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Pd-Pt/HZSM-5 184k 5], BARRIEEFS L (n(Si0,) : n(AL05)=38 : 1, 200 : 1, 800 : 1] fj Pd-Pt/HZSM-5 fE{k.51 43
Wl K Pd-PYHZSM-5(38) . Pd-Pt/HZSM-5(200) . Pd-Pt/HZSM-5(800). %/ XRD. SEM, TEM, Raman. XPS .
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5 Pd-PHZSM-5(800)F1 Pd-Pt/HZSM-5(200)4H 1, Pd-PHZSM-5(38) Ak AIvk B FR Ak B RS IRIR T (Tyo) 43
IR T 27.54 F130.92 °C, SELHALIREE (Too) ZHHIFEAKT 3.38 F117.51 °C., Pd-PYHZSM-5(38)7E 360 °C'F
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Preparation of Pd-Pt/HZSM -5 catalysts and their catalytic performance
for low-concentration methane combustion
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Abstract: Pd-Pt/HZSM-5 catalysts were prepared by impregnation method using Pt(NH;),Cl, and
Pd(NO;),*2H,0 as precursor salts of Pt as well as Pd, and HZSM-5 molecular sieves as carriers. The
Pd-Pt/HZSM-5 catalysts with different Si/Al ratios [n(SiO,) : n(Al,O3)=38 : 1, 200 : 1, 800 : 1], named as
Pd-Pt/HZSM-5(38), Pd-Pt/HZSM-5(200) and Pd-Pt/HZSM-5(800), respectively, were characterized by XRD,
SEM, TEM, Raman, XPS, CO,-TPD and NH;-TPD, and evaluated on their catalytic activity for
low-concentration (0.5% volume fraction) methane combustion by a fixed bed reactor. The results showed
that Pd-Pt/HZSM-5(38) exhibited the best catalytic performance with smaller Pd/Pt particle size (6.3 nm),
the largest number of PdO crystals, active Pd/Pt species and acidic sites, the highest n(Pd°) : n(Pd*") and
the highest Pt mass fraction (0.19%). Compared with those of Pd-Pt/HZSM-5(800) and
Pd-Pt/HZSM-5(200), the ignition temperature (7o) of low-concentration methane combustion catalyzed by
Pd-Pt/HZSM-5(38) decreased by 27.54 and 30.92 °C, respectively, while the total conversion temperature
(Ty9) was reduced by 3.38 and 17.51 °C, respectively. Moreover, Pd-Pt/HZSM-5(38) could run stably at
360 °C for 150 h with no significant decrease in the activity, and the methane conversion rate was
maintained above 99.6%.
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Fig. 1 Diagram of fixed-bed evaluation device
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Fig. 2 XRD patterns of HZSM-5 and Pd-Pt/HZSM-5 catalysts
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Table 1  Structure parameters of Pd-Pt/HZSM-5 catalysts

il HFE AR/ (mPg)  FLIEF/ (ecm’/g)
Pd-Pt/HZSM-5(38) 397.0 0.15
Pd-Pt/HZSM-5(200) 417.0 0.15
Pd-Pt/HZSM-5(800) 422.0 0.14
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Fig. 3 SEM images of Pd-Pt/HZSM-5 catalysts
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Fig. 4 TEM images of Pd-Pt/HZSM-5 catalysts
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Fig. 5 Raman spectra of Pd-Pt/HZSM-5 catalysts
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Fig. 6 Pd 3d XPS spectra of Pd-Pt/HZSM-5 catalysts
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Fig. 7 Pt 4f XPS spectra of Pd-Pt/HZSM-5 catalysts
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Fig. 8 CO,-TPD curves of Pd-Pt/HZSM-5 catalysts
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Fig. 9 NH;-TPD curves of Pd-Pt/HZSM-5 catalysts
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Fig. 10 CH, conversion as a function of different reaction
temperature over Pd-Pt/HZSM-5 catalysts
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IR B H e R BRI T 20 BIREAIR 27.54 111 30.92 °C,
Too 4 W BEAR 338 F1 17.51 °C., 45 B %,

Pd-Pt/HZSM-5(200) [ f# fb 3& M & 2 , 1
Pd-Pt/HZSM-5(38) HA A Ak 14 , H Tho Tso
Too 43909 291.29. 376.11., 416.96 °C, MiXx 3 Ff
Pd-Pt/HZSM-5 #EAL 5 FIXT B H 2F T R4S HEOR

AL IR 54y Ptk e Z AN A LR R, B
HiF, Pd EEAEAL AL Be R R AL W R B, K
F Pd, PdO Fll Pd-PdO i A AP ATAE s 141421

2 Pd-PYHZSM-5 HALFKIY Tio. Tso. Too
Table 2 T, Tso, Tog of Pd-Pt/HZSM-5 catalysts

AL 5 T10/°C Tse/°C Too/°C
Pd-Pt/HZSM-5(38) 291.29 376.11 416.96
Pd-Pt/HZSM-5(200) 322.21 392.52 434.47
Pd-Pt/HZSM-5(800) 318.83 368.72 420.34

BET 45 520 #1251, PA-PYHZSM-5 fiE4k 571 Y
H R I AURFLIAR RS AL TG C B E R R . X
5 P IR 25 R — 3, UL LR AU FLAA R
NG Pd-PYHZSM-5 #EALFIEAL T fE AR fb 1 3
BRI, SEM MZ5 MR, Sk R ST I A R
TE AL PR B SEHE P 2 L CO,-TPD RY45 A i,
IR R CO, fiff W I B 1T LAARE 328 R o 4 Ak S AR B
{2 Pd-PYHZSM-5(38)F Bl f =i B CO, it W IR
(179 °C ), e BAMEAL IR0 (%) 2% 1o 1 5 Ak 0 M VAT
B BEA C M . Raman 1 XPS ZE R HrE W,
Pd-Pt/HZSM-5(38) P AEFE ik Z 1) PO 45 & Al i 14
Pd/Pt ¥iFh, H n(Pd®) : n(Pd* )R .

2% 3 NBALFIRE S R Pd. Pt AT AL BT R4 ER

M 3 A L, Pd-Pt/HZSM-5(38)H Pt it & 43 8 =

(0.19% ), HAEIIE MRS, (HEARMEATHRE F
B P R HLERA A Ry it — 25T

%3 Pd-Pt/HZSM-5 14k Pd, Pt. Al fOJRE 4350

Table 3 Mass fraction of Pd, Pt, Al in Pd-Pt/HZSM-5
catalysts
HEALF B 5 %0%
Pd Pt Al
Pd-PY/HZSM-5(38) 0.93 0.19 225
Pd-Pt/HZSM-5(200) 0.95 0.18 0.66
Pd-Pt/HZSM-5(800) 0.90 0.17 0.08
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Fig. 11  Stability test of Pd-Pt/HZSM-5(38) at 360 °C
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Table 4 Performance comparison of low concentration methane catalysts

it M REWG  SE g g e ——— PR 2% il
Ik EBSEU%  [mL/(g-h)] HEEPC MR R %
Pd-Pt/HZSM-5(38) R 0.5 30000 291.29 376.11 416.96 360 150 99.6 AL
1%Pd/Al,0; BE 0.5 18000 420 465 503 450 33 98 [12]
1%Pd-La/Al,05 2k 0.5 18000 330 375 420 450 33 98 [12]
1%Pt-5.5%Pd/ALO; =L 1 18000 360 400 460 — — — [13]
1.3%Pd/HZSM-5 2tk 0.15 100000 527 600 650 — — — [44]
Pd/Na-ZSM-5(40) Bk 1 30000 264 329 396 450 50 99 [45]
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