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Preparation of Novel Pd/HZSM-5-N Catalysts
and Their Applications in Benzyl Alcohol Oxidation

WANG Yu-bao®, CHEN Yu-jing
(School of Chemistry and Material Science, Ludong University, Yantai 264025, China)

Abstract; The doped nitrogen molecular sieve, HZSM-5-N(1) , was obtained by directly high temper-
ature nitridation, using molecular sieve HZSM-5 as precursor and ammonia as nitrogen source. A series
of catalysts(Pd*/1) with different Pa loading( ) were prepared by sol-immobilization method, using 1
as supporter and Pd( OAc), as Pd source. The structures and properties of Pd“/1 were characterized
by SEM, FT-IR, elemental analysis, XRD, N,-BET and ICP. Effects of o, Pd“/1 dosage, reaction
time and temperature on catalytic performances of Pd*/1 were investgated, using benzyl alcohol oxida-
tion as the template reaction. The results showed that conversion of benzyl alcohol was 66.7% and se-
lectivity of benzaldehyde was 92.9% under the optimum reaction conditions( Pd>/1 40 mg, reacted at
120 °C for 180 min). The catalytic performance of Pd*/1 remain stable after recycling for five times.
Keywords: doped nitrogen molecular sieve; Pd catalyst; benzyl alcohol oxidation; preparation; cata-

lytic property
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Guan 2" SR AT R AL EE X ZSM-5 HEATBicrE , I B
HT R OBER e 3L R . G55 FRM o+
A, BT B ORI AR BRI, (AT A 30 ]
PEALRIFR B TE B, B AL T R T % Jia
2sl18) oo g0 HZSM-5 2 NaOH Stk PR )5 , [
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86% ) o AHIZ 7 i 4 78 I W B [B) 45, A Ak 770 FH
WL  HZSM-5 B 480] 5 & AL YR S .

R X — il a5, A SCILE O LR AR AR
5 RSB ARG M PR ) R, LA HZSM-
5 MATIRAR , B AON AR, B R AR B A
430 HZSM-5-N(1) ; LA Pd(OAc), H4RIE,1 K
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Scheme 1

1 SRS

1.1 ALE LKA

Nexus 670 BIZLAPEEAL(KBr [ J17) 5 Perkin-
Elmer series 112400 CHNS #I50% /- #11% ; S-4800
W= e H.55 ; D8 Advance B X-Sf £ #y R AT
HHY s Thermo Scientific iCAP 6300 7Y £E B K &
SIEIE AL ; Autosorb-3B B [ Sy BRI FHAY o

HZSM-5 330k 7 v 1 45 5 oAy i 1t 1
3y T

1.2 H&

(1) 1 5yl

EAWEETIMA HZSM-5 1.0 g, B FHRE
500 °C, 1k 20 mL « min "' BHFRWEAS 4 h, L
SR R T WA 7K 435 T 800 °C 45 1k i &L, LA
100 mL - min ' ZiFHE 8 h; L) 20 mL - min '
BREAR, RN EEIRE 1,

(2) Pd*/1 il % (LA P>/ (il 4 i)

FERHTAIA 1.0 mg - mL™'Pd( OAc) , 75T
5 mg, fEFE T ARUKIE N 1% PVA %53 0. 6 mL Fl
0.1 mol - L™"3r# NaBH, %7 3 mL, %5 (24 30
min) , FIZIFE R IIA10.25 g, i 1 h, #hilE,
ISP mAEK (3 x2 mL) PE¥&, T 120 C it
AT K A o [ Ak Pd’/1 al VPd(OAc)Z X Cpg(one), X
MPd]/[MPd(OAo)Z xm,] =21},

FHZEAUAY J5 2 45 0 11 o [ A Pd' /1, P/
1, Pd*/1, Pd/1,

1.3 R WE AR

TE=FBSH A Pd*/1 40 mg FI%E i 4
g, BEFE(1 200 v+ min™") FF 120 C (V) A
A5(20 mL - min~"), L7 180 min, 3% 3¢k
Ti R OR F R SRR A A5

2 #ER5iItE

2.1 %ie

(1) SEM

&1 2k HZSM-5 Fi1 1 [y SEM BE - &l 1 7]
U, AR e R A Ak A2 A, (B SR AR AN 3 iU
FEATEA G XU 1 BT RS R

HZSM-5 1
1 HZSM-5 11 i SEM iR &
SEM images of HZSM-5 and 1

Figure 1
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(2) FT-IR( &)

i HZSM-5 ) FT-IR 43#r Al %,3 646 cm ' Al
3 606 cm ' bW YISk Si—OH 1 OH 3R 3
I Si—OH—AL a1 )3 502 em ™' Fil 3 453
em ~ Ak IR ST I Ay T B K B OHL iR B i, 3 406
em ™ 13 360 em "' b VEAT HY R L A W i

1 1 % FT-IR 4347 n] %01,3 606 cm ™' &b i
M X AT e J& T Si—OH—AIL Hiy O 8 N Ht
8,78 1 Si—NH—AI, 3 406 ¢cm ™' 13 360 cm ™'
A H I A WA AT 0 FT B U J Si—NH—Si il Si—
NH—AI r NH {45 Iz b

(3) XRD

& 2 % HZSM-5, 1 i1 Pd*/1 () XRD A,
FH & 2 Al 0L, HZSM-5, 1 Fil Pd*/1 7 26 7 ~ 10°Fll
22 ~25° L HAT RRAE G ERA 1 I P /1 25 f
B, AN, 1 7E 26 22 ~25° kb7 ik 55, Pd>/
1M TC B A8 Ak, 150 B o T LAk T 40 0 5 A
— s HR S a4

ﬂ f}

1 {
| A
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26/(°)
B2 HZSM-5, 1 1 Pd*/1 {1 XRD &
Figure 2 XRD patterns of HZSM-5, 1 and Pd*/1

(4) JLE /3 HrFl N,-BET
%1 K HZSM-5, 1 F1 Pd*/1 [RS8 2k
lepigs

%1 HZSM-5, 1 il Pd*/1 (94 & B RSUR P i
Table 1  The nitro content and texture properties

of HZSM-5, 1 and Pd*/1
Comp  N/% HLRIRAY W - g7 UAEBL /em™ - g™

HZSM-5 - 285 0. 101
1 1.12 273 0.105
P11 1.12 256 0.108

*P/P, =0.995,

MZELA 0,1 M Pl A SRR 12%,
WA T SCHRAE > oAb, 1 A PAR /1 Y H 2 i B
FFLARFRTC B i 284k, h P L2540 R 8 4, 53
Bk g A, 5 XRD 45 R —%,

(5) ICP

F2H P/ S (o), HER2 AT,
FRAEAE o BR, MESCR T SRR 4
a=2.00% B, R EHCF Fem (89.0% ) o X B 1
FAEW) A E—Er, 385 o RIMAFH T Pd A

Fz2 PA1ETE
Table 2 Pd content of Pd“/1

T HBAE/ % M AR %
Pd*/HZSM-5 2.00 1.46 73.0
Pd’/1 2.00 1.78 89.0
pd'/1 1.00 0.80 80.0
Pd*/1 3.00 2.55 85.0
Pd*/1 4.00 3.32 83.0
Pd’/1 5.00 4.01 80.2

£ LAl UL, v it A AN 2 BEER 1 U 14 AR
45, N ORI BUR T #4308 s—NH,, f& & 1
Pd

2.2 EFEERALERE L&A

Sl Ak 2R R B A AL R SR, BERE T«
Pd*/1 FHHE, SN S 8] AR 3R B X PAe /1 44k
PERBAYSZIA , SR e A SO 451 o

(1) «

Pd“/1 40 mg,,ﬁ\:%ﬁ}iﬁ\z%{*[ﬁ] 1.3,%%5 o X
Pd*/1 fEALPERE 2 S5 SR WL 3, R 3 i,
o K AP B AL R B v, S P I e P 2%
TEREAG, UL o 3 KA R T R AL R (A R
RPN 2 FEGEPEEREIL. Y o 2%
A, St Ab A R B i 5 (66. 7% , 92.9% ) o [HIIL
e« M 2% B PA*/1 ffbPERE R

F3 aXf PA/1 fEALTERRIR M
Table 3 Effect ofa on catalytic performance of Pd*/1

pd*/1  pd'21 pd/1 Ppds/1 pPd'/1 Pd/1
AR/ % 53.5 66.7  67.2  61.9  68.5
WEM/ % 94.1  92.9 92.2  91.2  90.3

" Pd/1 40 mg, HAR SR A PFR] 1.3
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(2) Pd*/1 &

Pd*/1 Jp AT, FoAs R A% PRIl 2.2(1)
#5¢ PA’/1 R AL PERE G R, S5 SR 0L 4,
HI7 4 AT, 24 Pd®/1 F Dl 40 mg B, 5540 R A
e PEMESN R 66. 7% F192.9% . 4k&ekahn Pd*/1
i A R AR AN S BB W R A,
Pd*/1 Wy fetE A 40 mg,

F4 P/ X HEIPERER 0
Table 4 Effect of Pd’/1 dosage on catalytic performance

Pd’/1/mg 20 40 60 80 100
AR/ %  42.2 66.7 67.9 68.8 69.5
W/ % 93.5 92.9 90.1 88.5 85.8

“PA /1 AR HAR R A PRI 2 1

(3) RIVESE

Pd’/1 40 mg, HAZ R PER] 2.2(1) , %58
O 5L X P R S R (R, S R L 5.
F5 A UL, 2 R B IE EE h 100 C i, 5 AL RAL K
35.5% , ] fig e TR oA A 3 % H 4 Ak S
PTG AL e, 24N R R 120 C i, He bR Ny
66. 7% ; AR THEIR L FE AL R ARR K, e )
BRI R, SR H gk se & A A R
o7, A A F R AN R R B 45 |l =, S EOR H
REEREPEREAR . PR RN R A 120 C

RS OVEXT PA /1 AEALTERE 5
Table 5 Effect of reaction temperature on catalytic
performance of Pd*/1

SR/ C 100 110 120 130 140
A%/ %  35.5 45.1 66.7 67.9 69.1
M/ % 93.4 92.8 92.2 90.9 90.2

“Pd*/1 40 mg, KRR AAFRIFE 1,

6 SUMESIXT Pd/1 AEALTERE 5 R ¢
Table 6 Effect of reaction time on catalytic
performance of Pd*/1

S B [E]/min 120 140 160 180 200
AR/ %  40.0 45.5 54.1 66.7 68.5
EHEM/ %  94.2 94.0 93.3 92.2 90.9

“Pd*/1 40 mg, VIREE 120 C, HAR M AAAFRZE 1,

(4) JZJN ]
Pd*/1 40 mg, [ I I BE R 120 °C, H4 52

SER] 2.2(1) , B EE RN I )X Pd?/1 figfb i fE
IS, AR LK 6,

H1¢ 6 ] L, 5 A 3 B S o I [ 42 4K T 3 7
R Y BRI TE) g 180 min I, F% Ak Ky
66.7% ; Ak BE I [N [A], o AR AR AR, 18
P I 52 07 F [ S A< 17T 328 7 ARG, s vz 1 i) Sy
180 min I, PR 4F (92.2% ) o ML, e fE
N FTE] 2 180 min,

2R L TIR 2R W A S N I e A S I A A
J7:Pd*/1 40 mg, T 120 °C Jz /¥ 180 min, 2 Ffl i
AL R 66. 7% KW EE RN 92.2%

2.3 Pd’/1 94BN AR
TEFAE N 55 AF T S8 B o SR 5 o0

Pd*/1 FIJC/K CBERAERYE R 20, T 100 C Fg

# o F5E PA’/1 (R AR S5 R W3R 7,

x7 P/ YIEHIERE
Table 7 Cycling property of Pd*/1
TEA AL 1 2 3 4 5
AR/ % 66.7  66.6  65.9  64.3 62.1
WP/ % 92,2 92.2 9.5 90.9 90.1

HFE 7 Al 0L, Pd® /1 fE Rk RS, 5 06
5 W MEALPEREFEAAAL o BEAb, FAT TR AT
(¥ Pd®/1 ) Pd & BT T ICP A, 45 SR 3 .
Pd 5 AE SO i J5 JC B AR A s BN RS O
IECR AR A P 33X B N e R G
Pd iR LG

3 &g

il 2 T — R EAE 57 4000 (o) TR A
AL ) P/, LR AR AR SN R R BT IR
B AEGE T o, PA/1 JISE, SR I TE] RR B it
Xf Pd/1 fEAEPERERY A . S5 SRR BT TR I
W25 (Pd*/1 40 mg, T 120 °C /i 180 min)
FEH AL R R 66. T% , % I R B MR
92.9% ., Pd*/1 T &l 1P e 4 4r, 76 3 il 5
[ AT RSP S 7 NG
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