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Abstract

In our daily lives, the ubiquitous use of soap extends far beyond mere cleanliness, encompassing diverse applications such as dishwashing,
laundry, and personal hygiene, enriching our sensory experience and ensuring a safer, more hygienic living and working environment.
Contrary to common perception, the genesis of soap cleansers transcends their role in hygiene, representing a multifaceted innovation with
historical roots. Despite its crucial role, soap production stands as a relatively understudied facet of ancient chemical innovation, lacking the
archaeological imprints found in materials like ceramics or glass. Unlike inorganic materials, soap leaves no tangible archaeological artefacts
to chronicle its evolution. Consequently, our understanding of the chemical technology behind soap relies heavily on historical accounts. The
Mesopotamian mud tablets, dating back to the third millennium BCE, provide the most precise evidence of early soap production, offering a
glimpse into the chemical ingenuity of our ancestors. While the basic combination of plant ashes and tallow could have facilitated soap
production even earlier, concrete proof remains elusive. This article presents a comprehensive review encompassing the historical trajectory,
chemical intricacies, technological advancements, and varied applications of soap cleansers. By delving into the annals of history and
synthesizing contemporary knowledge, we aim to illuminate the intriguing journey of soap, an everyday marvel often taken for granted.
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1. INTRODUCTION

In the seamless tapestry of our daily lives, soap serves as an
unassuming yet integral element, woven into the fabric of
cleanliness and hygiene. Beyond its familiar role in
personal care and household chores, the chemistry behind
soap production unveils a captivating narrative that bridges
the realms of science and technology [1]. This exploration
delves into the foundational principles governing soap
composition, examining the intricate dance between
saturated and unsaturated fatty acids, the role of glycerides,
and the intricate process of soap synthesis. At its core, soap
is a salt formed by the reaction of fatty acids predominantly
saturated and unsaturated fatty acids with carbon numbers
ranging from C10 to C18 with sodium hydroxide. The
source of these fatty acids lies in a blend of natural
triglyceride oils. While some manufacturers opt for the
direct neutralization of a fatty acid blend, most create soap
directly from a blend of oils [2]. This process involves
reacting glyceride oils with a strong sodium hydroxide
solution, generating soap along with glycerin and copious
amounts of heat. The challenge lies in separating soap from
the glycerin byproduct, a step that may or may not be
deemed necessary. Alternatively, triglyceride oil can be
split into fatty acids and glycerin using high temperatures
and pressures, allowing for easier separation and
subsequent soap formation through neutralization with
NaOH solutions [3].

The triglyceride molecules in oils or fats consist of alkyl
chains with varying degrees of saturation and unsaturation,
resulting in oils with distinct characteristics. While these
differences are crucial in edible applications, they play a
less prominent role in soap production, where the focus is
on the relative proportions of saturated to unsaturated fatty
acids and the lengths of the fatty acid chains [4]. The
IUPAC defines soap as a fatty acid salt comprising at least
eight carbon atoms in the hydrocarbon chain. Soap's utility
as a cleanser stems from its surfactant properties, reducing
the surface tension between water and oil and facilitating
the removal of insoluble contaminants through soap-based
micelles [5, 6]. Soap, classified as a detergent and
surfactant, offers cleansing properties in weak solutions.
However, the expansive category of detergents spans a
broader spectrum, with modern detergents, such as alkyl
benzene sulfonates, surpassing soap in cleansing
capabilities due to enhanced solubility in hard water.
Despite this, the historical significance of soap endures,
weaving its narrative through the annals of human
cleanliness [7-8].

The synergy of different oils in soap production is a
deliberate choice, especially in crafting toilet or laundry
soaps. Nut oils like coconut oil and palm kernel oil bring
long-chain length saturated fatty acids, contributing to soap
insolubility at normal temperatures but enhancing lather
stability and hardness. Non-nut oils, such as tallows or

*Corresponding author e-mail: hazahran23@gmail.com (Hamdy A. Zahran)
Receive Date: 21 February 2023, Revise Date: 12 December 2023, Accept Date: 12 December 2023

DOI: 10.21608/EJCHEM.2023.195358.7627

©2024 National Information and Documentation Center (NIDOC)


mailto:hazahran23@gmail.com

10 Hamdy A. Zahran.

palm oils, provide both long-chain length saturated and
unsaturated fatty acids, influencing soap solubility, lather
stability, and volume [10]. The intricate interplay between
these oils yields soaps with diverse properties, making
them a versatile and indispensable aspect of our daily
cleansing rituals [3]. As we embark on this exploration of
soap chemistry, we peel back the layers of its composition,
understanding the alchemy that transforms humble oils into
a substance woven into the very fabric of our daily lives.
Join us as we unravel the complexities of soap production,
where science meets art in the pursuit of cleanliness and
hygiene [9].

This introduction sets the stage for a journey through time
and innovation, delving into the intricate chemistry,
technological nuances, and multifaceted applications that
define soap production. From its enigmatic early days to
the present, this exploration aims to shed light on the
evolution of soap, offering a fresh perspective on a
commonplace yet extraordinary element of our daily lives.
Join us as we navigate the historical currents and chemical
intricacies that underpin the captivating world of soap
cleansers.

2. Chemistry of Soap

1.1. Preface

The pivotal method in soap production involves the
amalgamation of fats and a soluble base salt, a process
known as saponification, illustrated in equation (1) [11].
Alternatively, soap can be derived from the reaction
between a fatty acid, such as stearic acid, and an alkali base
salt like sodium hydroxide. However, this method faces
challenges due to the initial hydrolysis of triglycerides
(TGs) to their simple form (fatty acids) and the subsequent
removal of glycerol [3], making it impractical for
widespread use in manufacturing.

X
HC-0"0™(CH;)16CH3 OH o}
H,C Y
HC-O0™(CHp)CH; + 3NaOH — )—OH + 3 Na*"0” “(CHp)eCHs
H,C
H,C-0" “(CH,)46CHs3 OH
stearin sodium hydroxide glycerol sodium stearate
triglyceride alkali salt (soap)
(fats and oils) (lye/potash)

Equation 1. Sodium stearate (soap) resulted from mixing
TGs with soluble base salt [12].

- Soap Structure and Phase Behavior

Soap, a substance with ancient origins, has seen its
production characterized more by art than science. For
instance, the historic soap-boiling process, practiced for
centuries, navigated soap mass through various phases with
cryptic names like nigre, middle soap, neat soap, kettle
wax, and curd [13].

e  Soap Molecular Structure: Defined as the salt of a
fatty acid, soap is the product of the reaction
between aqueous caustic soda and fats or oils from
natural sources. Functioning as a surfactant
molecule, soap possesses a hydrophilic head (the
carboxylate group) and a hydrophobic tail (the
aliphatic chain). These dual characteristics endow
soap with the ability to dissolve both aqueous and
organic phases, generate stable foam, and exhibit
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cleansing properties. The specific properties of a
soap depend on the counter-ion(s) and the aliphatic
chain(s) present [14, 15]. The distribution of
aliphatic chains varies based on the fat or oil source,
encompassing chain lengths from C8 to C22 and
unsaturation types, such as oleic (C18:1), linoleic
(C18:2), and linolenic (C18:3) chains.

e Soap Phase Structure:

- Solid Soap: In its anhydrous or hydrated state, pure

single-chain sodium soap forms a solid crystal
structure, exhibiting packed bilayers arranged head-to-
head and tail-to-tail. When water is present, a hydrated
crystal structure forms, with water located between
packed carboxylate heads. X-ray diffraction reveals
distinct patterns of long spacing (perpendicular
separation between carboxylate heads) and short
spacing (lateral separation between parallel aliphatic
chains) (Figure 1).
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Figure 1: Solid soap crystal showing short and long
spacing. Source: [16].

Crystals of pure sodium soaps correlate long spacing with
aliphatic chain length, and various short spacing
patterns suggest different molecular arrangements,
leading to distinct solid soap phases named alpha,
beta, delta, and omega [16].

- Liquid Crystalline Soap: Liquid crystalline soap
phases, categorized as thermotropic and lyotropic, can
form when anhydrous soap is heated or mixed with
water. These phases exhibit properties of both liquids
and solids, maintaining long-range order while losing
short-range order. The various types of soap liquid
crystals are explored in subsequent sections.

- Superfatted Soap: Occasionally, commercial soaps are
formulated with excess or free fatty acids, referred to
as “superfatted" soaps. Properly formulated
superfatted soap bars generate rich, dense lather, a
phenomenon attributed to the impact of fatty acids on
soap bar structure and phases [17].

- Transparent and Translucent Soap: Soap bars are
typically opaque due to incident light scattering by
heterogeneous domains. This light scattering can be
significantly reduced by matching refractive indices or
sufficiently reducing the domain size of the dispersed
phase. Transparent and translucent soap bars in the
commercial realm leverage these phenomena.

- Cast Transparent Bars: Known for their transparency,
cast transparent bars are produced by dissolving
specific soap compositions in hot ethyl alcohol or
triethanolamine. The resulting mixture is cast into
molds, solidified, and aged for alcohol evaporation,
producing transparent bars. These bars, also called
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poured or molded bars, are typically a 50% blend of
soap and solvent. The manufacturing process,
involving demolding when cool, is labor-intensive,
contributing to their premium cost [16, 17].

1.2. Triglycerides

Triglycerides are prominent components of lipids, found in
various sources such as animal fats and various plant oils.
Common oils, including coconut, palm, palm kernel, and
olive oils, exhibit diverse fatty acid compositions. While
palm oil is derived from the fleshy part of palm fruits, palm
kernel oil is obtained from the inner portion. Fats,
predominantly present in animals, are semisolid or hard at
room temperature, while oils, mainly found in plants but
also fish, remain liquid. The composition of fatty
substances can vary in terms of chain length and
unsaturation level, with solid fats primarily comprising
saturated fatty acids and oils predominantly made up of
unsaturated fatty acids [18, 19]. Table (1) outlines the fatty
acid content of specific lipids found in nature, crucially
employed in soap production. Common oils and fats
primarily consist of triacylglycerols (TGs), with trace
amounts of monoacylglycerols, diacylglycerols, free fatty
acids, pigments like chlorophyll and carotenes, and
vitamins A, D, E, and K [20]. Simple TGs feature three
identical acyl chains, while mixed TGs, more prevalent,
consist of various acyl chains.

1.3. Fatty acids

The type of fatty acids in soap production significantly
influences the soap's consistency. Sodium salts of lower
molecular weight FAs lack soap-like properties, breaking
into ions and being water-soluble in molecular solutions.

For instance, soap derived from caproic acid (C6:0)
exhibits faint soap-like properties with minimal foaming in
cold water. As the chain length increases, soap consistency
becomes more solid and hard soluble, with lauric acid
(C12:0) producing a highly soluble soap, foaming readily
in cold solutions, while stearic acid (C18:0) yields a soap
slightly soluble in cold water [16]. Historically, fats and
oils were sourced locally, minimizing long-distance trade.
The primary animal fats produced industrially today are
lard (pork) and tallow (beef and lamb), serving various
purposes including human consumption, animal feed, and
as raw materials in the oleo-chemical industry, primarily
used for soap and surfactant compound production [18].
Animal fats were traditionally obtained through rendering,
a relatively simple process involving the boiling of fatty
animal tissue. Animal fats are easily procured due to the
bursting of cell walls and membranes in animal tissue after
cooking, causing intercellular fat expansion [21]. In
comparison, lipid extraction from plant seeds was also
relatively straightforward. In Egypt during the third century
BCE, castor oil, flaxseed, and sesame oil were obtained
through pressing. However, in first-century BCE Rome,
wedge presses, screws, channels, and edge runner mills
were employed for oil extraction [22]. The modern
refinement of vegetable oils, involving deodorization,
bleaching, and neutralization processes, did not occur until
the nineteenth century CE [23]. The origin of oils and fats
used in soap-making, whether from animal or plant sources,
impacts the soap's quality. As shown in Table 1, different
plant and animal sources contain varying amounts of
several fatty acids, influencing the final consistency and
solubility of the produced soap.

Table 1. Fatty acid distribution of common oils and fats are using in soap-making

FAs distribution (%)

Fat or oil Caprylic Capric Lauric Myristic Palmitic Palmitoleic Stearic Oleic Linoleic Others? References
(C8:0) (C10:0) (C12:0) (C14:0) (C16:0) (C16:1) (C18:0) (C18:1) (C18:2)
Beef tallow trace trace trace 1.0-5.0 20.0-30.0 7.0-13.0 5.0-10.0 35.0-50.0 0.0-3.0 1.0-3.0 [24]
Lard trace 0.1-0.5 0.1-0.5 1.5-2.0 23.0-28.0 1.5-35 11.0-24.0 29.0-45.0 8.0-12.0 1.0-2.0 [25]
Poultry fat trace trace trace 1.0-2.0 20.0-30.0 3.0-7.5 3.0-7.0 35.0-45.0 15.0-23.0 1.0-2.0 [26]
gf“’”“t 4.0-10.0 5.0-9.0 400550  10.0-20.0 7.0-11.0 trace 05-3.0 5.0-10.0 0.0-3.0 0.0-2.0 27
Olive oil trace trace trace trace 5.0-15.0 trace 0.5-5.0 55.0-83.0 3.0-20.0 0.0-4.0 [28]
Palm oil trace trace trace trace 30.0-50.0 trace 3.0-10.0 25.0-45.0 3.0-15.0 0.0-5.0 [29]
E::rr?el oil 2.0-8.0 2.0-8.0 35.0-55.0 10.0-25.0 6.0-13.0 trace 1.0-5.0 10.0-20.0 1.0-5.0 0.0-1.0 [30]
;zg?in trace trace 0.1-0.5 1.0-2.0 48.0-74.0 trace 3.5-6.0 15.5-36.0 3.0-10.0 0.0-1.0 [31]
Palm olein trace trace 0.1-0.5 0.5-1.5 38.0-43.0 trace 3.5-5.0 40.0-46.0 10.0-13.5 0.0-1.0 [32]

a Just FAs that may surpass 1% are recorded (the fatty acid is recorded first, followed by the commonplace rate in fatty

sources.

1.4. Alkali Source in Soap-Making

The selection of soluble base salt in soap production
significantly influences the characteristics of the resulting
soap. Salts like potash (K2CO3), soda (Na2CO3), and lye
(NaOH) find application in soap fabrication. Traditionally,
soaps with a firmer consistency are termed hard soaps,
while those with a softer consistency are referred to as soft
soaps. The nature of the cation in the chosen soluble base
salt contributes to the physical attributes of the soap, with
sodium (Na+) salts yielding harder soaps, and potassium
(K+) salts yielding softer ones (George and Raymond,
2016). For example, potassium palmitate [KCO2
(CH2)14CH3] results in a soft soap, while sodium
palmitate [NaCO2 (CH2)14CH3] produces a hard soap
(Friedman, 2016). This distinction arises from the fact that
the sodium cation is a stronger acid than the potassium
cation and is less polarizable. Additionally, the similar sizes
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of sodium and oxygen radii contribute to sodium salts
having a more favorable lattice energy, resulting in harder
soaps. Insoluble soaps, those resistant to water dissolution,
can also form from non-alkaline metal ions like lead (Pb2+)
or calcium (Ca2+). Historically, alkaline substances such as
potash and soda were derived from the incineration of
halophytic (high salinity) and alkaline plants, as well as
from wood combustion, primarily yielding potash. These
plants thrive in high alkali conditions, absorbing basic salts
during growth. Coastal marine areas, semi-deserts, and
saline and alkaline lakes serve as ideal environments for the
cultivation of mineral-rich plants burned for plant ash [33].

The resulting mineral ash, whether potash or soda ash,
depends on factors like groundwater and soil conditions,
plant species, growth season stage, plant components
(leaves or wood), and the incineration process [34]. Inland
plants tend to produce potash, while highly alkaline plants
favor soda production. Numerous plants in the
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Chenopodiaceae family, comprising around 1300 species in
120 genera, have historically been exploited for their high
alkali content [34]. Burning these mineral-rich plants in
low-oxygen conditions, allowing partial oxidation, yields
ash rich in sodium carbonate, with some potassium
carbonate and other mineral salts as impurities [35].
Natron, another historical salt source, refers to a mineral
not found in plant ash. Instead, sodium sesquicarbonate
(Na2C0O3.NaHCO03.2H20), or natron, was mined from
evaporate lakes such as Wadi Natrun in Egypt (Gad and El-
Zeiny, 2016) (see Figure 2).

Figure 2. Wadi Natrun in Egypt “Source: Wikipedia 7

2. Soap Making Industry

2.1. Raw Materials
Source of Glycerides: Various glycerides are
employed in soap making, with fish oil, tallow, lard,
whale oil, and palm oil being common sources for
moderately lathering hard lipids. Rapidly lathering
hard lipids include oils from kernels, coconut, and
palm. Soft oils, contributing to soap's texture,
comprise soybean, olive, and cottonseed oils.

- Rosin: Derived from plants, rosin, primarily composed
of abietic acid (C20H3002), influences soap color and
foaming properties. Colorless rosin variants are
utilized in producing light-colored soap, while darker
varieties are employed for colored soap, aiding in
quicker foam formation and enhancing soap cleansing
properties.

- Caustic Soda: Awvailable in various forms, including
chips, blocks, sticks, and sodium hydroxide solutions,
caustic soda plays a crucial role in soap production. It
is used in different concentrations, with the potash
product also incorporated in manufacturing specialty
creams.

- Sodium Chloride: Utilized to salt out approximately
12.5 parts per 100 parts of oil during saponification,
sodium chloride enhances the soap-making process.

- Binding Materials: Tri Sodium Phosphate, Soda ash
Sodium, Borax, and Silicate act as binding materials,
enhancing soap texture and preventing scum formation
in hard water.

- Fillers: Starch, talc powder, and pearl ash are
employed as fillers, determining the weight of soap
without compromising its cleaning properties.

- Coloring Matter: Natural and inorganic colors are
used in soap production. Methyl violet, safframine,
Bismarck brown, chrome green, zinc oxide, ultra-
marine, cadmium, vermilion, and eosin are examples.
Blending these colors produces a spectrum of hues.

- Perfumes & Perfume Fixatives: Natural or synthetic,
perfumes and fixatives like lemon grass oil, clove oil,
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sandalwood oil, lavender oil, cinnamon oil, musk,
jasmine, rose, and lylac provide fragrance to soap.

2.2. Formulation of Traditional Soap Cleansing
Systems

Over time, soap bar formulation has evolved to incorporate
numerous additives. Consumer demands for "green" and
"natural” products have led to soap formulations with new
materials. The cleansing aspect of soap has taken a back
seat to the effects of additives. The industry has witnessed a
surge in demand for natural, organic, and sustainable
personal care products. However, challenges exist in
finding natural equivalents for high-performance synthetic
actives.

3. Soap Manufacturing Process

3.1. Saponification

Saponification, derived from the Latin word "saponins"
meaning soap, involves splitting esters into alcohols and
carboxylic acid salts. Triacylglycerol saponification
consists of two steps: hydrolysis of ester linkages
producing glycerol and fatty acids, followed by an acid-
base reaction with a base (usually NaOH) to form soap and
water.

3.2. Indigenous Technology Saponification

A simple cold-process soap-making procedure involves
combining NaOH solution with fats and oils, stirring the
mixture, adding additives, and air-drying for 24 hours. The
resulting soap bars are then assessed for color, texture,
lathering, and cleaning power.

3.3. Moulding and Cutting

Melted soap is poured into shaped moulds to set and
harden. The soap may be broken out of the mould and cut
into desired sizes using wire or cutting machines with
various designs.

3.4. Stamping

Special stamps, either electric or manual, are used to
imprint trademarks on soap products. Wooden or plastic
handmade stamps, stamp boxes, or manual stamping
machines are employed.

3.5. Drying

To achieve a defined moisture level, soap is air-dried for
hours or up to a month, especially for dry hard soaps.
Controlled moisture content ensures the desired appearance
after subsequent processing.

3.6. Packaging

Special materials are used to package soaps for the market,
usually in cartons. Attractive wrapping with paper or clean
polythene enhances sales value, but the associated
packaging cost impacts production expenses.

3.7. Soap Manufacturing Processes

Soap production employs either the cold or hot process,
with hot processes commonly used for laundry and toilet
soaps. Specialty soaps, including translucent variants, are
crafted using the cold process. Hot processes yield soaps
that are separated from glycerol, an incidental by-product.
The hot process is categorized into two main types:
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- Batch Process

The batch process unfolds in a soap pot constructed with
expansive steel plates, as depicted in Figure 3. Steam is
introduced, blending with melted fatty substances in precise
proportions. Caustic soda is carefully added to initiate the
hydrolysis reaction. Boiling ensues until saponification is
complete, resulting in a cohesive mass through the
conversion of Tri-stearin to Di-stearin. The final product
comprises soaps, glycerol, water, excess alkali, and
impurities such as sodium carbonate, sodium chloride, and
sodium sulfate. Once saponification is finished, steam is
removed, and the batch process is concluded, yielding the
soap product [36].

Oill mix

Glycerine

Oil bleaching NaOH
I Neutral lye Glycerine
I poni i pan recovery

Wet soap and
untreated oil

Bleaching carth

Boiling ——> Fresh lye

Crude soap

Spent lye Lye h
Divided pan unit L

Washed soap Fresh lye
Nigro lye
NaOH Fitting pan

Wet soap

Soap drying

Soap chips

ié.

Plodder worms

Soap noodles

Figure 3. Manufacture of soap by batch process [36].

- Continuous Process

In the continuous process, illustrated in Figure 4, fatty
materials (fats or oils) and the catalyst, typically zinc oxide,
are continuously fed into a hydrolyser or separation tower.
Steam loops pass through, heating the charge to around
250°C at 40 atmospheres of pressure. Continuous
hydrolysis occurs in a counter-current manner, leading to
the separation of fatty acids and glycerol. Fatty acids
proceed to a flash tank or decanter, where excess water is
separated. The fatty acids are then directed through a heat
exchanger, a vacuum still, and a refining process. The
distillate is collected as overhead, and the bottoms are
stored for recovery. Neutralization of the distillate with
alkali in a continuous neutralizer yields soap. The hot soap
is extracted into an agitator tank, containing water, NaCl,
and NaOH. Heat and pressure, facilitated by a high-
pressure steam exchanger, contribute to drying the soap.
The resulting pale mass is aerated, cooled to 65°C,
continuously extruded into soap frames, solidifies as it
cools, and is eventually cut into bars. This process is more
time-efficient, delivering the final product in a day
compared to the batch process, which takes a few days [37,
38].
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Figure 4. Manufacture of soap by continuous process [38].

4. Different Types of Soaps: Formulation, Functions,
and Applications

The formulation of various types of soaps involves a
meticulous blend of ingredients to cater to specific cleaning
needs. Understanding the distinctive functions and
applications of these soaps is crucial for their effective
utilization. Toilet soaps, distinguished by Total Fatty
Matter (TFM) content, are categorized into grades based on
their cleaning efficiency. Laundry soaps, available in liquid
or detergent forms, utilize surfactants to interact with dirt
and oil, facilitating their removal during the washing
process. Guest soaps, often found in hotels, emphasize
gentle cleaning with pleasing aromas. Beauty soaps target
diverse skin types, offering hydration, acne-fighting
properties, or melanin reduction. Dish soaps, tailored for
dishware, employ invigorating agents to efficiently
eliminate grease stains. Novelty soaps, valued for their
decorative appeal, are handcrafted and make charming
gifts. Medicated soaps, recommended by specialists,
combat skin-related issues and viruses, playing a crucial
role in times of pandemics such as Covid-19. Non-toilet
soaps excel in removing tough stains, acting as superior
cleansers. Handmade soaps, crafted with minimal
chemicals, prioritize skin health. Bath soaps, covering a
spectrum of cleansing needs, can be used for the entire
body. Liquid soaps, versatile in applications, serve
purposes ranging from hand hygiene to dishwashing.
Exploring the unique formulations, functions, and
applications of these diverse soaps provides insights into
their roles in maintaining cleanliness across various
contexts [39, 40]. The following data in Table (2) shows
the different types of soaps and their applications:

5. Soaps vs Detergents

5.1. Chemistry

Soaps, composed of natural ingredients like plant oils
(olive, coconut, and palm oils) or fatty acids from tallows,
contrast with detergents, which are synthetic derivatives.
While soap has limitations in its applications, detergents
can be engineered to include various ingredients for diverse
cleaning purposes. One of the most versatile and common
components in detergents is surfactants, which are surface-
active agents [41]. Surfactants play a vital role in cleaning
by reducing surface tension and enhancing water's ability to
spread evenly. This promotes a more uniform condition
that facilitates the removal of dirt and soil. Surfactant
molecules may have a positive electric charge, with one
end attracted to dirt and grease and the other end to water
(Figure 5). This enables detergents to attach to dirt, break it
up, and effectively allow water to wash it away [42].
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Table (2): Different Types of Soaps and their Applications.

Type of soap

Applications

Toilet Soaps

Toilet soaps, categorized into three grades, exhibit varying TFM levels. Grade 1, with 76% TFM, is a
high-grade, processed soap known for abundant foam, diverse colors, and perfumes. Grade 2,
featuring 70% TFM, represents trudged soaps with a smooth surface, excelling in washing and
cleaning. Grade 3 soaps, containing 60% TFM, are recognized for their firm, smooth texture, often
appearing red due to cresylic acid or in other colors, all characterized by superior washing properties.

Laundry Soap

Auvailable as liquid soap or detergents, laundry soaps predominantly contain surfactants, a common
ingredient in all laundry detergents. Surfactants, known as surface agents, exhibit a specific property
wherein one terminal is attracted to water, and the other to dirt or oil droplets. By binding to dirt in
garments, surfactants facilitate its removal by lifting it towards the water during the washing process,
effectively eliminating dirt from clothes.

Guest Soaps

Designed for hotel use, guest soaps are petite, fragrant, and gentle on the skin. Often colored and
small, they have a limited lifespan but come in various pleasing flavors.

Beauty Soaps

Tailored for different skin types, beauty soaps serve various purposes such as hydration, acne-fighting,
or melanin reduction. Available in diverse forms, including liquid gel, these soaps aim to eradicate
bacteria while offering aromatic options in multiple colors, additives, prices, and brands.

Dish Soaps

Acknowledged for their efficacy in removing tough stains, dish soaps can be concentrated or light in
consistency. Enriched with refreshing agents like lemon and mint, they effectively eliminate oil stains
and dirt from plates by attaching to oil and water particles, lifting the dirt into warm water during the
washing process.

Novelty Soaps

Primarily used for decorative purposes, novelty soaps captivate with unique shapes, colors, and
fragrances. Often handcrafted, they emit pleasant scents and, while not always as effective against
microorganisms, prove handy for travel and can be gifted.

Medicated Soaps

Recommended by medical professionals, medicated soaps address skin-related issues and allergies,
preventing microbial infections with their antibacterial properties. Particularly relevant in the context
of the global Covid-19 pandemic, these soaps, especially antiviral variants, play a role in limiting virus
spread and breaking the infection chain.

Non-Toilet Soaps

Characterized as non-beauty soaps, these robust cleansers excel at eliminating heavy dirt, hard oil, and
stubborn stains. They are occasionally used as lubricating agents in oils and thickeners, contributing to
increased oil viscosity.

Handmade Soaps

Although slightly pricier, handmade soaps are crafted with minimal chemicals, resulting in reduced
harm to the skin. Their uniqueness lies in being handmade, showcasing meticulous effort in their
creation.

An umbrella term covering all skin-use soaps, bath soaps serve to cleanse the entire body. They come

Bath Soaps in various forms, including gel and solid, catering to different preferences.
Liquid Soans Versatile for both hands and body, liquid soaps encompass cleansers for clothing, dishes, and body
4 P use. Boasting diverse cleansing agents, they are easily portable and have a prolonged shelf life.
Metallic soap, a salt of a monocarboxylic acid and a bivalent or trivalent metal, finds applications in
Metallic Soap lubricants, driers, thickening agents, waterproofing, flatting, and fungicides. It is typically insoluble in

water but soluble in benzene, showcasing its versatility in various industrial applications

CLEANSING/ACTIONIOFE'SOARSIANDIDETERGENTS

5.2. Behaviour in Water

The majority of cleaning products today are detergents,
primarily due to how soap interacts with water. Detergents

are free-rinsing, leaving no residue, whereas soap requires a
clear water rinse after application to avoid leaving a filmy
residue (Figure 5). Soaps tend to form foam in water
conditions, which not only affects cleanliness but can also
damage materials and surfaces. In contrast, detergents can
perform effectively in varying water hardness levels,
reacting less to the minerals present. Moreover, detergents
do not require hot water to function efficiently, unlike
soaps, showcasing their versatility in applications ranging
from shower gels and shampoos to laundry liquids, stain
removers, and hand cleansers [43, 44].

Egypt. J. Chem. 67, No. 6 (2024)

%Effﬂf ot %5 poning
%’% %’::
og;d? %}b \ a"? ?’&/— Non-polar tail

pointing
!owards dirt

Dirt lrapped within
soap micelle

i %%ff
I

Dirt free fabric

Figure 5. The cleansing action of soaps and detergents
[44].
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5.3. Soap and Viruses

Soap, derived by combining animal fats or plant oils with
an alkali base, comprises molecules with a hydrophobic
terminal "head" attracted to water and a hydrophobic tail
repelled by water but attracted to lipids (Figure 6). Many
bacteria and viruses, including coronaviruses, are
enveloped by a protective protein layer with a double-layer
structure. When hands are washed with soap, the
hydrophobic elements of soap molecules insert themselves
into the protein layer, acting like a crowbar to pry the
membrane apart and strip it from the virus. The soap
molecules then encapsulate the virus fragments, bacteria,
and skin-associated dirt, forming small spheres or micelles
with the hydrophobic part inside and the hydrophilic part
outside [45, 46, 6, 47-49].
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Figure 6. The action of soap against coronaviruses [45].

6. Future directions in soap making and technology

In the foreseeable future, the soap and detergent industry is
poised for transformative shifts driven by technological
advancements and evolving consumer expectations.
Biotechnological innovations, particularly in enzymatic
processes and microbial-derived  surfactants, offer
environmentally friendly alternatives that could reduce
energy consumption and waste in soap manufacturing.
Nanochemistry applications present opportunities for
enhanced formulations, leveraging nanotechnology to
improve solubility and enable controlled release of active
ingredients. Circular economy principles are expected to
play a pivotal role, advocating for soap designs that
prioritize recyclability and upcycling, while waterless or
minimal water formulations address global concerns about
water scarcity. The integration of blockchain technology
for supply chain transparency, smart packaging with 10T
features, and the development of multi-functional soap
products represent avenues for enhanced consumer
experiences and sustainability. Encouraging global
collaboration for research, consumer education on
sustainable practices, and advocacy for green standards will
collectively shape the soap and detergent industry toward a
more innovative, environmentally  conscious, and
consumer-centric future.

7. Conclusion

In conclusion, this comprehensive review has delved into
the intricate realms of soap and detergent chemistry,
manufacturing processes, and their diverse applications.
From exploring the historical roots of soap-making to
scrutinizing the modern advancements in formulations,
additives, and the evolving landscape of the soap industry,
the narrative has unfolded the dynamic interplay between
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tradition and innovation. The chemistry behind soap's
cleansing prowess, its juxtaposition with detergents, and
the pivotal role it plays in virus deactivation underline the
continued relevance and significance of this seemingly
humble product. Future trajectories beckon exciting
prospects with the integration of biotechnology,
nanochemistry, and sustainability practices, promising a
transformative shift toward greener, more efficient, and
technologically advanced soap and detergent solutions. As
the industry navigates toward a future defined by circular
economy principles, smart technologies, and heightened
environmental awareness, the soap's journey remains a
compelling narrative of adaptation, resilience, and ongoing
evolution in response to changing societal needs and
scientific advancements.
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