TGA 2
STAR® System

Innovative Technology

Versatile Modularity

| Swiss Quality
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Thermogravimetry

for Routine Analysis
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Fast and Accurate TGA Results
fhrough seamless workflows

Thermogravimetry (TGA) is a technique that measures the change in weight of a sample as
it is heated, cooled or held at constant temperature. Its main use is to characterize materi-
als with regard to their composition. Application areas include plastics, elastomers and
thermosets, mineral compounds and ceramics as well as a wide range of analyses in the
chemical and pharmaceutical industries.

Features and benefits of the TGA 2:
= METTLER TOLEDO ultra-micro balance — rely on the market leader in balance technology
= High resolution — sub-microgram resolufion over the whole measurement range
= Robust, factory endurance-tested sample robot —
operate efficiently and reliably around-the-clock
= Start the experiment with just One Click™ —
fast and simple routine operation

%
= Built-in gas flow control — analyse samples in i
a defined atmosphere =
= Automatic buoyancy compensation — for faster f
accurate results 2
= Modular concept protects your investment — E
fits to your current and future needs =
= Comprehensive services — professional support e -
for your day-to-day work m

[ m 44.1800 mg
| Tc 100.08 oc

B s

TGA with the top-of-the-line
METTLER TOLEDO ultra-micro

balance with unique built-in
calibration weights ensures

unbeatable accuracy.

q METTLER TOLEDO
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Unique Sensors
the Heart of the Instrument

Outstanding weighing performance

No other TGA can measure up to 50 million resolution points continu-
ously — weight changes of a 5-gram sample are determined to 0.1 pg.
This means you can measure small and large samples with the same
high resolution without having to change the weight range.

Thermostating

The balance cell is thermostated fo minimize
environmental influences. The cryostat is also
used to rapidly cool the furnace.

METTLER TOLEDO “Inside”

The heart of a TGA is the balance cell. Our TGA instru-
ments use the world’s best METTLER TOLEDO micro
and ultra-micro balances. The infernal calibration ring
weighfs ensure unsurpassed accuracy. You can also
calibrate and adjust your balance with external
weights.

Ultra microbalance from the market leader

The parallel-guided balance ensures that the position
of the sample does not influence the weight measure-
ment. If the position of the sample changes during
melting, no change in weight occurs.

Balance Maximum load \Weighing range Resolution
XP1 1g 149 1.0 pg
XP1U 1g g 0.1 ug
XP5 5g g 1.0 ug
XP5U 5¢g 5g 0.1 ug




High Performance
Already Built into the Basic Configuratfion

Horizontal furnace

The horizontal furnace design helps
minimize possible turbulence
caused by thermal buoyancy and
the purge gas.

Precisely defined furnace
atmosphere

The gastight cell can be evacuated
and purged with a defined gas af-
mosphere. A controlled closed sys- (-
tem with precisely defined condi- .
tions like this is essential fo obtain
unambiguous information and
quality results.

Ergonomic design

If you insert samples manually, you

can rest your hand on an ergonom-

ically shaped support surface.

Valuable application expertise Application handbooks
METTLER TOLEDO offers comprehensive, sector- www.mf.com/ta-handbooks

specific application literature and training opfions:

¢ Application handbooks

e UserCom application newsletter

¢ Application database on the Internet Webinars

¢ Live and on-demand webinars www.mt.com/ta-webinars




Complete thermal
analysis system

METTLER TOLEDO °
I,f m 0.0000 mg = llf , A complete thermal analy-
Tc 25.15°C & , TGA o .- si.s system comprises four
) j 1}-‘:' different techniques. Each
' ! technique characterizes
the sample in its own par-

ticular way. The combina-
fion of all the results sim-

DSC plifies inferpretation.

- om
_ METTLER TOLEDO

TGA measures the weight
curve, DSC and Flash DSC
the heat flow, TMA the
length change, and DMA
the modulus.

Flash DSC

: All these measurement
quonies vory o5

tion of temperature or time.
The powerful STAR® soft-
ware allows the user fo
control all the connected
modules and provides
unlimited evaluation
possibilities.

TMA

DMA

q METTLER TOLEDO

i Important support services

METTLER TOLEDO prides itself in supplying outstanding insiruments and the support needed
for you fo be successful in your field of work. Our well-frained service and sales engineers
are ready and available to help you in any way possible:

e Service and maintenance

e Calibration and adjustment

e Training and applicafion advice

¢ Equipment qualification




Innovation

Excellent Performance
Over the Whole Temperature Range

Calibration with Curie Standards

Temperature adjustment with
Curie reference substances foAeune Cobat 63/ickel 37 aloy
The femperature is adjusted using 0.1 e

Mickel

reference subsfances whose mag- " Trafoperm
nefic properties change at defined Isathemn
temperatures (Curie femperatures).
200 300 400 500 600 700 800 900 °C
DTG curve
0.0
mg°“C*-1
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1 Baffles 3 Gas outlet 5 Furnace temperature sensor 7 Protective and purge gas connector
2 Reactive gas capillary 4 Furnace heater 6 Adjustment ring weights 8 Thermostated balance chamber

- 5-3 Enormous range of crucibles

: — . \We have the right crucible for every applicatfion. The crucibles are
made of different materials with volumes ranging from 20 to
aluminum alumina 900 pL. All of the different types can be used with the sample robot.

The crucible brochure and the website at
. € ) www.mt.com/ta-crucibles provide a comprehensive overview.

sapphire platinum



The sample robot is very robust
and operates reliably 24 hours a
day and throughout the whole
year.

Automatic and efficient

All TGA 2 models can be automat-
ed. The sample robot can process
up to 34 samples even if every
sample requires a different method
and a different crucible.

Fully automatic weigh-in
Samples can be weighed-in semi
or fully automatically using the in-
ternal TGA balance in combination
with the sample robot. You only
need an additional balance if you
want to measure and weigh-in
samples at the same time.

In the first step, all the empty cruci-
bles are aufomatically weighed. Af-
terward, you insert a sample in
each crucible, repeat the automatic
weighing process and you are
ready to start. It's that easy. All the
samples are then weighed-in fully
aufomatically.

Full Automation
Allows Around-the-Clock Operation

Features and benefits:

Up to 34 sample positions — dramatically increases efficiency
Simple and rugged design — guarantees reliable results

Unique “wasp” lid piercing accessory — hermetically sealed
crucibles are automatically opened prior to measurement

Universal gripper — can handle all types of METTLER TOLEDO
crucibles

No weight change before measurement

The sample robot can remove the protective crucible lid from the crucible
or pierces the lid of hermefically sealed aluminum crucibles immediately
before measurement. This unique feature prevents the sample taking up or
losing moisture between weighing-in and measurement. It also protects
oxygen-sensitive samples from oxidation. The clever design and extra-
high crucible lid stop the pin from coming info contact with the sample.
This prevents possible contamination of the next sample. You can see the
sample changer in action af www.mt.com/ta-automation.



Modularity
a Sound Investment for the Future

Furnaces in different sizes

The measurement of inhomoge-
neous samples requires large
sample amounts and corre-
spondingly large sample vol-
umes. The large furnace (LF)
allows you fo use crucibles with
volumes of up to 900 pL.

Hyphenated techniques \
All TGA 2 versions can be con-
nected online fo a mass spec-
tfrometer, an FTIR spectrometer
or a GC/MS system. Analysis of
the gaseous decomposition "
products yields additional infor- - !
mation about the sample. This . <
enables you to inferpret mea- % a )‘d
surement curves with greater Nt

certainty. You can find further in- Interface TGA-MS Inferface Sorption
formation in the EGA datfa sheet
and in the TGA-IST16-GC/MS
System brochure.

The TGA can also be converted
to a TGA Sorption analyzer in
just a few minutes.

Designed for the future
You can upgrade from one instrument version to another
and add practical accessories any time you like in the future.

Balances EGA Sorption GC 301 GC 401
Option => required option XP1 XP1U XP5 XP5U (MS, FTIR, gas controller | gas controller
GC/MS)
TGA 2 (SF 1100 °C) . . . o . standard optional
TGA 2 (LF 1100 °C) . . . o . . standard optional
Peripheral control essential essential
Sample Robot no additional options required

® = selectable



Simple Routine Operation
Through Time Saving Solufions

Please Do Not Touch

Calcium Oxalate Hydrate
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Efficient Sample preparation

The crucible box and toolbox help
you keep everything tidy, making
sample preparation easier and fast-
er. The calibration box contains all
the materials necessary for temper-
ature adjustment. An optional setf
with certified E2 weights can be
used for external weight calibration.

Sample preparation

Start routine measurements quickly

The unique One Click™ function allows you to safely
and easily start predefined measuring methods directly
from the instruments’ color touchscreen display. This
facilitates the processing of routine measurements by
production staff in quality control significantly.

Achieve results faster

The TGA has a new capability to automatically correct
for influences on a measurement that are not related to
the sample such as buoyancy. This reduces the experi-
mental fime needed to produce accurate results by
eliminating the need fo run a blank measurement. The
aufomatic correction can be switched off by the user.
Automatically corrected data are in excellent agree-
ment with blank subfracted data.

Optimal atmosphere

Built-in mass flow controller (MFC) gas supply units
and gas delivery close to the sample are a standard
feature on the TGA. This allows accurate and repeat-
able investigation of material properties under a variety
of atmospheres and switching of reactive gas during an
experiment.

Weight set



Application Power

10

Extremely Wide Application Range

Thermogravimetry provides quantitative information on the composition and thermal stabil-
ity of many different types of materials. The method is fast and can even be used with very

small samples.

The TGA 2 is an exceptionally ver-
satile fool for the characterization of
physical and chemical material
properties under precisely con-
trolled atmospheric conditions.

It yields valuable information for re-
search, development and quality
control in numerous fields such as
plastics, building materials, miner-
als, pharmaceuticals and food-
stuffs.

-

Examples of thermal events and processes that can be determined by TGA

e Thermal stability

e Pseudopolymorphism

e Adsorption and desorption of gases

e Kinetics of decomposition processes

e Sublimation, evaporation and vaporization
¢ Oxidation reactions and oxidation stability

e Sorption and desorption of moisture

* Determination of Curie femperatures

e Quantitafive content analysis (moisture, fillers, polymer content, materials, efc.)

¢ |dentification of decomposition products, solvents and solvates



Fiber Content in a Composite

o, TGA curve ,

Heating rate: 5 K/imin

Step 41.9429 %

80 -8.1201 mg

Residue 57.6412 %
11.1593 mg

60 1

LI B B S B B B e S B S B B B S B B S B S B e

T
200 250 300 350 400 450 500 550 °C

DTG curve Decomposition

of resin

Decomposition of

%A1 flame retardant

LANLINLANLENL L I L B L B B B B B L L B I B B LB B L
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Sample: FR4, 19.3600 mg

Fiber content

in composite materials
Thermosetting materials are often reinforced
with fiber materials in order to increase their
rigidity. The determination of the fiber con-
tent is a regular task in quality control. The
measurement shown was performed in air.
The first derivative of the TGA curve (DTG) is
proportional to the rate of decomposition.
The reactions that occur at about 300 °C
are responsible for the material’s flame re-
sistance. A bromine isotope was identified
as a decomposition product using TGA-MS.
The rest of the matrix resin burns off in air
at temperatures between 450 and 550 °C,
leaving behind the glass fabric. Glass fibers
made up 57.6% of the sample.

Carbon Black Content of Polyethylene

Carbon black content

in polyethylene

Polyethylene (PE), the main component, py-
rolyzes in a nitrogen atmosphere between
400 °C and 600 °C. The carbon black used
as a filler burns off after the atmosphere is
switched to air at 650 °C. The higher the
specific surface or “activity” of the carbon
black, the faster the oxidation reaction takes
place. The sample investigated had a poly-
mer content of 97.3% and a carbon black
content of about 2.6%.

% | TGA curve Sample: PE-LD, 6.0570 mg
100 E
80
PE
60
Step -97.3489%
J -5.8964 mg
Inflect. Pt. 496.43 °C
404
Carbon black
Step -2.5721%
-0.1558 mg
201 Residue  67.4096e-03%
] 4.0830e-03 mg
0_
Nitrogen v Air
LN B B S B S B B B N B B B B B R B B B BB S B B S S B |
100 200 300 400 500 600 700 800 °c
Rubber Analysis
4 TGA curve
mg g
64 :
Volatiles
Step -6.3866 % Decomposition
44 -0.4151 mg Step -68.2122%
4.4338 mg
2 Combustion
Step -21.8423 %
-1.4197 mg
0_
T rrr¢r o rrrp o e
. 4 100 200 300 400 500 600 700 °C
mgmin®-1 ]
] DTG curve
1]
2]
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Composition of SBR

In rubber analysis, the sample is first heat-
ed fo 600 °C under inert conditions. The
volatile components (plasticizers, offen
oils) vaporize and pyrolysis of the polymer
begins shortly afterward at about 400 °C.
At 600 °C, the atmosphere is then switched
from inert to oxidative, resulting in the com-
bustion of the carbon black additive. Inor-
ganic components remain behind as a resi-
due. The SBR sample analyzed in the
example contained 6.4% plasticizer, 68.2%
polymer and 21.8% carbon black. The resi-
due (mainly zinc oxide) was 3.6%.

1



Loss on Drying
TGA curve

-11.7854 %
-1.2069 mg

Step

Sample: Amiloride hydrochloride dihydrate, 10.2410 mg

T
40 60 80

— T T T T T T T T T T T T T T T T T T T T T T
100 120 140 160 180 200 220 240 260
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90+

80+

TGA curve “‘\
Step

Sample: Imipenem USP, 7.8750 mg
Pressure: 2.5 kPa

T T
280 300 °C

-5.9993 %
et Decomposition

T T T T T T T T T

T T T T
40 60 80 100 120 140 160

Weight loss on drying

The simplest way fo gef an overview of the
drying behavior of a pharmaceutical sub-
stance is fo use a standard method, such
as the USP “Loss on Drying”. The examples
show the weight loss curves of amiloride
dihydrate (above) and imipenem (below).
Imipenem was measured in vacuum at

2.5 kPa. The measurement of the two sam-
ples according to the standard method re-
sulted in weight losses of 11.8% and 6%
due fo the release of water. The weight loss-
es of both substances are within the toler-
ances permitted in the monographs. Mea-
surements such as these are typically used
in confrol and release analysis.

fexo

mg*®

Gypsum Content in Cement

% | TGAcurve

99.8

S35 Dihydrate

Hemihydrate
Measured ‘Mixturc

Measured ‘Mixture

1.9% 2.0% 1.0% 1.0%

99.44

Heating rate: 5 Kimin

—_—

40 60 80 100 120 140 160 180 200 °C

-4 DTG curve '
0.01 Integral
Cr1

-0.23 myg

Inte

gral -0.11 mg

" T T T T T T T T T

T T T T T
40 60 80 100 120 140 160

T
180

T T 1

T
200 °C

Gypsum content in cement
Gypsum, CaS0,-2H,0, is used as a retarder
in cement and occurs as the dihydrafe and
hemihydrate. The two compounds can be
analyzed in cement by measuring samples
in crucibles sealed with lids with 50-pm
holes. The TGA curve shows two weight
loss steps corresponding to the dehydration
of the gypsum and the hemihydrate. The
weight losses are more easily defermined
by integrating the peaks in the first deriva-
tive (DTG) curve. The dihydrate and hemi-
hydrate contents defermined in this way
agree well with the manufacturer’s specifi-
cations.

%
100+

Proximate Analysis of Coal (ASTM E1131)
Signal Value 99.29 %
ar

—

R

Step 4.2300 %
-0.8732 mg

Loss of moisture

Step -28.6322 %
-5.8108 mg

Coal 98 ASTM ground, 20.6440 mg

80+ Volatile fraction of coal
TGA curve
60- Lo
DTG curve AT
40_W -0.4875
-10.0630 mg
Residue 0.1768
T 3.6489 mg
Combustion of fixed carbon
204 Ash
150 100 110 200 400 600 800 9500 900 *C
1luluhf T 1 1 L - L S

0 2 4 6 8 10 12 14 16 18

Fast coal analysis

Thermogravimetric analysis provides a
convenient way fo evaluate the quality of
coal and coke in about 20 minutes. The
moisture content, volatile substances,
bound (fixed) carbon, and ash are all reli-
ably quantified by this method. The higher
the ratio of combustible fo non-combusti-
ble components, the more valuable the
coal. In confrast fo classical standard me-
thods, the smaller sample sizes and higher
heating rates used by the TGA result in sig-
nificantly faster resulfs. The evaluation
shows the analysis of an ASTM standard
coal. The measurement is performed in
nitrogen up to the first isothermal segment
at 900 °C, and then automatically switched
to oxygen for the final segment.

12



%o i

Solvent Detection by TGA-MS

Active substance
recrystallized

Residual solvents in
pharmaceutical substances

Rl I — =10 me Many pharmaceutical substances are re-
96 - crystallized from solvents. As a result, resi-
ot Soe ) ma Step 4.5704 % dues of solvents offen remain in the prod-
. S uct. Combined techniques such as TGA-MS
92
| are ideal fo defect and identify such unde-
90- sired residues. In the example, methanol
and acefone were used fo recrystallize the
_ MScurves active substance. The presence of these
108 / two substances is confirmed by the peaks
A| miz31 /) ) ;
n (multiplied by 20) .‘/ in the m/z 43 and m/z 31 fragment ion
- 7 N curves. The results indicafe that the weight
e —
R G— - loss step at 200 °C is almost entirely due
to the elimination of acetone.
60 80 100 120 140 160 180 200 220 240 260 280 300 320 °C
Decomposition of Cable Insulation i i )
% Thermal behavior of cable insulation
M RICGAICH VS TGA-FTIR analysis was used to determine
oTG | whether corrosive substances are formed in
1 curve
the processing of ETFE cable insulation ma-
80 ) terial during thermal treatment. The analysis
9,°CAq of finished insulation material indicated that
60 the sample released volatile substances at
] : temperatures above about 275 °C. An IR
ol | spectrum recorded during the main decom-
J _lly, TR spectrum of i position process at 510 °C shows that alky!
fluorides and hydrogen fluoride (HF, 3500
204 to 4000 cm™) are produced as decomposi-
1000 3000 cml ) )
1 tion products. HF is therefore released at
0 high temperatures and could pofentially at-
tack metal connections. The use of ETFE is,

UL LB L B L L L B L L L B L L L L B BB
50 100 150 200 250 300 350 400 450 500 550 °C

however, perfectly acceptable because pro-
cessing is performed af lower temperatures.

Hydration of Amiloride Hydrochloride

-5 Temperature program TGA curve

_Jl Relative humidity |
f  curve 40+ |

{ Sample: Amiloride hydrochloride dihydrate, 14.5870 mg 0 204

20 b
|

0

LN B S e B e e e LI e e T

100 200 300 400 500 600 700 800 900 min

Dynamic sorption curve

The TGA curve shows the uptake and re-

lease of moisture by a sample of amiloride

hydrochloride dihydrate as a function of rel-
ative humidity (RH). The stages of the anal-
ysis include:

e Temperature program with a precondi-
tioning segment (dehydration) af 125 °C
(dofted line)

® Increase of RH in steps of 10% with
equilibration (red curve)

¢ Resulfing weight changes for each
10% change in RH (black curve)

At a RH of about 50%, the substance has

regained its original water of crystallization.

Further increase of RH results in the uptake

of free surface water. This is liberated when

the RH is reduced.

13



TGA 2 Specifications

Temperature data

Small furnace (SF)

Large furnace (LF)

Temperature range RT ... 1100 °C RT ... 1100 °C
Temperature accuracy " +1 K +1 K
Temperature precision V +0.4 K +0.6 K

Heating rafe 2

0.02 ... 250 K/min

0.02 ... 150 K/min

Cooling time

20 min (1100 ... 100 °C)

22 min (1100 ... 100 °C)

Cooling time with helium 2

<10 min (1100 ... 100 °C)

<11 min (1100 ... 100 °C)

Sample volume <100 pL <900 L

Special modes

Automation

MaxRes optional

TGA-MS, TGA-FTIR, TGA-GC/MS

Vacuum >10 mbar >10 mbar

TGA-Sorption no optional

Balance data XP1 XP1U XP5 XP5U
Measurement range <lg <lg <bg <bg
Resolution 1.0 g 0.1 pg 1.0 g 0.1 pg
Weighing accuracy 0.005% 0.005% 0.005% 0.005%
Weighing precision 0.0025% 0.0025% 0.0025% 0.0025%
Repeatability <0.001 mg <0.0008 mg | <0.002 mg <0.0009 mg
Typical Minimum Weight® 0.19 mg 0.16 mg 0.22 mg 0.17 mg
Typical Minimum Weight USP®% | 1.9 mg 1.6 mg 2.2 mg 1.7 mg
Internal ring weights 2

Blank curve reproducibility

better than +10 g over the whole femperature range

Dimensions

Width/depth/height 52/63/28 cm (62.5 cm with sample changer)
Weight 40 kg (44 kg with sample changer)
Power supply 230V, 60 Hz, 6 Aor 115V, 560 Hz, 12 A
Approvals

IEC/EN61010-1:2001, IEC/EN61010-2-010:2003

CAN/CSA C22.2 No. 61010-1-04
UL Std No. 61010A-1
EN61326-1:2006 (Class B)

EN61326-1:2006 (industrial environments)

FCC, Part 15, class A

AS/NZS CISPR 22, AS/NZS 61000.4.3

Conformity mark: CE

" based on Curie reference substances
2 depends on instrument configuration

Mettler-Toledo AG, Analytical

CH-8603 Schwerzenbach, Switzerland

Tel. +41 44806 77 11
Fax +41 44 806 72 60

Subject to technical changes

© 4/2015 Mettler-Toledo AG, 30247078
Marketing MatChar / MarCom Analytical

9 depends on instrument environment and condition
# USP = United States Pharmacopeia

www.mt.com/tga
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For more information

Quality certificate. Development, production
and festing according o 1SO 9001.

Environmental management system
according to ISO 14001.

“European conformity”. The CE conformity
mark provides you with the assurance that
our products comply with the EU directives.



