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KINETIC MODELLING OF BORONIZING KINETICS OF THE SVERKER 3 STEEL 
WITH THE TAYLOR EXPANSION MODEL AND DIMENSIONAL ANALYSIS

Katia Benyakoub, Mourad Keddam, Brahim Boumaali

ABSTRACT

This study aims to model the boronizing kinetics of Sverker 3 steel in the temperature range 1173 - 1273 K for 
treatment times between 1 and 7 h. The first used approach is the Taylor expansion (TE) model. It considers the dif-
fusion of boron atoms under transient regime through the surface of the treated Sverker 3 steel. Whereas the second 
one is the dimensional analysis (DA) model based on the Buckingham’s Pi - theorem. It enables the reduction of 
the number of variables involved in complex physical phenomena. In formulating this second model, dimensionless 
groups were derived to simulate the thicknesses of the FeB and Fe2B layers. The predicted values were found to be 
in good agreement with the experimentally measured layers’ thicknesses. Furthermore, the boron activation ener-
gies determined for the FeB and Fe2B layers were 214.92 kJ mol-1 and 203.20 kJ mol-1, respectively, using Taylor 
Expansion (TE) model and were finally compared with values reported in the literature.

Keywords: boride layers, boronizing, kinetics, activation energy, dimensional analysis model, Buckingham’s 
Pi - theorem, Taylor expansion model.
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INTRODUCTION

Wear and corrosion are generally the most important 
mechanisms responsible for metal degradation, leading 
to component failure. Surface hardening of metals is one 
of the most widely used methods for enhancing surface 
properties. These engineered processes include chemi-
cal vapor deposition (CVD), physical vapor deposition 
(PVD), as well as thermochemical treatments such as 
carburizing, boriding, and nitriding. Particularly, borid-
ing is a thermochemical treatment technique used for 
surface hardening of steels [1]. It involves the enrich-
ment of the surface with boron atoms, which chemically 
react with iron atoms to form iron borides [1]. This 
process is carried out in a temperature range of 800 - 
1050°C during 0.5 to 10 h using different methods and 
boron sources, it could be liquid boriding, plasma paste 
boriding, electrochemical boriding, solid boriding using 
paste or powder-pack boriding [2 - 6]. The resulting 

boride layers lead to an improvement in the surface 
properties of the treated material, such as high hardness 
and enhanced corrosion and wear resistance. Due to their 
low melting point, some metals cannot be used in borid-
ing applications such as aluminum and magnesium [7]. 
From a practical point of view, the powder-pack borid-
ing is the simplest among the available processes and 
requires low-investment equipment [8]. As previously 
mentioned, the steels are widely used in boriding, there-
fore, two types of boride layers (FeB and Fe2B) can be 
formed over the steel’s surface. The Fe2B layer is under 
compressive stress, with hardness values ranging from 
1400 to 1750HV, whereas the FeB layer is under tensile 
stress and exhibits higher hardness values, between 2000 
and 2300 HV [9]. Therefore, the propagation of cracks 
can occur across the (FeB / Fe2B) interface [7]. For this 
reason, the Fe2B layer is preferred over the bilayer (FeB + 
Fe2B) for industrial applications, that require resistance 
to mechanical fatigue [10, 11]. To optimize the thickness 
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of boride layers according to the working conditions 
of borided steels, different kinetic approaches have 
been suggested in the literature [12 - 18]. For example, 
Ortiz-Dominguez et al. used two different approaches to 
model the growth kinetics of Fe2B layer on AISI 1018 
steel [12]. The first method was based on the mass bal-
ance equation at the Fe2B / substrate interface, while the 
second involved the formulation of an equation using 
dimensional analysis to describe the layer thickness as 
a function of the processing parameters (temperature 
and time). Finally, their experimentally measured layers’ 
thicknesses were compared with the predicted values, 
showing good agreement. Keddam and Kulka applied 
the Dybkov model and the average diffusion coefficient 
model to simulate the kinetics of FeB and Fe2B layers 
on AISI D2 steel, using three different durations (2, 4 
and 6 h) and a temperature range 1223 - 1273K [13]. 

They observed that the experimental layer thick-
nesses were consistent with the predicted values. In a 
subsequent study, Keddam et al. implemented the Taylor 
expansion (TE) based model to simulate boron diffusion 
in AISI 316L steel [14]. This method employs a second 
order Taylor expansion to describe the boron concen-
tration profile under transient diffusion conditions. The 
activation energies of boron diffusion in the FeB and 
Fe2B phases for AISI 316L steel were also calculated us-
ing the experimental data from the literature. To confirm 
the validity of the model the authors used two process-
ing conditions, 1173K for 0.75 h and 1223K for 1.75 h, 
the results showed good agreement between simulated 
and experimental results. In another research paper, 
Benyakoub et al. [11] applied the linear mass balance 
equations-based model and the dimensional analysis 
using the experimental data about the boriding kinet-
ics of 4Cr5MoSiV1 steel [15]. They obtained a good 
agreement between the predicted values from both ap-
proaches and the experimentally measured thicknesses. 
Consequently, the activation energies derived from the 
bilayer model were 164.92 kJ.mol-1for FeB and 153.39 
kJ.mol-1 for Fe2B. Campos et al. [16] and Torres et al. 
[17] derived dimensional analysis - based relations for 
borided AISI M2 and AISI 1045 steels using the paste 
boriding technique. For each boride layer, they identified 
two dimensionless groups that were linked through a 
power - law relationship, which was then fitted to predict 
the layers’ thicknesses. Benyakoub et al. simulated the 
boriding kinetics of Sverker 3 steel using mass balance 

equations under a steady diffusion regime for the FeB 
and Fe2B layers [18]. They introduced two dimensionless 
constants, and the model was experimentally validated 
under three different processing conditions: 975°C for 
10 h, and 1050°C for 5 h and 7 h. Ptačinová et al., in their 
study, employed the average diffusion coefficient model, 
assuming that the boron concentration profiles along the 
boronized layers were linear [19]. The resulting boron 
activation energies were 215.18 kJ mol-1 for FeB and 
203.6 kJ.mol-1 for Fe2B, which are highly comparable 
to those reported by Benyakoub et al. [18].

In this study, two approaches were employed to 
simulate the growth kinetics of the FeB and Fe2B layers 
on Sverker 3 steel using experimental data from Benya-
koub at al. [18] and Ptačinová et al. [19]. The first one is 
the Taylor expansion model [14]. This approach utilizes 
a second-order Taylor expansion of boron distribution 
across each formed boride layer. The solutions for the 
resulting differential equations were derived by approxi-
mating the temperature change in the boron diffusivities 
in iron borides FeB and Fe2B, using Arrhenius relations. 
The second one based on the Buckingham’s Pi - theorem, 
for each layer, two dimensionless groups were derived, 
and fitting the kinetic data to power-law relationships 
allowed the determination of the constants involved. 
Additionally, the boron activation energies for FeB and 
Fe2B were calculated and compared with values reported 
in the literature. Finally, the two used approaches have 
been validated using three different boriding conditions 
for the boriding kinetics of Sverker 3 steel.

EXPERIMENTAL

The Taylor expansion (TE) model was applied to 
simulate the boriding kinetics of Sverker 3 steel using 
analytical solutions of derived set of two differential 
equations of first order [14]. Fig. 1. gives the evolution 
of developed boron concentration profiles across the 
bilayer (FeB / Fe2B). The boride incubation times for 
FeB and (FeB + Fe2B) layers were ignored during the 
application of this kinetic model. The upper and lower 
boron contents in FeB are FeB

upC (= 16.40 wt. %B) and
FeB
lowC (= 16.23 wt. %B), respectively. For the Fe2B phase 

the corresponding concentrations values are 2Fe B
upC (= 9 

wt. %B) and 2Fe B
lowC (= 8.83 wt. %B), respectively [20]. 

adsC  represents the boron amount being adsorbed at the 
steel surface [21]. The variable u is FeB layer thickness 
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and ν that of the bilayer (FeB / Fe2B). Co represents the 
maximal solubility of boron atoms in the matrix whose 
value is 35 × 10-4 wt. % B [22]. Eq. (1) gives the expres-
sion of FeB layer thickness.

1( ) ' 2 FeBu t k t D tε= =  				    (1)

The parameter k′ is the kinetic constant for the FeB 
phase, ε1 is a dimensionless constant and DFeB the boron 
diffusion coefficient in FeB. Eq. (2) gives the expression 
of the bilayer (FeB / Fe2B) thickness:       
                                           

22( ) 2 Fe Bv t k t D tε= = 				    (2)

The parameter k represents the parabolic growth 
constant at the (FeB / Fe2B) interface, ε2 is a dimension-
less constant and DFe2B the B diffusion coefficient in 
Fe2B. The (TE) model is therefore based upon solving 
the set differential equations given by Eqs. (3) and (4):
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Eqs. (5) and (6) give the exact analytical solutions 
for the two dimensionless parameters ε1 and ε2:
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       Determining the numerical values of these two di-
mensionless parameters, the boron diffusion coefficients 
in each phase (FeB or Fe2B) can be estimated from Eqs. 
(7) and (8): 

2

2

2

( )
2Fe B
kD
ε

= 					    (7)

2

1

'( )
2FeB
kD
ε

= 					     (8)

The dimensional analysis is a useful and powerful 
tool helping to find or check relations between physical 
quantities and ensure the consistency of units in any 
physical equation by reducing the number of variables 
in the physical problem. It can also give global laws for 
all cases [23, 24]. A dimension of a physical quantity 
is defined as a combination of different dimensions de-
scribing this quantity. The most common basic dimen-
sions are the mass [M], the time [T], length [L]. As an 
example, the velocity ν has the dimension [LT-1] but 
can be expressed by different units as m s-1 or km h-1. 
Considering the newton’s second law f = ma, the force 
unit is expressed by Newton, but the dimension can be 
expressed with the dimension of the second term of the 
equation [F] = [m] [a] which is [F] = [M] [LT-1], there-
fore, the dimension of [F] = [M LT-1]. So, the establish-
ment of the dimensionless parameters can be physical-
ly meaningful. As per the Buckingham’s Pi - theorem, 
every physical equation containing n variables can be 
written as an equation of (n - m) dimensionless param-
eters where m is the number of the physical independ-
ent quantities expressing the n variables [23].

In this study, the dimensional analysis based on the 
Buckingham’s Pi - theorem is used to analyse the time 
dependencies of the boride layers’ thicknesses of the 
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Sverker 3 steel. This theorem is based on the creation 
of dimensionless groups ( )n m−Π . These products are 
dimensionless and represent the most parameters of the 
system. To reduce the complexity of the problem, every

iΠ dimensionless group can be written as a function 
of others using the products of power laws. Moreover, 
fitting the experimental data with a power law is a 
common approach to describe the classical parabolic 
behaviour where the exponent is deducted close to 0.5, 
this fitting was observed in the case of borided steels 
[25, 26]. For the boriding treatment, five variables can 
be found for each boride layer u and l, where u, l = (ν 
- u) and ν are the thicknesses of FeB and Fe2B layers 
and those of the bilayer (FeB + Fe2B), respectively. 
These variables are as follows: max( , , , ')FeBu u t C kλ=  
and 2max 1( , , , )Fe Bl l t C kλ=  where t is the time duration 
of the process, FeBC and 

2Fe BC are the boron concentra-
tions in the FeB and Fe2B layers respectively, 'k and   

1 ( ')k k k= − are the parabolic constants of the FeB 
and Fe2B layers respectively. k stands for the parabolic 
growth constant at the (FeB / substrate) interface. maxλ
is the maximum depth of boron atoms diffusion from the 
surface into the substrate (iron phase), corresponding to 
the highest temperature and longest time duration [11]. 
Its expression is given by Eq. (9): 

max max max( )t D Tλ = 					    (9)

Where max( )D T  is the B diffusion coefficient in the 
iron phase, given in m2 s-1, for the highest temperature 
of the process and expressed with Eq. (10) [27]:

1
8 81.54.4 10 exp( )kJ molD

RT

−
−   

= × −  			   (10)

where Т is the temperature expressed in Kelvin and
1 18.314R J mol K− −=     is the ideal gas constant. The ex-

perimental parabolic growth constants 'k  and k obey 
the Arrhenius relationship, and their expressions can be 
written as in Eq. (11) and Eq. (12):

11
11' exp( )ak b

T
= + 					     (11)

22
22exp( )ak b

T
= +  					    (12)

By applying the Buckingham’s Pi - theorem, two 
dimensionless groups can be formed for each layer. 
Based on the three common dimensions M, L, T and for 
the FeB layer each group can be written as: 

31 2

1 max ' aa a
u FeBu k Cλ  Π =  				    (13)

31 2

2 max ' bb b
u FeBt k CλΠ =   				    (14)

By applying the dimensional analysis principle, Eq. 
(15) and Eq. (16) can be obtained as follows:

1
max

u
u

λ
Π = 					     (15)

2

2

max

'( )u
kt

λ
Π = 					     (16)

The same mathematical operation applies to the 
Fe2B layer, and the obtained dimensionless groups can 
be expressed by Eqs. (17) and (18): 

31 2

1 max ' aa a
u FeBu k Cλ  Π =  				    (17)

31 2

2 max ' bb b
u FeBt k CλΠ =   				    (18)

And by using the dimensional analysis principle, 
Eq. (19) and Eq. (20) can be derived as:

1
max

l
l

λ
Π =  					     (19)

2

21

max

( )l
kt

λ
Π =  					     (20)

Hence, the thicknesses of the FeB and Fe2B lay-
ers can be predicted from the experimental data using 
power-law fitting, as expressed in Eq. (21) and Eq. (22):

1

1 21( )u u
βαΠ = Π  					     (21)

2

1 22 ( )l l
βαΠ = Π  					     (22)

As a result, the expressions of the simulated layers’ 
thicknesses of the FeB and (Fe2B) layers are respectively 
given by Eq. (23) and Eq. (24):

1
1

1

21 11
11(2 1)

max

(exp( ))t au b
T

β
β

β

α
λ −= +  				   (23)

2
2

2

22 22 11
22 11(2 1)

max

(exp( ) exp( ))t a av u b b
T T

β
β

β

α
λ −= + + − +  		 (24)

RESULTS AND DISCUSSION

To validate the presented models, the experimental 
data from Benyakoub et al. [18] and Ptačinová et al.  
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were employed for this purpose [19]. Table 1 gives 
the chemical composition of Sverker 3 steel used as 
substrate for the powder - pack boriding process. The 
samples were cut from a wrought bar and grinded until 
obtaining a fine surface. After that, they were cleaned, 
dried and placed in stainless steel containers and then 
embedded in a Durborid powder mixture. The powder - 
pack boronizing process was carried out between 1173 
and 1273K for 1, 3, 5 and 7 h. After the treatment, the 
containers were taken out of the furnace and were let 
to cool at the ambient temperature. Afterwards, they 
were cleaned, cross-sectioned and etched with Nital 
solution (3 vol. %) to reveal their microstructures. The 
microstructural analysis of the treated samples showed 
the presence of both layers (FeB and Fe2B) for almost 
processing parameters and their crystalline nature were 
confirmed by the XRD analysis. A flat morphology of 
phase interfaces was obtained in this case due to the 
influence of the alloying elements present in the Sverker 
3 steel and other alloy steels [28, 29]. The obtained lay-
ers’ thicknesses were measured using SEM micrographs 
according to the practical procedure developed by Kunst 
and Schaaber [30]. A total of thirty measurements were 
done on the cross - sections of treated steels to obtain 
reliable averaged values of layers’ thicknesses. The ex-
perimental data reported by Benyakoub et al. [18] and 
Ptačinová et al. [19] were used to apply the dimensional 
analysis approach for predicting the thicknesses of the 
boride layers. This approach made it possible to estab-
lish curves relating the layer thicknesses to the square 
root of time. It should be noted that at 900°C and after 
1 h of thermochemical treatment, the Fe2B layer was 
very thin, whereas the FeB layer was not formed at all. 
Subsequently, the kinetic constants 'k  and k  , corre-
sponding to the two growth fronts within the temperature 
range 1173 - 1273 K, were inferred from the slopes of 
the plotted straight lines and are summarized in Table 2.

According to the Eq. (11) and Eq. (12) and after 
linear fitting with the Arrhenius relationships, the tem-
perature-dependent expressions of 'k and  k expressed 
in m s-0.5, are given by Eq. (25) and Eq. (26):

13150' exp( 4.426)k
T

−
= − 			   (25)

12525exp( 4.2307)k
T

−
= − 			   (26)

The numerical values of dimensionless constants ε1  
and ε2 were determined by using the data presented in 
Table 2 for different temperatures. The results showed 
that these calculated values remain nearly invariant (ε1 = 
0.0573 and ε2 = 0.1364) while changing the processing 
temperatures, as summarized in Table 3. This result 
confirms that the growth kinetics of the boronized lay-
ers follows a parabolic law. Furthermore, the data in 
Table 3 were fitted using the Arrhenius relationship, to 
determine the boron diffusion coefficients in FeB and 
Fe2B by plotting the corresponding straight lines shown 
in Fig. 2. Their expressions given by Eqs. (27) and (28) 
were then deduced.

1
3 214.927.54 10 exp( )FeB

kJ molD
RT

−
−   

= × − 	 (27)

2

1
3 203.201.73 10 exp( )Fe B

kJ molD
RT

−
−   

= × − 	 (28)

Afterwards, the boron activation energies values 
for FeB and Fe2B were deduced as equal to 214.92 
kJ.mol-1 and 203.20 kJ.mol-1, respectively. Table 4 
compares the obtained boron activation energies in FeB 
and Fe2B for Sverker 3 steel with the literature results 
[3, 18 - 20, 31 - 36]. As seen in Table 4, the reported 
boron activation energies for different steels vary. This 
difference in the values can be attributed to several fac-
tors, including the choice of processing parameters, the 

Element C Cr W Mn Si Fe
wt.% 2.05 12.7 1.1 0.8 0.3 Balance

T (K) 1173 1223 1248 1273

'k  (µm s-0.5) 0.1618 0.2563 0.3172 0.3905

k  (µm s-0.5) 0.3339 0.5215 0.6399 0.7703

Table 1. Chemical composition (in weight %) of Sverker 3 steel.

Table 2.  Kinetic constants values of the two growth fronts in the range of 1173 - 1273K [18, 19].



Journal of Chemical Technology and Metallurgy, 61, 5, 2026

818

T, K 1173 1223 1248 1273
DFeB × 10-12 (m2 s-1) 2.02 5.02 7.64 11.39
DFeB × 10-12 (m2 s-1) 1.52 3.67 5.48 7.77
ε1 0.0569 0.0572 0.0573 0.0578
ε2 0.1351 0.1360 0.1366 0.1381

Steel Boriding type
Temperature 
range, K

Activation energy,  kJ mol-1 Calculation 
method

Refs.

AISI 8620 Plasma paste 973 - 1073
99.77-108.24
(FeB + Fe2B)

Parabolic growth 
law

[3]

AISI D2 Salt bath 1073 - 1273 170 (FeB + Fe2B)
Parabolic growth 
law

[31]

AISI 1018 Pulsed DC powder 973 - 1123
133.8 - 152.3 (FeB)
129.5 - 145.9 (Fe2B)

Dybkov model [32]

AISI 316L Pulsed DC powder 1123 - 1273
157 ± 4.5 (FeB)
148.7 ± 2.1(Fe2B)

Integral method [33]

AISI W1 Powder 1123 - 1323 171.2 ± 16.6 (FeB + Fe2B)
Parabolic growth 
law

[34]

Nitronic - 50 Powder 1198 - 1248
186.5
(FeB + Fe2B)

Parabolic growth 
law

[35]

34CrAlNi7 Powder 1123 - 1323
169.40 (FeB)
165.27 (Fe2B)

Integral method [20]

AISI M2 Powder 1173 - 1323
223 (FeB)
209 (Fe2B)

Diffusion model [36]

Sverker 3 Powder 1173 - 1273
215.20 (FeB)
202.95 (Fe2B)

Bilayer Model [18]

Sverker 3 Powder 1173 - 1273
215.18 (FeB)
203.61 (Fe2B)

ADC model [19]

Sverker 3 Powder 1173 - 1273
214.92 (FeB)
203.20 (Fe2B)

(TE) model
This 
work

Fig. 2. Arrhenius Fitting of the boron diffusion coefficients as a function of the inverse of temperature: (a) FeB; (b) Fe2B.

Table 3. Values of boron diffusion coefficients in FeB and Fe2B layers for the Sverker 3 steel calculated with the Taylor 
Expansion (TE) model.

Table 4. Comparison of obtained boron activation energies in FeB and Fe2B for the Sverker 3 steel with the literature results.
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boriding method, and the chemical composition of the 
steels. The calculated values of boron activation ener-
gies also depend on the method used, such as the clas-
sical parabolic growth law [3, 31, 35] or other kinetic 
approaches [18 - 20, 32, 33, 36]. It is worth noting that 
the obtained boron activation energies are in line with 
those reported for the same steel by Benyakoub at al. 
[18] and Ptačinová et al. [19].

To experimentally validate the dimensional analysis 
model, a nonlinear regression was performed on the di-
mensionless groups using a power-law fit. The results of 
this fitting are summarized in Table 5. The evolution of 
the respective dimensionless groups for FeB and Fe2B, is 
shown in the Fig. 3. To plot these two curves, the numeri-
cal value of maximum boron penetration in the substrate 
is then required. Its value was 708 µm at 1273K for 7 h, 
using the value of diffusion coefficient in the g - Fe phase 
[27] determined at this temperature. The arithmetic mean 
values of a1 ,a2 ,b1, b2  were respectively 1.0042 ,1.0355 
,0.5006 and 0.5017. Therefore, the parabolic regime of 

the growth kinetics of FeB and Fe2B was established by 
these values, since they are nearly identical to the values 
observed in the basic parabolic law which are 1 for a 
and 0.5 for b. The time - dependent thicknesses of the 
simulated layers, predicted by the dimensional analysis 
model, are compared with the experimental thicknesses 
in Fig. 4. This comparison demonstrates a good fit with 
the experimental data. Additionally, the kinetic data 
obtained at 900°C for 1 h regarding the FeB layer thick-
ness was not considered, as the FeB layer did not form. 
Some slight inconsistencies can also be observed in 
the plots between the calculations and the experiments, 
due to the use of arithmetic mean values for the fitting 
coefficients. To validate the Taylor expansion model, 
three additional boriding conditions were considered cor-
responding to the processing parameters (1248 K for 10 
h, 1323 K for 5 h and 1323 K for 7 h). The experimental 
layers’ thicknesses were then compared with those from 
the Taylor expansion model and the dimensional analysis 
model. In Table 6 are grouped the thicknesses of layers u 

Fig. 3. Evolution of the formed dimensionless groups for: (a) FeB; (b) Fe2B.

a) For FeB:
T(K) 1173 1223 1248 1273
a1 1.011 0.9958 1.008 1.002
b1 0.5017 0.4992 0.5015 0.5003
b) For Fe2B:
T(K) 1173 1223 1248 1273
a2 1.208 1.079 1.057 0.7982
b2 0.5268 0.5127 0.5098 0.4576

Table 5. Determined constants from the power-law fitting of the experimental data: a) for FeB; b) for Fe2B.
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and v , predicted by both approaches and compared with 
experimental thicknesses [18]. The numerical value of

maxλ  together with the arithmetic values of the constants 
involved in both models, are needed to do these calcula-
tions. Despite some simplifying assumptions, the results 
presented in Table 6 are consistent with the experimental 
layers’ thicknesses for three different boriding condi-
tions. Overall, the used approaches demonstrate their 
capability to successfully simulate the boriding kinetics 
of Sverker 3 steel. The dimensional analysis (DA) model 
using the Buckingham’s Pi - theorem provided the key 
advantage of a simple mathematical formulation, al-
lowing for the simulation of layers’ thicknesses for the 
selected boriding conditions. It can also be applied to 
other thermochemical treatments such as nitriding and 
carburizing. For the case of Sverker 3 steel, the results 
indicated a likely formation of CrB metal borides as 
precipitates, which hindered boron diffusion to greater 
depths and were not accounted for when formulating 
this dimensional analysis model. The comparison of the 
calculated results with the experimental data confirmed 
the capability of the utilized models to simulate the dif-
fusion kinetics of boron in Sverker 3 steel. 

CONCLUSIONS

This work is concerned with the kinetic analysis of 
FeB and Fe2B layers on Sverker 3 steel using two distinct 
approaches, the Taylor expansion (TE) and the dimen-
sional analysis (DA) models. The first model enabled 
exact solutions to be derived from the two differential 
equations governing the growth kinetics of the boride 
layers. The boron activation energies were determined as 
214.92 kJ.mol-1for FeB and 203.20 kJ mol-1for Fe2B in 
the Sverker 3 steel. The application of the Buckingham’s 
Pi - theorem simplified the problem by establishing two 
key dimensionless groups, which were related through a 
power law, thereby corroborating the nature of growth 
law of boride layers. The dimensional analysis model 
provided simple expressions for the thicknesses of the 
FeB and (FeB + Fe2B) layers. Both models were then 
successfully validated using three boriding conditions 
and a good agreement was achieved between the simu-
lated layers’ thicknesses and those obtained experimen-
tally. As a prospect, both models can be applied to other 
alloys to simulate the kinetics diffusion of elements for 
other thermochemical treatments.

Fig. 4. Evolution of the simulated layers’ thicknesses as a function of the square root of time: (a) FeB; (b) FeB + Fe2B. 
The symbols are the experimental points [18, 19].

Processing 
Parameters

uexp, µm  
[18]

usim, µm
(TE) model

usim, µm
(DA) model

νexp, µm [18]
νsim, µm

(TE) model
νsim, µm 

(DA) model
975°C for 10 h 65 ± 2.1 59.88 60.31 124 ± 2 119.35 122.53
1050°C for 5 h 74 ± 3 76.18 77.52 154 ± 4 147.03 153.06
1050°C for 7 h 87 ± 3 90.13 91.74 172 ± 4 173.97 181.17

Table 6. Confrontation of the experimental layers’ thicknesses [18] with the simulated thicknesses using the Taylor expan-
sion and dimensional analysis models.
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