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The way we look and feel is more
important than ever in the age of
constant selfie-taking and the

abundance of cameras at every social
gathering. 

This is not to mention the impossible beauty
standards set by photo-shopped billboards and
magazine shoots that ordinary people feel they
have to live up to. It is no surprise that
cosmetics are more popular than ever, with the
global cosmetic market estimated to reach 675
billion USD by 2020.  This growth comes with
constant changes in market regulations
including new product registrations and
ingredient restrictions – keeping track is a
daunting task for both big and small brands.

A large proportion of this market is taken up
by nail products, which have come on a long
way since their origins in Ancient Babylon.
Thanks to makeup artist Michelle Menard,
inspired by the new innovations in automobile
paint in 1920, we no longer need to embellish
our fingers with henna, egg whites or gelatin.
Instead, we have widespread access to an
enormous range of glossy paints, and more
recently spray paint nail polish, four-week gel

manicures and ready-decorated nail wraps.

$8.51 billion was spent in salons alone in 2015.
In a 2015 study, nail professionals were asked
about their biggest challenges – the greatest
business challenge was voted “building and
retaining clientele” and the number one
technical spot was taken up by “staying
current on trends and products”. The first point
relies on consistently high product quality and
the second on ensuring new products are up to
the standard expected of the brand.

Why is the nail industry growing
so rapidly?
There are a number of powerful factors. Many
people have taken up nail technician
qualifications in hope of a second income in a
difficult economy. Social media has also
pushed the trend, encouraging nail decoration
as it has become extremely popular to share
photos of nail art.

Perhaps most importantly, however, nail care is
no longer restricted to grooming. Standing out
from the crowd is now paramount, bringing
with it a wealth of nail art options and new
exciting colours and effects, with the possibility
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“... looking 
for reliable
ways of
quantifying
the
properties 
of their 
new
products...” 

of sending off for nail wraps printed with a
design or photo of your own or have an image
directly printed onto your fingernails using a
printer not unlike the traditional laserjet. 

Growth is driven by these new nail technology
products, most significantly gel polish, which
has been a massive hit with salons and
consumers alike. Salons are attracted by a
quick and easy application, consumers by
excellent durability of up to four weeks that is
not possible with ordinary polish. The drive
has until now pushed consumers into salons
or to buy their own UV setting lamps for home
use, but gel polishes are becoming available
that do not require a UV lamp, offering a good
compromise between salon gel services and
traditional at-home polish, lasting around
seven days.

Changing market
To keep up with this rapidly changing and
crowded market, nail product manufacturers
are looking for reliable ways of quantifying
the properties of their new products. This keeps
them up to date with the explosion of novel
trends, helps compare these to the old popular
products, or simply keeps brand quality
consistent to fight off the competition.

Nail product quality and appeal is put to the
critical test of the consumer. Appearance is of
utmost importance, with durability and ease
and texture of application also essential. These
properties must be analysed accurately and
consistently by nail product manufacturers,
simultaneously studying the optimum
formulation and manufacturing methods to
achieve the best results while keeping
ingredient and manufacturing costs as low as
possible.

“Free-from” products have their own struggle.
Some consumers are worried about the
presence of harsh solvents on their nails and
the possibility that they are causing damage,
or negative effects on environment, while still
looking for top quality and to keep up with the
latest trends.

Now some companies are looking at water
based polishes. Without acetone and similar
solvents to carry heavy polymers and to
evaporate quickly for a speedy drying time,
high quality is an even greater challenge than
before. This has been picked up by the
premium end of the market and brands such
as The Body Shop and Zoya are becoming
more active in natural nail colour with
products that promote a message of skin and
nail health and natural ingredients. 

Challenges in testing: Nail Product
Assessment Methods
Stable Micro Systems has developed a range of
tests to meet these needs, quantifying the
textural or physical properties of both wet and
dry polish, nail wraps and self-adhesive nails.
These employ the Texture Analyser and can be
customised to cover nail products at any stage
of the production process to assess the optimum
parameters required for a perfect end product.

Traditional ASTM or ISO methodology is
difficult to apply to nail products as there are
limitations on sample preparation and test
methods. Instead, custom innovative tests
must be developed to closely imitate the use
and application of nail products, and put
properties to the test in this way.
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NAIL POLISH DRYING TIME
Nail polish has been developed to have a faster
drying time with brands claiming “dry in 60
seconds” or “quickdry”. However, smudging a
manicure is still a common complaint. There
are also difficulties accelerating the drying
time of more natural polishes containing fewer
volatile solvents. New products must be tested
for this in a consistent way.

A Nail Polish Adhesion Rig* [1] and method
have been developed to provide the solution
to this assessment requirement. During the
polish drying time test, a channel 20cm long
is filled with polish to a specific depth and
wiped level using a glass rod. At this point a
timer within the Exponent software test
sequence is started. 

The channel is seated on top of the Adhesive
Indexing System that has ten detents and so
ten test sites are available by simply sliding
the platform along. A 1 inch detented ball
probe is used for the tests, which can be turned
to allow a clean test site without replacing the
probe or the requirement to clean and dry the
test probe between tests. This is used to
perform an adhesive test at the first test site. 

A specific force is held for 5 seconds to allow
a bond to form. The probe is then quickly
withdrawn, breaking the nail polish bonds,
and the force to do this is measured. 

The channel is moved along to the next site
and the test repeated. A set of ten tests are
performed in this way with pre-set time delays
between the tests [2a]. Tests are performed
over the whole drying period of the polish.

Several measurements can be made from the
force-time graph overleaf [2b]: 

i) The maximum force needed to withdraw
the probe from the sample is a measure of
the strength of the bond or the
adhesiveness/ stickiness of the polish. The
initial wet polish has a very low adhesive
force. As time passes the stickiness
increases until it peaks, then drops off.
After the highest adhesive force cycle is
obtained the polish is usually ‘touch dry’.

ii) Softness is defined as the time the probe
takes to sink into the surface of the polish
before the force reaches 5g. The softness
decreases with drying time until it reaches a
plateau, at which point the polish is touch
dry.

iii)Stringiness is the time period over which
the probe remains adhered to the polish. If
the polish and probe immediately lose
contact after the probe has withdrawn, the
polish is not stringy. A stringy sample will
leave a force on the probe for a longer
time.

“... smudging
a manicure

is still a
common

complaint.”

Nail Polish Adhesion RIg

1

Ten adhesive tests of a polish sample changing from liquid to solid as it cures over a period of 40 minutes

2a

*Community Registered Design
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The series of adhesion tests is automated by a
unique test sequence developed in Exponent
software, with parameters such as the delay
between tests, the number of repeats, applied
force and holding time adjusted by the user if
necessary. Additionally, an analysis macro is
available to measure the above three properties
across all repeats at the press of a button.

Figure [3] shows graphs of these properties for
two samples. The purple gel sample is more
desirable than the pink polish in every case as
it dries more quickly and with less tack force.
It is also initially harder and so will be less
prone to initial film damage when a wet layer
of polish remains underneath the touch dry
surface. This method is also suitable for other
liquid curing materials such as nail adhesive.

MECHANICAL PROPERTIES
OF DRY POLISH
A manicure is subject to a lot of abuse as the
wearer goes about their daily life (opening jars,
cooking, typing on a keyboard). For repeat
purchase of a nail polish, it must be able to
stand up to this type of use. As well as the
adhesion properties mentioned above, the
stiffness and toughness of a polish are all
extremely important. An overly stiff, brittle
polish would be undesirable as it would break
when a nail is bent when opening a soda can,
for example. The low stiffness is important for
the polish to follow the nail as it bends. A high
strain to failure is also crucial, or the polish film
would break under the slightest deformation.

“... the
adhesion
properties... 
stiffness 
and toughness 
of a polish are
all extremely
important...”

Comparison of softness, stickiness and stringiness 
of two polish samples

Zoomed in section of one adhesion cycle explaining parameters of interest

3

2b
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All of these properties can be examined using
a biaxial tension method. A 3cm by 3cm film
specimen is cut from a 21cm strip set in a
purpose-built PVC vacuum formed mould. It
is then tested in the Film Support Rig [4],
with a circular clamp surrounding a 1cm
diameter circular aperture. 

A 5mm stainless steel ball probe is driven
down into the sample, applying force until
rupture. Stress and strain are recorded, from
which the mechanical properties of the dry
nail polish can be easily determined using the
ready-made analysis macro. 

Using this method, manufacturers can identify
weaknesses and adjust nail polish formulations
accordingly. Figure [5] shows puncture tests
on two samples. The red curve shows a
stronger, stiffer polish compared to the other
sample. Their toughness values are similar,
with toughness given by the area under the
curve. 

In addition, by cutting the samples and testing
the same batch daily over the course of a week
or fortnight, the change in character of the
polish can be assessed over the timescale of a
manicure. A polish with desirable properties is
only a high quality product if those properties
are retained day after day. The customer would
be disappointed if their manicure degraded
quickly and started chipping after three days.

Figure [6] shows tests on three samples of the
same polish carried out two, five and ten days
after the polish was poured from the bottle.

Figure [7] shows best fit line graphs of
toughness, stiffness and failure strain of three
different samples over the course of 11 days.
The blue sample is the most desirable as its
toughness remains constant, it is the least stiff
and its failure strain is always greatest.

“... the
change in

character of
the polish

can be
assessed...”

Pink quickdry polish two days, five days and ten days

after initial pour into mould.

6

Two different polish samples tested two days after initial pour into mould: a gel polish and a quickdry polish

5

The comparison of toughness, stiffness and failure
strain of three polish samples

7

4

Film Support Rig
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ADHESIVE PROPERTIES 
OF NAIL WRAPS
Nail wraps are flexible adhesive films that are
smoothed onto the nail’s surface and trimmed.
They provide an opportunity for intricate
designs that can be printed by the
manufacturer that would otherwise be difficult
to paint by hand. The design will be consistent
across all nails and removes the difficulty of
using the non-dominant hand to paint.

Nail wraps must have high initial adhesion to
the nail to provide a manicure that will last. If
there are weak spots in the adhesive, an edge
may peel and the finish will not last. The
adhesive strength of the wraps can be tested
using the TA.XTplus Texture Analyser. A
higher adhesive strength and work of adhesion
are generally desirable.

A simple test has been developed to measure
the adhesive force, the work of adhesion and
the stringiness of the adhesive on the reverse
side of the wraps. To test for variation between
or within samples, a large number of tests is
recommended. The multi-hole indexing plate
[8] by Stable Micro Systems enables ten tests
to be made in quick succession. Ten nail wraps

are applied to the underside of the plate, which
is attached to an Adhesive Indexing System
secured on the instrument bed. A 7mm
domical probe is brought into contact with the
wrap. A specific load is applied for 3 seconds.
The probe is quickly pulled away from the
wrap during which time the adhesion forces
are measured. Graphs showing the adhesive
force of two different nail wrap samples are
shown in Figure [9]. The higher adhesive force
of the black sample than the pink shows it is
more suitable for this application.

“Nail wraps
must have high
initial adhesion
to the nail...”

Multi-hole indexing plate for the Adhesive Indexing System

Adhesive tests of two different nail wrap samples

8

9
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TENSILE PROPERTIES 
OF NAIL WRAPS
Self-adhesive nail wraps can be tricky to fit to
the nail. To avoid ripples in the surface, the
film must be flexible enough to be smoothed
into small corners but also taut across the
surface of the nail. The wrap must also be
tough enough to avoid tearing during
application and have a reasonable strength. 

All these properties can be assessed using a
tensile test. There is usually limited sample
preparation that can be carried out with nail
wraps as they come in specific lengths, shapes
and widths, unless the film is tested in the
factory before strips are cut. Specimen
geometry greatly effects the forces reached in
tensile testing and so must be carefully
recorded.

Rubber faced tensile grips attached to the
TA.XTplus Texture Analyser provide a surface
with a good grip to prevent slippage during a
test. Using this test, manufacturers can identify
weaknesses and adjust formulations
accordingly.

A wrap is cut to a 10mm width and loaded
into the grips [10] with a 5mm spacing. The
grips pull apart, initially stretching the wrap
and then breaking it. The force-time graph of
a wrap being stretched and broken is shown
in Figure [11].

This test can also be used to measure
relaxation properties. The film is stretched a
small amount and released. By comparing the
work of tension and relaxation a measure of
spring recovery can be calculated. 

“Specimen
geometry

greatly effects
the forces

reached...”

Tensile grips fitted to the TA.XTplus Texture Analyser

Tensile test of a nail wrap sample

10

11



CONCLUSION
The nail product market is vast, competitive
and constantly changing. As a manufacturer,
in order to beat off your competition when a
new trend becomes popular, or simply to
maintain the high standards of product quality
your brand stands for, texture analysis is
paramount. 

Stable Micro Systems has developed a wide
range of tests that can be applied to a large
bracket of nail care products to ensure your
quality never falters and you will remain the
customer favourite.

“The nail
product
market is vast,
competitive
and constantly
changing.”
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