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Measurement of thermal property of polystyrene using dual quartz crystal resonators
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Abstract—A new device using dual quartz crystal resonators is proposed to determine the thermal property and mor-
phological change of polystyrene. The resonators are installed in a small aluminum cell directly heated and air cooled
according to the programmed temperature variation. The resonant frequencies of the dual resonators-one for reference
and the other for sample-are measured and analyzed for the morphological change while their temperature varies. The
temperatures of the changes are compared with the DSC thermogram and previously reported studies, and it is found
that the measurements are comparable to those of the DSC. The proposed device is simple and easy to construct, and

a portable system is available with some modification.
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INTRODUCTION

The thermal property of polymer is an important factor in select-
ing a particular material for specific application. The property pre-
dicts the variation of mechanical property of polymer in long-term
use and high temperature durability, the key characteristic of poly-
mer material selection. A differential scanning calorimeter (DSC) is
useful for determining the thermal property of polymer, and it has
been utilized in a wide variety of polymer studies, such as thermal
property measurement, degradation and crystallization. In spite of
the fact that the DSC is good for measuring polymer propetties, its
availability is limited due to the cost and size of the equipment. It is
necessary to develop a small and readily available device to deter-
mine the polymer properties.

A quartz crystal resonator comprising two metal electrodes and
a thin quartz plate is sensitive to mass changes due to loading on
one of the electrodes and the viscoelastic property at the interface
of the crystal and its electrode [1] For example, a 9 MHz resonator
detects a mass variation of 1.4 ng/Hz from resonant frequency meas-
urement [2] and a viscosity change of 4.3x107° Pa-s/Q from reso-
nant resistance [3]. This sensitive detection has been used to meas-
ure the adsorbed amounts of a specific components in gas [4,5] and
liquid phases [6]. It also detects the beginning moment of crystal
formation in crystallization processes [7-10] and the polymerization
degree in UV polymerization [11,12]. When a thin film of polymer
is coated on the electrode surface of the quartz crystal resonator,
the viscoelasticity variation of the film due to its temperature change
can be detected by monitoring the resonant frequency of the resona-
tor [13,14]. The thermal property of the polymer changes with vary-
ing temperature and its viscoelasticity also varies with temperature.
Because the resonant frequency sensitively detects the variation of
the viscoelasticity, monitoring the frequency can trace the change
of the thermal property.

In this study, the quartz crystal resonator is applied to monitor
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the variation of thermal property of polystyrene with the programmed
variation of temperature. Using a dual resonator system-one for ref-
erence and the other for sample-the effect of temperature variation
on the frequency is eliminated to determine the intrinsic variation
of thermal property. The measurements are compared with those
from the DSC for the performance evaluation.

EXPERIMENTAL

1. Materials

Isotactic polystyrene (Sigma-Aldrich Inc., U.S.A., Code No.
450383) having a weight-average molecular weight of about 400,000
and a melting point of 212 °C was used as received. Tetrahydrofuran
(THE, J. T. Baker Inc., Canada, HPLC Reagent, Code No. 9440-
03) was used as a solvent.
2. Analytical Instruments

Thermal analysis was conducted with a differential scanning calo-
rimeter (TA Instruments Inc., U.S.A., Model Q-10).

Fig. 1. Schematic diagrams of quartz crystal resonator.
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3. Resonator and Frequency Counter

An AT-cut quartz crystal resonator having a base frequency of
8 MHz (Sunny Electronics Co., Korea) was used in this experiment
(Fig. 1). The electrodes of the resonator were silver finished. The
resonant frequency and the temperature of the resonator were meas-
ured using home-made devices, and an A/D converter was employed
for signal processing. The digital signals of the resonant frequency
and temperature were provided to a PC for the data analysis.

4. Experimental Procedure

The polystyrene sample is dissolved in tetrahydrofuran at a con-
centration of 10 wt%, and about 0.1 pL of the solution is spread on
the electrode of the resonator. The coated resonator is dried for 10
minutes in air. The cell module holding the quartz crystal resona-
tors is shown in Fig. 2. Two resonators are placed in a small alumi-
num container of 20 mm in diameter and 15 mm high. Two thin
glass plates separate the resonators, and a thermocouple is installed
for temperature measurement. While the bottom resonator is used
for reference, the top is the sample resonator.

The whole experimental setup is demonstrated in Fig. 3. The heat
for the heating cycle is provided by an electric wire heater installed
beneath the cell module, and the heat supply is controlled from the
PC according to the programmed temperature profile. In the cool-
ing cycle, the heat supply is reduced for the temperature up to 50 °C,
and then the heating electricity is cut off. For below the tempera-
ture the fan placed at the bottom blows cool air through outside the
cell module. The fan speed is also controlled with the signal from
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Fig. 2. A schematic diagram of the measuring module.
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Fig. 3. A schematic diagram of the experimental setup.

the PC.
5. Frequency and Physical Property Variation

The frequency variation due to the viscosity change of the poly-
mer sample placed on the electrode surface of a quartz crystal resona-
tor is computed from the following equation [15,16]:

L |pno
2rpshN 2 M

where f is the resonant frequency, p is density, h is thickness, 77 is
viscosity, @ is angular velocity, and the subscript denotes the quartz
plate. The subscript 0 denotes the properties of quartz plate, and
the properties of the polymer sample are represented without the
subscript. As the resonator temperature varies, the viscosity and den-
sity of the thin polymer film coated on the resonator surface change
and so does the resonant frequency.

RESULTS AND DISCUSSION

In this experiment a reference resonator is used to eliminate the
effect of temperature variation on the resonant frequency of the poly-
mer coated resonator. In Fig. 4(a) the frequency difference between
the reference and sample resonator is shown with the temperature
increase at a rate of 10 °C/min. The DSC thermogram of the same
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Fig. 4. Measured frequency variation (a) and the DSC thermogram

(b) in heating cycle at a rate of 10 °C/min.
Korean J. Chem. Eng.(Vol. 28, No. 9)



1926 Y. H. Kim

Frequency difference (Hz)
g
S
-—
.

0 L L L 1 s
o 50 100 150 200 250 300

Temperature (T)
(a)
DsC

Heat flow (Wig)
N\
f

150

Temperature (T}

(b)

Fig. 5. Measured frequency variation (a) and the DSC thermogram
(b) in cooling cycle at a rate of 10 °C/min.

sample and temperature is plotted in Fig. 4(b). Though the direction
of slopes is opposite, two curves indicate the deflections at nearly
same temperatures. The first slight deflection around 95 °C indi-
cates a glass transition [17], and the second around 150 °C is of cold
crystallization. The broad peak centered around 220 °C demonstrates
melting of the sample. These observations are found from the DSC
thermogram and Yamato and Kimura [17]. While the sample is cool-
ing after complete melting around 250 °C, the frequency difference
is demonstrated in Fig. 5(a). The apparent melt crystallization is
observed with a peak around 160 °C, while a broad peak around
the same temperature is shown in Fig. 5(b). The melt crystalliza-
tion is observed in the previous studies [17,18]. There are two small
peaks around 120 °C and 90 °C. Though the latter is related to the
glass transition, the former is not explained with the DSC thermo-
gram and further examination is necessary.

A similar device using single quartz crystal resonator has been
proposed in Kim et al. [12], but the detection of the morphological
change of polymer material was more difficult than this dual reso-
nator system. Though the proposed device using dual quartz crys-
tal resonators is simple and easy to construct, its performance is com-
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parable to the DSC.
CONCLUSIONS

A simple device measuring the thermal property of polymer using
dual quartz crystal resonators is proposed and tested with polysty-
rene. The dual resonators are installed in a small aluminum cell di-
rectly heated and air cooled according to the programmed temper-
ature variation. The resonant frequencies of the reference and poly-
styrene sample are measured and analyzed for the morphology change
when the cell temperature varies. The measured temperatures of
the morphological changes are compared with the DSC thermogram
and previously reported studies. It is found that the measurements
are comparable to those of the DSC though the proposed device is
simple and easy to construct.

ACKNOWLEDGEMENTS

Financial support from the Dong-A University Research Fund
is gratefully acknowledged.

REFERENCES

1. D. A. Buttry and M. D. Ward, Chem. Rev., 92, 1355 (1992).
2. K. J. Choi, Y. H. Kim, S. M. Chang, A. Egawa and H. Muramatsu,
Anal. Chim. Acta, 386,229 (1999).
3. H. Muramatsu, E. Tamiya and I. Karube, Anal. Chem., 60, 2142
(1988).
4. Y. H. Kim and K. J. Choi, Sens. Actuat. B: Chem., 87, 196 (2002).
5.B. C. Kim, T. Yamamoto, Y. S. Byun and Y. H. Kim, Korean J.
Chem. Eng., 27,328 (2010).
6. Y. M. Park, Y. H. Kim and T. Yamamoto, Sens. Actuat. B: Chem.,
125, 468 (2007).
7.0.]J. Joung, Y. H. Kim and K. Fukui, Sens. Actuat. B: Chem., 105,
464 (2005).
8. 0.1. Joung, Y. H. Kim, K. Maeda and K. Fukui, Korean J. Chem.
Eng., 22,99 (2005).
9. K. Maeda, B. C. Kim, Y. H. Kim and K. Fukui, Anal. Chim. Acta,
558, 337 (2006).
10. B. C. Kim, H. W. Kang and Y. H. Kim, Korean J. Chem. Eng., 23,
789 (2006).
11. H. S. Choi, Y. H. Kim and S. M. Shin, J. Polym. Sci. Chem., 44,2428
(2006).
12.B. C. Kim, K. Maeda and Y. H. Kim, J. Appl. Polym. Sci., 120,
3370 (2011).
13. Y. K. Suh, B. C. Kim and Y. H. Kim, Sensors, 9, 9544 (2009).
14. Y. K. Suh and Y. H. Kim, Japanese J. Appl. Phys., 49, 65801 (2010).
15. K. Kanazawa and J. G. Gordon, Anal. Chem., 57, 1770 (1985).
16. M. V. Voinova, M. Rodahl, M. Jonson and B. Kasemo, Physica
Scripta, 59,391 (1999).
17. M. Yamato and T. Kimura, Sci. Technol. Adv. Mater., 7,337 (2006).
18. A. Mamun, S. Umemoto and N. Okui, Macromolecules, 40, 6296
(2007).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


