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Abstract — Propylene epoxidation by H,0O, (30% aqueous) as oxidant was studied in a semi-batch reactor using Ti-
MCM-22 catalyst: Effects of reaction temperature, pressure, catalyst loading, solvent, and H,O, concentration on H,O,
conversion (limiting reagent) were investigated. Product inhibition by propylene oxide was confirmed. Ti-MCM-22
maintained virtually the same catalytic performance over the 5 repeated cycles.
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Al adde yaAoR Fo s skE FAolr Eele-ug
o] AR polyol AlZxel| E-8== EZoltt. #AslrAE A3}
Az o] gshs e oS} vkg- AmE %5 Abs)
2 ik FgolH, MFI 7325 2= Eelr 3 Al&Eto]
E titanium silicalite-1(TS-1)7} 23}3F W5~ 714 931 o=
Algh Hhg Sl R RuEQIeHI, 2. o8 mlehe-S vl E ARgSlE
2 gllell gt Atslzz g Ao AENEE O F n]EEe] Propylene
glycol(PG)?} ©]2] monomethyl ether(PM) 5] FAHE= & A&
Q1 Alslzzddls) vee] s Zlom de s3]

T W Aksgel] EAdo] 9t 2 7] 22 Eleky $
F Al E Snljso] wxuEQrh 1 F 7P FEEE Sl
Ti-MCM-222}3L & 5= Q=] MCM-22 A &2l E B[4 [4-91=
12-membered ring(MMR)Z} 10-membered ring(MR)2] 553t 3319
Als FZMWW TF2)E 2= AlgelelEoldt, Sig} Tz X3k
gel& o83 = MWW 729 Eleks S A7t EAAIE Al
Z8 4= o v g FEAA] HFEAZ boric acidE EIEREY &4
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ARE-SE 3 WHol AIFE ST Ti-MCM-22% cyclohexene™}
I-hexene?] o ZA|shit-g-o| A IAF3F4=4211 tetrabutyl hydrogen
peroxide's2] AtSHAlel THAIGlO] ¢ S0 Asg UERAIO
Az o] 7REY] 9] Tatsumi WFHOA TaEst -
E[7-91°] ti-EolTh,

2 AT T W 319} HHST1E o]g3to], thekst Svljel] &
A Z2Ae ST AT E AR o] gste] Alslrzd
As Az W Flf whgoll gk A X3 2 Itk F
< AR O R AREEE TS-1 FllE o] 8ato] FHull vh-gol ok
QT Aps ®argk vh 9o, Ti-MCM-22 )7} TS-19] H]a}o]
Sl o] ¥ st dn] AakE A2 vk lTH10]. 2 A
M= Ti-MCM-22 S §Mdso] PO Alx wks-<ll 48313l
of|ZAIg} RESell nX|= 8 TG T Zulje] ARyl

thair] AT
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Ti-MCM-22i= Tt 22 A2 Al A2 e 94 815l
o}, 2l EAIQ] piperidine(PI, 99%, Aldrich) 18.25 g2} &H/4
O xJi-

51.3 g& 43+=t}. 93719 boric acid(99.5%, Aldrich) 12.45 g} fumed
silica(Cab-O-Sil M5, Riedel-dehaen) 9 g2 |2 o= T 347+
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oAk wHISICE, o] 3 autoclaveol] ¥l 443 K, WHH%5= 100 rpm
o5k o] 7YU7F $MEPA B-MCM-225 dEtt ol 24, Al
23k 3 323 Kol 73} B-MCM-22¢] Boron: A7 &17] )
gto] 6 M HNO,= AF A 2]E 33] wHegt 5 71 &21€] )7} 1 Sio,:
0.02 TiO, : 1 Amine : 19 H,07} ¥ %5 A 2|3t B-MCM-22,
tetrabutyl orthotitanate (TBOT, 97% Aldrich), P1 18] S57+%5
4=t} o] T autoclaveol] Wil 443 K, R+ 100 rppmE 3}
o] 7UXF BT E T vhy Fg SRR ARkl 323 K
of| A S Bt X3 o]F 2 M HNO,Z AF A28k & 803 K
oA AVdehd HEHOE Ti-MCM-225 AEth

e 24 XA gd 742 Xeray diffractometer(Rigaku-
Miniflex, Target: CuK @, Filter:Ni)& AM-51o] =85I9ic). 34 &
Aol xrek gl 97]15 &laly] 91610] SEM(Hitachi S-4300)S
ARESISITE. HEHTS] A% s gRlsk] 98kl UV-Vis #%
#2418 8813 0| Varian Cary-3E double beam spectrometer®]]
A EAT Si0E EFEAE 3ol 200~600 nm HHlolA &
5 Sk

2 A ZEAE} H-S 125 ml §32] 3F-2] 875 o]&
3197 36.6 2] 2l Qlof] 2.5 wt%] TSR (30 wi%e)E WOl 40 g
o] glS A3 TS 1,000 rppm e E W A7) &It 1
$ES7] Ultel wix|gt HIZE JhET]o] wigke} 2RksleA gl
s WA Y1, TS AU A 1-way valveE 331 7]
Jo 2 18kl back pressure gaugeS ©]-251] A =S
AN 2dEfellA REg-S Z18eict. vhg7) 2Hs
2 g o TKdste] WS ER £E|a, W& o] &s)
o 71AF o= wRksIITE WY Mg ¥g7] U] e+

8

2 116" SUSTRE Fall A AIRE I 0= AjFH e GC=
730 23S AsISiTE dbslA o] ke 3 A EAd ferroin
indicatorE- ©]-&3+ CeS0O,(0.1 M) ZHHE o] g3to] A3

A/ &2 flame ionization detector$} HP-5 capillary column(30
mx 0.32 mm)E AR-3F SIMADZU GC-14A gas chromatography=
Bt

2
Mg T Wk ARE sl Holl 7hds] Fadt 71 B4
TS 3Relslgith. XRD &S Fig. 1(a)3} 201, 3 °9} 6° 29
S TEE vUehdle 54 937 & JERRla, 7~10 © HElelA
12-membered-ring A& 732} 10-membered-ring2] Azl 35}
= 20~30° Alolol| ] YER s MWW 2419 B4 va5S &
Q1 gk 4= QISITE. o3 #Us T4 =& Fig. 1(b)2] SEM Ak
3} o] =t g2l ez A Ik UV-Visible -3
2 A7E Fig. 1(c)ell BAISRITE Ti-MCM-22 F7dollxl= & A2
74 Y AleN =99 Eehg AE F 7E 9ol EAlshs ¢
- EERE T A AHE S AX AAR=[7-9], 248 $2
Ti-MCM-229] - &34-2] Blels SeAH el adsh= 280 nm
o] 935 3] AAS = o2t

Z23Y o ZA)3} WhE-0] FF £ TS-1 F1|= o] f3lo] 5
33t o]x A3 AFH10}E BEiZ slo] 1l 0.1 g, B4 2.5
wt%, 233 7 atm, 318 K, 1000 rppm WHF 707 A5kl
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Fig. 1. Characterization of Ti-MCM-22; (a) XRD pattern (calcined),
(b) SEM image (calcined) and (c) UV-Vis spectra.
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w2 2o o EYe|Edef| thEk e 7 HkSol 2
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Fig. 2. (a) Effect of temperature on C;H, epoxidation; reaction condi-
tion: 7 atm, 2.5 wt% H,0,, 0.1 g catalyst, acetonitrile, 1000
rpm stirring and (b) effect of pressure on C;Hy epoxidation;
reaction condition: 318 K, 2.5 wt% H,0,, 0.1 g catalyst, aceto-
nitrile, 1000 rpm stirring.
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Fig. 3. Effect of catalyst loading on C;H, epoxidation; (ll) 0.1 g, (A)
02 g, @) 0.3 g, and (@) 0.4 g; reaction condition: 318 K, 7
atm, 2.5 wt% H,0,, acetonitrile, 1000 rpm stirring.
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Fig. 4. Effect of H,0, concentration on C;H, epoxidation; (H) 2.5
wt%, (A) 5.0 wt%, and (@) 7.5 wt% g; reaction condition:
318 K, 7 atm, 0.1 g catalyst, acetonitrile, 1000 rpm stirring.
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Fig. 5. Effect of PO added on C;H, epoxidation; (lll) without PO, (&)
H,0,/PO=1/0.5, and (@) H,0,/PO=1/1; reaction condition:
318 K, 7 atm, 0.1 g catalyst, 2.5 wt% H,0,, acetonitrile, 1000
rpm stirring.
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Fig. 6. Effect of solvent on CsH, epoxidation; (H) acetonitrile, (A)
acetone, (@) methanol, ((J) selectivity of propylene oxide in
methanol, (A) selectivity of 2-propanol methyl ether in methanol,
and (O) selectivity of propylene glycol in methanol; reaction
condition: 318 K, 7 atm, 0.1 g catalyst, 2.5 wt% H,0,, 1000

rpm stirring.
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Fig. 7. CsH,, epoxidation using regenerated catalysts; (ll) fresh catalyst,
(A) regeneration 1st, (@) regeneration 2nd, (CJ) regeneration
3rd, (2) regeneration 4th, and (O) regeneration Sth; reaction
condition: 318 K, 7 atm, 0.1 g catalyst, 2.5 wt% H,0,, acetonitrile,
1,000 rpm stirring.

sjstgat

Hl46H Hl4= 2008 83

243 - sk
Zul] QY] FFE ol r] 95t Hhgof| AREEE ZuljE 54
3lo] oflgkS® AT F A8 Uy thA] 2 o] FA]3) uk
S A ow, 71 AE Fig. 70 YERAITE Sl S 5
3] HiEslo] A Ay ofeke A1H F 248 Ti-MCM-22 =
= S 93] BEes ERIssit)

4.

i

=
AR (30 wi%)S ASHA| R o]-&ate] T2 of| FA]3} BF
S 9 IS TI-MCM-22 S =3siin), Andos &
, 9] F7tell et kel T It oprlELe| E-o] 7}

/\—6], %_UHoﬂ ou% PO % E_'HL:J]. 100%01] :Lx%g]_oﬂx]u]— Uﬂ‘ﬂ'—%
= /\l%obwé w= Sl @Ao] wolA|ar PO Y 4] 90% 7
TR Agte] whet 2hAaghe RIS A SR Alsr g e
REgol] JAAZ Agoks gele & 0‘911:} Ti-MCM-22 Sl
Z 2R of|FAIFEGol| FHuff Edo] gratal rkEe] s

ﬂll

oN ]—r\ olo

ROFE BB ABAR ARSI Sl B A1} WS
A Ts-1 B} o] $84 5 9lovlel BRsA, ThAl) ofe]

& Sl Al Fgol sfAEofof A A8S sl & 5 3o

2Je} A7)},

1. By, J,, Yun, S. H. and Rhee, H. K., “Epoxidation of n-Hexene
and Cyclohexene over Titanium-Containing Catalysts,” Korean J.
Chem. Eng., 17(1), 76-80(2000).

2.Ko, Y. S. and Ahn, W. S., “Characterization and Catalytic Prop-
erties of Titanium Silicalite-1 Catalyst, Korean J. Chem. Eng.,
15(2), 182-191(1998).

3. Clerici, M. G, Bellussi, G. and Romano, U., “Synthesis of Pro-
pylene Oxide from Propylene and Hydrogen Peroxide Catalyzed
by Titanium Silicalite} J. Catal., 129, 159-167(1991).

4. Corma, A., Corell, C. and Perez-Pariente, J., “Synthesis and
Characterization of the MCM-22 Zeolite]’ Zeolites, 15, 2-8(1995).
5. Guray, 1., Warzywoda, J., Bac, N. and Jr Sacco, A., “Synthesis of
Zeolite MCM-22 Under Rotating and Static Conditions, Micropor:

Mesopor. Mater., 31, 241-251(1999).

6. He, Y. J., Nivarthy, G. S., Eder, F., Seshan, K. and A. Lercher, J.,
“Synthesis, Characterization and Catalytic Activity of the Pil-
lared Molecular Sieve MCM-36, Micropor. Mesopor. Mater., 25,
207-224(1998).

7. Wu, P., Tatsumi, T., Komatsu, T. and Yashima, T., “A Novel
Titanosilicate with MWW Structure. I. Hydrothermal Synthesis,
Elimination of Extraframework Titanium, and Characterizations, J.
Phys. Chem. B., 105, 2897-2905(2001).

8. Wu, P, Tatsumi, T., Komatsu, T. and Yashima, T., “A Novel
Titanosilicate with MWW Structure: 1I. Catalytic Properties in
the Selective Oxidation of Alkenes, J. Catal., 202, 245-255(2001).

9. Wy, P. and Tatsumi, T., “Preparation of B-free Ti-MWW Through
Reversible Structural Conversion, CHEM. COMMUN., 10, 1026-

1027(2002).

10. Ban, H. J., Lee, K. Y., Lee, J. K., Chung, S. T. and Ahn, W. S.,

“Propylene Epoxidation using Titanium-containing Zeolite Cata-
lysts) Korean Chem. Eng. Res., 44(2), 121-128(2006).



