
 

 

 

SYNTHESIS OF GRAPHENE BY PULLULAN-

ASSISTED EXFOLIATION OF GRAPHITE 

USING ULTRASONIC BATH 

 

 

 

 

NURUL FARHANA BINTI ABU KASIM 

 

 

 

 

 

 

 

Master of Science 

 

UNIVERSITI MALAYSIA PAHANG 

 



 

SUPERVISOR’S DECLARATION 

We hereby declare that we have checked this thesis and in my opinion, this thesis is 

adequate in terms of scope and quality for the award of the degree of Master of Science. 

 

 

 

_______________________________ 

 (Supervisor’s Signature) 

Full Name  : DR. ZULHELMI ISMAIL 

Position  : SENIOR LECTURER 

Date   : 8 JULY 2021 

 

 

 

_______________________________ 

 (Co-supervisor’s Signature) 

Full Name  : DR. KAMAL YUSOH 

Position  : PROFESSOR 

Date   : 8 JULY 2021



 

STUDENT’S DECLARATION 

I hereby declare that the work in this thesis is based on my original work except for 

quotations and citations which have been duly acknowledged. I also declare that it has 

not been previously or concurrently submitted for any other degree at Universiti Malaysia 

Pahang or any other institutions.  

 

 

_______________________________ 

 (Student’s Signature) 

Full Name : NURUL FARHANA BINTI ABU KASIM 

ID Number : MFI18001 

Date  : 8 JULY 2021 

 



 

 

 

SYNTHESIS OF GRAPHENE BY PULLULAN-ASSISTED EXFOLIATION OF 

GRAPHITE USING ULTRASONIC BATH 

 

 

 

 

NURUL FARHANA BINTI ABU KASIM 

 

 

Thesis submitted in fulfillment of the requirements 

for the award of the degree of 

Master of Science 

 

 

 

 

College of Engineering 

UNIVERSITI MALAYSIA PAHANG 

 

JULY 2021 

 

 



ii 

ACKNOWLEDGEMENTS 

In the name of Allah, the most gracious and merciful; 

Praise to Allah, for His blessing and His mercy that had granted me the possibilities to 

complete the thesis. 

I would love to express my deep and sincere gratitude to my main supervisor Dr. Zulhelmi 

Ismail for his unlimited dedication and kindness in guiding me to the completion of this 

thesis. The commitment and supervisor-student engagement shown by my supervisor has 

always inspired me to build a working life in academia. It was a great privilege and honor 

to work and study under his guidance. I would also like to thank him for his friendship, 

empathy, and a great sense of humor. I am also grateful for the comments and suggestions 

throughout my Master's journey from my co-supervisor who is also my academic advisor 

since my undergraduate studies, Prof. Dr. Kamal Yusoh. 

My special thanks goes to the technical staffs from the Faculty of Chemical and Process 

Engineering Technology, Faculty of Manufacturing and Mechatronics Engineering 

Technology as well as from the Centre of Excellent for Advanced Research in Fluid Flow 

(Cariff) for the assistances provided during experimental works and sample 

characterizations. I could not possibly describe how much my research mates’ help means 

to me. Thank you, Wan Farhana W. Idris and Abu Hannifa Abdullah for sharing your 

opinion and ideas to ensure the success of the research works. 

Last but not least, a big thank-you to my friends and family, especially my parents, who 

supported me emotionally and financially. I would like to offer my thanks to the many 

people who showed great kindness and support during my grandparent’s illness and since 

the time they left us on 15th July and 12th November 2019. I am very grateful for the time 

spent taking care of them.  

I can still feel the warm touch of their loving hands. 

As tears roll down my face, I know they are in a better place.  

 

Al-Fatihah. 

 

 

 



iii 

ABSTRAK 

Grafin adalah asas karbon untuk semua dimensi grafit termasuk grafit, nanotiub karbon, 

fulerena, dan lain-lain. Menariknya, grafin dapat terkelupas dari grafit menggunakan 

pelarut yang sesuai sebagai medium pengelupasan. Oleh kerana sebahagian besar pelarut 

organik yang digunakan dalam sintesis grafin seperti N-metil-2-pirolidon (NMP) dan 

Dimetiformamida adalah bersifat toksik dan karsinogen, ia telah digantikan dengan 

pelarut endah alam sekitar untuk mengatasi masalah tersebut. Sebelum ini, polisakarida 

seperti gam Arab, kitosan, dan natrium alginat pernah digunakan sebagai pelarut untuk 

menghasilkan grafin. Namun, sebahagian besar polisakarida ini mempunyai kelikatan 

tinggi yang menyukarkan proses pengelupasan dan pencucian grafit. Oleh itu, dalam tesis 

ini, polisakarida dengan kelikatan rendah iaitu pullulan telah dipilih sebagai penyebar 

hijau dalam membantu pengelupasan grafit untuk menghasilkan grafin menggunakan 

mesin pembersih ultrasonik. Sifat kimia grafin berasaskan pullulan (graphene) disahkan 

dengan menggunakan Spektroskopi Ultraungu (UV-vis), Spektroskopi Foton X-Ray 

(XPS), dan Spektroskopi Inframerah Transformasi Fourier (FTIR). Sementara itu, 

Spektroskopi Raman, Mikroskopi Elektron Transmisi (TEM), dan Mikroskopi Daya 

Atom (AFM) dikendalikan untuk mengkaji analisis struktur graphene. Dari UV-vis yang 

diuji, hasilnya membuktikan kehadiran graphene pada panjang gelombang 269nm. XPS 

juga mendedahkan kandungan karbon yang tinggi dengan nilai nisbah 4.7 karbon kepada 

oksigen (C: O). Seperti yang dijangkakan dari pemerhatian FTIR, wujud keberadaan 

puncak C=C dan –OH dalam graphene setelah proses pengelupasan berlaku. Dengan 

jelas, terdapat intensiti kecacatan graphene yang kecil diperoleh dari Raman 

Spectroscopy. Panjang dan ketebalan rata-rata graphene yang terkelupas diukur oleh 

TEM dan AFM masing-masing pada julat ~ 800 nm dan ~ 4 nm (8 lapisan). Bagi 

mengkaji keadaan optimum untuk menghasilkan jumlah graphene yang tinggi, kesan 

parameter pemprosesan seperti masa sonikasi, jisim pullulan, dan jisim grafit telah 

diambil kira. graphene kemudian digunakan sebagai elemen pengesan untuk kertas foto 

graphene bagi menunjukkan kegunaan graphene. Mikroskopi Elektron Pengimbasan 

(SEM) digunakan untuk menyiasat morfologi kertas foto graphene. Dalam perangkaan 

sifat mekanik dan elektrik kertas foto graphene, ujian tegangan dan multimeter telah 

digunakan dengan sewajarnya. Pengukuhan graphene dalam kertas foto meningkatkan 

kekuatan tegangan hingga 21%. Mengagumkan, prestasi elektrik kertas foto graphene 

dengan faktor tolok (GF) yang tinggi (140) menunjukkan bahawa grafin berasaskan 

pullulan boleh digunakan sebagai dakwat konduktif elektrik. Secara keseluruhan, kaedah 

ini akan mewakili strategi termudah, paling efisien, dan paling endah alam sekitar untuk 

penyediaan grafin bebas toksik dan pengembangan sensor regangan berasaskan grafin 

yang fleksibel. 
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ABSTRACT 

Graphene is the carbon basis for all graphitic dimensionalities like graphite, carbon 

nanotube (CNT), fullerene, and others. Interestingly, graphene can be exfoliated from 

graphite using a suitable solvent that acts as an exfoliating medium. Since most of the 

organic solvents used in the graphene synthesis like N-methyl-2-pyrrolidone (NMP) and 

Dimethylformamide are toxic and carcinogenic, an environment-friendly solvent was 

used to counter the problem. Previously, polysaccharides such as Arabic gum, chitosan, 

and sodium alginate were employed as solvents to produce graphene. However, the 

majority of these polysaccharides have high viscosity, which makes graphite exfoliation 

and washing process difficult. Therefore in this thesis, a lower viscosity polysaccharide 

which is pullulan was selected as a green dispersant in assisting the exfoliation of graphite 

in order to produce graphene under ultrasonic bath conditions. The chemical properties 

of pullulan-based graphene (graphene) was confirmed by utilizing Ultraviolet-Visible 

Spectroscopy (UV-vis), X-Ray Photon Spectroscopy (XPS), and Fourier Transformation 

Infrared Spectroscopy (FTIR). Meanwhile, Raman Spectroscopy, Transmission Electron 

Microscopy (TEM), and Atomic Force Microscopy (AFM) were used to study the 

structural analysis of graphene. From the UV-vis tested, the result proved the presence of 

graphene at a wavelength of 269nm. The XPS also reveals high carbon content with a 

value of 4.7 carbon to oxygen ratio (C:O). As expected, from the FTIR analysis, the 

existence of C=C and –OH peaks in the graphene was observed after the exfoliating 

process. Notably, a small defect intensity (ID/IG) of graphene was obtained from Raman 

Spectroscopy. The lateral size and thickness of the exfoliated graphene were measured 

by TEM and AFM at the range of 201 - 300 nm and ~2 nm (5 layers) respectively. To 

study the optimum condition to produce a high yield of graphene, the effect of processing 

parameters such as duration of sonication, pullulan, and initial mass of graphite were 

taken into account. The graphene was then enforced as a sensing element for graphene 

photo paper to demonstrate the use of graphene. Scanning Electron Microscopy (SEM) 

was used to investigate the morphology of the graphene photo paper. In order to get the 

mechanical and electrical properties of the graphene photo paper, tensile tests and 

multimeter have been utilized accordingly. The reinforcement of graphene in photo paper 

enhanced the tensile strength up to 21%. Impressively, the electrical performance of the 

graphene photo paper with 140gauge factor (GF) implies that the pullulan-based 

graphene could be applied as an electrically conductive ink. Overall, this work would 

represent the simplest, most environmentally friendly and most efficient strategy for the 

toxic-free graphene preparation and the development of photo paper for graphene-based 

strain sensor. 

 

 



v 

TABLE OF CONTENT 

DECLARATION 

TITLE PAGE  

ACKNOWLEDGEMENTS ii 

ABSTRAK iii 

ABSTRACT iv 

TABLE OF CONTENT v 

LIST OF TABLES ix 

LIST OF FIGURES x 

LIST OF SYMBOLS xii 

LIST OF ABBREVIATIONS xiii 

CHAPTER 1 INTRODUCTION 14 

1.1 Research Background 14 

1.2 Problem Statement 16 

1.3 Research Objective 17 

1.4 Research Scope 17 

1.5 Thesis Outline 18 

CHAPTER 2 LITERATURE REVIEW 20 

2.1 Introduction 20 

2.2 Graphene History 21 

2.3 Graphene Synthesis 23 

2.3.1 Mechanical Exfoliation of Graphene 25 

2.4 Liquid-Phase Exfoliation 29 

2.4.1 Sonication Assisted Liquid-Phase Exfoliation 30 

2.5 Biomolecule-assisted Exfoliation of Graphene 33 



vi 

2.5.1 Pullulan as Stabilizing Agent 37 

2.6 Development of Thin Film-Based Strain Sensor 39 

2.6.1 Graphene-Based Strain Sensor 42 

2.7 Characterization of Graphene and Graphene Paper 44 

2.7.1 Ultra-Violet Spectroscopy 44 

2.7.2 Transmission Electron Microscopy and Scanning Electron 

Microscopy 46 

2.7.3 Atomic Force Microscopy 48 

2.7.4 Raman Spectroscopy 50 

2.7.5 X-Ray Photon Spectroscopy 52 

2.7.6 Fourier Transformation Infrared Spectroscopy 53 

CHAPTER 3 METHODOLOGY 54 

3.1 Introduction 54 

3.2 Materials 55 

3.3 Preparation of Pullulan 55 

3.4 Preparation of Graphene 56 

3.5 Fabrication of Graphene/Paper 57 

3.6 Characterization Works of Graphene and Graphene/Paper 57 

3.6.1 Ultraviolet-Visible Spectroscopy 57 

3.6.2 Fourier Transform Infrared Spectroscopy 58 

3.6.3 Atomic Force Microscopy 59 

3.6.4 Raman Spectroscopy 60 

3.6.5 Transmission Electron Microscopy 62 

3.6.6 X-ray Photon Spectroscopy 63 

3.6.7 Scanning Electron Microscopy 64 

3.6.8 Tensile Testing 65 



vii 

3.6.9 Digital Multimeter 66 

CHAPTER 4 RESULTS AND DISCUSSION 67 

4.1 Introduction 67 

4.2 Liquid-Phase Exfoliation of Graphene in Pullulan 68 

4.2.1 Initial Evidence of Pullulan Modified Graphene 68 

4.3 Properties of Pullulan Modified Graphene 69 

4.3.1 Lateral Size of Sheet 69 

4.3.2 Thickness of Graphene 71 

4.3.3 Defect in Structure after Exfoliation 73 

4.3.4 Validation of Graphene Functionalization 74 

4.3.5 Chemical Composition of Graphene 77 

4.4 Parameter Studies of graphene 79 

4.4.1 Pullulan Mass 79 

4.4.2 Initial Graphite Mass 80 

4.4.3 Sonication Time 81 

4.5 Application of Graphene as Smart Ink for Paper-Based Sensor 83 

4.5.1 Morphology and Physical Changes 83 

4.5.2 Mechanical Properties 85 

4.5.3 Strain Sensor Performance 86 

CHAPTER 5 CONCLUSION 89 

5.1 Conclusions 89 

5.2 Recommendations in Future Works 90 

REFERENCES 91 



viii 

APPENDICES 104 

APPENDIX A 105 

APPENDIX B 106 

APPENDIX C 107 

 

 



 

 91 

REFERENCES 

A.K Geim, K.S Novoselov, P. (2007). The rise of graphene. Nature Material, 6, 183–

191. https://doi.org/10.1038/nmat1849 

Abbasi, E., Akbarzadeh, A., Kouhi, M., & Milani, M. (2016). Graphene: Synthesis, bio-

applications, and properties. Artificial Cells, Nanomedicine and Biotechnology, 

44(1), 150–156. https://doi.org/10.3109/21691401.2014.927880 

Adam G. Kelly, Victor Vega-Mayoral, J. B. B. and J. N. C. (2019). Whiskey-phase 

exfoliation: exfoliation and printing of nanosheets using Irish whiskey. 2D 

Materials. 

Adetayo, A., & Runsewe, D. (2019). Synthesis and Fabrication of Graphene and 

Graphene Oxide: A Review. Open Journal of Composite Materials, 09(02), 

207–229. https://doi.org/10.4236/ojcm.2019.92012 

Agresti, A., Pescetelli, S., Najafi, L., Del Rio Castillo, A. E., Oropesa-Nunez, R., 

Busby, Y., … Di Carlo, A. (2017). Graphene and related 2D materials for high 

efficient and stable perovskite solar cells. 2017 IEEE 17th International 

Conference on Nanotechnology, NANO 2017, 145–150. 

https://doi.org/10.1109/NANO.2017.8117278 

Akhavan, O. (2011). Photocatalytic reduction of graphene oxides hybridized by ZnO 

nanoparticles in ethanol. Carbon, 49(1), 11–18. 

https://doi.org/10.1016/j.carbon.2010.08.030 

Akhavan, O. (2015). Bacteriorhodopsin as a superior substitute for hydrazine in 

chemical reduction of single-layer graphene oxide sheets. Carbon, 81(1), 158–

166. https://doi.org/10.1016/j.carbon.2014.09.044 

Amiri, A., Shanbedi, M., Ahmadi, G., Eshghi, H., Kazi, S. N., Chew, B. T., … Zubir, 

M. N. M. (2016). Mass production of highly-porous graphene for high-

performance supercapacitors. Scientific Reports, 6(August), 1–11. 

https://doi.org/10.1038/srep32686 

Amjadi, M., Kyung, K. U., Park, I., & Sitti, M. (2016). Stretchable, Skin-Mountable, 

and Wearable Strain Sensors and Their Potential Applications: A Review. 

Advanced Functional Materials, 26(11), 1678–1698. 

https://doi.org/10.1002/adfm.201504755 

Andrijanto, E., Shoelarta, S., Subiyanto, G., & Rifki, S. (2016). Facile synthesis of 

graphene from graphite using ascorbic acid as reducing agent. AIP Conference 

Proceedings, 1725. https://doi.org/10.1063/1.4945457 

Asadi, A., Pourfattah, F., Miklós Szilágyi, I., Afrand, M., Żyła, G., Seon Ahn, H., … 

Mahian, O. (2019). Effect of sonication characteristics on stability, 

thermophysical properties, and heat transfer of nanofluids: A comprehensive 



 

 92 

review. Ultrasonics Sonochemistry, 58(July). 

https://doi.org/10.1016/j.ultsonch.2019.104701 

Askari, E., & Naghib, S. M. (2018). A novel approach to facile synthesis and 

biosensing of the protein-regulated graphene. International Journal of 

Electrochemical Science, 13(1), 886–897. https://doi.org/10.20964/2018.01.73 

Askari, E., Naghib, S. M., Seyfoori, A., Maleki, A., & Rahmanian, M. (2019). 

Ultrasonic-assisted synthesis and in vitro biological assessments of a novel 

herceptin-stabilized graphene using three dimensional cell spheroid. Ultrasonics 

Sonochemistry, 58(December 2018), 104615. 

https://doi.org/10.1016/j.ultsonch.2019.104615 

Atif, R., Shyha, I., & Inam, F. (2016). Mechanical, thermal, and electrical properties of 

graphene-epoxy nanocomposites-A review. Polymers, 8(8). 

https://doi.org/10.3390/polym8080281 

Avouris, P., & Dimitrakopoulos, C. (2012). Graphene: Synthesis and applications. 

Materials Today, 15(3), 86–97. https://doi.org/10.1016/S1369-7021(12)70044-5 

Bai, L., Liu, F., Xu, X., Huan, S., Gu, J., & McClements, D. J. (2017). Impact of 

polysaccharide molecular characteristics on viscosity enhancement and 

depletion flocculation. Journal of Food Engineering, 207, 35–45. 

https://doi.org/10.1016/j.jfoodeng.2017.03.021 

Balandin, A. A., Ghosh, S., Bao, W., Calizo, I., Teweldebrhan, D., Miao, F., & Lau, C. 

N. (2008). Superior thermal conductivity of single-layer graphene. Nano Letters, 

8(3), 902–907. https://doi.org/10.1021/nl0731872 

Bender, H. & Wallenfels, K. (1961). Investigations on pullulan: II. Specific degradation 

by means of a bacterial enzyme. Biochemische Zeitschrift, 79–95. 

Bender, H., Lehmann, J., & Kurt, U. S. D. (1959). Pullulan an extracellular glucan from 

Pullularia pullulans. Biochimca et Biophysica Acta, 36, 309–316. 

Bernier, B. (1958). The production of polysaccharides by fungi active in the 

decomposition of wood and forest litter. Canadian Journal of Microbiology, 

4(3), 195–204. https://doi.org/10.1139/m58-020 

Bhuyan, M. S. A., Uddin, M. N., Islam, M. M., Bipasha, F. A., & Hossain, S. S. (2016). 

Synthesis of graphene. International Nano Letters, 6(2), 65–83. 

https://doi.org/10.1007/s40089-015-0176-1 

Boehm, H. P., & Clauss, A. (1962). Thinnest carbon films. 46(1788), 1–6. 

Boehm, H. P., Setton, R., & Stumpp, E. (1986). Nomenclature and terminology of 

graphite intercalation compounds. Pergamon, 241–245. 

Boland, C. S., Khan, U., Backes, C., Neill, A. O., Mccauley, J., Duane, S., … Coleman, 



 

 93 

J. N. (2014). Terms of Use Bodily Motion Sensors Based on Graphene À 

Rubber Composites. ACS Nano, 8(9), 8819–8830. 

Bracamonte, M. V., Lacconi, G. I., Urreta, S. E., & Foa Torres, L. E. F. (2014). On the 

nature of defects in liquid-phase exfoliated graphene. Journal of Physical 

Chemistry C, 118(28), 15455–15459. https://doi.org/10.1021/jp501930a 

Butt, H.-J., Graf, K., & Kappl, M. (2003). 12 Surfactants,micelles, emulsions, and 

foams. In Physics and Chemistry of Interfaces. 

https://doi.org/10.1002/3527602313.ch12 

Cai, L., Song, L., Luan, P., Zhang, Q., Zhang, N., Gao, Q., … Xie, S. (2013). Super-

stretchable, transparent carbon nanotube-based capacitive strain sensors for 

human motion detection. Scientific Reports, 3, 1–9. 

https://doi.org/10.1038/srep03048 

Cao, M., Wang, N., Wang, L., Zhang, Y., Chen, Y., Xie, Z., … Lu, J. R. (2016). Direct 

exfoliation of graphite into graphene in aqueous solutions of amphiphilic 

peptides. Journal of Materials Chemistry B, 4(1), 152–161. 

https://doi.org/10.1039/c5tb02065d 

Casiraghi, C., Macucci, M., Parvez, K., Worsley, R., Shin, Y., Bronte, F., … Fiori, G. 

(2018). Inkjet printed 2D-crystal based strain gauges on paper. Carbon, 129, 

462–467. https://doi.org/10.1016/j.carbon.2017.12.030 

Chandrasekhar, P. (2018). Graphene Applications in Electronics, Electrical Conductors, 

and Related Uses. In Conducting Polymers, Fundamentals and Applications: 

Including Carbon Nanotubes and Graphene (pp. 141–146). Cham: Springer 

International Publishing. https://doi.org/10.1007/978-3-319-69378-1_22 

Chen, J., Duan, M., & Chen, G. (2012). Continuous mechanical exfoliation of graphene 

sheets via three-roll mill. Journal of Materials Chemistry, 22(37), 19625. 

https://doi.org/10.1039/c2jm33740a 

Cuevas, M. (2018). Enhancement, suppression of the emission and the energy transfer 

by using a graphene subwavelength wire. Journal of Quantitative Spectroscopy 

and Radiative Transfer, 214, 8–17. https://doi.org/10.1016/j.jqsrt.2018.04.020 

Deng, H., Ji, M., Yan, D., Fu, S., Duan, L., Zhang, M., & Fu, Q. (2014). Towards 

tunable resistivity-strain behavior through construction of oriented and 

selectively distributed conductive networks in conductive polymer composites. 

Journal of Materials Chemistry A, 2(26), 10048–10058. 

https://doi.org/10.1039/c4ta01073f 

Dong, L., Yang, J., Chhowalla, M., & Loh, K. P. (2017). Synthesis and reduction of 

large sized graphene oxide sheets. Chemical Society Reviews, 46(23), 7306–

7316. https://doi.org/10.1039/c7cs00485k 

Farhana W Idris, W., Abu Kasim, N. F., Abdullah, A. H., Khusairi, Z. A., Yusoh, K., & 



 

 94 

Ismail, Z. (2019). Smart “Sticky Note” for strain and temperature sensing using 

few-layer graphene from exfoliation in red spinach solution. Ceramics 

International, (October), 0–1. https://doi.org/10.1016/j.ceramint.2019.12.169 

Gai, Y., Wang, W., Xiao, D., & Zhao, Y. (2018). Ultrasound coupled with supercritical 

carbon dioxide for exfoliation of graphene: Simulation and experiment. 

Ultrasonics Sonochemistry, 41, 181–188. 

https://doi.org/10.1016/j.ultsonch.2017.09.007 

Gayathri, S., Jayabal, P., Kottaisamy, M., & Ramakrishnan, V. (2014). Synthesis of few 

layer graphene by direct exfoliation of graphite and a Raman spectroscopic 

study. AIP Advances, 4(2). https://doi.org/10.1063/1.4866595 

Geim, A. . (2014). Graphene : Status and Prospects. Science, 1530(2009), 1530–1535. 

https://doi.org/10.1126/science.1158877 

Ghanem, A., & Abdel Rehim, M. (2018). Assisted Tip Sonication Approach for 

Graphene Synthesis in Aqueous Dispersion. Biomedicines, 6(2), 63. 

https://doi.org/10.3390/biomedicines6020063 

Gong, S., Lai, D. T. H., Wang, Y., Yap, L. W., Si, K. J., Shi, Q., … Cheng, W. (2015). 

Tattoolike Polyaniline Microparticle-Doped Gold Nanowire Patches as Highly 

Durable Wearable Sensors. ACS Applied Materials and Interfaces, 7(35), 

19700–19708. https://doi.org/10.1021/acsami.5b05001 

Gravagnuolo, A. M., Morales-Narváez, E., Longobardi, S., Da Silva, E. T., Giardina, 

P., & Merkoçi, A. (2015). In situ production of biofunctionalized few-layer 

defect-free microsheets of graphene. Advanced Functional Materials, 25(18), 

2771–2779. https://doi.org/10.1002/adfm.201500016 

Guan, G., Zhang, S., Liu, S., Cai, Y., Low, M., Teng, C. P., … Han, M. Y. (2015). 

Protein induces layer-by-layer exfoliation of transition metal dichalcogenides. 

Journal of the American Chemical Society, 137(19), 6152–6155. 

https://doi.org/10.1021/jacs.5b02780 

Güler, Ö., Güler, S. H., Selen, V., Albayrak, M. G., & Evin, E. (2016). Production of 

graphene layer by liquid-phase exfoliation with low sonication power and 

sonication time from synthesized expanded graphite. Fullerenes Nanotubes and 

Carbon Nanostructures, 24(2), 123–127. 

https://doi.org/10.1080/1536383X.2015.1114472 

Gupta, V., Sharma, N., Singh, U., Arif, M., & Singh, A. (2017). Higher oxidation level 

in graphene oxide. Optik, 143, 115–124. 

https://doi.org/10.1016/j.ijleo.2017.05.100 

Hadi, A., Karimi-Sabet, J., Moosavian, S. M. A., & Ghorbanian, S. (2016). 

Optimization of graphene production by exfoliation of graphite in supercritical 

ethanol: A response surface methodology approach. Journal of Supercritical 

Fluids, 107, 92–105. https://doi.org/10.1016/j.supflu.2015.08.022 



 

 95 

He, P., Zhou, C., Tian, S., Sun, J., Yang, S., Ding, G., … Jiang, M. (2015). Urea-

assisted aqueous exfoliation of graphite for obtaining high-quality graphene. 

Chemical Communications, 51(22), 4651–4654. 

https://doi.org/10.1039/c5cc00059a 

Hernandez, Y., Lotya, M., Rickard, D., Bergin, S. D., & Coleman, J. N. (2010). 

Measurement of multicomponent solubility parameters for graphene facilitates 

solvent discovery. Langmuir, 26(5), 3208–3213. 

https://doi.org/10.1021/la903188a 

Hernandez, Y., Nicolosi, V., Lotya, M., Blighe, F. M., Sun, Z., De, S., … Coleman, J. 

N. (2008). High-yield production of graphene by liquid-phase exfoliation of 

graphite. Nature Nanotechnology, 3(9), 563–568. 

https://doi.org/10.1038/nnano.2008.215 

Hessain, H. A., & Hassan, J. J. (2020). Green synthesis of reduced graphene oxide 

using ascorbic acid. Iraqi Journal of Science, 61(6), 1313–1319. 

https://doi.org/10.24996/ijs.2020.61.6.9 

Htwe, Y. Z. N., Chow, W. S., Suda, Y., Thant, A. A., & Mariatti, M. (2019). Effect of 

electrolytes and sonication times on the formation of graphene using an 

electrochemical exfoliation process. Applied Surface Science, 469(November 

2018), 951–961. https://doi.org/10.1016/j.apsusc.2018.11.029 

Iijima, S., & Ichihashi, T. (1993). Single-shell carbon nanotubes of 1-nm diameter. 

Nature, 363(6430), 603–605. https://doi.org/10.1038/363603a0 

Ismail, Z. (2019a). Application of Clean & Clear ® polymer film as a substrate for 

flexible and highly sensitive graphene–based strain sensor. Organic Electronics, 

(xxxx), 105501. https://doi.org/10.1016/j.orgel.2019.105501 

Ismail, Z. (2019b). Layer-layer assembly of water-based graphene for facile fabrication 

of sensitive strain gauges on paper. Cellulose, 26(3), 1417–1429. 

https://doi.org/10.1007/s10570-018-2222-4 

Ismail, Z., Abdullah, A. H., Zainal Abidin, A. S., & Yusoh, K. (2017). Application of 

graphene from exfoliation in kitchen mixer allows mechanical reinforcement of 

PVA/graphene film. Applied Nanoscience, 7(6), 317–324. 

https://doi.org/10.1007/s13204-017-0574-y 

Jayasena, B., & Subbiah, S. (2011). A novel mechanical cleavage method for 

synthesizing few-layer graphenes. Nanoscale Research Letters, 6(1), 1–7. 

https://doi.org/10.1186/1556-276X-6-95 

Joseph, D., Tyagi, N., Ghimire, A., & Geckeler, K. E. (2014). A direct route towards 

preparing pH-sensitive graphene nanosheets with anti-cancer activity. RSC 

Advances, 4(8), 4085–4093. https://doi.org/10.1039/c3ra45984e 

Laaksonen, P., Kainlauri, M., Laaksonen, T., Shchepetov, A., Jiang, H., Ahopelto, J., & 



 

 96 

Linder, M. B. (2010). Interfacial engineering by proteins: Exfoliation and 

functionalization of graphene by hydrophobins. Angewandte Chemie - 

International Edition, 49(29), 4946–4949. 

https://doi.org/10.1002/anie.201001806 

Lago, E., Toth, P. S., Pugliese, G., Pellegrini, V., & Bonaccorso, F. (2016). Solution 

blending preparation of polycarbonate/graphene composite: Boosting the 

mechanical and electrical properties. RSC Advances, 6(100), 97931–97940. 

https://doi.org/10.1039/c6ra21962d 

Lai, K. W. C., Fung, C. K. M., Chen, H., Yang, R., Song, B., & Xi, N. (2010). 

Fabrication of graphene devices for infrared detection. 2010 IEEE 

Nanotechnology Materials and Devices Conference, NMDC2010, 14–17. 

https://doi.org/10.1109/NMDC.2010.5652175 

Leathers, T. D. (2003). Biotechnological production and applications of pullulan. 

Applied Microbiology and Biotechnology, 62(5–6), 468–473. 

https://doi.org/10.1007/s00253-003-1386-4 

Lee, C., Wei, X., Kysar, J. W., & Hone, J. (2008). Measurement of the elastic properties 

and intrinsic strength of monolayer graphene. Science, 321(5887), 385–388. 

https://doi.org/10.1126/science.1157996 

Lee, H., Seong, B., Moon, H., & Byun, D. (2015). Directly printed stretchable strain 

sensor based on ring and diamond shaped silver nanowire electrodes. RSC 

Advances, 5(36), 28379–28384. https://doi.org/10.1039/c5ra01519g 

Lee, X. J., Hiew, B. Y. Z., Lai, K. C., Lee, L. Y., Gan, S., Thangalazhy-Gopakumar, S., 

& Rigby, S. (2019). Review on graphene and its derivatives: Synthesis methods 

and potential industrial implementation. Journal of the Taiwan Institute of 

Chemical Engineers, 98(xxxx), 163–180. 

https://doi.org/10.1016/j.jtice.2018.10.028 

Li, G., Law, W.-C., & Chan, K. C. (2018). Floating, Highly Efficient, and Scalable 

Graphene Membranes for Seawater Desalination using Solar Energy. Green 

Chemistry. https://doi.org/10.1039/C8GC01347K 

Li, L., Xu, J., Li, G., Jia, X., Li, Y., Yang, F., … Fang, Z. (2016). Preparation of 

graphene nanosheets by shear-assisted supercritical CO2 exfoliation. Chemical 

Engineering Journal, 284, 78–84. https://doi.org/10.1016/j.cej.2015.08.077 

Li, X., Shen, J., Wu, C., & Wu, K. (2019). Ball-Mill-Exfoliated Graphene: Tunable 

Electrochemistry and Phenol Sensing. Small, 15(48), 1–10. 

https://doi.org/10.1002/smll.201805567 

Lin, C., Yang, L., Ouyang, L., Liu, J., Wang, H., & Zhu, M. (2017). A new method for 

few-layer graphene preparation via plasma-assisted ball milling. Journal of 

Alloys and Compounds, 728, 578–584. 

https://doi.org/10.1016/j.jallcom.2017.09.056 



 

 97 

Lin, L., Peng, H., & Liu, Z. (2019). Synthesis challenges for graphene industry. Nature 

Materials, 18(6), 520–524. https://doi.org/10.1038/s41563-019-0341-4 

Lin, Z., Karthik, P. S., Hada, M., Nishikawa, T., & Hayashi, Y. (2017). Simple 

technique of exfoliation and dispersion of multilayer graphene from natural 

graphite by ozone-assisted sonication. Nanomaterials, 7(6). 

https://doi.org/10.3390/nano7060125 

Liu, F., Choi, J. Y., & Seo, T. S. (2010). DNA mediated water-dispersible graphene 

fabrication and gold nanoparticle-graphene hybrid. Chemical Communications, 

46(16), 2844–2846. https://doi.org/10.1039/b923656b 

Liu, H., Xu, L., Liu, W., Zhou, B., Zhu, Y., Zhu, L., & Jiang, X. (2018). Production of 

mono- to few-layer MoS 2 nanosheets in isopropanol by a salt-assisted direct 

liquid-phase exfoliation method. Journal of Colloid and Interface Science, 515, 

27–31. https://doi.org/10.1016/j.jcis.2018.01.023 

Loryuenyong, V., Pluemmalung, K., & Buasri, A. (2017). The Reinforcement of 

Graphene Produced by Kitchen Blender in Cement Mortar. 744, 77–82. 

https://doi.org/10.4028/www.scientific.net/KEM.744.77 

Lotya, M., Hernandez, Y., King, P. J., Smith, R. J., Nicolosi, V., Karlsson, L. S., … 

Blighe, F. M. (2009). Liquid Phase Production of Graphene by Exfoliation of 

Graphite in Surfactant / Water Solutions Liquid Phase Production of Graphene 

by Exfoliation of Graphite in Surfactant / Water Solutions. (11), 3611–3620. 

https://doi.org/10.1021/ja807449u 

Lu, N., Lu, C., Yang, S., & Rogers, J. (2012). Highly sensitive skin-mountable strain 

gauges based entirely on elastomers. Advanced Functional Materials, 22(19), 

4044–4050. https://doi.org/10.1002/adfm.201200498 

Lu, X., Yu, M., Huang, H., & Ruoff, R. S. (1999). Tailoring graphite with the goal of 

achieving single sheets. Nanotechnology, 10(3), 269–272. 

https://doi.org/10.1088/0957-4484/10/3/308 

Lu, Y., Lu, Y., Niu, Z., & Chen, J. (2018). Graphene-Based Nanomaterials for Sodium-

Ion Batteries. Advanced Energy Materials, 1702469(4), 1–21. 

https://doi.org/10.1002/aenm.201702469 

Ma, H., Shen, Z., Yi, M., Ben, S., Liang, S., Liu, L., … Ma, S. (2017). Direct 

exfoliation of graphite in water with addition of ammonia solution. Journal of 

Colloid and Interface Science, 503, 68–75. 

https://doi.org/10.1016/j.jcis.2017.04.070 

Mansukhani, N. D., Guiney, L. M., Kim, P. J., Zhao, Y., Alducin, D., Ponce, A., … 

Hersam, M. C. (2016). High-Concentration Aqueous Dispersions of Nanoscale 

2D Materials Using Nonionic, Biocompatible Block Copolymers. Small, 12(3), 

294–300. https://doi.org/10.1002/smll.201503082 



 

 98 

Mori, F., Kubouchi, M., & Arao, Y. (2018). Effect of graphite structures on the 

productivity and quality of few-layer graphene in liquid-phase exfoliation. 

Journal of Materials Science, 53(18), 12807–12815. 

https://doi.org/10.1007/s10853-018-2538-3 

Morozov, S. V., Novoselov, K. S., Katsnelson, M. I., Schedin, F., Elias, D. C., 

Jaszczak, J. A., & Geim, A. K. (2008). Giant intrinsic carrier mobilities in 

graphene and its bilayer. Physical Review Letters, 100(1), 11–14. 

https://doi.org/10.1103/PhysRevLett.100.016602 

Morris, G. A., Adams, G. G., & Harding, S. E. (2014). On hydrodynamic methods for 

the analysis of the sizes and shapes of polysaccharides in dilute solution: A short 

review. Food Hydrocolloids, 42(P3), 318–334. 

https://doi.org/10.1016/j.foodhyd.2014.04.014 

Muth, J. T., Vogt, D. M., Truby, R. L., Mengüç, Y., Kolesky, D. B., Wood, R. J., & 

Lewis, J. A. (2014). Embedded 3D printing of strain sensors within highly 

stretchable elastomers. Advanced Materials, 26(36), 6307–6312. 

https://doi.org/10.1002/adma.201400334 

Niu, L., Coleman, J. N., Zhang, H., Shin, H., Chhowalla, M., & Zheng, Z. (2016). 

Production of Two-Dimensional Nanomaterials via Liquid-Based Direct 

Exfoliation. Small, 12(3), 272–293. https://doi.org/10.1002/smll.201502207 

Novoselov, K. S., Geim, A. K., Morozov, S. V., Jiang, D., Katsnelson, M. I., 

Grigorieva, I. V., … Firsov, A. A. (2005). Two-dimensional gas of massless 

Dirac fermions in graphene. Nature, 438(7065), 197–200. 

https://doi.org/10.1038/nature04233 

Novoselov, K. S., Geim, A. K., Morozov, S. V, Jiang, D., Zhang, Y., Dubonos, S. V, … 

Novoselov, K. S. (2004). Electric Field Effect in Atomically Thin Carbon Films. 

Source: Science, New Series Gene Expression: Genes in Action, 306(5696), 

183–191. https://doi.org/10.1038/nmat1849 

Paredes, J. I., & Villar-Rodil, S. (2016). Biomolecule-assisted exfoliation and 

dispersion of graphene and other two- dimensional materials: a review of recent 

progress and applications. Nanoscale, 8(34), 15389–15413. 

https://doi.org/10.1039/C6NR02039A 

Park, J. J., Hyun, W. J., Mun, S. C., Park, Y. T., & Park, O. O. (2015). Highly 

stretchable and wearable graphene strain sensors with controllable sensitivity for 

human motion monitoring. ACS Applied Materials and Interfaces, 7(11), 6317–

6324. https://doi.org/10.1021/acsami.5b00695 

Pilli, S., Bhunia, P., Yan, S., LeBlanc, R. J., Tyagi, R. D., & Surampalli, R. Y. (2011). 

Ultrasonic pretreatment of sludge: A review. Ultrasonics Sonochemistry, 18(1), 

1–18. https://doi.org/10.1016/j.ultsonch.2010.02.014 

Punith Kumar, M. K., Shanthini, S., & Srivastava, C. (2015). Electrochemical 



 

 99 

exfoliation of graphite for producing graphene using saccharin. RSC Advances, 

5(66), 53865–53869. https://doi.org/10.1039/c5ra07846f 

Qiao, Y., Wang, Y., Tian, H., Li, M., Jian, J., Wei, Y., … Ren, T. L. (2018). Multilayer 

Graphene Epidermal Electronic Skin. ACS Nano, 12(9), 8839–8846. 

https://doi.org/10.1021/acsnano.8b02162 

R, B. (1938). Physiology of Dematium pullulans de Bary. Zentralblatt Für 

Bakteriologie, Parasitenkunde Infektionskrankheiten Und Hygiene. Zweite 

Naturwissenschaftliche Abteilung: Mikrobiologie Der Landwirtschaft, Der 

Technologie Und Des Umweltschutzes, 98, 133-167 (Abstract 2). 

Ren, P.-G., Yan, D.-X., Ji, X., Chen, T., & Li, Z.-M. (2011). Temperature dependence 

of graphene oxide reduced by hydrazine hydrate. Nanotechnology, 22(5), 

055705. https://doi.org/10.1088/0957-4484/22/5/055705 

Ricciardulli, A. G., Yang, S., Wetzelaer, G. J. A. H., Feng, X., & Blom, P. W. M. 

(2018). Hybrid Silver Nanowire and Graphene-Based Solution-Processed 

Transparent Electrode for Organic Optoelectronics. Advanced Functional 

Materials, 28(14), 1–6. https://doi.org/10.1002/adfm.201706010 

Sa, K., Mahakul, P. C., Das, B., Subramanyam, B. V. R. S., Mukherjee, J., Saha, S., … 

Mahanandia, P. (2018). Large scale synthesis of reduced graphene oxide using 

ferrocene and HNO3. Materials Letters, 211, 335–338. 

https://doi.org/10.1016/j.matlet.2017.10.031 

Saiful Badri, M. A., Salleh, M. M., Md Noor, N. F. ain, Rahman, M. Y. A., & Umar, A. 

A. (2017). Green synthesis of few-layered graphene from aqueous processed 

graphite exfoliation for graphene thin film preparation. Materials Chemistry and 

Physics, 193, 212–219. https://doi.org/10.1016/j.matchemphys.2017.02.029 

Saleem, H., Haneef, M., & Abbasi, H. Y. (2018). Synthesis route of reduced graphene 

oxide via thermal reduction of chemically exfoliated graphene oxide. Materials 

Chemistry and Physics, 204, 1–7. 

https://doi.org/10.1016/j.matchemphys.2017.10.020 

Sevilla, M., Ferrero, G. A., & Fuertes, A. B. (2016). Aqueous Dispersions of Graphene 

from Electrochemically Exfoliated Graphite. Chemistry - A European Journal, 

22(48), 17351–17358. https://doi.org/10.1002/chem.201603321 

Shams, S. S., Zhang, R., & Zhu, J. (2015). Graphene synthesis: A Review. Materials 

Science- Poland, 33(3), 566–578. https://doi.org/10.1515/msp-2015-0079 

Shen, B., Li, Y., Yi, D., Zhai, W., Wei, X., & Zheng, W. (2017). Strong flexible 

polymer/graphene composite films with 3D saw-tooth folding for enhanced and 

tunable electromagnetic shielding. Carbon, 113, 55–62. 

https://doi.org/10.1016/j.carbon.2016.11.034 

Shingel, K. I. (2004). Current knowledge on biosynthesis, biological activity, and 



 

 100 

chemical modification of the exopolysaccharide, pullulan. Carbohydrate 

Research, 339(3), 447–460. https://doi.org/10.1016/j.carres.2003.10.034 

Sim, Y., Park, J., Kim, Y. J., Seong, M. J., & Hong, S. (2011). Synthesis of graphene 

layers using graphite dispersion in aqueous surfactant solutions. Journal of the 

Korean Physical Society, 58(41), 938–942. https://doi.org/10.3938/jkps.58.938 

Singh, R. S., & Saini, G. K. (2008). Pullulan-hyperproducing color variant strain of 

Aureobasidium pullulans FB-1 newly isolated from phylloplane of Ficus sp. 

Bioresource Technology, 99(9), 3896–3899. 

https://doi.org/10.1016/j.biortech.2007.08.003 

Singh, Ram S., Saini, G. K., & Kennedy, J. F. (2008). Pullulan: Microbial sources, 

production and applications. Carbohydrate Polymers, 73(4), 515–531. 

https://doi.org/10.1016/j.carbpol.2008.01.003 

Singh, Ram S., Saini, G. K., & Kennedy, J. F. (2010a). Covalent immobilization and 

thermodynamic characterization of pullulanase for the hydrolysis of pullulan in 

batch system. Carbohydrate Polymers, 81(2), 252–259. 

https://doi.org/10.1016/j.carbpol.2010.02.027 

Singh, Ram S., Saini, G. K., & Kennedy, J. F. (2010b). Maltotriose syrup preparation 

from pullulan using pullulanase. Carbohydrate Polymers, 80(2), 402–408. 

https://doi.org/10.1016/j.carbpol.2009.11.040 

Singh, Ram S., Saini, G. K., & Kennedy, J. F. (2011). Continuous hydrolysis of 

pullulan using covalently immobilized pullulanase in a packed bed reactor. 

Carbohydrate Polymers, 83(2), 672–675. 

https://doi.org/10.1016/j.carbpol.2010.08.037 

Singh, Ram Sarup, Kaur, N., & Kennedy, J. F. (2015). Pullulan and pullulan derivatives 

as promising biomolecules for drug and gene targeting. Carbohydrate Polymers, 

123, 190–207. https://doi.org/10.1016/j.carbpol.2015.01.032 

Singh, Ram Sarup, Singh, H., & Saini, G. K. (2009). Response surface optimization of 

the critical medium components for pullulan production by Aureobasidium 

pullulans FB-1. Applied Biochemistry and Biotechnology, 152(1), 42–53. 

https://doi.org/10.1007/s12010-008-8180-9 

Smith, R. J., Lotya, M., & Coleman, J. N. (2010). The importance of repulsive potential 

barriers for the dispersion of graphene using surfactants. New Journal of 

Physics, 12. https://doi.org/10.1088/1367-2630/12/12/125008 

Sun, H., Del Rio Castillo, A. E., Monaco, S., Capasso, A., Ansaldo, A., Prato, M., … 

Bonaccorso, F. (2016). Binder-free graphene as an advanced anode for lithium 

batteries. Journal of Materials Chemistry A, 4(18), 6886–6895. 

https://doi.org/10.1039/c5ta08553e 

Tao, J., Wang, Y., Xiao, Y., Yao, P., Chen, C., Zhang, D., … Liu, J. (2017). One-step 



 

 101 

exfoliation and functionalization of graphene by hydrophobin for high 

performance water molecular sensing. Carbon, 116, 695–702. 

https://doi.org/10.1016/j.carbon.2017.02.052 

Teng, C., Xie, D., Wang, J., Yang, Z., Ren, G., & Zhu, Y. (2017). Ultrahigh Conductive 

Graphene Paper Based on Ball-Milling Exfoliated Graphene. 

https://doi.org/10.1002/adfm.201700240 

Tiwari, P., Kaur, N., Sharma, V., & Mobin, S. M. (2018). High-yield graphene 

produced from the synergistic effect of inflated temperature and gelatin offers 

high stability and cellular compatibility. Physical Chemistry Chemical Physics, 

20(30), 20096–20107. https://doi.org/10.1039/c8cp02263a 

Torres, L., Gomez Armas, L., & Carlos Seabra, A. (2014). Optimization of 

Micromechanical Cleavage Technique of Natural Graphite by Chemical 

Treatment. Graphene, 03(01), 1–5. 

https://doi.org/10.4236/graphene.2014.31001 

Tyurnina, A. V., Tzanakis, I., Morton, J., Mi, J., Porfyrakis, K., Maciejewska, B. M., … 

Eskin, D. G. (2020). Ultrasonic exfoliation of graphene in water: A key 

parameter study. Carbon, 168, 737–747. 

https://doi.org/10.1016/j.carbon.2020.06.029 

Uysal Unalan, I., Cerri, G., Marcuzzo, E., Cozzolino, C. A., & Farris, S. (2014). 

Nanocomposite films and coatings using inorganic nanobuilding blocks (NBB): 

current applications and future opportunities in the food packaging sector. RSC 

Adv., 4(56), 29393–29428. https://doi.org/10.1039/C4RA01778A 

Uysal Unalan, I., Wan, C., Trabattoni, S., Piergiovanni, L., & Farris, S. (2015). 

Polysaccharide-assisted rapid exfoliation of graphite platelets into high quality 

water-dispersible graphene sheets. RSC Advances, 5(34), 26482–26490. 

https://doi.org/10.1039/c4ra16947f 

Voiry, D., Yang, J., Kupferberg, J., Fullon, R., Lee, C., Jeong, H. Y., … Chhowalla, M. 

(2016). High-quality graphene via microwave reduction of solution-exfoliated 

graphene oxide. Science, 353(6306), 1413–1416. 

https://doi.org/10.1126/science.aah3398 

Wallenfels, K., Keilich, G., Bechtler, G., & Freudenberger, D. (1965). Investigations on 

pullulan: IV. Resolution of structural problems using physical, chemical and 

enzymatic methods. Biochemische Zeitschrif, 433–450. 

Wang, C., Ke, F., Fan, W., Chen, Y., Guan, F., Chen, S., & Wang, H. (2018). Efficient 

large-scale preparation of defect-free few-layer graphene using a conjugated 

ionic liquid as green media and its polyetherimide composite. Composites 

Science and Technology, 157, 144–151. 

https://doi.org/10.1016/j.compscitech.2018.01.035 

Wang, X., Meng, S., Tebyetekerwa, M., Li, Y., Pionteck, J., Sun, B., … Zhu, M. 



 

 102 

(2018). Highly sensitive and stretchable piezoresistive strain sensor based on 

conductive poly(styrene-butadiene-styrene)/few layer graphene composite fiber. 

Composites Part A: Applied Science and Manufacturing, 105, 291–299. 

https://doi.org/10.1016/j.compositesa.2017.11.027 

Wang, Y., Wang, Y., & Yang, Y. (2018). Graphene–Polymer Nanocomposite-Based 

Redox-Induced Electricity for Flexible Self-Powered Strain Sensors. Advanced 

Energy Materials, 8(22), 1–9. https://doi.org/10.1002/aenm.201800961 

Xin, G., Yao, T., Sun, H., Scott, S. M., Shao, D., Wang, G., & Lian, J. (2015). Highly 

thermally conductive and mechanically strong graphene fibers. Science, 

349(6252), 1083–1087. https://doi.org/10.1126/science.aaa6502 

Xu, C., Shi, X., Guo, L., & Wang, X. (2018). Optimization of Graphene Conductive Ink 

with 73 wt% Graphene Contents. Ingentaconnect.Com, 4014–4021. 

https://doi.org/10.1166/jnn.2018.15201 

Xu, Y., Cao, H., Xue, Y., Li, B., & Cai, W. (2018). Liquid-phase exfoliation of 

graphene: An overview on exfoliation media, techniques, and challenges. 

Nanomaterials, 8(11). https://doi.org/10.3390/nano8110942 

Yan, C., Wang, J., Kang, W., Cui, M., Wang, X., Foo, C. Y., … Lee, P. S. (2014). 

Highly stretchable piezoresistive graphene-nanocellulose nanopaper for strain 

sensors. Advanced Materials, 26(13), 2022–2027. 

https://doi.org/10.1002/adma.201304742 

Yi, M., & Shen, Z. (2015). A review on mechanical exfoliation for scalable production 

of graphene. https://doi.org/10.1039/x0xx00000x 

Yoshio, T., & Masakazu, M. (1993). Pullulan. In W. Roy L. & B. James N. (Eds.), 

Industrial Gums (third, pp. 447–460). Okayama: A. 

https://doi.org/https://doi.org/10.1016/C2009-0-03188-2 

Young, R. J., Liu, M., Kinloch, I. A., Li, S., Zhao, X., Vallés, C., & Papageorgiou, D. 

G. (2018). The mechanics of reinforcement of polymers by graphene 

nanoplatelets. Composites Science and Technology, 154, 110–116. 

https://doi.org/10.1016/j.compscitech.2017.11.007 

Yu, H., Zhang, B., Bulin, C., Li, R., & Xing, R. (2016). High-efficient Synthesis of 

Graphene Oxide Based on Improved Hummers Method. Scientific Reports, 

6(July), 1–7. https://doi.org/10.1038/srep36143 

Zhang, H.-B., Wang, J.-W., Yan, Q., Zheng, W.-G., Chen, C., & Yu, Z.-Z. (2011). 

Vacuum-assisted synthesis of graphene from thermal exfoliation and reduction 

of graphite oxide. Journal of Materials Chemistry, 21(14), 5392. 

https://doi.org/10.1039/c1jm10099h 

Zhang, J., Yang, H., Shen, G., Cheng, P., Zhang, J., & Guo, S. (2010). Reduction of 

graphene oxide vial-ascorbic acid. Chemical Communications, 46(7), 1112–



 

 103 

1114. https://doi.org/10.1039/b917705a 

Zhao, S., Xie, S., Zhao, Z., Zhang, J., Li, L., & Xin, Z. (2018). Green and High-

Efficiency Production of Graphene by Tannic Acid-Assisted Exfoliation of 

Graphite in Water Green and High-Efficiency Production of Graphene by 

Tannic Acid-Assisted Exfoliation. 

https://doi.org/10.1021/acssuschemeng.8b00497 

Zhao, W., Fang, M., Wu, F., Wu, H., Wang, L., & Chen, G. (2010). Preparation of 

graphene by exfoliation of graphite using wet ball milling. Journal of Materials 

Chemistry, 20(28), 5817. https://doi.org/10.1039/c0jm01354d 

Zheng, M., Li, W., Xu, M., Xu, N., Chen, P., Han, M., & Xie, B. (2014). Strain sensors 

based on chromium nanoparticle arrays. Nanoscale, 6(8), 3930–3933. 

https://doi.org/10.1039/c3nr04135b 

Zhuo, H., Zhang, X., Wang, L., Lu, Q., & Kaplan, D. L. (2018). Sonication Exfoliation 

of Defect-Free Graphene in Aqueous Silk Nanofiber Solutions. ACS Sustainable 

Chemistry and Engineering, 6(9), 12261–12267. 

https://doi.org/10.1021/acssuschemeng.8b02644 




