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ABSTRACT:

This project aims to design a new formulation for hair care products as styling gel  will be through  the modification and improvements of existed products ,to reach to best economical effective formula which can be used safely for hair and scalp.

The properties of hair gel according to costumer need:  quality as the adhesion and dryer time on hair the most important quality characteristics of the product, appearance as homogenous, smooth texture, shining and viscous gel .Stability as two to three month at least ,and desired color was white (milky).

The addition of vitamins and natural substances instead of chemicals, contribute  working to strengthen and   smoothness of hair, and prevent hair from loss and lake of brittleness as much as possible. The proposed and  designed  formulation will be tested to insure their suitability for  use.

The methodology  was choosen  formulation from comparison of  percentage of Polyvinyl Pyrrolidone  and carbopol ,then choose the best formula that acceptable pH (6-8) and viscosity , good adhesion and ability. 

Next, modified it by addition cactus oil, paraffin oil ,and special perfume, to have  white gel with  good properties and total cost of raw material  approach to 3 NIS/kg.
Finally, survey was distributed for 30 person  and take their suggestions on the new product . overall ,the total of the result : 82 %  was very good, 13% was excellent , 4% was normal ,and 1 % was  not good .
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CHAPTER (1):  INTRODUCTION
1.1) COSMETICS IN HISTORY 
The word cosmetic derives from the Greek Kosm tikos meaning 'having the power, arrange, skilled in decorating', giving kosmein, 'to adorn' and kosmos, 'order', 'harmony', the latter used today for the universe having been applied to the world by the ancients from its perfect order, the repetition of the seasons and the movements of the stars [1]. But the true origin of cosmetics probably lies further still in antiquity, because early cave paintings of 30,000 years ago depict the use of body adornment (rudimentary cosmetics) in the rituals of mating and hunting [2]. Throughout the recorded history of man, cosmetics have been used with essentially the same three goals in mind, namely (a) to enhance personal appeal through decoration of the body, (b) to camouflage flaws in the integument, and (c) to alter or improve upon nature. Consider several historical vignettes showing the role of cosmetics down through the ages {4–6}. Vases of alabaster and obsidian for cosmetics discovered by Flinders Petrie in 1914 illustrate that the ancient Egyptians were well versed in the use of eye and face paints, body oils, and ointments. Theophrastus (363–278 b.c.), a student of Aristotle, demonstrated considerable knowledge of the compounding of perfumes, and the Roman physician, Galen of Pergamon (130–200 a.d.), is said to have innovated that time honored toiletry: cold cream (Cera Alba). Other people throughout the Middle East as well as the Orient were reported to have made extensive use of cosmetics. The Babylonians were said by Herodotus (490–420 b.c.) to be well practiced in the use of depilatories and the eye adornment, kohl, while Alexander the Great (356–323 b.c.) reported the use of unguents, incense, and other cosmetics by the countries of the Indo-Sumerian civilization. In Tudor England of the 1500s, sycophants of the Virgin Queen, Elizabeth I, adopted whatever cosmetic artifice and whimsy she chose to champion, whether by powdering their faces with the toxic lead paint, ceruse, to simulate the Queen’s pale complexion, rouging their cheeks with red ochre, or dyeing their hair orange to simulate the Queen’s once-abundant wavy red-gold hair, which she had inherited from her father, King Henry VIII. The Greeks and Turks, along with the Middle- and Far-Eastern ladies of the harem, used kohl for emphasizing the eyes and eyebrows, which met in the middle to form one line [3].In the 17th century, the phrase ‘‘makeup’’ was first 
used to connote ‘‘cosmetics’’by the poet Richard Cranshaw (1612–1649), while author and playwright Ben Johnson satirized women who ‘‘put on their faces’’ upon rising each morning before facing the world. [2]
 Early in the seventeenth century men used make-up discreetly and unobtrusively, but in the second half they were just as blatant as the women. One such flagrant user was Judge Jeffries, whose portrait can be seen in London's National Portrait Gallery, painted between 1678 and 1680 [4] .Egg-white was used to give a fashionable glaze tothe face. Most recipes to whiten teeth included ground brick, cuttle bone, red and white coral, egg shells, alum, mastic, sandarac, pumice and myrrh [5]. On the other hand Giovani Marinelli, an Italian physician, tried to retain cosmetics as a branch of medicine. Lip pomades were introduced by Guerlain in 1828 but the use of such aids in England in Victorian times became more and more discreet. By the 1980s a large industry produced a vast number of surfactants with special properties, and it is now nearly always possible to choose one which improves the formulation of any product. 
 Max Factor advised the Hollywood film stars from 1908 to 1938 on make-up and thereby helped to create the personalities of the stars copied by both men and women all over the world. Max Factor's company was therefore very successful when it marketed make-up 'as used by the stars'. Panstick and pancake make-up in varying shades were extremely popular [4].
1.2) COSMETICS  
Cosmetics are a category of consumer products marketed worldwide, the purpose and functions of which are universal to people of all cultures. The 1998 global cosmetics and toiletries market was valued at $125.7 billion [6], including skincare, fragrance, haircare, personal hygiene, and makeup products. In the United States alone there are over 1400 domestic manufacturing and repacking establishments, which in the aggregate use more than 10,500 different cosmetic ingredients [7].And a corresponding number of fragrance ingredients to make over 25,000 product formulations [8].Once considered luxuries by consumers of modest economic means, cosmetics and toiletries are seen today as necessities by growing numbers of consumers, regardless of their relative states of affluence [9]. Indeed, cosmetics are regarded not as mere pampered indulgences, but as key aids to maintaining and promoting better standards of personal hygiene and health. [2]
Today cosmetic, perfumery and essential oil industries exist with technologies of their own. The scientific bases of these are supported by the many new researches in chemistry and especially in the biochemistry of the skin and bodily functions. [4]
1.3) COSMETIC PRODUCTS

Table (1): Cosmetic products 

	Baby Products

	Baby shampoos

	Lotions, oils, powders, and creams

	Other baby products

	Bath Preparations

	Bath capsules

	Bath oils, tablets, and salts

	Bubble baths

	Other bath preparations

	Eye makeup preparations

	Eyebrow pencil Eye shadow

	Eyeliner Mascara

	Eye lotion Other eye makeup preparations

	Eye makeup remover

	Fragrance Preparations

	Colognes and toilet waters Sachets

	Perfumes Other fragrance preparations

	Powders (dusting and talcum, excluding aftershave talc)

	Hair Preparations (Noncoloring)

	Hair conditioners Shampoos (noncoloring)

	Hair sprays (aerosol fixatives) Tonics, dressings, and other hair grooming

	Hair straighteners aids

	Permanent waves Wave sets

	Rinses (noncoloring) Other hair preparations

	Hair Coloring Preparations

	Hair bleaches ,Hair dyes and colors

	Hair rinses (coloring),Hair shampoos (coloring),Hair color sprays (aerosol)


Table (1) continued
	Makeup Preparations (Not Eye)

	Blushers (all types) Makeup bases

	Face powders Makeup fixatives

	Foundations Rouges

	Leg and body paints Other makeup preparations

	Lipstick

	Manicuring Preparations

	Basecoats and undercoats Nail polish and enamel

	Cuticle softeners Nail polish and enamel removers

	Nail creams and lotions Other manicuring preparations

	Nail extenders

	Oral Hygiene Products

	Dentifrices (aerosols, liquids, pastes, and powders)

	Mouthwashes and breath fresheners (liquids and sprays)

	Other oral hygiene products

	Personal Cleanliness

	Bath soaps and detergents Feminine hygiene deodorants

	Deodorants (underarm) Other personal cleanliness products

	Douches

	Shaving Preparations

	Aftershave lotions Shaving cream (aerosol, brushless, and

	Beard softeners lather) products

	Men’s talcum Shaving soap (e.g., cakes, sticks)

	Preshave lotions (all types) Other shaving preparations

	Skincare Preparations (Creams, Lotions,

	Powders, and Sprays)

	Body and hand (excluding shaving Foot powders and sprays

	preparations) Night

	Cleansing (cold creams, cleansing lotions, Paste masks (mud packs)

	liquids, and pads) Skin fresheners

	Depilatories Other skincare preparations

	Face and neck (excluding shaving preparations)

	Suntan Preparations

	Indoor tanning preparations

	Suntan gels, creams, and liquids

	Other suntan preparations


* All types requiring caution statement and patch test.
CHAPTER (2): HAIR
2.1) HISTORY OF HAIR 
A variety of cultural stereotypes are associated with hair color. In the twentieth century, a disproportionate number of actresses, models, and female sex symbols had blond hair, while male sex symbols tended to have dark colored hair. The hair color gray is associated with aging (10). In the heat of Egypt, noblemen and women clipped their hair close to the head.  But for ceremonial occasions heavy, curly black wigs were donned.  Women’s wigs were often long and braided, adorned with gold ornaments or ivory hairpins. [11]
Chinese girls kept long, braided hair, whereas the married women combed their hair back into a knot. Men were seen shaving the front of their head and tying their long and braided black hair with silk. [12]
In the 15th century, ladies plucked their front hairline to form broad forehead. They tied the rest of their hair back and adorned it with grand headdresses. This was a practice common in Europe, whereas the Italian ladies covered their hair with jeweled turbans and low caps. [12]
In the first decade of the twentieth century Marcel waving grew in popularity as a result of a number of French hairdressers moving to New York and, being unable to find employment, they visited women in their homes and dressed their hair the French way. It had been devised by Marcel Grateau in 1873,who used hot irons to set hair in waves on either side of the head.
There were wax pomatums for fixing whiskers and moustaches, dyes for hair and whiskers, and wigs for men. After 1870 'puffs' and 'bangs' for thinning hair, or to augment current fashions, and even full wigs, were used by women; not forgetting toupees and moustaches to be wired on for

Men. [13]
 It was practiced in the home and in hairdressing salons on both sides of the Atlantic in the1920s and early 1930s. It was extremely suitable for the new bobbed hair of the1920s. [4]
Sartory of London, in 1927, used a chemical reaction to heat the cylinders surrounding the curlers, and after that it was not long before the overhead apparatus was no longer necessary 
because the rollers were preheated on rods. In 1932 the Zotos method was introduced in which the heat was produced in chemical pads wrapped round the curlers, and was known as 'machine-less' [14].
In 1934 the cold wave was devised, which used ammonium hydrosulflte. This was so unpleasant that it was replaced by mercaptans, and this led to the successful 'home perm' marketed in 1944 by the Toni company in America, which became a subsidiary of Gillette in 1948. [4]
2.2) CLASSIFICATION OF HAIR-CARE PRODUCTS
Hair-care products may be classified into two groups:

1. Those working by physical mechanisms, e.g. shampoos, conditioners and hair sprays.

2. Those bringing about chemical changes in the hair, e.g. permanent waving, hair-straightening preparations, and permanent hair colourants. [4]
From  table (1) ,the hair product may be  used as :

1 .cleaning 

2. styling 

3. coloring and noncoloring 
The hair care products :
1. Hair Gel.
2. Styling Mousses.
3. Shampoos and Conditioners.
4. Hair Sprays.
5. Hair Waxes.
6. Hair  color.
2.3) PSYCHOSOCIAL FACTORS INVOLVED IN HAIR COSMETICS
Haircare and psyche reciprocally reflect each other both positively and negatively (bad hair days). Contrary to the bad haircare and negligence of a depressed person or a man in grief, generally people tend to offer themselves the best of haircare when they are feeling happy or when they want to show their internal feelings to others through body language. This is particularly obvious during public appearances and important social gatherings (e.g., parties, marriage ceremonies). 
Haircare by itself can induce a state of self-confidence and may reflect social status. This may explain significant differences in shampooing regimens, which range from once or twice a week to once a day. Hair is midway between nature and culture [15].
Haircare attitudes are different from one society to another regardless of economic differences, and from one person to another within societies; e.g., hair loss is not equally perceived by everybody in all societies in the same manner. [16] 
Ebling and Johnson have shown how each hair follicle originates from an interaction between epidermal and dermal layers of the skin. The hair follicle is a sheath of epidermal cells and connective tissue that encloses the root of the hair (Fig.1 ). [17, 18]
Some people are seriously psychologically affected and ready to spend a fortune in order to cope with the problem, whereas others just do not care at all. 
 In the former group, styling is of high significance as is the selection of cosmetic agents. The intersocial and interpersonal attitude of adult males towards graying of hair is quite evident, added to the difference in attitude between men and women toward the same problem. 
However,this is not an exclusivity of mankind; the social significance of hair/pelage/beard/crown is very pronounced in other mammals (e.g., primates, lions). Grooming in humans is specifically a private activity or limited to one professional body (hair stylists). [2]
[image: image1.png]



Figure (1):Diagram to illustrate structure of hair follicle in relation to epidermis I, corium II and connective tissue III, showing epidermis (a), sebaceous gland (b), erector pili (c), medulla (d),  internal root sheath (e), external root sheath (f), hair bulb (g) and papilla (h).
2.4) HAIR GROWTH  CYCLE 
Hair growth occurs on a cyclic basis with periods of growth, impending dormancy, and total dormancy occurring with clock-like accuracy. Each hair grows to a finite length depending upon predetermined genetic factors and age. [19]The growth phase, known as anagen, lasts approximately 1000 days and the transitional phase, or catagen, about 2 weeks.[20] 
The resting phase, or telogen, lasts approximately 100 days (Table 2). Scalp hair is characterized by a relatively long anagen and a relatively short telogen with a ratio of anagen to telogen hairs of 90 to 1018 (Figure 2). Only 1% or less of the follicles are in catagen at any given time. Thus, the healthy individual loses 100 hairs per day. It is estimated that each follicle completes this cycle 10–20 times over a life-time, but the activity of each follicle is independent.
 The mechanism signaling the progression from one phase to the next is unknown, but the duration of anagen determines the maximum length to which the hair can be grown. Hair growth can be affected by physical factors (severe illness, surgery, weight change, pregnancy, hormonal alterations, thyroid anomalies, dermatologic disease) and emotional factors, but is unaffected by physical alterations limited to the hair shaft (shaving, curling, combing, dyeing, etc.). Plucking of the hairs from resting follicles can stimulate growth. [3]
Table(2): Hair  growth cycle.
	Hair growth phase
	Duration of growth phase



	Anagen

(active growth)
	1000 days

	Catagen

(pending dormancy)
	14 days

	Telogen

(dormancy)
	100 days
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Figure( 2):The appearance of the hair shaft and follicle at each of the stages of growth.
2.5) HAIR PHYSICAL PROPERTIES
The physical properties of the hair shaft are related to its geometric shape and the organization of its constituents.
 Optical properties (absorption and reflection of visible light); the role of pigmentation ininducing a contrast between skin and hair; and the role of cuticle, cortex, and medullaare some physical properties playing an important role in hair appearance and perception [21]. As mentioned previously, the cortex is largely responsible for the strength of the hair shaft, but an intact cuticle is necessary to resist externally applied mechanical stresses. The most common mechanical stress a hair must withstand is stretching, due to the trauma of grooming. This requires that the hair possess elastic properties, providing for stretch deformation followed by a return to a normal configuration. Hair can be stretched to 30% of its original length in water and experience no damage, but irreversible changes occur when hairs are stretched to between 30% and 70% of their original length. Stretching to 80% of original length generally results in hair shaft fracture. [3]
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Figure (3). Cuticle cross-section viewed under electron microscopy.
2.6) STRUCTURE
Hair contributes significantly to the visual image of both males and females of all ages. Every visible major body surface is covered with some type of hair, providing the creation of endless opportunities for cosmetic adornment.
Unlike vital organs, such as the heart, liver, or kidneys, where limited cellular renewal can occur, hair growth occurs at the amazing rate of 0.35mm/day allowing the removal of old, damaged hair that is readily replaced with new regrowth [22].
The cells are  roughly 5 µm wide and 50 µm long.There are in fact two regions of cortex, the paracortex, which is predominant, and the orthocortex, which is the minority component. The paracortex cells are embedded in a sulfur-rich matrix (Fig.4.a) with chemical cross-linkages, but the orthocortex cells do not have this protection.

Each cell has an outer membrane and contained within the membrane are three distinct layers, the A-layer, the exocuticle and the endocuticle (Fig. 4.b). 
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Figure (4):The structure of hair fibres: (a) the hair fibre in cross-section,
(b) details of the structure of the cuticle.
CHAPTER (3) :  HAIR CARE PRODUCT
3.1) Hydrophobic gels

Lipogels or oleogels are obtained by adding a suitable thickening agent to an oil or liquid lipid. For example, colloidal silica may be used for that reason. A special type of hydrophobic gels is silicone-based systems. [2]
3.2)  HYDROGEL 
Hydrogel (also called aquagel) is a network of polymer chains that are hydrophilic, sometimes found as a colloidal gel in which water is the dispersion medium. Hydrogels are highly absorbent natural or synthetic polymers. Hydrogels also possess a degree of flexibility very similar to natural tissue, due to their significant water content. [23]
Hydrogels are consisting mainly (85–95%) of water or an aqueous-alcoholic mixture and the gelling agent. The latter is usually an organic polymeric compound such as polyacrylic acid (Carbopol), sodium carboxy methylcellulose, or nonionic celluloseethers. Hydrogels have to be preserved against microbial growth. After application, hydrogels show a cooling effect caused by evaporation of the solvent. They are easily applicable and humidify instantaneously, but if applied over a long time they desiccate the skin. For that reason, humectants such as glycerol may be added. After evaporation, the polymer residue may cause a sticky or ‘‘tearing’’ feel on the skin if inappropriate thickening agents have been used. Careful selection and testing of the needed adjuvants is therefore recommended. [2]
3.3) GEL
Hair gel is a hairstyling product that is used to stiffen hair into a particular hairstyle. The results it produces are usually similar to, but stronger than, those of hair spray, and weaker than those of hair glue or hair wax [23].Therefore, the polarity and solubility characteristics of the incorporated substances are either hydrophilic—in hydrogels— or lipophilic—in lipogels (or oleogels). The consistency of gels is caused by gelling (thickening) agents, usually polymers, building a three-dimensional network. Intermolecular forces bind the solvent molecules to the polymeric network, and thus the reduced mobility of these molecules results in a structured system with increased viscosity. By weight, gels are mostly liquid, yet they behave like solids due to a three-dimensional cross-linked network within the liquid. It is the crosslinks within the fluid that give a gel its structure (hardness) and contribute to stickiness.In this way gels are a dispersion of molecules or particles within a liquid in which the solid is the discontinuous phase and the liquid is the continuous phase. [2]
Pure gels are transparent and clear or at least opalescent. Transparency is only achieved if all ingredients are dissolved or occur at least in colloidal form, i.e., the size of particles is in the submicron range. Transparency in particular is an attractive property of gels. Gel products have positive aesthetic characteristics and are thus becoming more and more popular in cosmetic care products today.
 Gels can also serve as the basis for more complex formulations: {1}Solid particles can be incorporated, resulting in stabilized suspensions. {2} Incorporation of oily lipids results in so-called hydrolipid dispersions or quasi emulsions. [2]
3.3.1) Polyvinyl Pyrrolidone (PVP)
Chemically Modified Protein Derivatives: In order to increase interaction of proteinic material with skin surface, proteins or hydrolyzates are functionalized or chemically modified. Proteins possess reactive side chain amino and carboxyl groups, which are sites for further modification of their intrinsic properties.
PVP-Protein Copolymers:
Proteinic component imparts substantivity and polyvinyl pyrrolidone (PVP) modifies the moisture retention and film-forming properties of the resulting copolymer. PVP maximizes film-forming and hydration properties of the protein. The PVP/protein ratio will modulate the profile of performance on the skin and the influence on lathering characteristics of surfactant-based skin cleanser. 
PVP, is a faint yellow solid. In cosmetics and personal care products, PVP is used in the formulation of a wide range of product types including mascara, eyeliner, hair conditioners, hair sprays, shampoos and other hair care products. 
PVP helps to distribute or to suspend an insoluble solid in a liquid and keeps emulsions from separating into their oil and liquid components. It also holds together the ingredients of a compressed tablet or cake. PVP dries to form a thin coating on the skin, hair or nails. When used in hair care products, PVP helps hair hold its style by inhibiting the hair’s ability to absorb moisture. 

3.3.2)  Carbopol
Carbopol polymers are polymers of acrylic acid cross-linked with polyalkenyl ethers or divinyl glycol. They are produced from primary polymer particles of about 0.2 to 6.0 micron average diameter. The flocculated agglomerates cannot be broken into the ultimate particles when   produced. Each particle can be viewed as a network structure of polymer chains interconnected via cross-linking. [24]
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Figure (5):General Structure of Carbopol Polymers.

Carbopol polymers are bearing very good water sorption property. They swell in water up to 1000 times their original volume and 10 times their original diameter to form a gel when exposed to a pH environment above 4.0 to 6.0.
3.3.3)   Tetraethyl ammonium  (TEA) 
Tetraethylammonium (TEA) is a quaternary ammonium cation consisting of four ethyl groups attached to a central nitrogen atom (figure 6). Like other members of its class, it can be used to alter a compound's solubility by displacing hard acids with this comparatively softer acid. For example, addition of tetraethylammonium bromide to an aqueous solution of a sodium salt may cause it to precipitate from water as the tetraethylammonium salt. The tetraethylammonium salt may also be more lipophilic, dissolving in organic solvents such as chloroform.[25]
[image: image3.png]



Figure (6): Chemical formula for Tetraethylammonium
3.3.4)  DMDM 
DMDM: 1,3-bis(hydroxymethyl)-5,5-dimethylimidazolidine-2,4-dione.And chemical formula as  shown figure (7).
DMDM hydantoin is a preservative that works by releasing formaldehyde into the product. It  is used in shampoos and cosmetics to prevent molds, mildews, and bacterial spoilage.[26]
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Figure (7):Chemical Formula for DMDM.
3.3.5)  Parapen 
Parabens are a class of chemicals widely used as preservatives in the cosmetic and pharmaceutical industries( chemical structure of paraben as shown in figure (8)). Parabens are effective preservatives in many types of formulas. These compounds, and their salts, are used primarily for their bactericidal and fungicidal properties. They can be found in shampoos, commercial moisturizers, shaving gels, personal lubricants, topical/parenteral  pharmaceuticals, spray tanning solution, makeup,and toothpaste. They are also used as food additives. Most kinds used in cosmetics : methyl paraben ,and probyl paraben..[27]
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Figure ( 8): General chemical structure of a paraben(a para-hydroxybenzoate)

where R = an alkyl group
3.3.6) Perfume 

Perfume is a mixture of fragrant essential oils and/ or compounds, fixatives,  and solvents used to give the human body, animals, objects, and living spaces "a  pleasant scent".[28]The perfume used lavender Because of its fresh, clean fragrance, lavender oil and lavender hydrosol are used extensively in the production of soaps, bath and shower products as well as many creams, lotions, facial toners and oils.[29]
3.3.7) Menthol 
Menthol is an organic compound made synthetically or obtained from peppermint or other mint oils. It is a waxy, crystalline substance, clear or white in color, which is solid at room temperature and melts slightly above.[30]
Menthol is an alcohol that can be isolated from peppermint or other mint oils. It is used in the formulation of a wide variety of cosmetics and personal care products as a denaturant, flavoring agent and fragrance ingredient.[31]
3.4 ) OIL

There are a lot of natural oils that are used for hair care such as coconut oil, almond oil, castor oil,  paraffin  Oil, and cactus oil.
3.4.1)  Coconut oil 
The Saturated Fatty Acids: Most of them are Medium Chain Triglycerides, which are supposed to assimilate well. Lauric Acid is the chief contributor, with more than forty percent of the share, followed by Capric Acid, Caprylic Acid, Myristic Acid and Palmitic.

1. The Polyunsaturated Fatty Acids: Linoleic Acid.

2. The Monounsaturated Fatty Acids: Oleic Acid.

3. The Poly-phenols: Gallic Acid, which is phenolic acid. These poly-phenols are supposed to be responsible for the fragrance and the taste of Coconut Oil and Virgin Coconut Oil is rich in these poly-phenols.

4. Certain derivatives of fatty acid like Betaines, Ethanolamide, Ethoxylates, Fatty Esters, Fatty Polysorbates, Monoglycerides and Polyol Esters.

5. Fatty Chlorides, Fatty Alcohol Sulphate and Fatty Alcohol Ether Sulphate, all of which are derivatives of Fatty Alcohols.

6. Vitamin-E and Vitamin K and minerals such as Iron
Coconut oil is one of the best natural nutrition for hair. It helps in healthy growth of hair providing them a shiny complexion. Regular massage of the head with coconut oil ensures that your scalp is free of dandruff, lice, and lice eggs, even if your scalp is dry. Coconut oil is extensively used in the Indian sub-continent for hair care. It is an excellent conditioner and helps in the re-growth of damaged hair. It also provides the essential proteins required for nourishing damaged hair. It is therefore used as hair care oil and used in manufacturing various conditioners, and dandruff relief creams. Coconut oil is normally applied topically for hair care.[32]
3.4.2)  Paraffin oil 
Liquid paraffin oil is a mineral oil, and is a by-product of petroleum distillation. It is a transparent, colorless, odorless and tasteless oil, which was first distilled in the year 1807 in Canada. It is mainly composed of heavier alkanes. It is not soluble in water and is known to have low reactivity. Paraffin oil and paraffin wax have found a wide range of industrial, medical as well as cosmetic uses in the modern times. Liquid paraffin oil usually comes in two forms, heavy liquid paraffin oil and light liquid paraffin oil. [33] 
3.4.3)  Cactus oil:
Aloe vera(cactus oil), ,  known as the true aloe or medicinal aloe, is a species of succulent plant in the genus Aloe that is believed to have originated in the Sudan. Aloe vera grows in arid climates .[34]
Here is a list of what is in Aloe Vera [35] :
· Amino Acids

· Anthraquinones

· Enzymes

· Hormones

· Lignin

· Salicylic Acid

· Saponins

· Sterols

· Vitamins

· Minerals

· Sugars.
Aloe vera is useful for skin as well as hair also. Nowadays Aloe gel is frequently used in hair care products as hair gels, shampoos, body lotions and moisturizers etc. Many face and body creams also contain aloe. Use of fresh aloe vera hair oil will give your skin and hair a radiant look.[36]
CHAPTER (4) : FORMULATION OF COSMETICS
Having considered the aforementioned issues, formulation development is preferably conducted according to a suitable, rational procedure. 
The complex formulation development process may be represented symbolically by the ‘‘magic formulation triangle’’ (Fig. 9), showing the mutual interaction and dependency of the following: 

1. Feasibility of preparation or formulation of the active substance(s) in the vehicle. 

2. Stability (chemical and physical) of the product.

3. Effectivity or activity of the product when applied.
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Figure (9) :Magic triangle of formulation: mutual interaction and dependency.

First, the feasibility of preparation and formulation has to be checked. For example, if a low– water-soluble compound should be dissolved in an aqueous vehicle, solubility enhancing studies are performed. Or if an emulsion is desired, it has to be checked whether the phases can be emulsified with the selected emulsifying system. After having prepared the desired formulation, both stability and effect must be assessed, preferably more or less in parallel. It does not make any sense to have a stable but ineffective product, or to develop a very effective system that remains stable for a few days or that contains an ingredient that is irritating or sensitizing. (2)
4.1) FORMULATION OF CLEAR GEL 

Table (3): Basic formulation of  clear gel.
	Ingredients 

	Distilled water

	PVP

	Carbopol

	Perfume

	Alcohol (SD-40)

	Preservative(DMDM)


4.2 ) FORMULATION OF MODIFIED GEL.
Table (4): Modified formulation of gel.
	Ingredients

	Distilled water

	PVP

	Carbopol

	Perfume

	Alcohol (SD-40)

	TEA

	Methyl  parapen

	Propel parapen

	Cactus oil 

	Paraffin oil


CHAPTER (5) : TESTING
5.1)  PHYSICAL CHARACTERIZATION
5.1.1)  Appearance
Assessment and description of appearance is one of the easiest, most practical, and nevertheless powerful tests. It may be performed macroscopically, describing color, clearness, transparency, turbidity, and state of matter. In addition, microscopic investigation is recommended; taking microphotographs is useful for documentation.

5.1.2)  Rheology
Rheological properties (viscosity, consistency) are important characteristics of most types of cosmetic care products because they have an impact on preparation, packaging, storage, application, and delivery of actives. Thus these properties should be assessed for characterization and quality control of the product. Most disperse systems and thus cosmetic care products show Non-Newtonian flow behavior, namely pseudoplastic, plastic, or dilatant behavior. 
A wide variety of techniques and methods have been developed to measure viscosity properties. These procedures can be classified as either absolute or relative. The absolute either directly or indirectly measures specific components of shear stress and shear rate to define an appropriate rheological function.
 Methods used for absolute viscosity measurements are flow through a tube, rotational methods, or surface viscosity methods. Methods used for relative viscosity measurement are those using orifice viscometers, falling balls, or plungers. Such instruments, although they do not measure stress or shear rate, offer valuable quality-control tests for relative comparison between different materials. Apparatus based on rotational or even oscillating principles to assess viscoelastic properties is state of the art.
5.1.3)  pH
Measurement of pH value (concentration of hydrogen ions) in aqueous vehicles (solutions, suspensions, oil/water emulsions, gels) is a valuable control mean.
 First of all, if possible, a pH value in the physiological range is generally targeted, ideally similar to that of the skin or the specific application site, in order to prevent irritation. Many reactions and processes depend on pH, e.g., efficacy of antimicrobial preservatives, stability and degradation of substances, and solubility. Thus, pH measurement is a ‘‘must’’ and it is easily performed with the available measurement systems. 
5.1.4)  Homogeneity
In many cases, at a first step homogeneity may be assessed visibly; precipitation in a solution or distinct phase separation in an emulsion is easily detected. 
Nontransparent, multiphasic systems are more difficult to check. In these cases, microscopic investigation of representative samples is suggested along with quantitative assays regarding active ingredients (uniformity of content).

Chapter (6) : MIXING
In industrial process engineering, mixing is a unit operation that involves  manipulating a heterogeneous physical system, with the intent to make it more homogeneous and this by impellers .[37] 
6.1)  IMPELLER 

6.1.1) Types of impeller

 There are many types of impellers, each one have its purpose in mixing the following figures shows some types of them with its effective work media:-
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Figure (10): HE-3 Impeller

HE-3 Impeller: An extremely efficient turbulent flow impeller for blending, and solids suspension.
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Figure (11): Pitched Blade Impeller

Pitched Blade Impeller: A reasonably cost effective impeller in both turbulent and  laminar flow. Good impeller for applications where the viscosity changes.
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Figure (12): Straight Blade Impeller

Straight Blade Impeller: A cost effective impeller for operation very near the bottom of a tank for agitating the heel in solids suspension applications.
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Figure (13): Screw (Auger) Impeller.
Screw (Auger) Impeller: A screw impeller produces effective high viscosity blending of shear 
sensitive polymers. This impeller provides good top-to-bottom turnover. [38]
6.1.2) Special   impellers for gel 

Dispersion turbine: application : hair gel, cream, resin, lacquer, glue.

Specifications :
· Solid/liquid product dispersion in semi-viscous phase 

· Average operational speed: 1500 rpm.


Figure (14): Dispersion turbine., (diameter  35 – 850) mm.  
6.2)  EMULSION
A mixture of two liquids that normally cannot be mixed, in which one liquid is dispersed in the other liquid as very fine droplets. Emulsifying agents are often used to help form the emulsion and stabilizing agents are used to keep the resulting emulsion from separating. 
The most common emulsions are oil-in-water emulsions (where oil droplets are dispersed in water) and water-in-oil emulsions (where water droplets are dispersed in oil) [39]. A classical typical phase diagram is shown in Figure (15).
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Figure(15):Typical phase diagram made with water, emulsifiers, and oil phase. Four types of isotropic regions have been identified. Note that the dilution line traverses via a two-phase region and full dilution to the far corner of the water phase is not possible. [40]
CHAPTER (7):  EXPERIMENT WORK OF GEL
Part 1) CLEAR GEL
Work  on experiments to reach a transparent gel without the addition of other ingredient  working on it, and by a change in the ratios on carbopol and (PVP), without change on  effectiveness of  gel.
Table (5): Formulation experiments of  clear gel.
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No.Exp 
	Distilled water


	PVP
	Carbopol
	Alcohol
	Preservative 

DMDM
	perfume

	1
	97.4
	0
	1.5
	0.7
	0.2
	0.2

	2
	96.9
	0.5
	1.5
	0.7
	0.2
	0.2

	3
	96.4
	1.0
	1.5
	0.7
	0.2
	0.2

	4
	95.9
	1.5
	1.5
	0.7
	0.2
	0.2

	5
	95.4
	2.0
	1.5
	0.7
	0.2
	0.2

	6
	94.9
	2.5
	1.5
	0.7
	0.2
	0.2

	7
	94.4
	3.0
	1.5
	0.7
	0.2
	0.2

	8
	97.4
	1.0
	0.5
	0.7
	0.2
	0.2

	9
	96.9
	1.0
	1
	0.7
	0.2
	0.2

	10
	96.4
	1.0
	1.5
	0.7
	0.2
	0.2

	11
	95.9
	1.0
	2
	0.7
	0.2
	0.2


Procedure of clear gel :
Part A : Dissolve  carbopol  in half amount of  distilled water  .
Part B: Dissolve PVP  with  amount of water remaining. 
Part C: Add  alcohol , preservative, and perfume  in part B , and well mixed.
Part D:  Add part  C to A , and mix until the mixture become  uniform.
Part 2)  Modified gel

The experiment 8 : the good product(viscosity and pH acceptable ) and choose it to modified and improvement according to customer need.

Table(6): Formulation of gel (The experiment 8 )
	Ingredient 
	Percentage wt %

	Dis.water
	97.4

	Carbopol
	0.5

	PVP
	1

	DMDM
	0.2

	Alcohol
	0.7

	Perfume
	0.2
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No.Exp 
	perfume
	Oil

	12
	0.2
	0.1cocount oil

	13
	0.2
	0.3 coconut oil

	14
	0.2
	0.1 cactus oil

	15
	0.2
	0.3 cactus oil

	16
	0.2
	0.1 paraffin oil 

	17
	0.2
	0.3 paraffin oil 

	18
	0.2 lavender
	0.1Cactus + 0.2 paraffin 

	19
	0.2 
	0.2 cactus+ 0.1 paraffin

	20
	0.2 sea star
	Paraffin 

	21
	0.2
	Menthol + Paraffin+cactus

	22
	0.2 sea star
	Paraffin + cactus 


Table (7): Experiments of modified gel .
Procedure of modified gel :  
The same as procedure of clear gel  but  need addition some steps : 

1. Addition any oils after mixing the carbopol and water.
2. P.P and M.P instead DMDM preservative ,because help in bleaching (clear to white color) 

3.  Add TEA after  mixing every ingredient (final step)
Chapter (8):  Result and Discussions

Part 1 : Study the effect of PVP and carbopol on PH and viscosity 

8.1) Effect  PVP on pH 
Table (8): The PH value for experiments..

	Number of exp.
	pH
	 % of PVP

	1
	5.7
	0

	2
	5.71
	0.5

	3
	5.73
	1

	4
	5.74
	1.5

	5
	5.75
	2

	6
	5.77
	2.5

	7
	5.8
	3


Acceptable  range   pH  = (5.5-6.5).
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Figure  (16):  effect of PVP  of gel on pH .
From table (8) and figure (16) , were observed the effect of PVP was low, and  all experiments in acceptable range in pH.
8.2) Effect  of  PVP on viscosity 
Increase in percentage of PVP causes increase in viscosity of gel. Table (9) show the different samples in %PVP ,at constant rpm=6, maximum viscosity 30,000  = (mPa.s)and carbopol =1.5%. 
Table (9): Percentage of PVP and viscosity (mPa.s).
	PVP %
	Viscosity(mPa.s)

	0
	22000

	0.5
	25000

	1
	27000

	1.5
	Over max

	2
	Over max 

	2.5
	Over max

	3
	Over max


Acceptable range for viscosity clear gel(standard)
 of gel (15000-30000) mPa.s
[image: image20.emf]
Figure(17) : Effect  of PVP  on viscosity of gel (mPa.s).
8.3) Effect PVP on appearance 
Table (10): appearance of gel for different  percentage of PVP .
	Exp
	1
	2
	3
	4
	5
	6
	7

	PVP%
	0
	0.5
	1
	1.5
	2
	2.5
	3
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Smooth and homogenous

Styling ability :

Advantage : It gives hardness and drying for final product, controlling in viscosity  of gel.
Disadvantage : Increase the percentage  of the PVP cause hair loss. 

8.4)  Effect of carbopol on pH
The pH increased as the percentage of  carbopol  was  increased in the product.
Table (11):The  PH values for  different experiments in  of carbopol.
	Number of experiment
	pH
	% Carbopol

	8
	5.28
	0.5

	9
	5.38
	1

	10
	5.75
	1.5

	11
	5.80
	2



Figure (18):  Effect of carbopol concentration on pH values.
8.5) Effect of carbopol on viscosity  
The carbopol   controlling  the  viscosity of   gel, as  shown in table (12).
Table (12):The  viscosity of  experiment.

	Experiment
	Viscosity (mPa.s)

	8
	18450

	9
	19329

	10
	22051

	11
	25814


Viscosity range =(15000-30000) mPa.s

Figure(19): Effect of carbopol on viscosity  of gel.

From figure (19), When increased percentage of carbopol  the viscosity of gel increased, and  over 2% of carbopol  this causes opaque-not clear and  heterogeneous in the  final product. 

8.6)  Effect of  carbopol on appearance 

Table (13): Appearance of gel for  experiments
in different  percentage of carbopol.
	Exp
	8
	9
	10
	11

	Carbopol wt %
	0.5
	1
	1.5
	2


Opaque

Transparent(clear)
Styling ability :

Advantage :   Is  gives the product  natural form  of gel .
Disadvantage : When the carbopol  reached over 2% may be itchy scalp and  and  graying  of hair.
Part 2 : Modified gel
Dependency on the tests that have been mentioned earlier and choose  suitable the formulation of gel with good properties  (   acceptable viscosity and pH ,good ability ).

Then , Need  the improve and modified on gel and according  to  customer need such as color , perfume, and brightness  and this could by  natural oils instead chemical material to avoid  side effect and high cost.

By addition ,the  benefits oil for hair such as prevent hair loss ,dandruff, and hair care of the beauty, and brightness .
Table (14): The ingredient and percentage of  modified  gel
	Raw material
	Percentage  %

	Distilled .water
	~ 96.8

	Carbopol
	0.5

	PVP
	1

	P.P /M.P
	0.2

	Alcohol
	0.7

	Perfume
	0.2

	TEA
	0.5

	Oil
	~ (0.1-0.3)


Table(15): Effect of oil  addition on properties of gel.
	Additives 
	Cactus 
	Paraffin 
	Coconut 

	Color
	White
	White 
	clear

	Texture ملمس
	Best 
	Good
	Bad 

	Adhesion 
	Good 
	Better 
	Bad 

	Viscosity
	Good 
	Better 
	Bad 

	 (Description)

	Dry well, but needs time. Gloss of the hair (shining).

	Dries quickly, not gloss, 
 
	Good shining, but more time dry on hair  


Another addition is Tetraethyl ammonium (TEA) ,methyl paraben ,and  probyl paraben.  (P.P and M.P).
There are some things were observed during the addition of these materials, or after a few days of the experiment are as follows :
Disadvantages   :

1. When  coconut oil  was add  the viscosity of  gel decrease , and this effect on adhesion and more time for dry on hair.

2. When  menthol was  add  the color of gel not desired,  and adverse effect  on ability  and adhesion on hair.
Advantages :

1. When TEA was add   the viscosity of gel increase clearly .

2. The  perfume of lavender is good  desired ,and not side  effect on properties of gel. 

3.When  the cactus oil  was add  the color change from clear to white, and the appearance of product is harmonic and homogenous.

4.When  the paraffin oil was add the color change to white and provide  properties of gel . 
5. Preservative : methyl paraben ,and probyl paraben change color  to white  more than DMDM preservative. 
So , the ingredients it  choose to additive on basic  gel are as follow :Cactus oil, special perfume 
(lavender) ,paraffin oil, TEA , P.P and M.P preservative .
CHAPTER (9):  COST OF GEL

Part 1 : Cost of clear gel

Table(16):Cost of raw materials.
	Ingredient 
	Cost(NIS/kg)

	Distilled water
	0.2

	Carbopol
	80

	PVP
	100

	Preservative (DMDM)
	60

	Alcohol
	10

	Perfume
	200


Table (17): Total cost of raw materials gel.
	No.exp
	Cost (NIS)

	       1
	2.0

	       2
	2.5

	3
	3.1

	4
	3.6

	5
	4.1

	6
	4.6

	7
	5.1

	8
	2.3

	9
	2.7

	10
	3.1

	11
	3.5


From table (13,14,), can observed PVP is  Important factor, which is critical cost of gel, because it expensive. So determine the percentage of PVP was very important, by selected  the percentage of effectiveness required  at the lowest possible price and safe used.
Part 2 :  Cost of modified gel
Table (18) : Cost of raw material for  modified gel
	Ingredient 
	Cost (NIS/kg)

	Distilled water
	0.2

	Carbopol
	80

	PVP
	100

	Preservative (P.P)
	60

	Alcohol
	10

	Perfume
	200

	Cactus oil 
	280

	Coconut oil
	100

	Paraffin oil 
	100


Table (19):Total Cost of modified gel (NIS/kg).
	Ingredient 
	Percentage  %
	Cost (NIS/kg)
	Cost NIS

	Distilled water
	96
	0.2
	0.1932

	Carbopol
	0.5
	80
	0.4

	PVP
	1
	100
	1

	Preservative (P.P)and(M.P)
	0.2
	60
	0.12

	Alcohol
	0.7
	10
	0.07

	Perfume
	0.2
	200
	0.4

	TEA 
	0.5
	13
	0.065

	Cactus oil 
	0.2
	280
	0.56

	Paraffin oil 
	0.1
	30
	0.03

	
	
	Total cost
	2.8382


Chapter (10):  SURVEY  
استبيانه لمشروع تخرج حول تحسين خصائص جل الشعر
The surveys were distributed to 30 people of different ages ranging from 12-30 years to have a different level of education. And the result as  shown in table( 20).
هذه استبيانه معده لمعرفة رأي الزبائن بفعالية الجل المعدل باستخدام زيوت طبيعيه ,يرجى المساعدة في تقييمها بعد تجربة العينة المرفقة,ولكم جزيل الشكر :-
أمير أبو حجلة
العمر :-
12-20                          20-30                               فوق 30
المستوى التعليمي:-
ابتدائي                           ثانوي                                  جامعي                               بدون
الجنس:-
ذكر                              أنثى
الأسئلة :-

1.تستعمل الجل لتثبيت الشعر بشكل :        دائم                أحيانا                         أبدا
2.تشتري الجل المصنع :                      محليا              إسرائيلي                    أجنبي
3.تستخدم الجل :       أ)                      الشفاف            الأبيض                    الملون
                         ب)                      المعطر            بدون
4.هل تهتم بالشكل الخارجي للعبوه:-          نعم                  لا
5.كم حجم العلبة التي تستخدمها :- 
6.كم سعر العلبة التي تستخدمها :- 
حول المنتج الجديد:-
1. مظهر الجل :                       ممتاز                  جيد                    مقبول              سيء
2. رائحة الجل:                        ممتازة                 جيدة                  مقبولة                سيئة
3. جفاف الجل:                        سريع جدا            سريع                   بطيء                بطيء جدا
4. تماسك الجل :                       قوي                  متوسط                 ضعيف           ضعيف جدا
5. هل يترك الجل ترسبات على الشعر:   
    نعم                 لا
6. هل تقدم بغسل الشعر قبل النوم من الجل :      دائما            أحيانا                       أبدا
7. لمعان الشعر :-                                       لامع              نوعا ما                           قاتم       
ملاحظات تود بإضافتها :-

شكرا على تعاونكم
Table (20) : result of survey .
	استخدام
	تصنيع
	مظهر
	رائحة
	جفاف
	تماسك
	الترسبات
	تغسل
	لمعان

	دائما
	محليا
	ممتاز
	ممتاز
	سريع
	متوسط
	لا
	دائما
	نوعا ما

	دائما
	إسرائيلي
	ممتاز
	ممتاز
	سريع
	قوي
	لا
	دائما
	نوعا ما

	أحيانا
	إسرائيلي
	جيد
	ممتاز
	سريع
	قوي
	لا
	دائما
	لامع

	دائما
	اجنبي
	ممتاز
	جيده
	سريع
	قوي
	لا
	دائما
	لامع

	دائما
	إسرائيلي
	ممتاز
	ممتاز
	سريع
	قوي
	لا
	دائما
	لامع

	احيانا
	محليا
	ممتاز
	جيده
	سريع
	قوي
	لا
	دائما
	نوعا ما

	دائما
	اجنبي
	ممتاز
	جيده
	سريع
	قوي
	لا
	دائما
	لامع

	دائما
	محليا
	ممتاز
	ممتاز
	سريع
	متوسط
	لا
	دائما
	لامع

	دائما
	اسرائيلي
	ممتاز
	ممتاز
	سريع
	قوي
	لا
	دائما
	نوعا ما

	دائما
	اجنبي
	ممتاز
	جيده
	سريع
	متوسط
	نعم
	احيانا
	لامع

	دائما
	محليا
	ممتاز
	ممتاز
	سريع
	قوي
	لا
	دائما
	لامع

	دائما
	اجنبي
	ممتاز
	ممتاز
	سريع
	متوسط
	نعم
	احيانا
	نوعا ما

	دائما
	اسرائيلي
	ممتاز
	ممتاز
	سريع
	متوسط
	لا
	دائما
	لامع

	احيانا
	محليا
	ممتاز
	ممتاز
	سريع جدا
	قوي
	لا
	دائما
	لامع

	احيانا
	اجنبي
	ممتاز
	جيده
	سريع
	قوي
	نعم
	دائما
	نوعا ما

	دائما
	اسرائيلي
	مقبول
	جيده
	سريع
	متوسط
	لا
	احيانا
	لامع

	دائما
	اجنبي
	ممتاز
	جيده
	سريع
	قوي
	لا
	دائما
	نوعا ما

	دائما
	اسرائيلي
	جيد
	ممتاز
	سريع
	قوي
	لا
	دائما
	لامع

	احيانا
	اسرائيلي
	ممتاز
	ممتاز
	سريع جدا
	قوي
	لا
	دائما
	لامع

	دائما
	اسرائيلي
	ممتاز
	ممتاز
	سريع
	قوي
	لا
	ابدا
	نوعا ما

	احيانا
	محليا
	جيد
	ممتاز
	سريع
	متوسط
	لا
	دائما
	لامع

	دائما
	اجنبي
	جيد
	جيده
	سريع 
	قوي
	لا
	دائما
	نوعا ما

	دائما
	اجنبي
	جيد
	مقبولة
	بطئ
	متوسط
	لا
	دائما
	لامع

	احيانا
	أجنبي
	جيد
	جيده
	سريع
	قوي
	لا
	دائما
	لامع

	دائما
	اجنبي
	جيد
	جيده
	سريع
	متوسط
	لا
	دائما
	لامع

	دائما
	إسرائيلي
	ممتاز
	ممتاز
	سريع
	قوي
	لا
	دائما
	لامع

	أحيانا
	اسرائيلي
	ممتاز
	ممتاز
	سريع
	قوي
	لا
	احيانا
	لامع

	دائما
	إسرائيلي
	ممتاز
	ممتاز
	سريع جدا
	قوي
	لا
	دائما
	لامع


The result of survey :

The every person   preferred white  gel  color  and perfumed gel .They buy the gel between (20-30) NIS for 500 ml. And  carful the outside shape of gel (packaging) .almost washing hair befor sleep because residue of gel .
For the modified gel :

1. 40 % used  the gel made in Israel , 40 % used the the gel manufacture of foreign, and  the rest   local  manufacturing .

2. 70 %  of the appearance of gel was excellent , 23.3 % the good  ,and 6.7% acceptable appearance.
3. 56.7 % the excellent perfume ,40 % good perfume , and  3.3 % acceptable  perfume .
4. 90 % the  fast dry on hair , and 10 %  very fast dry on hair .

5. 63.3 % the strong ability of consistency , and the rest of  medium strong.

6. 90 %  no residues on hair , and 10 % is  residue .
7. 70 % clearly  shining of gel , and the rest of normal or medium  shining .
Chapter (11) :Conclusion
1. The basic of gel is clear, homogenous appearance, and total cost =2.3 NIS/kg.
2. The carbopol  is thickener and provide the ability of adhesion and homogenous of  appearance. 
3. PVP help on the dryer and ability of gel.
4.  Cactus  and paraffin oil improve the properties (viscosity and color ).
6.The result on survey is successful and good , according by customer need and no bad opinion or side effect .  
7.The modified gel is white (milky) color , very good properties homogenous appearance , and total cost = 2.8 NIS/kg.
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APPENDIX
Material Safety Data Sheet

12.1) Carbopol 940 
 ACC# 97658 

	Section 1 - Chemical Product and Company Identification


MSDS Name: Carbopol 940 
Catalog Numbers: AC278380000, AC278380050, AC278382500 
Synonyms: 2-Propenoic acid homopolymer; Acrylic acid homopolymer. 
Company Identification:
              Acros Organics N.V.
              One Reagent Lane
              Fair Lawn, NJ 07410
For information in North America, call: 800-ACROS-01For emergencies in the US, call CHEMTREC: 800-424-9300

	Section 2 - Composition, Information on Ingredients 


	CAS#
	Chemical Name
	Percent
	EINECS/ELINCS

	9003-01-4
	Carbopol 940
	100 
	unlisted 


	Section 3 - Hazards Identification 


EMERGENCY OVERVIEW

Appearance: white powder.
Caution! May cause eye, skin, and respiratory tract irritation. Hygroscopic (absorbs moisture from the air). The toxicological properties of this material have not been fully investigated. 
Target Organs: None known. 

Potential Health Effects 
Eye: May cause eye irritation. 
Skin: May cause skin irritation. May be harmful if absorbed through the skin. 
Ingestion: May cause irritation of the digestive tract. May be harmful if swallowed. 
Inhalation: May cause respiratory tract irritation. May be harmful if inhaled. 
Chronic: No information found. 

	Section 4 - First Aid Measures 




Eyes: Immediately flush eyes with plenty of water for at least 15 minutes, occasionally lifting the upper and lower eyelids. Get medical aid. 
Skin: Immediately flush skin with plenty of water for at least 15 minutes while removing contaminated clothing and shoes. Get medical aid if irritation develops or persists. 
Ingestion: Do not induce vomiting. Get medical aid. 
Inhalation: Remove from exposure and move to fresh air immediately. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical aid if cough or other symptoms appear. 
Notes to Physician: Treat symptomatically and supportively. 

	Section 5 - Fire Fighting Measures 




General Information: As in any fire, wear a self-contained breathing apparatus in pressure-demand, MSHA/NIOSH (approved or equivalent), and full protective gear. 
Extinguishing Media: Use water spray, dry chemical, carbon dioxide, or appropriate foam. 
Flash Point: Not applicable. 
Autoignition Temperature: 519 deg C ( 966.20 deg F) 
Explosion Limits, Lower:Not available. 
Upper: Not available. 
NFPA Rating: (estimated) Health: 1; Flammability: 1; Instability: 1 

	Section 6 - Accidental Release Measures 




General Information: Use proper personal protective equipment as indicated in Section 8. 
Spills/Leaks: Vacuum or sweep up material and place into a suitable disposal container. Avoid generating dusty conditions. Provide ventilation. Do not let this chemical enter the environment. 

	Section 7 - Handling and Storage 




Handling: Use with adequate ventilation. Minimize dust generation and accumulation. Avoid contact with eyes, skin, and clothing. Do not ingest or inhale. 
Storage: Store in a cool, dry place. Store in a tightly closed container. 

	Section 8 - Exposure Controls, Personal Protection 




Engineering Controls: Facilities storing or utilizing this material should be equipped with an eyewash facility and a safety shower. Use adequate ventilation to keep airborne concentrations low. 
Exposure Limits 

	Chemical Name
	ACGIH
	NIOSH
	OSHA - Final PELs

	Carbopol 940 
	none listed 
	none listed 
	none listed 



OSHA Vacated PELs: Carbopol 940: No OSHA Vacated PELs are listed for this chemical. 
Personal Protective Equipment 
Eyes: Wear appropriate protective eyeglasses or chemical safety goggles as described by OSHA's eye and face protection regulations in 29 CFR 1910.133 or European Standard EN166. 
Skin: Wear appropriate protective gloves to prevent skin exposure. 
Clothing: Wear appropriate protective clothing to prevent skin exposure. 
Respirators: A respiratory protection program that meets OSHA's 29 CFR 1910.134 and ANSI Z88.2 requirements or European Standard EN 149 must be followed whenever workplace conditions warrant respirator use. 

	Section 9 - Physical and Chemical Properties 




Physical State: Powder 
Appearance: white 
Odor: acetic odor 
pH: 2.5 - 3.0 (1% aq.sol.) 
Vapor Pressure: Not available. 
Vapor Density: Not available. 
Evaporation Rate:Not available. 
Viscosity: Not available. 
Boiling Point: Not available. 
Freezing/Melting Point:Not available. 
Decomposition Temperature:Not available. 
Solubility: Not available. 
Specific Gravity/Density:Not available. 
Molecular Formula:Not applicable. 
Molecular Weight:Not available. 

	Section 10 - Stability and Reactivity 




Chemical Stability: Hygroscopic: absorbs moisture or water from the air. 
Conditions to Avoid: Incompatible materials, dust generation, excess heat, exposure to moist air or water. 
Incompatibilities with Other Materials: Strong oxidizing agents, strong bases, amines, caustics (e.g. ammonia, ammonium hydroxide, calcium hydroxide, potassium hydroxide, sodium hydroxide). 
Hazardous Decomposition Products: Carbon monoxide, carbon monoxide, carbon dioxide. 
Hazardous Polymerization: Will not occur. 

	Section 11 - Toxicological Information 




RTECS#:      
CAS# 9003-01-4: AT4680000 
LD50/LC50:
CAS# 9003-01-4:
     Oral, mouse: LD50 = 4600 mg/kg;
     Oral, rat: LD50 = 2500 mg/kg;
.

Carcinogenicity:
CAS# 9003-01-4: Not listed by ACGIH, IARC, NTP, or CA Prop 65.

Epidemiology: IARC Group 3: Limited or insufficient evidence for carcinogenicity in both animals and humans. 
Teratogenicity: No information found 
Reproductive Effects: No information found 
Mutagenicity: No information found 
Neurotoxicity: No information found 
Other Studies: 

	Section 12 - Ecological Information 




Ecotoxicity: Fish: Bluegill/Sunfish: LC50 = 580-2000 mg/L; 96 Hr; UnspecifiedWater flea Daphnia: EC50 = 168-280 mg/L; 96 Hr; UnspecifiedFish: Bluegill/Sunfish: LC50 = 580-2000 mg/L; 96 Hr; UnspecifiedWater flea Daphnia: EC50 = 168-280 mg/L; 96 Hr; Unspecified No data available. 
Environmental: No information available. 
Physical: No information available. 
Other: Do not empty into drains. 

12.2) PVP K-90
1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND OF THE 
COMPANY/UNDERTAKING
Company/Undertaking              International Specialty Products 

Identification:                     1361 Alps  Rd. 

Wayne, N.J. 07470 

U.S.A. 

Telephone: (973) 628-4000

Emergency Telephone:             CHEMTREC: 1-800-424-9300 or 703-527-3887 (Outside of the USA) 

(Spill Related Emergencies) 

PROSAR: 1-800-241-7439 (Health Related Emergencies)

Prepared By:                      Product Stewardship

Product Code:                     72095D

Product Name:                     PVP K-90

Formula:                          (C6H9NO)x

 INCI Name(s):                     PVP

Product Use Description:           Personal Care , Performance Chemical

 2. HAZARDS IDENTIFICATION
Emergency Overview
POWDERED MATERIALS MAY FORM EXPLOSIVE DUST-AIR MIXTURES.

Off-white Powder

Hazard Summary
Target Organs:                       None effected.

Primary Routes of Entry:            Eyes . Skin. Inhalation. Ingestion. 

Acute Health Hazard:               None known. 
Chronic Health Hazard:             None known

Symptoms of Overexposure 
Eye Contact:                      Not hazardous

Skin Contact:                      Not hazardous

Ingestion:                         Not hazardous

Inhalation:                         Not hazardous

 3. COMPOSITION/INFORMATION ON INGREDIENTS
Components:                                                Weight % 
2-Pyrrolidinone, 1-ethenyl-,                                               95

homopolymer 

9003-39-8

 4. FIRST AID MEASURES

Eye Contact:     Flush eyes with copious amounts  of water.

Skin Contact:              Wash off with soap and water.

Ingestion:      Do not induce vomiting. If conscious, give 2 glasses  of water. Get immediate medical 

attention.

Inhalation:   Not hazardous by  inhalation. Move to fresh air in case of accidental inhalation of dust or fumes from overheating or combustion. Get medical attention if symptoms  occur.

 5. FIRE FIGHTING MEASURES

Suitable Extinguishing Media:        All types

 Combustion/Explosion Hazards:     May form explosive dust-air mixture This product has a value les s than Pittsburgh coal  Dust  Special Protective Equipment For   Wear s elf-contained breathing apparatus and protective suit.

Fire-Fighters:

 6. ACCIDENTAL RELEASE MEASURES

Personal Precautions:              Wear suitable protective equipment.

Methods for Cleaning Up:      Clean up promptly by s coop or vacuum. Avoid dust formation. Avoid dust accumulation in enclosed space.

 7. HANDLING AND STORAGE

Handling:       Avoid breathing dust. Avoid dust formation. Avoid dust accumulation in enclosed space.

Storage:   Keep container tightly  closed. Keep in a dry, cool place. Keep away from direct 

sunlight.

 8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Engineering Measures:             Use only in well-ventilated areas.

Respiratory Protection:             Use only in well-ventilated areas.

Hand Protection:                   Wear protective gloves .

Eye Protection:                    Safety glasses .

Exposure Limits:

 Components: ACGIH - Threshold Limit Values - Time                       U.S. - OSHA - Final PELs - Time Weighted 

Weighted Averages (TLV-TWA)                      Averages (TWAs) 

2-Pyrrolidinone, 1-ethenyl-,                  No TLV/TWA Established No TLV/TWA Established

homopolymer 

9003-39-8 (95)
 9. PHYSICAL AND CHEMICAL PROPERTIES

Physical State:                     Powder

Color:                             Off-white

Odor:                             Not determined

Odor Threshold:                    Not available

pH:                               3.0-7.0 (5% solution)

Specific Gravity:                   Not determined
Bulk Density:                      0.3-0.4 g/c c

 Boiling Point (°F):                   Not determined

Melting/Freezing Point (°F):          Not determined

Vapor Pressure:                    Not determined

Solubility:                         Highly soluble in Water

Flash Point (°F):                    Not determined

 10. STABILITY AND REACTIVITY

Chemical Stability:                 Stable under normal conditions.

Conditions to Avoid:                Keep away from heat/spark s/open flames/hot surfaces . - No smoking. Avoid dust 

formation. Avoid dust accumulation in enclosed space.

Materials to Avoid:                 Strong oxidizing agents, Strong reducing agents

Hazardous decomposition           nitrogen oxides (NOx )

products:

 11. TOXICOLOGICAL INFORMATION

Toxicity Test: 

Acute Oral Toxicity:                >10,000 mg/kg (Rat)

Eye Irritation:                      Non-irritating to rabbit ey e.

Skin Irritation:                      Non irritating (Human RIPT).

Sensitiz ation:                      Human RIPT: Non-sensitizing

Mutagenicity:                      Non-mutagenic. (Ames Assay ; Dominant Lethal Test on mice; L5178Y Mouse (TK+/-) 

Ly mphoma Assay; Bone Marrow Chromosomal Aberration Assay; BALB/C 3T3 

Transformation)

Reproductive/Developmental        Various studies  of the reproductive toxicity of PVP in rats  and rabbits  produced no 

Toxicity:                          evidence of embryo toxicity or teratogenicity .

Carcinogenicity:                   Exposure of dogs and various  rodent spec ies to PVP via the diet, injection and implant 

at up to 10% produced no signs of carcinogenic activity. 

Exposure up to 10% in the diets  of rats  and dogs produced no signs of toxicity or 

carcinogenic potential. 

No component of this product present at levels greater than or equal to 0.1% is

identified as a known or anticipated carcinogen by NTP.

No component of this product present at levels greater than or equal to 0.1% is

identified as probable, possible or confirmed human carcinogen by IARC.

No component of this product present at levels greater than or equal to 0.1% is

identified as a carcinogen or potential carcinogen by OSHA.

Other Information:        
          Sub-Chronic Oral Toxicity: Exposure up to 10% in the diets  of rats  produced no signs 
of toxicity. 

Exposure up to 10% in the diet of dogs produced no signs of toxicity.

 12. ECOLOGICAL INFORMATION

Persistence and Degradability:       Not readily  biodegradable ( 11% after 28 days)

Ecotoxicity:                       Juvenile Turbot: 96-hr. LC50 >1,000 mg/L 

Corophium Volutator; 10-Day LC50 >1,000 mg/L 

Marine Algae; 72-hr. EC50 >1,000 mg/L 

Salmon; PVP at up to 5% in the diet during smolt produced no signs of toxic ity. 

Salmon; PVP at up to 5% in the diet for 112 days  did not produce any signs of toxicity.
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