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Abstract 

We designed a glass based microfabricated flow reactor suitable for the direct synthesis of hydrogen 
peroxide.  The reaction is exothermic so that hydrogen peroxide productivity is truncated by the further 
hydrogenation reaction enhanced by heat accumulation.  Si plate anodically bonded to the reactor 
effectively dissipate the heat of reaction not only to prevent further hydrogenation of hydrogen peroxide 
but also to prevent hot spot generation 
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Introduction
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The direct synthesis of hydrogen peroxide has long been 
developed among academia as well as industry.  The 
process is regarded as energy saving and environmentally 
benign compared with the current anthraquinone process.  
Still, the risk of explosion and mass transfer resistance 
(both hydrogen and oxygen are sparse solute to water) 
remains challenging issue for the real use of the direct 
process. 

Microreactor technology has been developed more 
than two decades.  It is contributing process intensification 
by increasing productivity, promoting safety, and 
expanding process window for which conventional 
process technology cannot afford.  The direct process is a 
three phase reaction, consisting of hydrogen and oxygen 
(gas) – water (liquid) – catalyst (solid).  We have already 
designed and successfully demonstrated that the 

microreactor could efficiently support the direct process 
once proper fluid handling scheme was correctly installed. 

So far we have constructed the reactor with glass in 
order to monitor catalyst installation and gas-liquid flow 
inside the reactor.  The body had been large enough to 
dissipate the heat of reaction, for the area of catalyst 
packed bed was limited compared with the reactor.  But 
the heat of reaction has more impact on the reactor 
performance as the productivity per reactor increases.  
Glass is not a good material for thermal dissipation, and its 
promotion is mandatory in order to promote the 
productivity. 

Experimental 

At first, the glass reactor was fabricated the reactor as 
mentioned previously.  After the glass reactor was 



  
 
fabricated, Si plate was anodically bonded to the reactor.  
The reactor we used was manufactured by Tecnisco Co.  
(Hiroshima, Japan) based on the recipe we developed. 

We prepared the Pd/TiO2 catalyst catalyst by 
impregnating Pd nanocolloid solution (Nanocube Japan 
Inc., Okayama, Japan) over TiO2 support with spherical 
0.06 mm monodispersed particle (Covalent Materials Co., 
Tokyo, Japan), having 16 m2g-1 BET surface area and 
mainly rutile phase.  The catalyst was suspended to 
deionized water to be installed into catalyst packed bed 
channels in the microreactor. 

We conducted the reactions as mentioned previously.  
Also, we prepared the reactor without Si bonding for the 
comparison. 

Results and discussion 

Fig. 1 a) and b) shows the comparison of reactor 
performance between two types of reactors, with- and 
without- Si bonding.  Si plate lowered the reactor 
temperature, and promoted hydrogen peroxide selectivity.  
We regard the direct synthesis of hydrogen peroxide as a 
cascade reaction, hydrogen peroxide generation followed 
by its subsequent hydrogenation to water.  In that context, 
it is reasonable to consider that heat dissipation promoted 
by Si plate prevented the latter reaction to promote 
hydrogen peroxide selectivity. 
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Fig. 1  Effect of Si plate attachment.  The size of the 

reactor was 30mm X 70mm 
 
Fig. 2 shows the comparison of temperature profile 

during the start-up of the reaction.  The reactor 
temperature was quickly raised up to 50 degC without Si, 
and hot spot was visible at the meeting point of hydrogen 
and oxygen feed.  The reactor was gradually cooled down 
to 40 deg C and the hot spot gradually deceased.  On the 

contrary, reactor with Si did not show clear hot spot, and 
the increase / decrease of the reactor temperature was 
more gradual. 
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Fig 2  Temperature profile during the reaction start-

ups.  a) without Si and b) with anodically bonded Si 
attached.  From left to right: before the reaction (hydrogen 
and nitrogen fed), 3 minutes after the reaction (reaction 
was started by nitrogen – oxygen switch), and steady state 
after 3 hours or more. 

 
The temperature decrease was partially due to the 

catalyst deactivation by palladium elution.  Hence, this 
comparison shows proper heat removal (by attaching Si 
plate) contributed stable operation of the reactor with less 
catalyst deactivation. 

Conclusions 

We demonstrated that the heat of reaction was 
successfully dissipated by attaching Si plate to the glass 
reactor.  It contributed higher hydrogen peroxide 
productivity by suppressing the secondary reaction to 
water, and preventing hot spot generation during the 
reaction.  
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