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Abstract
Zeolite P was modified by ion exchange with Ce(IV) cation (Ce4ZP) and its performance for removal of As(V) anion using column method is described.    The removal of As(V) was strongly depending on the bed depth, influent flow rate and initial As(V) concentration.  The increase in bed depth enable more water can be treated, but with a slight reduction in adsorption capacity.  At lower flow rate, the quantity of treated water and adsorption capacity were found to increase.  At higher influent concentrations, better adsorption capacity was observed.  The theoretical service times evaluated from bed depth service time (BDST) model for different flow rates and influent As(V) concentrations shows good correlation with the experimental data.
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Abstrak

Zeolite P telah diubahsuai secara penukaran ion dengan kation cerium (IV)  (Ce4ZP) dan kebolehannya untuk penyingkiran anion As(V) menggunakan kaedah turus dilaporkan.  Penyingkiran As(V) bergantung kepada  ketinggian turus, kadar aliran masuk dan kepekatan awal As(V).  Penambahan ketinggian turus menghasikan lebih banyak air yang dapat dirawat tetapi ia merendahkan sidikit muatan jerapan.  Pada kadar aliran masuk yang rendah, kuantiti air yang dirawat dan muatan jerapan meningkat.  Sample air dengan kepekatan arsenik lebih tinggi menghasilkan muatan jerapan yang lebih tinggi.   Jangka masa operasi turus yang dikira dari model BDST hampir sama dengan jangka masa operasi yang didapati secara eksperimen.
Kata kunci :  Arsenat, model BDST, Ce(IV)-zeolit P, turus, jerapan

Introduction

Arsenic is harmful to man and living organisms and a suspected carcinogen [1].  It enters the environment through anthropogenic activities such as petroleum refineries, fossil fuel power plants and non-ferrous smelting as well as through natural weathering of arsenic rock.   Arsenic is also used in many industries such as in wood treatment that use the largest amount of arsenic compounds, lead shot, storage batteries, semiconductors, pesticides and fertilizers [2].  The arsenic levels in many international standards for drinking water and industrial waste effluent have been lowered to 0.01 mg L-1 and 0.05 mg L-1, respectively [3-4].  Conventional precipitation methods for arsenic removals using iron and aluminum salts have not been successful to meet these drinking and effluent standards for arsenic due to the solubility of the resultant products.  On the other hand, adsorption appears to be one of the promising methods for removal of arsenic from water [5].  Among these processes, the removal of As(V) using metal oxides such as antimony and manganese [6], iron hydroxide [7] and iron coated catalysts [8] have been studied. 

Zeolites are crystalline, hydrated aluminosilicate minerals containing exchangeable alkaline and alkaline earth metal cations, in particular, sodium, potassium, magnesium and calcium as well as water molecules in their structural frameworks.  The compounds are based on three dimensional networks of AlO4 and SiO4 tetrahedra linked to each other by sharing all the oxygen atoms [9].  Since zeolites have a permanent negative charge on their surface, they have no affinity for anions.  Recent studies have shown that modification of zeolites with certain cations resulted in sorbents with a strong affinity for many anions [10].  Cationic-surfactant-modified zeolites have been shown to remove arsenate from aqueous solutions [11]. Since the presence of the arsenate anion in water covers a wide pH range, the removal of As(V) by zeolites could be enhanced after loading them with various metal cations such as aluminium [12] and iron [13].  Cerium hydroxide has been known to adsorb As(V) effectively from aqueous solution.  Recently hydrous cerium oxide was shown to possess a high anion exchange capacity for As(V) [14].  Furthermore cerium doped iron oxide adsorbed As(V) at a higher capacity than alumina [15].  Our previous study showed that Ce(IV)-exchanged Zeolite P could sorb As(V) at higher capacity than several cerium- and zeolite-based adsorbents using batch method [16].  
This paper describes the use of Ce(IV)-exchanged Zeolite P (Ce(IV)ZP) to sorb As(V) from aqueous solution using column method.  Parameters investigated were effect of bed depth, flow rate and also initial influent concentration.  The evaluation of column performance and analysis of breakthrough curves were done by the Bed Depth ServiceTtime (BDST) model [17].  The BDST approach was used for prediction of breakthrough time and exhaust time of column bed under different flow rate and influent concentration. All experiments for column method were performed at room temperature (25±2 (C).

Experimental

Zeolite P prepared from rice husk silica was donated by the Ibnu Sina Institute, University Technology Malaysia.  Ce(IV)-loaded Zeolite P (Ce4ZP) was prepared by stirring of Zeolite P (5.0 g) in 45 cm3  of             0.1 mol L-1 ceric ammonium nitrate (Merck) in distilled water at 90 (C for 24 h. The Zeolite was separated from the solution by vacuum filtration rinsed with distilled water and oven dried at 60 (C for 24 h. The concentration of Ce(IV) in the supernatant was determined using ICP-AES model Perkin-Elmer Plasma 1000. The loading capacity of Ce(IV) in Zeolite P was found to be 170 mg g-1 [16].  A stock solution of As(V), 1000 mg/L, was prepared by dissolving NaH2AsO4.7H2O (Sigma) in distilled water.  Test As(V) sample solutions were prepared by dilution of the stock solution.
The Ce4ZP adsorbent was packed inside borosilicate glass columns (Omnifit USA) with internal diameter of 10 mm and length of 100 mm equipped with teflon frit. The experiments were conducted in the up flow mode. The As(V) spiked water was pumped through the packed bed of Ce4ZP with a double reciprocating piston pump (model Pharmacia P 50).  The effect of process parameters such as bed height, inlet flow rate, initial As(V) concentration were studied. The effluent samples were collected in a glass test tubes at definite interval using a fraction collector (model Pharmacia GradiFrac) and analyzed for As concentration using ICP-AES (model Perkin Elmer l000).  The As(V) spiked water was allowed to pass through Ce4ZP bed in up flow mode at a flow rate of 0.5 mL/min.  The bed depths of 1.0, 1.5 and 2.0 cm and initial As(V) concentration of 25 mg/L were selected for experimental evaluation of column parameters.  The effect of flow rate on As(V) removal was studied at 0.5 and 1 mL/min for a fixed bed depth of 1.0 cm and As(V) concentration of 25 mg/L. The performance of Ce4ZP at a bed depth of 1.0 cm was also evaluated at a higher As(V) concentration of 50 mg/L at 0.5 mL/min.  

Results and Discussion
Effect of Column Bed Height

The breakthrough curves which is the plots C/Co as a function of lapse time of water treated for an initial As(V) concentration of 25 mg/L  for three different bed depths of 1.0, 1.5 and 2.0 cm at a flow rate of 0.5 mL/min are shown in Fig. 1.  For the low bed depth, the breakthrough curve is steeper showing faster saturation of the bed.  The point on the breakthrough curve at which arsenic concentration reaches its maximum allowable value for wastewater of 0.05 mg/L (corresponding to C/Co = 0.002 or 0.2% of the influent concentration) was taken as ‘breakthrough point’ and the value of C/Co= 90% was taken as ‘exhaustion point’. The time corresponding to breakthrough and exhaustion points with respective volumes of water treated are shown in Table 1.  The data showed that the increase in bed depth increased the volume of treated water at breakthrough and exhaustion points.  This could be due to the availability of more adsorbent binding sites with the increase of bed depth [18].  However reduction in adsorption capacity of As(V) was observed with increased bed heights which could be due more active sites of the adsorbent may be remained inaccessible for adsorption of As(V) ions [19].
Effect of initial As(III) concentration
The performance of Ce4ZP column for influent As(V) concentrations of 25 and 50 mg/L for the bed depth of 1.0 cm at 0.5 mL/min are shown in Fig. 2 and the breakthrough and the exhaustion data are shown in Table 1. The breakthrough time and time of exhaustion for 50 mg/L As(V) concentration obtained were 120 and 220 min, respectively which are lower compared the values of 180 and 360 min for corresponding concentration of 25 mg/L.  The quantities of treated water at breakthrough were also reduced to 60 mL for 50 mg/L concentration, compared to 90 ml for 25 mg/L As(V) concentration.  However the column adsorption capacities obtained was higher for higher concentrations.  A decrease in breakthrough as well as time of exhaustion at higher initial concentration may be due to the rapid exhaustion of the adsorption sites since a higher concentration gradient caused a faster transport of ions as a result of increase in diffusion coefficient [20].
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Fig.1  Breakthrough curves of As(V) adsorption on Ce4ZP for different bed

depths (initial As(V) conc. = 25 mg/L, flow rate = 0.5 mL/min).
Table 1.  The volumes water treated at different bed depths, initial As(V) concentrations and flow rates
	Bed depth (cm)
	Initial concentration

mg/L
	Flow rate

ml/min
	Break-through time (min)
	Time of exhaustion (min)
	Volume of water treated at breakthrough (ml)
	Volume of water treated before exhaust (ml)
	Adsorption capacity (mg/g)

	1.0
	25
	0.5
	180
	360
	90
	180
	6.8

	1.5
	25
	0.5
	260
	440
	130
	220
	6.4

	2.0
	25
	0.5
	380
	560
	190
	280
	5.9

	1.0
	50
	0.5
	120
	220
	60
	110
	8.1

	1.0
	25
	1.0
	80
	260
	40
	130
	4.3


Effect of flow rate

The effect of flow rate was investigated at 0.5 and 1.0 mL/min for an influent As(V) concentration of 25 mg/L, bed depth of 1.0 cm and column diameter of 1 cm.  The breakthrough curves for different flow rates are shown in Fig. 3. The quantity of water treated at breakthrough point and exhaust point are shown in Table 1. There is a reduction in the adsorption capacity of Ce4ZP with increase in flow rate.  This may be due to relatively low contact time between the adsorbate and adsorbent there by reducing the diffusion of As(V) ions into pores of Ce4ZP [21].  Also, at higher flow rates, the movement of adsorption zone along the bed is faster which in turn reducing the time for adsorption of As(V) ions on adsorbent bed.

Bed depth service time model (BDST)

According to Hutchins only three column tests are necessary to collect data required for column design using BDST model.  The bed depth (x) and service time (t) can be express as [17]:

t = ax  +  b






(1)

where 

a = slope = 
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b = intercept = 
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(3)

where C0 = initial solute concentration (mg/L); CB desired solute concentration at breakthrough (mg/L); K adsorption rate constant (L/mg min); N0 adsorption capacity (mg solute/L sorbent); x = bed depth of sorbent (cm); V = linear flow velocity of feed to bed (cm/min); and t = service time of column under above conditions (min).  
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Fig. 2  Effect of initial concentrations on the breakthrough curves for As(V)

adsorption on Ce4ZP.  Bed depth = 1.0 cm and flow rate = 0.5 mL/min.
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Fig. 3   Effect of flow rates on the breakthrough curve of As(V) adsorption on


Ce4ZP.  Bed depth = 1.0 cm and initial As(V) conc. = 10 mg/L.

From breakthrough times corresponding to C/C0 = 0.002 (0.2% saturation) and the exhaust times corresponding to C/C0 = 0.9 (90% saturation) for bed depth of 1.0, 1.5 and 2 cm, a plots service time versus bed depth for 0.2 % breakthrough and 90% saturation of Ce4ZP bed were made and given in Fig. 4.  The equations of these lines are:

t = 200x  +  153.33
 (90% saturation)



(4)
t = 200x  -  26.667 
(0.2% saturation)



(5)
Since those lines were parallel the equations can be used to predict the service time at breakthrough and at exhaustion for different flow rates and initial influent concentrations for practical used as discussed below [17].  
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Fig. 4.  Bed depths versus service time plot at 0.2% and 90% saturation of Ce4ZP


  fixed bed.  Initial As(V) 25 mg/L, flow rate 0.5 mL/min.
Prediction of service times of columns under new operating conditions using BDST model
New flow rate
According to BDST approach (equation 1) , if the value of slope ‘a1’ is determined for one flow rate ‘f1’, value of  ‘a2’ for the other flow rate ‘f2’ can be calculated as [21]:
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(6)
In this case the value of intercept ‘b’ is not affected significantly with flow rates. For flow rates of 1.0 mL/min, the calculated value of ‘a2’, is 100.  With this value the BDST equation for flow rate of 1.0 mL/min can be written as:

t = 100x + 153.33 (for 90% saturation) 



(7)

t = 100x − 26.667 (for 0.2% saturation)
 


(8)

From Eqs. (7) and (8), the breakthrough and exhaust times for new flow rate of 1.0 mL/min at a bed depth of 1.0 cm were calculate and presented in Table 2.  The data show that the experimental and theoretical values are well comparable with error less than 10%.

New concentration

From the BDST equation of the experimental data of a solute concentration C1, it is also possible to predict the equation for another concentration C2 as [17] 


a2 =  
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where a1 is the slope at concentration C1; a2 the new slope at concentration C2; b1 the intercept at concentration C1; b2 the new intercept at concentration C2; CF the effluent concentration at influent concentration C2 and CB is the effluent concentration at influent concentration C1.  For As(V) concentration of 50 mg/L, the values of a2 and b2 calculated from Eqs. (9) and (10) at breakthrough are 100 and −3.63 and for exhaust are 100 and 80.56, respectively.  The equations of service time/bed depth for the new concentration can be written as

t = 100x + 80.56 
(for 90% saturation)



(11)

t =  100x − 3.65
 (for breakthrough) 



(12)

The theoretical exhaust time and breakthrough calculated from Eqs. (11) and (12) are 96 and 180 min, respectively, which are comparable to the experimental values (with errors less than 10%) as shown in Table 2.  These equations can be used to prediction service times for different As(V) influent concentrations with acceptable accuracy.

Table 2  Comparison of the experimental service times with theoretical service times predicted using BDST model

	Flow rate ml/min
	Influent

concentration

mg/L
	Breakthrough time

min
	Exhaust time

min

	
	
	Experimental
	Theoretical
	Error (%)
	Experimental
	Theoretical
	Error (%)

	1.0
	25.0
	80
	73
	8
	260
	253
	3

	0.5
	50.0
	100
	96
	3
	200
	180
	9


Conclusion
The adsorption of As(V) on Ce4ZP in a fixed bed, was observed strongly depending on the influent flow rate, initial concentration and bed depth of column.  Increase in bed depth enable more water can be treated, but with a slight reduction in column capacity. The quantity of treated water and adsorption capacity were found higher at a lower flow rate.  At higher influent concentration, the adsorption capacity was higher. The service times predicted from the theoretical BDST equations agreed well with the service time obtained experimentally at different concentration and flow rate. The results suggest the practical applicability of Ce4ZP in As(V) removal in fixed bed columns.
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1 cm

				Bed Depth : 1 cm

				Flow rate : 10 ml/20 min				resin		0.45 g

				AS Conc. : 25 ppm				0.25

				Bil.		Sorption (ppm)		C		C/Co		mg abs

				1		0		0		0		0.25

				2		0		0		0		0.25

				3		0		0		0		0.25

				4		0		0		0		0.25

				5		0		0		0		0.25

				6		0		0		0		0.25

				7		0		0		0		0.25

				8		0		0		0		0.25

				9		0.6165		0.6165		0.02466		0.243835

				10		2.97		2.97		0.1188		0.2203

				11		8.298		8.298		0.33192		0.16702		0.69092

				12		11.99		11.99		0.4796		0.1301

				13		17.97		17.97		0.7188		0.0703

				14		21.95		21.95		0.878		0.0305

				15		23.72		23.72		0.9488		0.0128

				16		24.11		24.11		0.9644		0.0089

				17		24.27		24.27		0.9708		0.0073

		18-2		18		14.57		14.57		0.5828		0.1043

				19		19.65		19.65		0.786		0.0535

				20		21.16		21.16		0.8464		0.0384

				21		23.45		23.45		0.938		0.0155

				22		25.52		25		1		0

				23		26.53		25		1		0

				24		26.93		25		1		0

		25-3		25		20.14		20.14		0.8056		0.0486

				26		24.63		24.63		0.9852		0.0037

				27		25.95		25		1		0

				28		26.79		25		1		0

				29		27.45		25		1		0

				30		26.87		25		1		0

				31		27.82		25		1		0

												3.155055		7.0112333333

								0.5				resin .45g

				No		Vol ml		time min		hr		Capcity mg		Cap mg/g

		0.0001		10		100		200		3.3333333333		2.5		5.5555555556

		90%		14		140		280		4.6666666667		3.5		7.7777777778

		h cm		1		1		1.5		2

		Qw L/hr		0.5		0.03		0.03		0.03

		VE		140		0.14		0.19		0.24

		VB =V		100		0.1		0.14		0.18

		VS		40		0.04		0.05		0.06

		SZ mg		0.69092		0.69092		0.6155		0.5495

		Smax mg		3.155055		3.155055		4.4917		5.285

		F				0.2189882585		0.137030523		0.1039735099

		tz = Vs/Qw				1.3333333333		1.6666666667		2

		F=Sz/Smax				0.2189882585		0.137030523		0.1039735099

		tf=(1-F)tz				1.0413489886		1.4382824617		1.7920529801

		tE=VE/Qw				4.6666666667		6.3333333333		8

		hz=h*tz/(tE-tf)				0.3677838611		0.5107199221		0.6443353958		0.5076130597

		% saturation h				71.2756486157		70.6176197255		71.1329208449		71.0087297287

		Bed deph		Brk tru time h		Exhaus		Vol at bk tru		Vol at exh		Ad Cap mg/g

		1		3.33		4.67		100		140		7.01

		1.5		4.67		6.33		140		190		6.65

		2		6.33		7.67		180		240		6.29

		slop		3.4		hr/cm

		Co		1		mg/L

		V		153		L		13.44

		No		520.2				520.2		153

		8		3.45		5		5.52

		8		3.45		12		2.3														hr								ml

																						t1		t1.5		t2		t3		t1		t1.5		t2		t3

		a1=slop C1				a1		a2		C1		C2		CB		CF		b1		b2		1		1.5		2		3

		a2=slop C2		break tru		3		7.5		25		10		0.01		0.01		0.2767		0.6106804501		7.7767		11.5267		15.2767		23.1106804501		233.301		345.801		458.301		693.3204135017

		b1 intercep C1		exhaust		3		7.5		25		10		0.9		0.9		1.7233		3.0319386477		9.2233		14.2819386477		18.0319386477		25.5319386477		276.699		428.4581594302		540.9581594302		765.9581594302

		b2 intercep C2

		CB efl con C1																ml		ml/min		ml/hr		hr

		CF efl con C2																300		0.5		30		10

																						Bed depth		ST Bk Tru		ST exh

																						1		7.7767		9.5				1		7.7767		9.2233

																														1.5		11.5267		14.2819386477

																						2		15.2767		18.0319386477

																						3		23.1106804501		25.24				3		23.1106804501		25.5319386477

						233.301		458.301		693.3204135017		300.301		525.301		760.3204135017

						276.699		540.9581594302		765.9581594302		419.699		683.9581594302		908.9581594302

						420				BD		BT		EX		Bed depth (cm)		Break tru		exhaust

						143.301				1		300		420		1		10		14

										2		520		680		2		17.3333333333		22.6666666667

										3		760		890		3		25.3333333333		29.6666666667		29

												slop		ori FR		new FR		ratio		multip

								3.5		3.4		3.45		8		5		1.6		5.52

								3.5		3.4		3.45		8		12		0.6666666667		2.3
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1.5 cm

		

		Time		0.5 mL/min

		20		0

		40		0

		60		0

		80		0

		100		0

		120		0

		140		0

		160		0

		180		0

		200		0

		220		0

		240		0

		260		0

		280		0

		300		0

		320		0

		340		0

		360		0

		380		0

		400		0

		420		0

		440		0

		460		0

		480		0

		500		0

		520		0

		540		0

		560		0

		580		0

		600		0.005

		620		0.01

		640		0.0114

		660		0.0258

		680		0.0471

		700		0.0581

		720		0.1556

		740		0.261

		760		0.355

		780		0.4458

		800		0.4957

		820		0.6215

		840		0.683

		860		0.7279

		880		0.8

		900		0.85

		920		0.9

		940		0.95

		960		1

		980				0

		1000				0

		1020				0

		1040				0

		1060				0

		1080				0

		1100				0

		1120				0

		1140				0

		1160				0

		1180				0

		1200				0

		1220				0

		1240				0

		1260				0

		1280				0

		1300				0

		1320				0

		1340				0

		1360				0

		1380				0

		1400				0

		1420				0

		1440				0

		1460				0

		1480				0

		1500				0

		1520				0

		1540				0

		1560				0.0045						0.005		0.1

		1580				0.008						0.01		0.2

		1600				0.00798						0.0114		0.3

		1620				0.0129						0.0258		0.5

		1640				0.01884						0.0471		0.6

		1660				0.01743						0.0581		0.7

		1680				0.03112						0.1556		0.8

		1700				0.0261						0.261		0.9

		1720				0						0.355		1

		1740				-0.04458						0.4458		1.1

		1760				-0.09914						0.4957		1.2

		1780				-0.18645						0.6215		1.3

		1800				-0.2732						0.683		1.4

		1820				-0.36395						0.7279		1.5

		1840				-0.48		0				0.8		1.6

		1860				-0.595		0				0.85		1.7

		1880				-0.72		0				0.9		1.8

		1900				-0.855		0				0.95		1.9

		1920				-1		0				1		2

		1940						0

		1960						0

		1980						0

		2000						0

		2020						0

		2040						0

		2060						0

		2080						0

		2100						0

		2120						0

		2140						0

		2160						0

		2180						0

		2200						0

		2220						0

		2240						0

		2260						0

		2280						0

		2300						0

		2320						0

		2340						0

		2360						0

		2380						0

		2400						0

		2420						0.005

		2440						0.01

		2460						0.0114

		2480						0.0258

		2500						0.0471

		2520						0.0581

		2540						0.1556

		2560						0.261

		2580						0.355

		2600						0.4458

		2620						0.4957

		2640						0.6215

		2660						0.683

		2680						0.7279

		2700						0.8

		2720						0.85

		2740						0.9

		2760						0.95

		2780						1

		2800

		2820

		2840





Xo

		

		Time		0.5 mL/min		0.75 mL/min		1.0 mL/min				min		1.0 cm		1.5 cm		2.0 cm		0.5 mL/min-10 cm		0.75 mL/min		1.0 mL/min		0.5 mL/min-20 cm		0.5 mL/min-30 cm

		20		0								20		0		0		0		0

		40		0								40		0		0		0		0

		60		0								60		0		0		0		0

		80		0								80		0		0		0		0

		100		0								100		0		0		0		0

		120		0								120		0		0		0		0

		140		0								140		0		0		0		0

		160		0								160		0		0.0007428571		0		0

		180		0								180		0.02466		0.0024035714		0		0

		200		0								200		0.1188		0.0014714286		0		0

		220		0								220		0.33192		0.0014785714		0		0

		240		0								240		0.4796		0.0022821429		0		0

		260		0								260		0.7188		0.0019607143		0.0007428571		0

		280		0								280		0.878		0.0451785714		0.0024035714		0

		300		0								300		0.9488		0.2078214286		0.0014714286		0

		320		0								320		0.9644		0.3921428571		0.0014785714		0

		340		0								340		0.97		0.585		0.0022821429		0

		360		0								360		1		0.7828571429		0.0019607143		0

		380		0								380		1		0.9346428571		0.0451785714		0

		400		0								400		1		1		0.2078214286		0

		420		0								420		1		1		0.3921428571		0

		440		0								440		1		1		0.585		0

		460		0								460		1		1		0.7828571429		0

		480		0								480		1		1		0.9346428571		0

		500		0								500		1		1		1		0

		520		0								520		1		1		1		0

		540		0								540		1		1		1		0

		560		0								560		1		1		1		0

		580		0								580								0

		600		0.005								600								0.005

		620		0.01								620								0.01

		640		0.0114								640								0.0114

		660		0.0258								660								0.0258

		680		0.0471								680								0.0471

		700		0.0581								700								0.0581

		720		0.1556								720								0.1556

		740		0.261								740								0.261

		760		0.355								760								0.355

		780		0.4458								780								0.4458

		800		0.4957								800								0.4957

		820		0.6215								820								0.6215

		840		0.683								840								0.683

		860		0.7279								860								0.7279

		880		0.8								880								0.8

		900		0.85								900								0.85

		920		0.9								920								0.9

		940		0.95								940								0.95

		960		1								960								1

		13.3333333333				0						13.3333333333										0

		26.6666666667				0						26.6666666667										0

		40				0						40										0

		53.3333333333				0						53.3333333333										0

		66.6666666667				0						66.6666666667										0

		80				0						80										0

		93.3333333333				0						93.3333333333										0

		106.6666666667				0						106.6666666667										0

		120				0						120										0

		133.3333333333				0						133.3333333333										0

		146.6666666667				0						146.6666666667										0

		160				0						160										0

		173.3333333333				0						173.3333333333										0

		186.6666666667				0						186.6666666667										0

		200				0.0025						200										0.0025

		213.3333333333				0.005						213.3333333333										0.005

		226.6666666667				0.01						226.6666666667										0.01

		240				0.01536						240										0.01536

		253.3333333333				0.01877						253.3333333333										0.01877

		266.6666666667				0.01958						266.6666666667										0.01958

		280				0.02182						280										0.02182

		293.3333333333				0.02411						293.3333333333										0.02411

		306.6666666667				0.03416						306.6666666667										0.03416

		320				0.06538						320										0.06538

		333.3333333333				0.05071						333.3333333333										0.05071

		346.6666666667				0.06377						346.6666666667										0.06377

		360				0.07966						360										0.07966

		373.3333333333				0.09635						373.3333333333										0.09635

		386.6666666667				0.1234						386.6666666667										0.1234

		400				0.1491						400										0.1491

		413.3333333333				0.1816						413.3333333333										0.1816

		426.6666666667				0.2575						426.6666666667										0.2575

		440				0.3738						440										0.3738

		453.3333333333				0.4772						453.3333333333										0.4772

		466.6666666667				0.5923						466.6666666667										0.5923

		480				0.7428						480										0.7428

		493.3333333333				0.839						493.3333333333										0.839

		506.6666666667				0.9089						506.6666666667										0.9089

		520				0.9413						520										0.9413

		533.3333333333				0.9632						533.3333333333										0.9632

		546.6666666667				0.9974						546.6666666667										0.9974

		560				1						560										1

		10						0				10												0

		20						0				20												0

		30						0				30												0

		40						0				40												0

		50						0				50												0

		60						0				60												0

		70						0				70												0

		80						0				80												0

		90						0				90												0

		100						0				100												0

		110						0.0025				110												0.0025

		120						0.005				120												0.005

		130						0.01				130												0.01

		140						0.015				140												0.015

		150						0.02				150												0.02

		160						0.0231				160												0.0231

		170						0.02928				170												0.02928

		180						0.03208				180												0.03208

		190						0.03958				190												0.03958

		200						0.04296				200												0.04296

		210						0.07558				210												0.07558

		220						0.12				220												0.12

		230						0.1444				230												0.1444

		240						0.1706				240												0.1706

		250						0.2415				250												0.2415

		260						0.2504				260												0.2504

		270						0.3188				270												0.3188

		280						0.434				280												0.434

		290						0.5158				290												0.5158

		300						0.5768				300												0.5768

		310						0.7029				310												0.7029

		320						0.7905				320												0.7905

		330						0.8377				330												0.8377

		340						0.9				340												0.9

		350						1				350												1
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hz

		25 ppm

		0.5 ml/min						Resin g		0.45		0.675		0.9

		Time		C/Co		C/Co		C/Co		amount absorbed

		min		1.0 cm		1.5 cm		2.0 cm		1.0cm		1.5 cm		2.0cm		min

		20		0		0		0		0.25		0.25		0.25		20		10		0.3333333333

		40		0		0		0		0.25		0.25		0.25		40		20		0.6666666667

		60		0		0		0		0.25		0.25		0.25		60		30		1

		80		0		0		0		0.25		0.25		0.25		80		40		1.3333333333

		100		0		0		0		0.25		0.25		0.25		100		50		1.6666666667

		120		0		0		0		0.25		0.25		0.25		120		60		2

		140		0		0		0		0.25		0.25		0.25		140		70		2.3333333333

		160		0		0.0007428571		0		0.25		0.2498142857		0.25		160		80		2.6666666667

		180		0.02466		0.0024035714		0		0.243835		0.2493991071		0.25		180		90		3

		200		0.1188		0.0014714286		0		0.2203		0.2496321429		0.25		200		100		3.3333333333

		220		0.33192		0.0014785714		0		0.16702		0.2496303571		0.25		220		110		3.6666666667

		240		0.4796		0.0022821429		0		0.1301		0.2494294643		0.25		240		120		4

		260		0.7188		0.0019607143		0.0007428571		0.0703		0.2495098214		0.2498142857		260		130		4.3333333333

		280		0.878		0.0451785714		0.0024035714		0.0305		0.2387053571		0.2493991071		280		140		4.6666666667

		300		0.9488		0.2078214286		0.0014714286		0.0128		0.1980446429		0.2496321429		300		150		5

		320		0.9644		0.3921428571		0.0014785714		0.0089		0.1519642857		0.2496303571		320		160		5.3333333333

		340		0.97		0.585		0.0022821429		0.0075		0.10375		0.2494294643		340		170		5.6666666667

		360		1		0.7828571429		0.0019607143		0		0.0542857143		0.2495098214		360		180		6

		380		1		0.9346428571		0.0451785714		0		0.0163392857		0.2387053571		380		190		6.3333333333

		400		1		1		0.2078214286		0		0		0.1980446429		400		200		6.6666666667

		420		1		1		0.3921428571		0		0		0.1519642857		420		210		7

		440		1		1		0.585		0		0		0.10375		440		220		7.3333333333

		460		1		1		0.7828571429		0		0		0.0542857143		460		230		7.6666666667

		480		1		1		0.9346428571		0		0		0.0163392857		480		240		8

		500		1		1		1		0		0		0		500		250		8.3333333333

		520		1		1		1		0		0		0		520		260		8.6666666667

		540		1		1		1		0		0		0		540		270		9

		560		1		1		1		0		0		0		560		280		9.3333333333

								Total		2.891255		4.0105044643		5.2605044643

								Resin g		0.45		0.675		0.9

								Capa mg/g		6.43		5.94		5.85		mgg

										22

										0.2920459596

						Time				Vol

						Breaktrough		Exhaust		Braak tru		Exhaust		Column capacity

						180		360		90		180		6.43						0.002

						280		400		140		200		5.94

						340		500		170		250		5.85
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		As 25 ppm								mg		0.45		0.225		0.675		0.9

		Bed depth = 1.5 cm								0.28				volume																0.5		0.002

		Flow rate = 10 ml/ 20 min								mg/L				25		28		25		1		1.5		2.0 cm

								con initial (ppm)		28										mg		mg		Co				mg

		No		Vol mL		ppm		mg				C/Co 1.5 cm		C/Co 1.0 cm		C/Co 1.5 cm		C/Co 2.0 cm

		1		10		0		0		0.28		0		0		0		0				0.28		0				0.25

		2		20		0		0		0.28		0		0		0		0				0.28		0				0.25

		3		30		0		0		0.28		0		0		0		0				0.28		0				0.25

		4		40		0		0		0.28		0		0		0		0				0.28		0				0.25

		5		50		0		0		0.28		0		0		0		0				0.28		0				0.25

		6		60		0		0		0.28		0		0		0		0				0.28		0				0.25

		7		70		0		0		0.28		0		0		0		0				0.28		0				0.25

		8		80		0.0208		0.000208		0.279792		0.0007		0		0.0007428571		0				0.2792571429		0				0.25

		9		90		0.0673		0.000673		0.279327		0.0024		0.02466		0.0024035714		0				0.2775964286		0				0.25

		10		100		0.0412		0.000412		0.279588		0.0015		0.1188		0.0014714286		0				0.2785285714		0				0.25

		11		110		0.0414		0.000414		0.279586		0.0015		0.33192		0.0014785714		0				0.2785214286		0				0.25

		12		120		0.0639		0.000639		0.279361		0.0023		0.4796		0.0022821429		0				0.2777178571		0				0.25

		13		130		0.0549		0.000549		0.279451		0.0020		0.7188		0.0019607143		0.0007428571				0.2780392857		0.0185714286				0.2498142857

		14		140		1.265		0.01265		0.26735		0.0452		0.878		0.0451785714		0.0024035714				0.2348214286		0.0600892857				0.2493991071

		15		150		5.819		0.05819		0.22181		0.2078		0.9488		0.2078214286		0.0014714286				0.0721785714		0.0367857143				0.2496321429

		16		160		10.98		0.1098		0.1702		0.3921		0.9644		0.3921428571		0.0014785714				-0.1121428571		0.0369642857				0.2496303571

		17		170		16.38		0.1638		0.1162		0.5850		1		0.585		0.0022821429				-0.305		0.0570535714				0.2494294643

		18		180		21.92		0.2192		0.0608		0.7829		1		0.7828571429		0.0019607143				-0.5028571429		0.0490178571				0.2495098214

		19		190		26.17		0.2617		0.0183		0.9346		1		0.9346428571		0.0451785714				-0.6546428571		1.1294642857				0.2387053571

		20		200		28		0.28		0		1		1		1		0.2078214286				-0.72		5.1955357143				0.1980446429

		21		210		28		0.28		0		1		1		1		0.3921428571				-0.72		9.8035714286				0.1519642857

		22		220		28		0.28		0		1		1		1		0.585				-0.72		14.625				0.10375

		23		230		28		0.28		0		1		1		1		0.7828571429				-0.72		19.5714285714				0.0542857143

		24		240		28		0.28		0		1		1		1		0.9346428571				-0.72		23.3660714286				0.0163392857

		25		250		28		0.28		0		1		1		1		1				-0.72		25				0

		26		260		28		0.28		0		1		1		1		1				-0.72		25				0

		27		270		26.29		0.2629		0.0171		0.9389		1		1		1				-0.72		25				0

		28		280		26.89		0.2689		0.0111		0.9604		1		1		1				-0.72		25				0

		29		290		28		0.28		0		1		1		1		1				-0.72		25				0

		30		300		28		0.28		0		1		1		1		1				-0.72		25				0

		31		310		28		0.28		0		1		1		1		1				-0.72		25				0

		32		320		28		0.28		0		1				1		1				-0.72		25				0

		33		330		28		0.28		0		1				1		1				-0.72		25				0

		34		340		28		0.28		0		1				1		1				-0.72		25				0

		35		350		28		0.28		0		1				1		1				-0.72		25				0

										4.491765		6.6544666667						1						25				0

										0.61551		0.9118666667						1						25				0

										28 ppm				0.9				1						25				0

										time min		time hr		amount				1						25				0

						Vol 0.0001		140		280		4.6666666667						1						25				0

						Vol 90%		190		380		6.3333333333																5.2605044643

																												0.5243839286

						25		0.01		0.0004		0.04		%

						25		22.5		0.9		90		%

										1

				0.04%		90%

		Bed deph		Brk tru time h		Exhaus		Vol at bk tru		Vol at exh		Ad Cap mg/g

		1		3.33		4.67		100		140		7.01

		1.5		4.67		6.33		140		190		6.65

		2		6.33		7.67		180		240		6.29				resin

														mg

												26880		26.88

				ml		hr		ml		hr

				0.5		0.0166666667		190		6.3333333333

				0.5		0.0166666667		230		7.6666666667

																				bk tr		sat								new FR										new con				90%						t hr

				t=3x + 0.2767				90 saturation												a1		a1		slop a1		b1		ori FR		new FR		ratio		multip		t hr		C1		C2		CB		CF		a2		b2

																		brek tru		3.5		3.4		3.45		-6		8		5		1.6		5.52		49.2		1		2		0.01		0.01		1.725		-3.455821609		13.794178391

				t=3x + 1.7233				.04 % satu										exhaust		3.5		3.4		3.45		21.333		8		5		1.6		5.52		76.533		1		2		0.9		1.8		1.725		10.6665		27.9165

																		brek tru		3.5		3.4		3.45		-6		8		12		0.6666666667		2.3		17

																		exhaust		3.5		3.4		3.45		21.333		8		12		0.6666666667		2.3		44.333																FR ml/hr		vol ml				t hr

																				3		3		3		0.2767		0.5										25		10		0.01		0.01		7.5		0.6106804501		8.1106804501		30		243.3204135017		250		8.3333333333

																				3		3		3		1.7322		0.5										25		10		22.5		9		7.5		4.3305		11.8305		30		354.915		350		11.6666666667

																				3		3		3		0.2767												25		10		0.01		0.01		7.5		0.6106804501		15.6106804501		30		468.3204135017		480		16

																				3		3		3		1.7322												25		10		22.5		9		7.5		4.3305		19.3305		30		579.915		580		19.3333333333

																				3		3		3		0.2767												25		10		0.01		0.01		7.5		0.6106804501		23.1106804501		30		693.3204135017		690		23

																				3		3		3		1.7322												25		10		22.5		9		7.5		4.3305		26.8305		30		804.915		800		26.6666666667

																				7.335		7.5		7.4175		1.1067												10		50		0.01		0.01		1.4835		0.2729431302		4.7234431302		30		141.7032939049

																				7.335		7.5		7.4175		4.2233												10		50		9		45		1.4835		0.84466		5.29516		30		158.8548

																				7.335		7.5		7.4175		1.1067												10		25		0.01		0.01		2.967		0.501447017		9.402447017		30		282.073410509

																				7.335		7.5		7.4175		4.2233												10		25		9		22.5		2.967		1.68932		10.59032		30		317.7096

																																						Bed Depth		bk tr		exh

																																						1		8.1106804501		11.8305

																																						2		15.6106804501		19.3305

																																						3		23.1106804501		26.8305

																																						Bed Depth		Bk tru		exh

																																						1		8.33		11.67

																																						2		16		19.33

																																						3		23		26.67
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0
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		BD		V bt		Vex				bt		ex		a1		b1

		1		80		140		60		2.6666666667		4.6666666667		4		-1.4444

		1.5		130		190		60		4.3333333333		6.3333333333		4.3333		0.1667

		2		200		270		70		6.6666666667		9

						a		b		V		Vex		Co		CB		No		K		Xo

		slop				3.4		-6		13.44		26.88		1		0.01		45.696		0.7658533084		1.7647058824

		No=a*CoXV				3.4		-6		13.44		26.88		1		0.01		45.696		0.7658533084		1.7647058824

						4		-1.4444		0.08		0.14		25		0.01		8		0.2166614769		0.3611		cm





						bed deph						FR 0.5 ml/min?

						C/Co				C/Co		mg						mg adsorbed

		Vol mL				1.0 cm		1.5 cm		2.0 cm		1.0 cm		1.5 cm		2.0 cm		1.0 cm		1.5 cm		2.0 cm

		10				0		0		0		0		0		0		0.25		0.25		0.25

		20				0		0		0		0		0		0		0.25		0.25		0.25

		30				0		0		0		0		0		0		0.25		0.25		0.25

		40				0		0		0		0		0		0		0.25		0.25		0.25

		50				0		0		0		0		0		0		0.25		0.25		0.25

		60				0		0		0		0		0		0		0.25		0.25		0.25

		70				0		0		0		0		0		0		0.25		0.25		0.25

		80				0		0.0007428571		0		0		0.0185714286		0		0.25		0.2498142857		0.25

		90				0.02466		0.0024035714		0		0.6165		0.0600892857		0		0.243835		0.2493991071		0.25

		100				0.1188		0.0014714286		0		2.97		0.0367857143		0		0.2203		0.2496321429		0.25

		110				0.33192		0.0014785714		0		8.298		0.0369642857		0		0.16702		0.2496303571		0.25

		120				0.4796		0.0022821429		0		11.99		0.0570535714		0		0.1301		0.2494294643		0.25

		130				0.7188		0.0019607143		0		17.97		0.0490178571		0		0.0703		0.2495098214		0.25

		140				0.878		0.0451785714		0		21.95		1.1294642857		0		0.0305		0.2387053571		0.25

		150				0.9488		0.2078214286		0		23.72		5.1955357143		0		0.0128		0.1980446429		0.25

		160				0.9644		0.3921428571		0		24.11		9.8035714286		0		0.0089		0.1519642857		0.25

		170				0.9708		0.585		0		24.27		14.625		0		0.0073		0.10375		0.25

		180				0.5828		0.7828571429		0		14.57		19.5714285714		0		0.1043		0.0542857143		0.25

		190				0.786		0.9346428571		0.003272		19.65		23.3660714286		0.0818		0.0535		0.0163392857		0.249182

		200				0.8464		1		0.021036		21.16		25		0.5259		0.0384		0		0.244741

		210				0.938		1		0.05248		23.45		25		1.312		0.0155		0		0.23688

		220				1		1		0.13424		25		25		3.356		0		0		0.21644

		230				1		1		0.19304		25		25		4.826		0		0		0.20174

		240				1		1		0.247		25		25		6.175		0		0		0.18825

		250				0.8056		1		0.29984		20.14		25		7.496		0.0486		0		0.17504

		260				0.9852		1		0.37896		24.63		25		9.474		0.0037		0		0.15526

		270				1		0.9389285714		0.4804		25		23.4732142857		12.01		0		0.0152678571		0.1299

		280				1		0.9603571429		0.29504		25		24.0089285714		7.376		0		0.0099107143		0.17624

		290				1		1		0.4284		25		25		10.71		0		0		0.1429

		300				1		1		0.6276		25		25		15.69		0		0		0.0931

		310				1		1		0.8948		25		25		22.37		0		0		0.0263

		320				1		1		1		25		25		25		0		0		0

		330				1		1		1		25		25		25		0		0		0

		340				1		1		1		25		25		25		0		0		0

		350				1		1		1		25		25		25		0		0		0

																		1.112055		1.0125991071		1.548251

																		3.155055		4.0356830357		6.735973		mg As(V)

																Capacity		7.0112333333		6.2087431319		6.0920439541		mg/g

														BD		bt		ex				bt		ex		a1		b1		resin bed vol		bed vol		Capacity

														1		80		140		60		2.6666666667		4.6666666667		4		-1.4444		3.1428571429		25.5		7.0112333333

														1.5		130		190		60		4.3333333333		6.3333333333		4.3333		0.1667		4.7142857143		27.6		6.2087431319

														2		200		270		70		6.6666666667		9						6.2857142857		31.8		6.0920439541

														475.8530357143		1057.4511904762

										0.5				resin .45g

						No		Vol ml		time min		hr		Capcity mg		Cap mg/g

		0.0001				10		100		200		3.3333333333		2.5		5.5555555556

		90%				14		140		280		4.6666666667		3.5		7.7777777778

		h cm				1		1		1.5		2

		Qw L/hr				0.5		0.03		0.03		0.03												bk tr		sat								new FR												new con				90%						t hr		FR ml/hr		vol ml				t hr

		VE vol exhaust				140		0.14		0.19		0.27												a1		a1		slop a1 (Av)		b1		ori FR		new FR		ratio		multip		t hr		vol		C1 = Co		C2		CB		CF		a2		b2												V		Vex		No		K		xo		xo

		VB =V				100		0.08		0.13		0.2										brek tru		3.5		3.4		3.45		-6		8		5		1.6		5.52		49.2				1		2		0.01		0.01		1.725		-3.455821609		13.794178391										13.44		26.88		46.368		-0.7658533084		-1.7391304348		0.155028092

		VS vol between				40		0.06		0.06		0.07										exhaust		3.5		3.4		3.45		21.333		8		5		1.6		5.52		76.533				1		2		0.9		1.8		1.725		10.6665		27.9165

		SZ mg				0.5259		1.1121		1.0125		1.0125										brek tru		3.5		3.4		3.45		-6		8		12		0.6666666667		2.3		17

		Smax mg				475.8530357143		1.5		1.5		1.75										exhaust		3.5		3.4		3.45		21.333		8		12		0.6666666667		2.3		44.333

		F						0.7414		0.675		0.5785714286										brek tru		4		4.3333		4.16665		-1.4444		0.5		0.75		0.6666666667		2.7777666667		1.3333666667		60.0015		25		10		0.01		0.01		10.416625		-3.1878093316		7.2288156684		30		216.864470051		250		8.3333333333

		tz = Vs/Qw						2		2		2.3333333333										exhaust		4		4.3333		4.16665		0.1667		0.5		0.75		0.6666666667		2.7777666667		2.9444666667		132.501		25		10		22.5		9		10.416625		0.41675		10.833375		30		325.00125		350		11.6666666667

		F=Sz/Smax						0.7414		0.675		0.5785714286										brek tru		4		4.3333		4.16665		-1.4444		0.5		1		0.5		2.083325		0.638925		38.3355		25		10		0.01		0.01		10.416625		-3.1878093316		7.2288156684		30		216.864470051		480		16

		tf=(1-F)tz						0.5172		0.65		0.9833333333										exhaust		4		4.3333		4.16665		0.1667		0.5		1		0.5		2.083325		2.250025		135.0015		25		10		22.5		9		10.416625		0.41675		10.833375		30		325.00125		580		19.3333333333

		tE=VE/Qw						4.6666666667		6.3333333333		9		hz cal		hz exp								4		4.3333		4.16665		-1.4444														25		10		0.01		0.01		10.416625		-3.1878093316		7.2288156684		30		216.864470051		690		23

		hz=h*tz/(tE-tf)						0.4819896533		0.5278592375		0.5821205821		0.530656491		0.55								4		4.3333		4.16665		0.1667														25		10		22.5		9		10.416625		0.41675		10.833375		30		325.00125		800		26.6666666667

		Uz =hz/tz						0.2409948266		0.2639296188		0.2494802495		0.2514682316										4		4.3333		4.16665		-1.4444														25		50		0.01		0.01		2.083325		-0.7862028168		1.2971221832		30		38.9136654963

		% satur						87.535747566		88.5630498534		87.7338877339		87.9442283844										4		4.3333		4.16665		0.1667														25		50		22.5		45		2.083325		0.08335		2.166675		30		65.00025

																								4		4.3333		4.16665		-1.4444														25		25		0.01		0.01		4.16665		-1.4444		2.72225		30		81.6675

		Bed deph				Brk tru time h		Exhaus		Vol at bk tru		Vol at exh		Ad Cap mg/g										4		4.3333		4.16665		0.1667														25		25		22.5		22.5		4.16665		0.1667		4.33335		30		130.0005

		1				3.33		4.67		100		140		7.01

		1.5				4.67		6.33		140		190		6.65																														Bed Depth		bk tr		exh

		2				6.33		7.67		180		240		6.29																														1		7.2288156684		10.833375

																																												2		7.2288156684		10.833375

				resin/g		0.45		0.65		1.1057								0.45		0.65		1.1057																						3		7.2288156684		10.833375

		25 ppm		fr 0.5 ml		bed deph						x25																				C/Co

						C/Co				C/Co		conc mg/l						adsorbed						conc		1cm		1cm		1cm		1cm		1cm		1cm		Vol		mg				Bed Depth		Bk tru		exh

		Vol mL		time min		1.0 cm		1.5 cm		2.0 cm		1.0 cm		1.5 cm		2.0 cm		1.0 cm		1.5 cm		2.0 cm		time		10 ppm		25 ppm		50 ppm		10 ppm		25 ppm		50 ppm		50 ppm		50 ppm				1		8.33		11.67

		10		20		0		0		0		0		0		0		0.25		0.25		0.25		20		0.145		0		0		0.0145		0		0				0.5				2		16		19.33

		20		40		0		0		0		0		0		0		0.25		0.25		0.25		40		0.124		0		0		0.0124		0		0				0.5				3		23		26.67

		30		60		0		0		0		0		0		0		0.25		0.25		0.25		60		0.11		0		0		0.011		0		0				0.5

		40		80		0		0		0		0		0		0		0.25		0.25		0.25		80		0.1		0		0		0.01		0		0				0.5

		50		100		0		0		0		0		0		0		0.25		0.25		0.25		100		0.104		0		0		0.0104		0		0				0.5				capacity

		60		120		0		0		0		0		0		0		0.25		0.25		0.25		120		0.102		0		7.783		0.0102		0		0.15566		60		0.42217		2.92217		6.4937111111

		70		140		0		0		0		0		0		0		0.25		0.25		0.25		140		0.1		0		22.34		0.01		0		0.4468				0.2766

		80		160		0		0.0007428571		0		0		0.0185714286		0		0.25		0.2498142857		0.25		160		0.112		0		25		0.0112		0		0.5				0.25

		90		180		0.02466		0.0024035714		0		0.6165		0.0600892857		0		0.243835		0.2493991071		0.25		180		0.097		0.6165		35.72		0.0097		0.02466		0.7144				0.1428

		100		200		0.1188		0.0014714286		0		2.97		0.0367857143		0		0.2203		0.2496321429		0.25		200		0.088		2.97		41.71		0.0088		0.1188		0.8342				0.0829

		110		220		0.33192		0.0014785714		0		8.298		0.0369642857		0		0.16702		0.2496303571		0.25		220		0.092		8.298		50.42		0.0092		0.33192		1.0084		110		-0.0042		3.67027		8.1561555556

		120		240		0.4796		0.0022821429		0		11.99		0.0570535714		0		0.1301		0.2494294643		0.25		240		0.097		11.99		48.05		0.0097		0.4796		0.961

		130		260		0.7188		0.0019607143		0		17.97		0.0490178571		0		0.0703		0.2495098214		0.25		260		0.084		17.97		54.94		0.0084		0.7188		1.0988

		140		280		0.878		0.0451785714		0		21.95		1.1294642857		0		0.0305		0.2387053571		0.25		280		0.089		21.95		55.25		0.0089		0.878		1.105

		150		300		0.95		0.2078214286		0		23.75		5.1955357143		0		0.0125		0.1980446429		0.25		300		0.096		23.75		55.52		0.0096		0.95		1.1104

		160		320		0.97		0.3921428571		0		24.25		9.8035714286		0		0.0075		0.1519642857		0.25		320		0.134		24.25		55.21		0.0134		0.97		1.1042

		170		340		0.99		0.55		0		24.75		13.75		0		0.0025		0.1125		0.25		340		0.12		24.75		55.54		0.012		0.99		1.1108

		180		360		1		0.66		0		25		16.5		0		0		0.085		0.25		360		0.102		25		55.64		0.0102		1		1.1128

		190		380		0.99		0.7828571429		0.003272		24.75		19.5714285714		0.0818		0.0025		0.0542857143		0.249182		380		0.11		24.75		55.62		0.011		0.99		1.1124

		200		400		0.99		0.87		0.021036		24.75		21.75		0.5259		0.0025		0.0325		0.244741		400		0.11		24.75		55		0.011		0.99		1.1

		210		420		1		0.9346428571		0.05248		25		23.3660714286		1.312		0		0.0163392857		0.23688		420		0.126		25		55.17		0.0126		1		1.1034

		220		440		1		0.98		0.13424		25		24.5		3.356		0		0.005		0.21644		440		0.126		25		56.12		0.0126		1		1.1224

		230		460		1		1		0.19304		25		25		4.826		0		0		0.20174		460		0.109		25		55.75		0.0109		1		1.115

		240		480		1		1		0.247		25		25		6.175		0		0		0.18825		480		0.148		25		55.83		0.0148		1		1.1166

		250		500		1		1		0.29984		25		25		7.496		0		0		0.17504		500		0.092		25		49.22		0.0092		1		0.9844

		260		520		0.9852		1		0.37896		24.63		25		9.474		0.0037		0		0.15526		520		0.104		24.63		53.65		0.0104		0.9852		1.073

		270		540		1		1		0.4804		25		25		12.01		0		0		0.1299		540		0.109		25		56.81		0.0109		1		1.1362

		280		560		1		1		0.6		25		25		15		0		0		0.1		560		0.1		25		57.32		0.01		1		1.1464

		290		580		1		0.99		0.67		25		24.75		16.75		0		0.0025		0.0825		580		0.114		25		57.77		0.0114		1		1.1554

		300		600		1		0.99		0.8		25		24.75		20		0		0.0025		0.05		600		0.114		25		57.89		0.0114		1		1.1578

		310		620		1		1		0.8948		25		25		22.37		0		0		0.0263		620		0.471		25		57.44		0.0471		1		1.1488

		320		640		1		1		0.97		25		25		24.25		0		0		0.0075		640		0.258		25		57.89		0.0258		1		1.1578

		330		660		1		1		1		25		25		25		0		0		0		660		0.581		25		57.62		0.0581		1		1.1524

		340		680		1		1		1		25		25		25		0		0		0		680		1.556		25		56.18		0.1556		1		1.1236

		350		700		1		1		1		25		25		25		0		0		0		700		2.61		25		56.66		0.261		1		1.1332

								1				0				Total		2.893255		4.1467544643		6.563733		720		3.55				56.98		0.355

								1				0				resin g		0.45		0.65		1.1057		740		4.458				57.54		0.4458

																Capacity		6.4294555556		6.3796222527		5.9362693316		760		4.957						0.4957

																time		time		vol ml				780		6.215						0.6215

																bt		ex		bt		ex		800		6.83						0.683

						0.002								1		180		300		90		150		820		6.833						0.6833

						22.5		0.9						1.5		260		420		130		210		840		3.373						0.3373

														2		380		620		190		310		860		4.724						0.4724

																								880		7.279						0.7279

																22.7.2009								900		3.185						0.3185

																								920		3.576						0.3576

																								940		3.718						0.3718

																								960		4.195						0.4195

																								980		4.195						0.4195

																								1000		4.673						0.4673

																								1020		4.673						0.4673

																								1040		5.057						0.5057

																								1060		5.057						0.5057

																								1080		5.554						0.5554

																								1100		6.15						0.615

																								1120		6.439						0.6439

																								1140		7.189						0.7189

																								1160		5.575						0.5575

																								1180		6.079						0.6079

																								1200		6.644						0.6644

																								1220		6.842						0.6842

																								1240		6.842						0.6842

																								1260		6.842						0.6842

																								1280		6.202						0.6202

																								1300		6.202						0.6202

		10 ppm 1 cm

		Time		0.5 mL/min		0.75 mL/min		1.0 mL/min		0.75 mL/min
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		740		0.261
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		780		0.4458

		800		0.4957

		820		0.6215
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		860		0.7279
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1 cm

				Bed Depth : 1 cm

				Flow rate : 10 ml/20 min				resin		0.45 g

				AS Conc. : 25 ppm				0.25

				Bil.		Sorption (ppm)		C		C/Co		mg abs

				1		0		0		0		0.25

				2		0		0		0		0.25

				3		0		0		0		0.25

				4		0		0		0		0.25

				5		0		0		0		0.25

				6		0		0		0		0.25

				7		0		0		0		0.25

				8		0		0		0		0.25

				9		0.6165		0.6165		0.02466		0.243835

				10		2.97		2.97		0.1188		0.2203

				11		8.298		8.298		0.33192		0.16702		0.69092

				12		11.99		11.99		0.4796		0.1301

				13		17.97		17.97		0.7188		0.0703

				14		21.95		21.95		0.878		0.0305

				15		23.72		23.72		0.9488		0.0128

				16		24.11		24.11		0.9644		0.0089

				17		24.27		24.27		0.9708		0.0073

		18-2		18		14.57		14.57		0.5828		0.1043

				19		19.65		19.65		0.786		0.0535

				20		21.16		21.16		0.8464		0.0384

				21		23.45		23.45		0.938		0.0155

				22		25.52		25		1		0

				23		26.53		25		1		0

				24		26.93		25		1		0

		25-3		25		20.14		20.14		0.8056		0.0486

				26		24.63		24.63		0.9852		0.0037

				27		25.95		25		1		0

				28		26.79		25		1		0

				29		27.45		25		1		0

				30		26.87		25		1		0

				31		27.82		25		1		0

												3.155055		7.0112333333

								0.5				resin .45g

				No		Vol ml		time min		hr		Capcity mg		Cap mg/g

		0.0001		10		100		200		3.3333333333		2.5		5.5555555556

		90%		14		140		280		4.6666666667		3.5		7.7777777778

		h cm		1		1		1.5		2

		Qw L/hr		0.5		0.03		0.03		0.03

		VE		140		0.14		0.19		0.24

		VB =V		100		0.1		0.14		0.18

		VS		40		0.04		0.05		0.06

		SZ mg		0.69092		0.69092		0.6155		0.5495

		Smax mg		3.155055		3.155055		4.4917		5.285

		F				0.2189882585		0.137030523		0.1039735099

		tz = Vs/Qw				1.3333333333		1.6666666667		2

		F=Sz/Smax				0.2189882585		0.137030523		0.1039735099

		tf=(1-F)tz				1.0413489886		1.4382824617		1.7920529801

		tE=VE/Qw				4.6666666667		6.3333333333		8

		hz=h*tz/(tE-tf)				0.3677838611		0.5107199221		0.6443353958		0.5076130597

		% saturation h				71.2756486157		70.6176197255		71.1329208449		71.0087297287

		Bed deph		Brk tru time h		Exhaus		Vol at bk tru		Vol at exh		Ad Cap mg/g

		1		3.33		4.67		100		140		7.01

		1.5		4.67		6.33		140		190		6.65

		2		6.33		7.67		180		240		6.29

		slop		3.4		hr/cm

		Co		1		mg/L

		V		153		L		13.44

		No		520.2				520.2		153

		8		3.45		5		5.52

		8		3.45		12		2.3														hr								ml

																						t1		t1.5		t2		t3		t1		t1.5		t2		t3

		a1=slop C1				a1		a2		C1		C2		CB		CF		b1		b2		1		1.5		2		3

		a2=slop C2		break tru		3		7.5		25		10		0.01		0.01		0.2767		0.6106804501		7.7767		11.5267		15.2767		23.1106804501		233.301		345.801		458.301		693.3204135017

		b1 intercep C1		exhaust		3		7.5		25		10		0.9		0.9		1.7233		3.0319386477		9.2233		14.2819386477		18.0319386477		25.5319386477		276.699		428.4581594302		540.9581594302		765.9581594302

		b2 intercep C2

		CB efl con C1																ml		ml/min		ml/hr		hr

		CF efl con C2																300		0.5		30		10

																						Bed depth		ST Bk Tru		ST exh

																						1		7.7767		9.5				1		7.7767		9.2233

																														1.5		11.5267		14.2819386477

																						2		15.2767		18.0319386477

																						3		23.1106804501		25.24				3		23.1106804501		25.5319386477

						233.301		458.301		693.3204135017		300.301		525.301		760.3204135017

						276.699		540.9581594302		765.9581594302		419.699		683.9581594302		908.9581594302

						420				BD		BT		EX		Bed depth (cm)		Break tru		exhaust

						143.301				1		300		420		1		10		14

										2		520		680		2		17.3333333333		22.6666666667

										3		760		890		3		25.3333333333		29.6666666667		29

												slop		ori FR		new FR		ratio		multip

								3.5		3.4		3.45		8		5		1.6		5.52

								3.5		3.4		3.45		8		12		0.6666666667		2.3
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1.5 cm

		

		Time		0.5 mL/min

		20		0

		40		0

		60		0

		80		0

		100		0

		120		0

		140		0

		160		0

		180		0

		200		0

		220		0

		240		0

		260		0

		280		0

		300		0

		320		0

		340		0

		360		0

		380		0

		400		0

		420		0

		440		0

		460		0

		480		0

		500		0

		520		0

		540		0

		560		0

		580		0

		600		0.005

		620		0.01

		640		0.0114

		660		0.0258

		680		0.0471

		700		0.0581

		720		0.1556

		740		0.261

		760		0.355

		780		0.4458

		800		0.4957

		820		0.6215

		840		0.683

		860		0.7279

		880		0.8

		900		0.85

		920		0.9

		940		0.95

		960		1

		980				0

		1000				0

		1020				0

		1040				0

		1060				0

		1080				0

		1100				0

		1120				0

		1140				0

		1160				0

		1180				0

		1200				0

		1220				0

		1240				0

		1260				0

		1280				0

		1300				0

		1320				0

		1340				0

		1360				0

		1380				0

		1400				0

		1420				0

		1440				0

		1460				0

		1480				0

		1500				0

		1520				0

		1540				0

		1560				0.0045						0.005		0.1

		1580				0.008						0.01		0.2

		1600				0.00798						0.0114		0.3

		1620				0.0129						0.0258		0.5

		1640				0.01884						0.0471		0.6

		1660				0.01743						0.0581		0.7

		1680				0.03112						0.1556		0.8

		1700				0.0261						0.261		0.9

		1720				0						0.355		1

		1740				-0.04458						0.4458		1.1

		1760				-0.09914						0.4957		1.2

		1780				-0.18645						0.6215		1.3

		1800				-0.2732						0.683		1.4

		1820				-0.36395						0.7279		1.5

		1840				-0.48		0				0.8		1.6

		1860				-0.595		0				0.85		1.7

		1880				-0.72		0				0.9		1.8

		1900				-0.855		0				0.95		1.9

		1920				-1		0				1		2

		1940						0

		1960						0

		1980						0

		2000						0

		2020						0

		2040						0

		2060						0

		2080						0

		2100						0

		2120						0

		2140						0

		2160						0

		2180						0

		2200						0

		2220						0

		2240						0

		2260						0

		2280						0

		2300						0

		2320						0

		2340						0

		2360						0

		2380						0

		2400						0

		2420						0.005

		2440						0.01

		2460						0.0114

		2480						0.0258

		2500						0.0471

		2520						0.0581

		2540						0.1556

		2560						0.261

		2580						0.355

		2600						0.4458

		2620						0.4957

		2640						0.6215

		2660						0.683

		2680						0.7279

		2700						0.8

		2720						0.85

		2740						0.9

		2760						0.95

		2780						1

		2800

		2820

		2840





Xo

		

		Time		0.5 mL/min		0.75 mL/min		1.0 mL/min				min		1.0 cm		1.5 cm		2.0 cm		0.5 mL/min-10 cm		0.75 mL/min		1.0 mL/min		0.5 mL/min-20 cm		0.5 mL/min-30 cm

		20		0								20		0		0		0		0

		40		0								40		0		0		0		0

		60		0								60		0		0		0		0

		80		0								80		0		0		0		0

		100		0								100		0		0		0		0

		120		0								120		0		0		0		0

		140		0								140		0		0		0		0

		160		0								160		0		0.0007428571		0		0

		180		0								180		0.02466		0.0024035714		0		0

		200		0								200		0.1188		0.0014714286		0		0

		220		0								220		0.33192		0.0014785714		0		0

		240		0								240		0.4796		0.0022821429		0		0

		260		0								260		0.7188		0.0019607143		0.0007428571		0

		280		0								280		0.878		0.0451785714		0.0024035714		0

		300		0								300		0.9488		0.2078214286		0.0014714286		0

		320		0								320		0.9644		0.3921428571		0.0014785714		0

		340		0								340		0.97		0.585		0.0022821429		0

		360		0								360		1		0.7828571429		0.0019607143		0

		380		0								380		1		0.9346428571		0.0451785714		0

		400		0								400		1		1		0.2078214286		0

		420		0								420		1		1		0.3921428571		0

		440		0								440		1		1		0.585		0

		460		0								460		1		1		0.7828571429		0

		480		0								480		1		1		0.9346428571		0

		500		0								500		1		1		1		0

		520		0								520		1		1		1		0

		540		0								540		1		1		1		0

		560		0								560		1		1		1		0

		580		0								580								0

		600		0.005								600								0.005

		620		0.01								620								0.01

		640		0.0114								640								0.0114

		660		0.0258								660								0.0258

		680		0.0471								680								0.0471

		700		0.0581								700								0.0581

		720		0.1556								720								0.1556

		740		0.261								740								0.261

		760		0.355								760								0.355

		780		0.4458								780								0.4458

		800		0.4957								800								0.4957

		820		0.6215								820								0.6215

		840		0.683								840								0.683

		860		0.7279								860								0.7279

		880		0.8								880								0.8

		900		0.85								900								0.85

		920		0.9								920								0.9

		940		0.95								940								0.95

		960		1								960								1

		13.3333333333				0						13.3333333333										0

		26.6666666667				0						26.6666666667										0

		40				0						40										0

		53.3333333333				0						53.3333333333										0

		66.6666666667				0						66.6666666667										0

		80				0						80										0

		93.3333333333				0						93.3333333333										0

		106.6666666667				0						106.6666666667										0

		120				0						120										0

		133.3333333333				0						133.3333333333										0

		146.6666666667				0						146.6666666667										0

		160				0						160										0

		173.3333333333				0						173.3333333333										0

		186.6666666667				0						186.6666666667										0

		200				0.0025						200										0.0025

		213.3333333333				0.005						213.3333333333										0.005

		226.6666666667				0.01						226.6666666667										0.01

		240				0.01536						240										0.01536

		253.3333333333				0.01877						253.3333333333										0.01877

		266.6666666667				0.01958						266.6666666667										0.01958

		280				0.02182						280										0.02182

		293.3333333333				0.02411						293.3333333333										0.02411

		306.6666666667				0.03416						306.6666666667										0.03416

		320				0.06538						320										0.06538

		333.3333333333				0.05071						333.3333333333										0.05071

		346.6666666667				0.06377						346.6666666667										0.06377

		360				0.07966						360										0.07966

		373.3333333333				0.09635						373.3333333333										0.09635

		386.6666666667				0.1234						386.6666666667										0.1234

		400				0.1491						400										0.1491

		413.3333333333				0.1816						413.3333333333										0.1816

		426.6666666667				0.2575						426.6666666667										0.2575

		440				0.3738						440										0.3738

		453.3333333333				0.4772						453.3333333333										0.4772

		466.6666666667				0.5923						466.6666666667										0.5923

		480				0.7428						480										0.7428

		493.3333333333				0.839						493.3333333333										0.839

		506.6666666667				0.9089						506.6666666667										0.9089

		520				0.9413						520										0.9413

		533.3333333333				0.9632						533.3333333333										0.9632

		546.6666666667				0.9974						546.6666666667										0.9974

		560				1						560										1

		10						0				10												0

		20						0				20												0

		30						0				30												0

		40						0				40												0

		50						0				50												0

		60						0				60												0

		70						0				70												0

		80						0				80												0

		90						0				90												0

		100						0				100												0

		110						0.0025				110												0.0025

		120						0.005				120												0.005

		130						0.01				130												0.01

		140						0.015				140												0.015

		150						0.02				150												0.02

		160						0.0231				160												0.0231

		170						0.02928				170												0.02928

		180						0.03208				180												0.03208

		190						0.03958				190												0.03958

		200						0.04296				200												0.04296

		210						0.07558				210												0.07558

		220						0.12				220												0.12

		230						0.1444				230												0.1444

		240						0.1706				240												0.1706

		250						0.2415				250												0.2415

		260						0.2504				260												0.2504

		270						0.3188				270												0.3188

		280						0.434				280												0.434

		290						0.5158				290												0.5158

		300						0.5768				300												0.5768

		310						0.7029				310												0.7029

		320						0.7905				320												0.7905

		330						0.8377				330												0.8377

		340						0.9				340												0.9

		350						1				350												1





Xo

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0
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		0		0		0		0		0		0

		0		0		0		0		0		0
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		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0



1.0 cm

1.5 cm

2.0 cm

0.5 mL/min-10 cm

0.75 mL/min
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hz-Bhakat

		25 ppm

		0.5 ml/min						Resin g		0.45		0.675		0.9

		Time		C/Co		C/Co		C/Co		amount absorbed

		min		1.0 cm		1.5 cm		2.0 cm		1.0cm		1.5 cm		2.0cm		min

		20		0		0		0		0.25		0.25		0.25		20		10		0.3333333333

		40		0		0		0		0.25		0.25		0.25		40		20		0.6666666667

		60		0		0		0		0.25		0.25		0.25		60		30		1

		80		0		0		0		0.25		0.25		0.25		80		40		1.3333333333

		100		0		0		0		0.25		0.25		0.25		100		50		1.6666666667

		120		0		0		0		0.25		0.25		0.25		120		60		2

		140		0		0		0		0.25		0.25		0.25		140		70		2.3333333333

		160		0		0.0007428571		0		0.25		0.2498142857		0.25		160		80		2.6666666667

		180		0.02466		0.0024035714		0		0.243835		0.2493991071		0.25		180		90		3

		200		0.1188		0.0014714286		0		0.2203		0.2496321429		0.25		200		100		3.3333333333

		220		0.33192		0.0014785714		0		0.16702		0.2496303571		0.25		220		110		3.6666666667

		240		0.4796		0.0022821429		0		0.1301		0.2494294643		0.25		240		120		4

		260		0.7188		0.0019607143		0.0007428571		0.0703		0.2495098214		0.2498142857		260		130		4.3333333333

		280		0.878		0.0451785714		0.0024035714		0.0305		0.2387053571		0.2493991071		280		140		4.6666666667

		300		0.9488		0.2078214286		0.0014714286		0.0128		0.1980446429		0.2496321429		300		150		5

		320		0.9644		0.3921428571		0.0014785714		0.0089		0.1519642857		0.2496303571		320		160		5.3333333333

		340		0.97		0.585		0.0022821429		0.0075		0.10375		0.2494294643		340		170		5.6666666667

		360		1		0.7828571429		0.0019607143		0		0.0542857143		0.2495098214		360		180		6

		380		1		0.9346428571		0.0451785714		0		0.0163392857		0.2387053571		380		190		6.3333333333

		400		1		1		0.2078214286		0		0		0.1980446429		400		200		6.6666666667

		420		1		1		0.3921428571		0		0		0.1519642857		420		210		7

		440		1		1		0.585		0		0		0.10375		440		220		7.3333333333

		460		1		1		0.7828571429		0		0		0.0542857143		460		230		7.6666666667

		480		1		1		0.9346428571		0		0		0.0163392857		480		240		8

		500		1		1		1		0		0		0		500		250		8.3333333333

		520		1		1		1		0		0		0		520		260		8.6666666667

		540		1		1		1		0		0		0		540		270		9

		560		1		1		1		0		0		0		560		280		9.3333333333

								Total		2.891255		4.0105044643		5.2605044643

								Resin g		0.45		0.675		0.9

								Capa mg/g		6.43		5.94		5.85		mgg

										22

										0.2920459596

						Time				Vol

						Breaktrough		Exhaust		Braak tru		Exhaust		Column capacity

						180		360		90		180		6.43						0.002

						280		400		140		200		5.94

						340		500		170		250		5.85
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		As 25 ppm								mg		0.45		0.225		0.675		0.9

		Bed depth = 1.5 cm								0.28				volume																0.5		0.002

		Flow rate = 10 ml/ 20 min								mg/L				25		28		25		1		1.5		2.0 cm

								con initial (ppm)		28										mg		mg		Co				mg

		No		Vol mL		ppm		mg				C/Co 1.5 cm		C/Co 1.0 cm		C/Co 1.5 cm		C/Co 2.0 cm

		1		10		0		0		0.28		0		0		0		0				0.28		0				0.25

		2		20		0		0		0.28		0		0		0		0				0.28		0				0.25

		3		30		0		0		0.28		0		0		0		0				0.28		0				0.25

		4		40		0		0		0.28		0		0		0		0				0.28		0				0.25

		5		50		0		0		0.28		0		0		0		0				0.28		0				0.25

		6		60		0		0		0.28		0		0		0		0				0.28		0				0.25

		7		70		0		0		0.28		0		0		0		0				0.28		0				0.25

		8		80		0.0208		0.000208		0.279792		0.0007		0		0.0007428571		0				0.2792571429		0				0.25

		9		90		0.0673		0.000673		0.279327		0.0024		0.02466		0.0024035714		0				0.2775964286		0				0.25

		10		100		0.0412		0.000412		0.279588		0.0015		0.1188		0.0014714286		0				0.2785285714		0				0.25

		11		110		0.0414		0.000414		0.279586		0.0015		0.33192		0.0014785714		0				0.2785214286		0				0.25

		12		120		0.0639		0.000639		0.279361		0.0023		0.4796		0.0022821429		0				0.2777178571		0				0.25

		13		130		0.0549		0.000549		0.279451		0.0020		0.7188		0.0019607143		0.0007428571				0.2780392857		0.0185714286				0.2498142857

		14		140		1.265		0.01265		0.26735		0.0452		0.878		0.0451785714		0.0024035714				0.2348214286		0.0600892857				0.2493991071

		15		150		5.819		0.05819		0.22181		0.2078		0.9488		0.2078214286		0.0014714286				0.0721785714		0.0367857143				0.2496321429

		16		160		10.98		0.1098		0.1702		0.3921		0.9644		0.3921428571		0.0014785714				-0.1121428571		0.0369642857				0.2496303571

		17		170		16.38		0.1638		0.1162		0.5850		1		0.585		0.0022821429				-0.305		0.0570535714				0.2494294643

		18		180		21.92		0.2192		0.0608		0.7829		1		0.7828571429		0.0019607143				-0.5028571429		0.0490178571				0.2495098214

		19		190		26.17		0.2617		0.0183		0.9346		1		0.9346428571		0.0451785714				-0.6546428571		1.1294642857				0.2387053571

		20		200		28		0.28		0		1		1		1		0.2078214286				-0.72		5.1955357143				0.1980446429

		21		210		28		0.28		0		1		1		1		0.3921428571				-0.72		9.8035714286				0.1519642857

		22		220		28		0.28		0		1		1		1		0.585				-0.72		14.625				0.10375

		23		230		28		0.28		0		1		1		1		0.7828571429				-0.72		19.5714285714				0.0542857143

		24		240		28		0.28		0		1		1		1		0.9346428571				-0.72		23.3660714286				0.0163392857

		25		250		28		0.28		0		1		1		1		1				-0.72		25				0

		26		260		28		0.28		0		1		1		1		1				-0.72		25				0

		27		270		26.29		0.2629		0.0171		0.9389		1		1		1				-0.72		25				0

		28		280		26.89		0.2689		0.0111		0.9604		1		1		1				-0.72		25				0

		29		290		28		0.28		0		1		1		1		1				-0.72		25				0

		30		300		28		0.28		0		1		1		1		1				-0.72		25				0

		31		310		28		0.28		0		1		1		1		1				-0.72		25				0

		32		320		28		0.28		0		1				1		1				-0.72		25				0

		33		330		28		0.28		0		1				1		1				-0.72		25				0

		34		340		28		0.28		0		1				1		1				-0.72		25				0

		35		350		28		0.28		0		1				1		1				-0.72		25				0

										4.491765		6.6544666667						1						25				0

										0.61551		0.9118666667						1						25				0

										28 ppm				0.9				1						25				0

										time min		time hr		amount				1						25				0

						Vol 0.0001		140		280		4.6666666667						1						25				0

						Vol 90%		190		380		6.3333333333																5.2605044643

																												0.5243839286

						25		0.01		0.0004		0.04		%

						25		22.5		0.9		90		%

										1

				0.04%		90%

		Bed deph		Brk tru time h		Exhaus		Vol at bk tru		Vol at exh		Ad Cap mg/g

		1		3.33		4.67		100		140		7.01

		1.5		4.67		6.33		140		190		6.65

		2		6.33		7.67		180		240		6.29				resin

														mg

												26880		26.88

				ml		hr		ml		hr

				0.5		0.0166666667		190		6.3333333333

				0.5		0.0166666667		230		7.6666666667

																				bk tr		sat								new FR										new con				90%						t hr

				t=3x + 0.2767				90 saturation												a1		a1		slop a1		b1		ori FR		new FR		ratio		multip		t hr		C1		C2		CB		CF		a2		b2

																		brek tru		3.5		3.4		3.45		-6		8		5		1.6		5.52		49.2		1		2		0.01		0.01		1.725		-3.455821609		13.794178391

				t=3x + 1.7233				.04 % satu										exhaust		3.5		3.4		3.45		21.333		8		5		1.6		5.52		76.533		1		2		0.9		1.8		1.725		10.6665		27.9165

																		brek tru		3.5		3.4		3.45		-6		8		12		0.6666666667		2.3		17

																		exhaust		3.5		3.4		3.45		21.333		8		12		0.6666666667		2.3		44.333																FR ml/hr		vol ml				t hr

																				3		3		3		0.2767		0.5										25		10		0.01		0.01		7.5		0.6106804501		8.1106804501		30		243.3204135017		250		8.3333333333

																				3		3		3		1.7322		0.5										25		10		22.5		9		7.5		4.3305		11.8305		30		354.915		350		11.6666666667

																				3		3		3		0.2767												25		10		0.01		0.01		7.5		0.6106804501		15.6106804501		30		468.3204135017		480		16

																				3		3		3		1.7322												25		10		22.5		9		7.5		4.3305		19.3305		30		579.915		580		19.3333333333

																				3		3		3		0.2767												25		10		0.01		0.01		7.5		0.6106804501		23.1106804501		30		693.3204135017		690		23

																				3		3		3		1.7322												25		10		22.5		9		7.5		4.3305		26.8305		30		804.915		800		26.6666666667

																				7.335		7.5		7.4175		1.1067												10		50		0.01		0.01		1.4835		0.2729431302		4.7234431302		30		141.7032939049

																				7.335		7.5		7.4175		4.2233												10		50		9		45		1.4835		0.84466		5.29516		30		158.8548

																				7.335		7.5		7.4175		1.1067												10		25		0.01		0.01		2.967		0.501447017		9.402447017		30		282.073410509

																				7.335		7.5		7.4175		4.2233												10		25		9		22.5		2.967		1.68932		10.59032		30		317.7096

																																						Bed Depth		bk tr		exh

																																						1		8.1106804501		11.8305

																																						2		15.6106804501		19.3305

																																						3		23.1106804501		26.8305

																																						Bed Depth		Bk tru		exh

																																						1		8.33		11.67

																																						2		16		19.33

																																						3		23		26.67
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Bk tru

exh

0

0

0

0

0
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		BD		V bt		Vex				bt		ex		a1		b1

		1		80		140		60		2.6666666667		4.6666666667		4		-1.4444

		1.5		130		190		60		4.3333333333		6.3333333333		4.3333		0.1667

		2		200		270		70		6.6666666667		9

						a		b		V		Vex		Co		CB		No		K		Xo

		slop				3.4		-6		13.44		26.88		1		0.01		45.696		0.7658533084		1.7647058824

		No=a*CoXV				3.4		-6		13.44		26.88		1		0.01		45.696		0.7658533084		1.7647058824

						4		-1.4444		0.08		0.14		25		0.01		8		0.2166614769		0.3611		cm





						bed deph						FR 0.5 ml/min?

						C/Co				C/Co		mg						mg adsorbed

		Vol mL				1.0 cm		1.5 cm		2.0 cm		1.0 cm		1.5 cm		2.0 cm		1.0 cm		1.5 cm		2.0 cm

		10				0		0		0		0		0		0		0.25		0.25		0.25

		20				0		0		0		0		0		0		0.25		0.25		0.25

		30				0		0		0		0		0		0		0.25		0.25		0.25

		40				0		0		0		0		0		0		0.25		0.25		0.25

		50				0		0		0		0		0		0		0.25		0.25		0.25

		60				0		0		0		0		0		0		0.25		0.25		0.25

		70				0		0		0		0		0		0		0.25		0.25		0.25

		80				0		0.0007428571		0		0		0.0185714286		0		0.25		0.2498142857		0.25

		90				0.02466		0.0024035714		0		0.6165		0.0600892857		0		0.243835		0.2493991071		0.25

		100				0.1188		0.0014714286		0		2.97		0.0367857143		0		0.2203		0.2496321429		0.25

		110				0.33192		0.0014785714		0		8.298		0.0369642857		0		0.16702		0.2496303571		0.25

		120				0.4796		0.0022821429		0		11.99		0.0570535714		0		0.1301		0.2494294643		0.25

		130				0.7188		0.0019607143		0		17.97		0.0490178571		0		0.0703		0.2495098214		0.25

		140				0.878		0.0451785714		0		21.95		1.1294642857		0		0.0305		0.2387053571		0.25

		150				0.9488		0.2078214286		0		23.72		5.1955357143		0		0.0128		0.1980446429		0.25

		160				0.9644		0.3921428571		0		24.11		9.8035714286		0		0.0089		0.1519642857		0.25

		170				0.9708		0.585		0		24.27		14.625		0		0.0073		0.10375		0.25

		180				0.5828		0.7828571429		0		14.57		19.5714285714		0		0.1043		0.0542857143		0.25

		190				0.786		0.9346428571		0.003272		19.65		23.3660714286		0.0818		0.0535		0.0163392857		0.249182

		200				0.8464		1		0.021036		21.16		25		0.5259		0.0384		0		0.244741

		210				0.938		1		0.05248		23.45		25		1.312		0.0155		0		0.23688

		220				1		1		0.13424		25		25		3.356		0		0		0.21644

		230				1		1		0.19304		25		25		4.826		0		0		0.20174

		240				1		1		0.247		25		25		6.175		0		0		0.18825

		250				0.8056		1		0.29984		20.14		25		7.496		0.0486		0		0.17504

		260				0.9852		1		0.37896		24.63		25		9.474		0.0037		0		0.15526

		270				1		0.9389285714		0.4804		25		23.4732142857		12.01		0		0.0152678571		0.1299

		280				1		0.9603571429		0.29504		25		24.0089285714		7.376		0		0.0099107143		0.17624

		290				1		1		0.4284		25		25		10.71		0		0		0.1429

		300				1		1		0.6276		25		25		15.69		0		0		0.0931

		310				1		1		0.8948		25		25		22.37		0		0		0.0263

		320				1		1		1		25		25		25		0		0		0

		330				1		1		1		25		25		25		0		0		0

		340				1		1		1		25		25		25		0		0		0

		350				1		1		1		25		25		25		0		0		0

																		1.112055		1.0125991071		1.548251

																		3.155055		4.0356830357		6.735973		mg As(V)

																Capacity		7.0112333333		6.2087431319		6.0920439541		mg/g

														BD		bt		ex				bt		ex		a1		b1		resin bed vol		bed vol		Capacity

														1		80		140		60		2.6666666667		4.6666666667		4		-1.4444		3.1428571429		25.5		7.0112333333

														1.5		130		190		60		4.3333333333		6.3333333333		4.3333		0.1667		4.7142857143		27.6		6.2087431319

														2		200		270		70		6.6666666667		9						6.2857142857		31.8		6.0920439541

														475.8530357143		1057.4511904762

										0.5				resin .45g

						No		Vol ml		time min		hr		Capcity mg		Cap mg/g

		0.0001				10		100		200		3.3333333333		2.5		5.5555555556

		90%				14		140		280		4.6666666667		3.5		7.7777777778

		h cm				1		1		1.5		2

		Qw L/hr				0.5		0.03		0.03		0.03												bk tr		sat								new FR												new con				90%						t hr		FR ml/hr		vol ml				t hr

		VE vol exhaust				140		0.14		0.19		0.27												a1		a1		slop a1 (Av)		b1		ori FR		new FR		ratio		multip		t hr		vol		C1 = Co		C2		CB		CF		a2		b2												V		Vex		No		K		xo		xo

		VB =V				100		0.08		0.13		0.2										brek tru		3.5		3.4		3.45		-6		8		5		1.6		5.52		49.2				1		2		0.01		0.01		1.725		-3.455821609		13.794178391										13.44		26.88		46.368		-0.7658533084		-1.7391304348		0.155028092

		VS vol between				40		0.06		0.06		0.07										exhaust		3.5		3.4		3.45		21.333		8		5		1.6		5.52		76.533				1		2		0.9		1.8		1.725		10.6665		27.9165

		SZ mg				0.5259		1.1121		1.0125		1.0125										brek tru		3.5		3.4		3.45		-6		8		12		0.6666666667		2.3		17

		Smax mg				475.8530357143		1.5		1.5		1.75										exhaust		3.5		3.4		3.45		21.333		8		12		0.6666666667		2.3		44.333

		F						0.7414		0.675		0.5785714286										brek tru		4		4.3333		4.16665		-1.4444		0.5		0.75		0.6666666667		2.7777666667		1.3333666667		60.0015		25		10		0.01		0.01		10.416625		-3.1878093316		7.2288156684		30		216.864470051		250		8.3333333333

		tz = Vs/Qw						2		2		2.3333333333										exhaust		4		4.3333		4.16665		0.1667		0.5		0.75		0.6666666667		2.7777666667		2.9444666667		132.501		25		10		22.5		9		10.416625		0.41675		10.833375		30		325.00125		350		11.6666666667

		F=Sz/Smax						0.7414		0.675		0.5785714286										brek tru		4		4.3333		4.16665		-1.4444		0.5		1		0.5		2.083325		0.638925		38.3355		25		10		0.01		0.01		10.416625		-3.1878093316		7.2288156684		30		216.864470051		480		16

		tf=(1-F)tz						0.5172		0.65		0.9833333333										exhaust		4		4.3333		4.16665		0.1667		0.5		1		0.5		2.083325		2.250025		135.0015		25		10		22.5		9		10.416625		0.41675		10.833375		30		325.00125		580		19.3333333333

		tE=VE/Qw						4.6666666667		6.3333333333		9		hz cal		hz exp								4		4.3333		4.16665		-1.4444														25		10		0.01		0.01		10.416625		-3.1878093316		7.2288156684		30		216.864470051		690		23

		hz=h*tz/(tE-tf)						0.4819896533		0.5278592375		0.5821205821		0.530656491		0.55								4		4.3333		4.16665		0.1667														25		10		22.5		9		10.416625		0.41675		10.833375		30		325.00125		800		26.6666666667

		Uz =hz/tz						0.2409948266		0.2639296188		0.2494802495		0.2514682316										4		4.3333		4.16665		-1.4444														25		50		0.01		0.01		2.083325		-0.7862028168		1.2971221832		30		38.9136654963

		% satur						87.535747566		88.5630498534		87.7338877339		87.9442283844										4		4.3333		4.16665		0.1667														25		50		22.5		45		2.083325		0.08335		2.166675		30		65.00025

																								4		4.3333		4.16665		-1.4444														25		25		0.01		0.01		4.16665		-1.4444		2.72225		30		81.6675

		Bed deph				Brk tru time h		Exhaus		Vol at bk tru		Vol at exh		Ad Cap mg/g										4		4.3333		4.16665		0.1667														25		25		22.5		22.5		4.16665		0.1667		4.33335		30		130.0005

		1				3.33		4.67		100		140		7.01

		1.5				4.67		6.33		140		190		6.65																														Bed Depth		bk tr		exh

		2				6.33		7.67		180		240		6.29																														1		7.2288156684		10.833375

																																												2		7.2288156684		10.833375

				resin/g		0.45		0.65		1.1057								0.45		0.65		1.1057																						3		7.2288156684		10.833375

		25 ppm		fr 0.5 ml		bed deph						x25																				C/Co

						C/Co				C/Co		conc mg/l						adsorbed						conc		1cm		1cm		1cm		1cm		1cm		1cm		Vol		mg				Bed Depth		Bk tru		exh

		Vol mL		time min		1.0 cm		1.5 cm		2.0 cm		1.0 cm		1.5 cm		2.0 cm		1.0 cm		1.5 cm		2.0 cm		time		10 ppm		25 ppm		50 ppm		10 ppm		25 ppm		50 ppm		50 ppm		50 ppm				1		8.33		11.67

		10		20		0		0		0		0		0		0		0.25		0.25		0.25		20		0.145		0		0		0.0145		0		0				0.5				2		16		19.33

		20		40		0		0		0		0		0		0		0.25		0.25		0.25		40		0.124		0		0		0.0124		0		0				0.5				3		23		26.67

		30		60		0		0		0		0		0		0		0.25		0.25		0.25		60		0.11		0		0		0.011		0		0				0.5

		40		80		0		0		0		0		0		0		0.25		0.25		0.25		80		0.1		0		0		0.01		0		0				0.5

		50		100		0		0		0		0		0		0		0.25		0.25		0.25		100		0.104		0		0		0.0104		0		0				0.5				capacity

		60		120		0		0		0		0		0		0		0.25		0.25		0.25		120		0.102		0		7.783		0.0102		0		0.15566		60		0.42217		2.92217		6.4937111111

		70		140		0		0		0		0		0		0		0.25		0.25		0.25		140		0.1		0		22.34		0.01		0		0.4468				0.2766

		80		160		0		0.0007428571		0		0		0.0185714286		0		0.25		0.2498142857		0.25		160		0.112		0		25		0.0112		0		0.5				0.25

		90		180		0.02466		0.0024035714		0		0.6165		0.0600892857		0		0.243835		0.2493991071		0.25		180		0.097		0.6165		35.72		0.0097		0.02466		0.7144				0.1428

		100		200		0.1188		0.0014714286		0		2.97		0.0367857143		0		0.2203		0.2496321429		0.25		200		0.088		2.97		41.71		0.0088		0.1188		0.8342				0.0829

		110		220		0.33192		0.0014785714		0		8.298		0.0369642857		0		0.16702		0.2496303571		0.25		220		0.092		8.298		50.42		0.0092		0.33192		1.0084		110		-0.0042		3.67027		8.1561555556

		120		240		0.4796		0.0022821429		0		11.99		0.0570535714		0		0.1301		0.2494294643		0.25		240		0.097		11.99		48.05		0.0097		0.4796		0.961										vol

		130		260		0.6		0.0019607143		0		15		0.0490178571		0		0.1		0.2495098214		0.25		260		0.084		15		54.94		0.0084		0.6		1.0988						bt		ex		bt		ex

		140		280		0.7		0.0451785714		0		17.5		1.1294642857		0		0.075		0.2387053571		0.25		280		0.089		17.5		55.25		0.0089		0.7		1.105				25

		150		300		0.8		0.2078214286		0		20		5.1955357143		0		0.05		0.1980446429		0.25		300		0.096		20		55.52		0.0096		0.8		1.1104				50		100		200		50		100

		160		320		0.85		0.3921428571		0.003272		21.25		9.8035714286		0.0818		0.0375		0.1519642857		0.249182		320		0.134		21.25		55.21		0.0134		0.85		1.1042								bed 1 cm

		170		340		0.89		0.55		0.021036		22.25		13.75		0.5259		0.0275		0.1125		0.244741		340		0.12		22.25		55.54		0.012		0.89		1.1108						a1		b1		a2		b2		time

		180		360		0.95		0.66		0.05248		23.75		16.5		1.312		0.0125		0.085		0.23688		360		0.102		23.75		55.64		0.0102		0.95		1.1128				bt		200		-26.667		100		-3.6561962898		96.3438037102		3.6561962898

		190		380		0.99		0.7828571429		0.13424		24.75		19.5714285714		0.0818		0.0025		0.0542857143		0.249182		380		0.11		24.75		55.62		0.011		0.99		1.1124				ex		200		153.33		100		80.56962312		180.56962312		9.71518844

		200		400		0.99		0.86		0.19304		24.75		21.5		0.5259		0.0025		0.035		0.244741		400		0.11		24.75		55		0.011		0.99		1.1

		210		420		1		0.88		0.247		25		22		1.312		0		0.03		0.23688		420		0.126		25		55.17		0.0126		1		1.1034				1cm flowrate

		220		440		1		0.93		0.29984		25		23.25		3.356		0		0.0175		0.21644		440		0.126		25		56.12		0.0126		1		1.1224				25 ppm		1 cm

		230		460		1		0.99		0.37896		25		24.75		4.826		0		0.0025		0.20174		460		0.109		25		55.75		0.0109		1		1.115						a1		b1		a2		b2		t

		240		480		1		1		0.4804		25		25		6.175		0		0		0.18825		480		0.148		25		55.83		0.0148		1		1.1166				bt		200		-26.667		100		-26.667		73.333		8.33375

		250		500		1		1		0.6		25		25		7.496		0		0		0.17504		500		0.092		25		49.22		0.0092		1		0.9844				ex		200		153.33		100		153.33		253.33		2.5653846154		pakai

		260		520		0.9852		1		0.67		24.63		25		9.474		0.0037		0		0.15526		520		0.104		24.63		53.65		0.0104		0.9852		1.073

		270		540		1		1		0.8		25		25		12.01		0		0		0.1299		540		0.109		25		56.81		0.0109		1		1.1362

		280		560		1		1		0.85		25		25		15		0		0		0.1		560		0.1		25		57.32		0.01		1		1.1464

		290		580		1		0.99		0.9		25		24.75		16.75		0		0.0025		0.0825		580		0.114		25		57.77		0.0114		1		1.1554

		300		600		1		0.99		0.94		25		24.75		20		0		0.0025		0.05		600		0.114		25		57.89		0.0114		1		1.1578

		310		620		1		1		0.96		25		25		21.25		0		0		0.0375		620		0.471		25		57.44		0.0471		1		1.1488

		320		640		1		1		0.99		25		25		24.75		0		0		0.0025		640		0.258		25		57.89		0.0258		1		1.1578

		330		660		1		1		1		25		25		25		0		0		0		660		0.581		25		57.62		0.0581		1		1.1524

		340		680		1		1		1		25		25		25		0		0		0		680		1.556		25		56.18		0.1556		1		1.1236

		350		700		1		1		1		25		25		25		0		0		0		700		2.61		25		56.66		0.261		1		1.1332

								1				0				Total		3.072455		4.1779151786		6.550736		720		3.55				56.98		0.355

								1				0				resin g		0.45		0.65		1.1057		740		4.458				57.54		0.4458

																Capacity		6.8276777778		6.4275618132		5.924514787		760		4.957						0.4957

																time		time		vol ml				780		6.215						0.6215

														Bed Depth		bt		ex		bt		ex		800		6.83						0.683

						0.002								1.0		180		360		90		180		820		6.833						0.6833

						22.5		0.9						1.5		260		440		130		220		840		3.373						0.3373

														2.0		380		560		190		280		860		4.724						0.4724

																		300		60				880		7.279						0.7279

																22.7.2009		420		20				900		3.185						0.3185

																		620		-60				920		3.576						0.3576

																								940		3.718						0.3718

																								960		4.195						0.4195

																								980		4.195						0.4195

																								1000		4.673						0.4673

																								1020		4.673						0.4673

																								1040		5.057						0.5057

																								1060		5.057						0.5057

																								1080		5.554						0.5554

																								1100		6.15						0.615

																								1120		6.439						0.6439

																								1140		7.189						0.7189

																								1160		5.575						0.5575

																								1180		6.079						0.6079

																								1200		6.644						0.6644

																								1220		6.842						0.6842

																								1240		6.842						0.6842

																								1260		6.842						0.6842

																								1280		6.202						0.6202

																								1300		6.202						0.6202

		10 ppm 1 cm		c/Co						C ppm						amount

		Time		0.5 mL/min		0.75 mL/min		1.0 mL/min		0.5 mL/min		0.75 mL/min		1.0 mL/min		0.5 mL/min		0.75 mL/min		1.0 mL/min

		20		0						0						0.1

		40		0						0						0.1

		60		0						0						0.1

		80		0						0						0.1

		100		0						0						0.1

		120		0						0						0.1

		140		0						0						0.1

		160		0						0						0.1

		180		0						0						0.1

		200		0						0						0.1

		220		0						0						0.1

		240		0						0						0.1

		260		0						0						0.1

		280		0						0						0.1

		300		0						0						0.1

		320		0						0						0.1

		340		0						0						0.1

		360		0						0						0.1

		380		0						0						0.1

		400		0						0						0.1

		420		0						0						0.1

		440		0						0						0.1

		460		0						0						0.1

		480		0						0						0.1

		500		0						0						0.1

		520		0						0						0.1

		540		0						0						0.1

		560		0						0						0.1										10ppm

		580		0						0						0.1								bed 1cm		min				ml

		600		0.005						0.05						0.0995								FR		bt		ex		bt		ex

		620		0.01						0.1						0.099								0.5		600		920		300		460

		640		0.0114						0.114						0.09886								0.75		200		500		100		250

		660		0.0258						0.258						0.09742								1		110		340		55		170

		680		0.0471						0.471						0.09529

		700		0.0581						0.581						0.09419

		720		0.1556						1.556						0.08444

		740		0.261						2.61						0.0739

		760		0.355						3.55						0.0645

		780		0.4458						4.458						0.05542

		800		0.4957						4.957						0.05043

		820		0.6215						6.215						0.03785

		840		0.683						6.83						0.0317

		860		0.7279						7.279						0.02721

		880		0.8						8						0.02

		900		0.85						8.5						0.015

		920		0.9						9						0.01

		940		0.95						9.5						0.005				cap

		960		1						10						0		3.95971		8.7993555556

		13.33				0						0						0.1

		26.67				0						0						0.1

		40.00				0						0						0.1

		53.33				0						0						0.1

		66.67				0						0						0.1

		80.00				0						0						0.1

		93.33				0						0						0.1

		106.67				0						0						0.1

		120.00				0						0						0.1

		133.33				0						0						0.1

		146.67				0						0						0.1

		160.00				0						0						0.1

		173.33				0						0						0.1

		186.67				0						0						0.1

		200.00				0.0025						0.025						0.09975

		213.33				0.005						0.05						0.0995

		226.67				0.01						0.1						0.099

		240.00				0.01536						0.1536						0.098464

		253.33				0.01877						0.1877						0.098123

		266.67				0.01958						0.1958						0.098042

		280.00				0.02182						0.2182						0.097818

		293.33				0.02411						0.2411						0.097589

		306.67				0.03416						0.3416						0.096584

		320.00				0.06538						0.6538						0.093462

		333.33				0.05071						0.5071						0.094929

		346.67				0.06377						0.6377						0.093623

		360.00				0.07966						0.7966						0.092034

		373.33				0.09635						0.9635						0.090365

		386.67				0.1234						1.234						0.08766

		400.00				0.1491						1.491						0.08509

		413.33				0.1816						1.816						0.08184

		426.67				0.2575						2.575						0.07425

		440.00				0.3738						3.738						0.06262

		453.33				0.4772						4.772						0.05228

		466.67				0.5923						5.923						0.04077

		480.00				0.7428						7.428						0.02572

		493.33				0.839						8.39						0.0161

		506.67				0.9089						9.089						0.00911

		520.00				0.9413						9.413						0.00587

		533.33				0.9632						9.632						0.00368

		546.67				0.9974						9.974						0.00026

		560.00				1						10						0		3.294533		7.3211844444

		10.00						0						0						0.1

		20.00						0						0						0.1

		30.00						0						0						0.1

		40.00						0						0						0.1

		50.00						0						0						0.1

		60.00						0						0						0.1

		70.00						0						0						0.1

		80.00						0						0						0.1

		90.00						0						0						0.1

		100.00						0						0						0.1

		110.00						0.0025						0.025						0.09975

		120.00						0.005						0.05						0.0995

		130.00						0.01						0.1						0.099

		140.00						0.015						0.15						0.0985

		150.00						0.02						0.2						0.098

		160.00						0.0231						0.231						0.09769

		170.00						0.02928						0.2928						0.097072

		180.00						0.03208						0.3208						0.096792

		190.00						0.03958						0.3958						0.096042

		200.00						0.04296						0.4296						0.095704

		210.00						0.07558						0.7558						0.092442

		220.00						0.12						1.2						0.088

		230.00						0.1444						1.444						0.08556

		240.00						0.1706						1.706						0.08294

		250.00						0.2415						2.415						0.07585

		260.00						0.2504						2.504						0.07496

		270.00						0.3188						3.188						0.06812

		280.00						0.434						4.34						0.0566

		290.00						0.5158						5.158						0.04842

		300.00						0.5768						5.768						0.04232

		310.00						0.7029						7.029						0.02971

		320.00						0.7905						7.905						0.02095

		330.00						0.8377						8.377						0.01623

		340.00						0.9						9						0.01

		350.00						1						10						0		2.770152		6.1558933333

						1cm						1 ml/min

		Vol mL		time min		0.5 ml/min		1.0 ml/min

		10		20		0		0

		20		40		0		0

		30		60		0		0

		40		80		0		0.02466

		50		100		0		0.0451785714

		60		120		0		0.2078214286

		70		140		0		0.3921428571

		80		160		0		0.55

		90		180		0.02466		0.66

		100		200		0.1188		0.7828571429

		110		220		0.33192		0.86

		120		240		0.4796		0.88

		130		260		0.6		0.9

		140		280		0.7		0.96

		150		300		0.8		1

		160		320		0.85		1

		170		340		0.89		1

		180		360		0.95		1

		190		380		0.99		1

		200		400		0.99		1

		210		420		1		0.9852

		220		440		1		1

		230		460		1		1

		240		480		1		1

		250		500		1		1

		260		520		0.9852		1

		270		540		1		1

		280		560		1		1

		290		580		1		1

		300		600		1		1

		310		620		1

		320		640		1

		330		660		1

		340		680		1

		350		700		1





		10		10		10

		20		20		20

		30		30		30

		40		40		40

		50		50		50

		60		60		60

		70		70		70

		80		80		80

		90		90		90

		100		100		100

		110		110		110

		120		120		120

		130		130		130

		140		140		140

		150		150		150

		160		160		160

		170		170		170

		180		180		180

		190		190		190

		200		200		200

		210		210		210

		220		220		220

		230		230		230

		240		240		240

		250		250		250

		260		260		260

		270		270		270

		280		280		280

		290		290		290

		300		300		300

		310		310		310

		320		320		320

		330		330		330

		340		340		340

		350		350		350



1.0 cm

1.5 cm

C/Co

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.0007428571

0

0.02466

0.0024035714

0

0.1188

0.0014714286

0

0.33192

0.0014785714

0

0.4796

0.0022821429

0

0.7188

0.0019607143

0

0.878

0.0451785714

0

0.9488

0.2078214286

0

0.9644

0.3921428571

0

0.9708

0.585

0

0.5828

0.7828571429

0

0.786

0.9346428571

0.003272

0.8464

1

0.021036

0.938

1

0.05248

1

1

0.13424

1

1

0.19304

1

1

0.247

0.8056

1

0.29984

0.9852

1

0.37896

1

0.9389285714

0.4804

1

0.9603571429

0.29504

1

1

0.4284

1

1

0.6276

1

1

0.8948

1

1

1

1

1

1

1

1

1

1

1

1



		1		1

		1.5		1.5

		2		2



bt

ex

2.6666666667

4.6666666667

4.3333333333

6.3333333333

6.6666666667

9



		10		10		10

		20		20		20

		30		30		30

		40		40		40

		50		50		50

		60		60		60

		70		70		70

		80		80		80

		90		90		90

		100		100		100
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breakthrough

exhaustion

Bed depth, cm

Sevice time, min

180

360

260

440

380

560



1 cm

				Bed Depth : 1 cm

				Flow rate : 10 ml/20 min				resin		0.45 g

				AS Conc. : 25 ppm				0.25

				Bil.		Sorption (ppm)		C		C/Co		mg abs

				1		0		0		0		0.25

				2		0		0		0		0.25

				3		0		0		0		0.25

				4		0		0		0		0.25

				5		0		0		0		0.25

				6		0		0		0		0.25

				7		0		0		0		0.25

				8		0		0		0		0.25

				9		0.6165		0.6165		0.02466		0.243835

				10		2.97		2.97		0.1188		0.2203

				11		8.298		8.298		0.33192		0.16702		0.69092

				12		11.99		11.99		0.4796		0.1301

				13		17.97		17.97		0.7188		0.0703

				14		21.95		21.95		0.878		0.0305

				15		23.72		23.72		0.9488		0.0128

				16		24.11		24.11		0.9644		0.0089

				17		24.27		24.27		0.9708		0.0073

		18-2		18		14.57		14.57		0.5828		0.1043

				19		19.65		19.65		0.786		0.0535

				20		21.16		21.16		0.8464		0.0384

				21		23.45		23.45		0.938		0.0155

				22		25.52		25		1		0

				23		26.53		25		1		0

				24		26.93		25		1		0

		25-3		25		20.14		20.14		0.8056		0.0486

				26		24.63		24.63		0.9852		0.0037

				27		25.95		25		1		0

				28		26.79		25		1		0

				29		27.45		25		1		0

				30		26.87		25		1		0

				31		27.82		25		1		0

												3.155055		7.0112333333

								0.5				resin .45g

				No		Vol ml		time min		hr		Capcity mg		Cap mg/g

		0.0001		10		100		200		3.3333333333		2.5		5.5555555556

		90%		14		140		280		4.6666666667		3.5		7.7777777778

		h cm		1		1		1.5		2

		Qw L/hr		0.5		0.03		0.03		0.03

		VE		140		0.14		0.19		0.24

		VB =V		100		0.1		0.14		0.18

		VS		40		0.04		0.05		0.06

		SZ mg		0.69092		0.69092		0.6155		0.5495

		Smax mg		3.155055		3.155055		4.4917		5.285

		F				0.2189882585		0.137030523		0.1039735099

		tz = Vs/Qw				1.3333333333		1.6666666667		2

		F=Sz/Smax				0.2189882585		0.137030523		0.1039735099

		tf=(1-F)tz				1.0413489886		1.4382824617		1.7920529801

		tE=VE/Qw				4.6666666667		6.3333333333		8

		hz=h*tz/(tE-tf)				0.3677838611		0.5107199221		0.6443353958		0.5076130597

		% saturation h				71.2756486157		70.6176197255		71.1329208449		71.0087297287

		Bed deph		Brk tru time h		Exhaus		Vol at bk tru		Vol at exh		Ad Cap mg/g

		1		3.33		4.67		100		140		7.01

		1.5		4.67		6.33		140		190		6.65

		2		6.33		7.67		180		240		6.29

		slop		3.4		hr/cm

		Co		1		mg/L

		V		153		L		13.44

		No		520.2				520.2		153

		8		3.45		5		5.52

		8		3.45		12		2.3														hr								ml

																						t1		t1.5		t2		t3		t1		t1.5		t2		t3

		a1=slop C1				a1		a2		C1		C2		CB		CF		b1		b2		1		1.5		2		3

		a2=slop C2		break tru		3		7.5		25		10		0.01		0.01		0.2767		0.6106804501		7.7767		11.5267		15.2767		23.1106804501		233.301		345.801		458.301		693.3204135017

		b1 intercep C1		exhaust		3		7.5		25		10		0.9		0.9		1.7233		3.0319386477		9.2233		14.2819386477		18.0319386477		25.5319386477		276.699		428.4581594302		540.9581594302		765.9581594302

		b2 intercep C2

		CB efl con C1																ml		ml/min		ml/hr		hr

		CF efl con C2																300		0.5		30		10

																						Bed depth		ST Bk Tru		ST exh

																						1		7.7767		9.5				1		7.7767		9.2233

																														1.5		11.5267		14.2819386477

																						2		15.2767		18.0319386477

																						3		23.1106804501		25.24				3		23.1106804501		25.5319386477

						233.301		458.301		693.3204135017		300.301		525.301		760.3204135017

						276.699		540.9581594302		765.9581594302		419.699		683.9581594302		908.9581594302

						420				BD		BT		EX		Bed depth (cm)		Break tru		exhaust

						143.301				1		300		420		1		10		14

										2		520		680		2		17.3333333333		22.6666666667

										3		760		890		3		25.3333333333		29.6666666667		29

												slop		ori FR		new FR		ratio		multip

								3.5		3.4		3.45		8		5		1.6		5.52

								3.5		3.4		3.45		8		12		0.6666666667		2.3
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		Time		0.5 mL/min

		20		0

		40		0

		60		0

		80		0

		100		0

		120		0

		140		0

		160		0

		180		0

		200		0

		220		0

		240		0

		260		0

		280		0

		300		0

		320		0

		340		0

		360		0

		380		0

		400		0

		420		0

		440		0

		460		0

		480		0

		500		0

		520		0

		540		0

		560		0

		580		0

		600		0.005

		620		0.01

		640		0.0114

		660		0.0258

		680		0.0471

		700		0.0581

		720		0.1556

		740		0.261

		760		0.355

		780		0.4458

		800		0.4957

		820		0.6215

		840		0.683

		860		0.7279

		880		0.8

		900		0.85

		920		0.9

		940		0.95

		960		1

		980				0

		1000				0

		1020				0

		1040				0

		1060				0

		1080				0

		1100				0

		1120				0

		1140				0

		1160				0

		1180				0

		1200				0

		1220				0

		1240				0

		1260				0

		1280				0

		1300				0

		1320				0

		1340				0

		1360				0

		1380				0

		1400				0

		1420				0

		1440				0

		1460				0

		1480				0

		1500				0

		1520				0

		1540				0

		1560				0.0045						0.005		0.1

		1580				0.008						0.01		0.2

		1600				0.00798						0.0114		0.3

		1620				0.0129						0.0258		0.5

		1640				0.01884						0.0471		0.6

		1660				0.01743						0.0581		0.7

		1680				0.03112						0.1556		0.8

		1700				0.0261						0.261		0.9

		1720				0						0.355		1

		1740				-0.04458						0.4458		1.1

		1760				-0.09914						0.4957		1.2

		1780				-0.18645						0.6215		1.3

		1800				-0.2732						0.683		1.4

		1820				-0.36395						0.7279		1.5

		1840				-0.48		0				0.8		1.6

		1860				-0.595		0				0.85		1.7

		1880				-0.72		0				0.9		1.8

		1900				-0.855		0				0.95		1.9

		1920				-1		0				1		2

		1940						0

		1960						0

		1980						0

		2000						0

		2020						0

		2040						0

		2060						0

		2080						0

		2100						0

		2120						0

		2140						0

		2160						0

		2180						0

		2200						0

		2220						0

		2240						0

		2260						0

		2280						0

		2300						0

		2320						0

		2340						0

		2360						0

		2380						0

		2400						0

		2420						0.005

		2440						0.01

		2460						0.0114

		2480						0.0258

		2500						0.0471

		2520						0.0581

		2540						0.1556

		2560						0.261

		2580						0.355

		2600						0.4458

		2620						0.4957

		2640						0.6215

		2660						0.683

		2680						0.7279

		2700						0.8

		2720						0.85

		2740						0.9

		2760						0.95

		2780						1

		2800

		2820

		2840





Xo

		

		Time		0.5 mL/min		0.75 mL/min		1.0 mL/min				min		1.0 cm		1.5 cm		2.0 cm		0.5 mL/min-10 cm		0.75 mL/min		1.0 mL/min		0.5 mL/min-20 cm		0.5 mL/min-30 cm

		20		0								20		0		0		0		0

		40		0								40		0		0		0		0

		60		0								60		0		0		0		0

		80		0								80		0		0		0		0

		100		0								100		0		0		0		0

		120		0								120		0		0		0		0

		140		0								140		0		0		0		0

		160		0								160		0		0.0007428571		0		0

		180		0								180		0.02466		0.0024035714		0		0

		200		0								200		0.1188		0.0014714286		0		0

		220		0								220		0.33192		0.0014785714		0		0

		240		0								240		0.4796		0.0022821429		0		0

		260		0								260		0.7188		0.0019607143		0.0007428571		0

		280		0								280		0.878		0.0451785714		0.0024035714		0

		300		0								300		0.9488		0.2078214286		0.0014714286		0

		320		0								320		0.9644		0.3921428571		0.0014785714		0

		340		0								340		0.97		0.585		0.0022821429		0

		360		0								360		1		0.7828571429		0.0019607143		0

		380		0								380		1		0.9346428571		0.0451785714		0

		400		0								400		1		1		0.2078214286		0

		420		0								420		1		1		0.3921428571		0

		440		0								440		1		1		0.585		0

		460		0								460		1		1		0.7828571429		0

		480		0								480		1		1		0.9346428571		0

		500		0								500		1		1		1		0

		520		0								520		1		1		1		0

		540		0								540		1		1		1		0

		560		0								560		1		1		1		0

		580		0								580								0

		600		0.005								600								0.005

		620		0.01								620								0.01

		640		0.0114								640								0.0114

		660		0.0258								660								0.0258

		680		0.0471								680								0.0471

		700		0.0581								700								0.0581

		720		0.1556								720								0.1556

		740		0.261								740								0.261

		760		0.355								760								0.355

		780		0.4458								780								0.4458

		800		0.4957								800								0.4957

		820		0.6215								820								0.6215

		840		0.683								840								0.683

		860		0.7279								860								0.7279

		880		0.8								880								0.8

		900		0.85								900								0.85

		920		0.9								920								0.9

		940		0.95								940								0.95

		960		1								960								1

		13.3333333333				0						13.3333333333										0

		26.6666666667				0						26.6666666667										0

		40				0						40										0

		53.3333333333				0						53.3333333333										0

		66.6666666667				0						66.6666666667										0

		80				0						80										0

		93.3333333333				0						93.3333333333										0

		106.6666666667				0						106.6666666667										0

		120				0						120										0

		133.3333333333				0						133.3333333333										0

		146.6666666667				0						146.6666666667										0

		160				0						160										0

		173.3333333333				0						173.3333333333										0

		186.6666666667				0						186.6666666667										0

		200				0.0025						200										0.0025

		213.3333333333				0.005						213.3333333333										0.005

		226.6666666667				0.01						226.6666666667										0.01

		240				0.01536						240										0.01536

		253.3333333333				0.01877						253.3333333333										0.01877

		266.6666666667				0.01958						266.6666666667										0.01958

		280				0.02182						280										0.02182

		293.3333333333				0.02411						293.3333333333										0.02411

		306.6666666667				0.03416						306.6666666667										0.03416

		320				0.06538						320										0.06538

		333.3333333333				0.05071						333.3333333333										0.05071

		346.6666666667				0.06377						346.6666666667										0.06377

		360				0.07966						360										0.07966

		373.3333333333				0.09635						373.3333333333										0.09635

		386.6666666667				0.1234						386.6666666667										0.1234

		400				0.1491						400										0.1491

		413.3333333333				0.1816						413.3333333333										0.1816

		426.6666666667				0.2575						426.6666666667										0.2575

		440				0.3738						440										0.3738

		453.3333333333				0.4772						453.3333333333										0.4772

		466.6666666667				0.5923						466.6666666667										0.5923

		480				0.7428						480										0.7428

		493.3333333333				0.839						493.3333333333										0.839

		506.6666666667				0.9089						506.6666666667										0.9089

		520				0.9413						520										0.9413

		533.3333333333				0.9632						533.3333333333										0.9632

		546.6666666667				0.9974						546.6666666667										0.9974

		560				1						560										1

		10						0				10												0

		20						0				20												0

		30						0				30												0

		40						0				40												0

		50						0				50												0

		60						0				60												0

		70						0				70												0

		80						0				80												0

		90						0				90												0

		100						0				100												0

		110						0.0025				110												0.0025

		120						0.005				120												0.005

		130						0.01				130												0.01

		140						0.015				140												0.015

		150						0.02				150												0.02

		160						0.0231				160												0.0231

		170						0.02928				170												0.02928

		180						0.03208				180												0.03208

		190						0.03958				190												0.03958

		200						0.04296				200												0.04296

		210						0.07558				210												0.07558

		220						0.12				220												0.12

		230						0.1444				230												0.1444

		240						0.1706				240												0.1706

		250						0.2415				250												0.2415

		260						0.2504				260												0.2504

		270						0.3188				270												0.3188

		280						0.434				280												0.434

		290						0.5158				290												0.5158

		300						0.5768				300												0.5768

		310						0.7029				310												0.7029

		320						0.7905				320												0.7905

		330						0.8377				330												0.8377

		340						0.9				340												0.9

		350						1				350												1





Xo

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0
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		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0
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hz-Bhakat

		25 ppm

		0.5 ml/min						Resin g		0.45		0.675		0.9

		Time		C/Co		C/Co		C/Co		amount absorbed

		min		1.0 cm		1.5 cm		2.0 cm		1.0cm		1.5 cm		2.0cm		min

		20		0		0		0		0.25		0.25		0.25		20		10		0.3333333333

		40		0		0		0		0.25		0.25		0.25		40		20		0.6666666667

		60		0		0		0		0.25		0.25		0.25		60		30		1

		80		0		0		0		0.25		0.25		0.25		80		40		1.3333333333

		100		0		0		0		0.25		0.25		0.25		100		50		1.6666666667

		120		0		0		0		0.25		0.25		0.25		120		60		2

		140		0		0		0		0.25		0.25		0.25		140		70		2.3333333333

		160		0		0.0007428571		0		0.25		0.2498142857		0.25		160		80		2.6666666667

		180		0.02466		0.0024035714		0		0.243835		0.2493991071		0.25		180		90		3

		200		0.1188		0.0014714286		0		0.2203		0.2496321429		0.25		200		100		3.3333333333

		220		0.33192		0.0014785714		0		0.16702		0.2496303571		0.25		220		110		3.6666666667

		240		0.4796		0.0022821429		0		0.1301		0.2494294643		0.25		240		120		4

		260		0.7188		0.0019607143		0.0007428571		0.0703		0.2495098214		0.2498142857		260		130		4.3333333333

		280		0.878		0.0451785714		0.0024035714		0.0305		0.2387053571		0.2493991071		280		140		4.6666666667

		300		0.9488		0.2078214286		0.0014714286		0.0128		0.1980446429		0.2496321429		300		150		5

		320		0.9644		0.3921428571		0.0014785714		0.0089		0.1519642857		0.2496303571		320		160		5.3333333333

		340		0.97		0.585		0.0022821429		0.0075		0.10375		0.2494294643		340		170		5.6666666667

		360		1		0.7828571429		0.0019607143		0		0.0542857143		0.2495098214		360		180		6

		380		1		0.9346428571		0.0451785714		0		0.0163392857		0.2387053571		380		190		6.3333333333

		400		1		1		0.2078214286		0		0		0.1980446429		400		200		6.6666666667

		420		1		1		0.3921428571		0		0		0.1519642857		420		210		7

		440		1		1		0.585		0		0		0.10375		440		220		7.3333333333

		460		1		1		0.7828571429		0		0		0.0542857143		460		230		7.6666666667

		480		1		1		0.9346428571		0		0		0.0163392857		480		240		8

		500		1		1		1		0		0		0		500		250		8.3333333333

		520		1		1		1		0		0		0		520		260		8.6666666667

		540		1		1		1		0		0		0		540		270		9

		560		1		1		1		0		0		0		560		280		9.3333333333

								Total		2.891255		4.0105044643		5.2605044643

								Resin g		0.45		0.675		0.9

								Capa mg/g		6.43		5.94		5.85		mgg

										22

										0.2920459596

						Time				Vol

						Breaktrough		Exhaust		Braak tru		Exhaust		Column capacity

						180		360		90		180		6.43						0.002

						280		400		140		200		5.94

						340		500		170		250		5.85





hz-Bhakat
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		0		0		0
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		0		0		0
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		As 25 ppm								mg		0.45		0.225		0.675		0.9

		Bed depth = 1.5 cm								0.28				volume																0.5		0.002

		Flow rate = 10 ml/ 20 min								mg/L				25		28		25		1		1.5		2.0 cm

								con initial (ppm)		28										mg		mg		Co				mg

		No		Vol mL		ppm		mg				C/Co 1.5 cm		C/Co 1.0 cm		C/Co 1.5 cm		C/Co 2.0 cm

		1		10		0		0		0.28		0		0		0		0				0.28		0				0.25

		2		20		0		0		0.28		0		0		0		0				0.28		0				0.25

		3		30		0		0		0.28		0		0		0		0				0.28		0				0.25

		4		40		0		0		0.28		0		0		0		0				0.28		0				0.25

		5		50		0		0		0.28		0		0		0		0				0.28		0				0.25

		6		60		0		0		0.28		0		0		0		0				0.28		0				0.25

		7		70		0		0		0.28		0		0		0		0				0.28		0				0.25

		8		80		0.0208		0.000208		0.279792		0.0007		0		0.0007428571		0				0.2792571429		0				0.25

		9		90		0.0673		0.000673		0.279327		0.0024		0.02466		0.0024035714		0				0.2775964286		0				0.25

		10		100		0.0412		0.000412		0.279588		0.0015		0.1188		0.0014714286		0				0.2785285714		0				0.25

		11		110		0.0414		0.000414		0.279586		0.0015		0.33192		0.0014785714		0				0.2785214286		0				0.25

		12		120		0.0639		0.000639		0.279361		0.0023		0.4796		0.0022821429		0				0.2777178571		0				0.25

		13		130		0.0549		0.000549		0.279451		0.0020		0.7188		0.0019607143		0.0007428571				0.2780392857		0.0185714286				0.2498142857

		14		140		1.265		0.01265		0.26735		0.0452		0.878		0.0451785714		0.0024035714				0.2348214286		0.0600892857				0.2493991071

		15		150		5.819		0.05819		0.22181		0.2078		0.9488		0.2078214286		0.0014714286				0.0721785714		0.0367857143				0.2496321429

		16		160		10.98		0.1098		0.1702		0.3921		0.9644		0.3921428571		0.0014785714				-0.1121428571		0.0369642857				0.2496303571

		17		170		16.38		0.1638		0.1162		0.5850		1		0.585		0.0022821429				-0.305		0.0570535714				0.2494294643

		18		180		21.92		0.2192		0.0608		0.7829		1		0.7828571429		0.0019607143				-0.5028571429		0.0490178571				0.2495098214

		19		190		26.17		0.2617		0.0183		0.9346		1		0.9346428571		0.0451785714				-0.6546428571		1.1294642857				0.2387053571

		20		200		28		0.28		0		1		1		1		0.2078214286				-0.72		5.1955357143				0.1980446429

		21		210		28		0.28		0		1		1		1		0.3921428571				-0.72		9.8035714286				0.1519642857

		22		220		28		0.28		0		1		1		1		0.585				-0.72		14.625				0.10375

		23		230		28		0.28		0		1		1		1		0.7828571429				-0.72		19.5714285714				0.0542857143

		24		240		28		0.28		0		1		1		1		0.9346428571				-0.72		23.3660714286				0.0163392857

		25		250		28		0.28		0		1		1		1		1				-0.72		25				0

		26		260		28		0.28		0		1		1		1		1				-0.72		25				0

		27		270		26.29		0.2629		0.0171		0.9389		1		1		1				-0.72		25				0

		28		280		26.89		0.2689		0.0111		0.9604		1		1		1				-0.72		25				0

		29		290		28		0.28		0		1		1		1		1				-0.72		25				0

		30		300		28		0.28		0		1		1		1		1				-0.72		25				0

		31		310		28		0.28		0		1		1		1		1				-0.72		25				0

		32		320		28		0.28		0		1				1		1				-0.72		25				0

		33		330		28		0.28		0		1				1		1				-0.72		25				0

		34		340		28		0.28		0		1				1		1				-0.72		25				0

		35		350		28		0.28		0		1				1		1				-0.72		25				0

										4.491765		6.6544666667						1						25				0

										0.61551		0.9118666667						1						25				0

										28 ppm				0.9				1						25				0

										time min		time hr		amount				1						25				0

						Vol 0.0001		140		280		4.6666666667						1						25				0

						Vol 90%		190		380		6.3333333333																5.2605044643

																												0.5243839286

						25		0.01		0.0004		0.04		%

						25		22.5		0.9		90		%

										1

				0.04%		90%

		Bed deph		Brk tru time h		Exhaus		Vol at bk tru		Vol at exh		Ad Cap mg/g

		1		3.33		4.67		100		140		7.01

		1.5		4.67		6.33		140		190		6.65

		2		6.33		7.67		180		240		6.29				resin

														mg

												26880		26.88

				ml		hr		ml		hr

				0.5		0.0166666667		190		6.3333333333

				0.5		0.0166666667		230		7.6666666667

																				bk tr		sat								new FR										new con				90%						t hr

				t=3x + 0.2767				90 saturation												a1		a1		slop a1		b1		ori FR		new FR		ratio		multip		t hr		C1		C2		CB		CF		a2		b2

																		brek tru		3.5		3.4		3.45		-6		8		5		1.6		5.52		49.2		1		2		0.01		0.01		1.725		-3.455821609		13.794178391

				t=3x + 1.7233				.04 % satu										exhaust		3.5		3.4		3.45		21.333		8		5		1.6		5.52		76.533		1		2		0.9		1.8		1.725		10.6665		27.9165

																		brek tru		3.5		3.4		3.45		-6		8		12		0.6666666667		2.3		17

																		exhaust		3.5		3.4		3.45		21.333		8		12		0.6666666667		2.3		44.333																FR ml/hr		vol ml				t hr

																				3		3		3		0.2767		0.5										25		10		0.01		0.01		7.5		0.6106804501		8.1106804501		30		243.3204135017		250		8.3333333333

																				3		3		3		1.7322		0.5										25		10		22.5		9		7.5		4.3305		11.8305		30		354.915		350		11.6666666667

																				3		3		3		0.2767												25		10		0.01		0.01		7.5		0.6106804501		15.6106804501		30		468.3204135017		480		16

																				3		3		3		1.7322												25		10		22.5		9		7.5		4.3305		19.3305		30		579.915		580		19.3333333333

																				3		3		3		0.2767												25		10		0.01		0.01		7.5		0.6106804501		23.1106804501		30		693.3204135017		690		23

																				3		3		3		1.7322												25		10		22.5		9		7.5		4.3305		26.8305		30		804.915		800		26.6666666667

																				7.335		7.5		7.4175		1.1067												10		50		0.01		0.01		1.4835		0.2729431302		4.7234431302		30		141.7032939049

																				7.335		7.5		7.4175		4.2233												10		50		9		45		1.4835		0.84466		5.29516		30		158.8548

																				7.335		7.5		7.4175		1.1067												10		25		0.01		0.01		2.967		0.501447017		9.402447017		30		282.073410509

																				7.335		7.5		7.4175		4.2233												10		25		9		22.5		2.967		1.68932		10.59032		30		317.7096

																																						Bed Depth		bk tr		exh

																																						1		8.1106804501		11.8305

																																						2		15.6106804501		19.3305

																																						3		23.1106804501		26.8305

																																						Bed Depth		Bk tru		exh

																																						1		8.33		11.67

																																						2		16		19.33

																																						3		23		26.67
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		BD		V bt		Vex				bt		ex		a1		b1

		1		80		140		60		2.6666666667		4.6666666667		4		-1.4444

		1.5		130		190		60		4.3333333333		6.3333333333		4.3333		0.1667

		2		200		270		70		6.6666666667		9

						a		b		V		Vex		Co		CB		No		K		Xo

		slop				3.4		-6		13.44		26.88		1		0.01		45.696		0.7658533084		1.7647058824

		No=a*CoXV				3.4		-6		13.44		26.88		1		0.01		45.696		0.7658533084		1.7647058824

						4		-1.4444		0.08		0.14		25		0.01		8		0.2166614769		0.3611		cm





						bed deph						FR 0.5 ml/min?

						C/Co				C/Co		mg						mg adsorbed

		Vol mL				1.0 cm		1.5 cm		2.0 cm		1.0 cm		1.5 cm		2.0 cm		1.0 cm		1.5 cm		2.0 cm

		10				0		0		0		0		0		0		0.25		0.25		0.25

		20				0		0		0		0		0		0		0.25		0.25		0.25

		30				0		0		0		0		0		0		0.25		0.25		0.25

		40				0		0		0		0		0		0		0.25		0.25		0.25

		50				0		0		0		0		0		0		0.25		0.25		0.25

		60				0		0		0		0		0		0		0.25		0.25		0.25

		70				0		0		0		0		0		0		0.25		0.25		0.25

		80				0		0.0007428571		0		0		0.0185714286		0		0.25		0.2498142857		0.25

		90				0.02466		0.0024035714		0		0.6165		0.0600892857		0		0.243835		0.2493991071		0.25

		100				0.1188		0.0014714286		0		2.97		0.0367857143		0		0.2203		0.2496321429		0.25

		110				0.33192		0.0014785714		0		8.298		0.0369642857		0		0.16702		0.2496303571		0.25

		120				0.4796		0.0022821429		0		11.99		0.0570535714		0		0.1301		0.2494294643		0.25

		130				0.7188		0.0019607143		0		17.97		0.0490178571		0		0.0703		0.2495098214		0.25

		140				0.878		0.0451785714		0		21.95		1.1294642857		0		0.0305		0.2387053571		0.25

		150				0.9488		0.2078214286		0		23.72		5.1955357143		0		0.0128		0.1980446429		0.25

		160				0.9644		0.3921428571		0		24.11		9.8035714286		0		0.0089		0.1519642857		0.25

		170				0.9708		0.585		0		24.27		14.625		0		0.0073		0.10375		0.25

		180				0.5828		0.7828571429		0		14.57		19.5714285714		0		0.1043		0.0542857143		0.25

		190				0.786		0.9346428571		0.003272		19.65		23.3660714286		0.0818		0.0535		0.0163392857		0.249182

		200				0.8464		1		0.021036		21.16		25		0.5259		0.0384		0		0.244741

		210				0.938		1		0.05248		23.45		25		1.312		0.0155		0		0.23688

		220				1		1		0.13424		25		25		3.356		0		0		0.21644

		230				1		1		0.19304		25		25		4.826		0		0		0.20174

		240				1		1		0.247		25		25		6.175		0		0		0.18825

		250				0.8056		1		0.29984		20.14		25		7.496		0.0486		0		0.17504

		260				0.9852		1		0.37896		24.63		25		9.474		0.0037		0		0.15526

		270				1		0.9389285714		0.4804		25		23.4732142857		12.01		0		0.0152678571		0.1299

		280				1		0.9603571429		0.29504		25		24.0089285714		7.376		0		0.0099107143		0.17624

		290				1		1		0.4284		25		25		10.71		0		0		0.1429

		300				1		1		0.6276		25		25		15.69		0		0		0.0931

		310				1		1		0.8948		25		25		22.37		0		0		0.0263

		320				1		1		1		25		25		25		0		0		0

		330				1		1		1		25		25		25		0		0		0

		340				1		1		1		25		25		25		0		0		0

		350				1		1		1		25		25		25		0		0		0

																		1.112055		1.0125991071		1.548251

																		3.155055		4.0356830357		6.735973		mg As(V)

																Capacity		7.0112333333		6.2087431319		6.0920439541		mg/g

														BD		bt		ex				bt		ex		a1		b1		resin bed vol		bed vol		Capacity

														1		80		140		60		2.6666666667		4.6666666667		4		-1.4444		3.1428571429		25.5		7.0112333333

														1.5		130		190		60		4.3333333333		6.3333333333		4.3333		0.1667		4.7142857143		27.6		6.2087431319

														2		200		270		70		6.6666666667		9						6.2857142857		31.8		6.0920439541

														475.8530357143		1057.4511904762

										0.5				resin .45g

						No		Vol ml		time min		hr		Capcity mg		Cap mg/g

		0.0001				10		100		200		3.3333333333		2.5		5.5555555556

		90%				14		140		280		4.6666666667		3.5		7.7777777778

		h cm				1		1		1.5		2

		Qw L/hr				0.5		0.03		0.03		0.03												bk tr		sat								new FR												new con				90%						t hr		FR ml/hr		vol ml				t hr

		VE vol exhaust				140		0.14		0.19		0.27												a1		a1		slop a1 (Av)		b1		ori FR		new FR		ratio		multip		t hr		vol		C1 = Co		C2		CB		CF		a2		b2												V		Vex		No		K		xo		xo

		VB =V				100		0.08		0.13		0.2										brek tru		3.5		3.4		3.45		-6		8		5		1.6		5.52		49.2				1		2		0.01		0.01		1.725		-3.455821609		13.794178391										13.44		26.88		46.368		-0.7658533084		-1.7391304348		0.155028092

		VS vol between				40		0.06		0.06		0.07										exhaust		3.5		3.4		3.45		21.333		8		5		1.6		5.52		76.533				1		2		0.9		1.8		1.725		10.6665		27.9165

		SZ mg				0.5259		1.1121		1.0125		1.0125										brek tru		3.5		3.4		3.45		-6		8		12		0.6666666667		2.3		17

		Smax mg				475.8530357143		1.5		1.5		1.75										exhaust		3.5		3.4		3.45		21.333		8		12		0.6666666667		2.3		44.333

		F						0.7414		0.675		0.5785714286										brek tru		4		4.3333		4.16665		-1.4444		0.5		0.75		0.6666666667		2.7777666667		1.3333666667		60.0015		25		10		0.01		0.01		10.416625		-3.1878093316		7.2288156684		30		216.864470051		250		8.3333333333

		tz = Vs/Qw						2		2		2.3333333333										exhaust		4		4.3333		4.16665		0.1667		0.5		0.75		0.6666666667		2.7777666667		2.9444666667		132.501		25		10		22.5		9		10.416625		0.41675		10.833375		30		325.00125		350		11.6666666667

		F=Sz/Smax						0.7414		0.675		0.5785714286										brek tru		4		4.3333		4.16665		-1.4444		0.5		1		0.5		2.083325		0.638925		38.3355		25		10		0.01		0.01		10.416625		-3.1878093316		7.2288156684		30		216.864470051		480		16

		tf=(1-F)tz						0.5172		0.65		0.9833333333										exhaust		4		4.3333		4.16665		0.1667		0.5		1		0.5		2.083325		2.250025		135.0015		25		10		22.5		9		10.416625		0.41675		10.833375		30		325.00125		580		19.3333333333

		tE=VE/Qw						4.6666666667		6.3333333333		9		hz cal		hz exp								4		4.3333		4.16665		-1.4444														25		10		0.01		0.01		10.416625		-3.1878093316		7.2288156684		30		216.864470051		690		23

		hz=h*tz/(tE-tf)						0.4819896533		0.5278592375		0.5821205821		0.530656491		0.55								4		4.3333		4.16665		0.1667														25		10		22.5		9		10.416625		0.41675		10.833375		30		325.00125		800		26.6666666667

		Uz =hz/tz						0.2409948266		0.2639296188		0.2494802495		0.2514682316										4		4.3333		4.16665		-1.4444														25		50		0.01		0.01		2.083325		-0.7862028168		1.2971221832		30		38.9136654963

		% satur						87.535747566		88.5630498534		87.7338877339		87.9442283844										4		4.3333		4.16665		0.1667														25		50		22.5		45		2.083325		0.08335		2.166675		30		65.00025

																								4		4.3333		4.16665		-1.4444														25		25		0.01		0.01		4.16665		-1.4444		2.72225		30		81.6675

		Bed deph				Brk tru time h		Exhaus		Vol at bk tru		Vol at exh		Ad Cap mg/g										4		4.3333		4.16665		0.1667														25		25		22.5		22.5		4.16665		0.1667		4.33335		30		130.0005

		1				3.33		4.67		100		140		7.01

		1.5				4.67		6.33		140		190		6.65																														Bed Depth		bk tr		exh

		2				6.33		7.67		180		240		6.29																														1		7.2288156684		10.833375

																																												2		7.2288156684		10.833375

				resin/g		0.45		0.65		1.1057								0.45		0.65		1.1057																						3		7.2288156684		10.833375

		25 ppm		fr 0.5 ml		bed deph						x25																				C/Co

						C/Co				C/Co		conc mg/l						adsorbed						conc		1cm		1cm		1cm		1cm		1cm		1cm		Vol		mg				Bed Depth		Bk tru		exh

		Vol mL		time min		1.0 cm		1.5 cm		2.0 cm		1.0 cm		1.5 cm		2.0 cm		1.0 cm		1.5 cm		2.0 cm		time		10 ppm		25 ppm		50 ppm		10 ppm		25 ppm		50 ppm		50 ppm		50 ppm				1		8.33		11.67

		10		20		0		0		0		0		0		0		0.25		0.25		0.25		20		0.145		0		0		0.0145		0		0				0.5				2		16		19.33

		20		40		0		0		0		0		0		0		0.25		0.25		0.25		40		0.124		0		0		0.0124		0		0				0.5				3		23		26.67

		30		60		0		0		0		0		0		0		0.25		0.25		0.25		60		0.11		0		0		0.011		0		0				0.5

		40		80		0		0		0		0		0		0		0.25		0.25		0.25		80		0.1		0		0		0.01		0		0				0.5

		50		100		0		0		0		0		0		0		0.25		0.25		0.25		100		0.104		0		0		0.0104		0		0				0.5				capacity

		60		120		0		0		0		0		0		0		0.25		0.25		0.25		120		0.102		0		7.783		0.0102		0		0.15566		60		0.42217		2.92217		6.4937111111

		70		140		0		0		0		0		0		0		0.25		0.25		0.25		140		0.1		0		22.34		0.01		0		0.4468				0.2766

		80		160		0		0.0007428571		0		0		0.0185714286		0		0.25		0.2498142857		0.25		160		0.112		0		25		0.0112		0		0.5				0.25

		90		180		0.02466		0.0024035714		0		0.6165		0.0600892857		0		0.243835		0.2493991071		0.25		180		0.097		0.6165		35.72		0.0097		0.02466		0.7144				0.1428

		100		200		0.1188		0.0014714286		0		2.97		0.0367857143		0		0.2203		0.2496321429		0.25		200		0.088		2.97		41.71		0.0088		0.1188		0.8342				0.0829

		110		220		0.33192		0.0014785714		0		8.298		0.0369642857		0		0.16702		0.2496303571		0.25		220		0.092		8.298		50.42		0.0092		0.33192		1.0084		110		-0.0042		3.67027		8.1561555556

		120		240		0.4796		0.0022821429		0		11.99		0.0570535714		0		0.1301		0.2494294643		0.25		240		0.097		11.99		48.05		0.0097		0.4796		0.961				Concentration						vol

		130		260		0.6		0.0019607143		0		15		0.0490178571		0		0.1		0.2495098214		0.25		260		0.084		15		54.94		0.0084		0.6		1.0988						bt		ex		bt		ex

		140		280		0.7		0.0451785714		0		17.5		1.1294642857		0		0.075		0.2387053571		0.25		280		0.089		17.5		55.25		0.0089		0.7		1.105				25

		150		300		0.8		0.2078214286		0		20		5.1955357143		0		0.05		0.1980446429		0.25		300		0.096		20		55.52		0.0096		0.8		1.1104				50		100		200		50		100

		160		320		0.85		0.3921428571		0.003272		21.25		9.8035714286		0.0818		0.0375		0.1519642857		0.249182		320		0.134		21.25		55.21		0.0134		0.85		1.1042								bed 1 cm

		170		340		0.89		0.55		0.021036		22.25		13.75		0.5259		0.0275		0.1125		0.244741		340		0.12		22.25		55.54		0.012		0.89		1.1108						a1		b1		a2		b2		time

		180		360		0.95		0.66		0.05248		23.75		16.5		1.312		0.0125		0.085		0.23688		360		0.102		23.75		55.64		0.0102		0.95		1.1128				bt		200		-26.667		100		-3.6561962898		96.3438037102		3.6561962898

		190		380		0.99		0.7828571429		0.13424		24.75		19.5714285714		0.0818		0.0025		0.0542857143		0.249182		380		0.11		24.75		55.62		0.011		0.99		1.1124				ex		200		153.33		100		80.56962312		180.56962312		9.71518844

		200		400		0.99		0.86		0.19304		24.75		21.5		0.5259		0.0025		0.035		0.244741		400		0.11		24.75		55		0.011		0.99		1.1

		210		420		1		0.88		0.247		25		22		1.312		0		0.03		0.23688		420		0.126		25		55.17		0.0126		1		1.1034

		220		440		1		0.93		0.29984		25		23.25		3.356		0		0.0175		0.21644		440		0.126		25		56.12		0.0126		1		1.1224

		230		460		1		0.99		0.37896		25		24.75		4.826		0		0.0025		0.20174		460		0.109		25		55.75		0.0109		1		1.115

		240		480		1		1		0.4804		25		25		6.175		0		0		0.18825		480		0.148		25		55.83		0.0148		1		1.1166																8.33375

		250		500		1		1		0.6		25		25		7.496		0		0		0.17504		500		0.092		25		49.22		0.0092		1		0.9844																2.5653846154		pakai

		260		520		0.9852		1		0.67		24.63		25		9.474		0.0037		0		0.15526		520		0.104		24.63		53.65		0.0104		0.9852		1.073

		270		540		1		1		0.8		25		25		12.01		0		0		0.1299		540		0.109		25		56.81		0.0109		1		1.1362

		280		560		1		1		0.85		25		25		15		0		0		0.1		560		0.1		25		57.32		0.01		1		1.1464

		290		580		1		0.99		0.9		25		24.75		16.75		0		0.0025		0.0825		580		0.114		25		57.77		0.0114		1		1.1554

		300		600		1		0.99		0.94		25		24.75		20		0		0.0025		0.05		600		0.114		25		57.89		0.0114		1		1.1578

		310		620		1		1		0.96		25		25		21.25		0		0		0.0375		620		0.471		25		57.44		0.0471		1		1.1488

		320		640		1		1		0.99		25		25		24.75		0		0		0.0025		640		0.258		25		57.89		0.0258		1		1.1578

		330		660		1		1		1		25		25		25		0		0		0		660		0.581		25		57.62		0.0581		1		1.1524

		340		680		1		1		1		25		25		25		0		0		0		680		1.556		25		56.18		0.1556		1		1.1236

		350		700		1		1		1		25		25		25		0		0		0		700		2.61		25		56.66		0.261		1		1.1332

								1				0				Total		3.072455		4.1779151786		6.550736		720		3.55				56.98		0.355

								1				0				resin g		0.45		0.65		1.1057		740		4.458				57.54		0.4458

																Capacity		6.8276777778		6.4275618132		5.924514787		760		4.957						0.4957

																time		time		vol ml				780		6.215						0.6215

														Bed Depth		breakthrough		exhaustion		bt		ex		800		6.83						0.683

						0.002								1.0		180		360		90		180		820		6.833						0.6833

						22.5		0.9						1.5		260		440		130		220		840		3.373						0.3373

														2.0		380		560		190		280		860		4.724						0.4724

																		300		60				880		7.279						0.7279

																22.7.2009		420		20				900		3.185						0.3185

																		620		-60				920		3.576						0.3576

																								940		3.718						0.3718

																								960		4.195						0.4195

																								980		4.195						0.4195

																								1000		4.673						0.4673

																								1020		4.673						0.4673

																								1040		5.057						0.5057

																								1060		5.057						0.5057

																								1080		5.554						0.5554

																								1100		6.15						0.615

																								1120		6.439						0.6439

																								1140		7.189						0.7189

																								1160		5.575						0.5575

																								1180		6.079						0.6079

																								1200		6.644						0.6644

																								1220		6.842						0.6842

																								1240		6.842						0.6842

																								1260		6.842						0.6842

																								1280		6.202						0.6202

																								1300		6.202						0.6202

		10 ppm 1 cm		c/Co						C ppm						amount

		Time		0.5 mL/min		0.75 mL/min		1.0 mL/min		0.5 mL/min		0.75 mL/min		1.0 mL/min		0.5 mL/min		0.75 mL/min		1.0 mL/min

		20		0						0						0.1

		40		0						0						0.1

		60		0						0						0.1

		80		0						0						0.1

		100		0						0						0.1

		120		0						0						0.1

		140		0						0						0.1

		160		0						0						0.1

		180		0						0						0.1

		200		0						0						0.1

		220		0						0						0.1

		240		0						0						0.1

		260		0						0						0.1

		280		0						0						0.1

		300		0						0						0.1

		320		0						0						0.1

		340		0						0						0.1

		360		0						0						0.1

		380		0						0						0.1

		400		0						0						0.1

		420		0						0						0.1

		440		0						0						0.1

		460		0						0						0.1

		480		0						0						0.1

		500		0						0						0.1

		520		0						0						0.1

		540		0						0						0.1

		560		0						0						0.1										10ppm

		580		0						0						0.1								bed 1cm		min				ml

		600		0.005						0.05						0.0995								FR		bt		ex		bt		ex

		620		0.01						0.1						0.099								0.5		600		920		300		460

		640		0.0114						0.114						0.09886								0.75		200		500		100		250

		660		0.0258						0.258						0.09742								1		110		340		55		170

		680		0.0471						0.471						0.09529

		700		0.0581						0.581						0.09419

		720		0.1556						1.556						0.08444

		740		0.261						2.61						0.0739

		760		0.355						3.55						0.0645

		780		0.4458						4.458						0.05542

		800		0.4957						4.957						0.05043

		820		0.6215						6.215						0.03785

		840		0.683						6.83						0.0317

		860		0.7279						7.279						0.02721

		880		0.8						8						0.02

		900		0.85						8.5						0.015

		920		0.9						9						0.01

		940		0.95						9.5						0.005				cap

		960		1						10						0		3.95971		8.7993555556

		13.33				0						0						0.1

		26.67				0						0						0.1

		40.00				0						0						0.1

		53.33				0						0						0.1

		66.67				0						0						0.1

		80.00				0						0						0.1

		93.33				0						0						0.1

		106.67				0						0						0.1

		120.00				0						0						0.1

		133.33				0						0						0.1

		146.67				0						0						0.1

		160.00				0						0						0.1

		173.33				0						0						0.1

		186.67				0						0						0.1

		200.00				0.0025						0.025						0.09975

		213.33				0.005						0.05						0.0995

		226.67				0.01						0.1						0.099

		240.00				0.01536						0.1536						0.098464

		253.33				0.01877						0.1877						0.098123

		266.67				0.01958						0.1958						0.098042

		280.00				0.02182						0.2182						0.097818

		293.33				0.02411						0.2411						0.097589

		306.67				0.03416						0.3416						0.096584

		320.00				0.06538						0.6538						0.093462

		333.33				0.05071						0.5071						0.094929

		346.67				0.06377						0.6377						0.093623

		360.00				0.07966						0.7966						0.092034

		373.33				0.09635						0.9635						0.090365

		386.67				0.1234						1.234						0.08766

		400.00				0.1491						1.491						0.08509

		413.33				0.1816						1.816						0.08184

		426.67				0.2575						2.575						0.07425

		440.00				0.3738						3.738						0.06262

		453.33				0.4772						4.772						0.05228

		466.67				0.5923						5.923						0.04077

		480.00				0.7428						7.428						0.02572

		493.33				0.839						8.39						0.0161

		506.67				0.9089						9.089						0.00911

		520.00				0.9413						9.413						0.00587

		533.33				0.9632						9.632						0.00368

		546.67				0.9974						9.974						0.00026

		560.00				1						10						0		3.294533		7.3211844444

		10.00						0						0						0.1

		20.00						0						0						0.1

		30.00						0						0						0.1

		40.00						0						0						0.1

		50.00						0						0						0.1

		60.00						0						0						0.1

		70.00						0						0						0.1

		80.00						0						0						0.1

		90.00						0						0						0.1

		100.00						0						0						0.1

		110.00						0.0025						0.025						0.09975

		120.00						0.005						0.05						0.0995

		130.00						0.01						0.1						0.099

		140.00						0.015						0.15						0.0985

		150.00						0.02						0.2						0.098

		160.00						0.0231						0.231						0.09769

		170.00						0.02928						0.2928						0.097072

		180.00						0.03208						0.3208						0.096792

		190.00						0.03958						0.3958						0.096042

		200.00						0.04296						0.4296						0.095704

		210.00						0.07558						0.7558						0.092442

		220.00						0.12						1.2						0.088

		230.00						0.1444						1.444						0.08556

		240.00						0.1706						1.706						0.08294

		250.00						0.2415						2.415						0.07585

		260.00						0.2504						2.504						0.07496

		270.00						0.3188						3.188						0.06812

		280.00						0.434						4.34						0.0566

		290.00						0.5158						5.158						0.04842

		300.00						0.5768						5.768						0.04232

		310.00						0.7029						7.029						0.02971

		320.00						0.7905						7.905						0.02095

		330.00						0.8377						8.377						0.01623

		340.00						0.9						9						0.01

		350.00						1						10						0		2.770152		6.1558933333

				25 ppm		C/Co

						1cm				amount		1 ml/min

		Vol mL		time min		0.5 ml/min		1.0 ml/min		1.0 ml/min

		10		20		0		0		0.25

		20		40		0		0		0.25

		30		60		0		0		0.25																		flow rate		bt		ex		Vbt		Vex

		40		80		0		0.02466		0.243835																		0.5

		50		100		0		0.0451785714		0.2387053571																		1		80		260		40		130

		60		120		0		0.2078214286		0.1980446429

		70		140		0		0.3921428571		0.1519642857																		1cm flowrate 1 ml/min

		80		160		0		0.55		0.1125																		25 ppm		1 cm

		90		180		0.02466		0.66		0.085																				a1		b1		a2		b2		t

		100		200		0.1188		0.7828571429		0.0542857143																		bt		200		-26.667		100		-26.667		73.333

		110		220		0.33192		0.86		0.035																		ex		200		153.33		100		153.33		253.33

		120		240		0.4796		0.88		0.03

		130		260		0.6		0.9		0.025

		140		280		0.7		0.96		0.01

		150		300		0.8		1		0

		160		320		0.85		1		0

		170		340		0.89		1		0

		180		360		0.95		1		0

		190		380		0.99		1		0

		200		400		0.99		1		0

		210		420		1		0.9852		0.0037

		220		440		1		1		0

		230		460		1		1		0

		240		480		1		1		0

		250		500		1		1		0

		260		520		0.9852		1		0

		270		540		1		1		0

		280		560		1		1		0

		290		580		1		1		0

		300		600		1		1		0

		310		620		1		sum		1.938035

		320		640		1		capacity		4.3067444444

		330		660		1

		340		680		1

		350		700		1





		10		10		10

		20		20		20

		30		30		30

		40		40		40

		50		50		50

		60		60		60

		70		70		70

		80		80		80

		90		90		90

		100		100		100

		110		110		110

		120		120		120

		130		130		130

		140		140		140

		150		150		150

		160		160		160

		170		170		170

		180		180		180

		190		190		190

		200		200		200

		210		210		210

		220		220		220

		230		230		230

		240		240		240

		250		250		250

		260		260		260

		270		270		270

		280		280		280

		290		290		290

		300		300		300

		310		310		310

		320		320		320

		330		330		330

		340		340		340

		350		350		350



1.0 cm

1.5 cm

C/Co

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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0

0.02466

0.0024035714

0

0.1188

0.0014714286

0

0.33192

0.0014785714

0

0.4796

0.0022821429

0

0.7188

0.0019607143

0

0.878

0.0451785714

0

0.9488

0.2078214286

0

0.9644

0.3921428571

0

0.9708

0.585

0

0.5828

0.7828571429

0

0.786

0.9346428571

0.003272

0.8464

1

0.021036

0.938

1

0.05248

1

1

0.13424

1

1

0.19304

1

1

0.247

0.8056

1

0.29984

0.9852

1

0.37896

1

0.9389285714

0.4804

1

0.9603571429

0.29504

1

1

0.4284

1

1

0.6276

1

1

0.8948

1

1

1

1

1

1

1

1

1

1

1

1



		1		1

		1.5		1.5

		2		2



bt

ex

2.6666666667

4.6666666667

4.3333333333

6.3333333333

6.6666666667

9



		10		10		10

		20		20		20

		30		30		30

		40		40		40

		50		50		50

		60		60		60

		70		70		70

		80		80		80

		90		90		90

		100		100		100

		110		110		110

		120		120		120

		130		130		130

		140		140		140

		150		150		150

		160		160		160

		170		170		170

		180		180		180

		190		190		190

		200		200		200

		210		210		210

		220		220		220

		230		230		230

		240		240		240

		250		250		250

		260		260		260

		270		270		270

		280		280		280

		290		290		290

		300		300		300

		310		310		310

		320		320		320

		330		330		330

		340		340		340

		350		350		350



1.0 cm

1.5 cm

2.0 cm

Volume, mL

C/Co

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.0007428571

0

0.02466

0.0024035714

0

0.1188

0.0014714286

0

0.33192

0.0014785714

0

0.4796

0.0022821429

0

0.7188

0.0019607143

0

0.878

0.0451785714

0

0.9488

0.2078214286

0

0.9644

0.3921428571

0

0.9708

0.585

0

0.5828

0.7828571429

0

0.786

0.9346428571

0.003272

0.8464

1

0.021036

0.938

1

0.05248

1

1

0.13424

1

1

0.19304

1

1

0.247

0.8056

1

0.29984
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1

0.37896

1

0.9389285714

0.4804

1
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1

1
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1

0.6276

1

1
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1 cm

				Bed Depth : 1 cm

				Flow rate : 10 ml/20 min				resin		0.45 g

				AS Conc. : 25 ppm				0.25

				Bil.		Sorption (ppm)		C		C/Co		mg abs

				1		0		0		0		0.25

				2		0		0		0		0.25

				3		0		0		0		0.25

				4		0		0		0		0.25

				5		0		0		0		0.25

				6		0		0		0		0.25

				7		0		0		0		0.25

				8		0		0		0		0.25

				9		0.6165		0.6165		0.02466		0.243835

				10		2.97		2.97		0.1188		0.2203

				11		8.298		8.298		0.33192		0.16702		0.69092

				12		11.99		11.99		0.4796		0.1301

				13		17.97		17.97		0.7188		0.0703

				14		21.95		21.95		0.878		0.0305

				15		23.72		23.72		0.9488		0.0128

				16		24.11		24.11		0.9644		0.0089

				17		24.27		24.27		0.9708		0.0073

		18-2		18		14.57		14.57		0.5828		0.1043

				19		19.65		19.65		0.786		0.0535

				20		21.16		21.16		0.8464		0.0384

				21		23.45		23.45		0.938		0.0155

				22		25.52		25		1		0

				23		26.53		25		1		0

				24		26.93		25		1		0

		25-3		25		20.14		20.14		0.8056		0.0486

				26		24.63		24.63		0.9852		0.0037

				27		25.95		25		1		0

				28		26.79		25		1		0

				29		27.45		25		1		0

				30		26.87		25		1		0

				31		27.82		25		1		0

												3.155055		7.0112333333

								0.5				resin .45g

				No		Vol ml		time min		hr		Capcity mg		Cap mg/g

		0.0001		10		100		200		3.3333333333		2.5		5.5555555556

		90%		14		140		280		4.6666666667		3.5		7.7777777778

		h cm		1		1		1.5		2

		Qw L/hr		0.5		0.03		0.03		0.03

		VE		140		0.14		0.19		0.24

		VB =V		100		0.1		0.14		0.18

		VS		40		0.04		0.05		0.06

		SZ mg		0.69092		0.69092		0.6155		0.5495

		Smax mg		3.155055		3.155055		4.4917		5.285

		F				0.2189882585		0.137030523		0.1039735099

		tz = Vs/Qw				1.3333333333		1.6666666667		2

		F=Sz/Smax				0.2189882585		0.137030523		0.1039735099

		tf=(1-F)tz				1.0413489886		1.4382824617		1.7920529801

		tE=VE/Qw				4.6666666667		6.3333333333		8

		hz=h*tz/(tE-tf)				0.3677838611		0.5107199221		0.6443353958		0.5076130597

		% saturation h				71.2756486157		70.6176197255		71.1329208449		71.0087297287

		Bed deph		Brk tru time h		Exhaus		Vol at bk tru		Vol at exh		Ad Cap mg/g

		1		3.33		4.67		100		140		7.01

		1.5		4.67		6.33		140		190		6.65

		2		6.33		7.67		180		240		6.29

		slop		3.4		hr/cm

		Co		1		mg/L

		V		153		L		13.44

		No		520.2				520.2		153

		8		3.45		5		5.52

		8		3.45		12		2.3														hr								ml

																						t1		t1.5		t2		t3		t1		t1.5		t2		t3

		a1=slop C1				a1		a2		C1		C2		CB		CF		b1		b2		1		1.5		2		3

		a2=slop C2		break tru		3		7.5		25		10		0.01		0.01		0.2767		0.6106804501		7.7767		11.5267		15.2767		23.1106804501		233.301		345.801		458.301		693.3204135017

		b1 intercep C1		exhaust		3		7.5		25		10		0.9		0.9		1.7233		3.0319386477		9.2233		14.2819386477		18.0319386477		25.5319386477		276.699		428.4581594302		540.9581594302		765.9581594302

		b2 intercep C2

		CB efl con C1																ml		ml/min		ml/hr		hr

		CF efl con C2																300		0.5		30		10

																						Bed depth		ST Bk Tru		ST exh

																						1		7.7767		9.5				1		7.7767		9.2233

																														1.5		11.5267		14.2819386477

																						2		15.2767		18.0319386477

																						3		23.1106804501		25.24				3		23.1106804501		25.5319386477

						233.301		458.301		693.3204135017		300.301		525.301		760.3204135017

						276.699		540.9581594302		765.9581594302		419.699		683.9581594302		908.9581594302

						420				BD		BT		EX		Bed depth (cm)		Break tru		exhaust

						143.301				1		300		420		1		10		14

										2		520		680		2		17.3333333333		22.6666666667

										3		760		890		3		25.3333333333		29.6666666667		29

												slop		ori FR		new FR		ratio		multip

								3.5		3.4		3.45		8		5		1.6		5.52

								3.5		3.4		3.45		8		12		0.6666666667		2.3
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		140		0

		160		0

		180		0

		200		0

		220		0

		240		0

		260		0

		280		0

		300		0

		320		0

		340		0

		360		0

		380		0

		400		0

		420		0

		440		0

		460		0

		480		0

		500		0

		520		0

		540		0

		560		0

		580		0

		600		0.005

		620		0.01

		640		0.0114

		660		0.0258

		680		0.0471

		700		0.0581

		720		0.1556

		740		0.261

		760		0.355

		780		0.4458

		800		0.4957

		820		0.6215

		840		0.683

		860		0.7279

		880		0.8

		900		0.85

		920		0.9

		940		0.95

		960		1

		980				0

		1000				0

		1020				0

		1040				0

		1060				0

		1080				0

		1100				0

		1120				0

		1140				0

		1160				0

		1180				0

		1200				0

		1220				0

		1240				0

		1260				0

		1280				0

		1300				0

		1320				0

		1340				0

		1360				0

		1380				0

		1400				0

		1420				0

		1440				0

		1460				0

		1480				0

		1500				0

		1520				0

		1540				0

		1560				0.0045						0.005		0.1

		1580				0.008						0.01		0.2

		1600				0.00798						0.0114		0.3

		1620				0.0129						0.0258		0.5

		1640				0.01884						0.0471		0.6

		1660				0.01743						0.0581		0.7

		1680				0.03112						0.1556		0.8

		1700				0.0261						0.261		0.9

		1720				0						0.355		1

		1740				-0.04458						0.4458		1.1

		1760				-0.09914						0.4957		1.2

		1780				-0.18645						0.6215		1.3

		1800				-0.2732						0.683		1.4

		1820				-0.36395						0.7279		1.5

		1840				-0.48		0				0.8		1.6

		1860				-0.595		0				0.85		1.7

		1880				-0.72		0				0.9		1.8

		1900				-0.855		0				0.95		1.9

		1920				-1		0				1		2

		1940						0

		1960						0

		1980						0

		2000						0

		2020						0

		2040						0

		2060						0

		2080						0

		2100						0

		2120						0

		2140						0

		2160						0

		2180						0

		2200						0

		2220						0

		2240						0

		2260						0

		2280						0

		2300						0

		2320						0

		2340						0

		2360						0

		2380						0

		2400						0

		2420						0.005

		2440						0.01

		2460						0.0114

		2480						0.0258

		2500						0.0471

		2520						0.0581

		2540						0.1556

		2560						0.261

		2580						0.355

		2600						0.4458

		2620						0.4957

		2640						0.6215

		2660						0.683

		2680						0.7279

		2700						0.8

		2720						0.85

		2740						0.9

		2760						0.95

		2780						1

		2800

		2820

		2840





Xo

		

		Time		0.5 mL/min		0.75 mL/min		1.0 mL/min				min		1.0 cm		1.5 cm		2.0 cm		0.5 mL/min-10 cm		0.75 mL/min		1.0 mL/min		0.5 mL/min-20 cm		0.5 mL/min-30 cm

		20		0								20		0		0		0		0

		40		0								40		0		0		0		0

		60		0								60		0		0		0		0

		80		0								80		0		0		0		0

		100		0								100		0		0		0		0

		120		0								120		0		0		0		0

		140		0								140		0		0		0		0

		160		0								160		0		0.0007428571		0		0

		180		0								180		0.02466		0.0024035714		0		0

		200		0								200		0.1188		0.0014714286		0		0

		220		0								220		0.33192		0.0014785714		0		0

		240		0								240		0.4796		0.0022821429		0		0

		260		0								260		0.7188		0.0019607143		0.0007428571		0

		280		0								280		0.878		0.0451785714		0.0024035714		0

		300		0								300		0.9488		0.2078214286		0.0014714286		0

		320		0								320		0.9644		0.3921428571		0.0014785714		0

		340		0								340		0.97		0.585		0.0022821429		0

		360		0								360		1		0.7828571429		0.0019607143		0

		380		0								380		1		0.9346428571		0.0451785714		0

		400		0								400		1		1		0.2078214286		0

		420		0								420		1		1		0.3921428571		0

		440		0								440		1		1		0.585		0

		460		0								460		1		1		0.7828571429		0

		480		0								480		1		1		0.9346428571		0

		500		0								500		1		1		1		0

		520		0								520		1		1		1		0

		540		0								540		1		1		1		0

		560		0								560		1		1		1		0

		580		0								580								0

		600		0.005								600								0.005

		620		0.01								620								0.01

		640		0.0114								640								0.0114

		660		0.0258								660								0.0258

		680		0.0471								680								0.0471

		700		0.0581								700								0.0581

		720		0.1556								720								0.1556

		740		0.261								740								0.261

		760		0.355								760								0.355

		780		0.4458								780								0.4458

		800		0.4957								800								0.4957

		820		0.6215								820								0.6215

		840		0.683								840								0.683

		860		0.7279								860								0.7279

		880		0.8								880								0.8

		900		0.85								900								0.85

		920		0.9								920								0.9

		940		0.95								940								0.95

		960		1								960								1

		13.3333333333				0						13.3333333333										0

		26.6666666667				0						26.6666666667										0

		40				0						40										0

		53.3333333333				0						53.3333333333										0

		66.6666666667				0						66.6666666667										0

		80				0						80										0

		93.3333333333				0						93.3333333333										0

		106.6666666667				0						106.6666666667										0

		120				0						120										0

		133.3333333333				0						133.3333333333										0

		146.6666666667				0						146.6666666667										0

		160				0						160										0

		173.3333333333				0						173.3333333333										0

		186.6666666667				0						186.6666666667										0

		200				0.0025						200										0.0025

		213.3333333333				0.005						213.3333333333										0.005

		226.6666666667				0.01						226.6666666667										0.01

		240				0.01536						240										0.01536

		253.3333333333				0.01877						253.3333333333										0.01877

		266.6666666667				0.01958						266.6666666667										0.01958

		280				0.02182						280										0.02182

		293.3333333333				0.02411						293.3333333333										0.02411

		306.6666666667				0.03416						306.6666666667										0.03416

		320				0.06538						320										0.06538

		333.3333333333				0.05071						333.3333333333										0.05071

		346.6666666667				0.06377						346.6666666667										0.06377

		360				0.07966						360										0.07966

		373.3333333333				0.09635						373.3333333333										0.09635

		386.6666666667				0.1234						386.6666666667										0.1234

		400				0.1491						400										0.1491

		413.3333333333				0.1816						413.3333333333										0.1816

		426.6666666667				0.2575						426.6666666667										0.2575

		440				0.3738						440										0.3738

		453.3333333333				0.4772						453.3333333333										0.4772

		466.6666666667				0.5923						466.6666666667										0.5923

		480				0.7428						480										0.7428

		493.3333333333				0.839						493.3333333333										0.839

		506.6666666667				0.9089						506.6666666667										0.9089

		520				0.9413						520										0.9413

		533.3333333333				0.9632						533.3333333333										0.9632

		546.6666666667				0.9974						546.6666666667										0.9974

		560				1						560										1

		10						0				10												0

		20						0				20												0

		30						0				30												0

		40						0				40												0

		50						0				50												0

		60						0				60												0

		70						0				70												0

		80						0				80												0

		90						0				90												0

		100						0				100												0

		110						0.0025				110												0.0025

		120						0.005				120												0.005

		130						0.01				130												0.01

		140						0.015				140												0.015

		150						0.02				150												0.02

		160						0.0231				160												0.0231

		170						0.02928				170												0.02928

		180						0.03208				180												0.03208

		190						0.03958				190												0.03958

		200						0.04296				200												0.04296

		210						0.07558				210												0.07558

		220						0.12				220												0.12

		230						0.1444				230												0.1444

		240						0.1706				240												0.1706

		250						0.2415				250												0.2415

		260						0.2504				260												0.2504

		270						0.3188				270												0.3188

		280						0.434				280												0.434

		290						0.5158				290												0.5158

		300						0.5768				300												0.5768

		310						0.7029				310												0.7029

		320						0.7905				320												0.7905

		330						0.8377				330												0.8377

		340						0.9				340												0.9

		350						1				350												1





Xo

		



1.0 cm

1.5 cm

2.0 cm

0.5 mL/min-10 cm

0.75 mL/min

1.0 mL/min



hz

		25 ppm

		0.5 ml/min						Resin g		0.45		0.675		0.9

		Time		C/Co		C/Co		C/Co		amount absorbed

		min		1.0 cm		1.5 cm		2.0 cm		1.0cm		1.5 cm		2.0cm		min

		20		0		0		0		0.25		0.25		0.25		20		10		0.3333333333

		40		0		0		0		0.25		0.25		0.25		40		20		0.6666666667

		60		0		0		0		0.25		0.25		0.25		60		30		1

		80		0		0		0		0.25		0.25		0.25		80		40		1.3333333333

		100		0		0		0		0.25		0.25		0.25		100		50		1.6666666667

		120		0		0		0		0.25		0.25		0.25		120		60		2

		140		0		0		0		0.25		0.25		0.25		140		70		2.3333333333

		160		0		0.0007428571		0		0.25		0.2498142857		0.25		160		80		2.6666666667

		180		0.02466		0.0024035714		0		0.243835		0.2493991071		0.25		180		90		3

		200		0.1188		0.0014714286		0		0.2203		0.2496321429		0.25		200		100		3.3333333333

		220		0.33192		0.0014785714		0		0.16702		0.2496303571		0.25		220		110		3.6666666667

		240		0.4796		0.0022821429		0		0.1301		0.2494294643		0.25		240		120		4

		260		0.7188		0.0019607143		0.0007428571		0.0703		0.2495098214		0.2498142857		260		130		4.3333333333

		280		0.878		0.0451785714		0.0024035714		0.0305		0.2387053571		0.2493991071		280		140		4.6666666667

		300		0.9488		0.2078214286		0.0014714286		0.0128		0.1980446429		0.2496321429		300		150		5

		320		0.9644		0.3921428571		0.0014785714		0.0089		0.1519642857		0.2496303571		320		160		5.3333333333

		340		0.97		0.585		0.0022821429		0.0075		0.10375		0.2494294643		340		170		5.6666666667

		360		1		0.7828571429		0.0019607143		0		0.0542857143		0.2495098214		360		180		6

		380		1		0.9346428571		0.0451785714		0		0.0163392857		0.2387053571		380		190		6.3333333333

		400		1		1		0.2078214286		0		0		0.1980446429		400		200		6.6666666667

		420		1		1		0.3921428571		0		0		0.1519642857		420		210		7

		440		1		1		0.585		0		0		0.10375		440		220		7.3333333333

		460		1		1		0.7828571429		0		0		0.0542857143		460		230		7.6666666667

		480		1		1		0.9346428571		0		0		0.0163392857		480		240		8

		500		1		1		1		0		0		0		500		250		8.3333333333

		520		1		1		1		0		0		0		520		260		8.6666666667

		540		1		1		1		0		0		0		540		270		9

		560		1		1		1		0		0		0		560		280		9.3333333333

								Total		2.891255		4.0105044643		5.2605044643

								Resin g		0.45		0.675		0.9

								Capa mg/g		6.43		5.94		5.85		mgg

										22

										0.2920459596

						Time				Vol

						Breaktrough		Exhaust		Braak tru		Exhaust		Column capacity

						180		360		90		180		6.43						0.002

						280		400		140		200		5.94

						340		500		170		250		5.85





hz

		



1.0 cm

1.5 cm

2.0 cm

Time, min

C/Co



		As 25 ppm								mg		0.45		0.225		0.675		0.9

		Bed depth = 1.5 cm								0.28				volume																0.5		0.002

		Flow rate = 10 ml/ 20 min								mg/L				25		28		25		1		1.5		2.0 cm

								con initial (ppm)		28										mg		mg		Co				mg

		No		Vol mL		ppm		mg				C/Co 1.5 cm		C/Co 1.0 cm		C/Co 1.5 cm		C/Co 2.0 cm

		1		10		0		0		0.28		0		0		0		0				0.28		0				0.25

		2		20		0		0		0.28		0		0		0		0				0.28		0				0.25

		3		30		0		0		0.28		0		0		0		0				0.28		0				0.25

		4		40		0		0		0.28		0		0		0		0				0.28		0				0.25

		5		50		0		0		0.28		0		0		0		0				0.28		0				0.25

		6		60		0		0		0.28		0		0		0		0				0.28		0				0.25

		7		70		0		0		0.28		0		0		0		0				0.28		0				0.25

		8		80		0.0208		0.000208		0.279792		0.0007		0		0.0007428571		0				0.2792571429		0				0.25

		9		90		0.0673		0.000673		0.279327		0.0024		0.02466		0.0024035714		0				0.2775964286		0				0.25

		10		100		0.0412		0.000412		0.279588		0.0015		0.1188		0.0014714286		0				0.2785285714		0				0.25

		11		110		0.0414		0.000414		0.279586		0.0015		0.33192		0.0014785714		0				0.2785214286		0				0.25

		12		120		0.0639		0.000639		0.279361		0.0023		0.4796		0.0022821429		0				0.2777178571		0				0.25

		13		130		0.0549		0.000549		0.279451		0.0020		0.7188		0.0019607143		0.0007428571				0.2780392857		0.0185714286				0.2498142857

		14		140		1.265		0.01265		0.26735		0.0452		0.878		0.0451785714		0.0024035714				0.2348214286		0.0600892857				0.2493991071

		15		150		5.819		0.05819		0.22181		0.2078		0.9488		0.2078214286		0.0014714286				0.0721785714		0.0367857143				0.2496321429

		16		160		10.98		0.1098		0.1702		0.3921		0.9644		0.3921428571		0.0014785714				-0.1121428571		0.0369642857				0.2496303571

		17		170		16.38		0.1638		0.1162		0.5850		1		0.585		0.0022821429				-0.305		0.0570535714				0.2494294643

		18		180		21.92		0.2192		0.0608		0.7829		1		0.7828571429		0.0019607143				-0.5028571429		0.0490178571				0.2495098214

		19		190		26.17		0.2617		0.0183		0.9346		1		0.9346428571		0.0451785714				-0.6546428571		1.1294642857				0.2387053571

		20		200		28		0.28		0		1		1		1		0.2078214286				-0.72		5.1955357143				0.1980446429

		21		210		28		0.28		0		1		1		1		0.3921428571				-0.72		9.8035714286				0.1519642857

		22		220		28		0.28		0		1		1		1		0.585				-0.72		14.625				0.10375

		23		230		28		0.28		0		1		1		1		0.7828571429				-0.72		19.5714285714				0.0542857143

		24		240		28		0.28		0		1		1		1		0.9346428571				-0.72		23.3660714286				0.0163392857

		25		250		28		0.28		0		1		1		1		1				-0.72		25				0

		26		260		28		0.28		0		1		1		1		1				-0.72		25				0

		27		270		26.29		0.2629		0.0171		0.9389		1		1		1				-0.72		25				0

		28		280		26.89		0.2689		0.0111		0.9604		1		1		1				-0.72		25				0

		29		290		28		0.28		0		1		1		1		1				-0.72		25				0

		30		300		28		0.28		0		1		1		1		1				-0.72		25				0

		31		310		28		0.28		0		1		1		1		1				-0.72		25				0

		32		320		28		0.28		0		1				1		1				-0.72		25				0

		33		330		28		0.28		0		1				1		1				-0.72		25				0

		34		340		28		0.28		0		1				1		1				-0.72		25				0

		35		350		28		0.28		0		1				1		1				-0.72		25				0

										4.491765		6.6544666667						1						25				0

										0.61551		0.9118666667						1						25				0

										28 ppm				0.9				1						25				0

										time min		time hr		amount				1						25				0

						Vol 0.0001		140		280		4.6666666667						1						25				0

						Vol 90%		190		380		6.3333333333																5.2605044643

																												0.5243839286

						25		0.01		0.0004		0.04		%

						25		22.5		0.9		90		%

										1

				0.04%		90%

		Bed deph		Brk tru time h		Exhaus		Vol at bk tru		Vol at exh		Ad Cap mg/g

		1		3.33		4.67		100		140		7.01

		1.5		4.67		6.33		140		190		6.65

		2		6.33		7.67		180		240		6.29				resin

														mg

												26880		26.88

				ml		hr		ml		hr

				0.5		0.0166666667		190		6.3333333333

				0.5		0.0166666667		230		7.6666666667

																				bk tr		sat								new FR										new con				90%						t hr

				t=3x + 0.2767				90 saturation												a1		a1		slop a1		b1		ori FR		new FR		ratio		multip		t hr		C1		C2		CB		CF		a2		b2

																		brek tru		3.5		3.4		3.45		-6		8		5		1.6		5.52		49.2		1		2		0.01		0.01		1.725		-3.455821609		13.794178391

				t=3x + 1.7233				.04 % satu										exhaust		3.5		3.4		3.45		21.333		8		5		1.6		5.52		76.533		1		2		0.9		1.8		1.725		10.6665		27.9165

																		brek tru		3.5		3.4		3.45		-6		8		12		0.6666666667		2.3		17

																		exhaust		3.5		3.4		3.45		21.333		8		12		0.6666666667		2.3		44.333																FR ml/hr		vol ml				t hr

																				3		3		3		0.2767		0.5										25		10		0.01		0.01		7.5		0.6106804501		8.1106804501		30		243.3204135017		250		8.3333333333

																				3		3		3		1.7322		0.5										25		10		22.5		9		7.5		4.3305		11.8305		30		354.915		350		11.6666666667

																				3		3		3		0.2767												25		10		0.01		0.01		7.5		0.6106804501		15.6106804501		30		468.3204135017		480		16

																				3		3		3		1.7322												25		10		22.5		9		7.5		4.3305		19.3305		30		579.915		580		19.3333333333

																				3		3		3		0.2767												25		10		0.01		0.01		7.5		0.6106804501		23.1106804501		30		693.3204135017		690		23

																				3		3		3		1.7322												25		10		22.5		9		7.5		4.3305		26.8305		30		804.915		800		26.6666666667

																				7.335		7.5		7.4175		1.1067												10		50		0.01		0.01		1.4835		0.2729431302		4.7234431302		30		141.7032939049

																				7.335		7.5		7.4175		4.2233												10		50		9		45		1.4835		0.84466		5.29516		30		158.8548

																				7.335		7.5		7.4175		1.1067												10		25		0.01		0.01		2.967		0.501447017		9.402447017		30		282.073410509

																				7.335		7.5		7.4175		4.2233												10		25		9		22.5		2.967		1.68932		10.59032		30		317.7096

																																						Bed Depth		bk tr		exh

																																						1		8.1106804501		11.8305

																																						2		15.6106804501		19.3305

																																						3		23.1106804501		26.8305

																																						Bed Depth		Bk tru		exh

																																						1		8.33		11.67

																																						2		16		19.33

																																						3		23		26.67
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		BD		V bt		Vex				bt		ex		a1		b1

		1		80		140		60		2.6666666667		4.6666666667		4		-1.4444

		1.5		130		190		60		4.3333333333		6.3333333333		4.3333		0.1667

		2		200		270		70		6.6666666667		9

						a		b		V		Vex		Co		CB		No		K		Xo

		slop				3.4		-6		13.44		26.88		1		0.01		45.696		0.7658533084		1.7647058824

		No=a*CoXV				3.4		-6		13.44		26.88		1		0.01		45.696		0.7658533084		1.7647058824

						4		-1.4444		0.08		0.14		25		0.01		8		0.2166614769		0.3611		cm





						bed deph						FR 0.5 ml/min?

						C/Co				C/Co		mg						mg adsorbed

		Vol mL				1.0 cm		1.5 cm		2.0 cm		1.0 cm		1.5 cm		2.0 cm		1.0 cm		1.5 cm		2.0 cm

		10				0		0		0		0		0		0		0.25		0.25		0.25

		20				0		0		0		0		0		0		0.25		0.25		0.25

		30				0		0		0		0		0		0		0.25		0.25		0.25

		40				0		0		0		0		0		0		0.25		0.25		0.25

		50				0		0		0		0		0		0		0.25		0.25		0.25

		60				0		0		0		0		0		0		0.25		0.25		0.25

		70				0		0		0		0		0		0		0.25		0.25		0.25

		80				0		0.0007428571		0		0		0.0185714286		0		0.25		0.2498142857		0.25

		90				0.02466		0.0024035714		0		0.6165		0.0600892857		0		0.243835		0.2493991071		0.25

		100				0.1188		0.0014714286		0		2.97		0.0367857143		0		0.2203		0.2496321429		0.25

		110				0.33192		0.0014785714		0		8.298		0.0369642857		0		0.16702		0.2496303571		0.25

		120				0.4796		0.0022821429		0		11.99		0.0570535714		0		0.1301		0.2494294643		0.25

		130				0.7188		0.0019607143		0		17.97		0.0490178571		0		0.0703		0.2495098214		0.25

		140				0.878		0.0451785714		0		21.95		1.1294642857		0		0.0305		0.2387053571		0.25

		150				0.9488		0.2078214286		0		23.72		5.1955357143		0		0.0128		0.1980446429		0.25

		160				0.9644		0.3921428571		0		24.11		9.8035714286		0		0.0089		0.1519642857		0.25

		170				0.9708		0.585		0		24.27		14.625		0		0.0073		0.10375		0.25

		180				0.5828		0.7828571429		0		14.57		19.5714285714		0		0.1043		0.0542857143		0.25

		190				0.786		0.9346428571		0.003272		19.65		23.3660714286		0.0818		0.0535		0.0163392857		0.249182

		200				0.8464		1		0.021036		21.16		25		0.5259		0.0384		0		0.244741

		210				0.938		1		0.05248		23.45		25		1.312		0.0155		0		0.23688

		220				1		1		0.13424		25		25		3.356		0		0		0.21644

		230				1		1		0.19304		25		25		4.826		0		0		0.20174

		240				1		1		0.247		25		25		6.175		0		0		0.18825

		250				0.8056		1		0.29984		20.14		25		7.496		0.0486		0		0.17504

		260				0.9852		1		0.37896		24.63		25		9.474		0.0037		0		0.15526

		270				1		0.9389285714		0.4804		25		23.4732142857		12.01		0		0.0152678571		0.1299

		280				1		0.9603571429		0.29504		25		24.0089285714		7.376		0		0.0099107143		0.17624

		290				1		1		0.4284		25		25		10.71		0		0		0.1429

		300				1		1		0.6276		25		25		15.69		0		0		0.0931

		310				1		1		0.8948		25		25		22.37		0		0		0.0263

		320				1		1		1		25		25		25		0		0		0

		330				1		1		1		25		25		25		0		0		0

		340				1		1		1		25		25		25		0		0		0

		350				1		1		1		25		25		25		0		0		0

																		1.112055		1.0125991071		1.548251

																		3.155055		4.0356830357		6.735973		mg As(V)

																Capacity		7.0112333333		6.2087431319		6.0920439541		mg/g

														BD		bt		ex				bt		ex		a1		b1		resin bed vol		bed vol		Capacity

														1		80		140		60		2.6666666667		4.6666666667		4		-1.4444		3.1428571429		25.5		7.0112333333

														1.5		130		190		60		4.3333333333		6.3333333333		4.3333		0.1667		4.7142857143		27.6		6.2087431319

														2		200		270		70		6.6666666667		9						6.2857142857		31.8		6.0920439541

														475.8530357143		1057.4511904762

										0.5				resin .45g

						No		Vol ml		time min		hr		Capcity mg		Cap mg/g

		0.0001				10		100		200		3.3333333333		2.5		5.5555555556

		90%				14		140		280		4.6666666667		3.5		7.7777777778

		h cm				1		1		1.5		2

		Qw L/hr				0.5		0.03		0.03		0.03												bk tr		sat								new FR												new con				90%						t hr		FR ml/hr		vol ml				t hr

		VE vol exhaust				140		0.14		0.19		0.27												a1		a1		slop a1 (Av)		b1		ori FR		new FR		ratio		multip		t hr		vol		C1 = Co		C2		CB		CF		a2		b2												V		Vex		No		K		xo		xo

		VB =V				100		0.08		0.13		0.2										brek tru		3.5		3.4		3.45		-6		8		5		1.6		5.52		49.2				1		2		0.01		0.01		1.725		-3.455821609		13.794178391										13.44		26.88		46.368		-0.7658533084		-1.7391304348		0.155028092

		VS vol between				40		0.06		0.06		0.07										exhaust		3.5		3.4		3.45		21.333		8		5		1.6		5.52		76.533				1		2		0.9		1.8		1.725		10.6665		27.9165

		SZ mg				0.5259		1.1121		1.0125		1.0125										brek tru		3.5		3.4		3.45		-6		8		12		0.6666666667		2.3		17

		Smax mg				475.8530357143		1.5		1.5		1.75										exhaust		3.5		3.4		3.45		21.333		8		12		0.6666666667		2.3		44.333

		F						0.7414		0.675		0.5785714286										brek tru		4		4.3333		4.16665		-1.4444		0.5		0.75		0.6666666667		2.7777666667		1.3333666667		60.0015		25		10		0.01		0.01		10.416625		-3.1878093316		7.2288156684		30		216.864470051		250		8.3333333333

		tz = Vs/Qw						2		2		2.3333333333										exhaust		4		4.3333		4.16665		0.1667		0.5		0.75		0.6666666667		2.7777666667		2.9444666667		132.501		25		10		22.5		9		10.416625		0.41675		10.833375		30		325.00125		350		11.6666666667

		F=Sz/Smax						0.7414		0.675		0.5785714286										brek tru		4		4.3333		4.16665		-1.4444		0.5		1		0.5		2.083325		0.638925		38.3355		25		10		0.01		0.01		10.416625		-3.1878093316		7.2288156684		30		216.864470051		480		16

		tf=(1-F)tz						0.5172		0.65		0.9833333333										exhaust		4		4.3333		4.16665		0.1667		0.5		1		0.5		2.083325		2.250025		135.0015		25		10		22.5		9		10.416625		0.41675		10.833375		30		325.00125		580		19.3333333333

		tE=VE/Qw						4.6666666667		6.3333333333		9		hz cal		hz exp								4		4.3333		4.16665		-1.4444														25		10		0.01		0.01		10.416625		-3.1878093316		7.2288156684		30		216.864470051		690		23

		hz=h*tz/(tE-tf)						0.4819896533		0.5278592375		0.5821205821		0.530656491		0.55								4		4.3333		4.16665		0.1667														25		10		22.5		9		10.416625		0.41675		10.833375		30		325.00125		800		26.6666666667

		Uz =hz/tz						0.2409948266		0.2639296188		0.2494802495		0.2514682316										4		4.3333		4.16665		-1.4444														25		50		0.01		0.01		2.083325		-0.7862028168		1.2971221832		30		38.9136654963

		% satur						87.535747566		88.5630498534		87.7338877339		87.9442283844										4		4.3333		4.16665		0.1667														25		50		22.5		45		2.083325		0.08335		2.166675		30		65.00025

																								4		4.3333		4.16665		-1.4444														25		25		0.01		0.01		4.16665		-1.4444		2.72225		30		81.6675

		Bed deph				Brk tru time h		Exhaus		Vol at bk tru		Vol at exh		Ad Cap mg/g										4		4.3333		4.16665		0.1667														25		25		22.5		22.5		4.16665		0.1667		4.33335		30		130.0005

		1				3.33		4.67		100		140		7.01

		1.5				4.67		6.33		140		190		6.65																														Bed Depth		bk tr		exh

		2				6.33		7.67		180		240		6.29																														1		7.2288156684		10.833375

																																												2		7.2288156684		10.833375

				resin/g		0.45		0.65		1.1057								0.45		0.65		1.1057																						3		7.2288156684		10.833375

		25 ppm		fr 0.5 ml		bed deph						x25																				C/Co

						C/Co				C/Co		conc mg/l						adsorbed						conc		1cm		1cm		1cm		1cm		1cm		1cm		Vol		mg				Bed Depth		Bk tru		exh

		Vol mL		time min		1.0 cm		1.5 cm		2.0 cm		1.0 cm		1.5 cm		2.0 cm		1.0 cm		1.5 cm		2.0 cm		time		10 ppm		25 ppm		50 ppm		10 ppm		25 ppm		50 ppm		50 ppm		50 ppm				1		8.33		11.67

		10		20		0		0		0		0		0		0		0.25		0.25		0.25		20		0.145		0		0		0.0145		0		0				0.5				2		16		19.33

		20		40		0		0		0		0		0		0		0.25		0.25		0.25		40		0.124		0		0		0.0124		0		0				0.5				3		23		26.67

		30		60		0		0		0		0		0		0		0.25		0.25		0.25		60		0.11		0		0		0.011		0		0				0.5

		40		80		0		0		0		0		0		0		0.25		0.25		0.25		80		0.1		0		0		0.01		0		0				0.5

		50		100		0		0		0		0		0		0		0.25		0.25		0.25		100		0.104		0		0		0.0104		0		0				0.5				capacity

		60		120		0		0		0		0		0		0		0.25		0.25		0.25		120		0.102		0		7.783		0.0102		0		0.15566		60		0.42217		2.92217		6.4937111111

		70		140		0		0		0		0		0		0		0.25		0.25		0.25		140		0.1		0		22.34		0.01		0		0.4468				0.2766

		80		160		0		0.0007428571		0		0		0.0185714286		0		0.25		0.2498142857		0.25		160		0.112		0		25		0.0112		0		0.5				0.25

		90		180		0.02466		0.0024035714		0		0.6165		0.0600892857		0		0.243835		0.2493991071		0.25		180		0.097		0.6165		35.72		0.0097		0.02466		0.7144				0.1428

		100		200		0.1188		0.0014714286		0		2.97		0.0367857143		0		0.2203		0.2496321429		0.25		200		0.088		2.97		41.71		0.0088		0.1188		0.8342				0.0829

		110		220		0.33192		0.0014785714		0		8.298		0.0369642857		0		0.16702		0.2496303571		0.25		220		0.092		8.298		50.42		0.0092		0.33192		1.0084		110		-0.0042		3.67027		8.1561555556

		120		240		0.4796		0.0022821429		0		11.99		0.0570535714		0		0.1301		0.2494294643		0.25		240		0.097		11.99		48.05		0.0097		0.4796		0.961

		130		260		0.6		0.0019607143		0		15		0.0490178571		0		0.1		0.2495098214		0.25		260		0.084		15		54.94		0.0084		0.6		1.0988

		140		280		0.7		0.0451785714		0		17.5		1.1294642857		0		0.075		0.2387053571		0.25		280		0.089		17.5		55.25		0.0089		0.7		1.105

		150		300		0.8		0.2078214286		0		20		5.1955357143		0		0.05		0.1980446429		0.25		300		0.096		20		55.52		0.0096		0.8		1.1104

		160		320		0.85		0.3921428571		0.003272		21.25		9.8035714286		0		0.0375		0.1519642857		0		320		0.134		21.25		55.21		0.0134		0.85		1.1042

		170		340		0.89		0.55		0.021036		22.25		13.75		0		0.0275		0.1125		0		340		0.12		22.25		55.54		0.012		0.89		1.1108

		180		360		0.95		0.66		0.05248		23.75		16.5		0		0.0125		0.085		0		360		0.102		23.75		55.64		0.0102		0.95		1.1128

		190		380		0.99		0.7828571429		0.13424		24.75		19.5714285714		0.0818		0.0025		0.0542857143		0.249182		380		0.11		24.75		55.62		0.011		0.99		1.1124

		200		400		0.99		0.86		0.19304		24.75		21.5		0.5259		0.0025		0.035		0.244741		400		0.11		24.75		55		0.011		0.99		1.1

		210		420		1		0.88		0.247		25		22		1.312		0		0.03		0.23688		420		0.126		25		55.17		0.0126		1		1.1034

		220		440		1		0.93		0.29984		25		23.25		3.356		0		0.0175		0.21644		440		0.126		25		56.12		0.0126		1		1.1224

		230		460		1		0.99		0.37896		25		24.75		4.826		0		0.0025		0.20174		460		0.109		25		55.75		0.0109		1		1.115

		240		480		1		1		0.4804		25		25		6.175		0		0		0.18825		480		0.148		25		55.83		0.0148		1		1.1166

		250		500		1		1		0.6		25		25		7.496		0		0		0.17504		500		0.092		25		49.22		0.0092		1		0.9844

		260		520		0.9852		1		0.67		24.63		25		9.474		0.0037		0		0.15526		520		0.104		24.63		53.65		0.0104		0.9852		1.073

		270		540		1		1		0.8		25		25		12.01		0		0		0.1299		540		0.109		25		56.81		0.0109		1		1.1362

		280		560		1		1		0.85		25		25		15		0		0		0.1		560		0.1		25		57.32		0.01		1		1.1464

		290		580		1		0.99		0.9		25		24.75		16.75		0		0.0025		0.0825		580		0.114		25		57.77		0.0114		1		1.1554

		300		600		1		0.99		0.94		25		24.75		20		0		0.0025		0.05		600		0.114		25		57.89		0.0114		1		1.1578

		310		620		1		1		0.96		25		25		21.25		0		0		0.0375		620		0.471		25		57.44		0.0471		1		1.1488

		320		640		1		1		0.99		25		25		24.75		0		0		0.0025		640		0.258		25		57.89		0.0258		1		1.1578

		330		660		1		1		1		25		25		25		0		0		0		660		0.581		25		57.62		0.0581		1		1.1524

		340		680		1		1		1		25		25		25		0		0		0		680		1.556		25		56.18		0.1556		1		1.1236

		350		700		1		1		1		25		25		25		0		0		0		700		2.61		25		56.66		0.261		1		1.1332

								1				0				Total		3.072455		4.1779151786		0		720		3.55				56.98		0.355

								1				0				resin g		0.45		0.65		1.1057		740		4.458				57.54		0.4458

																Capacity		6.8276777778		6.4275618132		0		760		4.957						0.4957

																time		time		vol ml				780		6.215						0.6215

														Bed Depth		bt		ex		bt		ex		800		6.83						0.683

						0.002								1.0		180		360		90		180		820		6.833						0.6833

						22.5		0.9						1.5		260		440		130		220		840		3.373						0.3373

														2.0		380		560		190		280		860		4.724						0.4724

																		300		60				880		7.279						0.7279

																22.7.2009		420		20				900		3.185						0.3185

																		620		-60				920		3.576						0.3576

																								940		3.718						0.3718

																								960		4.195						0.4195

																								980		4.195						0.4195

																								1000		4.673						0.4673

																								1020		4.673						0.4673

																								1040		5.057						0.5057

																								1060		5.057						0.5057

																								1080		5.554						0.5554

																								1100		6.15						0.615

																								1120		6.439						0.6439

																								1140		7.189						0.7189

																								1160		5.575						0.5575

																								1180		6.079						0.6079

																								1200		6.644						0.6644

																								1220		6.842						0.6842

																								1240		6.842						0.6842

																								1260		6.842						0.6842

																								1280		6.202						0.6202

																								1300		6.202						0.6202

		10 ppm 1 cm

		Time		0.5 mL/min		0.75 mL/min		1.0 mL/min		0.5 mL/min		0.75 mL/min		1.0 mL/min

		20		0

		40		0

		60		0

		80		0

		100		0

		120		0

		140		0

		160		0

		180		0

		200		0

		220		0

		240		0

		260		0

		280		0

		300		0

		320		0

		340		0

		360		0

		380		0

		400		0

		420		0

		440		0

		460		0

		480		0

		500		0

		520		0

		540		0

		560		0

		580		0

		600		0.005

		620		0.01

		640		0.0114

		660		0.0258

		680		0.0471

		700		0.0581

		720		0.1556

		740		0.261

		760		0.355

		780		0.4458

		800		0.4957

		820		0.6215

		840		0.683

		860		0.7279

		880		0.8

		900		0.85

		920		0.9

		940		0.95

		960		1

		13.33				0

		26.67				0

		40.00				0

		53.33				0

		66.67				0

		80.00				0

		93.33				0

		106.67				0

		120.00				0

		133.33				0

		146.67				0

		160.00				0

		173.33				0

		186.67				0

		200.00				0.0025

		213.33				0.005

		226.67				0.01

		240.00				0.01536

		253.33				0.01877

		266.67				0.01958

		280.00				0.02182

		293.33				0.02411

		306.67				0.03416

		320.00				0.06538

		333.33				0.05071

		346.67				0.06377

		360.00				0.07966

		373.33				0.09635

		386.67				0.1234

		400.00				0.1491

		413.33				0.1816

		426.67				0.2575

		440.00				0.3738

		453.33				0.4772

		466.67				0.5923

		480.00				0.7428

		493.33				0.839

		506.67				0.9089

		520.00				0.9413

		533.33				0.9632

		546.67				0.9974

		560.00				1

		10.00						0

		20.00						0

		30.00						0

		40.00						0

		50.00						0

		60.00						0

		70.00						0

		80.00						0

		90.00						0

		100.00						0

		110.00						0.0025

		120.00						0.005

		130.00						0.01

		140.00						0.015

		150.00						0.02

		160.00						0.0231

		170.00						0.02928

		180.00						0.03208

		190.00						0.03958

		200.00						0.04296

		210.00						0.07558

		220.00						0.12

		230.00						0.1444

		240.00						0.1706

		250.00						0.2415

		260.00						0.2504

		270.00						0.3188

		280.00						0.434

		290.00						0.5158

		300.00						0.5768

		310.00						0.7029

		320.00						0.7905

		330.00						0.8377

		340.00						0.9

		350.00						1





		10		10		10

		20		20		20

		30		30		30

		40		40		40

		50		50		50

		60		60		60

		70		70		70

		80		80		80

		90		90		90

		100		100		100

		110		110		110

		120		120		120

		130		130		130

		140		140		140

		150		150		150

		160		160		160

		170		170		170

		180		180		180

		190		190		190

		200		200		200

		210		210		210

		220		220		220

		230		230		230

		240		240		240

		250		250		250

		260		260		260

		270		270		270

		280		280		280

		290		290		290

		300		300		300

		310		310		310

		320		320		320

		330		330		330

		340		340		340

		350		350		350



1.0 cm

1.5 cm

C/Co

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.0007428571

0

0.02466

0.0024035714

0

0.1188

0.0014714286

0

0.33192

0.0014785714

0

0.4796

0.0022821429

0

0.7188

0.0019607143

0

0.878

0.0451785714

0

0.9488

0.2078214286

0

0.9644

0.3921428571

0

0.9708

0.585

0

0.5828

0.7828571429

0

0.786

0.9346428571

0.003272

0.8464

1

0.021036

0.938

1

0.05248

1

1

0.13424

1

1

0.19304

1

1

0.247

0.8056

1

0.29984

0.9852

1

0.37896

1

0.9389285714

0.4804

1

0.9603571429

0.29504

1

1

0.4284

1

1

0.6276

1

1

0.8948

1

1

1

1

1

1

1

1

1

1

1

1



		1		1

		1.5		1.5

		2		2



bt

ex

2.6666666667

4.6666666667

4.3333333333

6.3333333333

6.6666666667

9



		10		10		10

		20		20		20

		30		30		30

		40		40		40

		50		50		50

		60		60		60

		70		70		70

		80		80		80

		90		90		90

		100		100		100

		110		110		110

		120		120		120

		130		130		130

		140		140		140

		150		150		150

		160		160		160

		170		170		170

		180		180		180

		190		190		190

		200		200		200

		210		210		210

		220		220		220

		230		230		230

		240		240		240

		250		250		250

		260		260		260

		270		270		270

		280		280		280

		290		290		290

		300		300		300

		310		310		310

		320		320		320

		330		330		330

		340		340		340

		350		350		350



1.0 cm

1.5 cm

2.0 cm

Volume, mL

C/Co

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.0007428571

0

0.02466

0.0024035714

0

0.1188

0.0014714286

0

0.33192

0.0014785714

0

0.4796

0.0022821429

0

0.7188

0.0019607143

0

0.878

0.0451785714

0

0.9488

0.2078214286

0

0.9644

0.3921428571

0

0.9708

0.585

0

0.5828

0.7828571429

0

0.786

0.9346428571

0.003272

0.8464

1

0.021036

0.938

1

0.05248

1

1

0.13424

1

1

0.19304

1

1

0.247

0.8056

1

0.29984

0.9852

1

0.37896

1

0.9389285714

0.4804

1

0.9603571429

0.29504

1

1

0.4284

1

1

0.6276

1

1

0.8948

1

1

1

1

1

1

1

1

1

1

1

1



		



1.0 cm

1.5 cm

2.0 cm

Volume, ml

C/Co



		



1.0 cm

1.5 cm

2.0 cm

Time, min

C/Co



		



10 ppm

25 ppm

50 ppm

Time, min

Concentration ppm



		



25 ppm

50 ppm

Time, min

C/Co



		20		20		20

		40		40		40

		60		60		60

		80		80		80

		100		100		100

		120		120		120

		140		140		140

		160		160		160

		180		180		180

		200		200		200

		220		220		220

		240		240		240

		260		260		260

		280		280		280

		300		300		300

		320		320		320

		340		340		340

		360		360		360

		380		380		380

		400		400		400

		420		420		420

		440		440		440

		460		460		460

		480		480		480

		500		500		500

		520		520		520

		540		540		540

		560		560		560

		580		580		580

		600		600		600

		620		620		620

		640		640		640

		660		660		660

		680		680		680

		700		700		700

		720		720		720

		740		740		740

		760		760		760

		780		780		780

		800		800		800

		820		820		820

		840		840		840

		860		860		860

		880		880		880

		900		900		900

		920		920		920

		940		940		940

		960		960		960

		13.3333333333		13.3333333333		13.3333333333

		26.6666666667		26.6666666667		26.6666666667

		40		40		40

		53.3333333333		53.3333333333		53.3333333333

		66.6666666667		66.6666666667		66.6666666667

		80		80		80

		93.3333333333		93.3333333333		93.3333333333

		106.6666666667		106.6666666667		106.6666666667

		120		120		120

		133.3333333333		133.3333333333		133.3333333333

		146.6666666667		146.6666666667		146.6666666667

		160		160		160

		173.3333333333		173.3333333333		173.3333333333

		186.6666666667		186.6666666667		186.6666666667

		200		200		200

		213.3333333333		213.3333333333		213.3333333333

		226.6666666667		226.6666666667		226.6666666667

		240		240		240

		253.3333333333		253.3333333333		253.3333333333

		266.6666666667		266.6666666667		266.6666666667

		280		280		280

		293.3333333333		293.3333333333		293.3333333333

		306.6666666667		306.6666666667		306.6666666667

		320		320		320

		333.3333333333		333.3333333333		333.3333333333

		346.6666666667		346.6666666667		346.6666666667

		360		360		360

		373.3333333333		373.3333333333		373.3333333333

		386.6666666667		386.6666666667		386.6666666667

		400		400		400

		413.3333333333		413.3333333333		413.3333333333

		426.6666666667		426.6666666667		426.6666666667

		440		440		440

		453.3333333333		453.3333333333		453.3333333333

		466.6666666667		466.6666666667		466.6666666667

		480		480		480

		493.3333333333		493.3333333333		493.3333333333

		506.6666666667		506.6666666667		506.6666666667

		520		520		520

		533.3333333333		533.3333333333		533.3333333333

		546.6666666667		546.6666666667		546.6666666667

		560		560		560

		10		10		10

		20		20		20

		30		30		30

		40		40		40

		50		50		50

		60		60		60

		70		70		70

		80		80		80

		90		90		90

		100		100		100

		110		110		110

		120		120		120

		130		130		130

		140		140		140

		150		150		150

		160		160		160

		170		170		170

		180		180		180

		190		190		190

		200		200		200

		210		210		210

		220		220		220

		230		230		230

		240		240		240

		250		250		250

		260		260		260

		270		270		270

		280		280		280

		290		290		290

		300		300		300

		310		310		310

		320		320		320

		330		330		330

		340		340		340

		350		350		350



0.5 mL/min

0.75 mL/min

1.0 mL/min

Time, min

C/Co

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.005

0.01

0.0114

0.0258

0.0471

0.0581

0.1556

0.261

0.355

0.4458

0.4957

0.6215

0.683

0.7279

0.8

0.85

0.9

0.95

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.0025

0.005

0.01

0.01536

0.01877

0.01958

0.02182

0.02411

0.03416

0.06538

0.05071

0.06377

0.07966

0.09635

0.1234

0.1491

0.1816

0.2575

0.3738

0.4772

0.5923

0.7428

0.839

0.9089

0.9413

0.9632

0.9974

1

0

0

0

0

0

0

0

0

0

0

0.0025

0.005

0.01

0.015

0.02

0.0231

0.02928

0.03208

0.03958

0.04296

0.07558

0.12

0.1444

0.1706

0.2415

0.2504

0.3188

0.434

0.5158

0.5768

0.7029

0.7905

0.8377

0.9

1



		



bt

ex




