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10 min, JEMAF-BERIRGY), HHEAARNE WS
W, 7E 120~ 140 CHEEKIM S, JOBHEC R 1 -
Si0, : 0.025 AL,O, : 0.387 Na,O : 27 H,0, §hFh%s
I 10% (i E 50 . S s Rl =Y 4l
UE L VR, T BEBETS E] Na B Beta Whf1 5N, 4%
A5 E] H A Beta 35 £1 43 T i, 1IC4E Beta-SG
(Seed+Gel ).
1.1.2 FhFl-BR R A W Beta 20 Fifi Hg 5%
A TEMA SR RTRHR A BECAE 25, 100, 130 °C
BB HRACAD PR — s B IFR] R S BRI A
AR BEREIS AT, 7E 130 °C Atk 10~60 h, F=¥icE
Beta-SAG ( Seed+Aging Gel).
1.1.3 @Rh-AHUEAGIIA R G Beta 43101
EABRAA, B— &0 23k SR AL B TR
(AR, 25% (Fi & [ 5080 TEAOH) AR AR
TEA"/Si0,=0.06. B 5 53 5 A1 R b A
¥i5), 76130 C Atk 12~44 h, 7230 4F Beta-SOG
(Seed+Organic Template+Gel).
1.1.4 BHBHGIAR G Beta 2070 A HUAAR
FI-BERAR R A B Beta WA 43 T A5 40F, DAAE
PEICARER, ImERFRENERTR, TEAOH A HLEAR .
JEURHEEJRBCEE 1 Si0, © 0.087 AL O, : 0.106 Na,0 : 0.266
TEAOH : 11.8 H,0, @bfbiRfE 140 °C, #hfkif[E 60 h,
FEYIENE Beta-OG ( Organic Template+Gel ).
1.1.5 Pv/Beta 43 i fi £k 57 1) 1l 4 PLAESA R
(H,PiClg - 6H,0) K Pt i, FIRRIELE ARG
HARFRAF 2 H A Beta il £ 1 67 2081 537 i 4 4L
FI, 90 CImHERE 24 h, 280 TH . BRiE 3|
Pt/beta 73 T AL 7). 400 °C . 20% 0,/Ar SR F
J558 3 h, BB RIBE A R A B P/ Beta 7311
AL, Pr EIS TARE R 1.0% (s A 4040 .
1.2 Beta 4> F 0 B FRAE

K HAS Rigaku 28 w427 ) SmartLab 9 kw X &
LA & BRE S AR ZE R, Cu L, R R
40 KV, FIGEE 20=5°~40° , F4#3#% 20°/ min. FHXT
2 R A DURE S Y XRD 3% 8] 4R AE 14 (20,00 ~
30.0°) IR S ARRRR S T 2 LA S ARFAIE I ( 20.0° ~
30.0°) HFLZ LR, EHUCE B ITA FE S XRD 1%
PRREAF VIR AR R VAR

K HIZERE FET 22 F 4277 #) NOVA NanoSEM 450
RS e S v B X BT ) 25 43 O 4k Ak R BT A
153

A S3HT(TG-DSC) 2R HIZEE TA SDT 650 [F]25

PO, AERRRA T N IR TR 1200 <C, FHE
A 10 C/min, Jfic5% TG-DSC i,

K FH Bruker SRS-3400 %I X 4 £k 9¢ 5665 4%
(XREF) 7 A St A REEGR L 5 60 3808 401 i e £k 00 oo
Pt & &% Perkin-Elmer Optima 2000DV B TR
TR ADETEIHAT T ((1CP-AES) .

KA 2 E Quantachrome Autosorb-iQ) 47 Fi W [}
ASOGT T 1 B AL TR SSOR R E R TR | FLAR A
LT Hr. BES I AT ZE 300 °C, 0.133 Pa 4%
RS 4 h, T-196 CF M B A IR 26T 5 A o
R AR fLAE o0, He R AR Brunauer-Em-
mett-Teller( BET) 77 351158, L4240 A >R FH AE 2 5%
9 B PR (NLDFT) i 4.

SR FE L IE W2 FRF 2T /16 Xof A9 s 2 T R PR A 70
M, AX#%$ A Bruker TENSOR 27 FT-IR spectrometer,
SRR 4 em™, FKE 32. & R G HRE S TE
300 °C F N, " $1 30 min, P& % 2 I8 W% Btk me 30
min, SRJGZFHILE 150, 300 C RAEREF LT IMER.

K FH NH,-TPD 3553 B 2 il A R R B A it
HRAERS AT, 300 CIASALER 2 h, BEJS IR
% 100 °C, £ 10% NH,/He JR& 5K NH,, 1 h
JEIRENR A, 1BES SR E R 50 mL/min. £
He <04 T W BR 29 B B 19 NH,, & J5 DL 10
C/min B FHEERTHE S 700 °C |, idsEFHRE SRR T
FE BRI NH,.

1.3 LR TIK

K 50 mL 2228 e S e, 0T il 2 A [ 4
AT HEAT 2% R ko 08 80 5 1 i PR BE PP K b e
ML 2 H, 3R i, B ny i FH e B i 2 k&
W g e NI 25 S0, Y i EE T 1) A T A
SIFFIR TR, R RNV S5 RS, R B =G
FTFE S0 e B AR F= 4. MR I R 250y . I iR
JE 200 °C, JZNiEFIE] 4 h, &SRS 1.0 MPa, 53
700 rpm, JEEH AR BE 5 mmol, AL & h 50
mg, 1A 25 20 mL. P29 5E &0 Bruker
450-GC AR, FFAP B8 K S X IAE T
AR 25 5 7= Wy V43 Agilent 7890B-5977A
GC-MSD “UAHEIE BTk B AL, HP-5 A5 &
KNG B TR 25

2 BFRE5ITiIE

2.1 B@FhiE Beta FHAMNE RBTRETAR
2.1.1 ShAP-EER R &R 1A SRR R AS ) IR
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Fig.1 Crystallization curves of Beta-SG (M) or MOR ( A) synthesized at different temperatures
(a) 120 C; (b) 130 C; (c) 140 C; (d) 150 C

G 8 Beta Wh A1 43 1 0 fl AL T 26, 7F 120~140 CF
Al AL FREGE B Beta B, FER A4S I F)
i L, R SRR D25 A B W T %, JRIERE
F /24 5 MOR A . 7E 120 °C T Beta-SG itk
MRS, B3R 50 4 LT R K, H i
JE AR E , ks 6 d A MOR H L, 7£ 130
F1 140 CF Beta-SG fmfb sl 80 M, HEK & Ak B[]
WAHE L S MOR, AL 140 °C 58 & k5 fE K
4 hBPf /& MOR B4, 7E 130 °C #Y b Ak e )
IR F A B R, SRS AR AR B R S
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2.1.2 AHFP-BRIGEEICIA R i T HEBEIC R AL X
Beta Wi A1 i AL FR A, K58 AN [R) A AR AL s
(B R AL R B A R PRI Beta difh, 1581 T — R
G774 Beta-SAG Witk ihZk. & 2 a) WTLIE
M BRALATIA] [ 22 (5.5 h) , B PR AL AL 3 I T
151, Beta-SAG B K 55 5 45 i B 1) & AL s ] 412 1T
£ 130 °C 4k Beta-SAG [ Shfb i dth, 7£ 25 C
PR1k Beta-SAG 19 & Ak 180 238 55 18 A 408 Y0 AR 7 A2 1L
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Fig.2 Crystallization curves of Beta-SAG synthesized at different Aging temperatures (a) and Aging time (b)
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Y SRR S I A TR A IR R,
e Vs gt A T R A G 5 S T A6 R VAR 4 B TR
TP A A BRI Y 4 R RN S5 40 K A= 284k, 5 1R
TR BERCAR L, BEZE PRACTRE Th iR, R Eh o6 i 4 5
ISt 0 S B, I 2E R 22 19 T 58 ik R TR
Hy, SRS 5 A R AR R R A0 S T R R &2,
AR T4 A A, B 2 b) b 130 CHRiL
T, DR R R R AR WAL IS ) = G Ak i £k FR
PR, 2SR A 3 h ZEK %) 5.5 h, Beta-SAG
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R, fAEE A R T % A K A i B I R AL
] 220

2.1.3 TEAOH- i Fh-1%E i 1k % H T AR
AT R S o 7 8 J v I A7 X Beta W61 20 10 A AL
RIS, FERCHIE G BRI T AT AL
B3 (TEAOH/Si0, =0.06) , HERC HLIRFFALE, 75
N F=YEAE Beta-SOG. & 3 A [A] ShAL s ] T 7
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Fig.3 XRD patterns a) and crystallization curves b) of Beta-SOG crystallized in the presence of seed and TEAOH in the initial gels

Yy XRD EIELL S b2k, 4 3 a) XRD %]
A3HT, SRR A BEA 500 E B Y R IR A
H, ALSE IR TN Beta Wl 4150170, WA E
e R AIZE . K3 b) N Beta-SOG ik i<k, ]
DA HH T R A R s e R v o /) 2 i, A )
T RNBRAEE Ak RSN Beta W A7 0 Ak 3 B 1Y
BOR. — T, R | A R TEA'FHE 75 Beta
A AR TEEERS TP, AR B T 45 S IfEH; S —

J71E, TEAOH 1E A HUOR IR, {8 75 58 i 2 ma & T
B, AR T A AR GG T AT T
WA SRR S B A U BN S5 R BT, A REAE
Az ) S A A K R R, DR AL
BR85S AR 38 o0 T 5 -8 R 2R 1) 45 4 5
) R, IF H A R A A B A A Y %
fif, 4858 kAT AR AR IR T3 R A% B [

1 NBEAEA R BE AR N Ak 25 1 T A5 2]

R1AEERER, BUFEH Beta HIE

Table 1 Product yield of zeolite Beta crystallized at different synthesis conditions or initial gels

Relative o .
Temperature Crystallization o Solid yield Beta yield
Sample Treatment ] crystallinity
/C time/h /% /%
/%( )
BEA-1 Seed+Gel 120 120 98.0 32.1 31.5
BEA-2 Seed+Gel 130 60 95.1 30.8 29.3
BEA-3° Seed+Gel 140 42 100 27.6 27.6
BEA-4 Seed+ Gel 150 20 323 25.2 8.2
BEA-5 Seed+ Aging Gel 130 40 91.2 32.1 29.3
BEA-6 Seed+TEAOH+Gel 130 40 93.3 36.7 34.3

(1) Crystallinity is calculated on the basis of BEA-3.

(2) Solid Yield is calculated on the basis of total mass of SiO,+Al,O; in the initial mixture gel; Beta Yield=Solid Yieldx

Crystallinity.
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(1) B AARISCR AN Beta ISR Y 1545 1. AL 1R B A
120 7+ % 150 °C, Beta WA R 31.3% T [
£ 8.2%. 73 4b, T b Fh-BE R AR F s n b &
TEAOH J& , Beta-SOG [HUSCR Ky 34.3% , =5 FEAH[A]
i fE IR BE1S 2] 1Y Beta-SG HIIE 29.3% Fil Beta-SAG
1 29.3% , [AIETHAR T O 38 A A a2 1] & Al
Beta J 41 B F= RS 254 Beta-SOG 1Y 1k
ML oA, 76 & F-BE I AR 3R b A A HLREAR R Y
FEAE, AR SR W IR T8 2 R T
BUAZ I EE R BAT0 , MITT R T 58 e r /e R AR U 7
FIH.

2.2 REFEERH Beta A EHIRIE

K FHASTAIEE AR R K I AG L — 3R 51 Beta W £1
Gy, JERHE BURE S AT T XRD, SEM il N, -
BRI REE . TG-DSC 2521,

Bl 4 250 T AT & F-BE 1R R A L
Beta il 41 43 T i 19 XRD % K, & P Beta-SG .
Beta-SAG . Beta-SOG . Beta-0G 4 MEE S TE 7.60° Fl
22.30° I R Y BEA B3l A AR E fT 5 e, 1%
AHE AR, i SRiERE K ( Zeolite Beta, PDF#

#22.46°

Ay

Beta-SAG

Beta-SOG

Intensity /(a.u.)

Beta-SG

PDF#47-0183

A S
22.67°

| I o LLoabt 1
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20/° )

P 4 A [RIBEIE 5 AR 27 ) XRD 3% 4]
Fig.4XRD patterns of samples synthesized from

different initial gels

47-0183) HEATHLXT, JIT7E ¥ i IO SRR AE 447 8 357 1] 1K
T AR AR RS, X P AT S e i B 3R A A5 B8 2 1 AL
AT B R AR Beta W47 P
2 B BESE R T LUE W, RE SRR HY LA
10~ 14 Z i), UEBHG B & 4559 Beta W5 A1 43 0.

R 2 AREERG RGBSR SRR

Table 2 Textural properties of samples synthesized from different initial gels

1 S BET S micro S ex Vl()lal Vmi(:ro
Sample Si0,/A1,0,"
/(mz _g—l)u) /(m2 _g—l)(z) /(mz .g—l)(2> /(cm3 .g—l)(z) /(sz _g—l)(2>
Beta-SG 10.1 553 400 153 0.37 0.16
Beta-SAG 10.6 632 434 198 0.50 0.19
Beta-SOG 11.4 600 388 212 0.49 0.17
Beta-0G 13.9 555 403 152 0.42 0.17

(1) Si0,/Al, 0, ratio is determined by XRF;

(2) Sy is Calculated by the BET method; S,,.., and V..., are measured by the t-plot method; S, = Syp-Soice 3

pore volume determined at p/p,= 0.95

Beta-SG | Beta-SAG | Beta-SOG 3 4~ fb i 5 [m] il £5
IR SR TE 22.30° BT HA AR i 06, T HILASE
MR 16 1 45 1Y) Beta-OG RE AT B4 AR 55, H KR
ARG, X5 W) S AU R 3 TR DX sk R/
H%LMJ.

K5 R FE-SEM J8 F | m A Ah-BE IR 5
BT (a—c ) BIEAT AR 22 1A /) SR HEFR
RN, HGR RS R IE S S O Gl S FhA G
() Beta W A1 32002 A HLEAI ) 45 ) Beta-
0G d) BHIRMIEES HFRMERK T — 25 LM/ NG
i WA AR B B\ E AR ) S ARTE S, R

Vo 18 the total

(1) i -5 A4 2R il £ 15 3] Beta-SG i KL K /N
300~500 nmj; 17 28 85E B BR AL AR o] A D
HLHEAS 21 Beta-SAG 1 Beta-SOG ki K /N Ry 70 ~
140 nm, . Beta-SG A1 (4 AfcRL RH 22/ I H &
KRN 35, A A X R - AR R b o i
BEMEHAT WA AL BB 17 ) 1 B 5 v g | A\ R, i
Bt LU RSP N SRR Beta WA

FE B N, W B4 R 26 FFLAR o3 A &L 6 T,
JITAT A it P R o6 25 Yk 88 24 2 B AR XoF e g Bk 0
RN, £F5 1 RIARIR R, FRUIRE L3 o B i
AL L. AN RIBEAR R 5 WU Beta Wi A1 430 45
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500 nm

500 nm

Bl 5 IRIBEIRS 75 B 2 M9 FE-SEM B
Fig.5 FE-SEM images of samples synthesized from different initial gels

(a) Beta-SG, (b) Beta-SAG, (c¢) Beta-SOG, (d) Beta-0OG
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o AR AL 4, IF HALRGT L E R/
F 1 nm WAL R FE. 3 2 AR TRIRE 5 A0 45 4 4k
TLIE W, Beta-SG 1 Beta-OG A9 5L H 3R AL
550 m* - g ' Ze gy, LB 0.37 em® - g7t AN
0.42 cm® - g7'; i Beta-SAG Fll Beta-SOG Ay 4L L 3
T AURIAL AR B A 3 o, H S22 Ab e 3R i

L, 205k 632 1 600 m* - g7t FLARFR 4 A
0.50 F10.49 cm® - ¢™'; 454G SEM 455 R B X W) I ik
JREHAT AR A BB 7 0] 4 B e Hh o A TR TS,
/RO A N N5 0 N O O % N S | A T
R,

h 2% SN BE AR R A3 B 1Y Beta WA 7™ i 1Y
PREtE R, X0 — RIS AE Ar R &
FeiS 31 TG-DSC ik K47 T 43#7. 1 7 1 Beta-SG
(a) il Beta-SAG (b) ) DSC {1 £&4 ™1~ 1% ; Beta-
SOG (¢) VA M Beta-0G (d) 1Yy DSC ik 3 -0,
AL TG 4k LA X N R F B, i RS 16 1
AR BAE 300 °C AR, A4 i 2 1 AIFLIE P56
W RRFK A3 (R LR U 5 R A 2R N FEAE A HILSEAR 1) &5
A WG NEE § Beta-SOG F1 Beta-OGTE370~510 °C i
DCHR AR 2 AN, A TR A LB AT LA R 1Y)
O3l B 3 MIETE 950~ 1100 C IR X BB, HJE T
Wb TR E AR, SRUTAE SN A2 B
Bl A T B 245 e 3R, 1M Beta-SAG Hl Beta-OG 1
1100 °C B3 B — R/ e, 2 i 431 i B 42
I35 5 e TR T 46 R A 380 SR
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Fig.7 TG-DSC curves of samples synthesized from different initial gels
(a) Beta-SG; (b) Beta-SAG; (c¢) Beta-SOG; (d) Beta-OG

J71i, Beta-SG a) fl Beta-SAG b) 435I 7E 980, 990
CKRAYHE, 1M Beta-SAG ¢) 1E 1080 °C [T & 4=}
B, UL S Ah-BER AR R I D 5 A HLBIAR R
#5119 Beta Wb A1 PFAERE T LU R0 o o -5 e 4% 2R ol
1 Beta WA A7 T2 5.
2.3 REFZEAMK Beta i AR EER MR

&l 8 JANIA] G i dk &= F il 45 1) Pt/ Beta 43 ¥ 1
il T2 IR L IE S5, 2050 7E 150, 300 °C LR Y
LEAMERE. Horb 1544 11453 em™ 43 500X 17 ik B 43
F5FE A Bronsted BROL, Lewis RO AE FH A FR1E 15
i, 1487 em™ 1% 47 XF N Y & FE i Bronsted B2 v 1
Lewis MR v 3t [F] £ FH A9 25 5. 45 4> FF A% 26 1 Y
Brgnsted FRFIl Lewis FREUE TR L5 R IFT£ 5, Fr
A5 Bronsted B E YK T Lewis MRk & ; P/
Beta-SG Fl Pt/Beta-SAG [ Brgnsted FRE =T, H
BUE KT PU/Beta-OG #l Pt/Beta-SOG, B HIAH L
FEEA DU I BEI AR 525 1Y Beta 2311, A
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% 3 RERR MR &K Pt/Beta 2 F I FIBS 114 R
Table 3 Acid properties of Pt/Beta synthesized from different initial gels

Acid sites/ (NH, mmol « g™) "

Cy/(mmol - g™ )® €./ (mmol - g ) €,/ (mmol + g') P

Catalyst -
Weak Medium Strong Total 150 € 300 C 150 € 300 C 150 € 300 C
Pt/Beta-SG 0.156 0.126 0.069 0.351 0.261 0.085 0.177  0.065 0.346  0.242
Pt/Beta-SAG 0.139 0.067 0.138 0.344 0.263  0.076 0.181 0.056 0.339  0.237
P/Beta-SOG 0.046 0.035 0.082 0.163 0.143  0.035 0.094  0.033 0.178  0.127
Pt/Beta-0G 0.101 0.070 0.124 0.295 0.179  0.086 0.089  0.046 0.265  0.135
(1) Determined by NH;-TPD and calculated by the deconvolution method.
(2) Calculated from the result of Py-FTIR result.
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Fig.10 Hydrodeoxygenation of anisole (a) and the correlation between the selectivity to cyclohexane and

the surface amount of acid (b) on Pt/Beta catalyst synthesized from different initial gels

Reaction conditions: 0.05 g Catalyst, 5% anisole in 20 mL decalin, 200 °C, 1.0 MPa, 4 h, 700 rpm
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Seed-directed Synthesis of Zeolite Beta and Its Catalytic
Properties for Hydrodeoxygenation of Anisole

LIU Yan', CHEN Yu-jing', LI Chuang'*, MENG Ji-peng', WANG Tong-hua’, LIANG Chang-hai'"
(1. Laboratory of Advanced Materials and Catalytic Engineering, School of Chemical Engineering,
Dalian University of Technology, Dalian 116024, China;
2. State Key Laboratory of Fine Chemicals, School of Chemical Engineering, Dalian University of
Technology, Dalian 116024, China)

Abstract; The seed-directed synthesis of zeolite Beta were successfully synthesized and characterized using a wide
range of characterization techniques such as XRD, XRF, SEM, TG-DSC and BET. These as-synthesized zeolite Be-
ta samples from different initial reactant gels have similar relative crystallinity, Si/Al ratios and thermal stability.
The effect of synthesis conditions such as ecrystallization temperature, crystallization time, impurity of MOR zeolite
and the composition of initial reactant gel were investigated in detail. It is found that aging treatment or introduce
low content of TEAOH to the initial reactant gel could accelerate the crystallization rate, and obtain Beta zeolites
with smaller average crystal size, larger surface area and more micro pores. It is also found that the yield and ther-
mal stability of zeolite Beta were improved when a small amount of TEAOH was added. NH,-TPD and pyridine-IR
results indicate that zeolite Beta synthesized in the absence of TEOAH possess abundant acidic sites, in particular
Brgnsted sites, and show good catalytic properties as catalysts for the hydrodeoxygenation of anisole to a range of hy-
drocarbons, such as cyclohexane and toluene.

Key words: zeolite Beta; seed-directed synthesis; aging treatment; organic template; initial reactant gel



