
Characteristic Study of the Al 6061 T-6 used in RTP Primary Cooling System  

Using Scanning Electron Microscope (SEM) 

 

Tonny Anak Lanyau
1
, Dr. Yusof Abdullah

2
, Phongsakorn a/l Prak Tom

1
, Ahmad Nabil Ab Rahim

1
, Zaiton Selamat

2
 

Mohd Reusmaazran Yusof
2
 and Mohammad Suhaimi Kassim

1
   

1
Nuclear Power Division 

2
Industrial Technology Division 

Malaysian Nuclear Agency, 

Ministry of Science, Technology and Innovation, 

Bangi, 43000 Kajang, Selangor Darul Ehsan, MALAYSIA 

 

tonny@nuclearmalaysia.gov.my 

 

 

Abstract 

Reactor TRIGA PUSPATI (RTP) is the only nuclear research reactor in Malaysia. Since the first criticality on 28
th

 

June 1982, RTP has been going through the safe operation and well maintenance. Along the period of operation 

almost 30 years, some of the reactor system and component has been refurbished, upgraded and replaced to ensure 

the functionality and safety to the reactor itself as well as to protect personnel and environment. Primary cooling 

system is to provide the sufficient cooling to the reactor by removal of the heat generated in the reactor core 

through the heat transfer process in the heat exchanger. In 2009, RTP has been undergoing the primary cooling 

system upgrades. Primary cooling system components including aluminium pipes has been dismantled and replaced 

with the new system. As a part of the ageing management programme and radiation damage study, the disposed 

aluminum pipes were taken and used in this study. Scanning Electron Microscope (SEM) is used to study the surface 

topography and elemental composition in conjunction of energy dispersive x-ray spectroscopy analysis. This paper 

presents the study that has been conducted. 
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Abstrak 

Reaktor TRIGA PUSPATI (RTP) ialah satu-satunya reaktor penyelidikan nuklear di Malaysia. Semenjak 

kegentingan pertama pada 28 Jun 1982, RTP telah dikendalikan dan diselengara dengan selamat. Sepanjang 

operasi hampir 30 tahun,sesetengah system and komponen reaktor telah dibaik pulih, dinaiktaraf dan diganti bagi 

memastikan kefungsiannya dan keselamatan kepada reaktor serta melindungi individu dan persekitaran. Sistem 

penyejukan primer adalah untuk membekalkan penyejukan yang mencukupi kepada reaktor dengan membuang haba 

yang terjana di dalam teras reaktor melalui proses pemindahan haba di dalam penukar haba. Dalam tahun 2009, 

RTP telah menjalani proses naiktaraf sistem penyejukan primer. Komponen-komponen di dalam sistem penyejukan 

primer telah diceraikan dan diganti dengan sistem yang baru.Sebahagian daripada program pengurusan penuaan 

dan kajian musnah radiasi, paip aluminium yang telah diganti telah digunakan dalam kajian ini. Scanning Electron 

Microscope (SEM) telah digunakan di dalam kajian ini bagi mengkaji topografi permukaan dan komposisi unsur 

serta analisis spektroskopi serakan tenaga x-ray. Kertas kerja ini membentangkan kajian yang telah dijalankan. 

Katakunci: aluminium pipe, radiation damage, scanning electron microscope, microstructure 



I. INTRODUCTION 

Since first criticality on 28 June 1982, reactor TRIGA PUSPATI (RTP) has been operated safely by licensed 

operator. Safety is the prior concern in the operation to avoid any unanticipated occurrence that may affect the 

individual, community and environment as well. Prior to maintain the operational safety, all reactor system structure 

and components (SSCs) must be kept in good condition and operable in all condition during the reactor operation. 

Reactor SSCs consists of various materials that selected based on unique characteristic to withstand both 

engineering safety and radiation safety as well. Nuclear grade material such as stainless steel and aluminum are used 

in the primary system including cooling system. Most of the piping in the primary cooling system is made of Al 

6061T6.  

After undergone the long operation, almost 30 years, some of the structures and components show degradation in 

performance due to aging problem. The evidence to this situation can be seen in the changes of the physical property 

of the material itself. In the worst condition, it may cause the failure to the material to lead to fracture, leak, crack 

etc. The sorts of failure shall be avoided in the reactor system because the failure may release the radioactive 

material to the environment. Periodic monitoring including semi-annual and annual maintenance programme is 

essential to ensure all SSCs in good condition. Besides, aging management programme is also importance to 

evaluate the lifetime and performance of the particular material used in the SSCs. Other than periodic maintenance 

by the reactor operation and maintenance group, some studies has been conducted to analyze the performance of the 

material used in the SSCs related to the radiation damage. However, as there are so many components in the SSCs, 

only some of the material is selected for the study.  

This study is conducted to evaluate the characteristics of the aluminum 6061T-6 pipe which are used in the primary 

cooling system. The selected pipe has been used since the early operation. During the primary cooling system 

upgrading in 2009, some of the pipes have been dismantled from the system and replaced with new pipes. The 

dismantled pipes were taken and used in this study. The objective of this study is to study the surface topography 

and elemental composition in conjunction of energy dispersive x-ray (EDX) spectroscopy analysis. 

 

II. EXPERIMENTAL PROCEDURE 

In order to study the surface topography and the elemental composition of the Aluminum 6061 T6 pipe, proper 

sample preparation should be conducted through certain procedures. Firstly, the aluminum pipe with thickness 6 mm 

has been cut to 100mm x100mm as shown in Figure 1.  

 

Figure 1: Al 6061 T6 pipe sample 



Secondly, the sample was grinded using grinder through the grit 240, 320, 400 and 600. This procedure is a common 

sample preparation for metallurgical analysis to study microstructure. The grinding process is essential to flatten the 

surface of the sample. The sample has been grinded for 15 minutes for every grit grade. Figure 2 shows the Grinder 

that has been used. 

 

Figure 2: Grinder 

The surface of the grinded sample has a little bit coarse. So, the surface needs to be polished. Figure 3 shows the 

polisher used to polish the surface of the sample using diamond paste of 6µm and 1µm scale. Supposedly, the 

sample that has been going through the grinding and polishing process is prepared to be used in the Scanning 

Electron Microscope (SEM). However, the quality of the surface has to be checked with microscope. The 

observation using microscope shown in Figure 4 should be clearly showing the grain of sample. To improve the 

quality of the surface, the sample has to be going through the etching process. Etching is the process of using strong 

acids or mordant to cut into the unprotected part of metal surface to create a design intaglio in the metal
 [1]

. For 

aluminum, Hydrofluoric acid (HF) with concentration 2% is appropriate for this sample. 

 

  

Figure 3: Polisher      Figure 4: Microscope 

After etching process, the sample was drying out before put into the scanning electron microscope shown in Figure 

5. The careful handling of the sample is important to avoid any defect or dirt on the surface which may affect the 

analysis. For the surface topography, the result obtained from the analysis was compared to the result of other 



similar analysis that has been published. The result of energy dispersive X-ray analysis (EDX) was compared to the 

standard elemental composition of Aluminum which was obtained in conjunction of SEM. 

 

Figure 5: Scanning Electron Microscope (SEM) 

 

III. RESULTS AND DISCUSSION 

 

The results of the analysis are presented in the Figure 6 for surface topography and Figure 9 for EDX analysis. 

 

Figure 6: Micrograph of Al 6061 T6 sample 

Figure 5 shows surface morphology of sample by SEM. It seems that the figure shows a typical microstructure of Al 

6061 alloy as compared to study by PACE Technologies [3]. The microstructure of the sample indicates that the 

homogeneity of Al grain was observed.  There is no significant difference in the microstructure of the sample 

compared to the microstructure in Figure 7 and 8 as a reference.  

 



  

Figure 7: Al 6061 T6 direct forge microstructure
 [2]

    Figure 8: Al 6061, Etched Kellers Reagent
 [3]

, 200x 

 

 

 

Figure 9: Elemental Composition of Al 6061 T6 

Figure 8 shows the energy dispersive X-ray analysis (EDX) indicated that only Al and Mg detected in the sample. 

The major elements for Al 6061 alloy are Al and Mg [2] as shown in Table 1 was confirmed through this EDX 

analysis. There is no other trace element from the samples. With referring to the typical composition of the Al 6061 

T6 as in Table 1, most of other element contributes in small percentage. Therefore, it was believed that the other 

element cannot be detected in this analysis.  

 

 



Table 1: Comparison of Elemental Composition of Al 6061 T6
  

Al 6061 T6 Element Standard Composition
 [2]

 

(Wt. %) 

SEM Analysis 

(Wt %) 

Aluminium ( Al ) 95.8 - 98.6 98.33 

Chromium (Cr) 0.04 - 0.35 - 

Copper (Cu) 0.15 - 0.4 - 

Iron (Fe) Max 0.7 - 

Magnesium (Mg) 0.8 - 1.2 1.67 

Manganese (Mn) Max 0.15 - 

Other, each Max 0.05 - 

Other, total Max 0.15 - 

Silicon (Si) 0.4 - 0.8 - 

Titanium (Ti) Max 0.15 - 

Zinc (Zn) Max 0.25 - 

 

IV. CONCLUSION
 

There is no significant change in Al 6061 T6 microstructure shows in the analysis of surface topography .Only Al 

and Mg element are traced in the EDX analysis. Therefore, the analysis concludes that the microstructure and 

composition of the Al 6061 T6 pipe is still remain.  

RECOMMENDATION 

This study is conducted based on single sample. Multiple samples can be selected to get better view and improve the 

result reliability. Sample preparation method also needs to be improved.  
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