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Introduction

* Upcoming 3" Year Undergraduate Student attending UC Davis

e Career goal of becoming a vet or pursuing a PhD and conduct biological

research

* Major: (B.S.) Biological Sciences




Objective

* Understand dependence of acoustic properties of suspensions on particle

size or concentration

* Create a calibration curve with density and sound speed for different

diamond particle sizes


Presenter Notes
Presentation Notes
The objective of this research is for us to understand acoustic properties that are present within diamond powder. 
To get a full understanding, we will have a calibration curve with density and sound speed of each particle size. 
After this is accomplished, we are able to theoretically apply our results to other acoustical applications regarding diamond powder.
This includes the use of complex particle analyzers such as the Bluewave (particle analyzer machine).



Applications of Diamond Powder

 Commonly, utilized as a polisher for metal surfaces

 However, can be applied in...
* Acoustics ~ A <

e Material Science



Presenter Notes
Presentation Notes
Diamond powder suspensions can be applied to acoustics…
As a material to polish metal acoustic instruments
Or directly apply it in a study as I have

Or
Material science
Study of understanding and application of properties of matter
Cutting tools
Extreme hardness
Optical components
Lasers with diamond lenses
Thermal management
High thermal conductivity WITH electrical insulation
Used in electronic components like heat sinks and heat spreaders


The Challenge

 The diamond powder needs to be well-mixed
* Diamonds typically need a surfactant to stay suspended in a liguid medium

* The higher the particle size, the faster they drop out of suspension


Presenter Notes
Presentation Notes
The challenge = its going to settle
Determining the optimal range to experiment with so settlement doesn’t influence our data too much



Suspension of Diamond Powder
* Diamond powder, even in the
microns, settles in HPLC water

* Higher particle size made it difficult

to experiment with
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Presenter Notes
Presentation Notes
Experimented with 40-50 microns and 5-10 microns and observed settlement
40-50 settled (50%) so about halfway with an average rate of 24 seconds
5-10 microns settled (50%) so about halfway with an average rate of 577 seconds or 9 minutes 37 seconds
Under assumption that particles are spherical.
Exponential function with particle size vs. particle velocity.



Experimental Predictions

* Prediction: Density will decrease with increasing temperature while sound

speed will increase with increasing temperature
* Mixture is mostly water by volume/mass

* Under uniform conditions, we will see a pattern between particle size with

sound speed and density



Creating Samples

e 8 different sample containers with different size diamond particles

* Ranged from 30 microns to 0.25 microns

* Sourced from Allied High Tech Products, Inc.

 Utilize ultrasonic homogenizer to degas and mix the samples

* Ensures accurate measurements

* Density/Sound Speed instrument measurement principle assumes no gas


Presenter Notes
Presentation Notes
8 different samples with different particles sizes.
It ranged from 30 microns to 0.25 microns


In order to get rid of all of the bubbles in the solutions, I put them through an ultrasonic homogenizer.
It is a metal tip that vibrates at ultrasonic frequencies that disrupts the solution and allows the bubbles to escape to the surface.
Creates more accurate measurements.
Degassing is essential so that the oscillations don’t ‘wobble’.






Taking Measurements

* Add suspensions via disposable syringe into Anton Paar

* Optimal settings for Anton Paar

* Temp. scan (20 C—-60 C)

* Anton Paar will provide precise and accurate density and sound speed data


Presenter Notes
Presentation Notes
How the Anton Paar works
The anton paar will provide us with accurate measurements 
Because of the fact that we are measuring solutions WITH particles in them






How the Anton-Paar Works

* Model: DSA 5000M

* U-tube with exact volume filled with liquid to be studied

e Uses vibrating U-tube method for density and through-transmission

method for sound speed


Presenter Notes
Presentation Notes
A u-shaped tube made from borosilicate glass is excited to a characteristic frequency representing the density of the sample and a stable oscillation is reached
This excitation is repeated continuously
This allows the anton paar to measure viscous solutions
A piezoelectric actuator (a transducer) sends out ultrasonic pulses that travel through the sample.
Because we know the length, a second sensor can then detect the sound pulse
The sound velocity is then simply measured with distance and time.
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Presenter Notes
Presentation Notes
The general outcome of this aligned with my initial predictions, however…
Looking at these results, we can see that it does not fit in with our initial predictions as we do not see a uniform trend between particle size
This is due to uneven particle concentrations between samples as they were mixed by the manufacturer



Dependency of Particle Size on Sound Speed

Diamond Particle Diameter vs Sound Speed at 20 °C
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Presenter Notes
Presentation Notes
Sound speed is higher than water b/c diamond has faster sound speed than water (1480 m/s, 12,000 m/s)
The data shown indicate that the concentration of diamond particles is too low to see changes that are dependent just on particle size.
Alternative factors come into play (concentration) or no factors
However, alternative factors are the more likey the cause.
This determines that the biggest contributor to seeing differences on sound speed is the concentration



If...Then...

e Uniform conditions

 Controlled environment

* Known concentration


Presenter Notes
Presentation Notes
If the experiment took place in a more controlled environment and conditions were uniform, I believe there would be more of a chance to see a relationship between particle size with sound speed
I also believe that if the concentration by mass of each solution was known, then there would have been some results that aligned with my predictions.



Next Steps

* Experiments
* Obtain raw diamond powders and mix exact concentrations in HPLC water
* Much higher concentrations (>10x)

* Repeat experiments for particle size versus density and sound speed


Presenter Notes
Presentation Notes
Going forward, I propose an experiment that will allow us to see the impacts of particle size on sound speed and density with KNOWN concentrations
We will repeat the experiment in a controlled environment.
We will have different concentrations of the biggest particle sample and the smallest particle sample
Concentration by MASS
Ex: 30 microns and 0.25 microns 5% diamond, 95% water
Then 10/90, then 15/85, etc…


Thank You
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