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Table 1- The feed composition of LPG (wt%o)
LPG compositions | Methane | Ethane | Propane | iso-Butane | n-Butane | trans-2-butene | 1-butene | iso-butylene | sis-2-butene
(Wt%) 0.10 0.20 46.8 21.6 30.3 0.26 0.28 0.20 0.26
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Table 2- Experimental level coded and range of independent parameters

Operational parameters - -1 0 +1 +a
Temperature (K):X1 550 587.5 625 662.5 700
Electrical current (mA): X2 0 3 6 9 12
Gap distance (mm):X3 6 8 10 12 ‘14
Amount of metal loading (%wt.):X4 0.5 2.25 4 5.75 75
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Figure 2- XRD patterns of the NaZSM-5, HZSM-5 and Fe/H-ZSM-5 zeolites
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Figure 3- SEM images of the (a) NaZSM-5, (b) H-ZSM-5 and (c) FeEHZSM-5 zeolites
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1. Fourier-transform infrared spectroscopy
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Figure 4- FTIR spectra of the NaZSM-5, H-ZSM-5 and FeH-ZSM-5
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Table 3- Physicochemical properties of prepared zeolites

el IV@JJ‘ Lambwjéﬁd‘fdsw‘admablé UL.».:a J.i.a)o

Sample Seer (M2/g) | Smic (M2/g) | Sexr (M2/g) | Vt(cm3/g) | Vmic (cm3/g) |V meso (cm3/g)| Average pore diameter (A)
NaZSM-5 206.6 158.6 48.06 0.1125 0.08842 0.02408 21.55
HZSM-5 244.8 163.3 81.44 0.1319 0.09099 0.04091 21.18
FeHZSM-5 279.27 189.2 90.07 0.1756 0.0100057 0.075543 25.153
a) b)
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100 100
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Figure 5- N, adsorption/desorption isotherms for (a) HZSM-5 and (b) Fe/HZSM-5 zeolites
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Table 4- Central composite design of four independent parameters

Run Temperature Electrical current Gap distance Amount of metal Olefin yield LPG Olefin selectivity|
(K):X1 (mA): X2 (mm):X3 loading (%owt.):X conversion
1 662.50 3.00 8.00 2.25 39.58 68.29 57.95
2 625.00 6.00 10.00 4.00 43.24 78.86 54.83
3 587.50 3.00 12.00 2.25 22.05 48.46 45.5
4 625.00 6.00 10.00 4.00 44.52 79.36 56.09
5 587.50 9.00 8.00 5.75 35.38 66.09 53.53
6 625.00 12.00 10.00 4.00 46.23 84.05 48
7 625.00 6.00 10.00 4.00 42.03 75.22 55.87
8 662.50 3.00 12.00 5.75 333 56.98 62.43
9 550.00 6.00 10.00 4.00 27.91 75.05 37.18
10 625.00 6.00 10.00 7.50 50.32 80.32 63.92
11 662.50 9.00 12.00 2.25 39.13 81.7 47.89
12 625.00 6.00 10.00 4.00 44.94 81.23 55.32
13 587.50 3.00 12.00 5.75 29.54 51.34 57.53
14 662.50 9.00 8.00 5.75 44.86 75.11 59.72
15 587.50 9.00 8.00 2.25 37.38 64.41 58.03
16 625.00 6.00 14.00 4.00 36.9 72.28 51.05
17 625.00 6.00 6.00 4.00 45.04 66.53 67.69
18 625.00 6.00 10.00 4.00 43.12 78.32 55.05
19 662.50 9.00 8.00 2.25 46.81 73.79 63.43
20 625.00 6.00 10.00 4.00 42.53 77.09 55.16
21 587.50 3.00 8.00 2.25 30.21 44.5 67.88
22 662.50 9.00 12.00 5.75 374 62.71 59.63
23 700.00 6.00 10.00 4.00 50.86 92.03 55.26
24 625.00 0.00 10.00 4.00 28.49 43.56 65.4
25 587.50 9.00 12.00 2.25 33.05 75.22 38.28
26 662.50 3.00 12.00 2.25 36.9 75.32 48.99
27 625.00 6.00 10.00 0.50 27.87 53.8 51.8
28 587.50 3.00 8.00 5.75 30.52 50.19 60.8
29 662.50 3.00 8.00 5.75 42.87 70.57 60.74
30 587.50 9.00 12.00 5.75 33.59 79.82 42.08

s o s |y Jis (sl yiie 5 ey o alal, (10) 5 (OVF) &¥oles
Yield = —421.62140+1.06474A + 8.87719B + 7.14683C +16.89294D O

—6.40556E — 003AB —0.010108AC —9.83810E — 003AD +1.35417E
—003BC —0.15036BD +0.054464CD — 6.06444E — 004A” —0.28990B°

—0.11414C* —1.30378D?
Conversion = —295.59255 — 0.16899A + 29.56335B + 35.13446C + 56.11520D %)

—0.038278AB —0.033917AC —0.046267AD + 0.22396BC — 0.046429BD
—0.72893CD +8.43556E — 004A° —0.41639B* —0.58688C* — 2.59020D?
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Selectivity= —231.34618 +1.58927A —13.43064B — 28.16936C — 20.93650D

+0.022431AB + 0.028290AC + 0.019051AD — 0.14469BC —0.16490BD
+0.95579CD —1.60120E — 003A? +0.040797B? +0.25886C? + 0.21465D?
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Table 5- ANOVA for response surface quadratic models

source df yield selectivity conversion
sum of squares | F-value | P-value | sum of squares | F-value | P-value | sum of squares | F-value | P-value
Model | 14 1275.44 104.42 | <0.0001 1717.69 23.93 | <0.0001 5118.82 23.56 | <0.0001
Residual | 15 13.09 76.90 232.76
Total 29 1288.52 1794.59 5351.58
1. Fishers
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Table 6- Coefficient of regression, standard error, F and P value

Term Standard Error F-value P-value
Y X S Y X S Y X S

A-Temperature 0.40 0.80 0.46 504.21 37.64 43.68 < 0.0001 < 0.0001 < 0.0001
B-Electric current 0.40 | 0.80 | 0.46 117.64 101.25 44,56 <0.0001 | <0.0001 | <0.0001
C-Gap distance 0.40 | 0.80 | 0.46 132.49 2.43 103.91 <0.0001 0.1397 <0.0001

D-Metal loading 0.40 0.80 0.46 13.17 5.64 22.62 0.0052 0.0314 0.0003

AB 050 | 0.98 | 0.57 10.75 19.12 19.87 0.0051 0.0005 0.0005

AC 050 | 0.98 | 0.57 13.31 6.67 14.05 0.0024 0.0208 0.0019

AD 0.50 0.98 0.57 5.66 9.51 4.88 0.0310 0.0076 0.0432

BC 050 | 0.98 | 0.57 0.91 1.86 2.35 0.3545 0.1925 0.1459

BD 050 | 0.98 | 0.57 5.64 0.061 2.34 0.0314 0.8079 0.1470
CD 0.50 0.98 0.57 2.60 6.71 34.93 0.1274 0.0205 < 0.0001

A? 038 | 0.75 | 043 1.92 2.49 27.13 0.1857 0.1356 0.0001

B2 038 | 0.75 | 043 221.80 24.82 0.72 <0.0001 0.0002 0.4091

C? 0.38 | 0.75 | 043 7.97 9.74 5.74 0.0128 0.0070 0.0301

D? 038 | 0.75 | 043 513.11 111.23 231 <0.0001 | <0.0001 0.1492
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Figure 8- the response surface and contour plots as a function of the temperature and electrical current whereas the gap distance and metal
loading are constant at 10 mm and 4wt%, respectively for a) olefin yield, b) LPG conversion and c) selectivity
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Figure 10- the response surface and contour plots as a function of the electrical current and gap distance whereas the temperature and metal
loading constant for a) olefin yield, b) LPG conversion and c) selectivity
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Table 7- The relation between electrical property and catalytic activity.

Catalyst PZC Band gap (eV) F(eV) e(—) P(x10* cm®) FE(eV) Yield (%)
HZSM-5 1.7 2.95 0.64 17 3.31 0.68 18.03
0.5 wt.% Fe/HZSM-5 25 2.7 0.85 2.62 3.75 1.05 27.87
2.25 wt.% Fe /HZSM-5 3.2 25 0.98 3.03 3.95 124 33.18
4 wt.% Fe /HZSM-5 3.8 2.35 1.14 3.27 4.32 147 45.52
5.75 wt.% Fe /HZSM-5 4.2 2 1.32 3.54 4.67 1.69 47.63
7.5 wt.% Fe [HZSM-5 4.5 1.95 1.48 3.7 4.97 1.83 50.34
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Figure 11- Diffuse reflectance UV—visible absorption spectra for different catalysts
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Figure 12- Graphical of F(R) versus E for different catalyst to determine the band gap
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Table 8- Obtained optimum values of the process variables and responses.

Temperature Electrical current | Gap distance Amount of metal Olefin yield (%) | LPG conversion | Selectivity (%)
(°c) (mA) (mm) loading (%wt.) (%)
662.5 7.36 8 3.67 50.42 83.93 60.11
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English Abstract

Statistical optimization using central composite design for the oxidative
dehydrogenation process of LPG fuel on Fe/HZSM-5 in the presence of
external electric field
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The changes in the Fermi level at the catalyst surface affects the catalytic activity. One way to change this
level is to use an external electric field in the heterogeneous catalytic process. In this research, HZSM-5 was
loaded with iron oxide and inserted in an external electric field with the proper strength for analyzing the
catalytic activity. This research is the first report presented for the synergistic effect of zeolite and external
electric field to produce olefin, which has a higher activity than conventional methods. In a high voltage
electric field, the energy band deviates leading to increased activity. The experimental design of the CCD was
done using Design-Expert 7.3 software so that the relationship between the four process variables
(temperature, electrical current, the distance between the two electrodes, and the amount of metal load) are
obtained. The square model was significant for response variables. The results indicate that the maximum
yield (50.42%) can be resulted at 662.5°C, 3.67mA intensity of the electric current input, 8mm distance
between the two electrodes and 6.73 wt.% loading of the metal.

Keywords: Oxidative dehydration, LPG fuel, Iron oxide, Electric field, HZSM-5
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