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Abstract — The aim of this study is to test the feasibility of Pt/AI-MCM-41 for the dioxin decomposition reaction. For
model reaction, 1,2-dichlorobenzene was decomposed instead of dioxin. Pt/y-Al,0, was compared with Pt/AI-MCM-41.
Al-MCM-41 catlaysts were prepared by post grafting method and the Pt/AI-MCM-41 catalysts with Si/Al=15, 30
showed higher catalytic activity than Pt/y-Al,O5. Their higher catalytic activities were related with acid amounts. Espe-

cially AI-MCM-41 with ion exchanged with H* enhanced catalytic activity.
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TE FEAEECY AEE Tol FHE 11 FHElE A=Y
$JTH11]. 53] Van den Brink ‘5111 Pty-ALO, “d°ll4] chlorobenzene
S AASR: ATE T8l =2 B4 BTt 11 Qe
A &Efo|Eol PE BAIAA GaAl F7138E2] AA wkgel o]
5 A7 FREACH 2], 22 tol$Ale] At A7) wig-
7] wizel o]e] AA FE fsiMe 71wo] F FAIE AMES
= Blo] g Ao R oA,

MCM-412 tEAQI Wz e 5224, 2d-hexagonal SFE|C]
71F7EE 7, 7 nm @919 7|3 A7]9}F 2 BHAS 7
3L Q7] wiEe] ] SAIE Wo] AREE AL Q= o]t

B ol vl B9 MCM-41S §Md8taL, ool Si/
Al H]E 22]3F ALMCM-41 S1E-2- 4| %3k &, 1,2-dichlorobenzene
RS AL, tol Al 2al FHEA 0] TFerdE ERlsh
5

2. 2 U

2-1. AFMCM-41 &8 HiH

TZHEAQ AHEG A= cetyltrimethylammonium bromide
(CTABt, AldrichyE AR8-3131 11, A 2]71 5 (silica source)t= Ludox
HS-40(40% Si0,, Aldrichy?} NaOH(98%)E AF2319] sodium silicate
FNQ20 wt% Si0,, Na/Si=0.5yS A1zt LRkAel MCM-41
o] k] WL oS3} e} A sodium silicate £-4-& Ludox
HS-40 500 g7} NaOH 67.94 g 432.06 g2] 2| 2o} 80°CE 7}
dsto] BhE fHo T AFErt.

AAZAAQ) CTABr 12.15 g2 & 140 goll o] 40°CE & 5
ehslo] 9bd3] 58w 744 stirringdl] ZTF. AMEAAIS =91 &
o] wg] wHEo] &, sodium silicate £ 50 g W3] F¢6hA
A stirring 3tck. o] 34 E5E2] U] vks-E-2] B 2442 0.167
Si0, : 0.033 CTABr : 10 H,00]t}. Sodium silicate 8-42] F2¢]0]
Eh 1ARE A stirring $F <, 100 °C 28] Wi 2447 4
WS wuilt),

2477F 7, @ Bl Ao} 50% CH;COOHE o]4-31e] pH7}
100] = w7A] F313) FY3c}. pHF 100] =¥, ThA] 100 °C <
Hof| Wi 24A3F NS Stk pH 7S 23] wHESE &,

Hofli Ao} AN AASIL FHAES o st & THTE A
3k The, 100 °C 8ol Yol 38| A7t A Eol 501
Q= ARIAE AASE] 8 olleben dake] EER Ax
AR E AlFEste] o BAZ F, TA] XA HEFA o R
550 °ColA] 4AIRE 2gAA AEAIAE 3] AA g

s MCM-410l] AHE Fofalr] f18l, AICLE ©]8-ste] Al
S 7130l EQIAIA Si/ALH]Z} 15, 30, 60%) A-MCM-415- @438k
ATt FAEE ALMCM-41:> 733 ollA EAlsh= Na7t &4135]
AAEA] k2 Fejo]7] witel], ol H Fel=2 ASAIAT7] 213
A NH,CIE o]&3to] aA4E ALMCM-41S o] & w$H3k 3
ammonium FE]E A3k st vh, thA] 550 °C 2 HFE AX H
HE)e] AI-MCM-413 23]t}

Incipient wetness = AF&-3F9] Py(NH;),ClL,E AI-MCM-41,
-ALOsell Pt EH-o] 0.5wi%7t H =% gAEith ©A
110°C oA 12717 A% F, 500 °CollA] F71E-91718 kA 4r)3t
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Table 1. Si/Al ratios of AI-MCM-41 catalysts by ICP

Si/Al
Catalyst Gel Composition Framework Composition
AI-MCM-41 (Si/Al=15) 15 17
Al-MCM-41 (Si/Al=30) 30 31
Al-MCM-41 (Si/Al=60) 60 65

22, Ei B4 24

AI-MCM-419] Si/Al 9F-2 inductively coupled plasma spectroscopy
(ICP)E ARE3I] QA oF AXSIATHTable 1). /I3 vl
7FMCM-418] 725 7HA] 31 Q=A] obil7] 918107 Rigaku DIMAX-
71712] Cu Ko X-41 sourceE AF§-3+0] X-ray diffraction(XRD)
pattern=- ARATE FuY] AT FHLS SR Yol H2aka Y
(NH; temperature programmed desorption, NH; TPD)= ©]-8-5}0]
SIS 0.01 g& AP vEE7ol ¥ & dAF #2917
lofl A 200 °C7HA] 10 °C/min] 52 713 & W) 200 °CE
FABIALE FE 100 °C7HA] 255 SHE & dRYoE HA Y
B2 5 FJeich 2ES e 28 FEE dEYokE A7
3 5 NH, TPD A38S sl o] BET 184 542
Micromeritics ASAP 20002 AFg-310] 743131tk Al MAS NMR:>
S5 4mm ZE] Y F 2204 Bruker DSX-400 multinuclear
spectrometerE ©]-§-3t0] 433t o|u pulse length’} 0.8 mm
21 108.27 MHz2] radio-frequencyS AH8-3191 2.1, 3|14+ 12 KHz,
delay time 1.0s ©]3{t}. 3184 o] %5 (chemical shifty> [Al(H,0)]*"
of tjsto] Fojxltt.

2-3. 1,2-dichlorobenzene =5} A&

1,2-dichlorobenzene 235 ARE3l 5 Alofdlo] ©F 1,300 ppm
7 Ao Z=A) 33T} Jacket 92 1,2-dichlorobenzenes W+
72 W= 98kS d= F7]5 mass flow controllers ©]-&
3101 50 mI/min® 2 4|8k}, 1,2-dichlorobenzene?] 852 =+
7] §J8l N2 mFE e B dols HAssh 2] &%
= Fuj o] 24 5ol wkah 4 200 °CellA] H el 600 °C7HA] 50 °C
AR QR8I 7 2R E AR fAstES SiSith
SUS 1kg7] tiell 0.075 go] FvllE FRINA Wholl ARg-si3iTt
-5=31 1,2-dichlorobenzene?t “¥/dE<1 CO, CO,= wAl8te] ke

DCB Jacket Temp. : 20°C
(about 1300 ppm)

- |
X o Reactor : SUS % "
Adr Flow : D;ﬂl DCB ¥ -‘..‘-;.C‘C FID (Methanizer)
50 ¢ce/min i for CO,,CO “\H ‘E
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GHSV = 40,000 cc/g_, -h

Fig. 1. Schematic diagram of reaction system.
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3-1. E0He| E2EEE £

A MCM-41: =70] Aej7hz o]Foi] 17| wlitell A%
FE THA dom, APEE 7IXA] 97 whitel] Wb o ® AlS
A8l A Fojehs WS o] 8-sto] AF Sl ARg-SHAl |
t}. Fig. 29 XRD #4143}, MCM-413} AI-MCM-41 5.5 2D-
hexagonal E|2] 73727} & PAH E4YS I & 5 A%
t}. AL-MCM-412 S/AL B]E- 72} 15, 30, 60°0= 6}0% Az
t}. 71 A3} SYAL BI7} AT intensity”} AAshs A gl
gk AT, ol AR ESlehE Il Ve ZHT71 =
o Yeh b= Aotz shdect,

Zuljo] Az} 7]3-2] 217] 12]3L wall thicknessE Q1517]
et AasegdlEds Aa ] PﬂE}(Table 2). MCM-41& 900
ek S RA Y] TEsAE
ERdE & = QT

Fig. 391 Al MAS NMR2] A2}, 50 ppm2} 0 ppmel] 2712] A]
o] veER= AE & 4 Stk 50 ppme] A8+ tetrahedral

Z e AlTEE @47} =2 7Z Yol EAR= Al(V) siteE

Si’AI=60 Al-VICIVIKH

SIAI=30 AHVICIVIH

Intensity
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Fig. 2. XRD patterns of MCM-41 catalysts.

Table 2. Physical properties of AI-MCM-41

Supports Spe(m?/g)’  Vp(cclg)  Pore size(nm)
MCM-41 1,120 0.67 2.7
AI-MCM+41 (Si/Al=15) 933 0.67 2.7
AI-MCM-41 (Si/Al=30) 1,032 0.75 2.7
AI-MCM-41 (Si/Al=60) 928 0.67 2.6

*Spr and average pore diameter were measured by using N, adsorption
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Fig. 3. YAILNMR spectrum of AI-MCM-41.
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Fig. 4. NH; TPD of AI-MCM-41.
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LFERNAL 0 ppm octahedral® ¥ AI(VI) = =74 % ¥
] Al sites UFERATE 53] &2 dloll EAsk= Al(IV) site= B.¥]
2HE Ao R 7HZ~51 T Atk 24 Azlgt & YERR= 30 ppm
79] ¥ @ AIQV) site®] WO LRt E3] AlQY)
s1te7} 2 Aol dd oz AQEd &4 Foll 323 st
AE AT = Ut o172 AT Ale] 24 URE
E‘?JE?]?&EF 718 n) T}, Fig, 4= AI-MCM-412] Si/Al H]of o}
& R0} TPD 4ot} of7]ellA] E 4= Q150 Si/Al= 1591 %
W7} 7P = AlE S o 4 Sl
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3-2. 1,2-dichlorobenzene2?| =alf HIZ

Fig. 5% 0.5 wt% PYAI-MCM-413} 0.5 wt% Pt/-AL,0,9] HH-34d
S 13k Aotk Si/Al = 6091 ALMCM-413 A 2)3kaL SYAL= 15,
3091 9= Poy-ALO; Bl Edo] 1] =58 < 5= Utk Fig. 4
ol & = lol, SAl 7} A 5, S abRe] o] St
S gAo] ZU)ERE o 4= Qlt} o] 2 tlS ERIG)IX ]—Al MCM-
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A3}, Fig. 6014 150], 41#]0] Si/Al=60%] PYH-AI-MCM- 41,]
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Fig. 5. 1,2-dichlorobenzene decomposition reaction over Pt/AI-MCM-
41 catalysts and Pt/y-Al,O; catalyst.
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Fig. 6. 1,2-dichlorobenzene decomposition reaction over Pt/H-A-MCM-
41 catalysts and Pt/y-Al,O; catalyst.
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