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ISOTHERMAL CURE CHARACTERIZATION OF DICYCLOPENTADIENE
The glass transition temperature and conversion

X. Liul, X Shengz, J. K. Lee'” and M. R. Kessler*

'Department of Polymer Science and Engineering, Kumoh National Institute of Technology, Gumi, Gyungbuk 730-701, Korea
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Conversion (a) and the glass transition temperature (7,) were investigated during the isothermal cure of endo-dicyclopentadiene
(DCPD) with a Grubbs catalyst for different temperatures using differential scanning calorimetry. Conversion vs. In (time) data at
an arbitrary reference temperature were superposed by horizontal shift and the shift factors were used to calculate an Arrhenius
activation energy. Glass transition temperature vs. conversion data fell on a single curve independent of cure temperature, implying
that reaction of the norbornene and cyclopentene ring of DCPD proceeds in a sequential fashion. Implications of the isothermal

reaction kinetics for self-healing composites are discussed.
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Introduction

Curing of thermosetting materials involves the
transformation from low molecular mass liquids to
high molecular mass amorphous solids by means of
chemical conversion. As cure reaction advances, the
glass transition temperature progressively increases
and reaches a maximum with a fully crosslinked
structure. Understanding the cure process is particu-
larly important in determining optimum conditions
(e.g. time, temperature, catalyst loading) in thermo-
setting materials to obtain desired properties.
Wisanrakkit and Gillham [1] have reported that the
glass transition temperature (7,) can be a useful
parameter to monitor the cure process. They showed a
one-to-one relationship between 7, and chemical
conversion (o) for a high-7, epoxy/amine system.
Careful analysis of the variation of 7, and conversion
with respect to isothermal cure temperatures and soak
times not only provide information on cure kinetics
(e.g., activation energy) but also better understanding
of the cure systems (e.g., state of cure, reaction
mechanism).

An autonomic damage repairing technique in
polymer matrix composites has generated significant
attention since the methodology for the repair was
first reported in the literature [2]. The new repair
concept involves recovery of mechanical strength by
means of a liquid healing agent (monomer) which
autonomically fills and vitrifies between crack planes.
The healing agent is first microencapsuled in a
polymer shell and then embedded in a host matrix
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with additional embedded catalyst. Upon damage
induced cracking, the healing agent is released into
the cracks by capillary action when microcapsules are
ruptured by the propagating crack fronts. The
embedded catalyst in the matrix subsequently
initiates polymerization of the released healing agent,
preventing further crack development and bonding
the crack faces together, effectively healing the
material.

Endo-dicyclopentadiene (endo-DCPD) has been
used extensively as the healing agent in self-healing
composites and the healing efficiencies for these
systems triggered by embedded Grubbs’ Ru catalyst
were evaluated mainly by means of monotonic fracture
[3-8] and fatigue tests [9, 10] for a damaged epoxy
composite. The ring-opening metathesis polymer-
ization (ROMP) of endo-DCPD leads to a highly
crosslinked polymer with high modulus and excellent
impact resistance. Although thermal and physical
properties of the polymerized self-healing agent are
key parameters for healing efficiency, only limited
work has been reported to date. Cure kinetics of the
ROMP for DCPD have been reported using various
kinetic models for dynamic scans at different heating
rates [5]. Also, endo-DCPD and 5-ethylidene-2-
norbornene and their blends have been evaluated as
potential candidates for effective autonomic healing
[11, 12]. In this study, the ROMP kinetics and cure
behavior of endo-(DCPD) were investigated for
samples isothermally cured at different cure
temperatures in the presence of Grubbs catalyst. We
use the glass transition temperature (7,) and
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conversion (o) as parameters to monitor the isothermal
cure and estimate the performance of DCPD from the
subsequent temperature scans immediately after the
isothermal treatments. Also discussed is a relationship
between T, and conversion (o), which is independent
of cure temperature (7.,.). The results obtained in this
study could be used as an index for evaluating and
improving the mechanical properties of the poly-
merized healing agent.

Experimental

Endo-Dicyclopentadiene (DCPD with 95% endo-
isomer, Acros Chemical Co., Belgium) and Grubbs
first generation catalyst (bis (tricyclohexylphosphine)
benzyllidiene ruthenium(IV) dichloride, Aldrich
Chemicals Inc., USA) were used in this study.
Chemical formulae of the reactants are represented in
Fig. 1.

The catalyst was first dissolved in dichloro-
methane and rapidly recrystallized using dry nitrogen
flow, to obtain the catalyst in smaller and more soluble
form, in order to accelerate the dissolution kinetics of
the catalyst powder [13]. The monomer and catalyst
were blended together by stirring mechanically at room
temperature for 10 s in a vial. The catalyst loading was
0.26 mass% (2.67 mg mL ") in all experiments. The
short initial mixing time (with vigorous agitation) was
necessary to prevent unwanted premature exothermic
reaction during mixing.

All experiments in this study were performed
using a DSC (Perkin Elmer Pyris 1, Perkin Elmer
Instrument, USA) equipped with a mechanical cooler
to measure 7, and the residual exotherm of the
reaction after the material had been subjected to
isothermal curing for prespecified temperatures
(Teure=25 t0 120°C) and times (#.,=2 to 480 min). For

Endo-dicyclopentadiene
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Bis(tricyclohexylphosphine)benzyllidine
ruthenium(1V) dichloride (Grubbs catalyst)

Fig. 1 Chemical reactants used in this study
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the experiments, the uncured mixture was dropped
into liquid N, immediately after mixing in order to
prevent further reaction due to the severe exothermic
heat that can develop in the bulk form. For each
experiment, about 8 mg of frozen sample was
removed from the liquid N, placed into an aluminum
DSC pan, and cured isothermally, followed by a
temperature scan. The temperature scan was from —50
to 250°C at a heating rate of 10°C min"' under dry
nitrogen atmosphere. The glass transition temperature
and the heat of reaction were determined from the
inflexion point of the stepwise transition and the area
under the exothermic peak on the temperature scan,
respectively. From the residual heat of reaction (AH,)
for the sample isothermally cured and the total heat of
reaction (AHt) for an unreacted sample, the fractional
conversion (o) was calculated as

: (1

Results and discussion

A series of DSC curves for an uncured sample and for
samples cured at 25°C for different times is shown in
Fig. 2. For the uncured sample, a big and broad
exothermic peak at 75°C, due to the cure reaction, and
an endothermic peak at 12.5°C, due to the melting
transition, were observed. The heat of reaction from
the exotherm was measured to be 393.9 J g' in this
study. The melting point of the uncured DCPD
disappeared after 30 min of isothermal cure at 25°C.
The glass transition appeared after 60 min of isother-
mal cure as a stepwise transition on the curve. The 7,
increased progressively along with a decrease of the
exothermic peak area as cure proceeds. Note that 7,
values are marked by arrows in Fig. 2. The sharp
endothermic peak at 0°C for the uncured sample and
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Fig. 2 A series of DSC temperature scans of uncured and
cured samples at 25°C for different times
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the samples cured isothermally up to 120 min origi-
nates from moisture condensation during the flash
freezing of the sample in liquid nitrogen immediately
after mixing and/or the delivery of the sample from
liquid nitrogen to the DSC cell.

The basic parameter governing the state of the
material is chemical conversion (o) while 7, is
considered to be an important parameter controlling
the physical/thermal properties. These two para-
meters are known to be in a unique one-to-one rela-
tionship [1]. Many investigations have been reported
on isothermal cure behavior using the two parameters
(i.e., Ty and conversion) mostly for epoxy resins
[1, 14, 15].

In this study, measurements of 7, and the
residual heat of reaction (AH;) were made for iso-
thermally-cured DCPD samples. Conversion (o) was
determined from AH, and AHt using Eq. (1).

When AHr was determined from the peak area of
an uncured DSC curve, the baseline was determined
using an initial point (17.5°C) as the end of melting
transition, neglecting the less than 0.5% of cure
before the end of the melting region [5].

In Fig. 3, the resulting conversion (a) and 7 (b)
for samples isothermally cured at different temper-
atures and times are plotted vs. In (time). As shown in
the figure, conversion and 7, increase with increasing
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Fig. 3 a — Conversion vs. In (time) and b — 7, vs. In (time)
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cure temperature and time. For the lowest cure temp-
erature in this experiment (25°C), conversion and 7,
gradually raised from 0.20 to 0.67 and —30 to 20°C
after 480 min of cure, respectively. However, after
curing at the highest temperature of 120°C for 2 min,
the material reached a conversion level of 0.98 with a
T, 0of 120°C. After 480 min at the cure temperature, 7,
reached 140°C, which corresponds to the maximum
Ty=(T,.) obtained by a dynamic scan to 250°C.

In order for self-healing to be effective, the
liquid healing agent in the microcapsules must be able
to flow between the crack planes in the damaged
material, and polymerize into a rigid enough adhesive
to transfer and carry significant load across the crack
interface. It is most desirable that this rigidity be
obtained after substantial polymerization for the
healing efficiency to be maintained over the often
wide range of temperatures to which the healed
material may be exposed. Since the rigidity and
subsequent adhesive performance of reactive systems
depend on the chemical conversion, healing
efficiency must be directly related to the degree of
cure of the healing agent and therefore the glass
transition temperature. As shown in this study, at
25°C, the glass transition of the material was well
below RT after 60 min (7,=-30°C, 0=0.47), and it
took 480 min for the glass transition to raise near RT
(I=20°C, 0=0.67). This indicates that the poly-
merization reaction of endo-DCPD is so slow that the
healed effect may not be retained above RT.
However, the reaction proceeded very fast with high
T, and conversion (7,=120°C, 0=0.98 in 2 min of
cure) at 120°C. Therefore, heating of the self-healed
material is an option to improve the healing efficiency
using endo-DCPD over the wide temperature range.

Since determination of 7, is more accurate than
measurement of AH,, T, is considered to be a better
index to monitor the cure process than conversion for
epoxy systems [1]. However, in our ROMP reaction
system, there are difficulties in measuring 7, as
accurately as for epoxies. First, glass transition
temperatures of uncured DCPD samples can not be
determined since the monomer is frozen below the
melting point (7, of DCPD=12.5°C). Also compli-
cating the measurements is that as 7|, raises with cure
time, the glass transition approaches the exothermic
cure peak and is disturbed by the residual reaction
occurring during the glass transition. Finally, due to
limitations of our instrument, 7, values lower than
—40°C can not be detected in this experiment.
Therefore, a greater number of more accurate data
points can be obtained from the heat of reaction.
In this study, conversion data was used for further
analysis. Conversion vs. In (time) data in Fig. 3a were
horizontally shifted to longer times for higher temper-
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Fig. 4 Superposition of a — conversion and b — 7, vs. 4+In
(cure time) data to form a master curve at 40°C by
shifting each curve

ature data and to shorter times for lower temperature
data at a reference temperature (7,=40°C).

As shown in the figure, the data formed a single
master curve after the horizontal shift and the result is
shown in Fig. 4a. The same shift factors from the
conversion calculations were applied on T, vs. In
(time) data in Fig. 3b and the results are displayed in
Fig. 4b. The master curve represents the progression
of conversion and 7, when the material is cured at
40°C, if the reaction is only kinetically controlled.
The liquid prepolymer reacts in a kinetically-
controlled regime until its continuously rising 7,
becomes coincident with T¢y... Above Ty, reaction is
retarded greatly since the system becomes vitrified
and diffusion-controlled kinetics govern the reaction.
The vitrification points at 40 and 80°C of cure tem-
perature are marked by arrows on the master curve
(indicated by solid line) in Fig. 4b. Data points
branching off (indicated by dot line) from the master
curve shortly after the vitrification points is due to the
transition to diffusion controlled kinetics.

For a kinetically controlled reaction mechanism,
the temperature dependence of the rate constant is
generally given by an Arrhenius relationship:

da -E,
O Aexl{ R Jf(oc) 2)
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where E, is the apparent activation energy for the
overall reaction, R is the universal gas constant, o)
is a function of conversion (a) independent of
temperature. Rearranging Eq. (2) and integrating
yields,

¢ da E
F()=In =InA4d +Int ——=2 3
(@) j RT 3)

At the arbitrary reference temperature (7)),
Eq. (3) becomes

E
F(a)=In4 +Int, — —2 4
(a) “TRT 4
By subtracting Eq. (3) from Eq. (4), the equation
for the shift factors, 4(7), is related to the inverse of
absolute temperature:

s — =] Ea L1
A(T)=Int, —Int ER 7 TJ 5)

cure T

The In (time) shift factors, A(7), are plotted vs.
1/T in Fig. 5. The resulting plot is a straight line, the
slope of which yields an activation energy for the
reaction of 58.0 kJ mol™". This value shows an excel-
lent agreement with the result from fitting the
experimental data using dynamic temperature scan
experiments at different heating rates by the n™ order
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with autocatalysis cure kinetics model for endo-
DCPD (58.16 kJ mol™) [5].

Figure 6 shows all the detectable experimental
T, data as a function of conversion obtained from
partially isothermally cured samples at different cure
temperatures. It is evident that 7, is a unique function
of conversion independent of the cure temperature.
This behavior may take place a) if only one chemical
reaction is involved or b) if more than one reaction
takes place with similar activation energies or c) if
two or more reactions with different activation
energies occur sequentially [15]. In the case of di-
cyclopentadiene, there are two sites of functionality
available; the double bond of the norbornene ring and
that of the cyclopentene ring. It is generally known
that ROMP occurs at the highly strained norbornene
ring first, followed by the cyclopentene unit, leading
to a crosslinked polymer [16]. This unique one-to-one
relationship indicates the subsequent reaction of the
norbornene and cyclopentene ring. Notice that 7,
shows a noticeable increase with a small amount of
conversion particularly at the later stage of cure.

Conclusions

Cure process was monitored by measuring 7, and
conversion from DSC experiments for endo-DCPD
isothermally cured in the presence of 0.26 mass%
(2.67 mg mL ") Grubbs catalyst. At RT, conversion
and T, values reached 0.67 and 20°C after 480 min of
cure, respectively. At 120°C, T, as 120°C after just
2 min of cure. Endo-DCPD reacting very slowly at
RT may not possess the requisite physical/thermal
properties to function as an effective self-healing
agent, but heating the material improves healing
efficiency. The results also showed that Grubbs
catalyst worked well for ROMP of endo-DCPD at the
elevated temperatures. The horizontal shift of
conversion vs. In (time) data at an arbitrary reference
temperature generated a single curve. Arrhenius
activation energy in endo-DCPD was calculated to be
58.0 kJ mol ' from the horizontal shift factors. T}, vs.
conversion data formed a single curve independent of
cure temperature, implying that the reaction
mechanism of the two functional groups of endo-
DCPD, the norbornene ring and cyclopentene ring,
operates in a sequential fashion.

J. Therm. Anal. Cal., 89, 2007

Acknowledgements

The authors acknowledge the financial support provided by
the United States Army Research Office Young Investigator
Program under funding number W911NF0510540.

The author (JKL) would like to express his gratitude to
Kumoh National Institute of Technology for the financial
support.

References

1 G. Wisanrakkit and J. K. Gillham, J. Coat. Technol.,
62 (1990) 35.
2 S. R. White, N. R. Sottos, P. H. Geubelle, J. S. Moore,
M. R. Kessler, S. R. Sriam, E. N. Brown and
S. Viswanathan, Nature, 409 (2001) 794.
3 M. R. Kessler and S. R. White, Composites, Part A,
32 (2001) 683.
4 E. N. Brown, N. R. Sottos and S. R. White, Exp. Mech.,
42 (2002) 372.
5 M. R. Kessler and S. R. White, J. Polym. Sci.: Part A:
Polymer Chemistry, 40 (2002) 2373.
6 M. R. Kessler, N. R. Sottos and S. R. White, Composites,
Part A, 34 (2003) 743.
7 E.N. Brown, S. R. White and N. R. Sottos, J. Mater. Sci.,
39 (2004) 1703.
8 J. D. Rule, E. N. Brown, N. R. Sottos, S. R. White and
J. S. Moore, Adv. Mater., 17 (2005) 205.
9 E.N. Brown, S. R. White and N. R. Sottos, Compos. Sci.
Technol., 65 (2005) 2466.
10 E. N. Brown, S. R. White and N. R. Sottos, Compos. Sci.
Technol., 65 (2005) 2472.
11 M. R. Kessler, G. E. Larin and N.Bernklau, J. Therm.
Anal. Cal., 83 (2006) 1.
12 X. Liu, J. K. Lee, S. H. Yoon and M. R. Kessler, J. Appl.
Polym. Sci., 101 (2006) 1266.
13 A.S.Johns, J. D. Rule, J. S. Moore, S. R. White and
N. R. Sottos, Chem. Mater., 18 (2006) 1312.
14 A. Hale and C. W. Macosko, Macromolecules,
24 (1991) 2610.
15 A. Hale, ‘Handbook of Thermal Analysis and Calorimetry.
Vol. 3: Applications to Polymers and Plastics’, 1% Ed.,
S. Z. D. Cheng, Amsterdam 2002, p. 321.
16 K. J. Ivin and J. C. Mol, ‘Olefin Metathesis and
Metathesis Polymerization’, Academic Press, London
1997, p. 226.

DOI: 10.1007/s10973-006-8467-4

457




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


