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Design and validation of the determination on particle size distribution in
soil sample from Ailao Mountains by Malvern Mastersizer3000 Laser

Particle Analyzer
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Abstract: This study determined particle size distribution in soil samples from Ailao Mountains
by Malvern Mastersizer3000 Laser Particle Analyzer, exploring the optimal experimental scheme
with specifications as 0.8 g sample weight, 2300 rpm stirrer speed, ultrasonic sound of 25 s
duration and level of 30%. Using two different methods-Sedimentation / Laser Diffraction
Method-to compare and linear fitting the quality percentage and volume percentage results: Caly
(< 2 um): y=0.8345x-13.656 (R?>=0.8685), sand (50-2000 um): y=0.9213x+2.8074 (R*=0.855).

The fitting result of clay and sand has good correlation between two methods. Classification of



soil texture using calibration data measured by Laser Diffraction Method has got 68.75%
accurate comparing with Pipette Method, which has verified the feasibility and accuracy of our
experimental scheme.

Keywords: Malvern Mastersizer3000 Laser Particle Analyzer; soil particle size distribution,
Sedimentation Method (Pipette Method); Laser Diffraction Method; soil texture; alternative

model
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Table 1. soil property
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Figure 1. Glass Pipette device of Sedimentation Method
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Figure 2. Malvern Mastersizer3000 Laser Particle Analyzer
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Table 2. The effect on particle size determination result between different sample weight

ZhkL (<2 um)

R (2-50 pm)

Wk (50-2000

RS ORRRERE B AR 0 HR ) o m(>0
e (o) (%) o
SFEME S bRfER S CPME R CPME RRrER
Mean SE Mean SE Mean SE
a 0.5 40.87 25.06 0.68 55.70 0.41 18.74 1.21
a 0.6 43.94 26.79 0.20 56.09 0.68 16.08 0.73
a 0.7 48.45 27.50 0.16 53.69 0.29 17.47 0.35
a 0.8 53.94 28.56 0.11 52.04 0.14 17.94 0.19
a 0.9 58.48 30.03 0.12 49.78 0.09 18.63 0.13
a 1.0 63.45 33.62 0.03 48.66 0.35 16.48 0.31
b 0.5 47.86 23.49 0.81 66.22 1.08 10.09 0.33
b 0.6 51.19 23.30 0.85 64.96 1.44 11.49 0.50
b 0.7 56.49 23.13 0.46 67.75 0.33 9.12 0.17
b 0.8 61.79 24.81 0.13 64.55 0.16 10.64 0.22
b 0.9 67.62 26.25 0.32 61.21 0.62 12.19 0.32
b 1.0 70.36 25.75 0.34 60.27 0.50 13.29 0.17
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Figure 3. The effect on particle size determination result between different sample weight
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Table 3. The effect on particle size determination result between different stirrer speed

Fk (<2 pm) WL (2-50 um) WAL (50-2000 um)
Fhan FeIE SE (%) S (%) S (%)
%% (rpm) FHME S hadER CPIRME bRiER A PR i

Mean SE Mean SE Mean SE
a 1700 22.56 0.09 66.06 0.22 11.08 0.27
a 2300 22.51 0.08 62.39 0.24 14.51 0.27
a 3000 22.46 0.12 62.01 0.31 14.86 0.38
a 3500 23.47 0.05 60.49 0.13 16.03 0.18
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Figure 4. The effect on particle size determination result between different stirrer speed
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Table 4. The effect on particle size determination result between different ultrasonic level

FRL (<2 pum) Bk (2-50 pm) ki (50-2000 pm)
Fedh AR SR (%) HE (%) HE (%)
%5 (%) FHME PR iR FE bk FIME ANYiA7
Mean SE Mean SE Mean SE
a 10 22.82 0.13 61.18 0.35 15.81 0.41
a 20 22.75 0.11 61.05 0.30 16.03 0.35
a 30 22.45 0.10 60.43 0.25 16.90 0.27
a 40 23.19 0.07 62.45 0.18 14.33 0.24
a 50 23.36 0.04 63.09 0.12 13.52 0.15
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Figure 5. The effect on particle size determination result between different ultrasonic level
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Figure 6. The linear regression equation and correlation coefficient between two methods on clay content
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Figure 7. The linear regression equation and correlation coefficient between two methods on silt content
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Table 5. Soil particle size distribution and texture result determined by two Methods (Pipette / Laser)
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LS BT
FE (%) FE (%) FE (%)
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62.94 4284 3887 1371  37.08 3681 2335 2008 2432  Kit  HEEL  HER L
64.27 4243 3998 1215 3625 3549 2358 2132 2453 T S L e U
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