CHAPTER 1V

RESULTS AND DISCUSSION
This chapter is d1v1d art: he charactenzatlon results and the

catalytic activity on metha

4.1 The synthesis and

The synthesi i ke or AI-SBA-15 synthesis reported by Yue
et al.”, that was performed wi iging step ing in the Al-SBA-15 having the XRD

pattern with broad peak of hexag 5 W ow intensity. However in the original

method of pure silica S A-15 synthesis'"'?, the gel mixture wa! CE ved for 20 h at 35 °C and

the solid obtained showed-we i ,i.l ¢ peak with high intensity.

Figure 4.1 s}ows the XRD pattems of assynthesized Fe-SBA-15 materials

s o ARG PN o5

as iron source. Nall)eak was found in the XRD patte of the material wthemzed without
aging p%W q a \&ﬂ ?mgdaw r] Ian%'l&l q a' E]lme phase. In
contrast, the material obtained from preparation with aging step exhibits three characteristic
reflection peaks of hexagonal structure of SBA-15 structure and the XRD data with typical
assignments of lattice planes are shown in Table 4.1. The results show that the aging is the
essential step in the formation of SBA-15 structure. This probably causes from the

phenomena occurring during aging process.
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Figure 4.1 XRD patterns’ofis ;; -:‘_ ed' Fe \ e Si/Fe ratio in gel of 90)
preparegdfat the pH 3 u ’i & ource with and without aging
' -ﬂf

step. Bl

Table4.1 The XRD data of the'ds

Lattice plane d-spacing (A)

100 107.61

110 63.48

200 ﬂ Y I. %’wgqﬂﬁ 55.15

AT e

and 2.8. The characteristic d-spacing ratio of perfect hexagonal structure is 1.732 and 2.000
for dje/d110 and dye0/dsgo, respectively. For the d-spacing data of synthesized Fe-SBA-15 as
shown in Table 4.1, the d-spacing ratio can be calculated:

dioo/dy10=107.61/63.48 = 1.70

and leO/dZOO =107.61/55.15=1.95.
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The ratios of synthesized Fe-SBA-15 are slightly d ifferent from that o f p erfect hexagonal
structure indicating that the synthesized Fe-SBA-15 is distorted hexagonal structure due to the
substitution of iron atoms into the framework of SBA-15.

Many researchers have accepted that during aging period, chemical
rearrangements give rise to the formation of nuclei which continuously grow to the crystals,
especially aging at room temperature.’**” During aging at 40 °C, TEOS used as silica source

is slowly hydrolyzed and condensed around thg template micelle. On the other hand, without

aging step the gel was heated 100 °C im nicdiate e hydrolysis rate is high and silica
. - 8 J .
species are independently eondensatig aro@ate that causes the formation of

/AN
\\""\“

and with aging step, res t 0ut a ¢ product particles have uncertain

e products synthesized without

feature while those obtaing@ pSte ! cse ' ore defined feature, donut-like shape.

These SEM results are in agfee v e cotresp o nding XRD results in Figure 4.1.

\

Thus Fe-SBA#IS /(Si/A __ : gel) can be synthesized using the

hydrothermal method at the ;3' g_ ent of aging step at 40 °C for 24 h

bCfOI'C crystalllmtlo ‘__g\'. oilleo SlCD 15 2C0CC 1IN0 1O acvmthes ';
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ipe for the rest of study.




Figure 4.2
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SEM images of as-synthesized Fe-SBA-15 (the Si/Fe ratio in gel of 90)
prepared at the pH near 1.5 using Fe** as iron source without aging step,

(A) x 3500 magnification; (B) x 15000 magnification.



Figure 4.3
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SEM images of as-synthesized Fe-SBA-15 (the Si/Fe ratio in gel of 90)
prepared at the pH near 1.5 using Fe’* as iron source with aging step, (A) x

3500 magnification; (B) x 20000 magnification.
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4.1.2  The effect of reagent-addition order
This experiment was performed to prove the suggestion that the formation
of iron substituted framework materials must be prepared by primary formation of ferrisilicate
complexes from a reaction of iron with silica.”’ Thus method I allows the iron source mixed
with silica source before added into the template solution, while method II allows that the iron
source and the TEOS were separately added into the template directly. In this experiment,

both of Fe?* and Fe** were used as iron

gel was 2.0. N

The : and SEﬁmf the products synthesized by
different order of reagent additi shown i ' 4.5, respectively. All materials
synthesized from method I show no difference in the XRD
and SEM image results. fhree characteristic reflection
peaks of hexagonal structurgfang Is is worm-like shape. It shows
that the morphology and cry - different reagent-addition order.
The formation of SBA-15 strucfiire, shoutd be process during aging step that allows

-eharacterize the coordination number'df+ifon in materials, ESR was
e Y]

atmust be calcined to remove

templates and moistures in the materials because the template or H,O molecule can

€ o/
coordinate with ﬁ % Ei‘{sl ﬁ%lwuﬁl% ﬁ %fg]c%dination data. During

calcination procesglthe O, must be ﬂowgd to transform&rganic template&COz, S0 any iron
species anﬂxﬂd&ﬂcﬁ m Nnﬁls-ll;n’as wg slp:]ca b&lng to the Fe’*
species. T}ae Fe’* and Fe** labels in Figure 4.6 mean the used iron source, not true iron form.
ESR spectrum of Fe-SBA-15 in Figure 4.6 exhibits two signals: one is at
the g value of 2 (right signal) represented the non-framework iron species in the Fe-SBA-15
material and the other one is at the g value of 5 (left signal) assigned to the framework iron.’'
It is obvious that the location of iron in Fe-SBA-15 materials synthesized by two methods are

dissimilar although the morphology and crystal structure of Fe-SBA-15 from both methods
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are not different. By method I, the ESR spectra show both tetrahedral and octahedral irons
found in the materials, it shows that some iron atoms are located in framework position and
the rest in non-framework position. By method II, only the signal at g value of 2.0 is found in
the spectra, so all iron atoms are located in non-framework position. Premixing of iron and
silica source results in which iron atoms are fixed in silicate structure by formation of
ferrisilicate complexes. In method II, iron solution and TEOS are not premixed, then iron

precipitated separately at the non-frame; gsition while the silicates condense together to

form the structure of SBA-15 In t framework iron in SBA-15 structure is

desired, so the order in addition.of tlié reagehts is following method I.

)

)
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Figure 4.4 XRD patterns of as-synthesized Fe-SBA-15 (the Si/Fe ratio in gel of 180)

prepared at the pH of 2.0 in gel using: both a) Fe’* and b) Fe** by method I,

both ¢) Fe’* and d) Fe** by method II.
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Figure 4.5 SEM images of as-synthesized Fe-SBA-15 (the Si/Fe ratio in gel of 180)
prepared at the pH of 2.0 in gel using: (A), (B) Fe** and (C), (D) Fe*" as iron
source synthesized by Method I and (E), (F) Fe** and (G), (H) Fe?* as iron

source synthesized by Method II.
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Figure 4.6 ESR spectra of as-synthesized Fe-SBA-15 (the Si/Fe ratio in gel of 180)
prepared at the pH of 2.0 in gel using: both a) Fe** and b) Fe?* by method I,

both ¢) Fe'" and d) Fe?* by method II.
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4.1.3 Effects of pH on formation of Fe-SBA-15
From the synthesis of Fe-SBA-15 by method I, the gel pH effect was studied
by varying the pH values from 1.0 to 2.5 for every material synthesized by using Fe’* and
Fe®" as iron source and the Si/Fe molar ratio of 180 and 90. In addition the pH values of -0.3

and 3.0 were studied in the Fe-SBA-15 material prepared by using Fe** and the Si/Fe ratio of

180.
4.1.3.1 Effect ! nthesized with Fe** and the Si/Fe
of Fe-SBA-15 synthesized under
the following condition gel 180, and at the pH of -0.3
1.0, 1.5, 2.0,25, and 3.0 hesized at the pH of 1.0 — 2.5
show the sharp intense p s of 110 and 200 that are the
characteristic pattern of SB 0 and 200 peaks of Fe-SBA-15
synthesized at the pH of 1.0 g the other samples synthesized at
other pH values. It means that t A-15 synthesized at the pH of 1.0 is
highly uniform and has$he bes ystallinity. The XRD patter _;.f* f the sample synthesized at
the pH of 2.5 looks broader {!

1t mh the literature of the original
synthesis method'"'? of puxi; silica SBA-15. The crystalhmty of SBA-15 was reduced when

o it vt B B A R o s

species. It can be l%ncluded that the strygture of Fe-SB -15 synthesized at the pH of 1.0 have
better cﬂaﬁt’;}}a \31 ﬂl@gu 13.]2?15121 a mg‘,"} a Htlon the XRD
pattern of Fe-SBA-15 synthesized at the pH of 3.0 has one outstanding peak; it proves that the
crystallinity of the Fe-SBA-15 is reduced with increasing pH of gel. In addition, the gel pH of
-0.30 (approximately 2 M of HCI) was accepted for synthesis of pure silica SBA-15.""'2 In
contrast, the material synthesized at the lowest pH (-0.30) in this work is amorphous because

its XRD pattern has no peak.
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Moreover, Figure 4.8 shows the SEM images of Fe-SBA-15
synthesized at different pH values with two different magnifications in left and right
corresponding to the XRD data in Figure 4.7. At very low pH of -0.30, the material obtained
forms amorphous particles like Figure 4.2, even though the mixing gel was aged before
crystallization. The result indicates that the formation of the SBA-15 structure also depends

on the synthesis condition, in particular pH besides aging process. It is due to the high

hydrolysis rate of TEOS in strong a : odia and high formation rate of ferrisilicate

complexes. The use of strong : olutio; @ulates the condensation rate of silica

causing the formation of sordered :ﬁﬂ_When the ferrisilicate complexes

were adding into the temp ment of complexes around the
N

products have more defi Y  worm:like shape. T his shows thatat the pH

ranged from 1.0 to 3.0 the e Of I E nd the condensation rate of ferrisilicate

AU INENTNYINS
RN IUANINEIAY
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Figure 4.7 XRD patterns of Fe-SBA-15 synthesized with the Si/Fe in gel of 180, Fe** as

iron source, and at various pH values.
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Figure 4.8 SEM images of Fe-SBA-15 synthesized under following conditions: Fe** as
iron source, the Si/Fe in gel of 180, and at various pH values: (A) -0.30, (B)
1.00, (C) 1.50, (D) 2.00, (E) 2.50, and (F) 3.00. Each is shown at two

different magnifications (left and right columns).
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Figure 4.8 (continued).
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ESR spectra of the Fe-SBA-15 samples were shown in Figure 4.9.
The ESR of amorphous material synthesized at the pH of gel of -0.30 exhibits the non-
framework iron at a relative low g value (g = 2.0) and ﬁc unidentified iron species at a g
value of 7.1. At this pH, Fe-SBA-15 has no iron incorporated in framework observed from no
signal at a g value about 5. Moreover, the Fe-SBA-15 synthesized at the pH of 3.00 presents

the undefined iron species at a g value of 3.4, as seen in the ESR spectrum in Figure 4.9 (F).

In contrast, the ESR spectra of Fe-SBA-15 s esized at the pH values of 1.0, 1.5, 2.0, and
2.5 show only two signals of fra : wor and #fefmework iron species. At the pH of 1.0,
| 15 has only non-framework iron.
On the other hand, at othe | sig z= 5.0 and 2.0 are found in ESR
spectra, thus the Fe-SB v thinon-frar . K 2 d framework iron. It can be
. ‘o ‘.\ omplexes is accounted for the
extremely low iron incbrp ioh. eve gl iron can longer resist to acid and
be found in the framework position: Froi X ), SEM and ESR results, it can be concluded
that the pH values of -0.30 and'3. Areno ; aﬁng Fe-SBA-15, so the test of pH

effect of the rest materials are pe rformed ) ged from 1.0 to 2.5.

ﬂUEJ’JVIEJVI?WEﬂﬂ’i
QW?Mﬂ‘imﬁJ‘iﬁ'l’mmml
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Fe’* as iron source, the Si/Fe molar ratio of 180 and at various pH values: (A)

-0.30, (B) 1.00, (C) 1.50, (D) 2.00, (E) 2.50, and (F) 3.00.



81

4.1.3.2 Effects of pH on Fe-SBA-15 synthesized with Fe’* and the Si/Fe

ratio in gel of 90
Figure 4.10 and Figure 4.11 show the XRD patterns and the SEM
images of Fe-SBA-15 synthesized under the following condition: Fe’* as iron source, the
Si/Fe ratio in gel of 90, and at the gel pH values of 1.0, 1.5, 2.0, and 2.5. All materials show
the three characteristic peaks of SBA-15 structure that are similar to those o f Fe-SBA-15

synthesized with the Si/Fe molar t various pH values in topic 4.1.3.1. The

synthesisatthepHof1.0a inity of Fe-SBA-15 than at the pH

values of 1.5, 2.0, and 2. f all Fe-SBA-15 at various pH
values is only worm-like s m. no difference in XRD pattern
of the materials with the atthie,pH of 1.0, there is the contrast
in the SEM images that e Si/Fe ratio of 180 and only worm-
like at the Si/Fe ratio of S thet sometimes XRD cannot give the complete detail.
The difference in the morp ates that'h ore »  the amount of iron from the Si/Fe
molar ratio of 180 and 90 affeets "HA?H%.’- ﬁ EFe-SBA-15. It can be concluded that the
crystallinity of Fe-SBfX-lS is decr é;v :  ingr

J-f 4.12 is similar to Figure
4.9. At the pH of 1.0 dissotve in solution rather than form

complexes with silicate, algnough the amounts of iron in solution are increased. For other pH

values, the ESRFF‘.‘H H gvsmtﬁlj %’ﬁ(w Hﬂﬂ&j iron characteristics.
AN a\ﬂﬂﬁm URIAINYIA Y
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Figure 4.10 )&D patterns of Fe-SBA-15 syntheSI at the Si/Fe mglar ratio of 90, Fe*'

9 wamnwummaa 250,
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Figure 4.11  SEM images of Fe-SBA-15 synthesized under following conditions: Fe** as
iron source, the Si/Fe in gel of 90, and at various pH values: (A) 1.00, (B)
1.50, (C) 2.00, and (D) 2.50. Each is shown at two different magnifications

(left and right columns).
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Figure 4.11

SEM images of Fe-SBA-15 synthesized under following conditions: Fe’* as
iron source, the Si/Fe in gel of 90, and at various pH values: (A) 1.00, (B)
1.50, (C) 2.00, and (D) 2.50. Each is shown at two different magnifications

(left and right columns).
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Figure 4.12  ESR images of I
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4.1.3.3 Effects of pH on Fe-SBA-15 synthesized with Fe’* and the Si/Fe

ratio in gel of 180

For this experiment, Fe** was used as iron source instead of Fe*'.
Figure 4.13 and Figure 4.14 show XRD patterns and SEM images of Fe-SBA-15 synthesized
under the following condition: Fe** as iron source, the Si/Fe in gel 180, and at the gel pH of
1.0, 1.5, 2.0, and 2.5. All materials show the three well defined hexagonal characteristic peaks

in XRD patterns corresponding to the well def morphology in Figure 4.14. The rope-like

shape which is found in all sam 1gges : tallinity of Fe-SBA-15 synthesized

with the Si/Fe molar ratio ofii8 Fe?"'a8 iron soureesisthigh.

\\ \a all materials exhibit the same
signals as those found in \ esized at the pH of 1.5 shows
only non-framework signalgflowe vérthe Signz A -\s 2.0 and 2.5 in Figure 4.15 are

not different from that from e in Figure 49. tes that iron(Il) is more difficult to

incorporate into the framew \(TH): tlow t at high pH the incorporation

pH
3 ‘a v
« A 0 . " O B | € QAl @]
5 SR BV WE 1T 1.0
g U
£ . ¢ = g
Q "1\ L ' . ' N -" l’.l‘ a - .“ i 1-5
q
2.0
' 2.5
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Figure 4.13  XRD patterns of Fe-SBA-15 synthesized with the Si/Fe molar ratio of 180,

Fe’* as silica source, at various pH values of 1.0, 1.5, 2.0, and 2.5.
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Figure 4.14  SEM images of Fe-SBA-15 synthesized under following conditions: Fe** as
iron source, the Si/Fe in gel of 180, and at various pH values: (A) 1.0, (B)
1.5, (C) 2.0, and (D) 2.5. Each is shown at two different magnifications (left

and right columns).
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Figure 4.15 ESR images 2f Fe-SBA-15 which are synthesized under following conditions:

ﬁ u‘EI Q %ﬁ%ﬁuﬂ(ﬂ @ﬂi‘jvanous pH values: (A)

19 B) 1.5, ©) 2.0, and/(D) 2.5.
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4.1.3.4 Effects of pH on Fe-SBA-15 synthesized with Fe’* and the Si/Fe
ratio in gel of 90
XRD patterns of Fe-SBA-15 sample, synthesized using Fe?* as iron
source, with the Si/Fe ratio in gel of 90, and at various pH values in range of 1.0-2.5, are
shown in Figure 4.16 and SEM results are in Figure 4.17. The three hexagonal characteristic

XRD peaks are found for all samples as well as the morphology of all materials is worm-like

shape, except at the pH of 1.0 that both d worm-like morphologies are found. The

results indicate that the Fe-SBA-1 5 ma oric )sized at the pH in range of 1.0 - 2.5.

dsized at various pH values are

' \\Q H values of 1.0 and 1.5 also has only

shown in Figure 4.18. Fe-. the pH.valu
)4 \a d in both framework and non-

non-framework iron. At t

-

framework coordination siés. lts"aboye only deterniine the structural information of

\\ d how many ion atoms are
\

ount of incorporated iron will be

the SBA-15 framework.
incorporated in the SBA- m Fe-SBA-15 synthesized are
decreased with increasing p

discussed in the next section. - =) 1}9)}1}'} '

S

7 3 "
UHINYNTNYINT

|| qwhadisiImINg1as
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Figure 4.16 ~ XRD patterns of Fe-SBA-15 synthesized at the Si/Fe molar ratio of 90, Fe**

as silica source, and at various pH values of 1.0, 1.5, 2.0, and 2.5.
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Figure 4.17  SEM images of Fe-SBA-15 synthesized under following conditions: Fe** as
iron source, the Si/Fe in gel of 90, and at various pH values: (A) 1.0, (B) 1.5,
(C) 2.0, and (D) 2.5. Each is shown at two different magnifications (left and

right columns).
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Figure 4.18 ESR i lmages of Fe-SBA-15 synthesnzed under following conditions: Fe** as

ﬂ“’ﬂ! S BN BT v 0
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4.1.3.5 Effect of pH on the iron incorporation
Not only the crystallinity of materials but also the amount of iron
incorporated in the materials synthesized is affected by the pH of the synthesis gel. The
relative intensities of the ESR signals (g = 5 and 2) assigned to framework and non-
framework iron sites, respectively, imply the relative amount of such iron sites. If summations
of both ESR signal intensities are normalized to 100, each signal is then related to the

percentage amount of the site. The valuesiof 8i/Fe ratios and the implicated relative amounts

A

of framework and non-framewor s/ SBA-15 synthesized are concluded
dedominant than framework site.

s

' \\\‘_:: eater total amount, resulting in

n.is slightly different among the

pH values varied from 1.5 (/2. e A\ ,

AU INENTNYINS
RINNINANINEIAY
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Table 4.2 Elemental analysis results of Fe-SBA-15 and assignments of iron sites

obtained from ESR data.

Si/Fe in ESR signal

Fe source

Si/Fe in gel

pH of gel

material

% Framework

% Non-framework

8434

2280

0.0

18.6

100.0

81.4

180

83.2

834
Fe**

100.0

81.8

84.7

79.4

100.0
100.0
180
78.1

83.5

F e2+

T T 100.0
- 1 78.9
90 .} ‘

10.3

AUE ’}Vl Wﬁ Eﬂﬂ‘j

89.7

77.8

v ) LY \%ﬂ‘}ﬂ%ﬂ%ﬁﬁ%’) WERE

framework™" lnon-framework

Inon-framework

% Non-framework = x 100

Iframework+ Inon-fmmework

where Iamework i intensity of tetrahedral signal at g value of 5 from ESR and o framework 1S

intensity of octahedral signal at g value of 2 from ESR.
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4.1.4 Effects of iron source on the formation of Fe-SBA-15
From the XRD patterns in Figure 4.7 and Figure 4.10 comparing with
Figure 4.13 and Figure 4.16, all Fe-SBA-15 synthesized from both Fe?* and Fe** show well-
defined hexagonal characteristic peaks of SBA-15 structure. There is no significant difference
in the XRD patterns. However, the morphology of Fe-SBA-15 synthesized from Fe®* shows
greater amount of rope-like shape than that from Fe**. It indicates that Fe** disrupts the Fe-

SBA-15 structure less than Fe’* does. Thislis probably due to less amount of iron incorporated

into the framework observed from ESR sig %

.15 (B) and 4.18 (B) of Fe-SBA-15

the difference of iron sourgé slighly ‘affe ts-the ontent in material, especially at high
J‘dgif Vi
pH. This is accounted by that sg ﬂ“;z:( s-are’ to Fe** during crystallization in
ﬂfs’,’f" Ad

Teflon that observes from the

contents obtained from two iron s ificant] different.

5]

e i
4.1.6 Effecisio 1 o ﬁ e-SBA-15 and iron content
in material
‘o

ﬂ %ﬂ?’%’%ﬁpﬂcgs’w fon Tohdi With Si/Fe molar rato in

gel from 180 to 9%‘l can increase the content of iron irglaterials. Howe‘ej, when the Si/Fe
molar raq i%c’r%a &&ﬂ% mfu % ﬁ:lna?ﬂsgaﬂoac&lje morphology
of the obtaaned material is nearly amorphous as shown in Figure 4.19 (A). There are a few
worm-like shapes observed in the SEM image. Moreover, pure silica SBA-15 was also
synthesized at the same condition and with the Si/Fe molar ratio of o (no iron in gel). Its
SEM images are illustrated in Figure 4.19 (D). Comparing with the morphologies in Figure

4.19, the SEM images (C) and (D) are quite similar and present the highest crystallinity (B)
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Figure 4.19

SEM images of Fe-SBA-15 synthesized at the pH of 2.5, with Fe*" as iron
source, and at the Si/Fe molar ratios of (A) 30, (B) 90, (C) 180, and (D) « or

pure silica.
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and the lowest crystallinity in (A). This supports the suggestion that the increase of iron

quantity in gel provides the lower crystallinity of material.

4.2 Activity test of Fe-SBA-15 for the methanol conversion
According to previous work of our research group, the values of GHSV and TOS for
methanol-to-hydrocarbons catalysis has been investigated.”'® The activity is optimized at a

GHSV of 2000 h™" and TOS of 30 min. e conditions were used throughout this work

on the purpose of comparison i

4.2.1 Effects o( Versnon

the m ethanol ¢ onversion, the

res of 300, 400, and 500 °C.

blank test and catalytic tes gffgred \

same condition as for the catalytic
test, but no catalyst was placed in _ ne e data for the blank test are shown in
Table 4.3 and gas .-f‘ 1;_____%“ Figure 4.20.. The percentage conversion
shows the quantity of ’t‘-ip the blank test, it was found
that methanol conversion can occur by pyroly51s even without catalyst. The conversion is the

o« 0 YIRS WHAR = s o

concluded that thé! conversion of meth%nol increases w1th raising the rvtlon temperature.
The unrq: Wnr}alﬁ ﬂpﬁ ml Neﬁuq ’a Wﬁm Ecjry ice-acetone
bath.

The products are collected as liquid products in the cold trap and gas
products in the Tedlar bag. Percentage selectivity to gas products is raised with increasing
temperature, while percentage selectivity to liquid products is reduced. It is reasonable that
the first step of the mechanism for methanol conversion is the generation of dimethylether

(CH;0CH3) (b.p. = 24 °C) which occurs even at low temperature without catalyst. The
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transformation of methanol to gas products increases with the reaction temperature yielding
higher s electivity to gas products and 1ower selectivity to liquid products. However, atall
temperatures, the selectivity to liquid products is higher than that to gas products. For the
analysis of liquid collected in the cold trap, it was found that the most liquid in trap is
unreacted methanol and trace amount of liquid products obtained at ail reaction temperatures.
It is due to two possible reasons. Firstly, because the conversion of methanol is low (less than

21%), the amounts of liquid products,a ‘ 1. For the other reason, one of the liquid

products is H,O which is gene ated durir ion of dimethylether, so it cannot be
products are hardly det rodu .- obtamed from the blank test in
v ‘ \\ s the major component (> 80 %)

\t\ ates that at high temperature

Table 4.3 Percentage co; jor and prox istribution obtained from the blank test
of methanol con é\_'-_‘:j on ,;lg).t*I peratures (Conditions: no catalyst,

GHS w2V R Ty o =35"Cand TOS =304

fJ

on t@perature (°C)
¢ - 2300 400 500
%Corivers etha 1. 1452 d 2027
ﬂ—

% Product distribution, A L7y

GL]‘l&'l \ﬂﬂ‘im nrdng1ae
ti a
- Gas product (%owt.) 28.27 37.99 49.71
- Liquid product (%wt.) 71.73 62.01 51.29
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Figure 420  The gas prg 0 the blank test of the methanol

conversion 2 er conditions are the same as

shown in Table

dez.the following conditions: pH

in gel of 2.5, Si/Fe molar ratlo in gel of 90, and Fe* as iron source is used as catalyst for

V1= LI A ALL R

should be noted thdt the iron atoms are r‘glated to the Brznsted acid sites on the catalyst. The

s ARG P R VW i emeo

catalyzed %y an acid catalyst. The catalytic results over the catalyst at various temperatures
are shown in Table 4.4 and Figure 4.21.

From Table 4.4, the percentages conversions of reactions at all
temperatures are higher than those obtained from the blank test, even at 300 °C. This proves

that Fe-SBA-15 is an active catalyst for methanol conversion. The conversion depends on the
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reaction temperature. At 500 °C, 80 % of methanol feeds are converted to products, whereas
at 400 and 300 °C the conversions are reduced to 60 and 27%, respectively.

Three phases of products are formed as liquids in cold trap, gases in the
Tedlar bag, and coke deposited on the catalyst. The highest amount of coke is found at 300 °C
where methanol is just decomposed to coke and methane and some is transformed to other

hydrocarbons. With increasing temperature to 400 °C, the catalyst is more active and able to

convert methanol to other products, resulting >duction of coke. However, the amount of
coke at 500 °C is higher than at 400 °C ausCA eaction temperature of 500 °C the

coke can be generated from othe N as cracking of hydrocarbon. For the

\&\ e cold trap are the unreacted

N
ﬁ ~ jown in Figure 4.21, methane

cts 4l a - \ction temperat es. Methane is less valuable,
2 'Zz or b i ’
che }J;,l ustries. ‘At the temperature of 300 °C, the

liquid products, the GC y

while olefins are needed i

percentage yield of methane i§ mitfimiz d of ethylene, propylene, and butane are

LTRIN 2
FOIT ©1 -] (1€ 1

maximized. Although the con 00.°C is only 27 %, the unreacted

i ———

methanol in the cold TQ -can be recovered to- ‘"}I reas at higher temperature

the methanol is converte worthless methane. There fore, - experiment was operated
UHINININYINT
RN IUANINEIAY

at the reaction teﬁerature 8390 °C.
U
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99

Percentage conversion, product distribution, and coke content obtained from

the methanol conversion over Fe-SBA-15 (Si/Fe in catalyst = 118 and Fe’* as

iron source) at various temperatures (Conditions: 0.25 g of catalyst, GHSV =

2000 h', Tyeon = 35°C, and TOS = 30 min)

Reaction temperature (°C)

300 400 500
%Conversion of methanol, § .07 60.68 80.41
% Product distributi ‘_‘/J
selective to: ,
- Gas product yi . .85 7921
- Liquid produggie - 55 3.36
X
- Coke yield (% 0 17.43
% Coke based ofcadlyst ~ -+ 70 7.58
kL
120 - 10
B >
100 el A :'-‘" lg
3
£ 80 - ‘
&
= 300
) F-9 v/
NENIWE LS
2 40 -
X
¢ o e/ .
NYEUANRTINETINE
- % Z ; N N .

methane ethylene

propylene  C3 alkanes propadiene Cd alkanes C4 olefins C5 alkanes

methyl
acetylene

Gas products

ethyl
acetylene

Figure 4.21

The gas products distribution obtained from the methanol conversion over

Fe-SBA-15 (Si/Fe in gel = 90 and Fe** as iron source) at various temperatures

and the same condition as shown in Table 4.4.
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4.2.2  Effects of iron source on the methanol conversion
To prove the effect of iron sources, two Fe-SBA-15 materials synthesized
with different iron sources are tested in methanol conversion. The Fe-SBA-15 materials
synthesized at following conditions: Si/Fe molar ratio in gel of 180, pH of gel of 2.5, with
Fe'* and Fe?" as iron sources are used as catalysts because they were synthesized under the
same condition and the Si/Fe molar ratios in catalyst are almost the same (Si/Fe = 222-223).

The reaction was performed at the reacti mperature of 300 °C. The results are shown in

Table 4.5 and the gas product distribution is )u.re 4.22.
alytic results for'b ﬂﬁ catalysts prepared by using Fe*

and Fe’* as iron source indicatesth difference of i source does not affect the methanol

conversion and product distfib He redson hat Fe® is completely converted to Fe**

during calcination in oxygesfto g€ o lting in pale yellow catalysts for

\

°§ not influence the catalytic activity of

both type of catalysts. Mag€oy (1100 °C it is found that Fe** is

oxidized to Fe**, so the use ofidi

Fe-SBA-15 in methanol conve

ﬂﬂEJ’J‘VIEJVI‘iWEﬂﬂ‘i
QW'\Q\‘Jﬂ‘iﬂJﬂJWYJVIEI’mEI
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Table 4.5 Percentage conversion, product distribution, and coke content obtained from
the methanol conversion over Fe-SBA-15 (Si/Fe = 222-223) synthesized
from Fe’* and Fe** as iron sources (Conditions: 0.25 g catalyst, GHSV =

2000 h™, Treaction = 300 °C, Tieons = 35°C, and TOS = 30 min)

Iron source

Fe** Fe?*

%Conversion of meth 23.87 23.76

% Product distributior ‘:\“

selectivity to 54.61
- Gas produ 7.05
- Liquid prog 38.34
- Coke yield &% w
% Coke base ! mw ‘\.\\\‘ 4.63

f JdEm
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s =
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methane ethylene  propylene C3 alkanes C4 alkanes C4 olefins methyl ethyl
Gas products acetylene acetylene

Figure 4.22 The gas products distribution obtained from the methanol conversion over Fe-

SBA-15 synthesized from Fe’ and Fe®* as iron source and the same

condition as shown in Table 4.5.
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