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Dehydrogenation of meth“' methyl formate was carried out
in the temperature range nf 200 using copper-exchanged clay
as a catalyst. The layer ﬁliaad:e c'l'a&l in this study were sodium
type laponite, 5apun1tﬂ¢‘ﬁmntwﬂr11w These sodium type clays
were exchanged by co I;;%ﬁnu] conversion, methy]l
ormed thr‘ilg'h dehydrogenation and

tf’n nol was selectively converted to

‘r'llh

formate and dimeth
dehydration, respec

g! q, onite. 09 the contrary, copper
Eg'!jnmgtoj' .'fatwea' only dehydration and
led at-all, due toltheir acidities. The
| 'ax\ged laponite catalyst
increased with the tempe ty_ﬁ;_fﬂf ent in nitrogen. Water was
found to inhibit the dehgdrbgeqatmm’{he copper-laponite catalyst,
The effect of ther;ma'f treatment ot !
desorption of watef"\.,mn'lecules coordina
“methyl formate o btat
methanol on cupper—eﬁhanged Taponit
of hyrogen. The ang‘t is of this are duced catalyst indicated that

th ist dﬁ Mﬁ r% f
ere existe 5 degmes i Wﬂq ﬂ nature of copper

ion species am 1on exchange are also shown to

o A S R AT A

reaction 'i:ond'itwnﬁ are the main factors to attain high activity and

exchanged-saponite ar
methy] formate was

Anterpreted as a result of
= jons in laponite.
F‘&l‘ dehydrogenation of

=

High selectivity
reated 'i,b_,!m reducing atmosphere

selectivity in dehydrogenation. At any rate, the results obtained in
this study lead us to conclude that copper-exchanged laponite is an L
effective catalyst for dehydrogenation of mehanol to yield methyl
formate.

AW e, 4

- miﬂiﬂﬂﬁﬂ 'ﬂns-ﬁm ﬁ'uqm;a?_
min
TNV . muilesonnsdilinm M Anorgsni”

o -I_LL---.J.m........-..-. “.-/ Jzﬂﬂ/



ACKNOWLEDGEMENTS

Firstly, I wish to take this opportunity to express my deepest
gratitude and appreciation to my advisors Prof. Dr. Eiichi Kikuchi
and Dr. Takeshi Matsuda for their valuable quidances, suggestions,
discussions and editing this thesis, to Asst. Prof. Br. Supawan
Tantayanon for her helpfulness and co-ordination during my research

period in Japan. \\',/
I would 'I'ike& atitude and appreciation to

L versity for the exchange
scholarship of resgarth€hide Rd résearch in Waseda University

'— T ——
the Waseda Universi s

eat gratitude also go to

}L-‘i

b 7
friendships, toﬂr Koiclﬁ’ﬁﬁewﬁ
hard working, | to-my-frient
Thai friends andI’TSﬂ»-,

'-‘;, for some part of his

ory, Japanese friends,

* kindly assistances and
their mentalities. And my specia'l thanks deen'ly go to Mr. Koshi Ito

e T TN S g e o

Finally, I wish to éxpress thecsincere tharnké to the thesis

com R4 P PRI VSIS | 1 errts e

the period of examination for Master Degree.




CONTENTS

ABSTRAET (1‘" Tha1) --1"'..-.4'III.I-I-iIl'IIIIIIII!'!I"I"'II.. .iv
ABSTMCT -'Iii.-.II.!III!I-l_-_'_'lI--IlI--"IIIII.II."IIIIII..‘II‘I.'I v

AEKMMDEMEHEHTS -l'IIII..I-Il."lIIII--II-I"I-I-II-.II-""IIID- vi

LIST DF FIEURES !IIII.I-III'-? - LA R R A R A R N N NN x1
LIST OF TABLES ........ % e AR 8
ABBREVIATIONS ...... /__i_, xvii

- 1.1 Catalyst Definifion:i
1.2 Concepts of Catal {';
1.3 Function of C
1.4 Catalytic Sys

1.4.2 Homegeneous aia‘lyﬂs ﬂ.
Heterbgeneous catal e e S

15 LoD B PRV TS T
1.6 Catalyst Preparatinns;.......... sersssacnespueresesnnans 13

R R HAFIH TR B

OT‘P 'ﬂﬂ L R N N N N R R R R R R ]ﬁ

L=L S T "V S

—

Tlﬁ.a Ion Excha“ge Il.'..'--.'."l‘I--'III-II‘I'I-IIIII.I- 1?

1-6-4 Impregnatiun "l'l!"I--.II'II'IIIIII.II“"III..I-."II 13



viii

CHAPTER 2  CATALYTIC FEATURES 1IN DEHYDROGENATION OF METHANOL

2.1
2.2

2.3

TO METHYL FORMATE.

Entrodiietion. .. cscsisisasississsssnsssrisrsraniisanenensse: ]
Methanol Conversion ......eceeeen ST Ry AT
2.2.7 Dehydrogenation ...eeveececes crwvrreesvvrsssssnasse OF
2.2.2 Dehydration vueeseesessssssssscsosssssesssssascesss 23

2 2 3 DecmpDSit1°n - LN ] LA R R R R R RN RN NN NN 2?
‘U/ genation of Methanol

Catalysts and Cata 1 %ﬂ
to HEthyl FD --u-lérntlll-l-.-nn.nttt-q--n 30

L T 3‘]

2.3 1 =! ‘: | 1 Pﬂll“t‘i sEssEmEEEE e 3[]
' selectivity ....... 33

2.3.2 The effe S et T e .
2.3.3 The effeet of B Wl cccecerciinnnanances 43
2.3.3.1 _ A

¢ Promoter .......ee.. 44
pf additive ...... 46

g e, M
Aue 3ﬁﬁm“i’m,’]mf??fffi:::::: 5

d. Role of nickel.ceeeencess 54

P Rebal A TSR

24 mCtive S‘ite's I'IIIIII’.'IIlI--ﬁ---"III..I."III..III"'IIIIﬁ 5?

2.5

e 7 T e e L S —
Ci8.2 Surface APEE . iivicsonsssnuresenmarsrsasanasnssessss 58
2.4.3 X-ray Diffraction (XRD) ....cvevencnencnanccnceenss 58
2.4.4 Thermal Gravimetric Analysis (TGA) ....oevvevennee. 59
Mechanism of Methyl Formate Formation ....veveeeescssseen. 63



ix

PART TWO RESEARCH ON DEHYDROGENATION OF METHANOL TO METHYL
FORMATE ON  COPPER-EXCHANGED CLAY CATALYSTS.

CHAPTER 3  EXPERIMENTAL PROCEDURES

3'1 Intr.muctian EEESEEFAR SN EE S P AT TR EE LA LB B I Eg

3.2 Experimental SRR

- "---'"l........--"lil“--l‘l ?2
3.2.1 Type of Clay iw/; ..... . - -

ation "ged Clay Catalysts .... 73
3.2.3 Apparatus-and | e evsnasansssasa 70
perimental ap "and reactor ........ 75
b. Tredtmént 7-%;. Mitions .eeeeeracneas 78

‘_3\-".'..'...-----"..- m
_kts RN R 81

asorption (TPD)

3.2.4

AR SRR 31
¢ measurement ....... 86

sssssssssasnEREnEnnnnn Eg

A EEEE e e R 91

CHAPTER 4 mz:r.ruu:s1 AND nlscussmﬂ

a1 rmﬂr‘uaﬂca PENINEANT........

4. 1. 1 Effect on catalytic activi and selec 1ty cnians 34

IR ﬁm‘im?!m’&mlﬁﬁﬁ:::: s

b. The substitution of metal i0nS .ovevvvevenceen. 96
4.1.3 Consideration on electronegativity .oueeveeeeeses.. 100
4.1.4 Consideration on the acidic property of catalyst .. 100

o

a. TPD and surface area measurements ............. 100

By SXND MEASUPOMENE . civasvisasassiiisrivassissiae 04
4.1.5 Conclusion on the effect of type of clay catalyst

on methanol conversion ..... sessesscnnsnnssnssncans 104



4.2 Reaction Temperature ....iiiueeesseesecsessnneeseennnsnnns
4.2.1 Effect on catalytic activity and selectivity ......
4.2.2 Effect on product distributions
4.2.3 Effect on catalytic stability
4.2.4 Consideration op catalytic deactivation ...........

4.3 Treatment Temperature chessssssasEsatss s ar ey T T annas
4.3.1 Effect on catalytic activity and selectivity ......
4.3.2 Thermal Gravimtrm HR)BDANYSEE, .. isvnaadscinvis
4.3.3 Infrared (IR) measurements ...........

4.3.4 Cnnﬂusm@ 2 reatment temperature .

4.4 Treatment # M -'ﬂI-lI!'I-lI--I'I-IIUI
4.4.1 Effect T ' I selectivity .aess.

4.4.2 Inves onance (ESR) ....

4-#.3 Effec ‘ - III'I.IIII!...-'I

4.5 DEgrEES uf‘ op i : :i ,‘ :uwiiijl-.l'l----'ill---i
4.5-1 IEP = f Hi- EEEEAw -ﬂ--.---r-a--------

4 5 2 Effect n a T}t@é;j:‘. |\‘-Ii!'llI--'l-liilI
CHAPTER 5  GENERAL LUSIONS o,

REFFEREHCES 'II.."II.“!A;:‘#“J‘ﬂf‘;jﬂ‘ L T S Y R R

Vs
)

APPEHDIKS LR T T R eI

A.” The Preparation uf ﬂiphanﬂamine Reagent ...vcvevevencnnean
B. The Pre ﬁ
C. The ana%ugl rfrgj mﬁﬁﬁqﬂ(g ..... s
D. Raw data from GC, Data Sheet and thexCalculation %f

W9 IR IRENNINE AL, ...

E. Calculations of Surface Area Sisansaasnanserinstsenenannnen
F. Data of ICP measurements Sasssisssssseser s st s e a e,
G. The Calculations of Average Electronegativity vovvevuvenn..
H. Data of Thermal Gravimetric BT T (U L
I. The Details of Calculation for Amount of Nat and Cu?t ions

Base on Dry Catalyst ..... "eessseassssssssssssnsrssssannsne

...fITA RS E S Ees e LR R R RN L ll.l'll.lllllilll-l!l-.

107
107
m
114
116
119
119
119
124
124
127
127
127
130
133
133
133

137

140

149

149

50
151

—_

152
155
156
159
160

163

164



xi

LIST OF FIGURES

FIGURE PAGE
1-1 Potential energy profile for a catalyzed and uncatalyzed

1-2

1-3
1-4
1-5
1-6
1-7

2-4
2-5

2-6
2-1
2-8

2-9
2-10
2-11
2-12

EKDthEm“iE rEﬂction EEEEEEEE RS E RN SN RN R EEEEE S SRS e 3
Industrial reactors for orming heterogeneous

r
catﬂyt'h: reactions s.g.- l

IIIII LE R B R R A ERE EE RENENNERRENEN B

ay wineral:.eiiiiasvenin 11

Isotherm for 6 of catalytic 1ons ..ccvvennnnnnn. P
Steps in im ion’ active component sessceancnsses 18
Pore andp - - EEE SRR RS 19

PQSS'".'I‘.IE mnver - . LN LR R R RN E RN NN NN -22
TPD spectra of a a.adsorbed on various layered
5111Clte Ilﬂrleri ‘.: e i' :lllnlllll-il-;UJUUIIII'I-‘-III:I 25‘

Products distr1but$um:ﬁw1pfg5: rbons produced over H or Ti

g&n—cf ayere -~ - i nal 1 at 35ﬂa¢ swsesne 2D
A L '7 f m&thﬁn01 EE R R 23
-esorp ion frcm J£L1uus silicated

exchanged

m‘inerais 4.---‘&.'..--.1 LELEL L B RN NN RN N NN 31

React 61 &@%Eﬂ%@ﬂ%ﬂﬂﬁmw catalyst 37

Effect 'Of the amount of .copper Ioig:ng serrenasgsesiaeiiie, 38

RTINSy

Change in the catalytic activities with the reaction time .. 40
Effect of the amount of alkali metal oxides ..... v s nae T
Effect of the amount of alkaline earth metal oxides ........

& &

Effect of the amount of amphoteric 0Xides ...eeeeceeeeccesss

2-13a Effect of the amount of strongly acidic oxides ............. 49

2-13b Effect of the amount of weakly acidic oxides ........... «ans 49



Xii

2-14 Performance of the catalysts in dehydrogenation of methanol. 52
2-15 Effect of nickel on selectivity for methyl formate ......... 54
2-16 Synthesis of pillared interlayer clay (PILC) v.eevevevecenn. 56
2-17 X-ray diffraction patterns of unreacted, leached and

reduced over copper chromite catalyst ....ceeeescescesscess. 59
2-18 Thermal gravimetric analysis in hydrogen atmosphere of

various copper chromite catalysts .....eseeescscccssscecnsss 60

2-19 Change in the activity e 5e1ect1v1ty during the final
reduction at 400°C mw SEass AR e viee B2

2-20 Difference in t ivit anol dehydrogenation
over Cu(11) i _tw:;{ﬂ)"rsn - ARSI
2-21 Methyl formate f \ e::s\t:nsg mperature ....ecceevveen.. 63

2-22 Mass spectra o 2 formed in isotropic studies
of reaction A ::giﬁ. NP -1
2-23 Isotropic di h - | | mate produced from the
mixture of CH ‘ D* - Srssevsssensansnnnnnas 07

2-24 mcha“ism fnr .7-* : —---k LR R R R NN RN NN EB

3-1 Substitution of mfa"l";fi:insfm latticed silicate clays. 72
3-2 Schematic disgram of synthesis of ~_:-;: exchanged clay

Cltﬂ]j‘ﬁt III‘- il-'_!l-l.-.ll_._;._:_ AN LE R R R R R RN NN NN RN NN ?4
3-3 Schematic diagram of exper‘i'mentﬂ appafﬂus cisdsananssnaans 10O
3-4 Reactor..,.

e e AW e T

3-6 Scheme%lf temperature programmed desorption apparatus ...... 82

¥ BB NA R HW I W e e
3-8 Schematic diagram of time and temperature for TPD
measurements ......... *sssesssnsesssnnsssassssnncaasssnsanas B4
3-9 The details of vacuum line, He line and NH3 line during
treatment, NHy adsor;;tion and measurement .....ceeeesesns see 85
3-10 Infrared cell ..vueeeenvevosecenns ssseeansssccnsasassnsnsnss 87

3-11 Schematic diagram of time and temperature in

IR musurmnts LU B '.'Ii.II.IIIlII.I-ll-I.II---Ill.. BB



3-12
3-13

4-1
4-2
4-3
4-4
4-5
4-6
4-7
4-8

4-9

4-10

4-11

4-12

4-13

4-14

4-17
4-18

xiii
Apparatus for N, adsorption measurement ...... R — L1

Schematic diagram of preparation method of ICP analyzing

soTution 'l'.II..--l-ﬁ.l-'IIII.Il-I-l--.III!"'III...II'I'--Q. 91

StrUCturE DF smE':t.itlE RSSO EEEEEE AR NS e s e EE

Substitution of metal ion in layer lattice silicate clays .. 98

The occurance of acidic .............................. 99
NH3-TPD spectra of §\w o and Cu-Mont catalyst ... 101

XRD patterns of u—Hﬂnt. catalyst ...... 105
Layer 1att1c ca e c]ay essenensensssss 106
Schematic dia[ _ tiun conditions ..... 107
Effect of reacd témperature o activity and

SETECt‘IH‘1t ' lnik_lll'-'ll-i--.-...t.i--lt-- 103
Effect of re ; activity and
SE]ECti\Fit{f ‘i c | _‘ : ' O E R e R e I'Dg

5&1&‘:1;‘]?‘“:30 c | :; ;-'_',;.r:u. L e e s eSS E e 11[]

A AR Bt f -
Cﬂta.IISt '!IIIIIIII‘I};T.‘:.-I#‘;;;...'_. L R WS EEEEEw 112

Effect of \Ehe lavals of e Ll " conversian on yield of

HF and w 1 ol o NN N SRR E e E 1]3
- |
Variation in-the level of methanol cnnv&swn and product

:;:::Eﬁﬁ"sj‘ﬁﬁnw%;’m*mfs?...._........_

?ariat n in the level gf methanol.conversion and product
BRGNPkl pi ) £

tmparature of J00°C . iiiiirmmmniss ittt irteresensssesenns. 11T
Effect of treatment temperature on the activity and

selectivity of MF on Cu-Lapo catalyst ...eceecvencececneeees 120
Relationship between conversions and selectivities of MF

on Cu-Lapo catalyst at various treatment temperatures ...... 121
Thermal gravimetric curves of laponite and Cu-Lapo ......... 122
Infrared spectra of Cu-Lapo catalyst ..... R e A R S 126



xiv

4-19 Electron spin resonance (ESR) spectra of Cu-Lapo catalyst

at various treatment atmosphere ....... sesssssssssssssannaas 129
4-20 Variation in the activities of Cu-Lapo catalyst with
time on stream .......... P ST B R 132

4-21 Relationship between amounts of Cu ions introduced and
Na ions reduced on Cu-Lapo CatalySt vueeeeevevesesseseosenns 135

AULINENINYINT
PRIAATUAMINYAE



LIST OF TABLES
TABLE

1-1 Typical industrial homogeneous catalytic reactions .....e...
1-2 Industrial heterogeneous catalytic Processes ....eeeesesssss

1-3 Classification of h 1’E e REAIVEtE s s n s e
1-4 Idealize structu ome dioctahedral and

tEtl"ﬂl‘lEdr«ﬂ 2- PR YA 11#& ---gllt--r-.-il-llllllintn

~ i J’t::- :;_ii'—--- }
2-5 Amount of ammonia d';;ﬁc}j

""ui" ,-:S' s

in TPD .-I-‘_J-m-l---------

silicate miﬁ a

i'"'tﬁ"""-""""""'

2-7 Effect of supﬁprts on the catulyt1c performance .....eeseeus

e N NI
Y AT K E L L E Ltk 1)1l ES L

2-1 CékaIyt1c activities of Cu-TSM and effect of intercalated
aluminum hydroxide (Al ) sevvveurinnnnnnns T
2-12 Activities of coppers in the various oxidation states for
the dehydrogenation of methanol ....ecvvevsnesccnncennnnnnes
2-13 The ratio of formaldehyde consumed over methy1 formate

furmEd SE s sEEP e EEREEN SE S SEESEEFE e e anEl S E@eesenEna e

v

24

26

29

31

36

42
5

£

56

61

64



xvi

4-1 Activities and Selectivities of exchanged clay catalysts ... 95
4-2 Amount of acid sites on copper-exchanged clay catalysts .... 103
4-3 Amount of Hy0 desorption from clay and clay catalysts at

various treatment temperatures .....cceveeeescesscnscscnnses 123
- —4-4 Effect of Hy0 on catalytic activity and selectivity of

cu-Lam cutaIISt "..l'...--‘-'lI"II'I'I'III'I.’.".I'II-Il".l. ]25
4-5 Effect of treatment atmoe

LmoS on the activity and
SE1E¢tf1f'ity' of :'-l:“‘“-_-" o, EE..----n------tnotia------ 123

4-6 Amounts of Cu““ign determin R measurement .......... 131
4-7 lon amounts of Lu-and Na de \ ad. by ICP measurement ..... 134
\\ degrees of ion

bemperature of 800°C .... 161

N\

T .
b
e
var-
LIMENT

4-8 Amounts of H,@csbrped fro

»

@ e

——
4
-

AULINENINYINS
AU INYAE



xvii

ABBREVIATION.

BET :  Brunaure, Emmett, Teller

€0, (€O and CO,) : Carbonmonoxide and Carbondioxide
O : Temperature degree in celsius
CEC : Cation Exchange Capacity

Cu-Lapo :  Copper-Laponite
Cu-Sapo CoBddr

Cu-Mont
DME

EN

ESR
g-cat.
GC ias Chromatograp
L ¢ | Imtuckivity Ce . pr—

i.d.
IR
KBr
MeOH
MF

N

Na ;
HH3 : Ammun1a

o ﬂumwmwm Auacor

TG : Thermal Gravimetric analysi

™ QWA TN TN

XRD :  X-Ray Diffraction
W/F : MWeight of catalyst / flow rate of reactant
(g-cat.min/mo1)

=



AULINENINYINT
ARIANTAULNING A Y



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	Abbreviations

