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ABSTRACT  
 

Liquid Penetrant Technique (PT) is a sensitive non-destructive testing (NDT) for detecting 
and locating the presence of  surface cracks. In this study, we present usability of radiolabeled 
quantum dots (Qdots) (CdSe/ZnS) with high fluorescence properties and radio tracer, as a new 
multifunctional penetrant for NDT applications. In order to inspect the flaws in weld defects, 
synthesized radiolabeled QDots were applied to the test piece and then counted the radioactivity 
measurements by using CdTe detector. The data obtained from the weld defect sample were 
analysed and interpreted. The results showed that higher radioactivity level was observed 
around the crack region which is consistent with the sample NDT inspection report. 
 
Key words: Quantum Dot (QDot), CdSe/ZnS, Radiolabeling, Non-destructive Testing (NDT), 
Liquid Penetrant Testing (PT). 
 
  
1. Introduction  

 
NDT techniques are used for examination of a wide range of products in industry [1]. They 

can be applied to products or components during all the stage of manufacturing process. It is 
used to test the quality of raw materials, fabrication process of the product and finished product. 
NDT is also used widely for routine maintenance of products and components. This is not only 
increase the safety and reliability but also decreases the cost of the product or component. Many 
studies have been carried out on conventional NDT methods include liquid penentrant (PT), 
magnetic particle (MT), radiography (RT), ultrasonic testing (UT) and eddy current (ET). They 
have been well implemented in widely industrial market. However, modern NDT methods are 
still under development and not fully accepted by industry as practically applicable standart test 
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method. In recent literatures, several studies have been conducted for micro and nano crack 
detection. This has resulted in significant improvements in dye penetrant application 
[1,10,11,12].  

In one study, published by Daneshvar and Dogan in 2010, they focused on detecting micro 
and nano crack in weld joints using Quantum Dots (QDots) as a penetrant. They developed a 
new technique to detect the surface cracks that are 5 microns or more and far away from each 
other. Increasing the use of QDots has brought a new perspective for NDT applications that will 
be used for ensuring high sensitivity in industry [1,4,9]. It is known that radiolabeled Qdots have 
been used medically for 20 years, both for therapy and diagnosis [6,7].   

In this paper, we present 99mTc radiolabeled Qdots (CdSe/ZnS) as a radiotracer (penetrant) 
to detect small cracks in the weld joints. Because of suitable half-life (6 hours) and specific 
gamma energy (140 keV), 99mTc has been chosen for its properties, [8].   

 
 

2. Experiments 
 
2.1 Synthesis and Characterization of QDots (CdSe and CdSe/ZnS QDots) 
Synthesis of CdSe quantum dots were performed according to Abu Bakar’s method [9]. 

ZnS covering of CdSe QDots were prepared in accordance with the study of Nguyen et al. study 
[5]. After the synthesis step, characterization of the samples was carried out by using Scanning 
Electron Microscopy (SEM) (Quanta 250FEG) in Izmir Institute of Technology (Fig. 1a and 1b). 

2.2 Radiolabeling of CdSe and CdSe/ZnS QDots 
Radiolabeling of CdSe and CdSe/ZnS QDots were performed using stannous chloride 

(SnCl2.2H2O) reducing method. With this purpose, 20 µL of SnCl2 (1mg SnCl2.2H2O /1 mL 
water) solution was added into the vial containing 100 µL of QDs. Later, 10 µL 37 MBq 
Na99mTcO4 solution was added to the QDots solution and was incubated for 1 hour. 
Radiolabeling yield for radiolabeled QDots (99mTc-CdSe and 99mTc-CdSe/ZnS) was analysed 
by Thin Layer Radio Chromatography (TLRC).  

2.3 Penetrant Testing  
Before applying radiolabeled Qdots, surface of the material was cleaned to remove any 

dirt, oil and other contaminants. Penetrant applied to the surface after this cleaning process. After 
that, the experimental tests were employed by dividing the test surface into equal parts (D1, D2, 
E1, E2, F1 and F2) as shown in Fig. 2a. Radiolabeled Qdots was applied to the surface of the 
material and each area of the material was counted in CdTe detector system as seen in Fig. 2a. 
Measurements results of each part are shown in Fig. 2b.  

  
3. Figure sample 

 

 

Fig.1: SEM images a) CdSe QDots and b) CdSe/ZnS Qdots. 
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Fig.2a: A schematic diagram of the experimental setup for measurements of radioactivity 
b) Measurements of radioactivity concentration counted with CdTe detector system   

 
SEM images show that particle size of synthesized QDots was found as 1.25 ± 0.32 µm 

and 3.02 ± 0.62 µm, respectively (Fig. 1). Radiolabeling yield of 99mTc-CdSe, 99mTc-CdSe/ZnS 
was 99.70% ± 0.28 and 99.79% ± 0.20, respectively. Qdots could carry the radioligand on their 
surfaces by chemical bonds or imbibed in the Qdots shell membrane. The results of the 
measurements are given in Fig. 2b. According to Fig.2b, the comparison of the results to the 
measured data showed that the maximum values 658 ± 8 cps and 463 ± 66 cps observed in 
region E1 and D1, respectively.   

 
 
4.       Conclusions 

 
This study is a preliminary study for the use of 99mTc, which is often used in nuclear 

medicine, as a radiotracer for detecting surface damage in industrial materials. Also, it is aimed 
to investigate possible usability of an alternative liquid penetrant for small surface defects based 
on radiolabeled ZnS coated CdSe QDots.   
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