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What is the Chemistry That Makes Detergents Work?

We all have dirty surfaces that need to be cleaned. We see the soil, reach for the detergent, clean the
surface and then move on with whatever we were doing, pretty much taking the whole process for
granted.

Have you ever stopped to think about what happens when you clean a dirty surface? What kind of
chemical reactions take place to remove the soil? Why some detergents work better than others? What
exactly is the chemistry behind cleaning detergents?

Cleaners are made of what?

Formulated cleaners are generally composed of four basic elements: surfactants, chelators, builders
and carriers. These elements work together to create mechanical actions that remove soils.

Surfactants

The word surfactant means surface active agent, and, as the name implies, surfactants stir up activity
on the surface you are cleaning. All surfactants have a hydrophobic (water-hating) tail and a hydrophilic
(water-loving) head. The hydrophobic tail of each surfactant surrounds soils while the hydrophilic head
is surrounded by water. (See Figure 1)

When there are a sufficient amount of surfactant molecules present in a solution, they combine together
— to form structures called micelles. As the micelle forms, the

Hydrophilic surfactant heads position themselves so they are exposed to water,
(water-loving) while the tails are grouped together in the center of the structure
head protected from water. (See Figure 2)

| |

The micelles work as a unit to remove soils. The hydrophobic tails
are attracted to soils and surround them, while the hydrophilic

Hydrophobic heads pull the surrounded soils off the surface and into the cleaning
(water-hating) solution. Then the micelles reform with the tails suspending the soil
tail in the center of the structure. (See Figure 3)

Surfactants are classified as either anionic, nonionic or cationic.
Anionic surfactants have a negative charge on their hydrophilic end
which helps the surfactant molecules lift and suspend soils in
micelles. They tend to create a lot of foam when mixed.

Figure 1.
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With sufficient concentration, individual surfactant molecules aggregate and

form a micelle. The hydrophobic tails are oriented inwards, away from water. Figure 2.
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Nonionic surfactants are neutral, they do not have any charge on their hydrophilic end, which helps
them emulsify oily soils.

Cationic surfactants have a positive charge on their hydrophilic ends. The positive charge makes them
useful in anti-static products, like fabric softeners. If positively charged cationic surfactants are mixed
with negatively charged anionic surfactants, they would fall out of solution and no longer be effective.

Chelators

Chelators, substances that bind metal ions
together and remove them from a solution, play
an important role in the effectiveness of a

cleaning detergent.
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Surfactants are attracted to the metal ions in
water, distracting them from acting on the soils

we are trying to clean. The red M indicates the metal ion being held by the chelator ¥

Chelators attract the metal ions in water and Figure 4.

surround them. Once the metal ions are trapped by the chelators their electronic charge changes from
positive to negative. The surfactants are no longer attracted to the metal ions and are free to focus on
the surface soils. The chelators act as a barrier, cutting off the metal ions from the surfactants, allowing
the surfactants to concentrate on fouled surfaces. (See Figure 4)

Builders

Builders are added to cleaning products to boost the effectiveness of surfactants. Builders act as
buffering, softening and emulsifying agents. Like chelators, builders soften water by neutralizing the
effects of any metal ions that are present. This is done either through sequestration, holding metal ions
in solution, or precipitation, causing the metal ions to fall out of the solution as insoluble materials.

Builders also serve as buffering agents, helping to maintain the stability of the pH level of the solution.
This is important because the level of alkalinity of a solution will affect its cleaning strength. Builders
with a higher pH target organic soils, while those with a lower pH work best for cleaning inorganic soils
such as metal, oxide and scale.
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Lastly, builders function as emulsifiers. They loosen dirt on the surface, breaking it down into smaller
fragments. The builders then keep the loosened dirt suspended in the solution so it cannot redeposit on
the surface.

Examples of commonly used builders are sodium hydroxide, sodium citrate, sodium borate, potassium
hydroxide, silicates, phosphates, citric acid, nitric acid, lactic acid, glycolic acid, and hydrochloric acid.

Carriers

Carriers are used to help dissolve soils. Water is the most common carrier. Once surfactants reduce
the surface tension, water can penetrate the soils breaking them up into smaller pieces and keeping
them suspended in the solution, away from the clean surface.

Some cleaning detergents contain chemical solvents. Like water, their function is to break down soils
into smaller fragments so the surfactants can do their job. However, many of the chemical solvents that
have traditionally been used in detergents can be hazardous. As a result, many people try to avoid
products that contain chemical solvents and prefer to use those that rely on water for this important
function.

What’s in your cleaner?

The most effective cleaners have surfactants, chelators, builders and carriers that work together to
remove dirt. Look for a formulation that produces a variety of cleaning actions to lift, disperse, emulsify,
sequester, suspend and decompose soils. It's also important to choose safe cleaning detergents that
do not contain hazardous chemical solvents.

Now that you understand the chemistry of cleaning products, you'll really appreciate what's happening
the next time you reach for your favorite cleaner and watch the dirt disappear.

1 http://www.essind.com/general-cleaners/the-chemistry-of-cleaning/
2 http://www.newworldencyclopedia.org/entry/File:Medta.png
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All of IPC’s specialty cleaners are registered with NSF as Al cleaners and can be validated in FDA
processes.

LF2100® Low-Foam Cleaner: A powerful, low-foaming alkaline cleaner containing a special blend of ingredients that makes it ideally
suited for use in high-agitation systems.

Micro-90® Concentrated Cleaning Solution: A mild, yet powerful alkaline multi-purpose cleaner usable for both industrial and critical
cleaning applications. Its unique formulation lifts, disperses, emulsifies, sequesters, suspends, and dissolves soils.

Micro® A07 Citric Acid Cleaner: A non-corrosive, biodegradable, powerful blend of citric acid and anionic surfactants that is highly
effective at removing scale and milkstone.

Micro® Green Clean Biodegradable Cleaner: A free-rinsing, industrial strength, biodegradable hard surface cleaner designed for use in
a wide range of applications, such as cleaning metals, plastic parts, and filter membranes used in wastewater treatment plants.

Surface-Cleanse/930® Neutral Cleaner: A gentle, nonionic cleaner designed to deliver powerful cleaning action usually found in much
harsher products. Surface-Cleanse/930 has a neutral pH, which eliminates surface damage that may be caused by an acid or alkaline
cleaner. Its mixture of nonionic surfactants makes it safe for use on aluminum, zinc, electronic components, and other delicate metals. It is
effective at room temperature and in hard and soft water.

Zymit® Low-Foam Enzyme Cleaner: A synergistic dual-enzyme and detergent formula that removes protein and starch-based soils.

Zymit® Pro Enzyme Cleaner: A biodegradable enzyme and surfactant cleaner that breaks down and removes proteinaceous soils. It is
an effective filter membrane cleaner, especially when used with Micro-90 or Micro A07 in consecutive cleaning steps.

Allow us to provide you with a free, no-obligation sample to test in
your most challenging cleaning process.

| Contact us today for your free sample and product information:

Sales and Service in the U.S.:
eMail: mkt@ipcol.com Phone: 609-386-8770

Sales and Service in Europe:
eMail: saleseurope@ipcol.com Phone: 44 (0) 203-857-5678

Website: www.ipcol.com
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