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TG-DSC AS A NEW METHOD OF INVESTIGATION OF POLYMERS 
AND RESINS 

P. le Parlou~r 

SETARAM, 7, RUE DE L'ORATOIRE 69300 ( 'AI,UIRE - FRANCE 

The introduction o f  the s imultaneous T G - D S C  method  using only one sample permits a new 
approach to the characterization o f  polymeric materials. The correlation between the data ob- 
tained from the TG and DSC curves is made easier and is no longer affected by the inhomogeneity 
o f  the material. 

In the case o f  polyethylene,  a first heating under  inert gas up to 560 ~ allows measurement  o f  
the temperature and the heat o f  melting by DSC and the decomposit ion o f  polyethylene simulta- 
neously via the TG and DSC curves. If oxygen is introduced above 560 ~ the oxidation of  carbon 
black is detected by TG and DSC. For  the investigation of  resins and especially preimpregnated 
compounds ,  this T G - D S C  method  permits accurate measurement  o f  the reticulation of  the 
prepreg sample and the amount  of  resin on the support .  With only one run on the same sample, 
the T G - D S C  method  yields many reliable data. 

The characterization of  polymeric materials has created a very wide range 
of  applications for the thermal analysis methods,  especially DSC and TG [ 1 ]. 

The polymer or resin samples have to be investigated on separate in- 
struments, even if the microprocessor-based control allows monitoring of  
both experiments with the same heating conditions. With the introduction 
of the TG-DSC method,  a new approach to polymeric materials is now 
possible. The SETARAM TG-DSC 111 [2] provides the TG and DSC curves 
with only one sample. In such a situation, the heating conditions and the gas 
control are strictly identical in the two experiments. The correlation be- 
tween the data obtained from the TG and DSC curves is made easier and is 
no longer affected by the inhomogeneity of  the sample, its porosity or other 
experimental factors. 

TG-DSC investigations of polymers and resins 

As concerns the investigation of  polymeric samples by the DSC and TG 
methods, each of  them has its specific applications. Decomposition and 
combustion are the two main applications with a TG system. From the TG 
diagrams, the contents of  polymers or resins, various fillers, etc. are cal- 
culated. DSC is mostly used to characterize thermal effects occurring in 
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polymeric samples without any mass variation: melting, crystallization, glass 
transition, cross-linking reactions, etc. 

The data arising from the two experiments are correlated. But what is 
the precision of  this correlation when only 10 mg samples of  such complex 
compounds are heated in two different instruments? Polymers and resins are 
not  pure products, but formulations. Many different compounds are com- 
bined to improve their characteristics, e.g. plasticizers, fillers, stabilizers, 
lubricants, antioxidants, fire retardants, blowing agents, etc. Some of these 
compounds are introduced in very small amounts. When 10 mg of  such a 
sample is tested, what is the reproducibility of  the polymer composition 
for such a mass? Most resins are used on supports (glass fibres, graphite 
fibres, etc.). What is the reproducibility of the resin impregnation on the 
support when only 10 mg of  sample, including resin and support,  is in- 
vestigated? 

These few questions show that in some cases there is a limitation to the 
possibility of  obtaining a good correlation between the TG and DSC results 
coming from two different samples. The new TG-DSC method makes it 
possible to detect and measure precisely all types of  thermal transform- 
ations, with or without mass changes, using only one sample, with a single 
instruments. Some examples are given to illustrate the potential of  such a 
method.  

Polyethylene 

Polyethylene has been widely investigated by DSC and TG. Typical DSC 
applications are melting, determination of  the degree of  crystallinity, crystal- 
lization, and oxidative induction. Via the TG method,  degradation, oxidation 
and filler contents are measured. Through use of  the TG-DSC method,  most 
of  these applications are possible in a single run, as shown in Figs 1 and 2. A 
granule of  polyethylene is heated from ambient temperature up to 560 ~ 
under nitrogen, and then under oxygen from 560 ~ up to 650 ~ Prior to the 
heating, the system is purged under vacuum, and then filled with nitrogen. 
During the ftrst part of  the test (Fig. 1), the polyethylene is pyrolytically 
decomposed, as seen in the TG curve. The mass variation (-72.6%) gives the 
percentage of  polymer in the sample. 

The value of  the DSC curve for this temperature range is the detection of  
polyethylene melting and the determination of the corresponding heat. As 
the amount  of  polymer is precisely known from the TG curve, it is possible 
to relate the heat of melting to the real polyethylene percentage: Q ----- 
8.1 cal/g of  the total mass, or Q ----- 11.2 cal/g of polyethylene. 
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Fig. 1 Polyethylene (nitrogen). Sample mass: 22.100 mg, heating rate 5.0 deg min-l 

The percentage crystallinity may be determined from this heat value. 
The melting temperature (Tin ----- 1 10.6 ~ indicates that the sampleis a low- 
density polyethylene. 

The DSC curve also provides interesting information on the heat evolved 
during polyethylene pyrolysis. Some noise peaks are seen on the pyrolysis 
effect, probably due to emergence of gas from inside the sample. The heat 
of pyrolysis (90.7 cal/g of the total mass) is equal to 124.9 cal/g of polyethy- 
lene. 

In the second part (Fig. 2) of the experiment, oxygen is introduced into 
the system to combust the carbon black contained in the remaining sample. 
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Fig. 2 Polyethylene(oxygen). Sample mass: 22.100 mg, heating rate 2.0 deg min-I 
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The TG curve gives the percentage of  carbon black (13.1%). Integration of  
the large exothermic peak in the DSC curve provides the heat of  combustion 
(1200 cal/g of  the total mass). After the combustion of the carbon black, 
some inert filler remains (14.3%). Thus, from a single experiment, it has been 
possible to learn the compositiOn of  a polyethylene sample (TG curve), to 
characterize the type and the crystallinity of the polyethylene (DSC curve), 
and to measure the amount  of  evolved during the degradation and the 
combustion process. 

E p o x y  resin 

DSC has also been widely used to characterize the curing of  epoxy resin, 
epoxy powder, epoxy prepreg, etc. The detection of  the glass transition gives 
an indication of  the state of  curing of  the epoxy sample. With the TG 
method,  the degradation of  epoxy compounds is investigated. It allows, for 
example, measurement of  the glass content  is the case of epoxy printed 
circuit boards is to cut reproducible samples. 

Figures 3 and 4 show a TG-DSC run for a sample of epoxy printed circuit 
board. The sample is heated from ambient temperature up to 560 ~ under 
nitrogen, and then under oxygen from 560 ~ up to 700 ~ . Prior to the heating, 
the system is purged under vacuum, and then filled with nitrogen. During the 
first part of  the test (Fig 3), the epoxy resin is decomposed, as seen in the 
TG curve. The DTG peak shows that the rate of  degradat ion is high. A 
slower degradation is detected from 350 ~ up to 560 ~ In the DSC curve, the 
corresponding peak of  decomposition o f  the organic matter  (maximum 
temperature at 306.2 ~ is followed by another broad exothermic effect, 
probably corresponding to another degradation in the sample. 

Corresponding to the exothermic effect (16.3 cal/g of  the total mass), 
the organic content  is 27.2%. Before the decomposition, it is possible to 
detect the glass transition (Tg = 114.2 ~ in the DSC curve; this gives in- 
formation on the state of  curing of  the epoxy sample. 

In the second part of  the experiment (Fig. 4), the carboneous residue is 
burnt when oxygen is introduced into the system. The TG curve gives the 
content  of  this residue (10.9%), and the DSC curve provides the amount  
of  heat evolved in the combustion (809 cal/g of  the total mass). 

At the end of  the experiment (700~ the amount  of  glass fibres can be 
measured (56.8%). By means of such a test, it is really possible to relate the 
state of  curing of  the epoxy resin, its organic content and its glass fibre 
content. 
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Fig. 3 Epoxy printed circuit board (nitrogen). Sample mass: 39.400 mg, heating rate: 5.0 deg mirt -~ 
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Fig. 4 Epoxy printed circuit board (oxygen) Sample mass: 39.400 rag, heating rate: 5.0 deg rain -1 

The same test can be performed on uncured samples, in order to correlate 
the heat of  curing to the real resin content. Through use of the same sample 
for all the TG and DSC determinations, the problem of the inhomogeneity 
of the sample is solved. 

d. Thermal Anal. 33, 1988 



1090 LE PARLOUER: T&-DSC AS A NEW METHOD 

Conclusion 

The TG-DSC method provides a new mode of  investigation in the field 
of  polymeric materials. It combines the TG and DSC determinations on one 
and the same sample; this permits a better correlation of  the experimental 
data. 
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Zusammenfassung - Mit der Einfiihrung der simultanen TG-DSC-Methode wird unter Verwendung nur 
einer Probe eine neue Veffahrensweise zur Untersuchung yon Polymeren mSglich. Die Korrelation der 
TG-und DSC-Kurven wird vereinfacht und bleibt unbeeinflusst von der Inhomogenitiit des Materials. 

Beim Polyethylen erlaubt ein anf'~ingliehes Heizen unter Inertgas bis 560 ~ eine Messung der Schmelz- 
temperatur und -w~irme mittels DSC sowie die Untersuchung der Zersetzung des Polymeren gleichzeitig 
mittels TG und DSC-Kurven. Wird oberhalb 560 ~ in Sauerstoff gearbeitet, dann kann die Oxidation 
yon Russ ebenfalls durch TG und DSC verfolgt werden. 

Bei der Untersuchung yon Harzen und imprlignierten Verbundwerkstoffen bietet die TG-DSC eine 
MSglichkeit, die Vernetzung des Vorprodukts genau zu messen und den Harzgehalt zu bestimmen. Mit 
nur einem TG-DSC~ an einer Probe k6nnen zahlreiche Ergebnisse zuvefl[issig erhalten werden. 

P E 3 I O M E  - -  HpnMeneH~e COBMeRIeHHOrO MeTo~Ia T r  H ~CK npe~cTaBi4~o BOaMO)KHOCT~ HoBoro no]1- 
xo~Ia Kn~ xapaKzepl4c~4l~ n o n ~ M e p ~  MaTepHa~OB. Koppen~zt~l~ MerRy ~iat~miM~ Ti ~ H ~CK yCTa- 
HasmmaeTc~ 6onee ne rxo  n 6onbme He 3aTparHBaezc~ HeroMoreHHOCTblO nOnHMepHoro MaTepHana. 
Tax, B cnyqae nonvr~Tm'mna, ero HaqaY~Eff~l~I Harpe~ B HHepTHOI~I aTMOCdpepe ~o TeMIIepaTypb! 560 ~ 
no3Bomtn onpe~enwr~ MeTO~OM )~][CK TeMnepaTypy H TerLrIOTy rlHaBneHx4ff, a paanox<eHHe ero --  coB- 
MextIeHHbXM MeTO~OM TP H ~CK. B cayqae HanycKa i<Hcnopoaa npn TeMnepaType Bmme 560 ~ a'aI<o~ 
eOBMelIleHEml~ MeTO,~ rIOaBOYlELn onpe~enwrs OKHC:mHHe 3rI'Ylepo~HcToro OCTaTKa. HpH HccJle~oBattml 
CMOB H, Oco6eHHo, rrpe~iBapHTezlI,Ho nMnperm~poBam-mm eoe~aHem~, COBMellIeHHL~ MeTo~ TP a 
jICK npe~ocTaBymeT cnoco6 TOtlHOI'O onpe~eJieHHH ceTqaToro CTpOeHHH HMrlperHHDOBaHHOrO o6pa3- 
mi H ~oymqec-rBo CMOnbI Ha no~nox<~e. HpoBe~eHHoe eoBMemem-mIM MeTO/I.OM TI' H JXCK ronbxo 
O~HO ~taMepeHHe c O~EmM H TeM x<e o6paai~oM, noaBoymeT nonyuaTs 3HatIHTeIILHO 6onsmee ,mcno rrpH- 
eMneMl, lX ~aI-IH~IX. 
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