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Chemical Sensor Operation Characteristics

Jae Ha Noh', Junseck Choi', Dongwan Ko', Joonyoung Seo', Sangtae Lee’, Jung-Yeul Jung’, and Jiho Chang'
! Major of Electronic Materials Engineering, Korea Maritime and Ocean University, Busan 49112, Korea
2 Department of Offshore Plant Management, Korea Maritime and Ocean University, Busan 49112, Korea
? Maritime Safety and Environmental Research Division, Korea Research Institute of Ships and Ocean Engineering (KRISO),
Buasn 49112, Korea

(Received December 17, 2019; Revised January 10, 2020; Accepted January 15, 2020)

Abstract: Hazardous and noxious substance (HNS) detection sensors were fabricated using multi-walled carbon nanotubes
(MWCNTs) and various binder materials for ion batteries. To obtain uniformly printed films, the printing precision according
to the substrate cleaning method was monitored, and the printing paste mixing ratio was investigated. Binders were prepared
using styrene butadiene rubber + carboxymethyl cellulose (SBR+CMC), polyvinylidene fluoride + n-methyl-2-pyrrolidene
(PVDF+NMP), and mixed with MWCNTs. The surface morphology of the printed films was examined using an optical
microscope and a scanning electron microscope, and their electrical properties are investigated using an I-V sourcemeter.
Finally, sensing properties of MWCNT printed films were measured according to changes in the concentration of the chemical
under the various applied voltages. In conclusion, the MWCNT printed films made of (SBR+CMC) were found to be feasible

for application to the detection of hazardous and noxious chemicals spilled in seawater.
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Fig. 1. Surface morphology and surface energy of PET films
according to the surface cleaning method. (a) N, blow, (b) DI
water cleaning, (¢) IPA cleaning, and (d) acetone cleaning.
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Fig. 2. 1-V test results of printed MWCNT films using (a)
SBR/CMC and (b) PVDF/NMP binders.

Q35lc). Y¥bd oz HFAst
Ab2x(wetting parameter,

Sw)S fsfiop gt [6] 751%*04% 71el 9 oy

7wt sore] A
= Swt=Ys-Yf-Yi°]
m;&g] oz o
At l”&—l nH Oﬂﬁxl

HaPt A1 B2 oUx|7t 7P =2 DI waterz2 A&
gt PET &S o83ty A4 3742 Aasalct.

I3 2% [-V sourcemeter® E4f -10~10 VoJlA A
Ao dafdtetel AR, AL F7Et 2

amolc}. (SBR+
CMC) ulolclg ol &3} AlAtet QIafutete] B A3t
. (PVDF+NMP) ulolcig olg5) A|ztst ol

A33H A35 pp. 181-185, 20209 5¥: =Alsl & 183

16.0
(a) MWCNT + (SBR+CMC) .
—DC 1V -
120 |- - DC5V
- DC 1oV
100sec Apply Liquid

(NaCl Solution 3.5 wt%)

Sensitivity [R/Ro]
~ ©
o o

no
BO

(b) MWCNT + (SBR+CMC) NH3 solution{150 mg/L]

n
o
T

NH 3 solution(50 mg/L)

NaCl Solution 3.5 wt%

Sensitivity [R/Ro]
>

-
[\S]

100sec Apply Liquid ‘ DC Iba\s 1\

0 2 4 6 8 10
Time [min.]

o
e}

Fig. 3. Sensitivity variation of printed MWCNT films using (SBR+
CMC) binder. (a) Under the external bias voltage of 1, 5, 10 V
and (b) sensitivity variation against the DI water, brine, brine +
NH; solution (Ve =1 V).
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Fig. 5. Sensitivity variation of printed MWCNT films using
(PVDF+NMP) binder. (a) Under the external bias voltage of 1, 5,
10 V and (b) sensitivity variation against the DI water,
NHjs/brine solution (NHs/brine = 100 mg/L) when Ve =1 V.

brine,

Hom e Zeg skt

(SBR+CMC) BlQICtE 5] AJtel uato] uls) (PVDF+
NMP) uholciS Ea) AIAHE wtato] A Zest of w
o olgt vl MmO AL Aelo] o oz

rl

o=t 300 KoflA PVDFQ] 3% &4 -g(dielectric
permittivity, £")o] 2F 13, SBR9] H¢ oF 22 43HA
AT [11,12]. & ALt 22 AFP AAN Fe=
2 Ao #ato] ol dwrt A", old Aiw
91 %6%94 Hels 29 335 I I

4. A E
2 o poAl= MWCNT QIafutatg o] &5 HNS 7
5§ oet Al AR A S0 elH EATS
At oIMurare AAlshz] 93t 9HA 7|mo® PET
e AEshy mHo) AAYEE EAlelgn. 3t

PET 7]u4- 2o SBRQ} PVDF A&
MWCNT Qlafutore Ajststei, H714 S4ut ats Al
Hel 57 S wAstan i £9 440
WBIAI7|0] BA 42 #OIgt At (SBRACMC
g A3 QapulTo] e A ZEE E‘R";Qﬂi,
QY 10 VoAl AbH] w

T
S o

WY 2 9L EAAStACE olldt AN Fotol
(SBR+CMC) A1Go] sl ALgah A|AHEH MWCNT
Qafutate HNS @22 913 SFeHIME 380l bs
& Zolehs WU & 4 AUt

ORCID

Jiho Chang https://orcid.org/0000-0001-8736-8745

aAe| 2

o] =22 20199 FYRAIR A0 SHYRALTE|
275U AN Wob 2H A7 FRHBYHNS)
At #2)7]e 7 LYY THD11502119H480000120).

REFERENCES

[1]1 K. Purnell, 4 Whiter Paper for the Interspill Conference & 4"
IMO R&D Forum Marseille, https://www.itopf.org/fileadmin/data/
Documents/Papers/interspill09_hns.pdf (2009).

[2] P. P. Prosini, C. Cento, M. Carewska, and A. Masci, Solid State
lonics, 274, 34 (2015). [DOI: https://doi.org/10.1016/j.ssi.2015.02.012]

[3] J. A. Lim and J. H. Choi, J. Korean Ind. Eng. Chem., 19,
185 (2008).

[4] B. Lestriez, S. Bahri, 1. Sandu, L. Roue, and D. Guyomard,
Electrochem. Commun., 9, 2801 (2007). [DOI: https://doi.org/
10.1016/j.elecom.2007.10.001]

[5] K. Nadeem, A. Ullah, M. Mushtag, M. Kamran, S. S. Hussain,
and M. Mumtaz, J. Magn. Magn. Mater., 417, 6 (2016). [DOI
https://doi.org/10.1016/j.jmmm.2016.05.064]

[6] K. Song, J. Lee, S. O. Choi, and J. Kim, Polymers, 11, 498
(2019). [DOI: https://doi.org/10.3390/polym11030498]

[7] K. N. Tu, J. W. Mayer, and L. C. Feldman, Electronic Thin
Film Science (Macmillan, New York, 1992) p. 25.

[8] L. L. Zhang and X. S. Zhao, Chem. Soc. Rev., 38, 2520 (2009).
[DOI: https://doi.org/10.1039/b813846j]

[9] K. P. Yoo, K. H. Kwon, N. K. Min, M. J. Lee, and C. J.
Lee, Sens. Actuators, B, 143, 333 (2009). [DOI: https://doi.org/
10.1016/j.snb.2009.09.029]

[10] F. Warkusz, J. Phys. D: Appl. Phys., 11, 689 (1978). [DOLI:

https://doi.org/10.1088/0022-3727/11/5/012]

[11] S. El-Sayed, T. A. Abdel-Baset, and A. Hassen, AIP Adv.,

4, 037114 (2014). [DOI: https://doi.org/10.1063/1.4869093]

[12] BJ.P. Adohi, A. Mdarhri, C. Prunier, B. Haidar, and C.

Brosseau, J. Appl. Phys., 108, 074108 (2010). [DOI: https://
doi.org/10.1063/1.3486491]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


