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ABSTRACT This paper explains the development process of methane decomposition to hydrogen and carbon black using solar
thermal energy. It also demonstrates the advantages and disadvantages of five different reactors for each development stage, including
the reactor's experimental results. Starting with the initial direct heating type reactor, the indirect heating type reactor was developed
through five modifications. The 40-kWth solar furnace installed at the Korea Institute of Energy Research was used for the
experiment. In the experiment using the developed indirect heating reactor, an 89.0% methane to hydrogen conversion rate was
achieved at a methane flow rate of 40 L/min, obtained at about twice the flow rate compared to previous advanced studies.
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CFD: computational fluid dynamics
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Fig. 1. Direct and indirect heating reactor
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Fig. 2. 40 kW, solar furnace
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Fig. 3. concept diagram of solar furnace
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Fig. 4. Direct heating reactor(1)
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2.3 ZFIIEA TEY HET1(2)

2.3.1 Ht37| g

1/2 QA & 04: 20 mZ Fig, 73} go] gow mer o8
ko] AFARES skt Hker] Wi

Zf AL 300 mmEBA] 253} gfokigo] g0l 4= 9w
5 sigom QHEoR ges WA AL Fold BUL
=8 2UsH e 4 RS st B8] e RS 5
Hol7] Sistod LEANE 1H87] Ul Hlof 2slo 57
o] wxithE AAelstt

iy 7]% °l£6}°1 =& R9-A]

Fig. 8. Reactor(2) installed in solar furnace

2021, 6 Vol.17, No.2 43



]
ol
il
N
Of

2.4 784 7184 31HE HE87((3)

2,41 8t37| i

32k BE371= oAl 1, 22 BE3719] AR H= ake
A W7 W sk 7Skl Fig, 99k o) €5
ol A Hk37|E sl o Table 19] 2715y
ERf QI

HEg7]9] F710]& 400 mmo|H, 3lth ¢1% FES A
9J3t 315 mm Zo 194 BRE7] Wisol] migh Hall8- Zuf7t
AFIe}, §ES7] A Zulo] wA7} golstes EHl
A& A 4 %E% stlom ZMA|et vhg7] Atold]

=7k SE52 WSl QJste] dehao] E(Graphite) 4

perture

315 mm \ Focus

Reducer

Rotary joint
i Outlet (C+H,)

Fig. 9. Rotary cylindrical reactor(3)

Table 1. Rotary cylindrical reactor(3) dimensions(1)

Item Size (mm)
Inner diameter 208.3
Total height 400

Effective height 315
Reactor material SUS 310
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Fig. 12. Experimental results using the reactor(3)
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Table 2. Rotary cylindrical reactor(4) dimensions(2)

ltem Size (mm)
Inner diameter 208.3
Total height 500
Effective height 400
Reactor material SUS 310
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C;II:L; ni:?w\)N Con\(/%smn Tem;(aoe(r:)ature Catalyst Ref
0.1 50 1,250 Carbon black | [8]
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0.3 15 1,250 Carbon black | [8]
10.5 95 1,420 - [15]
21 98 1,525 - [15]

40,2 1,350 - [18]

94.4 1,500 - [18]
20 96.7 1,189 Sa;z; ?::i KIER
40 89.0 1,148 faﬁi ?j:i KIER
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