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Abstract: The non-destructive testing technology is discussed, focusing on the mainstream 

non-destructive testing technology of various material surfaces, and the characteristics, 

principles and applications of non-destructive surface characterization technology are 

discussed and analyzed. It focuses on the future development direction of scanning electron 

microscopy detection method, atomic force microscope detection method and X-ray 

diffraction detection method. The application of a new hyperspectral detection technology 

in material detection is described, and finally an important development trend is discussed 

with the development of deep learning, the combination of hyperspectral technology and 

deep learning in the future is an important development trend. 

1. Introduction 

Non-destructive testing technology is a non-destructive testing method, which uses the reaction 

changes of the material structure to light, heat, magnetism, etc., to evaluate the internal or surface 

defects, structural characteristics and properties of the material without causing damage or damage 

to the material. It is based on the interaction between the material and the detector to obtain 

information about the state of the material [1]. Non-destructive testing of material surfaces plays an 

important role in today's science and engineering. NDT technology offers many advantages over 

traditional destructive testing methods, such as saving time and money, maintaining material integrity, 

and improving production efficiency and product quality. These characteristics make NDT 

technology have a wide range of application prospects in material selection, manufacturing and 

maintenance processes. This paper will focus on non-destructive testing of material surfaces and their 

application fields, with a special focus on the various methods and advantages of non-destructive 

testing techniques in material surface characterization, each of which will explore its principles, 

advantages and applications in detail. 

2. Application and prospect of surface non-destructive testing technology in composite material 

testing 

In this study, we discuss a variety of non-destructive surface characterization techniques, including 
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light microscopy, surface contact angle, penetration detection, magnetic particle magnetic detection, 

scanning electron microscopy (SEM), atomic force microscopy (AFM), X-ray diffraction (XRD), 

hyperspectral detection, etc. The application of these technologies in composite materials and other 

neighborhoods is discussed, through which we can obtain the surface morphology, microstructure 

and defect information of composite materials, and quantitatively analyze and evaluate them. Non-

destructive surface characterization technology provides high-resolution, non-contact surface 

observation capabilities, effectively revealing the characteristics and defects of composite surfaces. 

These technologies are fast, accurate, and non-destructive, providing important support for the 

manufacturing, quality control and performance evaluation of composite materials. Therefore, non-

destructive testing technology is widely used in engineering. However, non-destructive surface 

characterization techniques also face some challenges, such as limitations in the analysis of complex 

surface topography and microstructure. Future research can further explore and improve non-

destructive surface characterization techniques to improve their resolution, sensitivity, and scope of 

application to meet the needs of composite surface characterization. 

2.1 Scanning electron microscopy detection 

Scanning electron microscopy (SEM) is the most commonly used material surface analysis method 

at the nanoscale to observe and analyze the surface morphology, structure and composition of samples 

[2]. Compared to traditional light microscopes, SEM offers higher magnification and higher 

resolution, enabling the observation of smaller details. The basic principle of scanning electron 

microscopy is to use the phenomenon of electron beams interacting with samples for imaging [3]. 

During the work of scanning electron microscopy, samples often need to undergo pre-treatment, 

such as fixation, drying, metal sputtering, etc., to enhance the conductivity and surface details of the 

sample. The sample is placed on a sample stage and scanned along the sample surface by controlling 

the scanning and movement of the electron beam. The electronic signal generated by the interaction 

between the sample and the electron beam is received by the detector and converted into an image, 

and through the processing and display of the signal, the surface morphology, texture, structure and 

composition of the sample can be observed. 

Wang Yuting [12] used scanning electron microscopy to analyze the rock morphology 

characteristics and identification characteristics from siliceous matter, carbonate cementation and 

clay minerals, and concluded that the scanning electron microscope map of cement can be found that 

compared with single polarized light and orthogonal light, the scanning electron microscope map is 

more intuitive and three-dimensional, and can directly observe the rough surface and fracture 

morphology of the sample. Its resolution is also very high, and the morphological composition of the 

ultrastructure can be seen. Wang Yuexia [3] used scanning electron microscope to observe the 

microstructure and histochemical analysis of Chinese herbal medicine, which provided certain 

technical support for the identification of traditional Chinese medicine and its active ingredients, and 

effectively helped to extract nanoparticles from traditional Chinese medicine, and the iron 

nanoparticles found and synthesized by this technology showed excellent antioxidant properties and 

large bacteriostatic rate, which were effective in inhibiting Helicobacter and ulcers. AE Tontowi[4] 

studied the degree of densification of composite crystalline polymers by observing them with 

scanning electron microscopy, making an important contribution to how glass particles are densified. 

Scanning electron microscope (SEM) is an important characterization tool with a wide range of 

applications in materials science, nanotechnology, biology and other fields. In the future, the 

development of scanning electron microscopy will continue to drive improvements in its performance 

and functionality to meet changing scientific and engineering needs, and future scanning electron 

microscopy development will focus on improving resolution, enabling multimodal imaging, in situ 

70



 

 

and dynamic observation capabilities, three-dimensional imaging, and methods for data processing 

and analysis [5]. These advances will further advance the application of scanning electron microscopy 

in materials science, nanotechnology, and other fields, and provide researchers with more powerful 

characterization and analysis tools [6]. 

2.2 Atomic force microscopy detection 

Atomic Force Microscopy (AFM) is a high-resolution microscopy technique used to observe high-

resolution three-dimensional images and information on the surface of sample materials and to 

distinguish atomic-level surface changes [8]. It works by scanning the sample surface at the nanoscale 

using a non-contact probe, and obtaining information about surface topography and physical 

properties by measuring the interaction force between the probe and the sample surface. The working 

principle of AFM is based on the interaction force between the scanning probe and the sample surface. 

The probe consists of an inelastically curved tip that probes the height and mechanical properties of 

the sample surface through the interaction force between the probe and the sample. During scanning, 

the probe is precisely moved to obtain topological information about the sample surface. AFM can 

provide high-resolution images of surface topology that reveal microstructure and topography 

features of materials at the nanoscale and below [7]. 

Meng Jingyu [8] et al. have made significant contributions to the study of the microstructure, 

interfacial structure, charge change and charge distribution of electrical materials in the nanoregion 

of electrical materials by using atomic force microscopy. Cao Shuai [9] used atomic force microscopy 

to observe the chromosomes of the meiotic phase of wild tobacco, and found that the relevant changes 

in chromosome width and height may be caused by meiosis-related proteins, and the results showed 

that the results were very similar to the previous results. Yang Yingge [10] used atomic force 

microscopy to observe the ZAO film samples prepared by different magnetron sputtering powers, and 

analyzed the two-dimensional and three-dimensional and profile drawings of the samples, and the 

results showed that with the increase of sputtering power, the film samples were more uniform and 

dense, the grain growth was fuller, the crystallization quality was higher, and the roughness and 

adhesion increased. The experimental results provide an experimental basis for further study of the 

tribological properties of zinc oxide films. 

As the most commonly used material characterization method in today's material testing, atomic 

force microscopy has great potential for future development, and future atomic force microscopy will 

focus on the functional measurement of materials. For example, by manipulating the force, current or 

magnetic field of the probe, the integration and automation of atomic force microscopy will be the 

focus of future development. In terms of automation, by introducing automated control and data 

processing methods, more efficient and accurate sample scanning and data analysis can be achieved, 

and the reproducibility and accuracy of experiments can be improved. 

2.3 X-ray diffraction 

X-ray Diffraction (XRD) is a technique used to analyze crystal structure. It uses the interaction of 

X-rays with atoms in the crystal to cause diffraction phenomena, and infers the structural information 

of the crystal by measuring the intensity and angle of the diffracted light. The working principle of 

XRD is based on Bragg's law, which states that when an incident X-ray beam diffracts with a crystal 

facet, the diffracted beam is received by the detector at an angle. According to the formula of Bragg's 

law, the relationship between the diffraction angle and the crystal plane spacing can be calculated. By 

measuring the intensity and angle of diffracted light at different angles, an X-ray diffraction pattern 

can be obtained, usually with the diffraction angle as the horizontal axis and the diffracted light 

intensity as the vertical axis. Through the analysis of X-ray diffraction patterns, many information 
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about the crystal structure can be obtained, including lattice constants, unit cell parameters, crystal 

form and crystal plane orientation. XRD can be used to determine the crystal structure of materials, 

the composition of crystal phases, the orientation of crystals, and defects in crystals [11]. 

Li Xu [12] used the X-ray method to measure the diaphragm of a condenser microphone with 

different tension magnitudes, and the surface X-ray method was a method that could directly 

quantitatively measure the structural tension of the diaphragm. Cao Xi [13] used the X-ray method 

for the first time to determine the content of ferric oxide phase in ammonia synthesis catalyst, through 

the actual analysis of the application surface, the X-ray diffraction analysis data of ferric oxide phase 

content in ammonia synthesis catalyst can fully meet the technical requirements of industrial 

production, scientific research and import and export commodity inspection for its quality control 

analysis, and can be popularized and applied in the field of petrochemicals; Xu Guang [14] et al. 

measured the residual stress of the superalloy bellows (which is a key component in the rocket 

pipeline system) before forming, the bellows after forming and the bellows annealing treatment by 

X-ray method, and the results showed that the X-ray method can clearly measure the stress changes 

in various periods, which plays a very important role in analyzing the service life of the tube fittings 

of the rocket pipeline system. Wang Leilei [15] X-ray measurement of roasted alumina sample, and 

the results showed that the alumina sample had a α crystal structure. 

With the continuous development of instruments and detection technology, the resolution of X-ray 

diffraction technology has been further improved. Future developments will focus on developing 

faster and more efficient data acquisition and analysis methods to improve experimental efficiency 

and enable real-time data analysis and real-time structural characterization. In addition to traditional 

crystal structure analysis, X-beam diffraction can also be used for structural characterization in 

amorphous materials, liquids, and gases. Future development will promote the application of X-ray 

diffraction technology in new fields, such as real-time monitoring of material synthesis processes, 

research on material interfaces and interface reactions, etc. 

2.4 Hyperspectral detection 

Hyperspectral imaging is an analysis method based on hyperspectral imaging technology to obtain 

spectral information about objects or scenes in a large number of continuous wavelength ranges and 

correlate them with spatial locations. Hyperspectral imaging combines the advantages of optical 

imaging and spectral analysis to provide more detailed and comprehensive material characterization 

and information. While traditional imaging systems can only acquire images of one specific 

wavelength at a time, hyperspectral imaging systems can acquire continuous spectral images over 

hundreds or thousands of narrow bands. This means that each pixel contains not only image 

information about the appearance of the object, but also spectral information about the object in that 

band. By analyzing this spectral information, key characteristics such as the composition, properties, 

mass, and condition of the object can be determined [16]. 

Ma Yutang [17] proposed a hyperspectral operating composite insulator pollution detection 

technology, which established discriminant models by extracting spectral features with different 

pollution degrees. The final results show that the accuracy of spectral information feature extraction 

is greatly improved compared with traditional detection methods. Zheng Suluo [18] uses 

hyperspectral technology to detect meat tenderness, color, fiber structure, various nutrients or toxic 

and harmful components, and realizes the analysis and visual expression of meat internal and external 

quality, which provides an important theoretical basis for the wide application of hyperspectral 

technology in meat detection. Gao Rui et al. [19] used hyperspectral technology to measure the crude 

protein content of forage, and the experimental results provided the optimal model and theoretical 

basis for the hyperspectral detection of pasture crude protein content, and opened up a new technical 
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route for guiding grass production. 

With the continuous advancement of optical devices and spectroscopic instrument technology, 

hyperspectral material detection methods will obtain higher resolution and sensitivity. As a fast and 

convenient detection method, hyperspectral material detection is expected to be combined with other 

characterization and analysis methods in the future to form a multimodal comprehensive analysis 

method to obtain more comprehensive and accurate material information. For example, joint 

applications with imaging techniques (e.g., scanning electron microscopy) or other spectroscopic 

techniques (e.g., Raman spectroscopy, mass spectrometry) can provide more comprehensive material 

characterization and analysis [20]. In addition to the traditional fields of materials science and 

engineering, hyperspectral material detection also has the potential to be widely used in 

environmental monitoring, food safety, medical diagnosis and other fields. The emergence of new 

material characterization needs and application scenarios will promote the development and 

innovation of hyperspectral material detection methods. 

3. Conclusion 

In general, non-destructive testing technology on the surface of materials plays an important role 

in the field of materials science and engineering. Through accurate and reliable detection of the 

surface of the material, the surface defects, breakage, contamination and other problems of the 

material can be found and evaluated in time, providing strong support for quality control, material 

evaluation and product design. 

At present, with the continuous progress and innovation of science and technology, more and more 

non-destructive testing technologies are applied to the detection of material surfaces. However, non-

destructive testing technology on the surface of materials still faces some challenges and opportunities. 

Challenges include the complexity of various materials, the diversity of surface properties, and the 

selection of testing equipment and methods. In order to further promote the development of this field, 

it is necessary to strengthen multidisciplinary cooperation and exchanges, combine advanced 

technologies such as machine learning and artificial intelligence, and continuously improve and 

innovate surface nondestructive testing technologies to meet the needs of composite manufacturing 

and application. 

In short, the application and development of non-destructive testing technology on the surface of 

materials is of great significance. By continuously improving and promoting these technologies, we 

can effectively guarantee the quality and reliability of material products, promote the advancement 

of materials science and engineering, and provide more sustainable, safe and efficient solutions for 

applications in various fields 

References 

[1] Yu Qing, He Chunxia. Application of non-destructive testing technology in composite material testing [J]. 

Engineering and Testing, 2009, 49(02):24-29.  

[2] Wang Yuting. Discussion on scanning electron microscopy technology and its application in cement type identification 

[J]. China Resources Comprehensive Utilization, 2018, 36(09):180-182.  

[3] Wang Yuexia. Scanning transmission electron microscopy and its application in the research of traditional Chinese 

medicine [J]. Analytical Testing Technology and Instruments, 2022, 28(03):280-288.  

[4] Tontowi A E, Childs T. Scanning Electron Microscope Study Of A Glass-Filled Crystalline Polymer Sintered Part [J]. 

2022.  

[5] Honda K, Takaki T, Kang D. Recent advances in electron microscopy for the diagnosis and research of glomerular 

diseases [J]. Kidney research and clinical practice, 2022. DOI:10. 23876/j. krcp. 21. 270.  

[6] Muto S, Tatsumi K. Detection of local chemical states of lithium and their spatial mapping by scanning transmission 

electron microscopy, electron energy-loss spectroscopy and hyperspectral image analysis [J]. Microscopy, 2016. DOI: 

10. 1093/jmicro/dfw038.  

73



 

 

[7] Steffens, Clarice, Fabio L, et al. Sensors, Vol. 12, Pages 8278-8300: Atomic Force Microscopy as a Tool Applied to 

Nano/Biosensors [J]. 2012.  

[8] Meng Jingjiao, Lu Hongwei, Ma Shile, Zhang Jiaqi, He Fumin, Su Weitao, Zhao Xiaodong, Tian Ting, Wang Yi, Xing 

Yu. Application progress of functionalized atomic force microscopy in the study of properties of nano-dielectric materials 

[J]. Acta Physica Sinica, 2022, 71(24):119-141.  

[9] Cao Shuai, Dang Jiangbo, He Qiao, Guo Qigao, Liang Guolu. Preliminary study on chromosome imaging of plant 

meiosis using atomic force microscopy [J]. Journal of Southwest Normal University (Natural Science Edition), 2016, 

41(11): 30-34.,  

[10] Yang Yingge, Lu Yimin, Wang Xinru, Li Xiaobo. Application of atomic force microscopy in ZAO thin film 

characterization [J]. Journal of Beijing Institute of Petrochemical Technology, 2013, 21(02):17-21.  

[11] Suvorov E V, Smirnova I A. X-ray diffraction imaging of defects in topography (microscopy)  studies [J]. Physics–

uspekhi, 2015, 58(9):897915. DOI: 10. 3367/UFNe. 0185. 201509a. 0897.  

[12] Li Xu, He Longbiao, Zhu Haijiang, Zhang Xiaoli, Feng Xiujuan, Niu Feng. Measurement of diaphragm tension of 

condenser microphone by X-ray diffraction method [J]. Journal of Metrology, 2022, 43(12):1645-1650.  

[13] Cao Xi. Determination of ferric oxide phase content in ammonia synthesis catalyst by X-ray diffraction [J]. Chemical 

Engineer, 2022, 36(10):35-37+44.  

[14] Xu Guang, Xing Lichao, Zhang Ting, Lin Jian. Measurement of residual stress of superalloy bellows by X-ray 

diffraction method [J]. Pressure Vessel, 2021, 38(07): 32-37.  

[15] Wang Leilei, Wang Qinlong, Li Jing, Huang Changrong. Determination of average grain size of nano-alumina by 

X-ray diffraction [J]. Inorganic Chemicals Industry, 2021, 53(04):86-89.  

[16] Zhang Y, Wu X, He L, et al. Applications of hyperspectral imaging in the detection and diagnosis of solid tumors[J]. 

Translational Cancer Research, 2020, 9(2):1265-1277. DOI: 10. 21037/tcr. 2019. 12. 53.  

[17] Ma Yutang, Li Qianhui, Ma Yi, Pan Hao, Yang Kun, Zhou Zhipeng. Hyperspectral contamination detection 

technology of composite insulator [J]. Electroporcelain Lightning Arrester, 2023, No. 312(02): 150-156.  

[18] Zheng Suluo, Wang Runbo. Research progress of hyperspectral image technology in meat detection [J]. Meat 

Industry, 2022, No. 497(09):36-40.  

[19] Gao Rui, Li Zedong, Ma Zheng, Kong Qingming, Muhammad Rizwan, Su Zhongbin. Detection of crude protein 

content of forage based on hyperspectral imaging [J]. Spectroscopy and Spectral Analysis, 2019, 39(10):3245-3250.  

[20] Signoroni A, Savardi M, Baronio A, et al. Deep Learning Meets Hyperspectral Image Analysis: A Multidisciplinary 

Review [J]. Journal of Imaging, 2019, 5(5):52. DOI:10. 3390/jimaging5050052.    

74




