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Terahertz study on the porosity of porous traditional Chinese
medicine tablets by effective medium models
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Abstract: Generally, the porosity of traditional Chinese medicine is measured by the destructive method of density mea-
surement, but there is a lack of non-destructive quantification methods. As one important non-destructive method, tera-
hertz radiation has been used to non-destructively extract the drugs' time-domain and frequency-domain optical informa-
tion. For direct compression traditional Chinese medicine tablets, the effective refractive index of various tablets was
obtained by different methods of terahertz time-domain signal processing and frequency-domain signal processing. It
was found that the effective refractive indices with either signal processing method show a good linear relationship with
the porosities of the tablets. The porosity of Puerariae Lobatae Radix tablets was extracted and modeled by linear regres-
sion based on four effective medium theory models. The porosity regression model based on the effective refractive in-
dex by time-domain signal processing shows better performance on the model interpretation and cross-validation accura-
cy, with the best model of the Bruggeman model (RPD=11.3325). It provides support for the process optimization of
porous powder preparation of traditional Chinese medicine.
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Fig. 1 Terahertz time-domain spectroscopy system
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Table 1 Experimental parameters of porous tablets

G AN it /mg JEL
1 5 200. 89 1.54
2 7.5 201. 20 1. 46
3 10 201.05 1.37
4 12.5 201.13 1. 31
5 15 201. 67 1.25
6 17.5 201. 64 1.20
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Fig.2 Terahertz time-domain spectra of reference and tablets
at different pressures. The pressures on the tablets are: (a) 5

kN; (b) 7.5 kN; (c) 10 kN; (d) 12.5 kN; () 15 kN; () 17.5 kN
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Table 2 Delay—time difference between the reference
signal and the signals of samples at different

pressures

JEJI/KN 5 7.5 10 12.5 15 17.5
FEIRAF[E] /ps 3.1590 3.1860 3.2535 3.1995 3.2400 3.2323
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Table 3 The effective refractive index of tablets at dif-

ferent pressures by the time—domain method

JEJ1/kN 5 7.5 10 12.5 15 17.5
FRATHHn 1.6150 1.6542 1.7120 1.7322 1.7771 1.807 5
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Fig. 3 The refractive index spectra of tablets at different pres-

sures
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x4 A ERRENATEAEREFINERITHE
Table 4 The effective refractive index of tablets at dif-

ferent pressures by the frequency—domain method

JE J1/KN 5 7.5 10 12.5 15 17.5
BHRAHTHIHEn 1.6212 1.6621 1.7225 1.7408 1.7874 1.8147
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Fig. 4 Absorption coefficient of tablets at different pressures
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Fig.5 The linear regression relationship between nominal porosity and effective refractive index by (a) TD method, (b) FD method
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Table 5 Nominal porosity of tablets at different pressures
E i1
kN
Soonina 0.28350.2430 0.1939 0.1567 0.1138 0.0770

5 7.5 10 12.5 15 17.5
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Fig.6 The regression relations between the nominal porosity
and the porosities obtained by four effective medium theory
models based on: (a) TD method; (b) FD method
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