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APPENDIX A

A-1 Calculation of Tableted of Catalyst Volume

considerA PQR
PO2 = PQ2 + OQ2 (A-1)
0 © :
where
PO = &R (A-2)
i PQ = _g (A-3)
0Q = R - (a-b) (A-4)
2
substituted (A-2), (A-3) and (A-4) into (A-1), get
A &?+ {R - (a=b) 2}
2
= &+ ¥ -Rab) + (ab)?
2
Bt O BESRY2 :
(a=b) { (2) +A4: 5 ) } (A-5)
4
consider a volume V, get that
@b 5 2
v =1rj 2 (& - 00 oy
0
® 2
’=7T{R‘2:E) gt dﬁi@
2 5 A-6)

volume of tablet

T (%)2 b + 2T @a»)?[ - (ab)] @7
2 6

A-2 Space Velocity Calculation

1. GHSV (gas hourly space velocity) / or SV (space velocity)

GHSV s initial flow rate (at STP) (1/hr)

vol of catalyst (1)
where
initial flow rate = flow rate of feed reactant before have

the reaction
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2. WHSV (weight hourly space velocity)

WHSV

initial mass flow rate (g/hr)

weight of catalyst (g)

For the experiment of 100% MeOH concentration, we fed liquid

methanol at 0°C by using a micro-tube pump and calculated WHSV as

following :
WHSV

where

* o
MeOH density at 25 C

SV x (vol. of cat.) x MeOH density at 0° ¢
cat. wt

0.7866 g/ml

at 0°

0.8102 g/ml

( * data from handbook of chemistry)

For the required WHSV can be achieve by adjust the speed no.

of micro-tube pump as following Figure A-1

3.0

2.5

2.0

1.0

mass flow rate of pure MeOH (99.6%), g/hr (at 0 °C}

0.5

0.0

-

10 20 30 40 50 60

micro-speed, unit

Figure A—-1 calibration curve of micro-speed and mass flow rate of pure

MeOH (assay 99.6%) at 0 °C
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A-3 Calculation Yield of Product

1. Yield of i product (Yi)

Yi = final flow rate (at STP)(1/hr) x (area of i )(mole)
2247110 std area of i hr
where
i = considered species

22.4 1 is the volume of gas for 1 mole at STP.
\

2. Space time yield of i product (STYi)

STY, - = Yi (mole/l.hr)

* vol. of cat 1

3. Calculation of hydrocarbon distribution of MTG reaction

For hydrocarbons products, we identified the sample by gas
chromatography was a FID. The heat detected by the FID detector
come from carbon atom, therefore, area of peaks are directly related

to the amount of carbon atom of those species.

3.1 Calculation for C-wt% of gasoline fraction range of C

g0 By

Figure A-2.1 and Table A-1 are the samples of GC analysis
peak and data of catalyst- H=-Si-V (400) in gasoline fraction. The
C-wt% of hydrocarbons in gasoline fraction can be calculated as
follows:

1) Identified the peaks in Figure A-2.1 to Figure A-2.4 as
shown under peaks in Figure A-2.1

2) Identified retention time of the peaks in Figure A-2.1
to retention time in Table A-1

3) Calculated C-wt% of each hydrocarkon by summation the

concentration of that retention time interval, for example, C-wt%
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N-LTE

FIGURE A-2:-1 GC - Analysis peak of Hydrocarbons (gasoline fraction)

for MTG reaction

-1
’

2000 h

Catalyst - H-Si-V(400), 300 °c, SV

807% N2, 20% MeOH, 1 h on stream

Condition:

94
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TABLE A-1

C-R1A

SMPL ve

FILE # 1

REPT (] 2955

METHOOD 41

(c-wty)

[ v nK
[ -
o v
@ v
@ v
@ v
@ v
$ v
a
o ]
v v
o
o Y
a v
a Y
a
0
[ y
i u
o
o v
@
e v
@
L v
a
L] Y
o
a Y
5 v
. v
w v
b v
o v
o v
g v
o v
o Y
o v
3] Y
o
4]
a %
[
@
@ v
a v
@
[
1]
@ v
@
4]
3} Y
(] v
(4]
]
(]
(4]
@
]
]
a
(]
(]
(3]
]
2]
2] y
2]
@ Y
[
]
]
3]
]
[
]
@ v
[
4]
3]
2]
@
1]
]
[
]
]
]
]
@
(<]
a
@
2]
<]
2]
3]
3]
(]
(4]
[
4]
-]
@

95

ARERA
45363
64845
79720
62074
S5702
15919
Zlo6d
a3
35941
13214
2442
4668
1879
7693
Je94
199
58487
’a73
2113

337
71

322
1873

&3
w9181

Integrated area and c-wt% of Hydrocarbons

analysis in Figure A-2.1
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of C6 in Figure A-2.1 is the summation of conc. at interval time

of 3.89 to 5.84, ie

C6 (C-wt%) = (5.796+2.9373+0.3938+0.7528+0°3016

+1.2414)

= 11.4229

and C, (C-wt%) (7.3163+10.4572+12.856+10.0103)

40,6398

(See also appendix D)

hydrocarbons

3.2 Caiculation for C-wt% of Cl-C4

Figure A-2.2 shown a sample of GC-analysis of Cl-C4 hydrocarbons

for the catalyst H-Si-V (400) at reaction condition: SV = 2000 h-l)

300 °C, 20% MeOH and 1 h on stream., The C-wt% of Cl-C4 hydrocarbons

in Figure A-2.2 are calculated as follows:

1) Identified the peaks as shown in Figure A-2.2

2) Summation the integrating area of Cl to C4 hydrocarbons,

1635

Total (Integrating area) (7930+4635+144699+77897

s
+132868+219785+36318+20156
+157673+36521) unit
= 838482 unit
From (3.1), We get that
3 = 40.6398 C-wt%

Therefore,



Integrating area 838482 units =

Then, Cl

2

(see also appendix D)

40.6398x7930

0.3838

838482

C-wt%

40.6398 C-wt%

through C4 can be calcutated, for example

C-wt%
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260
385

A

691
949

J;L f;L-——-._JF

Integrating

time

218
230
260
301
385
428
691
949
1344
1507
2180
2397
2644
3225

1344

1597

.“
4 e
=

Integrating Name

area
3

290

594

7930 el

287

4635 — Bl
77897 — o
132868 A
219785
St FOm.
20156 ::}_
157673 CH
36521 48
193450 C.—

GC-Analysis peak of Cl-C4 hydrocarbons
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TABLE A-2. Integrated area and c-wt% of Hydrocarbons analysis

in Figure A-2.4
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A-4 Vapour Pressure Curve of MeOH at Various Temperatures.
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A-5 BET Surface Area Calculation (22)

From BET equation :

X = Lsnh pad 2 (A-5.1)
(1-x) v.C C i
where X = ratio of partial pressure P
Po
P° = saturated vapour pressure of N2 (or adsorped
gas)
P = equilibrium vapour pressure of N2
N e amount of adsorption at the equilibrium, c.c.
at the NTP/gm of sample
oy W amount of adsorption to cover the surface,c.c.
at the NTP/gm of sample
E/-E,/RT
c - S , (A-5.2)
where
E1 = heat of adsorption of the first layer
E2 =  heat of condensation of adsorbed gas
assume C —=>ijeo s, then
X = e : (A-5.3)
v(1-x) -
m
'
let N, v
m m
1
W mean the amount of adsorption to form the N2
complete monolayer
v = amount of adsorption measuring by GC.
X =

vdJ |

o
B,V
PtV
T



where

partial pressure P

N2 saturated

vapour pressure,

105

const volume .

o
pressure at 0 C

o
pressure at ¢t C
2735+t k

273, P
T t
1 atm

Flow of (He x N2) - flow of (He). P
flow of (He + N2)

b

0-3 Tatm
Po =1.1 atm = 836 mm Hg

RN
1.1

How to measuring v

desorption

of N2 area

1 ml/ 1 atm at room temp.

N. calibration'’

area

Y2%x 1Ekc. % x273:15 c.tlg of cat.
S W 3 i

Weight of sample

Etmtnk £ Mon s 0F Had
v| 1l- flow of (He + N2)
L:1 c.c.NTP/g of cat.
1
S XV



Figure A-4.1 plot of weight loss vs. time

where S = surface area from literature for N2
= 4.3713 mz/ c.c. of N2
\]
Sw = 4.373 , 4
A-6 Si/V Charged ratio Calculation
Na20.5102.H20 = 69 g.
(29%)
M.W. of Si = 28.0855
M.W. of O = 15.9994
M.W. SiO2 = 60.0843
M.W. VC13‘ = 157.30
Mole of Si used £ /wisSONE of ! S1) M.W. Si . 1 mole
100 M.W. 5102 M.W. Si
= /.69 x( Q) X 1
100 60.0843
= 0.3330 mole
We must use VClL = mole of Si M.W. VC1
3 > 3
charged ratio (x)
=" 0.330 157.30
x
A A-7 TPD Calculation
WA From Figure A-4.1
Av = "21 + tanoe
w, -
s - At t,-t;
w, <)

106

(a-6.1)

(A-6.2)

(a-7.1)
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From Figure A-4.2, the recorder condition was adjusted as follows:

A

b
25 cm = a mg
% y, cm ‘ = Y S
Z ” a
s o 75 L
and y, cm = g, Y
2 25 2
x4 i
x,cm

Figure A-4.2 Plot of full scale chart relating weight loss to speed

chart which is related to time.

speed chart b cm = 60 sec
=i & = 60 . x sec
1 b 1
y Y = 60 . x sec
2 b 2
2 .,y
dw = 25/ 7Z 98 = ab tan O, (a=-7.2)
dt 60 (xz—x ) (25x60)
b >
For TPD curve we plot cgg)/ w vs. temperature
dt
where v = dry weight of catalyst and calculated as
follows
A
L
we set full chart scale = a mg
X cm
£
Q
w B
N
G
at A position weight of catalyst = a mg
B position weight of catalyst = ax mg
25
weight loss = ax mg (2=7.3)
25
dry weight of catalyst = weight of sample before drying

- weight loss mg. (A-7.4)
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A-g Calculation for percentage of MeOH conversion

Hence,

Assume that the temperéture of sampling syringe was 95 ° C.

volume of syringe = 2t

volume of MeOH in 2 ml of sample

where

for example, Y = 20 % MeOH

then, volume of MeOH in syringe

Y = % conc,of MeOH in feed

2x10° (1) x ¥

(a-8.1)

stream line.

5510 2%0.2 1

0.0004 1

The amount of carbon from a 2 ml syringe of feed MeOH calculated

as follows:

assume MeOH vapour obey ideal gas Taw, d.e.

MeOH (at STP) 22.4 1 compose with Cc = 12
MeOH (at STP) vy 1 compose with c = 12, 'x Vl 9 (a-8.2)
22.4
From the eéuation of state,
P.V = P.V
11 22 (a-8.3)
i Ty
Where
Pl; P2 = total pressure of a system at condition.l and 2
respectively
Vl’v2 = total volume of a system at condition 1 and 2
respectively
Tl,T2 = temperature of a system at condition 1 and 2

respectively
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which 1 represents STP condition, 2 represents the consider

condition, For this system, we assumed that Pl= P2

(atmospheric pressure), then

1 Vb Ty (A-8.4)
1

Substituted (A-6.4) into (A-6.2) and absolute temperature (Tl)

= 273.2 K, gives

b V2 (273.2)

c i, e e g (a-8.5)
H
i 22.4  (273.2 + t)

where, CMeOH,i = quantity. of C for input MeOH

T

temperature of syringe

The quantity of output MeOH can be calculated from GC analysis which
acalibration factor for MeOH = 8‘,085x10--4 (unit area/l)

Hence, the amount of C for output MeOH is

-4 -6

C = 8.085x10 x ITG 210 x 273.2 x 12 g

Benrs - (273.2+95) 22.4
where,

<) ;

CMeOH,o = quantity of C for output MeOH (a-8.6)

Then,
: =3 -10
% MeOH conversion = (2x10 "xY)- 8.085x10 X ITGMeOH 38000 A
(2x10'3xY)

= 100 - 8.085x10 °x ITG
Me
2y

OH (a-8.7)
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A-9 Calculation for C-wt% of dimethyl ether (DME)

DME can be calculated from GC analysis peak in which' the '

calibration factor for DME is
-4
acalibration factor for DME = 9.85x10 (unit area/l)

a : obtained from calibration data of Mr. Hagiwara, Catalyst Engineering

Laboratory, Kyoto University.

*

Hence, the quantity of C from output DME is

-4 -6
= . 02
CDME 24  x (9.85x10 xITGDMExlO ) w2038 . g
22.4 (273, 2+95)
(A-9.1)
S - CDME x 100 (a-9.2)
C LA >
MeOH, i MeOH, o
By substituted (A-6.5), (A=6.6) and (A-7.1) into (a-7.2), gives
$ DME = (1,97x10 'x ITG_ )
. DME (A"9.3)
-7
2Y-8. }
( 085x10 'x ITGMeOH)
<
A-10 Calculation for percentage of conversion to hydrocarbons .
Basis on 100 % of converted MeOH, then
% conversion to H.C. = 100- % DME (a-10,1)

Where H.C = total hydrocarbons.
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—
MS-5A Column
3
52 15824 M23
64 2403 n o
75 10216 2.2
; 87 560392 12
408 443 NOISE
Porapak-T Column
3
46 760392 N2+CH
119 18509 C2H4
37t 15024 C3H4
959 -7629 C3H8
1049 5991725 H20

MS-5A COLUMN
PORAPAK-T COLUMN

1600 MeOH

—E START
( v
E START

FIGURE A-2.3 GC-Analysis peak of CO,. DME, and MeOH



Appendix B

B-1 Prepared sample for XRD measurement.

1. Clean glass slide with petroleum ether

2. Put the silicon grease or white grease on the position
of cqll, Figure B-1

3. Weigh sample about 20-50 mg and put it over the grease

4. Using stainless spatular for well mixing of grease and
sample

5. Cleaning the exceed portions on the slide with paper which

adsorbes petroleum ether

sample + grease

| e,

Figure B-1 Prepared slide of sample for XRD measurement

Note: The reason for using silicon grease or vassaline (white grease)
as a sample support becauses:
1. They do not react with sample
2, No evaporate at (XRD) analysis condition
3. They are amorphous, therefore, they are not give XRD peak

to interfere the sample peak
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B-2 Method of Sample Solution Preparation for Atomic Absorption

B-2.1 Preparation of Sample (Vanadosilicate catalysts)

solution :

1. Weigh 50 mg of sample, 1.2 g of Na2C03and 9R3.g
of H,BO

2. Put all of them (sample, Na_co.H

3 3,3303) into Pt-—

crucible and mix together

3. Heat up the mixture in electrical furnace by increasing

temperature as follows:

room temperature ——2—2—99500 C and hold constant at this point
for 30 min.
4, Cool. the sample crucible to room temperature and
dissolve the fused mixture with 20 ml of 6 N HC1l in Pt crucible
5. When fused mixture dissolves completely tranfer
the solution into 100 ml volumetric flask.
6. Wash the Pt with distilled water and pours into
the same volumetric flask and repeat 2-3 times.
7. Make the volume of solution to 100 ml and swirl well
for good mixing.
8. Keep the solution in teflon bottle as sample stock

solution.

B-2.2 Prepared Standard Solution of Vanadium

1. Weigh 100 mg of VCl, and put into 100 ml volumetric

3
flask
2. add 20 ml of 1 N HC1 into this flask and make the

volume of solution to 100 ml using distilled water.
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3. Prepared aliquote of 0.5, 1, 5, 10 and 20 ppm of

vanadium standard solution and stock solutions in teflon bottle.

B-2.3 Preparation of Standard Solution of Silicon

1. Take 10 ml of 1000 ppm silicon standard from stock
solution and put into 100 ml volumetric flask

2. Add 20 ml of 0.4 N Na2CO3 into volumetric flask and
make solution to 100 ml (this is 100 ppm Si standard solution)

3. Take 10 ml of 100 ppm Si solution and put into another
100 ml volumetric flask

4. Repeat step 2 (this is 10 ppm Si standard solution)

5. Prepare 200 and 50 ppm Si standard solution by the

same method as above.
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UNIT CELL TO SHOW THE ELLIPTICAL APERTURES OF THE

FIGURE C-2  SKELETAL DIAGRAM OF THE (010) - FACE OF THE ZSM-5
STRAIGHT CHANNELS. (20)
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APPENDIX D

D-1 Data for study of effect of Si/V charged ratio at

Reaction condition :

Si/V (charged ratio) 0o

H.C products (c-wts) @

Cy 0.27
C,/0 8.80
CZ'P 0.10
C;/0 7.39
CyeP 2,78
C,r0 10.80
CurP 10.62
c5(o,P) 14,94
C.(0,P) 12.27
c, (0,P) 5.87
Cg(0,P) 4.06
C;(O,P) 2,52

S

sV = 2000 h~t

3200b

0.30
7,90
0.10
7.30
3.30
9.50

10.00

13.10

26.60

1000

10.44

15.21

11.59

6.25

4,87

1.26

300° ¢

400

3.77
10.37
12.40
15,16

11.42

, 30020,/ 20 % MeOH, 1 h on stream

200

0.74

11.28

0.10

8.22

8.69

14.63

10.85

90

0.96

26.75

40

80.38

11.01

Tr.

8.33

ol



-
A6 (Benz.) 0.49
A, (Tolue.) 1.14
A8 7:+18
A9 7.24
+
AlO 3.56
MeOH (% conv.) 99,22
DME (C-wt%) 012
CO (C-wt%) -
a : A = Aromatic, e,g, A6

b :

data obtained from (9)

6.20

4,80

100.00

= Benzene, A

7

(continue D-1)

0.57

6.%5
223

100,00

= Toluene,

10

(0]

0.60 0.56
1.84 1.08
8.55 6.84
8.30 6.24
3.82 < I 1
0.00 100.00
= olefins, p

3521 -
2:23 -
83,97 33.64

25,69 31.32

= poraffins.

0zt



D-2 Data for study of effect of Si/V chapged ratio at 360 °cC

Reaction condition:

Si/V (charged ratio)

H.C products (C-wt%)

(o)

SV = 2000 h ™t

16002

7.01
0.10
16.50
4.05
17,59
10.13

12.61

, 360 °C, 20 % MeOH, 1 h on stream

400

7.87

0.11

o{99

3393
18.08
9.43
11.81
7.98
£ AT
152
0.41

0.93

2.90

7.90

200

7:78

0,07

19,90

2,91

21.06

8.18

13537

2,09

90

221,07

2,16

21.45

5433

12.16

40

10.79

12T



MeOH

DME
Co

(% conv,)

(C-wt%)
(C-wt%)

a

reaction

100,00

temperature

5.31

1.46

100,00

(continue D=-2)

5.79 4.15
1.56 1l.10
100.00 100.00

4,35

1.03

100.00

44,81

14,26

CCT



D-3 Data for study effect of space velocity

Reaction condition: 300°C, 20 % MeOH, 1 h on gtream.

sv, Mo

Si/V (charged ratio)
H.C protucts (C-wt%)

o3

500

0o

4.69
2.56
1.28
0.55
2,23

10.40

400

0.36
5:16

0.22
4,43
5.45
6,40
14,90
13,97

11.22

5.45
3. 21
1.61

0.55

1.76

8.80

400

0. 3%
4,92

4,06

4.50

7515

14.51

11.84

5.42

2:79

1.56

0.46

1000

200

0,54
7:75

- 6.46

4,06

10.11

11.98

14.65

10.89

0.23
10.29

0.06
11.01
.91
13.64
8.74
14.95

12250

4000

400

0.26
8.69

0.09
7.46
2.97
11,22
11.24
$15.52
11:92
5.07
3.68

2,30

200

0.44
12,31

0.08
11.35
2,22
3,17
8.23
13.91
11.70
5:36
3.87

2.81

0.84

6.41

0.28
13322

0.05

18.15

EF6

13.67

8.35

11.07

10.85

8000

400

0.24
11,75

0.08
1k.83
2.53
12,26
10,33
13,16
11.41
4,75
3.58

2.46

0.88

6.38

200

0.47
16511

0.06
20.48
1.78
13,04
7433
10.11
9.89
4.45
3.04
2.52

0.25

0.60

5.01

€CT



MeOH (% conv,)
DME (C-wt$%)

Cco

11.64

5.42

100.00

9.33

4531

100.00

100.00

(continue D-3)

100.00

98.46

0.14

7.20

3.18

99.67

4377

2,12

97.62

0.59

90.30

1.12

5.49

2.50

94,71

3.40

3539

1450

9017

8.14

Pt



D-4 Data for study of effect of reaction temperature

Reaction condition:

Temperature, ° C
Si/V (charged ratio)

H,C products (C-wt%)

260

1600

1.48
50.22
Trs
41,53

1.81

0.71

0.14

SV = 2000 h™,

i &

280

1600

13.32

11.98

7.16

4.31

2,84

0.33

0.88

20 % MeOH,

1l h on stream
330

1600 20

0.37 1.48

115,15 13,96

10.24 9.08
3.57 332
2,93 3437
1,30 1,50
0.78 0.78
1.93 1,28

390

90

8.47
4.33
0.87
0.82

0.14
0.83

201

420

90

14.33
1.12

4.80

SCT



(continue D-4)

Ag 0.05 7.42 ; 7.83 6.89 9.19 13,33
A, 0.09 6.26 6.29 4.84 4,37 6.87
+ L]
B - - 0.06 4.00 2,25 1.63 0.85 1.59
MeOH (% conv.) 88.69 98.00 100.00 99.50 100.00 100.00
DME (C-wt%) 74,19 0.84 - & - ™
CO (C-wt$) - X - - ” b

91
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D-5 Data for study of effect of MeOH concentration

i2

Reaction condition: Si/V = 1600, SV = 2000 h~, 300°C, 1 h on stream.

MeOH conc., % 5 10 40 100

H.C products (C-wt%)

¢ 0.25 0.27 031 0.38
€40 8.21 8.71 13.81 13.61
c3,P 0.12 0.17 PG 0.18
€40 9.19 7.10 6.70 9.20
Cy0P 348 3.83 3.49 5.83
G0 13.24 10.38 8.60 9.67
CyrP 11.17 11.93 9.29 15.16
C5(0,P) 14.62 14.81 13.04 14.78
Cx (0, P) : 10.45 11.32 11.92 10.90
c7(6,P) 4.23 5.01 7.05 4.41
Cg (O,P) 2.97 3.05 4,21 2.28
C;(O,P) 1.41 ?ee 2.81 0.79
B 0.66 0.56 0.31 0.40
A, 1.85 1.64 e 0.96
Ag 8.75 8.76 22 4.70 g
A, | 7.02 7.56 6.10 4.15
AIO 2.53 3,58 4.18 2.59
MeOH (% conv.) 100.00 100.00 98.20 96.94
DME (C-wts) . & ' 0.68 9.09

CO (C-wt%) = - e =
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