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Photothermal radiometry (PTR)
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1. Thermal percolation and size-effect in HDPE-EG
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Materials:
- High density polyethylene HDPE
- Expanded graphite (EG) with particle sizes about 5 and 50 um
- Samples: sheets of few cm?, L = 0.25 ... 0.45 mm
- Produced by compression molding at 120°C, 40 kPa pressure, 1 min.
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Front detection FD-PTR

10" 10° 10" 107 10° 10* 10° 10" 10° 10" 107 10° 10* 10°
LUt T T T T rorrTTT UL | U UL T T T T
11 @12 mm | 11
B0 1 oo}
=5 EG50, 40% C ] 454 * Ttiiieesnrse., .
X . +++1¥¥..
....... ><>< C _
| &8 e D o
2 °©
g e | B/ .
. BCLLLA LT TP P T e T LT %
e e v flc
:a ﬂ\/a i .'.ﬂ 1 E \
i .- ® 60 7
1 1 N
| : )
i i e
l ! 5
! ! =
=L =1/
a =Lp E50602.F
0.1 ! ! Hoa o E50602L.F
U UTUUTuY IIIIIIIII EEURRLE | EEURRLE | R | T -75 T T T T T T T T T T T T T T T T T TTT
10* 10° 10" 107 10° 10* 10° 10t 10° 10" 107 10° 10° 10°
Frequency (Hz) Frequency (Hz)

1-D model: semi-transparent layer (m) on thick substrate (b)

Zgm [M2KW-1], specific thermal impedance:

Z,n(FD) Ly —eMEt-D+(t+DR M+ (t-D+(t+DR M

Zy (t* -DA-R,,M™)

t=(1/2)(1-)pu, M=exp[(1+i)L/u], R, =thermal reflection coefficient
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Ln(Amp.f?), Phase (rad.)

Back detection BD-PTR
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1-D model: semi-transparent layer (m) on thick substrate (b)
Zgm [M2KW-1], specific thermal impedance:

Z,n(BD) _t [t+D)+(t-DR M —e[(t+D)+(t-)R M ?]
z, t2-1)(1-R M)

t=(1/2)(1-)pu, M=exp[(1+i)L/u], R, =thermal reflection coefficient




Electric conductivity (S.cm™)

Electrical and thermal percolation in HDPE / EG
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Classical percolation theory :  k =k, b —¢ p<¢g, and k =Kk, f_ . ¢ > @,

¢. , threshold volume fraction - depends on particle sizes, shapes, composite topology
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Thermal conductivity (W.m'l.K'l)
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Experimental results (k computed from a and c):
- Two-step electrical percolation behavior
- Shifted thermal percolation due to tortuousity of the connectivity between particles
- Larger particle sizes are more effective in enhancing thermal and electrical transport
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Electrical conductivity (S n'i1)

Role of grain boundary thermal resistance Ry,
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k|| — (1_ ¢) kIow + ¢khigh
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Conclusion: Thermal percolation and size-effects in HDPE/EG are associated with Ry,



2. Thermo-optical characterization of surface roughness

SEM topography of sandblasted Tiy gAly o6V 04 SUrface

Applications:

Rough surface +
hydroxyapathite —
biocompatible coatings for
i prostheses in
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- Sandblasting Pressure =14 bars

N. Dumelié, H. Benhayoune, C. Rousse-Bertrand, S. Bouthors, A. Perchet, L. Wortham, J. Douglade, D.
Laurent-Maquin and G. Balossier, "Characterization of electrodeposited calcium phosphate coatings by
complementary scanning electron microscopy and scanning-transmission electron microscopy associated to
X-ray microanalysis"”, Thin Solid Films, 492, 131-139 (2005).
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Traditional PTR approaches of roughness

Models:

- Open pores (statistical)

- Spatial noise (statistical)

- Step-like layer

- Phase lag extremum

- Effective layer with frequency-dependent k, ¢

J.A. Garcia, A. Mandelis, B. Farahbakhsh, C. Lebowitz, and I. Harris, Thermophysical Properties of
thermal Sprayed Coatings on Carbon Steel Substrates by Photothermal Radiometry,
Int. J. Thermophysics, Vol. 20, No. 5, 1999, p. 1587-1602.

H. G. Walther, Photothermal inspection of rough steel surfaces,
J. Apply. Phys., Vol. 89, 5, 2001, p. 2939-2942

J.A. Garcia, Lena Nicolaides, Peter Park, Andreas Mandelis, and B. Farahkbahsh, Photothermal
Radiometry of Thermal Sprayed Coatings: Novel Roughness Elimination Methodology,
Anal. Sci., Vol. 17, 2001, p. 89-92.
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characterization of thin films and coatings,
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Model: equivalent layer with effective thermo-optical properties
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Equivalent layer (s):

- homogeneous thermophysical properties
- "mixture" of bulk + air with volume fraction ¢

- topography — optical penetration depth 1/

1-D analytical model: Eq. for FD-PTR

11



Experimental results

and fits
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Fit parameters vs. roughness R,
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Thermal conductivity k (Wm”"-1K"-1
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Size-effect of equivalent thermophysical properties
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Conclusions (2)

- Roughness R can be characterized by PTR

- Effective thermo-optical properties are size-dependent for R, < 2 um

Other research subjects:
- Thermal microscopy
- Thermal interface resistance of metallic coatings
- 3o hot wire method: nanofluids, glass transitions, anemometry

- Multilayer modelling
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