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Analysis of Drying Process of Water-Based Architectural
Paints
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Due to its low toxicity and because they are environmentally friendly, water-based paints are the most employed
in the world, mainly to coat buildings. In these systems, the water evaporation process is important to determine
the final paint quality and should be carefully evaluated. This work evaluated the suitability of Crank’s model,
solution of the Fick's second law, to experimental drying data of water-based architectural paints to better
understand this process. Therefore, the data were adjusted to the linearized and original model and the number
of terms used in its approximation was varied. For each model, the diffusion coefficient of the water in the coating
material and the coefficient of determination were calculated. The results showed that the use of the linearized
model is not adequate to determine the diffusion coefficient, but the nonlinear adjustment of the original model
can adjust the data for some paints. These results also suggest the addition of terms to the sum of the model to
improve its quality in the initial stages of drying.
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1. Introduction

Paint is a mixture, generally liquid, composed of pigments
dispersed in a fluid resin which, upon passing through a curing
process and being applied into thin film forms an opaque and
adhesive layer at the substrate [1, 2]. One of the largest
sectors of the paint trade is that of the products used in the
real estate industry. In 2004, 800 tons of paint for civil
construction were produced in Brazil, corresponding to
approximately 54% of the total domestic production volume
[3]. Nowadays, architectural painting has not only a decorative

function, but also notably protection of the substrates used in
buildings [1].

Resins, pigments, additives and solvents are the main
constituents of the building paints. The solvents have the
function of solubilizing the resin and keep all the substances
in a homogeneous system. They are also responsible for the
applicability characteristics of the paints, such as viscosity [2,
4].
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Water-based paints have been increasing their market
share since the 1960s and have become the largest volume
products produced in the coating materials industry [5]. Water-
based paints are manufactured from modified synthetic
resins, suitable for using water as a solvent, which reduces the
volatile organic compounds in these formulations. Thus, these
products are non-flammable, exhibit less toxicity and
eliminate 93% of the use of organic solvents and of the
volumetric emission of organic vapors [6].

A water-based paint has slower drying kinetics in a natural
atmosphere, when compared to solvent-based paint. Drying
denotes the changing state of the coating material, from liquid
to solid. Therefore, for a water-based paint, this change
involves the water evaporation, a process whose duration is a
function of the resin nature, film thickness, temperature and
humidity. The curing is distinguished from drying by reactions
between the resin and a curing agent. Then, paint may be dry
and not yet fully cured [7].

The process of water evaporation affects the rheological
properties of the paint, influencing on the coating
performance characteristics, such as adhesion, leveling and
resistance to undesired tensions [8]. One of the simplest
methods to study water evaporation from polymeric colloidal
dispersions, such as the water-based paints, is the gravimetry,
which consists in monitoring the mass as a function of time
[9].

The proposition of mathematical models that accurately
describe the drying of water-based paints is essential for
improving the quality of this product, expanding its market and
reducing the environmental impacts associated with
architectural coating materials. Croll [10] measured the weight
loss of a water-based paint, called Rohm and Haas Rhoplex®
AC-388, over time, at temperature of 22 + 1 °C, relative
humidity of 50 + 2%, under ambient conditions or with an air
velocity of 1.8 m.s'. Two drying stages was observed. The
first, with constant rate of water evaporation, occurs when the
resistance offered by packed particles is minimal and the
process depends heavily on ambient conditions and coating
temperature, can be modeled by mass and energy balances.
The second, with decreasing drying rate, happens when water
loss is limited by transport across a coalescing coating, being
modeled by a relationship between evaporation rate and water
concentration. In contrast, Vanderhoff et al. [11] and, more
recently, Phillips et al. [12] proposed three stages for the
drying process of water-based polymeric coatings. Phillips et
al. [12] studied the water evaporation from aqueous
dispersions consisting of an experimentally determined ratio
of epoxy resin and nitrile latex, applying gravimetric analysis,
at temperature of 35 + 1 °C and relative humidity of 35+ 7%, in
ovens without convective air flow. The first stage described
exhibits a zero-order kinetics, when water evaporates from the
surface, where it is in direct contact with the atmosphere, at a
constant rate. On the following stages, the evaporation is
limited by the rate of water diffusion through coalescing
coating, that begins as thin layers on the surface (second
stage) and evolves into a more developed coalescent material
(third stage). To model the process, the Fick's diffusion
equation was solved with the Laplace Transform, providing
evaporation rate constants and diffusion coefficients.

In this work, a mathematical approach to the water-based
paint drying process is proposed, gauging the possibility of
encompassing all stages in a single model. In this regard, if
the paint film is taken as an infinite plate, considering the
mass transport through the plate as the most important
phenomenon of the drying process, and assuming that the
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transfer occurs in a one-dimensional direction, with constant
diffusion coefficient, the solution of the Fick’'s second law
(Equation 1) according to Crank [13] is given by Equation 2:
ac a%c
w=-Pi= (M
Where C is the concentration of diffusive substance, D is
the diffusion coefficient, t is the diffusion time and x is the
position along the direction in which the diffusion takes place.
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Where M; is the amount of substance that diffused on the
plate at time t, M is the amount of substance that diffused
on the plate in an infinite time and [ is half of the plate
thickness.

In practice, it is impossible to perform this summation with
infinite terms and it is common to approximate it by the first
terms (Equation 3). The higher the term %, fewer terms are
required to achieve the desired accuracy.

’ p(n+: znzt
Mot S |- ©

Where n’ is an integer greater than or equal to zero being
common practice makes it equal to zero approaching the
value of the summation by the first term. Therefore, the aim of
this work is evaluating the suitability of Crank’s Model to
experimental drying data of water-based building paints
obtained by Guio [14].

2. Results and Discussion

There are two ways to perform the desired modeling:
through Linearized Crank’'s Model, Equation 4, where n'=0
(approximation by the first term) and P is given by Equation 5,
or through Crank’s Model (Equation 3) [9].

P =Dt (4)
p=—inlr(1-5)] ®

In this work three different analyses were performed on
the data: Analysis A, B and C.

Analysis A

The diffusion coefficient of water in each paint sample
was calculated using Linearized Crank’s Model (Equation 4).
The coefficient of determination of Linearized Crank’s Model
(Equation 6 - see section 3. Methods) was also calculated for
each sample.

Analysis B

The diffusion coefficient of water in each paint sample
was calculated using Linearized Crank’s Model (Equation 4).
The coefficient of determination of Crank’s Model (Equation 7
- see section 3. Methods) was also calculated for each
sample. This analysis was performed to evaluate the
possibility of applying to the original data a diffusion
coefficient calculated from a linearized model.

Analysis C

The diffusion coefficient of water in each paint sample
was calculated using Crank’s Model (Equation 3). The
coefficient of determination of Crank’'s Model (Equation 7 -
see section 3. Methods) was also calculated for each sample.
The procedures of Analysis C were carried out for values of n’
varying between 0 and 5 to evaluate the influence of the
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number of terms of the summation of Equation 3 used in its
approximation on its performance.

The water diffusion coefficient in the paint calculated for
each sample using Linearized Crank's Model and Crank’s
Model is presented in Figure 1. It can be observed that the
values obtained by the linearized model are higher than the
values calculated using the original model for all samples.
Comparing the values determined by the two procedures, it is
noted that they are discrepant since the diffusion coefficients
calculated by Analyzes A and B are, on average, 73% higher
than those calculated by Analysis C.
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Fig. 1. Comparison of water diffusion coefficients in paints
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The coefficients of determination obtained when
performing Analyzes A, B and C (n’ = 0) are shown in Figure 2.
In this figure, it is noted that the coefficients of determination
obtained by Analysis A are, on average, 28% higher than those
obtained by Analysis B and, moreover, the average of the
coefficients of determination found in Analysis B is low
(0.757). This indicates that the coefficient of determination of
Linearized Crank’s Model (Analysis A), even with high values
and showing a good fit quality that can be seen in Figure 3,
can not be used as a parameter to evaluate the ability of a
diffusion coefficient to represent the original (non-linearized)
data.

It is also shown in Figure 2 that the coefficients of
determination obtained by Analysis C are, on average, 23%
higher than those obtained by Analysis B, indicating that the
non-linear fit allows the calculation of a diffusion coefficient
best suited to representing the real data than that obtained by
the linear fit. Moreover, it is noted that the linear fit is not even
able to determine which samples will be best fitted by the non-
linear model. For example, sample 3.1 has the third highest
coefficient of determination for Analysis A, however it has the
worst coefficient of determination for Analysis C. It can be
said that the information taken from the Figures 1 and 2
indicates that linearization is not a good tool for calculating
water diffusion coefficients in building paints and should only
be used as an initial estimate of the order of magnitude of
these coefficients.

The water diffusion coefficient in the paint calculated for
each sample by the non-linear fit of Crank’s Model (Analysis
C) is shown in Figure 1. The fit was performed for n’ ranging
from 0 to 5, however, it was noticed that the addition of terms
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to the summation did not change the value of the calculated
diffusion coefficients, so there is only one calculated diffusion
coefficient value for each sample. The coefficients of
determination found for Crank’s Model with n' ranging from 0
to 5 are shown in Figure 4. Unlike the diffusion coefficients,
the coefficients of determination were affected by the addition
of terms to the summation.
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Fig. 2. Comparison of coefficient of determination for the three
different analyzes.

Noting Figure 4, it is possible to realize that the influence
of the addition of a term to the summation of the model in its
capacity to represent the experimental data reduces when the
number of terms becomes high. Therefore, the change from n’
value of 0 (a term) to 1 (two terms) is the one that most
impacts the values of the coefficients of determination. These
results make it possible to say that, if the interest is restricted
to the calculation of the diffusion coefficient of water in
architectural paints, the approximation by the first term of the
summation of Equation 3 (n' = 0) is adequate to determine the
desired values. However, if the objective is to model the drying
data of these paints, adding terms to the summation of the
model becomes necessary to improve its performance.
Experimental data and drying models of all samples are
presented in Figure 5.

An examination of Figure 5 confirms that the greater the
term Iess terms are required to achieve a desired accuracy.

It can be observed for all samples that for the high t values
both the approximation by the first term of the summation (n’
= 0) and by its sixth term of it (n' = 5) present similar results.
The advantage of adding terms to the summation would be, in
this case, to improve drying modeling in low time values for all
samples.

It is also noticed that in a given interval (ranging from 80%
to 93% of the total drying) the inversion in the quality of the
models occurs, wherein the value of the diffusion coefficient
obtained by the linearized model becomes better to represent
the drying phenomenon. Among the explanations for the fact
that Crank's Model presents worse results in the
representation of the final moments of drying than in the initial
ones, it is possible that some of the approximations used in
the application of the model are not reasonable, as for
example, since the weight loss is quite significant in the
samples (44.6% to 54.8%), the reduction of the paint layer
thickness during drying may not be negligible and the
consideration of a constant value impacts the model.
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Model summation on its coefficient of determination.
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Another approach that may have decreased the accuracy
of the model near the end of drying is the consideration of a
constant diffusion coefficient throughout the process. This
consideration may not be valid because during the drying of a
coating material its physical state changes from liquid to solid,
which could change the value of the water diffusion
coefficient in the material.

It is also possible to observe in Figure 4 that the samples
studied can be divided into two groups: the first group of those
that reached a coefficient of determination greater than 0.95
for the non-linear fit of Crank’'s Model with six terms (n' = 5), in
other words, despite the simplifications, the model was able
to represent the data well (more than 95% of the data variance
is explained by the model) and the second group of those that
did not reach a coefficient of determination greater than 0.95.
It is realized that, at least for paints with drying curves that
resemble those of the second group (acrylic paints -
manufacturer 3 and 4), the consideration that drying takes
place in one step may compromise the suitability of the model
to the data. So, for them, the division of the process into two
or three steps, as proposed by Croll [10], Vanderhoff et al. [11]
and Phillips et al. [12], may be required in applications that
require a more precise model, with consequent loss of
simplicity.



Sample 1.1

o Experimental

Orbital: Electron. J. Chem. 2021, 13(1), 1-10

n'= 0 (Analysis B) === n'=0 (Analysis C)

= =" =1 (Analysis C} ==+ =n'= 2 (Analysis C) =+=+n' = 3 {Analysis C)}

n' = 4 (Analysis C) -

- - =5 (Analysis C)

Sample 1.1

= s
=~ =
0.24
= = i
e
"
//_/.,. o
, //’
( ) 014" /:I'-,. b
a Lo ( )
R
i 2
0.0 T T T T T 0.0 T T T T
0 2000 4000 6000 8000 10000 0 200 400 600 800
Time (s) Time (s)
1.0+ ° 0.6
Sample 1.2 o _ Eans Sample 1.2
0 o
o ,a""
73
Af‘ Q
s
(c) 01 /,_'4 (d)
pr
i'A
OO T T T T T T OO - T T T T T T T T 1
0 2000 4000 6000 8000 10000 0 200 400 600 800 1000 1200 1400 1600 1800
Time (s) Time (s)
1.0+ 0.7
¥ {1 Sample 2.1
1 Sample 2.1 O e
e
o o
(e) 1 (f)
0.1 %
pat
Y.
0.0 'J‘ T T T 1 0.0+ T T T T T 1
0 2000 4000 6000 8000 0 200 400 600 800 1000 1200
Time (s) Time (s)

o Experimental

n'= 0 (Analysis B) === n'=0 (Analysis C)

— =—n'=1({Analysis C} — - =n'=2 (Analysis C) —-—-n' =3 (Analysis C)

n' =4 {Analysis C) -

- - n'=5 (Analysis C)

Published by Federal University of Mato Grosso do Sul | www.orbital.ufms.br 5



1 Sample 2.2 o

Sample 2.2

Orbital: Electron. J. Chem. 2021, 13(1), 1-10

%
it
(g) gL (h)
04 4
v
A
O-U'Jf T T T T 0.0 "1’ T T T T T T T 1
0 2000 4000 6000 8000 0 200 400 600 800 1000 1200 1400 1600
Time (s) Time (s)
1.0+ o _
1 Sample 3.1 06- Sample3.1

P

vz
¥
T i 0.0 '\[ T T T T T 1
4000 0 200 400 600 800 1000 1200
Time (s)
1.04 ]
. 0.7+  Sample 3.2
1 Sample 3.2 e
o —
e i 0.6+
0.5+
. 044
2
=
0.3
0.2 4
0.1+
0.0 “wL T T T T 1 0.0+ T T T T T 1
0 1000 2000 3000 4000 5000 0 200 400 600 800 1000 1200
Time (s) Time (s)
o Experimental n'= 0 (Analysis B) === n'=0 (Analysis C)
— =—n'=1(Analysis C} — -=n'=2 (Analysis C}) —-—-n' =3 {Analysis C)

n' =4 {Analysis C) -

Published by Federal University of Mato Grosso do Sul | www.orbital.ufms.br

- - n'=5 (Analysis C)



Sample 4.1 ° e

[e]

0.0-b

Orbital: Electron. J. Chem. 2021, 13(1), 1-10

0.7 4

Sample 4.1

T T T
o] 2000 4000 6000

Time (s)

Sample 4.2 e
-

v T T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600

Time (s)

074 Sample 4.2

T T T
2000 4000 6000

Time (s)

T T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600

Time (s)
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The calculated mean diffusion coefficients of water in
each of the four paints (arithmetic mean between diffusion
coefficients calculated for samples of the same paints by the
non-linear model with n' = 5) are presented in Table 1.

Table 1. Water diffusion coefficients in the four water-based
paints studied.

Diffusion coefficient (D)

Paint (10" m2.s"")
Acrylic paint -
manufacturer 1 0.97
Acrylic paint - 131
manufacturer 2 ’
Acrylic paint - 151
manufacturer 3 ’
Acrylic paint -
manufacturer 4 1.33

As expected, water presented close values of diffusion
coefficient in the different paints, given that the nature of the
solvent is one of the factors that have the greatest impact on
the diffusion coefficient. It should be noted, however, that
because they are of different brands, the paints have different
formulations and consequently different mass transfer

resistance, which already brings a natural variability to the
diffusion coefficient. At the same time, it was important to
evaluate the data of these paints of such different brands and
formulations because in practice, to be considered a good
model, it needs to represent well the drying of all water-based
paints available on the market. In addition, due to this wide
variety, it was possible to verify whether the considerations
adopted (paint film is taken as an infinite plate, mass transport
through the plate as the most important phenomenon of the
drying process, transfer occurs in a one-dimensional direction,
constant diffusion coefficient, constant paint layer thickness,
all weight loss is due to water evaporation) were valid for
different paint compositions.

Comparing the values in Table 1 and the diffusion
coefficient of water vapor in air at 21 °C (2.44.105 m2s™),
temperature close to Guio’s [14] experimental condition (24
°C), they are much smaller, confirming that the paint actually
offers a resistance to mass transfer [17]. Water diffusion
coefficient values between 1070 and 1073 mZ2.s7, which
includes the data in Table 1, suggest that water diffusion in
the studied paints occurs through a polymeric membrane
formed during the coalescence of the coating material [17].

Philips et al. [12], in considerably more abrupt drying
conditions (35 + 1 °C and relative humidity of 35 + 7%) than
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those of Guio’s work [14] (24 °C and relative humidity of 74%),
divided the drying curve into two stages and obtained a water
diffusion coefficient in an aqueous dispersion consisting of an
experimentally determined ratio of epoxy resin and nitrile latex
of 2.55.107" m2.s7 for the second stage, coefficient larger
than those calculated in this work, but with similar order of
magnitude, as expected.

3. Material and Methods

Guio [14] measured weight loss over time for samples of
the six most commonly used water-based building paints in
the city of Sdo Carlos (located in the state of Sdo Paulo in
Brazil) following 1SO 1513-2010 and ISO 15528-2000
[14,15,16]. The paints were applied to aluminum plates (100
mm x 100 mm x 2 mm) using a 600 pm quadrangular
applicator in a room with 74% of relative humidity and
temperature of 24 °C [14-16]. Although in practice other
materials, such as concrete, are more commonly covered by
architectural paints than aluminum, the execution of paint
drying experiments on plates of this metal is important to
allow the comparison of the results of this work with the
results of the works reported in literature. This is because
most of these studies also use aluminum containers, as is the
case of the study by Phillips et al. [12] and the calculations of
transmission rates for liquid water and water vapor performed
by Vanderhoff et al. [11].

Kiil [17] developed a novel drying model for water-based
coatings and verified it using Croll's data [10]. It was noted that
the adjustable parameters, such as the diffusion coefficient
for the second stage, are independent of initial wet film
thickness, considering a range of values from 89 to 1322 ym
[17]. Therefore, although architectural coatings are often
applied with a wet film thickness of 30 to 100 pm per layer, the
results obtained for paint samples with a higher thickness (in
this case, 600 pm) are probably representative of the actual
application condition.

Each paint was tested in duplicate. One of the aluminum
plates after paint application is shown in Figure 6 [14].

In this work, among the paints analyzed by Guio [14], the
four whose duplicates presented closest drying data were
studied. The paint samples, the formulation provided by the

Table 2. Water-based paints studied [14]

Orbital: Electron. J. Chem. 2021, 13(1), 1-10

manufacturer on the product label, the initial weight of each
sample, the time required to stabilize its weight (determined
when the paint weight was constant for 3 consecutive
measurements), and the total weight loss are shown in Table
2 [14]. Guio [14] also presents the results of gas
chromatography-mass spectrometry experiments (GC-MS)
for wet and dry samples that were carried out to evaluate the
presence of volatile organic compounds in the studied paints.
However, the discussion of these results is outside the scope
of this work and the reading of Guio's work [14] is
recommended for further information.

B

do

Fig. 6. Aluminum plate after paint application [14].

In addition to the data presented in Table 2, Guio also
indicates the value of /| (semi-thickness of the paint layer) of
300 uym and the weight values obtained from the time of paint
application until the moment where its weight stabilizes,
allowing the calculation of M; (difference between the weight
of the paint at instant t and initial weight) and M, (difference
between the constant weight of the paint and the initial
weight). Guio suggests as a good approximation to consider
that all weight loss is due to water evaporation [10].

Paint Im_tlal Time regmred to Weight loss
(Formulation) Samples weight weight %)
(Kg) stabilization (s)
Acrylic paint - manufacturer 1
(Water, aqueous dispersion resin of modified acrylic copolymers, 1.1 3.01.10* 1.08.104 52.8
organic and inorganic pigments, mineral fillers, specific additives,
glycols, thickening agents, microbicides, aliphatic hydrocarbons)
1.2 4.58.10* 9.61.10% 52.6
. Acry!ic pair!t - manufacturer 2 21 3.09.10% 7.20.108 53.1
(Water, aqueous dispersion resin of styrene acrylic copolymers, heavy
metal free pigments, inert mineral fillers, glycols and surfactants) 22 3.52.10* 8.39.10° 54.8
Acrylic paint - manufacturer 3 ,
(Water, modified acrylic polymer, lead and chromate-free organic and 31 3.18.10% 4.79.10° 484
inorganic pigments, calcium carbonate, aluminum silicate, titanium 7
dioxide, glycol ethers, isothiazolinones, aliphatic hydrocarbons) 32 3.52.10% 4.79.10° 48.3
Acrylic paint - manufacturer 4 " s
(Water, aqueous dispersion resin based on acrylic and vinyl polymers, 41 3.70.10 6.59.10 48.1
heavy metal free pigments, inert fillers, glycols, ethoxylated and
carboxylated surfactants, isothiazolinones.) 4.2 4.37.10% 6.01.10% 44.6
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Linearized Crank’s Model

It is possible to obtain the value of the diffusion coefficient
of Equation 4 that best fits the data obtained by Guio [14]
using the Linear Fit tool from Excel software. For Linearized
Crank’s Model, the coefficient of determination (R?) is given by
Equation 6.

i 1pY._(pY). 12
RZ =1- Z1‘=1[(P)1 (P)l] (6)

OO
Where (P); is the estimated value for P using Equation 4,

(P); is the experimental value for P and (P) is the average
value of the j terms (P); for each sample [18].

Crank’s Model

It is possible to obtain the value of the diffusion coefficient
of Equation 3 that best fits the data obtained by Guio using the
Solver tool from Excel software [10]. This tool is used to
maximize the coefficient of determination (R?) of Crank's
Model, Equation 7, by varying the diffusion coefficient (D).

Jj M mey P
o | @)
o[ G|

Where (%) is the estimated value for % using Equation

3, (&) is the experimental value for —- and (ﬂ) is the
Moo i Moo Moo

average value of the j terms (%) for each sample [13].
w0/
Analysis C - Choice of the number of terms

For n’ smaller than 5 the addition of one more term to the
summation results in a change in the value of% represented

with two decimal digits. The value of 5 was determined by
obtaining the integer part of the solution of Equation 8 for t =
0, where the unknown is the value of n".

(2n’+1)?Dm?t] _
(2n'+1)272 exp [_ 412 ] =Y ®)

Where the term to the left of the equality is the value that
is subtracted from % for each term added to the summation
and has maximum F;wdulus value when t = 0. The highest
value this term can assume given the necessity that this term
does not change the value of MKL represented with w decimal

digits is represented by y, and can be calculated by Equation
9.

10~W

y== 9)

The minimum n’ values as a function of the number of
desired decimal digits (w) are presented in Table 3.

Analyzing the Table 3, it can be seen that it would take 20
terms (n = 0to n =19 = n’) for the term to the left of Equation
8 does not affect the calculated value for % represented with
three decimal digits. This value would be too high and it was
chosen to use representations with 2 decimal digits, sufficient
for this work and that can be reached with a reasonable
number of terms (6,n =0ton =5 =n’).

Table 3. Determination of the upper bound of the summation of
Crank’s Model

w y n
1 0.05 1
2 0.005 5
3 0.0005 19
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4. Conclusions

The results obtained in this work indicate that the use of a
linearized model is not adequate to determine the diffusion
coefficient since the values obtained by this technique
differed on average 73% of the values obtained by the
nonlinear adjustment, even though they presented high
coefficients of determination for the linearized model. It was
also observed that for the nonlinear model the addition of
terms to the summation does not change the calculated value
of the diffusion coefficient, but it alters the coefficient of
determination of the model being the change of one term (n' =
0) for two terms (n' = 7) the most significant.

The water diffusion coefficient in each of the four tested
paints was determined using Crank’'s model. It has been
shown that Crank’s model is capable of representing well the
drying data of some water-based building paints, but for
others, splitting the drying data into two or three intervals
followed by applying different models for each interval may be
necessary. It is suggested the addition of terms to the
summation of the model as a way to improve its quality in the
representation of the initial stages of drying and control of the
thickness of the paint layer during the experiment to
determine a more reliable model to the final drying stages.

Taking into account that this work has already shown that
the modeling method described here can be applied to
analyze the drying data in the conditions normally adopted in
laboratory tests (using aluminum as a substrate, for example),
a possibility for future works would be to evaluate how paint
drying behaves under different conditions of temperature,
humidity and application on different substrates, such as
concrete, a material that is more commonly covered by
architectural paints than aluminum. The ability of Crank’s
model to represent the phenomenon can be analyzed and the
water diffusion coefficient in the paints in each of these
scenarios can be calculated.
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