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Begining of Plastic Scintillators

The Theory and Practice of Scintillation Counting
J.B. Birks
Pergamon Press 1964

Liquid Scintillation and Plastic Scintillation starts 70’s
Liquid Scintillation
Focus: radionuclide analysis
LS Counter – LS Spectrometers
Scintillation Cocktails
 LSC success: . Sample preparation for measurements (easy and homogeneous)

. Many applications

Plastic Scintillation
Focus: large area detectors, dosimetry
Radionuclide analysis

2
Plastic Scintillators, J.F. García, A. Tarancón, H. Bagán LSC2017 Conference, 1-5 May, Copenhague 



Plastic Scintillators and related analytical proposals

- Plastic Scintillators composition and sample preparation

- Scintillation mechanism

- Direct radionuclide determinations

- Selective radionuclide determinations

- Future challenges
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Plastic Scintillators: composition and sample preparation

Composition
. Solvent: . Polystyrene, Polyvinyiltoluene linear (water insoluble)

. Divinylbenzene crosslinked (aggressive and organic insoluble)
. Secondary solvent: Naphtalene, Disopropilnaphtalene
. Scintillators: PPO, POPOP, p-T, bis-MSB ....

Format
. Plastic scintillator microspheres (PSm)  (10 – 300 µm)
. Plastic scintillator foils (PSf)  (50 – 100 µm)
. Plastic scintillator pellets (3 mm)
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Plastic Scintillators: composition and sample preparation

Sample preparation for measurement.

Steps: . Plastic scintillator

. Sample solution

. Homogenization

LS vs PS: . PS time 
. PS  difficulty to homogenize
. PS expensive than LS cocktails
. PS  sample solution and PSm can be segregated (no mixed waste)
. PS sample stability (no phase separation) 
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Scintillation mechanism

Scintillation mechanism
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Direct radionuclide determinations - PSm

Alpha emitter radionuclides.
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EFF
PSm 241Am (%)

(5552 keV)
236U (%)

(4573 keV)

D (70 µm) 96 75
D300 (300 µm) 45 29

EFF
PSf 241Am (%)

D (65 µm) 80

High EFF alpha emitters  ø 50 - 100 µm



Direct radionuclide determinations - PSm

Alpha emitter radionuclides.
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Direct radionuclide determinations - PSm

Beta emitter radionuclides.
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High EFF beta emitters  ø 50- 100 µm
Low EFF low beta emitters 3H

Particle size 
(µm)

3H 
(%)

14C 
(%)

90Sr/90Y 
(%)

17 4,51 74,3 192,9
32 2,69 68,7 189,8
57 1,73 62,7 190,3
79 1,16 54,5 186,7

145 0,81 45,1 184,8
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Direct radionuclide determinations - Calibration

Chemical Quenching.
Nitromethane : 0 - 7.57 μl/mL
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Efficiency % vs. SQP. 
Chemical quenching. 
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0 ul Nitromethane
1.52 ul/ml sol.
3.03 ul/ml sol.
4.55 ul/ml sol.
6.06 ul/ml sol.
7.58 ul/ml sol.

3H PSm 400 – 500 µm
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Efic % Vópt Nitr

		

		Ventana Óptima:

												H-3		Promedio de los blancos:

		Sistema		Max.		Inicio		Fin				Interferente		CP1				CP2				CL

														Eficiencia (ópt) %		S(eficiencia)		Eficiencia (ópt) %		S(eficiencia)		Eficiencia (ópt) %		S(eficiencia)

		CP1/H-3		0.5558		3		176				NaCl		0.4404		0.0085		0.3366		0.0071		21.8946		0.2601

												Nitrometano		0.4798		0.0093		0.3367		0.0074		22.8307		0.2715

		CP2/H-3		0.3323		46		205				Glicerina		0.4389		0.0088		0.3542		0.0076		22.9293		0.2739

												BaCl2		0.4794		0.0091		0.3766		0.0079		21.1097		0.2523

		CL/H-3		1429.1		1		175				Naranja de metilo		0.4818		0.0091		0.3767		0.0077		22.8754		0.2716

												Promedio		0.4641		0.0090		0.3562		0.0076		22.3279		0.2659

		CP1/Cl-36		15977		428		615

												Cl-36		Promedio de los blancos:

		CP2/Cl-36		13510		417		647				Interferente		CP1				CP2				CL

														Eficiencia (ópt) %		S(eficiencia)		Eficiencia (ópt) %		S(eficiencia)		Eficiencia (ópt) %		S(eficiencia)

		CL/Cl-36		13194		502		660				NaCl		59.0023		1.2079		62.6961		1.2589		60.7607		1.2345

												Nitrometano		57.1452		1.2336		65.7618		1.3513		63.2923		1.3255

												Glicerina		52.7593		1.1268		62.1081		1.2895		61.0211		1.2512

												BaCl2		58.9564		1.2078		66.9745		1.3156		60.2031		1.2292

		Aplicando la ventana óptima (figura de mérito) se calculan las nuevas eficiencias %.										Naranja de metilo		57.3284		1.1879		66.2543		1.3083		62.6500		1.2607

												Promedio		57.0383		1.1928		64.7589		1.3047		61.5854		1.2602

		Sistema

		CP1/H-3		[Nitr] (ul/3.3 ml solución)		Eficiencia (ópt) %		S (eficiencia %)		SQP		Eff(ópt) %				CP2/H-3		[Nitr] (ul/3.3 ml solución)		Eficiencia (ópt) %		S (eficiencia %)		SQP		Eficiencia (ópt) %						CL/H-3		[Nitr] (ul/3.3 ml solución)		Eficiencia (ópt) %		S (eficiencia %)		SQP		Eficiencia (ópt) %

				0		0.4641		0.0090		677.02		0.4640629199						0		0.3562		0.0076		738.66		0.3562								0		22.3279		0.2659		740.53		22.3279

				5		0.4420		0.0088		666.91		0.442						5		0.3094		0.0070		731.85		0.3094								5		19.1292		0.2282		714.31		19.1292

				10		0.4092		0.0084		660.77		0.4092						10		0.3078		0.0070		723.82		0.3078								10		18.1106		0.2164		709.81		18.1106

				15		0.4107		0.0084		655.02		0.4107						15		0.2745		0.0065		706.71		0.2745								15		16.8768		0.2020		698.51		16.8768

				20		0.3649		0.0078		643.39		0.3649						20		0.2652		0.0064		701.13		0.2652								20		14.3677		0.1727		681.29		14.3677

				25		0.3351		0.0074		627.68		0.3351						25		0.2525		0.0062		702.24		0.2525								25		13.1019		0.1579		666.29		13.1019

		Promedio (X)				0.4043				655.1317						Promedio (X)				0.2943				717.4017		0.2943						Promedio (X)				17.3190				701.7900		17.3190

		S(X)				0.0477				17.5562						S(X)				0.0380				16.1915		0.0380						S(X)				3.3371				26.1271		3.3371

		+S				0.4521				672.6878						+S				0.3323				733.5932		0.3323						+S				20.6562				727.9171		20.6562

		-S				0.3566				637.5755						-S				0.2563				701.2102		0.2563						-S				13.9819				675.6629		13.9819

				x		+s				-s								x		+s				-s										x		+s				-s

		0		0.4043		0.4521				0.3566						0		0.2943		0.3323				0.2563								0		17.3190		20.6562				13.9819

		25		0.4043		0.4521				0.3566						25		0.2943		0.3323				0.2563								25		17.3190		20.6562				13.9819

				x		+s				-s								x		+s				-s										x		+s				-s

		620		0.4043		0.4521				0.3566						700		0.2943		0.3323				0.2563								660		17.3190		20.6562				13.9819

		680		0.4043		0.4521				0.3566						740		0.2943		0.3323				0.2563								750		17.3190		20.6562				13.9819

		CP1/Cl-36		[Nitr] (ul/3.3 ml solución)		Eficiencia (ópt) %		S (eficiencia %)		SQP						CP2/Cl-36		[Nitr] (ul/3.3 ml solución)		Eficiencia (ópt) %		S (eficiencia %)		SQP								CL/Cl-36		[Nitr] (ul/3.3 ml solución)		Eficiencia (ópt) %		S (eficiencia %)		SQP

				0		57.0383		1.1928		679.8		57.0383						0		64.7589		1.3047		741.81		64.7589								0		61.5854		1.2602		743.48		61.5854

				5		57.7790		1.2412		669.84		57.7790						5		63.0806		1.3103		729.41		63.0806								5		60.5520		1.2817		722.3		60.5520

				10		53.6792		1.1778		659.62		53.6792						10		61.9147		1.2922		718.42		61.9147								10		51.6240		1.1539		706.37		51.6240

				15		52.8818		1.1713		655.13		52.8818						15		59.6385		1.2632		703.27		59.6385								15		52.1963		1.1619		696.62		52.1963

				20		48.2862		1.1055		642.95		48.2862						20		57.6243		1.2366		699.71		57.6243								20		44.6883		1.0554		682.72		44.6883

				25		45.1849		1.0629		632.46		45.1849						25		57.4631		1.2340		695.67		57.4631								25		38.1597		0.9568		674.01		38.1597

		Promedio (X)				52.4749				656.6333						Promedio (X)				60.7467				714.7150								Promedio (X)				51.4676				704.2500

		S(X)				4.9247				17.2851						S(X)				2.9889				18.3448								S(X)				9.0389				25.7119

		+S				57.3996				673.9184						+S				63.7356				733.0598								+S				60.5065				729.9619

		-S				47.5502				639.3482						-S				57.7578				696.3702								-S				42.4287				678.5381

				x		+s				-s								x		+s				-s										x		+s				-s

		0		52.4749		57.3996				47.5502						0		60.7467		63.7356				57.7578								0		51.4676		60.5065				42.4287

		25		52.4749		57.3996				47.5502						25		60.7467		63.7356				57.7578								25		51.4676		60.5065				42.4287

				x		+s				-s								x		+s				-s										x		+s				-s

		630		52.4749		57.3996				47.5502						690		60.7467		63.7356				57.7578								670		51.4676		60.5065				42.4287

		680		52.4749		57.3996				47.5502						742		60.7467		63.7356				57.7578								745		51.4676		60.5065				42.4287
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Efficiency % vs. SQP. 
Color quenching.
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EFF    Quenching parameter (SQP)

Direct radionuclide determinations - Calibration


Gráfico2
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Efic % Vópt NarM

		

		Ventana Óptima:

		Sistema		Max.		Inicio		Fin				Eficiencia		Blancos		Figura de mérito				H-3		Promedio de los blancos:

																				Interferente		CP1				CP2				CL

		CP1/H-3		0.5558		3		176				0.4639		0.3872		0.5558						Eficiencia (ópt) %		S(eficiencia)		Eficiencia (ópt) %		S(eficiencia)		Eficiencia (ópt) %		S(eficiencia)

																				NaCl		0.4404		0.0085		0.3366		0.0071		21.8946		0.2601

		CP2/H-3		0.3323		46		205				0.3627		0.3962		0.3323				Nitrometano		0.4798		0.0093		0.3367		0.0074		22.8307		0.2715

																				Glicerina		0.4389		0.0088		0.3542		0.0076		22.9293		0.2739

		CL/H-3		1429.1		1		175				22.403		0.3512		1429.1				BaCl2		0.4794		0.0091		0.3766		0.0079		21.1097		0.2523

																				Naranja de metilo		0.4818		0.0091		0.3767		0.0077		22.8754		0.2716

		CP1/Cl-36		15977		428		615				44.88		0.1261		15977				Promedio		0.4641		0.0090		0.3562		0.0076		22.3279		0.2659

		CP2/Cl-36		13510		417		647				49328		0.1801		13510				Cl-36		Promedio de los blancos:

																				Interferente		CP1				CP2				CL

		CL/Cl-36		13194		502		660				36.964		0.1036		13194						Eficiencia (ópt) %		S(eficiencia)		Eficiencia (ópt) %		S(eficiencia)		Eficiencia (ópt) %		S(eficiencia)

																				NaCl		59.0023		1.2079		62.6961		1.2589		60.7607		1.2345

																				Nitrometano		57.1452		1.2336		65.7618		1.3513		63.2923		1.3255

																				Glicerina		52.7593		1.1268		62.1081		1.2895		61.0211		1.2512

		Aplicando la ventana óptima (figura de mérito) se calculan las nuevas eficiencias %.																		BaCl2		58.9564		1.2078		66.9745		1.3156		60.2031		1.2292

																				Naranja de metilo		57.3284		1.1879		66.2543		1.3083		62.6500		1.2607

		Sistema																		Promedio		57.0383		1.1928		64.7589		1.3047		61.5854		1.2602

		CP1/H-3		[NarM] x10-3 (g/l)		Eficiencia (ópt) %		S(eficiencia %)		SQP		Eff(ópt) %				CP2/H-3		[NarM] x10-3 (g/l)		Eficiencia (ópt) %		S(eficiencia %)		SQP		Eficiencia (ópt) %						CL/H-3		[NarM] x10-3(g/l)		Eficiencia (ópt) %		S(eficiencia %)		SQP		Eficiencia (ópt) %

				0		0.4641		0.0090		672.6700		0.4640629199						0		0.3562		0.0076		740.32		0.3562								0		22.5460		0.2681		742.22		22.5460

				2.30		0.3645		0.0076		650.6900		0.3645273576						2.30		0.3023		0.0067		699.79		0.3023								2.30		18.2468		0.2176		711.03		18.2468

				4.60		0.2744		0.0063		627.8600		0.2744234238						4.60		0.2549		0.0060		678.12		0.2549								4.60		14.4991		0.1739		682.70		14.4991

				9.20		0.1943		0.0051		603.8000		0.1943455046						9.20		0.1625		0.0046		645.98		0.1625								9.20		10.3470		0.1254		655.94		10.3470

				11.50		0.1548		0.0045		594.7800		0.1548329788						11.50		0.1315		0.0041		650.84		0.1315								11.50		7.6789		0.0942		617.31		7.6789

				13.80		0.1559		0.0045		591.4200		0.1559184195						13.80		0.1347		0.0041		644.48		0.1347								13.80		7.3168		0.0899		609.94		7.3168

				Promedio (X)		0.2680				623.5367						Promedio (X)				0.2237				676.5883		0.2237						Promedio (X)				13.4391				669.8567		13.4391

				S(X)		0.1254				32.9182						S(X)				0.0947				38.0347		0.0947						S(X)				6.1221				52.2331		6.1221

				+S		0.3934				656.4549						+S				0.3184				714.6230		0.3184						+S				19.5611				722.0898		19.5611

				-S		0.1426				590.6185						-S				0.1289				638.5537		0.1289						-S				7.3170				617.6236		7.3170

				x		+s				-s								x		+s				-s										x		+s				-s

		0		0.2680		0.3934				0.1426						0		0.2237		0.3184				0.1289								0		13.4391		19.5611				7.3170

		14		0.2680		0.3934				0.1426						14		0.2237		0.3184				0.1289								14		13.4391		19.5611				7.3170

				x		+s				-s								x		+s				-s										x		+s				-s

		585		0.2680		0.3934				0.1426						640		0.2237		0.3184				0.1289								605		13.4391		19.5611				7.3170

		695		0.2680		0.3934				0.1426						745		0.2237		0.3184				0.1289								745		13.4391		19.5611				7.3170

		CP1/Cl-36		[NarM] x10-3(g/l)		Eficiencia (ópt) %		S (eficiencia %)		SQP						CP2/Cl-36		[NarM] x10-3(g/l)		Eficiencia (ópt) %		S(eficiencia %)		SQP								CL/Cl-36		[NarM] x10-3(g/l)		Eficiencia (ópt) %		S (eficiencia %)		SQP

				0		57.0383		1.1928		678.78		57.0383						0		64.7589		1.3047		732.38		64.7589								0		61.5319		1.2581		741.49		61.5319

				2.30		46.0380		1.0288		644.03		46.0380						2.30		56.6595		1.1791		703.26		56.6595								2.30		56.6604		1.1781		708.79		56.6604

				4.60		35.6256		0.8788		623.18		35.6256						4.60		51.6003		1.1093		683.37		51.6003								4.60		48.1529		1.0604		687.97		48.1529

				9.20		28.2849		0.7650		612.09		28.2849						9.20		37.6250		0.9095		653.01		37.6250								9.20		24.3828		0.7008		637.49		24.3828

				11.50		21.0989		0.6440		598.57		21.0989						11.50		28.1346		0.7634		657.93		28.1346								11.50		19.3540		0.6134		625.78		19.3540

				13.80		16.7737		0.5659		593.47		16.7737						13.80		22.8389		0.6769		662.54		22.8389								13.80		13.0123		0.4923		616.19		13.0123

				Promedio (X)		34.1432				625.0200						Promedio (X)				43.6029				682.0817								Promedio (X)				37.1824				669.6183

				S(X)		15.3235				31.9909						S(X)				16.6623				30.9530								S(X)				20.7775				50.6860

				+S		49.4667				657.0109						+S				60.2652				713.0347								+S				57.9599				720.3043

				-S		18.8198				593.0291						-S				26.9406				651.1287								-S				16.4049				618.9323

				x		+s				-s								x		+s				-s										x		+s				-s

		0		34.1432		49.4667				18.8198						0		43.6029		60.2652				26.9406								0		37.1824		57.9599				16.4049

		14		34.1432		49.4667				18.8198						14		43.6029		60.2652				26.9406								14		37.1824		57.9599				16.4049

				x		+s				-s								x		+s				-s										x		+s				-s

		580		34.1432		49.4667				18.8198						650		43.6029		60.2652				26.9406								610		37.1824		57.9599				16.4049

		680		34.1432		49.4667				18.8198						740		43.6029		60.2652				26.9406								745		37.1824		57.9599				16.4049
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Particle Quenching       EFF
Spectra position ~ slightly change
EFF     Quenching Parameter (density)  
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Espectros normalizados activos de H-3 en el CP1 con y sin interferente.
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BaCl2 : 0 – 1.4 M 

SQP  671 ± 3 

3H  PSm 120 – 180 µm

Direct radionuclide determinations - Calibration
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Efic % Vópt BaCl2

		

		Ventana Óptima:																		H-3		Promedio de los blancos:

																				Interferente		CP1				CP2				CL

		Sistema		Max.		Inicio				Fin		Eficiencia		Blancos		Figura de mérito						Eficiencia (ópt) %		S(eficiencia)		Eficiencia (ópt) %		S(eficiencia)		Eficiencia (ópt) %		S(eficiencia)

																				NaCl		0.4404		0.0085		0.3366		0.0071		21.8946		0.2601

		CP1/H-3		0.5558		3				176		0.4639		0.3872		0.5558				Nitrometano		0.4798		0.0093		0.3367		0.0074		22.8307		0.2715

																				Glicerina		0.4389		0.0088		0.3542		0.0076		22.9293		0.2739

		CP2/H-3		0.3323		46				205		0.3627		0.3962		0.3323				BaCl2		0.4794		0.0091		0.3766		0.0079		21.1097		0.2523

																				Naranja de metilo		0.4818		0.0091		0.3767		0.0077		22.8754		0.2716

		CL/H-3		1429.1		1				175		22.403		0.3512		1429.1				Promedio		0.4641		0.0090		0.3562		0.0076		22.3279		0.2659

		CP1/Cl-36		15977		428				615		44.88		0.1261		15977				Cl-36		Promedio de los blancos:

																				Interferente		CP1				CP2				CL

		CP2/Cl-36		13510		417				647		49328		0.1801		13510						Eficiencia (ópt) %		S(eficiencia)		Eficiencia (ópt) %		S(eficiencia)		Eficiencia (ópt) %		S(eficiencia)

																				NaCl		59.0023		1.2079		62.6961		1.2589		60.7607		1.2345

		CL/Cl-36		13194		502				660		36.964		0.1036		13194				Nitrometano		57.1452		1.2336		65.7618		1.3513		63.2923		1.3255

																				Glicerina		52.7593		1.1268		62.1081		1.2895		61.0211		1.2512

																				BaCl2		58.9564		1.2078		66.9745		1.3156		60.2031		1.2292

																				Naranja de metilo		57.3284		1.1879		66.2543		1.3083		62.6500		1.2607

		Aplicando la ventana óptima (figura de mérito) se calculan las nuevas eficiencias %.																		Promedio		57.0383		1.1928		64.7589		1.3047		61.5854		1.2602

		Sistema

																				Repetir experimento																Repetir experimento con nuevas concentraciones

		CP1/H-3		[BaCl2] M		Eficiencia (ópt) %		S(eficiencia %)		SQP		Eff(ópt) %				CP2/H-3		[BaCl2] M		Eficiencia (ópt) %		S(eficiencia %)		SQP		Eficiencia (ópt) %						CL/H-3		[BaCl2] M		Eficiencia (ópt) %		S(eficiencia %)		SQP		Eficiencia (ópt) %

				0		0.4641		0.0090		669.33		0.4640629199						0		0.3550		0.0075		734.13		0.3550								0		22.5460		0.2681		743.23		22.5460

				0.3		0.4427		0.0086		674.6		0.4427074151						0.3		0.3747		0.0077		732.85		0.3747								0.3		5.1324		0.0650		798.72		5.1324

				0.7		0.4278		0.0084		671.89		0.4278071378						0.7		0.2693		0.0062		729.89		0.2693								0.7		4.8016		0.0611		807.55		4.8016

				1.4		0.3508		0.0073		668.15		0.3508104651						1.4		0.317		0.0069		739.16		0.3170								1.4		5.6649		0.0713		803.29		5.6649

				Promedio (X)		0.4213										Promedio (X)				0.3290				734.0075		0.3290						Promedio (X)				9.5362				788.1975		9.5362

				S(X)		0.0493										S(X)				0.0464				3.8668		0.0464						S(X)				8.6805				30.1944		8.6805

		+S				0.4707										+S				0.3754				737.8743		0.3754						+S				18.2167				818.3919		18.2167

		-S				0.3720										-S				0.2825				730.1407		0.2825						-S				0.8558				758.0031		0.8558

				x		+s				-s								x		+s				-s										x		+s				-s

		0		0.4213		0.4707				0.3720						0		0.3290		0.3754				0.2825								0		9.5362		18.2167				0.8558

		1.4		0.4213		0.4707				0.3720		58.9564		1.2078		1.4		0.3290		0.3754				0.2825								1.4		9.5362		18.2167				0.8558

												57.0423		1.1831

				x		+s				-s		59.7459		1.2242				x		+s				-s										x		+s				-s

		667		0.4213		0.4707				0.3720		54.9051		1.1628		728		0.3290		0.3754				0.2825								740		9.5362		18.2167				0.8558

		675		0.4213		0.4707				0.3720						741		0.3290		0.3754				0.2825								810		9.5362		18.2167				0.8558

		CP1/Cl-36		[BaCl2] M		Eficiencia (ópt) %		S (eficiencia %)		SQP						CP2/Cl-36		[BaCl2] M		Eficiencia (ópt) %		S (eficiencia %)		SQP								CL/Cl-36		[BaCl2] M		Eficiencia (ópt) %		S (eficiencia %)		SQP								59.9353		1.2188

				0		57.0383		1.1928		679.25		57.0383						0		64.7589		1.3047		737.61		64.7589								0		61.5319		1.2581		753.44		61.5319						13.2362		0.4953

				0.3		57.0423		1.1831		671.97		57.0423						0.3		66.9993		1.3169		729.38		66.9993								0.3		13.2362		0.4953		790.11		13.2362						27.9958		0.7625

				0.7		59.7459		1.2242		678.45		59.7459						0.7		65.6885		1.3062		736.42		65.6885								0.7		27.9958		0.7625		767.57		27.9958						21.9247		0.6722

				1.4		54.9051		1.1628		660.36		54.9051						1.4		65.5977		1.3036		724.88		65.5977								1.4		21.9247		0.6722		775.12		21.9247

				Promedio (X)		57.1829				672.5075						Promedio (X)				65.7611				732.0725								Promedio (X)				31.1721				771.5600

				S(X)		1.9831				8.7297						S(X)				0.9255				6.0152								S(X)				21.1267				15.2865

				+S		59.1660				681.2372						+S				66.6866				738.0877								+S				52.2988				786.8465

				-S		55.1998				663.7778						-S				64.8357				726.0573								-S				10.0454				756.2735

				x		+s				-s								x		+s				-s										x		+s				-s

		0		57.1829		59.1660				55.1998						0		65.7611		66.6866				64.8357								0		31.1721		52.2988				10.0454

		25		57.1829		59.1660				55.1998						25		65.7611		66.6866				64.8357								25		31.1721		52.2988				10.0454

				x		+s				-s								x		+s				-s										x		+s				-s

		660		57.1829		59.1660				55.1998						722		65.7611		66.6866				64.8357								750		31.1721		52.2988				10.0454

		680		57.1829		59.1660				55.1998						740		65.7611		66.6866				64.8357								795		31.1721		52.2988				10.0454





Efic % Vópt BaCl2

										0.0089630026		0.0089630026

										0.0086189832		0.0086189832

										0.0084314434		0.0084314434

										0.0073334601		0.0073334601



x

+s

-s

[BaCl2] (M)

Eficiencia %

Eficiencia % vs. [BaCl2] (M). Quenching de colisión de partículas. CP1/H-3.



Efic % Vópt BaCl2 corr

										0.0074990807		0.0074990807

										0.0077087308		0.0077087308

										0.0062440771		0.0062440771

										0.0068999745		0.0068999745



x
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-s

[BaCl2] (M)

Eficiencia %

Eficiencia % Vs. [BaCl2] (M). Quenching de colisión de partículas. CP2/H-3.



										0.0074990807		0.0074990807

										0.0077087308		0.0077087308

										0.0062440771		0.0062440771

										0.0068999745		0.0068999745



x

+s

-s

SQP

Eficiencia %

SQP Vs. Eficiencia %. Quenching de colisión 
de partículas. CP2/H-3.



										0.2681403276		0.2681403276

										0.0650097426		0.0650097426

										0.0611021368		0.0611021368

										0.0712648665		0.0712648665
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-s

[BaCl2] (M)

Eficiencia %

Eficiencia % Vs. [BaCl2] (M). Quenching de colisión de partículas. CL/H-3.



										0.2681403276		0.2681403276

										0.0650097426		0.0650097426

										0.0611021368		0.0611021368

										0.0712648665		0.0712648665



x

+s

-s

SQP

Eficiencia %

SQP Vs. Eficiencia %. Quenching de colisión
 de partículas.  CL/H-3.



										1.192834352		1.192834352

										1.1830758766		1.1830758766

										1.2241873748		1.2241873748

										1.1627644995		1.1627644995



x

+s

-s

[BaCl2] (M)

Eficiencia %

Eficiencia % Vs. [BaCl2] (M). Quenching de colisión de
partículas. CP1/Cl-36.



										1.192834352		1.192834352

										1.1830758766		1.1830758766

										1.2241873748		1.2241873748

										1.1627644995		1.1627644995



x

+s

-s

SQP

Eficiencia %

SQP Vs. Eficiencia %. Quenching de colisión de partículas. CP1/Cl-36.



										1.3047213867		1.3047213867

										1.3168836559		1.3168836559

										1.3061818282		1.3061818282

										1.3036021416		1.3036021416



x

+s

-s

[BaCl2] (M)

Eficiencia %

Eficiencia % Vs. [BaCl2] (M). Quenching de colisión de partículas. CP2/Cl-36.



										1.3047213867		1.3047213867

										1.3168836559		1.3168836559

										1.3061818282		1.3061818282

										1.3036021416		1.3036021416



x

+s

-s

SQP

Eficiencia %

SQP Vs. Eficiencia %. Quenching de colisión 
de partículas. CP2/Cl-36.



										1.2581142141		1.2581142141

										0.4952735275		0.4952735275

										0.7624781047		0.7624781047

										0.6721902382		0.6721902382



x
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[BaCl2] (M)

Eficiencia %

Eficiencia %. Vs. [BaCl2] (M). Quenching de colisión de partículas. CL/Cl-36.



										1.2581142141		1.2581142141

										0.4952735275		0.4952735275

										0.7624781047		0.7624781047

										0.6721902382		0.6721902382



x

+s
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SQP

Eficiencia %

SQP Vs. Eficiencia %. Quenching de colisión de partículas.  CL/Cl-36.



										0.0089630026		0.0089630026

										0.0086189832		0.0086189832

										0.0084314434		0.0084314434

										0.0073334601		0.0073334601



x

+s

-s

SQP

Eficiencia %

SQP vs. Eficiencia %. 
Quenching de colisión de partículas CP1/H-3.



		

		Ventana Óptima:																				H-3		Promedio de los blancos:

																						Interferente		CP1				CP2				CL

		Sistema		Max.		Inicio				Fin		Eficiencia		Blancos		Figura de mérito								Eficiencia (ópt) %		S(eficiencia)		Eficiencia (ópt) %		S(eficiencia)		Eficiencia (ópt) %		S(eficiencia)

																						NaCl		0.4404		0.0085		0.3366		0.0071		21.8946		0.2601

		CP1/H-3		0.5558		3				176		0.4639		0.3872		0.5558						Nitrometano		0.4798		0.0093		0.3367		0.0074		22.8307		0.2715

																						Glicerina		0.4389		0.0088		0.3542		0.0076		22.9293		0.2739

		CP2/H-3		0.3323		46				205		0.3627		0.3962		0.3323						BaCl2		0.4794		0.0091		0.3766		0.0079		21.1097		0.2523

																						Naranja de metilo		0.4818		0.0091		0.3767		0.0077		22.8754		0.2716

		CL/H-3		1429.1		1				175		22.403		0.3512		1429.1						Promedio		0.4641		0.0090		0.3562		0.0076		22.3279		0.2659

		CP1/Cl-36		15977		428				615		44.88		0.1261		15977						Cl-36		Promedio de los blancos:

																						Interferente		CP1				CP2				CL

		CP2/Cl-36		13510		417				647		49328		0.1801		13510								Eficiencia (ópt) %		S(eficiencia)		Eficiencia (ópt) %		S(eficiencia)		Eficiencia (ópt) %		S(eficiencia)

																						NaCl		59.0023		1.2079		62.6961		1.2589		60.7607		1.2345

		CL/Cl-36		13194		502				660		36.964		0.1036		13194						Nitrometano		57.1452		1.2336		65.7618		1.3513		63.2923		1.3255

																						Glicerina		52.7593		1.1268		62.1081		1.2895		61.0211		1.2512

																						BaCl2		58.9564		1.2078		66.9745		1.3156		60.2031		1.2292

																						Naranja de metilo		57.3284		1.1879		66.2543		1.3083		62.6500		1.2607

		Aplicando la ventana óptima (figura de mérito) se calculan las nuevas eficiencias %.																				Promedio		57.0383		1.1928		64.7589		1.3047		61.5854		1.2602

		Sistema

		CP1/H-3		[BaCl2] M		Eficiencia (ópt) %		S(eficiencia %)		SQP		Eff(ópt) %				CP2/H-3		[BaCl2] M		Eficiencia (ópt) %		S(eficiencia %)		SQP		Eficiencia (ópt) %						CL/H-3		[BaCl2] M		Eficiencia (ópt) %		S(eficiencia %)		SQP		Eficiencia (ópt) %				CL/H-3		[BaCl2] M		Eficiencia (ópt) %		S(eficiencia %)		SQP		Eficiencia (ópt) %

				0		0.4641		0.0090		669.33		0.4640629199						0		0.3562		0.0076		740.97		0.3562								0		22.3279		0.2659		739.69		22.3279						0		22.3279		0.2659		739.69		22.3279

				0.3		0.4427		0.0086		674.6		0.4427074151						0.3		0.3951		0.0082		739.99		0.3951								0.05		20.9113		0.2586		753.04		20.9113						0.05		20.9113		0.2586		753.04		20.9113

				0.7		0.4278		0.0084		671.89		0.4278071378						0.7		0.3287		0.0073		736.02		0.3287								0.1		18.2296		0.2260		764.92		18.2296						0.1		18.2296		0.2260		764.92		18.2296

				1.4		0.3508		0.0073		668.15		0.3508104651						1.4		0.3244		0.0074		738.75		0.3244								0.15		16.3424		0.2031		774.86		16.3424						0.15		16.3424		0.2031		774.86		16.3424

																																		0.2		13.2313		0.1652		777		13.2313						0.2		13.2313		0.1652		777		13.2313

																																		0.25		14.1429		0.1763		771.85		14.1429

				Promedio (X)		0.4213										Promedio (X)				0.3511				738.9325		0.3511						Promedio (X)				17.5309				763.5600						Promedio (X)				18.2085				761.9020

				S(X)		0.0493										S(X)				0.0325						0.0325						S(X)				3.6416				14.5557		2.6811				S(X)				3.6239				15.6275		2.6811

		+S				0.4707										+S				0.3836						0.3836						+S				21.1725				778.1157		2.6811				+S				21.8324				777.5295		2.6811

		-S				0.3720										-S				0.3186						0.3186						-S				13.8893				749.0043		-2.6811				-S				14.5846				746.2745		-2.6811

				x		+s				-s								x		+s				-s										x		+s				-s

		0		0.4213		0.4707				0.3720						0		0.3511		0.3836				0.3186								0		17.5309		21.1725				13.8893

		1.4		0.4213		0.4707				0.3720		58.9564		1.2078		1.4		0.3511		0.3836				0.3186								0.25		17.5309		21.1725				13.8893

												57.0423		1.1831

				x		+s				-s		59.7459		1.2242				x		+s				-s										x		+s				-s								x		+s				-s

		667		0.4213		0.4707				0.3720		54.9051		1.1628		728		0.3511		0.3836				0.3186								735		17.5309		21.1725				13.8893						735		18.2085		21.8324				14.5846

		675		0.4213		0.4707				0.3720						741		0.3511		0.3836				0.3186								780		17.5309		21.1725				13.8893						780		18.2085		21.8324				14.5846

		CP1/Cl-36		[BaCl2] M		Eficiencia (ópt) %		S (eficiencia %)		SQP						CP2/Cl-36		[BaCl2] M		Eficiencia (ópt) %		S (eficiencia %)		SQP								CL/Cl-36		[BaCl2] M		Eficiencia (ópt) %		S (eficiencia %)		SQP						CL/Cl-36		[BaCl2] M		Eficiencia (ópt) %		S (eficiencia %)		SQP

				0		57.0383		1.1928		679.25		57.0383						0		64.7589		1.3047		737.61		64.7589								0		61.5854		1.2602		755.02		61.5854						0		61.5854		1.2602		755.02		61.5854

				0.3		57.0423		1.1831		671.97		57.0423						0.3		66.9993		1.3169		729.38		66.9993								0.05		47.2607		1.0540		753.57		47.2607						0.05		47.2607		1.0540		753.57		47.2607

				0.7		59.7459		1.2242		678.45		59.7459						0.7		65.6885		1.3062		736.42		65.6885								0.1		38.2271		0.9226		767.93		38.2271						0.1		38.2271		0.9226		767.93		38.2271

				1.4		54.9051		1.1628		660.36		54.9051						1.4		65.5977		1.3036		724.88		65.5977								0.15		15.9606		0.5548		794.65		15.9606						0.15		15.9606		0.5548		794.65		15.9606

																																		0.2		12.9970		0.4952		792.34		12.9970						0.2		12.9970		0.4952		792.34		12.9970

																																		0.25		16.2944		0.5618		793.04		16.2944

				Promedio (X)		57.1829				672.5075						Promedio (X)				65.7611				732.0725								Promedio (X)				32.0542				776.0917						Promedio (X)				35.2062				772.7020

				S(X)		1.9831				8.7297						S(X)				0.9255				6.0152								S(X)				20.0598				19.5628						S(X)				20.6999				19.8042

				+S		59.1660				681.2372						+S				66.6866				738.0877								+S				52.1141				795.6545						+S				55.9061				792.5062

				-S		55.1998				663.7778						-S				64.8357				726.0573								-S				11.9944				756.5288						-S				14.5063				752.8978

				x		+s				-s								x		+s				-s										x		+s				-s								x		+s		-s

		0		57.1829		59.1660				55.1998						0		65.7611		66.6866				64.8357								0		32.0542		52.1141				11.9944						0		35.2062		55.9061		14.5063

		25		57.1829		59.1660				55.1998						25		65.7611		66.6866				64.8357								0.25		32.0542		52.1141				11.9944						0.25		35.2062		55.9061		14.5063

				x		+s				-s								x		+s				-s										x		+s				-s

		660		57.1829		59.1660				55.1998						722		65.7611		66.6866				64.8357								750		32.0542		52.1141				11.9944						750		35.2062		55.9061		14.5063

		680		57.1829		59.1660				55.1998						740		65.7611		66.6866				64.8357								795		32.0542		52.1141				11.9944						795		35.2062		55.9061		14.5063
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Efficiency % vs. [BaCl2] (M). 
 Particle collision quenching.
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Efficiency % Vs. [BaCl2] (M). 
Particle collision quenching  PS2/H-3.
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Efficiency % vs. SQP. Particle collision quenching.
PS2/H-3. Using BaCl2 0-1.4 M.
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Efficiency % vs. [BaCl2] (M).
 Particle collision quenching. LS/H-3.
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Efficiency % vs. SQP. Particle collision quenching.
LS/H-3. Using BaCl2 0-0.25 M
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Efficiency % vs. [BaCl2] (M). Particle collision quenching. PS1/Cl-36.
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										1.2241873748		1.2241873748
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Efficiency % vs. SQP. Particle collision quenching.
 PS1/Cl-36. Using BaCl2 0-1.4 M.
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Efficiency % vs. [BaCl2] (M). Particle collision quenching. PS2/Cl-36.
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Efficiency % vs. SQP. Particle collision quenching. PS2/Cl-36. Using BaCl2 0-1.4 M.
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Efficiency % vs. SQP. Particle collision quenching. PS1/H-3. Using BaCl2 0-1.4 M.
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Efficiency % vs. [BaCl2] (M). Particle collision quenching. LS/H-3.
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Efficiency % vs. SQP. Particle collision quenching. 
LS/H-3. using BaCl2 0-0.20 M.
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Efficiencia % vs. [BaCl2] M. Particle collision quenching. LS/Cl36.
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Efficiency % vs. SQP. Particle collision quenching. 
LS-Cl36. Using BaCl2 0-25 M.
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Efficiency %

Efficiency % vs. [BaCl2] M. Particle collision quenching. LS/Cl-36



		



x

+s
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Efficiency % vs. SQP. Particle collision quenching. 
LS-Cl36. Using BaCl2 0-0.20 M.





Optical Quenching.
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PS Quenching.

Chemical Quenching  Quenching parameter (SQP)

Colour Quenching  Quenching parameter (SQP)

Particle Quenching  Quenching parameter (density)

Optical Quenching  Constant for a defined measurement conditions
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Direct radionuclide determinations - Calibration



Ciemat- Nist procedure.

Energy distribution spectrum S(E`) that reach PSm: Simulation of particle 
Quenching by Montecarlo.
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Direct Radionuclide determ - Alpha Beta discrimination

Pulse Shape distribution.

Time pulse shape distribution of alpha emitters is longer than beta emitters.
LS alpha >> beta  -- PS alpha > beta.

- Delay depends on 3T concentration.
- PS energy spreads faster by polymeric chains.
- Secondary solvent (Nafthalene, Disopropylnaphtalene) delays signal
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Pulse Shape distribution.
Quantulus detector
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Pulse Shape distribution.
Quantulus detector
PSm: PPO+POPOP+ Naphtalene (120-150 µm) 
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1

Alpha / Beta discrimination

241Am90Sr/90Y
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Pulse Shape distribution.
Triathler detector

PSm(120-150 µm)  PPO+POPOP+ 2g Naphtalene
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Integrating areas: Beta emitter: misclassification < 2% - EFF 90%
Alpha emitter: misclassification 1 % - EFF 25%
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Applications

-Limited use for routine radionuclide determinations.
-Useful for specific determinations.
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Direct Radionuclide determinations - Applications



Applications

High Salty matrices.
LS – phase separation   
PS - stable 
Determination of Radiotracers in oil reservoirs
Institute for Energy Technology (Norway)
Radiotracer: S14CN-

Matrix: NaClO4 conc.
Calibration: colour and particle quenching
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Applications

Continuous detection.
LS – measurement cell: sample + cocktail mixture 

- unstable and reagents consumption, waste generation.
PS – measurement cell : sample +  solid scintillator

- stable – EFF detection

. Chromatographic determinations

. Environmental determination (3H)

Multiple sample analysis.
. Microplates (labelled samples)

Plastic Scintillators, J.F. García, A. Tarancón, H. Bagán LSC2017 Conference, 1-5 May, Copenhague 

25
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Selective Radionuclide determinations - PSresin

Plastic Scintillating resins – Extractive Scintillating resins
. Alpha and Beta spectra distribution + Scintillation 

no selective technique / spectra overlapping.
. PS  solid platform to implement separation procedures

PSm Plastic Scintillating resin (PSresin)

Plastic Scintillators, J.F. García, A. Tarancón, H. Bagán LSC2017 Conference, 1-5 May, Copenhague 

26



Selective Radionuclide determinations - PSresin

Plastic Scintillating resins – Extractive Scintillating resins
. Alpha and Beta spectra distribution + Scintillation 

no selective technique / spectra overlapping.
. PS  solid platform to implement separation procedures

PSm Plastic Scintillating resin (PSresin)
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Selective Radionuclide determinations - PSresin

Plastic Scintillating resins – Extractive Scintillating resins.

. PSresin: separation step + measurement preparation
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PSresin



Selective Radionuclide determinations - PSresin

Plastic Scintillating resins – Extractive Scintillating resins.

. PSresin: separation step + measurement preparation
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. Time reduction

. Reagents and man power reduction

. Waste reduction

. Development in progress

. Cost ?



Selective Radionuclide determinations - PSresin

Preparation approaches.

. Approaches to incorporate the selective capability:

- Immobilization: selective extractant (solvent) coating the PSm or CPS.

- Imprinted polymers: selective cavity on the PSm or CPS

- Covalent bounding: selective extractant bounded on the PSm or CPS surface.
-

Plastic Scintillators, J.F. García, A. Tarancón, H. Bagán LSC2017 Conference, 1-5 May, Copenhague 

30



Selective Radionuclide determ - Applications

Immobilization.

90Sr in Water

Extractant: 4,4'(5')-di-t butylcyclohexane 18-crown-6 1M Octanol
Separation conditions: LiNO3 6 M
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Act (dpm) Act calc (dpm) Error (%)

Drinking water
8.02 8.18 1.94
7.77 7.66 -1.44
7.66 7.54 -1.51

Sea Water
7.88 8.06 2.29
8.00 7.80 -2.56
7.70 8.01 4.09

River Water
7.86 7.84 -0.28
7.75 7.60 -1.94
7.77 7.72 -0.61



Immobilization.

Radiotracer S14CN in oil reservoir.

Extractant: Aliquat 336
Separation conditions: water
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1

N+

Sample
Conductivity 

(mS cm-1)
TOC 

(mg L-1)
Activity (Bq L-1)

PS resin IFE
1 52.1 ± 0.1 13.6 ± 0.3 2.89 ± 0.14 2.98 ± 0.09
2 51.5 ± 0.2 18.4 ± 0.3 2.01 ± 0.04 2.21 ± 0.06
3 50.8 ± 0.2 22.4 ± 0.7 1.00 ± 0.09 1.02 ± 0.07
4 51.3 ± 0.1 39.2 ± 0.6 1.42 ± 0.02 1.36 ± 0.05
5 51.5 ± 0.2 18.4 ± 0.7 2.66 ± 0.08 2.76 ± 0.08

Selective Radionuclide determ - Applications



Immobilization.

99Tc in water and urine.

Extractant: Aliquat 336
Separation conditions: HCl 0.1M
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1

N+

Sample
Activity

(dpm L-1)
Activity Calc

(dpm L-1)
Error
(%)

Sea Water 24,3 23,0 -5,3

Sea Water 24,3 25,1 3,3

Sea Water 24,2 22,8 -6,2

Urine 0,43 0.44 2,4

Urine 0,46 0,42 -6.5

Selective Radionuclide determ - Applications



Immobilization.

210Pb in water.
Extractant: 4,4'(5')-di-t butylcyclohexane 18-crown-6 1M Octanol
Separation conditions: HNO3 2M
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1

Sample
Activity 

(dpm/mL)
Activity Calc 
(dpm/mL)

Deviation 
(%)

Ebro river 10,1 10,8 -7,0
10,1 11,0 -9,2
10,1 9,8 3,6

Subterranean 
water

10,9 11,7 -7,0
11,4 11,4 0,2
11,4 11,8 -4,1

Congost river 11,0 11,4 -4,2
10,4 10,7 -3,3
11,4 11,3 0,7

Selective Radionuclide determ - Applications



Imprinted.

Synthesis in presence of a template.
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Selective Radionuclide determinations

polymerization rinse

-Selectivity based on steric impediment
- No breakthrough volume
- Use of generic extractants

In progress: PSresin 63Ni



Imprinted.

Synthesis in absence of template.

Polymer Free Volume – Porosity
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Selective Radionuclide determinations

PSm PSm-Porous

SEM



Imprinted.

Synthesis in absence of template.

37

Selective Radionuclide determinations

In progress: 222Rn

SEM

AFM

PSm PSm-Porous
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Covalent Bounding.

Selective extractant bounded on the PS surface.
- No breakthrough volume

Studies in progress:
- CPS  - 233U 
- CPS – 63Ni
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Selective Radionuclide determinations



Automation.

-Routine analysis improves by using automated systems.
- Inclusion of PSresin cartridges fits this approach

Plastic Scintillators, J.F. García, A. Tarancón, H. Bagán LSC2017 Conference, 1-5 May, Copenhague 

39
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Summary.

- Alpha and Beta emitters can be determined by PS (Low beta 
emitters)

- Calibration by using Quenching Parameters

- Alpha/ Beta discrimination is possible.

- Selective determinations are possible

- Selective Plastic Scintillating Resins.
. Procedures of extractant incorporation
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Summary and Future challenges.



Future challenges.
- Selective Plastic Scintillating Resins.

. Procedures of extractant incorporation

. Controlled porous materials

- New Plastic Scintillating formats.
. Foils

. Monolites

- Automation.

- New application fields.
. Routine control
. Medical
. Decommissioning
. Emergency situation
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Summary and Future challenges.



2nd International Workshop on Plastic Scintillation in Practice
Barcelona, Spring 2018

Thanks for your attention.
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Plastic Scintillators and related analytical proposals

José F. García, Alex Tarancón, Héctor Bagán
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