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Abstracts: This work represents a modern tool for neutron flux monitoring. The method based on the effect of the neutron field on the stress of the stainless steel materials. The neutron hardening effect on stainless steel foils were reported using the Vickers hardness test in air at room temperature. Am-Be neutron facility was used for the sample irradiation in thermal mode. The result was normalized with HPGe 70% detector using Indium foils as neutron flux monitoring. The method can be used successfully for different nuclear reaction laboratories.
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1.Introduction
Monitoring the neutron flux is very important for all activation experiments. The foil activation technique(1) has been found to be one of the most convenient methods for the measurement of neutron. Foil activation is widely used method to determine the neutron flux at different locations around the irradiation facility. This method is based on recovering information about neutrons by registering the products of induced reactions on selected materials(2). However, this activation technique needs very elaborate and expensive gamma spectroscopy system for measurement of the produced photons of activated nuclei. In addition, it needs a cautious and tedious work for the analysis of gamma spectra. Therefore, measurement of mechanical properties of neutron sensitive materials(3) may provide an easier and less expensive method for flux monitoring.

This work aims to explore the suitability of hardness test of stainless steel foils as an alternative method for thermal neutron flux monitoring.

2.Material and methods

In the current study, two Am-Be isotopic neutron sources were used. Am activity is 5 Ci/source. The neutron irradiation setup is illustrated schematically in figure (1). Irradiation chamber consists of aluminum tube located between the two Am-Be sources, inside a cylinder of paraffin wax of 58 cm diameter.

High purity Indium and stainless steel foils were used for flux monitoring. Five foils of each type were separated by 1cm of paraffin wax and arranged in a stack as illustrated in figure (1). The stack was separated from the bottom of the irradiation chamber by 10 cm paraffin wax.

The spectra of the emissions of the radioactive samples were measured using a high resolution ORTEC hyper-pure germanium (HPGe) detector of volume 100 cc and efficiency of 70 %. A cylindrical lead-shield of 5 cm thickness, which contains inner concentric thin cylinders of Cu with a thickness of 5 mm, was used to shield the detector and to reduce the effect of background radiation.

Standard gamma sources, of 22Na, 60Co, 133Ba, 137Cs and 152Eu, were used for both energy and efficiency calibrations of the system.
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Fig. (1): The layout of Am-Be neutron irradiation facility used in this work(4-6).
The technique used in this work to analyze the stainless steel samples; was Optical Emission Spectrometry (OES).

The optical emission spectrometry (OES) offers a simple, fast, accurate, and precise method for simultaneous determination of multiple trace elements of solid metallic sample (7). With the help of rotor (1200 revolutions/minute) samples were polished using alumina emery paper of grade 120. OES utilizes a high-energy spark created across an argon-filled gap between an electrode and a sample of the material to be analyzed. A very pure argon gas was used in a flashing mode to isolate the sample from air. The spark creates an emission of radiation from the excited sample surface with wavelengths characteristic of the elemental composition. Two spark stages were used; a pre-spark stage for confirming surface cleaning and a final spark stage for analysis. Different sets of standards were prepared for calibration of the system. The obtained spectrum of radiation is separated into the distinct element-lines and the peak area of each line is measured. The background was taken into account.

Table (1) represents the elemental concentration of five (S1-S5) stainless-steel samples used in this investigation. The major average elements are iron (65-71 %)chromium (12-16%), nickel (7-9%) and other traces.

Table (1): High concentration elementals analysis of used stainless-steel samples using OES.

	Element
	S1
	S2
	S3
	S4
	S5

	Fe
	69.71
	65.29
	71.48
	66.50
	70.30

	Cr
	15.71
	14.71
	16.71
	12.70
	13.70

	Ni
	8.81
	7.86
	8.23
	9.13
	7.83

	Ti
	1.49
	1.32
	1.61
	1.42
	1.83


       The hardness tests are roughly classified into three types; the indentation hardness test, the dynamic hardness test and the scratch hardness test. The indentation hardness test is most commonly used today. This test penetrates a permanent deformation of the test piece surface using an indenter of diamond or other rigid body and determines the hardness of the test piece based on the load used to generate the deformation as well as its dimension.
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Fig. (2): Vickers hardness test scheme.
The hardness test was performed with the microhardness tester, with capability of performing Vickers hardness test (Figure 2). The Vickers indenter is diamond in the form of a right pyramid with a square base having the angle between the opposite face at the vertex of 136º±30º. The unit of hardness given by the test is known as the Vickers Pyramid Number (HV) or Diamond Pyramid Hardness (DPH). The HV number is determined by the ratio F/A where F is the force applied to the diamond in kilograms-force and A is the surface area of the resulting indentation in square millimeters. The hardness number then is converted into units of Pascals or Newton/m2, using hardness conversion table.

The microhardness measurements were carried out using a Schimadzu Microhardness tester with a Vickers diamond pyramid indenter of 136º. The Vickers hardness test was performed on the stainless steel foils in air at room temperature. The indentation were carried out using 2000 gm load at a fixed loading time of 5 seconds for both irradiated and non-irradiated samples. The indentations were made on different locations on the surface for the samples (at least three times for each sample).

The diamond Vickers microhardness is playing a direct practical importance for qualitative and quantitative evaluation of the revealed change of stain steel abrasion resistance and/or scratchability as a result of neutron irradiation.

3.Results and discussion

The gamma spectra of the indium foils (see example spectrum in figure (3)) show a strong and distinct gamma lines of In-116m, which indicates that a reliable flux data can be extracted from such measurements. On the other side Mn-56 exhibits a single and weak gamma line, which indicates that the calculated neutron flux will be not fully reliable with much statistical fluctuation.
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Fig.(3): Gamma spectrum of activated indium foil measured using 70% HPGe.
Figure (4) shows variation of the neutron flux according to the position of monitoring foil in the irradiation chamber as measured by activation of indium and stainless steel foils, through 115In (n,g)116mIn and 55Mn(n,g)56Mn reactions. It reveals that the neutron distribution is not homogenous throughout the irradiation volume.
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Fig.(4): Represent thermal neutron flux distribution in the irradiation chamber.
Also, figure (4) indicates that the response of 115In and 55Mn is different regarding to the position of the foils. This response is expected owing to the difference in the neutron spectrum throughout the irradiation volume and the cross section dependencies of both isotopes. 115In thermal neutron capture cross section is 202±2 barns, whereas the 55Mn is 13.36±0.1 barns. 115In resonance integral is 3300±100 barns over energy range.0001 to 1 keV, whereas the 55Mn is 14.0±0.3 barns over energy range 0.1 to 100 keV (8). These data explains the fast drop in the 55Mn measured flux at top positions of the foils, where the neutrons of energy around 100 keV becomes depleted in comparison to neutrons of energy below 1 keV that contributed to the resonance integral of 115In.

In addition, figure (4) shows that the measured hardness of stainless steel foils changes with the position inside irradiation chamber, in a manner corresponding to the neutron flux.

The relation between the change of the measured diamond microhardness and the materials irradiation is represented in figure (5). The relation shows a uniform and gradual increase of hardness with the increase in neutron flux, which can be described by second order polynomial regression. The thermal neutron flux can be calculated through the relation (Figure 6):
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Fig.(5): Represent the relation between the flux and the hardness of stainless steel foils.
( = A (4x10-10 H 2 – 8x10-6 H + 0.0462) / 100
where ( in the neutron flux (neutrons/cm2/s), A is a scaling factor characteristic for the source configuration (in current study = 1.5 X 104 neutrons/cm2/s), H is the Vickers diamond microhardness (Newton/m2).
Figure (7) presents another alternatives to the Vickers diamond microhardness to flux conversion relations. However, the data based on 55Mn reaction is not fully reliable as discussed before, due to low cross section and the weak gamma line. Therefore, the high fluctuation of 55Mn conversion factor is expected. The data fluctuation is directly affect the goodness of polynomial regression as indicated by the coefficient of determination (R2). R2 compares regression and actual values, and ranges from Zero to ONE If it is ONE, there is a perfect correlation. At the other extreme, if the coefficient of determination is ZERO, the regression equation is not helpful in predicting the conversion factor(.9,10).
Further more for accumulated neutron dose monitoring a foil of S.S were irradiated in the period (1- 7 days). The results can represented by quadratic equation and figure (8), show the trend of this process.
The interaction of neutron beam with stainless steel mainly produces electronic ionization and direct displacement of atoms. Regarding the neutron flux effect on microstructure, the dislocation loop density was reported to increase with increasing neutron flux, and mean diameter had hardly any dependence on neutron flux. The neutron flux dependence of dislocation loop density could be said to be the main factor controlling irradiation hardening under irradiation conditions (11-12)  
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Fig.(6): Represent the stainless steel hardness to flux conversion constant based on the 115In neutron flux.
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Fig.(7): Represent the stainless steel hardness to flux conversion constant based on the 55Mn neutron flux.
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Fig.(8): Represent neutron Flux dependence of hardness increment
Conclusion

The golden goal for this article is to fiend a modern neutron flux monitor method.

The proposed work used a simple off line stress measurement. The proposed tool can well describe the neutron flux intensity at different nuclear reaction positions using thermal neutron gained from Am-Be neutron source. we introduce the method to the field of neutron reactions and neutron therapy to help as accurate, simple, not expensive and safe tool comparing with other technique.
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_1427402213.xls
ActivationData

		Neutron Flux Measurement through Activation of Indium & Stainless Steel

				Half-Life		Decay Const.

				( m )		( 1/ h )

		In-116m		54.29		0.7660495641

		Mn-56		154.71		0.2688179874

		Sample		Weight		Neutron Irradiation				Gamma Measurement				Irradiation time		Cooling time		Measurenmt time		Measured Activitty		Activity Error		Activity Error		Reaction Rate		Flux * CrossSec. * Constant		Relative Flux

		nat. Indium		gm		Start		Stop		Start		Stop		h		h		h		In-116m ( Bq )		( Bq )		( % )		(React./Hour)				%

		1		0.5037		10:55:00		16:55:00		16:57:00		16:58:30		6:00:00		0:02:00		0:01:30		27.69		8.616		31.1159263272		152740.969917682		303237.978792301		100

		2		0.4987						17:12:00		17:13:30				0:17:00		0:01:30		18.81		5.862		31.1642743222		104589.218076095		209723.717818519		69.1614284773

		3		0.5274						17:28:00		17:29:30				0:33:00		0:01:30		23.58		7.346		31.1535199321		132232.585346851		250725.417798353		82.6827229217

		4		0.5282						17:44:00		17:45:30				0:49:00		0:01:30		23.65		7.374		31.1797040169		133758.81149234		253235.159962779		83.5103706242

		5		0.5238						17:59:00		18:00:30				1:04:00		0:01:30		19.91		6.238		31.3309894525		113508.412148398		216701.817770902		71.462624383

		Stainless Steel																		Mn-56 ( Bq )

		1		6.0142		10:55:00		16:55:00		16:57:00		16:58:30		6:00:00		0:02:00		0:01:30		4.769		2.125		44.5586076746		70474.9407129079		11718.0906376422		100

		2		6.0937						17:12:00		17:13:30				0:17:00		0:01:30		4.345		1.779		40.9436133487		64389.2376893689		10566.525705133		90.1727596405

		3		6.4675						17:28:00		17:29:30				0:33:00		0:01:30		4.934		1.895		38.4069720308		73336.4405876778		11339.2254484233		96.7668351361

		4		5.7101						17:44:00		17:45:30				0:49:00		0:01:30		3.852		1.774		46.0539979232		57425.4147373192		10056.814195429		85.8229766812

		5		5.8317						17:59:00		18:00:30				1:04:00		0:01:30		2.735		1.483		54.2230347349		40887.5698046247		7011.2608338263		59.8327923092





HardnessData

		Hardness Measurement

				Hardness Measurement  :				Load    =		2000		gm

								Time     =		5		sec

						Measured		Measured		Standard Deviation		Measured		St. Dev.				Error		Flux / Hardnes		Flux / dH

		Sample		Sample Position		Relative Flux		Hardness		Hardness		Hardness		Hardness		dH		dH		(In-116m flux)		(In-116m flux)

						In-116m flux		N / m2		N / m2		N / m2		N / m2		N / m2		N / m2		Conversion Factor		Conversion Factor

		nat. Indium		cm		%		Before Irradiation				After Irradiation

		1		10		100														0.0140167266		0.0183576062

		2		11		69.1614284773														0.0291779335		0.0751210302

		3		12		82.6827229217														0.0260063083		0.0528436661

		4		13		83.5103706242														0.0295821362		0.0709920974

		5		14		71.462624383														0.0323604337		0.0778742728

																				Flux / Hardnes		Flux / dH

		Stainless Steel				Mn-56 flux														( Mn-56 flux)		( Mn-56 flux)

		1		10		100		1687		224.6664193866		7134.3333333333		925.5065279799		5447.3333333333		952.3850761815		0.0140167266		0.0183576062

		2		11		90.1727596405		1449.6666666667		103.7127443149		2370.3333333333		369.0492288751		920.6666666667		383.3453621301		0.0380422274		0.0979428961

		3		12		96.7668351361		1614.6666666667		176.5002360716		3179.3333333333		486.4116911972		1564.6666666667		517.4443609381		0.0304362031		0.0618450161

		4		13		85.8229766812		1646.6666666667		63.7913264742		2823		358.8579105997		1176.3333333333		364.4836530399		0.0304013378		0.072958042

		5		14		59.8327923092		1290.6666666667		231.9489886448		2208.3333333333		303.4309366781		917.6666666667		381.9301855924		0.0270940946		0.0652010087

		Stainless Steel				Mn-56 flux

		1		10		100		1872				7949

								1437				7326

								1752				6128

		2		11		90.1727596405		1442				1977

								1557				2709

								1350				2425

		3		12		96.7668351361		1630				3577

								1783				2637

								1431				3324

		4		13		85.8229766812		1576				3080

								1700				2413

								1664				2976

		5		14		59.8327923092		1133				1896

								1182				2227

								1557				2502





HardnessData-T

		Hardness Measurement

				Hardness Measurement  :		Load    =		2000

						Time     =		5

				Irradiation		Measured		Standard Deviation				Error

		Sample		Time		Hardness		Hardness		dH		dH

				d		N / m2		N / m2		N / m2		N / m2

		Stainless Steel

		1		0.04		1785.6666666667		18.4752086141		0		26.1278905897

		1		1		3062		62.3618473107		1276.3333333333		65.0410127022

		1		2		4491.6666666667		250.8990500846		2706		251.5783509499

		1		7		7511.6666666667		203.5739014052		5726		204.4105346274

		Stainless Steel

		1		0		1775

						1807

						1775

		1		1		3025

						3027

						3134

		1		2		4697

						4566

						4212

		1		7		7593

						7662

						7280





Position

		10		10		10		10		925.5065279799		925.5065279799		952.3850761815		952.3850761815

		11		11		11		11		369.0492288751		369.0492288751		383.3453621301		383.3453621301

		12		12		12		12		486.4116911972		486.4116911972		517.4443609381		517.4443609381

		13		13		13		13		358.8579105997		358.8579105997		364.4836530399		364.4836530399

		14		14		14		14		303.4309366781		303.4309366781		381.9301855924		381.9301855924



In-116m flux

Mn-56 flux

Hardness

dH

Position ( cm )

Relative Flux ( % )

Hardness ( N / m2 )

100

100

7134.3333333333

5447.3333333333

69.1614284773

90.1727596405

2370.3333333333

920.6666666667

82.6827229217

96.7668351361

3179.3333333333

1564.6666666667

83.5103706242

85.8229766812

2823

1176.3333333333

71.462624383

59.8327923092

2208.3333333333

917.6666666667



Flux

		100		100		952.3850761815		952.3850761815		925.5065279799		925.5065279799

		69.1614284773		69.1614284773		383.3453621301		383.3453621301		369.0492288751		369.0492288751

		82.6827229217		82.6827229217		517.4443609381		517.4443609381		486.4116911972		486.4116911972

		83.5103706242		83.5103706242		364.4836530399		364.4836530399		358.8579105997		358.8579105997

		71.462624383		71.462624383		381.9301855924		381.9301855924		303.4309366781		303.4309366781



Absolute Hardness

Relative  Hardness

In-116m flux

In-116m flux

Relative Flux ( % )

Hardness ( N / m2 )

5447.3333333333

7134.3333333333

920.6666666667

2370.3333333333

1564.6666666667

3179.3333333333

1176.3333333333

2823

917.6666666667

2208.3333333333



Time

		0.04		952.3850761815		952.3850761815

		1		383.3453621301		383.3453621301

		2		517.4443609381		517.4443609381

		7		364.4836530399		364.4836530399



Hardness

Irradiation Time ( days )

Hardness ( N / m2 )

1785.6666666667

3062

4491.6666666667

7511.6666666667



ConversionFactor-Position

		10		10		10		10

		11		11		11		11

		12		12		12		12

		13		13		13		13

		14		14		14		14



Flux / Hardnes (In-116m flux)

Flux / dH          (In-116m flux)

Flux / Hardnes ( Mn-56 flux)

Flux / dH          ( Mn-56 flux)

Position ( cm )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0140167266

0.0183576062

0.0291779335

0.0751210302

0.0380422274

0.0979428961

0.0260063083

0.0528436661

0.0304362031

0.0618450161

0.0295821362

0.0709920974

0.0304013378

0.072958042

0.0323604337

0.0778742728

0.0270940946

0.0652010087



ConversionFactor-In-H

		7134.3333333333		7134.3333333333

		2370.3333333333		2370.3333333333

		3179.3333333333		3179.3333333333

		2823		2823

		2208.3333333333		2208.3333333333



Flux / Hardnes (In-116m flux)

Flux / dH          (In-116m flux)

Hardness ( N/m2 )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0291779335

0.0751210302

0.0260063083

0.0528436661

0.0295821362

0.0709920974

0.0323604337

0.0778742728



ConversionFactor-Mn-H

		7134.3333333333		7134.3333333333

		2370.3333333333		2370.3333333333

		3179.3333333333		3179.3333333333

		2823		2823

		2208.3333333333		2208.3333333333



Flux / Hardnes ( Mn-56 flux)

Flux / dH          ( Mn-56 flux)

Hardness ( N/m2 )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0380422274

0.0979428961

0.0304362031

0.0618450161

0.0304013378

0.072958042

0.0270940946

0.0652010087



ConversionFactor-InFlux

		100		100

		69.1614284773		69.1614284773

		82.6827229217		82.6827229217

		83.5103706242		83.5103706242

		71.462624383		71.462624383



Flux / Hardnes (In-116m flux)

Flux / dH          (In-116m flux)

Relative Flux (%)

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0291779335

0.0751210302

0.0260063083

0.0528436661

0.0295821362

0.0709920974

0.0323604337

0.0778742728



ConversionFactor-MnFlux

		100		100

		90.1727596405		90.1727596405

		96.7668351361		96.7668351361

		85.8229766812		85.8229766812

		59.8327923092		59.8327923092



Flux / Hardnes ( Mn-56 flux)

Flux / dH          ( Mn-56 flux)

Relative Flux ( % )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0380422274

0.0979428961

0.0304362031

0.0618450161

0.0304013378

0.072958042

0.0270940946

0.0652010087




_1427402460.xls
ActivationData

		Neutron Flux Measurement through Activation of Indium & Stainless Steel

				Half-Life		Decay Const.

				( m )		( 1/ h )

		In-116m		54.29		0.7660495641

		Mn-56		154.71		0.2688179874

		Sample		Weight		Neutron Irradiation				Gamma Measurement				Irradiation time		Cooling time		Measurenmt time		Measured Activitty		Activity Error		Activity Error		Reaction Rate		Flux * CrossSec. * Constant		Relative Flux

		nat. Indium		gm		Start		Stop		Start		Stop		h		h		h		In-116m ( Bq )		( Bq )		( % )		(React./Hour)				%

		1		0.5037		10:55:00		16:55:00		16:57:00		16:58:30		6:00:00		0:02:00		0:01:30		27.69		8.616		31.1159263272		152740.969917682		303237.978792301		100

		2		0.4987						17:12:00		17:13:30				0:17:00		0:01:30		18.81		5.862		31.1642743222		104589.218076095		209723.717818519		69.1614284773

		3		0.5274						17:28:00		17:29:30				0:33:00		0:01:30		23.58		7.346		31.1535199321		132232.585346851		250725.417798353		82.6827229217

		4		0.5282						17:44:00		17:45:30				0:49:00		0:01:30		23.65		7.374		31.1797040169		133758.81149234		253235.159962779		83.5103706242

		5		0.5238						17:59:00		18:00:30				1:04:00		0:01:30		19.91		6.238		31.3309894525		113508.412148398		216701.817770902		71.462624383

		Stainless Steel																		Mn-56 ( Bq )

		1		6.0142		10:55:00		16:55:00		16:57:00		16:58:30		6:00:00		0:02:00		0:01:30		4.769		2.125		44.5586076746		70474.9407129079		11718.0906376422		100

		2		6.0937						17:12:00		17:13:30				0:17:00		0:01:30		4.345		1.779		40.9436133487		64389.2376893689		10566.525705133		90.1727596405

		3		6.4675						17:28:00		17:29:30				0:33:00		0:01:30		4.934		1.895		38.4069720308		73336.4405876778		11339.2254484233		96.7668351361

		4		5.7101						17:44:00		17:45:30				0:49:00		0:01:30		3.852		1.774		46.0539979232		57425.4147373192		10056.814195429		85.8229766812

		5		5.8317						17:59:00		18:00:30				1:04:00		0:01:30		2.735		1.483		54.2230347349		40887.5698046247		7011.2608338263		59.8327923092





HardnessData

		Hardness Measurement

				Hardness Measurement  :				Load    =		2000		gm

								Time     =		5		sec

						Measured		Measured		Standard Deviation		Measured		St. Dev.				Error		Flux / Hardnes		Flux / dH

		Sample		Sample Position		Relative Flux		Hardness		Hardness		Hardness		Hardness		dH		dH		(In-116m flux)		(In-116m flux)

						In-116m flux		N / m2		N / m2		N / m2		N / m2		N / m2		N / m2		Conversion Factor		Conversion Factor

		nat. Indium		cm		%		Before Irradiation				After Irradiation

		1		10		100														0.0140167266		0.0183576062

		2		11		69.1614284773														0.0291779335		0.0751210302

		3		12		82.6827229217														0.0260063083		0.0528436661

		4		13		83.5103706242														0.0295821362		0.0709920974

		5		14		71.462624383														0.0323604337		0.0778742728

																				Flux / Hardnes		Flux / dH

		Stainless Steel				Mn-56 flux														( Mn-56 flux)		( Mn-56 flux)

		1		10		100		1687		224.6664193866		7134.3333333333		925.5065279799		5447.3333333333		952.3850761815		0.0140167266		0.0183576062

		2		11		90.1727596405		1449.6666666667		103.7127443149		2370.3333333333		369.0492288751		920.6666666667		383.3453621301		0.0380422274		0.0979428961

		3		12		96.7668351361		1614.6666666667		176.5002360716		3179.3333333333		486.4116911972		1564.6666666667		517.4443609381		0.0304362031		0.0618450161

		4		13		85.8229766812		1646.6666666667		63.7913264742		2823		358.8579105997		1176.3333333333		364.4836530399		0.0304013378		0.072958042

		5		14		59.8327923092		1290.6666666667		231.9489886448		2208.3333333333		303.4309366781		917.6666666667		381.9301855924		0.0270940946		0.0652010087

		Stainless Steel				Mn-56 flux

		1		10		100		1872				7949

								1437				7326

								1752				6128

		2		11		90.1727596405		1442				1977

								1557				2709

								1350				2425

		3		12		96.7668351361		1630				3577

								1783				2637

								1431				3324

		4		13		85.8229766812		1576				3080

								1700				2413

								1664				2976

		5		14		59.8327923092		1133				1896

								1182				2227

								1557				2502





HardnessData-T

		Hardness Measurement

				Hardness Measurement  :		Load    =		2000

						Time     =		5

				Irradiation		Measured		Standard Deviation				Error

		Sample		Time		Hardness		Hardness		dH		dH

				d		N / m2		N / m2		N / m2		N / m2

		Stainless Steel

		1		0.04		1785.6666666667		18.4752086141		0		26.1278905897

		1		1		3062		62.3618473107		1276.3333333333		65.0410127022

		1		2		4491.6666666667		250.8990500846		2706		251.5783509499

		1		7		7511.6666666667		203.5739014052		5726		204.4105346274

		Stainless Steel

		1		0		1775

						1807

						1775

		1		1		3025

						3027

						3134

		1		2		4697

						4566

						4212

		1		7		7593

						7662

						7280





Position

		10		10		10		10		925.5065279799		925.5065279799		952.3850761815		952.3850761815

		11		11		11		11		369.0492288751		369.0492288751		383.3453621301		383.3453621301

		12		12		12		12		486.4116911972		486.4116911972		517.4443609381		517.4443609381

		13		13		13		13		358.8579105997		358.8579105997		364.4836530399		364.4836530399

		14		14		14		14		303.4309366781		303.4309366781		381.9301855924		381.9301855924



In-116m flux

Mn-56 flux

Hardness

dH

Position ( cm )

Relative Flux ( % )

Hardness ( N / m2 )

100

100

7134.3333333333

5447.3333333333

69.1614284773

90.1727596405

2370.3333333333

920.6666666667

82.6827229217

96.7668351361

3179.3333333333

1564.6666666667

83.5103706242

85.8229766812

2823

1176.3333333333

71.462624383

59.8327923092

2208.3333333333

917.6666666667



Flux

		100		100		952.3850761815		952.3850761815		925.5065279799		925.5065279799

		69.1614284773		69.1614284773		383.3453621301		383.3453621301		369.0492288751		369.0492288751

		82.6827229217		82.6827229217		517.4443609381		517.4443609381		486.4116911972		486.4116911972

		83.5103706242		83.5103706242		364.4836530399		364.4836530399		358.8579105997		358.8579105997

		71.462624383		71.462624383		381.9301855924		381.9301855924		303.4309366781		303.4309366781



Absolute Hardness

Relative  Hardness

In-116m flux

In-116m flux

Relative Flux ( % )

Hardness ( N / m2 )

5447.3333333333

7134.3333333333

920.6666666667

2370.3333333333

1564.6666666667

3179.3333333333

1176.3333333333

2823

917.6666666667

2208.3333333333



Time

		0.04		952.3850761815		952.3850761815

		1		383.3453621301		383.3453621301

		2		517.4443609381		517.4443609381

		7		364.4836530399		364.4836530399



Hardness

Irradiation Time ( days )

Hardness ( N / m2 )

1785.6666666667

3062

4491.6666666667

7511.6666666667



ConversionFactor-Position

		10		10		10		10

		11		11		11		11

		12		12		12		12

		13		13		13		13

		14		14		14		14



Flux / Hardnes (In-116m flux)

Flux / dH          (In-116m flux)

Flux / Hardnes ( Mn-56 flux)

Flux / dH          ( Mn-56 flux)

Position ( cm )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0140167266

0.0183576062

0.0291779335

0.0751210302

0.0380422274

0.0979428961

0.0260063083

0.0528436661

0.0304362031

0.0618450161

0.0295821362

0.0709920974

0.0304013378

0.072958042

0.0323604337

0.0778742728

0.0270940946

0.0652010087



ConversionFactor-In-H

		7134.3333333333		7134.3333333333

		2370.3333333333		2370.3333333333

		3179.3333333333		3179.3333333333

		2823		2823

		2208.3333333333		2208.3333333333



Flux / Hardnes (In-116m flux)

Flux / dH          (In-116m flux)

Hardness ( N/m2 )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0291779335

0.0751210302

0.0260063083

0.0528436661

0.0295821362

0.0709920974

0.0323604337

0.0778742728



ConversionFactor-Mn-H

		7134.3333333333		7134.3333333333

		2370.3333333333		2370.3333333333

		3179.3333333333		3179.3333333333

		2823		2823

		2208.3333333333		2208.3333333333



Flux / Hardnes ( Mn-56 flux)

Flux / dH          ( Mn-56 flux)

Hardness ( N/m2 )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0380422274

0.0979428961

0.0304362031

0.0618450161

0.0304013378

0.072958042

0.0270940946

0.0652010087



ConversionFactor-InFlux

		100		100

		69.1614284773		69.1614284773

		82.6827229217		82.6827229217

		83.5103706242		83.5103706242

		71.462624383		71.462624383



Flux / Hardnes (In-116m flux)

Flux / dH          (In-116m flux)

Relative Flux (%)

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0291779335

0.0751210302

0.0260063083

0.0528436661

0.0295821362

0.0709920974

0.0323604337

0.0778742728



ConversionFactor-MnFlux

		100		100

		90.1727596405		90.1727596405

		96.7668351361		96.7668351361

		85.8229766812		85.8229766812

		59.8327923092		59.8327923092



Flux / Hardnes ( Mn-56 flux)

Flux / dH          ( Mn-56 flux)

Relative Flux ( % )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0380422274

0.0979428961

0.0304362031

0.0618450161

0.0304013378

0.072958042

0.0270940946

0.0652010087




_1423416929.bin

_1424634406.xls
ActivationData

		Neutron Flux Measurement through Activation of Indium & Stainless Steel

				Half-Life		Decay Const.

				( m )		( 1/ h )

		In-116m		54.29		0.7660495641

		Mn-56		154.71		0.2688179874

		Sample		Weight		Neutron Irradiation				Gamma Measurement				Irradiation time		Cooling time		Measurenmt time		Measured Activitty		Activity Error		Activity Error		Reaction Rate		Flux * CrossSec. * Constant		Relative Flux

		nat. Indium		gm		Start		Stop		Start		Stop		h		h		h		In-116m ( Bq )		( Bq )		( % )		(React./Hour)				%

		1		0.5037		10:55:00		16:55:00		16:57:00		16:58:30		6:00:00		0:02:00		0:01:30		6504		72.78		1.11900369		35876752.1973493		71226428.8214201		100

		2		0.4987						17:12:00		17:13:30				0:17:00		0:01:30		4413		64.32		1.4575118967		24537598.0526214		49203124.2282363		69.079869709

		3		0.5274						17:28:00		17:29:30				0:33:00		0:01:30		5530		80.27		1.4515370705		31011289.0995796		58800320.6287062		82.5540766281

		4		0.5282						17:44:00		17:45:30				0:49:00		0:01:30		5546		89.48		1.6134150739		31366865.4772312		59384448.0826035		83.3741759418

		5		0.5238						17:59:00		18:00:30				1:04:00		0:01:30		4676		91.28		1.9520958084		26658228.7898499		50893907.5789421		71.453684287

		Stainless Steel																		Mn-56 ( Bq )

		1		6.0142		10:55:00		16:55:00		16:57:00		16:58:30		6:00:00		0:02:00		0:01:30		30.87		10.93		35.4065435698		456188.177774684		75851.8469247255		100

		2		6.0937						17:12:00		17:13:30				0:17:00		0:01:30		28.12		8.645		30.7432432432		416714.698233614		68384.5115830471		90.1553678065

		3		6.4675						17:28:00		17:29:30				0:33:00		0:01:30		31.92		8.706		27.2744360902		474442.477413594		73357.9400716806		96.7121343063

		4		5.7101						17:44:00		17:45:30				0:49:00		0:01:30		24.92		9.292		37.2873194222		371506.057957943		65061.2174844474		85.7740715912

		5		5.8317						17:59:00		18:00:30				1:04:00		0:01:30		17.69		8.32		47.0322215941		264461.100491338		45348.8863438343		59.7861333407





HardnessData

		Hardness Measurement

				Hardness Measurement  :				Load    =		2000		gm

								Time     =		5		sec

						Measured		Measured		Standard Deviation		Measured		St. Dev.				Error		Flux / Hardnes		Flux / dH

		Sample		Sample Position		Relative Flux		Hardness		Hardness		Hardness		Hardness		dH		dH		(In-116m flux)		(In-116m flux)

						In-116m flux		N / m2		N / m2		N / m2		N / m2		N / m2		N / m2		Conversion Factor		Conversion Factor

		nat. Indium		cm		%		Before Irradiation				After Irradiation

		1		10		100														0.0140167266		0.0183576062

		2		11		69.079869709														0.0291435254		0.0750324436

		3		12		82.5540766281														0.025965845		0.0527614465

		4		13		83.3741759418														0.0295338916		0.0708763185

		5		14		71.453684287														0.0323563853		0.0778645306

																				Flux / Hardnes		Flux / dH

		Stainless Steel				Mn-56 flux														( Mn-56 flux)		( Mn-56 flux)

		1		10		100		1687		224.6664193866		7134.3333333333		925.5065279799		5447.3333333333		952.3850761815		0.0140167266		0.0183576062

		2		11		90.1553678065		1449.6666666667		103.7127443149		2370.3333333333		369.0492288751		920.6666666667		383.3453621301		0.0380348901		0.0979240056

		3		12		96.7121343063		1614.6666666667		176.5002360716		3179.3333333333		486.4116911972		1564.6666666667		517.4443609381		0.030418998		0.061810056

		4		13		85.7740715912		1646.6666666667		63.7913264742		2823		358.8579105997		1176.3333333333		364.4836530399		0.030384014		0.0729164678

		5		14		59.7861333407		1290.6666666667		231.9489886448		2208.3333333333		303.4309366781		917.6666666667		381.9301855924		0.027072966		0.0651501635

		Stainless Steel

		1		10				1872				7949

								1437				7326

								1752				6128

		2		11				1442				1977

								1557				2709

								1350				2425

		3		12				1630				3577

								1783				2637

								1431				3324

		4		13				1576				3080

								1700				2413

								1664				2976

		5		14				1133				1896

								1182				2227

								1557				2502





HardnessData-T

		Hardness Measurement

				Hardness Measurement  :		Load    =		2000

						Time     =		5

				Irradiation		Measured		Standard Deviation				Error

		Sample		Time		Hardness		Hardness		dH		dH

				d		N / m2		N / m2		N / m2		N / m2

		Stainless Steel

		1		0.04		1785.6666666667		18.4752086141		0		26.1278905897

		1		1		3062		62.3618473107		1276.3333333333		65.0410127022

		1		2		4491.6666666667		250.8990500846		2706		251.5783509499

		1		7		7511.6666666667		203.5739014052		5726		204.4105346274

		Stainless Steel

		1		0		1775

						1807

						1775

		1		1		3025

						3027

						3134

		1		2		4697

						4566

						4212

		1		7		7593

						7662

						7280





Position

		10		10		10		10		925.5065279799		925.5065279799		952.3850761815		952.3850761815

		11		11		11		11		369.0492288751		369.0492288751		383.3453621301		383.3453621301

		12		12		12		12		486.4116911972		486.4116911972		517.4443609381		517.4443609381

		13		13		13		13		358.8579105997		358.8579105997		364.4836530399		364.4836530399

		14		14		14		14		303.4309366781		303.4309366781		381.9301855924		381.9301855924



In-116m flux

Mn-56 flux

Hardness

dH

Position ( cm )

Relative Flux ( % )

Hardness ( N / m2 )

100

100

7134.3333333333

5447.3333333333

69.079869709

90.1553678065

2370.3333333333

920.6666666667

82.5540766281

96.7121343063

3179.3333333333

1564.6666666667

83.3741759418

85.7740715912

2823

1176.3333333333

71.453684287

59.7861333407

2208.3333333333

917.6666666667



Flux

		100				100				925.5065279799		925.5065279799		952.3850761815		952.3850761815

		69.079869709				69.079869709				369.0492288751		369.0492288751		383.3453621301		383.3453621301

		82.5540766281				82.5540766281				486.4116911972		486.4116911972		517.4443609381		517.4443609381

		83.3741759418				83.3741759418				358.8579105997		358.8579105997		364.4836530399		364.4836530399

		71.453684287				71.453684287				303.4309366781		303.4309366781		381.9301855924		381.9301855924



Absolute Hardness

Relative  Hardness

In-116m flux

In-116m flux

Relative Flux ( % )

Hardness ( N / m2 )

5447.3333333333

7134.3333333333

920.6666666667

2370.3333333333

1564.6666666667

3179.3333333333

1176.3333333333

2823

917.6666666667

2208.3333333333



Time

		0.04				952.3850761815		952.3850761815

		1				383.3453621301		383.3453621301

		2				517.4443609381		517.4443609381

		7				364.4836530399		364.4836530399



Hardness

Irradiation Time ( days )

Hardness ( N / m2 )

1785.6666666667

3062

4491.6666666667

7511.6666666667



ConversionFactor-Position

		10		10		10		10

		11		11		11		11

		12		12		12		12

		13		13		13		13

		14		14		14		14



Flux / Hardnes (In-116m flux)

Flux / dH          (In-116m flux)

Flux / Hardnes ( Mn-56 flux)

Flux / dH          ( Mn-56 flux)

Position ( cm )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0140167266

0.0183576062

0.0291435254

0.0750324436

0.0380348901

0.0979240056

0.025965845

0.0527614465

0.030418998

0.061810056

0.0295338916

0.0708763185

0.030384014

0.0729164678

0.0323563853

0.0778645306

0.027072966

0.0651501635



ConversionFactor-In-H

		7134.3333333333		7134.3333333333

		2370.3333333333		2370.3333333333

		3179.3333333333		3179.3333333333

		2823		2823

		2208.3333333333		2208.3333333333



Flux / Hardnes (In-116m flux)

Flux / dH          (In-116m flux)

Hardness ( N/m2 )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0291435254

0.0750324436

0.025965845

0.0527614465

0.0295338916

0.0708763185

0.0323563853

0.0778645306



ConversionFactor-Mn-H

		7134.3333333333		7134.3333333333

		2370.3333333333		2370.3333333333

		3179.3333333333		3179.3333333333

		2823		2823

		2208.3333333333		2208.3333333333



Flux / Hardnes ( Mn-56 flux)

Flux / dH          ( Mn-56 flux)

Hardness ( N/m2 )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0380348901

0.0979240056

0.030418998

0.061810056

0.030384014

0.0729164678

0.027072966

0.0651501635



ConversionFactor-InFlux

		100		100

		69.079869709		69.079869709

		82.5540766281		82.5540766281

		83.3741759418		83.3741759418

		71.453684287		71.453684287



Flux / Hardnes (In-116m flux)

Flux / dH          (In-116m flux)

Relative Flux (%).

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0291435254

0.0750324436

0.025965845

0.0527614465

0.0295338916

0.0708763185

0.0323563853

0.0778645306



ConversionFactor-MnFlux

		100		100

		90.1553678065		90.1553678065

		96.7121343063		96.7121343063

		85.7740715912		85.7740715912

		59.7861333407		59.7861333407



Flux / Hardnes ( Mn-56 flux)

Flux / dH          ( Mn-56 flux)

Relative Flux ( % )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0380348901

0.0979240056

0.030418998

0.061810056

0.030384014

0.0729164678

0.027072966

0.0651501635




_1423423859.xls
ActivationData

		Neutron Flux Measurement through Activation of Indium & Stainless Steel

				Half-Life		Decay Const.

				( m )		( 1/ h )

		In-116m		54.29		0.7660495641

		Mn-56		154.71		0.2688179874

		Sample		Weight		Neutron Irradiation				Gamma Measurement				Irradiation time		Cooling time		Measurenmt time		Measured Activitty		Activity Error		Activity Error		Reaction Rate		Flux * CrossSec. * Constant		Relative Flux

		nat. Indium		gm		Start		Stop		Start		Stop		h		h		h		In-116m ( Bq )		( Bq )		( % )		(React./Hour)				%

		1		0.5037		10:55:00		16:55:00		16:57:00		16:58:30		6:00:00		0:02:00		0:01:30		27.69		8.616		31.1159263272		152740.969917682		303237.978792301		100

		2		0.4987						17:12:00		17:13:30				0:17:00		0:01:30		18.81		5.862		31.1642743222		104589.218076095		209723.717818519		69.1614284773

		3		0.5274						17:28:00		17:29:30				0:33:00		0:01:30		23.58		7.346		31.1535199321		132232.585346851		250725.417798353		82.6827229217

		4		0.5282						17:44:00		17:45:30				0:49:00		0:01:30		23.65		7.374		31.1797040169		133758.81149234		253235.159962779		83.5103706242

		5		0.5238						17:59:00		18:00:30				1:04:00		0:01:30		19.91		6.238		31.3309894525		113508.412148398		216701.817770902		71.462624383

		Stainless Steel																		Mn-56 ( Bq )

		1		6.0142		10:55:00		16:55:00		16:57:00		16:58:30		6:00:00		0:02:00		0:01:30		4.769		2.125		44.5586076746		70474.9407129079		11718.0906376422		100

		2		6.0937						17:12:00		17:13:30				0:17:00		0:01:30		4.345		1.779		40.9436133487		64389.2376893689		10566.525705133		90.1727596405

		3		6.4675						17:28:00		17:29:30				0:33:00		0:01:30		4.934		1.895		38.4069720308		73336.4405876778		11339.2254484233		96.7668351361

		4		5.7101						17:44:00		17:45:30				0:49:00		0:01:30		3.852		1.774		46.0539979232		57425.4147373192		10056.814195429		85.8229766812

		5		5.8317						17:59:00		18:00:30				1:04:00		0:01:30		2.735		1.483		54.2230347349		40887.5698046247		7011.2608338263		59.8327923092





HardnessData

		Hardness Measurement

				Hardness Measurement  :				Load    =		2000		gm

								Time     =		5		sec

						Measured		Measured		Standard Deviation		Measured		St. Dev.				Error		Flux / Hardnes		Flux / dH

		Sample		Sample Position		Relative Flux		Hardness		Hardness		Hardness		Hardness		dH		dH		(In-116m flux)		(In-116m flux)

						In-116m flux		N / m2		N / m2		N / m2		N / m2		N / m2		N / m2		Conversion Factor		Conversion Factor

		nat. Indium		cm		%		Before Irradiation				After Irradiation

		1		10		100														0.0140167266		0.0183576062

		2		11		69.1614284773														0.0291779335		0.0751210302

		3		12		82.6827229217														0.0260063083		0.0528436661

		4		13		83.5103706242														0.0295821362		0.0709920974

		5		14		71.462624383														0.0323604337		0.0778742728

																				Flux / Hardnes		Flux / dH

		Stainless Steel				Mn-56 flux														( Mn-56 flux)		( Mn-56 flux)

		1		10		100		1687		224.6664193866		7134.3333333333		925.5065279799		5447.3333333333		952.3850761815		0.0140167266		0.0183576062

		2		11		90.1727596405		1449.6666666667		103.7127443149		2370.3333333333		369.0492288751		920.6666666667		383.3453621301		0.0380422274		0.0979428961

		3		12		96.7668351361		1614.6666666667		176.5002360716		3179.3333333333		486.4116911972		1564.6666666667		517.4443609381		0.0304362031		0.0618450161

		4		13		85.8229766812		1646.6666666667		63.7913264742		2823		358.8579105997		1176.3333333333		364.4836530399		0.0304013378		0.072958042

		5		14		59.8327923092		1290.6666666667		231.9489886448		2208.3333333333		303.4309366781		917.6666666667		381.9301855924		0.0270940946		0.0652010087

		Stainless Steel				Mn-56 flux

		1		10		100		1872				7949

								1437				7326

								1752				6128

		2		11		90.1727596405		1442				1977

								1557				2709

								1350				2425

		3		12		96.7668351361		1630				3577

								1783				2637

								1431				3324

		4		13		85.8229766812		1576				3080

								1700				2413

								1664				2976

		5		14		59.8327923092		1133				1896

								1182				2227

								1557				2502





HardnessData-T

		Hardness Measurement

				Hardness Measurement  :		Load    =		2000

						Time     =		5

				Irradiation		Measured		Standard Deviation				Error

		Sample		Time		Hardness		Hardness		dH		dH

				d		N / m2		N / m2		N / m2		N / m2

		Stainless Steel

		1		0.04		1785.6666666667		18.4752086141		0		26.1278905897

		1		1		3062		62.3618473107		1276.3333333333		65.0410127022

		1		2		4491.6666666667		250.8990500846		2706		251.5783509499

		1		7		7511.6666666667		203.5739014052		5726		204.4105346274

		Stainless Steel

		1		0		1775

						1807

						1775

		1		1		3025

						3027

						3134

		1		2		4697

						4566

						4212

		1		7		7593

						7662

						7280





Position

		10		10		10		10		925.5065279799		925.5065279799		952.3850761815		952.3850761815

		11		11		11		11		369.0492288751		369.0492288751		383.3453621301		383.3453621301

		12		12		12		12		486.4116911972		486.4116911972		517.4443609381		517.4443609381

		13		13		13		13		358.8579105997		358.8579105997		364.4836530399		364.4836530399

		14		14		14		14		303.4309366781		303.4309366781		381.9301855924		381.9301855924



In-116m flux

Mn-56 flux

Hardness

dH

Position ( cm )

Relative Flux ( % )

Hardness ( N / m2 )

100

100

7134.3333333333

5447.3333333333

69.1614284773

90.1727596405

2370.3333333333

920.6666666667

82.6827229217

96.7668351361

3179.3333333333

1564.6666666667

83.5103706242

85.8229766812

2823

1176.3333333333

71.462624383

59.8327923092

2208.3333333333

917.6666666667



Flux

		100				100				925.5065279799		925.5065279799		952.3850761815		952.3850761815

		69.1614284773				69.1614284773				369.0492288751		369.0492288751		383.3453621301		383.3453621301

		82.6827229217				82.6827229217				486.4116911972		486.4116911972		517.4443609381		517.4443609381

		83.5103706242				83.5103706242				358.8579105997		358.8579105997		364.4836530399		364.4836530399

		71.462624383				71.462624383				303.4309366781		303.4309366781		381.9301855924		381.9301855924



Absolute Hardness

Relative  Hardness

In-116m flux

In-116m flux

Relative Flux ( % )

Hardness ( N / m2 )

5447.3333333333

7134.3333333333

920.6666666667

2370.3333333333

1564.6666666667

3179.3333333333

1176.3333333333

2823

917.6666666667

2208.3333333333



Time

		0.04				952.3850761815		952.3850761815

		1				383.3453621301		383.3453621301

		2				517.4443609381		517.4443609381

		7				364.4836530399		364.4836530399



Hardness

Irradiation Time ( days )

Hardness ( N / m2 )

1785.6666666667

3062

4491.6666666667

7511.6666666667



ConversionFactor-Position

		10		10		10		10

		11		11		11		11

		12		12		12		12

		13		13		13		13

		14		14		14		14



Flux / Hardnes (In-116m flux)

Flux / dH          (In-116m flux)

Flux / Hardnes ( Mn-56 flux)

Flux / dH          ( Mn-56 flux)

Position ( cm )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0140167266

0.0183576062

0.0291779335

0.0751210302

0.0380422274

0.0979428961

0.0260063083

0.0528436661

0.0304362031

0.0618450161

0.0295821362

0.0709920974

0.0304013378

0.072958042

0.0323604337

0.0778742728

0.0270940946

0.0652010087



ConversionFactor-In-H

		7134.3333333333		7134.3333333333

		2370.3333333333		2370.3333333333

		3179.3333333333		3179.3333333333

		2823		2823

		2208.3333333333		2208.3333333333



Flux / Hardnes (In-116m flux)

Flux / dH          (In-116m flux)

Hardness ( N/m2 )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0291779335

0.0751210302

0.0260063083

0.0528436661

0.0295821362

0.0709920974

0.0323604337

0.0778742728



ConversionFactor-Mn-H

		7134.3333333333		7134.3333333333

		2370.3333333333		2370.3333333333

		3179.3333333333		3179.3333333333

		2823		2823

		2208.3333333333		2208.3333333333



Flux / Hardnes ( Mn-56 flux)

Flux / dH          ( Mn-56 flux)

Hardness ( N/m2 )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0380422274

0.0979428961

0.0304362031

0.0618450161

0.0304013378

0.072958042

0.0270940946

0.0652010087



ConversionFactor-InFlux

		100		100

		69.1614284773		69.1614284773

		82.6827229217		82.6827229217

		83.5103706242		83.5103706242

		71.462624383		71.462624383



Flux / Hardnes (In-116m flux)

Flux / dH          (In-116m flux)

Relative Flux (%)

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0291779335

0.0751210302

0.0260063083

0.0528436661

0.0295821362

0.0709920974

0.0323604337

0.0778742728



ConversionFactor-MnFlux

		100		100

		90.1727596405		90.1727596405

		96.7668351361		96.7668351361

		85.8229766812		85.8229766812

		59.8327923092		59.8327923092



Flux / Hardnes ( Mn-56 flux)

Flux / dH          ( Mn-56 flux)

Relative Flux ( % )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140167266

0.0183576062

0.0380422274

0.0979428961

0.0304362031

0.0618450161

0.0304013378

0.072958042

0.0270940946

0.0652010087




_1422828954.xls
ActivationData

		Neutron Flux Measurement through Activation of Indium & Stainless Steel

				Half-Life		Decay Const.

				( m )		( 1/ h )

		In-116m		54.29		0.7660495641

		Mn-56		154.71		0.2688179874

		Sample		Weight		Neutron Irradiation				Gamma Measurement				Irradiation time		Cooling time		Measurenmt time		Measured Activitty		Activity Error		Reaction Rate		Flux * CrossSec. * Constant		Relative Flux

		nat. Indium		gm		Start		Stop		Start		Stop		h		h		h		In-116m ( Bq )		( Bq )		(React./Hour)				%

		1		0.5037		10:55:00		16:55:00		16:57:00		16:58:30		6:00:00		0:02:00		0:01:30		27.69		8.616		152740.969917682		303237.978792301		100

		2		0.4987						17:12:00		17:13:30				0:17:00		0:01:30		18.81		5.862		104589.218076095		209723.717818519		69.1614284773

		3		0.5274						17:28:00		17:29:30				0:33:00		0:01:30		23.58		7.346		132232.585346851		250725.417798353		82.6827229217

		4		0.5282						17:44:00		17:45:30				0:49:00		0:01:30		23.65		7.374		133758.81149234		253235.159962779		83.5103706242

		5		0.5238						17:59:00		18:00:30				1:04:00		0:01:30		19.91		6.238		113508.412148398		216701.817770902		71.462624383

		Stainless Steel																		Mn-56 ( Bq )

		1		6.0142		10:55:00		16:55:00		16:57:00		16:58:30		6:00:00		0:02:00		0:01:30		4.769		2.125		70474.9407129079		11718.0906376422		100

		2		6.0937						17:12:00		17:13:30				0:17:00		0:01:30		4.345		1.779		64389.2376893689		10566.525705133		90.1727596405

		3		6.4675						17:28:00		17:29:30				0:33:00		0:01:30		4.934		1.895		73336.4405876778		11339.2254484233		96.7668351361

		4		5.7101						17:44:00		17:45:30				0:49:00		0:01:30		3.852		1.774		57425.4147373192		10056.814195429		85.8229766812

		5		5.8317						17:59:00		18:00:30				1:04:00		0:01:30		2.735		1.483		40887.5698046247		7011.2608338263		59.8327923092





HardnessData

		Hardness Measurement

				Hardness Measurement  :				Load    =		2000		gm

								Time     =		5		sec

						Measured		Measured		Measured				Flux / Hardnes		Flux / dH

		Sample		Sample Position		Relative Flux		Hardness		Hardness		dH		(In-116m flux)		(In-116m flux)

						In-116m flux								Conversion Factor		Conversion Factor

		nat. Indium		cm		%		Before Irradiation		After Irradiation

		1		10		100								0.0140173816		0.0183587296

		2		11		69.1614284773								0.0291820373		0.075093842

		3		12		82.6827229217								0.0260090352		0.0528324108

		4		13		83.5103706242								0.0295821362		0.0709518867

		5		14		71.462624383								0.0325570043		0.0787033308

														Flux / Hardnes		Flux / dH

		Stainless Steel				Mn-56 flux								( Mn-56 flux)		( Mn-56 flux)

		1		10		100		1687		7134		5447		0.0140173816		0.0183587296

		2		11		90.1727596405		1449		2370		921		0.0380475779		0.097907448

		3		12		96.7668351361		1614		3179		1565		0.0304393945		0.0618318435

		4		13		85.8229766812		1646		2823		1177		0.0304013378		0.0729167177

		5		14		59.8327923092		1287		2195		908		0.0272586753		0.0658951457





Position

		10		10		10		10

		11		11		11		11

		12		12		12		12

		13		13		13		13

		14		14		14		14



In-116m flux

Mn-56 flux

Hardness

dH

Position ( cm )

Relative Flux ( % )

Hardness ( N / m2 )

100

100

7134

5447

69.1614284773

90.1727596405

2370

921

82.6827229217

96.7668351361

3179

1565

83.5103706242

85.8229766812

2823

1177

71.462624383

59.8327923092

2195

908



Flux

		100				100

		69.1614284773				69.1614284773

		82.6827229217				82.6827229217

		83.5103706242				83.5103706242

		71.462624383				71.462624383



In-116m flux

In-116m flux

Relative Flux ( % )

Hardness ( N / m2 )

5447

7134

921

2370

1565

3179

1177

2823

908

2195



ConversionFactor-Position

		10		10		10		10

		11		11		11		11

		12		12		12		12

		13		13		13		13

		14		14		14		14



Flux / Hardnes (In-116m flux)

Flux / dH          (In-116m flux)

Flux / Hardnes ( Mn-56 flux)

Flux / dH          ( Mn-56 flux)

Position ( cm )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140173816

0.0183587296

0.0140173816

0.0183587296

0.0291820373

0.075093842

0.0380475779

0.097907448

0.0260090352

0.0528324108

0.0304393945

0.0618318435

0.0295821362

0.0709518867

0.0304013378

0.0729167177

0.0325570043

0.0787033308

0.0272586753

0.0658951457



ConversionFactor-In-H

		7134		7134

		2370		2370

		3179		3179

		2823		2823

		2195		2195



Flux / Hardnes (In-116m flux)

Flux / dH          (In-116m flux)

Hardness ( N/m2 )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140173816

0.0183587296

0.0291820373

0.075093842

0.0260090352

0.0528324108

0.0295821362

0.0709518867

0.0325570043

0.0787033308



ConversionFactor-Mn-H

		7134		7134

		2370		2370

		3179		3179

		2823		2823

		2195		2195



Flux / Hardnes ( Mn-56 flux)

Flux / dH          ( Mn-56 flux)

Hardness ( N/m2 )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140173816

0.0183587296

0.0380475779

0.097907448

0.0304393945

0.0618318435

0.0304013378

0.0729167177

0.0272586753

0.0658951457



ConversionFactor-InFlux

		100		100

		69.1614284773		69.1614284773

		82.6827229217		82.6827229217

		83.5103706242		83.5103706242

		71.462624383		71.462624383



Flux / Hardnes (In-116m flux)

Flux / dH          (In-116m flux)

Relative Flux (%)

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140173816

0.0183587296

0.0291820373

0.075093842

0.0260090352

0.0528324108

0.0295821362

0.0709518867

0.0325570043

0.0787033308



ConversionFactor-MnFlux

		100		100

		90.1727596405		90.1727596405

		96.7668351361		96.7668351361

		85.8229766812		85.8229766812

		59.8327923092		59.8327923092



Flux / Hardnes ( Mn-56 flux)

Flux / dH          ( Mn-56 flux)

Relative Flux ( % )

Flux / Hardness Conversion Factor  [ ( n/cm2 ) / ( N/m2 ) ]

0.0140173816

0.0183587296

0.0380475779

0.097907448

0.0304393945

0.0618318435

0.0304013378

0.0729167177

0.0272586753

0.0658951457




