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Simultaneous Measurement for Particle Size Distribution Density

and Concentration of Nanometer Suspensions
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Shanghai for Science and Technology ~Shanghai 200093 China)

Abstract: A method for measuring particle size distribution density and concentration of nanometer
suspension was proposed and the measurement apparatus and system was designed. Meanwhile the
pulse echo mode was adopted to measure the attenuation spectrum of nano-antimony tin oxide (ATO)
suspension at high frequencies. A wide-band ultrasonic transducer with a center frequency of 25 MHz
(V3248U OLYMPUS) served as an emitter and a receiver simultaneously in the experiments.
Then it can yield an ultrasonic spectrum over the frequency from 17 MHz to 26 MHz. The optimum
regularization algorithm was applied to minimize the influence of ill-conditioned equation during the
inversion of particle size distribution. The recovered median size Dy, of nano-ATO was 22. 07 nm
which was in agreement with that of the sedimentation method with the error no more than 0. 1% . At
the same time the multiple reflection approach was employed to obtain the ultrasonic impedance of
the nanometer suspension. Several groups of superb ultrasonic signals consisting of more than 12
pluse-echoes in each one were acquired with the same ultrasonic transducer. The ultrasonic veloci—
ty overall density and concentration of the aqueous ATO suspensions can be determined based on the
mathematical derivation and acoustic theory. Experimental results showed that the error of density and
concentration was within 0. 6% and 8%  respectively. Due to its avantages of reliable principle
simple apparatus and time-saving the proposed method could provide an online monitoring for the
particle size density and concentration of nano-particle materials during the processing and prepara—
tion.
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Fig. 1 Measurement system schematic diagram of particle
size density and concentration of nano suspension
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Fig. 4 Echo signals at the sound length of L, (A)and L,(B)
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Fig. 5 Amplitude spectrograms of echo signal at the sound length of L, (A)and L, (B)
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e Diam Range % Fraction
64 Peak-half width 0.9674-0.6129 (.01
bt 0.018-0.0192 0.6129-0.3883 0.0

\. 100 0.3883-0.246 0.0

\ 0.246-0.1559 0.01
-\ ATO 0.1559-0.0987 0.07

L] : 0.0987-0.0626 0.49
0.0626-0.0396 4.63
0.0396-0.0251 22.37
0.0251-0.0159 42.74
50 4 0.0159-0.0101 28.67
Taotal mass 887.99( » —grams )

Relative mass

Mean Medlian CV/%
1 Mass 00221 001965512

. Surface 0.0191 00171 39794

‘. Number 0.0156 0.0143 30,192

- ‘. Polydispersity index( D/D)=141435
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Fig. 7 Particle size distribution of nano-ATO Fig. 8 Particle size distribution of nano-ATO measured by

measured by ultrasonic attenuation spectrum CPS centrifugal sedimentation particle size analyzer
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Fig. 9 Multi-echoes of stainless steel — water( A) and stainless steel — sample(B) systems
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Fig. 10  Correlation analysis of density measurement result(A) and concentration measurement result(B)

1 ATO
Table 1 Measurement results of density and concentration of nano ATO suspension
. Impedance . . . Measured
Sample (SiC) Measured density Given density Error (%) . Error(% )
(10°kg*m=2 «s71) concentration(% )
5% 1.597 9 1021 1023 0.16 4.69 6.2

10% 1.754 6 1 046 1 050 0.38 9.27 7.3
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( 1)
Sample (SiC) Impedance Measured density Given density Error (%) Measured Error(% )
(10°kg*m~2 «s71) i concentration( %)
15% 1.823 6 1082 1078 0.39 15.71 4.8
20% 1.949 5 1114 1108 0.53 20. 94 4.7
3
ATO o : 0.1%
0.6% 8% °
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