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Effects of Coordination Cations over Zeolite on Hydrogenation
Performance of Pd/H-ZSM-5 Catalyst

ZHANG Chuan-Hao LU Ning-Yue FAN Bin-Bin® LI Rui-Feng
(College of Chemisiry and Chemical Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Pd/H-ZSM-5 catalysts were prepared by conventional impregnation method with commercial hierarchical
NH,-ZSM-5 and H-ZSM-5 (NH,-ZSM-5 calcined at 550 °C for 6 h in air atmosphere) zeolite as the supports, and
H,PdCI, as the metal precursor. The physicochemical properties and catalytic performance of the prepared samples
were characterized by X-ray diffraction, scanning electron microscopy, N, adsorption-desorption, UV-Vis spectrosco-
py. X-ray photoelectron spectroscopy, NH;-temperature programmed desorption, transmission electron microscopy
and naphthalene hydrogenation reaction. The results showed that the coordination cations over zeolites greatly influ-
ence the dispersion of the supported metal species and catalyst acidity. The NH," over ZSM-5 supports was condu-
cive to the dispersion of the supported Pd species, and the prepared Pd/H-ZSM-5(NH,) had more acid sites than Pd/
H-ZSM-5(H), which resulted in that Pd/H-ZSM-5(NH,) exhibited higher catalytic activity in naphthalene hydrogena-
tion than Pd/H-ZSM-5(H).
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Fig.1 XRD patterns of different samples
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Fig.2 SEM images of different samples
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Table 1 Textural parameters of different samples

Sper™/ S Sl Vil Ve /
Sample , X
(m?-g™") (m?-g™") (m?-g™) (em’-g™) (em®-g™")
H-ZSM-5 442 340 102 0.14 0.11
0.1%Pd/H-ZSM-5(H) 442 343 99 0.14 0.10
NH,-ZSM-5 454 371 83 0.15 0.09
0.1%Pd/H-ZSM-5(NH,) 457 357 100 0.15 0.13

*Determined by the Brunauer-Emmett-Teller method; P Calculated by ¢-plot; ¢ Derived by the density functional theory method from

the adsorption branches of the isotherms.

K3 0.1%Pd/H-ZSM-5(H) (a)#10.1%Pd/H-ZSM-5(NH,) (b)f) TEM [&]
Fig.3 TEM images of 0.1%Pd/H-ZSM-5(H) (a) and 0.19%Pd/H-ZSM-5(NH,) (b)
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Table 2 Catalytic results of naphthalene hydrogenation over different samples*

Selectivity / %

Catalyst Naphthalene Conv. /% Teralin Decalin
H-ZSM-5 0.18 100 —
NH4-ZSM-5 0.19 100 —
0.1%Pd/H-ZSM-5(H) 25.2 100 —
0.1%Pd/H-ZSM-5(NH,) 55.3 100 —

“Reaction conditions: 0.15 g catalyst; 0.25 g naphthalene; 10 mL cyclohexane; p=4.5 MPa; =1 h; 7=210 “C.
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Table 3 Catalytic results of naphthalene hydrogenation over different samples*

Selectivity / %

Catalyst Naphthalene Conv. / % Totealim Decalin
0.1%Pd/H-ZSM-5(H) 25.2 100 —
0.1%Pd/H-ZSM-5(NH,) 55.3 100 —
0.1%Pd/Na-ZSM-5(H) 3.6 100 —
0.1%Pd/Na-ZSM-5(NH, ) 6.2 100 —
0.1%Pd/H-ZSM-5(H)-550 20.3 100 —
0.1%Pd/H-ZSM-5(NH,)-550 36.2 100 —

“Reaction conditions: 0.15 g catalyst; 0.25 g naphthalene; 10 mL cyclohexane; p=4.5 MPa; t=1 h; 7=210 °C.
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Fig.6 TEM images of 0.1%Pd/H-ZSM-5(H)-550 (a) and 0.1%Pd/H-ZSM-5(NH,)-550 (b)
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Table 4 Catalytic performances of naphthalene hydrogenation over different samples®

Selectivity / %

Catalyst Temperature/ °C Naphthalene Conv. / %
Tetralin Decalin
0.1%Pd/H-ZSM-5(H) 210 20.2 99.4 0.6
0.1%Pd/H-ZSM-5(NH,) 210 40.3 98.5 1.5
0.1%Pd/H-ZSM-5(H) 250 432 99.1 0.9
0.1%Pd/H-ZSM-5(NH,) 250 55.9 98.0 2.0

*Reaction conditions: 0.15 g catalyst; 1=10 h; p=4 MPa; MHSV (mass hour space velocity)=1.6 h™'; w0, 1 en=3% (dissolved in n-octane).
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Table 5 Catalytic performances of naphthalene hydrogenation by different Pd load catalysts®

Selectivity / %

Catalyst Naphthalene Conv. / % — Decalim
0.1%Pd/H-ZSM-5(H) 25.2 100 —
0.1%Pd/H-ZSM-5(NH,) 55.3 100 —
0.2%Pd/H-ZSM-5(H) 51.2 100 —
0.2%Pd/H-ZSM-5(NH,,) 78.0 99.6 0.4
0.3%Pd/H-ZSM-5(H) 68.4 100 —
0.3%Pd/H-ZSM-5(NH,) 85.2 99.6 0.4

“Reaction conditions: 0.15 g catalyst; 0.25 g naphthalene; 10 mL cyclohexane; p=4.5 MPa; t=1 h; 7=210 °C.
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Supporting information is available at http://www.wjhxxb.cn
SE MK

[1] Liu L, Corma A. Chem. Rev., 2018,118(110):4981-5079

[2] Pradeep T, Chakraborty 1. Chem. Rev.,2017,117(12):8208-8271

[3] Sau T K, Rogach A L, Jackel F. Adv. Mater., 2010,22(16):1805-1825

[4]Sun Q M, Fu X P, Si R, Wang C H, Yan N. ChemCatChem, 2019,11
(20):5093-5097

[5] Gates B C. Chem. Rev., 1995,95(3):511-522

[6] Munnik P, Jongh P E, Jong K P. Chem. Rev., 2015,115(14): 6687 -
6718

[7]1 Bond G C. Chem. Soc. Rev., 1991,20(4):441-475

[8] Wang N, Sun Q M, Bai R S, Li X, Guo G Q, Yu J H. J. Am. Chem.
Soc., 2016,138(24):7484-7487

[9] Zhang W, Wang H Z, Jiang ] W, Sui Z J, Zhu Y A, Chen D, Zhou X
G. ACS Catal., 2020,10(21):12932-12942

[10]Yan P H, Kennedy E, Stockenhuber M. J. Catal., 2021,396:157-165

[TTJLiY W, Wang Y D, Xu H M. J. Catal., 2015,322:1-13

[12]Chandler B D, Schabel A B, Pignolet L. H. J. Catal., 2000,193(2):186
-198

[13]Spieker W A, Regalbuto J R. Chem. Eng. Sci., 2001,56(11):3491 -
3504

[14]Zhang B, Sun G, Ding S P, Asakura H, Zhang J, Sautet P, Yan N. J.
Am. Chem. Soc., 2019,141(20):8185-8197

[15]Jaroszewska K, Feddyna M, Trawczynski J. Appl. Catal. B, 2019,255:

117756
[16]Lou Y, Ma J, Hu W D, Dai Q G, Wang L, Zhan W C, Guo Y L, Cao
XM, Guo Y, Hu P, Lu G Z. ACS Catal., 2016,6(12):8127-8139
[17]0udenhuijzen M K, Bokhoven J A, Miller J T, Ramaker D E,
Koningsberger D C. J. Am. Chem. Soc., 2005,127(5):1530-1540
[18]Huang J, Jiang Y J, Vegten N V, Hunger M, Baiker A. J. Catal.,
2011,281(2):352-360
[19]Zahmakiran M, Tonbul Y, Oezkar S. J. Am. Chem. Soc., 2010,132
(18):6541-6549
[20]Tang T D, Yin CY, Wang L F, Ji Y Y, Xiao F S. J. Catal., 2008,257
(1):125-133
[21]Park J I, Lee J K, Miyawaki J, Kim Y K, Yoon S H, Mochida I. Fuel,
2011,90(1):182-189
[22]Qi S C, Wei X Y, Zong Z M, Hayashi J I, Yuan X H, Sun L B.
ChemCatChem, 2013,5(12):3543-3547
[231Du M X, Qin Z F, Ge H, Li X K, Lu Z J, Wang J G. Fuel Process.
Technol., 2010,91(11):1655-1661
[24]Yasuda H, Sato T, Yoshimura Y. Catal. Today, 1999,50(1):63-71
[25]He T, Wang Y X, Miao P J, Li ] Q, Wu J H, Fang Y M. Fuel, 2013,
106:365-371
[26]Pang M, Liu C Y, Xia W, Muhler M, Liang C H. Green Chem., 2012,
14(5):1272-1276
[27]Shirai M, Rode C V, Mine E, Sasaki A, Sato O, Hiyoshi N. Catal.
Today, 2006,115(1/2/3/4):248-253
[28]Espinosa-Alonso L, Jong K P D, Mweckhuysen B. Phys. Chem. Chem.
Phys., 2010,12(1):97-107
[29]Sangeetha P, Shanthil K, Rao K S R, Selvam P. Appl. Catal. A, 2009,
353(2):160-165
[30]He C, Li P, Cheng J, Wang H L, Li J J, Li Q, Hao Z P. Appl. Catal.
A, 2010,382(2):167-175
[31]Aytam H P, Akula V, Janmanchi K, Kamaraju S R R, Panja K R,
Gurram K, Niemantsverdriet J] W. J. Phys. Chem. B, 2002,106(5):
1024-1031
[32]Li D, Fang L, Jie R, Sun Y H. Appl. Catal. A, 2003,241(1/2):15-24
[33]Pommier B, Gelin P. Phys. Chem. Chem. Phys., 1999,1(7):1665-1672
4Parry E P. J. Catal., 1963,2(5):371-379
5]Rao R N, You N, Yoon S, Upare D P, Park Y K, Lee C W. Catal.
Lett., 2011,141(7):1047-1055
[36]Upare D P, Yoon S H, Lee C W. Catal. Lett., 2012,142(6):744-752
[37]Park K C, Yim D J, Thm S K. Catal. Today, 2002,74(3/4):281-290
[38]Lin S D, Vannice M A. J. Catal., 1993,143(2):539-553
[39]Liu J J, Zhang H F, Lu N Y, Fan B B, Li R F. Ind. Eng. Chem. Res.,
2020,59(3):1056-1064

3
3



