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ABSTRACT 

Thin films produced by deposition of metal oxides on different surfaces show semi-

conductor properties that are sensitive to the surrounding atmosphere components. The sol-

gel dip coating technique, which is simple, accessible, adjustable, and repeatable based on 

desired parameters, is widely used in the production of CdO thin films. In this study, CdO 

metal oxide thin films were coated on polyamide, acrylic and cotton yarns by sol-gel 

dipping method in three different molarities of 0.1 M, 0.3 M and 0.5 M starting solutions. 

Structural properties of CdO thin film coated yarn samples were investigated using SEM 

and EDX analyzes were performed. The sensor tests of the yarn samples for LPG gas were 

carried out in the specially designed gas sensor measurement system and in the gas 

chamber. The 0.5 M CdO thin film coated cotton yarn samples showed better 

semiconductor properties and gas response than the other samples. 
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INTRODUCTION 

Charge carriers on the surface of a semiconductor are 

sensitive to the composition of the surrounding atmosphere 

[1]. The material surfaces are coated with different 

semiconductor oxides such as SnO2 [2], CuO [3] and ZnO 

[4] in order to apply semiconductor properties. CdO metal 

oxide has low electrical resistivity [5], wide band gap [6], 

high gas sensing [7] and optoelectronic properties [8]. 

Therefore, CdO is used in photodiodes [3], photovoltaic 

cells [9], electrodes [10] and gas sensors [11]. 

CdO metal oxide thin films deposited by SILAR method 

[12], spray pyrolysis method [13], sol-gel spin coating 

method [14], [15], magnetron spray method [16], thermal 

evaporation method [17] and sol-gel dip coating methods 

[18] on different surfaces. Because of its ease of synthesis 

[19], effective process control [20], and ability to produce 

highly homogeneous film solutions [21], the sol-gel method 

is widely used [22]. Dip coating technique is preferred in 

CdO thin films with the advantages of low installation cost 

[23], requiring less energy [24], allowing different surfaces 

to be coated, being simple [25], economical [26] and fast. 

At the same time, re-dipping process is an effective method 

for creating a homogeneous surface for fibrous structures 

[27]. CdO films are used in N2 gas sensors [28], H2O2 

sensors [29], LPG, butane/propane [30], [31] sensors 

applications. 

Studies in the last ten years were searched in the Web of 

Science database with the title "CdO Thin Films" and it was 

seen that 249 publications. It has been observed that these 

publications received 3190 citations in total. The 

bibliometric network map of the distribution of publications 
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by keywords is shown in Figure 1. The analysis results 

showed 555 keywords in the studies within the scope of the 

subject in the VOSviewer program. Words repeated at least 

3 times, synonyms and irrelevant words were removed. 

Thus, a network map was created by 46 different keywords. 

Examining the network map, CdO thin films were produced 

by chemical vapor deposition, sputtering and commonly 

Sol-gel coating methods. Generally, the surface 

morphology, structural, electrical and optical properties of 

these films were investigated. CdO films have been used in 

different structures such as gas sensors, optoelectronic 

materials and solar cells. 

In this study, dip coating technique was preferred as a 

method to form of the CdO thin film. Nm 6 acrylic, Ne 2 

cotton and 105 tex polyamide yarns were chosen as the 

surface to be coated. The surface properties of three 

different yarns prepared at different concentrations were 

analyzed using Field Emission Scanning Electron 

Microscopy-Energy Dispersive X-Ray Spectroscopy 

(FESEM-EDX). Gas tests were carried out by assembling 

CdO coated yarns to a programmable control card specially 

designed to detect the gas released into the medium. 

MATERIAL AND METHOD 

 

Cadmium acetate dihydrate (Cd(CH3COO)2·2H2O) (Sigma-

Aldrich, ≥98.0% purity) salt was used as a reagent, 2-

methoxyethanol (CH3OCH2CH2OH) (Sigma-Aldrich, ≥99% 

purity) as solvent and monoethanolamine (NH2CH2CH2OH) 

(Sigma-Aldrich) as stabilizer in the experimental process. 

Cadmium acetate dihydrate salt was added to 100 ml of 2-

methoxyethanol for 3 different concentrations (0.1 M, 0.3 M 

and 0.5 M). The sol-gel solutions were stirred continuously 

for 2 hours with a magnetic stirrer at room temperature by 

adding 2 drops of monoethanolamine. The solutions were 

rested for 24 hours and made ready for deposition.    

 

 

Figure 1. Bibliometric network map by keywords of publications in Web of Science database 
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Metal oxide thin films were deposited on the surfaces of 

selected natural and synthetic yarns. Widely used in the 

textile industry, cotton from natural fiber group yarns [32], 

[33], polyamide [34] and acrylic yarns [35] from synthetic 

fiber group yarns were selected. It is foreseen that the 

deposition on different yarn volumes and yarn surfaces will 

show different adhesion properties. It was thought that the 

cotton yarn with staple structure would absorb more 

solution than the acrylic and the polyamide yarns with 

filament structure.   

Sample yarns cut in equal sizes were cleaned with 

deionized water and dried at 85°C. They were deposited by 

dip coating method in solutions of different concentrations. 

During the coating process, the yarn samples were dipped 

in the solutions for 1 minute each time. It was dried at 150 

°C for 2 minutes. The dip coating process was tested in 5, 

10 and 15 repetitions. In the 5-layer coating process, the 

surfaces of the samples were not completely covered in a 

homogeneous manner. It was determined that there were 

excessive accumulation and debris on the sample surfaces 

in 15 layers of coating. In the 10-layer coating, it was 

observed that the yarn surfaces were coated homogeneously 

and without clumping. 10 layers of coating was determined 

as the optimum number of coatings. The yarn samples, 

whose dipping and drying processes were finished, were 

annealed at different temperatures for their crystallization. 

When the temperature was exceeded 300 °C for annealing,  

deterioration and burning occurred in the structures of all 

yarn samples [36]. It was observed that the CdO structure 

did not crystallize on the surfaces of the yarn samples when 

the annealing process was analyzed below 150 °C. At first, 

the samples were annealed at 3 different temperatures as 

150 °C, 200 °C and 250 °C for 1 hour. According to the 

literature review, it has been seen that the annealing 

temperature of CdO thin films is in general between 200-

450°C for crystallization to occur on the surface. In 

addition, the crystal structure and semiconductor properties 

improved with the annealing temperature increase from 200 

°C to 450 °C in literature [37], [38], [39]. However, the 

optimum annealing temperature was determined as 200 °C 

in order not to harm the cotton yarn and to form the CdO 

crystal structure. For these reasons, the annealing 

temperature was applied as 200 °C and 1 hour throughout 

the study. 

RESULTS AND DISCUSSION 

 

The morphological properties of the CdO-deposited yarn 

samples were analyzed by the Field Emission Scanning 

Electron Microscope (ZEISS Supra 40VP FESEM). CdO 

structure is generally observed in irregular morphology and 

cauliflower shape [40], [41], [42] in the literature. 

The differences in particle sizes were caused by the dipping 

cycle, the difference of sample yarn surfaces and solution 

concentrations. The surface images of 3 different sample 

yarns at 3 different solution concentrations were examined. 

Yarn Sample Series are shown in Table 1. 

Polyamide, acrylic and cotton yarn samples were coated 

with CdO metal oxide by dipping in the sol-gel solution 

prepared at 0.1 M concentration, respectively. SEM images 

after annealing are shown in Figure 2. According to A1 and 

A2 images, the coating did not adhere to the yarn surface 

and crystal structure was not formed. In B1, B2, C1 and C2 

images, it was observed that adhesion started on the sample 

surfaces, but the amount of coating was insufficient. 

SEM images of polyamide, acrylic and cotton yarn samples 

with 0.3 M concentration of CdO deposited are shown in 

Figure 3. In A3 and A4 images, the coating did not form 

properly on the surface and gave an appearance of 

plastering. Coating was started to occur according to B3 

and B4 images. However, crystallization, the predicted 

cauliflower shape and a homogeneous structure did not 

occur. Although, cauliflower-shaped crystallization 

occurred on the surface of the samples in the C3 and C4 

images, it was determined that the solution concentration 

was not sufficient and the surface was not completely 

covered in a homogeneous film. 

 

 
Table 1. Yarn Sample Series 

Series Sample Series Sample Series Sample 

A1-A2 0.1 M Polyamide A3-A4 0.3 M Polyamide A5-A6 0.5 M Polyamide 

B1-B2 0.1 M Acrylic B3-B4 0.3 M Acrylic B5-B6 0.5 M Acrylic 

C1-C2 0.1 M Cotton C3-C4 0.3 M Cotton C5-C6 0.5 M Cotton 
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Figure 2. SEM images of the deposition of 0.1 M CdO coating solution on (A) polyamide yarn, (B) acrylic yarn, (C) cotton yarn surfaces 
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Figure 3. SEM images of the deposition of 0.3 M CdO coating solution on (A) polyamide yarn, (B) acrylic yarn, (C) cotton yarn surfaces 
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Figure 4. SEM images of the deposition of 0.5 M CdO coating solution on (A) polyamide yarn, (B) acrylic yarn, (C) cotton yarn surfaces 

 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 

SEM images of polyamide, acrylic and cotton yarn samples 

with 0.5 M concentration of CdO deposited are shown in 

Figure 4. According to A5 and A6 images, CdO particles 

were formed but did not crystallize on the sample surfaces. 

Deterioration in the yarn structure and surface abrasions 

began to occur with the increase in solution concentration. 

The sample surface vitrificate because of the annealing 

temperature increased. The increase in the solution 

concentration caused the deterioration of the yarn surface. 

B5 and B6 images showed that the metal oxide structure 

was partially crystallized. The cauliflower-shaped crystal 

structure specific to CdO was observed. The deposited film 

did not show semiconductor properties due to the obvious 

gaps on the surface. According to the C5 and C6 images, 

the film is almost homogeneously distributed over the 

entire surface. It was observed that the CdO particles both 

(A5) (A6) 

(B5) (B6) 

(C5) (C6) 
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crystallised on the surface in the form of cauliflower and 

that the particles adhered closely and well. Therefore, it has 

been confirmed that the cotton yarn sample covered with 

CdO thin film can be used as a flexible and semiconductor 

material.  

The weight changes of 0.1 M, 0.3 M and 0.5 M 10-layer 

CdO thin film coated cotton yarns are shown in Table 2.  

While the weight of the section of 0.1 M cotton yarn was 

0.052 g, it was 0.063 g after 10 times re-dipping. After 

annealing for 1 hour at 200 °C, its weight was measured as 

0.053 g. In other words, there was a weight gain of 

approximately 21% after the coating process. After the 

annealing process, there was an increase in weight of about 

2% compared to the initial state. The initial weight of 0.3 M 

yarn was measured as 0.049 g. After the coating process, it 

became 0.083 g with an increase of approximately 70%. 

After annealing process, it was measured as 0.077 g and 

weighted approximately 57% more than its original state. 

The initial weight of 0.5 M yarn sample was measured as 

0.050 gr. This sample showed the highest percentage 

increase in weight after coating and annealing processes. It 

was measured as 0.141 g with an increase of 182% after 

coating process. After annealing process, it became 102% 

heavier than its initial state and was determined as 0.101 g. 

The amount of adhesion of the coating on the surface 

increased with the increase of the concentration. In 

addition, the amount of absorption of CdO particles in the 

solution of the yarn sample increased. The density of CdO 

particles in solution increased because of the concentrations 

increased. CdO particles were more attached to the surface 

of the cotton yarn and spread homogeneously because of 

the staple and fibrillar structure of cotton yarn. 

Metal oxide surfaces adsorb oxygen in the normal medium, 

changing electron mobility on the surface. When there are 

different gases in the medium, metal oxide semiconductor 

materials interact with the gases, reducing the amount of 

oxygen adsorbing. This situation causes a resistance change 

[43], allowing metal oxide semiconductor materials to be 

used for gas detection purposes. 

Table 2. Change in weight of cotton yarn sample by thin film coating 

          Weight    
 

Sample 

 

Before 
Deposition 

After 
Deposition 

After Annealing 

g g % g % 

C1 0.052 0.063 21.15 0.053 1.92 

C2 0.049 0.083 69.40 0.077 57.14 

C3 0.050 0.141 182 0.101 102 

 

The electronic circuit diagram of the yarn gas sensor 

produced is shown in Figure 5. Gas sensor electronic 

circuit; +5V DC voltage, R1 and R2 resistance used by 

changing depending on the structure and internal resistance 

of the yarn gas sensor, Analog Port (A1), which detects the 

voltage change between 0-5 V depending on the gas type, 

amount and contact time in the medium, Digital port 1 (D1) 

and Digital port 2 (D2), which transfer information to the 

stimulating systems (Led, Buzzer, etc.) according to the 

determined parameters, Ground (GND) to complete the 

circuit, it consists of a programmable Micro Controller 

Card (MCC), which provides analog-digital information 

conversion and control, to which the entire system is 

connected. 

 

Figure 5. Gas sensor electronic circuit diagram 

 
 

Figure 6. Yarn gas sensor (YGS) measurement system 

 
The gas sensor measurement system designed specifically 

for the semiconductor yarns produced within the scope of 

this study is given schematically in Figure 6. Gas detection 

tests were performed on this system. The chamber shown 

and modeled in the figure was produced from a 3D printer 

using a transparent filament. +5V voltage was given from 

MCC to YGS in the system. The current completed the 

circuit by passing through the yarn gas sensor and then the 

resistors R1 and R2. LPG gas was given to the chamber in 

which the yarn sensor was located and the sensor reacted 

with the gas. The voltage difference values on the resistors 

R1 and R2 are received from the A1 port. The amount of 
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gas supplied to the system changed depending on the time. 

For this reason, the intensity and duration of the reaction 

also changed. These data received from the A1 port were 

converted into digital values and transmitted to the Leds 

and Buzzers. As the amount of gas in the gas chamber 

increased, the contact of the thread gas sensor with the gas 

and the voltage variation on the resistor also increased. This 

situation increased the brightness of the light in the LED 

and the sound level of the Buzzer. Likewise, light and 

sound levels also decreased as the amount of gas decreased. 

The stimulators can be active when the amount of gas in the 

medium reaches a certain level, and passive when it falls 

below, by defining certain parameters in the system. 

5V constant current was given to the yarn sensor samples in 

the gas sensor measurement system we designed. The 

semiconductor properties of the yarn samples were 

determined. The polyamide yarn sample did not respond at 

all to the given voltage. Acrylic yarn samples responded 

irregularly. However, it was thought that the measurements 

were not sufficient for the sensor applications. Cotton yarn 

samples responded regularly. For this reason, it was 

decided to conduct gas sensor trials with cotton yarn 

samples. Gas sensor measurements were applied as 10 

repetitions. The data of the sensor measurements are shown 

in Figure 7. First of all, a constant voltage was applied to 

cotton yarn samples showing semiconductor properties, and 

the voltage on the resistor was balanced for 30 seconds in 

normal room condition. During this time, 4.22-4.39 V data 

was received on the resistor from the system. It was waited 

for 30 seconds in the fixed interval where the voltage on the 

semiconductor yarn was balanced. LPG gas was given to 

the gas chamber from the 60th second. Gas molecules in the 

medium reduced the amount of adsorbed oxygen on the 

surface of cotton yarn samples with CdO deposited. This 

caused the voltage change necessary for the gas to be 

detected and the sensor to respond. The voltage change on 

the resistor was measured between 2.56-3.09 V for 60 

seconds when there was gas in the medium. When the gas 

inlet given to the medium was removed at 120th seconds, 

the measured values returned to the values close to their 

initial state. This situation continued in a balanced way for 

60 seconds. After 180th seconds, gas was given to the 

medium for the second time. Similar to the first situation, 

values between 2.70 and 2.94 V were taken from the 

system. This cycle was applied with 10 repetitions in 60-

second periods. In the sensor measurements made when the 

gas was removed from the medium in the last period, the 

voltage change returned to values close to 3.84 V. The 

average of 10 repetitive measurements was calculated. 

While the voltage value was about 4.09 V in the absence of 

gas in the medium, it was about 2.78 V in the presence of 

gas. It was observed that the measurement values decreased 

gradually at almost every stage. The final values is slightly 

lower than the initial values. This can be thought of as the 

increase in the amount of gas adsorbed on the surface of the 

yarn as the gas presence time in the medium increases. 

Although the voltage values decreased, they did not 

decrease significantly and also the acquired semiconductor 

property did not changed. For this reason, the repeatability 

of the yarn gas sensor has a good level. 

 
 

 

Figure 7. Yarn gas sensor applications 
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CONCLUSION 

 

CdO was chosen as the metal oxide because it is easy to 

apply. Sol-gel dip coating technique was preferred because 

it is reproducible according to the desired number of layers 

and it is an economical method. Acrylic, cotton and 

polyamide yarn surfaces, which are actively used in various 

textile products are coated with thin films to produce 

semiconductor yarns. Experiments were made at different 

solution concentrations, number of coating layers and 

annealing temperature. Optimum semiconductor property 

was determined in cotton yarn sample at 0.5 M CdO 

concentration, 10 times re-dipping and 200 °C for 1 hour 

annealing temperature. It was determined that the 

polyamide yarn sample did not withstand the annealing 

temperature, glassification occurred on the surface, and 

therefore it was not suitable for deposition of the CdO thin 

film by dip coating. It was observed that the acrylic yarn 

sample showed semiconductor properties under the 

determined optimum conditions, but it was not sufficient 

for gas sensor applications. As an alternative to expensive, 

complex systems, the gas chamber and gas measurement 

system are originally designed. The designed, simple to use, 

low-cost gas measurement system has enabled gas sensors 

produced with different methods and materials to be tested 

with various gases. Looking at the gas measurement data, it 

is clearly seen that the produced semiconductor cotton yarn 

can be used as a light, flexible and portable gas sensor. It is 

possible to produce a gas sensor from cotton yarns and use 

it as a material with high added value. 

 

 

 

REFERENCES 

1. Bulakhe, R. N., and Lokhande, C. D. “Chemically Deposited Cubic 

Structured CdO Thin Films: Use in Liquefied Petroleum Gas Sensor.” 

Sensors and Actuators B: Chemical, Vol. 200, 2014, pp. 245–250. 
https://doi.org/10.1016/J.SNB.2014.04.061. 

2. Joshi, G., Rajput, J. K., and Purohit, L. P. “Improved Stability of Gas 

Sensor by Inclusion of Sb in Nanostructured SnO2 Thin Films Grown 
on Sodalime.” Journal of Alloys and Compounds, Vol. 830, 2020, p. 

154659. https://doi.org/10.1016/J.JALLCOM.2020.154659. 

3. Jiang, L., Xue, K., Chen, Z., Cui, Q., and Xu, S. “High Performance 
of Gas Sensor Based on Bi-Doped ZnSnO3/CuO Nanocomposites for 

Acetone.” Microporous and Mesoporous Materials, Vol. 329, 2022, p. 

111532. https://doi.org/10.1016/j.micromeso.2021.111532. 

4. Shewale, P. S., and Yun, K. S. “Synthesis and Characterization of Cu-

Doped ZnO/RGO Nanocomposites for Room-Temperature H2S Gas 

Sensor.” Journal of Alloys and Compounds, Vol. 837, 2020, p. 
155527. https://doi.org/10.1016/J.JALLCOM.2020.155527. 

5. Kumari, R., and Kumar, V. “Structural, Morphological and Electrical 

Properties of CdO Thin Film Produced by Sol–Gel Spin Coating 
Procedure.” Advanced Science, Engineering and Medicine, Vol. 12, 

No. 1, 2020, pp. 75–77. https://doi.org/10.1166/ASEM.2020.2519. 

6. Zhao, Z., Morel, D. L., and Ferekides, C. S. “Electrical and Optical 

Properties of Tin-Doped CdO Films Deposited by Atmospheric 

Metalorganic Chemical Vapor Deposition.” Thin Solid Films, Vol. 
413, Nos. 1–2, 2002, pp. 203–211. https://doi.org/10.1016/S0040-

6090(02)00344-9. 

7. Das, M. R., and Mitra, P. “SILAR-Synthesized CdO Thin Films for 
Improved Supercapacitive, Photocatalytic and LPG-Sensing 

Performance.” Chemical Papers, Vol. 73, No. 7, 2019, pp. 1605–

1619. https://doi.org/10.1007/S11696-019-00712-1/METRICS. 

8. Velusamy, P., Xing, R., Babu, R. R., Elangovan, E., Viegas, J., Liu, 

S., and Sridharan, M. “A Study on Formaldehyde Gas Sensing and 

Optoelectronic Properties of Bi-Doped CdO Thin Films Deposited by 
an Economic Solution Process.” Sensors and Actuators B: Chemical, 

Vol. 297, 2019, p. 126718. https://doi.org/10.1016/J.SNB.2019. 

126718. 

9. Faris, A. I., Abd, J. A., and Mustafa, F. A. “Effect of CdO on the 

Optical Properties of Ga2O3 Using PLD Technique.” AIP Conference 

Proceedings, Vol. 2394, 2022. https://doi.org/10.1063/5.0121167. 

10. [10]  Sajjad, M., Shah, M. Z. U., Mahmood, F., Javed, M. S., 

Maryam, R., Ahmad, F., Shah, A., Hussain, R., Toufiq, A. M., Mao, 

Z., and Rahman, S. “CdO Nanocubes Decorated on RGO Sheets as 
Novel High Conductivity Positive Electrode Material for Hybrid 

Supercapacitor.” Journal of Alloys and Compounds, Vol. 938, 2023, 

p. 168462. https://doi.org/10.1016/J.JALLCOM.2022.168462. 

11. Wang, Y., Wang, C., Xu, Y., and Sun, Y. “Fabrication and 
Mechanism Investigation of Zno/Cdo Composite for High Efficiency 

Formaldehyde Sensing with High Response and Ppb-Level Detection 

Limit at Relatively Low Temperature.” SSRN Electronic Journal, 
2023. https://doi.org/10.2139/SSRN.4367919. 

12. Salunkhe, R. R., and Lokhande, C. D. “Effect of Film Thickness on 

Liquefied Petroleum Gas (LPG) Sensing Properties of SILAR 
Deposited CdO Thin Films.” Sensors and Actuators, B: Chemical, 

Vol. 129, No. 1, 2008, pp. 345–351. 

https://doi.org/10.1016/J.SNB.2007.08.035. 

13. Salunkhe, R. R., Dhawale, D. S., Dubal, D. P., and Lokhande, C. D. 

“Sprayed CdO Thin Films for Liquefied Petroleum Gas (LPG) 

Detection.” Sensors and Actuators B: Chemical, Vol. 140, No. 1, 
2009, pp. 86–91. https://doi.org/10.1016/J.SNB.2009.04.046. 

14. Rajput, J. K., Pathak, T. K., Kumar, V., Kumar, M., and Purohit, L. P. 

“Annealing Temperature Dependent Investigations on Nano-
Cauliflower like Structure of CdO Thin Film Grown by Sol–Gel 

Method.” Surfaces and Interfaces, Vol. 6, 2017, pp. 11–17. 
https://doi.org/10.1016/J.SURFIN.2016.11.005. 

15. Yıldız, T., Kati, N., and Gül, B. “Characterization of CuO Doped 

CdO Nanomaterials Synthesized by Sol Gel Spin Coating and 
Hydrothermal Method.” Materials Science and Engineering: B, Vol. 

290, 2023, p. 116306. https://doi.org/10.1016/J.MSEB.2023.116306. 

16. Saha, B., Thapa, R., and Chattopadhyay, K. K. “Bandgap Widening in 
Highly Conducting CdO Thin Film by Ti Incorporation through Radio 

Frequency Magnetron Sputtering Technique.” Solid State 

Communications, Vol. 145, Nos. 1–2, 2008, pp. 33–37. 
https://doi.org/10.1016/J.SSC.2007.10.001. 

17. Suhail, M. H., Ibrahim, I. M., and Rao, G. M. “Characterization and 

Gas Sensitivity of Cadmium Oxide Thin Films Prepared By Thermal 
Evaporatıon Technique.” 

18. Aydemir, S., Köse, S., Selami Kilickaya, M., and Özkan, V. 

“Influence of Al-Doping on Microstructure and Optical Properties of 
Sol-Gel Derived CdO Thin Films.” 2014. 

https://doi.org/10.1016/j.spmi.2014.03.010. 

19. Mousavi, S. M., Behbudi, G., Gholami, A., Hashemi, S. A., Nejad, Z. 
M., Bahrani, S., Chiang, W. H., Wei, L. C., and Omidifar, N. “Shape-

Controlled Synthesis of Zinc Nanostructures Mediating 

Macromolecules for Biomedical Applications.” Biomaterials 



 

126                                                                       TEKSTİL ve KONFEKSİYON 34(2), 2024 

Research 2022 26:1, Vol. 26, No. 1, 2022, pp. 1–20. 

https://doi.org/10.1186/S40824-022-00252-Y. 

20. Rajput, J. K., Pathak, T. K., Kumar, V., Swart, H. C., and Purohit, L. 
P. “Tailoring and Optimization of Optical Properties of CdO Thin 

Films for Gas Sensing Applications.” Physica B: Condensed Matter, 

Vol. 535, 2018, pp. 314–318. 
https://doi.org/10.1016/J.PHYSB.2017.08.014. 

21. Zhao, G., Huang, L., Yu, Y., Wang, Y., Yan, Y., and Zhang, S. 

“Preparation of Mesoporous La2Zr2O7 Aerogel via Non-Alkoxide 
Sol-Gel Process with Different Solvent Systems.” Journal of Non-

Crystalline Solids, Vol. 604, 2023, p. 122140. 

https://doi.org/10.1016/J.JNONCRYSOL.2023.122140. 

22. Kalia, S., Dhiman, V., Tekou Carol T., T., Basandrai, D., and Prasad, 

N. “Antibacterial Activities of Bi-Ag Co-Doped Cobalt Ferrite and 

Their ZnO/Ag Nanocomposite/S.” Inorganic Chemistry 
Communications, Vol. 150, 2023, p. 110382. 

https://doi.org/10.1016/J.INOCHE.2022.110382. 

23. Abdel Rafea, M., Eid, A., and Mustapha, N. “The Effect of Annealing 
on the Structure, Morphology, and Optical Properties of Co3O4 Thin 

Films Prepared Using a Modified Dip Coating Technique.” Materials 

Science and Engineering: B, Vol. 290, 2023, p. 116294. 
https://doi.org/10.1016/J.MSEB.2023.116294. 

24. Caballero-Güereca, C. E., Cruz, M. R. A., Luévano-Hipólito, E., and 

Torres-Martínez, L. M. “Transparent ZnO Thin Films Deposited by 
Dip-Coating Technique: Analyses of Their Hydrophobic Properties.” 

Surfaces and Interfaces, Vol. 37, 2023, p. 102705. 

https://doi.org/10.1016/J.SURFIN.2023.102705. 

25. Utami, F. D., Surtiyeni, N., Amalia, N., Sustini, E., and Abdullah, M. 

“The Effect of TiO2 Photocatalyst towards Methylene Blue 

Degradation Using Simple Dip Coating.” Journal of Physics: 
Conference Series, Vol. 2243, No. 1, 2022, p. 012056. 

https://doi.org/10.1088/1742-6596/2243/1/012056. 

26. Manickam, K., Muthusamy, V., Manickam, S., Senthil, T. S., 
Periyasamy, G., and Shanmugam, S. “Effect of Annealing 

Temperature on Structural, Morphological and Optical Properties of 

Nanocrystalline TiO2 Thin Films Synthesized by Sol–Gel Dip 
Coating Method.” Materials Today: Proceedings, Vol. 23, 2020, pp. 

68–72. https://doi.org/10.1016/J.MATPR.2019.06.651. 

27. Natarajan, K., Krishnasamy, K., and Devarajan, | Balaji. “Coating of 
Natural Fiber Composite Envisaging through the Patent Landscape: 

An Overview.” Journal of Applied Polymer Science, 2023, p. e53783. 

https://doi.org/10.1002/APP.53783. 

28. Rajput, J. K., Pathak, T. K., Kumar, V., and Purohit, L. P. “Influence 

of Sol Concentration on CdO Nanostructure with Gas Sensing 

Application.” Applied Surface Science, Vol. 409, 2017, pp. 8–16. 
https://doi.org/10.1016/J.APSUSC.2017.03.019. 

29. Sankarasubramanian, K., Babu, K. J., Soundarrajan, P., Logu, T., 

Gnanakumar, G., Ramamurthi, K., Sethuraman, K., and Senthil 
Kumar, S. M. “A New Catalyst Ti Doped CdO Thin Film for Non-

Enzymatic Hydrogen Peroxide Sensor Application.” Sensors and 

Actuators B: Chemical, Vol. 285, 2019, pp. 164–172. https://doi.org/ 
10.1016/J.SNB.2018.12.161. 

30. Deokate, R. J., and Lokhande, C. D. “Liquefied Petroleum Gas 
Sensing Properties of Sprayed Nanocrystalline Ga-Doped CdO Thin 

Films.” Sensors and Actuators B: Chemical, Vol. 193, 2014, pp. 89–

94. https://doi.org/10.1016/J.SNB.2013.11.060. 

31. Nakate, U. T., Patil, P., Ghule, B., Nakate, Y. T., Ekar, S., Ambare, R. 

C., and Mane, R. S. “Room Temperature LPG Sensing Properties 

Using Spray Pyrolysis Deposited Nano-Crystalline CdO Thin Films.” 
Surfaces and Interfaces, Vol. 17, 2019, p. 100339. 

https://doi.org/10.1016/j.surfin.2019.100339. 

32. Özdil, N., Yıldız, E. Z., Mengüç, G. S., and Pamuk, O. “A Study on 

the Strength Properties of Various Buttons Used in Garments.” 

Tekstil ve Konfeksiyon, Vol. 32, No. 4, 2022, pp. 327–333. 

https://doi.org/10.32710/ Tekstil ve Konfeksiyon.1005976. 

33. Vidhya, M., Parveen, B. K., Prakash, C., Subramaniam, V., and 

Kumar, V. D. “Study on Single Jersey Knitted Fabrics Made From 
Cotton/ Polyester Core Spun Yarns. Part II: Moisture Management 

Properties.” Tekstil ve Konfeksiyon, Vol. 32, No. 1, 2022, pp. 37–46. 

https://doi.org/10.32710/Tekstil ve Konfeksiyon 904228. 

34. Janković, V., Marković, D., Nikodinovic-Runic, J., Radetić, M., and 

Ilic-Tomic, T. “Eco-Friendly Dyeing of Polyamide and Polyamide-

Elastane Knits with Living Bacterial Cultures of Two Streptomyces 
Sp. Strains.” World Journal of Microbiology and Biotechnology, Vol. 

39, No. 1, 2023, pp. 1–14. https://doi.org/10.1007/S11274-022-

03473-4/TABLES/4. 

35. Nayak, R., Jajpura, L., and Khandual, A. “Traditional Fibres for 

Fashion and Textiles: Associated Problems and Future Sustainable 

Fibres.” Sustainable Fibres for Fashion and Textile Manufacturing, 
2023, pp. 3–25. https://doi.org/10.1016/B978-0-12-824052-6.00013-

5. 

36. Kertmen, N., Dalbaşı, E. S., Körlü, A., Özgüney, A. T., and Yapar, S. 
“A Study on Coating with Nanoclay on the Production of Flame 

Retardant Cotton Fabrics.” Tekstil ve Konfeksiyon, Vol. 30, No. 4, 

2020, pp. 302–311. https://doi.org/10.32710/ Tekstil ve 
Konfeksiyon.675352. 

37. Ziabari, A. A., and Ghodsi, F. E. “Optical and Structural Studies of 

Sol-Gel Deposited Nanostructured CdO Thin Films: Annealing 
Effect.” Vol. 120, 2011. 

38. Rajput, J. K., Pathak, T. K., Kumar, V., Kumar, M., and Purohit, L. P. 

“Annealing Temperature Dependent Investigations on Nano-
Cauliflower like Structure of CdO Thin Film Grown by Sol–Gel 

Method.” Surfaces and Interfaces, Vol. 6, 2017, pp. 11–17. 

https://doi.org/10.1016/J.SURFIN.2016.11.005. 

39. Gokul, B., Matheswaran, P., and Sathyamoorthy, R. “Influence of 

Annealing on Physical Properties of CdO Thin Films Prepared 

by SILAR Method.” Journal of Materials Science & Technology, Vol. 
29, No. 1, 2013, pp. 17–21. https://doi.org/10.1016/J.JMST. 

2012.11.015. 

40. Choudhary, K., Saini, R., Upadhyay, G. K., and Purohit, L. P. 
“Sustainable Behavior of Cauliflower like Morphology of Y-Doped 

ZnO:CdO Nanocomposite Thin Films for CO2 Gas Sensing 

Application at Low Operating Temperature.” Journal of Alloys and 
Compounds, Vol. 879, 2021, p. 160479. https://doi.org/10.1016/ 

J.JALLCOM. 2021.160479. 

41. Prabavathi, A., Balu, A. R., Nagarethinam, V. S., Raja, N., Suganya, 
M., Usharani, K., Balamurugan, S., Karthika, M., and Kayathiri, C. 

“Cauliflower Shaped CdO:Mo Nanostructures with Enhanced 

Photocatalytic Activity against the Degradation of Metanil Yellow 
Dye.” Nano-Structures & Nano-Objects, Vol. 22, 2020, p. 100458. 

https://doi.org/10.1016/J.NANOSO.2020.100458. 

42. Shanmugavel, G., Balu, A. R., Baskaran, R., and Nagarethinam, V. S. 
“Realization of Improved Hackee’s Quality Factor and Photo 

Degradation Efficiency of Cauliflower Shape Nanostructured CdO 
Thin Films through Cs Doping.” Photonics and Nanostructures - 

Fundamentals and Applications, Vol. 40, 2020. 

https://doi.org/10.1016/J.PHOTONICS.2020.100784. 

43. Miller, D. R., Akbar, S. A., and Morris, P. A. “Nanoscale Metal 

Oxide-Based Heterojunctions for Gas Sensing: A Review.” Sensors 

and Actuators B: Chemical, Vol. 204, 2014, pp. 250–272. 
https://doi.org/10.1016/J.SNB.2014.07.074. 

 
 

 
 
 

 

 
 

 

 


