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Abstract

methods and techniques.
Key words: syndets; soap; saponification

Soap has been used by humans since ancient times and was probably already known to the Sumerians. It is a fatty acid salt
obtained from the reaction of a strong base with a fatty substance of animal (tallow) or plant origin (oil). Syndets are much
more recent and have been in use for about a century. In the case of liquid syndets, they are mainly alkyl sulphates and their
derivatives alkyl ether sulphates while isethionates and sarcosinates are more commonly found in solid syndets. Synthetic
soaps and detergents are surfactants and, as such, they have detergent properties. The way soap works accounts for its
antimicrobial properties. The manufacturing and evaluation of sop and syndet (synthetic detergent) bar includes several

Introduction

Soap is integral to our society today, and we find it hard to imagine a time
when people were kept sweat smelling by the action of perfume rather
than soap. The exact origins of soap are unknown, though Roman sources
claim it dates back to at least 600 B.C., when Phoenicians prepared it from
goat's tallow and wood ash. Soap was also made by the Celts, ancient
inhabitants of Britain [1]. Soap was used widely throughout the Roman
Empire, primarily as a medicine. Mention of soap as a cleanser does not
appear until the second century A.D. By the eighth century, soap was
common in France, Italy, and Spain, but it was rarely used in the rest of
Europe until as late as the 17th century [2].

Manufacture of soap began in England around the end of the 12th century.
Soap-makers had to pay a heavy tax on all the soap they produced. The
tax collector locked the lids on soap boiling pans every night to prevent
illegal soap manufacture after hours. Because of the high tax, soap was a
luxury item, and it did not come into common use in England until after
the tax was repealed in 1853. In the 19th century, soap was affordable and
popular throughout Europe [2].

Early soap manufacturers simply boiled a solution of wood ash and
animal fat. A foam substance formed at the top of the pot. When cooled,
it hardened into soap. Around 1790, French soap maker Nicolas Leblanc
developed a method of extracting caustic soda (sodium hydroxide) from
common table salt (sodium chloride), replacing the wood ash element of
soap. The French chemist Eugene-Michel Chevreul put the soap-forming
process (called in English saponification) into concrete chemical terms in
1823. In saponification, the animal fat, which is chemically neutral, splits
into fatty acids, which react with alkali carbonates to form soap, leaving
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glycerin as a byproduct. Soap was made with industrial processes by the
end of the 19th century, though people in rural areas, such as the pioneers
in the western United States, continued to make soap at home [2, 3].

Although it is likely that the Babylonians and even the Sumerians were
familiar with soap, it is the Greeks and the Romans who have given us
more explicit references. Physicians and poets of antiquity provide us
with valuable insights on its cosmetic and medicinal uses 2-6. We must
believe in Pliny the Elder and disregard the legend by which the first
saponification took place on Mount Sapo, a site close to Rome where
animals were sacrificed. Animal fat was mixed with the plant ash and the
addition of rainwater formed a soapy mixture. It would therefore be more
accurate to attribute the invention of soap to the Gauls. This substance,
prepared from tallow and beech wood ash, was used by the inhabitants of
Gaul to dye their hair red and to treat a variety of skin conditions. Still
considered a medicinal product in the 19th century, and then directive that
made it a cosmetic [4].

Syndet (synthetic detergent) cleansing bars have a much shorter history,
and their relatively recent use corresponds to a need in certain
circumstances to have a hygiene product without the adverse effects of
soap. During this period of the COVID-19 pandemic, thorough and
frequent handwashing is at the core of the contamination prevention
strategy and is one of the main protective measures. We hereby propose
to clarify the situation by highlighting the differences that exist between
soap and syndet cleansing bars [4].

Page 1 of 10


http://www.madehow.com/knowledge/Nicolas_Leblanc.html
http://www.madehow.com/Volume-2/Salt.html
http://www.madehow.com/knowledge/Michel_Eug_ne_Chevreul.html
http://www.madehow.com/knowledge/Carbonates.html
http://www.madehow.com/knowledge/Glycerol.html

Pharmaceutics and Pharmacology Research.
Importance of Soap and Syndets

People use soap to make their skin clean. Dirt and other impurities are
easily removed from the skin whenever one uses soap. Ingredients present
in soap are strong; this is why eliminating dirt becomes easier with the
use of soap. Soap can be used for general situations such as bathing,
cleaning and washing. On top of that, soap is a key component in most
lubricants. There are two different categories of soap including bar and
liquid soap. Bar soap is recommended over liquid soap because they are
less expensive and their ingredients are stronger for cleaning than those
of liquid soap. Cleansing every day has been a social norm since the
ancient period. The act of cleansing, which initially served purely
functional purpose of hygiene, has now been promoted as an act of
relaxation to improve one’s skin health [5]. Soap made of fat and ash has
been in use since the Mesopotamian era for cleaning clothes and wool.
The importance of soap for personal hygiene was recognized only after
the first century. Since then, the personal cleanser industry has evolved
rapidly with scientific backing. Soap has been used by humankind since
ancient times and was probably already known to the Sumerians. It is a
fatty acid salt obtained from the reaction of a strong base with a fatty
substance of animal (tallow) or plant origin (oil). This reaction is called
saponification [6].

Syndets, on the other hand, are much more recent and have been in use
for about a century. In the case of liquid syndets, they are mainly alkyl
sulphates and their derivatives alkyl ether sulphates while isethionates and
sarcosinates are more commonly found in solid syndets. Synthetic soaps
and detergents are surfactants and, as such, they have detergent properties.
The way soap works accounts for its antimicrobial properties [7]. Thanks
to its amphiphilic structure, it is able to interact with the lipid membranes
of microorganisms (viruses, bacteria, etc.) and inactivate them. In
coronavirus pandemic period, health authorities worldwide recommend
hand washing with soap and water. We therefore wanted to provide a
summary of the chemical characteristics and applications of soaps, on the
one hand, and synthetic detergents, on the other. Soap is not the only
product used for hand hygiene and, given the current situation,
alternatives are complex and varied. Syndet bars contain varying levels of
fatty acids. It has been shown that when skin-natural fatty acids are
deposited from cleansers, they can replenish the fatty acids lost during
cleansing. These fatty acids have also been shown to improve skin
moisturization [8]. A deeper understanding of what happens to the
deposited fatty acids, as relates to the composition of the lipid layers, has
not been previously investigated.

Healthy female subjects (30-50 years) with minimally dry skin on their
forearms and legs provided informed consent to participate in
randomized, double-blind IRB-approved 4-week cleansing studies. Bars
and liquid cleansers were formulated with deuterated fatty acid (palmitic).
On the last day tape strip samples were collected for measurement of lipid
composition including deuterated elongated fatty acids, sphingosine and
ceramides. All subjects were found to have abundant deuterated elongated
fatty acids (C18-C26) from analyzed samples. Applications of mild fatty
acid containing cleansers show deposition and subsequent metabolism to
form longer chain fatty acids. The increase in longer chain lipids in the
stratum corneum is consistent with creating a stronger and better stratum
corneum barrier.

Specification of different types of soaps[9]

Toilet soap:

. AlKali content is less than 0.1%
o Moisture content 12-15%

. Perfume additives are added,

° Mostly made from coconut oil
Castile soap
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. Made from olive oil

° Cold process is used

. Moisture content 60-50%

° Used for infants and medical purpose

Carbolic soap
° Disinfectant soaps

° Tar acids or cresylic acids are added

Transparent soap

. Semi-boiled process is used
. Made form tallow and coconut oil
. Glycerol and alcohol ratio is about 1:2

Shaving soaps

] Coconut oil is raw material
. Free alkali (not present)
] Stearic acid content fatty acids are preferred

Shampoo soaps

° Potassium alkali is used with coconut oil
° EDTA is added
. Soap content is 25%

Soap Chemistry

A Review of Soap Chemistry Soap is a salt of fatty acid, obtained through the
reaction of a strong base with fat of animal or vegetable origin [10]. This
reaction is known as saponification. The strong base in question can be soda
or potash, and the choice between the two will influence the nature of the
resulting soap at room temperature. soaps from soda are solid, whereas soaps
from potash are liquid. In the latter case we speak of “black soaps” as opposed
to those obtained from soda, which are known as “white soaps”.

The fat of animal origin, which is still used today, is tallow, a substance
composed mainly of saturated fatty acids (palmitic and stearic acids) and an
unsaturated fatty acid (oleic acid). A variety of oils can be used, including
palm oil, palm kernel oil, coconut oil or olive oil, to name only the most
common [10]. With regard to olive oil, it was in 1688 that Louis X1V laid out
specific rules of manufacture, through the Edict of Colbert, that defined
Marseille soap. It is made by cooking in large boilers and is based strictly on
olive oil. It still does not carry a PDO (Protected Denomination of Origin)
label, with the sole importance being the method of manufacture therefore, a
soap labelled “Marseille” can be produced anywhere in France. In all cases,
the result of saponification is the production of a detergent, emulsifying and
foaming substance [11, 12].

Soap structure and phase behaviour

While soap has been used since antiquity, soap production has historically
been more of an art than a science. For example, the soap-boiling process,
widely used for centuries, manipulated a soap mass around and through
various phases with such cryptic names as nigre, middle soap, neat soap,
kettle wax, and curd. In the 20th century, however, soap scientists
developed a coherent understanding of the structure and phase behaviour
of soap [13]. As a result, it is now appreciated that the complex behaviour
of soap systems can be fully explained in terms of the molecular
phenomena common to surfactant systems. This chapter will attempt to
elucidate the principles of soap behaviour in terms of its structure and
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phases. In addition, the way these soap phases organize relative to one
another to form the final bar structure will be discussed in terms of both
processing effects and user properties [14].

Soap Molecular Structure

Soap, commonly defined as the salt of a fatty acid, is the reaction product
of aqueous caustic soda with fats and oils from natural sources. As a
surfactant molecule, soap contains a hydrophilic head (the carboxylate
group) and a hydrophobic tail (the aliphatic chain). This dual character
gives soap its ability to dissolve both aqueous and organic phases, its
ability to form monolayers at the air-liquid interface (as in foam
generation and stability), and its ability to cleanse. The extent to which a
particular soap has these properties is determined both by the counter-
ion(s) and the aliphatic chain(s) that are present. Depending on the source
of the fat or oil used, the distribution of the aliphatic chains can vary
including chain lengths from C8 to C22 as well as a range of unsaturation,
including oleic (C18:1), linoleic (C18:2), and linolenic (C18:3) chains
[15, 16].

Types of soap and bar
Solid Soap

As with all pure materials, pure single-chain sodium soap (anhydrous
sodium salt of a single fatty acid) will form a solid crystal structure when
sufficiently cool. This structure generally consists of packed bilayers of
soap molecules, arranged head-to-head and tail-to-tail. If water is also
present, a hydrated crystal structure will form, consisting of packed
bilayers of soap molecules with the water of hydration in the region
between the packed carboxylate heads. Solid soap crystals have been
probed by X-ray diffraction. The observed dif fraction patterns can be
divided into two groups: the long spacings that correspond to the
perpendicular separation between carboxylate heads in the bilayers (long
range order), and the short spacings that correspond to the lateral
separation between parallel aliphatic chains (short-range order) [17].

The dissolution properties for the single crystals in isolation have never
been reported. This is especially significant since commercial soap bars
contain multiple components that are divided among multiple phases (as
will be discussed in the section on Soap Colloidal Structure), so that the
recrystallization of one dispersed solid crystal phase into another solid
crystal phase must be commensurate with corresponding changes in the
composition and/or phase structure of the continuous phase. While it is
tempting to attribute differences in soap bar behaviour solely to the type
of solid soap crystal present, the effect of changes in the continuous phase
must not be ignored [18].

Liquid Crystalline Soap

A liquid crystal is defined as a class of material that has both liquid- and
solid-like properties. Liquid crystalline soap phases can form either when
anhydrous soap is heated or mixed with water. These phases are classified
as thermotropic and lyotropic liquid crystals, respectively. In either case,
the tail portions of the soap molecules become more fluid, resulting in a
loss of short-range order, as in a liquid, while still maintaining their long-
range order, as in a solid. The various types of soap liquid crystals are
discussed in the following sections [18, 19].

Cast Transparent Bars

It has long been known that if certain soap compositions are dissolved in
hot ethyl alcohol, they may be cast into moulds of the desired shape and
allowed to solidify and age for alcohol evaporation, yielding a transparent
bar. It is also possible to make similarly transparent bars using
triethanolamine rather than ethyl alcohol, eliminating the need for aging
or solvent evaporation to achieve full transparency. These cast transparent
bars are sometimes called poured or moulded bars [20]. Cast transparent
bars are typically made as a blend of 50% soap and 50%-solvent.
Depending on the desired bar properties regarding firmness and
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latherability, the soap blend employed can range from mixtures rich in
long-chain saturated soaps to mixtures rich in short-chain saturated and
unsaturated soaps. The solvent may contain ethyl alcohol, glycerine (or
other polyols), sugar, and/or rosin. The hot soap and solvent solution must
itself appear transparent, showing the absence of any solid or liquid
crystalline soap phases, or else the mixture will not give rise to transparent
bars when cooled [4].

Little has been published on the structure and phase behaviour of these
systems. Since X-ray evidence indicates the presence of solid soap
crystals, it was inferred that these crystals must be smaller than the
wavelength of visible light, thereby permitting transparency. More
recently it has been noted that the solvents both reduce the quantity of
solid soap crystal and limit crystal size. Nevertheless, this does not
address the full colloidal structure of these bars. The manufacture of cast
transparent bars is a labour-intensive process since they must be
demoulded when cool. Hence, these bars have been mass produced only
at a premium cost [21].

Translucent Bars

It was long noted that ordinary milled soap at high water levels (e.g., 20—
30%) appears translucent if the opaque whitening agent is omitted. While
bars with this water level are soft and deform on aging, it was found that
replacing some of the water with glycerine both enhances translucency
and helps maintain hardness. These compositions achieve translucency
both through matching refractive indices of the various domains and by
sufficiently reducing the domain size of the dispersed phase [22]. The
difference in refractive indices of the various domains present in a soap
bar ultimately stem from the difference in refractive index between soap
(n = 1.5) and the solvent, water (n = 1). Addition of co-solvents, such as
polyols (glycerine, sorbitol, or propylene glycol), triethanolamine, or their
mixtures, can raise the refractive index of the solvent to approach that of
soap and improve translucency. The domain size of the dispersed phase
can be reduced by recrystallization [23].

As discussed previously, mechanical work provides the surface renewal
to facilitate the migration of molecules to their equilibrium phase. Within
the right window of process temperature and water concentration, the
equilibrium state for the dispersed phase will consist of small crystallites
of zeta phase. Hence, sufficient mechanical work under the right process
Conditions will also improve translucency. This mechanical work may be
delivered to the Formulated soap mixture through the use of intensive
mixers, roll mills, and/or refiner plodders [21]. Although they are
somewhat less transparent than cast transparent bars, translucent extruded
bars can be manufactured on conventional soap-making equipment and
hence mass-produced at costs similar to that for opaque soap.

Manufacturing of soap
Raw Materials

Soap requires two major raw materials: fat and alkali. The alkali most
commonly used today is sodium hydroxide. Potassium hydroxide can also
be used. Potassium-based soap creates a more water-soluble product than
sodium-based soap, and so it is called "soft soap." Soft soap, alone or in
combination with sodium-based soap, is commonly used in shaving
products [23].

Animal fat in the past was obtained directly from a slaughterhouse.
Modern soap makers use fat that has been processed into fatty acids. This
eliminates many impurities, and it produces as a byproduct water instead
of glycerin. Many vegetable fats, including olive oil, palm kernel oil, and
coconut oil, are also used in soap making. Additives are used to enhance
the color, texture, and scent of soap. Fragrances and perfumes are added
to the soap mixture [24, 25].

1. Source of Glycerides: The main sources of slow lathering hard oils are
tallow, palm oil, whale oil, fish oil and greases, etc. Quick lathering hard
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oils include coconut oil, palm oil and kernel oil, etc. Soft oils are soya
bean oil, cotton seed oil and inedible olive oil, etc.

2. Rosin: A plant product contains mainly abietic acid. The colourless
variety of Rosin is used in the manufacture of laundry soaps and dark
variety is used in the manufacture of coloured soaps. Rosin makes lather
formation faster, increases the cleaning property of the soap and softens
the hard soaps. Rosin requirement is about 50% and the grease is 23%.

3. Caustic Soda: It is available in the form of flakes, blocks and sticks as
well as in solution of sodium hydroxide in various concentrations. The
caustic product potash is involved in the manufacture of saving creams.

4. Sodium Chloride: Sodium Chloride is used for salting out about 12.5
parts per 100 parts of oil to be saponify is used.

5. Binding Materials: Sodium Silicate, Soda Ash, Tri Sodium
Phosphate, Borax is used as Binding materials. They improve the soap
texture and prevent the formation of precipitate in hard water.

6. Fillers: The weight of the Soap is determined by fillers such as talc,
starch, glauber salt, pearl ash, etc. without affecting the detergency of the
washing soaps.

7. Colouring Matter. Organic dyes and inorganic pigments are used. As
a Dye the material should be inert to alkali used in making soap and
should not separate when soap is blended in the process. Common
colouring matters are methyl violet, Bismarck brown, safframine for red,
zinc oxide for white colour, chrome green for green colour, cadmium for
yellow colour, ultra-marine for blue colour, eosin for pink colour,
vermilion for rose shade. Intermediate colours are obtained by blending
the above colours.

8. Perfumes & Perfume Fixatives: These impart fragrance for the soap.
They may be natural or synthetic. Examples are sandalwood oil, lemon
grass oil, clove oil, eucalyptus oil, lavender oil and cinnamon oil, etc. The
synthetic perfumes are, Jasmine (Benzyl Acetate), Rose (Phenyl Ethyl
Alcohol), Lylac (Terpenol), and Musk (Benzoate).

Manufacturing Methods of Soap

Considering the soap processing variations used at present, there are four
basic process methods which are used industrially. The Cold Process
Method, Hot Process Method (Kettle Process), Rebatching (Milled soap),
and Melt and Pour Method (Continuous Process) were used for
manufacturing of soap [26].

Cold Process Method

This type of soap which is of a type of grandma made, is commonly
referred as “CP” soap. It is made by combining fatty acids with sodium
hydroxide (lye). This fatty acid is usually in the form of beef tallow, olive
oils and hemp oil. This is a traditional method of soap making that is
usually to process soap at home. This is a combination of art and science
where this had a certain portion of lye (NaOH) and water to fatty acids
that forms a chemical reaction known as “Saponification” during which
oil and lye mixture become soap [27]. This takes approximately six
weeks. Elaborating on this cold process, unit operations are as follows
under each topic it should be noted that even in the cold soap making
process, some heat is usually required [28].

1. Saponification

The temperature is usually raised to a point sufficient to ensure complete
melting of the fat being used. The batch may also be kept warm for some
time after mixing to ensure the alkali (hydroxide) is completely used up.
This soap is safe to use after about 12—48 hours, but is not at its peak
quality for use for several weeks. Cold-process soap making requires
exact measurements of lye and fat amounts and computing their ratio,
using saponification charts to ensure the finished product does not contain
any excess hydroxide or too much free unreacted fat. Saponification

Auctores Publishing — Volume 7(7)-191- www.auctoresonline.org
ISSN: 2688-7517

Copy rights @ Kiran Dudhat.

charts should also be used in hot processes, but are not necessary for the
"fully boiled hot-process" soaping [29].

A cold-process soap maker first looks up the saponification value of the
fats being used on a saponification chart. This value is used to calculate
the appropriate amount of lye. Excess unreacted lye in the soap will result
in a very high pH and can burn or irritate skin; not enough lye leaves the
soap greasy. Most soap makers formulate their recipes with a 4-10%
deficit of lye, so all of the lye is converted and excess fat is left for skin-
conditioning benefits [30].

2. Emulsification

The lye is dissolved in water. Then oils are heated, or melted if they are
solid at room temperature. Once the oils are liquefied and the lye is fully
dissolved in water, they are combined. This lye-fat mixture is mixed until
the two phases (oils and water) are fully emulsified. Emulsification is
most easily identified visually when the soap exhibits some level of
"trace", which is the thickening of the mixture. (Modern-day amateur soap
makers often use a stick blender to speed this process) [31]. There are
varying levels of trace. Depending on how additives will affect trace, they
may be added at light trace, medium trace, or heavy trace. After much
stirring, the mixture turns to the consistency of a thin pudding. "Trace"
corresponds roughly to viscosity. Essential oils and fragrance oils can be
added with the initial soaping oils, but solid additives such as botanicals,
herbs, oatmeal, or other additives are most commonly added at light trace,
just as the mixture starts to thicken [30].

3. Moulding

The batch is then poured into moulds, kept warm with towels or blankets,
and left to continue saponification for 12 to 48 hours. (Milk soaps or other
soaps with sugars added are the exception. They typically do not require
insulation, as the presence of sugar increases the speed of the reaction and
thus the production of heat.) During this time, it is normal for the soap to
go through a "gel phase", wherein the opaque soap will turn somewhat
transparent for several hours, before once again turning opaque [30].

4. Cutting

After the insulation period, the soap is firm enough to be removed from
the mould and cut into bars. At this time, it is safe to use the soap, since
saponification is in essence complete. However, cold-process soaps are
typically cured and hardened on a drying rack for 2-6 weeks before use.
During this cure period, trace amounts of residual lye are consumed by
saponification and excess water evaporates [30].

5. Curing

During the curing process, some molecules in the outer layer of the solid
soap react with the carbon dioxide of the air and produce a dusty sheet
of sodium carbonate. This reaction is more intense if the mass is exposed
to wind or low temperatures [30].

Hot Process Method

Hot-processed soaps are created by encouraging the saponification
reaction by adding heat to speed up the reaction. Unlike cold-processed
soap, in hot-process soaping, the oils are completely saponified by the end
of the handling period, whereas with cold-pour soap, the bulk of the
saponification happens after the oils and lye solution emulsification is
poured into moulds [26, 27, 30].

1. Boiling

Fats and alkali are melted in a kettle, which is a steel tank that can stand
three stories high and hold several thousand pounds of material. Steam
coils within the kettle heat the batch and bring it to a boil. After boiling,
the mass thickens as the fat reacts with the alkali, producing soap and
glycerin.
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2. Salts

The soap and glycerin must now be separated. The mixture is treated with
salt, causing the soap to rise to the top and the glycerin to settle to the
bottom. The glycerin is extracted from the bottom of the kettle.

1.11 3. Strong change

To remove the small amounts of fat that have not saponified, a strong
caustic solution is added to the kettle. This step in the process is called
"strong change." The mass is brought to a boil again, and the last of the
fat turns to soap. The batch may be given another salt treatment at this
time, or the manufacturer may proceed to the next step.

4. Pitching

The next step is called "pitching." The soap in the kettle is boiled again
with added water. The mass eventually separates into two layers. The top
layer is called "neat soap," which is about 70% soap and 30% water. The
lower layer, called "nigre," contains most of the impurities in the soap
such as dirt and salt, as well as most of the water. The neat soap is taken
off the top. The soap is then cooled. The finishing process is the same as
for soap made by the continuous process.

Rebatching

The rebatching soap method, also known as the milled soap method,
involves shredding your own soap creation, melting it and adding
additional ingredients. This method is very similar to the melt and pour
style of soap making except that you do not use a pre-made soap base.
This technique cannot really be practiced without knowing either the cold
process method or hot process method first. It is widely used to "save"
unsuccessful batches by re-melting the soap for a future project [32, 33].

Unmoulding

Rebatching can be done after unmoulding by grating or chopping a soap
bar and using water to melt it. Here also Mixing and Boiling, Moulding,
Cutting, Curing happens.

Melt and Pour Method

The boiling process is very time consuming; settling takes days. To
produce soap in quantity, huge kettles must be used. For this reason,
continuous soap making has largely replaced the old boiling process.
Most continuous processes today employ fatty acids in the saponification
reaction in preference to natural fats and oils. These acids do not contain
impurities and, as explained at the beginning of this section, produce
water instead of glycerin when they react with alkali. Hence, it is not
necessary to remove impurities or glycerin from soap produced with fatty
acids [28]. Furthermore, control of the entire process is easier and more
precise. The fatty acids are proportionally fed into the saponification
system either by flow meter or by metering pump; final adjustment of the
mixture is usually made by use of a pH meter (to test acidity and
alkalinity) and conductivity-measuring instruments [25, 34].

The melt and pour method could be the simplest method of them all
depending on the intricacy of our project. Since this could potentially be
the easiest of all the soap making methods, it is an absolutely wonderful
way for beginners to start out making their own soap.

Reactions involved in the process

Soaps are sodium or potassium fatty acids salts, produced from the
hydrolysis of fats in a chemical reaction called saponification. Each soap
molecule has a long hydrocarbon chain, sometimes called its 'tail', with a
carboxylate 'head'. In water, the sodium or potassium ions float free,
leaving a negatively-charged head. Soap is an excellent cleanser because
of its ability to act as an emulsifying agent. An emulsifier is capable of
dispersing one liquid into another immiscible liquid. This means that
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while oil (which attracts dirt) doesn't naturally mix with water, soap can
suspend oil/dirt in such a way that it can be removed [35].

The organic part of a natural soap is a negatively-charged, polar molecule.
Its hydrophilic (water-loving) carboxylate group (-COz2) interacts with
water molecules via ion-dipole interactions and hydrogen bonding. The
hydrophobic (water-fearing) part of a soap molecule, its long, nonpolar
hydrocarbon chain, does not interact with water molecules. The
hydrocarbon chains are attracted to each other by dispersion forces and
cluster together, forming structures called micelles. In these micelles, the
carboxylate groups form a negatively-charged spherical surface, with the
hydrocarbon chains inside the sphere. Because they are negatively
charged, soap micelles repel each other and remain dispersed in water
[36].

Grease and oil are nonpolar and insoluble in water. When soap and soiling
oils are mixed, the nonpolar hydrocarbon portion of the micelles break up
the nonpolar oil molecules. A different type of micelle then forms, with
nonpolar soiling molecules in the centre. Thus, grease and oil and the 'dirt'
attached to them are caught inside the micelle and can be rinsed away
[37]. Although soaps are excellent cleansers, they do have disadvantages.
As salts of weak acids, they are converted by mineral acids into free fatty
acids:

CHz3 (CH2)16CO2Na* + HC1 — CHs (CH2)16CO2H + Na* + CI-

These fatty acids are less soluble than the sodium or potassium salts and
form a precipitate or soap scum. Because of this, soaps are ineffective in
acidic water. Also, soaps form insoluble salts in hard water, such as water
containing magnesium, calcium, or iron [38].

2 CHs3 (CH2)16CO2Na* + Mg?* — [CH3(CH2)16CO2]2Mg?* + 2 Na*

The insoluble salts form bathtub rings, leave films that reduce hair luster,
and gray/roughen textiles after repeated washings. Synthetic detergents,
however, may be soluble in both acidic and alkaline solutions and don't
form insoluble precipitates in hard water [39].

Unit Operations
Saponification

The term saponification is the name given to the chemical reaction that
occurs when a vegetable oil or animal fat is mixed with a strong alkali.
The products of the reaction are two: soap and glycerine. Water is also
present, but it does not enter into the chemical reaction. The water is only
a vehicle for the alkali, which is otherwise a dry powder. The name
saponification literally means "soap making". The root word, "sapo", is
Latin for soap. The Italian word for soap is sapone. Soap making as an art
has its origins in ancient Babylon around 2500 - 2800 BC [40, 41].

The oils used in modern handmade soap are carefully chosen by the soap
maker for the character they impart to the final soap. Coconut oil creates
lots of glycerine, makes big bubbly lather, and is very stable. Olive oil has
natural antioxidants and its soap makes a creamier lather. Tallow, or
rendered beef fat, makes a white, stately bar that is firm and creates
abundant lather. Many other oils can be used, each one for a specific
reason. Your soap maker will be glad to tell you which oils are used to
make her or his soap. The alkali used in modern soap is either potassium
hydroxide, which is used to make soft soap or liquid soap because of its
greater solubility, or sodium hydroxide, which is used to make bar soap
[42].
112 Mechanism of base hydrolysis

The mechanism by which esters are cleaved by base involves a series
of equilibria. The hydroxide anion adds to (or "attacks") the carbonyl
group of the ester [43]. The immediate product is called an orthoester:
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Saponification to the sodium salt of myristic acid takes place with NaOH
in water. The acid itself can be obtained by adding dilute hydrochloric
acid [44].

1.1.3 Steam hydrolysis

Triglycerides are also saponified in a two-step process that begins with
steam hydrolysis of the triglyceride. This process gives the carboxylic
acid, not its salt, as well as glycerol. Subsequently, the fatty acid is
neutralized with alkali to give the soap. The advantage of the two-step
process is that the fatty acids can be purified, which leads to soaps of
improved quality. Steam hydrolysis proceeds via a mechanism similar to
the base-catalysed route, involving the attack of water (not hydroxide) at
the carbonyl center. The process is slower, hence the requirement for
steam [45].

1.14 Soft vs hard soap

Depending on the nature of the alkali used in their production, soaps have
distinct properties. Sodium hydroxide (NaOH) gives "hard soap",
whereas, when potassium hydroxide (KOH) is used, a soft soap is formed.
Soft soap typically refers to a type of soap that has a higher glycerin
content and is more fluid or semi-solid in consistency. Soft soaps are often
made through the process of saponification, which involves mixing oils
or fats with an alkali (such as sodium hydroxide for solid soap or
potassium hydroxide for liquid soap). Soft soaps may contain more
moisturizing agents and are often used for handwashing, body washes,
and facial cleansers. Liquid hand soaps and body washes are common
examples of soft soap. Whereas, Hard soap is solid and firm in
consistency [18]. It's typically the result of the same saponification
process but with different ratios of oils, fats, and alkali, leading to a harder
final product. Hard soaps may contain fewer moisturizing agents and are
often used for general cleaning purposes, such as laundry soap, dish soap,
or bar soap for bathing. Bar soaps used for bathing or laundry detergent
bars are examples of hard soap [46].

Lithium soaps

Lithium derivatives of 12-hydroxystearate and several other carboxylic
acids are important constituents of lubricating greases. In lithium-based
greases, lithium carboxylates are thickeners. "Complex soaps"” are also
common, these being combinations of metallic soaps, such as lithium and
calcium soaps. hey are characterized by their ability to form thick greases
or lubricating greases when combined with various oils. Lithium soaps
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are commonly used in the production of lubricating greases. When lithium
soaps are mixed with mineral or synthetic oils, they form stable, high-
temperature-resistant greases that are widely used in automotive,
industrial, and marine applications [47]. Lithium-based greases exhibit
good water resistance, making them suitable for applications where
exposure to water or moisture is common. Lithium greases have good
temperature stability and can operate effectively across a wide range of
temperatures, from low to high extremes. Lithium greases find use in
various industries including automotive (wheel bearings, chassis
components), industrial (bearings, gears), marine (boat trailer bearings,
marine equipment), and household (lubricating door hinges, locks) [48].

Crutcher

The Crutcher is a vertical mixer used in the semi-boiled batch
saponification, for the neutralization of fatty acids with caustic soda and
for the neutral fat’s saponification. The Crutcher is also used to add
additives such as caoline, silicate and to color the laundry soap in the
drying plant. Another use of the Crutcher is the synthetic detergent soaps
base production. It is possible to place the Crutcher on load cells with the
purpose to dose the raw materials directly inside of it. The Crutcher can
operate either at atmospheric pressure or pressurized [49]. For the
pressurized use Soaptec supplies Crutchers manufactured and certified
according to ASME, SECTION VIII, DIVISION 1 Standards. The
Crutcher is provided with a vertical mixing screw placed inside a draft
tube which assures a strong mixing of the material inside. The screw
draws the material into the draft tube from the bottom of the crutcher and
expels it out of the tube at the top. This action creates a vigorous flow of
material across the machine resulting in excellent mixing. Bottom of the
screw is fitted with an anchor type blade that scrapes the bottom of the
vessel, thus preventing depositing of the material [50].

Plodding & Cake cutting

After the soap has been thoroughly milled it is ready for plodding. A
plodder is so constructed as to take the soap ribbons fed into the hopper
by means of a worm screw and continuously force it under great pressure
through a jacketed cylinder through which cold water circulates in the rear
to compensate the heat produced by friction and hot water at the front, to
soften and polish the soap which passes out in solid form in bars of any
shape and size depending upon the form of the shaping plate through
which it is emitted. The bars run upon a roller board, are cut into the
required length by a special cake cutting table, allowed to dry slightly and
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pressed either automatically or by a foot power press in any suitable soap
die. The finished cake is then ready for wrapping. Besides the various
apparatus mentioned above there are many other parts for the full
equipment of a modern soap plant, such as remelters, pumps, mixers,
special tanks, power equipment, etc. As has been stated, however,
practical experience will aid in judging the practicability as to installation
of these [51].

The various methods of powdering soap are, however, not generally
known. Where a coarse powder is to be produced, such as is used for
common washing powders, no great difficulty is experienced with the
well-known Blanchard mill. In grinding soap to an impalpable powder,
the difficulties increase. The methods adapted in pulverizing soaps are by
means of disintegrators, pebble mills and chaser mills. The disintegrator
grinds by the principle of attrition, that is, the material is reduced by the

Copy rights @ Kiran Dudhat.

particles being caused to beat against each other at great velocity; a pebble
mill crushes the substance by rubbing it between hard pebbles in a slowly
revolving cylinder; the chaser mill first grinds the material and then floats
it as a very fine powder above a curb of fixed height. The last method is
particularly adapted for the finest of powder (140 mesh and over) [52, 53].

Packing & Stamping

After all, above unit operations the outcome is soap bar. To release to the
market the last product direct through the stamping and packing unit
operation.

Problems in soap making

Problems that can occur in soap making and their possible causes are
described in following table 1 [54, 55].

Problem

Possible causes

Soap will not thicken quickly enough

Not enough lye, too much water, temperature too low, not stirred enough
or too slowly, too much unsaturated oil (e.g., sunflower or safflower).

Mixture curdles while stirring

Fat and/or lye at too high temperature, not stirred enough or too slowly.

Mixture sets too quickly, while in the kettle

Fat and lye temperatures too high.

Mixture is grainy

Fat and lye temperature too hot or too cold, not stirred enough or too slowly.

Layer of oil forms on soap as it cools

Too much fat in recipe or not enough lye.

Clear liquid in soap when it is cut

Too much lye in recipe, not stirred enough or too slowly.

Soft spongy soap

Not enough lye, too much water, or too much unsaturated oil

Hard brittle soap

Too much lye

Soap smells rancid

Poor quality fat, too much fat or not enough lye.

Air bubbles in soap

Stirred too long

Mottled soap

Not stirred enough or too slowly or temperature fluctuations during curing.

Soap separates in mould, greasy

Not enough lye, not boiled for long enough, not stirred enough or too slowly

surface layer on soap

White powder on cured soap

Hard water, lye not dissolved properly, reaction with air.

Warped bars

Drying conditions variable.

Table 1. Problems associated with manufacturing of soap

Soaps vs. Syndets: Similarities and Differences

A diverse range of skin cleansers exist today, but they all generally fall
into two types: soap-based and syndets. Both soap- and syndet-based
cleansers contain at least one (often more than one) surfactant, a class of
organic compounds that are amphiphilic/amphipathic, that is, they contain
both nonpolar or hydrophobic (water-hating and lipid-loving) moieties,
also known as ‘tails’, and polar or hydrophilic (water-loving) moieties,
also known as ‘head. Therefore, they are soluble in both water and organic
solvents [4, 50].

Due to surfactants’ unique chemistry and characteristics, hydrophobic
compounds present in excess sebum and other undesired substances (e.g.,
dirt, oils) on the skin’s surface are washed away with greater ease than
could be achieved with water alone. While soaps and syndets are similar
in that they cleanse dirt and impurities from the surface of the skin, their
distinct chemical properties and physiological effects can be markedly
different [4, 7].

Method of Making Syndet Bars [21]
Crutching

Add melted sodium cetearyl sulfate to the crutcher. Add predetermined
quantity of Hamposyl L-30 solution to the crutcher mix. Add the
predetermined quantity of AGS paste to the water in the crutcher. The
AGS paste can be atambient temperature or preheated to 1 50 ° F (65 °
C). Turn on the agitator and recirculation pump and maintain temperature
in crutcher at 130-1 50 °F by adjusting steam and water valves. Allow
contents in crutcher mix to return to 130-1 50 °F (54-65 °C) prior to
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adding predetermined quantity of stearic acid. Add to heated crutcher mix
predetermined quantity of soap or NaOH to form in-situ soap. Allow the
contents in the crutcher to mix and/or react for about 15 minutes while
maintaining the temperature at 1 30-1 50 ° F (54-65 ° C). Add to heated
crutcher mix the predetermined quantity of acyl isethionate. Allow
contents in Crutcher to mix for about 20 minutes while maintaining
temperature at 130-1 50 °F (54-65 °C). Add sodium chloride plasticizer
and titanium dioxide to the heated crutcher mix. Add lauric and/or
coconut fatty acids to crutcher mix and allow contents of crutcher to mix
for about io 15 minutes while maintaining temperature at 1 30-1 50 ° F
(54-65 ° C).

Drying

The crutcher mix is dried and cooled using a combination flash chamber
and chill roll or chill belt. The is crutcher mix is first heated to
approximately 300 °F (149°C) by a heat exchanger and then flash dried
in a chamber above the chill roll or chill belt. From the flash chamber the
hot, dried mix is extruded onto the chill roll or chill belt. The chill belt or
chill roll provides a uniform, thin, cool (85-95 °F, 29-35 °C) product in
flake or chip form. Typical moisture for the flake is 1-10%, preferably
about 2-4.5%. The ways to regulate the moisture, in the order of
preference, are (1) increasing or decreasing steam pressure on the heat 20
exchanger; (2) increasing or decreasing crutcher mix rate to the heat
exchanger; and (3) increasing or decreasing crutcher mix temperature to
the heat exchanger [21, 56].
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Amalgamating

The flakes are weighed and mixed in a batch amalgamator to obtain
uniform flake size. Preweighed perfume is added to the flakes and mixed
in the amalgamator to obtain the desired finished product

perfume level. The perfumed flakes are transferred to the mix hopper or
directly to the plodder.

Milling (Optional) The 3-roll soap mills are set up with the first roll at 1
20 ° F (49 ° C) and the other two mills at about 44 °F(7°C). The material
is passed through the mills several times to provide a homogeneous
mixture of perfume and dried flakes.

Plodding and Stamping

The plodder is set up with the barrel temperature at about 125°F (52 °C)
and the nose temperature at 120°F (49 °C). The ideal plodder is a dual
stage plodder that allows use of a vacuum of about 50.8-84.5kPa (15-25
inches of Hg). The plugs should be cut in 127 mm (5") sections and
stamped with a cold die block using die liquor such as alcohol, if
appropriate.

Evaluation Methods

To variation in characteristics of the raw materials, like fatty chain length
distribution or moisture, and environmental factors, such as different
ambient conditions in the factory or different storage conditions, either of
which will result in variation in the moisture level and temperature of the
product as it enters the extrusion operation. The most practical hardness
characterization methods for cleansing bars in the factory environment
involve indentation or penetration experiments using a needle, cone, or
wire [4, 50].

The manufacturers of these devices may refer to the measurement as a
hardness test, or a measure of yield stress or consistency. We will define
these terms more rigorously in the next section. Consider a penetration
experiment, in which a cone is driven into a soap sample by its weight,
and the movement of the cone is arrested by the resistance of the soap.
Penetration eventually stops when enough of the cone has entered the
soap so that the material resistance to deformation balances the load. The
penetration depth serves as a measure of product softness. Alternatively
stated, a force balance when the cone penetration stops can be used to
determine the hardness [57, 58].

Conclusion

Soaps and syndet bars serve essential roles in personal care, hygiene, and
household cleaning, with syndet bars offering a gentler alternative,
particularly for individuals with sensitive skin or specific dermatological
concerns. In recent years, the soap and syndet bar industry has seen
several innovations aimed at enhancing product -effectiveness,
sustainability, and user experience. Many soaps and syndet bar
manufacturers are incorporating natural and organic ingredients such as
botanical extracts, essential oils, and plant-based surfactants. These
ingredients offer skin-friendly benefits and appeal to consumers seeking
more environmentally friendly and sustainable products. Companies are
developing specialized formulations to address specific skin concerns,
such as dryness, sensitivity, acne, and aging. These formulations may
include added moisturizers, antioxidants, vitamins, and soothing agents
to target particular skin needs. Syndet bars formulated with pH-balanced
surfactants help maintain the skin's natural pH, which is important for skin
health and preventing irritation. These bars are particularly beneficial for
individuals with sensitive skin or dermatological conditions. Some soap
and syndet bar formulations incorporate gentle exfoliating ingredients
like jojoba beads, oatmeal, or fruit enzymes to help remove dead skin cells
and promote smoother, healthier-looking skin.
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