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Abstract — In this study, calcination temperature dependence of TS-1 catalyst was investigated in the hydroxylation of
phenol with hydrogen peroxide during the regeneration of catalyst. Catalyst was regenerated 5 times by calcining at
550 °C and 700 °C, respectively. When the catalyst was regenerated at 550 °C after 5th regeneration phenol conversion
was decreased from 22.9% to 15.1% and at 700 °C after Sth regeneration phenol conversion was decreased from 22.9%
to 18.8%. For formation ratio of catechol/hydroquinone was increased from 1.28 to 1.45 after 5th regeneration at 550 °C, and
from 1.28 to 1.20 after 5th regeneration at 700 °C. The main reasons for deactivation of the catalyst were suggested by
analyzing chemical/physical properties with XRD, UV-vis spectra, N, adsorption/desorption and TGA, and evaluating
the catalytic activity such as phenol conversion and product selectivity.
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Fig. 1. Catalytic activity of TS-1 catalyst before and after regenera-
tion calcined at (a) 550 °C and (b) 700 °C, respectively, during
phenol hydroxylation. Reaction conditions: reaction temper-
ature=60 °C, Phenol/H,0,(molar ratio)=3, Phenol/Catalyst
(weight ratio)=10, reaction time=6h.
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Fig. 2. XRD patterns of the TS-1 catalyst calcined at 550 °C and
700 °C for 4h: (1) fresh catalyst; (2) 5" regenerated catalyst.
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Fig. 3. UV-vis spectra the TS-1 catalyst calcined at 700 °C for 4h:
(straight line) fresh catalyst; (dashed line) 5 regenerated
catalyst.
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Fig. 4. N, adsorption isotherms of the TS-1 catalyst calcined at (a)
550 °C and (b) 700 °C for 4h, respectively.

A& & & It} Table 1914 Freshdt Fui2} 550 °Coll

A7, 7)5e] Fu 2 Y 713 ¥3E v skl
Freshdt Z0|9] H]ZH 42 497.1 m’g 'S VFERAI T 550 °CollA
2233 790l 4733 mPg!, 700 °CollA] A2AdEF 9ol 493.1
m?g & YERQlTE wlA| 7132 vl A2 2 431.6 mPg,
428.6 mg, 422.1 mlg & RO, 7] F2] F-u)= 717} 0.2696
em®g!, 0.2479 emPg™!, 02679 cm’g 'S HOIFQ T}, Bk ulA] 7]
59 Fuli= 72} 0.1768 em’g!, 0.1740 emPg™!, 0.1724 cm’g &
eRISITE, Sl 9hS2 AS AE57 0 F ZsgshEA] 550 °C 2
700 °CellA] AABeE = 712 7-9-9] BET 4] Z¥E vlwsh A7,
& AJolHE wsh 4= it 58] AJAYS Fvlle] BET w4 A}
= HEEE, 7)% F39] 50| Freshdt S|} vi$- ARSI 9182
o2 TR ANE Ao Akt vlis 4k} vkl ARgs
TS-1 w2l vjgHds) el whe- FakEql 73 =2 2] 1
o2 AdeiA] 9Ar4,7,8].

Freshdh S|} 550 °CollA] 53] AAEE Smfj 9 23] A2yt Znj

A oAl - o))

100 |
98
g 96 1
c
2
O 94
<
2
92 1 4
3
90 ‘ : ‘ ‘
0 200 400 600 800

Temperature ()

Fig. 5. TGA curves of the TS-1 catalyst calcined at 550 °C for 4h:
(1) fresh catalyst; (2) 2" used catalyst; (3) 5™ used catalyst;
(4) 5™ regenerated catalyst.
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Table 1. BET surface area and pore volume of the TS-1 catalyst before and after regeneration calcined at 550 °C and 700 °C for 4 h

Catalyst Calcined condition Sger (m?g™h SM,-L,m,mmh m*g™h \ (ecm®g™h VM,-C,W,,Ed (ecm’g™h
Fresh TS-1 - 497.1 431.6 0.2696 0.1768
5t regenerated TS-1 550°C, 4h 4733 428.6 0.2479 0.1740
5t regenerated TS-1 700 °C, 4h 493.1 422.1 0.2679 0.1724

“BET surface area

’BET micropore surface area
“Total volume

“Micropore volume
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