluaatiaufizen

WarhmaSaufisudniuen conversion wag product yield 7laandfn3snisuan
dagagzwasansianadlwsiaulagliaassljitonsia del-H-McM-22 fflaansdulaslus
284 SiO/ALO, 4 NamAnDil 380°C WU The del-H-MCM-22(60) Liludniiul jzenilien

. d ] a { a £ v '
% conversion NIgINIUAzFINWRBINIAIUEBLNIN del-H-MCM-22(30)
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a79n 3 L&AIA conversion uaz product yield anUfisensuandasvuzwang@nsianadlwsian
lagldaassjisensfia del-H-MCM-22 fifldandmlasluanes Si0/ALO, @19 9 (Mehldlumsnasas:

10%wt catalyst of PP waste, 8a31M3tazas N, iy 20 cm’/min, 380°C aldlumsvind§izen 40

W)
Catalyst
Del-H-MCM-22 H-MCM-22 Del-H-MCM-22 H-MCM-22
(30) (30) (60) (60)

Conversion” (%) 87.70 81.50 92.70 92.47

. b
Yield (%)
1. gas fraction 57.40 52.20 55.60 57.07
2. liquid fraction 30.30 29.30 37.10 35.40
- % distillated oil 60.39 64.97 60.88 63.80
-% heavy oil 39.61 35.03 39.12 36.20
3. residue 12.30 18.50 7.30 7.53

- wax 6.85 13.02 5.38 4.92
- solid coke 5.46 5.48 1.93 2.61
Total volume of liquid
3 215 1.98 2.63 2.40
fraction (cm)
Liquid fraction density
3 0.71 0.74 0.71 0.74
(g/lcm’)

®Deviation within 0.60 %

®Deviation within 0.50 %
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31]"?1 12 WEAIMINIENEITBINaA ufafRanU fATemiuandasuswaa@nfiawad
Twsiaaulagldmisalgitenafia del-H-MCM-22 waz H-MCM-22 igainadl 380°C lunsaild
dusafAzenaiia H-MCM-22 HAaAmiLAadwlwajazidu n-butane 31NN Cs” lumied del-
H-MCM-22(30) a1 selectivity sianfanmsifiiln Cs Indide9ny n-butane wazazle selectivity
fonaaimmin Cy ﬁgdlumtﬁﬁl‘*ﬁ del-H-MCM-22(60) tHluaa391§izen

50

ol —&— del-H-MCM-22(30)
—=— H-MCM-22(30)

40 - —A— del-H-MCM-22(60)

35 | —a— H-MCM-22(60)

307 12 usaamInsznp@mveInianusiuiad ldand jisonsuandesapzwana@nsianeflnsfddulasls
duiUjisensila H-MCM-22 uaz del-H-MCM-22 gannil 380°C (8n1zfilgluninanas: 10 wtt% catalyst of

. [ @ 3 . { o aaa
plastic, 883113 1AaVad N, VAU 20 cm /min waztaafildlunisind §isenwn 40 wiil)

su 13 LAAININTTNBGITIAAA I IMAINEININaY T ldanU§ATenmauandas
spzwanaansiowadlnsissulaolddisajitosiia H-MCM22 uaz del-H-MCM-22 1
ganpd wud wRaAmwisulngfiAetwilelddalfitnsiia HMeM-22 aglutns €7 to
co lwaifidnlEd sl fsefdu dekH-McM-22 azldnAnsmsisiulnajoglutos ce fs ce

fmIumsuandasagznasansievionadlwidaan lasldaassjisen del-H-MCM-
a g 1 ] IQ J o et L 1 aaa a
22(30) waanmsiEnlngNifiaduainfiis C7 usz C8 &wiuaassljisuizfia del-H-MCM-
22(60) Wagnianduaninliten  axiilduiadudidulngnidu o7 iwnzlitiuonm

external surface area gﬁﬂﬂ“ﬁamﬁuwamﬁmsﬁﬁ@u lighter liquid hydrocarbon

23



—=— H-MCM-22(30)

45 + —8— del-H-MCM-22(30)

40 + —a&— H-MCM-22(60)
—aA— del-H-MCM-22(60

| e (60)

-
)
@)

C14+ .

‘ 1 1 1 1 ‘
0 © N joo] o) Q ~ QY ]
o o @) o o I3 I3 I3 &

JUN 13 UEAININTZNUAIVRINRAATANTBIRAIMIINNMINAK  IReNUJRTsmIuandasszwana@n

whanedlwinidulasldaiisljitosiia H-MCM-22 uaz del-H-MCM-22 guunnii 3800C (annizfilgluns
NA8D9:10 W% catalyst of plastic, 883113 LwaTad N2 iy 20 cm3/min waztaaflalunisind jisen win

40 w171)

dnwanauiluldlalunmsiaansalisanauanlslna

1 % conversion waz % yield NlaanUf3umsuangasagznais@nsiowad lwsda

=

AulaolddisufAsensfia MCM-22(120) wunfisaliriumsldamu (fresh), regenerated type |
(§1982BLaNLTY) Uae regenerated type I (GNandruaIazasuanluiisunaalsdidusu 1M) A
aunni 380°C aousasluasnsi 4 §msuenaas % conversion axliuandreszwinans@inle
AL3IU NIV MUY regenerated type | Laz type I LR UANFIAUATIAHAA A DU a T L AAY 1
light oil L8z heavy oil §113UA2L39UJATENBA regenerated type | Uz regenerated type Il 2zl
naaAuuiad i@ AT uuy fresh lusmefilSanomasnad sz USanas coke i

A ! 1 1 e v
\NadniAuanea1anwikasun
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nymNlEaas9UgA3unda regenerated type | azli3unas yield a4 light oil 7ileazénin uas
a . a £ ] A o Ry ' Aaaa A
130N heavy oil NAYBNINNILAUBNY  regenerated type I Imm:ﬂmmﬂgmmﬁu@
regenerated type Il 3zlAnaaAmMN I distillated oil §1nIuasiia heavy oil 49NN fresh
g: a‘lp 1 04 1 aaa a = . . ai o' 1 <
muLWﬁmﬂmLNﬂgmm"lju@ regenerated d surface area WAz acidityn@1nin fresh Ly
§mIUMslTaL39U§Asen il regenerated as¥il¥ conversion 8A89a N 92% (fresh catalyst)
I U =3 :; { = ‘3’ U
luiflu 85% (regenerated catalyst) uazwuinfitSunmdefinie lugdves wax ialusinni

a a v
N3t fresh catalyst anaag

ANT19N 4 WEA4 conversion WAz product yield flaanmsuandasasznargdnuhanadlnian lagls
a39Uf)N3e11fa fresh, regenerated MCM-22(120) type | uaztype Il (81 llunsnaans: 10%wt catalyst

of PP waste, 8077 Ina N, ¥y 20 cm’/min, 380°C wazaaflflunsvind §izen 40 win)

Fresh Regenerated Regenerated
H-MCM-22(120) MCM-22(120) type | MCM-22 (120) type Il
Conversion® (%) 91.60 84.70 85.40
. b
Yield (%)
1. gas fraction 53.60 47.00 49.10
2. liquid fraction 38.00 37.70 36.30
- % distillated oil 57.99 48.74 53.01
-% heavy oil 42.01 51.27 46.99
3. residue 8.40 15.30 14.60
- wax 5.05 11.30 10.43
- solid coke 3.36 4.00 4.17
Total volume of liquid fraction
3 2.63 2.65 2.58
(cm’)
Liquid fraction density (g/cma) 0.73 0.73 0.71

®Deviation within 0.70 %

"Deviation within 0.60 %
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3 14 LEAININIzENETITBINAa L Aaf IdannIwandavesmuandasuszwanaAnNTie
wodlwinan lasldaassljisensdia fresh, regenerated MCM-22(120) type | uaz type || 7
guunnd 380°C WU FsaFAsenmmaeldnannoivemRaineifindouiu uaz nid
Aldeus9fisinaiia regenerated catalyst azl# selectivity dawdanmaions 9 IndiAneiu

luauz fresh catalyst lAndanuainilu n-butane gJNmf’] regenerated catalysts

50

45 —+ —e— H-MCM-22(120)
40 + —A— Regen(20) type |
35 | —B— Regen(120) type Il

g'ﬂﬁ 14 URAINNINTTUMIVBINRAAUALAR L@ nmTuandasuuzwaganshanadlnsnan  lasltaiiss
Ufn3ewfia fresh, regenerated MCM-22(120) type | uastype Il (8n12zflslunismaaas: 10%wt catalyst of

PP waste, 8a71M131Wa N, LYy 20 om /min, 380°C nianfildlumavinu §A5en 40 whdi)

gﬂ"?'i 15 wgeImMInTzedmaasnsasusnduasmafitiaan ldnnsuandasass
wansanaianadlwsian lagldaansslfisenadia fresh, regenerated MCM-22(120) type | uaz
type Il WUNTH fresh, regenerated MCM-22(120) alwnRanmsiaulngfidu c7 89 8 uaz
selectivity dawfarnnil C6-C7 iRudwdwdnariu lunmednsalfAiten fresh catalyst vzl

selectivity 6o C9 §9n11 regenerated catalysts

- i a X & va

Ui naI NN unInuavad fresh catalyst LLaZ regenerated catalysts InftAeanu
AIBUATNUATN  MCM-22(120)  Famaneazldlud fAsennmsuangdasvaznanafiniwae
stable uaz@sIU N3 eNumslFNuLEIETnnauInlE lade  Tagnisi lmnls

coke aanhluaz @1 conversion aaadLNgs 5%
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45 -

—e— H-MCM-22(120)
40 + —a— Regen(120) type |
35 +— —&— Regen(120) type Il

Cs
Cs
c7
Cs
Co
Cio
C17
C12
Ciz »
Ciq .
Ciqy .

gﬂﬁ 15 WEAINIINIZANLAIVBINEANUNVBIART  NLAAIN MFANNNITHANL BUVLTWAFANTRANDR INTNA

agltaassdfnsensiia fresh, regenerate - e | uaztype Il (@neildlumnanas: 10%w
lagl U3 fresh, reg ted MCM-22(120) type | uastype Il ( 1l 10%wt

catalyst of PP waste, 89313 1%a N, 1¥iniu 20 cm/min, 380°C tianfildlumavind A5 40 widi)

27



LONENID19D9

Corma, A.; Fornes, V.; Martinez-Triguero, J.; Pergher, S. B. “Delaminated zeolite:
Combining the benefit of zeolites and mesoporous materials for catalytic uses”, J.
Catal., 186, 1999, 57.

Corma, A.; Fornes, V.; Guil, J. M.; Pergher, S.; Maesen, Th.L.M.; Buglass, J.G.
“Preparation, characterization and catalytic activity of ITQ-2, a delaminated
zeolite”, Micropor. Mesopor. Mater., 38, 2000, 301.

Zhu, X.; Liu, S.; Song, Y.; Xu, L. “Post-treatment with ammonium hexafluorosilicate:
An effective way to synthesize high silica MCM-22 zeolite”, Catal. Commun., 6, 2005,
742.

Liu, L.; Cheng, M.; Ma, D.; Hu, G.; Pan, X.; Bao, X.; “Synthesis, characterization, and
catalytic properties of MWW zeolite with variable Si/Al ratios”, Micropor. Mesopor.
Mater., 94, 2006, 304.

Zhu, X,; Liu, S.; Song, Y.; Xie, S.; Xu, L. “Catalytic cracking of 1-butene to propene
and ethene on MCM-22 zeolite”, Appl. Catal. A., 290, 2005, 191.

Corma, A.; Corell, C.; Perez-Pariente, J. “Synthesis and characterization of the
MCM-22 zeolite” Zeolite. 15, 1995, 2.

Martinez, A.; Asensi, M.A.; Corma, A.; “Skeletal isomerization of 1-butene on MCM-
22 zeolite catalyst” J. Catal. 158, 1996, 561.

Tassumi, T.; Wu,; P.; Komatsu, T.; Yashima, T. “A novel titanosilicate with MWW
structure. |. Hydrothermal synthesis, elimination of extraframework titanium, and
characterizations” J. Phy. Chem.B 105, 2007, 2897

Mihalyi, R.M.; Kollar, M.; Pal-Borbely, G.; Valyon, J. “Micro/mesoporous
aluminosilicate composites from zeolite MCM-22 precusor” Micropor. Mesopor.
Mater. 99, 2007, 37.

Murugesan, V.; Kumar. G.S.; Saravanamurugan, S.; Hartmann, M. “Synthesis,
characterisation and catalytic performance of HMCM-22 of different silica to alumina
ratios.” J. Mol. Catal. A:Chemical. 272, 2007, 38.

Niwa, M.; Suzuki, K.; Aoyagi, Y.; Katada, N.; Choi, M.; Ryoo, S. “Acidity and
characterization activity of mesoporous ZSM-5 in comparision with zeolite

ZSM-5, AI-MCM-41 and silica-alumina” Catal. Today. 132, 2008, 38.

28



1.

Output mn‘[mamﬁ%’sﬁlﬁ%’unumn #n.

$913097ANAINALAANNW : CONVERSION POLYPROPYLENE WASTE TO FUEL

USING MCM-22 ZEOLITE AND DELAMINATED MCM-22 CATALYSTS

TaI81INAAI19ZANUN : ... Journal of Analytical and Applied Pyrolysis

ARILAILN manuscript MRIUFIARUNHRINBAIAI1LETIUTZN LA UTI AN 53

2. mawanwissldltdselomt

\BIwWdbe

2.1 mu"?%‘yﬁﬁwaﬂizﬂﬂ@ﬂ@]ia@iaqmm%mwmmmﬁ RINITDRIN WU
nzwnIndadiljisonlnd dwdudszlosdlasassdegasnnisw
AINE1? ﬁagaaﬂﬂawuﬁﬁ'ﬂﬁawﬁwuwLﬂuq@mmmmmmﬁ@ﬁaLiaﬂﬁﬁ%m
o

2.2 fte FAzenetenldlunssuiwmsiiausatszandldlugasmnssud
Immﬁ%ammmLﬁ'ugamﬂnawmwmaaﬂ Wallfpwdundsnuunasln

ém%'ﬂ‘*ﬁmguﬁwsluaq@m%miuvl,@i”

BIRITITIHE NAINNINTWILREINITNFIINIZURNNTAAUT U AT LT WA RANLYINA
Fnuw tNalAAauazWaIRANTLAY LIARAIINN MTINULRIVLENATRANAINED

81313090 mLLﬂigiﬂ,ﬁ L wUREIWaIIN sl ler

° A
MIWIULRUBDHNRIN uslu‘nﬂi:‘*gu

v ]
o A o A

miﬂizquﬁfﬂ‘iﬁ'ﬁjﬂmjwuL;J%%%’ﬁmﬂa §N7. 391 9 Tui 15-17 ganA 2552

a ea 6 a € A 6 A o =
Bmmaaammauu IFDIN ILAIUN UT TN L‘W“Eilﬁ

29



LANAITA9DY

(1)

Corma, A.; Fornes, V.; Martinez-Triguero, J.; Pergher, S. B. “Delaminated zeolite:
Combining the benefit of zeolites and mesoporous materials for catalytic uses”, J.
Catal., 186, 1999, 57.

Corma, A.; Fornes, V.; Guil, J. M.; Pergher, S.; Maesen, Th.L.M.; Buglass, J.G.
“Preparation, characterization and catalytic activity of ITQ-2, a delaminated
zeolite”, Micropor. Mesopor. Mater., 38, 2000, 301.

Zhu, X.; Liu, S.; Song, Y.; Xu, L. “Post-treatment with ammonium hexafluorosilicate: An
effective way to synthesize high silica MCM-22 zeolite”, Catal. Commun., 6, 2005,
742.

Liu, L.; Cheng, M.; Ma, D.; Hu, G.; Pan, X.; Bao, X.; “Synthesis, characterization, and
catalytic properties of MWW zeolite with variable Si/Al ratios”, Micropor. Mesopor.
Mater., 94, 2006, 304.

Zhu, X.; Liu, S.; Song, Y.; Xie, S.; Xu, L. “Catalytic cracking of 1-butene to propene
and ethene on MCM-22 zeolite”, Appl. Catal. A., 290, 2005, 191.



	1.pdf
	2.pdf
	3.pdf
	4.pdf
	5.pdf
	6.pdf
	7.pdf

