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Abstract - In the field of magnetic cooling technology, there is still much to learn about the magnetocaloric properties of
magnetic cooling materials. Research into magnetocaloric manganites exhibiting a significant maximum magnetic entropy
change in the vicinity of ambient temperature yields encouraging outcomes for the advancement of magnetic refrigeration
apparatus. Through a combination of chemical substitutions, changes in the amount of oxygen present, and different
synthesis techniques, these manganites undergo lattice distortions that result in pseudocubic, orthorhombic, and
rhombohedral structures instead of perovskite cubic structures. The present investigation used backpropagation neural
networks (BPNNs) to investigate the correlations among maximum magnetic entropy change (MMEC), L‘urij
temperature, lanthanum manganite compositions, lattice properties, and dopant ionic radii. Simbrain 3.07 was used t
execute the BPNN model, and the suggested model accuracy was examined using coefficient determination. As a result,
the model's predicted values for the mean absolute error, root mean square, and coefficient correlation for MMEC are
0.012, 0.022, and 0.9861, respectively. The model predicts that the Curie lemperalurew absolute error, root mean
square, and coefficient correlation will be 0.015, 0.021, and 0.9947, respectively.

Keywords: backpropagation neural network, simbrain, manganites, magnetocaloric effect, curie temperature.

I. INTRODUCTION

The use of refrigeration has become a very common occurrence in modemn society. Until now, the use of
compressed refrigerant materials is still the main choice in cooling applications. The use of chlorofluorocarbons
(CFCs) and hydrochlorofluorocarbons (HCFCs) are refrigerant materials that are not environmentally friendly. One
solution is a magnetic refrigerant that can be used as an altemnative to replace refrigerant materials that are pollutants
and, in its use, does not require the use of compressors. Moreover, the magnitude of cooling efficiency by magnetic
refrigerant (MR) has a higher value compared to conventional refrigerants. This efficiency is visible even on a small
scale, making it possible to make small, portable refrigeration devices that can use a battery power supply . The use of
MR materials does not produce releases that harm the environment, so this technology can be said to be
environmentally friendly. MR materials have been applied in various industries and commercial refrigeration such as
air conditioning, heat exchangers, waste separation, and others [1]. Research that focuses on exploring extraordinary
characteristics such as colossal magnetoresistance (CMR) and magnetocaloric effect (MCE) in the ferromagnetic-
paramagnetic phase transition temperature range is still a trending topic in the field of condensed matter. MCE
characteristics are intrinsic properties of a magnetic material that can be utilized as a magnetic refrigerant. MR
materials that are currently widely recognized are gadolinium and its alloys. Gadolinium and its alloys have
magnetocaloric characteristics at room temperaturibut have the disadvantage that they are expensive and require a
magnetic field of more than 5 T to operate, making them uneconomical [2]. Another alloy that has magnetocaloric
characteristics at room temperature is lanthanum manganite. Manganite alloys, in general, have a formula that can be
written as R(1.oMxMnOs, where R is arare earth metal ion, and M is an alkaline earth divalent ion. The magnetocaloric
material must have a Curie temperature of close to room temperature (Tc) and demonstrate a significant magnetic
entropy change (ASm) over considerable temperature fluctuations in order to be fabricated into an operable magnetic
refrigerator at room temperature. Manganite alloys have been researched for various applications such as magnetic
refrigerants [3], catalysts [4]. sensor applications [5]. solid oxide fuel cell electrodes [6]. hydrogen storage [7]. solar




cells [8] and biomedical [9]. Ferromagnetic lanthanum manganite with significant MCEs and useful Tc values has
garnered a lot of interest among candidates for magnetocaloric materials.

The Back Propagation Network is one Artificial Neural Network model that is used for solving problems [10].
This model is employed because it can typically identify the necessary pattern and predict when the facts or
phenomena will recur before they do. Although the architecture of the backpropagation network can theoretically have
multiple hidden layers depending on system needs, it only has one hidden layer. On the other hand, the number of
input patterns and the number of output patterns dictate how many vertices are connected to the input layer and the
output layer. Finding the right weighting value is the goal of training a neural network. Many researchers have applied
the concept of backpropagation from ANN in a material characteristic application, such as [11] and [12] have applied
the backpropagation algorithm to predict the mechanical performance of the material.

Experiments, mostly by varying synthesis methods (solid-state reaction, wet chemistry, and sol-gel), morphologies
(particle size and shape), crystalline states, and final forms (powder, pellet, and film), have been used to examine the
effect of dopant types and levels on the maximum magnetic entropy change (MMEC) of lanthanum manganites [13,
14]. Analysis has been done on manganites with a wide working temperature range and a large MCE around Tc [15—
18]. The present study examines the statistical relationships between MMEC, CurieL:emperature, compositions of
lanthanum manganites, lattice characteristics, and ionic radii of dopants. Since there 4re certain descriptive features
present, the model generalizes well enough for intelligent algorithms to pick up on the patterns and recognize them.
These| effectively aid in the prediction of MMEC and Curig] temperature at low cost, and they may further our
under$tanding of it through the use of lattice parameters, ionic fadii. and compositions. To find bulk manganites with
promising MMEC and Tc, one can use this model as a reference. The model ought to be employed in machine' learning
to facilitate comprehension of magnetic phase transitions in various forms of doped manganite.

II. METHOD

This research uses inputs of as many as 15 variables, with a total of 49 data used as training data and test data. The
processing group was varied into 1, 2 and 3 hidden layers with a total number of 45 nucleons. The first processing
group is with one hidden layer that consists of 45 nucleons (P1). The second variation for the processing group is two
hidden layers with the formation of 15 nucleons and 30 nucleons (P2). The last variation uses three hidden layers,
with each hidden layer consisting of 15 nucleons (P3). The BPNN was done in Simbrain 3.07, with the architecture
illustration for P3 that has one hidden layer given in Fig. 1.
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Fig. 1. Backpropagation neural network architecture (P3) for predicting manganite magnetocaloric effect and L‘uriel
temperature.




The leaming rate parameter used is 0.25, with a momentum of 0.9. The activation function used is binary sigmoidal.
The activation function is a logistic function, and it can be differentiable with an output will vary around O to 1. The
predicted outputs|are two variables, namely maximum magnetic entropy change (MMEC) and Curieltemperature (Tc).
The data used for training and testing is given in Table I. Data for 15 variables were taken from the references listed
respectively.
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Thj training was stopped when the iterations reached 10000. The performance of BPNN is evaluated by mean dbs
oF AMAES rofisgan| square error (RMSE) and wml ition coefficient (CC) given by the following equs 1s [45],
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TABLE Il
INTERPRETATION FOR CORRELATION COEFFICIENT
Correlation coefficient Interpretation
09-1 Very high
0.7-0.899 High
0.4 -0.699 Enough
0.2-0.399 Low
<02 Very low

III. RESULT AND DISCUSSION

A set of 49 data is given to each BPNN processing group in the form of inputs that consist of 15 variables and
outputsas many as two variables. The training process was carried out as high as 10,000 iterations, and the amount
of RMSE for the training data was given in Table III. The sensitivity of BPNN for the predicted values at different
hidden layers in the processing group is given in Table III as well.

TABLE III
SENSITIVITIES OF BACKPROPAGATION NEURAL NETWORK
Hidden layer Training Prediction
Code nucleon MSE at 10,000 CC MAE RMSE
formation iterations MMEC Tc  MMEC Tc MMEC Tc
P1 45 0.0005 09861 09947 0.012 0015 0.022 0021
P2 15-30 0.0006 09807 09945 0.014 0010 0.026 0020
P3 15-15-15 0.0006 09818 09942 0.012 0010 0025 0020

The formation of the hidden layer affects the sensitivity of the BPNN so that the value obtained from the
prediction is closer to the experimental data. In P1, the correlation coefficient values for MMEC and Tc are
the best compared to P2 and P3. However, all of the correlation coefficients for P1, P2 and P3 show an
interpretation ir1 the very high category. The predicted values of Tc in P2 and P3 for MAE and RMSE values




are slightly lower than those of P1. For more details, the comparison of predicted| values with experimental
data is described in Fig. 2 to Fig. 5. The very high correlation coefficient beétween the predicted and
experimental data MMEC and Tc, the low prediction root mean square error and mean absolute error, and
stable model performance suggest the usefulness of BPNN modeling and understanding the relationship

between among the input and output variables [47].
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Fig. 2. Maximum magnetic entropy change for manganite, comparison prediction to experimenla1 value (a) P1, (b) P2
and (c) P3.




A comparison of the MMEC predicted values with the experimental data is given in Figure 2. It can be seen
that the| predicted values are close to the experimental data. Significant differences are seen at two points,
which dre both ProgNap>MnOs manganite for all processing groups, although one predicted value is lower
and the other higher compared to the experimental data. Another difference is for Pro.7Cao3Mno.osCoo0sO3
manganite that, the prediction value showed became less far from the experimental data. Differences can
also be seen for Lao7Pbo.sMnO3 manganite that in P1, the prediction value is near to experimental data. For
P2, the prediction value is below the experimental data and for P3, the prediction value is above its
experimental data.

(b)
Fig. 3. Linearity correlation of p?dﬁl‘étr:nd-u.perimentaj values for maximum magnetic entropy change (a) P1, (b) P2
and (c¢) P3.

More details of the relationship between predicted values and experimental data of MMEC on manganite
can be described through the linearity of the correlation. It can be seen that the data distribution is around
the trendline with a good coefficient of determination (Rz) of 0.9724 for P1, 09617 for P2 and 0.9639 for
P3. The value of the correlation coefficient (CC) for MMEC is given in Table III. For manganite, which has
a large difference, it can be seen that the data points move away from the trendline.
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Fig. 4. Curie temperature for manganitel, comparison prediction to experimenta1 value (a) P1, (b) P2 and (¢) P3.

Curie temperature predictions for each manganite are given in Figure 4. It can be seen that significant
differences between predictions and experiments occur in five types of manganites for P1. Two data for the
same type of manganite, namely Pry7Cag3Mng osCry 0503, then PrysCay sMng oCry 103, which are thel three types
of manganites, the predicted value is lower than the experimental data. Meanwhile, the manganite types
Pro7Cag3Mng esFeq 0503 and Prg 7Cag3sMng oFeo 05 have higher predicted values than their experimental data.
The prediction becomes better for Currie temperature, as seen for P2 and P3.

(a) (b) (©)
Fig. 5. Linear correlation ol'pﬁﬁl‘éﬂmd-uperimenta] values for curie temperature (a) P1, (b) P2 and (c) P3.

The linearity of the predicted value and experimental data of Curie temperature is given in Figure 5. The
straight trendline has a good coefficient of determination (R?) of 0.9893 for P1, 0.9890 for P2 and 0.9885




for P3. Thus, the correlation coefficient (CC) is given in Table II1. There are clearly visible data points from
manganite with large differences in predicted value and experimental data. The data points for the manganite
that have relatively large value differences move away from the straight trendline.

Of the three processing models seen to be able to show good accuracy to predict the value of MMEC and
Tc. This model can be used to generalize the preparation of manganite so as to obtain a material that has the
desired maximum magnetic entropy change and Curiﬂ| temperature. Thus, it will minimize the cost of
developing manganite magnetic materials.

IV. CONCLUSIO

From this study, it was found that BPNN can be used in the determination of MMEC and Tc characteristics of
manganite. The BPNN is very effective in making predictions, but in the analysis, it is strongly influenced by the
accuracy of parameter determinationlj Using 15 variables consisting of lattice parameters and manganite alloy
composition has provided excellent predictions of MMEC and Tc values. However, there are several types of
manganites whose predicted values still need to be precise. Processing group P1 with 45 neurons in a single hidden
layer provides a very small training RMSE and provides MAE and RMSE prediction values for MMEC of 0.012 and
0.015 and Tc of 0.022 and 0.021. For processing group P2, it gives MAE and RMSE prediction values for MMEC of
0.014 and 0.010 and Tc of 0.026 and 0.020. While the processing group P3 provides MAE and RMSE prediction
values for MMEC of 0.012 and 0.010 and Tc of 0.025 and 0.020. Considering the accuracy of the| values obtained,
the use of BPNN has very potential to be applied in predicting the characteristics of manganite before conducting
experiments. By predicting the desired MMEC and Tc, it is expected to facilitate the design of manganite materials
and can reduce research costs.
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