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Abstract

Monolithic carbon gels with a microhoneycomb stasetwere prepared using the Ice Templating method,
and Pt nanoparticles were loaded within them. Highversions were achieved in the hydrogenation of
4-nitrophenol even at room temperature and atmogppeessure when the obtained microhoneycombs
were used as the catalyst. These results shopotbsbility of enhancing the efficiency of variogas-
liquid-solid 3 phase reactions by using solid gattsl with a unique microhoneycomb structure.
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Introduction

There are various industrially important gas-ligrgections In this work, microhoneycombs of carbon gels were
which are catalyzed by solids, but generally theg a prepared, and Pt nanoparticles were loaded witmémt
difficult to conduct, mostly due to the slow massnsfer = Hydrogenation of 4-nitrophenol was conducted usimg
between different phases. It has been reportedttiea obtained microhoneycombs as the catalyst and thdtse
efficiency of such reactions can be drasticallyioyed by  were compared with those obtained using the sataéyst
conducting them in microfluidic devices (Kobayasehil., in the form of particles.

2004). However, catalyst loading into the microuhels of
such devices is generally difficult, and the nungeup of

the devices to increase productivity is also aialiff task. Experimental

These problems can be solved by using a catalyitotith First, cylindrical microhoneycombs of carbon gels
having straight and aligned micrometer-sized chisnne (CMHs), were synthesized through the method preshou
within it. reported (Mukai et al., 2006). The concentratioh o

resorcinol in the starting solution was set to@ &, and
We showed that such monoliths, which can be calledhe ratios between resorcinol and formaldehyde and
“microhoneycombs,” can be easily synthesized usieg resorcinol and the catalyst (sodium carbonate) were
crystals as the template to introduce micrometegesi respectively set to 0.5 mol mbhand 200 mol mol. The
channels into the monolith (Mukai et al, 2004).carbonization temperature was 1073 K. After caization,
Microhoneycombs with various functions can be at#di the microhoneycombs were treated with 65 wt% nédicl.
through this method which we named the Ice Tempdati For comparison, carbon gels in the form of partickere
method (Mukai et al., 2006). also prepared.
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Pt nanoparticles were loaded within the obtainedesults, therefore experiments at different hydnoged 4-
CMHs and particles through the incipient wetnesshog:  nitrophenol flow rates were conducted using thigdenof
using a HNQ@ solution of diammine dinitro Pt(Il) as the Pt hydrogen feeding. Typical results are summarinetiable
source. The target Pt loading amount was 5 wt¥%regfter 1. It was found that a high conversion of 4-nitrepol
the CMHs and patrticles supporting Pt nanopartiaidbe exceeding 0.8 could be achieved even at room teahper
referred to as Pt/CMH and Pt/CG, respectively. and atmospheric pressure. It was also confirmaitetihigh

conversion can be maintained even when the floe ot

The obtained samples were characterized through, SERlydrogen was reduced to the minimum flow rate nesgli
TEM, TG and PXRD analyses. The porous propertfes ato complete the reaction. Such high performanoakimot
the samples prior to and after Pt loading were watad  be obtained when Pt/CG samples were used as thigstat
through N adsorption experiments. indicating that the efficiency of gas-liquid-sol®l phase

reactions can be enhanced by using monolithic

The obtained Pt/CMH was fixed into a heat shrinkabl microhoneycombs having catalytic functions.
tube, and then the tube was set vertically. Hyenagion
of 4-nitrophenol was conducted at room temperatune
atmospheric pressure.  An aqueous solution of 4-
nitrophenol was fed to the bottom of the Pt/CMHaat
constant flow rate. The concentration of 4-nitrepbl was
set in the range of 1.2 - 3.6 mmot land the flow rate of
the solution was set in the range of 0.10 - 0.20 mih™.
Hydrogen was fed to the bottom of the Pt/CMH usihg
modes, a continuous flow mode, and a pulse mouddich
hydrogen was introduced as equal-sized pulses e\v2&ry
seconds. The average flow rate of hydrogen wagoset
provide 1 - 4 times the amount required to compthte
reaction.
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Results and Discussion

Fig. 1 shows a photograph of typical CMHs.
Cylindrical monoliths with a diameter of approxirelt 5
mm and a length of about 10 mm were successfully
obtained.

Fig. 2 (a) SEM image of a typical Pt/CMH sample and (b) TEM
To the obtained CMHSs, Pt nanopatrticles were loaded. image of a fragment of a typical PtYCMH sample
Fig. 2 (a) shows a cross sectional SEM image gpecal ) ) _
microhoneycomb sample after Pt loading. It candteced Table 1. Results of hydrogenation of 4-nitrophenol using Pt/CMH

that microhoneycombs having channels with an awerag

equivalent diameter of around 32 um were obtaiaed, H2/(3 x 4-nitrophenol) [mol mof] Conversion [-]
that Pt loading didn't affect the unique structfethe 4 0.83
microhoneycomb. It was confirmed that the amour®to i 8-32

loading was about 6.5 wt%. It was also confirmeat the - - ——

. . . Concentration of 4-nitrophenol solution: 3.6 nid
microhoneycombs possessed the unique micro-mesagporo 4-nitrophenol solution flow rate: 0.10 mL mi(LHSV= 38 h')
structure common to carbon gels, which hardly ckdng
after Pt loading.
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