Agenda - Day 1

8:30-9:00 AM Light Breakfast and Introductions

9:00 - 9:45 AM Survey of thermal analysis instrumentation from TA, TGA 55xx, DSC 25xx, X3 DSC, TMA, etc.
9:45 - 10:15 AM Fundamentals of TGA

10:15 - 10:35 AM Morning Break with Beverages and Snacks

10:35-12:00 PM TGA calibration, experimental setup, Evolved Gas Analysis, and application examples

12:00 - 1:00 PM ALunch

1:00- 2:00 PM Fundamentals of DSC

2:00-2:30 PM DSC Calibration and Experimental Setup

2:30-3:30PM DSC Application Examples

3:30-4:00 PM TRIOS Software (TGA and DSC) — Analysis, Batch Processing, Reports, and Analysis Automation
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Thermogravimetric Analysis (TGA)

Theory and Applications

Presented by Austin J. Ryan, Ph. D
Field Applications Scientist

TA Instruments — Waters LLC
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TGA: Theory and Applications

E What is TGA?

Calibration and verification

P —

Instrument hardware
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' EGA/ Applications
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What is Thermogravimetric Analysis (TGA)?

*TGA measures weight/mass change (loss or gain) and the
rate of weight change as a function of temperature, time
and atmosphere.
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Presenter Notes
Presentation Notes
Measurements are used primarily to determine the composition of materials and to predict their thermal stability.  The technique can characterize materials that exhibit weight loss or gain due to sorption/desorption of volatiles, decomposition, oxidation and reduction. 



What TGA Can Tell You

*Thermal Stability of Materials

*Oxidative Stability of Materials
*Composition of Multi-component Systems
‘Estimated Lifetime of a Product
*Decomposition Kinetics of Materials

*The Effect of Reactive or Corrosive Atmospheres
on Materials

Moisture and Volatiles Content of Materials
Residue
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Presenter Notes
Presentation Notes
Cannot always tell you the composition – it can tell you what is more or less in the ballpark – cannot always give you exact composition. Not always a magical box for reverse formulation – but an important weapon in the arsenal which can aid in the process. Estimated lifetime – give weatherometer example to explain that it is at the end of the day a mathematical model. 
Use of corrosive gases – do not flow through MFCs – can purge through directly the furnace



Mechanisms of Weight Change in TGA

*Weight Loss:
=Decomposition: The breaking apart of chemical bonds.
=Evaporation: The loss of volatiles with elevated temperature.

=Reduction: Interaction of sample to a reducing atmosphere
(hydrogen, ammonia, etc.).

=Desorption.

*Weight Gain:

=Oxidation: Interaction of the sample with an oxidizing
atmosphere.

*Absorption.

=All of these are kinetic processes (i.e. there is a rate at which they
occur).
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Presenter Notes
Presentation Notes
It is a kinetic event that is being recorded.
Elements of kinetics: Temp, time, rate of change of temperature
The morphology of the sample, the mass of the sample can also affect the results.
You can postpone the decomposition event by increasing the heating rate. Aspirin example.



DSC-TGA (SDT): The Technique

-Simultaneous DSC-TGA measures both heat flow and
weight changes in a material as a function of temperature
or time in a controlled atmosphere from room temperature

to 1500°C.

*Information obtained allows differentiation between
endothermic and exothermic events which have no
associated weight loss (e.g., melting and crystallization),
and those which involve a weight loss (e.g., degradation).
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What Simultaneous DSC-TGA Can Tell You

*Thermal Stability of Materials

-Oxidative Stability of Materials
*Composition of Multi-component Systems
-Estimated Lifetime of a Product
*Decomposition Kinetics of Materials

*The Effect of Reactive or Corrosive Atmospheres
on Materials

*Moisture and Volatiles Content of Materials
*Residue

*Transition Temperatures

*Heats of Fusion and Reactions

*Melting and Boiling Points

*Heat capacity
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Presenter Notes
Presentation Notes
Use of corrosive gases – do not flow through MFCs – can purge through directly the furnace



TA Instruments TGA/SDT Models

TGA 550
TGA 5500

Q5000 IR

SDT 650

: T
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TGA Specifications

Temperature Range Ambient to 1200°C Ambient to 1000°C

0.1 to 500°C/min (Linear)
Hearting Rate Range 0.1 to 100°C/min (Linear)
>1600°C/min (Ballistic)

Sample Weight Capacity 1000 mg 1000 mg

Dynamic Weighing Range 1000 mg 1000 mg

Baseline Dynamic Drrift

(50-1000°C) <10ug e

\
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SDT Specifications

Temperature Range Ambient to 1500°C
Hearting Rate Range 0.1 to 100°C/min (Linear)
Sample Weight Capacity 200 mg

Baseline Dynamic Drrift
(50-1000°C) <50 pg
(1000°C t0 1500°C) <50 pg

\
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TGA: Schematic Diagram

Meter movement

Balance arm

Tare pan
Thermocouple

Sample pan

Furnace assembly

Purge gas outlet

Air Cool line Touch screen

Purge gas inlet
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TGA Balance and Operation

*Null-balance principle
operation

*Current is applied to the
meter movement

Amount of current applied
IS proportional to the weight
change
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Presenter Notes
Presentation Notes
At “null” position equal amounts of light shine on the 2 photodiodes. If the balance moves out of the null position an unequal amount of light shines on the 2 photodiodes. 
Current is applied to the meter movement to return the balance to the null position.



TGA Furnace Options: Wire Wound Furnace

-Standard furnace for TGA 55 and 550
Ambient to 1000 °C

Linear controlled heating rates of 0.01 to
*Ballistic heating rates >600 °C/min
*Exchangeable with EGA furnace

Flow rate Balance/Sample :

40/60 ml/min
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TGA Furnace Options: EGA Furnace

*Optional for TGA55 and 550
*Ambient to 1000 °C

Linear controlled heating rates of 0.C
*Quartz liner makes furnace easy to (S{gg
*Exchangeable with wire wound furne

Flow rate Balance/Sample :

10/90 mi/min
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Presenter Notes
Presentation Notes
the EGA furnace has a quartz glass sample tube surrounded by an electric resistance heater


TGA Furnace Options: Infra Red (IR) Furnace

*Quartz halogen lamps as heating source

Ambient to 1200°C

Linear controlled heating rates of 0.01 to

Ballistic heating rates >1500 °C/min

Integrated electromagnet for Temperatur
with Curie point standards

*Evolved Gas Analysis capacity

IR Furnace

Flow rate Balance/Sample :

25/25 ml/min
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SDT: Schematic Diagram

Dual Balance Photodiodes
Mechanism &:Q,. and Sensors

Furnace

Hovizontal
Purge Gas flow

Reactive Purge Gas
Balancel Therm ocouple Beams

.Samp!e;’Réf&m:ce Cups
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TGA Calibration and Verification

*Two types of calibration are needed:
=Weight
*Temperature

» Temperature calibration is affected by:

*Purge gas and flow rate

+ Thermal conductivity of helium # Thermal conductivity of
nitrogen/air/oxygen # Thermal conductivity of argon

*Pan type
=Heating rates
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Presenter Notes
Presentation Notes
Recommended TGA Purge Gases: Helium, nitrogen, oxygen, air, argon
There is a window of "normal" test conditions that it is probably not necessary to recalibrate.  No need to recalibrate just because you decide to ramp at 10 instead of 20.  No need to recalibrate if you change the flow rate by 10 mL/min.  Stuff like that.
calibrating for the user's most common test procedures is the most important.  If you always run at 5 deg/min, calibrate at 5 and if you need to do a test at 20 one day, it probably isn't super important to recalibrate at 20. 





General Calibration and Verification
Guidelines

«Calibration
=Use Calibration Mode
=Calibrate upon installation

=Re-calibrate if does not pass verification or if instrument
setup is modified (see previous slide)

Verification
*Determine how often to verify data
*Run a reference material as a sample (in standard mode)
=Compare results vs literature values
“Re-calibrate if results are out of tolerance
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Presenter Notes
Presentation Notes
For weight: Simply placing a known weight on a tared pan and checking the mass measured by the balance.



Requirements Prior to Calibration

*The TGA pan should be cleaned prior to calibration
procedures.

*The purge gas flow rate should be set (see flow rates
according to furnace type ). The flow rate should not
deviate by more than +/- 5ml/min.

*Use high purity reference materials (>99.99%) for
calibration
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Presenter Notes
Presentation Notes
 



Mass/Weight Calibration

*Weight calibration can be performed:
=Manual, using an empty pan and calibration weights

=Automatically, using the three weight calibration fixtures
(pans) P/N 957341.901 (on Q5000IR, Discovery, and TGA
55 XX).

*The calibration pans may only be used when a platinum
reference pan is installed.
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ASTM E 2040 - Mass Scale Calibration of
Thermogravimetric Analyzers

*The mass signal generated by a TGA is compared to the mass
of a reference material traceable to a national reference
laboratory. A linear correlation using two calibration points is
used to relate the mass (or weight) signal generated by the TGA
and that of the reference material

* This test method calibrates or demonstrates conformity of
thermogravimetric apparatus at ambient conditions. Most TGA
experiments are carried out under temperature ramp conditions
or at isothermal temperatures distant from ambient conditions.
This test method does not address the temperature effects on
mass calibration

*On Manual calibration, TA Instruments uses a zero tare, then a
100mg and 1000mg mass standards
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ASTM E 1582 - Calibration of Temperature
Scale for TGA

*The standard describes two methods by which the TGA can be
calibrated for temperature; by melting point or magnetic
transition. The most common approach for a TGA would be the
magnetic transition approach

*Curie Point Temperature - that temperature where the material
loses its magnetic susceptibility - defined as offset point

-Paramagnetic - a material that is susceptible to attraction by a
magnet

*Temperature Calibration points are determined by comparing
the measured melting onset temperature to the literature value

*TA Instruments software allows for up to 5 temperature
calibration points

Generally, these should bracket the temperature range of interest
for subsequent samples

TA


Presenter Notes
Presentation Notes
indium sample - 8mg. - 10mg. 
We use materials with known magnetic transitions. At certain point, the material loses magnetic properties 



TGA: Temperature Calibration

Vertical Balance Configuration

Tare
Sample
% ,
Offset
temp
Magnet Attraction of sample to magnet,

results in initial weight gain, which is
lost at the Curie Transition
Temperature
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SDT: Temperature Calibration

Horizontal Balance Configuration

Attraction of sample to magnet,
results in initial weight loss, which is lost at
the Curie Transition Temperature

+ Magnet
Tare
A —
Sample o Offset
Furnace
temp
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Calibration - Temperature

Calibration |
‘ £y Caibration Data| (1) Temperature Calibration ‘ (7} DTA Signal Setup | &) eight Calibration

[3 Temperature Calibration Setup

Pan Type | Platinum (100 ul) v

Operator | |

Project ‘ ‘

MNotes

[] Insert lsothermal 0

Calibration Experiments
Reference Material Material Type Reference Temperature Lower Limit  Upper Limit  Pan Number

Nickel « | curie Paint | 3582 2582 4582 1

| Add Experiment ‘

(®) Calibration Perform Venfication after Calibration
("1 Verification Perform Calibration if Verfication fails
Verification Criteria: Temperature £ C

Verification Experiments
Reference Material Material Type Reference Temperature Lower Limit  Upper Limit  Pan Number

Nickel v | curie Point | 3582 258 2 4582 1 |

| Add Experiment |
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Presenter Notes
Presentation Notes
Bend the wires so that they do not roll around and cause weight dist


Verification - Temperature

Experiments |

@ Deezign Run

[ Design View (0) | |BSchedule‘

Run 1 in Design YView

Sample Name | |

Pan Number

Standard [ Nickel ~]

Fan Type | Platinum (100 ul) “ |

Operator | |

Project | |

Notes

(%) File Name C:ProgramDataiTA Instruments\TRIOS Datz\Defauit tri

Test | Temperature Verification L | EI

MName |Tempar:|tule erification |

Ma. Diescription
P 1 Equilibrate 2582 °C
5 2 Elecromagnet On50.0%

§? 3  Remp20.00°Ciminto458.2°C
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Calibration - Temperature

(%)

Weight

100.40

100.35

100.30

100.25

100.20

100.15

100.10

100.05

100.00

Electromagnet
Switched ON —

Apparent Weight Gain

Alumel

Curie Point

100

120

T
140

T
160

Temperature

(°C)

180

200

220
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Calibration - Temperature

From the ‘Results’
Pane, Choose both
the Alumel and
Nickel Runs
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Graph

Format Edt

>3

Start

Discovery TGA(10.52 8 61:8080) : TA Instruments Trios v3.1.0.3504

Analysis

-8 Xx
{ Control panel - qx
) die
g | valudUnt [~
Method Time 0.0/ min
Remining Segment Time 0.0/ min
Remaining Time 0.0 min
Data Peints 1312
Temperature 4048/C
Set Paint Tempersture 000/ °C
Vieight 205189 mg
Sample Temperature 4049/°C
Balance Housing. 4000/C
Balance Purge 10.0| mLimin
Sample Purge 25,0 mlmin ||
General
o RIE
Total Flow:  25.0mLimin 2
Balance 10.0 mUmin
Set Total Sample Flow | [0 muUmin
Blending

Gas A [Gas 1: Nirogen =] 26,0 mUmin
GasB [Gas 4 Onygen x| D.OmUmin

GasA |100 %
e GasB la—

AddNote Load Save View HTML

Stop -
Online Test
@ Alumel | @ nickel - X
JJd0 BEA g Alumel
100.40
[ Isothermal 1
[ Ramp 10.00 q
Nickel
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9 1
£ 10020+
=) 1
(3 4
= ]
100.15 4
100.10 4
100.05 4
= 10000 1 ! ‘ . : w
100 120 140 160 180 200 220
Temperature (°C)
*
& R 1 RS »f
=] Run | (5] Ramp 10,00 “Cjimin to 205,00 °C | % Step Overiay |
| NHE >R X
Search: Day: Today - Instrument <ALL> =I5
© 211 Information Code Log Time ¥ Description
Q}’ History B ] E3 4519 22712014 10:55:38.084 . The underlying connestion was closed: A connection that was expected to be kept @
|j Results Clear List
4 ) Calibration
[T 1Bl

Instrument Notifications Help |

Ready.
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Calibration - Temperature

Choose
‘Calibrations’ and
‘TGA Temperature’
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D &

Select Al

Close

Close All

Open File Location
Save

Save As... (TRIOS)
Save As... (Other)
Save All

Export

MNew overlay document
New analysis document
Results File Lists
Document templates
Display

Show File Scalars
Show Parameters

# | Send To Spreadsheet | : | ; —
&) s 120 140
Bl Re eadsh
Ten
4 sendToGraph
P4  send To New Graph = e %
jin to 205.00 °C | 9 Step Ow
E Remove From Graph e >
% Copy procedure to the Running Queue
Day: Today « Inst
Transformations... » -
Calibrations... > | TGA Temperature |L
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Calibration - Temperature

Dialogue

Box Shows _—

Summary of
Calibration —

Choose

‘Save and

Apply’ if

Data is OK

File Manager 4

OO0 IEERE b

Results

H o Alumel

- Isothermal 1.0 min
- Ramp 10.00 *C/min to
Mickel

- Isothermal 1.0 min
- Ramp 10.00 “C/min o
B+ k7] TempCalibration_TGA-00

<o Temperature calibrati

@ Aumel | nickel V1§ TempcCalb...227_1450

& Temperature Calibration

Calibration Source Information

Calibration name |TempCaIibmtion_TGA—DD34_2ﬂ1 40227 1450

Description

Transducer serial number |TGﬂ-ﬂ'D34

Heating rate |10.00

¥ Show summary

atinum (100ul)

“Clmin

' Edit/Show details

Purge gas IN'rtngen

Save Results |
Save & Apply |

Curie Curie
Standard Temp Temp Offset
(Ref) (meas)
» > 152600 |149.794 |-2.806
Mickel ﬂ 358.200 [356.066 |-2.134

«
I+ |*

Calibration Results

x

< | 3

 Log

-3 x
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TGA - Temperature Calibration

(%)

Weight

100.40

100.35

100.30

100.25

100.20

100.15

100.10

100.05

100.00

Nickel - Calibration

for
Nickel Foil

Certified Reference Material Lot Number CRM7-40211

Measurement Traceability

Certified Reference Material = Nickel Foil
Certified Curie Temperature: 358.2 + 2.1 °C

Endset Temperature: 357.46 °C

T T
350 360

Sample Temperature Uncorrected (°C)
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TGA - Temperature Verification

(%)

Weight

100.40

100.35

100.30

100.25

100.20

100.15

100.10

100.05

100.00

99.95

Nickel - Verification

for
Nickel Foil

Certified Reference Material Lot Number CRM7-40211

Measurement Traceability

Certified Reference Material = Nickel Foil
Certified Curie Temperature: 358.2 + 2.1 °C

Endset Temperature: 358.01 °C

T
360

Temperature RN

(

390
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Calibration - Temperature: Verification

|d Custom | "5 Edit
No. [Description

dr1 | Equilibrate 100.00 °C

§72 Isothermal 1.0 min

3 Electromagnet On 50.0 % Alumel

4?4 Ramp 10.00 “C/min to 200.00 w:/

@5  Mark End of Cycle

& DataOf

$7  Electromagnet Off 0.0 %

P2 Equilibrate 300.00 °C ]

L9 DataOn Nickel

§~10 Iscthermal 1.0 min /

11  Electromagnet On 50.0 %

4?12 Ramp 10.00 “C/min to 400.00 *C

o)
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Curie Standards with ICTAC traceability

Weight (%)

160.64 554 °C Ni 83% Co 17%
152 °C ALUMEL® )
| 931 °C Ni 37% Co 63%
=
100.4 + 746 °C Nickel
63% Co 37%
g I
357 C Nickel
100.2 - ==
Py -
100 4 R
ALUMEL® s o registerad trodemark of Hoskins Monufocturing Compaony. Homburg, Michigan
99.8 . : : :
0 200 400 600 800

Temperature (°C)

(
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Calcium Oxalate “Standard” Analysis

Although Calcium Oxalate is not generally accepted as a
“Standard Material,” it does have practical utility for INTRA-
laboratory use

Carefully control the experimental conditions; i.e. pan type,
purge gases/flow rates, heating rate

Particularly control the amount (~5mg) and the particle size of
the sample and how you position it in the pan

*Perform multiple runs, enough to do a statistical analysis

*Analyze the weight changes and peak temperatures and
establish the performance of YOU and YOUR instrument

*When performance issues come up, repeat the Calcium
Oxalate analysis

TA



Calcium Oxalate Decomposition

1. step CaC204'H20 (S) - CaC204 (s) + HzO (9)

Calcium Oxalate Monohydrate Calcium Oxalate

2. step CaC,0,(s) —— CaCO4(s) + CO (9)

Calcium Oxalate Calcium Carbonate
3. step
CaCO;(s) — . CaO(s)+CO,(g)
Calcium Carbonate Calcium Oxide
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Calcium Oxalate Repeatability

Overlay of 8 runs, same conditions — g

100
. \ O
S3
80- \ﬂ =
— o)
S \ 2
£ 2
2 D
%J 60 (@)
40
201"Vt . 0.0
0 200 400 800

Temperature (°C)

\
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Presenter Notes
Presentation Notes
All samples close to 5 mg.

10 deg C per min.


Calcium Oxalate Repeatability

Transition 1 Transition 2 Transition 3
Wt Change Peak Temp Wt Change Peak Temp Wt Change Peak Temp
Run # % °C % °C % °C

1 12.13 156.68 18.78 493.37 29.62 684.33

2 12.22 153.60 18.75 494 17 29.56 680.43

3 12.20 155.40 18.76 495.6 29.63 684.11

4 12.21 155.58 18.77 495.98 29.69 688.11

5 12.21 154.05 18.75 494.72 29.54 684.28

6 12.20 154.91 18.73 495.62 29.58 684.83

7 12.21 155.09 18.77 494.71 29.61 683.92

8 12.20 153.52 18.77 493.84 29.57 681.85

Ave 12.20 154.85 18.76 494.75 29.60 683.98

Std Dev 0.028 1.08 0.016 0.93 0.048 2.24

Theoretical 12.3 19.2 30.1
Accuracy 0.8% 2.3% 1.7%
Precision 0.2% 0.1% 0.2%
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						Transition 1						Transition 2						Transition 3

						Wt Change		Peak Temp				Wt Change		Peak Temp				Wt Change		Peak Temp						T3

		Run #				%		°C				%		°C				%		°C

		1				12.13		156.68				18.78		493.37				29.62		684.33

		2				12.22		153.60				18.75		494.17				29.56		680.43
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SDT Calibration and Verification

Calibrate upon initial installation
*Re-calibrate anytime the beam set, experimental heating
rate, or purge gas is changed
*Types of calibration available:
=Weight Calibration: (TGA weight signal)
*DTA Signal Setup: Analyzing the Delta T signal data

=Temperature (Melting point or curie point standards as in
TGA. Commonly use melting point standards)

=DSC Heat Flow
*MDSC Reversing Heat Capacity (SDT 650)
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Presenter Notes
Presentation Notes
DTA signal is the differential temperature measurement between the sample and reference sensor. It is what the SDT had for a DSC type signal before anyone calibrated for heat flow. Now that we have heat flow signal, we don't really use it.





SDT Calibration and Verification

*DTA signal:

Not required when using the SDT as a DSC-TGA

+ This run usually utilizes the same baseline run obtained for TGA Weight
Calibration

*Heat flow and cell constant:

Based on analyzing the heat capacity curve for sapphire over the
range 200 to 1500°C. Three experimental runs are required: two
runs to generate the heat flow curve and another run to refine that

calibration through cell constant calibration using a known metal
standard (zinc, for example)

MDSC Reversing heat capacity:

A heat capacity calibration curve is generated by running a sapphire
sample over a desired temperature range using appropriate
modulated conditions. The collected Reversing Heat Capacity curve

is calibrated against the true value of the heat capacity of sapphire
over the experimental temperature range

TA


Presenter Notes
Presentation Notes
DTA: is the differential temperature measurement between the sample and reference sensor
it is what the SDT had for a DSC type signal before anyone calibrated for heat flow. It’s not very used now since heat flow signal es calibrated.
 
 



Instrumental Considerations




Instrument Hardware and Gas Selection Considerations

Rear of TGAS550/5500
= Gas Delivery Module and Mass Flow Controllers oy 2 o

— The gas 1 port purges both sample and balance areas FEAVE

— Gas 1 should be an inert gas (N2, He, Ar) @

GAS 2

REACTIVE *
mpsza ‘ j ! &
T MAX
INLET »&

— The gas 2 port is used when a different purge gas is required,
or gas switching is used

— Typically this is air or 02

— Gas type is assigned to Mass Flow Controller in the Instrument
section of the control software and chosen before on the setup page.

Gases Typically used on TGA/SDT

« Nitrogen - inert, inexpensive and readily available

* Helium - inert, commonly used on TGA-MS

*Argon - inert

* Air/Oxygen - used when studying oxidative stability of materials, can
sometimes improve resolution of weight loss events

43 (/\j
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Presenter Notes
Presentation Notes
Helium often provides best baseline but will make furnace work harder at high temperature
UHP Ar is not that high purity. Especially the top part of the Ar tanks can contain up to 4% air/oxygen.
Air can sometimes improve resolution because of differences in the oxidative stability (versus thermal stability) of components.




Blending Gas Delivery Module

= For use with TGA 550,TGA 5500 and SDT 650

= Allows blending two gases as main sample purge for a test. Nitrogen, helium, argon, oxygen,
air, carbon dioxide, carbon monoxide, and forming gas (a blend of 4% hydrogen with 96%
nitrogen) may be blended

Four gases can be used in a test

a4 (/xﬁ
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Presenter Notes
Presentation Notes
Forming gas is a mixture of 4% hydrogen and 96% nitrogen. Do NOT use the Blending GDM to create this concentration. Only use cylinders pre-mixed by an outside gas company


Blending Gas Delivery Module

= Balance and sample purge flow will depend on the instrument:

GAS OUTPUT

CAN communications port

ED status indicator (blinking
indicates communication with
the instrument)

GAS 3

Power (24 VDC 0.8 A)

GAS 4

Back panel of the Blending GDM.

TGA 550 40 60
TGA 5500 25 25 Balance/Sample
SDT 650 100 100
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Presenter Notes
Presentation Notes
Forming gas is a mixture of 4% hydrogen and 96% nitrogen. Do NOT use the Blending GDM to create this concentration. Only use cylinders pre-mixed by an outside gas company


Test for Oxygen Contamination of N2 Purge
Gas

120 ————————————————6
Copper Oxalate ﬂ
100 -4
j o
- S
< =
= S
5 807 2 5
2 2
; i J >
_ o
\ o
60 -0
10 minute Nitrogen pre-purge L
40 T T T T T T T T T T T T T T T T T T T T T T T -2
0 100 200 300 400 500 600
Temperature (°C) Universal V4.4A TA Instruments
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Presenter Notes
Presentation Notes
Copper oxalate = CuC2O4.  Probable decomposition in an inert atmosphere is: 
CuC2O4 -> CO + 3CO2 + Cu2O;  in an oxygen atmosphere I think Cu2O becomes CuO and weight goes up.


Effect of Oxygen on Copper Oxalate

65
60_
55_ Excessive contamination
S
E gl - ' 6.839%
= 50- L (0.9421mg)
= \ 3561%
| (0.4302mg)
® s . ¥ 0.2791%
| " (0.02653mg)
| No contamination
40+
110 minute Nitrogen pre-purge
35 T T T T T T T T T T T T T T T T T T T
200 300 400 500 600 700
Temperature (°C) Universal V4.4A TA Instruments
EN
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Presenter Notes
Presentation Notes
15 min purge to ensure that residual oxygen is not present in the furnace.

Ar is much more heavier and takes more than an hour. In such cases, you can open the bottom of the furnace and then let the Ar flow out before the experiment. Then connect the second gas, and put about say 30 min purge.






Baseline Performance Verification

= A good way to quantify how well the TGA is working

= Especially important for measuring small weight losses
associated with volatilization or small amounts of residue

= Run clean, empty, tared pan, over temperature range of
interest, at desired heating rate

= Plot weight in pg vs. temperature

= Dynamic drift should be less than 10 pg for the Discovery TGA
5500, and Discovery TGA and less than 50 g on the Discovery
TGA 550/55 & Q Series TGA’s when using platinum pans and
20°C/min heating rate

49 (/\j
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Presenter Notes
Presentation Notes
Ensure the MFC conditions for which the dynamic drift is 10 micrograms. 
Most of the time the hang down wire is either bent or contaminated. 
Contaminated: clean by flaming
Bent: try rolling on the top of it with forceps to see if they straighten. If it is kinked, then you have to replace it.




TGA: Factors Influencing Baseline

Stability of table

Hang down wire / beam condition

Hang down tube condition
Leveling of TGA

Cleanliness of the furnace

Purge gas flow rates

50 (/\j
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Discovery TGA 5500 Baseline Performance

Empty Platinum Pan Baseline Scan @ 20°C/min

50

40

30 4

20

10 4 Change: 0.602 ug

Weight (ug)
o

-10 4

204

=30 4

-40

0 100 200 300 400 500 600 700 800 900 1000
Temperature T (°C)
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Effect of Purge Gas Flowrate on Baseline

50
| Sample Purge 90ml/min of He|
20 X 90
In 40
| Q500 TGA W/ EGA Fumnace @ 20°C/min p_—— =
10 Using Recommended Flowrates £ 80 £
E - 30 Eg'/
2 26.874g 3 3
5 - 8
= 07 g 01 &
) -
g [*§
3 @
m - -
-10- 60
Balance Purge 10ml/min of He 10
| Balance Purge 90mi/min of He|
-20 T T T T T T T T T T T T T T T T T T T T T
0 200 400 600 800 1000

Temperature (°C)
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Presenter Notes
Presentation Notes
Q500 data above



Effect of Purge Gas Flowrate on Baseline

| Sample Purge 60m/min of He|
60
\ - 70
70
Q500 TGA w/ EGA Furnace @ 20°C/min 50
Using Other than Recommended Flowrates i
50 < £
] 71.63ug £ | £
160 3
g E
g S 8
= [ [T
o) @ o)
KO) N 2 304 2
= & &
R 8
g T §
a &
20
10
I 10
- 40
10 | Balance Purge 40ml/min of He|
o 200 40 60 80 1000

Temperature (°C)
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Presenter Notes
Presentation Notes
Triples the dynamic drift with an increase in the base purge – especially when you use Argon.


Balance Sensitivity- 120 pg Calcium Oxalate

110
100- Calcium Oxalate (120ug sample)
Note total weight loss = 15ug !!!
12.32%
T ¥ (0.01564mg)
k=
=l
(+}]
S o
70
60 ! I T T T T T T T
50 100 150 200 250 300
Temperature (°C)
54 /1\
(TA


Presenter Notes
Presentation Notes
This is the Q500. The wt% loss for the first weight loss is very accurate for the 120 microgram calcium oxalate starting mass of the sample.


Sample: 27ug Sodium Tartrate

100
S
E
foy
(]
=
Sodium Tartrate water loss
literature value : 15.65%
Note : 4ug weight loss clearly detected !!!!
40 T T T 1 T 1 T T T 1 T
60 80 100 120 140 160 180
Temperature (°C)
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TGA: High Sensitivity Volatiles Analysis

100.1
2.4 mg PET Bottle
10°C/min
100.07 i A--\_,.V\“‘ A
"‘\,\
—~ \\#'\
X "
= S, 0.2162% Volatiles
5, 99.91 ", (0.005198mg)
k= _ \
= ",
"\J
M\
"
"I“"
i .,
99.8 “'"‘"-v’*...-.-.l
997|||||||
20 40 60 80 100 120 140 160 180
Temperature (°C)

e\
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Presenter Notes
Presentation Notes
Proof of an excellent high sensitivity volatiles analysis. The unsmoothed data will add “reality” to a prospect. The unit detected a 5.2 microgram volatiles weight loss in a small 2.4 mg sample. 
Unwanted water or other volatiles in a formulation can wreak havoc during processing.  


TGA: Sample Preparation

= Sample mass
— 10-20mg for most applications
— 50-100mg for measuring volatiles or residues

» |f 3 TGA has a baseline drift of +/-25mg then this is 0.25% of a 10mg sample

57 (/\'\
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TGA: Sample Preparation

Use brass tweezers to eliminate static effects

Tare a clean sample pan before every run

Distribute sample evenly over bottom of pan

Liquid samples - use hermetic pan with a pin-hole lid

58 (/\j
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TGA: Sample Pan Cleaning

= All sample pans are reusable (except Aluminum)

= |f using platinum or alumina pans, a flame torch can be used to burn off
organic residue. (do not flame Aluminum pans)

= Scrape off remaining ash (DSC fiberglass brush)

= Swab out with an organic solvent such as acetone or alcohol. Let it dry out
before using it

59 (m


Presenter Notes
Presentation Notes
Mild acid, sonicator, soap wash – but it may cause the pan to be bent.


Evolved Gas Analysis

|dentification of Decomposition Products
Using TGA/FTIR and TGA/Mass Spec




Pathways of Plastic Degradation

a E : I
‘z‘ x -:’| \-:'_

Composition e \%fa -
E %: Q :‘; Multi-Component Systems f— ....mml..,.....m
*Hydrate/Solvate Systems o w i, e it o
*Decomposition Products - [T ] e e,
N m W lhox O

:f*-" _}{. $ * *Volatiles ~

Understand & Predict

*Composition

*Decomposition Pathways

Undesirable Residual
Components

*Reaction Products

*Molecular Structure

*Contaminates

\
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Why Use Evolved Gas Analysis?

*TGA measures weight changes (quantitative)

-Difficult to separate, identify, and quantify
individual degradation products (off-gases)

*Direct coupling to identification techniques
(Mass Spec, FTIR) reduces this problem

pe———)>  Chemical Nature

| — Degradation Process
Wavenumbers

—) Reaction Products

Ke]

Q
o
c
©
=
o
[72]
Q

TGA

Off-Gases <

Requires a heated transfer line so that the off-gases remain in the vapor state as
they are transferred from the TGA to the off-gas analysis equipment.

o)
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Hyphenation

 TA partners with and sells the Pfeiffer
ThermoStar Quadrupole Mass
Spectrometer.

* TArecommends ThermoNicolet as the
preferred vendor for FTIR spectrometers,
but if the transfer line can attach to our
TGA, we will hyphenate with others.

* TA has worked closely with Red Shift (ltaly)
and Agilent in providing a GC/MS solution.

* Possible to hyphenate more than one
instrument to the TGA output.




Which Technique is Best?

64

*TGA decompose sample in the furnace

*Off gases (Often times mixture of gases) send to secondary
detection

*Type of detection

*MS further broke down into ions and detects ion fragments in m/z
cannot identify ion fragments with the same m/z, such as m/z 28
N, or CO

*FTIR detects energy absorption in different wavenumbers
Cannot detect molecules without change of dipole moments, such
as N, or O,

*Mixture of gas

*GC/MS chromatographic separation ensures that a mass
spectrum of a pure compound is obtained

N

TA



65

Continuous versus Non-continuous Specira

Collection

Continuous:
Multiple spectra obtained over
time during expt.

« MS
« FTIR

......................................

Non-Continuous:
One spectrum obtained at only one
time during expt.

« GCMS
Inject gas into GC and required
time for separation

’j/ Gases Sampled by GC/MS at This Point

|

\

-

rature T (°C)

TA



66

Types of Hyphenation: Mass Specirometry

Gas

L

I

Tonizer

Ions

=

Mass Filter

lons

—>

Detector

Relative
Intensity

AL
23 30
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TGA-Mass Speciroscopy

Advantages:

*Continuous method

*Higher sensitivity than IR Spectroscopy.
*Measures non-IR absorbing gases.

*Rapid response (gases drawn into capillary).

Disadvantage:

«Cannot distinguish between molecules with similar molecular
weights. (e.g. N, and CO)

-Sometime is difficult for data interoperation

N
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Pfeiffer ThermoStarQuadrupole Mass
Specirometer

* Benchtop, unit resolution
quadrupole mass spec designed
and optimized for evolved gas
analysis (EGA)

* Quadrupole detection system
includes...

= a closed ion source

= a quadrupole mass filter
assembly

= 1-300 amu range

= dual detector system (Faraday
and microchannel plate)

EGAFumngce IR Fumnace

TA


Presenter Notes
Presentation Notes
The DMS has been optimized for integration with a TGA system.  The benchtop MS is a self contained analytical tool composed of a quadrupole mass spectrometer assembly along with the additional vacuum components and inlet assembly required to get a representative mass spectrum of the evolved gas species from the TGA system. 


TGA MS: Polyphenylene Oxide (PPO)

1x10°%

Pressure Torr

1x10°0!

69

Mass 50
2.58e-002

N
CH3 CHsz CHsz
— O O
CHs CHs3 n CHs
50 55 60 65 70 75 80 85 920 85 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200
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TGA-MS: Polyphenylene Oxide (PPO)

1x10°%

Pressure Torr

1x10°0!

Mass 50
2.58e-002

C:H;

0y v

65.0391 Da 66.047 Da

)l

CeH;

i

e
CEHE

77.0391 Da 78.047 Da

C:H;

CYH7
91.0548 Da

AT

CeH,0;
108.0211 Da
CH,
15.0235 Da
CH R
/ES[O/
o CH
rR— =
C7HEOZ
121.029 Da

CHg
v °
CH,0,

/ 136.0524 Da

O CH
R~ 3

50

‘ ‘ I [
55 60 65 70 75

80

85

90

95 100

105 110 115 120 125 130 135 140 145 150 155
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o)

180

T

190 195 200
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Presenter Notes
Presentation Notes
Plotting partial pressure as function of elapsed time yields a diagram that closely resembles a mass spectrum. It is important to remember that it is not in the sense that a parent ion and molecular ion may or may not be obvious.
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TGA-MS: Polyphenylene Oxide (PPO)

Weight (%)

120 3x10-4 % 2.0
1004 Masses Tracked: -5 §
136, 121, 107, 91, 77, 65 s
- 2x104  _ L
] amu 5f ]
80 o109 a
] ¢l =
e :
- 3. =
60 - 205 o
L 1x104 P T =
40 4 0.0 \j
20 -MMM&*H_ : x A‘Mﬂﬁ*ﬂ _j- 0x100 A 05
800

400 600
Temperature T (°C)

(
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TGA-FTIR

Vibration
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TGA - FTIR

FTIR (Fourier Transform Infrared Spectroscopy):

Advantages:

» Continuous method

« Easy Spectral Subtraction

* Library searches are straightforward / deconvolution possible

Disadvantages:
* No detection of gases lacking a dipole moment
* Need to input the time for FTIR data collection

73
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TGA-FTIR: Analysis of Polyphenylene Oxide

100 0.12 1.75

] _TGA i ] Engineering polymer
. ] __Derivative - 31_50 -Heat resistant
Gram-Schmidt n — Gram-Schmidt 010 : -Good tensile properties
s | Reconstruction is I 128
essgntlally a Total 008 2 CH4
~ 1 IR Signal : IE
2 ' 2 B o%
60 _| _ 0.06 2. |_0.75
h< = - n
2 I g CH,4
50 | L | 0.50 3
| 0.04 =
40 | L | 0.25
) J l_ 0.02
30 _\—_/_:LJ\J | 0.00
20----.---.---.---.---.---.---.---.---.---0'00 _ -0.25
0 100 200 300 400 500 600 700 800 900 1000
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TGA-FTIR: Analysis of Polyphenylene Oxide

100 0.12
__TGA
90 _' ___Gram Schmidt i
Peak intensity - 0.10
[e] -
1 at473 °C
80 _|
473°C
0.08
70 |
- T
S - T
~ A =3
60 | | 0.06 o,
- <
<
=3
(3
= .
50 _|
0.04
40
| 0.02
30
20 0.00
.......................................
0 100 200 300 400 500 600 700 800 900 1000
(°C)
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EGA Example — TGA/FTIR

* The gases produced during thermal breakdown of the sample flow through a
heated transfer line into a gas cell where infrared radiation passes through.

* The total infrared absorption and frequency as a function of time is stored in an
array as the Gram Schmidt file which is opened with the instrument software
(Gram Schmidt Reconstruction).

* The Gram Schmidt reconstruction will typically resemble the derivative with
respect to temperature of the weight loss curve in the TGA experiment.

*Individual FTIR spectra are displayed by selecting points on the x-axis of the
Gram Schmidt reconstruction which has units of intensity as a function of time.

 Typically spectra can be searched using vendor supplied spectral data bases
and reliable identifications of species can be made.

N
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TGA-FTIR: Analysis of Polyphenylene Oxide

Reference Spectrum in Red is 2,6 Dimethylphenol: CHs . .
. | Linked spectrum at 42 921 min_ (PPO-3 srs) EH; Hgy

1.4 1 2,6-Dimethylphenol; 2,6-Xylenol 0 H
1,2-?
10 —

061

Absorbance

04

02

t . v v : T g g v . v . . v v T g g v v T . v v g 1 g . . . v . . g g 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenum| bers (cm-1)

o)
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Presenter Notes
Presentation Notes
Dimethyl benzenediol


FTIR Library Search

Libraries give the best single spectra match to the data
presented.

*If multiple components are being emitted during a single weight
loss event, the spectra will be superimposed upon each other
possibly leading to difficulties.

*The existence of searchable libraries does not relieve the
analytical chemist from critically analyzing the search results.

*ThermoNicolet FTIR software can attempt to deconvolute a
spectrum to a maximum of four components. Demonstration
can be found in this TA Instrument webinar:
https://www.tainstruments.com/evolved-gas-analysis-tgatftir/

N\


https://www.tainstruments.com/evolved-gas-analysis-tgaftir/

Types of Hyphenation: Gas Chromatography /
Mass Specirometry

Durndan
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Types of Hyphenation: Gas Chromatography /
Mass Specirometry

Sample
injector

T regulated oven

Mass

spectrometer
Ges’ Column: detector
' packed or
He, N, H, open tubular
(capillary)

N
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Types of Hyphenation: Gas Chromatography /
Mass Specirometry

H,C CH H3C CH; H.C CH / ¢

\ N\ \/ i ¥ ;
O=Si=D=Si=0=N=0=S1= =8 ={]=Sg=)=G) =) 7
FENTE S Y I\ ’ p
H3C CH3“ H3C CH3 H3C CH3 H3C CH3 :

H
Sample + : \O/\/
carrier gas

H3(:\ s H3C\ e H3C\ ,C s Mt ot 4
0-Si-0-Si—0-Si-0-8i-0-Si—0—S8i—0—=Si—0 !
/\ /\ I\ \

H;C CH;  H,C CH, H3;C CH; @

/\‘\
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Presenter Notes
Presentation Notes
Compounds that have weak IMF's with the column coating (low boiling points), spend little time in the stationary phase, exit the column early,and have shorter retention times.
Compounds that have strong IMF's with the column coating (high boiling points), have longer retention times.


https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Organic_Chemistry_Lab_Techniques_(Nichols)/02%3A_Chromatography/2.05%3A_Gas_Chromatography_(GC)/2.5C%3A_Separation_Theory
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Organic_Chemistry_Lab_Techniques_(Nichols)/02%3A_Chromatography/2.05%3A_Gas_Chromatography_(GC)/2.5C%3A_Separation_Theory

Types of Hyphenation: Gas Chromatography /

Mass Spectrometry

-Compounds that have weak intermolecular force (IMFs)

with the column coating (low boiling points), spend little

time in the stationary phase, exit the column early, and

have shorter retention times.

-Compounds that have strong IMF's with the column

coating (high boiling points), have longer retention times.

bundanc:

700000 1858

Lowest
axoy B,

Heptane
{C7H1s)

2584

Octane
(CsH18)

3526

Nonane
(CaHa20)

4,445

Decane
(CioH22)

Highest
b.p.



Presenter Notes
Presentation Notes
Compounds that have weak IMF's with the column coating (low boiling points), spend little time in the stationary phase, exit the column early,and have shorter retention times.
Compounds that have strong IMF's with the column coating (high boiling points), have longer retention times.



TGA - GC/MS

Advantages:
*Chemical Separation
*Easy library searching

Disadvantages:

*Typically time consuming — not a continuous measurement
* Require Redshift interface

83
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Anatomy of a GC/MS Run: Polyphenylene

Oxide

Weight (%)

120

100

80 -

60 -

40 —

20

|# Segments

G 2 EventiOn
§? 3 Ramp10.00 “C/min to 600.00 °C !

Point

No. Description
i" 1 Ramp 10.00 *C/min to 425.00 *C

Gases Sampled by GC/MS at Thi

S

T " r " T T : r T
200 400 600
Temperature T (°C)

T
800

N

1000
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TGA-GC/MS: Analysis of Polyphenylene Oxide

After gas injection, the GC/MS Oven is ramped
from 50 to 250°C at 10°C/min
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GC/MS Library Search; Largest Peak
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Evolve Gas Analysis — TGA Hyphenation

REDsHIFE




General Considerations

Experimental Effects




TGA Curves are not ‘Fingerprint’ Curves

‘Because most events that occur in a TGA are kinetic in
nature (meaning they are dependent on absolute
temperature and time spent at that temperature), any
experimental parameter that can effect the reaction rate
will change the shape / transition temperatures of the

curve.
*These things include:
=Sample Mass
=Heating Rate
“Purge gas
=Sample volume/form and morphology

N

TA



Larger sample mass increases the observed

decomeosiﬁon ’remeerqture

Polystyrene 17.6 mg
100 Polystyrene 10.2 mg
Polystyrene 5.4 mg
Polystyrene 2.7 mg

418.3°C

Weight (%)

o
]

360 380 400 420 440
o 10 200 300 400 50 800
Temperature (°C)

o)

TA



Higher heating rates increase the observed
decomposition temperature

Polystyrene 20°C/min
1007 Polystyrene 10°C/min
Polystyrene 5:C/min
371.4°C Polystyrene 1°C/min
] Sample Mass
10mg +1mg
. 607
=
=
5
=
40
20
— T 1 1 T 1 " I
0- 350 400 450 500
o 10 200 300 400 500 600
Temperature (°C)
(/\,
TA


Presenter Notes
Presentation Notes
You can exploit the effect of heating rate to increase resolution for shoulder peaks.


Sample Morphology Effects — PET

120

419.58°C 424.58°C

100

80

Weight (%)

60—- 2.9 mg; amorphous PET
| 2.8 mg; semi-crystalline PET

40-

20

o 100 200 30 400 500 600
Ten-perature (°C) Universal V3.8A TA Instruments

N


Presenter Notes
Presentation Notes
Crystalline material is more stable than the amorphous materials – probably due to more ordered structure.


Weight (%)

High-Heating Rate TGA Analysis

100+ : *
80-
1 60.09% Polypropylene
\ (2.736mg)
\
] o , \ |
60- 40°C/min \ 500 °C/min
g \\ l
\
\
] \
40 — v | N
] o
40% calcium N
20- carbonate
0 ! v ' T T T T T T T T T T r
0 200 400 600 800 1000
Temperature (°C) Universal V3.9A TA Instruments
A


Presenter Notes
Presentation Notes
Faster Separations – For routine separation of organic and inorganic components the agile Q5000 reduces analysis time by faster heating and faster cool-down.  The plot show a comparison, in temperature base, of a polypropylene sample with a calcium carbonate filler run at 40 and 500 deg. C / min. As seen in the next image, where the same analysis was plotted in time base, the Q5000 allowed the test time to be reduced from ~22 minutes to under 5 minutes.
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High-Heating Rate TGA Analysis

Weight (%)

120 -
100 2
] Reinforced Polypropylene @ 40 /min
80 -
60 -
40 4
||Fteinfcrmecl Polypropylene @ 500 W
20 : ’ : - .
0 9 10 19 20 290
Time (min)

N
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Presenter Notes
Presentation Notes
A good example of the use of the Q5000 IR in productivity studies. Rapid reproducible heating, fast sample turn-around, and use of the autosampler are the points to emphasize. In this application there remains sufficient resolution differentiation to easily follow the decomposition process even at 500 deg.C / min. A sample like this one could result in a 3X increase in productivity over a Q500 during a day.


Applications
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Thermal Stability of Polymers

(%)
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Block versus Random Copolymers

THE: | e —— S-aMS
RANDOM
S - « MS BLOCK
=
=
o 50 P-aMS§S —™
]
=
PS
0 | | | l J
0 100 200 300 400 500
Temperature (°C)
A


Presenter Notes
Presentation Notes
Block – gives you both features – one feature followed by the other feature.
Random – gives you an average of the curve
Alpha methyl styrene is less stable as the methyl group creates extra labile carbon.


Effect of Epoxy Cure Temperature

| Prog: 10°Cimin |
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Presenter Notes
Presentation Notes
More crosslink at higher temperature so it increases the stability.


Residue determination using TGA
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Presenter Notes
Presentation Notes
Salt residue


EVA Copolymer
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Presenter Notes
Presentation Notes
EVA copolymer ecetate lost related to VA present


PET w/Carbon Black Filler

Weight (%)
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PET Without Filler

Weight (%)

20
100 /\
PET
-15
80
60 85.65% - 1.0
(16.01mg)
40 0.5
20 o0
In N2 13.999
20.00 °C/min to 650.00 °C (2_'614f;19)
Switch to Air
o4 Ramp 20.00 °C/min to 1000.00 °C
: . . . . : : . . 0.5
0 200 400 600 800 1000
Temperature (°C)

o)

TA

Deriv. Weight (%/°C)



Comparison of Filled & Un-Filled PET

Weight (%)
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Method Log:

1: Ramp 20.00 °C/min to 650.00 °C 85.65% 13.99%

2: Select gas: 2 (16.01mg) (2.614mg)

o 3: Ramp 20.00 °C/min to 1000.00 °C
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Composite Analysis
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Presenter Notes
Presentation Notes
PTFE with different components analyzed


EPDM Rubber Analysis

Weight (%)
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Presenter Notes
Presentation Notes
More than one thing at the broad peak going on.


Filled Polymer Analysis

WEIGHT (%)
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Presenter Notes
Presentation Notes
Not sure what the polymer is.


Effect of Flame-Retardant
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Presenter Notes
Presentation Notes
Flame retardants are chemicals that are added or applied to materials in order to slow or prevent the start or growth of fire. 


TGA-MS of Flame-Retardant
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Vegetable Oil Oxidative Stability
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Presenter Notes
Presentation Notes
Here weight is gained due to oxidation – so it is a little different than conventional decomposition.


DSC-TGA Sodium Tungstate

Small Sample Size (3mg) and 10°C/min Heating Rate
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What if | need help?

*TA Tech Tips
=http://www.youtube.com/tatechtips

Email the TA Instruments Hotline
sthermalsupport@waters.com

*Visit our Website
=http://www.tainstruments.com/
=On-site training & e-Training courses
=Practical Series Webinars
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TA
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