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Abstract

In order to solve problems caused by the heat load of hypersonic aircraft, this study examined the optimization of the Si/Al
ratio of the catalyst and nickel ion exchange to improve the performance of the hydrocarbon decomposition reaction
(endothermic reaction). It was confirmed that the catalysts prepared through Si/Al ratio optimization and nickel ion exchange
showed about 10% improvement in heat absorption performance compared to thermal cracking at 4 MPa and 550 °C. FT-IR
and NH;-TPD analyses were found to identify factors affecting activity changes, and it was observed that the Si/Al ratio of
the HZSM-5 catalyst was closely correlated with acid site development and catalytic activity. In addition, TGA and O,-TPO
analyses were conducted to observe the carbon deposition inhibition properties of the nickel-added catalyst.
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Figure 1. Catalysts preparation method.
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Figure 2. Endothermic catalyst coating method on the SS tube wall.
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Figure 3. Schematic diagram of the experimental reactors ((a) Reactor measuring carbon deposited on catalyst surface, (b) Catalytic pyrolysis

reactor).

7 6.35 mm, 2°] 10 cm?) SS tubeS AFR-E}ITH

Figure 3(b)i= n-dodecane®] 1l &3] A& flste] d&4E52
1785 WES7I(A7 6.35 mm, Ao 10 em)E I3t WSS
ZeHeE A 712 F3 - stainless steel AAZ AZSIACE 19 2
7 AES $15ke] BPR (back pressure regulator)S HHg-7] ko] A
A8l om, vhg 3 3112-9] {7} BPRO E237] el condenser

S o WAE =S slrk d filterS S8l WS- - 2 micron U]k
9] particles A|ABIR 0™, 7]-9 2] ¥-37]E F3l liquid sample}
gas samples £2] 3531t YL N, 7FAE 7194ste] 40 bar o
Ho| FA == AdelollA, Wke7] 25F 550 °CE FAIAIZ T, n-do-
decane A1FE= 1% BEE T 4% 6 mL/minCE 3HE A 1L
2] 37 n-dodecane>- HH-3-7] ] A7HA] 400 °C2] AL7S T3

= sjgick

€]
AR Bekd sdskow Ruda =4sAn. Bed Sz
NIST SUPERTRAPP %131 o]g3to] vFehf9l L, 8leh4]
S WS of AFRE AV|oUR ZRE] A duE AdEE
& olEgkt Mnd F I BES Fajol WA FIF 4kS et
Uleh &2 A= FAHE 10, 20, 302014 F3som, o
2142 FL9F AxtPdS vekd Aotk

ne oo
o m@ r

Heat sink (BwIb) = 4 Hysica + 2 Henemica )
AHphysicat = H(Treaction) = H(Troom) )
AHevemicat = {(Wreaction - Whasis) / Flow rate} x 7 (3)
7 = AHpysical / {(Wtinal, smin = Whasis) / Flow rate} “)

A Hpnysicar: physical heat sink (Btu/lb)

A Henemicat: chemical heat sink (Btu/lb)
Wieactor: Watt of reaction (J/s)

Whasis: Watt of basis (J/s)

7 : heat efficiency (%)

Wiinal, smin: Watt after reaction for 5 min

2.4. 54 M

B AFelME Sl Alzoll AR AlEEel B2 ARA A7]19) v
B S 3] 93ke] XRD (X-ray diffraction, MiniFlex2, Rigaku
Co.) =47} BET (Brunauer-Emmett-Teller, ASAP 2020, Micromeritics)
BAS Fgsisith gl Suje AR 5485 ERla] Slato]
NH;-TPD (temperature-programmed desorption, Pulse ChemSorb 2750,
Micromeritics) #232} FT-IR (Fourier transform infrared, Nicolet
IS 10, Thermo Fisher Scientific Co.) #4& F33lth TGA
(thermogravimetric analysis, STA 409 PC/PG, NETZSCH)$} 0,-TPO

(temperature-programmed oxidation, Pulse Chemisorb 2700, Micromeritics)
BE B Ba PAFS Fskick

3.1. Si/Al H[o| A&k

A &eto|EoA Si/Al Bl 29 548 A+ T2
2 EAEAET ol 2k, 4 g 5 AlEEte]
of FS Z = Urh20]. £ AFelA] HZSM-5 FE|<
L U Si/Al H(23, 80, 280)5 ZH= Al &Elo]E
< B3 THFigure 4). 84 S92 W] 7=
25502 n-dodecaned] A WH3le] s, 22 e,
224 & AFol7] wiite] Ful] St A BT &
e etk 38k S952 n-dodecane A NSO Z <l
Aol op7lEal, o)& Qlal FHAOE WgT)e Tkl d&

AR RO, ARG TR 2 FAF Aol Y F

of
o%

| reed

N
o~

i
1o rlo 2 ox m

e

2

fo

ol
2 g
ol flr o

2 omoh pob b off [0 ox 2L

ne
oft

Appl. Chem. Eng., Vol. 34, No. 6, 2023



622 dHg - I3 - o]t -

ZZ Chemical heat sink
1800

Physical heat sink

1500

0

S

S
1

Heat sink, Btu/lIb

o

S

S
1

300

Thermal Thermal Thermal HZ(23) HZ(23) HZ(23) HZ(80) HZ(80) HZ(80) HZ(280) HZ(280) HZ(280)
cracking cracking cracking 10 min 20 min 30 min  10min 20min  30min 10min 20 min 30 min
10min 20 min 30 min

Catalysts
Figure 4. Comparison of heat absorption performance over Si/Al ratio
(Exit temperature: 550 °C; n-dodecane flow: 6 ml/min; pressure: 4
MPa; Time of reaction: 30 min; internal diameter of stainless steel
tube: 6.35 mm).
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Figure 5. XRD analysis over Si/Al ratio.

Table 1. Specific Surface Area Analysis Results over Si/Al Ratio
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Figure 6. NH;-TPD spectrum over Si/Al ratio (HZ).
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