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Abstract. Doping agents that can increase the activity of TiO2 photocatalys, namely copper (II) 

or Cu2+ ions because copper is one of the abundant transition metal elements on earth and has 

Cu2+ (0,68 Å) ion radius which is close to the radius Ti4+ that is (0,74 Å) so that it can be 

incorporated in TiO2 crystals. Coping is done using the sol-gel method. The Cu concentration 

used for drying was 5% and calcined at 4000C. the results obtained were then characterized by 

XRD and obtained by the structure namely anatase, then the crystals were used to degrade humic 

acid in external light and by using variations in rotation speed and length of time of irradiation. 

The best reduction in absorbance was found at a rotation speed of 1500 rpm, which was 69,18 

% degraded humic acids. 

1. Introduction 

TiO2 is the most commonly used semiconductor material in photocatalyst applications because of its 

low cost, simple but reliable in the method of synthesis and photo-corrosion resistance. Photocatalyst is 

a material that can accelerate chemical reactions with the help of light as activation. Phytocatalysts 

belong to semiconductor materials with band gaps ranging from 1-3 eV [1, 12-15]. 

Some method were used in purification of water, such as adsorpstion using microorganism [23].  The 

others method, water can purified by inorganic material, ie catalyst from oxide. Metal oxide can be used 

for anti bacterial, i.e. microalgaes can be used as anti-bacterial and anti oxidant[24-26].  According to 

Lysandra (2017) titanium dioxide is a type of photocatalyst that is often used for wastewater treatment. 

Some properties of TiO2 is high oxidation properties, super hydrophilicity and chemical stability[2], 

using photocatalyst methods of metal oxide semiconductor materials such as titanium oxide (TiO2) so 

that it can degrade humic acid and decrease humic acid in peat water at 89.4%, but the TiO2 band gap is 

large (3.2 eV nm) so TiO2 requires UV light activity (<387 nm) which means that only a small portion 

of the solar spectrum can be used for photocatalytic applications [3, 16-20]. TiO2 has three main crystal 

structures, namely anatase, rutile, and brookite with band gaps ranging from 3.0 - 3.2 eV [4].   

Physics and chemistry modification is done one of them to reduce the band gap of TiO2 in order to 

work in the wavelength range of visible light [5, 21-22].  This study used modifications to the chemical 

properties of TiO2 using copper (II) or Cu2 + ions as doping agents to improve photocatalytic activity of 

TiO2 [6]., Doping agents that are known to increase optical and photocatalytic properties of TiO2 are 

copper ions (Cu2 +) because copper is one of the abundant transition metal elements on earth and has a 

radius of Cu2 + (0.68 Å) which is close to the finger- finger Ti4 + that is (0.74 Å) so that it can be 
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incorporated in TiO2 crystals [7]. Coping is done using the sol-gel method to simplify the preparation in 

synthesizing small-sized material, besides that the sol-gel method is also easy to control chemical 

composition, has good heat stability, can be carried out at low temperatures and relatively low costs [8]. 

2. Tools and Materials 

Tools for the preparation of Cu-doped TiO2 photocatalyst materials using the sol-gel method are: glass 

beaker (pyrex), measuring cup, magnetic stirrer, porcelain cup, volume pipette and spatula. Then the 

tool for making reactor design reactors, glass, cable, dynamo, techometer, propeller and wire. The tool 

for characterizing TiO2 photocatalysts doped with Cu is scanning electron microscoy (SEM), UV-Vis 

spectrophotometer and mass spectroscopy. the ingredients used in this study are: humic acid, Titanium 

(IV) tetra isopropoxide  (Ti(OCH(CH3)2CHOH), Copper (II) chloride dihydrate  (CuCl22H2O), Aquades 

(H2O),HNO3 p.a  

3. Experiment 

3.1. Making Reactor Design 

The making of the reactor begins with providing a transparent glass with a thickness of 3mm and then 

cutting the glass with a height of 15 cm and a width of 7 cm then the glass is glued to form a hexagon. 

The glass that has been formed is then in the upper part of the hole as the entry point of the stirer, the 

stirrer is connected to the dynamo so that the strirer can rotate. 

 

 

   
Figure 1. Photocatalyst Reactor Design 

  Information : 

1. Dinamo 

2. Transparent glass 

3. Voltmeter 

4. The connection between the dynamo and the stirrer 

5. Propellers 

3.2. Photocatalyst preparation of TiO2 was doped with 5% Cu using the Sol-Gel Method 

8,4 ml of titanium (IV) tetra isopropoxide (TTIP) mixed with 8 ml of isopropanol then homogenized 

using a magnetic stirrer with a speed of 3000 rpm for 30 minutes (solution A). then add (CuCl2 2H2O) 

which has been dissolved in 2 ml of isopropanol into ocean A and homogenize at a constant speed of 10 

minutes. Solution B was prepared by mixing 10 ml of isopropanol with 1 ml of aquabies and 

homogeneous for 15 minutes, then solution B gradually added in solution A. Both solutions were 

homogenized until the sol then formed sol formed in the furnace at 4000C for 2 hours, then carried out 

test with XRD [9]. 
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3.3. Photocatalyst Activity Test for Humid Acid Degradation 

In conducting this catalyst test humic acid is used as a pollutant or material to be decomposed 

(degradation). This degradation process involves light to accelerate the reaction, commonly called 

photodegradation. Humic acid was first made with a concentration of 20 ppm. This solution is obtained 

by weighing 0.02 grams of humic acid and then dissolving it in 1000 ml of distilled water. 

The process of the first stage begins by taking 200 ml of 20 ppm humic acid solution put into the reactor 

then put the insoles formed from the synthesis of Cu doped TiO2, before inserting the sol first calcined 

at 400 0C for 2 hours, the time variation used is 1 to 5 hours and by using a variation of the rotation 

speed of 500, 1000, 1500 rpm then measuring the adsorption with a UV-Vis spectrophotometer 

4. Result and Discussion 

Preparation of Cu doping TiO2 using the sol-Gel method and characterized using XRD to provide 

information about structure, phase, texture, crystallinity, and crystal size. XRD analysis carried out on 

5% Cu doping catalyst TiO2 and calcined at 4000C showed the appearance of Crystal peaks, where 

theoretically TiO2 has three forms of structure namely anatae, brookite and rutile [10]. Anatase has the 

highest 2θ 25.280 (101) and 48.040 (200), Rutile has the highest 2θ 27.440 (110) and 39.8 (200) 

(JCPDS cards No. 12-1272 and 29-1360). based on the analysis that has been done, the crystal structure 

is anatase because it has a value of 2θ which is the same as the anatase structure theoretically 25.35ᵒ, 

38.11ᵒ, 48.12ᵒ, 54.77ᵒ. Anatase is a stable phase and is formed at low temperatures). Generally anatase 

displays photocatalytic activity which is much higher than rutile and broccite because it has more 

surface area so that the active side is also large and results in the ability to degrade a compound (humic 

acid) also getting better. 

The table and graph below shows a process of degradation of humic acid using Cu doping TiO2 

catalysts and using clock variations and rotational speed. 

Table 1. Degradation of humic acid at 500 rpm with a 5% TiO2-Cu catalyst at 

4000C calcination temperature 

Time(Hours) ABS %D  Front luks (LX) Rear luks (LX) 

1 0.44 55.82% 9809.5 2413 

2 0.428 57.03% 10106 2489.3 

3 0.421 57.73% 12139.75 2608.75 

4 0.399 59.94% 13840.6 2860 

5 0.39 60.84% 15284 2977.17 

 

Table 2. Degradation of humic acid at 1000 rpm with a 5% TiO2-Cu catalyst at 

4000C calcination temperature 

Time ABS %D Front luks (LX) Rear luks (LX) 

1 hours 0.466 53.21% 8753.125 1620.65 

2 hours 0.476 52.21% 8489 1579.67 

3 hours  0.438 56.02% 10030.5 2337 

4 hours 0.397 60.14% 15156 2839 

5 hours 0.409 58.94% 13835 2834.5 

 

 



The 2nd International Conference on Research and Learning of Physics

IOP Conf. Series: Journal of Physics: Conf. Series 1481 (2020) 012039

IOP Publishing

doi:10.1088/1742-6596/1481/1/012039

4

Table 3. Degradation of humic acid at a rotation of 1500 rpm with a 5% TiO2-Cu 

catalyst at 4000C calcination temperature 

Time ABS %D Front luks (LX) Rear luks (LX) 

1 hours 0.428 56.64% 10701.5 2569.5 

2 hours  0.307 69.18% 25188.5 3307.33 

3 hours  0.398 60.04% 13569 2875 

4 hours  0.372 62.65% 18233 2945.2 

5 hours  0.327 67.17% 20283.8 3054.83 

 

 

 

55.82%

57.03%
57.73%

59.94%

60.84%

55.00%

56.00%

57.00%

58.00%

59.00%

60.00%

61.00%

62.00%

0 1 2 3 4 5 6

Degradation of Humic Acid at a speed of  500 rpm

%Degradasi

53.21%

52.21%

56.02%

60.14%

58.94%

51.00%

52.00%

53.00%

54.00%

55.00%

56.00%

57.00%

58.00%

59.00%

60.00%

61.00%

0 1 2 3 4 5 6

Degradation of Humic Acid at a speed of 1000 rpm

% Degradasi

(a) 

(b) 



The 2nd International Conference on Research and Learning of Physics

IOP Conf. Series: Journal of Physics: Conf. Series 1481 (2020) 012039

IOP Publishing

doi:10.1088/1742-6596/1481/1/012039

5

 

Figure 2. The degradation graph of humic acid using rotation 

speed of (a). 500, (b). 1000 and (c). 1500 rpm 

The photodegradation process requires a photocatalyst to accelerate the reaction rate. The principle 

of photodegradation is the jump of electrons from the valence band to the conduction band in the 

photocatalyst which is subject to photon energy. These electron jumps cause holes (electron holes) that 

can interact to form radicals. radicals are active and can continue to decompose the target compound. 

The photocatalyst used in this study was Cu doping TiO2 and using photon energy from direct sunlight, 

while the variables used were the influence of the length of irradiation time and the effect of rotational 

acceleration. The purpose of determining the time of sunlight irradiation and acceleration of rotation is 

to determine the effectiveness of Cu doping TiO2 photocatalyst in degrading humic acid. The time of 

sunlight irradiation is carried out with variations of hours which are 1 to 5 hours and the velocity of 

rotation is 500, 1000 and 1500 rpm. 

The test results in the graph above show that in grain 1 using a rotation speed of 500 rpm and with a 

variation of time 1 to 5 hours resulting in a decrease in absorbance of humic acid, the results of the test 

showed a decrease in absorbance of humic acid at a maximum of 5 hours with a decrease in absorbance 

of 60.84%. this is because the longer a Cu doping semiconductor absorbs photon energy, namely UV 

light, the more OH radicals are formed on the surface of the semiconductor (OH radicals are used for 

the degradation of humic acid) and the interaction between humic acid and OH radicals will be longer 

so can increase the photodegradation efficiency of the humic acid. Graphs 2 and 3 absorbance of humic 

acid produced does not match the length of time of irradiation. This is because the formation of a 

recombinant reaction between electrons and holes on the active side of the catalyst. If the active side of 

the catalyst has been used to degrade humic acid molecules, then the degradation process for other humic 

acid molecules will stop (saturate), so that stirring is used to reactivate the part of the active side of the 

catalyst that has been closed. The active side of the catalyst must be maintained to provide a place for 

the catalytic process to occur from a reaction. 

Based on the graph above the high decrease in absorbance occurs at a rotation of 1500 rpm which is 

equal to 69.18%, this is because the faster the rotation, the absorbance of humic acid produced is also 

higher. 

5. Conclusion 

The decrease in absorbance of humic acid is influenced by light flux, the higher the light lux received, 

the lower the absorbance of humic acid produced is also higher. Rotational speed also affects the 

decrease in absorbance of humic acid, the greater the rotation, the higher the decrease in absorption of 

the humic acid 

56.64%

69.18%

60.04%
62.65%

67.17%

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%

80.00%

0 1 2 3 4 5 6

Degradation of Humic Acid at a speed of 1500 rpm

% Degradasi

(c) 



The 2nd International Conference on Research and Learning of Physics

IOP Conf. Series: Journal of Physics: Conf. Series 1481 (2020) 012039

IOP Publishing

doi:10.1088/1742-6596/1481/1/012039

6

References 

[1]   Xu, Yong dan Martin A.A. Schoonen. 2000. “The Absolute Energy Positions of Conduction and 

Valence Bands of Selected Semiconducting Minerals”. American Mineralogist. Vol.85: 543–

556.. 

[2]  Laysandra Livy, Meri Winda Masnona Kartika Sari,Felycia Edi Soetaredjo, Kuncoro 

Foe.2017.Adsorption and photocatalytic performance of bentonite-titanium dioxide 

composites for methylene blue and rhodamine Bdecoloration.Heliyon3(2017)e00488. 

doi:10.1016/j.heliyon.2017.e00488. 

[3]  Osin Oluwatomiwa A, Tianyu Yu, Xiaoming Cai , Yue Jiang, Guotao Peng1,Xiaomei. Cheng, 

Ruibin Li , Yao Qin and Sijie Lin.2018.Photocatalytic Degradation of 4-Nitrophenol by C, N-

TiO2: Degradation Efficiency vs. Embryonic Toxicity of the Resulting Compounds. Front 

Chem. 192.doi: 10.3389/fchem.2018.00192. 

[4]  Madjene, Farid., Lamine Aoudjit., Sadek Igoud ., Hafida Lebik dan Belkacem Boutra. 2013. “A 

Review: Titanium Dioxide Photocatalysis for Water Treatment”. Transnational Journal of 

Science and Technology, TJST. vol.3, No.10 ISSN 1857-8047. 

[5]  Zheng Xing, X.Z., JianPan ,LianzhouWang, On the engineering part of solar hydrogen 

production from water splitting: 2013. Protractordesignin Chemical Engineering Science. 51. 

[6]  Navas Javier, Antonio Sa´nchez-Coronilla, Teresa Aguilar, Norge C. Hernández., Desiree´ M. de 

los Santos,Jesus Sánchez-Márque, David Zorrilla, Concha Fernández-Lorenzo., Rodrigo 

Alcántaraa dan Joaquin Martin-Callejaa. 2014. Experimental and Theoretical Study of the 

Electronic Properties of Cu-doped Anatase TiO2. Phys.Chem. Chem. Phys., 16, 3835-3845. 

DOI: 10.1039/c3cp54273d. 

[7]  Hernández, Jesús Vargas., Sandrine Coste., Antonieta García Murillo., Felipe Carrillo Romo dan 

Abdelhadi Kassiba. 2017. Effects of Metal Doping (Cu, Ag, Eu) on the Electronic and Optical 

Behavior of Nanostructured TiO2. Journal of Alloys and Compounds.  doi: 

10.1016/j.jallcom.2017.03.275. 

[8]  Guo, X., Rao, L., Wang, P., Wang, C., Ao, Y., Jiang, T. and Wang, W.2018.Photocatalytic 

properties of P25-doped TiO2 composite film synthesized via sol-gel method on cement 

substrate. J Environ Sci (China). 66: . 71-80.Doi:10.1016/j.jes.2017.05.029. 

[9]  Thangraj, A Nixon., C Ravi Samuel Raj dan W Jose Benita Regilet. 2017.photocatalytic Behavior 

of Copper Doped and Copper-Thiourea Codoped TiO2 Nanoparticles on Rhodamine B Dye 

Under Solar Light Irradiation. Journal of Chemical and Pharmaceutical Research.9(5):257-

264. 

[10]  Landmann, M., E. Rauls, and W.G. Schmidt.2012.The electronic structure and  

 opticalresponse of rutile, anatase and brookite TiO2. J Phys Condens Matter, 24: 195-

503.doi:10.1088/0953-8984/24/19/195503 

[11] Tamarani, A., Zainul, R., and Dewata,I., 2019. Preparation and Characterization of XRD Nano 

Cu-TiO2 using Sol-Gel Method. J. Phys. Conf. Ser. 1185. 012020 

[12] Putri, G.E., Arief, S., Jamarun, N., Gusti, F.R., Zainul, R., 2019. Microstructural analysis and 

optical properties of nanocrystalline cerium oxides synthesized by precipitation method. 

Rasayan Journal of Chemistry 12(1), pp. 85-90 

[13] Zainul, R., Oktavia, B., Dewata, I., Efendi, J.. 2018. Study of Internal Morphology on Preparation 

of Cu2OThin-Plate using Thermal Oxidation. ournal of Physics: Conference Series 

1116(4),042046 

[14] Zainul, R., Oktavia, B., Dewata, I., Efendi, J. 2018. Thermal and Surface Evaluation on the 

Process of Forming a Cu2 O/CuO Semiconductor Photocatalyst on a Thin Copper Plate. IOP 

Conference Series: Materials Science and Engineering 335(1),012039 

[15] Zainul R 2016  Determination  of the Half-Life and the Quantum Yield of ZnO Semiconductor 

Photocatalyst in Humic Acid Der Pharmacia Lettre 8 pp. 176-179 

[16] Zainul R 2016  Effect of Temperature and Particle Motion Against the Ability of ZnO 

Semiconductor Photocatalyst in Humic Acid Der Pharmacia Lettre 8 pp. 120-124 

https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57207314177&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=7801622788&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56495237100&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57207302054&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56737195700&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85062400899&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=5&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85062400899&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=5&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/19400157518?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56737195700&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=25650002500&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57202287960&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56584823800&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85060063695&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=6&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85060063695&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=6&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/130053?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56737195700&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=25650002500&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57202287960&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56584823800&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85047765073&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=7&citeCnt=4&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85047765073&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=7&citeCnt=4&searchTerm=
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/sourceid/19700200831?origin=resultslist


The 2nd International Conference on Research and Learning of Physics

IOP Conf. Series: Journal of Physics: Conf. Series 1481 (2020) 012039

IOP Publishing

doi:10.1088/1742-6596/1481/1/012039

7

[17] Zainul R, Alif A, Aziz H, Yasthopi A, Arief S, Syukri 2015  Photoelectrosplitting Water for 

Hydrogen Production Using Illumination of Indoor Lights, Journal of Chemical and 

Pharmaceutical Research 7(11) pp. 57-67 

[18] Hardeli, Zainul, R., Isara, L.P., 2019. Preparation of Dye Sensitized Solar Cell (DSSC) using 

anthocyanin color dyes from jengkol shell (Pithecellobium lobatum Benth.) by the gallate acid 

copigmentation. Journal of Physics: Conference Series 1185(1),012021. 

[19] Yulis, R., Zainul, R., Mawardi, M.. 2019. Effect of natrium sulphate concentration on indoor 

lights photovoltaic performance.  Journal of Physics: Conference Series 1185(1),012019 

[20] Zainul, R., Dewata, I., Oktavia, B., 2019. Fabrication of hexagonal photoreactor indoor lights.  

Journal of Physics: Conference Series 1185(1),012007 

[21] Zainul R 2016  Design and Modification of Copper Oxide Electrodes for Improving Conversion 

Coefficient Indoor Lights (PV-Cell) Photocells Der Pharma Chemica 8 pp. 388-395 

[22] Zainul R, Oktavia B, Dewata I, Efendi J 2018  Thermal and Surface Evaluation on The Process 

of Forming a Cu2O/CuO Semiconductor Photocatalyst on a Thin Copper Plate, IOP 

Conference Series: Materials Science and Engineering 335 012039  

[23] Anwar, M., Munaf, E., Kosela, S., Wibowo, W., Zainul, R.2015. Study of Pb(II) biosorption 

from aqueous solution using immobilized Spirogyra subsalsa biomass.  

Journal of Chemical and Pharmaceutical Research 7(11), pp. 715-722 

[24]   Chaidir, Z., Nurakbari, D., Salim, M., Zainul, R..2016. Optimization of Spirulina platensis culture 

for antioxidant production. Der Pharmacia Lettre 8(15), pp. 73-78 

[25] Chaidir, Z., Fadjria, N., Armaini, Zainul, R. 2016. Isolation and molecular identification of 

freshwater microalgae in Maninjau Lake West Sumatra.  

Der Pharmacia Lettre 8(20), pp. 177-187 

[26] Chaidir, Z., Syafrizayanti, Hillman, P.F., Zainul, R.. 2016. Isolation and identification of 

freshwater microalgae potentially as antibacterial from Talago Biru, Koto Baru, West 

Sumatera. Der Pharmacia Lettre 8(20), pp. 157-165 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57202279923&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56737195700&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57208864032&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85065983191&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=1&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85065983191&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=1&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85065983191&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=1&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/130053?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57208865770&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56737195700&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57202279850&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85065961771&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=2&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85065961771&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=2&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/130053?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56737195700&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57202287960&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=25650002500&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85065958614&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=3&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/130053?origin=resultslist
https://www.scopus.com/sourceid/130053?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57191636477&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6602167740&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6507822273&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56070262600&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56737195700&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84992296270&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=15&citeCnt=3&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84992296270&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=15&citeCnt=3&searchTerm=
https://www.scopus.com/sourceid/19700201521?origin=resultslist
https://www.scopus.com/sourceid/19700201521?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56534212000&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57191573669&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56767693600&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56737195700&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84991704996&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=14&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84991704996&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=14&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/19700200724?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56534212000&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57193998031&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=55604613400&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56737195700&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85018203258&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=13&citeCnt=3&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85018203258&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=13&citeCnt=3&searchTerm=
https://www.scopus.com/sourceid/19700200724?origin=resultslist
https://www.scopus.com/sourceid/19700200724?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56534212000&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56017949100&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57193996916&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56737195700&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85018210892&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=12&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85018210892&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=12&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85018210892&origin=resultslist&sort=plf-f&src=s&sid=349910da024bbcfa2526d7564263abdc&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856737195700%29&relpos=12&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/19700200724?origin=resultslist

