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The Aqualon SLT: A novel device for measuring hair 
stiffness and lubricity

K. ABRAHAM VAYNBERG and M. NALL, Ashland Inc.,
500 Hercules Road, Wilmington DE 19804.

Synopsis

The ability to quantify hair property changes in response to treatment is essential to the successful develop-
ment of new formulations and benefi ting agents. In the attempt to expand the toolbox of hair tress testing 
tools, we developed a device that allows hair scientists to measure hair tress changes in stiffness and lubricity. 
The tool is based on a system of pins mounted on free rotating bearings and is operated in two modes: rotating 
and stationary. The hair attributes are measured by threading a hair tress through the pin assembly and measuring 
the total work of pulling through in rotational and stationary modes (the latter mode is obtained by immo-
bilizing pins by a retaining plate). The data thus obtained is de-convoluted into the work of apparent stiffness 
(rotational mode) and the work of the friction-on-pins or lubricity (stationary mode minus the apparent stiff-
ness). The data can be further reduced to produce an apparent friction coeffi cient defi ned as a ratio of the 
apparent lubricity to the apparent stiffness.
This work demonstrates the utility of the parameters measured by the Aqualon SLT and illustrates how the 
device can be used to predict and understand the impacts of various hair treatments.

INTRODUCTION

Consumer panel studies are the ultimate in decision making when it comes to personal 
care products. These studies, however, are expensive and time consuming to be suitable 
for day-to-day R&D activity and thus, not surprisingly, every application lab contains 
devices intended to quantify hair attributes to help streamline the development process.

The single most widely used test is based on measuring the combing forces in both the 
wet and dry state, fi rst described by Newman et al. (1) and further improved by Kamath 
et al. (2). The test captures the effect of conditioning treatments and generally refl ects the 
combined characteristics of comb-to-hair friction, hair-to-hair friction, hair entangle-
ment, stiffness and volume (applicable in dry state).

Hair stiffness is an attribute recognized to be important to hair styling and relates to the 
body and volume of a hair assembly (3). Several methods exist to measure hair fi ber stiff-
ness. For example, hair fi ber stiffness can be deduced from fi ber bending characteristics (4) 
or through torsional rigidity (5). These methods provide fundamental mechanical infor-
mation for individual hair fi bers but the information can not be readily extended to the 
hair assembly stiffness due to the hair fi ber variability and the fi ber to fi ber interaction.

A three-point bending experiment had been recently described to measure “hair supple-
ness.” In this experiment, a tool imposing the three-point bend was slid along the tress 
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length and the force measured. “Suppleness” thus combines attributes of the hair friction 
on the tool, fi ber-fi ber friction and the fl exural stiffness of hair (6). Our own device, con-
ceived and developed independently of this work, takes the approach a step further by 
allowing to separate the contributions of fi ber-fi ber friction and stiffness, referred to as 
apparent stiffness in this work, from the friction on the surface of the tool, defi ned as appar-
ent lubricity. The design of the Aqualon SLT, measurement method, and the utility of 
stiffness and lubricity are described herein.

AQUALON SLT DESIGN AND MATERIALS

Figure 1 illustrates a prototype version of the Aqualon SLT* in the assembled state placed 
on a platform at the base of the Instron Tensile Tester. The plastic screw on the face of the 
device is used to switch between rotational (pins can freely rotate) and stationary (pins 
immobilized) modes of operation. The action of the screw is illustrated in Figure 2. The 
inside of the detached face plate shows attached rubber circles located, when assembled, 
opposite to the pins. When the face plate is engaged, the rubber circles push on the pins 
and immobilize them. Alternatively, when the screw is pulled out, the spring (also shown 
in the fi gure) acts to push the plate away from the pins thus allowing them to rotate 
freely. Pins are covered by tightly fi tting replaceable Tefl on sleeves.

Figure 3 shows how the hair tress is threaded through the tool. Testing was carried out 
with Caucasian virgin and bleached hair tresses from International Hair Importers weigh-
ing 3 grams and measuring 1� × 12�. The Aqualon SLT, however, can be readily adjusted 

*Patent pending. The Aqualon SLT device in its improved form can be obtained from Ashland Aqualon 
Performance Materials by contacting Abe Vaynberg at kvaynberg@herc.com

Figure 1. The Aqualon SLT placed on platform mounted on Instron Tensile Tester.
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to accommodate different hair assembly confi gurations. Prior to each set of pulls hair 
tresses were combed, treated with an anti-static device (Zerostat) and the weight of the 
tress zeroed on Instron prior to the measurement. The pulling was carried out at the speed 
of 1000 mm/min and the experiment repeated 3–4 times in both rotational and station-
ary modes.

Hair tresses were washed by wetting with 40°C running tap water, applying the treat-
ment, lathering the tresses for 30 seconds and rinsing in running 40°C tap water for 30 
seconds. This was followed by a fi nal rinse with room temperature DI water for 15 sec-
onds. All hair tresses were blown dry using hand held hair dryer (Conair 1875) at warm 
heat and low air fl ow for ~3 minutes while combing, unless noted otherwise.

AQUALON SLT MEASURED PARAMETERS

The Aqualon SLT measures the rotational and stationary work of pulling. In the case of 
the rotational mode, the pins mounted on ball bearings are rotating freely. This elimi-
nates the friction on the pins and the only contribution to the work of pulling (measured 
by Instron) is the resistance to deformation of an assembly of individual hair fi bers, hair-
to-hair friction and friction in the bearings that is assumed to be negligible. We defi ne 
the combination of these two parameters as the apparent stiffness.

In the stationary mode, the tress is subjected to the same deformation with pins immobi-
lized and, in addition to the apparent stiffness, the friction on pins contributes to the 
work of pulling.

Figure 4 shows force profi les produced by a Caucasian virgin hair tress in the two modes. 
The two profi les follow an identical pattern with the force profi le in stationary mode 
shifted upward by a proportionality factor related to the hair tress friction on the pins. 

Figure 2. The Aqualon SLT with the face plate dismantled, illustrating the operation in rotational and sta-
tionary modes.
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Note that the pulling force decreases in magnitude at around 130 mm, as noted in the 
fi gure, this corresponds to the point where a hair tress clears the bottom pin. The indi-
vidual profi le varies in from tress to tress. In order to eliminate the point to point vari-
ability in data we base the analysis on the total work of pulling.

The measured and calculated parameters are defi ned in equations 1 through 4. Equation 
1 defi nes the work of pulling in the rotational mode as apparent stiffness. The description 
of the apparent stiffness excludes the contribution of hair assembly resistance to compression 

Figure 3. The Aqualon SLT with a hair tress threaded.

Figure 4. Force profi le obtained by pulling a Caucasian virgin tress through the Aqualon SLT in stationary 
and rotational modes.
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during the deformation process. This factor would be important in the cases of curly hair. 
In this work, however, since we are working with essentially straight hair, the parameter 
is omitted for simplicity.

Equation 2 describes the work of pulling in the stationary mode. The resistance to defor-
mation in rotational mode is expected to be present in the stationary test as well. Thus, 
the work measured in the stationary experiment is the sum of the work of pulling in ro-
tational mode and the work of friction of the hair tress on immobilized pins. Equation 3 
describes the calculated work of friction on pins and defi nes this parameter as apparent 
hair lubricity.

 Wrotational = Wfi ber−fi ber friction + Wfi ber stiffness ≡ Apparent stiffness (1)

 Wstationary = Wrotational + Wfriction on pins (2)

 Wfriction on pins = Wstationary − Wrotational ≡ Apparent lubricity (3)

Finally, in the light of proportionality between forces in stationary and rotational modes 
we defi ne an apparent friction coeffi cient as the ratio of apparent lubricity or friction on the 
pins to apparent stiffness as shown in equation 4.

 Effective friction coefficient 
Apparent lubricity

Apparent stiffness
≡

W W

W
stationary rotational

rotational

=
−

 (4)

VALIDATION

We offer a brief validation to the relevance of the measured parameters next. Table I 
shows the apparent stiffness, lubricity and the apparent friction coeffi cient of virgin and 
bleached Caucasian hair tresses. Bleached hair produces substantially less lubricity (i.e. 
larger work of friction on the pins), 2200 vs. 870 g-force mm than its virgin counterpart. 
The larger friction of bleached hair is an expected outcome attributed to the damage re-
sulting from the bleaching process. Bleached hair also produces higher apparent stiffness, 
1340 vs. 1050 g-force mm than virgin. Since the apparent stiffness includes a contribu-
tion from hair-hair friction it can not be conclusively stated if the difference is due to the 
changes in fl exural stiffness or to the friction. Future communication will address the 
deconvolution between these two parameters. The confl uence of these parameters, how-
ever, does not detract from the relevance of the apparent stiffness, as hair-to-hair friction 
is undoubtedly an important part to the perception of stiffness.

Table I also shows signifi cantly different apparent friction coeffi cients. The coeffi cient is 
predictably lower on virgin hair then on bleached. To ascertain if the apparent friction 

Table I 
Comparison between Bleached and Virgin Hair Tress Attributes

Stiffness 
(g-force mm)

Friction on pins 
(g-force mm) Friction coeffi cient

Virgin 1050 ± 60 870 ± 70 0.8 ± 0.1
Bleached 1340 ± 100 2230 ± 200 1.7 ± 0.2
2 Bleached combined 3540 ± 270 5390 ± 380 1.5 ± 0.2
Bleached, thinned 1090 ± 40 1650 ± 80 1.5 ± 0.1
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coeffi cient calculated by equation 4 is an intrinsic hair surface property devoid of particu-
lar hair confi guration or mass we carried out the following two experiments. In the fi rst 
experiment two hair tresses were combined and properties measured. In the second, a 
bleached hair tress was thinned by about ~15% of its original mass and tested. Table I 
shows that the described manipulations have not altered the value of the apparent friction 
coeffi cient. The latter observation has an important implication—the apparent friction 
coeffi cient is an intrinsic hair surface property that can serve as a basis for comparison of 
dissimilar hair tresses.

Next, we explore the effect of conditioner (Pantene PRO-V Daily Moisture Renewal) on 
bleached hair. Table II shows the changes to friction and stiffness in response to the treat-
ment. As expected, we observe dramatic decrease to the work of friction on pins (i.e. in-
crease in lubricity) that becomes comparable to the work of friction of virgin hair (see 
Table I). The apparent stiffness has decreased along with the apparent friction coeffi cient. 
Similar to the exercise described in Table I, we pair two conditioned bleached hair tresses 
to illustrate once again that the apparent friction coeffi cient described is indeed indepen-
dent of the hair amount in the tress.

Finally, we illustrate the ability of the Aqualon SLT to detect changes in hair stiffness. In 
this experiment, washed hair tresses were treated with 0.25 gram of texturizing gel (DEP) 
followed by either air drying or blow drying while combing. Note that the amount and 
the mode of application of the gel was judicious in producing a realistic stiffening effect. 
Figure 5 shows images of both air and blow dried tresses.

In the case of the air dried sample (Figure 5A), the treatment ‘glues’ hair fi bers together and 
repetitive deformation is expected to disrupt the fi ber-to-fi ber attachment points there-
fore decreasing the apparent stiffness of the hair tress. Table III illustrates how these 
changes can be quantifi ed by the Aqualon SLT. Note that the measurements were 

Table II
Impact of Conditioner Treatment on Bleached Hair

Stiffness 
(g-force mm)

Friction on pins 
(g-force mm) Friction coeffi cient

No conditioner 1340 ± 100 2230 ± 200 1.7 ± 0.2
Conditioner 1140 ± 110 960 ± 140 0.8 ± 0.1
2 Conditioned combined 2760 ± 170 2390 ± 170 0.9 ± 0.1

Figure 5. Virgin tress treated with texturizing gel. (A) air dried. (B) blow dried tresses.
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Table III
The Effect of Texturizing Treatment on Apparent Stiffness of Air Dried Virgin Hair Tress

No. of passes 1 2 3 4 5

Apparent stiffness (g-force mm) 3300 2400 2100 1850 1790

Table IV
The Effect of Texturizing Treatment on Blow Dried Virgin Hair Tress

Stiffness (g-force mm) Friction coeffi cient

Control 1120 ± 30 1.5 ± 0.1
Texturizing treatment 1400 ± 100 1.4 ± 0.2

carried out only in the rotational mode. The fi rst pass produces the highest apparent stiff-
ness, which gradually decreases with each subsequent pass through the test assembly. 
Table III illustrates how one can quantify the effectiveness of texturizing treatment and 
its persistence.

Table IV shows the changes to hair stiffness and the apparent friction coeffi cient of blow 
dried hair samples treated with texturizing gel. The Aqualon SLT accurately detects the 
increase in hair stiffness. The treatment, however, did not affect the apparent friction 
coeffi cient. The difference in the apparent friction coeffi cients in Table I and Table IV is 
due to the difference in the batches of hair used. The results shown in Tables I and II were 
collected using “special quality” hair in which damaged hair is excluded. The tresses used 
in the subsequent work were regular quality hence the higher apparent surface roughness 
and the higher apparent friction coeffi cient.

CONCLUSIONS

Aqualon SLT measures apparent hair tress stiffness, friction and apparent friction coeffi -
cient. We demonstrated that the measured parameters correlate with changes expected 
from hair treatment—both chemical, i.e. bleached, and topical, i.e. treatment with con-
ditioner or texturizing gel. The simplicity of the operation, effi ciency and precision of the 
device make it a useful addition to any hair application laboratory.
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