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ABSTRACT

ypothesis: The combination of impedance spectroscopy with artificial
Hintelligence models can predict the composition of polymer blends

containing conductive nanoparticles. Such method with the capabilities of
machine learning provides a possibility for more precise and faster analysis for the
microstructure of conductive polymer blend composites and can replace traditional
time-consuming methods.
Methods: Polypropylene/ poly(ethylene-co-vinyl acetate) blends in composition
ratios of 60/40, 50/50, 40/60, 30/70, and 10/90 containing 4% by vol conductive carbon
black were prepared by melt-mixing method, and their composition percentages
were evaluated using impedance data in the laboratory and through measurement of
frequency, real impedance, imaginary impedance, and phase shift parameters. Artificial
intelligence models, including Random Forest, k-Nearest Neighbor, Support Vector

Regression, Decision Tree, and XGBoost, were used for prediction of the percentage
of cach polymer i the blend

P ] Findings: The results show that polypropylene (PP) containing conductive carbon
Al el lniellemes; black, compared to poly(ethylene-co-vinyl acetate) (EVA), has a lower impedance
impedance spectroscopy level and a higher critical frequency, which is attributed to the higher crystallinity
of polypropylene. By blending EVA and PP, the impedance decreased compared to

thod; = .
. MELno EVA containing carbon black particles. Among the blends, the 60/40 blend had the
conductive polymer blends; lowest impedance (40 Q) and the highest critical frequency (106 Hz), which was
nanoparticles; attributed to phase refinement in the co-continuous morphology. In addition, the

artificial intelligence results showed that the Random Forest model, with a mean
absolute error of 4, had better performance than other models in predicting the
composition percentages of the blends. This study suggests that combining impedance
spectroscopy methods and artificial intelligence can be used as a novel and accurate
method for predicting the percentages of each polymer in conductive polymer blends.

machine learning
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Table 1. Interfacial tension between components.

Material pair Interfacial Energy (mN/m)
PP/EVA 23.93
PP/CB 38.64
EVA/CB 32.14
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Fig. 2. FE-SEM images of polypropylene/poly(ethylene-vinyl acetate) polymer blend containing 4 vol% conductive carbon black

nanoparticles in morphology: (a) 50/50 composition with 10 pm magnification, (b) 50/50 composition with 5 um magnification,

(c) 40/60 composition with 10 um magnification, and (d) 40/60 composition with 5 pm magnification.
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Fig. 3. FE-SEM micrographs of (a) 50/50, (b) 60/40, (c) 40/60, (d) 70/30, (e) 80/20, and (f) 90/10 vol% blends containing
4 vol% of CB.
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Fig. 4. Agglomeration of carbon black (CB) in poly(ethylene-

co-vinyl acetate) at two scales (a) 500 nm, and (b) 1 um.
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Table 2. Average of the real part of impedance level and its standard deviation for different samples.

Sample name iml\;[eeg:n?:irleea\lzlellj,a;’o(g) Standard deviation Standard deviation (%)
PP 75 2.6 35
EVA 600 253 4.2
PP/EA 50/50 300 30.1 10
PP/EA 60/40 40 5 12.5
PP/EA 70/30 55 4 7.3
PP/EA 80/20 56 2 3.6
PP/EA 90/10 55 3 3.6
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Fig. 6. Real part of impedance versus frequency for 3

different samples of (70/30) blend.
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compositions.
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Fig. 7. Graph (a) of the imaginary part impedance (loss) versus frequency of polypropylene, poly(ethylene-co-vinyl acetate) and

polypropylene/poly(ethylene-co-vinyl acetate) blends containing conductive carbon black nanoparticles and (b) zoomed-in imagi-

nary part impedance graph.
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Fig. 8. (a) Nyquist plots of polypropylene, poly(ethylene-co-vinyl acetate), and polypropylene/poly(ethylene-co-vinyl acetate)

composites containing conductive carbon black nanoparticles; (b) magnified view of the Nyquist plots; (c) equivalent circuit

consisting of a parallel resistor and capacitor for the studied samples.
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Fig. 9- Mean absolute error (MAE), mean square error (MSE), and R-squared bar charts for prediction of the composition of
PP/EVA polymer blends containing 4 vol% of CB with random forest (RF), K-Nearest neighbor (KNN), Support vector regression
(SVR), decision tree, and XGBoost models.

OL |y (o smme o sa ladie Cilis (slalles (glaln (slasls 5ol e (550 Sl el sy O30 5 Cuaglie slie <Y Jsa
3 Sas op e ilal K el v sladde Ol das s Ll gas plad (gl SO el slaesls 55, R-C (5515
o3 6l ) ¥ glas gl - Sols lide oS (o) sba oals OLES 1, Table 3. Resistance and capacitance values obtained by fitting
VN et o IVEIFY Lot Sla e pSls (4ol 3 ands a parallel R—C circuit to the raw Nyquist data for all samples.
145 o Sl 3l oslizad U bals [Sir Juke ] s Sample name R (@) C (F)

5 ok Baly) Lol 53 (6305 kB e slact s S| PP 6293 372107
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S0 L S oSl L b 5 A5 S PP/EVA 60/40 41.05 8.64x1010
S sl e ot S s el St S PP/EVA 70/30 63.74 6.65%101
Ol s &l Il s Shes 5 aal axils S50 A ol s

B Gl 5 i sleesls o e 3 bl [ ool PP/EVA 80/20 54.83 4.88x10°"

3 S St a s S e e Bhge sl 35 O PP/EVA 90/10 48.24 6.40x101°
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Fig. 10. Scatter data for predicted and actual data and inves-

tigating its valid ability with line crossed from (0,0) point.
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