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Abstract

In this paper, main effects and the interactions of operating conditions
were investigated using response surface methodology and statistical
analysis in the presence of Co/Al,O; catalyst in a CSTR reactor. Analysis
of variance demonstrated that the second-order polynomials adequately
predicted the responses. The selectivity of CO,, CH,4, and CO conversion
increased by the decrement of syngas flow rate. Increasing the pressure
to 22 bar led to the increasing of CO conversion and CO, selectivity;
indicating the promotion of the water-gas-shift reaction in these
conditions. Rising syngas flow rate caused decreasing the CO conversion
and increasing Cs. selectivity. Minimum CO, selectivity was achieved at
the syngas flow rate and pressure of 61.9 NI/h and 15 bar, respectively.
Multi-objective optimization showed that minimum CO, selectivity (2%)
and methane selectivity (16.4%), as well as maximum CO conversion
(53.8 %) and Cs.. selectivity (68.3%) obtained at the syngas flow rate and
pressure of 47.8 NI/h and 15 bar, respectively.
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Table 1. Factor levels in the design of experiments.

Syngas flow rate A

Pressure B (bar)

(NI/h)

Maximum level

Minimum level
25 100
15 30

Co/ALOs 59 7alGIS 5 guda 53 i 9 55 puliad ST g 53 (s 53 95 90 SLageauly § Lplale)T (al b Y Jga
Table 2. Design of experiments and the responses in the FTS in the presence of Co/Al,O; catalyst.
CH, selectivity

CO, selectivity Cs. selectivity

Syngas flow rate | Pressure CO conversion
1 100 30 50.2
2 100 30 44.3
3 50 15 56.6
4 25 15 96.3
5 25 15 87.9
6 40 15 58.5
7 50 15 49.2
8 100 30 33.9
9 100 30 33.6
10 95 20 61.8
11 90 15 54.8
12 85 15 50.3
13 85 20 50.8
14 75 25 425
15 65 25 42.3
16 60 20 49.1
17 55 20 54.8
18 50 30 40.2
19 45 15 55.9
20 40 30 54.4
21 35 30 63.0
22 30 30 75.8
23 25 30 85.1

8.4 0.7 27.8
9.9 0.6 76.2
13.4 1.7 68.9
38.5 16.9 28.2
26.9 9.7 40.6
15.1 2.3 66.3
16.2 1.7 64.0
13.2 0.6 68.5
14.0 0.6 68.0
19.8 20.9 66.0
31.1 6.5 98.3
27.3 5.4 94.1
12.3 15.6 64.8
9.4 13.9 59.4
8.4 14.2 54.5
10.0 15.1 54.3
12.1 16.1 54.1
20.5 3.8 66.9
17.9 2.4 66.6
30.6 9.4 56.9
37.9 12.7 52.8
43.3 16.6 44.2
50.7 20.6 38.5

(\&+Y) Aigmanss 9 340 o loud — 2939w Jw = Oyl (ouhs (s Iddeo 43 yalas

a1 Cadl2d 9 (5 03y piia S Silwdings 9 Silwd e

YZF-YA LUPO T ()90 g (GOR)



S Silwdings 9 S ilwddwe

s 9 50y

wannndGLIS &

Y -YA LR T (S0 § (GUR)

Model

A-syngas
flow rate

B-
Pressure

AB

A2

B"2

Residual

Lack of
Fit

Pure
Error

Cor Total

(F) 5 (¥) sladgos 0 Joao slodasin polic .c8,5 el

sl 00 43‘)‘

Slyess o9 el Loyl sloaasin g b Jos =l Jlss

ol ly ol oslaul Ly Ll 15l e 5 L5

Ole (5 iauli S 9 ( ySaes] ga0 Jaui ws ja §l s byl 55 G g S ) Gl S X J g

5605.
01

2676.
91

874.5

258.8

2453.
97

343.3

305.7

43.36

262.3

5910.
72

Table 3. Regression coefficients, analysis of variance for the CO conversion and CH; selectivity.

Xco (%)

df Mean F-
Square Value

1121

17

12

22

2676.91

874.57

258.88

2453.97

343.32

17.98

3.61

52.47

R-S0=0.9483(7.)

62.34

148.85

48.63

14.4

136.46

19.09

0.069

Adj R-5q=0.9331(7.)
Std. Dev=4.240682

p-
value

< signif
0.0001 icant
<
0.0001
<
0.0001
0.0014
<
0.0001
0.0004
not
0.9999 signif
icant

Sum of
Square
S
< R
3184.22 5) 636.84 75.1 0.0001 significant
<
533.07 1 533.07 62.86 0.0001
56 1 56 6.6 0.0199
12275 <
1227.58 1 8 144.77 0.0001
<
818.98 1 818.98 96.58 0.0001
43.28 1 43.28 5.1 0.0373
144.16 17 8.48
5171 12 431 023 0.982 ot
significant
92.45 5) 18.49
3328.38 22
R-Sqg= 0.956689(/.)
Adj R-Sq=0.94395(7.)
Std. Dev=2.912
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Table 3. Regression coefficients, and analysis of variance for the CO; and Cs. selectivity.

SCO, (%)

a1 Cadl2d 9 (5 03y piia S Silwdings 9 Silwd e

Sum Mea
of n value Sum of p-
Squar Squa P Squares value
es re
1079. 2158 106.2 < signific 1115. < .
Model 46 5 9 1 0.0001 ant 5578.01 5 6 66.6 0.0001 significant
A-syngas flow  242.1 2421 1191 < 5136. <
rate s || = 5 00001 51363 1 "5 30664 40001
329.0
B-Pressure 7.63 1 7.63 3.75 0.0695 329.08 1 8 19.65  0.0004
201.1 201.1 < 370.1
AB 4 1 4 98.95 0.0001 370.15 1 5 22.1 0.0002
295.5 295.5 < <
N
AN2 4 1 4 1454 0.0001 581.1 1 5811 34.69 0.0001
698.7 698.7 343.7 < 1610. <
4 Eh I 7 00001 LSSUSRN RN Be i Bl Ni0001
Residual 34.55 17 2.03 284.76 % 16.75
not 1 not
Lack of Fit 8.63 12 0.72 0.14 0.9975 = signific 117.9 9.83 0.29 0.9616 P
- 2 significant
Pure Error 25.93 5 5.19 166.85 5 33.37
1114. 2
Cor Total 02 22 5862.77 2
R-S0=0.969(%) R-S0=0.9514(%)
Adj R-50=0.9599(%) Adj R-50=0.9371(%)
Std. Dev=1.43 Std. Dev=4.09
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Figure 1. (a) 3D and (b) 2D contour graphs: Effects of pressure and syngas flow rate on the CO conversion (%).
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Figure 2. (a) 3D and (b) 2D contour graphs: Effects of pressure and syngas flow rate on the CH, selectivity.
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Figure 3. (a) 3D and (b) 2D contour graphs: Effects of pressure and syngas flow rate on the CO, selectivity.
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Figure 4. (a) 3D and (b) 2D contour graphs: Effects of pressure and syngas flow rate on the Cs. selectivity.
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Table 5. Results of single and multi-objective optimizations for the FTS in the CSTR reactor in the presence of Co/Al,O; catalyst.
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