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ABSTRACT

In this study, ALO; and H-ZSM-5 were coated on the inner wall of the stainless steel tube for
the stable use of liquid hydrocarbon fuel and an endothermic catalyst used as coolant for
hypersonic flying vehicles. Coke production is inevitable by the endothermic decomposition
reaction of the liquid hydrocarbon fuel, and Fe, Ni metals induce the production of the
filamentous coke by using a stainless steel tube reactor as a cooling channel. By coating the
stainless steel with H-ZSM-5, Fe and Ni metals are prevented from being directly exposed to the
liquid hydrocarbon fuel, and the formation of the filamentous coke is inhibited. In addition,
Al O3 is coated between the stainless steel and H-ZSM-5 to enhance adhesion bond strength.
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g 3 FIAAEE FxSEH502 2HFE= HY
Aol A ARgsE7] 2Jste] 23y Z(Direct cooling)
7 77 (Indirect cooling) ¥2lo] AFE AL
o, HgA dX ¥ dAApEdEs HA = A
A2 el tig A8 RuEa UvH1,2]

FEHEE L2oA RS B Fui
a ®RbEE T SES5 HdANA THEH=
S FTeHA 2el7F He Aol EFoH. |
ddEs 29Ad FEH sEAd FLEol 9
T FEFE VT RE Ao E U3 AR
Hd(Sensible heat)? Ax<9 FaRESol %
Hk-3-d(Heat of reaction)] Z}7 &2 FE3
318tz F4olth3]. ol WIS FWE AE

A FEEu A= ALTO|EE o R
st UTH4-8]. Al&TolE Fuje w37 A8
e X He FHE A5 978 A7 9
Ha 9on, gFFe] EHAATE n-dodecane,

MCH (Methylcyclohexane), exo-THDCP(exo-tetra-
hydrodicyclopentadiene) & A3t QlTh
AgeoE Zu) 24 solH mAdRe] Zv)

walukgol 23 FLF, A& 5 coke A
S8 Wik A77F Bas A 9lTH4-8].

AEe Eeiubes F3 CH4, C2, C3, C4~
C5 59 AEA 24d=2 AgHv, a9 A

o

[of

coke7} AdHTH ook FHs S2eH =4
ANxe] QAL A5 ZR-SI coke A
4 EAC Wd dA7Eel RauHa AHH9-13].

Meng S[4]2 micro channeld| H-ZSM-5% =

T

35t sl 4 9] cracking ¥HES XA
& Rt H-ZSM-5& channelo| =
dozH, gstFie] FE FiANs 288
AAZI= FAlel filamentous coke A4S A
£ &E3}E 71XIHH5]. Filamentous coket= stainless
Ao Yz g4 Nidt Fe 40| &3t
of AR = et YHEH=
Aoz d#HA AtH14]. Nid} Fe 42 stainless
steelE TASI= FAHAECZEZH, filamentous coke
7F A" w2} stainless steeld @ AIAHE
F7HE L 7IAR A=t Fadte EAAHC]
Agth, webx H-ZSM-58 I '3k, stainless
steelo] B3}Fa AR A =EHE s 9
Asti Ag89 FERES A=
35t
B dAFdAe AA Hdg A Hol ASHE
AZA dzd £3}H e F8 =dE T
n-dodecanes EHATE AT Stainless
steel(WZFAd) WHel H-ZSM-59F ALO;E FH
ste dAIYE FRetuA ke dAE B9
< FYPaem, SEM 45 Fa #HEE ¥
3 g 3Y ddAe AASAT. H-ZSM-5%
ALOs7}
550 C, 40 bar®] 233X FUFo 2R Ful s
o &g cracking ¥H-3& #2183tk n-dodecane
9] cracking WH-&olA AYAHHE coke SHE 4
317] 9l8te] SEM(Scanning Electron Microscope,
JEOL, JSM-7610F PLUS), EDS mapping(Energy-
dispersive X-ray spectroscopy mapping, Oxford
Instruments, EDS-7557) & 33t T

»
o
of

FHH stainless steel®] n-dodecane&

2, oI5 g

2.1 Stainless steel ¥F-g-7] W9 ZFu] ¥
B AT A= stainless steel tubeE Zwl] wF
719 AAAZE AR, tube WH ] ZHu)
£ FIHSH] Y3t Stainless steelol] <]
£ afRdoR FHsr] fstd &:WH AHAAE,
< FYATh

ALO; ¥ polymer FH
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2.1.1 Stainless steel M M2

AlLO;$} H-ZSM-5%& stainless steel tube ¥
of FE3tr] fste] #H HAAHHE FHsATH
ZH (Polishing) ¥ 2] Z}(Etching) <A1=

2.1.1.1 Polishing

Stainless steel ®HO| 25 ZHslr] <lst
o polishings H383Ath. Polishing 4 5 A
71E ol&Zd & AAstaA, AHe ATt

2.1.1.2 Etching
A gAS U vER EFES L FES o
WSk Fof, stainless steel tube WH ol 3|3 4t

4 §e FYstel WAL

212 ALO; 2E

Polishing# etching 38& 7% stainless
steelel H-ZSM-5& =H®3t7] Mol $3030] o
= ALO;E $AFeE FHFIY. ALO; ZH
&de wEg7] dstd &ule SFHFE AHESH
gom, ALO; Z® F HAZHH|A stainless
steeloll A &2 0w HAA7]7] 94ste] SiAl uiSl
HE Z® fdo H7}IstP T Stainless steel
tube ¥l ALO; Z®W £ So H7F
HrE olfste 44 £EE ALO7E tube W
9 o] ;’F"Q‘:E st ad AEL 105 T 2
Z9 ovenollAl &3] AFA]
ATt Polishing# etching #7885 7% stainless
steeld]l ALO;S ZHT AESES Mlolglr BWY

skl

< A&

2.1.3 Polymer ZE!

Polymer® ALO; Z®WE & HATZ A&
Ao, PVA(poly vinyl alcohol, Sigma
aldrich Co.)& FFFo ¥ Iﬂ‘ﬂw}- =21 A
2] (Sonication) 2 F+w3] &4 A1Z]l T stainless
steeloll FE ST 3 £ AA g 74 glol

Meom, A FAg F PVA

9} ALO; ZEHES A
A AES M3E BHsHTh 4 AEES

Method 1 Method 2 Method 3

[ Cleaning S$ ][ Cleaning SS

[ Polishing&etching ][
I *Cleaning I

[ ALO; coating

I *Calcination

[ H-ZSM-5 coating ][ H-ZSM-$ coating

w w

[ Calcination ] [ Calcination ] [ Calcination ]

Polymer coating

Fig. 1 Method of preparation for H-ZSM-5 and Al,Os
coating.

5 A=A F dAstan.

He

214 H-ZSM-5 =€

®£9 AA2, ALO; 9 polymer Z®-2 7
stainless steel(M1, M2, M3)el ZSM-5(Zeolyst
Co.) Al lEE FHIIATH ZSM-55 A F

& FHFo ¥ FES uRAFH oM, T EA
Al717] 218+ sonications AAISIHT ZE =
HE ALO; ZHY FY3A JdsHT. ZHH
stainless steel ovenolA FE3| Ax Al &
of dxgste], AFHOoE H-ZSM-5 IHS &
39tk M1, M2, M3ol| #3 AAHA FA S

Fig. 1l YehH AT

22 12, 119t ZA A n-dodecane Haf A3
n-dodecane®] Zwj &3 AdFE H3te] A

&5 54 14T VS TN eH, RAE

£ Fig. 2¢] JeEith w371 E

7}~ FFHL stainless steel A ZE

o 1 =4

regulator) & ¥H-&-7]

233 A=A
A =8k
A3-E& $]3ted BPR(back pressure
T AAstR o, ¥k
3 129 FA7F BPRo =E3}7] Aol condenser
2 B3 WAHEE gt £ filterS T3
WS- & particles A A3t 21, separatorE &
8 liquid sample?} gas sampleE &2 3|3}
=2

AP A Aol v 7129 N2 H-g7]
AAE purgingdtRq o™, N, 722 74h4dk A&
gl A BPR¥} b8 A HAMAME T3l leak test
g At MAS st dde
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Fig. 3 Effect of polishing and etching to surface
roughness of stainless steel.
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Fig. 2 Schematic diagram of a fixed bed.

Fig. 4 Morphologies of H-ZSM-5 coating.

o wa} stainless steel EW| Y (crack)e] &
7beldg. =3 o] Fo ALOyF ZHH wat
7t2~2 7hekste] 40 bar ol FAIEHE AFH ¥ 257 2HE ZoE ARHT Ao
oM, ¥kg7]e] £EF 550 CE $& A 2 Zujyt axow IEE 5 e FH A

o]%d| n-dodecane VEE YAHF FTFst = H7F 4590y FaE
] &3] A& IP3ATE n-dodecane VE F M1, M2, M3 stainless steeld]l FEF
v 93 TYEZE AT fFEe 1 H-ZSM-5%= Fig. 414 & < 3l%ol|, H-ZSM-5
mL/min® 2 AA3sAt FFH= 8 v A7 FAHO A= AL FAF = YA
71 B9 A7tA AE7E FHASIEE ST £3] M3 stainless steel A H-ZSM-57} 7%
Ao g FHEIJSW, Fedt Ni w59
2.3 SEM/EDS mapping 4 n-dodecane®] AF =ZFH+ A& A + A
Aol AEH stainless steel 718 ] w¥H-& S Aoz #AdH. olo wel M3 stainless
718 Az HAAZoA BH AAZIF FH 2= steel®l T3t n-dodecane 1l &3 2dS 43
nxes JFE sy, 4¥ A - F H-ZSM-5 33},
IRT ®=¥ WIS #str] 98t FE-SEM
(field emission scanning electron microscope, 32 H-ZSM-5 FHo9| £ n-dodecane?] coke
JSM-7610F PLUS, JEOL Co.) ¥4-& 433} t}. A EA
E3  EDS(energy  dispersive  spectroscopy, n-dodecane &1 E3AEH & MZ S 335
EDS-7557, Oxford Instruments Co.) mapping & o] SEM/EDS mapping #4& A8t Fig.
S F3 Su] xH P4 v &S A 5014 &&<l& 4 A%9], n-dodecane?] Z=YUA
Z7 AFdM=E H-ZSM-57F 285 A ¢ <t
Ao FREHA UAFE AT F Ay =
3. o7t At 5 nE 3t Zul7} Z ' H stainless steel> n-dodecane
Zu] B3] Z Q18| graphitic cokeZt FAHE AS
3.1 Stainless steel W9 ] & gttt AT Zujrt IR A ZFE bare

T AX ol 2|3t stainless steel®] FTH
T ¥{3lE SEM Moz Flsgern, o
Fig. 3o Yetidth W dA-g AAHS A

stainless steel2 filamentous coke &Ajo] &<l
At Z stainless steel®] EDS 4] Z3}oj| A

] % bare stainless steel®] M3 stainless steel®} H]

Lo N
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Fig. 5 Inhibition effect of catalyst coated stainless
steel to formation of filamentous coke, (A)
bare stainless steel (B) catalysts coated
stainless steel.

Table 1. Effect of H-ZSM-5 and Al.O; coated stainless
steel for cracking n—dodecane under supercritical

conditions.
Bare stainless steel C:tl;?z:::::;d
Element wt% Element wt%
C 29.87 C 16.01
(@] 2.62 (@) 44.63
Cr 12.77 Al 1.74
Fe 49.33 Si 37.26
Ni 5.41 Fe 0.36
w3led, coked C Ya7t =4 HAEd AL &
13} th(Table 1).

wEtA 7]E EdoA HuE A stainless
tube H-ZSM-5 FHS 53l
filamentous coke A7} 7F&3™, ALOs, polymer
8 B Ogd FH WA 7} stainless steelol
HHog ZuE IREY F Jde PRl =
S =2 Aodr

steel reactor=

S ok
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