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SUMMARY: A (Pt, B2O3)/Ti electrode with a novel coating layer (derived from H2PtCl6

6H2O and H3BO3)  microstructure was prepared and evaluated. A coating solution of 

H2PtCl6 6H2O and 530mass% H3BO3 powder dissolved in butanol was applied to a Ti 

substrate, and the (Pt, B2O3)/Ti electrode was prepared at 250 550 . The novel coating layer 

microstructure, which consists of a network of fine Pt particles in an amorphous B2O3 

matrix, was quite different from that of conventional (Pt, Ta2O5)/Ti electrodes. Furthermore, 

we found that the electrodes (Pt content greater than 0.4mg) prepared at 300  with 20mass% 

H3BO3 were remarkably stable and had excellent durability.   
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INTRODUCTION 

Suppression of corrosion at the juncture between Ti substrate and coating layer improves the 

durability of Ti-substrate coated electrodes used in oxygen evolution. Corrosion of Ti 

substrate becomes particularly problematic under the relatively harsh conditions encountered 



  

in H2SO4 solutions. The stability of the juncture between Ti substrate and coating layer is a 

particularly important factor in the durability of such electrodes. Amorphous SiO2 (Mushiake,

Mitsuda, Shida, Horiguchi, Yamashita and Matsusaka)[1], Ta 2O5 (Kobayashi, Kamegaya,

Noguchi and Mitamura)[2] and other ceramic oxides (Trasatti)[3] have previously been 

examined as materials for use in protecting the Ti substrate from corrosive environments.  

 

Researchers have also examined the possibility of increasing endurance of electrodes by the 

introduction of Pt (for its conductivity) and an intermediate layer of amorphous Ta 2O5 (for its 

high corrosion resistance) between the Ti substrate and the coating layer (Kamegaya, Sasaki, 

Oguri, Asaki and Mitamura)[4]. In this study, we explored the possibility of increasing the 

endurance of coated Ti electrodes through the use of amorphous B2O3, which can selectively 

cover the grain boundary of Ti, at which there is high reactivity. Boric acid (H3BO3) was used 

to produce the B2O3 coating, and preparation conditions and durability of the (Pt, B2O3) /Ti 

electrodes were examined using the application-thermal decomposition method.  

 

EXPERIMENTAL   

The solution used to coat the Ti base body 10 10 0.5mm consisted of H2PtCl6 6H2O (Pt 

concentration, 50g/l) and boric acid (H3BO3) dissolved in butanol at about 40 , and the 

additive rate of H3BO3 was 530mass% (adjusted to control Pt concentration). Prior to use, Ti 

base bodies were etched in 4%HF solution, and then heated in (1+1) H2SO4 solution, washed 

with distilled water, and dried. The coating mixture was applied onto the Ti base body about 2

l at a time. After drying at 70  for 30min, the substances were heated at 250 550  for 10min. 

By repeating this procedure, (Pt, B2O3)/Ti electrodes with a Pt content of 0.2 0.8mg were 

prepared. 

 

The effective surface area of Pt in the coating layer of (Pt, B2O3)/Ti electrodes thus prepared 

was calculated from the electric quantity (C) of the hydrogen adsorption elimination wave on 

the CV figure, measured in 0.5M H2SO4 solution at 40  using a potentiostat. The lifetime of 

the electrode was calculated by applying a direct current of 1A, using the Pt plate as the 

counter electrode, in 1M H2SO4 solution at 40 . The end of life was defined as the time at 

which the cell voltage changed by a factor of 2 from the initial value. In addition, the 

microstructure of the (Pt, B2O3)/Ti electrode surface was studied by XRD (Rigaku Co., Rint 

2000) and EPMA (JEOL Co., JXA8900R).      

 

RESULTS AND DISCUSSION 

(1) Thermal decomposition behavior of coating solution 

The thermal decomposition behavior of coating solutions with 5 and 20mass% H3BO3 was 

investigated by TG-DTA. For comparison, TG-DTA values for H2PtCl6 6H2O dissolved in 



  

butanol and H3BO3 powder were also measured. In the case of the 20mass%H3BO3 coating 

solution, an endothermic peak equivalent to a weight loss equal to H3BO3 appeared near 170 . 

In addition, exothermic peak equal to the H2PtCl6 6H2 O appeared, but the peak area 

decreased further than that of the 5mass% H3BO3 addition. The above results seem to indicate 

the reduction of the Pt of H2PtCl6 6H2 O by the addition of H3BO3. High-temperature XRD 

patterns of the product derived from a Ti base body and a coating solution with 5mass% 

H3BO3, heating (in increments of 50 ) from 250 to 650 , are shown in Fig. 1. The diffraction 

peaks of Pt and B2O3 appeared at temperatures greater than 250 and 600 , respectively.  

 
 

Fig.1 High-temperature XRD patterns of(Pt, B2P3)/Ti electrode. 

 

These results indicate that the H2PtCl6 6H2O decomposes to Pt at the relatively low 

temperature of 250 , and that the H3BO3 acid becomes amorphous B2O3 at 300 550 .          

(2) Pt effective surface area of (Pt, B2O3)/Ti electrode 

(Pt, B2O3)/Ti electrodes containing 0.2 0.8mg of Pt showed similar CV figures, and two clear 

peaks appeared in the adsorption elimination wave of the hydrogen. However, the reduction 

peak of O, in which only the first cycle appeared (generally near 0.5V), shifted by 0.25V, and 

the two peaks that were clearly observed in the adsorption elimination wave of the hydrogen 

did not appear. It seems that this is due to the electrolytic reduction of Cl. Subsequently, the 

relationship between effective surface area of Pt and thermal decomposition temperature of 

(Pt, B2O3)/Ti electrodes fabricated with 5mass% H3BO3 was examined. The surface area of 

electrodes containing 0.2 0.8mg Pt showed a maximum value of 495cm2 at 250 , and 

decreased with increasing calcination temperature. The results for the electrodes produced at 

300  with 5 30mass% H3BO3 are shown in Fig. 2. The effective surface area of Pt increased 

with increasing Pt content. 

The surface area of the electrode with 20mass% H3BO3 increased dramatically to a value of 

604cm2 at a Pt content of 0.8mg, while that of the electrode with 30mass% H3BO3 showed the 
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lowest values possibly because more of the Pt network was buried in B2O3 than was necessary.  
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Fig.2 Effect of H3BO3  addition on the Pt surface area of (Pt,B2O3)/Ti electrodes. 

 

(3) Microstructure of (Pt, B2O3)/Ti electrode          

An SEM image of the surface of an electrode (Pt, 0.8mg) prepared at 300  using 20mass% 

H3BO3 is shown in Fig. 3. EPMA examination indicated that B (in the form of B2O3) and Pt 

were present in the grain and at the grain boundary of the Ti plate. 

 

 

Fig.3  SEM micrograph of (Pt,B2O3)/Ti electrode fabricated at 300  using 

20mass%H3BO3(Pt:0.8mg). 

 

Thus, it appears that this microstructure consists of a network of fine Pt particles in an 

amorphous B2O3 matrix. For comparison, an SEM image of a conventional (Pt, Ta 2O5)/Ti 

electrode is shown in Fig. 4. The coating is heterogeneous having a “cracked-mud” 

microstructure which differs remarkably from that of the (Pt, B2O3)/Ti electrode.  

 



  

 
 

Fig.   SEM micrograph of (Pt,T2O5)/Ti electrode. 

 

 (4) Lifetime of (Pt, B2O3)/Ti electrode   

The relationship between lifetime and Pt support content of (Pt, B2O3)/Ti electrodes produced 

at 300  is shown in Fig. 5. The durability of the electrode also improved in direct proportion 

to the Pt support content. In the case of the electrode (Pt, 0.8mg) with 20mass% H3BO3, the 

lifetime was about 2400h; i.e., 4 times that of the electrode with 5mass% H3BO3. 
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Fig.5  Effect of H3BO3 addition rate on the lifetime of (Pt,B2O3)/Ti electrodes. 

 

The durability of (Pt, B2O3)/Ti electrodes was considerably greater (about 7-fold) than that of 

conventional (Pt, Ta 2O5)/Ti electrodes, even at 5mass% H3BO3. After the lifetime test, plane 

analysis of Pt, B and Ti on the (Pt, B2O3)/Ti electrode surface was carried out by EPMA. The 

evidence indicates that the Pt in the crysta l grains dissolves from the lattice into the 

electrolytic solution by elution during the lifetime test, but that the Pt and the B2O3 remain 



  

near the grain boundary. The catalytic reaction of electrodes occurs preferentially in the 

crystal grain, and the grain boundary is most likely protected by B2O3. Therefore, we can 

conclude that the coating layer of the (Pt, B2O3)/Ti electrode possesses a high degree of 

activity, and is highly durable.  

             

CONCLUSION 

A highly durable (Pt, B2O3)/Ti electrode was prepared at relatively low temperatures using a 

coating solution which consisted of H2PtCl6 6H2O and H3BO3 dissolved in butanol. The 

results can be summarized as follows: 

(1) The microstructure of the coating layer of the (Pt, B2O3)/Ti electrodes was very different 

from that of conventional electrodes, such as (Pt, Ta 2O5)/Ti electrodes, and consisted of a 

network of fine Pt particles in an amorphous B2O3 matrix.   

(2) The effective surface area of Pt of the (Pt, B2O3)/Ti electrode increased with increasing Pt 

content, and decreased as calcination temperature increased from 250 to 550 . It also 

increased as mass% of H3BO3 increased from 5 to 20, but it was lowest at 30mass% 

H3BO3, possibly due to more of the Pt network being buried in B2O3 than was necessary.   

(3) The grain boundary of Ti in the (Pt, B2O3)/Ti electrode was most likely protected by 

amorphous B2O3. Therefore, we can conclude that the coating layer of the (Pt, B2O3)/Ti 

electrode possesses high degree of activity, and is highly durable.  
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