CHAPTER. V

RESULTS AND DISCUSSION
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5.2 SBecific Surface Area

BET surface areas of crystals are shown in Figure 5.2. The
surface area of all metal ion-exchanged H-ZSM-3 crystals were almost
as large as that of the parent H-ZSM-5 catalyst. This is consistent

with the above-mentioned result that the XRD patterns of all metal
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Figure 5.1 X-ray diffraction patterns for (a) H-ZSM-5 of Mobil 0Oil
Corporation [108]. (b) metal loaded and non-loaded

H-ZSM-5.
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ion-exchanged H-ZSM-5 catalysts were almost the same as that of
ZSM-5 catalyst. The metal loading does not effect on the total
surface area of catalyst. From Table 5.1 shows the difference in BET
surface ar;ea of H-ZSM-5, 0.50%Pt/H-ZSM-5, and 0.02%Re-0.50%Pt/
H-Z5M-5 on methanol conversion reaction for 12 h on stream. It can

be seen that 0.02%Re-0.50%P

-ZSM-5 has higher surface area than

0.50%Pt/H-Z5M-5 but total surface area of parent

\\ L ey
H-ZSM-5. Thereforestheé_ 0. 507 é has less reactive surface
ent H-Z5M-5 catalysts. '

area than 0.02%Re=0"504PLIH- ZSM=5. o

m-ﬁuﬂawﬂ Snend
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Figure 5.2 BET surface areas of the catalysts.
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Table 5.1 The specific surface area of deactivation catalysts

Catalyst ! Specific Surface Area

(m2/g of catalyst)

H-Z8M-5
0.50%Pt /H-Z5M-5

0.02%Re-0.50%Pt

5.3 Morphology

dlectron microscope in Figure
5.3 show morphology of the metal loaded and non-loaded catalysts.
The crystal K catalysts (Pt, Re and

Re-Pt) were idefitic atalyst and conformed

to their characte stlcs of catalysts on 5.

ﬂ‘lJEl’J‘VIWl?WEJ’]ﬂ?
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9The TPD profile of desorbed NH3 from metal loaded and non-

and R

5.4

loaded catalysts are shown in Figure 5.4. The profile is composed of
two peaks, i.e., a high temperature peak of strong acid sites and a
low temperature peak of weak acid sites [7,33,109;1101. The separa-
tion of high temperature and low temperature peaks was made at

300°C. For strong acid sites, the amount of the acidic site of metal
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SEM photographs of metal loaded and non-loaded H-ZS5M-3

Figure 5.3

catalvsts. (a) H-ZSM-3. (b) 0.50%Pt/H-Z5M-5. (c) 0.50%

Re/H-Z8M-5. and (d) 0.02%Re-0.50%Pt/H-ZSM-5.
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Figure 5.4 TPD profile of desorbed NHy from metal loaded and non-

loaded H-ZSM-5 catalysts.
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ul
loading on H-ZSM-5 were higher than the parent H-ZSM-5 catalyst, but
weak acid sites were lower than the parent H-ZSM-5 catalyst. This
indicates that the strong acid sites from the parent H-ZSM-5

catalyst were increased by the metal loading on H-ZSM-5.

1

L

5.5 Mole Ratio Si/Al of H-

a
i Afvy e m zgi;’ﬁl of H-ZSM-5 catalyst,
prepared in this abdut ,

5.6 a1 Op- CBM-5 Cat st
E — ' v
i ’
The effet 0 .u'- ng % \= erature on the product
distribution was ¢ons den‘d’?f" ¥ hanol conversion on H-ZSM-5

(Si/Al=50) was cerned 2,000 h‘l, feed gas mixture of

20% MeOH and 8% “and 1 h i the whole temperature
" )

V
completed. The h,vﬂeerbon distribution ebte

is shown in ﬁ' a ?ﬂmﬂﬁiee increased when
t rature 1nereeee ¥ u

the reactio t it decreased abruptly after

the ﬂuwnl:a Q’ﬂ m Wﬁfﬁﬁﬂ m aﬂereentage of

aromati@s relative with time on stream at the reaction temperature

range (300, 35{),‘ hanol conversion was

ed at each temperature

400 and 450 °C. For the first 30 min on stream, the amount of aroma-
tics at 4509C were higher than the amount of aromatics at 400°C.
However, when the reaction was operated over 30 min until steady
state, the amount of aromatics at 400°C were higher than those at

4509C. This result can be explained that, at high temperature, some
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strong acid sites of the catalyst are covered by carbonaceous

compounds during the early 'l hour on stream.

5.7 ffec t I ange - Z5M- olite Catal

The hydrocarbon distribution of methanol conversion on Pt

ion-exchanged H-ZSM-5 zepli : t of various percentage of Pt—-

0.25, 0.50, 0.75, and 1H00 wt. lation see appendix A-3)—-—

are shown in y ‘ Figiirensed. Methanol was completely
converted to hydfOcas \ centage of Pt loading on
H-ZSM-5 zeolit ‘ | was carried out at the
reaction temper ( o\ 20% MeOH, and 80% N,. GHSV 2,000 h~1
and 1 hour on si .7, the Pt/H-Z5M-5 cata-
lysts were much mo H-Z5M-5. The selectivity
to aromatics and Cy-~ /H-ZSM-5 catalysts were consi-
derably higher ’; lectivity c 3 !’ -Z5M-5. When increase
the percentager t’ 1T f' tics and Cy-C4 paraf-

other harm the selectivity to C5*

fins were also i rease. On-
and Cy™-Cy m w tage of Pt. Thus,
the presencﬂaﬁ ﬂhﬂﬁ' al ‘g :jﬁﬁases the selecti-
vity q ajfﬂsgjt s*). However,

ii l lgl Tl the :um mtermedmte products (ethylene,

propylene, and butene) in the output stream were observed. These
results suggest that higher paraffins in the product are converted
to olefins on Pt by dehyvdrogenation reaction. The olefins, which
occured on Pt, are transfered and converted to aromatics and lower

hydrocarbons on the strong acid site of H-ZSM-5. This reaction



Table 5.2 Product distribution of Pt loading on H-ZSM-5.
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Condition: reaction temperature 400°C; 20% MeOH and 80%

N5, GHSV 2,000 h~!l, time on stream 1 h.

Product Distribution

% Pt/H-ZSM-5 Catalyst

(C-wt.%)
0.75 1.00

Cy 1.46 2.31
Co-Cy 34.69 | 44.56 | 51.16
Cy” 1.03 0.27
3™ 3.81 2.52
P 3.19 0.93
cs* 10.25 7.88
.Armati::s J4.48 32.04
CO5 1.22 2.89
co 0 0

Benzene ¢ = 1.03 1.27 1.53 1.66 1.57

, ¢ al Q/

RN FUNNTANBARY: | =
Xylefie 10.11 | 15.59 | 17.55 | 18.40 | 17.10
Other aromatics 4,28 6.85 7.48 7.31 7.05
Dimethyl ether (4] 0 0 0 0

MeOH conversion (%) | 100 100 100 100 100
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Figure 5.8 Rel » CHy and CO, on Pt

., load

sequence may lead to ik selectivity to aromatics on

Pt/H-ZSM-5.

Figures & o BTX (Benzene, Toluene,

Xvlene) as the min products of arumtidﬂ COy, and CHy4 of product
'} ;
distributi 1; ﬁﬂgﬂw IfTE: At 0.50 and 0.75
wth Ptfﬂﬂf ﬂe t highest percentage o . But, at 0.75 wt%
¢ o .7,
AW TANTTTH A RTINS VRY om0
Pt/H-85M-5. Therefore, 0.50 wt% Pt/H-ZSM-5 is t.he optimum value

which giving high BTX but low CO, and CHy.

5.8 ct = ed H- -5 Zeolite Catalvst

As shown in Table 5.3 and Figure 5.9, the effect of Re on



Table 5.3 Product distribution of Re loading on H-ZSM-5.
Condition; reaction temperature 400°C; 20% MeOH and 80%

Ny, GHSV 2,000 h™l. time on stream 1 h.

Product Distribution % Re/H-ZSM-5 Catalyst

(C-wt.%)

0.75 1.00
c 0.69 0.87
Cy-Cy 31.68 | 32.51
Cy~ 5.37 5.18
cs* 17.84 | 16.96
Aromatics é 4 | 27.96 30.34
co 0 0
| 1) | |
Benzene 4 1.03 1.07 1.01 1.06 1.08
I ¢ el L

R IANNFERFMRADVIRUANE 7 | 52

. ' D
Xy lehe 10.11 14.65 12.10 | 14.37 14.87
Other aromatics 4,28 7.35 5.75 7.36 2.07
Dimethyl ether 0 0 0 0 0
MeOH conversion (%) 100 100 100 100 100
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Figure 5.10 Relafivgfh@tfecf pRCentage X, CHy and CO; on Re

loadi

the product distrib the same condition as 5.2.

The percentage.of Reis B, 0,75, and 1.00 wt.%, res-—
pectively (t :v:y,“““"'""“” ‘?"[ 3). The methanol was
completely comreﬁd to hvdrocarbons on alm)ercentage of Re loading

on H-ZSM-5 zeuhﬁ!hcatal}*st fHe selectivi ﬁta aromatics of all

e L) AR U s v s
A A SRR TR

percentage of Re. On the other hand, Cp-C4 paraffins increased
slightly with the increase in percentage of Re. The selectivity to
C0, and CHy was not significantly different (see Figure 5.10).
Therefore, the action of Re is more moderated than the action of Pt

on the same H-ZSM-5 catalyst.
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5.9 Effect d Ilon-e ed H-ZSM-5 ite Catalyst

In this study, the use of Pt loading on H-ZSM-5 zeolite
catalyst was constant at 0.50 wt% with varying in percentage of Re
(0.01,

0.02, 0.05, and 0.10 wt.%). The reaction condition was operated at

.4 and Figure 5.11 show the

: 3
on @The results of the product

e
selectivities were Lidterent wi tage of Re was increased.

The selectivity "to afossries Re-Pt/H-ZSM-5 catalysts
was  hi il \ ’
igher thdl : e S M-
NN

0.50%Pt /H-ZSM-5 cfitajfsf. ’ e

the same condition as.

product distributio

atalyst but lower than
of CHy and CO5, of all

catalysts (See Figlires VETE *‘ \ Fent. This suggested that
i

the amount of Re Tos fech on the product distribution

but it will affect on th Pt loading on H-Z5M-5 crystal.

5.10 Des "-’:1.. .i-\"-‘ ersion Reaction

] 7 @
Th s , ts , was-observed. The reaction

condition wgi?lﬂ mﬁqﬂaamm erature 550°C, GHSV .

4,:::00&%1-]2& qﬁmm %.Wmﬁﬁalyﬂ. Figure

5.13 §hows the methanol conversion versus time on stream of three

catalvsts (H-ZSM-5, 0.50%Pt/H-ZSM-5, and 0.02%Re-0.50%Pt/H-ZSM-5).
1t was found that 0.50%Pt/H-ZSM-5 catalyst deactivated after 3 h on
stream while 0.02%Re-0.50%Pt/H-Z5M-5 and the parent H-ZSM-5 catalyst
deactivated after 4 h and 5 h on stream, respectively. It can be

seen that the Pt loading on H-ZSM-5 catalyst deactivated faster than



Table 5.4 Product distribution of Re loading on 0.50%Pt/H-ZSM-5.
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Condition; reaction temperature 4ﬂﬂfc; 20% MeOH and 80%

Np, GHSV 2,000 h™!, time on stream 1 h.

Product %Re-0.50%Pt /H-ZSM-5 Catalyst
Distribution

(C-wt.%) 0.75 1.00
(o) 0.95 0.94
Cy-Cq4 32.96 | 32.50
Cy= 6.71 6.78
Cy~ 10.79 | 10.81
C4™ 6.65 6.74
cs* 15.90 | 16.29
Aromatics 25.44 25.26
00, 0.60 0.68
Cco 0 0
Benzene ulﬂ 5 1.31 1.35
Tulﬂnw : Q] .i ‘lu ﬂsﬁ é"ﬁu 5.85
Xyleng aﬁ;m ms VJ:L 1 13714 | 12788 | 13.25
Other aro. 4.28 7.48 4.62 5.60 3.35 4.81
DME 0 0 0 0 0 0
MeQOH conv. 100 100 100 100 100 100
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Figure 5.12 Reldtiy ; pecentas 5 B y CHy and CO5 on Pt

and Re-fL catalysts.

It is oilea

- .
is the strcn " "F ion reaction. Because

= function of catalyst

the Pt has no Imirogen content, will m‘st act the dehydrogena-

1120V 174 e A
T AN S e

sion feaction [110], Pt/H-ZSM-5 on n-hexane and n-octane conversion
reaction [111]. They concluded that Pt will convert paraffin hydro-
carbon to olefin by using dehydrogenation reaction [110] and this
reaction conformed to the result in 5.6.

There was the experiment for determine the Pt particle

loading on H-Ga-silicate found that the size of Pt particle is
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larger than pore size of H-Ga-silicate (average diameter of Pt
particle ca. 30.4 & and H-Ga-silicate average pore size diameter ca.
5.5 R) [112]. This H-Gasilicate was also prepared by quick method
so that it was the same structure as H-Z5M-5. However, Pt will also
have the location on the outer surface of H-ZS5M-5 crystal after ion

exchanged.

In Europe, zeoli /g re prepared by slow crystal-
lization method (s é some metal into zeolites

called “Metallosi'!( sts act as bifunctional

catalysts. When u:,ates prepared by rapid

cryvstallization met} d slow method, the results

showed clearly *tha g ume ‘\u\

gave better reactlio; \

quick method will be given the

prepared by quick method
Prof. Tomoyuki Inui
(Department head of v, Kyoto University, Japan)
suggested that the preg

cooporated) i : f thefcrystal of zeolite, so

Pand .

metal

the reaction cuu That is the reason

why mﬂtallnsilica.m: prepared by quick methﬁ gave the result better
¢

than the wﬁwﬂﬂn}fwﬂwenmu suggested.

that all pdgticle sizes uf metals hmre larger trm.n pore size of
= AT LA T R TEE = o
both mBthods. So it may locate at the outer surface of zeolite
crystal. However, the metallosilicate prepared by quick method
giving the smaller crystal than the other one which is encouraged to
be better in term of reaction. When compared active sites per gram
of catalysts, the catalysts prepared by gquick method have higher

active sites than slow method. When the metal was added into the
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crystal, It still located on the outer surface of crystal and the
amount of metal site per gram of catalyst prepared by quick method
was also higher than that from the slow method. -That is the reason
why the metallosilicate catalyst prepared by quick method has given
better reaction.

The effect of Re n [114] confirmed by the experiment

in 5.6, 5.7, and 5.8& ha domain catalyst whilt Re

have little effect ion (see 5.7). The Re is

rog enation reaction but not

@ \\\ sl to the metallic state,

performed on the dehye

A

as strong as Pt.

the reduction of thg trnngl}r catalyzed by Pt

[113].

There are many : s -\ 1on the deactivation of Pt
loaded and non-loaded catalyst: propane, n-hexane and n-octane
[110,111]. They F good reaction because it can
increase activigy of ecatalyst and preve ,-__;‘,, coke formation. Prof.
Tomoyuki = Inui . modelling the reaction

scheme on the 11g}t paraffins canversien on Pt/H-Ga-silicate or

st ) B P TSR Fromns > o

Tomoyuki Inui explamed the goles of Pt as follow:
QA KRS AT B IR 4 b O ke
{b} Purthﬁie for hydrogen spillover prevents the coke
formation.
The reaction scheme proposed by Prof. Tomoyuki Inui is shown in
Figure 5.14.
In this research, the deactivation of catalysts was studied

by using 3 catalysts, i.e., the parent H-ZSM-5, Pt/H-ZSM-5 and
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Figure 5.14 work mechanism of Pt/HsGa-silicateeor Pt/H-Zn-

q Wﬂﬁeﬂfrl i ebaraho bsded ) . Tomoyut

Inui [114].
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Re-Pt/H-ZSM-5 on methanol conversion reaction(see 5.9). Surprisingly,
the Pt/H-ZSM-5 deac;tivateﬂ faster than the parent H-ZSM-5, the
function of Pt can be explained in another impoi-tant property, that
it was a good adsorpbent on oxygen and hydrogen. Oxygen will be
adsorbed by Pt 3 times better than hydrogen [115] as the equation :
{(5.1)

(5.2)

(5.3)

The result of this exg the reactant methanol was

reacted and left oxygen e of acid sites of catalyst
and Pt. At t - ' 7 only on changing
n-paraffins to ":7'"-‘ tion. And hydm;en ion
from this reactm wns catched b}r oxXygen mn on Pt surface, so it

could not tﬁwfa ﬂﬂ&}rﬂ ?‘W;&l'}ﬁ ‘ieventmg the coke

formation Imﬂnily,. in propane ::omrersim by model Rrpposed by Prof.
Tomuyu@ qu a@ﬁm‘i m wq;gltwm @:ﬂen ion from
delwdroganatiﬂn reaction will go to prevent coke formation on acid
site). Olefins from the Pt can generate large amount of coke at
nearby acid site which located at the outer surface of catalyst. It
would make the pore mouth blockage. This pore mouth blmkﬁg& made
Pt/H-ZSM-5 to deactivate rapidly and faster than the parent H-ZSM-5

catalyst. The model of this deactivation can explain in Figure 5.15.



PRIAATUAMINYAE

Figure 5.15 The work mechanism of Pt/H-ZSM-3 on MeOH conversion.
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For Re added catalyst, it had effected on Pt by sharing
oxygen ion and make the decreasing in density of oxygen ion on the
surface of Pt [113]. When the density of oxygen ion on the surface
of Pt decreased, it made some hydrogen ion spillover to the acid-

site and finally prevent coke formation. This result supported that

tion of Pt/H-ZSM-5 but Still fas¢é My that of the parent H-ZSM-5.
The model of the re‘¥ on on Re<]  ‘ M=5§"is shown in Figure 5.16.
To confirme " de]s by i";->¥~- BET surface area after

‘ esiﬁue surface area of
ace area of Pt/H-ZSM-5-
&a of parent H-ZSM-5 (see
Table 5.1). The acidify ';*,5,:7- ded I S 5 have the strong acid
site higher than ti piirent H-BSMes. Whis is the good evident to
support that the aromatic cur on the strong acid site.
Therefore, the -- Dela ‘oaded H-ZSM-5 oRERLINY ‘ ave much more aroma-—

ticsandcoket~ . ,J
il | - Il

-

ﬂuEI’JVIEJ'VliW?J’]ﬂi
QW?Nﬂ‘iﬂJNWYJWU’W&J
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