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1. Scanning Electron Microscope
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Fig 2 Response of (a) PPy and (b) PPy-ZnO sensors
to humidity in flour sample
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Table 1 Variables and their values in used CCD

Codded factor levels
Variable Low (-1) 0 High (+1)
F1: amount (g) 0.5 1.75 3
F2: Temperature (°C) 30 45 60
F3: Time (minute) 1 3.5 6
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Fig 3 Scanning electron microscopy of (a) PPy and (b) PPy-ZnO synthesized on the polyester fiber
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Y =b0+bl xF1 +b2xF2+b3 xF3+ b4 x
F1 x F1 +b5 x F2 x F2 + b6 x F3 x F3 + b7 x
F1 xF2+b8 x F1 x F3 + b9 x F2 x F3

Table 2 List of experimetnts and responses beased on CCD

Factor 1 Factor 2 Factor 3 Response 1 Response 2
Run A: B: C: R1: R2:
Tim(min) T(°C) Mass (g) Ppy Ppy-ZnO
1 35 45 0.5 0.0113 0.136
2 3.5 45 1.75 0.007 0.113
3 1 60 3 0.0015 0.299
4 3.5 60 1.75 0.0055 0.215
5 1 45 1.75 0.0102 0.123
6 35 45 1.75 0.0072 0.113
7 6 30 3 0.07 0.008
8 1 60 0.5 0.039 0.253
9 6 60 0.5 0.042 0.15
10 6 45 1.75 0.022 0.045
11 6 30 0.5 0.00298 0.0704
12 1 30 0.5 0.00172 0.039
13 3.5 45 3 0.00387 0.102
14 6 60 3 0.01826 0.103
15 3.5 45 1.75 0.01107 0.091
16 3.5 45 1.75 0.03193 0.022
17 35 45 1.75 0.00273 0.082
18 35 30 1.75 0.00068 0.082
19 1 30 3 0.05242 0.067
20 3.5 45 1.75 0.00099 0.047
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Table 3 Regression and constant coefficients of used regression model

(Y) Responses Regression equation Coefficient Value
Y =b0+bl xF1+b2xF2+b3 xF3+ b4 xFIl xFI +b5 x
F2 xF2+b6 x F3 X F3 +b7 x F1 X F2 + b8 x F1 x F3 4+ b9 x
F2 x F3
b0 -0.0583
bl -0.01790
b2 0.001944
R-sq R-sq(adj) R-sq(pred) b3 0.05761
PPy-sensor 82.41% 76.12%  67.25% EZ_‘ 0.002845
b6 -
b7 -
b8 -
b9 -0.001193
b0 0.111
bl 0.0374
b2 -0.00831
R-sq R-sq(adj) R-sq(pred) Ei 00083(1); 3
PPy-ZnO sensor 89.79% 85.08% 83.63% 5 —
b6 -
b7 - 0.000905
b8 -
b9 -0.00734
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Fig 4 Surface plot responses of PPy sensor response based on variables
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Surface Plots of Response-Ppy-ZnO
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Fig 5 Surface plot responses of PPy-ZnO sensor response based on variables
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Table 4 Optimum condition of PPy and PPy-ZnO response to determination of flour samples humidity

Senor Variable name Optimum values Selected values
PPy llflii’:lt(?;lil) 1 and 6 |
F*}C(tfé)zz >50 50
e ;
PPy-ZnO TFi;t(‘r’rrnL) ) 1
F %"éf: 50-60 60
e ;
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Fig 7 Relative response of PPy and PPy-ZnO sensor
to humidity (0.04 %) of flour sample
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Fig 6 Leanear response of PPy and PPy-ZnO sensor
to flour humidity
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Moisture determination in the flour samples by gas sensor based on
polypyrrole-ZnO nanocomposite
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Nanostructure polypyrrole (PPy) (50-10 nanometers) and polypyrrole-ZnO (PPy-ZnO) nanocomposite
(30-120 nanometers) were synthesized on the commercial polyester fiber by chemical polymerization at
room temperature. The synthesized fibers were used as humidity sensor to detect and determination of
moisture of flour samples. Headspace method was used to sampling and injection of flour moisture to
designed sensor. Results showed that PPy and PPy-ZnO sensor have the good ability to the determination
of flour moisture but PPy-ZnO sensor has better response and is more sensitive than the PPy sensor. An
experimental design based on central composite design (CCD) was used to study and optimize some
factors like flour mass, time and temperature of sampling that affect determination and analysis of flour
moisture. Results showed that the optimum condition based on fiber type (PPy or PPy-ZnO fiber) is
different. In the optimum condition figure of merits of sensors to determination of humidity were
calculated. PPy and PPy-ZnO sensor easily could determine flour humidity from 0.01 to 0.25 %.

Keywords: Polypyrrole, Nanocomposite, Humidity sensor, Flour analysis.
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