CHAPTER 4

RESULTS AND DISCUSSION

For consideration on the appropriate catalyst in chemical

reactions, the catalytic propergigs in terms of conversion and

selectivity are determined E_'; s a measurement of ability
to transform reacta éectiﬁty is a measurement
of the ability of : :
number of possibl

tially catalyze one of the
version, dehydrogenation,
dehydration, and The conversion and

selectivity to each e following equations :

Conversion (%) reacted X 100

o ﬂw‘m&mﬁw T

cobbob bids e 4 ﬁﬁu 4107 @yl Al
(MeOH)reacted

Dimethyl Ether Selectivity (Z) = 2(DME X 100

(MeOH) reacted
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where (MF), (CO), {CﬂE) and (DME) represent the formation flow rates
of methyl formate, carbon monoxide, carbon dioxide and dimethyl ether,
respectively, and (MeOH) represents the flow rate of methanol in a
unit of mol/min.  These values were calculated from the peak area of
each product obtained by means of gas chromatographic analysis.

4.1 Type of Clay ca“;‘\};\‘\k\'///{//

The catal 1 ‘eonversion of the three
Na type of smectit i exchai { ?gi ions, namely Cu-Lapo,
Cu-Sapo, and Cu-Mogt Haye'been A ied. The activities and

selectivities of the ej i jﬂf C ysts are shown in Table 4-1.
. on Cu-Lapo through the
dehydrogenation of meth ’-TT____ 'se ectivity of methyl formate.
The possible stoifhinmetrigziﬁi;gi?;;iTi_,: written as follow :

Methyl formate was

On the contrary, dehydration preferentially occured on Cu-Sapo and

Cu-Mont. Higﬂ sefe Hi’}t%fij (dimethfl Tethdr! Yag obtained and the

possible stoighiometric equatu?n can be written as ful]nw :
QUANLNIAUNYIINYIAY

As shown in Table 4-1, the copper content in each catalyst was almost
same, This suggests that the copper content is not the main factor

causing the difference in the type of methanol conversion.
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Table 4-1 Activities and"selectivities of exchanged clay catalysts

Catalyst Cu-Sapo Cu-Mont

Conversion (%) 2 e _‘

Selectivity (%) / LS
MF . 4 -1 . \ !
DME J7/ZET\ N\ 100

Copper content 0.6335

Reaction condition G2 W/E, (300 g-cat.min/mol.
Catalysts were freated at 400°C AT atmosphere,

j ]
AU INENTNEINS
AMIAN TN NI ING D



96

4.1.2 Consideration on the structure of catalysts

a. The structure of smectite

As previously mentioned in Chapter 1, smectite clay minerals
are composed of silicate sheets which stacked one above the other.
The layer is composed of two tetrahedral and one octahedral oxygen

Fig. 4-1 Structure of smectite. i
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- As shown in Fig. 4-1, silicon and sometimes aluminum normally
occupy tetrahedral positions in the oxygen framework. Aluminum,
magnesium, iron or lithium may occupy octahedral sites. H""'.tzﬂ
represents the interlayer exchanged cation which is easily exchangable
with any desired cations, including organic, inorganic, bulky cations.
Water and other polar molecules can be also intercalated—into the
interlayer spaces.

b. The suhsht%i mta@
Considering &ﬁ'-’fﬂfr;;: R:JHT;;::E::aponite. saponite and

montmorillonite, : sttt i %pf metal Jons for laponite and
ahedra sites while that of saponite
occurs on tetrahedraldsi b <Hibwn \if Fig. 4-2. In the case of
f tetrahed: ST4+‘ with A13* gives each
on the other hand,
at i e Sur In contrast, the
substitution of octahed 'ifﬁf ' il A13* with ng+ on the
layer lattice of 1apan1te unﬁrmo' 1llonite give the negative

montmorillonite ocel

saponite, the substitut
silicate layer a 1

catalyst preparation hy means nf jon hange method. Proton
liberated from hydkited copper ions also cnhLensate the negative
charge as shown in Fig,.4-3. Since the tetrahedral substitution

occur on sapﬂiuﬁj %n%ﬂ mlﬁ:%lﬁ}ﬂﬂge strong acidic

catalyst, suggésting that the ac1d sites obtained from saponite are

““"“Wmﬁ?mﬂww-

this aspect, the difference in substitution is the
reasunab]e consideration for the difference in methanol conversion
between Cu-Sapo and Cu-Lapo. It is obvious to conclude that the
dehydration on Cu-Sapo occured on the strong acid sites which caused
by the tetrahedral substitution. For explaination of the difference
in  methanol conversion between Cu-Lapo and Cu-Mont which are the
octahedral substitutions, the consideration in the other aspects will
be done.
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Tetrahedral sheet of saponite clay.
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Fig. 4-3 The occurance of acidic site.
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4.1.3 Consideration on electronegativity

Electronegativity (EN) is the ability that the subtance or
element can attract electrons. The higher in EN, the higher in
attraction force is obtained. From the substitution of metal ions in
the layer of clay catalyst, the negative charges or electrons are
strongly attracted by the high EH catalyst which causes the weak OH

bond. When OH bond is u ‘ s easily released from the
surface of catalyst le "I'ng to-‘ gamdm strength of catalyst.

According to this cnq‘;m—‘:"*_the-lﬂ ite”and Montmorillonite are
compared. The ca 1 'ﬁ the%‘lectrunegtivity base on
the Sanderson pris ' Appen G.
\ h
A&
From the r cﬂ-: at OnS,. thQaver&ge EN of Laponite

orillonite (ENpont = 2.64).
Suggesting that C ger l.". ﬁ: catalyst than Cu-Lapo.

From the results in clude that the stronger in

rogenation of methanol.

As prekus}y quoted frm the literatures, the acidity of

catalyst nfﬁﬂﬂ WE}’W%W"EJQ ﬁtﬁncﬂ conversion and

dehydration nol was prnmnted on the acid s1tes of catalyst.

T AT et Ine iy

u. TPD and surface area measurements

TPD measurement

Temperature programmed desorption (TPD) of ammonia was used to
investigate the acidity of each catalyst. Figure 4-4 shows the
ammonia~TPD spectra of Cu-Lapo, Cu-Sapo, and Cu-Mont. The spectra
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- Normalized concentration of desorbed NH;

F1g.@j-‘u dﬁ-m mfrmcfﬁl :m jﬂtawsts :

(a),Cu-Sapo; (b),Cu~Lapo; (¢, Cu-Montp~

RIRINIUNRIING A Y
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from these catalysts showed the existance of acid sites. The
largest spectra is obtained from Cu-Sapo, and the smallest one is from
Cu-Mont. The amount of ammonia adsorption from TPD measurements were
calculated from the following equation :

Y = -0.0231 + 16.37977657 X (4.3)

where X s weight of tion peak (g) : paper
Y is amount uf%l éﬂ mol x 107%).

Since 1 mole of nmmu i

therefore the amou
sites which is sh

Surface area measurement

Surface :-45 as determined by nitro jen, adsorption isotherms

using the Langmui; ulated on the basis of dry

catalyst as shown ;2 ﬁppend1x '. The surface areas of Cu-Lapo and

z:;i::,.::if;gumrrﬂm ?izl“trm;,:::‘::z;:?
onrebtslof | ‘5&4%‘1&’1 APBIAA Yo s1es rer

surface area are tabulated in the last column in Table 4-2, It is
indicated that Cu-Sapo shows the largest acidity while Cu-Mont and
Cu-Lapo are of lower in acidities. Consequently, it is clearly shown
that the acidity of Cu-Sapo promotes the dehydration of methanol to
dimethyl ether.
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Table 4-2  Amount nf

“" ﬁer-exchanged clay catalysts
S /

Catalyst SurfacesaFeas’ of acid sites
T ‘mo “‘“‘*""‘a ) mo1/m2
\‘\%\\
Cu-Lapo 4.51x10°7
Cu-Sapo 1.47x10°6
Cu-Mont 4.61x10"7

a) on basis of dry catal:
b) cﬂcu]ate fran TPD m

ﬂ’lJEJ’JVIEJTIiWEJ’]ﬂ?
amaqn‘imumqwmaa
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b. XRD measurement

As mentioned above, the difference in structure of each
catalyst is responsible for its surface area and the size of ammonia
desorption peak. X-ray diffraction measurements were done to
investigate the structure of each catalyst. figure 4-5 shows the
XRD patterns of Cu-Lapo, Cu-Sapo and Cu-Mont. The sharp peak which is

small interlayer space. For Cu-Sapo, the broader peaks
indicate a delaminate st!"natllﬂt of i--atﬂ]:f'stﬁ. The structure of

wel l-ordered or 1aminated-md— deldninatm; are shown in Fig. 4-6.
f’

Due to the / /

obtained in TPD me urs 4 Thia ex 'In'f!nat'lan is also well agrees
a]'ln

I

adsorption measurement on u-fmpx.. "J,

obtained from Cu-Mont indicatm well-ordered structure with the

'structure um the desorption
' to be‘ rastﬁﬂ:ed nnh,r to the outer

methanol cc-q‘vﬁrr.'i on.

For Cﬁswdgj? I:E! ?W%I}:qﬂ '%mt the promoted
dehydration isgattribute the h acidic property which is caused
by the tetrahedral_s catalytic
act‘iwt'@ cﬁb] ﬁﬂﬁiﬁﬁ&ﬁﬁﬁ ﬁgﬁﬁgn occurs on

the octahedral sheet, can be explained by the calculation of the
electronegativity (EN) of these catalysts. The results of average EN

show that the EN of Cu-Mont is higher than that of Cu-Lapo which
means Cu-Mont shows stronger in acidic strength than Cu-Lapo. The

results of amount of acid sites per surface area as shown in Table 4-2
are also well agree with this conclusion. In conclusion, the acidic
property of each clay catalyst is mainly responsible to the difference
in catalytic activity for methanol conversion.
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4-2.  REACTION TEMPERATURE.

4.2.1 Effect on catalytic activity and selectivity

The effect of reaction temperature on the activity and

selectivity of Cu-Lapo, Cu-Sapo, and Cu-Mont has been studied. The
reaction temperatures uer:,'aﬁ:‘,‘F"’ﬂ 300° C. The time factor,
weight of catalyst per flow ra o t (W/F), was fixed at 300

lyst was used throughout

g-cat. min/mol.
aventing from catalyst
400 ° C for 1 h prior

For simplicity, the

each run of exper
deactivation which
to the reaction at

schematic diagram ummaraized as follows:

- Air, 1h
400 C

300°C
1/2 h

D = “gg |
Fig. 4-7 Mnﬂ q m &I mlw %deleﬂﬁm conditions.

ammmmumwmaﬂ

e reaction product at 30 min of each run was collected and
analyzed by means of gas chromatograph. The results are shown in
Figs. 4-8, 4-9 and 4-10 for Cu-Lapo, Cu-Sapo and Cu-Mont, respectively,
Dehydrogenation of methanol to methyl formate occured on Cu-Lapo,
while dehydration of methanol to dimethyl ether occured on Cu-Sapo and
Cu-Mont.
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Figure 4-8 shows the effect of reaction temperature on the
activity and selectivity of Cu-Lapo catalyst. At the reaction
temperature of 200°C, almost 1007 of the methyl formate selectivity
was obtained. With increasing reaction temperature, the methanol
conversion increased while the selectivity of methyl formate
decreased.  And the decrsase in methyl formate selectivity leads to
the increase in the carbon monoxide selectivity. For this result, it
is suggested that methyl fnr-mg ij decompose to carbon monoxide by
the high reaction temperature y igh conversion of methanol,
Figures 4-9 and 4-10 m& jf actmn temperature on the
Sapo anﬂ"h-hpt The conversion on
':i |

dehydration activiti
both of these cata]_
while the selectiv

creases with ' the reaction temperature
:.rT ether was maintained at almost

reaction temperatur

4.2.2

‘ "'jhut'iuns at various
conversion on Cu-Lz lyst have beer stﬂ?ied. The time factor
(W/F) was varied in the range cf Tﬂﬂ to 25{10 g-cat.min/mol. Figure
4-11 shows t i ﬂﬁ‘{ ributions and time
factor‘(h‘ff}Fj ﬁm ilﬁ oduct HTD; formate, carbon
monoxide and carhnn dioxide which both sof them abbreviated as Co, .

Unreactad |aethafd1 hds| 3)6)ploiced b Shb (the | bel ) of methanon
conversion. The decrease of unreacted methanol means the level of
methanol conversion increases with time factor. The formation of
methyl formate ceased to increase with a further increase in the
extent of reaction while that of Cﬂx (CO and Cﬂzj steeply increased as

shown in Fig. 4-12, Methyl formate was almost a sole product up

to 30 Z conversion of methanol.
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It can be concluded that the formation of methyl formate was
limited either by reaction equilibrium or by decomposition of methyl
formate to carbon monoxide as follows :

2 CH0H === HCOOCH; + 2 H, (4.5)
HCOOCH; ‘==—=—== 200 + 2H, (4.6)

Trace amounts of carbon diox

bserved in the reaction products

)

obably formed due to the
of _’-atdﬁng as follows (Takahashi

et. al., 1982) 7”

on all the catalysts.

presence of trace qualities

HCOOCH; + CH-50H (4.7)
HCOOH * Hy (4.8)
: <

No apparent relatio
of CO was observed,

of COp and disapparance
formation of CO, by the
significant.

(4.9)

|
4.2.3 ;t nn catalytic si.‘.ﬂl:'n1'l11::,|r

In t@l w ’p Ilﬂ w ; w—ﬂ njyst the reaction
was done in the lon riod of ti re, 4- e variation
in theﬂ&ﬁ‘ Mh miﬁ M ’TEfEIutmns over
Cu-Lapo catahst. at reaction temperature of 200 °C at W/F of 700
g-cat.min/mol where the maximum of methy] formate distribution (30% of

methanol conversion) was obtained as previously shown in Fig. 4-11,
In the first 30 min of reaction, the activity for the formation of
methyl formate was a little bit high and it decreased to 80 % in 3 h,
while the selectivity of carbon monoxide and the methanol conversion

gradually increased and leveled off. After 3 h of reaction, the
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increase in time on stream had no effect on the methanol conversion
and selectivities. It is indicated that no deactivation occured on
Cu-Lapo at the reaction temperature of 200 °C.

Another study has been done at the reaction temperature of
300°C, as shown in Fig. 4-14. The detected products were methyl
formate, carbon monoxide, carbon dioxide and dimethyl ether. Methanol
conversion was initially q nd dramatically decreased to
25(%Z) within 30 h. ", J“;,ﬂicated that deactivation
dominantly m:c:;red.m de*eamg—irthanm conversion, the
selectivity for met
decreased. At 30
approached 80 %, simil

! that of carbon monoxide
slectivity to methyl formate

JIJJ d

4.2.4 Consider on_ cata] ;1- deactivation
“'J"‘Jf
JI* "'l--' J . ,
The catalytic d aoﬁi&&ktnn*zfsz*- on the Cu-Lapo catalyzed at

300°C but no deactivation - waaﬁuhs ed at the reaction temperature of
200°C. There aEﬁ a number uf g"N"
catalytic deactivat _ 1Tow

[ )

a. Coke formation

ﬂt‘%d*EJJ’mEJWﬁWEJWﬂ‘ﬁ

c. Dehydration (H,0 fonmat1on}

cake tc0pablon ANNIUNNRIINYIAY

Since the catalytic deactivation occured at high reaction

sons to explain the

temperature (300°C), there is the possibility that coke may form at
this high temperature. To confirm this consideration, more

experiments are needed.
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Sintering

As mentioned above, the dehydrogenation occured on Cu-Lapo.
In the atmosphere of H,, the reduction of Cuz'l' on catalyst may easily

occur as follow :
Euz"' _— 0 — Euu

Including with high temper

’f ntering of copper metal may occur
easily. Since sinterin of decreasing of active sites

which leads to the ngiff" ic activity, on .the other

hand, deactivation Fo i VJ ity that sintering is the
cause of deactivati

reaction of methanol
study, it is shown tha'}b
dehydrngenatfon.h From "l-:’ﬁ!-j _
exist of ﬂzﬂ lay be one of

deactivation.

ﬂml;’?“ﬂﬂ L o e
confirmed y II for the reasonable
explanatiun.

’Q‘W’mﬂﬂﬁm URNAINYAY

is- formed. In the next

i?;js suggested that the
reason for catalytic
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4-3.  TREATMENT TEMPERATURE.

4.3.1 Effect on catalytic activity and selectivity

In the preceding studies mentioned above, catalyst treatment
was done at 400°C. In the following studies, treatments at various
temperatures in the range of 300 to 500°C have been done prior to
reaction at 200°C on Cu-Lapo ght*& wn study the effect of reaction

temperature on catal ﬁig&iyﬂ? J &ctiv‘i ty.
9 el

thm'MHsed with the treatment

As shown in

temperatures. Almo,
by the treatment te

.3. rm} : 315
€ o L

Ther, 11;: i mﬁﬂ 3:21 - /Tﬂd?e to measure the
weight 'I»::\sz'..egI EJ/? : ?Jp ' various treatment
temperatures. Figure 4-17 ¢shows the=TG curves of.s laponite and
) 5510 6 5 1) A e o o
Cu type %of laponite, saponite and montmorillonite. In appendu H,
raw data of TG measurements of various degrees of ion exchanged are
presented. It is obvious that the amount of water desorbed from Cu-
Lapo is greater than from laponite suggesting that water desorbed from
the copper hydrated 10n[Eu{H2lJ)2+} which is obtained from the
synthesis of catalyst. Since thermal treatment of catalyst is related
to the desorption of water, the effect of water on the catalytic
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Selectivity for MF (%)

5e1ect1§ju ﬁ apo catalyst
at various treatment temneratunﬂs
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Welght loss(%)

800

Fig. ﬂlu g@ﬂ&hﬂ%iﬂﬂ@ﬂeﬁ of Laponite

and cu¥.apo.

PAINTUAMINYAE
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L
Table 4-3  Amounts of H,0 daspgption from clay and clay catalysts
at various treatment temper atu
— ; :
Sample e AmQUN 5 0 hipQ desorption at
// /t;i\\\ s
Laponite ) 0.1184
Saponite 0.1056
Montmorillonite 0.0672
Cu-Lapo 0.1993
Cu-Sapo 0.1996
Cu-Mont 0.1130
®

ﬂUEI’J‘VlEWlTWEI']ﬂ‘ﬁ
ama\ﬂnm UNIINYAY
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activity and selectivity was studied. The results are shown in Table
4-4, Methanol conversion dramatically decreased with the increase
of water content even at a value of 1 molZ , and the conversion
decreased from 18.1 to 2.3 4. To understand the role of water in
methanol conversicn, infrared (IR) spectroscopy was studied.

4.3.3 Infrared (IR) measurements

:__x ?."- =
Infrared sp:? was used-to-investigate the effect of

water on the catlipﬂhpr‘fir Jsorbed on a wafer-disc
catalyst at 200°C

il de jon of excess methanol at
200°C for 30 min, a ‘was done room temperature. The

obtained IR spectr i e ¢ 9. 4=18(a). Then, water was
adsorbed on the catal ‘ ' < The excess water was
desorbed at 200°C for n and spactrum was measured again at

decreased by the adsorpt'léﬁ»:&f that water replaces
the adsorbed metl'aio “the surface of ;-. If a large amount
of methanol is replac )1 ction on the catalyst
 agree w{ﬂ1 the consideration on

deactivation of catalyst for the reason of H,0 formation at reaction

e WL o) ‘VlEJ‘V]‘E‘WEJ'Wﬂ’ﬁ
’Qa‘lﬂﬂ ASASAIURIT NUR A

It was clearly shown that water inhibited the catalytic

surface, This sﬂﬂgest1nﬁ_*: 3

activity and selectivity of Cu-Lapo in dehydrogenation of methanol.
TG studied showed that a large amount of H,0 desorbed at high
treatment temperature. Since treatment is the process to remove water
from catalyst, the increase treatment temperature lead to the increase
in catalytic activity. In conclusien, treatment is the necessary
step prior to the dehydrogenation reaction.



Table 4-4 Effect of H,0 on .a»w 16 m.““ and selectivity of Cu-Laponite

Content of water in metha

o ﬂf\\\\\ Selectivity
// @ ’\\\ MF DHE c0  co,

mol%
\\
0.05 ﬁ 0 1.5
s - 12
1.0 = '.. 0 0 100
Lo B A !
20,0 ) 0 0 o 0

=4

ﬂum‘wﬂmwmm
quﬂ\ﬂﬂ‘iﬁuﬂﬁﬂﬂmﬂﬂ

821
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4-4.  TREATMENT ATMOSPHERE.

4.4,1 Effect on catalytic activity and selectivity

The purpose of this st * it
sites on Cu-Lapo catalyst ”%L, n of methanol to methyl

formate. Thermal tream& doge 'Ié‘tmosphere of hydrogen,
nitrogen or air at 40 i It pr ‘:‘755"!!9&:1 at 200°C. As shown

re of hydrogen and

nvestigate the type of active

in Table 4-5, the
nitrogen gave the hi trast, treatment in

air gave very low cat

Electron sP'ingresonance(ESRLmeasurements were done to

investigate theﬁrwﬂﬁ . pﬁ? mlﬂfj Figure 4-19

shows the ESR spectra u-Lapo treated under hydrogen, air or

nitrogen . i § nf AEJ ‘ _u cured in
hydrogen i’mﬁ Qhﬂ:;mil;ﬁlgrm IJ:ﬁ EJn species
gave very small peak area. In contrast, the ESR spectra of Cu-Lapo
treated in air and nitrogen indicate the existance of large amount of
Cu?t jons. Consideration on the ESR peaks of nitrogen treatment
before and after reaction, the amount of Cu®* ions decreased after

reaction suggesting that the reduction of Cu?® ions occured due to the

Hy from the dehydrogenation reaction.



Table 4-5

of Cu-lapo at treatment .r.. ,»

'-11.\ ’/ﬂ/

Effect of treatmer -,' ospi --lnu the activity and selectivity

i, ” \\\\:\\ ant! reaction temperature
Treatment atmosphere / l 5»\\\ Selectivity
E l\\\\ G o,
\\
Hy &B 98.3 1.7
N, 82.7 173
Air 81.2 18.8

QW?ﬁ\ﬂﬂiﬂJ MWTJ‘V]EI']Q d

B2l
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.
(a)
. -
(b)
-
(0)
(d)
®

muéﬁmﬁi’maﬂ Gectra of

u-Lapu atalyst treated under the atmosphere of:

e B LT AR MR ==
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The amounts of Cu?* jon determined by ESR measurement are
shown in Table 4-6. Large amounts of Cu* ions were detected in the
catalyst which was treated in nitrogen or in air, while only trace
amounts of Cu?* jons can be detected on that which was treated in

hydrogen due to the reduction in hydrogen atmosphere. Decrease in the
amount of Cut jon in reacted ¢ Q‘W'ﬂh‘ifh was treated in nitrogen
indicates that reduction n@ # during reaction.

"-l--._.: e
| ——
7
4r4|3 EFfEC . "

suggesting that reduced gopper dons ay be the active sites for methyl

formate formation. -
-F' Jﬂ "I‘
catalyst, the conversion griﬁﬁ:}; ased and then approached to
..-.-"".-—"'-"i--""'l"’ .
T

hhu can be exp’

the steady state.

Js obtained at the
the rﬁenatfon is gradually
increased, the reduc?on of Euz"' i ns occur which leads to the

g 4 ﬂwww ‘3 NEI1NS
QW’]ﬂ\ﬂﬂim URINYAY
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Table 4-6 Amounts nf ST “ hed by ESR measurement

catalyst “ Amount of Cu®* fons
/ / mmo1/g-cat.

Cu-Laponite 0.2812

{before reaction) 0.1881
_ 0

(after reaction)d) Iﬂ 0.0354

a)Reaction cnrﬂlw"}wwwmﬂlﬁ 700 g-cat. min/mol.

QW’]&NﬂiﬂJ UANAINYA Y
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4-5.  DEGREES OF COPPER ION EXCHANGE.

4.5.1 ICP measurements

Inductivity Coupled Argon Plasma Atomic Emission
Spectrophotometer (ICP) measurements were carried out to determine the
amount of Cu and Na ions in the catalyst. As shown in Table 4-7
various types of Cu-Lapo ca{t*w have been studied. Cu-Lapo
catalysts were prepared by the ior e method to study the effect

of degrees of copper ﬁ;;:kzﬁhampe ﬁ£===? catalytic activity for

dehydrogenation of meth!--, 0 _me hyl ftmlutg‘_ The amount of Cu and

Na ions were direct] néd /from. thexﬁcﬂﬁgeusurement and the
degrees of ion exchang cu aﬁpd on the basis of Cu* jon as
equation : \ -

\ Q
Degree of ion exchanc 3F _u&jnn in Cu-Lapo) X 100

1 ion with Na* 2 _"- .
in the range of smnl**amount of Cu®™ 4 -lce¢‘ But the curve move
from the ideal Iine‘HL large anaunt of 1ntroduced Cu3+ ions. It is

suggested that F’Tqujﬁeﬁ EW] %{W gjﬂnﬁe than one kind.

4.5.2 Effect on catalytic activity

AIANDAM A VAN DN, e o

copper ion exchange. The effect of degrees of copper ion exchange on
the catalytic activity of Cu-Lapo is shown in Fig. 4-22. It i3
indicated that the dehydrogenation of methanol occurred when the

degrees of copper ion exchange exceeded 60 Z and the conversion
dramatically increased in the range of copper ion exchange from 607 to
100 Z and then levelled off. Suggesting that the difference in
copper species due to the difference in degrees of copper ion exchange
is responsible to the difference in catalytic activity.



Table 4-7  lon amounts of Cu and P measurement

Catalyst Ratio of Cu to Degree uf1[n:m Euchanggm
mmol1-Cu/g-cla % :
Cu-Lapo-200 0.9462 121
Cu-Lapo-150 0.7096 104
Cu-Lapo-120 0.5677 - 92
Eu-Laﬁn-Mﬂ 0.4731 61
Cu-Lapo-50 0. 23% ‘a ﬂg% ;i E?ﬁ 40
Na-Laponite u EI ’J 'ﬂ ‘ﬁ w EI fl -

a

) roti TR mﬂmmw VYR

b) base on cu?* jon exchanged with 2 Na‘

PEL
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at” various degrees of copper ion exchange.
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