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Recovery of purified 
nickel from material 

contaminated with Tc99

E. A. Grulke
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Research objectives
1. analyze the feasibility of separation of Ni-Tc system by 

thermodynamic modeling
2. design and build an high-T effusion cell mass spectro-

meter for studying thermodynamic properties of 
contaminant-metal systems such as Ni-Re and Ni-Tc. 

3. Measure the activity coefficients and pure component 
saturated vapor pressures of the Ni-Tc system (phase 
diagram construction if appropriate) 

4. Evaluate a model system for clarifying feasibility to 
reduce Tc from 0.1% to below 1 ppb in metal

5. To model and understand the vaporization-
condensation kinetics and the effects of materials 
variables
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Task schedule
Task Status Comment
1. feasibility Completed F 05

2. Design & build high 
temperature effusion cell

MS portion designed and 
received, W 06. Knudsen 
cell received Aug. 06

Numerous design 
iterations.   Construction, 
calibration to be 
completed this term

3.  Measure vapor 
pressure, activity coef.

After 2 Estimates are being used 
to design process

4. Evaluate Re-Ni 
system, 5. thermo model

May be removed as not 
essential

6. Process design + 
economics

Batch distillation options 
identified

PFD shows critical path 
needs
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Sheet2

						Heat Capacity of Ni-Tc

		Cp = A + BT + CT2 + DT3 + ET4								Cp (J/mol/K)

		1) Gas										T(K)

				A		B		C		D		E		Tmin (K)		Tmax (K)

		Ni		22.126		6.64E-03		-5.30E-06		1.44E-09		-1.34E-13		298		4500

		Tc		18.549		1.57E-03		1.70E-05		-1.12E-08		1.96E-12		298		3000

		2) Liquid										T(K)

				A		B		C		D		E		Tmin (K)		Tmax (K)

		Ni		56.355		-1.28E-02		3.99E-06		-2.82E-10				1728		5589

		Tc		47.318		-3.49E-03		6.21E-07		-2.61E-11				2430		9900

				.

		3) Solid										T(K)

				A		B		C		D		E		Tmin (K)		Tmax (K)

		Ni		25.667		-1.34E-02		4.77E-05						275		624

		Tc		47.318		3.64E-02		1.53E-05						2380		2430

				Ni						Tc

		T (K)		Cp(g)		Cp(l)		Cp(s)		Cp(g)		Cp(l)		Cp(s)

		2430		2.30E+01		4.47E+01		2.75E+02		3.03E+01		4.21E+01		2.26E+02
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						Physical Properties of Nickel-Technetium

				Mw		Tm		Tb		Tc		Pc		Vc		rc		Zc		w

				(g/mol)		(K)		(K)		(K)		(bar)		(cm3/mol)		(g/cm3l)

		Ni		58.69		1728.15		2415		6986.15		4918.5		35.4		1.6566		0.3		-0.17

		Tc		99		2430.15		5000		17400.8		10183		42.6		2.2992		0.3		-0.31

				Mw		Tm		Tb		DHf (Tm)		DHv (Tb)

				(g/mol)		(K)		(K)		(KJ/mol)		(KJ/mol)

		Ni		58.69		1728.15		2415		17.6		391.85

		Tc		99		2430.15		5000		23.81		587.93

				A		Tc		n		Tmin		Tmax		Tb		DHv (Tb)

						(K)				(K)		(K)		(K)		(KJ/mol)

		Ni		460.38		6986.15		0.38		1728.15		6986.15		2415		391.85

		Tc		668.703		17400.8		0.38		2430.15		17400.8		5000		587.93

		DHsub = DHfus + DHvap  within 10%error						(Yaws)

		Exp. Error =		0.8843967151		% (Krokorian et. al.)

						DHsub

						(KJ/mol)		higher limit		lower limit

		Yaws		Ni		391.85		431.035		352.665

				Tc		587.93		646.723		529.137

		Krikorian et. al.		Ni (exp)		418		421.6967782691		414.3032217309

				Tc (exp)		661.694		667.546		655.842
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						Nickel & Technetium Vapor Pressure																T(K)		1/T (104)

																						1061		9.425070688

		log(P*) = A + B/T + ClogT + DT + ET2								P(mmHg)		T(K)										1100		9.0909090909

																						1300		7.6923076923

				A		B		C		D		E		T range		Tm (K)		Tb (K)				1500		6.6666666667

		Ni		-57.4301		-13533		23.611		-7.67E-03		7.81E-07		1061-2415		1728.15		2415				1660		6.0240963855

		Tc		-240.5191		-5792.8		78.794		-1.31E-02		7.46E-07		1660-5000		2430.15		5000				1860		5.376344086

																						2060		4.854368932

																						2260		4.4247787611

						P* (atm)				a												2415		4.1407867495

		T (oC)		T (K)		Ni		Tc														2430.15		4.1149723268

		787.85		1061		1.32E-09																2500		4

		1455		1728.15		2.43E-03																2600		3.8461538462

		1386.85		1660		9.83E-04		1.34E-13		7.35E+09												2800		3.5714285714

		2141.85		2415		1.00E+00		2.77E-07		3.62E+06												3000		3.3333333333

		2157		2430.15		1.00E+00		3.37E-07		2.97E+06												3200		3.125

																						3400		2.9411764706

																						3600		2.7777777778

								P*Tc (Yaws extrap)						P*Tc (krikorian extrap)								3800		2.6315789474

		1/T (104)		T (K)		P*Ni (Yaws)		P*Tc (Yaws)		log P*Ni1		log P*Tc1		P*Tc (krikorian)		log P*Tc2						4000		2.5

		9.425070688		1061		1.32E-09		3.00E-24		-8.8807106641		-23.523100713		7.90E-27		-26.1023375118						4200		2.380952381

		9.0909090909		1100		5.11E-09		2.87E-23		-8.2914878757		-22.5427166761		1.34E-25		-24.8731909091						4400		2.2727272727

		7.6923076923		1300		1.43E-06		5.25E-19		-5.844080401		-18.2801295906		1.87E-20		-19.7287153846						4600		2.1739130435

		6.6666666667		1500		8.23E-05		1.01E-15		-4.0845053747		-14.9935580929		1.11E-16		-15.9561						4800		2.0833333333

		6.0240963855		1660		9.83E-04		1.34E-13		-3.0072626561		-12.8736333975		2.56E-14		-13.5925337349						5000		2

		5.376344086		1860		1.13E-02		1.98E-11		-1.94743469		-10.7025668077		6.17E-12		-11.2099064516

		5.17		1934.2359767892		2.42E-02		9.84E-11		-1.6159473501		-10.0069711932		3.54E-11		-10.450911						1/T (104)		P*Tc2(atm)		log P*Tc2

		5.04		1984.126984127		3.90E-02		2.70E-10		-1.4086322954		-9.5684687536		1.06E-10		-9.972732						5.17		0		-10.5228787453

		5		2000		4.52E-02		3.69E-10		-1.3450743647		-9.4335561139		1.49E-10		-9.8256						5.04		0.0000000001		-10

		4.9		2040.8163265306		6.51E-02		8.01E-10		-1.1866397643		-9.0963827357		3.49E-10		-9.45777						5		0.0000000002		-9.6989700043

		4.854368932		2060		7.68E-02		1.14E-09		-1.1145557799		-8.9426078055		5.13E-10		-9.2899252427						4.9		0.0000000004		-9.3979400087

		4.825		2072.5388601036		8.55E-02		1.43E-09		-1.0682287389		-8.8436720535		6.58E-10		-9.1818975						4.854368932		0.0000000006		-9.2218487496

		4.78		2092.050209205		1.01E-01		2.03E-09		-0.9973441885		-8.692145323		9.63E-10		-9.016374						4.825		0.0000000007		-9.15490196

		4.69		2132.1961620469		1.39E-01		4.08E-09		-0.8559162343		-8.3893843336		2.06E-09		-8.685327						4.78		0.0000000009		-9.0457574906

		4.66		2145.9227467811		1.55E-01		5.15E-09		-0.8088681837		-8.2885672346		2.66E-09		-8.574978						4.69		0.0000000018		-8.7447274949

		4.6		2173.9130434783		1.93E-01		8.18E-09		-0.7149016484		-8.0871160948		4.42E-09		-8.35428						4.66		0.000000002		-8.6989700043

		4.5		2222.2222222222		2.76E-01		1.77E-08		-0.5586284526		-7.7519991681		1.03E-08		-7.98645						4.6		0.000000004		-8.3979400087

		4.4247787611		2260		3.62E-01		3.16E-08		-0.4413004649		-7.5005418188		1.95E-08		-7.7097637168						4.5		9.00E-09		-8.0457574906

		4.4		2272.7272727273		3.96E-01		3.82E-08		-0.4026827533		-7.417842147		2.41E-08		-7.61862						4.4247787611		0.00000002		-7.6989700043

		4.1407867495		2415		1.00E+00		2.77E-07		0		-6.5576146697		2.16E-07		-6.6651559006						4.4		0.000000032		-7.4948500217

		4.1149723268		2430.15		1.00E+00		3.37E-07		0		-6.4725223508		2.69E-07		-6.5702027097

		4		2500		1.00E+00		8.03E-07		0		-6.095061049		7.12E-07		-6.1473

		3.8461538462		2600		1.00E+00		2.54E-06		0		-5.5943776123		2.62E-06		-5.5814076923

		3.5714285714		2800		1.00E+00		1.92E-05		0		-4.7156168136		2.69E-05		-4.5708857143

		3.3333333333		3000		1.00E+00		1.06E-04		0		-3.9734047812		2.02E-04		-3.6951

		3.125		3200		1.00E+00		4.56E-04		0		-3.3411522005		1.18E-03		-2.9287875

		2.9411764706		3400		1.00E+00		1.59E-03		0		-2.7973225087		5.59E-03		-2.2526294118

		2.7777777778		3600		1.00E+00		4.74E-03		0		-2.3242294579		2.23E-02		-1.6516

		2.6315789474		3800		1.00E+00		1.24E-02		0		-1.9071719331		7.69E-02		-1.1138368421

		2.5		4000		1.00E+00		2.93E-02		0		-1.5337986356		2.35E-01		-0.62985

		2.380952381		4200		1.00E+00		6.40E-02		0		-1.1936330999		6.43E-01		-0.1919571429

		2.2727272727		4400		1.00E+00		1.33E-01		0		-0.8777128558		1.00E+00		0

		2.1739130435		4600		1.00E+00		2.64E-01		0		-0.5783113506		1.00E+00		0

		2.0833333333		4800		1.00E+00		5.14E-01		0		-0.2887208678		1.00E+00		0

		2		5000		1.00E+00		9.93E-01		0		-0.0030810706		1.00E+00		0
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						Batch Distillation of Ni/Tc														nTc		nNi		VTc		VNi		xTc		xNi		yTc		yNi

																				0.4064347175		164406.097677338		0		0		0.0000024721		0.9999975279		0		0

		Tc (ppb)		Bq																0.4064344023		16440.6097677338		0.0000003153		147965.487909605		0.0000247208		0.9999752792		0		1

		10		1								Tc (ppb)								0.406434087		1644.0609767734		0.0000006305		162762.036700565		0.0002471524		0.9997528476		0		1

		4148.1481481481		414.81								4148.1481481481								0.4064337717		164.4060976773		0.0000009458		164241.691579661		0.0024660368		0.9975339632		0		1

																				0.4064334565		16.4406097677		0.0000012611		164389.657067571		0.0241249133		0.9758750867		0		1

				Tm(oC)		Tm(K)		Tb(oC)		Tb(K)		mass(kg)		Kmoles		Vol(m3)				0.4064312496		0.0000016441		0.000003468		164406.097675694		0.9999959549		0.0000040451		0		1

		tank														1307.8639419682

		Mixture										9700000		164406.504112056		1089.8866183068

		Ni		1455		1728		2142		2415		9699959.76296296		164406.097677338		1089.883119434

		99 Tc		2157		2430		4727		5000		40.237037037		0.4064347175		0.0034988728

														2472.1328376936		ppb Tc

				P*		Cp(l)		Cp(g)		DHvap		DHfus		Cp(s)

		T = 2430K		atm		J/mol/K		J/mol/K		KJ/mol		KJ/mol		J/mol/K

		Ni		1		44.66		23.0108433163		391.3571651141		17.04		274.93

		Tc		3.37E-07		42.13		30.261675158		631.5533933669		23.81		226.03

		aNi/Tc =		2.97E+06				nNio =		164406.097677338		Kmoles

								nTco =		0.40643		Kmoles

		nNi / nNio = (nTc / nTco)a

		nTc		nNi				VTc		VNi

		4.06E-01		164406				0		0

		4.06E-01		16441				3.15E-07		147965

		4.06E-01		1644				6.31E-07		162762

		4.06E-01		164				9.46E-07		164242

		4.06E-01		16				1.26E-06		164390

		4.06E-01		1.6E-06				3.47E-06		164406

		xTc		xNi				yTc		yNi

		0.0000024721		0.9999975279				0		0

		2.47E-05		0.99998				2.13E-12		1

		2.47E-04		0.9998				3.87E-12		1

		2.47E-03		0.9975				5.76E-12		1

		2.41E-02		0.9759				7.67E-12		1

		1.00E+00		4.05E-06				2.11E-11		1

		Tc		Activity		Ni		Q		Q		Q		Cost		Cost/Kg

		ppb		Bq		Rec (%)		KJ		KW-hr		loss=25%		$0.08/KWh

		2.13E-03		3.58E-04		90.00		5.72E+10		1.59E+07		1.99E+07		1589857.68299155		0.182

		3.87E-03		6.50E-04		99.00		6.23E+10		1.73E+07		2.16E+07		1729224.17009009		0.198

		5.76E-03		9.66E-04		99.90		6.28E+10		1.74E+07		2.18E+07		1743160.8188047		0.200

		7.67E-03		1.29E-03		99.99		6.28E+10		1.74E+07		2.18E+07		1744554.48368091		0.200

		2.11E-02		3.54E-03		100.00		6.28E+10		1.74E+07		2.18E+07		1744709.33535471		0.200
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						Cost of 9700 tons/year Nickel Plant

		Total Capital Investment Cost:

		I) Direct Costs:

		A)		Equipment		Price		No#		Total		Modified

		1)		Tanks		10000		2		20000		40000

		2)		Pump		5000		4		20000		40000

		3)		Cold Trap		10000		1		10000		20000

		4)		Heat Exchanger		100000		4		400000		800000

		5)		Electric Motor		100000		1		100000		200000

		6)		Steam Turbine		100000		1		100000		200000

		7)		Furnace		100000		1		100000		200000

		8)		Rollers		5000		1		5000		10000

				Total						755000		1510000				1,510,000

		B)		Installation(including insulation & painting), Instrumentation, electrical

						Low Price		High Price		Ave Price

		1)		Installation		377500		830500		604000

		2)		Instrumentation		90600		453000		271800

		3)		piping		151000		1208000		679500

		4)		electrical		151000		604000		377500

						770100		3095500		1932800						1,932,800

		C)		Buildings & process & auxiliary, Service facilities & yard improvements, Land

						Low Price		High Price		Ave Price

		1)		BPA		151000		1057000		604000

		2)		SF & YI		604000		1510000		1057000

		3)		Land		60400		120800		90600

						815400		2687800		1751600						1,751,600

				Total Direct Costs:												3,442,800

		II) Indirect Costs:

		A)		Engineering & Supervision, Construction expense & Contractors fee

						Low Price		High Price		Ave Price

		1)		E&S		172140		1032840		602490

		2)		CE&CF		206568		1032840		619704

						378708		2065680		1222194						1,222,194

		B)		Contingency

																13,660

				Total Indirect Costs:												1,235,854

				Fixed Capital Investment:												4,678,654

				Working Capital												701,798

				Total Capital Investment:												5,380,452

		Total Product Cost:

		I) Manufacturing Cost:														Standard

																Process

		A)		Direct Production Cost

												Price

		1)		Raw Materials

		i)		Ni								0				- 0

		ii)		Tc								0				- 0

		iii)		others								0				- 0

				Total												- 0

		2)		Operating Labor

				Employees		Wage

				10		110000										1,100,000

		3)		Direct Supervisory & Clerical Labor, Laboratory Supplies

						Low Price		High Price		Ave Price

		i)		DS&CL		110000		275000		192500						192,500

		ii)		LS		110000		220000		165000						165,000

		4)		Maintenance & Repairs, Operating Supplies

						Low Price		High Price		Ave Price

				M&R		93573		467865		280719						280,719

				OS		23393		46787		35090						35,090

		5)		Utilities, Patents & Royalties

		i)		Utilities												4,850,000

		ii)		P&R												242,500

		B)		Fixed Charges: (Depreciation, taxes, insurance, & rent)												2,425,000

		C)		Plant-Overhead Costs:(general plant unkeep & overhead, payroll overhead,packaging, medical

				, safety & protection, restaurants, recreation, salvage, laboratories, & storage facilities)

						Low Price		High Price		Ave Price

						786610		1101253		943932						943,932

				Manufacturing Costs:												10,234,741

		II) General Expenses:

		A)		Adminstrative Costs												235,983

		B)		Distribution & Selling Costs												200,222

		C)		Research & Development Costs												81,292

		D)		Financing

						Low Price		High Price		Ave Price

						0		538045		269023						269,023

				General expenses:												786,519

				Total Product Cost:												11,021,260

				Total Income												67,433,726

				Gross Earnings												56,412,466
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				Costs of Processes

				Price($)/kg		mass (kg)		Price ($)

		Ni Price/Kg		6.952		9,699,960		67,434,120

		Tc Price/Kg		50,000		40		2,011,780

		Ni / Tc				9700000		69,445,900

				Cost($)/kg		Cost($)/Prod		Profit		Savings *		Savings **

		Electrolysis

		Ni (1 Bq/g)		5.61		54,417,000		13,017,120		47,587,920		53,058,720

		Sold Ni & Tc						15,028,900		49,599,700		55,070,500

		Nevada (disposal)		3.564		34,570,800

		Envirocare		4.128		40,041,600

		Our Process

		Ni (0.00354 Bq/g)		1.14		11,021,260		56,412,860		90,983,660		96,454,460

		Sold Ni & Tc						58,424,640		92,995,440		98,466,240

		* Disposal at Nevada

		** Disposal at Envirocare
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		Total Costs and Non-Federal Cost-Share Commitments

																				Organization		Personnel		Task & Responsibilities

																				University of Kentucky		E. Grulke (           )

		Item		Year 1		Year 2		Year 3		Year 4		Year 5		Total								T. Zhai

		Internal Fund		250,000		250,000		250,000		250,000		250,000		1,250,000								L. El-Azzami

		Total non-federal funds		250,000		250,000		250,000		250,000		250,000		1,250,000

		DOE request		750,000		750,000		750,000		750,000		750,000		3,750,000

		Total Project		1,000,000		1,000,000		1,000,000		1,000,000		1,000,000		5,000,000

		%cost share		75.00%		75.00%		75.00%		75.00%		75.00%		75.00%

				Year 1		Year 2		Year 3		Year 4		Year 5		Total

		U.S. DOE		750		750		750		750		750		3,750

		Internal		250		0		0		0		0		250

		SUM		1,000		750		750		750		750		4,000
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				Milestone Plan & Scheduele																																												DOE Funding

				Milestone				Year 1								Year 2								Year 3								Year 4								Year 5								Task		UK

		Task				P1		P2		P3		P4		P1		P2		P3		P4		P1		P2		P3		P4		P1		P2		P3		P4		P1		P2		P3		P4				Mass spectrometer Building & Validation

		1.0		Mass spectrometer																																												Subtotal Year 1		750

		1.1		Building																																												Nickel-Rhenium Data Acquistion

		1.2		Validation																																												Subtotal Year 2		750

		2.0		Nickel-Rhenium																																												Nickel-Rhenium Separation

		2.1		Data Acquisition																																												Subtotal Year 3		750

		2.2		Separation																																												Nickel-Tecnetium Data Acquisition

		3.0		Nickel-Tecnetium																																												Subtotal Year 4		750

		3.1		Data Acquisition																																												Nickel-Tecnetium Separation

		3.2		Separation																																												Subtotal Year 5		750

		4.0		Final Report																																												Total		3750

																																																		Internal Fund

																																																		Yr 1		Yr2		Yr3		Yr 4		Yr 5

																																																Mass spectrometer Building & Validation		250

																																																Nickel-Rhenium Data Acquistion				0

																																																Nickel-Rhenium Separation						0

																																																Nickel-Tecnetium Data Acquisition								0

																																																Nickel-Tecnetium Separation										0
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Crude cost estimate. 
1st process concept

 
Price($)/kg mass (kg) Price ($) 

Ni Price/Kg 14.61944 9,699,960     141,807,980                 
Tc Price/Kg 50,000       40 2,011,780                     
Ni / Tc 9700000 143,819,760                 

Cost($)/kg Cost($)/Prod Profit Savings * Savings *
Electrolysis
Ni (1Bq) 5.61 54,417,000   87,390,980                   121,961,780    127,43    
Sold Ni & Tc 89,402,760                   123,973,560    129,44    

Nevada (disposal) 3.564 34,570,800   

Envirocare 4.128 40,041,600   

Our Process
Ni (>> 1Bq) 1.14          11,021,260   130,786,720                 165,357,520    170,82    
Sold Ni & Tc 132,798,500                 167,369,300    172,84    

* Disposal at Nevada
** Disposal at Envirocare

 




[image: image1.emf]Price($)/kgmass (kg)Price ($) 


Ni Price/Kg14.619449,699,960   141,807,980              


Tc Price/Kg50,000     402,011,780                   


Ni / Tc9700000143,819,760              


Cost($)/kgCost($)/ProdProfitSavings *Savings **


Electrolysis


Ni (1Bq)5.6154,417,000 87,390,980                 121,961,780 127,432,580 


Sold Ni & Tc89,402,760                 123,973,560 129,444,360 


Nevada (disposal)3.56434,570,800 


Envirocare4.12840,041,600 


Our Process


Ni (>> 1Bq)1.14          11,021,260 130,786,720              165,357,520 170,828,320 


Sold Ni & Tc132,798,500              167,369,300 172,840,100 


* Disposal at Nevada


** Disposal at Envirocare
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									Separation of Ni/Tc
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									Heat Capacity of Ni-Tc


			Cp = A + BT + CT2 + DT3 + ET4												Cp (J/mol/K)


			1) Gas															T(K)


						A			B			C			D			E			Tmin (K)			Tmax (K)


			Ni			22.126			6.64E-03			-5.30E-06			1.44E-09			-1.34E-13			298			4500


			Tc			18.549			1.57E-03			1.70E-05			-1.12E-08			1.96E-12			298			3000


			2) Liquid															T(K)


						A			B			C			D			E			Tmin (K)			Tmax (K)


			Ni			56.355			-1.28E-02			3.99E-06			-2.82E-10						1728			5589


			Tc			47.318			-3.49E-03			6.21E-07			-2.61E-11						2430			9900


						.


			3) Solid															T(K)


						A			B			C			D			E			Tmin (K)			Tmax (K)


			Ni			25.667			-1.34E-02			4.77E-05									275			624


			Tc			47.318			3.64E-02			1.53E-05									2380			2430


						Ni									Tc


			T (K)			Cp(g)			Cp(l)			Cp(s)			Cp(g)			Cp(l)			Cp(s)


			2430			2.30E+01			4.47E+01			2.75E+02			3.03E+01			4.21E+01			2.26E+02
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						Physical Properties of Nickel-Rhenium-Technetium																																	Activity Coefficients of Nickel & Technetium


						Mw			Tm			Tb			Tc			Pc			Vc			rc			Zc			w															fNi			0.9999


						(g/mol)			(K)			(K)			(K)			(bar)			(cm3/mol)			(g/cm3)																					fTc			0.0001																		Mw			Tm			Tb			Tc			Pc			Vc			rc			Zc			w


			Ni			58.69			1728.15			2415			6986.15			4918.5			35.4			1.6566			0.3			-0.17																		1																		(g/mol)			(K)			(K)			(K)			(bar)			(cm3/mol)			(g/cm3)


			Re			186.207			3459.15			5915			21482.82			12047			32.1			5.808			0.3			-0.34																																	Ni			58.69			1728.15			2415			6986.15			4918.5			35.4			1.6566			0.3			-0.17


			Tc			99			2430.15			5000			17400.8			10183			42.6			2.2992			0.3			-0.31																																	Tc			99			2430.15			5000			17400.8			10183			42.6			2.2992			0.3			-0.31


																																							DHv (KJ/mol)						V			(cm3/mol)


																																	T (oC)			T (K)			Ni			Tc			Ni			Tc																		Mw			Tm			Tb			DHf (Tm)			DHv (Tb)


						Mw			Tm			Tb			DHf (Tm)			DHv (Tb)															1000			1273.15			426.4954962153			780.5270285827			6.5943820225			16.1919130435																		(g/mol)			(K)			(K)			(KJ/mol)			(KJ/mol)


						(g/mol)			(K)			(K)			(KJ/mol)			(KJ/mol)															1200			1473.15			420.7590650232			777.58274412			6.5943820225			16.1919130435															Ni			58.69			1728.15			2415			17.6			391.85


			Ni			58.69			1728.15			2415			17.6			391.85															1400			1673.15			414.8921084293			774.6201568635			6.5943820225			16.1919130435															Tc			99			2430.15			5000			23.81			587.93


			Re			186.207			3459.15			5915			33.1			706.84															1600			1873.15			408.8865692663			771.6389665102			6.5943820225			16.1919130435


			Tc			99			2430.15			5000			23.81			587.93															1800			2073.15			402.7335539821			768.6388647066			7.6159133853			16.1919130435


																																	2000			2273.15			396.4232077055			765.6195347475			7.5186622636			16.1919130435


			Heat of Vaporization: DHvap = A(1-T/Tc)n																														2200			2473.15			389.9445644656			762.5806512604			7.4197165602			16.1919130435


																																	2400			2673.15			383.2853662802			759.5218798743			7.3189526676			16.1919130435


						A			Tc			n			Tmin			Tmax			Tb			DHv (Tb)


									(K)						(K)			(K)			(K)			(KJ/mol)															d						g


			Ni			460.38			6986.15			0.38			1728.15			6986.15			2415			391.85									T (oC)			T (K)			Ni			Tc			Ni			Tc


			Re			798.859			21482.82			0.38			3459.15			21482.82			5915			706.84									1000			1273.15			251.1382739342			218.0619747892			1.0000000068			5.3293514699


			Tc			668.703			17400.8			0.38			2430.15			17400.8			5000			587.93									1200			1473.15			248.8943187381			217.4085897182			1.0000000053			3.7074096118


																																	1400			1673.15			246.5898167833			216.7506275682			1.0000000042			2.8184652115


																																	1600			1873.15			244.2205526466			216.0880036151			1.0000000034			2.2766617354


			DHsub = DHfus + DHvap  within 10%error (Yaws)																														1800			2073.15			224.9830085461			215.4206306391			1.0000000004			1.089677784


			Exp. Error =			0.8843967151			% (Krokorian et. al.)																								2000			2273.15			224.0795025734			214.7484188243			1.0000000003			1.0774343064


						1.1709601874			% (Behrens et. al.)																								2200			2473.15			223.1231713916			214.0712756524			1.0000000003			1.0666366986


									DHsub																								2400			2673.15			222.1087659082			213.3891057905			1.0000000003			1.0569454264


									(KJ/mol)			higher limit			lower limit


			Yaws			Ni			391.85			431.035			352.665																					P* (atm)						y						yTc/yNi			xTc/xNi			EF			1/EF


						Tc			587.93			646.723			529.137																		T (oC)			Ni			Tc			Ni			Tc


			Krikorian et. al.			Ni (exp)			418			421.6967782691			414.3032217309																		1000			0.0000007486			1.63011102853951E-19			7.5E-07			8.7E-23			1.2E-16			0.00010001			1.2E-12			8.6E+11


						Tc (exp)			661.694			667.546			655.842																		1200			0.0000512064			4.07801129331544E-16			5.1E-05			1.5E-19			3.0E-15			0.00010001			3.0E-11			3.4E+10


			Behrens et. al			Tc (exp)			535.458			541.728			529.188																		1400			0.0011780136			0			1.2E-03			5.4E-17			4.6E-14			0.00010001			4.6E-10			2.2E+09


																																	1600			0.0129844615			0			1.3E-02			6.1E-15			4.7E-13			0.00010001			4.7E-09			2.1E+08


			Density of Liquid: r = A / B(1-T/Tc) n																														1800			0.08590404			0.0000000014			8.6E-02			1.6E-13			1.8E-12			0.00010001			1.8E-08			5.4E+07


																																	2000			0.3968188274			0.0000000384			4.0E-01			4.1E-12			1.0E-11			0.00010001			1.0E-07			9.6E+06


						A			B			n			Tc			Tmin			Tmax												2200			1			0.000000579			1.0E+00			6.2E-11			6.2E-11			0.00010001			6.2E-07			1.6E+06


															(K)			(K)			(K)												2400			1			0.0000055565			1.0E+00			5.9E-10			5.9E-10			0.00010001			5.9E-06			1.7E+05


			Ni			2.56376			0.3			0.28571			6986.15			1728.15			6986.15


			Re			6.01402			0.3			0.28571			21482.82			3459.15			21482.82


			Tc			3.34979			0.3			0.28571			17400.8			2430.15			17400.8
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									Nickel & Technetium Vapor Pressure


			A) Yaws: log(P*) = A + B/T + ClogT + DT + ET2																		P(mmHg)


						A			B			C			D			E			T range			Tm (K)			Tb (K)


			Ni			-57.4301			-13533			23.611			-7.67E-03			7.81E-07			1061-2415			1728.15			2415


			Tc			-240.5191			-5792.8			78.794			-1.31E-02			7.46E-07			1660-5000			2430.15			5000


			B) Krokorian & Behrens: log(P*) = AT + B																		P(atm)


						A			B			T range


			Tc (Kro)			-3.6783			8.5659			1934-2273


			Tc (Beh)			0.0057			-20.175			2080-2336


									P* (atm)						a


			T (oC)			T (K)			Ni			Tc


			926.85			1200			1.09E-07			5.42E-21			2.02E+13


			1226.85			1500			8.23E-05			1.01E-15			8.11E+10


			2000			1728			2.42E-03			8.28E-13			2.92E+09


			2200			2415			1.00E+00			2.77E-07			3.61E+06


			2400			2430			1.00E+00			3.36E-07			2.97E+06


			T (K)			P*Ni (Yaws)			P*Tc (Yaws)			T (K)			P*Tc (Krikorian)			T(K)			P*Tc (Behrens)


			1061			1.E-09						1934			4.E-11			2080			5.E-09


			1100			5.E-09						1984			1.E-10			2090			5.E-09


			1300			1.E-06						2000			1.E-10			2101			6.E-09


			1500			8.E-05						2041			3.E-10			2110			7.E-09


			1660			1.E-03			1.E-13			2060			5.E-10			2121			8.E-09


			1860			1.E-02			2.E-11			2073			7.E-10			2132			9.E-09


			1934			2.E-02			1.E-10			2092			1.E-09			2141			1.E-08


			1984			4.E-02			3.E-10			2132			2.E-09			2153			1.E-08


			2000			5.E-02			4.E-10			2146			3.E-09			2162			1.E-08


			2041			7.E-02			8.E-10			2174			4.E-09			2173			2.E-08


			2060			8.E-02			1.E-09			2222			1.E-08			2183			2.E-08


			2073			9.E-02			1.E-09			2260			2.E-08			2190			2.E-08


			2092			1.E-01			2.E-09			2273			2.E-08			2202			2.E-08


			2132			1.E-01			4.E-09									2213			3.E-08


			2146			2.E-01			5.E-09									2224			3.E-08


			2174			2.E-01			8.E-09									2229			3.E-08


			2222			3.E-01			2.E-08									2242			4.E-08


			2260			4.E-01			3.E-08									2246			4.E-08


			2273			4.E-01			4.E-08									2259			5.E-08


			2415			1.E+00			3.E-07									2266			6.E-08


			2430						3.E-07									2272			6.E-08


			2500						8.E-07									2285			7.E-08


			2600						3.E-06									2296			8.E-08


			2800						2.E-05									2307			9.E-08


			3000						1.E-04									2317			1.E-07


			3200						5.E-04									2327			1.E-07


			3400						2.E-03									2336			1.E-07


			3600						5.E-03


			3800						1.E-02


			4000						3.E-02


			4200						6.E-02


			4400						1.E-01


			4600						3.E-01


			4800						5.E-01


			5000						1.E+00
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												Batch Distillation of Ni/Tc																		Ni Rec			1


																														a			2968399.50710705


																														FNi			165274.489060562


															Tc (ppbm)															FTc			0.406434703


															4148.148															LNi			0


																														LTc			0


									Tm(K)			Tb(K)			mass(kg)			kmol			Vol(m3)									VNi			165274.489060562


						tank															1307.8639419682									VTc			1.37E-07


						Mixture									9700000			165274.895495265			1089.8866183069									Bq/g			8.85E-04


						Ni			1728			2415			9699959.7629644			165274.489060562			1089.8831194342									xTc			1.40E-12


						99 Tc			2430			5000			40.2370356			0.406434703			0.0034988727


																											yNi			yTc			xNi			xTc			Nmin


			T			P*			Cp(l)			Cp(g)			DHvap			DHfus			Cp(s)						1.00E+00			1.00E-12			1.00E-06			1.00E+00			2.7809868534


			2430			atm			J/mol/K			J/mol/K			KJ/mol			KJ/mol			J/mol/K						1.00E+00			1.00E-13			1.00E-06			1.00E+00			2.9354861267


			Ni			1			44.66			23.0108433163			391.3571651141			17.04			274.93						1.00E+00			1.00E-14			1.00E-06			1.00E+00			3.0899854001


			Tc			3.37E-07			42.13			30.261675158			631.5533933669			23.81			226.03						1.00E+00			1.00E-15			1.00E-06			1.00E+00			3.2444846734


						aNi/Tc =			2.97E+06						nNio =			165274.489060562			kmol


															nTco =			0.40643			kmol


						nNi / nNio = (nTc / nTco)a									Time (day) =			30			days


															nNio =			5509.1496353521			kmol/day


															nTco =			0.0135478234			kmol/day


			Time			nTc			nNi			VTc			VNi			Vactivity			nactivity


			day			kmol/day			kmol/day			kmol/day			kmol/day			Bq/g			Bq/g


			0			0.01355			5509.15			0			0			0			2.6E+03


			1			0.02709564			5509.15			4.56E-09			5509.15			8.85E-04			5.3E+03


			2			0.04064346			5509.15			9.13E-09			5509.15			1.77E-03			7.9E+03


			3			0.05419127			5509.15			1.37E-08			5509.15			2.65E-03			1.1E+04


			4			0.06773907			5509.15			1.83E-08			5509.15			3.54E-03			1.3E+04


			5			0.08128687			5509.15			2.28E-08			5509.15			4.42E-03			1.6E+04


			6			0.09483467			5509.15			2.74E-08			5509.15			5.31E-03			1.8E+04


			7			0.10838246			5509.15			3.19E-08			5509.15			6.19E-03			2.1E+04


			8			0.12193025			5509.15			3.65E-08			5509.15			7.08E-03			2.4E+04


			9			0.13547803			5509.15			4.11E-08			5509.15			7.96E-03			2.6E+04


			10			0.14902581			5509.15			4.56E-08			5509.15			8.85E-03			2.9E+04


			11			0.16257358			5509.15			5.02E-08			5509.15			9.73E-03			3.2E+04


			12			0.17612135			5509.15			5.48E-08			5509.15			1.06E-02			3.4E+04


			13			0.18966911			5509.15			5.93E-08			5509.15			1.15E-02			3.7E+04


			14			0.20321687			5509.15			6.39E-08			5509.15			1.24E-02			3.9E+04


			15			0.21676463			5509.15			6.85E-08			5509.15			1.33E-02			4.2E+04


			16			0.23031238			5509.15			7.30E-08			5509.15			1.42E-02			4.5E+04


			17			0.24386012			5509.15			7.76E-08			5509.15			1.50E-02			4.7E+04


			18			0.25740786			5509.15			8.22E-08			5509.15			1.59E-02			5.0E+04


			19			0.27095560			5509.15			8.67E-08			5509.15			1.68E-02			5.3E+04


			20			0.28450333			5509.15			9.13E-08			5509.15			1.77E-02			5.5E+04


			21			0.29805106			5509.15			9.58E-08			5509.15			1.86E-02			5.8E+04


			22			0.31159878			5509.15			1.00E-07			5509.15			1.95E-02			6.0E+04


			23			0.32514650			5509.15			1.05E-07			5509.15			2.03E-02			6.3E+04


			24			0.33869422			5509.15			1.10E-07			5509.15			2.12E-02			6.6E+04


			25			0.35224193			5509.15			1.14E-07			5509.15			2.21E-02			6.8E+04


			26			0.36578963			5509.15			1.19E-07			5509.15			2.30E-02			7.1E+04


			27			0.37933733			5509.15			1.23E-07			5509.15			2.39E-02			7.4E+04


			28			0.39288503			5509.15			1.28E-07			5509.15			2.48E-02			7.6E+04


			29			0.40643272			5509.15			1.32E-07			5509.15			2.57E-02			7.9E+04


			30			0.40643272			0.00			1.37E-07			5509.15			2.65E-02			6.3E+08


												2.12E-06			165274.49			1.37E-02


			Day			xTc			xNi			yTc			yNi			y'Tc			y'Ni			STc (kg)


			1			2.46E-06			1.00			0.00E+00			0			0.00E+00			1			0.0E+00


			30			4.92E-06			1.00			8.28E-13			1			1.68E-07			1			2.3E+03


			60			7.38E-06			1.00			1.66E-12			1			2.25E-07			1			9.2E+03


			100			9.84E-06			1.00			2.49E-12			1			2.53E-07			1			2.3E+04


			200			1.23E-05			1.00			3.31E-12			1			2.70E-07			1			6.1E+04


			300			1.48E-05			1.00			4.14E-12			1			2.81E-07			1			1.1E+05


			320			1.72E-05			1.00			4.97E-12			1			2.89E-07			1			1.5E+05


			340			1.97E-05			1.00			5.80E-12			1			2.95E-07			1			1.8E+05


			350			2.21E-05			1.00			6.63E-12			1			2.99E-07			1			2.1E+05


			355			2.46E-05			1.00			7.46E-12			1			3.03E-07			1			2.4E+05


			361			2.70E-05			1.00			8.28E-12			1			3.06E-07			1			2.8E+05


			362			2.95E-05			1.00			9.11E-12			1			3.09E-07			1			3.0E+05


			363			3.20E-05			1.00			9.94E-12			1			3.11E-07			1			3.3E+05


			364			3.44E-05			1.00			1.08E-11			1			3.13E-07			1			3.6E+05


			365			3.69E-05			1.00E+00			1.16E-11			1			3.14E-07			1			20.1184703571


			Time			Tc			Activity			Activity			Recovery


			Day			ppbm			Bq			Bq/g			of Ni (%)


			1			0.00E+00			0.00E+00			0.00E+00			0.00


			30			1.68E+02			2.44E+08			0.00E+00			0.00


			60			2.25E+02			1.30E+09			0.00E+00			0.00


			100			2.53E+02			3.67E+09			0.00E+00			0.00


			200			2.70E+02			1.04E+10			0.00E+00			0.00


			300			2.81E+02			2.04E+10			0.00E+00			0.00


			320			2.89E+02			2.68E+10			0.00E+00			0.00


			340			2.95E+02			3.39E+10			0.00E+00			0.00


			350			2.99E+02			4.06E+10			0.00E+00			0.00


			355			3.03E+02			4.69E+10			0.00E+00			0.00


			361			3.06E+02			5.35E+10			0.00E+00			0.00


			362			3.09E+02			5.95E+10			0.00E+00			0.00


			363			3.11E+02			6.55E+10			0.00E+00			0.00


			364			3.13E+02			7.16E+10			0.00E+00			0.00


			365			3.14E+02			4.00E+06			0.00E+00			0.00


						Q (KJ)			318215.462102967


						Q (KW-hr)			88.3931839175


						Q 25% loss			110.4914798969


						$/KW-hr			0.08


						Cost			8.8393183917


						Cost/kg			0.0000009113
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									Cost of 9700 tons/year Nickel Plant


			Total Capital Investment Cost:


			I) Direct Costs:


			A)			Equipment			Price			No#			Total			Modified


			1)			Tanks			10000			2			20000			40000


			2)			Pump			5000			4			20000			40000


			3)			Cold Trap			10000			1			10000			20000


			4)			Heat Exchanger			100000			4			400000			800000


			5)			Electric Motor			100000			1			100000			200000


			6)			Steam Turbine			100000			1			100000			200000


			7)			Furnace			100000			1			100000			200000


			8)			Rollers			5000			1			5000			10000


						Total									755000			1510000						1,510,000


			B)			Installation(including insulation & painting), Instrumentation, electrical


									Low Price			High Price			Ave Price


			1)			Installation			377500			830500			604000


			2)			Instrumentation			90600			453000			271800


			3)			piping			151000			1208000			679500


			4)			electrical			151000			604000			377500


									770100			3095500			1932800									1,932,800


			C)			Buildings & process & auxiliary, Service facilities & yard improvements, Land


									Low Price			High Price			Ave Price


			1)			BPA			151000			1057000			604000


			2)			SF & YI			604000			1510000			1057000


			3)			Land			60400			120800			90600


									815400			2687800			1751600									1,751,600


						Total Direct Costs:																		3,442,800


			II) Indirect Costs:


			A)			Engineering & Supervision, Construction expense & Contractors fee


									Low Price			High Price			Ave Price


			1)			E&S			172140			1032840			602490


			2)			CE&CF			206568			1032840			619704


									378708			2065680			1222194									1,222,194


			B)			Contingency


																								13,660


						Total Indirect Costs:																		1,235,854


						Fixed Capital Investment:																		4,678,654


						Working Capital																		701,798


						Total Capital Investment:																		5,380,452


			Total Product Cost:


			I) Manufacturing Cost:																					Standard


																								Process


			A)			Direct Production Cost


																		Price


			1)			Raw Materials


			i)			Ni												0						- 0


			ii)			Tc												0						- 0


			iii)			others												0						- 0


						Total																		- 0


			2)			Operating Labor


						Employees			Wage


						10			110000															1,100,000


			3)			Direct Supervisory & Clerical Labor, Laboratory Supplies


									Low Price			High Price			Ave Price


			i)			DS&CL			110000			275000			192500									192,500


			ii)			LS			110000			220000			165000									165,000


			4)			Maintenance & Repairs, Operating Supplies


									Low Price			High Price			Ave Price


						M&R			93573			467865			280719									280,719


						OS			23393			46787			35090									35,090


			5)			Utilities, Patents & Royalties


			i)			Utilities																		4,850,000


			ii)			P&R																		242,500


			B)			Fixed Charges: (Depreciation, taxes, insurance, & rent)																		2,425,000


			C)			Plant-Overhead Costs:(general plant unkeep & overhead, payroll overhead,packaging, medical


						, safety & protection, restaurants, recreation, salvage, laboratories, & storage facilities)


									Low Price			High Price			Ave Price


									786610			1101253			943932									943,932


						Manufacturing Costs:																		10,234,741


			II) General Expenses:


			A)			Adminstrative Costs																		235,983


			B)			Distribution & Selling Costs																		200,222


			C)			Research & Development Costs																		81,292


			D)			Financing


									Low Price			High Price			Ave Price


									0			538045			269023									269,023


						General expenses:																		786,519


						Total Product Cost:																		11,021,260


						Total Income																		67,433,726


						Gross Earnings																		56,412,466
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						Costs of Processes


						Price($)/kg			mass (kg)			Price ($)


			Ni Price/Kg			14.61944			9,699,960			141,807,980


			Tc Price/Kg			50,000			40			2,011,780


			Ni / Tc						9700000			143,819,760


						Cost($)/kg			Cost($)/Prod			Profit			Savings *			Savings **


			Electrolysis


			Ni (1Bq)			5.61			54,417,000			87,390,980			121,961,780			127,432,580


			Sold Ni & Tc									89,402,760			123,973,560			129,444,360


			Nevada (disposal)			3.564			34,570,800


			Envirocare			4.128			40,041,600


			Our Process


			Ni (>> 1Bq)			1.14			11,021,260			130,786,720			165,357,520			170,828,320


			Sold Ni & Tc									132,798,500			167,369,300			172,840,100


			* Disposal at Nevada


			** Disposal at Envirocare
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			Total Costs and Non-Federal Cost-Share Commitments


																														Organization			Personnel			Task & Responsibilities


																														University of Kentucky			E. Grulke (           )


			Item			Year 1			Year 2			Year 3			Year 4			Year 5			Total												T. Zhai


			Internal Fund			250,000			250,000			250,000			250,000			250,000			1,250,000												L. El-Azzami


			Total non-federal funds			250,000			250,000			250,000			250,000			250,000			1,250,000


			DOE request			750,000			750,000			750,000			750,000			750,000			3,750,000


			Total Project			1,000,000			1,000,000			1,000,000			1,000,000			1,000,000			5,000,000


			%cost share			75.00%			75.00%			75.00%			75.00%			75.00%			75.00%


						Year 1			Year 2			Year 3			Year 4			Year 5			Total


			U.S. DOE			750			750			750			750			750			3,750


			Internal			250			0			0			0			0			250


			SUM			1,000			750			750			750			750			4,000
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						Milestone Plan & Scheduele												DOE																																																						DOE Funding


						Milestone						Year 1												Year 2												Year 3												Year 4												Year 5												Task			UK


			Task						P1			P2			P3			P4			P1			P2			P3			P4			P1			P2			P3			P4			P1			P2			P3			P4			P1			P2			P3			P4						Mass spectrometer Building & Validation


			1.0			Mass spectrometer																																																																		Subtotal Year 1			750


			1.1			Building																																																																		Nickel-Rhenium Data Acquistion


			1.2			Validation																																																																		Subtotal Year 2			750


			2.0			Nickel-Rhenium																																																																		Nickel-Rhenium Separation


			2.1			Data Acquisition																																																																		Subtotal Year 3			750


			2.2			Separation																																																																		Nickel-Tecnetium Data Acquisition


			3.0			Nickel-Tecnetium																																																																		Subtotal Year 4			750


			3.1			Data Acquisition																																																																		Nickel-Tecnetium Separation


			3.2			Separation																																																																		Subtotal Year 5			750


			4.0			Final Report																																																																		Total			3750


																																																																											Internal Fund


																																																																											Yr 1			Yr2			Yr3			Yr 4			Yr 5


																																																																								Mass spectrometer Building & Validation			250


						Milestone Plan & Scheduele												State																																																						Nickel-Rhenium Data Acquistion						0


																																																																								Nickel-Rhenium Separation									0


						Milestone						Months																																																												Nickel-Tecnetium Data Acquisition												0


			Task						1			2			3			4			5			6			7			8			9			10			11			12			13			14			15			16			17			18			19			20						Nickel-Tecnetium Separation															0


			1.0			Mass spectrometer


			1.1			Building																																																																		Budget for State


			1.2			Validation																																																																					Cost ($K)


			2.0			Nickel-Rhenium																																																																		Instruments, Supplies & Labor			Y1			Y2


			2.1			Data Acquisition																																																																		Mass Spectrometer			160			0


			2.2			Separation																																																																		Labor			25			25


			3.0			Nickel-Tecnetium																																																																		Consumables			20			20


			3.1			Data Acquisition																																																																		Vaporization Apparatus			0			100


			3.2			Separation																																																																		Total			205			145


			4.0			Final Report
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Metal distillation

• First reported in 1935
• Prior art available; applications include 

magnesium alloys Total condenser

Overhead vapor

Differential
Distillation

Distillate

No reflux
No boilup
No reboiler
No cascade
No feed stream
No countercurrent flow

Liquid composition x(t)
Distillate composition y(t)
Distillate flow D(t)
Liquid remaining W(t)

QB

Batch or differential 
distillation.  

Stolen shamelessly from the web
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Batch distillation for 
metal separations

Reason Application to metal separations

Small capacity does not 
merit continuous operation 

Small materials lots, variable contamination 
levels, simple apparatus; expensive materials of 
construction; delicate equipment (ceramics) 

Separation is needed 
occasionally 

Work-away of samples with different levels of 
contamination 

Separation produces a new 
product 

Each purified batch can be certified for Tc level 

Upstream operations are 
batchwise or feedstocks 
vary 

If solids are loaded directly, batch operation is 
required; premelt can be loaded directly 
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Operation of a batch still

• Material is charged and brought to separation 
conditions

• Material may be liquid or solid
• Vapor is generated continuously and collected
• Metals may be condensed on plates in the vapor 

stream (prior art, old patents)
• Reboiler and overheads compositions change 

continuously – not a steady-state operation 
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Batch still design

Design basis and constraints
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Design equations

( )
dt

dWx
dt

dxWWx
dt
d

W
W

W −−=− dx
x k −1( )∫ =

dW
W∫

Total condenser

Overhead vapor

Differential
Distillation

Distillate
D(t), y=yD=xD

Liquid left in still
W(t), x=xw

QB

The rate of depletion of the liquid is equal to the rate of distillate output

Change in total 
amount of that 
component
in the liquid

Change in
composition  
in the liquid

Change in the
total amount 
of  the liquid

The distillate composition and liquid composition are related through an equilibrium
equation (y=kx). Integrating:

1
α −1( )

ln
x0
x

+ α ln 1− x( )
1− x0( )

 

 
 
 

 

 
 
 

= ln
w0
w
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Batch still with reflux

No boilup
No reboiler
No feed stream

Composition xi(t)
Distillate composition y(t)
Distillate flow D(t)

Total condenser

N

2
1

Batch
Distillation

Reflux Distillate

QB

Two alternative batch designs for 
higher purity products:

•Batch rectification with constant 
reflux - distillate composition has 
higher purity but still varies with 
time

•Batch rectification with variable 
reflux – reflux conditions are varied 
continuously to achieve constant 
composition distillate

The second technique, variable reflux, would be preferred as a product with 
constant Tc99 levels could be produced.  However, the need for liquid condensation 
and recycle imposes complexity and equipment costs that probably are not needed 
now.
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Design Basis
• Feed: 10 ppm 

Tc99 in nickel
• Regular solution 

theory for metal 
solutions

• For this problem, 
the activity 
coefficient for 
nickel is one, and 
that of Tc99 is 
assumed to be 5.

sat
TcTc

sat
Ni

TcNi

sat
Tc

sat
NiNi

TcNi

sat
Tc

sat
Ni

Tc

Ni
TcNi

TcNi

sat
iiiii

P
P

x

P
P

x

P
P

ppP
PxpPy

⋅
=→

⋅
=→

⋅=

+=
⋅⋅==⋅

∞

∞

γ
α

γ
α

γ
γ

α

γ

1lim

0lim

,

,

,
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Design basis, cont’d.
Component Tm, K Tb, K

Nickel 1728 2415

Technetium 2430 5000

Relative 
volatility

1730 K 2415 K

xNi goes 
to 0

2.7 *109 3.3 *106

xNi goes 
to 1

5.4 *108 6.7 *105

Operate the process in the range 
between the melting and boiling 
point of nickel

The relative volatility can be taken 
as constant, near that of pure nickel 
(xNi goes to 1).  Initial design done 
for T = 2415 K.
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Batch distillation design

Tprocess = 2415 K
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Total P
distillation at B.P. of Ni

1.00E-08

1.00E-07

1.00E-06

1.00E-05

1.00E-04

1.00E-03

1.00E-02

1.00E-01

1.00E+00

0 0.2 0.4 0.6 0.8 1
mole fraction nickel

Pr
es

su
re

, b
ar

Pnickel
Ptechnetium
Ptotal


T bp Ni

		1		1		1

		0.95		0.95		0.95

		0.9		0.9		0.9

		0.85		0.85		0.85

		0.8		0.8		0.8

		0.75		0.75		0.75

		0.7		0.7		0.7

		0.65		0.65		0.65

		0.6		0.6		0.6

		0.55		0.55		0.55

		0.5		0.5		0.5

		0.45		0.45		0.45

		0.4		0.4		0.4

		0.35		0.35		0.35

		0.3		0.3		0.3

		0.25		0.25		0.25

		0.2		0.2		0.2

		0.15		0.15		0.15

		0.1		0.1		0.1

		0.05		0.05		0.05

		0		0		0



Pnickel

Ptechnetium

Ptotal

mole fraction nickel

Pressure, bar

distillation at B.P. of Ni

0.9802433421

0

0.9802433421

0.931231175

0.0000000737

0.9312312486

0.8822190079

0.0000001473

0.8822191552

0.8332068407

0.000000221

0.8332070617

0.7841946736

0.0000002947

0.7841949683

0.7351825065

0.0000003683

0.7351828749

0.6861703394

0.000000442

0.6861707814

0.6371581723

0.0000005157

0.637158688

0.5881460052

0.0000005893

0.5881465946

0.5391338381

0.000000663

0.5391345011

0.490121671

0.0000007367

0.4901224077

0.4411095039

0.0000008103

0.4411103142

0.3920973368

0.000000884

0.3920982208

0.3430851697

0.0000009577

0.3430861274

0.2940730026

0.0000010313

0.2940740339

0.2450608355

0.000001105

0.2450619405

0.1960486684

0.0000011786

0.1960498471

0.1470365013

0.0000012523

0.1470377536

0.0980243342

0.000001326

0.0980256602

0.0490121671

0.0000013996

0.0490135667

0

0.0000014733

0.0000014733



Ni in batch 

		0		0

		0.5000005209		0.5000005209

		0.6666672171		0.6666672171

		0.750000521		0.750000521

		0.8000004839		0.8000004839

		0.8333337822		0.8333337822

		0.857143275		0.857143275

		0.8750003908		0.8750003908

		0.8888892559		0.8888892559

		0.9000003462		0.9000003462

		0.9090912368		0.9090912368

		0.916666978		0.916666978

		0.9230772197		0.9230772197



Ni in distillate

Ni in reboiler

fraction distilled

Ni mol. fract. x 10,000

Ni composition

9999.9999990995

9999.4008943481

9999.9999981989

9998.8017886962

9999.9999972981

9998.2026830443

9999.9999963973

9997.6035773924

9999.9999954964

9997.0044717405

9999.9999945953

9996.4053660886

9999.9999936941

9995.8062604367

9999.9999927929

9995.2071547848

9999.9999918915

9994.6080491329

9999.99999099

9994.008943481

9999.9999900884

9993.4098378291

9999.9999891867

9992.8107321772

9999.9999882849

9992.2116265253



Tc in batch

		0		0

		0.5000005209		0.5000005209

		0.6666672171		0.6666672171

		0.750000521		0.750000521

		0.8000004839		0.8000004839

		0.8333337822		0.8333337822

		0.857143275		0.857143275

		0.8750003908		0.8750003908

		0.8888892559		0.8888892559

		0.9000003462		0.9000003462

		0.9090912368		0.9090912368

		0.916666978		0.916666978

		0.9230772197		0.9230772197



Tc in distillate

Tc in reboiler

fraction distilled

Tc mol. fract.

Tc in batch

0.0000000001

0.0000599106

0.0000000002

0.0001198211

0.0000000003

0.0001797317

0.0000000004

0.0002396423

0.0000000005

0.0002995528

0.0000000005

0.0003594634

0.0000000006

0.000419374

0.0000000007

0.0004792845

0.0000000008

0.0005391951

0.0000000009

0.0005991057

0.000000001

0.0006590162

0.0000000011

0.0007189268

0.0000000012

0.0007788373



master sheet

		Batch distillation

		Tc from Ni

		contamination level				100		ppm				760

		T =				2415		K		2142		C

		component		FW		mole fract		activity coefficient				P, bar		P, mmHg		A		B		C		D		E

		Ni		58.71		0.9999400894		1				9.80E-01		7.45E+02		-57.4301		-13533		23.611		-7.67E-03		7.81E-07

		Tc		98		0.0000599106		5				2.95E-07		2.24E-04		-240.5191		-5792.8		78.794		-1.31E-02		7.46E-07

		activity coefficient

		limit as x1 goes to zero						3.33E+06

		limit as x1 goes to one						6.65E+05

		x1		y1				x1*g1*P1sat				x2*g2*P2sat				P

		1		1.00000000				9.80E-01				0.00E+00				9.80E-01

		0.95		0.99999992				9.31E-01				7.37E-08				9.31E-01

		0.9		0.99999983				8.82E-01				1.47E-07				8.82E-01

		0.85		0.99999973				8.33E-01				2.21E-07				8.33E-01

		0.8		0.99999962				7.84E-01				2.95E-07				7.84E-01

		0.75		0.99999950				7.35E-01				3.68E-07				7.35E-01

		0.7		0.99999936				6.86E-01				4.42E-07				6.86E-01

		0.65		0.99999919				6.37E-01				5.16E-07				6.37E-01

		0.6		0.99999900				5.88E-01				5.89E-07				5.88E-01

		0.55		0.99999877				5.39E-01				6.63E-07				5.39E-01

		0.5		0.99999850				4.90E-01				7.37E-07				4.90E-01

		0.45		0.99999816				4.41E-01				8.10E-07				4.41E-01

		0.4		0.99999775				3.92E-01				8.84E-07				3.92E-01

		0.35		0.99999721				3.43E-01				9.58E-07				3.43E-01

		0.3		0.99999649				2.94E-01				1.03E-06				2.94E-01

		0.25		0.99999549				2.45E-01				1.10E-06				2.45E-01

		0.2		0.99999399				1.96E-01				1.18E-06				1.96E-01

		0.15		0.99999148				1.47E-01				1.25E-06				1.47E-01

		0.1		0.99998647				9.80E-02				1.33E-06				9.80E-02

		0.05		0.99997144				4.90E-02				1.40E-06				4.90E-02

		0		0.00000000				0.00E+00				1.47E-06				1.47E-06

		Tc from Ni				5000		Becquerel

		contamination level				100		ppm				760

		T =				2200		K		1927		C

		component		FW		mass fract		mole fract		activity coefficient				P, bar		P, mmHg		A		B		C		D		E

		Ni		58.71		0.9999		0.9999400894		1				9.80E-01		7.45E+02		-57.4301		-13533		23.611		-7.67E-03		7.81E-07

		Tc		98		0.0001		0.0000599106		5				2.95E-07		2.24E-04		-240.5191		-5792.8		78.794		-1.31E-02		7.46E-07

		specific activity				1.69E-02		Ci/g Tc99

		total activity

		activity coefficient

		limit as x1 goes to zero						3.33E+06

		limit as x1 goes to one						6.65E+05

		alpha =		6.65E+05

		Delta		0.0000599106

																		0.0000599106		0.0001		50		p1				p2

		mass fract NI		Xf		Wf/Wi		term 2		term 1		RHS		y1		y2		x2						x1*g1*P1sat				x2*g2*P2sat				P

		0.9999		0.9999400894		1		1		1		0		1.00E+00		9.01E-11		0.0000599106		0.0001		5000.0000000035		9.80E-01				8.83E-11				9.80E-01

		0.999800008		0.9998801789		0.4999994791		0.5		0.4999700429		-0.6931482225		1.00E+00		1.80E-10		0.0001198211		0.000199992		9999.5990977126		9.80E-01				1.77E-10				9.80E-01

		0.9997000241		0.9998202683		0.3333327829		0.3333333333		0.3332933906		-1.0986139401		1.00E+00		2.70E-10		0.0001797317		0.0002999759		14998.7973413421		9.80E-01				2.65E-10				9.80E-01

		0.9996000481		0.9997603577		0.249999479		0.25		0.2499550644		-1.386296445		1.00E+00		3.60E-10		0.0002396423		0.0003999519		19997.5947790992		9.80E-01				3.53E-10				9.80E-01

		0.9995000802		0.9997004472		0.1999995161		0.2		0.1999520687		-1.6094403318		1.00E+00		4.50E-10		0.0002995528		0.0004999198		24995.9914591833		9.80E-01				4.41E-10				9.80E-01

		0.9994001203		0.9996405366		0.1666662178		0.1666666667		0.1666167382		-1.7917621627		1.00E+00		5.40E-10		0.0003594634		0.0005998797		29993.9874297859		9.80E-01				5.30E-10				9.80E-01

		0.9993001683		0.999580626		0.142856725		0.1428571429		0.1428057879		-1.9459130743		1.00E+00		6.31E-10		0.000419374		0.0006998317		34991.5827390912		9.80E-01				6.18E-10				9.80E-01

		0.9992002245		0.9995207155		0.1249996092		0.125		0.1249475751		-2.0794446677		1.00E+00		7.21E-10		0.0004792845		0.0007997755		39988.7774352752		9.80E-01				7.06E-10				9.80E-01

		0.9991002886		0.9994608049		0.1111107441		0.1111111111		0.1110578541		-2.1972278805		1.00E+00		8.11E-10		0.0005391951		0.0008997114		44985.5715665065		9.80E-01				7.94E-10				9.80E-01

		0.9990003607		0.9994008943		0.0999996538		0.1		0.0999460773		-2.3025885546		1.00E+00		9.01E-10		0.0005991057		0.0009996393		49981.9651809459		9.80E-01				8.83E-10				9.80E-01

		0.9989004408		0.9993409838		0.0909087632		0.0909090909		0.0908546235		-2.3978988778		1.00E+00		9.91E-10		0.0006590162		0.0010995592		54977.9583267464		9.80E-01				9.71E-10				9.80E-01

		0.998800529		0.9992810732		0.083333022		0.0833333333		0.083278412		-2.4849103856		1.00E+00		1.08E-09		0.0007189268		0.001199471		59973.5510520534		9.80E-01				1.06E-09				9.80E-01

		0.9987006251		0.9992211627		0.0769227803		0.0769230769		0.0768677715		-2.5649532137		1.00E+00		1.17E-09		0.0007788373		0.0012993749		64968.7434050045		9.79E-01				1.15E-09				9.79E-01

		alpha =		6.65E+05						1000		kmol basis

								fraction distilled		moles in still						moles in condensed vapor

		Xi								total, kmol		Ni, kmol		Tc, kmol		total		Ni, kmol		Tc kmol

										1000		999.9400894348		0.0599105652		0						mass fract Tc

		mass fract NI		Xf		Wf/Wi																Y*2		x1		y1		x2		y2

		0.9999		0.9999400894		1		0		1000		999.9400894348		0.0599105652		0		0		0		0		9999.4008943481		1.00E+04		0.0000599106		9.01E-11

		0.999800008		0.9998801789		0.4999994791		0.5000005209		499.9994790529		499.9395685502		0.0599105028		500.0005209471		500.0005208846		0.0000000624		0.0000000001		9998.8017886962		1.00E+04		0.0001198211		1.80E-10

		0.9997000241		0.9998202683		0.3333327829		0.6666672171		333.3327828667		333.2728724004		0.0599104663		666.6672171333		666.6672170344		0.0000000989		0.0000000001		9998.2026830443		1.00E+04		0.0001797317		2.70E-10

		0.9996000481		0.9997603577		0.249999479		0.750000521		249.9994790307		249.9395685904		0.0599104403		750.0005209693		750.0005208445		0.0000001248		0.0000000002		9997.6035773924		1.00E+04		0.0002396423		3.60E-10

		0.9995000802		0.9997004472		0.1999995161		0.8000004839		199.9995161295		199.9396057092		0.0599104202		800.0004838705		800.0004837256		0.0000001449		0.0000000002		9997.0044717405		1.00E+04		0.0002995528		4.50E-10

		0.9994001203		0.9996405366		0.1666662178		0.8333337822		166.6662177546		166.6063073508		0.0599104038		833.3337822454		833.333782084		0.0000001614		0.0000000002		9996.4053660886		1.00E+04		0.0003594634		5.40E-10

		0.9993001683		0.999580626		0.142856725		0.857143275		142.8567249641		142.7968145742		0.0599103899		857.1432750359		857.1432748607		0.0000001753		0.0000000002		9995.8062604367		1.00E+04		0.000419374		6.31E-10

		0.9992002245		0.9995207155		0.1249996092		0.8750003908		124.9996092451		124.9396988672		0.0599103779		875.0003907549		875.0003905676		0.0000001873		0.0000000002		9995.2071547848		1.00E+04		0.0004792845		7.21E-10

		0.9991002886		0.9994608049		0.1111107441		0.8888892559		111.1107440936		111.0508337263		0.0599103673		888.8892559064		888.8892557085		0.0000001979		0.0000000002		9994.6080491329		1.00E+04		0.0005391951		8.11E-10

		0.9990003607		0.9994008943		0.0999996538		0.9000003462		99.9996538395		99.9397434817		0.0599103578		900.0003461605		900.0003459531		0.0000002074		0.0000000002		9994.008943481		1.00E+04		0.0005991057		9.01E-10

		0.9989004408		0.9993409838		0.0909087632		0.9090912368		90.9087631867		90.8488528375		0.0599103492		909.0912368133		909.0912365973		0.000000216		0.0000000002		9993.4098378291		1.00E+04		0.0006590162		9.91E-10

		0.998800529		0.9992810732		0.083333022		0.916666978		83.3330220155		83.2731116741		0.0599103414		916.6669779845		916.6669777607		0.0000002238		0.0000000002		9992.8107321772		1.00E+04		0.0007189268		1.08E-09

		0.9987006251		0.9992211627		0.0769227803		0.9230772197		76.9227802916		76.8628699575		0.0599103342		923.0772197084		923.0772194773		0.000000231		0.0000000003		9992.2116265253		1.00E+04		0.0007788373		1.17E-09

				reboiler						Tc				overhead vapor						Tc

		Wf/Wi		Ni, kg		Tc, kg		total		mass fract		ppm		Ni, kg		Tc, kg		total		mass fraction		ppm

		1		58706.4826507177		5.8712353886		58712.3538861063		0.0001		100.0000000001		0		0		0

		0.4999994791		29351.4520695809		5.8712292714		29357.3232988523		0.000199992		199.9919819543		29355.0305811368		0.0000061172		29355.030587254		0.0000000002		0.000208387

		0.3333327829		19566.4503386289		5.8712256929		19572.3215643218		0.0002999759		299.9759468268		39140.0323120888		0.0000096958		39140.0323217845		0.0000000002		0.0002477197

		0.249999479		14673.9520719399		5.8712231537		14679.8232950936		0.0003999519		399.951895582		44032.5305787778		0.0000122349		44032.5305910128		0.0000000003		0.0002778612

		0.1999995161		11738.4542511882		5.871221184		11744.3254723723		0.0004999198		499.9198291837		46968.0283995295		0.0000142046		46968.028413734		0.0000000003		0.000302431

		0.1666662178		9781.4563045631		5.8712195746		9787.3275241377		0.0005998797		599.8797485957		48925.0263461546		0.000015814		48925.0263619686		0.0000000003		0.0003232295

		0.142856725		8383.6009836484		5.8712182138		8389.4722018622		0.0006998317		699.8316547818		50322.8816670693		0.0000171748		50322.8816842441		0.0000000003		0.0003412928

		0.1249996092		7335.2097204915		5.8712170349		7341.0809375264		0.0007997755		799.7755487055		51371.2729302262		0.0000183537		51371.2729485799		0.0000000004		0.0003572758

		0.1111107441		6519.7944480716		5.871215995		6525.6656640666		0.0008997114		899.7114313301		52186.6882026461		0.0000193936		52186.6882220397		0.0000000004		0.00037162

		0.0999996538		5867.4623398125		5.8712150647		5873.3335548772		0.0009996393		999.6393036189		52839.0203109052		0.0000203239		52839.0203312291		0.0000000004		0.000384638

		0.0909087632		5333.7361500901		5.8712142231		5339.6073643132		0.0010995592		1099.5591665349		53372.7465006276		0.0000211655		53372.7465217931		0.0000000004		0.0003965598

		0.083333022		4888.9643863863		5.8712134548		4894.8355998411		0.001199471		1199.4710210411		53817.5182643314		0.0000219338		53817.5182862652		0.0000000004		0.0004075596

		0.0769227803		4512.6190952036		5.8712127479		4518.4903079515		0.0012993749		1299.3748681001		54193.8635555141		0.0000226407		54193.8635781548		0.0000000004		0.0004177726





Ni in reboiler.  Effect of Tc 

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669798		0.9166669797		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc

25 ppm Tc

100 ppm Tc

fraction distilled

Ni mol. fract. x 10,000

Effect of Tc level on Ni in reboiler

9999.9400915966

9999.8502280907

9999.4008943481

9999.8801831931

9999.7004561814

9998.8017886962

9999.8202747897

9999.550684272

9998.2026830443

9999.7603663862

9999.4009123627

9997.6035773924

9999.7004579827

9999.2511404534

9997.0044717405

9999.6405495793

9999.1013685441

9996.4053660886

9999.5806411759

9998.9515966347

9995.8062604367

9999.5207327724

9998.8018247254

9995.2071547848

9999.460824369

9998.6520528161

9994.6080491329

9999.4009159655

9998.5022809068

9994.008943481

9999.3410075621

9998.3525089975

9993.4098378291

9999.2810991586

9998.2027370881

9992.8107321772

9999.2211907552

9998.0529651788

9992.2116265253



Tc in reboiler.  Effect of Tc

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669797		0.9166669798		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc in reboiler

25 ppm Tc in reboiler

100 ppm Tc in reboiler

fraction distilled

Tc mol. fract. in reboiler

Tc in reboiler

0.0000059908

0.0000149772

0.0000599106

0.0000119817

0.0000299544

0.0001198211

0.0000179725

0.0000449316

0.0001797317

0.0000239634

0.0000599088

0.0002396423

0.0000299542

0.000074886

0.0002995528

0.000035945

0.0000898631

0.0003594634

0.0000419359

0.0001048403

0.000419374

0.0000479267

0.0001198175

0.0004792845

0.0000539176

0.0001347947

0.0005391951

0.0000599084

0.0001497719

0.0005991057

0.0000658992

0.0001647491

0.0006590162

0.0000718901

0.0001797263

0.0007189268

0.0000778809

0.0001947035

0.0007788373



Tc in overhead product

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669797		0.9166669798		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc

25 ppm Tc

100 ppm Tc

fraction distilled

Tc mass fraction

Tc mass fraction in overhead product

0

0

0

0

0

0.0000000001

0

0

0.0000000001

0

0

0.0000000002

0

0

0.0000000002

0

0

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000003



Tc, reboiler + overheads

		0		0

		0.5000000006		0.5000000006

		0.6666666673		0.6666666673

		0.7500000006		0.7500000006

		0.8000000006		0.8000000006

		0.8333333339		0.8333333339

		0.8571428577		0.8571428577

		0.8750000005		0.8750000005

		0.8888888893		0.8888888893

		0.9000000004		0.9000000004

		0.9090909095		0.9090909095

		0.9166666671		0.9166666671

		0.9230769234		0.9230769234



reboiler

overheads

fraction distilled

ppm Tc

reboiler and overhead compositions

10

19.9999198167

0.0000000258

29.9997594509

0.0000000307

39.9995189038

0.0000000345

49.9991981762

0.0000000375

59.9987972691

0.0000000401

69.9983161834

0.0000000423

79.9977549202

0.0000000443

89.9971134804

0.0000000461

99.996391865

0.0000000477

109.9955900749

0.0000000492

119.9947081111

0.0000000505

129.9937459745

0.0000000518



case reports

		Cases		1=		Ni				waste limit				3.00E-09		Ci/g solid		1.78E-07		g Tc99/g solid

				2 =		Tc				specific activity				1.69E-02		Ci/g Tc99

		10 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.9400915966		9999.9999999094		0.0000059908		0				0

		0.500000524		9999.8801831931		9999.9999998189		0.0000119817		0				0

		0.6666672203		9999.8202747897		9999.9999997283		0.0000179725		0				0

		0.750000524		9999.7603663862		9999.9999996377		0.0000239634		0				0

		0.8000004867		9999.7004579827		9999.9999995471		0.0000299542		0				0

		0.8333337848		9999.6405495793		9999.9999994565		0.000035945		0.0000000001				0

		0.8571432774		9999.5806411759		9999.999999366		0.0000419359		0.0000000001				0

		0.875000393		9999.5207327724		9999.9999992754		0.0000479267		0.0000000001				0

		0.888889258		9999.460824369		9999.9999991848		0.0000539176		0.0000000001				0

		0.9000003481		9999.4009159655		9999.9999990942		0.0000599084		0.0000000001				0

		0.9090912387		9999.3410075621		9999.9999990036		0.0000658992		0.0000000001				0

		0.9166669797		9999.2810991586		9999.9999989131		0.0000718901		0.0000000001				0

		0.9230772214		9999.2211907552		9999.9999988225		0.0000778809		0.0000000001				0

		25 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.8502280907		9999.9999997736		0.0000149772		0				0

		0.500000524		9999.7004561814		9999.9999995471		0.0000299544		0				0

		0.6666672203		9999.550684272		9999.9999993207		0.0000449316		0.0000000001				0

		0.750000524		9999.4009123627		9999.9999990942		0.0000599088		0.0000000001				0

		0.8000004867		9999.2511404534		9999.9999988678		0.000074886		0.0000000001				0

		0.8333337848		9999.1013685441		9999.9999986413		0.0000898631		0.0000000001				0

		0.8571432774		9998.9515966347		9999.9999984148		0.0001048403		0.0000000002				0.0000000001

		0.875000393		9998.8018247254		9999.9999981883		0.0001198175		0.0000000002				0.0000000001

		0.888889258		9998.6520528161		9999.9999979618		0.0001347947		0.0000000002				0.0000000001

		0.9000003481		9998.5022809068		9999.9999977353		0.0001497719		0.0000000002				0.0000000001

		0.9090912387		9998.3525089975		9999.9999975088		0.0001647491		0.0000000002				0.0000000001

		0.9166669798		9998.2027370881		9999.9999972823		0.0001797263		0.0000000003				0.0000000001

		0.9230772214		9998.0529651788		9999.9999970558		0.0001947035		0.0000000003				0.0000000001

		100 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.4008943481		9999.9999990942		0.0000599106		0.0000000001				0

		0.500000524		9998.8017886962		9999.9999981883		0.0001198211		0.0000000002				0.0000000001

		0.6666672204		9998.2026830443		9999.9999972822		0.0001797317		0.0000000003				0.0000000001

		0.750000524		9997.6035773924		9999.9999963761		0.0002396423		0.0000000004				0.0000000002

		0.8000004867		9997.0044717405		9999.9999954699		0.0002995528		0.0000000005				0.0000000002

		0.8333337849		9996.4053660886		9999.9999945635		0.0003594634		0.0000000005				0.0000000002

		0.8571432775		9995.8062604367		9999.9999936571		0.000419374		0.0000000006				0.0000000002

		0.8750003931		9995.2071547848		9999.9999927505		0.0004792845		0.0000000007				0.0000000002

		0.8888892581		9994.6080491329		9999.9999918438		0.0005391951		0.0000000008				0.0000000002

		0.9000003482		9994.008943481		9999.999990937		0.0005991057		0.0000000009				0.0000000002

		0.9090912387		9993.4098378291		9999.9999900301		0.0006590162		0.000000001				0.0000000002

		0.9166669798		9992.8107321772		9999.9999891231		0.0007189268		0.0000000011				0.0000000002

		0.9230772215		9992.2116265253		9999.999988216		0.0007788373		0.0000000012				0.0000000003

		pure component vapor pressure

		T, K		PNi, bar		PTc, bar		Pni/PTc

		1700		0.0017		2.08E-12		8.17E+08

		1800		0.0057		2.60E-11		2.19E+08

		1900		0.017		2.50E-10		6.80E+07

		2000		0.044		1.94E-09		2.27E+07

		2100		0.105		1.23E-08		8.54E+06

		2200		0.23		6.60E-08		3.48E+06

		2300		0.476		3.03E-07		1.57E+06

		2400		0.893		1.21E-06		7.38E+05

		2415		0.985		1.47E-06		6.70E+05

						Wf/Wi		reboiler		overheads

						0		10

						0.5000000006		19.9999198167		0.0000000258

						0.6666666673		29.9997594509		0.0000000307

						0.7500000006		39.9995189038		0.0000000345

						0.8000000006		49.9991981762		0.0000000375

						0.8333333339		59.9987972691		0.0000000401

						0.8571428577		69.9983161834		0.0000000423

						0.8750000005		79.9977549202		0.0000000443

						0.8888888893		89.9971134804		0.0000000461

						0.9000000004		99.996391865		0.0000000477

						0.9090909095		109.9955900749		0.0000000492

						0.9166666671		119.9947081111		0.0000000505

						0.9230769234		129.9937459745		0.0000000518
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Ni in reboiler


T bp Ni

		1		1		1

		0.95		0.95		0.95

		0.9		0.9		0.9

		0.85		0.85		0.85

		0.8		0.8		0.8

		0.75		0.75		0.75

		0.7		0.7		0.7

		0.65		0.65		0.65

		0.6		0.6		0.6

		0.55		0.55		0.55

		0.5		0.5		0.5

		0.45		0.45		0.45

		0.4		0.4		0.4

		0.35		0.35		0.35

		0.3		0.3		0.3

		0.25		0.25		0.25

		0.2		0.2		0.2

		0.15		0.15		0.15

		0.1		0.1		0.1

		0.05		0.05		0.05

		0		0		0



Pnickel

Ptechnetium

Ptotal

mole fraction nickel

Pressure, bar

distillation at B.P. of Ni

0.9802433421

0

0.9802433421

0.931231175

0.0000000737

0.9312312486

0.8822190079

0.0000001473

0.8822191552

0.8332068407

0.000000221

0.8332070617

0.7841946736

0.0000002947

0.7841949683

0.7351825065

0.0000003683

0.7351828749

0.6861703394

0.000000442

0.6861707814

0.6371581723

0.0000005157

0.637158688

0.5881460052

0.0000005893

0.5881465946

0.5391338381

0.000000663

0.5391345011

0.490121671

0.0000007367

0.4901224077

0.4411095039

0.0000008103

0.4411103142

0.3920973368

0.000000884

0.3920982208

0.3430851697

0.0000009577

0.3430861274

0.2940730026

0.0000010313

0.2940740339

0.2450608355

0.000001105

0.2450619405

0.1960486684

0.0000011786

0.1960498471

0.1470365013

0.0000012523

0.1470377536

0.0980243342

0.000001326

0.0980256602

0.0490121671

0.0000013996

0.0490135667

0

0.0000014733

0.0000014733



Ni in batch 

		0		0

		0.5000005209		0.5000005209

		0.6666672171		0.6666672171

		0.750000521		0.750000521

		0.8000004839		0.8000004839

		0.8333337822		0.8333337822

		0.857143275		0.857143275

		0.8750003908		0.8750003908

		0.8888892559		0.8888892559

		0.9000003462		0.9000003462

		0.9090912368		0.9090912368

		0.916666978		0.916666978

		0.9230772197		0.9230772197



Ni in distillate

Ni in reboiler

fraction distilled

Ni mol. fract. x 10,000

Ni composition

9999.9999990995

9999.4008943481

9999.9999981989

9998.8017886962

9999.9999972981

9998.2026830443

9999.9999963973

9997.6035773924

9999.9999954964

9997.0044717405

9999.9999945953

9996.4053660886

9999.9999936941

9995.8062604367

9999.9999927929

9995.2071547848

9999.9999918915

9994.6080491329

9999.99999099

9994.008943481

9999.9999900884

9993.4098378291

9999.9999891867

9992.8107321772

9999.9999882849

9992.2116265253



Tc in batch

		0		0

		0.5000005209		0.5000005209

		0.6666672171		0.6666672171

		0.750000521		0.750000521

		0.8000004839		0.8000004839

		0.8333337822		0.8333337822

		0.857143275		0.857143275

		0.8750003908		0.8750003908

		0.8888892559		0.8888892559

		0.9000003462		0.9000003462

		0.9090912368		0.9090912368

		0.916666978		0.916666978

		0.9230772197		0.9230772197



Tc in distillate

Tc in reboiler

fraction distilled

Tc mol. fract.

Tc in batch

0.0000000001

0.0000599106

0.0000000002

0.0001198211

0.0000000003

0.0001797317

0.0000000004

0.0002396423

0.0000000005

0.0002995528

0.0000000005

0.0003594634

0.0000000006

0.000419374

0.0000000007

0.0004792845

0.0000000008

0.0005391951

0.0000000009

0.0005991057

0.000000001

0.0006590162

0.0000000011

0.0007189268

0.0000000012

0.0007788373



master sheet

		Batch distillation

		Tc from Ni

		contamination level				100		ppm				760

		T =				2415		K		2142		C

		component		FW		mole fract		activity coefficient				P, bar		P, mmHg		A		B		C		D		E

		Ni		58.71		0.9999400894		1				9.80E-01		7.45E+02		-57.4301		-13533		23.611		-7.67E-03		7.81E-07

		Tc		98		0.0000599106		5				2.95E-07		2.24E-04		-240.5191		-5792.8		78.794		-1.31E-02		7.46E-07

		activity coefficient

		limit as x1 goes to zero						3.33E+06

		limit as x1 goes to one						6.65E+05

		x1		y1				x1*g1*P1sat				x2*g2*P2sat				P

		1		1.00000000				9.80E-01				0.00E+00				9.80E-01

		0.95		0.99999992				9.31E-01				7.37E-08				9.31E-01

		0.9		0.99999983				8.82E-01				1.47E-07				8.82E-01

		0.85		0.99999973				8.33E-01				2.21E-07				8.33E-01

		0.8		0.99999962				7.84E-01				2.95E-07				7.84E-01

		0.75		0.99999950				7.35E-01				3.68E-07				7.35E-01

		0.7		0.99999936				6.86E-01				4.42E-07				6.86E-01

		0.65		0.99999919				6.37E-01				5.16E-07				6.37E-01

		0.6		0.99999900				5.88E-01				5.89E-07				5.88E-01

		0.55		0.99999877				5.39E-01				6.63E-07				5.39E-01

		0.5		0.99999850				4.90E-01				7.37E-07				4.90E-01

		0.45		0.99999816				4.41E-01				8.10E-07				4.41E-01

		0.4		0.99999775				3.92E-01				8.84E-07				3.92E-01

		0.35		0.99999721				3.43E-01				9.58E-07				3.43E-01

		0.3		0.99999649				2.94E-01				1.03E-06				2.94E-01

		0.25		0.99999549				2.45E-01				1.10E-06				2.45E-01

		0.2		0.99999399				1.96E-01				1.18E-06				1.96E-01

		0.15		0.99999148				1.47E-01				1.25E-06				1.47E-01

		0.1		0.99998647				9.80E-02				1.33E-06				9.80E-02

		0.05		0.99997144				4.90E-02				1.40E-06				4.90E-02

		0		0.00000000				0.00E+00				1.47E-06				1.47E-06

		Tc from Ni				5000		Becquerel

		contamination level				100		ppm				760

		T =				2200		K		1927		C

		component		FW		mass fract		mole fract		activity coefficient				P, bar		P, mmHg		A		B		C		D		E

		Ni		58.71		0.9999		0.9999400894		1				9.80E-01		7.45E+02		-57.4301		-13533		23.611		-7.67E-03		7.81E-07

		Tc		98		0.0001		0.0000599106		5				2.95E-07		2.24E-04		-240.5191		-5792.8		78.794		-1.31E-02		7.46E-07

		specific activity				1.69E-02		Ci/g Tc99

		total activity

		activity coefficient

		limit as x1 goes to zero						3.33E+06

		limit as x1 goes to one						6.65E+05

		alpha =		6.65E+05

		Delta		0.0000599106

																		0.0000599106		0.0001		50		p1				p2

		mass fract NI		Xf		Wf/Wi		term 2		term 1		RHS		y1		y2		x2						x1*g1*P1sat				x2*g2*P2sat				P

		0.9999		0.9999400894		1		1		1		0		1.00E+00		9.01E-11		0.0000599106		0.0001		5000.0000000035		9.80E-01				8.83E-11				9.80E-01

		0.999800008		0.9998801789		0.4999994791		0.5		0.4999700429		-0.6931482225		1.00E+00		1.80E-10		0.0001198211		0.000199992		9999.5990977126		9.80E-01				1.77E-10				9.80E-01

		0.9997000241		0.9998202683		0.3333327829		0.3333333333		0.3332933906		-1.0986139401		1.00E+00		2.70E-10		0.0001797317		0.0002999759		14998.7973413421		9.80E-01				2.65E-10				9.80E-01

		0.9996000481		0.9997603577		0.249999479		0.25		0.2499550644		-1.386296445		1.00E+00		3.60E-10		0.0002396423		0.0003999519		19997.5947790992		9.80E-01				3.53E-10				9.80E-01

		0.9995000802		0.9997004472		0.1999995161		0.2		0.1999520687		-1.6094403318		1.00E+00		4.50E-10		0.0002995528		0.0004999198		24995.9914591833		9.80E-01				4.41E-10				9.80E-01

		0.9994001203		0.9996405366		0.1666662178		0.1666666667		0.1666167382		-1.7917621627		1.00E+00		5.40E-10		0.0003594634		0.0005998797		29993.9874297859		9.80E-01				5.30E-10				9.80E-01

		0.9993001683		0.999580626		0.142856725		0.1428571429		0.1428057879		-1.9459130743		1.00E+00		6.31E-10		0.000419374		0.0006998317		34991.5827390912		9.80E-01				6.18E-10				9.80E-01

		0.9992002245		0.9995207155		0.1249996092		0.125		0.1249475751		-2.0794446677		1.00E+00		7.21E-10		0.0004792845		0.0007997755		39988.7774352752		9.80E-01				7.06E-10				9.80E-01

		0.9991002886		0.9994608049		0.1111107441		0.1111111111		0.1110578541		-2.1972278805		1.00E+00		8.11E-10		0.0005391951		0.0008997114		44985.5715665065		9.80E-01				7.94E-10				9.80E-01

		0.9990003607		0.9994008943		0.0999996538		0.1		0.0999460773		-2.3025885546		1.00E+00		9.01E-10		0.0005991057		0.0009996393		49981.9651809459		9.80E-01				8.83E-10				9.80E-01

		0.9989004408		0.9993409838		0.0909087632		0.0909090909		0.0908546235		-2.3978988778		1.00E+00		9.91E-10		0.0006590162		0.0010995592		54977.9583267464		9.80E-01				9.71E-10				9.80E-01

		0.998800529		0.9992810732		0.083333022		0.0833333333		0.083278412		-2.4849103856		1.00E+00		1.08E-09		0.0007189268		0.001199471		59973.5510520534		9.80E-01				1.06E-09				9.80E-01

		0.9987006251		0.9992211627		0.0769227803		0.0769230769		0.0768677715		-2.5649532137		1.00E+00		1.17E-09		0.0007788373		0.0012993749		64968.7434050045		9.79E-01				1.15E-09				9.79E-01

		alpha =		6.65E+05						1000		kmol basis

								fraction distilled		moles in still						moles in condensed vapor

		Xi								total, kmol		Ni, kmol		Tc, kmol		total		Ni, kmol		Tc kmol

										1000		999.9400894348		0.0599105652		0						mass fract Tc

		mass fract NI		Xf		Wf/Wi																Y*2		x1		y1		x2		y2

		0.9999		0.9999400894		1		0		1000		999.9400894348		0.0599105652		0		0		0		0		9999.4008943481		1.00E+04		0.0000599106		9.01E-11

		0.999800008		0.9998801789		0.4999994791		0.5000005209		499.9994790529		499.9395685502		0.0599105028		500.0005209471		500.0005208846		0.0000000624		0.0000000001		9998.8017886962		1.00E+04		0.0001198211		1.80E-10

		0.9997000241		0.9998202683		0.3333327829		0.6666672171		333.3327828667		333.2728724004		0.0599104663		666.6672171333		666.6672170344		0.0000000989		0.0000000001		9998.2026830443		1.00E+04		0.0001797317		2.70E-10

		0.9996000481		0.9997603577		0.249999479		0.750000521		249.9994790307		249.9395685904		0.0599104403		750.0005209693		750.0005208445		0.0000001248		0.0000000002		9997.6035773924		1.00E+04		0.0002396423		3.60E-10

		0.9995000802		0.9997004472		0.1999995161		0.8000004839		199.9995161295		199.9396057092		0.0599104202		800.0004838705		800.0004837256		0.0000001449		0.0000000002		9997.0044717405		1.00E+04		0.0002995528		4.50E-10

		0.9994001203		0.9996405366		0.1666662178		0.8333337822		166.6662177546		166.6063073508		0.0599104038		833.3337822454		833.333782084		0.0000001614		0.0000000002		9996.4053660886		1.00E+04		0.0003594634		5.40E-10

		0.9993001683		0.999580626		0.142856725		0.857143275		142.8567249641		142.7968145742		0.0599103899		857.1432750359		857.1432748607		0.0000001753		0.0000000002		9995.8062604367		1.00E+04		0.000419374		6.31E-10

		0.9992002245		0.9995207155		0.1249996092		0.8750003908		124.9996092451		124.9396988672		0.0599103779		875.0003907549		875.0003905676		0.0000001873		0.0000000002		9995.2071547848		1.00E+04		0.0004792845		7.21E-10

		0.9991002886		0.9994608049		0.1111107441		0.8888892559		111.1107440936		111.0508337263		0.0599103673		888.8892559064		888.8892557085		0.0000001979		0.0000000002		9994.6080491329		1.00E+04		0.0005391951		8.11E-10

		0.9990003607		0.9994008943		0.0999996538		0.9000003462		99.9996538395		99.9397434817		0.0599103578		900.0003461605		900.0003459531		0.0000002074		0.0000000002		9994.008943481		1.00E+04		0.0005991057		9.01E-10

		0.9989004408		0.9993409838		0.0909087632		0.9090912368		90.9087631867		90.8488528375		0.0599103492		909.0912368133		909.0912365973		0.000000216		0.0000000002		9993.4098378291		1.00E+04		0.0006590162		9.91E-10

		0.998800529		0.9992810732		0.083333022		0.916666978		83.3330220155		83.2731116741		0.0599103414		916.6669779845		916.6669777607		0.0000002238		0.0000000002		9992.8107321772		1.00E+04		0.0007189268		1.08E-09

		0.9987006251		0.9992211627		0.0769227803		0.9230772197		76.9227802916		76.8628699575		0.0599103342		923.0772197084		923.0772194773		0.000000231		0.0000000003		9992.2116265253		1.00E+04		0.0007788373		1.17E-09

				reboiler						Tc				overhead vapor						Tc

		Wf/Wi		Ni, kg		Tc, kg		total		mass fract		ppm		Ni, kg		Tc, kg		total		mass fraction		ppm

		1		58706.4826507177		5.8712353886		58712.3538861063		0.0001		100.0000000001		0		0		0

		0.4999994791		29351.4520695809		5.8712292714		29357.3232988523		0.000199992		199.9919819543		29355.0305811368		0.0000061172		29355.030587254		0.0000000002		0.000208387

		0.3333327829		19566.4503386289		5.8712256929		19572.3215643218		0.0002999759		299.9759468268		39140.0323120888		0.0000096958		39140.0323217845		0.0000000002		0.0002477197

		0.249999479		14673.9520719399		5.8712231537		14679.8232950936		0.0003999519		399.951895582		44032.5305787778		0.0000122349		44032.5305910128		0.0000000003		0.0002778612

		0.1999995161		11738.4542511882		5.871221184		11744.3254723723		0.0004999198		499.9198291837		46968.0283995295		0.0000142046		46968.028413734		0.0000000003		0.000302431

		0.1666662178		9781.4563045631		5.8712195746		9787.3275241377		0.0005998797		599.8797485957		48925.0263461546		0.000015814		48925.0263619686		0.0000000003		0.0003232295

		0.142856725		8383.6009836484		5.8712182138		8389.4722018622		0.0006998317		699.8316547818		50322.8816670693		0.0000171748		50322.8816842441		0.0000000003		0.0003412928

		0.1249996092		7335.2097204915		5.8712170349		7341.0809375264		0.0007997755		799.7755487055		51371.2729302262		0.0000183537		51371.2729485799		0.0000000004		0.0003572758

		0.1111107441		6519.7944480716		5.871215995		6525.6656640666		0.0008997114		899.7114313301		52186.6882026461		0.0000193936		52186.6882220397		0.0000000004		0.00037162

		0.0999996538		5867.4623398125		5.8712150647		5873.3335548772		0.0009996393		999.6393036189		52839.0203109052		0.0000203239		52839.0203312291		0.0000000004		0.000384638

		0.0909087632		5333.7361500901		5.8712142231		5339.6073643132		0.0010995592		1099.5591665349		53372.7465006276		0.0000211655		53372.7465217931		0.0000000004		0.0003965598

		0.083333022		4888.9643863863		5.8712134548		4894.8355998411		0.001199471		1199.4710210411		53817.5182643314		0.0000219338		53817.5182862652		0.0000000004		0.0004075596

		0.0769227803		4512.6190952036		5.8712127479		4518.4903079515		0.0012993749		1299.3748681001		54193.8635555141		0.0000226407		54193.8635781548		0.0000000004		0.0004177726





Ni in reboiler.  Effect of Tc 

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669798		0.9166669797		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc

25 ppm Tc

100 ppm Tc

fraction distilled

Ni mol. fract. x 10,000

Effect of Tc level on Ni in reboiler

9999.9400915966

9999.8502280907

9999.4008943481

9999.8801831931

9999.7004561814

9998.8017886962

9999.8202747897

9999.550684272

9998.2026830443

9999.7603663862

9999.4009123627

9997.6035773924

9999.7004579827

9999.2511404534

9997.0044717405

9999.6405495793

9999.1013685441

9996.4053660886

9999.5806411759

9998.9515966347

9995.8062604367

9999.5207327724

9998.8018247254

9995.2071547848

9999.460824369

9998.6520528161

9994.6080491329

9999.4009159655

9998.5022809068

9994.008943481

9999.3410075621

9998.3525089975

9993.4098378291

9999.2810991586

9998.2027370881

9992.8107321772

9999.2211907552

9998.0529651788

9992.2116265253



Tc in reboiler.  Effect of Tc

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669797		0.9166669798		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc in reboiler

25 ppm Tc in reboiler

100 ppm Tc in reboiler

fraction distilled

Tc mol. fract. in reboiler

Tc in reboiler

0.0000059908

0.0000149772

0.0000599106

0.0000119817

0.0000299544

0.0001198211

0.0000179725

0.0000449316

0.0001797317

0.0000239634

0.0000599088

0.0002396423

0.0000299542

0.000074886

0.0002995528

0.000035945

0.0000898631

0.0003594634

0.0000419359

0.0001048403

0.000419374

0.0000479267

0.0001198175

0.0004792845

0.0000539176

0.0001347947

0.0005391951

0.0000599084

0.0001497719

0.0005991057

0.0000658992

0.0001647491

0.0006590162

0.0000718901

0.0001797263

0.0007189268

0.0000778809

0.0001947035

0.0007788373



Tc in overhead product

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669797		0.9166669798		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc

25 ppm Tc

100 ppm Tc

fraction distilled

Tc mass fraction

Tc mass fraction in overhead product

0

0

0

0

0

0.0000000001

0

0

0.0000000001

0

0

0.0000000002

0

0

0.0000000002

0

0

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000003



Tc, reboiler + overheads

		0		0

		0.5000000006		0.5000000006

		0.6666666673		0.6666666673

		0.7500000006		0.7500000006

		0.8000000006		0.8000000006

		0.8333333339		0.8333333339

		0.8571428577		0.8571428577

		0.8750000005		0.8750000005

		0.8888888893		0.8888888893

		0.9000000004		0.9000000004

		0.9090909095		0.9090909095

		0.9166666671		0.9166666671

		0.9230769234		0.9230769234



reboiler

overheads

fraction distilled

ppm Tc

reboiler and overhead compositions

10

19.9999198167

0.0000000258

29.9997594509

0.0000000307

39.9995189038

0.0000000345

49.9991981762

0.0000000375

59.9987972691

0.0000000401

69.9983161834

0.0000000423

79.9977549202

0.0000000443

89.9971134804

0.0000000461

99.996391865

0.0000000477

109.9955900749

0.0000000492

119.9947081111

0.0000000505

129.9937459745

0.0000000518



case reports

		Cases		1=		Ni				waste limit				3.00E-09		Ci/g solid		1.78E-07		g Tc99/g solid

				2 =		Tc				specific activity				1.69E-02		Ci/g Tc99

		10 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.9400915966		9999.9999999094		0.0000059908		0				0

		0.500000524		9999.8801831931		9999.9999998189		0.0000119817		0				0

		0.6666672203		9999.8202747897		9999.9999997283		0.0000179725		0				0

		0.750000524		9999.7603663862		9999.9999996377		0.0000239634		0				0

		0.8000004867		9999.7004579827		9999.9999995471		0.0000299542		0				0

		0.8333337848		9999.6405495793		9999.9999994565		0.000035945		0.0000000001				0

		0.8571432774		9999.5806411759		9999.999999366		0.0000419359		0.0000000001				0

		0.875000393		9999.5207327724		9999.9999992754		0.0000479267		0.0000000001				0

		0.888889258		9999.460824369		9999.9999991848		0.0000539176		0.0000000001				0

		0.9000003481		9999.4009159655		9999.9999990942		0.0000599084		0.0000000001				0

		0.9090912387		9999.3410075621		9999.9999990036		0.0000658992		0.0000000001				0

		0.9166669797		9999.2810991586		9999.9999989131		0.0000718901		0.0000000001				0

		0.9230772214		9999.2211907552		9999.9999988225		0.0000778809		0.0000000001				0

		25 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.8502280907		9999.9999997736		0.0000149772		0				0

		0.500000524		9999.7004561814		9999.9999995471		0.0000299544		0				0

		0.6666672203		9999.550684272		9999.9999993207		0.0000449316		0.0000000001				0

		0.750000524		9999.4009123627		9999.9999990942		0.0000599088		0.0000000001				0

		0.8000004867		9999.2511404534		9999.9999988678		0.000074886		0.0000000001				0

		0.8333337848		9999.1013685441		9999.9999986413		0.0000898631		0.0000000001				0

		0.8571432774		9998.9515966347		9999.9999984148		0.0001048403		0.0000000002				0.0000000001

		0.875000393		9998.8018247254		9999.9999981883		0.0001198175		0.0000000002				0.0000000001

		0.888889258		9998.6520528161		9999.9999979618		0.0001347947		0.0000000002				0.0000000001

		0.9000003481		9998.5022809068		9999.9999977353		0.0001497719		0.0000000002				0.0000000001

		0.9090912387		9998.3525089975		9999.9999975088		0.0001647491		0.0000000002				0.0000000001

		0.9166669798		9998.2027370881		9999.9999972823		0.0001797263		0.0000000003				0.0000000001

		0.9230772214		9998.0529651788		9999.9999970558		0.0001947035		0.0000000003				0.0000000001

		100 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.4008943481		9999.9999990942		0.0000599106		0.0000000001				0

		0.500000524		9998.8017886962		9999.9999981883		0.0001198211		0.0000000002				0.0000000001

		0.6666672204		9998.2026830443		9999.9999972822		0.0001797317		0.0000000003				0.0000000001

		0.750000524		9997.6035773924		9999.9999963761		0.0002396423		0.0000000004				0.0000000002

		0.8000004867		9997.0044717405		9999.9999954699		0.0002995528		0.0000000005				0.0000000002

		0.8333337849		9996.4053660886		9999.9999945635		0.0003594634		0.0000000005				0.0000000002

		0.8571432775		9995.8062604367		9999.9999936571		0.000419374		0.0000000006				0.0000000002

		0.8750003931		9995.2071547848		9999.9999927505		0.0004792845		0.0000000007				0.0000000002

		0.8888892581		9994.6080491329		9999.9999918438		0.0005391951		0.0000000008				0.0000000002

		0.9000003482		9994.008943481		9999.999990937		0.0005991057		0.0000000009				0.0000000002

		0.9090912387		9993.4098378291		9999.9999900301		0.0006590162		0.000000001				0.0000000002

		0.9166669798		9992.8107321772		9999.9999891231		0.0007189268		0.0000000011				0.0000000002

		0.9230772215		9992.2116265253		9999.999988216		0.0007788373		0.0000000012				0.0000000003

		pure component vapor pressure

		T, K		PNi, bar		PTc, bar		Pni/PTc

		1700		0.0017		2.08E-12		8.17E+08

		1800		0.0057		2.60E-11		2.19E+08

		1900		0.017		2.50E-10		6.80E+07

		2000		0.044		1.94E-09		2.27E+07

		2100		0.105		1.23E-08		8.54E+06

		2200		0.23		6.60E-08		3.48E+06

		2300		0.476		3.03E-07		1.57E+06

		2400		0.893		1.21E-06		7.38E+05

		2415		0.985		1.47E-06		6.70E+05

						Wf/Wi		reboiler		overheads

						0		10

						0.5000000006		19.9999198167		0.0000000258

						0.6666666673		29.9997594509		0.0000000307

						0.7500000006		39.9995189038		0.0000000345

						0.8000000006		49.9991981762		0.0000000375

						0.8333333339		59.9987972691		0.0000000401

						0.8571428577		69.9983161834		0.0000000423

						0.8750000005		79.9977549202		0.0000000443

						0.8888888893		89.9971134804		0.0000000461

						0.9000000004		99.996391865		0.0000000477

						0.9090909095		109.9955900749		0.0000000492

						0.9166666671		119.9947081111		0.0000000505

						0.9230769234		129.9937459745		0.0000000518
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Tc99 levels, 
reboiler & overheads

Tc in batch
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Tc in distillate
Tc in reboiler


T bp Ni

		1		1		1

		0.95		0.95		0.95

		0.9		0.9		0.9

		0.85		0.85		0.85

		0.8		0.8		0.8

		0.75		0.75		0.75

		0.7		0.7		0.7

		0.65		0.65		0.65

		0.6		0.6		0.6

		0.55		0.55		0.55

		0.5		0.5		0.5

		0.45		0.45		0.45

		0.4		0.4		0.4

		0.35		0.35		0.35

		0.3		0.3		0.3

		0.25		0.25		0.25

		0.2		0.2		0.2

		0.15		0.15		0.15

		0.1		0.1		0.1

		0.05		0.05		0.05

		0		0		0



Pnickel

Ptechnetium

Ptotal

mole fraction nickel

Pressure, bar

distillation at B.P. of Ni

0.9802433421

0

0.9802433421

0.931231175

0.0000000737

0.9312312486

0.8822190079

0.0000001473

0.8822191552

0.8332068407

0.000000221

0.8332070617

0.7841946736

0.0000002947

0.7841949683

0.7351825065

0.0000003683

0.7351828749

0.6861703394

0.000000442

0.6861707814

0.6371581723

0.0000005157

0.637158688

0.5881460052

0.0000005893

0.5881465946

0.5391338381

0.000000663

0.5391345011

0.490121671

0.0000007367

0.4901224077

0.4411095039

0.0000008103

0.4411103142

0.3920973368

0.000000884

0.3920982208

0.3430851697

0.0000009577

0.3430861274

0.2940730026

0.0000010313

0.2940740339

0.2450608355

0.000001105

0.2450619405

0.1960486684

0.0000011786

0.1960498471

0.1470365013

0.0000012523

0.1470377536

0.0980243342

0.000001326

0.0980256602

0.0490121671

0.0000013996

0.0490135667

0

0.0000014733

0.0000014733



Ni in batch 

		0		0

		0.5000005209		0.5000005209

		0.6666672171		0.6666672171

		0.750000521		0.750000521

		0.8000004839		0.8000004839

		0.8333337822		0.8333337822

		0.857143275		0.857143275

		0.8750003908		0.8750003908

		0.8888892559		0.8888892559

		0.9000003462		0.9000003462

		0.9090912368		0.9090912368

		0.916666978		0.916666978

		0.9230772197		0.9230772197



Ni in distillate

Ni in reboiler

fraction distilled

Ni mol. fract. x 10,000

Ni composition

9999.9999990995

9999.4008943481

9999.9999981989

9998.8017886962

9999.9999972981

9998.2026830443

9999.9999963973

9997.6035773924

9999.9999954964

9997.0044717405

9999.9999945953

9996.4053660886

9999.9999936941

9995.8062604367

9999.9999927929

9995.2071547848

9999.9999918915

9994.6080491329

9999.99999099

9994.008943481

9999.9999900884

9993.4098378291

9999.9999891867

9992.8107321772

9999.9999882849

9992.2116265253



Tc in batch

		0		0

		0.5000005209		0.5000005209

		0.6666672171		0.6666672171

		0.750000521		0.750000521

		0.8000004839		0.8000004839

		0.8333337822		0.8333337822

		0.857143275		0.857143275

		0.8750003908		0.8750003908

		0.8888892559		0.8888892559

		0.9000003462		0.9000003462

		0.9090912368		0.9090912368

		0.916666978		0.916666978

		0.9230772197		0.9230772197



Tc in distillate

Tc in reboiler

fraction distilled

Tc mol. fract.

Tc in batch

0.0000000001

0.0000599106

0.0000000002

0.0001198211

0.0000000003

0.0001797317

0.0000000004

0.0002396423

0.0000000005

0.0002995528

0.0000000005

0.0003594634

0.0000000006

0.000419374

0.0000000007

0.0004792845

0.0000000008

0.0005391951

0.0000000009

0.0005991057

0.000000001

0.0006590162

0.0000000011

0.0007189268

0.0000000012

0.0007788373



master sheet

		Batch distillation

		Tc from Ni

		contamination level				100		ppm				760

		T =				2415		K		2142		C

		component		FW		mole fract		activity coefficient				P, bar		P, mmHg		A		B		C		D		E

		Ni		58.71		0.9999400894		1				9.80E-01		7.45E+02		-57.4301		-13533		23.611		-7.67E-03		7.81E-07

		Tc		98		0.0000599106		5				2.95E-07		2.24E-04		-240.5191		-5792.8		78.794		-1.31E-02		7.46E-07

		activity coefficient

		limit as x1 goes to zero						3.33E+06

		limit as x1 goes to one						6.65E+05

		x1		y1				x1*g1*P1sat				x2*g2*P2sat				P

		1		1.00000000				9.80E-01				0.00E+00				9.80E-01

		0.95		0.99999992				9.31E-01				7.37E-08				9.31E-01

		0.9		0.99999983				8.82E-01				1.47E-07				8.82E-01

		0.85		0.99999973				8.33E-01				2.21E-07				8.33E-01

		0.8		0.99999962				7.84E-01				2.95E-07				7.84E-01

		0.75		0.99999950				7.35E-01				3.68E-07				7.35E-01

		0.7		0.99999936				6.86E-01				4.42E-07				6.86E-01

		0.65		0.99999919				6.37E-01				5.16E-07				6.37E-01

		0.6		0.99999900				5.88E-01				5.89E-07				5.88E-01

		0.55		0.99999877				5.39E-01				6.63E-07				5.39E-01

		0.5		0.99999850				4.90E-01				7.37E-07				4.90E-01

		0.45		0.99999816				4.41E-01				8.10E-07				4.41E-01

		0.4		0.99999775				3.92E-01				8.84E-07				3.92E-01

		0.35		0.99999721				3.43E-01				9.58E-07				3.43E-01

		0.3		0.99999649				2.94E-01				1.03E-06				2.94E-01

		0.25		0.99999549				2.45E-01				1.10E-06				2.45E-01

		0.2		0.99999399				1.96E-01				1.18E-06				1.96E-01

		0.15		0.99999148				1.47E-01				1.25E-06				1.47E-01

		0.1		0.99998647				9.80E-02				1.33E-06				9.80E-02

		0.05		0.99997144				4.90E-02				1.40E-06				4.90E-02

		0		0.00000000				0.00E+00				1.47E-06				1.47E-06

		Tc from Ni				5000		Becquerel

		contamination level				100		ppm				760

		T =				2200		K		1927		C

		component		FW		mass fract		mole fract		activity coefficient				P, bar		P, mmHg		A		B		C		D		E

		Ni		58.71		0.9999		0.9999400894		1				9.80E-01		7.45E+02		-57.4301		-13533		23.611		-7.67E-03		7.81E-07

		Tc		98		0.0001		0.0000599106		5				2.95E-07		2.24E-04		-240.5191		-5792.8		78.794		-1.31E-02		7.46E-07

		specific activity				1.69E-02		Ci/g Tc99

		total activity

		activity coefficient

		limit as x1 goes to zero						3.33E+06

		limit as x1 goes to one						6.65E+05

		alpha =		6.65E+05

		Delta		0.0000599106

																		0.0000599106		0.0001		50		p1				p2

		mass fract NI		Xf		Wf/Wi		term 2		term 1		RHS		y1		y2		x2						x1*g1*P1sat				x2*g2*P2sat				P

		0.9999		0.9999400894		1		1		1		0		1.00E+00		9.01E-11		0.0000599106		0.0001		5000.0000000035		9.80E-01				8.83E-11				9.80E-01

		0.999800008		0.9998801789		0.4999994791		0.5		0.4999700429		-0.6931482225		1.00E+00		1.80E-10		0.0001198211		0.000199992		9999.5990977126		9.80E-01				1.77E-10				9.80E-01

		0.9997000241		0.9998202683		0.3333327829		0.3333333333		0.3332933906		-1.0986139401		1.00E+00		2.70E-10		0.0001797317		0.0002999759		14998.7973413421		9.80E-01				2.65E-10				9.80E-01

		0.9996000481		0.9997603577		0.249999479		0.25		0.2499550644		-1.386296445		1.00E+00		3.60E-10		0.0002396423		0.0003999519		19997.5947790992		9.80E-01				3.53E-10				9.80E-01

		0.9995000802		0.9997004472		0.1999995161		0.2		0.1999520687		-1.6094403318		1.00E+00		4.50E-10		0.0002995528		0.0004999198		24995.9914591833		9.80E-01				4.41E-10				9.80E-01

		0.9994001203		0.9996405366		0.1666662178		0.1666666667		0.1666167382		-1.7917621627		1.00E+00		5.40E-10		0.0003594634		0.0005998797		29993.9874297859		9.80E-01				5.30E-10				9.80E-01

		0.9993001683		0.999580626		0.142856725		0.1428571429		0.1428057879		-1.9459130743		1.00E+00		6.31E-10		0.000419374		0.0006998317		34991.5827390912		9.80E-01				6.18E-10				9.80E-01

		0.9992002245		0.9995207155		0.1249996092		0.125		0.1249475751		-2.0794446677		1.00E+00		7.21E-10		0.0004792845		0.0007997755		39988.7774352752		9.80E-01				7.06E-10				9.80E-01

		0.9991002886		0.9994608049		0.1111107441		0.1111111111		0.1110578541		-2.1972278805		1.00E+00		8.11E-10		0.0005391951		0.0008997114		44985.5715665065		9.80E-01				7.94E-10				9.80E-01

		0.9990003607		0.9994008943		0.0999996538		0.1		0.0999460773		-2.3025885546		1.00E+00		9.01E-10		0.0005991057		0.0009996393		49981.9651809459		9.80E-01				8.83E-10				9.80E-01

		0.9989004408		0.9993409838		0.0909087632		0.0909090909		0.0908546235		-2.3978988778		1.00E+00		9.91E-10		0.0006590162		0.0010995592		54977.9583267464		9.80E-01				9.71E-10				9.80E-01

		0.998800529		0.9992810732		0.083333022		0.0833333333		0.083278412		-2.4849103856		1.00E+00		1.08E-09		0.0007189268		0.001199471		59973.5510520534		9.80E-01				1.06E-09				9.80E-01

		0.9987006251		0.9992211627		0.0769227803		0.0769230769		0.0768677715		-2.5649532137		1.00E+00		1.17E-09		0.0007788373		0.0012993749		64968.7434050045		9.79E-01				1.15E-09				9.79E-01

		alpha =		6.65E+05						1000		kmol basis

								fraction distilled		moles in still						moles in condensed vapor

		Xi								total, kmol		Ni, kmol		Tc, kmol		total		Ni, kmol		Tc kmol

										1000		999.9400894348		0.0599105652		0						mass fract Tc

		mass fract NI		Xf		Wf/Wi																Y*2		x1		y1		x2		y2

		0.9999		0.9999400894		1		0		1000		999.9400894348		0.0599105652		0		0		0		0		9999.4008943481		1.00E+04		0.0000599106		9.01E-11

		0.999800008		0.9998801789		0.4999994791		0.5000005209		499.9994790529		499.9395685502		0.0599105028		500.0005209471		500.0005208846		0.0000000624		0.0000000001		9998.8017886962		1.00E+04		0.0001198211		1.80E-10

		0.9997000241		0.9998202683		0.3333327829		0.6666672171		333.3327828667		333.2728724004		0.0599104663		666.6672171333		666.6672170344		0.0000000989		0.0000000001		9998.2026830443		1.00E+04		0.0001797317		2.70E-10

		0.9996000481		0.9997603577		0.249999479		0.750000521		249.9994790307		249.9395685904		0.0599104403		750.0005209693		750.0005208445		0.0000001248		0.0000000002		9997.6035773924		1.00E+04		0.0002396423		3.60E-10

		0.9995000802		0.9997004472		0.1999995161		0.8000004839		199.9995161295		199.9396057092		0.0599104202		800.0004838705		800.0004837256		0.0000001449		0.0000000002		9997.0044717405		1.00E+04		0.0002995528		4.50E-10

		0.9994001203		0.9996405366		0.1666662178		0.8333337822		166.6662177546		166.6063073508		0.0599104038		833.3337822454		833.333782084		0.0000001614		0.0000000002		9996.4053660886		1.00E+04		0.0003594634		5.40E-10

		0.9993001683		0.999580626		0.142856725		0.857143275		142.8567249641		142.7968145742		0.0599103899		857.1432750359		857.1432748607		0.0000001753		0.0000000002		9995.8062604367		1.00E+04		0.000419374		6.31E-10

		0.9992002245		0.9995207155		0.1249996092		0.8750003908		124.9996092451		124.9396988672		0.0599103779		875.0003907549		875.0003905676		0.0000001873		0.0000000002		9995.2071547848		1.00E+04		0.0004792845		7.21E-10

		0.9991002886		0.9994608049		0.1111107441		0.8888892559		111.1107440936		111.0508337263		0.0599103673		888.8892559064		888.8892557085		0.0000001979		0.0000000002		9994.6080491329		1.00E+04		0.0005391951		8.11E-10

		0.9990003607		0.9994008943		0.0999996538		0.9000003462		99.9996538395		99.9397434817		0.0599103578		900.0003461605		900.0003459531		0.0000002074		0.0000000002		9994.008943481		1.00E+04		0.0005991057		9.01E-10

		0.9989004408		0.9993409838		0.0909087632		0.9090912368		90.9087631867		90.8488528375		0.0599103492		909.0912368133		909.0912365973		0.000000216		0.0000000002		9993.4098378291		1.00E+04		0.0006590162		9.91E-10

		0.998800529		0.9992810732		0.083333022		0.916666978		83.3330220155		83.2731116741		0.0599103414		916.6669779845		916.6669777607		0.0000002238		0.0000000002		9992.8107321772		1.00E+04		0.0007189268		1.08E-09

		0.9987006251		0.9992211627		0.0769227803		0.9230772197		76.9227802916		76.8628699575		0.0599103342		923.0772197084		923.0772194773		0.000000231		0.0000000003		9992.2116265253		1.00E+04		0.0007788373		1.17E-09

				reboiler						Tc				overhead vapor						Tc

		Wf/Wi		Ni, kg		Tc, kg		total		mass fract		ppm		Ni, kg		Tc, kg		total		mass fraction		ppm

		1		58706.4826507177		5.8712353886		58712.3538861063		0.0001		100.0000000001		0		0		0

		0.4999994791		29351.4520695809		5.8712292714		29357.3232988523		0.000199992		199.9919819543		29355.0305811368		0.0000061172		29355.030587254		0.0000000002		0.000208387

		0.3333327829		19566.4503386289		5.8712256929		19572.3215643218		0.0002999759		299.9759468268		39140.0323120888		0.0000096958		39140.0323217845		0.0000000002		0.0002477197

		0.249999479		14673.9520719399		5.8712231537		14679.8232950936		0.0003999519		399.951895582		44032.5305787778		0.0000122349		44032.5305910128		0.0000000003		0.0002778612

		0.1999995161		11738.4542511882		5.871221184		11744.3254723723		0.0004999198		499.9198291837		46968.0283995295		0.0000142046		46968.028413734		0.0000000003		0.000302431

		0.1666662178		9781.4563045631		5.8712195746		9787.3275241377		0.0005998797		599.8797485957		48925.0263461546		0.000015814		48925.0263619686		0.0000000003		0.0003232295

		0.142856725		8383.6009836484		5.8712182138		8389.4722018622		0.0006998317		699.8316547818		50322.8816670693		0.0000171748		50322.8816842441		0.0000000003		0.0003412928

		0.1249996092		7335.2097204915		5.8712170349		7341.0809375264		0.0007997755		799.7755487055		51371.2729302262		0.0000183537		51371.2729485799		0.0000000004		0.0003572758

		0.1111107441		6519.7944480716		5.871215995		6525.6656640666		0.0008997114		899.7114313301		52186.6882026461		0.0000193936		52186.6882220397		0.0000000004		0.00037162

		0.0999996538		5867.4623398125		5.8712150647		5873.3335548772		0.0009996393		999.6393036189		52839.0203109052		0.0000203239		52839.0203312291		0.0000000004		0.000384638

		0.0909087632		5333.7361500901		5.8712142231		5339.6073643132		0.0010995592		1099.5591665349		53372.7465006276		0.0000211655		53372.7465217931		0.0000000004		0.0003965598

		0.083333022		4888.9643863863		5.8712134548		4894.8355998411		0.001199471		1199.4710210411		53817.5182643314		0.0000219338		53817.5182862652		0.0000000004		0.0004075596

		0.0769227803		4512.6190952036		5.8712127479		4518.4903079515		0.0012993749		1299.3748681001		54193.8635555141		0.0000226407		54193.8635781548		0.0000000004		0.0004177726





Ni in reboiler.  Effect of Tc 

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669798		0.9166669797		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc

25 ppm Tc

100 ppm Tc

fraction distilled

Ni mol. fract. x 10,000

Effect of Tc level on Ni in reboiler

9999.9400915966

9999.8502280907

9999.4008943481

9999.8801831931

9999.7004561814

9998.8017886962

9999.8202747897

9999.550684272

9998.2026830443

9999.7603663862

9999.4009123627

9997.6035773924

9999.7004579827

9999.2511404534

9997.0044717405

9999.6405495793

9999.1013685441

9996.4053660886

9999.5806411759

9998.9515966347

9995.8062604367

9999.5207327724

9998.8018247254

9995.2071547848

9999.460824369

9998.6520528161

9994.6080491329

9999.4009159655

9998.5022809068

9994.008943481

9999.3410075621

9998.3525089975

9993.4098378291

9999.2810991586

9998.2027370881

9992.8107321772

9999.2211907552

9998.0529651788

9992.2116265253



Tc in reboiler.  Effect of Tc

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669797		0.9166669798		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc in reboiler

25 ppm Tc in reboiler

100 ppm Tc in reboiler

fraction distilled

Tc mol. fract. in reboiler

Tc in reboiler

0.0000059908

0.0000149772

0.0000599106

0.0000119817

0.0000299544

0.0001198211

0.0000179725

0.0000449316

0.0001797317

0.0000239634

0.0000599088

0.0002396423

0.0000299542

0.000074886

0.0002995528

0.000035945

0.0000898631

0.0003594634

0.0000419359

0.0001048403

0.000419374

0.0000479267

0.0001198175

0.0004792845

0.0000539176

0.0001347947

0.0005391951

0.0000599084

0.0001497719

0.0005991057

0.0000658992

0.0001647491

0.0006590162

0.0000718901

0.0001797263

0.0007189268

0.0000778809

0.0001947035

0.0007788373



Tc in overhead product

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669797		0.9166669798		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc

25 ppm Tc

100 ppm Tc

fraction distilled

Tc mass fraction

Tc mass fraction in overhead product

0

0

0

0

0

0.0000000001

0

0

0.0000000001

0

0

0.0000000002

0

0

0.0000000002

0

0

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000003



Tc, reboiler + overheads

		0		0

		0.5000000006		0.5000000006

		0.6666666673		0.6666666673

		0.7500000006		0.7500000006

		0.8000000006		0.8000000006

		0.8333333339		0.8333333339

		0.8571428577		0.8571428577

		0.8750000005		0.8750000005

		0.8888888893		0.8888888893

		0.9000000004		0.9000000004

		0.9090909095		0.9090909095

		0.9166666671		0.9166666671

		0.9230769234		0.9230769234



reboiler

overheads

fraction distilled

ppm Tc

reboiler and overhead compositions

10

19.9999198167

0.0000000258

29.9997594509

0.0000000307

39.9995189038

0.0000000345

49.9991981762

0.0000000375

59.9987972691

0.0000000401

69.9983161834

0.0000000423

79.9977549202

0.0000000443

89.9971134804

0.0000000461

99.996391865

0.0000000477

109.9955900749

0.0000000492

119.9947081111

0.0000000505

129.9937459745

0.0000000518



case reports

		Cases		1=		Ni				waste limit				3.00E-09		Ci/g solid		1.78E-07		g Tc99/g solid

				2 =		Tc				specific activity				1.69E-02		Ci/g Tc99

		10 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.9400915966		9999.9999999094		0.0000059908		0				0

		0.500000524		9999.8801831931		9999.9999998189		0.0000119817		0				0

		0.6666672203		9999.8202747897		9999.9999997283		0.0000179725		0				0

		0.750000524		9999.7603663862		9999.9999996377		0.0000239634		0				0

		0.8000004867		9999.7004579827		9999.9999995471		0.0000299542		0				0

		0.8333337848		9999.6405495793		9999.9999994565		0.000035945		0.0000000001				0

		0.8571432774		9999.5806411759		9999.999999366		0.0000419359		0.0000000001				0

		0.875000393		9999.5207327724		9999.9999992754		0.0000479267		0.0000000001				0

		0.888889258		9999.460824369		9999.9999991848		0.0000539176		0.0000000001				0

		0.9000003481		9999.4009159655		9999.9999990942		0.0000599084		0.0000000001				0

		0.9090912387		9999.3410075621		9999.9999990036		0.0000658992		0.0000000001				0

		0.9166669797		9999.2810991586		9999.9999989131		0.0000718901		0.0000000001				0

		0.9230772214		9999.2211907552		9999.9999988225		0.0000778809		0.0000000001				0

		25 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.8502280907		9999.9999997736		0.0000149772		0				0

		0.500000524		9999.7004561814		9999.9999995471		0.0000299544		0				0

		0.6666672203		9999.550684272		9999.9999993207		0.0000449316		0.0000000001				0

		0.750000524		9999.4009123627		9999.9999990942		0.0000599088		0.0000000001				0

		0.8000004867		9999.2511404534		9999.9999988678		0.000074886		0.0000000001				0

		0.8333337848		9999.1013685441		9999.9999986413		0.0000898631		0.0000000001				0

		0.8571432774		9998.9515966347		9999.9999984148		0.0001048403		0.0000000002				0.0000000001

		0.875000393		9998.8018247254		9999.9999981883		0.0001198175		0.0000000002				0.0000000001

		0.888889258		9998.6520528161		9999.9999979618		0.0001347947		0.0000000002				0.0000000001

		0.9000003481		9998.5022809068		9999.9999977353		0.0001497719		0.0000000002				0.0000000001

		0.9090912387		9998.3525089975		9999.9999975088		0.0001647491		0.0000000002				0.0000000001

		0.9166669798		9998.2027370881		9999.9999972823		0.0001797263		0.0000000003				0.0000000001

		0.9230772214		9998.0529651788		9999.9999970558		0.0001947035		0.0000000003				0.0000000001

		100 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.4008943481		9999.9999990942		0.0000599106		0.0000000001				0

		0.500000524		9998.8017886962		9999.9999981883		0.0001198211		0.0000000002				0.0000000001

		0.6666672204		9998.2026830443		9999.9999972822		0.0001797317		0.0000000003				0.0000000001

		0.750000524		9997.6035773924		9999.9999963761		0.0002396423		0.0000000004				0.0000000002

		0.8000004867		9997.0044717405		9999.9999954699		0.0002995528		0.0000000005				0.0000000002

		0.8333337849		9996.4053660886		9999.9999945635		0.0003594634		0.0000000005				0.0000000002

		0.8571432775		9995.8062604367		9999.9999936571		0.000419374		0.0000000006				0.0000000002

		0.8750003931		9995.2071547848		9999.9999927505		0.0004792845		0.0000000007				0.0000000002

		0.8888892581		9994.6080491329		9999.9999918438		0.0005391951		0.0000000008				0.0000000002

		0.9000003482		9994.008943481		9999.999990937		0.0005991057		0.0000000009				0.0000000002

		0.9090912387		9993.4098378291		9999.9999900301		0.0006590162		0.000000001				0.0000000002

		0.9166669798		9992.8107321772		9999.9999891231		0.0007189268		0.0000000011				0.0000000002

		0.9230772215		9992.2116265253		9999.999988216		0.0007788373		0.0000000012				0.0000000003

		pure component vapor pressure

		T, K		PNi, bar		PTc, bar		Pni/PTc

		1700		0.0017		2.08E-12		8.17E+08

		1800		0.0057		2.60E-11		2.19E+08

		1900		0.017		2.50E-10		6.80E+07

		2000		0.044		1.94E-09		2.27E+07

		2100		0.105		1.23E-08		8.54E+06

		2200		0.23		6.60E-08		3.48E+06

		2300		0.476		3.03E-07		1.57E+06

		2400		0.893		1.21E-06		7.38E+05

		2415		0.985		1.47E-06		6.70E+05

						Wf/Wi		reboiler		overheads

						0		10

						0.5000000006		19.9999198167		0.0000000258

						0.6666666673		29.9997594509		0.0000000307

						0.7500000006		39.9995189038		0.0000000345

						0.8000000006		49.9991981762		0.0000000375

						0.8333333339		59.9987972691		0.0000000401

						0.8571428577		69.9983161834		0.0000000423

						0.8750000005		79.9977549202		0.0000000443

						0.8888888893		89.9971134804		0.0000000461

						0.9000000004		99.996391865		0.0000000477

						0.9090909095		109.9955900749		0.0000000492

						0.9166666671		119.9947081111		0.0000000505

						0.9230769234		129.9937459745		0.0000000518
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Ni in reboiler,
various feeds

Effect of Tc level on Ni in reboiler
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T bp Ni

		1		1		1

		0.95		0.95		0.95

		0.9		0.9		0.9

		0.85		0.85		0.85

		0.8		0.8		0.8

		0.75		0.75		0.75

		0.7		0.7		0.7

		0.65		0.65		0.65

		0.6		0.6		0.6

		0.55		0.55		0.55

		0.5		0.5		0.5

		0.45		0.45		0.45

		0.4		0.4		0.4

		0.35		0.35		0.35

		0.3		0.3		0.3

		0.25		0.25		0.25

		0.2		0.2		0.2

		0.15		0.15		0.15

		0.1		0.1		0.1

		0.05		0.05		0.05

		0		0		0



Pnickel

Ptechnetium

Ptotal

mole fraction nickel

Pressure, bar

distillation at B.P. of Ni

0.9802433421

0

0.9802433421

0.931231175

0.0000000737

0.9312312486

0.8822190079

0.0000001473

0.8822191552

0.8332068407

0.000000221

0.8332070617

0.7841946736

0.0000002947

0.7841949683

0.7351825065

0.0000003683

0.7351828749

0.6861703394

0.000000442

0.6861707814

0.6371581723

0.0000005157

0.637158688

0.5881460052

0.0000005893

0.5881465946

0.5391338381

0.000000663

0.5391345011

0.490121671

0.0000007367

0.4901224077

0.4411095039

0.0000008103

0.4411103142

0.3920973368

0.000000884

0.3920982208

0.3430851697

0.0000009577

0.3430861274

0.2940730026

0.0000010313

0.2940740339

0.2450608355

0.000001105

0.2450619405

0.1960486684

0.0000011786

0.1960498471

0.1470365013

0.0000012523

0.1470377536

0.0980243342

0.000001326

0.0980256602

0.0490121671

0.0000013996

0.0490135667

0

0.0000014733

0.0000014733



Ni in batch 

		0		0

		0.5000005209		0.5000005209

		0.6666672171		0.6666672171

		0.750000521		0.750000521

		0.8000004839		0.8000004839

		0.8333337822		0.8333337822

		0.857143275		0.857143275

		0.8750003908		0.8750003908

		0.8888892559		0.8888892559

		0.9000003462		0.9000003462

		0.9090912368		0.9090912368

		0.916666978		0.916666978

		0.9230772197		0.9230772197



Ni in distillate

Ni in reboiler

fraction distilled

Ni mol. fract. x 10,000

Ni composition

9999.9999990995

9999.4008943481

9999.9999981989

9998.8017886962

9999.9999972981

9998.2026830443

9999.9999963973

9997.6035773924

9999.9999954964

9997.0044717405

9999.9999945953

9996.4053660886

9999.9999936941

9995.8062604367

9999.9999927929

9995.2071547848

9999.9999918915

9994.6080491329

9999.99999099

9994.008943481

9999.9999900884

9993.4098378291

9999.9999891867

9992.8107321772

9999.9999882849

9992.2116265253



Tc in batch

		0		0

		0.5000005209		0.5000005209

		0.6666672171		0.6666672171

		0.750000521		0.750000521

		0.8000004839		0.8000004839

		0.8333337822		0.8333337822

		0.857143275		0.857143275

		0.8750003908		0.8750003908

		0.8888892559		0.8888892559

		0.9000003462		0.9000003462

		0.9090912368		0.9090912368

		0.916666978		0.916666978

		0.9230772197		0.9230772197



Tc in distillate

Tc in reboiler

fraction distilled

Tc mol. fract.

Tc in batch

0.0000000001

0.0000599106

0.0000000002

0.0001198211

0.0000000003

0.0001797317

0.0000000004

0.0002396423

0.0000000005

0.0002995528

0.0000000005

0.0003594634

0.0000000006

0.000419374

0.0000000007

0.0004792845

0.0000000008

0.0005391951

0.0000000009

0.0005991057

0.000000001

0.0006590162

0.0000000011

0.0007189268

0.0000000012

0.0007788373



master sheet

		Batch distillation

		Tc from Ni

		contamination level				100		ppm				760

		T =				2415		K		2142		C

		component		FW		mole fract		activity coefficient				P, bar		P, mmHg		A		B		C		D		E

		Ni		58.71		0.9999400894		1				9.80E-01		7.45E+02		-57.4301		-13533		23.611		-7.67E-03		7.81E-07

		Tc		98		0.0000599106		5				2.95E-07		2.24E-04		-240.5191		-5792.8		78.794		-1.31E-02		7.46E-07

		activity coefficient

		limit as x1 goes to zero						3.33E+06

		limit as x1 goes to one						6.65E+05

		x1		y1				x1*g1*P1sat				x2*g2*P2sat				P

		1		1.00000000				9.80E-01				0.00E+00				9.80E-01

		0.95		0.99999992				9.31E-01				7.37E-08				9.31E-01

		0.9		0.99999983				8.82E-01				1.47E-07				8.82E-01

		0.85		0.99999973				8.33E-01				2.21E-07				8.33E-01

		0.8		0.99999962				7.84E-01				2.95E-07				7.84E-01

		0.75		0.99999950				7.35E-01				3.68E-07				7.35E-01

		0.7		0.99999936				6.86E-01				4.42E-07				6.86E-01

		0.65		0.99999919				6.37E-01				5.16E-07				6.37E-01

		0.6		0.99999900				5.88E-01				5.89E-07				5.88E-01

		0.55		0.99999877				5.39E-01				6.63E-07				5.39E-01

		0.5		0.99999850				4.90E-01				7.37E-07				4.90E-01

		0.45		0.99999816				4.41E-01				8.10E-07				4.41E-01

		0.4		0.99999775				3.92E-01				8.84E-07				3.92E-01

		0.35		0.99999721				3.43E-01				9.58E-07				3.43E-01

		0.3		0.99999649				2.94E-01				1.03E-06				2.94E-01

		0.25		0.99999549				2.45E-01				1.10E-06				2.45E-01

		0.2		0.99999399				1.96E-01				1.18E-06				1.96E-01

		0.15		0.99999148				1.47E-01				1.25E-06				1.47E-01

		0.1		0.99998647				9.80E-02				1.33E-06				9.80E-02

		0.05		0.99997144				4.90E-02				1.40E-06				4.90E-02

		0		0.00000000				0.00E+00				1.47E-06				1.47E-06

		Tc from Ni				5000		Becquerel

		contamination level				100		ppm				760

		T =				2200		K		1927		C

		component		FW		mass fract		mole fract		activity coefficient				P, bar		P, mmHg		A		B		C		D		E

		Ni		58.71		0.9999		0.9999400894		1				9.80E-01		7.45E+02		-57.4301		-13533		23.611		-7.67E-03		7.81E-07

		Tc		98		0.0001		0.0000599106		5				2.95E-07		2.24E-04		-240.5191		-5792.8		78.794		-1.31E-02		7.46E-07

		specific activity				1.69E-02		Ci/g Tc99

		total activity

		activity coefficient

		limit as x1 goes to zero						3.33E+06

		limit as x1 goes to one						6.65E+05

		alpha =		6.65E+05

		Delta		0.0000599106

																		0.0000599106		0.0001		50		p1				p2

		mass fract NI		Xf		Wf/Wi		term 2		term 1		RHS		y1		y2		x2						x1*g1*P1sat				x2*g2*P2sat				P

		0.9999		0.9999400894		1		1		1		0		1.00E+00		9.01E-11		0.0000599106		0.0001		5000.0000000035		9.80E-01				8.83E-11				9.80E-01

		0.999800008		0.9998801789		0.4999994791		0.5		0.4999700429		-0.6931482225		1.00E+00		1.80E-10		0.0001198211		0.000199992		9999.5990977126		9.80E-01				1.77E-10				9.80E-01

		0.9997000241		0.9998202683		0.3333327829		0.3333333333		0.3332933906		-1.0986139401		1.00E+00		2.70E-10		0.0001797317		0.0002999759		14998.7973413421		9.80E-01				2.65E-10				9.80E-01

		0.9996000481		0.9997603577		0.249999479		0.25		0.2499550644		-1.386296445		1.00E+00		3.60E-10		0.0002396423		0.0003999519		19997.5947790992		9.80E-01				3.53E-10				9.80E-01

		0.9995000802		0.9997004472		0.1999995161		0.2		0.1999520687		-1.6094403318		1.00E+00		4.50E-10		0.0002995528		0.0004999198		24995.9914591833		9.80E-01				4.41E-10				9.80E-01

		0.9994001203		0.9996405366		0.1666662178		0.1666666667		0.1666167382		-1.7917621627		1.00E+00		5.40E-10		0.0003594634		0.0005998797		29993.9874297859		9.80E-01				5.30E-10				9.80E-01

		0.9993001683		0.999580626		0.142856725		0.1428571429		0.1428057879		-1.9459130743		1.00E+00		6.31E-10		0.000419374		0.0006998317		34991.5827390912		9.80E-01				6.18E-10				9.80E-01

		0.9992002245		0.9995207155		0.1249996092		0.125		0.1249475751		-2.0794446677		1.00E+00		7.21E-10		0.0004792845		0.0007997755		39988.7774352752		9.80E-01				7.06E-10				9.80E-01

		0.9991002886		0.9994608049		0.1111107441		0.1111111111		0.1110578541		-2.1972278805		1.00E+00		8.11E-10		0.0005391951		0.0008997114		44985.5715665065		9.80E-01				7.94E-10				9.80E-01

		0.9990003607		0.9994008943		0.0999996538		0.1		0.0999460773		-2.3025885546		1.00E+00		9.01E-10		0.0005991057		0.0009996393		49981.9651809459		9.80E-01				8.83E-10				9.80E-01

		0.9989004408		0.9993409838		0.0909087632		0.0909090909		0.0908546235		-2.3978988778		1.00E+00		9.91E-10		0.0006590162		0.0010995592		54977.9583267464		9.80E-01				9.71E-10				9.80E-01

		0.998800529		0.9992810732		0.083333022		0.0833333333		0.083278412		-2.4849103856		1.00E+00		1.08E-09		0.0007189268		0.001199471		59973.5510520534		9.80E-01				1.06E-09				9.80E-01

		0.9987006251		0.9992211627		0.0769227803		0.0769230769		0.0768677715		-2.5649532137		1.00E+00		1.17E-09		0.0007788373		0.0012993749		64968.7434050045		9.79E-01				1.15E-09				9.79E-01

		alpha =		6.65E+05						1000		kmol basis

								fraction distilled		moles in still						moles in condensed vapor

		Xi								total, kmol		Ni, kmol		Tc, kmol		total		Ni, kmol		Tc kmol

										1000		999.9400894348		0.0599105652		0						mass fract Tc

		mass fract NI		Xf		Wf/Wi																Y*2		x1		y1		x2		y2

		0.9999		0.9999400894		1		0		1000		999.9400894348		0.0599105652		0		0		0		0		9999.4008943481		1.00E+04		0.0000599106		9.01E-11

		0.999800008		0.9998801789		0.4999994791		0.5000005209		499.9994790529		499.9395685502		0.0599105028		500.0005209471		500.0005208846		0.0000000624		0.0000000001		9998.8017886962		1.00E+04		0.0001198211		1.80E-10

		0.9997000241		0.9998202683		0.3333327829		0.6666672171		333.3327828667		333.2728724004		0.0599104663		666.6672171333		666.6672170344		0.0000000989		0.0000000001		9998.2026830443		1.00E+04		0.0001797317		2.70E-10

		0.9996000481		0.9997603577		0.249999479		0.750000521		249.9994790307		249.9395685904		0.0599104403		750.0005209693		750.0005208445		0.0000001248		0.0000000002		9997.6035773924		1.00E+04		0.0002396423		3.60E-10

		0.9995000802		0.9997004472		0.1999995161		0.8000004839		199.9995161295		199.9396057092		0.0599104202		800.0004838705		800.0004837256		0.0000001449		0.0000000002		9997.0044717405		1.00E+04		0.0002995528		4.50E-10

		0.9994001203		0.9996405366		0.1666662178		0.8333337822		166.6662177546		166.6063073508		0.0599104038		833.3337822454		833.333782084		0.0000001614		0.0000000002		9996.4053660886		1.00E+04		0.0003594634		5.40E-10

		0.9993001683		0.999580626		0.142856725		0.857143275		142.8567249641		142.7968145742		0.0599103899		857.1432750359		857.1432748607		0.0000001753		0.0000000002		9995.8062604367		1.00E+04		0.000419374		6.31E-10

		0.9992002245		0.9995207155		0.1249996092		0.8750003908		124.9996092451		124.9396988672		0.0599103779		875.0003907549		875.0003905676		0.0000001873		0.0000000002		9995.2071547848		1.00E+04		0.0004792845		7.21E-10

		0.9991002886		0.9994608049		0.1111107441		0.8888892559		111.1107440936		111.0508337263		0.0599103673		888.8892559064		888.8892557085		0.0000001979		0.0000000002		9994.6080491329		1.00E+04		0.0005391951		8.11E-10

		0.9990003607		0.9994008943		0.0999996538		0.9000003462		99.9996538395		99.9397434817		0.0599103578		900.0003461605		900.0003459531		0.0000002074		0.0000000002		9994.008943481		1.00E+04		0.0005991057		9.01E-10

		0.9989004408		0.9993409838		0.0909087632		0.9090912368		90.9087631867		90.8488528375		0.0599103492		909.0912368133		909.0912365973		0.000000216		0.0000000002		9993.4098378291		1.00E+04		0.0006590162		9.91E-10

		0.998800529		0.9992810732		0.083333022		0.916666978		83.3330220155		83.2731116741		0.0599103414		916.6669779845		916.6669777607		0.0000002238		0.0000000002		9992.8107321772		1.00E+04		0.0007189268		1.08E-09

		0.9987006251		0.9992211627		0.0769227803		0.9230772197		76.9227802916		76.8628699575		0.0599103342		923.0772197084		923.0772194773		0.000000231		0.0000000003		9992.2116265253		1.00E+04		0.0007788373		1.17E-09

				reboiler						Tc				overhead vapor						Tc

		Wf/Wi		Ni, kg		Tc, kg		total		mass fract		ppm		Ni, kg		Tc, kg		total		mass fraction		ppm

		1		58706.4826507177		5.8712353886		58712.3538861063		0.0001		100.0000000001		0		0		0

		0.4999994791		29351.4520695809		5.8712292714		29357.3232988523		0.000199992		199.9919819543		29355.0305811368		0.0000061172		29355.030587254		0.0000000002		0.000208387

		0.3333327829		19566.4503386289		5.8712256929		19572.3215643218		0.0002999759		299.9759468268		39140.0323120888		0.0000096958		39140.0323217845		0.0000000002		0.0002477197

		0.249999479		14673.9520719399		5.8712231537		14679.8232950936		0.0003999519		399.951895582		44032.5305787778		0.0000122349		44032.5305910128		0.0000000003		0.0002778612

		0.1999995161		11738.4542511882		5.871221184		11744.3254723723		0.0004999198		499.9198291837		46968.0283995295		0.0000142046		46968.028413734		0.0000000003		0.000302431

		0.1666662178		9781.4563045631		5.8712195746		9787.3275241377		0.0005998797		599.8797485957		48925.0263461546		0.000015814		48925.0263619686		0.0000000003		0.0003232295

		0.142856725		8383.6009836484		5.8712182138		8389.4722018622		0.0006998317		699.8316547818		50322.8816670693		0.0000171748		50322.8816842441		0.0000000003		0.0003412928

		0.1249996092		7335.2097204915		5.8712170349		7341.0809375264		0.0007997755		799.7755487055		51371.2729302262		0.0000183537		51371.2729485799		0.0000000004		0.0003572758

		0.1111107441		6519.7944480716		5.871215995		6525.6656640666		0.0008997114		899.7114313301		52186.6882026461		0.0000193936		52186.6882220397		0.0000000004		0.00037162

		0.0999996538		5867.4623398125		5.8712150647		5873.3335548772		0.0009996393		999.6393036189		52839.0203109052		0.0000203239		52839.0203312291		0.0000000004		0.000384638

		0.0909087632		5333.7361500901		5.8712142231		5339.6073643132		0.0010995592		1099.5591665349		53372.7465006276		0.0000211655		53372.7465217931		0.0000000004		0.0003965598

		0.083333022		4888.9643863863		5.8712134548		4894.8355998411		0.001199471		1199.4710210411		53817.5182643314		0.0000219338		53817.5182862652		0.0000000004		0.0004075596

		0.0769227803		4512.6190952036		5.8712127479		4518.4903079515		0.0012993749		1299.3748681001		54193.8635555141		0.0000226407		54193.8635781548		0.0000000004		0.0004177726





Ni in reboiler.  Effect of Tc 

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669798		0.9166669797		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc

25 ppm Tc

100 ppm Tc

fraction distilled

Ni mol. fract. x 10,000

Effect of Tc level on Ni in reboiler

9999.9400915966

9999.8502280907

9999.4008943481

9999.8801831931

9999.7004561814

9998.8017886962

9999.8202747897

9999.550684272

9998.2026830443

9999.7603663862

9999.4009123627

9997.6035773924

9999.7004579827

9999.2511404534

9997.0044717405

9999.6405495793

9999.1013685441

9996.4053660886

9999.5806411759

9998.9515966347

9995.8062604367

9999.5207327724

9998.8018247254

9995.2071547848

9999.460824369

9998.6520528161

9994.6080491329

9999.4009159655

9998.5022809068

9994.008943481

9999.3410075621

9998.3525089975

9993.4098378291

9999.2810991586

9998.2027370881

9992.8107321772

9999.2211907552

9998.0529651788

9992.2116265253



Tc in reboiler.  Effect of Tc

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669797		0.9166669798		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc in reboiler

25 ppm Tc in reboiler

100 ppm Tc in reboiler

fraction distilled

Tc mol. fract. in reboiler

Tc in reboiler

0.0000059908

0.0000149772

0.0000599106

0.0000119817

0.0000299544

0.0001198211

0.0000179725

0.0000449316

0.0001797317

0.0000239634

0.0000599088

0.0002396423

0.0000299542

0.000074886

0.0002995528

0.000035945

0.0000898631

0.0003594634

0.0000419359

0.0001048403

0.000419374

0.0000479267

0.0001198175

0.0004792845

0.0000539176

0.0001347947

0.0005391951

0.0000599084

0.0001497719

0.0005991057

0.0000658992

0.0001647491

0.0006590162

0.0000718901

0.0001797263

0.0007189268

0.0000778809

0.0001947035

0.0007788373



Tc in overhead product

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669797		0.9166669798		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc

25 ppm Tc

100 ppm Tc

fraction distilled

Tc mass fraction

Tc mass fraction in overhead product

0

0

0

0

0

0.0000000001

0

0

0.0000000001

0

0

0.0000000002

0

0

0.0000000002

0

0

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000003



Tc, reboiler + overheads

		0		0

		0.5000000006		0.5000000006

		0.6666666673		0.6666666673

		0.7500000006		0.7500000006

		0.8000000006		0.8000000006

		0.8333333339		0.8333333339

		0.8571428577		0.8571428577

		0.8750000005		0.8750000005

		0.8888888893		0.8888888893

		0.9000000004		0.9000000004

		0.9090909095		0.9090909095

		0.9166666671		0.9166666671

		0.9230769234		0.9230769234



reboiler

overheads

fraction distilled

ppm Tc

reboiler and overhead compositions

10

19.9999198167

0.0000000258

29.9997594509

0.0000000307

39.9995189038

0.0000000345

49.9991981762

0.0000000375

59.9987972691

0.0000000401

69.9983161834

0.0000000423

79.9977549202

0.0000000443

89.9971134804

0.0000000461

99.996391865

0.0000000477

109.9955900749

0.0000000492

119.9947081111

0.0000000505

129.9937459745

0.0000000518



case reports

		Cases		1=		Ni				waste limit				3.00E-09		Ci/g solid		1.78E-07		g Tc99/g solid

				2 =		Tc				specific activity				1.69E-02		Ci/g Tc99

		10 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.9400915966		9999.9999999094		0.0000059908		0				0

		0.500000524		9999.8801831931		9999.9999998189		0.0000119817		0				0

		0.6666672203		9999.8202747897		9999.9999997283		0.0000179725		0				0

		0.750000524		9999.7603663862		9999.9999996377		0.0000239634		0				0

		0.8000004867		9999.7004579827		9999.9999995471		0.0000299542		0				0

		0.8333337848		9999.6405495793		9999.9999994565		0.000035945		0.0000000001				0

		0.8571432774		9999.5806411759		9999.999999366		0.0000419359		0.0000000001				0

		0.875000393		9999.5207327724		9999.9999992754		0.0000479267		0.0000000001				0

		0.888889258		9999.460824369		9999.9999991848		0.0000539176		0.0000000001				0

		0.9000003481		9999.4009159655		9999.9999990942		0.0000599084		0.0000000001				0

		0.9090912387		9999.3410075621		9999.9999990036		0.0000658992		0.0000000001				0

		0.9166669797		9999.2810991586		9999.9999989131		0.0000718901		0.0000000001				0

		0.9230772214		9999.2211907552		9999.9999988225		0.0000778809		0.0000000001				0

		25 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.8502280907		9999.9999997736		0.0000149772		0				0

		0.500000524		9999.7004561814		9999.9999995471		0.0000299544		0				0

		0.6666672203		9999.550684272		9999.9999993207		0.0000449316		0.0000000001				0

		0.750000524		9999.4009123627		9999.9999990942		0.0000599088		0.0000000001				0

		0.8000004867		9999.2511404534		9999.9999988678		0.000074886		0.0000000001				0

		0.8333337848		9999.1013685441		9999.9999986413		0.0000898631		0.0000000001				0

		0.8571432774		9998.9515966347		9999.9999984148		0.0001048403		0.0000000002				0.0000000001

		0.875000393		9998.8018247254		9999.9999981883		0.0001198175		0.0000000002				0.0000000001

		0.888889258		9998.6520528161		9999.9999979618		0.0001347947		0.0000000002				0.0000000001

		0.9000003481		9998.5022809068		9999.9999977353		0.0001497719		0.0000000002				0.0000000001

		0.9090912387		9998.3525089975		9999.9999975088		0.0001647491		0.0000000002				0.0000000001

		0.9166669798		9998.2027370881		9999.9999972823		0.0001797263		0.0000000003				0.0000000001

		0.9230772214		9998.0529651788		9999.9999970558		0.0001947035		0.0000000003				0.0000000001

		100 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.4008943481		9999.9999990942		0.0000599106		0.0000000001				0

		0.500000524		9998.8017886962		9999.9999981883		0.0001198211		0.0000000002				0.0000000001

		0.6666672204		9998.2026830443		9999.9999972822		0.0001797317		0.0000000003				0.0000000001

		0.750000524		9997.6035773924		9999.9999963761		0.0002396423		0.0000000004				0.0000000002

		0.8000004867		9997.0044717405		9999.9999954699		0.0002995528		0.0000000005				0.0000000002

		0.8333337849		9996.4053660886		9999.9999945635		0.0003594634		0.0000000005				0.0000000002

		0.8571432775		9995.8062604367		9999.9999936571		0.000419374		0.0000000006				0.0000000002

		0.8750003931		9995.2071547848		9999.9999927505		0.0004792845		0.0000000007				0.0000000002

		0.8888892581		9994.6080491329		9999.9999918438		0.0005391951		0.0000000008				0.0000000002

		0.9000003482		9994.008943481		9999.999990937		0.0005991057		0.0000000009				0.0000000002

		0.9090912387		9993.4098378291		9999.9999900301		0.0006590162		0.000000001				0.0000000002

		0.9166669798		9992.8107321772		9999.9999891231		0.0007189268		0.0000000011				0.0000000002

		0.9230772215		9992.2116265253		9999.999988216		0.0007788373		0.0000000012				0.0000000003

		pure component vapor pressure

		T, K		PNi, bar		PTc, bar		Pni/PTc

		1700		0.0017		2.08E-12		8.17E+08

		1800		0.0057		2.60E-11		2.19E+08

		1900		0.017		2.50E-10		6.80E+07

		2000		0.044		1.94E-09		2.27E+07

		2100		0.105		1.23E-08		8.54E+06

		2200		0.23		6.60E-08		3.48E+06

		2300		0.476		3.03E-07		1.57E+06

		2400		0.893		1.21E-06		7.38E+05

		2415		0.985		1.47E-06		6.70E+05

						Wf/Wi		reboiler		overheads

						0		10

						0.5000000006		19.9999198167		0.0000000258

						0.6666666673		29.9997594509		0.0000000307

						0.7500000006		39.9995189038		0.0000000345

						0.8000000006		49.9991981762		0.0000000375

						0.8333333339		59.9987972691		0.0000000401

						0.8571428577		69.9983161834		0.0000000423

						0.8750000005		79.9977549202		0.0000000443

						0.8888888893		89.9971134804		0.0000000461

						0.9000000004		99.996391865		0.0000000477

						0.9090909095		109.9955900749		0.0000000492

						0.9166666671		119.9947081111		0.0000000505

						0.9230769234		129.9937459745		0.0000000518
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Tc99 in reboiler,
various feeds

Tc in reboiler
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10 ppm Tc in reboiler
25 ppm Tc in reboiler
100 ppm Tc in reboiler


T bp Ni

		1		1		1

		0.95		0.95		0.95

		0.9		0.9		0.9

		0.85		0.85		0.85

		0.8		0.8		0.8

		0.75		0.75		0.75

		0.7		0.7		0.7

		0.65		0.65		0.65

		0.6		0.6		0.6

		0.55		0.55		0.55

		0.5		0.5		0.5

		0.45		0.45		0.45

		0.4		0.4		0.4

		0.35		0.35		0.35

		0.3		0.3		0.3

		0.25		0.25		0.25

		0.2		0.2		0.2

		0.15		0.15		0.15

		0.1		0.1		0.1

		0.05		0.05		0.05

		0		0		0



Pnickel

Ptechnetium

Ptotal

mole fraction nickel

Pressure, bar

distillation at B.P. of Ni

0.9802433421

0

0.9802433421

0.931231175

0.0000000737

0.9312312486

0.8822190079

0.0000001473

0.8822191552

0.8332068407

0.000000221

0.8332070617

0.7841946736

0.0000002947

0.7841949683

0.7351825065

0.0000003683

0.7351828749

0.6861703394

0.000000442

0.6861707814

0.6371581723

0.0000005157

0.637158688

0.5881460052

0.0000005893

0.5881465946

0.5391338381

0.000000663

0.5391345011

0.490121671

0.0000007367

0.4901224077

0.4411095039

0.0000008103

0.4411103142

0.3920973368

0.000000884

0.3920982208

0.3430851697

0.0000009577

0.3430861274

0.2940730026

0.0000010313

0.2940740339

0.2450608355

0.000001105

0.2450619405

0.1960486684

0.0000011786

0.1960498471

0.1470365013

0.0000012523

0.1470377536

0.0980243342

0.000001326

0.0980256602

0.0490121671

0.0000013996

0.0490135667

0

0.0000014733

0.0000014733



Ni in batch 

		0		0

		0.5000005209		0.5000005209

		0.6666672171		0.6666672171

		0.750000521		0.750000521

		0.8000004839		0.8000004839

		0.8333337822		0.8333337822

		0.857143275		0.857143275

		0.8750003908		0.8750003908

		0.8888892559		0.8888892559

		0.9000003462		0.9000003462

		0.9090912368		0.9090912368

		0.916666978		0.916666978

		0.9230772197		0.9230772197



Ni in distillate

Ni in reboiler

fraction distilled

Ni mol. fract. x 10,000

Ni composition

9999.9999990995

9999.4008943481

9999.9999981989

9998.8017886962

9999.9999972981

9998.2026830443

9999.9999963973

9997.6035773924

9999.9999954964

9997.0044717405

9999.9999945953

9996.4053660886

9999.9999936941

9995.8062604367

9999.9999927929

9995.2071547848

9999.9999918915

9994.6080491329

9999.99999099

9994.008943481

9999.9999900884

9993.4098378291

9999.9999891867

9992.8107321772

9999.9999882849

9992.2116265253



Tc in batch

		0		0

		0.5000005209		0.5000005209

		0.6666672171		0.6666672171

		0.750000521		0.750000521

		0.8000004839		0.8000004839

		0.8333337822		0.8333337822

		0.857143275		0.857143275

		0.8750003908		0.8750003908

		0.8888892559		0.8888892559

		0.9000003462		0.9000003462

		0.9090912368		0.9090912368

		0.916666978		0.916666978

		0.9230772197		0.9230772197



Tc in distillate

Tc in reboiler

fraction distilled

Tc mol. fract.

Tc in batch

0.0000000001

0.0000599106

0.0000000002

0.0001198211

0.0000000003

0.0001797317

0.0000000004

0.0002396423

0.0000000005

0.0002995528

0.0000000005

0.0003594634

0.0000000006

0.000419374

0.0000000007

0.0004792845

0.0000000008

0.0005391951

0.0000000009

0.0005991057

0.000000001

0.0006590162

0.0000000011

0.0007189268

0.0000000012

0.0007788373



master sheet

		Batch distillation

		Tc from Ni

		contamination level				100		ppm				760

		T =				2415		K		2142		C

		component		FW		mole fract		activity coefficient				P, bar		P, mmHg		A		B		C		D		E

		Ni		58.71		0.9999400894		1				9.80E-01		7.45E+02		-57.4301		-13533		23.611		-7.67E-03		7.81E-07

		Tc		98		0.0000599106		5				2.95E-07		2.24E-04		-240.5191		-5792.8		78.794		-1.31E-02		7.46E-07

		activity coefficient

		limit as x1 goes to zero						3.33E+06

		limit as x1 goes to one						6.65E+05

		x1		y1				x1*g1*P1sat				x2*g2*P2sat				P

		1		1.00000000				9.80E-01				0.00E+00				9.80E-01

		0.95		0.99999992				9.31E-01				7.37E-08				9.31E-01

		0.9		0.99999983				8.82E-01				1.47E-07				8.82E-01

		0.85		0.99999973				8.33E-01				2.21E-07				8.33E-01

		0.8		0.99999962				7.84E-01				2.95E-07				7.84E-01

		0.75		0.99999950				7.35E-01				3.68E-07				7.35E-01

		0.7		0.99999936				6.86E-01				4.42E-07				6.86E-01

		0.65		0.99999919				6.37E-01				5.16E-07				6.37E-01

		0.6		0.99999900				5.88E-01				5.89E-07				5.88E-01

		0.55		0.99999877				5.39E-01				6.63E-07				5.39E-01

		0.5		0.99999850				4.90E-01				7.37E-07				4.90E-01

		0.45		0.99999816				4.41E-01				8.10E-07				4.41E-01

		0.4		0.99999775				3.92E-01				8.84E-07				3.92E-01

		0.35		0.99999721				3.43E-01				9.58E-07				3.43E-01

		0.3		0.99999649				2.94E-01				1.03E-06				2.94E-01

		0.25		0.99999549				2.45E-01				1.10E-06				2.45E-01

		0.2		0.99999399				1.96E-01				1.18E-06				1.96E-01

		0.15		0.99999148				1.47E-01				1.25E-06				1.47E-01

		0.1		0.99998647				9.80E-02				1.33E-06				9.80E-02

		0.05		0.99997144				4.90E-02				1.40E-06				4.90E-02

		0		0.00000000				0.00E+00				1.47E-06				1.47E-06

		Tc from Ni				5000		Becquerel

		contamination level				100		ppm				760

		T =				2200		K		1927		C

		component		FW		mass fract		mole fract		activity coefficient				P, bar		P, mmHg		A		B		C		D		E

		Ni		58.71		0.9999		0.9999400894		1				9.80E-01		7.45E+02		-57.4301		-13533		23.611		-7.67E-03		7.81E-07

		Tc		98		0.0001		0.0000599106		5				2.95E-07		2.24E-04		-240.5191		-5792.8		78.794		-1.31E-02		7.46E-07

		specific activity				1.69E-02		Ci/g Tc99

		total activity

		activity coefficient

		limit as x1 goes to zero						3.33E+06

		limit as x1 goes to one						6.65E+05

		alpha =		6.65E+05

		Delta		0.0000599106

																		0.0000599106		0.0001		50		p1				p2

		mass fract NI		Xf		Wf/Wi		term 2		term 1		RHS		y1		y2		x2						x1*g1*P1sat				x2*g2*P2sat				P

		0.9999		0.9999400894		1		1		1		0		1.00E+00		9.01E-11		0.0000599106		0.0001		5000.0000000035		9.80E-01				8.83E-11				9.80E-01

		0.999800008		0.9998801789		0.4999994791		0.5		0.4999700429		-0.6931482225		1.00E+00		1.80E-10		0.0001198211		0.000199992		9999.5990977126		9.80E-01				1.77E-10				9.80E-01

		0.9997000241		0.9998202683		0.3333327829		0.3333333333		0.3332933906		-1.0986139401		1.00E+00		2.70E-10		0.0001797317		0.0002999759		14998.7973413421		9.80E-01				2.65E-10				9.80E-01

		0.9996000481		0.9997603577		0.249999479		0.25		0.2499550644		-1.386296445		1.00E+00		3.60E-10		0.0002396423		0.0003999519		19997.5947790992		9.80E-01				3.53E-10				9.80E-01

		0.9995000802		0.9997004472		0.1999995161		0.2		0.1999520687		-1.6094403318		1.00E+00		4.50E-10		0.0002995528		0.0004999198		24995.9914591833		9.80E-01				4.41E-10				9.80E-01

		0.9994001203		0.9996405366		0.1666662178		0.1666666667		0.1666167382		-1.7917621627		1.00E+00		5.40E-10		0.0003594634		0.0005998797		29993.9874297859		9.80E-01				5.30E-10				9.80E-01

		0.9993001683		0.999580626		0.142856725		0.1428571429		0.1428057879		-1.9459130743		1.00E+00		6.31E-10		0.000419374		0.0006998317		34991.5827390912		9.80E-01				6.18E-10				9.80E-01

		0.9992002245		0.9995207155		0.1249996092		0.125		0.1249475751		-2.0794446677		1.00E+00		7.21E-10		0.0004792845		0.0007997755		39988.7774352752		9.80E-01				7.06E-10				9.80E-01

		0.9991002886		0.9994608049		0.1111107441		0.1111111111		0.1110578541		-2.1972278805		1.00E+00		8.11E-10		0.0005391951		0.0008997114		44985.5715665065		9.80E-01				7.94E-10				9.80E-01

		0.9990003607		0.9994008943		0.0999996538		0.1		0.0999460773		-2.3025885546		1.00E+00		9.01E-10		0.0005991057		0.0009996393		49981.9651809459		9.80E-01				8.83E-10				9.80E-01

		0.9989004408		0.9993409838		0.0909087632		0.0909090909		0.0908546235		-2.3978988778		1.00E+00		9.91E-10		0.0006590162		0.0010995592		54977.9583267464		9.80E-01				9.71E-10				9.80E-01

		0.998800529		0.9992810732		0.083333022		0.0833333333		0.083278412		-2.4849103856		1.00E+00		1.08E-09		0.0007189268		0.001199471		59973.5510520534		9.80E-01				1.06E-09				9.80E-01

		0.9987006251		0.9992211627		0.0769227803		0.0769230769		0.0768677715		-2.5649532137		1.00E+00		1.17E-09		0.0007788373		0.0012993749		64968.7434050045		9.79E-01				1.15E-09				9.79E-01

		alpha =		6.65E+05						1000		kmol basis

								fraction distilled		moles in still						moles in condensed vapor

		Xi								total, kmol		Ni, kmol		Tc, kmol		total		Ni, kmol		Tc kmol

										1000		999.9400894348		0.0599105652		0						mass fract Tc

		mass fract NI		Xf		Wf/Wi																Y*2		x1		y1		x2		y2

		0.9999		0.9999400894		1		0		1000		999.9400894348		0.0599105652		0		0		0		0		9999.4008943481		1.00E+04		0.0000599106		9.01E-11

		0.999800008		0.9998801789		0.4999994791		0.5000005209		499.9994790529		499.9395685502		0.0599105028		500.0005209471		500.0005208846		0.0000000624		0.0000000001		9998.8017886962		1.00E+04		0.0001198211		1.80E-10

		0.9997000241		0.9998202683		0.3333327829		0.6666672171		333.3327828667		333.2728724004		0.0599104663		666.6672171333		666.6672170344		0.0000000989		0.0000000001		9998.2026830443		1.00E+04		0.0001797317		2.70E-10

		0.9996000481		0.9997603577		0.249999479		0.750000521		249.9994790307		249.9395685904		0.0599104403		750.0005209693		750.0005208445		0.0000001248		0.0000000002		9997.6035773924		1.00E+04		0.0002396423		3.60E-10

		0.9995000802		0.9997004472		0.1999995161		0.8000004839		199.9995161295		199.9396057092		0.0599104202		800.0004838705		800.0004837256		0.0000001449		0.0000000002		9997.0044717405		1.00E+04		0.0002995528		4.50E-10

		0.9994001203		0.9996405366		0.1666662178		0.8333337822		166.6662177546		166.6063073508		0.0599104038		833.3337822454		833.333782084		0.0000001614		0.0000000002		9996.4053660886		1.00E+04		0.0003594634		5.40E-10

		0.9993001683		0.999580626		0.142856725		0.857143275		142.8567249641		142.7968145742		0.0599103899		857.1432750359		857.1432748607		0.0000001753		0.0000000002		9995.8062604367		1.00E+04		0.000419374		6.31E-10

		0.9992002245		0.9995207155		0.1249996092		0.8750003908		124.9996092451		124.9396988672		0.0599103779		875.0003907549		875.0003905676		0.0000001873		0.0000000002		9995.2071547848		1.00E+04		0.0004792845		7.21E-10

		0.9991002886		0.9994608049		0.1111107441		0.8888892559		111.1107440936		111.0508337263		0.0599103673		888.8892559064		888.8892557085		0.0000001979		0.0000000002		9994.6080491329		1.00E+04		0.0005391951		8.11E-10

		0.9990003607		0.9994008943		0.0999996538		0.9000003462		99.9996538395		99.9397434817		0.0599103578		900.0003461605		900.0003459531		0.0000002074		0.0000000002		9994.008943481		1.00E+04		0.0005991057		9.01E-10

		0.9989004408		0.9993409838		0.0909087632		0.9090912368		90.9087631867		90.8488528375		0.0599103492		909.0912368133		909.0912365973		0.000000216		0.0000000002		9993.4098378291		1.00E+04		0.0006590162		9.91E-10

		0.998800529		0.9992810732		0.083333022		0.916666978		83.3330220155		83.2731116741		0.0599103414		916.6669779845		916.6669777607		0.0000002238		0.0000000002		9992.8107321772		1.00E+04		0.0007189268		1.08E-09

		0.9987006251		0.9992211627		0.0769227803		0.9230772197		76.9227802916		76.8628699575		0.0599103342		923.0772197084		923.0772194773		0.000000231		0.0000000003		9992.2116265253		1.00E+04		0.0007788373		1.17E-09

				reboiler						Tc				overhead vapor						Tc

		Wf/Wi		Ni, kg		Tc, kg		total		mass fract		ppm		Ni, kg		Tc, kg		total		mass fraction		ppm

		1		58706.4826507177		5.8712353886		58712.3538861063		0.0001		100.0000000001		0		0		0

		0.4999994791		29351.4520695809		5.8712292714		29357.3232988523		0.000199992		199.9919819543		29355.0305811368		0.0000061172		29355.030587254		0.0000000002		0.000208387

		0.3333327829		19566.4503386289		5.8712256929		19572.3215643218		0.0002999759		299.9759468268		39140.0323120888		0.0000096958		39140.0323217845		0.0000000002		0.0002477197

		0.249999479		14673.9520719399		5.8712231537		14679.8232950936		0.0003999519		399.951895582		44032.5305787778		0.0000122349		44032.5305910128		0.0000000003		0.0002778612

		0.1999995161		11738.4542511882		5.871221184		11744.3254723723		0.0004999198		499.9198291837		46968.0283995295		0.0000142046		46968.028413734		0.0000000003		0.000302431

		0.1666662178		9781.4563045631		5.8712195746		9787.3275241377		0.0005998797		599.8797485957		48925.0263461546		0.000015814		48925.0263619686		0.0000000003		0.0003232295

		0.142856725		8383.6009836484		5.8712182138		8389.4722018622		0.0006998317		699.8316547818		50322.8816670693		0.0000171748		50322.8816842441		0.0000000003		0.0003412928

		0.1249996092		7335.2097204915		5.8712170349		7341.0809375264		0.0007997755		799.7755487055		51371.2729302262		0.0000183537		51371.2729485799		0.0000000004		0.0003572758

		0.1111107441		6519.7944480716		5.871215995		6525.6656640666		0.0008997114		899.7114313301		52186.6882026461		0.0000193936		52186.6882220397		0.0000000004		0.00037162

		0.0999996538		5867.4623398125		5.8712150647		5873.3335548772		0.0009996393		999.6393036189		52839.0203109052		0.0000203239		52839.0203312291		0.0000000004		0.000384638

		0.0909087632		5333.7361500901		5.8712142231		5339.6073643132		0.0010995592		1099.5591665349		53372.7465006276		0.0000211655		53372.7465217931		0.0000000004		0.0003965598

		0.083333022		4888.9643863863		5.8712134548		4894.8355998411		0.001199471		1199.4710210411		53817.5182643314		0.0000219338		53817.5182862652		0.0000000004		0.0004075596

		0.0769227803		4512.6190952036		5.8712127479		4518.4903079515		0.0012993749		1299.3748681001		54193.8635555141		0.0000226407		54193.8635781548		0.0000000004		0.0004177726





Ni in reboiler.  Effect of Tc 

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669798		0.9166669797		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc

25 ppm Tc

100 ppm Tc

fraction distilled

Ni mol. fract. x 10,000

Effect of Tc level on Ni in reboiler

9999.9400915966

9999.8502280907

9999.4008943481

9999.8801831931

9999.7004561814

9998.8017886962

9999.8202747897

9999.550684272

9998.2026830443

9999.7603663862

9999.4009123627

9997.6035773924

9999.7004579827

9999.2511404534

9997.0044717405

9999.6405495793

9999.1013685441

9996.4053660886

9999.5806411759

9998.9515966347

9995.8062604367

9999.5207327724

9998.8018247254

9995.2071547848

9999.460824369

9998.6520528161

9994.6080491329

9999.4009159655

9998.5022809068

9994.008943481

9999.3410075621

9998.3525089975

9993.4098378291

9999.2810991586

9998.2027370881

9992.8107321772

9999.2211907552

9998.0529651788

9992.2116265253



Tc in reboiler.  Effect of Tc

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669797		0.9166669798		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc in reboiler

25 ppm Tc in reboiler

100 ppm Tc in reboiler

fraction distilled

Tc mol. fract. in reboiler

Tc in reboiler

0.0000059908

0.0000149772

0.0000599106

0.0000119817

0.0000299544

0.0001198211

0.0000179725

0.0000449316

0.0001797317

0.0000239634

0.0000599088

0.0002396423

0.0000299542

0.000074886

0.0002995528

0.000035945

0.0000898631

0.0003594634

0.0000419359

0.0001048403

0.000419374

0.0000479267

0.0001198175

0.0004792845

0.0000539176

0.0001347947

0.0005391951

0.0000599084

0.0001497719

0.0005991057

0.0000658992

0.0001647491

0.0006590162

0.0000718901

0.0001797263

0.0007189268

0.0000778809

0.0001947035

0.0007788373



Tc in overhead product

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669797		0.9166669798		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc

25 ppm Tc

100 ppm Tc

fraction distilled

Tc mass fraction

Tc mass fraction in overhead product

0

0

0

0

0

0.0000000001

0

0

0.0000000001

0

0

0.0000000002

0

0

0.0000000002

0

0

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000003



Tc, reboiler + overheads

		0		0

		0.5000000006		0.5000000006

		0.6666666673		0.6666666673

		0.7500000006		0.7500000006

		0.8000000006		0.8000000006

		0.8333333339		0.8333333339

		0.8571428577		0.8571428577

		0.8750000005		0.8750000005

		0.8888888893		0.8888888893

		0.9000000004		0.9000000004

		0.9090909095		0.9090909095

		0.9166666671		0.9166666671

		0.9230769234		0.9230769234



reboiler

overheads

fraction distilled

ppm Tc

reboiler and overhead compositions

10

19.9999198167

0.0000000258

29.9997594509

0.0000000307

39.9995189038

0.0000000345

49.9991981762

0.0000000375

59.9987972691

0.0000000401

69.9983161834

0.0000000423

79.9977549202

0.0000000443

89.9971134804

0.0000000461

99.996391865

0.0000000477

109.9955900749

0.0000000492

119.9947081111

0.0000000505

129.9937459745

0.0000000518



case reports

		Cases		1=		Ni				waste limit				3.00E-09		Ci/g solid		1.78E-07		g Tc99/g solid

				2 =		Tc				specific activity				1.69E-02		Ci/g Tc99

		10 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.9400915966		9999.9999999094		0.0000059908		0				0

		0.500000524		9999.8801831931		9999.9999998189		0.0000119817		0				0

		0.6666672203		9999.8202747897		9999.9999997283		0.0000179725		0				0

		0.750000524		9999.7603663862		9999.9999996377		0.0000239634		0				0

		0.8000004867		9999.7004579827		9999.9999995471		0.0000299542		0				0

		0.8333337848		9999.6405495793		9999.9999994565		0.000035945		0.0000000001				0

		0.8571432774		9999.5806411759		9999.999999366		0.0000419359		0.0000000001				0

		0.875000393		9999.5207327724		9999.9999992754		0.0000479267		0.0000000001				0

		0.888889258		9999.460824369		9999.9999991848		0.0000539176		0.0000000001				0

		0.9000003481		9999.4009159655		9999.9999990942		0.0000599084		0.0000000001				0

		0.9090912387		9999.3410075621		9999.9999990036		0.0000658992		0.0000000001				0

		0.9166669797		9999.2810991586		9999.9999989131		0.0000718901		0.0000000001				0

		0.9230772214		9999.2211907552		9999.9999988225		0.0000778809		0.0000000001				0

		25 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.8502280907		9999.9999997736		0.0000149772		0				0

		0.500000524		9999.7004561814		9999.9999995471		0.0000299544		0				0

		0.6666672203		9999.550684272		9999.9999993207		0.0000449316		0.0000000001				0

		0.750000524		9999.4009123627		9999.9999990942		0.0000599088		0.0000000001				0

		0.8000004867		9999.2511404534		9999.9999988678		0.000074886		0.0000000001				0

		0.8333337848		9999.1013685441		9999.9999986413		0.0000898631		0.0000000001				0

		0.8571432774		9998.9515966347		9999.9999984148		0.0001048403		0.0000000002				0.0000000001

		0.875000393		9998.8018247254		9999.9999981883		0.0001198175		0.0000000002				0.0000000001

		0.888889258		9998.6520528161		9999.9999979618		0.0001347947		0.0000000002				0.0000000001

		0.9000003481		9998.5022809068		9999.9999977353		0.0001497719		0.0000000002				0.0000000001

		0.9090912387		9998.3525089975		9999.9999975088		0.0001647491		0.0000000002				0.0000000001

		0.9166669798		9998.2027370881		9999.9999972823		0.0001797263		0.0000000003				0.0000000001

		0.9230772214		9998.0529651788		9999.9999970558		0.0001947035		0.0000000003				0.0000000001

		100 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.4008943481		9999.9999990942		0.0000599106		0.0000000001				0

		0.500000524		9998.8017886962		9999.9999981883		0.0001198211		0.0000000002				0.0000000001

		0.6666672204		9998.2026830443		9999.9999972822		0.0001797317		0.0000000003				0.0000000001

		0.750000524		9997.6035773924		9999.9999963761		0.0002396423		0.0000000004				0.0000000002

		0.8000004867		9997.0044717405		9999.9999954699		0.0002995528		0.0000000005				0.0000000002

		0.8333337849		9996.4053660886		9999.9999945635		0.0003594634		0.0000000005				0.0000000002

		0.8571432775		9995.8062604367		9999.9999936571		0.000419374		0.0000000006				0.0000000002

		0.8750003931		9995.2071547848		9999.9999927505		0.0004792845		0.0000000007				0.0000000002

		0.8888892581		9994.6080491329		9999.9999918438		0.0005391951		0.0000000008				0.0000000002

		0.9000003482		9994.008943481		9999.999990937		0.0005991057		0.0000000009				0.0000000002

		0.9090912387		9993.4098378291		9999.9999900301		0.0006590162		0.000000001				0.0000000002

		0.9166669798		9992.8107321772		9999.9999891231		0.0007189268		0.0000000011				0.0000000002

		0.9230772215		9992.2116265253		9999.999988216		0.0007788373		0.0000000012				0.0000000003

		pure component vapor pressure

		T, K		PNi, bar		PTc, bar		Pni/PTc

		1700		0.0017		2.08E-12		8.17E+08

		1800		0.0057		2.60E-11		2.19E+08

		1900		0.017		2.50E-10		6.80E+07

		2000		0.044		1.94E-09		2.27E+07

		2100		0.105		1.23E-08		8.54E+06

		2200		0.23		6.60E-08		3.48E+06

		2300		0.476		3.03E-07		1.57E+06

		2400		0.893		1.21E-06		7.38E+05

		2415		0.985		1.47E-06		6.70E+05

						Wf/Wi		reboiler		overheads

						0		10

						0.5000000006		19.9999198167		0.0000000258

						0.6666666673		29.9997594509		0.0000000307

						0.7500000006		39.9995189038		0.0000000345

						0.8000000006		49.9991981762		0.0000000375

						0.8333333339		59.9987972691		0.0000000401

						0.8571428577		69.9983161834		0.0000000423

						0.8750000005		79.9977549202		0.0000000443

						0.8888888893		89.9971134804		0.0000000461

						0.9000000004		99.996391865		0.0000000477

						0.9090909095		109.9955900749		0.0000000492

						0.9166666671		119.9947081111		0.0000000505

						0.9230769234		129.9937459745		0.0000000518
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Tc99 in nickel product
Tc mass fraction in overhead product
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T bp Ni
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		0.6		0.6		0.6

		0.55		0.55		0.55

		0.5		0.5		0.5

		0.45		0.45		0.45

		0.4		0.4		0.4

		0.35		0.35		0.35

		0.3		0.3		0.3

		0.25		0.25		0.25

		0.2		0.2		0.2

		0.15		0.15		0.15

		0.1		0.1		0.1

		0.05		0.05		0.05

		0		0		0



Pnickel

Ptechnetium

Ptotal

mole fraction nickel

Pressure, bar

distillation at B.P. of Ni

0.9802433421

0
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Ni in batch 

		0		0

		0.5000005209		0.5000005209

		0.6666672171		0.6666672171

		0.750000521		0.750000521

		0.8000004839		0.8000004839

		0.8333337822		0.8333337822

		0.857143275		0.857143275

		0.8750003908		0.8750003908

		0.8888892559		0.8888892559

		0.9000003462		0.9000003462

		0.9090912368		0.9090912368

		0.916666978		0.916666978

		0.9230772197		0.9230772197



Ni in distillate

Ni in reboiler

fraction distilled

Ni mol. fract. x 10,000

Ni composition

9999.9999990995

9999.4008943481

9999.9999981989

9998.8017886962

9999.9999972981

9998.2026830443

9999.9999963973

9997.6035773924

9999.9999954964

9997.0044717405

9999.9999945953
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9999.9999936941

9995.8062604367

9999.9999927929

9995.2071547848

9999.9999918915

9994.6080491329

9999.99999099

9994.008943481

9999.9999900884

9993.4098378291

9999.9999891867

9992.8107321772

9999.9999882849

9992.2116265253



Tc in batch

		0		0

		0.5000005209		0.5000005209

		0.6666672171		0.6666672171

		0.750000521		0.750000521

		0.8000004839		0.8000004839

		0.8333337822		0.8333337822

		0.857143275		0.857143275

		0.8750003908		0.8750003908

		0.8888892559		0.8888892559

		0.9000003462		0.9000003462

		0.9090912368		0.9090912368

		0.916666978		0.916666978

		0.9230772197		0.9230772197
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Tc in reboiler

fraction distilled

Tc mol. fract.

Tc in batch

0.0000000001

0.0000599106

0.0000000002

0.0001198211

0.0000000003

0.0001797317

0.0000000004

0.0002396423

0.0000000005

0.0002995528

0.0000000005

0.0003594634

0.0000000006

0.000419374

0.0000000007

0.0004792845

0.0000000008

0.0005391951

0.0000000009

0.0005991057

0.000000001

0.0006590162

0.0000000011

0.0007189268

0.0000000012

0.0007788373



master sheet

		Batch distillation

		Tc from Ni

		contamination level				100		ppm				760

		T =				2415		K		2142		C

		component		FW		mole fract		activity coefficient				P, bar		P, mmHg		A		B		C		D		E

		Ni		58.71		0.9999400894		1				9.80E-01		7.45E+02		-57.4301		-13533		23.611		-7.67E-03		7.81E-07

		Tc		98		0.0000599106		5				2.95E-07		2.24E-04		-240.5191		-5792.8		78.794		-1.31E-02		7.46E-07

		activity coefficient

		limit as x1 goes to zero						3.33E+06

		limit as x1 goes to one						6.65E+05

		x1		y1				x1*g1*P1sat				x2*g2*P2sat				P

		1		1.00000000				9.80E-01				0.00E+00				9.80E-01

		0.95		0.99999992				9.31E-01				7.37E-08				9.31E-01

		0.9		0.99999983				8.82E-01				1.47E-07				8.82E-01

		0.85		0.99999973				8.33E-01				2.21E-07				8.33E-01

		0.8		0.99999962				7.84E-01				2.95E-07				7.84E-01

		0.75		0.99999950				7.35E-01				3.68E-07				7.35E-01

		0.7		0.99999936				6.86E-01				4.42E-07				6.86E-01

		0.65		0.99999919				6.37E-01				5.16E-07				6.37E-01

		0.6		0.99999900				5.88E-01				5.89E-07				5.88E-01

		0.55		0.99999877				5.39E-01				6.63E-07				5.39E-01

		0.5		0.99999850				4.90E-01				7.37E-07				4.90E-01

		0.45		0.99999816				4.41E-01				8.10E-07				4.41E-01

		0.4		0.99999775				3.92E-01				8.84E-07				3.92E-01

		0.35		0.99999721				3.43E-01				9.58E-07				3.43E-01

		0.3		0.99999649				2.94E-01				1.03E-06				2.94E-01

		0.25		0.99999549				2.45E-01				1.10E-06				2.45E-01

		0.2		0.99999399				1.96E-01				1.18E-06				1.96E-01

		0.15		0.99999148				1.47E-01				1.25E-06				1.47E-01

		0.1		0.99998647				9.80E-02				1.33E-06				9.80E-02

		0.05		0.99997144				4.90E-02				1.40E-06				4.90E-02

		0		0.00000000				0.00E+00				1.47E-06				1.47E-06

		Tc from Ni				5000		Becquerel

		contamination level				100		ppm				760

		T =				2200		K		1927		C

		component		FW		mass fract		mole fract		activity coefficient				P, bar		P, mmHg		A		B		C		D		E

		Ni		58.71		0.9999		0.9999400894		1				9.80E-01		7.45E+02		-57.4301		-13533		23.611		-7.67E-03		7.81E-07

		Tc		98		0.0001		0.0000599106		5				2.95E-07		2.24E-04		-240.5191		-5792.8		78.794		-1.31E-02		7.46E-07

		specific activity				1.69E-02		Ci/g Tc99

		total activity

		activity coefficient

		limit as x1 goes to zero						3.33E+06

		limit as x1 goes to one						6.65E+05

		alpha =		6.65E+05

		Delta		0.0000599106

																		0.0000599106		0.0001		50		p1				p2

		mass fract NI		Xf		Wf/Wi		term 2		term 1		RHS		y1		y2		x2						x1*g1*P1sat				x2*g2*P2sat				P

		0.9999		0.9999400894		1		1		1		0		1.00E+00		9.01E-11		0.0000599106		0.0001		5000.0000000035		9.80E-01				8.83E-11				9.80E-01

		0.999800008		0.9998801789		0.4999994791		0.5		0.4999700429		-0.6931482225		1.00E+00		1.80E-10		0.0001198211		0.000199992		9999.5990977126		9.80E-01				1.77E-10				9.80E-01

		0.9997000241		0.9998202683		0.3333327829		0.3333333333		0.3332933906		-1.0986139401		1.00E+00		2.70E-10		0.0001797317		0.0002999759		14998.7973413421		9.80E-01				2.65E-10				9.80E-01

		0.9996000481		0.9997603577		0.249999479		0.25		0.2499550644		-1.386296445		1.00E+00		3.60E-10		0.0002396423		0.0003999519		19997.5947790992		9.80E-01				3.53E-10				9.80E-01

		0.9995000802		0.9997004472		0.1999995161		0.2		0.1999520687		-1.6094403318		1.00E+00		4.50E-10		0.0002995528		0.0004999198		24995.9914591833		9.80E-01				4.41E-10				9.80E-01

		0.9994001203		0.9996405366		0.1666662178		0.1666666667		0.1666167382		-1.7917621627		1.00E+00		5.40E-10		0.0003594634		0.0005998797		29993.9874297859		9.80E-01				5.30E-10				9.80E-01

		0.9993001683		0.999580626		0.142856725		0.1428571429		0.1428057879		-1.9459130743		1.00E+00		6.31E-10		0.000419374		0.0006998317		34991.5827390912		9.80E-01				6.18E-10				9.80E-01

		0.9992002245		0.9995207155		0.1249996092		0.125		0.1249475751		-2.0794446677		1.00E+00		7.21E-10		0.0004792845		0.0007997755		39988.7774352752		9.80E-01				7.06E-10				9.80E-01

		0.9991002886		0.9994608049		0.1111107441		0.1111111111		0.1110578541		-2.1972278805		1.00E+00		8.11E-10		0.0005391951		0.0008997114		44985.5715665065		9.80E-01				7.94E-10				9.80E-01

		0.9990003607		0.9994008943		0.0999996538		0.1		0.0999460773		-2.3025885546		1.00E+00		9.01E-10		0.0005991057		0.0009996393		49981.9651809459		9.80E-01				8.83E-10				9.80E-01

		0.9989004408		0.9993409838		0.0909087632		0.0909090909		0.0908546235		-2.3978988778		1.00E+00		9.91E-10		0.0006590162		0.0010995592		54977.9583267464		9.80E-01				9.71E-10				9.80E-01

		0.998800529		0.9992810732		0.083333022		0.0833333333		0.083278412		-2.4849103856		1.00E+00		1.08E-09		0.0007189268		0.001199471		59973.5510520534		9.80E-01				1.06E-09				9.80E-01

		0.9987006251		0.9992211627		0.0769227803		0.0769230769		0.0768677715		-2.5649532137		1.00E+00		1.17E-09		0.0007788373		0.0012993749		64968.7434050045		9.79E-01				1.15E-09				9.79E-01

		alpha =		6.65E+05						1000		kmol basis

								fraction distilled		moles in still						moles in condensed vapor

		Xi								total, kmol		Ni, kmol		Tc, kmol		total		Ni, kmol		Tc kmol

										1000		999.9400894348		0.0599105652		0						mass fract Tc

		mass fract NI		Xf		Wf/Wi																Y*2		x1		y1		x2		y2

		0.9999		0.9999400894		1		0		1000		999.9400894348		0.0599105652		0		0		0		0		9999.4008943481		1.00E+04		0.0000599106		9.01E-11

		0.999800008		0.9998801789		0.4999994791		0.5000005209		499.9994790529		499.9395685502		0.0599105028		500.0005209471		500.0005208846		0.0000000624		0.0000000001		9998.8017886962		1.00E+04		0.0001198211		1.80E-10

		0.9997000241		0.9998202683		0.3333327829		0.6666672171		333.3327828667		333.2728724004		0.0599104663		666.6672171333		666.6672170344		0.0000000989		0.0000000001		9998.2026830443		1.00E+04		0.0001797317		2.70E-10

		0.9996000481		0.9997603577		0.249999479		0.750000521		249.9994790307		249.9395685904		0.0599104403		750.0005209693		750.0005208445		0.0000001248		0.0000000002		9997.6035773924		1.00E+04		0.0002396423		3.60E-10

		0.9995000802		0.9997004472		0.1999995161		0.8000004839		199.9995161295		199.9396057092		0.0599104202		800.0004838705		800.0004837256		0.0000001449		0.0000000002		9997.0044717405		1.00E+04		0.0002995528		4.50E-10

		0.9994001203		0.9996405366		0.1666662178		0.8333337822		166.6662177546		166.6063073508		0.0599104038		833.3337822454		833.333782084		0.0000001614		0.0000000002		9996.4053660886		1.00E+04		0.0003594634		5.40E-10

		0.9993001683		0.999580626		0.142856725		0.857143275		142.8567249641		142.7968145742		0.0599103899		857.1432750359		857.1432748607		0.0000001753		0.0000000002		9995.8062604367		1.00E+04		0.000419374		6.31E-10

		0.9992002245		0.9995207155		0.1249996092		0.8750003908		124.9996092451		124.9396988672		0.0599103779		875.0003907549		875.0003905676		0.0000001873		0.0000000002		9995.2071547848		1.00E+04		0.0004792845		7.21E-10

		0.9991002886		0.9994608049		0.1111107441		0.8888892559		111.1107440936		111.0508337263		0.0599103673		888.8892559064		888.8892557085		0.0000001979		0.0000000002		9994.6080491329		1.00E+04		0.0005391951		8.11E-10

		0.9990003607		0.9994008943		0.0999996538		0.9000003462		99.9996538395		99.9397434817		0.0599103578		900.0003461605		900.0003459531		0.0000002074		0.0000000002		9994.008943481		1.00E+04		0.0005991057		9.01E-10

		0.9989004408		0.9993409838		0.0909087632		0.9090912368		90.9087631867		90.8488528375		0.0599103492		909.0912368133		909.0912365973		0.000000216		0.0000000002		9993.4098378291		1.00E+04		0.0006590162		9.91E-10

		0.998800529		0.9992810732		0.083333022		0.916666978		83.3330220155		83.2731116741		0.0599103414		916.6669779845		916.6669777607		0.0000002238		0.0000000002		9992.8107321772		1.00E+04		0.0007189268		1.08E-09

		0.9987006251		0.9992211627		0.0769227803		0.9230772197		76.9227802916		76.8628699575		0.0599103342		923.0772197084		923.0772194773		0.000000231		0.0000000003		9992.2116265253		1.00E+04		0.0007788373		1.17E-09

				reboiler						Tc				overhead vapor						Tc

		Wf/Wi		Ni, kg		Tc, kg		total		mass fract		ppm		Ni, kg		Tc, kg		total		mass fraction		ppm

		1		58706.4826507177		5.8712353886		58712.3538861063		0.0001		100.0000000001		0		0		0

		0.4999994791		29351.4520695809		5.8712292714		29357.3232988523		0.000199992		199.9919819543		29355.0305811368		0.0000061172		29355.030587254		0.0000000002		0.000208387

		0.3333327829		19566.4503386289		5.8712256929		19572.3215643218		0.0002999759		299.9759468268		39140.0323120888		0.0000096958		39140.0323217845		0.0000000002		0.0002477197

		0.249999479		14673.9520719399		5.8712231537		14679.8232950936		0.0003999519		399.951895582		44032.5305787778		0.0000122349		44032.5305910128		0.0000000003		0.0002778612

		0.1999995161		11738.4542511882		5.871221184		11744.3254723723		0.0004999198		499.9198291837		46968.0283995295		0.0000142046		46968.028413734		0.0000000003		0.000302431

		0.1666662178		9781.4563045631		5.8712195746		9787.3275241377		0.0005998797		599.8797485957		48925.0263461546		0.000015814		48925.0263619686		0.0000000003		0.0003232295

		0.142856725		8383.6009836484		5.8712182138		8389.4722018622		0.0006998317		699.8316547818		50322.8816670693		0.0000171748		50322.8816842441		0.0000000003		0.0003412928

		0.1249996092		7335.2097204915		5.8712170349		7341.0809375264		0.0007997755		799.7755487055		51371.2729302262		0.0000183537		51371.2729485799		0.0000000004		0.0003572758

		0.1111107441		6519.7944480716		5.871215995		6525.6656640666		0.0008997114		899.7114313301		52186.6882026461		0.0000193936		52186.6882220397		0.0000000004		0.00037162

		0.0999996538		5867.4623398125		5.8712150647		5873.3335548772		0.0009996393		999.6393036189		52839.0203109052		0.0000203239		52839.0203312291		0.0000000004		0.000384638

		0.0909087632		5333.7361500901		5.8712142231		5339.6073643132		0.0010995592		1099.5591665349		53372.7465006276		0.0000211655		53372.7465217931		0.0000000004		0.0003965598

		0.083333022		4888.9643863863		5.8712134548		4894.8355998411		0.001199471		1199.4710210411		53817.5182643314		0.0000219338		53817.5182862652		0.0000000004		0.0004075596

		0.0769227803		4512.6190952036		5.8712127479		4518.4903079515		0.0012993749		1299.3748681001		54193.8635555141		0.0000226407		54193.8635781548		0.0000000004		0.0004177726





Ni in reboiler.  Effect of Tc 

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669798		0.9166669797		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc

25 ppm Tc

100 ppm Tc

fraction distilled

Ni mol. fract. x 10,000

Effect of Tc level on Ni in reboiler

9999.9400915966

9999.8502280907

9999.4008943481

9999.8801831931

9999.7004561814

9998.8017886962

9999.8202747897

9999.550684272

9998.2026830443

9999.7603663862

9999.4009123627

9997.6035773924

9999.7004579827

9999.2511404534

9997.0044717405

9999.6405495793

9999.1013685441

9996.4053660886

9999.5806411759

9998.9515966347

9995.8062604367

9999.5207327724

9998.8018247254

9995.2071547848

9999.460824369

9998.6520528161

9994.6080491329

9999.4009159655

9998.5022809068

9994.008943481

9999.3410075621

9998.3525089975

9993.4098378291

9999.2810991586

9998.2027370881

9992.8107321772

9999.2211907552

9998.0529651788

9992.2116265253



Tc in reboiler.  Effect of Tc

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669797		0.9166669798		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc in reboiler

25 ppm Tc in reboiler

100 ppm Tc in reboiler

fraction distilled

Tc mol. fract. in reboiler

Tc in reboiler

0.0000059908

0.0000149772

0.0000599106

0.0000119817

0.0000299544

0.0001198211

0.0000179725

0.0000449316

0.0001797317

0.0000239634

0.0000599088

0.0002396423

0.0000299542

0.000074886

0.0002995528

0.000035945

0.0000898631

0.0003594634

0.0000419359

0.0001048403

0.000419374

0.0000479267

0.0001198175

0.0004792845

0.0000539176

0.0001347947

0.0005391951

0.0000599084

0.0001497719

0.0005991057

0.0000658992

0.0001647491

0.0006590162

0.0000718901

0.0001797263

0.0007189268

0.0000778809

0.0001947035

0.0007788373



Tc in overhead product

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669797		0.9166669798		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc

25 ppm Tc

100 ppm Tc

fraction distilled

Tc mass fraction

Tc mass fraction in overhead product

0

0

0

0

0

0.0000000001

0

0

0.0000000001

0

0

0.0000000002

0

0

0.0000000002

0

0

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000003



Tc, reboiler + overheads

		0		0

		0.5000000006		0.5000000006

		0.6666666673		0.6666666673

		0.7500000006		0.7500000006

		0.8000000006		0.8000000006

		0.8333333339		0.8333333339

		0.8571428577		0.8571428577

		0.8750000005		0.8750000005

		0.8888888893		0.8888888893

		0.9000000004		0.9000000004

		0.9090909095		0.9090909095

		0.9166666671		0.9166666671

		0.9230769234		0.9230769234



reboiler

overheads

fraction distilled

ppm Tc

reboiler and overhead compositions

10

19.9999198167

0.0000000258

29.9997594509

0.0000000307

39.9995189038

0.0000000345

49.9991981762

0.0000000375

59.9987972691

0.0000000401

69.9983161834

0.0000000423

79.9977549202

0.0000000443

89.9971134804

0.0000000461

99.996391865

0.0000000477

109.9955900749

0.0000000492

119.9947081111

0.0000000505

129.9937459745

0.0000000518



case reports

		Cases		1=		Ni				waste limit				3.00E-09		Ci/g solid		1.78E-07		g Tc99/g solid

				2 =		Tc				specific activity				1.69E-02		Ci/g Tc99

		10 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.9400915966		9999.9999999094		0.0000059908		0				0

		0.500000524		9999.8801831931		9999.9999998189		0.0000119817		0				0

		0.6666672203		9999.8202747897		9999.9999997283		0.0000179725		0				0

		0.750000524		9999.7603663862		9999.9999996377		0.0000239634		0				0

		0.8000004867		9999.7004579827		9999.9999995471		0.0000299542		0				0

		0.8333337848		9999.6405495793		9999.9999994565		0.000035945		0.0000000001				0

		0.8571432774		9999.5806411759		9999.999999366		0.0000419359		0.0000000001				0

		0.875000393		9999.5207327724		9999.9999992754		0.0000479267		0.0000000001				0

		0.888889258		9999.460824369		9999.9999991848		0.0000539176		0.0000000001				0

		0.9000003481		9999.4009159655		9999.9999990942		0.0000599084		0.0000000001				0

		0.9090912387		9999.3410075621		9999.9999990036		0.0000658992		0.0000000001				0

		0.9166669797		9999.2810991586		9999.9999989131		0.0000718901		0.0000000001				0

		0.9230772214		9999.2211907552		9999.9999988225		0.0000778809		0.0000000001				0

		25 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.8502280907		9999.9999997736		0.0000149772		0				0

		0.500000524		9999.7004561814		9999.9999995471		0.0000299544		0				0

		0.6666672203		9999.550684272		9999.9999993207		0.0000449316		0.0000000001				0

		0.750000524		9999.4009123627		9999.9999990942		0.0000599088		0.0000000001				0

		0.8000004867		9999.2511404534		9999.9999988678		0.000074886		0.0000000001				0

		0.8333337848		9999.1013685441		9999.9999986413		0.0000898631		0.0000000001				0

		0.8571432774		9998.9515966347		9999.9999984148		0.0001048403		0.0000000002				0.0000000001

		0.875000393		9998.8018247254		9999.9999981883		0.0001198175		0.0000000002				0.0000000001

		0.888889258		9998.6520528161		9999.9999979618		0.0001347947		0.0000000002				0.0000000001

		0.9000003481		9998.5022809068		9999.9999977353		0.0001497719		0.0000000002				0.0000000001

		0.9090912387		9998.3525089975		9999.9999975088		0.0001647491		0.0000000002				0.0000000001

		0.9166669798		9998.2027370881		9999.9999972823		0.0001797263		0.0000000003				0.0000000001

		0.9230772214		9998.0529651788		9999.9999970558		0.0001947035		0.0000000003				0.0000000001

		100 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.4008943481		9999.9999990942		0.0000599106		0.0000000001				0

		0.500000524		9998.8017886962		9999.9999981883		0.0001198211		0.0000000002				0.0000000001

		0.6666672204		9998.2026830443		9999.9999972822		0.0001797317		0.0000000003				0.0000000001

		0.750000524		9997.6035773924		9999.9999963761		0.0002396423		0.0000000004				0.0000000002

		0.8000004867		9997.0044717405		9999.9999954699		0.0002995528		0.0000000005				0.0000000002

		0.8333337849		9996.4053660886		9999.9999945635		0.0003594634		0.0000000005				0.0000000002

		0.8571432775		9995.8062604367		9999.9999936571		0.000419374		0.0000000006				0.0000000002

		0.8750003931		9995.2071547848		9999.9999927505		0.0004792845		0.0000000007				0.0000000002

		0.8888892581		9994.6080491329		9999.9999918438		0.0005391951		0.0000000008				0.0000000002

		0.9000003482		9994.008943481		9999.999990937		0.0005991057		0.0000000009				0.0000000002

		0.9090912387		9993.4098378291		9999.9999900301		0.0006590162		0.000000001				0.0000000002

		0.9166669798		9992.8107321772		9999.9999891231		0.0007189268		0.0000000011				0.0000000002

		0.9230772215		9992.2116265253		9999.999988216		0.0007788373		0.0000000012				0.0000000003

		pure component vapor pressure

		T, K		PNi, bar		PTc, bar		Pni/PTc

		1700		0.0017		2.08E-12		8.17E+08

		1800		0.0057		2.60E-11		2.19E+08

		1900		0.017		2.50E-10		6.80E+07

		2000		0.044		1.94E-09		2.27E+07

		2100		0.105		1.23E-08		8.54E+06

		2200		0.23		6.60E-08		3.48E+06

		2300		0.476		3.03E-07		1.57E+06

		2400		0.893		1.21E-06		7.38E+05

		2415		0.985		1.47E-06		6.70E+05

						Wf/Wi		reboiler		overheads

						0		10

						0.5000000006		19.9999198167		0.0000000258

						0.6666666673		29.9997594509		0.0000000307

						0.7500000006		39.9995189038		0.0000000345

						0.8000000006		49.9991981762		0.0000000375

						0.8333333339		59.9987972691		0.0000000401

						0.8571428577		69.9983161834		0.0000000423

						0.8750000005		79.9977549202		0.0000000443

						0.8888888893		89.9971134804		0.0000000461

						0.9000000004		99.996391865		0.0000000477

						0.9090909095		109.9955900749		0.0000000492

						0.9166666671		119.9947081111		0.0000000505

						0.9230769234		129.9937459745		0.0000000518
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10 ppm Tc99, 2415 K
reboiler and overhead compositions
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T bp Ni

		1		1		1

		0.95		0.95		0.95

		0.9		0.9		0.9

		0.85		0.85		0.85

		0.8		0.8		0.8

		0.75		0.75		0.75

		0.7		0.7		0.7

		0.65		0.65		0.65

		0.6		0.6		0.6

		0.55		0.55		0.55

		0.5		0.5		0.5

		0.45		0.45		0.45

		0.4		0.4		0.4

		0.35		0.35		0.35

		0.3		0.3		0.3

		0.25		0.25		0.25

		0.2		0.2		0.2

		0.15		0.15		0.15

		0.1		0.1		0.1

		0.05		0.05		0.05

		0		0		0



Pnickel

Ptechnetium

Ptotal

mole fraction nickel

Pressure, bar

distillation at B.P. of Ni

0.9802433421

0

0.9802433421

0.931231175

0.0000000737

0.9312312486

0.8822190079

0.0000001473

0.8822191552

0.8332068407

0.000000221

0.8332070617

0.7841946736

0.0000002947

0.7841949683

0.7351825065

0.0000003683

0.7351828749

0.6861703394

0.000000442

0.6861707814

0.6371581723

0.0000005157

0.637158688

0.5881460052

0.0000005893

0.5881465946

0.5391338381

0.000000663

0.5391345011

0.490121671

0.0000007367

0.4901224077

0.4411095039

0.0000008103

0.4411103142

0.3920973368

0.000000884

0.3920982208

0.3430851697

0.0000009577

0.3430861274

0.2940730026

0.0000010313

0.2940740339

0.2450608355

0.000001105

0.2450619405

0.1960486684

0.0000011786

0.1960498471

0.1470365013

0.0000012523

0.1470377536

0.0980243342

0.000001326

0.0980256602

0.0490121671

0.0000013996

0.0490135667

0

0.0000014733

0.0000014733



Ni in batch 

		0		0

		0.5000005209		0.5000005209

		0.6666672171		0.6666672171

		0.750000521		0.750000521

		0.8000004839		0.8000004839

		0.8333337822		0.8333337822

		0.857143275		0.857143275

		0.8750003908		0.8750003908

		0.8888892559		0.8888892559

		0.9000003462		0.9000003462

		0.9090912368		0.9090912368

		0.916666978		0.916666978

		0.9230772197		0.9230772197



Ni in distillate

Ni in reboiler

fraction distilled

Ni mol. fract. x 10,000

Ni composition

9999.9999990995

9999.4008943481

9999.9999981989

9998.8017886962

9999.9999972981

9998.2026830443

9999.9999963973

9997.6035773924

9999.9999954964

9997.0044717405

9999.9999945953

9996.4053660886

9999.9999936941

9995.8062604367

9999.9999927929

9995.2071547848

9999.9999918915

9994.6080491329

9999.99999099

9994.008943481

9999.9999900884

9993.4098378291

9999.9999891867

9992.8107321772

9999.9999882849

9992.2116265253



Tc in batch

		0		0

		0.5000005209		0.5000005209

		0.6666672171		0.6666672171

		0.750000521		0.750000521

		0.8000004839		0.8000004839

		0.8333337822		0.8333337822

		0.857143275		0.857143275

		0.8750003908		0.8750003908

		0.8888892559		0.8888892559

		0.9000003462		0.9000003462

		0.9090912368		0.9090912368

		0.916666978		0.916666978

		0.9230772197		0.9230772197



Tc in distillate

Tc in reboiler

fraction distilled

Tc mol. fract.

Tc in batch

0.0000000001

0.0000599106

0.0000000002

0.0001198211

0.0000000003

0.0001797317

0.0000000004

0.0002396423

0.0000000005

0.0002995528

0.0000000005

0.0003594634

0.0000000006

0.000419374

0.0000000007

0.0004792845

0.0000000008

0.0005391951

0.0000000009

0.0005991057

0.000000001

0.0006590162

0.0000000011

0.0007189268

0.0000000012

0.0007788373



master sheet

		Batch distillation

		Tc from Ni

		contamination level				100		ppm				760

		T =				2415		K		2142		C

		component		FW		mole fract		activity coefficient				P, bar		P, mmHg		A		B		C		D		E

		Ni		58.71		0.9999400894		1				9.80E-01		7.45E+02		-57.4301		-13533		23.611		-7.67E-03		7.81E-07

		Tc		98		0.0000599106		5				2.95E-07		2.24E-04		-240.5191		-5792.8		78.794		-1.31E-02		7.46E-07

		activity coefficient

		limit as x1 goes to zero						3.33E+06

		limit as x1 goes to one						6.65E+05

		x1		y1				x1*g1*P1sat				x2*g2*P2sat				P

		1		1.00000000				9.80E-01				0.00E+00				9.80E-01

		0.95		0.99999992				9.31E-01				7.37E-08				9.31E-01

		0.9		0.99999983				8.82E-01				1.47E-07				8.82E-01

		0.85		0.99999973				8.33E-01				2.21E-07				8.33E-01

		0.8		0.99999962				7.84E-01				2.95E-07				7.84E-01

		0.75		0.99999950				7.35E-01				3.68E-07				7.35E-01

		0.7		0.99999936				6.86E-01				4.42E-07				6.86E-01

		0.65		0.99999919				6.37E-01				5.16E-07				6.37E-01

		0.6		0.99999900				5.88E-01				5.89E-07				5.88E-01

		0.55		0.99999877				5.39E-01				6.63E-07				5.39E-01

		0.5		0.99999850				4.90E-01				7.37E-07				4.90E-01

		0.45		0.99999816				4.41E-01				8.10E-07				4.41E-01

		0.4		0.99999775				3.92E-01				8.84E-07				3.92E-01

		0.35		0.99999721				3.43E-01				9.58E-07				3.43E-01

		0.3		0.99999649				2.94E-01				1.03E-06				2.94E-01

		0.25		0.99999549				2.45E-01				1.10E-06				2.45E-01

		0.2		0.99999399				1.96E-01				1.18E-06				1.96E-01

		0.15		0.99999148				1.47E-01				1.25E-06				1.47E-01

		0.1		0.99998647				9.80E-02				1.33E-06				9.80E-02

		0.05		0.99997144				4.90E-02				1.40E-06				4.90E-02

		0		0.00000000				0.00E+00				1.47E-06				1.47E-06

		Tc from Ni				5000		Becquerel

		contamination level				100		ppm				760

		T =				2200		K		1927		C

		component		FW		mass fract		mole fract		activity coefficient				P, bar		P, mmHg		A		B		C		D		E

		Ni		58.71		0.9999		0.9999400894		1				9.80E-01		7.45E+02		-57.4301		-13533		23.611		-7.67E-03		7.81E-07

		Tc		98		0.0001		0.0000599106		5				2.95E-07		2.24E-04		-240.5191		-5792.8		78.794		-1.31E-02		7.46E-07

		specific activity				1.69E-02		Ci/g Tc99

		total activity

		activity coefficient

		limit as x1 goes to zero						3.33E+06

		limit as x1 goes to one						6.65E+05

		alpha =		6.65E+05

		Delta		0.0000599106

																		0.0000599106		0.0001		50		p1				p2

		mass fract NI		Xf		Wf/Wi		term 2		term 1		RHS		y1		y2		x2						x1*g1*P1sat				x2*g2*P2sat				P

		0.9999		0.9999400894		1		1		1		0		1.00E+00		9.01E-11		0.0000599106		0.0001		5000.0000000035		9.80E-01				8.83E-11				9.80E-01

		0.999800008		0.9998801789		0.4999994791		0.5		0.4999700429		-0.6931482225		1.00E+00		1.80E-10		0.0001198211		0.000199992		9999.5990977126		9.80E-01				1.77E-10				9.80E-01

		0.9997000241		0.9998202683		0.3333327829		0.3333333333		0.3332933906		-1.0986139401		1.00E+00		2.70E-10		0.0001797317		0.0002999759		14998.7973413421		9.80E-01				2.65E-10				9.80E-01

		0.9996000481		0.9997603577		0.249999479		0.25		0.2499550644		-1.386296445		1.00E+00		3.60E-10		0.0002396423		0.0003999519		19997.5947790992		9.80E-01				3.53E-10				9.80E-01

		0.9995000802		0.9997004472		0.1999995161		0.2		0.1999520687		-1.6094403318		1.00E+00		4.50E-10		0.0002995528		0.0004999198		24995.9914591833		9.80E-01				4.41E-10				9.80E-01

		0.9994001203		0.9996405366		0.1666662178		0.1666666667		0.1666167382		-1.7917621627		1.00E+00		5.40E-10		0.0003594634		0.0005998797		29993.9874297859		9.80E-01				5.30E-10				9.80E-01

		0.9993001683		0.999580626		0.142856725		0.1428571429		0.1428057879		-1.9459130743		1.00E+00		6.31E-10		0.000419374		0.0006998317		34991.5827390912		9.80E-01				6.18E-10				9.80E-01

		0.9992002245		0.9995207155		0.1249996092		0.125		0.1249475751		-2.0794446677		1.00E+00		7.21E-10		0.0004792845		0.0007997755		39988.7774352752		9.80E-01				7.06E-10				9.80E-01

		0.9991002886		0.9994608049		0.1111107441		0.1111111111		0.1110578541		-2.1972278805		1.00E+00		8.11E-10		0.0005391951		0.0008997114		44985.5715665065		9.80E-01				7.94E-10				9.80E-01

		0.9990003607		0.9994008943		0.0999996538		0.1		0.0999460773		-2.3025885546		1.00E+00		9.01E-10		0.0005991057		0.0009996393		49981.9651809459		9.80E-01				8.83E-10				9.80E-01

		0.9989004408		0.9993409838		0.0909087632		0.0909090909		0.0908546235		-2.3978988778		1.00E+00		9.91E-10		0.0006590162		0.0010995592		54977.9583267464		9.80E-01				9.71E-10				9.80E-01

		0.998800529		0.9992810732		0.083333022		0.0833333333		0.083278412		-2.4849103856		1.00E+00		1.08E-09		0.0007189268		0.001199471		59973.5510520534		9.80E-01				1.06E-09				9.80E-01

		0.9987006251		0.9992211627		0.0769227803		0.0769230769		0.0768677715		-2.5649532137		1.00E+00		1.17E-09		0.0007788373		0.0012993749		64968.7434050045		9.79E-01				1.15E-09				9.79E-01

		alpha =		6.65E+05						1000		kmol basis

								fraction distilled		moles in still						moles in condensed vapor

		Xi								total, kmol		Ni, kmol		Tc, kmol		total		Ni, kmol		Tc kmol

										1000		999.9400894348		0.0599105652		0						mass fract Tc

		mass fract NI		Xf		Wf/Wi																Y*2		x1		y1		x2		y2

		0.9999		0.9999400894		1		0		1000		999.9400894348		0.0599105652		0		0		0		0		9999.4008943481		1.00E+04		0.0000599106		9.01E-11

		0.999800008		0.9998801789		0.4999994791		0.5000005209		499.9994790529		499.9395685502		0.0599105028		500.0005209471		500.0005208846		0.0000000624		0.0000000001		9998.8017886962		1.00E+04		0.0001198211		1.80E-10

		0.9997000241		0.9998202683		0.3333327829		0.6666672171		333.3327828667		333.2728724004		0.0599104663		666.6672171333		666.6672170344		0.0000000989		0.0000000001		9998.2026830443		1.00E+04		0.0001797317		2.70E-10

		0.9996000481		0.9997603577		0.249999479		0.750000521		249.9994790307		249.9395685904		0.0599104403		750.0005209693		750.0005208445		0.0000001248		0.0000000002		9997.6035773924		1.00E+04		0.0002396423		3.60E-10

		0.9995000802		0.9997004472		0.1999995161		0.8000004839		199.9995161295		199.9396057092		0.0599104202		800.0004838705		800.0004837256		0.0000001449		0.0000000002		9997.0044717405		1.00E+04		0.0002995528		4.50E-10

		0.9994001203		0.9996405366		0.1666662178		0.8333337822		166.6662177546		166.6063073508		0.0599104038		833.3337822454		833.333782084		0.0000001614		0.0000000002		9996.4053660886		1.00E+04		0.0003594634		5.40E-10

		0.9993001683		0.999580626		0.142856725		0.857143275		142.8567249641		142.7968145742		0.0599103899		857.1432750359		857.1432748607		0.0000001753		0.0000000002		9995.8062604367		1.00E+04		0.000419374		6.31E-10

		0.9992002245		0.9995207155		0.1249996092		0.8750003908		124.9996092451		124.9396988672		0.0599103779		875.0003907549		875.0003905676		0.0000001873		0.0000000002		9995.2071547848		1.00E+04		0.0004792845		7.21E-10

		0.9991002886		0.9994608049		0.1111107441		0.8888892559		111.1107440936		111.0508337263		0.0599103673		888.8892559064		888.8892557085		0.0000001979		0.0000000002		9994.6080491329		1.00E+04		0.0005391951		8.11E-10

		0.9990003607		0.9994008943		0.0999996538		0.9000003462		99.9996538395		99.9397434817		0.0599103578		900.0003461605		900.0003459531		0.0000002074		0.0000000002		9994.008943481		1.00E+04		0.0005991057		9.01E-10

		0.9989004408		0.9993409838		0.0909087632		0.9090912368		90.9087631867		90.8488528375		0.0599103492		909.0912368133		909.0912365973		0.000000216		0.0000000002		9993.4098378291		1.00E+04		0.0006590162		9.91E-10

		0.998800529		0.9992810732		0.083333022		0.916666978		83.3330220155		83.2731116741		0.0599103414		916.6669779845		916.6669777607		0.0000002238		0.0000000002		9992.8107321772		1.00E+04		0.0007189268		1.08E-09

		0.9987006251		0.9992211627		0.0769227803		0.9230772197		76.9227802916		76.8628699575		0.0599103342		923.0772197084		923.0772194773		0.000000231		0.0000000003		9992.2116265253		1.00E+04		0.0007788373		1.17E-09

				reboiler						Tc				overhead vapor						Tc

		Wf/Wi		Ni, kg		Tc, kg		total		mass fract		ppm		Ni, kg		Tc, kg		total		mass fraction		ppm

		1		58706.4826507177		5.8712353886		58712.3538861063		0.0001		100.0000000001		0		0		0

		0.4999994791		29351.4520695809		5.8712292714		29357.3232988523		0.000199992		199.9919819543		29355.0305811368		0.0000061172		29355.030587254		0.0000000002		0.000208387

		0.3333327829		19566.4503386289		5.8712256929		19572.3215643218		0.0002999759		299.9759468268		39140.0323120888		0.0000096958		39140.0323217845		0.0000000002		0.0002477197

		0.249999479		14673.9520719399		5.8712231537		14679.8232950936		0.0003999519		399.951895582		44032.5305787778		0.0000122349		44032.5305910128		0.0000000003		0.0002778612

		0.1999995161		11738.4542511882		5.871221184		11744.3254723723		0.0004999198		499.9198291837		46968.0283995295		0.0000142046		46968.028413734		0.0000000003		0.000302431

		0.1666662178		9781.4563045631		5.8712195746		9787.3275241377		0.0005998797		599.8797485957		48925.0263461546		0.000015814		48925.0263619686		0.0000000003		0.0003232295

		0.142856725		8383.6009836484		5.8712182138		8389.4722018622		0.0006998317		699.8316547818		50322.8816670693		0.0000171748		50322.8816842441		0.0000000003		0.0003412928

		0.1249996092		7335.2097204915		5.8712170349		7341.0809375264		0.0007997755		799.7755487055		51371.2729302262		0.0000183537		51371.2729485799		0.0000000004		0.0003572758

		0.1111107441		6519.7944480716		5.871215995		6525.6656640666		0.0008997114		899.7114313301		52186.6882026461		0.0000193936		52186.6882220397		0.0000000004		0.00037162

		0.0999996538		5867.4623398125		5.8712150647		5873.3335548772		0.0009996393		999.6393036189		52839.0203109052		0.0000203239		52839.0203312291		0.0000000004		0.000384638

		0.0909087632		5333.7361500901		5.8712142231		5339.6073643132		0.0010995592		1099.5591665349		53372.7465006276		0.0000211655		53372.7465217931		0.0000000004		0.0003965598

		0.083333022		4888.9643863863		5.8712134548		4894.8355998411		0.001199471		1199.4710210411		53817.5182643314		0.0000219338		53817.5182862652		0.0000000004		0.0004075596

		0.0769227803		4512.6190952036		5.8712127479		4518.4903079515		0.0012993749		1299.3748681001		54193.8635555141		0.0000226407		54193.8635781548		0.0000000004		0.0004177726





Ni in reboiler.  Effect of Tc 

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669798		0.9166669797		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc

25 ppm Tc

100 ppm Tc

fraction distilled

Ni mol. fract. x 10,000

Effect of Tc level on Ni in reboiler

9999.9400915966

9999.8502280907

9999.4008943481

9999.8801831931

9999.7004561814

9998.8017886962

9999.8202747897

9999.550684272

9998.2026830443

9999.7603663862

9999.4009123627

9997.6035773924

9999.7004579827

9999.2511404534

9997.0044717405

9999.6405495793

9999.1013685441

9996.4053660886

9999.5806411759

9998.9515966347

9995.8062604367

9999.5207327724

9998.8018247254

9995.2071547848

9999.460824369

9998.6520528161

9994.6080491329

9999.4009159655

9998.5022809068

9994.008943481

9999.3410075621

9998.3525089975

9993.4098378291

9999.2810991586

9998.2027370881

9992.8107321772

9999.2211907552

9998.0529651788

9992.2116265253



Tc in reboiler.  Effect of Tc

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669797		0.9166669798		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc in reboiler

25 ppm Tc in reboiler

100 ppm Tc in reboiler

fraction distilled

Tc mol. fract. in reboiler

Tc in reboiler

0.0000059908

0.0000149772

0.0000599106

0.0000119817

0.0000299544

0.0001198211

0.0000179725

0.0000449316

0.0001797317

0.0000239634

0.0000599088

0.0002396423

0.0000299542

0.000074886

0.0002995528

0.000035945

0.0000898631

0.0003594634

0.0000419359

0.0001048403

0.000419374

0.0000479267

0.0001198175

0.0004792845

0.0000539176

0.0001347947

0.0005391951

0.0000599084

0.0001497719

0.0005991057

0.0000658992

0.0001647491

0.0006590162

0.0000718901

0.0001797263

0.0007189268

0.0000778809

0.0001947035

0.0007788373



Tc in overhead product

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669797		0.9166669798		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc

25 ppm Tc

100 ppm Tc

fraction distilled

Tc mass fraction

Tc mass fraction in overhead product

0

0

0

0

0

0.0000000001

0

0

0.0000000001

0

0

0.0000000002

0

0

0.0000000002

0

0

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000003



Tc, reboiler + overheads

		0		0

		0.5000000006		0.5000000006

		0.6666666673		0.6666666673

		0.7500000006		0.7500000006

		0.8000000006		0.8000000006

		0.8333333339		0.8333333339

		0.8571428577		0.8571428577

		0.8750000005		0.8750000005

		0.8888888893		0.8888888893

		0.9000000004		0.9000000004

		0.9090909095		0.9090909095

		0.9166666671		0.9166666671

		0.9230769234		0.9230769234



reboiler

overheads

fraction distilled

ppm Tc

reboiler and overhead compositions

10

19.9999198167

0.0000000258

29.9997594509

0.0000000307

39.9995189038

0.0000000345

49.9991981762

0.0000000375

59.9987972691

0.0000000401

69.9983161834

0.0000000423

79.9977549202

0.0000000443

89.9971134804

0.0000000461

99.996391865

0.0000000477

109.9955900749

0.0000000492

119.9947081111

0.0000000505

129.9937459745

0.0000000518



case reports

		Cases		1=		Ni				waste limit				3.00E-09		Ci/g solid		1.78E-07		g Tc99/g solid

				2 =		Tc				specific activity				1.69E-02		Ci/g Tc99

		10 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.9400915966		9999.9999999094		0.0000059908		0				0

		0.500000524		9999.8801831931		9999.9999998189		0.0000119817		0				0

		0.6666672203		9999.8202747897		9999.9999997283		0.0000179725		0				0

		0.750000524		9999.7603663862		9999.9999996377		0.0000239634		0				0

		0.8000004867		9999.7004579827		9999.9999995471		0.0000299542		0				0

		0.8333337848		9999.6405495793		9999.9999994565		0.000035945		0.0000000001				0

		0.8571432774		9999.5806411759		9999.999999366		0.0000419359		0.0000000001				0

		0.875000393		9999.5207327724		9999.9999992754		0.0000479267		0.0000000001				0

		0.888889258		9999.460824369		9999.9999991848		0.0000539176		0.0000000001				0

		0.9000003481		9999.4009159655		9999.9999990942		0.0000599084		0.0000000001				0

		0.9090912387		9999.3410075621		9999.9999990036		0.0000658992		0.0000000001				0

		0.9166669797		9999.2810991586		9999.9999989131		0.0000718901		0.0000000001				0

		0.9230772214		9999.2211907552		9999.9999988225		0.0000778809		0.0000000001				0

		25 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.8502280907		9999.9999997736		0.0000149772		0				0

		0.500000524		9999.7004561814		9999.9999995471		0.0000299544		0				0

		0.6666672203		9999.550684272		9999.9999993207		0.0000449316		0.0000000001				0

		0.750000524		9999.4009123627		9999.9999990942		0.0000599088		0.0000000001				0

		0.8000004867		9999.2511404534		9999.9999988678		0.000074886		0.0000000001				0

		0.8333337848		9999.1013685441		9999.9999986413		0.0000898631		0.0000000001				0

		0.8571432774		9998.9515966347		9999.9999984148		0.0001048403		0.0000000002				0.0000000001

		0.875000393		9998.8018247254		9999.9999981883		0.0001198175		0.0000000002				0.0000000001

		0.888889258		9998.6520528161		9999.9999979618		0.0001347947		0.0000000002				0.0000000001

		0.9000003481		9998.5022809068		9999.9999977353		0.0001497719		0.0000000002				0.0000000001

		0.9090912387		9998.3525089975		9999.9999975088		0.0001647491		0.0000000002				0.0000000001

		0.9166669798		9998.2027370881		9999.9999972823		0.0001797263		0.0000000003				0.0000000001

		0.9230772214		9998.0529651788		9999.9999970558		0.0001947035		0.0000000003				0.0000000001

		100 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.4008943481		9999.9999990942		0.0000599106		0.0000000001				0

		0.500000524		9998.8017886962		9999.9999981883		0.0001198211		0.0000000002				0.0000000001

		0.6666672204		9998.2026830443		9999.9999972822		0.0001797317		0.0000000003				0.0000000001

		0.750000524		9997.6035773924		9999.9999963761		0.0002396423		0.0000000004				0.0000000002

		0.8000004867		9997.0044717405		9999.9999954699		0.0002995528		0.0000000005				0.0000000002

		0.8333337849		9996.4053660886		9999.9999945635		0.0003594634		0.0000000005				0.0000000002

		0.8571432775		9995.8062604367		9999.9999936571		0.000419374		0.0000000006				0.0000000002

		0.8750003931		9995.2071547848		9999.9999927505		0.0004792845		0.0000000007				0.0000000002

		0.8888892581		9994.6080491329		9999.9999918438		0.0005391951		0.0000000008				0.0000000002

		0.9000003482		9994.008943481		9999.999990937		0.0005991057		0.0000000009				0.0000000002

		0.9090912387		9993.4098378291		9999.9999900301		0.0006590162		0.000000001				0.0000000002

		0.9166669798		9992.8107321772		9999.9999891231		0.0007189268		0.0000000011				0.0000000002

		0.9230772215		9992.2116265253		9999.999988216		0.0007788373		0.0000000012				0.0000000003

		pure component vapor pressure

		T, K		PNi, bar		PTc, bar		Pni/PTc

		1700		0.0017		2.08E-12		8.17E+08

		1800		0.0057		2.60E-11		2.19E+08

		1900		0.017		2.50E-10		6.80E+07

		2000		0.044		1.94E-09		2.27E+07

		2100		0.105		1.23E-08		8.54E+06

		2200		0.23		6.60E-08		3.48E+06

		2300		0.476		3.03E-07		1.57E+06

		2400		0.893		1.21E-06		7.38E+05

		2415		0.985		1.47E-06		6.70E+05

						Wf/Wi		reboiler		overheads

						0		10

						0.5000000006		19.9999198167		0.0000000258

						0.6666666673		29.9997594509		0.0000000307

						0.7500000006		39.9995189038		0.0000000345

						0.8000000006		49.9991981762		0.0000000375

						0.8333333339		59.9987972691		0.0000000401

						0.8571428577		69.9983161834		0.0000000423

						0.8750000005		79.9977549202		0.0000000443

						0.8888888893		89.9971134804		0.0000000461

						0.9000000004		99.996391865		0.0000000477

						0.9090909095		109.9955900749		0.0000000492

						0.9166666671		119.9947081111		0.0000000505

						0.9230769234		129.9937459745		0.0000000518
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100 ppm Tc99, 2415 K
100 ppm Tc99 in feed
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T bp Ni

		1		1		1

		0.95		0.95		0.95

		0.9		0.9		0.9

		0.85		0.85		0.85

		0.8		0.8		0.8

		0.75		0.75		0.75

		0.7		0.7		0.7

		0.65		0.65		0.65

		0.6		0.6		0.6

		0.55		0.55		0.55

		0.5		0.5		0.5

		0.45		0.45		0.45

		0.4		0.4		0.4

		0.35		0.35		0.35

		0.3		0.3		0.3

		0.25		0.25		0.25

		0.2		0.2		0.2

		0.15		0.15		0.15

		0.1		0.1		0.1

		0.05		0.05		0.05

		0		0		0



Pnickel

Ptechnetium

Ptotal

mole fraction nickel

Pressure, bar

distillation at B.P. of Ni

0.9802433421

0

0.9802433421

0.931231175

0.0000000737
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0.8822190079

0.0000001473

0.8822191552
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0.0000005893

0.5881465946

0.5391338381

0.000000663

0.5391345011
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0.0000007367

0.4901224077

0.4411095039

0.0000008103

0.4411103142

0.3920973368

0.000000884

0.3920982208

0.3430851697

0.0000009577

0.3430861274

0.2940730026

0.0000010313

0.2940740339

0.2450608355

0.000001105

0.2450619405

0.1960486684

0.0000011786

0.1960498471

0.1470365013

0.0000012523

0.1470377536

0.0980243342

0.000001326

0.0980256602

0.0490121671

0.0000013996

0.0490135667

0

0.0000014733

0.0000014733



Ni in batch 

		0		0

		0.5000005209		0.5000005209

		0.6666672171		0.6666672171

		0.750000521		0.750000521

		0.8000004839		0.8000004839

		0.8333337822		0.8333337822

		0.857143275		0.857143275

		0.8750003908		0.8750003908

		0.8888892559		0.8888892559

		0.9000003462		0.9000003462

		0.9090912368		0.9090912368

		0.916666978		0.916666978

		0.9230772197		0.9230772197



Ni in distillate

Ni in reboiler

fraction distilled

Ni mol. fract. x 10,000

Ni composition

9999.9999990995

9999.4008943481

9999.9999981989

9998.8017886962

9999.9999972981

9998.2026830443

9999.9999963973

9997.6035773924

9999.9999954964

9997.0044717405

9999.9999945953

9996.4053660886

9999.9999936941

9995.8062604367

9999.9999927929

9995.2071547848

9999.9999918915

9994.6080491329

9999.99999099

9994.008943481

9999.9999900884

9993.4098378291

9999.9999891867

9992.8107321772

9999.9999882849

9992.2116265253



Tc in batch

		0		0

		0.5000005209		0.5000005209

		0.6666672171		0.6666672171

		0.750000521		0.750000521

		0.8000004839		0.8000004839

		0.8333337822		0.8333337822

		0.857143275		0.857143275

		0.8750003908		0.8750003908

		0.8888892559		0.8888892559

		0.9000003462		0.9000003462

		0.9090912368		0.9090912368

		0.916666978		0.916666978

		0.9230772197		0.9230772197



Tc in distillate

Tc in reboiler

fraction distilled

Tc mol. fract.

Tc in batch

0.0000000001

0.0000599106

0.0000000002

0.0001198211

0.0000000003

0.0001797317

0.0000000004

0.0002396423

0.0000000005

0.0002995528

0.0000000005

0.0003594634

0.0000000006

0.000419374

0.0000000007

0.0004792845

0.0000000008

0.0005391951

0.0000000009

0.0005991057

0.000000001

0.0006590162

0.0000000011

0.0007189268

0.0000000012

0.0007788373



master sheet

		Batch distillation

		Tc from Ni

		contamination level				100		ppm				760

		T =				2415		K		2142		C

		component		FW		mole fract		activity coefficient				P, bar		P, mmHg		A		B		C		D		E

		Ni		58.71		0.9999400894		1				9.80E-01		7.45E+02		-57.4301		-13533		23.611		-7.67E-03		7.81E-07

		Tc		98		0.0000599106		5				2.95E-07		2.24E-04		-240.5191		-5792.8		78.794		-1.31E-02		7.46E-07

		activity coefficient

		limit as x1 goes to zero						3.33E+06

		limit as x1 goes to one						6.65E+05

		x1		y1				x1*g1*P1sat				x2*g2*P2sat				P

		1		1.00000000				9.80E-01				0.00E+00				9.80E-01

		0.95		0.99999992				9.31E-01				7.37E-08				9.31E-01

		0.9		0.99999983				8.82E-01				1.47E-07				8.82E-01

		0.85		0.99999973				8.33E-01				2.21E-07				8.33E-01

		0.8		0.99999962				7.84E-01				2.95E-07				7.84E-01

		0.75		0.99999950				7.35E-01				3.68E-07				7.35E-01

		0.7		0.99999936				6.86E-01				4.42E-07				6.86E-01

		0.65		0.99999919				6.37E-01				5.16E-07				6.37E-01

		0.6		0.99999900				5.88E-01				5.89E-07				5.88E-01

		0.55		0.99999877				5.39E-01				6.63E-07				5.39E-01

		0.5		0.99999850				4.90E-01				7.37E-07				4.90E-01

		0.45		0.99999816				4.41E-01				8.10E-07				4.41E-01

		0.4		0.99999775				3.92E-01				8.84E-07				3.92E-01

		0.35		0.99999721				3.43E-01				9.58E-07				3.43E-01

		0.3		0.99999649				2.94E-01				1.03E-06				2.94E-01

		0.25		0.99999549				2.45E-01				1.10E-06				2.45E-01

		0.2		0.99999399				1.96E-01				1.18E-06				1.96E-01

		0.15		0.99999148				1.47E-01				1.25E-06				1.47E-01

		0.1		0.99998647				9.80E-02				1.33E-06				9.80E-02

		0.05		0.99997144				4.90E-02				1.40E-06				4.90E-02

		0		0.00000000				0.00E+00				1.47E-06				1.47E-06

		Tc from Ni				5000		Becquerel

		contamination level				100		ppm				760

		T =				2200		K		1927		C

		component		FW		mass fract		mole fract		activity coefficient				P, bar		P, mmHg		A		B		C		D		E

		Ni		58.71		0.9999		0.9999400894		1				9.80E-01		7.45E+02		-57.4301		-13533		23.611		-7.67E-03		7.81E-07

		Tc		98		0.0001		0.0000599106		5				2.95E-07		2.24E-04		-240.5191		-5792.8		78.794		-1.31E-02		7.46E-07

		specific activity				1.69E-02		Ci/g Tc99

		total activity

		activity coefficient

		limit as x1 goes to zero						3.33E+06

		limit as x1 goes to one						6.65E+05

		alpha =		6.65E+05

		Delta		0.0000599106

																		0.0000599106		0.0001		50		p1				p2

		mass fract NI		Xf		Wf/Wi		term 2		term 1		RHS		y1		y2		x2						x1*g1*P1sat				x2*g2*P2sat				P

		0.9999		0.9999400894		1		1		1		0		1.00E+00		9.01E-11		0.0000599106		0.0001		5000.0000000035		9.80E-01				8.83E-11				9.80E-01

		0.999800008		0.9998801789		0.4999994791		0.5		0.4999700429		-0.6931482225		1.00E+00		1.80E-10		0.0001198211		0.000199992		9999.5990977126		9.80E-01				1.77E-10				9.80E-01

		0.9997000241		0.9998202683		0.3333327829		0.3333333333		0.3332933906		-1.0986139401		1.00E+00		2.70E-10		0.0001797317		0.0002999759		14998.7973413421		9.80E-01				2.65E-10				9.80E-01

		0.9996000481		0.9997603577		0.249999479		0.25		0.2499550644		-1.386296445		1.00E+00		3.60E-10		0.0002396423		0.0003999519		19997.5947790992		9.80E-01				3.53E-10				9.80E-01

		0.9995000802		0.9997004472		0.1999995161		0.2		0.1999520687		-1.6094403318		1.00E+00		4.50E-10		0.0002995528		0.0004999198		24995.9914591833		9.80E-01				4.41E-10				9.80E-01

		0.9994001203		0.9996405366		0.1666662178		0.1666666667		0.1666167382		-1.7917621627		1.00E+00		5.40E-10		0.0003594634		0.0005998797		29993.9874297859		9.80E-01				5.30E-10				9.80E-01

		0.9993001683		0.999580626		0.142856725		0.1428571429		0.1428057879		-1.9459130743		1.00E+00		6.31E-10		0.000419374		0.0006998317		34991.5827390912		9.80E-01				6.18E-10				9.80E-01

		0.9992002245		0.9995207155		0.1249996092		0.125		0.1249475751		-2.0794446677		1.00E+00		7.21E-10		0.0004792845		0.0007997755		39988.7774352752		9.80E-01				7.06E-10				9.80E-01

		0.9991002886		0.9994608049		0.1111107441		0.1111111111		0.1110578541		-2.1972278805		1.00E+00		8.11E-10		0.0005391951		0.0008997114		44985.5715665065		9.80E-01				7.94E-10				9.80E-01

		0.9990003607		0.9994008943		0.0999996538		0.1		0.0999460773		-2.3025885546		1.00E+00		9.01E-10		0.0005991057		0.0009996393		49981.9651809459		9.80E-01				8.83E-10				9.80E-01

		0.9989004408		0.9993409838		0.0909087632		0.0909090909		0.0908546235		-2.3978988778		1.00E+00		9.91E-10		0.0006590162		0.0010995592		54977.9583267464		9.80E-01				9.71E-10				9.80E-01

		0.998800529		0.9992810732		0.083333022		0.0833333333		0.083278412		-2.4849103856		1.00E+00		1.08E-09		0.0007189268		0.001199471		59973.5510520534		9.80E-01				1.06E-09				9.80E-01

		0.9987006251		0.9992211627		0.0769227803		0.0769230769		0.0768677715		-2.5649532137		1.00E+00		1.17E-09		0.0007788373		0.0012993749		64968.7434050045		9.79E-01				1.15E-09				9.79E-01

		alpha =		6.65E+05						1000		kmol basis

								fraction distilled		moles in still						moles in condensed vapor

		Xi								total, kmol		Ni, kmol		Tc, kmol		total		Ni, kmol		Tc kmol

										1000		999.9400894348		0.0599105652		0						mass fract Tc

		mass fract NI		Xf		Wf/Wi																Y*2		x1		y1		x2		y2

		0.9999		0.9999400894		1		0		1000		999.9400894348		0.0599105652		0		0		0		0		9999.4008943481		1.00E+04		0.0000599106		9.01E-11

		0.999800008		0.9998801789		0.4999994791		0.5000005209		499.9994790529		499.9395685502		0.0599105028		500.0005209471		500.0005208846		0.0000000624		0.0000000001		9998.8017886962		1.00E+04		0.0001198211		1.80E-10

		0.9997000241		0.9998202683		0.3333327829		0.6666672171		333.3327828667		333.2728724004		0.0599104663		666.6672171333		666.6672170344		0.0000000989		0.0000000001		9998.2026830443		1.00E+04		0.0001797317		2.70E-10

		0.9996000481		0.9997603577		0.249999479		0.750000521		249.9994790307		249.9395685904		0.0599104403		750.0005209693		750.0005208445		0.0000001248		0.0000000002		9997.6035773924		1.00E+04		0.0002396423		3.60E-10

		0.9995000802		0.9997004472		0.1999995161		0.8000004839		199.9995161295		199.9396057092		0.0599104202		800.0004838705		800.0004837256		0.0000001449		0.0000000002		9997.0044717405		1.00E+04		0.0002995528		4.50E-10

		0.9994001203		0.9996405366		0.1666662178		0.8333337822		166.6662177546		166.6063073508		0.0599104038		833.3337822454		833.333782084		0.0000001614		0.0000000002		9996.4053660886		1.00E+04		0.0003594634		5.40E-10

		0.9993001683		0.999580626		0.142856725		0.857143275		142.8567249641		142.7968145742		0.0599103899		857.1432750359		857.1432748607		0.0000001753		0.0000000002		9995.8062604367		1.00E+04		0.000419374		6.31E-10

		0.9992002245		0.9995207155		0.1249996092		0.8750003908		124.9996092451		124.9396988672		0.0599103779		875.0003907549		875.0003905676		0.0000001873		0.0000000002		9995.2071547848		1.00E+04		0.0004792845		7.21E-10

		0.9991002886		0.9994608049		0.1111107441		0.8888892559		111.1107440936		111.0508337263		0.0599103673		888.8892559064		888.8892557085		0.0000001979		0.0000000002		9994.6080491329		1.00E+04		0.0005391951		8.11E-10

		0.9990003607		0.9994008943		0.0999996538		0.9000003462		99.9996538395		99.9397434817		0.0599103578		900.0003461605		900.0003459531		0.0000002074		0.0000000002		9994.008943481		1.00E+04		0.0005991057		9.01E-10

		0.9989004408		0.9993409838		0.0909087632		0.9090912368		90.9087631867		90.8488528375		0.0599103492		909.0912368133		909.0912365973		0.000000216		0.0000000002		9993.4098378291		1.00E+04		0.0006590162		9.91E-10

		0.998800529		0.9992810732		0.083333022		0.916666978		83.3330220155		83.2731116741		0.0599103414		916.6669779845		916.6669777607		0.0000002238		0.0000000002		9992.8107321772		1.00E+04		0.0007189268		1.08E-09

		0.9987006251		0.9992211627		0.0769227803		0.9230772197		76.9227802916		76.8628699575		0.0599103342		923.0772197084		923.0772194773		0.000000231		0.0000000003		9992.2116265253		1.00E+04		0.0007788373		1.17E-09

				reboiler						Tc				overhead vapor						Tc

		Wf/Wi		Ni, kg		Tc, kg		total		mass fract		ppm		Ni, kg		Tc, kg		total		mass fraction		ppm

		1		58706.4826507177		5.8712353886		58712.3538861063		0.0001		100.0000000001		0		0		0

		0.4999994791		29351.4520695809		5.8712292714		29357.3232988523		0.000199992		199.9919819543		29355.0305811368		0.0000061172		29355.030587254		0.0000000002		0.000208387

		0.3333327829		19566.4503386289		5.8712256929		19572.3215643218		0.0002999759		299.9759468268		39140.0323120888		0.0000096958		39140.0323217845		0.0000000002		0.0002477197

		0.249999479		14673.9520719399		5.8712231537		14679.8232950936		0.0003999519		399.951895582		44032.5305787778		0.0000122349		44032.5305910128		0.0000000003		0.0002778612

		0.1999995161		11738.4542511882		5.871221184		11744.3254723723		0.0004999198		499.9198291837		46968.0283995295		0.0000142046		46968.028413734		0.0000000003		0.000302431

		0.1666662178		9781.4563045631		5.8712195746		9787.3275241377		0.0005998797		599.8797485957		48925.0263461546		0.000015814		48925.0263619686		0.0000000003		0.0003232295

		0.142856725		8383.6009836484		5.8712182138		8389.4722018622		0.0006998317		699.8316547818		50322.8816670693		0.0000171748		50322.8816842441		0.0000000003		0.0003412928

		0.1249996092		7335.2097204915		5.8712170349		7341.0809375264		0.0007997755		799.7755487055		51371.2729302262		0.0000183537		51371.2729485799		0.0000000004		0.0003572758

		0.1111107441		6519.7944480716		5.871215995		6525.6656640666		0.0008997114		899.7114313301		52186.6882026461		0.0000193936		52186.6882220397		0.0000000004		0.00037162

		0.0999996538		5867.4623398125		5.8712150647		5873.3335548772		0.0009996393		999.6393036189		52839.0203109052		0.0000203239		52839.0203312291		0.0000000004		0.000384638

		0.0909087632		5333.7361500901		5.8712142231		5339.6073643132		0.0010995592		1099.5591665349		53372.7465006276		0.0000211655		53372.7465217931		0.0000000004		0.0003965598

		0.083333022		4888.9643863863		5.8712134548		4894.8355998411		0.001199471		1199.4710210411		53817.5182643314		0.0000219338		53817.5182862652		0.0000000004		0.0004075596

		0.0769227803		4512.6190952036		5.8712127479		4518.4903079515		0.0012993749		1299.3748681001		54193.8635555141		0.0000226407		54193.8635781548		0.0000000004		0.0004177726





Ni in reboiler.  Effect of Tc 

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669798		0.9166669797		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc

25 ppm Tc

100 ppm Tc

fraction distilled

Ni mol. fract. x 10,000

Effect of Tc level on Ni in reboiler

9999.9400915966

9999.8502280907

9999.4008943481

9999.8801831931

9999.7004561814

9998.8017886962

9999.8202747897

9999.550684272

9998.2026830443

9999.7603663862

9999.4009123627

9997.6035773924

9999.7004579827

9999.2511404534

9997.0044717405

9999.6405495793

9999.1013685441

9996.4053660886

9999.5806411759

9998.9515966347

9995.8062604367

9999.5207327724

9998.8018247254

9995.2071547848

9999.460824369

9998.6520528161

9994.6080491329

9999.4009159655

9998.5022809068

9994.008943481

9999.3410075621

9998.3525089975

9993.4098378291

9999.2810991586

9998.2027370881

9992.8107321772

9999.2211907552

9998.0529651788

9992.2116265253



Tc in reboiler.  Effect of Tc

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669797		0.9166669798		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc in reboiler

25 ppm Tc in reboiler

100 ppm Tc in reboiler

fraction distilled

Tc mol. fract. in reboiler

Tc in reboiler

0.0000059908

0.0000149772

0.0000599106

0.0000119817

0.0000299544

0.0001198211

0.0000179725

0.0000449316

0.0001797317

0.0000239634

0.0000599088

0.0002396423

0.0000299542

0.000074886

0.0002995528

0.000035945

0.0000898631

0.0003594634

0.0000419359

0.0001048403

0.000419374

0.0000479267

0.0001198175

0.0004792845

0.0000539176

0.0001347947

0.0005391951

0.0000599084

0.0001497719

0.0005991057

0.0000658992

0.0001647491

0.0006590162

0.0000718901

0.0001797263

0.0007189268

0.0000778809

0.0001947035

0.0007788373



Tc in overhead product

		0		0		0

		0.500000524		0.500000524		0.500000524

		0.6666672203		0.6666672203		0.6666672204

		0.750000524		0.750000524		0.750000524

		0.8000004867		0.8000004867		0.8000004867

		0.8333337848		0.8333337848		0.8333337849

		0.8571432774		0.8571432774		0.8571432775

		0.875000393		0.875000393		0.8750003931

		0.888889258		0.888889258		0.8888892581

		0.9000003481		0.9000003481		0.9000003482

		0.9090912387		0.9090912387		0.9090912387

		0.9166669797		0.9166669798		0.9166669798

		0.9230772214		0.9230772214		0.9230772215



10 ppm Tc

25 ppm Tc

100 ppm Tc

fraction distilled

Tc mass fraction

Tc mass fraction in overhead product

0

0

0

0

0

0.0000000001

0

0

0.0000000001

0

0

0.0000000002

0

0

0.0000000002

0

0

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000002

0

0.0000000001

0.0000000003



Tc, reboiler + overheads

		0		0

		0.5000000006		0.5000000006

		0.6666666673		0.6666666673

		0.7500000006		0.7500000006

		0.8000000006		0.8000000006

		0.8333333339		0.8333333339

		0.8571428577		0.8571428577

		0.8750000005		0.8750000005

		0.8888888893		0.8888888893

		0.9000000004		0.9000000004

		0.9090909095		0.9090909095

		0.9166666671		0.9166666671

		0.9230769234		0.9230769234



reboiler

overheads

fraction distilled

ppm Tc

reboiler and overhead compositions

10

19.9999198167

0.0000000258

29.9997594509

0.0000000307

39.9995189038

0.0000000345

49.9991981762

0.0000000375

59.9987972691

0.0000000401

69.9983161834

0.0000000423

79.9977549202

0.0000000443

89.9971134804

0.0000000461

99.996391865

0.0000000477

109.9955900749

0.0000000492

119.9947081111

0.0000000505

129.9937459745

0.0000000518



100 ppm, Tc

		0		0

		0.5000000006		0.5000000006

		0.6666666673		0.6666666673

		0.7500000006		0.7500000006

		0.8000000006		0.8000000006

		0.8333333339		0.8333333339

		0.8571428577		0.8571428577

		0.8750000005		0.8750000005

		0.8888888893		0.8888888893

		0.9000000004		0.9000000004

		0.9090909095		0.9090909095

		0.9166666671		0.9166666671

		0.9230769234		0.9230769234



reboiler

overheads

fraction distilled

ppm Tc99

100 ppm Tc99 in feed

100.0000000001

199.9919819543

0.000208387

299.9759468268

0.0002477197

399.951895582

0.0002778612

499.9198291837

0.000302431

599.8797485957

0.0003232295

699.8316547818

0.0003412928

799.7755487055

0.0003572758

899.7114313301

0.00037162

999.6393036189

0.000384638

1099.5591665349

0.0003965598

1199.4710210411

0.0004075596

1299.3748681001

0.0004177726



case reports

		Cases		1=		Ni				waste limit				3.00E-09		Ci/g solid		1.78E-07		g Tc99/g solid

				2 =		Tc				specific activity				1.69E-02		Ci/g Tc99

		10 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.9400915966		9999.9999999094		0.0000059908		0				0

		0.500000524		9999.8801831931		9999.9999998189		0.0000119817		0				0

		0.6666672203		9999.8202747897		9999.9999997283		0.0000179725		0				0

		0.750000524		9999.7603663862		9999.9999996377		0.0000239634		0				0

		0.8000004867		9999.7004579827		9999.9999995471		0.0000299542		0				0

		0.8333337848		9999.6405495793		9999.9999994565		0.000035945		0.0000000001				0

		0.8571432774		9999.5806411759		9999.999999366		0.0000419359		0.0000000001				0

		0.875000393		9999.5207327724		9999.9999992754		0.0000479267		0.0000000001				0

		0.888889258		9999.460824369		9999.9999991848		0.0000539176		0.0000000001				0

		0.9000003481		9999.4009159655		9999.9999990942		0.0000599084		0.0000000001				0

		0.9090912387		9999.3410075621		9999.9999990036		0.0000658992		0.0000000001				0

		0.9166669797		9999.2810991586		9999.9999989131		0.0000718901		0.0000000001				0

		0.9230772214		9999.2211907552		9999.9999988225		0.0000778809		0.0000000001				0

		25 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.8502280907		9999.9999997736		0.0000149772		0				0

		0.500000524		9999.7004561814		9999.9999995471		0.0000299544		0				0

		0.6666672203		9999.550684272		9999.9999993207		0.0000449316		0.0000000001				0

		0.750000524		9999.4009123627		9999.9999990942		0.0000599088		0.0000000001				0

		0.8000004867		9999.2511404534		9999.9999988678		0.000074886		0.0000000001				0

		0.8333337848		9999.1013685441		9999.9999986413		0.0000898631		0.0000000001				0

		0.8571432774		9998.9515966347		9999.9999984148		0.0001048403		0.0000000002				0.0000000001

		0.875000393		9998.8018247254		9999.9999981883		0.0001198175		0.0000000002				0.0000000001

		0.888889258		9998.6520528161		9999.9999979618		0.0001347947		0.0000000002				0.0000000001

		0.9000003481		9998.5022809068		9999.9999977353		0.0001497719		0.0000000002				0.0000000001

		0.9090912387		9998.3525089975		9999.9999975088		0.0001647491		0.0000000002				0.0000000001

		0.9166669798		9998.2027370881		9999.9999972823		0.0001797263		0.0000000003				0.0000000001

		0.9230772214		9998.0529651788		9999.9999970558		0.0001947035		0.0000000003				0.0000000001

		100 ppm Tc in Ni		times 10,000

		fraction distilled		x1		y1		x2		y2				Y*2

		0		9999.4008943481		9999.9999990942		0.0000599106		0.0000000001				0

		0.500000524		9998.8017886962		9999.9999981883		0.0001198211		0.0000000002				0.0000000001

		0.6666672204		9998.2026830443		9999.9999972822		0.0001797317		0.0000000003				0.0000000001

		0.750000524		9997.6035773924		9999.9999963761		0.0002396423		0.0000000004				0.0000000002

		0.8000004867		9997.0044717405		9999.9999954699		0.0002995528		0.0000000005				0.0000000002

		0.8333337849		9996.4053660886		9999.9999945635		0.0003594634		0.0000000005				0.0000000002

		0.8571432775		9995.8062604367		9999.9999936571		0.000419374		0.0000000006				0.0000000002

		0.8750003931		9995.2071547848		9999.9999927505		0.0004792845		0.0000000007				0.0000000002

		0.8888892581		9994.6080491329		9999.9999918438		0.0005391951		0.0000000008				0.0000000002

		0.9000003482		9994.008943481		9999.999990937		0.0005991057		0.0000000009				0.0000000002

		0.9090912387		9993.4098378291		9999.9999900301		0.0006590162		0.000000001				0.0000000002

		0.9166669798		9992.8107321772		9999.9999891231		0.0007189268		0.0000000011				0.0000000002

		0.9230772215		9992.2116265253		9999.999988216		0.0007788373		0.0000000012				0.0000000003

		pure component vapor pressure

		T, K		PNi, bar		PTc, bar		Pni/PTc

		1700		0.0017		2.08E-12		8.17E+08

		1800		0.0057		2.60E-11		2.19E+08

		1900		0.017		2.50E-10		6.80E+07

		2000		0.044		1.94E-09		2.27E+07

		2100		0.105		1.23E-08		8.54E+06

		2200		0.23		6.60E-08		3.48E+06

		2300		0.476		3.03E-07		1.57E+06

		2400		0.893		1.21E-06		7.38E+05

		2415		0.985		1.47E-06		6.70E+05

						10 ppm										100 ppm

						Wf/Wi		reboiler		overheads						Wf/Wi		reboiler		overheads

						0		10								0		100.0000000001

						0.5000000006		19.9999198167		0.0000000258						0.5000000006		199.9919819543		0.000208387

						0.6666666673		29.9997594509		0.0000000307						0.6666666673		299.9759468268		0.0002477197

						0.7500000006		39.9995189038		0.0000000345						0.7500000006		399.951895582		0.0002778612

						0.8000000006		49.9991981762		0.0000000375						0.8000000006		499.9198291837		0.000302431

						0.8333333339		59.9987972691		0.0000000401						0.8333333339		599.8797485957		0.0003232295

						0.8571428577		69.9983161834		0.0000000423						0.8571428577		699.8316547818		0.0003412928

						0.8750000005		79.9977549202		0.0000000443						0.8750000005		799.7755487055		0.0003572758

						0.8888888893		89.9971134804		0.0000000461						0.8888888893		899.7114313301		0.00037162

						0.9000000004		99.996391865		0.0000000477						0.9000000004		999.6393036189		0.000384638

						0.9090909095		109.9955900749		0.0000000492						0.9090909095		1099.5591665349		0.0003965598

						0.9166666671		119.9947081111		0.0000000505						0.9166666671		1199.4710210411		0.0004075596

						0.9230769234		129.9937459745		0.0000000518						0.9230769234		1299.3748681001		0.0004177726
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Intermediate conclusions

• Separation should be excellent, even near 
the boiling point of nickel

• Lower temperatures would improve the 
separation significantly

• Large excursions in Tc99 levels in the feed 
should be managable

• Fluid flow must minimize droplet formation 
and carryover
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Process options
T, K PNi, bar PTc, bar PNi /PTc

1700 0.0017 2.08E-12 8.17E+08
1800 0.0057 2.60E-11 2.19E+08
1900 0.017 2.50E-10 6.80E+07
2000 0.044 1.94E-09 2.27E+07
2100 0.105 1.23E-08 8.54E+06
2200 0.23 6.60E-08 3.48E+06
2300 0.476 3.03E-07 1.57E+06
2400 0.893 1.21E-06 7.38E+05
2415 0.985 1.47E-06 6.70E+05

Materials of construction: zirconia – to 2700 K; alumina to 2200 K; 
commercial alumina to 1900 K.

Atmospheric operation

Low vacuum
Inert gas sweep

High vacuum

Air sweep?
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Process options, cont’d.
Method T, K Vapor Flow Comments
1. Atmospheric 

distillation
2415 Pressure-driven 

flow from 
reboiler

Pure Tc melts at 2430 K; no vacuum or inert flow is 
needed; ZrO2 as material of construction?

2. Low vacuum 
distillation

2100 PNi = 0.23 bar Inductor-type system used to generate low vacuum

3. High vacuum 
distillation

1900 PNi = 0.017 bar Probably needs primary and secondary vacuum 
systems

4. Sweep gas 1730 PNi = 0.0025 bar Nitrogen (recycled?), or possibly, air. Lowest 
possible temperature; assume that metal 
reaches 1/3 of its saturation pressure in the 
gas; lance or sweep over liquid surface; 
alumina materials of construction to 1750 C.

5. Continuous flash 
system with sweep 
gas

1730 Low liquid feed rate and removal; high gas sweep 
rate with condensation of nickel on nickel 
screens or plates in vapor effluent

Items in blue analyzed by batch distillation model
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Experimental tasks, 
scale-up

• Key data is for vapor pressures and activity 
coefficients at low (1730 K) temperatures

• Process cost estimate
• Materials of construction are critical
• Equipment should be simple, including vacuum 

systems and valving; some prior art on vacuum 
distillation

• Process monitoring and control
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Fall 06 schedule
• Assemble cell and get 

low temperature data
• Process designs
• Consult on materials 

of construction 
(Ceradyne, Precision 
Metals)

• IP submissions
• Prototype and proof 

of concept
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