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Abstract — In this study, kinetic studies and analysis of the produced syngas were conducted for low rank coal gas-
ification under CO, atmosphere. 6 coals were analyzed to measure amount of sulfur and ash by proximate and ultimate
analyses. And then they were analyzed to select suitable sample by using Thermogravimetric analyzer (TGA). Selected
coal sample Samhwa was mixed with catalysts. Mixed samples with catalysts were used to get activation energy under
CO, atmosphere by using Kissinger’s method and shrinking core model (SCM). Also, analysis of produced syngas was
performed by Gas Chromatography (GC). In this experiment, activation of the K,CO; was the best performance, and
result of the analysis of the syngas showed similar trend with result of the activation energy.

Key words: Coal Gasification, Low Rank Coal, Catalyst, Syngas, Activation Energy

UAg o 2% gt
A o] g8l ouAE s WY

LA 2

Integrated gasification

ke mggo] st LA L0 g 717 A A
9 W7kt fepo] HolAn] $4.09 42 ol WA
7= ol Abge] Zick. SR Aok AA7kAe) A s
SR7IAIEe] HobELar, AAEIUIA S ShjeluIA o] 27|
Q1 AIoIA] ZHIS7H 1204 ool Bl AR o} Zadt of

*To whom correspondence should be addressed.
E-mail: ywrhee@cnu.ac.kr
to] 1= KAIST ¥ 9l ward o] i 7)dsled Fas sk

1086

Combined Cycle (IGCC)K= A&he 312, 319} H= 743t stellA] A
gato] it Akt T2 23 GAVIAE v T B
o] AAR A7IAE ol gsto] A= M ol 5
5] A1 SRl e geiido] 37-41%2] &85 7HA
AR IGCCE] 735 7kER1a Z7IERI O & o]3] Bt Alo] S5
Bl AP S8 50%7FA] 2T 5 Qlnk B3 RES- 5 NOy,
S0,2] A/do] A& ]| Carbon Capture & Storage (CCS, ¢4k}
i ] 9 A7 15)E 1IGCCel HEAIA COo, WiEHS Zole A



COzEsI7I8loM g Amaet Su7kas) wke- 54

= 7FsaiAIn) CCS 714 B8 o, Aelrt st @A) 2t
B A7 3L Qs A AR AR AR FAA A

A Ghe AT PAT Sob B 2 AT 5 UTHIL 2
eI sl el Ak 7R sl i ol

AN A8 5 AeH2]. el g WS4t ke
BT S5} ok Suje] Abgo] Bolek3), ek 1GCCH]
A 29 CoZ AT o] AT WS A TPshige] <

8217 Soi7slo] AgsHs Weto] BLthas)

E AFelA = viRro] FH-8 A FA gkS o] gste] 71Aslel A
et 'S A3 Copm$I7 I8t Fu7kastel ] ofg FulE ARt
SE BT 72 A3} oy gt A 7R S wAE)
Py

2.4

2-1. S0e| MF

& Aol B9 ARRS SrokA ok gt ¢l

ol

AE Lo7l= =4 s MiAE - e K2C03, Na,CO;2} CaCO,

= =rFlE A8, A Sl A gGA 7 5 3l
o Al 7HA] Full T 71 e ekl %L i Eﬂ%i RLES!
S 74313t Table 10 W24 9] AJE-sttky

ATH6].

2-2. Al=o| MF
H 2] A& o]]/q /\}\g_ﬁ— zﬂ]—;L/HE 2 A

Mekg 73] SsiA 671 AgAEre
9 B3} 9 BA 783 TGA BAS 221819t} Table 29
671 AuA e 39 43 4 348 YRGS 67F4] A
kS AAE glo] Ed= I $ 200 mesh ©JskE AEste] i
E21718FIA TA instruments AFS] TA-2050& ©]-8-3to] dital] Wt
85745 a1elste] SISl

o1 o0&
20 mg8] AFAEES o]galo] £ 50 mle]

Ang EeFEA

10 °C/min®] 5557 800 °C7HA] 5-23le] A3S zasisi o,
Agke] T} A T8]al 6714 Aalgke] s ke
E3& EUE 3377 3 Aio] Fom, dis) vk3EAo] 98t
AFAlehs AA3IelTt.

2-3. BM3 ol x|

CO=A7138t Fnll7kAslol| A e] 843} oUAE Fab7] st

Table 1. Reserve and ingredient of dolomite

1087

Zulj7} 7 wi% SHFE A1E 20 mgS TGAS 27 500 °CollA] & A3
A & COE AA 50 m/min] F3] H] 10% 502 T3t
1% 10, 20, 30 °C/min®] $&55E2 800 °C7HA] 521 A FA 7+
e 57483101, Kissinger "7 SCMe ©]-8-810] 273} ol
A& F3c).

2-4. B M

MRS 7kg)7 ol Faf ol 97 7kAs) AlZE 7% H,, CH,, CO,
CO,7} 79391 33727 A=, 373719 #4958 913l Gas
Chromatography (GC, Agllent 6890y ARt Fig. 19 Aglo])
ARG GC 9 718} 5 A 9] TS YERASITE. RES7ellA

HEgo] oL} A= 61—/H7]_/\‘— E}=2E 8311 917
A7t o] 358 Walg = Q). o] F WAsl] fl8l §5718
AX GCE FYEt}. 7k~= Mass Flow ControllerS

FUAZE

214 wkS7)ol Z7} 7 wit% SH-E AR 100 mgS ¥al N, 100
ml/ming 859 2455 10 °C/min®. 2 800 °C7H4] &3th
CO,= o] ik 19] 1] 10%E 500 °CollA] 2 A4 $- 795k
om, o] AFNH GCE o]&ato] At 418 AAISHIT

al
ES

3. Z4n} 3 pEt
3-1. A|l22e| MH ZAm}
Fig. 2= 6714 AFA ] i3k A4 2978} TGA 4L UE}
Wl Rolt}, T ZM & 5= 9l50] 6714 AFA et tE A8
3 548 vER], B98N 4R 783 TGA B4 A

|Mass Flow Controler | Quartz

I:l D D D—)l_l/ reactor
—[F
1
| |
H,O/tar trap

Fig. 1. Schematic diagram of experimental equipment.

reserve (unit: 1,000 ton)

Minable reserve (unit: 1,000 ton)

Degree of self-support (%) Ingredient

Dolomite 490,131.0

371,1934

99.9 50% CaCOs, 50% MgCO;,

Table 2. Proximate analysis and ultimate analysis of 6 low rank coal

proximate analysis(wt%), as received

Ultimate analysis(wt%)

Moisture ~ Volatile matter Ash Fixed carbon Carbon Hydrogen Nitrogen Oxygen Sulfur
1 Company P 1.3 21.0 9.7 68.1 85.8 3.7 1.3 1.0 6.4
2 Drayton 29 32.6 12.3 522 73.5 5.1 1.6 6.3 0.5
3 Kideco 5.8 38.6 5.0 50.6 75.6 5.0 0.8 12.2 0.4
4 Eco 11.1 47.5 3.7 37.7 67.3 5.0 0.9 22,5 0.1
5 Samhwa 6.7 523 2.0 38.6 70.5 5.1 1.0 20.2 0.03
6 Roto 6.7 529 3.6 36.8 68.8 5.4 0.7 21.7 0.1
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Fig. 3. The TGA analysis of the samhwa low rank coal under CO, volume ratio 10% (a) K,CO; 7 wt%, (b) CaCO; 7 wt%, (c) Dolomite 7 wt%, (d)
Na,CO; 7 wt%.
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Fig. 4. Kinetic study of the samhwa low rank coal by Kissinger’s
method.
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A : pre-exponential factor [min~']
E  : apparent activation energy [kJ/mol]
n :apparent reaction order
R : gas constant [J/mol-K]
T :temperature [K]
t : time [min]
X : fractional conversion
B : heating rate [K/min]
St

1. Sung, D. W., “How to replace petroluem as coal?)’ LG business
insight, 952, 22-25(2007).

2. Yun, Y. S., “The Status of Coal Gafisfication Technology, New
& Renewable Energy Journal, 55-61(2005).

3. Song, B. H., Kang, S. K. and Kim, S. D., “Catalytic Activity of
K-Fe, Na-Fe, Na-Fe-Ca Mixtures on Char-Steam Gasification)’
Korean J. Chem. Eng., 6(30), 749-759(1992).

Korean Chem. Eng. Res., Vol. 50, No. 6, December, 2012

A% - B

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

- 013

Ochoa, J., Cassanello, M. C., Bonelli, P. R. and Cukierman, A. L.,
“CO Qasification of Argentinean Coal Chars: A Kinetic Charac-
terization, Fuel Process. Technol., 74, 161(2001).

. Sun, Z. Q., Wu, J. H. and Zhang, D., “CO, and H,O Gasifica-

tion Kinetics of a Coal Char in the Presence of Methane]
Energy Fuels, 22, 2160 (2008).

. Korea Resource Corporation, “State of mineral reserves; 20-21

(2009).

. Kissinger, H. E., “Reaction Kinetics in Differential Thermal

Analysis) Anal. Chem., 29, 1702(1957).

. Szekely, J. and Evans, J. W., “A Structural Model for Gas-solid

Reactions with a Moving Boundary, Chem. Eng. Sci., 25, 1091-
1107(1970).

. McKee, D. W., “Gasification of Graphite in Carbon Dioxide and

Water Vapor-the Catalytic Effects of Alkali Metal Salts) Car-
bon, 20, 62(1982).

Sams, D. A., Talverdian, T. and Shadman, F., “Kinetics of Cat-
alyst Loss During Potassium-catalysed CO, Gasification of Car-
bon) Fuel, 64(9), 1208-1214(1985).

Park, S. T., Choi, Y. T. and Sohn, J. M., “The Study of Gasifi-
cation of a Lignite Impregnated by K,CO;, Mn(NOs), and (NO;),,
Appl. Chem. Eng., 22(3), 312-318(2011).

Irfan, M. F., Usman, M. R. and Kusakabe, K., “Coal Gasifica-
tion in CO, Atmosphere and Its Kinetics Since 1948: A Brief
Review;” Energy, 36, 12-40(2011).

Wang, J., Yao, Y., Cao, J. and Jiang, M., “Enhanced Catalysis of
K,CO; for Steam Gasification of Coal Char by Using Ca(OH),
in Char Preparation]’ Fuel, 89, 310-317(2010).

Sharma, A., Takanohashi, T., Morishita, K., Takarada, T. and
Saito, 1., “Low Temperature Catalytic Steam Gasification of Hyper
Coal to Produce H, and Synthesis Gas, Fuel, 87, 491-497(2008).
Sharma, A., Takanohashi, T. and Saito, 1. “Effect of Catalyst
Addition on Gasification Reactivity of HyperCoal and Coal with
Steam at 775-700 °C} Fuel, 87, 2686-2690(2008).

Jaffri, G-E.-R., Zhang, J.-Y., “Catalytic Gasification Character-
istics of Mixed Black Liquor and Calcium Catalyst in Mixing
(air/steam) Atmosphere; J. Fuel Chem. Technol., 36(4), 406-414
(2008).

Meng, L., Wang, M., Yang, H., Hongyan, Y., Chang, L., “Cata-
lytic Effect of Alkali Carbonates on CO, Gasification of Ping-
shuo Coal} Int. J. Mining Sci. and Technol., 21, 587-590(2011).
Wang, J., Sakanishi, K. and Saito, 1., “High-Yield Hydrogen
Production by Steam Gasification of HyperCoal (Ash-Free Coal
Extract) with Potassium Carbonate: Comparison with Raw Coal,’
Energy Fuels, 19, 2114-2120(2005).




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


