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Hardware, general overview

All Dispersion Technology instruments that are based on ultrasound use the same electrot
block with built in computer with MS Windows HP operating systems, as shown on Figure below.

e Gl g R

Difference between instrument models is related to a set of sensors used for different mode
For instance Figure below shows model DT-310 that includes Zeta potential probe and 2 burettes
titration. Model DT-300 is the same, but with no titration.



Models DT-1200, DT-100 and DT-600 include a special sensor block shown on the firs
Figure. This block contains Acoustic sensor presented on the next Figure:

[

servomotor with dispersion-
transducer chamber

TN [

detector

frequency: 1-100 MHz

q
P

variable gap: 0.15-20 mm



There are several more optional sensors: pH probe, temperature probe, aqueous conductivi
probe, non-aqueous conductivity probe and heater for temperature control.

All these probes can be connected to the panel with ourlets that are unique for each probe:
. / ~ 7 - » v

pH and temperature probes heater



agueous conductivity probe non-aqueous conductivity probe

There is a section “Sample handling systems” that describes variety of weays these probes
can be used for characterizing liquids and dispersions.



Getting started — turning on power and starting software

For convenience, you can leave the system always turned on, with the DTI software runnin
so that it will always be available for measurements as needed.

Turn on the Electronics box by depressing the power button on the front panel.

You will see a black DOS window that report tests of the communication links betweer
computer and the electronic block.

The Windows operating system should be open within a minute or so. You will see DT
software icon on the left top corner.

If the DTl is already powered up, check to see if the DTI program is running. If it is running,
either the “Home” window will be visible, or it will be minimized and shown only as an icon on the
status bar at the bottom of the screen. If the program is running but minimized, click on DTl icon o
the status bar at the bottom of the screen.

If the DTI program is not running, double click on the DTl icon. You will see combination of
3 windows appearing on the screen.

Top one is DTI software Home Page.

%% Home - Dispersion Technology AcoustoPhor ZetaSize 1200 Demo Mo.. . D|§|@

= # | @
Suspension | Emulsion | Porous body | Rheology
[ Altenuation - for size | j | ﬂ | ﬂ
[ ¥ - for zeta potential Run o . — Cantent
[ Conductivity —_— Liquid media Density |

{+ Protocol | ﬂ
" Temp. Particles Calculate

[ # measurements [ FET.-’-‘-._ | J

] Temp 220 pH Falll

h glzn

Loaded Instrument constants fram |C.dat file

The other two are message asking you to wait till installation finished and Instrument StatL
for. There is description of this form in Calibrations. .
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Start Up - Dispersion Technology Instrument

“Welcamel . Please wait a moment while your instrument is tested.....

This technology for characterizing particle size, zeta potential and rheology
of concentrated colloids, dispersions, and emulsions is brought to wou by
Dispersion Technalogy, the leader in Acoustic and ElectroAcoustic Spectroscopy.

Instrument Status - during Self Test

Signal Processor |insta||el:|
DAQ |insta||el:|

Mator Contral |insta||el:|

Acoustic Senzar |insta||el:|
| Senzar |installed

Conductivity prabe |nat inztalled

|n0t ingtalled

|n0t ingtalled

Temperature prabe |insta||el:|

pH probe |installed

Burette 1 |installed

Burette 2 |installed

Sample Heater |n0t inztalled

|n0t inztalled

|n0t inztalled

Mordg media |not inztalled

KN/ KN K N KKK

Digital Stirrer |installed

Swztern SMN |22
Burette Com Port |2
R5232 Com Port |1

Each time the DTI program starts it performs tests to check the performance of each install
component. The Instrument Status form, shown at right, indicates the status of each component
the test proceeds.

If one or more burettes are installed a message box, such as shown below, will appear tl
asks if you want to initialize the burette now. Answer No, as we will do this later.

11



Start-up Tests, Burette |§|

\]:}) Would wou like toinitialize all installed burettes nowe
If wou plan any titration experiments it would be better to do this now, but you can do it laker iF wou wish,

Ta initialize now, Fill test chamber with water and then click on Yes

When the start-up tests are complete, the Home page will appear as shown below. “Ready
measurements!” will appear on the status bar at the bottom of the window.

Basic Operating Instructions

Making a measurement and printing the results is simple. This section provides a quic
overview of the sequence of steps necessary to do a single measurement. Succeeding sect
describe these steps in more detail to answer any questions. This section assumes you are usint
instrument in its basic configuration, i.e. all sensors combined into a single assembly mounted in t
Measuring Unit.

There are 10 steps to making a single measurement,

Empty any sample from the chamber.

Fill the chamber with your new sample.

On the Home page, click on each type measurement that you want to perform.
Select the name of the media from list of materials.

Select whether your disperse phase is a solid or liquid.

Select the name of the disperse phase from list of materials.

Enter the weight fraction of your sample.

Press the Run button.

Wait till the measurement is complete, and the analysis of results appears.

0 On Analysis report, click on File- Print report.

H©9°N.®S”:'>P°!\>!‘

Before making measurements you might consider logging in following instruction from
Advanced Topics.

Getting familiar with the basic sensor configuration

In the basic sensor configuration the acoustic, Cvi, Temperature, and Conductivity senso
are all installed together so as to form a common “sample chamber “. The chamber is mounted insi
the Measurement Unit, which is shown below. A top and front cover protects the sensors fro
exposure to spilled sample or cleaning fluids.

Some users prefer to work with the covers removed. The front cover can be easily remov:
by pulling it forward. The top cover is removed by first removing the knurled ring around the filling
port, loosening the screws on each side plate, and then lifting the top cover.

12



Emptying and cleaning the chamber, basic sensor configuration

The chamber should always be left filled with some appropriate clean “storage” fluid, e.g
water. This will keep any residual contaminants from drying out on the surfaces, in which case th
would be more difficult to remove.

Your first step in measuring a new sample is to empty any storage fluid or any previou
sample.

If the pH probe is inserted in the cap, remove it and insert it in the storage fixture for now.

Remove the cap at the top of the chamber and put it aside.

Place a beaker below the chamber set the rotary valve to open all three ports so that
sample is emptied. The handle points to the open ports.

Rotate the handle of the valve to close the exit port but allow circulation of the sample.

Fill the chamber with some appropriate cleaning fluid depending on the last sample that w:
measured (e.g. plain water, water with detergent, solvent, etc). For now, we will use just plain tz
water.

If necessary, use the supplied nylon brush to clean the chamber. Note: It is not important tt
the chamber be spotlessly clean. Some discoloring of the walls of the chamber after using varic
pigments is not a problem. This is one of the advantages of working with concentrates; they are r
easily contaminated in a significant way.

Rotate the valve to the empty position and let the sample run out. Then rotate the valve ag:
to the circulate position.

13



Continue on to the next sectioin. Do not stop here! We always want to leave the chamb
filled with fluid when it is not being used. If the chamber is left empty, any residual contaminatior
will dry on surface and may later be difficult to remove. Wet surfaces stay cleaner than dry surface

Filling the empty chamber with a new sample, basic configuration

Empty the chamber of any fluid as described above. Rotate the valve to the circulate positio
Turn off the stirrer.

The basic configuration requires about 120 ml of sample. Fill the chamber with sample a
shown in figure at right. As the sample chamber is filled, the fluid will also rise in the external
bypass tube that connects the bottom to the top portion of the sample chamber. The sample chan
should be filled till the fluid reaches the return port at the top of the chamber. It should not b
overfilled since, as the acoustic sensor closes, the level will rise approximately 6 mm further.

Stirring the sample, if equipped with digital stirrer

If your unit is equipped with a digital stirrer the speed is controlled from the keyboard. The
digital stirrer provides constant speed, independent of the viscosity of the sample.

%% Home - Dispersion Technology AcoustoP hor ZetaSize 1201 User: usr, [Z“:

Wieww  Calibration Tools  LogInfdut  Help
= = #h i
Suspension | Emulsion  |Porous body | Rheclogy
 Experiment dezign S ample definition
[ Attenuation - far size | IS ﬂ
[ C¥I - for zeta patential Fun Content
[ Conductivity Liquid media Density ;;ten
[ # measurements |water ﬂ 397
Solid particles Calculate
|nu:une ﬂ 0
[} Temp 22210 pH 4.085 Dizperzed syztem Taotal I:I
=
Ready for meazurements!
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The stirrer button and dial are located on the bottom left corned next to the box with numbe
7 in it. This number indicates speed of magnetic cross rotation.

The stirrer can be turned on by clicking on the stir button at which point it will turn red to
indicate the stirrer is on. If you click the button again the stirrer will turn off and the red light will go
out. You can adjust the speed by first displaying the desired speed (using the list box scroll keys) &
then clicking on it so that it is displayed with blue background. The indicated value is the stir spee
in revolutions per second. It is sometimes more convenient to change speed using the UP/Down k
on the keyboard which works immediately after you turn the stir motor on.

Sometimes it is convenient to have the stirrer turn on automatically whenever you start a ne
experiment. You can arrange this on the Home Page by clicking on Tools Options and then checki
the box “AutoStir On at Start of Experiment” as shown in figure below.

In a similar way you can arrange to turn off the stirrer automatically at the end of ar
experiment by checking the box “AutoStir Off at End of Experiment”

Preparing pH probe for first use

If pH probe has not been previously used, remove it from box in which it was received. A
deeve will normally be installed over body of probe as shown at right. Holding probe vertically,
check level of fluid in probe.

When the pH probe is not being used, it should be stored safely in the provided storage tu
or in the pH stand

Caution: The tip of the pH probe is delicate and eadiyoken Take care in moving the pH
probe from place to place.

Before using the pH probe it is necessary to slide open the fill port at the top of the pH prob
as shown in figure to righ{This allows a small amount of saturated filling solution to pass through
the small reference junction. If this port is left closed, the pH probe may develop a somewh
sluggish response.)

Install the cap on top of the Chamber. It is held in place with an O ring around the side. Twi:
it slightly while pushing downward so that it is seated on the top flange of the chamber.

15



It is important that the pH probe is not inserted too far, or the probe will be broken during
attenuation measurements as the gap is closedl!12 mm long white spacer, also shown in the
figure to the right, should be installed on the body of the pH probe that keeps the tip of the prol
extended at least 40 mm from the bottom of the lsapno more that 45 mnv

Carefully insert the pH probe into the Cap as shown in the figure.

Displaying temperature and pH, automatic and manual entry

A platinum resistance temperature probe is installed in the bottom sensor block and protrud
about 10 mm into the sample so as to precisely monitor the sample temperature. The present valu
the sample temperature is displayed on the Home page. Check that the displayed temperatur
approximately that of the room temperature.

%% Home - Dispersion Technology AcoustoR %% Home - Dispersion Technology AcoustoH

Wiew Calibration  Setup Parameters  Tools  Log In Vigww Calibration Setup Parameters  Tools  Log In
— Experiment- Mormal Mode————— - Sample de — Experiment- Harmal Mode——— - Sample de
[+ Attenuation - for size o [+ Attenuation - for size o
[ %I - faor zeta potential [ ¥ - for zeta potential
{«  Titration | J waater (" Titration | J vester
Solid - Solid -
Temp 25001 pH 7.1 - Temp 2500 pH 702 -
kS h
todified Instrument Congtants being zaved todified Inztrument Constants being saved

Freshly distilled water has a pH of 7.0. In coming into equilibrium with the CO2 in the
atmosphere, the pH gradually decreases to about 5.5. Check to see that the pH reading of y
distilled water is reading in the range of 5.0.

There may be times when you want to enter the sample temperature manually, instead
measuring it. Double click on the label “Temp, C” on the Home page. Note that this label become
red in color, indicating that it is no longer being measured. Now type in any temperature value, e.
“30.6". This new value will be accepted and, in fact, will be recorded in the database as if it were tt
actual temperature at which succeeding measurements are made. Double-click again on
temperature label, and note that the label returns to the original color and that the temperatt
displayed is again the actual measured value. It is important to understand that the temperature
is entered does not control the temperature; it only sets the temperature that will be recorded to
database for succeeding measurements.

The pH value can also be entered manually in the same way as temperature. Double-click
the label “pH”. The label text turns to a red color. You can now edit the pH value. This value will be
recorded in the database for all succeeding measurements until the box is double-clicked age
Double-click again on the pH value to return to monitoring pH.

16



Sample types: Suspension, Emulsion, Porous body, Liquid
Rheology

DTI instruments are capable of measuring wide variety of natural samples with practically n
sample preparation. DTI software Home page has 4 different setups for 4 different types of sampl
specified in the title of this section.

In default it becomes loaded for Suspension samples, as shown below. Material of particles
marked as “Solid particles” and combo box becomes filled with only solids from the Material
database. .

%% Home - Dispersion Technology AcoustoP hor ZetaSize 1201 User: usr E]|E|@

YWigww  Calibration Tools  LogInfout  Help
= s & @
Suspension | Emulsion  |Porous body | Rheology
r Experiment design Sample definition
[ Attenuation - for size | |0 j
[ ¥ - for zeta potential Run  Content
[ Conductivity —_— Liquid media Density °/3.-qten
[ # measurements |water ﬂ 997
Solid particles Calculate
|nu:une j |':|
] Temp 22210 pH 4.085 Dizperzed system Total I:I
7 B h

Ready for measurementz!

If you click on the button Emulsion, material of particles changes to the “emulsion droplet” and combo
box becomes filled with only liquids existing in Material database.

%% Home - Dispersion Technology AcoustoP hor ZetaSize 1201 User: usr E“E|E|

Yieww  Calibration Tools  LogInfout  Help
= £ & @
Suspension | Emulsion | Porous body | Rheology
 Experment- Mormal Mode————— Sample definition
[ Attenuation - for size | s j
[ T - for zeta potential Fiun r
[ Conduchivity — Liquid media Density Zu:ment

L
)
=

[ # measurements | water

] Temp 22210 pH 4.003 Digperzed syztern Taotal |:|
- kS

Ready for meazurements!

If you click on button Rheology, line for particles disappears. Liquid is treated as homogeneous for
purpose of rheological study.
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It is important to stress here that line between “homogeneous” and “heterogeneous” liquid is
conventional. For instance, MILK can be treated as homogeneous liquid with certain visco-elastic properties,
or, alternatively, as emulsion of fat droplets in water.

It means that ANY dispersion or emulsion can be still treated as homogeneous liquid and
characterized in rheological terms.

Basically, DTI instrument with Acoustic sensor can be described as particle sizer and rheometer in
the same instrument.

%% Home - Dispersion Technology AcoustoPhor ZetaSize 1201 User: usr E”E'E'

Wieww  Calibration Tools  LogInfCut  Help
7= = A @
Suspension | Emulsion |Porous body | Rheology
r Experiment dezsign Sample definition
[ Attenuation - for size | s j
[ CWI - for zeta potential Fiun
[ Conduckivity NE— Liquid media Density

corn starch 5% denaturedig

[ # measurements

| |Temp 22210 pH 4.018
7R

Ready for meazurements!

If the click on the button Porous body, the following form appears.

%% Home - Dispersion Technology AcoustoP hor ZetaSize 1201 User: usr E”E|E|

Yieww  Calibration Tools  LogInfout  Help
= = 34 a1
Suspension | Emulsion | Porous body | Rheology
 Experment- Mormal Mode————— Sample definition
" Porosity n] -
. Fun | J
" Pare zize
" Feta potential
[ Conductivity | Electroacoustics [O10V5/13 DE:4511 |
[ # measurements ity 3 cofdLctyity
parasty I suDernate |:|
Temp 22210 pH 3995 | || oo cioe [ ] magnitude SEI - [ |
h

Ready for meazurements!

This is interface for measuring properties of porous bodies. There is a special section on tt
subject.
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Checking system by measuring intrinsic attenuation of water

The DTI Acoustic sensor measures attenuation over a very wide dynamic range. Pure wal
has an attenuation which is less than any of the colloids that you might be interested in, so it is
convenient sample for testing the performance of the instrument at an extreme condition.

In the Experiment design frame, click thAttenuation — for siz€ button so that it is
checked. If necessary, click on other buttons so that no others are checked.

%% Home - Dispersion Technology AcoustoP hor ZetaSize 1201 User: usr E|§|E|

Wiews Calibration Setup Parameters Tools LogInfCut  Help

e = ] i
Suspension | Emulsion | Porous body | Rheology
— Expenment- Harmal Mode——— Sample defintion
v Aftenuation - for size | D j
[ ¥ - for zeta potential Run Cortent
[ Conductivity —_— Liguid media Density ?Su:ten
[ # measurements |water j 9597
Salid particles Calculate
-
[} Temp 22210 pH 3.995
7

Ready for meazurements!

In the Sample definition frame, see that the Liquid mediavater and the particles are
defined as fion€’. This is the default condition when the program starts, so you will not need to
make any changes if you have been following these lessons in order.

Press th&kun button. The following message will appear since we have not yet defined any
disperse phase.

DT 1200 Meazurement Software E2

@ You have not defined any dizperse phaze? Do pau want o meazure the Intrinzic attenuation of the media?

Ha |

We do in fact want to measure the intrinsic attenuation of water, sovaik

The Run button will initially change toStarting” and then split into two separate buttons
labeled ‘Stop’ and “Pausé. We will discuss the functions of these buttons later when doing more
complex titration experiments.

The status bar at the bottom of the home page, as shown below, is divided into left and rig
parts.
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Sttt N A T INF — R U AT Pt it

@ Titration | [ [water |
m Particles

TEITII:I 26,573 | none j

o RS | P 905

b eazunng Attenuation - Preset gap ko 0,250 mm

The left part of the Status Bar gives information as to what the system is doing right now. |
you are doing an attenuation measurement, it will tell you that it is measuring the attenuation a
will specify which gap is presently being used to collect data.

The right hand portion of the Status Bar indicates the amount of time required to complet
the current experiment. If we are just making a single measurement, the required time is very sh
and this time estimate is not very helpful, but when doing a long titration experiment it will tell you
how much longer it will take to complete the experiment.

When the measurement of your water sample is complete, the left side of the Status Bar
the bottom of the home page will indicate the time that this simple experiment was completed.

On the Home page:

Click View > Grid Raw Data. The Grid form will open.

On the Grid form:
Click View > Attenuation

The attenuation for the water sample you just measured will appear, similar to that show
below:.

Edit View Test

Attenuation Meazurement Meas 55, mie (14595 Freaq. G
E

0.25

0.20¢

& Waurad

0.5+

010

Attenuation dbfcmMHz

0.05+

Frequency, MHz

Finished Calculating Arays

The attenuation of water at 100 MHz varies from 0.018 to 0.022 db/cm/MHz depending ot
the room temperature. Two curves are shown in the figure. The top curve, described by the s
circles, shows the measured attenuation. The bottom curve, described by the x symbols, shows
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expected error for each measured attenuation. Typically the error increases as the frequer
decreases, as shown in this example. The error will usually be less than 0.05 db/cm/MHz at 3 MHz
This measurement reproduces remarkable law discovered by Stokes 150 years ago. For m
details — the book, section 3.6, page 108.
The same measurement is used for troubleshooting DTI instruments. All requirec
information is presented on the figure that is called “All graphs” on the Grid form. In order to see it:

On the Grid form:
Click View > Attenuation

& Test data - 2010-09-23 16:55:22 - none in water - Version 4.5.299

.30
0.254
0.204
20153
p=1
71
0,067
i
Zooo
0057
So.104
0154
-0.204
02564

Sensor Level, dbm
Sensor Loss; db
Colloidlozs, db

R
DL ] w6003

1 10 o0 &= -0.304
Frequency, iHz Frequency, hHz Gap, mm Phasze, degrees
T 160 020+ ResiduallGap, Freg)
.
M54
i " £ E
wand ! i 4
3_20 gmﬂ W Rearued E
= * 3 S0.104
= w1003 G =
= & [ =
B =2 + Ml 2
o : 8 05
ElSr— 1y 5 404 g
5 ‘I- = + Erhmalkd ﬁ
& 0.00
[ S S S E— I S PP S AT T
1] ] 10 15 20 1 10 100 -0.05-
Gap, mm Frequency, hiHz Frequency, hiHz

Signal to Noize [Gap. Fre

Status Magnitude [Gap. Freq] Aftenuation [Gap, Freq)

If there is any suspicion about instrument function, you should measure attenuation of wate
open this form, capture it to Clipboard by typing ALT and PrintSC together and then paste on M
Word file. Email it to DTI or DTI agents. This form is sufficient for determining reason of
malfunction.
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Measured data and calculated parameters.

There are two distinctively different ultrasound-based measuring methods. One is calle
acoustics and the other one is known as electroacoustics. They measure completely differe
parameters. Acoustics is simpler because a single field is involved—field of the mechanical stre:
The measured parameters are usustiynd speedndattenuation coefficientThe electroacoustic
method is more complicated because it is based on the coupling of two fields—electrical ar
mechanical. The measured parametersregnitudeandphaseof the electroacoustic signal.

Four raw parameters can be used as a fingerprint of a particular liquid system.

* sound speed
» attenuation coefficient (usually at multiple frequencies)
* magnitude of the electroacoustic signal
» phase of the electroacoustic signal
There is a set of complimentary raw data that can be collected with DTI sensors:
» conductivity aqueous (at MHz range)
» conductivity non-aqueous
. pH
* temperature

These raw data could be theoretically treated so that a multitude of other properties can
characterized. The theoretical treatment is the main reason for ultrasound’s versatility fc
characterization purposes. It turns out that there are two very different sets of calculated paramet
that can be extracted from the raw data, depending on degree @fpoiori knowledge about the
system.

If our prior knowledge is limited and we are forced to model a system as a homogeneot
medium with unknown visco-elastic properties then the ultrasound-based method allows us
calculate following parameters:

» viscosity longitudinal within 1—100 MHz frequency range
» viscous longitudinal modulus G”

» bulk viscosity for Newtonian liquids

» elastic longitudinal modulus G’

» compressibility

* Newtonian liquid test at MHz range

» iso-electric point — range of aggregative instability

* optimum dose of surfactant

» volume fraction of the dispersed phase from sound speed
» kinetics of dissolving, crystallization

» kinetics of sedimentation

» verification of large particle presence in opaque systems

We would like to stress here that system might be very complex and intuitively
heterogeneous but it should not prevent the application of homogeneous mode in its description. |
instance, milk can be treated as a homogeneous liquid when we ignore the fact that it is actuall
collection of fat droplets, proteins, and sugars in water. Basically, any liquid system can be model
as homogeneous or heterogeneous. These models are creations in our minds for the adeq
characterization of various physical and chemical properties.

In the case of ultrasound-based techniques, we can first model a system as homogeneous
calculate the set of parameters presented above. Then, as the next step, we can apply
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heterogeneous model and theoretically treat the same set of experimental raw data for extract
another set of parameters, given as following:

» particle size distribution of solid particles with known density

» particle size distribution of soft particles (droplets) when thermal expansion

coefficient is known

» volume fraction of solids at submicron range

* Hook parameter for particle bonds in structured systems

* micro-viscosity

» ¢-potential in particulates

» surface conductivity

» Debye length when conductivity is known

* jon size from compressibility in aqueous solution

* ion size from electroacoustics in aqueous and non-aqueous solutions

» electric charge of macromolecules

* porosity, pore size angipotential in porous bodies)

» properties of deposits and sediments

Application of the heterogeneous model usually requé'gsiori information about the
volume fraction of the dispersed phase. This parameter may be extracted from the raw data in sc
special cases, for instance when particles are rigid and their sizes range from 0.1 to 1 micrc
Sometimes it can be calculated from the sound’s speed as well. However, for the most reliak
results, volume (weight) fraction of the dispersed phase must be treated as an independently knc
input parameter.

In terms of traditional measuring techniques, ultrasound can combine the descriptions
rheological, particle size distribution, ardpotential into one unit instead of 3 independent
instruments. This has substantial advantages over traditional methods.

It also makes possible characterization of particulates and porous bodies with the sar
instrument. This opens new ways for calibrating sensors.

From the software viewpoint measurement is setup by Home. page

All calculations are performed witinalysis form.

Cdculations would require a proper set of input parameters. There is a spediat
Material form for introducing a new material with appropriate setnput parameters. This form
might force Analysis form towards calculation of some parameters that remained unknown aft
introduction of the new material has been finished. There are also some restriction on using fresil
defined material if it has not been defined properly. It is all described in details in sections dedicat:
to the particular forms.

Quick start: particle sizing and zeta potential with 10
wt% colloidal silica sample.

The next step in learning DTI instrument functions is measurement of 10 weight %
dispersion of colloidal silica. This is DTI reference material, which is used for demonstrating particl
sizing function and for calibrating zeta potential probe. There is newsletter #22 on DTI web site wit
results of round robin test of this material performed with 6 Universities in Germany.

This suspension is supplied in liquid form at a concentration of 50 wt% and must be dilute
prior to measurement with 0.01 M KCI. The following procedure will prepare a sample of about 12
ml which is sufficient for making measurements using the basic sensor configuration.

23



Prepare a liter of 0.01 M KCI by adding .745 g of Potassium Chloride to a 1 liter volumetric
flask and filling flask to 1 liter using distilled water.

Place a 250 beaker on a balance and tare it. Weigh out 25 g of the 50% concentrate. Dilt
this to a total weight 125 g using 0.01 M KCI as diluent.

This sample will be used both as a demonstration colloid for illustrating particle size and as
zeta potential standard. The particle size measurement does not require any calibration.

Once a sample has been prepared by dilution, it should be used that day and then discarc
Although the 50% concentrate is stable for a long time, the pH and zeta potential value of the dilut
sample will change slowly with time.

If we only want to measure the attenuation and sound speed of the sample, we do not neec
know anything about the properties of the sample. However, if we want to calculate the particle si;
distribution we need to know some physical properties. For sub-micron rigid particles such as silic
we need to know only the density of both the particles and the media, and also the viscosity of t
media.

Since we now want to measure the PSD of this colloidal silica, we need to specify th
ingredients of our sample. This is done in the “Sample Definition” frame on the Home form a:
shown in figure below.

First we click button Suspension, if Home Page setup is not in Suspension mode.

Then we define the liquid media. Water is selected by default when the program starts ar
we will use this default value for the medium of our colloidal silica dispersion.. The required densit
and viscosity for the selected media is automatically computed from information in the Materia
Table in the database.

Next we need to define the particles that make up the “disperse phase” in our colloid:
dispersion. By default, the particles are assumed to be solid particles. Since our silica particles
indeed solid, we keep this default condition. Next we need to specify the material that our particls
are made of, in this case silica. To do this we use the pull-down box to display a list of pre-define
materials that are saved in the Material Table in the database. To find the desired material quick
we can just type the letter “s” and the pull-down list will display those materials starting with tha
letter. From this list, we select the material “silica, Ludox”. The required density of these silice
particles is calculated from data in the Material table.

%% Home - Dispersion Technology AcoustoP hor ZetaSize 1201 User: usr, E]|E|@

Mieww Calibration  Setup Parameters Tools  Log InfCut Help
= = & @

Suspension | Emulsion  |Porous body | Rheclogy
 Experiment- Marmal Mode ——————— 5 ample definition

I Attenuation - far size | IS ﬂ

[ C¥I - for zeta patential Fun Content

[ Conductivity —_— Liquid media Density ZDI.:ten
[ # measurements |water ﬂ 397

Solid particles Calculate
|slica, Ludox ~| [22 ][00

[} Temp 22210 pH 3.336 Digperzed syztem Tatal — [1.055

=
Ready for meazurements!

Once we have defined the materials that compose our colloid, we need to then specify hc
much of each material is present in our sample. This is done inside the “Content” frame. In th
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simple case we can simply type the weight % inside the appropriate box in the content frame
shown in figure above.

We have already defined the sample for our 10 wt% silica.

Click on theAttenuation box till it is checked. For now, make sure tenductivity and
CVI boxesare not checked. Click on either if necessary to uncheck it.

Click theRun button.

It will take several minutes to measure the attenuation spectrum.

During this time you will get updates in the left-hand side of the Status Bar as to the prese
gap position.

Eventually the Analysis form, similar to that shown below, will be displayed showing the
particle size distribution for this sample.

= Analysis

File Wiew Tools Help

Dispersion Technology - AcoustoPhor ZetaSize 1200

wit. fraction of |3i“95« Ludax | i |water |measured o [2008/11/7 10:44:02 =

[0 whesta phasel hone |Sam|:-le oD | temperature (34 31| pH wht 0,045
r Farficle size parameter — Cumulafives

i i zize median mode 2 [micron]  |hone
kol b [ [0.02 [0.02 [0.02 [0.02 [0.03 [0.04 [0.05 [0.05 [0.07 |
standard deviation 0142

fiting error, % ] larger mode fraction wir2 i cumﬂ" |3 |5 |‘|D |ED |?5 |SD |E|5 |SE| |

|' Sample Definifion

30 0.6—
25 T f/\
<[l x 04— ‘expell'nelt
T w
P 20 % ﬁ
i T £ 03—
: ]
ERRran E
a 1 \ E ﬁ m:_«__-.: mal
o ] £
4 <02 %
1.0 5
4 b
- D'I__
0.4 \ . v
ool \h‘ I .o TR
o.o1 01 1 10 100
diameter [um] Freque oy {MHZ
General Information :
Software F?ersign 4422 Analysis Date |2DDS.:"I 2810545 |Fi|e Name|c:\data_aco\EHcel'\DS'I1D?1D44.csv |Dperator | |
|~Demobuery ~|  Recalculate | [J prediction Overlay | & Unimodal (" Bimodal  Spstem SN
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There is a special section describing various functions of Analysis form. At this point the
median size of the silica particles is of the most importance — it is about 31 nm with precision of le:
than 1 nm.

Another point of importance — quality of theoretical fit for experimentally measured
attenuation spectra — graph on the right hand side of the Analysis form. This is measure of reliabili
of the calculated patrticle size distribution.

Let's now determine the zeta potential of this 10 wt% colloidal silica. We have already
defined the sample. The next step is to define the experiment that we want to make by checking
appropriate boxes in the “Experiment” frame on the Home page. We want to measure zp, SO we n
to check the box labeled “CVI — for zeta potential” as shown in figure below.

%% Home - Dispersion Technology AcoustoP hor ZetaSize 1201 Usern: usr EJ|E|E|

Wiews Calibration Setup Parameters Tools LogInfCut  Help
= = 2 @
Suspension | Emulsion | Porous body | Rheology
— Expenment- Harmal Mode———— Sample defintion
[ Aftenuation - for size | D ﬂ
[v %] - for zeta potential Run Content
[ Conductivity —_— Liquid media Density ?Su:ten
[ # measurements |water ﬂ 397
Salid particles Calculate
|silica, Ludas ~| [22 ][00
] Temp 22210 pH 4.023 Dizpersed system Taotal — [1.055
7 = £
Ready for measurements!

To make the measurement, clickRan. If we are asking to measure only zeta potential, but
not particle size, the following message will appear asking for some particle size information.

feta potential measurement, size info

" Particle zize iz lesz than 0.3 micron

[ Particle size iz knowr: || micons std dey

(" Particle gize iz unkown... [ will be computed from cwvi data |

The calculation of zeta potential requires size information if the size is larger than about 0.
microns. Below 0.3 microns, the calculation of zeta potential is independent of particle size. Tt
colloidal silica we are using now has a size of about 0.03 microns, so you should select the fii
option, Particle size is less than 0.3 um.

If the particle size is larger than 0.3 microns and is known, then enter this known size in th
box labeled “microns”. Unless the standard deviation is known, enter a value of 0.3 in the text bc
labeled “std dev”. Finally, select the second option Baxticle size is known

If the size is unknown, then check the third option Radticle size is unknown

After a few seconds, the Home page will appear with the left portion of the Status Ba
indicates that the unit is now measuring the colloid vibration current.

After a short time, the measurement is complete and the Analysis form appears with tf
calculated zeta potential, as shown below. The value should be approximately -38 mV. Tt
calibration of zeta potential probe is discussed in the Calibration chapter.
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i fnalysis
File Wiew Help

Dispersion Technology - AcoustoPhor ZetaSize 1200

X

rSample Definition

in | measured on [2008/12/16 11:58:21

|water

wit.fraction of |si|ica, Ludox |

[0 it extra phase| nons | 5ample 1D

10 wit? Ludox glica in 0

|| temperature pH whr

Dukhin number D

I amwell i agner
frequency [MHz]

Surface charge 10-6 Clemz.  |0.32972
Dwnarnic mability
444636

[microndsec/V/cm]

r Blecfric properfies
Conductivity [5/m] D

i, - potential [rmv]
Debye length [nm] D
General Information

|Fi|e Name|-::\data_aco\E:-tcel'\UE'I 2161158 cav |Dperatc-r |

-39.79
Coftware  [Version 4.4.22 Analysiz Date |2D|38.n"| 2118144821

|’”Last 30 days ﬂ Re-calculate [ prediction

Overlay | ™ Unimodal © Bimodal  System SM

Quick start: conductivity non-aqueous

If the system includes a nonaqueous conductivity probe and if this probe is currently installe

we can make measurements of the conductivity of a nonaqueous media in three ways.

First, if you just want to make a single measurement, without recording the

%% Home - Dispersion Technology Acousto

Wieww  Calibration Tools Log i
r E=periment design Sample d
[ Attenuation - for size 0
[ CW - for zeta patential Run
[ Conductivity
= Titration | J water
Solid =
1 Temp 28132 pH 6876 ||/ ™™
7

Ready for measurements!

Second, if you want to make a continuous series of measurements, then on the
Click Tools >> Monitor non-aqueous conductivity

The conductivity measurements will continue until you uncheck this menu item

on it again. The measured conductivity will appear to the right df fymbol.

data to th

database, you need only click on the conductivity value on the Home page (space tox)ght of

Home page

by clicking

Third, if you want to include a non-aqueous conductivity measurement as part of ai

experiment, then check the Conductivity box on the Experiment Design frame, along with any oth
choices such as “CVI — for zeta potential” or “Attenuation — for size”.
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Quick start: rheology longitudinal

Longitudinal rheology differs from the shear rheology due to the direction of the stress
There is some discussion of this issue in the paper: Dukhin, A.S. and Goetz, P.J. Bulk viscosity a
compressibility measurement using acoustic spectroscopy,” The Journal of Chemical Physic
Vol.130, Issue 12, (2009). Also, this paragraph ends with our paper published by SciTopics, whi
covers this issue in some details.

Any liquid can be described as homogeneous media with certain visco-elastic propertie
Acoustic sensor and DTI software allows determination of these properties at high frequency ¢
MHz range.

If this liquid already exists in the Material database, then user can simply select it from th
list of material in Liquid Media box, as shown below with “solvent demo”.

If this is a new liquid then user should simply create a new liquid using Define Material
form. Important input parameter is only density, unless “bulk viscosity” is the purpose of the study
Then “dynamic viscosity” must be specified. Prototype “liquid medium for solid particles” can be
used as Prototype.

%% Home - Dispersion Technology AcoustoPhor ZetaSize 1200 Demo Mo.. . E]|E|E]

Wieww  Calibration Tools LogInfout  Help
= & @
Suspension | Emulsion  |Porous body | Rheology
r Experiment degsign Sample definition
[ ID -
[ C¥I - for zeta potential | J
[ Conductivity —_— Liquid media Density

[w # measurements |su:u|vent_demu:| j 1315

2502 7.0

_
|7 EY

Ready for meazurements! Finizh in 2 min, B sec

We recommend to make at least 3 measurement, as shown on the Home page aba
especially if this material is measured first time. This recommendation is based on possible wrol
sound speed, which is selected at default value when material is created from Prototype. In the c
when sound speed error would exceed 100 m/sec, measured attenuation would be wrong. Howe
sound speed will be correct. This corrected sound speed would make the second measurement ir
set properly with correct attenuation as well. Then, sound speed can be saved as a property of
material using button “save intrinsic attenuation” on the Analysis form, see below.

This form shown below presents result of measurement for Newtonian liquid — water.
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General Information -
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This form displays “bulk viscosity” calculated from attenuation, elastc modulus and
compressibility calculated from sound speed.

Next graph shows plot of “longitudinal viscosity” versus frequency. It is calculated from

attenuation when check box “longitudinal viscosity and Newtonian test” are checked and buttone
calculates is pushed.

Liquid is Newtonian when viscosity is frequency independent.
For comparison, the following two graphs show similar results for non-Newtonian liquid.
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Rheology: shear, extensional, longitudinal

Andrei Dukhin, Andrei Zelenev

Rheology is the study of deformation and flow. Such definition is rather broad and implies
that any process associated with deformation and flow falls within the subject of rheology. In realit
however, conventional rheology is typically restricted to the investigation of fundamental relation
between force (stress) and deformation (strain) in different materials. In solid bodies, as well as
liquids, stresses can act in both tangential and normal directions. In certain cases both tangential
normal stresses are present simultaneously. However, in rheometric devices designed for measu
both stresses and deformation history, stresses are typically applied in either tangential (shear)
normal (extension/compression) direction, which leads to egthear or extensional rheology.
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These two types of rheological measurements can provide significantly different information abot
the material. For instance, many polymeric liquids have much higher viscosities in extension than
shear.

There are many different ways to classify rheological measurements, such as by type
straining (small strain, large strain, steady strain), by deformation geometry (e.g. cone-plate, cu
bob, etc.), or by the type of flow (drag flow or pressure-driven flow). An excellent review of these
classifications is given by Macosco [13e€ list of references at the end of this sec}ion

Shear rheology is by far the most abundant type of rheology, particularly because
difficulties associated with performing extensional measurements, and it dominates this scientif
field to such a degree that it often becomes a synonym for rheology in general. However, mal
processes are governed by extensional deformations, and the behavior of materials subject
extensional stresses can not be adequately addressed with shear rheology alone. For exampl
polymer melts at low extension rates the viscosity in extension is three times the viscosity in she
(Trouton’s rule). In addition, there is no “extensional thinning” at higher extension rates” in contras
to the well-known shear-thinning [1].

Despite the recognized importance of extensional measurements, there are relatively fe
extensional studies described in the literature primarily because it is difficult to generat
homogeneous extensional flows, especially with low viscosity liquids. Nevertheless, to satisfy th
need for understanding the behavior of various materials in extension, there are a number
commercially available extensional rheometers. Readers can find brief overview of various types
commercially available extensional rheometers at the web site:

http://www.museumstuff.com/learn/topics/Rheometab:Jypes Of Extensional Rheomet

er

An important aspect of small strain rheology is oscillatory measurements. In this type o
measurements the sample is deformed simusoidally with frequen&fter a short transient period
the stresst (of the amplitudergy oscillates sinusoidally with the same frequency as strafaf
amplituden), but shifted by a phase angleThe data is analyzed by decomposing the stress wave

into one wave that is in phase with strain and one thafis®f phase with strain:
T=r+71"=1, sinat + r;cosat (1)
As a result of such decomposition two dynamic moduli can be defined:

G':T_O; G":TL (2)
Yo Yo

The in-phase modulu&’ is an elastic modulus, while the out of phase mod@usis a
viscous (or loss) modulus. A complex shear modulus can then be defined as

G;hear = G‘shear + jG;hear (3)

Oscillatory measurements are very popular, as they allow for the detection of formation o
gel networks and characterization of elasticity and viscosity of gels.

A characteristic feature of classic oscillatory rheology is low frequency (typically ranging
between tens of Hz and fractions of Hz) of oscillations. Frequency of oscillations in a rheologice
measurement defines a characteristic flow titmeor time of observation, which is compared to the
material’s stress relaxation tintg, via Deborah number,

t
De=—" 4
f
Deborah number is an important parameter in rheology, as it allows one to compare the tin
needed to cause flow in the material to the time of a rheological experiment.
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When the frequency of oscillation is low, the displacement originated at the interface ha
enough time to fill the entire system during the first half of cycle. All parts of the system ther
experience displacement in one direction. Increasing the frequency eventually alters this situatic
The direction of the interface motion changes before the displacement can fill the entire systel
Consequently, there are areas in the system with opposite displacements. Such high-freque
(MHz) oscillating stress creates a “wave” of displacement.

Unfortunately, most liquids do not support shear waves very well. There is a specis
parameter to characterize the penetration of the stress into the liquid bulk: the penetratiah depth
The stress amplitude decays by a faétbom its initial value when the distance traveled equals the
3, wherel = 2.71, the basis of the natural logarithm. The penetration depth differs from the
wavelength., which depends mostly on frequency and sound speed:

A= Zﬂ = ! (5)

w f

WhereV is sound speed affids frequency irHertz[Hz].

The penetration depth of the shear strégga, can be estimated using following well-known
equation for a viscous boundary layer (see for instance Dukhin and Goetz [2]:

Jshear: ,0,7_61) (6)

wheren is viscosity and is density. In water, for instance, the shear penetration depth is
approximately 0.04 mm at a frequency of 100 Hz. and quickly decreases with frequency.

One might ask the motivation for building rheometers functioning at increasingly higher
frequencies. Higher frequencies allow us to examine rheological properties on increasingly small
length scales that are determined by wavelength. At high frequencies the characteristic flow tin
scales are very short, on the range of 10 10’ s. In contrast to low-frequency measurements
suitable for studying macroscopic changes in materials, these short time scales of high frequer
measurements are suitable for probing changes onmitblecular level, which is indeed the
motivation behind developing high-frequency rheometers operating in the MHz range. Such shc
time scales correspond to processes like conformational rearrangement of segments in polyr
chains and diffusion of strongly bound hydration water [3]. Relaxation processes with time scale
longer than 18 to 10" s will appear “frozen” in the high frequency rheological measurements.

High frequency shear rheology has been made possible via the use of quartz crys
microbalance (QCM). The fundamental principal for QCM-based rheological measurements is tf
fact that mechanical properties of a vibrating quartz resonator are coupled to its electrical propert
by means of the piezoelectric effect, and rheological properties of liquid in contact with the resonat:
can be determined by measuring electrical impedance and inductance of the vibrating crystal. T
impedance and inductance are, respectively, relatéd &amdG” of the medium in contact with the
resonator. The values @’ and G” determined by QCM are frequency-dependent and can be
several orders of magnitude higher than the moduli determined by conventional low-frequenc
rheology. Indeed, this is not surprising in view of deficiencies associated with submicron penetratic
depths of shear waves existing at high frequencies. These depths can easily become comparab
the size of particles or macromolecules forming networks, which makes longer-range interactic
undetectable, and puts serious constraints on the types of systems that can be analyzed. Ana
concern for high frequency shear measurements is related to the overemphasized role of interfa
phenomena taking place at the surface of the resonator. Formation of adsorption layers with differi
visco-elastic properties makes rheological characterization of bulk material impossible.
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Thus the quest for information about a material’s microstructure drives frequencies highe
and higher. However, the limitations associated with short penetration depths of shear waves pu
restriction on the effective and universal use of QCM shear rheometers.

The answer to these limitations comes from extensional rheology. Extensional stress c:
penetrate into the liquid at much longer distances. The penetration depth for extensionalgiress,
can be estimated using Stokes’s law [4] for ultrasound attenuation in a Newtonian liquid in a simp
expression:

3
0=t ™

The extensional penetration depth is much longer than the shear penetration depth. In wat
it is about 1000 meters at 1 MHz; at a frequency as high as 100 MHz, it is 10 cm. These dimensic
are comparable to the macroscopic size of a typical sample chamber and by far exceed dimension
particles and molecules making networks. Consequently, there should be no issues with t
propagation of networks beyond the penetration of extensional stresses.

Waves of extensional stresses are usually called longitudinal waves, which are easy
generate and measure. There is a basic difference between the stress at the steady-state conditio
the stress within an oscillating longitudinal wave. Traditional extensional steady-state stres
generates deformation and flow in isochoric conditions, which means that liquid retains its volum
In contrast, extensional stress within a longitudinal wave causes variation in the liquid volume
Liquid behaves as a compressible material in the longitudinal wave. This drastic difference betwe
steady-state and oscillating modes justifies the introduction of a special term for the oscillatin
extensional rheology: longitudinal rheology.

Longitudinal high frequency rheology characterizes the visco-elastic properties of liquids a
well as the shear rheology. In a manner similar to shear rheology, longitudinal visco-elast
properties are characterized by a complex longitudinal modulug,,Gtith components similar to
G.ksheal'f

QtJng = GIvong + lenong (8)

Despite a general similarity with conventional G’ and G”, the values for longitudinal moduli
may be substantially different from the former, as was the case with high frequency shear mod
determined by QCM. The similarity between longitudinal and shear rheology appears in the gene
relationship between complex modulus and penetration depth

wzélszhear _V ?
G' o = POV 202 ong 9
Isohnegar 10 Isohnegar[w25iear+vz]2 ( )
long
V
G = 20wV %03 10
™ N s T 0

long

It is possible to introduce shear and longitudinal viscosities for non-Newtonian liquids using
the same expression for both parameters:

G* = GH]G"= G W] 0a(W) (11)

long

Equations 9 and 10 for shear rheology were derived in a paper by Williams and Williams [5
7] who, in turn, make reference to an earlier book by Whorlow [8]. The derivation of identical
equations for the longitudinal rheology case was taken from a review by Litovitz and Davis [9]
They, in turn, make reference to earlier works by Miexner [10,11], who apparently derived th
general thermodynamic theory of stress-strain relationship in liquids.
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According to these theories, the main difference between conventional shear rheology at
longitudinal rheology is in the specifics of the penetration depth. This parameter is not easil
measurable but it is linked to another parameter that is easy to measure—attenuation coefficient
The attenuation coefficient determines how quickly the stress amplitude decays with distance due
various dissipative effects. Attenuation coefficient and penetration depth are simply reciproc:

1
parameters) = —.
a

The longitudinal attenuation coefficient can be easily measured with modern acousti
spectrometersafww.dispersion.com These devices make longitudinal rheology as headiailable
as traditional shear rheology, although at much higher frequencies (on MHz scale). Consequen
longitudinal rheology, rather than high frequency shear rheology, is a valuable source of informatic
about the microstructure of materials.

Conclusions:

Conventional shear rheology, conventional extensional rheology, and their high frequenc
analogues (longitudinal rheology and high frequency shear rheology) are complementary rheologic
methods that are applicable at distinctively different frequency ranges, generate different types
stresses and cover completely different relaxation time scales that may differ by orders
magnitude. Conventional shear rheology works at the low-frequency range below 1 KHz and is mc
suitable for studying relaxation processes occurring on the time scales betw&emdL(0.
Longitudinal and high frequency shear rheology become viable tools at the high frequency range (
MHz scale) and are therefore methods of choice for probing processes with very short relaxati
times, such as conformations of segments within a polymer backbone. Longitudinal rheology ope
up the possibility of studying much shorter relaxation times than possible by shear rheology ar
provides deeper insight into the material microstructure. Also, longitudinal rheology is non:
destructive— the structural network shakes but does not break. Shear rheology analyses breaks ir
particle bonds. This difference enforces the complementary nature of these two methods.

References

1. Macosco C.W., “Rheology. Principles, measurements and applications”, Wiley-VCH, (1994)
2. Dukhin, A.S. and Goetz, J.P. “Ultrasound for Characterizing Colloids. Particle sizing, Zete
potential, Rheology”, Elsevier, (2002)

3. Kudryashov, E.D., Hunt, N.T., Arikainen, E.O., Buckin V.A. “Monitoring of acidified milk
gel formation by ultrasonic shear wave measurement. High-frequency viscoelastic moduli of mil
and acidified milk gel”, J. Dairy Science, 84, pp. 375-388 (2001)

4. Stokes, G.G. “On the theories of the internal friction in fluids in motion, and of the
equilibrium and motion of elastic solids”, Transactions of the Cambridge Philosophical Society
vol. 8, 22, pp. 287-342, (1845)

5. Williams, P.R. and Williams, D.J.A. “The determination of dynamic moduli at high
frequencies”, J. of Non-Newtonian Fluid Mechanics, 42, 267-282 (1992)

6. Williams, P.R. and Williams, R.L., “Gel-point studies in reacting system by shear wave
dispersion measurement”, J. of Non-Newtonian Fluid Mechanics, 68, 311-322 (1997)

7. Williams, P.R. and Williams, R.L., “Rheometrical aspects of the viscoelastic dispersion of
shear waves in gel-like mechanical networks”, J. of Non-Newtonian Fluid Mechanics, 78, 203-22
(1998)

8. Whorlow, R.W. “Rheological techniques”, Halstead Press, London, (1980)

9. Litovitz, T.A. and Davis, C.M. In “Physical acoustics”, Ed. W.P. Mason, vol.2, chapter 5,
Academic Press, New York, (1964)

10. Meixner, JAnNNn.Physik5, 43, 470 (1934)

11. Meixner, JKolloid-Zt., 134, 47 (1954)

36



Sample Content Wizard and Pyncnometer

The time may come when you need to measure a sample for which you do not know weig
fraction or the density of the disperse phase material. You can use a built-in software pyncnome
function. There are several modes of this software. The simplest one is based on 4 boxes on
Home page Sample definition frame. Three boxes are for densities of the liquid, particles ar
dispersion. The fourth box is weight fraction of particles. These 4 parameters are constrained
matter conservation law. If one knows value of any 3 of the boxes, then the value fdbthecan
be calculated.

%% Home - Dispersion Technology AcoustoPhor ZetaSize 1200 Demo Mo... [Z”E|E|
View  Calibration Toals  Log Infout  Help

Tm
Suspension

Emulsion | Porous body

r Experiment degsign Sample definition
r e
[ CWI - for zeta potential _Contert
[ Conductivity — Liquid media Density | %

=
{+ Pratocol J |water j 937

Salid particles Calculal

T

[ # measurements
[} 28,02 .ol
7 i

Ready far meazurements!

[ ]

aluminia boehmite

Dizperzed system Total

L
]
=

Calculating density of particle

If one want to calculate density of the particles, then the density of dispersion, the density «
your media and the weight fraction of the dispersion must be known. You should specify weigl
fraction first, then density of dispersion, as shown below.

%% Home - Dispersion Technology AcoustoPhor fetaSize 1200 Demo Mo... E“E|E|

wiew  Calibration Tools  Log InfCuk  Help
= — &4
Suspension Erulsion | Porous body
— Experiment design Sample definition
[n -
I CVI - for zeta potential | J
[T Conductivity —_— Liquid rnediz Density
* Protocol J |water j 9597
Solid particles Calculate

[ # measurements |alumina boehmite j 3.04
_ 25.01 #.02 Dizpersed system Taotal
B |

Feady for meazurements!

Click “Calculate”. You will see new density of particle in its box, see below.

37



%% Home - Dispersion Technology AcoustoPhor ZetaSize 1200 Demo Mo.. . E||E|g|
Wieww  Calibration Tools LogInfout  Help

— i
TrTm

Suspension | Emulsion | Porous body

r Experiment degsign Sample definition

[ ID -

[ C¥I - for zeta potential | J Contert

[ Conductivity —_— Liquid media Density ZDI.:ten

' Pratocal | || water | [997

Salid particles ]

|alumina boehmite j 577 23.0
[} 25.03 .03 Digperzed syztem Taotal -1_2
7Y
Ready for meazurements!
You can save this value by opening Define Material form from Home page Tools. Gotc
Modify Material there, find you material and type the new density value.
If you do not want this new value and want to recover the old one, just click on weight
fraction box. The following message appears. It always would appear warning you about erasil
data from all boxes of the Content Wizard if they becomes over-defined.

[ # measurements

Sample definition

Sample will be over-defined if vou make changes, Click QK to erase present values, Click Cancel to keep values

Cancel

If you select OK, Home pages becomes as below.

%% Home - Dispersion Technology AcoustoPhor ZetaSize 1200 Demo Mo... E”EWX|

Wiew  Calibration Tools LogInfCut  Help
= | = |
Suspension | Emulsion | Porous body
— Expenment design Sample definitian
r D -
[ ¥ - for zeta potential | J Cortent
[ Conductivity —_— Liguid media Density ?Su:ten
f+ Protocal J |water j 997
Salid particles Calculate
[ #measurements |alumina boehmite j 3.04
] 3.00 e Dizperzed system Total I:I
7 = £
Ready for meazurements!

Calculating weight fraction from the density of dispersion

For this purpose you should place measured density of dispersion in the box as shown bel
and click Calculate.
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%% Home - Dispersion Technology AcoustoPhor ZetaSize 1200 Demo Mo.. . E”E'E'
Wieww  Calibration Tools LogInfout  Help

TrTm
SUSpENSion Porous body
r Experiment degsign Sample definition
r | D
[ C¥I - for zeta potential Contert
[ Conductivity —_— Liquid media Density ZDI.:ten

=l
{+ Pratocol J |water j 937

Salid particles Calculate
M 5 S e |alumina boehmite j 204 0.0

= 25 00 7.03 Dispersed system Total
7

Ready for meazurements!

Ermulsion

You can see value of the weight fraction appearing in the box on the frame Content.
%% Home - Dispersion Technology AcoustoPhor ZetaSize 1200 Demo Mo.. . E”E'E'

Wieww  Calibration Tools LogInfout  Help
= = #h
Suspension | Emulsion | Porous body
r Experiment degsign Sample definition
[ ID -
[ C¥I - for zeta potential | J Contert
[ Conductivity —_— Liquid media Density ZDI.:ten
f+ Protocal J |water
Salid particles i
[ #measurements |alumina boehmite j 204 ]]|34.68
[} 25.03 AL Digperzed syztem Tatal 1,300
=
Ready for meazurements!

Calculating weight fraction from the weights and volumes

In some cases you might know weight or/and volumes of phases that compose particul
dispersion. You can calculate weight fraction using these parameters.

Goto Home page, Tools click Content Wizard.

Home page would become as shown below.

Now you can fill any two boxes in the frame Content, click Calculate and software would fill
all others.
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%% Home - Dispersion Technology AcoustoP hor ZetaSize 1200 Demo Mode Liser: usr |Z||E|E|
Wiew  Calibration Tools Log InfOut  Help

= 4
Suspension | Emulsion | Porous body
 Expenment dezign Sample definition
r I - Preparati Fs
[ CWI - fior zeta potential | J c Teparation temp
[ Conductivity N Liquid raedia Density ?;r;:ent Zwl  gm ol 55peed
& Protocol || water | [957 ] |[F5.32 ][esa7 ]| I || [ras7. ]
Solid particles :
[ # measurements |alumina bioehrmite j |3-U4 | |34.EB ||14.83 || || ||BU|:|U. |
_ 3.0 701 Dispersed system Tatal {1,300 1419.1
=2 N L]

Ready for meazurements!
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Glossary of attenuation spectra for different particle size
distributions and material properties.

Acoustic particle sizing is based on calculation of particle size distribution from the
attenuation frequency spectra, similarly as it is done for dynamic light scattering using
autocorrelation function. Attenuation spectrum is an analog of autocorrelation function.

In this section we present typical attenuation spectra. It would be possible for user t
compare these curves with whatever measured and made some preliminary judgment about part
size. We present these curves separately for emulsions and solid particles dispersions.

Emulsions.

All emulsions attenuation spectra calculated here were made assuming them being oil-i
water with 10% of oil weight, density of water 1 g/cu.cm, density of oil 0.95 g/cu.cm, intrinsic
attenuation of oil being Newtonian and 2 dB/cm/MHz at 100 MHz, st.dev of the particle size
distribution is 0.12.

For first 3 graphs illustrating effect of the droplet size “scattering coefficient” is 1. Heat
capacity was 2 J/g/C, heat conductance is 1.5 mW/cm/C , thermal expansion is 9 [1/Ko]*10E-4.

Attenuation Curves for Different Size Emulsion Droplets
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a (db/cm*MHz)

Attenuation Curves for Large Emulsion Droplets
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The following attenuation curves illustrate role of the “scattering coefficient” for large

droplets. Droplet size is 30 microns for all curves.

a (db/cm*MHz)

Attenuation Curves for 30 micron Oil Droplets with
Varying Sc
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The following attenuation curves illustrate role of the “thermal expansion coefficient. Droplet

size is 0.5 microns for all curves.

a (db/cm*MHz)

Attenuation Curves for 0.5 Micron Emulsions with Varying

Thermal Expansion Coefficients
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Dispersions of solid particles.

All attenuation curves shown below were calculated for dispersions of solid particles witt
weight fraction 10%, density of particles 2.5 g/cu.cm, density of liquid 1 g/cu.cm, viscosity 1 cP

st.dev of particle size distributions is 0.1.
Parameter Sc is “scattering coefficient” that corrects scattering loss for non-elastic scatterin

If Sc=0, then curve is combination of intrinsic and viscous attenuations only.

Attenuation Spectra (Sc = 0)
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a (db/cm*MHz)

Attenuation Curves Sc =1
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a (db/cm*MHz)
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Analysis form for calculating particle size, zeta potential,
rheological properties.

There are several purposes for Analysis form.
1. Analysis form performs calculation of particle size, zeta potential, rheological parameter
from the measured data.
It displays results of calculation and serves as the main Report.
It allows re-calculation of old results and re-building old Reports
It has tools for calculating key input parameters — thermal expansion coefficient, scatterin
coefficient, intrinsic attenuation and saving them to Material database, see the book, secti
4.6, page 174.
5. It can function in Prediction mode calculating theoretical analogs of measured paramete

for user specified input parameters.

rwn

This form appears right after the raw data has been collected.

If the Analysis form is not currently displayed, click on the menu FEdm Analysis on the
Home page.

The form’s appearance depends on which raw data are measured for a particular reco
There are four main display setups, namely:

Setup 1) Acoustic attenuation and colloid vibration current are both measured.

Setup 2) Only acoustic attenuation is measured,;

Setup 3) Only colloid vibration current is measured,;

Setup 4) Only acoustic attenuation is measured, but no disperse phase is specified on

Home form

There is also possibility to see this form in Report setup or in Research mode. This can |
achieved by checking or un-checking menu item View, Report.

The following Figures illustrate all these display Setups, as they would normally appea
automatically after a measurement is finished and the analysis of the raw data is complete. Ez
setup display Setup is largely fixed by the properties that are measured, but some modifications
possible by making selections from the View menu as will be described.
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File Wwiew Tools Help

Dispersion Technology - AcoustoPhor ZetaSize 1200
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General Information
Softwars [Version 4422 |Analysis Date PO0BAZAE 15405 |File Namelc\data_aco\Exceh0009252024 csv |Operater [ |

|”Dem0|1uer_l,l ﬂ Re-calculate O prediction Overlay | * Unimodal " Bimodal ~ Systerm SN

Figure 1. shows Setup 1 for which attenuation, CVI, and conductivity are all measured
Whether the unimodal or bimodal PSD is shown depends on which provides the most realis
picture of the sample based on the respective fitting errors. Report mode.
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File Wiew Tools Help
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Figure 2 shows Setup 2 for which only attenuation measured. In this case the fitting errol

suggested that the bimodal solution provided a better representation. Report mode.
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Figure 3 shows Setup 2 again, but in this case the user has clicked on the masievitem
both unimodal and bimodal to see both. Research mode.
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Figure 4 shows$etup 2 yet again, but in this case the user as clicked on the mentiatem
Sound speedo displaysound speed information. Research mode.

The Analysis software can utilize altogether three separate theories of increasin
sophistication for calculating zeta potential, namely the simple classic theory of Smoluchwski, a
Advanced CVI aqueous theory, and a theory for non-aqueous or nano-colloids. Figure 5 sho
Setup 3, for which we measure only CVI, and by default calculate zp using this classic theory.

The more sophisticated theories yield more accurate zp values only when the conductivity «
the sample is known, which in turn allows us to calculate the Debye length and Dukhin number D
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both important characteristic of surface conductivity. The Advanced CVI aqueous theory work

when ka >3. For lower ka values, due to

the small size or low ionic strength, the third theor

becomes employed. It takes into account the overlap of thick double layers. The best output for t
third theory is surface charge. This parameter can be calculated without conductivity, assumii

nevertheless a ka < 3. The calculation of
might be hard to obtain in non-polar liquid

a zeta potential would require conductivity data, whic
s. In addition, this calculation is very non-linear. The

software restricts the highest value of zeta potential for this third theory at 200 mV.
You can see the results for the two more sophisticated theories by clicking on the menu ite

View Advanced CVI.
conductivity and selected Advanced CVI.
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File Yiew Help
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Figure 6 shows Setup 3 for case where user has indeed measure
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Figure 6
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The Advanced CVI aqueous frame has a check box labeled “zeta bimodal”. If you check thi

box a Bimodal frame appears as shown in Figure 7 below. This would allow you to recalculate ze
for given CVI using a bimodal PSD that you specify in this Bimodal frame

i fnalysis

File Wiew Help
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Figure 7

Figure 8 shows Setup 4 for case where only attenuation is measured and there is no dispe
phase. This Setup is used for intrinsic attenuation measurement.

Once attenuation data is displayed in Setup 4 it can be converted to a reological format |
checking the boxheology output and then pressinBUN ( If necessary click on Recalculate to

make RUN visible) This will convert attenuation and sound speed into visco-elastic moduli a
shown in Figure 9
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Click onFile - Print analysis as report to print a copy of the present report to the printer
CheckFile- AutoPrint if you want to generate this report automatically each time you make

a measurement.

If you modify the report format you can save this so that it will be used next time the syster

Printing and Saving Analysis as a Test Report

is started by clickingrile-Save report setup

You can Paste this form as a report into the MS Word file. In order to do thig\ltuse
PrintScr keys. This would copy the form to the clipboard. The form must have focus at this point
which is indicated by top bar being blue. Then open MS Word file and do Paste command. Analys

appears there as a picture.

You can save any graph on the Analysis form as a stand alone picture. In order to do th

Saving any graph on the Analysis as separate picture

click right mouse button. The following form appears, left Figure. .

Graph Control

Legend

Labels

Syztem

Al

(x]

oLk |

Graph Control El

ants| Markers | TandS| Owerlay | Error Bar | B ackground |
20 Gallery | 30 Gallery | Style | Data | Titles | Ads | 30 |

Legend | Labels About |
Frinting Ewport Image
L o [~ Border Format
}. @ ® o £ Mono & W C BMP C JPEG © BNG
. o &+ Color Target
C
Pie Prolar Bubble Scatter [ Landscape ~Lpamard M
* File
I Full page -
-_—
= Elint Egp}l
1
-_— .
[ ‘ = E sport Map File Graph Template
Line Bar Area Gantt Earmat | Clignt i [ SaveData
= Browse
¥ - b Tag Fils
1 ‘I [ QH e o
i . 4
]l 1 -H T+1 EQ e ’ﬂ: Ref Strings.. | Browsze | Mame -
-af— ]
- - - - - File Load | Save |
High-Low Candlestick Bowwhizker Time Series
Ok | Cancel | Apply Naw | Help | Ok | Cancel | Apply Mo | Help |

Select talSystem The form would become like following. Frar&eport Image allows you
to save this particular graph as metafile. Use buBimwse to select directory and then type name

of the file.
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Saving and retrieving Excel files from the Analysis form

The analysis of a particular measurement can be easily saved to an Excel file. Correspondi
functions are available from the Analysis, File. You can save file with your own name usinc
following form.

Attenuation and PSD file name E]
Enter file name [ without extenzion] for zaving ak
Atteruation & P50 data to excel files -

Cancel

|myFile)

If saved automatically, the name of the file would be constructed from the measurement da

and time.

This one file contains information on all parameters involved in characterization procedure.
The columns are defined as follows

Ft(i) Frequency, MHz

At(i) Attenuation, db/cm/MHz

Atlog(i) | Attenuation of best fit unimodal distribution, db/cm/MHz
Atbi(i) | Attenuation of best fit bimodal distribution

d-log Diameter for unimodal distribution data, microns

psd-log Unimodal particle size distribution function

cum-log Unimodal cumulative particle size

d-bi Diameter for bimodal distributions, microns

psd-bi Bimodal particle size distribution

cum-bi Cumulative bimodal particle size

psd-1 Particle size distribution of mode 1 of bimodal distribution
psd-2 Particle size distribution of mode 2 of bimodal distribution

If you want to save attenuation and PSD excel files for every measurement, th&ieck
Autosave

If you want to see the last attenuation data that was analyzed, cliEkesrOpen last
attenuation with Excel.

If you want to see the last PSD information that was generated by the Analysis form, click o
File - Open last PSD with Excel. If you want to explore all Excel files created by the Analysis
form, click onFile - Explore saved Excel files
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Re-calculate option - Selecting a particular record.

Analysis form can re-analyze existing raw data. In order to do this Analysis must be
connected to the particular record in the database. It is done with 3 objects on the Analysis pa
shown on this picture.
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As a first step you should select a Query that contains this record. This is done with th
object that is linked to the query “~DemoQuery” now. Clicking on arrow would open a list of
available queries.

As a second step you should select a database field for chousing the record. It is done w
the two list objects: Sample ID and Measurement Date. Each of them contains list of all records
particular Query. Right button click expands them. In order to connect Analysis to particular recor
just click on this record in Sample ID or Measurement date.
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Re-calculate option - Prediction.

Button “Re-calculate” starts calculation for the selected record.

Option “prediction” allows you to plot attenuation that corresponds to particular PSD. For
this purpose you should check this box and specify desired PSD in the frame Unimodal or Bimod:
This would disconnect searching program and plot theoretical attenuation corresponding to the PS
in those frames. Analysis must be in Research mode (view, report — unchecked) for this functic
available.

Analysis Tools
Analysis has several software tools for performing various calculations. They can be opene
using menu Tools. This opens right hand side of the Analysis.
Objects on the very bottom frame allow:
» restricting frequency range for cutting off attenuation points that are in doubt. Use boxe
“fmin” and “fmax” for this purpose.
* restricting size range using boxes “dmin” and ‘dmax”.
» recalculate automatically all records in the given query by checking box “recordset”

#" Micraphone

File Wiew Tools
% 5 i Vi zearch
‘ Dispersion Technology - Zeta & Size 1202 ml
wir anl
maample Definifion = ?
[latex | and | | i [water | measured on [3/21/2000 10.52:21 AM | 01z
Tatal wir [0.146 | Total wir Sample 1D i | -] Temperaturs pH [3.393 Sl
- Eleciric properfies I
{- potential [miv] Condustivity [S/m] [1.1232021 Suttace chaige 106 C/em2.  [£.96075 Dukhir number |0.227 E"“‘j‘“’et_
autornatic
K ) Dnarnic mokbilicy M asmel- W agner
il Debye length [nm] [rricton/secddcm] 1.81513 frequency [MgHz] 28. 21645 [ Hook coeff. only
r Farficle size paramefer : T a2 2 o] Crumuldatives EI
SIZE median mode micron, none
S s ; € size [0.053[0.0B0[0 050[0. 051 [0. 053]0, 064[D.065[0.065 [0.086 | | [ misoviscosity
standard deviation 0ot larger mode fraction vfi2/vfi |hone 0 P
fitting ertor, 2% TE | dearisie patisn) 00524 o] [3 [5 10 [50 [ 30 |5 [ | =
porozityfractal
40 0.4 -
] g A Large particles
. [ automatic
: :
-1 Aeq:(-llnelt
20 Save
1 w
o 7 % Thermal properties
@ A
% £ :
g 4 M o O automatic
o & =
2 a0 5 i O th.expansion only
Z ] 2 Fan
2 2700
: . Save
1 k2 -
10 Setup parameters
: F S fmln 3
| v fnas 395
1 4 4
3 i . [ recomdset
0 3 drrin {0.007
e 2 dmag 1000
digmeter [um] Frecpne ney {MH arrar fi traskild
- General Information T 2
|"D emaluery ﬂ Software ersion 5.6, 31 File M ame | |
He-calculat
S e Analysis Date [T731/2012 10:20524M | Operater [ Jsystem SN

59



Enforcing unimodal or bimodal PSD

Object “error fit threshold” determines minimum improvement in the fitting error that allows
software to claim bimodal PSD over unimodal one. If this parameter is set to high value, for instan
100, software would always select unimodal PSD only.
Alternatively, if this parameter is very small, bimodal PSD would be predominant.

Default value is 3%. It is our experience that this value is the most realistic.

Analysis Tools - Primary particle size known.

In some cases size of the primary particles is known. The main purpose of the Acoust
measurement is determination size of the aggregates. Software allows setting up size of the prim
particles and perform search for aggregates size only. In order to achieve this you should click on 1
label “size 1”. It be comes red as shown on Figure below. Then, place known size of primar
particles in the box for the size 1. Click re-calculate. Software would search only fore aggregat:
size. In order to restore original setup, click on the “size 1” again. It will become black. This is a fla
for the full bimodal search.
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Analysis Tools - Volume fraction search.

Usually volume fraction or weight fraction must be input parameters on HOME page with
precision roughly 0.1%. However, in some cases attenuation contains enough data for extracting t
parameter together with PSD.

The volume fraction can be calculated from the Attenuation data for solid particles having
particle size between 0.1 to 1 microns where for slurries that are not structured.

The VFR search frame contains a box “automatic”. Checking this box will run search for tha
vfr and PSD that provides the best fit between theoretical and experimental attenuation spectrum.

In some cases, one might know the PSD for the given sample, but not the weight fractio
The VFR search frame also includes a check box “vfr only” and allows one to compute the vir th:
provides the best fit between theoretical and experimental attenuation given the known patrticle siz

User can also change wfr and vfr for given sample using the same frame. New VFR must |
placed in the text box and then click SAVE button. You will see that both WFR and VFR f or this
particular record will change to the new values. Then you can recalculate this record for these n
values of WFR and VFR.

Analysis Tools - Scattering coefficient search

The Scattering coefficient is a property of large particle material. This parameter accounts ft
scattering deviation from the pure elastic mode.

The border between large and small particles is 10 microns, but in some cases even
microns particles might be considered large. That is why search for scattering coefficient might t
important for both prototypes of solid particles (see section Derfining New Material): solid
submicron particles, material type 1 and large particles — material type 2. .

This parameter set to 1 for the prototype 1 and 2 for prototype 2, when a new materi
created using Define Material form, see menu Tools of the Home page. Searching for large partic
is very different than for small ones, that is why we have 2 different material prototypes with borde
line around 3 microns. However, in the range from 1 to 10 microns, sometimes prototype 1 give
better results, sometimes prototype 2. That is why we recommend to try both prototypes when y
start with the new material.

After one creates a new material for large particles and uses it for measurement, Analys
would automatically search for large sizes recognizes that material type is 2. It would also recogni
that scattering coefficient is in default. It would run “automatic” search box this parameter and PSI
You can re-run this search if you check box “automatic” on the frame “Large particles”.
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After it finds the best value of “scattering coefficient” it would display message asking you if
you are happy with the size. If not, you have option to search for scattering using known size, che
box “scatter only” and specify this size in Unimodal frame.

Button “save” allows you to save the best value of the scattering coefficient directly to the
database.

Analysis Tools - Thermal expansion coefficient search.

Thermal expansion coefficient is a material property of soft particles, such as emulsiol
droplets and latex particles. These are material types 3 and 6 when New Material is created in-
Define Material form, see Home page, menu TOOLSs.

When Define Materials create a new material record in Material database it assigns defal
value for this parameter. If user do not correct it, software would know that this parameter has n
been modified and remains at default value.
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Then, when user measures dispersion with this material as particle, software would recogni
necessity to adjust this parameter, because it is at default value. Analysis would automatically st
search for the optimum value of thermal expansion and would ask user at the end if he likes resu
If he does like result, then he can save it using Save button next to the box “th.exp.only”. If thi
button is not visible you can activate it by clicking and then un-checking the box “automatic”.

If user do not like results, then he can start re-calculating using boxes “automatic” an
th.exp.only” on the frame “Thermal properties particle”.
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Check boxes “automatic” and “th.exp. only” works the same way as similar boxes on the vf
and scattering coefficient searches. Box “automatic” ensures that PSD parameters a
ThExp.Coefficient are used for fitting attenuation. Box “th.exp.only” performs search of th.exp. only
for PSD specified in Unimodal PSDF frame.
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Analysis Tools - Structure.

Some dispersed systems are structured. This can be modeled as if particles are connec
with strings, polymers or other specific forces. Oscillation of these strings contributes to attenuatio
There is theoretical model of such attenuation , see the book, section 4.3.4 and 6.3. If box “structu
checked, software accounts for this additional attenuation. It searches for the best value of t
second Hookean coefficient that determines dissipative properties of the strings. This parametet
shown in the box next to the “structure” check.

Newsletter 8 on the www’'dispersion.com describes result of this option for structurec
alumina dispersion.

One should use it if regular searching procedure fails to fit high frequency attenuation, &
described in the section 6.3 in the book. This extra attenuation comes from structure. This is raw d
for calculating structuring coefficient.

Analysis Tools - Microviscosity for sizing and zeta potential in non-
Newtonian liquids, polymeric solutions.

There are samples where solid particles are dispersed in non-Newtonian liquid. This rais:
guestion of viscosity that should be used for extracting correct particle size distribution from th
measured attenuation spectra. Quite often this viscosity is not the same as macroscopic visco
measured with regular viscosity meter. Section 4.7 in the book provides estimates of the particl
motion in ultrasound field. Displacement is very small. It means that small particles would not sen:
presence of viscosity modifiers if their chain length exceeds particle size. In such case viscosity
the basic liquid must be used.

In the opposite case of large particle with sizes much larger than chain length, macroviscosi
must be used.

Introduction of the new liquid for particle sizing and zeta potential might be complicated in
the case if this liquid is non-Newtonian. Many aqueous polymeric solution can serve as example
The most complicated part is selection of the proper dynamic viscosity. Viscosity measured with lo
frequency rheological instruments is not adequate and applicable at high frequency due to nc
Newtonian nature of such liquids.

We suggest procedure here that at least specifies high limit of the “microviscosity”. Concey
of “microviscosity” is used for instance by Harvard scientists: M.L. Gardel, M.T. Valentine and
D.A. Weitz from Department of Physics and Division of Engineering and Applied Sciences, wh
published large review on this subject.

In order to define this new liquid properly you MUST measure this new non-Newtonian
liquid by itself, with no particles. This would yield “intrinsic attenuation”, “sound speed” and
“microviscosity”.

Fill Acoustic sensor measuring chamber with this liquid.

First of all you should define a new liquid using Home page, Tools, Define material. Wher
this form appears: select “liquid medium for solid particles”. This form would look like below.
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. New Material

Wigw

Create new material

" golid rigid subricron particle
" porouz submicron particle

" large particles, >1 micron

" zoft particles

1+ liquid medium far solid particles
" liquid medium far soft particles

" liquid for emulsion droplet

Save Az Exit

|new polymer solution

Specify property value, CO
material type
049 denzity in gfcm.cu

1 vigcogity in cP
a0 dielectric permittivity, relative

1500 zound speed m/sec

intrinsic attenuation frequency expangion
coefficients

[0 aten
000185 attat
0 ama2
[0 | a3

HELP

Check appropriate box for help
" material lype

" density

" wiscogity

" dielectric permittivity

" sound speed

" intrinzic attenuation
COMMENT

In the case if you are dealing with aqueous solution — change dielectric permittivity to 80
which will be important for zeta potential only, not sizing.

| defined material name as “new polymer solution”. You can use any other name that i

appropriate for you.

Click Save AS.

The next step — selecting this new liquid on the Home page — Liquid media.

You should use modes either “Suspension” or “Emulsion”.

%% Home - Dispersion Technology AcoustoPhor ZetaSize 1201 User: usr, E”E|E|

Wig Tools  LogInfout  Help
5 = 2 @
SUspEnSion Emulsion Porous material Fheology
v Attenwation - far size Stop |ID j
[ ¥l - for zeta potential —p
zE aLlse o ] .. Content
[ Conductivity Ligquid media Density | s

f* Protocol

" Temp.

[ # measurements

] Temp 23.536
7 R

|new palyrner solution

Solid particles Calculate

<[]

pH 7.183

b eazuning Attenuation - Preset gap to 0,325 mm

[~

Finizh in

When you select this new material the following text message appears. It is warning that th
liquid is not yet properly defined and software would object using it with particles.

Click YES.
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Intrinsic Attenuation and sound speed of medium not defined!

The intrinsic attenuation and sound speed of this liguid medium has not been adequately defined,
If the particle concentration is low or the inkrinsic attenuation of the mediurm is high,
woU may experience errors in the particle size distribution,

You can proceed with measurement now and correct For the intrinsic attenuation later,
or wou can define the intrinsic loss now,

Click "es' to define the intrinsic loss now,
Click Mo’ ko measure attenuation of the medium laker,

There will be 3 more messages with obvious warnings — Yes for all of them.

Instrument will perform 2 measurements in raw. The first measurement might be affecte
with a wrong sound speed. Only result of the second measurement is reliable.

After the second measurement finished, Analysis page as following appears.

= Analysis [g]

File Help
_ Dispersion Technology - AcoustoPhor ZetaSize 1201
Sample Definifion |
I | hohe | and [none | in |new polymer solution |measured on [2011/061 3101522 —|
Total wafr El Total wir D Extra phase wir El Samplz 1D [ID | Temperature pH

- Lomguiiaiingd iraaiog. Son-fewiamss fae -
viscosity dynamic [cF] database 1.00 s.speed experiment [més] - [1454.8 7 | ongitudinal viscosity and Mewtanian test [ plat k"

iscosity bulk [cP 145.08
V.ISCDS.I A .[C .] elastic madulus M'E0S [Pa] [1.905
vizcogity longitudinal [CF']11D_3 MHz 1??_88 c T m Esi 4 T v
oo g [CP]E@E MHz G577 compressibity  E10[1/Pa] i5.25 ave intrinzic attenuation | shimate dynamic vizcosity ‘
30+
¥
251 3d
A experiment
g 20
o
@
il
£ 154 im
: X
2 O
i
1.0+ m O
i m
T
0.5 x v
xX m"
TEED
00 t F————++] : —t—+—+—++
1 10 100
Frequercy {MH]
General Information - ;
Software [Version 5.6.23 Analysis Date POT1/06/1310.15:23 | File Name| | Operatar |
I 1 L

|
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Then, message. Click Yes.

Dispersion Technology DT1200

Intrinsic attenuation preset automatically for 3 consequitive measurements, The first measurement is the least reliable because of potentially wrong initial sound speed. We
suggest ko save intrinsic attenuation after the last measurement, IF this is the first measurement, just click this button again after the last one.

The first step — Saving “intrinsic attenuation” and “ sound speed”. Analysis gas a buttor
“save intrinsic attenuation”. Click on it. This saves acoustic properties of the liquid.

The next step is determination of the “dynamic viscosity” that would be adequate for higt
frequency range.

We can use relationship between “dynamic viscosity” and “bulk viscosity”. Definition of the
“bulk viscosity” (introduced 150 years ago) is overviewed in the paper “Dukhin, A.S. and Goetz
P.J. Bulk viscosity and compressibility measurement using acoustic spectroscopy,” The Journal
Chemical Physics, Vol.130, Issue 12, (2009)”

On the form above bulk viscosity is 45.06 assuming dynamic viscosity as 1. However, fo

many polymeric solutions measured viscosity at low frequency is much higher than 1. Let us assul
that it is 70.

Open Define Materials again, Goto “Modify existing material, find your newly defined
material, and change viscosity to 70 see below.

Save.
= New Material g@@
Wigw
Specify property value, CO HELP -
I— X Check appropriate box for help
4 material type " matenial type
ns density in g/cm.cu  density
7l vigcogity in cP  viscosity
a0 dielectric permittivity, relative "~ dielectic permittivity
14548 sound speed m/sec  sound speed
Intrinzic attenuation frequency expansion
- S R coefficients " intrinzi i
Modify eX_ISTInCI mat_erl al intringic attenuation
Select matenal name, modify 005686 attAd COMMENT
property and click S5ave ’—
0332989 amal
S Cerez 031213 anaz
|new palymer solution j |D.205498 attd3

Go to Analysis again and click Re-Calculate at the bottom of the page.
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Analysis will change viscosity values as shown below.

You can see that bulk viscosity is negative now. IT IS IMPOSSIBLE. It occurs due to toa
high dynamic viscosity.

We can use this constrain for determining how possibly high dynamic viscosity might be fo
this particular liquid at high frequency.

[
File Help
# . A~ g -
_ Dispersion Technology - AcoustoPhor ZetaSize 1201
raample Definifion
|none | and [none | in |new polyrmer solution |measured on (200170613 10:15:22 ]
Tatal WfIEI Total Vle Eutra phaze wi DSamplelD [ID | Temperature pH
Lomgitiaingd iiecicg\s Nom\Ewiameas Jud
viscosity dynamic [cP] database 7000 s.speed experiment mfs]  [1454.8 [ Longitudingl viscosity and Mewtanian test O plot 4+
wigcozity bulk [oF -46.94
. .'lrl .[ _] elastic modulus M' E09 [Pa] [1.905
vizcozity longitudinal [cP] 10,3 MHz [77.26 o _ _ o :
viscasity longitudinal [P ,ﬁ MHz [577 compressibilty  E10[1/Pa] [ Save intrinsic attenuation | Estimate dynamic viscosity |
30T
¥
251 b
i A& =xperiment
g 204
X
2
2 154 N
g ([
g o
E =
i
1.04- n 0
M b
gy
05— e = B v
giigH
E N D | |
0.0 } — } ————+—+++{
1 10 100
Freesency {MH3]
General Information
Software  Wersion 5.6.23 Analysis Date [2011/06/13 101705 |File Name| |D|:-erator| |
|"‘Toda}l v| Re-calculate | [ prediction Syztern SH 1001

The higher “dynamic viscosity” the more negative will be “bulk viscosity”.

Lowering “dynamic viscosity” would eventually make “bulk viscosity” positive. The highest
number for “dynamic viscosity” will be the one when “bulk viscosity” equals value in pure water,

which is 2.4. This is condition for polymer aqueous systems. For non-aqueous we suggest to use
0 for “bulk viscosity”.
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With this assumption we restrict polymers molecules only to transitional motion. Bulk
viscosity reflects rotational and vibrational degrees of freedom. It is quite possible that they are n
important for large polymers molecules.

This relationship between “dynamic” and “bulk viscosity” is result of fixed “longitudinal
viscosity”. There is a general notion of longitudinal viscosgidy, which determines dissipation due
to longitudinal stress in non-Newtonian liquid:

_ 2O,Ionglov s

,7I0ng - T (10)

We can use also the following approximate equation leanking this parameter to “bulk an
dynamic” viscosities:
_p 4
/7Iong =n +§’7

We assume the last relationship when calculate bulk viscosity for non-Newtonian liquid. It i
the best we can do.

For the last Analysis longitudinal viscosity equals:

Mong = —47+%1 70= 463

Now, if we assume that bulk viscosity is 2.4, as for water, this equation can be used fc
determining “dynamic viscosity:

463= 2.4+g,7
which yieldsn= 32.9.

Actual dynamic viscosity might be even smaller. However, even this number works ver)
well in many cases.

In order to verify that this simple calculation works, we go to Define material, change
dynamic viscosity to 32.9 and then Re-Calculate with Analysis.

This procedure is illustrated with following two Figures.
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. New Material

Wigw

Modify existina material

Select material name, modify

property and click Save

Save Cancel

Specify property value, CO
4 material type
049 denzity in gfcm.cu

129 vigcogity in cP
a0 dielectric permittivity, relative

14548 zound speed m/zec

intrinsic attenuation frequency expangion
coefficients

005686 | attal

0332383 anal

L3213 ana2

|new polymer zolution

[

0205435 a3

HELP

Check appropriate box for help
" material lype

" density

" wiscogity

" dielectric permittivity

" sound speed

" intrinzic attenuation

COMMENT
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File Help

_ Dispersion Technology - AcoustoPhor ZetaSize 1201

rSample Definifion

|n0ne | and |n0ne | in |new polymer zolution |measured on [2011/06/13 10:15:22 =
Total Wf[El Tatal VflEl Extra phaze wir ESamplelD [ICx | Temperature [23.55pH
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wizcozity dynamic [cP] databaze 3290 = speed experiment [mfz] (14548 O Longitudinal viscosity and Nevitonian test O plot

iscozity bullk [oF 2583
V_ISCDS_IP u _[C ,] elastic modulus M' E09 [Pa] [1.905
vigcozity longitudinal [cP][10.3 MHz [77.86 : e . | Eati p - .
viscasity longitudinal [2F] ,ﬁ MHz 3573 compressibity  E10 [1/Pa] [ ave intinzic attenuation shimate dynamic viscosity |
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¥
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g 204
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2
ey im
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i
1.0 m O
M b
gy
05— b = B v
gkigH
o ﬂ | (|
E D = | |
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General Information
Software  Wersion 5.6.23 Analysis Date [2011/06/1310:2710 |File Name| |D|:-erator | |
|"‘Toda}l v| Re-calculate | [ prediction Syztern SH 1001

If this value of the dynamic viscosity is still would not provide good fit for attenuation
spectra with particles in this liquid, we suggest even more reduction of the dynamic viscosity.

Analysis has a tool that helps finding microvioscosity when particle size is known If we
would know particle size than we could calculate microviscosity as adjustable parameter providir
the best fitting to experimental attenuation. This is achieved with the box “microviscosity” on the
frame “Structure, see Figure below. Particle size is placed in the boxes of Unimodal PSD.
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& Analysis

File ‘iew Tools Help
" " s - Wi search
Dispersion Technology - AcoustoPhor ZetaSize 1200 ol
| Bty E
- aample Definifion e .
|silica_large |and [none | in |water |measured or [8/8/2005 8:27.50 &AM = |[ET =itematic EI
Total wir [1.1225 Total vir Extraphasewii [0 |Samplz|D  [EREeEiEEs || Tempsratur= pH 0821 O i
Farficle size parameter = = FRETE— - Cumulatives k4 mIC[DWSCDSIt‘l’I'CPEl
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|”Dem0Quer_l,l j Re-calculate | O predictior Syztem SM

Analysis - Porous and fractal particles.

There are particles that contain trapped water. We have two models for them, see secti
2.4.2 , page 37 in the book. One model is “porous particles”, the other model is “fractal” particle:
There are two prototypes for creating such materials using “Define material” form.

Parameter “porosity” determines how much water is trapped in the particles in the “porous
model. Value of this parameter changes from 0.11 to 0.99. It is shown in the box next to pH on tl
top of Analysis. It can be changed only from Define Material form. It is saved in the Material table
field “fractal number”.

This parameter is used for sizing and zeta potential.

For sizing, all particles with material type 7 are assumed to be porous and large. In this sen
the size search range is the same as for type 3.
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For zeta potential, there is section at the end of this manual “Characterization of Porot
Materials. Measurement of Zeta potential’. There is difference between porous particles in flow ar
porous patrticles in the sediment.

Porosity is not adjustable. User can try various numbers, till fit is good and size is a
expected. Size dependence on this parameter is very non-linear. It is our experience that it becot
important when porosity exceeds 0.3.

= Analysis DT1200 Ed
File Yiew Re-calculate Help
Dispersion Techmology Acoustic and Electrroacoustic
Spectrometer DT1200
rSample Definifion
o4 Jwtfraction of futle_porous | in uater | messwedon [4//2007 12876 EM |
Sample D [porous particle | File Mame | | temperature 25,84 pH porosityffraclal
r Dhimodal ——————— Cumulatives User defined output
zize median [micron]  [0,3157 10% [0.2150] 24% |0.4281 Pl
zize |047 (|52 ||056
standard deviation 01329 16% |n23s52 | 900 [04636
fngenr 2 |8 0% [15157|mou 07| cnd®__ B ][]
0109 00004 ) '
0130 00017
01465 00049 L
AT 01612 00122 .
4 01775 00260
+ 01953 00540
+ 02150 00891
T 02367 01667
25 02606 02337
T 02862 03715 ‘eqmlnent
T 03157 04966 3
a5 03475 06220 [
1 03826 07357
20 0421l 0@ iy ﬁ
" 1 04636 08077 =
ks —+ 05103 09437 e
g T 05617 09716 = ﬁ
=) T 061EE 09868 =
T 06806 00043 c
E— 1.5 07492 09977 e @ W
@ i / 0EM7 09990 =
o T &
I I
1.0-f
4 -
0.5-] 7
i \\L
0. i R A
01 1 1 10 100
diameter [um] Freqrency {MHY

The other model assumes “fractal” particles. There is a paper on the web site that descrik
this notion. Basically, it is porous particles with trapped water and repeated symmetry of structur
Fractal model has a characteristic number- “fractal dimension”. For solid particles it is 3. For linez
chains of particles it is 1. Fractal particles belong to type 1. When New Material is created in Defir
Material form, fractal number setup to 3 — solid particles. You can change it to range from 1 to .
This would run fractal search in Analysis. Output of the search is shown on frame “Monodisperse
We have published paper indicating that the value of the fractal number does not affect size mu
We suggest using number 2. However, it is very easy to go to the Define Material form and chan
this number. You can determine by yourself how influenced this parameter is for your system.

73



Analysis DT1200

File ‘Wiew Re-calculate Help

Sample Definifio
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Re-calculate option - Mixtures of two dispersed phases.

There are two approaches for characterizing dispersions with more than two dispersed pha:
— see Home page, menu Mixtures. There is also large section on mixtures in the book, chapter ¢
page 312.

Analysis has a special program for the approach when two dispersed phases are determil
on the Home page. There is a frame on the bottom re-calculate options column that displays name
the extra material and corresponding weight fraction. This is a flag that this approach has be
selected.

This program can be run by checking box “triple mixtures” on the Bimodal frame. It would
run search for tri-modal PSD. The third mode is for aggregates.

The first mode is reserved for the smaller phase particles. This size must be specified in t
box “size 1". It is assumed to be known.

The second mode is reserved for the larger phase particles. This size must be specified in
box “size 2”. It is assumed to be known.

The third mode — aggregates of modes 1 and 2.

Software searches for the amount of free particles for the each mode, and PSD of aggrega
It is shown in the frame “Triple Mixture”.

= Analysis DT1200
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Saving intrinsic attenuation.

There is a form for creating a new material — Define Material, Home page, Tools. There ar
three prototypes for the new liquids.. When we use these prototypes for creating a new materi
software would know that the liquid by itself must be measured. It would not allow using this liquic
with particles unless intrinsic attenuation has been measured.

When you select this new liquid on the Home page, software would setup measureme
protocol for three consecutive measurements. The first measurement might be affected by unkno
sound speed.

After the second measurement Analysis would offer a possibility to save intrinsic attenuatio
of the liquid and sound speed. Only after this saving, Home page would allow using this material.
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Defining a new material with relevant input parameters

Proper definition of a new material is extremely important for reliable calculation of the
particle size distribution and zeta potential. When we define the new material we MUST specif
certain input parameters that play key role in calculation. These input parameters are properties
the new material, such as density, viscosity, thermal expansion coefficient etc. List of all paramete
that MIGHT be relevant in some cases is long. There is detail discussion of the input parameters
the book, chapter 4.6, page 174.

However, it turns out that for particular material only a very few parameters are truly
required. The most important adensity for solid rigid particlesthermal expansion coefficientfor
soft particles, droplets, latextrinsic attenuation of liquid for sizing, scattering coefficientfor
large particlesyiscosity of liquid for submicron solid particlegjielectric permittivity of liquid for
zeta potential measurements. Meaning of all these parameters are given on our book.

Some of these parameters must be measured independently. Some of them can be extra
directly from the measured attenuation spectra. We have created a special program that simplif
introduction of the new material and enforces later user to make proper calculation for deteriminir
unknown yet material properties. In order to achieve this purpose we use a set of defat
PROTOTYPES. The form that allows usage of Prototypes for introducing a new material is callec
Define Material. This form becomes available from menu Tools, Home Pafiee Material:

. Mew Material @

View

Create new material

zolid rigid particle

porouz particle

large particles, 10 micran

zoft particles [latex]

afqueouz medium for zolid particles
emulzion medium [oil]

P e e e 00y

emulzion droplet [oil]

E wit

Modify existina material
Select matenial name, modify
property and click Save

|2iru:u:-nia -

You can eitheCreate a new material, dvlodify existing material.
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There are 7 Prototypes for new material as shown below on the Figure of this Form as
appears initially.

In order toCREATE a new material user should select appropriate Prototype.

In order toMODIFY existing material user should select material from the list of existing
material.

When you selected a particular Prototype, the following form appears. It shows only thos
material properties that are important for this prototype.

wi. New Material E'
View

Create new material Specify property value
Click Caption for HELP
matenal tppe

3 denzity in g/om.cu

zolid ngid particle

large particles, > 10 micron

O

=

zoft particles [latex]

agueouz medium for zolid particles

emulzian mediurm [oil]

"I ]

emulzion droplet [oil]

Exit |

0.3 porosity

SE=Afed F o ed 2 fpore
deamalior &

There are Help messages that explain meaning of the every parameter. For instance if you check
“fractal number” the following message appears that explains meaning of fractal number.

Dispersion Technology DT1200

Fractal number 3 and above corresponds ko the model of solid particles, even aggregates, with the same density, Fractal number From 1 to 2,9 corresponds to the fractal particles
with internal porosity, Our study indicates that particle size is little sensitive to the value of the fractal number From this range. We suggest to use value 2 For forcing software ko
accept fractal model for describing particles

In order to introduce a new material you simply type name of this material, as shown below “m
new solid”.

78



=i New Material g|

Wigat
Create new material Specify property yalue
Click Caption for HELP
matenal type:
* ‘solid rigid 2l |—3 s:;zleﬁ:i:ggc-:;fi?i’lent
porous particle 1 anly far zize > 3 micron

large particles, »>10 micron
zoft particles [latex]
aqueous mediun for solid particles

emulzion medium [oil]

P29 e Re

emulzion droplet [oil]

Solid submicron particles require least input parameters- just density. It is also very easy
measure and it is also known in many cases. There is instruction for Content Wizard explaining hc
to extract density of particles from the density of dispersion. Density of dispersion can be measur
with Pyncnometer. There is instruction on Pyncnometer calibration. There is also well advance
Pyncnometer form available from Home page, Tools, Options. It provides means for calculatin
density even at different T.

Soft particle require more information, as follows from the form below. Among 3 thermal
properties only thermal expansion coefficient varies in rather wide range of values. Two othe
parameters are almost constant, as shown in the book, page 29.
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. Mew Material E

Wigw
Create new material Specify property value
Click Caption for HELP
matenal bype
denzity in gdcm.
" solid rigid particle i SEZZ‘; irlwnggc;;:fizjant
" parous particls L only for zize » 3 micron
" large particles, >10 micran
s )
" agueous medium for zolid particles 1 heat capacity, Cp inJ/g/C
" emulzsion medium [oil]
1.2 Rl 7
® ol heat conductivity it mia/cmdC

. 29 thermnal expanzion in 1/C T0E-4
E it |

There is a message that describes ways of getting information on the thermal expansion coefficie
Basically software would force using Analysis software tool for calculating thermal expansior
coefficient from the FIRST TIME measured dispersion or emulsion that includes this material.

Dispersion Technology DT1200

Thermal expansion coefficient is most complicated to determine Far soft particles, We offer two ways to get it. The First way is extraction this number from attenuation spectra of the
dispersion, Analysis Farm has tool For this calculation, Software would bring automatically this tool after first measurement with this material if you would not change value of this
parameter here. You would be able to save it directly to Materials database. This tool is especially effective if size is known. The second way is using dispersion density measurement:
at least bwo T, Farm below helps ko make this calculation. Density of dispersion can be measured either with volumetric bottle or Paar instrurent.

Similar method is used for calculating scattering coefficient of large particles. There is section 4.4
page 170 in the book that describes meaning of this parameter. It can be extracted from the measit
attenuation spectra that is FIRST TIME measured with this material, see help message below.

Dispersion Technology DT1200

Scattering coefficient is empirical parameter that scales scattering losses. It is stored in Material b field *Scattering coefficient® (Cation 23, Yalue 1 corresponds to the
Rayeleigh-Morse theory. There is a tool in Analysis allowing calculating this parameter For known size, It opens automatically after first measurement if you defined material as Large
patticles and do not modify scattering coefficient here, Definition of particle material as Large particles would run automatically a special routing in Analysis for sizes above 10 microns

In the case of the new liquid material, software would insist on measuring intrinsic attenuation ¢
this liquid and sound speed. These parameters are properties of all liquid Prototypes, as sha
below.
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. Mew Material E

Wigm

Create new material Specify property value
Click Caption for HELP
matenal bype
density in gdcm.

" zolid rigid particle 0.337033 I

" porous particle

" large particles, >10 micran 0.2304 wigcozity in cP

i soft particles (latex] 78.85 diglectric permittivity, relative

I+ ‘aquenus medium for solid particles

emulzion medium [oil)

> 9

emulzion droplet [oil]

E it |

T1436.7 zound speed mizec
Fnlansic affenuation of oo
frequency expansion T expansion
g AL 018635 att CO
Ly Al 00052 a1
0 A2 0.00012 a2
] 43

Help message below explains how Analysis would allow saving these properties of the liqui
material after they measured with acoustic sensor.

Dispersion Technology DT1200

Intrinsic attenuation using DT1200 acoustic sensor. Analysis software has provision for saving these parameters to the database after measurement with pure liquid is Finished. \We
suggest ko run 3 measurements and use the second or the third, Results of the first one could be affected because of unknown sound speed, which becomes known after the First
measurement has finished, Software would not allow using this material unless at least walue of the box attal has been changed, or intrinsic properties will be measured and stored
using Analysis. For newstonian liquid it is attenuation at 100 MHz divided by 100. Attenuation is defined as product of frequency Function by temperature Function

When you create material for emulsion droplets you have possibility to distinguish betwee
emulsions and microemulsions. If you start name of the material with word “emulsion” as show
below than Analysis software will search only for sizes above 0.5 microns when this material is use
for sample definition.
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. Mew Material E

Wigw
Create new material Specify property value
Click Caption for HELP
matenal bype
denzity in gdcm.
" zalid rigid particle = =N 'l'J.m e .C%‘
i l'li scattering coefficient
" parous particls only for zize » 3 micron
" large particles, >10 micran
" gaft particles (latex]
" agueous medium for zolid particles 2 heat capacity, Cp inJ/g/C
" emulzsion medium [oil]
15 Rl 7
& emulsion droplet foil heat conductivity it mia/cmdC
S ave As Esit | 7 thermal expanzion n 1/C 10E-4
emulsion ... 1300 zound speed mizec
Fnlansic affenuation of oo
frequency expansion T expansion

0 Al 1 att 00

L Al 0 atCi
0 A2 a alt 2

0 &3

If you want to modify existing material, then you should select it from the combo box that
contains all materials in the Material database, EXCEPT so-called standard material that are r
allowed to be modified. For instance, you are not allowed to modify properties of “water”.

You can change value of any parameter and save it.

However, there is protection against using unrealistic values. It is built into the software
which would not allow user to save values outside of reason ranges.

= New Material §|

Wiew

Specify property value
Click Caption for HELP
2 ratenal type

3 density in glom.cu

|2— scattening coefficient
only for size » 3 micron

Modify existina material
Select material name, modify
property and click Save

Save Cancel
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You can see all material properties that are relevant to our measuring techniques. Goto View,
properties. They are shown on Figure below.

| New Material @

View

Create new material Specify property value
Click Caption for HELP
matenal type
density in g/om.

B ool el ,—D.SS?DES s::ftle}rli:ggc;;?fi:ent

" porous particle 1 only for size * 3 micron

" large particles, > 10 micron 0.8304 wizcozity in P

T soft particles (latex] 78.85 dielechic permittivity, relative

0

{aqueous mediurn for solid particles 4179613 heat capasity, Cp in J/g/C
emulzion mediurn [ail]

. 9

. . 50545 heat conductivity in miwdfom/C
emulzion draplet [oil]
Esit 257 thermal expanzion in 1/C 10E-4
3 fractall number
| 14967 sound speed mssec
frfansie afferuaition of oo
frequency expanzion T expansion

0 A0 018635 att CO

0o Al 00062 attCl
0 a2 000012 a2

0 A3

All material properties are temperature dependent. We have temperature correction know fro
literature for standard material built into the Material database. User can insert such corrections
the new material if he knows them. Goto to View, T corrections.
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. Mew Material E|

Wiew
Specify property value Temperature Correction
Click Caption for HELP If you do not know T comection,
L) matenal type default 0 value would be zaved
e to the database
0.785 denzity in gdcm. cu B
: . All properties azzume the zame
1 scattering coefficient polinomial expansion around
anly for zsize > 3 micron reference T=25C
1056413 wiscosity in cP CO + C1(T-25) + C2(T-25)"2
24.3 dielectric permittivity, relative C1 c2
2.47 heat capacity, Cpin. /g 'j_e”Sit-'f' 000 |0
WISCOY 00 |ooooz
1.71 heat conductivity in mi AemsC diel per. 027 0
8.4 thermal expanzion in 1/C 10E-4 e 0 a
heat cond, 000 [0.0000
fractal number / th. expangion | i
1207 zound zpeed msec s.3peed 0 0
frfanin affenaaion of Sy
: . COMMENT
. .- . frequency expansion T
Modify existina material SHRATEIET
Select material name, modify 1] Al W At oo
property and chck Save W =
' Al 0 at C1
Save Cancel ’07 42
<] | u att C2
i hd n A3

There is a very detail program that presents T dependences of various parameters graphically. |
called Material Wizard. It is available from Home page, Tools, Options.
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Storing numerical data in the database and excel files

All results are automatically saved in the MS Access database located in the C/DATA_AC(
as data_aco.mdbfile. Structure of this file and related tools are discussed in the two following
sections.

In addition several programs could create excel files for particular purposes.

Analysis program has File menu items allowing saving excel files for the last single
measurement treated with Analysis. These files are saved to the directory C/data_aco/Excel. Tt
can be saved automatically or with different names.

On-Line Continuous data program saves data shown on graphs located on this program tc
file c/data_aco/report-continuous.csv. It re-writes this file every time when File. Save to Excel file
menu item clicked. This file contains column formatted in time units, which is very convenient fot
plotting kinetic curves.

Titration Control allows saving of the last made titration to two files: C/data_aco/
titdata.csv that contains data on zeta potential conductivity, pH etc, and c/data_acoltitcurve.c:
which contains data on pH versus meq of the added chemical. The first file corresponds to the t
Graph on the Titration Control form, the second one to the bottom Graph. These files become ov
written each time Save command is triggered.

Graph overlay program creates several excel files for selection of records and graph type
chosen by user. Each curve has X and Y values saved in one of this files. User can click on any
the curves and small form appears as showing below.

* None
Clazs m “wieight [mm] Ir@ Cancel
Type m Color Iil Symbaol...
Legend | Data Labels...
Data File E:Hdata_acu'xll.ﬁ.TT.D.ﬁ.T 1.2 ﬂ Azzociation. ..

Shyle il

This form contains line Data File. It specifies data file where X and Y values for this curve
are stored and numbers of columns. User can open this file with excel and retrieve these numbers.

Database

User can open this file using standard Access interface. Data is organized in several tabl
The simplest way to browse through the data is using “queries” instead of tables. Query is selecti
of the records based on certain criteria. There are several pre-defined quesries based on dat
measurement, such as ~Today, ~Today and Yesterday, ~Last 7 days, ~Last year, etc. User can cl
his own Query using Access Interface.
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Several DTI software programs are linked to the quefiralysis andGraph are linked in
default either to ~IToday query, if any measurements are made today. Alternatively they are linke
to ~Demo Query, which contains a set of records illustrating main features of these methods. The
programs has options of being re-connected to any other Query.

ProgramOn-Line Continuous data is also linked to query, such as ~Last Experiment or
~Today. This link can be also changed.

Instead of using MS Access interface we have developed our own interface program calle
Data View, which can be start from Home page, View. Next section presents detail description c
this interface.

Sometimes it is useful to know meaning of particular field in the database. Table belov
presents this meaning and field format for all fields in the database.

Name Meaning Format

wif weight fraction, as %. Do not use for correcting existing record Number (Single)
Chemical name optional sample ID info entered on Meas Form Text

C1 measured CVI magnitude at first freq, for zp using probe design Number (Double)
SampleTxt short definition of the sample created from user-entered info Text
Measurement Date date and time of the measurement Date/Time

PSM median unimodal size.(but not for modified unimodal. See Book) Number (Single)
PSW standard deviation of unimodal PSD Number (Single)
zp zeta potential, mV Number (Single)
err_th_con CVI phase, with theoretical correction, determines sign of zeta Number (Double)
pH pH Number (Single)
V1 measured sound speed from time of flight, m/s Number (Single)
Cc2 meaured CVI magnitude at second frequency, for zp using split sensor Number (Double)
K1 conductivity, S/m Number (Single)
Temp temperature, degrees Celcius Number (Single)
Medium name of the liquid Text
Experiments.System ID system ID Number (Long)
Experiments.Sample Date date and time when sample is defined Date/Time
Dispersed Phase name of the particle material Text

Sampleid | Text

ExpTxt ™ Text

MeasTxt ™ Text
measurements.System ID serial number of system Number (Long)
measurements.Experiment Dgte  date and time when experiment started Date/Time
Analysis Cond Date | ™™ Number (Integer)
Density density of particles material, kg/m3. Use when correcting existing record Number (Double)
Part_S_Speed sound speed in the particle, m/sec Number (Double)
Weight_Fraction weight fraction (not in %). Use when correcting existing record Number (Double)
K2 zeta potential with Du and MW corrections calculated with condiuctivity Number (Single)
K3 std deviation of unimodal PSD, for calculating zeta potential Number (Single)
K4 th.phase for Du=0 and no MW correction Number (Single)
K5 ka, ratio of the particle radius to the Debye length Number (Single)
K6 Debye length, microns Number (Single)
K7 dynamic mobility, micron/sec/V/cm Number (Single)
K8 phase angle of complex conductivity, degrees Number (Single)
K9 Imaginary part of complex conductivity, S/m Number (Single)
K10 Magnitude of complex conductivity, S/m Number (Single)
K11 Maxwell-Wagner frequency, MHz Number (Single)
K12 Du calculated using measured conductivity Number (Single)
K13 diffusion coefficient for calculating zeta in non-aqueous, *10E-5. In cm2/se¢ Number (Single)
K14 zeta potential, for non-aqueous media Number (Single)
K15 zeta potential, for Du=0 but MW freq from K Number (Single)
K16 zeta potential phase for Du=0 but MW from K Number (Single)
K17 CVI gap, m Number (Single)
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K18 CVI Phase size Number (Single)
K19 surface charge for non-aqueous, microCoulombs/cm square Number (Single)
K20 th.phase for non-aqueous Number (Single)
K21 th.phase DU and MW taken into account Number (Single)
El measured CVI phase at frequency #1 for probe Number (Single)
E2 measured CVI phase at frequency #2 for probe Number (Single)
E3 measured CVI phase at frequency #3 for probe Number (Single)
E4 measured CVI phase at frequency #4 for probe Number (Single)
E5 d10log Number (Single)
E6 d16log Number (Single)
E7 d50log Number (Single)
E8 d86log Number (Single)
E9 d90log Number (Single)
E10 d10bi Number (Single)
El1 di6bi Number (Single)
E12 d50bi Number (Single)
E13 d86bi Number (Single)
E14 d9oobi Number (Single)
E15 surface charge for non-agqueous, per particle Number (Single)
E16 calibration constant for different Analysis strategies Number (Single)
E17 added reagent volume, ml Number (Single)
E18 added meq Number (Single)
E19 total sample volume, mi Number (Single)
E20 scattering adjustment resonance parameter Number (Single)
E21 CVI Phase correction for frequency #2 for split sensor Number (Single)
C3 measured CVI magnitude at frequency #3 Number (Double)
c4 measured CVI magnitude at frequency #4 Number (Double)
C5 measured CVI magnitude at frequency #5 Number (Double)
C6 measured CVI magnitude at frequency #6 for probe, CVI phase for freq #1 fdtumber (Double)
split sensor
Cc7 measured CVI magnitude at frequency #7 for probe, CVI phase for freq #2 fdtumber (Double)
split sensor
Cc8 measured CVI magnitude at frequency #8 for probe, CVI phase for freq #8 fdumber (Double)
split sensor
C9 measured CVI magnitude at frequency #9 for probe, CVI phase for freq #4 fdumber (Double)
split sensor
C10 measured CVI magnitude at frequency #10 for probe, CVI phase for freq #3\omber (Double)
split sensor
C11 measured CVI magnitude at frequency #11 Number (Double)
Al attenuation at frequency #1 Number (Double)
A2 attenuation at frequency #2 Number (Double)
A3 attenuation at frequency #3 Number (Double)
A4 attenuation at frequency #4 Number (Double)
A5 attenuation at frequency #5 Number (Double)
A6 attenuation at frequency #6 Number (Double)
A7 attenuation at frequency #7 Number (Double)
A8 attenuation at frequency #8 Number (Double)
A9 attenuation at frequency #9 Number (Double)
A10 attenuation at frequency #10 Number (Double)
All attenuation at frequency #11 Number (Double)
Al12 attenuation at frequency #12 Number (Double)
Al13 attenuation at frequency #13 Number (Double)
Al4 attenuation at frequency #14 Number (Double)
Al15 attenuation at frequency #15 Number (Double)
Al6 attenuation at frequency #16 Number (Double)
Al17 attenuation at frequency #17 Number (Double)
Al18 attenuation at frequency #18 Number (Double)
A19 attenuation at frequency #19 Number (Double)
A20 attenuation at frequency #20 Number (Double)
A21 attenuation at frequency #21 Number (Double)
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N1 attenuation error at frequency #1 Number (Double)
N2 attenuation error at frequency #2 Number (Double)
N3 attenuation error at frequency #3 Number (Double)
N4 attenuation error at frequency #4 Number (Double)
N5 attenuation error at frequency #5 Number (Double)
N6 attenuation error at frequency #6 Number (Double)
N7 attenuation error at frequency #7 Number (Double)
N8 attenuation error at frequency #8 Number (Double)
N9 attenuation error at frequency #9 Number (Double)
N10 attenuation error at frequency #10 Number (Double)
N11 attenuation error at frequency #11 Number (Double)
N12 attenuation error at frequency #12 Number (Double)
N13 attenuation error at frequency #13 Number (Double)
N14 attenuation error at frequency #14 Number (Double)
N15 attenuation error at frequency #15 Number (Double)
N16 attenuation error at frequency #16 Number (Double)
N17 attenuation error at frequency #17 Number (Double)
N18 attenuation error at frequency #18 Number (Double)
N19 number of records in the measurement table Number (Double)
N20 attenuation error at frequency #20 Number (Double)
N21 attenuation error at frequency #21 Number (Double)
V2 frequency of sound speed measurement Number (Single)
V3 relaxed low frequency sound speed, Wood eq. Number (Single)
V4 s.speed calculated for unimodal psd Number (Single)
V5 s.speed calculated for bimodal psd Number (Single)
V6 error of the Newtonian fit, % Number (Single)
V7 frequency number at which s.speed measured Number (Single)
V8 primary size for fractals Number (Single)
V9 fractal density Number (Single)
V10 fractal dimension Number (Single)
V11 elastic modulus Number (Single)
V12 compressibility Number (Single)
V13 number of points out of Newtonian fit range (>2 nonNewt) Number (Single)
V14 Number (Single)
V15 zeta for calculating vfr from CVI Number (Single)
V16 d50 for calculating vir from CVI Number (Single)
V17 stdev for calculating vfr from CVI Number (Single)
V18 precision of Newtonian test [dB/cm/Mhz] Number (Single)
V19 experimental phase s.speed Number (Single)
V20 volume fraction from attenuation Number (Single)
V21 volume fraction Number (Single)
VN1 triple psd, size 1 Number (Double)
VN2 triple psd, size 2 Number (Double)
VN3 triple psd, size 3 (d90) Number (Double)
VN4 triple psd, stdevl Number (Double)
VN5 triple psd, stdev2 Number (Double)
VN6 triple psd, stdev3 Number (Double)
VN7 triple psd, frl Number (Double)
VN8 triple psd, fr2 Number (Double)
VN9 triple psd, fr3 (20% for milling) Number (Double)
VN10 triple psd fitting error Number (Double)
VN11 volume viscosity [cP] Number (Double)
VN12 extensional viscosity at 10 MHz [cP] Number (Double)
VN13 extensional viscosity at 100 MHz [cP] Number (Double)
VN14 Number (Double)
VN15 online attenuation at selected frequency (A15) Number (Double)
VN16 online polynomial coef(0) to fit attenuation spectra over selected freq rangg Number (Double)
VN17 online polynomial coef(1) to fit attenuation spectra over selected freq rangg Number (Double)
VN18 online polynomial coef(2) to fit attenuation spectra over selected freq rangg Number (Double)
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VN19 online polynomial coef(3) to fit attenuation spectra over selected freq rangg Number (Double)
VN20 Number (Double)
VN21 Hookean coefficient in structure search Number (Double)
PSMBI bimodal d50 Number (Double)
PSM_1 bimodal median of the mode 1 Number (Double)
PSM_2 bimodal median of the mode 2, larger size Number (Double)
PSMM monodisperse size Number (Double)
PSMN mean size, either bi or lo depending on program selection Number (Double)
PSMW Number (Double)
PSWBI average bimodal Number (Double)
PSW_1 bimodal, st.dev mode 1 Number (Double)
PSW_2 bimodal, st.dev mode 2, larger size Number (Double)
Cont_1 Number (Double)
Cont_2 weight fraction of the mode 2 relative to the total wfr Number (Double)
SHELL shell of the unimodal Number (Double)
SHELLBI shell of the bimodal Number (Double)
SHELL_1 error subtracted from err-log for selecting it over bimodal Number (Double)
SHELL_2 error of the fit produced by triple psd Number (Double)
ERR_EXP experimental error Number (Double)
ERR_MONO error of the fit produced by monodisperse assumption Number (Double)
ERR_LOG error of the fit produced by unimodal assumption Number (Double)
ERR_BI error of the fit produced by bimodal assumption Number (Double)
ERR_AVE average theoretical error Number (Double)
min_size minimum size defined by Analysis for unimodal PSD Number (Double)
max_size maximum size defined by Analysis for unimodal PSD Number (Double)

min_size_mix

minimum size for global search if E16=1

Number (Double)

max_size_mix

maximum size for global search if E16=1

Number (Double)

F_low lowest frequency for attenuation measurement Number (Double)
F_high highest frequency for attenuation measurement Number (Double)
N_exp number of frequencies used for attenuation measurement Number (Double)
Lin_exp scale for attenuation measurements, 1 - log, O - linear Number (Double)
F_min minimum frequency for theoretical fit defined by Analysis Number (Double)
F_max maximum frequency for theoretical fit defined by Analysis Number (Double)
D15 triple mixture, %free mode 1 Number (Double)
D50 triple mixture, %free mode 2 Number (Double)
D85 triple mixture, size mode 3 Number (Single)
SQR(D85/D16) triple mixture, stdev mode3 Number (Double)
F_z_min Number (Double)
F_z_max Number (Double)
F c_low lowest frequency for CVI measurement Number (Double)
F_c_high highest frequency for CVI measurement Number (Double)
F_c_min Number (Double)
F_c_max Number (Double)
a_zeta unimodal median size for zeta calculation Number (Double)
KO Number (Single)
Rel Number (Double)
numfreq_c number of frequencies for CVI measurement Number (Double)
Usl Text

Us2 Text

Us3 Text

rawdata raw data for attenuation measurement, optional Memo
Experiments.Experiment Date Date/Time
Configuration Date Date/Time
Protocol Date Date/Time
Calibration Date Date/Time
SetUp Date Date/Time

View Date Date/Time
Samples.System ID Number (Long)
Samples.Sample Date Date/Time
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Category —
S Number (Integer)
Class N

Product Type Ted

Use code T

Industry code =

Formula Tex

Manufacturer Ted

Trade Name Tex

Method Tex

Notes Text_

viscosity Number (Double)

5 Number (Double)
Extra Dispersed Phase L

wif extra weight fraction of the extra dispersed phase Number (Double)
= Number (Double)uble)

Viewing numerical data using Data View window

To view data in table form:
Click View > Data on the Home page.

The Data View window will appear similar to that shown below.

= DT1200 Datafor 1 Ma, @

File Wiew
BE= a0
wi% Disperse Phase it Ed Dis Medum D Expeiimeni Date TitFret TFot N MeasuementDate  Temp pH Kl Cvi  ap CwPha dSize M1 PSM PSW A
E] 2006706727 225756 | 26.6] 5.6] 0.000] 3813423 37 4]160.01] 0.070]1490,6] 0100] 0.300]
2006706727 22-56:22 | 26.8] 56| 0000 3525503 37.5]180.27] 0037| 14306] 0100 0,300
" 2006/06/27 22.58.46 | 26.8) 5.6] 0.000] 3234362 37.6|179.89) 00| 1490,6] 0100 0.300
120l Ludod DO mter | e celiittenkede Kol 2006/08/27 22:59:10 | 26.6| 56| 0.000] 3851272] -37.8]180.14] 0,026|14906 0100] 0.300
2006/06/27 225535 | 26.8) 5.6] 0.000] 332052 37.6|179.96) 0000| 1430.6] 0100 0.300
2006/06/27 200:02 | 26.6) 5.6] 0.000] 3821686 37.5]179.95) 0000[1490,6] 0100] 0.300
a E] 2005/06/27 23:26:45 | 26.6] 57| 0,000 000] 00| 000 0000]14951] 0035 0133
10.0|sfica, Ludox | 00 nore. | water Silica ludox inp | 2006/06/27 23:16:24 |time 1,16 2006/06/27 233507 | 26.9) 5.7] 0.000 00 0.0] 0.00] 0000[14%6.2] 003 0132
2008/06/27 234424 | 271 57| 0000 000] 00 000 0000[14350] 0035] 0142
a E] 2005/06/28 00:24:23 | 27.3] 57| 0.000 000] 00| 000] 0000]1436.8] 0036] 0166
2005/06/28 00:33:50 | 27.4] 5.7| 0.000 00| 00| 000] 0000[71496.4] 0.086] D163
100/ sifs, Ludox | 00| nons | water Silics ludoxinp|  200B/06/28 00:11:27 |tiwe, 1,18 2005/06/28 00:43:23 | 27.5] 57| 0,000 000] 00 000] 0000]14367] 0035] 0163
2006/06/28 0052550 | 27.5] 57| 0.000 000] 00| 000] 0000]1437.0] 0035] 0162
2005/06/28 01:02:14 | 27.6] 5.7| 0.000 00] 00| 0.00] 0000[71497.1] 0.034] D61
B[ 00[ none 0.0[ none [ water Distled wiater 1| 51 2006/06/28 01:25:22 | nore 2005/06/28 01:5115 | 25.9] 57| 0,000 000] 00| 000 0000]14338] 0000] 0000
B[00 nene 0.0 nene [ water Distled waler 1| = 2005/06/28 01:51:47 [ none 2005/06/28 020724 | 26.4] 5.8 0.000 000] 0.0 0.00] 0.000]1435.7] 0.000] 0.000
B[ 0.0 nene 0.0 none [water Distled water ]| 5 2005/06/28 02:08:24 | none 2005/06/28 02:14:27 | 269 58] 0.000 00| 00 o000] nooali4s26] 0.000] noog
B[ 00[ none 0.0 none [ water Distiled water ]| 51 2006/06/28 02 16:17 | none, 2005/06/28 02:35:49 | 27.2] 58] 0,000 000] 00| 000 0000]15010] 0000] 0000
B[ 10.0[silies, Ludox | 0.0 none [water Ig siica in polyr| 51 2005/06/28 0Z 4008 [ none 2006/06/28 02.58:00 | 27.4] 5.3 0.000 00| 00| 000] nooa| 1510810823 D400
B 10.0]siics, Ludox | 0.0 nors [water lq siics in polyre] 51 2005/06/28 02:58:44 [ none 2005/06/28 0 16:45 | 27.7] 58] 0,000 000] 00 000 0000[15106]10821] 0450
a E] 2005/06/28 03:36:18 | 27.9] 58] 0.000 000] 00| 000] 0000]15116]10828] 0450
2005/06/20 03:49:52 | 26.0] 5.9 0.000 000] 00| 000] 000a[1512.1]12845] 0150
100/ sifes, Ludox | 00| nons | water lg pattin gel, 01| 2005/06/28 03:20:28 | tiwe,1.1E 2005/06/28 (4:02:32 | 28.0] 6.0 0,000 000] 00| 000] 0000]15126]142493] 0350
2005/06/28 04 15:34 | 28.1] 6.1] 0.000 000] 0.0 0.00] 0.000]1511.2]13.038] 0.400]
2005/06/28 0:26:22 | 281 6.2 0.000 ool 00 o000] nooali511.7]13.842] 0250 &
22 Experiments, invalving atagsther 191 measuiements, are contained in this Duery

If measurements were made today, that data will be displayed by default.

However, if no measurements were made today, by default the data window opens using t
shortest time period (a week, a month, a year, whatever time period is required) to contain at le
one measurement. In the example shown, the data is displayed for the past month as displaye
the caption at the top. The number of experiments found during this time period is displayed on tl
Status bar at the bottom of the form. In this case 22 experiments were found in the past mor
involving altogether 191 measurements.

The patrticular data item in each column is described in the heading at the top that colum
The definition of the data in each column is given in the Status Bar at the bottom of the form whe

90



any cell in that column is clicked with the mouse. Take a minute to examine the definition of sever
columns in the table in this way.

The data in the first six columns describe features of the measured sample.

The data in the next four columns describe the experiment performed on that sample.

The remaining columns contain measurement data and analyses of those data.

The width of any column can be changed by placing the cursor half way between headings
the first row of the table till a double arrow appears and then moving the cursor to provide th
column width desired. These width settings are only temporary.

In the example shown, note that five measurements were performed in the last experiment
03:20:28 (at the bottom of the form) , whereas in the previous experiment at 02:58:44 only or
measurement was made. The nature of the Titration Protocol is displayed in the Titr Prot colum
whereas any temperature titration experiment is described in the T Prot column.

The five measurements taken in the last experiment can be collapsed into a single row |
clicking on the small box having a — inside located at the left of the Experiment Date column. The
changes to a + when the rows are collapsed, in much the same manner as for a directory tree if
uses Windows Explorer to select files.

File  Wiew
witZ Disperse Phase swt? ExtDisp Phase Medium Mir  Trade ID Experiment Date Titr Prot T Prot N Temp pH K1 Cwi zp CwiPha  zis
A[ 10.0] silica, Ludax 0.0| none water Sigrne| Luday) 10201C0 El 02415/2006 10:13:45 | hone1 | none 21.0[ 7.0] [ 2172565 23.9[20290] O
EI| 10.0) silica, Ludos 0.0] none water Sigme| Lude:| 10201CD 02152006 10:24: 444 time, 11 | none
a = 214 7.0
10,0 silica, Ludos 0.0| none water Sigme| Lude:| 10201CD 02/15/2006 10:52:25 |tme,3 | none 21.5] 7.0
21.7] 7.0
a = 228 7.0 4392.738) 465 173.47) O
228 7.0 4334320) 465)17317) O
10.0{ silica, Ludow 0.0| none water Sigme| Ludo:| 10201CD 02/15/2006 12:21:07 |tme5 | none, 2238 7.0 4400473 -46.6|179.32] 0.
228 7.0 4376 673) -463)173.06) O
228 7.0 4375140) -46.3)178.86) 0O
] 10,0 silica, Ludos 0.0] none water Sigme| Ludo:| 10201C0 B 02/15/2006 12:25:14 |none, | none, 23.0[ 7.0 4395132 -46.2| 179149 0.
] 10,0 silica, Ludos 0.0] hone water Sigme| Ludo:| 10201C0 B 02/15/2006 12:25:59 |none, | none, 23.0[ 7.0 3628,048 -381|180.72] 0.
&) 10,0 silica, Ludos 0.0] hone water Sigme| Ludo:| 10201C0 B 02/15/2006 13:0356 |hone, | none. 227 9.3 3496654] -37.0|180.:89 0.
a = 228[ 94 3536,273) -37.3)18071) O
228[ 94 3514.448) -371)180.75) O
230[ 89 3394.018) -357)181.85) O
231] 85 3.200717) -335)18257) 0O
23.2] 81 2965980) -31.0)18352) O
10.0f silica, Ludox 0.0| none water Sigme| Ludo:| 10201C0 02/15/2006 13:06:13 | pHramp. | none., . 232) 7.6 2560,383] -27.8) 18379 0.
232 7.3 2367.910) -248)184487) O
232| B8 1.990,700) -20.8| 16545 O
232| B4 16213682 170{18651] O
232| B0 1.261.080f -13.2| 18695 O
232| 5h 950,862, -99]168799] 0.
£ >
14 Experiments it this Query

This collapsing can be reversed by clicking on the + box for the same experiment. Thi
feature of collapsing and expanding data is particularly useful when large numbers of measureme
are made as part of a single experiment. (For example a long time-series experiment or a Ve
detailed titration experiment.

Finding specific data

In day-to-day measurements the data shown by default will often be quite appropriate for tf
task at hand. However, when one wants to review historical records or see only specific results it
possible to query the database for specific data. To define a specific Query, click on the Que
command button (or seledtiew — Query Definition from the menu). The Query definition then
appears near the top of the form as shown in the figure below.
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File  view

FlE R

Suery defintion

= DT1200 Data for 1Mo, x)

Clear|  Time period Manufaciuer  Tradename  SamplelD Disperse phase Media User  Pioject
Go| J0vs <l [aw [ = [ | [slumins_aipha | [y | [ap~] [y =]
ha -~
Witz Disperss Phase st Ext Dis Medum o Expariment Date aluing_gamma ementDate  Temp pH K1 Cvi_ zpCvPha_z5ie V1 PSM_ PSw
E] aluminium hydrozide /27 225756 | 26.8] 56| 0.000] 3813423 37.4] 160.01] D010] 14306 0.100] 0.300
ik /27 225822 | 26.8) 5.6 0.000| 3826508 -37.5|180.2¢| 0037|1430.6] 0.100[ 0.300
/27 22:50:46 | 26| 5.6] 0.000| 3,834,352 37.6|179.69] 0.000|14906] 0.100] 0,300
1Ehakeligs A Gl e EZ::;DHHECI{ /27 22.59.10 | 268| 55| 0.000| 3851272 37.8|180.14] 0025 14906] 0100 0,300
emulsil_ChemT ec ~ /27 225935 | 268 66| 0.000[ 3@32.082] 37.6[179.96] 0.000] 14308[ 0100 0.300
2006/06/27 23:00:02 | 26.6| 56| 0.000] 3621 686] -37.5]179.95] 0,000| 14906 0.100] 0.300
] E] 2006/06/27 23:26:45 | 266] 57| 0,000 000 00| 0.00] 0000[14351] D035 0133
10.0|sfica, Ludox | 0.0 nore | water Silica ludox inp | 2006/06/27 2316:24 | time 1,16 2006/06/27 25:35:07 | 26.9) 5.7] 0.000 oo 0.0 0.00] Dogo[1495.2] 0035 0132
2006/06/27 23:44:24 | 271] 5.7] 0,000 000 00| 0.00] 0000[14950] 003
g E] 2006/06/28 00:24:29 | 27.3] 5.7] 0.000 00 0.0] 0.00[ 0000[T496.5] 0.03] 0.
2006/06/28 00:32:50 | 27.4] 5.7] 0.000 oo 0] o.00[ noodfT496.e] 0035 o
10.0|slica, Ludox | 00| none | water Silios ludoxinp|  2006/06/28 00:11:27 |time 1,16 2006706725 00:43:29 | 275] 5.7] 0,000 000 00| 0.00] 0000[14967] 0035 0163
2006706726 00:5250 | 27.5) 5.7] 0.000 00 0.0] 0.00] 0000[1457.0] 0.035] 0162
2006/06/28 01-0214 | 276] 57] 0.000 000 00| o00[ 0000[14571] 0034 0161
B[__00] none 0.0 nore | water Distiled water It 5 2006/06/28 01-25:22 | nons 2006706726 01:51:15 | 259] 5.7] 0,000 000 00| 0.00] 0000|14358] 0000 0.000
B[ 0.0] nene 0.0 nore | water Distled water 11 5 Z006/06/28 01.51:47 | none 2006/06/28 02.07.24 | 26.4] 58] 0.000 00| 0.0 0.00] D0O[1495.7] 0.000] 0.000
B[_00] none 0.0] nore | water Distled water 1 £ 2006/06/28 02:06:24 | nons 2006/06/28 02-14:27 | 269] 58] 0.000 000 00 0.00] 0000[14826] 0000 0.000
B[_00] none 0.0 none | water Distled water It = 2005/06/28 0218 17 | none 2006706725 02-35:49 | 27.2] 58] 0,000 000 0.0] 0.00] 0000[1501.0] 0000 0.000
B 10.0[siica, Ludos | 0.0[ nene_|water Ig siica in polyrr| =1 Z006/06/28 0240.08 | none 2006/06/28 025800 | 27.4] 5.9) 0.000 00| 0.0 0.00] 00G[1510.9]10.823] 0.400
B 10.0[siics, Ludos | 0.0[ none |water lq slica in polyrr| £ 2006/06/28 025844 | nons 2006/06/28 03:16:45 | 27 7] 59] 0.000 000 00| 0.00] D00O[15106[10821] 0.450
B_10.0] silics, Ludox 0.0] none | water lg partin gel. 0.1 5 2006/06/28 03:20:28 | time.1,1€] 2008/06/28 03:36:18 | 27.9] 5.3] 0000 000 0.0] 0.00] 0000)1511.6)10.828] 0460

22 Experiments, invohving aktogether 191 measuiements, are contained in this Guery

The Query definition allows one to select data according to nine criteria as detailed in th

nine combo boxes shown in the Query definition frame.
As an example of using the Query definition:

Select a time period of
Select disperse phase
Click

The results of this query is shown in the figure below. The status bar at the bottom of th
form shows that 56 experiments involving 129 measurements were found. Some of the:
experiments involved not one but several measurements. Your results will be different depending

10 yrs

using the first combo box at the left.

Alumina_alpha

GO

what experiments have been performed on your system.

= DT1200 Data for 10 Yrs

. Sample defined as alumina_alpha ,

Filz  Yigw
Bio=Ea) 0=

% Disperse Fhase wit’% s Dis Medium D Experiment Date TitProt TFot N MeasuwementDate  Temp pH  KI Cvi  ap CwPha dBize W1 PSMPSW
B 38[ slmina_sipha | 0.0] nore [water AT H Bl 2005/07/26 131512 2005707725 152254 | 24.8] 6.0] 0.091] 1153,154] 299] 582] 0141]1492.5] 0645 0593
B[ _35]slmina_alpha | 0.0] nons [water AT #1 1 2005/07/25 13,3723 2005/07/26 134458 | 243] 1.4] 1283 1407.268] 59| 30.69] 2132]14921] 0778 0579
B[ _35(alkmina_alpha | 0.0 none [water ATE #1 £l 2005/07/26 135159 2005/07/26 135929 | 24.5] 1.4] 1.264 1441070 54.8] 39.63) 2374| 1492.4] 0803 0.590
B _41]slmina_siha | 0.0 nors [water ATK #2 1 2005/117/2514:06:53 2005/07/2614:16:30 | 241] 50| 0,093 2195.486] 565(357.28] 000014913 0505 uas_sl
B 41| alomina_alpha | 0.0] nors [water ATK #2 1 2005/017/26 141638 2005/07/26 14:26:48 | 243] 50| 0,030 2221873 57.0[357.25] 0000|14320] 0507] 0,385
B 41| almina_alpha | 0.0 none [water ATK #2 El 2005/07/26 14:28.37 2005/07/26 14:42.59 | 245] 36| 0.100] 2243256 673 7.85) 0.178|1491.1] 0522 0.450
B[_41] slumina_alha | 0.0 nors [water ATK #2 1 2005/117/25 1 4:45:04 005/07/261%:54:25 | 245] 40| 0102 2150767 550 632 015214920 0628] 0861
B 41| almina_alpha | 0.0] nore [water ATK #2 1 2005/017/26 15:07-30 2005/07/26 151550 | 248] 43| 0.104] 2098507 533 651 015414324 0504 0391
B[ 1.4{almina_alpha | 0.0 none [water ATK #3 El 2005/07/26 15:30:54 2005/07/26 15.37.47 | 28.9] 48] 0.088] @22067| 626|356.98) 0000|1504.7] 0323 0.429
B[ 1.4 slmina_alpha | 0.0] nors [water ATK #3 1 2005/117/25 15:4021 2005/07/26 15:47-16 | 276] 48] 0087 811,177 525|356.83] 0000[ 15015 0318 0,428
B 1.4 slomina_alpha | 0.0] nore [water ATK #3 BT 2005/017/26 16:04:42 2005/07/26 161509 | 264] 42| 0095 841,337 553|356.62] 000014333 0312 0431
] ; E] 2005/07/26 16:40:52 | 26.1| 4.3] 0.092] ©32.443 54.9]356.27] D000[1498.7] 0312 0424

tlE ] e sl CRC e Z005/07/25 16:46:07 | 260 4.2 0.098] 637.498) 554|350.23| 0,000]1497.7] DA15] 0.419
B[ 53| dmina dgha | 0.0[ nene [water ATH 4 Bl Z005/07/26 17.26.42 2005/07/26 17.35.07 | 26.9] 5.3] 0.090] 2283463 54.5| 350.41] 0000|1496.1] 0255 0.322
B 2.3 slmina_sipha | 0.0 nore [water ATH El 2005/07/26 17:35.09 2005/07/2617:44:39 | 26.5) 53] 0.088] 2181334 520] 351.90] 0000[14946] 0252 0.320|
B[ 3.3] slumina_alpha | 0.0] nons [water AT #4 1 2005/07/2517:51:23 2005/07/26 17-52:26 | 26.1] 55| 0.085| 2256,725] 47 2| 35142 0000] 14847 0100 0.300
B[ 3.3 almina_alpha | 0.0 none [water ATH 4 Bl Z005/07/26 17.56.48 2005/07/26 180511 | 25.9] 23] 0.267 2587033 E33| 13.35| 0265|1491.8] 0257 0.342
B33 slmina_siha | 0.0 nors [water ATK 4 1 2005/117/2518:0559 2005/07/2618:14:26 | 258] 23 0265 2629166] B46| 1276 0266|1492 7| 0267 0,347
B[ 100 slmina_albha |00 water 1 2005/06/03 145516 2005/06/03 15:03:13 | 212] 54| 0211]11.002210] 813 048] 0071]14258] 0094 0217
B[ 10.0[aknina_alha | 0.0 wiater etk El 2005/06/10 114445 2005/08/10 11:45.08 | 20.4] 5.6] 0.000[10,121,740] 77.0] 0.64) D044|14555] 0.100] 0.300
B 100 slmina_albha |00 water 1edpitiu 51 2005/06/1011:45:3 2005/06/10711:45%55 | 205] 56 0.000[10152790] 771|043 0036[14595] 0100] 0.300
B[ 100 3lmina_akbha |00 water ediitiu 1 2005/08/10 114610 2005/08/1011:46:43 | 205] 56| 013510,241,070] 77.8] 033 04| 14535 0100 0.300
B[ 10.0[akmina_alha | 0.0 wiater etk El 2005/06/1011:47.04 2005/08/10 11.56:24 | 20.5] 5.6 u.zu_z{wu,a?wsu 765| 0.24| 0.066|1425.2] 0036 0178
B 100 slumina_alpha | 0.0 nore [water edipitiu 51 2005/16/1012:2017 2005/06/1012:20:33 | 15.4] 56| 0,000 5489407 506|356.00] 000014595 0100 0.300
B 10.0]3lmina_alpha | 0.0 nore [water rediitia 1 2005/08/10 12,2043 2005/08/1012:21-11 | 13.4] 56 0.000] £574.318] 511]357.83] 000014535 0100 0.300
56 Espetiments, involving altogether 123 messuiements, ats containsd in this Query

Notice that the heading at the top of the form has changed to describe more accurately t

data currently found in response to your query.

You may have noticed that the available selections for media and dispersed phase materi
is quite a bit shorter than the total list of all materials supplied in the Material Table in the databas
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This is because the materials enumerated in the Query box only include materials have actually b
used on your system for actual measurements. The same thing is true for all of the other qus
boxes, only manufacturers, trade names, sample ID, users, and projects that have been reference
your experiments will be included in the available choices.

So far we have selected data using the Time period and the disperse phase. But you can
any of the nine query boxes to define your search criteria. For practice, try selecting data based
one or more of the other query boxes.

When you log on to the instrument you will have an opportunity to identify yourself and to
note a particular project you are working on. You can later retrieve data using these two propertic
The initials of the user making each experiment and the project being worked on are also availal
for querying the database using the User and Project Query boxes.

Each system has a unique serial number which is also recorded for each experimel
Normally all of the data stored in your database will be obtained on your own system. However, it
possible to exchange data between systems and in this case your database might include experin
from more than one system. If your instrument has data from more than one system, then the Qu
definition frame will automatically include a Query box labeled “System”.

Reading and revising comments in the data

S| DT1200 Data for 10 Yrs , Sample defined as alumina_alpha ;

File Wiew
= [l Y] =
wt% Dizperse Phase st Ext Dis Medium o Experiment Date Titr Prat T Prat N Measursment D ate Temp pH K1 Cwi 2p CwiPha  25ize Y1 PSM PSWw »~
=] 2000/05/A1914:06:11 | 23.6] 6£.2] 0.000) 000] 00[ 000 n000f1137.3] 0332 DdSSl
4.8| alumina_alpha 0.0 ethanol 2000/05/191354.42 2000/05/1974:14:44 | 236 6.2] 0.000) 0og) 00 000 D000[1139.3] 0.334 U.ASEI
2000/05/19714:23:38 | 236) 6.2 0.000) 0ooj 00[ 000] DO00j1137.2[ 0.330] 0.495
] El Z000/05/25 10:59:35 | 27.7] 28] 0.000[1E092973] 914] 4577 0000|4322 D000] 0000
17.3| alumina_alpha 0.0 wpater 2000/09/25 10:5%.03 2000/09/25 11:00:06 | 27.7] 29| 0.000{16219,102] 92.1| 46.93] 0.000)1432.2] 0.000] 0.000]
2000/09/25 11:00:38 | 27.7] 2.9 0.000) TS,SSTJﬁ 90.8| 46.01| 0000)1432.2] 0.000] 0.000)
B[ 17.3] sluming_slpra |00 water 5 Z000/05/25 11:0%:00 2000/05/25 11,1715 | 27.3] 28] 0.000 000 0.0 0.00] 0000|14847] 0623 0.23
B[ _17.3] slumina_alpha 0.0] water B 2000/09/25 11:23:40 2000/09/2511:2414 | 26.2| 26| 0.000[15406,932] 83.2] 41.86] 0.000)1432.2) 0.000] 0.000]
B| 173l slumina aloha 0.0l ater B 2000/03/25 11:24:48 2000/03/25 11:25:20 | 26.1| 26| 0.000[13744.850) 74.3] 29.685] 0.000)1432.2] 0.000] 0.000
B | This sample i referenced in the “Deme Query ——— [ 2000/09/25 11:42.45 | 26.1| 2.5 0.08|15122,098] 728| 29.84] 0000[ 14804 063 0.241
2000/09/25 20:24:20 | 27.3] 32| 0.152[10.782.740] 57.8) 24.90] 0775)1484.1) 0.642] 0.187)
2] 11010 10:0817 2000/1041010:41:36 | 28.0] 47| 0.000| 5130.253] 0.0 51.96] 00001432.2[ 0.000] 0.000
B 1A10/10711:3819 2000/10/10121432 | 283 47 0.000] 4363,753] 0.0 30.50] DO0O[1432.2( 0.000] 0.000
=] 110410123316 2000/10/1013:17:17 | 283 47| 0.000] 4,255 926 0.0 2912] 0000{1432.2( 0.000] 0.000
2] 110101323656 2000/1041014:00:08 | 28.0) 47| 0.000) 4200571 00 2816 000014322 0.000] 0.000
B 1410/24 16:03:31 2000/10/24 16:05:03 | 27.6) 44| 0.000[12685054] 72.2) E2.73] 0000)1432.2) 0.000] 0.000]
=] _ 1110/24 16:32:51 2000/10/24 16:48:36 | 27.6) 4.7 0.000) 0o0j 00 000 D000j1490.7] D675 0.258
B 12.0] slumina_alpha 0.0] wiater B 20080118 1257:56 2005/01/18125818 | 21.9] 64| 0.000) 3725032] -22.5|181.45] 0106) 1452.0) 0.030] 0.200]
B[ 20.0] sluming_alpha 0.0] water B 2005/01/18 130238 2005/01/18 120201 | 21.8] 6.4 0.000] 3717999 9.0 TELE‘ 0. 159' 1386.1) 0.030] 0.200]
B| 11.0] slumina_alpha 0.0] none | water AKP30 KCI0.3H B 2005/02/03 16:47:49 2005/02/0017:05:04 | 249 4.2| 0.000| 2286402] 235) 34.55) 0931)1496.4] 0.320] 0.599)
B[ 10.0]slaming_dpha | 0.0] nane |water kg3 B 2005/02/17 16:14:24 2006/02/17 16:26:08 | 251| 72| noo0| 2632472 237] 1657 0 3@' T480.2] 0,300 0599
=} a 2005/06/23 14:3355 | 23.0) 5.3 0.000) Laju]s] 00 000 DO00j1501.7[ 0135 0.599
2005/06/23 14:40:31 | 23.0) 5.3 0.000) Julu]s] 00f 000 0000f15015( 1.158] 0539
Sl ez shbatl Il ey Hcdalit 20050623 162042 2005/06/23 14:47:37 |_23.0] 5.2] 0.000 00| 0.0] 0.00] 0000|1505.3] D114 0.593
2005/06/23 14:54:01 | 23.0) 5.2 0.000) Laju]s] 00 000 DO00j15046[ 0.098] 0.599 e
Notes related ta this experiment. Click. on | o view existing notes, Double click any recard to add or edit notes.

The third column to the right of the Experiment Date, labeled “N” for Notes, may contains ar
exclamation point! This indicates that a memo has been left for this particular experiment. If yo
left-click on this cell you can read the saved note, which would appear as in the figure below. If yc
right click on this same cell, any existing text turns red and you can edit this text as you like. The
is no limit to the size of the text that can be added. You can Copy and Paste information to and frc
this edit box as you like. To escape without saving any changes just press the Escape key. To s
any comments press Cntrl-Enter.
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= DT1200 Data during 10 Yrs for Sigma-Aldrich inwater , measured by PJG for project Repro_03 using system

File  igw
wt% Disperse Phase #wit% ExtDisp Phase Medium Mir  Trade ID Experiment Date Titr Prot T Prat- M Temp pH K1 Cwi zp CwiPha 2l
B[ 10.0{ silica, Ludow 0.0{ none water Sigme| Ludos| Lot 2880 = 11./24/2005 12:15:56 1339] 7.0 2B06,737] -337/26998 O
B 10.0] slics, Ludos 0.0] none water Sigme| Ludo:| Lot 2880 B 11/24/2005 1216:46 |none, | none 13.8] 7.0 2524853 379) 8383 O
B 10.0] slics, Ludos 0.0] none water Sigme| Ludo:| Lot 2880 B 11/24/2005 121515 |none, | none 14.2] 7.0 2970,433) 381) 8958 O
B 10.0] slica, Ludos 0.0] none water Sigme| Ludo:| Lot 2880 B 11/24/2005 121544 |none, | none 14.3] 7.0 2973115) -38.0)173.85) O
2] = 148 7.0 3021531) -38.2)180.29) O
152] 7.0 3032309) -38.0)180.06) 0.
153] 7.0 3021,857) -37.8)180.74) O
153 7.0 35318 37718070 O
154] 7.0 3019538 37718036 O
| This experiment was done to test the repeatability cver a long time. The 155 7.0 3022518 -376[18035] O
temperature was not controlled but increased aradually 14.8 0 231 C 155] 7.0 3033497 47778017 O
dharia e exnomen 155] 7.0 3042933 -37.8/16034] 0O
156] 7.0 3.068.550( -381|180.25] O
156[ 7.0 3030.200) -376)180.81) O
12880 11/24/2005 12:20:28 | time 200\ none | Feer— g 2062197 38.0] 19054 0.
167 7.0 3045680) -37.7)180.47) O
168 7.0 3.060.227) -37.8)180.86) O
168[ 7.0 3102.487) -38.2)180.37) O
161] 7.0 3125.238) -38.3)180.28) O
16.3[ 7.0 31243651) -381)180.96) 0.
165] 7.0 3162.984) -38.3)180:83) O
16.8] 7.0 3183.368) -384/181.09) O
17.1] 7.0 3.207,462) -38.4)181.20) O
17.4] 7.0 3188.210) -379)181.20) 0
< >
Motes related to this experiment. Click on | to view existing notes. Double click any record to add or edit notes:

Getting a quick overview of the contents of a large set of saved data

To get a quick picture of all the data stored on your machine, or all the data during som
extended period of time, it is convenient to use the collapse button (or menu covieand
Collapse. This gives a quick overview of all the experiments contained in they the present quer
without any of the measurement details. This capability is illustrated in the figure below. This is
very convenient way to get an overview of all the data available or to find data of particular interest

W, DT1200 Data during 10 Yrs for Sigma-Aldrich inwater , measured by P.JG for project Repro_03 using system

File  ‘iew

wt% Disperse Phase =wt% Ext Disp Phase Medium Mir  Trade ID Experniment Date TitrProt TProt N
B 10.0f silica, Ludax 0.0] none water Sigrne| Luday| Lat 2880 11424/2005 12:15:56
B 10,0 silica, Ludax 0.0] none water Sigme| Ludo:| Lot 2880 11/24/2005 12:16:46 | none, | none
B 10,0 silica, Ludax 0.0] none water Sigme| Ludo:| Lot 2880 11/24/2005 121915 | none, | none
B 10,0 silica, Ludax 0.0] none water Sigme| Ludo:| Lot 2880 11/24/2005 12:19:44 |none, | none
& 1o Ugswhca Ludos 0.0] none water Sigme| Ludo:| Lot 2880 11/24/2005 12:20:28 | time, 200 | none !

Material used for disperse phasze of thiz sample

If you find an experiment of particular interest that contains for example several
measurements, you can expand that experiment by clicking on the + contained in the Experime
date.
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If you want to see all the measurements in great detail, use the Expand button (diemenu
— Expand). Then every measurement collected occupies one line in the table.

Selecting data fields to be displayed

You can select what information you want to display in the DataView. By default, the Data
View displays just Basic Information which includes information about the sample, the experimer
that was performed, and some basic measurement data. If you click on the View menu you will s

several other choices.

View — All fields

View — Basic measurements
View — Particle size details
View — Acoustic attenuation
View — Electroacoustic details
View — Sample modifications
View — Analysis parameters
View — Rheology

displays all fields in the data base
by default, displays basic set of measured data
displays detailed information about particle size
displays acoustic attenuation for each frequency
displays detailed information about zeta potential
displays modifications to sample, e.g. added reagent
displays parameters used in analysis of data
displays rheological data

The various choices listed above can be used in any combination.

Creating a custom view of the data

If you like, you can create a custom view of the data. On the Data View window, click on the
menu itemTlools Add/modify/delete data view format.The following window will appear.

il Add/Modify/Delete DataView Format @

Select whether you want to add a
niew format, or modify or delete an
exizting format.

" Add
" bodify
(" Delete

o |

To create a custom format, click on #hed option and enter a name for your custom format,

e.g. “my format”.

. Add/Modify/Delete Data¥iew Format

Enter name of new format that wou
wizh to add and then press OK.

]

e Add
" Modify
" Delete
|m_l,l farmal

Click OK and the following instructions will appear.
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il Add/Modify/Delete DataView Format

Click on each figld that pou want to =
include in pour data view.

~
Press 0K, when you have finizhed "

ywour zelections

| iy format ﬂ

On the Data View form, click on the heading for each field that you would like to include in
your custom format. Pre€3K when you have finished adding fields to your custom format.

=. Data View for 6 Mos , FEX
File  View Toals
= =l eV |
Query defiiion
Cear| Tmepeiod — Manufsclwer  Tradename  SamplelD Disperse phase Media User  Project SpsID
Go | |&Mos =] [aw =] [amw = [any =] [ ary | [ aw | ey x| [any | [aw~
wi% Disperse Phase_Medium D Expeiiment Dale TirF TPr N Messuement Date Temp pH K1 Cvi  zp CvPha 28ize V1 PSM PSW Enlog PSh_1 PSM_2 Cont1 Cont2 EvBi Fa
B water D El 2007/03/20 11 jon[Non|_[2007/03/20 11 71 1485 1000]_0.000]_0.000]_0.000] ©
a water D B 2007/03/2071 n|_|2007/08/2011 7.0] 0.0000] 1486
a water D Bl 2007/03/20 14, on|_|2007/03/20 14 7.0] 0.0000| 1487
a water isiled waler |2 2007/03/20 14 n|_|2007/08/2014 7.0] 0.0000| 1507
o water isiled waler 1|5 2007/03/20 14 n| | 200770872014 7.0] 0.0000] 1488 v
< >
EY Measured Zeta potential of this samgle, i

The Add/modify/delete window will then respond as follows. You can Add yet another
format,Modify or Deletean existing format, or pre€3K to quit.

Add/Modify/Delete Data¥iew: Format

Your existing Format haz been ~ Add

deleted per pour request

" bodify
YWhat do wou want bo do nest? (" Delete
Press OK to Quit | phil3 Rd

Editing your measured data using the Data View window

Your data is important. You want to be sure that important information saved to the databa:
is not changed inadvertently or inappropriately. In order to safeguard the integrity of your data, tt
software takes certain precautions on your behalf.

| order to edit the saved ou must be logged on with User privileges. If you are logged on wit
only Guest or Reader Privileges then you will not be able to edit existing data.

If you do have User privileges, the menu iteAlldw Editing” in the View menu will be
enabled and you must check this box to do any editing of the data. Sltee Editing ” is checked
the cursor will change to a pointer with an attached question mark

Once Allow Editing is checked, you will be able to edit the contents of only a few fields. You
can edit the following:

Field Name Description
wit% stated weight % of disperse phase for this sample
Disperse Phase name of the disperse phase
xWt% wt% of any extra disperse phase
Ext Disperse Phase name of any extra disperse phase
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Medium name of medium

ID text that was used to describe sample
WFR weight fraction which is used in calculations for this
measurement

To edit one of these fields for a particular record, click on it. The selected record will becom
yellow and an edit box will appear for you to enter any changes, as shown in the figure below. Eni
a new value if you wish. To save this new value to the database Fotess To forget making any
change, presBscape

DT1200 Data View for, 3 Mos , g@@

File  Wigw
[ra.0
wi’z Disperse Phase wwti Ext Disp Phase Medium D Experiment Date TitrProt TPt M Den 5 5p "WFR FReag Meq Vol ScatC Wit A
a [=] . 800.0) 12595.0[ 0.145] 0.000] 0.000[100.00) 1.000] 0,151
: 1
13.0{ sowbean oil 0.0 none water BerVenue_1 2006407417 19:53:33 | time.1.1€| Mone. 1|1 0RO 1255 0] 0 T45| ool oona] oo o] 1 onal st
a = 800.0) 1295.0{ 0.145] 0000 0.000[100.00) 1.000] 0,151
800.0) 1295.0[ 0.145] 0.000| 0.000[100.00) 1.000] 0,51
800.0) 1295.0[ 0.145] 0000 0.000{100.00) 1.000] 0,151
13.0] sopbean ol 0.0 none water Benvenue 2 2006/07/18 12.37:46 | time,1,1¢| Mone,., 1|1 | 800.0{ 1295.0{ 0.145] 0.000| 0.000|100.00] 1.000] 0.151
B00.0) 1295.0f 0.145] 0.000 0.000{100.00) 1.000] 0151
800.0) 1295.0{ 0.145] 0.000| 0.000[100.00) 1.000] 0,151
B00.0) 1295.0/ 0.145] 0.000) 0.000] 100.00) 1.000] 0157
a = . 950.0) 1295.0{ 0.145] 0.000] 0.000[100.00) 1.000] 0,151
3 1
12.0| soybean oil 0.0( none water Bentenue_3 2006407 /18 14:40:45 | time1.1€| Mone...1 3500/ 12950 0925 0000 0.000/ 0000|1000 0151 &
Enter changes in edit box. Press Esc key to cancel change. Press Enter key to save change.

If you need to change the name of the Disperse Phase, Medium, or Ext Disperse Phase i
convenient to do this in conjunction with the Define Materials form.

Re-analyzing selected experiments

If you click on a specific Experiment Date or dates, the selected Experiment Date(s) wil
change color to green as shown in the figure below. You can click on as many experiments as y
wish. Clicking on a selected experiment a second time un-selects an experiment and the green ¢
disappears.

= DT1200 Datafor 1 Ma,

File Wigw
= Heal {2 e o =1
wit’ Disperse Phase wwt’ Est Dis Medium 1D Experiment Date TitrProt TProt N MeaswementDate  Temp pH K1 Cui 2p CwiPha  25ize Y1 PSM PSW  Fse oA
EN 2006/05/27 22.55:52 | 26.9] 5.6] 0.000] 3840,291] -37.6]1680.11] 0.023] 1490.6] 0.100] 0.300] 0.000] (
2006/06/27 22:56:18 | 269) 56| 0.000) 3.818820] -37 4| 180.04] 00f4|14306) 0100) 0.300) 0000) ©
2006/06/27 22.06:43 | 26.9) 56| 0.000) 3839141 -37.6[179.99] 0000[14306) 0100) 0.300) 0.000) €
2006/06/27 2225707 | 269) 56| 0.000) 3826428 -37 4|/179.85) 000014306) 0100) 0.300) 0.000) (
2006/06/27 2226731 | 268) 56| 0000 3833227 -376[179.28 000014306 0100) 0.300) 0000) ©
10.0 sifica, Ludox 0.0 none [ water 5| time:,1,TE 2006/06/27 22,6766 | 26.8) 56| 0.000) 3813423 -37.4/180.01) 0010/ 14906) 0100 0.300) 0.000) €
B 2006/06/27 22-58:22 | 268) 56| 0.000) 3826509 -375[180.27) 0037|14306) 0100) 0.300) 0.000) (
2006/06/27 226846 | 268) 56| 0000 3834362 -376[179.89] 000014306 0100) 0.300) 0000) ©
2008/06/27 226310 | 26.8) 56| 0.000) 3851272 -37.8/180.14] 0D026[14306) 0100 0.300) 0.000) €
2006/06/27 2225335 | 268) 56| 0.000) 3.832.032) -376[179.96] 0000|14306) 0100) 0.300) 0.000) (
200B/06/27 23.00:02 | 268 56| 0.000| 3821686 -37.5|179.95| 0000| 14306] 0100] 0.300] 0.000] (
=] 2006/06/27 22:26:45 | 266) 57| 0.000 00| 00) 000] D000)14951] 0.035) 0.133(10.300] (
10.0] silica, Ludaox 00| nong [ water Silica ludow in p i 4 tirne, 1.1E] 2006/06/27 23:35:07 | 269) 57| 0.000] 000 00] 000] 0000)14852 O DE‘ 0132)10300) ©
2006/06/27 23:44:24 | 271 57 0,000 000]  0.0] 0.00] nooof1435.0] 0.035] 0.142[10.300 (
=] =] 2006/06/28 00:24:29 | 27.3) 57| 0.000 0o 00) 000) 0000)1496.8] O UE‘ 0.166)10.300) ©
2006/06/28 00:3350 | 27.4] 57| 0.000] 000, 00) 000] 0000)14364] 0035 0163[10300] (
10.0) silica, Ludox 0.0| none |water Silica ludox inp|  2006/08/28 00:11:27 [ time, 1.1€, 2006/06/28 00:43:29 | 27.6) 57| 0.000 000 0.0] 000 0000)1496.7) 0035 0.163]10.300| (
2006/06/28 00:52:50 | 27.5) 57| 0.000) 0og| 00] 000j 0000)1497.0] D035 0162(10300] (
2006/06/28 01:0214 | 276] 57| 0.000] 000, 00) 000] 0000)14571| 0034] 0161{10300] (
B 0.0] none 0.0 none | water Distilled water f| B 2006/08/28 01:25:22 | none 2006/06/28 O1:51:15 | 269 6.7 0.000 0o 00) 000] D000)14998 0.000] 0.000) 0.000 (
B[ 00| none 0.0 none | water Distilled water fe| F1 2006/06/28 01:51:47 | none 2006/06/28 0220724 | 26.4] 58| 0.000) 0og| 00] 000j 0000j143937] 0000) 0.000) 0000 (
B 00| none 0.0) none | water Distiled water f| E1 2006./06/28 02:08:24 | none 2006/06/28 02:14:27 | 269 58| 0.000] 000, 00) 000] 0000)14826) 0000] 0.000) 0000 (
B 0.0] none 0.0 none | water Distilled water f| B 2008/08/28 021817 | none 2008/06/28 02:36:49 | 27.2) 58| 0.000) 0o 00) 000] 0000)1501.0] 0.000] 0.000) 0.000 [
B] 100 siica, Ludaox 0.0 none | water I silica in polyre| E1 2006/06/28 02:40:08 | none 2006/06/28 02258:00 | 27.4] 53] 0.000) 0oo| 00] 000] 0000j15109(10823| 0.400] 10300 (4
< b
Date and time at which this expetiment was started

If you then click on the magnifying glass icon, the Analysis window will open automatically
with “my data selection” listed as the data Query.
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Click on Measurement dateor Chemical nameand then select the particular measurement
that you wish to re-analyze. Press B button to re-analyze the data.
w, Analysis E}

File Wiew Tools Help

Dispersion Technology - AcoustoPhor ZetaSize 1200

aample Definifion

‘palticla uchida | and [none | in |wate| ‘measured on [9/9/2010 4:23.36 PM -
Tatal wir Total i [0.053 | Extra phase wir DSampla I [J5%psd | Temperature H
rEmodal ———————— 1 Cumulafives
5'292‘ :;fe’“’ ™ size [0.032]0.041]0.048[0.050[0. 341[0.652[0. 9881181 [1.714 |
size 0684 wlrddvir 057
o et canl T T PP D E P
1 08—
Aeuxrluelt
0.6——
gL A :
o £
5 g
=) =
£ 54—t
: f i 0.4 .
o 5
k3
i}
‘\ z 02—
il T v
0.0 = 0.0
0.01 o1 1 10 i G Yo
diameter [um] Freque sy {MH
General [nfarmation 7
T Eemon 5613 Analysis Date [3/28/2010 2B302PM | File Namel |Dperato| [ |
My data selection - Re-calculate | O prediction System 5M

Note that Query created by DataView is called “my data selection”.

Exporting selected experiments to Export directory

There are several situations where you might like to export data for one or more experiment
If you have the DT1200 software installed on a second computer you may wish to export select
data to that machine. If you have questions about the measurement or analysis of a particL
experiment you may want to export selected experiments and send them to DT, or our local age
for comments or helpful suggestion.

In either case it is a simple matter to export selected experiments. Simply click on eac
Experiment Date that you want to include in your Export File. As you select each new experimer
the Experiment Date background will change to green to indicate that it has been selected for exp
If you click again, on an already selected Experiment Date, that experiment will be un-selected a
the color will return to normal. When you have finished selecting experiments, just click on the
Export icon on the toolbar (or click on mefile — Export selected experimen{s The selected
data will be saved to an export file with a filename defined by the first experiment date in you
selection.
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s DT1200 Data during 10° Yrs for Sigma-Aldrich inwater , measured by PJG for project Repro_03 using system # -2

File  Wigw
wt# Disperse Phase wwit® Est Disp Phaze Medium Mfr Trade 1D Esperiment D ate Titr Prat - T Prat- M Temp pH K1 Cwi zp CwiPha 2
G| 10.0] silica, Ludox 0.0] hone wiahel Sigms| Ludo| Lot 2880 13.9] 7.0 ZED6737] 33726998 O -
B 10.0] silica, Ludox 0.0 none wiaher Sigme| Ludom| Lot 2880 none 13.8) 7.0 2924853 379] g989) 0
B 10.0] silica, Ludox 0.0 none wiaher Sigme| Ludom| Lot 2880 none 14.2] 7.0 2970.493] 381| 8998 0
B 10.0] silica, Ludox 0.0 none wiaher Sigme| Ludom| Lot 2880 none 143 7.0 2973115 -38.0{179.85] 0.
B 148 70 2021931 382018029 O
15.2] 70 3032308 -38.0[180.06[ O
153 70 3021897 -37.8(180.74] O
153[ 70 3M5318| -377180.70) 0O
154 70 3.019538) -37.7|180.36) 0O
155 70 3022518) -37.6)180.35) 0O
155 70 3033497 -377]18017] 0O
155 70 3042539) -37.8)180.34] 0O
156[ 70 3.068.550) -381)180.25) 0O
. . 156 70 3030.200[ -37.6[180.81( O
10.0} siica, Ludox 0.0 none water Sigms| Ludo| Lot 2880 none | 56| 7.0 3062191 35018053 O
167 70 20456801 -37.7[180.47] O
168 7.0 2060227 -37.8[180.86( O
168 70 2102487 -38.2(18037] O
161] 7.0 3125238 -38.3(180.28) O
163 7.0 3124351 -381(180.96) O
165 7.0 3162904 -38.3(180.89] O
16.8] 70 3183358 -30.4{181.090 O
171] 70 3207462 -38.4181.20[ O
174 70 3188210 -379(181.20[ 0 o
S ] itd
Date and time at which this experiment was started

Alternatively, you can save the file using a name that you select by clicking on the menu iter
File > Export as...

Select filename for export file

Save i |__j Export .I.| i o B

E [ z0070126_0729,mdb EoT_zooroize_o07z9.mdh [E]rutilez. mdb
u.ﬂ [ cincinatti.mdb o7 _z0070126_072946.mdb (B testz,mdb
MyRecent  Zcr- g28 Tioz .mdb FoT_z0070309_102719.mdb (B test.mdb
Documents  BFnT ooosz1_1z5536mds 10T mdb

7 [F0T_ns0930_203326.mdb. [B]DTjantestz.mdb

[#]0T_061001_130437.mdb [&]jankest1.mdb
Desktop &80T 081114 t101552.mdb (8] junks.mdb
Eo7_o701z6_072946.mdd E]junks.mdb
FoT_o701z6_120018.mdb 2 ]junk.mdb
[#o7_z0000921_125536.mdb [B)]msa 061018_0902.mdb
F]07_z0060209_132227.mdb B my junk file.mdb
0T _z0060221_122042.mdb B mynewjunk. rmdb
[#]0T_z0061102_111302.mdb [ ]rutilet . mdb

dy Documents

@

y Compuiter < . 3

- File name: T 20070303 _1027.mdb ~| save |
by Metiork Save as lupe: |E:4|:u:|rteu:| DT databaze files [*.mdb) _IJ Canicel

Flaces

Replace the suggested name with any name of your choosing and pi&eeeingtton.
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Reviewing exported files
To review all of your exported files, click on menu item File View Export file directory.

Export FEX

File Edit View Favorites Tools  Help ::,"
<« Biacl -.‘) .? - ) Search ||. Folders v
i Address |r__] Ciidata_acolExport v| Go
. — Size  Type [rate Modified ~ Comments e
File and Folder Tasks A/ | AT 0271%,m 1,443 KB Microsoft Access Ap...  2007/04/05 0841 iy comments
_— @rutileZ.mdb 1,448 KB Microsoft Access Ap..,  2007/04/02 07:56
®[} Rename this File Dru ; :
: rutilel, mdb 1,448 KB Microsoft Access Ap..,  2007/04/02 07:36
L Move bl & cr- 528 Tioz mdb 1,445 KB Microsoft Access Ap...  2007/04/01 10:17
) Copy this fils #07_mdb 5,236 KB Microsoft Access Ap...  2007/03/20 20:51
@ Publish this File to the DTjantestZ.mdb 1,448 KB  Microsoft Access Ap...  2Z007/03/02 18:38
\reh 1#07_20000921 125536 mdb 1,448 KB Microsoft Access Ap... 2007/03/02 18:38
(2] E-mail this file [ jantest1.mdb 1,448 KB Microsoft Access Ap... 2007/03/02 18:35
x Delete this file - @testZ.mdb 1,228 KB  Microsoft Access Ap... 2007(02/20 13:47
@test.mdb 1,228 KB Microsoft Access Ap..,  Z007/02/20 13:40
IE0T_20061102_111302,mdb 1,226 KB Microsaft Access Ap.., Z007/02/20 13:39
Other Places i [ mynewiunk, mdb 1,228 KB Microsoft Access Ap... 2007/02/18 04:23
Bt my junik file.mdb 836 KB Microsoft Access Ap... 2007/02/12 14:39
5 B DT_ZDD?0126_D?2946.mdb 816 KB Microsoft Access Ap,.,  2007/02/12 14136 £
L) My Documeres [E0T_20060209_132227 mdb 516 KB Microsaft Access Ap... Z007(0Z/07 12:36
|3 Shared Documents IH]0T_20060221_122042.mdb 816 KB Microsoft Access Ap...  2007/02/07 12:35
»j My Computer @DT_ZDD?DIZE;_D?ZQ.mdb 816 KB  Microsoft Access Ap... 2007/01/29 21:07
W) My hietwork Places - @200?0126_0?29.mdb 816 KB  Microsoft Access Ap..,  2007/01/29 21:04
1#07_n70126_0172946,mdb 516 KB Microsaft Access Ap..,  Z007/01/29 20:59
@junk‘l.mdb 816 KB Microsoft Access Ap... 2007(01/29 20:59
Details ? IEjunk.mdb 708 KB Microsoft Access Ap.., 2007/01/29 19:29
fﬁnT N7 76 120M 8 mdb 0% KR Mirrnenft Arrece A0 SONTIN 20 14:19 5 Z
v :

DT_20070309_102719%.mdb Properties

General | Summary |

Title: | | |

Subject: | |

Authar: | |

Category: | |

Keywords: | |

Comments: | my comments

[ OF H Cancel ] Apply

Some users may find it convenient to add comments to a particular exported file. To do th
right click on the desired file and select Properties. Select the Summary tab in the Properti
window. Add any text that you like in the Comment box.
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Sending an export file by email

Click on File — View exported files to see the files that you have already exported. The
form will appear similar to that shown below.

Review Exported files E]
Laak jn; |_J Export :_| £ E-

- | r@ 000921 1255, mdx

) [#]050129_1741.mdb

MyRecent  [2E050130_1627.mdb
Documents  Bnen150_1859.mdb

{7 [ 050209_1647.mdb
[21]050209_1647_A.mdb
Desktop  I#0s0217_1614.mdb

-,

My Documents

oy

b Cornpiter

"‘% File name: | Lj dpen |
My Metwork,  Files of lype: |E:-:|:u:urteu:| DT database files [*.mdb;?. mdx)] :_J Cancel

Places

| Dpen az read-only

A word of caution is in order. Some email services will not send or receive files with
suspicious file name extensions. It may be prudent to rename your export .mdb file before trying
email it. This is simple. Just right click on the file and select rename. Change the file nam
extension from mdb to mdx. By default, the Review Exported files form will show files with both
mdb and mdx suffix.

To send a data file by email, right click on the renamed file and ssé&edd to — Mall
Recipient.

The email will be automatically composed with the file attached. If your instrument is
connected to the internet, simply fill in the email address of your local DT service provider or othe
desired recipient and preSend
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¥ Emailing; 051124 _121646.mdx - Message (Pla... [= |[B][X]
File Edit ‘ew Insert Format  Tools  Actions  Help

[=]5end M * ¥ ¥ [&optons... @i}

>

-

€ This message has not been senk,
To,.. |
ce... ||
Subject: |Emailin-;|: 051124_121646.mdx

Attach... ||:|51124 121646, mdx (811 KB

The message iz ready to bhe sent with the
following file or link attachments:

051124 121646.mdx

Note: To protect against computer viruses, e-—
mail programs way prevent sSending or
receiving certain types of file attachments.
Check yvour e-mail security settings to
determine how attachments are handled.

Saving all Experiments in a Query to an Excel Spreadsheet

It may happen that you want to save the results on the Data View form to an EXxce
worksheet. This is very easy. To save the data using a default flename just dhit& orbave
Query to Excel The default filename is based on the Experiment date and time of the firsi
experiment in your Query. In this example the first experiment was on 2006/10/18 at 13:47:29.
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& DT1200 Data Yiew for. 2 Mos , Sample defined as alumina_gamma inwater,

File  View

ey defirition

Clar| Tmepeiod  Manufactuer  Tradename  Sample|D Dispeise phase Media User  Project 5ys1D
[ |2Mes =l [amy o [y =] [ | Jalumina_gamma | [water x| [aw=] | anw | e~
i Disperse Phase wit’ Ext Dis Medium ] Experiment Date TioPiol TPiot N MeaswementDale  Temp pH Kl Cvi  zpCviPha Size V1 PSM_PSW
g E] 2006/10/1813:53:39 | 26.5] 6.4] 0.000] 000 0.0] 0.00] 0.000]1533.2] 0.061] 0.243
36| alumina_gamme| 0.0[ none | water 5130 2006/10/1813:47.23 | time, 11| None,.1| [2006/10/18 135846 | 26.5] 64| 0000 000]  0.0] 000] 0,000]15341] 0.062] 0245
2006/10/18 14:03,35 |_26.] 6.4] 0,000 000] _ 0.0] 0.00] 0.000]15357] 0.062] 0.246
g E] 2006/10/1814:32.01 | 25.4] 64 0000 216431 0.0 189,70 0.000]1485.3] 0.000] 0.000]

2006410/1814.3438 | 26.4) 64 0000] 161.501 -32|12961) 0000)14853] 0.100] 0300]
2008A10/181436:39 | 26.4) 64| 0000] 192469 3.8 11568 0.000)1485.3] 0.100f 0.300
Z006/10/18 14:38:38 | 264] 63| 0D000] 210359 -42(11033] 0000]14853) 0.100] 0,300
36| alumina_gammz| 0.0 none | water E130 2006/10/1814:31:15 | time 1 1€|None, 1| |2006/10/1814:4036 | 264| B3] 0000) 225933 45 10710 0000 14853) 0100) 0300
200810/18 144147 | 26.4) B3| 0000] 255.268) -5.1)198.70| 0.448) 1485.3| 0.100[ 0.300
2006/10/1814:4345 | 264) B3| 0000] 153354] -31|14330| 000014853 0100[ 0300
2006/10/1814:45.44 | 254 B3] 0.000] 190.136] -3.8|124.36| 0.000[1485.3] 0.700] 0.300
2006A10/1814:47.45 | 26.4) B3| 0.000 84.944) 1.7 295.45| 0.000)1485.3] 0.100( 0.300

=) = 2006/10/18 1456:53 | 266| 63| 0000 JULE] 00) 000) 0000)15342) 9.360) 0611
2006/101815.01:33 | 26.5) 6.3] 0,000 000] 0.0 0.00] 0.000)1534.2) 9.360] 0651

2006A10/1815:06:31 | 265 B3| 0000 oo 00) 000) 0.000)15335) 9.360) 0651

36| alumina_gammz| 0.0 none | water 6135 2006/10/1814/50:48 | time1.1¢|Nore, 1| |2006/10118151124 | 265] 63) 0000 009 00) 000) 0000)15337 9.360) 0651
200810/1815:16:17 | 265 63| 0.000 0og 0.0) 000) 0.000)1533.2) 9.056) 0.700)

2006A10/1815:21:08 | 265 63| 0000 oo 00) 000) 0.000)15334] 9.360) 0651

2006410/1815:2557 | 266 63| 0000 009 00) 000) 0000)15333] 9.360) 0611

=) = 200810/1815:37:32 | 26.3) 63| 0.000 0og 0.0) 000) 0.000)1534.5) 0.060) 0.241
36| alumina_gammz| 0.0 none | water B131 2006/10/1815:30:57 | time,1.1€| Mone,.1| | 2006/10/1815:4344 | 28] B3] 0000 oo 00) 000) 0.000)15351| 0.060) 0.241
2006/101815.48:43 | 26.8) 6.3] 0.000 000]  0.0] 0.00) 0.000)1534.6] 0.060] 0.241

=) = 2006A10/1816:00.00 | 27.0) 63| 0.000 0og 00) 000) 0.000)1535.3 0.061] 0.213)
36| alumina_gammz| 0.0 none | water 6133 2006/10/18 155313 |time1.1¢|None,..1| | 2006410418 16:05:00 | 27.0) 63] 0000 060 00) 000) 0000)15333] 0.051] 0214)
2006/101816:10.04 | 27.0] 6:3] 0.000 000 00f 000] 0.000)1534.2] 0.051] 0.214]

5 Experiment(s) invalving ltogether 25 measurement(s], e contained in this uery

To look at all the Excel files you have created simply clickde View Excel Queries.A
window such as that shown below will appear. The file created in this instance, based on the d
and time, is named appropriately “061018_ 134729.xls “

& excel

File Edit Wiew Favorites Tools Help

3 B 2> ? / W, Search Falders v

| Address I\;l' Ci\data_acolexcel | Go

A Mame Size | Type Date Modified ~

File and Folder Tasks &

(9 Make a new Folder

&8 Publish this flder to
the Web

ked Share this Folder

@061018_134?29.x|s 36KE  Microsoft Excel Wor,..  2006/10/26 22:02
@Materials @250C xls 40KE - Microsoft Excel War,.,  2006/10/26 15:40

| —' Earlier this week

. @MSH-UZ.XB 18KE Microsoft Excel Wor,,,  2006/10/23 17146
Other Places HM54-03.s 173KE  Microsoft Excel Wer...  2006/10/23 17:55
O ot s M58, 45 196 KB Microsoft Excel Wer,,,  2006/10/23 17:25
= @MSA—DI.XIS 196 KB  Microsoft Excel Wor,.,  2006/10(23 17:30
[} My Documents 3 2

If you wish, you can instead name the file anything you like. To do this, cliékl®enSave
Query to Excel as...A window such as thathown below will appear. The usual default filename
will appear in the File name box, but you can change this as you like. You can also change t
directory in which the file is to be saved.
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Save Query to Excel

Save in; I = excel

ty Recent
Documents

Dezktop

dy Documents

y Compuiter

-

by Metwork
Flaces

=

~ @ cf E-

H0e1018_134729.xls
@Materials @25 C xls
3 M5a-01.x1s

2 M34-02,x1s

3| M5a-03.x0s

3 |Ms. s

File name: 0404, 2l

Save as type: | Excel files [*.xls]

#
=

Save |
Canicel
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Viewing graphical presentation of data

There are multiple ways to see collected results in graphical presentation. These prograr
can be accessed through Home page nveew.

Analysis presents results of particle sizing, rheology or zeta potential for a single
measurement. There is a special section on Analysis program due to its importance.

Graph program can generate overlays of various curves for different measurements. It i
especially useful for overlaying attenuation spectra and particle size distributions.

Titration Control presents results of titration. It shows not only the last report but
demonstrates how measured parameters evolve in time due to change in chemical composition of
sample.

On-line Continuous datais useful for plotting results evolving in time. It makes possible to
plot any parameter that is being saved to the database versus time.

Grid raw data program presents results of the last single measurement. It contains grapf
required for troubleshooting procedures.

Viewing overlays with Graph program

The Graph program allows you to create various graphs of the data already obtained a
stored in the database. This program prepares set of excel files for selection of records chosen
user and then runs script file that initiates graphical prodtmthT.

To start the Graph program from the Home page: Clickiew > Overlay Graph Data.

The Graph form appears as shown at the very left picture below.

. DT-1200 Graphics... E|§|@ | DT-1200 Graphics... E“E|g|

Databsse  Help Database Help Database  Help
Chustf propeity for selection Chose property for selection Chose property for selection
ghem:c?l :\ame = Chemical name -~ Chemical name -
Mampe X t Dat SampleT xt SampleT xt
Measurement Date :
PSHW b PSM s
Select records [use Shift or Chil] Select records [use Shift or Crl]
972572000 8:24:20 PM 9/25/2000 8:24:20PM |
9/21/2000 8:14:35 PM 9/21/2000 8:14:35 PM
952172000 10:52:21 AM 972172000 10:52:21 AM
41772000 3:46:37 PM 471772000 3:46:37 PM

EXIT Chose type of graph EXIT
|Iist of graphs j ﬁ

[~DemoQuery - [} ||~ DemoQuery - |

Choose the property by that you would like to use in selecting the particular measurements
be plotted. For example, click on the measurement date. The list of records available for plottir
then appears, as shown at center picture.

The records that appear are those that are contained in the current “Query”. The name of 1
current Query is shown in the box at the bottom of the form. In this case it is “~DemoQuery”. Th
Query “Today” always contains all of the measurements made on the current date. Tomorrow, ne
measurements will be shown corresponding to the measurements made on that day.
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Select one of the records. Click on the *“list of graphs” pulldown box and a list of the
available graph types will appear.

Database Help Database  Help
Select Field Select curve type ——————————— | | 5elect Field rSelect curve type
A A|| W PSD
SampleTst SampleT st ™ Cumulative
Meazurement Date o|| ¥ Experment Ld;;lsutement[)ate || Unimadal
Seleot records) (use Shi or Cu) Select record(s] {use Shiftor Cu) I oalcurLlafive
- ’ [~ Bimodal
A ; [ Bimodal cumulative
[T Mode 1
: . 2 zeta only [ Mode 1 cumulative
arge particles large particles hd Mods 2
Select type of graph Select type of graph [ Mode .
__ [T Mode 2 cumulative
Select info for | Units Select info for legends ———— - PSD Basis
* decibels/cm/MHz * weight
Chernical name Chermical name € deciels/cm Cherical name Cherical narme " rumber
SampleTat SampleTst € nepersfcm SampleTst SampleTst " valume
Measurement Da ¥ || Measurement Da ¥ ||| © decibels/cm/MHz"Cadvr Measurement Da ¥ || Measurement Da ¥ |||  area
| Demoluery | Demoluerny .DD1 out talks bin, nm
|-| #/bin [ izt

Select the Attenuation spectra graph. As shown on the Ieft Figure, the form expands to allc
more choices concerning the items in the legend, the curves to be plotted, and the units for plotting

Select the PSD graph. As shown on the right Figure, the form expands to allow more choic
concerning the items in the legend, the curves to be plotted, and the units for plotting.

The legend can contain two items of information, as defined by your choices in the left-han
and right-hand entries in the Legend frame. For now select Measurement Date in the left-ha
legend item, and none for the right-hand legend item.

To plot more than one record, select the desired records by clicking on them. Use the conti
key to select individual records. Aternatively, use the Shift key to select a range of adjacent record:

To generate the plots, click on the Plot button. Plot appears as shown below.

DT-1200, Particle Size Distribution

~DemoQuery
5,
i
it
\‘ ‘\ —m— 9/25/2000 8:24:20 PM
47 +\ + —=— 9/21/2000 10:52:21 AM
4 |
[
o 3 | 1
s i
R= |
(] [
= | T
g2 1
& o
o
oo
ot
’ ¥

10° 10" 10 10'
Diameter [um]

If you like, you can edit many of the features of any plot. Simply click on the feature you
would like to edit. For example, click anywhere on the title at the top of the plot. The form depicte
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in Error! Reference source not found.appears. You can for example edit the text that appears in
the title by simply typing new text in the text window, such as “my data”.

Comment 1 (Untitled)

Text l Aszociation ]

wcoord |60 [ Graph Title " Mone
[ Border

Y-ocoord (150 Wi Eouctd Cancel |

dngle 0.0 [ Shadow
Pozition

Bkamd |NENNNN ~| |1 ~| | © Felative

Alignment =

" Left * Center " Right Absalute
Text DT-1200, Particle Size Distribution

by data
Fort...

Saving graphs to metafiles

Sometimes it is very convenient to take a graph created with the Graph program and simg
copy it to the clipboard and then paste it into a document. Select one of the graphs you made eat
by clicking anywhere on that graph. Click Bile- Export. The from shown irError! Reference
source not found. will then appear. Select the Windows Metafile type (the default) , type in a
filename where you would like to save the graph, and click on Save.

Export As E| PE

Save i | ) Optimizatian ﬂ EF -

%] att,amf

] attenuation minusilS w vFr,WHE
%] attenuation minusiS wa vr, WHMF
] erras,wmf

%] psd . wmf
.f_] Ewocury wrnf

File name: | Save

Save az lype: |"v'v"inu:||:-ws b etafile ﬂ Cancel

4

Search

Adding a saved graph to a document

It is very easy to paste a graph that you have saved to a Word document. Open the wc
document. Then from the Word menu click losert — Picture — From file. A file menu appears.
Select the filename you saved earlier and click on Save.
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Viewing titrations data with Titration control

Titration control has two graphs that show how Zeta potential, Conductivity and pH chang:
with addition of chemicals. In the case of pH titration typical Titration Control is shown ion Figure
below. It was measured for silica Ludox.

File Wiew Options Test
100wt % silica, Ludaox in water ; 2010-03-24 11:51:27 1D: ZP titration - _
M Titration Mode EI
2 4 5 2 10 Setpoint, pH 10,000+
I I I Measured pH | 22280
Sweep # 1
Eq time, sec 159
Reagent added, ml | 2. 7361

& 1.0MHCI
B 1.0M KOH

" D}w

'

=204

zeta potential,
Conductivity, S/m

=204

A
I R R

Time, s

pH iz now stable after 159 seconds.

Top graph shows Zeta potential versus pH. It would also show Conductivity versus pH if thi:
parameter would be measured.

The bottom graph shows pH versus meq of the added acid and base.

This picture could be printed using File menu item. It can be saved to Clipboard usin
Alt+PrintSc keys and then Paste into the Word file.

Viewing time dependences with On-Line Continuous data control

On the Home page: Click View > On-line/Continuous data
A form with the caption “Online Monitoring” appears. The graph for your data would appear
similar to that shown below.
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Continuous Monitoring - Last Experiment Data

File Edit View Select Experiment

1 
022

Cond

0.210

Close

This form would show changes in particular parameter, or set of parameters. Every ne
measurement would be shown on the graph. User can display graphs for various parameters
checking option on the View menu. Graph below shows such multipurpose presentation.

Continuous Monitoring - Last Experiment Data

File Edit Wiew Select Experiment
£ ISttt gttt e — s = == —— + d50 uni
S
a = d80uni
H = = e e L
W + d50 himodal
0 - v o T - -
0.4
. Al
= & = = = = = = = AlG
.- - - - - Al4
i = e . A2
[t}
1 = AlD
oo
T « Temp
=%
5
= elils
o
g cw
[

Cloze

User can save this form as a picture using Alt+PrintSc.

There is possibility of reformatting and saving graphs only. For this purpose Click right

mouse button on particular graph. Following dialog box appears.
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Graph Control gl

B ackground | Legend | Labelsl Suyztem | .-'l'-.bcnutl Bound D ata |

b arkers Log D ata
v Symbols [ % Awiz
v Lines [ ¥ Az
[ Sticks

Ok | Cancel | gppIyNDw| Help |

If you go to the System option, you would be able to save just this particular graph t
Windows metafile or bitmap in desirable directory. Such picture of multiple measurements of ze
potential is shown below.

-37.4 374 Az

Zeta

76
37'_" 37.7

-38.0

User can do many modification to the graph using this dialog box. For instance he can u:
axis, as shown below.
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Graph Control El

E ackground | Legend | Labelz | Suzbem | .&I:u:uutl Eound Data |
Style | Data | Tites | Awxis | Fonts | Markers | Trends |

Apply to Axis

Color of Awes:
™ % Primary - EE'
- - -
Position Scale Range

* ‘ariable " Zera Origin Max |0

" Left " %anable Origin Min B0

" Bight f+ UserDefined Ticks |10
Tick Marks Girids
v Show o Through Axes W Show

j ™ Inzide Axes Style -
Minor |0 ﬁ " Outside Axes Color EE‘ -

Ok, | Cancel ‘ gppIyNuw‘ Help ‘

Using the same dialog box user can change data property shown on particular graph. He should ¢
on the option Bound Data as shown below.

Graph Control f5_<|

Shyle | Data | Titlez | Az | Fantz | Markers | Trends |
Background | Legend | Lal:uels| System | About

D ata Source name Bound Field

Ewperiments f+ Data‘alues

[ Usze az GraphTitle " & Position
Source figlds > << [Graph hieldz

Ewperimentz. 5 ample D ate A K]

wif

meazurements. Spstern (D
measurementz. Experiment Dal
Data teazurement Date
Analyziz Cond Date b’

Label Field [v Legend Test
A K1

Ewxperimentz. Sample Date
SampleT =t

wif

Dizperzed Phaze

b exdiuimm

(] | Cancel Apply Mo Help
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Boxes on the left hand side demonstrate list of database field. Any of this field can be coul
to the graph. In this particular case it is field K1 — conductivity. If you click on the field name on the

right hand side box, it will disappear. Then you can click on the any field on the left hand side boxe
and graph would become bound to this new field.

Viewing raw data with Grid

In an earlier lesson we used the Raw Data Grid form to display the attenuation of water f
verification and troubleshooting purposes. In this lesson we will look at some of the other features
the Raw Data Grid. This lesson is of interest for those who want to get some better understanding
the details of the attenuation measurement. Some features will also be used in some of the advar
topics described later.

You can proceed from here in two ways. You can simply read the following text, or you car
measure the attenuation of water as described earlier and continue with “live data”. The followin
text will assume that you have just finished a measurement of the attenuation of water and alree
have the Grid Raw Data form displayed on the screen.

The acoustic attenuation measurement is made at several frequencies, and for each freque
the signal level is measured at several gaps between the transmitting and receiving transducers
default, the system measures the acoustic signal at 18 frequencies and 21 gaps. Information on
18 by 21 grid is depicted in several ways on the Grid form, which are represented with variol
graphs accessible throu@rid, View.

We present here all these graphs for attenuation measurement.

Sensor Level

On the Grid form, click on the menu item View Sensor Level. The Sensor Level graph will
appear as shown below.

Edt Miew Test
Attenuation Measurement Meas 55, m/s [1489.5 Freq. Ga
m =
1 10 100
| |

o | | and

b o a3

1 v 20

£ -207 P

= p fa]
= T
o ] 210m

5 -4t PRt

Z 1 w2

- 1 v 26

3 ! + 29

c 1 4 2EM

o -G0-+ e
o2 : = 52

] B3

1 A TPM

-80—+ 9
1 T 1

] » 1257
] 0 & 1655
-100-L el
Frequency, MHz
Finished Calculating Arays
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The top curve corresponds to the signal level at the output of the reference channel. If all tl
electronics and software related to the attenuation measurement are working normally, this cur
should be more or less constant with frequency with a value of approximately -10 dom. The on
item not checked by the reference channel level is the acoustic sensor itself. The signal level at
output of the acoustic sensor is shown in the set of 21 curves corresponding to 21 different ge
between the transmitting and receiving transducers.

Sensor Loss
On the Grid form, click on the menu item View Sensor Loss. The Sensor Loss graph wil
appear as shown below
Gid

Edit “iew Test

Alteruation Measurement Meas S5, mds [1489.5 Freq. Ga
EE== | -0 I

160

100

Sensor Loss, db

D- ¥ |||||||=
1 10

Frequency, MHz

Finizhed Calculating Arrays

Colloid Loss

Click on the menu item View Colloid Loss. The Colloid Loss graph will appear as shown
below. Colloid loss is very informative. Measurement of attenuation can be considered reliable on
when colloid losses versus gap are straight line, as shown below. Otherwise, sample changes du
the measurement.
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Edit Wiew Test

Altenuation Meazurement Meas 55, mds 14895 Freq. G5
Im vI

h
=
|
1

FaR
[ Rl 53
r w43
& 55955
A BER
a2
Rl [TH =2
< 1258
A 15556
| 1915
¥ Xz
& 2914
Fula o Fovog
O 41550
SEw
e
& 3097
= == F

[T5) £
[l =

[
=

ColloidLoss, dh

—
=

=

Finizhed Calculating Arays
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Transducer Loss
Click on the menu item View Transducer Loss. The Transducer Loss graph will appear &
shown below. Minimum on this curve corresponds to the maximum transducer efficiency. Moder
transducer have this resonance frequency at 50 MHz. It is done for eliminating blind spot, as f
transducer shown below with resonance frequency around 35 MHz.
Gad

Edit View Test
Atteruation Measurament Meaz 55, md's -1 4995 Freq. Ga
[ ] [ =]
100

804
=
=3
e
E ED—' B Mazured
=
g Wadal
T 40t
=
i
Ly + Estimated

204

D I e |I
1 10 100
Freguency, MHz
Firizshed Calculating Arrayps

Residual Loss

Click on the menu item View Loss Residual. The Loss Residual graph will appear as show
below. .

Edit  iew Test

Attenuation beasurement Measz 55, mss [1489.5 Freq. 53
E

— Graph Options

B8 r Show
a4 (*) data
Ak () data + avg

m 192 0.08

Loss Residual, dh

gap, mm

Finished Calculating Arrays

115



Time of Flight

Click on the menu item View Time of Flight. The Time of Flight graph will appear as shown
below. This graph is used for calculating sound speed. Slop of the linear regression to the time
flight versus gap is sound speed. Time of flight is measured only for rather large gaps above 2 m
This measurement is necessary for correcting time of the pulse arrival, that is unknown a’priori.

Edit  Wiew Test

Attenuation Measurement Measz S5, mds [1543.1 Freq. Gap

B -
25—
20+ e
()
§ ]
- -]
= 157 -1
;,—%j -}
-]
= a o182
E 104 gt
=
5__
T 437
i} } } } |
u] 5 10 145 20
Gap, mm

S/N Ratio

This graph shows signal-to-noise ratio. Instrument transmits at least 800 pulses for the ea
point on the frequency-gap grid. Averaging of the magnitude of the received pulses yield
information on S/N ratio. Ifitis below certain threshold, more pulses are accumulated.

Edit “iew Test

Attenuation Meazurement Meas 55. mds 14895 Freq. [EET
o

Signal bo Moise [Gap, Fre

| 20 db Above threshald
B Above threshold

B Eelow threzhold

M 20 db Below threzhold
Mot measured

5/M Threshold = 35 db

Finished Calculating Arays

116



Status Magnitude
This graph illustrates quality of the data for different points of the frequency-gap grid.

Edit View Test

Attenuation Measurement Meaz 55, mds [1489.5 Freq. Ga
EN

Statuz Magnitude [Gap. Freg)

Good data B Mot measured
B Lo Signal O Mot computed
B LoSAN B Hi zensoar loss
B Localloid loss [l Hi colloid loss

Local outlaw Global outlaw
I Other problem

Firizhed Calculating Arrays

Mask for the next measurement

Statistical analysis of the measured pulses for the complete grid allows determination of tt
optimum combination of frequencies and gaps for particular sample. This “mask” would be applie
to every next measurement if more than single measurement has been defined in the Protocol.

Edit Wiew Test

Afteruation Measurement Meas 55, mds [1439.5 Freq. G
O

hest bask [Gap, Fre

Finizhed Calculating drraps
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Number of pulses collected.
This graph shows how many pulses were collected for the last measurement.

Edit “iew Test

Attenuation Measurement Meas 55, m/s [1489.5 Freq. Gal
2 =

# Pulges Collected [Gap, Fre

B Mone [ 100,000
500 | 200,000
W 1500 [ 400,000
B G200 [ 500,000
B G400 W 1M
W 12,500 3.2 Mil

25,000 6.4 Mil

Finished Calculating Arrats
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Titrations

There are 5 different types of titrations that are available with DTI software. This includes
1) pH ramp; 2) pH stat; 3)ml; 4) meq; 5) time. There is also Temperature titration that is setup wi
a different software object on Home page.

Time titration is the simplest. That is why we start with it. Other titrations require burettes.
Their function is discussed next.

Time titration.

Often times you may want to repeat a given measurement several times as part of a sin
experiment. Perhaps you just want to see how reproducible the measurements are. Monitori
kinetics of the sample evolution is another important application of this titration.

The simplest way to setup multiple measurement is using box “# measurements” on tf
Home page, see below.

%% Home - Dispersion Technology AcoustoPhor, ZetaSize 1200 Demo Mo... EJ|E|E|

Wiew  Calibration Tools LogInfCut  Help
= #
Suspension | Emulsion | Porous body
= 'E_:-:periment dezign Sample definition
[ CWl - for zeta potential | L o _ j  Contert
[ Conductivity PE— Liquid media Density | .
i+ Pratocol J |water j 337
Salid particles Calculate
[ #measurements |alumina boehmite j S04 ]]|34.68
[} 25.03 .01 1300
|7
Ready for meazurements! Finizh in 42 sec

If you check this box the following form appears:
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Experiment Protocol

Miew
— Path

Tvpe [time v LS

Faints (€ - | 15 /F

You can either change number of points from 3 to different number, or select it as 1 fo
single measurements. If you just click 3, then Home page would contain a string with 3 consecuti
measurements:

%% Home - Dispersion Technology AcoustoPhor ZetaSize 1200 Demo Mo.. . E”E'E'

Wieww  Calibration Tools LogInfout  Help
= | = | &
Suspension | Emulsion | Porous body
- EI_:-:periment dezign Sample definition
[ Tl - for zeta potential | L o _ j  Confert
[ Conductivity PE— Liquid media Density | s
i+ Pratocol J |water j 337
Salid particles Calculate
v # measurements |alumina boehmite j 204 ]]|34.68
[} 25.00 7.0z 1300
=
Ready for meazurements! Finizh in 2 min, B sec

You can achieve the same result by clicking on Protocol on the Home page. The form on tf
left would appear. Then in the combo box Type, you should select “time”. The form on the righ
hand side would appear. Again you can select number of measurements. Box “# measuremer
simply provides short cut to this form.
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Titration Protocol Titration Protocol

View View

~Path — Path
Type - L Type [time - g
Min, zec |1 -
Max, zec 3600 - _/.
Paintz |7 T

N

Scale - /
1

I ' '
[ A ]

If you just specify the number of points in a time protocol, the measurements will be made &
quickly as possible, depending on the complexity of the individual measurements (zp, psd, sc
some combination of each). Sometimes it is desirable to make measurements on some fix
schedule that spreads the measurements out over some period of time. This is done as follows:

On the Home page:

Double click Titration

On the Titration

Click View > Details

You will note that several additional items appear now on the screen, as shown in the figu

at right.

View

— Path
Tope [time - oz
ki, =8 1 '

Max, zec 3500 - ;'
Faints |7 - /
H

Scale [T~ /
1

I s Y
12 F o+ 56T & 2

You can spread the measurements over a fixed time period by specifying the vaia,of “
sec”. For example, if you set this value to 3600, the measurements will be spread over 3600 secoi
or 1 hour.

In addition, you can specify that the first measurement will not be started for a given time
interval by specifying the value oMin, sec”. For example, if you set this value to 60. the first
measurement will not start until 1 minute after you click on Run.
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Sometimes it may be desirable to make measurements more frequently at first and then
make them less often as the experiment proceeds. We can accomplish this by selecting Log from
Scale pull down list. The protocol form would then appear as shown at right.

In all of these cases, the selected titration protocol is saved by clickiDi on

If you are following these tutorials in sequence, then you already have defined the sample
10 wt% colloidal silica and have checked only the cvi measurement. In this case all you need to
now is click RUN and watch the results.

Initializing the burettes

Each burette must be initialized before it can be used to dispense reagent. After the burette
initialized, it then knows the position of the syringe plunger and how much reagent is left in it tha
can be dispensed. If you are not planning to use the burette to dispense reagents you can skip
step. You can always initialize the burette later, but you will have to empty any sample before doir
so, or some unspecified amount of both reagents will be added to the sample.

Some of the following lessons do use the burettes, so let’s initialize it now. The two burette
are shown in the figure at right.

Burette Control
Tesk

—Burette 2 ——— —Burette 1
Baze - Acid -
[1.0M KOH BN RIERLE |

| Initialize | Initialize
| Flush _| Flush

_ | Fil | Fill

| Empty | Ernpty
___| Dispensze | Dispenze

Syringe volul  Dizpense wal || Syringe val, ul - Dispense val

208.3 100 -] || 2083 =

On the Home page:

Click View > Burette control.

The Burette Control form will appear as shown at right. Some instruments may only havi
one burette installed in which case Burette 2 will not be shown. By default, it is assumed that 1
HCI is installed in Burette 1 on the right and 1 N KOH is installed in Burette 2 on the left, but this
can be changed as will be shown later.

On Burette 1:

Click Initialize

The plunger moves to empty the contents of the syringe into the sample, and then on
partially fills it with fresh reagent. Notice that after initialization the Initialize text changes color to
green. Next initialize the second burette in the same way.
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Setting up burettes with 1 Normal Acid and Base Reagents

If your burettes are already set up with 1N acid and 1 N base reagent, then you can skip tl
lesson if you are in a hurry. However, if you plan to use other reagents in your work and you wa
to understand how to load the burette with fresh reagents, proceed as follows.

Click on thedown arrow on first pull down box at the top of the form for Burette 1.
Select Acid.

Click ondown arrow on second pull down box.
Select 1.0 N HCI

The following message box will appear:

Install new reagent: 1.0 H HCI E]
If replacing reagent, remove tubing from cap of old g
reagent battle, and remove battle from instrument. -

. .. . C I
YWipe end of tubing, inzert tubing into cap of new ance

reagent battle, and ingtall new baottle in place.

Enter marimum vizcozity of new reagent, in cP. Far
example 3, 30, 300, or 3000,

E

Follow instructions concerning adding new reagent.
Most reagents will have a viscosity of less than 3 cP, so then jusOdick

DT 1200 Measurement Software E

@ Chck OF., click on Flush for Burette 1

The message shown at right then appears.

Click OK.

Click Flush.

Notice that the syringe first pulls in a small amount of air, then some fresh reagent from th
bottle. Then it dispenses this volume of air and reagent to the sample via the dispensing probe. T
sequence of partially filling the syringe with air and reagent is repeated three times. The purpose
this operation is to remove any trace of the previous reagent. At the end of the flush cycle the bure
is empty of any air and contains only some new reagent.

Click the fill button for burette 1. Note that the syringe moves all the way down, filling the
syringe with 5 ml of reagent.

You can also empty the syringe by clicking of the Empty button, but we will not do that just
now. Instead we will manually dispense a specified dose of reagent.

Click on the pull down box for the dispense volume for Burette 1. Select a dose of 100 u
Click on the Dispense button to dispense this volume of reagent. Note that even this small dose
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not dispensed suddenly, but instead dispensed slowly over the next 10 seconds or so. This is don
as not to shock the system by adding reagent too quickly.

Repeat the same process for Burette 2 using 1.0 N KOH. Then empty the Chamber and re
with distilled water.

Setting up burette to dispense any acid, base, salt, polymer, ot
surfactant

The burettes can be used to dispense any concentration of acid, base, salt, polym
surfactant, or virtually any other liquid reagent.

Click on thedown arrow on first pull-down box at the top of the form for Burette 1.

Select Acid, Base Salt Polymeror Surfactant as desired

Click ondown arrow on second pull down box.

Select one of displayed choices

Alternatively. you can enter a description of the reagent you want to use. The reagel
description must be entered in the following format:

Value Units Reagent name

Examples of reagent description:
For an Acid:

0.3 N H2S04

0.2 N Citric acid

For a Base:
0.5 N KOH
0.3 N Nitric Acid

For a Salt:
1.0 M KCI
0.5 N Silver Nitrate

For a polymer, surfactant, or other material:
100 ppm Polymin P
3 % Aerosol OT

You must type a space before and after the Units (N, M, ppm, %). If the reagent descriptic
is not formatted correctly, you will see a message such as one of those below.

Reagent not correctly defined E| Reagent not correctly defined gl

@ Select reagent from pulldown box Slleet s s il s
OR
R,

Enter Molarity and name of new reagent using Format:

?'I\sﬂ I\I;}aKCﬁI Enter concentration and name of new reagent using Format:

2MKND3 133 ppm ACT
3.5 % Sodium laury| sulphate

Moke: You must have space before and after %% or ppm
Mote: You must have space before and after letter 1M
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Getting familiar with Burette Control in manual mode

Most of the time you will be using the automatic titration software to control the dispensing
of reagents from the burettes into the sample. However, there will be times when it is convenient
dispense reagents manually. You can dispense reagent directly into your sample using the Burt
Control as is described here. We assume that you have 10% wt silica Ludox in the sample cham
that is being stirred by the stir bar.

1 N Acid and base reagents have been loaded in the burette, and the pH probe should alsc
in place. Note the initial pH reading. It should be between 9.0 and 9.3.

Burette Control

Test
— Burette 2——— - Burette 1
Baze - Arid -
[1.0MKOH | || [1-oMHE |
Initialize Initialize
Flush Fluzh
Fill Fill
| Empty | Empty
Dizpenze Dizpense
Syinge volul  Dispenze val ||Swinge val, ul - Dizpense wal
100 - i@ -

Let’s dispense a small amount of reagent and test the response of the pH probe. The Bure
form is shown above. Set the Dispense volume for Burette 2, containing the 1 N KOH base, to 1
ul. Click on the Dispense command button. You will hear the burette dispense this small volume
reagent in small mini-doses over the next 10 seconds. The reagent is added slowly to allow proj
mixing and to prevent shocking the system with a locally high concentrations of reagent.

Observe the increase in pH value. The pH should increase a small amount above t
previously noted value.

Now set the dispense volume for Burette 1, containing the 1 N HCL acid, to 100 ul and agal
click on the Dispense command button.

Observe now the decrease in pH value back to the original value noted before.

Titration — pH ramp, measuring zp of 10 wt% colloidal silica

In many cases it will be desirable to control the chemistry of your colloid by automatically by
adding reagents programmatically to achieve some specific purpose. For example, perhaps we v
want to do a pH titration to determine the isoelectric pH of a particular sample.

Let's demonstrate this capability by doing a pH titration of our 10 wt% colloidal silica
sample that is already in place. We will plan to titrate over the range of pH 10 to pH 2.
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Titration Protocol

Wiew
— Path
Type |oH ramp = 0Kk
kdin, pH 4. - o
tax, pH (10, -
Paints |7 - / \
Sweeps |F] -
I e |}y - f '\.
i poirt | 4 - : i . )
. = 12345678 SWIIIZIS1413
— Reagents
v A Acid 1.0 W HCI in buret # 1
¥ B Baze 1.0M EOH in buret # 2

We can set this up as follows. On the Home page, double click on “Titration”
Set the parameters inside the Path frame as follows:

Type pH ramp
Min, pH 2

Max, pH 10
Points 9
Sweeps 2

Ini Dir Incr

The graph on the Titration Control form, shown in figure to the right, shows the pH path tha
we have defined. Our demonstration colloid has a pH of about 9.3. We have specified that the init
direction should be increasing and that the maximum pH should be 10, so the sample will be titrat
from the initial pH of 9.3 to 10, at which point it will change direction and titrate back down to pH 2
where it will stop.

Click OK to save the desired titration protocol.

On the Home page, clidRun if you wish to start the titration.

Using some details in pH ramp Titration in special situations

Most of the time you can simply specify a pH ramp titration as we have just illustrated.
However, it is possible to make some adjustments to the titration protocol that might provide son
benefit in special situations. If this is of interest continue reading, otherwise skip to the next lesson.
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Titration Protocol

Miew

— Path

Type |nH ramp vl
ki, pH 4. vl

Max. pH |10,
Fointz |7
Sweeps

4 4

j

Iri i
|kl pik

iz

-
-

11

a

-

V—

5 I I
01 23+36Ta&2W

I
1117131415

— Heagents
v & Acid
[+ B Base

1.0 HCI
1.0M KOH

in buret # 1
in buret # 2

— Equilibrium critena

Talerance g 25

Dnift, pH/z ||:|_|:||:|-|

— Constraints

Minmeq [.a00
b ax meq |3|:||:|
Max Reagent Kl

[~
[

pH/s/s |0.002
Min Eq, s |30
Max Eq, = |3EIEI

E
[
El
=

On the Titration Protocol form:

Click View > Detalils.

This will expand the Titration Protocol to include details of Equilibrium Criteria and
Constraints, as shown in the figure to the right.

The Equilibrium criteria describe the conditions that must be met before the sample is judge
“stable”. Each time the program adds a dose of reagent, it waits until the sample is stable befc
calculating whether the sample is at the next setpoint, or if not, how much additional reagent
necessary to get it closer to that setpoint.

The “Tolerance” value specifies how closely the pH must approach each setpoint before ti
measurement data is obtained.

The “Drift” value specifies the maximum rate of change of pH with respect to time for the
sample to be judged stable.

The value of “pH/s/s” specifies the maximum second derivative of the pH value for the
sample to be judged stable.

The Min Eq value specifies the minimum time interval, in seconds that must elapse afte
adding reagent, before the sample can be judged stable. This provides time for the pH probe to sk
an initial response and time for some initial mixing of the reagent with the sample.

The “Max Eq.” value specifies a maximum time interval, in seconds. If the time after the las
reagent dose exceeds this limit, the sample is judged stable whether the other conditions are me
not.
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pH Stat titration protocol

In some applications it is of interest to determine how much continued addition of reagent |
necessary to maintain the pH at some fixed value. For example it may be desirable to determine
end point in a milling operation. As the material is ground down, new surface is exposed that the
requires that additional acid or base be added to keep the pH constant. The end of any chem
demand can indicate the end of grinding effectiveness.

Titration Protocol

View
— Path
Type - LS
pH wal |7. -
Foints |100 -
— Reagents
v A Acid 1.0M HCI in buret # 1
v B Base 1.0 KOH in buret # 2

On the Titration Protocol form, select pH stat mode. As shown in figure to the right, you car
now specify the pH that you would like to hold during measurements. You can also set the numk
of measurements that you would like to take while holding the pH at this value.

We will not actually do this pH stat titration now, but instead move on to the next lesson.

ml titration protocol, 10 wt% colloidal silica

In some applications you may just want to add a specified amount of a given reagent to tl
sample in well defined increments. This can be done quite easily with the ml titration protocol.

On the Home page:

Double click Titration

On the Titration Protocol screen:
Select Type ml

Set the minimum reagent volume as
Min, ml (Typically this is zero)

Set the maximum reagent volume as\
Max, ml

Set the number of reagent additiongamts
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Tiitration Protocol

Wiew
— Path
Type »| [ User defined sched (1] 4
i, ml {0.0 - L0
Max, ml |08 - 0
Pointz |7 T '
| //
Scale |Lin - 0.4 /
0z
oo + 1
0123456782910
— Reagents
v A Acid 1.0 HCI in buret # 1
[~ B Baze 1.0 N KOH in buret # 2

Simple colloid titration without measurements

Important surface properties of the particles in a dispersion can be gleaned from a simf
colloid titration without even measuring properties such as zeta potential, conductivity, or particl
size. We can learn a lot from a simple plot of pH vs. the number of milliequivalents (Meq) of adde
acid or base. The following procedure describes how to do such a colloid titration using for examp
a 10 wt% alumina slurry ( Sumitomo AKP-30).

Calculating the added Meq requires knowledge of the sample volume, the normality of th
acid/base reagents and the volume of added acid/base reagent.

The normal sample volume when using the magnetic stir bar is about 110 ml. Assuming yc
are using this configuration for this test, you want to make sure that the sample volume stored in t
Instrument Constants is this same value. On the home page:

Click Calibration > Constants

Scroll down till you reach Sample volume and click on that line. Enter your sample volume
in the edit box at the top of the form. Click on the words “Calibration Constant” directly below edit
box. Click onSavebox to the right of the Edit box to save your new value.

It is assumed that you have already set up the burette with the correct acid/base reagents
have defined the normality of the reagents.

Next we need to set up the Titration protocol for this colloid titration. On the main form,
double click on the Titration option to open the Titration Protocol form. On the Titration Protocol
form:

Click View Details.
Select type pH ramp
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The Titration Protocol form will then appear as shown at right. For this example, set the Pat
as follows:

Min, pH 2.0

Max, pH 10

Points 17
Sweeps 1
W ien
- Path

Tvpe [oH ramp B oK |

Min, pH 2.0 ﬂ "
Max. pH |10, - ol

Puointz 17 - , -Hk
Sweeps [q - ‘&.\_
k3

Ini Crir IDEC, vl E \-‘

s
! L
— Heagents
V¥ & Acid T.O0MHCI in buret # 1
M B Base 1.0M KOH if buret # 2

r Equilibrium criteria r Constraints

Tolerance [ 25 - Min meq Im
Diift, pH4 |0.0002 j Mawx meq 200 ﬂ

pH/sds Im ﬂ tax Reagent [EL =l
Min Eq,s||30 =]

Max Eq, 5 |300 hd

The reagents installed in the burette are shown in the Reagents frame.

Set the Equilibrium criteria as shown below. These are all default values, except for the valt
for Drift which is set so as to require a better equilibrium condition at each addition point. The
improved equilibrium yields somewhat smoother titration curves, which is important when doing
this colloid titration experiment. ??

Next we need to define the experiment protocol on the Home page. In this simple colloi
titration we do not measure PSD, zeta potential or conductivity, so these boxes are uncheck
Define the Sample in the normal manner. Uncheck Run Time Analysis since we do not need to
any analysis. The Home page should now appear as below.

Home - Dispersion Technology DT1200 - Demonstration Mode

File Wiew Calibration SetupParameters Tools Help  Minimize

r Experiment- Mormal Mode ———— Sample definition

O attenuation - for size 7 Mlr Tradename

O Conductivity Fiun o : Content ;

[ 1 - for zeta potential Liguid media it vl gm ml DRSS ST

[ater =] [0.02 | [57.29 Jioe7 ovoz]| [87 |[e97 |
g Titration [More. T e b Im Particles Calculate |
Temp Fived,35,35.1.0..1..0. 7} -

[ Fun time &nalysis pH 7.0 Ialumma_alpha j I—IS'SB |2'?1 11.83 |29 e

Temp., C [220 Dizpersed system Total 118.53|110. |1'D?8 | |1459'5 |

| Modified Instrument Constants being saved |
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10—

81—

meq

pH
Slope, Meqg/pH

Now we are ready to do the titration. Click on Ben button. After the experiment starts,
the Titration form will display the results of the titration experiment. Click on Titration on the status
bar at the bottom of the screen to make the Titration form visible.

When the experiment is complete, the plot of pH vs Meq will appear as shown at right.??

For such colloid titrations it is more useful to display the data somewhat differently, as me:
vs pH. To switch the axes, click @ptions — Plot ml or Meq vs pH The display will then appear
as shown irError! Reference source not found.. When displaying data in this way, it is also
useful to see a plot of the derivative of pH/meq which is shown by the red overlay curve. If you d
not want to see the derivative curve, click on the menu item Options - Overlay Meq/pH slope. ?7?

When the experiment is complete, the titration data shown in these plots, along with othe
related data, can be permanently saved to a file by clickirglen Save last experiment to Excel
file. The saved files can be inspected by clickind-a Inspect Excel files The filename for these
pH titration files consist of date/time stamp followed by the letter “H”. These files are in csv formar
(comma separated values) which can be directly viewed by Excel by simply double clicking on th
file name. The file contains a header which contains information about the sample and tt
experimental protocol.

Continuous temperature control of sample

If your system is equipped with temperature control option, you can program the instrumer
to maintain a constant sample temperature.
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The temperature control is achieved using a special heater probe that is inserted through
top sample cap such that when the plug is installed the heating element is immersed in the sam
The heater probe installed in the top cap is shown at right.

As a demonstration we will just use water for our sample. Fill the chamber with water in the
normal manner. Then place the top plug with the heater in place.

. Temperature Protocol | X|

|

Type |Continuous M |
Temp, C |3 -

Tolerance (0.5 hd
Drift {0.05 =

On the Home page, double click on the Temperature option. The Temperature Protocol w
open as illustrated at right.

Select type Continuous

Since the temperature is controlled using only a heating element, the temperature can only
maintained at some temperature somewhat above room temperature, typically at least three deg!
above room temperature. Accordingly, set the Temp value to three degrees above ambient,
example

Settemp,C 26

Leave the Tolerance and Drift values set to default values.
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Click OK

Temperature Control - Continuous mode

Temperature Control - Continuous mode

to close the Temperature Protocol form.

r State Mode IEplEi'ms ~ State HMode Options
. t
Sat Point —7 || = Marmal AR . [~ Expert
Ie-l' Ll'mr']t 2 2 Manual I” Record file Set.F'_cur?t a5 |2 r:dmmall [~ Record file
e gg' () Stop I Erase fie HiLimit (26, g S | | T Erasefie
- v Lo Limit |26,
Dire.ction 7. NDvahve Direction LI
Set Point # |1 Set Point # |1
Sweep # 4 Sweep # |7
Duty cvcle 1,000 Duty cycle (0238
Temperature [71 gg7 Temperature [25 992
Temp. Emor 4103 Temp. Emor [.008
Pfﬂploltiﬂna|l 82060 Proportional |0.0160
ntegral [3 3495 Intearal |0 2139
Derivative [338E5 | 567 Derivative [TO0E [1083
0 5 10 15 20 35 30 35 40 45 DTS = m o m e
e S S
& D1 S
=] =
I: II: DDDD llllllllllllllllllllll NN AN SN NN
o i 5 m\—*rél_;ﬂ\/és\ﬁﬁ\/{suu 4
NiNIil: EPEREEE R S S S BF
. !
i B e
Tme, 2 zac intervals Tme, ¥ sec intenvals

The Temperature Control form will open automatically. The graph at the bottom of the
Temperature Control form shows the error between the present temperature and the setpoint that
previously selected on the Temperature Protocol form. A typical plot of the temperature error after
short time of operation is shown in figure to right. In this case the set point temperature is 26 C, t
actual temperature is 21.897 and the Temperature error is thus -4.103 which is the value plotted
the graph.

The temperature is adjusted by controlling the duty ratio of the voltage applied to the heate
A duty ratio of 1.0 means the heater is on continuously. A duty cycle of 0.1 means that the voltage
on only 10% of the time.

After several minutes the temperature of the sample will reach a steady state condition. Ti
temperature will fluctuate somewhat about the setpoint value, typically no more than +/- 0.0
degrees C. A typical plot of the fluctuation after the temperature controller has been operating f
some time is shown at right.

When you no longer want to maintain temperature you must again double click on the Tem
option on the home page, and click on Tijme on the Temperature Protocol.

Warning: The heater must always be immersed in a sample when the Temperature
Control is in the Continuous mode, else the heater will overheat. The heater has a built in
thermal fuse that will permanently shut off the heating element if it overheats due to being
removed from sample without shutting down the control.
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Ramp Temperature Protocol using 10 wt% Silica Ludox sample

Whereas the Continuous type temperature control works constantly, whether an experime
is in progress or not, the Ramp and Stat mode controls temperature only if an experiment is runnin

Caution: It is safer to use the Ramp or Stat mode, rather than Continuous mode, since
one is guaranteed that after the experiment is complete the heater will automatically be turned
off.

As a demonstration we will use a 10 wt% silica Ludox dispersion. Fill the chamber with &
sample in the normal manner. Place the top plug with the heater in place.

On the Home page, double click on the Temp option. The Temperature Protocol will oper
Select the Ramp Type

Since the temperature controller uses a heating element, the temperature can only be se
temperatures somewhat above room temperature, typically at least 2 degrees above room ambien

For this example we will make measurements from 25 to 30 degrees C in steps of 1 degre
Accordingly, on the form:

. Temperature Protocol

|

Type |Ramp

Min |25

Max [30
Fuoints
Sweeps |1

Ini Dir IIncr vl

40444

j

Tolerance (0.2 hd
Diift |0.02

Select Type Ramp

Min 25
Max 30
Points 6
Sweeps 1
IniDir Incr

The Temperature Protocol for this Ramp experiment would then appear as shown at right.

Leave the Tolerance and Drift values set to default values. The Tolerance value of O.
specifies that the measurement at each temperature set point will not start till the temperature
within 0.2 degrees C of the selected set point. The Drift value of 0.02 degrees C/sec specifies furtl
that the measurement will not start at any setpoint till the rate of change of temperature is less tt
that amount.*

Click OK  to close the Temperature Protocol form.

The Temperature Control form will not appear immediately as before with Continuous type
control, and in fact will not open until you begin the experiment by clickindgthe button on the
Home page.
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For this experiment we will measure the attenuation, zeta potential and conductivity of a 1
wt% silica Ludox sample. (Depending on your system configuration you may only be able t
measure some subset of these properties)

When you are ready to proceed with the experiment, click the Run button. Shortly thereafte
the Temperature Controller can be made visible by clicking on its icon on the status bar at tl
bottom of the screen.

The heater is controlled by varying the duty ratio of the voltage applied to it. A duty ratio of
1.0 means the heater is on continuously. A duty cycle of 0.1 means that it is on just 10% of the tim

When the experiment is complete, the heater is turned off and the temperature is therefore
longer controlled.
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Calibrations

There are several menu items in the Home page menu Calibrations. This section descrik
purpose and function of all these items.

Temperature calibration
The temperature probe is calibrated against an external standard precision thermometer.

perform this calibration, click on Calibration — Temperature on the Home page. Then simply follow
the directions shown on the screen.

Temperature Probe Calibration |

Empty chamber. Fill chamber with kot water
having measured temperature of 40 to B0 C.

b ake sure stirer iz on and working properly.

Irzert thermameter having 0.1 precisian inta Cancel |
zample. Make sure to immerse thermommemter to

carrect depth, wpically 76 mm. Click on Mest

whien ready.
Hew Qid
Temperature Probe Response 1.060
Temperature Probe Offzet 2544
Data
Test zample  Measured Actual
Hat |25 295

pH calibration

The pH probe is calibrated against one or more pH buffer solutions. The characteristics of t
13 buffers recognized by the US National Institute of Standards Technology (NIST) are stored |
this calibration software. In default, the commonly used pH 4-7-10 buffers are used. However tt
user can use any combination of as many of the 13 buffers as needed.

To perform this pH calibration, click on the menu item Calibrate- pH on the Home page.

The Buffer Temperature form shown below will appear. Accurate pH calibration depends ol
knowing the temperature of the buffer solution. Typically you will be calibrating the pH by dipping
the pH probe into a small beaker of buffer solution. In this case check the temperature of the buff
probably the same as the room temperature, enter this temperature in the box, and click OK. ( If i
temperature probe is also in the buffer solution, you can simply click Cancel and the measur
temperature will be used instead of your manual input).
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Buffer Temperature | x| |

Enter termperature of pH buffer if pou do not use

measured temperature in chamber and then click OF.

Click Cancel to uze measured temperature in chamber Cancel |

22

After the Buffer Temperature form closes, the pH calibration form appears, as shown belov
Three commonly used buffers are pre-selected. If you want to use a different buffer in place of ol
of the default buffers, then click on the row containing the buffer you want to delete and press tt
delete buffer button. Then select a replacement buffer from the “Select another buffer?” list e
shown in Figure below.

If you want to add an additional buffer, just click on an empty row and then select the
additional buffer from the pull-down list. You can use as many buffers as you like.

Calibration raw data ISeIect another buffer? j
Data | Buffer Meaz. |MIST |Meas. Cancel |
point | Used Temp. |pH pH
1| pH 4.005 Phthalate 2500 4m
2| pH 7.000 Phosphate 2500 700 Delete buffer |
3| pH 10.01 2 Carbonate 250 1001
4
]
— Calibration Reszults
10+ Mew oid
0l (] 01
- Responze  © 0.973
E 0.67 2nd desivative  * 00114
o 0.4 3rd derivative  * 0.0000
02
1 3 5 7 9 1113
Letual pH
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pH Calibration

Calibration raw data H 4.005 Phthalate
Data [ Buffer Meas. [MIST/PH 7000 Phosphate -
ot | Used Tem H pH 7413 F'hu:usphate
P B P JrH 7.699 Tris
1| pH 4.005 Phthalate 220 A1oH 9 Buffer
2| pH 7.000 Phosphate 250 YipH E|.1 EIBrate
3|pH 10012 Cabonate . 250 10 f=aBINNUA Pl lul PS
il pH 12,454 Ca[0H)2 |
Other i
4]
— Calibration Results
107 Mew Oid
ngt Offzet = 0121
“ Response  © 0.973
E 0.67 2nd derivative 0,014
o 0.4 3rd derivative  * 0.0000
02

I:‘I | | | i |
1 3 5 7 9 11 13
Letual pH

Prepare a small sample cup of each of the selected buffers. Fill each cup to a depth of at le
3 cm. It is important that the buffer is stirred during calibration in order that the value reaches &
equilibrium value. Although the buffer can be stirred with the probe itself, some prefer to use a sme
stir bar in the sample cup. If you stir the sample with the probe, be careful not to break the probe
hitting the sides of the cup.

To start calibration, click on the row containing the buffer you want to use first. Dip the pH
probe in this buffer. Make sure the buffer is stirred, one way or the other, while you measure the p
Depress the Measure pH button to measure the pH. Press again every few seconds until the valt
no longer changing.

When a stable value has been reached for one buffer, move on to the next. Click on the rc
containing the buffer you want to use next. You can do the buffers in any sequence. Rinse the |
probe between buffers with water and wipe dry with a soft tissue.

When you are though measuring the pH of each of the buffers, click on the “Calibrate’
button. The deviation of the probe from a theoretically perfect probe is shown in the plot of pH-Errc
vs. actual pH shown at the bottom left corner of the form. The old and new values of the calibratic
constants related to the pH probe are shown to the right.

Click on the Save button to permanently save these calibration constants.

Agueous Conductivity calibration

To calibrate the aqueous conductivity probe, first click on the menu item Calibrate -
Conductivity. The Conductivity Probe Calibration form will appear as shown in Figure below.
Follow the step by step instructions on the form.
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Conductivity Probe Calibration

Step 1] Empty chamber. Fill chamber witt 0.07 b
k.Cl standard and stir 10 zec. Empty chamber, again
fill with 0.07 MECI, and stir. Check that stirer iz
warking properly. Chck on OF when ready to
measLre
Cancel
Actual Measured
Standard  Temp. K. £ K.
001 M KL | | | | | | | |
DIMEC | L |
Calibration rezults
Hew 0id
Rezponse V136E+04
Lirearity 0.4693
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Non Aqueous Conductivity Calibration
On the Homepage: Click>>Calibration >> Non aqueous conductivity
The window shown at right will appear.

= Non Aqueous Conductivity Probe Calibration

w| Non Aqueous Conductivity Probe Calibration E|

Ringe probe with suitable solvent(e.q toluene] and air dy. Mo zetting zero

Click 0K when ready to calibrate zero conductivity, or
click Exit to cancel calibration.

E it |
i Actual Meazured Test Material Actual Measured
Test Materia Conduchivity Conductivity met Hatens Conductivity Conductivity
i | CCET s R —
Calibration resultz Calibration results
Hew oid Hew oild
Cell Constant, 1/m 3.000 Cell Cotstant, 1/m 3000

Follow instructions concerning rinsing the probe and click OK when ready.

The window shown at right will appear.
When the measurement is complete, the window shown at right will appear.

If you just want to zero the probe, then cligkit

However, in order to continue with a calibration of the cell constant you must have a suitabl
calibration fluid of known conductivity and the conductivity value must have been previously
entered as the calibration constant “Nonaq Conductivity, std”.

w Non Aqueous Conductivity Probe Calibration E|
Eero calibration has been saved. oK Mow measuring conductivity of nonag standard.....

& Mon Aqueous Conductivity Probe Calibration

To next calibrate Cell Constant, dip probe in
Mondg Conductivity Standard, and click OK, ar
click Exit to cancel calibration of Cell Constant.

E it |
Test Material Actual Measured i Achual tMeasured
Fet Hatena Conductivity Conductivity Test Materia Conductivity Conductivity
Mondg Std | Mondag Std 1.000E-08
Calibration results Calibration results
New oid New oid
Cell Constant, 1/m 3.000 Cell Constant, 1/m 3.000

If a standard fluid is available, and the constant recorded, you can continue to measure t
Cell Constant for the conductivity probe by clicking OK . The window shown at right will appear.
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%% Home - Dispersion Technology AcoustoP hor ZetaSize 12000 User: usr, E“E|E|
Wieww  Calibration Tools  LogInfi2ut  Help

— Experiment dezign S ample definitian

[ Altenuation - for size D -

[ ¥ - for zeta potential Run | J — Contentq
[ Conductivity Liquid redia %Ir:lten
* Protocol J |water j

Salid - Farticles
O Temp 23845 pH 6.977 | none [
El - | & 0O00E+D slen

M odified Instrument Constants being zaved

Zeta potential calibration

The zeta potential is calibrated using a standard colloid having known zeta potential. Th
DT-1200 employs a standard 10 wt% colloidal silica that is prepared from a concentrated 50 wt
slurry by diluting it with 0.01 M KCI media.

The calibration procedure assumes that the last measurement was of such a zp standard,
that only zp was measured (i.e. not in combination with attenuation or conductivity).

Following this measurement, on the home page click on Calibrate- Zeta potential. The Ze
Calibration form will appear as shown in Figure below. The measured value will normally be fairly
close to the calibration value if the probe has not been replaced.

Zeta Potential Calibration - 2011/08f23 14:14:25

|'|D wiZ Ludos silica in 0.0TM KClat pH 5193

[ Multi-Freq

Measured Data Standard Measured

Zeta potential, -8
Cwi Phaze, deg 180,00

Calibration results Oid New

Cwi Rezponsze 7.945E +02
CwiPhase offset, deqg  [327.84
Reference Phasze, deg  |101.27
Temperature, . [25.57

When you Click OK, Home Page would change Setup as shown below:
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%% Home - WAVE 3805 Electroacoustic Porosimeter User: usr E||E|E|

Wigw Tools  LogInfdut  Help
& re]
Porous material Rheology

™ Attenuation - for size Stop | |10 wt¥ Ludox siicain 0 |

V' CVI - for zeta potential B oa — Content

[ Conductivity Liquid media Density ;;ten

" Protocol |water ﬂ 337

" Temp. hd Solid particles Calculate

v # measurements |si|iu:a, Ldas ﬂ 22 10.0
_ ey SSBRE o Dizperzed system Total — [1.055

=

keazuring Colloid Yibration Current

Then, after measurement finished, Calibration form would show results of measurement.

feta Potential Calibration - 2011/08/23 14:14:25

110 wit Ludos siica in 0.01M KCl st pH 9.1-9.3 ~|

Cancel

[ bulti-Freq

Measzured Data Standard Meazured

Zeta potential, my -38 1.18
Bl A Gl 180.00 356,49
Calibration results Oid New
CwiResponse  [7.945E+08 2 BRE7E+10
Cwvi Phaze offget, deg 32704 14232
Reference Phaze, deg  [101.27 97 26
Temperature, T |25.57 2h.85

Click on the Calculate calibration button to compute the new calibration constants. If the
calibration is successful, the Save button will appear, as shown in Figure below. Click on the Sa
button to permanently save the new constants and exit this calibration form
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Porous body

Characterization of the porous body includes measurement of porosity with aqueou
conductivity probe and pore size plus zeta potential with zeta probe. This calibration function allow
user introduction of multiplier that would eventually match measured values with independentl
known.

This calibration procedure is less useful for porosity measurement, which is absolute whe
performed with high frequency conductivity.

In the case of pore size it is absolutely required. Calculation of pore size from the measure
electroacoustic signal completely relies on independently measured value. This independent va
can be gained by mercury porosimetry or adsorption methods.

Zeta potential calibration for porous body is also essential because of unknown visco-elast
properties of the porous body skeleton. Unfortunately independent measurement of zeta potentia
porous body is practically unavailable.

After clicking on the Calibration menu item the following form appears. User should select
parameter for calibration.

. Calibration Porous body E@@

Select what type of porous body characteristics ok
wou want to calibrate.

Cancel |

" Porosity from Conduchivity
" Pore zize for known porosity from electroacoustics

" Zeta potential for known porosity

Mew constant Expected Yalue |1

0ld conztant b eazured Yalue

Next step is placing independently known value of this parameter in the box Expected Valu
as shown on Figure below. Click OK runs measurement and the measured value would be displa
in the box Measured Value, as well as the new value of calibration constant.
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. Calibration Porous body

Electroacoustic probe must be in contact with a

porous body having known Zeta potential Ok
Type value of thiz known Zeta potential in mt

in the box 'Expected Value' Save

Click OF. when ready.
Cahcel |

" Porosity from Conduchivity
" Pore zize for known porosity from electroacoustics

{+ Zeta potential for known porosity

Mew canstant Espected Walue ek |

0ld constant | 000033 M eazured Valus

Click Save for saving the new constant value.
We recommend making a measurement with this new constant value for verifying that thi
procedure has worked.

Save conductivity of supernate

This function is required for porosity measurement. Conductivity of supernate is being save
as calibration constant. This number is used as reference for measured conductivity of the porc
body when porosity is calculated. Porosity is ratio of porous body conductivity to the supernat
conductivity with Maxwell — Wagner correction, which might cause about 10% correction.

Mull lon Vibration Signal

Was the last measurerent only 'Conduckivity' and nothing elseand was the sample being the supernate mediom For poraus Body with porasity ta be measured

IF wou click Yes, the measured Conduckivity will be saved as Calibration constant

Click Yes for saving measured conductivity as supernate reference value.

Save last CVI as lon Vibration Current

This calibration item is required for measuring zeta potential at the conditions when ion:
contribute to the measured electroacoustic signal comparably with particles or pores. This mig
occur either at high ionic strength or at rather low surface area. Procedure associated with tl
calibration item allows measurement of lon Vibration Current (IVl) and saving it as calibration
constant for further subtraction from the measured signal for dispersion.

WARNING: This calibration should not be mixed with the following item — background
electroacoustic noise subtraction. That noise is created by electronics, not by ions.

In order to save IVI, probe must be placed in the equilibrium suopernate with no particle
and electroacoustic signal must be measured.

Then user goto Home page, Calibrations and click on this menu item.

Following message appears.
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Hull lon ¥ibration Signal [%|

Was the last measurement only "I - For zeta potential' and nothing else
and was the lnaded sample the medium For which wou want to measure the ion vibration

If wiou click Yes, the measured cvi will be saved as the ion vibration signal

If all conditions stated in the message are valid, then click Yes and IVI would be saved.

In order to subtract this VI from the coming zeta potential measurements user should goto Home
page, Setup parameters.

The following form appears, IF previously user checked CVI on the Home page.

Filz
— Setup Parameter Values
Cancel Ok Meazured property [yl - Send datato |Databaze j
- Setup Mode Grid Schedule Fiun Parameters [ata R eduction Parameters
QO More precise Lowest Frequency | 33 - Minirum acceptable SN, db |20 -
@ Mormal Highest Frequency | 3.4 j Minimum SignalLevel, dbm |-1 80 j
O Fast Mumber of Frequencies | 1 j Marimum SensorLoss, db | 220 ﬂ
Q Faster Freq. Scale, 0 - Lin; 1 -Log | 1 - S/M Taget, db |45«
O
bt [ﬁs—test Freq. Direction, 0 - Decr; 1 - lncr | 1 ﬂ S/M Abort, db |-4IJ ﬂ
ouz M aw Integration Time, & | (=] ﬂ
QU3
O U4 Mumber of Gaps | 3 -
O us
O e
Capture transient @ 1 freq and gap | 0 -
Subtract saved lon Yibration Signal |E ﬂ

There is a box “Subtract saved lon Vibration Signal” on the very bottom ofg this form.
If one select value 0 for this box, IVI will NOT be subtracted.
If one select value 1 for this box, IVI will be subtracted.

WARNING: this subtraction is subtraction of vectors, which is quite different than scalars. It
might lead to increasing of the magnitude.

Save last CVI as background

There is background electroacoustic signal created by electronics and the probe. It is rath
small, on scale of 20000 CVI units, which is fraction of % of the signal generated by 10% wt silic
Ludox. This signal is negligible in aqueous samples, but becomes important in low conductin
media.

In order to measure this signal the probe must be placed in the air or non-polar liquid.

After measurement done, click on this item in Calibration menu.

Following form appears.
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Hull Backgound CYI X

Was the last measurement only 'CWI - for zeta pokential' and nothing else
and was the probe immersed in non-conductive fluid ar in air?

If wou click Yes, the residual cvi signal will be saved as background

If all conditions specified in this message are satisfied, click Yes.

When this signal measured and saved it would be subtracted from all further measurements
WARNING: Do not mix this signal with lon Vibration Current.

Acoustic geometry

Low frequency attenuation measurement is affected by diffraction effects. This calibratior
procedure allows us to null them out.

This procedure is important when attenuation of water looks like shown below. Noisy and/o
negative values of attenuation at low frequency is result of diffraction effect.

File Edit View Test

aftenuation Measurement  pess 55 mds 14934 | Freq. Gap

EE | -

0.20

0.15

0.10

0.05

0.00

-0.05

Attenuation dh/crmiHz

-0.10
-0.14%

-0.20
Freguency, MHz

Finizhe

In order to calibrate out this erroneous attenuation at low frequency, goto Home page, Calibration and
click on this menu item. You will see a set of instructions. Follow them.
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Acoustic Sensor Diffraction Calibration Acoustic Sensor Diffraction Calibration

b ake sure chamber iz clean. Fill chamber with
digtilled water, Check that stirer iz working
properly. Chck on 'Mest' when ready.

Cancel

Please wait about 10 minutes while measuring
acoystic attenuation of water sample.

Cancel

After measurement of water finished, the following list of the new calibration constants appears.
Details of Acoustic Sensor Diffraction E|

Y

= o0 00 -] O LD =T

1]

Diffr action Calibration Constants

LY mim s s B Uy (R O P %

atten, dbf{cm x Mhz"~Z2) 0.00181
Offset, dbfcmfMhz 0,000
Avg Abs Resid < 18 Mhz 0.0196
fvg Abs Resid = 18 Mhz 0.0015
Avg Abs Resid all freq 0.0106

09-23-10 10:45
Data used For linear regression

f Freqipl Atten(p)
0 o0.0 000,000
0 oo,0 000, aoa
0 o0.0 000,000
13 355 000, 0a6
14 43.7 000,030
15 53.6 000,095
16 65.9 ooo,119
17 G1.0 000, 146
15 99.5 000,151

Freqify Attenif) Resid(f)
0z.0 001 -0,0051
03.7 087 +0.0805
04.5 001 -0,0076
05.6 030 +0.019:2
06.5 010 -0.0024
03,4 - 006 -0.0219
10.3 =003 -0.0221
12,7 020 -0,00353
15.6 043 +0.0141
19.2 040 +0.0050
23.5 046 +0.0030
28,9 M55 +0.0028
355 N +0.0017
43.7 a0 +0.0009
53.6 095 +0.0002
65.9 119 -0.0004
G1.0 146 -0.0010
99.5 181 +0.0000

If you click OK, the new values will be saved to Calibration table.

For double check one can look at the complete measurement report on Grid raw data for.
Goto: Home page, View, Grid raw data, View, All graphs. You will see the picture as below.
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& Test data - 2010-09-23 10:50:35 - none inwater - Yersion 4.5.299
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o i 1102 @ winaz 2 04 v 10324
i 2l : :T3’:?I 5 ¢ 12685 'E 3 12685
- 5 i, % u 15585 o u 15585
o o ot = [ WERE w00 B =151
= B s 533 o vz3sE @ wI3sE
73] o+ 15 BIEEIE - L3111}
5245 435527 =014 i 35527
G0+ B.555 043553 i T 043553
SHHER BT & ! 753637
olialiis 63503 0.2 55503
v 1ze0s ; \ ;
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-0 1 10 op &2 i 0.3 b
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L
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wande | Lyl i
3_20 gmﬂ B earued E
[ 206+
E = =
=y w103 e ™
= . 0 (=
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w . B wEoa
=
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i ozt
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o i) o 15 I 1 1] 100 o 200 40 60 80 100
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Sighal to Maoize [Gap, Status Magnitude [Gap, Fre Attenuation [Gap. Freq)

Attenuation is a straight line. This is confirmation that Acoustic geometry calibration has
succeeded.

Instrument status

Instrument status form demonstrates what options and sensors are installed in particu
instrument. DTI agents can install or uninstall specific functions using this form.
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Instrument Status - 9/27/2010 4:39:...

Edit
Signal Processor |i”3t~3"8d
DA |r‘u:|t inztalled
b atar Contral |r‘u:|t inztalled
Acoustic Sensar |i”3t~3"3d
OVl Senszor |installed

&0 Conductivity |i”3t~3"8d
|r‘u:|t inztalled

Rheology option |r‘u:|t inztalled
Temperature probe |Installed
pH probe |installed

Burette 1 |installed
Burette 2 |r'u:|t inztalled

|r‘u:|t inztalled

|r‘u:|t inztalled

|r‘u:|t inztalled

Nondg media |r‘u:|t inztalled
Drigital Stirrer |i”3t~3"8d
Porous body |installed

System SN 2
Burette Com Port |2
R5232 Com Part |1

KN/ N KN KN (K K KK KRN K KR KN/ KN KN

Single gap acoustic sensor calibration

It is possible to make Attenuation measurements using an acoustic sensor that has a fixed
between the two sensors, as opposed to the normal variable gap sensor. Making such measuren
requires three calibration steps before we can make a measurement at a fixed gap. It is useful
samples that are affected by the gap motion.

You should change open Setup parameters when only Attenuation check box is checked
the Home page. Then you change “Number of Gaps” to 1 and “Smallest gap” to dthe gap of yo
choice. “Largest gap” must be a bit larger, as shown on Figure below.

Measurement will use parameters of the Acoustic sensor from the previous measureme
That is why previous measurement must be full gap sweep with water.

Selection of the optimum gap for shear sensitive sample is not simple. We recommend th
you perform initially full gap sweep measurement. Then you open Grid and look at the signal-tc
noise grad table. You should select the gap that provides data for most frequencies.
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Measurement Setup Parameters

File:
=1  Setup P ter Walue:
Cancel ] | Measured property Attenuation - Send datato |Databasze -
[ Setup Mods Grid Schedule Fiun Parameters [rata Reduction Parameters
QO More precise Lowest Frequency | 3 - Minimum acceptable SN, db |35 -
@ Mormal Highest Frequency | 995 | RunLevel |1 - Mirimum SignalLevel, dbm 120 |
QO Fast Mumber of Frequencies | 18 B Gap Equilibrate Time, = | A ﬂ Mawimum SensorLoss, db | 180+ |
O Faster Freq. Seale, 0-Lin:1-Log |1 w] SMTaget.db |40 =] Maimum ColloidLoss, db |60
8 E"f_‘es‘ Freq, Direction, 0-Dect: 1-Iner |1+ S/Mabort.db [10 -] Ma Colloidatten Err, Db/Cm 100~ |
o U2; Smallest Gap, mm | .5 =] Max Integration Time, = | 5 ﬂ M ax Colloidatten Erm, Db/Cmdtdbz |1 =
Ouz Largest Gap.mm | 51 »|  Gaphods,0Homn,1-Single,2-Fized | 0 j Max ColloidAtten Er, 2 | 20 ~|
O U4 Mumber of Gaps |1 | Target # gaps each freq | 5 j Max SdDev in gap regreszion, db | .9 Jhd|
O U GapScale, 0-Lin:1-Log |1 - Minirum # of Gaps | 3 -
QO Ue Gap Direction, 0 - Decr; 1 - Incr |1 = o
o Bimodal Threshald, ’ﬁl
Capture transient @ 1 freq and gap ’m

Viewing Calibration Constants

The various calibration procedures, described in the above sections, calculate variol
calibration constants that are then saved to disk memory so that they will be available each time 1
machine is started. Normally you will not need to look at these calibration constants, but you can
you wish. On the home page, click on Calibration- Constants. A form similar to that shown i
Figure will appear. The constants are ordered alphabetically. Three columns display the pres:
value, the minimum and maximum value for each constant.
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Calibration Constants |

[1E+1D Cancel | Save | [iDefiir] _ Frint |

[Calibration Constant " alue Min W alue b aw YWalue Errar |
Acaustic zensar Piezaloss f1 9.302E+01 (.000E +00 1.500E +02 -
Acoustic zenzor Piezoloss [ 2 3.868E +01 0.000E +00 1.500E +02

Acoustic zensar Piezoloss f 3 3.053E+01 (.000E +00 1.500E +02

Acoustic zenzor Piezoloss f 4 V394 +01 0.000E +00 1.500E +02

Acoustic zenzor Piezolozs f 5 6.965E +01 0.000E +00 1.500E +02

Acoustic zenzor Piezolozs f 6B 6.509E +01 0.000E +00 1.500E +02

Acoustic zenzor Piezoloss [ 7 B.057E+01 0.000E +00 1.500E +02

Acoustic zensor Piezoloss £ 2 B.B12E+01 0.000E+00 1.500E+02

Acoustic zenzor Piezolozs f 9 5.158E+01 0.000E +00 1.500E +02

Acoustic zenzor Piezolozz A0 4 7AE+01 (.000E +00 1.500E +02

Acoustic zenzor Piezolozs 11 4. 385E+01 0.000E +00 1.500E +02

Acoustic sensor Piezoloss (12 4 030E+01 (.000E +00 1.500E +02

Acouzstic zenzor Piezolozs (13 3.858E+01 0.000E +00 1.500E +02

Acoustic sensar Piezoloss (14 4127E+01 (.000E +00 1.500E +02

Acouzstic zenzor Piezolozs 15 4.974E +01 0.000E +00 1.500E +02

Acoustic sensar Piezolossz (1B G.897E+01 0.000E +00 1.500E +02

Acouzstic zenzor Piezolozs A7 9.281E+01 0.000E +00 1.500E +02

Acouzstic zenzor Piezolozs 18 5.6R4E +01 0.000E +00 1.500E +02 .
Acouzstic zenzor Piezolozs 19 0.000E +00 0.000E +00 1.500E +02

Acouzstic zenzor Piezolozs F20 0.000E +00 0.000E +00 1.500E +02

Acoustic zensor Piezoloss f21 (.000E+00 (.000E +00 1.500E +02

Conductivity probe extra dielectric 0.000E +00 -1.000E +03 1.000E +04

Conductivity probe Linearity 4 B33E-M -1.000E+01 1.000E +01

Conductivity probe Phase offzet, deg 4.000E +00 -2 000E -+ 2.000E+01

Canductivity probe Responze F13RE+04 1.000E +02 J.000E +06
Electrotcoustic Buffer rod Delay, & 4 BO0E-06 0.000E +00 2.800E-05
Electradcousztic Buffer rad Impedance, ? 5 B30E-06 5.000E -06 G.000E -06
Electrotdcoustic Buffer rod Length, m 0.000E +00 0.000E +00 2.000E-02
Electrotcoustic Buffer rod losz, db 0.000E +00 0.000E +00 3.000E+00
Electratcoustic Buffer rod logzs, db/cmdtdhz 0.000E +00 0.000E +00 3.000E-02
Electrafizoustic Buffer rod Loss, db/emdMHZz"™2  0.000E+00 0.000E +00 2.000E+00
Electrodicoustic Buffer rod loss, dbdem/MHz"2  0L000E+00 0.000E+00 2.000E-03
Electrotcoustic Gap 0.000E +00 0.000E +00 1.000E-02
Electroacoustic offset cozine (.000E+00 -1.000E +00 1.000E+00
Electroacoustic offset gsine 0.000E +00 -1.000E+00 1.000E+00
Electrodcoustic Phasze 1, deq 2 BE4E+02 (.000E +00 3.B00E +02
Electratcoustic Phaze 2, deg 0.000E +00 0.000E +00 J.B00E +02
Electradicouztic Besponse 1.000E+10 1.000E+09 1.000E+12 =

Error in one or more Calibration constants

One of the tasks that the instrument performs at start- up is to check that all of the instrume
constants are within nominal limits. If one or more are outside nominal limits then the form shown i
Figure below will be displayed.
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Some Instrument Constantz are incormrect |
Q One ar mare [nstrument constants are outzide allowable limitz. |ncorect values are marked with ‘HEER
Select incormect constants, click on 'Default’ button to enter default value, click on 'Save’ buttorn

All instrument functions will work, uzing nominal instrument constants
Howewver, zome functions will need to be recalibrated if nominal values are uzed.

Click OK. Since a problem has been detected, all of the text will be red, and the offendin
constant or constants will be marked with “####” at the right hand edge of the form as shown
Figure below.

Coibration Constarts
| Cancel | Save | Default | Print |
[ Calibration Constant Yalue hdin W alue bdaw Value Error |
Acoustic zensor Piezolosz f20 0.000E+00 0.000E +00 1.500E+02 -
Acoushc zenzor Piezolozs 21 0.000E+00 0.000E+00 1.500E+02
Conductivity probe extra dielectic 0.000E +00 -1.000E +03 1.000E +04
Canductivity probe Linearity 4 B38E-M -1.000E+01 1.000E +01
Conductivity probe Phasze offzet, deg 4.000E+00 -2 000E+0 2.000E+01
Conductivity probe Response F136E+04 1.000E +02 3.000E +08
Electrodcouztic Buffer rod Delay, = 4 BO0E-06 0.000E +00 2 500E-05
Electroticoustic Buffer rod Impedance, 7 B.B30E-06 5.000E-06 B.000E-06
Electrodcoustic Buffer rod Length, m (.000E+00 0.000E +00 2.000E-02
Electrodcouztic Buffer rod lozs, db 0.000E+00 0.000E +00 2.000E+00
Electrodcoustic Buffer rod lozs, dbdcmitdhez 0.000E+00 0.000E+00 3.000E-02
Electrofzcoustic Buffer rod Lozs, dbdemAdHZ"2  DLOO0E+00 0.000E +00 2.000E+00
Electradcoustic Buffer rad loss, dbdemAMHZ"2  0.000E+00 0.000E+00 3.000E-03
Electrdcoustic Gap 0.000E +00 0.000E +00 1.000E-02
Electroacoustic offzet coszine 0.000E+00 -1.000E +00 1.000E+00
Electroacoustic offzet sine 0.000E+00 -1.000E+00 1.000E+00
Electratcoustic Phaze 1, deg 2 BRAE +02 0.000E +00 3.BO0E +02
Electrodcouztic Phaze 2, deg 0.000E+00 0.000E +00 2 E00E+02
Electrutdcoustic Responze 1.6E9E+18 1.000E+09 1.000E+12 HEHHHE
Electrodcouztic Transmit delay, = 2. 200E-06 1.800E-06 5,000E-06
Electrotcoustic phasze f1 2. 362E+02 0.000E +00 3.BO0E +02
Electrodcouztic phasze [ 2 A122E+02 0.000E +00 A B00E+02
Electrodooustic phase f 3 1.192E+02 0.000E +00 3.BO0E +02 —
Electrodcouztic phase f 4 2 B27VE+0Z (.000E +00 3. B00E +02
Electrodooustic phaze f 5 3.522E+00 0.000E +00 3.BO0E +02
Electradcouztic phase [ B I1FE+02 (.000E +00 3 B00E +02
Electrobdooustic phase f 7 2179E+02 0.000E +00 3.BO0E +02
Electrodcoustic phase [ 8 1.87RE+02 0.000E +00 3 B00E +02
Electrodooustic phasze f 9 0.000E +00 0.000E +00 3.BO0E +02
Electrodcoustic phasze (10 0.000E +00 0.000E +00 3.BO0E +02
Electrodcoustic phaze 11 0.000E+00 0.000E +00 2 E00E+02
Electrodcoustic phasze (12 0.000E +00 0.000E +00 3.BO0E +02
Electrodcoustic phasze 13 (.000E+00 0.000E +00 A B00E+02
Electrodcoustic phasze 14 0.000E +00 0.000E +00 3.BO0E +02
Electrodcouztic phaze 15 0.000E+00 (.000E +00 A B00E +02
Electrodcoustic phasze (16 0.000E +00 0.000E +00 3.BO0E +02
Electradooustic phaze 17 (.000E+00 (.000E +00 JB00E +02
Electrodcoustic phase (18 0.000E +00 0.000E +00 J.B00E+02 i
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If necessary, scroll down till you find the offending constant. Click on the line containing the
offending constant. If more than one constant is in error use the control key in combination with tt
left mouse click to select all the offending constants. Then click on the Default button.

Calibration Constants |

[1.563E+18 Cancel | Sove | Default | Print |

[Calibration Constant " alue Min W alue b aw YWalue Errar
Acoustic zenzor Piezolozs £20 0.000E+00 0.000E+00 1.600E+02
Acoustic zenzor Piezolozs 21 0.000E +00 0.000E +00 1.500E +02
Conductiaty probe extra dielectic (.000E+00 -1.000E+03 1.000E +04
Conductivity probe Linearity 4 BI2E-01 -1.000E -+ 1.000E +01
Conductivity probe Phasze offzet, deg 4.000E+00 -2 000E+0 2.000E+01
Conductivity probe Rezponze F13EE+04 1.000E +02 2.000E +06
Electrodcoustic Buffer rod Delay, = 4 BOOE-06 0.000E +00 2800E-05
Electrodcouztic Buffer rod Impedance, 7 5 B30E-06 5,000E-06 £.000E-06
Electrodcoustic Buffer rod Lenath, m 0.000E +00 0.000E +00 2.000E-02
Electrodcoustic Buffer rod lozs, db 0.000E+00 0.000E+00 3.000E+00
Electroticoustic Buffer rod lozs, db/cmthz 0.000E +00 0.000E +00 3.000E-02
Electradicoustic Buffer rad Loss, dbfemdMHZ"2  0.000E+00 0.000E+00 2 000E+00
Electrodicoustic Buffer rod loss, dbdemMMHZz"2  0.000E+00 0.000E +00 J.000E-03
Electradcouztic Gap (.000E+00 (.000E +00 1.000E-02
Electroacoustic offzet cogzing 0.000E +00 -1.000E +00 1.000E+00
Electroacoustic offset sine 0.000E+00 -1.000E +00 1.000E+00
Electratcoustic Phaze 1, deg 2 BRAE +02 0.000E +00 3.BO0E +02
Electodcoustic Phasze 2. deg [.000E +00 [.000E +00 3.E00E +02

{Electodcoushc Hesponze

1.669E+18

1.000E +09

1.000E +1 2

Electrodcoustic Transmit delay, = 2. 200E-06 1.800E-06 5.000E-06
Electrodcoustic phase 1 2 362E+02 0.000E +00 A B00E+02
Electrodooustic phase f 2 I122E+02 0.000E +00 3.BO0E +02
Electrodcouztic phasze [ 3 1.192E+02 (.000E +00 A B00E +02
Electrodooustic phase f 4 2B27E+DZ 0.000E +00 3.BO0E +02
Electradcouztic phase f 5 3E22E+00 (.000E +00 JB00E +02
Electrodooustic phaze f B A1FIE+DZ 0.000E +00 3.BO0E +02
Electrodcouztic phase [ 7 2179E+02 (.000E +00 JB00E+02
Electrodooustic phase f 8 1.878E+02 0.000E +00 3.BO0E +02
Electrodooustic phasze f 9 0.000E +00 0.000E +00 3.BO0E +02
Electrodcouzstic phasze 10 0.000E+00 0.000E +00 2 E00E+02
Electrodcoustic phase 11 0.000E +00 0.000E +00 3.BO0E +02
Electrodcouzstic phase 12 Q.000E+00 0.000E+00 JE00E+02
Electrodcoustic phasze 13 0.000E +00 0.000E +00 3.BO0E +02
Electrodcouzstic phaze 14 (.000E+00 0.000E +00 A B00E+02
Electrodcoustic phasze (15 0.000E +00 0.000E +00 3.BO0E +02
Electrodcouzstic phaze 16 (.000E+00 (.000E +00 3. B00E +02
Electrodcoustic phasze (17 0.000E +00 0.000E +00 3.BO0E +02
Electrodooustic phasze (18 0.000E+00 0.000E+00 J.B00E+02

The message shown in Figure below will appear. Click OK.
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DT 1200 Measurement Software |

@ Replace ALL selected conztants with default values

Cancel |

All of the selected constants will be replaced by default values. The form will then appea
with normal black text as was shown above.

Using the default values will enable you to continue operation. However, the function tha
had an incorrect constant must be re-calibrated before the results will be highly accurate. F
example, if you replaced a constant related to some “Electroacoustic” constant, then you will have
calibrate zeta potential.

Definition of instrument Constants

The Instrument constants are ordered alphabetically by name. The first part of name refers
the object that is being calibrated.

Some are set by calibration procedures that user can do
Some are set by procedures done by service

Some are done only when instrument is built

Some are no longer used

Acoustic Sensor

Acoustic Sensor Diffraction Exponent
Acoustic Sensor Diffraction Loss, db

Acoustic Sensor Fixed Gap, m

Acoustic Sensor Gap Compliance, m

Acoustic Sensor Gap Stop, m

Acoustic Sensor Recalibration freq.

Acoustic Sensor Receive delay, s

Acoustic Sensor Residual limit

Acoustic Sensor Transmit delay, s

Acoustic Sensor ZeroGap delay — FixedGap, s
Acoustic Sensor ZeroGap delay — SingleGap, s
Acoustic Sensor Diffraction f1 — f18

Acoustic Sensor Gapscale

Acoustic Sensor PiezoLoss f1 — 21

Conductivity NonAq
Conductivity NonAq FullScale
Conductivity NonnAg Response

Conductivity probe
Conductivity probe Extra
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Conductivity probe extra dielectric
Conductivity probe Linearity
Conductivity probe Phase offset, deg
Conductivity probe Response

ElectroAcoustic

ElectroAcoustic Buffer rod Delay, s
ElectroAcoustic Buffer rod Impedance, ?
ElectroAcoustic Buffer rod Length, m
ElectroAcoustic Buffer rod loss, db
ElectroAcoustic Buffer rod loss, db/cm/MHz
ElectroAcoustic Buffer rod loss, db/cm/MHz"2
ElectroAcoustic Buffer rod Loss, db/cm/MHz"2
ElectroAcoustic Gap

ElectroAcoustic offset cosine
ElectroAcoustic offset sine

ElectroAcoustic Phase 1, deg
ElectroAcoustic Phase 2, deg
ElectroAcoustic reflection, deg
ElectroAcoustic temp coef, deg/C
ElectroAcoustic Response

ElectroAcoustic Transmit delay,s
ElectroAcoustic calibration temp, C
ElectroAcoustic phase f1 - f21
ElectroAcoustic response f1 —f21
ElectroAcoustic

ElectroAcoustic

ElectroAcoustic

Impedance probe
Impedance probe

Interface
Interface Digital Attenuator

pH probe

pH probe Offset

pH probe Response

pH probe Second derive
pH probe Third derive

Pyncnometer
Pyncnometer volume, mi

Sample
Sample Volume, ml

Signal Processor
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SP cable delays, s

SP Digital Attenuator K1 — K8
SP Offset Cos, V

SP Offset Sin, V

SP Quad Gain balance

SP Quad Phase balance, deg
SP rf delay c0, s

SP rfdelay cl, s

SP rf gain, dB

SP video delay, s

Temperature probe
Temperature probe Offset, C
Temperature probe Response

Wifr calibration

Wir calibration, conductivity reference

Wir calibration, standard deviation reference
Wir calibration, zp reference, mV
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Standard operating procedures SOP

The instrument can be used in two formats: Professional and Standard Operating Proced
(SOP).

Professional format provides a lot of flexibility and power, which in a research setting
provides tremendous capability for exploring many areas of colloid science.

On the other hand, the SOP format is designed to simplify the operation of the instrument f
an already defined application. Typically the SOP is developed in Professional format by the R&l
group or perhaps by DT for a specific need.

The Home page appears much simpler in SOP format compared to Professional, as sho
below.

%% Home - Dispersion Technology AcoustoP hor, ZetaSize 1200 Demo Mo... E]|E|E]
Wieww  Calibration Tools  LogInfi2ut  Help

— Standard Operating Procedure — Sample definitian
| D =
— Licid media [ Fontents
1- 50 point alumina. S0F
2- my Simple measurement. SOF |water j
Salid - Particles
Temp 2502 pH  7.02 | rone [~
kS

Ready for meazurements!

The Home page consists of two frames: the Standard Operating Procedure and Sam
Definition.

The Standard Operating Procedure frame contains a list of SOP’s from which the user imp
selects he desired procedure.

The Sample definition frame appears identical to that in Professional format except that tr
various sample properties are those defined in the SOP and it is not possible for the technician
change this information. The weight fraction might be a special case since perhaps the weic
fraction might change from one test to another. So we might consider making the weight%
parameter that can be changed by the technician at run time. The ID is not saved in the SOP but
be used by the technician at run time to define a particular lot number or other information th:
might change from one experiment to the next. (Similarly, the Mfr and Trade name boxes al
optionally available for special use by technician at run time.)

In summary, in order to do an experiment the technician would simply select the appropria
SOP from the pull down list, enter whatever information is highlighted in yellow, and then push th
RUN button.

A Standard Operating Procedure is defined exactly the way one would make an experime
using the Professional format. One would define the sample, define any titration or temperatu
protocol, select the measurements to be performed, perhaps even change the Setup Parameters.

Analysis form should be also setup on the desirable way. Analysis File has item Sav
Analysis Protocol. It creates a string that would be saved as part of particular SOP.
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However, instead of making a measurement under these conditions, one would simply clic
on the menu item

Tools > Save SOP

And then give this SOP a name.

There is a special directory in C/data_aco directory where all SOP files are stored.

If you want to have the user enter certain information at run time, then you would enter a
in place of a specified value.

As an example, suppose we want to generate an SOP to do a pH titration of a 22 wt% alp
alumina pigment in ethanol but we want the user to enter an appropriate lot number for tt
particular pigment being tested.
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Sample handling systems

Our decade long experience dealing with concentrated dispersions and emulsions has taught us
there is no universal sample handling system that will work for all systems of this kind. This is th
major difference between instruments that target concentrated system relative to the instruments
dilute samples. Consequently, we have implemented several different sample handling methods
the DTl instruments. This file provides photographs of these setups with short explanations.

DT-300, Electroacoustic Zeta Potential Probe.

The main purpose of this instrument is characterization of-{h@tential. We show here various
setups just for this sensor. This instrument could contain, as options, conductivity probe, temperatt
probe, pH probe, dielectric permittivity probe and 2 burettes titration. Some of the setups allow t
add these probes nextggotential probe.

Zeta Probe, manually

This is the simplest setup. It could work for a quick single point test. Measurement time fo
dispersions of heavy rigid particles (rutile, alumina, silica, etc) takes about 30 seconds.

Zeta Probe supported with the holder plate

This setup is suitable for stable systems when measurements take longer time or multig
measurements.
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Zeta Probe up side down with small volume sample cup

There are several purposes of this setup. In the case of stable systems, the purpose of this set
minimizing sample volume. It might be as low as 2 ml. We recommend multiple measurement
always with this setup. Zeta potential data is reliable only when CVI signal remains stable ove
period of time.

In the case of unstable system this setup can be used for studying sedimentation, as described ir
Bibliography, Papers [3].

Third purpose of such setup is characterizing porous powders saturated with liquid, as described
the same paper.

Zeta Probe up side down with minimum sample cup

This setup has been designed for measuring proteins. It allows sample volume as little as 100 mic
liters. It can be combined with heater control for measuring protein samples at fixed temperature.
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Zeta Probe for characterizing porous body

This setup has been designed for measuring pore size and zeta potential in porous bodies. There
one critical requirement — surface of the porous body must be flat. There should be no gap betwe
the face of the Zeta probe and the body surface.

DT-310, Electroacoustic Zeta Potential Probe with titrator.

Zeta probe can be combined with titrating system for running various titration described in th
Sections on titrations. The most important feature of such combined instrument from the viewpoir
of sample handling is necessity of proper sample mixing. Injected chemicals must be spread ab
the complete sample. Otherwise, chemicals additions would be accumulating in one particular sy
and slowly diffuse to the places where measuring probes are located. Equilibrium titration is possik
only when mixing sufficient. This can be achieved with following setups.

Zeta Probe with magnetic stirrer

This setup is suitable for moderately concentrated systems with rather low viscosity. Stirring |
important either for preventing sedimentation, or for proper mixing during titration. Two burettes
titration block is shown on background. Injector of the burettes and other sensors could be plac
into the hole in the holder plate next to the Zeta probe.
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Zeta Probe with peristaltic pump.

This setup is suitable for concentrated systems with rather high viscosity. It is especially importa
for systems that become strongly flocculated in the vicinity of iso-electricduring titration. Bottom
block has cone shaped orifice for eliminated stagnation volumes. Sample is being pumped from t
top to the bottom. Two burettes titration block is shown on background. Injector of the burette
could be placed into the hole in the holder plate next to the Zeta probe.
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There is detail description of connecting peristaltic pump, loading and unloading sample
below.

DT-100, Acoustic particle size sensor.

The main purpose of this instrument is particle sizing. It can be also treated as high frequen
longitudinal rheometer. We show here various setups just for this sensor. This instrument cou
contain, as options, temperature probe, pH probe, and 2 burettes titration.

DT-100 with minimum sample volume

This setup is suitable for stable systems only. It allows us to minimize sample volume for particl
sizing down to 15 ml.
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DT-100 with peristaltic pump

This setup is suitable for viscose and unstable systems. Insert on the bottom of the sensor has ¢
shaped orifice for eliminated stagnation volumes.

DT-100 with magnetic stirrer

This setup is suitable for moderately concentrated systems. Magnetic stirrer on the bottom of t
sensor creates higher pressure there. This pressure pumps sample through the tube from bottol
the top. It is much more efficient than a simple vortex. Magnetic stirrer has a speed regulating kn
at the bottom. We recommend using second position of the knob after first position when liqui
starts moving. Magnetic cross could lose coupling at higher speeds.
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DT-100 with titration setup

This setup allows us connecting burettes to the acoustic sensor for running titration. Other sens
could be inserted into the bottom block. Port on the bottom of the bottom block could accommoda
either magnetic stirrer or cone shaped connector for peristaltic pump.

DT-1200, Acoustic and Electroacoustic spectrometer.
This instrument combines together all probes and can accommodate titration.

DT-1200 with magnetic stirrer

This setup is suitable for moderately concentrated systems. Magnetic stirrer on the bottom of t
sensor creates higher pressure there. This pressure pumps sample through the tube from bottol
the top. It is much more efficient than a simple vortex. Magnetic stirrer has a speed regulating kn
at the bottom. We recommend using second position of the knob after first position when liqui
starts moving. Magnetic cross could lose coupling at higher speeds. Sample volume is about 120 r
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DT-1200 with peristaltic pump
This setup is suitable for viscose and unstable systems. Insert on the bottom of the sensor has ¢
shaped orifice for eliminated stagnation volumes. Sample volume is 150 ml.

DT-1200, separate sensors

In the basic configuration the zp probe is mounted in the bottom sensor block. However, th
electroacoustic sensor can be used externally, completely separate from the acoustic sensor.
example the zp probe can be mounted at some distance from the sensor unit, perhaps connecte

some ongoing process.

To use the zp probe externally, rotate the locking ring that holds the zp probe counterclockwi
about one turn. Then pull the probe out completely. Insert the Teflon plug in place of the zp prob
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Insert it just far enough that it is flush with the inside of the bottom block. Tighten the locking ring
to hold it in place.

If later it is desired to use the zp probe in the basic configuration, just reverse the above steps.

Sometimes it is convenient to set up the zp probe using the “Ring Stand” setup shown in the figL
below. The sample is held in a sample cup and stirred using a magnetic stirrer. A holder is mount
on the ring stand above the sample cup and has provision for mounting the zp probe, the tempera
probe, the conductivity probe tip from the burette and the tip of the dispensing probe. These vario
sensors might be used in any combination depending on the application.

This setup is suitable for stable systems. It allows us minimizing sample volume and simplifyin
cleaning. It is convenient also for making just PSD or just Zeta measurements.

DT-500, On-line sensor block.

This is sensor block that could accommodate any combination of DTI sensors (Acoustic PSI
Electrosacoustic Zeta, conductivity, pH, temperature). This block should be connected with tt
independent sample handling system to the process stream.
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Set up instruments to work with an external pump

The magnetic stirrer used in the basic configuration may not be adequate in some cases. The sar
may be too viscous and any added reagent may not then be mixed sufficiently, or the particles are
large that they settle out in spite of the stirring. In these cases it will be necessary to use the extel
peristaltic pump. This section describes how to change from the basic to the external pun
configuration.

Empty the chamber of any fluid.

Pull out stirrer plug from mating connector on back panel. Remove the stirrer assembly b
unthreading it from the bottom sensor block.

Remove the top hose from the barb fitting on the upper sensor block.
Remove the bottom hose from the barb fitting on the bottom sensor block.

Remove the barb fitting from the bottom sensor block using pliers if necessary and install the plug
its place to prevent sample from exiting this port as shown below
, . =

Removing barb fitting

Locate the cylindrical funnel assembly. If not already installed, install the O-ring in the groove ol
the top surface. If not already installed, install the barb fitting in the port on the bottom of the
cylindrical funnel assembly.

Attach the cylindrical funnel to the bottom sensor block by screwing it into place. It need only b
hand tight.
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Place

the peristaltic pump to the right of the measuring unit as shown in

=, w
A

. Open the pump by rotating the lever arm to the left.

Connect a hose from the barb fitting on the bottom of the cone, as shown in , throu

the pump, as shown in
, and finally to the barb fitting at the top of the top sensor block.

Close the pump by swinging the lever arm to the right.

The external pump is now ready for use.

Peristaltic pump Connecting hose to funnel

The sample volume when using the external pump (with x cm of y diameter tubing) is about 200 m
Close the pump head by rotating the lever arm clockwise.

Set the pump to rotate in clockwise direction such that the fluid is pumped from the bottom of th
cylindrical funnel to the top port of the top sensor block.
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Adjust the speed control for a mid range speed (about 1/3 full scale)

Fill the chamber with 200 ml of sample. If the sample contains large dense particles that set
rapidly, it may be necessary to mix the sample as you pour it into the chamber.

Turn off the pump by setting the switch to the mid position.

Remove the tubing from the barb fitting on the top sensor block.

Place the container in which you want to retrieve the sample at a position lower than the purr
Some users find it convenient to have a used sample container under the counter, or to have

instrument next to a waste sink.

Place the open end of the tubing in the container or sink to or dispose of the sample.
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Maintenance

We recommend keeping sample chamber of Acoustic sensor always wet, filled with wate
This would maintain proper status of o-rings that prevent sample liking into along the moving rod.

Zeta potential probe requires special care when being cleaned. Gold electrode is actually
very thin layer of gold plated over the plastic. It can be easily damaged by sharp cleaning devic
WE DEMAND that Zeta Probe will be cleaned only with paper towebr similar non-invasive
treatment. Polishing of zeta probe with sand paper would remove gold layer. This damage will n
be warranted. When the probe is stored outside of the sample chamber, the provided protective
must be used to prevent damage to the gold electrode.

Do not leave Zeta potential probe in aggressive solvents longer then measurement requir
Remove it after the measurement finished and clean it with alcohol and than with water.

When the pH probe is not being used, it should be stored safely in the provided storage tu
or in the pH stand.The tip of the pH probe is delicate and easily brokdiake care in moving the
pH probe from place to plack.is important that the pH probe is not inserted tdar, or the probe
will be broken during attenuation measurements as the gap is clos&d2 mm long white spacer,
also shown in the figure to the right, should be installed on the body of the pH probe that keeps t
tip of the probe extended at least 40 mm from the bottom of the cap, but no more that 45 mm

Do not use liquids that are not compatible with folling materials: stainless steel, glass
filled PTFE, gold, quartz, polypropylene and Du Pont “Kalrez” o-wrings.

Do not submit sensors to temperatures exceeding $ar@ below 10 €.

Burettes must be flushed with water and emptied after titration finished. Do not leave
reagents in the burettes, this might cause corrosion of the burettes valves.

When using heater option, do not leave heater outside of the liquid and in contact with
plastic parts — it would melt them. Do not forget turning heater off after measurements finished.

Non-aqueous conductivity probe must be cleaned afearsurements finished. It should be
taken apart by removing only the guard electrode. The inner electrodes must be cleaned, dried
then guard electrode assembled back

Do not use DTI instruments in environment with elevated humidity that might cause
corrosion of electronics, similarly to the typical computers.

Warranty

In accordance with DTI warranty conditions, the warranty period is 12 months, unless it i
extended by special agreement in the purchase order. For claims under the warranty please con
your local dealer. Many parts can be replaced at your site. Alternatively, you may send tf
instrument directly to our factory (after requesting and RMA number), enclosing the delivery invoict
and giving reasons for the claim. You will be liable for the freight cost.
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The warranty does not cover worn out parts, not does it apply to faults resulting from
improper use, insufficient care or maintenance not carried out in accordance with the instructions
this operating manual.

Advanced topics

Understanding Experiments and Measurements

In the following lessons we will discuss making measurements and doing experiments. It |
helpful to understand how these two terms are used. A measurement is the action of measurin
specific set of parameters under a fixed set of conditions. For example, in the previous lessons \
have seen how a given measurement might include zeta potential, particle size, and conductivity,
various combinations depending on our need at the moment. A given measurement is obtained ur
one set of conditions of temperature, ph, and chemistry. In an experiment, we alter the measurerr
conditions according to some experiment protocol in order to see how the measurement valt
change with pH, temperature, added reagent, or just elapsed time.

Log in, Log out, Adding new users

Before making measurements it is useful to log in. If you are logged in any measuremen
that you make are automatically saved with reference to your initials and project name. This wi
make it easy for you to later find specific test results.

After the system has completed its startup sequence, you can log in by clicking o
“LogIn/Out” on the home page menu bar. The Logln form shown to the right form will appear.

The password for a Guest user is simply the word “guest”. Type “guest” in the password bo
and press the Enter key. Case is not important. The window will then appear as shown at right.

If you wish you can then enter a description of the project you are working on in the Projec
box. This information can be used later to retrieve specific data related to your project. For now,
you like, just type the phrase “my first measurements”.

Please log in.. Log in, enter password, press Enter..

Uszer Mame: |I3uest User Name: |GUESt
Paszword; I— Paszword: W Change pazsword
Project: ||
Initials: I—
Email |
Priviledges: - Logn
I': Log Ot
Cancel :: Cancel
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Every person logged-in is defined in the saved data by his/her Initials. As shown in th
Initials box, the initials for a Guest is “Gst”. (The initials for an existing User Name can not be
changed.)

To log in press the Log In button.
If you are through using the instrument you may want to log out so that another user does r

inadvertently make measurements and save data marked with your initials and project.

Logged in as Guest, my first measure... Logged in as Guest, my first measure...

User Name: | Guest | User Name: | |
aga khan
. . bad guy
Proiect: |my first measurement Project: george smith
Initials: I mitialz: E;ESL&SE[
Philip Goetz
Reader
Priviledges: Priviledges: [

Log Ot Log Ot

Cancel

Cancel

=

L

117171 =]

To log out click the menu item Logln/Out on the Home page. A window such as the one
shown to the right will appear.

To log out press thieog Out button.

Or, if you wish, you can just enter a different Project and then pogsk.

If you decide not to logout pre€ancel.

For adding a new user:
Click on LogIn/Out on the home page to display the Log In Window.

Please log in... Add/Edit Usern

Uzer Marne: |.-’-'u:|ministratu:-r ﬂ User Name: |J':'hn Smith ﬂ
Pazsword:  |wees Add/Edit Users
Project: |
Initials:
Priviledgez:

Log In

Log Ot

Cancel Cancel

i
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From the list of User Names seléatministrator .

Enter the Administrator password and pressBheer key. (The Administrator password is
“dispersion”.)

To add a new user or edit an existing unit

press théddd/Edit Users button.

The Add/Edit User window will appear. Enter the new User Name,Jelgn“Smith”, and
press thénter key.

Defining new user, *John Smith' Defining new user, *John Smith'

User Name: |John Smith | User Name: |lohn Smith |
Pazzwaord: || Pazzward: (john
Initialz: |Joh Iritialz: |J5]
Email: |
Priviledges: Friviledges:
[v Reader [v Reader
v Guest [v Guest
[v ser [v User
[ Expert [ Expert
[ Service Eemee] [ Service Eeqze]
Save Save

A window “Defining new user ‘John Smith’ will appear.

Enter a password for the new user and then press Enter key. The password will be visik
during entry.

If you like, enter a more appropriate three letter initials for this new user. (By default
program picks first three letters of first name. Use care picking initials; once initials are saved fc
this user, the selected initials can not be changed.)

By default, a new user is defined to have User, Guest, and Reader privileges. If appropria
for this individual, you can add Expert and/or service privileges by checking the appropriate boxes.

To save this new user definition, press $ia@ebutton.

To forget this new user definition, press @&ncd button.

For Editing an existing user

The procedure for editing an existing user is very similar to defining a new user.
Click on LogIn/Out on the home page to display the Log In Window.

From the list of User Names seléatministrator .

Enter the Administrator password and pressahier key.
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Log in, enter password, press Enter.. Add/Edit User

Lszer Mame: |.-’-'-.u:|m|n|strat|:-r User Name: |
Ad trat
Password; | Add/Edit Users Eﬁms =
. [Guest
Praject: | Johh Smith
Iriitials: E:ﬂ?ﬁé
I zer
Priviledges:

Logln

Log Out

Cancel Cancel

iiE

Press thé\dd/Edit Users button. The Add/Edit window will appear.
Click on the box to the right of the User Name box to pull down list of existing users. Selec
an existing user, e.g. John Smith.

Edit User John Smith

Uzer Mame:

Pazzward: |jahn

Initials:

Email: |

Priviledges:
v Reader
v Guest
v Llzer
[ Expert

A Cancel
[ Service

Save

i

The password for this user is visible. You may change the password if you wish. You ma
also change the Email address for this user.

You can also change the privileges for this user by checking or un-checking the privilege
boxes at the bottom of the window.

To save your changes for this user, pressSénee button. To forget changes for this user,
press th&Cancelbutton.

Using Setup parameters

Setup parameters define the conditions under which the measurements are made and
manner in which the raw data is processed to yield the final attenuation spectra, cvi signal,
conductivity data. Normally when you make a measurement the software automatically selec
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various default values for these Setup Parameters. These default values are generally suited
virtually any sample, whether the sample is very dilute or quite concentrated. The user does not h:
to think about these values. On the other hand, there may be times when you want to customize tr
settings.

You can open forms with setup parameters by clicking on this item on the Home page. Tt
form that appears would depend on what sensor check box has been checked on the Home p
Below are these setup parameters forms for attenuation, conductivity and electroacous

measurements.

Measurement Setup Parameters

File:
=1  Setup P ter Walue:
Cancel : ] | Measured property Attenuation - Send data to ’W‘
™5 etup Mode Grid Schedule Fun Parametars Data Reduction Parameters
O More precise Lowest Frequency | 3 - Minimum acceptable S/, db |35 -
@ Momal Highest Frequency | 995 j RunLevel |1 v Minimum Signal Level, dbm |-1 20 ﬂ
QO Fast MNumber of Frequencies | 18 ﬂ Gap Equilibrate Time, = | A ﬂ M aximum Senzor Loss, db | 180 j
8 :z::;t Freq. Scale. 0-Lin;1-Log |1 »| SN Target, db |45 | Mawimum Colloid Loss, db |60 |
ou Freq. Direction, 0 - Decr: 1 - Incr | 1 j S/M Abort, db | 10 j Mawimurn Error, DbACrn | 100 j
o U2; Smallest Gap, mm | 445 | Max Integration Time. s |5 =] Maximum Errar, Db/Cm/Mhz |1 «|
Ouz Largest Gap, mm | 20 j Gaphode, 0-Horm,1-Single, 2-Fixed | i} j M awimurn Percent Errar | 20 ﬂ
O U Mumber of Gaps | 1 j Target # gaps each freq | 5 j
[e Y11 GapScale 0-Lin:1-Log |1 | Minimum # of Gaps | 3 -
QO U Gap Direction, 0-Decr: 1-Iner |1 = MaxDegreePolfit 1 |
Setup parameters for attenuation measurement.
Measurement Setup Parameters
File:
r Setup P, ter ' aluie:
Cancel Ok Meazured property Conduct Senddatato |Databasze -
™5 etup Mode Grid Schedule Fun Parametars Data Reduction Parameters
O More precise Lowest Frequency | 3 -
@ Mormal Highest Frequency | 3 j
QO Fast MNumber of Frequencies | 1 ﬂ
Q Faster Freq Scale, 0-Lin;1-Log [1 ]
O Fastest Freq. Direction, 0 - Decr; 1 - Incr | 1 j
Qun ’ ’
Quz
QO uzx
O u4
QO us
QO U

Setup parameters for conductivity measurement
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Measurement Setup Parameters

File:
~ Setup P ter ' alue:
Cancel ok Measured property [Cv] - Send datato | atabaze -
™ Setup Mode Grid Schedule Run Parameters ['ata Reduction Parameters
QO More precise Lowest Frequency | 3.01 - Minimum acceptable S/, db |20 -
@ Mormal Highest Frequency | a j Minimum Signal Level, dbm |-1 a0 ﬂ
QO Fast Mumber af Frequencies | 1 =l Maximum Sensor Loss, db | 220 -
O Faster Freq. Scale, 0- Lin; 1 - Log | 1 j S/ Target. db |45
Sl Freq, Direction, 0 - Decr; 1 -1 5/N Abort, db
out. 1eq. Direction, 0 - Decr; 1 - Inor | 1 j . o.rt, |-4D j
O Uz Max Integration Time. s |60 |
O Uz
O U4 Mumber of Gaps | 2 -
O s
(o J1]:3
Subtract zaved lon Wibration Signal | 0 -

Setup parameters for cvi measurement

Measuring Zeta potential at high ionic strength

The cvi probe measures the total electroacoustic vibration current which is the sum of tr
colloid vibration current as well as the ion vibration current. Normally the colloid vibration current is
much larger than the ion vibration current and we can simply calculate the zeta potential from tf
total current. However, at very high ionic strength media, it may be somewhat more accurate
subtract any ion vibration current from the measured signal before calculating zeta potential.

Making a zp measurement at very high ionic strength involves two steps. First you wil
measure the ion vibration in the same media that you will be using to suspend the particles. You w
save that ion vibration. This is described as Calibration procedure.

Second you will make the measurement of the CVI for your colloid, specifying that you wan
to use the ion vibration current that was measured for the media and want to subtract it from t
measured signal. Calibration procedure describes how to achieve this using Setup parameters forr

Theories for computing zeta potential in dispersions.

Characterization of thé-potential in general requires the following elements:
1) raw experimental data

2) input parameters for the particles and liquid that would be used in the
3) appropriate theory.

This text presents all these three elements for Electroacoustic method employed t
Dispersion Technology Inc instruments. At the end we give the list of database fields for a
parameters. DT instrument sensors measure the following electroacoustic and electrodynan
parameters, which can be considered as

Raw experimental data includes
Colloid Vibration Current magnitude
Colloid Vibration Current phase
Conductivity, optional.

The measurement by itself is self-consistent and requires no input data. It is done at ol
frequency. In default it is 3 MHz. Setup parameters of the Main DT form makes it possible to chanc
this frequency, or ask for multiple frequency measurements. However, interpretation softwat
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requires and assumes just one frequency. It is sufficiedtpotential calculation. These measured

parameters are shown in black on the Analysis form in two frames “CVI experiment and input” an
“Conductivity”.

. Analysis D11 200

File View Help

Dispersion Technology Acoustic and Electroacoustic

Spectrometer DT1200
~Sample Definifion
01 |whiraction of [siica, Ludax | i [pater | measwedon [10/24/200211:4328M |
Sample 1D |test fresh |Fi|e Marne | |vfr o048 |pHE1  |Temperature [25.76
C'¥I experiment and input - Classic theory — Conductivi Advanced CVl agueous Nem-agueo
magritude (3321741 | size [01 L [3303] S/m 02364 b 1508 T freq F4 04343 L
d. mobiity [3.412 stdev |02 |phase [193.2 ka 20829 "Dy J0O0Z |-, surface charge |0
Diff freq. [1.592357E 02 .

phase (1941 |sizephase(056  |phase th] 17k [0.0024 | |phase |02 Heriry-Ohshima [1.000

Input parameters includes:
Liquid density, dynamic viscosity and dielectric permittivity;
Particles density
Particle size distribution
Particles dielectric permittivity in some cases
Weight fraction of particles

Term “Input parameters” does not mean that user must know all of them from independet
sources. DT sensors and software allow user to determine some of them. These are the options
DT provides, for instance measuring particle size with acoustic sensor.

User has always an option to specify any input parameter from his independent sources.

Values of the Liquid density, viscosity, dielectric permittivity and Particles density, dielectric
permittivity must be specified in the Database Materials table for the materials of the Liquid an
Particles.

Weight fraction is specified on the Main Form.

Median particle size and standard deviation must be specified on the Main Form if Acousti
attenuation is not measured and size exceeds 300 nm. It must be done using Apriori Size text |
that becomes visible from the menu View on the Main form.

Alternatively software provides possibility to select one of the there options for defining
particle size when CVI measurement starts. The third option — size from the CVI phase,.is the le:
reliable.

Median particle size and standard deviation come automatically from the particle siz
distribution calculated from the Attenuation spectra if Acoustic sensor is employed together wit
CVI probe.

There is opportunity to change any of the Input parameters and recalcplatential using
Run on the Analysis form. Button Run becomes available using Analysis View, Re-calculate.

Electroacoustic theories.

It is traditional in electroacoustics to use one intermediate step that converts variou
electroacoustic signals to the same parameter of the “electrophoretic dynamic mpbility’ the
case of the measured CVI magnitude this conversion is done according to the following expressior
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cVi= AR(Z,,2)p2 Py,
0

m

where Zy and Zs are acoustic impedances of the transducer and dispegsids volume
fraction, g, andon, are densities of the particle and liquid.

Introduction of the “dynamic electrophoretic mobility” makes it possible to compare results
for electroacoustic theories of various electroacoustic effects between themselves and with theory
electrophoresis.

We use 3 different theories for all variety of agueous systems.

Classic theory of Smoluchowski type for agueous systems.

The most widely and successfully used electrophoreetic theory is so-called Smoluchows
theory. Its success is related to the peculiar fact that within range of this theory validit
electrophoretic mobility is independent on the particle size, shape, volume fraction, conductivity.
makes it very simple and attractive to use.

Conductivity measurement is not required.

It turns out that there is a version of the electroacoustic theory that is similar to Smoluchwsl
theory, has its attractive features and valid within the same range of parameters. That make:
certainly desirable for use, following success Smoluchowski theory for electrophoresis. We call th
theory “Classic theory” and display results in the frame on the Analysis with the same name.

This simple theory is described in the book, Section 5.2, page 193.

When one compares results of the electroacoustics with traditional microelectrophoreti
instruments from Malvern, Brookhaven, Coulter, etc, which are based on the Smoluchwski theor
he must use results from the “Classic theory” frame.

Unfortunately there are 3 restriction on the validity of the Smoluchwski type theories.

Restriction 1. It is valid when Double Layer is thin comparing to the particle raaidshis
means that DL thicknedsx must be mush smaller than a:

ka>>1

DL thickness depends on the conductivity of liquid. That is why this restriction linits
conductivity and particle size values. The following picture illustrates roughly range of conductivity
and size values when Smolukowski type theories are valid. We assumgahéfeas a critical
smallest value for illustrative purposes. In reality the smallest acceptable vataalepends on
volume fraction, surface conductivity, etc. We give below a simple method to determine validity o
the Classic theory for particular system.

Restriction 2. Smoluchwski type of theories neglect surface conductivity effects. Surface
conductivity reflects the higher conductivity within DL due to the higher ion concentration there.
This condition is expressed in the terms of small “Dukhin number”:

Du<<1.

This parameter was introduced by H.Lyklema and currently is accepted as official term b
JUPAC draft on electrokinetic phenomena. User can find definition of the “Dukhin number” in the
bok, page 41.

Restriction 3. This type of theories consider double layers isolated, not overlap. This
condition restricts volume fraction for the given conductivity and particle size.
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ml—g
3 Thin isolated D'Ls

conductivity [5m]

Thick overlapped DLs ka=0.1

permittivity=2

diameter [microns]

The more sophisticated theories, which are presented in the frame “Advanced CV
aqueous” remove all these restriction. That is why we have a simple criterion for estimatin
validity of Smoluchwski theory in particular system:

Validity Criterion : If difference of{-potential values displayed in the frames values
“Classic theory” and “Advanced CVI aqueous” is less then 10%, Smolukowsi version of
electroacoustic theory is valid with this error margin.

Advanced CVI theory for aqueous dispersions.

Implementation of this theory requires Conductivity measurement for calcuiaivajue.

We use two different theories for covering the complete conductivities range typical for
agueous systems as shown on the above Figetfe001 S/m

For the range of “thin DL” we use theory that is presented in the book, Sections 5.4.2-5.4.-
This theory removes restrictions 2 and 3. It is valid for any Dukhin number and frequency
However, restriction owa remains.

For the intermediate values of conductivities and particle sizes, between “thin DL” range an
“thick overlapped DLs” range, we use for priory theory.

For the range ofka where double layers overlap we use a new theory developed by
Prof.Shilov and submitted for publishing to Journal of Colloid Interface Science. It is described i
the book, chapter 5.6. It is described below because it is used for non-aqueous systems as well.

Non-aqueous dispersions theory.

Implementation of this theory requires Conductivity measurement for calcuiatveue.

Case of non-aqueous systems requires its own theory because DL is thick comparing with t
particle size. These thick DLs overlap. For instance, DLs start to overlap at the volume fractic
0.04% if ka= 0.1. This means that DLs must be considered as overlapped. Any other
electroacoustic theory for non-aqueous systems is not adequate

Shilov’s theory yields unusually looking expression for the dynamic electrophoretic mobility:
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whereQ is a drug coefficient introduced as followmg in the Stokes faw 6777aQV .

Dependences on several parameters are very peculiar..

First of all it is dependence on volume fraction &rpotential. It reflects very important
distinction between “thin DL” and “thick, overlapped DL”". In the case of the traditional “thin DL”
theory, both surface charge adepotential are surface properties, independent on the volume
fraction.

In the case of the “thick overlapped DLs” surface chargelgmatential is as following:

a:lﬂ%gmakzsinhf

3 F

In the case of “thick DL”, surface charge is a true parameter of the surface propertie:
Electrokinetic{ potential might lead to erroneous conclusions because it depends on the volun
fraction, not only on surface charge. For instance, if we have surface charge caused by adsorptiot
ions, the value of the surface charge characterizes this adsorption. It keeps constant, volume frac
independent for the same adsorption. At the same {imeght be different due to the volume
fraction dependence, as shown in Eq. 25 or 26. This mean&poétntial value might lead to the
wrong conclusions about adsorption. This all indicates that ldo#md surface charge, must be
reported when dealing with concentrated dispersions with thick DL, as it is done in the frame “Nor
aqueous” on the Analysis form.

Dynamic electrophoretic mobility expressed in the terms of the surface charge is given wit
the following expression:

p _ 20a fo
=
2
I +iafL- ¢) L

This expression is practlcally as general as Smolukowski type of theories. All hydrodynami
interactions ate included in the drug coefficient.

It is important to mention that conductivity becomes necessary only if we want to calculate
(-potential for non-aqueous system. If surface charge is sufficient, conductivity measurement cou
be eliminated. It is important feature because conductivity measurement in non-aqueous syste
might be complicated.

Shilov’s theory has restriction on tika value from above. For instanceg must be below 2
for 10% error margin at volume fraction 20% . The lower volume fraction the smaller is this highes
acceptablexa value. For rather dilute systems with several volume percents gak@sl is a very
conservative estimate of the Shilov’s theory limit. We use this number on the Figure above.

Database fields used for {-potential characterization.

wif weight fraction, as %. Do not use for correcting existing record
Chemical name optional sample ID info entered on Meas Form

C1l measured CVI magnitude at first freq, for zp using probe design
Measurement Date date and time of the measurement

PSM median unimodal size.(but not for modified unimodal. See Book)
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PSW standard deviation of unimodal PSD

zp zeta potential, mV

err_th_con CVI phase, with theoretical correction, determines sign of zeta
[pH pH

C2 meaured CVI magnitude at second frequency, for zp using split sengor
K1 conductivity, S/m

Temp temperature, degrees Celcius

Medium name of the liquid

Dispersed Phase name of the particle material

Density density of particles material, kg/m3. Use when correcting existing reqord
\Weight Fraction weight fraction (not in %). Use when correcting existing record
K2 zeta potential with Du and MW corrections calculated with condiuctivjty
K3 std deviation of unimodal PSD, for calculating zeta potential

K4 th.phase for Du=0 and no MW correction

K5 ka, ratio of the particle radius to the Debye length

K6 Debye length, microns

K7 dynamic mobility, micron/sec/V/cm

K8 phase angle of complex conductivity, degrees

K9 Imaginary part of complex conductivity, S/m

K10 Magnitude of complex conductivity, S/m

K11 Maxwell-Wagner frequency, MHz

K12 Du calculated using measured conductivity

K13 diffusion frequency, MHz

K14 zeta potential, for non-aqueous media

K15 zeta potential, for Du=0 but MW freq from K

K16 zeta potential phase for Du=0 but MW from K

K17 CVl gap, m

K18 CVI Phase size

K19 surface charge for non-aqueous

K21 th.phase DU and MW taken into account

F c low lowest frequency for CVI measurement

F c _high highest frequency for CVI measurement

[numfreq_c number of frequencies for CVI measurement

Measuring weight fraction from cvi

In some applications it is desirable to continuously estimate the weight fraction of the
sample. We can estimate the weight fraction from the measured CVI if we know the median size
the particulates, the standard deviation,
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To make this series of measurements of weight fraction we first need to enter som
calibration data. On the Home page, click on menu item Calibration — Weight fraction from CVI.
The following form appears:

| Calibrate weight fraction from Cvi

Enter the zeta potential, median zize, standard Save
deviation, and conductivity of reference
material,
Cancel
Zeta potential, mt .aa
Median size, um 0100
Standard dewiation 0.3
Conductivity, S4m 014

Follow the instructions and enter the zeta potential, median size, standard deviation ar
conductivity of the sample for which you want to monitor the weight fraction.

On the Home page click on File — Analysis to open the Analysis window. On the Analysis
menu click on View — Recalculate. On the far right hand portion of the Analysis window, check th
box “ vir search”.

Define your sample as usual and start an experiment. The weight fraction for eac
measurement will be written to the WFR field in the database.
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Characterization of porous bodies.

There are several DTI models that can handle porous materials. This function can be as
Option for DT-1202. There is Universal Zeta Potential probe DT-330 for measuring zeta potential
both, particulate systems and porous materials. In addition, there are special dedicated instrume
DT- 800, DT-350 and DT-900, which is being marketed by Quantachrome Corp., Florida under tf
names WAVE-3805, WAVE-2305 and WAVE -1905.

This Manual does not cover WAVE-1905 (DT-900) and WAVE-3805 (DT-800). These
instruments are described in a separate Manuals.

Quantachrome sold models make possible characterizatiparasity, pore sizeand zeta
potential of 5 different types of porous bodies: deposits of solid particles, deposits of porou:
particles, dispersion of porous particles and macroscopic porous bodies like cores — monoliths &
membranes.

Models sold by DTI use the same methodsdorosity and zeta potential measurement.
These models do not measpare size This measurement is described in the Manual for DT-800.

Measurement gborosity is done with agueous conductivity probe.

Measurement gbore sizeandzeta potential is done with electroacoustic probe.

This Manual describes software and sample handling systems required for different types
porous materials.

Home page

Experiment setup and results presentation are done directly on the Home page, which loo
like this:

%% Home - Dispersion Technology Zeta & Size 1202

Wiew  Calibration Tools  LogInfout  Help
SUspEnSion Emulsion Porous material Fheology
r Experiment dezsign Sample definition
" Parosgity ] none -
Run | j | J
™ Zeta potential '
[ Conductivity [ Electroacoustics Save Repart ta file | ﬂ
[ # measusments ~ monolith f+ sediment with woids %
porogity & Save Supernate conduchivity I:I
Temp 27.067 pH 2883
.\ |lpdate porosity
Checking uzer information
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Sample definition box (ID) serves double purpose. It is sample ID and this sample ID is use
as a basis for creating a unique file name for saving multiple measurements of all 3 parameters
given sample. We suggest to use it right after you loaded a new sample. Type this sample ID ¢
then click check “POROSITY”. Box next to the button “Save Report to File” contains unique file
created in the directory C/data_aco/Excel where data for this sample would be saved. This file
discussed below in section “Data Storage”.

%% Home - Dispersion Technology Zeta & Size 1202

Wiew  Calibration Tools LogInfCut  Help
S : dh @&
SUspEnSion Emulsion Porous material Fheology
— Expenment dezign Sample definitian
" Porosity |I'I'|_',' best j| nonE

Run

" Zeta potential

[ Conductivity [ Elechroacoustics Sawve Report ta file |m_'.' test - 1207301 430P cav

[ # measurements | J (= imanaiith " sediment with woids %

porogity & Save Supermate conductivity

Dﬂu -

Temp 27122 pH 2.870

£
Checking uzer information

|pdate porosity

You can make multiple measurements for any of the 3 measured parameters. Click on tl
check “# measurements”. The following form appears. You can select desired number ¢
measurements by either selecting number from the list or typing your own. Maximum number |
5000.

Experiment Protocol

Wiew
— Path
Type [time v 0K

20
Pairt: |g - 15 /F

10 /
N
0 1 2 3 4 5
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Temperature and pH (if installed) are measured continuously every 2 seconds and data
displayed on the bottom frame in the Home page.

Measurement of POROSITY.

Measurement of porosity is based on comparison conductivity of the water electrolyts
solution that fills pores with conductivity of the porous material that is wetted with this water
electrolyte solution. We suggest using 0.1 KClI solution for suppressing surface conductivity.

When electric field is applied all ions in pores start oscillating with very small amplitude (<1
A) because of MHZ frequency of applied AC field. It is not important if pores are dead-end or oper
All porous space will generate AC electric current.

Measurement requires 2 conductivities (supernate and porous material). That is why it shou
be done in two steps. First step is suprnate measurement, the second — porous material.

Home page has check button on the left hand size for Porosity measurement. Check this k
as shown on Figure below and insert the conductivity probe in supernate. Click RUN.

Dispersion Technology DT1200

Porosity calculations require the conductivity of the supernatant, Please measure the supernatant conductivity First and save it using the Save Supernate
Conductivity butkon on the Home Page

OK.

%% Home - Dispersion Technology Feta & Size 1202

Wiews Calibration Setup Parameters Tools LogInfCut  Help

7= = 4 i ‘
SUspEnsion Emulsion Porous material Rheology
r Experiment- Mormal Mode ——————— Sample definition
f+ Porosgity |m_l,l best j | hioke ﬂ

Run

" Feta potential

[+ Conductivity [ Save Report tao file |m_|,| test - 1207301 430P . cav ﬂ

 # measurements I—_I % manolith ™ zediment with voids 2 D
porogity & Save Supermate conductivity I:l

|Ipdate porosity

Temp 27118 pH 2875

h  B.303E-3
E =periment ended at 14:30:55

Conductivity would be measured. Click button “SAVE SUPERNATE CONDUCTIVITY”

Following message would appear. Click Yes.
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Mull lon ¥ibration Signal

W as the last measurement a Conduckivity measurementol CRLY the supernatant mediun to be used For porasity measurements?

If you click ¥es, the measured Conductivity will be saved as Calibration constant

Confirming message would appear. Click OK.

Dispersion Technology DT1200 E|

2K, the Conductivity of this mediom was saved,

Conductivity of supernate would appear in the box, as shown below — 1.065 in S/m.

%% Home - Dispersion Technology Zeta & Size 1202 ['. || O |r'$_(|
Wiews Calibration Setup Parameters Tools LogInfCut  Help
= = I @
SUspEnSion Emulsion Porous material Fheology
— Expenment- Harmal Mode——— Sample defintion
f+" Porozity ry best nane i
Run | : j' J

" Zeta potential

Iv Conductivity [ Save Report to file |m_'.' test - 1207301430P ooy j

 # measwements I—_| & monalith = zediment with voids % D
pDrDSit}'Z Save Supernate conductivity || 1.065

|pdate porosity

Temp 27123 pH 2832

& 1.0B5E+0
Modified Instrument Constants being saved

Now you can measure porosity of the porous material that is saturated with this supernate.

Place probe in contact with this material. Then select which type of the material it is
monolith or sediment of porous particles. If it is aa sediment — select volume fraction of VOIDS ir
%., as it is done on Figure below -40%.

Click RUN.

Porosity would appears in the accordingly labeled box.
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%% Home - Dispersion Technology Zeta & Size 1202

Mieww Calibration Setup Parameters Tools  Log InfCut Help

7= = 4 i ‘
Suspension Emulsion Porous material Rheology
 Experiment- Marmal Mode —————— S ample definition
f+ Porosgity |m_l,l best j | hioke ﬂ

Run

" Zeta potential

[+ Conductivity [ Save Report tao file |m_|,| test - 1207301 430P . cav ﬂ
[ # measurements = monolith = zediment with voids % D

porosity % | 7.6 Save Supernate conductivity ([ 1,055

Temp 27131 pH 2863

h  B.ZT9E-2
E=periment ended at 14:34:49

|Ipdate porosity

%% Home - Dispersion Technology Feta & Size 1202

Wiews Calibration Setup Parameters Tools LogInfCut  Help

2= ; dh i ‘
SUspEnSion Emulsion Porous material Fheology
r Experiment- Mormal Mode ——————— Sample definition
f+ Porosgity |m_l,l best j | hioke ﬂ

Run

" Feta potential

[+ Conductivity [ Save Report tao file |m_|,| test - 1207301 430P . cav ﬂ
™ # measurements ™ maonalith o zediment with voids &
porogsity % Save Supernate conductivity ([ 1.065

|Ipdate porosity

Temp 27133 pH 2877

& 1.077E+0
E=periment ended at 14:35:33

You can save this porosity as a property of material. It is important for zeta potentia
measurement. You should use Define Material form that can be opened from Home Page me
Tools.

Example of this form is shown below. It demonstrates properties of a porous materie
“alumina test porous”. Currently it is 12.3%.
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. Mew Material El

Wigna
Specify property value
Click Caption for HELP
7 matenal type

39 density in g/cm.cu

0123 parosity

SESSAR A F ot ed Aot dpere
drameler & mm
Modify existina material
Select matenal name. modify 1] &0

property and click Save
1 a1
I A2

Save | Cancel ‘

If you click button UPDATE POROSITY on the Home page, then porosity on the New
Material form changres to the number that is displayed on the Home page.

in. New Material E|
Wigw
Specify property value
Click Caption for HELP
7 rnatenal bpe

39 dengity in g/cm.cu

0.543 porozity

SESSAed Frated 2ot df pore
SrImerer i am
Modify existina matenal
Select material name, modify 1] &l

property and click Save
1 A1

1] AZ

Save Cancel ‘
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CAUTION: If you have porous bodies saturated with different liquid, each liquid must be
measured and saved before measurement of the corresponding body.

Measurement of ZETA POTENTIAL

Measurement of zeta potential of porous material is done with standard DTI zeta p[otenti:
probe. Software is also very similar. If you click on check box Zeta potential” on the Home page,
will bring you to the following form:

%% Home - Dispersion Technology Zeta & Size 1202 E”E'E'
Mieww Calibration Setup Parameters Tools  Log InfCut Help
Suspension Emulsion Porous material Rheology
 Experiment- Marmal Mode —————— S ample definition
my test -
[+ SEI - for zeta potential Fun | J Contert
v Conductivity ; Liquid media Density Zwljtr:lsnel?d
|water j 9597

[ # measurements Solid matrix Calculate
|a|umina_test_p-:uru:uus j 33 R9.E4

Lr_ Temp 27137 pH 2.872 Digpersed syztern Tokal I:I
7 N Wi 28

E=periment ended at 14:35:33

Name of the material that is shown in the box “Solid matrix” is the same as was selecte
initially on the Home page.

Box “%wt solids” presents weight fraction of solids. It is calculated using 2 numbers: posoty
of the selected material as it was saved to the Material database and % of Voids shown on the Hc
page.

In principle, you can change both, the material and weight fraction of solids. This should b
done in particular if you are going to measure dispersion of porous particles. Then you should pla
%wt of solids of these patrticles.

When you place focus in %wt solids box, the following message would appear informing
you that old data would be erased.

Sample definition

Sample will be over-defined if vou make changes, Click QK to erase present values, Click Cancel to keep values

Cancel

After click RUN, measurement would be conducted and the following form appears..
It shows Zeta potential and other important parameters. On the form below they are give
because conductivity was measured together with Zeta potential.
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File  Wiew

Dispersion Technology - Zeta & Size 1202

Sample Definifion

|a|umina_test_pornus | and [ nane

| in |water

|measured on [2012/07/30 15:01:14 =

Tatal wir Tatal vir

Sample [0 [y test

~| Temperature pH

Elecfric properfies
i, - potential [rmv]

Conduchivity [S./m]

Surface charge 10-6 Clemz.  [3.13914

Dukhin number D

0.8 Dyramic mability b amvwelli agner
Debye length [rm] [microndsec/V/om] 047853 frequency [MHz] |342.8018
Gereral Information -
|’”Toc|ay ﬂ Software  [Version 5.6.30 | File: Name: | |
Re-calculate .
O prediction Analysis Date [2012/07/30 15.01:14 | Operator | |Spstem SN 383 |

If you want to see raw data, then go to View and uncheck menu Report. The following forn

appears.

File  Wiew

Dispersion Technology - Zeta & Size 1202

—Aample Definifion

|a|umina_test_p0mus | and | none

| in |water

|measured on [2012/07/30 15:01:14 —

Taotal wh Tatal wir

Sample 1D |m_|,.| test

| Temperature pH

Classic theory - OV experiment and input

Clonduchivi
.- patential ] | magnitude (3739055 | size [0 Sém [1.49
10,21 d. mobility (047958 | st dev (0.3 Diebye length [0-0003
phase  [189.04|size-phase[1.71 ka 22,444
General Infarmation .
|"‘Tc-day j Software ['v"ersic-n 5630 | File Mame | |
Re-calculate )
O prediction Analysis Date [2012/07/30 15:0219 | Operator | |system SM 363 |

Calculation of zeta potential was performed with simplified version of the Frenkel’s theory.:

Kcond
S Km
wherego andem are dielectric permittivities of vacuum and liquidis dynamic viscosityp,
is volume fraction of particles, which differs from the volume fraction of s@lidscase of porous
materials, K is conductivity. Conductivity of the systenf°® that contains conducting porous
particles differs from the conductivity of the system with the same volume fraction of solid

particles. Ratio of conductivities is

Ko 1-¢

K, 1+05¢

Conductivity of the system with porous particles was estimated with the same expression, b
conductivity of particles was different due to internal conductivity.

For comparison we p[resent here expression for CVI of the dispersion solid small particles i
Smoluchwski limit

= EoEnl g g Py K

see
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The difference is related to densities and conductivities ratios, which would depend o
porosity of particles.
Porosity is assumed to be a property of the material and comes from the Material database.

~)_s[p

cvi = Enfel 5P
1 Ps

Calibrations

Calibration of porous materials requires calibration of two sensors — electroacoustic and hic
frequency conductivity. There is a special liquid , silica Ludox and 10%wt, for calibrating
electroacoustic sensor. Conductivity sensor is calibrated with KCI 0.1 and 0.01 M solutions.

Aqueous Conductivity calibration

To calibrate the aqueous conductivity probe, first click on the menu item Calibrate -
Conductivity. The Conductivity Probe Calibration form will appear as shown in Figure below.
Follow the step by step instructions on the form.

Conductivity Probe Calibration

Step 1] Empty chamber. Fill chamber witt 0.07 b
k.Cl standard and stir 10 zec. Empty chamber, again
fill with 0.07 MECI, and stir. Check that stirer iz
warking properly. Chck on OF when ready to
measLre
Cancel
Actual Measured
Standard  Temp. K. £ K.
001 M KL | | | | | | | |
DIMEC | L |
Calibration rezults
Hew 0id
Rezponse V136E+04
Lirearity 0.4693

Zeta potential calibration

The zeta potential is calibrated using a standard colloid having known zeta potential. Th
DT-1200 employs a standard 10 wt% colloidal silica that is prepared from a concentrated 50 wt
slurry by diluting it with 0.01 M KCI media.

The calibration procedure assumes that the last measurement was of such a zp standard,
that only zp was measured ( i.e. not in combination with attenuation or conductivity).

Following this measurement, on the home page click on Calibrate- Zeta potential. The Ze
Calibration form will appear as shown in Figure below. The measured value will normally be fairly
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close to the calibration value if the probe has not been replaced. The zeta potential is calibrated us
a standard colloid having known zeta potential.

The calibration procedure assumes that the last measurement was of such a zp standard,
that only zp was measured (i.e. not in combination with attenuation or conductivity).

Following this measurement, on the home page click on Calibrate- Zeta potential. The Ze
Calibration form will appear as shown in Figure below. The measured value will normally be fairly
close to the calibration value if the probe has not been replaced.

feta Potential Calibration - 2011/08/23 14:14:25

|1EI wi Lodow silica in 0.01M KCTat pH 5193

[ Multi-Freg

LGS UL Standard Measured

Zeta potential, miv 38
Cwi Phaze, deq 120.00

Calibration results Oid Hew

CwiRezponze |7 946E+08
CwiPhaze affset, deq (32784
Feference Phase, deg  [101.27
Temperature, © [25.57

When you Click OK, Home Page would change Setup as shown below:

%% Home - WAVE 3805 Electroacoustic Porosimeter User: usr E“E|g|
Wig Tools  LogInfCut  Help
i sl
Porous material Rheology
[ Attenuation - for size Stop | |10 wt% Ludox siicain 0 |
VOV - for 2eta potential P oa — Content
[ Conductivity Liquid media Density ."/Sl.-T.lten
" Protocol |water ﬂ 337
" Temp. hd Solid particles Calculate
v # measurements |si|iu:a, Ldas ﬂ 22 10.0
1 Temp 25.845 pH 7108 Dispersed systern Total — [1.055
7

keazuring Colloid Yibration Current

Then, after measurement finished, Calibration form would show results of measurement.
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feta Potential Calibration - 2011/08/23 14:14:25

110wt Ludos siica in 0.01M KCl at pH 9.1-9.3 ~|

Cancel |

[ bulti-Freq

Measzured Data Standard Meazured

Zeta potential, mi -38 1.18
SR S 0h] 180.00 356.49
Calibration rezults old Hew
CwiFesponze  [7.945E+08 2. BE87E+10
Cvi Phaze offzet, deg 32784 14232
Reference Phaze, deg  [101.27 97 26
Temperature, . |25.57 2585

Click on the Calculate calibration button to compute the new calibration constants. If the
calibration is successful, the Save button will appear, as shown in Figure below. Click on the Sa
button to permanently save the new constants and exit this calibration form

Define new material.

Software operates using database located in the directory C/DATA_ACO, file
DT_ACO.MDB. It is MS Access database. It has table Materials. Introduction of the Material save
to the database is important because calculation of zeta potential and pore size requires sme i
parameters that can be assigned to the material.

For zeta potential these are:

» viscosity, density, dielectric permittivity of the liquid
= density of the porous material solid

For pore size: polynomial coefficients of the electroacoustic dependence on pore size fi
given material.

Software contains a special form that allows introduction of the new material with particulal
properties. This form appears after Home page, Tools, Define material:
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w. New Material |:| |§| |z|

Select material type, modify
properties, type new maternal
name and click Savefs

Modify existina material
Select material name, modify
property and click Save

Save | LCancel |
Izirconia LI

Click on the check button “porous submicron particles”. Boxes for material properties
appears:

w. New Material

EEX

—— Specify property value. CO —  HELP

Select material type. modify l?— el b Check appropriate box for help
properties, type new material matenal ype 1~ material type
name and click Savefs |—3 density in g/om.cu  densiy
o

SEl=AQ+A1*d+A2*d*d; d:pore diameter in

i

[o AD COMMENT

IU A1

ID A2

Density corresponds to the density of the porous material solid matrix. For instance,
for silica it is 2.2.

Bottom 3 boxes are reserved for polynomial fit of pore size dependence. One must
have electroacoustic signal measured for several powders of the same chemical nature but

different pore size. Then, these data should be fit with second degree polynomial as shown
below.
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140000.0

Y = 1.957e+004 + 465.6X - 0.4693)° .
2 1 R
g 120000.0~
o i
Q- -
S 100000.0
) |
D- -
S 80000.0-
S |
= 1
o 1
% 60000.0-
>
3 1
% il
S 40000.0- *
5} |
@ 1
®  20000.0- ®
[ [ [ |
0 100 200 300 400

pore size [nm]

Coefficient in the expression are placed in boxes, as shown below with their signs.

= New Material |-_||E”£|
— Specify property value, C0 HELP -
Select material type. modify l?— P Check appropriate box for help
properties. type new material matenal e 1 material type
name and click Savefs |—2_2 density in g/em.cu  donsiy
o
CPG new
SEl=40+41"d+42°d"d; d:pore diameter in
i
345 AD COMMENT
IS?BS a1
-235 A2

Then type name of this new material.

After saving, you would be able to select it from the combo box on the top right hand sid
corner of the Home page.
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Data storage.

All results are automatically saved to the MS Access database C/data_aco/dt_aco.mdb. T
file MUST be backup often.

There is form allowing seeing, exporting and importing data, as well as making queries. It i
Home page, View, Data.

In addition, results of the particular sample measurement can be saved to the unique Ex
file in the directory C/data_aco/Excel. Here is an example of such file.

In addition to the results of individual measurements it contains statistical averages ar
deviations.

"Sample ID" "gPG DTI" "CPG
water"
"Measurement "Porosity "Pore "Zeta "Temperature”
Date" %" size potential
nm” mV"
#2011-08-23 "72.6" "Q" "o "25.46"
10:42:59%
#2011-08-23 "72.4" "Q" "o "25.46"
10:43:22#
#2011-08-23 "72.4" "Q" "o "25.46"
10:43:44%
#2011-08-23 "72.4" "§6" "0" "25.45"
10:44:46#
#2011-08-23 "72.4" "84 0" "25.45"
10:45:08#
#2011-08-23 "72.4" "84 0" "25.45"
10:45:31#
#2011-08-23 "72.4" "Q" "-5.36" "25.45"
10:46:11#
#2011-08-23 "72.4" "Q" "-5.34" "25.45"
10:46:33#
#2011-08-23 "72.4" "Q" "-5.2 "25.45"
10:46:55#
#2011-08-23 "72.4" "86" 5.2 "25.45"
10:50:09#
"Average" " "55" "H.3"
72.46667"
"Ave.Abs.Dev." "o " "
6.666676E-
02"
"St.Deviation" "o "Les
4.109618E-
02"
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Sample Handling

Sample handling is different for porous body build by particulates as deposits anc
macroscopic porous body.

In case of particulates, it is convenient to built up deposits directly on the surface:
conductivity probe and electroacoustic probe. There are special fixtures that are placed on the tor
the probes for forming a cups. Samples can be filled directly in the cup.

Figure 1. Electroacoustic probe with a cup top for porous deposits.

Figure 2. Conductivity probe with a cup top for porous deposits.
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Measurements of macroscopic porous bodies can be done by direct contact of the probe w
the body saturated with appropriate liquid. This should be done directly in the cup filled with liquic
saturating porous body. Equilibration of the macroscopic porous bodies takes a long time, hours.

Contact of the probe with the body must EXCLUDE liquid. This can be done only for very
flat parts of the porous body surfaces. We suggest to perform sanding of appropriate parts.

It is important to ensure that all prepared flat parts of the porous body are exposed to tl
liquid.

Do not measure bottom part of the porous body. Equilibration there is slowed down due t
narrow gap between the vessel and the body.

Figure 3. Electroacoustic probe in contact with sandstone core.
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Figure 4. Conductivity probe in contact with sandstone core.
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There is also fixture that allows accommodation electroacoustic, conductivioty and pF
probes together, Figure 5.

Figure 5. Electroacoustic, conductivity and pH probes together.
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