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1.1 Ti-HMS R 40K & LT §l &

Ti-HMS (1145«

a) Ti-HMS 45« 0. 027 mol + —J{z(DDA)
VF 0. 65 mol Z,fE. 3.6 mol 7K, 0.002 mol HCI ji
G, 1A AL K B IEKER T I (TBOT)
A 0. 1 mol IERERR LR (TEOS) F10. 1 mol S5 A it
(IPA) IR G 15 B AH. RIZIGEHE T B = A
H, RS TE 18 h, HhUE, PRk, 60 CHZE T
fi, 15 Ti-HMS Jsiky. 650 C 558 5 h 155 0 Ti-
HMS-A,, m =ng/ny.
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b) AL Ti-HMS (N-Ti-HMS) i1l % . ¥ b
AR Ti-HMS Jioky & T4 Xy, mEA, J+
2% 800 ~ 900 C, HiEA AL 5 h, 15 N-Ti-
HMS, 53k Ti-HMS-A, -N,, m =ng/ny, n N &k
RACTREE .

g oK 4 AR R ) A LT AR DT UE i (DP
W) U A ok A AL ).

a) FREL 100 g ¥ E 0.5 mg/mL [ & 4
(HAuCl, - 4H,0) %W, 3z 70°C; LA 1 mol/L
(1) Na,CO, #HT5 pH {E 0 8. 8 72475 A1 g Ti-
HMS, BIZUGEFE 1 h, (1R, Wi 2 =R,
UE, VEUS, FIES T, 300 CRHBE4 h 155 44
£k Au/Ti-HMS.

b) FREL 100 g ¥ JE 0.5 mg/mL K 5 4 W2
(HAuCl, - 4H,0) %%, 3z 70°C; LA 1 mol/L
(1) Na,CO, ¥R 5 pH {E R 8.8 Aty s FREC 1 g 1)
Ti-HMS IT AW, $id 15 min J5, IIABIHI (S mL
0.038 mol/L 1 Ba(NO,), /&), 4k sedi+ 45
min, {5 EE, BAIEEMR, WIE, UER, FEiRE
2T, 300 CREHE 4 h 155 41k 5 Ba-Au/Ti-
HMS.

1.2 EAFIFEEITER

PRI PR VA S AE — 1 T A 1 5 PRI I
Mg NFEAT (i d. 7 mm) |, fEFEFIHE A 0.30 g, 2
7 MR A BUAL R R H, (3.5 em’ minT,
99.5%); 0,(3.5 ¢cm’ min~', 99.5 %) ; C,H,(3.5
em’ min~', 99.8 % ): N, (24.5 em’ min~', 99.9
%) =10: 10: 10: 70, 2547 000 cm’ + h™' -
geat ™. N ATXHEALTIVEST LR WAL EE: 1E N, X
M1 h FHE] 250 °C, ArAH Hy (3.5 em® min ')/
N,(24.5 em’ min™') H1 0,(3.5 em’ min™')/ N,
(24.5 em’ min ") SEE AR 0.5 h. N,(24.5 em’
min ") SR FFFIELE 100 C, FTHATA RS, ¥
RNHEAT 0.5 h J5, ffi 1 GC7900 S AH (0 15 % [ i
PR T e e s . N SRR RE. N
P FID A0 %5 DL B AT. SE-30 B 41 (1S H K
W, B A 60m, N2 0.32 mm, B
JERE0.50 wm; CO, WIHY TCD #5 &% &A% 4 3 m
x3 mm(OD) ffJ Porapak Q A543 AT AG .

1.3 RIEFH*E

N, PR BFF-i56 B 23 B 7 95 ] e 35 /8 7] Autosorb-1

SRR BRI A B AT, 7R WG E TR 0 A

N, W& BFF-Jod B 25 98 2%, F BET ( Brunauer-Emmett-
Teller #i) J7 ik it 5 bR @A, H BIH ( Barret-
Joyner-Halenda) J7 ik 3158 FLA% 40 A S o3 B FL 45 4405
XRD R AE A 2= AN A\ X pert pro MPO X
ST AT, MK & Cu 8 (Ka) , 945
FARE: /MAL.5°~10°, J7f15°~ 50 °, il
40 kV, 4 HLE 35 mA, FIRGEEE R 0. 15 °/s,
RN 0.2°5 £LAMGTE 73 Hr7ESE [ Nicolet 6700 HY
N7 AR 2T AR AY E AT (KBr R 53, i
JEFE 400 ~ 4 000 cm ™', AEEE 4 em '), EIE S
I E R S SRR S RIE 5 ICP-OES 23 #r i 1 55 [=
PerKinElmer /% &) Optima 2000DV % 45 8 7 {K i 1
RFHCIEAL, 20 CHE, SR FH JY/TO15-1996 { Jil &
B i S O s ) g iy ZH-ZY-
1132002 APFRIF 2 L) M E 45 A AT R A
KA Carlo Erba 1106 JTE 43 WAL ATl 5 254h
343 B 78 A 50 By s 2 /] TU-1091 7L 5¢
Hh-7] UL 18 B I T 43 A, LA BaSO, {2 1t
Yy, FIEHE 200 ~ 800 nm; = 43 HEiE LA S AT
(HRTEM ) 7E FEI /A 5] Tecnai G*F20 %I 55 45 ¥ 200
KV 3 55 i i AU B 64T, s i Hs 200 kV.

2 RS

2.1 HFESEEFI R
1 9 AN[E] Si/Ti Fe AN RREE T NH; AR B

—e—adsorption
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Volume adsorbed (cm’. g")
\\ 5
aln
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1 1 1
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Relative pressure (P/Po)

K1 Ti-HMS-A, il Ti-HMS-A, -N, [ N, 05 B -iid Bt 265 3 2k
e ALAR S
Fig. 1 N, adsorption-desortion isotherms and pore size
distribution patterns of Ti-HMS-A  and Ti-HMS-A -N,
(a) Ti-HMS-A 55 (b) Ti-HMS-A,,s; (c¢) Ti-HMS-A,y ;5
(d) Ti-HMS-A,4/5-Ngoo; (e) Ti-HMS-A,,,5-Nqs 3
(f) Ti-HMS-A 5 -Nggo
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Ti-HMS 14 W% BF- o B 25 TR 2R AN fL A2 20 A . IR
AT LA BT 2 A R o 28 780 35 oAy TR ) AL 37 Ui
IV AU A5 IR ZR, fE P/Py =0.2 ~ 0.4 Ab & <R
R, OEHE TN, TEBARE T T 502 52 W b
MG 2 )2, 4 ) 8k — e B G AL+
fLE LA T BAIBER IS, N, W3, (12
FEJEAAR/N, SRR E RN — P REK, X 53X
ik AE R — 2 7 S EF a b, c BN,

I B - FE B SR 2 P MR G Si/ T JBE R LI B AIG, K
TN, Ti-HMS () EANE SR B R IKE &, X
VP RE S FLIE 25 R B AR, Xt il LA )
METEH, A Si/TEER L BEAL, FLES T
58, LT IR AT LUE H NH, b3 B 2552 00 4y
T 5 AL R P, A PR R, S BRGET- 2%
TR AR

1y Ti- HMS 1 ¥y T 45 1 % 48, N 3%

% 1 Ti-HMS-A,, 71 Ti-HMS-A,,-N, K4 R & 511
Table 1 Textural properties of Ti-HMS-A, and Ti-HMS-A -N,

Samples Pore diameter( nm) Sper (m*/g) Pore vol (em’/g)
Ti-HMS-A 5 3.08 1178 0.91
Ti-HMS-A ., 2.20 978 0.78
Ti-HMS-A 4 s 2.52 1177 0. 84

Ti-HMS-A 005~ Ny 1.92 1128 0. 54
Ti-HMS-A 005~ Ngso 2.01 1024 0.52
Ti-HMS-A 005~ Nogy 2.10 746 0.39

BRI AL, R SU/TL Lo, FLAR . FLARER.
PeR AR Z gy, X2y Ti 1 I F- 2R AR B Si
K, BEFRES Ti SRy, SS30nsY K.
FLBERGES NS T FLARZE R, e iR
RS REIR AL Ti-HMS Af 8 H, 24 A Mk
G ALAE . FUARFR . LRI A — R
ARREARR , o2& Ti-HMS-A 50,5 -Nogo HE 22 TR M 3
REEATR, AT REA DR A Ak B R K 5 | S LB 25 4 0 43
I .

& 2} Ti-HMS-A, FITi-HMS-A, -N, ¥ XRD

Intensity (a.u.)

(S y=
-
—-e a6 oN

6 8 10
20/C%)
€2 Ti-HMS-A,, il Ti-HMS-A,,-N, f#j XRD j#[4]

Fig.2 XRD patterns of Ti-HMS-A and Ti-HMS-A, -N,
(a) Ti-HMS-A 455 (b) Ti-HMS-A,55-Ngyg 5
(c¢) Ti-HMS-A 55 (d) Ti-HMS-A,,5-Ngso 5
(e) Ti-HMS-A,y75 () Ti-HMS-A, 40,5 -Nogo

. B TA Ti-HMS 270 BIEAR A X 26 =2° M

AT BUAR A (100) f 7 AR5 HE AT RS 068, 58 B P il 75
(9530 BATS T A LA, T34 Ti-HMS-A
AE 20 =5°BH Bl — SEAY A G, SR A ELA U
Utk (wormlike) FLESHY B TERT . A% T Ti-HMS-
Asooss » e i AL Y Ti-HMS-A 45-N, o 11 20 =2°
BFA A S WAy P B4k, 26 = 5° B Hh B0 ) 0 T
K, Ti-HMS-A,45-N, KIFRA N FLEHY, EfLAL
R FEA 7 P REAR, Ti-HMS-A o0,5-Nogo £7 5 P Bk
BB Y f5c o 1 L.

3 M Ti-HMS-A s FITi-HMS-A o s - Ngs, 4 {8

Transmission (a.u.)

1 1 1 1
4000 3000 2000 1000 0
Wavenumber (cm™)

P 3 Ti-HMS-A, 5,5 1 Ti-HMS-A 40,5 -Nys, 19
(LLC AR S i
Fig.3 FT-IR spectra of Ti-HMS-A s and Ti-HMS-A,,,s-Ngs,
(a) Ti-HMS-A 5 5 (b) Ti-HMS-A 55,5 -Ngs,

AR LTSN TG B, BIRPRE S AE 1090 em ™ Bt



216 g T i M

25 %

SEAF AR R YOI, 3360 17 TR 4 DU T4 Si - O —
Si S XIFR LIRS, 7E 455 cm ™' 800 em "' fff
T HUBLEE Y Si - O - Si B X RRAR S ki ™.
FATE 960 em " BRI A BRI i , AN i )

J&F Si - OH {3 Fx i 45 JR sh Al Si - O - Ti fiy
T

520 4 AL A K2 B K TE 22 40T SR AT 1 55
MR AL B3 U B A 2

R 2 SEMAFFERERE

Table 2 Characterization of the catalysts and supports

Catalysts Au contents(g/L) Au (wt% ) N (wt% )
Aw/Ti-HVMS-A 5 0.5 0.08 0
Ba-Au/Ti-HMS-A 0 5 0.5 0.23 0
Au/ Ti-HMS-A iy s -Nysg 0.5 0.72 1.46
Ti-HMS-A 5 0 0 0
Ti-HMS-A 1y s -Nyoo 0 0 1.25
Ti-HMS-A 50 5-Nyso 0 0 1.46
Ti-HMS-A 505 -Nogo 0 0 2.07

Au FHHEG, SRAME AT R, R
R, N & Bk,
P 4 AR AR S AN AT UL T8 BN ORI,

Absorbance (a.u.)

¢
d

400 500 600 700 800
Wavelength (nm)
B 4 Al 52 S0 0T LI B D
Fig. 4 Diffuse-reflectance UV-vis spectra of the samples
(a) Ti-HMS-A4,5-Ngso 5 (b) Au/Ti-HMS-A, 45 -Ngs 5
(c¢) Ti-HMS-A 55 (d) Au/Ti-HMS-A s

200 300

AR B E A L 7E 220 nm {35 A — 1R 58 1
WSO, 3R DU TC AV, 4 A F % 7% 1 AR AR W A 0
VR Ti AT 23 F 0 28, I DARL O i T =X
FAAE T erp 22

ElIh b Fd a4 fEALF Y DR Uv-vis &, Auw/
Ti-HMS-A s -Nyso 55 T 220nm [ 37 (1916 48, 78 500
~600nm Z [AlIAA — 55 I RIS 0G , 33K A 20 K 4 Uk
L HE (G AR W A0 ) T A/ Ti-HMS-A g 5 15
500 ~ 600nm Z [A] %A B A e i, A4 Mie St
MRS, WICRES B 9K 4 R 25 R L
BEYIAE ) B IE, Au/Ti-HMS-A 0 s-Neso 5 Aw/
Ti-HMS-A s #H LG, 7E 500 ~600nm 2 H3 [ W i,
ﬁfﬂﬂ%% AU/Ti'HMS'Aloo/s 'Nsso 1’%@6%‘] EF' Eﬁﬁ% 0]
SHFE. X552 TR RS

B S R4 bR B HRTEM, Fb 4 9 i 4k 71 14
B Au/Ti-HMS-A o s-Neso ' Au Bi F 2L, HAy
T R 5), 5 1CP-OESZE ] — 3, BiW] i Ak

B 5 Au/Ti-HMS-A, s ( 72) Fl Au/Ti-HMS-A o <-Nygy (£7) () HRTEM
Fig. 5 HRTEM images of Aw/Ti-HMS-A s (left) and Au/Ti-HMS-A 5Ny, (right)
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HEIN T A HH B S U
2.2 EEFERE IR
% 3 NA R G L N AR AL P BE L

B, WERPIRATATLUA B ST iy AT . B 5
(RTINS 2 A 1) AP 25 Wi A K 4 AL R 1 7%
P X F AR Si/Ti b (48 4L 7, 7 Si/Ti =100/5

R3 EEAFNELSERERELHERE

Table 3 Catalytic performance of Au catalysts for gas-phase epoxidation of propylene

Catalysts

Selectivity (% )

C,H¢ conversion (% )

PO Co, acetone
Au/Ti-HMS-A 5 2.70 87.95 11.03 1.02
Ba-Au/Ti-HMS-A s 3.86 87.45 11.06 1.49
Auw/Ti-HMS-A 4,5 -Ngoo 4.52 86.81 12.22 0.97
Au/Ti-HMS-A 5 -Ngso 6.28 83.10 15.31 1.59
Au/Ti-HMS-A 4,5 -Nogo 1.40 75.50 22.62 1.88
Au/Ti-HMS-A 5 2.47 88.38 10.55 1.07
Ba-Au/Ti-HMS-A 5 3.16 87.67 10.93 1.40
Au/Ti-HMS-A 45 -Ngso 5.85 83.28 15.29 1.42
Au/Ti-HMS-A,y,,» 2.32 89.58 9.87 0.55
Ba-Au/Ti-HMS-A 3.03 88.84 10.37 0.79
Au/Ti-HMS-A 7 -Ngso 5.73 83.57 15.12 1.31

Reaction conditions ; feed gas C,H,/0,/H,/N, =1/1/1/7 (vol % ) ; GHSV =7 000 cm’*h ™" geat™";
catalyst weight =300 mg; reaction temperature =100 °C. data were taken at 30 min of TOS.

i, AR AR RE B BLAF. HARIAH Ti 5
FLARI , BT A B S, R RE LT %
B IE L, AT IR AL I BEAT. T2
AR RS R R, A e O AR ek
DEERILN 2= | VAN W A N5 AN IR VA S WSS S R ot
SHER A BRI AR

DK G AL IR R AL TR Au 15 Ti BB RIAE
FHPS Gl P 28 0 e 3 B FEE 2 5 i 1 ) 11 5
P FE 2 BYTCE TS R AT iR AL T
SRR 20 850 CRsR AL iL 4
EMNARAL I 0.08% L THE] T 0.72% , 4 0F| H
AP E T U, X AT SRR 9 DR Uv-vis (18] 3)
J% HRTEM (8] 5) F& i, M HRTEM [ p 3 fi 1R mT L
B Au BB G BT AR . A B
BIORLRE B0 5 AT RE R R TE m iR RS F P, N
PEASY T B 2RI B Ti-NH, , Ti-NH-Si %1% N 45
PORELALRE S, TS Au EIR A& SY, Ti i
FHE N SR BT Au A BEFR PR LE T
SRR, BRI TR, A BT
BYBEAT. 23 HP AT LA HOE 5 T A B A 4R
AL .0 AN [ L 390 1 PR s 3 S Ak
13, Au/Ti-HMS-A, -Nqs, {1k 57 15 B9 79 05 T 1k 3 S
Au/Ti-HMS-A A LA L.

RACIRBEARR, d s b is k. Y84k
W TR, AT N TR B AR, AT

BRUURR, ESAR R B A i, 251 T L
AR, X TTERARAY N, W R - 2R AE &2 XRD
Bl EEss. i, AU/Ti'HMS'Aloo/s‘NssoTﬂE 100
CHEANTEIRALL, KN30 min 5, NIRHELSEE
) 6.28% , HEALFIEPER Au/Ti-HMS-A 50 5-Nygo 4F-
HRACILEE S 900 CHf, Ti-HMS fLiEFR >34, M
FEEREAL, Au/Ti-HMS-A 5 -Nog 15 PEREAK.

2 BRI, BRI B I A B T
A i, X ATRRIEDY +2 M Ba® " BHEY
TAEHMREIE AL 7 & 75, Hoh— 575 3k
FIHCAL, 1073 Ih— A5~ 2 [ Aucl (OH) . ]”
(x=14), IR T e k2 &
7 3 R IR P B s T RS AR 45 D7 TP RE R
e R EATERS g A FE R | B AR AT
PETT AT, S —Ff B A IR ey BT ik

K 6 & Au/Ti-HMS-A ,,5-Ngso 5 Au/Ti-HMS-
Ao s AL SRR A A AL RO PR BE LA B NIRRT
B, AFEEEHE PR A —. 9k a Al
FNRAT —J7 I R o 9 £L o310 A B 1) JE 2 2 4
), ARPFRENEZE; T —T5 e N b 3R L Y B
PR 2 INSEER SR AL BT BRI LB, S ™ A
Ry 7 0 i e IR RS AT A o R DA T £
AT TRGH A . e U SR A 01 U A ) I
P, X ADPIE S R BB A e 70 °C, K E &
R 7% pH B 97 5 2108. 80 J5, A Ti-HMS-A 5,
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b. Pan Xiao-rong( /N5 ) , Zhang Chao(5k #), Luo
10
oo Meng-fei (B3 &), et al. J. Mol. Catal. ( China) (43
___’_——.z
T . TAEAL) (1], 2010, 24(6) : 505 ~509
8r — "
480 [3] Sinha A K, Seelan S, Tsubota S, et al. Top. Catal.
9 & [J], 2004, 29(3):95-102
56 .\\-\’\__ 170 ‘? [4] Taylor B, Lauterbach J, Delgass W N. Catal. Today
2 2 (17,2007, 123(1 -4) . 50 -58
24 -6O§ [5] Uphade B S, Yamada Y, Akita T, et al. Appl. Catal.
S 1o A: General[J], 2001, 215(1 -2); 137 - 148
2t »\‘.._k.\_‘_\’ [6] Sever R R, Alcala R, Dumesic J A, et al. Microporous
. . : : . 40 Mesoporous Mat. [ J], 2003, 66(1) : 53 —67
0 50 100 150 200 250 300 . . .
TOS (min) [7] Sinha A K, Seelan S, Akita T, et al. Appl. Catal. A:

Bl 6 Au/Ti-HMS-A 5 -Ngso S Au/Ti-HMS-A 5
HEAL AR R SR AL P RE
Fig. 6 Catalytic performance of Au/Ti-HMS-A ,,,s-Ngs, and
Au/Ti-HMS-A s for gas-phase epoxidation of propylene
B AwTi-HMS-A 5Ny ; @: Au/Ti-HMS-A, 5

The reaction conditions are the same as in Table 3

pH [&R 6.81; filA Ti-HMS-A 5/s-Ngso » pH {EH72E K
8.32, XulH, Z G, #ARM IR 2K
IRERYEDA , NI — 8 P2 EE R0 ] T R 3R S0 i) &
AL UGE T MEARR B R E AR, AR R RS E PR
. Au/Ti-HMS-A s it 16 79 0 25 5 A6 S 30 min
&, WiEEAEZEN 2.70% , 270 min J5FALRER
1.55% , BAR BRI WA Y 57.4% . L) Au/Ti-HMS-
Ajooss-Ngso AHEALF, S0 30 min J5, NIEFEILER R
6.28% , 270 min J5 ¥ ALK E T 4.74% |, FRALE Y]
GBI 75.5% . it i A AL, AR P 4
H, RTG AR, FRE Mg .

34 B

DA i A AAL F Y Ti-HMS Shy 284 %5 94 K 4
PEARTR, AT LA v 4 i A T 238 B o HORE BE , AT 2k
T AL ERE. Au/Ti-HMS-A, 4 s-Ngs £ 100 C
T, MR AAL, RN 30 min J5, UL
K 6.28% , AL EREME R 83. 10% 5 [
270 min J5 NI IEEALRIE E 4. 74% , RE N BT
TEEENED 82.49% . Ak 50) 1) 37 M B AR MR A 2
TR .
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Preparation of Au/N-Ti-HMS and the Direct Epoxidation of
Propylene Using H, and O,

ZHANG Wen- min'?, LIU Yi-wu®, LI Hao"”, LI Xiao-qiang'*, ZHANG Xiao- min'*
(1. Chengdu Institute of Organic Chemistry, Chinese Academy of Sciences, Chengdu 610041, China;
2. Graduate School of the Chinese Academy of Sciences, Beijing, 100039, China;
3. College of Chemistry and Chemical Engineering, Neijiang Normal University, Neijiang 641000, China)

Abstract ; Titanium-containing hexagonal mesoporous silicas ( Ti-HMS) with different Ti contents have been pre-
pared using dodecyla mine as template. Nitrogen-incorporated Ti-HMS molecular sieves were prepared by NH; at
high temperature. Au catalyst supported on Ti-HMS and Nitrogen-incorporated Ti-HMS were obtained by a deposi-
tion-precioitation method. The catalytic performance was evaluated by the direct gas phase epoxidation of propylene
using hydrogen and oxygen. The samples were characterized by nitrogen isothermal adsorption-desorption, XRD,
FT-IR, DR UV-Vis, ICP-AES and HRTEM. The results showed that Ti-HMS molecular sieves were hexagonal me-
soporous in structure. Titanium species existed in tetra-coordinated state. Superior performance was obtained with
the Au catalyst supported on Ti-HMS was modified by NH; at 850 °C. 6.28% of propylene conversion, and 83.
10% of PO selectivity can be obtained at 373 K in the initial 30 min of time-on-stream. The propylene conversion
and PO selectivity were 4. 74 and 82.49% after running 270 min. The performance of the Au catalyst for propylene
epoxidation was improved by N-modified of the Ti-HMS supports.

Key words: Ti-HMS; nitridation; nano-gold catalysts; propylene epoxidation



