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Activity for Naphthalene Hydrogenation

ZHANG Hai-Juan' WANG Wei-Qiang™? WU Ming?
('Department of Catalysis Science and Technology, School of Chemical Engineering,
Tianjin Unwersity, Tianjin 300072)
(Liaoning University of Petroleum & Chemical Technology, Gas & Oil Storage and Transportation
Engineering, Fushun, Liaoning 100031)

Abstract: A synthesis route for the preparation of MCM-41 with secondary building units of Y zeolite has been
developed. The material was characterized by various techniques. The results indicate that the material has well-
ordered hexagonal structure, with a thicker wall than that of the MCM-41 synthesized by a direct hydrothermal
route. SEM images show a very uniform net-like morphology, which is different from the loose appearance of the
direct sample from the direct route. Furthermore, it has a stronger acid strength and a higher hydrothermal stabil-
ity. The sample was used as the support of a Pd-Pt catalyst for the naphthalene hydrogenation. The sulfur toler-
ance and the activity of the catalyst was found to be superior to that prepared with the normal MCM-41 as sup-
port. The enhancing effect is attributed to the combination of the advantages of both MCM-41 and the secondary
building units of Y zeolite.

Key words: secondary building unit of Y zeolite; acid strength; hydrothermal stability; naphthalene hydrogenation

0 2 = - SR A T PR P 2R R 5 4 5

IR LR REALT 4 L 2 8 24 B 31 | T2 2

S B REA R B RO U BTG, REAS AR R O T AR AT £ T AR

PERCR AR TS MR IR, PRSI T 5c. RS, 200 LR AL FLA 0 s 3%

PRI, BRI AR N LR KA, R FLARES 1) H R AR T I AL
Wk B 41.2006-03-26., WfE i H 41.2006-05-13,

FHIRIE R A . E-mail :wwq920285@163.com
B RIEIE 2 32 % I BRSO 1) AR E B R R T 5




Fo

ST AR 45 0o TR B AN R K FARRUE TR MCM-41 -8 B 2R S pE AL PE g

+1629-

A3, BN RN B G P L AT AT S RS
FEAREAR TR 1 7 R B, 1 R A% RO 2 e i Ak
(1) 5 IO 4% M

MCM-41 42 1992 4 tH Mobil 2> &) i iff 58 A 51
I 2 T 3 1 R AR 4 T B AL AR A L M41S
I P { W i al O R e S AW T 1Y v = 3V B
KA 7 —4efLIESS M R LR LA R L
FEm AR (HE MCM-41 A FL43 70 5 55 14 1R
PR 085 22 i 7K I Ra 2 PR AT R R 1 A e 1 A 2
Eﬂj[l%lﬂo

UEAERE | AR RUSH 0 A i 9K AR 5 3% 1T T 44 7
% WA FLAE R 98 52 B DG TE B WA IR S5 1
FITHI AE] MCM-41 FYFLEEH | 4 & FLmR M Rk
RS M 0 10 O 1R T AR A5 32 AT E RIS DL g
K RST 1 B A i 9K A 5 32 19 M ) 20 28 0 A LA
e 2 5 K PR o P AR D T A T — o A
J'& AR AE B W A AT SR AA 18 G 1 T A7 R A A AL
MR A% R RESS LY A | Ah i i) 4 45
WEmE, BT LRI AR TR Y WA ks
RIS AR T MCM-41 AYFLEES | SRUGE & IR
PEFKIAERE PR, I8 JL R FH 30 T 5% R B i U
FF R B T RSO

1 SEIES

1.1 KRIEERE

T A AN | D R TR Ak R 7S ot i = TR
P 249 SR 3 Al ok SR REV I (i =25%) W F
REBRFEAT,
12 BRSE

B ngo a0 Mg o o =1:0.1:1:36 AR 47 7K R I
IR G TE 98 °C ,pH=13 A 47 (W 4514 Il B 4 8
12 h J5 Btk 24 h 825 A Y B A IRE L R IT
(AT IR A K B8 e A P T S K BERE A LA 0.86
mL-min™ A= H 280N 25% 09 + N ki = H
SLWA S WO BERE 3 h s Y pH=10 A4,
BT ngo o Moo o =1:0.1:(0.15~
0.25):1:(60~100), ZEZEHEFE 15 min J&, B PR A
WA R VDGR O i b 28, F 110 Chnfk 1~4 d 24
JaiduE R, T 100 CF T 24 h, B TFEAA
ALY 2 Comin™ BHEPRTHRE 2 550 °C, K558 8 h,
135 H B = R R R K A Bk A R T
HAMFEGER L MCM-41 FE5, B aFHER S 1
mol - L™ AR £ 7 WLAE 50 C N AT F25#k 8 h, T

HJGTE 550 °C R RF5E 10 h, BIAS SR 4 10 R
1.3 ARERNRILE

R fr 2% PANalytical 2 B4 P2 B9 X Pert Pro
T X Ot AT HOCRRAEFE S W AHEE R, Co Ka(Ag,=
0.1789 nm) LU | B HIE 40 kV, & HLI 40 mA Bk
2 RS 0.057 30, HAl L 20=1.5°~50°; iR
i E 1.5207°, 6K 0.0330°, & KB ] 16.240 0
so fESTIFLLAMETIR) ML NICOLET Nexus FTIR
AL b AT KBr R R, 43 F i 5k 5 KBr 4% 1:
600 M LL TR S WTEE . R Philips XL-30 24494 3
R (SEM) X A6 7L RE it 1 B AT SR A T RS w35 43 B
HL 4% (HRTEM) 32 56 76 PHILIPS TECNAI G* F20 %%
55355 S F 0 UBE R AT R R OB TS A BIUS T )
] I S A R B R L, A S KT i L R 200 KV,
JBE Ff T e A% WG A 4R (MAS NMR) 3% EI7E Infinityplus
300 MHz 58 A5 37 i 722 4o o] 14 A% s L 4R X 75
) oON, BY W B - BFE 2E L 26 #E Thermo Finnigan
Sorptomatic 1990 i 25 W B ASC_F I | SR FH 82 o 5 %k
& F BIH AR A fLIX A FLAE S0 AT . NH, IR F
FH B B (NHL-TPD) S5 30 7E A 20 H O A1 i e i 1
AT AN 40 mL-min™, FHE X [ 120~600
°C, FHEHE 2 10 °C-min™",600 CHEIE 30 min J5 kiR
£ 120 CHRFFEE , Ik miE 2 < 30 min 58K
FRLTR,
1.4 LTS LTS

K B - 38 e 125 1 & #E AL R Pd P ) T I o
M E R 4:1, AN ZE PARR 723 A AR 7= O 25 B
300 mL A 1R @ F 0 P i g 48 TP dk AT 2R LR
1,0 ¢ 28 120 mL T =% fil 0.3 g Fil 56 C i Jat i) 4
R AR /R SN/ E Y (Lo e s W e 7
ZPANA 200 mg-kg! I, FWPMN 4,6-—H
T 2R5FBEMY (DMDBT) , ) T 250 °C .6 MPa fH
TS, B4 3 650 remin™, N7 H Agi-
lent 6890N GC-MS &t ; JHBCH HP-PONA Methyl
Siloxane (Agilent 19091S-001)E 41 45 #£ (30 m x 0.53
mm x 1 pm)Agilent 6890 “AH 1% & &, FID 45 Il
#%  H, it 30 mL-min™ AR R 300 mLemin™ 2%
N, Wi dE 23.9 mL-min™ 33 b 30 HEHTE 2.82 x
10° Pa FHE#H % 10 °C-min™,

2 HR5SiTE

21 Y RBHEHWEBET
e A Y b G R BT I AR K B i



+1630-

kP

¥oF iR H22%

A g TR WA R R R E 1T A1 MAS NMR 5E
g AR 1,

200 100 0 -100 200
Chemical shift / ppm

K1 AR A 9 A1 MAS NMR &

Fig.1 %Al MAS NMR of precursor A
A1 MAS NMR 5 HO B T k2460 8 6=
52 ppm M — 50 | X SR RTIR AR K BEE A
AL 23 LUK B 9 DU B A7 i T SXF7 A8 | T I A U 5 7
BRI SELAL Al FALE, T AR FIWT & A Y A
ILEEA BTN Y A0 98 K 04 R SR AR 2 28
XZATURAR A XRD 45 R T & 2,7 XRD
I H R LY A R AR AT ST e | 358 B 8 1 i B4R H
B RREE AR Y WA IR RS BT TR
Y A B SRR B, FTIR ML 589 em™ B 22 4L
YR Bl W 1 A7 6 0] DA 7R 43T B 7 S 565 28 45 B A9 i K
RS Y WA IR RS 0T o — 2 1)
Py 5T 1 St L B AR S IR R IS (TR S W I £ A1 0 R
WA T IR R B 1% 589 em™ MIAEFER, 454 7Al
MAS NMR 1 XRD #5256 45 5 | 7850 Uk B 1 76 1 4K

20/ (%)

Kl 2 TSR A B9 XRD K
Fig.2  XRD pattern of precursor A

PRI K EERE A Y Wb A 1 IR 45 K0 BT I A7 A i
AREY WA AR IER
22 BHESR

22.1 YH%E

W BT BB FE i MSUY-41 #E47 T XRD A,
ZERNE 3 iR, HARE S MSUY-41 /) XRD &l
AL UL 7 S5 2 v T £ i 4 0 MSUY-41 7E{R A
JEEAT S IX B A B M 5 MCM-41 AH [R) ) A B e, HLR
fIE A7 5 08 AT AR YR UH &8 T (100) . (110) F1(200) & T8 47T
S5, 3 Ul WTRE i B AR 48 07 A U MCM-41 1 3t
RUZS TT HEBN A FL A5 K T AE e A0 59 AR B X PN 1Y
XRD FIEAG B Y WA (0 R AE A 5 06 | p ko] LA
Ui B 7E S50 2 il £ A RE FUZ MCM-41 214
B A HAZA W AEAE XRD B dyggodiio 1 dogo B T
TS0 0 43 PR B AT AR AR KRB A P AR, ®
LA A BT 0 MSUY-41 A7 P PEAR &
2T Y WA IR RGBT T T A MCM-41
FRFLE Ffr U5 B R AT L1 A A SR i — 2 4 )

100

110

210

1 n -

0 10 20 30 40 50
20/ (9

3 A HUFE A MSUY-41 89 XRD
Fig.3 XRD of MSUY-41 sample

222 FEAAY FTIR F#AE

B HUFE i MSUY-41 F% 58 75 vk G iR N 6 55
IS MCM-41 09 IR D635 76 H 22 4% 2 X i 3% B s T
Kl 4, aTLUE 45 5548 5 e B Sio, ML, [ 4
BT MCM-41 EHESRshIE, RIA LT Y
TR A 11 S B ARAE B A0 R 2l 0 DU T AR PSS R A1
43R 3 786 #1705 em™ 5 B HRAA 576 em™ 3
MR 3 463 em™ , HHUKATE S A MCM-41 #£ &
HA Si-0-Si X FR AR 4 4 5 5 S0k FrAi 4 Ik A Sii-
O B MIsh Frsl i 1090~1 120 em™,790~820
em™,450~470 em™ T IR MR Y AU AR
OB P FEAE TS I (576 em™)2%21 ) 576 em™ B 22 BUFR
Y% Bh U (R A7 16 W] LAFE 43 UE A 78 52 50 %2 A i Y MCM-




Fo SR IR A5 . R PRI R K AR E M MCM-41 8945 i B 25 n i Al 1 g 1631

41 A AL T FLBE FP B BR & A Y Wb B G A A

B,

N

MSUY-41

1400 1200 1000 800 600 4
Wavenumber / ¢cm’

4 4 RFES MSUY-41 Fl MCM-41 # FTIR %41
Fig.4 FTIR spectra of MSUY-41 sample and MCM-41

MSTTY-41

2.2.3 SEM £l HRTEM M %%

SEM RAE T & B HE & MSUY-41 (158, 4
K5, #HIE G B MCM-41 J&2 AR AR | Bk 46
3 LA AR | SR IR B AR TR A0 Y TR 43— i e £ 4
W1 235 & 50 G 00 /T B A ORI R R
MSUY-41 HJ &M B A Rk I8 i1 A0 BL28 Ui %
W PURGE R, X — U TS R R
MSUY-41 ANJ& MCM-41 F1Y b4 B &R A7 i AR
AN TR F5 BLTE 1 MCM-41

FE 5 MSUY-41 ) HRTEM W45 R K 6, El 6
WRFE A MSUY-41 BA HLEA 7 1975 07 HE5 0 4
FLALIEZE R N R vl LLE A BORE i LA R
2958 3.2 nm, FLEEEEAE 1.5~1.7 nm Z[H] | X Al N,
W2 R DU A 18 LA R /IS R L R 3 AR — 3

2.2.4  fLESFYTE BT RAE

BT A BRI RE ff MSUY-41 14 N, 1) W% B - 18 B 2

MCR-11

Kl 5 A MSUY-41 1 MCM-41 i SEM & A

Kl 6 A MM MSUY-41 ) HRTEM )t
Fig.6. HRTEM image of MSUY-41 particles



+1632-

kP

2026

TR LIE 7, BES MSUY-41 B4 BRI B 46 R 48 2
RV IV AL 75 A% R B W B B B PrP, B4 3 JnSF- 22 3%
I AEBSE Y PP, DX W B RE PP, B HE N 2R 1
K AE R 5 AR BE AR AR G2 MCM-41 HRAS FE
MSUY-41 1) CERAL 1) PP, EAAERE 8, 7E PIPy=
0.4~1.0 Z [H 5 g FF il 9 355 i B4 002 ply 1 W2 o o
AL T A R R T R AL v A TR T ]
1 o AL A3 A1 B BT AT LA H AR S MSUY-41 89°F- 241
%R 32 nm A, EE N a=2d,w/ V3 Fl t=a;—D
TR AT LIS B R 5 MSUY-41 FLEE Y EEE N 1.66
nm, KT 5 ML A B MCM-41 /9 1.41 nm, iX 1] 48
JEH T Y IRBEEH BT H ] AFLEE I 51

4001
ot
e
2 S
A0S E
= 3004 .‘.’._:-,_,'_,g. =
2 T3 6 8012713161820 P
% pore diameter / (pn1) ./. e L
3 -
§ 2004 —m— B adsorption
k] ] —e— D desorption
§ ‘: P
= 1004
>
O T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Relative pressure P/Po

7 HCREA 1 N, LB 3 26 (196 )
Fig.7 N, adsorption-desorption isotherms of MSUY-41
partisles at =196 °C

2.2.5 G R A A [ AR R AR A3 A

8 45 th T AE SN A1 MAS NMR Kl 7E &
AILLE AL (A2 A 0088 8,=59.5 ppm, 1A Kl
B fh 2 5 A 78 BRI 1 B 2R AP S TE A 45 1 i 0 | R
R Iy B0 AR BT 7 A B SR A D AL AR A 1
W (— 8 IAE 8y 30~40)21 X Uk B BT A B AR
MSUY-41 FlE LG L) MCM-41 ‘B BE 454 —FF |
2t K 22 B0 B AT 2 DA DY TRE A AR R 2 AT T I
(A, Zeat 550 CCRE 8 h, B 2R VO BC A R R 8 47
TS Fifivh, A B ALI S EE AL AR 09 15 0
.,

2Si JBE £ e A v w] T RAE AL 4y 0
QYQ* M HLAEL , MCM-41 1Y »Si JiE 1 e s ¥ v i 5 G
EIE Si0, ML, /T BB =i fE S, Hh b
A0 R0 -89/-92 ppm FIIAJE F Si (20Si)(20H)=()*
MG HR1E 5 7% -98/-102 ppm A IHE T
Si(30Si)(OH)=Q® M #EILAR 55| Mtk 2= %%k -108/

200 100 0 -100 2200
“Al chemical shift / ppm

-100
*Si chemical shift / ppm

Bl 8 A Wik S HMSUY-41 ) MAS HMR
Fig.8 MAS NMR of HMSUY-41 sample

—111 ppm WK Si(40Si)=Q* MIREIIRE S, Q> F1 Q°
SO RE R 5 4 TR A TR B, QF W R 43T i
TR S R AR Y, AR QYQ* 1% I AH X &
FN BT HIE H Loy 0 2540 vh RE Y A R Bl
Ui QYQ* LLXF Ry T3 i e FR iy i, (B BRI R
45 PR LB g B i /b

P8 7 T AR fh MSUY-41 11 ®Si Ji f % T
FILLE A0 RE 105 ppm 24T A — 55
T RET oI EAL S Q MRl RIS
H-98 ppm LA H — 591545, AR T 40 F i B 4
Q> WA, M Q¥ FI Q* M AHXT R | 437 i 48
RA RS, KUY WA 9K 5 o 20 3 o A AL
30 B 24 L H e 4 1 T R A 4 I TR A 1)
Iy A% LU

22,6 HEAHIERYE

K NH3-TPD , 6B NH, I 5 2 b 1 %5 W



Fo

ST AR 45 0o TR B AN R K FARRUE TR MCM-41 -8 B 2R S pE AL PE g

+1633-

W, B E NaOH 15 TR0 22 IR 22U AR I, o 20
RURE S R B ILAT T 58 AR RN 9 3R 1,
£ 1 REBATHEO®RE

Table 1 Acid amount in different supports
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