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Phenol Hydroxylation over TS-1 Synthesized by Hydrothermal and
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Abstract — Catalytic activity such as conversion and selectivity on the phenol hydroxylation over TS-1 prepared by
hydrothermal method and microwave heating method, respectively, was compared and discussed for understanding the
dependence of solvent such as water, methanol, acetone, respectively, during phenol hydroxylation, with hydrogen per-
oxide. Basic physical properties such as XRD, EDS, SEM and N, adsorption/desorption were determined and com-

pared. The relationship between catalytic activity and physical properties of TS-1 was explained.
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2-1. S0f &

HTTS-1(SiTi=23) 3+ A= ZA tetrapropylammonuim hydroxide
solution(TPAOH, 20% in H,O, Alfa), tetraethylorthosilicate(TEOS,
Aldrich), tetrabutylorthotitanate(TBOT, AlfayS A8-5}%] Thangaraj
et al.[8]2] §/3 Lol ule} A== ). o] RES-E2] & 232 0.36
TPAOH : 0.007-0.1 TiO, : 1 SiO, : 20 H,00|t}.

MW-TS-1(Si/Ti=98) Plo]T23} @ E(Mars-5, CEM)| 21 ]
T2 AGES7 1 el AR W Zedol] wheh AlZ=E JITHS).
S AEZE tetraethylorthosilicate(TEOS, Aldrich), tetrapropyla-
mmonuim hydroxide solution(TPAOH, 20% in H,O, Alfa), tetrapropy-
lorthotitanate(TPOT, Aldrichys ARE3FS1 o™ & /S 1 TEOS :
0.2 TPAOH : 0.014 TPOT : 22.2 H,0% 33t}

22, F0 £ 24

X-ray diffraction(XRD) 4> CuKaE A3t Rigaku D/MAX-
2200V Diffractometer® 573 %3] © ™, Energy Dispersive Spectrometer
(EDS)elA Fm 2] SifTi &5 Alkkelaict. o] Fwlje] 27 =171 9l
el XL-30S FEGS] Scannig Electron Microscope(SEM)S A&
o] ERISIITY. &, Fulle] v 71y 27+ xe A &
Z-ekzl AJ&S 53l Micromeritics ASAP20002 ARE-slo] 57935}
s,

2-3. HiEs A HEE

TAFE}E A2 (Sigma-Adrich, 50.0 wt%)S ARE3E Bl S24ks) Bl
o= &l Fiel e H7FISIT. 20l 100 ml B viet &
gAIE AR 5715 AFERIth Shlls o ET Mgks:
9 =& ARSI HhE7] el 81 30 g 5 (Samchun Pure
Chemical Co., Ltd, 99.0 wt%) 10 g& =91 Fof|, Fulf 1 g2 ¥
ek, 2o wRk Aol 20 2EE 60 7 LEF F
o, NEFU71E AREsto] FAEEA 24 miE & Wof 918}
At HEgo] AlRHg o] Alghale} Al 55 AjFste] HPLCE #4
3tk HPLC S E(SP925S, Young-Lin, Korea), UV ZZ7](UV725S,
Young-Lin, Korea) 2! Spherisorb® 5 um ODS,(4.60 x 250 mm, Waters,
U.S.A.) A9} 4-fluorophenol(99.0 wt%, Sigma, U.S.A.)S X5 A
5 BHE ARl dlE e} A Eell tist MY EE ARt
Sk WS TES FEkleh9l.
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TS-12] Si/Ti= 712} 23, 980|Sli=t] o] 4 Moz A=
Sk TS-10] 48l O W2 EJebE S X3tk 2 Hofett Sl
A7 A7) 9 725 SEMOE 213 4= 9l=d| Fig. 2(a)°l4] HT-
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Fig. 1. XRD patterns of (a) HT-TS-1 and (b) MW-TS-1.

Fig. 2. SEM images of (a) HT-TS-1 and (b) MW-TS-1.
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MW-TS-1°11 Z}2} 497.6 m?g™!, 438.9 m%g™'2 SAHHA L, 715
o By 22 027 em’g !, 0.23 em’g 'S HFERASITE. MW-TS-1
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TS AFREIO] MW-TS-10% 3 418} iks-S =
3loict. Sulli= obMlE T} Wighs 9l B8 ARSSlaL Sulje] uhE
s Agg3 YAE) AEn W3S v wsldthFig. 3). 9 6
AZF A ) dEm S oAlElA 5.2%, HIEREOlA 4.5%,
EollM 19.8%% YERNQITE Whdoll, HT-TS-101M+= 6 A7 BES-
F i A880] oAEdA 22.5%, HE-EolA 31.7%, =l
32.5%% YERNSITE HT-TS-1014 BA4o] 78 =8 fullE 54
2 vdahd E=mg-gsoAlE =0l MW-TS-12] Z-9-ol% &
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Fig. 3. Solvent effect on phenol conversion for phenol hydroxylation
with H,0, over HT-TS-1 and MW-TS-1, respectively. Reac-
tion conditions: Solvent=acetone, methanol, water, Reaction
temperature=60 °C, Phenol/H,0, (molar ratio)=3, Phenol/
Catalysts (weight ratio)=10, Reaction time=1~6 h.
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Fig. 4. Solvent effect on the ratio of catechol(CAT) to hydroquinone
(HQ) and p-benzoquinone(BQ) selectivity for phenol hydroxyla-
tion with H,O, over HT-TS-1 and MW-TS-1, respectively. Reac-
tion conditions: Solvent=acetone, methanol, water, Reaction
temperature=60 °C, Phenol/H,0, (molar ratio)=3, Phenol/
Catalysts (weight ratio)=10, Reaction time=6 h.
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