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INTRODUCTION
A large number of chemical compounds as toxic agents have been developed since the World War I introduction of toxic chemicals in the battlefiled. These substances can be classified according to their chemical properties into the following categories; (1) gases retained primarily by physical adsorption; (2) acidic or acid-forming gases; (3) basic or base-forming gases; (4) readily oxidizable gases; (5) readily reducible gases. Also, the U.S. Army and Air Force (Departments of the Army and the Air Force, 1975) classify chemical agents in terms of their functions and effects as follows: choking agents, never agents, blood agents, blister agents, vomiting agents, and tear agents. Activated carbon is not effective for the removal of toxic chemical agents such as phosgene, hydrogen cyanide, arsine, etc. from ambient air. However, adsorption capacity to retain these agents can be significantly improved by impregnating it with certain metal compounds. With the presence of proper impregnants, retention of toxic gases by carbon is enhanced because of the reactions between toxic gas and the impregnants. For the purpose of removing toxic chemicals, one is concerned primarily with the adsorption capacity of adsorbents and the certainty that adsorbed toxic agents will be strongly held and not desorbed. These objectives may be achieved by impregnating activated carbon with certain metal compounds. 

Activated carbons are very often used as adsorbents from gaseous mixtures containing water vapors such as air. It is well-known that moisture in air may play a role in a competitive adsorption of a pollutant. The mechanism of water adsorption was proposed by Dubinin and Serpinsky. Their interpretaion of the shape of experimental isotherms is based on interactions of water molecules with either pure carbon- or oxygen-containing surface species. According to DS theory water molecules are first adsorbed on primary adsorption centers, adsorbed water molecules, occurs. Thus an increase in the water vapor pressure leads to the formations of clusters of associated posed that below p/p0=0.3. Surface chemistry governs the adsorption process, while at higher relative pressure microporosity becomes an important factor. The number of primary adsorption centers can be calculated by fitting the experimental isotherm to the equation formulated by Dubinin and Serpinsky (DS). 

Many experimental results along with their interpretation have been published based on DS approach. In some cases, especially for carbons with a large number of chemical groups, the attempts to fit the experimental data to the proposed isotherm failed. Recently some research groups have been proposed modified DS isotherm to correlate the adsorption equilibrium data of water vapor on activated carbon.

In this work, an experimental study for the adsorption of water vapor and organic gas mixtures was investigated in a fixed-bed column charged with manufactured impregnated activated carbon. Among organic gases, carbon tetracloride (CCl4) and acetone were chosen as a reference of nonpolar and polar gases. The physical and chemical properties of impregnated activated carbon were characterized by the instrumental analysis such as BET, TG/DTA and SEM-EDS. Adsorption capacity of water vapor was measured at 308.15 K and analyzed by means of the two Dubinin-Serpinski (DS) equations and a third similar equation, based on the same principles. Column dynamics of single and binary system of water and organic vapors were studied experimentally. 

Adsorption Isotherm
It has been postulated for a long time that the characteristic sigmoid-shaped isotherm exhibited by water vapor adsorption on carbon surfaces can be rationalized by assuming that adsorption initially occurs on primary sites, comprised of chemisorbed oxygen compounds, and that further adsorption takes place on these hydrated sites by the formation of hydrogen bonds. Dubinin and Serpinski proposed two isotherm equations to correlate sigmoid-shaped isotherm of water vapor. 
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Comparing with the DS equation (Barton et al., 1992), the following simple isotherm model has the advantages of expressing q explicitly as a function of P/P0 and containing three instead of four isotherm parameters. 


[image: image3.wmf]

 EMBED Equation.3  [image: image4.wmf]ú

û

ù

ê

ë

é

-

÷

ø

ö

ç

è

æ

+

=

0

0

50

0

exp

1

p

p

p

p

k

q

q






(3)

where p50 = an isotherm parameter; and p=p50 at q/q0=0.5. The plot of Eq. (3) exhibits a characteristic S shape with P50 at q/q0=0.5 as an inflection point. 

EXPERIMENTAL
The activated carbon of 14~30 mesh (Supplied by Samchuli Co., Korea) was used as a base adsorbent. Activated carbon was prepared through the impregnation in a batch reactor. The adsorbent was immersed into the aqueous ASC solution for one hour at room temperature. The ASC solution was composed of CuCO3, Cu(OH)2, CrO3, AgNO3, NH4OH, and (NH4)2CO3. After these treatments, the activated carbon was dried at 90oC for the activation for 1 hour and at 150oC for 2-3 hours. Organic gases of CCl4 and acetone are produced from an evaporation of aqueous solution. The gas-phase concentration is adjusted by controlling the solution temperature and the nitrogen flow rate. Nitrogen was used as a carrier gas at 100-250 ml/min. All parts of the system, such as the adsorption column, mixing baffle and gas flow lines, were made of glass and pyrex. The temperature inside the adsorbent was controlled by water bath. A constant amount of the adsorbents is packed in a column with a dimension of 0.01 m I.D. by 0.4~0.2 m length, and these adsorbents were thermally equilibrated with the gas-phase. The effluent concentration of toxic gases from the column was analyzed by the gas chromatography with a thermal conductivity detector (TCD) and Porapack-Q column at an oven temperature of 140oC. 
.

RESULT & DISCUSSIONS
In order to investigate the physical and chemical properties of both base activated carbon and modified activated carbon using metals such as Cu, Ag and Cr, some instrumental analyses were conducted. The surface area and pore size distribution were measured by BET-N2 analysis (Micromeritics, ASAP 2400) for both adsorbents. The determined surface area was to be about 1300 m2/g and the average pore size is 18Å. In addition, TG/DTA and SEM-EDS analysis were conducted to investigate the thermal stability and impregnation state. Fig. 1. shows the sigmoid-shaped adsorption isotherm of water vapor on impregnated activated carbon. Adsorption capacity was measured at 308.15 K and correlated by modified Dubinin-Serpinski (DS) equation. As listed in Table 1, the isotherm parameters were extracted using multivariable, nonlinear regression. In this regard, a modified Lezenverg-Marquardt algorithm was used (IMSL routine DUNLSF). 

Table 1. Modified DS Parameters for Water Vapor Adsorption on Impregnated AC at 308K.

	Model
	Modified DS

	Parameters
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	Value
	0.3034
	8.136
	0.5856


Column dynamics of single and binary system of water and organic vapors were studied experimentally. Fig. 2 shows the breakthrough curves of water vapor in terms of relative humidity(20, 40, 60%). The influences of water vapor on the adsorption of carbon tetracloride and acetone were quite different as shown in Figs. 3 and 4. In order to simulate these adsorption phenomena, further work will focus on the model development for the competitive adsorption between water vapor and organic chemicals
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Fig. 1. 
Adsorption isotherm of water
  Fig. 2.
Breakthrough curves of water vapor
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vapor at 308.15K.


in terms of relative humidity.
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Fig. 3. 
Binary breakthrough curves of 
  Fig. 4. Binary breakthrough curves of 


water and acetone vapor mixtures

water and CCl4 mixtures
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				20~25%						40~45%						65~70%

		Time		Relative humidity				Time		Relative humidity				Time		Relative humidity

		[min]		%				[min]		%				[min]		%

		0		22.9				5		27				1		52.4

		1		22.4				10		13.8				3		34.1

		3		22.0				15		13.1				4		27.9

		4		21.5				22		12.4				5		24.5

		5		20.7				30		12.1				6		21.6

		6		19.7				41		11.5				8		18.1

		8		17.9				49		12				12		15.3

		11		16.0				51		12.5				14		14.9

		14		14.6				52		13				15		15.1

		15		13.9				54		13.7				16		15.9

		16		13.7				56		14.5				17		17.1

		17		13.5				58		15.5				19		18.6

		19		13.1				65		18.5				21		20.6

		21		12.8				70		20.2				23		22.7

		23		12.5				74		21.5				24		23.8

		24		12.2				76		22				26		25.7

		26		11.6				78		22.5				27		26.6

		27		11.3				80		23.5				29		27.8

		29		11.2				82		23.7				32		29.9

		34		10.9				86		25				33		30.5

		36		10.7				95		27.2				34		31.1

		37		10.6				102		28.6				36		32.0

		39		10.6				107		29.5				37		32.7

		40		10.4				112		30.5				39		33.5

		42		10.5				129		32.7				40		33.9

		45		10.5				148		34.8				41		34.5

		47		10.3				150		35				42		35.0

		48		10.2				162		36.1				43		35.7

		50		10.1				173		37.1				46		36.5
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		66		9.9				192		38.3				69		42.6

		68		10.2				195		38.4				71		43.0

		69		10.4				198		38.5				76		43.8

		70		10.6				205		39.1				78		44.0

		71		10.8				215		39.4				80		44.5

		72		11.1				225		40.1				84		45.1

		73		11.4				228		40.2				86		45.5

		75		11.6				250		40.8				91		46.0

		76		12.0				259		41				94		46.4

		78		12.4				280		41				98		46.7

		81		12.9				291		41.5				100		47.0

		82		13.0				307		41.7				103		47.3

		83		13.2				310		41.7				105		47.7

		84		13.4				323		42				110		48.4

		85		13.5				327		42				117		49.0

		86		13.8				360		42				120		49.2

		88		13.9				362		42				125		49.8

		89		14.1				366		42				128		50.1

		90		14.5				368		42				133		50.5

		92		14.8				400		42				142		51.0

		95		15.1				416		42.5				145		51.7

		97		15.4				418		42.6				154		52.0

		100		15.6				423		42.6				159		52.5

		102		15.8				449		43				163		52.7

		103		16.0				467		43.1				170		53.2

		105		16.2				483		43.3				176		53.5

		108		16.5				506		43.7				180		53.6

		110		16.6				522		43.7				182		53.7

		111		16.7										185		53.9

		112		16.9										188		54.0

		113		17.0										192		54.2

		116		17.2										195		54.3

		118		17.4										200		54.5

		120		17.6										203		54.8

		124		17.6										207		55.0

		125		17.7										210		55.1

		128		18.0										215		55.2

		130		18.1										223		55.5
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		178		19.3										253		56.7

		182		19.5										255		56.8

		186		19.5										258		57.0

		190		19.5										260		57.1

		195		19.5										262		57.1

		200		19.6										264		57.2

		205		19.7										270		57.3

		212		19.7										277		57.5

		215		19.9										279		57.7

		220		19.9										280		57.7

		223		20.1										287		57.7

		226		20.2										291		57.8

		231		20.3										294		57.9

		235		20.3										297		58.1

		240		20.3										303		58.1

		245		20.3										308		58.2

		250		20.4										315		58.5

		255		19.8										318		58.6

		260		20.8										320		58.6

		262		20.9										328		58.6

		267		20.8										331		58.7

		270		20.8										334		58.8

		272		20.9										340		58.8

		275		20.9										345		59.1

		280		20.7										350		59.3

		285		20.8										356		59.7

		290		20.5										360		60.0

		306		20.5										364		60.3

		310		20.4										370		60.6

		320		20.4										372		60.7

		325		20.5										375		60.8

		330		20.5										380		60.9

		335		20.5										380		60.9

		340		20.5										387		61.1

		345		20.5										390		61.4

		350		20.5										400		61.5

		355		20.2										418		62.0

		360		20.4										435		62.6

		365		20.3										455		63.0

		370		20.4										463		63.5

		375		20.4										490		64.0

		380		20.3										500		64.5

		385		20.4

		390		20.4

		395		20.3

		400		20.4

		405		20.3

		410		20.3

		413		20.1

		418		20.4

		420		20.3

		430		20.3

		435		20.3

		440		20.3

		445		20.2

		468		20.1

		475		20.3

		480		20.2

		490		20.2

		495		20.2

		497		20.2

		505		20.2

		515		20.1

		532		20.2
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												Experimental Conditions

		Date		5-Aug-00						Date		2-Aug-00						Date		10-Aug-00

		Adsorbent		IAC						Adsorbent		IAC						Adsorbent		IAC

		Adsorbate		water		18.02				Adsorbate		water		18.02				Adsorbate		water		18.02

		Vap. Temp		35		oC				Vap. Temp		35		oC				Vap. Temp		35		oC

		Antonie_a		8.1077		[-]				Antonie_a		8.1077		[-]				Antonie_a		8.1077		[-]

		Antonie_b		1750.29		[-]				Antonie_b		1750.29		[-]				Antonie_b		1750.29		[-]

		Antonie_c		235		[-]				Antonie_c		235		[-]				Antonie_c		235		[-]

		Vap. Press.		42.18		mmHg				Vap. Press.		42.18		mmHg				Vap. Press.		42.18		mmHg

		Col. Temp		38		oC				Col. Temp		30(35)		oC				Col. Temp		30(35)		oC

		Col. ID		1		Cm				Col. ID		1		Cm				Col. ID		1		Cm

		Col. Length		11.7		Cm				Col. Length		11.7		Cm				Col. Length		11.7		Cm

		V1(Carrier)		115		ml/min		눈금:61-25		V1(Carrier)		115		ml/min				V1(Carrier)		115		ml/min		눈금:61-25

		V2(Evapor)		125		ml/min		눈금:1.4		V2(Evapor)		50		ml/min				V2(Evapor)		20		ml/min		눈금:7.5

		V3(Sorbent)		6.938		ml/min				V3(Sorbent)		2.775		ml/min				V3(Sorbent)		1.110		ml/min

		Break time		45		min				Break time		45		min				Break time		45		min		15798

		w		4.984		g				w		4.984		g				w		4.997		g		20567

		Co		0.0000000281		ppm				Co		0.0000000165		ppm				Co		0.0000000082		ppm		17671

		Co		1.112		mol/m3				Co		0.655		mol/m3				Co		0.323		mol/m3		17886

		q		2.409		mol/kg				q		0.975		mol/kg				q		0.392		mol/kg		16744

		q(balance)		8.985		0.807				q(balance)		3.016						q(balance)		0.931		0.084		10033

		2nd								1st								1st						10101

		vent				158545				vent				88707				Vent		22.9

		Time		C/Co		Area				Time		C/Co		Area				Time		C/Co		Area		Relative humidity

		[min]		[-]		[-]		68%		[min]		[-]		[-]		45.4		[min]		[-]		[-]		%

		0		0.000!		0				0		0.000!		0				0		0.000!		0		22.9

		10		0.145!		22982		16		10		0.155!		13778		13.8		10		0.420!		15798		16.2

		14		0.122!		19281		15		15		0.132!		11753		13.1		16		0.547!		20567		13.7

		18		0.188!		29784		18		22		0.112!		9946		12.4		21		0.470!		17671		12.8

		20		0.174!		27650		20		30		0.101!		8920		12.1		25		0.476!		17886		11.7

		22		0.207!		32761		23		41		0.092!		8123		11.5		30		0.446!		16744		11.2

		29		0.270!		42764		28		49		0.118!		10442		12		35		0.267!		10033		10.9

		33		0.297!		47107		31		51		0.131!		11645		12.5		40		0.269!		10101		10.6

		38		0.283!		44881		33		52		0.141!		12464		13		48		0.263!		9891		10.4

		45		0.263!		41669		36		54		0.159!		14099		13.7		60		0.260!		9784		9.6

		58		0.388!		61583		40		56		0.169!		14981		14.5		63		0.280!		10515		9.7

		74		0.353!		55891		44		58		0.188!		16708		15.5		69		0.351!		13199		10.4

		76		0.359!		56982		44		65		0.244!		21643		18.5		75		0.509!		19125		11.6

		78		0.402!		63750		44		70		0.272!		24116		20.2		81		0.443!		16642		12.9

		84		0.495!		78467		45		74		0.279!		24765		21.5		91		0.622!		23380		14.6

		101		0.518!		82059		47		76		0.275!		24436		22		100		0.859!		32295		15.6

		110		0.474!		75177		48		78		0.318!		28253		22.5		108		0.885!		33271		16.5

		113		0.527!		83584		49		80		0.311!		27618		23.5		115		0.627!		23568		17.2

		120		0.532!		84408		49		82		0.315!		27965		23.7		118		0.764!		28701		17.4

		142		0.530!		84090		51		86		0.328!		29130		25		120		0.779!		29266		17.5

		145		0.463!		73466		51		95		0.424!		37571		27.2		122		0.804!		30206		17.5

		150		0.565!		89499		52		102		0.400!		35463		28.6		131		0.805!		30270		18.1

		160		0.575!		91172		53		107		0.543!		48211		29.5		140		0.946!		35569		18.5

		170		0.452!		71634		53		112		0.556!		49298		30.5		150		0.845!		31758		18.9

		172		0.546!		86581		53		129		0.588!		52188		32.7		160		0.864!		32461		19.1

		180		0.543!		86065		54		148		0.522!		46330		34.8		170		0.865!		32494		19.2

		182		0.530!		84041		54		150		0.528!		46853		35		181		0.882!		33135		19.3

		185		0.541!		85792		54		162		0.635!		56311		36.1		191		0.852!		32027		19.4

		195		0.584!		92643		54		173		0.570!		50606		37.1		212		0.679!		25513		19.7

		215		0.515!		81720		55		175		0.597!		52995		37.2		214		0.892!		33517		19.7

		220		0.495!		78402		55		177		0.679!		60245		37.2		224		0.850!		31947		20.1

		222		0.498!		78883		55		181		0.592!		52558		37.7		226		1.141!		42875		20.2

		240		0.578!		91665		56		183		0.670!		59470		37.7		250		1.093!		41079		20.4

		244		0.567!		89832		57		186		0.693!		61501		37.7		260		0.818!		30735		19.7

		247		0.552!		87554		57		190		0.658!		58390		38.2		264		0.825!		31005		20.2

		260		0.584!		92556		57		192		0.697!		61789		38.3		292		0.747!		28075		20.5

		262		0.544!		86301		57		195		0.689!		61099		38.4		307		0.885!		33261		20.5

		287		0.545!		86447		58		198		0.742!		65794		38.5		330		0.835!		31392		20.5

		289		0.469!		74382		58		205		0.760!		67420		39.1		350		1.027!		38584		20.5

		300		0.551!		87418		58		215		0.744!		65959		39.4		380		0.878!		33014		20.3

		315		0.627!		99480		59		225		0.737!		65402		40.1		410		0.649!		24397		20.3

		340		0.610!		96751		59		228		0.765!		67856		40.2		430		0.927!		34830		20.3

		350		0.515!		81616		59		250		0.737!		65376		40.8		440		0.918!		34491		20.3

		360		0.652!		103446		60		259		0.763!		67678		41		460		0.981!		36856		20.2

		375		0.666!		105569		61		280		0.690!		61252		41		480		0.994!		37345		20.2

		378		0.630!		99896		61		291		0.620!		55035		41.5		497		0.990!		37193		20.2

		387		0.673!		106691		61		307		0.613!		54418		41.7		515		1.000!		37584		20.2

		410		0.703!		111437		62		310		0.756!		67073		41.7		532		0.962!		36149		20.2

		420		0.717!		113608		62		323		0.755!		66988		42

		440		0.692!		109679		63		327		0.786!		69757		42

		450		0.686!		108684		63		360		0.622!		55136		42

		470		0.699!		110845		64		362		0.725!		64320		42

		480		0.727!		115230		64		366		0.621!		55054		42

		500		0.742!		117705		65		368		0.661!		58610		42

										400		0.773!		68558		42

										416		0.635!		56297		42.5

										418		0.779!		69075		42.6

										423		0.809!		71740		42.6

										449		0.792!		70283		43

										467		0.625!		55439		43.1

										483		0.777!		68935		43.3

										506		0.774!		68632		43.7

										522		0.826!		73251		43.7
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				Experimental Conditions

		Date		17-Aug-00

		Adsorbent		IAC								Anaysis		GC

		Adsorbate		CCl4-water(40%)		89.7		153.82-18.02				Detector		TCD

		Vap. Temp		32		oC						Carrier		He

		Antonie_a		6.9339		[-]						Flow rate		30		ml/min

		Antonie_b		1242.43		[-]						Col. Temp.		140		oC

		Antonie_c		230		[-]						Injct. Temp.		160		oC

		Vap. Press.		155.5251981579		mmHg						Detec. Temp		160		oC

		Col. Temp		30(35)		oC

		Col. ID		1		Cm

		Col. Length		10		Cm		V4(CCl4)		67.7		ml/min		눈금:10.3		-0.8

		V1(Carrier)		117		ml/min		눈금:61-25

		V2(Water)		74		ml/min		눈금: 0.85

		V3(Sorbent)		15.143		ml/min

		Break time		100		min

		w		4.005		g

		Co		0.0000000735		ppm

		Co		2.935		mol/m3

		q(BTT)		13.999		mol/kg

		q(balance)		12.841		mol/kg		흡착량		1.767

																				89.3

		Time		C/Co		Area				70		46.2		31		77		1		87.6

		[min]		[-]		[-]				72		45.4		32		77.9		2		77.4

		0		0.000		0				74		45		33		78.9		3		74.5

		5		0.000		0				76		44.6		34		80.1		4		71.7

		18		0.000		0				78		44.2		35		80.4		5		69.9

		38		0.746		331544				80		43.8		36		79.7		6		66.7

		43		0.734		326238				85		42.5		37		79.4		7		60.4

		60		0.832		369755				90		41.5		37		79.4		8		57.6

		64		0.791		351371				95		40.5		38		74.5		9		51.1

		82		0.903		401297				100		39.7		39		72.2		10		44.5

		100		0.865		384156				105		38.7		40		70.5		11		41.2

		120		1.000		444278				110		38.1		41		67.5		12		38.7

		140		0.907		403140				120		37		42		65		13		37.6

		160		1.000		444278				130		36.1		43		62.4		14		36.5

										140		35.3		44		61		15		35.9

										160		34		45		58.7		16		36.5

														46		57.7		17		37.9

														47		56.8		19		44.5

														48		55.8		20		47.1

														49		54.9		21		50.3

														50		53.6		22		53.3

														52		52.8		23		55.7

														54		51.8		24		57.6

														56		50.9		25		61.8

														58		49.6		26		64.4

														60		49.1		27		68.9

														62		48.1		28		70.8

														64		47.5		29		72.6

														66		46.8		30		75.3

														68		46.4

														69		46.1
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		Time		C/Co		Area				Time		C/Co		Area

		[min]		[-]		[-]				[min]		[-]		[-]				1		87.6		0		1

																		2		77.4		90		1

										5		0.000		0				3		74.5		180		1

										18		0.000		0				4		71.7

		1				77.4				23		0.08						5		69.9

		2				74.5				28		0.35						6		66.7

		3				71.7				33		0.55						7		60.4

		4		1.9971428571		69.9				38		0.746		331544				8		57.6

		5		1.9057142857		66.7				43		0.800		326238				9		51.1

		6		1.7257142857		60.4				50		0.832		369755				10		44.5

		7		1.6457142857		57.6				64		0.890		351371				11		41.2

		8		1.46		51.1				82		0.903		401297				12		38.7

		9		1.2714285714		44.5				100		0.980		384156				13		37.6

		10		1.1771428571		41.2				120		1.000		444278				14		36.5

		11		1.0742857143		37.6				140		1.001		403140				15		35.9

		14		1.0428571429		36.5				160		1.000		444278

		15		1.0257142857		35.9

		16		1.0285714286		36

		17		1.3333333333		40

		19		1.4833333333		44.5

		20		1.57		47.1

		21		1.6766666667		50.3

		22		1.7766666667		53.3

		23		1.8566666667		55.7

		24		1.92		57.6

		25		2.06		61.8

		26		2.1466666667		64.4

		27		2.2966666667		68.9

		28		2.36		70.8

		29		2.42		72.6

		30		2.51		75.3
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		33		2.63		78.9

		34		2.67		80.1

		35		2.68		80.4
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		47		1.8933333333		56.8

		48		1.86		55.8

		49		1.83		54.9

		50		1.7866666667		53.6

		52		1.76		52.8

		54		1.7266666667		51.8

		56		1.6966666667		50.9

		58		1.6533333333		49.6

		60		1.6366666667		49.1

		62		1.6033333333		48.1

		64		1.5833333333		47.5

		66		1.56		46.8

		68		1.5466666667		46.4

		70		1.54		46.2

		72		1.5133333333		45.4

		74		1.5		45

		76		1.4866666667		44.6

		78		1.4733333333		44.2

		80		1.46		43.8

		85		1.4166666667		42.5

		90		1.3833333333		41.5

		95		1.35		40.5

		100		1.3233333333		39.7

		105		1.29		38.7

		110		1.27		38.1

		120		1.2333333333		37

		130		1.2033333333		36.1

		140		1.1766666667		35.3

		160		1.1333333333		34
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		Experimental Conditions

		Date		21-Aug-00

		Adsorbent		IAC								Anaysis		GC

		Adsorbate		acetone-water(35%)		89.7		58.82-18.02				Detector		TCD

		Vap. Temp		32		oC						Carrier		He

		Antonie_a		6.9339		[-]						Flow rate		30		ml/min

		Antonie_b		1242.43		[-]						Col. Temp.		140		oC

		Antonie_c		230		[-]						Injct. Temp.		160		oC

		Vap. Press.		155.5251981579		mmHg						Detec. Temp		160		oC

		Col. Temp		30(35)		oC

		Col. ID		1		Cm

		Col. Length		9.7		Cm		V4(Acetone)		67.7		ml/min		눈금:16.0

		V1(Carrier)		117		ml/min		눈금:61-25

		V2(Water)		74		ml/min		눈금: 0.75

		V3(Sorbent)		15.143		ml/min

		Break time		100		min

		w		4.006		g

		Co		0.0000000735		ppm

		Co		2.935		mol/m3

		q(BTT)		13.995		mol/kg

		q(balance)		12.837		mol/kg		흡착량		1.767

		Time		C/Co		Area

		[min]		[-]		[-]

		0		0.000		0				0		51.2				0		1

		5		0.000		0				2		50.2				60		1

		18		0.000		0				4		46.7				500		1

		23		0.05						6		41.6

		28		0.35						8		37.9

		38		0.846		331544				10		33.8

		48		0.903		326238				12		33.4

		60		0.920		369755				13		34

		74		0.900		351371				14		36.9

		82		0.954		401297				15		44.1

		100		0.987		384156				16		50.2

		120		1.000		444278				17		53.7

		140		0.960		403140				18		66.9

		160		0.950		444278				19		67.9

		200		0.930						20		71.7

		240		0.920						21		68

		270		0.910						22		58.2

										23		56.3

										25		48.9

										27		47

										29		45.4

										30		45.2

										32		45.2

										33		45.4

										34		45.8

										35		46.5

										36		47

										37		47.8

										40		48.4

										42		49.7

										44		50.7

										47		51.7

										49		52.8

										51		53.6

										56		55.7

										60		56.8

										65		58.6

										70		60.1

										75		61

										80		62.1

										85		62.9

										90		63.9

										95		64.9

										100		66

										105		67

										110		68

										115		68.9

										120		69

										126		69.9

										130		70.1

										135		70.8

										140		71.6

										145		72.3

										150		73

										158		74

										161		74.3

										169		75

										175		75.9

										182		76.6

										187		77

										193		77.5

										200		78.2

										205		78.5

										212		79.3

										217		79.6

										222		79.9

										227		80.4

										230		80.5

										235		80.7

										240		81

										246		81.7

										253		82

										258		82.2

										262		82.3

										270		82.9
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		Time		C/Co		Area				Time		C/Co		Area

		[min]		[-]		[-]				[min]		[-]		[-]

		0		0.000		0				0		0.000		0

		1		2.977		89.3				5		0.000		0

		2		2.920		87.6				18		0.000		0

		3		2.580		77.4				28		0.35

		4		2.483		74.5				38		0.746		331544

		5		2.390		71.7				43		0.734		326238

		6		2.330		69.9				60		0.832		369755

		7		2.223		66.7				64		0.791		351371

		8		2.013		60.4				82		0.903		401297

		9		1.920		57.6				100		0.865		384156

		10		1.703		51.1				120		1.000		444278

		11		1.483		44.5				140		0.907		403140

		12		1.373		41.2				160		1.000		444278

		13		1.290		38.7

		14		1.253		37.6

		15		1.217		36.5

		16		1.197		35.9

		17		1.217		36.5

		19		1.483		44.5

		20		1.570		47.1

		21		1.677		50.3

		22		1.777		53.3

		23		1.857		55.7

		24		1.920		57.6

		25		2.060		61.8

		26		2.147		64.4

		27		2.297		68.9

		28		2.360		70.8

		29		2.420		72.6

		30		2.510		75.3

		31		2.567		77

		32		2.597		77.9

		33		2.630		78.9

		34		2.670		80.1

		35		2.680		80.4

		36		2.657		79.7

		37		2.647		79.4

		37		2.647		79.4

		38		2.483		74.5

		39		2.407		72.2

		40		2.350		70.5

		41		2.250		67.5

		42		2.167		65

		43		2.080		62.4

		44		2.033		61

		45		1.957		58.7

		46		1.923		57.7

		47		1.893		56.8

		48		1.860		55.8

		49		1.830		54.9

		50		1.787		53.6

		52		1.760		52.8

		54		1.727		51.8

		56		1.697		50.9

		58		1.653		49.6

		60		1.637		49.1

		62		1.603		48.1

		64		1.583		47.5

		66		1.560		46.8

		68		1.547		46.4

		70		1.540		46.2

		72		1.513		45.4

		74		1.500		45

		76		1.487		44.6

		78		1.473		44.2

		80		1.460		43.8

		85		1.417		42.5

		90		1.383		41.5

		95		1.350		40.5

		100		1.323		39.7

		105		1.290		38.7

		110		1.270		38.1

		120		1.233		37

		130		1.203		36.1

		140		1.177		35.3

		160		1.133		34
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				P/P0		q				P/P0		q

				[-]		[g/g]				[-]		[g/g]
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