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Thermal Analysis methods find broad application thoe characterization of nanomaterials during sssit) part preparation and
control of final product properties. Calorimetric timeds, like DSC and High Pressure DSC are appliestuidy melting of nanosized
materials, their temperature-induced reactionsthadstability ranges. Carbon nanotube materialgnsierand metal powders were
analyzed by simultaneous Thermogravimetry and DSG-IDBEC) to show the reactivity and thermal stabitiyd the amount and
decomposition ranges of the coatings. Electro-ceramaterials show a strong dependence of the médaand electrical

properties upon the sintering process. Barium ttecaramic powders were grinded in the NETZSCH digitator ball mill to

nanosized powders. Specially prepared sample sablete measured in the dilatometer up to the erttleo§intering process. The
tablets pressed from nanosized powders show a readler completion of the densification in the siiig step compared to

materials with grain size in the micrometer range.

The aim of our studies was to demonstrate thasémsitivity of modern thermoanalytical methods &lwsuited for general appli-
cations on materials with a reduced particle site the sub-micrometer range and that the resudtgge important parameters for

the thermal characterization of organic and inoigaanomaterials.

KEYWORDS: DSC, TG-DSC, melting, dilatometer, sintgri€NT, Barium titanate

1. Introduction

Nanotechnology is likely to have a profound impact
on our economy and society in the early 21st cgnttiris
widely felt that nanotechnology may lead to the tnex
industrial revolution. Science and engineering aese in
nanotechnology promises breakthroughs in areas ssch
materials and manufacturing, electronics, medicergrgy
and the environment, biotechnology, and information
technology. The thermal characterization of nanenwls
during their processing steps and the applicatioas an
issue from the beginning, especially for the inoiga
materials. Thermoanalytical and thermophysical irigst
methods are successfully applied for the deteriginaof
phase transitions, thermally induced chemical feastand
decompositions, gas adsorption and desorption espa@ind
thermal transport properties.

2. Experimental and results

2.1. Thermal stability of carbon nanotubes

Simultaneous TG-DSC is an effective tool to study
the thermal behavior of powders under the influewte
different atmospheres. Carbon nanotube samples siymiv
ficant difference in their thermal stability undexidative
atmosphere, depending on their preparation comditio
(Figure 1). The two samples tested reveal the same
oxidizable carbon content of 92.67 %, which buraosio the
temperature range 400 to 750 °C, but the volatiletertt
before start of oxidation is 10 times higher in thedified
sample, and the residue at 1000 °C (ash) is 3 ti@sssn the
modified CNT sample. The oxidation range of this CNT
samples is much lower compared with known rangebutk
graphite and diamond sampleEhough carbon atoms are
involved in aromatic rings like for graphite, the© bond
angles are no longer planar in the CNTs and th€ C
bond length is actually elongated by the -curvature
imposed. In case single wall CNTs are ideally perfect
their chemical reactivity should therefore be hyghl
favored at the tube tips, were there is the locatbn
pentagonal rings.
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Fig. 1. Comparison of oxidation and thermal stapibf two
CNT samples with weight loss (TG) and energetic effects
(DSC)

2.2. Melting behavior of nanomaterials

The melting of a dispersed nano sized metal in a
metallic matrix can be determined precisely alseeay small
quantity level (Figure 2). Differential Scanning Gametry
(DSC) can demonstrate the change of melting tempesat
depending on grain sizes.
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Fig. 2. Melting curves for 1 atom% nano dispertdt in a
crystalline Al matrix (17.42 mg in Al cruciblesepted lid,
N2 atmosphere, 10 K/min)
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In a systematic study of the influence of the géetsize on
the melting temperature of aluminum, a good agreénvéh

the Gibbs-Thomson equation for spherical partié@sthe

melting point depression with small crystals in temometer
range was determined [1]:

2Tm (b)asl

AT, =T T = 5 oy o

Where Tm(b), AHf(b), and Ps are the bulk melting
temperature, the bulk latent heat of fusion, anel $olid
phase density, respectively. represents the radius of a

spherical particle, anIm(r) is the melting point of a particle

with radiusrl ; 94 is the solid-liquid interfacial energy.
The Gibbs-Thomson equation predicts a linear iatip
between the melting point depression and the ievefghe
particle size. The authors in [1] studied the meltpoint of
aluminum nanoparticles obtained from the onset &atpre
of DSC melting curves, and found with decreasingigar
size, the decrease of the melting point showing@ression
of about 10 °C, observed for aluminum nanopartitiet
ween 40 nm and 8.6 nm. For samples prepared airetiff
pathways with broad and narrow size-distributedtiglas,
and partially oxidized aluminum particles the nmtipoints
were in good agreement with the Gibbs-Thomson émuat
The melting enthalpy did not show the expected exgent
with the derivation of the Gibbs-Thomson equatiamich
was also confirmed by our experiments for the mgltf the
nano-dispersed lead in figure 2.

2.3. Sintering of nanopowders

Three powder compacts (tablets)asfum titanate,
grinded to different grain sizes down to the nanemeange,
were measured in the dilatometer at a heatingofadek/min
(Fig. 3). The influence of the grain size on th&esiing range
of binder-free barium-titanate ceramics is showaady by a
reduction of the sintering temperature by more tBan°C,
and the change of the sintering mechanism (see cOiEes).
This indicates the higher sintering activity of paraterials,
which could be utilized for optimizing process ciiwhs to
save time and energy.
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Fig. 3. Sintering ranges of barium titanate sampiéth
different grain size

2.4. Thermal diffusivity and conductivity

Measurement of the thermal diffusivity by the
Laser Flash technique is a fast and accurate medtvothe
characterization of the thermal transport propsréed of
structural changes of ceramic materials, metaldynpers,
and of liquids and melts.
Figure 4 shows the temperature dependence of therma
diffusivity, specific heat and thermal conductivity a thin

diamond layer produced by chemical vapor deposition
Clearly one can see the rapid change of diffusikiween
room temperature and 400 °C in this thin diamondday
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Fig. 4. Thermal diffusivity, specific heat andrthel
conductivity of a CVD diamond layer

In experiments with polymer-composites, filled witarbon
nanotubes, the expected improvement of thermaligifity

and thermal conductivity at room temperature waasueed
with the Laser Flash technique. The results (taplshow the
orientation effect of the CNTs in the polymer with times
higher in-plane thermal diffusivity (axial directioof the
CNT, in-plane result) compared to thermal diffusivif the
composite with the CNT in radial orientation (thrbuglane
result). The measurement was made according to the
schematics shown in figure 5.

Table 1. Polymer sheet filled with carbon nanotuleéfgct of
CNT orientation on thermal diffusivity and condudtivi

Polymer
composite| Density Specific | Thermal Thermal
with CNT heat diffusivity | conductivity
Measuring| (gent) | (Ig'K™) | (mnfs?) | (WmK?)
direction
Through- |4 199 1.212 0.172 0.248
plane
In-plane 1.191 1.212 1.852 2.673

It is also reported foPolymer Matrix Compositeshat
industrial epoxy loaded with 1wt% unpurified CVD-
prepared CNTs showed an increase in thermal con-
ductivity of 70% and 125% at 40K and at room temp-
erature, respectively [4].

Through Plane Heat How

In Plane Heat How

Light!Laser Pulse

Fig. 5. Laser Flash measuring principle of in-plazed
through-plane evaluations
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2.5. Thermogravimetry with coupled gas analysis

With the coupling of thermogravimetry and gas
analysis, decomposition and identification of vikdat
decomposition products are possible also for naedsi
materials. This is shown for nanosized titanium xitie
powders with a functional polymer coating. The
decomposition of the coatings on the ceramic povaderrthe
identification of the type of polymer from the FTIgas
analysis are shown in figure 6. In case of the fatethyl
methacrylate) coating, the thermal decompositioartst
already at 200 °C, whereas the polystyrene coatirgjable
up to 380 °C. The integral IR-absorption curve (Gram
Schmidt plot) shows the start of the gas evolufiom the
decomposing sample with perfect temperature cdivela
with the TG curve due to the software integratidnboth
methods. The identification of the gas componerds done
via a spectra search in a vapor phase library.
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Fig. 6. Decomposition of coatings on nano sized,TiO

2.6. Mineral reactions

The chemical reaction behind the thermally induced
transition of Goethite to Hematite is very simple:

2 FeOOH ---> Fg; +H,0
The process is shown as a two-step transition & th
thermogravimetric (TG) tests, as the water at begjirthe
reaction creates a diffusion barrier, hindering foether
reaction. Aim of these tests is to demonstratarifieence of
grain size on the course of this transition.
The thermal transformation, i.e. the dehydratidngaethite
to hematite shows a complex dependence on thealitgst
size and the experimental conditions [5, 6]. Th®-8iep
process for micrometer-sized crystals (figure #nhsuto a
single step process for nanosized crystals (fig8resid 9).
The effect of reduction in grain size is also siethe drastic
reduction of the transition temperature from 325fi@ure 7)
to 247 °C (figure 8) (DTG peaks).
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Fig. 7. Weight change and energetic effects fortrduesition
of synthetic Goethite to Hematite in two steps
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Fig. 8. Single step transition of nanosized Goettut
Hematite, measured by TG, DTG and c-DTA
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Fig. 9. Nanosized Goethite to Hematite transitioler
increased gas pressure

The dehydration mechanism of the Goethite doeshabge
when the inert gas pressure around the samplerisased in
high-pressure DSC experiments, but the process Her
nanosized crystals is shifted to higher temperat(figures 9
and 10). Apparently there will be a maximum of tirecess
temperature reached near to the applied maximusspre of
15 MPa of an inert gas. Further studies are plantoed
investigate the influence of humidity of the gamasphere
on the mechanism and temperature of the thermasitran
of goethite with different crystal size to hematite

Goethite to Hematite transition
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Fig. 10. Shift of the transition temperature Goggho
Hematite under inert gas pressure



“NEW RESEARCH TRENDS IN MATERIAL SCIENCE" ARM-5, Sibiu, Raoamia, 2007

E. Kaisersberger

2.7. Nanosized material for hydrogen storage

Alanates offer a promising capacity for hydrogen
storage by chemical bonds. It could be shown that t
grinding of Magnesium alanate down to the nanometege
reduced the temperature for the hydrogen releasa 60
°C to 120 °C (DTG peak-temperature) [7]. In figure wié
detect the hydrogen release from magnesium algnétte a
mean grain size of 30 nm) by thermogravimetry under
vacuum as a sudden weight loss at 163 °C (supergdpog
a small weight increase due to a repulsion effeminfthe
high release rate of hydrogen into the surroundicuum).
The coupled mass spectrometer identifies hydrogea=2)
as the released gas. Also in this applicationhtbk pressure
DSC is successfully applied to study the reversibili
pressure and temperature ranges of hydrogen uptake
release from alanates and similar chemical compaund
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Fig. 11. Hydrogen release from nanosized magnesium
alanate measured by TG-MS in vacuum

3. Conclusions

Thermal analysis techniques and the determination
of thermophysical properties offer manifold infotina on
materials containing nano-sized particles. The attari-
zation of nanomaterials yields information on thakmro-
perties, reactivity, oxidation behavior, thermabslity, and
sintering. This could be shown for carbon nanotulmeso
dispersed lead, barium titanate and zirconia, g@ethnd
magnesium alanate. Especially the determinatiothefmal
transport properties allows an insight into oritiota effects
of carbon nanotubes when used to improve the tHerma
conductivity of polymer composites. The binder munhand
sintering of ceramic and powder metallurgical prducan
be optimized applying kinetic analysis based on
thermoanalytical experiments [2, 3].
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