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HhHgo] 919 32k 929] V-KIT-62 Pluronic P123 35312 T2 = AFEsl1, S B2 7

AEAAZ AMgER] TEOSSH NH, VO, 25

7L W2 1T A (~1,000 m¥gys HoIFQIth VIKIT-60lM vl ulg] 54

AP o7 At AFF VKIT6= HL 7] ZE-(~6.0 nm)=

=2 Sy A3 I NMR¥ ESRS

o] g-3fo] BAEIIT) AXE VKIT-6= HEZHLE slo| =2 HLAlo| Z(TBHP)E ABIAIE ARR-3F AE|dle] 244k

Subgola] et Sl ehiigict,

Abstract — The direct incorporation of vanadium into the three-dimensional(3-D) cubic 1a3d mesostructure designated as
V-KIT-6 was carried out hydrothermally using a Pluronic P123 and n-butanol as the structure-directing mixture, tetraethy-
lorthosilicate(TEOS) as the silica source and NH,VO; as the vanadium source. The obtained V-KIT-6 showed a very high
specific surface area ~1,000 m%*/g with tunable pore diameters in narrow distribution of sizes ~6.0 nm. The coordination and
nature of V sites in V-KIT-6 are characterized by >!'V-spin-echo NMR analysis. The calcined V-KIT-6 materials showed
excellent catalytic activity in the direct oxidation of styrene using tert-butyl hydroperoxide(TBHP) as an oxidant.
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Tkl SBA-1501 vhbE-S A4 Eshs Aol wd At
2 719 2 Ho|| BI3IQTHS, 6]. 0172 Fak A o] A
ol F45-0-Si Aol FA elE]o] SBA-159] F o]0
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EHATH1L]. o] B2 A2 718 Qe 727 AR ARk
Fejel 3xk QI 1a3d W27 ]5 AR o]FofA] Qlrt. o] Z5¢
3 AE TR Z M F 718 7HHAL Qo] 7wl de
= o] dojuA] ok B4 2] Etolut $¢)(inclusion)e] #-o
ghZlo® g Qo 28y S50 §AE KIT-6 =4 #
A= o] ol FEA] ¢kar Qi)

At o2 mlbES BXg wlzEe] 2] M2 iy
o7 71 AN gto] H e 3ltH12-16]. B3 A F7kA] g Hlo|
oJahA AA| A8k v R v Atk Ryoo F[1112 0.017
P123/1.0 TEOS/1.31 BuOH/1.83 HCV/195 H,02] A& zH= =4
oM =& FA9 KIT-6 29 el T3t A5 K3l
KIT-6 AlZ8} 352 70l nhkhrs w@xak7] flste] siv vl&
302 VKIT-6 342 Al sl ot 27} okslel= o) vt
ERsit. o)g} o] F45E BRI PR U S A5
ShA] ¢kom s AAE 7w HACl ARl mvkE Vet
olo] e} & ATHL KIT-60 B2 ko] vhbss BXA7]&
AT sl ] HA Sl thsiA WA AFEIE
FEATHL7]. 2 A7 ololl tig Al A7) shubEA Alxd
V-KIT-62] 2~E] &l Absil-gel st wkg 5448 $4%o= uds
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2-1. & M

V-KIT-62 7252 A1 A5E55 353 Pluronic P123(EO5POy,
EO,;, MW=5,800, AldrichyZ} X3 275 E291 n-gh&(Aldrich,
99.4%), A7} 4. 24 TEOS(Aldrich, 98%), 121l v Hgs 9.0
FA NH VO;(Aldrich, 99.9%)5 ©]-&-3to] Alz=st3ith. &= Hl=
0.017 P123/0.08~2.4 V/1.0~2.0 TEOS/1.31~1.70 BuOH/1.83~3.0 HCl/
195 H,0 H$| WellA] oieksiAl "ighrzdeh. P123 4.0 g 37 wt.%
HCl 7.4 g& THS 144 gol] &713] §alM7 & Feh& 40 g&
7Valict. 12131 8.6 g2 TEOSS) vl HH-5 FAloll 715st o
Z-g-olof] Fryepgict. o] EFES 353~403 K 25327104 24~48
AIRE 2t A3 keIt JAES AejA FAISE § 24417
Bt AT ol E4S B4 298 KolA 823 K7HA]
1 K/min2] $E7 5230 A1 FF A4 297]04, 181
SAIRE B2t &1 91716l Akt

2.2 M
ARTZY EAEAS 3819 Xray diffraction(XRD, Philips
X’pert PRO MRD system) 2432 2AJ51813L, KIT-6o 8%

o

A el

19

2 geks =4sl] 9)8le] ICPOES(JOBIN YVON) #4132} XRF
(Philips PW2400) w4 AABIATE, vsEH A 75539 123
718A7] B3 H24S 9)5l0] BET(Micromeritics ASAP-2010) -
A AAlskdth Fvilel vk WigISAE SV A9 3T NMR
(Bruker DSX 400 spectrometer, v,=105.2 MHz 'V resonance)& Ak
B3to] 94T A1 el AATsISith. A= 100°C X3 3lellA
R Bok AAEE 3 F Ah B97|9) S2E uhrofx ZE9
wo] Wgatalrh. VKIT-62] AF 5732 hEol & S2PH (NH;-
TPD)O.Z #E&},

2-3. =i HiS

ZE)Al AR 2.6 mmol2] AEIFS 10 mLe] o EVEH
ool 2.6 mmole] AF3HA] TBHP(70% S8-o0)9} 371 Y1 ohak
of| A 3| 2] 07 ATt 50 mge] FHrllE ARESI] A4t St
A 7ol A HE 80 °C] = ERISIONA 24417E B AAIERAT vE

$ % Sl Relskgln YHES GOz BASI,
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3-1. E0H2| S2|EEN EMEM

o]x2] ATtellr HHzA 0= A3 0.017 P123/1.3 TEOS/1.31
BuOH/3.0 HCI/195 H,08] =HIE 2h= 3104 100 °Colld Sivv
HE vkl WskAA Alzs VKIT-62] 22318k 542 Table 1
of ERAQATH18]. V-KIT-6 Full2] ©]A#} shebn|eli= a =6'd,
218 o] g3to] AAket A tlgk 21.8~23.1 nmo|t}, @9 A=} )2}
uEl 9] S7h= sHZ AR EElvks A dolasel sl
3% 749 Azt Be] 7k lste] 713 Ho] FAR A
&S]t} 19]. AlE Ho| FAYRA = 33 EARPE ARE A
e vhhgo] AldE GAH Tk S0tk We] FAZE =k 5
nm= A Eo] A0 R %& nhg e vlREolo] FXA
4 7 St} ICP-OESE &8t} 543 nhvy =59 A4 &2
0.32~4.9 wt%30tt. XRFell 98l 5745 V-KIT-62] Si/V Hl= &
3L 913l AR vhks bt A19] AR 2 Arella] g
AR ahREe] g il S AR E Eetal o] e
ol Biste] ke, e vhvks S Sirv=s7 571171
A gzl Adeglo] Wizare] 2t v AdE Zdet
ST} 18].

Fig. 1o 22 $39 Aele] VKIT-60] thato] 77 KollA] 24
3t ESR A EFS YERYQITE g=2.0 A elA] mlA| 2157} 22
==t o= AFAAlTRS) wi9lE [0,]0] EAE Rl A4
Q1 /oIt 20]. o1& Ful7h P E = Bkl tiite] vhs

Table 1. Textural properties of KIT-6 synthesized with various Si/V ratios with a gel composition of 0.017 P123/1.3 TEOS/1.31 BuOH/3.0 HCI/195

H,0 at 100 °C

Catalysts 'Si/V v dy; a Surface area  Pore size Pore volume d NH; desorbed
in gel (Wt.%) A) (nm) (m%/g) (nm) (cm/g) (nm) (mmol/g)

V-KIT-6 5 - - - 423 40.7 0.23 - -
V-KIT-6 (11) 10 4.95 93.0 227 712 6.0 1.17 53 5918
V-KIT-6 (49) 40 1.89 91.1 223 691 6.0 1.10 5.1 2.502
V-KIT-6 (65) 60 1.74 94.6 23.1 916 5.7 1.19 5.8 4.557
V-KIT-6 (212) 200 0.46 90.2 220 1036 5.8 1.37 52 1.900
V-KIT-6 (305) 300 0.32 89.3 21.8 837 5.7 1.24 52 1.536

lerast H473H HMI3E 20094 62
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Fig. 1. ESR spectra of as-synthesized V-KIT-6 samples (a) Si/V=305,
(b) Si/'V=212, (¢) Si/V=65, (d) Si/'V=49 and (e) Si/V=11.
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Fig. 2. S'V-NMR spectra of V-KIT-6 with various Si/V ratios in dehy-
drated conditions (a) Si/V=305, (b) Si/V=212, (¢) Si/'V=65, (d)
Si/V=49, (e) Si/V=11 and (f) Si/V=30 at 1.83.

o]o] A7t mEX ] E5 I QS SJusitt. 53] vhvbg
o] ezt 7z olFde] EABH 7] 52 Akt e
T U= Aot

Fig. 2} 3:& 732} 2499 VKIT69) 0171 S=31A]71 o] ofgt Sty
23 I NMR 4 2~ EgE vepdit), 7)38] Ao Al7|=
HhoRE2 gl el A4l A o TR Eckert® Wachs[211=
3}8+4 o]F(chemical shift)®] ©]%d (anisotropy)®] Lt 22} 4=}
(quadrupolar) ©]F¢ll gJate] 2AE AHEZS] meko] AFajxirtar
Husiich vhvkg seta e 4 AYER Hoke Aka 34
(oxygen environment)®] t7/3-& A3t} vox T ellx] A3k
o|2} AT} wWol HlojdrE A E-|A o/do] wol
ZEt}, 590 ppm ol HEhbs 52 thd 4] AFEYS Al
ool #ztE= A3 fAkstAl Aulgh 2AT39) A8 4R1
7452 g ol AR A9t AraAlTRe ol Vi
EAof o3k o7 sjadE 4= lrh22]. 388 ppm ] T+
=< 3haFo] 1.89 wt.%(Si/V=49)E 73kl Hl#lete] Fr1Eit
(Fig. 2(d)). 1%t 3}8H4] o)zo] Yehh= 22 6 wil9] vhae] =
W A ER o] AP AdEel 711 Si/V=492] V-KIT-691
A vhg2 ¥4 AekE e (silanol group)t A¥shs AEE U
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Fig. 3. S'V.NMR spectra of V-KIT-6 with various Si/V ratios in hydrated
conditions (a) Si/V=305, (b) Si/V=212, (c) Si/V=65, (d) Si/V=49
and (e) Si/V=11.

ERiAl 5ar, 72 Az vhosge] B AkRe] Hdo] Skl Wit
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Fig. 2(e)2] Si/V=11¢! VKIT-6 AZNEHL 42319 Ae)e] VKIT-6
9} 8IS 606 ppm F-OF T =17} o] FE = AES K]l 9]
AL v el Bke] whobgo] SIS YERdth vl S a5
o] uig el EAEkaL YARE V-KIT-6(11)y2 BAke] o5 #7
s}3l7] M2l x=1.835 AHE-3to] Ak VKIT-6(Fig. 2(H)<F Bl
V,05 %ol AL gAY ol Zavtell EAsHA ket 274
V,05 FF+= —307 ppm FollA] TEETHFig. 3(1). ¢HH Fig. 3(a~e)
o= F78kel VKIT-60l thste] £ vl &aks vepliSich A5
= U718t sl Tisste] 67t WAIgt AE ARESISicE BE S
31¥ VIKIT-6 Al RS0l §=330£100 ppm¥} §=-540+10 ppmell
Al 77 o] Fo] WAL, FAL] A7 AAEIGET o3k &=
WAPE @Al 4A A 7 e RolEt) weba 7hel A
Q1 redox =8lo] dojd 4= it}

VKIT-6 =4 NH;-TPD #4] A¥}= Fig. 40l HERAIL &
2l kR Ljolo] kS Table 19 2|3k} 4] A3z HE
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Fig. 4. NH;-TPD spectra of V-KIT-6 with various Si/V ratios in dehy-
drated conditions (a) Si/V=305, (b) Si/V=212, (¢) Si/V=65, (d)
Si/'V=49 and (e) Si/V=11.
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Table 2. Conversion of styrene and selectivities to products for V-KIT-6 with various Si/V ratios

Catalysts Temp (°C) Conv. (%) BZ (%) SO (%) PhA (%) Others (%)
V-KIT-6 (305) 40 60.5 75.3 16.2 7.5 1.0
V-KIT-6 (212) 30 99.1 524 10.1 12.2 25.3
V-KIT-6 (212) 60 98.2 62.1 16.5 11.4 10.0
V-KIT-6 (212) 40 97.9 72.6 17.1 10.2 0.2
V-KIT-6 (65) 40 83.2 63.2 19.5 74 9.9
V-KIT-6 (49) 40 79.5 58.7 22.4 13.5 5.4
V-KIT-6 (11) 40 90.5 61.5 24.0 13.2 1.3

BZ = Benzaldehyde, SO = Styrene oxide, PhA = Phenyl acetaldehyde, Reaction condition: styrene/TBHP = 2/1, catalyst amount = 0.05 g, time =24 h.
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200~800 °C2] =12 HEolA] Bhe 29} 2 oflx
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2] o] Z7ksbH 300 °CS}F 500 °C Fol|A BaEE 371 9 ok
st Al719] HIAAHT abdo] S718S o 4 Sl

3-2. F0iERS

3-2-1. Si/V & 8] J

32 VKIT-69] S0/ A3ds fleto] HEZHE slo|=x
HEALO] =(TBHP)E AFSHA| 2 AR50 tf7|3tellA] REg-2 1= ¢
40~80 °CONA] 24A17E Bt WS AFE ko] 1 AvkE
Table 201 LERAITE. =2 A/ E-2 Wil Zd|3] = (benzaldehyde), 2~
E]dlSALo] Estyrene oxide)St ] Fl'dobA|EH|S] = (phenyl
acetaldehyde) 50]TF, 25 VKIT-6 1| 40 °CS] W& Hkg- &
ToHE =2 S BTt AE] WEET) o FANES
(epoxidation)?] AEI == VKIT-69] Wi &egdol] 3RS wol vk
= 2oz Yepdtl o7)14 SV 2 17} 49004 2122 vhg o
7| =Fo] Fhage) whet AEjRe] Hels-2 Frlskinh vhs &
ko] 0.46 wt.%2] VKIT-6(212)= & WHS 22l 40 °Col|A]
97.9%2] ~E|A A3}E3} 72.6%2] WA= Aere o) &
A& YERIEE. NH;-TPD #2023t v} 7o) o] VKIT-
6(212) Frlli= A APEE SAgE APEA] 222 w9l E v
o] o] 718k F7H718] HAAHE Ao o3 % A4S
ERQITE 358 SV 2 v 3052 HRHEC] B 38 U] A
71% ~ERE] dglgo] hasiglar, s ol wld|s)
o] Meert @8] tha ks As UERISIT 4.95 wt.%
HhHEo] A8 VEKIT-6(Si/V=11)2] 73-9-= 1= Agjale] Hslg
2 90.5% FJEZ Fol B0 RN EAEMSAte| =8} Ad
o3| =] HE=rt 2] =kt
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Fig. S. Time variant conversion of styrene and selectivities to products
for V-KIT-6 (212) [styrene/TBHP=2/1, catalyst=0.05 g, T=40 °C].
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HESAIZES] Aol whE AAES] REE 1EEh] $ste] V-
KIT-6(212) Zvllel] tiate] 2~EJ/TBHPS] H]E 2:1%2 AME-31o]
40 °coll] AEs A= Fig. 590 YERASIY. AE]AS] W3k
¥} wiF s =] Meme= Alzte] Aol wet Algste] Tt
she AEE vERISITh 2B AsES vk F 341 o)
25.8%C141 24213F Folli= 71.8%% F7FskolaL, W ds] =e] d
B 21,7904 64.3%% S7FSFATE 2B AL =9} Hdo}
AEdBI =] A 1243 A=7kA] 212 13.6%2F 17.1%%
F7ksle7t 1 ol Foll= AL AV tha FHadhke A
Holch

3-2-3. Z~E]2l/TBHP =H]2] 9k

V-KIT-6(212)5 ARg-3ted A~E]#¥} TBHPS & H](1:1, 1:2, 1:4,
2:1, 3:1, 4:1)8] PEE Foprr] A 40 °CollA] 24417F FE HE

Table 3. Effect of styrene/TBHP mole ratio on the conversion and selectivities to products for V-KIT-6 (212)

Styrene/TBHP Conv. (%) BZ (%) SO (%) PhA (%) Others (%)
1/4 96.2 32.1 36.4 30.5 1.0
12 99.9 54.5 17.2 123 16.0
11 75.8 75.5 14.6 6.7 32
2/1 97.9 72.6 17.1 10.2 0.2
311 46.8 67.1 23.5 9.3 0.1
411 38.1 434 16.2 24.6 15.8

Reaction condition: catalyst amount = 0.05 g, T=40 °C, time =24 h.
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Fig. 6. Effect of catalyst amount on the conversion of styrene and selec-
tivities to products for V-KIT-6 (212) [styrene/TBHP=2/1, T=40 °C;
time=24 h].
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Fk o] 79-2] A A3FE-E 96%, HAHE| =, AE @A)
=, ddopAgd|s| =) Meln= 717t 66.8, 12.6, 20.6%%2 LFERY
Ao A & fAE T des eI

4.4 B

i

il

KIT-6 ZA}] vhba-S £8lste] o8] 717 shdwlse] Jak=
DA vhge] 9AE KIT-6= 2 vpbs #As9) 3
7 (~1,000 m¥/gye YERITE. Wx7]3-9] Z7] B-¥= 5.7~6.0 nm
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