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ABSTRACT 
Accurate determination of the lithium-ion diffusion coefficient ( DLi + ) is essential for understanding mass-transport limitations in 
graphite anodes and for improving the performance of lithium-ion batteries. However, the calculation of DLi + obtained from 
pulsed electrochemical techniques critically depends on the assumed active surface area, for which no standardized definition 
currently exists. In this work, we quantitatively assess how different surface area approximations—geometrical area, scanning 
electron microscopy-derived area, and Brunauer–Emmett–Teller surface area—affect the diffusion coefficient extracted from gal-
vanostatic intermittent titration technique and intermittent current interruption analyses. Both methods were applied to a com-

mercial graphite electrode using an identical dataset, enabling a direct and unbiased comparison of diffusion trends. We show that 
the choice of surface area leads to variations in DLi + spanning several orders of magnitude, due to the squared dependence of the 
area term in the diffusion equation. Overall, our results demonstrate that careful and consistent surface area selection is crucial for 
reliable diffusion measurements and for ensuring comparability across studies. 

1 | Introduction 

The growing demand for fast-charging and high power lithium-
ion batteries (LIBs) has driven extensive research into their 
dynamic behaviour [1, 2]. Achieving high-capacity retention dur-
ing high current operation remains a major challenge for LIBs, as 
it requires careful consideration of the various processes occur-
ring within their components. The rate capability of a LIB is pri-
marily governed by electrode kinetics—specifically, the rates of 
electron transfer and lithium-ion transport. Rapid electrode pro-
cesses minimize over voltages, thereby enhancing the rate perfor-
mance of the battery. The main component that restricts the 
high-rate capability of LIBs is the anode, specifically graphite 
[3, 4], which remains the most commonly used and commercially 

established anode material. Despite its excellent cycle stability 
and low operating potential, the formation of the solid electrolyte 
interphase (SEI) on the graphite surface significantly limits lith-
ium-ion transport across the electrode–electrolyte interface. The 
SEI introduces additional ionic resistance and slows down Li+ 

diffusion kinetics, leading to increased polarization at high 
charge/discharge rates [5–7]. As a result, commercial LIBs 
employing graphite anodes are typically constrained to a maxi-
mum charge rate of around 1C to prevent excessive overvoltage 
[1], which can lead to lithium plating on the anode surface and, 
consequently, loss of performance and safety risks. 

Predictive modeling is a powerful approach to speed up the devel-
opment and the design of LIB electrodes especially for high 
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power applications. Central to these approaches is the availability 
of lithium-ion diffusion coefficient (DLi + ) [8] within battery 
materials, which is critical for guiding the development of 
new materials [1] and increase the accuracy of modeling of 
LIBs [9–12]. The diffusion coefficient is a fundamental property 
in mass transport phenomena that characterizes the mobility of 
molecules and/or ions in a medium under a concentration gra-
dient [13, 14]. In porous-electrode modeling frameworks, such as 
those originally proposed by Doyle, Fuller and Newman [15], the 
solid-state diffusion coefficient directly governs lithium concen-
tration gradients within active material particles and thus deter-
mines diffusion-induced polarization under dynamic operating 
conditions. As a result, inaccuracies in the estimation of the dif-
fusion coefficient can propagate into errors in predicted overpo-
tentials, rate capability, and transport limitations, particularly 
under fast-charging regimes [3, 9]. In this context, the diffusion 
coefficient is not merely a fitting parameter, but a physically 
meaningful quantity that strongly influences the predictive capa-
bility of simulations across different length scales. Ensuring a 
consistent and physically justified determination of the diffusion 
coefficient is therefore essential for both fundamental under-
standing and practical battery engineering applications. 

When LIBs are charged/discharged, there are changes in the con-
centration of lithium ions in the bulk of anode active material, 
electrolyte, and cathode active material and the formation of a 
concentration gradient along the interphases, including the 
SEI [15]. Lithium ions have a different mobility inside each of 
these components [16, 17]; hence, the corresponding lithium-
ion diffusion coefficients are different. In a LIB the behaviour 
of the diffusion is described as nonsteady state diffusion, through 
the Fick’s second law 

potential relaxation during the rest periods (that are shorter), 
rather than on the CC steps. 

The GITT was first introduced by Weppner and Huggins [18], 
who also derived the analytical solution of Fick’s second law 
to calculate the diffusion coefficient for a plate-shaped material. 
However, in LIBs, the active material rarely has a planar geom-
etry. The particles are typically irregular or agglomerated and are 
often approximated as spherical in diffusion models. For this rea-
son, later studies have demonstrated that the solution proposed 
by Weppner and Huggins can also be applied to cylindrical and 
spherical geometries [24]. The full derivation of the diffusion 
coefficient equation has already been presented in several studies 
using different approaches [23, 25, 26] and is not reported here. 
More recently, the ICI technique has gained attention because of 
its faster and simpler application. As has been demonstrated [21], 
ICI and GITT techniques share the same analytical solution of 
Fick’s second law. For consistency we will report the equation 
which has been used by Chien et al. [21]: 

where V is the volume of the electrode, A is the surface area, 
ΔEOCV is the open-circuit voltage (OCV) variation, which is 
obtained at the end of the rests period for GITT, while for the 
ICI is obtained as pseudo-OCV through the internal resistance 
(IR) correction at the last point in which current is applied for 
each pulse, ΔtI is the total length of the CC period between 
the rest periods, E is the electrode potential. The parameter t 
is the time interval in which we have the diffusional process, 
for the GITT is taken during the current application, while for 
the ICI is taken from the rest period, as shown in Figure 1. 

When GITT and ICI are used to evaluate the DLi + in the electro-

where cLi + is the Li-ion concentration while x is the length along 
which we have the concentration gradient (e.g., particle length) 
and t is the time.The equation can be solved by applying appro-
priate boundary conditions [13], which depend on the selected 
experimental configuration. For example, one common assump-
tion is that at t = 0 the Li-ion concentration is uniform through-
out the material, while the flux at the surface corresponds to the 
applied current density. 

The commonly used techniques for the solution of the Fick’s sec-
ond law and the determination of DLi + are galvanostatic inter-
mittent titration technique (GITT) [18], potentiostatic 
intermittent titration technique [19, 20], intermittent current 
interruption (ICI) [21], cyclic voltammetry [14], and electro-
chemical impedance spectroscopy [22]. 

Among these, the most popular technique is the GITT [23], 
which is often employed because of its ease of use. The GITT 
consists of applying a series of constant current (CC) pulses, dur-
ing which a concentration gradient is generated, followed by rest 
periods that allow the system to reach a new equilibrium. The 
DLi + is then determined by analysing the potential response dur-
ing the CC step, which reflects the transient behaviour of Li-ion 
transport inside the active material. Another technique that has 
recently gained increasing attention is the ICI, which follows a 
similar experimental approach to the GITT. In this case, how-
ever, the estimation of the DLi + is based on the analysis of the 

des, they share a common requirement, the knowledge of the 
active material surface area.These approaches usually assume 
that this surface area remains constant during the electrochemi-
cal process. In practice, many active materials tend to expand and 
contract during lithiation and delithiation, leading to changes in 
their real surface area. Hence, it is important to keep in mind that 
the assumption of a constant surface area might represent a 
strong approximation. Moreover, the literature shows ambiguity 
regarding the surface area used in calculating the diffusion coef-
ficient. Ideally, this area should correspond to the electrochemi-
cally active surface area [27], which represents the portion of the 
electrode involved in the electrochemical reactions [28]. 
However, determining it experimentally is not straightforward, 
as most electrochemical methods used to estimate it require prior 
knowledge of the diffusion coefficient. 

Therefore, various approximations are commonly adopted. When 
the active material is available as a powder, the specific surface 
area of the material is usually considered for the calculation. In 
cases where only the commercial, composite electrode is avail-
able, which includes binder, active material and carbon conduc-
tive additive, Hg-porosimetry [10], Brunauer–Emmett–Teller 
(BET) [29] or scanning electron microscopy (SEM) [12, 30] anal-
yses are adopted. These analyses are performed on the entire 
electrode to estimate the total surface area, although the BET 
and Hg-porosimeter measurements also includes contributions 
from the porosity of inactive components such as binder and 
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FIGURE 1 | Representative trend of the electrode potential versus time under a GITT pulse. The scheme highlights the instantaneous voltage drop 
induced by the current step, followed by the gradual relaxation toward equilibrium once the current is interrupted. 

conductive additives. In turn, SEM approximation is even stron-
ger and may not reflect the real surface area involved in ion trans-
port. In other cases, researchers simply use the geometrical 
surface area (GA) of the electrode as an approximation. 
However, the choice of how to define the surface area can 
strongly influence the calculated diffusion coefficient. Hence, 
the purpose of this study is to provide a quantitative assessment 
of how the assumed surface area affects the determination of the 
diffusion coefficient. Using both GITT and ICI applied to a com-
mercial graphite anode in a LiPF6- ethylene carbonate (EC): 
dimethyl carbonate (DMC) 1:1 electrolyte, we show that the 
value of the calculated diffusion coefficient can vary by several 
orders of magnitude depending on the surface area approxima-
tion, underlining the need for a consistent approach in diffusion 
studies of lithium-ion battery electrodes. 

2 | Experimental Section 

2.1 | Electrochemical Cell Assembly and Test 

A commercial graphite electrode (NANOMYTE BE-200E, NEI), 
containing 90% of graphite, 5% of polyvinylidene fluoride (PVDF) 
binder and 5% of carbon black, with a graphite mass loading of 
6.6 mg cm−2 was selected for this study. Before cell assembly, the 
electrodes were cut into 9 mm disks and dried overnight under 
vacuum at 120°C using a Büchi B-585 oven. The experiments 
were carried out in T-shaped three electrodes Teflon cells 
(BOLA, Bohlender GmbH), each containing 200 μL of an electro-
lyte composed of 1 M LiPF6 in a 1:1 (v:v) mixture of EC and DMC 
(LP30, Solvionic). Commercial Whatman GF/D glass fiber disk 
(10 mm diameter) was used as separator, after being dried under 
vacuum at 120°C in a glass oven overnight (Büchi B-585). The 
cells operated in a three-electrode half-cell configuration, with 
two lithium metal disks (10 mm diameter) serving as counter 
and quasi-reference electrodes. All assembly steps were per-
formed in an argon-filled glovebox (MBraun) with oxygen and 
water levels below 0.1 ppm. Cell testing was conducted at 
30°C. The formation process consisted of one cycle at C/20 
(18.6 mA g−1) with a CC–CV–CC protocol (constant current– 
constant voltage–costant current) between 1.5 and 0.02 V versus 

Li+/Li. The CV step was performed at 0.02 V versus Li+/Li with a 
current cut-off of C/80 (4.64 mA g−1) or a maximum duration of 
1 h, then the cell has been cycled four times at C/5 (74.3 mA g−1) 
under the same protocol, using a VMP-3 galvanostat/potentiostat/ 
frequency analyzer (Biologic). After cycling, the GITT was applied. 
Each GITT step (even called titration step) consisted of a 15 min 
constant-current pulse at C/10 (37.1 mA g−1) followed by a 45 min 
relaxation at OCV. The titration steps were repeated until reaching 
the (de-)lithiation cut-off potentials. The electrode potential range 
was maintained between 1 and 0.02 V versus Li+/Li. All the poten-
tial values here reported refers to the redox couple Li+/Li. The ICI 
analysis was performed using exactly the same data collected dur-
ing the GITT experiment, without any additional cycling. The 
main difference between the two methods lies in how the diffusion 
coefficient is extracted: GITT analyses the voltage response during 
the current pulse and obtain the OCV curve from the relaxation 
period, while ICI determines the diffusion coefficient from the 
early-stage voltage relaxation that follow brief current interrup-
tions, and uses a pseudo-OCV obtained by removing the IR drop 
from the last point in which the current is applied. As a result, both 
techniques rely on the same dataset but apply different analytical pffiffi
approaches to estimate the Li+ diffusion coefficient. dE=d t is 
obtained from the slope of the plot of the electrode potential versus 
the square root of the time. The time interval used for the fit was 
25–225 s for GITT and 1–50 s for ICI. For GITT, time zero corre-
sponds to the start of the current pulse, while for ICI it corresponds 
to the beginning of the relaxation period. 

Data analysis was performed using a custom Python script. 

2.2 | Surface Area Evaluation 

The geometrical approximated (GA) surface area, is easily 
obtained as the surface of the electrode disk used for the test; 
in this work, the electrode disk diameter was of 9 mm, so the 
GA area is of 6.36 × 10−5 m2. The surface area reported by the 
manufacturer in the electrode datasheet for the active material, 
obtained with BET, was of 6.33 × 10−3 m2. Additionally, we have 
evaluated the SEM approximated surface area [30]. The approxi-
mation consists on estimating the mean particle radius, in this 
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6 DGITT 2 6 DICI 2 6 DGITT 2 6 DICI 2DA2, cm  Li + , cm  DA2, cm  Li + , cm  DA2, cm  Li + , cm  DA2, cm  Li + , cm  

2 −1 −1 −1 −1 −1 −1 −1 −1Area, m s s s s s s s s 

AGA 6.36 × 10−5 8.3 × 10−10 2.1 × 10−9 5.9 × 10−9 1.5 × 10−8 2.0 × 10−9 5.1 × 10−9 1.3 × 10−8 3.2 × 10−8 

ASEM 1.29 × 10−3 5.0 × 10−12 3.5 × 10−11 1.2 × 10−11 7.8 × 10−11 

ABET 6.33 × 10−3 2.1 × 10−13 1.5 × 10−12 5.2 × 10−13 3.2 × 10−12 

                     
        

   

work has been obtained from SEM (Crossbeam 350, Zeiss) image 
with the open-source software imageJ [31] by measuring the par-
ticle size along two orthogonal direction for each particle, then 
each particle has been approximated to be spherical and so it was 
possible to calculate the particle volume (Vp) and the surface area 
of the particle (Sp) with the following equations 

The total active material volume (VAM) can be obtained by mul-
tiplying the electrode volume (Vel) and the active material frac-
tion (εAM). The electrode volume is obtained from the surface 
area of the electrode (Sel) and the thickness of the electrode 
(L). It is important to note that VAM is an approximation. This 
approach assumes that the corresponding fraction of the elec-
trode volume is fully occupied by active material, and it does 
not account for the porosity of the electrode or the individual 
densities of each component of the formulation. 

The amount of active material particles (NAM) that can fit in the 
electrode can be then be calculated by knowing VAM and Vp, as  
here reported 

The total surface area of the active material (SAM) can be 
obtained by multiplying NAM and the Sp 

3 | Results and Discussion 

Figure 2 reports the SEM image of the graphite electrode that was 
used to determine the particle size and electrode surface as 
described in Section 2.2. The mean particle diameter resulted to 
be 18 μm (Rp = 9μm) and the thickness of the electrode was 
L = 64μm (without the Cu current collector) for a total surface area 
(ASEM) of 1.29  × 10−3 m2. The  ASEM is reported in Table 1 along 
with the values of electrode surface evaluated by different methods, 
namely the geometrial area (AGA) and the BET surface area (ABET) .  
The GA provides the lowest surface area value, being AGA equal to 
6.36 × 10−5 m2, since it considers only the external geometry (foot 
print) of the electrode. In contrast, the BET method yields the high-
est value of surface ABET equal to 6.33 × 10−3 m2, as it captures the 
micro- and mesoporosity of the active material that are not visible 
in SEM images or considered in simple geometric estimations. 
Table 1 highlights that the surface area estimated from SEM image 
analysis, ASEM lies between the two extremes, i.e., AGA and ABET, as  
it approximately accounts for particle morphology. 

3.1 | Calculation of the Diffusion Coefficient 

Figure 3 shows the trend of the graphite electrode potential over 
time during the GITT experiment for both lithiation and 

FIGURE 2 | (a) SEM image acquired at 5 kV and ×1000 magnification and (b) distribution of particle sizes of the commercial graphite electrode. 

TABLE 1 | Reports the surface areas determined by the GA (AGA), by SEM (ASEM), and BET (ABET) measurements, along with the mean diffusion 
coefficients obtained using each area during both lithiation and delithiation by GITT (DGITT) and ICI (DICI 

Li + Li+ ). 

aThe table also includes the surface-area-independent diffusion coefficient (DA2), which enables the evaluation of how each surface area definition influences the 
calculated DLi + values for the graphite electrode. 

4 of 9  ChemElectroChem, 2026 
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pffiffi
FIGURE 3 | GITT and ICI profiles of a graphite electrode tested in a three-electrode cell. The left and right insets show the linear fit of dE=d t, for 
both the approaches. 

delithiation. The electrode potential profile clearly displays the 
sequence of current pulses and relaxation periods that character-
ise the GITT protocol. During each step, the constant-current 
pulse produces a rapid potential change followed by a relaxation 
at open circuit. This step provides the data needed to evaluate the 
diffusion-controlled voltage evolution. Indeed, the electrode 
potential is plotted versus the square root of the time to get pffiffi
the linear trend and the corresponding slope dE=d t, needed 
to solve Equation (2) . Figure 3 reports examples of the linear pffiffi
E versus t plots, the corresponding fitted lines and the calcu-pffiffi
lated slopes dE= t for both GITT and ICI. The time interval 
of 25–225 s for GITT and 1–50 s for ICI was selected so that 
the linear fits of all pulses exhibited an R2 value higher than 
0.99. For GITT, the slope is obtained from the initial transient 
after each current pulse. For the ICI method, the diffusion anal-
ysis is applied to the same data by using the potential relaxation. 
Because both methods are applied to the same measurements, 
the comparison between GITT and ICI is not influenced by differ-
ences in experimental conditions. Showing the fitting procedure 
for the two techniques on the same dataset highlights how GITT 
and ICI extract diffusion information from different segments of 
the voltage response. This provides a consistent basis for the com-
parison of the diffusion coefficients presented in the next figures. 

Figure 4 reports the values of the graphite electrode potentials in 
open circuit conditions (OCV) during lithiation (Figure 4a) and 

delithation (Figure 4b), as a solid line. From the OCV profile we 
can observe that the graphite shows three plateaux, the first is 
observed around 5–15% SOC, is generally associated with the 
LiC24 → LiC18 transition. The second plateau, between 25 and 
50% SOC, corresponds to LiC18 → LiC12 and the third, from 
55% to 95% SOC, to LiC12 → LiC6 [32]. 

Figure 4 also reports the trends of the surface-area-independent 
diffusion coefficients (DA2) obtained from GITT and ICI in the 
voltage range 0.02 V < U < 1.5 V versus Li+/Li. In this work, DA2 

is used as a quantity that allows us to remove the explicit contri-
bution of the surface area from the diffusion equation. Because 
the choice of the surface area approximation can strongly influ-
ence the final value of DLi + , analysing DA2 makes it possible to 
compare the results from GITT and ICI without introducing any 
surface-area-related bias. Following the Equation (2), DA2 is 
described by

Both techniques provide DA2 trends that show a clear minimum 
in correspondence of the different OCV plateau.This behaviour 
can be assessed to two possible reasons. First, in these regions the 
graphite de(lithiation) does not occur via a solid solution mecha-
nism. Rather, the (de)lithiation proceeds via a two-phases 

FIGURE 4 | Trends of the electrode potential in open circuit condition (OCV, solid line) and of the surface area independent diffusion coefficients 
(DA2) obtained from ICI and GITT during (a) lithiation and (b) delithiation of the graphite electrode. 
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equilibrium between two LixC6 phases with different Li concen-
trations. The SoC changes predominantly through variation of 
the LixC6 phase fractions, while the lithium chemical potentials 
of the coexisting phases remain nearly constant. As a conse-pffiffi
quence, during the plateau regions the term dE=d t approaches 
zero. Since the conventional GITT (and ICI) expression p
(Equation (2)) contains the term ðdE=d tÞ2, the calculated dif-
fusion coefficient artificially shows local minimum in correspon-
dence of the plateau regions and can even approach values close 
to zero. Second, in a two-phase equilibrium, the rate-limiting 
mechanism is not purely the Fickian diffusion, but rather the 
moving phase boundary within each phase coupled to interfacial 
transformation kinetics (a Stefan problem for moving boundaries 
between two phases) [32]. Thus, the diffusion coefficient mea-
surement is affected by a large underestimation error. 

During lithiation, the diffusion coefficients obtained from GITT 
and ICI show good agreement. A similar trend is found during 
delithiation, although in the range 55%–95% SOC some devia-
tions appear. In this range, a sharp decrease of DA2 can beGITT 
observed that is not present in the case of the ICI technique. 
This discrepancy can be related to two reasons. On one side, 
it should be considered that DA2 calculation requires the analysis 
of the electrode potential that in GITT, unlike in ICI, is affected 
by electrode kinetics under current flow. When a current pulse is 
applied, several processes occur sequentially: an initial ohmic 
loss (IR drop), followed by charge–transfer at short times, and 
finally solid-state diffusion, which dominates at longer times 
[33]. In practice, these processes may partially overlap, especially 
during the first seconds of the measurement. As a consequence, 
the identification of a purely diffusion-controlled regime in GITT 
can be challenging, leading to uncertainty in the estimation of 
the diffusion coefficients [34]. In ICI instead after IR drop, the 
only process that remains active is the diffusion process [21], 
making it easier to estimate the diffusion coefficient. 
Therefore, the values derived from ICI are likely to be more accu-
rate for assessing the Li-ion diffusion behaviour in that region. 
Another possible reason for those deviations of DA2 fromGITT 
DA2 in Figure 4 is related to a pure mathematical issue.ICI 
Indeed, the solution of GITT equation requires that electrode 
potential changes in relation to the applied current. Hence, it 
hardly can be applied in the 55%–95% SOC region, where 
OCV is not changing. The nearly constant equilibrium potential 
makes the term linking the potential variation to the change in 

lithium concentration so low to lead to large uncertainties in the 
extracted diffusion coefficients [35]. By contrast, the use of a 
pseudo-OCV introduces an effective slope of the equilibrium 
potential in a narrow SOC range, allowing the ICI formalism 
to remain numerically stable and thus reducing the associated 
error. 

Figure 5 shows the effect of using different surface area approx-
imations on the diffusion coefficient calculated from the ICI 
method. Three approaches were considered: the GA, the estima-
tion from SEM image analysis, and the surface area measured by 
BET reported in Table 1. As discussed above, each method rep-
resents a different level of accuracy in describing the electrode 
surface and its active sites. The results indicate a clear trend: 
the use of AGA produces the highest diffusion coefficient values, 
followed by the SEM approximation (ASEM), while the values 
obtained by using ABET are the lowest. This behaviour is consis-
tent with Equation (2), where the surface area appears in the 
denominator. Therefore, a higher surface area leads to a smaller 
diffusion coefficient. The effect becomes even more pronounced 
because the area term is squared in the equation, meaning that 
small differences in surface area can generate large variations in 
the calculated diffusion coefficient. 

As reported in Table 1, the diffusion coefficient average over the 
full lithiation/delithiation process can vary by several orders of 
magnitude depending on the chosen approximation. This differ-
ence is not only a mathematical consequence of the equation but 
also reflects the physical complexity of the electrode surface, 
where roughness and porosity significantly influence the real 
electrochemical active area. These results show that the estima-
tion of the surface area has a strong impact on the diffusion coef-
ficient calculation. 

The ASEM approximates the active material particles as ideal solid 
spheres with identical dimensions. This simplification neglects 
intrinsic particle features such as shape irregularities and inter-
nal porosity [27], which contribute to the true active surface area. 
As a consequence, the SEM-derived surface area (ASEM) may 
underestimate the effective active area and thus bias the diffusion 
coefficient toward higher values. In addition, SEM analysis typi-
cally considers only particles located at the electrode surface and 
implicitly assumes a uniform distribution of the active material 
throughout the electrode thickness, an assumption that is not 
always valid, particularly for laboratory-scale electrodes. 
Conversely, the ABET evaluated on the whole electrode is affected 

FIGURE 5 | Trends of the electrode potential in open circuit condition (OCV, solid line) and of the lithium-ion diffusion coefficients obtained from 
ICI using different values of electrode area, during (a) lithiation and (b) delithiation of the graphite electrode. 
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by the contribution of all components, such as binder, conductive 
additives, and active material. The polymeric binder might 
occlude the active material microporosity and impede the full 
access of ions to the active material bulk [36, 37]. In turn, the 
carbon conductive additive might contribute to the composite 
specific area. If ABET is evaluated on the pure active material, 
it generally leads to an overestimation of the surface area exposed 
to the electrolyte and, consequently, to lower derived diffusion 
coefficients. In this context, the electrode formulation becomes 
a relevant parameter, as variations in the proportion of active 
material can significantly affect the measured BET surface area. 
When the active material content is relatively low, the influence 
of nonactive components becomes more pronounced, which 
must be considered when the objective is to characterize bulk 
transport properties. 

Among the methods considered in this work, the real electro-
chemical surface area is therefore expected to fall between the 
SEM- and BET-based estimates, as supported by comparisons 
with literature data obtained using nonelectrochemical techni-
ques, such as time-domain nuclear magnetic resonance 
[38, 39]. In electrochemical modeling, diffusion coefficients 
strongly influence predicted transport limitations [11]. Within 
porous-electrode frameworks, the solid-state diffusion coefficient 
governs the development of lithium concentration gradients 
inside active material particles and therefore directly affects dif-
fusion-induced overpotentials during dynamic operation. 
Overestimated diffusion coefficients may artificially suppress dif-
fusion-controlled polarization, leading to unrealistically optimis-
tic predictions of rate capability. Conversely, underestimated 
diffusion coefficients may exaggerate solid-state transport resis-
tance, overpredict lithium concentration heterogeneities within 
the electrode, which are known to impact on the estimated elec-
trode cyclability. Since diffusion parameters are often used for 
model parameterization and validation [10, 12], systematic errors 
in the estimation of the diffusion coefficient can propagate into 
misinterpretation of kinetic limitations, and incorrect identifica-
tion of the dominant rate-limiting mechanism [9]. These inaccu-
racies become particularly critical under fast-charging 
conditions, where steep concentration gradients develop and dif-
fusion limitations compete with interfacial kinetics and ohmic 
drops. In such regimes, even moderate deviations in the diffusion 
coefficient may significantly alter the predicted lithium distribu-
tion, local overpotentials, and, consequently, the estimated risk 
of lithium plating [40, 41]. Therefore, uncertainties in the exper-
imental determination of diffusion coefficient are not confined to 
material characterization but may compromise the predictive 
reliability of electrochemical simulations across multiple operat-
ing conditions. For this reason, effective diffusion coefficients 
that account for electrode microstructure such as BET and 
SEM rather than geometrical surface area approximations should 
be encouraged as reported in other works [10, 12]. The AGA 

should be adopted only when alternative approaches are not 
available and, even in this case, it should be regarded as a strong 
estimation of the diffusion coefficient. The associated error can 
be reduced only by minimizing electrode thickness, thereby lim-
iting deviations from the assumptions underlying the geometric 
model. As a rule of thumb, we consider as thin those electrodes 
featuring graphite mass loading lower than 1 mg/cm2, while 
thick electrodes exhibit loadings above 10 mg/cm2. 

4 | Conclusion 

This study shows that, in the case of a commercial graphite elec-
trode, the lithium-ion diffusion coefficients obtained from the ICI 
method are in strong agreement with those derived from GITT, 
confirming the reliability of both techniques. The ICI method can 
also be easily integrated in the data analysis of pulsed techniques 
as a complementary tool to verify the correct calibration of the 
experimental setup and to provide additional control during dif-
fusion studies. The analysis demonstrated that the choice of sur-
face area approximation has a significant impact on the 
calculated DLi + values. Since the surface area appears squared 
in the diffusion equation, even small variations in its estimation 
can produce large differences in the results. As shown in Table 1, 
for the investigated commercial porous graphite electrode (mass 
loading of 6.6 mg cm−2), the use of geometrical, SEM-derived, 
or BET surface areas leads to diffusion coefficients differing 
by several orders of magnitude. In particular, the geometric 
surface area (AGA) does not adequately represent the electro-
chemically active surface of a composite porous electrode 
and results in a significant overestimation of the diffusion coef-
ficient. In such cases, surface characterization based on BET or 
SEM analysis is recommended to obtain more reliable and 
comparable diffusion data. Overall, these findings highlight 
the importance of a consistent and accurate surface area deter-
mination when evaluating lithium-ion diffusion in battery 
materials. 
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