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Abstract: Ru-MFI and Ru-BEA catalysts, prepared by ion exchange of Ru®" ions with extra framework
NHa. cations in zeolites, are examined to catalyse the hydrodeoxygenation (HDO) of guaiacol. The results
indicate Ru ion-exchanged zeolites with extremely low Ru loading (0.2 wt.%) have high intrinsic HDO
activity. Based on the TEM, SEM, Chemisorption and NHs-TPD analysis results, the NH.. was substituted
by Ru and the metal was finely dispersed when compared to catalysts with similar metal loading that were
prepared using incipient wetness technique.

Keywords: hydrodeoxygenation, ion-exchanged, Ru, guaiacol.

1. Introduction

The commercial production of liquid fuels from the pyrolysis and liquefaction of biomass is inhibited
by the high residual oxygen content of the biocrude intermediate [1]. The oxygen content of biocrude oil can
be reduced by hydrodeoxygenation (HDO) over a suitable catalyst. HDO catalysts are often prepared by
incipient wetness impregnation, which usually results in low dispersion of the metal due to significant levels
of aggregation of the metal on the external surface of the zeolite support. This has the disadvantage that
metals active towards the HDO of biocrude oil such as Ru require a high loading on metal in order to be
effective, thus significantly adding to the cost of the catalyst. In an effort to improve the metal dispersion,
and thus reduce the required loading, this work considers the use of an ion-exchange method for preparing
Ru HDO catalysts.

2. Experimental

lon exchanged (IX) Ru-ZSM-5 and Ru-Beta samples were prepared as follows. 8 g NH.* form of
ZSM-5 (Si/Al=15) and B (Si/Al=12.5) was added to 200 ml of 0.3 g ruthenium (111) acetylacetonate solution
with constant stirring at 80 °C. After 24 h, the catalyst was filtered and washed with deionized water. The
catalyst samples were then dried at 110 °C in air for 8 h, and calcined at 550 °C for 6 h. For comparison,
samples with the same metal loading (0.2 wt%) were prepared by incipient wetness (IW) impregnation.

3. Results and discussion

The TEM and EDS mapping images of fresh ion-exchange
Ru-ZSM-5 and Ru-ZSM-5 catalysts are displayed in Figure 1.
These indicate that the Ru particles were finely dispersed over the s
surface of both supports, with particle size lower than 2 nm.
Unlike catalysts prepared by incipient wetness impregnation, the
ion-exchanged Ru-ZSM-5 (Si/Al=15) catalyst large metal crystal

phase appe_ar to be a_bsenF' . “Figu(re 1. TEM and EDS mapping images of ion-
This assertion is supported by the SEM images IX-RU-ZSM-5 and IW-RU-ZSM-5

presented in Figure 2.

Figure 2. SEM images of IX-Ru-ZSM-5 and IW-
Ru-ZSM-5
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H* in HZSM-5 and Hp was substituted by Ru [3].

HDO of guaiacol was carried out over IX-Ru-zeolites and IW-Ru-f in batch and flow reactors. The
results for the batch reactor are summarized in Table 1, which indicate that ion-exchanged catalysts display
higher HDO activity compared to the incipient wetness catalyst, with high yield of cyclohexane and 2-
methoxycyclohexanol. It is likely that this is due to the higher metal dispersion and number of active sites
found in the catalysts prepared by ion exchange (Figure 4).

Table 1 Result for HDO of guaiacol in batch reactor (X-Conversion, Y-Yield)

Catalysts X-guaiacol (%) Y-cyclohexane (%) Y-1,1’-bicyclohexyl (%) Y-2-methoxycyclohexane
(%)
IX-Ru-ZSM-5 90.6 77.4 15 0.5
IX-Ru-B 94.4 49.5 4.0 24.9
IW- Ru- 94.9 10.2 0.8 0

0.4 g guaiacol, 0.2 g catalyst, initial Hz pressure 4.0 MPa, reaction temperature, 250 °C.

The results for HDO of guaiacol in flow reactor is shown in Table 2. The R is reaction rate, namely,
moles of product produced in 1 minute and 1 g catalyst. These results reflect those seen in the batch reactor.

Acid sites L Small Ru particle
Table 2 Results for HDO of guaiacol in flow reactor o °
Catalysts X- R- R-2- Cyclohexane 2-Methoxycyclohexanol
guai  cyclohexane  methoxycyclohe ) Guaiacol ‘ Large Ru crystal
acol (10°% xanol

%)  -Mol:mint.g-  (105-Mol-min-

l) 1 gl) ‘ . . .
IX-Ru-ZSM-5  11.0 1.42 4.16 \ / \ /
IX-Ru-B 16.9 1.84 1.10
IW-Ru-B 7.8 0 0 O SR ‘
H: pressure 4.0 MPa, reaction temperature, 200 °C, WHSV: 0.0084 min-!

Figure 4a. IX-Ru zeolite  Figure 4b. IW-Ru-zeolite

4. Conclusions
This work has demonstrated that ion-exchanged Ru catalysts achieve high metal dispersion and high

HDO conversion compared with traditionally prepared catalysts, where the H* in HZSM-5 and Hp is
substituted by Ru. This form of catalyst thus makes more efficient use of rare, catalytically active metals
through a synergistic effect between the acid sites and metal sites.
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