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Abstract — As global warming accelerates, greenhouse gas reduction becomes more important. Carbon dioxide dry
reforming is a promising green-house gas reduction technology that can obtain CO and H, which are high value-added
materials by utilizing CO, and CH, which are greenhouse gases. However, there is a significant coking problem during
operation of the dry reforming reactor. Because the carbon dioxide dry reforming is a strong endothermic reaction, the
temperature of the reactor drops near the reactor inlet and causes coke formation. To solve this problem, it is important
to ensure that the reaction takes place in a temperature range where coke production is minimized. In this study, we pro-
posed a design method that can maintain reaction temperature in the region where the coke is rarely generated by using
the new catalyst configuration method. The design method also optimizes the reactor by solving the optimization prob-
lem which minimizes the reactor length for a given reaction conversion by using the fuel flow rate, catalyst density, and
output temperature by section as optimization variables.
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Fig. 1. Values of the equilibrium constants of reactions related to
CO, reforming of methane.
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Table 1. Reactor size and feed molar flow

Reactor size

Tube diameter 0.1m
Tube length variable
Number of tubes 800
Catalyst density variable
Heat transfer coefficient 0.25 kW m2 k!
Feed molar flow
CO, 1,200 kmol hr!
CH, 1,000 kmol hr!
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Table 2. Thermodynamic and rate constants [15] (Reactions rates are in mol kg™

A

s'Land partial pressures in bar)

Parameter Value Parameter Value
. (71 Oi, 265] . (7811}(;‘30)
K, 129 x 10° - ¢ K, 035x10% ¢
2 L5 (2
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L 5 (27
Kt 2610x 102 e | 1494 - ¢
w, (55 5
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Fig. 7. Proposed reactor design procedure (packing catalyst with different length by section).
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Fig. 8. Proposed reactor design procedure (packing catalyst with different density by section).
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Table 3. Result of reactor design: (a) reactor without section; (b) packing catalyst with different length by section; (c) packing catalyst with different
density by section

Configuration methods of catalyst (a) (b) ()
Section number Length(m)
1 2232 21.125 0.010 0.015 0.968
2 - - 0.443 0.338 1.093
3 - - 0.013 0.017 1.008
4 - - 0.492 0.354 -
5 - - 0.018 0.022 -
6 - - 0.521 0.374 -
7 - - 0.028 0.030 -
8 - - 0.565 0.397 -
9 - - 0.046 0.044 -
10 - - 0.590 0.426 -
11 - - 0.082 0.070 -
12 - - 0.681 0.462 -
13 - - 2.228 0.128 -
14 - - - 0.512 -
15 - - - 3.169 -
Total 2232 21.125 5.716 6.358 3.069
CH, Conversion (%) 99 99 99 99 99
Catalyst weight in one tube (kg) 7.01 249 11.39 10.97 3.68
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Fig. 10. Variation of temperature and conversion with reactor length skl o] A9 A WA P 2 24 FtolH njEAd et
in typical packing reactor with catalyst diluted. XGRS ol v gl do| S JERNGITE Eof vl B S gy
06 g Ak 7] A W R REE7) A RS 800~1,000 °C)
2199 A Bk 99%9] CH, AEHES 93 5= St
BA} 3 7208 2ol gela w3 WA 9 712 2
5 o AFE A B2 1] S We] S AT 5 Qo] 8]
2 AR Aol % A 5 Utk AA W71Z AL 1 w37
£ Ui e vl Qo] EElE @AI7E Q7] el el
A= WEE7) U 77ke) H 2 2o SIS 242 0.01 m, 0015 mE
E Agtsto] AR om RAL A3} gkE-7] KA ZJ_O] = 247572 m,
8 6.25 mT T WA 9k Whg7] o Hlgte] ykg-7] A o]zt
g 13 )32 LfeRee), o] w71 17 o ﬂl 32 717} 1139 ke,
10.97 kg® 2 Hk-g-7] 52 n]EHAg -7-7]—01]1\1 27} 3297 u
ol 12 WS HujF AFEe] FulFE TS A e

87160 Wlalo] oF .59 W& 2F% MR E S 202 Lieh
TE S 0Eg gels wjde) 9 wgy) WAl Yol
EQ 7D1—iu =X ako o 7]—_0_1]__’_‘—;( OJ—Q_

Fig. 11. Composition profile in typical packing reactor with catalyst 307 m, 2. 174 h e 368 kg O 7 &
diluted. H-g-7]ofl n&ke] WkS-7] A Aol oF 1/72 FA 2A HoH

Length (m)

Korean Chem. Eng. Res., Vol. 56, No. 2, April, 2018



184 ol - ghgst - A
1100 100 1100 100
{90 {90
1000 1000
{80 180
- 10 o~ 10 ~
) 900 . g9 900 . g
g 1 c o 1 =
5 o 35 o
£ 800 150 ‘®» & 800t 150 ‘»
5 s 5 o
3 {0 z & {10 2
E o S £ il S
2 1 © @2 {30 ©
600 l‘—i 12 600 / 1%
I ] Temperature i ya ’Ic'ilr:\%erature‘
- — CHe Conversion | 110 Vv —— onversion | J1p
500 1 1 1 1 1 1 L 1 1 1 1 1 0 500 ] 1 1 1 1 1 1 0
00 05 10 15 20 25 30 35 40 45 50 65 60 65 0.0 05 1.0 15 20 25 3.0 35
Length (m) Length (m)
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