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Introduction

The high temperature Netzsch Differential Scanning Calorimeter (DSC) is designed to
guantitatively measure the energy absorbed or released by samples as they are heated; anywhere
from room temperature up to 1400 °The DSC can measure many thermodynamiperties of
samples including the:

( UCp) Specific Heat as a function of temperature;

(G 9 Transition & Reaction Enthalpies;

(Tm) Temperatures of Melting & Phase Transformations;

(Te) Temperature and energy change of Glass Transition & Crystallization;

Tests are performed with an inert reference held in a shared chamber with the sample.
Both reference and sample are exposed to the same heating rates and environment.
Thermodynamic properties can then be calculated by comparison.

The DSC can heat from room temperature to 1400° C with tests usually performed in
argon, although other gases may be used. It is recommended to avoid reducing atmospheres.

The instrument is not designed to handle sample decomposition or volatilityard sh
not be used with reactive samples

Administrative
TEMPO Access & Safety Training

Users seeking to obtain access to the TEMPO facility are required to complete a suite of
safety requirementshichcanEH IRXQG RQ WKH 3$FFHVV DHspa&D IHW\ 7UDL
website. Instructions for reaching this website can be found in the appendix. All requirements
must be satisfied before entering the TEMPO facility

Once the TEMPO and MRL safety requirements have been completed users may request
daytime access tH R X J K W K Hhttadd MW ivlHicdb.edu/access

All users are required to wear safety glasses, long pants andaaosshoes whenever
working in any MRL lab. This applies fatl instrument use includg logging onto a computer
to retrieve data. If users are working with liquids then a lab coat is also required.

Accessing the DSC

The lab is open Monday through Friday frorAl - 5 PM.Usersdo not need to be
present \kile the DSC is running biittis good pratice to verify the DSC is operatircorrectly
before leaving.

Time may be reserved using the FBS systehttps://ucsh.fbs.iol After reservinga
time slot, you may log in at the beginning of your schedsletd Startingthe timer will power
on the monitor and allow you to perform your measurement. Access to the DSC, through the
FBS website, is granted to users after they complete instrument training.



https://www.mrl.ucsb.edu/access
https://ucsb.fbs.io/

Beforeusingthe DSC, users should write down theaime, 13 digit recharge number,
DGYLVRUYY QDPH DQG WKH VWDUW WLPH RQ WKH SDSHU ORJ
also be noted. The paper log serves as a backup and allows for comments in the event of an error.

Training
Selftrainingon the instrumenis availableafter speaking with TEMPO staff. Users
choosing to selfrain are given a sample and some parameters to perform a measurement on. For
usergnterested in a guided training session, the training schedule is sent out quarteryaiia

To enroll in a training session, users can sign up through the TEMPO Instrument
Training and Resources page on Gauchospace.

Safety & Housekeeping
The furnace is capabtd achievingvery high temperatures. Users must take proper
precautions to prevent damage to themselves, other users and fhe tadi.open or attempt
to open the furnace without verifying that the interior has cooled down to at least 100
°C.

All samples mustbe EHOHG ZLWK WKH RZQHUTY QDPH DQG WKHLL
Samples should not be left in the lab unless they are actively running in the DSC. Users should
avoid leaving their samples in the instrument if they are not preparing or performing a
measurement
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Basic Differential Calorimetry

Process and Theory

Each measurement uses two lidded crucibles made from the same material and of
approximately identical masses. One crucsdevesas an empty and inert reference and the
otherholds thesample The aucibles sit on separate senspconnected by a thermague.
Whenheated in a shared environmanty difference in heating rates produces an electrical
signal via the thermocouple which is captured by the instrument.

In theory the use i pair of virtually identicaF UXFLEOHY VKRXOGQTW SURGX
there would be no differende heating betweethem but the presence effen minor defects
may produce a signal. Fluctuations in the placement of the crucible on the sensor as well as
thermal conductivity properties of the sensor head itself result mpipearance of a voltage
difference.

$OWKRXIJIK WKHUH LVQYW D SUDFWLFDO PHDQV WR DFKLH
be improved by first collecting a baseline of the two empty crucibles. This baseline can then be
used to correct the data colied during measurement of a material. The baseline correction must
match the parameters of the sample measurement exactly, including heating program, gas type
and crucibles.

In events of phase transitions the relative difference in temperatures becoraes mo
dramatic and produces visible peaks in the signal. The transition is often accompanied by a shift
in specific heat capacity (Cp) and, when plotted as a function of time, is seen by a shift in the
slope of the line.

The temperature of each crucible isasured by a sensor connected to a thermocouple
which translates temperature differences into a voltage potential. The temperature difference is
measured in microvolts (LV). This means the data accuracy and precision is influenced by the
thermal contact afhe crucibles to the sensors and of the sample to its crucible. Variations
between crucibles may also affect data points.

Quantitative energy measurements require a calibration to convert the difference in
temperature to energy. This may be accomplistitdthe use of a single standard run under the
same conditions as the intended sample. Sapphire standards are often employed. Typically
standards should be used with similar dimensions to the sample and with well documented
heating capacities at the targemperature range.

Thermal Lag

Optimizing a measurement in the DSC requires that users understand the role of thermal
lag in the instrumeniThermal lag, in this context, is the difference in heating rate between two
materials in a shared environmenivd@ identical materials, e.g. crucibles, would be expected to
heat at the same rate when placed in a sharecbement. The introductioof a samplenaterial
to only one of the crucibles will alter its propertidhe sample containing crucible now is part
of an equilibrium relationship witthe material which causes it to heat at a different rate.

The difference in heating rate is what produces the electrical signal interpreted by the
instrument an@lthough itis ultimately responsible for theath obtaned by the usetpo much
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of a good thing can ruin the data. Measurements which take place over long temperature ranges
lead to an accumulation of thermal lag to a degree that may lead to any resultant data being
meaningless. If a sample is heated ovesrginuous 800 °C period then once the furnace has
reached its final value the sample containing crucible may have only just reached 725 °C. This
would then mean that a ttiag point observed at 800 °C couldfactbeoccurring at a

temperature of 25 °C.

Hardware, Crucibles, & Gas

Furnace and Temperature Sensors

The DSC 404C furnace is capable of reaching 1400° C and employs a passive cooling
system using air flow. Aftest measuremeiihe sample chamber can take up to three hours to
cool to room temperata. Since the slowest part of the cool down is from 200° C to room
temperature, users with many samples may save time by starting a little warmer than room
temperature. (This is not recommended fpm@asurementsThe furnace should NOT be
raised unlesshe sample temperature is below 100° C!

Prior to DSC measurements all samples must be tested for decomposition temperatures or
volatility. These events lead to the degradation of the sensor head and may result in the complete
failure of the instrument. Thcost of replacement for the sensor head is $8,000 and may be
assigned to users demonstrating negligence in the use of the device.

The sensor head is very sensitive to contact and may shift with forceful loading of the
crucibles. It is recommended thhetgreen fencing around the furnace be used to stabilize your
hands when loading crucibles.

Sample Crucibles

Crucibles are available as platintrirodium or alumina (AdOs).
Other DSC crucibles such as quartz, graphite or &r&y be purchased
from otherproviders. Either alumina &t-Rh will work for most
measurement&ach crucible should have a lid and be preheated to
the maximum planned measurement temperature before us€reheating may be done with
a torch or inside a clean furnace. The-peatingwill help to remove dust or other particles that
may have settled on your crucible as well as remove any adsorbed moisture prior to the
measurement.

TEMPO sells AlOz crucibles for $1 each. They are similar in appearance to the TGA
crucibles but areot the same size and amet compatible. The DSC crucibles are a 6.8 mm
outer diameter. The crucible lid should sit squarely on top of the crucible without sample contact.
The lid serves to keep the heat of the reaction inside longer and improves measurement
sensitivity. , W DOVR SUHYHQWYV WKH H[SRVXUH RI WKH LQVWUXPHC
or decompositionOptimal sample dimensions are 6 mm x 1.0 mm thick for platinum and
graphite crucibles. For AD,crucibles or platinum crucibles with &b, liners, the sample

dimensions should be 5.2 mm x 1.0 mm thick.

Each crucible will have advantages and disadvantafgEss must research the
appropriate crucible type for their samplBatinum crucibles will typically display much better
heat transfehowever they will alloy with most metal samples, ruining the pan, sample and data.
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They also tend to soften and stick to the sample carrier if they are hot for too long, although they
will not melt. Platinum crucibles should be avoided at temperaturagdl®00 °C. If a platinum
crucible must be used at high temperatures a sapphire disk can be placed between the crucible
and sensor head and may be purchased from Netzsch. In the event a platinum crucible is needed
and the sample contains metals, aluminars may be used.

Alumina crucibles are cheaper than their platinum counterparts and may typically be used
with most samples. While cheaper and more robust they do undergo a phase transition at about
800 °C, causing the crucible to turn translucent. Mesments looking for quantitative data
around that temperature should opt for another crucible choice. Specific heat capacity
measurements that require heating through that region may find increasing error as they move
above the transition temperature.

Extreme care must be taken to ensure that no crucible/sample reaction will
occur before running the sample in the DSCOne of the major causes of measuring head
(sensor) death is crucible/sample reactiime sensor replacement cost is approximately $8,000.
If in doubt, heat the sample in a crucible in a lab furnace before trying it in the DSC. A guide on
crucible selection can be found on the TEMPO Instrument Training and Resources page on
Gauchospace aselv as in the appendix of this manual.

Atmosphere for Tests

The DSC can work in several gasdth argon as its defaullThe systems setup uses
Argon on Purge 1 or clean dry air on Purge 2. Other suitable gasses are nitrogen and oxygen.
Nitrogen is availble in the lab but may form nitrosyl compounds at temperatures beyond 700°C.
Users interested in using oxygen would need to supply their own gas.

For tests requiring extremely high sensitivity helium serves as a completely inert gas with
excellent thermlaconductivity. Users interested in helium would need to supply their own gas.

Sample Preparation
Samples must be tested for decomposition or volatility in the TGA prior tandgsthe
data and results confirmed by a TEMPO staff menibecomposition can lead to deposit
buildup within the device and degrade instrument sensitivity. Some compounds may react with
the sensor head damaging or destroying it. The use of a crucible lid helps to safeguards the
device.Users should consider fohesic principles during sample preparation:

1. Selecting the right crucible.

2. Making and maintaining good thermal conduct between the sample and crucible.
3. Preventing contamination of the outer surfaces of the crucibles.

4. The influence of the atmosphere surrougdime sample.

Sample Shape

Ideally samples arghaped afiat disks, powders or pelletas long as the sample
maintainsgood thermal contact with the crucible floor. Powders may undergo sintering during
the heating process and then deform, losmgible contactThin films may also display curling
or curvature upon heating, causiegimilar lossA sample of minimal thickness and maximum
flat surface area is desired.



Method Development
Basic Measurement Requirements
Although the DSC is functionally gpe simple, a good measurement requires some
variation in methodology. Some basic guidelines for measurement criteria are:

Thermal Phase Transitions: Transition Enthalpy:

Sample & Crucible mass

Temperature Calibration file

Sensitivity file

A Baseline Correction measurement.
Sample measured as Sample+Correctio

xSample & Crucible mass
xTemperature Calibration file
xSample measured as Sample

X X X X X

Specific HeatCapacity (Cp):

x Sample & Crucible mass e "
Quantitative Data of Phase Transitions

X Temperature Calibration file

x Baseline Correction x Sample & Crucible mass

X Heat Capacity Standard measured as X Temperature Calibration file
Sample + Correction X Sensitivity File.

X Sample measured as Sample + X A Baseline Correction measurement.
Correction X Sample measured as Sample+Correction

Phase Transition Measurements

Measurements looking tetermine the onset temperature of phase transitions are
typically robust and least likely to be affected by experimental errors. Users looking to obtain
high accuracy datshould consider performing multipéxploratoryrunsandattempt to narrow
the temgrature range over which they measure.

A general form for phase transition measurements is to first ramp to a value &0 [&@st
below the expected transition temperature and then hold at that temperature to equilibrate. Once
the contents of the furnaeee equilibrated users may ramp the temperature over their anticipated
range to at least 60 °C beyond their expected melting point.

Heat Capacity Measurements

Similar to phase transition measurements, heat capacity measurements may also be
subject to termal lag induced error. Users desiring to measure heat capacity over large ranges of
temperature may want to consider measuring heat capacity using asegieping periods
with intermittent isothermal interva(sr in steps}o allow for equilibrium in between. This
method helps to reduce the accumulation of thermal lag over long measurements.

Possible Issues

Theoretically a first order phase transition, such as melting or recrystallization, can be
measured as many times as desired however this depertd/o principles which may not
always hold true.

1. Upon cooling the sample returns to its original state.
2. The sample does not demonstrate any evaporation, sublimation, reaction or other
decomposition during the measurement.



Hardware

Power Unit
B
— | ®
S
L e
N og -
Computer 404 C DSC TASC 414/4
Furnace Controller

Instrument Components

Using the Instrument

Powering the Instrument On
The instrument should be given about 15 minutes to warm up after powering on. Each
instrument component is powered on plyysical switclkeslocatedon theirrespectivecases.

1. The power unit igontrolled by a red dial on the front of the case. It must be
rotated to on.

2. The TASC 414/4 switch is located on the right side at the back of the case.

3. The 404 C DSC switch is located on the left side at the back of the case.

Operating the Furnace

The DSC furnace is raised and lowered using the two arrow buttons located on the front
of the device in combination with the safety button on the ride side panel of the furnace base.
The safety button and arrow button must both be pressed to move the furreaseshdsild
confirm that the vacuum indicator (to the right of the arrow buttons) does not have a red light on.
If the furnace is under vacuum it should not be opened.

Once the furnace has been raised, and the crucibles loaded the furnace may be lowered
again. Prior to fully lowering the furnace users should visually confirm that it will not
contact the measuring headOnce the furnace has been fully lowered a green light should
appear in the arrow button of the furnace base. If the light does not tunednto make sure
that the furnace is fully loweretllsers should not raise the furnace unless it is below 100
°C.



Loading and Unloading Crucibles
The measurement head contains two wells for the placer lid
of each crucible. The rear wélblds thereference crucible and the
front holdsthe sample crucibléachis placed in the center of its crucible

well andshould sifflatly on the floor.The diameter of the sensor %
>
s

measuring

well is slightly larger than that of the crucibkss users should pay o
neac

attention to positioning.

The sensor head is sensitive to misalignments which ma g==—
throw off the instrument calibration. Users loading crucibles sho = capillary
try to minimize straining or bumping the measurement head as S=g==*
much as possible to avoid thighe green wire guard in front of the l
sample chamber is there for users to steady their ltumoigy /

placement.

) o radiation shield
For users performing quantitative measurements

positioning of the crucible should be consistent throughout the
series

Evacuating and Backfilling Procedure

Heat transfer from the furnace to the sample is directly affected by its gas environment.
Most measurements benefit from a pure and uncontaminated environment which can be achieved
by evacuating and backfilling the furnace using a high purity gasde&falt configuration uses
ultra-high purity (UHP) argon as the Purge 1 gas and a dried air on Purge 2.

The vacuum pump has a line connecting to the igick side of the DSC furnace unit
andis fitted with a manometer, black handwheel and a small valveawigd leverBefore
purging the sample chamber users should first inspect the front of the furnace and look for a
green LED light on the downward arrow, indicating that the furnace is fully lowered.

1. On top of the DSC furnacapove the sample chambetturn the arrow shaped black
lever to the right to close the sample chamber vent. The pipe attached to the exhaust vent
should not show noticeable flow.

2. Turn on the red vacuum pump locate”
on the sheltbovethe DSC
controller.

3. Rotate the red lever until it is parallel
to the tubing, as shown the adjacent
diagram.

4. Slowly open the vacuum line valve b
rotating the black hand wheel.
Opening the valve rapidly may
displace the crucibles in the furnace.
The manometewill show the
pressure decreasing. Note that the
manometer is initially resting at a O reading



5. Allow the furnace to purge for approximately fifteen minutes. A red light should display
on the front of the furnace at the vacuum panel which indicates when a vacuum has been
established

6. Close the line by using the handwheel to close the vacuum line valve.fTthra pump
and turn the red level until it is perpendicular, to vent the line.

7. On the front of the module press the button for the purge gas you intend to use.

8. Allow the furnace some time to backfill until the pressure gauge indicates a return to
atmosphgc pressure levels.

9. Once the sample has returned to approximately atmospheric levels, reopen the vent on
top of the sample chamber using the arrow shaped black lever. Gas flow should remain
on during this point and for the remainder of the measurement.

Users should perform about three iterations of evacuation and backfilling to insure a pure
gas environment. Once finished users must make sure the gas continues to flow and that the
black arrow valve on top of the furnace is turned to open aghis is tle same valve referenced
in step 1 of the evacuating procedurais can be verified by placing a hand in front of the
exhaust port to feel for air flow.

Warning: Failure to open the sample chamber valve before running a
measurement may destroy the instrment and pose a danger to lab users.
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Software

DSC 404C Measurement Heade

The DSC uses two applications, one for measurements and the other for analysis. The
icons of both programs, DSC 404C and Proteus Analysis, are located on the desktop of the
computer. Data may be accessedraysferring it to the TEMPO network hard drive, also

located on the desktop.

The DSC 404C program is usft instrument communication amieasurements.
Sample data anghethodprogramming are entered through this softwatedata is saved in a
temporay file until the completion of the measurement making the computer sensitive to
memory use during collection. Users should avoid use of the computer during measurement to

prevent data loss.

To start a new measurement, open the DSC 404C software anth&dop menu select
new measurement. This will open the DSC 404C Measurement Header to begin designing a

measurement program.

Users may enter the relevant informatio
for their sample in this window. This
information will bestored with the data collecte
during measurement and users may reference
during postrun analysis. The Proteus analysis
software will also use information entered here
to perform various calculations. At a minimum
the measurement header will require th
Measuement Type, Sample Identity, Sample
Name, Reference and Sample Crucible Mass
well as a Sample Mass.

Measurement Type
When designing a measurement, the
Correction” RSWLRQ IXQFWLRAQ

6HOHFWLQJ D UXQ W\SH RI 3

DSC 404C Measurement Header

Measurement Type: * Correction

" Sample
Laboratory: [MHL
Project: |Black Pearl

Operator: [J ack Sparow
Date: [02/26/09; 11:37:46

Sample
Ident: ISP245

_N_ame;]black pearl

Sample Mass: !—_ mg
Crucible Mass: W mg
Reference
Name: |[empty pan

users to run a measurement of the empty sam

Material: [baseline :J Reference Mass: mg
Instrument Setup Information Crucible Mass: [261.400 Mg
Crucible Type: |DSC/TG pan PtRh
Sample Carrier: |DSE[/TG] HIGH RG 2 Hemarc
Sample Carrier TC: |S a
Fumace: |STD Pt-Rh
Purge Gas 1: |af§0n
Fumace TC: [S Flow Rate: Igﬂ mlfmin
Measurement Mode: |DSC Pl B |
urge Gas 2:
Temp. limit: ]No special temp. limitations Flow Rate: [— wldrin
Help on Crucible Selection ‘
Current hardware temperature range is from 0 °C to 1500 °C
Help | CANCEL | oK ] Continue > |

and reference crucibles. Users may then run their sample, using the same crucibles, as the

Sample+Correction” RSWLRQ DQG WKH FRUUHFWLRQ EDVHOLQH ZLC

the data. The correctioneasurement data is retained and may be viewed in the analysis program
Proteus. Without a recent correction file the Sample+Correction option will be grayed out and

not selectable.

Correction runs must follow the same temperature program and use theasibratian
files that the sample measurement will be run under. As the hardware in the furnace can change

with use it is better that the baseline be created as close to the time of sample measurement as is

feasible.
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When doing @ measurements, Netzsshggests not using a Baseline Correction for
more than three consecutive measurements without rechecking. It is also suggested, at least for
critical measurements, the Baseline be done twice. Comparison of the two bateluiddiffer
by nomore than B uV at the point of widest variation. If trtbfferenceexceed 0.3 pVthen a
third baseline should be run and the comparison between the baselines performed again.

Measurements looking for onset temperatures of thermal events generally do not require
FRUUHFWLRQV DQG PD\ UXQ XSsampld WKH PHDVXUHPHQW W\SH

Sample Information

Many of the fields, such as laboratory and project are for user reference and do not need
to filled in. The material field is included in this and whatever entry is usedndbedfect future
measurements or calculations. s flow ratefield also does not affect any system settings
but does allow users to note what parameters they chose to run at for future reference. The
default setting for gas flow rate is approximatébcamin.

Users should confirm that their crucible type is correct for their intended measurement
DQG WKDW WKH VDPSOH FDUUBLHU ITZHOWWBY BE'@&,I7VRPHWKLC
displayed themplease inform the MRL stalfefore using the itgument

Once the appropriate fields have been filled users may press Continue to move to the next
step and select a temperature calibration. Selecting OK will end the measurement configuration.

Temperature Calibration & Sensitivity Files
When designing measurement, users will be required to specifgraperature and
Sensitivity Calibration file. The Temperature Calibration selection window will
automatically open to the correct folder and the most reéesrgeraturealibration file should
be chosen.

Temperature Calibration File

Multiple calibration files may be present, each attenuated to specific temperature ranges
and testing conditiong.or users measuring thermal events the default temperature calibration
file (labeled Newest) will be appropriatdsersshould select the temperature calibration file that
covers their desired temperature range and was performed in similar conditions including:

x Crucible type x Gas environment X Heating rate

If unable to find an approjate temperature calibratidar the intended measurement,
please speak with the MRL staff about having one made. Currently the DSC has calibration files
designed for use with ADs crucibles which are appropriate for most phase transition
measurementsSamples that are incompatible with alumina may be run in tithRtucibles
however these pans often alloy with the metal standards used to make the calibration files. Users
will need to purchase alternative standards for use with tR& pans.

Sensitivity File
A sensitivity calibration file is required if the user wants quantitative energy information

from their measurement. For phase transition measurements, which only look at temperature
event relationships, the Senzero file may be selected.

12



Quantitative measurements require a sensitivity file that matches the measurements
parameters as closely as possible. When a sensitivity file is selected users may measure energy
changes in mW/mg and integrate peak areas in joules/gram.

The creation of aensitivity calibration file is an involved process that requires
measurements of five to six standatdsersplaming on doing quantitative measurements
shouldverify that an appropriate sensitivity file is already presér.new sensitivity filas
needed please speaith the MRL staff at least a week in advance @fitftended measurement.

Temperature Programmingo

DSC 404C Temperature Program Definition

Temperatule Steps |

ur | 1ype | “ | K/min Iime pte/min pteiK |'s 1 L'l P1 l P2 |
1 | 30.0 FIrlr

2 & 500.0 10.00 0:47:00 10.00 1000 & [ | [T

J = S00.0 0:10:00 10.00 vV Il |

4 | A Al T KL TN VN e
5 |=) 7000 0:10:00 10.00 FILCILC
5| 7100 S
7_Em 200 40.00 0:17:15 A=
s | 200 zoooo| | || milm)

Conditions on Standby Category Step Category

v STC ~ Jan o

 Purget Gtand-Dy Temperature: — (&

I Purgc2 Heating Hate: [40.00  K./min

Max. Stand-By e, 102:00 [LERTU]

Temperature programs are compose@biminimum:

x The Initial Standby/Initial

X An Isothermal Step

x A Dynamic Step

x The Final Emergency Setg

Theinitial stepsets the temperature value that data begins recordi@me¢ the
measuremergrogram is started thastrument will attempt to reach this initial value but will not
record any data until it stabilizes at that poirite lowest reacammended starting temperature is
40 °C dueto low heat limitations of the furnace heating element.

Initial Standby is an alternative to the initial step. This step allows users to instruct the
furnace to heat to a given temperature and then hold thatsktrof time prior to recording data.
This performs similar to an unrecorded isothermal step but may be useat toeathe sample
prior to data recordingeither initial or initial standby may be used. Most measurements will use
the initial step.

The isothermal stepholdsthe sample chamber at its current temperature for a designated
period of time. These are often used to allow the satapiperature to equilibrateefore or
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aftera dynamic step. Precediogfollowing a dynamic step with isothernsadf 10 to 15 minutes
will increase measurement accuracy and reduce artifacts in the data.

Dynamic stepsact asramp rates or heating rates. A target temperature is selected, as
well as a heating rate. Nothat the target temperature is in °C and thegtihg rate is in K/min.
Ramping speed can be changed based on interest in a specific temperature range. For ranges
containing data of interest a ramping rate o200K/minute is recommend. A faster rate may be
set, such ad0 K/minute, for regions withouhterest. The instrument is capablehefting
beyond40 K/minute however this stresses the heating elesaent may cause the sample
chamber to overshoot the desired temperature. It is recommended that each dynamic step be
preceded by an isothermal tdoaV the temperature of the sample and sample chamber to
equilibrate.

Isothermal and dynamic steps also require a pts/min parameter which tells the instrument
how often to record a data point during the sigta acquisition ratescan be changed based on
interest in a specific temperature range. It may be entered as either points per degree or per
minute. 60 points per minute is generally appropriate for sections of interest. The system has a
limit of 24000 data points per measurement that it will notdy ¢f, should your program go
beyond that.

TheFinal step sets a safeguard temperature for the measurement. This wilbautate
with a value 10 °C higher than your highest temperature. If the instrument reaches this
temperature it will automaticalerminate the sequence as an effort to prevent damage to the
instrument and sample.

Final Standby programs the DSC with instructions on what to do once the sample has
finished. The instrument will drop to the stalogltemperature at the heating rdesgnated and
attempt to hold it there for the given time. As this should always be a cooling step, the heating
rate can be set to 40.0 K/min to allow the system to cool quickly and shorten the time needed per
measurement.

Possible Issues

In measurements thdo not use corrections (baselindgre are oftenréfactsin the
data at points where the furnace heatirigchanges so users should set temperature programs
with steady heating rates that go at |e@stC beyond your desired end point. Shorterasiyit
steps allow for an increase in measurement accuracy but run the risk of cutting off phase
transition events prematurely or missing them altogether.
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DSC 404C Adjustment Window

After designing a temperature program and selecting S TSEN——_—_
i i : - DSC 404C Ad .. PR
continue, the DSC 4@!adjustment window will appear. If a JuskpenL

temperature recalibration file was selected the program will 2550
apply it at this point and the temperature indicated at the bottq 540

right corner of the software screen will alter to reflect it. :233
Selecting initial conditionsn applies the options selected for th | se0

IIII|IlllhIIIII!II|IIII|IIHIIIII||III|IIH|IIII|
A

first step of the temperature program, i.e. the chosen gas flow | et |
STC option if selected. L1000 Help |
L1500
The Temp. Threshold /K fields specify an initial heating 2000 Temyhesooak
F2500 — Initial heating {15.0

rate and equilibration range. In the adjacent example the firn gy e
will heat at 15 K/min to within + 5 K of the 40 °C standby | IR0
temperature. This standby temperature is specified in your TGl E TecalbERo s
temperature program by the initial standby step.

When ready users may select the start button to begin the measurement. After reaching
the initial temperature and equilibrating the programmed measurement will begin and data points
will be plotted on the screen as they are collected.

Measurement Conclusion
Once your measurement has finishtbeé datds automatically saveuh the user
designated location. Users should wait until the furnace has cooled to a safe temperature of 40 °C
before attempting to remove their sample. Users should not turn off any component of the DSC
once completing a measurement.

Shutting off the furnace power transformer before the furnace reaches a value
below 500 °C will permanently damage the device.

The Proteus Analysis Program
Data analysis can be performed on the Netzsch Proteus Software, located on the desktop.
Once a run has completed tifeta is automatically saveddsers can analyze their datafie
Proteus software by double clicking the icon at the center of the desktopo@ncalata files
can be selected using tRée option from the menu at the top of the screen or the fotrdmlgj
in the toolbar.

15



The Proteus Interface

An example of a DSC measurement is shown below. The shown sample is heated to a
peak of 500°C after a I@inute equilibration period. The dotted red line shows the temperature
over time and the blue shevthe signal difference between the reference and tested material in
units of uV/mg. Notice the phase transition aroug@°c.

FE NETZSCH Proteus Thermal Analysis - [Main]

File Edit View Insert Settings Range Evaluation Extras Recorder Window Help - %
D] @] Srales] | || vlz=le|ua| | f| 73] Blw 3] Bl [x W]
1 N O ] S I I B
DSC f{uVimag) Temp. /°C
T exo
0.0 \/—\/ 500
-0.1 1
- 400
-02 4
T 300
04 1 ‘
05 e [1]feb 6 09 zinc.ddc [ 200
— e
06 g S Temp.
06 100
-07 e S e
0 10 20 30 40 60
Time /min
]i[1]fel) 6 09 zinc.dde zine zine 2/6/2009 3:13:04 PM
For Help, press F1

Curve Properties & Measurement Configuration

Curves may be right clicked to bring up some menu options for manipulation. gglecti
the curve properties option will allow the user to customize the color and appearance of the line
while the file properties option will bring up a window containing all of the measurement data
stored in the file. This includes the user created temperptogram and all the parameters that
the measurement was performed under.

Temperature X-Axis
The software automatically displays time along thexis when opening new data
however users looking for onset temperatures of transitions can display temgasathe saxis

by selecting th 2 button in the toolbar. This will cut your measurement into segments with

each segment corresponding to one step in the temperature program. Isothermal segments will
automatically be hidden as these will consist of alifie.

Hiding Line Segments

Users wishing to high (or unhide) a line segment may right click on the curve and select
view segments. This will produce a window listing each segment which users may check or
uncheck to displayAlternatively they may rightlick a segment and selddtde this segment
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Exporting Data

Experimental results may be exported as either an ASCIl or ANSI Unicode file.

Typically, users will want to select ASCII and then choose ¢eeformat. This will export their
data as a commagarated values file which may then be opened in excel.

To export the data, select tB&tras option from the toolbar at the top of the Proteus

window. In the drop down menu chodsgport Data Fill out the dialog box that should pop up
and choose where you would like to export your data to.

Retrieving Data

To maintain the integrity of our instrument computers, USB access is disabled. Instead

each instrument has access to a shared TEMPO heaed dith a shortcut present on the

desktop. Users may access that hard drive, from the instrument, and make a folder for
themselves. They can then copy all data from the instrument computer to the shared hard drive.
This hard drive may then be accesdlimy shared computer in TEMPO labs, and data can be
retrieved there using a USB device.

Ending Notes

Further Reading

For more information the TEMPO Gauchospace page on differential scanning

calorimetry contains several useful documerstsvell as the appendix to this guitlsers
interested in using different operating parameters or using a different method are encouraged to
speak with TEMPO staff.

MettlerToledofV ZHEVLWH DOVR FRQWDLQV D ZHDOWK RI TUHH(

papes on thermal analysis principles and methods.

Author Information

This manual was writteby Burton Sickler,, RU WKH ODWHULDOV 5HVHDUFK /

TEMPO facilities; a MRSEC funded facility at the University of California, Santa Barbara. For
guestionscommentsor to notify the author of errofdease anail bsickler@ucsb.edu
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Interpreting DSC Data

Anatomy of a Peak

I -

A DSC event peak typically contains the following components:

x Baseline This is the expected signal (or change in signal) if no transition event occurs (e.g. if
the enthalpy change of melting ofuédnwere zero). This is not always a flat line, as the
specific heat capacity of a material is not guaranteed to be coastmperature changes,
or after a phase transition.

X First Tangent Line: This line is generated by an analytical program, (Proteus) and attempts
WR SURMHFW D WDQJHQW DORQJ WKH PRVW UHDVRQDEOH C
FULWHULD IRU SBUHDVRQDEOH” LQ WKLV VFHQDULR ZRXOG E
consistent slope.

x Second Tangent Line Similar to the first tangent line, this is a projection along the second
length of the peak using similar methods. This is also generated by an analytical program.

X Onset The onset of a transition event is wheretdrggent line intersects the baseline. Users
may want to use the first tangent line to look at the onset of a melting transition or use the
second tangent line to look at the onset of a recrystallization event.

x Endset The endset of an event occurs at titerisection of the tangent line with the baseline
on the second half of a peak. Like the onset, users may choose the second tangent line to find
the endset of a melting transition or the first tangent line to find the end point of a
recrystallization event

x Peak Apex The location of the max peak value is subject to multiple variables. Its value is
influenced by the thermal kinetics of the sample and the DSC system. The sample mass,
shape, density, and crucible contact as well as the heating rate andigamsent will all
impact at what temperature or time the phase transition will reach its maximum. As a result it
LV JHQHUDOO\ D SRRU LQGLFDWRU RI D VDPSOHYV SURSHU\

Using Proteus

Identifying Transition Events

When a file is firsbpened in Proteuseidefault displayise an xaxisof time and both
temperature and signal along eitheays. For the purposes of analyzing transition events users
will find it useful tochange the saxis to temperaturd his requiresusers will tofirst split the
segmentshide isothermal portions and, if needed, spline segments together.

2



Interpreting DSC Data

Splitting a Curve into Segments

To cut a measurement curve into segments users will need-ttidifon their curve of
interest, causing it to turn white. Then, users will riglltk on the same curve to display a menu.
JURP WKLV P H QSfliMrtoCsEdgméht$\wptidn.cThe curve should now be cut into
multiple segments, of different colors, corresponding to each step in the programmed
measurement. That is each segment spords to a dynamic or isothermal step according to the
program used to gather the data.
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Selecting & Hiding Segments
Once a curve is broken into its _
various steps each segment or set of p w
segments may be selected or hidden. L . - - -
Right clicking on the backgrouraf the graph (the gray area) will open another menu allowing
users to open the Segments window. This window will show a list of the various segments that
the curve has been cut into. Selecting or deselecting the check boxes next to each segment will
allow users to hide or portion.

Generally if users are interested in looking at transition events they can uncheck the
initial heating periods and any isothermal segments that do not contain portions of the relevant
peaks. For transition events with peaks #pall over into two segments, the segment will
needed to be splined.



Interpreting DSC Data

ini
Splining Segments e —
. L. pply to window _DK
In the Proteus analysis software, splining a set of segme! g ] | ==
ZLOO FUHDWH D QHZ OLQH ZKRYV SR L Cemesorperanms v | GDW
original segments. This new line can thentteated as a dynamic EE—
step and manipulated accordingly. 17%
. . Tatal Selection | Dynamic | Heating | Cooling | Iscthemal
To spline your segments: CHRy e
x Deselect any segments that you are not interestec 23 i tmn &t toormm
- - . W = 5 |sothermal 1e00°C 10 iy
so that they are hidden in the data display. EEVS st TR i

X Right click on any of the displayed segments to
display a menu.

| A Hene | Selacted: [6 o6
x Select’& RQHFW 6HJPHQWYV 5Df@dH DQG VSOLQH
the menu.

X A tool should appear at the top of the main display window, listing the segments
you are about to connect. Continue connecting segments as needed.

x After deciding on eachegmentthe connected lines shouldw be present with
the original components hidden. The original line segments can always be
restored by right clicking on the main background again and returning to the
segments window.
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Interpreting DSC Data

Changing to a Temperature XAXis

In the Proteus toolbar, at the top of the window, select the Temperature faixige X
button.It should resemble a T / t with an arrow beneathhe display will change the axis for
you.

File Edit Wwiew Insert Settings Ran Evaluation Extras Recorder  Window Help
D= <il | S|res] o] ][ |wa | |5 d]w bS] =] [x 22
e | o B [ [N ]| (] ]|
After selecting this buttonf isothermal segments are stilgsentthen users will be

given a warning. Continuing through this warning will automatically hide any isothermal
segments.

NETZSCH Proteus Thermal Analysis

? Isothermal segment(s) can not be chosen For X-Axis Temperature!
‘-"/ Do you want to hide them automatically?

es Mo |

Identifying the Event Onset Temperature

First select the segment you are interested in analyzing by left clicking on the curve.
Once selected thee curve should turn white. From the Proteus toolbar select the Onset icon. This
will bring up two bounds on the main display as well as show the first derivative of your selected
segment and add a second toolbar. The boundaries sedentidyi which peak you want the
software to analyze.

File Edit Wiew Insert Settings Range Ewaluation Extras Recorder  window Help
D& <i|| S/ | i)l || ] A [55] B[RS =] [x ]

oy |¢r|wi1|uJ AR Al

Drag the first bound to the left of the peak, making sure to include a sizeable portion of
your baseline signal. Place the second boundary at the apex or maximum value of the peak and
then selecApply ". The interpreted onset temperature should be automatically added to the
main display screen.

Identifying the Event Endset Temperature

The event endset is more relevant to transition events that occur moving from a high
temperature state to a lowtemperature, such as recrystallization. Similar to the onset, a curve is
selected and then th#&ndset” button is selected from the toolbar. This time thedefe
ERXQGDU\ LV SODFHG DW WKH SHDNTV PD[LPXP YD®OoXH DQG W
the apparent baseline. Selectitigpply ~ will place the calculated temperature.

File Edit Wiew Insert Settings Range Ewaluation Extras Recorder  window Help
D || S| | T8|ut|r|==]e|aa| >| A]
2a| | (o [ | [N 0] o] A
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Interpreting DSC Data

Using Manual Select

The automated onset and endsets are both susceptible to the inclusion of errors.
Users may find that they are able to obtain more accurate results using the manual option with
both of these tools. To use the manual select, click the curve of interest and select the onset or
endsetool. In the toolbar that drops down check the box nexXtManual ".

File Edit Wiew Insert Settings Range Ewvaluation Extras Recorder Window Help
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Leftpos: [657.40  —J Rightpos: [66758 — fipply | oK ‘ Help |

Mid Left [85334  —- Mid Right [86504 — W Hanual Cancel

There should now be two set of bounds present on the display; a blue pair and a black
pair. The blue bounds identify the portion of the curve that the software will use as the peak
baseline. Ideally the user should highlight a region with a mostly consistent slope that is not too
far from the peak. The black bounds are used to highlight the portion of the peak that would
produce a tangent line most resembling the slope of the pelaktiBg apply will draw the new
WDQJHQW OLQH DQG JLYH WKH HYHQWfV WHPSHUDWXUH YDO

L e e P e PP e N B B N RS b | [x %
[l 2| 230 | o] ] a5
Leftpos: [657.40 =] Rightpos: [66758 = doy | ok | men |
Mid Left (65334  — Mid Right [66504 —  Baniet Caneel
DSC f{uvimg)
4 exo
~ 7/ T
LN §
- .
- \l'!
s .
16 7 !
/
4 — — — — —— — — 1 — 4 — — —_— /
14
12 /
10
08 /
-
-~
o
656 655 660 662 6684
Temperature /*C




Interpreting DSC Data

Recrystallization Events

During recrystallization transitions it is common to see the sample demonstrate some
level of supercooling. Because of the likelihood of such a phenomenon the determination of an
endset temperature necessitates the use of the manual selection optiamodingenay be
identified by a sudden and sharply vertical slope on a recrystallization peak before shifting to a
more reasonable value.
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In this scenario themoderate slopeegion of the recrystallization peak should be used to
generate a tangent line for the event. This will cause the software to project the line further back
and providea more accurate event temperature value. An example of this is given in the next
image using a sample of pure aluminum (Melting Point 660.3 °C).
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Interpreting DSC Data
Melting Point Peaks

Melting peak characteristics will vary in response to
many variables. The melting points of pure materials are ofte
characterized by arimost straight or linear line on the low
temperature side of the peak. Impure or polymeric samples
will display more concave sides and longer tails, while
amorphous materials will display broader peaks due to s_
distribution of their internal structurabmponents (i.e.
crystal grains or polymer chains).

Peak width is also useful for data characterization. A
pure crystalline material would be expected to have a sharp
peak with a peak halfidth range of 110 K. Polymers may,
demonstrate melting point pesawith halfwidths of 10 K or_
broader.

Multiple Melting Point Peaks

Samples may appear to indicate multiple melting poin
if other phase transition events occur within the measured
temperature range. These may include phenomena such as
glass transitiomoints, Curie points or changes in
crystallographic structure. A possible source of error may
sample dispersion. Samples which are not compacted, or wt
contain air bubbles will appear to show multiple melting poin

This is more likely to appear powder samples and is often
resolved after the first melting point measurement. s

It is also possible that a sample may show two appa
melting point peaks during one run and not another. If two
melting points are apparent in the first trial and not in
swcceeding measurements it may be indicative of the removz
of an oxidative layer from the material. It is typical for most
metals to hold an oxide layer on their surfaces but usually tRese e e e e e s
would not be expected to be destroyed or greatly altered d
melting.

Samples which did not originally demonstrate two melting peaks on their first trial but do
so on their second and third measurements may be the result of two possibilities.

1. Oxidation: Users should verify that the correct gas is connected, (UltraPigty
Argon) and that the gas is flowing at the correct rate. After verifying this and checking
that they have purged their sample chamber users considering a possible leak should
contact a TEMPO employee for help.

2. Eutectic Formation: Samples may be reang with the crucible material to form a
eutectic. This is highly likely to damage the instrument (and destroy the sample). Users
should verify their samples will not react with their crucibles by consulting either the
crucible selection guide located Gauchospace or the appendix included in this manual.



Interpreting DSC Data

After performing a measurement visual inspection of the sample may confirm if a
eutectic is being formed. Samples may demonstrate discoloring or altered crystalline appearance.
For eutectics, thappearance of multiple peaks should decrease as cycles continue and
homogeneity is established however the final peak will be representative of the newly formed
VDPSOHfVY SURSHUWLHY DQG QRW WKH RULJLQDO PDWHULDO

Polymorphism

Solid samples capable of siing in more than one form or crystal structure may produce
two noticeable peaks (and onset points) during phase transitions. In this scenario the baseline
used to interpret the first peak is also used on the second.

Overlapping Peaks

If two events or paks overlap a better resolution may be achieved by alteratationg
rates during the measurement. Either higher or lower heating rates may be used. The
measurement could also be rerun with a smaller quantity of sample.
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Recrystallization Point Peaks
Integration of recrystallization peaks should _
produce an area similar in size to the correspondin

melting point peaks. Some differences may appear
result of supercooling but the peak area should not
deviate by more than 20%.

It is common for samples to show some level of
supercoolingeffects duing recrystallization. This is
typically manifested by a difference between measured
melting point and recrystallization. A reasonable

range of disagreement would b&Q K. Substances
that crystallize rapidly after nucleation would be
expected to havesharp and vertical peak before
establishing a more gradual slope. Because of this

supercooling effect users looking to establish a
recrystallization point will need to project backwards
from aregionwith more moderate slope

Materials that demonstratenorphous
solidification (i.e. form glasses on cooling) will not
demonstrate easily noticeable peaks but instead will s
a sudden change in specific heat capacity or shift in th
baseline. Samples with eutectic impurities which solidif
WKLV ZD\ow Re&) thdra¢teristic two peaks.

Multiple Recrystallization Point Peaks

6DPSOHVY WKDW GRQYW FRPS C
floor or which use small quantities of noble metals can
form individual drops in their liquid phase. Each of thes
drops can exhibiifferent levels of supercooling and
form a series of smaller recrystallization peaks. The tot:
area under these peaks should still approximately matc
the of the melting point. Measurements may benefit froi
rerunning the sample using more material Gueimg

even distribution across the crucible floor.
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Other Possible Peak Events

Glass Transition Points(Tg)

Theglass transition pointis the temperature at which an amorphous material undergoes
a transition from a brittle or hard state to a rubibler viscous state. The transition is reversible
and is known asitrification . Measurements for glass transition points will typically fellkovo
possible patterns.

1. Glass Transition: Peaks will show an abrupt and linear ris
signal before quickly leveling out.

2. Glass Transition with Enthalpy Relaxation After the initial
climb, the signal will drop again before leveling out. This is
more conmonly seen in samples that have been stored for a

long period of time below the glass transition temperature
Samples undergoing repeated cycles should only show th
event in the initial heating.

Transition events will typically occur over ranges of3DK. Users suspecting that an
event might be a glass transition point can verify this by using a furnace or other heating source
to heat their samples to the event temperature and observing if the material has assumed a
noticeable elastic, softened or liquike quality. Users should not use the DSC to do this, as the
furnace cannot be raised during a measurement or when the temperature exceeds 100 °C.

Reporting the temperature of the glass transition is, to some degree, based on preference.
No standardd currently established about which point along the curve is considered the official
SWHPSHUDWXUH” 3DSHUV W\SLFDOO\ UHSRUW HLWKHU WKH R
transition.

It is also important to note that the glass transition teatper will vary by
instrumentation and technique. Measurement by means of a physical instrument, such as
dynamic mechanical analysis (DMA) will often report a higher temperature than a DSC. This is
due to the sensitivity of the detection method (mechawaalus electrical) and both
measurements can be considered accurate and precise. Users reporting a glass transition
temperature should also include the instrumentation and means of determining the temperature.

Curie Transition Points (Tc)

Lambda transitions, or second order saladid transitions, can
be difficult to detect on a DSC. Users looking to establish the _
temperature of gerromagnetic Curie transition might find the TGA e -

is capable of providing more exact data howekierDSC may be of use for
measurements looking to quickly find a temperature range at lower cost.

The Curie transition temperatureclis the temperature at which a permanent magnetic
material loses its magnetic properties. The ordered magnetic mdim@mdsin ferromagnetic
materials become disordered above the Curie temperature effectively terminating the net dipole.
Tc peaks are usually slight and easily missed in data. Users should be careful to give a large
buffer range when designing measuremémtsbtain the Curie temperature as artifacts may hide
or alter the data.

11
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Computer 404 C DSC TASC 414/4
Furnace Controller

Powering on the instrument:

1. Each instrument component is powered on by a physical switch on their cases.
a. The 404 C DSC switch is located on the left side at the back of the case.
b. The TASC 414/4 switch is locatexh the right side at the back of the case.
c. The power unit is controlled by a red dial on the front of the case. It must be rotated
to on.
2. Allow the components a minimum of 15 minutes to warm up.
3. If you are planning to perform a measurement in a spedia¢éimeironment then verify that
the correct gas cylinder is connected to the instrument and that the cylinder valve is open.
4. Log into FBS and activate your reservation for the instrument to unlock computer use.

Note: The instrument will usually be powered m already.

Prepping your sample:

1. Each measurement requires two lidded crucibles of matching types. One will hold the sample
and one will be empty and function as a reference. Baf@sAind P{Rh crucibles may be
used When choosing a crucibleake surethat your sample will not react with the
crucible type and that the crucible ip@ropriate for your measuremeand temperature
range.

2. ltis generally wise to prleat a crucible to your desired maximum heat before using it in the

DSC.

Take the mass of yw sample crucible and reference crucible with their respective lids.

4. Take the mass of your samphdl samples mustbe testedin the TGA for volatility or
decompositionbefore they are used in thddSC. Samples showing decomposition in their
measuremertemperature range cannot be run.

w

Note: Failure to use the correct crucibleor adequately testfor volatility could destroy the
sensor head. The advisors of negligent users may be responsible for paying for the $8,000
replacement.



Loading your sample:

1. Open the DSC 404C software on the computer and verify that the
DSC is at room temperature by looking at the status in the bottom
right corner of the screen.

— 2. 9HULI\ WKDW Vpahel ochaxieRrEnt &f the furnace does

not have a red led light on.
3. To ope the furnace hold the safety button located eiht side

== panel of the furnackase and press thatton with theupward arrow
404 C DSC ;)unr :]r;ec ér(t)(;ltr:; \tZe furnace basBoth buttons must be pressed for the
Furnace '
Note: Do not open the furnace unlest is below 100 °C.
4. Once the furnace has raised an appropriate height use lid
tweezers to gently place your crucibles on the sample hol
a. The reference crucible is placed in the back. crucible
b. The sample crucible is placed in the front. ‘
5. You must be very gentlwhen placing the crucible on the measuring
sensor head as minor disturbances will affect the baseline i /—head
Use the green fencing around the furnace to stabilize you
hands. ‘ ;a capillary
6. Ensure both crucibles sit flatly on the sensor and are e /—
generaly in the center. I
7. Lower the furnace by holding the safety and downward /

arrowbuttons.Visually inspect to make sure that the
sample holder will not hit the furnace.Once you have
checked that it is clear, completely lower the furnace. Onc
fully lowered a green led will agar on the downward arrov.
on the front of the DSC.

radiation shield

Purging the Furnace Chamber:

1.

Check for a green LED on the downward arrow on the front of the DSC furnace base to make
sure the furnace is fully lowered.

Check theront of the furnace base for the abseotgreen LED indicator lights on thmurgel

and 2 buttonaNo gas should be flowing.

On top of the furnagebove the sample chamberturn the arrow shaped black lever to the right
to close the sample chamber vent.

Turn on the red vacuum pump locatedtloa shelf above the DSC.



Vacuum Line Valve

5. The vacuum pump has a line connecting to the / (Black)
right-back side of the DSC furnace unit. The line
fitted with a manometer, black handwhesedl &
small valve with a red leveRotate the red lever
until it is parallel to the tubinggs shown in the
diagram to the right. Thislosesthevacuum line.

6. Slowly open thevacuum linevalve by rotating the
hand wheel. Opening the valve rapidly may
displace the crucibles in the furnatée
manometer should show the pressure decreasin

7. Allow the furnace to purgtr approximately
fifteen minutes. A red light shouldgplay on the front of the furnagedicating when a vacuum
is established.

8. Close tle line by using the handwheel to closetheuum linevalve. Turn off the pump and
turn the red level until it is perpendicular, to vent the line.

9. On the front of the module press the button for the purge gas you intend to use.

10. Allow the furnace some tim® backKill, but watch the pressure using the manometer at the back
of the DSC. Once atmospheric pressure has been reached open the exhaust valve on the top of
the furnacesample chambeihe black arrow should be pointing away from ybhis process
shoud generally be repeated three times to ensure an oxpa@mnenvironment.

Lever (Red}—

Note: The exhaust valve on the top of the furnace must be open when performing a measurement.
Running a Measurement:

1. Open the DSC 404C software on the DSC computer. The icoraigtbon the desktop.
2. At the top of the software select thide tab and from the dredown menu seledtiiew

DSC 404C Measurement Header

Sample

Measurement Type: r Correction i !5F‘245
" Sample Name: |black pearl
Laboratory: [MAL Sample Mass: | mg
Project: |Black Pearl Crucible Mass: 252,400
Operator: !Jack Sparrow Reference
Date: |02/26/09;11:37:46 Name: |empty pan
Material: }baseline _ﬂ Reference Mass: | mg
Instrument Setup Information Crucible Mass: 551 400 mg

Crucible Type: |[DSC/TG pan PtRh
Sample Carrier: [DSC[/TG] HIGH RG 2
Sample Carrier TC: |S

Fumace: |STD Pt-Rh

Remark:

Purge Gas 1: [3'90"1

S 5 i —
Fumace TC: | Flow Rate: |50 ml/min
Measurement Mode: [DSC [
Purge Gas 2:

Temp. limit: INO special temp. limitations Flow Rate: [— ml/min

Help on Crucible Selection ’

Current hardware temperature range is from 0 *C to 1500 °C

Help CANCEL | oK | Continue -> |




3. In the Measurement Header window that appears enter the relevant information for your
measurement. This will include
a. Your sample identity
b. Your samplecrucible and lid mass
c. Your sample mass if you are running a sample or standard
d. The reference crucible mass
4. Confirm that the Crucible Type is correct for your crucible and then getetttnue
5. Select the most recent calibration file and then s€lentinue
6. Select a sensitivity file. The sensitivity calibration file must match your experimental parameters
including heating rate, gas atmosphere and crucible type. If yqaedmeming a measurement
for phase transition data selsenzeraand therContinue
DSC 404C Temperature Program Definition @
Temperatule Steps ]
ur | 1ype | “: | K/min | lime | pte/min | pte/K |sn.'| P1 | vz |
i [ 300 AT
2:|Jt 500.0 10.00 0:47:00 10.00 10|~ [ |
3 |= 500.0 0:10:00 10.00 VI
4 '( e Al A RN PCALIRE VRN B |
5 |=8 700.0 0:10:00 10.00 F I I
6 |& 7100 F
;F;. 200 40.00 0:17:15 F I
e 20.0 | T . A W
Conditions on Standby Category Step Category
::. E’I\%ﬂ Gtand-Dy Temperature: |31 — *C
[~ Purge2 Heating Hate: WUU K.Zrin
Max. Stand-By Tine, [02:00 Ky
|
|
!
7. Design your temperature prograBuring this time you willset
a. Your heating rate
b. Your data acquisition rate
c. The gas typéor your experiment
8. When complete sele@ontinue DSC
9. Name the data file and select where your data will be savec o
10. In the following window you may selettitial Cond. ONto 1500

Once it reaches the starting temperature the system will attg > Ex |
to equilibrate. 1000 Help \
11.Before startingvisually confirm that the vent ontop of the | o0 Temp. Thieshold /K
furnace sample chamberis open and the arrow is pointing | 2500 Inital heating [15.0
toward the back of the instrument oo =] | Eduilbeation 5o

12.PressStartto begin the measurement.

1000

instruct the furnace to begin heating to your start temperatu

|II1I|IIIIlIIII|IIII|I1II|IIII|IIII|IIII|IIII]IIII[
A

Temperature recalibration enabled!
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DSC Applications

Property Method
Specific Heat Capacity as a function of tixgst) Specific heat capacitg)
Enthalpytemperature function Enthalpy(4 )
Enthalpy changes, enthalpy of conversion Integration

Enthalpy offusion, crystallinity ( 4us)

Integration, crystallinity

Melting Behavior (liquid content, liquid fraction)

Integration (partial areas), Conversig

Melting point, solidus and liquidus poinv)

Onset, Purity and Integration

Melting point of semicrystalline plastics(Tv)

Peak, Integration

Purity of noncrystalline plastics

Purity

Melting point of the pure substance€Tv)

Purity

Crystallization behaviodegree ofcrystalinity andsupercooling

Onset, Integration and Conversion

SolidSolidtransition, polymorphism

Integration, Onset and Conversion

Vaporization, Sublimation and Desorption

Integration and Conversion

Boiling Point (Ts)

Peak, Onset and Integration

Glass transition, amorphous softenin@c)

Glass Transitio(Tc)

Curietemperature, temperature of a lambda transitip(Tc)

Peak and Integration

Thermal decomposition, pyrolysis, depolymerization

Integration, Onset and Kinetics

Temperature Stability

Onset, Integration and Kinetics

Chemical Reactions

Integration andKinetics

Reaction Enthalpy( 4Hixn) Integration
Oxidative degradation, oxidation stabilitgxidation induction time Onset
Content Determination Content




Temperatureand Sensitivity CalibratiofProtocol

NETZ5CH

Software Manual
DSC Instruments

Temperature and Sensitivity Calibration

www.netzsckhthermalanalysis.com
To be explained:
T Measurement of the calibration substances
T Evaluation of the measurements

T Creation of a temperature/sensitivity calibration file

A0



Please note the following additional information for the calibration procedure:

X The measurement conditions (e.g. heating rate, gases, type of crucible) for the calibration measurement and the
subsequent sample measurement must be the same.

X Use an empty crucible for the reference position.
X Note all information for using the calibration substances in the provided documentation.

Melting point standards

Can be used for Al203 crucibles andrBtibles with Al203 liners; C10H16, In, Sn, Bi, Zn also for aluminum crucibles

Adamantane (C10H18) for the low temperature range
Indium (In) : most accurate value

Tin (Sn)

Bismut (Bi)

Zinc (Zn)

Aluminum (Al)

Silver (Ag): melting point depends 0 oxygen partial pressure
Gold (Au): very accurate value

For the low temperature range use C10H16, In, Sn, Bi, Zn.
Al, Ag and Au are not applicable to low temperature furnaces.

Standards showing polymorphic transitions

Can be used for Pt crucibles; RoNO3, KNO3, KCIO4, Ag2S04 and CsCl also for aluminum crucibles

Rubidium nitrate (RbNO3) only for temperature calibration and one heating step
(not useable for 2 and 3¢ heating)
Potassium nitrate (KNO3) only for one heating step
(not useable for 2 and 3¢ heating)
Potassium perchlorate (KClO4)only for one heating step
(not useable for 2 and 3¢ heating)

Silver sulphate (Ag2S04) only for one heating step

(not useable for 2 and 3¢ heating)
Cesium chloride (CsCl)
Potassium chromate (K2CrO4)not applicable to low temperature furnaces
Barium carbonate (BaCO3) not applicable to low temperature furnaces
Srontium carbonate (SrCO3) not applicable to low temperature furnaces



1. Measurement of the Calibration Substances

1. Open the NETZS&Moteus group.

2. Select the instrument (e.g. DSC 404 F1).

3. SelectNew in the Filemenu.




4. Measurement Definition

Setup
Check the instrument setup.

The values of the different properties must be checke
and changed (if necessary).

ClickForward

5. Measurement DefinitionHeader

Select Measurement Tyggample

Optionally:
DefineLaboratory, Project Operator, Date and Material.

Defineldentity, Nameandenter thesample mass

Set the checkmarwill not be usedfor temperature
calibration and also for sensitivity calibration.

Define the gas foPurge 1 Purge 2and Protective
ClickForward




AN

Heating rate:depending on the application
(e.g. 20 K/min)
Acquisition rate:100 Points/min

Cooling rate:select a practicable cooling rate
(depending on the instrument)

- Enter the temperature program for the first calibratior

6. Measurement DefinitionTemperature Program

substance.

e.g. Indium (melting point 156.6°C)

Carry out a measurement with 3 sequéatheating
segments up to 260°C and 2 cooling segments down
50°C (see figure below). For the evaloatafterwards
use only the peak from the2and 3¢ heating. See also
all additional information on page 6 for a detailed
description of the temperature program for each
standard!

260°C

20°C

- Define the gas flow for purge and protective (e.g. pur
50 ml/min, protective 20 ml/min).

- ClickForward

7. Define folder and file name and save the measurement




8. Measurement Definition
Last Items

The previously selected folder and filename is showr]

the window (to change folder and filename once aga
click theSelectbutton).

- ClickMeasure

9. Startthe Measurement

PushSet initial gases

(the gas switches are set to the INITIAL start conditio

(carried out automatically during preheating/
precooling)).

ClickStart

If necessary, check tHastrument Configuration




Additional Information for the Temperature Program

- Carry out measurements for all standard materials with 3 heating and 2 cooling segments so that the melting g
measured three times.

- Depending on the instrument configuration (e.g. furnace type, sample camigtify the end temperature of the
heating segment (shown as an example in the table below) in such a way that the complete melting peak can
evaluated. Cool down to about 100°C below the melting point.

- For the evaluation use only the values from thieaBd 3¢ heating (both for temperature and sensitivity calibration).

calibration substance melting point in °C temperature program (example)
Adamantane (C10H16) (for low -64.5 -120°C t020°C (heating segment)
temperature range) -20°C t0-120°C (coolingegment)

-120°C to-20°C (heating segment)
-20°C t0-120°C (cooling segment)
-120°C to 25°C (heating segment)
(so that you can open the furnace)

Indium (In) 156.6 20°C to 260°C (heating segment)
260°C to 50°C (cooling segment)
50°C to 260°C (heatirsggment)

260°C to 50°C (cooling segment)
50°C to 260°C (heating segment)

Tin (Sn) 231.9 20°C to 340°C (heating segment)
340°C to 130°C (cooling segment)

130°C to 340°C (heating segment)
340°C to 130°C (cooling segment)

130°C to 340°C (heating segment)

Bismuth (Bi) 271.4 20°C to 380°C (heating segment)
380°C to 170°C (cooling segment)

170°C to 380°C (heating segment)
380°C to 170°C (cooling segment)

170°C to 380°C (heating segment)

Zinc (Zn) 419.6 20°C to 480°C (heating segment)
480°C to 320°C (coolisggment)

320°C to 480°C (heating segment)
480°C to 320°C (cooling segment)

320°C to 480°C (heating segment)

Aluminium (Al) 660.6 20°C to 760°C (heating segment)
760°C to 560°C (cooling segment)

560°C to 760°C (heating segment)
760°C to 560°C (coolisggment)

560°C to 760°C (heating segment)

Gold (Au) 1064.4 20°C to 1150°C (heating segment)
1150°C to 950°C (cooling segment)

950°C to 1150°C (heating segment)
1150°C to 950°C (cooling segment)

1150°C to 950°C (heating segment)

Heating rate:depending on the application (e.g. 20 K/min)
Acquisition rate:100 Points/min
Cooling rate: select a practicable cooling rate (depending on the instrument)




2. Evaluation of the Measurements

AN

10. Open theProteus Analysis

11. SelectOpenin the Filemenu.

12. Open your respective measurement (the measurement
file which you have saved under item 7).

Continue withOpen

A7



13. SelectX-Temperaturein the Settingsmenu. The
temperature is shown on the X axis.

Temperature Calibration

AN

OnsetO

14. Click on the DSC curve for selecti®electOnsetin the
Evaluationmenu to determine the extrapolated onset.

AN

left /V \ right

evaluation I§V§|uat|on
limit imit

Onset

15.To evaluate the extrapolated onset, define the right ang
left evaluation limit as shown in the figure and click

Apply.




16. If the extrapolated onset was determined correctly, clic

OK If not, it is still possible to change the right and left
evaluation limit. To evaluate clidqply. If the

extrapolated onset was determined correctly, cl@k

Write down the determined onset value of thet2nd 3¢
measurement.

Sensitivity Clbration

17. SelectAreain the Evaluationmenu.

el

left
evaluation
limit

AN

~

right
evaluation
limit

18. To evaluate the peak area, define the right and left
evaluation limit as shown in the figure and cligaply.




19. If the peak area was determined
correctly, click OK. If not, it is still possible to change t
right and left evaluation limit. To evaluate clidpply. If
the peak area was determined correctly, cli@k

Write down the determined peak area of therand 3¢
measurement.

Al0



3. Creation of a Temperature/Sensitivity Calibration File

Temperature Calibration

N

20. OpenTemperatureCalibrationin the NETZSCHroteus
group.

AN

21.OpenSelect Instrumenin the Filemenu.

22. Select your instrument and cli€xk

All



23. SelectNewin the Filemenu.

24. Check the instrument configuration (change
necessary).

Continue withOK

25. Define both theatmosphereand theheating rateused
for the calibration measurements.

Continue withOK

Al2



26. ClickDeleteto remove all materials you have not
measured.

/!

1. extrapolated
onset values

2. calculate curve

\

3. view
graphics

27. Enter the determined onset values for all calibration
materials.

ClickCalculateto evaluate the curve.

ClickGraphto see the calibration curve.

28. Check the correct form of the curve. The curve is
acceptable if:

X The fitted curve goethrough all points.

X Temp. nomandTemp. corrare nearly the same
(depending on your requirements, eemp.
nom. - Temp. corr. + 13 K).

Temp. nom. Temp. corr.

The columrMathematical Weightcontains the
mathematical weighing for thét. It can be edited for eac
standard to change the shape of the calibration curve.
From all calibration standards Indium can be measured

with highest accuracy} Mathem. Weighing 10.

ClickTableto change the input or accept the settings.

Al3



29. ClickOKto save the calculation.

30. SelectSave asn the Filemenu to save the data.

31. Define the file name of theemperature calibration
file and clicksave

Al4



Sensitivity Calibration

32.OpenSensitivity Calibratiorin the NETZSCHroteus group.

33. OpenSelect Instrumenin the Filemenu.

34. Select your instrument and cli€kk

35. SelectNewin the Filemenu.

AlS5



36. Check the instrument configuration (change if necessar

Continue withOK

37. Define both theatmosphereand theheating rateused
for the calibration measurements.

Continue withOK

38. ClickDeleteto remove all materials you have not measu

Al6



1. peak area values

2. calculate curve

\

3. view
graphics

39. Enter the determined values for the peak area for all
calibration materials.

ClickCalculateto evaluate the curve.

ClickGraphto see the calibration curve.

40. Check the correct form of the curve.
The curve is acceptable if the deviation betwegansit.
Calc.and Sensit. Expis less tharx 3%.

Sensit. Exp Sensit. Calc.

The columrMathem. Weighingcontains the
mathematical weighing for the fit. It can be edited for
each standard to change the shape of the calibration
curve. From all calibration standards Indium can be

measured with highest accurady Mathem. Weighing
10.

ClickTableto change the input or accepie settings.

41. ClickOKto save the calculation.

Al7



42.SelectSave asn the Filemenu to save the data.

43. Define the file name of theensitivity calibration fileand
clickSave

Al8



Accessing GauchoSpace
What is it: GauchoSpacis the learning management system for UCSB courses
and projects, allowing instructors to create online sites for course materials and
student activities. GauchoSpace is built using Moodle, an open source learning
platform.

How the MRL uses GauchoSpadée MRL uses GauchoSpace pages for several
things including:

X Instrument Training Sigbps

X Lab Safety Documentation

X Lab Access Documentation

X References and Resources for all of our Instrument

Navigating to GauchoSpacésers can access the site at

https://gauchospace.ucsb.egu

Logging into GauchoSpacego log into the site, users will need to use their UCSB
Net ID. If you do not have a Net ID or are unsure if you have one please contact a
TEMPO employee and wellMielp you figure it out.

Locating the TEMPO GauchoSpace Pages

1. After logging into GauchoSpace with your
UCSB Net ID, mouse over the Courses
button in the top navigation bar.
2. From the dropdown menu select Project
Sites.
3. Once the next page loads, scrdiwn until you locate the Materials
Research Laboratory. Click this option.
4. SelectTEMPO Internal Users: Access and Safety TrainiRgMPO
Instrument Training and Resourdedoad the GauchoSpace Pages.
5. Users will need the enrollment cod&EMPQGo enrdl in the site.



