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Table 1 Effects of cycling times on the performance of TS-1 zeolites in the catalytic conversion of ethylene to EG

_ X (H,0,) U (H,0,) o (EG) Selectivity/ % Carbon balance Rates
/% /% /% S (EG) S (DEG) /% / (umol/s/g-cat)

1 st 87.7 72.0 3.66 92.5 7.5 90.9 18.6

2 nd 93.7 70.9 3.85 92.4 7.6 90.8 13.3
3d 90.6 70.9 3.72 92.5 7.5 89.0 7.6

4 th 89.9 68.4 3.61 93.1 6.9 87.1 7.3

5 th 91.5 67.4 3.60 92.9 7.1 89.5 6.6

H, 0, -treated 88.9 71.6 3.71 93.1 6.9 88.2 7.6
calcinated 91.1 71.8 3.79 92.5 7.5 91.3 17.3

Reaction conditions; 60 °C, 0.5 MPa ethylene,
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Fig. 1 Effect of cycling times and regeneration on the ethylene
conversion curves of TS-1 zeolites, with the curves at the
initial reaction stage magnified in a rectangle
Reaction conditions; T = 333 K, P(C,H,) = 0.5 MPa,
¢(H,0,) = 1.00 mol/L, 1% TS-1 catalysts
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Fig.2 SEM images of (a) fresh
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L) 9 TS-1 730t i Ti 550 1.59% , a LAY
St 2RI IR TS-1 5y TR K& AW R A Ti P Ff

TS-1 730 (14 52055 3 W5/ Fd B il e A ] 3
I B EETS - 173 5 G ) S0/ Bt BR pil 8 O TV 7

1000 0.25 0.16
& (a) B (U (c)
Z;; 800 |- TS-1-550 E 0.20f . E 0.12 _
2 600 TS-1-H0,  oasp T T .'1._ .
i W . L L
E: 400 = 0.10f = = "
3 TS-1-1 £ n . £ . W
g 200 Soost [ el /"'- gor | F L
E TS-1 = « Y% h\.. = ’ Mo L.
E 0 L I L I 0.00 [ \ JE— , "ufmam 0.00 ! ! L
< 00 02 04 06 08 1.0 0 2 4 6 8 0 2 4 6 8
Relative pressure, p/p° Half pore width, R/nm Half pore width, R/nm
0.12 0.12 0.25
i . @] _ 3 ©f : ®
P 1 P ‘= o oan
g T = 9 = 0T | .
"';n 0.08 | ,\. "';o 0.08 || _;n D5t | 1
: [, ] ’ I : gl
3 Wi | 3 I Jenf 1]
oo 11| Somr B, £ il
N File | . | T ] . Soosf w1 e
= 1 | P s B i T T T e S
0,00 =t fmamm SR, 0.00 "l 1 . 0.00 P L E |, S L me=
0 2 4 6 8 0 2 4 6 8 0 2 4 3 8
Half pore width, R/am Half pore width, R/am Half pore width, R/nm
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Fig.3 (a) Nitrogen adsorption/desorption isotherms and

adsorption branch for (b) fresh TS-1, (¢) TS-1-

the calculated pore size distribution according to the nitrogen

1", (d) TS-1-5", (e) TS-1-H,0, and (f) TS-1-550
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Lk, HATSE HA BRI [0 38, 3B TS-1 431
HRILRA AL, B AA —E R oL o,
AL R AR AN AL AR FUR H e-plot J5 ¥ #EAT 43 #T
H LI FLAR 43 A5 SR I NLDFT J7 v 3 F /U3 (i %2

PR, BRGSO 3b Rk 2. Fff TS-1 43
FIERI LR EAR 491 m*/g, FLZ N 0.439 em’/g,
o Bl L 2 T BRI B AL AR B 43 1R 359 m?/g
0.149 em®/g, FISCHRH A4S SR SEARFE—3
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Table 2 Physicochemical properties of fresh, used and the regenerated TS-1 zeolites

A/ (m* - g™") V./( em’ - g ™) Deposits”
Catalysts - -
microporous total microporous total /%
TS-1-fresh 359 491 0.149 0.439 -
TS-1-1" 197 416 0.093 0.396 7.8
TS-1-5" 186 253 0.090 0.211 9.2
TS-1- H,0, 295 396 0.128 0.324 1.9
TS-1-550 332 469 0. 146 0.397 -
a. Amounts of the nonvolatile organic oligomers deposited on TS-1 catalysts calculated from TG-DTA curves.
FBEER) TS-1 73 FHiAHLE , MIUORNIIGHY TS- B sm Mo, U1 Ja 01 i1 28 o I T A

1A A L 28 T AR R G FL AR R B R R, 4l
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{30 Ti AR 48 U T 2 19 p-d ALBFERAE ™ 5 W]
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M, E— 2B R WIREER L O 50+ 1 Y TS-1 791
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B 4 (a) @it TS-1, (b) TS-1-1%, (c) TS-1-5",
(d) TS-1-H,0,F1 (e) TS-1-550 A+Fffif) XRD &
Fig. 4 XRD patterns of (a)fresh TS-1, (b) TS-1-1",

(¢) TS-1-5", (d) TS-1-H,0, and (e) TS-1-550 zeolites
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&5 (a)BifeE TS-1, (b) TS-1-1%, (c¢) TS-1-5", (d) TS-1-H,0,F (e) TS-1-550 f¢) (A) FT-IR 1 (B) UV-vis [&lji
Fig.5 (A) FT-IR and (B) UV-vis spectra of (a)fresh TS-1, (b) TS-1-1*, (¢) TS-1-5", (d) TS-1-H,0, and (e) TS-1-550

FRRGAR 1 73 10 FLOE WA ) B2, 380 TS-1 73 1
REEATT S A 5 AT T RRAIR. A ML (e 23 5 0 FLIE
P TCRR AL S B AE TS-1 43 1 21 5035 1 v 968
em™ QbR Bl VA (1) 5 I IR B VR 5 38 o i U
55, X AT REIRTUURR Y B S5 AE 20 07 L 18 % 1o 3 i
SRS Ti-0-Si0, Z544rh Si—O B IR 3l i ik
SREWSS. SRAE A, SO S TS-1 43 ) UV-
vis 1% & OIF B LA 3 TiO, Byl (181 Sb) ,
JFH 218 nm 4b PU EHARC A Ti 498 i) W S0 Uee 114 i J32
WA KA B, X EWE ROV A &
A B HR T [n) TiO, SRR AZ.

5 UAEER BN JE &8 43 2R 1% 1Y TS-1 43 10 22 %%
PeriAJa , H XRD [& 3% th AR AE AT S I ) R B2 | FT-
IR & H 968 em™ 4bF1 UV-vis & 1 218 nm b4
TUE W WS %) 5 B2 5 507 B TS-1 431 B AH L 4 JC B (i
AL, It H A SR ALY AR (17,3 pmol/s/
g-cat) WHENTHEF TS-1 431133 (18.6 pwmol/
s/g-cat) . L5 I8 A AU R B S 06 4
ATLIAN , 22 A8 36 SO e AT ML Rh e TS-1 79§
i FLIE PN B8 AR R 20 43 B 1) L 3 A P T
PLEEEH, o iR R ] LA RO B TS-1 43+ i 1L
BN TR B BRI SZ HAE A 16 .

2.3 EUFRERRY ST

5 WAEA RN G B TS-1 3F i i FT-IR 3514 4n
Sa iR, WIKECN A 5 RN G Y TS-1 43
TRALT AN e 2 889 12 952 em™, DL K& 1 762
em” AbBEREIRLE 3 W W (G R Wi, Hod, mTRA
HIAJET CH, v C—H B A X FR A XS A 46 i
gy, JEE XTI R B C = O XUBE R (4

sl B AE MR W SRR TS-1 430 1 4 1T
FAAEAPLIURY) , 456 S0 BRI Ff 5 5 20 mT LA
b — 2D HEWTIX L6 A LR 32 BEDURAE TS-1 43 10 (1Y
PAALIEIE A RS B 53 0 4 BUR K SR TR,
2889 12952 em™" b YLT AR I FEATH AL,
7 1762 em™ AW SO 1y 5 2 1 S 005 5 X RE R
KA AL BEREAS R Bk SR A7 731 i FLAE P4 ) A LI
By, B3R B3 3R BRI Wy 5 5k B A o3 1 i 9 3%
. AHLZ T, B PR TS-1 2070 i 2141 i 4]
B IR BLBR RSSO 2 T R AN DL, R g iR
K e R AT G Bk 7310 £L 18 A TURR A A B I
Sy ite—2L oy M BB Ja TS-1 4330 2 1 AR
[ 28, TS-1-5" 43 G K Uk 7 A 4L R
GC-MS #4704, BAREESI T 6 . GC-MS 4y

/fOH

Intensity/a.u.

Al

Time/min

B 65 UL HEAL K BEHAY GC-MS 7343 4]
Fig. 6 GC-MS profile of the water-extracted products from

the used TS-1 catalysts after five consecutive reactions
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Deactivation of TS-1 Zeolites in the Catalytic Conversion
of Ethylene to Ethylene Glycol

ZHANG Jia-lin'* | SUN Pei-yong' , ZHANG Sheng-hong'*, YAO Zhi-long'
(1. Beijing Key Laboratory of Enze Biomass Fine Chemical, College of Chemical Engineering , Beijing Institute
of Petrochemical Technology, Beijing 102617, China;
2. College of Life Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract ; Deactivation process of TS-1 zeolites in the catalytic conversion of ethylene to ethylene glycol in an aque-
ous solution of H,0, was studied in detail. The fresh, used and regenerated TS-1 zeolites were carefully characte-
rized by nitrogen physical adsorption, XRF, SEM, XRD, FT-IR and UV-vis spectra, and the adsorbed organic
species on the used TS-1 catalysts were analyzed by using FT-IR, GC-MS and TG-DTA techniques. Characteriza-
tion results indicated that the leaching of framework Ti species in reaction was negligible, and that partial deactiva-
tion of TS-1 zeolites in the consecutive cycling reactions was probably caused by the loss in the accessibility of ac-
tive Ti sites, due to the blocking of micropore channels of TS-1 by the deposited organic oligomers. Treating the
used TS-1 catalyst with an aqueous solution of H,0, could remove most of the organic depositions and recover partly
its catalytic activity. By contrast, calcination at 550 °C could clear thoroughly the deposited organics in the deacti-
vated TS-1 catalysts, leading to an identical performance to that of the fresh TS-1 zeolites.

Key words: ethylene; ethylene glycol; TS-1 zeolites; deactivation; regeneration



