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Introduction
Because of their widespread use in industry, such as the pulp and paper industry, and their toxicity and recalcitrance, chlorophenolic compounds constitute an important class of environmental pollutants. Chlorophenols have found use as pesticides biocides, and monochlorophenols can be formed during the breakdown of pesticides and other chlorinated aromatic compounds. Furthermore, some of the less chlorinated chlorophenols (especially monochlorophenols) can be generated during the chlorination of wastewaters (Pritchard et al., 1987). Because of their relatively high solubility, chlorophenols cannot only contaminate wastewaters and groundwaters but also migrate within different aqueous environments (Smith and Novak, 1987). 

Adsorption has been considered to be the ‘best available technology’ for removing organics from water in the US Safe Drinking Water Act (1986), (Ram, et al., 1990). The efficiency of the process is, however, dependent on the type of pollutant present and type of adsorbent chosen. 

In this work, the equilibrium amounts and kinetic data for chlorophenols such as 2-chlorophenol and 2,4-chlorophenol on nonionic polymeric sorbents are measured.
Theoretical 

Among well-known adsorption isotherms for single species, the Langmuir equation was used to fit experimental equilibrium data. The Langmuir equation represented by
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where qm is the amount of adsorption and b is empirical constant of the Langmuir equation.

Surface Diffusion Model
   In the surface diffusion model, adsorption of adsorbates occurs at the outer surface of the particle, followed by diffusion of adsorbate molecules in the adsorbed state along the pore walls inside the particle. The driving force is the concentration gradient of the adsorbed adsorbate on the pore walls. A material balance for spherical particle results in the following mass transfer equations:
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Pore Diffusion Model

   In the pore diffusion model, diffusion of molecules occurs in the pore fluid and adsorption takes place when molecules reach the adsorption sites. Based on the assumption of a spherical particle, dilute solution, and local equilibrium, the adsorbate mass transfer equations are as follows:
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Experimental Section 

  The adsorbents used in this study were XAD-7. Amberlite XAD-7 is a macroreticular and spherical polystyrene resin cross-linked with acrylic ester polymer which was supplied by Rohm and Haas Co. (Spring House, PA). Its physical properties are listed in Table 1. 

The adsorbates used in this study were 2-chlorophenol (2-CP), 2,4-dichlorophenol (2,4-DCP) and for a comparison Phenol (Ph) were used. They are purchased from Aldrich Chemical Co. (Milwaukee, WI). Their solubility and molecular weight are listed in Table 2.

Adsorption amounts were obtained by a batch method. Preweighed amounts of hydrated XAD-7 were placed in test tubes containing 20ml of a solution with a known initial solute concentration. The tubes were then placed on a shaker for a period of 7 days in a temperature-controlled oven. After equilibrium, a UV spectrophotometer (Varian, model DMS 100s) was used to measure the adsorbate concentration in the solution. Wavelengths of 270, 270.6 and 281.1nm were used for Ph, 2-CP and 2,4-DCP, respectively. The equilibrium amount of solute adsorbed was then calculated by a mass balance.

Adsorption experiments were conducted in a Carberry type batch adsorber shown in Fig. 1. The pretreated resin particles were put inside the cage affixed to the shaft wings. The cage containing polymeric resin was put immediately into distilled and deionized water to saturate the pores within the particles with water. At a given starting time, the cage was lifted from the container with water and put into the vessel. Experiments were carried out at 500 rpm. Liquid samples were taken periodically by using an airtight precision syringe, withdrawing the solution from the vessel through the sample hole.
Table 1. Properties of Sorbents

	Adsorbent
	Unit
	XAD-7

	Chemical structure
	-
	Acrylic

	Particle size
	㎛
	430-690

	Particle porosity
	-
	0.57

	Moisture content
	%
	67

	Surface area ( BET )
	m2/g
	450

	Average pore diameter
	EQ \* jc2 \* "Font:Times New Roman" \* hps10 \o\ad(\s\up 9(o),A)
	90


Table 2. Properties of ph, 2-CP and 2,4-DCP at 25 ℃.

	compound
	solubility in water(g/100 mL)
	molecular weight

	phenol
	8.15
	94.113

	2-chlorophenol
	2.85
	128.56

	2,4-dichlorophenol
	0.45
	163.00


Results and Discussion
  As illustrated in Fig. 2 adsorption amount of 2,4-DCP on XAD-7 is greater than that of Ph and 2-CP. The experiment data are well correlated by Langmuir equation. The Langmuir parameters, 
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and b, were fitted to the data by a nonlinear least-squares fitting routine(MINPACK in the IMSL package) and listed in Table 3. 

Table 3. Langmuir Parameters for the Adsorption of Ph, 2-CP and 2,4-DCP 
on XAD-7 at 25℃.

	compound
	
	Ph
	2-CP
	2,4-DCP

	XAD-7
	qm
	0.655
	0.626
	0.111

	
	b
	0.587
	0.330
	0.724

	
	E(%)
	6.209
	8.107
	13.593
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The estimated values of kf and Ds obtained from batch experimental data are listed in Table 4. The effective diffusion coefficient estimated by this method reflects all kinds of mass transfer resistances inside a particle. The surface diffusion coefficients obtained are in the range 0.50 ~ 0.26 ( 10-11 m2/s for Chlorophenols used here.

Figs. 3 ~ 4 represent the experimental and simulated data for Chlorophenols in a batch adsorber. The adsorption model shows satisfactory prediction of concentration decay curves using kf and Ds. 

Table 4. Kinetic parameters in a batch reactor

	compound
	kf × 105
m/sec
	Ds × 1011
m2/sec
	Dp × 109
m2/sec

	2-CP
	2.25
	0.50
	4.19

	2,4-DCP
	5.90
	0.26
	1.41
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Fig. 2. Adsorption Isotherms for XAD-7�        showing effects of the adsorbate at 25℃
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Fig. 4. Observed and predicted uptake curves of 2,4-DCP on XAD-7. 


       (V=2L, W=0.99g, and C0=1mol/m3)
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Fig. 3. Observed and predicted uptake curves of 2-CP on XAD-7. 


       (V=2L, W=0.99g, and C0=1mol/m3)
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Fig. 1. Schematic diagram of experimental�batch reactor














Opening





 





Motor





 





0





3





 





 





� EMBED Excel.Sheet.8  ���





 Cap





Inlet





 





ψ





 90





 





10 mm





 





35 





mm





 





135





 





50 mm





 








_964633248.unknown

_1012645723.unknown

_1012645837.unknown

_980863383.unknown

_980864087.unknown

_1012641456.xls
C-2CP-1mol 

		0		1		0.017		0.017

		0.0166666667				0.033		0.033

		0.0333333333				0.05		0.05

		0.05				0.067		0.067

		0.0666666667				0.083		0.083

		0.0833333333				0.1		0.1

		0.1				0.117		0.117

		0.1166666667				0.133		0.133

		0.1333333333				0.15		0.15

		0.15				0.167		0.167

		0.1666666667				0.25		0.25

		0.25				0.333		0.333

		0.3333333333				0.417		0.417

		0.4166666667				0.5		0.5

		0.5				0.667		0.667

		0.6666666667				0.833		0.833

		0.8333333333				1		1

		1				1.167		1.167

		1.1666666667				1.333		1.333

		1.3333333333				1.5		1.5

		1.5				1.667		1.667

		1.6666666667				1.833		1.833

		1.8333333333				2		2

		2				2.167		2.167

		2.1666666667				2.333		2.333

		2.3333333333				2.5		2.5

		2.5				2.833		2.833

		2.8333333333				3.167		3.167

		3.1666666667				3.833		3.833

		3.8333333333				4.5		4.5

		4.5				5		5

		0.0166666667



&C&"Times New Roman,굵게"&16Concentration decay curves for phe on XAD-16 at 288.15K

2-CP

#REF!

SDM

PDM

Time ( hr )

C/C0

1

1

0.98979

0.98986

0.9681318681

0.98021

0.98041

0.9582417582

0.97026

0.97049

0.9521978022

0.96066

0.96075

0.9340659341

0.95203

0.95179

0.9296703297

0.94335

0.94255

0.9236263736

0.93518

0.93361

0.9181318681

0.92798

0.92552

0.9148351648

0.92082

0.91728

0.9016483516

0.91414

0.90943

0.9010989011

0.88719

0.87637

0.8708791209

0.86702

0.85071

0.8571428571

0.85111

0.82998

0.8296703297

0.83854

0.81351

0.828021978

0.81977

0.79163

0.8230769231

0.807

0.78195

0.810989011

0.79805

0.77855

0.7978021978

0.7918

0.77749

0.8065934066

0.78743

0.77717

0.8071428571

0.78434

0.77708

0.8038461538

0.78217

0.77706

0.8

0.78065

0.77705

0.7989010989

0.77958

0.77704

0.7895604396

0.77882

0.77704

0.7923076923

0.77829

0.77704

0.7906593407

0.77792

0.77704

0.7895604396

0.77747

0.77704

0.7950549451

0.77725

0.77704

0.7945054945

0.77712

0.77704

0.7917582418

0.77708

0.77704

0.7917582418

0.77708

0.77704



E-Conc-Phe

		0		0.017		0.017		0.017		0.017

		0.0166666667		0.033		0.033		0.033		0.033

		0.0333333333		0.05		0.05		0.05		0.05

		0.05		0.067		0.067		0.067		0.067

		0.0666666667		0.083		0.083		0.083		0.083

		0.0833333333		0.1		0.1		0.1		0.1

		0.1		0.117		0.117		0.117		0.117

		0.1166666667		0.133		0.133		0.133		0.133

		0.1333333333		0.15		0.15		0.15		0.15

		0.15		0.167		0.167		0.167		0.167

		0.1666666667		0.25		0.25		0.25		0.25

		0.25		0.333		0.333		0.333		0.333

		0.3333333333		0.417		0.417		0.417		0.417

		0.4166666667		0.5		0.5		0.5		0.5

		0.5		0.667		0.667		0.667		0.667

		0.6666666667		0.833		0.833		0.833		0.833

		0.8333333333		1		1		1		1

		1		1.167		1.167		1.167		1.167

		1.1666666667		1.333		1.333		1.333		1.333

		1.3333333333		1.5		1.5		1.5		1.5

		1.5		1.667		1.667		1.667		1.667

		1.6666666667		1.833		1.833		1.833		1.833

		1.8333333333		2		2		2		2

		2		2.167		2.167		2.167		2.167

		2.1666666667		2.333		2.333		2.333		2.333

		2.3333333333		2.5		2.5		2.5		2.5

		2.5		2.833		2.833		2.833		2.833

		2.8333333333		3.167		3.167		3.167		3.167

		3.1666666667		3.833		3.833		3.833		3.833

		3.8333333333		4.5		4.5		4.5		4.5

		4.5				5		5		5



&C&"Times New Roman,굵게"&16Concentration decay curves for phe on XAD-16 at 288.15K

6 mol

Predicted

Time ( hr )

C/C0

1

0.98494

0.98979

0.98791

0.98795

0.9681318681

0.9714

0.98021

0.97673

0.97696

0.9582417582

0.95806

0.97026

0.96512

0.96576

0.9521978022

0.94608

0.96066

0.95382

0.95514

0.9340659341

0.93615

0.95203

0.94351

0.94572

0.9296703297

0.92697

0.94335

0.9329

0.93637

0.9236263736

0.91899

0.93518

0.92268

0.92773

0.9181318681

0.91236

0.92798

0.91343

0.92026

0.9148351648

0.90603

0.92082

0.90399

0.91303

0.9016483516

0.90027

0.91414

0.89497

0.90652

0.9010989011

0.87742

0.88719

0.85677

0.884

0.8708791209

0.8602

0.86702

0.82765

0.87288

0.8571428571

0.84648

0.85111

0.80592

0.86791

0.8296703297

0.83551

0.83854

0.79045

0.86585

0.828021978

0.81889

0.81977

0.77168

0.86467

0.8230769231

0.80729

0.807

0.76262

0.86448

0.810989011

0.79893

0.79805

0.75827

0.86446

0.7978021978

0.79291

0.7918

0.75622

0.86445

0.8065934066

0.78858

0.78743

0.75527

0.86445

0.8071428571

0.78541

0.78434

0.75482

0.86445

0.8038461538

0.78312

0.78217

0.75461

0.86445

0.8

0.78146

0.78065

0.75452

0.86445

0.7989010989

0.78025

0.77958

0.75448

0.86445

0.7895604396

0.77937

0.77882

0.75447

0.86445

0.7923076923

0.77873

0.77829

0.75446

0.86445

0.7906593407

0.77827

0.77792

0.75445

0.86445

0.7895604396

0.77769

0.77747

0.75444

0.86445

0.7950549451

0.77738

0.77725

0.75444

0.86445

0.7945054945

0.77716

0.77712

0.75443

0.86445

0.7917582418

0.7771

0.77708

0.75443

0.86445

0.7917582418

0.77708

0.75443

0.86445



C-2,4DCP-1mol

		0		1		0		0

		0.0166666667				0.017		0.017

		0.0333333333				0.033		0.033

		0.05				0.05		0.05

		0.0666666667				0.067		0.067

		0.0833333333				0.083		0.083

		0.1				0.1		0.1

		0.1166666667				0.117		0.117

		0.1333333333				0.133		0.133

		0.15				0.15		0.15

		0.1666666667				0.167		0.167

		0.25				0.25		0.25

		0.3333333333				0.333		0.333

		0.4166666667				0.417		0.417

		0.5				0.5		0.5

		0.6666666667				0.667		0.667

		0.8333333333				0.833		0.833

		1				1		1

		1.1666666667				1.167		1.167

		1.3333333333				1.333		1.333

		1.5				1.5		1.5

		1.6666666667				1.667		1.667

		1.8333333333				1.833		1.833

		2				2		2

		2.1666666667				2.167		2.167

		2.3333333333				2.333		2.333

		2.5				2.5		2.5

		2.6666666667				2.667		2.667

		2.8333333333				2.833		2.833

		3.1666666667				3.167		3.167

		3.5				3.5		3.5

		4				4		4

		4.5				4.5		4.5

		5				5		5



&C&"Times New Roman,굵게"&16Concentration decay curves for phe on XAD-16 at 288.15K

2,4-DCP

#REF!

SDM

PDM

Time ( hr )

C/C0

1

1

1

1

0.9339294585

0.97366

0.97393

0.9180327869

0.94967

0.95079

0.8912071535

0.92546

0.92805

0.8792846498

0.90311

0.90781

0.8579234973

0.88426

0.89181

0.8365623448

0.86702

0.87865

0.8291107799

0.85276

0.86881

0.8236462991

0.84163

0.86111

0.8127173373

0.83154

0.85355

0.8057625435

0.82259

0.84626

0.7754595132

0.78659

0.81254

0.7466467958

0.75787

0.78162

0.7218082464

0.73389

0.75328

0.7088922007

0.71396

0.72834

0.6820665673

0.68204

0.6878

0.6587183308

0.65794

0.65975

0.6413313462

0.63902

0.64078

0.6269249876

0.62403

0.62694

0.6159960258

0.61211

0.6155

0.6055638351

0.60245

0.60512

0.6020864382

0.59464

0.59568

0.5931445604

0.58836

0.58739

0.5871833085

0.58323

0.58036

0.5777446597

0.57906

0.57468

0.5772478887

0.5757

0.57033

0.5742672628

0.57294

0.56712

0.5688027819

0.57071

0.56487

0.5678092399

0.5689

0.56339

0.5618479881

0.56622

0.56186

0.563338301

0.56446

0.56131

0.5623447591

0.56286

0.56107

0.5598609041

0.562

0.56103

0.5563835072

0.56154

0.56102



C-P-6mol-18

		0		0.017

		0.0166666667		0.033

		0.0333333333		0.05

		0.05		0.067

		0.0666666667		0.083

		0.0833333333		0.1

		0.1		0.117

		0.1166666667		0.133

		0.1333333333		0.15

		0.15		0.167

		0.1666666667		0.25

		0.25		0.333

		0.3333333333		0.417

		0.4166666667		0.5

		0.5		0.667

		0.6666666667		0.833

		0.8333333333		1

		1		1.167

		1.1666666667		1.333

		1.3333333333		1.5

		1.5		1.667

		1.6666666667		1.833

		1.8333333333		2

		2		2.167

		2.1666666667		2.333

		2.3333333333		2.5

				2.833

				3.167

				3.833

				4.5



&C&"Times New Roman,굵게"&16Concentration decay curves for phe on XAD-16 at 288.15K

6 mol

Predicted

Time ( hr )

C/C0

1

0.98494

0.9681318681

0.9714

0.9582417582

0.95806

0.9521978022

0.94608

0.9340659341

0.93615

0.9296703297

0.92697

0.9236263736

0.91899

0.9181318681

0.91236

0.9148351648

0.90603

0.9016483516

0.90027

0.9010989011

0.87742

0.8708791209

0.8602

0.8571428571

0.84648

0.8296703297

0.83551

0.828021978

0.81889

0.8230769231

0.80729

0.810989011

0.79893

0.7978021978

0.79291

0.8065934066

0.78858

0.8071428571

0.78541

0.8038461538

0.78312

0.8

0.78146

0.7989010989

0.78025

0.7895604396

0.77937

0.7923076923

0.77873

0.7906593407

0.77827

0.77769

0.77738

0.77716

0.7771
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2-CP-1mol-25

		2-CP

																		KF             .3420E-04

		Date		1999.2.14 (Mon)														DS             .5244E-08

		Adsorbate		Phenol

		Adsorbent		XAD-7

						Unit

		Volume		2		L												Prediction

				0.002		m3

		Wet Resin		3		g						Kf Calculation

		Weight		0.99		g

				0.00099		kg						Slope		-2.00E-04

		Radius		0.0002675		m						a		1.78E-02

		Particle Density		625.5		kg/m3						Kf		2.25E-05

		Temperature		25		oC												D  =   .42396E-11   SQ.M/SEC

																		SDM						PDM

		Experiment																DS		4.83E-08				DS		5.82E-11				SDM								PDM

		Initial Conc				1		mmol/L																								lagmuir		Fre		sips		lagmuir		Fre		sips

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

		0		0.000		1.82		1.000				0		0				0.017		0.98494				0.1		0.9094				0.017		0.98979		0.98791		0.98795		0.98986						0.96299

		1		0.017		1.762		0.968				60		-0.0323869736				0.033		0.9714				0.2		0.8756				0.033		0.98021		0.97673		0.97696		0.98041						0.94152

		2		0.033		1.744		0.958				120		-0.0426551756				0.05		0.95806				0.3		0.8538				0.05		0.97026		0.96512		0.96576		0.97049						0.93203

		3		0.050		1.733		0.952				180		-0.0489824904				0.067		0.94608				0.4		0.8378				0.067		0.96066		0.95382		0.95514		0.96075						0.92645

		4		0.067		1.7		0.934				240		-0.06820825				0.083		0.93615				0.5		0.8257				0.083		0.95203		0.94351		0.94572		0.95179						0.9218

		5		0.083		1.692		0.930				300		-0.0729252399				0.1		0.92697				0.6		0.8162				0.1		0.94335		0.9329		0.93637		0.94255						0.91715

		6		0.100		1.681		0.924										0.117		0.91899				0.7		0.8086				0.117		0.93518		0.92268		0.92773		0.93361						0.91274

		7		0.117		1.671		0.918										0.133		0.91236				0.8		0.8025				0.133		0.92798		0.91343		0.92026		0.92552						0.90879

		8		0.133		1.665		0.915										0.15		0.90603				0.9		0.7976				0.15		0.92082		0.90399		0.91303		0.91728						0.90479

		9		0.150		1.641		0.902										0.167		0.90027				1		0.7937				0.167		0.91414		0.89497		0.90652		0.90943						0.90097

		10		0.167		1.64		0.901										0.25		0.87742				1.1		0.7905				0.25		0.88719		0.85677		0.884		0.87637						0.88465

		15		0.250		1.585		0.871										0.333		0.8602				1.2		0.7879				0.333		0.86702		0.82765		0.87288		0.85071						0.87134

		20		0.333		1.56		0.857										0.417		0.84648				1.3		0.7858				0.417		0.85111		0.80592		0.86791		0.82998						0.86013

		25		0.417		1.51		0.830										0.5		0.83551				1.4		0.7842				0.5		0.83854		0.79045		0.86585		0.81351						0.85075

		30		0.500		1.507		0.828										0.667		0.81889				1.5		0.7828				0.667		0.81977		0.77168		0.86467		0.79163						0.83561

		40		0.667		1.498		0.823										0.833		0.80729				1.6		0.7817				0.833		0.807		0.76262		0.86448		0.78195						0.82408

		50		0.833		1.476		0.811										1		0.79893				1.7		0.7808				1		0.79805		0.75827		0.86446		0.77855						0.81499

		60		1.000		1.452		0.798										1.167		0.79291				1.8		0.7801				1.167		0.7918		0.75622		0.86445		0.77749						0.80776

		70		1.167		1.468		0.807										1.333		0.78858				1.9		0.7795				1.333		0.78743		0.75527		0.86445		0.77717						0.80198

		80		1.333		1.469		0.807										1.5		0.78541				2		0.779				1.5		0.78434		0.75482		0.86445		0.77708						0.79729

		90		1.500		1.463		0.804										1.667		0.78312				2.1		0.7786				1.667		0.78217		0.75461		0.86445		0.77706						0.7935

		100		1.667		1.456		0.800										1.833		0.78146				2.2		0.7783				1.833		0.78065		0.75452		0.86445		0.77705						0.79044

		110		1.833		1.454		0.799										2		0.78025				2.3		0.7781				2		0.77958		0.75448		0.86445		0.77704						0.78794

		120		2.000		1.43700		0.790										2.167		0.77937				2.4		0.7779				2.167		0.77882		0.75447		0.86445		0.77704						0.7859

		130		2.167		1.442		0.792										2.333		0.77873				2.5		0.7777				2.333		0.77829		0.75446		0.86445		0.77704						0.78426

		140		2.333		1.439		0.791										2.5		0.77827				2.6		0.7776				2.5		0.77792		0.75445		0.86445		0.77704						0.78291

		150		2.500		1.437		0.790										2.833		0.77769				2.7		0.7775				2.833		0.77747		0.75444		0.86445		0.77704						0.78093

		170		2.833		1.447		0.795										3.167		0.77738				2.8		0.7774				3.167		0.77725		0.75444		0.86445		0.77704						0.77962

		190		3.167		1.446		0.795										3.833		0.77716				2.9		0.7773				3.833		0.77712		0.75443		0.86445		0.77704						0.77817

		230		3.833		1.441		0.792										4.5		0.7771				3		0.7773				4.5		0.77708		0.75443		0.86445		0.77704						0.77754

		270		4.500		1.441		0.792										4.5		0.7771				3.1		0.7772				5		0.77708		0.75443		0.86445		0.77704						0.77754

		200																3.1		0.9675				3.2		0.7772

																		3.2		0.9675				3.3		0.7772

																		3.3		0.9675				3.4		0.7771

																		3.4		0.9675				3.5		0.7771

																		3.5		0.9675				3.6		0.7771

				0.017		0.968												3.6		0.9675				3.7		0.7771

				0.033		0.958												3.7		0.9675				3.8		0.7771

				0.050		0.952												3.8		0.9675				3.9		0.7771

				0.067		0.934												3.9		0.9675				4		0.7771

				0.083		0.930												4		0.9675				4.1		0.7771

				0.100		0.924												4.1		0.9675				4.2		0.7771

				0.117		0.918												4.2		0.9675				4.3		0.777

				0.133		0.915												4.3		0.9675				4.4		0.777

				0.150		0.902												4.4		0.9675				4.5		0.777

				0.167		0.901												4.5		0.9675				4.6		0.777

				0.250		0.871												4.6		0.9675				4.7		0.777

				0.333		0.857												4.7		0.9675				4.8		0.777

				0.417		0.830												4.8		0.9675				4.9		0.777

				0.500		0.828												4.9		0.9675				5		0.777

				0.667		0.823												5		0.9675				5		0.9675

				0.833		0.811

				1.000		0.798

				1.167		0.807

				1.333		0.807

				1.500		0.804

				1.667		0.800

				1.833		0.799

				2.000		0.790

				2.167		0.792

				2.333		0.791

				2.500		0.790

				2.833		0.795

				3.167		0.795

				3.833		0.792

				4.500		0.792

				4.500		0.792
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&C&"Times New Roman,굵게"&16Concentration decay curve for phe on XAD-16 at 298.15K
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&C&"Times New Roman,굵게"&16Concentration decay curve for phe on XAD-16 at 298.15K
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2,4CP-1mol-25

		2,4-DCP

		Date		1999.2.16(수)

		Adsorbate		2,4-DCP

						Unit

		Volume		2		L																Prediction

				0.002		m3

		Wet Resin		3		g								Kf Calculation

		Weight		0.99		g

				0.00099		kg								Slope		-1.00E-04		-5.00E-04

		Radius		2.80E-03		m								a		1.70E+00		1.70E-03

		Particle Density		625.5		kg/m3								Kf		1.18E-07		5.90E-04

		Temperature		25		oC																Kf		5.69E-05				Kf		5.69E-05

																						SDM						SDM						SDM								PDM

																						DS		9.87E-11				DS		1.39E-09				DS		2.57E-12

		Initial Conc				1		mmol/L																												LANGMUIR		FREU		SIP

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

		0		0.000		2.013		1.000		1.000				0		0		0.000				0		1				0		1				0		1						1

		1		0.017		1.88		0.934						60				-0.068				0.1		0.9758				0.1		0.9776				0.017		0.97366						0.97393

		2		0.033		1.848		0.918		0.918				120		-0.0855221734		-0.086				0.2		0.9749				0.2		0.9754				0.033		0.94967						0.95079

		3		0.050		1.794		0.891		0.891				180		-0.115178383		-0.115				0.3		0.9748				0.3		0.975				0.05		0.92546						0.92805

		4		0.067		1.77		0.879		0.879				240		-0.1286466001		-0.129				0.4		0.9748				0.4		0.975				0.067		0.90311						0.90781

		5		0.083		1.727		0.858						300				-0.153				0.5		0.9748				0.5		0.975				0.083		0.88426						0.89181

		6		0.100		1.684		0.837		0.837												0.6		0.9748				0.6		0.975				0.1		0.86702						0.87865

		7		0.117		1.669		0.829														0.7		0.9748				0.7		0.975				0.117		0.85276						0.86881

		8		0.133		1.658		0.824		0.824												0.8		0.9748				0.8		0.975				0.133		0.84163						0.86111

		9		0.150		1.636		0.813														0.9		0.9748				0.9		0.975				0.15		0.83154						0.85355

		10		0.167		1.622		0.806		0.806												1		0.9748				1		0.975				0.167		0.82259						0.84626

		15		0.250		1.561		0.775														1.1		0.9748				1.1		0.975				0.25		0.78659						0.81254

		20		0.333		1.503		0.747														1.2		0.9748				1.2		0.975				0.333		0.75787						0.78162

		25		0.417		1.453		0.722														1.3		0.9748				1.3		0.975				0.417		0.73389						0.75328

		30		0.500		1.427		0.709														1.4		0.9748				1.4		0.975				0.5		0.71396						0.72834

		40		0.667		1.373		0.682		0.682												1.5		0.9748				1.5		0.975				0.667		0.68204						0.6878

		50		0.833		1.326		0.659														1.6		0.9748				1.6		0.975				0.833		0.65794						0.65975

		60		1.000		1.291		0.641														1.7		0.9748				1.7		0.975				1		0.63902						0.64078

		70		1.167		1.262		0.627														1.8		0.9748				1.8		0.975				1.167		0.62403						0.62694

		80		1.333		1.24		0.616														1.9		0.9748				1.9		0.975				1.333		0.61211						0.6155

		90		1.500		1.219		0.606														2		0.9748										1.5		0.60245						0.60512

		100		1.667		1.212		0.602																										1.667		0.59464						0.59568

		110		1.833		1.194		0.593																										1.833		0.58836						0.58739

		120		2.000		1.182		0.587																										2		0.58323						0.58036

		130		2.167		1.163		0.578																										2.167		0.57906						0.57468

		140		2.333		1.162		0.577																										2.333		0.5757						0.57033

		150		2.500		1.156		0.574		1.138																								2.5		0.57294						0.56712

		160		2.667		1.145		0.569																										2.667		0.57071						0.56487

		170		2.833		1.143		0.568																										2.833		0.5689						0.56339

		190		3.167		1.131		0.562																										3.167		0.56622						0.56186

		210		3.500		1.134		0.563																										3.5		0.56446						0.56131

		240		4.000		1.132		0.562																										4		0.56286						0.56107

		270		4.500		1.127		0.560																										4.5		0.562						0.56103

		300		5.000		1.12		0.556																										5		0.56154						0.56102

		q		3.4456035768		0.00000





Phe-1.5mol-18

		Phe

		Date		1999.3.29 (월)

		Adsorbate		Phe

						Unit

		Volume		2		L												Prediction

		Wet Resin		5		g						Kf Calculation

		Weight		1.6233766234		g

				0.0016233766		kg						Slope		-5.00E-05

		Radius		3.32E-04		m						a		2.93E-02

		Particle Density		501		kg/m3						Kf		3.42E-03

		Temperature		18		oC

																		SDM

																		DS		5.82E-11

		Initial Conc				1.5		mmol/L

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

		0		0.000		0.306		1.000				0		0				0		1

		1		0.017		0.295		0.964				60		-0.0366097456				0.1		0.9809

		2		0.033		0.293		0.958				120		-0.0434124929				0.2		0.9793

		3		0.050		0.291		0.951				180		-0.0502618348				0.3		0.979

		4		0.067		0.29		0.948				240		-0.053704179				0.4		0.979

		5		0.083		0.31						300		0				0.5		0.979

		6		0.100		0.289		0.944										0.6		0.979

		7		0.117		0.29		0.948										0.7		0.979

		8		0.133		0.29		0.948										0.8		0.979

		9		0.150		0.292		0.954										0.9		0.979

		10		0.167		0.295												1		0.979

		11		0.183		0.296												1.1		0.979

		12		0.200		0.295												1.2		0.979

		13		0.217		0.296												1.3		0.979

		14		0.233		0.293		0.958										1.4		0.979

		15		0.250		0.292		0.954										1.5		0.979

		30		0.500		0.298		0.974										1.6		0.979

		40		0.667		0.299		0.977										1.7		0.979

		52		0.867		0.3												1.8		0.979

		64		1.067		0.302												1.9		0.979

																		2		0.979

																		2.1		0.979

																		2.2		0.979

																		2.3		0.979

																		2.4		0.979

																		2.5		0.979

																		2.6		0.979

																		2.7		0.979

																		2.8		0.979

		q		0		7.44417												2.9		0.979

																		3		0.979

																		3.1		0.979

																		3.2		0.979

																		3.3		0.979

																		3.4		0.979

																		3.5		0.979

																		3.6		0.979

																		3.7		0.979

																		3.8		0.979

																		3.9		0.979

																		4		0.979

																		4.1		0.979

																		4.2		0.979

																		4.3		0.979

																		4.4		0.979

																		4.5		0.979

																		4.6		0.979

																		4.7		0.979

																		4.8		0.979

																		4.9		0.979

																		5		0.979
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