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Abstract - Among the exhaust gas, Carbon dioxide which is a causative factor in greenhouse effect.
We sudy for synthesis of propylene carbonate with carbon dioxide which is cagptured and utilized in
commercidly vauable. The Experiment was proceeded as pilot scale with using homogeneous organic
cadys which is able to produce propylene carbonate in commercid and reaction conditions. Optimization
condition for concentration of catayst and reaction temperature, pressure was studied. We confirm that
this process is eco-friendly method and commercial application due to the mild condition and adso catdyst

has a competitive price, reusability.

Key words : Carbon dioxide, Propylene oxide, Propylene carbonate, Homogeneous catalyst.
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Fig 1. The synthesis process of propylene carbonate with using carbon dioxide
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Table 1. Propylene Carbonate Synthesis Catalyst

Catalyst NO.

Structure

Molecular Weight (g/mol)

NO. 1

o)
\_/

<
NG

@\

498.5

NO. 2

470.4

NO. 3

N 05
oLy

Temperature
controller

O P00
=) M

co,

- G
—

Heating vessel

N—

Fig 2. Schematic diagram of the synthesis apparatus.
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Table 2. Propylene carbonate conversion rate by reaction condition

Conversion (%
Cor?:;j[)r/asvtion Reaction Time TReacti?n Catalyst Catalyst( : Catalyst
(mol%) () NO. 1 NO. 2 NO. 3
80 40 51 55
0.05 3 hour 130 60 82 78
150 67 85 80
80 43 59 62
01 3 hour 130 80 90 85
150 83 93 90
80 49 63 68
0.2 3 hour 130 85 92 89
150 89 97 93

Table 3. Synthetic conversion rate by catalyst recycling.

Catalyst _ Conversion (%)
Catalyst Concentration Reaction i d i i
NO. Temp.(C) First First catalyst recycling | Second cadyst recycling
(mol%) Reaction reaction reaction

NO. 1 0.2 150 89 86 82

NO. 2 0.2 150 97 95 91

NO. 3 0.2 150 93 85 70
4= s, % A% Al 9%l o R A |A WS Aol Hojd 7hsAdol q7lell ARgl
Hog Fa 7hed o A T 4 Ak AYstA] & Aeow wehHEn

3]t Zuf o] A ARRA] A 2Hele flske] 3
TAZ FE o]-&slo] ZRIARTIEY|O|ES HHA 4. B E
ddsto] Hehae SRls) Het Sl == 0.2mol%,
HES-25 1507, MHE-AIKE 3AKEO RS, & 28] A 2 Aol FojstLel A st lab scale
AP A9S shglond, Sl At Table 33t Ut L o] Sy LUATLEY O E 4G ofnl
Caidyst NO. 1, NO. 2] B 9t F 213 & 5 o5)z2u) 350 A}gste] pilot sclew Zu o]

S 23] AYAREste] TR YO ES /o 22 e ulSA7F MFS ool wel TR Yg
ARERE Aab Zv7h o] b Al AR diH] 9% Sinyjole= alAsa, ABES BHolste] AFl
ol HEES Holm A AHEH Fuje] 5 S AAFS o8t A2 AL 3] st1A} ).
ALY fFASH= A& &8l & 5= ASdTh AR Cat A ATt WS AZFS Qs vreew Zu)
S AQARE Y T A ol T Al AEE v Ly} Zolyo] wlet ABHEo] Lol 2= AL Bho)
12 AYAHE-] 79 91%, 23} AAHE-2] 79 82%= 3 2= glglom, Cadyst NO. 20] A9 Zujer
A Belds #l & g gllnk S Caayst g omojop, ulg o= 150T oA 97%e] Ho MBS
NO. 39 B Aol Catdyst NO. 251t ¥l o wojn, Zujiem 01 ~ 0.2mol%, YRS 130
wsto] FifFem w2 dAekeS HAAN A& ~ 1500 A E oA 90% o|Ale] ATHE, 99%0] Akl
oAl AEhgo] Wolx= Anpe} np AR A0 srz magdylEyolES 4 x3 2 9lolth
A Zufjo] dEF|Z Q% 5o Bojx= Auke} T8, 20 84 T AL Y AT QAR
AT olpolH, ALEke BANM SHE A AL g apxy A Aske oiu] 95%0]Ale] MBkeo] Bl

Journal of Energy Engineering, Vol. 29, No. 1 (2020)



References

1. Jung, H. J.,2004, Studies of enhancement reversible
capacity in Propylene carbonate/Methyl acetate eec-
trolyte of lithium ion battery, Chonnam National
University, Master Degree

2. Heo,, J. H.,2004, Synthesis of Propylene Carbo-
nate Using lonic Liquids, Pusan University Mas-
ter Degree

3. Guo L, Jin X, Wang X, Yin L, Wang Y, Yang
Y.W., 2018, Immobilizing Polyether Imidazole
lonic Liquids on ZSM-5 Zeolite for the Catalytic
Synthesis of Propylene Carbonate from Carbon
Dioxide, Molecules, Vol. 23, No. 10, pp.137-141

4. Tahani A.G, Nada A.J, Ahmed A., Synthesis of
Propylene Carbonate from Epoxide and CO2 Cata-
lyzed by Carbon Nanotubes Supported Fe;sPM0120xo,
Journal of chemistry, Vol. 2017

5. Gao Z. W, Wang S. F, Xia C.G., 2017, Synthesis
of propylene carbonate from urea and, 2-propane-
diol Chinese Chemical Letters, Val. 20, No.2, pp.
131-135

6. Kim B.Y, Jang SH, Min SR, Kim H.Y., 2018,
Propylene Carbonate Synthesis using Supercritical
CO, and lonic Liquid, Clean Technology, Vol.
17, No. 1, pp. 37-40

7. Zhou X, Yang X, Chen T, Zhang Y, Wang G.,
2009, Synthesis of Propylene Carbonate from Car-
bon Dioxide and o-Chloropropanol, Chinese Jour-
nal of Catalysis, Vol. 30, No.1, pp. 7-8

8. Mokhatab S, Poe W. A, Mak J., 2019, Handbook
of Natural Gas Transmission and Processing, 4th
Edition, pp. 247-251

9. Donald. J. D., 2007, Making Plastics from Car-
bon Dioxide: Salen Metal Complexes as Catalysts
for the Production of Polycarbonates from Epoxi-
des and CO,, chem. Rev. Vol. 107, No. 6, pp.
2388-2410

10. Moon Y.J, Ji D.H, Kim D.W, Kim H.G, Cho

D.H., 2016, Synthesis of propylene Carbonate
over Metal containing lonic Liquid Catalysts,
Appl. Chem. Eng, Vol. 27, No. 2, pp.153-157

OllX|Ss M293 H1= 2020




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /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 /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1800
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


