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ABSTRACT

ZDDP (zinc dialkyldithiophosphate) is one of the most commonly used
petroleum additives as anti-wear, anti-rust and anti-oxidant but it has
some environmental problems, so there is a must to find aliernative eco-
friendly compounds which can replace some of these conventional used
petroleum additives. In this study, new compatible mixtures from different
natural sources using phospholipids were prepared and their solubility in
mineral base oils was evaluated to achieve complete solubility. Some of the
prepared mixtures were characterized by FT-IR and then evaluated as
anti-rust and anti-oxidant additives for lubricating oils according to
standard test methods such as rust preventing characteristics and RPVOT
(Rotary Pressure Vessel Oxidation test) for oxidation stability evaluation.
The results of evaluation showed an excellent opportunity of widely usage
of the vegetable oils derivatives specially Soy Lecithin (SL} in petroleum
industry as multifunctional petroleum additives.

© 2018 Published by Faculty of Engineering

1. INTRODUCTION

index, pour point, and oxidation stability. The
examples of new properties include cleaning and

The Modern equipment must be lubricated in
order to preolong its lifetime. A lubricant perforims
a mnumber of critical functions. The main
importance of lubricating oils is lubrication and
cooling of metal parts in addition to cleaning and
protecting metal surfaces against corrosive
damage. Lubricant comprises a base fluid and an
additives package. The primary function of the
base fluid is to lubricate and act as a carrier of
additives. The function of additives is either to
enhance an already existing property of the base
fluid or to add a new property. The already
existing properties include wiscosity, wviscosity

suspending ability, anti-wear performance, and
corrosion control. Additives for lubricating oils
were used first during the 1920s, and their use
has since increased tremendously. Today,
practically all types of lubricating oil contain at
least one additive and some oils contain several
different types of additives [1-3]. During the
1930s and 1940s with the discovery of =zinc
dialkyldithiophosphates (ZDDP], the most
important adwvance in anti-wear chemistry was
made [4]. ZDDP was initially used to prevent
bearing corrosion but it was later found to have
exceptional antioxdant and anti-wear properties.

129



Contents



List of Contents

List of Contents
Topic
Aim of the work
Summary
Chapter 1: Introduction
L1 Petrol@Um ...
1.1.1. Petroleum refining ..........c.ooiiiiiiiiiiii e
1.1.1.1. Crude Distillation ....... ...
1.1.1.2. Conversion processes (Cracking) .............oovieiiiiiiiiiiiiiininnan,
1.1.1.3. Upgrading ProCesses ...........oouiiiniiiiiiiiiiiiiiiiiieieeea,
1.1.2. Products obtained from crude oil processing ................cccevveiennnnnn.
1.1.3. Lubrication and Lubricating regimes ............cccovviiiriiiiiiiienanenn,
1.1.3.1. Hydrodynamic lubrications ..............coeiuiiiiiiiiiiiiiiiiiie e,
1.1.3.2. Elastohydrodynamic lubrication ................coooiiiiiiiiiiiiiiiinn...
1.1.3.3. Boundary [ubrications ............c.oouiiuiiiiiiiiiiiiiiie e aeiananns
1.1.3.4. Partial or mixed lubrication regime ...............ccevviiiiiiiiiinianannn.
114, Base StOCK ...onuinei i
LIS  LubIicants ....o.e ot
1.6 AddItIVES .o
1.1.6.1. Friction Modifiers ..........cooooiiiiiiii e,
1.1.6.2. Anti-wear agents (A.W.) and extreme-pressure (E.P.) additives ........
1.1.6.3. Antioxidant additives ...........ccoiiiiiiiiii i
1.1.6.3.1. Mechanism of lubricating oils oxidation .......................oovenne.
1.1.6.3.2. Mechanism of antioxidant additives .................cooiiiiiiii..
1.1.6.4. Rust and corrosion inhibitors ..o
1.1.6.5. Viscosity index improvers (VII) ...,

1.1.6.6. ANti-foam agents ...........c.ouiieiiiiitii i,




List of Contents

1.1.6.7. Detergent and dispersant additives ..............ccoeviiiiiiiiiiiiininneenn... 31
1.1.6.8 Pour point depresSants .........c.eeveieirieiiieie i eieeieeineennss 33
1.1.6.9 Multifunctional nature of additives ..............coooiiiiiiiiiiiiinin... 34
08 1T 11 11 o 36
1.2.1. Structure, Composition and SOUICES .........coveieiiieirieniieiieennneannnns 37
1.2.2.1. Animal based lecithin ..., 40
1.2.2.2. Plant based lecithin ..............ooooiiiiiiiii 41
1.2.2.3. MICIOOTZANISINS . .euttttententtententeeteentete et eaeeaeeeenaeeneeaennns 43
1.2.3. Manufacture, purification and modification .....................ooeeiiinni, 44
1.2.4. Modifications of lecithins ..., 45
1.2.4.1. Physical modification ..............cooiiiiiiiiii e 46
1.2.4.2. Chemical modification .............coeiieiiiiiiiiiiiiiieieeeeae 49
1.2.5. Applications and USES ..........eevuiiiriiiii et 51

Chapter 2: Experimental

2.1 MAteTials ..ottt 53
2.1.1. Soy Lecithin Liquid Light Color (non-GMO) (Phosphatidylcholine) ..... 53
2.1.2. Mineral base 0ilS .........oouiiuiiiiiii i 55
2,13, QUETCELIN L. .utt ittt e e e 56
2.1.4. Oleyl alcohol ... ..o o7
2.1.5. Other Materials ..........oouiiniiiii e, 58
2.2, INSTIUMENES ...ttt ettt e e 59

2.2.1. Standard Test Method for Rust-Preventing Characteristics of Inhibited
Mineral Qil in the Presence of Water (ASTM D 665 —
P 13 ettt 59
2.2.2. Standard Test Method for Oxidation Stability of Steam Turbine Oils by
Rotating Pressure Vessel (ASTM D 2272 — 1P 229) .....ccovvivininnnnn. 61




List of Contents

2.2.3. Determination of lodine value — iodine mono-chloride method

(TP A el 62
2.2.4. FT-IR (Fourier transform infrared spectroscopy) ............cocevvevvvveeee. 63
2.2.5. Four Ball test .....oooniii i 64
2.3 . Methods ..o, 67

2.3.1. Addition of Soy Lecithin (SL) to mineral base oils ........................... 67
2.3.2. Improvement in the oxidation stability of Soy Lecithin (SL) .............. 67

2.3.2.1. Modification of Soy Lecithin (SL) ........cooviiiiiiiiiiiiee, 67
2.3.2.1.1. Fractionation of Soy Lecithin (SL) ..., 68
2.3.2.1.2. De oiling of Soy Lecithin (SL) ........coooiiiiiiiiiiii i, 68
2.3.2.1.3. Hydroxylation of Soy Lecithin (SL) ...........ccooviiiiiiiiiiiii 69
2.3.2.2. Synthesis of lecithin borate using boric acid ...................ccooviee... 70
2.3.2.3. Addition of eco-friendly antioxidants ................ccoceveiiiiinininnnn.n. 70
2.3.2.3.1. Addition of lactic acid ...........ccoiiiiiiiiiii 70
2.3.2.3.2. Addition of citric acid .........ooeiiiiiii 71
2.3.2.3.3. Addition of vitamin E (a-tocopherol) ..............cooiiiiiiiiiii, 71
2.3.2.3.4. Addition of Quercetin (natural poly phenol) ...................c..oii 71
2.3.2.4. Addition of essential oils (natural liquid aroma compounds) to

disSOIVE QUETCELIN ... ...uiitt i, 72
2.3.2.4.1. Addition of Pine 01l ... ..o 72
2.3.2.4.2. Addition of Rosemary oil .............cooiiiiiiiiiiiiii e, 73
2.3.2.5. Using of different mineral base oils to dissolve Quercetin .............. 73
2.3.2.5.1. Using of mineral white o1l ................ccoiiiiiiiiiiii 73
2.3.2.5.2. Using of Nynas TO 01l ........oooviiiiiiiiiiii e 74
2.3.2.5.3.Using of LBS 4 01l ...voniinii i 74
2.3.2.6. Preparation of Lecithin enriched Quercetin “Phenolipid” ................ 75
2.3.2.7. Preparation of lecithin — oleyl alcohol mixtures .......................c..... 76

2.3.2.8. Using of lecithin — oleyl alcohol mixture in Phenolipid preparation ... 77




List of Contents

Chapter 3: Results and Discussion
3.1. Structural Characterization using FT-IR analysis ......................o..ee. 78
3.2. Evaluation of the addition of Soy Lecithin (SL) to mineral base oils as
anti-rust additive for petroleum lubricating oils .....................oeoenenn. 83
3.3. Evaluation of the addition of Soy Lecithin (SL) to mineral base oils as
anti-oxidant additive for petroleum lubricating oils ........................... 85

3.4. The effect of using modified Soy Lecithin to improve oxidation stability

OF S 89
3.4.1. Using of phosphotidylcholine (PC) ..., 89
3.4.2. Using of De-oiled Soy Lecithin ............c.cooviiiiiiiiiiiiiiiias 89
3.4.3. Using of Hydroxylated Soy Lecithin ..................coooiiiiiiiiiian.. 90
3.5. The effect of using lecithin borate to improve oxidation stability of SL.... 92

3.6. The effect of using eco-friendly antioxidants to improve oxidation

stability Of SL ..o 93
3.6.1. Using of lactic acid ..........c.oouiiiiiiiii e 93
3.6.2. Using of CItric acid ........oiiiiiniiii e 93
3.6.3. Using of Vitamin E (a-tocopherol) ................ocoiiiiiiiiiiinnnn, 94
3.6.4. Using of Quercetin (natural poly phenol) ...............cccoovviiiiiiinnnn.. 95
3.7. The effect of using Essential oils (natural liquid aroma compounds) to

dissolve Quercetin to increase oxidation stability of SL ..................... 98
3.7.1.UsIng of pIne 01l ..o.vuiniiti i, 98
3.7.2. Using of Rosemary oil ... 100
3.8. Using of different mineral base oils to dissolve Quercetin ................... 101
3.8.1. Using mineral white oil (paraffinicoil) ........................ool. 101
3.8.2. Using Nynas T9 oil (naphthenic oil) ..............ccoooiiiiiiiii, 101
3.8.3. Using LBS 4 oil (Higher aromatic content than 90/110 base oil) ......... 104

3.9. The effect of using a prepared phenolipid (Lecithin enriched Quercetin)

to improve oxidation stability ..............ooiiiiiiiiii 106



https://en.wikipedia.org/wiki/Essential_oil
https://en.wikipedia.org/wiki/Aroma_compound

