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Boron is often added in steels to improve hardenability [1]. It is said that boron can segregate along 

austenite grain boundaries during annealing to reduce grain boundary energy, and as a result, ferrite 

formation at grain boundaries is suppressed during cooling. This is a good effect for the purpose of 

making hard martensite. However, it is expected that boron segregation concentration at grain 

boundaries can be reduced by the formation of boron precipitates (BN, Fe23(C,B)6 etc). Therefore, it 

is essential to analyze the state of boron at grain boundaries whether boron exists as segregation or 

precipitates. 

  

Secondary ion mass spectrometry (SIMS) had been used to investigate boron distribution in steels[2, 

3]. In order to reveal the state of boron with a spatial resolution of sub-micron level, we have 

attached Ga FIB as primary ion gun to SIMS [4]. To overcome low secondary ion yield by Ga ion 

beam, we have used low energy oxygen ion beam prior to FIB-SIMS analysis. In our previous study 

[5], it was found that low accelerating voltage of oxygen ion beam (50eV) is more favorable than 

high accelerating voltage of 200eV in terms of suppression of surface roughness increase by ion 

bombardment. 

  

We have prepared two kinds of boron containing steels (10 mass-ppm and 30 mass-ppm boron). 

These ingots were vacuum melted and hot rolled. Hot rolled specimens were machined and heat 

treated at 1180C for 24 hours for homogenization and subsequently, at 1200C for 10 min. After that, 

specimens were annealed at 650C and then, water quenched. 

 

In this study, the acceleration voltage of Ga primary was 30kV and 200ns pulse width at a repetition 

rate of 10 or 16 kHz was applied. Prior to FIB-SIMS analysis, we have removed surface oxidation 

and contamination layer by Ga ion bombardment and subsequently, low energy oxygen ion beam 

with acceleration voltage of 50 eV had been irradiated for 20 minutes. After that, we investigate 

boron distribution using secondary ion species of 
10
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-
, and 
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-
.  

 

Fig. 1 shows scanning ion microscope (SIM) and secondary ion maps of 10 mass-ppm boron 

containing martensite steel. As can be seen in Fig. 1, boron precipitates are formed at prior austenite 

grain boundaries. Besides, boron segregation is clearly detected using negatively charged secondary 

ion of m/z=43(BO2
-
). This is presumably due to the strong affinity between boron and oxygen. To 

confirm the spatial resolution, the width of grain boundary segregation is investigated in Fig. 2 and it 

was found the full width at half maximum of segregation width is around 200nm. It is said that the 

actual width of grain boundary segregation is a few atomic layers. Therefore, the width of grain 

boundary segregation of 200nm by FIB-SIMS corresponds the Ga ion beam diameter. Although Ga 

beam diameter can be reduced less than 10 nm, a certain amount of beam current is required to 

obtain secondary ion of BO2
-
.  
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FIG. 1.  SIM image and boron related secondary ion maps in B added martensite. 

 

 

 

 

 

 

 

 

 

 

 

FIG. 2.  Boron distribution and the width of boron segregated region by FIB-SIMS. 

 

 

 


