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Abstract — In hypersonic propulsion systems, regenerative cooling using hydrocarbon fuels is employed to manage
the extreme thermal loads generated during flight. However, liquid hydrocarbon fuels undergo thermal cracking that
leads to coke formation, resulting in channel blockage and performance degradation. In this study, the thermal cracking
behavior of exo-THDCPD fuel was compared using stainless steel (SUS316), Inconel 600, and titanium (Grade 9)
reactors, which are commonly used materials for thermal decomposition experiments. In addition, the effects of
additives, dispersants, antioxidants, and metal deactivators, were quantitatively evaluated to investigate the endothermic
characteristics and coke reduction performance depending on reactor material. The results showed that, compared with
the stainless steel reactor, the Inconel reactor exhibited approximately a 10% increase in heat sink and an 85% reduction
in coke formation, while the titanium reactor showed up to a 7% increase in heat sink and a 72% reduction in coke.
When additives were applied, the coke reduction rate and heat sink increased by up to 97% and 14%, respectively,
compared with the additive-free condition. These findings demonstrate that the physical properties of reactor materials
significantly influence the thermal cracking behavior and coke formation of hydrocarbon fuels, emphasizing the need to
consider reactor material selection in conjunction with additive optimization strategies.
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Fig. 1. Structures and schemes of amorphous coke and filamentous
coke.

Table 1. Properties of selected reactor materials
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SUS316 Fe-Cr-Ni-Mo 7.9 16 500 16
Inconel 600 Ni-Cr-Fe 8.5 15 450 13
Ti tube (Grade9) Ti-Al-V 4.5 7 520 9
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Fig. 2. Schematic diagram of the flow-type reactor: @ pump, ® gas,
© preheater, @,®,® and ® thermal couple, ® and @ pres-
sure sensor, @ and ® line heater, D reactor, @ and @ filter,
(© condenser, ® BPR, @ separator, @ gas meter, ® Gas sam-
ple, @ liquid sample, (b) Overall reaction profile of liquid fuel
pyrolysis (red-boxed area indicates reactor tube and filters).
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Table 2. Analysis Conditions of GC-MS, GC-FID and GC-TCD
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GC-MS GC-FID GC-TCD
Column HP-5 ms GS-Gas Pro Molseive-13x
Carrier gas He N2 N2
Injection 0.2 pl (split mode) 0.2 ul 0.2 ul
Inlet 280 °C, 7.1 psi 250°C, 4.9 psi 200 °C, 5.3 psi
oven 40 °C (1 min) to 290 °C Rate : 10 °C/min 50 °C (3 min) to 120 °C Rate : 20 °C/min 50 °C (10 min)
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Table 3. Total Carbon Mass Balance Calculation
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Materials Conditions NC, foed ¢ Jiquid ¢ gas NCcoke Total Mass Balance (%)
SUS316 Thermal cracking 0.3451 0.271 0.0602 0.000643 96.16
Inconel 600 Thermal cracking 0.3451 0.261 0.0703 0.000095 96.09
Ti tube (Grade9) Thermal cracking 0.3451 0.268 0.069 0.000272 97.74
SUS316 Additive cracking 0.3451 0.270 0.071 0.000069 98.90
Inconel 600 Additive cracking 0.3451 0.273 0.068 0.000018 98.87
Ti tube (Grade9) Additive cracking 0.3451 0.278 0.067 0.000197 100.03
a) 1400 500
(@) chemical heat sink Entry temp : 400C| [ 3200 (b) ] = ::: ::»;rlnt enrner
physical heat sink Sxttomp : fzgg - inner wall of tube
Run time : 30min 400 4
i LHSV : 51.99h" L 2800
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Fig. 3. Endothermic properties of exo-THDCPD during thermal cracking with different tube materials (a) Heat sink, (b) Quantification of

coke formation, (c) Liquid composition, (d) Gas products selectivity.
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Fig. 4. Endothermic properties of exo-THDCPD during thermal cracking with additive on Stainless steel tube (a) Heat sink, (b) Quantifica-
tion of coke formation, (c) Liquid composition, (d) Gas products selectivity.
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Fig. 5. Endothermic properties of exo-THDCPD during thermal cracking with additive on Inconel tube (a) Heat sink, (b) Quantification of
coke formation, (c) Liquid composition, (d) Gas products selectivity.
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Fig. 6. Endothermic properties of exo-THDCPD during thermal cracking with additive on Titanium tube (a) Heat sink, (b) Quantification of
coke formation, (c) Liquid composition, (d) Gas products selectivity.
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Table 4. Weight Gain in the Thermal Oxidation Process depending on the Reactor Materials

PEA 300ppm
AQ 750ppm
MDA 20ppm

Materials Main component (%) “(/re;ig rﬁg)in Ref. Cozlizg(i)g\?:?rzr;)n © C/(\)l(;zif?\zr(lﬁigo)n
SUS316 Fe(70~64)-Cr(18)-Ni(14)-Mo(3~2) 0.22~0.16 [26] 251 27
Inconel 600 Ni(72)-Cr(17~14)-Fe(10~6) 0.066 [27] 37 7
Ti tube (Grade9) Ti(95)-A1(3)-V(2.5) 0.151 [28] 106 77
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