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The catalytic effect on depolymerization of used polystyrene to ethylbenzene was
studied. The cracking reaction was carried out under hydrogen or nitrogen pressure with
bifunctional catalysts, i.e. Fe-Sn-F, Ni-Sn-F, Co-Sn-F, Fe-Zn-F, Fe-Pb-F and Fe-Al-F supported
on molecular sieve. The optimum condition for hydrocracking was 400 psig initial hydrogen
pressure, at 350 °C and 15% by weight of Fe(5%)-Sn(5%)-F(2%) on molecular sieve catalyst for
90 minutes. The optimum condition for cracking under nitrogen pressure was similar to
hydrocracking, but the initial nitrogen pressure was 300 psig. The main components of products

from both conditions were ethylbenzene, toluenc; iso-propylbenzene and xylenes.

. MR - aofiodefign... o _ouassos  y -
ﬂ'HI'I'-Jﬁ'l ‘L“\M:JLF\.?«\LLA:B'V‘Q'\H‘HH;MU:A LZIC'.; muﬁai‘auwnéﬁ\ﬁnm ‘=:' t
4 / .

Yorsdow.. 258 aniledeernndifinmi




ACKNOWLEDGEMENT

The author wishes to express deepest gratitude to her advisor,
Associate Professor Sophon Roengsumran, Ph.D., for being generous,
understanding and encouraging throughout the course of this research. Special
thanks are also offered to Assistant Professor Amom Petsom, Ph.D., for his
valuable advice and helpfulness.

In addition, she is grateful to Associate Professor
Supawan Tantayanon, Ph.D., Assistant Professor Preecha Lertpratchya, Ph.D.,
, Assistant Professor Somchai Pengprecha, Ph.D., for serving as chairman and
members of her thesis committee, respectively, and for their valuable
comments. She is grateful to Union Carbide, Inc. for supplying the materials.
She appreciates help with the GC experiment from PTT.

The author would like to express her gratitude to her family for
their love and encouragement, to her friends for their support throughout her
study for the Master’s Degree. She is also grateful to everyone who has

contributed suggestions and support during the study.



CONTENTS

Page

ABSTRACT (TN THAD...cooviviiiiriiniii it seenaens —— 1\
ABSTRACT (IN ENGLISH)............. 7 7 7 TR v
ACKNOWLEDGEMENT. ...........bs oo oooeesssssssteceereersesessessse vi
CONTENTS..........vaiisonnsssrsieaneione. e vii
LIST OF TABLES ..o it ieiiiiieie ettt st ceaea et ee '
LIST Ol;‘ FIGURES......iciteiieniiiiiiiiiininans W TSR xvii
ABBREVIATIONS . ... it iiieaiiiiiie et sn e e ans xxv
CHAPTER 1 INTRODUCTION

Introduction; N T T T T e (LTSRN 1

ObjectiveA and Scope of this Research.................ccooeiiiinin, .3
CHAPTER II THEORETICAL CONSIDERATIONS AND

LITERATURE REVIEW

Polystyrene......... BT R PPPR R RRY 4

Hydrocracking Reaction..........cc..cvivveninininiiiiiniiinenneninenen, 10

Bifunctional Catalyst 12

BT 110 =1 (=2 ST 17



viii

Page
CHAPTER 1l EXPERIMENTAL
| P o 1 L U PP PPTPPPP PP eereerraaans 20
' Apparé,tus and INSIUMENES. . ... ivineicnirrairirarensneanrssccareinens 21
PrOCEAUIE. ......coviviveesiiienesianeeeveee e ine e JOUTPUUUTSR 25

Measuring the Pore Volume of Molecular Sieve 4A-DG Type...... 25

Preparation of Catalysts...........ccooeiineeiiinniin ., 25

Hydrocracking PTOCESS. .. .covverieeerrersriiniiieseiienrinnerene eeeeians 30
The Eﬂ'ect of Catalyst Type on Hydrocracking.................... 30
The Effect of Temperature on Hydrocracking..................... 31
The Effect of Pressure on Hydrocracking...............cooeene 31
Further Study of the Catalyst Activity on Hydrocracking........ 31

Cracking Proct;ss under Nitrogen Pressure..............coceveeiveenn 32

The Effect of Reaction Time on Cracking under Nitmgen

The Effect of Pressure on Cracking under Nitrogen

PressUre. ....c.vvveveeeiaeiirnnnirsss e eieereetreeeearnareaane 32

The Effect of Temperature on Cracking under Nitrogen
32



The Effect of Catalyst Type on Cracking under Nitrogen

The Effect of Catalyst Concentration on Cracking under
Nitrogen Pressure.............ccceeeieiinninnnses NTTTOTTORR
Further Study of the Catalyst Activity on Cracking under
Nitrogen PTessure. ......ccocoeriiiunrnirinnines etveaeeesneersnresanis

The Determination of the Product Component...........c...occuvuie.

CHAPTER IV RESULT AND DICUSSION
Characterization of Catalysts.......ccccooviuieniinnrnnien. S e
Hydrocracking Proccss.............; ..........................................
Cracking Process @der Nitrogen Pressure...........cocovivinnveneennns

Reproducibility of Processes.......cocvvruiiniriinrnsiniiiniiiiiieeae.

CHAPTER V_CONCLUSION.......citiiitiniansansaeasessronoresnianrseiaen |

REFERENCES............cooiiiiiiniiiiennn, SR Pepves

APPENDICES. ... it s et

X

Page

32

33

33

33

34

35

54

54

55

57

59



LIST OF TABLES

Table | Page
4.1 Hydrocarbon products from hydrocracking as a function of catalyst
11 1 PP TSP S P 36
4.2 Hydrocarbon products from hydrocracking as a function of reaction
105111402 L1 PR P P P 38
43 Hydrocarbon products from hydrocracking as a function of
hydrogen PreSSUIE. . ... .. ovuieeinerrsaruecuimiisineririmnninniiasaees o 39
4.4 Hydrocarbon products from studying the catalyst activity of
hydrocracking PrOCESS. ... cvuuuirnirenasrrinirririaeeiuiiruasinanneanaaioes 41
4.5 Hydrocarbon products frdm cracking under nitrogen pressure as a
function of TeACHOM THME. .........ueveueneeemueecruiarraneerenimsanaasnnann 43
4.6 MHydrocarbon products from cracking under nitrogen pressure as a
function of NItrOZEN PreSSUIe. .. .. i iusiviasririrssmiarerasnesrnsassines 45
4.7 Hydrocgrbon products from cracking under nitrogen pressure as a
function of reaction temMperature.............co.oiiivmeiere i e eene 47
4.8 Hydrocarbon products from cracking under nitrogen pressure as a

function of catalyst tyPe.......coeniviiiiiiiiiiiiie e 48



Table Page
4.9 Hydrocarbon products from cracking under nitrogen pressure ‘as a
function of catalyst concentration............cccovenienenss .............. 50
4.10 Hydrocarbon products from studying the catalyst activity of
cracking under nitrogen pressure.............;........‘Z ..................... 52
Al Element concentration of catalysts from X-ray fluorescence........... 61
Bl Hydrocarbon products from hydrocracking as a function of catalyst
117) 1 T OTE OO R U U PP PP PP PP PR PP PPPPPEPPPPRRRPPRPPR 79
- B2 Hydroc#rbon products from hydrocracking as a function of
hydrogen Pressure. .........coveevenerriearererssiinieieninienirareanon 79
B3 ‘Hydrocarbon products from cracking under nitrogen pressure as a
function of TeACtON ME. .......vvieieirieiunrrioniiresrrerarisiresaaans 80
B4 Hydrocarbon pro-ducts from cracking under nitrogen pressure as a
function of NItrOZeN PreSSUIE........ocuvvvvrnrmirneeueeeienerrarasianeas 80
B5 Hydrocarbon products from cracking under nitrogen pfessure as a
fuNction Of CatAlY St YPE. . ..uoveeinieinriiiiiasereaisrreesnterseenens 81
B6 Hydrocarbon products from cracking under nitrogen pressure as a

function of catalyst CONCENITAON. ........oovuiiuiirmiierniernieiinnnsens 81



xii

Table | Page
Cl1 Composition and % peak area of’ hydrocarbon product from
.hydxocracking at H, pressure 400 psig, 350 °C withl‘ 15% wt of
Fe(5%)-Sn(5%)-F(2%) catalyst for 90 minutes...............c.coovveees 84
C2 Composition and % peak area of hydrocarbfm product from
hydrocracking at Hj pressure 400 psig, 350 °C with 15% wt of
Ni(5%)-Sn(5%)-F(2%) catalyst for 90 minutes...........ccccovvveeinens 86
C3 Composiﬁon and % peak area of hydrocarbon product from
hydrocracking at H, pressure 400 psig, 350 °C with 15% wt of
Co(S%)—Sn(S%)-F(Z%).catalyst £Or 90 MINULES. .....vvveennrenennnrens 88
C4 Composition and % peek area of hydrocarbon product' from
hydrocracking at H; pressure 400 psig, 350 °C with 15% wt of
Fe(5%)-Zn(5%)-F(2%) catalyst for 90 minutes............cccveveernnn 90
C5 Composition and % peak area of hydrocarbon product from
hydrocracking at H, pressure 400 psig, 350 °C with 15% wt of
Fe(5%)-Pb(5%)-F(2%) catalyst for 90 minuies. .‘ ......................... 92
C6 Composition and % peak area of hydrocarbon product from
hydrocracking at H, pressure 400 psig, 350 °C with 15% wt of

Fe(5%)-Al(2%)-F(2%) catalyst for 90 minutes.............ccoeveerueenns 94



Table

C7

C8

Co

C10

Cl1

Cl12

Composition and % peak area of hydrocarbon product from
hydrocracking at H, pressure 400 psig, 350 °C with 15% wt of
Fe(5%)-Al(3%)-F(2%) catalyst for 90 minutes......................ooe.
Composition and % peak arca of hydrocarban product from
hydrocracking at H; pressure 400 psig, 350 °C with 15% wt of
Fe(5%)-Al(5%)-F(2%) catalyst for 90 minutes...............ccceeeeeenn.
Composition and % peak area of hydrocarbon producf from
hydrocracking at H; pressure 300 psig, 350 °C with 15% wt of
Fe{5%)-Sn(5%)-F(2%) catalyst for 90 minutes...................... e
Composition and % peak area of hydrocarbon producf from
hydrocracking at H, pressure 400 psig, 350 °C with 15% wt of the
1" regenerated Fe(5%)-Sn(5%)-F(2%) catalyst for 90 minutes.........
Composition and % peak area of hydrocarbon product from
hydrocracking at H, pressure 400 psig, 350 °C with 15% wt of the
2" regenerated Fe(5%)-Sn(5%)-F(2%) catalyst for 90 minutes........
Composition and % peak area of hydrocarbon product from
cracking under nitrogeﬁ pressure at N> press;urc 500 psig, 350 °C

with 15% wt of Fe(5%)-Sn(5%)-F(2%) catalyst for 180

Xiif

Page

96

98

100

102

104



Table
C13 Composition and % peak area of hydrocarbon product from
cracking under nitrogen pressure at N, pressure 500 psig, 350 °C

with 15% wt of Fe(5%)-Sn(5%)-F(2%) catalyst for 90

C14 Composition and % peak area of hydrocarbon product from
cracking under nitrogen pressure at N, pressure 400 psig, 350 °C

with 15% wt of Fe(5%)-Sn(5%)-F(2%) catalyst for 90

C15 Composition and % peak area of hydrocarbon product from
cracking under nitrogen pressure at N, pressure 300 psig, 350 °C

with 15% wt of Fe(5%)-Sn(5%)-F(2%) catalyst for 90

C16 Composition and % peak area of hydrocarbon product from
cracking under nitrogen pressure at N, pressure 200 psig, 350 °C

with 15% wt of Fe(5%)-Sn(5%)-F(2%) catalyst for 90

Xiv

Page

108

110

112

114



Table

C17

Cl8

C19

C20

Composition and % peak area of hydrocarbon product from
cracking under nitrogen pressure at Ny pressure 300 psig, 350 °C

with 15% wt of Ni(5%)-Sn(5%)-F(2%) catalyst for 90

Composition and % peak area of hydrocarbon product from

~ cracking under nitrogen pressure at N pressure 300 psig, 350 °C

‘with 15% wt of Co(5%)-Sn(5%)-F(2%) catalyst for 90

Composition and % peak area of hydrocarbon product from
cracking under nitrogen pressure at N, pressure 300 psig, 350 °C

with 15% wt of Fe(5%)-Zn(5%)-F(2%) catalyst for 90

Composition and % peak area of hydrocarbon product from
cracking under nitrogen pressure at N, pressure 300 psig, 350 °C

with 15% wt of Fe(5%)-Pb(5%)-F(2%) (catalyst for 90

Page

116

118

120



Table

C21

C22

C23

C24

Composition and % peak area of hydrocarbon product from
cracking under nitrogen pressure at N, pressure 300 f)sig, 350 °C
with 15% wt of Fe(5%)-Al(2%)-F(2%) catalyst for 90
mmutes ......................
Composition and % peak area of hydrocarbon product from
cracking under nitrogen pressure at N, pressure 300 psig, 350 °C

with 10% wt of Fe(5%)-Sn(5%)-F(2%) catalyst for 90

Composition and % peak area of hydrocarbon product from
cracking under nitrogen pressure at N, pressure 300 psig, 350 °C
with 15% wt of the 1* regeneratedFe(5%)-Sn(5%)-F(2%) catalyst
fOr QO MINULES. ... oiiiiitiniicemitiiiene it erie et e e e aaares
Composition and % peak area of hydrocarbon product from
cracking under nitrogen pressure at N pressure 300 psig, 350 °C
with 15% wt of the 2™ regenerated Fe(5%)-Sn(5%)-F(2%) catalyst

L0 D0 I LS, . eeerreeeeeerernnrennenessessessasssessssssnnsnsennsnnnnnns

Xvi

Page

124

126

128

130



LIST OF FIGURES

Figure

2.1 Polymerization reaction of StyT€ne..........cooceeviniiniiiiiinnieinn
2.2 The preparation of metal impregﬁated aluming..........ocooeiniinininn
2.3 Structure 0f Zeolite AL .. .iiiiiiiiiiiit i
24 Represgntaﬁon of the Lewis and Bronsted acid sites in silica-

3.1
3.2
33
34

4.1

4.2

4.3

44

Reactor fItling. ... ....oocoiiiieiiieirneiirri it
14 DIN microprocessor-based auto-tuning confrol........................
Flow chart of catalys‘t PrEPATALION. . ... vvuierinnineriraaernranrraraness

Comparison of main components of products from hydrocracking as
a function of catalyst tyPe........coceeiiiiiiiiimiriiiiiiirrcee

Comparison of main components of products from hydrocracking as
a function of hydrogen pressure...........coceerveniienniiianin, R
Trend of percentage vyield of hydrocarbon products from studying
the catalyst activity of hydrocracking process.............ovovvenieniens

Comparison of main components of products from studying the

catalyst activity of hydrocracking process..........coovvivieevenencann

13

14

16

22

37

39

41



Xviit

Figure Page -
4.5 - Comparison of main components of products from cracking under
“nitrogen pressure as a function of reaction time........... SR 44
4.6 Compaﬁson of main components of products from cracking under
nitrogen pressﬁre as a function of nitrogen Pressure..................... 46
47 Comparison of main components of products from cracking under
nitrogen pressure as a function of catalyst tyPe...........eerrrveeerrenes 49
4.8 Comparison of main components of products from cracking under
nitrogen pressure as & function of catalyst concentration............... 51
49 Trend of percentage yield of hydrocarbon products from studying
the catalyst activity of cracking process under nitrogen pressure...... 53
4.10 Comparison of main components of products from studying the
catalyst activity of cracking process under nitrogen pressure............ 54
Al Plot of X-ray fluorescence data of _Fc(S%)—Sn(S%)-F(2%) on
molecular steve catalyst..........cccoiiiiiieiivii i 62
Al Plot of X-ray fluorescence data of Fe(5%)-Sn(5%)-F(2%) on
molecular sieve catalyst (continued)..............coooiiiiiiiinin 63
A2 Plot of X-ray fluorescence data of Ni(5%)-Sn(5%)-F(2%) on

molecular sieve CAAlYSE. .......ouvtiiernrtiiea et iieciiaiaereaan 64



Xix

Figure Page
A2 Plot of X-ray fluorescence data of Ni(5%)-Sn(5%)-F(2%) on
molecular sieve catalyst (continued)..............ocvveeen. e, 65
A3 Plot of X-ray fluorescence data of Co(5%)-Sn(5%)-F(2%) on
molecular sieve catalyst...............cooveviaveiianan. e ———— 66
A3 Plot of X-ray fluorescence data of Co(5%)-Sn(5%)-F(2%) on
molecular sieve catalyst (continued)..........cooiviiiiiiiiinaniini. 67
A4 Plot of X-ray fluorescence data of Fe(5%)-Zn(5%)-F(2%) on
molecular sieve catalyst.........ccoooveiiiiiiiiiiiiiiiiii e 68
A4 Plot of X-ray fluorescence data of Fe(5%)-Zn(5%)-F(2%) on
molecular sieve catalyst (Continued).............oeeerreereeerreereeeenenn 69
A5 Plot of X-ray fluorescence data of Fe(5%)-Pb(5%)-F(2%) on
molecular sieve c.atalyst ...................................................... 70
A5 Plot of X-ray fluorescence data of Fe(5%)-Pb(5%)-F(2%) on
molecular sieve catalyst (continued)...........occoereiiininini 71
A6 Plot of X-ray fluorescence data of Fe(5%)-Al(2%)-F(2%) on
molecular sieve catalyst........................ erteiereereeeanenaarans - 72
A6 Plot of X-ray fluorescence data of Fe(5%)-Al(2%)-F(2%) on

molecular sieve catalyst (continued)............coceenniiiiiniiiniinnnns 73



XX

Figure Page
A7 Plot of X-ray fluorescence data -of Fe(5%)-Al(3%)-F(2%) on

molecular sieve catalyst ............... 74
A7 Plot of X-ray fluorescence data of Fe(5%)-Al(3%)-F(2%) on

molecular sieve catalyst (continued).........o...cccetverreniiierriiinnes 75
A8 Plot of X-ray fluorescence data of Fe(5%)-Al(5%)-F(2%) on

molecular sieve atalyst.........co.ooiriiiiiiiii 76
A8 Plot of X-ray fluorescence data of Fe(5%)-A(5%)-F(2%) on

molecular sieve catalyst (continued)............cocoovnviiiiiiin i 77
Cl GC chromatogram of product from hydrocracking at H; pressure

400 psig, 350 °C with 15% wt of Fe(5%)-Sn(5%)-F(2%) catalyst for

OO0 MUIULES. ... vvensseesnneeneneassaanensnnnanaaaneaseessnssassannsresnnns 83
C2 GC chromatogram of product from hydrocracking at H; pressure

400 psig, 350 °C with 15% wt of Ni(5%)-Sn(5%)-F(2%) catalyst for

Q0 MMUMULES. .. ... eevveeisianerrnernnsanesannbeassasasenntansssnansisnsennssnas 85
C3 GC. chromatogram of product from hydrocracking at H, pressure

400 psig, 350 °C with 15% wt of Co(5%)-Sn(5%)-F(2%) catalyst

0T D0 TUIIULES . ... even e eeeeseeesenenenensnsnessseneaeasessaeanensnassnnnsennns 87



Xx%i

Figure ) | Page
C4 GC chromatogram of product from liydrocracking at H, pressure

400 psig, 350 °C with 15% wt of Fe(S%)-Zn(S%)-F(Z%) catalyst for

Q0 TRUIIULES. . ... eeeeeeeiianassasssarntnssesnanaarenessansnsaesssrassrsnansees 89
C5 GC chromatogram of product from hydrocrackiﬁg at H, pressure

400 psig, 350 °C with 15% wt of Fe(5%)-Pb(5%)-F(2%) catalyst for

Q0 IMNULES. .. .outevenaenssrsneennsessssnessneassnsasasnossassanssrnssmrennnnss 91
Cé6 GC chrorhatogram of product from hydrocracking at H, pressure

400 psig, 350 °C with 15% wt of Fe(5%)-Al(2%)-F(2%) catalyst for

QO IMENULES. . ...evvtnersibnsesssannnsannneessnsesaserensecnsosssnnsssnssens 93
C7 GC chromatogram of product from hydrocracking at H» pfessurc

400 psig, 350 °C with 15% wt of Fe(5%)-Al(3%)-F(2%) catalyst for

QO IMUIULES. ..o e.vevsveicarsecaessinnmasasneseraseeessrnnnseaasensennanss 95
C8 GC chromatogram of product from hydrocracking at H: pressure

| 400 psig, 350 °C with 15% wt of Fe(5%)-Al(5%)-F(2%) catalyst for

90 MUNULES. .. ... ot ress e aeis it bt s e e b b e e 97
C9 GC chromatogram of product from hydrocracking at H; pressure

300 psig, 350 °C with 15% wt of Fe(5%)-Sn(5%)-F(2%) catalyst for

O ITETIUIE S . .. eeveneeneeneereenseseeneeseneansnaensanesncneansasancanssnsansncs 99



xxii

Figure Page
C10 GC chromatogram of product from liydrocracking at H, pressure

400 psig, 350 °C with 15% wt of the 17 mgeneﬁ&d Fe(5%)-

Sn(5%)-F(2%) catalyst for 90 MinULes. ...........oooveeereeniecnennn 101
C11 GC chromatogram of product from hydrocraclciiig at H, pressure

400 psig, 350 °C with 15% wt of the 2™ regenerated Fe(5%)-

Sn(S%)-F(é%) catalyst for 90 MINULES. .........cevvmmeneerrrenineaeeninns 103
C12 GC cBromatogrmn of product from cracking under nitrogen pressure

at N, pressure 500 psig, 350 °C with 15% wt of Fe(5%)-Sn(5%)-

F(2%) catalyst for 180 minutes. ..........cconveeniiennncciinininniiiins 105
C13 GC chromatogram of product from cracking under nitrogen pfcssure

at N, pressure 500 psig, 350 °C with 15% wt of Fe(5%)-5n(5%)-

F(2%) catalyst fOr 90 MiMUES. ............veeeesiemeeersesinsseeens 107
C14 GC chromatogram of product from cracking under nitrogen prcssuri:

at N, pressure 400 psig, 350 °C with 15% wt of Fe(5%)-Sn(5%)-

F(2%) catalyst for 90 MINULES. .........0ueieieriiereinnerennieneiaceans 109
C15 GC chromatogram of product from cracking under nitrogen pressure

at N; pressure 300 psig, 350 °C with 15% wt of Fe(5%)-Sn(5%)-

F(2%) catalyst for 90 miNULes. .............cceverrrereenreerenerunneenenss 111



XXiii

Figure Page
Cl6é GC chromatogram of product from cracking under nitrogen pressure

at Ny pressure 200 psig, 350 °C with 15% wt of Fe(5%)-Sn(5%)-

F(2%) catalyst for 90 MINULES. ........cceiererrermiiriiiraiieersmmnnmninns 113
C17 GC chromatogram of product from cracking under nitrogen pressure

at N, pressure 300 psig, 350 °C with 15% wt of Ni(5%)-Sn(5%)-

F(2%) catalyst for 90 minutes. ...........cceuvnreeriemmnaeiiniinnieinns 115
C18 GC chromatogram of product from cracking under nitrogen pressure

at N, pressure 300 psig, 350 °C with 15% wt of Co(5%)-Sn(5%)-

F(2%) catalyst for 90 minues. ........eevvvnreriraaeeeenrererninenn . 117
C19 GC chromatogram of product from cracking under nitrogen pfessurc

at N pressure 300 psig, 350 °C with 15% wt of Fe(5%)-Zn(5%)-

F(2%) catalyst for 90 MINULES. .........n.eeverenrereerernneereecninnaens 119
C20 GC chromatogram of product from cracking under nitrogen pressure

at N pressure 300 psig, 350 °C with 15% wt of Fe(5%)-Pb(5%)-

F(2%) catalyst for 90 TnUtes. ... ....u . ui it ee e e 121
C21 GC chromatogram of product from cracking under nitrogen pressure

at N; ﬁressurc 300 psig, 350 °C with 15% wt of Fe(5%)-Al(2%)-

F(2%) catalyst fOr 90 munULES. .......ccuvvurrrnernernneenerenrensrnnrennes 123



Figure

C22 GC chromatogram of product from cracking uﬁder nitrogen pressure
at N, pressure 300 psig, 350 °C with 10% wt of Fe(é%)-Sn(S%)-
F(2%) catalyst for 90 minutes.........cc.ooeeuerieniiniieniinninnn..

C23 GC chromatogram of product from cracking under nitrogen pressure
at N pressure 300 psig, 350 °C with 15% wt of the 1" regenerated
Fe(5%)-Sn(5%)-F(2%) catalyst for 90 minutes...............ccoeuvennn

C24 GC chromatogram of product from cracking under nitrogen pressure
at N pressure 300 psig, 350 °C with 15% wt of the 2™ regenerated

Fe(5%)-Sn(5%)-F(2%) catalyst for 90 minutes...............ccoeuvennne

xXiv

Page

125

127



ABBREVIATIONS

psig = pound per square inches gauge

8

Gas Chromatography
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