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Abstract — Chemical heat pump system of 2-propanol/acetone/hydrogen is most suitable to the recovery of waste heat
of power plant. various types of 5 wt% Pt-alumina catalysts were prepared for 2-propanol dehydrogenation using sol-gel
method. The characteristics and the dehydrogenation reaction rate of each catalyst were investigated. Pt-alumina xero-
gel catalyst has excellent reaction rate and good durability in comparison with the existing alumina supported Pt cata-
lysts. Pt-alumina aerogel catalyst had the highest reaction rate in all prepared catalysts, but sufficient aging time was
necessary to maintain its reaction rate. A potential advantage of the aerogel catalyst is the fact that the high temperature
heat treatment is not required. Without heat treatment or with low temperature heat treatment, the Pt-alumina aerogel
catalyst has excellent reaction rate as well as durability and this gives us the economic advantage. Alumina xerogel sup-
ported Pt catalyst prepared by incipient wetness method showed good reaction rate, and had good mechanical strength.
Blank alumina xerogel prepared by sol-gel method can be used for the support of metal catalysts.
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A folstA gk, FERHSQ 2-propanol®] B443) WESS
80~90 °Collx €] A&kl 10% olskz - wE7] wjizoll, A& &
ARkgolM #E BdE el Flje] Apdo] AlAg 54l 7}
A T3t TACITH4]. o]# gk o]fellA] - AtollAli= 2-propanol
st B Fulje] AxE I HA o= St

2-propanol®] E<As}t Hhg-of tisl] XE7kA] dard A3 Ay
o oJahd, Ru?l P} A22] 2-propanol 43} HHS-ol 71
etk dee] g Ru Full= 27] RS} v 9t
Hbd | pt Fafji= WS- A EQ] acetone S]] 23] HRg-o] X]|AE]
£ A57F At Ito 51519 Aol 5P Rut P& 1:1% £33}
o] FHH o7 A3 FHull7} 80~90 °C] v oA o] 3=
gkom, Kim 5619 7ol NaBHE AR o] g3lo] Al
g Fue] Aso] FUXAL, Lee T[71¢] ArelM= A 2715
HAHE Aol Alxs Ru Fu7) 32 S B3t

2 ATrollA= 2-propanol A& EA4s) WSS S3t SE &
S o] gate] AxBIelnt. o] W] 54 o] wie- &
o] AkslES whs 5 lvhe A9 3 gt -89 (homogeneous
solution) > EH-E] IAE ThEo] Witk= Flojt}. o] 548 F)| A|
Zoll 383k, WA 55 A Bte] ofdt ghA|e] Azt
A& B 3 st S0 2R o] & v Fulls
Aol ¥IE = o R 7 7hA] ode] Aito] 1 &9k e
Sk IAE AxE o ks olFlo] Itk mEgE guliel H7HA|e] F
i, FEEE, AdE &2 n|ePdslel upE As), Aojxl Aol Xe
W, gle] A7 W T ole] 7R Wil Qal tReket Fejel A
BAEE TE 7 ks &4 379 S o]&shd 71Ee] Enl
Az el vl KB}k U2 v A3 Alo] (microstructure controlys
olglgh Alof wE& FulE Al WhEAIAR A H
W33 S VERIES Al S-S Snlgiths).
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Scherer[10[= -4 374<] &g, k2]l A Holel sl ]3|
F3CH, Pajonk[11k= Sk Sue] AA A=A & EHS 7}
3= aerogelol] Tl A7-515ITE. Aerogel Fulle] Al Wdel| disl
9= Schneider and Baiker®] F-2¥}[12] Campbell ‘5 [13]12} Amiridis
5 [1418] =el & Yehd 91O T3 Balakrishnan and Gonzalez
[15] +=mollA] &S 01838t Pralumina 1|9 A% 4l 54
& A7 vt Q.
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2-1. Z0f M=

250 ml B]©]# ]| sec-butanol 100 mIE 21 AAE-$]7]9] 221
uhi g g7 A EREe)E o) g5lo] wakshEA ATB(aluminum
tri-sec-butoxide, AI[O(CH;)C,HsCH] : Aldrich Chem. Co.) 50.0 ml
E 718l 411 9Tk 100 ml Blo]A oblE 10 mlE ¥l 33}
WEAH(H,PtCl-6H,0 : Aldrich Chem. Co.) S (1.4 gy 718l 5
St I T2 250 ml Blo) Al SF/SG 10.6 g2 HIEE 100 mlE
Yz Adek. Al vlo]Fel Zzhe] g-ofo] T} F#H|EH ATB &
oS 374597 (rotary evaporator, [Rotavapor R-124, BUCHI]) £
71 70 F, ke a1 Q) Adeoll], WA A= (503S, Watson-
Marlow)E ©]-gato] 3|dZ7]] At AsPFAL S5 7et
Atk Z28]ar ofojA] wghE: NS keIt sS04
WHFER= AR ARl A 105, 72131 40 °Col 1AI7RS: 414
Atk o= #Yd3 AS WET] $13k Holtt AlgEA 60 °CE
714 5 20A17F B9 Al WHAIA oAl ET} S A g
E AAsHAA £/9A2171 H, 80 °CollA] 141X, Z12]aL 100 °CollA
303 5] ] wwtste] WA SuiEE A7l Ao ®
120 °CollA] 10A17F o) AR &, T3 2 (tubular furnace)®. 5
7 400 °ColA 2417 E3F AFSIAIA A

Aerogel FME A xp] QJaiA 919 Az FollA] 40 °Ce]
2EZ N BF wdshE #EE v §, 71H87] (autoclave)
710l AEE &ATh o170l 250 mle] Ao weheS 71e &
714871 U2 2ok e wigke-] A% (240 °C, 1,172 psig)
o]dRl 260 °C, 1,500 psige 4r17koll A & o] Adefoll] 14]
e FAAZTE 7EkE719] wi] EE o] §7ule] K V)
AE AT & Arw HAshAA 274 B2aisict. &7} A
A B2 de)o] AEE BHEE 27 400 °ColA 2AI7F Ft &
A3kt

250 ml H]o]A o o§kE 70.6 mIE @11 A F$)7]9 218 vt
22 7] wksPaA ATB 50 miZ 71siFgic} & TR ulo] A<
ofekE 70.2 mlI2} S5 10.6 ml, 18]3L FE YOl 0.6 miE €L
ZF AolFgln). EUotolghs 8IS AT §713 W
QA7 ATB-oflgRS: 8918 2A17F 153%0f] A 324 713
FATh 1557 6 wHkgE 3 50°CE &5 29 3087 wa)
St} Alumina xerogek> 100 °C= 7131 30:7F 712 WHEA|
713L AZ71ellA 124131 5t AFAIA AZEFAL alumina aerogel
& 71715 ol&sto] Azt

3 2l (y-alumina, alumina xerogel 52 Al5-F3] W2 &
Fol AstEARS HQl & o g e Hojrmgu A &
Alo] ;s EsIit. X712 &4 120 °CollA] vE 31 <2F
AZAA YA GulES AAS 7 BFEE SAA 400 °CollA
2AIZF 9k AksRA AT

Zafj 2] B A2 yRAd I WS IV qlom ofe] WHoR
A Z38t ZFvlli= -4 BET &2 (ASAP 2000, Micrometrics)E- ©]
g3lo] A SAdsto] nlwsiGict. B3 Fulde] S EHRl
WTdzte] F7] 9l R S vwsh] $l8te] Xeray 3% 4
(DMAX-IIIA, Rigaku)ye A A8F=H] Xeray= Cu-Ko(wavelength
1.540598 nm)=- 08512337 3~90 ° 2] o)A scanning 313t} Pt 4
alumina®] d-spacing@} 20 #&- Table 19 A 2]}t
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Table 1. d-spacing and 26 values of Pt and alumina

Pt Alumina
d 20 11, d 20 /1,
2.27 69.67 100 2.39 37.60 100
1.96 46.28 50 1.98 45.78 100
1.18 81.50 30 1.40 66.76 80

H
] $H, 2ls), &% ZEA] HAPIAE ARSEE Ak, T4,
2baE AT RN E ?:}E—ju ZH7IE AA FHE 1 FollA 3
off AREE= A /> MFC(mass flow controller, [B-5534-FA,
Bronkhorst High-Tec.))olIA fdo] 24® & Fa=w, Qe uf
i Rl e RS R A R SN tﬂEHi_u TR T UAET Sk At
Slof] AFEE= Ak T2 Fulle] ABA] Abstg ol AREH A
FHUHE 30 mi/mine o] 289 F w72 B 9k
712] 94 WS7F 90 °C~600°C AER Yorg We e o1
zo] 7Fsdt 7= E k719 71dell ARgSIgl o, vl A
vl Ao} 252771 (PID temperature controller)s ARE-3}0]
—% ZAsIgict. 971 7Y %EHE 7}¥ 27 1/8 inch, 2]
m®] AEQlEIA ¥ ARESIAL, AE]Z 2 bath kel F31 A
Z 71453 Al e8] (on-off temperature controller)S- ©]
gato] 257F 2EEI vV A4 3/8 inch AHIQIE A
S AREEIATE HRS719] 25 1/8 inch SIS Fuje] 2o
AANA E5F Skl Alojaigi o], oa7]e vhg-7] Atelel
A9] G55 BAE] flsto] eld7]ek whE7] Alelel e ZHdm=
£ 7L ] el dAE ot vhe7)9F A2 2R A8
o} BESE NEE719] fEollE MEaMEE ar W] BEA o]
o= A, # ek e AT 35l ot dHietE
A3t
2hskabd 7k U]'i Zv o] AATH0.5 gy HHS71el AT o]
o] S ok} F= feldfel AERIEA S o] 8ate] 1A

bt

oZ

=

71aL, Al ’1‘”01 Fojgl A 5 Qe ARSI whe-
719] 55 &g SR (400 °C)F FAIAT] 3 A4S 30 ml/mm
o] GEko 7 A7t Eok Ey EujE QA7 o] AL Ax

Seu ok NS EnE BRelc) WS} Hske SrE §
A= A4S By A HIEE o]831e] AAS 445(10 ml/min)

= w00

A=Y
O F 2-propanols 35 3}9\31:} 3% 2-propanok> o &7]¢ 23

718k 31 W15 FakshiaA] whgo] Yolit At oplES R
Balho, o7 ]g Enpslas] ol S 7]A) e HH ﬂ
a, o]—ﬁ]iq URES- 2-propanok> 557104 A AJElE 5
t}. o] W $&7)el 4°C8) WS WE S5 e SEFg 9%

H NS AHAIZE 7H(15 min) &2 }F3F] GC(5890, Hewlett
Packard)® #-418}3ich. RS2 90, 100, 110°c<>ﬂA1 —.7L 1AIZF
A RESAIZ O, WhgollA BdE oAlES] S VIR Slo] wE
STHEE TRlth

3.4 1
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Fig. 1. Effect of pretreatment condition on reaction rate of 5 wt% Pt-
alumina xerogel catalysts reduced at 500 for 2 h.

=
LA
7 EEES 129 A 7]01%1 E}M xﬂﬂ sh= A};}sz} b
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el WSS St Fig. 1o VEhgich, 1S
B 5o SR AR Solg) Ak
B9} BEGE AR 2T o) Fole] s wastsl
o}, ofm, = A eI 500 °Co] LG d %Eoﬂ*i AR F3E
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Afelad sl elshgel % g & 4 SIS Ak
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LAY O Z A3t Fu)jo] Fejjolli= 7oA £ulE AA
3= xerogel?} 8vl[o] AAK o] 2791 2] AElelA &
W& AASH= aerogele] Utk $22] 97t MR A9-Ho %
o] givkar el SITHI13, 14]. Aerogets A|Zah7] flalx=
Sulje] 2 210dA BullE AlASHE =QAAZ(SCD, super
critical drying) &7d0] HHolt}, o]& fJato] Full AxAl %=
Al 278 whE0] Fojof sh=dl, 1 W oy 77 s &
T} 2 AFeAE ol UE FolA 71 Aol daw dAY
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Table 2. Effect of super critical drying methods on BET surface area
and reaction rate of Swt% Pt-alumina aerogel catalysts
(Calcination: 400 °C, 2 h; Reduction: 400 °C, 2 h with H,)

5, Initial pressurization with N, Excess methanol
BET surface area [m~/g]

380 530
. 90 °C 17.8 21.5
Reaction rate ) ) ox 216 2438
[mmol/g-cat.h]
110°C 22.8 24.7
T T T T
with Excess Methanol
."é’
S5
>
—
©
=
a
@
- Initial Pressurization by N,
>
‘B
C
g
=
Alumina
|
! Pt
} I \
| | | | 1
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2 theta

Fig. 2. X-ray diffraction patterns of 5 wt% Pt-Alumina aerogel cata-
lysts according to supercritical drying condition.

2400 psigye 7Fet & 718k WA = guliel vigke-S )
O 7 713 T 71dsh= K] WPHOE 5 wit% Pt-alumina aerogel
FE Alzste] 71 S vl Kokt ojwf o] &5k A =
72 250 °C, 1,500 psigeH WEH2] AAIF (240 °C, 1,172 psig)=.
o} =8 gro® xHsi),

o] A HPHO Z A|Z3 aerogel FUHE 400 °CollA] 24)17F A
g BET 3943} o] 241RF 541 400 °Colx] 4w $heA]
A RFEAIZ] HFSEEE Bl et AYE Table 200 VERISITE. 3ol
A B S Qe ukel o) #) wleke-S o] 48t H97) 7F w2
Tofl B 9 vhe S Bolom v A gk w58 o
AT} ok XRD #-4J0]] 9J3F 1 FFoll= T Aot 2 At
o]7} §lo] H|S=3E FE9] pt HAIEES 7HA)= Ao ® Uepdon o
£ Fig. 201 B3It} weba] & AtellA] Alzsle] v w3t aerogel &
w52 ) vighEE o] 88t 2] H1xE o] &sith.

.

3-3. Pt-Alumina Xerogel % Aerogel 0, EX| Pt/Alumina
Z0{e| s Hlw

wE-E-S YJ o Hrlsto] £4A A& o] A3 P
alumina aerogel &1l ] ¥]E A& J
xerogel 1|2} v]wste] AWAQl ey} 2 ZEe YERIEA|
Solr Sk, el E ol ek AFAE Hol=A] AFs B
Sk, &, 712 el oJ8)| Azt Pr/alumina F0|S] H]3EHZ],
WS/ Bl w sl Hokeh, oju] 4|23t T2 Pyalumina 1= Lee
718 ATellA o]gst el wel, 485 y-alumina®ll 93}
MFANS 27RO GAAIA Ax§ Aol

400 °CollA] AF3}A17] 5 wit% Pt-alumina aerogel il xerogel Z]
9} 2719 02 A|%3 5 wi% Pt/alumina B415 0l 2] BET ¥4
A& =745t Ay, Table 37} 2SI}, Aerogel 1|¢] BET 3%
o] xerogel &vl|2] BET ¥¥ o] vja] oM, ©x] FHujli= &4
Hell 2Jst FHfjol] n]3)] w2 BET A4S VeI

Sl 2/d 2] 7952 Table 304 = = Q15%0], BET £ #jo] &
aerogel 1|7} Th2 Sl 5ol vl8) =2 RS eI ©]
9} 22 A¥to] 91 BET A ofyg} Xeray 34 44
1 Fig. 30 % ZtoHs = Qlvk. g Fujje] 39, ke 7 &3
Sl vlal] W Rk 2717 2 AE & 5 Uk ol Wad]
A7} Lt A A 2] Al A I ZA EEEA] s
28 ouletE & WA 11 YO Yozl Zlolr), 3kl %

=
=
2] 73-9-, xerogel &7} aerogel FHullel] HId] tha &2 €WiF &

% 5wt% Pt-alumina aerogel
5
>
© %M
:‘é‘
S 5wt% Pt-alumina xerogel
2
‘o
8
£
5wt% Pt/alumina (IWM)
Alumina
| \ | Pt
| | \
I I T T I
30 40 50 60 70 80 90

2 theta

Fig. 3. X-ray diffraction patterns according to preparation methods.

Table 3. Comparison of dehydrogenation rate for different catalysts prepared by sol-gel methods (Samples were reduced at 400 °C for 2 h with H,)

Reaction rate [mmol/g-cat.h]

2
Sample BET surface area [m“/g] 90°C 100°C Tl0°C
5 wt% Pt-Alumina Aerogel 527 21.2 24.8 24.7
5 wt% Pt-Alumina Xerogel 360 8.2 11.6 12.9
5 wt% Pt/Alumina IWM 183 6.8 7.6 74
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EE e QAT aerogel?] BET Aol 953] 7] Wi
o] Hh-&AdellA= aerogele] =2 A¥E Yehd A0 F HQIT}

3-4. Pt-Alumina Aerogel FH2| MA{2| 20 [ME Y5
QFollA] Pt-alumina xerogel vl|2] A g]of= Als}-gkg o]
B HQo3ks ¥l vl gt} o]Helli= Pt-alumina aerogel %712
A 2o e JFgFS Lotry] $15te] 5 wi% Ptalumina
aerogel 1S 120 °C, 200 °C, 300 °C, 400 °C, 500 °C, 600 °C|A]
At SRS A7 AR AA AAElehal WSS st
2 Zofo] WSS o3t o] AaHE Table 401 WFERASICE
AR R A AXA &2 Fj2] WA= 3 v wslSich.
o] Aol F53F qhst ARNE AA7] 2571 500 °C o]8kl
A= Fulle] o) AA AfolupA] etk Aol FAF o ®
=500 °ColM AT Fuli7} 7P 2 wheE s ERSlAL,
600 °C o] a-2ofx Axzlahd E/do] 5A38] "olx|=t, o]
= 2Ad o8k Avtg ®eJRItk. 120 °CelA] 400 °Cel] 0127744
b AAE] 2 glellA vssshas e 58 B4dS YERASITE
120 °CH} 200 °CE} 22 A2elx] A2 Fvlj7h il A4
g & Zlof HErhs 84S vepichs A olvx] nlgot &
A1) Hollx wli-g- gk Aafolrt, B% Fa 3 AR 8] A
28] ok Fuj7h A2 g Fulje] 85% o)l sk w2
S-S5 55 YERTHE Zlojtt. o= A2 E 314 & Pt-alumina
xerogel Z112] E/do] Fx|g]gt Fulloll 30% J=ol 131 Hlof 1]
3l w¢- ok Adsolm, dA s BT A 5 vk A
ofl A ZAAIA O wie- fElst Ayfoltt. o]t MAY 5= A
Al g AR} 7L AIARLE AAIBRE ddellA ke T
gk zlolE veRiAl Btk A FANE-S FQE = WY
AAYE 91k 3710 d4s AATE Fert §U] woltt. olst
FE F7Ee] AL AAn] WolM e & AN, HA| Ful:
= s 71dsk] flE St A7 A Qs8] witolth
Table 304 Hi= vk} o], 400 °CollA] Ak}, $HIAA #1322
3} 5wt% Pt-alumina aerogel 72| 110 °CollA o] WH-&&H 57}
100 °Ce] 7-9-9} vlszsiAY ot S A4S BRItk K3t Table 4
oA 300 °C o)de] 2=l AAEE Fule] 110 °ColA1 <] wt
SHEL 100°Ce] AR} solA= A4S & F ok o=
110 °Ce] a2l 8 shopr|= Zlo] ohe}, HkgAlgto] ol
of upe}t &/go] AstEe @dol sl veh vhE-252] 7ol
e & ST AN AYE Bojinh E AellAE vk
AE AaPd 132 FullE- 90 °C, 100 °C, 110 °C2] =4 Z 5-2-A)7]
WA ZF2E 2/ REG-S A1 Zlo]7] wiEel], al2of|A] 2] Hhg-2

Table 4. Effect of pretreatment temperature on the reactivity (5 wt%
Pt-alumina aerogel catalysts)

Pretreatment Reaction rate [mmol/g-cat.h]
temperature [°C] 90 °C 100 °C 110 °C
No pretreatment 15.5 17.1 22.6

120 18.0 20.2 21.1
200 18.1 19.8 222
300 15.7 18.8 17.5
400 17.0 19.1 16.2
500 20.9 23.0 222
600 6.0 7.5 7.0

3lsrast H453 M4S 2007 8

30

—@— 5wt% Pt-alumina aerogel
—— 5wt% Pt-alumina xerogel

N
[8)]
|

N
o
1

Reaction rate [mmol/g-cat h]
= o
| |

(6]
|

0 I I I I T I
0 30 60 90 120 150 180 210
Time [min]

Fig. 4. Time-on-stream test of 5 wt% Pt-alumina xerogel and aero-
gel catalysts reduced at 400 °C for 2 h. Reaction temperature
is 110 °C.

A2 HESHTE RESAIZIO] 3 71 AdEellA] SES7] wlielt),
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Fig. 5. Time-on-stream test of 5 wt% Pt-alumina aerogel and xerogel

catalysts reduced at 400 °C for 2 h according to aging time.
Reaction temperature is 110 °C.
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Fig. 6. The time-on-stream test of the S wt% Pt-alumina aerogel cat-
alysts according to the pretreatment temperature.
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Fig. 7. The time-on-stream test of the various Pt/alumina catalysts
according to the support types. Reaction temperature is 110 °C.
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