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Abstract — Platinum catalysts supported on the mesoporous material synthesized from Y zeolite were applied to synthesis of
jet-fuel through n-octadecane hydroupgrading. The mesoporous aluminosolicate, MMZ,;y, was synthesized using Y zeolite as
its framework source. The effect of the addition of Mg to PYMMZ,,y catalyst for n-octadecane hydroupgrading was
investigated. Catalyst characterization was performed with X-ray diffraction, N, adsorption, temperature-programmed
reduction in hydrogen flow, temperature-programmed desorption of ammonia, and infrared spectroscopy of adsorbed
pyridine. The high yield of jet-fuel over the PtMg(2.0)/MMZ,y can be attributed not only to the higher dispersion of Pt
metal and higher reducibility, but also the higher amount of acid sites and higher strength of acid sites. The selectivity to
iso-paraffin in the jet-fuel fraction could be reached above 80% over the optimized PtMg/MMZ,;y catalyst.
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QufARRE BB 4= gl om ] Ag- vlo] Qu A 2Rl O R =
AHE R} TPl 52 ¥]A8 §A12HE 9 T2 (dark oil) &
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(hydroupgrading) 5-7go]™, Aol A =3 #o1d REg-§
Zufjo]] st A7} H* Wo| o] FolX| 1 QeH8,9]. 12 %
Hyg g aeeld vheel A5 gt € oI5k f-2s At
315l om, nfo] e mjA g K Az /3F-2] F9ER1 Cp it
(n-octadecane)®] TH P10l W& FHullof] A3t A A=
WA ol

kST o[ g shRkgo] FAlel dojuks Y 1lold WS
iso-Tfep o] M= 58 G537 AL 7| 52] 7E e oEsitt of=
=5 BAP M= FaslETAS) REgo] Yo, Ak
=7 o]/d3} nk-go] dojdrt{10]. 3 3
[E5As) Rkgell s Wi HehE 52
Mo, Co & W3} 2+ Hol54-5 @A
QITH11-16]. BHA-BkA AFHe] &4 Hhe?l HE
o]’ds}t Foll= Al&elo| E SllE 2 ARS-EH9,17-25]. 2 A]
A= HY Al&eto] Eof] W3 niavlso] @A ¥ 07} n-
octadecane®] T G 1El o] RE-oll &34 Q1S Rtk vt Qlot
[26]. 2 Al&Ete El -2 u|A)7|g B4 7] 27|17 vl
Zo} Zujj o] n]/d 57} dold 7FsAdo] . o5 Heksl| 9la)
o Hx7]E 2348 AAAZ AHshe 2ls 188 = it 19
U wlz27 )5 Arlgks AR 2 A717F ke witel] Zet A1712] At
A& Fo R Rz FoblliE AREsl] of ek wile] At ol
RS Bkl flal AleElo|E 24 7 2E e vave &
Zo] 2000 tiH-E] A= UTH27]. Algetol E 24 2E 2k
27 % B4 vhekst i o7 Azt 7hs ek, 15 shue
A S| EE 217 AM31Y] top-down B bottom-up TS ARE-
A A AR W 7]E F2E Bole WAl 71EES FAlC
A SR AP Alo|E ER-S Alshs WHo|TH27).

B AT AL o] @A RN Al SARETE dEiE
Azat7] st G2 olE-8 S EA] Wiz-nA] 7]1E-& B4
off A dFu| iAo E B4l W5} nidge] gRE F
] 55 1 F3H= Zlolth vio] Qu AR AE] AlzE R
42221 n-octadecanes TP 10| HES-9] B HES-E=2 A}
313l o) AAAZ= 48 HY SnlE ¢z &9 &
iste] G| Ao B Ang AREStaL, o) 7ol FHEEAE
H7reto] Az Wz 24E ARSI o] A XAl BE
vl s g ek Sl 2 Akt Sl 542 BET,
XRD, H,-TPR, NH,-TPD ! Pyridine-FTIR 5-& A}-g-310] #2413}

Sow, 14Z FullRk-g-7]ollA n-octadecaneS G- 1|0 1
-5 <F33}1L, n-octadecane X3+, T W oA AA & Soll

2. AlY HiH

2-1. S0l ®|I=

27| g G Ao E BE S AlFsh] 918 98 BAE
Si/Al, = 17} 6091 HY A|-2-2}0] E(Zeolyst, CBV 760)2 -] 5}
o] ARESIGIT w73 SR r Ao E S S Alxehs
4 o3 2tk NaOH 22.5 g} 5575 76.5 g= &5+3F NaOH
F-g-dof| HY A&} E 33.8 g& H7Iste] Al&Tlo|E 84S
A 28}91 Th. Hexagonal T-32] w275 A 2 34 517] 98l
hexadecyltrimethylammonium bromide (CTAB)E T3 &2 & A&
33tk CTAB =892 55 1050 goll CTAB 69 g £-3)|51o]
Azt CTAB 57890l Al&o] E 48-915 H7}skal 24 A
759k AFSHA wHkAIFEE 50 wive 2ARS ARgsle] E8ES
pH 1022 243k, 12417F 52 100 °C] 22of|A] AZx3k3]T).
pH 243} 112972 33] WHEsIQleh. 71 -, S5t ollehes
ol gste] AlH T Axa2 AR ol A= Bt i Al
A7) $15ke] 550 °CollA 3 A17E Ft 243 7S WAL ©]
A HY Al o] ES AR ARl Azt vlZ27]s dFu] e
A Aol E &2 ‘mesoporous material from zeolitic framework’
olgh= Q& Ad ‘MMZ,,,’ = 8313t

W A2l Sigma-Aldricholl Al -1 8 HyPtCl, £ ©]-§-3}
ST HyPtCly 845 AF8-319 incipient wetness " .2 Pto]
GAFo] 0.5 wi%Z | B == MMZ;y AR Al G481} o] Sl
PYMMZ,, & "8 a3t S A2 vk1v] 455 Mg(NO;), 6H,0
(Sigma-AldrichyE A2 A}-g-8to] FA|eI3ItE, nl1vls S| Z
o] 1.0,2.0,3.0 & 5.0 wt%7} = =5 IW WHOZ MMZ,,, XA A
o @AIEAT T8 FAE FHlli= 500 °CollA] 3417 Bt A4
& AR o] W, Frj9] ®7]i= PtMg(No.)/MMZ,,, = %7]38k
Ao, Noi= rh1vle2] &3S o]},

2-2. El2| |4 &4

Zuj 9] H) %A %2 BEL Japantt] BELSORP 15 ©]-&-3}]
gF3ATE 0.1 g8 AEE celloll 2811, 300 °CollA] 8AIZE &
A S S AR ol v 4 S S7gelnh. Al=e] v
WA} 7)% A7) 22 BETS BJH WS o8-8t AlAtslsict,
o] A% XRD 41 F8f <18kt XRD= Cu tube
1 monochromator”} -2+ Rigaku AF2] D/MAX-25005 AF-2-3}
%0, 40 kV, 300 mASIA g3

A3 F4e] B9 Y5 $4517] 98 BEL Japanile] BEL-
CAT-B HA| & ARE31¢] H,-temperature programmed reduction (H,-
TPR) #41& T35t ST A5 0.1 g& A1 7]l &=
3}az, He 7-171(50 ml/min) 3kl 300 °CollA] 3k A17F B¢t A A2 5
28t &, 50°CE Y7133t o] &, H, ¥917] stellA %
10 °C/ming] 7}A5EE R 700 °C71A] H,-TPR 418 3} o, 27
E% A7) ol g3to] i 2EHS AF3IRITL

Sl o] Ab A7) 8} AbS 4 317] $13 ammonia-temperature

programmed desorption (NH;-TPD)**-2]-2 BEL JapanA}2] BEL-CAT-B

B O e
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A5 ARgste] =8l 0.05 g2 ARE A W7ol wiA|
star, A=E] AT g5 218 FE E$171(50 mlmin) SkellA] A
20 ZHE 300°C7HA] 6°C/minl] SEZ 7IL3A L Al8E
300 °Coll Al gk AlZE F<F A A28k, 100 °CE F2-ekd et 5%
NHy/N, 725 0]-8-314 50 ml/ming] &5 sl 30i- 521 100 °C
oA IR o}S B &5}k, 50 ml/min] S50 2 AF-S 308 ot
A AR EEEatE dEYoks AASISIT et Yot &
g A|go) AF-L 50 m/mind] 502 ZeEFAA 10 °C/min)
S SR 550 °)C7HA] S7HAIZTE ol BHANE = ot Yok
AR AE7|= S48t

Zuj| o] A FR/HE £24317] 3l PerkinelmerAl2] Spectrum
GXFA & A3l pyridine-FTIR 412 433193 T} 0.013 g2
A EE moldell Wiz 2 A 2323 7, 3 ton] ¢S moldel] 715141
U Fe| 2 A FSA T a2, 14 2 F-Fell A IR spectrumS
573171 Y8l insitu IR cell S ~E|Je| A ~EHZ 2| 2313 T
Windowi= 27 20 mm x 77 4 mm<?! CaF, & AM-3191 1, #9-S&
WA817] 213 window T W25 &5tk A= holders}
FAE 242 719 7 RS Ao, 255 2 et
7] S8l & A7) 5 o] 43131t Disk FE|2] AlRE A=A
IR cell 213 A (107 torr)ollA] 300 °C7HA] 7123k & 3k A7 %
F frAlste] A 2] E 18T Pyridine 5715 “d=2ollA] 301
B A= FERAF o] -, 1AZE Bt 1 AEE A
=] F&E pyridines A AT Fofl, IR cell®] %5 100 °CHH
300 °C7HA] 50 °C 7HA 0.2 A 7HA IR AHEHS Agirt.

2-3. n-Octadecane2| hydroupgrading H+&

HE-S- A8 9] 9 & = n-octadecane (>99%)E- Aldrich Co. = 5-E
T]Iste] AME3FSITE. n-Octadecane®] hydroupgrading W62 3¢t
27 stellA] A2 15 RES716lA] =8It vES 710l 0.48 ¢
o] SIS gketaL, vk AdS 53k Aell 400 °Coll A 4 A3t
B A B stell Fv 3 dAE etk vhEER n-
octadecane®] 42 syringe pumpE AHE51 1.2 ml, (N 715)=
Ttk MFCE ARE-81e] 74 12 10 mUmin® F413}3At}
H87] 70l W =S 35 A1717] 213l condensers A4 |3}
o] AAE A5t CondenserollX] -8-F5A] ¢b2- 714 WA=
GC 7l 2 F43kd on-line &2 #2353 Th. A% 3k HA)
252 syringeE AHESF] GColl =5t B3R Y A&
#2445 FID7} 2H5 gas chromatograph (DS 6200)5 A1t
#1571+ flame ionization Detector (FID)Z 4-213}93 T}, n-Octadecane
S, jet-fuel MBS, jet-fuel &, isomer MBI == ofel] 22} 2

o] Akstint.

Conversion of n-octadecane (%) =

(1 amount n-octadecane in product )
amount of octadecane in feed 00
Selectivity to jet-fuel (%) =

( total amount of C¢-C,; alkanes in product

total amount of all alkanes except n-octadecane in product )XIOO

Isomer selectivity (in jet-fuel, %) =

(total amount of C¢-C,; iso-alkanes in product

total amount of C4-C,; alkanes in product )X 100
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Table 19 PtE-#] 0] 0.5 wt%©] i Mg2] BA| &S H3}A]
PtMg/MMZ,,, ZHl54] vxA4 7 7|3 F3 & sttt
MMZ,y, AA A €] B2 A 3} 7] 35913 22} 851 m7/g 9L 1
em¥/g ©t}. Mg®] shego] Z71erE v A 7 7|39 7) kA
sto] Mge] gHgol 5.0 wi%sl Sl €] |3 A 7} 7] 35 -1]= 242
664 m¥g X 0.89 cm’/g = LFERS

Fig. 1= PIMg/MMZ,y S22 F22 5-2241S vhehdit,
PMg/MMZ,;y Z7l= Mg®] B3l 2ol @231 type IVE
o A FEH T2 A Bt PR} 0.2~0.431 W91elA] 5
ol 3A43] Tk, Wlx7]8-5 BArsh Fule] 5o ekt

Fig. 2:= BIH " e 28] vl o] V)5 227] 32 74d& Hepde.

Table 1. Effect of Mg addition on BET surface area of Pt-Mg/MMZ,;,

catalysts
Catalysts Sper(m?/g) V! (ecm’/g) D, (nm)
MMZ,,y 851 1.10 2.71
PYMMZy 793 1.04 2.43
PtMg(1.0)MMZy 774 1.02 2.43
PtMg(2.0)MMZy 758 0.99 2.43
PtMg(3.0)/MMZy 738 0.94 2.43
PtMg(5.0)MMZy 664 0.89 2.43

Spep surface area; Vp, pore volume; Dp, pore diameter
“Measured at p/p, = 0.99

040 o 4
o PtMg(1.0YMMZ,, T
p T
¢ Y,
o“.‘. .-l".. %
O -0 ,;
800 # . PtMg(2.0/MMZ,,,
',
o i
L
- .
~ 600 k!
[ y A
= o PtMg(3.0/MMZ,,, .
17 Y v e
<2 400 v arareres
V4 ASA -
£ \ v
S & PtMg(5.0/MMZ,,
>ﬂ " N N JA
200 e

0 - T T T T
0.0 0.2 0.4 0.6 0.8 1.0
P/P,

Fig. 1. N, adsorption-desorption isotherms of various catalysts (filled
symbols: adsorption isotherms, open symbols: desorption
isotherms).
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140

MMZ,, 2] WIZ27] 5] 71 2.71 nmO] 327, Pte} MgE &
A gk ZulEe] wl27]8-0] H A7) 243 nmE T ks KHolA]
34Tt

] o] XA A2 AFE-H MMZ,,,2] small angle XRD S} PtMg/
MMZ,2] XRDE Fig. 3ol YEFHITE MMZ,,,2] small angle XRD
patterns X1 207} 2.5, 4, & 4.7° Q1 $|X]o|A] peakE AT = Q)
t}. 2.5°¢] peaki= 2-D hexagonal T-Z& WERIW, oF 4~5°9] F+
peaki= W27 2& 714 1 Qi 2729 SRR peako] Hh25]
MMZ,,, AA Aol vl 27]go] 2 A = & ok
PIMg/MMZ,;, 11 €] XRD pattern®l| A= Pt AF8}=2] peak”} ¥+
H AT, M2 peaki= #2E 4= §IUTE o= FHullollA] Mge] ¥
E7F F938 o2 FHu) mulof 127 4k peakEs T & ¢

7] dioltt.

Pt-Mg/mesoporous aluminosilicate &1l &1+
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Fig. 4. Effect of Mg addition on H,-TPR over Pt-Mg/MMZ, cata-
lysts.

700

Fig. 4°13= €] H,-TPR A5 YERQITE 2 AellA] A
3 Zjli= 200~250 °C - T3 415 °CollA] peake] LFERG =), Pte]
H,-TPRE-A] oA 220 °C2} 420 °CollA peake] EAB = Far a1z}
FrAbsE Azbolth28]. & AT PUMMZ,, FHlE 415 °CollA
peak”} LFEFSETE MgE 716E Zu)l€] H,-TPR A ¥}ol|x]= 7 714
W sh7E PR E Qoh 3 AA, Mgel EA#o] 1-2 wi%e’] Full=
200~250 °C H-<-2] peak”} F7F2 R SITE FHA, Mg w4
o] 1~2 wi% W peak®] WA o] AA FTlslo] i ARFO| F
7 Qs & 7 Tk o]de] AR Mgl gHEol 1-2 wi%
ol wf, pe] A7t ST tlEolA] Pe] AT SIS
oF 5= Qltk. 18U Mg B 0] 3% o]0 2 718 TPR peak?)
o] 3 7T FAl0 200~250 °C 2] peakel] I3}
o] 400 °C ©1742] peak7} Atz 0% A vfeRdTt. o= Pto] &
APEe} BT} FAlol FhAaghs: o]t

NH;-TPD 4] A= Fig. 5ol YEFATE NH;-TPD 22| Z of|A]
peak®] HA-L2- BakE NH,0| & oJw]ahs, o] WAS A5t Az}
ZHE A kS o = QU BEEE peak?] 12 AA7E 9
v] 3}, P-Mg/MMZ,,, 71 160 °C 2ol A Lrehubs oFst oF
3t A|712] AR BA3ITE MgE BXI8191S W], NH,-TPD -4
AellA T 714 Wgks FR1E 4= Qlek. 3 HA, Mge] 7}l w
2} PUMMZ,,, FulollA] 22 = gl 238t Al17]19) o] /3w
ATk, BEFE A Al719) A S VRS peakis Mge] $Fel 57t
S 1207 o] FEISIth S Mg 3ol Sl whet Ak
o] A7} el = Ae & 7 Sl WA, M8l el Sk
S5 A 9] ko] F7HE ATk PtMg(5.0/MMZyy SVl 7} 160 °C
4l 430 °C 2ol 4] QR o} gatgko] 7t W 210 % Ko}, 4t
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Fig. 7. Effect of Mg addition on pyridine-FTIR spectra over Pt-
Mg/MMZ,,, catalysts [temp.: 150 °C].
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Fig. 8. Conversion according to the temperature of the Pt-Mg/MMZ,,,
catalysts [WHSV 1.94 h'!].

o] 5 peak= B3 L5 200 °C oo 7 Z7HA o] wkah
Al AFFRITE 0] 5 peaki= oFst Al7]9] A1 H AR A
Q1TH26]. 1450 cm™ o] YERS peaki= 300 °C7HA] ALElAA] b=
8k AES Hol=t] o] Lewis AFdol g3ttt 310 1490 cm'o]l
UERd peaki= Bronsted AHA 2} Lewis A8 F5-¢f| 3l @-81= peak
2 4l A 9tk 1540 emlol] YRS peak £ 300 °C7HA] AFEFA] A
oF3k=t] ©]+= Bronsted AH 0.7 d¥] <A Qo) waEkA Py
MMZ,;, Z o Bronsted AHE 7} Lewis 2Hdo] 5% EA1EHS o
4= 2tk 150 °CollA] E-41 8k PtMg/MMZ,,, 152 pyridine-FTIR
A1}E Fig. 761 UEFL PMg/MMZ,,, 755 55 Bronsted
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n-Octadecane © Z4-E]

ook

A7)} Lewis AH-S B3k QS o = Qltt

Fig. 82 n-octadecane®] hydroupgrading ¥+~ 2 & |4 n-octadecane?]
Aeha-S vk 18 3Zo]t) PYMMZ,,, Zillel] HlEko] MgS 12
wi% 37Fst Sl 2ol A n-octadecane®] H¥HE0] vf %9kt o] A
Th= PUMMZ,y Fvllell ]31] MgE 1-2 wt% H7Fet Fulj7} 24
o] o A717F B Z7] Wit Ao R At 4= Qlk. dhH, Mgl
o] 3~5 w%ell Zll= 400 °C 0)/d2] LEoflA] M3kgo] & &
o7 St} o] FuiE-S H,-TPR 2404 pto] h e vy} 32
400 °C ool LERskth(Fig. 4). 2 Pte] $H-2 57} 7] wjio],
400 °C ool A Wh-go] Wy g < 4= ATk F, Mg T
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