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Abstract In this study, we manufactured melting temperature controllable modified surfur (MS) and studied the properties
of sulfur modified cement concrete (SMC). We investigated the effects of sulfur and pyridine content on melting
temperature of MS. The reaction is confirmed by measuring Raman spectrophotoscopy. The SMC was produced at Water
(W)/Cement (C) =45 wt%, Sand (S)/Aggregate (A)=45wt% and 5, 10, 15 and 20 % of MS on the basis of conventional
portland cement, respectively. And then physical properties such as compressive strength, splitting tensile strength and
permeability of SMC were measured. As MS added, permeability was decreased, while strength and spalling properties
were improved. To confirm the safety of MS and SMC, pyrolyzed gas chromatography (P-GC) and gas hazard test were
conducted. The results showed that MS and SMC were relatively safe at an elevated temperature.

Key words Modified sulfur (MS), Melting temperature, Concrete, Surfur-modified cement concrete (SMC), Compressive
strength, Permeability
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Table 1
The formulation of SMC
W/C S/A Content (kg/m’)
Sample o o
(Wt%) (Wt%) H,O OPC* Sand Aggregates MS
MS-5 45 45 165 367 766 940 18 (5 %)
MS-10 45 45 165 367 752 923 37 (10 %)
MS-15 45 45 165 367 766 940 55 (15 %)
MS-20 45 45 165 367 752 923 73 (20 %)

*OPC: ordinary portland cement.
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Fig. 1. Viscosity changes with the sulfur content.
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Fig. 2. Viscosity changes with the pyridine content.
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Fig. 4. Compressive strength changes with aging time.
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Table 2
The results of P-GC measurements

Decomposition section (°C) The components of emitted gas

100~320

Polyethersulfone
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cyclopentadiene/cyclohexadiene
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isopropylbenzene/ethyltoluene
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320~440 CS,
600 CS,
Table 3
The results of gas hazards test
) o ) KS F 2271
Test-inspection item unit - -
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Fig. 6. Microscopy measurement.
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Table 4
Characteristics of the concrete against spalling

Before the test After the test
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Fig. 7. Ratio of water permeability changes with aging time.

3.7. SMC9| 1.8 7}felid Hoh

P-GCE &3l a2 dAsk= 7k=e] T/RE &
Qlate] Table 2 Bt 28]a P 7k=9]
fallde Hrellal, o dxke ok 2ok

A4 AEe AlEA(10 %N EFFEIENS F 3
NE ez 7E=fad AES Ba deiict. A
59| BAVIEL e AlFA BT R A EHAA|
Zro] 9it oiolofol 7]Fe| WS} 1 A, 14:23
I 14:04Z2 14828 U= 2HZ 700 TSI

4.4 E

Mse] &334 SMCO| U457k, 2N R, W
A, BIEEA AR, TSR Ade Sele] dojdl

Aol A3E AElshd v 2

1) A== OPCel Bl8| tha "HolAl= S B
Ao}, AN == AF 28Y Y F OPCE 3.18
MPa, MS 5% &% &3 E7} 3.23 MPa® ¢ 2 %2
F7PF e AR YETE ol MS &% A 38
Eo A Z7 thh a3t Jgo = dE )

2) WA A"l A9, mAlE= BACIA MS &
o] F7VETE 0] Hhdhe ZoE YERTh MS7H
FHEAE 7KL Qo], EIBES] FEAS 9T
wjitol] et FrAEAES UER Zo=E AdE

3) H]ZEAG A Ay, It AlMIEE SIFEo] o4
HIARE MS 5% &9 FIATESL A9 ofF mAS
4G dojik Ao E UEton, o= MSY &<l
ZAYE HEZEANE ST Fo=E k).

4) SMCe] 7% ¢t ZAZET} 7K & FHoFgH v
448 7 B opgt FRASES Heks)| o

shs, Beld FAo] doid & Y= Aol Agol

i
it

5) MS9| KA A3 AFela] a2FEelA €Szt
WSS ol FA|TE €S2 A= AwEolA oAl
Fast Aoz 4 I, B SMColl= &%e] MS7H
A7 B, sl Al 28] FAVE HA @S Ae= #
dETh MSE 10% &9 AlgAle] 7t=fsid Ald
2 1458 dE AR 75 WS wetA i
8 ZAPES % A& &, 3 AA| T
7o g k)

References

[1] K.H. Kim, D.C. Shin, HJ. Jung, JN. Lee and B.G.
Kim, “The quality properties of mortar for using
hydraulic modification sulfur as admixture for cement”,
J. Rec. Const. Resources 6 (2011) 81.

[2] M.S. Shin, K.H. Kim, S.W. Gwon and S.W. Char,
“Durability of sustainable sulfur concrete with fly ash
and recycled aggregate against chemical and weather-
ing environments”, Constr. Build. Mater. 69 (2014) 167.

[3] MM. Vlahovic, S.P. Martinovic, T.D. Boljanac, P.B.
Jovanic and T.D. Volkov-Husovic, “Durability of sulfur
concrete in various aggressive environments”, Constr.
Build. Mater. 25 (2011) 3926.

[4] K.H. Chung and Y.K. Hong, “Weathering properties of
elastic rubber concrete comprising waste tire solution”,
Polym. Eng. Sci. 49 (2009) 794.

[5] S.G Bea, SSW. Gwon, S.W. Kim and S.W. Cha, “Physi-
cal properties of sulfur concrete with modified sulfur
binder”, J. Korean Society of Civil Engineers. 34 (2014)
763.

[6] S.W. Cha, K.S. Kim and H.S. Park, “Manufacture of
modified sulfur polymer binder and characteristics of
sulfur concrete”, J. Korea Concrete Institute 23 (2011)



Manufacture of melting temperature controllable modified sulfur (MS) and its application to MS concrete 267

40.

[7] S.G. Yu, H,j. Choi, H. Kwon, N.K. Park and GD. Kim,
“Properties of portland cement concrete with the addi-
tion of a modified sulfur polymer”, J. Korean Cryst.
Growth Cryst. Technol. 20 (2010) 192.

[8] S.H. Bae, “Characteristics of sulfur mortar and con-
crete”, J. Korea Concrete Institute 4 (1992) 58.

[9] J.H. Yoon, Y.S. Yoo and J.K. Lee, “Sulfur concrete”, J.
Korea Concrete Institute 15 (2003) 46.

[10] W.W. Duecker, “Admixtures improve properties of sul-
fur cements”, Chem. Metall. Eng. 41 (1934) 583.

[11] W.H. Kobbe, “New uses for sulfur in industry”, Ind.
Eng. Chem. 16 (1924) 1026.

[12] K.D. Kim and S.G Kang, “Manufacturing artificial
lightweight aggregates using coal bottom ash and its
application to the lightweight-concretes”, J. Korean
Cryst. Growth Cryst. Technol. 18 (2008) 211.

[13] M.A. Rodriguez-Perez, R.A. Campo-Arnaiz, R.F. Aroca
and J.A. de Saja, “Characterisation of the matrix poly-
mer morphology of polyolefins foams by Raman spec-
troscopy”, Polymer. 46 (2005) 12093.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


