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Table 1 Catalytic performance of TS-1 zeolite modified with different phosphate solutions in the epoxidation of propylene

Cat(0.1 mol/L) pH X,/ % Spo/ % Yoo/ %
TS-1 - 80.22 85.93 69.48
TS-1-NaH, PO, 45 87.80 90.87 81.96
TS-1-KH, PO, 45 94.63 95.42 86.81
TS-1-NH, H, PO, 4.4 85.03 98.26 88.33
TS-1-Na, HPO, 9.1 51.41 70.76 4.47
TS-1-Na, PO, 12.3 1.98 92.43 2.80
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12 N E 5 a5 2 P R — S A0 17 TR ot 1 s A £ 7
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5%. 4 FBCIE 3 5% 1 W R — 401 ( Na, PO, ) TR BT
B, AR PO BRI RARIE RN T 92.43%, L&
T, R H,0, WAL R A FRAREIA 2 2%.
T H,0, 5L RAG, FrLUZMERIAY PO PR
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Fig.1 Effect of NaH,PO, solution concentration on the catalytic performance of modified TS-1 zeolite

in the epoxidation of propylene
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0.2 mol/ LI it i Ak 7 9 PO 36 8 P 3k 21 e K(H
97.86% , WHHELFIH H,0, L% K 92.94%. i
A, NaH, PO, 5 157 Y 7F 458 9 i vie B 3 [ P (A
0.1~0.4 mol/L) ARAEAT A5 M 48 =5 TS-1 W A fH 1L 57
TER IR EAL N B H, 0, 5 AL 1 PO e,
AR B G B TR AR IR BRI B 4R R, et AR Y

IEARTEPE T ek Bl KM, BRI IR BT Y
WRBEARSE KO H PO de PR MRl 22 48 s, elek
AR TR A8 R SR8 T T8 AT T I T S Ak s e
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T B X AR S, (A PO SRR M AR
B HemtEut iR R ok AR L B P TS-1
AL PERE AT AR AR, AR,

2.1.3 JKPEAL X NaH, PO, %5 K B 5% 1 M 2
B RN B T DA, B AR K AL BT kAL
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Table 2 Influence of water rinse on the catalytic performance of NaH,PO, solution modified TS-1 zeolite

in the epoxidation of propylene

Sample Rinse times Xiiyo,/ % Spo/ % Yoo/ %
TS-1 - 80.22 85.93 69.48
NaH,PO,-TS-1-0 0 90.68 95.35 87.97
NaH,PO,-TS-1-2 2 91.24 93.63 84.63
NaH,PO,-TS-1-4 4 92.94 90.48 81.67

IR AL RE ™ A T — 22 RS IR ( Bl K P )
B, PO SEEEME TR, i 0,054 1FF) , H2
R 285t 4 YRR e Ak 3 A A A SRR 47 9% 26 B
92.94%11) H,0,5 1L 1 90.48% (1) PO B, H
Ze3d 4 YOKPRAL R SCHERE S H, 0,56 L/ PO

VERRPES TS-1 B A BRAAR FE 2= D00l i 12 4>
Oy RN A AR L AT, ) NaH, PO, % S
Bt TS-1 Pifr 7= AR B BCMERICR , 7E NG Al AL =
BRI S A SO B — e R g 1.

2.1.4 BERER HHE AR ETA
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Table 3  Effect of direct addition of NaH, PO, solution into the epoxidation reactor on the catalytic performance
of modified TS-1 zeolite

NaH, PO, dosage/( pmol - L") Xiiy0,/ % Spo/ % Yoo/ %

0 80.22 85.93 69.48

154 92.09 88.92 77.53

309 94.92 92.34 82.54

617 94.07 92.33 80.68

1235 91.81 92.80 75.40

2469 75.71 95.42 69.34

T S L RERE I S 3R = TS-1 Wk A7 HEAL R A H, 0, %%

LA PO BEEEIE. HNEIH AR A 154 RC=80% Na,P0O,-12.3

umol/L f¥) NaH, PO, i, TS-1 ¥l AL 1 H, 0,54
L PO B FEM: 3 51155 5 92.09% 1 88.92% ,
JNE R RN NaH, PO, I 23 4 3 T R4y 12 M E
YR ANE S YR AEAR R TS
309 pmol/L 4 NaH, PO, I, TS-1 3 47 4 1k 71 1
H,0, %% 46 F F1 PO 3% £ 14 73 ) i5 2] 94.92% Fl
92.34%. #t — 3 IR WM Y NaH, PO, ¥R BB 28
617 pmol/L i}, TS-1 WA AEALFI 1Y H, 0, Fe 4k 1
PO M FRAR 2 P2 = E A A R . (B2
S ) NaH, PO, ¥ B 538 155 (40 2469 pumol/LL)
BF, TS-1 Wk 1 /Y PN 4 PR 480 A T Pk B dnl b 9 410 )
T, FECH,0, 5% AR W] BAK T RN o e A
NaH, PO, I B 25 5. M4k DL _E 400 25 S 06 45 SRR
A, BB R EEI AR S A R N AR
WXf TS-1 Wl A A Ak v e A B o i 32 A HPE T, H
XF PO BEEEPE I EE T FHAS Q078 S N 2 i FH 1R 1
FRER VA IR BCE TS-1 WA, R, KR Ewh iR
EEEIN AR S AL R A T AR RS TS-1 Wh A
AL IE | X 55 SRR T 1) Fh 2V E AR # A
2 TR,

2.2 BEES R IR R B XY TS-1 A 4L R B 220
2.2.1 fiRgE NE 2 Haf LB, BRPERE R
ERVE IR BICEXT TS-1 WA 1Y R IR 25 8 52 M AR /).
FHESTRIE R Na, HPO, W = 5t e PEXT TS-1 ¥ A 1Y
Al AR ZE RA R e T D 2208 (8 BRI 5 Y Na, PO,
VSRR BE 255 TS-1 Wp A1 A9 b AR 25 4 7= A e K
IR, SO Bl S5 A & 1) AH X &5 5 BE [ 80%

RC=98 % Na,HPO,-9.1
RC=97 % NaH,PO, -4.5
W

Intensity/(a.u.)
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Fig. 2 XRD patterns of TS-1 zeolite modified with

different phosphate solutions
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LRI AR AE. MR PR BET F 2% 1w AR 4 45
(B&), BR T Na,PO, VW BECERY TS-1 WA L%
THFRIA R AR 2 A, T R b W R i ek 5 i
() TS-1 WA LR IR AR AL/, 4 70, O
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WA B R ) TS-1 ¥ A LR F (0.5 ~0.6
nm). N F4H 0] LLFE H, 7€ NaH, PO, ¥A = 3ot X
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Fig.3 Argon physisorption isotherms of TS-1 zeolite modified

with different phosphate solutions
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Ji—J7 T, MIZAES B RERR LE (ST Bk, 59
R PE Y NaH, PO, & WFEXT TS-1 3 41 4712 Bt sl 1
A A B i b S OB 2R R G ANad, AN P/T LR 43
Mres Sk E, R4t 4 DOKBEMIEOL T, R TE
TS-1 W A7 B AR o BERRAR WAl 2%, [e] iy 285
IKBEAL B HBOPE TS-1 R it 1 b3 AR A e n
HJR R i R — 2D ARE.

2.2.3 BRYFP A SO RO BT RS IRk
(R L AN SR B () R — BN BRIt AN
IR RER T S %A T TS-1 B9 itk e, Rt 7E
T RIS, FoATT 2T 3 iR
IR LR A VIR 15T O X TS-1 b A7 A RZ ).
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Fig.4 Influence of modification with phosphate solutions on the pore size distribution of TS-1 zeolite

F 4 KEFEIT NaH, PO, A TSI TS-1 3 A AR FI L5220

Table 4 Influence of water rinse on the composition and texture of NaH,PO, solution modified TS-1 zeolite

Sample Si/Ti/ % ( molar ratio) P/Ti/% ( molar ratio) Sppr/ (m* - g™h)
TS-1 37 - 442
NaH,PO,-Wash(0) 38 0.87 442
NaH,PO,-Wash(2) 37 0.80 458
NaH,PO,-Wash(4) 38 0.05 518

M S B AN &g T L, TS-1 WA BEARR
T &AW LA B 2R Z ANE A R S B K )
Fifr. PR R A EEARAF 50 T 1125 em ™ AL,
7S ELA BRI FR B 2L 4R 15 5 BAE 705 em ™ Ab. 4R
o SCHlR R TE, X RS BE A Bk B R T BE B A
(Ti(0Si),(OH),(H,0),) &ML, &—Ffh5 TS-
1B ZRAHE | A7 B SE 4 T M 7S B K
T, FE RGP SAAC RN T, %S B r R AP B TR
P, BTGB IR PO SEHEPE. D34, TS-1 WA bk

RTE 516 em™" Lb 1T 06 U5 @ SR Bk H L TiO, Y RFAE
W, et R BERR — &% (NH, H,PO,) | BER —
A8 (KH,PO, ) FIERR — =81 (18 B ' NaH,PO,-0)
VWS B TS-1 AR, HOSE ALK Y IR 15 5
FEARTH R, I HL VYR R R i e 15 5t BH G0
55. MOKBERE S 2ok E ol LA, 7K
VAl BT 28 i iR — SN VA VR R M Y TS-1 R A
(18 DU A7 K 42 o R 7S A7 B 0 i 1) G i e 75 31 i
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Effect of Phosphates Modification on TS-1 Zeolite and its Catalytic
Performance in Epoxidation of Propylene and Hydrogen Peroxide

ZHANG Chao', WANG Gang', LI Yue', WU Guo-xing', FENG Zhao-chi*, GUO Hong-chen'"
(1. Department of Catalytic Chemisiry and Engineering & State Key Laboratory of Fine Hemicals ,
Dalian University of Technology, Dalian 116024, China;

2. State Key Laboratory of Catalysis, Dalian Institute of Chemical Physics, Chinese Academy of Sciences ,
Dalian 116023, China)

Abstract: Liquid-phase epoxidation of propylene and hydrogen peroxide over titanium silicalite-1 ( TS-1) is the ba-
sis of the new HPPO technology for propylene oxide synthesis. A comparative study was conducted to gain insight
into the effects of impregnation modification of acidic phosphate solutions ( ammonium dihydrogen phosphate , mono-
potassium phosphate and monosodium phosphate ) and alkaline phosphate solutions ( sodium hydrogen phosphate
and sodium phosphate) on TS-1 zeolite and its catalytic performance in the epoxidation. Results show that impreg-
nation modification with the acidic phosphate solutions can notably increase both hydrogen peroxide conversion and
selectivity of propylene oxide of TS-1, However, impregnation modification with the alkaline phosphate solutions
can obviously deteriorate the catalytic performance of TS-1. Therefore, only the acidic phosphate modified TS-1
catalysts were focused insample characterizations. Results indicate that the reason why the TS-1 catalysts modified
with the acidic phosphates exhibit improved catalytic performances mainly lies in the interactions of phosphate anion
species with tetra-coordinated titanium and hexa-coordinated species. Said interactions should be weak since it
would be unbound by water rinse and the phosphate anion species would be washed away. Even so, the interactions
seem enough to passivate the hexa-coordinated titanium species and to modify the local environment of the tetra-co-
ordinated titanium active sites.

Key words: phosphates modification; TS-1 zeolite; epoxidation of propylene; tetra-coordinated titanium species;

hexa-coordinated titanium species



