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Using the Statistical Analysis of Carbon Nano-tubes Dispersion 
in Bitumen Employing Software MINITAB
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3.1 mixers
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Table 1.Characteristics of used bitumen.

Table 2.Characteristics of used CNT

Figure 1. Different types of mixers used for mixing bitumen and carbon Nano-tube (from the right: mechanical mixer, high-
shear mixer, ultrasonic mixer)

Figure 2. Quality of performance of high shear and ultrasonic mixers [directindustry and composites site]
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Figure 4. Bitumen sample, before (right) and after (left) 
preparation for being placed under microscope (the left 
sample: placing in vacuum chamber and covering with a 

thin layer of gold)

4. Results analysis
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Figure 3. The considered conditions to mix bitumen with Nano-materials based on the type of mixer
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4-3 Ultrasonic mixer

5. Statistical analysis

Figure 5. Microscopic images of mixed samples with Nano-materials by a mechanical mixer (non-homogenous dispersion 
and agglomeration of Nano-materials)
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Figure 6. The microscopic image of prepared samples using a high-shear mixer (uniformity in Nano-materials dispersion 
and agglomeration)

Figure 7. The microscopic image of samples mixed with Nano-materials by the ultrasonic mixer (uniformity in dispersion 
and separation of Nano-materials)
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evaluated and then, if the conditions are satisfactory, one 
can claim that the results of the variance analysis are ac

Figure 8.Variance analysis diagrams

Table 3. Results of the variance analysis
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Figure 9.The plot of the variable’s impact in different circumstances

Figure 10. The plot of residuals vs. time
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Figure 11. The histogram of residuals

Figure 12. The probability diagram of total data

Figure 13. The diagram regarding the average and data distribution for types of bitumen
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At this stage, the normality evaluation of data is numeri
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Figure 14.  Mean value and standard deviation of data for four types of bitumen
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Figure 15. The probability plot for four types of bitumen

Figure 16. The dispersion diagram
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6. Conclusion
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Figure 17. Dotplot diagram
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Figure 18. Interval plot
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Figure 19. The normality evaluation of data for different mixing approaches
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