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Appendix A

Effect of Pt and Pd metal

Table A-1 Effect of Pd and Pt metal for hexane conversion

Catalyst 1%Pd1%Ga/HM | 1%Pt1%Ga/HM
Conversion 90.5 93.0
Methane 0.2 0.1
Ethane 0.8 0.2
Propane 2.5 0.1
Olefins 20.0 8.8
iso-Butane 19.4 11.3
Butane 11.0 8.7
Pentane 0.2 0.2
branched-Cg 15.5 68.1
Benzene 0.2 0.9
Toluene 0.1 1.4
mixed-Xylene 0 0.2




Effect of Zn metal

Table A-2 Effect of Zn for hexane conversion

Catalyst 0.5%Pt1%Zn/HM | 0.5%Pt2%ZnHM
Conversion 74.0 75.0
Methane 0.4 0.2
Ethane 17.4 6.8
Propane 3.5 0.1
Olefins 40.4 53.4
iso-Butane 0.6 1.4
Butane 0.2 0.2
Pentane 0.2 0.1
branched-Cg 35.6 35.0
Benzene 1.1 1.3
Toluene 04 1.4
mixed-Xylene 0.1 0.1
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Effect of Bimetallic

Table A-3 Effect of bimetallic for hexane conversion

Catalyst 0.5%Pt1%Ga/HM | 0.5%Pt2%Ga/HM | 1%Pt1%Ga/HM
Conversion 85.0 89.0 93.0
Methane 0.3 0.3 0.1
Ethane 28.0 35.1 0.2
Propane 1.0 1.0 0.1
Olefins 17.0 41.8 8.8
iso-Butane 5.4 1.3 11.3
Butane 11.0 0.2 8.7
Pentane 0.6 0.2 0.2
branched-Cg 34.4 16.6 68.1
Benzene 0.8 19 0.9
Toluene 1.0 1.3 1.4
mixed-Xylene 0.3 0.3 0.2
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Effect of loading methods

Table A-4 Effect of loading method for hexane conversion.

Catalysts 1%Pd/M 1.12%Pd-M 1%Pt/M | 0.95%Pt-M
' — 80.0 84.0 87.0 82.0
Methane 0.4 1.0 2.0 0.2
Ethane 18.4 33.0 5.0 7.8
Propane 14.6 23.1 10.0 1.8
Olefins 20.2 7.0 5.0 21
iso-Butane 7.8 0.2 16.1 335
Butane 1.3 0 12.0 33
Pentane 1.3 0 1.0 1.4
branched-Cg 0.8 35.0 47.0 22.0
Benzene 35.8 0.4 0.2 0.2
Toluene 0.2 0.4 0.6 0.4
mixed-Xylene 0.3 0.1 0.1 0.1




Effect of potassium

Table A-5 Effect of potassium for hexane conversion
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Catalyst 0.5Pt%1Ga%/KCI-M | 0.5Pt%1%Ga/K;CO3-M
Conversion 89.0 78.5
Methane 0.8 1.3
Ethane 16.3 20.5
Propane 3.5 3.0
Olefins 20.2 12.6
iso-Butane 8.4 12.4
Butane 12.5 18.6
Pentane 0.3 0.2
branched-Cg 28.5 29.7
Benzene 5.0 0.8
Toluene 3.0 0.9
mixed-Xylene 1.5 0.0




Effect of time on stream

Table A-6 Effect of time on stream for hexane conversion

0.5Pt1GaM el

3 5 8
Conversion 93.0 90.0 89.0
Methane 0.1 0.1 0.1
Ethane 0.2 1.4 1.4
Propane 0.1 0.2 0.1
Olefins 8.8 10.0 10.0
iso-Butane 11.3 8.2 8.0
Butane 8.7 8.7 9.0
Pentane 0.2 2.2 22
branched-Ce 68.1 66.6 67.0
Benzene 0.9 1.0 1.0
Toluene 1.4 1.4 1.0
mixed-Xylene 0.2 0.2 0.2
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Effect of mixture

Table A-7 Effect of metal oxide mixture for hexane conversion

Mixture Ga/AL,05 Zr0, MgO
Conversion 85.0 88.2 55.0
Methane 8.2 55 0.2
Ethane 79 6.8 0.3
Propane 8.6 42 0.2
Olefins 75 12.4 11.2
iso-Butane 225 26.5 30.8
Butane 10.1 9.3 1.1
Pentane 6.0 3.4 0.7
branched-Cg 28.6 30.6 40.5
Benzene 0.3 0.4 58
Toluene 0.7 0.6 8.2
mixed-Xylene 0.2 03 1.0




Table A-8 Effect of MCM-41 mixture for hexane conversion

Mixture Mixed-MCM-41

Conversion 635
Methane 55
Ethane 2.0
Propane 21
Olefins 6.2
iso-Butane 48
Butane 8.4
Pentane 17
branched-Cg 65.4
Bezene 25
Toluene 12
mixed-Xylene 0.2
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Table A-9 Effect of clay mixture for hexane conversion

Mixture Bent K-Bent HT
Conversion 75.0 50.7 74.9
Methane 20 0 25
EABHS 23 0.6 4.6
Prapane 34 0.8 11
Olefifis 11.4 13.2 35.2
iso-Butane 12 13 223
Dot 48 0.5 1.6
Pentane 25 0.6 0.6
Lol 55.6 633 28.1
Rezene 2.0 25 1.2
(L 32 36 22
mixed-Xylene 0.8 L9 0.6

62



Appendix B

Preparation of MgO

This oxide was synthesized using modified citrate precursor method. Magnesium

nitrate hexahydrate Mg(NO;),.6H,0 (2.04 g, 7.96 mmol), was dissolved in 50 ml

distilled water. Then citric acid (5.17 g, 26.91

stirring, the solution became clear. Then ethylene glycol monoethyl ether (7.76 g, 86.10
mmol) was added. Then the contents were heat at 100°C to evaporate water. The gel was

dried at 200°C to get a brown fluffy. The brown fluffy was grinded and calcined at 600°C

mmol) was added. After 10 minutes

2 h.
Mg(NOﬁz.ﬁHzO
dissolved in distilled water
Citric acid
A
Clear solution
Ethylene glycol
% monoethylether
v Heated at 100 °C
Resin
dried at 140°C for 12 h
and calcined at 600 °C for 2 h
v
MgO
MgAl Hydrotalcite

An aqueous mixture (60 ml) of 18.46 g (72 mmol) Mg(NO3), . 6H,0 and 6.75 g
(18 mmol) AI(NO;); . 9H,0 (molar ratio of Mg/Al = 4) was added slowly to 90 ml of an
aqueous solution of 11.52 g (0.11 mol) (NHs),COs. The pH of the mixture was held at pH
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8 by the dropwise addition of NH4OH. The resulting mixture was heated to 65°C while
stirred vigorously for 3 h. Then it was filtered and washed with distilled water until the
filtrate was neutral. The precipitate was dried in an oven at 100°C for 18 h and calcined at

450°C for 35 h (in the literature [20], calcination time is 3 h).

The rehydrated hydrotalcite was prepared from the above calcined hydrotalcite by

placing it in a desiccator which was saturated with water for 48 h.

Preparation of K-bentonite

Bentonite (5.0g) and 80 ml of 8.0 M of KCI solution were added to the round
bottom and heated by using an oil bath at 80°C for 24 h. The solids were separated from
solution by filtration and washed several times with deionized water until no chloride

observed. The resulting solid was dried at 100°C and then calcined in a muffle furnace at
550°C for 5 h.

Preparation of Ga/Al,O3
Gallium nitrate hydrate in aqueous solution was first impregnated onto Al,O; then

docomposted into gallium oxide at 550°C in air overnight (gallium oxide content =
18.8%wt).



Appendix C

Calculation of weight hour space velocity

(volume of hexane)

Il

WHSV (mlg'h’!
(mlg 4 (mass of catalyst) x (time)

Iml

1g lh.
Calculation of chromatogram
Gas chromatography determined liquid products of benzene, toluene and mixed
xylene. Liquid products were ider‘ified using standard addition method.
The mixed-solution of Ce-Cs hydrocarbon were prepared and determined by gas

chromatography by used n-decane as internal standard as following in Table 1-A.

Table 1-C. Standard solution for determined correction factor.

Volume (ml) | Density (g.ml™) Mw Mol
n-Hexane 0.08 0.659 86.18 6.12X10"
Benzene 0.10 0.879 78.12 1.12X107
Toluene 0.10 0.861 92.14 9.40X10”
Mixed-Xylene 0.10 0.865 106.17 8.15X10”
n-Decane 0.5X10% 0.730 142.29 2.56X10°

H: peak area of n-hexane prepared = 233442

B: peak area of benzene prepared = 352893

T: peak area of toluene prepared = 347184

X: peak area of mixed-xylene prepared = 342815
D: peak area of internal standard prepared = 24369

The chromatogram was shown in Figure 1-C.
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}V mixed-Xylene

;348
15 s n-Decane
CALCULATION REPORT **

PENO  TIME AREA  HEIGHT MK [DNO CONC  NAME

3 sS4 216824 119289 18.6958
5 6.188 526519 117414 11,0699
6 8.438 169393 44252 21,7979
7 11.227 54010 5138 31872
8 11832 374596 25867 22,1049
9 12517 40204 6964 i
13 18975 12079 1719 0.7718

Figure 1-C Chromatogram of liquid mixture for correction factor calculation.

The calculation of the correction factor can be described as follows:



Correction factor of n-hexane:
The amount of n-hexane from chromatogram

_ (molof internal standard)x H
D

_ 256X 10° x316824
12373

=65.68x10" mol

Thus, the correction factor of n-hexane can be calculated as:

_ amount of n - hexane prepared
amount of n - hexane from chromatogram

6.12x10™*
65.68x10°

=0.93

Correction factor of benzene:
The amount of benzene from chromatogram

_ (molof internal standard) x B
D

_ 256 X107 x 526519
12373
=109.2x 10 mol

Thus, the correction factor of benzene can be calculated as:

amount of benzene prepared

amount of benzene from chromatogram

1.12x10°
109.2x10°°

1.03
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Correction factor of toluene:
The amount of toluene from chromatogram

_ (molof internal standard) x T
D

_ 2.56 X107 x369393
12373

=76.58x 10> mol

Thus, the correction factor of toluene can be calculated as:

amount of toluene prepared
amount of toluene from chromatogram

_ 9.40x 107
76.6x107°

Correction factor of mixed-xylene:

=1.23

The amount of toluene from chromatogram

_ (molof internalstandard) x X

D

_ 2.56X 107 x 468810
12373

=97.19x 10™ mol

Thus, the correction factor of toluene can be calculated as:

amount of mixed - xylene prepared

amount of mixed - xylene from chromatogram
_ 8.15x10"

97.2x107
=0.83

The correction factors of chemicals are listed as follows:
n-hexane = 0.93
benzene = 1.03
toluene = 1.22

mixed-xylene = 0.83
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Sample calculation of products distribution for 1%Pt1%Ga/HM catalyst

Mass of liquid product from reaction = 0.7877 g
Hexane;, = 3 mlx (0.659x 10%g.ml")=1.977 g
Mol of n-decane (internal standard) = 5.65x 10 mol
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L Isomerization product

E (determined by GC-MS) = Hexiine
Benzene

— . Toluene

! ; } mixed-Xylene

F=—— 1= Decone
CALCULATION REPOORT **
PENO TIME AREA HEIGH MK IDNO CONC  NAME
1 4322 30420 6398 1.4721
2 5440 1546790 175297 94.8776
1 6.188 30009 4655 0.5587
4 8409 40335 6678 1.0088
5 11.223 50 112 0.0262
6 11.418 200 1059 0.2578
7 12,496 120 291 0.0778
8 18.971 12373 1714 0.5988

Figure 2-C Chromatogram of liquid products mixture by 1%Pt/HM catalyst.
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Product distribution

_ 2.565x1 0~° x 1546790

Hexane x0.93=2.98x 107 mol
12373
=2.98x 10~ molx 86.18g.mol” =0.2570 g
-5
Benzene e R x1.03=0.66x 10™* mol
12373
=0.66x 10 molx78.12g.mol” =5.16x107 g
=
Toluene . 2=0ox10 >“1'0335><1.22= 1.03% 10™ mol
12373
=1.03x10* molx92.14g.mol” =9.46x10° g
-5
mixed-Xylene = 2.369x10 %20 x0.83=0.81x 10" mol

12373
0.81x10° molx 106.17g.mol”" =8.60x10* g

Hexane,, — Hexane,,,

%Conversion = x 100
Hexane,,
_ 1.977-0.2570 %100
1.977
= 87.0%
So, products were converted = ﬁ?w =1720¢g
-3
%Benzene = Mx 100 =0.30%
1.720
-3
%Toluene = Mx 100 =0.55%
1.720
-4
%Xylene = Mx 100 =0.05%
1.720

All data above were used to calculation gas products by gas chromatography in figure
3-C.



Data File: di\dara\wimolmitinoom'ptl 27-1 1-254
Channel: Middle = FID RESULTS
Sample 1D: PH{IE)
Operator (Inj): nooim
Injection Date: 11/27/2006 01:07:36 PM
Injection Method d:\method\wimolratinoomedit.mth
molts |
200 |
| |
100+ | |
2.4 \
47
b 5
Peak Peak Name Result ()
No
1 Alrthane 26914
2 Ethene 9947|
k} Edhane 13.0087
4 b Rutume 40.7670
5 Buisne 24,2446

[somerization products

Figure 3-C Chromatogram of gas products mixture by 1%Pt/HM catalyst.

Ret.
Time
{rain)

2.67)
3247
4.050
6.200
9774

Operator (Calc):
Calc Date:
Times Calculated;

Calculation Method:

Run Mode:
Peak Measurement:

10

Time  Ared {eounts) Rel Ret

Offset

{min)
0000 139442
D000 515361
0000 673984
0,000 2112151
0.000 1256119

noom

11/27/2006 01:28:28

I

d:\method\wimolrat\noomedit.mth

Analysis

Peak Area

Sep.

Time Code
(1.06) BB
0.00 BB
0.00 BB
000 BB
0.00 BB

Width
12
(sec)

13
12
23

iz

Status Conc
Codes %

LA
2.0
0
18.1
1.0

= 100-8.0-9.0-5.0-18,1-12.0-0.30-0.55-0.05
=47.0%

Results from GC-MS of isomerization products by 1%Pt/HM catalyst

Hité:1 Entry 921 Library'NIST27.LIB

SE9S Pour wla C6HI4

CompNan:. Peitane, 2-methyl-

AS:107-83-5 MolWeight:86 Retindex:0

Rate 3°C/min
Flow 3. 4mlmin
Inject 31

IDB]

Ficgure 4-C. 2-methylpentane
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2

Minutes




Hit#:1 Entr. 1122 Library:NIST27.LIB
SI98 Form. . 6H14 CAS:96-14-0 MolWeight:86 Retindex:0
CompNam¢ . tine, 3-methyl-

72

o=

a
2 4
1 i Ll
! i i -v-r-r*rrl-f 2 wrv-rrﬁ-TFrﬁ'r
10 20 30 40 50 60 70

Ficgure 5-C. 3-methylpentane

Hith3 Eni .06 Library:NIST27.LIB
$1:93 For .l (GH14 CAS:79-29-8 MolWeight:86 Retindex:0
CompNanic:Butane, 2,3-dimethyl-

90 100 10

IUGJ e s
41
T
27 / t - /
—_ —r-!:rrn-rTv-rr-rv\l-H—--—r-rpu-v e Juf.qP.o. S RARASREARIOAREZaRCds '—rJvt-rT Rasnsansss; - BSAss Rases nanss o
0 20 30 40 50 60 70 80 90 100 110 120
Lhawdi-a 10 U theasn e NIST AT L TR

Ficgure 6-C. 2,3-dimethylbutane
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