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Abstract — In this study, two types of catalysts were prepared via conventional metal supporting method and encap-
sulation of metal nanoparticles in the polyelectrolyte multilayers constructed on support. The resulting catalysts were
applied to the direct synthesis of hydrogen peroxide, and the effect of catalyst preparation method on the catalyst life as
well as hydrogen peroxide productivity was investigated. The catalytic activity was strongly dependent upon the acid
strength of support regardless of the catalyst preparation methods and HBEA (SAR=25) with strong acidity was supe-
rior to other supports to promote the reaction. In the case of metal supported catalyst, while hydrogen peroxide produc-
tivity was higher than that of polyelectrolyte multilayered counterpart, the reaction performance was sharply decreased
during catalyst recycling due to the metal leaching. On the other hand, construction of polyelectrolyte multilayers on
support weakened the influence of acid support on the reaction medium and therefore resulted in the decrease of cata-
lytic activity and the increase of hydrogen peroxide decomposition as well. It is noted, however, that the catalytic activ-
ity was maintained after 5 recycles, which suggests that the introduction of polyelectrolyte multilayers on the support is
very effective to suppress the unfavorable metal leaching phenomenon during a reaction.
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Fig. 1. Reaction pathways related to the direct formation of H,0,
from H, and O,.
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T2 AR o, ol ehe(99. 9%) i &H-£(99.9%), BAF (HCL,
35~37%), 7} 2 tH(NaOH, 98%) 5 4+ 88t Al &S A3l

o}, AT ulgo] Z17] v 3 FRe] o o]o] A
¥ A &2to] E WEK(NH;-BEA)E ﬂ]%ﬂ##(Zeolyst)i—rH
Toste] ARgEFATt

2. =0 H}E

HHAIE AR QFEE o] 0] |3k Al&Eto| E WENNH;-BEA)Y=

AR 773 Kol 4117 59 AAd3810] 247} =18k 535}1(HBEA)§
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Fig. 2. Recycle test of PA/HBEA (SAR=25) catalyst for the direct syn-
thesis of H,0, from H, and O,.

Table 1. Catalytic activities of various Pd supported catalysts for the direct synthesis of H,0, from H, and O,"

Entry Catalyst Pd (wt%) pH® H, Conv. (%) H, Sel. (%) Productivity®
1 Pd/SiO, 0.134 7.6 41.2 33 26
2 Pd/Al,O4 0.150 6.9 42 43 31
3 Pd/SiO,-AL,04 0.172 5.8 323 9.1 46
4 Pd/HBEA (SAR=300) 0.185 6.1 423 9.7 59
5 Pd/HBEA (SAR=150) 0.180 5.6 438 9.6 62.7
6 Pd/HBEA (SAR=25) 0.192 22 88.5 12.7 155

Reaction conditions: catalyst 0.2 g, MeOH 30ml, H,/O,/N, (vol%) = 5/40/55 (20 Bar), total gas flow rate =40 ml/min, temperature = 293 K, reaction time 4
h; ®pH of reaction solution; “Turn of frequency or productivity (mmol H,0,/ mmol Pd- hr)
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Fig. 3. Changes in the Pd content of PA/HBEA(SAR=25) during cata-
lyst recycling.
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Table 2. Catalytic activities of PEM-encapsulated Pd nanoparticles constructed on various supports for the direct synthesis of H,0, from H, and O,”

Entry Catalyst Pd (wt%) pH® H, Conv. (%) H, Sel. (%) Productivity®
1 PEM, 4(Pd)/SiO, 0.162 8.9 26.2 1.7 7.5
2 PEM, 5(Pd)/AL,O,4 0.174 8.0 29.4 1.3 5.8
3 PEM, 5(Pd)/SiO,-AL,04 0.156 7.6 32,6 1.6 8.9
4 PEM, (Pd)/HBEA (SAR=300) 0.179 6.6 27.8 22 84
5 PEM, ;(Pd)/HBEA (SAR=150) 0.182 6.8 31.7 1.8 6.6
6 PEM, (Pd)/HBEA (SAR=25) 0.165 38 24.6 9.8 39
7 PEM, (Pd)/HBEA (SAR=25) 0.210 43 31 7.8 31

Reaction conditions: catalyst 0.2 g, MeOH 30 ml, H,/O,/N, (vol%) = 5/40/55 (20 Bar), total gas flow rate = 40 ml/min, temperature =293 K, reaction time
4 h; °pH of reaction solution; “Turn of frequency or productivity (mmol H,0,/ mmol Pd- hr)
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