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Table 1.  Prediction methods and results of E, for com-

mon SFy replacement gases.
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Table 2. The relevant names and units of global parameters and molecular surface electrostatic potential parameters.
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Fig. 1. Surface electrostatic potential and extreme point distribution of SFg, C,F;N, C5F,,0, and CF3S0,S (yellow dots represent

maximum electrostatic potential points, and cyan dots represent minimum electrostatic potential points, eV), the arrow points to

the maximum (red) and minimum (black) points for the electrostatic potential.
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Fig. 2. Performance evaluation of five machine learning models based on the comparison between the predicted/experimental val-

ues of E, in the training/test sets and the experimental values using R? (green), MAE (orange), and RMSE (pink).
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Fig. 3. Comparison of predicted (£ values and experi-

rpre)
mental (E, ) values of E, in training and test sets based
on Ada boost model (blue circles represent training set, or-
ange asterisks represent test set, the errors between the pre-
dicted values and the experimental values: R?, MAE, and

RMSE are marked in the right corner).
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Fig. 4. Comparison of predicted (FE,.) and experimental
(Eiexp) values of E, by Ada boost model for common SFg
replacement gases (blue circle represent training set, red as-
terisk represent test set (common SFg replacement gases),
left side of the bracket is the experimental value, and the
right side is the predicted value, the errors between the pre-
dicted values and the experimental values: R?, MAE, and
RMSE are marked in the right corner).
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Abstract

Dielectric strength (E,) is a critical factor in screening and evaluating SFg replacement gas. The traditional
experimental methods of measuring FE. are not only extremely time-consuming but also very costly. In this
work, an F, prediction model for SF; replacement gases is constructed using machine learning methods. First,
an exhaustive literature survey is performed to collect 88 high-quality experimental E, values. Second, a total of
32 insightful microscopic descriptors are accurately calculated for each compound using density functional
theory, including both global parameters and molecular electrostatic potential parameters. Furthermore, five
state-of-the-art machine learning algorithms, which have been carefully modified through five-fold cross-
validation and hyperparameter optimization, are used to train and test the 88 experimental E, data and their
relevant microscopic descriptors. Finally, the result shows that the Ada Boost regression model exhibits superior
predictive performance, with a coefficient of determination of 0.90, a mean absolute error of 0.17, and a root
mean square error of 0.18. Moreover, Shapley Additive exPlanations analysis is used to reveal the correlation
between the microscopic descriptors and FE,. The results indicate that polarizability is the predominant factor
significantly affecting F,, which accounts for as high as 17.3%, followed by the molecular weight (14.1%).
Specifically, molecules with high a are more prone to deformation under the action of an electric field, and their
electron clouds are more likely to be polarized, which has a positive correlation with FE,. There is an
approximately positive correlation between the molecular weight and the F. of gases. To verify the reliability of
the Ada Boost regression model for FE, prediction, the E, of SFg and six known environmentally friendly
replacement gases are tested within an absolute error of 0.02-0.33. This study provides a feasible method for
accelerating the search for SFg replacement gases.
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