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Abstract
The project is based on a previous project “The Preparation of Palestinian Standard for Floor Cleaning Gel” taking the recommendations and findings on the ratio of pine oil/LABS as a start concentrations for the project. According to the rapid increase in the cost of the pine oil, there is a necessity to produce the floor cleaning gel with a lower cost and with same or better efficiency, and finding a suitable replacement of pine oil if any exist. This need is based on the actual market volume of floor cleaning gel which is approximately 6700 tons per year; so it is worth to study how one can lower cleaning gel main ingredients cost.
[bookmark: _GoBack]To achieve this, a systematic experimental approach was carried out where cleaning gel samples were produced in the laboratory at different LABS to pine oil ratio. To modify the floor cleaning gel, abrasive materials were added. A pine oil free cream hard surface cleaner was prepared but proved to be separable.
In order to evaluate the cleaning efficiency and performance of the gel for contaminated soil tile a straight line apparatus was used and the surface tension of cleaning gel solution was measured. The surface activity concept was used to test the performance of the gel at different cleaning cycle times.
All modifications carried out on all samples were based on information taken from open literatures and the Palestinian Standard Institute (PSI) for any regulations and information of a standard floor cleaning gel.
 Results out of this project show that the concentration of the pine oil can be reduced to a half of what was found in the previous project (5wt% to 2.5 wt %). This was supported by measuring the critical micelle concentration ‘cmc’ of the gel which was found to be 310 ppm.
A comparison of the cleaning efficiency of the prepared sample with a commercial product was carried out under variable cleaning cycle times. It was found that if number of cycle time increases, more reduction of surface tension were found. 
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Chapter One
INTRODUCTION


The detergent industry is one of the biggest industries in the world. It is because everyone uses detergents. It is very essential to obtain clean clothes, dishes, floor and other daily use materials.
In recent decades, soap and detergents manufacturing has a special concern in the Palestinian market because of its importance and huge demand. In the Palestinian market, little attention is given for improving the efficiency of detergents. Therefore, researches are needed to focus on modifying new formulations of those detergents for the aim to achieve the best performance with acceptable cost affordable by all customers. For this reason, our project will focus on improving the efficiency (with acceptable production cost) of one of detergent categories which is house hold surface cleaner (floor cleaning gel) and testing the performance of it.

1.1. [bookmark: _Toc252214228]Study Problem

This project is based on a previous project “The Preparation of Palestinian Standard for Floor Cleaning Gel” where several experiments were carried out to map the best operating conditions that can be used as base for preparing a floor cleaning gel according to the Palestinian standard specification. This project, "Modification and Testing the Performance of Floor Surface Cleaning Gel”, will take the recommendations and findings from the previous project as a start idea to modify a new gel formula and testing the performance of it by several tests. The motivation behind the idea of this project is that recently there is a rapid increase in the cost of main raw material (pine oil) of the floor cleaning gel. This reaches around four times but it is still soled as it was before. This brings us with a doubt about its ingredients.  


1.2. [bookmark: _Toc252214229]Main Goals

The main aim of this project is to produce the floor cleaning gel with a lower cost but with same or better efficiency. The ongoing increase in the cost of pine oil resulted in the need to find a suitable replacement which has the same function of the used solvent, disinfectant and viscosity improver. Increasing the cleaning efficiency by the addition of an abrasive material to the gel is another objective to be achieved. This can be achieved by the design of new formula of floor cleaner (cream cleaner). Also design and produce an apparatus to test the cleaning efficiency of the product for the aim of full filling customers’ requirements for best floor cleaning gel performance.
To satisfy the above goals, the following six objectives are set:
Objectives:
1. To practice the production of a gel in the lab at different LABS to pine oil ratio taking the previous project as a basis. 
2. Modification of floor cleaning gel by adding abrasive materials and modifying the formula.
3. Preparation of a new formula (Cream Hard Surface Cleaner).
4. Finding and adopting a method to evaluate the cleaning efficiency and performance of the gel by using contaminated soil and measure the reduction of surface tension after the application of cleaning using a designed apparatus that mimic hand cleaning which called straight line apparatus [w1].
5. Finding the critical micelle concentration ‘cmc’ of the floor cleaning. This is essential as any concentration above 'cmc' will cause no increase in efficiency. 
6. Draw a relationship between the surface tension of the soil/gel solution and the concentration of the pine oil in the gel at different cycle times.


The outline of this project consists of seven chapters; Chapter Two will describe the publish data in the open literature about floor cleaning gel and in more particular on pine oil based formulas. This is followed by Chapter Three where more information about the liquid detergents including categories of detergents, how detergents work, cleaning compound selection, factors affecting cleaning efficiency, light and heavy duty detergents and surface activity will be discussed. 
Methodology of the work will be discussed in Chapter Four. Then, Chapter Five will handle the experimental work concerning lab scale production of floor cleaning pine oil gel, cream hard surface cleaner experiment, quality tests of floor cleaning gel, design an apparatus to  evaluate the cleaning efficiency and testing the performance of gel using surface activity concept.
Moreover, the results and discussion of all above experiments will be explained in Chapter Six. Finally, the conclusions and recommendations resulting from our work are drawn in Chapter Seven.














[bookmark: _Toc252214230]Chapter Two
LITERATURE SURVEY

After searching the open literatures about the floor cleaning gel; many patents were found. The following table shows some of them.

[bookmark: _Toc252259536]Table 1: several patents describe the floor cleaning gel composition
	Title
	Inventors
	year
	Patent
Number
	No.

	Pine oil hard surface cleaning composition
	Richter
	1982
	4346071
	1

	Liquid cleaning suspension
	Tronger et al
	1989
	4842763
	2

	Cleaning paste with soluble abrasive
	Lancz
	1988
	4784788
	3

	Clear detergent gel compositions having opaque particles dispersed therein
	Corring et al.
	1992
	5141664
	4

	Sprayable cleaning gel, dispenser, and method of using same
	Faris
	1998
	5705470
	5

	Germidical pine oil cleaning composition
	Richter et al. 
	1997
	5629280
	6



The previous patents could be described as the following:
1. For the first patent; a pine oil cleaning concentrate composition comprising as essential constituents: pine oil, a nonionic surfactant with a cloud point of 20 ˚C. or less, a solubilizing agent and water, feature reduced levels of volatile organic contents, including reduced amounts of pine oil, yet provides good blooming characteristics upon mixing of the concentrate composition with a further amount of water to produce a cleaning composition there from. The pine oil cleaning compositions may further include conventional additives, including germidical agents, viscosity modification agents, fragrances (natural or synthetically produced), foaming agents, further surfactants, and coloring agents. [w2]
2. For the second patent, the invention relates to a liquid cleaning suspension based on a mixture of water, tensides, carrier materials, low molecular weight alcohols, thickeners, and other additives such fragrances and antimicrobials. The cleaning suspension of the invention comprises from about 5 to 40% by weight of sodium aluminum silicate having a particle size up to 100μ. [w2]
3. For the third patent, a hard surface highly viscous cleaning composition comprising by weight about 65-80% of an organic liquid vehicle consisting essentially of about 15-35% water miscible organic solvents and about 35-70% of a nonionic surfactant mixture containing an ethoxylated fatty acid as one of the surfactant and sodium hydroxide. [w2]
4. For the fourth patent, a cleaning composition was provided comprising a clear gel with opaque particles of an active material uniformly dispersed and suspended within the gel. A surfactant was present in the gel. The active material was surrounded by a protective substance such as an encapsulating layer. Representative of active materials were chlorine and oxygen bleaches, bleach precursors, enzymes, fabric softeners, surfactants, perfumes and mixtures of these materials. [w2]
5. For the fifth patent, a substantially homogeneous sprayable cleaning gel composition which was substantially free of suspended encapsulated particles exhibits extended dwell time when sprayed on to a surface as compared to a low viscosity spray cleaner. The extended dwell time and anti-static properties of the sprayable cleaning gel composition gave rise to several benefits. The sprayable cleaning gel composition housed in a spray applicator was usable to clean surfaces ay any angle. [w2]
6. For the sixth patent, A pine oil type cleaning concentrate composition comprising as essential constituents: pine oil, one or more pine oil solubilizing agents, cationic surfactant, anionic surfactant, a surfactant compatibilizing agent, and water. Compositions according to the invention feature reduced levels of volatile organic contents, including reduced amounts of pine oil, yet provide good blooming characteristics upon mixing of the concentrate composition with a further amount of water to produce a cleaning composition therefrom. The pine oil cleaning compositions may further include conventional additive, including germicidal agents, viscosity modification agents, fragrances (natural or synthetically produced), foaming agents, detersive agent, co-surfactants and coloring agents. [w3]

Moreover, there were other scientific papers related to the subject as the following:
Multi Purpose Gel Cleaner with Natural Pine - Accepta 3511 is a multi-purpose gel containing soft soaps, anionic detergents and natural pine oil in water. Suitable for use as a general hard surface cleaner, a floor maintenance polisher and as a sanitizer for ceramic and vitreous ware [w4].
Multipurpose pine gel cleaner (Pine Gel) is an efficient general duty cleaner.  It contains natural pine oil and surfaces cleaned with this product show a marked reduction in bacteria count.  Pine Gel works without producing excessive foam and is, therefore, easy to rinse off after cleaning. The main use for Pine Gel is in the cleaning of all kinds of floor surfaces, paint-work and as a maintenance treatment for floors [w5].

Detergents for cleaning various household surfaces are considered specialty cleaners. These include all-purpose cleaners for floors and surfaces, and cleaners for bathrooms, kitchens, toilet bowls, and glass. Early versions of specialty liquid cleaners were based on low levels of tetrapyrophosphate builder and surfactant, and additions such as alkanolamides and a sufficient amount of hydrotrope to keep the composition homogeneous. For sanitizing products, the additions included compounds with antimicrobial efficacy, such as pine oil or antimicrobial cationics. With the advent of phosphate bans, sodium citrate has emerged as the most common phosphate replacement in these products. 
For increased efficacy in removing particulates adhering to substrates, some general-purpose cleaners incorporate a soft abrasive, such as calcium carbonate. The resulting products are milky suspensions with about 40 to 50% of suspended calcium carbonate. Keeping these compositions homogeneous through extended storage is a technical challenge. One approach to solving this problem is to provide “structure” to the liquid medium. Surfactants present as a lamellar phase are capable of structuring liquids. (1) 
Another one of the open literature that related to the floor cleaning is the project of the preparation of the floor cleaning gel is the project of (The Preparation of a Palestinian Slandered for Floor Cleaning Gel) which was prepared by students from Chemical Engineering Department at An-Najah National University in 2008.
The main objectives of this project were:
· Test the operating conditions of manufacturing a floor cleaning gel using a lab scale double jacket mixer.
· Use the output of the best operating conditions in preparing a Palestinian Slandered Specification.
In this project it was noticed that the parameters that affected the gel properties were the concentration of LABS and pine oil, the exposure to temperature more than 25ºC for long time, bad mixing and bad transportation.
Moreover, it was found that the best gel properties were related to viscosity, appearance, uniformity and color. This was equivalent to 12wt% LABS, sodium hydroxide of 12.5 wt% of LABS percentage and 5 wt% pine oil. (8)








[bookmark: _Toc252214231]Chapter Three
 LIQUID DETERGENTS

[bookmark: _Toc252214232]3.1. Definitions

A detergent is a formulation comprising essential constituents (surface active agents) and subsidiary constituents (builders, boosters, fillers and auxiliaries). 
Detergents have molecules with one side that preferred water (hydrophilic), and another side that prefers oils and fats (hydrophobic). The hydrophilic side attaches to water molecules, and the hydrophobic attaches to oil molecules. This action allows the oil droplets to break up into smaller droplets, surrounded by water. These smaller droplets are no longer stuck to the material to be cleaned, and are washed away [w6].

[bookmark: _Toc252214233]3.2. Introduction 

With the industrial and population growth in our country the need of soaps and detergents has increased very much. Moreover, financial aspect has also encouraged the new generation of detergent industries. Being economic and effective the worldwide consumption of detergent increasing day by day.
Liquid detergents provide convenience in our daily life ranging from personal care of hand, body cleansing, hair cleaning, conditioning to home care in dishwashing and cleaning of various household surfaces to fabric care in laundering and  fabric softening. Compared with powdered detergents, liquid detergents dissolve more rapidly, particularly in cold water, they generate less dust, and they are easier to dose. It is not surprising, that liquid forms of cleaning products have been gaining in popularity since their introduction in the late 1940s. (2)


[bookmark: _Toc252214234]3.3. Categories of Detergents (1)

Detergents can be categorized into:
1. Personal Cleaning Products.
2. Laundry detergent.
3. Dishwashing Products.
  4. Household Cleaners.
· Personal Cleaning Products
Include bar soaps, gels, liquid soaps and heavy duty hand cleaners. These products get their cleaning action from soap, other surfactants or a combination of the two. The choice of cleaning agent helps determining the product's lathering characteristics; feel on the skin and rinsability. Assume of each is as follows: 
Bar soaps or gels are formulated for cleaning the hands, face and body. Depending on the other ingredients, they may also moisturize the skin and/or kill or inhibit bacteria that can cause odor or disease. Specialty bars include transparent/translucent soaps, luxury soaps and medicated soaps. 

Liquid soaps are formulated for cleaning hands or body, and feature skin conditioners. Some contain antimicrobial agents that kill or inhibit bacteria that can cause odor or disease.
Heavy duty hand cleaners are available as bars, liquids, powders and pastes. Formulated for removing stubborn, greasy dirt, they may include abrasive materials.
· Laundry detergent
Available as liquids, powders, gels, sticks, sprays, sheets and bars. They are formulated to meet a variety of soil and stain removal, bleaching, fabric softening and conditioning, and disinfectant needs under varying water, temperature and use conditions. 
Laundry detergents are either general purpose or light duty. 
General purpose detergents are suitable for all washable fabrics. Liquids work best on oily soils and for retreating soils and stains. Powders are especially effective in lifting out clay and ground-in dirt.
Light duty detergents are used for hand or machine washing lightly soiled items and delicate fabrics. 
· Dishwashing Products
Dishwashing Products include detergents for hand and machine dishwashing as well as some specialty products. They are available as liquids, gels, powders and solids.
Hand dishwashing detergents remove food soils, hold soil in suspension and provide long-lasting suds that indicate how much cleaning power is left in the wash water.
Automatic dishwasher detergents, in addition to removing food soils and holding them in suspension, tie up hardness minerals, emulsify grease and oil, suppress foam caused by protein soil and help water sheet off dish surfaces. They produce little or no suds that would interfere with the washing action of the machine.
· Household Cleaners
Available as liquids, gels, powders, solids, sheets and pads for use on painted, plastic, metal, porcelain, glass and other surfaces, and on washable floor coverings. Because no single product can provide optimum performance on all surfaces and soils, a broad range of products has been formulated to clean efficiently and easily. While all-purpose cleaners are intended for more general use, others work best under highly specialized conditions.
1.  All-purpose cleaners penetrate and loosen soil, soften water and prevent soil from re-depositing on the cleaned surface. Some also disinfect.
2.  Abrasive cleansers remove heavy accumulations of soil often found in small areas. The abrasive action is provided by small mineral or metal particles, fine steel wool, and copper or nylon particles. Some also disinfect.
3.  Specialty cleaners are designed for the soil conditions found on specific surfaces, such as glass, tile, metal, ovens, carpets and upholstery, toilet bowls and in drains.
4. Glass cleaners loosen and dissolve oily soils found on glass and dry quickly without streaking. 
Glass and multi-surface cleaners remove soils from a variety of smooth surfaces. They shine surfaces without streaking.
5.  Tub (container), tile (surface) and sink cleaners remove normal soils found on bathroom surfaces as well as hard water deposits, soap scum, rust stains, and/or mildew and mold. Some also treat surfaces to retard soiling; some also disinfect.
6.  Metal cleaners remove soils and polish metal ware. Tarnish, the oxidation of metal, is the principal soil found on metal ware. Some products also protect cleaned metal ware against rapid re-tarnishing.
7.  Oven cleaners remove burned-on grease and other food soils from oven walls. These cleaners are thick so the product will cling to vertical oven surfaces.
8.  Rug shampoos and upholstery cleaners dissolve oily and greasy soils and hold them in suspension for removal. Some also treat surfaces to repel soil (keep away soil).
9. Toilet bowl cleaners prevent or remove stains caused by hard water and rust deposits, and maintain a clean and pleasant-smelling bowl. Some products also disinfect. 
10. Drain openers unclog kitchen and bathroom drains. They work by producing heat to melt fats, breaking them down into simpler substances that can be rinsed away, or by oxidizing hair and other materials. Some use bacteria to prevent grease build-up which leads to drain clogging. (1)






[bookmark: _Toc252214235]3.4. All Purpose Cleaners 

[bookmark: _Toc252214236]3.4.1. Powder cleaners
The evolution of household cleaners begins with all-purpose cleaners. Specialization to handle the multiple problems of household cleaning has arisen relatively recently. Before the 1930s, consumers had only soap powders with which to do all their household cleaning, which included not only kitchen and bath surfaces but also laundry and dishes. Glass windows were nearly the only surface that could not be effectively cleaned with this product. This multiple use of a basic cleaning product continues in many developing regions of the world.
In the 1920s powdered products began to appear in the U.S. markets that were formulated especially for general household cleaning. These were generally highly built, very alkaline formulations designed to be dissolved in warm or hot water for tasks such as ﬂoor mopping, grease removal, and bathroom cleaning.
These cleaners were more effective than their predecessors, but they also required a large amount of rinsing. The builders, which boosted cleaning efficacy, also increased the amount of residue left behind when the cleaning solution dried on a surface. Depending on water temperature and hardness, these cleaners could also be difficult to dissolve completely in a bucket of water (1).

[bookmark: _Toc252214237]3.4.2 Cream cleansers
Liquid cleaners with suspended abrasives - cream cleansers- first started to appear in the U.S. and Europe in the 1980s.  Their arrival on the market so recently is due to the difficulty of producing stable suspensions of abrasive particles; the advancement of polymer science and clay technology during the last 30 years has played a large role in the successful formulation of these products.
Unlike their parent product, powder cleansers, the cream cleansers usually use the gentler calcite abrasive (as shown in table 2). This, combined with their liquid form, helps to convey the image of less harsh cleaning to the consumer. This is especially important to consumers who have softer, plastic surfaces in their bathrooms such as the ﬁber glass (polymethyl methacrylate) shower enclosures which are much more easily marred than the traditional vitreous materials. (3)
[bookmark: _Toc252259537]Table 2: Cream Cleanser Formulas (4)


[bookmark: _Toc252214238]3.4.3. Gel cleaners 
A natural development of thickening systems is to develop transparent or translucent thickened systems. Such a form is generally called a “gel” although it may or may not conform to the technical rheological deﬁnition of a gel. Because such products are thickened, they lend themselves to the addition of abrasive material because the structure of the gel can suspend the solid. However, some cleaners are formulated as gels to achieve benefits like cling on a surface. (5) 
In the case of floor cleaning gel, pine oil is one of the most important ingredients. It is considered as solvent, surfactant and viscosity improver agent.

The following points describe pine oil structures and prosperities:    
· Pine oil is a complex blend of oils, alcohols, acids, asters, aldehydes and other organic compounds. These include terpens which include a large number of related alcohols or ketons. Some important in statements include terpineol, which is one of three isomeric alcohols having the basic molecular formula C10H17OH. One type of pine oil, synthetic pine oil, will generally have a specific gravity, at 15.5°C. of about 0.09300, which is lower than the two other grades of pine oil, namely steam distilled and sulfate pine oils, will generally contain a higher content of turpentine alcohols. Other important compounds include alpha- and beta- pinene (turpentine), abietic acid (rosin), and other iso- prene derivatives. [w3]

· Chemical identification: the following two tables (3), (4) describe pine oil properties 

[bookmark: _Toc252259538]Table 3: chemical identification of pine oil [w7]
	Chemical name
	1-Mythyl-4-isopropyl-1- cyclo-hexen-8-ol

	Common/ trade names
	Pine oil 80

	Chemical family
	Alpha-terpineol and terpinolene (Terpin alcohol)

	CAS number
	8002-09-3

	Case number
	3113

	OPP chemical code
	067002

	Molecular formula
	C10H18O

	Molecular structure
	CH3-C6H9-(OH)-C3H5








[bookmark: _Toc252259539]Table 4: physical and chemical properties of pine oil [w7]
	Parameter
	Value

	Molecular weight
	154.0

	Color
	Colorless or pale yellow

	Physical state
	Liquid

	Specific gravity
	0.952 at 20°C

	Boiling point
	210°C at 750 mmHg

	Dissociation constant
	NA(insoluble in water)

	pH
	NA(insoluble in water)

	Solubility
	30- day accelerated strong study showing the substance is stable

	Milting point
	N/A

	Water solubility
	Insoluble in water (immiscible)

	Solubility in organic solvents
	Isopropyl alcohol >90 %                     Toluene >90%                               

	Octan- water partition coefficient
	Cannot be determined (insoluble in water)

	Vapor pressure
	0.2 mmHg at 20°C




[bookmark: _Toc252214239]3.4.4. Liquid all-purpose cleaners

Simple all-purpose cleaners were introduced in liquid form starting in the 1930s.
Liquid all-purpose cleaners were for many years differentiated mainly by the speciﬁc active ingredient that they contained. The simplest liquid cleaner was ammonia with some added soap which has been used for nearly a hundred years. (6)
Liquid all-purpose cleaners at that time still incorporated many of the characteristics of their dry predecessors. They still use the popular anionic surfactants such as alkylbenzene sulfonate and builders with high alkalinity to achieve their goals (see table 5).
[bookmark: _Toc252259540]Table 5: Liquid Dilutable All-Purpose Cleaner Formulas (4)










[bookmark: _Toc252214240]3.4.5. Cleaner with abrasive
Abrasives are those materials used in operations such as grinding, polishing, pressure blasting or other similar process. Abrasives come in different particle or grit sizes depending on how much material needs to be removed. They come in powder and liquid form and contain a kind of built-in elbow grease, which helps cut down on the hard rubbing required to remove soil.
Some materials that are used as abrasives include: - Calcium carbonate, Silicon carbide, Aluminium oxide or alumina, Diamond, cubic boron nitride      (CBN), Zirconia/Alumina alloys, suited, glass and colloidal silica. They are generally characterized by high hardness, and moderate to high fracture toughness. 
The degree of abrasiveness of products varies. Over an extended period of time, the overuse of some abrasive cleaners can remove the coating from some surfaces. 
Liquid cleaners are a suspension of solid abrasive particles in a thickened liquid matrix. They contain more surfactant and softer abrasives than are found in some powdered cleaners. As a result, their abrasive action is usually gentler than powders [w8].
 
[bookmark: _Toc252214241]3.5. How Do Detergents Work?

Detergents are primarily surfactants, which could be produced easily from petrochemicals. Surfactants lower the surface tension of water, essentially making it 'wetter' so that it is less likely to stick to itself and more likely to interact with oil and grease.
Modern detergents contain more than surfactants. Cleaning products may also contain enzymes to degrade protein-based stains, bleaches to de-color stains and add power to cleaning agents, and blue dyes to counter yellowing. Like soaps, detergents have hydrophobic or water-hating molecular chains and hydrophilic or water-loving components. The hydrophobic hydrocarbons are repelled by water, but are attracted to oil and grease. The hydrophilic end of the same molecule means that one end of the molecule will be attracted to water, while the other side is binding to oil. Neither detergents nor soap accomplish anything except binding to the soil until some mechanical energy or agitation is added into the equation. Swishing the soapy water around allows the soap or detergent to pull the grime away from clothes or dishes and into the larger pool of rinse water. Rinsing washes the detergent and soil away. Warm or hot water melts fats and oils so that it is easier for the soap or detergent to dissolve the soil and pull it away into the rinse water. Detergents are similar to soap, but they are less likely to form films (soap scum) and are not as affected by the presence of minerals in water (hard water). [w9]
The cleaning action by detergents is generally accomplished by the next steps:
1. A plate with some grease is taken and it is dipped in a detergent solution.
2. Wetting: At the molecular level, the detergent molecules are adsorbing onto the grease.
3. Penetration: By agitating or scrubbing the plate, the grease is breaking into small droplets.
4. Removal: The role of detergents is to prevent the droplets redeposition on the plate.
These steps are illustrated in fig. (1)
 
[image: ]
[bookmark: _Toc252253099]Figure 1: the mechanism of surfactant [w10]

[bookmark: _Toc252214242]3.6. Cleaning Compound Selection 

Cleaning compound selection depends on number of factors, which include:
1. The type and amount of soil on the surface.
2. The nature of the surface to be cleaned.
3. The physical nature of the cleaning compound (liquid or powder).
4. The method of cleaning available.
5.  The quality of water available.
6. Cost.
7. Service.

[bookmark: _Toc252214243]3.7. Factors Affecting Cleaning Efficiency

The following factors affect cleaning efficiency:
1. The cleaning compound.
2. Temperature: increasing temperature will:
a. Decrease the strength of bond between the surface and the soil.
b. Decrease the viscosity.
c. Increase chemical reaction rate.
d. Increase solubility of soluble material.
3. Velocity or force of cleaning.
4. Time.






Liquid detergent can be divided into light and heavy duty detergents.  
[bookmark: _Toc252214244]3.8. Light and Heavy Duty Liquid Detergents 

[bookmark: _Toc252214245]3.8.1 Light duty liquid detergent (LDLD):
Light-duty liquid detergents (LDLDs) are mixtures of surfactants dispersed in water, free of builders or alkaline inorganic. LDLDs consist of a mixture of ingredients designed to provide cleaning, foaming, solubilization, preservation, fragrance, color, and in some cases antibacterial action. 
 Light-duty liquid compositions are relatively nonirritating to skin. Mildness to skin could therefore be claimed for these products with reasonable justification. During the 1960s and 1970s the cosmetic image was further enhanced by making light-duty liquids more opaque, and imparting to them the ability to emulsify grease, combined with a persistent foam, has been the main objective of technical improvement.
A number of nontraditional ingredients have been introduced to light-duty liquid detergent formulations. These include some novel surfactants, antimicrobial agents, special polymers, and enzymes.(1)

[bookmark: _Toc252214246]3.8.2 Heavy duty liquid detergents (HDLD):
Atypical heavy-duty liquid consists of all or some of the following components: surfactants, builders, enzymes, polymers, optical brighteners, and fragrance. In addition, it may contain other special ingredients designed for specific functions.
In formulating a HDLD, the major technical objective was to find ways of stably incorporating maximum levels of builder salts. The product incorporated tetrapotassium pyrophosphate builder, which is more soluble than STPP. Incorporation of an antiredeposition agent, another ingredient present in laundry powders, proved to be another major technical hurdle.  With a builder system, the concentrations of builders and surfactants it delivered into the washing solution were lower than those provided by conventional detergent powders.(1)



The following table (6) shows the main differences between LDLD and HDLD.

[bookmark: _Toc252259541]Table 6: The main differences between light and heavy duty detergents.
	LDLD
	HDLD

	Weakly alkaline
	moderately alkaline

	mild to skin
	making irritation to skin


	low levels of builder salts
	High levels of builder salts



One of the HDLD exists in the Palestinian markets is floor cleaning gel. It is moderately alkaline and moderately irritate to skin.



[bookmark: _Toc252214247]3.9 Surface Activity
For a compound to be qualiﬁed as a surfactant, it should also exhibit surface activity. It means that when the compound is added to a liquid at low concentration, it should be able to adsorb on the surface or interface of the system and reduce the surface or interfacial excess free energy. The surface is a boundary between air and liquid and the interface is a boundary between two immiscible phases (liquid–liquid, liquid–solid and solid–solid). Surface activity is achieved when the number of carbon atoms in the hydrophobic tail is higher than 8. Surfactant activities are at a maximum if the carbon atoms are between 10 and 18 at which level a surfactant has good but limited solubility in water. If the carbon number is less than 8 or more than 18, surfactant properties become minimal. Below 8, a surfactant is very soluble and above 18, it is insoluble. Thus, the solubility and practical surfactant properties are somewhat related In order to understand how surfactant reduces surface and interfacial tension, one must ﬁrst need to understand the concept of surface and interfacial tension.

[bookmark: _Toc252214248]3.9.1 Surface tension
The attractive forces between molecules in the bulk liquid are uniform in all directions (zero net force). However, the molecules at the liquid surface cannot form uniform interaction because the molecules on the gas side are widely spaced and the molecular interactions are mainly between surface molecules and the subsurface liquid molecules (non-zero net force).
As a result, the molecules at the liquid surface have greater free potential energies than the molecules in the bulk liquid. This excess free energy per unit area that exists in the surface molecules is deﬁned as surface tension (γ). Surface tension is a thermodynamic property and can be measured under constant temperature and pressure and its value represents the amount of minimum work required per unit area to create a greater surface area. In measuring surface tension, one is measuring the free energy per unit area of the surface between liquid and the air (erg cm−2 orJm−2). Surface tension is also quantiﬁed as the force acting normal to the interface per unit length of the surface at equilibrium (dyne cm−1 or mN m−1).
Surface tension of the substances decreases with increasing temperature because increasing temperature reduces the cohesive energy between molecules. At the critical temperature, surface tension becomes zero.
The surface tension of water at 20◦ C (72.8 dyne cm−1) is higher than the surface tension of chloroform (27.14 dyne cm−1) but lower than the surface tension of mercury (476 dyne cm−1). This indicates that the attractive forces between the water molecules are stronger than the attractive forces between the chloroform molecules but weaker than the attractive forces between the mercury molecules. Table (7) shows the surface tension of common liquids. (7)





[bookmark: _Toc252259542]Table 7:  Surface tension of some liquids and solids and interfacial tension of some immiscible liquids. (7)
[image: ]

[bookmark: _Toc252214249]3.9.2 Interfacial tension
Interfacial tension is the tension that is present at the interface of two immiscible phases and it has the same units as surface tension. The value of interfacial tension generally lies between the surface tension of two immiscible liquids as seen in Table (3.4), although it could also be lower than the surface tension of both liquids (water–diethyl ether). The interfacial tension between phases A and B, γAB, is expressed by:
γAB = γA + γB − 2ψAB
Where γA,γB and ψAB are surface tension of A, surface tension of B, and interaction energy between A and B per unit area, respectively.
The value of γAB also shows how similar the molecules at the interface are. The interfacial tension (γAB) will be small if the molecules of the two phases are similar (large ψAB). The greater the similarity, the larger the ψAB and smaller the γAB (7). 
Test methods for surface and interfacial tension measurements:
A number of methods are available for the measurement of surface and interfacial tension of liquid systems. Surface tension of liquids is determined by static and dynamic surface tension methods.  
Static surface tension characterizes the surface tension of the liquid in equilibrium and the commonly used measurement methods are:
· Du Nouy ring
· Wilhelmy plate 
· spinning drop and  
· Pendant drop. 
· Dynamic surface tension is the time trajectory of surface tension before equilibrium is reached. Dynamic surface tension tracks the changes during surface formation when surfactants are added. The bubble pressure method is the one most commonly used for the determination of dynamic surface tension. 
In this study, the static surface tension is applied; so the static methods are as the following[w11]: 
1. The Wilhelmy plate method, a thin plate with a perimeter of about 4 cm is lowered to the surface of a liquid and the downward force directed on the plate is measured. Surface tension is the force divided by the perimeter of the plate. For this method to be valid, the liquid should completely wet the plate before the measurement, which means that the contact angle between the plate and the liquid is zero. Furthermore, the position of the plate should be correct, which means that the lower end of the plate is exactly on the same level as the surface of the liquid. Otherwise the buoyancy effect must be calculated separately. Fig(2) shows the Wilhelmy plate method.
[image: Will1.gif]




[bookmark: _Toc252253100]Figure 2: The Wilhelmy plate method [w11]
2. The pendant drop technique measures the shape of a liquid drop suspended from the tip of a capillary needle. The drop is optically observed and the surface tension is calculated from the shape of the drop. This method is not as precise as the force measurement method because it depends on the eye of the operator or the sophistication of detection hardware and analysis software.
3. The spinning drop method is used to measure low surface tension (μNm−1). In this method a drop of the liquid sample is injected into a thin tube containing another immiscible liquid with higher density. When the tube is spun along its long axis with high speed, the drop is forced to the centre by centrifugal forces and its shape elongates. The interfacial surface tension is calculated from the angular speed of the tube and the shape of the drop. Fig(3) shows the spinning drop method





[bookmark: _Toc252253101]
Figure 3: The spinning drop method [w12]

4. The Du Nouy ring method, a precision-machined platinum/iridium ring (wire diameter being 0.3mm and the circumference of the ring being 2, 4 or 6 cm), which is suspended from a force measuring balance, is lowered into the liquid placed in a glass container and gradually withdrawn (or the container of liquid is raised and then lowered). As the ring is withdrawn, surface tension causes the liquid to adhere to the underside of the ring. The weight of the ring increases due to the added weight of the adherent liquid and the maximum vertical force increase is a measure of the surface tension. 
A detailed description of the test procedure can be found in ASTM D1331-89 (2001) [w1].  See appendix 1.
The Du Nouy ring method was applied in our project for taking the surface tension measurements.












[bookmark: _Toc252214250]Chapter Four  
METHODOLOGY OF PROJECT

The following methodology which consists of five steps was adopted:
1. Understanding of the projects problem, meeting was done between supervisor of the project with the students to determine the projects problem and the objectives of the work.
1. Collecting information needed to achieve the projects objectives. This includes:
1) Reading any previous work related to the project. Special concern was given to a previous project carried out in the dependent on the production of Cleaning Gel. 
2) Replacement of pine oil: searching the literatures about alternatives of the pine oil which have the same characteristics of it as solvent, disinfectant, and viscosity improver. Many types of chemicals and oils were found such as isopropyl alcohol (IPA), gluteraldehide, Di ethylene glucolmonobutyl ether (DGBE).
3) Abrasive material: the work focus on adding CaCO3 and optimizing the percentage of pine oil in the presence of abrasive material.
4) New formula: Preparation of a new recipe of cream floor cleaning contains different ingredients of the gel with abrasive material as the main ingredient. 
1. Prepare a questionnaire to evaluate the desired properties of the floor cleaner gel that of concern to people such as detergency, foaming, viscosity, cost and mildness.
1. Preparation of gel samples of different percentages of abrasive material. This was followed by determining the effect of the abrasive material on the properties. Different pine oil percentages were used. Twelve samples were prepared to produce the floor cleaning gel with a lower cost and with same or better efficiency.
1. Performance tests: these were divided in to two parts:
Part 1: Testing the performance of the gel by carrying out three standard tests including pH test, viscosity and foam volume test.
Part 2: Testing the performance of gel using surface activity concept:
Design of apparatus: Finding and using a method to evaluate the cleaning efficiency and performance of the gel by using contaminated soil to determine the amount of contamination absorbed for each sample. This is a simulation for the movement of the hand in cleaning work; each movement called cycle and it takes 0.5 second. The designed apparatus called straight-line washability apparatus. (See appendix 1.)
1. Soil preparation:  according to the American Standard Testing Method (ASTM), ASTM D4488-95; standard guide for testing cleaning performance of product intending for use on washable walls. The soil was prepared by blending a melt of 49g vegetable oil and 49g animal grease, and 2g of carbon black to make it more visible. Also according to the ASTM procedure, the tile type was not ceramic.  
1.   Soil application: it was done by distribution of soil on the surface of tile using paint brusher, and the soiled tile was left for 24 hours (aged) until dried at ambient temperature.
1. Cleaner preparation: preparing four samples of gel, each of them contains the same percentage of (CMC, abrasive material, and ETA), but with different concentrations of pine oil (1%, 2.5%, 3.5%, 5%). 
For each of these samples, five solutions of gel and water were prepared with different concentrations of gel in these solutions (0.002, 0.004, 0.06, 0.25, and 1) for 125ml water. The basis ratio was taken as (1:125); this is in line with ASTM.
1. Cleaning test: Once the soil has been aged, the tile was placed in the apparatus then the apparatus was operated. The number of cycles of the apparatus was establishing such as each five cycles, a sample from the soiled solution was taken for measurement. This was carried out under different cleaning cycle’s number up to 25 cycles. 
· Surface tension measurements: Surface tension measurements: the samples were testing using tensiometer (fisher tensiomat) apparatus. This was carried out under different cycling cleaning numbers, up to 25 cycles.

 

[bookmark: _Toc252214251]Chapter Five  
EXPERIMENTAL WORK

[bookmark: _Toc252214252]5.1. Introduction 
The experimental work of this project involves several stages:
1. A study of previous project conclusion about the recommended pine oil gel formula. This is followed by finding other alternatives for the main pine oil gel components.
2. Labe scale production of pine oil gel was carried out to map out the best new formula composition.
3. A quality test for the new prepared pine oil gel was carried out. This includes pH, viscosity test and foam volume test.
4. Measuring the surface activities of prepared samples.
5. A design of an apparatus to test the efficiency of the prepared pine oil gel.
Follow are more description of the above stages.  







 
5.2. [bookmark: _Toc252214253] Formulation Stages:
Formulation of LDLDs typically involves (1) selecting appropriate raw materials for the desired performance, (2) developing formulas and optimizing for performance, (3) optimizing product aesthetics, (4) testing product safety, (5) optimizing product cost, (6) aging for product stability, (7) validating with consumers, and (8) documenting advertising claims. These steps are usually not sequential, but often take place in parallel.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            In the previous project “The Preparation of Palestinian Standard for Floor Cleaning Gel” (8) it was found that according to the consumer's preferences the best gel properties are related to viscosity, appearance, uniformity and color. This was equivalent to “12 wt% LABS, sodium hydroxide of 12.5 wt% of LABS percentage, and 5wt% pine oil”.
According to the rapid increase in the cost of the pine oil (from 10 NIS/ kg in 2009 to about 40 NIS/Kg) these days [Brothers company, 2012] there is a necessity to produce the floor cleaning gel with a lower cost and with same or better efficiency.
Several ways could be carried out to lower cost. One is the replacement of main ingredient (pine oil) with other disinfectant material, cheaper than pine oil. This has to be carried out with caution, as other material may have hazardous prosperities. The following table (8) shows these alternatives with their properties. 








[bookmark: _Toc252259543]Table 8: alternatives of main ingredient (pine oil) with their prosperities
	Incompatibility with various substances:
	Solubility
	Environment
	Safety

	Material  and   CAS#



	
	Insoluble in cold water.
	
	Hazardous in case of skin contact (irritant), of eye contact (irritant), of ingestion, of inhalation. Slightly hazardous in case of skin contact
	Pine oil
8002-09-3


	acids, metals, oxidizing materials, combustible materials, 
  halogens, peroxides, bases, metal salts 

	COMPLETE  Percent Volatiles By Volume: 100  

	
	changes in blood pressure, nausea, vomiting, stomach 
  pain, difficulty breathing, irregular heartbeat, headache, drowsiness, 
  dizziness, disorientation, loss of coordination, lung congestion, internal 
  bleeding, kidney damage, coma 

	ISOPROPYL ALCOHOL(IPA)
67-63-0

	Reactive with oxidizing agents, alkalis. Also incompatible with amines, ammonia and other caustics
	Easily soluble in cold water. Soluble in diethyl ether. Soluble in benzene, ethanol and other organic solvents.
	Waste must be disposed of in accordance with federal, state and local environmental control regulations
	Slightly hazardous in case of skin contact(Skin contact may produce burns)
	Glutaraldehyde
111-30-8

	
	Soluble in diethyl ether, acetone. Practically insoluble in cold water. Soluble in ethanol, benzene, chloroform, glacial acetic acid, 
carbon disulfide.
	Waste must be disposed of in accordance with federal, state and local environmental control
regulations.
	Hazardous in case of skin contact (irritant) (Causes mild to moderate skin irritation), of eye contact (irritant), of ingestion, of inhalation. Slightly hazardous in case of
skin contact
	Toluene
108-88-3

	Reactive with oxidizing agents, reducing agents, acids, alkalis.
	Soluble in cold water, diethyl ether, acetone.
	Reaction with Hydrogen Peroxide + nitric acid forms heat and shock-sensitive explosive product. Mixture with 2-propanol will produce explosive peroxides during storage.
	Skin: Causes skin irritation. May be absorbed through the skin. Eyes: Causes eye irritation, Inhalation of high concentrations may cause central nervous effects characterized by headache, dizziness, Unconsciousness, and  coma. Causes respiratory tract irritation and affects the sense organs.

	Methyl ethyl ketone

78-93-3

	Reactive with acids and alkaline
	evaporates slowly and is completely water soluble
	unlikely to cause adverse environmental impact because it readily biodegrades, does not bioaccumulate and has low acute toxicity to aquatic organisms, Do not let product enter drains.

	cause severe eye irritation and slight corneal injury
	diethylene glycol butyl acetate

203-961-6



Other alternative is to add abrasive material that can enhance the rheology of gel. As a result the amount of pine oil can be reduced to a certain limit that the product properties not lost.
After making a comparison between many types of abrasive (calcium carbonate, sea sand, titanium dioxide) two types of materials were chosen which were sea sand and calcium carbonate. Sea sand was chosen initially as it is cheap, insoluble in water and alcohol gives an acceptable efficiency, unfortunately; it has a non satisfactory appearance and texture when added to the gel because of its large particles size in comparison to calcium carbonate.
Moreover, product was formulated using calcium carbonate abrasive material as it has properties of cheapness, odorlessness, insolubility in water or alcohol. It is also white powder, fine particles, crystalline solid, it doesn’t cause a high friction on the tail so it does not destroy the tail, and in the same time it has the effect of abrasion,  CaCO3 was added to the gel in different concentrations (2-10 wt %), and the effect of it on the gel was noticed. 
The lab scale production in this project was divided mainly in to four parts; 
1. Performing gel samples of different percentages of abrasive material and determine its effect on the properties and the percentage of pine oil in the gel.
2. Preparing a new formula of cream cleaning product.
3.  Carrying out standard quality tests (acidity, viscosity and foam volume) of the samples.
4.  Designing an apparatus to evaluate the cleaning efficiency of the gel by using the surface activity concept.
To determine the effects on the properties of the gel, twelve samples were prepared with the same concentrations of LABS 12wt%, sodium hydroxide 12.5% of the LABS percentage, and with different concentrations of pine oil and abrasive material, as well as addition of other ingredients such as carboxy methyl cellulose (CMC), Luramid and Texapone. 




5.3. [bookmark: _Toc252214254] Lab Scale Production of Pine Oil Gel  

For the preparation of 1 liter gel, the following procedure will be used:
1. Add the NaOH to the water at a mixing speed of 150 rpm.


2. The LABS is powered to the solution at speed of 200 rpm.






3. When the mixture being homogenous and clear the ETA is added. 


4. After that the CMC which is dissolved in hot water is added to the mixture.


5. In the second day, the color, pine oil and abrasive material are added gradually to the mixture.

[image: C:\Users\home\Desktop\201204232060.jpg]

6. The mixing is continued until reaching the gel formula






5.4. [bookmark: _Toc252214255] Cream Hard Surface Cleaner Experiment 
In this project, there was a trial to make a new formula for cleaning product "Cream cleaning product". This experiment was made because the ingredients of it shown in the table (9) are cheaper and expected to produce same gel cleaning efficiency.
[bookmark: _Toc252259544]Table 9: ingredients of cream cleaning product and there functions
	Ingredient
	Wt%
	Function

	Water
	42
	Solvent

	Dodecylbenzene sulfonic acid
	2.9
	Surfactant 

	Calcium carbonate
	51.3
	Abrasive material

	Sodium hydroxide (47%)
	0.8
	pH neutralization

	Sodium carbonate                           
	2
	Builder (reducing water hardness)

	Coconut diethanolamide             
	1
	Foaming poster, thickening agent

	Perfume color, preservative      
	Qs
	Additives



Procedure of preparing cream cleaner:
1- The Dodecylbenzene sulfonic acid is stirred in to the water.
2- When it fully dissolved, the Sodium hydroxide solution is added.
3- This is followed by addition of Sodium carbonate and Coconut diethanolamide.
4-  After that, Perfume, color and preservative are added.     
5- Ones everything is dissolved in water, the abrasive (Calcium carbonate) is added to the mixture, and the mixing continued for about 30 minutes. 
The initial investigation of the product was not positive, even though the formulation was taken from the internet and text books.                        


5.5. [bookmark: _Toc252214256]Quality Tests of Floor Cleaning Gel
Quality test for the gel produced was carried out in term of preparing a structural questionnaire.
[bookmark: _Toc252214257]5.5.1. Customer concern                                                                                                                                                                           A questionnaire was made in order to study what are customer needs of floor cleaning gel, and what are the properties that the costumer concern about. A copy of the questionnaire is shown in appendix (2).  
The survey was filled by 60 families from different regions mostly for Nablus, Tulkarm, Jenin and Ramallah. The questionnaire concentrated on the following properties:
· Cleaning: Cleaning performance is the most important characteristic of floor cleaning gel since consumers purchase the product for cleaning floor, and the principle expectation is the removal of soil. 
· Smell: Although the smell is a minor property in most detergents, the majority of costumers judged on the gel according to its smell, they thought that the strong smell means effective product. 
· Mildness: The mildness of gel is ranked on moderate importance as costumers preferred the gel to be mild on the skin. People don’t prefer to use gloves when cleaning the floors.
· Foam: The foam of the gel is a sign to the consumer of product efficiency; although scientifically this is not right. 
· Viscosity: According to the gel viscosity, costumers prefer a high viscous gel, and the majority prefers the gel to be from low to moderate viscous product. According to Palestinian standards, high viscosity is not mentioned as a gel cleaning property.
· Cost: Generally, people prefer the low cost product.
· Sensitivity to heat: When the temperature increases (in summer), the viscosity of gel decreases.

 
· In order to measure the desired properties of the gel, standard tests were used. This includes pH, viscosity and foam volume tests.
[bookmark: _Toc252214258]5.5.2: Standard tests 
There are a number of laboratory tests used by formulators to evaluate the various performance aspects of detergents. These tests use a variety of soils and washing conditions (e.g., temperature, time, water hardness, mechanical action). Some of those methodologies are mentioned in the chapter.
The test methods discussed below are classified in three categories: pH and viscosity and foam volume tests. The two first tests were done in the previous project and they are also done in this project to insure the quality validation of the gel.
1. The acidity test
The device used to measure the pH is a pH meter. It is an electronic instrument consists of a special measuring probe (a glass electrode) connected to an electronic meter that measures and displays the pH reading.
The following steps describe the pH test method used in the project:
· Weigh 1g of the gel sample in a clean beaker.
· Fill the beaker with water to reach 100ml.
· Use a clean glass rod to dissolve the gel into water completely by mixing it well.
· Use the pH meter by immersing the pH meter electrode in the measuring beaker.
· Take the pH reading of the tasted sample.
[image: C:\Users\user\Desktop\pH_Meter-783982.jpg]

[bookmark: _Toc252253102]Figure 4: pH meter


2. The viscosity test
The viscosity test is done by the use of rotational viscometer Visco Star Plus. The viscometer operates by the principle of rotation of a rod which is submerged in the material to be analyzed, measuring the resistance of the substance at a pre-set speed. The resulting resistance is the measurement of the flow viscosity. The greater the resistance of the product to be determined, the greater the viscosity.
The following steps describe the viscosity test method used in the project:
· The type of the spindle was chosen according to the degree of viscosity (L4 for high viscous)
· The speed was limited (between 0.3 to 100 rpm), but in the gel samples it was 20 rpm.
· The gel was put in cans of 1L in size.
· The spindle was put down into the gel to a limited mark, and then it was allowed to rotate at certain speed to record the viscosity.

[bookmark: _Toc252253103]Figure 5: viscometer


3. Foam volume test
Foam volume is an important characteristic of detergents. Higher foam heights are desirable, as consumers generally equate foaming with cleaning performance. An ASTM method for foam volume evaluations of light-duty dishwashing liquids is more commonly known as the Ross–Miles foam test. This method is widely used for evaluating the foaming ability of detergents or surfactants in general. Numerous other foam volume tests are cited in the patent literatures that often differ significantly from the Ross–Miles test. These test methods are faster and easier for foam volume evaluation.
Foam volume tests can be conducted with soil or without soil. One foam volume test without soil, called the shake foam test or inverted cylinder test, is conducted by placing a solution of a composition into a cylinder. An amount of 15mL of the gel solution (1% solution) is placed in a 500 ml graduated cylinder. The cylinder is shaken or inverted a fixed number of times or for a set amount of time (e.g., 40 rotations a 30 rpm). The foam height is measured in centimeters or milliliters, which are conveniently measured if graduated cylinders are used. A foam volume test with soil is conducted the same way but soil is placed into the cylinder. The soil can either be added with the solution initially or added after foam is generated. The cylinder is rotated or inverted the desired number of times and the resultant foam height is measured in milliliters or centimeters; usually at least three replicas are recorded. Foam volume test without soil was done.








5.6. [bookmark: _Toc252214259]Design an Apparatus to Evaluate the Cleaning Efficiency
· For the aim of full filling customers requirements for best floor cleaning gel performance, it is effects was measured by design a simple apparatus to be a simulation for the movement of the hand in cleaning work and a method to evaluate the cleaning efficiency and performance of the gel by using contaminated soil and determine the amount of contamination absorbed for each sample,each movement called cycle and it takes seconds. The designed apparatus called straight-line washability apparatus.


[bookmark: _Toc252253104]Figure 6: The cleaning efficiency apparatus 








5.7. [bookmark: _Toc252214260]Testing the Performance of Gel Using Surface Activity Concept

· Soil preparation:  according to the American Standard Testing Method (ASTM), ASTM D4488-95; "standard guide for testing cleaning performance of product intending for use on washable walls". The soil was prepared by blending a melt of 49g vegetable oil and 49g animal grease, and 2g of carbon black to make it more visible. Also according to the ASTM procedure, the tile type was not ceramic.  


·   Soil application: it was done by distribution of soil on the surface of tile using paint brusher, and the soiled tile was left for 24 hours (aged) until dried at ambient temperature.

· Gel cleaning solution: preparing four samples of gel, each of them contains the same percentage of (LABS, CMC, abrasive material, and ETA), but with different concentrations of pine oil (1%, 2.5%, 3.5%, 5%). 

For each of these samples, five solutions of gel and water were prepared with different concentrations of gel in these solutions (0.002, 0.004, 0.06, 0.25, and 1ml) gel for 125ml water. The basis ratio was taken as (1:125); this is in line with ASTM.

· Cleaning test: a new pre-wetted sponge was used for each cleaning procedure. It was placed in the apparatus so that the manufactured edge, not a face or edge that has been cut, was the scrubbing surface (according the ASTM).
Once the soil has been aged, the tile was placed in the apparatus so that scrubbing action was perpendicular to the direction of soiling then the apparatus was operated. 

The number of applied cleaning time using the apparatus was in cycle, Samples from the soiled solution were taken for measurement at the end of each 5 cycles. This was repeated up to 25 cycles.
All the solutions were prepared at room temperature and stirred for 5 min before the measurements. 
· Surface tension measurements: the samples were testing using tensiometer (fisher tensiomat) apparatus. Each measurement was replicated three times and an averaged value was reported. 
For each tile, the same procedure was done.

Before taking any reading from the tensiometer apparatus, a calibration was done. (The calibration procedure was taken from the manual of this apparatus) see appendix 3.

Surface tension measurements were based on the Du Nouy ring method
The Du Nouy ring method 
The steps for the Du Nouy ring method are as follow:
1. The ring is above the surface and the force is zeroed.
2. The ring hits the surface and there is a slight positive force due to the adhesive force between ring and surface.
3. The ring must be pushed through the surface (due to the surface tension) which causes a small negative force.
4. The ring breaks through the surface and a small positive force is measured due to the supporting wires of the ring.
5. When lifted through the surface the measured force starts to increase.
6. The force keeps increasing until
7. The maximum force is reached
8. After the maximum there is a small decrease of in the force until the lamella breaks. 
All above steps are presented in Figure (7) 
[image: dunouyringcyclegraph-1.jpg]
[bookmark: _Toc252253105]Figure 7: The surface tension measurement steps.[w13]







[bookmark: _Toc252214261]Chapter Six  
RESULTS AND DISCUSION

The following results include description of the general characteristics of the prepared samples, acidity, viscosity and foam volume tests and the surface tension results which indicate the cleaning efficiency of the gel.

[bookmark: _Toc252214262]6.1 Results of Customer Concern  
                     
By interpretating the results of questionnaire which prepared and distributed to 60 customers, the following response was reported on gel properties. These are summarized as:

· Cleaning: Cleaning performance is the most important characteristic of floor cleaning gel since consumers purchase the product for cleaning floor, and the principle expectation is the removal of soil. 
· Smell: Although the smell is a minor property in most detergents, the majority of costumers judged on the gel according to its smell, they thought that the strong smell means effective product. 
· Mildness: The mildness of gel is ranked on moderate importance. People don’t prefer to use gloves when cleaning the floors.
· Foam: The foam of the gel is a sign to the consumer of product efficiency; although scientifically this is not right. 
· Viscosity: some people prefer a gel to be viscous. However, according to Palestinian standards, high viscosity is not mentioned as a gel cleaning property.
· Cost: Generally, people prefer the low cost product.
· Sensitivity to heat: When the temperature increases (in summer), the viscosity of gel decreases.                                                                                                                                            
These results is presented in figure (8)


[bookmark: _Toc252253106]Figure 8: the results of the survey

Whereas in the above figure, number 4 indicates the most important characteristic according to the consumer and number 1 indicates the least important characteristic.
As a result, the characteristics of the gel preferred by the consumer are high cleaning efficiency, moderate to high foam volume, moderate viscosity, its smell is acceptable and fragrant and mild to the skin. 
From the survey, most of consumers noticed that the rheology and efficiency of the gel was changed in the last year. It was noticed that there were some contractions between consumers for some characteristics of the gel. For example, some consumers suggest and recommend that viscosity should be reduced, where as others still need high viscosity. Most of them prefer the pine fragrance of the gel as in their opinion strong smell means high cleaning efficiency. On the opposite side, others don’t prefer it and suggest to change the fragrance because they sensitive of it. Some of them want to increase the foam volume of it.


[bookmark: _Toc252214263]6.2 Gel Preparation
Based on the previous project “Floor Cleaning Gel” (8), a set of twelve samples were prepared with the same concentrations of LABS, sodium hydroxide (NaOH) as shown in table (10). Different concentrations of pine oil and abrasive material, as well as addition of other ingredients such as carboxy methyl cellulose (CMC), Luramid and Texapone (ETA) are shown in table (11). 

[bookmark: _Toc252259545]Table 10: Ingredients of the optimum sample of the previous project and their functions
	Ingredients
	Percentage
	Functions
	pH

	Linear alkyl benzene sulfonate (LABS)
	12%
	Anionic surfactant (cleaning, wetting, foaming, dispersing)
	< 1

	NaOH
	12.5% of LABS amount
	pH regulator to neutralize the solution
	Strong base ~ 14

	
Pine oil
	5%
	Solvent , disinfectant and viscosity improver
	7-9

	Water
	Balance
	Solvent
	7










[bookmark: _Toc252259546]Table 11: Experimental parameters used for preparing all gel samples
	
Sample 
No.
	Mixing Speed while adding NaOH
(RPM)
	mixing Speed while adding LABS
(RPM)
	
Pine oil
(Wt%)
	
Abrasive
(Wt%)
	
CMC
(Wt%)
	
Luramid
(Wt%)
	
Texapone
(ETA)
(Wt%)

	1
	52
	79
	5
	-
	-
	-
	-

	2
	150
	230
	5
	-
	-
	-
	-

	3
	150
	230
	4
	-
	-
	-
	-

	4
	150
	230
	3
	10 Sand
	-
	-
	-

	5
	150
	230
	3.5
	3.38 CaCo3
	-
	-
	-

	6
	150
	230
	3.5
	5 CaCo3
	-
	-
	-

	7
	150
	230
	3.5
	7 CaCo3
	-
	-
	-

	8
	150
	230
	2.5
	5 CaCo3
	-
	-
	-

	9
	150
	230
	2.5
	5 CaCo3
	-
	0.5
	-

	10
	150
	230
	2.5
	2.8 CaCo3
	-
	-
	-

	11
	150
	230
	2.5
	2.8 CaCo3
	0.5
	-
	-

	12
	150
	230
	2.5
	2.8 CaCo3
	0.5
	-
	1



Follow is more description about all above experiments: 
· Sample no.1: the main objective of the first sample was to learn and be familiar with the procedure of preparing floor cleaning gel. The sample ingredient was same as that found from in the previous project. This is correspond to  pine oil of (5wt%),  prepared by using 2-pitched blade impeller, with a speed of adding NaOH of (52 RPM), and (79RPM) speed of adding LABS.
Measuring the viscosity of this sample was failed due to the presence of bubbles in it. By making a comparison between the procedure of preparing this sample and the one of preparing the optimum sample in the previous project, it was found that the impeller diameter in the previous project was (14cm), but the impeller which is used in this project was (8.5cm), so there were some errors in the speed. By using equal reynold's number scale up rule it was found that the speed of adding NaOH should be (150 RPM), and the speed of adding LABS (230RPM).
            N1. (D1)2= N2. (D2)2 …….. (Scaling up equation)
· Sample no. 2: this sample was a repetition of the first sample but with speed of adding NaOH and LABS equal to (150RPM), (230RPM) respectively.
The viscosity of this sample was in the acceptable range and in line with that from in the previous project (1500000-2000000cp). Also all other properties of this sample were acceptable. Therefore, the above mixing speeds were used in the preparation of the next samples.
· Sample no. 3: in this sample the concentration of pine oil was decreased to 4wt%, which result in a reduced viscosity of the gel in comparison to sample (2), and it was still acceptable. From this sample it was noticed that if the concentration of pine oil decreased lower than 4wt%, the viscosity and the efficiency might not be acceptable by the consumer.
There for, to reduce the pine oil percent further, another material should be added to enhance viscosity and keep efficiency same. 
· Sample no. 4: according to the properties of abrasive material which was mentioned in Section 2.3, the sea sand was used as an abrasive material in this sample with a concentration of 10wt%, and the pine oil concentration was reduced to 3wt%.
The properties (viscosity, foam and efficiency) of this sample were acceptable, on the other hand, there was a problem with its appearance and texture (it has un satisfactory appearance and a tough texture) so it was unacceptable and force us to use another abrasive material to give an acceptable and desired appearance. 
· In the samples no (5, 6, 7) the alternative abrasive material CaCO3 was used because of its suitable properties. The pine oil concentration in the three samples was (3.5 wt %), and the abrasive was added with concentrations of (3.38 wt%, 5 wt%, 7 wt %) respectively.
The results of these three samples show that the foam, viscosity, and efficiency are increasing by increasing the percentage of abrasive, but for the sample of (7wt %) CaCO3, there was a little amount of   CaCO3 settled down. 
· Samples no. (8, 9) were carried out at the same time, by decreasing the concentration of pine oil to (2.5 wt %), and adding (5 wt %) of CaCO3 for both of them, but with adding (0.5 wt %) of Luramid to sample no. 9 and nothing to sample no.8. Each of the two samples was separated in to two layers, so the two samples were eliminated. That was because the amount of abrasive was so high with respect to the percent of pine oil.
· Sample no. 10: from the comparison between the previous samples, it was found that the most acceptable sample was no.6 with (3.5wt% pine oil: 5wt% CaCO3) so this ratio was considered as an optimum ratio between pine oil and abrasive material. 
In sample (no.10) the pine oil concentration was reduced to (2.5 wt %), so according to the optimum ratio the percent of CaCO3 in this sample was (2.8wt %). The viscosity of this sample was very low, so it was needed to add a viscosity improver material to have an acceptable product, which was done in the next sample.
· Sample no.11: the viscosity improver which was used in this sample was carboxy methyl cellulose (CMC) with a percent of (0.5 wt %). The concentration of pine oil was (2.5 wt %), and the percent of CaCO3 was (2.8wt %).
The viscosity and appearance of this sample was acceptable, but the foam was not as high as the previous sample. So Texapone (ETA) was used as foaming improver in the next sample.
· Sample no.12: this sample was the same as sample (11), but with adding of (1 wt %) ETA. The properties (appearance, viscosity, foam and efficiency) of this sample were the best.
Based on all above samples, it was concluded that the most acceptable sample ingredient concentration is shown in table (12).





[bookmark: _Toc252259547]Table 12: the concentration of components in the most acceptable sample
	Component
	Wt % of component

	LABS
	12

	NaOH
	1.5

	Pine oil
	2.5

	CaCO3
	2.85

	CMC
	0.5

	ETA
	1

	water
	79.65


A comparison between the costs of the founded most acceptable sample and the recommended sample by the previous workers are shown in table (13).

[bookmark: _Toc252259548]Table 13: comparison between the cost of the best sample in this project and in the a previous project
	Ingredient
	Cost of one Kg of the ingredient
(NIS)
	Weight  of ingredient of 1L sample of the previous project (g)
	Weight of ingredient of 1L sample of this  project (g)
	Cost of 1L sample of the previous project
(NIS)
	Cost of 1L sample of this  project
(NIS)

	LABS
	10
	120
	120
	1.2
	1.2

	NaOH
	4
	15
	15
	0.06
	0.06

	Pine oil
	35
	25
	50
	0.87
	1.75

	CaCO3
	8
	28.5
	-
	0.23
	-

	CMC
	12
	5
	-
	0.06
	-

	ETA
	9
	10
	-
	0.09
	-

	Total cost
	
	
	
	2.51
	3.01


Based on the above table, the percentage of cost reduction is around 20%. This seems small but when it is applied to a commercial scale, it will be of remarkable value. 
6.3 [bookmark: _Toc252214264]The Results of the Viscosity, Foam and pH Tests
           
In order to measure the desired properties of the gel, standard tests were used. This includes pH, viscosity and foam volume tests. (Refer to section 5.3.2)
The table below shows all the samples which done and the results of the pH, viscosity and foam values. This also includes measurements for a commercial sample.
[bookmark: _Toc252259549]Table 14: The results of measured viscosity, foam and pH tests
	sample no.
	viscosity (cp)
	foam volume (mm)
	pH

	1
	26000
	40
	6.5

	2
	26700
	48
	7

	3
	23000
	35
	7.02

	4
	25261
	30
	7.24

	5
	25608
	25
	6.63

	6
	25219
	30
	6.88

	7
	25536
	35
	6.9

	11
	26406
	25
	7.03

	12
	32600
	70
	6.92

	13(commercial)
	25712
	65
	6.85



As sample no.1 was discarded, then from the second sample, which was the optimum one for the previous project, its viscosity (26700 cp) was found to be a little bit higher than the commercial (25712cp), but its foam volume (48mm) was less than the commercial (65mm). 
In the third sample, the decreasing of the pine oil affected the viscosity by decreasing its value from (26700 cp) to (23000 cp) in a percentage of 11.5% from its initial value, but it was still in the range. For the foam volume, it decreased to (35cm)
For the fourth sample, the effect of adding an abrasive material (sea sand) was noticed, its viscosity didn’t affected which was (25261cp). However, its foam volume decreased to (30cm) and the appearance of the gel wasn’t acceptable; so this kind of abrasive (sand) was negligible.  
For the fifth, sixth and seventh samples, the effect of adding an abrasive material (CaCO3) in different percentage (3.85%, 5%, 7%) were studied at a constant pine oil percentage (3.5%); their viscosity didn’t change significantly (25608, 25219, 25536 cp) respectively. But the foam volume was increased as a result of increasing the percentage of abrasive. The figure below shows the effect of increasing the abrasive amount on the foam volume. 

[bookmark: _Toc252253107]Figure 9: The effect of increasing the abrasive percentage on the foam volume
For the eleventh sample, its viscosity is good (26406 cp), but its foam volume decreased to (25 cm) as a result of decreasing the percentage of both of the abrasive and pine oil.
For the twelfth sample, the need of increasing the foam volume guide to add a little amount of foaming agent (1% ETA). The effect is seemed on the foam volume which increased sharply from (25mm) in sample no.11 to (70mm); although of that both of them are the same recipe in the exception of (1% ETA) sample no.12. On the other hand, its viscosity increased to (32600 cp). 
The pH test shows that all of the samples were acceptable in the range of (6.5-8).
The prepared samples were given to some persons as test samples to use it and provide their opinions as a feed back to improve the product to be fit with the consumers’ requirements. Each sample divided into 4 subsamples (parts), each part was given to a person and the same person took one part from every sample to be able to differentiate, distinguish and compare between them objectively; in other word, to prevent the difference in the evaluation due to the difference in the personal opinion. Their opinions were as the following:
By making a comparison between the second and third samples, it was noticed that there is no difference between them, which means that the decreasing of the amount of the pine oil in a percentage of 1%, the cleaning efficiency and performance of the gel didn’t affected according to the consumer opinion.
By making a comparison among the fifth, sixth and seventh samples; the seventh one was good. Its foam volume was the highest. But the abrasive was settled in a little amount. However, the sixth one had a moderately foam volume. When the consumer used it, he noticed that the surface remained clean for three days which means the antiredeposition of it was relatively high. So the sixth sample was the most acceptable of them up to now. 
For the last two samples, sample no.12 had a larger foam volume than sample no.11, higher foam heights are desirable, as consumers generally equate foaming with cleaning performance.
Therefore, gel concentration that will be used in the rest of this study is same as sample 12.





6.4 [bookmark: _Toc252214265]Surface Tension Test Results

It’s worth mentioning that before taking any reading from the tensiometer apparatus, a calibration was done. (The calibration procedure was taken from the manual of this apparatus).
[bookmark: _Toc252214266]6.4.1 Tensiometer calibration
Once the calibration was done, the surface tension was measured for several materials of known theoretical surface tension values. This includes methanol, acetone, acetic acid, propylene glycol, and water. Table (15) lists these materials with their theoretical surface tension values and the measured surface tension values.
[bookmark: _Toc252259550]Table 15: Theoretical and measured surface tension values of several materials [w14]
	material
	Measured value (dyne/cm)
	Theoretical value (dyne/cm)

	methanol
	26.5
	22.6

	acetone
	27
	23.7

	acetic acid
	29
	27.6

	propylene glycol
	37.1
	40.1

	water
	68.5
	72



From these data, a calibration curve was prepared to relate the measured reading of surface tension for these materials (taking from the apparatus) and the theoretical one. This is shown in figure (10).






[bookmark: _Toc252253108]Figure 10: Theoretical versus measured surface tension values for materials shown in table (15).                                    

In addition, the interfacial tensions of several water- materials were measured for several materials of known theoretical interfacial tension. These are shown in Table (16) with there theoretical values. 

[bookmark: _Toc252259551]Table 16: Theoretical and measured interfacial tension values of water/materials [w14]
	Materials
	Theoretical value (dyne/cm)
	Measured value (dyne/cm)

	water/butanol
	1.8
	3.5

	water/ethyl acetate
	6.8
	7.3

	water/kerosene
	22
	20.5



From these data, a calibration curve was prepared to relate the measured reading of interfacial tension for these materials (taking from the apparatus) and the theoretical one. This is shown in figure (11).

[bookmark: _Toc252253109]Figure 11: Theoretical versus measured interfacial tension values for materials shown in table (16).

[bookmark: _Toc252214267]6.4.2 Surface activity measurements of diluted gel samples

To make use of surface activity theory in evaluating cleaning gel performance, four gel samples were prepared, each of them contains the same percentage of (LABS, CMC, CaCO3, and ETA), but with different concentrations of pine oil (2.5%, 3%, 3.5%, 5%).
For each of these samples, six solutions of gel and water were prepared with different concentrations of gel in these solutions. Values chosen were (0.05:125, 0.5:125, 1:125, 2:125, 4:125, and 16:125). These were chosen in order to study the effect of pine oil at low and high concentrations.
After preparing the samples, the surface tension of each one was measured by using the tensiometer apparatus. Surface tension was also measured for the commercial gel which was taken as a reference for comparison purposes, although, it concentration is not available.
The following table summarize all surface tension measurements for of the above samples.

[bookmark: _Toc252259552]Table 17: Samples of gel which were prepared and their corresponding surface tension
	sample #
	sample ingredients
	pine concentration
	ml gel/125 ml water
	ST m1
	ST m2
	ST m
	ST theoretical

	1
	5%pine , 12% LABS
	5
	0.05
	35.6
	35
	35.3
	34.5

	2
	5%pine , 12% LABS
	5
	0.5
	35.1
	34.9
	35.0
	34.2

	3
	5%pine , 12% LABS
	5
	1
	31.0
	30.2
	30.6
	29.1

	4
	5%pine , 12% LABS
	5
	2
	28.9
	28.4
	28.6
	26.8

	5
	5%pine , 12% LABS
	5
	4
	28.7
	28.2
	28.4
	26.6

	6
	5%pine , 12% LABS
	5
	16
	30.9
	31.5
	31.2
	29.8

	7
	pine,abrasive,CMC,SLS
	3.5
	0.05
	32.0
	31
	31.5
	30.1

	8
	pine,abrasive,CMC,SLS
	3.5
	0.5
	30.3
	29.5
	29.9
	28.3

	9
	pine,abrasive,CMC,SLS
	3.5
	1
	30.9
	29.5
	30.2
	28.6

	10
	pine,abrasive,CMC,SLS
	3.5
	2
	29.0
	29.5
	29.3
	27.5

	11
	pine,abrasive,CMC,SLS
	3.5
	4
	29.7
	28.7
	29.2
	27.5

	12
	pine,abrasive,CMC,SLS
	3.5
	16
	29.5
	29.6
	29.5
	27.9

	13
	pine,abrasive,CMC,SLS
	2.5
	0.05
	35.0
	34.2
	34.6
	33.7

	14
	pine,abrasive,CMC,SLS
	2.5
	0.5
	33.3
	32
	32.6
	31.4

	15
	pine,abrasive,CMC,SLS
	2.5
	1
	33.0
	32.2
	32.6
	31.4

	16
	pine,abrasive,CMC,SLS
	2.5
	2
	32.2
	32.7
	32.4
	31.2

	17
	pine,abrasive,CMC,SLS
	2.5
	4
	32.1
	31.1
	31.6
	30.2

	18
	pine,abrasive,CMC,SLS
	2.5
	16
	30.8
	30.5
	30.6
	29.1

	19
	5%pine , 10% LABS
	commercial
	0.05
	35.2
	35.2
	35.2
	34.4

	20
	5%pine , 10% LABS
	commercial
	0.5
	34.8
	34.5
	34.7
	33.8

	21
	5%pine , 10% LABS
	commercial
	1
	34.3
	34.3
	34.3
	33.4

	22
	5%pine , 10% LABS
	commercial
	2
	33.9
	33.9
	33.9
	32.9

	23
	5%pine , 10% LABS
	commercial
	4
	33.7
	32.2
	32.9
	31.8

	24
	5%pine , 10% LABS
	commercial
	16
	30.5
	31.5
	31.0
	29.5

	25
	pine,abrasive,CMC,SLS
	3
	0.05
	35.2
	35.2
	35.2
	34.4

	26
	pine,abrasive,CMC,SLS
	3
	0.5
	34.8
	34.3
	34.5
	33.6

	27
	pine,abrasive,CMC,SLS
	3
	1
	34.5
	34.2
	34.4
	33.4

	28
	pine,abraive,CMC,SLS
	3
	2
	34.0
	34.5
	34.2
	33.3

	29
	pine,abrasive,CMC,SLS
	3
	4
	33.0
	32.5
	32.8
	31.6

	30
	pine,abrasive,CMC,SLS
	3
	16
	34.0
	32.0
	33.0
	31.8


Abbreviations presented in the table are corresponds to
ST m1: the first measured value of surface tension
ST m2: the second measured value of surface tension
ST m: the average measured value of surface tension
The previous experimental data in table (17) were drawn in figure (12) which shows the relation between surface tension and sample concentration. It was clear that the surface tension decreases with increasing surfactant concentration as molecules adsorb at the liquid–air interface for all samples except sample # 6 because of experimental errors.

[bookmark: _Toc252253110]Figure 12: Surface tension versus sample concentration.

Also, it was noticed that all surface tension measurements were in the range of (26-34) dyne/cm, which means relatively small changes in surface tension measurement. One possible explanation for that is that all samples concentrations were above their critical micelle concentration (cmc).
These results guide that therefore other samples of gel were prepared of concentration lower than above were prepared and tested.


















[bookmark: _Toc252214268]6.4.3 Finding the cmc of the gel

In order to find the cmc of the gel, 14 samples of gel with different diluted concentrations in the range between 4*10-4 to 4 ml gels in 125 ml water were prepared, the surface tension values were measured and the table (18) shows the results.

[bookmark: _Toc252259553]Table 18: the results for finding the cmc concentration
	ml gel/ 125 ml water
	Surfactants Concentration (%)
	surfactants Concentration (ppm)
	measured surface tension (dyne/cm)
	theoretical surface tension (dyne/cm)

	4
	0.62
	4960
	31.6
	30.2

	2
	0.31
	2480
	32.5
	31.2

	1
	0.155
	1240
	32.6
	31.4

	0.5
	0.0775
	620
	33.1
	32.0

	0.33
	0.05115
	409.2
	35.0
	34.2

	0.25
	0.03875
	310
	30.0
	28.4

	0.111
	0.017205
	137.6
	34.0
	33.0

	0.058
	0.00899
	71.9
	34.6
	33.7

	0.03
	0.00465
	37.2
	35.0
	34.2

	0.0154
	0.002387
	19.1
	35.2
	34.4

	0.00775
	0.00120125
	9.6
	36.2
	35.5

	0.00389
	0.00060295
	4.8
	42.0
	42.2

	0.0019
	0.0002945
	2.4
	47.0
	48.0

	0.000488
	0.00007564
	0.6
	58.0
	60.7


.
The second column in table (18) shows the surfactants concentration which consist of 12%LABS, 2.5%pine oil, 1% ETA with total surfactant concentration of 15.5%.

All results in table (18) are drown in figure (13)
From figure (13) the cmc of the gel was found to be 310 ppm (at 0.25 ml gel/ 125ml water). For more clear vision of the cmc value figure (14) is drown. 

[bookmark: _Toc252253111]Figure 13: surface tension versus surfactant concentrations for all measurements in table (6.9)

 (
cmc
)
[bookmark: _Toc252253112]Figure 14: surface tension versus surfactant concentrations for some measurements in table (6.9)

[bookmark: _Toc252214269]6.4.4 Testing the performance of gel using surface activity concept
From the previous quality tests, it was found that gel sample with 2.5% pine oil concentration had the most acceptable properties and performance. To support this result, surface tension measurements were carried out for this sample and to other samples contained different percentage of pine oil concentrations (1%, 3.5%) and the commercial sample.
For each of the above four samples, 5 diluted concentrations were prepared; one of them is at the cmc point (0.25:125), one above the cmc (1:125), and three below the cmc (0.002:125, 0.004:125, 0.06:125).
Moreover, gel performance was testing by measuring the surface tension after several cycles’ times.


The following tables show the results of surface tension test for the soiled solutions of different pine oil concentrations.
[bookmark: _Toc252259554]Table 19: surface tension measurements for the sample of 2.5% pine oil concentration, at different concentrations of gel (1, 0.25, 0.06, 0.004, 0.002 ml gel to 125 ml water) at different numbers of cleaning cycles (0- 25) cycles
	ST theoretical
	STm 
	STm2
	ST m1
	No of cycles
	ml gel: ml water
	Pine oil concentration (2.5 %)

	33.8
	34.6
	34.8
	34.5
	0
	1:125
	

	33.6
	34.5
	34.5
	34.5
	5
	
	

	31.3
	32.5
	32.5
	32.5
	10
	
	

	33.1
	34.0
	34.1
	33.9
	15
	
	

	32.4
	33.5
	33.5
	33.5
	20
	
	

	30.7
	32.0
	31.9
	32.1
	25
	
	

	33.6
	34.5
	34.8
	34.3
	0
	0.25:125
	

	30.7
	32.0
	32.0
	32.0
	5
	
	

	33.2
	34.2
	34.3
	34.1
	10
	
	

	32.8
	33.8
	33.9
	33.7
	15
	
	

	33.6
	34.5
	34.5
	34.5
	20
	
	

	33.9
	34.8
	34.7
	34.9
	25
	
	

	33.6
	34.5
	34.8
	34.2
	0
	0.06: 125
	

	33.1
	34.1
	34.0
	34.1
	5
	
	

	34.2
	35.0
	35.0
	35.0
	10
	
	

	35.0
	35.7
	35.6
	35.8
	15
	
	

	34.2
	35.1
	35.0
	35.1
	20
	
	

	34.6
	35.3
	35.7
	35.0
	25
	
	

	44.0
	43.6
	43.8
	43.3
	0
	0.004: 125
	

	41.9
	41.7
	43.0
	40.5
	5
	
	

	43.8
	43.4
	43.7
	43.0
	10
	
	

	42.2
	42.0
	42.0
	42.0
	15
	
	

	43.5
	43.1
	43.2
	43.0
	20
	
	

	40.0
	40.1
	39.8
	40.4
	25
	
	

	47.1
	46.2
	46.2
	46.2
	0
	0.002: 125
	

	36.3
	36.8
	37.3
	36.4
	5
	
	

	39.3
	39.5
	36.8
	42.2
	10
	
	

	43.6
	43.2
	42.6
	43.8
	15
	
	

	42.0
	41.8
	41.8
	41.8
	20
	
	

	33.9
	34.7
	36.3
	33.2
	25
	
	




















[bookmark: _Toc252259555]Table 20: surface tension measurements for the sample of 1% pine oil concentration, at different concentrations of gel (1, 0.25, 0.06, 0.004, 0.002 ml gel to 125 ml water) at different numbers of cleaning cycles (0- 25) cycles
	ST theoretical
	STm
	STm2
	ST m1
	No of cycles
	ml gel: ml water
	Pine oil concentration (1 %)

	34.9
	35.6
	35.2
	36.0
	0
	1:125
	

	33.6
	34.5
	34.1
	35.0
	5
	
	

	35.0
	35.8
	35.7
	35.8
	10
	
	

	34.8
	35.6
	35.7
	35.5
	15
	
	

	34.2
	35.0
	35.0
	35.1
	20
	
	

	35.4
	36.1
	36.1
	36.0
	25
	
	

	31.7
	32.9
	33.0
	32.8
	0
	0.25:125
	

	30.7
	32.0
	32.0
	32.0
	5
	
	

	30.2
	31.5
	31.1
	32.0
	10
	
	

	34.0
	34.9
	34.8
	35.0
	15
	
	

	32.9
	33.9
	34.0
	33.9
	20
	
	

	33.0
	34.0
	34.0
	34.0
	25
	
	

	34.7
	35.4
	35.4
	35.5
	0
	0.06: 125
	

	30.3
	31.7
	31.3
	32.0
	5
	
	

	34.3
	35.1
	35.2
	35.0
	10
	
	

	34.2
	35.0
	35.0
	35.0
	15
	
	

	33.9
	34.7
	34.7
	34.8
	20
	
	

	27.2
	29.0
	29.0
	29.0
	25
	
	

	40.5
	40.5
	41.0
	40.0
	0
	0.004: 125
	

	35.4
	36.1
	36.2
	36.0
	5
	
	

	37.2
	37.6
	38.0
	37.2
	10
	
	

	40.5
	40.5
	42.0
	39.0
	15
	
	

	42.4
	42.1
	42.0
	42.2
	20
	
	

	41.8
	41.6
	42.0
	41.2
	25
	
	

	48.9
	47.8
	48.5
	47.1
	0
	0.002: 125
	

	35.9
	36.55
	37.1
	36.0
	5
	
	

	47.4
	46.5
	46.0
	47.0
	10
	
	

	46.4
	45.65
	45.5
	45.8
	15
	
	

	36.4
	36.95
	37.7
	36.2
	20
	
	

	45.8
	45.1
	45.0
	45.2
	25
	
	




























[bookmark: _Toc252259556]Table 21: surface tension measurements for the sample of 3.5% pine oil concentration, at different concentrations of gel (1, 0.25, 0.06, 0.004, 0.002 ml gel to 125 ml water) at different numbers of cleaning cycles (0- 25) cycles
	ST theoretical
	STm
	STm2
	ST m1
	No of cycles
	ml gel: ml water
	Pine oil concentration (3.5 %)

	33.0
	34.0
	34.8
	33.2
	0
	1:125
	

	34.4
	35.2
	35.2
	35.2
	5
	
	

	33.4
	34.3
	34.5
	34.2
	10
	
	

	34.1
	35.0
	35.0
	35.0
	15
	
	

	34.2
	35.1
	35.0
	35.1
	20
	
	

	30.7
	35.0
	35.1
	35.0
	25
	
	

	28.2
	29.8
	31.2
	28.5
	0
	0.25:125
	

	33.6
	34.5
	34.0
	35.0
	5
	
	

	26.5
	28.4
	28.4
	28.4
	10
	
	

	34.0
	34.9
	35.0
	34.8
	15
	
	

	32.5
	33.6
	33.2
	34.0
	20
	
	

	30.2
	31.6
	31.2
	32.0
	25
	
	

	36.5
	37.0
	37.0
	37.0
	0
	0.06: 125
	

	35.3
	36.0
	36.0
	36.0
	5
	
	

	34.1
	35.0
	35.0
	35.0
	10
	
	

	35.2
	35.9
	35.8
	36.0
	15
	
	

	35.4
	36.1
	36.1
	36.1
	20
	
	

	37.4
	37.8
	37.8
	37.8
	25
	
	

	40.6
	40.5
	40.6
	40.5
	0
	0.004: 125
	

	39.5
	39.6
	39.8
	39.5
	5
	
	

	38.8
	39.1
	40.0
	38.1
	10
	
	

	43.8
	43.4
	43.3
	43.5
	15
	
	

	44.8
	44.2
	44.5
	44.0
	20
	
	

	36.5
	37.0
	38.0
	36.1
	25
	
	

	51.6
	50.1
	51.0
	49.2
	0
	0.002: 125
	

	38.3
	38.5
	37.9
	39.2
	5
	
	

	40.8
	40.8
	39.0
	42.5
	10
	
	

	50.3
	49.0
	49.2
	48.8
	15
	
	

	41.6
	41.4
	41.9
	41.0
	20
	
	

	41.0
	40.9
	41.8
	40.1
	25
	
	




























[bookmark: _Toc252259557]Table 22: surface tension measurements for the commercial sample, at different concentrations of gel (1, 0.25, 0.06, 0.004, 0.002 ml gel to 125 ml water) at different numbers of cleaning cycles (0- 25) cycles
	ST theoretical
	STm 
	STm2
	ST m1
	No of cycles
	ml gel: ml water
	Commercial gel samples

	30.3
	31.6
	31.0
	32.3
	0
	1:125
	

	32.8
	33.8
	34.6
	33.0
	5
	
	

	28.3
	29.9
	29.8
	30.0
	10
	
	

	28.1
	29.7
	29.6
	29.9
	15
	
	

	28.5
	30.1
	30.2
	30.0
	20
	
	

	28.7
	30.3
	30.4
	30.2
	25
	
	

	33.9
	34.8
	34.5
	35.0
	0
	0.25:125
	

	33.6
	34.5
	34.0
	35.1
	5
	
	

	29.0
	30.5
	30.5
	30.5
	10
	
	

	28.7
	30.2
	30.0
	30.5
	15
	
	

	29.5
	31.0
	31.0
	31.0
	20
	
	

	27.3
	29.1
	29.0
	29.2
	25
	
	

	34.2
	35.1
	35.0
	35.1
	0
	0.06: 125
	

	29.5
	31.0
	31.0
	31.0
	5
	
	

	29.8
	31.2
	31.0
	31.4
	10
	
	

	30.5
	31.8
	31.8
	31.8
	15
	
	

	31.1
	32.4
	32.5
	32.2
	20
	
	

	35.6
	36.2
	36.0
	36.5
	25
	
	

	38.9
	39.1
	40.5
	37.8
	0
	0.004: 125
	

	29.1
	30.6
	30.1
	31.2
	5
	
	

	28.2
	29.8
	31.5
	28.1
	10
	
	

	30.0
	31.4
	31.2
	31.6
	15
	
	

	38.1
	38.4
	38.4
	38.4
	20
	
	

	28.0
	29.6
	29.1
	30.2
	25
	
	

	53.9
	52.1
	52.0
	52.2
	0
	0.002: 125
	

	33.6
	34.5
	36.0
	33.1
	5
	
	

	36.9
	37.3
	37.2
	37.5
	10
	
	

	41.0
	40.9
	41.8
	40.0
	15
	
	

	42.6
	42.3
	42.6
	42.0
	20
	
	

	43.8
	43.4
	43.3
	43.5
	25
	
	







· The effect of time (cycles) on surface tension measurements
As shown in the following two figures (15), (16), the behaviour of surface tension under different number of cycles for the contaminated commercial/ soil solution. (The 2.5% pine gel and the commercial) was shown. The trend of the surface tension for each gel sample when increasing the number of cycles was not absolutely clear; but in general, as the number of cycles increased, the surface tension is decreased.


[bookmark: _Toc252253113]Figure 15: The behaviour of surface tension under different number of cycles for the commercial/soil solution at different concentrations of gel


[bookmark: _Toc252253114]Figure 16: The relationship between surface tension and number of cycles for the 2.5% pine gel/soil solution at different concentrations of gel

· Effect of pine oil concentration on surface tension measurements
Set of experiments were carried out for water out of cleaning tile under different cycle time exposure at different pine oil concentration in the gel sample. Results are shown for different number of cycles:
· For a 5 cycles cleaning application
Figure (17) shows results for 5 cycle application. At low sample concentration, the value of surface tension for the 3.5% is higher than that for 2.5% which is higher than that of 1%. When sample concentration is increased, all samples have nearly same surface tension value.


[bookmark: _Toc252253115]Figure 17: surface tension versus sample concentration for different soil/pine gel solutions at 5 cycles
· For 10 cycles cleaning application
The results in fig.(18) demonstrate that the 2.5%pine oil gel sample was the highest value of surface tension, and the 1% pine gel was lower than 2.5% gel. This oscillation in the experimental result was due to the accumulation of micelles of surfactant on the surface. 

[bookmark: _Toc252253116]Figure 18: surface tension versus sample concentration for different soil/pine gel solutions at 10 cycles


· 15 cycles cleaning application
After repeating the cleaning process for 15 cycles, the surfactant micelles structure returned to its original state because dilution occurred. At the ''cmc'' concentration, the surface tension for the 2.5%pine gel was less than both of 1% and 3.5% gels as shown in fig.(19). By making a comparison between 2.5% and 3.5% gels; the 1% difference between them didn’t affect the surface tension measurements positively, so we can conclude that there was no need to increase the pine oil percentage concentration above 2.5%. Also, the surface tension of 2.5%gel was the closest to the commercial.


[bookmark: _Toc252253117]Figure 19: surface tension versus sample concentration for different soil/pine gel solutions at 15 cycles





· For  20 and 25 cycles cleaning application 
When the cycle time is increased above 15 results of cycle time 20 and 25 cycle show that surface tension behaviour is not in regular as shown in both figures (20), (21). One explanation for this is that concentration of surfactant start to decrease once applying 20 cycles or above. Therefore the structure of micelles of fluid changing and not uniform hence any sample taken could be away from any surfactant concentration is highly above "cmc" or from a place where it depleted. Therefore, surface tension behavior is not regular due to force application on surfaces. 

[bookmark: _Toc252253118]Figure 20: surface tension versus sample concentration for different soil/pine gel solutions at 20 cycles



[bookmark: _Toc252253119]Figure 21: surface tension versus sample concentration for different soil/pine gel solutions at 25 cycles













[bookmark: _Toc252214270]Chapter Seven 
CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations can be drawn from this work:
7.1. [bookmark: _Toc252214271]Conclusions 

· Based on the customer survey it was concluded that modification of floor cleaning gel are needed in terms of gel efficiency. Due to the high cost of pine oil, a new formula was prepared which maintain high efficiency with cheaper cost. This was made by cutting the pine oil concentration to 2.5%.
· The main ingredients of the most acceptable gel sample were "12wt% LABS, 2.85wt% CaCO3, 2.5wt% pine oil, 1.5wt% NaOH, 1wt% Texapone, 0.5 wt% CMC". These ingredients result in several following tests, viscosity of 32600 cp, and foam volume of 70 mm. 
· The performance of gel was carried out using surface activity concept. This was done by designing a straight line apparatus to be simulation for the movement of the hand in cleaning work. The number of movement was called cleaning cycle.
· In general, as the number of cleaning cycle time increased, the surface tension of the contaminated gel/soil solution was decreased.
· A measurement of the critical micelle concentration ‘cmc’ of the gel was found to be 310 ppm (at 0.25ml gel per 125 ml water). This means that any increase of the surfactants concentration above the ‘cmc’ gives the same effect of cleaning. This what was found experimentally.
· Therefore, any increase of pine oil concentration above 2.5% is a loss of pine oil and will not affect the surface tension measurements positively.
· This work result of pine oil concentration is in line with the published data [w3].” The pine oil constituent may be present in the gel comparison in amount of up to 3% by weight, preferably in amount of up to 0.01-2.5% by weight, but most preferably in amount of between 0.75-1.5% pine oil by weight.” 
· Comparison of surface tension of prepared sample with a commercial gel sample was carried out. Results show that the surface tension measurements of the commercial one were less than that of other samples. Although, the commercial gel sample contains concentration of LABS lower than that used of our work. This leaves us with a big question of what pine oil and other constituents’ concentration in the commercial sample is?

7.2. [bookmark: _Toc252214272]Recommendations 

· It was found that adding abrasive material result settle down if the mixing condition is not adequate or time of mixing is not enough. Therefore, it is recommended to study mixing effects on stability of gel.
· It is recommended to add ETA to LABS and NaOH solution in the first day of preparing the gel to prevent the foam formulation. In the next day, other ingredients should be added.
· It is essential to study the physical and chemical properties of any material before using it when making detergent formulations.
· Based on what was concluded, the most preferably amount of pine oil is 1.5% by weight, we recommend modifying the gel preparation with low pine oil concentration of 1.5%. But this concentration of oil will not give the required viscosity so we recommend using any viscosity promoter to enhance the viscosity.
· In order to have more environmental friendly gel product, it is recommended to reduce the amount of volatile organic compounds (VOC’s) present in the gel sample.               
· It is recommended to use pine oil solubilizing agent in amount of 15% by weight and less to be effective to solubilize the pine oil as well as optionally solubilizing other constituents which may be present in the gel composition according to the published data.
· Based on results of surface activity of the modified cleaning floor gel, it is recommended that the amount of soil removal from the soiled tile is measured after each cleaning cycle. This will support our decreasing the surface tension values with time and a correlation could be drawn for the cleaning gel efficiency (soil removed amount with cleaning cycles).  
· Many problems were faced in dealing with the tensiomat apparatus which is borrowed from the science collage. So it is recommended to purchase a new tensiometer for the chemical engineering department.
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foam	3.8299999999999987	5	7	25	30	35	Sample Number 

Foam Volume (mm)


Best fit	
26.5	27	29	37.1	68.5	22.7	23.7	27.6	40.1	72	Measured value (dyne/cm)

Theoretical value (dyne/cm)


best fit	
3.5	7.25	20.5	1.8	6.8	22	Measured value(dyne/cm)

Actual value(dyne/cm)


5%PINE	0.05	0.5	1	2	4	16	34.5092	34.163000000000011	29.085399999999723	26.835099999999986	26.604299999999999	29.777799999999989	3.5%pine	0.05	0.5	1	2	4	16	30.123999999999999	28.277599999999989	28.623799999999989	27.5275	27.469799999999701	27.873699999999989	2.5% pine	0.05	0.5	1	2	4	16	33.7014	31.451099999999986	31.393399999999989	31.220299999999799	30.2394	29.143099999999986	commercial	0.05	0.5	1	2	4	16	34.393800000000006	33.759099999999989	33.355200000000004	32.893600000000006	31.797300000000003	29.547000000000001	3% pine,abr	0.05	0.5	1	2	4	16	34.393800000000006	33.643700000000003	33.412899999999993	33.297500000000063	31.566499999999785	31.854999999999993	Gel conc.(ml gel in 125 ml water)

 theoritical surface tension (dyne/cm)


4960	2480	1240	620	409.2	310	137.63999999999999	71.92	37.200000000000003	19.096000000000004	9.61	4.8236000000000008	2.3559999999999977	0.60511999999999999	30.2	31.22	31.4	31.970399999999785	34.163000000000011	28.392999999999986	33.009	33.7014	34.163000000000011	34.393800000000006	35.547800000000002	42.241	48.011000000000003	60.705000000000013	Surfactants Concentration(ppm)

Surface tension (dyne/cm)

620	409.2	310	137.63999999999999	71.92	37.200000000000003	19.096000000000004	9.61	4.8236000000000008	2.3559999999999977	0.60511999999999999	31.970399999999785	34.163000000000011	28.392999999999986	33.009	33.7014	34.163000000000011	34.393800000000006	35.547800000000002	42.241	48.011000000000003	60.705000000000013	surfactants Concentration(ppm)

surface tension (dyne/cm)

2.5% pine
1/125	0	5	10	15	20	25	33.759099999999989	33.586000000000006	31.277999999999992	33.009	32.432000000000002	30.700999999999986	0.25:125	0	5	10	15	20	25	33.643700000000003	30.700999999999986	33.239800000000002	32.778200000000012	33.586000000000006	33.932200000000009	0.06:125	0	5	10	15	20	25	33.586000000000006	33.066700000000012	34.163000000000011	34.970800000000004	34.220700000000313	34.566900000000011	0.004:125	0	5	10	15	20	25	44.029700000000012	41.952500000000001	43.798900000000444	42.241	43.510400000000004	40.048400000000008	0.002:125	0	5	10	15	20	25	47.087799999999994	36.297900000000013	39.356000000000002	43.625800000000012	42.010200000000005	33.874499999999998	no. cycles

surface tension


commercial
1/125	0	5	10	15	20	25	30.297099999999986	32.778200000000012	28.277599999999989	28.104499999999987	28.508399999999792	28.739199999999986	0.25:125	0	5	10	15	20	25	33.874499999999998	33.643700000000003	28.969999999999889	28.681499999999989	29.547000000000001	27.354400000000005	0.06:125	0	5	10	15	20	25	34.220700000000313	29.547000000000001	29.777799999999989	30.470199999999799	31.104899999999997	35.605500000000013	0.004:125	0	5	10	15	20	25	38.952100000000002	29.143099999999986	28.162199999999803	30.008599999999777	38.086600000000004	27.989099999999755	0.002:125	0	5	10	15	20	25	53.8964	33.643700000000003	36.874899999999997	40.971600000000002	42.587200000000003	43.856599999999993	no. cycles

surface tension


5 cycles
2.50%	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	41.952500000000001	33.066700000000012	30.700999999999986	33.586000000000006	commercial	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	29.143099999999986	29.547000000000001	33.643700000000003	32.778200000000012	3.50%	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	39.529100000000113	35.316999999999993	33.586000000000006	34.393800000000006	1%	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	35.432400000000001	30.297099999999986	30.700999999999986	33.643700000000003	sample concentration

surface tension


10 cycles
2.50%	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	43.798900000000209	34.163000000000011	33.239800000000002	31.277999999999992	commercial	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	28.162199999999906	29.777799999999989	28.96999999999991	28.277599999999989	3.50%	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	38.836699999999993	34.163000000000011	26.546599999999902	33.412899999999993	1%	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	37.16340000000001	34.278400000000012	30.181699999999989	35.028500000000157	sample concentration

surface tension


15cycles
2.50%	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	42.241	34.970800000000004	32.778200000000012	33.009	commercial	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	30.008599999999898	30.470199999999906	28.681499999999989	28.104499999999987	3.50%	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	43.856599999999993	35.201600000000006	34.047599999999989	34.163000000000011	1%	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	40.51	34.163000000000011	34.047599999999989	34.855399999999996	sample concentration

surface tension


20 cycles
2.50%	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	43.510400000000004	34.22070000000015	33.586000000000006	32.432000000000002	commercial	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	38.086600000000004	31.104899999999997	29.547000000000001	28.508399999999906	3.50%	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	44.837499999999991	35.432400000000001	32.547400000000003	34.22070000000015	1%	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	42.356400000000001	33.874499999999998	32.951299999999996	34.22070000000015	sample concentration

surface tension


25 cycles
2.50%	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	40.048400000000008	34.566900000000011	33.932200000000009	30.700999999999986	commercial	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	27.989099999999883	35.605500000000013	27.354400000000005	28.739199999999986	3.50%	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	36.528700000000143	37.394200000000005	30.2394	30.7	1%	4.0000000000000114E-3	6.0000000000000032E-2	0.25	1	41.77940000000001	27.238999999999987	33.009	35.37469999999999	Sample concentration

Surface tension
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Substance Temperature (°C) Surface tension (dyne cm=")

Liquid
Diethyl ether 20 17.01
n-octane 20 218
Ethyl alcohol 20 223
Methyl alcohol 20 226
Chloroform 20 27.14
Benzene 20 28.88
Benzene 25 28.22
Phenol 20 40.9
Glycerol 20 63.4
Water 20 72.8
Water 25 72
Mercury 20 476
Aluminum 700 900
Copper 1140 1120

Solid
Copper 1050 1430-1670
Iron 1400 1670

Liquid-liquid interface
Diethylether-water 20 10.7
n-octane-water 20 50.8

Benzene-water 20 35
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1 F = Force, mNim
Plate made of roughened Pt

L= Wetted Length, mm

contact angle

6 =0° for most liquids
against platinum
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