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Abstract — In regenerative cooling systems for hypersonic vehicles, fuel pyrolysis provides additional endothermic
cooling capacity; however, coke formation during this process can deteriorate heat transfer and block flow channels. In
this study, pyrolysis experiments were conducted using a Synthetic JP-7 Surrogate in SS316, Inconel 600, Ti Grade 9,
and silica-coated SS316 reactors to evaluate the effects of reactor material and internal coating on endothermic
characteristics and coke formation. In addition, a dispersant, an antioxidant, and a metal deactivator were applied to
determine the coke reduction optimal additive formulation for each reactor material. The results revealed that, in the
absence of additives, the Inconel 600 and Ti Grade 9 reactors produced substantially less coke than SS316, and the
silica-coated SS316 tube also effectively suppressed coke deposition. The most effective additive combination varied
with the reactor material; nevertheless, the optimized formulations simultaneously reduced coke formation and increased
the chemical heat sink. These findings suggest that the surface chemistry of the reactor wall and coating layer plays a
critical role in determining the dominant coking pathway and additive performance.

Key words: Synthetic JP-7 surrogate, Regenerative cooling, Hypersonic vehicles, Coke reduction, Reactor materials, Sil-
ica-coated reactor, Dispersants, Antioxidants, Metal deactivators

LA £
Fae% MAYAL vhat 5 olge] 1% Wy A TY s
To whom correspondence should be addressed. (aerodynamic heating)® 13l 74 el =415k AF-eks whom,
E-mail: jhjung@kyonggi.acke ool wheh 23 B FRN2he] L b ke e ) 35

This is an Open-Access article distributed under the terms of the Creative Com- B _
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by- # I:Hl 2]. o]8st 12 FH2 A= oeﬂﬂ, <l
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc- =

T 3 Koy
(e} = = O~
tion in any medium, provided the original work is properly cited. 22 T RIS ek s, a2l ek 71l Fuot



Park, C. and Jung, J.

A5 Holth, ool vhet F25 Ul Weko.w Ang Wt wAlE
o8 w3 Qlek3) A 37 T el

Sh= A W7} 7]smo] T A
du= Wzt Ade wet 32 1&gt A AR

o W¥Eh= 38k A df—ﬂ W7t 58S A At
[4,5]. ¥Fd, Gsl A elx = = Hd=ol 9 A
Apd = sH= Zefsto] Al
A-83IH8.9].
8] 2l el ofsf
Tk 559

f
OL’

o 2
1 m
2 flo
.

e
o
i

ox
i,
¥
30,
10
_EL
?
~
”g
s
> B

flo
o
ol
ol
i
N
o o

(¢3

>/

b
ofk
oX o
o J
e
kil
1o

M o
=11
M
-,
2
i

yo ok
ol

L

a
e -
Ar)
2
g
r ol
15

o

[e)

Z/3e] whet 4
2 A (active site
[10,11]. Z~EIQI2 A~
HNE 33 JHe = ;ﬂ

I
b
2
e
o,
I

\./ﬂ
{gﬁflr
il moifﬂ

0
7
o 2
T
oM
cﬁ,%_&
F{[EO_L,"O
kT
r>09a"r>~
%mlooﬁﬁ
O Ry
Oggo}d[:u
ox M o9k
&0 ox

vl

0
ﬂF
R
s}
o
21
e

lo
Z
ox
o
o
Sl
]
o

[12,13] ﬂtﬂ Y 7% Ef‘f} T3 AZS 95t gapAel Meko
FEREAL Qo Aggh &
A 37 B34S Ak
O]ﬂ- %LO] e H%:_]?J Kl
Rt ‘j/ok«] 7=
1] T‘;]_—ﬁ] x]-;(ﬂ Q.?ﬂ-?(q =
1 o ® A A7 o] Sttt
AbA| (dispersants)= G&-8l] 2gollA A EE 73 AA A=
ol SA= Walieke] v AL o A8k [17,18], AFSPEA] A
(antioxidants = AT 2FE]Z A2NES-S Xtk o 24 <15 2] )\}‘q}x%
w3l o} ofof] Rk = SeiA] W 31 WA ] S A9

4 B]1&/J 3} A (metal deactivatorsy= 1= ol 858 35 01%
I Aol E A5 Adste] 55 Sallol ogt Al RS |t

S
Aoz Ao gM T S A7FeH20-22]. o] E 7F A7}
Al 77 A AR THE ARE dEH o w oA, o5
w3t A g A GIP) 7| ERE H2 7] 28] vEo] 20
FpAIE e AL QATH23).

2 QoA Ip-7 AP dmelst A9 d)E ul
07 AE|Qle] A AE(SS316), 213 9 (Inconel 600), EJEFF(Ti Grade
9), Ael7k T Frg Abgale] whe7) ¥ A 8l mRe] nie o
Ba) AT 7179 A S Frleiginh etk 2 wkey) A 24

SN A AFSPEA A, T n1 B Al 9 A WA 23S
A48 Qs APS AYsto] FA 54 M 72 A7l e
x—lakx% .xﬂ7]__ T8 Hg}%;}_

Table 1. Composition of Synthetic JP-7 Surrogate
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Table 2. Properties of Selected Reactor Materials
Materials Main component Density (g/cm’) Thermal conductivity (W/m-K)  Specific heat (J/kg-K) CTE (um/m-K)
SS316 Fe-Cr-Ni-Mo 79 16 500 16
Inconel 600 Ni-Cr-Fe 8.5 15 450 13
Ti Grade 9 Ti-Al-V 45 7 520 9

Table 3. Properties of the Silica Binder Used for inner coating of the SS316 Tube

Materials CAS

Linear Formula ~ Molecular Weight (g/mol)

Density (g/cm®) pH  Surface area (m%g) Concentration (Wt%)

AS-30 7631-86-9 SiOz 60.08

12 9.1 230 30 (in H20)
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Fig. 1. Schematic diagram of the flow-type reactor: @ pump, ® gas,
© preheater, @, ®©, ® and ® thermocouple, ® and @© pressure
sensor, @ and ® line heater, D reactor, @ and @ filter, © condenser, ®

BPR, @ separator, ® gas meter, ® Gas sample, ® liquid sample
(red-boxed area indicates reactor tube and filters).
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Fig. 2. SEM-EDS images of coke formed after pyrolysis of the thermally stable fuel: (a), (b) SEM images %500, x15,000, (c) EDS image x500
of filamentous coke deposited on the tube wall, (d), (¢) SEM images x500, x15,000, (f) EDS image x500 of amorphous coke collected on
the filter.
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Table 4. Efficiency value for endothermic evaluation of Synthetic JP-
7 Surrogate
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Heat sink (kJ/kg)
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Fig. 3. Endothermic properties of thermally stable fuel during thermal cracking in reactors with different materials and internal coating (a)
Heat sink, (b) Quantification of coke formation, (c) Liquid composition, (d) Gas products selectivity.
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Fig. 4. Endothermic properties of thermally stable fuel during thermal cracking with additive on Stainless steel tube (a) Heat sink, (b) Quan-
tification of coke formation, (c) Liquid composition, (d) Gas products selectivity.
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Fig. 5. Endothermic properties of thermally stable fuel during thermal cracking with additive on Inconel tube (a) Heat sink, (b) Quantifica-

tion of coke formation, (c) Liquid composition, (d) Gas products selectivity.



Park, C. and Jung, J.

Korean Chemical Engineering Research 64(4) (2026) 105178

(a) [C__Tchemical heat sink (b) 150
[___Iphysical heat sink L 3900 on the down filter,
1600 4 I on the up filter
3600 Il inner wall of tube
= ~ B
= 14004 ) (3054) (3054) ) F3300 2 é 100 4
El 1326 3026) 515 i3 2956) (2026) o<
= = 1301 2l 1288 1301 ] c
< e &5 et 1283 1251 ol 3n00 =S
x 1201 e 1201 138 1226 x ®
c 1200 c £
@ L2ro0 @ 5
T 5
7] (2] L 504
I 10004 2400 T é
28
2100 ) 22
14 12
80091 L 1800 7
'Il'lllII'|I'JI'I|'|LIJI|H'|IIJI|Il'll'Jl'IllllTll']‘FO 0-
10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 Thermal  PEA600 AO MDA PEA600 PEAB00
Thermal PEAB00 AO MDA PEA 2000ppm PEA 2000ppm cracking  2000ppm  1000ppm  40ppm AO MDA
cracking 2000ppm 1000ppm 40ppm AO 1000ppm MDA 100ppm Titanium Tube MDA
Titanium Tube MDA 40ppm
Diaromatic Aromatic
Cyclo olefin Cyclo paraffin
Linear olefin Linear paraffin|
©) " FEREE = (d)") o .
o7} BlEIEEEIEEEEIEEeeeEpieEjage =T
8 cis-C.H,
— [EZ C.H, -'5004 1o [l iso-C.H,
£ @ =~ 01 3Tch. CDcH  EEvanCH,
= S
— § 704
c <
o 60 c
B =}
73 e
g @
g g
8 8
o ]
'S 2 & ] =
o ]
3 x| ]
L] =
0 = 5 e 2| |
O 10 20 30 0 10 20 30 O 10 20 30 O 10 20 30 0 10 20 30 O 10 20 30 0 10 20 30 0 10 20 30 O 10 20 30 0 10 20 30 0 10 20 30 O 10 20 30
Thermally Thermal PEAB00 AO MDA PEA 2000ppm  PEA 2000ppm Thermal PEA600 AO MDA PEA 2000ppm PEA 2000ppm
stable fuel  cracking 2000ppm 1000ppm 40ppm AO 1000ppm MDA 100ppm cracking 2000ppm 1000ppm 40ppm  AO 1000ppm MDA 100ppm

Titanium Tube MDA 40ppm

Titanium Tube

MDA 40ppm

Fig. 6. Endothermic properties of thermally stable fuel during thermal cracking with additive on Titanium tube (a) Heat sink, (b) Quantifi-
cation of coke formation, (¢) Liquid composition, (d) Gas products selectivity.

3-4. E[Ekm RE HIS719] MW £l e A=l S

Elehs REg71oA 7S 488 Al A% A3, W
AgaA] ok Auel 2= oin] FhRe] AR O A% Ahshs
AT BATH(Fig. 6(2)). ZF H7HA 276 uhel 23 #137F gfel]
Apel7F FeRATH(Fig. 6(b)) el 23l Ejety w719 & 2
RS 28 mg©O &, 159 (26 me)?t fAFEE ol 2E|Ql
212 2=(72 mg) ThH] ©F 61% S UERs ) Blehg 1S At
3t Aol A BhetA o7 Qg F Tio, T8 FA Sk, Tioy
Fe;05/Cry05°]] B3l ©halaranole] 23491 2hr] 2 nhg- ddo] v
o} Frlja] A8 5171 237 vl HTel AIETH30,31]. S BAREe
H7HA| 28 2 v wshd, EAR] G5 A8 Al 19 mg(F 32% A
), AP A w28 A 22 mg(OF 21% A3, w45 BRI SHA)
G5 2840 ppm) Al 14 mg(eF 50% A7H .2, ElERE ¥-3-7]]
M= w4 u g sHA o) 313 A3 S8o) thE T 7k i)
7P A ettt o]z 1 w710l M HE v shAl A48
o] 93]7] A WARS FT/MIEE Ao} A o= Elehy %
He] Tt o] Zo] Aeo]Es} 7] 2ol oa Aez] oz e dshd o
A vlekEs) 1l g4 3] vk2o] gulA 07 oA H 7] wjFo|ct
[43.44]. 5 A2 ASPUAA S F7HE S 28 2=
12 mg (2F 57% A2, 015 ZF(EAMH, 34 v &3 3HA)) <]
7 mg(®F 75% A3hell Blal @818 A3t mdo] wopsiths Aotk
o= i AShEA A9 B Aks T 7]#o] AERlE A 2
g g7 o} G Elehy uhg 7oA S ulF o 28k Xat

Fo = ATk webA ke W71l HA 7 =
A 9 45 n| A skA 9] o] 23RS ERIs o, o]
HES7] Aol whE i AkshE SAdo] A w4 74 84 AEE
Azgstar, 1o F-§ehs H7HA Ago] o] Fojxjof T HolF=
Aot
W A3 A (Fig. 6(c))y= w-4Tekd, o vk 418 =
2ol A W3k (aromatic) g Hl&o] FHAehs A aFo] ERlE o,
Ti*t Ago)Edlof| 23t Lewis acid site A7} W53} 4225 &
A 0 2 ApFHE LhEbTH43,45-47]. AFSPUA Al 2330l M = o
= (diaromatic) /33-2] A% FHAwto] #HAE o], S| AR
of &Jgt W33} 7]o17F HElr AR olA &= A A o2 AghA]
A& BRIk
7173 A8E(Fig. 6(d)elAl= o1F 23 Z11ellA] vhg- A 1t
7é7<4 S 7V RS Al A Eg o] #HAsE o], ‘3H
Z7of|A Lewis acid "7l S0l E/do] a38 02 A H S
Aulv‘&t‘rms-sm.

_i

[ez

35 A2t I R/E HIS710] UKW £0 ME LR S
A7} T8 HHoA] A7HE A43 s A3 AE Fig 70l
ek 4% @JH A5, A7E sl 223 Hiv] PEA600
A7 A 6.77%, ©1F =% W 8.7%2] FdH F71= alat
S ThH(Fig. 7(a)) -7k oeﬂ'E" H A Azt 3" FH F 2
AL 41 mgO &, 5 2719] v TH $S316 ¥H87](72 mg)



Park, C. and Jung, J.

Korean Chemical Engineering Research 64(4) (2026) 105178

(a) chemical heat sink (b) 150
B0 physical heat sink I 3900 g: :x ::v;]'r:;"e'
T inner wall of tube
- 3600
— . S
S 14004 3300 2 £ 100-
2 o s =
) 2070)
277 2879) 2502) . e i~ c
a - — 2% 248 234 F3000 & 8
- 1196 1198
€ 12004 165 aall | 443s 1144 =] 1153 < E
@ 1110, 050l 1103 119l [ 11214504 L2700 @ 5
© b4 b
2 400 T g
T 1000 k2400 <
(]
2100
soo: — u L 1800
e | I T A | S 1
O - . L ey e el 0
10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 Thermal  PEA6O0  AO MDA  PEAAOMDA PEA/AO
Thermal PEA600 AO MDA  PEA/AO/MDA PEA/AO cracking  2000ppm  1000ppm  40ppm Mix Mix
cracking 2000ppm 1000ppm 40ppm MIX MIX Silica coated
Silica coated

Diaromatic Aromatic
Cyclo olefin Cyclo paraffin
Linear olefin Linear paraffin

(c) F

8|88

Liquid composition (wt%)

0

0 102030 0 1020 30 0 10 20 30 0 10 20 30 0 10 20 30 0 10 20 30
Thermatly  Thermal PEABO0 AO MDA PEA/JAOMDA PEAAO
stable bel  cracking 2000ppm 1000ppm 40ppm MIX MIX

Sikca coated

(@

2

-~
§
- &
=}
w50 il
®
[ =]
z © 1
8 30 I-
—
@ 20
© )
AL
0 ] b i e ] Pl e ] I (IR b ] e ] ]
0 10 2030 0 10 20 30 0 10 20 30 0 10 20 30 O 10 20 30 0 10 20 30
Thermal PEAGOO AO MDA PEA/AOMDA  PEAAO

cracking 2000ppm 1000ppm 40ppm MIX MIX

Silica coated

Fig. 7. Endothermic properties of thermally stable fuel during thermal cracking with additive on Silica binder coated Stainless steel tube (a)
Heat sink, (b) Quantification of coke formation, (c) Liquid composition, (d) Gas products selectivity.

thu) ok 43% A7¥ 5= ti(Fig. 3(b), Fig. 7(b)). ©1= A&7} 71
Blo] 88316 T o] %29 Si0, FHZS HA T O ZH Fe,0y/
Cn0; o5 S 8402 ahdsta, o] & &3l FHl4] A3
377370l oAl Axtolti15]. AAl A A Hejrt 718 $oll=
A== 41 mgl] IIE T2 A 2 Wk A =2 e ofgk A
Y ZAR, 55 GAF0] obd As o Bz A4l REgelA
7)1k},

3 WK (Fig. 7(b))S H7H AR v wshd, FAH) v
A& Al 27 mg(SF 34% A7), AFSPUA Al @5 2§ Al 24 mg(eF
41% #7h o= ERIE T} T3 32 54 njEA S| w5 28
(40 ppm) 7oA 7 TA=o] 56 mg o7 F-37) thu] ©
Sl o, A 25 2 2 mgl 2 238 BE 24
F 7V =& 23 RS YERiths Aot o]l st e
24 B2 AelFh vkl 78 ¥ 9] AlelE(Si-OH) 28
7] B I8 AgHTolA 55 o3 A5 AH-88to] Sio, HEe
Qg APy Wit o= S HTH51-53]. &, 245 HIEA3Aof
o3t FE) 2 WO R 3 §S316 &5 71 AW 2 Fey03/Cry05
B Ho] BEH 07 wEro] 03|y FHS AE3HH] ¢ 735
Fohe Fl4 72 3730 st 2o R kETH38]. o]+
AA AE Al A w55 njd Al H7E A I 73 39
S7F Bl ERlE Q). Wi, BAbA o} AlspiA] A 9 o) % 25 A
& Aol 3 o] 15 mgo = F37F tiv] oF 63% #1371 o

I 2

A7t 78 2042 A A7 28] FelEict o] 21
of| A AFsPA| Al TRl 23l w5 FAd o] ApdE o] % AujH
T3 A ARE P 71 S A v-s-S FEAT) 2, 2t
Al AE vA 23 QA0 S58B40 BRI o2 A
AA] g7} ek ),

W A E 2 (Fig. 7(c))yS Ao wd, AFslA|A] 28 2710
A v (diaromatic) A3+ B1E-2] A4t FElskA] THEE| o]
71 e Azl o gt Wkl nkgo] AR o ® oAEE 1
EPATH53,54]. WHA T R sA A8 2 4bg 25 2=
W= (aromatic) “J+ B0 23] F718IleH, ol w4 v|E
AsAlel 23t Si0, TE 407 T uH v FAJo] 3]EEo]
Wakst A 271 A3 S-S e = AR s "ot
[14,51]. 7P A 3H&(Fig. 1(d)lX= ol 28 2z16lA vhg- 218
w2 7 Ak W) oA o 7 A EEA 315 i) F
Ak WA, S5 v A A U Ak 2 A E olg Rl
(CoHpyS X3 A2 714 A2 vlgo] a0 2 =4 ekt
T &4 F-HolA 2] Fuld e A w8l7F B E A AlA
3}, o] 9} 7o) Wkey] A E H 2 H7HA| xgo] Aolal =
9 A B 24 AkslEe] gshd 5X4o] 313 4] AJu)
HAUESES s, ool FH sl 7k Aeke] S=Ho] 53 A

[e)

I
ek FHH o SNERh



Park, C. and Jung, J.

4.

M

rhu

Ao E A WG7E AIAEE 9T 9] A
Aol me 73 A AT FE 59 JgAow
sk A A5 E SS316, 91 79 (Inconel 600),
grade 9), A 2|7} F® FH 452 vH-57]o - GR35},
AFsPAIA], 545 RISk W o]0 s 7t uke 7)ol 2183
o Fd B4 I 73 A7 ZnE Frkeit 53], ike ] &
]Hl:ﬂi /\}o]s]- A %ﬂ A}%J §]_slx4 E}do] 3 zgzg 73;9],
HA7HA wEgA el mlAlE Gk HAYS *zoﬂ*ﬂ LGS

@7}%1]% AHE-SHA] o ¢7401W A o hat = I
28 W8] tfu] FdEo] oF 4.65% 7t Ank, 3 A HAgnk
O F 63.9%2] FA7F A7 AT EleRs Wh7ollAl = A IQlE A
29 oib] FHojl 4.02%] 9% 347 61.1%°) T4 AT s
wglon, A7t T8 %Et 43.1%2] T2 A7+ A2E YeERIl).
ol 1z X NiO F-FEl%, Elelg2] X|Ust Tio, 4tslet,
TEln Aggr 7H o A54 SlOz W Z0] $83162] Fe,04/Cry03
79k Fi2 519 77%8E 2] e 7IAIR JAISE Ao % st
FH A H7HAE A AR B9 H7HAIE AREHA] ok 2270 i)
=9l Elekg, Ae)7t 78 F1 242} 61.5%, 75%, 63.4%2] 57+

i)
i)

EE
Mo LR
r

2
S

o

P A
= 1 ol

2

-

B Q7 Aok 1h87) A A, U 519 Al W A7k deke
B340 ejshs Zlo] Q18 Stal 54 st 121 3 elAlel
AAA A2 S HolFLh T, A2 ) AT 308

7 2700 SRR A A7t AlAE L] 7] A
S ds] giis] el A7 ik whebA] @5 ArelM =
G A7 o] A7) A B Bl vk A, IEE
A7 23l | 23 A% ek 52 549 A7) S
AT a7t Qlek. o]2fgh §5 HFo] o Folxivhd, & ATellA]
Akt A, T8, A7 53 ko] AA) 28 7Fs S Bk
gts] ke 5= Qls Zlo® vjet.

Al

o] =& 20258 % 7|tk Ad SR ATE S

Reference

1. Peters, A. B., Zhang, D., Chen, S., Ott, C., Oses, C., Curtarolo, S.,
McCue, 1., Pollock, T. M. and Eswarappa Prameela, S., “Mate-
rials Design for Hypersonics)” Nature Communications, 15(1),
3328 (2024).

2. Blevins, R. D., Holehouse, I. and Wentz, K. R., “Thermoacous-
tic Loads and Fatigue of Hypersonic Vehicle Skin Panels] J.
Aircr., 30(6), 971-978(1993).

3. Qin, J., Bao, W., Zhang, S. and Zhou, W., “Comparison During a
Scramjet Regenerative Cooling and Recooling Cycle)’ J. Ther-
mophys. Heat Transfer, 26(4), 612-618(2012).

4. Jiang, R., Liu, G. and Zhang, X., “Thermal Cracking of Hydro-
carbon Aviation Fuels in Regenerative Cooling Microchannels]’
Energy Fuels, 27(5), 2563-2577(2013).

5. Xu, K. and Meng, H., “Modeling and Simulation of Supercriti-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Korean Chemical Engineering Research 64(4) (2026) 105178

cal-Pressure Turbulent Heat Transfer of Aviation Kerosene with
Detailed Pyrolytic Chemical Reactions) Energy Fuels, 29(7),
4137-4149(2015).

. Pan, Y, Zhang, H., Zhang, C., Wang, H., Jing, K., Wang, L., Zhang,

X. and Liu, G, “Supercritical Pyrolysis and Coking of JP-10 in
Regenerative Cooling Channels” Energy Fuels, 34(2), 1627-
1638(2020).

. Tao, Z., Hu, X., Zhu, J. and Cheng Z., “Numerical Study of Flow

and Heat Transfer of N-Decane with Pyrolysis and Pyrolytic Coking
Under Supercritical Pressures] Energy Fuels, 31(8), 8698-8707
(2017).

. Towfighi, J., Sadrameli, M. and Niaei, A., “Coke Formation Mecha-

nisms and Coke Inhibiting Methods in Pyrolysis Furnaces.’ J.
Chem. Eng. Japan, 35(10), 923-937(2002).

. Edwards, T., “Cracking and Deposition Behavior of Supercritical

Hydrocarbon Aviation Fuels]’ Combustion Sci. Technol., 178(1-
3), 307-334(2006).

Baker, R., Yates, D. and Dumesic, J. A., Filamentous carbon for-
mation over iron surfaces, ACS Publications(1982).

Muiioz Gandarillas, A. E., Van Geem, K. M., Reyniers, M. and
Marin, G. B., “Influence of the Reactor Material Composition on
Coke Formation During Ethane Steam Cracking)’ Ind. Eng. Chem.
Res., 53(15), 6358-6371(2014).

Symoens, S. H., Olahova, N., Mufloz Gandarillas, A. E., Karimi,
H., Djokic, M. R., Reyniers, M., Marin, G. B. and Van Geem, K.
M., “State-of-the-Art of Coke Formation During Steam Cracking:
Anti-Coking Surface Technologies] Ind. Eng. Chem. Res.,
57(48), 16117-16136(2018).

Marek, J. C. and Albright, L. F., “Formation and Removal of Coke
Deposited on Stainless Steel and Vycor Surfaces from Acetylene
and Ethylene)” ACS Publications(1982).

Mahmoudi, E., Hafizi, A., Rahimpour, M. R., Bolhasani, A. and
Shariati, A., “Inhibition Effect of CeO, Promoted SiO, Coating
on Coke Growth During Steam Cracking of Ethane” Chem. Eng.
Res. Design, 136, 271-281(2018).

Liu, J., Wang, X., Wang, H., Xu, H. and Yang, J., “Preparation and
Anti-Coking Application of Sol-Gel SiO, Coating in a Delayed
Coking Furnace]’ RSC advances, 11(17), 9849-9855(2021).
Zhou, J., Wang, Z., Luan, X. and Xu, H., “Anti-Coking Property
of the SiO,/S Coating During Light Naphtha Steam Cracking in
a Pilot Plant Setup)’ J. Anal. Appl. Pyrolysis, 90(1), 7-12(2011).
Kim, Y., Kim, J., Hyeon, D. H., Han, J. S., Chun, B., Jeong, B
H. and Kim, S. H., “Development of PIBSI Type Dispersants for
Carbon Deposit from Thermal Oxidative Decomposition of Jet
A-17 Fuel, 158, 91-97(2015).

Dubois-Clochard, M., Durand, J., Delfort, B., Gateau, P., Barré,
L., Blanchard, 1., Chevalier, Y. and Gallo, R., “Adsorption of
Polyisobutenylsuccinimide Derivatives at a Solid—Hydrocarbon
Interface]’ Langmuir, 17(19), 5901-5910(2001).

Jia, T., Zhao, M., Pan, L., Deng, C., Zou, J. and Zhang, X., “Effect
of Phenolic Antioxidants on the Thermal Oxidation Stability of
High-Energy—Density Fuel” Chemical Engineering Science, 247,
117056(2022).

Morris, R. E., Hasan, M. T., Su, T. C., Wechter, M. A., Turner, N.
H. and Schreifels, J. A., “Significance of Copper Complex Ther-
mal Stability in the Use of Metal Deactivators at Elevated Tem-
peratures.’ Energy Fuels, 12(2), 371-378(1998).



Park, C. and Jung, J.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Waynick, J. A., “The Development and Use of Metal Deactiva-
tors in the Petroleum Industry: A Review) Energy Fuels, 15(6),
1325-1340(2001).

Loegel, T. N., Morris, R. E. and Leska, ., “Detection and Quan-
tification of Metal Deactivator Additive in Jet and Diesel Fuel by
Liquid Chromatography,” Energy Fuels, 31(4), 3629-3634(2017).
Jones, E. G. and Balster, L. M., “Impact of Additives on the
Autoxidation of a Thermally Stable Aviation Fuel]’ Energy Fuels,
11(3), 610-614(1997).

Gough, R. V., Widegren, J. A. and Bruno, T. J., “Thermal Decompo-
sition Kinetics of the Thermally Stable Jet Fuels JP-7, JP-TS and
JP-9007 Energy Fuels, 28(5), 3036-3042(2014).

Esmailian, M., “Corrosion Resistance of Welds in Type 316L
Stainless Steel}” Mater. Perform., 56(3), 58-61(2017).

Bonnet, F., Ropital, F., Berthier, Y. and Marcus, P., “Filamentous
Carbon Formation Caused by Catalytic Metal Particles from Iron
Oxide)” Materials and Corrosion, 54(11), 870-880(2003).

Wang, S., Cui, L., Wang, G, Zheng, Y., Wang, H. and Jia, J., “Prop-
erties of Oxide Films Grown on 25Cr20Ni Alloy in Air-H,O and
H,-H,O Atmospheres;’ Petroleum Science, 11(1), 147-154(2014).
Xiao, J., Prud’Homme, N., Li, N. and Ji, V., “Influence of Humid-
ity on High Temperature Oxidation of Inconel 600 Alloy: Oxide
Layers and Residual Stress Study, Appl. Surf. Sci., 284, 446-
452(2013).

Altin, O. and Eser, S., “Pre-Oxidation of Inconel Alloys for Inhi-
bition of Carbon Deposition from Heated Jet Fuel] Oxidation
Metals, 65(1), 75-99(2006).

Zhu, C., Ma, F., Dai, Z. and Ma, D., “Atomic Layer Deposition
of TiO, Thin Films on the Inner Walls of Steel Tubes Increases
Anti-Coking Properties)” ACS Omega, 5(49), 32102-32111(2020).
Tang, S., Liu, T., Duan, S., Guo, J. and Tang, A., “Comparison of
Growth Characteristics and Properties of CVD TiN and TiO,
Anti-Coking Coatings,’ Processes, 7(9), 574(2019).

Park, C., Aum, H., Ji, S., Jeong, B., Choi, H., Park, D. and Jung, J.,
“Endothermic Properties and Coke Reduction of Thermally Stable
Fuels Using Antioxidants and Metal Deactivators,” Korean Chemi-
cal Engineering Research, 63(1), 34-41(2025).

Park, C., Aum, H., Kim, D., Kim, Y., Jeong, B., Choi, H., Park, D.
and Jung, J., “Endothermic Properties and Coke Reduction of exo-
THDCPD Using Antioxidants and Metal Deactivators,” Korean
Chemical Engineering Research, 64(1), 105147.1-105147.10(2026).

Linne, D., Meyer, M., Edwards, T. and Eitman, D., “Evaluation of
Heat Transfer and Thermal Stability of Supercritical JP-7 Fuel’

33, 3041(1997).

Wang, J., Jin, H., Gao, H. and Wen, D., “Cooling Capacity Opti-
mization of Hydrocarbon Fuels for Regenerative Cooling.’ App!.
Therm. Eng., 200, 117661(2022).

Mun, J., Kim, N., Jeong, B. and Jung, J., “Endothermic Properties
of Liquid Fuel Decomposition Catalyst Using Metal Foam Sup-
port)” Korean Chemical Engineering Research, 59(4), 481-486
(2021).

Kim, N., Park, C., Cho, S., Jeong, B. and Jung, J., “Decomposi-
tion of Thermally Stable Fuel Using a Cerium-Modified Zeolite
Catalyst and Endothermic Characteristics)” ACS Omega, 8(45),
43130-43138(2023).

Jones, E. G, Balster, W. J. and Balster, L. M., “Evaluation of the
Effectiveness of a Metal Deactivator and Other Additives in

10

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

Korean Chemical Engineering Research 64(4) (2026) 105178

Reducing Insolubles in Aviation Fuels] Journal of Engineering
for Gas Turbines and Power, 119(4), 830-835(1997).

Balster, W. J. and Balster, L. M., “Use of MDA, BHT, and Dis-
persant Singly and in Combination as Jet-Fuel Additives, OSTI,
(1996).

Zhi, H., Fu, Y., Gang, X., Zhang, L., Wang, J. and Xu, G, “Inves-
tigation on Thermal Oxidation Coking Inhibition of Aviation
Kerosene RP-3 Using Additives and Surface Modification Method;’
Fuel, 406, 136957(2026).

Altin, O. and Eser, S., “Characterization of Carbon Deposits from
Jet Fuel on Inconel 600 and Inconel X Surfaces.’ Ind. Eng. Chem.
Res., 39(3), 642-645(2000).

Guo, X., Vanhaecke, E., Vullum, P. E., Ma, J., Gunawardana, P.
D. S., Walmsley, J. C., Chen, D. and Venvik, H. J., “Effects of
Metal Dusting Relevant Exposures of Alloy 601 Surfaces on
Carbon Formation and Oxide Development, Catalysis Today,
369, 48-61(2021).

Finkelstein-Shapiro, D., Davidowski, S. K., Lee, P. B., Guo, C.,
Holland, G. P, Rajh, T., Gray, K. A., Yarger, J. L. and Calatayud,
M., “Direct Evidence of Chelated Geometry of Catechol on TiO,
by a Combined Solid-State NMR and DFT Study,’ The Journal
of Physical Chemistry C, 120(41), 23625-23630(2016).
Sonstrom, A., Boldrini, B., Werner, D., Maichle-M&ssmer, C.,
Rebner, K., Casu, M. B. and Anwander, R., “Titanium (IV) Surface
Complexes Bearing Chelating Catecholato Ligands for Enhanced
Band-Gap Reduction;’ Inorg. Chem., 62(2), 715-729(2023).
Sudarsanam, P., Li, H. and Sagar, T. V., “TiO,-Based Water-Tol-
erant Acid Catalysis for Biomass-Based Fuels and Chemicals]’
ACS Catalysis, 10(16), 9555-9584(2020).

Vicente, H., Liu, C., Gayubo, A. G,, Castano, P. and Pidko, E. A.,
“Improving the Dehydrogenation Function and Stability of Zn-
Modified ZSM-5 Catalyst in Methanol-to-Aromatics Reaction
by Ca Addition}’ Applied Catalysis A: General, 683, 119854(2024).
Tang, S., Wang, J., Zhu, Q., Chen, Y. and Li, X., “Preparation of
Rutile TiO, Coating by Thermal Chemical Vapor Deposition for
Anticoking Applications) ACS Applied Materials & Interfaces,
6(19), 17157-17165(2014).

Rane, N., Kersbulck, M., Van Santen, R. A. and Hensen, E.,
“Cracking of n-Heptane over Bronsted Acid Sites and Lewis Acid
QGa Sites in ZSM-5 Zeolite} Microporous and Mesoporous Materials,
110(2-3), 279-291(2008).

Liu, D., Cao, L., Zhang, G, Zhao, L., Gao, J. and Xu, C., “Cata-
lytic Conversion of Light Alkanes to Aromatics by Metal-Contain-
ing HZSM-5 Zeolite Catalysts—A Review;” Fuel Process. Technol.,
216, 106770(2021).

Wang, H. and Shiju, N. R., “A Mini Review on Aromatization of
n-Alkanes.” Reaction Chemistry & Engineering, 10(4), 768-776
(2025).

Wang, Z., Ding, X., Guo, X., Dou, B., Zhou, J., Wang, B. and Wang,
M., “Investigation into the Anticoking Performances of Sol-Gel-
Derived SiO; and SiO,—CeO, Coatings During Thermal Pyrolysis
of Light Naphtha)’ Energy Fuels, 35(3), 2562-2578(2021).
Okoye-Chine, C. G, Mbuya, C., Ntelane, T. S., Moyo, M. and
Hildebrandt, D., “The Effect of Silanol Groups on the Metal-
Support Interactions in Silica-Supported Cobalt Fischer-Tropsch
Catalysts. A Temperature Programmed Surface Reaction]’ Jour-
nal of Catalysis, 381, 121-129(2020).



Park, C. and Jung, J.

53.

54.

Zhou, J., Wang, Z., Luan, X. and Xu, H., “Anti-Coking Property
of the SiO,/S Coating During Light Naphtha Steam Cracking in
a Pilot Plant Setup)’ J. Anal. Appl. Pyrolysis, 90(1), 7-12(2011).
Lemmens, A. K., Rap, D. B., Thunnissen, J. M., Willemsen, B.
and Rijs, A. M., “Polycyclic Aromatic Hydrocarbon Formation
Chemistry in a Plasma Jet Revealed by IR-UV Action Spectros-
copy,’ Nature Communications, 11(1), 269(2020).

11

Korean Chemical Engineering Research 64(4) (2026) 105178

Authors

Chanho Park: Grad student, Department of Chemical Engineering,
Kyonggi University, Gyeonggi-do, 16227, Korea; chanh0970220@
kyonggi.ac.kr

Jihoon Jung: Professor, Department of Chemical Engineering, Kyo-
nggi University, Gyeonggi-do, 16227, Korea; jhjung@kyonggi.ac.kr



