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Methanol to hydrocarbon conversion on a number of metallosilicates having the pentasil pore-
opening structure were investigated to develop a highly selective catalyst for the olefin synthesis
from methanol. The metallosilicates were prepared by replacing the Al ingredient with various
metal salts at the stage of gel formation in a modified preparation method (the rapid crystallization
method) of ZSM-3. The catalysts were active for the methanol to hydrocarbon conversion, and the
selectivity to lower olefins, gasoline, or aromatics changed greatly with the kind of metal incorpo-
rated. As for the conversion to lower olefins, silicates of Fe, Co, and Pt exhibited the best selectiv-
ity. Among them, the Fe-silicate was least active for the formation of aromatics—undesirable
products caused by a consecutive reaction of olefins. Further investigations were then made for the
preparation, characterization, and methanol to hydrocarbon conversion on Fe-silicates. it was
found that various amounts of Fe up to 10 wt% as Fe,0O; are incorporated in the crystal having
pentasil pore-opening structure by the rapid crystallization method. The incorporated Fe was
highly dispersed in the crystal and a considerable part of Fe was suggested to be in its framework.
The incorporated Fe produced both strong and weak acid sites, and their amounts were controlled
by changing Fe content in the catalyst. It was also suggested that a part of the Fe ingredient plays a
role as nuclei of crystal growth of the high-silica crystal. The selectivity to C,—C, olefins was
greatly increased by the incorporation of Fe in the crystal. The total selectivity to C,—C, olefins was

achieved as high as 97.6 C-mol%, and the space-time yield attained 11.9 C-mol/liter -
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INTRODUCTION

Synthesis of light olefins from methanol
is one of the most important subjects of in-
vestigations in C,-chemistry (/-4). Some
zeolites with narrow pores have been found
effective for this purpose (/-16). ZSM-34
from Mobil Oil Corporation (5, 6) and
ZKU-4 by Inui et al. (3, 7) are the most
typical examples of catalysts in this cate-
gory (I, 17). The selectivity to ethylene on
the former catalyst attained to 50%, and
that to C,—C, olefins on the latter catalyst
was as high as 81.3%. The most serious
problem for these catalysts is the short cat-
alyst life caused by the coke deposition. Al-
though the decrease of the crystalline size
and increased uniformity of the crystal
caused by the rapid crystallization method
(12—15) and combination with precious
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metal component (/6) have been found use-
ful to increase the catalyst life, further im-
provements seem necessary for the indus-
trial application of the catalysts. It should
also be noted that the coke production on
these catalysts is interpreted in terms of the
two-dimensional pore structure (18, 19).
The ZSM-S catalyst exhibits a longer cat-
alyst life in the methanol to hydrocarbon
conversion because of its pore diameter, in-
adequate for the formation of fused-ring ar-
omatics and because of the three-dimen-
sional pore structure resistant to the pore
blocking (18, 19). However, the ZSM-5 cat-
alyst itself is not very selective to the for-
mation of light olefins, because the olefins
are further converted to aromatics and
paraffins. Modification of ZSM-5 with
such compounds as trimethyl phosphine,
Sb(OCHs);, and Mg(OCOCH;); markediy
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increases the olefin selectivity (20-23),
probably because the modifier reduces the
pore diameter and/or the acid strength. In
spite of these advantages the modification
of ZSM-5 sometimes greatly decreases the
catalytic activity. For this reason, the oper-
ation temperature should be considerably
raised to attain high-methanol conversion.
This in turn increases the coke formation
on the modified ZSM-3, providing a subject
of further improvements. The strong acid
site on the outer surface of ZSM-5 crystal is
not effective for the selective reaction of
methanol. Although neutralization of the
acid site on the outer surface with quino-
lines has also been found effective to in-
crease the olefin selectivity (26, 27), the im-
provement of the reaction condition does
not lead to an essential solution for the in-
dustrial application.

Recently, metallosilicates having the
pentasil pore opening structure have been
expected as catalysts for the olefin synthe-
sis catalyst with high selectivity and long
catalyst life (28—35). The three-dimensional
pore structure would lead to a long catalyst
life, and the replacement of the Al ingredi-
ent in the ZSM-5 with various kinds of
metal salts would greatly modify the nature
of active sites, including the acidic prop-
erty. Furthermore, difference in the metal-
oxygen bond length or the coordination of
oxygens around the metal would finely con-
trol the pore structure inside the zeolitic
crystal. Although only a limited number of
metallosilicates have been previously pre-
pared, this seems to be due to the lack of
the preparation method of metallosilicates.
We have previously proposed a new prepa-
ration method of ZSM-5—rapid crystalliza-
tion method (29)—which enables us to
prepare fine ZSM-5 crystals of uniform
size (ca. 1 um). The rapid crystallization
method seems more appropriate than the
conventional one for the synthesis of vari-
ous metallosilicates, since the rate of crys-
tallization may be responsible for the stabi-
lization of a metastable state. The purpose
of this study is to prepare various metallo-
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silicates by using the rapid crystallization
method and to investigate the catalytic per-
formance of the metallosilicates for the
conversion of methanol to hydrocarbons,
especially to light olefins. Since the investi-
gation on the methanol conversion on vari-
ous metallosilicates has revealed that an
Fe-silicate is the most effective for the con-
version to olefins, further investigations are
made for the preparations and characteriza-
tions of Fe-silicates to obtain a highly selec-
tive olefin synthesis catalyst.

EXPERIMENTAL
1. Preparation of the Metallosilicates

Figure 1 shows the preparation proce-
dure of a metallosilicate by the rapid crys-
tallization method (29), while reagents are
shown in Table 1. On the basis of a number
of experiments on the preparation condi-
tions of ZSM-5, the following improve-
ments were made to prepare uniform and
fine zeolitic crystals rapidly: (i) the prepara-
tion of supernatant solution was separated
from that of gel, which was important for
preparing uniform crystals, (ii) the precipi-
tated gel was milled before the hydrother-
mal treatment, which was essential for ob-
taining uniform and fine crystals, and (iii)
the temperature was programmed under the
hydrothermal treatment to minimize the

Procedyre 1 Procedure 2

milled gel
from procedure 1
milling
milled gel
supernatan
from procedure )
hydrothermal
treatment

[Erystal

F1G. 1. Procedures for the preparation of a metallo-
silicate. Procedure 1 is for various metallosilicates in-
cluding Fe-silicate, while Procedure 2 is for the Fe-
silicate with high Fe content (Si/Fe atomic ratio 12).

hydrothermal
treatment

Erystal
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TABLE |

Reagents Used for the Preparation of Fe-Silicate

Solution Si/Fe 3200-25 Si/Fe 12
G-1 H.O 60 ml H,O 12 ml
FeCl: - 6H,O xg Fe(NOs); - 9H,O 0.04 g
H,S0, 3.38 ml H,S0, 3.38 ml
TPAB 575¢ TPAB 575 g
NaCl 11.95 ¢ NaCl 1195 ¢
G-2 H,0 45 ml
Water glass 69 g
G-3 H,O 208 ml
NaCl 40.6 g
H.SO, 1.55 ml
TPAB 2.16 g
NaOH 24¢
G-4 Fe(NO3y): - 9H,0 27.5¢
G-3 H,O 136 ml
Cataloid (S10- 30 wt%) 27g
G-6 25% NH,OH 15 ml
S-2 H;0 60 ml H,O 70 ml
FCCI] . 6H20 xXg FC(NO})} ' 9H30 0.04 g
H.SO, 3.38 ml H.S0, 3.38 ml
TPAB 7.53¢ TPAB 7.53¢
S-2 H,O 45 ml
Water glass 69 g
S-3 H,O 104 ml
NaCl 263 g

Note. TPAB; tetra-propyl ammonium bromide. x; based on Si/Fe charged

ratio.

time necessary for the crystallization. As
an example, detailed preparation proce-
dures are described below for an Fe-sili-
cate. First, a gel mixture was prepared by
adding solution G-1 and solution G-2 into
solution G-3 while maintaining a pH within
9-11 at room temperature and vigorously
stirring with an ultra disperser. The precipi-
tate was separated from solution by centri-
fuge. The precipitated gel mixture was
milled for a total of 1 h by motor-driven
mortar, Yamato-Nitto, UT-21. The milling
precipitate and the supernatant of the de-
cant solution from S-1, S-2, and S-3 were
mixed together and charged in a I1-liter
stainless-steel autoclave. The atmosphere
in the autoclave was replaced by N, with 3
kg/cm? gauge. This was heated from room
temperature to 160°C with a constant heat-
ing rate, 1.5°C/min, and then up to 210°C
with a constant heating rate of 12°C/h. The

crystals produced were washed with dis-
tilled water by using the centrifugal separa-
tor until no Cl ions were detected. The
crystals were dried at 120°C for 3 h, and
then calcined in an air stream at 540°C for
3.5 h. The calcined crystals were ion-ex-
changed twice by 1 M NH,NO; solution at
80°C for 1 h. This was washed with distilled
water, dried overnight at 100°C, and then
heated in air at 540°C for 3.5 h. The charged
atomic ratio of Si/metal was 3200 for Ga,
Cr, V, Sc, Ge, Mn, La, Al, Ni, Zr, Ti, Co,
and Pt, while it varied from 25 to infinity for
Fe by changing FeCl; in solution G-1 and S-
1. Since a catalyst of Si/Fe charged ratio 12
could not be prepared by this method (Pro-
cedure 1in Fig. 1), a modified method (Pro-
cedure 2 in Fig. 1) was employed to prepare
the catalyst of Si/Fe 12; G-4, G-5, and G-6
solutions were used to prepare a milled gel
and this was mixed with the one from Pro-
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cedure 1. The prepared crystallites were
tableted and crushed to 7-15 mesh to pro-
vide the reaction.

2. Characterization of the Catalysts

BET surface areas of these catalysts
were measured by N, adsorption with the
continuous flow method using the gas chro-
matograph at liquid N, temperature. He-
lium was used as the carrier gas. The shape
and size of the crystals were observed by a
Hitachi-Akashi scanning electron micro-
scope (SEM) MSM-102. The acidity of cat-
alysts was measured by using the technique
of temperature-programmed desorption
(TPD) of NH; with a Rigaku thermal ana-
lyzer DSC. X-ray diffraction patterns
(XRD) of the catalysts were detected by an
X-ray analyzer of Rigaku-Denki Geigerflex-
2013 with Ni-filtered monochromatic CuK«
radiation at an angle (20) range of 70 to 7.
Chemical compositions of these samples
were measured by a Shimadzu atomic ab-
sorption spectrophotometer AA-640-01.

€1Cpus Co.q0lefins

o 3 gt Cs.nAlipha.

Aroma.

0 20 40 60 80
Hydrocarbon distribution{C-wt.%)

Fi1G. 2. Hydrocarbon distributions in methanol to
hydrocarbon conversion on various metallosilicates
with Si/metal charged ratio 3200. Reactant, 20%
MeOH and 80% N,; GHSV, 2000 h~'; temperature,
300°C.
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EPMA (electron probe microanalysis) mea-
surements were done with Horiba EMAX
1800E. ESR absorption measurements
were made at X-band on a JEOL PE-2X
spectrometer at room temperature.

3. Apparatus and Reaction Method

The methanol to hydrocarbon conversion
reaction was carried out by using a conven-
tional flow apparatus under the following
conditions: total pressure, 1 atm; methanol
partial pressure, 0.2 atm; balance gas, N,;
catalyst weight, 210 mg (0.3 ml); SV, 2000—
8000 h~'; reaction temperature, 295-370°C.
The reaction products were analyzed by
two FID-type gas chromatographs and a
TCD-type one. Columns used were VZ-10
for gaseous hydrocarbons, silicon-OV-101
for gasoline range hydrocarbons, and Pora-
pak T for MeOH, MeOMe, and CO.

RESULTS AND DISCUSSION

1. Methanol to Hydrocarbon Conversion
on Various Metallosilicates with High
Si/Metal Ratio

The X-ray diffraction pattern of any
metallosilicate was almost the same as that
of H-ZSM-5. This indicates that the
metallosilicate also has the pentasil pore-
opening structure typical for the ZSM-5
catalyst. The metallosilicate catalyst was
active for the methanol to hydrocarbon
conversion, and the methanol was com-
pletely converted to hydrocarbons under
the following condition: reactant, 20%
MeOH and 80% N,; GHSV, 2000 h~!; tem-
perature, 300°C. Figure 2 shows distribu-
tions of product hydrocarbons on various
metallosilicates under the condition. As
shown, the product distribution is greatly
changed with the kind of metallosilicate
even if the metal content is very small, i.e.,
Si/metal 3200. Although the results are for
the time-on-stream (1 h), no change in ac-
tivity and selectivity was observed under
the present experimental condition. From
Fig. 2 the orders of selectivities to olefins,
gasoline, and aromatics are respectively de-
termined as follows:
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Olefins: Ga = Cr< V< S¢c = Ge <
Mn < La = Al < Ni < Zr=Ti < Fe <
Co = Pt;

Gasoline: Ga > V = Cr > S¢ > Mn =
Ge>La> Al>Ti>Zr=Ni> Fe >
Pt = Co;

Aromatics: Cr > LLa > V = Ga = S¢ >
Ge>Mn=Ni=Al=Zr>Pt=Ti>
Co > Fe.

Fe-silicate, Co-silicate, and Pt-silicate are
effective for the conversion of methanol to
C,-C; olefins, while Ga-silicate, V-silicate,
and Cr-silicate convert methanol to gaso-
line and aromatics much more selectively
than Al-silicate, i.e., H-ZSM-5. The selec-
tivity to aromatics is lowest for Fe-silicate.
According to the discussion on the mecha-
nism of methanol conversion to hydrocar-
bons, low activity for the formation of aro-
matics is very important for obtaining high
selectivity to lower olefins. Thus, further
mvestigations were made for the Fe-silicate
to improve the olefin selectivity and to
characterize the metallosilicate.

2. Physical Properties of the Fe-Silicates

Chemical analysis. Figure 3 shows
results of quantitative analysis of Si and Fe
ingredients in the synthesized crystals. The
observed Fe concentration is almost equal
to the charged one, and increases with in-
creasing charged Fe concentration. This in-
dicates that various amounts of Fe can be

(wt.%)

o
o

Concentration (obs.)
S

I ] ] L)

§
1.0 2.0 3.0 4.0 5.0 6.0 10.0

Fe concentration (charged) (wt.%)

FiG. 3. Relationship between charged and observed
Fe concentration for various Fe-silicates. Observed Al
concentration; closed circles.
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Fi1G. 4. X-ray diffraction patterns of Fe-silicate cata-
lysts. The number at each pattern stands for Si/Fe
charged ratio.

incorporated in the crystal by changing the
charged Fe amount at the stage of gel for-
mation, and almost all of the charged Fe is
incorporated in the catalyst. As shown in
Fig. 1, the catalyst was prepared through a
number of steps. If the interaction of Fe
with zeolitic crystal is not strong enough,
the Fe may be removed into supernatant
solution and/or washing water. Thus, the
relationship in Fig. 3 suggests that Fe is
strongly held in the crystal.

Figure 3 also shows the content of Al in
the catalyst. As for the catalyst of Si/Fe
charged ratio 3200 or 1600, the amount of
Al was larger than that of Fe, while smaller
for the catalysts with Si/Fe 400, 200, 100,
40, 25, or 12. The Al in the catalyst may
have been brought about by the Al impurity
in the water glass.

X-ray diffraction patterns. The X-ray dif-
fraction patterns for the crystals are shown
in Fig. 4. All of the patterns of Fe-silicates
are similar to that of H-ZSM-5 without the
Fe incorporation. This indicates that the
Fe-silicate has the pentasil pore-opening
structure—the same crystalline structure
as ZSM-5. The peak intensities for the cata-
lyst of Si/Fe 12 are weaker than those of
higher Si/Fe ratio. This may be due to the
decrease in the crystallinity for the former
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FiG. 5. BET surface area of catalysts.

catalyst. The absence of XRD peaks of iron
oxide suggests that the Fe is highly dis-
persed in the crystal. High dispersion of Fe
was also supported by the color of Fe-sili-
cate after calcination (milk-white even for
the catalyst with the highest Fe content)
which was significantly different from that
of iron oxide such as Fe,0s.

Specific surface area. BET surface areas
for the crystals are shown in Fig. 5. Except
for the catalyst of Si/Fe 12, the surface area
of Fe-containing crystal was almost as large
as that of ZSM-5. This is consistent with
the above-mentioned result that the XRD

1

1pum

(a) si/al 3200
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pattern of the Fe-silicate is almost the same
as that of ZSM-5. The high BET surface
area is also consistent with the high Fe dis-
persion in the zeolitic crystal. The decrease
in the BET surface area for the catalyst of
Si/Fe 12 can also be explained in terms of
the decrease in the crystallinity of the cata-
lyst.

Morphology. Figure 6 shows SEM pho-
tographs of the Fe-free silicate (ZSM-5) and
the Fe-silicate of Si/Fe 3200. The addition
of Fe greatly affects the morphology of
crystal. The crystal of Fe-free silicate is
composed of many small crystallites having
multisurfaces in plate shapes and it is evi-
dently different from the separated cubics
of Fe-silicate of Si/Fe 3200. It is interesting
to note that a very small amount of Fe ions
(e.g., Si/Fe 3200) can greatly change the
shape of crystals, suggesting that a small
amount of Fe plays a role as nuclei in the
growth of high-silica crystal.

EPMA measurements. According to our
preliminary experiments, the measurement
of surface Fe concentration by XPS (X-ray
photoelectron spectroscopy) was difficult
for the catalyst with a high Si/Fe ratio.

L

(b) Si/Fe 3200 1um

F1G. 6. SEM photographs of the Fe-free silicate (ZSM-5; Si/Al 3200) (a) and Fe-silicate of Si/Fe 3200

(b).
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in EPMA measurement

Count ratio of Si/Fe

Lo tnnl i
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Si/Fe atomic ratio (obs.)
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Fi1G. 7. Si/Fe count ratio in EPMA measurement for
nonground (open circles) and ground (closed circles)
Fe-silicates.

Since EPMA was much more sensitive than
XPS to a small amount of Fe, the effect of
grinding on the Fe concentration was mea-
sured by using EPMA to examine the dif-
ference in Fe concentration between crys-
tal surface and bulk. As shown in Fig. 7, the
Si/Fe count ratio is decreased by the grind-
ing treatment, and the extent of change in-
creases with Si/Fe charged ratio. This indi-
cates that the Fe concentration inside the
crystal is higher than that at its surface lay-
ers, and supports the above-mentioned idea
that Fe plays a role as nuclei of crystal
growth in the preparation of high-silica Fe-
silicate.

ESR signals of Fe3*. Figure 8 shows ESR
signals of Fe?* in the Fe-silicates of various
Si/Fe ratios. These signals are similar to
those observed by Derouane et al. (36) for
NH,Y-zeolite, and individual signals are as-
signed to the following species: (i) Fe3* sub-

Si/Fe 25

H
10006

Fi1G. 8. ESR signals of Fe** for the Fe-silicates of
various Si/Fe charged ratios.
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F1G. 9. TPD profile of desorbed NH; from the Fe-
silicate of Si/Fe 400 (a), and amounts of strong and
weak acid sites (b).

stitutional ions in the aluminosilicate frame-
work (Fe}") for the signal at g = 4.4, (ii)
Fe3* ions in exchange sites (Fed") for the
one at g = 2.0, and (iii) precipitated Fe3*-
containing species on the zeolite structure
(Fep") for the one at g = 2.1. In the ESR
signal of Fe3* impurities in ammonium-ex-
changed NaY-zeolite, the intensity of Fed*
was much weaker than that of Fep" or Fel".
As shown in Fig. 8, on the other hand, the
intensity of Fed" is comparable to that of
Fet* or Fed" for the catalysts with high Si/
Fe ratios. Since the relative sensitivity of
Fe}' is much higher than the other species
(36, 37), a considerable amount of Fe is
suggested to be incorporated in the frame-
work of zeolitic crystal for the present Fe-
silicate. Further details of the position of Fe
ion in the crystal will be investigated by us-
ing Mgssbauer spectroscopy and solid-state
MAS NMR.

Acidity. Figure 9a shows a TPD profile of
desorbed NH; from the Fe-silicate of Si/Fe
400 as an example of the TPD profiles from
various Fe-silicates. The profile is com-
posed of two peaks, i.e., a high-tempera-
ture peak of strong acid sites and a low-
temperature peak of weak acid sites (/8,
38—41). Figure 9b shows the amounts of
both peaks for the Fe-silicates of various Si/
Fe ratios: the separation of high-tempera-
ture and low-temperature peaks were made
at 300°C. For both strong and weak acid
sites, the amount of the acidic site increases



498

with decreasing Si/Fe ratio (i.e., with in-
creasing Fe content) in the catalyst except
for the catalyst of Si/Fe 12. This indicates
that the incorporated Fe ion produces the
acidic site and the amount increases with
increasing Fe concentration in the catalyst.
It is well known that Al in the H-ZSM-5 is
responsible for the formation of the acid
site, and its number increases with increas-
ing Al content in the catalyst. Judging from
the number of Al or Fe ions in the catalyst,
the Al may be more important to form the
acidic site for the catalyst with high Si/Fe
ratio (e.g., Si/Fe 3200), while the Fe is con-
sidered to be more important for the cata-
lyst with lower Si/Fe ratio.

Consequently, the Fe3* ion is incorpo-
rated in the high-silica crystal having the
pentasil pore-opening structure. The ion is
in a highly dispersed state and a consider-
able part of Fe3* is suggested to occupy the
framework of the crystal. This can also af-
fect the crystallization process to control
the morphology. The incorporated Fe ion
plays the acidic site and its amount in-
creases with increasing Fe content in the
catalyst. High dispersion of Fe in the crys-
tal was also confirmed by our preliminary
experiment about the activity of the incor-
porated Fe for the syngas (CO + H») to
hydrocarbon conversion. In marked con-
trast to the behavior of supported iron cata-
lysts, the CO conversion was low and
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reaction products were mainly CH, and
CO,.

3. Methanol Conversion to Hydrocarbons
on Fe-Silicates

Catalytic performance of Fe-silicates of
various Si/Fe ratios. Figure 10a shows hy-
drocarbon distributions in the methanol
conversion on various Fe-silicates, while
those on H-ZSM-5 catalysts are shown in
Fig. 10b for comparison. The methanol was
completely converted to hydrocarbons for
the catalysts of Si/Fe above 25. As for the
catalyst of Si/Fe 12, the methanol conver-
sion was 78.6%, and 52.3% of the reacted
methanol was converted to hydrocarbons
while the other part was dimethly ether. As
shown, the selectivity for the Fe-silicate is
considerably different from that for the H-
ZSM-5. As for the Fe-silicate (Fig. 10a, se-
lectivities to C,—Cy paraffins and to C¢—C;,
aromatics are slightly decreased, while that
to C,-C4 olefins is slightly increased with
decreasing Si/Fe ratio in the catalyst. As for
the H-ZSM-5 (Fig. 10b), on the other hand,
selectivities to C;—C,4 paraffins and to C¢—
C,; aromatics are increased, while that to
C,—C, olefins is decreased with decreasing
Si/Al ratio in the catalyst.

A number of investigations of methanol
to hydrocarbon conversion on zeolites sug-
gest the following scheme of the reaction
1, 42-48):

MeOH (or MeOMe) S C,—C; olefins Y higher olefins

According to this scheme, methanol or di-
methyl ether is first converted to lower ole-
fins (C,—Cs olefins) (a). The oligomerization
(b) of the lower olefin leads to the formation
of higher olefins (=Cg olefins). The hydro-
genation of lower and higher olefin forms
corresponding to paraffins (¢, ¢’), and the
dehydrogenation and cyclization of higher

paraffins

[

aromatics

olefin produces an aromatic molecule (d).
Although detailed molecular mechanism of
individual processes has not yet been clari-
fied, the stoichiometries are described as
follows:

Process b: C,H,, — C,H;,
n=2,3,45,m=6 2
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F1G. 10. Hydrocarbon distributions in methanol conversion on Fe-silicates (a) and Al-silicates (H-
ZSM-5) (b). Reactant, 20% MeOH and 80% N,; GHSV, 2000 h~'; temperature, 300°C.

+2H
Process ¢, ¢': C,Hy, — C,Hyuio

n=2) (3

Process d: C,.H,,, -, CrnHam-x
(m=6). (4

As shown in Eq. (2), neither donation nor
abstraction of hydrogen appears in the stoi-
chiometry of the olefin oligomerization (b).
On the other hand, the donation of hydro-
gen to olefin molecule is essential for the
conversion of olefins to paraffins, (¢, ¢'),
while abstraction of hydrogen is important
in the formation of aromatics from olefins
(d). The lower selectivity to paraffins and
aromatics for the Fe-silicate compared with
the H-ZSM-5 thus indicates that such an
intermolecular hydrogen transfer is sup-
pressed by the incorporation of Fe3* ion in
the zeolitic crystal, while the activity for
the process without the intermolecular hy-
drogen transfer is not affected greatly. It
should be noted that the lower selectivity to
paraffins or aromatics on the Fe-silicate is
not due to the lower conversion of MeOH
to hydrocarbon. This is because methanol
was completely converted to hydrocarbons
on all catalysts except for the one of Si/Fe
12, and because our preliminary investiga-
tion of the conversion of light olefins indi-
cated a significant difference between the
Fe-silicate and the H-ZSM-5 (33). In accor-
dance with the above-mentioned idea, the
selectivities to aromatics and paraffins on

H-ZSM-5 were much higher than those on
the Fe-silicate.

Highly selective olefin synthesis. On the
basis of the above-mentioned results, we
have made trial-and-error experiments to
improve the olefin selectivity. Since the
presence of Fe salt was suggested to greatly
affect the initial step of crystal growth, dilu-
tion of Fe in the starting solutions would be
effective to optimize the olefin selectivity.
Figure 11 shows hydrocarbon distributions
in the methanol conversion on the im-
proved Fe-silicate having Si/Fe charged ra-
tio 3200 under the following conditions: re-
actant, 20% MeOH-80% N,; SV, 8000 h~!.
At 295°C selectivities to ethylene, propyl-
ene, and butene are 54.7, 41.5, and 1.4 C-
mol%, respectively, and total selectivity to
C,-C, olefins attains a high of 97.6 C-mol%.

100 v
{— Ethylene
80 —

60 —

40 Buthane

20 -~ Pentane

Cg.qyAliphatics
pAromatics

h A . 45

Hydrocarbon distribution (C-wt.%)

~ 1 i 1
300 320 340 360

Temperature (°C)

F1G. 11. Methanol conversion on the improved Fe-
silicate of Si/Fe 3200. Reactant, 20% MeOH and 80%
N:; GHSV, 8000 h!.
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The space-time-yield (STY) of C,-C,4 ole-
fins was also increased to 11.9 C-mol/liter -
h at 295°C. Also at 350°C the C,—C, olefin
selectivity and STY attained 60.8 C-mol%
(mainly propylene and butene) and 33.8 C-
mol/liter - h, respectively.

In conclusion, an Fe-silicate catalyst is
highly effective for the selective conversion
of methanol to light olefins. This suggests
further applications of metallosilicates to
various reactions, providing an interesting
subject of future investigations.
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