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Abstract — It is reported that a method for the hydrogen production from the propane decomposition using carbon
black as a catalyst is more effective than from the methane decomposition. Since the by-products like CO and CO, are
not produced by the direct decomposition of propane, it is considered as an environmentally sustainable process. In this
study, hydrogen was produced by the direct decomposition of propane using either commercial activated carbon or car-
bon black at atmospheric pressure in the temperature range of 500-1,000 °C. Resulting products in our experiment were
not only hydrogen but also several by-products such as methane, ethylene, ethane, and propylene. Hydrogen yield
increased as temperature increased because the amount of those by-products produced in the experiment was inversely
proportional to temperature. The achieved hydrogen yield at 750 °C with commercial DCC N330 catalyst was 22.47 %
in this study.
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Table 1. Commercially available carbon based catalysts in the cracking of propane

Type Supplier Trade Name Surface Area (m?%/g)
Carbon Black DC Chemical Co., Ltd. DCC N330 85

Korea Carbon Black Co., Ltd. HAF N330 79

Cabot, USA Black Pearls 1100 240

Cabot, USA Black Pearls 2000 1,475
Activated carbon Jeilsanup CCN-CI 498

Daelim Carbon Industry Co., Ltd PL-DR 946

Shinkwang Chem.Ind.Co., Ltd. GAC 95
Tungsten carbide ENcat wC -
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Fig. 1. Gas composition in thermodynamic equilibrium of the propane
decomposition process.
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Fig. 2. Product distribution for non-catalytic thermal cracking of pro-
pane as a function of reactor temperature.
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Fig. 3. Mass spectrometer signal of C;Hg for non-catalytic thermal and
catalytic cracking of propane.
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Fig. 4. Mass spectrometer signal of H, for non-catalytic thermal and
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Hhgo] A== BRAAA7) Fuljedghs: sk Ak Funkgoleh=
AoA Eskal Sk g0 & Al I QU= tekel vk F
W Sol A 71 Aget ZullE AFstuA Ful ATHEAES
At AMEE gkl FulEA ST 3%, TR 4%
12]31 WC(tungsten carbide)2 & 8714 FF77} AREEIC) vEE-
259} 3RS 750°C2) 50 ml/gmin® %2 ZFzt 317813l o,
5183] v]Fo] M & WCE Ful|2 ARS Aol 22 2%
Z71004 25 ml/gmin®] FFHEER AL sl on o5 A
HAATZE Table 29 YFERAITE.

AgkE SoM = AlEE Fullso] vlsest 1hs Holal ATk
53] A9 LA 0] Z/dnli= B e 2jo|E Kol Q)
A= AR vleiME TREESR7E 4 o] A vE)
W, 2 Are] BAols FREERe a7} A3ehs & 4
Tk E3 e 17](-100 nm)2] WCE T4 F8ollA mle- 52
e vEhe] AEE FHul2A ] 7FsdE Holal It Fule] u)
ZA 3} SHAME BT 7)o 4% A Hol=t 1t
slo] 7R a7} el ARk Sule ARE-SE 9ol HskEo]
A9l At ke vERE Zo® YElsit

—_

e

2l] kel St g At o7l
100
—— Thermal H,
® —m— Thermal CH,
—a— Thermal C,H,
80 4 —w— Thermal C,H,
—&— Thermal C;H,
---@ - Carbon Black H,
---@-- Carbon Black CH,
? 60 - ---A-- Carbon Black C,H,
E -y~ Carbon Black C,H
o .\ #- Carbon Black C;H, !
S -
= 401 3
--------------- 3
20 1 I
................... A
@ D §
0 ¥ T Y T
500 550 600 650 700 750

Temperature ("C)

Fig. 5. Product distribution from catalytic and thermal cracking of pro-
pane as a function of temperature.
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Table 2. Comparison of product distribution, conversion, and hydrogen yield over various carbon-based catalysts at 750 °C

Catalyst Mole fraction” Conv.” H, yield® HZ/.C
H, CH, C,H, C,Hg C;Hg ratio

Activated carbon  GAC 26.33 46.35 18.54 2.93 5.86 87.55 15.97 0.77
CNN-CIL 27.74 4473 18.16 2.86 6.51 86.16 17.12 0.80

PL-DR 27.29 4551 18.37 2.93 5.90 87.41 16.65 0.79

Carbon black BP-1100 34.09 44.05 14.87 3.07 3.92 91.42 21.36 0.84
BP-2000 32.93 4428 14.07 3.66 5.06 88.81 20.51 0.81

HAF N330 30.01 43.49 16.31 3.10 7.08 84.87 18.89 0.81

DCC N330 37.77 42.96 14.84 3.02 1.41 96.63 22.47 0.88

wC 33.23 40.72 17.10 2.88 6.08 86.63 21.10 0.89

F
L x 100, (i: Hy, CH,, C,H,, C,H,, C5Hy)

total

*Mole fraction of i (species) =

CiHy—in — FC;HFou/ % 100

5C,H, Conversion =
F(';Hrin

°H, yield = — =2 » 100
X CyHy—in

F._,: entering mole flow rate of species, j, [mol/min]

J—in®
F,_,.. exit mole flow rate of species, j, [mol/min]

J—ou
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Fig. 6. The formation of hydrocarbons at 700 °C in the hydrogena-
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Fig. 7. The amount of carbon deposited from propane over BP-1100
catalyst.
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Table 3. Variation of conversion and product distribution as function of time on stream over activated carbon and carbon black catalysts at 750 °C

Activated Carbon(GAC)

Time Conversion Mole fraction

(min) (%) i, CH, CH, CH, CyHy
0 97.56 45.61 43.32 6.45 3.64 0.98
11 86.40 29.79 44.09 16.88 2.92 6.32
22 81.14 18.49 48.88 19.89 3.12 9.61
32 83.28 21.38 48.00 19.36 2.98 8.28
42 86.16 25.53 46.29 18.80 2.79 6.59
51 86.73 26.28 46.14 18.67 2.63 6.27
105 87.55 26.33 46.35 18.54 293 5.86
120 86.78 25.79 46.41 18.69 2.83 6.27

Carbon Black(BP-1100)
0 91.85 42.62 39.21 11.98 2.79 3.40
10 92.16 39.52 41.53 12.68 2.94 3.33
21 89.34 3556 43.30 13.84 2.98 521
31 90.55 36.15 42.72 13.88 3.12 4.14
44 91.49 36.14 43.17 14.06 2.92 3.71
59 91.42 34.09 44.05 14.87 3.07 3.92
76 89.29 28.90 46.46 16.65 3.06 4.93
87 90.13 28.03 47.19 17.17 3.06 4.54
99 91.85 30.29 46.08 17.15 2.81 3.66
111 91.78 29.56 46.41 17.59 2.74 3.71
Thermal Cracking
0~120 88.84 27.12 46.24 18.61 2.83 5.19

100

> 100

I 80

90

Mole (%)
Conversion (%)

Time (hr)

Fig. 8. Product distribution and conversion over BP-1100 catalyst at
950 °C.
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