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TMA / DTMA the method
Thermo mechanical analysis (TMA) easily and rapidly measures sample 

displacement (growth, shrinkage, movement, etc.) as a function of tem-

perature, time, and applied force. Traditionally, TMA is used to characte-

rize linear expansion, glass transitions, and softening points of materials 

by applying a constant force to a specimen while varying temperature. 

For expansion measurements, a probe rests on a sample on a stage with 

minimal downward pressure. Other constant force experiments include 

measurement of penetration, bending, tension, shrinkage, swelling, and 

creep (sample motion measured as a function of time under an applied 

load).

Typical Applications
ŗ�7HQVLRQ�VWXGLHV�RI�WKH�VWUHVV�VWUDLQ�SURSHUWLHV�RI�ŰOPV�DQG�ŰEHUV

ŗ�'HWHUPLQDWLRQ�RI�VRIWHQLQJ�EHKDYLRU

ŗ�*ODVV�WUDQVLWLRQ�WHPSHUDWXUHV�DQG�VHFRQGDU\�WUDQVLWLRQV�

ŗ�3KDVH�FKDQJH�GHWHUPLQDWLRQ

ŗ�'HWHUPLQDWLRQ�RI�PHFKDQLFDO�EHKDYLRU�XQGHU�DSSOLHG�IRUFH

ŗ�'HWHUPLQDWLRQ�RI�H[SDQVLRQ�FRHIŰFLHQW��GLODWRPHWU\�

ŗ�6LQWHULQJ�EHKDYLRU

ŗ�9ROXPHWULF�H[SDQVLRQ

ŗ�(�PRGXOXV

ŗ�6OLSSLQJ�DQG�IULFWLRQ�UHVLVWDQFH

General

ŗ�Highest Resolution 

 allows to measure smallest nanometer changes

ŗ�Dynamic Load TMA 

 measures weak transitions and elasticity

ŗ�Wide measuring range 

 from - 150°C to 1600°C*

ŗ�Calculated DTA 

 simultaneous measurements of thermal effects

ŗ�Modular design 

 allows future expansion of instrument

ŗ�Gas tight cell 

 controlled measurement environment

ŗ�Hyphenated techniques 

 evolved gas analysis

�'LIIHUHQW�IXUQDFHV��70$�37�����

70$�37����� 70$�37�����
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The concept

Sample chamber
The easily accessible chamber is located in the center of the furnace. 

Both temperature and atmosphere can be controlled. In addition an op-

WLRQDO�PDVV�űRZ�FRQWUROOHU�LV�DYDLODEOH�IRU�SXUJH�JDV�UHJXODWLRQ��7KH�JDV�

WLJKW�FHOO�FDQ�EH�HYDFXDWHG�DQG�DOORZV�\RX�WR�PHDVXUH�XQGHU�D�GHŰQHG�

DWPRVSKHUH��2QO\�VXFK�D�V\VWHP�FDQ�SURYLGH�GHŰQLWLYH�LQIRUPDWLRQ�FRQ-

cerning the samples sensitivity to oxidation.

Furnace
7KH�70$�3ODWLQXP�6HULHV�FRPHV�ZLWK�D�UREXVW�DQG�UHOLDEOH�IXUQDFH��,WV�

customized design enables rapid heat up and cool down times and an 

excellent heating rate control over the entire temperature range.

The expansion and temperature sensor
(YHU\�GLPHQVLRQDO�FKDQJH�RI�WKH�VDPSOH�LV�WUDQVPLWWHG�YLD�WKH�SXVKURG�

WR�WKH�KLJKO\�SUHFLVH�LQGXFWLYH�WUDQVGXFHU��/9'7�VHQVRU���,WV�SUHFLVH�DQG�

reliable response over the entire temperature range guarantees highest 

reproducibility of the TMA results. The temperature sensor is located 

right beside the sample leading to the high accuracy.

The Dynamic TMA mode
This feature allows you to study the visco-elastic behavior of materials. 

7KH�&RQFHSW� � � � ���7HFKQLFDO�6SHFLğFDWLRQV

,Q�'�70$�WKH�IRUFH�H[HUWHG�RQ�WKH�SUREH�DOWHUQDWHV�DXWRPDWLFDOO\�E\�WKH�

given frequency. 

Sample Holders 
A broad range of sample holders is available for the TMA. Hence the best 

method for testing can be selected for every application. Furthermore 

/,16(,6�FDQ�FHUWDLQO\�SURYLGH�DLG�IRU�VSHFLDO�FXVWRPHU�UHTXLUHPHQWV�

Automatic pressure control
The contact pressure can be continuously varied between 10mN and 

20 N depending on the system. This feature continuously adjusts the 

FRQWDFW�SUHVVXUH�WKURXJKRXW�H[SDQVLRQ�DQG�RU�VKULQNDJH�RI�WKH�VDPSOH��

Cooling system
The liquid nitrogen cooling system has been completely automated; 

PDQXDO� UHŰOOLQJ� LV� QRW� QHFHVVDU\��7KLV� VLPSOLŰHV� RSHUDWLRQ�� LPSURYHV�

reproducibility and allows measurements to be performed over a long 

period of time.

Integrated DTA signal:
$OO�/,16(,6�70$�PRGHOV�DUH�RSWLRQDOO\�HTXLSSHG�ZLWK�WKH�'7$�HYDOXDWLRQ�

feature. This provides the user with valuable additional endo- and exo-

thermic sample information

TMA PT 1000 EM TMA PT 1000 TMA PT 1600

Temperature range -150 up to 1000°C -150 up to 1000°C
-180 up to 500°C
57�XS�WR����������������
����������r&

Force ��RU����1 �������RU���1 ��RU����1

Frequency 1 or 5Hz — 0.05 to 1 or 50Hz

Resolution ������QP�GLJLW ������QP�GLJLW ������QP�GLJLW

Sample size �����PP �����PP �����PP

Atmosphere inert, reduced react. gas inert, reduced react. gas inert, reduced react. gas

7HFKQLFDO�6SHFLğFDWLRQV
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Software
$OO�/,16(,6�WKHUPR�DQDO\WLFDO� LQVWUXPHQWV�DUH�3&�FRQWUROOHG��7KH� LQGL-

vidual software modules exclusively run under Microsoft® Windows® 

operating systems. The complete software consists of 3 modules: tem-

perature control, data acquisition and data evaluation. The 32 bit soft-

ware incorporates all essential features for measurement preparation, 

H[HFXWLRQ��DQG�HYDOXDWLRQ�RI�D�70$�'70$�UXQ��7KDQNV�WR�RXU�VSHFLDOLVWV�

DQG�DSSOLFDWLRQ� H[SHUWV�� /,16(,6�ZDV�DEOH� WR� GHYHORS� FRPSUHKHQVLYH�

easy to understand user friendly application software.

Features -Software
ŗ�3URJUDP�FDSDEOH�RI�WH[W�HGLWLQJ

ŗ�'DWD�VHFXULW\�LQ�FDVH�RI�SRZHUIDLOXUH

ŗ�7KHUPRFRXSOH�EUHDN�SURWHFWLRQ

ŗ�5HSHWLWLRQ�PHDVXUHPHQWV�ZLWK�PLQLPXP�SDUDPHWHU�LQSXW

Software

ŗ�(YDOXDWLRQ�RI�FXUUHQW�PHDVXUHPHQW

ŗ�&XUYH�FRPSDULVRQ�XS�WR����FXUYHV

ŗ�6WRUDJH�DQG�H[SRUW�RI�HYDOXDWLRQV

ŗ�([SRUW�DQG�LPSRUW�RI�GDWD�$6&,,

ŗ�'DWD�H[SRUW�WR�06�([FHO

ŗ�0XOWL�PHWKRGV�DQDO\VLV��'6&�7*��70$��',/��HWF��

ŗ�=RRP�IXQFWLRQ

ŗ��VW�DQG��QG�GHULYDWLRQ

ŗ�3URJUDPPDEOH�JDV�FRQWURO

ŗ�6WDWLVWLFDO�HYDOXDWLRQ�SDFNDJH

ŗ�$XWRPDWLF�D[LV�UH�VFDOLQJ

ŗ�(�0RGXOXV

ŗ�6HYHUDO�V\VWHP�FRUUHFWLRQ�IHDWXUHV

ŗ�$XWRPDWLF�]HUR�SRLQW�DGMXVWPHQW

ŗ�$XWR�VFKHGXOHU�IRU�XS�WR����XQLQWHUUXSWHG�UXQV
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TMA / DTMA Features

With low constant load
ŗ�/LQHDU�WKHUPDO�H[SDQVLRQ�HYDOXDWLRQ

ŗ�&KDQJH�RI�YROXPH

ŗ�3KDVH�WUDQVIRUPDWLRQ

ŗ�6LQWHU�SURFHVV�HYDOXDWLRQ

ŗ�6RIWHQLQJ�SRLQW�GHWHUPLQDWLRQ

ŗ�7UDQVIRUPDWLRQ�SRLQWV

ŗ�6ZHOOLQJ�EHKDYLRU

ŗ�7HQVLRQ�

With increased constant load
ŗ�3HQHWUDWLRQ

ŗ�7UDQVLWLRQ�DQG�FRPSDULVRQ�WHVWV

ŗ���SRLQW�EHQGLQJ�WHVW

With dynamic load
ŗ�9LVFR�HODVWLF�EHKDYLRU

Additional optional features
ŗ�'7$�HYDOXDWLRQ

ŗ��5&6��5DWH�FRQWUROOHG�VLQWHULQJ�VRIWZDUH

Features

Linear Motor

LVDT

Sample

Furnace

Front
view

Side 
view

Expansion Penetration E-Modulus

3-Point Bending Volumetric
Expansion

Tension
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Polyvinylchloride
This plastic has found extensive use as an electrical insulator for 

wires and cables. Cloth and paper can be coated with it to produce 

fabrics that may be used for upholstery materials and raincoats. The 

JODVV�SRLQW�RI� WKH�39&�VDPSOH�ZDV�GHWHFWHG�DW�����r&��7KH�HODVWLF�

range starts from approximately 150°C. At higher temperatures the 

change of the sample into the plastic range can be detected very well.

Applications

Silicon rubber
7KH�QDWXUH�RI�LWV�RULJLQ�JLYHV�VLOLFRQH�D�QXPEHU�RI�VLJQLŰFDQW�DGYDQ-

tages over conventional rubber polymers. These include the ability to 

perform in extreme operating temperatures, excellent resistance to 

ZHDWKHU�DQG�R]RQH��HOHFWULFDO�UHVLVWDQFH�RU�FRQGXFWLYLW\��űDPH�UHWDU-

dency, and the ability to match nearly any colour. This type of rubber 

was especially developed for use at low temperatures. The glass point 

LV�DW� �����r&��7KH�(�PRGXOHV� LV�VKRZQ�RYHU� WKH�HQWLUH� WHPSHUDWXUH�

range and the mean value of the expansion. The length change is up 

to 50°C an expansion (elastic range) and thereafter a change into the 

plastic range was detected.

Elastomers
Because of their very special and versatile properties, polyurethanes 

(ODVWRPHUV�KDYH�IRXQG�ZLGH�DSSOLFDWLRQ�LQ�YLUWXDOO\�HYHU\�LQGXVWU\��YD-

rying from the automotive, electrical and electronic industry, design 

and textile industry, to the mining and heavy duty industry.

(YDOXDWLRQ�RI�(ODVWRPHUV�VSHFLŰFDOO\�GHYHORSHG�IRU�DSSOLFDWLRQV�DERYH�

�r&��7KH�JODVV�SRLQW�ZDV�GHWHFWHG�DW�����r&��:KHQ�IXUWKHU�LQFUHDVLQJ�

the temperature, additional expansion of the material in the elastic 

range occurs. The plastic range of the material has not been reached 

during this evaluation.
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DTA - Feature
The thermal expansion of rock crystal (D�6L22) can be easily evalu-

DWHG�ZLWK� WKH� /���'LODWRPHWHU��7KH� DGGLWLRQDO� '7$� IHDWXUH� HQDEOHV�

DQ� LQ� GHSWK� YLHZ�RI� WKH� WKHUPDO� EHKDYLRU� RI� WKH�PDWHULDO��7KH�'7$�

measurement is a mathematical routine based on the sample tem-

SHUDWXUH��([R��DQG�HQGRWKHUPLF�HIIHFWV�LQűXHQFH�WKH�FKDQJH�RI�WKH�

sample temperature during the dynamic heating or cooling cycle. 

$W�DSS�����r&� WKH�SKDVH� WUDQVLWLRQ� IURP�D- to E�6L22 takes place. 

The deviation of the measured temperature from the literature value 

����r&��FDQ�EH�XVHG�IRU�D�WHPSHUDWXUH�FDOLEUDWLRQ�

Creep Behaviour of Elastomers
The recovery behavior of sealing rings can be determined by the use 

of Creep measurements. In the two different experiments a force of 

1N was applied to two different sealing rings for 60 minutes at room 

temperature. The recovery behavior was measured with an applied 

force of 0.01N. This measurement allows to determine the elastic 

deformation, the viscoelastic deformation (gradual change in thick-

QHVV���DQG�WKH�YLVFRXV�űRZ��LUUHYHUVLEOH�FKDQJH�LQ�VKDSH��FUHHS���7KH�

GHIRUPDWLRQ�RI�WKH�(3'0�VHDOLQJ�ULQJ�LV�JUDWHU�WKDQ�WKDW�RI�WKH�)30�

ULQJ�� ,Q� FRPSDULVRQ� )30�� WKH� ('30�XVHG� KDV� D� JUHDWHU� GHJUHH� RI�

YLVFRXV�űRZ�DQG�KDV�D�VPDOOHU�HODVWLFLW\�PRGXOXV�

Polycarbonate PC
An important limiting factor for thermoplastic applications is the glass 

transition point. With the different loads on the polycarbonate molded 

parts investigated here, the TMA shows that softening occurs long be-

IRUH�WKH�JODVV�WUDQVLWLRQ�WHPSHUDWXUH�LV�UHDFKHV��'XULQJ�WKLV�LQYHVWLJD-

tion the material has been penetrated by a pushrod with two different 

IRUFHV���F1�DQG��F1���'HSHQGLQJ�RQ�WKH�ORDG��WKH�GHSWKV�RI�WKH�SHQH-

trations have varied. The heating rate for both evaluations has been  

�.�PLQ�
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