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ABSTRAK 
 

EFEK SILIKON TERHADAP EVOLUSI MIKROSTRUKTUR PADUAN 
FeCrAl OXIDE DISPERSION STRENGTHENED DALAM 

MENINGKATKAN PERFORMA CLADDING PADA LIGHT WATER 
REACTOR 

 
Kecelakaan nuklir Fukushima Daiichi pada tahun 2011 menjadi pemicu utama bagi 

pengembangan material Accident Tolerant Fuel (ATF), yaitu bahan bakar nuklir 

dan komponennya yang dirancang untuk memiliki ketahanan lebih tinggi terhadap 

kondisi kecelakaan parah. Salah satu kandidat potensial untuk material 

kelongsong ATF adalah paduan FeCrAl Oxide Dispersion Strengthened (ODS) 

karena memiliki stabilitas termal tinggi, ketahanan terhadap oksidasi, serta 

kekuatan mekanik yang baik. Penelitian ini bertujuan untuk mengevaluasi 

pengaruh penambahan silikon terhadap struktur mikro dan sifat mekanik paduan 

Fe-12,5Cr-4,5Al ODS yang disintesis melalui metode powder metallurgy, dengan 

variasi konsentrasi Si sebesar 0 hingga 4 wt.%. Penentuan fasa dan titik lebur 

dilakukan melalui analisis diagram fasa, sementara karakterisasi mikrostruktur dan 

sifat mekanik dilakukan menggunakan mikroskop optik, SEM-EDS, XRD, helium 

pycnometer, dan uji kekerasan Vickers. Hasil penelitian menunjukkan bahwa 

penambahan Si berkontribusi signifikan terhadap penyempitan ukuran butir dan 

penurunan ukuran kristalit, yang berdampak langsung pada peningkatan 

kekerasan paduan. Hubungan ini mencerminkan peningkatan ketahanan terhadap 

deformasi plastis seiring peningkatan kadar Si. Namun, pada variasi 0,5 wt.% Si, 

ditemukan anomali berupa peningkatan ukuran butir sehingga memerlukan kajian 

lebih lanjut untuk memahami mekanismenya. 

 

Kata kunci: Struktur Mikro, FeCrAl, ODS, Powder Metallurgy, ATF 
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ABSTRACT 

 
EFFECT OF SILICON ON THE MICROSTRUCTURAL EVOLUTION 

FeCrAl OXIDE DISPERSION STRENGTHENED ALLOYS FOR 
IMPROVING CLADDING  PERFORMANCE IN LIGHT WATER 

REACTOR  
 

The Fukushima Daiichi nuclear accident in 2011 served as a major driving force 
behind the development of Accident Tolerant Fuel (ATF) materials—nuclear fuel 
and its components designed to exhibit higher resilience under severe accident 
conditions. One of the promising candidates for ATF cladding material is the FeCrAl 
Oxide Dispersion Strengthened (ODS) alloy, owing to its high thermal stability, 
oxidation resistance, and good mechanical strength. This study aims to evaluate 
the effect of silicon (Si) addition on the microstructure and mechanical properties 
of Fe-12.5Cr-4.5Al ODS alloy synthesized via powder metallurgy, with Si 
concentration varied from 0 to 4 wt.%. Phase identification and melting point 
determination were carried out through phase diagram analysis, while 
microstructural and mechanical characterizations were conducted using optical 
microscopy, SEM-EDS, XRD, helium pycnometer, and Vickers hardness testing. 
The results showed that Si addition significantly contributed to grain refinement 
and crystallite size reduction, which directly improved the alloy’s hardness. This 
relationship reflects enhanced resistance to plastic deformation with increasing Si 
content. However, at 0.5 wt.% Si, an anomaly was observed in the form of grain 
growth which necessitates further investigation to understand the underlying 
mechanism. 
 
Keywords:  Microstructure,   FeCrAl,  ODS,  Powder  Metallurgy, Accident  

Tolerant Fuel 
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