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ABSTRACT

Linseis vertical Dilatometer L75 thermal expansion equipment is a complete system which can be used
for measuring the change of the absolute length of a sample, determination of the thermal expansion
coefficient (CTE), shrinkage, and sintering. The 2*Pu Supply Program is interested in re-establishing the
capability to determine CTE and measuring the change of the absolute length of various 2*’Np Al/cermet
samples during heating. The change in length of the measured sample is recorded using a highly sensitive
Linear Variable Differential Transformer (LVDT). The dilatometer is user-friendly and simple to operate
which will allow technicians to be trained easily on its use. This equipment was designed to be used
specifically for ceramics. It has a highly vacuum tight push rod dilatometer, a high-resolution inductive
transducer using innovative and comprehensive temperature controls which provide excellent
performance as a measurement system yielding high accuracy, reproducibility, and long-term stability.

1. VERTICAL DILATOMETER L75 INSTRUMENT INSTALLATION

1.1  L75 INSTRUMENT INSTALLATION
1.1.1 Equipment Set-up

It is important to identify a good working space for the L75 dilatometer. The area it is placed in should be
stable and the area should minimize mechanical vibrations, including vibrations from its own operation.
Other information pertaining to the equipment set-up should be taken into consideration as followed:

e The dilatometer should be placed in a location with access to the following: power, cooling water,
and gas outlets. Access to these features allow full use of the dilatometer. Ideally the dilatometer
should be located in an area with a fairly constant temperature that doesn’t suffer from drastic
temperature fluctuations while the instrument is running.

e The dilatometer requires a USB cable connection to the computer where the dilatometer data is
collected. It is best to have the computer/monitor on a separate worktable.

e The water chiller and power supply should be placed out of the way of the dilatometer such as
under the table or workspace.

o Ifthe dilatometer needs to be transported place a vacuum clamp over the flanges at the separation
point between the flanges and the furnace lift point.

e The vacuum clamp must be removed prior to operation, or the furnace element will be damaged.

e There is also foam installed in the measuring system for transportation purposes which must be
removed prior to operation.

e Connection of the cooling water system uses two hoses which are color coded red and blue and
need to be connected properly to ensure the water flow loop between the chiller and dilatometer.



1.1.2

Water hose set up should follow the diagram in Figure 1 below. Instrument water flow “out”
connects to water chiller flow “in” and water chiller flow “out” connect to instrument water flow

[T399 1)

m-.

Water chiller

Instrument
out IN_ :

Water Flow direction

Figure 1. Water chiller hook-up.

Measuring System Installation

The measuring system is made up of the measuring system tube, the pushrod, S-type thermocouple, fish
hose, and a reference sample. To install the measuring system the following steps should be completed:

1.

Raise and move the furnace out of the way.

Ensure the vacuum clamp has been removed, this is a very important step to ensure the furnace
element does not get damaged.

The thermocouple needs to be secured low on the measuring system tube out of the furnace hot
zone.
e Lay the S-type thermocouple on the tube first then attach it in place being careful not to bend

and break the thermocouple.

The thermocouple’s tip should be positioned on the right-hand side of the sample window of the
measuring system tube.

Look inside the top of the measuring system flange to identify the center hole (which is where the
measuring system tube passes through), and the right-hand side opening is where the

thermocouple wires need to pass through.

Insert the ball end of the pushrod into the top of the measuring system and open the clamp screw
to allow the ball to slip in the clamp.

The clamp screw should be tightened to hold it in position but not to secure it.
Check that the pushrod can be moved left to right but does not flop around on its own.

Connect the thermocouple wires to the terminal connector.



10. Check to see the polarity of the thermocouple wires is correct by adding heat to the tip of the
thermocouple.
e If the temperature increases, then the polarity is correct.
e If the temperature decreases, then the wires need to be switched on the terminal block.

11. Gently center the push rod and tighten the screw to make sure the pushrod is only touching the
ball connection.
e Check the placement by displacing the pushrod by a few millimeters and watch the pushrod
to make sure it bounces.

12. Center the furnace back over the measuring system and begin to lower the furnace while visually
inspecting the alignment to ensure the measuring system does not touch the furnace flange when
lowered.

2. VERTICAL DILATOMETER L75 SAMPLE REQUIREMENTS

2.1 SAMPLE PREPARATION
2.1.1 Sample Dimension Limits

The L75 dilatometer detects the change in length of a sample that is exposed to a controlled temperature
by the furnace. The samples need to have flat parallel ends for proper measurement. The samples must
not exceed the 7 mm inner diameter of the sample holder. The sample length should not exceed a
maximum length of 50 mm.

3. EXPANSION ARTIFACT REMOVAL IN VERTICAL DILATOMETER L75

3.1 CORRECTION FILE
3.1.1 Purpose of the Correction File

In dilatometry the expansion artifact of the sample holder needs to be removed to have only the actual
expansion of the sample. The L75 Linseis dilatometer is set up to place the sample between the pushrod
and the tube which are both parts of the measuring system. The pushrod and the tube exit the furnace and
pass through the chiller collar and enter the thermal mass stabilizer which means the pushrod and tube
exhibit a temperature gradient between the furnace and the thermal mass stabilizer. The thermal mass
stabilizer maintains a temperature of 35°C to ensure room temperature fluctuations do not affect the
measuring system. The displacement of the pushrod end is measured inside the thermal mass stabilizer at
the LVDT.
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Figure 2. Sample set-up and thermal gradient of pushrod and tube as temperature increases.

As the system increases the temperature during a run, it is important to note the thermal gradient of both
the pushrod and tube varies over the length of each piece. At any position down the length of the pushrod
and the measuring tube the temperature gradient may not be the same and it is strongly dependent on the
heating rate of the furnace. The pushrod displacement that is measured at the LVDT represents the
expansion of the tube which is made up of the sample and the pushrod. Therefore, the sample
displacement measurement is only accurate if the contributions made by the pushrod and tube are
identified as a function of time and temperature.

Using a quartz reference material provides a way to identify the quartz pushrod and tube expansion
contributions in the LVDT measurement. When the reference and the measuring system are the same
material (quartz) the LVDT measurement should be zero, but this is not the case due to the unequal rating
of the components. A correction run of the quartz reference material creates the set of correction factors
as a function of time and temperature to identify the real sample expansion.

Sample
Expansion

Tube
Expansion Push Rod

Expansion

VDT

LvDT

Figure 3. Thermal expansion of sample, pushrod, and tube.



4. RUNNING THE VERTICAL DILATOMETER L75

4.1 DATA COLLECTION AND EVALUATION

4.1.1 Quartz Correction Run

Linseis software is a comprehensive user-friendly suite of tools which supports the measurement
functions through a program called Dilatometer and the analysis functions through a program called

Evaluation. The reference material should be the same size as the sample + or — 5 mm in length. The
heating and cooling profile that is created for the sample run must also be the same for the correction run.

1. Open the dilatometer program to create a correction file for a quartz sample.

Dhlatometer

Figure 4. Measurement icon.

2. Select OK when the Linseis TA Software Acquisition window appears. Username is Admin and
no password is necessary.

% Linseis Platinum Software ? x
Linseis TA Software
Acquisition
Database: localhost:C: \Linseis\database. fdb
Language: |English -
Cancel

Figure 5. Acquisition window.

3. Check the top left corner of the screen displays L75 PT 1000 and the word Demo in brackets is
not present.

W L75PT 1000 W L75PT 1000 (Demo)
Help Debug Help Debug

Figure 6. Demo not present vs demo present.



e If the word Demo appears in the top left corner, then double check the chiller and dilatometer
to make sure they both are turned on and connected to the computer via USB connection.

e Ifthe USB connection between the equipment and the computer is correct and there are still
issues, then check if another Dilatometer Program window is open and running. This

Dilatometer program window will need to be closed before moving forward with the data
collection set up.

e Generally, if there is an issue with the USB connection the following window will appear:

& Usb connection problem X

USB Error: Connection error
The software will run in demo mode now.

Figure 7. USB error window.

e After clicking OK the Demo mode warning window will appear.

& Demo mode x

Mo instrument detected. If there is a instrument connected to this PC, please
| restart it and then restart the acquisition program.

Figure 8. Warning in demo mode.

4. The program should open to the setup page of the general settings tab.

W L75PT 1000

Help Debug

1. Setup 2. Current values P 3. Start Measureme!

-
Sample temperature: 20.05 °C General settings |z :: Temperature profile
Furnace temperature: 22,40 °C

Current thermocouple
Thermocouple: Type-S " I: [Los
Range: -50 °C to 1769 °C

Current furnace Folder: Ce02\
RT..1000
Thermocouple: Type-S
Range: -50 °C to 1050 °C

| Zero adjustment load

Type: Correction -
Current piston material
Quartz Name: [20220119_reference_1omm_Quartz
Range: -193 °C to 1000 °C
Length: [10.460 mm B
Instument  Templates  Scheduer  Sig {1% Mateskd: Quartz =
Custor T
Thermocouple | Type-S. - ustomer [ ]
Order number:
Adjust sample CIR rder marber: | ]
Comment:
Furnace: RT... 1000 =

Adjust furnace CIR

Piston material: |Quartz >

Figure 9. General settings tab in set-up.



5. On the general settings tab, select the data folder to store the sample information in from either
the drop-down arrow or the ... as seen below in Figure 10:

Folder: Ce02\ >

Figure 10. Data folder.

6. Ifyouneed to create a new folder select the ... (Figure 10), once the select folder window
appears, right click to create a new folder, enter the folder name, and click ok. The folder should
be in the list. Select the folder and click ok.

W Select folder ? b & X W Select folder ? X
wll imported Wil imported il imported
@l unsorted &l unsorted wll unsorted
@l Linseis @l Linseic @l Linseis
-l 20210812 -l 20210812 - 20210812
-l 20210813 -l 20210813 -l 20210813
-l 20210817 -l 20210817 wl 20210817
@l Quartz Reference mll Quartz Reference wll Quartz Reference
w304 Stainless Steel il 304 Stainless Steel @l 304 Stainless Steel
-l 10 mm al 10mm al 10mm
@l Alumina wll Alumina ml Alumina
-l CTE - 7 wll CTE
?
&8 Aluminum 1100 ol & Linseis Dilato...  ? X - Alkaniinum 7100
@l Brass e @l Brass
88 316 Stainess Steel | Neme: | 316 Stainless Steel
all Nd Samples -l m Cancil il Nd Samples
-l Tm203 - “ il Tm203
&l CeO2
|
Ok Cancel Ok Cancel Ok Cancel

Figure 11. Create and name folder.

7. In the general settings tab of the setup page make sure to enter the type, name, length, and select
the material from the drop-down box.



Type: Correction ¥

Select correction for the type from drop-
Name: ‘20220 119_reference_10mm_Quartz ‘

down box.
Length: [10.460 mm | ... Enter the name.
— o = Enter the length in mm.

Select quartz as the material
Customer: | | = The length should be an average
Order number: | ‘ of 3 measured points on the
Comment: sample.

= The length of the reference
material should be +/- 5 mm of
the sample material.

Figure 12. Correction curve settings information.

8. Select the temperature profile tab in the setup page.

-
1 2 o
Il General settings Temperature profile Zero adjustment load

<<back next >>

Rate. Temp. Duwell. [ Fumace enabled
(K/min) cQ (min) Daq Purge/ Gas 1 Gas 2

[ -
" |EER =50 10
23 -] 200

Add segment

I =l L

Delete segment

Figure 13. Temperature profile.

e Use the same temperature profile for the correction run and the sample run. Select the same
rate, temperature, and dwell time for both the heating and cooling segments.

e Line 1 in the example above is the heating segment and line 2 is the cooling segment with a
room temperature dwell time of 200 minutes.

e The room temperature dwell time is needed to allow the instrument to cool to room
temperature.

¢ Ensure enough time to allow the sample to cool to room temperature particularly if samples
are running through the scheduler.



e At low temperatures the furnace will cool slower than the programmed rate.

e [f the room temperature dwell is not added, then no data will be collected the whole time the
furnace is cooling.

[ ]

Profiles can be manipulated by using the buttons on the right side: add segment, insert
segment, and delete segment.

Add Seqgment
Insert Segment

Delete segment

Figure 14. Temperature segment buttons.

9. Once the temperature profile has been created select save on the lower right side. Enter the name
and any description for the newly made profile and click save.

& Save profile ? X

W Save profile ? X
Save temperature profile Save temperature profile
Name: || Name: Ce02 Testing |
Desonplice Description: | pamp rate 3 deg per minute to 600 C. o

Hold for 10 minutes.
Cool down at 30 deg per min to 25C.
Use a hold time of 200 min to ensure temp hits room temp.|

Figure 15. Save profile add name and description.

10. To select a previously used temperature profile, click on load and then when the profile
administration window appears select the desired profile and click ok.

W Profile & 7 X
Temperature profies
Name Date Description Tin ("C) Tmax ("C) Duration (min)  *
1 Thermal Expansion 20210817 8/17/2021 215 PM 25 600 a5
A\ m203 1/10/2022 %47 AM  1000C and longer dwell 25 1000 619.166687011719
7\ Linsers Test Run 8/17/2021 8:25 AM 25 600 267.166656494141
l Cooldown 8/16/2021 3:20 PM 25 25 105
— o Thermal Expansion Program1  8/13/202112:10 PM 600 00 203.33332824707
T_—_ v
o
- - —
Dater (/32000 : . [z
=

Figure 16. Saved temperature profiles.



11. Select the scheduler tab in the left side of the screen.

Instrument  Templates Scheduler

Scheduler

Sig ¥

Runs: i4

4ar

Time

Wait at for

‘1.00 min

iy

or
D Temperature

Apply on first run

Figure 17. Scheduler.

e Use the scheduler to set up 4 repeat runs.

ir

e Four runs are suggested to ensure a good run-to-run repeatability.

e The data will be saved in separate data files for each repeat run.

e Select either time or temperature, but not both.

e Time or temperature is used as the start trigger for the next scheduled run.

e Ifthe dwell was programmed in the cooling segment, then select the time option and set it to

1.00 min.

e The temperature option should only be used if room temperature does not vary throughout the

day.

o Ifalow room temperature is entered, then the furnace may never get to the triggered

temperature to run the next sample.

o If a high room temperature is entered, then the sample may never reach the room
temperature expansion value before the next run starts.

12. Select the zero adjustment load tab in the setup page, see Figure 18, the zero adjustment load tab

is in the upper right corner of the pop-up window.
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-—
' l i y:: profie | n | zero acjustment load
<<back

Load:

_am —
300 mN k2

[ Activate load controller

Move piston back
Nominal positon: [0% (=] | Adjust |

Figure 18. Zero adjustment load tab.

13. Raise the furnace on the dilatometer’s touch screen page 3, image of the touch screen is in Figure
19. Press the up arrow on the right above the “Furnace Lift”. Lower the push rod using the same
screen. Press the down arrow on the left below the “Push Rod DIL1”.

Figure 19. Dilatometers touch screen page 3.

14. Displace the push rod manually to see if the zero adjustment load’s red dial moves properly,
before loading the sample, to confirm the computer is communicating with the LVDT.

15. Before loading and unloading a sample ensure the activate load controller box is not selected, see
Figure 20.

[ Activate load contraller

Figure 20. Load controller.
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16. Load a quartz sample onto the push rod, see Figure 21.

Figure 21. Sample.

17. Verify the nominal load entered is 300 mN on the zero-adjustment load tab, see Figure 22.

Figure 22. Nominal load.

18. Raise the push rod on the dilatometer’s touch screen until the position is reading -10% to -15%. A
typical pushrod read out is shown in Figure 23.

Figure 23. Pushrod at -11.30 %.

19. Click the adjust button to zero out the LVDT. The needle will adjust to the new % position (close
to 0%). A typical zeroed pushrod read out is shown in Figure 24.

Position:

Figure 24. Pushrod adjusted.

20. Select the start measurement green side arrow to start the run and collect the data. See Figure 25
for how this should look.

12



P 3. Start Measurement

Figure 25. Start dilatometer.

e Verify the scheduler has started, by looking under the setup tab and finding the word
scheduler highlighted in a yellow box, see Figure 26 for how this should look.

Sample temperature: 20.15 °C
Furnace temperature: 22.85 °C

I Scheduler

Figure 26. Started scheduler.

o Take note of the room temperature for the sample and furnace (Figure 26).

e Verify the measurement has started, the word scheduler will be replaced by the word
measurement highlighted in a red box, see Figure 27.

Sample temperature: 20.35 °C
Furnace temperature: 23.45 °C

Figure 27. Started measurement.

o The sample temperature and the furnace temperature should be increasing (Figure 27).

21. Select the current values tab to view the measurement in progress. Figure 28 is an example of the
measurement progress.

e The whole temperature profile and the corrected profiles may be viewed by selecting the

boxes in the upper right corner. The temperature, temperature profile, and length are color
coded.

13



P 3. Start Measurement S Stop Measurement > 5. Evaluate

i (40 [m Temperatre
* H W Temperature profile
[ W 02012022 sample_10mm_Ce02_2

Show whole temperature profile
120 Show corrected

2. Current values

100

T
2
[wr] 7 eyeq

T T T T T
100 200 300 400
Time [min]

Figure 28. Current values page.

e Remember the expansion measured at the LVDT is the net sum of the reference sample, the
push rod, and the tube expansion. The expansion vs time/temperature profile may appear odd
with several up and down inflections.

4.1.2 Create a Mean Correction File using Quartz Reference

1. Open the evaluation program (see Figure 29) to analyze the correction curves for the quartz
sample.

Evaluation

Figure 29. Evaluation icon.

14



2. On the tool bar select the icon I= to load a curve.

3. Select the curves that were run on the dilatometer under the quartz reference folder, use the Ctrl
key to select multiple curves, and click OK. See Figure 30 for an example of multiple selections.

B3 Load curve ? X
&l imported Source Device  User Data type =~
wll unsorted
il 20220119 reference. 10mm_Quartz (4) 120/20 L75 PT 1000 | Adrmin | Correction
: iggmg Mean_20220119_10mm_Quartz 1/20/2022 10:32 AM  Dilatometer L75PT 1000 Admin Correction

-l 20210817

@l Quartz Reference
@l 304 Stainless Steel N 20220119_reference_10mm_Quartz (2) 1/19/2022 8:28 PM L75 PT 1000 m
-l 10mm

CTE
= 20211227 _reference_10mm_Quartz (2) 12/27/2021 8:20 PM  Dilatometer L75PT 1000 Admin Correction

wl Aluminum 1100

@l Brass Mean_20211227_10mm_Quartz 12/27/2021 8:20 PM  Dilatometer L75PT 1000 Admin Correction
@l 316 Stainless Steel

@l Nd Samples Mean_20211221_10mm_Quartz4 12/27/2021 8:20 PM  Dilatometer L75PT 1000 Admin Correction
- Tm203

ol CeO2 20211227 _reference_10mm_Quartz (1) 12/27/2021 10:01 AM Dilatometer L75PT 1000 Admin Correction

Figure 30. Loading reference curves.

e The channel selection window will appear, then select your x (Time) and y axis (Delta L) for
each loaded curve. Click OK and the curves will be populated in the main screen.

B3 Channel selection ? X
X-channel: | Time(Time) %
Y-chamnels: [ Time(Time)

Temperature(Temp.)

Delta L(Deita L)

[ For all simiar curves

o] conee

Figure 31. Select X and Y axis parameters.

4. Compare the data of the quartz correction runs to look for repeatability. See Figure 32.
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i P o 150 Y 0 P 350 w
Time (min)

Figure 32. Quartz correction curve data

e Eliminate any curves which are outliers and are not to be included in the mean, notice the
difference between Figure 32 and Figure 33. Figure 33 shows the deleted outlier curve.

Delete the curves by first highlighting them in the elements window under the project name
then right click and select delete.

P
Elements & x w2
~ New project”
1 @ Time axis
[ ® Delta L axis
[] W 20220119 _reference_10mm_Quartz (1)Part 1 ...
[ 20220119 reference_10mm_Quartz (2)Part 1 ..
[ W 20220119 _reference_10mm,_Quartz (3)Part 1...
[ W 20220119 _reference_10mm_Quartz (4)Part 1...

Delta L (pm)
Sk & & & 2

°
P w0 15 0 20 = P w0
Time (min)

Figure 33. Curves listed in elements and deleted outlier.

Select a curve and separate the heating and cooling segments using the icon % in the tool bar.

e Asneeded adjust the visible axis to enlarge the graph with the icon & in the tool bar.

e Delete the cooling segment or deselect the cooling segment in the project to only show the
heating segments for each curve, see Figure 34.
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Figure 34. Curves separated into heating/cooling then cooling segments deleted.

6. Select all the correction curves and get the mean curve (see Figure 35) for those highlighted by

using the icon I('* in the tool bar which evaluates the mean curve of a couple of curves.
o The mean curve is now populated in a new color on the graph, and it has been automatically
added to the project list under the elements window.

Delta L (um)

150 = 0 0 250 0 50 st 550 P
Temperature (°C)

Figure 35. Mean curve.

Bements

£ @ Time axis

& @ Delta L axis

[ W 20220119_reference_10mm_Quartz (4)Part 1 (Delta L) (cor.)[1]
] W 20220119_reference_10mm_Quartz (3)Part 1 (Delta L) (cor.)[1]
[ W 20220119_reference_10mm_Quartz (2)Part 1 (Delta L) (cor.){1]
9 B Mean curve (Delta L) (cor)[1]

7. Save the mean curve by highlighting it and right click to save as a measurement curve, see Figure
36.
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Linseis TA Evalu: 9% Properties
File Edit Vie® Hide
H I:_ H X Delete
— Copy data to clipboard
Elements [= Export curve data
v New project” Show legend

% Temperature profile
[] m 2022 k2 Average

[] W 2022 T Remove bump

a 8 Cut

Derivative
Extrapolation
Mean curve
History

| Mean curve

Arithmetic operations on two curves

EEC N E

Report
Rotate

Save as measurement curve

Figure 36. Save the mean curve.

e Enter a name for the curve and click OK, see Figure 37 left.
e Select the type of curve (in this case it is a correction), see Figure 37 right.
e Verify the curve has been saved by clicking ok on the pop-up window stating the curve was

saved.
Curve name ? > Curve type ? X
Please select curve name Please select curve type
C — g — -
cacs R =

Figure 37. Name mean curve and select correction curve.

8. Save the project used to create the mean curve, by selecting the project under the elements
window and clicking on save project, see Figure 38.

4 Linseis TA Evaluation

B File Edit View FEvaluation Windows Help
y , a z s
H=H Do e SO v
Bements 8 x
- i "y - Ta
W propertes f
oo M SeveProject Cirles
=] Save Project a5 Ctrl=Shift=5  Deta L) (een)[1]
(=) Deta L) (cor (1]
ELE
]

Figure 38. Save project.

o Select the folder to be used to save the project, next type the name of the project, and click
OK, see Figure 39.
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Mew Project

Name: [Ce02 Quartz Reference

Figure 39. Select folder and name project.

4.1.3 Setting up a Sample Run

1. Open the dilatometer program to set-up the sample runs.

2. On the general settings tab, select the data folder to store the sample information in from either
the drop-down arrow or the ... Create a new folder as needed (refer to figures 9, 10, and 11).

3. Inthe general settings tab of the setup page make sure to enter the type, name, length, and
correction curve (the correction curve may be left blank at this time).

Type: Sample - Select sample for the type from the drop-

Name: [02012022_sample_10mm_ce02_20 | down box.
Enter the name

= sz L Enter the length in mm

Correction curve: 5 B | Correction curve doesn’t need to be

Customer: \ | selected at this time.

Order number: | \ *  The length should be an average

Comment: of 3 measured points on the
sample.

®*  The length of the reference
material should be +/- 5 mm of
the sample material.

Figure 40. Sample settings information.

Select the temperature profile tab in the setup page (refer to figure 13).
o Use the same temperature profile for the sample run as the correction run. Select the same
heating and cooling segments with the same rate, temperature, and dwell times.
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10.

11.

12.

o To select a previously used temperature profile, click on load and when the profile
administration window appears select the desired profile and click OK (refer to figure 16).

Select the scheduler tab (refer to figure 17).
e Use the scheduler to set up 4 repeat runs.

e Four runs will ensure a good run-to-run repeatability.

e The data will be saved in separate data files for each repeat run.

e Select either time or temperature, but not both.

o The time or temperature is used as the start trigger for the next scheduled run.

o If the dwell was programmed in the cooling segment, then select the time option and set it to
1.00 min.

e The temperature option should only be used if room temperature does not vary throughout the
day.
o Ifalow room temperature is entered, then the furnace may never get to the triggered

temperature to run the next sample.

o If a high room temperature is entered, then the sample may never reach the room
temperature expansion value before the next run starts.

Select the zero adjustment load tab in the setup page (refer to figure 18).
Raise the furnace on the dilatometer’s touch screen page 3. Press the up arrow above the “furnace
lift”. Lower the push rod using the same screen. Press the down arrow below the “push rod DIL1”

(refer to figure 19).

Displace the push rod manually to see if the zero adjustment load’s red dial moves properly,
before loading the sample, to confirm the computer is communicating with the LVDT.

Before loading and unloading a sample make sure the activate load controller box is not selected
(refer to figure 20).

Load a sample onto the push rod as done with the quartz reference sample (refer to figure 21).
Verify the nominal load is 300 mN on the zero-adjustment load tab (refer to figure 22).

Raise the push rod on the dilatometer’s touch screen until the position is reading -10 to -15%
(refer to figure 23).

Click the adjust button to zero out the LVDT. The needle will adjust to the new % position close
to 0% (refer to figure 24).
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13.

14.

4.14

Select the start measurement green side arrow to start the run and collect the data (refer to figure

25).

e Verify the scheduler has started, by looking under the setup tab and finding the word
scheduler highlighted in a yellow box (refer to figure 26).

e Take note of the room temperature for the sample and furnace.

e Verify the measurement has started, the word scheduler will be replaced by measurement
highlighted in a red box (refer to figure 27).

e The sample temperature and the furnace temperature should be increasing.

Select the current values page to view the measurement in progress.

e The whole temperature profile and the corrected profiles may be viewed by selecting the
boxes in the upper right corner. The temperature, temperature profile, and length are color
coded (refer to figure 28).

Correct Sample Data Using Mean Correction File
Open the evaluation program to analyze the sample curves with the mean quartz correction data.
On the tool bar select the icon &= to load a curve.

Open the folder where the sample curves were saved and select the sample curves to be
evaluated, use the Ctrl key to select multiple curves, and click OK.

Load curve

@l imported Mame D;te Source Device User Data type
@l unsorted
B Linseis 2117202
@l 20210812
wll 20210813

w 20210817 10
@l Quartz Reference -
wll 304 Stainless Steel 02102022_sample_10mm_Ce02_35 (1)) 2/10/2022 3:25 PM L75 PT 1000

212:3

wll 10 mm

@ Alumina 02082022_sample_10mm_Ce02 30 (4) 2/9/2022 1:03PM  Dilatometer L75PT 1000 Admin Sample

-l CTE

& Aluminum 1100 02082022_sample_10mm_Ce02_30(3) 2/9/2022 6:01 AM  Dilatometer L75 PT 1000 Admin Sample

i Brass 02082022_sample_10mm_Ce02_30 (2) 2/8/2022 10:53 PM  Dilatometer L75PT1000 Admin Sample

@l 316 Stainless Steel

@l Nd Samples 02082022_sample_10mm_Ce02_30 (1) 2/8/2022 356 PM  Dilatometer L75PT1000 Admin Sample

wll Tm203

al Ce02 02072022 _sample_10mm_Ce02 25 (4) 2/8/2022 7:08 AM  Dilatometer L75PT 1000 Admin Sample
02072022_sample_10mm_Ce02_25 (3) 2/8/2022 1206 AM Dilatometer L75 PT 1000 Admin Sample
02072022_sample_10mm_Ce02_25(2) 2/7/2022 5:04 PM  Dilatometer L75PT1000 Admin Sample

Figure 41. Loading sample curves.

e The channel selection window will appear, then select the x (Time) and y (Delta L) axis for
each loaded curve. Click OK and the curves will be populated in the main screen (refer to
figure 31).
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o The dilatometer correction window will appear, verify the piston correction and subtraction
of a correction curve is selected.

Dilatometer correction ? X

(O Mo correction

O only piston correction

(@) Piston correction and subtraction of a correction curve

Correction curves: = I [E

[ oifferential carrection

Cancel

Figure 42. Loading correction curve.

4. To load the mean correction curve, select the ... in Figure 42.
e Open the folder where the mean correction curve was saved, select the file, and click OK.

Load curve

w imported Name Date Source  Device User Datatype

w unsorted

- Linseis 20220119 reference 10mm Quartz (4)  1/20/2022 10:32AM  Dilatometer L75 PT1000 Admin Correction

B 20210612 Mean 20220119 10mm Quartz 1/20/2022 10:32 AM 175 PT 1000

- 20210813

20210871, test 1/20/202210:32 AM  Dilatometer L75PT1000 Admin Correction

i Quartz Reference

304 Stainless Steel 20220119 reference_10mm Quartz (3)  1/20/2022 330 AM  Dilatometer L75PT 1000 Admin Correction

- 10mm

il Alumine 20220119 reference 10mm Quartz (2)  1/19/20228:28PM  Dilatometer L75 PT1000 Admin Correction

ST 20220110 reference 10mm Quartz (1) 1/19/2022 125PM  Dilatometer L75 PT1000 Admin Correction

&l Aluminum 1100

 Brass 20211227 reference_10mm Quartz @) 12/27/20218:20PM  Dilatometer L75PT 1000 Admin Correction

i 316 Stainless Steel

i Nd Samples Mean_20211227_10mm_Quartz 12/27/2021 620 PM  Dilatometer L75PT 1000 Admin Correction

- Tm203

- Ce02 Mean_20211221_10mm_Quartzd 12/27/2021 620 PM  Dilatometer L75PT1000 Admin Correction
1297 reference Wmen Ounets (1 12/77/2071 10:01 AM Dilstometer 175PT 1000 Ademin Correctinn

Figure 43. Select correction curve.

e The mean correction curve is populated in the correction curve drop-down box in figure 42.
e Click OK and repeat this process for all the sample curves selected.

e A pop-up window indicating a different start temperature will appear. Click yes to continue.

Different start temperature X
The temperature profile of the correction curve and the measurement the same,
! but the start temperature is different (24.85 °C, 20.4°C). Do you want to continue?
Yes Mo

Figure 44. Start temperature.

5. Compare the data of the sample runs to look for repeatability.
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Time (min)

Figure 45. Sample curves.

e Eliminate any curves which are outliers and are not to be included in the data. Delete the
curves by first highlighting them in the elements window under the project name, then right

click and select delete.

Elements

& x

Mean curve (Delta L) (cor)[1]
v Mew project"

Time axis

Delta L axis

W 20220119 _reference_10mm_Quartz (2)P.

02012022 sample_10mm_Ce02 20 (4 (..}
02012022_sample_10mm_Ce02_20 (3] (...
02012022_sample_10mm_Ce02_20 (2) (..
W 02012022_sample_10mm_Ce02_20 (1) (..

N

v

Figure 46. Delete sample outlier.

6. Select a curve and separate the heating and cooling segments using the icon ¥ in the tool bar.
e Delete the cooling segment or deselect the cooling segments in the project to only show the

heating segments for each curve.

o Asneeded adjust the visible axis with the icon =

23
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Figure 47. Split segment into heating/cooling and remove cooling segment.

7. Change the x axis as needed from time to temperature by right clicking on temperature in the x axis
and select time from the pop-up window.

% Properties
Merge Axes
Merge with similar axes

Temperature <--> Time

I

300 Unit » 100

Temperature (°C)
Figure 48. Change X-axis units.

8. Select a sample curve and click on the CTE icon , which is no longer greyed out.

9. A pop-up window will appear asking for a reference temperature to be used. Enter the desired
reference temperature (for example 30.0000°C) and click Ok.

Linseis TA Evaluati.. 7 X

Reference temperature: l24.8400°C 5 Reference temperature: |30.0000°C %
Cancel OK | Cancel

Figure 49. Reference temperature changed to 30.0000 °C.

10. Repeat steps 8 and 9 as needed for each sample curve.

4.1.5 Export Data

Data can be exported as an image of the Linseis graph or as a table for use in excel.

1. To export data as an image, select the curves to be exported from the project in the elements window.
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Elements & X

[ M 02012022 sample_10mm_Ce02_20 (4)Part 1 (Corr. delta L)[1]
[ M 02012022 sample_10mm_Ce02_20 (3)Part 1 (Corr. delta L)[1]
[ M 02012022 sample_10mm_Ce02_20 (2)Part 1 (Corr. delta L)[1]
[ 8 02072022 sample. i0mm CeG3 20 (1)Part 1 (Corr. deita L)[1]
CTE

B 02012022_sample_10mm_Ce02_20 (4)Part 1 (CTE1]

M 02012022_sample_10mm_Ce02_20 (3)Part 1 (CTE[1]

02012022_sample_10mm_Ce02_20 (2)Part 1 (CTE)[1]
02012022_sample_10mm_Ce02_20 (1)Part 1 (CTE)[1]
v

Figure 50. Check information to export.

2. Select the diagram tab and then click create diagram button.

N Create diagram
History Diagrams Tables

Figure 51. Create diagram.

3. Enter the name of the diagram in the pop-up window that appears.

New diagram ? x

Name: |CTE Datz| |

Figure 52. Name diagram.

4. After entering a name and clicking OK the diagram will populate under the diagrams window.

Diagrams B x

CTE Data

Create diagram

Figure 53. Created diagram.

5. To export the diagram, right click the diagram and select export.

e Save the diagram in a folder of your choice and use the image type of your choice (for
example JPEG image *.jpg).
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+Intarmation

ey Delete
CTE Data
Rename

Export

Swesstype JPEGImage ["jpg)

Create dagram ~ HideFolders Cancal

Figure 54. Exporting a diagram.

6. To export data as a table, select the curve to be exported from the elements window (refer to figure
50).

7. Select the table tab and click on the create table button.

Create table

History Diagrams Tables

Figure S5. Create table.

8. Verify a table creator window appeared.

B Table creator ? X
nfigurat
X-Axis ample_1Gmm_Ce02_ ample_10mm_Ce2_ o
i L |
Name  |Temperature CTE (02012022 sarm... CTE (02012022 sam... CTE (02012022 samm... CTE (02012022 sam.
unit ¢ E6/K E6/K E-6K E-6K
Precision 2 2 2 2 2
2486 =
2566 959 212 946
2666 1036 298 1030
2766 1089 1022 1082
2865 1166 1091 1150
2066 1256 1110 1157
3066 1288 1169 1094
3166 1208 1199 107
— 3266 1213 1223 1183
3366 1250 12.2) 1208
3466 1261 1253 1219
3566 1304 1284 1273
3666 1361 1306 1327
3766 1186 1342 123
3066 1383 134 1348
3066 1471 13.80 13564
0865 1443 1410 1407
<
X-Axis: |Temperature ¥ | Range: |24.66 °C_[3] - [502.45 °C 2| Stepwidth: [1.00 °C 2| (577rows) [Extend range to max| |Shrink range to fital curves | [] Show preview
If the temperature is used as X-Axis, only the first occurrence of a certain temperature is used.

Figure 56. Table creator window.

9. Select the desired units (time or temperature) for the X axis.
10. Verify the range and step width for the x axis are set to the desired quantity.
e Ifnecessary, change the range or step width as needed.

11. Select Ok and a pop-up window will appear to name the table.
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Table name ?

Name: |CI'E Table|

Cancel
Figure 57. Name table.

12. After entering the name and clicking OK, verify the table populated under the tables window.

Tables & X

CTE Table

Create table

Figure 58. Created table.

13. To export the table, right click the table and select export.

e Save the table in a folder of your choice and save as an MS Excel File (.xls).
Tables & X Evalustion Imag
EEEE @& OneDrve
I il I I I | 8 This PC
1 30 Objects
Delete B Desktop 29
Rename Documents Dilatometer Infarmatian
o & Downicads
CTE Tab Expot D Music
Plot table as label B Pictuees
Show info B videos
he Windows (C)
b Metwork v
File name: | STIETE
Save astype MS Excel files ("xls)
Create table

~ Hide Folders Save Cancel

Figure 59. Exporting a table.
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