TMA/SDTA 2+
STAR® System

Innovative Technology

Versatile Modularity

Swiss Quality
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Thermomechanical Analysis

for All Requirements
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Outstanding Measurement Performance
Thanks o Swiss Precision Mechanics

Thermomechanical analysis (TMA) is used to measure dimensional changes of a material
as a function of temperature. Thermal expansion and effects such as softening, crystal-
lization and solid-solid transitions determine the potential applications of a material and
provide important information about its composition. Viscoelastic behavior can be studied
by varying the applied force (DLTMA mode).

Features and benefits of the METTLER TOLEDO TMA/SDTA 2+:

® Wide temperature range — from —150 fo 1600 °C

B SDTA - for the simulfaneous measurement of thermal effects ‘Q/
® One Click™ — provides efficient sample measurement

B Nanometer resolution — allows very small dimensional /
changes to be measured =

® Dynamic load TMA (DLTMA mode) — measures weak
transitions and elasticity

m Wide measurement range — for small and large samples

B Modular design — allows future expansion to meet
new requirements

m Hyphenated techniques — for Evolved Gas Analysis
using MS, GC-MS, or FTIR

The TMA/SDTA 2+ incorporates Swiss pre- |
cision mechanics and is available in four |
versions with furnace systems optimized for '
measurements between —150 and 1600 °C. |



SDTA Signal
Unsurpassed Temperature Accuracy

The TMA/SDTA 2+ is the only instrument on the market that measures
the sample temperature very close to the sample in all operating
modes. This enables temperature adjustment to be carried out using
reference substances (e.g. the melting points of pure metals) or
through a change in length.

The SDTA signal is the difference between the measured sample tempera-
ture and the reference femperature calculated using a model (US Patfent
6146013). This means that besides the length change, the simultaneously
measured SDTA signal is also available as a measurement quantity. In

\ many cases, this can facilitate the correct interpretation of a measurement
curve.
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DLTMA mode
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The DLTMA mode allows you to study the elastic behavior of samples.
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- Unique temperature calibration
e models have two thermocouples: One mea-
E The METTLER TOLEDO TMA models have two th les: O
= i sures the furnace temperature and controls the program femperature.
The other is located next fo the sample and measures the sample
“ temperature.



Rapid Results §
Thanks to Innovative Solutions

Easy sample installation

The sampling area is freely acces-
sible for installing the sample hold-
er and measuring probe. These op-
erations can be performed quickly
and easily. An indentafion ensures
that the sample holder can only be
installed in one position.

The measuring probe is securely
attached fo the length sensor
(LVDT) by means of a magnet and
can easily be changed.

Different sample holders and mea- |_TMA/SDTA 2+
suring probes are available for

each measuring mode. This allows

you to choose the best configura-

tion for each application.

Complete thermal analysis system

A complete thermal analysis system consists of four different measurement techniques. Each characterizes the sample
in its own specific way. The combination of all the results gives the complete picture and simplifies interpretation. DMA
measures the mechanical modulus, DSC and Flash DSC the heat flow, TGA the weight curve, and TMA the length
change. All these quantities change as a function of temperature.
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Sophisticated Solutions
Down to the Last Detail

Touchscreen terminal for the TMA/SDTA 2+ —

with One Click™ technology

The touch-sensitive color terminal for the TMA/

SDTA 2+ presents clear and precise information and

is easily seen from a distance.

e The patented One Click™ function allows you to
start predefined measuring methods safely and
easily from the terminal af the fouch of a button.

e All force and length calibration routines are con-
frolled via the ferminal. This ensures that calibra-
tions are performed reliably and easily.

e The fouch screen can be used to control the de-
termination of sample length and the transfer of
data to the software. This eliminates any possible
transfer errors.
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Matching accessories

SmartSens functions

In some applications, for example
high-precision length measure-
ments, the measuring probe must
exert only a very low force on the
sample. This means that the instru-
ment should not be fouched during
the measurement. Basic operations
such as opening and closing the
furnace and the selection of mea-
surement parameters can therefore
be performed in hands-free opera-
tion using hand movements.

So that you can quickly find everything you need, we supply a high-quality wooden storage
case for your high-precision, quartz glass and aluminum oxide sample holders and probes,
and any ofher tools and accessories you may have. The foam insert provides each part with
its own defined place, offering ideal profection from potential damage.



Reliable, First-Class Performance
Over the Entire Temperature Range

Measurement principle
Thermomechanical analysis mea-
sures the change in length of a
sample as a function of fempera-
ture and the applied force.

Wide measurement range
16000000 data points are avail-
able for the entire measurement
range of £5 mm. This means that
both small and large samples
(maximum 20 mm) can be mea-
sured with 0.5 nm resolution with-
ouf the need for range switching.

Thermostating

The mechanical part of the measur-
ing cell is accommodated in a ther-
mostafed housing. This guaranfees
excellent accuracy for the determi-
nation of expansion coefficients.
\Water from the circulator is also
used to cool the furnace and re-
duce cooling times.

Defined furnace atmosphere

The furnace chamber can be
purged with a defined gas. This
process is software controlled,
which makes it very easy to switch
from an inert atmosphere to
reactive conditions.

Key

1 Water cooling

2 Parallel guidance with bending bearings
3 Adjustment weight

4 Transducer (LVDT)

5 Force generator

6 Height adjustment

7 Thermostatted measuring cell

8 Sample support

9 Measuring probe
10 Sample femperature sensor
11 Water-cooled furnace jacket
12 Furnace heating

Parallel guidance of the mechanical system

A key feature of the TMA cell is the parallel guidance system of the mea-
suring probe. This utilizes an exiremely precise mechanical system based
on infernafionally acclaimed METTLER TOLEDO balance technology.
Thanks fo this development, the measuring probe can move up and down
perfectly free from any frictional forces. The force applied is therefore ex-

tfremely accurate.



Optimized Sample Holders
for Quick and Easy Handling

The TMA/SDTA 2+ offers various
accessories that enable you fo
measure samples in different defor-
mation modes. The most suitable
mode for your parficular applica-
tion depends on the nature and
properties of the particular sample.

¥

-
=

v
N -

=

The various deformation modes

Dilatometric mode (A): This is the mode most commonly used in ther-
momechanical analysis. The expansion coefficient is determined as a
function of femperature. A typical feature of this mode is that the probe
exerts only a very small force on the sample.

Compression mode (A): In this mode, the sample is subjected to a
large force.

Penetration mode (B): The purpose of a measurement in the penetra-
tion mode is to defermine the softening point of a sample. This is usu-
ally performed using the ball-point probe.

Tension mode (C): The fiber or film accessory is used to perform mea-
surements in tension. This allows you to determine changes in length
due fo shrinkage or expansion.

3-point bending mode (D): This mode is ideal for studying the elastici-
ty of stiff samples such as fiber-reinforced polymers.

Swelling (E): Many substances swell when they come into confact
with liquids. The resulting change in volume or length can be mea-
sured using the swelling accessory.

Volume expansion (F): Liquids expand just like solids. A new acces-
sory enables you to measure volume changes of liquids.

High-precision quartz glass measuring

probes and sample holders

Swiss quality is also clearly present in the measuring probes and
sample holders. We supply the following types of quartz glass probes
and sample holders:

e Sample holder for the measurement range 0 to 10 mm

e Sample holder for the measurement range 10 o 20 mm



Unparalleled versatility
Opfimum Measurementf Configurations
The four TMA/SDTA 2+ versions
The TMA/SDTA 2+ is available in
four versions:
¢ A high-temperature version for
measurements from room tem-
perature fo 1600 °C. — =
¢ A standard temperature version E mme?
for measurements from room -#m w‘_‘m ‘
temperature to 1100 °C. e — e —
e An InfraCooler version that oper- g ” § l
ates from —80 to 600 °C. The - 3 -
IntraCooler is the most effective 1C/600 i LN/600 -
cooling opfion on the market that
operates without the use of liquid
nitrogen.
e A liquid nitrogen cooling option
for the low femperature range = =
from —150 to 600 °C. ] )
| —— o
Conversion from one TMA version vw w’_‘?_’“’"
to another is always possible as a e e
service option. : ” l
LF/1100 HT/1600
TMA/SDTA 2+ instrument configuration
Cooling device 1C/600 LN/600 LF/1100 HT/1600
Cooling circulator — .
cooling capacity >600 W
Cooling circulator — °
cooling capacity >400 W
Cooling circulator — o °
cooling capacity >100 W
e Film accessory The sample holder for the measurement range O fo
e Fiber accessory 10 mm with the ball-point measuring probe is also
¢ 3-point bending accessory available in aluminum oxide for the high-temperature
e Accessories for swelling or volume expansion range.

measurements

e Measuring probes with ball point ends (3.0 mm)
e Measuring probes with flaf ends (1.1 and 3.0 mm)

e Measuring probes with knife-edges



Modular Design
Future Expansion af Any Time

TMA/SDTA 2+ configurations

Types of sample holder 1C/600 | LN/600 LF/1100 HT/1600
0o 10.mm sample holder, quartz glass K-type / included with standard equipment R-ype / mcludgd with R-type / optional
standard equipment

10 to 20 mm sample holder, quartz K-type / optional R-type / optional

glass

Fiber attachment accessory - set with ) i

1 hook, quartz glass K-type / optional R-type / optional

Film attachment accessory- set with . .

2 hooks, quartz glass K-type / optional R-type / opfional

0to 10 mm sample holder, . R-type / included with
. . - optional !

aluminum oxide standard equipment

Measuring probes 1C/600 | LN/600 | LF/1100 HT/1600

Measuring probe, ball-point, included with standard equipment optional

3 mm, quartz glass

Meos_unng pr_obe, ball-point, 3 mm, _ optional included

aluminum oxide

Measuring probe, flat, 3 mm,
quartz glass

optional (can be used up fo 1100 °C)

Measuring probe, flat, 1.1 mm,
quartz glass

optional (can be used up fo 1100 °C)

Measuring probe, knife-edge

optional (can be used up fo 1100 °C)

3-point bending accessory

optional (can be used up fo 1100 °C)

Swelling accessory

optional (can be used up to 1100 °C)

Volume expansion accessory

optional (can be used up fo 1100 °C)

Analysis of decomposition products by EGA
(Evolved Gas Analysis)

Purge
gas

The TMA measurement cell can be coupled to a mass
spectrometer or an FTIR spectrometer. The additional
information obtained allows better inferpretation of the
measurement curve.

Support and repair

Support and diagnosis in case of
technical issues. Carrying out repairs
at a customer's site or at one of our
service cenfers.

Quality assurance and certification
Qualification, documentation,
calibration with certificate.

Mechanical Analyzer Transfer Line Gas Analyzer

MS or FTIR or

VDT GC/MS

Furnace Heater

- =

Computer

Performance services and preventive maintenance
Professional installation (1Q, 0Q) and ensuring
optimum performance during the life-time of the
instrument (PQ and preventive maintenance).

Training and applications support
Professional applications support, basic and
customized training courses, comprehensive
applications literature.



10

Thermomechanical Analysis
for a Wide Range of Applications

The TMA/SDTA 2+ can be used for a wide range of applications due to its broad tempera-
ture range and the wide choice of force parameters in compression and tension modes. As
a result, the TMA/SDTA 2+ quickly provides characteristic information on numerous types
of samples, for example very thin layers, large sample cylinders, fine fibers, films, plates,
soft or hard polymers, and single crystals.

Complementary technique be satfisfactorily measured by DSC,
TMA is the ideal addition to DSC. for example materials with a high

Besides the measurement of ex- filler content. The penetration mode
pansion coefficients, TMA is also is ideal for characterizing the glass

an excellent fechnique for determi-  transitions of difficult samples such
ning glass fransitions that cannot as very thin coatings.

Effects and properties that can be studied using the TMA/SDTA 2+:

e Viscoelastic behavior (Young's modulus) e Gelation

e Glass fransition * Phase transitions

e Expansion coefficient e Curing and crosslinking reaction

e Expansion and shrinkage of fibers and films e Swelling behavior

e Softening e \/olume expansion

e Viscous flow » Thermal effects of pharmaceuticals and foodstuffs
¢ Melting and crystallization



CTE of Inorganic Materials

CTE determination

ofppmrcaa § 2 S ome T e The coefficient of thermal expansi
p 10000 0.75 Quartz, 4.354 mm pansion (CTE)
1503 .12 2000 1445 - can be defermined from TMA measure-
100.8 ] 2 50000 1659 / ments in the DLTMA mode. The diagram
1004 60000 142 60000 1885 . . .
] P —— shows dilafomefric curves and the resulting
e o pemicl expansion coefficients of three different
10067 ] 2000 200 materials. Borosilicate glass has a CTE of
0] i on about 3.3 ppm in the glassy stafe and a
100.4- T a0 a0 c e Invar, 2.483 mm glass transition af about 550 °C. Invar is a
iron-nickel alloy, which shows practically
s (Eehfem no thermal expansion up o 1560 °C.
100.21 = Onset 559.79 °C Crystalline a-quartz expands with a contin-
uously increasing expansion coefficient.
100.0 4 Borosilicate glass, 4.341 mm A solid-solid transition to B-quartz occurs
U ; ; : ; ; : : T T T at about 575 °C. On further heating, the
50 100 150 200 250 300 350 400 450 500 550 600 °C )
sample then starts to shrink.
Creep Behavior of Vulcanized SBR
i Creep behavior of elastomers
1;’;’ 3'01 S 1 N ______________________ 0.011:4 ____________ An important property of a seal is ifs creep
1 and recovery behavior. Creep deformation
consists of reversible viscoelastic relaxation
% and irreversible viscous flow components.
SBR3 In this application, several styrene-butadi-
1 I~ bl ene rubber (SBR) samples with different de-
B SBR2 gg%r.le i ngvslzc: ns'zB%on: grees of vulcanization were investigated.
2 o SBR1 Unvulcanized SBRO shows the largest elas-
tic deformation (left arrow) and the largest
921 ireversible deformation (right arrow). With
SBRO increasing vulcanization, both the elastic
90 LU deformation and the viscous flow decrease.
30°C Good sealing materials should not exhibit
1071 ' ‘ T min viscous flow.

%

100.2 -

100.0 -

Cristobalite transition

—t—
Quartz transition
Onset at 559 °C

Sintered High-Performance Ceramics

Si02 sample 2
Softening 1104 °C

Onset at 245 °C

Crystallization

Softening
1126 °C

99.8 -
Si02 sample 1
99.6 - \
99.4 . .
Heating rate: 3 Kimin Isothermal segment
200 400 600 800 1000 1200 1400 1500 °C

99 .2+ —r—vr—rr—r bttt

0 50 100 150 200 250 300 350 400 min

Sintered high-performance
ceramics

High-performance ceramics exhibit high
temperature stability. This is shown here
with measurements of fwo sintered SiO,
samples — a conventional SiO, sample 1
and a second type, sample 2. The cristo-
balite transition of sample 1 can be clearly
seen at 245 °C. This occurs rapidly and
often leads to cracks in the material. The
second type of SiO, exhibits a slower quartz
transition af a higher temperature, with less
risk of crack formation. Sample 2 also con-
tains crystallization nuclei; crystallization
occurs from about 1200 °C onward. These
properties make sample 2 a high-perfor-
mance ceramic.

1
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Characterization of PC Boards

PCB type 1

Glass transition
Onset93.11 °C

PCB type 2

Glass transition

Onset 121.90 °C

Onset 302.43 °C

100 120 140 160 180 200 220 240 260 280

°C

Delamination of composites

A printed circuit board (PCB) is a laminate
consisting of several layers of glass fibers
embedded in a thermosetting resin matrix.
Important characteristics of PCBs are their
glass transition temperature (Ty) and tem-
perature stability. Both can be measured by
TMA. The diagram shows TMA curves of
two different PCBs. The changes in the
slope of the curves at 93 and 122 °C corre-
spond to the T, of the PCBs. Decomposition
of the resin matrix is accompanied by out-
gassing. This forces the layers apart (de-
lamination) and leads fo spikes in the TMA
curve. The curves show that PCB1 is more
stable than PCB2.

Aexo

Ammonium Nitrate

1stru

pm | Single grain of ammonium nitrate, 0.315 mg

n
Onset -5.68°C TMAcurves

Onset 84.66 °C
Onset 47.15°C

Onset 52.01°C

Onset -11.31°C

Onset 126.22°C

Onset 127.18 °C

Solid-solid transitions

by TMA and DSC

Solid-solid transitions are generally accom-
panied by volume changes. Transitions like
this are observed as steps in the TMA curve.
This is demonstrafed using a single grain of
ammonium nitrafe, a substance used in
many fertilizers and explosives. The curves

2nd run .
show that the structural changes occur quite
-40 -20 0 20 40 60 80 100 120 EC rapidly. The transition temperatures depend
2nd run i DSC curve on infernal stresses in the sample and
2 hence on its thermal history. This explains
mw 2829 the different shapes of the curves measured
g m
g in the first and second heating run. The DSC
! T T ‘ T T T — T curve (second heating run) is shown for
-40 20 0 20 40 60 80 100 120 \ , §C .
comparison.
Film Samples by TMA
um | Shrinkage behavior of films
14000; Unstretched sample Stretched films often exhibit anisotropic

Heating rate: 5 K/min
Mode: tension
Load: 10 mN

1 — inthe stretching direction \
90004 — — across the stretching direction \\\
8000 - - . . . r T T T T T T T
60 80 100 120 140 160 °C

mechanical properties. These can be inves-
tigated by measuring expansion or shrink-
age behavior using TMA. The diagram
shows the measurement curves of two
different polyethersulfone films. The red
curves were obtained from a stretched film
in and across the direction of strefching.
The blue curves are the results from an
unstretched film, measured in two direc-
tions af right angles fo each other. The
unstretched sample clearly shows isotropic
behavior whereas the stretched sample
behaves very differently in the stretched
and unstretched directions.

12



Gelation Time of an Adhesive

— Isothermal at 10 °C
Force:0.1 N/-0.1 N

Envelope difference Period: 30 s

Gelation time: 25.9 min

Gel formation by DLTMA

The gelation time (or pot life) is the time
needed for the molecules in a thermosetting
resin fo form a gel. After gelation, the initial-
ly liquid resin can no longer be molded.

Information about the gelation fime is there-
i [P IR fore of great practical importance regarding
pm T ' the workability of resins. The gelation time
can be easily defermined by DLTMA. While
the sample is liquid, the probe switches
Upper and lower envelopes between its highest and lowest position
T under the alternating load. Affer the gelation
N “ AN time, the probe sticks fo the sample and the
10°C displacement amplitude rapidly decreases.
0 500 1000 1500 2000 2500 3000 3500 4000 4500 s
Swelling of Elastomers in Toluene
o Swelling of elastomers
135 Swelling in toluene maQ The swelling behavior of sealants in sol-
/ vents is often important for their practical
130 - use. Swelling behavior can be measured
using a TMA/SDTA 2+ equipped with a spe-
[ cial swelling accessory. The diagram
120 shows the swelling curves of four different
elastomers in toluene at 30 °C. A fluoro-
115 elastomer (FPM) swells only about 2% in
one direction. FPM is clearly resistant fo
i toluene and can be used as a sealant when
105 it is exposed to this solvent. The other three
elastomers swell much more strongly, for
100 example silicone rubber (MQ) swells by

0 5 10 15 20 25 30 35 min

more than 35% in one direction in 35 min-
utes.

Curing of Epoxy Resin by DLTMA

|y, Glass transition Sample: Epoxy powder

.'|‘|i4' r
Il

Mprse g
T UL A
. (1T

SDTA, 1st heating run

\5,0 60 80 100 120 140 160 180 200 220 240 °C

Curing of an epoxy resin by
DLTMA

A precured epoxy resin was measured by
DLTMA. In the glassy state, the resin is hard
and the displacement amplitude with the
alternating load used is small. The ampli-
tude increases at the glass fransition. After
this, the resin becomes liquid and begins fo
flow; the amplitude remains constant but
then decreases at about 190 °C due fo
curing of the resin. The curing process can
also be seen as an exothermic peak in the
simultaneously measured SDTA curve. In
the second DLTMA heating run, the glass
transition of the fully cured sample is
observed at about 110 °C.

13



TMA/SDTA 2+ Specifications

Temperature data

LF/1100

HT/1600

1C/600

LN/600

Temperature range

RT to 1100 °C

RT to 1600 °C

-80 t0 600 °C

-150 to 600 °C

Temperature accuracy
(RT to max. femperature)

+0.25 °C

+0.6°C

+0.25 °C

+0.25 °C

Temperature accuracy
(~70/-100 °C to RT)

n.a.

+0.35 °C

+0.35 °C

Temperature accuracy
(-150 to =100 °C)

n.a.

n.a.

+0.5 °C

Temperature reproducibility

+0.156 °C

+0.35 °C +0.25 °C

+0.25 °C

Heating (RT to max. femperature)

8 min

22 min <6 min

<6 min

Heating (-70/-150 fo 600 °C)

n.a.

<7 min

<6 min

Cooling (max. temperature fo RT)

20 min

<40 min 13 min

<15 min

Cooling (RT fo -70/-150 °C)

n.a.

22 min

15 min

Length data

Maximum sample length

20 mm

Measurement range

+b mm

Resolution

0.5 nm

Noise (RMS)

5nm

Reproducibility

+100 nm

+300/£500 nm
(1100/1600 °C)

+100 nm

+50 nm

Force data

Force range

-01101.0N

DLTMA data

Frequencies

0.01 10 1 Hz

SDTA®-(Single differential
Thermal Analysis)

SDTA® resolution

0.005 °C

SDTA® noise (RMS)

0.01 °C

0.01 °C 0.02 °C

0.02 °C

SDTA® sensor type

R type

K type

SDTA® signal time constant

33s

33s 38s

38s

Data sampling

Sampling rate

max. 10 data points per second

Approvals

IEC/EN61010-1, IEC/EN61010-2-010

CAN/CSA-C22.2 No. 61010-1-04 & -2-010

IEC61326-1 / EN61326-1 (class B)

IEC61326-1 / EN61326-1 (Industrial requirements)

FCC, Part 15, class A
AS/NZS CISPR 11, AS/NZS 61000.4.3
Conformity Mark: CE, CSA, C-Tick

Mettler-Toledo GmbH, Analytical
CH-8603 Schwerzenbach, Switzerland

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

Subject to technical changes

© 02/2016 Meftler-Toledo GmbH, 30312613
Marketing MatChar / MarCom Analytical

www.mt.com/TMA
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For more information

Quality certificate. Development, production
and testing according to ISO 9001.

Environmental management system
according fo ISO 14001.

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



