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ABSTRAK 

Penjanaan dan pelupusan minyak sisa meningkat dari tahun ke tahun menyebabkan 
masalah persekitaran serta kekurangan sumber semula jadi. Antara langkah terbaik untuk 
mengatasi isu ini adalah dengan menukar minyak sisa menjadi produk seperti minyak 
pelincir. Penyelidikan ini bertujuan untuk merumuskan gris dari WEO kerana tiada kajian 
yang dilakukan oleh penyelidikan terdahulu mengenai penghasilan gris dengan 
menggunakan campuran waste engine oil (WEO) dari pelbagai jenis. Rawatan minyak 
untuk menghilangkan bahan cemar dan pencirian (sifat bendalir, tahap komponen dan 
analisis komponen) juga dilakukan untuk memastikan bahawa WEO dapat digunakan 
sebagai minyak asas minyak. Proses rawatan WEO merangkumi pemendapan, penapisan 
dan pemanasan dapat menghilangkan bahan cemar sehingga tahap dan kelembapan yang 
dibenarkan menjadikannya sesuai untuk dijadikan minyak asas dalam perumusan gris. 
Analisis mengenai formulasi natrium dan fumed silica (FS) gris (SG96, SG94, SG92, SG90, 
SG88, FG85, FG84, FG83, FG82, FG81 & FG80) menunjukkan bahawa kandungan WEO 
dalam gris berkadar sonsang dengan konsistensi gris tetapi berkadar terus dengan oil 
bleeding dan oil separation gris. SG96 dan FG85 mempunyai nombor konsistensi terendah 
iaitu NLGI 0 dan SG88 dan FG80 mempunyai nombor konsistensi tertinggi iaitu NLGI 4-
5. Oil bleeding  dari gris menunjukkan ianya berada dalam had  kecuali FG84 pada suhu 
bilik iaitu -16.48%. Ujian oil separation menunjukkan bahawa semua pemisahan minyak 
gris berada dalam had kecuali FG85 yang memiliki 5.75%. Gris juga menunjukkan 
standard karat kelas 1 semasa diuji dengan jalur tembaga. Berdasarkan beberapa syarat, 
SG94 dan FSG83 dipilih sebagai gris yang memenuhi kriteria yang diperlukan dan 
perbandingan dengan gris dari industri menunjukkan bahawa sifat gris yang dipilih 
adalah setanding dengan sifat gris industri. Gris yang dipilih dengan penambahan aditif 
(Polytetrafluoroethylene (PTFE) dan grafit) menunjukkan bahawa sifat gris tidak 
berubah kecuali untuk fungsi tambahan aditif. Perubahan hanya dapat dilihat pada 
spektrum Fourier-transform infrared spectroscopy (FTIR) gris natrium apabila terdapat 
puncak di kawasan cap jari (<600 cm-1) gris. Walau bagaimanapun, kehadiran aditif 
banyak mempengaruhi sifat tribologi gris di mana natrium gris mempunyai sifat anti-
haus yang baik berbanding dengan gris FS. Gris natrium tanpa bahan tambahan juga 
menunjukkan sifat anti-haus lebih baik berbanding dengan gris natrium dengan aditif 
menjadikan penambahan aditif dalam gris natrium menjadi tidak relevan. Ini berbeza 
dengan gris FS di mana penambahan aditif menunjukkan bahawa sifat anti-haus dari gris 
bertambah baik. Walau bagaimanapun, sifat anti-haus kedua-dua gris masih lagi berada 
dalam standard industri. Sebagai kesimpulan, sifat gris yang dihasilkan dari WEO adalah 
baik dan setanding dengan standard industri, dan penambahan aditif dalam perumusan 
gris mempengaruhi sifat tribologi gris. Bagi  kajian pada masa hadapan, sumber WEO 
didapatkan dari sumber yg pelbagai dan berbeza. 
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ABSTRACT 

The generation and disposal of waste oil increase year by year are causing environmental 
problems as well as depletion of natural resources. One of the ways to tackle this problem 
is by converting waste oil into a product such as lubricating grease. This research aimed 
to formulate lubricating grease from waste engine oil (WEO) as no study done on 
producing grease by using a mixture of WEO from a different type. Oil treatment to 
remove contamination and characterisation (fluid properties, components level and 
component analysis) also carried out in order to make sure that WEO can be used as the 
grease base oil. The treatment process of WEO include sedimentation, filtration, and 
heating is able to remove the contaminants until allowable level and moisture, making it 
is suitable to be base oil in grease formulating. Analysis on formulated sodium grease 
(SG) and fumed silica grease (FSG) (SG96, SG94, SG92, SG90, SG88, FG85, FG84, FG83, 
FG82, FG81 & FG80) showed that WEO content in grease is inversely proportional to 
grease consistency but directly proportional to oil bleeding and separation of the grease. 
SG96 and FG85 have the lowest consistency number which is NLGI 0 and SG88 and FG80 

have the highest consistency number which is NLGI 4-5. The oil bleeding of the greases 
are within the limit except for FG84 in room temperature which is -16.48%. Oil separation 
test showed that all of the greases oil separation is within the limit except for FG85 which 
have 5.75%. the greases also showed a corrosion standard of class 1 when tested with 
copper strip. Based on a few requirement, SG94 and FSG83 are selected as a grease that 
fulfilled the required criteria and comparison with industrial grease showed that the 
selected grease properties is comparable to industrial grease properties. The selected 
grease with the addition of additives (Polytetrafluoroethylene (PTFE) and graphite) 
showed that grease properties do not change except for intended additives used 
characteristic. The changes can be seen only on Fourier-transform infrared spectroscopy 
(FTIR) spectrum of sodium grease when there a presence of peak in fingerprint region 
(<600 cm-1) of the grease. However, the presence of additives heavily influenced the 
tribological properties of the grease where sodium grease have a good anti-wear property 
compared to FS grease. Sodium grease without additives also showed a better antiwear 
properties compared to sodium grease with additives making the addition of additives in 
sodium grease to be irrelevance. This is different from FS grease where addition of 
additives showed that the anti-wear properties of the grease improved. However, the anti-
wear properties of both greases is still within the industrial standard. As a conclusion, the 
properties of greases produced from WEO is good and comparable to industrial standard, 
and addition of additives in grease formulation effect the tribological properties of the 
grease. It is recommended the collection of WEO is vary from different sources for future 
study. 



 

vi 

TABLE OF CONTENT 

DECLARATION 

TITLE PAGE  

ACKNOWLEDGEMENTS iii 

ABSTRAK iv 

ABSTRACT v 

TABLE OF CONTENT vi 

LIST OF FIGURES xi 

LIST OF SYMBOLS xiii 

LIST OF ABBREVIATIONS xiv 

LIST OF APPENDICES xv 

 INTRODUCTION 1 

1.1 Research Background 1 

1.2 Problem Statement 3 

1.3 Objective 4 

1.4 Scope of the Study 5 

 LITERATURE REVIEW 7 

2.1 Introduction 7 

2.2 Lubrication 7 

2.3 Lubricating grease 8 

 Application of Lubricating Grease 9 

 Current Demands for Lubricant Industry 10 



 

vii 

2.4 Grease Composition and Its Structure 11 

 Base Oil 11 

 Thickener 18 

 Additive 23 

 Structure of Lubricating Grease 25 

2.5 Grease Formulation 26 

2.6 Grease Testing 32 

 Grease Properties 33 

 Tribological Properties of Grease 34 

 METHODOLOGY 38 

3.1 Introduction 38 

3.2 Overview of Research Methodology and Materials Used 38 

3.3 Waste Engine Oil Characterisation 40 

 Pre-treatment of WEO 40 

 WEO properties 41 

3.4 Grease Production 45 

 Grease formulation 45 

 Preparation of Grease 46 

3.5 Grease Characterisation 48 

 Physical Characterisation 49 

 Chemical Characterisation - FTIR 55 

3.6 Selected Grease Production with Addition of Additives 55 

 Tribological Characterisation 56 

 RESULTS AND DISCUSSION 58 



 

viii 

4.1 Introduction 58 

4.2 WEO Analysis 58 

 WEO properties 59 

 WEO as Grease Base Oil 70 

4.3 Grease Formulation 71 

4.4 Grease Characteristics 73 

 Physical Characteristic 74 

 Grease FTIR Characterisation 86 

4.5 Selected Grease 90 

4.6 Selected Grease Comparison to Commercial Grease 92 

4.7 Selected Grease Formulation 95 

 Final Grease Characteristic 95 

4.8 Selected Grease Wear Preventive Characteristic 99 

 CONCLUSION 106 

5.1 Conclusion 106 

5.2 Future Recommendation 107 

REFERENCES 108 

 

 

  



 

108 

REFERENCES 

A. Japar, N. S., A. Aziz, M. A., & Razali, M. N. (2019). Formulation of fumed silica 
grease from waste transformer oil as base oil. Egyptian Journal of Petroleum, 
28(1), 91–96. https://doi.org/10.1016/j.ejpe.2018.12.001 

A.M. Siti Kholijah, S.L. Cheryl Yeung, S. S. and R. M. Y. (2012). Production of High 
Temperature Grease from Waste Lubricant Sludge and Silicone Oil. Journal of 
Applied Sciences, 1(4), 53. https://doi.org/10.3923/jas.2012.1171.1175 

Abdelbary, A. (2014). Sliding mechanics of polymers. Wear of Polymers and 
Composites, 37–66. https://doi.org/10.1533/9781782421788.37 

Abdu Rahman, N. W., Japar, N. S. A., Aziz, M. A. A., Razik, A. H. A., & Yunus, M. Y. 
M. (2019). Sodium grease formulation from waste engine oil. In IOP Conference 
Series: Earth and Environmental Science (Vol. 257, Issue 1, pp. 1–6). IOP. 
https://doi.org/10.1088/1755-1315/257/1/012018 

Abdulbari, H. A., Abid, R. T., & Mohammad, A. H. A. (2008). Fume Silica Base 
Grease. Journal of Applied Sciences, 8(4), 687–691. 

Abdulbari, H. A., & Zuhan, N. (2018). Grease Formulation from Palm Oil Industry 
Wastes. Waste and Biomass Valorization, 1–11. https://doi.org/10.1007/s12649-
018-0237-6 

Abro, R., Chen, X., Harijan, K., Dhakan, Z. A., & Ammar, M. (2013). A Comparative 
Study of Recycling of Used Engine Oil Using Extraction by Composite Solvent, 
Single Solvent, and Acid Treatment Methods. ISRN Chemical Engineering, 
2013(i), 1–5. https://doi.org/10.1155/2013/952589 

Adenan Satem. (2005). Environmental Quality Act 1974. 

Adhvaryu, A., Sung, C., & Erhan, S. Z. (2005). Fatty acids and antioxidant effects on 
grease microstructures. Industrial Crops and Products, 21(3), 285–291. 
https://doi.org/10.1016/j.indcrop.2004.03.003 

Affatato, S., & Grillini, L. (2013). Topography in bio-tribocorrosion. In Bio-
Tribocorrosion in Biomaterials and Medical Implants. Woodhead Publishing 
Limited. https://doi.org/10.1533/9780857098603.1 

Akumefula, M. I., Eze, S. O., Igwe, J. C., Eziukwu, C. C., & Chikwe, I. C. (2019). 
Analysis of Sodium Greases from Three Recycled Engine Oil. Chemical Science 
Journal, 10(1), 1–7. https://doi.org/10.4172/2150-3494.10000 

AMETEK Brookfield. (2015). Moisture in Oils: The Three-Headed Beast. 
https://www.azic.com/moisture-in-oils-the-three-headedbeast/ 

Arpa, O., Yumrutas, R., & Demirbas, A. (2010). Production of diesel-like fuel from 
waste engine oil by pyrolitic distillation [Article]. Applied Energy, 87(1), 122–127. 
https://doi.org/https://doi.org/10.1016/j.apenergy.2009.05.042 



 

109 

ASTM D130-18. (2018). Standard Test Method for Corrosiveness to Copper from 
Petroleum Products by Copper Strip Test. ASTM International. 
https://doi.org/10.1520/D0130-19 

ASTM D2266-01. (2015). Standard Test Method for Wear Preventive Characteristics 
of Lubricating Grease (Four-Ball Method). ASTM International. 

ASTM D3704-96(2017). (2017). Standard Test Method for Wear Preventive Properties 
of Lubricating Greases Using the (Falex) Block on Ring Test Machine in 
Oscillating Motion. ASTM International. 

ASTM D4048-16e1. (2016). Standard Test Method for Detection of Copper Corrosion 
from Lubricating Grease. ASTM International. 

ASTM D5185-09. (2009). Standard Test Method for Determination of Additive 
Elements, Wear Metals, and Contaminants in Used Lubricating Oils and 
Determination of Selected Elements in Base Oils by Inductively Coupled Plasma 
Atomic Emission Spectrometry (ICP-AES). In ASTM International. ASTM 
International. https://doi.org/10.1520/D5185-09 

ASTM D5707-16. (2016). Standard Test Method for Measuring Friction and Wear 
Properties of Lubricating Grease Using a High-Frequency, Linear-Oscillation 
(SRV) Test Machine. ASTM International. 

ASTM International. (2016a). Standard Practice for Calculating Viscosity Index from 
Kinematic Viscosity at 40 °C and 100 °C. i(Reapproved), 1–5. 
https://doi.org/10.1520/D2270-10R16.2 

ASTM International. (2016b). Standard Test Method for Determination of Water in 
Petroleum Products , Lubricating Oils , and Additives by Coulometric Karl 
Fischer Titration. i. https://doi.org/10.1520/D6304-16.2 

Bagi, S. D., & Aswath, P. B. (2015). Mechanism of friction and wear in MoS2 and 
ZDDP/F-PTFE greases under spectrum loading conditions. Lubricants, 3(4), 687–
711. https://doi.org/10.3390/lubricants3040687 

Bailey. (2017). Grease Bases Used in the Manufacture of Lubricants. Lubricant 
Engineers Technical Department, 56. http://www.le-international.com/pdf/056-
grease-bases.pdf 

Barnes, M. (2002). Oil Viscosity - How It’s Measured and Reported. Practicing Oil 
Analysis Magazine. https://www.machinerylubrication.com/Read/411/oil-viscosity 

Barthel, H., Rösch, L., & Weis, J. (1996). Fumed silica - Production, properties, and 
applications. Organosilicon Chemistry II: From Molecules to Materials, 761–778. 
https://doi.org/10.1002/9783527619894.ch91 

Barthel, Herbert, Dreyer, M., Gottschalk-Gaudig, T., Litvinov, V. M., & Nikitina, E. 
(2002). Fumed Silica - Rheological Additive for Adhesives, Resins, and Paints. 
Macromolecular Symposia, 187(September), 573–584. 
https://doi.org/10.1002/9783527620777.ch117d 



 

110 

Bay, N. (2001). Metal Forming and Lubrication. Encyclopedia of Materials: Science 
and Technology, i, 5377–5380. https://doi.org/10.1016/B978-0-12-803581-
8.03565-7 

Bhaskar, T., Uddin, M. A., Muto, A., Sakata, Y., Omura, Y., Kimura, K., & Kawakami, 
Y. (2004). Recycling of waste lubricant oil into chemical feedstock or fuel oil over 
supported iron oxide catalysts. Fuel, 83(1), 9–15. https://doi.org/10.1016/S0016-
2361(03)00216-3 

Biswas, S. K. (2000). Some mechanisms of tribofilm formation in metal / metal and 
ceramic / metal sliding interactions. Wear, 245(1–2), 178–189. 
https://doi.org/10.1016/S0043-1648(00)00477-4 

Bots, S. (2014). Best Methods for Analyzing Grease. Machinery Lubrication. 

Buhlak, S., Ibrahim, B., & Alhamoui, M. (2014). Manufacturing (Lithium-Sodium) 
Lubricant Grease Based On Syrian Base Oil And studying Its Physical, Chemical, 
And Rheological Properties. International Journal of ChemTech Research, 6(4), 
2247–2254. 

Cash, W. (2012, February). What is lubrication? Machinery Lubrication. 

Casserly, E., Langlais, T., Springer, S. P., Kumar, A., & Mallory, B. (2018). The effect 
of base oils on thickening and physical properties of lubricating greases. 73rd 
Society of Tribologists and Lubrication Engineers Annual Meeting and Exhibition 
2018, 115, 300–301. 

Chemtrec. (2001). Mineral Oil (Highly Refined) Hazard Summary Reason for Citation 
How To Determine If You Are Being Exposed (Issue June 2001). 
http://www.nj.gov/health/eoh/rtkweb/documents/fs/1437.pdf 

Chen, J. (2010). Tribological properties of polytetrafluoroethylene, nano-titanium 
dioxide, and nano-silicon dioxide as additives in mixed oil-based titanium complex 
grease. Tribology Letters, 38(3), 217–224. https://doi.org/10.1007/s11249-010-
9593-5 

Cortés-Triviño, E., Valencia, C., Delgado, M. A., & Franco, J. M. (2019). Thermo-
rheological and tribological properties of novel bio-lubricating greases thickened 
with epoxidized lignocellulosic materials. Journal of Industrial and Engineering 
Chemistry, 80, 626–632. https://doi.org/10.1016/j.jiec.2019.08.052 

Cressman, D. (2018). Modeling the Effect Thickener Structure has on the Oil Release of 
Grease (No. 677; Honors Research Projects). 

Cuffari, B. (2019). The Difference Between Friction and Wear in Tribology. 
https://www.azom.com/article.aspx?ArticleID=17436 

Cyriac, F., Lugt, P. M., Bosman, R., Padberg, C. J., & Venner, C. H. (2016). Effect of 
Thickener Particle Geometry and Concentration on the Grease EHL Film 
Thickness at Medium Speeds. Tribology Letters, 61(2), 18. 
https://doi.org/10.1007/s11249-015-0633-z 



 

111 

Czarny, R., & Paszkowski, M. (2007). The influence of graphite solid additives, 
MoS2and PTFE on changes in shear stress values in lubricating greases. Journal of 
Synthetic Lubrication, 24(1), 19–29. https://doi.org/10.1002/jsl.26 

Daham, G. R., AbdulRazak, A. A., Hamadi, A. S., & Mohammed, A. A. (2017). Re-
refining of used lubricant oil by solvent extraction using central composite design 
method. Korean Journal of Chemical Engineering, 34(9), 2435–2444. 
https://doi.org/10.1007/s11814-017-0139-5 

De Boos, A. G. (1974). Chemical testing and analysis. 

Delgado, M. A., Sánchez, M. C., Valencia, C., Franco, J. M., & Gallegos, C. (2005). 
Relationship among microstructure, rheology and processing of a lithium 
lubricating grease. Chemical Engineering Research and Design, 83(9 A), 1085–
1092. https://doi.org/10.1205/cherd.04311 

Delgado, M. A., Valencia, C., Sánchez, M. C., Franco, J. M., & Gallegos, C. (2006). 
Thermorheological behaviour of a lithium lubricating grease. Tribology Letters, 
23(1), 47–54. https://doi.org/10.1007/s11249-006-9109-5 

Demirbas, A. (2008). Gasoline-like Fuel from Waste Engine Oil via Catalytic Pyrolysis 
[Article]. Energy Sources, Part A: Recovery, Utilization, and Environmental 
Effects, 30(16), 1433–1441. https://doi.org/10.1080/15567030701258469 

Department of Environment. (2010). Guidelines on Standard and Specification of 
Recovered Waste Oil in Malaysia (1st ed.). Department of Environment Malaysia. 

Dhiman, C., Reddy, M. N., Gulati, K., & Khan, M. S. (2014). Detection of elemental 
composition of lubricating grease using laser induced breakdown spectroscopy. 
Lubricants, 2(4), 223–236. https://doi.org/10.3390/lubricants2040223 

Dittes, N. (2013). Water in Grease Condition Monitoring Literature Review. 

Doyle, D. (2015). General Grease Overview and Bearing Lubrication. ALS Tribology. 

Doyle, D. (2019). The Changing Role of Sulfur in Today’s Engine Oils. 
https://www.alsglobal.com/%2Fen-
au%2Fnews%2Farticles%2F2019%2F03%2Fthe-changing-role-of-sulfur-in-
todays-engine-oils#:~:text=Historically sulfur when used in,to-metal contact 
conditions). 

Ducom. (2017). The Effect of Water Molecules on Lubricity of Greases and Fuel. 

Dunn, A. M., Hofmann, O. S., Waters, B., & Witchel, E. (2011). Introduction to 
Friction and Wear. In Proceedings of the 20th USENIX Security Symposium (pp. 
395–410). https://doi.org/10.1016/b978-0-444-42524-9.50005-3 

Ebisike, K., Daniel, B., Anakaa, M., Kefas, H., & Olusunle, S. (2016). Effect of Sodium 
Hydroxide Thickener on Grease Production. American Chemical Science Journal, 
13(3), 1–8. https://doi.org/10.9734/ACSJ/2016/20624 

Eldeen F. Hegazi, S. (2017). Recycling of Waste Engine Oils Using Different Acids as 



 

112 

Washing Agents. International Journal of Oil, Gas and Coal Engineering, 5(5), 
69. https://doi.org/10.11648/j.ogce.20170505.11 

Erik Oberg, Franklin D. Jones, Holbrook L. Horton,  and H. H. R. C. (2012). Machinery 
’ s Handbook (Christopher J. Mccauley (ed.); 29th ed.). Industrial Pres. 

F.Hegazi, S. E. (2015). Conversion of used Oil into Lubricating Grease and 
Characteristics Evaluation. International Journal of Science and Research, 4. 
https://doi.org/10.13140/RG.2.1.3977.6249 

Fallis, A.G, & Jerry, M. (2007). Machinery Lubrication. In Journal of Chemical 
Information and Modeling (Vol. 53, Issue 9). Noria. 
https://doi.org/10.1017/CBO9781107415324.004 

Fan, X., Li, W., Li, H., Zhu, M., Xia, Y., & Wang, J. (2018). Probing the effect of 
thickener on tribological properties of lubricating greases. Tribology International, 
118(August 2019), 128–139. https://doi.org/10.1016/j.triboint.2017.09.025 

Fastener Components. (2016). ASTM: What is It and Exactly What Does It Do? In 
E&T Fasteners Industrial Fasteners & Components. 
http://www.fastenercomponents.com/news/what-is-astm/ 

Fish, G., & Brown, S. F. (2014). STLE Webinar: Performance additives for Lubricating 
Grease. Stle. 
https://www.stle.org/images/pdf/STLE_ORG/BOK/OM_OA/Additives/Additives 
for Lubricating Grease_Dec15 TLT.pdf 

Fitch, B. (2013, December). FT-IR Analysis of Used Lubricating Oils – General 
Considerations. Noria Corporation: Machinery Lubrication, 25–27. 

Florea, O., Luca, M., & Steliean, C. (2004). Ecological lubricating greases. Tribology in 
Industry, 26(1–2), 52–57. 

Frédy, C., E, D. E. L. U., Fredy, C., Et, P., Curie, M., E, D. D. E. L. U., & Schmitt, N. 
(2016). Modeling of the mechanical behavior of polytetrafluoroethylene ( PTFE ) 
compounds during their compaction at room temperature To cite this version : 
HAL Id : tel-01336422 Modeling of the mechanical behavior of 
PolyTetraFluoroEthylene ( PTFE ) compounds du. In Mechanics of Material. 
Université Pierre et Marie Curie. 

Gallego, R., Cidade, T., Sánchez, R., Valencia, C., & Franco, J. M. (2016). Tribological 
behaviour of novel chemically modified biopolymer-thickened lubricating greases 
investigated in a steel-steel rotating ball-on-three plates tribology cell. Tribology 
International, 94, 652–660. https://doi.org/10.1016/j.triboint.2015.10.028 

Gamini, G. (2020). Fingerprint Region. 
https://chem.libretexts.org/Ancillary_Materials/Reference/Organic_Chemistry_Glo
ssary/Fingerprint_Region 

Garvey, R., & Employed, S. (2019). Estimating Water Content in Oils: Moisture in 
Solution, Emulsified Water, and Free Water (Issue April 1996). 



 

113 

Gilbert, G. (1999). Lubricants and Hydraulic Fluids. In USACE Publication (Issue 4, 
pp. 3–11). CED Engineering. 

Godfrey, L. V, & Glass, J. B. (2011). The Geochemical Record of the Ancient Nitrogen 
Cycle , Nitrogen Isotopes , and Metal Cofactors. In Methods in Enzymology: 
Research on Nitrification and Related Processes, Part A (1st ed., Vol. 486, Issue 
11). Elsevier Inc. https://doi.org/10.1016/B978-0-12-381294-0.00027-4 

Gonçalves, D., Marques, R., Graça, B., Campos, A. V., Seabra, J. H. O., Leckner, J., & 
Westbroek, R. (2015). Formulation, rheology and thermal aging of polymer 
greases—Part II: Influence of the co-thickener content. Tribology International, 
87, 171–177. https://doi.org/10.1016/J.TRIBOINT.2015.01.012 

Gurt, A., & Khonsari, M. M. (2021). Testing Grease Consistency. Lubricants, 9(2), 14. 
https://doi.org/10.3390/lubricants9020014 

GVS. (2016). Lubricants Market Analysis By Product, Industrial (Process Oils, 
General Industrial Oils, Metal Working Fluids, Industrial Engine Oils), 
Automotive (Heavy-Duty Engine Oils, Hydraulic & Transmission Fluid, Gear Oil, 
Passenger Vehicle Engine Oils, Automatic. Grand View Research. 

Hamawand, I., Yusaf, T., & Rafat, S. (2013). Recycling of waste engine oils using a 
new washing agent. Energies, 6(2), 1023–1049. https://doi.org/10.3390/en6021023 

Han, X. (2014). An investigation into the tribological property of coatings on micro- 
and nanoscale. In Anti-Abrasive Nanocoatings: Current and Future Applications. 
Elsevier Ltd. https://doi.org/10.1016/B978-0-85709-211-3.00002-9 

Hegazi, S. E. F. (2015). Conversion of used Oil intoLubricatingGrease and 
Characteristics Evaluation. International Journal of Science and Research, 4(4), 
2319–7064. www.ijsr.net 

Hua, X., Puoza, J. C., Zhang, P., Xie, X., & Yin, B. (2017). Experimental analysis of 
grease friction properties on sliding textured surfaces. Lubricants, 5(4), 1–11. 
https://doi.org/10.3390/lubricants5040042 

Huber, L. (2007). Certified Reference Standards. In Validation and Qualification in 
Analytical Laboratories, Second Edition. https://doi.org/10.3109/9780849382680-
15 

Iheme, C., Chukwuma, F. O., & Offurum, J. C. (2014). Comparative Analysis on 
Sodium-Based and Polyethylene-Based Greases as Anti-Friction Agents. The 
International Journal of Engineering and Science, 3(8), 77–83. 

Iheme, C., Offurum, J. C., & Chukwuma, F. O. (2014). Production and Blending of 
Sodium Based Water-Resistant Lubricating Greases from Petroleum and 
Petrochemical By-Products. American Journal of Computer Science and 
Engineering Survey, 2(1), 70–78. www.pubicon.co.inOriginalArticle 

ITOPF. (2011). Disposal of Oil and Debris. ITOPF Technical Information Paper, 9. 
https://www.itopf.org/knowledge-resources/documents-guides/technical-



 

114 

information-papers/ 

Jain, R., Urban, L., Balbach, H., & Webb, M. D. (2012). Energy and Environmental 
Implications. In Handbook of Environmental Engineering Assessment. Elsevier 
Inc. https://doi.org/10.1016/b978-0-12-388444-2.00012-9 

Jandhyala, H. (2019). How the industrial lubricants market is evolving. 

Japar, N. Suhaila A., Aziz, M. A. A., Razali, M. N., Zakaria, N. A., & Rahman, N. W. 
A. (2019). Preparation of Grease using Organic Thickener. Materials Today: 
Proceedings, 19, 1303–1308. https://doi.org/10.1016/j.matpr.2019.11.141 

Japar, N Suhaila A, Aziz, M. A. A., & Razali, M. N. (2018). Fundamental Study of 
Waste Oil Potential as Base Oil Alternative in Grease Formulation. In D. N. E. 
Phon, F. Ernawan, & S. Mohamad (Eds.), Proceeding of 2018 National 
Conference for Postgraduate Research. Universiti Malaysia Pahang. 

Japar, Nur Suhaila Anang, Aziz, M. A. A., & Rahman, N. W. A. (2020). Conversion of 
Waste Transformer Oil into Grease. In Advances in Waste Processing Technology. 
https://doi.org/10.1007/978-981-15-4821-5 

Jeremy Wright. (2008). Machinery Lubrication. Machinery Lubrication, 5, 1–12. 
http://machinerylubricationindia.com/archives/92-2013/sep-oct/155-oil-condition-
monitoring-using-electrical-conductivity 

Kaneta, M., Ogata, T., Takubo, Y., & Naka, M. (2000). Tribology Effects of a thickener 
structure on grease elastohydrodynamic lubrication films. Journal of Engineering 
Tribology, 214, 327–336. https://doi.org/10.1243/1350650001543214 

Kaperick, J. (2018). Dawn of a New Antioxidant. National Lubricating Grease 
Institute, 82(5), 43. 

Kaperick, J. P. (2013). Grease Thickeners. In Encyclopedia of Tribology (pp. 1562–
1567). https://doi.org/10.1007/978-0-387-92897-5_928 

Kardoš, S., & Pietriková, A. (2016). Evaluation of Motor Oil Characteristics and 
Degradation Factors for Possibilities of Continuous Diagnostics. Acta 
Electrotechnica et Informatica, 16(2), 20–24. https://doi.org/10.15546/aeei-2016-
0010 

Keeling, J. (2017). Graphite: properties, uses and South Australian resources. Mesa 
Journal, 84(September), 28–41. 

Kholijah, A. M. S., Yeung, S. L. C., Sazwani, S., & Yunus, R. M. (2012). Production of 
High Temperature Grease from Waste Lubricant Sludge and Silicone Oil. Journal 
of Applied Sciences, 12(11), 1171–1175. 

Kumar A. (2012). What You Should Know About Environmentally Friendly 
Lubricants. In Machinery Lubrication. 
https://www.machinerylubrication.com/Read/29229/environmentally-friendly-
lubricants 



 

115 

Kumar, N., Saini, V., & Bijwe, J. (2020). Performance properties of lithium greases 
with PTFE particles as additive: Controlling parameter- size or shape? Tribology 
International, 148(December 2019), 106302. 
https://doi.org/10.1016/j.triboint.2020.106302 

Kyodo Yushi. (2016). Classification and Characteristics of Grease. Kyodo Yushi Co. 

Laurentis, N. De. (2017). The Influence of Base Oil Properties on the Friction 
Behaviour of Lithium Greases in Rolling / Sliding Concentrated Contacts. 
Tribology Letters, 65(4), 1–16. https://doi.org/10.1007/s11249-017-0908-7 

LibreTexts. (2020). Infrared Interpretation. 
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Tex
tbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Spec
troscopy/Vibrational_Spectroscopy/Infrared_Spectroscopy/Infrared%3A_Interpret
ation 

Lubricants, N. (2020). Grease Oil Separation Test. 

Ludwig, L. G. (2012, February). Storing Grease to Avoid Bleed and Separation. 
Machinery Lubrication. 
https://www.machinerylubrication.com/Read/28761/storing-grease-to-avoid-bleed-
separation- 

Ludwig, L. G. (2014). Proper Storage and Use of Grease to Avoid Excessive Oil 
BLeeding And Separation. http://www.ghbook.ir/index.php?name= های رسانھ و فرهنگ  
option=com_dbook&task=readonline&book_id=13650&page=73&chkhashk&نو�ن
=ED9C9491B4&Itemid=218&lang=fa&tmpl=component 

Lugt, P M. (2013). Grease Lubrication in Rolling Bearings. John Wiley & Sons, Inc. 

Lugt, Piet M. (2013). Grease Qualification Testing. In Grease Lubrication in Rolling 
Bearings (1st ed., pp. 346–347). John Wiley & Sons, Ltd. 

Maceiras, R., Alfonsín, V., & Morales, F. J. (2017). Recycling of waste engine oil for 
diesel production. In Waste Management (Vol. 60, pp. 351–356). Elsevier Ltd. 
https://doi.org/10.1016/j.wasman.2016.08.009 

Maheswari, M. (2014). Analysis of Lubricant for Prediction of Contact Surface 
Behavior of Metals. Ijitr) International Journal of Innovative Technology and 
Research, 3, 933–939. 

Mang, T. (2014). Encyclopedia of Lubricants and Lubrication (T. Mang (ed.)). 
Springer-Verlag Berlin Heidelberg. https://doi.org/10.1007/978-3-642-22647-2 

Mang, T., & Dresel, W. (2017). Lubricants and Lubrication (3rd Ed). Wiley. 
https://doi.org/10.1002/9783527645565 

Marinescu, I. D., Rowe, W. B., Dimitrov, B., & Ohmori, H. (2013). Process fluids for 
abrasive machining. Tribology of Abrasive Machining Processes, 441–481. 
https://doi.org/10.1016/b978-1-4377-3467-6.00015-x 



 

116 

Martín-Alfonso, J. E., Valencia, C., Arteaga, J. F., Díaz, M. J., & Franco, J. M. (2013). 
Design of lubricating grease formulations using recycled polypropylene from 
postconsumer films as thickener agent. Journal of Applied Polymer Science, 
127(2), 1369–1376. https://doi.org/10.1002/app.37726 

Martín-Alfonso, J. E., Valencia, C., Sánchez, M. C., Franco, J. M., & Gallegos, C. 
(2011). Evaluation of different polyolefins as rheology modifier additives in 
lubricating grease formulations. Materials Chemistry and Physics, 128(3), 530–
538. https://doi.org/10.1016/j.matchemphys.2011.03.046 

Matrix. (2017). Greases (Issue 3). 

Mobil. (2009). Grease Oil Bleed — An Essential Characteristic. 

Mohammed, M. A. R. (2013). Effect of additives on the properties of different types of 
greases. Iraqi Journal of Chemical and Petroleum Engineering, 14(3), 11–21. 

Mohd Sofi, S. N. A., Abd Aziz, M. A., Anang Japar, N. S., Abdu Rahman, N. W., 
Abdulhalim, A. R., & Mohd Yunus, M. Y. (2019). Preparation and 
characterization of grease formulated from waste transformer oil. IOP Conference 
Series: Materials Science and Engineering, 702(1). https://doi.org/10.1088/1757-
899X/702/1/012034 

Mortensen, M. (2010). The Difference Between an oil and grease. 7652(800), 2010. 

Must, O., & Moving, C. (2010). Engine Oil Classifications Introduction. 1–4. 

Nabi, M. N., Akhter, M. S., & Rahman, M. A. (2013). Waste Transformer Oil as an 
Alternative Fuel for Diesel Engine. Procedia Engineering, 56, 401–406. 
https://doi.org/10.1016/j.proeng.2013.03.139 

Nagendramma, P., & Kumar, P. (2015). Eco-friendly multipurpose lubricating greases 
from vegetable residual oils. Lubricants, 3(4), 628–636. 
https://doi.org/10.3390/lubricants3040628 

Nandiyanto, A. B. D., Oktiani, R., & Ragadhita, R. (2019). How to read and interpret 
ftir spectroscope of organic material. Indonesian Journal of Science and 
Technology, 4(1), 97–118. https://doi.org/10.17509/ijost.v4i1.15806 

Noria Corporation. (2001, July). Water In Oil Contamination. Machinery Lubrication, 
1. 

Noria Corporation. (2017, December). Lubrication Regimes Explained. Machinery 
Lubrication. 

Noria Corporation. (2021). Density’s Role in Lubricant Performance. 

NSK. (2017). Lubrication: Technical Information - Part A. In NSK (pp. 236–237). NSK 
Ltd. 

Nye Lubricants. (2015). Choosing the Right Grease Thickening System. In Nye 
Lubeletter (pp. 1–2). https://www.nyelubricants.com/choosing-the-right-grease-



 

117 

thickening-system 

Nye Lubricants. (2020a). Oil Separation in Grease. 

Nye Lubricants. (2020b). Tribological Testing by 4 Ball Methods. 
https://www.nyelubricants.com/tribological-testing-by-4-ball-methods 

Palub. (2020). Understanding the viscosity index of a lubricant - Official Q8Oils 
Website. https://www.q8oils.com/energy/viscosity-index/ 

Paulus, T., Butterworth-heinemann, E., Uk, O., & Daniel, R. (2019). Lock Gates and 
Other Closures in Hydraulic Projects. In T. Van Der Ploeg, P. Jardim, & K. 
McCombs (Eds.), Lock Gates and Other Closures in Hydraulic Projects (Issue 
May). Matthew Deans. https://doi.org/10.1016/c2015-0-05399-0 

Percherancier, J. P., & Vuarchex, P. J. (1998). Fourier transform infrared (FT-IR) 
spectrometry to detect additives and contaminants in insulating oils. IEEE 
Electrical Insulation Magazine, 14(3), 23–29. https://doi.org/10.1109/57.675574 

Pierre, N. St. (2019). Determine Grease Consistency. Nye Lubricants. 
https://www.nyelubricants.com/need-to-know-grease-consistency 

Plant, E. (2009). Grease Basics - Efficient Plant. In Efficient plant. Efficient Plant. 
https://www.efficientplantmag.com/2009/07/grease-basics/ 

Program, H. W. (2017). Used Oil Burners – New Guidance for Rebuttable Presumption 
Used Oil Burners - Rebuttable Presumption (Vol. 2737, Issue April). 

Rajvanshi, A., & Pandey, P. K. (2016). Lubricating Grease from Waste Cooking Oil 
and Waste Motor Sludge. World Academy of Science, Engineering and Technology 
International Journal of Chemical and Molecular Engineering, 10(9), 1171–1174. 
https://doi.org/10.5281/zenodo.1126898 

Rawat, S. S., Harsha, A. P., & Deepak, A. P. (2018). Tribological performance of 
paraffin grease with silica nanoparticles as an additive. Applied Nanoscience. 
https://doi.org/10.1007/s13204-018-0911-9 

Razali, M. N., Aziz, M. A. A., Hamdan, W. N. A. W. M., Salehan, N. A. M., & Rosli, 
M. Y. (2017). Synthesis of Grease from Waste Oils And Red Gypsum. Australian 
Journal of Basic and Applied Sciences, 11(3), 154–159. 

Rensselar, J. Van. (2016). Lubricants and Grease Market Intelligence | Price, Forecast, 
Cost Models, Market Analysis – Market Research. 
https://www.beroeinc.com/category-intelligence/employee-benefits-management-
market/%0Ahttps://www.beroeinc.com/category-intelligence/sulfur-and-sulfuric-
acid-market/ 

Rensselar, J. Van. (2018). Grease chemistry_ why soap choice is so important. 

Rensselar, J. Van. (2019). The Importance of a Good Thickener in Grease. 

Rensselar, J. Van, & Shiller, P. (2015). Grease chemistry : Thickener Structure. 



 

118 

Rico, E. F., Minondo, I., & Cuervo, D. G. (2007). The effectiveness of PTFE 
nanoparticle powder as an EP additive to mineral base oils. Wear, 262(11–12), 
1399–1406. https://doi.org/10.1016/j.wear.2007.01.022 

Rizkon Fajar, S., Bismo, S., & Nasikin, M. (2009). Biogrease Based on Palm Oil and 
Lithium Soap Thickener: Evaluation of Antiwear. World Applied Sciences 
Journal, 6(3), 401–407. 

Rizvi, S. Q. A. (2008). A Comprehensive Review of Lubricant Chemistry, Technology, 
Selection, and Design. 

Rob King. (2017). Understanding Engine Oil. In Penrite Oil. 
https://www.micksgarage.com/blog/understanding-engine-oil/ 

Robert, M. (2012). Grease. In Tribology & Lubrication Technology (pp. 24–27). 

Rose, G. (2013). A Better Way to Test Grease Consistency. 

RSC. (2020). What’s the difference between a grease and a lubricant – Liquid Wrench. 

Salomonsson, L., Stang, G., & Zhmud, B. (2007). Oil/thickener interactions and 
rheology of lubricating greases. Tribology Transactions, 50(3), 302–309. 
https://doi.org/10.1080/10402000701413471 

Sánchez, R., Fiedler, M., Kuhn, E., & Franco, J. M. (2011). Tribological 
characterization of green lubricating greases formulated with castor oil and 
different biogenic thickener agents: A comparative experimental study. Industrial 
Lubrication and Tribology, 63(6), 446–452. 
https://doi.org/10.1108/00368791111169034 

Sánchez, R., Franco, J. M., Delgado, M. A., Valencia, C., & Gallegos, C. (2009). 
Development of new green lubricating grease formulations based on cellulosic 
derivatives and castor oil. Green Chemistry, 11(5), 686–693. 
https://doi.org/10.1039/b820547g 

Saruls, R., & Brazil, L. (2017). Impacts and Trends On The Grease Industry. 

SCL. (2018). Grease Bleed Separation - What You Need to Know. 

Scott, D. (2018). Introduction to tribology. In Fundamental of Tribology (Third, pp. 1–
9). Worlds Scientific. https://doi.org/10.1142/9781786345189_0001 

Shayeb, A., Odeh, I. B., Tameem, M., & Barahma, S. (2011). Conversion of Used 
Engine Oil into Lubricating Grease. 

Shen, T., Wang, D., Yun, J., Liu, Q., Liu, X., & Peng, Z. (2016). Tribological properties 
and tribochemical analysis of nano-cerium oxide and sulfurized isobutene in 
titanium complex grease. Tribology International, 93, 332–346. 
https://doi.org/10.1016/j.triboint.2015.09.028 

Silver, H. B., & Stanley, I. R. (1974). The effect of the thickener on the efficiency of 
load-carrying additives in greases. Tribology, 7(3), 113–118. 



 

119 

https://doi.org/10.1016/0041-2678(74)90011-6 

Singh, K., Sadeghi, F., Russell, T., Lorenz, S. J., Peterson, W., Villarreal, J., & Jinmon, 
T. (2021). Fluid-Structure Interaction Modeling of Elastohydrodynamically 
Lubricated Line Contacts. Journal of Tribology, 143(9). 
https://doi.org/10.1115/1.4049260 

Sivebaek, I. M., Samoilov, V. N., & Persson, B. N. J. (2003). Squeezing molecular thin 
alkane lubrication films between curved solid surfaces with long-range elasticity: 
Layering transitions and wear. Journal of Chemical Physics, 119(4), 2314–2321. 
https://doi.org/10.1063/1.1582835 

SKF. (2009). SKF Grease Test Kit. 1–40. 

Smith, T. (1983). Corrosion in lubricant systems. Anti-Corrosion Methods and 
Materials, 30(11), 15–16. https://doi.org/10.1108/eb007232 

Solverchem Publications (Ed.). (2016). Lubricating Oil Formulation Encyclopedia. 
Solverchem. https://www.solverchem.com/articles/detergent/powder-detergent-
manufacturing-process/details 

Sommer, M., & Haas, W. (2016). A new approach on grease tribology in sealing 
technology: Influence of the thickener particles. Tribology International, 103, 
574–583. https://doi.org/10.1016/j.triboint.2016.08.002 

Spectro Scientific. (2017). Guide to Measuring Oil Chemistry: Nitration, Oxidation and 
Sulfation. https://www.spectrosci.com/resource-center/lubrication-analysis/ 

Suhaila, N., Japar, A., Aizudin, M., Aziz, A., & Razali, M. N. (2018). Formulation of 
lubricating grease using Beeswax thickener. IOP Conference Series: Materials 
Science and Engineering, 342(1). https://doi.org/10.1088/1757-
899X/342/1/012007 

Sui, T., Song, B., Wen, Y. H., & Zhang, F. (2016). Bifunctional hairy silica 
nanoparticles as high-performance additives for lubricant. Scientific Reports, 
6(March). https://doi.org/10.1038/srep22696 

Sumerlin, S. (2011). 10 Ways to Improve Lubricant Storage and Handling. Machinery 
Lubrication. https://www.machinerylubrication.com/Read/28429/improve-
lubricant-storage 

Tamari, S., & Chavez, A. A. (2005). Optimum Design of Gas Pycnometers for 
Determining the Volume of Solid Optimum Design of Gas Pycnometers for 
Determining the Volume of Solid Particles. Journal of Testing and Evaluation, 
March 2014. https://doi.org/10.1520/JTE12674 

Taylor, P., Baart, P., Vorst, B. Van Der, Lugt, P. M., & Ostayen, R. A. J. Van. (2010). 
Oil-Bleeding Model for Lubricating Grease Based on Viscous Flow Through a 
Porous Microstructure Oil-Bleeding Model for Lubricating Grease Based on 
Viscous Flow Through a Porous Microstructure. Tribology Transactions, 53(3), 
37–41. https://doi.org/10.1080/10402000903283326 



 

120 

Thompson, M. (2008). CHNS Elemental Analysers. In AMC Technical Briefs. 

Tobie, T. (2016). The Effect of Selected Grease Components on the Wear Behavior of 
Grease-Lubricated Gears. 138(January), 1–9. https://doi.org/10.1115/1.4031278 

Trade, W. (2021). Waste Engine Oil_Used Motor Oil. 
https://www.eworldtrade.com/pd/suzeelea/waste-engine-oil-used/852965/ 

Tribonet. (2019). Four Ball Tester _ About Tribology. 

Tsai, W. T. (2011). An analysis of used lubricant recycling, energy utilization and its 
environmental benefit in Taiwan. Energy, 36(7), 4333–4339. 
https://doi.org/10.1016/j.energy.2011.04.008 

Turner, D., Moon, M., & Tuszynski, B. (2020). Definitions of Terms Relating to the 
Lubricating Grease Industry. NLGI Grease Glossary. https://www.nlgi.org/grease-
glossary/ 

Varenberg, M. (2013). Towards a unified classification of wear. Friction, 1(4), 333–
340. https://doi.org/10.1007/s40544-013-0027-x 

Vroom, G. B. (1997). Lubricating Grease. Journal of the American Society for Naval 
Engineers, 37(3), 551–559. https://doi.org/10.1111/j.1559-3584.1925.tb05523.x 

Waheeda, N., Abdu, B., Of, B., & Engineering, C. (2018). FORMULATION OF SOAP 
BASED GREASE FROM WASTE OIL. 

Wolak, A., Krasodomski, W., & Zając, G. (2020). FTIR analysis and monitoring of 
used synthetic oils operated under similar driving conditions. Friction, 8(5), 995–
1006. https://doi.org/10.1007/s40544-019-0344-9 

Wright, J. (2015). Benefits of FTIR Oil Analysis. In Machinery Lubrication Oil 
Analysis (pp. 20–22). NORIA. 

Wu, C., Xiong, R., Ni, J., Yao, L., Chen, L., & Li, X. (2020). Effects of CuO 
nanoparticles on friction and vibration behaviors of grease on rolling bearing. 
Tribology International, 152(July), 106552. 
https://doi.org/10.1016/j.triboint.2020.106552 

Xu, N., & Wang, X. (2018). functional groups of a base oil. New Journal of Chemistry, 
42(December 2017), 9. https://doi.org/10.1039/C7NJ04833E 

Younes, H., Christensen, G., Groven, L., Hong, H., & Smith, P. (2016). Three 
dimensional (3D) percolation network structure: Key to form stable carbon nano 
grease. Journal of Applied Research and Technology, 14(6), 375–382. 
https://doi.org/10.1016/j.jart.2016.09.002 

Zakani, B., Ansari, M., & Grecov, D. (2018). Dynamic rheological properties of a 
fumed silica grease. Rheologica Acta, 57(1), 83–94. 
https://doi.org/10.1007/s00397-017-1064-6 

Zhang, J., Wang, A., & Yin, H. (2020). Preparation of graphite nanosheets in different 



 

121 

solvents by sand milling and their enhancement on tribological properties of 
lithium-based grease. Chinese Journal of Chemical Engineering, 28(4), 1177–
1186. https://doi.org/10.1016/j.cjche.2020.01.013 

Zhao, Y. (2017). Predictive equipment maintenance oil analysis handbook third edition. 
https://www.spectrosci.com/default/assets/File/SpectroSci_OilAnalysisHandbook_
FINAL_2014-08.pdf 

Zimmark. (2020). Contamination management - Industrial Lubrication Management 
Services. 

 

  


	ACKNOWLEDGEMENTS
	ABSTRAK
	ABSTRACT
	TABLE OF CONTENT
	LIST OF FIGURES
	LIST OF SYMBOLS
	LIST OF ABBREVIATIONS
	LIST OF APPENDICES
	CHAPTER 1    INTRODUCTION
	1.1 Research Background
	1.2 Problem Statement
	1.3 Objective
	i. To investigate the potentials of waste engine oil, WEO as a source of Lubricating Oil.
	ii. To characterize the formulated lubricating grease in terms of physico-chemical properties.
	iii. To investigate the effect of additives on properties of formulated lubricating grease.

	1.4 Scope of the Study

	CHAPTER 2    LITERATURE REVIEW
	2.1 Introduction
	2.2 Lubrication
	2.3 Lubricating grease
	2.3.1 Application of Lubricating Grease
	2.3.2 Current Demands for Lubricant Industry

	2.4 Grease Composition and Its Structure
	2.4.1 Base Oil
	2.4.1.1 Mineral Oil
	2.4.1.2 Synthetic Oil
	2.4.1.3 Waste Oil
	Waste Engine Oil (WEO)


	2.4.2 Thickener
	2.4.2.1 Soap Thickener
	2.4.2.2 Non-Soap Thickener

	2.4.3 Additive
	Polytetrafluoroethylene (PTFE)
	Graphite

	2.4.4 Structure of Lubricating Grease

	2.5 Grease Formulation
	2.6 Grease Testing
	2.6.1 Grease Properties
	2.6.2 Tribological Properties of Grease
	2.6.2.1 Anti-Wear Properties


	2.7 Summary

	CHAPTER 3    METHODOLOGY
	3.1 Introduction
	3.2 Overview of Research Methodology and Materials Used
	3.3 Waste Engine Oil Characterisation
	3.3.1 Pre-treatment of WEO
	3.3.1.1 WEO Presevation

	3.3.2 WEO properties
	3.3.2.1 Kinematic Viscosity and Viscosity Index
	3.3.2.2 Density Measurement
	3.3.2.3 Moisture Content Analysis
	3.3.2.4 Oil Characterisation by Fourier Transform Infrared Spectroscopy
	3.3.2.5 Elemental Analysis by Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
	3.3.2.6 Sulphur Detection by CHNS Analyser


	3.4 Grease Production
	3.4.1 Grease formulation
	3.4.2 Preparation of Grease
	3.4.2.1 Sodium grease preparation
	3.4.2.2 FS grease preparation
	Grease Sample preservation



	3.5 Grease Characterisation
	3.5.1 Physical Characterisation
	3.5.1.1 Consistency
	3.5.1.2 Oil bleeding Test
	3.5.1.3 Oil Separation Test
	3.5.1.4 Corrosion Test

	3.5.2 Chemical Characterisation - FTIR

	3.6 Selected Grease Production with Addition of Additives
	3.6.1 Tribological Characterisation
	3.6.1.1 Wear Preventive Test



	CHAPTER 4    RESULTS AND DISCUSSION
	4.1 Introduction
	4.2 WEO Analysis
	4.2.1 WEO properties
	4.2.1.1 Kinematic Viscosity and Viscosity Index
	4.2.1.2 Moisture Content
	4.2.1.3 Corrosivity
	4.2.1.4 FTIR Characterisation
	4.2.1.5 Elemental Analysis of WEO
	4.2.1.6 Sulphur Detection by CHNS Analyser

	4.2.2 WEO as Grease Base Oil

	4.3 Grease Formulation
	4.4 Grease Characteristics
	4.4.1 Physical Characteristic
	4.4.1.1 Appearances
	4.4.1.2 Consistency
	4.4.1.3 Oil Bleeding
	4.4.1.4 Oil Separation
	4.4.1.5 Copper Corrosion

	4.4.2 Grease FTIR Characterisation

	4.5 Selected Grease
	4.6 Selected Grease Comparison to Commercial Grease
	4.7 Selected Grease Formulation
	4.7.1 Final Grease Characteristic
	Appearance and copper corrosion
	FTIR Characterisation
	The properties of the Selected greases


	4.8 Selected Grease Wear Preventive Characteristic
	Friction test
	Wear scar diameter (WSD)


	CHAPTER 5    CONCLUSION
	5.1 Conclusion
	5.2 Future Recommendation
	REFERENCES





