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Effect of Pt — based monolithic catalysts with different support on
low temperature reaction performance of hydrogen

ZHOU Ying TANG Aikun NI Qiang LI Chong
( School of Energy and Power Engineering Jiangsu University Zhenjiang Jiangsu 212013 China)

Abstract: A monolithic catalyst Pt/support/cordierite was prepared with hydrogen zeolite sieve
molecular-5 ( HZSM-5) and oxides ( Al,0, TiO, and Si0O,) coating as support cordierite as matrix and
Pt as active component. The structure and properties of the catalyst were characterized by XRD SEM

TEM and XPS. The effects of carriers and Pt loads on the catalytic reaction performance of hydrogen in
low temperature were investigated when the volume concentration of hydrogen is 2. 5% . The results show
that the monolithic catalyst supported by HZSM-5 has the best performance which is related to the good
adhesion of the active layer the good distribution of Pt and the uniform particle size. The catalyst with
Si0, as support shows the worst performance because the support has the least Pt’ with weak Pt load.
Pt/HZSM-5 / cordierite monolithic catalyst shows better catalytic activity when the load of Pt is 0.01 g *

L™". With Pt load of 0.05 g * L' and more Pt/HZSM-5/cordierite monolithic catalyst can rapidly set
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up even at room temperature and achieve 100% conversion.

Key words: monolithic catalyst; cordierite; load; Pt; low temperature catalysis combustion of hydrogen;

HZSM-5
21 ‘ ‘ . Ty ’ ’
\ . Z8M-5
N Pt ( Pt
)
. Al,0,.TiO,.Si0, H
NO, -5( hydrogen zeolite sieve molecular5 HZSM-5)
N 4 XRD.SEM.TEM
. XPS N
2 Pt
(Pt) .
(Pd) . (Rh)
1
Pt N
1.1
b 400 (2AL,0; » 2MgO - 5Si0,)
Pt Pd  Rh . H, PtCl, N
. AL O,.TiO, SiO, Pt
1 2% Pd /Al 0,
1.2
1.2.1
2 1% Pt/MgAl, O, 1)
. lh
Co,0,-710, N WSiCs pH 3.5
3.4
2) . 30 mL <10 mL
Pt Pt 5 mL A 2 mL
20 mL B B
A 40 C 6 h
5-6 : .
5( zeolite sieve molecular5 ZSM-5) 3) . N N
; ZSM-5 3 h.
4)
1.2.2
1) .
30 min; 120 C 2 h;
N . N 500 C 2 h



N N 1 min
120 C 2 h;
500 C 4 h.
25g-L7".
3)
100 °C 12 h 120 °C 2 h
500 C 3 h.
1.3
1
3 . -
2.5% 2L+ min"
( ~ )
3.4x10*h~". 25 mm
( 15
mm 20 mm)
1
X = TinPin ~ JouPou % 100%
4w Pin
X v Qv Gou >
P Pin Pou N
1.4
X ( Rigaku Ultima IV

XRD)

209

Ka 40 kV 40
mA 20 5°~90° 5(°)
min "', SN-
3400N SEM)

1
. ( JEOL JEM
2100F TEM)
120 kV.
( ThermoFisher ESCALAB250 XPS)
Pt Pt
AlKa X (X
1 486.6 eV) 15 kV
10 mA.
2
2.1
2.1.1
XRD
XRD 2
2
2 HZSM-5 20 =23.14° 23.77°
25.65° XRD 45.00°
> AL O,
20 =37.54° 45.66° 66.60° 3
vALO;
. PDF TiO,
( PDF#99-0008) ( PDF#
214276) ; Si0, Si0,
2.1.2
SEM
SEM 3
3



210

HZSM-5 ; Pt/HZSM -
5/ HZSM-5
3
TEM
Pt
4 Pt/HZSM-5/ Pt
4  Pt/HZSM-5/ Pt
5 4
Pt P Pt Pt 2

v-AL 0, Ti0, S0,
PU/TiO, /
10
SEM
4 Pt/HZSM-5 / Pt
3.05 nm Pt
4
5 4 TEM Sa-c
ALO,.TiO,  Si0,
.3 Pt/HZSM -
5/ Pt .
N Pt
Al,0,.Ti0O,.Si0,
3 Pt.
Pt/HZSM-S5/
HZSM-5
TEM
P Pt



pt’
4 Pt 4f
XPS 6 . Pt 4f
6
Al
75.0 eV AP "2 71.6.74.2 eV
p’ " 72.4.76.3 eV
pet Pt 4f Pt/HZSM-
5/ JPt/AL O,/ JPt/TiO, / Pt/
Si0, / 4 Pt P’
51.05% + 87.70% +66.37%  33.67%. Pt°
Pt/
HZSM-5 / pt’
) XPS
pt’
. HZSM-5 Al 0,.TiO,
pt°. pt’
2.2
2.2.1 Pt
7 Pt (
) 25 HZSM-5
) 7
Pt 0.05g-L"
(28 C) (
)
1 000 s

Pt 4f7/2 4f5/2 2
67.0~79.0 eV Al 2p
12
Pt 4f XPS
150.0 C
7 Pt
100% . Pt
0.05 g+ L'
Pt 0.01 g+ L'
10 min
Pt
Pt
0.05g+L" Pt HZSM-5
Pt

2.2.2
8 HZSM-5. AL 0, . TiO,

211

Pt 4f 5/2

$i0,



212

Pt
. Pt
0.05 g « L™ HZSM-5
25.
8 Pt
8 4
Pt/HZSM-5 / \Pt/A1,0,/ Pt/
TiO, / Pt/Si0, /
Pt
HZSM-5
Pt
Pt/HZSM-5 / 63.7 C
100% . Pt
Pt/Si0, / 400.0 °C
50%
15
3
1) 25  HZSM-S5
Pt 0.05 g+ L'
(28 °C)
2) Pt/Si0,/ JPt/Ti0, / \Pt/AL 0,/
Pt/HZSM-5 ( 25) / (
25) 4 Pt/HZSM-5( 25) /
HZSM-5
Pt

( References)

1 DARIF B OJALA S PIRAULT-ROY L et al. Study
on the catalytic oxidation of DMDS over Pt-Cu catalysts
supported on Al, O, AlSi,, and SiO, J . Applied Ca-
talysis B: Environmental 2016 181: 24 —33.

10

11

ZHANG CM ZHANG J MA J X. Hydrogen catalytic
combustion over a Pt/Ce, (Zr, ,0,/MgAl, O, mesoporous
coating monolithic catalyst J . International Journal of
Hydrogen Energy 2012 37(17): 12941 —12946.
DU PREEZ S P JONESD R WARWICK M E A et
al. Thermally stable Pt/Ti mesh catalyst for catalytic hy—
drogen combustion ] . International Journal of Hydro—
gen Energy 2020 45(33): 16851 - 16864.
ARZAC G M MONTES O FERNANDEZA A et al.
Pt-impregnated catalysts on powdery SiC and other com—
mercial supports for the combustion of hydrogen under
oxidant conditions J . Applied Catalysis B: Environ-
mental 2017 201: 391 —399.
YANGDY FUSY HUANGSS etal. The prepara—
tion of hierarchical Pt/ZSM-5 catalysts and their per—
formance for toluene catalytic combustion J . Micro—
porous and Mesoporous Materials doi: 10. 1016/j. mi—
cromeso. 2019. 109802.
LUOL WANG S FAN C et al. Promoting effect of
alkali metal cations on the catalytic performance of Pd/
H-ZSM-5 in the combustion of lean methane J . Ap-
plied Catalysis A: General doi: 10. 1016/j. apcata.
2020. 117678.
FAN C YANG L LUO L et al. A highly active Pd/
H-ZSM-5 catalyst in lean methane combustion prepared
via a sol-gel method and treated by reduction-exidation
J . New Journal of Chemistry doi: 10. 1039/
DONJ00212G.
ZHANG RD ZHANGB SHIZY etal. Catalytic be—
haviors of chloromethane combustion over the metal—-
modified ZSM-5 zeolites with diverse SiO,/Al, O ratios
J . Journal of Molecular Catalysis A: Chemical doi:
10.1016/j. molcata. 2014. 11. 019.
WUM WANG XY DAIQG etal. Low temperature
catalytic combustion of chlorobenzene over Mn-Ce-O/vy-
AlLLO; mixed oxides catalyst J . Catalysis Today
2010 158(3): 336 -342.
HUANGH F JINLL LU HF et al. Monolithic
CrV/TiO, /cordierite ~catalysts prepared by in-situ
precipitation and impregnation for low-temperature NH, -
SCR reactions J .
34: 1-4.
GIARRATANO F ARZAC G M GODINHO V et al.

Catalysis Communications 2013

Nanoporous Pt-based catalysts prepared by chemical
dealloying of magnetron-sputtered Pt-Cu thin films for
the catalytic combustion of hydrogen J . Applied Cata—
lysis B: Environmental 2018 235:168 -176.

( 220 )



220

ment’s efficiency in cold-starts J . Applied Thermal transfer J . Applied Thermal Engineering 2018 133:
Engineering doi: 10. 1016/j. applthermaleng. 2019. 493 -500.
114702. 11 FANSF GAO Y W. Numerical simulation on thermoe—

7 LAN S SMITH A STOBART R et al. Feasibility lectric and mechanical performance of annular thermoe—
study on a vehicular thermoelectric generator for both lectric generator J . Energy 2018 150: 38 —48.
waste heat recovery and engine oil warm-up J . Ap-— 12 KARANA D R SAHOO R R. Influence of geometric
plied Energy 2019 242: 273 —284. parameter on the performance of a new asymmetrical and

8 LIGN ZHENGY Q HU]J G etal. Experiments and segmented thermoelectric generator J . Energy 2019
a simplified theoretical model for a water-cooled stove— 179: 90 -99.
powered thermoelectric generator J . Energy 2019 13 .

185: 437 -448. J. 2019 36(7):17 -18 22.

9 WANG S X XIE T X XIE H X. Experimental study of LYU X CHENJW LIUC etal. Research on semi-
the effects of the thermal contact resistance on the per— conductor thermal power generator J . Telecom Power
formance of thermoelectric generator J . Applied Ther— Technology 2019 36(7) :17 -18 22. ( in Chinese)
mal Engineering 2018 130: 847 —853.

10 LIAOM]J HE Z JIANG CP etal. A three-dimen— ( )

sional model for thermoelectric generator and the in-

fluence of Peltier effect on the performance and heat

P3IPIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIID>D

( 212 )

12 HUANGSS YANGDY TANG Q X et al. Ptdoaded day 2019 327: 64 -72.
ellipsoidal nanozeolite as an active catalyst for toluene 15
catalytic combustion J . Microporous and Mesoporous J . 2019 38(3):
Materials doi : 10. 1016/j. micromeso. 2020. 110292. 1411 - 1418.

13 ZHAO PP CHENJ YUHB etal Insights into pro— JINQQ XIEJL LIFX etal. Performance of struc—
pane combustion over MoO, promoted Pt/ZrO, catalysts: tured cordierite catalysts with different coatings for NH,—
the generation of Pt-MoO; interface and its promotional SCR J . Chemical Industry and Engineering Progress
role on catalytic activity J . Journal of Catalysis 2019 38(3): 1411 - 1418. ( in Chinese)

2020 391:80 -90.
14 LIANGYL DINGXM DAIJY etal Active oxy- ( )

gen-promoted NO catalytic on monolithic Pt-based diesel

oxidation catalyst modified with Ce J . Catalysis To—



