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d. ultrafine HNS with a residual DMF content of 0.1%
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Table 1 Residual DMF content in each sample!***!

sample HNS-1 HNS-2 HNS-3 HNS-4 HNS-BM

residual DMF content/% 0.20 0.14 0.04 0.10 0.00
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Table 2 Hyperparameters of RF and optimal parameter set in this study

[42]

hyperparameters

physical significance

search space

optimal value
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min_samples_split
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number of features to consider when looking for the best split

whether bootstrap samples are used when building trees

[50, 100, 200] 100
[None, 10, 30] 10
[2,5,10] 2
[1,2,4] 1
['sqrt’] sqrt
[True, False] False
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Table 3 Hyperparameters of PR and optimal parameter set in this study

[42]

hyperparameters physical significance search space optimal value
degree the highest power of the polynomial terms [2,3,4] 2
interaction_only whether to generate only interaction terms instead of higher-degree terms [True, False] False
alpha the larger the regularization strength value, the simpler the model [0.1, 1.0, 10.0] 1.0
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Fig.5 Scatter plots of RSSA test set for three models
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Table 4 Prediction performance of three models for ultrafine HNS solid-phase ripening on training and test sets

training data test data
model HNS-4-90 °C HNS-4-120 °C HNS-BM-120 °C
R? RMSE
R? RMSE R? RMSE R RMSE
RF 0.9989 0.0029 0.7406 0.1010 0.6839 0.1034 0.6851 0.2434
PR 0.9091 0.0263 0.6881 0.1276 0.9340 0.1270 0.8296 0.1965
LSW 0.9129 0.0183 0.7246 0.3369 0.8455 0.2998 0.9622 0.2079
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Fig.6 Characterization results for the particle size and morphology of HNS-3, HNS-4, and HNS-BM
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Fig.7 SEM characterization and machine vision based parti-

cle segmentation results for different samples
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Table 5 SSA and purity of different samples

sample SSA/m?*-g”! purity / %
HNS-3 13.40 99.61
HNS-4 12.74 99.28
HNS-BM 14.59 97.81
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Solid-Phase Ripening Prediction Model for Ultrafine HNS based on Machine Learning

ZHU Jin-can'’, WANG Chao’, CAO Hong-tao’, WANG Dun-ju', ZHANG Hao-bin?*, LI Shi-chun*, JIN Bo', LIU Yu'*
(1. School of Materials and Chemistry , Southwest University of Science and Technology, Mianyang 621010, China; 2. Institute of Chemical Materials, China
Academy of Engineering Physics , Mianyang 621999, China ; 3. School of Chemistry and Chemical Engineering , Chongqing University , Chongging 400044 , China)

Abstract: Ultrafine hexanitrostilbene (HNS) is widely used in explosion foil initiators and related applications due to its outstand-
ing thermal stability and excellent high-voltage short-pulse performance. However, its high surface energy during service process
leads to solid-phase ripening. Previous studies have explored the effects of temperature, residual solvents, and time on the
solid-phase ripening of ultrafine HNS, but these investigations primarily focused on isolated or narrowly factors. Currently, no
multivariate predictive model has been established. In this study, a predictive model was developed based on previously ob-
tained small angle X-ray scattering (SAXS) data, including specific surface area (SSA) and relative specific surface area (RSSA),
obtained under varying temperatures and residual dimethylformamide (DMF) contents. The model was constructed using ma-
chine learning algorithms and optimized empirical models. It comprehensively accounts for time, temperature, and residual
DMF content in its predictions. The results show that on the training dataset, the random forest (RF) model achieved an R? of
0.9989 in predictions, while the polynomial regression (PR) model and optimized empirical model attained R* values of 0.9091
and 0.9129, respectively. By comparing the prediction performance of these three models, the most suitable model for predict-
ing the solid-phase ripening process of ultrafine HNS was identified. Furthermore, purity tests and scanning electron microscopy
(SEM) characterization revealed that particle characteristic variations exert significantly influence on the extent of solid-phase rip-
ening in ultrafine HNS. A predictive method was established for the solid-phase ripening process of ultrafine HNS, laying a foun-
dation for investigating its aging mechanisms and optimizing storage stability.
Key words: ultrafine HNS;SAXS;solid-phase ripening;machine learning;particle characteristics
CLC number: T)55 Document code: A DOI: 10.11943/CJEM2025060
Grant support: National Natural Science Foundation of China (No. 22375191) ; Presidential Foundation of CAEP (No. YZJJ-
ZQ2023005)

(Bidhi: £ #)

Chinese Journal of Energetic Materials, Vol.33, No.6, 2025 (625—634) A A AL www.energetic-materials.org.cn



