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Introduction
Amino acids and biochemicals have been important materials in many fields. These biochemicals are mainly produced by microbial fermentation processes. They are separated from the fermentation broth by complicated and costly ion exchange schemes due to low concentration and very low solubility in organic media. Such biochemicals are usually amphoteric. They exist both as anions and cations, depending upon the solution pH. Therefore adsorption and desorption of these biochemicals on ion-exchange resins may be carried out by adjusting the solution pH. 

Ion-exchange has been the most widely used technology in various stages of the separation processes for industrial productions[1]. Although adsorption capacities of nonionic polymeric sorbents are less than those of ion exchangers, the desorption step may be easier and faster than the case when one employs an ion exchanger. Therefore, it is meaningful to investigate the adsorption equilibria, kinetics, and column dynamics of amino acid-nonionic polymeric resin systems in detail[2]. 

In this work, we investigated the fixed-bed adsorption and desorption characteristics of amino acids such as phenylalanine and tryptophan on a nonionic polymeric sorbent in terms of concentration, flow rate, and bed length. A simple dynamic model for fixed-bed adsorbers was formulated and solved by an orthogonal collocation method.  
Theory
A surface diffusion model with external mass transfer resistance was selected in this study because of its simplicity and adequacy in describing adsorption of amino acids from aqueous solution on a nonionic polymeric sorbent. The model was developed for an isothermal adsorption column, packed with porous spherical particles. The flow pattern is described by the axial dispersed plug-flow model. Other assumptions involved in the model include isothermal condition and fast intrinsic adsorption kinetics, as well as local equilibrium between the solid-phase and liquid-phase solute concentrations at the surface of the particles. The diffusion inside a spherical adsorbent particle is described by the following equation:
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The solute mass balance in the liquid phase is:
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   The adsorption isotherm of each species was represented by the Langmuir equation and the mutual competitive interaction between amino acids was expressed by the IAST(ideal adsorbed solution theory). The system of partial differential equations was numerically solved. Eqs. (1) and (2) were first discretized using an orthogonal collocation method [3]. By this method, the second-order partial differential equations are reduced to a set of first-order ordinary differential equations. The resultant equations were simultaneously integrated using an integrating package, LSODI of the International Mathematics and Science Library(IMSL). 

Experimental 

  The nonionic polymeric sorbent used in this study was XAD-16, a macroreticular and spherical polystyrene resin cross-linked with DVB(divinylbenzene) which was supplied by Rohm and Haas Co. (Spring House, PA). 

The amino acids encountered in this study were L-phenylalanine(Phe) and L-tryptophan(Trp). These amino acids were obtained in crystalline forms from Junsei Chemical Co.(Japan) and used without further purification. 

  Dynamic adsorption experiments were carried out in a glass column of 0.015m diameter and 0.05~0.10m length, which was packed with resin particles. The column was lined with a water jacket to maintain a uniform column temperature.  The flow rate was regulated by a precision pump (Fluid Metering Inc., QSY).  The solution was introduced downward into the column. To prevent channeling and to enhance the flow distribution through the column, two layers of small glass beads were packed in the top and bottom regions of the column. Samples were withdrawn from the effluent line and were analyzed to get breakthrough curves. Fig.1 show the schematic diagram of an apparatus used for column experiments.
A UV spectrophotometry(Varian, model DMS 100s) with 1mm path length quartz cuvettes was used to determine the concentration of Phe and Trp at 254 and 275nm, respectively. 
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Results and Discussion
Fig. 2 show the effect of bed length on adsorption of Phe on XAD-16. The experimental results show that the breakthrough curve has a sharper shape when a shorter column used. Generally, this result can be observed when the column length is shorter than the zone length.   

Since the flow rate is a very important factor in fixed bed design, its effect should be checked. Fig. 3 show that the break time appeared earlier with higher flow rates. On the other hand, the breakthrough curves were steeper with higher flow rates. In general, if the flow rate was decreased or the bed length was increased, the breakthrough curve is becoming steeper. However the results obtained here show contrary tendencies, which can be explained by two reasons, the linear single component adsorption isotherm and the film mass transfer controlling. Fig. 4 also shows that breakthrough curves are not so influenced by initial concentrations since the isotherm is almost linear. 

In general, there are many regeneration techniques such as thermal, steam, acid of base and solvent regeneration. The choice of a certain regeneration method will depend upon the physical and chemical characteristics of both the adsorbate and the sorbent. For nonionic polymeric sorbent, the solvent regeneration technique has been known to be superior to other methods since the attractive forces binding the solute to the resin surface are physical in nature. The solvent regeneration of polymeric sorbents is particularly effective when the components adsorbed are very soluble in the solvents. In many cases they penetrate the gel phase of the polymeric matrix. Fig. 5 show three desorption curves obtained with 10% aqueous solution of IPA, methanol, with only distilled, and deionized water, respectively.  The effect of methanol and IPA in desorption is qualitatively similar, but vary significantly in magnitude. As shown in Fig. 5, IPA is sufficient to desorb the amount of adsorption by the same extent as methanol. Even pure water without organic solvents was introduced into the column, Phe was desorbed quite well but it took longer to completely desorbe it.
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Fig. 1. Schematic diagram of an apparatus used for column operation
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FFig. 3. Effects of flow rate on the 


       experimental results and model 


       predictions of breakthrough


      curves for adsorption on XAD-16





FFig. 2. Effects of bed length on the 


      experimental results and model 


      predictions of breakthrough


      curves for adsorption on XAD-16
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FFig. 5. The desorption curves for Phe 


       using organic solvents on  XAD-16 
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FFig. 4. Effects of concentration on the 


       experimental results and model 


       predictions of breakthrough


      curves for adsorption on XAD-16
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										0.165		1						보정시간				보정시간		0.161		1

		Time( min)		Time(min)		Time ( hr )		Time(hr)		Abs		C/Co				Time( min)		Time(min)		Time ( hr )		Time(hr)		Abs		C/Co				Time		C/C0

		0		0		0.000		0.000		0.000		0.000				0		0		0.000		0.000		0.163		1.012				0		0

		4		0		0.067		0.000		0.000		0.000				5		0		0.083		0.000		0.161		1.000				0.1		0.0007

		8		0		0.133		0.000		0.000		0.000				10		2		0.167		0.027		0.158		0.981				0.2		0.0163

		12		4		0.200		0.060		0.001		0.006				15		7		0.250		0.110		0.155		0.963				0.3		0.0685

		15		7		0.250		0.110		0.002		0.012				20		12		0.333		0.194		0.146		0.907				0.4		0.1571

		20		12		0.333		0.194		0.011		0.067				25		17		0.417		0.277		0.132		0.820				0.5		0.2696

		25		17		0.417		0.277		0.019		0.115				30		22		0.500		0.360		0.116		0.720				0.6		0.3914

		30		22		0.500		0.360		0.030		0.182				40		32		0.667		0.527		0.088		0.547				0.7		0.5101

		40		32		0.667		0.527		0.066		0.400				50		42		0.833		0.694		0.067		0.416				0.8		0.6174

		50		42		0.833		0.694		0.091		0.552				60		52		1.000		0.860		0.050		0.311				0.9		0.709

		60		52		1.000		0.860		0.116		0.703				70		62		1.167		1.027		0.037		0.230				1		0.7838

		70		62		1.167		1.027		0.132		0.800				80		72		1.333		1.194		0.024		0.149				1.1		0.8426

		80		72		1.333		1.194		0.142		0.861				92		84		1.533		1.394		0.014		0.087				1.2		0.8875

		90		82		1.500		1.360		0.150		0.909				100		92		1.667		1.527		0.008		0.050				1.3		0.9208

		100		92		1.667		1.527		0.159		0.964				120		112		2.000		1.860		0.004		0.025				1.4		0.9451

		110		102		1.833		1.694		0.163		0.988				140		132		2.333		2.194		0.004		0.025				1.5		0.9625

		120		112		2.000		1.860		0.164		0.994				160		152		2.667		2.527		0.004		0.025				1.6		0.9747

		130		122		2.167		2.027		0.165		1.000				180		172		3.000		2.860		0.004		0.025				1.7		0.9831

		140		132		2.333		2.194		0.165		1.000																		1.8		0.9888

		150		142		2.500		2.360		0.165		1.000																		1.9		0.9927

		165		157		2.750		2.610		0.165		1.000																		2		0.9953

		180		172		3.000		2.860		0.165		1.000																		2.1		0.997

																														2.2		0.9981

																														2.3		0.9989

																														2.4		0.9993

																														2.5		0.9996

																														2.6		0.9998

																														2.7		0.9999

																														2.8		0.9999

																														2.9		1

																														3		1





4ml

		Experiment of Fixed-bed on XAD-16

		Experiment

		Adsorbate		Phe		6		mol

		Temp		25

		Prpperty		Value		Unit

				3.00E-11

				5.90E-09

				7.50E-05

		Radius		3.32E-04		m

				0.52		-

				0.55		-

				1.50E-06

		Bed Leng		1.00E-01		m

		Bed Dia		1.50E-02		m										Regant				Water

		pH		6.00E+00		-

		H. of Water		8.5		cm										H. of Water		10		cm

		Flow rate		4.00E+00		ml/min										Flow rate		4.00E+00		ml/min

		Inter Velocity		7.26E-04		m/s										Inter Velocity		7.26E-04		m/s

		Dead Time		6.67E+00		min										Dead Time		7.85E+00		min

		Effect of Initial Conc.

		Adsorption														Desorption														Simulation

		Ini. Conc		1		mol										Ini. Conc		1		mol

				보정시간				보정시간		0.162		1						보정시간				보정시간		0.161		0.9938271605

		Time( min)		Time( min)		Time ( hr )		Time ( hr )		Abs		C/Co				Time( min)		Time(min)		Time ( hr )		Time(hr)		Abs		C/Co				Time		C/C0

		0		-7		0.000		0.000		0.000		0.000				0		-8		0.000		0.000		0.161		1.000				0		0

		5		-2		0.083		0.000		0.000		0.000				5		-3		0.083		0.000		0.161		0.994				0.1		0.0051

		10		3		0.167		0.055		0.006		0.037				10		2		0.167		0.036		0.147		0.907				0.2		0.0648

		15		8		0.250		0.139		0.019		0.117				15		7		0.250		0.119		0.123		0.759				0.3		0.1894

		20		13		0.333		0.222		0.038		0.235				20		12		0.333		0.203		0.107		0.660				0.4		0.341

		25		18		0.417		0.305		0.054		0.333				25		17		0.417		0.286		0.090		0.556				0.5		0.4906

		30		23		0.500		0.389		0.072		0.444				30		22		0.500		0.369		0.080		0.494				0.6		0.6223

		40		33		0.667		0.555		0.105		0.648				40		32		0.667		0.536		0.054		0.333				0.7		0.7293

		50		43		0.833		0.722		0.126		0.778				50		42		0.833		0.703		0.041		0.253				0.8		0.8115

		60		53		1.000		0.889		0.143		0.883				60		52		1.000		0.869		0.025		0.154				0.9		0.872

		70		63		1.167		1.055		0.157		0.969				70		62		1.167		1.036		0.019		0.117				1		0.9149

		80		73		1.333		1.222		0.163		1.006				80		72		1.333		1.203		0.010		0.062				1.1		0.9444

		90		83		1.500		1.389		0.163		1.006				90		82		1.500		1.369		0.005		0.031				1.2		0.9643

		100		93		1.667		1.555		0.163		1.006				110		102		1.833		1.703		0.003		0.019				1.3		0.9774

		110		103		1.833		1.722		0.163		1.006				125		117		2.083		1.953		0.003		0.019				1.4		0.9859

		120		113		2.000		1.889		0.163		1.006				140		132		2.333		2.203		0.003		0.019				1.5		0.9914

		140		133		2.333		2.222		0.163		1.006				155		147		2.583		2.453		0.003		0.019				1.6		0.9948

		160		153		2.667		2.555		0.163		1.006				170		162		2.833		2.703		0.003		0.019				1.7		0.9969

		180		173		3.000		2.889		0.163		1.006				181		173		3.017		2.886		0.003		0.019				1.8		0.9982

																														1.9		0.9989

																														2		0.9994

																														2.1		0.9997

																														2.2		0.9999

																														2.3		0.9999

																														2.4		1

																														2.5		1

																														2.6		1

																														2.7		1

																														2.8		1

																														2.9		1

																														3		1
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Effect of Conc-Ads

		0		0		0		0		0		0

		0		0		0		0.1		0.1		0.1

		0.0905454545		0		0		0.2		0.2		0.2

		0.1905454545		0.0715151515		0		0.3		0.3		0.3

		0.2905454545		0.2381818182		0		0.4		0.4		0.4

		0.3405454545		0.3215151515		0.1787878788		0.5		0.5		0.5
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1 mol/m

3 mol/m

6 mol/m

Predicted

C/C0

C/C0

Time ( hr )
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0.6586
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Effect of Conc-Des

		0		0		0

		0.1666666667		0.0596212121		0.011969697

		0.25		0.1429545455		0.0953030303

		0.3333333333		0.2262878788		0.1786363636

		0.4166666667		0.3096212121		0.261969697

		0.5		0.3929545455		0.4286363636

		0.6666666667		0.5596212121		0.5953030303

		0.8333333333		0.7262878788		0.761969697

		1		0.8929545455		0.9286363636

		1.1666666667		1.0596212121		1.0953030303

		1.3333333333		1.2262878788		1.261969697

		1.5333333333		1.3929545455		1.511969697

		1.8333333333		1.6429545455		1.761969697

		2		1.8929545455		2.011969697

		2.3333333333		2.2262878788		2.261969697

		2.6666666667		2.5596212121		2.511969697

		3		2.8929545455		2.761969697

						2.9453030303



1 mol

3 mol

6 mol

Time ( hr )

C/C0

0.9937888199
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1

0.9947916667

1

1

0.9958333333
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0.7949790795
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0.6645962733
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0.39375
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0.2833333333

0.3229813665

0.2719665272

0.1989583333

0.2173913043

0.2029288703
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0.1366459627

0.1234309623

0.0645833333

0.1055900621

0.0794979079

0.0364583333

0.0745341615

0.0481171548

0.0270833333

0.0559006211

0.0355648536

0.0239583333

0.0434782609

0.0292887029

0.0104166667

0.003125



1mol

		Experiment of Fixed-bed on XAD-16

		Experiment

		Adsorbate		Phe		1		mol

		Temp		25

		Prpperty		Value		Unit

				3.00E-11

				5.90E-09

				7.50E-05

		Radius		3.32E-04		m

				0.52		-

				0.55		-

				1.50E-06

		Bed Leng		1.00E-01		m

		Bed Dia		1.50E-02		m										Regant				Water

		pH		6.00E+00		-

		H. of Water		3.2		cm										H. of Water		4.5		cm

		Flow rate		2.20E+00		ml/min										Flow rate		2.20E+00		ml/min

		Inter Velocity		3.99E-04		m/s										Inter Velocity		3.99E-04		m/s

		Dead Time		4.57E+00		min										Dead Time		6.42E+00		min

		Effect of Initial Conc.

																														Simulation

		Adsorption														Desorption

		Ini. Conc		1		mol										Ini. Conc		1		mol

										0.166		1						보정시간				보정시간		0.161		1				Time		C/Co

		Time( min)		Time(min)		Time ( hr )		Time(hr)		Abs		C/Co				Time( min)		Time(min)		Time ( hr )		Time(hr)		Abs		C/Co				0		0

		0		0		0.000		0.000		0.000		0.000				0		-6		0.000		0.000		0.160		0.994				0.1		0.0001

		5		0		0.083		0.000		0.000		0.000				10		4		0.167		0.060		0.160		0.994				0.2		0.0029

		10		5		0.167		0.091		0.002		0.012				15		9		0.250		0.143		0.161		1.000				0.3		0.017

		16		11		0.267		0.191		0.005		0.030				20		14		0.333		0.226		0.154		0.957				0.4		0.0498

		22		17		0.367		0.291		0.006		0.036				25		19		0.417		0.310		0.151		0.938				0.5		0.1037

		25		20		0.417		0.341		0.007		0.042				30		24		0.500		0.393		0.148		0.919				0.6		0.1762

		30		25		0.500		0.424		0.011		0.066				40		34		0.667		0.560		0.127		0.789				0.7		0.2622

		44		39		0.733		0.657		0.035		0.211				50		44		0.833		0.726		0.107		0.665				0.8		0.3554

		50		45		0.833		0.757		0.049		0.295				60		54		1.000		0.893		0.085		0.528				0.9		0.4496

		60		55		1.000		0.924		0.075		0.452				70		64		1.167		1.060		0.067		0.416				1		0.54

		70		65		1.167		1.091		0.096		0.578				80		74		1.333		1.226		0.052		0.323				1.1		0.6229

		80		75		1.333		1.257		0.117		0.705				92		86		1.533		1.426		0.035		0.217				1.2		0.6962

		90		85		1.500		1.424		0.131		0.789				110		104		1.833		1.726		0.022		0.137				1.3		0.7592

		100		95		1.667		1.591		0.144		0.867				120		114		2.000		1.893		0.017		0.106				1.4		0.8119

		110		105		1.833		1.757		0.156		0.940				140		134		2.333		2.226		0.012		0.075				1.5		0.8549

		120		115		2.000		1.924		0.160		0.964				160		154		2.667		2.560		0.009		0.056				1.6		0.8895

		130		125		2.167		2.091		0.166		1.000				180		174		3.000		2.893		0.007		0.043				1.7		0.9167

		140		135		2.333		2.257		0.166		1.000																		1.8		0.9378

		150		145		2.500		2.424		0.167		1.006																		1.9		0.954

		165		160		2.750		2.674		0.167		1.006																		2		0.9663

		180		175		3.000		2.924		0.168		1.012																		2.1		0.9755

																														2.2		0.9823

																														2.3		0.9873

																														2.4		0.9909

																														2.5		0.9935

																														2.6		0.9954

																														2.7		0.9968

																														2.8		0.9977

																														2.9		0.9984

																														3		0.9989





3mol

		Experiment of Fixed-bed on XAD-16

		Experiment

		Adsorbate		Phe		3		mol

		Temp		25

		Prpperty		Value		Unit

				4.10E-11

				5.90E-09

				4.50E-05

		Radius		3.32E-04		m

				0.52		-

				0.55		-

				1.50E-06

		Bed Leng		1.00E-01		m

		Bed Dia		1.50E-02		m										Regant				Water

		pH		6.00E+00		-

		H. of Water		4		cm										H. of Water		4.5		cm

		Flow rate		2.20E+00		ml/min										Flow rate		2.20E+00		ml/min

		Inter Velocity		3.99E-04		m/s										Inter Velocity		3.99E-04		m/s

		Dead Time		5.71E+00		min										Dead Time		6.42E+00		min

		Effect of Initial Conc.

		Adsorption														Desorption														Simulation

		Ini. Conc		3		mol										Ini. Conc		3		mol

										0.482		1						보정시간				보정시간		0.478		1

		Time( min)		Time(min)		Time ( hr )		Time(hr)		Abs		C/Co				Time( min)		Time(min)		Time ( hr )		Time(hr)		Abs		C/Co				Time		C/C0

		0		0		0.000		0.000		0.000		0.000				0		-6		0.000		0.000		0.474		0.992				0		0

		1		0		0.017		0.000		0.000		0.000				5		-1		0.083		0.000		0.474		0.992				0.1		0

		5		0		0.083		0.000		0.000		0.000				10		4		0.167		0.060		0.478		1.000				0.2		0.0019

		10		4		0.167		0.072		0.002		0.004				15		9		0.250		0.143		0.478		1.000				0.3		0.0126

		20		14		0.333		0.238		0.009		0.019				20		14		0.333		0.226		0.471		0.985				0.4		0.0404

		25		19		0.417		0.322		0.016		0.033				25		19		0.417		0.310		0.459		0.960				0.5		0.0909

		30		24		0.500		0.405		0.033		0.068				30		24		0.500		0.393		0.432		0.904				0.6		0.1645

		40		34		0.667		0.572		0.086		0.178				40		34		0.667		0.560		0.380		0.795				0.7		0.2567

		50		44		0.833		0.738		0.170		0.353				50		44		0.833		0.726		0.309		0.646				0.8		0.36

		60		54		1.000		0.905		0.250		0.519				60		54		1.000		0.893		0.239		0.500				0.9		0.466

		70		64		1.167		1.072		0.328		0.680				70		64		1.167		1.060		0.175		0.366				1		0.5673

		80		74		1.333		1.238		0.380		0.788				80		74		1.333		1.226		0.130		0.272				1.1		0.6586

		90		84		1.500		1.405		0.419		0.869				90		84		1.500		1.393		0.097		0.203				1.2		0.7371

		100		94		1.667		1.572		0.445		0.923				105		99		1.750		1.643		0.059		0.123				1.3		0.8018

		110		104		1.833		1.738		0.461		0.956				120		114		2.000		1.893		0.038		0.079				1.4		0.8534

		120		114		2.000		1.905		0.473		0.981				140		134		2.333		2.226		0.023		0.048				1.5		0.8934

		130		124		2.167		2.072		0.477		0.990				160		154		2.667		2.560		0.017		0.036				1.6		0.9236

		140		134		2.333		2.238		0.481		0.998				180		174		3.000		2.893		0.014		0.029				1.7		0.946

		150		144		2.500		2.405		0.482		1.000																		1.8		0.9623

		165		159		2.750		2.655		0.478		0.992																		1.9		0.9739

		180		174		3.000		2.905		0.485		1.006																		2		0.9822

																														2.1		0.9879

																														2.2		0.9918

																														2.3		0.9945

																														2.4		0.9964

																														2.5		0.9976

																														2.6		0.9984

																														2.7		0.9989

																														2.8		0.9993

																														2.9		0.9995

																														3		0.9997





6mol

		Experiment of Fixed-bed on XAD-16

		Experiment

		Adsorbate		Phe		6		mol

		Temp		25

		Prpperty		Value		Unit

				3.00E-11

				5.90E-09

				2.50E-05

		Radius		3.32E-04		m

				0.52		-

				0.55		-

				1.50E-06

		Bed Leng		1.00E-01		m

		Bed Dia		1.50E-02		m										Regant				Water

		pH		6.00E+00		-

		H. of Water		10		cm										H. of Water		3		cm

		Flow rate		2.20E+00		ml/min										Flow rate		2.20E+00		ml/min

		Inter Velocity		3.99E-04		m/s										Inter Velocity		3.99E-04		m/s

		Dead Time		1.43E+01		min										Dead Time		4.28E+00		min

		Effect of Initial Conc.

		Adsorption														Desorption														Simulation

										0.976

		Ini. Conc		6		mol										Ini. Conc		6		mol

				보정시간				보정시간		0.96		1						보정시간				보정시간		0.96		1

		Time( min)		Time( min)		Time ( hr )		Time ( hr )		Abs		C/Co				Time( min)		Time(min)		Time ( hr )		Time(hr)		Abs		C/Co				Time		C/C0

		0		-14		0.000		0.000		0.000		0.000				0		-4		0.000		0.000		0.965		1.005				0		0

		5		-9		0.083		0.000		0.000		0.000				5		1		0.083		0.012		0.955		0.995				0.1		0

		10		-4		0.167		0.000		0		0.000				10		6		0.167		0.095		0.956		0.996				0.2		0.002

		17		3		0.283		0.000		0.011		0.011				15		11		0.250		0.179		1.047						0.3		0.0133

		20		6		0.333		0.000		0.019		0.020				20		16		0.333		0.262		0.936		0.975				0.4		0.0435

		25		11		0.417		0.179		0.033		0.034				30		26		0.500		0.429		0.832		0.867				0.5		0.0992

		30		16		0.500		0.262		0.05		0.052				40		36		0.667		0.595		0.681		0.709				0.6		0.1812

		37		23		0.617		0.379		0.079		0.082				50		46		0.833		0.762		0.521		0.543				0.7		0.2841

		45		31		0.750		0.512		0.152		0.158				60		56		1.000		0.929		0.378		0.394				0.8		0.3984

		50		36		0.833		0.595		0.268		0.279				70		66		1.167		1.095		0.272		0.283				0.9		0.5132

		60		46		1.000		0.762		0.443		0.461				80		76		1.333		1.262		0.191		0.199				1		0.6197

		70		56		1.167		0.929		0.584		0.608				95		91		1.583		1.512		0.103		0.107				1.1		0.712

		80		66		1.333		1.095		0.73		0.760				110		106		1.833		1.762		0.062		0.065				1.2		0.7877

		90		76		1.500		1.262		0.82		0.854				125		121		2.083		2.012		0.035		0.036				1.3		0.8472

		101		87		1.683		1.445		0.902		0.940				140		136		2.333		2.262		0.026		0.027				1.4		0.8922

		112		98		1.867		1.629		0.932		0.971				155		151		2.583		2.512		0.023		0.024				1.5		0.9253

		120		106		2.000		1.762		0.945		0.984				170		166		2.833		2.762		0.01		0.010				1.6		0.9492

		135		121		2.250		2.012		0.934		0.973				181		177		3.017		2.945		0.003		0.003				1.7		0.9657

		150		136		2.500		2.262		0.945		0.984																		1.8		0.9771

		166		152		2.767		2.529		0.956		0.996																		1.9		0.985

		180		166		3.000		2.762		0.959		0.999																		2		0.9901

		195		181		3.250		3.012		0.967		1.007																		2.1		0.9937

		210		196		3.500		3.262		0.966		1.006																		2.2		0.9959

		225		211		3.750		3.512		0.951		0.991																		2.3		0.9973

		246		232		4.100		3.862		0.958		0.998																		2.4		0.9984

		262		248		4.367		4.129		0.961		1.001																		2.5		0.9989

		280		266		4.667		4.429		0.961		1.001																		2.6		0.9993

		300		286		5.000		4.762		0.964		1.004																		2.7		0.9996

		320		306		5.333		5.095		0.956		0.996																		2.8		0.9997

																														2.9		0.9998

																														3		0.9999






_996911173.xls
Total-Ads-Des 

		0		4.0303030303		3.9876515152		3.9685606061		3.935

		0		4.1136363636		4.0543181818		4.0185606061		3.935

		0.0679166667		4.196969697		4.1376515152		4.0685606061

		0.1679166667		4.3636363636		4.2209848485		4.1185606061

		0.2679166667		4.5303030303		4.3043181818		4.1852272727

		0.4345833333		4.696969697		4.3709848485		4.2518939394

		0.60125		4.8636363636		4.4376515152		4.3352272727

		0.70125		5.0303030303		4.5709848485		4.4352272727

		0.85125		5.196969697		4.6376515152		4.5185606061

		1.0179166667		5.446969697		4.7376515152		4.6018939394

		1.1845833333		5.696969697		4.8043181818		4.6852272727

		1.35125		5.946969697		4.9709848485		4.8352272727

		1.5179166667		6.196969697		5.1376515152		5.0352272727

		1.6845833333		6.446969697				5.1852272727

		1.9345833333		6.696969697				5.3518939394

		2.1845833333		6.8803030303				5.5852272727

		2.4345833333

		2.6845833333

		2.9345833333

		3.2679166667

		3.6845833333

		3.9345833333



&L&"Times New Roman,굵게"&16Experimental results and model predictions of breakthrough curves for adsorption and desorption on XAD-16

Adsorption

Des.(Water)

Des(10% IPA)

Des.(10% MeOH)

y

Time ( hr )

C/C0

0

0.9906735751

1.1034836066

1.0040983607

0

0.0091930541

3.3422131148

1.2817622951

4

0.0112359551

0.9699481865

3.6086065574

1.9487704918

0.0081716037

0.8621761658

1.2336065574

2.2745901639

0.0224719101

0.7056994819

0.4118852459

1.9651639344

0.0469867211

0.5398963731

0.175204918

1.4928278689

0.1562819203

0.3917098446

0.0901639344

1.1168032787

0.2420837589

0.281865285

0.0307377049

0.6926229508

0.3953013279

0.1979274611

0.0235655738

0.4631147541

0.5566905005

0.1067357513

0.0163934426

0.2981557377

0.7027579162

0.0642487047

0.0143442623

0.1946721311

0.7926455567

0.0362694301

0.0112704918

0.0942622951

0.8815117467

0.0269430052

0.0092213115

0.0450819672

0.924412666

0.0238341969

0.0286885246

0.9816138917

0.0103626943

0.0204918033

0.9550561798

0.0031088083

0.0051229508

0.9765066394

0.973442288

0.9805924413

0.9836567926

0.9805924413

0.9836567926



ADS

		0		4.0303030303		3.9876515152		3.9685606061		3.935

		0		4.1136363636		4.0543181818		4.0185606061		3.935

		0.0679166667		4.196969697		4.1376515152		4.0685606061

		0.1679166667		4.3636363636		4.2209848485		4.1185606061

		0.2679166667		4.5303030303		4.3043181818		4.1852272727

		0.4345833333		4.696969697		4.3709848485		4.2518939394

		0.60125		4.8636363636		4.4376515152		4.3352272727

		0.70125		5.0303030303		4.5709848485		4.4352272727

		0.85125		5.196969697		4.6376515152		4.5185606061

		1.0179166667		5.446969697		4.7376515152		4.6018939394

		1.1845833333		5.696969697		4.8043181818		4.6852272727

		1.35125		5.946969697		4.9709848485		4.8352272727

		1.5179166667		6.196969697		5.1376515152		5.0352272727

		1.6845833333		6.446969697				5.1852272727

		1.9345833333		6.696969697				5.3518939394

		2.1845833333		6.8803030303				5.5852272727

		2.4345833333

		2.6845833333

		2.9345833333

		3.2679166667

		3.6845833333

		3.9345833333



&L&"Times New Roman,굵게"&16Experimental results and model predictions of breakthrough curves for adsorption and desorption on XAD-16

Adsorption

Des.(Water)

Des(10% IPA)

Des.(10% MeOH)

y

Time ( hr )

C/C0

0

0.9906735751

1.1034836066

1.0040983607

0

0.0091930541

3.3422131148

1.2817622951

4

0.0112359551

0.9699481865

3.6086065574

1.9487704918

0.0081716037

0.8621761658

1.2336065574

2.2745901639

0.0224719101

0.7056994819

0.4118852459

1.9651639344

0.0469867211

0.5398963731

0.175204918

1.4928278689

0.1562819203

0.3917098446

0.0901639344

1.1168032787

0.2420837589

0.281865285

0.0307377049

0.6926229508

0.3953013279

0.1979274611

0.0235655738

0.4631147541

0.5566905005

0.1067357513

0.0163934426

0.2981557377

0.7027579162

0.0642487047

0.0143442623

0.1946721311

0.7926455567

0.0362694301

0.0112704918

0.0942622951

0.8815117467

0.0269430052

0.0092213115

0.0450819672

0.924412666

0.0238341969

0.0286885246

0.9816138917

0.0103626943

0.0204918033

0.9550561798

0.0031088083

0.0051229508

0.9765066394

0.973442288

0.9805924413

0.9836567926

0.9805924413

0.9836567926



Des

		0		0		0

		0.011969697		0		0

		0.0953030303		0		0

		0.1786363636		0		0

		0.261969697		0		0

		0.4286363636		0.0526515152		0.0335606061

		0.5953030303		0.1193181818		0.0835606061

		0.761969697		0.2026515152		0.1335606061

		0.9286363636		0.2859848485		0.1835606061

		1.0953030303		0.3693181818		0.2502272727

		1.261969697		0.4359848485		0.3168939394

		1.511969697		0.5026515152		0.4002272727

		1.761969697		0.6359848485		0.5002272727

		2.011969697		0.7026515152		0.5835606061

		2.261969697		0.8026515152		0.6668939394

		2.511969697		0.8693181818		0.7502272727

		2.761969697		1.0359848485		0.9002272727

		2.9453030303		1.2026515152		1.1002272727

						1.2502272727

						1.4168939394

						1.6502272727



&L&"Times New Roman,굵게"&16Experimental results and model predictions of breakthrough curves for adsorption and desorption on XAD-16

Water

IPA

MeOH

Time ( hr )

C/C0

1

1

0.9959016393

0.9896373057

1.0031185031

0.9989754098

0.9906735751

1.0041580042

0.9959016393

1.0093555094

0.9948770492

0.9699481865

0.9958419958

0.9969262295

0.8621761658

1.1195426195

1.0040983607

0.7056994819

3.3908523909

1.2817622951

0.5398963731

3.6611226611

1.9487704918

0.3917098446

1.2515592516

2.2745901639

0.281865285

0.4178794179

1.9651639344

0.1979274611

0.1777546778

1.4928278689

0.1067357513

0.0914760915

1.1168032787

0.0642487047

0.0311850312

0.6926229508

0.0362694301

0.0239085239

0.4631147541

0.0269430052

0.0166320166

0.2981557377

0.0238341969

0.0145530146

0.1946721311

0.0103626943

0.0114345114

0.0942622951

0.0031088083

0.0093555094

0.0450819672

0.0286885246

0.0204918033

0.0051229508



Water

		Experiment of Fixed-bed on XAD-16

		Experiment

		Adsorbate		Phe

		Temp		25

		Prpperty		Value		Unit

				3.00E-11

				5.90E-09

				2.20E-05

		Radius		3.32E-04		m

				0.52		-

				0.55		-

				1.50E-06

		Bed Leng		1.00E-01		m

		Bed Dia		1.50E-02		m										Regant				Water

		pH		6.00E+00		-

		H. of Water		3		cm										H. of Water		3		cm

		Flow rate		2.40E+00		ml/min										Flow rate		2.20E+00		ml/min

		Inter Velocity		4.36E-04		m/s										Inter Velocity		3.99E-04		m/s														x		y

		Dead Time		3.93E+00		min										Dead Time		4.28E+00		min														3.935		0

																																		3.935		4

		Effect of Initial Conc.

																														Total

		Adsorption														Desorption														Adsorption														Desorpiton														Simulaton

																																																														C/Co

		Ini. Conc		6		mol										Ini. Conc		6		mol										Ini. Conc		6		mol																								Adsorption				Desoprion				Desorpiton

										0.979		1						보정시간				보정시간		0.965		0.9856996936						보정시간				보정시간		0.979		1						보정시간				보정시간		0.965		0.9856996936				Time		C/Co		Time		C/C0		Time		C/Co

		Time( min)		Time(min)		Time ( hr )		Time(hr)		Abs		C/Co				Time( min)		Time(min)		Time ( hr )		Time(hr)		Abs		C/Co				Time( min)		Time(min)		Time ( hr )		Time ( hr )		Abs		C/Co				Time( min)		Time(min)		Time ( hr )		Time ( hr )		Abs		C/Co				0		0		4		1		3.935		1

		0		0		0.000		0.000		0.000		0.000				0		-4		0.000		0.000		0.965		1.000				0		-4		0.000		0.000		0.000		0.000				0		-4		0.000		3.935		0.965		1.000				0.1		0.0002		4.1		0.9675		4.035		0.9998

		3		0		0.050		0.000		0.009		0.009				5		1		0.083		0.012		0.955		0.990				3		-1		0.050		0.000		0.009		0.009				5		1		0.083		3.947		0.955		0.990				0.2		0.0042		4.2		0.9675		4.135		0.9958

		8		4		0.133		0.068		0.011		0.011				10		6		0.167		0.095		0.956		0.991				8		4		0.133		0.068		0.011		0.011				10		6		0.167		4.030		0.956		0.991				0.3		0.0202		4.3		0.9675		4.235		0.9798

		14		10		0.233		0.168		0.008		0.008				15		11		0.250		0.179		1.047						14		10		0.233		0.168		0.008		0.008				15		11		0.250		4.114		1.047						0.4		0.056		4.4		1		4.335		0.944

		20		16		0.333		0.268		0.022		0.022				20		16		0.333		0.262		0.936		0.970				20		16		0.333		0.268		0.022		0.022				20		16		0.333		4.197		0.936		0.970				0.5		0.1156		4.5		0.998		4.435		0.8844

		30		26		0.500		0.435		0.046		0.047				30		26		0.500		0.429		0.832		0.862				30		26		0.500		0.435		0.046		0.047				30		26		0.500		4.364		0.832		0.862				0.6		0.1981		4.6		0.9821		4.535		0.8019

		40		36		0.667		0.601		0.153		0.156				40		36		0.667		0.595		0.681		0.706				40		36		0.667		0.601		0.153		0.156				40		36		0.667		4.530		0.681		0.706				0.7		0.2979		4.7		0.943		4.635		0.7021

		46		42		0.767		0.701		0.237		0.242				50		46		0.833		0.762		0.521		0.540				46		42		0.767		0.701		0.237		0.242				50		46		0.833		4.697		0.521		0.540				0.8		0.4066		4.8		0.8803		4.735		0.5934

		55		51		0.917		0.851		0.387		0.395				60		56		1.000		0.929		0.378		0.392				55		51		0.917		0.851		0.387		0.395				60		56		1.000		4.864		0.378		0.392				0.9		0.5151		4.9		0.7995		4.835		0.4849

		65		61		1.083		1.018		0.545		0.557				70		66		1.167		1.095		0.272		0.282				65		61		1.083		1.018		0.545		0.557				70		66		1.167		5.030		0.272		0.282				1		0.6161		5		0.7083		4.935		0.3839

		75		71		1.250		1.185		0.688		0.703				80		76		1.333		1.262		0.191		0.198				75		71		1.250		1.185		0.688		0.703				80		76		1.333		5.197		0.191		0.198				1.1		0.7044		5.1		0.6136		5.035		0.2956

		85		81		1.417		1.351		0.776		0.793				95		91		1.583		1.512		0.103		0.107				85		81		1.417		1.351		0.776		0.793				95		91		1.583		5.447		0.103		0.107				1.2		0.7781		5.2		0.5213		5.135		0.2219

		95		91		1.583		1.518		0.863		0.882				110		106		1.833		1.762		0.062		0.064				95		91		1.583		1.518		0.863		0.882				110		106		1.833		5.697		0.062		0.064				1.3		0.8369		5.3		0.4352		5.235		0.1631

		105		101		1.750		1.685		0.905		0.924				125		121		2.083		2.012		0.035		0.036				105		101		1.750		1.685		0.905		0.924				125		121		2.083		5.947		0.035		0.036				1.4		0.8824		5.4		0.3576		5.335		0.1176

		120		116		2.000		1.935		0.961		0.982				140		136		2.333		2.262		0.026		0.027				120		116		2.000		1.935		0.961		0.982				140		136		2.333		6.197		0.026		0.027				1.5		0.9166		5.5		0.2895		5.435		0.0834

		135		131		2.250		2.185		0.935		0.955				155		151		2.583		2.512		0.023		0.024				135		131		2.250		2.185		0.935		0.955				155		151		2.583		6.447		0.023		0.024				1.6		0.9417		5.6		0.2313		5.535		0.0583

		150		146		2.500		2.435		0.956		0.977				170		166		2.833		2.762		0.01		0.010				150		146		2.500		2.435		0.956		0.977				170		166		2.833		6.697		0.01		0.010				1.7		0.9597		5.7		0.1824		5.635		0.0403

		165		161		2.750		2.685		0.953		0.973				181		177		3.017		2.945		0.003		0.003				165		161		2.750		2.685		0.953		0.973				181		177		3.017		6.880		0.003		0.003				1.8		0.9726		5.8		0.1422		5.735		0.0274

		180		176		3.000		2.935		0.960		0.981																		180		176		3.000		2.935		0.960		0.981																		1.9		0.9815		5.9		0.1095		5.835		0.0185

		200		196		3.333		3.268		0.963		0.984																		200		196		3.333		3.268		0.963		0.984																		2		0.9876		6		0.0835		5.935		0.0124

		225		221		3.750		3.685		0.960		0.981																		225		221		3.750		3.685		0.960		0.981																		2.1		0.9918		6.1		0.063		6.035		0.0082

		240		236		4.000		3.935		0.963		0.984																		240		236		4.000		3.935		0.963		0.984																		2.2		0.9947		6.2		0.0471		6.135		0.0053

																																																										2.3		0.9965		6.3		0.0349		6.235		0.0035

																																																										2.4		0.9978		6.4		0.0256		6.335		0.0022

																																																										2.5		0.9986		6.5		0.0187		6.435		0.0014

																																																										2.6		0.9991		6.6		0.0135		6.535		0.0009

																																																										2.7		0.9995		6.7		0.0097		6.635		0.0005

																																																										2.8		0.9997		6.8		0.0069		6.735		0.0003

																																																										2.9		0.9999		6.9		0.0049

																																																										3		1		7		0.0035

																																																										3.1		0.9999		7.1		0.0024

																																																										3.2		0.9999		7.2		0.0017

																																																										3.3		1		7.3		0.0012

																																																										3.4		1.0001		7.4		0.0008

																																																										3.5		1		7.5		0.0006

																																																										3.6		1		7.6		0.0004

																																																										3.7		1		7.7		0.0003

																																																										3.8		1		7.8		0.0002

																																																										3.9		1		7.9		0.0001

																																																										4		1		8		0.0001





IPA

		Experiment of Fixed-bed on XAD-16

		Experiment

		Adsorbate		Phe

		Temp		25

		Prpperty		Value		Unit										Property of IPA

				3.00E-11

				5.90E-09												밀도		0.785		g/ml

				2.20E-05												Mw		60.097		g

		Radius		3.32E-04		m										Content		10		%

				0.52		-										Total Volume		1000

				0.55		-										Voume		100

				1.50E-06												Conc		1306.2216083998		mmol

		Bed Leng		1.00E-01		m

		Bed Dia		1.50E-02		m										Regant				IPA(10%)

		pH		6.00E+00		-

		H. of Water		12.5		cm										H. of Water		12.5		cm

		Flow rate		2.00E+00		ml/min										Flow rate		2.20E+00		ml/min

		Inter Velocity		3.63E-04		m/s										Inter Velocity		3.99E-04		m/s

		Dead Time		1.96E+01		min										Dead Time		1.78E+01		min

		Effect of Initial Conc.

		Adsorption														Desorption														Total

																																												Desorption														Simulation

		Ini. Conc		6		mol										Ini. Conc		6		mol										Ini. Conc		6		mol

				보정시간				보정시간		0.976		1						보정시간				보정시간		0.962		1												0.976		1				Ini. Conc		6		mol										Desorption

		Time( min)		Time( min)		Time ( hr )		Time ( hr )		Abs		C/Co				Time( min)		Time( min)		Time ( hr )		Time ( hr )		Abs		C/Co				Time( min)		Time( min)		Time ( hr )		Time ( hr )		Abs		C/Co						보정시간				보정시간		976		1014.553014553								Phe		IPA

		0		-20		0.000		0.000		0.000		0.000				0		-18		0.000		0.000		0.962		1.000				0		-20		0.000		0.000		0.000		0.000				Time( min)		Time( min)		Time ( hr )		Time ( hr )		Abs		C/Co				Time(hr)		Time(min)		C/Co		C/Co

		5		-15		0.083		0.000		0.000		0.000				4		-14		0.067		0.000		0.965		1.003				5		-15		0.083		0.000		0.000		0.000				17		-1		0.283		3.935		0.958		0.982				3.935		0.000		1.000		0.000

		10		-10		0.167		0.000		0.002		0.002				8		-10		0.133		0.000		0.966		1.004				10		-10		0.167		0.000		0.002		0.002				21		3		0.350		3.988		1.077		1.103				3.985		3		1.98973		0.00018

		17		-3		0.283		0.000		0.001		0.001				13		-5		0.217		0.000		0.971		1.009				17		-3		0.283		0.000		0.001		0.001				25		7		0.417		4.054		3.262		3.342				4.018		5		2.24634		0.07057

		20		0		0.333		0.000		0.006		0.006				17		-1		0.283		0.000		0.958		0.996				20		0		0.333		0.006		0.006		0.006				30		12		0.500		4.138		3.522		3.609				4.057		7.333		1.59394		0.51121

		25		5		0.417		0.090		0.016		0.016				21		3		0.350		0.053		1.077		1.120				25		5		0.417		0.090		0.016		0.016				35		17		0.583		4.221		1.204		1.234				4.091		9.333		1.15081		0.77623

		30		10		0.500		0.173		0.046		0.047				25		7		0.417		0.119		3.262		3.391				30		10		0.500		0.173		0.046		0.047				40		22		0.667		4.304		0.402		0.412				4.124		11.333		0.8154		0.90508

		37		17		0.617		0.290		0.096		0.098				30		12		0.500		0.203		3.522		3.661				37		17		0.617		0.290		0.096		0.098				44		26		0.733		4.371		0.171		0.175				4.157		13.333		0.56847		0.96112

		45		25		0.750		0.423		0.197		0.202				35		17		0.583		0.286		1.204		1.252				45		25		0.750		0.423		0.197		0.202				48		30		0.800		4.438		0.088		0.090				4.191		15.333		0.39076		0.98442

		50		30		0.833		0.506		0.282		0.289				40		22		0.667		0.369		0.402		0.418				50		30		0.833		0.506		0.282		0.289				56		38		0.933		4.571		0.03		0.031				4.224		17.333		0.26516		0.99384

		60		40		1.000		0.673		0.421		0.431				44		26		0.733		0.436		0.171		0.178				60		40		1.000		0.673		0.421		0.431				60		42		1.000		4.638		0.023		0.024				4.257		19.333		0.17784		0.99762

		70		50		1.167		0.840		0.575		0.589				48		30		0.800		0.503		0.088		0.091				70		50		1.167		0.840		0.575		0.589				66		48		1.100		4.738		0.016		0.016				4.291		21.333		0.11799		0.99909

		80		60		1.333		1.006		0.692		0.709				56		38		0.933		0.636		0.03		0.031				80		60		1.333		1.006		0.692		0.709				70		52		1.167		4.804		0.014		0.014				4.324		23.333		0.0775		0.99965

		90		70		1.500		1.173		0.775		0.794				60		42		1.000		0.703		0.023		0.024				90		70		1.500		1.173		0.775		0.794				80		62		1.333		4.971		0.011		0.011				4.357		25.333		0.05044		0.99987

		101		81		1.683		1.356		0.853		0.874				66		48		1.100		0.803		0.016		0.017				101		81		1.683		1.356		0.853		0.874				90		72		1.500		5.138		0.009		0.009				4.391		27.333		0.03255		0.99995

		112		92		1.867		1.540		0.899		0.921				70		52		1.167		0.869		0.014		0.015				112		92		1.867		1.540		0.899		0.921																		4.424		29.333		0.02084		0.99998

		120		100		2.000		1.673		0.912		0.934				80		62		1.333		1.036		0.011		0.011				120		100		2.000		1.673		0.912		0.934																		4.457		31.333		0.01324		0.99999

		135		115		2.250		1.923		0.929		0.952				90		72		1.500		1.203		0.009		0.009				135		115		2.250		1.923		0.929		0.952																		4.491		33.333		0.00836		1

		150		130		2.500		2.173		0.945		0.968																		150		130		2.500		2.173		0.945		0.968																		4.524		35.333		0.00524		1

		166		146		2.767		2.440		0.952		0.975																		166		146		2.767		2.440		0.952		0.975																		4.557		37.333		0.00326		1

		180		160		3.000		2.673		0.953		0.976																		180		160		3.000		2.673		0.953		0.976																		4.591		39.333		0.00202		1

		195		175		3.250		2.923		0.955		0.978																		195		175		3.250		2.923		0.955		0.978																		4.624		41.333		0.00125		1

		210		190		3.500		3.173		0.953		0.976																		210		190		3.500		3.173		0.953		0.976																		4.657		43.333		0.00076		1

		225		205		3.750		3.423		0.954		0.977																		225		205		3.750		3.423		0.954		0.977																		4.691		45.333		0.00047		1

		246		226		4.100		3.773		0.955		0.978																																														4.724		47.333		0.00028		1

		262		242		4.367		4.040		0.956		0.980																																														4.757		49.333		0.00017		1

		280		260		4.667		4.340		0.956		0.980																																														4.791		51.333		0.0001		1

		300		280		5.000		4.673		0.956		0.980																																														4.824		53.333		0.00006		1

		320		300		5.333		5.006		0.956		0.980																																														4.857		55.333		0.00004		1

																																																										4.891		57.333		0.00002		1

																																																										4.924		59.333		0.00001		1

																																																										4.952		61		0.00001		1

																																																										4.985		63		0		1

																																																										5.018		65		0		1

																																																										5.052		67		0		1

																																																										5.085		69		0		1

																																																										5.118		71		0		1

																																																										5.152		73		0		1

																																																										5.185		75		0		1

																																																										5.218		77		0		1

																																																										5.252		79		0		1

																																																										5.285		81		0		1

																																																										5.318		83		0		1

																																																										5.352		85		0		1

																																																										5.385		87		0		1

																																																										5.418		89		0		1





Methanol

		Experiment of Fixed-bed on XAD-16

		Experiment

		Adsorbate		Phe

		Temp		25

		Prpperty		Value		Unit

				3.00E-11

				5.90E-09

				2.20E-05

		Radius		3.32E-04		m

				0.52		-

				0.55		-

				1.50E-06

		Bed Leng		1.00E-01		m

		Bed Dia		1.50E-02		m										Regant				Methanol(10%)

		pH		5.80E+00		-

		H. of Water		10		cm										H. of Water		10.5		cm

		Flow rate		2.20E+00		ml/min										Flow rate		2.20E+00		ml/min

		Inter Velocity		3.99E-04		m/s										Inter Velocity		3.99E-04		m/s

		Dead Time		1.43E+01		min										Dead Time		1.50E+01		min

		Effect of Initial Conc.

																														Total

		Adsorption														Desorption														Adsorption														Desorption

		Ini. Conc		6		mol										Ini. Conc		6		mol										Ini. Conc		6		mol

				보정시간				보정시간		0.976		1						보정시간				보정시간		976		1												0.976		1

		Time( min)		Time( min)		Time ( hr )		Time ( hr )		Abs		C/Co				Time( min)		Time( min)		Time ( hr )		Time ( hr )		Abs		C/Co				Time( min)		Time( min)		Time ( hr )		Time ( hr )		Abs		C/Co				Time( min)		Time( min)		Time ( hr )		Time ( hr )		Abs		C/Co

		0		-14		0.000		0.000		0.001		0.001				0		-15		0.000		0.000		0.972		0.996				0		-14		0.000		0.000		0.001		0.001				13		-2		0.217		3.935		0.973		0.997

		6		-8		0.100		0.000		0.001		0.001				2		-13		0.033		0.000		0.975		0.999				6		-8		0.100		0.000		0.001		0.001				17		2		0.283		3.969		0.98		1.004

		10		-4		0.167		0.000		0.001		0.001				5		-10		0.083		0.000		0.972		0.996				10		-4		0.167		0.000		0.001		0.001				20		5		0.333		4.019		1.251		1.282

		16		2		0.267		0.029		0.011		0.011				9		-6		0.150		0.000		0.971		0.995				16		2		0.267		0.000		0.011		0.011				23		8		0.383		4.069		1.902		1.949

		21		7		0.350		0.112		0.019		0.019				13		-2		0.217		0.000		0.973		0.997				21		7		0.350		0.112		0.019		0.019				26		11		0.433		4.119		2.22		2.275

		25		11		0.417		0.179		0.033		0.034				17		2		0.283		0.034		0.98		1.004				25		11		0.417		0.179		0.033		0.034				30		15		0.500		4.185		1.918		1.965

		30		16		0.500		0.262		0.06		0.061				20		5		0.333		0.084		1.251		1.282				30		16		0.500		0.262		0.06		0.061				34		19		0.567		4.252		1.457		1.493

		35		21		0.583		0.345		0.102		0.105				23		8		0.383		0.134		1.902		1.949				35		21		0.583		0.345		0.102		0.105				39		24		0.650		4.335		1.09		1.117

		40		26		0.667		0.429		0.152		0.156				26		11		0.433		0.184		2.22		2.275				40		26		0.667		0.429		0.152		0.156				45		30		0.750		4.435		0.676		0.693

		50		36		0.833		0.595		0.288		0.295				30		15		0.500		0.250		1.918		1.965				50		36		0.833		0.595		0.288		0.295				50		35		0.833		4.519		0.452		0.463

		60		46		1.000		0.762		0.443		0.454				34		19		0.567		0.317		1.457		1.493				60		46		1.000		0.762		0.443		0.454				55		40		0.917		4.602		0.291		0.298

		70		56		1.167		0.929		0.584		0.598				39		24		0.650		0.400		1.09		1.117				70		56		1.167		0.929		0.584		0.598				60		45		1.000		4.685		0.19		0.195

		80		66		1.333		1.095		0.699		0.716				45		30		0.750		0.500		0.676		0.693				80		66		1.333		1.095		0.699		0.716				69		54		1.150		4.835		0.092		0.094

		90		76		1.500		1.262		0.792		0.811				50		35		0.833		0.584		0.452		0.463				90		76		1.500		1.262		0.792		0.811				81		66		1.350		5.035		0.044		0.045

		100		86		1.667		1.429		0.857		0.878				55		40		0.917		0.667		0.291		0.298				100		86		1.667		1.429		0.857		0.878				90		75		1.500		5.185		0.028		0.029

		110		96		1.833		1.595		0.894		0.916				60		45		1.000		0.750		0.19		0.195				110		96		1.833		1.595		0.894		0.916				100		85		1.667		5.352		0.02		0.020

		120		106		2.000		1.762		0.92		0.943				69		54		1.150		0.900		0.092		0.094				120		106		2.000		1.762		0.92		0.943				114		99		1.900		5.585		0.005		0.005

		130		116		2.167		1.929		0.934		0.957				81		66		1.350		1.100		0.044		0.045				130		116		2.167		1.929		0.934		0.957

		145		131		2.417		2.179		0.945		0.968				90		75		1.500		1.250		0.028		0.029				145		131		2.417		2.179		0.945		0.968

		160		146		2.667		2.429		0.956		0.980				100		85		1.667		1.417		0.02		0.020				160		146		2.667		2.429		0.956		0.980

		175		161		2.917		2.679		0.959		0.983				114		99		1.900		1.650		0.005		0.005				175		161		2.917		2.679		0.959		0.983

		193		179		3.217		2.979		0.967		0.991																		193		179		3.217		2.979		0.967		0.991

		207		193		3.450		3.212		0.966		0.990																		207		193		3.450		3.212		0.966		0.990

		215		201		3.583		3.345		0.951		0.974																		215		201		3.583		3.345		0.951		0.974

		230		216		3.833		3.595		0.958		0.982																		230		216		3.833		3.595		0.958		0.982

		250		236		4.167		3.929		0.961		0.985																		250		236		4.167		3.929		0.961		0.985

		275		261		4.583		4.345		0.961		0.985																		275		261		4.583		4.345		0.961		0.985

		300		286		5.000		4.762		0.964		0.988																		300		286		5.000		4.762		0.964		0.988
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		0		0		0		0		0		0

		0		0		0		0.1		0.1		0.1

		0		0		0.1405		0.2		0.2		0.2

		0		0.0604444444		0.2238333333		0.3		0.3		0.3

		0.0526666667		0.1104444444		0.3071666667		0.4		0.4		0.4

		0.1026666667		0.1937777778		0.3905		0.5		0.5		0.5

		0.186		0.2771111111		0.4738333333		0.6		0.6		0.6

		0.3526666667		0.3604444444		0.6405		0.7		0.7		0.7

		0.5193333333		0.5271111111		0.8071666667		0.8		0.8		0.8
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		0.8526666667		0.8604444444		1.1405		1		1		1
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		2.0193333333		2.0271111111		2.6405		1.7		1.7		1.7
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Effect of Conc-Des

		0		0		0

		0		0.0271111111		0

		0		0.1104444444		0.0532777778

		0		0.1937777778		0.1366111111

		0.0495555556		0.2771111111		0.2199444444

		0.1162222222		0.3604444444		0.3032777778

		0.1995555556		0.5271111111		0.3866111111

		0.2828888889		0.6937777778		0.5532777778

		0.3662222222		0.8604444444		0.7366111111

		0.4495555556		1.0271111111		0.8866111111

		0.6162222222		1.1937777778		1.0532777778

		0.7828888889		1.3937777778		1.2199444444

		0.9495555556		1.5271111111		1.3866111111

		1.1162222222		1.8604444444		1.5532777778
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		1.6162222222		2.5271111111		2.1366111111
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5 cm

		Experiment of Fixed-bed on XAD-16

		Experiment

		Adsorbate		Phe		1		mol

		Temp		25

		Prpperty		Value		Unit

				3.00E-11

				5.90E-09

				7.50E-05

		Radius		3.32E-04		m

				0.52		-

				0.55		-

				1.50E-06

		Bed Leng		5.00E-02		m

		Bed Dia		1.50E-02		m										Regant				Water

		pH		6.00E+00		-

		H. of Water		18		cm		19.5								H. of Water		22		cm

		Flow rate		3.00E+00		ml/min		3.00E+00								Flow rate		3.00E+00		ml/min

		Inter Velocity		5.44E-04		m/s										Inter Velocity		5.44E-04		m/s

		Dead Time		1.88E+01		min										Dead Time		2.30E+01		min

		Effect of Initial Conc.

		Adsorption														Desorption														Simulation

		Ini. Conc		1		mol										Ini. Conc		1		mol

										0.158		1						보정시간				보정시간		0.149		1

		Time( min)		Time(min)		Time ( hr )		Time(hr)		Abs		C/Co				Time( min)		Time(min)		Time ( hr )		Time(hr)		Abs		C/Co				Time		C/Co

		0		0		0.000		0.000		0.000		0.000				0		-23		0.000		0.000		0.149		1.000				0		0

		5		-14		0.083		0.000		0.000		0.000				10		-13		0.167		0.000		0.148		0.993				0.1		0.0818

		10		-9		0.167		0.000		0.000		0.000				15		-8		0.250		0.000		0.150		1.007				0.2		0.2815

		15		-4		0.250		0.000		0.000		0.000				22		-1		0.367		0.000		0.122		0.819				0.3		0.4726

		22		3		0.367		0.053		0.020		0.127				26		3		0.433		0.050		0.100		0.671				0.4		0.6286

		25		6		0.417		0.103		0.040		0.253				30		7		0.500		0.116		0.080		0.537				0.5		0.7469

		30		11		0.500		0.186		0.070		0.443				35		12		0.583		0.200		0.061		0.409				0.6		0.832

		40		21		0.667		0.353		0.110		0.696				40		17		0.667		0.283		0.044		0.295				0.7		0.8909

		50		31		0.833		0.519		0.129		0.816				45		22		0.750		0.366		0.033		0.221				0.8		0.9304

		60		41		1.000		0.686		0.151		0.956				50		27		0.833		0.450		0.020		0.134				0.9		0.9563

		70		51		1.167		0.853		0.157		0.994				60		37		1.000		0.616		0.011		0.074				1		0.9729

		80		61		1.333		1.019		0.159		1.006				70		47		1.167		0.783		0.007		0.047				1.1		0.9834

		90		71		1.500		1.186		0.159		1.006				80		57		1.333		0.950		0.003		0.020				1.2		0.99

		100		81		1.667		1.353		0.159		1.006				90		67		1.500		1.116		0.003		0.020				1.3		0.994

		110		91		1.833		1.519		0.159		1.006				100		77		1.667		1.283		0.003		0.020				1.4		0.9965

		120		101		2.000		1.686		0.159		1.006				120		97		2.000		1.616		0.003		0.020				1.5		0.9979

		130		111		2.167		1.853		0.159		1.006				140		117		2.333		1.950		0.003		0.020				1.6		0.9988

		140		121		2.333		2.019		0.159		1.006																		1.7		0.9993

		150		131		2.500		2.186		0.159		1.006																		1.8		0.9996

		165		146		2.750		2.436		0.159		1.006																		1.9		0.9998

		180		161		3.000		2.686		0.159		1.006																		2		0.9999

																														2.1		0.9999

																														2.2		1

																														2.3		1

																														2.4		1

																														2.5		1

																														2.6		1

																														2.7		1

																														2.8		1

																														2.9		1

																														3		1





10 cm

		Experiment of Fixed-bed on XAD-16

		Experiment

		Adsorbate		Phe		1		mol

		Temp		25

		Prpperty		Value		Unit

				3.00E-11

				5.90E-09

				7.50E-05

		Radius		3.32E-04		m

				0.52		-

				0.55		-

				1.50E-06

		Bed Leng		1.00E-01		m

		Bed Dia		1.50E-02		m										Regant				Water

		pH		6.00E+00		-

		H. of Water		8		cm										H. of Water		8		cm

		Flow rate		3.00E+00		ml/min										Flow rate		3.00E+00		ml/min

		Inter Velocity		5.44E-04		m/s										Inter Velocity		5.44E-04		m/s

		Dead Time		8.37E+00		min										Dead Time		8.37E+00		min

		Effect of Initial Conc.

																														Simulation

		Adsorption														Desorption

		Ini. Conc		1		mol										Ini. Conc		1		mol

										0.165		1						보정시간				보정시간		0.161		1				Time		C/Co

		Time( min)		Time(min)		Time ( hr )		Time(hr)		Abs		C/Co				Time( min)		Time(min)		Time ( hr )		Time(hr)		Abs		C/Co				0		0

		0		0		0.000		0.000		0.000		0.000				0		0		0.000		0.000		0.163		1.012				0.1		0.0007

		4		0		0.067		0.000		0.000		0.000				5		0		0.083		0.000		0.161		1.000				0.2		0.0163

		8		0		0.133		0.000		0.000		0.000				10		2		0.167		0.027		0.158		0.981				0.3		0.0685

		12		4		0.200		0.060		0.001		0.006				15		7		0.250		0.110		0.155		0.963				0.4		0.1571

		15		7		0.250		0.110		0.002		0.012				20		12		0.333		0.194		0.146		0.907				0.5		0.2696

		20		12		0.333		0.194		0.011		0.067				25		17		0.417		0.277		0.132		0.820				0.6		0.3914

		25		17		0.417		0.277		0.019		0.115				30		22		0.500		0.360		0.116		0.720				0.7		0.5101

		30		22		0.500		0.360		0.030		0.182				40		32		0.667		0.527		0.088		0.547				0.8		0.6174

		40		32		0.667		0.527		0.066		0.400				50		42		0.833		0.694		0.067		0.416				0.9		0.709

		50		42		0.833		0.694		0.091		0.552				60		52		1.000		0.860		0.050		0.311				1		0.7838

		60		52		1.000		0.860		0.116		0.703				70		62		1.167		1.027		0.037		0.230				1.1		0.8426

		70		62		1.167		1.027		0.132		0.800				80		72		1.333		1.194		0.024		0.149				1.2		0.8875

		80		72		1.333		1.194		0.142		0.861				92		84		1.533		1.394		0.014		0.087				1.3		0.9208

		90		82		1.500		1.360		0.150		0.909				100		92		1.667		1.527		0.008		0.050				1.4		0.9451

		100		92		1.667		1.527		0.159		0.964				120		112		2.000		1.860		0.004		0.025				1.5		0.9625

		110		102		1.833		1.694		0.163		0.988				140		132		2.333		2.194		0.004		0.025				1.6		0.9747

		120		112		2.000		1.860		0.164		0.994				160		152		2.667		2.527		0.004		0.025				1.7		0.9831

		130		122		2.167		2.027		0.165		1.000				180		172		3.000		2.860		0.004		0.025				1.8		0.9888

		140		132		2.333		2.194		0.165		1.000																		1.9		0.9927

		150		142		2.500		2.360		0.165		1.000																		2		0.9953

		165		157		2.750		2.610		0.165		1.000																		2.1		0.997

		180		172		3.000		2.860		0.165		1.000																		2.2		0.9981

																														2.3		0.9989

																														2.4		0.9993

																														2.5		0.9996

																														2.6		0.9998

																														2.7		0.9999

																														2.8		0.9999

																														2.9		1

																														3		1





15 cm

		Experiment of Fixed-bed on XAD-16

		Experiment

		Adsorbate		Phe		6		mol

		Temp		25

		Prpperty		Value		Unit

				4.10E-11

				6.80E-10

				1.17E-04

		Radius		3.32E-04		m

				0.52		-

				0.55		-

				1.00E-05

		Bed Leng		1.50E-01		m

		Bed Dia		1.50E-02		m										Regant				Water

		pH		6.00E+00		-

		H. of Water		1.5		cm										H. of Water		6.5		cm

		Flow rate		3.00E+00		ml/min										Flow rate		3.00E+00		ml/min

		Inter Velocity		5.44E-04		m/s										Inter Velocity		5.44E-04		m/s

		Dead Time		1.57E+00		min										Dead Time		6.80E+00		min

		Effect of Initial Conc.

		Adsorption														Desorption														Simulation

		Ini. Conc		1		mol										Ini. Conc		1		mol

				보정시간				보정시간		0.16		1						보정시간				보정시간		0.155		0.96875

		Time( min)		Time( min)		Time ( hr )		Time ( hr )		Abs		C/Co				Time( min)		Time(min)		Time ( hr )		Time(hr)		Abs		C/Co				Time		C/C0

		0		-2		0.000		0.000		0.000		0.000				0		-7		0.000		0.000		0.156		1.006				0		0

		5		3		0.083		0.000		0.001		0.006				5		-2		0.083		0.000		0.151		0.974				0.1		0

		10		8		0.167		0.141		0.000		0.000				10		3		0.167		0.053		0.157		1.013				0.2		0.0003

		15		13		0.250		0.224		0.002		0.013				15		8		0.250		0.137		0.151		0.974				0.3		0.0036

		20		18		0.333		0.307		0.000		0.000				20		13		0.333		0.220		0.150		0.968				0.4		0.0166

		25		23		0.417		0.391		0.000		0.000				25		18		0.417		0.303		0.147		0.948				0.5		0.0461

		30		28		0.500		0.474		0.002		0.013				30		23		0.500		0.387		0.145		0.935				0.6		0.0955

		40		38		0.667		0.641		0.018		0.113				40		33		0.667		0.553		0.128		0.826				0.7		0.1643

		50		48		0.833		0.807		0.042		0.263				51		44		0.850		0.737		0.104		0.671				0.8		0.2485

		60		58		1.000		0.974		0.062		0.388				60		53		1.000		0.887		0.088		0.568				0.9		0.342

		70		68		1.167		1.141		0.088		0.550				70		63		1.167		1.053		0.067		0.432				1		0.4385

		80		78		1.333		1.307		0.108		0.675				80		73		1.333		1.220		0.051		0.329				1.1		0.5322

		90		88		1.500		1.474		0.124		0.775				90		83		1.500		1.387		0.036		0.232				1.2		0.619

		105		103		1.750		1.724		0.139		0.869				100		93		1.667		1.553		0.028		0.181				1.3		0.696

		120		118		2.000		1.974		0.150		0.938				110		103		1.833		1.720		0.018		0.116				1.4		0.762

		130		128		2.167		2.141		0.156		0.975				135		128		2.250		2.137		0.010		0.065				1.5		0.8169

		140		138		2.333		2.307		0.159		0.994				160		153		2.667		2.553		0.007		0.045				1.6		0.8614

		160		158		2.667		2.641		0.159		0.994				170		163		2.833		2.720		0.007		0.045				1.7		0.8966

		180		178		3.000		2.974		0.159		0.994				181		174		3.017		2.903		0.007		0.045				1.8		0.9239

																														1.9		0.9447

																														2		0.9603

																														2.1		0.9718

																														2.2		0.9802

																														2.3		0.9862

																														2.4		0.9904

																														2.5		0.9934

																														2.6		0.9955

																														2.7		0.997

																														2.8		0.998

																														2.9		0.9986

																														3		0.9991
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