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Abstract: To promote the efficient utilization of waste tires, a hydrogen production process
involving pyrolysis, adsorption, and enhanced reforming of waste tires is proposed. Based on the
principles of minimizing Gibbs free energy and maintaining energy and mass conservation, the
proposed process flow employs CaO as the adsorbent to combine traditional reforming with in-situ
CO; adsorption. The thermodynamic performance of the process is analyzed by examining the
effects of reforming reaction temperature, reaction pressure, steam-to-carbon ratio (ng/n(C)),
and calcium-to-carbon ratio (n(Ca)/n(C)). Additionally, a techno-economic evaluation is conducted to
assess the feasibility of the process. The research findings indicate that increasing the reforming

temperature and ns/n(C) enhances hydrogen yield. However, the hydrogen production efficiency

ks B . 2024-02-25, YEZ WA i KA1999—), B A+ A s 4R GE S 1R, B #0821+ A S0,
WiH . BepE A F SR TR BT B H (2021GXLH-Z-088),
W 2% Wy RS TR] . 2024-06-07 2% HY R B IR : https: // link. enki. net/urlid/61. 1069. T. 20240607. 1127. 006

ba
&



510 1

TR K A R T i A A VR i T o SRR A B 22 1 40 A

decreases as the reforming temperature and ns/n(C) increase. On the other hand, increasing the
n(Ca)/n (C) ratio improves both hydrogen yield and production efficiency, although the
improvement becomes less significant when 72(Ca)/n(C) exceeds 1. Considering all factors, the
optimal operating parameters are determined as follows: a reforming temperature of 650 C, a
reforming pressure of 1 MPa, an ns/n(C) ratio of 3.5, and an n(Ca)/n(C) ratio of 1. Under
these conditions, the hydrogen yield is 0. 203, and the hydrogen production efficiency reaches 57. 9%.
Economic analysis reveals that the cost of hydrogen production from waste tires is approximately
10. 87 yuan/kg, with a payback period of 4 a. These results indicate significant economic benefits
associated with the process. The research outcomes provide valuable insights for the high-value
utilization of waste tires.

Keywords: waste tires; pyrolysis; adsorption enhanced reforming; hydrogen production; economical

analysis
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Fig. 1 Process flow chart of hydrogen production by pyrolysis adsorption enhanced reforming of waste tire
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Table 1 Wasted tires proximate, ultimate analysis
w/ Y% CTAL 434 w/ % (TLR D
Quer/(MJ = kg™ ")
M. A V. FCu Cu H.a O N.g S
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Fig. 2 Simulation flow chart of hydrogen production by pyrolysis adsorption enhanced reforming of waste tire
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Table 2 Main parameters and assumptions for process

simulation
Pl S/ C 500
P fif [k 3 /bar 1
HERE/C 600~800
H AL J) /bar 10~30
75 6 i T/ °C 400
75 i [ i s 7/ bar 10
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Table 3 Reaction equations of H, production system

- JEp—— 298 K I iy S hig #4/
(kJ + mol™ ")
Rl CH,+H,0<—>CO+3H, 206. 2
R2 CO+H,0<—>CO, +H, —41.0
R3  CH,+CO, =—2CO+2H, 247.3
R4 CH,+4H,0<—>2C0O, +6H, 128.3
R5 C,H;+4H,0<—>2C0O, +7H, 266.0
R6  CyH;+6H,O<—>3CO, +9H, 250. 4
R7 CyHs+6H,0<—>3CO, +10H, 376.0
R8 CaO+CO, = CaCO; —178.8
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Table 4 Main economic parameters
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Fig. 3 The effect of pressure on syngas mole fraction

(650 °C ,n(Ca)/n(C)=1, ns/n(C)=3.5)
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Fig. 9 The effect of temperature and ns/n(C) on hydrogen
yield (n(Ca)/n(C)=1, p=1 MPa)
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Fig. 10 The effect of temperature and ns/n(C) on hydrogen
production efficiency (n(Ca)/n(C)=1, p=1 MPa)
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