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Introduction 
Phenol, which is one of the most important chemicals in industry, is currently 

produced from benzene by the three-step cumene process via the decomposition of explosive 
cumenehydroperoxide intermediate with sulfuric acid in liquid-phase.  Direct phenol synthesis 
from benzene using O2 is the most desirable catalytic reaction, but there were no good catalysts 
with >5% conv. and >50% selec. simultaneously for the selective benzene oxidation with O2 
thus far.  In 2006, we reported a novel Re-cluster/HZSM-5 catalyst prepared by CVD of 
CH3ReO3, which was active and highly selective (5.8% conv. and 88% selec.) for the direct 
phenol synthesis from benzene/O2 [1], and we also revealed the structure of active Re species, 
its dynamic behavior, and catalytic reaction mechanism [2].  Recently, we have found a novel 
remarkable Re-Pt/ZSM-5 catalyst for the direct phenol synthesis, which exhibited 30% 
benzene conversion and 96% phenol selectivity.  In this paper, we will present the preparation, 
characterization, and catalytic performances of the Re-Pt catalyst for the direct phenol 
synthesis from benzene and O2. 
 
Materials and Methods 

Supported Re-Pt/ZSM-5 catalysts were prepared by a conventional impregnation 
method  using an ethanol solution of CH3ReO3 precursor, while Pt was supported by an ion-
exchange method using [NH3]4Pt(NO3)2 precursor. The structures of the supported Re-Pt/ZSM-
5 catalysts were characterized by means of XRD, XRF, XPS, TPR, and Re LI, Re LIII, and Pt 
LIII-edge XAFS.  Selective benzene oxidation using O2 was performed in a fixed-bed flow 
reactor in the presence of NH3 at 513 – 573 K, and products were analyzed by FID- and TCD-
GC. 
 
Results and Discussion 

The CVD Re/HZSM-5 catalyst showed the good performances, whereas Re/HZSM-
5 catalysts prepared by an impregnation method using aqueous solutions of NH4ReO4 or 
CH3ReO3 were much less active and much less selective at 533 K (0.2% benzene conversion 
and 42% phenol selectivity) [1, 2].  In order to develop good catalysts by easy impregnation 
technique for catalyst preparation, we added second metals such as Cu, Pt, Pd, Ni, etc. to the 
impregnated Re/ZSM-5 catalyst.  However, the addition of Ni completely lost the benzene 
oxidation activity and that of Cu promoted the combustion of benzene to CO2, resulting in no 

significant production of desired phenol on these catalysts. The addition of Pt to the Re/ZSM-5 
catalyst promoted the phenol production several times. 

It is to be noted that the addition of Pt to the impregnated Re catalyst with the low 
catalytic performance brought about tremendous increases in both catalytic activity and phenol 
selectivity.  The improvement of the catalytic performance depended on the loading of Pt and 
the maximum activity and selectivity were obtained by the 2 wt% Pt deposition.  We 
succeeded in achieving 30% benzene conversion and 96% phenol selectivity at 533 K, which 
were much higher conversion and higher phenol selectivity than those on the best Re/HZSM-5 
catalyst prepared by CVD [1].  The performance is better than a critical value demanded for an 
industrial process. Figure 1 shows the time-on-stream of the selective benzene oxidation with 
O2 to phenol in the presence of NH3 on the Re-Pt/ZSM-5 catalyst.  At the initial stage of the 
reaction, the benzene conversion and phenol selectivity increased with time and became steady 
after 1 h.  There were no decreases in the both benzene conversion and phenol selectivity for at 
least 6 h as shown in Fig. 1.  On the other hand, a Pt (2 wt%)/ZSM-5 catalyst without Re 
exhibited 0.7% benzene conversion and 13% phenol selectivity.  The characterization of active 
species and the role of Pt in the Re-Pt/ZSM-5 catalyst will be presented. 

 
Figure 1.  Time-on-stream of the benzene oxidation to phenol on the Re-Pt/ZSM-5 (black), 
Re/ZSM-5 (blue), and Pt/ZSM-5 (gray) at 533 K.  GHSV of benzene = 72 ml h-1 gcat

-1, 
benzene/O2/NH3 = 1/2/5.5.  Circle: benzene conversion, triangle: phenol selectivity. 
 
Significance 

We have discovered a novel Re-Pt/ZSM-5 catalyst for direct phenol synthesis from 
benzene and O2 in the presence of NH3.  The addition of Pt to an impregnated Re/ZSM-5 
catalyst brought about tremendous increases in both benzene conversion and phenol selectivity 
and we achieved 30% benzene conversion and 96% phenol selectivity at 533 K.  This novel 
catalyst is the first significant catalyst for an industrial process. 
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